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In the beginning of the mechanochemical 

microgrinding process, our optical glass samples were 
planarized under the reciprocal grinding mode by using 
CeO2 abrasive slurry and diamond wheels (grit size # 
3000). Subsequently, the workpiece attached onto a 
speed-controlled rotary table was polished by wool felt 
wheels combined with ultrafine oxide (CeO2, SiO2, Al2O3, 
and Fe2O3) abrasive slurry to attain a subtle removal rate 
for nanoplanarization. For our nanoplanarization process, 
the average roughness of optical glasses can be at 1-2 nm. 
After polishing, the glass workpiece was analyzed by 
SEM, EDS, SPM, Nomarski optical microscope, 
profilometer, nano-indentation probe and VIS-IR 
spectrometer for surface topology, polishing-induced 
damages in surface and subsurface, the potential 
tribochemical reactions, and variation of optical 

properties after the microgrinding process. Since the 
glass material is brittle by nature, the interaction of 
optical glasses in rotational movements and abrasive 
slurry in the polishing process by wool felt wheels may 
lead to the machining damages at surface or sub-surface 
regions. In course of microgrinding material removal 
process, microstructural behavior and machining damage 
of surface and sub-surface for the optical glasses can be 
evaluated by synchrotron X-ray microradiography 
(SXMR) technique. Use of highly intense 01A1 X-ray 
beam at SRRC allows us to examine the surface 
morphology and to identify the occurrence of any sub-
surface machining damages such as microcracks. The 
results of SXMR would help refining the microgrinding 
process of optical glasses. 
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The images of synchrotron X-ray microradiology (SXMR) 
of BK7 optical glass (a)before microgrinding, (b) after the 
first step of microgrinding by diamond wheels. 
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Advances in X-ray imaging over the last decade 
have allowed researchers to visualize refractive properties 
of materials [1]. This work has generated great interest in 
the X-ray community allowing investigations of materials 
that were previously impossible with standard 
radiographic techniques. 

We have shown with both soft [2,3] and hard X-rays 
[4,5,6] that for x-ray sources it is possible to numerically 
recover a quantitative phase map of an object under study. 
This can be accomplished using a solution to the 
Transport of Intensity Equation (TIE) [7] or by a variety 
of other methods. Thus one obtains an estimate of the full 
wave field before and after passing through an object 
allowing investigation of the sample’s amplitude and 
phase. In the case of 2-dimensional imaging a projected 
optical path length is obtained allowing determination of 
composition where the geometry is known or an estimate 
of the geometry where the composition is pre-determined 
[8].  

Our optical work has shown that when quantitative 
phase recovery is applied to tomographic [4] projections 
no a priori information is required to produce a three 
dimensional phase map, which provides both the 
geometry and composition of an object of interest. We 
have shown that using coherent insertion device sources 
[3,5] or simply bending magnet sources [6], it is possible 
to obtain tomographic phase reconstructions of a sample.  

The purpose of this research was to undertake 
preliminary investigations of high resolution phase 
imaging using the dedicated microscopy beamline at 
01B1. We have undertaken experiments as follows: 

Stability – in several phase retrieval techniques 
multiple images at different defocus positions are 
required. We have undertaken a range of measurements 
quantifying the effect of sample movements to determine 
the feasibility of these approaches. 

Sample preparation – the field of view of the 
microscopy system is 15 μm. In order to perform the 
alignment process for tomography a feature must be 
identified . It is simpler to align if the entire sample fits 
within the field of view. Accordingly, we have 
experimented with laser ablation to create create a spire 
in the sample which tapers to a point that is within the 
field of view of the microscope. The ability to create a 
spire will depend on the material but we were able to 
make good quality spires in NiC materials and in human 
bone samples. 

Comparison of phase contrast modes – the system is 
equipped with Zernike phase contrast optics. In this work 
we sought to compare the phase contrast produced in that 
mode of operation with the phase contrast that can be 

produced by defocusing the image. This propagation-
based phase contrast has been the basis of a range of 
successful quantitative imaging and tomographic 
measurements. The figure shows clear edge enhancement 
indicating phase contrast for 10 μm Agarose spheres, 
which were transparent at the energy used. 

Two dimensional imaging of various period 
gratings –  in order to measure the optical transfer 
function of the overall imaging system and compare this 
with theory. Successful results have been obtained and a 
paper is in preparation. 
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Therefore, hematite would look darker (in fact, the 

imaging were carried out in the phase contrast mode 
instead of absorption).  In the two preceding figures   
pictures, the Fe-Ti Oxides grain was viewed with both 
XTM and SEM demonstrating the 2-D imaging capability 
of XTM.  

Our purpose was to use the x-ray microscope (XTM) 
at Taiwan’s Synchrotron (NSRRC) to examine the 
internal structure of stardust at sub-um spatial resolution.  
Compared with other methods of examining the interior 
of grains, XTM has the advantage of being non-
destructive and almost contaminant-free. We intend to 
use XTM as a key step to examine the 3D structure for 1-
15 um sized star dust samples collected from comet 
WiLD2 by the spacecraft. XTM will be performed after 
SEM-EDX but before isotopic analysis in the dust buster 
mass spec ( SNMS).  Or it can give us a preview at 
modest resolution (0.2 um) to guide further action on the 
sample such microtomy for TEM.         

 
 
 
 
 
 
 

  
In order to test the ability of XTM to reconstruct the 

internal structure of tiny grains, we have selected the Ti-
Fe-oxide from mid-ocean ridge (kindly provided by Prof. 
Shaw, Yen-Hong of NSYSU).  When temperature 
decreases, the oxide grain exsolves into two co-existing 
phases: Ilmenite (FeTiO3) and Hematite (Fe2O3). They 
form alternating bands with a cat-ion contrast of 100% Fe 
vs. (50% Fe + 50%Ti). The following three figures 
compare the same sample imaged by SEM in the back 
scattered mode and by XTM tuned to its lowest energy 8 
keV x-ray photons. The backscattering is more intense 
for higher proton number elements.  Thus the brighter 
bands in SEM are hematite because they are 100% Fe.  In 
XTM the photon energy is about 10% higher than the 
absorption edge for Fe but almost twice that for Ti.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 

   SEM image 
 
 
 
 
 
 
 
 
 

  XTM image 
 
 

 
 
 
 

 
 

 
However, improvements are still needed before we 

can analyze the real stardust samples. The problems are 1. 
The resolution is not good, probably only around 0.2 um.  
2. The absorption contrast is not high enough between Ti 
and Fe. 3. Better image processing should be explored 
and artifact such as edge brightening should be removed.  
It appears that higher S/N would help to solve a lot of 
problems.  Therefore, we intend to integrate longer.  For 
instance our competitors at Japan’s Spring 8 Synchrotron 
integrate each dust grain for 600 times longer than we do.  
Therefore we are applying for more beam time in the next 
several months to carry out our study of these extremely 
precious samples. 
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The demand for fuel cells, which can be operated 

near room temperature, is currently accelerated. Polymer 
and Nafion membranes possess the potential to be 
utilized as the separator for the fuel cells because of their 
large protonic conductivity at room temperature and 
facility for shaping. The proton is created during the fuel 
oxidation in the anode side, and it must be delivered to 
cathode side through the hydrophilic channels in the 
membrane to react with oxygen. Form a practical point of 
view as a separator for fuel cells, protonic conductors of 
polymer and Nafion membrances with a large electrical 
conductivity have increasingly attracted much attention. 
However, the highly-related physical-chemical properties 
of the membranes, including ion-exchange-capacity, 
proton conductivity, methanol permeability, thermo 
mechanical properties, etc, will be very important for fuel 

cell study. The X-ray image technology is a very useful 
tool to establish a relationship between the nanostructure 
and protonic conductivity of electrolyte membrance. In a 
Nafion membrane, the hydrophilic and hydrophobic 
domains would be self-organized during its synthesis. 
The hydrophobic regions consist primarily of Teflon, 
while the hydrophilic domains contain a mixture of 
sulfonic groups and it present at the end of the side chains 
of the Teflon backbone. In this work, an inorganic 
compound will be doped in the Nafion network to gain a 
highly different electronic density distribution and further 
find a good nanostructural map. We believe that the 
nanostructure-property relationships will be an important 
contribution to provide a guide to the success of design 
and development of high-performance proton conductive 
membranes. 
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The fine-grain gouge is thought to control 

earthquake instability. Thus investigating the gouge 
texture property is very important to understand the 
earthquake process. The characterization of particle size 
distribution, porosity and 3D structure of the fault rocks 
in transition from the fault core to damage zone are 
related to the comminuting, fluid behaviors and surface 
fracture energy in the earthquake faulting. The results 
may ascertain the implication of the nucleation, growth, 
and transition structure of the fault zones.  

 
The 1999 magnitude 7.7 earthquake in Chichi, 

Taiwan produced very large surface displacements. In the 
southern part of the fault, the vertical offsets was 2 m and 
increased to 8 m in the north, which is the largest offset 
ever measured for modern earthquakes. The slip 
displacement reached 12 m at the depth of 1 km. 
Recovering deep cores which penetrate the fault zone is 
essential for the studying the physical fault structure. 
Cores from the region of large slip on the Chelungpu 
fault provide us a unique opportunity to sample the fault 
in a recent earthquake. 

 
Figure 1 shows the location of Taiwan Chelungpu-

fault and the fault core gouges those were drilled in the 
fault zone of 1999 Chi-Chi earthquake under the Taiwan 
Chelungpu-fault Drilling Project (TCDP). Employing the 
nano-transmission X-ray microscope (TXM), 
transmission electron microscope (TEM), scanning 
electron microscope (SEM) and optical microscope (OM), 
we study the particle size distribution of a 2 cm thick 
major slip zone (MSZ) core gouges. Fig. 2 shows the 
preliminary result of the TXM 2D phase contrast images 
of fault core gouge within 2 cm about 1111.29 m depth. 
The particle size distribution of the ultracataclasite from 
all images is shown in Fig. 3, which is consistent with the 
power law N(D) = aD-b, where D is particle diameter, 
N(D) is the number of particles for each size diameter per 
unit area (mm2), and constants a= 0.005,  b=2.3. The 
grain size of 50 nm to 150 　m were observed for MSZ. 
We determined a particle surface area of 5.5×105 m2/m2 

assuming the spherical grains. Assuming free-surface 
energy is 1 J/m2, and the geometric surface should be 
increased by about a factor of 6.6 to account for non-
spherical grains shapes, we obtained a value of 4.0 
MJ/m2 for surface fracture energy in MSZ. The estimated 
number of events is 6. The contribution of gouge surface 
energy to earthquake breakdown work (11.6 M J/m2), is 
quantified to be 6 %. This value shows that the process of 

grain formation represents about 6 % of the earthquake 
breakdown work. 

 
Figure 1.  Taiwan Chelungpu-fault Drilling Project. We  
measured the gouge at about  1111.29 m depth.   

      
Figure 2.  2D phase contrast image of the gouge within  
12cm about 1111.29 m depth.        
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Figure 3. Particle size distribution from 2D phase  
contrast image of the gouge within 2cm about 1111.29m 
depth. 
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Molecular magnets, for which we refer to organic or 

biological molecules bearing magnetic moments, offer 
new opportunities in the creation of novel, low 
dimensional, nano-structured materials.  There have been 
emphases on those molecular magnets that operate at 
room temperatures or above (1).  In this work, we 
investigate the metal binding properties of this molecular 
magnets which produced from metallothionein.  This is 
the first report on molecular magnet that is functional 
with operating temperature as high as 300 K concerning 
biological systems. 

Cysteine-rich metallothionein (MT) plays a role in 
detoxification and works as an antioxidant in mammalian.  
It spreads widely in many organs, but most abundantly in 
the livers and the kidneys.  MT is a thermally stable 
protein, containing 61 amino acids.  It has 20 conserved 
cysteines (Cys) with no disulfide bond detected (2).  In 
addition, its secondary structure contains no helical or 
sheet structure.  These Cys’ form two metal binding 
clusters located at the carboxyl (α-domain) and amino (β-
domain) terminals of MT (Figure 1) (3).  As evidenced 
from X-ray crystallography and solution NMR studies, a 
metallothionein-2 (MT-2), from rabbit, contained seven 
metal ions (Zn2+/Cd2+) distributed in the two metal 
clusters (3,4).  Four of the seven ions compose an 
(M4S11)3- cluster in the α-domain, and the rest three 
compose an (M3S9)3- cluster in the β-domain, conforming 
a Zinc Blende structure, where M denotes metal ions 
(Zn2+, Cd2+, or others) (5-7).  These two ion-binding 
clusters located approximately three to four nanometers 
within each other (3) and have similar characteristics as 
the “semiconductor MS” compounds (8,9).  An important 
feature of the α- and β-domains in MT-2 is that M can be 
substituted by other divalent metal ions than Zn2+, e.g., 
Cd2+ and Mn2+ (2).  It is important to point out that each 
domain has its preference in selecting ions for binding 
when more than one kind of ions are present (7).  Also, it 
is well known that the (chemical periodic table) groups 
II/VI semiconductors acquire magnetic properties when 
the metal cations are partially substituted by magnetic 
ions, such as Mn2+ (8-10).  The magnetic moment is 
enhanced in diluted magnetic semiconductors, Cd1-

xMnxY (x = mole fraction of Cd+Mn and Y = S, Se, Te), 
due to a hybridization of the 3d electron band states of 
Mn and the sp band states of Cd and Y (11,12).  For this 
reason, we expected to see similar enhancement of 
magnetism with the metal binding clusters in the 
metallothionein containing Mn2+ and Cd2+ (Mn,Cd-MT-

2). 

 
Figure 1. The licorice and backbond coil mixed model of 
metallothionein. Where the green coil denoted the 
backbone of metallothionien and the yellow sticks 
denoted the sulfur of Cys of MT and the purple sticks 
denoted the Cd ions and the green sticks denoted the Mn 
ions. Biochem. Biophys. Res. Commun. 340, 1134-1138 
(2005) 

In order to reveal the structure of metal binding 
clusters and the oxidation status of the binding Mn ions, 
both EXAFS and NEXAFS were used. According to the 
NEXAFS profiles (Figure 2) which we can concluded 
that the oxidation status of Mn ions are positive 2. 
Namely the Mn ions can be expressed as Mn2+. 
Therefore, the proposed metal binding clusters of 
magnetic MT should be similar to native metallothionein. 
Therefore, we will further examined the metal binding 
clusters with EXAFS and verify our augument.  
Meanwhile, the possible magnetic mechanism can be 
revealed then. 
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Figure 2.  The NEXFAS profiles of magnetic MT. 
*: CC Chang’s e-mail: ccchang01@faculty.nctu.edu. 
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The SnxPy / MCMB composite anode was 
synthesized by a chemical process.In order to obtain the 
in-situ XAS data, derived powders was mixed with 
PVDF binder and coated on Cu foils and then assemble to 
be get a 2016 two-electrode test cell consisted of the 
SnxPy / MCMB electrode. The XAS analysis was 
performed at the beam line BL01C of NSRRC in Taiwan 

29160 29180 29200 29220 29240 29260 29280 29300

  Sn
  SnO

Energy (eV) 

  SnO2

 

  SnP-coated MCMB

 
Figure 1. Sn K-edge EXANES spectra of the as-prepared 
SnxPy / MCMB composite powders and the standards. 

 
The valence of Sn in the as-prepared anode 
Figure 1 is the Sn K-edge EXANES spectra of the 

as-prepared SnxPy / MCMB composite powders and the 
standards. Comparing the spectrum of SnxPy / MCMB 
powders with the three standards, it is observed that the 
spectrum is more similar to that of SnO2. As a result, the 
valence of Sn is closer to 4+. The major Sn compound 
exhibits in the anode powders can be therefore identified 
as Sn4P3. According to the XRD patterns achieved by X-
ray diffractometry (XRD, Rigaku, D/Max-B, Japan) with 
a wavelength of λ=1.5406Å for CuKα, there also exists 
small amount of Sn metal phase in the fabricated 
composite anode. The coexistence of Sn4P3 and Sn may 
lead to the spectrum shift of the anode from SnO2 
between 29230 and 29280 eV. 

 
The valence evolution of Sn during the 1st cycle 
Because of the relative low content of Sn exist in the 

SnxPy / MCMB composite anodes, the resolution of 
derived XAS spectra is restricted in this study (jump is 
around 0.1). However, the spectrum shift at the edge 
position during charge and discharge is still obvious. Fig. 
2 shows the valence change of Sn in the assembled cell at 
various voltages. OCV of the cell before discharge was 
2.637V. The spectrum of the as-assembled cell presented 
in Fig. 2 was almost identical to that of the anode 
powders shown in Fig. 1. As being discharged to 0.316V 
(Li ions are inserted into the composite), the spectrum 

shifts toward low energy region, which indicates that the 
average valence of Sn decreases and the composite has 
undergone a reduction process during discharge. When 
the cell is charged to 0.520V (Li ions are extracted from 
the composite), the spectrum shifts in the reverse 
direction. The composite experiences an oxidation 
process and the average Sn valence is raised during 
charge. This shows that the reaction between Sn and Li in 
this study is reversible. 

  According to Kim’s report [2], Li ions will insert 
into Sn4P3 and than metallic Sn will be formed during 
initial discharge. In addition, as the cell was charged, the 
Li ions will be extracted from the Li-Sn alloy and 
produce Sn metal phase again. Comparing the spectra of 
the cell before and after cycling, slightly shape deviation 
can be observed, as shown in Fig. 2. During discharge 
and charge, the spectra of the cycled cell tend to be 
similar to that of the pure Sn metal powders. The result is 
confirmed with the literature. 

29160 29180 29200 29220 29240 29260 29280 29300

  Discharge (2.637V)

Energy (eV)

  Discharge (0.316V)

  Charge (0.520V)

  Charge (1.294V)

Figure 2. Sn K-edge EXANES spectra of the assembled 
cell charge and discharge to various voltages. 
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Figure 2d–f shows XANES spectra of copper that 
was extracted in the RTIL from the CMP wastewater, 
Cu(II)/MCM-41, or nanosize Cu in 2-propanol. It is clear 
that Cu2+, nanosize CuO, Cu(II)(ads) (in the channels of 
MCM-41), and nanosize Cu were all formed Cu(II) 
complexes in the RTIL during extraction.  The 
observations, interestingly, suggest at least two reaction 
paths that might be involved in the extraction process: (1) 

dissolution of CuO and (2) formation of Cu(II) 
complexes. Note that within the 2-min extraction time, 
approximately 94% of copper in the CMP wastewater 
was extracted into the RTIL.  Furthermore, as observed 
by XANES (see Figure 2e), the RTIL can effectively 
extract Cu(II)(ads) in MCM-41 (pore opening = 3 nm).  
Diffusion of Cu(II) species in the channels of MCM-41 
as well as formation of Cu(II) complexes in the RTIL 
might occur in the extraction process.  Extraction of 
nanosize Cu in the organic solvent (2-propanol) with the 
RTIL also led to a formation of Cu(II) complexes (in the 
RTIL).  It should be noted that the metallic copper might 
be oxidized and formed Cu2+ (2Cu + O2 + 4H+ → 2Cu2+ 
+ 2H2O, E° = 0.8871 V) during extraction. 

Extraction of Nano Copper Pollutants with an Ionic Liquid 
 

Hsin-Liang Huang (黃心亮) and H. Paul Wang (王鴻博) 
 

Department of Environmental Engineering, Cheng Kung University, Tainan, Taiwan 
 

Nanosize (<100 nm) pollutants have been controlled 
negligibly in the conventional air pollution control 
devices.  The hidden dangers of nanopollutants from 
diverse sources such as air-borne gaseous and particulate 
emissions from coal-fired power plants, waste 
incinerators, and automobiles may cause negative 
impacts on the environment and human health. 

Room-temperature ionic liquids (RTILs) are 
nonvolatile, nonflammable, and thermally stable. Volatile 
organic solvents can be replaced by RTIL.  RTILs can 
also be applied in the industrial synthesis, separation, 
electrochemistry, and catalysis.  It was also found that 
nanosize Au particles could be well suspended in the 
[C4min][PF6] for at least 20 days. 

Speciation data such as coordination number (CN), 
bond distance and oxidation state for toxic elements in 
the environmental solids can be studied by EXAFS and 
XANES spectroscopies.  Speciation of environmental 
nanosize copper as well as the control method is still 
insufficient in the literature.   Thus, the main objective of 
the present work was to study speciation of nano copper 
extracted with the RTIL ([C4mim][PF6]) from 
representative pollution source contained in the 
environment. 

 

 

In Figure 1a, the XANES spectrum of nanosize CuO 
has a shoulder at 8986 eV and an intense feature at 8992 
eV, that can be attributed the 1s-to-4p transition, 
indicating the existence of Cu(II).  Interestingly, the 
XANES spectrum in Figure 1b showed completely 
different behavior of copper extracted in the RTIL.  Two 
features at 8994 and 9000 eV were attributed to the 1s-to-
4p transitions, which indicated the existence of Cu(II) 
complexes in the RTIL. 

The pre-edge XANES spectra (in Figure 2a and b) 
of copper in the CMP wastewater and Cu(II)/MCM-41 
exhibited 1s-to-4pz and 1s-to-4px,y transitions at 8985–
8988 eV and 8994–9002 eV, respectively, which 
indicated the existence of the Cu(II) species.  The 
component fitted XANES spectra showed that Cu2+ (51%) 
and nanosize CuO (49%) were the main copper species in 
the CMP wastewater.  Adsorbed copper (Cu(II)(ads)) (90%) 
and nanosize CuO (10%) in the channels of MCM-41 
were also observed.  In addition, the XANES spectrum of 
nanosize Cu in 2-propanol (Figure 2c) shows the main 
features at 8982, 8996, and 9003 eV, which suggest the 
existence of metallic copper. 
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Figure 1.   XANES spectra of (a) nano CuO and (b) that was 
extracted into the RTIL ([C4mim][PF6]). 
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Figure 2.  Experimental data (solid line) and the least-
squares fits (circles) of XANES spectra of copper in (a) 
CMP waste water, (b) Cu(II)/MCM-41 and (c) nano Cu (in 
2-propanol) and that was extracted into the RTIL from (d) 
CMP wastewater, (e) Cu(II)/MCM-41 and (f) nano Cu. 



 

 

 
01C1 SWLS - EXAFS  

Formation Mechanism of Bimetallic Core Shell Ru-Pt Using Ethyl Gloycol Reduction Method 
 

Bing-Joe Hwang (黃炳照)1, Feng-Ju Lai (賴鋒儒)1, Loka Subramanyam Sarma (夏瑪)1, 
Mau-Tsu Tang (湯茂竹)2, Jyh-Fu Lee (李志甫)2, and Din-Goa Liu (劉定國)2 

 
1Department of Chemical Engineering, National Taiwan University of Science & Technology,  

Taipei, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
 In this work, the formation mechanism of Ru-Pt 

bimetallic cluster with a core-shell structure prepared by 
ethyl glycol has been studied as monitored by in situ XAS. 
Both seed-growth of Ru clusters reaction and redox-
transmetallization of  Pt atoms reaction are performed to 
design and control the local structure of the bimetallic 
nanoclusters. 

 
 
 
 
 
 
  
 Figure 1 shows the Fourier transforms of Ru K-edge 

k2-weighted EXAFS data. After adjusting pH value to 11, 
one peak in between 1.3 Å and 2.3 Å for RuCl3 in ethyl 
glycol solvent has been observed and it could be 
reasonably ascribed to the Ru-OH bonding. Pt peak related 
to Ru–Ru was appeared in between 2.1 Å and 2.9 Å in FT-
EXAFS spectra and the intensity of this Ru-Cl peak was 
decreased whereas the intensity of the Ru-Ru peak was 
increased. After heating reflux at 160oc for 30min, it 
indicates the Ru clusters were formed in the ethyl glycol  
system. In addition, PtCl4

-2 complex was added to make a 
displacement reaction with Ru cluster in EG solvent.   
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Figure 1. FT EXAFS spectra at Ru K-edge 
 
 
  
 Figure 2 shows Fourier transforms of Pt LIII-edge 

EXAFS spectra. The main strong peak observed in this 
figure in all the reduction steps is corresponding to the Pt–
Cl bond; it is approximately to 1.95 Å by the curve fitting 
analysis. The magnitude of Pt–Pt bond was found to be 
increased with the different displacement times at room 
temperature. These observations indicate that the Pt ions 
was reduced and formed on the surface of Ru cluster  

 
 
 
 
 
 
 
 The formation mechanism of the Ru core Pt shell 

cluster can further be applied to increase its platinum 
coverage and improve its catalytic activity.  
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Figure 2. FT EXAFS spectra at Pt LIII-edge  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

II - 27



 

 

 
01C1 SWLS - EXAFS  

Structural Investigation of Bimetallic Alloy Catalysts by X-ray Absorption Spectroscopy 
 

Bing-Joe Hwang (黃炳照)1, Shing-Chuan Yang (楊幸娟)1, Shi-Hong Chang (張士浤)1 
Mau-Tsu Tang  (湯茂竹)2, Jyh-Fu Lee  (李志甫)2, and Din-Goa Liu  (劉定國)2 

 
1Department of Chemical Engineering, National Taiwan University of Science & Technology,  

Taipei, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
In this work, nano-sized Pt-Ru catalysts were 

successfully synthesized by the modified Watanabe 
method. Atomic distribution and alloying extent of 
bimetallic catalysts can be tuned by using the mircrowave 
irradiation at various time periods. By employing the X-
ray absorption spectroscopy techanique, comprising of 
XANES and EXAFS, structural information of the 
synthesized catalysts were evaluated.   

  

 

 

 
Figure 2. Fourier-Transform EXAFS spectra at Ru-K 
edge for the synthesized PtRu/C samples treated at 100 
Watt for various periods.  

As shown in Figure 2 two peaks were identified as 
Ru-Ru and Ru-Pt coordination sphere in between 1.58 Å 
and 2.16 Å, 2.16 Å and 2.79Å, respectively. Both the 
intensity of Ru-Pt peak and Ru-Ru peak decreased with 
time, indicating that the reduced amount of backscatter 
around  central Ru atom. The extent of alloying or atomic 
dispersion in bimetallic nanoparticles can be determined 
quantitatively from the structural parameters derived 
from XAS. From the extent of atomic dispersion or 
alloying, it is possible to understand and control the 
structure of bimetallic nanoparticles. Hence, we provided 
the methlodlogy that changes the atomic distribution even 
in case of the bimetallic catalysts having the same 
composition.

 
Figure 1.  Fourier-Transform EXAFS spectra at Pt-LIII 
edge for the synthesized PtRu/C samples treated at 100 
Watt for various periods.  

As shown in Figure 1, two distinct peaks were 
indentified as Pt-Ru and Pt-Pt coordination spheres in 
between  1.74 and 2.44 Å, 2.53 and 3.23 Å, respectively. 
Both the  magnitude of Pt-Ru and Pt-Pt peak slightly 
increased with time until microwave operating at 3hr, but 
the increasing rate of intensity of the Pt-Pt peak is larger 
than that of the Pt-Ru peak, indicating that the alloy 
extent of Pt (JPt) decreased with time. 
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Pt-Ru bimetallic nanoparticles attracted considerable 
attention because of their wide applications in direct 
methanol fuel cells. Alloying of Ru with Pt leads to 
enhanced catalytic properties in electro-oxidation of 
methanol by suppression of CO poisoning on the anode 
consisting of Pt-based catalysts. The enhanced 
performance of Pt-Ru bimetallic catalysts was mainly 
attributed to: (1) bifunctional character of the alloy 
surface, in which CO was oxidatively removed from Pt 
atoms by oxygen-containing species adsorbed on 
adjacent Ru atoms; and (2) electronic effect, in which the 
electronic modifications on Pt due to Ru addition lead to 
a weaker bonding between Pt and CO. Accordingly, the 
structure of Pt-Ru nanoparticles might be significantly 
influenced by the degree of alloying between two 
constituent elements. In the present work, extended X-ray 
absorption fine structure (EXAFS) spectroscopy was 
employed to examine the degree of alloying of two 
commercial Pt-Ru/C catalysts, namely, J-M sample from 
Johnson Matthey Co. and E-T sample from E-TEK Inc. 
Both catalysts have the same nominal loading of 20 wt% 
Pt and 10 wt% Ru (in an atomic ratio of 1:1). Another 
unsupported Pt-Ru (1:1) black from Johnson Matthey Co. 
was also studied for comparison. 

 
Figure 1. Fourier transform of k3-weighted EXAFS data 
at Pt L3-edge and Ru K-edge for two Pt-Ru/C catalysts 
and the Pt-Ru black after reduction by hydrogen at 200°C. 
Table 1. Structural parameters derived from EXAFS data 

for two Pt-Ru/C catalysts and the Pt-Ru black after being 
reduced by hydrogen at 200°C.  

Sample Bond N R (Å) σ2 (Å2)
Pt-Ru 
Pt-Pt 

1.9 
7.7 

2.70 
2.74 

0.0043 
0.0059 

 
Pt-Ru/C 

(E-T) 
 

Ru-Ru
Ru-Pt 

5.3 
1.9 

2.66 
2.70 

0.0059 
0.0052 

Pt-Ru 
Pt-Pt 

3.0 
6.4 

2.71 
2.74 

0.0052 
0.0057 

 
Pt-Ru/C 
(J-M) 

 
Ru-Ru
Ru-Pt 

4.2 
3.0 

2.65 
2.71 

0.0053 
0.0057 

Pt-Ru 
Pt-Pt 

3.0 
6.0 

2.70 
2.72 

0.0045 
0.0060 

 
Pt-Ru black

(J-M) 
 

Ru-Ru
Ru-Pt 

3.5 
3.0 

2.65 
2.70 

0.0049 
0.0060 

 

 
Figure 1 presents the radial distribution functions 

around Pt and Ru atoms on various samples after 
reduction by hydrogen at 200°C. The detailed structural 
parameters obtained from EXAFS data analysis are listed 
in Table 1. It was found that both Pt and Ru atoms 
segregated to some extent, as evidenced by the higher 
preference for heterometallic bonding than for 
homometallic bonding. Particularly, NPt-Pt is always 
larger than NRu-Ru, indicating the formation of a core-shell 
structure with Pt enriched in core and Ru enriched in 
shell. Among all three samples studied here, the Pt-Ru 
black has the most uniform atomic distribution (the 
highest degree of alloying) because the numbers of 
heterometallic bonding and homometallic bonding are 
closest to each other around either Pt or Ru atoms. It is 
also interesting to note that the radial distribution 
function around Pt atoms progressively changed with the 
variation of alloying extent. On the other hand, change in 
the radial distribution function around Ru atoms was not 
so obvious. This phenomenon can be interpreted by the 
fact that as located in the shell region of a nanoparticle 
Ru always has higher probability to form heterometallic 
bonding than does Pt. Once the degree of alloying 
changed, the ratio of heterometallic bonding to 
homometallic bonding was subject to less change.  
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By the replication of mesoporous silica platelet 
material, we have synthesized well-ordered mesoporous 
thin film carbon (TFC) with perpendicular channels, and 
were successfully applied to DMFC anode PtRu/C 
catalyst as the carbon supports. Electrochemical activity 
over methanol oxidation of the 20 wt% PtRu/TFC 
catalyst with atomic ratio Pt:Ru = 1:1 showed greater 
current density compared to commercial carbon black 
XC-72 and mesoporous CMK-3 carbon supports. 

Through the surface modification process by ozone 
treatment on the TFC carbon, the mass-specific current 
density of the PtRu/TFC_O3 catalyst with ozone purged 
30 min toward methanol electrochemical oxidation was 
increased almost twice compared to none-ozone-treated 
one. With the characterization of XRD, XPS, CO 
stripping analyses, we have found that the conformation 
of PtRu bimetallic alloy nanoparticles were different with 
regard to various ozone-treated duration on TFC carbon. 
It might be the specific nature of carbon-deposited 
bimetallic nanoparticles that dramatically influence the 
reaction kinetics toward methanol oxidation. 

The normalized XANES spectra of the series of as-
received PtRu/TFC_O3 catalysts showed that Pt elements 
were slightly oxidized. And Ru elements of all the 
catalysts were totally oxidized in the as-received form. 
After H2 gas treatment for 10 min at RT1, Pt is reduced to 
Pt(0) and Ru is almost reduced to Ru(0). However, Pt 
and Ru were remained partially oxidized in the 
PtRu/TFC_O3 120 min sample. 

k3-weighted EXAFS data showed that the oscillation 
signals were increased due to the elimination of 
temporarily adsorbed oxygen atoms on both Pt and Ru 
surfaces by H2(g) reduction. The EXAFS data of the H2(g) 
reduced samples were thus analyzed. As in Table 1, for 
the series of PtRu/TFC_O3 samples, the Pt atoms 
exhibited a preference for homometallic bonding (Pt-Pt) 
over heterometallic bonding (Pt-Ru) as the result of 
greater coordination number gap displayed. Table 2 
showed the PtRu/TFC_O3 catalysts with lower numerical 
sum of NRu-Ru + NRu-Pt to that of Pt, which was in 
agreement with the smaller oscillation intensity of the 
corresponding k3-weighted EXAFS data. 

Prof. B. C. Hwang had established an effective 
method to quantitatively estimate the alloying extent of 
bimetallic nanoparticles.2 We would like to examine the 
alloying extent as well as atomic distribution of Pt and 
Ru separately using Hwang’s approach. The extent of 
alloying of element Pt (JPt) is slightly decreased with 
increasing ozone-pretreated time, and Ru alloying extent 
(JRu) is increased with increasing time. And the JRu value 
is much higher than JPt in all of the samples. According 
to the EXAFS results, we may suggest that one reason 
the enhanced catalytic activity of the series of 
PtRu/TFC_O3 catalysts was due to increased alloying 

extent of Ru element as well as enhanced atomic 
distribution. Besides, the JPt value of PtRu/TFC_O3 120 
min sample was close to zero, and the JRu was also lower 
than the others. Our experiment result showed that the 
catalytic activity of this sample is no good. 
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Synthesis of CNTs has potential application on H2 
storage. The storage potential of CNTs was suggested to 
be more than 8 wt% of H2 for power electric vehicle. 
However, recent studies confirm that H2 uptake in CNTs 
is limited by 2%. CNTs filled with elements and 
compounds exhibit fascinating and desirable properties to 
serve as nanoscale chemical reactors. They are usually 
filled using post-processing steps which involve opening 
up and filling through either capillary action or other 
chemical means. Such additional filling steps are not only 
inefficient but also additive to the overall production cost. 
Alternatively, the technique, which simultaneously fills 
the carbon nanotube during the synthesis is inherently 
devoid of such disadvantages. Nanowire-filled CNTs 
posses a surface area less than that of nanoparticle-filled 
variety, hence, the latter is more suitable for gas storage 
applications. The mechanism of the formation and the 
encapsulation of metallic particles inside the CNTs are 
still not clear. Thus, the main objective of the present 
study was to investigate the fine structures and oxidation 
states of Pd atoms filled inside CNTs by EXAFS 
spectroscopies. The growth mechanism of Pd 
nanopartilces formed in CNTs during reductive synthesis 
processe was also studied. 

The EXAFS spectra may offer a further explanation 
of the distribution of Pd concentrations and the external 
oxide or internal metallic Pd nanoparticles in the Pd-
filled CNTs nanocomposites. CO2 and H2 might have 
reduced Pd-cations to Pd elements in solution. Such 
gases were expected to form near the electrodes during 
arc-discharge process. By EXAFS data may indicate the 
redox reaction or mechanism in the synthesis processes 
of Pd atoms inside CNTs. Since the valency and fine 
structure of Pd atom in the distribution of Pd 
concentrations and the external oxide or internal metallic 
Pd nanoparticles in the Pd-filled CNTs nanocomposites 
have not been well studied, therefore the catalytic redox 
mechanisms effected by the distribution of Pd 
concentrations and the external oxide or internal metallic 
Pd nanoparticles in the Pd-filled CNTs nanocomposites 
may be determined by EXAFS spectra. Pd EXAFS 
spectra indicating the Pd species with Pd-Pd bond 
distances of 2.77 Å were found in Figures 1(a) and 1(b). 
Coordination numbers of the Pd species from Pd EXAFS 
spectra were 12.2. These results may also offer a further 
explanation of how the interaction bonding or redox 
reaction in the synthesis for the distribution of Pd 
concentrations and the external oxide or internal metallic 
Pd nanoparticles in the Pd-filled CNTs nanocomposites. 

In addition, the formation of atomic Pd through 
electrochemical process under the applied bias may be 
another possibility. Although further investigation will be 
needed to point the exact mechanism of formation of 
metallic Pd in solution process, the thermal 
decomposition of PdCl2 complex seems to be more 
probable. Rolling of graphitic sheets from the anode 
material formed graphitic tubules during the present 
process of arc-discharge in solution. Pd-nanoparticle thus 
simultaneously formed, might be encapsulated in the 
CNTs during rolling of grapheme sheets. EXAFS data 
may provide the detailed information of the chemical or 
reduction of Pd atoms dispersed and filled inside CNTs. 
The chemical filling of donor or acceptor of Pd species 
inside the CNTs cores may be consistent with the results 
obtained in an electrochemically-controlled environment. 
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Figure 1. (a) Pd K-edge EXAFS oscillation k
3
χ(k) and (b) 

Fourier transform (FT) of the Pd metals K-edge EXAFS 
of the Pd atoms filled inside CNTs. The best fitting of the 
EXAFS spectra are expressed by the dotted lines. 
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Recently, direct methanol fuel cell (DMFCs), which 
directly use methanol as fuel, have been investigated 
intensively because of their numerous advantages that 
include high energy density, low operating temperatures, 
ease of handling a liquid, and their possible applications 
to micro- fuel cells in the future. The performance and 
stability of low-temperature fuel cells such as DMFCs 
are known to be strongly dependent on the carbon 
support used, as well as the catalytically active species. 

Carbon nanomaterials have the essential properties 
of electronic conductivity, corrosion resistance, surface 
properties, and the low cost required for the 
commercialization of fuel cells. These nanostructured 
carbon materials such as carbon nanocoils (CNCs) 
exhibit many interesting characteristics and have been 
applied extensively in various areas, including electronic 
devices, and electrode materials. 

The characterization of Pd-Ru-Pt tri-metallics is a 
good choice to undergo absorption experiments because 
of the large separation in energy edges of the two metals. 
Investigations on the dispersion and interaction of the Pd, 
Ru, and Pt atoms seems to be very important in the 
electrocatalytic performance of Pd-Ru-Pt alloy catalysts 
supported on newly synthesized carbon nanocoil 
materials.The EXAFS and XANES spectra of the Pd-
Ru-Pt alloy catalysts supported on carbon nanocoil 
materials were measured at the BL01C1 (SWLS) 
beamline at the NSRRC of Taiwan.  The electron storage 
ring were operated with an energy of 1.5 GeV and a 
current of 100-200 mA. A Si DCM was used for 
providing highly monochromatized photon beams with 
energies of 5 to 30 keV and resolving power (E/ΔE) of 
up to 7000. Data were collected in fluorescence or 
transmission mode with a Lytle ionization detector for 
the Pd (24350 eV) or Ru (22117 eV) K edges and Pt 
(11564 eV) L(III) edges experiments at room 
temperature. 

Since the valency and fine structure of Pd atom in 
the Pd-Ru-Pt alloy catalysts supported on carbon 
nanocoil have not been well studied, therefore the 
catalytic redox mechanisms effected by the Pd-Ru-Pt 
alloy catalysts supported on carbon nanocoil may be 
determined by using XANES and EXAFS spectra.  The 
Pd EXAFS spectra indicating the Pd species with Pd-Pd 
bond distances of 2.76 Å  were found in Figure 1. 
Coordination numbers of the Pd species from Pd EXAFS 
spectra were 12.1. These results may also offer a further 
explanation of how the interaction bonding or redox 
reaction in the synthesis for Pd-Ru-Pt alloy catalysts 

supported on carbon nanocoil materials. Combined with 
the experiments, it may provide the understanding of the 
fine structures or oxidation states of fresh and used Pd-
Ru-Pt alloy catalysts supported on carbon nanocoil 
materials under DMFCs electrochemical performance.  By 
using the EXAFS spectra, the results of fine structures or 
bonding lengths might provide the originals of 
interactions between the carbon nanocoil supports and Pd-
Ru-Pt alloy catalysts. 
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Figure 1. (a) Pd K-edge EXAFS oscillation k
3
χ(k) and (b) 

Fourier transform (FT) of the Pd (Pd metals) K-edge 
EXAFS of the Pd-Ru-Pt alloy catalysts supported on 
carbon nanocoil materials. The best fitting of the EXAFS 
spectra are expressed by the dotted lines. 
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Figure 1. We present an efficient catalyst, Au-Ag alloy 
nanoparticles supported on mesoporous aluminosilicate. 
The catalysts are active at low-temperature CO oxidation 
reaction in the presence or absence of hydrogen. The 
sample was prepared by using surface-functionalized 
mesoporous silica as the support in dispersing the alloy 
nanoparticles to small size. The activity varies with the 
Au/Ag molar ratios and attains the best conversion as 
Au/Ag = 5:1. 
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In order to confirm the proposed mechanism of CO 
oxidation, which catalyzed by Au-Ag alloy undergoing 
the formation of activated oxygen molecule. We 
performed in-situ XANES experiments at the Au L3-edge 
and Ag K-edge to determine their oxidation state 
characteristics. The intensity of whiteline reveals the 
numbers of electron hole in the d band and reflects charge 
transfer effect after adsorption of O 2- molecules. Figure 2. 
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Herein, the near-edge spectrum of the Au/Ag = 5:1 
catalyst was measured before reduction (b.r.). Then, the 
sample was reduced at 150℃ with 10% H2 in He for 1 
hour. After reduction, the sample was purged with He 
and detected at room temperature (rRT). Subsequently, 
the spectrum of the sample was collected in exposing 
20% O2 in He under RT (oRT). From the Au L3-edge 
spectra shown in Fig. 1, we noted that the change of 
whiteline intensities were not apparent for the surface of 
gold particle after purging of oxygen. Furthermore, from 
the Ag K-edge analysis presented in Fig. 2, we observed 
that it seemed to have charge transfer from the d band of 
silver to the 2π* orbital of oxygen. However, it still need 
more experimental evidence to prove that. 

Therefore, our in-situ XANES results provide 
evidence for the charge transfer between oxygen and the 
surface of silver particle. Although, it was suggested that 
Ag enhance the activation of oxygen better than Au 
particle, our alloy catalysts still have high performance in 
CO oxidation as a result of synergistic effect.  
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The electronic and bonding properties of 

nitrogenated carbon nanotubes (N-CNTs) exposed to 
chlorine plasma were investigated using C and N K-edge 
x-ray absorption near-edge structure (XANES) 
spectroscopy. 
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Figure 1. C K-edge XANES spectra 

The C and N K-edge XANES measurements were 
performed at the National Synchrotron Radiation 
Research Center in Hsinchu, Taiwan using high-energy 
spherical grating monochromator-20A (HSGM) beamline 
in the sample drain current and fluorescence mode with a 
seven-element Ge detector respectively. The C and N K-
edge XANES spectra are presented in Fig.1 and Fig.2 
respectively. The C K-edge XANES spectra of chlorine-

treated N-CNTs reveals the formation of pyridine-like N-
CNTs by the existence of two unfilled π* orbital: 1s→ 
π*(e2u) anti-bonding state where wave functions are anti-
symmetric and 1s→ π*(b2g) bonding states where wave 
functions are symmetric along with presumably 
formation of chlorine bonding. 
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Figure 2. N K-edge XANES spectra 

 

In consistency, N K-edge spectra showed similar 
pyridine-structure having strong b2g symmetry bonding 
state for both type of samples with/without chlorine 
plasma exposed N-CNTs. 
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The electronic and bonding properties of 

nitrogenated carbon nanotubes (N-CNTs) exposed to 
chlorine plasma were investigated using scanning 
photoelectron microscopy (SPEM). 

 

 

 The SPEM images and valence-band photoemission 
spectra were performed at the National Synchrotron 
Radiation Research Center in Hsinchu, Taiwan using 
undulated-09A beamline. Fig.1 displays spatially 
resolved valence-band photoemission spectra of N-CNT 
and N-CNTs:Cl and their corresponding C 1s SPEM 
cross-sectional images are inserted in this figure. These 
spectra displayed show photoelectron yields from the 
bright regions indicated in the images that correspond to 
the sidewalls of the respective CNTs. The zero energy 
refers to Fermi level (Ef), which is threshold of the 
emission spectrum. Different peaks are identified and 
presumably expected the formation of either C-Cl and/or 
N-Cl bonding on chlorination. The results also indicate 
that that the nitrogenated carbon nanotubes enhances the 
C-N bonding on chlorination. 

 

 

 

 

 

 

 

 

  

  

  

Figure 1. SPEM images and valence-band PES 
spectra
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Both Pt and Ru atoms were partially oxidized in the 

as-received state on all samples. Upon exposure to pure 
H2, 10%H2+90%He, pure CO, or 20%CO+80%N2, the Pt 
atoms would be completely reduced. In contrast, the 
reducibility of Ru atoms depends on the kind and the 
concentration of the reducing gas. Figure 1 shows the 
XANES spectra at Ru K-edge of various samples after 
being treated with different reducing gases. It is easy to 
qualitatively identify the reducibility of Ru atoms when 
comparing the XANES features with those of reference 
compounds (Ru and RuO2), as summarized in Table 1.   

Pt-Ru bimetallic nanoparticles attracted considerable 
attention because of their wide applications in polymer-
electrolyte fuel cells. The present study was carried out to 
investigate the reducibility of Pt and Ru atoms in various 
atmospheres at room temperature by means of X-ray 
absorption near edge structure (XANES) spectroscopy. 
One commercial Pt-Ru/C catalyst sample, with a nominal 
loading of 20 wt% Pt and 10 wt% Ru (in an atomic ratio 
of 1:1), was obtained from E-TEK Inc. The other 
unsupported Pt-Ru (1:1) black was supplied by Johnson 
Matthey Co. For comparison, a monometallic 10 wt% 
Ru/C catalyst was also studied  

  
Table 1. Summary of the reducibility of Ru atoms on 
various samples in different reducing atmosphere at room 
temperature. 

 

Gas

Sample 

10% 

H2 

20% 

CO 

pure 

H2 

pure 

CO 
Pt-Ru/C 

(E-T) V X V Δ 
Pt-Ru 
black V Δ V Δ 
Ru/C 
(E-T) X X V X 

V: fully reduced; Δ: partially reduced; X: highly oxidized. 
 
 

In general, Pt is easier to be reduced than Ru so that 
the presence of Pt atoms can promote the reduction of 
neighboring Ru atoms. Particularly when hydrogen was 
selected as the reducing gas, hydrogen will dissociatively 
adsorbed on the Pt surface, and the hydrogen atoms thus 
formed will spill over to the Ru surface. On the other 
hand, when CO was used as the reducing gas, such a 
promotional effect on the reduction of Ru was much 
weaker. Neither the reducing ability of CO is stronger 
than H2, nor the dissociative adsorption of CO takes place 
on Pt. As a result, Ru can be partially reduced by 20% 
CO only on the Pt-Ru black sample, which has a higher 
degree of alloying between Pt and Ru than does the Pt-
Ru/C catalys. 

Figure 1. XANES spectra at Ru K-edge of various 
samples after being treated with different reducing gases 
at room temperature. Two reference compounds, Ru and 
RuO2, are also shown for comparison. 
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A simple method has been proposed to synthesize 

Cu/Pd nanoparticles by means of complexing agent in 
our previous work. In this work, the XANES method was 
employed to investigate the change in valence state of 
metal ions at the early stage during the formation of 
Cu/Pd nanoparticles. The nanoparticles exhibited unique 
properties― stable suspension, well dispersion, and high 
catalytic activity to electroless copper deposition. These 
unique properties may be related to different reductive 
mechanism of complexing metal ions. To further 
understanding the role of complexing agent in the 
formation of Cu/Pd nanoparticles, XANES method was 
performed to investigate the reductive rate of metal 
complex ions. By the comparison of the reductive rate of 
metal ions, a unique formation mechanism in our Cu/Pd 
nanoparticles can be obtained. 

From the in-situ XANES observation during the 
formation of Cu/Pd nanoparticles, palladium rich outer 
shell nanoparticles were synthesized in a simple method. 
The PdCit ions were slowly reduced to zerovalent Pd and 
serve as the reducing center of CuCit ions, the catalyst 
for CuCit reduction. As the amount of reduced Pd 
increased, the reduction rate of CuCit increased. The Cu 
reached its final equilibrium (5th and 6th equilibrium in 
Fig.2) while the reduction of PdCit kept in progress. Thus 
the Pd-rich outshell structure of Cu/Pd nanoparticles can 
be implied. The Pd-rich outshell structure may be the 
reason why the addition of lower catalytic Cu did not 
abate the catalytic property of Pd. By this citrate complex 
synthesis method, Pd is preferentially distributed in the 
outer shell of the Cu/Pd nanoparticles. Thus a Pd-based 
catalyst with decreased Pd content can be prepared 
without sacrificing the catalytic activity. 

 

 
Figure 1 (a) Cu K-edge XANES of Cu foil reference, 

CuO reference, Cu2O reference, Cu citric complexing 
ions and Cu citric linked with PVP, (b) Cu K-edge 
XANES with progressive addition of alkali solution 

 
Figure 2 (a) Pd K-edge XANES of Pd foil reference, Pd 
citric complexing ions and Pd citric linked with PVP, (b) 
Pd K-edge XANES with progressive addition of alkali 
solution 
 

 
Figure 3 Three stages during the formation of Cu/Pd 
nanoparticles: (a) the initial reduction, (b) the CuCit ions 
dominated reduction, and (c) the final PdCit ions 
reduction 
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Lithium transition-metal (Co, Ni, Mn or V) oxides 
which are used as positive electrodes in secondary 
lithium batteries have extensively been studied over the 
past two decades. Amongst these materials, manganese 
oxides were found to be advantageous in terms of 
specific energy, non-toxicity and low cost. Lithium spinel 
LiMn2O4 is the most promising candidate for innovative 
lithium-ion (rocking chair) batteries. However LiMn2O4 

 
 
 
 
 
 
 
 
 faces some problems for the commercial application 

due to rechargeable capacity and poor cyclability of the 
charge-discharge process in the region of 4 V. Several 
studies have been aimed at improving the material 
properties of LiMn2O4 and its efficiency in maintaining 
electrochemical capacity, over a large number of cycles 
without sacrificing initial reversible capacity, and also its 
performance at low or high temperatures. Doping the Mn 
(16d) sites with a lower valent cation is one such 
possibility because it reduces the Mn3+content and 
stabilizes the cubic structure in the face of Mn3+ Jahn–
Teller distortion. Some reports has shown that the 
substitution of Li ions at the Mn site, Li(LixMn2- x)O4, 
increases the average ionic valence of Mn, thus 
decreasing the number of Jahn–Teller Mn Mn3+ ions. 
When x > 0.035, the phase transition near room 
temperature was not observed. The present work is 
focused on the synthesis of Li(Mn1.8Li0.1Ni0.1)O4 and 
Li(Mn1.8Li0.1Ni0.1)O3.8F0.2 samples, wherein O has been 
partially replaced with F ion to improve the cycle 
performance of LiMn2O4 spinel materials. Synchrotron 
XRD patterns were taken with a large Debye-Scherrer 
camera installed at the BL01C2 beam line of NSRRC 
with λ = 0.7749 Å. The sample was contained in a glass 
capillary tube with an inner diameter of 0.1 mm and was 
rotated during measurements. The synchrotron XRD data 
were collected in a 2 θ range from 0.08° to 45° with a 
step interval of 0.02o. Structural refinements were made 
on X-ray diffractograms, by using the GSAS program. 

 
 
 
 
 

Figure 1 XRD pattems of Li(Mn1.8Li0.1Ni0.1)O4 and 
Li(Mn1.8Li0.1Ni0.1)O3.8F0.2 at 300 K.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Powder XRD patterns of Li(Mn1.8Li0.1Ni0.1)O4 and 

Li(Mn1.8Li0.1Ni0.1)O3.8F0.2  samples are shown in Figure 1. 
Each composition of the series was found to be single 
phase. The observed peaks can be indexed on the basis of 
an cubic unit cell (space group: Fd-3m). Figure 2 shows 
experimental, calculated and difference in XRD patterns 
of Li(Mn1.8Li0.1Ni0.1)O4 and Li(Mn1.8Li0.1Ni0.1)O3.8F0.2, 
respectivity. An decrease in cell volume with partially 
replaced F ion was also found. The decrease in the cell 
volume can be accounted as a manifestation of the 
substitution of smaller size F-ion [1.33 Ǻ for CN (co-
ordination number) = 6] as compared to the smaller O2- 

ions (1.40 Ǻ for CN = 6).  

 
 
 
 
 
 
 
 
Figure 2 Observed (crosses), calculated (solid line), and 
differences (bottom) NPD Rietveld profiles  of 
Li(Mn1.8Li0.1Ni0.1)O4 and Li(Mn1.8Li0.1Ni0.1)O3.8F0.2 at 300 
K. Bragg reflections are indicated by tick mark. 
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Four perovskite compounds with nominal 
compositions of (Gd0.5Ce0.5)NiO3 (GC), (Gd0.5Th0.5)NiO3 
(GT), (Yb0.5Ce0.5)NiO3 (YC), (Yb0.5Th0.5)NiO3 (YT), 
were prepared by a polymeric citrate precursor method.  
They were either slow cooled (SC) in the furnace or 
quenched (Q) at room temperature.  All of them have 
monoclinic symmetry.  Unit cell paramenters, bond 
distances and bond angles of the quenched samples are 
listed in Table 1.  Bond distance of the Ni−O of the 
quenched samples are slightly bigger and longer than 
their counterparts.  Grain size of the quenched samples is 
also smaller.  All samples are paramagnetic insulator in 
the 280−50 K temperature ranges.  Th containing 
compounds have larger unit cell volume, tolerance factor 
and Ni(1)−O(1)−Ni(2) angle than the Ce containing 
compounds.  Fig. 1 shows the Rietveld refinement result 
of the YT compound.  Fig. 2 shows the Ni K-edge 
XANES spectra of GT, YT, GC, YC and NiO compounds.  
All samples have Ni at divalent state and Ce at tetravalent 
state. 
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Figure 1. Rietveld result of the quenched YT compounds. 
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 Figure 2. Ni K-edge XANES spectra of the quenched 
samples and NiO. 

 
Table 1. Unit cell parameters of the samples 

 

Sample GT YT GC YC 

a (Å) 5.3415(6) 5.3019(2) 5.2328(2) 5.2138(2)

b (Å) 5.4386(2) 5.4512(3) 5.4853(2) 5.5106(2)

c (Å) 7.4939(4) 7.4832(5) 7.4471(5) 7.4312(6)

β (°) 90.089(6) 90.094(5) 90.103(5) 90.109(6)

Avg Ni(1)−O (Å) 1.996 1.978 1.964 1.957 

Avg Ni(2)−O (Å) 1.924 1.915 1.898 1.892 

∠Ni−O−Ni (°) 149.3 147.5 144.3 143.7 
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Silicon nitride (Si3N4) is an advanced material and 

has the potential to be used in various applications due to 
good performance in mechanical, chemical, electronic, 
and thermal properties. On the other hand, its high 
doping concentration, and chemical stabilities are similar 
to the III–N compounds such as GaN and AlN, which are 
used to grow quantum well structures for obtaining blue 
laser. They play an important role in the electronics 
industry, especially in Si-based large-scale integration 
circuit technology and possibly in optoelectronics1. The 
sample is constructed from 50 nm Si3N4 thin film grown 
on 12” silicon substrate by chemical vapor deposition 
(CVD) process which is from our collaborator- Taiwan 
Semiconductor Manufacturing Company (TSMC) 
company. We have performed the synchrotron radiation 
X-ray diffraction (Syn-XRD) experiments on Si3N4 using 
a short wavelength (~0.443Å) in National Synchrotron 
Radiation Research Center (NSRRC). The thickness, 
reflectance index and extinction coefficient of Si3N4 thin 
film were also determined using variable angle 
spectroscopic ellipsomemter (VASE). It was also found 
from the XRD pattern that there is a mixture state of α- 
and β- Si3N4 and other impurities present in the samples.  
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Figure Synchrotron X-ray diffraction (Syn-XRD, λ~ 
0.443Å) patterns recorded at room temperature for the 
50nm Si3N4 thin film grown on the Si substrate by CVD 
method. 
 

We have performed systematic and preliminary 
study on Si3N4 thin film grown on 12” silicon wafer, 
including synchrotron radiation X-ray diffraction and 
variable angle spectroscopic ellipsomemter. By the using 
of superior experimental instruments, we found that there 
is a mixture state of α- and β- Si3N4 and other impurities 
present in the samples and index become smaller than 
pure Si3N4. 
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Scheelite structured alkaline earth tungstates and 
molybdates are technologically important materials as 
these are used as scintillators, laser host materials or 
cryogenic detectors for dark matter. To understand the 
structural stability under different thermodynamic 
conditions, many scheelite compounds have been 
extensively studied. In particular, under high pressures, 
the scheelite structured (Figure 1) alkaline earth 
molybdates and tungstates show several phase transitions. 
Recent investigations have shown that these compounds 
may transform to fergusonite structure under high 
pressure. The pressure Raman data reveal pressure-
induced phase transition near 9 GPa in PbMoO4, but 
without the pressure x-ray data. The high-pressure phase 
of PbMoO4 and the pressure of phase transition were 
unclear. 

 
Figure 2. Room-temperature ADXRD data of PbMoO4 at 
different pressures up to 18.5 GPa. 
 

The Powder sample of PbMoO4 grown at NCKU 
was used in this investigation.  The scheelite-type 
structure was verified by x-ray powder diffraction and by 
Raman spectroscopy. High-pressure ADXRD measure-
ments were carried out in the diamond-anvil cell (DAC). 
Methanol-ethanol(4:1) solution was used as pressure 
medium. The ruby luminescence method was used for 
pressure measurements. 

 

ADXRD measurements have been performed on 
PbMoO4 up to 20 GPa (Figure 2) . As in the previously 
reported case of alkaline earth tungstates, PbMoO4 
underoes a pressure-induced scheelite-to-fergusonite 
transition around 11 GPa.  The phase transition is 
reversible when pressure is released.  

Figure 1. Schematic view of the scheelite structure. 
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The layered Li(NiMn)1/2O2 was prepared by an ion 
exchange process (IE-Li(NiMn)1/2O2) using layered 
Na(NiMn)1/2O2 as a precursor. The in situ XRD patterns 
were recorded with Bragg reflections for IE-
Li(NiMn)1/2O2 cathode materials as shown in Fig. 1 In 
order to check the phase transition, the in situ XRD 
pattern were divided into various 2θ regions such as 10-
90o and 35-45o as shown in Fig. 1 and 2, respectively. 
Further, to make a easy comparison,  the 2θ angles  of 
XRD data collected are converted to corresponding wave 
length of λ= 1.54Å. All the in situ XRD spectra in this 
work are presented in the same way. From fig. 1 and 2, 
an obvious phase transition can be found for in IE-
Li(NiMn)1/2O2.. In detail,  the phase converted from H1 
to H2 when the IE-Li(NiMn)1/2O2 was charged to 4.4 V 
and totally converted to H2 phase at 5.3 V. During this 
potential period H1 (101) and H1 (104) phase have 
smoothly converted to H2 (101) and H2 (104) as seen in 
Fig. 2. The same phase transition can also be found at 
higher 2θ region (Fig.1). By comparing these in situ 
XRD patterns, the structural change was insignificant at 
the beginning of the charging and drastically converted to 
H2 phase as the charge potential reaching 3.89V and 
totally converted to H2 phase when the sample was 
charged to 4.21 V. 
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Figure 1. In situ XRD patterns in the 10o to 90o 2θ range 
of IE-LiMn0.5Ni0.5O2 cathode during the first charge with 

a 0.3 mA charging current. The 2θ angles have converted 
to those corresponding to Cu Kαradiation (λ=1.54Å). 
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Figure 2. In situ XRD patterns in the 35o to 45o 2θ range 
of IE-LiMn0.5Ni0.5O2 cathode during the first charge with 
a 0.3 mA charging current. The 2θ angles have converted 
to those corresponding to Cu Kα radiation (λ=1.54Å) 
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The goal of the research is to develop a new catalyst 

for converting C5-C9 paraffinic compounds from 
sulfolane extractor of aromatics plant to alcoholic or 
ketonic derivatives. The process is extremely valuable in 
refinery because of the conversion of low-octane-value 
feed to oxygen-containing compounds. Catalyst support, 
TS-1 (Titanium Silicalite-1), was synthesized by the use 
of two different silica sources, namely, TEOS (Tetraethyl 
orthosilicate) and silica.  FT-IR, XRPD, SEM, XANES, 
and EXAFS spectroscopy were use to characterize the 
synthesized TS-1.  Pt/TS-1 catalysts were then prepared 
by impregnation or ionic exchange methods. These 
catalysts were characterized by TEM (Transmission 
Electron Microscopy), XANES, and EXAFS and the 
results were  summarized as follows: 
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Figure 1: Synchrotron XPRD (λ ＝0.9538Å)confirms 
the formation of  TS1 prepared from TEOS, the 
characteristic peaks appear at 15 and 18°. (1)  XRPD and FT-IR results confirm the formation 

of TS1 (Fig. 1) [1-3].  
 (2) The structure of Pt/TS1 is greatly affected by 

catalyst preparation methods.  After the introduction of  
tetraamineplatinum (II) to TS1 by ion exchange, platinum 
clusters trapped in the micro-tunnel of TS-1 for the 
sample pre-dried at 400 °C. In contrast, Pt clusters of 
particle size more than 3 nm deposited outside the tunnel 
were observed for the sample without pre-drying (Fig. 2).    

 
 
 

 

 

 
(3)  The morphology of the Pt clusters was further 

examined by in-situ EXAFS.   Normally, Pt clusters with 
3 –dimensional in shape will present high Pt-Pt shell.   
As shown in Fig. 3, among the EXAFS spectrum, only 
the sample prepared by ion exchange  do not presents any 
high-shell contributions.   This results only only confirm 
TEM results but also provide us a guide us to catalyst 
preparation. 

 
 

 

 

Figure  2: TEM photographs of (left) sample prepared by 
ion exchange followed with pre-dried at 400 °C; ( right) 
sample prepared by impregnation method. 
 (4) The complementary structure characterization 

techniques allow us to tailor the catalysts; resulting 
platinum clusters of an average particle size less than 1 
nm are trapped in the micro-tunnel of TS-1.  The 
prepared catalysts were then tested by partially oxidation 
reaction of octane.  The reactions were carried out at 5 
atm and 250  with WHSV of 1.0.  GC℃ -MS indicated 
that the reaction catalyzed by theses catalysts presenting 
a conversion and selectivity to oxygenated compounds 
higher than 20% and 75%, respectively.  
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Reference: 
1. Marco Taramasso, Giovanni Perego, Bruno Notari, 
“Preparation of porous crystalline synthetic material comprised 
of silicon and titanium oxides”, US 4,410,501(1983). 

Figure 3:  Comparison of the magnitude of Fourier 
transforms (k3-weighted,Pt Pt phase and amplitude 
corrected, _k = 4.0–14.0 Å-1  ) of EXAFS characterizing 
Pt/TS1 for IE4 (ion exchange pre-dried at 400 °C), IEAH 
(ion exchange without pre-dried),  Pt/TS1E 
(impregnation method). 

2. Gang Li, Xiangsheng Wang, Xinwen Guo, Song Liu, Qi 
Zhao, Xinhe Bao, Liwu Lin, Materials Chemistry and Physics 
71, 195-201 (2001). 
3. Ermanno Astorino, John B. Peri, Ronald J. Willey, Guido 
Busca, J. catal. 157, 482-500 (1995). 
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The goals of this research are to develop a method in 

catalyst preparation for retarding Pt aggregation during 
sulfur-poisoning catalyst deactivation.  The method is 
motivated by the increase of metal-support interactions 
thereby anchoring Pt clusters from migration.  Zeolite 
supports were thus modified by grafting titanium oxide 
on surface.   The efficacy of the modification was 
examined by aging tests of a hydrogenation reaction 
using 200 ppm sulfur-containing tetralin as a feed.  In 
order to understand the fundamental catalytic chemistry 
of sulfur-poisoning catalyst deactivation and the roles of 
the grafted TiO2, catalytic properties were correlated with 
catalyst structure.   The test reactions were carried out 
with a continuous fix bed reactor at 480psig, 200 , and ℃
weight hourly space velocity of 12.0 h-1.  The catalyst 
before and after the reaction were characterized by XAS, 
XRD, FT-IR, CO-chemisorption. Combined with the 
complementary characterization tools and catalytic 
performance tests, the following conclusions have been 
drawn: 
1.Metal-support interactions are increased by grafting 
TiO2 on zeolite supports.  The interactions retard 
aggregation of metal clusters during catalyst preparation, 
hence smaller metal particles have been observed.  
However, suitable pretreatment conditions are necessary 
for the preparation of smaller particles; moisture 
contamination will deteriorate catalyst dispersion (Fgirue 
1). 
2.The grafted TiO2 influenced electronic properties of Pt 
clusters.  Shift of terminal-νCO to higher frequency 
suggests electrons withdrawn from metal clusters to 
support. 
3.By ion exchange methods, most of Pt clusters were 
characterized to be located in super-cage of zeolite.  
Whereas, because TiO2 are located in the external surface 
of zeolite (Figure 2) due to mass transfer hindrance, the 
anchoring effects for the catalyst prepared by ion 
exchange is not as good as that prepared by impregnation 
method. 

Continued works is to improve TiO2 grafting 

techniques by shipping TiO2 precursors into zeolite 
super-cage so as to anchor Pt on TiO2 at super-cage. 
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Figure 1: EXAFS characterizing Pt/CBV760 and 
Pt/TiO2/CBV760 prepared from different operation 
conditions. (k3 weighted, Pt-Pt phase and amplitude 
correction,3.5<k<14.0 Å-1) 

 
Figure 2: Structure of TiO2 grafted zeolite (TiO2/CBV 
760) proposed by synchrotron XRD 
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The high-pressure behavior of silicon has attracted 

intense and continuing interests in last few decades. On 
the investigate of experiments and  theoretics ,Si has 
several phases under high pressure. Si-I(cd)→Si-II(β-
tin)→Si-XI(Imma)→Si-V(hp)→Si-VI(Cmca)→Si-
VII(hcp)→Si-X(fcc) [1-5]. The electric conductivity of 
the pure semiconductor does not good , so dope 
exceptional impurities to regulate the carriers of conduct 
electricity and thickness. 
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Figure 1 displays series of XRD patterns of Si:B 
1~5Ω for various loading runs. Figure 1 reveals three 
reflections (111), (220) and (311) of the cd structure (Si-I 
phase) at ambient pressure and Bragg's relationship 
indicates that the d-spacings of the reflections are 3.1351, 
1.9199 and 1.6372 Å, respectively. The variations of the 
interplanar distances d{hkl} for loading run of Si:B 1~5Ω 
bulk is shown in Figure 2. Figure 3 shows the equation of 
state relations as a function of pressure for Si:B 1~5Ω 
bulk. V/V0 is the volume at ambient pressure.  In 
summary, the compressional result of the two 
experimental samples, the phase transition pressure are 
4.9GPa from Si-I to Si-II. Si-I and Si-II coexisted at ～5 
GPa until 12 GPa. 

Figure 2. The variation of dhkl(Å) of Si:B 1~5Ω  with 
pressure (GPa) for the Si-I ,Si-II, Si-XI and S-V phases. 
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Figure 3. The V/V0 of Si:B 1~5Ω with pressure(GPa) for 
the Si-I ,Si-II, Si-XI and S-V phases. 

Figure 1. A series spectra of Si:B 1~5Ω  at various 
pressure recorded in a loading run. 
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The high-pressure behavior of silicon has attracted 

intense and continuing interests in last few decades. On 
the investigate of experiments and  theoretics ,Si has 
several phases under high pressure. Si-I(cd)→Si-II(β-
tin)→Si-XI(Imma)→Si-V(hp)→Si-VI(Cmca)→Si-
VII(hcp)→Si-X(fcc) [1-5]. The electric conductivity of 
the pure semiconductor does not good , so dope 
exceptional impurities to regulate the carriers of conduct 
electricity and thickness. 
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Figure 1 displays series of XRD patterns of Si:As 
0.001~0.004Ω-cm for various loading runs. Figure 1 
reveals three reflections (111), (220) and (311) of the cd 
structure (Si-I phase) at ambient pressure and Bragg's 
relationship indicates that the d-spacings of the 
reflections are 3.1351, 1.9199 and 1.6372 Å, respectively. 
Figure 2 shows the equation of state relations as a 
function of pressure for Si:As 0.001~0.004Ω-cm bulk. 
V/V0 is the volume at ambient pressure.  In summary, the 
compressional result of the two experimental samples, the 
phase transition pressure are 4.4GPa from Si-I to Si-II. 
Si-I and Si-II coexisted at ～5 GPa until 12 GPa. 

Figure 2. The V/V0 of Si:As 0.001~0.004Ω-cm with 
pressure(GPa) for the Si-I ,Si-II, Si-XI and S-V phases. 
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Figure 1. A series spectra of Si:As 0.001~0.004Ω-cm at 
various pressure recorded in a loading run. 
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For seeking anode materials of even higher 
capacities, much effort has been carried out and 
elaborated worldwide on silicon-based material. As an 
anode material for Li rechargeable batteries, Si has a 
theoretical capacity greater than 3000 mAh/g. However, 
dramatic volumetric variations, > 300%, upon discharge/ 
charge and poor electronic conductivity hindered its 
application. Previous research had suggested the 
importance of a porous structure on the dimensional 
stability of electrode. In this work, NiSi-Si composite 
powder was synthesized in a way that it contains a 
significant fraction of intra-particle voids with 
dimensions in the nano-meter range and a porosity of 
~40%. The electrochemical Li alloying/de-alloying 
processes were studied by in-situ X-ray diffraction 
(XRD), and the resolved lithiation mechanism of NiSi 
turns out to be completely different from what previously 
suggested. 

In-situ synchrotron XRD study⎯ The XRD patterns 
acquired in situ during discharge and charge are shown in 
Fig. 1a, while the corresponding discharging and 
charging voltage curves marked with the locations where 
spectra were acquired are shown in Fig. 1b for reference. 
As typically occurring during the first discharge, the 
voltage rapidly dropped to below 0.1 V. Several events 
were found to occur concurrently then. First, the 
reflection peaks of graphite (e.g., C(004) in Fig. 1a) 
shifted to lower angles, suggesting lattice expansion due 
to Li intercalation. Secondly, the intensities of Si peaks 
(e.g., Si (111) in Fig. 1a) decreased with discharge depth, 
and peaks completely disappear at the depth of ~890 
mAh/g. The intensity reduction is apparently due to the 
alloying with Li to form amorphous LixSi, and the same 
process has been reported in the literature for the pure Si 
electrode. Thirdly, the intensities of NiSi (e.g., NiSi (210) 
in Fig. 1a) followed the same trend as Si, decreasing 
gradually with increasing discharge. Finally, a new nickel 
silicide phase, δ-Ni2Si, emerged and its peak intensities 
increased with increasing discharge. 

Upon charge, the events described above were 
reversed except that the Si peaks remain amorphous and 
hence undetectable. NiSi re-appeared after charging. 

Taking into account both the electrochemical 
characterization and in-situ XRD data, the following two 

sets of alloying reactions are proposed for the NiSi-Si 
composite system. For the NiSi component,  
x Li+ + x e− + NiSi  LixNiSi      0.3~1.0V            {2}, 
2LixNiSi + (y-2x) Li+ + (y-2x)e−  LiySi + Ni2Si  0.3V       
                                                                                {3}                            
and for the Si component: 
y Li+ + y e- + Si  LiySi           < 0.3V                   {4}. 

 

 
Figure 1. (a) In-situ synchrotron XRD patterns of NiSi-
Si composite during charge/discharge cycling. (b) The 
charge/discharge voltage curves are taken during the 
XRD measurements. The numbers index the XRD 
patterns.
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The experimental charge density analysis relies on 
the very accurate intensity measurement and high 
resolution of single crystal diffraction data, it can be used 
to extract detailed information on bonding, especially 
through topological analysis of the total density, and has 
been successfully used to obtain local energy densities 
through application of functional of the electron density. 
With the benefit of extensive brightness, the tunable 
wavelength and the single wavelength nature of the 
synchrotron light source, the feasibility of single crystal 
experimental charge density study was testing at 
beamline 01C2. Spin crossover compound 
[Fe(abpt)2(NCS)2] polymorph D (T1/2 = 162 K) were 
selected to do the experiment, which crystallize in 
monoclinic space group P21/c with two crystallographic 
iron site with different spin state below 120 K, the 
electron density distribution around the high spin and low 
spin state Fe(II) with electronic configuration (eg

2)(t2g
4) 

and (eg
0)(t2g

6) were expected to be very different. 
The closed-cycle helium cryostat APD was used for 

low temperature usage. Good quality of single crystal 
was selected and attached to a carbon fiber, which is 
glued to a brass pin connected to the cool end of APD. 
Special aluminum cap with kaptone windows was 
designed for vacuum purpose and will only increase little 
background noise in high energy x-ray source. The 
wavelength was tuned to 0.4133 Å (3 KeV) to minimize 

the crystal absorption and also increase data resolution. 
The Mar345 image plate detector was placed at the 
distance of dx = 238.5 mm with the vertical position set 
to 0 mm for low 2θ angle data and 150 mm for high 2θ 
angle data. The temperature at the sample position on the 
carbon fiber tip was calibrated beforehand using the 
paraelectric to antiferroelectric phase transition of 
ammonium dihydrogen phosphate at 148 K, it is found 30 
K higher than the temperature of cool end at 118 K. 

The low angle data set was collected by phi scan 
3º/frame and integrated by HKL2000 package. The final 
crystal data and structure refinement for conventional 
crystallographic refinement was good compared to the in-
house result (table 1). However, extension of reflection 
spots at high angle can be clearly seen from the image, 
and the phenomenon is reproducible for several different 
crystal and different compound. The reason was most 
likely due to the temperature gradient encountered on 
crystal for such experiment setup, and should be work out 
by adding an aluminum foil shielding around the crystal 
to prevent the heat radiation from the room temperature 
cap. 

    The preliminary result shows that the facility at 
endstation 01C2 can not only be served for x-ray powder 
diffraction experiment, but also for single crystal 
diffraction measurement below 50 K using the APD 
cryostat.  

 
Table 1.  Crystal data and structure refinement for trans-[Fe(abpt)2(NCS)2] polymorph D collected at 01C2 and in-house 

Empirical formula C26 H20 N14 S2 Fe  C26 H20 N14 S2 Fe  

Formula weight  648.53  648.53  
Temperature 100(5) K  90(2) K  
Wavelength  0.41327 Å  0.71073 Å  
Crystal system, space group Monoclinic,  P21/c  Monoclinic,  P21/c  

Unit cell dimensions  a = 10.8047(1) Å  a = 10.8070(5) Å  
 b = 15.7543(2) Å  beta = 107.6188(3)º b = 15.7250(10) Å  beta = 107.652(4)º 
  c = 17.0625(2) Å  c = 17.0180(7) Å  
Volume  2768.15(5) Å3  2755.9(2) Å3  
Z, Calculated density 4,  1.556 Mg/m3  4,  1.563 Mg/m3  
Absorption coefficient  0.391 mm-1  0.746 mm-1  
F(000)  1328  1328  
Crystal size  0.20 x 0.20 x 0.20 mm3  0.40 x 0.12 x 0.06 mm3  
Theta range for data collection  1.05 to 18.19 deg.  1.80 to 27.50 deg.  
Limiting indices -15<=h<=15, -23<=k<=23, -25<=l<=24  -11<=h<=14, -20<=k<=10, -22<=l<=22  
Reflections collected / unique / observed  34877 / 9635 [R(int) = 0.025] / 8700  25192 / 6302 [R(int) = 0.0712] / 4185  
Completeness of data 96.4 % 99.6 % 
Absorption correction method  SCALAPACK (multi-scan) SADABS (multi-scan) 
Refinement method  Full-matrix least-squares on F2  Full-matrix least-squares on F2  
Data / restraints / parameters  9635 / 0 / 407  6302 / 0 / 407  

Goodness-of-fit on F2  1.059  1.000  
Final R indices [I>2sigma(I)]  R1 = 0.0301, wR2 = 0.0837  R1 = 0.0434, wR2 = 0.0818  
R indices (all data) R1 = 0.0334, wR2 = 0.0862  R1 = 0.0906, wR2 = 0.0967  
Largest diff. peak and hole  1.044 and -0.691 e.Å-3  0.385 and -0.596 e.Å-3  
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Boric acid, B(OH)3, is a stable borate which is 
usually deposited and concentrated on sea water, soil, hot 
springs and volcanic islands. Recently Kuznetsov et al. 
used X-ray diffraction, and Raman spectroscopy to study 
the behavior of boric acid under high pressure 
environment, and observed a phase transformation  
between 1-2 GPa and a decomposition from boric acid to 
metaboric acid, ice at ~2 GPa (Kuznetsov et al. 2006). 
Kuznetsov et al. (2006) also suggested that cubic HBO2 
is expected to be the most stable form in metaboric acid.   

To identify the process, we used X-ray diffraction 
and Raman spectroscopy to study detailed behavior of 
boric acid and metaboric acid. 

In Raman spectroscopy stud, we found two new 
peaks at 145 and 196 cm-1 for boric acid, which have’nt 
been identified in previous studies at ambient conditions 
(Fig. 1). At high pressure, the evidence of changing of 
vibration modes indicated the phase transition and 
decomposition at 0.9GPa and 2.1GPa, respectively. This 
observation is consist with Kuznetsov et al. (2006). 
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Figure 1: Raman shifts of B(OH)3 at elevated pressure to 
23.8 GPa.  Seven modes were observed at ambient 
conditions and appears to lose the features at pressure 
greater than 11.5 GPa.  

 
Powder X-ray diffraction experiments was studied 

in the diamond anvil cell with Ar or silicon oil as 
pressure medium.  Form X-ray diffraction pattern, we did 
not see a obvious difference around 0.9GPa 
corresponding to the phase transformation observed from 
the Raman studies. But we did observed the 
decomposition of boric acid to metaboric acid and ice 
around 2.79GPa, which the pressure is higher than those 

observed in Raman studies. In previous study (Kuznetsov 
et al., 2006), the products were suggested to be cubic 
metaboric acid (HBO2) and ice.  Another individual 
experiment was conducted to learn more about the 
behaviour of metaboric acid at high pressure.  Compared 
with pattern collected at ambient conditions (Fig. 3b), the 
X-ray pattern of metaboric acid became very simple at 
high pressures and remained the same during the 
decompression, even released from the pressure (Fig.3a).  
A similar result was shown from a experiment that we 
placed the fresh sample powder in DAC by applying 
weak compression.  The patterns collected directly from 
metaboric acid at high pressure were very different from 
those collected from  decomposed product of cubic phase 
as suggested in the study of Kuznetsov et al. (2006).  
This needs a further investigation on this issue.  
 

 
Figure 2: The diffraction pattern of boric acid shows 
different patterns before and after phase transition. 

 
Figure 3: The diffraction pattern of metaboric acid under 
(a) different pressure. (b) ambient conditions 
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Among new anode materials, silicon is a very 

attractive candidate due to its potentially very large 
capacity, over 3000 mAh/g. The dramatic volumetric 
variation during cycling and intrinsic low conductivity, 
which resulted in structural instability and poor 
cyclability, obstruct its commercial application. Great 
enthusiasm has also been shown to coat the Si particles 
with secondary materials, which may serve either to 
increase the conductivity of the electrode or to be a 
buffer that can partially accommodate the volumetric 
variation. Copper metal was introduced in this study due 
to the high electronic conductivity and environmental 
benignity. electroless plating was explored to coat Cu 
particles onto silicon surface. Moreover, carbon layer 
was deposited by fluidized-bed CVD technique on the 
surface of composites, expecting to enhance the 
mechanical strength of original material and resulting in 
an improved cyclability. A new material copper silicide 
(Cu3Si) is found for Si-Cu composites after heat 
treatment in FB-CVD. In-situ X-ray diffraction shows 
that Cu3Si is a partially inactive material in the reaction 
of lithium. 

Synchrotron X-ray was carried out by using 
beamline 01C2 facilities of National Synchrotron 
Radiation Research Center (NSRRC) in Taiwan. The 
wavelength of the incident X-ray, regulated by a double-
crystal Si (111) monochromator, was 0.774907Å. The 
carbon coated Si-40%Cu electrode was selected to 
examine the characterization of crystal structure along 
with charge/discharge process. The XRD patterns 
acquired in situ during discharge and charge are shown 
in Fig. 1a, while the corresponding discharging and 
charging voltage curves marked with the locations where 
spectra were acquired are shown in Fig. 1b for reference. 

    The peaks are corresponding to the reflection 
plane (012) and (300) of copper silicide. Black solid line 
in bottom indicates the commencement of discharging 
process and dark yellow dash line displays the beginning 
of charging process. The (012) reflection plane does not 
change apparently at initial stage but starts to shift 
toward low angle at the “point 24” (the corresponding 
capacity: 750 mAh/g). For charging step, the reflection 
plane has shifted to high angle. According to the Bragg’s 
law at a fixed wavelength of incident X-ray, reflection 
plane shifting to lower angle which means the d spacing 
increases and it stands for lithium insertion process. On 
the contrary, it is suggested that a de-insertion reaction 
involved in Cu3Si as the reflection plane shifting to 

higher angle, that is, d spacing decreases. For 
discharging step, the angle related to (012) plane shift 
from 22.02703o to 22.00086o and it can be estimated that 
the dilatability of d spacing is ~0.11%. By means of in-
situ XRD experiment, it speculated that copper silicide 
(Cu3Si) is partially inactive. Moreover, copper silicide 
might involve an insertion/de-insertion process of 
lithium during cycling. However, the detail 
characterization should be clarified in the future.  
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Figure 1. (a) In-situ synchrotron XRD patterns of C-
coated Si-Cu composite during charge/discharge cycling. 
(b) The charge/discharge voltage curves are taken during 
the XRD measurements. The numbers index the XRD 
patterns 
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LiFeO2 based cathode materials prepared by ion-
exchange method by adding β-FeOOH into ethanol 
solution of LiOH at 85oC with various Li/Fe ratios for 
various durations. The high intensity of NSRRC’s beam 
line of 01C can help us to get the high signal-noise ratio 
(S/N ratio) data within reasonable time, it is good for 
phase identification of low crystalline powders and in-
situ XRD study of the phase transformation of electrode 
materials upon cycling.  

For our in-situ XRD tests the first charge-discharge 
cycle of α-LiFeO2 obtained with Li/Fe ratio equals 1 at 
85oC for 12 h was shown in Fig. 1. It showed the α-
LiFeO2 was a structure stable compound during the first 
cycle because no new diffraction peaks observed in this 
figure. It was just a light peaks shifting during the cycle 
testing, moved to higher 2θ angle while charging 
processing and moved back again while discharging. But 
it just the observation of the first cycle could not 
represent the real condition for our cathode material after 
several cycles.  

In fig. 2 we had a longer 01C beam time to observe the 
structure changing for 1 to 3 cycles. In this figure It 
shown us that the α-LiFeO2 was a structure stable 
compound during the cyclic tests, just a slight peaks 
shifting during the charge-discharge processes which was 
consisted with the results get in fig.1. However, it also 
obviously showed the new peaks of the LiOH after the 
second cycle. This result may be du to the imperfect air 
tight of our special designed cell.  
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Figure 1. In-situ XRD patterns of α-LiFeO2 prepared by 
ion-exchanged with LiOH /β-FeOOH molar ratio equals 
1 for 12 h at 85oC in ethanol solutions quasi-equilibrated 
at various potentials.  
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Figure 2. In-situ XRD patterns of the α-LiFeO2 powers, 
prepared by ion-exchanged with LiOH/β-FeOOH = 2 in 
85oC ethanol solution in a closed vessel for 24h, by 
quasi-equilibrated at (a) charged to 4.5 V of 1st cycle, (b) 
discharged to 3.0 V of 1st cycle, (c) discharged to 1.5 V 
of 1st cycle, (d) charged to 3.0 V of 2nd cycle, (e) charged 
to 4.5 V of 2nd cycle, (f) discharged to 1.5 V of 2nd cycle, 
(g) charged to 3.0 V of 3rd cycle, and (h) discharged to 
1.5 V of 3rd cycle. 
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Zinc oxide nanoparticles doped with transition metal 

ions of Co2+ and Ni2+ exhibits interesting room 
temperature ferromagnetic property, which has been a 
subject of intensified study for possible application in 
spin-based semiconductor devices. Prior to this study, we 
reported a new coordination polymer Zn(tda)H2O (tda = 
thiodiacetate, Figure 1) that exhibits interesting thermo 
decomposition behavior to form nanoporous ZnO sponge 
containing high defect concentration. Further studies on 
the replacement of other transition metal ions to Zn2+ ion 
have resulted in a series of mix metal analogues derived 
from different combinations of transition metals, namely, 
(MxZn1-x)(tda)H2O (M = Co, Ni; 0 ≤ x ≤ 1). The 
interesting thermo decomposition property of Zn(tda)H2O 
has prompted us to synthesize the sponge form of metal 
ion-doped zinc oxides in tunable concentration of doped 
metal ions. It is the first time that the concentration of 
metal doped M:ZnO can be cotrolled. 

In this report, we present the synthesis and magnetic 
property studies of Co2+ and Ni2+ doped zinc oxides. The 
X-ray diffraction data were collected using synchrotron 
radiations at NSRRC BL1A2 beam lines.  
 

 
 

Figure 1. This scheme shows the interesting volume 
expending phenomenon from thermo decomposition of 
Zn(tda)H2O to ZnO at T > 300 °C. The BET surface area 
of the porous sample is close to 40 m2/g. 
 

The product from the thermodecomposition of 
(MxZn1-x)(tda)H2O exhibits pale pink color  for Co-doped 
and white color for Ni-doped zinc oxides with fine 
particle size. Powder X-ray diffraction data were 
collected using synchrotron radiations at NSRRC 
BL01C2 beam line. The results indicate that the major 
diffraction pattern is essentially match the ZnO with 
minor phase of ZnO(SO4)3 (Figure 2). 

UV-Visible diffuse reflectance (left)  and PL spectra  
(right) of as-synthesized ZnO and Co:ZnO are shown in 
Figure 3. Due to transitions involving crystal field levels 
in the Co2+ ions in the tetrahedral coordination with high 
spin configuration, three additional absorption bands 
were observed in the UV spectrum of Co:ZnO . The PL 
curves of Co:ZnO are similar to ZnO with weak intensity, 

indicative of sub-bandgap charge-transfer transition in 
Co:ZnO.  

 
Figure 2. The synchrotron powder X-ray patterns of  
M:ZnO (M = Co, Ni, NSRRC BL01C2 line). These 
samples were prepared at T = 550 °C. (ZnO(SO4)3 is 
labed as*.) 
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Figure 3. Diffuse reflectance and PL spectra of M:ZnO 
(M = Co, Ni). 
 

In conclusin, We developed a new method to 
prepared TM:ZnO nanosponge. The M:ZnO (M = Co, Ni) 
nanosponge was synthesized by thermo decomposition of 
the solid precursor TM:Zn(tda)H2O. It is possible to 
modify the magnetism and optical property by changing 
the concentration of dopant in TM:Zn(tda)H2O, and these 
additional studies are in progress.  
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LiFeO2 based cathode materials prepared by ion-

exchange method by adding β-FeOOH into ethanol 
solution of LiOH at 85oC with various Li/Fe ratios for 
various durations. The high intensity of NSRRC’s beam 
line of 01C and 17A can help us to get the high signal-
noise ratio (S/N ratio) data within reasonable time, it is 
good for phase identification of low crystalline powders 
and in-situ XRD study of the phase transformation of 
electrode materials upon cycling.  

α-LiFeO2 is observed exclusively in the powders 
obtained with various Li/Fe ratios at 85oC for 24 h, as 
shown in Fig. 1. These powders manifest larger lattice 
parameter (a = 4.163Å) than the theoretical one (a = 
4.16Å). Fig. 2 shows the XRD patterns of the powders 
prepared with Li/Fe = 1 at 85oC. While β-FeOOH is also 
found in addition to α-LiFeO2 phase in the sample ion-
exchanged for 3h, it transforms completely into α-LiFeO2 
as the precursor ion-exchanged for more than 6h with 
Li/Fe = 1.  

Figure 3 shows the results of in-situ XRD study for 
the sample prepared by ion-exchange method with Li/Fe 
= 1 for 12h with cells comprised with the cathode of the 
prepared powder, Li foil as anode, and 1M LiPF6 in 
EC:DEC(1:1 Vol.) as electrolyte. The patterns were 
performed by having the cells quasi-equilibrated at 
various potentials of initial cycle. No obvious phase 
transformation is found upon cycling. However, the 
sample prepared with ion-exchanging for 3 h shows 
higher capacities than those of other samples for the same 
cycle number. The reasons for the results will be revealed 
with in-situ XRD study in the further study.  
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Figure 1. XRD patterns of the powders prepared with 

ion-exchange method with various Li/Fe molar ratios for 
24h at 85oC in ethanol solutions. 
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Figure 2. XRD patterns of the powders prepared by ion-
exchange method for various durations with Li/Fe molar 
ratio of 1 at 85oC in ethanol solution. 
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Figure 3. In-situ XRD patterns of the sample quasi-
equilibrated at various potentials prepared by ion-
exchange method with Li/Fe = 1 for 12h.  
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The effects of composition change, especially with 

the doping of transition oxides, and thermal treatment 
conditions on microstructure, thermal expansion and 
mechanical strength of a low thermal expansion lithium 
aluminosilicate (LAS) glass-ceramic material were 
studied. Samples were prepared by the standard bulk 
method and heat-treated by one or two-step thermal 
programs to achieve vitreous to crystalline phase 
transition. X-ray powder diffraction（XRD）, hard X-
ray absorption fine structure（XAFS）and IR absorption 
spectroscopy were used to study the structure of  samples.  
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According to the preliminary results of XRD, IR and 
X-ray absorption spectroscopy so far, the microstructure 
development of LAS glass-ceramic largely depends on 
the doping of transition elements studied (Fe, Co and Zr), 
including the variation of the main-phase formation 
temperature, phase transformation temperature of 
hexagonal β-quartz solid solution (s.s.) to tetragonal β-
spodumene s.s., crystalline phase assembly and the 
existence of secondary phases. It seems that trace amount 
of Fe and Co (<0.2 wt %) oxide may decrease the 
crystallization temperature of β-quartz s.s. drastically 
(~50 ℃ ). This result might attribute to the viscosity 
decrease because these elements may behave as glass 
network modifiers under this composition range. 
However, compared with samples of low percentage of 
Fe and Co, those samples containing ~0.6-3 wt% Fe or 
Co oxide show a raised formation temperature of β-
quartz s.s.(Fig. 1) and a retarded phase transformation 
behavior of β-quartz s.s. to β-spodumene s.s. at lower 
temperatures for several tens of degree while high Zr 
content samples (ZrO2>2wt%) exhibit a reversed phase 
change behavior. Also, the phase separation phenomenon 
in glass is often more pronounced with the addition of 
these elements and this result can be easily observed by 
XRD. For example, when >1.2wt% Fe2O3 is doped, two 
new amorphous halos appear. This phenomenon indicates 
that the structure of these glasses have converted into 
several glassy phases because these glasses exhibit higher 
tendency of phase separation or ion aggregation behavior 
caused by the existence of higher concentration of Fe 
ions with higher cation field strength. The difference in 
cation field strength of different transition ions might be 
one of the important reasons for the above retarded phase 
transition and phase separation. However, the substitute 
effect of theses ions into main crystalline solid solution 
phases can not be ignored. When two Li+ ions are 
replaced by one  Fe2+ or one Co2+ ion, the crystal lattice 
of the main phase experiences a large distortion. As a 
result, more energy (heat) is required to transform their 
structure. It’s also interesting that the degree of structural 

inhomogeneity is increased when the chemical 
composition derivates (with >~0.5 wt% of dopants) from 
our standard samples. In some other cases, structural 
inhomogeneity results from incomplete phase 
transformation due to the lack of heat treatment time. 
These phenomena can be shown in the IP image of XRD 
and  the and IR microscopy. Furthermore, in addition to 
the change of Si-O and Al-O bonding type characterized 
by IR spectroscopy, the variation of local environment of 
Fe and Co can also be found by XAS. The multiple 
scattering peaks above at 30-50 eV above the K-edge of 
Fe or Co are found in samples doped with more than 
0.5wt% Fe or Co and heat-treated at higher than 800℃. 
This result implies that when Fe or Co exceeds the 
solubility of residual vitreous phase in a partially 
crystallized sample, these elements might precipitate or 
migrate into the main crystalline solid solution phases.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 1. XRD patterns of samples with different 
concentrations of Fe2O3 The samples are heat-treated at 
750℃, 0.5 h. λ=1.33443 Å. q: β-quartz s.s.   
 

 
 
 
 
 
 
 
 

 
Figure 2.  IP image of sample without doping of Fe2O3 
(left) and doped with 3.2wt% Fe2O3 (right) heat-treated at 
800℃, 0.5 h. 
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Titania (TiO2) has received considerable attention 
in heterogeneous photocatalysis due to its high chemical 
stability, low cost, and potential applications to environ-
mental remediation, chemical synthesis as well as energy 
production and storage.  Recently the research on pre-
paration of TiO2 with mixed phases of anatase and rutile 
was motivated since the synergetic effect between the 
two phases was believed to be advantageous to reduce 
the re-combination rate of photoinduced electrons and 
holes.  The activity enhancement is found to depend on 
the contents of anatase/rutile. 

Since the pioneering works conducted by Kasuga et 
al.[1], nanotubes that obtained from hydrothermal treat-
ment of TiO2 in concentrated-base environment have 
stimulated substantial interests for their unique tubular 
morphology and high surface area.  Although much 
efforts have been devoted, hitherto the controversy for 
the crystallographic structure of the nanotubes still 
existed.  Currently it is reasonably accepted that the 
structure of hydrothermal-obtained nanotubes are of 
layered titanate nature.  Recently titanate nanotubes were 
found to be highly reactive in aqueous acid solution to 
proceed phase-transformations to rutile and anatase.  In 
this report, we found that nanocrystalline titania with 
tunable mixed-phase of anatase and rutile can be 
prepared from titanate nanotubes in acid environment.  
The contents of anatase/ rutile phases were found to be 
readily and effectively controlled by adjusting the acid 
concentration and treat-ment temperature. 

Titanate nanotubes (Tnt) were prepared via a 
hydrothermal method by modifying our previous 
procedures [2].  Briefly, TiO2 powders (Degussa P25) 
were mixed with 10 M NaOH(aq) and then autoclaved at 
130 oC for 24 hours.  After the hydrothermal treatment, 
the white solid was retrieved by centrifugation, washed 
with deionized water and dilute HNO3, and followed by 
drying to yield titanate nanotubes.  The acid treatment for 
nanotubes to proceed phase transformation was carried 
out by dispersing nanotubes in HNO3(aq) of designated 
molar concentration at specific temperature for 24 hours.  
The products were recovered by centrifugation and then 
dried. 

It was indicated that the lower treatment tempera-
ture requires higher acid concentration for phase trans-
formations.  Meanwhile, the ratio of anatase/rutile de-
creases gradually as increasing in acid concentration at 
specific treatment temperature.  As exemplified at 80 oC, 
when HNO3(aq) was at 0.05 M, apparent phase-
transforma-tion from nanotubes to anatase can be 

observed.  As acid concentration increased, rutile also 
appeared and resulted in the progressive decrease of 
anatase/rutile ratio.  The decrease was more pronounced 
when HNO3(aq) concentra-tion was less than 0.5 M.  Pure 
rutile titania was event-ually obtained at 2.5 M HNO3(aq) 
concentration.  All phase identifications obtained from 
XRD results were consistent with Raman spectra. 

Dependence of treatment time on phase-
transforma-tions was in-situ monitored by treating these 
nanotubes in 1.5 M HNO3(aq) within a quartz capillary by 
synchrotron x-ray diffraction at energy of 20 keV (λ = 
0.619 Å).  The temperature was controlled using a gas-
flow heater.  The results were presented in Figure 1.  At 
room temperature, nanotubes exhibited diffraction peaks 
at 2θ = 3.5 o, 9.7 o, 11.1 o and 18.9 o.  The broad 
background from ca. 6 o to 18 o was attributed to the 
quartz capillary.  The d-spacing deduced from the 
diffraction peak at 2θ = 3.5 o is ca. 0.8 nm, which is very 
close to the interlayer distance of the multi-walled 
nanotubes observed in HRTEM images.  After heating to 
80 oC, no apparent change can be observed.  As time 
went on, the structure of the nanotubes disappeared 
gradually and the diffraction peaks of anatase and rutile 
emerged.  When time proceeded to 85 min, no diffraction 
peak corresponding to nanotubes can be observed. 

The prepared nanocrystalline titania with anatase 
and/or rutile phase were expected as promising 
candidates for photocatalysts.  The photoanodes made of 
the pre-pared pure anatase titania were found to exhibit 
higher conversion efficiency than those of Degussa P25 
and sol-gel TiO2 in dye-sensitized solar cells application. 
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Figure 1. In-situ synchrotron x-ray diffraction patterns of 
the titanate nanotubes in 1.5 M HNO3(aq). 
References 
[1] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino and K. 
Niihara, Langmuir 14, 3160 (1998). 
[2] S.-H. Chien, Y.-C. Liou, and M.-C. Kuo, Synthetic Met. 152, 
333 (2005). 

 

II - 55



 

 

 
03A1 BM - (HF-CGM) Gas Phase/Photoluminescence

Vacuum-ultraviolet Spectroscopic Investigation of New Quantum-cutting and 
Phosphors for Lighting and Display Applications 

 
Teng-Ming Chen (陳登銘), Te-Ju Lee (李德茹), and Chia-Chin Wu (吳佳蓁) 

 
Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan 

 
This report describes a series of recent research 

progress in the vacuum ultraviolet (VUV) spectral 
investigation of quantum cutting K2GdF5:Tb3+ and a new 
VUV phosphor Ca(La,Gd)4Si3O13:Tb3+

 by using 
synchrotron radiation. 

Visible quantum cutting (QC) under excitation at 
212 nm and 172 nm in a green-emitting phosphor 
K2GdF5:Tb3+ (11%) via a down-conversion mechanism is 
investigated. We measured the VUVexcitation (Figure 1) 
and emission spectra (Figure 2) and propose mechanisms 
to rationalize the QC effect. One short-UV or one VUV 
photon absorbed by Tb3+ is split into multiple visible 
photons emitted by Tb3+ through cross relaxation and 
direct energy transfer. Calculations indicate an optimal 
quantum efficiency as great as 189 % for this phosphor.  

   
 

Figure 1. Excitation spectra of K2GdF5:Tb3+(5%) 
monitored at (a)λem = 542 nm (5D4→7F5 of Tb3+) and 
(b)λem = 415 nm (5D3→

7F5 of Tb3+). The spectra were 
scaled on the 8S7/2→

6IJ excitation intensity(*) 

    
Figure 2. Emission spectra of K2GdF5:Tb3+(5%) excited 
at λex = (a) 274, (b) 212, and (c) 172 nm. The spectra are 
scaled to the 5D3→

7F5 excitation intensity(*) 
 

In an effort to develop new green-emitting PDP 
phosphors with high efficiency, we have investigated the 

VUV PL spectra and chromaticity of Ca(La0.95-

xTb0.05Gdx)4Si3O13 phosphors by using synchrotron 
radiation. The PLE spectra for CaM4Si3O13 (M = La,Gd) 
doped with 5% of Tb3+ and Ca(La0.475Gd0.475)4Si3O13, 
respectively, as a activator and the data are summarized 
in Figure 3. Upon doping of Gd3+ ion, the VUV 
absorption at 177 and 181 nm was enhanced appreciably 
for Ca(Gd0.95Tb0.05)4Si3O13 and Ca(La0.475Gd0.475)4Si3O13, 
respectively, as compared to that observed for 
Ca(La0.95Tb0.05)4Si3O13. This observed efficient 
absorption of VUV radiation can be attributed to the 
Gd3+-O2- charge transfer excitation that presumably 
overlaps the charge transfer band of Tb3+-O2- solely 
present in the Gd3+-doped phosphors.  In addition, the PL 
spectra of Ca((La1-xTbx)4Si3O13 as a function of Tb3+ 
content under VUV excitation at 147 are represented in 
Figure 4. Essentially, the PL intensity was found to 
increase with increasing Tb3+ content, reaches an optimal 
value at x = 0.10, and then decreases down to x = 0.30 
under both excitation conditions. The insets in the upper 
left corner of Figures 6 and 7 show the variation of PL 
intensity attributed to the 5D4 → 7F5 transition of Tb3+. 

       
.    
 

 

 

 

 

 

 

 

 

 
Figure 3. Comparison of VUV PLE spectra of 
Ca(La0.95Tb0.05)4 Si3O13, Ca(La0.475Tb0.05Gd0.475)4Si3O13 
and Zn2SiO4:Mn2+. 

 

     
 

Figure 4. VUV PL intensity of Ca(La1-xTbx)4Si3 O13 as a 
function of doped Tb3+ content. (λex = 147nm) 
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In this paper we report results obtained from an 
experimental study of photon irradiations of naphthalene 
(C10H8), the smallest PAH (only two aromatic rings), in 
H2O+NH3 ice mixtures at low temperature. Photons in 
the 4–20 and 13–45 eV ranges, i.e. from ultraviolet (UV) 
to extreme ultraviolet (EUV), were used to irradiate 
H2O+NH3+C10H8 = 1:1:1 ice mixtures at 15 K in two 
separate experiments. EUV photons can excite molecules 
beyond their ionization continua and produce various 
neutral and ionic fragments. It has been shown that 
certain molecular species can be synthesized after 
irradiation with EUV photons, but not necessarily after 
vacuum ultraviolet (VUV) irradiation and vice versa. 
Finally, the use of two different energy ranges allows us 
to study the dependence of the production yields of 
several photolyzed products with the photon energy. 

Figure 1. IR spectra of the H2O+C10H8+NH3 = 1:1:1 ice 
mixtures at 15 K after irradiation with 4–20 eV (upper 
trace) and 13–45 eV (lower trace) photons. 
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Figure 2. Plot of column density of CO as a function of 
the 4–20 eV and 13–45 eV photon doses. 

We have investigated the effects of the irradiation 
of H2O+NH3+C10H8 = 1:1:1 ice mixtures with 4–20 eV 
(UV/near EUV) and 13–45 eV (EUV) photons. In the IR 
spectra of these samples, we have identified the 
characteristic features of several photo-products, namely 
CH4, C2H6, C3H8, CO, CO2, HNCO and OCN-. Methyl 
amidogen (CH2N), C2O- and the benzyl radical (C6H5CH2) 
have also been tentatively identified. Our work also 
shows that on the one hand small hydrocarbons such as 
C2H6, C3H8 and the benzyl radical are significantly 
produced during the 4–20 eV irradiation experiment, and 
that on the other hand the production yields of CO, CO2 
and OCN- are significantly higher in the 13–45 eV 
irradiation experiment. Therefore, the photo-products and 
their production yields strongly depend on the UV/EUV 
irradiation photon energy. 
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Figure 3. Plot of column density of CO2 as a function of 
the 4–20 eV and 13–45 eV photon doses. 
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H2O:N2:CH4 ice mixture systems with a composition 
of 1:1:1 at 15 K were irradiated by UV/EUV photons in 
30.4 nm (HeⅡ), 58.4 nm(HeⅠ) and 121.6 nm(Lym-α). 
The starting ice molecules chosen are among the most 
abundant atmospheric species of Titan. 

 

In this study, Infrared spectroscopy and mass 
spectrometry were used to identify the formed photo-
products and monitor their evolution in the ices at 15 K 
and during the warming up to room temperature in the 
formed residues. New products formed and desorbed in 
the UV/EUV photolysis process were observed distinctly 
in the IR spectra. Figure 1 shows the new products 
C2H6 、 C3H8 、 CO 、 CO2 、 HNCO 、 OCN- 、 and 
CH3OH were formed during 30.4 nm irradiation period. 
This result is very important since we observed the 
absorption features of HNCO and OCN-, it means that if 
we can observe C-N bearing molecules in the ices at low 
temperature, the complex molecules, i.e. carbamic acid or 
amino acids, will be formed in thawing period, however, 
the absorption features of HNCO and OCN- were 
disappeared in 121.6 nm irradiation processes. 

This observation agrees with our previous 
conclusion, EUV photons can excite molecules beyond 
their ionization continua and produce various neutral and 
ionic fragments, hence certain molecular species can be 
synthesized after irradiation with EUV photons, but not 
necessarily after UV photon irradiation. 

Figure 3 shows that the residue was formed after 
30.4 nm photon irradiation and icy thawing processes. 
 

 

 

 

 

 

 

 

 
Figure 1. IR spectra of the H2O+N2+CH4 = 1:1:1 ice 
mixtures at 15 K after 30.4 nm photon irradiation. 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. IR spectra of the H2O+N2+CH4 = 1:1:1 ice 
mixtures at 15 K after 121.6 nm photon irradiation. 
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Figure 3. The photography of KBr substrate after 
H2O+N2+CH4 = 1:1:1 ice mixtures were irradiated with 
30.4 nm photon 
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Introduction 
The phosphor BaMgAl10O17:Eu2+ (BAM) is the most 

promising component as blue-emitting source of 
backlight in PDP. However, fabrication and operation 
processs of PDP will debase the performance of BAM, 
including luminescence and color purity. In this study, 
both luminescence and degradation resistance can be 
enhanced by coating MgO-SiO2 film on BAM surface 
with the simple sol-gel method. The results in this work 
reveal a simple but efficient way to promote the 
performance of BAM phosphor in PDP. 

Methods and Materials 
The model blue-emitting BAM phosphor was 

purchased from Kasei (serial no. KX-501A). We 
prepared the precursor of MgO-SiO2 with following steps: 
(i) dissolving magnesium nitrate in dilute water, (ii) 
adding tetraethoxysilane (teos) into the solution, (iii) 
adjusting the pH of the solution to 1~3 by HCl, (iv) 
keeping stirring the solution for 24 hours to aid 
hydrolysis of teos, (v) adding the BAM into the solution 
for surface modification, (vi) stirring the solution for 
another 24 hours at  50oC, (vii) drying the BAM, and (viii) 
firing the BAM at  various temperatures ranging from 
250 to 450oC to study the temperature effect. The 
luminescence properties of the blue-phosphor were 
analyzed by a photoluminescence spectrometer with 
VUV excitation source; in which the 147 nm VUV light 
was dispersed from a beamline coupled to a storage ring 
of synchrotron. 

Results 
From the TEM image, we found that MgO-SiO2 film 

was coated on the surface of BAM, as shown in  Fig. 1. 
Upon 147 nm excitation, we observed the 
photoluminescent intensity of modified BAM was 
enhanced by 30% compared with that of the uncoated 
BAM. Testing of the luminescent and aging 
characteristics of the modified BAM phosphor for PDP 
panel was examined with a Xe-discharge excitation 
source. The modified BAM phosphor in the panel 
possessed less luminescence degradation compared to the 
reference; the modified panel retained 90% luminescent 
intensity after driving 500 hours. 

Discussion 
From SEM images, we observed that the surface of 

the modified BAM is  as smooth as the reference 
phosphor; this indicates the morphology deposited on the 
surface of the BAM is only film without formation of 
particle. The XRD patterns of the coated BAM do not 

show any peaks of MgO-SiO2 phase; the result suggests 
that the protecting layer on the surface of BAM is either 
very thin or probably in amorphous nature. Fig. 1 shows 
the high resolution TEM of the modified BAM, it 
demonstrates that the BAM phosphor was successfully 
coated with a thin layer of MgO-SiO2; the ESCA data 
also supported this result. Upon excitation at 147 nm 
dispersed from synchrotron, the PL of the modified BAM 
enhanced 20% in intensity compared to the reference 
phosphor; the effect is related to the decrease of the 
reflectivity at the BAM surface.[1] The coating layer also 
improved the thermal resistance by 10% after baking 
process. It is considered that the protecting layer 
enhanced the deterioration resistance as a result of 
reducing the adsorption of gaseous oxygen atoms in the 
conduction layer, which led to retard oxidation of 
divalent europium.[2] Fig. 2. shows the aging test of the 
modified BAM and the reference phosphor. The modified 
panel showed less degradation than the reference one and 
retained 90% its luminenescence after 500 hours of 
driving. The protecting layer on the modified BAM 
prevented its host from intercalation with –OH group 
(water) and resulted in enhancement on VUV 
resistance.[3] Our work demonstrates the surface 
processing with MgO-SiO2 promotes the performance of 
the BAM phosphor. 

 

 

 

 

 
Figure 1. TEM image of modified BAM 
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Figure 2. Aging test of modified BAM and reference 
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[3] K. C. Mishra, M. Raukas, G. Marking, P. Chen, and P. 
Boolchand, J. Electrochem. Soc. 152 (11), H183-H190 (2005).  

 

II - 59



 

 

 
03A1 BM - (HF-CGM) Gas Phase/Photoluminescence

Vacuum-ultraviolet Spectroscopic Characterizations of New Phosphors for Quantum Cutting, 
Lighting and PDP Applications 

 
Te-Ju Lee (李德茹)1, Bing-Ming Cheng (鄭炳銘)2, and Teng-Ming Chen (陳登銘)1 

 
1Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan 

2National Sychrotron Radiation Research Center, Hsinchu, Taiwan 
 

We have carried out VUV spectra measurements to 
investigate the QC effect for R-doped (R= Tb3+, Eu+3) 
phosphors with host compositions of K2GdF5, Ca22Gd3 
F53, BaGdF5 and (K0.265Gd0.735)F2.47 by using BL03A HF-
CGM High Flux Beamline of NSRRC. Preliminary 
experimental results indicated that the theoretical 
quantum efficiency (η) reaches as high as 187% for 
K2GdF5:Tb3+ and the above investigation resulted in one 
publication in Applied Physics Letters1.  

Shown in Figure 1 is the VUV excitation spectrum 
for K2GdF5:Tb3+ (5 %) monitored at 542 nm; the strong, 
broad excitation lines centred at 212 and 172 nm are 
assigned as spin-allowed transitions from state 7F6 to low-
spin states 4f75d of Tb3+. The broad absorption of Tb3+ at 
212 nm in the excitation spectrum also supports the 
origin of absorption being attributed to a transition 4f → 
4f5d (LS). The much weaker emission lines at 247 nm 
and 274 nm are assigned as excitations from the ground 
state 8S7/2 to states 6DJ and 6IJ of Gd3+, respectively.  

 
Figure 1. Excitation spectra of K2GdF5:Tb3+(5%) 
monitored at (a) λem = 542 nm (5D4→

7F5 of Tb3+) and (b) 
λem = 415 nm (5D3→

7F5 of Tb3+). Spectra are scaled to 
the 8S7/2→

6IJ excitation intensity(*).  
 

  
Figure 2. Emission spectra of K2GdF5:Tb3+(5%) excited 
at λex = (a) 274, (b) 212, (c) 172 nm. The spectra are 
scaled to the 5D3→

7F5 excitation intensity(*).  
Using the emission feature attributed to transition  

5D3→
7F5 as a reference, we have normalized the emission 

spectra, shown in Figures 2(a)-(c), of K2GdF5:Tb3+ (5 %) 

under three excitation conditions – 274 nm (Gd3+ 
pumping), 212 nm (Tb3+ pumping), and 172 nm (Tb3+ 
pumping), respectively. As Figure 2(a) indicates, beyond 
the emission at 315 nm that is attributed to 6P7/2→ 8S7/2 of 
Gd3+, we observed multiplet emissions appearing in 
spectral region 350-650 nm that we attribute to transitions 
from levels 5D3 and 5D4 of Tb3+, respectively, when 
K2GdF5:Tb3+ is excited at 274 nm.  This observation is 
further rationalized through Gd3+ being excited to level 6IJ 
and relaxing readily to state 6P7/2 non-radiatively when 
direct energy transfer from 6P7/2 to the neighboring Tb3+ 
ion or radiative relaxation of Gd3+ from 6P7/2 to 8S7/2 
occurs. The intensity of emissions from level 5D3 of Tb3+ 
is comparable with those observed on excitation at 212 
and 172 nm, whereas that from level 5D4 under excitation 
at 274 nm is much weaker. We conclude that no visible 
QC occurs when UV radiation at 274 nm serves to excite 
K2GdF5:Tb3+. 

The dependence of the calculated ηCR on the 
concentration of Tb3+ doped into K2GdF5:Tb3+ (x%) 
under VUV excitation at 172 and 212 nm are summarized 
in Table I. The general trend indicates that the calculated 
ηCR for K2GdF5:Tb3+(x %) phosphors increases 
monotonically from 70 % for a sample with x = 1 to 87 % 
for sample with x =11 under excitation at 172 nm. In 
contrast, the calculated ηCR for K2GdF5:Tb3+(x%) 
phosphors increases from 75 % for a sample with x = 1 to 
89 % for a sample with x =11 under excitation at 212 nm. 

 

 
In summary, we have discovered a green-emitting 

QC phosphor K2GdF5:Tb3+ for which the visible quantum 
efficiency achieves 189 and 187 % for VUV excitation at 
212 and 172 nm, respectively. Upon excitation of Tb3+ 
with an energetic photon, two photons in the visible range 
are generated through a two-step process – cross 
relaxation and direct energy transfer – from one Tb3+ to a 
neighboring Tb3+ or Gd3+ with a quantum efficiency that 
exceeds 100 %; for UV excitation at 274 nm no such QC 
effect was observed. 
 
Reference 
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Nitrogen isotopic ratio 14N/15N is of great scientific 
interest because of its relevance to formation of nitrogen 
isotopes through their evolution in the galaxy. Despite of 
difficulties for definitive determination of 14N/15N, the 
ratios were observed to differ by one order of magnitude 
for various diverse astrophysical environments. These 
nitrogen fractionations for nitrogen-bearing species cover 
a wide range of values of 14N/15N, varying from ~100 in 
the Large Magellanic Cloud (LMC), ~ 273 in the Earth’s 
atmosphere, 300−400 in the local Interstellar Medium 
(ISM), ~435 in Jupiter’s atmosphere, and 500−1000 near 
the galactic center. The observations of the nitrogen 
isotopic ratios have led to a number of conflicting results 
that were referred to as the nitrogen puzzle. 

As is widely known, due to the photo-induced 
fractionation effect (PHIFE) by sun, the variations in 
rates of dissociation for different isotopologues are 
significant in Venus and Mars. According to the same 
idea, we expect this PHIFE to be a common process in 
planetary atmospheres throughout the solar system and 
PHIFE is expected to provide the key to understand the 
history and evolution of the planets. The same scheme 
should be followed in interpretation of distributions of 
14NH3 and 15NH3 in Jupiter. The differences in VUV 
absorption cross sections of 14NH3 and 15NH3 would 
imply variation in rates of photodissociation for these 
isotopic species, consequently major differences in the 
abundance of these isotopic species through the history of 
evolution.  

To understand the isotopic fractionation of 14NH3 
and 15NH3 in outer space, especially in Jupiter and Saturn, 
we must know absolute absorption cross sections of 
14NH3 and 15NH3 in the VUV range. Although absorption 
cross sections of 14NH3 have been extensively measured 
in the VUV range, such data for 15NH3 are lacking. In this 
work, we have measured the absorption cross sections of 
15NH3 in the range 140−226 nm and applied the results to 
photochemical models of Jupiter for understanding its 
nitrogen isotopic ratio. 

We measured absorption cross sections in the VUV 
region with a double-beam apparatus. Vacuum ultraviolet 
radiation produced in the synchrotron radiation facility in 
Taiwan is dispersed with a cylindrical grating 
monochromator (focal length 6 m). With a grating of 600 
grooves mm−1 and a slit width of 0.050 mm, a resolution 
of 0.02 nm was achieved. The VUV light intensity before 
entering the gas cell was monitored by reflecting light 
from a CaF2 plate placed at 45o from the beam line; the 
reflected light passed one additional CaF2 window before 
being impinged onto a glass window coated with sodium 
salicylate for detection. The CaF2 plate also served to 
eliminate the second-order light from the synchrotron 
radiation. The transmitted light passed through the 

absorption cell before being detected similarly. 
Fluorescence of sodium salicylate induced by the VUV 
light in both reflected and transmitted beams was 
detected with photomultiplier tubes in a photon-counting 
mode.  

The absorption cross section is determined from the 
absorbance A, A=ln( Io /I )=nσl, in which Io is the 
intensity of reflected light, I is the intensity of transmitted 
light, n is the gas density, σ is the absorption cross 
section, and l = 89 mm is the length of absorbing path 
through the gas sample. A reservoir of 620 cm3 in volume 
was connected to the sample cell to reduce possible 
interference resulting from variation in gas pressure 
caused by surface desorption, photofragments, and 
fluctuation of temperature. The absorbance was adjusted 
to zero when the gas cell was evacuated. The density of 
gas sample was determined from its pressure monitored 
with capacitance manometers and the temperature 
monitored with a thermocouple. Absorption spectra of 
gaseous samples were recorded at pressures in a range 
0.065−674 Torr at 298 K. At each wavelength, the 
absorption cross section was determined from a linear fit 
of five to ten absorbance values measured at varied 
pressures. To avoid saturation effects, the maximum 
absorbance was limited to 0.4 for the 140−165 nm region 
and 1.4 for the 165−220 nm region. 

Figure 1 presents the absolute absorption cross 
section of 15NH3 in the spectral region 140-220 nm. 
Considering all possible systematic errors, experimental 
uncertainties of cross sections are estimated to be within 
16 %.  
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Figure 1. Absolute photoabsorption cross sections of 
15NH3 at room temperature in the spectral region 140-
220nm. 1Mb = 1×10-18 cm2. 
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There is now considerable interest in the blue/uv 

emission of Eu2+. The review of Rubio O [1] documented 
the studies of the electronic spectra of Eu2+ doped into 
alkali and alkaline earth halides. Generally for the 
chloride systems, an intense emission band was observed 
at ~400 nm which corresponds to the electric dipole 
allowed transition 4f65d → 4f7. There is only one short 
report of a study at liquid helium temperature [2], that of 
SrCl2:Eu2+, and the peaks in the emission band were 
labeled with separations between 96-111 cm-1. This was 
surprising to us because the d-f emission spectra of Tm2+ 
[3] and Sm2+ [4] diluted into SrCl2 show vibrational 
progressions in a mode of ~210 cm-1. We therefore 
decided to reinvestigate the electronic spectra of Eu2+ 
both experimentally and theoretically. 
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Figure 2. 10 K Nd-YAG 355 nm- excited spectrum of 
SrCl2:Eu2+. The major vibrational energy displacements 
from the zero phonon line (0-0) are marked in cm-1.   

The samples of SrCl2:Eu2+ were prepared by the 
solid-state reaction with Bridgman furnace at 1170 K of 
the starting materials of SrCl2, Eu2O3 and activated 
charcoal in stoichiometic quantities. Room temperature 
emission spectra were recorded by a Jobin- Yvon 
Fluoromax-3 spectrofluorometer and also using the high 
flux BL03A synchrotron radiation beam line at the 
National Synchrotron Radiation Center, Taiwan. 
Emission spectra were also recorded from 300-10 K 
using the third harmonic of a Surelite Nd–YAG laser and 
an Acton 0.5 m spectrometer equipped with a Spectrum 
charge-coupled device. The single-beam absorption 
spectra (300-10 K) of a sample were also recorded using 
Xe and D2 lamps using the same detection system.  

 
upon the zero phonon line and vibronic structure are 
predominant. The low energy 4f7 → 4f65d absorption 
spectrum comprises similar vibronic structure but many 
transitions overlap. The emission, absorption  (Fig. 3) and 
excitation spectra are well simulated by calculation. 
 

 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
Figure 1. Room temperature emission spectra of 
SrCl2:Eu2+: Xe-355 nm excitation, (full line) and 
synchrotron radiation 338 nm excitation (dotted line) 
 

The broad room temperature 4f65d → 4f7 emission 
spectrum, peaking at 410 nm (Fig. 1), sharpens 
considerably at 10 K (Fig. 2). Only one luminescent state 
was observed under various synchrotron radiation 
excitation wavelengths. Vibrational progressions in the 
totally symmetric Sr-Cl stretching mode of 210 cm-1  

 
 
 
 

 
Figure 3. Experimental and simulated absorption 
spectrum of SrCl2:Eu2+. 
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We report laboratory results on the measurements of 
destruction yields of NH3 in several ice systems. The NH3 
ice has been observed on the surfaces of Uranus’s moon 
Miranda, Pluto’s moon Charon, a Kuiper Belt object 
Quaoar, and dense molecular clouds. It is also possible that 
NH3 exists in the form of ammonia hydrates and NH4

+ in 
the ice mantles in these objects. An intensive search for 
evidence of NH3 ices existing under the surface of Saturn’s 
moon Enceladus is currently being conducted by the Cassini 
mission. 

Specifically, we have carried out simulation 
experiments on EUV-VUV photolysis of pure NH3 ices 
and mixed ices of CO+NH3 (1:1) and (4:1), NH3+CH4 
(1:1), CO+NH3+CH4 (1:1:1), H2O+NH3+CH4 (1:1:1), 
and H2O+CO+NH3 (1:1:1) at a temperature of 10 K. The 
photon wavelengths used to irradiate the icy samples were 
mainly selected to center on the prominent solar lines, 
namely, the 30.4 nm, 58.4 nm, and 121.6 nm.  

In Fig. 1 we show typical absorbance spectra of pure 
NH3 ices taken before (the top panel) and after (the 
middle panel) the 30.4 nm photolysis in the 5000 cm-1 - 
500 cm-1 region for an irradiation time of 180 min. The 
spectrum of the Difference of Absorbances is plotted in 
the bottom panel. A peak in the Difference of 
Absorbances spectrum often reflects the growth of 
photon-induced chemical products. A dip correlates with 
depletion of the parent ice molecules, which can be 
clearly seen by comparing the absorption features of NH3 
shown in the upper, middle, and bottom panels. In other 
words, while new molecular species were formed, the 
original reactants were depleted due to their conversion 
to other species. The photolyzed products are indicated in 
the bottom panel of Fig. 1, showing the NH2 radical 
feature at 1505 cm-1 and the previously observed, but 
unidentified feature at 2115 cm-1 [1]. We can not positively 
observe the 886 cm-1 feature N2H4 reported by Gerakines 
et al. [1]. This is possibly due the fact that we have used 
difference light source, a monochromatic synchrotron 
radiation (a spectral bandwidth less than 1.1 nm [2,3]) vs. 
an undispersed output from a microwave-discharged H2 
flow lamp [1]. There are two broad features indicated by 
“?” mark because they do not correspond to any 
absorption features of possible products such as NH, 
N2H4, (NH3)2, or NH4

+ [4,5]. Further study to assign their 
identities is required.  

The absorption feature of the NH3 at 1065 cm-1 
appears to be isolated from other features of NH3, as well 
as the possible products. Therefore, we chose this feature 
for our measurements of the destruction yields. In the 

present work we demonstrate that the destruction yields of 
NH3 in several photolyzed mixed ices clearly depend on (1) 
the ice compositions and (2) the photon excitation energies. 
We conclude that EUV-VUV photodestructions of NH3 in 
the presently studied ice mixtures are typically higher than 
0.5 and can be higher than unity, a very efficient ice 
photochemical process [3].  

 

 

 

Figure 1. The top panel: absorbance spectrum of pure NH3 
ices before photolysis. The middle panel: absorbance 
spectrum of pure NH3 ices after photolysis at 30.4 nm for 
180 minutes. The bottom panel: the Difference of 
Absorbances of the NH3 ices before and after photolysis at 
30.4 nm. 
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In an effort to develop new green-emitting PDP 
phosphors with high efficiency, we have investigated the 
synthesis, vacuum ultraviolet (VUV) photoluminescence 
(PL) spectra, optical properties, and chromaticity of 
Ca(La1.0-x-yTbxGdy)4(SiO4)3O phosphors by using 
synchrotron radiation. The VUV photoluminescence 
excitation (PLE) spectra and the correlation among VUV 
PL intensity, λem, and Gd3+-content has been established. 

To investigate the VUV luminescence performance, 
we have measured the PLE spectra for CaLa4(SiO4)3O, 
CaGd4(SiO4)3O3, and CaM4(SiO4)3O (M = La, Gd, or 
both La and Gd) doped with 5% of Tb3+, as an activator 
and the PLE spectra are summarized in Figure 1, 
respectively. 

 

  
Figure 1. VUV PLE spectra of CaLa4(SiO4)3O (a: moni- 
tored at 420 nm), CaGd4(SiO4)3O (b: monitored at 312 
nm), Ca (La0.95Tb0.05)4(SiO4)3O (c: monitored at 542 nm). 
Ca(Gd0.95,Tb0.05)4(SiO4)3O (d: monitored at 542 nm), and 
Ca(La0.425Gd0.425Tb0.05)4(SiO4)3O (e: monitored at 542 
nm). 
 

In addition, two series of PL spectra of Ca(La1-

xTbx)4(SiO4)3O studied as a function of Tb3+ content 
under VUV excitation at 147 and 172 nm are represented 
in Figures 2(a) and (b), respectively. The emission peaks 
of Tb-activated phosphors could be divided into two 
groups, 5D3→7FJ and 5D4→7FJ, (where J = 1-6). The 
weak emission observed in the blue region corresponds to 
5D3 levels of Tb3+ while the peaks in the green region 
correspond to the 5D4→7F5. The emission peaks found at 
380, 415, and 437nm are assigned to the 5D3→7FJ ( J = 6, 
5, 4 ) multiplet transitions of Tb3+ ions while those found 
at 490, 544, 588, and 623nm are contributed to the 
5D4→7FJ ( J = 6, 5, 4, 3 ). 

Figure 3 shows the PL spectra of Ca(La0.9-yGdyTb0.1)4 
(SiO4)3O as a function of Gd3+ content under VUV 
excitation at 147 and 172 nm, we have found that the PL 
intensity for the Ca(La0.9-yGdyTb0.1)4(SiO4)3O phosphors 

increases with increasing Gd3+ content when y increases 
from 0 to 0.90, indicating an optimal dopant value at 0.90 
under both excitation conditions. Furthermore, as 
indicated by the comparison of VUV PL spectra excited 
by 147 and 172 nm, we observed that under VUV 
excitation the PL intensity of our phosphor 
Ca(Gd0.9Tb0.1)4(SiO4)3O is 33 % (i.e., excited at 147 nm) 
or 67 % (i.e., excited at 172 nm) of that for P1-G1S. 
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Figure 2. VUV PL intensity of Ca(La1.0-xTbx)4(SiO4)3O as 
a function of Tb3+ content: λex = (a) 147 nm and (b) 172 
nm. 
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Figure 3. VUV PL intensity of Ca(La0.9-

yGdyTb0.1)4(SiO4)3 O as a function of Gd3+ content: λex = 
(a) 147 nm and (b) 172 nm. 

 
In summary, we have investigated the synthesis, 

VUV photoluminescence spectra, optical properties, and 
chromaticity of Ca(La1-x-yTbxGdy)4(SiO4)3O phosphors by 
using synchrotron radiation. The VUV PLE and PL 
spectra and the correlation among VUV PL intensity, λem, 
and Tb3+ and Gd3+-content have been established. An 
optimized composition of Ca(Gd0.9Tb0.1)4Si3O13.has been 
established. The PLE spectral studies show that Ca(La0.9-

yTb0.1Gdy)4(SiO4)3O exhibit significant absorption in the 
VUV range. The VUV PL intensity was found to 
enhance with Gd3+-doping. The chromaticity coordinates 
of Ca(La,Gd)4(SiO4)3O:Tb were found to be (0.286, 
0.548) and compared against Zn2SiO4:Mn2+ as a 
reference.
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Ammonia has received much attention in 

fundamental interest of rotation-vibration spectroscopy 
related to the tunneling dynamics of the inversion 
vibrational mode and chemical reaction dynamics as well 
as photochemistry over a several decades. Ammonia is 
also one of basic molecules formed in the interstellar 
medium and in nebula condensations. It has been 
detected both in forms of gas phase and condensed phase 
via radio- and infrared spectroscopy in comets and 
planetary atmospheres, respectively. 

spectral range 110−144 nm are shown in Fig. 1. Quantum 
chemical calculation were performed to predict the 
vertical excitation energies for the Rydberg states of NH3 
and summarized in Table I. 
 

 

Progressing to higher energies (110-144 nm), the 
spectrum of NH3 becomes more dense and complex and 
the consequent increase in Franck-Condon accessible 
vibronic levels as photon energies exceed the first 
ionization limit (NH3, IE = 10.07 eV). In the case of NH3, 
we briefly summarize our observation and spectral 
assignments. The adiabatic potential energies for the D, 
D′, D″, D″′, E, F, and G estimated at v′=0 level are 8.650, 
8.686, 8.681, 8.929, 9.325, 9.635, and 9.776 eV, 
respectively. The Rydberg assignments of D, D′, D″, D″′, 
E, F, and G states are 3de″, 4sa1′, 3da1′, 4pe′, 4de″, 5de″, 
and 6de″, respectively. It is noteworthy that the F and G 
states might not be in pure d orbital, but mixed with p 
according to the effective quantum number calculations 
for these states.        

Figure 1. Absorption cross sections (in the unit of Mb, 
1Mb = 10-18 cm2) of 15NH3 in the spectral range 110-144 
nm. 
 

It turns out that while there are very abundant data 
on the main species 14NH3, the information in the vacuum 
ultraviolet spectral range on its isotopoloque 15NH3 is 
limited. To our knowledge, only one paper reported the 
absorption spectrum of 15NH3 in the spectral range 140-
220 nm and three excited states, A, B, and C were 
involved. Recently, we report the photoabsorption cross 
sections of 15NH3 in the spectral range 140-220 nm and 
suggested that the different photoabsorption cross 
sections of 14NH3 and 15NH3 led different photolytic 
efficiency in the troposphere of Jupiter. In this paper, we 
focus on the spectroscopic measurement of 
phtoabsorption cross sections of 15NH3 in the spectral 
range 110-145 nm, involving transitions from X to D, D′, 
D″, D″′, E, F, and G states. Finally, we perform time-
dependent density functional theory to calculate the 
vertical excitation energies of these higher Rydberg states 
for comparison with experimental observations. 

Table I Compared vertical excitation energies of 
experimental results and quantum chemical calculations 
of NH3 for various electronic sates. 

 

The experimental setup and procedure were 
described elsewhere.[1] 14NH3 (99.99 %) and 15NH3 (99% 
isotopic purity) were further purified with a freeze-pump-
thaw procedure at 77 K followed by vacuum distillation 
from 206 to 77 K. 

The absorption cross sections of 15NH3 in the 

                                                
[1] B.-M. Cheng, H.-C. Lu, H.-K. Chen, M. Bahou, Y.-P. Lee, 
A. M. Mebel, L. C. Lee, M.-C. Liang, and Y. L. Yung, 
Astrophys. J. 647, 1535 (2006). 
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Ammonia has been observed in planetary 
atmospheres, comets, and interstellar medium For the 
interest of modeling the photoinduced fractionation of 
isotopologues in planetary atmospheres, the absorption 
cross sections associated with the A←X and B←X 
systems of NH3, NH2D, NHD2, and ND3 were 
determined in the range 140−220 nm and reported in a 
previous paper. 

 

The measurements are now extended to the shorter 
wavelength range and the results are presented in this 
report. We determined absorption cross sections in the 
region 110−144 nm for NH3, NH2D, NHD2, and ND3 
with a resolution further improved over previous studies. 
The experimental setup and procedure were described 
elsewhere.[ 1 ] NH3 (99.99 %) and ND3 (99% isotopic 
purity) were further purified with a freeze-pump-thaw 
procedure at 77 K followed by vacuum distillation from 
206 to 77 K. NH2D and NHD2 were obtained from 
mixtures of NH3 and ND3. The compositions of NH3, 
NH2D, NHD2, and ND3 are consistent with a statistical 
distribution, apart from large experimental uncertainties.  

 

The absorption cross sections of NH3, NH2D, NHD2, 
and ND3 in the spectral range 110−144 nm are shown in 
Figs. 1. The spectrum of NH3 in shorter wavelength 
region shows complex structures; observed vibrational 
progressions were associated with D, E, F, G electronic 
states labeled by Herzberg in the range 110-145 nm. In 
contrast, ND3 was only reported once in the range 108–
125 nm. Absorption cross sections of NH2D and NHD2 
are unreported. 

 
 Figure 1. Absorption cross sections (in the unit of Mb, 

1Mb = 10-18 cm2) of NH3 and its various deuterated 
isotopologues in the spectral range 110-144 nm. 

                                                 
[1] B.-M. Cheng, H.-C. Lu, H.-K. Chen, M. Bahou, Y.-P. Lee, 
A. M. Mebel, L. C. Lee, M.-C. Liang, and Y. L. Yung, 
Astrophys. J. 647, 1535 (2006). 
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 BN nanotubes, as a potential multifunctional 
material, have attracted great interests in both 
fundamental and applied researches. Its special properties 
like super-resistance to oxidation at high temperature, 
excellent thermal conductivities, good radiation shielding 
property for thermo neutrons and high mechanical 
strength with low density have made it a promising 
candidate for applications in many areas, such as, deep 
space travel. It is desirable to explore the multi-
functionalities of BN nanotube with various techniques. 
The photoluminescence of different diameter BN 
nanotubes, produced by ball milling method as shown in 
figure 1, with VUV photon excitation has been 
investigated using NSRRC 03A1 beam line.  
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Figure 3. Excitation spectra for two types of BN 
nanootubes: thik tube with 100 nm diameter; thin tube 
with 10 nm diameter. 

  
 spectra, as shown in the figure 3. This may be due to the 

electron confinement effect which decreases the band-gap 
of the thin tube.  

 
 
 Fitting the onset region of the excitation spectra with 

a straight line, we get the threshold excitation photon 
energies for different samples. The threshold values, 
listed in table 1, can be considered as the band-gap of the 
corresponding samples.  

 
 
Figure 1. TEM image of one kind of BN nanotubes with 
about 100 nm diameter.  
 Table 1. Band gaps for different BN nanotubes  

The PL-emission and excitation spectra for two BN 
nanotube samples having 100 nm (thick tube) and 10 nm 
(thin tube) diameters, are shown in figures 2 and 3 
respectively. The sample temperature is 20 K.  

samples Band-gap (eV) Temperature 
(K) 

thick-tube 5.65 (1) 20  
thin-tube 5.50 (1) 20  

  
As indicated in the figure 2, the peak positions 

changed significantly between the thick tube and the thin 
tube samples. The big difference between the thick tube 
and the thin tube is again reflected in the excitation  

In summary, the quantum confinement effect 
causing band gap reduction in smaller diameter BN 
nanotubes has been observed. The band gaps of the 
samples have been determined. 
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Figure 2. PL-emission spectra for two types of BN 
nanootubes: thik tube with 100 nm diameter; thin tube 
with 10 nm diameter. 
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In the present work, we investigated the dissociation 
of energy-selected CH3CN+ in a region 15.1–16.5 eV 
with a threshold photoelectron-photoion coincidence 
(TPEPICO) technique and G3B3 calculations. We 
observed a vibrational enhancement for dissociation of 
CH3CN+ and derived average releases of kinetic energy 
for channels C2HN+ + H2 and CH2

+ + HCN from the 
coincidence spectra. Plausible dissociation mechanisms 
and the structure of fragment C2HN+ are discussed with 
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 The coincidence mass spectra of CH3CN were 
measured at 15.03, 15.05, 15.08, 15.10, 15.13, 15.14, 
15.21, 15.25, 15.28, 15.33, 15.40, 15.43, 15.53, 15.77, 
16.03, 16.28, and 16.53 eV. Ion signals corresponding to 
fragments − CH3CN+, c-C2H2N+, C2HN+, CH3

+ and CH2
+ 

− were identified according to their flight durations. 
Vibrational enhancement on dissociation of CH3CN+ was 
observed in a region 15.1−15.5 eV; fractional abundances 
were obtained from the areas of the TOF peaks.  
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Figure 2. Average kinetic energy released into 
dissociation channels CH3CN+ → (a) C2HN+ + H2 (b) 
CH2

+ + HCN. In (a), data, a line fitted to data, and QET 
calculations for formation of HCCN+ and c-HCCN+ are 
marked as circles, solid line, dashed curve and dashed-
dotted curve, respectively; in (b) data and QET 
calculations are marked as circles and dashed curve.  

To explore further the dissociation mechanisms for 
both dissociation channels, we performed G3B3 
calculations; a feasible dissociation mechanism for 
channels CH2

+ + HCN and HCCN+ + H2 is shown. 
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Figure 1. (a) Branching ratios of CH3CN+ and c-C2H2N+ 
in a region 15.10−15.5 eV. (b) Threshold photoelectron 
spectrum of CH3CN to demonstrate the vibrationally 
enhanced dissociation of CH3CN+. Figure 3. Theoretical predictions of relative G3B3 

energies in eV for the dissociation channels CH3CN+ → 
HCCN+ + H2 and CH2

+ + HCN; bond lengths in Å and 
interbond angles in degrees are indicated for molecular 
structures optimized at the B3LYP/6-31G(d) level. 

The C2HN+ and CH2
+ signals fitted satisfactorily to 

Gaussian profiles have widths greater than those of 
CH3CN+ signals, reflecting releases of kinetic energy 
upon dissociation. The average releases of kinetic energy 
were calculated from the full width at half maximum 
(fwhm) according to the Maxwellian equation. 
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Photoabsorption, photodissociation, and 
photoionization of N2O are investigated in the 
wavelength region 30-110 nm by using the Seya beam 
line (04B1). N2O was introduced into a fluorescence cell 
where a differential pumping system setup was connected 
to the exit of monochromator.  Spectral resolution was set 
at 0.06 nm. Fluorescence in VUV (115-320 nm) and 
visible (180-650 nm) were measured by using 
photomultiplier tubes. 

 Vertical ionization potentials for N2O+  in the states 
X 2Π, A 2Σ+ , B2Πand C 2Σ+ are12.886eV, 16.388eV, 
17.65eV, 20.105eV. Fluorescence excitation spectra of 
N2O in visible and VUV region were measured by using 
photomultiplier tubes with different filters. Rydberg 
series converged to N2O+ (X 2Π ), N2O+(A 2Σ+ ),and N2O+ 

(C 2Σ+ ) were measured.  There are two and  five Rydberg 
series (nsσ, npσ, npπ, ndσ and ndπ) found for N2O+(A 
2Σ+ ) and N2O+ (C 2Σ+ ).  

The processes are compared with the absorption 
spectrum measured in the same wavelength range (fig. 1).  
VUV fluorescence are mostly produced in  the excitation 
wavelength in 80-110 nm  by atomic photofragments as 
follows: 
N2O + hv  →N2(X 1Σg

+)+O(3s 3S), 

NO(X 2Π) + N(3s 4P),  

NO(X 2Π) + N(3s 2P), 

 NO(X 2Π)+ N(2p4 4P) 

N2(X 1Σg
+)+ O(3s’’ 1P0) 

Production of fluorescence in 115.2 nm (O), 130 nm 
(O), 120 nm (N), 135.6 nm(O), 149 nm (N),174 (N) nm 
by excited states of N and O contributed to the VUV 
fluorescence detected. 
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Figure 1. Absorption spectrum for N2O in 30-160 nm 
wavelength region.  

Some other  neutral dissociation in the superexcited 

N2O are also observed but in UV wavelengths, such as 
the fluorescence produced by the N2O+(A 2Σ+ )   
measured in the 75 nm wavelength region shown in Fig. 
2 which has been reported previously by several works. 
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Figure 2. The VUV fluorescence excitation spectra of 
two Rydberg series for N2O in 96-106 nm leading to 
N2O+(A 2Σ+ ).  
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Figure 3.  VUV FES spectrum showing production of 
FIVE Rydberg states converging to N2O+ (C 2Σ+ ). 
 
 

Production of N2O+ (C 2Σ+ ) in the UV wavelength 
can be seen in five Rydberg states shown in Fig. 3.  
Analyzing of the spectrum by comparing with 
absorption spectrum shown in Fig.1 can provide us 
information of the potential energy surfaces of the 
excited states of N2O. 
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The onset of photoabsorption of N2 lies at about 100 

nm or 12.4 eV. Below 100 nm, there exist many valence 
and Rydberg states as reported by previous absorption 
studies.  Because of its importance in the earth’s 
atmosphere and many planetary atmospheres, we would 
like to investigated these excited states.  By using 
synchrotron radiations at NSRRC, we have measured the 
Rydberg states and their fluorescence produced in visible 
and VUV region.  The interactions of excited states are 
revealed through comparison of the absorption and 
fluorescence excitation  spectrum. 

 
 

 
 

Figure 1. Absorption (red line) and VUV fluorescence 
excitation (black line) for N2 in 90-93 nm wavelength 
region.  
 

Experiments were carried out at the Seya beam line 
(04B1). A differential pumping system is setup to 
connect a fluorescence cell to the exit of monochromator.  
Spectral resolution was set at 0.03 nm. Fluorescence in 
VUV (115-320 nm) and visible (180-650 nm) were 
measured by using photomultiplier tubes. 

The interaction of excited states of N2 is very 
significant as observed in the disappearance of 
fluorescence at several bands in the absorption spectrum. 
Fig. 1 shows the absorption and fluorescence excitation 
spectra (FES) in 90-93 nm wavelength region. The 
excited states b1Πu (v’=9-12) , b’1Σu (v’=6-9), 
c4

1Σu(v’=2-3) can be observed in the absorption spectrum;  
however, fluorescence in VUV region was observed for 
the b’1Σu in v’=7 and v’=9 states, and the  c4

1Σu(v’=2-3) 
states.  The b1Πu state is strongly predissociative. 

In the region 80-84 nm as shown in Fig. 2, we 
observe excited states cn1Πu (v’=9-12) and c’n 1Σu. The 
absorption and FES show their nature in radiative 
properties. We found these states are again strongly 
predissociative. 
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Figure 2. The absorption and fluorescence excitation 
spectra of N2 in 80-84 nm.  
 

In the wavelength region 60-70 nm, FES spectrum 
showing production of strong UV-visible fluorescence 
due to production of N2

+(B 2Σg+).  The FES spectrum also 
showing a continuum in 70-100 nm.  Based on this study, 
there is a repulsive    state which might be responsible for 
all predissociation occurred in excited states  in 80-90 nm 
showing in Figures 1 and 2. 
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Figure 3.  FES spectrum showing production of visible 
fluorescence at 60 nm wavelength region corresponding 
to photoionization process leading to N2

+(B 2Σg+) + e. 
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Valence ionic states of 1,3-C3H6Cl2 and 2,2-C3H6Cl2 
were investigated with threshold photoelectron 
spectroscopy and theoretical calculations. Eleven valence 
ionic states of 1,3-C3H6Cl2 in a region 10.5−18.0 eV were 
assigned on comparison of the observed band maxima 
with the vertical ionization energies predicted with the 
MP2/6-311+G** calculations. Ionization energy of 
10.75±0.01 eV for 1,3-C3H6Cl2 determined from the 
photoelectron onset agrees with G3 predictions 10.80 and 
10.82 eV for ionization of 1,3-C3H6Cl2(C2) into 1,3-
C3H6Cl2

+(C2v) or 1,3-C3H6Cl2
+(C1). Accordingly, further 

coincidence experiments to study the dissociation 
mechanisms of energy-selected 1,3-C3H6Cl2

+ are required 
to aid in understanding the structure of 1,3-C3H6Cl2

+. 
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Figure 1. Threshold photoelectron spectrum of 1,3-
C3H6Cl with a wavelength increment 0.2 nm in a region 
~10−18 eV; in the inset, signals were measured with an 
increment 0.02 nm in the onset region 10.45−11.81 eV.  
TABLE I. Experimental band maxima (Eexp/eV) and 
predicted vertical ionization energies (VIE/eV) with the 
MP2/6-311+G** method for cations with one electron 
removed from the specified orbital of 1,3-C3H6Cl2.  

MP2/6-311+G** No. Eexp/eV 
VIE/eV Sym. Character 

1 11.02 11.02 a nCl 
2 11.02 11.03 b nCl 
3 11.21 11.28 b nCl 
4 11.43 11.38 a nCl 
5 12.67 13.00 b σCCl 
6 13.40 13.51 a σCCl 
7 14.62 14.43 b σCC 
8 15.08 14.89 a πCH2 
9 15.52 15.53 b πCH2 

10 ~16.43 17.36 b πCH2 
11 ~16.43 17.53 a πCH2 

Similarly, eleven ionic states of 2,2-C3H6Cl2 were 
assigned on comparison of the experimentally determined 
vertical ionization energies with theoretically predicted 
values; however, the determined ionization energy of 
10.81±0.01 eV is greater than a G3 prediction 10.5 eV, 

reflecting a structural alternation of 2,2-C3H6Cl2 upon 
photoionization.  
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Figure 2. Threshold photoelectron spectrum of 2,2-
C3H6Cl2 with a wavelength increment 0.2 nm in a region 
612−123.9 nm (~10−20 eV); in the inset, threshold 
photoelectron signals with a wavelength increment 0.02 
nm in the threshold region 118.1−101.6 nm (10.5−11.8 
eV). 
TABLE II. Experimental band maxima (Eexp/eV) of 2,2-
C3H6Cl2 and calculated vertical ionization energies 
(VIE/eV) with the MP2/6-311+G** method. 

MP2/6-311+G** No. Eexp/eV 

VIE/eV Sym. Character
1 11.01 11.01 b1 nCl 
2 11.12 11.20 b2 nCl 
3 11.56 11.60 a2 nCl 
4 11.79 11.81 a1 nCl 
5 13.11 13.29 b1 σCCl 
6 ~13.85 13.75 b2 πCH3 
7 ~13.85 14.01 a1 σCC 
8 14.59 14.91 a2 πCH3 
9 15.51 16.24 b2 πCH3 

10 ~16.24 16.64 a1 πCH3 
11 ~16.24 16.89 b1 πCH3 
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 The exchange bias coupling between a ferromagnet 

(FM) and an antiferromagnet (AF) have received an 
increasing interest on the last decade. In order to 
investigate the spin orientation in antiferromagnet and the 
relation between exchange coupling and magnetic 
domains. We performed Co/Mn bilayers on Cu3Au(001) 
single crystal with grown epitaxially (layer by layer). The 
deposition rate was calibriated by medium energy 
electron diffraction (MEED). Fig 1 shows the oscillation 
of (0,0) beam intensity. 

 

 

 

Figure 2.  Co domain patterns of the same area of Co/Mn/ 
Cu3Au(001) sample. Mn and Co thickness are indicated 
at the left and bottom axes of the image respectively. (a) 
shows domain image with RCP x-ray, (b) shows domain 
image with LCP x-ray, (e) shows domain image with 
LCP x-ray after rotate sample 180° ,(c) is a schemate of 
sample, (d) shows the geometry of sample rotation . 

Figure1.  MEED oscillation of Mn/Cu3Au(001) and  
Co/Cu3Au(001). 
 

The Co/Mn bilayers were grown as cross double 
wedges with 37μm wide Mn wedge and 100μm wide Co 
step-shaped wedge as indicated in Figure 2(c). Element-
resolved magnetic domain images were obtained by 
photoemission electron microscopy (PEEM) with X-ray 
magnetic circular dichroism (XMCD). The experiment 
were performed at 05B2 beamline of National 
Synchrotron Radiation Research Center in Hsinchu. 

 

 

Figure 2 shows the as-grown Co domain patterns of 
step-shaped 1~3 atomic monolayers (ML) of Co on top of 
a wedge-shaped Mn/Cu3Au(001). In the 1 ML Co 
/0~7ML Mn area, we did not find apparently contrast 
reverse from opposite circular polarization light source 
[Fig.2(a), Fig.2(b)]. Consider the contrast of Co images  
are higher with increasing in Co thickness, the contrast  

Figure 3. (a) shows magnetic domain patterns of 3ML 
Co/n ML Mn/ Cu3Au(001), (b) shows magnetic 
hysteresis loops of 3.3ML Co/n ML Mn/ Cu3Au(001) 
measured by MOKE, (c) shows the geometry of the 
sample  

of domain image of 1ML Co must be reduced by the 
sharp ones of 3ML Co. Compare 2ML Co/0~8ML Mn 
area in Fig2(a)(b)(e), because vertical moment will not 
change under rotating sample 180°, 2ML Co seems to 
have vertical moment above 4ML Mn thickness. In the 
3ML Co/0~8ML Mn area, we can also conclude that 
3ML Co behave in-plane anisotropy [Fig.2(a)(b)(e)]. 
Particularily, the as-grown magnetic domains of 3ML Co 
break into smaller ones as the thickness of Mn up to 
7ML.[Fig3(a)]. When the domains are becoming smaller 
than the resolution of microscopy, the magnetic contrast 
vanishes. The thickness of Mn layer at which ferro- 

magnetic domains break into smaller ones corresponds to 
the thickness of antiferromagnetic ordering transition at 
deposition temperation. 

In Fig.3(b), we obtained the magnetic hysteresis 
loops of 3.3ML Co/n ML Mn/Cu3Au(001) by magneto-
optical Kerr effect (MOKE). The coercivity of  3.3ML 
Co/5ML Mn/Cu3Au(001) is much larger than that of 
3.3ML Co/ Cu3Au(001). The coercivity enhancement can 
be understand by assuming the spins in the Mn layer 
rotate with the spins in the Fe layer coherently.  
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Much attention has been directed to the study on the 
antiferromagnetic and ferromagnetic bilayers in the past 
decades. It is not only because of the promising 
application of the spin-valve structures in information 
storage devices, but also because of the interesting 
magnetic behaviors, such as exchange bias coupling in 
these systems. The previous study showed that the 
antiferromagneitc Mn can reveal ferromagnetic order by 
deposited in contact with the ferromagnetic Fe layers. 
This can be ascribed to the direct exchange interaction 
between Fe and Mn. However, how this effect influenced 
by indirect interaction, such as interlayer coupling, is still 
less known up to now. In this study we dedicated in the 
study of interaction between ferromagnetic and 
antiferromagnetic layers, including the domain evolution 
between them. 

 
In the PEEM endstation for the EPU beamline, the 

in-situ preparation Mn ultrathin films were performed in 
an ultrahigh vacuum chamber with base pressure 1×10-10 
torr. The Fe(001) substrate was cleaning by cycling Ar+ 
ion sputtering and subsequent annealing procedures. The 
film was deposited by e-beam bombardment evaporators 
for good epitaxial growth. At room temperature, the 
magnetic circular dichroism was observed for Fe L-edge 
absorption peaks in both Fe(001) substrate and 
Mn/Fe(001) films. In addition, the PEEM images showed 
that Fe(001) reveals the strap-like magnetic domains 
along its easy axis in the [100] direction. After capped by 
the Mn overlayer, the domains of Fe become frustrated 
than those for Fe(001). Meanwhile, the Mn layer was 
found to reveal ferromagnetic ordering after deposited on 
top of Fe(001). The opposite domain contrast of Mn to 
that of Fe(001) shows that Mn is antiparallel coupled 
with Fe. This behavior remains unchanged after inserting 
Ag spacer layer between them. It may help to clarify the 
detailed mechanism for how the ferromagnetic state is 

induced in antiferromagnetic capping layer by the 
indirect coupling with ferromagnetic underlayer, which 
was usually neglected before. 

 
Figure 1. Domain images of Fe(001) and Mn layers on 
top. 
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Fabrication of an aligned substrate to anchor the 

liquid crystal is a critical process for a high-
performance LCD. Noncontact alignment process, ion-
beam treatment of diamond-like carbon (DLC) surface 
has been successfully demonstrated to produce LC 
alignment recently. It is very important that further 
research in the ion-bombardment method is conducted 
for wider application with better performance. 

We studied bond orientation and surface 
characterization of pyromellitimido-oxydianiline 
(PMDA-ODA) polyimide films bombarded by argon 
and hydrogen ion beams with varied ion energy and  
dosage for producing alignment layer. A directional 
neutralized hydrogen and argon ion beams were 
irradiated on surface by 70 ∘ incident angle from 
surface normal. Selective ion energies (125, 250, 500 
eV) and dosages (1×1015, 5×1015 and 1×1016 ions/cm2) 
were applied to polyimide surface.  

Polarization-dependent near edge X-ray 
absorption fine structure (NEXAFS) was utilized to 
study the orientation order of the surface exposed to 
ion beams. The experimental geometries are described 
by a coordinate system as shown in Figure 1. The 
sample coordinate system is chosen with ion direction 
along the negative x-z plane. An in-plane linear 
polarized radiation was irradiated on surface with 
electric field parallel or perpendicular to ion direction 
for in-plane asymmetry measurement.  

 
 
 
 
 
 
 
 
 
 

Figure 1. (a) Schematic of ion beam process with 20∘

incident angle from surface. (b) Experimental 
geometry used for polarized-NEXAFS measurement of 
in-plane asymmetry. 
 

Figure 2 and Figure 3 show polarization-
dependent NEXAFS spectra of PMDA-ODA films 
bombarded with various Ar ion energies and dosages. 
The results show that lower energy (125eV) and 
medium dosage (5×1015 ions/cm2) of Ar ion-beam 
treated plyimide films exhibit better bond orientation 
in the opposite direction of incident ion beams. The 

characterizing of surface composition carried out by 
NEXAFS and PES interpret C=C and C=O bonds in 
PMDA-ODA polyimide films are selectively 
depredated. In addition to selective bond breaking 
occurred, new bonds of C=N are formed on surface 
after ion beam treatment. 
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Figure 2.  Polarization-dependent NEXAFS spectra of 
PMDA-ODA films bombarded with various Ar ion 
energies. 
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Figure 3. Polarization-dependent NEXAFS spectra of 
PMDA-ODA films bombarded with various Ar ion 
dosages. 
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There has been a growing interest in spin and 

magnetic field effects in devices by using organic 
conjugated materials. Since the interface features 
between organic films and metals determine the carrier 
injection properties in organic electronic devices. The 
interface coupling and  organic film structures are thus 
of key importance in organic/magnetic hybrid-
structures. In spite of intense application development 
on devices, the coupling at these interfaces between 
organic/magnetic heterostructures is not yet understood 
in all its aspects.   

We study the molecular structure and interface 
coupling of pentacene on Ni/Cu(100) by utilizing 
Photoemission Electron Microscopy (PEEM) at 05B2 
EPU beamline. The pentacene film was in-situ vacuum 
deposited on surface in an organic deposition chamber 
which connected with Nanomagnetism and PEEM 
systems as shown in figure 1.   

 
Figure 1. In-situ organic/metallic deposition systems and 
PEEM system.  

 
Figure 1 shows schematic drawing which combined 

with PEEM, Nanomagnetism and Organic systems for in-
situ organic/metal deposition and surface characterization.  
Figure 2 shows the morphology of pentanece film on 
Ni/Cu(100) taken by SEM.  Comparing it with the 
morphology of same organic molecules film grown on 
clean Si 1 and SiO2 2 surfaces, we found all three cases 
appear to have a similar island formation at low coverage.  
That is, it appears that the basic physical principles 
governing organic thin-film growth and crystallization 
has weak surface dependence on these three surface -- at 
least at low coverage regime.   

To determine the preferential orientation of 

pentacene on Ni/Cu(100), we examined the  absorption 
asymmetry as a function of polarization. Since the 
absorption intensity is enhanced if the incident electric 
field is parallel to the molecular orbital. Employing s- and 
p-polarized photon as primary probing source, two 
carbon K-edge NEXAFS spectra were recorded.3  As seen 
in the figure 3, the π*/σ∗ absorption peaks show strong 
polarization dependence. It illustrates an evidence that 
pentacene have a preferential tilted-up orientation on 
Ni/Cu(100) surface. 

 
Figure 2.  SEM image of a 30Å thick C14H22 growing on 
3 ML of ferromagnetic Ni layer deposited on Cu(100).  
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Figure 3. Absorption dichroism is clearly observed for 
irradiating C14H22 film with linearly polarized light (phase 
28: // to surface, phase 0: ⊥ to surface). 

 
1.  Frank-J. Meyer zu Heringdorf et al., Nature 412, 517 (2001). 
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3.  Y. J. Hsu  et al., in preparation. 
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Controlling the magnetic easy axis and magnetic 
anisotropy by the more concise and efficient process 
draws a lot of attentions due to the possible application 
for spin-dependent technology. We describe an 
experiment demonstration that the perpendicular 
anisotropy of magnetic ultrathin films could be stabilized 
by perpendicular exchange coupling from Mn underlayer. 

 
Figure 1. Magnetic domain image of 6 ML Fe/Wedge 
Mn/Cu3Au(100). The incident direction for x-ray is along 
[100] direction (for (a)) and [-100] direction (for (b) and 
(c)). The polarization of x-ray is LCP for (a) and (b), and 
RCP for (c).  
 
Figure 1(a) shows the magnetic domain images of 6 ML 
Fe on wedge Mn/Cu3Au(100). The arrow at 25o from the 
[100] or [-100] shown in right cartoon displays the 
direction of incoming x-ray. tMn increasing from left to 
right is indicated for all three images at the bottom of axis. 
Based on the selection rule in quantum mechanism, the 
intensity of absorption is determined by the relative 
orientation between the polarization of incoming x-ray 
and magnetization vector. The perpendicular domain is 
observed as tMn> 2 ML which is checked by changing the 
relative orientation between the x-ray and the sample 
consistant with the MOKE measurement as shown in Fig. 
2.  In order to investigate the mechanism for such 
perpendicularly magnetic Fe in detail, the measurement 
of the domain image for both Fe and Mn with the same 
position was carried out. In Fig.3, both easy axes of Fe 
and Mn from in-plane to perpendicular direction are 
observed as tMn> 2 ML. The inversed constrast between 
Fe and Mn suggests the domain of Fe is anti-parallelly 

and ferromagnetically coupled with the domain of Mn 
from in-plane to perpendicular direction as tMn > 2 ML.  
From these evidences we could conclude that 
perpendicularly magnetic Fe films could be stabilized by 
perpendicular exchange coupling from Mn underlayer. 
 
 
 

 
Figure 2. Kerr hysteresis loops of 6 ML Fe/n ML 
Mn/Cu3Au(100).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Magnetic domain images of Fe (a) and Mn (b) 
with the same position. The direction of incoming x-ray 
is along [100] direction for (a) and (b), and [-100] 
direction for their insets. 
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The Co film growing on Cu(001) surface is known 
to have in-plane magnetization at the thickness reported 
here1. Capping non-magnetic Cu on top of the Co layer 
could change the Curie temperature1,2 and the anisotropy3 
within the magnetic layer.  The coercivity of Co is also 
sensitivity to the thickness of Cu overlayer4.  Because the 
magnetoelastic anisotropy (MEA) was found to be 
sensitive upon overlayer deposition, it was suggested that 
the change of MEA could be responsible for the property 
variations described above.  On the other hand, a 
theoretical calculation indicated that magnetic crystalline 
anisotropy bears similar Cu layer thickness dependence.5   

In this study, we examined the macroscopic and 
microscopic response of a 1 ML Cu thin film deposited 
on a 5.5 ML Co layer grown on Cu(001) substrate.  The 
thin film growth and characterization were performed in 
an UHV chamber equipped with e-beam evaporators, 
LEED/Auger, and in-situ MOKE.  The quality and 
thickness of thin film growth was characterized by 
medium energy electron diffraction (MEED). The 
domain images were acquired in a separated, but 
connected UHV chamber equipped with an elliptically 
polarized undulator (EPU) powered photoemission 
electron microscope (PEEM).  Both Co and Cu were 
deposited at room temperature.  The magnetization 
properties of entire 5.5 ML Co layer was measured by in-
situ MOKE along both in-plane and out-of-plane 
directions.  As showing in figure 1, our measurements 
indicate that the Co magnetization remains to be in-plane 
with reduced magnetization (Ms) and coercivity upon 1 
ML of Cu overlayer deposition. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Hysteresis loops of uncovered (-) and covered 
(●) Co film grown on Cu(001) at RT.  Adding the 
additional Cu layer reduces saturated magnetization (Hs) 
and coercivity (Hc) in Co layer. ICM (2006). 

The distribution and the size of domains in a thin 

film reflect localized energy balance between anisotropy 
energy, exchange energy, dipolar energy, and interface 
roughness.  Therefore, it is reasonable to expect the 
overlayer induced energetic variation could lead to 
observable change in domain images.  Indeed, after 
comparing the Co domain images acquired before and 
after Cu deposition, we found weak, but non-negligible, 
contrast variation in places scattered across the entire 
film.  Fig. 2 shows the typical observation described 
above at two regions. For a better visualization, two 
guiding arrows are placed in fig. 2b to mark the locations 
with their contrast reversed upon Cu deposition.   

Figure 2.  Domain images of Co/Cu(001) (a) and 
Cu/Co/Cu(001) (b). Black arrows mark the location 
where magnetization direction changes upon additional 
Cu depositiont. 

The images shown above clearly indicate that the 
domains can be switched upon adding Cu.  At this 
moment, we cannot tell the origin(s) responsible for the 
observed magnetization switching.  However, it does 
seem less likely to be electronic structure originated as 
the variation in densities of states within either Co layer 
or Cu layer should have overall impact in domain 
configuration rather than inducing localized response.  
On the other hand, it is expected that the as-deposited 
film exhibits localized strain (therefore exhibits slightly 
different anisotropy energy).  If adding additional cap 
layer can relax the strain, then it is possible to induce 
localized magnetization switching as we reported here.  
References 
[1] C. M. Schneider, P. Bressler, P. Schuster, J. Kirschner, J. J. De 
Miguel, R. Miranda, Phys. Rev. Lett. 64, 1059 (1990). 
[2] Wen-Chin Lin, Po-Chun Huang, Ker-Jar Song, Minn-Tsong Lin, 
Appl. Phys. Lett. 88, 153117 (2006). 
[3] P. Krams, F. Lauks, R. L. Stamps, B. Hillebrands, G. Güntherodt, 
Phys. Rev. Lett. 69, 3674  (1992). 
[4] M. E. Buckley, F. O. Schumann, J. A. C. Bland, Phys. Rev. B 52, 
6596 (1995). 
[5] V. I. Gavrilenko, Ruqian Wu, Phys. Rev. B 60, 9539 (1999). 
[6] D.H. Wei, Y.J. Hsu, Chao-Cheng Lin, Chih-Huang Lai, J.Y. 
Ou and J.C. Wu, J. Magn. Magn. Mater. 282, 49 (2004). 
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One characteristic feature of  microscopy is its 
relatively fast turn-around time in terms of image 
acquisition.  For a microscope using soft x-ray as its 
excitation source, it further means the need of 
implementing transfer mechanism to ensure quick and 
safe sample exchange between air and UHV.  The 
challenge is; with the constant needs of in-situ sample 
preparation, how can a microscopy station maximizes its 
use when the experiments from various research subjects 
are not necessarily having compatible preparation 
receipts.  The way we adopted here is to make a stand 
alone microscopy system and unifies the sample transfer 
mechanism between microscopy and several other 
movable systems.  A six inch port on the microscopy 
chamber is reserved to allow connection to either a quick 
entry door or another UHV system.  Since all systems 
follow the same transfer mechanism, multiple connection 
configurations are available at the PEEM station.    

 
The first system shown here is a magnetic ultrathin 

film preparation system constructed under cooperation 
between NSRRC and Prof. M-T Lin from Dept. of 
Physics at National Taiwan University.  Equipped with 
multiple EFM3 evaporators, MEED, SMOKE, and other 
standard surface characterization tools, this thin-film 
deposition system can not only prepare ultrathin film but 
also perform other standard measurements all by itself 
with or without connecting to beamline (figure 1(a)).   

 
 
(a)                                    (b) 
 
 
 
 
 
 
 
 
 

Figure 1.   CAD drawings of (a) magnetic thin film 
preparation system and (b) XPS-thin film system. 

 
 
The second system introduced here is a dual-

chamber XPS station overseen by Dr. Y. J. Hsu at 
NSRRC.  With a 6-channel VG CLAM-3 electron energy 
analyzer and an X-ray source installed in one chamber, 
there sits a separated metallic thin film deposition 
chamber armed with multiple EFM3 evaporators, a thin 

film monitor and a sputtering gun (figure 1(b)).  Both 
systems are capable of working alone when connecting to 
beamline, as well as acting as an add-on system when 
attached to PEEM system (figure 2).  

 
 
 
 
 
 
 
 
 
 
 
  

Figure 2.  Two available configurations at PEEM. 
 
 
In the case of incompatible thin film preparation 

receipts are involved as it often happened in studying 
complex multilayer systems, it is possible to attach a third 
system.  Figure 3 demonstrates a three-chambers 
assembly which connects independent metallic and 
organic thin film preparation systems with PEEM.   The 
transfer mechanism we used here involves installing self-
designed sample stands carrying Omicron-style sample 
holders and modified mechanism hand in each chamber. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. A three-chamber configuration for complex 
sample preparation. 
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One of the particularly fascinating and complex 
aspects of the high-temperature cuprate superconductors 
is its proximity to competing states of matter, such as 
antiferromagnetism and charge ordering.  In the lightly 
doped region of the high temperature superconductors 
exotic forms of charge and spin order have been observed, 
whereby charge and spin have been seen to order into 1D 
“stripes”, as seen from neutron scattering or 2D 
“checkerboards” observed by scanning tunneling 
microscopy (STM). However, many important questions 
remain regarding their precise nature, their role in 
superconductivity, and their generality to various families 
of high-temperature superconductors.  

 
 
Figure 1. The crystal structure of ortho II ordered 
YBa2Cu3O6.5.  The oxygen (red) in the chain layers orders 
in alternating rows of CuO2 and CuO3.  The oxygen 
dopes holes onto the CuO2. 

Recently using resonant soft x-ray scattering (RSXS) 
at beamline 05B3 we studied the link between structure 
and charge ordering in the cuprate YBa2Cu3O6.5 (YBCO).  
YBCO contains two main structural units: quasi 1D 
CuO2/CuO3 chains and CuO2 planes.  In carefully 
annealed samples with oxygen content O6.5, the oxygen in 
the chain layer can be ordered into a phase with 
alternating rows of CuO2 and CuO3 (the so-called ortho II 
ordered phase, see Figure 1).  The electronegativity of the 
oxygen dopes holes onto the Cu in the CuO3 rows, 
providing a variation in hole states on the Cu between 
alternating oxygen rich and poor chains.  

Using RSXS at the Cu L edges, this variation of the 
hole doping of the Cu is directly probed by measuring the 
intensity of the ortho II superstructure Bragg peak 
[0.5,0,0], shown in figure 2.  In figure 3, the energy 
dependence of the intensity of the [0.5,0,0] Bragg peak as 
a function of energy at the Cu L edges is shown.  We are 
able to accurately reproduce the energy dependence of 

the Bragg peak intensity by calculating the scattering 
form factor for Cu in the CuO3 and CuO2 chains. To 
determine the imaginary part of the scattering form factor, 
this calculation makes use of x-ray absorption (performed 
at ALS, Berkeley, BL8.0.1) in YBCO having either full 
(YBa2Cu3O7) or empty (YBa2Cu3O6)  chain layers.  The 
complete form factor (f = f′ ′ + i f′ ′′) is then deduced using  
a Kramers-Kronig transform of f′ ′′. The compelling 
agreement between this calculation and the measured 
energy dependence of the scattering intensity provides a 
precise picture of the location of doped holes in this 
system.    

These measurements and analysis form an important 
basis for future RSXS investigations of other, more 
exotic charge ordering phenomena in cuprate materials. 
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Figure 2. Scattering intensity along [H,0,0] measured 
with e // c at various incident photon energies through the 
Cu L3 absorption edge. 
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Figure 3. The scattering intensity vs incident photon 
energy with e // c (blue) and e // ab (black).  The 
calculated spectra (red and magenta) agree well with 
measurements. 
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In the past, chemical vapor deposition (CVD) 
techniques have been widely used to produce SiC films 
on the silicon surface. However, these processes for the 
growth of a good-quality SiC film require the substrate 
maintained at a temperature as high as 1050 °C, which is 
a great restrain for the device fabrication. Recently, 
several groups have shown that a SiC film can be 
obtained via a reaction of C60 with the Si substrate. In 
this case, the temperature of the silicon substrate is kept 
at about 800 °C which is remarkably lower than that in 
CVD. The structural quality of the interface between SiC 
and Si is also improved. Although a great deal of efforts 
has been devoted to develop this new process, there 
lacks knowledge on the surface structure of the SiC 
films by the thermal reaction of C60 with the Si(001)-2x1 
surface. In this report, we have used synchrotron-
radiation photoemission and low electron energy 
diffraction (LEED) to study the formation of SiC via 
deposition of the C60 molecules onto the Si(001)-2x1 
surface elevated at 800 °C. We found that the C60 
molecules are totally decomposed when hitting on the 
hot surface. The defragmented carbon atoms are then 
mixed with the Si atoms, giving rise to a Si-terminated 
β-SiC(001) surface which exhibits a sharp 2x1 
diffraction pattern. Two surface components 
corresponding to the terminated and ad-dimer atoms in 
the Si 2p cores are detected. In short, our report agrees 
rather well with the missing-row structure model. 

 
Figure 2: Si 2p core-level spectra of SiC films taken at 
various photon energies, hν. The hν/eV is (a) 110, (b) 120, 
(c) 200, and (d) 130 eV. The curve-fitting results are also 
displayed. 

  

 

Figure 1: C 1s core-level spectra recorded at a photon 
energy 330 eV in normal emission for C60 molecules on 
a Si(001)-2x1 surface at 800 °C at accumulated 
deposition time, t, of (a) 0, (b) 15, and (c) 150 minutes. 
For a comparison, spectrum (d) shows the C 1s cores as 
deposition on a Si(001)-2x1 surface at room temperature 
(RT).  

Figure 3: Valence-band spectra recorded at a photon 
energy 40 eV in normal emission for (a) a clean Si(001)-
2x1 surface, and (b) SiC films. 
 
* Journal of Applied Physics 99, 129708 (2006). 
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In our previous outgassing study on extreme 

ultraviolet (EUV) photoresists, hydrocarbon ions, F+, CF+, 
CF3

+, and C2F4
+ (CxFy

+) were observed as major 
outgassed species. CxFy

+ can only come from the 
decomposition of photoacid generators (PAGs), which is 
an important component in chemically-amplification-
resist. This work examined six PAG samples, and they 
are triphenylsulfonium trifluoromethanesulfonate (PAG-
1), 1-naphthyl diphenylsulfonium triflate (PAG-2), 
triphenylsulfonium perfluoro-1-butanesufonate (PAG-3), 
and three unknowns from a resist vendor. The 08A1BM-
LSGM beamline provided the EUV light source at 13.5 
nm. A quadrupole mass spectrometer ( QMS ) measured 
the photodesorbed (outgassed) ions produced from PAG 
photoionization. PAG samples were taped on a sample 
plate by cupper tapes and oriented in such a way that the 
EUV light is incident at 67.5° to the normal of the sample 
plate. Samples were brought to about few mm away from 
the entrance of the electrostatic lens system of QMS by 
an XYZ manipulator. 

 
 

Figure 1. QMS spectrum of PAG-1, PAG-2 and PAG-3. 

 Figure 1 shows the mass spectra of the PAG-1, 
PAG-2, and PAG-3. Comparing the intensity of three 
PAGs at mass=19, it is found that the F+ intensity of 
PAG-3 is about 5 times greater than that of PAG-1 and 
PAG-2. Only PAG-3 generates CF+, CF3

+, and C2F2
+ ion 

fragments upon the EUV irradiation. The molecular 
formula of PAG-1 and PAG-2 contains three fluorine 
atoms, and that of PAG-3 is nine fluorine atoms. 
Therefore, the production of F+ strongly correlates to the 
number of fluorine atoms in PAGs. 

Figure 2 shows the result of outgassing from the 
three PAGs with compositions unknown. Unknown-A 
demonstrates a similar outgassing behavior as PAG-3: 
(C6H5)2S+ from the cation part of PAG, C3F3

+, C3F4
+ are 

also important for both PAG-3 and Unknown-A. 
Unknown-B and -C release the amount of F+ about 50% 
to that from PAG-1, and produce a negligible amount of 
CxFy

+.  

 
Figure 2. QMS spectrum of three unknowns PAGs. 
 

This work observes no hydrocarbon ion fragment 
from all PAGs. The observation suggests that the 
outgassed hydrocarbon ions are mainly from resin bases. 
A systematic investigation about the extent of outgassing 
from a serious of PAGs is undergoing. 
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 Deposition of magnesium on tris(8-

hydroxyquinolato) aluminum (Alq3) precovered with thin 
silver was investigated with high-resolution synchrotron 
radiation photoemission. Upon Mg adsorption on the 
Ag/Alq3 surface, a MgAg mixture begins to develop such 
that the Ag 4d valence band becomes narrowed and its 
centroid shifts towards higher binding energy. A phase 
transformation is thus observed at the interface, from a 
Ag-rich phase to a Mg-rich phase. The product of the 
MgAg mixture prevents subsequent Mg atoms from 
penetrating into the Alq3 film, which grows as a metal on 
top of the MgAg/Alq3 interface. 

 
We show a representative fit to the Mg 2p core-level 

spectra. In the Ag-free interface, three components are 
resolved, marked as B, S and Z, respectively. The 
binding energy of the B component is 49.60 eV, which 
originates from the metallic Mg. Component S is shifted 
+200 ± 10 meV from component B, whose sign and 
magnitude matches nicely with that of the surface core-
level shift of a crystalline Mg surface. The binding 
energy of the Z component is 51.48 eV Eb, which has 
been gradually shifted from an onset value of 52.0 eV Eb. 
This behavior is hard to comprehend if one regards it as 
emission from doubly-ionized Mg2+. In fact, we have 
discussed this behavior at a great length in the previous 
report, concluding that the phenomenon is nothing but an 
artifact from a cluster supported on a non-conducting 
substrate. It is well known that the smaller the size of the 
cluster, the larger the binding energy. 

 
For the Mg:Ag/Alq3 interface, a fourth component, 

denoted as C, was resolved, in addition to the B, S and Z' 
components, although the broadening of components C 
and Z' made them hard to be differentiable at small Mg 
exposures. An analytical fit to all the measured curves 

showed that the S, B and Z' components remain fixed in 
energies, while the C component exhibits a gradual shift 
towards smaller binding energies with increasing Mg 
thicknesses. It is suggestive, then, that enlargement in the 
size of Mg clusters with deposition is now manifest in the 
C component in the Mg:Ag/Alq3 interface. Since the C 
component only appears when silver is present in the 
interface, its development should correlate closely with 
the electronic structure of the noble metal. The increase 
in Mg deposition has rendered the Ag 4d band narrower 
and its centroid shifted towards greater binding energies. 
In other words, the noble metal has endured a phase 
change from bulk-like to cluster-like. Since Mg increases 
in size and Ag decreases, we surmise that those Mg 
atoms landing at the pyridyl rings and giving rise to 
component C are becoming mixed with Ag. This 
exceptional result is further justified by the fact that the 
valence band spectra of the mixed MgAg phase closely 
resembles that of the MgxAgy compounds in the previous 
literature. Thus, the Alq3 surface has endured a change 
from an Ag-rich phase to an Mg-rich phase. 
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We present an analysis of the photon-exposure 
dependence of the PSD positive-ion from CF3I adsorbed 
on Si(111)-7x7 irradiated by monochromatic synchrotron 
radiation with photon energy near Si(2p) core-level. The 
dosage of CF3I molecules on the Si(111)-7x7 surface was 
1.9 x 1014 molecules/cm2. Fig. 1 shows the photon-
exposure dependence of F+ ion yields during 110 eV 
photon irradiation. The F+ desorption signal was zero 
when irradiation started, and then increased with 
increasing photon exposure to a roughly constant 
maximum intensity. A kinetic model based on the 
dissociative electron attachment (DA) and dipolar 
dissociation (DD) was proposed for the explanation of 
the photolysis of the CF3I-dosed surface induced by this 
photon energy. 

 
Fig. 2 shows the photon-stimulated desorption 

spectrum of F+ ions near the Si (2p) edge at high 
exposure to 110 eV photons (1.7 x 1018 photons/cm2) and 
near completion of reaction. In Fig. 2 two peaks at 101.1 
and 101.7 eV and a threshold at ~101 eV were observed. 
The threshold in Fig. 2 is most likely related to the Si(2p) 
(~101 eV) core-level binding energy, indicated by arrow 
in the figure. Such threshold behavior is indicative of a 
desorption mechanism involving Auger decay of Si(2p) 
core-hole. This threshold at ~101 eV near Si(2p) core-
level can be assigned as due to an excitation of the Si(2p) 
core-level in a SiF species to the conduction band 
minimum (CBM).  

 
  
  

 

 

 
 

Figure 1. Photon-exposure dependence of the photon-
stimulated desorption yield of F+ ions from CF3I 
adsorbed on Si(111)-7x7 surface at 30 K (CF3I dose = 
1.9x1014 molecules/cm2). The incident photon energy is 
110 eV. 

Figure 2. Photon-stimulated desorption spectrum of F+ 
ions near the Si (2p) edge for a CF3I/Si(111) surface (gas 
dose = 1.9 x 1014 molecules/cm2) at high exposure to 110 
eV photons (1.7x1018 photons/cm2) and near completion 
of reaction.  
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indicate that there is a dramatic change in the spectra as a 
result of  exposure to the photon beam. The intensities of 
all peaks decrease and their relative intensities also 
change. These changes are not a result of contamination, 
as subsequent PES of an area of the sample that had not 
been previously exposed to the photon beam resulted in a 
spectrum that was identical to the top spectrum in Fig. 1 
and Fig. 2. The changes observed in Fig. 1 and 2 are the 
result of photolysis of the SF6 surface complex due to 
exposure to the 98 eV photons from the synchrotron 
radiation source, which indicates a high cross section. A 
kinetic model was proposed for the explanation of the 
photolysis of the SF6-dosed surface induced by the 
incident photons, and the variation of the spectrum shape 
of these two spectra.  

The photolysis of SF6 adsorbed on Si(111)-7×7 
surface at 30 K by 98-eV synchrotron radiation was 
studied by using photoelectron spectroscopy (PES). The 
photoemission data was collected using synchrotron 
radiation at NSRRC LSGM beam line. In the present 
work, two surfaces were studied for the soft x-ray-
induced photochemical reactions using valence-level 
photoemission spectroscopy. The first surface was 
prepaired by exposure of a clean Si(111)-7x7 surface to 
1.9x1013 molecules/cm2 of SF6  at 30 K, the second 
surface  was produced by a dose of 3.6x1013 
molecules/cm2. A series of photoemission spectra was 
taken in time during continual irradiation of 
monochromatic photons (98 eV) until little visual 
difference was observed in the two most recent spectra. 
These series of photoemission spectra (Fig. 1 and Fig. 2)   

  
  

Figure 1. Series of valence-level photoelectron spectra of 
SF6 adsorbed on Si(111)-7x7 at 30 K as a function of 
photon exposure using 98 eV photons. The SF6 dose of 
the surface is 1.9x1013 molecules/cm2. The total photon 
exposure for each spectrum is given in units of 1016 

photons/cm2 and shown on the right of the figure.  

Figure 2. Series of valence-level photoelectron spectra of 
SF6 adsorbed on Si(111)-7x7 at 30 K as a function of 
photon exposure using 98 eV photons. The SF6 dose of 
the surface is 3.6x1013 molecules/cm2. The total photon 
exposure for each spectrum is given in units of 1016 

photons/cm2 and shown on the right of the figure.  
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Cs2CO3 and F4-TCNQ are evaporated on 

oligofluorenes (OFO’s) and the interfacial electronic 
structures of them are investigated via synchrotron 
radiation photoemission spectroscopy. From the band 
diagrams, E4 , a kind of oligofluorenes, are observed to 
be n-type doped by Cs2CO3 and be p-type doped by F4-
TCNQ. Furthermore, when F4-TCNQ is evaporated onto 
E4 which has been doped by Cs2CO3, the original n-type 
doped E4 would become intrinsic or even p-type doped, 
and vice versa. These results show that E4 could be like 
semiconductors to be compensated. 
 

 
 
Figure 1. The band diagrams of E4 which is pristine, 
Cs2CO3 evaporated, and F4-TCNQ/Cs2CO3 evaporated. 
Figure 2. The band diagrams of E4 which is pristine, F4-
TCNQ evaporated, and Cs2CO3/ F4-TCNQ evaporated. 
 

When Cs2CO3 is evaporated on E4, Cs 4d core level 
are at 79.3 eV and 77.1 eV, different from the pristine 
Cs2CO3 on Au, which are at 77.5 eV and 75.2 eV. This 
information shows that Cs atoms loss electrons to be Cs+ 
after covering Cs2CO3 on E4, and make E4 n-type doped. 
Adding F4-TCNQ on Cs2CO3/E4, the Cs 4d core level 
shift to low binding energy at 78.7 eV and 76.5 eV, since 
some F4-TCNQ and Cs react to form CsF. Finally 
evaporating Cs2CO3 again, there is no change anymore in 
Cs 4d core level except intensity increasing. 

In F 2s core level spectrum, there are two peaks, 
high binding energy for F4-TCNQ and low binding 
energy for CsF, so the intensity of low binding energy 
peak increases when evaporating Cs2CO3. For a different 
deposition structure of Cs2CO3/F4-TCNQ/E4, Cs 4d core 
level are located at 78.9 eV and 76.7 eV. This result is 
almost the same as the case of F4-TCNQ/Cs2CO3/E4, due 
to the appearance of CsF. Covering more Cs2CO3, the 

peaks of Cs 4d core level still do not change except 
increasing intensity. Eventually, a layer of F4-TCNQ is 
deposited onto Cs2CO3/F4-TCNQ/E4, Cs 4d core level 
further shift to lower binding energy at 78.2 eV and 76.0 
eV, since more F4-TCNQ and Cs react to form CsF. 
 

 
 
Figure 3. The evolution of Cs 4d core level spectra in the 
structure of Cs2CO3/F4-TCNQ/Cs2CO3/E4. 
Figure 4. The evolution of Cs 4d core level spectra in the 
structure of Cs2CO3/Au. 
 

 
 
Figure 5. The evolution of F 2s core level spectra in the 
structure of Cs2CO3/F4-TCNQ/Cs2CO3/E4. 
Figure 6. The evolution of Cs 4d core level spectra in the 
structure of F4-TCNQ/Cs2CO3/F4-TCNQ/E4. 
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As shown in Figure 1, the binding energy of the Al 
2p core level of pristine Alq3 is 73.9 eV. This is very 
close to the Al 2p core level in Al2O3 and AlN, as 
aluminum interacting with oxygen and nitrogen atoms in 
Alq3. The deposition of PEGDE on Alq3 only causes a 
slightly shift to high binding energy. It indicates a slight 
chemical reaction between PEGDE and the Al 
components in Alq3 molecules because of the different 
magnitude of the binding energy with and without 
PEGDE. At the thickness of PEGDE of 60 Å, we began 
to evaporate the aluminum on the sample. With Al added 
on the PEGDE, the binding energy of Al 2p core-level 
peak shifts to higher binding energy. Nguyen et al. 
proposed that an interaction occurs between Alq3 and Al 
electrode. Results of Al 2p peak curve fitting show 
combination of three different spectra position at 72.8 
eV(in pure Al), 74.4 eV(in Alq3 and in Al-O-C), 75.5 
eV(in AlxOy). 
 

 
 
Figure 1. In Al 2p peak, we observed another peak in 
neighborhood. It located at 72.4 eV which is the bulk 
aluminum feature. Therefore, we verified the different 
kinds of the Al formation. 
 

In our experimental results, we observed the metallic 
Al 2p core-level revealed at 72.4 eV. Al 2p core-level 
spectra in 60 Å PEGDE was gradually shifted to the 
higher binding energy at 74.7 eV with the deposition of 
Al on sample. Much broad spectrum shape of the Al 2p 
core-level at 74.7 eV was similar with the Nguyen 
group’s results. We use the conclusion of Deng’s work to 
explain our experiment results. Due to the stabilization of 
Al3+ by oxygen coordination from PEGDE, the presence 
of PEGDE facilitates the formation of Al3+ from Al. The 

excess negative charges facilitate n-doping of Alq3 . An 
ultra-thin layer of interfacial n-type doped Alq3 facilitates 
electron injection from the cathode and leads to enhanced 
EL. We can see the peak shift of Al 2p core-level toward 
higher binding energy. It demonstrates the direct 
evidence of chemical reaction in Al molecule to form the 
Al3+. 

    Figure 2 displays the valence band spectrum 
features in the region of onset and HOMO during the 
growth of PEGDE and Al. These spectra were taken on 
the pristine Alq3 and with aluminum deposition. The 
Fermi level, obtained from the UPS spectrum of the 
underlying Al layer, is used as the reference of the 
binding energy. The HOMO position, the first rising peak 
in spectra, of pristine Alq3 on gold surface is 1.5 eV 
below the Fermi level. With the Alq3 band gap of 2.8 eV, 
Fermi level is just in the middle of pristine Alq3 band gap. 
The vacuum level is obtained from the onset of the 
spectrum and ionization energy, the difference between 
HOMO and vacuum level, can then be calculated. The 
ionization energy of Alq3 is about 5.7 eV, which is 
consistent with the data reported from other reference. 
The position of onset is moved away from that of PEGDE 
as additional layer deposited on the top of pristine Alq3. 
The shift of vacuum level is due to the formation of an 
interfacial dipole. It could be originated from charge 
transfer that based on relative value of work function and 
organic ionization energy and electron affinity. From the 
energy level diagram, vacuum level have a dipole barrier 
equal to an upward step from metal to organic film. The 
metal work function is smaller to organic electron affinity, 
leading to an electron transfer to the LUMO of the 
interface molecule. The energy level of organic electron 
structure is raised with respect to the Fermi level, which 
stops the net electron transfer. 
 

 
 
Figure 2. Valence band spectra was achieved by UPS 
with the He II (hυ = 40.8 eV) photon line.  (a) Onset, (b) 
The edge of the rising peak on the spectrum. 
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By using synchrotron-radiation photoelectron 

spectroscopy, we have studied the surface chemical 
properties of (3-aminopropyl) trimethoxysilane coupled 
InN. We have also found that the positively charged 
amine terminal groups on the functionalized InN surface 
can be utilized to bind negatively charged Au colloids in 
aqueous solution. 

In Fig. 1, we present the detailed spectra about N 1s 
emission spectra for dilute-HCl-etched, airplasma-treated, 
and APTMS-coupled InN surfaces, respectively. In 
comparison with the HCl-etched InN surface the N 1s 
emission from the plasma-treated InN shows a broad 
shoulder peak next to the main InN-related peak. The 
origin of this N 1s shoulder peak might be due to the 
plasma-induced oxidation process of InN. On the other 
hand, the N 1s spectrum from the APTMS-coupled InN 
surface clearly shows three N 1s emission peaks at 396.7 
eV (InN), 397.8 eV (NH2), and 400.4 eV (NH3+). The 
assignment of two amine-related N 1s peaks is in 
accordance with that for the APTMS-coupled Si surfaces.  

 
Figure 1. N 1s core-level photoelectron spectra of dilute-
HCl-etched, air-plasma-treated, and APTMS-coupled InN 
epitaxialfilms. The inset shows the O 1s core-level 
photoelectron spectra for HCl etched and plasma-treated 
InN surfaces.  
 

In Fig. 2, although the In 4d core level remains 
largely unchanged, the VB spectral features change 
drastically after plasma treatment and APTMS coupling. 
Since the VB features detected by PES are very sensitive 
to the surface properties, this result indicates significant 
surface chemical changes upon these procedures. On the 
Au-nanoparticle-adsorbed APTMS/InN surface, the 
Fermi edge of metallic nanoparticles is also evident in the 
VB-PES spectrum and the energy separation between the 
Au nanoparticle Fermi edge and the InN VBM can be 
determined to be about 1.8 eV. This value is considerably 
larger than that reported earlier for metal-covered InN 
surfaces (0.7–1.2 eV). This phenomenon was suggested 

to be related to the charging effect in Au clusters. In our 
case, a shift of the Fermi level of adsorbed Au 
nanoparticles toward a lower binding energy indicates 
that the adsorbed nanoparticles are negatively charged. 

 
Figure 2. Valence-band photoelectron spectra of HCl-
etched, air-plasmatreated, and APTMS-coupled InN films. 
The Fermi level of Au colloidal nanoparticles adsorbed 
on an APTMS/InN film is also visible. 
 

 
Figure 3. Scanning electron micrograph of Au colloidal 
nanoparticles immobilized on the APTMS/InN surface. 
The density of adsorbed nanoparticles on the 
APTMS/InN surface is~950 nanoparticles/ m　 2. 
 

 In conclusion, a method for organosilane 
functionalization of InN surface is demonstrated. The 
positively charged amine terminal groups on the 
APTMS-functionalized InN film are shown capable of 
immobilizing negatively charged Au colloidal 
nanoparticles in aqueous solutions. 
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Carbon nanotubes (CNTs) is a alternative material 

because of its useful materials property and interesting 
electronic character. In this work, we present how to 
modify with the diverse gas during laser irradiation. The 
result explores the position-selected electronic characters 
by scanning photoelectron microscopy (SPEM) at 
NSRRC 09A1 beam line. 
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Figure 1. (a) Side-view SEM image about the modified area of 
CNTs in vacuum condition. (b) C 1s spectra in as-grown area 
and modified area in vacuum condition. The inset SPEM 
images of (b) are C 1s images in vacuum case and as-grown 
case, respectively. C 1s spectra with and without laser 
modification is the same.  

The electronic structure of CNTs before and after 
the laser treatment in vacuum condition (pressure 10-2~ 
10-3 torr) could study its corresponding structural effect. 
Fig. 1(a) shows that CNTs becomes the giant diameter of 
nanotube after laser irradiation with 19.3 mW in vacuum 
environment. It is certainly understood that laser energy 
melts a little length of nanotube to gather its diameter. 
Fig. 1(b) shows the position-selected C 1s photoemission 
in laser modified and as-grown CNTs. The cross-
sectional SPEM images, acquired around C 1s state with 
B.E. 284.5 ~ 278.5 eV, are measured to resolve the laser 
effect in vacuum condition, as shown in the inset of Fig. 
1(b). In upper inset of Fig. 1(b), C 1s spectra obtained 
from the selected points "A" ~ "C" show tiny chemical 
shift in the modified region even after laser irradiation. In 
below inset of Fig. 1(b), C 1s spectra at points "1" and 
"2" in as-grown region is similar. In brief, the electronic 
structure of C 1s at tips or sidewall keeps the same even 
though it is treated by laser. It means that if CNTs is not 
filled the gaseous environment, its electronic structure 
can't be modified by laser irradiation. Figure 2(a) and (b) 
show the cross-sectional morphology of CNTs modified 
in nitrogen environment (300 ~ 500 torr) or oxygen 
environment (300 ~ 600 torr), respectively. The lower 
insets of Fig. 2(c) are SPEM images relative to Fig. 2(a) 
and (b). Either in nitrogen or vacuum condition, the 
molten consequent of nanotubes becomes the increased 
diameter of nanotube after laser treatment at tips. 

Otherwise, the modified CNTs with laser power 19.3 mW 
in the oxygen-filled environment occurs a lot of carbon 
balls and some thin membrane.  
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Figure 2: (a) and (b) side-view SEM images about modified 
CNTs in nitrogen or oxygen environment, respectively. (c) C 1s 
spectra in different gaseous environments upon laser irradiation. 
The insets of (c) are the SPEM images in nitrogen or oxygen 
environment, respectively. (d) N 1s spectra at the point "A" 
(modified area) and "tips" (as-grown area). Chemical bond C-N 
and surface absorbed nitrogen is defined at B.E. 401.1 eV and 
399.6 eV. (e) O 1s spectra with and without laser treatment in 
oxygen environment. The absorbed amount of oxygen is 
dependent on different laser power.  

The position-selected electronic structure in nitrogen 
or oxygen case is studied by the mapping image in C 1s 
state. In Fig. 2(c), C 1s spectrum at tips "A" after laser 
trimming shifts toward higher B.E. than as-grown CNTs 
at the tips while all of them suffered from nitrogen 
environment. High chemical shift (0.6 eV) of C 1s is also 
found in nitrogen case during laser modification. The N 
1s spectrum at point "A" has two components of N 1s 
state; however, as-grown CNTs at point "tips" exists one 
broad component of N 1s barely, as shown in Fig. 3(d). 
The higher component of N 1s with B.E. 401.1 eV is 
related to C-N bond. The lower one with B.E. 399.6 eV is 
contributed to surface-absorbed nitrogen; therefore, it 
results in the overall existence in the as-grown and 
modified CNTs. Chemical bond C-N is, particularly, 
assembled by laser irradiation. In oxygen case, the 
chemical shift of C 1s at points "B" and "C" is 0.2 eV 
higher than the "tips" in as-grown area, as shown in Fig. 2 
(c). The amount of absorbed oxygen could be found the 
enhancement by laser treatment, as shown in Fig. 2(e). 

In contrast with the modification of CNTs in various 
gaseous environment, MWCNT treated in vacuum 
environment, however, dose not show chemical shift 
between modified and unmodified regions. Therefore, the 
nitrogen or oxygen-filled modification could be 
introduced to the high chemical shift in air condition. 
This is an indication that the electronic structure of CNTs 
is extrinsically dependent on gas exposure environment 
only during laser treatment. 
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1D composite materials are of significance to further 

physical and chemical application. Scanning 
photoelectron microscopy (SPEM) is able to probe into 
the electronic structure on the specific position of 
interesting object. Observing some landmarks in CuO 
sample taken by SEM, we can confirm the specific 
electronic structure on nanowires or microballs area. This 
work is completed in SPEM at NSRRC 09A1 beam line. 

 
Figure 1: (a) and (c) the side-view SEM images in 
nanowires and microballs area. (b) and (d) Cu 3p 
mapping images acquired by SPEM. (e) and (f) O 1s state 
and valence-band spectra in the specific posints. O 1s 
state in nanowires areas (1, 2, and 3) presents two oxygen 
components, unlike only one component in microballs 
areas (A ~ E). The surface absorbed oxygen exists in 
anywhere while the sample is exposed in air. The Cu foil 
(A and B) after cleaving also has one oxygen component 
similar to microballs area (C, D, and E). In Fig. 1(f), the 
satellite states with binding energy higher than 8 eV is 
formed by Cu 3d8 character in CuO chemical state. The 
absence of Cu2+ state means no satellite peaks.  

Figure 1(a) and 1(b) are SEM and related SPEM 
images in nanowires area, respectively. Likewise, fig. 1(c) 
and (d) are SEM and SPEM image in microballs area. 
The microballs area was trimmed at 22mW in ambient 
condition. The corresponding electronic structures in 
nanowires and microballs areas are shown as fig. 1(e) and 
(f). In fig. 1(e), nanowires areas (1, 2, and 3) and 
microballs areas (A, B, C, D, and E) all have the same 
oxygen state with binding energy 533.0 eV. It is 
obviously noticed that nanowires areas (1, 2, and 3) have 
the other oxygen state in low binding energy 530.7eV. 
The oxygen 1s spectra have been identified as O2- in CuO 
at B.E. 530.7 eV, oxygen absorbed on surface at B.E. 533 
eV. Oxygen component in CuO chemical state owns the 
lower binding energy because this sort of oxygen gotten 
two electrons from Cu site in CuO compound is more 
electric stable than in the surface oxidation. Particularly, 
the cross section of Cu foil (A and B) is viewed as pure 
Cu material without the formation of CuO nanowires. 
The single one oxygen state in Cu foil (A and B) looks 

similar to the microballs areas (C, D, and E) because of 
surface oxidation in anywhere. In valence-band spectra, 
the satellites at B.E. 10.0 eV and 12.0 eV is contributed 
from Cu 3d8 electrons. The existence of satellites reflects 
that only nanowires (1, 2, and 3) have ability to form the 
satellite peaks for its 3d8 electrons unlike microballs case 
(A ~ E) with neutral Cu. Furthermore, oxygen-related 
peak (O 2p state) at B.E. 6.0 eV arises from Cu foil to 
CuO nanowires.  

 
Figure 2: (a) and (b) Cu 3p mapping images on 
microballs areas. (c) and (d) Cu 3p state and related 
valence-band spectra. After laser irradiation its binding 
energy shifts toward lower binding energy due to loss of 
oxygen in CuO compound. Valence-band spectrum in 
nanowires also exist the d8 character and O 2p band. 

Molten microballs with diverse microball size 
formed by laser energy distribution is one of our topics to 
study its electronic structure. The position-related 
electronic structure at one microball and size-dependent 
electronic structure is shown in Fig. 2(c) ~ (f). The main 
features in fig. 2(c) and (d) are believed the major 
contribution from the spin-orbit coupling in Cu 3p1/2 and 
3p3/2 states, where have 2.2 eV difference. The slight B.E. 
differences (0.4 eV) of Cu 3p3/2 states of nanowires after 
laser irradiation are mainly due to the laser-induced 
transition between CuO and Cu when the other possible 
effects are constricted. The reason is that Cu2+ state in 
CuO nanowires leads to higher binding energy before 
laser modification. About the physical evidence of 
valence-band spectra, d8 satellites and O 2p band is clear 
observed only in CuO nanowires case. 

In summary, when laser beam is focused on CuO 
nanowires, it can trim away the top of nanowires and 
locally melt nanowires with Cu microball on the top. The 
interaction of laser on some metal oxides is related to the 
production of oxygen vacancies in the surface. The laser 
method can purify some metal oxides. Focused laser can 
yield the chemical transition between CuO and Cu. 
Therefore, we found the 1D composite material Cu-CuO 
by simple laser method. This sort of hybrid materials 
consist of metal (Cu) and p-type semiconductor (CuO) in 
well-aligned nanotube. 
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High-resolution x-ray photoelectron spectroscopy 
(HR-XPS) using synchrotron radiation was performed to 
determine the chemistry at surface and bulk of the atomic 
layer deposition (ALD) grown oxide films and at the 
oxide/semiconductor interface. Figure 1 (a)—(d) show 
the chemical state and distribution of arsenic at 
oxide/InGaAs over-layers using XPS analysis with a 
photon energy of 680 eV. Note the As 3p spectra was 
considered at HfO2/InGaAs due to the Hf 5p peak 
overlaps the As 3d peak. However, no arsenic oxides 
(As2O3 or As2O5) were found to be on top of the as-
grown ALD-HfO2. This is in strong contrast to what was 
observed on as-grown ALD-Al2O3 on In0.15Ga0.85As, in 
which a small, but very profound peak of As2O5 was 
detected on top of the oxide, which quickly disappeared 
with a slight Ar+ sputtering, as shown in figure 1(b). The 
observation of the existence of arsenic oxides after the 
ALD growth may attribute to the difference in the 
reaction mechanism of the two different precursors with 
the native oxides. Furthermore, the occurrence of no 
arsenic oxides on top of the ALD-HfO2 has been 
observed on the oxide growth on In0.15Ga0.85As and GaAs. 
There was no detection of any arsenic oxides during the 
continuous sputtering. After the removal of HfO2 with 
sputtering, the peak belonging to In0.53Ga0.47As was 
revealed. In comparison, the native oxide on the reference 
sample was found to be As2O3 (bottom of Fig. 1(c)) 
different from the observation of no arsenic oxide on the 
ALD grown HfO2 on In0.53Ga0.47As. Nevertheless, 
residues of the other native oxides, Ga2O3, In2O3, and 
In(OH)3 remained at the Al2O3- and HfO2-InGaAs 
interface. The formation of In(OH)3 was ascribed to ALD  
processes, in which the H2O was react with the 200-300 
oC of InGaAs surface. 
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Figure 1. As 3d core level spectra of (a) native 
oxide/In0.15Ga0.85As, (b) 4nm-Al2O3/ In0.15Ga0.85As, (c) 
native oxide/In0.53Ga0.47As and (d) 7.8nm-
HfO2/In0.53Ga0.47As over-layers. The HRTEM image of a 
7.8nm-HfO2/In0.53Ga0.47As hetero-structure was shown in 
(e). The definition of regions are (I) at the surface of air-
exposed In0.15Ga0.85As, (II) in the bulk of In0.15Ga0.85As, 
(III) at the surface of ALD-oxide, (IV) immediately 
below the oxide surface in the bulk of oxide, (V) at the 
bulk of ALD-oxide and (VI) at the interface of 
oxide/InGaAs. 
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The epitaxial growth of GaN on Si results in the 

generation of cracks due to lattice mismatch at the 
interface especially when the film thickness is up to 1~2 
μm deposited by metal-organic chemical vapor 
deposition (MOCVD) method.1 Lateral confined epitaxy 
(LCE) is a convincing method to solve this crack 
problem.2-4 In our previous work, SixNy of 100~500nm 
thick was mesh patterned on Si(111) using the plasma 
enhanced chemical vapor deposition. A crack-free GaN 
film was sucessfully deposited on the patterned Si(111) 
by MOCVD. However, V-shape defects exist on the GaN 
film. 

In this run, we try to measure the SPEM image with 
better spatial resolution than the first run. Figure 1 shows 
the SPEM image of the V-shape defect marked with “A” 
in a mesh in the patterned GaN/AlN multilayer on 
Si(111). The SPEM image was taken at a kinetic energy 
range between 446.5 eV and 458.5 eV, where the Ga 3d 
emission is located. The result is the same as what we got 
in the last run. 
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Figure 1. SPEM image of a V-shape defect (point A) in 
the GaN/AlN multilayer on the patterend Si(111). 
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The highly porous Ti and TiZrV film getters on (100) 

silicon substrates, grown by the glancing angle deposition 
of dc magnetron sputtering method, were used to study 
the activation process. The effect of activation 
temperature on the reducing degree of the porous Ti and 
TiZrV films were investigated by synchrotron radiation 
photoemission spectroscopy (SRPES). The results show 
the reduction of oxidized Ti in porous TiZrV film is more 
easily than that in the porous Ti films. The temperature 
for reducing oxidized Ti to metallic Ti in air-exposure 
porous Ti film is about 250°C. However, the temperature 
for air-exposure porous TiZrV film is about 160°C. We 
suggest that the decrease of reducing temperature of 
oxidized Ti in TiZrV is caused by the replacing reaction 
of Zr and oxidized Ti or oxidized V. The high porous Ti 
and TiZrV film are used for the characterizations of 
activation process.  
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Figure 2. The series of Ti 2p SRPES spectra of porous Ti 
films at various heating temperatures. 
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Figure 1 shows the SEM micrograph of the surface 
of porous Ti film on Si (Fig.1a) and porous TiZrV film 
on Si (Fig. 1b), respectively.  

 
 
 
 
 
 
 
 
 

(a) (b) 

Figure 1. SEM micrograph of the surface of films 
prepared on Si substrate of porous Ti and TiZrV films.   Figure 3. The series of Ti 2p SRPES spectra of porous 

TiZrV flms at various heating temperatures. Figure 2 shows the series of Ti 2p SRPES spectra of 
porous Ti films at various temperatures. The Ti 2p 
spectrum of as-received sample exhibits oxidized 
character at BE 458.7 eV ((∆=5.7), a value that 
corresponds to titanium oxide as shown in Fig. 1. There is 
no marked change in Ti 2p spectrum after heating up to 
120℃. However, after the annealed temperature above 
250℃, the Ti 2p spectrum have been shifted gradually to 
lower binding energies. A mixture of metallic Ti at BE = 
454.3 eV and low valance Tin+ states.  

 
From the analysis of the Gibbs free energy of the 

TiO2, V2O3, and ZrO2 oxides, the order of the stabilities 
of these oxides is ZrO2 ＞ TiO2 ＞ V2O3. Additionally, 
the Zr spectra show that the signal of the oxidized 
zirconium is still very strong after activation temperature 
at 350°C. But the oxidized V and Ti have been reduced to 
metallic state. We suggest that the decrease of reducing 
temperature of oxidized Ti in TiZrV is caused by the 
replacing reaction of Zr and oxidized Ti or oxidized V.  

Figure 3 shows the series of Ti 2p SRPES spectra of 
porous TiZrV films at various heating temperature. For 
the spectra of the air-exposure TiZrV film, the peak of Ti 
2p is at BE (Ti 2p3/2) = 458.5 eV (∆=5.7), a value that 
corresponds to oxidized Ti (Ti4+), as shown in Fig 4a. 
After the heating temperature above 160 , the peak of ℃
the Ti 2p spectra is gradually shifted to lower binding 
energies (BE = 454.2 eV), which corresponds metallic Ti.  
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Self-assembled monolayers (SAMs) are promising 
ultra-thin organic resists, which are homogeneous, well-
ordered films with a typical thickness of 1~2 nm and an 
intermolecular spacing of ~ 0.5 nm. One of the most 
useful methods for patterning SAMs is the electron-beam 
lithography, which produces high resolution, precisely 
aligned patterns and does not require direct contact with 
the substrate. In this study, the SAMs formed from 
alkanethiols (CH3(CH2)15SH, C16) was used as a soft 
resistance to generate the pattern. A 1 × 1 cm2 C16 
sample was half-covered by Al foil and then exposed to 
a dose ~30 mC/cm2 and a power of 50 eV. After 
irradiated with low-energy electrons, the samples were 
thereafter exposed to N2 downstream microwave plasma 
for different time intervals. Surface properties for the 
irradiated samples before and after plasma treatment 
were analyzed by High Resolution X-ray Photoelectron 
Spectroscopy (HRXPS) and Scanning Photoelectron 
Microscopy (SPEM). The result has demonstrated that 
after plasma treatment, the 284.9 eV peak intensity 
decreases with e-beam irradiation time; new peaks of 
higher binding energies evolve, which are related to 
different oxygen-containing moieties. The e-beam 
irradiated sample is much resistant to N2 downstream 
plasma treatment. Presumably this technique is 
promising to be applied in nano-scale patterning or nano-
lithography. 
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Figure 1: C 1s HRXPS spectra of plasma- processed 
C16/Au (right) and e-beam irradiated C16/Au (left). The 
pristine film exhibited a single emission peak at a BE of 
284.9 eV.  

 

 
Figure 2: Au 4f images at the border of C16/Au and that 
with an e-beam irradiation dose 30 mC/cm2. The samples 
were (a) the pristine surface and (b) the pristine surface 
after 350 sec of plasma treatment. The size of the images 
was 300 × 150 mm2 (100 × 50 pixels). 
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Self-assembled monolayers (SAMs) are capable to 
form a functionalized surface on a metal surface with 
good uniformity and stability. In this study, 
alkanethiolate molecules with -CH3 terminated tail group 
chemically adsorb upon Au substrate and form Au-S 
bonds, which potentially act as ultra-thin resist films with 
excellent uniformity in molecular order and high 
resistance to chemicals. Anti-etching mechanism of the 
patterned self-assembled Octadecanethiol (ODT) on Au 
(111)-dominant surface has been mainly discussed. In the 
experiment, the end point of Au etching process was 
determined by ellipsometry and AFM. The patterned 
SAMs were fabricated using microcontact printing (μCP) 
technique and subsequent to be developed by Au etching 
solution. The images of element distribution on the 
patterned Au were investigated by SPEM. Subsequently 
surface morphology of the patterned Au was then 
characterized by AFM and SEM. At the same time, the 
damaged SAMs in association with the morphology of 
Au were discussed. Experimental results demonstrated 
that the damaged pattern at the boundary between the 

　CP SAMs and the etched part was clearly identified. 
The SAMs protected part was resistant to a specific 
etching solution, whereas SAMs at the patterned 
boundary exhibited weak in resisting the analogous 
solution. Potentially alkanethiols adsorbed on PDMS 
stamp tend to diffuse away from the region of contact; 
thereafter the residual Au in the non-contact region is 
unable to be removed completely during the etching 
process. It is suggested to reduce the effect of incomplete 
etching process by shortening the printing time or 
extending the etching time. 
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We report here an investigation of the mechanism of 
adsorption and decomposition of methanethiol on a 
Pt(111) surface, utilizing thermally programmed 
desorption (TPD) and X-ray photoelectron spectroscopy 
(XPS) techniques; thereby we have elucidated the 
pathways of the surface reaction. In principle, the length 
of the carbon chain of an alkanethiol might exert a 
significant influence on its thermal stability and reaction 
mechanism due to the presence of 　-hydrogen and the 
interaction between the metallic surface and the alkyl 
group. We thus undertook a comparison of thermal 
reactivity and reaction products for alkanethiols with 
varied length of alkyl chain (i.e. RSH with R = CH3, 
C2H5 and C4H9), thus probing the formation and thermal 
decomposition of alkanethiolate adlayer on the Pt surface, 
so as to provide mechanistic insight into deposition of 
sulfur on a catalytic surface of Pt and to serve as a useful 
reference for adsorption of alkanethiols with longer 
carbon chains. 

Figure 1 shows the thermal revolution of S 2p and C 
1s spectra for a Pt surface saturated with CH3SH at 110 K 
for 100 s. The annealing temperatures are chosen to 
coincide with features in the TPD data. At 130 K, the S 
2p3/2 at164.9 eV and C 1s at 286.6 eV components due to 
a condensed CH3SH multilayer with hydrogen bonding 
disappear because of molecular desorption as shown in 
TPD data. At 170 K, the S 2p3/2 feature at 163.9 eV and C 
1s feature at 285.5 eV due to chemisorbed CH3SH 
disappear whereas the intensities of S 2p3/2 at 162.2 eV 
and C 1s at 284.2 eV increase, indicating that all 
chemisorbed CH3SH molecule deprotonate to form CH3S. 
Between 250-320 K, the S 2p and C 1s features become 
broad and gradually shift towards smaller binding energy. 
According to the previous argument, these spectral 
changes reflect dehydrogenation of the CH3S species into 
CH2S with S 2p3/2 and C 1s at 162.2 and 283.8 eV, 

respectively. Upon heating the sample to 420 K, the C 1s 
shifts to increased binding energy (284.2 eV) and its 
intensity significantly decreases. Consistent with TPD 
data, the CH2S species undergoes disproportionation to 
desorb CH4 and to form a surface CHS species. At 570 K, 
the C 1s binding energy has a maximum at 284.0 eV as 
obtained from decomposition of CH3I which forms a C 
adatom. Hence CHS decomposes to form surface C and S 
adatoms with desorption of H2 with a maximum at 475 K 
as shown in TPD data. The resulting S and C adatoms 
exhibit a mixed ( 3 × 3 )R30º and dim c(4×2) LEED 
pattern.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XPS spectra of S 2p and C 1s for a Pt(111) 
surface exposed to H3CSH for 10 s at 110 K and 
subsequently heated to various temperatures. The photon 
energy used to collect these spectra is 380 eV.
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Organic conjugated materials have been used as an 

active layer in electronic devices such as organic light-
emitting diodes (OLED), organic field effect transistors 
(OFETs), and photovoltaic cells, because they are easily 
processed and compatible with plastic substrate. Recently 
there has been a growing interest in spin and magnetic 
field effects in devices by using organic conjugated 
materials. This is an important step toward new 
generation electronics by building the "organic spin 
valves" electrical switches that integrate two emerging 
fields of organic semiconductor (OSE) electronics and 
spin electronics, or spintronics.   
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We studied the interface properties of pentacene 
deposited on Ni/Cu(100) by utilizing Photoemission 
Spectroscopy (PES). The pentacene film was in-situ 
vacuum deposited on surface in an organic deposition 
chamber connected with XPS system. Figure 1 shows 
schematic systems which equipped with CLAM 4 
electron energy analyzer and dual EFM3 evaporators in 
XPS system. Dual ADDON organic k-cell evaporators 
are installed in the organic chamber for in-situ organic 
film deposition.   

Figure 2. C(1s) PES spectra of various thickness of  
pentacene deposited on 20 ML Ni/Cu(100). The incident 
photon energy is 380 eV.  
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Figure 1. In-situ organic/metallic deposition systems and 
XPS system.  Figure 3. Ni(2p) PES spectra of various thickness of  

pentacene deposited on 20 ML Ni/Cu(100). The incident 
photon energy is 950 eV. 

Figure 2 displays C(1s) PES spectra of pentacene 
deposited on 20 ML Ni/Cu(100) as function of pentacene 
thickness. The C(1s) spectra exhibits a gradual shift of 
the peak position to higher binding energy as a function 
of pentacene coverage.   While the Ni(2p) PES shows 
gradual decrease of peak intensity and a small broad peak 
at lower binding. The experimental results illustrate 
interface dipoles appear on surface when pentacene 
deposited on Ni/Cu(100).   
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Methanol (CH3OH) is extensively studied because 

of its high potential as a logistical fuel and a feedback for 
the fuel cell. Additionally, the presence of three 
heteroatom bonds and different ways of their activation 
on different surfaces and decomposition with stable 
surface intermediates makes it a special molecule for 
surface science investigations. In past decades among 
various methanol conversion processes (steam reforming, 
partial oxidation, etc.) methanol decomposition has been 
the subject of intense research as a source of hydrogen. 
Accordingly, the adsorption and decomposition of 
methanol have been extensively studied over different 
metal, alloy and oxide surfaces. However, the literature 
on methanol interaction on supported nanoclusters model 
catalysts is rather scarce.   

Methanol decomposition on Au catalyst is a 
relatively new topic. The previous studies found no 
evidence of methanol decomposition on (110) and (100) 
Au single crystals without pre-adsorbed oxygen. Very 
recently, Vinod et al. have shown methanol can be 
partially decomposed on the Au(310) surface having well 
defined  kinks/steps. Relatively little work has been 
carried out on adsorption and decomposition of methanol 
on supported Au nanoclusters. It was found that the 
catalytic activity is strongly dependent on the Au 
nanoparticle size and nature of support. 

Our present study deals with the adsorption and 
decomposition behavior of methanol on Au nanoclusters 
on Al2O3/NiAl(100) thin film. We have carried out 
extended PES measurements to study of the adsorption 
and thermal decomposition mechanisms of methanol on 
Au nanoclusters on Al2O3/NiAl(100) thin film. 
Furthermore, to elucidate the effect of size and structure 
of the Au nanoclusters on adsorption and decomposition 
of methanol, Au nanoclusters were grown by vapor 
depositing various amounts of Au at different substrate 
temperatures, viz. 300, 450 and 570 K. They were 
characterized primarily by using STM and PES. The 
STM images show that both the diameter and the height 
of the Au nanoclusters formed at room temperature 
increase apparently with the coverage (up to an average 
diameter of 3.2 nm and height of 1.0 nm) before cluster 
coalescence. At elevated growth temperature, such as 450 
K and 570 K, both larger and lower clusters are formed 
and co-exist on the surface. It is evident from the PES 
spectra that the electronic structures of Au clusters 
change with the coverage and growth temperature. 
Various amounts of methanol are adsorbed at 120 K on 
Au nanoclusters grown at different substrate temperatures 
and subsequently annealed to selected temperatures. 
Methanol chemisorbs at 120 K on Au nanoclusters and 

onset decomposition of methanol via O-H bond scission 
leads to the formation of (CH3O) methoxy species and 
CO. The adsorption, decomposition and desorption of 
methanol and formed CO due to decomposition are 
strongly dependent on coverage and growth temperature 
of the gold nanoclusters. 

 
Figure 1. C 1s PES after two peaks fitting for 1 L 
methanol adsorbed at 120 K on 1.14 ML Au nanoclusters 
grown at 300 K on Al2O3/NiAl(100) thin film. Inset is the 
C 1s core level PES for 1 L CO adsorbed at 120 K on 
1.14 ML Au nanoclusters.  
 

 
 
Figure 2. Typical series of raw C 1s PES for 1 L 
methanol adsorbed at 120 K on 1.14 ML Au nanoclusters 
grown at 300 K on Al2O3/NiAl(100) thin film following 
brief annealing to the different temperatures, as indicated 
in the figure. The spectra were recorded at 120 K after 
the surface was heated to the indicated temperatures. 
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The one-dimensional Ca3Co2O6 has attracted great 

interest in recent years due to the observation of the stair-
step jumps in the magnetization at regular intervals of the 
applied magnetic field related to the Ising character of the 
magnetism.  The rhombohedral structure of this 
compound consists of Ca3Co2O6 chains running along the 
c axis of the hexagonal unit cell. The intra- and interchain 
couple ferromagnetically  and antiferromagnetically 
respectively. In each chain, one Co(1)O6 octahedron 
alternates with one Co(2)O6  trigonal prism along c. 
Based on density-funchtion-theory Vidya et al. claimed a 
low-spin (LS) Co4+

oct and a high spin (HS) Co2+
trig state 

for Ca3Co2O6 [1]. However, other experimental and 
theoretical works have proposed a Co3+ valence state for 
both the octahedral and trigonal sites.  The Ising character 
of the magnetism is also subject of discussion. Dai and 
Whangbo found from their band structure calculations 
that the spin-orbit-inactive d0 orbital lies lowest of all 
Cotrig crystal-field levels [2] and had to invoke excited 
states in their attempt to explain the Ising magnetism. 
However, Wu et al. [3] on the other hand, calculated that 
it is the spin-orbit-active d2 orbital which lies lowest, 
giving a very different picture for the Ising magnetism. 
To settle the questions of valence state of Co ion we have 
studied the Co-L2,3 x-ray absorption spectroscopy (XAS) 
spectrum of  Ca3Co2O6. 

 
Figure 1 shows the Co-L2,3 XAS spectrum of  

Ca3Co2O6 together with that of CoO and EuCoO3. Here 
CoO serves as a 2+ reference and EuCoO3 as a LS 3+ 
reference. One can see first of all that the 2+ spectrum 
(CoO) contains peaks which are 2 or more eV lower in 
energy than the main peak of the 3+ spectrum EuCoO3. It 
is well known that x-ray absorption spectra at the 
transition-metal L2,3 edges are highly sensitive to the 
valence state. An increase of the valence of the metal ion 
by one results in a shift of the L2,3  XAS spectra to higher 
energies by about 1 eV or more. This shift is due to a 
final state effect in the x-ray absorption process. The 
energy difference between a 3dn (3d7 for Co2+) and a 3dn-1 
(3d6 for Co3+) configuration is ΔE = E(2p63dn-1 → 
2p53dn) –E(2p63dn→2p53dn+1) ≈ Upd-Udd ≈ 1-2 eV, where 
Udd is the Coulomb repulsion energy between two 3d 
electrons and Upd the one between a 3d electron and the 
2p core hole. 

One can observe from Fig. 1 that the Ca3Co2O6 
spectrum has no features at the low-energy side, which 
otherwise could have indicated the presence of Co2+ 
species like in CoO. Instead, the spectrum has a much 

closer resemblance to that of Co3+, like in EuCoO3.  This 
means that one can safely rule out the Co2+/Co4+ scenario 
[1]. In other words, the XAS experiment reveals 
unambiguously that both the 

Cooct and the Cotrig ions are in the 3+ valence state. 
 
Based on the observation that the average Cooct-O 

bond length of 1.9106 Å , which  is shorter than the 1.925 
Å in LaCoO3 at 5 K known to be LS. We assign a LS 
state for the Co3+

oct ion.   The reason is that with such a 
short length, the Co ion is subjected to a large enough 10 
Dq, sufficient to stabilize the non-magnetic LS 
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Figure 1. Co-L2,3 XAS spectra of Ca3Co2O6 and of CoO, 
EuCoO3. 
  

The observed magnetic moment of  4.8 μB from 
direct magnetization measurements is attributed to the HS 
Co3+

trig ion. This is quite plausible since with the 
extremely large Co3+

trig-O average bond length of 2.062 Å, 
which is much larger than 1.961 Å  for LaCoO3 at 1000 
K,  the crystal field is small enough to stabilize the HS 
state. Our recent x-ray  magnetic circular dichroism study 
on Ca3Co2O6 confirmed a high-spin state of Co3+

trig ions 
with an anomalously large orbital moment of 1.7 μB [4], 
which can be traced back to the double occupancy of the 
d2 orbital in trigonal crystal field. 

We acknowledge the NSRRC staff for providing us 
with an extremely stable beam. 

 
1 R. Vidya  et al., Phys. Rev. Lett. 91, 186404 (2003). 
2 D. Dai and M.-H. Whangbo, Inorg.Chem. 44, 4407 (2005). 
3 Hua Wu  et al., Phys. Rev. Lett. 95, 186401 (2005). 
4 T. Burnus  et al., Phys. Rev. B, 74, 245111 (2006). 
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The L10 ordered FePt alloy system is a very 
promising candidate for ultra high density recording 
media (>1 Terabit/inch2), due to its high 
magnetocrystalline anisotropy constant (Ku～6.6–10×107 
erg/cm3) and perpendicular magnetic anisotropy (PMA) 
property. In this study, the 100 nm epitaxial (001) FePtx 
alloy film with x=1.3 was measured with X-ray magnetic 
circular dichroism (XMCD) to observe the microscopic 
magnetism of a L10 ordered FePt thin film. The sample 
was made by anneal the sample which was grown by 
multilayer deposition of Fe and Pt thin films. The easy 
axis isperpendicular to the plane normal, (001) direction. 
 

The MCD result at the L3-edge of iron was shown 
in Fig. 1 and 2. It is observed that the MCD signal normal 
to the film surface is a little larger than that parallel to the 
film surface.  
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Figure 1. (a) and (b) are the Fe L-edge absorption 
spectroscopy of FePt film along the surface normal and 
surface. 

 
From the sum-rule calculation, the morb/mspin of Fe 

are 0.251 and 0.183 along the surface normal and surface. 
Theoretically, morb/mspin along the surface normal is larger 

than that parallel to the surface because morb has a larger 
value along the  (001) easy axis while mspin has the same 
value at any direction. In addition, in this case, the 
magnetic moment is saturated when 1 Tesla field is 
applied to the surface normal of the FePt film, while it is 
not saturated along the plane.  

 
The experimental morb/mspin data is much larger than 

that of the theoretical value (=0.025) [1] and the 
experimental value (=0.0998) [2] of a bulk FePt. While 
the value is close to that of Fe3O4 (=0.22±0.04) [3], it 
suggests that the FePt film is partially oxidized. The 
absorption peaks in Fig. 1 become broaden suggested that 
part of the iron in the FePt thin film is in iron oxide form 
also.  
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Figure 2. The MCD spectra of FePt film along the surface 
normal and surface. 
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Investigation of the Electronic and Optical Properties of Sr2HoRu(1-x)CuxO6 Single Crystals 
Grown from High Temperature Solutions  
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Experiment: 
Crystals of Sr2HoRu(1-x)CuxO6 were grown by 

high temperature solution growth technique using PbO-
PbF2 as solvent and 10-15 wt% solute (Sr2HoRu(1-
x)CuxO6) while cooling the solutions from 1250 to 1150 
oC. The details of crystal growth are described elsewhere 
[1-2]. The microstructure of the resulting crystals was 
investigated using powder X-ray diffraction and SEM 
coupled to EDS.  Optical and electronic properties were 
investigated by Raman spectroscopy and X-ray near edge 
absorption structures spectroscopy measured at NSRRC 
11A.   

Results and Discussions: 
Figure 1 shows the optical micrographs of the crys-

tals obtained. The crystals were checked for homogeneity 
of composition and structure using X-ray diffraction and 
EDS. While the 2116 composition was closely main-
tained in all the crystals, the Cu incorporation was found 
to be about 30-40% of the amount added. Powder x-ray 
diffraction patterns presented in fig. 2(a) do not show 
additional peaks in the presence of Cu. All the peaks are 
shifted to a lower 2q as x is increased to 0.3. As seen 
from the enlarged view of the 30 o peak, the shift is more 
in the case of x=0.1 and reduces thereafter. A similar 
shift is observed in the Raman spectra also but to a higher 
value as x is increased (fig. 2 (b).  

 
 
 
 
 
 
 
 
 

 
Figure 3 shows the magnetic moment vs. Tempera-

ture curves for the Sr2YRu1-xCuxO6 x=0 (a) and 
x=0.2(b). While antiferromagentic behavior is observed 
in the x=0 crystal, a diamagnetic transition is observed in 
the presence of Cu, that increases with x as shown in the 
inset of fig 3 (b). The XANES oxygen K-edge spectra 
recorded on these crystals shown in fig, 3  also show a 
shift in one of the peaks to a lower value as x is increased. 

The peak observed at 532.6 in the x=0 crystal shifts to 
532.3 at x=0.2. Other peaks are not changed in position. 
 

θ

θ

 
 
 
 
 
 
 
 
 

Figure 2. (a) powder X-ray diffraction patterns of 
SrY2116 crystals, x=0 to 0.2 and (b) Raman spectra for 
x-0 to 0.3 crystals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Conclusion: 
The results presented above appear to present a con-

sistent  picture. They confirm the incorporation of Cu in 
the lattice. The incorporation of Cu leads to an distoration 
in the lattice structure due to an increase in the bond 
lengths of the Ru-O octahedral when Cu substitutes Ru. 
This is reflected in a shift of the Raman active peaks to 
lower frequency in the presence of Cu. This in turn leads 
to a change in the energy of the transition responsible for 
the 532.6 peak in the oxygen K-edge spectra as seen in 
Fig 4.  
This work was supported under  NSC-91-2811-M-007- 002PH and 
NSC-95-2112-M-014-001.  
1.  S. M. Rao, T. R. Chen, B. H. Mok, T. R. Chou, Y. S. Liu, H. L. Liu 
and M. K. Wu, Chinese J. Phys. 43, 651 (2005).  
2. S. M. Rao, M. K. Wu, J. K. Srivastava, Y. H. Liu, N. Y. Yen and Y. 
C. Liao, J. Crystal Growth 290, 490 (2006). 

Figure 1. Optical micrographs of single crystals of 
Sr2HoRu(1-x)CuxO6 which grow with octahedral habit 
and in the form of plates. Hopper growth is observed as 
the crystals  grow big (enlargement). 

χ χ

Figure 3. ZFC (zero field curve) and 10 Oe FC (field 
cooled) curves of (a) x=0 and (b) x=0.1-0.2 SrHo2116 crys-

Figure 4. XANES oxygen K-
edge spectra of SrHo2116 x=0-
0.2. The 532 eV peaks shifts to 
lower energy as x is increased. 
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 Direct band gap semiconductor thin film 
photovoltaic cells have the highest efficiency of all the 
photovoltaic cells and the I-III-VI2 compound are the 
most promising thin film photovoltaic cell. Because of 
their highest absorption coefficient and the best thermal 
stability, CuInSe2 (CIS) thin film solar cells are the most 
popular material applied in photovoltaic cells. In the 
development of the ultra-high efficiency solar cells, the 
intermediate band solar cell is the most promising 
approach to obtain high efficiency. Based on the band 
structure simulation of the Fe doped CIS [1] and the 
observation of the Landau effect on the operating cells[2], 
it is believed that the generated photocurrent and the 
output voltage of the operating cells could be higher. In 
this study, the Fe ion implanted CIS thin films with 
different doses were measured with X-ray diffraction and 
the X-ray absorption spectroscopy to understand the 
structure of the thin film with implanted Fe ions. 

 
        Figure 1(a) shows the XRD of iron implanted CIS, 

we can see that the Fe doped CIS still possess a 
chalcopyrite structure before annealing. There is no 
observable secondary phase in different dose CIS 
samples and also no Fe clusters segregated on the surface 
of the CIS thin film. 
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 Figure 1. The X-ray diffraction patterns of the as-
implanted CuInSe2 thin films at different doses. 
 

The annealing process was done at 400℃ for 1 h 
under N2 atmosphere. From the X-ray diffraction pattern, 
the annealed CIS thin film still possesses the original 
chalcopyrite structure.  
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Figure 2. The X-ray diffraction pattern of the 2*1016 cm-2 
Fe implanted CuInSe2 thin films after annealing. 

 
From the X-ray absorption spectra of Fe K-edge, the 

distances between as-implanted Fe atoms and the first 
shell atoms surrounding the Fe atom are small (about 
0.156 nm). That means as-implanted Fe atoms may 
bound with Se atoms. But from the inset of Fig. 3, the Fe 
near edge absorption spectra at different implanted doses 
is similar with that of the Fe2O3 standard sample. The as-
implanted Fe atoms might form tiny Fe2O3 or Fe2Se3 
clusters.  
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Figure 3. The Fourier transform diagram for the Fe K-
edge EXAFS of CuInSe2 thin films. The inset of the 
figure is the XANES at Fe K-edge. 
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Magnetite (Fe3O4) has been recently attracted much 

attention due to its potential applications in spin-based 
devices. It is ferromagnetic (FM) with the net 
ferromagnetism being due to Fe2+ in the octahedral sites 
(B) in the spinel unit cell. Fe3+ ions in the tetrahedral (A) 
and octahedral sites (B) are antiparallel and cancel each 
other. Fe3O4 thin films can be obtained via a variety of 
deposition techniques, such as reactive sputtering, 
molecule beam epitaxy (MBE), pulsed laser deposition 
(PLD), etc. Most of these techniques are carried out 
under a vacuum and at high temperature. Soft solution 
processing is an alternative. With an electrochemical 
route, the phase, morphology and chemical composition 
can be controlled at low temperature (<200 oC) and 
ambient pressure.  

X-ray Magnetic Circular Dichroism (XMCD) is a 
technique which measures the difference in the core-level 
X-ray absorption spectrum using polarised x-rays.  It 
provides information about the electronic and magnetic 
structure of the material probed and in particular about 
the spin and orbital moments. It has been applied 
extensively to study the magnetic properties of thin films 
grown by vacuum deposition techniques. In this work, we 
use XMCD to investigate phase transitions and magnetic 
properties for electrodeposited ferrite thin films on 
polycrystalline copper substrates. The samples were 
prepared at varying potentials (100, 50 and 25 mV vs. Au 
[ 0 V (Au) = -0.260 V vs. NHE] at 80 oC. The electrolyte 
used was (NH4)2Fe2SO4·6H2O and CH3COOK. Some of 
the samples were subsequently annealed at 400oC under 
vacuum for 5 min. XMCD measurements were performed 
at room temperature under an applied magnetic field of 1 
Tesla using the Dragon beam line at the National 
Synchrotron Radiation Research Centre in Taiwan. XAS 
signals were recorded in the total electron yield (TEY) 
mode. The incident x-ray is normal to the samples with a 
photon-energy resolution of ~0.4 eV.  

The Fe L2,3-edge XAS and MCD spectra are shown 
in Figures 1 and 2, respectively. The XAS spectra of the 
film deposited at 100 mV shows a characteristic of 
maghemite (γ-Fe2O3) with a deep shoulder around 709 
eV. This is also confirmed from the XRD result (not 
shown). Consequently, there is no MCD signal observed 
(Fig 2).  This phase is favoured at higher potentials due to 
the oxidation of Fe2+ to Fe3+ ions in the electrolyte. The 
dominant phase changes to Fe3O4 at lower potentials (50 
and 25mV).   The Fe L3 edge spectra are much broader 
for both cases (Fig 1), and MCD signals are also 
observed (Fig 2).  

Table 1 shows the integrated values of the Fe L2 
edge spectra between 719 and 730 eV for the I+ and I- 
spectrum separately. Significantly we find that the 

asymmetry ratio increases with decreasing applied 
potential indicating a change in the local magnetic 
properties of the material. In addition there is a notable 
increase in the asymmetry on annealing which 
corresponds to a change in the octahedral Fe3+ co-
ordinated sites.   

         

 

 

 

 

 

 

 

Figure 1. Normalized Fe L2,3-edge X-ray absorption 
spectra of ferrite thin films  

 

 

 

 

 

 

 

 

 

 
Figure 2. Fe L2,3-edge MCD spectra of ferrite thin films 
grown at different potential 
Table 1. MCD asymmetry ratio from Fe L2 edge from 
XAS spectra. (* represents sample has been annealed 
before measurement). 

Potential 

(mV) 
I+ I- I+-I- I++ I- 

 

Asymmetry 

ratio 

100 0.71731 0.74449 0.02718 1.4618 0.018594 

50 0.75214 0.88069 0.12855 1.63283 0.078728 

25 0.7967 0.9508 0.1541 1.7475 0.088183 

50* 0.78586 0.98724 0.20138 1.7731 0.113575 
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Rice BGlu1 beta-glucosidase is an enzyme that is 
broadly expressed in rice plants, with high levels of 
expression in the seedling shoot and the flowers.  It is a 
beta-glucan b-glucosidase with high activity toward short 
1,3-linked and longer 1,4-linked oligosaccharides, and 
has 6 subsites for binding β-1,4-linked oligosaccharides, 
based on kinetic subsite mapping studies.  It is about 70% 
identical to the barley BGQ60 β-mannosidase/β-
glucosidase, but rice BGlu1 prefers glucoside 10 fold 
over mannoside and cellotriose over cellobiose, while the 
barley enzyme has the opposite preference.  Therefore, 
structural studies of this enzyme are needed to understand 
the basis of sugar and oligosaccharide binding in plant 
beta-glycosidases.  Plant Sci.165, 627-638. (2003); 
Biochem. J. 379, 125-131 (2004).    

  

 

Figure 2. Comparison of the active sites of BGlu1 
enzyme in complex with 2-fluoro-glucoside (A) and in 
the free form.  The catalytic nucleophile and acid/base 
and the inhibitor are shown in CPK colors and hydrogen 
bonds are represented by dotted yellow lines.   
 

During the 3 period of 2006, we collected data on 
several crystals of catalytic acid/base mutants (E175Q 
and E175D) that had been cocrystallized or soaked with 
various oligosaccharides.  Examination of the active site 
electron density showed that most of these did not have 
any clear oligosaccharide density, but the density of 
cellopentaose in the active site showed that several 
residues were present (Figure 3).  However, the region 
around the site of cleavage (-1 to +1 subsites) gave 
unclear density, suggesting either the sugars are in 
multiple conformations, or the inner sugar has been 
displaced by glycerol. 

 
Figure 1. Comparison of subsite mapping affinities of 
rice BGlu1 and barley BGQ60 β-glycosidases hydrolysis 
of β-1,4-linked gluco-oligosaccharides.   

 

 
In work with C-J Chen of the NSRRC, we 

previously diffraction collected data on crystals of the 
free BGlu1 β-glucosidase and BGlu1 in a covalent 
complex with 2-fluoroglucoside bound to the catalytic 
nucleophile.  This data allowed us to calculate the 
structures to 2.2 and 1.55 A resolution for the free and 
bound enzymes, respectively (Figure 2).  In another data 
collection with Robert Robinson on the NSRRC BL13C 
beamline, we were able to locate a mercury atom in the 
wildtype enzyme, a potent inhibitor of the enzyme based 
on the anamolous signal, as well as collecting several 
datasets with cellobiose, cellotriose and laminaribiose in 
a catalytic acid/base mutant.  Examination of the binding 
of the oligosaccharide substrates, during this past period, 
we found that the active site appeared to have glycerol 
more often than an obvious oligosaccharide, though the 
glycerol binds in the position of a sugar at the -1 site. 

Figure 3.  Electron density of the active site of rice BGlu1 
cocrystallized with cellopentaose.  Sugar residues are 
marked by numbers.  
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Glycopeptides are an important class of antibiotics 
that interfere with bacterial cell wall synthesis. Among 
them, vancomycin and teicoplanin are already widely 
used in the clinical therpy of life-threatening infections 
caused by gram-positive pathogens1. To realize the 
mechanism of synthesis pathway, we focus on the Orf2* 
protein, which is proposed to be a novel deacetylase in 
the biosynthesis of teicoplanin2 in our preliminary stidies 
(Fig 1), and obtain two crystal forms (Fig 2) using the 
hanging-drop vapour-diffusion method. There is one 
molecule per asymmetric unit. The three-dimensional 
structure of Orf2 complexed with β-octyl-glucoside 
(BOG) is subsequently determined by Se-MAD method 
at NSRRC BL13B1 beamline, and the native form is 
solved by molecular replecement method under the in-
house MicroMax007 HF system. 

 

 
 

Figure 1. A) The N-Ac-Glm moiety is incorporated, then 
the resulting pseudoaglycone needs to be deacetylated. B) 
orf2*catalyzes the deacetylation of UDP-N-Ac-Glm to 
provide substrate UDP-Glm for the glycosyltransferases2. 
 
 

      
 
Figure 2. A) The crystal and B) diffraction pattern of the 
Se-Orf2*. 
 
 

The Orf2* monomer is folded as a single α/β  
domain. In the complex structure (Fig.3), the Ni ion is 
coordinated with the proposed active site residues His16, 
His164, His161, Tyr190, Asp19, and a water molecule 
which is mediated by Asp163 and His161. The oxyan ion 

of BOG is stabilized  with the side chain of Ser98, Asp97. 
Combination with the data of enzymatic analysis, we are 
trying to figure out the detail mechanism of Orf2 in the 
pathway of teicoplanin biosynthesis. The complex crystal 
with the other substates/inhibitors are also in progress. 
The data statistics of two datasets is demonstrated on 
table 1 
 

   
 

Figure 3. A ribbon diagram of Orf2-BOG struture. The α-
helixes are colored in blue and lettered in 1-7 , and the β-
strands are colored in pink and numbered in 1-13. The 
BOG molecule is presented in green. B) The residues 
involved in the active-site cavity are colored in yellow 
and the Ni ion is presented in red sphere. 

 

 
Table 1 Data collection, phasing and refinement statistics 
of native and  complex structures 

 
Reference 
1. Biotechnology  17, 369-396 (1997). 
2. J. AM. CHEM. SOC. 128, 13694-13695(2006). 
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2Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei, Taiwan 
 

Spin-crossover (SCO) metal complexes exhibit 
intriguing molecular bistability driven by external stimuli. 
Among them, SCO in Fe(II) complexes with a d6 electron 
configuration are expected to lead to promising 
functional molecular devices such as molecular memory 
or switches. Integration of an intramolecular magnetic 
interaction and SCO in polynuclear Fe(II) complexes 
could provide auxiliary functionality, whereas much 
attention has been paid to two-step SCO in mono- or 
dinuclear Fe(II) complexes where cooperativity is 
associated with inter- and intra-molecular (short- and 
long- range) interactions. Typical Fe K- and L-edge 
absorption spectra of high spin state at room temperature 
(HS-1); of low spin state (LS-1) and of LIESST (HS-2); 
of relaxed LS state (LS-2) are depicted at figure1. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 1. Iron LII,III-absorption edge and XANES 
spectra of (a) HS-1/LS-1 and (b) HS-2/LS-2 for the 
typical SCO complex Fe(phn)2(scn)2.  
J. Am. Chem. Soc. 2000, 122, 5742-5747 
 

[{FeII( μ -bpt)(NCS)}2(4,4’-bipy) ‧ 2MeOH] and  
[{FeII( μ -bpt)(NCS)}2(4,4’-bipy)] (bpt = 3,5-
bis(pyridin-2-yl)-1,2,4-triazole) are iso-structure and was 
synthesized successfully by one-step solvo-thermal 
syntheses.  
 

 
 
 

 
 
 
Figure 2. The ORTEP view of [{FeII(μ-
bpt)(NCS)}2(bipy)] solved at 295 K with the 
corresponding atom numbering scheme; thermal 
ellipsoids are shown at 30 % probability levels 

The zigzag chain structure (Figure 2.) containing a 
dinuclear Fe complexes bridged by 4,4'-bipy ligand. It 

has only one unique Fe site in the asymmetric unit. 
However, when it undergoes a spin transition, the spin 
transition corresponds to only half of the total amount of 
Fe content. The inversion center between the two Fe 
center have to be missed and the unit cell doubled. The 
new reflections created following the doubled cell are too 
weak to be detected because of the superstructure of the 
two Fe center. The X-ray single crystal reflections were 
detected using synchrotron radiations at NSRRC 13B1 
beam line and the new reflections can be detected with 
the higher intensity x-ray beam source. The cell 
parameters with different spin state are shown at table 1.   

The unit cell doubled at and below Tc, thus two Fe 
centers can be different, namely a [HS–LS] pair of Fe(II) 
dinuclear complexes in the asymmetric unit (Figure 3).    

                    

 

 

 

 

 

 

 HS-HS at T>Tc                               HS-LS at T<Tc 

 
Figure 3.  Perspective views of the one-dim. complexes 
at different spin state. 
 
Table 1 The cell parameters of  [{FeII(μ-
bpt)(NCS)}2(bipy)] at 295K and 80K 

Complex  Fe2(μ-bpt)2(NCS)2(4,4’-bipy) 

Formula / Formula weight C36 H24 Fe2N14 S2 /828.51 

Temperature (K) 295(2) 80(3) 

Crystal system, space group Triclinic, P ī  

a (Å),  

alpha (deg.)  

9.3517(3), 

101.968(2) 

11.4755(7), 

97.733(3) 

b (Å),    

beta (deg.) 

10.4731(3), 

106.152(2) 

11.9608(8), 

107.406(4) 

c (Å),    

gamma (deg.) 

10.7219(3), 

108.691(2) 

15.4653(1), 

112.395(3) 

Volume (Å3) 947.37(5) 1796.9(2) 
 

Fe L-edge Fe K-edge 

HS 
LS 
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The Conserved Asparagine in th H-N-H Motif Serves an Important Structural Role in Metal 
Finger Endonucleases 

 
Hsin-Chin Huang (黃馨槿) and Hanna S. Yuan (袁小琀) 

 
Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan 

 
The H-N-H motif is a small nucleic acid binding and 

cleavage module, containing about 30 to 40 amino acid 
residues and bound with a single divalent metal ion. H-N-
H stands for three most conserved histidine and 
asparagine residues in the degenerate motif with less than 
a dozen of consensus amino acids. To date, more than 
one thousand proteins containing H-N-H motifs have 
been identified in all life kingdoms of the prokaryotes, 
archaea and eukaryotes (Figure 1).  

  
Figure 2. The H-N-H motif (red) of N-ColE7 (blue and 
red ribbon) is bound at the minor groove of DNA 12-mer 
(yellow). DNA is bent ~20∘away from N-ColE7. The 
zinc ion (displated as a green ball) is located closely to 
one of the phosphates in the DNA backbone. 

 
 

Protein Science 15, 269-280 (2006) 
 

The X-ray diffraction data were collected at 
BL13B1 in NSRRC.  Both N560A and N560D contain a 
disordered loop in the H-N-H motif due to the disruption 
of the hydrogen bond network surrounding the side chain 
of residue 560, and as a result, the imidazole ring of the 
general base residue H545 is tilted slightly and the 
scissile phosphate is shifted, leading to the large 
reductions in hydrolysis activities. 
  

 

 

Figure 1. The amino acid sequences of the H-N-H motifs 
in several representative proteins are aligned and these 
proteins are classified into four sub-groups: bacteriacin, 
homing endonuclease, restriction or repair enzyme and 
putative helicase or reverse transcriptase. 
 

 The three-dimensional structure of an H-N-H motif 
was first revealed in the crystal structure analysis of the 
nuclease domain of ColE7 in complex with its inhibitor 
Im7. Subsequently, the crystl structures of several H-N-H 
proteins in complex with DNA duplexes have been 
determined, including N-ColE7 in complex with an 8 bp, 
a 12 bp and an 18 bp DNA (Figure 2). In N-ColE7, H545 
is strictly conserved in the H-N-H motif because it 
functions as the general base which activates a water 
molecular for DNA hydrolysis. N560 is the second most 
conserved residues in the H-N-H motif, located in the 
loop between two 　-strands and far away from the 
endonuclease active site and the protein-DNA interface. 
It was therefore intriguing why N560 is so ceonserved in 
all of the H-N-H proteins since it can be neither a 
catalytic resudue, nor responsible for DNA interactions. 

Figure 3. Superposition of the H-N-H motif in the wild-
type N-ColE7 (in grey) and N560D (in pink) mutant. Part 
of the loop is disordered in the N560D mutant, and as a 
result, the side chain of H545 is tilted and the phosphate 
ion bound in the active site is shifted. 
 

 We suggest that the highly conserved asparagine in 
the H-N-H motif, in general, plays a structural role in 
constraining the loop in the metal finger structure and 
keeping the general base histidine and scssile phosphate 
in the correct position for DNA hydrolysis. 
 
Reference : Huang, H. and Yuan, H. S. J. Mol. Biol. 2007, in 
press. 

 
 To find out the role of the conserved N560 in the 

H-N-H motif, the structure of N-ColE7 mutants in 
complex with the inhinitor Im7, N560A-Im7 and N560D-
Im7 were determined at a resolution of 2.2 and 2.0 Å 
(Figure 3).  
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Structural Study of a Flagullin Protein from H. Pylori by X-ray Crystallography 
 

Lun-Der Lin (林倫德), Jia-Yin Tsai (蔡佳吟),  
Jung-Yu Tung (董容羽), and Yuh-Ju Sun (孫玉珠) 

 
Institute of Bioinformatics and Structural Biology, National Tsing Hua University, Hsinchu, 

Taiwan 
 

Helicobacter pylori is a gram-negative bacterium, 
which colonize the gastric mucosa of humans, causing 
gastritis and peptic ulcer disease, and is associated with 
certain types of gastric cancers. H. pylori has well-
developed systems for motility, for scavenging iron, and 
for DNA restriction and modification. Many putative 
adhesions, lipoproteins, and other outer membrane 
proteins were identified, underscoring the potential 
complexity of the host-pathogen interaction. In 1994, the 
International Agency for Cancer Research declared that 
H. pylori were a carcinogen of humans. However, we do 
not yet clearly understand the transmission of this 
bacterium. The putative polar flagellin protein from 
TIGR annotation Helicobacter Pylori plays roles in 
cellular process : Chemotaxis and Motility. The ORF for 
the flaG gene encoding putative polar flagellin protein 
(HpFlaG ) was amplified from the genomic DNA of H. 
pylori strain 26695 by the polymerase chain reaction.  

 
The X-ray diffraction data of HpFlaG crystals were 

collected at NSRRC BL13B1 beanline, in Hsinchu, 
Taiwan. The diffraction data were analyzed using 
HKL2000, and intensities were scaled with 
SCALEPACK. The NTHpFlaG crystal diffracted to 2.8 
Å belongs to P6122/P6522 space group with unit-cell 
parameters, a = 58.41 Å, b = 58.41 Å, and c = 231.79 Å 
with an Rmerge of 6.3%.  The Vm was calculated to be 
2.79 Å3Da-1, corresponding to a solvent content of 56%, 
containing two molecules per asymmetric unit. 
SeHpFlaG-NT crystals grew in 28% (NH4)2SO4, 0.1 M 
K/Na Tartrate.  The crystal size is about 0.5 mm×0.4 
mm×0.05 mm (Figure.1). The Se-NTHpFlaG crystal 
diffracted to 3.1 Å (Figure 2) belongs to P6122/P6522 
space group with unit-cell parameters, a = 58.30 Å, b = 

58.30 Å, and c = 229.89 Å, and an Rmerge of 6.6% 
(Table 1). The Vm was calculated to be 2.79 Å3Da-1, 
corresponding to a solvent content of 56%, containing 
two molecules per asymmetric unit. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. SeHpFlaG-NT crystals.  The crystal size is 
about 0.5 mm×0.4 mm×0.05 mm.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Diffraction pattern of SeHpFlaG-NT crystal.  
The data was diffracted to 3.1 Å.  
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Structural Analysis of Presqualene Synthase from Staphylococcus Aureus 
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Staphyloxanthin is a membrane-bound carotenoid. 
Golden color staphyloxanthin imparted by carotenoid 
pigments is the eponymous feature of the human 
pathogen Staphylococcus aureus. It is well known that 
carotenoids function as antioxidants, and it has been 
suggested that staphyloxanthin can protect S. aureus 
against oxidative stress. Blocking S. aureus 
carotenogenesis increases oxidant sensitivity and 
decreases whole-blood survival, suggesting a novel target 
for antibiotic therapy. The first step in Staphyloxanthin 
biosynthesis is the head-to-head condensation of two 
molecules of farnesyl diphosphate to form presqualene, 
catalyzed by the presqualene synthase CrtM. crtM 
encodes a 254-amino-acid hydrophobic protein. The 
deduced sequence of CrtM exhibits in three domains 
similarities to the sequences of Saccharomyces cerevisiae 
and human squalene synthase and phytoene synthases of 
various bacteria. 

 
Figure 1. Fluorescence scan of SeMet-CrtM crystal. 
  
 The X-ray diffraction data of CrtM were collected 

using synchrotron radiation at NSRRC BL13B1 beam 
line. The structure of CrtM was determined at 1.57 Å 
resolution and solved by multiple wavelength anomalous 
dispersion (MAD) method (fig.1). The structure of CrtM 
is entirely α-helical, and it is folded as a single domain 
with a large channel running through the center, of which 
one end is predominantly hydrophobic, and the other end 
is more hydrophibic and contains a signature “aspartate-
rich sequence” (fig. 2).The two conserved aspartate-rich 
sequence 48DDSID52 and 172DVGED176 are proposed in 
substrate binding, and three larger residues of F26, I241 
and F233 may form the floor under central cleft of active 
site to block the further elongation of final product. 

 

 

 

Figure 2. Overall structure of Staphylococcus aureus 
presqualene synthase. 
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MAD Data Collection of Se-Met Oxygenase Crystals 
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The enzyme p-hydroxyphenylacetate hydroxylase 
(HPAH) catalyzes a hydroxylation of p-hydroxy-
phenylacetate (HPA) to form 3,4-dihydroxyphenylacetate 
(DHPA).  This reaction is usually found at the beginning 
of aerobic degradation pathway for HPA, which is a 
major metabolite of lignin.  We have isolated a two-
component HPAH from Acinetobacter baumannii.  The 
C1-component of HPAH (C1-HPAH) binds FMN tightly 
and is a flavin reductase whose catalytic rate can be 
modified by HPA substrate of the C2-component (C2-
HPAH) (Figure 1).  Our studies have shown that the 
H2O2-producing reaction of the C1-HPAH can also be 
stimulated upon binding of the enzyme to various 
aromatic compounds that act as effectors to the reaction.  
These include p-chlorophenylacetate, a widely used 
pesticide that is found accumulated in many polluted 
areas.  Such phenomena open a possibility to utilize C1-
HPAH in detection of aromatic waste via production of 
H2O2.  Therefore, we would like to obtain three-
dimensional structure of C1-HPAH in order to learn about 
its mechanism and specificity of the effector.  
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Figure 2. Cryoloop geometries used for data collection: 
normal loop (upper) and L-shaped loop (lower). 
 
could be vitrified and diffracted beyond 2.7 Å resolution, 
however, initial processing has indicated a long unit cell 
in one dimension (P212121 space group; a= 48.1 Å, 
b=60.5, c=212.1 Å) and overlapping reflections at high 
resolution.  We tried to optimize crystal orientation such 
that the long unit cell was mounted along the spindle 
angle of the goniometer.  This required the rod-shaped 
crystals being mounted perpendicular to the spindle angle.  
We first used a relatively small cryoloop to scoop up a 
bigger crystal and oriented the crystal using a nylon tool 
during cryoprotectant soaking.  This has taken a lot of 
effort using the normal cryoloop geometry because of the 
vicosity of the cryoprotectant, and it turned out that the 
crystals diffracted poorly.  We finally found out that the 
oxygenase crystals might have lost their integrity due to 
air oxidation during prolonged crystal mounting period 
before vitrification, resulting in poor X-ray diffraction.  
Therefore, we built a new set of cryoloops with L-shape 
geometry (Figure 2).  This allowed us to speed up the 
crystal mounting process and successfully vitrify a crystal 
in the desired orientation.  Three data sets have been 
collected at the high-remote (12,863.00 eV), inflection 
(12,662.03 eV), and peak energies, using 0.5° oscillation 
per frame.  We were able to process the data sets to 2.7 Å 
resolution with 5–7% Rmerge and high ratios of rejection 
(up to 20%).  This probably caused by the remaining 
overlaps.  MAD phasing calculation is in progress. 

 

Figure 1. Reaction of the two-component p-hydro-
xyphenylacetate hydroxylase (HPAH), showing catalyses 
of single reductase component C1 and both reductase and 
oxygenase components C1+C2. 
Eur J Biochem 268, 5550–5561 (2001) 
 

Our objective is to collect MAD X-ray diffraction 
from crystals of both enzymes at various wavelengths (at 
least 3 wavelengths: peak, inflection, and remote 
wavelengths), which can be used to provide initial phases 
for structure determination of C1-HPAH. 

Beamtime at BL13B1 was allocated for our data 
collection during November 24–26, 2006 (2006-3 cycle).  
X-ray fluorescence spectrum has confirmed that our Se-
Met protein crystals indeed contained Se atoms with peak 
energy  of  12,664.51 eV  (0.97896 Å).    Although   they 
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Yu-Wen Hua (花玉紋), and Ming-Tsung Hsu (徐銘聰) 
 

Department of Life Science, National Tsing Hua University, Hsinchu, Taiwan 
 

Helicobacter pylori, a small Gram-negative 
bacterium, colonizes in approximately half of human 
population, induces chronic inflammation in gastric 
epithelial cells, and may further develop into various 
gastrointestinal diseases such us peptic ulcers and gastric 
cancer. Despite the hypothesis of the altered physiology 
of the stomach arising from both bacterium as well as 
high polymorphism of host, the molecular mechanism 
underlying the host-bacterium remains largely unknown. 
Given the availability of the whole genome and new 
approaches including structural genomics and proteomics, 
it is rational to investigate H. pylori molecular 
pathogenesis by those new emerging forces. For solving 
the crystal structures, we need to use different 
wavelengths to obtain the MAD data and the powerful 
synchrotron source will also help us to obtain high 
resolution data that we can get more detail of our 
structures.  

In NSRRC beamline 13B1, we collected several 
MAD data set of Selenium-LPHase. The SeMet LPHase 
crystal diffract at the resolution of 3.0 Å (peak), 3.3 Å 
(edge), 3.3 Å (remote) with Rmerge 0.13. Other SeMet 
LPHase crystal was collect SAD data, the diffraction data 
at the resolution of 3.15 Å with Rmerge below 10%.Due to 
the poor SeMet data, we tried to the heavy-atom soaking 
method to get a good diffraction data. The heavy-atom 
soaking MAD data was diffracted at resolution of 2.94 Å 
(peak), 3.2 Å (edge), 3.25 Å (remote). Now we still to 
work hard to get good SeMet LPHase and heavy-atom 
soaking crystals to get better diffraction data. 

 
Figure 1. Diffraction pattern of native LPHase crystal 
with 1 degree collected. (SP13C1 beamline) 
 

 

 

 

 

 

 
In NSRRC beamline 13C1, we collected one set of 

native LPHase data and the crystals diffract to the 
resolution of about 1.62 Å with overall Rmerge of 0.046. 
Besides we collected the data of LPHase co-crystal with 
substrate, the resolution is about 1.8 Å with over Rmerge of 
0.040.We also collected HP0294 (AmiE) native data, the 
resolution is about 2.38 Å with Rmerge below 10%. And 
the AmiE structure was solved by Molecular 
Replacement. Now we prepare the AmiE-complex and 
DR2433-complex crystal, these crystals will be collected 
in NSRRC SP13B1/SP13C1 or in Spring-8 SP12B2 
beamline.  

 

 

 

 

 

 

 

 

 

  Figure 2. Diffraction pattern of native SeMet-LPHase 
crystal with 1 degree collected. (SP13B1 beamline) 
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Helicobacter pylori, a small Gram-negative 
bacterium, colonizes in approximately half of human 
population, induces chronic inflammation in gastric 
epithelial cells, and may further develop into various 
gastrointestinal diseases such us peptic ulcers and gastric 
cancer. Despite the hypothesis of the altered physiology 
of the stomach arising from both bacterium as well as 
high polymorphism of host, the molecular mechanism 
underlying the host-bacterium remains largely unknown. 
Given the availability of the whole genome and new 
approaches including structural genomics and proteomics, 
it is rational to investigate H. pylori molecular 
pathogenesis by those new emerging forces. For solving 
the crystal structures, we need to use different 
wavelengths to obtain the MAD data and the powerful 
synchrotron source will also help us to obtain high 
resolution data that we can get more detail of our 
structures.  

During the period of SPring-8 beamline 12B2, May, 
2006. The first crystal set is about the nitrilase-related 
protein (DR2433). Several crystal data sets of DR2433 
proteins were collected using synchrotron radiation 
source. We collected one set of native data and the 
crystals diffract to the resolution of about 1.8 Å with 
mosaicity of 0.54 and the overall Rmerge below 10%. 
Besides we also collected 3 sets of MAD data and the 
crystals diffract to the resolution of about 2.0 Å with the 
mosaicity of 0.35 and the overall Rmerge below 10%. The 
structure was solved by using SOLVE/RESOLVE 
method. The mutant protein of HP1238 (AmiF) crystals 
soak with substrate diffract well to the resolution of about 
2.5Å with the mosaicity of 0.67 and the overall Rmerge 
below 10%. The mutant of AmiF apo form and ligand 
form was determined by Molecular Replacement. 
Afterward in September beamtime, several crystal sets of 
H. pylori proteins were tried to be collected by using 
synchrotron radiation source. The first crystal set is about 
the protein of Fab fragment of anti-BabA antibody. 
Because of the participation of BabA in the pathogenic 
adhesion of H. prlori, we hope to investigate the binding 
specificity of BabA from the structure of anti-BabA 
antibody. But the diffraction patterns is not good enough 
for data collection because that the time of crystal 
modification is too less to get a good environment for 
crystallization. The second crystal set is LPHase. We had 
got the native crystal diffraction data set before. This time 
we tried both SeMet crystal method and heavy-atom 
soaking method to get the structural phase. We found out 
that one SeMet crystal can diffract at the resolution of 3.5 
Å. But we finally decided to freeze it for more improving 
resolution at a stronger beamline. Other crystal sets of 

heavy-atom soaking were all not good enough for data 
collection. The best one can only reach the resolution of 4 
Å. The final crystal set is a H. pylori protein, HP0294, 
which is also called AmiE. We tried IAA-soaking 
crystals for inhibitor-complex structure and phase 
solution by iodide signal. But after all, we still didn’t get 
good data sets from those crystals’ diffraction. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1. The X-ray scattering anomalous (DR2433). 
(SP12B2 beamline) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Diffraction pattern of DR2433 native crystal 
with 1.0degree collected. (SP12B2 beamline) 

 

II - 111



 

 

 
13C1 SW6 – Protein Crystallography 

The Dodecameric Structure of Pyridoxal 5'-phosphate-containing L-aspartate  
4-decarboxylase  

 
Hui-Ju Chen (陳蕙如)1,2, Tzu-Ping Ko (柯子平)1, Nai-Chen Wang (王迺琛)3,  

Chia-Yin Lee (李佳音)3, and Andrew H.-J. Wang (王惠鈞)1,2  
 

1Taiwan International Graduate Program, Academia Sinica, Taipei, Taiwan 
2Institute of Biochemical Sciences, National Taiwan University, Taipei, Taiwan 

3Graduate Institute of Agricultural Chemistry, National Taiwan University, Taipei, Taiwan 
 

L-Aspartate 4-decarboxylase (Asd ; E.C. 4.1.1.12) 
catalyses the removal of the beta carboxyl group from L-
aspartate with complete retention of the asymmetric 
centre to produce L-alanine. It is an important enzyme to 
produce L-alanine and D-aspartate in prokaryote. The 
recombinant ASD from Alcaligenes faecalis CCRC 
11585 (asdA) and Pseudomonas sp. ATCC 19121 (asdP) 
of 533 and 553amino acids, with a calculated molecular 
weight of 59584 and 62123 Da and a pI of 5.14 and 6.75, 
respectively. Base on the sequence the asdA gene was 
overproduced in Escherichia Coli and purified to 
homogeneity. Crystallographic studies of asdA were 
initiated in order to study the relationship of the assembly 
structure and the mechanism of D-amino acid produced. 
By the hang-in vapor-diffusion method, the protein 
crystallized using 0.1M Tris pH 7.0-8.5, 0.1M LiSO4, 
20% PEG4000 at 277K for 30 days to 10 month.  

 
Preliminary X-ray analysis of asdA showed that the 

crystal belongs to space group C2221, with unit-cell 

parameters a=150.7, b=217.2, c=209.4 Å and six 
molecule per asymmetric unit. A comparable 2.7Å data 
set was measured at 180K using a synchrotron of NSRRC 
source and Raxis IV imaging plate area detector (96.6% 
completeness, Rmerge = 10.7%). The asdP protein was 
crystallized on sitting plate with 20% PEG400, and 0.1M 
TrisHCl pH8.5, 0.2M LiSO4 system. The space group of 
asdP were analyzed to F432 (unit cell a=b=c 298 Å). The 
data of methyl HgCl derivated asdP had solved for the 
phase problem. Molecular replacement are currently in 
progress in order to determine the detailed three-
dimensional structure of asdA. 

 

X-ray diffractional data of asdA 

 

 

 

 
Two recombinant ASD proteins from two microbial 

 
 

Alcaligenes faecalis  
CCRC 11585 (asdA) 

Pseudomonas sp.  
ATCC 19121 (asdP) 
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Summary of data-collection statistics of asdA and asdP
Values in parentheses are for the highest resolution shell  

                   asdA Hg-asdP

 
wavelengh
Resolution (Å)
Total observations
Unique reflections
Completeness (%)
<I/s(I)>
Rmerge (%)         

4.
13.  

1.0000
30-2.7
923449
92862
96.6(97.8)
13.3(4.3)
10.7(34.5)

1.01456
30-4.15
36057
18703
99.6(100)

1(4.15)
7(39.5)

0.99582
30-4.0
17850
14436
98.2(99.4)
4.6(4.7)
12.7(30.5)
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 RNA degradation is an important biological process, 

executed by a group of specific ribonucleases in cells. In 
eukaryotes, exosome is the most important protein 
complex for RNA degradation. The bacterial trimeric 
polynucleotide phosphorylase (PNPase) shares similar 
amino acid sequences and domain organization to 
eukaryotic exosomes. Both eukaryotic exosome and 
prokaryotic PNPase are phosphorolytic 3’ to 5’ 
riboexonucleases which use the inorganic phosphate as 
the nucleophile to attact RNA and release ribonucleotide 
5’ diphosphate products.  

 
 
 

 
Bacterial PNPase contains two RNase PH core 

domains, but mutational studies showed that only the 
second core domain bears exoribonuclease activities. 
Crystal structure analyses further show that the 
organization of the trimeric PNPase is similar to archeal 
exosome and human exosome, suggesting that a common 
RNA recognition and degradation mechasim is shared 
among the exosomes in all life kingdoms. 

Figure 2. Schematic drawing of E. coli PNPase trimer. 
Three subunits are in yeollow, purple and light blue, 
respectively. Six RNase PH domains form a ring-like 
structure with a diameter of about 95 Å.  A central 
channel is located inside the ring.  

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Crystal structure of E. coli PNPase (residues 24 
to 563). PNPase has three domains, two core RNase PH 
domains (blue and yellow) and a small α-helix domain 
connecting the two core domains (green). The C-terminal 
S1/KH domain (residues 570 to 734), was deleted during 
crystallization. The phosphate binding and the catalytic 
residues, H426, S461, S452 and D509, in the second 
RNase PH domain are displayed in red. 

 
 

Figure 3. Halved PNPase trimer showing the central 
channel. The 4-nucleotide RNA molecules are modeled 
into the active site (blue RNA in the first RNase PH 
domain and red ones in the second RNase PH domain). 
The activie site is only accessible via the central channel.  

  
We determined the crystal structure of E. coli 

PNPase at a resolution of 2.7 Å.  The X-ray diffraction 
data were collected at BL13C1 at NSRRC.  The structure 
of the trimeric PNPase revealed a central channel for 
RNA entry and processing.  The active site of the second 
RNase PH domain is capable for RNA binding as shown.  

by a model building study (see Figure 3).  On the 
contrary, the active site in the first domain is block and 
likely too small for RNA binding.  Therefore our results 
support a three active site model in a trimeric PNPase.  
More experiments are underway to reveal the detailed 
interactions between PNPase with RNA. 
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 The development of high performance catalysts in 

DMFC (Direct Methanol Fuel Cell) is of current interest 
for high energy density applications. 

 
 
 The relationship between surface composition and 

electro-oxidation properties of catalysts is still chaotic. 
The force constant of C-O bond will give us more 
precisely and complete information on CO bonding state 
and surface composition. The force constant could be 
measured by FTIR experiments. 

 
 
 
 
 
 The data collected by Magna 860 FTIR in NSRRC 

BL14A IR microscopy beamline.  
  

Results and Discussions  
 Figure 1 shows that the FTIR spectra of C-O 

adsorbed on platinum catalysts at different applied 
potentials. The wavenumber of the C-O stretch mode 
increases with applied potential, indicating the bonding 
strength of CO on catalyst is decreased by reducing the 
d-electron density of the catalyst. 

 

2150 2125 2100 2075 2050 2025 2000 1975 1950
-0.002

-0.001

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

A
ds

or
ba

nc
e

Wavenumber, cm-1

 0.05V
 0.15V
 0.25V
 0.35V
 0.45V
 return to 0.05V

2046
2053
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 Figure 2 shows that the FTIR spectra of C-O 

adsorbed on JM30 (Pt:Ru=1:1 a/o) catalysts at various 
applied potentials. The similar trend is also observed in 
the PtRu system, but the peak position at the same 
potential is lower than that of the pure Pt. It results from 
that the CO coverage in the PtRu catalyst is much lower 
than that of the Pt one. 

 
 
 
 
 
 
 Figure 3 shows the STR (Stark Tuning Rate) of the 

Pt and PtRu catalysts. The lower STR was obtained on 
the PtRu catalyst, indicating that the d-electron of Ru 
will be withdrawn more predominantly than that Pt while 
the potential is applied. 
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Introduction  
  The development of high proton conducting 

polymer electrolyte in DMFC (Direct Methanol Fuel Cell) 
is of current interest for high energy density applications. 

Nafion has been extensively applied in DMFC. 
Recently, the studies of Nafion have been focused on 
reducing the cost, to decrease methanol permeability and 
to enhance the stability. 

The micro structure of proton conducting membrane 
has significant relationship with transported properties. 
The micro structure of polymer membrane strongly 
depends on its formation history. 

The purpose of this research is to investigate the 
micro structure during the film formation processes by 
in-situ FTIR. 

 
Experiment 
The 5wt% Nafion in methanol-ethanol solution has 

been investigated by In-Situ FTIR. Both faster (10hrs) 
and slower (80hrs) formation rates are controlled. That 
means FTIR spectrum have no any changes after both 10 
and 80 hrs. 

 
Results and Discussions 
The Fig.1 shows that retain more bonding water 

during slower formation process. 
The Fig.2 shows that the stretch of S-OH shift to 

lower wave number, stretch of S=O shift to higher wave 
number, and stretch of C-F shift to lower wave number 
during the formation. Also, the shift of S-OH stretching 
and S=O stretching are more seriously in faster 
formation. 

The bonding strength strongly depends on wave 
number. The above results given that the hydrophobic 
backbone aggregated by self. Also, in the faster 
formation process, the sulfonic groups are more easily 
aggregated; but in the slower one, the sulfonic groups are 
more easily to bond with water. 
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Introduction 
Estimate Of the 5.2 million deaths from cancer per 

year in the world. The American cancer society, estimates 
that there will be 93,800 new diagnoses of colon cancer 
and 34, 00 new diagnoses of rectal cancer in the year 
2004 in the USA. Despite the improvement in diagnostic 
techniques, the vast majority of pancreatic, more than 
90% have either advanced or metastasized by the time 
they are diagnosed. Hence there is an urgent need to 
develop novel diagnostic method to detect the 
malignancy in the earlier stage. Infrared spectroscopy is 
well known for its uniqueness as a non-invasive method 
in identifying vibration structure of various materials. IR 
spectroscopy can detect and monitor characteristic 
change in molecular composition and structure that 
accompany transformation from normal to normal to 
cancerous stage. FT-IR microscopic imaging of human 
colon carcinoma has also been reported. In this report, we 
describe the results on ultraspatially resolved 
synchrotron-radiation-based FT-IR confocal 
microspectroscopy of normal and malignant tissues of 
human intestine from same patient. Significant spectral 
image differences have been observe between normal and 
cancerous tissues. The detailed analysis showed that 
phosphate content and DNA may be potential markers to 
differentiate normal from normal from diseased tissues. 

 
 
 
 
 
 
  
 
Figure 1. The diagram of all-reflecting IR microscope. 
The red and blue path indicated the incident and 
transmissive IR radiation, respectively. 

Results 
The images of bands of amide A, amide B, amide I, 

amide II, paraffin and the symmetric stretching vibration 
of PO2

- (residual of DNA) produced by integrating the 
area of spectral range 3200-3500 cm-1, 3000-3100 cm-1, 
1695-1637 cm-1, 1550-1520 cm-1, 1478-1459 cm-1 and 
1080-1100 cm-1, respectively. 

The informative PO2
- asymmetrical stretching 

vibrations and glycogen level, which occur on 1000-1300 
cm-1, provide clues to qualitative changes for phosphate 
containing DNA and glycogen. In this study, the intensity 
of these band structures for normal tissue was higher than 
cancerous types. However, the absorbance of the amide I 
and amide II bands were found no significant difference 
within different stage of disease of colon. 

Materials and Methods  
All the colon tissue sections in this study were taken 

form paraffin-embedded biopsies removed for 
conventional microscopic analysis. Colon tissue was 
sectioned to a 10 mm thick using cryomicrotome, and 
mounted on the slide. Cross-referencing between the 
stained and unstained section assisted in the location of 
regions of the sample which were of particular interest to 
infrared microanalysis. The slides were then washed 
xylene with mild shaking to hasten the removal of 
paraffin. At the step of the washing, the slides was 
removed, allowed to dry, and then selected areas were 
measured, including the areas where only pure paraffin 
was present in the initial section. Each time, the 
background was measure in the clear region. After this 
process, the slides were washed briefly in alcohol about 5 
min and another set of measurements was taken. Spectra 
were collected on a FT-IR spectrometer fitted with an IR 
microscopy with a liquid-nitrogen-cooled MCT detector. 
Infrared microscopy was performed on an infrared 
microscopy system with a 32X magnification infrared 
objective as shown in Fig. 1. Spectra were collected at 
resolution of 4 cm-1 and signal averaged for co-added 8 
scans on each data collection and apodized applying a 
Blackman-Harrirs apodization function for Fourier 
transformation. Background spectra were recorded at 
positions of the low-e slide outside the tissue sample for 
FT-IR mapping measurements.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The functional group map of the deparaffinized 
colon section of characteristic bands as shown. 
 

Summary 
The informative PO2

- asymmetrical stretching 
vibrations and glycogen level, which occur between 
1000-1300 cm-1, provide clues to qualitative changes for 
phosphate containing DNA and glycogen. In this study, 
the intensity of these band structures for normal tissue 
was higher than cancerous types. However, the 
absorbance of the amide I and amide II bands were found 
no significant difference within different stage of disease 
of colon. 
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Introduction (a)              (b)              (c)              (d)              (e) 
Infrared spectroscopy is frequently used to analyze 

the compositions of sample due to the non-invasive and 
fast analytic method. The advantages of synchrotron 
infrared radiation for microspectroscopy are now well-
documented. Its application has been demonstrated in 
studies of biological tissues and cells, semiconductor 
materials, and geology, and forensic science.  

 Medulla
Cortex Cuticle

 
 

 
(f)                 (g)             (h)                 (i)              (j) 
 

  
Materials and Methods  Hair specimens were obtained from overdose cases 

of chronic MA/A and normal people. The microtome is 
set at 3 　m for optimum hair thickness for infrared 
analysis. Hairs are cut and placed onto low-e microscopic 
slides (Kevley Technologies, Chesterland, Ohio) for 
examination under an infrared microscope as shown in 
the Fig. 1. Spectra were collected at 3-cm-1 resolution and 
signal average for about 16 scans on each data collection. 

 
Figure 2. Drug-free hair section from an individual was 
obtained as a reference for comparison as shown. 
 

A white light image of microtome slice of hair from 
a MA/A user and infrared chemical maps with indicated 
scanned region as indicated in Fig. 3(a). The spectral 
images showed amide A band correlated with the 
presence of medulla, however, amide B is nearly 
homogeneous diffuse in the whole cross section of hair as 
indicated in the Fig. 3(b, c). And the different protein 
secondary structure of amide I and amide II bands 
distributed over the same region of the cortex at 1697, 
1680, 1670, 1650 and 1550 cm-1 illustrated as in the Fig. 
3(d-h), respectively. Unfortunately, the infrared chemical 
maps showed the lack of spectral information of the 
metabolite of chronic drug abuser presence in the cortex 
regions of the hair on either side of the medulla.  

 
 
 
 
 
 
 
 
 
 

(a)                 (b)                  (c)                   (d)      
Figure 1. The diagram illustrates an all-reflecting optical 
infrared microscope. The red and blue path indicated the 
incident and transmissive IR radiation, respectively. 

 
 
 

  
Results  
The medulla and cortex were clearly to differentiate 

each other as shown in the visible image in the Fig. 2(a). 
The infrared chemical images of reference hair revealed 
that amide A, amide B, and amide I distributed no more 
than at medulla of the hair as indicated in the Fig 2(b-g) 
but the image of amide II showed a distribution close to 
the cuticle. The amide bands images of reference hair 
showed a homogeneous distribution in the medulla but 
relatively less distribution in cortex. Notwithstanding, the 
amide A image of drug abuser showed a relatively diffuse 
and heterogeneous distribution in central region including 
medulla and cortex as indicated in the Fig 2(b). However, 
the chemical images of amide I bands showed no more 
than at medulla. Only amide II band and amide B band 
exhibited a distribution along the cuticle. Also shown in 
Fig 2(i, j) were infrared spectral images of amide III band 
and sulfur-rich materials concentrated only in the cortex. 
Sulfur-materials exhibited a broad signal centered at 1066 
cm-1 as illustrated in the Fig 2(d). 

(e)                      (f)                   (g)                 (h)   
 

 
 
 

Figure 3. A white light image of microtome slice of hair 
from a MA/A user and infrared chemical maps with 
indicated scanned region as shown. 

Summmy 
SR-FTIR spectral maps indicated the utility of 

microspectroscopy for studying the distribution of 
chemical components found in scalp hair sections.  
Characteristic absorption bands can be used to localize 
and identify materials of interest. As indicated in the hair 
sections, the components of interior materials of hair such 
as amide A, amide B, amide I, amide II, and sulfur-rich 
material are readily visualized in the chemical images 
because their molecular structures give rise to distinctive 
band patterns.  
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Following an ischemic episode and/or ischemia 

reperfusion (IR) injury, as is evident in a heart attack, 
there develops within the heart an area immediately 
below the site of vessel blockage that displays significant 
cellular damage leading to overall myocardial 
dysfunction, underlying the morbidity and mortality 
associated with this disease. The extent of lipid and 
protein changes within this damaged area can be easily 
elucidated using SR-FTIR microspectroscopy, thus 
providing a greater insight into the pathology of heart 
attack.   

 Significant decreases in the intensity of a number of 
bands attributable to lipids and proteins are observed in 
the spectra of cardiac tissue subjected to IR injury (Figure 
1).  Interestingly, these changes occur as early as 24 h 
following cardiac IR injury.  Other notable spectral 
changes include a decrease in the intensity of the nucleic 
acid ν(P=O) band, indicative of DNA damage, as well as 
a slight increase in the intensity of the collagen band at 
1340 cm1, which is indicative of collagen deposition that 
is known to occur during IR injury. Studies are currently 
being undertaken to confirm these tissue changes that we 
have demonstrated through the use of SR-FTIR 
microspectroscopy using other techniques such as HPLC 
for lipid peroxidation products and histology (for 
example, refer to Figure 2) to confirm the extent of 
collagen deposition.  

 We have previously observed significant decreases 
in the intensity of lipid and protein bands in spectra of 
cardiac tissue 2 weeks post-heart attack utilising BL14A 
at NSRRC.  These changes are consistent with parrallel 
studies using individual cardiac myocytes within a 
hypoxia/re-oxygenation (HR) in vitro model of cardiac 
IR injury. Based on these observations, we proposed that 
the decrease in the intensity of the ν(C=O)lipid band 
within the spectra of ischemic tissue, was due to 
increased lipid peroxidation.  This is attributed to 
enhanced oxidative stress, known to occur during 
ischemia reperfusion injury. 

 

 In this study we sought to elucidate changes within 
the ischemic tissue at the earlier time point of 24-h post-
heart attack and to ascertain whether or not dietary 
antioxidant supplementation protects against damage to 
lipids and proteins. 

Figure 1. SR-FTIR spectra of heart tissue subjected to 
ischemia reperfusion (IR) injury (solid line) and sham 
control hearts (dotted line) demonstrating an overall loss 
in intensity within the CH stretching region (A) and 
changes to Amide I and II bands, CH bending vibrations 
(1450/1380 cm-1), collagen (1340 cm-1), and nucleic acid 
phosphodiester bands (1250/1080 cm-1) (B).  

 
 

A B 

Figure 2. Haemotoxylin and Eosin stained histological 
sections of normal (A) and IR (B) heart tissue. Sections 
were taken adjacent to sections used for SR-FTIR studies 
and demonstrate the extent of tissue damage within the 
infarcted region following IR injury. 
 
 Antioxidant supplementation has long been 
proposed as a treatment option against IR injury.  Our 
previous research has demonstrated that within a cultured 
cardiac myocyte cell line model, prior supplementation 
with the synthetic antioxidant Bisphenol (BP) protects 
against cell death upon exposure to patho-physiological 
doses of H2O2 as well as to HR injury (Rayner & Witting, 
unpublished data). In this study we sought to ascertain the 
protective effect of BP within the setting of an in vivo 
model of cardiac IR injury. Here, we found that prior BP 
dietary supplementation had no protective effect on lipid 
and protein loss and damage following IR injury, leading 
us to speculate that dietary antioxidant supplementation 
alone may not be sufficient to protect against tissue 
damage following heart attack. 

 

1700 1600 1500 1400 1300 1200 1100
Wavenumbers (cm-1) 

A
bs

or
ba

nc
e 

3100 

A 

B 

A
bs

or
ba

nc
e 

3000 2900 2800

 

II - 118



 

 

 
14A1 BM – IR Microscopy 

Chemical Distributions of Paraffin-embedded Hemangioma Tissue with FTIR 
Microspectroscopy 

 
Mao-Feng Weng (翁茂峰)1, Yao-Chang Lee (李耀昌)2, and Su-Yu Chiang (江素玉)2  

 
1Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan  

2National Synchrotron Radiation Research Center, Hsinchu, Taiwan  
 

The tissues were sliced into two pieces, one piece 
without deparaffinization was placed on low-e slide for 
measurements of FTIR spectra and the other piece stained 
with Hemalum-Eosin was placed on the glass slide for 
visible microscopy. To aid in interpretation of the IR 
results, fluorescence lifetimes of the dye-stained tissue 
were also measured with a time-resolved confocal 
fluorescence microscope.  

The chemical properties of a thin paraffin-embedded 
hemangioma tissue in three different regions with a 
confocal FTIR microspectrometer. We obtained the 
distributions of proteins to phosphates of nucleotides 
(P/N) from the area ratios of amide I and νas(PO2

-) bands 
and performed a detailed analysis of the components of 
amide I band at various locations to derive the contents of 
protein secondary structures. Variations in intensity and 
wavenumber of absorptions of phosphates of nucleotides 
and proteins are discussed based on the results for an 
understanding of protein structural changes in 
hemangioma tissues.  

Our results reveal that minute νasPO2
- signals results 

in great P/N ratios in the diseased region because of cell 
aggregations; moreover, the aggressions cause 
fluorescence lifetime shorter than that in the connective 
tissue in the studies of H&E stained tissue. We also 
observed small P/N ratios and shorter fluorescence 
lifetimes in a cracked boundary that is probably due to 
damage of vascular wall. 
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Figure 1. A representative IR absorption spectrum of a 
paraffin-embedded hemangioma tissue in a region 
1000−4000 cm-1. 
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Figure 3. (a) A visible image of the dye-sustained and 
paraffin-embedded hemangioma tissue under severely 
damaged condition. (b) Fluorescence lifetime of tissue in 
(a). (c) Distribution of P/N ratios obtained from the area 
ratios of amide I and phosphate bands. 

Figure 2. (a) A representative spectrum of the three 
components of anti-symmetric PO2

- stretching band (b) A 
representative spectrum of the nine components of amide 
I band in a region 1600−1720 cm-1. 
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FTIR were collected using synchrotron radiation 
based Fourier transform infrared (Thermo Nicolet, 
Magna-IR spectrometer). The tissue samples were 
obtained from biopsy of liver tumor (from Macky 
Memorial Hospital) specimens. The goal of this study 
will demonstrate that FTIR spectra contain the necessary 
information for differentiating normal, benign and 
malignant liver tissue.  
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Figure 1 (a), (b) show the photomicrograph of liver 
tissue. The cancerous and non-cancerous tissue separated 
by the connect region observed on the photomicrograph. 
The spectra measured from connect to cancerous region, 
every 5μm step take one spectra and scanned at same 
thickness to ensure individual discrepancy on the sample. 
The spectra reveal significant differences in the 
absorbance at range from 1226 to 1024 cm-1  and 
1659cm-1 as shown in the Fig. 2. Besides, the spectra 
shifted and shapes of spectra also changed from connect 
to cancerous region. There are significant shapes 
differences from connect to cancerous region of spectra. 
The sharp peaks observed on the connect region and the 
broad peaks observed on the cancerous region. There was 
no apparently difference at peak position range between 
2750 and 3700 cm-1 as shown in Fig. 2 (b). Fig. 3 (a), (b) 
shows the functional group map of normal and cancerous  
live section of characteristic bands of PO2

-, amide I, 
amide II, lipid, amide A, amide B. But these results need 
to confirm by statistics method or confirmed with the 
other liver tissue and get the statistics. 

(b) 

 
Figure 2. Infrared spectra in the range (a) 1000-2000 cm-1 
(b) 2700-3700 cm-1 of connect and cancerous region. 
 

 

(a) 

 

 

(b) (a) (b) 

Cancerous 
Connect 

Figure 3. The functional group map of (a) connect, and (b) 
cancerous  live section of characteristic bands of PO2

-, 
amide I, amide II, lipid, amide B, amide A. 

Scan direction 

Figure 1. Photomicrograph of liver tissue (a) ×4, original 
magnification, (b) ×32, original magnification. 
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The medicinal mushroom Reishi (Ling-Chi, G. 
lucidum) has been used in the Asia for the prevention and 
treatment of various diseases including cancer. Its 
polysaccharide constituent has been proved with the 
immune enhancing properties. We are interesting in bio-
functional and chemical composition of Reishi 
polysaccharides. The study of immuno-modulating 
effects of Reishi, the evidence of major effects 
composition are indicating that polysaccharide (b-D-
glucans) from medicinal Reishi induce biological 
response by binding to membrane complement receptor 
on immune effector cells. 

Infrared Spectroscopy for chemical analysis of 
organic compounds have been built for years. The 
organic compounds, which polysaccharide contained with 
abound uniform of functional groups and regular repeat 
units in its structure, take advantage of those complex 
structure when they match the spectrum of an unknown 
or desire compounds against that of an authentic sample. 
A peak-by-peak correlation is excellent evidence for 
identity. It is persistence of these characteristic bands that 
permits us to obtain useful structural information by 
sample inspection and reference to generalized charts of 
quality for the material source in commercial production. 
Materials and Methods 

The dried mycelium of Reishi section in this study 
was taken form paraffin-embedded biopsies removed for 
conventional microscopic analysis. Reishi sections were 
sectioned to a 10 um thick using cryomicrotome, and 
mounted on the slide. Spectra were collected on a FT-IR 
spectrometer fitted with an IR microscopy with a liquid-
nitrogen-cooled MCT detector. Infrared microscopy was 
performed on an infrared microscopy system with a 32X 
magnification infrared objective as shown in Fig. 1. 
Spectra were collected at resolution of 4 cm-1 and signal 
averaged for co-added 16 scans on each data collection 
and apodized applying a Blackman-Harrirs apodization 
function for Fourier transformation. Background spectra 
were recorded at positions of the low-e slide outside the 
tissue sample for FT-IR mapping measurements.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The diagram of all-reflecting IR microscope. 

The red and blue path indicated the incident and 
transmissive IR radiation, respectively. 
 

Results 
The images of bands of –OH, amide I, amide II, 

paraffin and the stretching vibration of C-O-C (residual of 
polysaccharide) produced by integrating the area of 
spectral range 3048-3643 cm-1, 1695-1637 cm-1, 1550-
1520 cm-1, 1478-1459 cm-1 and 938-1190 cm-1, 
respectively. 

The informative C-O-C stretching vibrations, which 
occur on 938-11190 cm-1, provide clues to qualitative 
changes for polysaccharide.The spectral image showed 
that the intensity of these band structures for Reishi 
containing spore was higher content of polysaccharide 
than that of other region. The informative –OH and C-O-
C stretching vibrations, which occur in the region 3048-
3643 cm-1 and 938-1190 cm-1, respectively, provide clues 
to qualitative changes for Reishi containing 
polysaccharide. In this study, the absorbance of OH and 
C-O-C of polysaccharide were higher than that of the part 
containing spore. Futhermore, the amide band was also 
only found in the region with spore. 

      
               (a)                                        (b)  

      
                    (c)                                        (d) 
Figure 2. The 2D infrared spectral image were for the 
functional group of (a) OH of polysaccharide, (b) amide I 
band of protein, (c) -CH of paraffin, and (d) C-O-C of 
residual of polysaccharide at 3398 cm-1, 1652 cm-1, 1471 
cm-1, and 1031 cm-1, respectively. 

 

II - 121



 

 

 
16A1 BM - Tender X-ray Absorption, Diffraction 

Temperature Dependent Ru L3 X-ray Absorption Near Edge Spectroscopy (XANES) of 
RuSr2RCu2O8 (R= Eu, Gd) 

 
B.-C. Chang (張炳章)1, H.-W. Tseng (曾新吾)1, C.-Y. Yang (楊致芸)1,  

H.-C. Ku (古煥球)1, and L.-Y. Jang (張凌雲)2 
 

1Department of Physics, National Tsing Hua University, Hsinchu, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 

Weak ferromagnetic (due to canted 
antiferromagnetic, TCurie = 131 K) superconducting (Tc = 
56 K) RuSr2GdCu2O8 was reported. [1] 
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The origin of weak ferromagnetic order is unstill 
clear. In order to observe the Ru valence of Gd-
compound, the sample was cooling down to low 
temperature by close cycle. 

The normalized Ru L3-edge (2p-4d dipole transition) 
XANES at room temperature for RuSr2GdCu2O8 as well 
as for two standards, SrRuO3 (Ru4+) and Sr2GdRuO6 
(~Ru5+), are shown in Fig. 2. The almost identical 
threshold energy Eo for the two Ru-1212 samples, as 
compared with Sr2GdRuO6 standard, indicate that Ru 
valence is close to 5+ with a similar RuO6 environment. 
Peak A is the transition form 2p3/2 to 4d-t2g and peak B is 
the transition form 2p3/2 to 4d-eg. The energy separation E 
= 2.6 eV for RuSr2GdCu2O8 and RuSr2EuCu2O8 is larger 
than 2.0 eV for RuO2 and smaller than 3.2 eV for 
RuSr2GdO6, which indicates a mixed-valence Ru4/5+ 
character. The Ru self-doping with anisotropic 
hybridization may drive the resulting Ru4+/Ru5+ mixed-
valence system metallic and ferromagnetic via a double 
exchange interaction.  

Figure 2. Ru L3-edge XANES for superconducting 
RuSr2GdCu2O8 at different temperature. 
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Figure 3. Ru L3-edge XANES for superconducting 
RuSr2EuCu2O8 at different temperature. 
 

This result provides a systematic consistent at 
different temperature. The Ru valence is almost the same 
at different temperature. The RuGd-1212 is 
paramagnetism at 300 K, weak ferromagnetism at 100 K, 
and superconductivity below 56 K. The density of states 
(DOS) is variation at different temperature. 

 
Figure 1. Ru L3-edge XANES for RuSr2GdCu2O8 and 
RuSr2EuCu2O8.  
  

The Ru L3-edge XANES for superconducting 
RuSr2GdCu2O8 at different temperature was shown in 
Figure 2. The edge energy E0 

Reference: 
[1] C. Y. Yang, B. C. Chang, H. C. Ku, and Y. Y. Hsu, Phys. 
Rev. B 72, 174508 (2005) and reference cited therein. 
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The adsorption of gold on mercaptoproyl-
functionalized SBA-15 has been studied by X-ray 
absorption spectroscopy. The SH-SBA-15-d material was 
prepared in the strong acidic environment with a reaction 
compositions of 0.017 P123 : 1 Si (TEOS+MPTMS) : 
0.05 Zr : 221 H2O : 7.94 HCl. In the adsorption of Au3+ 
ions, 200 mg of SH-Zr-SBA-15-d was dispersed in 50 
mL of 10 mM HAuCl4 solution and stirred for 0.5 h. The 
SH-SBS-15-d materials_adsorbed gold in water and 
ethanol  were named as Au@SH-SBA-15-d-E and 
Au@SH-SBA-15-d-W, respectively. If the reduction of 
gold by using NaBH4 as a reducing agent was carried out, 
the materials were named as Au@SH-SBA-15-d-ER or 
Au@SH-SBA-15-d-WR. 

     For the SH-SBA-15-d materials with and without 
the removal of P123 pore directing agent, a strong peak 
of white line at 2472.6 eV was observed. It revealed that 
the oxidation state of sulfur in SH-SBA-15 was in -1 
valent state as the same with mercaptopropylsilane and it 
was not changed after the removal of P123. For Au@SH-
SBA-15-d-W material, the peak of white line at 2472.6 
eV split into two absorption peaks at 2471.6 and 2473 eV, 
respectively, and its intensity was greatly reduced. It 
implied that the disulfite species (R-S-S-R’) was 
probably formed. Besides, a strong absorption peak at 
2480.2 eV was observed, which was the electron 
transition of sulfur with +6 valant state, such as sulfonic 
acid (R-SO3H). These results indicated that the mercapto 
groups with a zero valent state of sulfur in the SH-SBA-
15-d materials were spontaneously oxidized to disulfite 
and sulfonic groups with higher valent state of sulfur 
after adsorption of gold in the aqueous solution. For the 
Au@SH-SBA-15-d-E, three adsorption peaks at 2471.6, 
2473 and 2480 eV were seen, indicating the presence of 
disulfite and sulfonic groups. It indicated that the 
mercapto species tended to be partially oxidized to 
disulfite species and sulfonic acids when the adsorption 
of gold on SH-SBA-15-d was performed in the non-
aquepus environment. For the Au@SH-SBA-15-d-ER 
material, it showed a similar feature in the XANEs 
spectrum with the non-reduced material. It revealed that 
the reduction of gold by NaBH4 has a little affect on the 

chemical environment of sulfur.  
For the Au@SH-SBA-15-d-W material, the peak 

due to the centered Au atom to the nearest Cl atom was 
very weak and the peak contributed from the centered Au 
atom to nearest Au atom was strong, indicating that 
largely metallic gold was present. For the Au@SH-SBA-
15-d-E, only a peak contributed from the centered Au 
atom to nearest Cl atom was observed. It implied that the 
gold adsorbed on SH-SBA-15-d in the non-aqueous 
environment was in the form of cationic ions surrounded 
by chlorines. For the Au@SH-SBA-15-d-ER, the strong 
peak of centered Au atom to nearest Cl atom was retained 
and another peak with medium intensity contributed from 
centered Au atom to nearest Au atom was also found. It 
revealed that the chemical environment of gold species 
reduced by NaBH4 agent was between HAuCl4 and Au 
metal. It was noted that the excess amount of NaBH4 
agent was used to reduced gold species adsorbed on the 
SH-SBA-15-d material. In other word, the reducibility of 
NaBH4 agent was not enough to completely reduce 
cationic gold species adsorbed on SH-SBA-15-d to form 
the metallic gold nanoparticles. 
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Figure 1. (a) S K-edge XANEs spectra of SH-SBA-15-d 
and Au adsorbed SH-SBA-15-d materials, and (b) Au K-
edge Fourier transform spectra of χ(k)*k3 weighted in R 
space of Au standards and Au adsorbed on of SH-SBA-
15-d materials. 
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Background 
Metal-bearing silicate melts are a pre-requisite for 

the formation of many of the richest ore deposits.  The 
content and availability of metals in such melts depends 
on the oxidation state and the concentration of metal 
ligands such as chlorine (Cl) and sulphur (S) .  The 
behaviour of metals and their ligands during processes 
such as cooling, boiling, and eruption is poorly 
understood.  A major reason for this is that conventional 
analyses measure the concentration of elements but not 
their speciation. Speciation information is necessary for 
accurate prediction of the behaviour of melt constituents.  
Synchrotron X-Ray absorption methods allow 
information on the speciation of metals and their potential 
ligands to be measured directly. 

Aims 
The study measured S, Cl and transition metal (Mn, 

Ni, W) XANES and used the spectra to determine 
oxidation state and speciation within the melt. 

Methods 
S-bearing silicate glass samples were synthesised in 

the controlled atmosphere furnaces at RSES, ANU. S 
XANES were taken for standards with different S 
oxidation states and S nearest neighbours and for silicate 
glass samples on BL16A1.  Cl-bearing glass samples 
were synthesised in the piston cylinder apparatus at RSES, 
ANU.  Cl XANES were then measured for standards and 
a small number of glass samples.  XANES spectra for the 
metals Mn, Ni and W in standards and in the silicate glass 
standards were measured on BL17C.  Post-run analysis 
consisted of: qualitative comparison of the spectra with 
the standards; linear combination analysis of the spectra; 
and preliminary EXAFS analysis using the Ifeffit/Artemis 
software suite. 

Results 
Sulphur: S XANES spectra were taken for 48 

samples.   The XANES spectra comprise 3 main features: 
(a) W peak: a peak that only appears in W-bearing 
samples;  (b) a composite peak that appears in all spectra; 
(c) A peak in the same place that as the white line for the 
sulphate spectra.  This is labelled the SO4 peak, and is 
attributed to oxidation during sample storage.   

Only W-bearing samples show the W peak, which 
suggests that the peak records W-S bonding. Spectra 
from Mn and Ni samples are very similar, except where 
NiS has clearly precipitated; in these cases the spectra 
resembles that of Millerite (NiS).  The spectra do not 
vary significantly as a function of the major element 
composition of the silicate melt, suggesting that the bulk 
of the XANES spectra is caused by Ca-S and Mg-S 
bonding, and that the two cannot be distinguished easily. 
There is no robust relationship between the S spectra and 
the oxidation state of the experiment. However, there is a 
potentially consistent relationship between the ratio of the 
areas of components of the composite peak and metal 

content; further probe data is required to confirm this. 
EXAFS comparisons reveal no meaningful differences, 
although extended counting times might produce more 
useful data. 

Chlorine: Cl XANES were measured for a range of 
standards and for 21 silicate glass samples.  The 
standards showed signficantly different spectra for 
different cations.  The vast majority of spectra are 
consistent with CaCl2 bonding for Cl.  This is consistent 
with the preponderance of Ca as the cation in the AD mix.   

A few spectra show the signal of NaCl.  These are 
not systematically related to NaCl in the mix, so may 
indicate NaCl contamination.  Additionally, spectra for 
one of the water-free runs resemble MgCl2 more than 
CaCl2; further probe analysis is required to attempt to 
link this to bulk composition of the sample.   

Transition Metals: Mn, Ni and W: Six samples were 
analysed for W.  The spectra are all identical, in E space, 
k space   and R space. The W spectra are consistent with 
the bulk of the W being 6+ (comparison with literature 
data) and tetrahedrally co-ordinated with oxygen.  There 
is no evidence for WS co-ordination or for any systematic 
change in the W spectra with S/W ratio or oxygen 
fugacity at which the samples were created. 

Seven samples were analysed for Mn; five S-bearing 
glasses and two Cl-bearing glasses.  The spectra are 
effectively identical.  K space spectra and R space spectra 
show a similar lack of distinguishing features as a 
function of either Mn:anion ratio, the type of anion or the 
oxygen fugacity of the experiment.  The Mn spectra are 
consistent with dominance of MnO speciation within the 
melt. 

Five samples were analysed for Ni. There is no 
systematic difference in the Ni metal spectra as a function 
of Ni content, Ni:S ratio, or oxidation state of the 
experiment.  Spectra are similar to those of NiO.  EXAFS 
fitting supports the proposition that Ni has O neighbours 
at distance of around 2.0 A, slightly shorter than that 
found in crystalline NiO. 

Conclusions 
Sulphur spectra provide promising results, 

supporting the presence of a W-S species in the melt and 
with the possibility of a systematic variation in the 
sulphur composite peak as a function of the metal content 
of the melt.  Cl spectra are very similar for the limited 
range of melt compositions studied – further work is 
necessary to look for more variation.  Transition metal 
spectra are dominated by MOx signals and further 
examination is unlikely to provide additional information 
at this level, although details of bondlengths and nearest 
neighbour numbers could be obtained via EXAFS 
analysis. 
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Background  
Silicate melts in the Earth's crust carry sulphur (S) 

and metals such as the transition metals manganese (Mn), 
and nickel (Ni).  The oxidation state of the melt affects 
the ability of the melt to dissolve S and the speciation of 
the S in the melt, which, in turn, affects the capacity of 
the melt to transport metals of economic interest such as 
Mn, Co and Ni, which are thought to complex with 
reduced S in the melt . Speciation also determines the 
partitioning of elements between melts, vapours, and 
crystallising phases .  Partitioning thus affects the ability 
of a melt to form an ore deposit, and measurement of 
partition coefficients are used to interpret magma-
formation, modification and crystallisation processes.  
The partitioning of S is also important in another way, 
because melt-derived S in the atmosphere has the ability 
to affect climate. 

The aims of this study were to use XAS to examine 
the speciation of S, Mn and Ni in synthetic glasses as a 
function of metal and sulphur concentrations, and of melt 
redox state, and to assess the effect of polishing and 
oxidation on the S spectra.  Results will be used to 
improve predictive models of the relationships between 
melt redox state and composition. 

Methods 
S XANES were taken for standards with different S 

oxidation states and for silicate glass samples on BL16A1.  
EXAFS spectra were measured for a limited number of 
samples on the same beamline.  XANES spectra for the 
metals Mn, Ni and W in standards and in the silicate glass 
standards were also measured on BL17C, along with a 
small number of EXAFS spectra.  Post-run analysis 
consisted of: qualitative comparison of the spectra with 
the standards; linear combination analysis of the spectra; 
and preliminary EXAFS analysis using the Ifeffit/Artemis 
software suite. 

Results 
S XANES spectra were measured successfully for 

13 Mn-bearing samples, 5 Ni-bearing samples and 7 W-
bearing samples, as well as for 11 standards.  Co was not 
measured on this visit.  EXAFS spectra of 4 selected 
samples were taken but  Cl contamination from either the 
epoxy resin used to mount the samples or the samples 
themselves limited these scans to below the Cl K-edge.  S 
contamination from the epoxy resin was also an issue for 
the S XANES.   

S spectra from Mn-bearing samples exhibit two 
peaks, a broad peak with the edge around 2470.8 eV, and 
a narrower peak at 2480.8 eV.   The size and positions of 
first derivative maxima within the 2470.8 eV peak vary 
as a function of glass composition.  S spectra from Ni-
bearing samples show a broad peak at 2471.3 and a 
further double peak with first derivative maxima at 
2479.5 and 2480.8 eV.  S spectra from W-bearing 

samples are complex.  They exhibit a broad compound 
peak between 2470 and 2480 eV, and another compound 
peak at around 2480 eV. 

Metal XANES spectra were measured for 5 Mn-
bearing samples, 6 Ni-bearing samples and 4 W-bearing 
samples.  Two to four standards were measured for each 
metal.  Mn metal spectra are all very similar and only 
show minor variation.  Ni metal spectra show two distinct 
types, one with a pronounced white line and one without.  
W metal spectra are also all very similar with an intense 
white line with a slight shoulder to the high energy side. 

Preliminary Interpretation 
Sulphur 
The sharp peak at 2480.8 eV is attributed to epoxy 

contamination.  The other peaks are attributed to S from 
the silicate glass samples.  Most of the samples show a 
first differential maxima at around 2471.33, so this is 
attributed to S complexation with components of the 
metal-free melt.  The other maxima and associated peak 
features vary between metals and vary for samples 
containing the same metal as a function of metal content 
so these can be related to metal-S complexation.  This, in 
itself, is an important result, as such complexation has not 
been unequivocally demonstrated before.  Further 
interpretation is still in progress. 

Metals 
The shape and position of the Mn spectra are 

consistent with Mn in the melts as Mn(2+).  Most Ni 
spectra are similar to the standard NiO spectra, but some 
are similar to the millerite (NiS) spectra, so it seems 
likely that NiO and NiS complexing are present within 
the samples.  Further study is necessary to eliminate the 
possibility that the NiS spectra result from nuggests of 
exsolved NiS.  The W spectra are consistent with W as 
W(6+). 

Preliminary Conclusions 
This work has demonstrated that it is possible to 

obtain viable S spectra from the low S concentrations 
present in silicate melts, and that these spectra show a 
variation in features that can be related to sample 
compositions.  We conclude that the metals affect the S 
spectra, which suggests that metals are present as nearest 
neighbours to a significant proportion of the S in the 
silicate melts.  This is an extremely valuable result which 
justifies further study of these important Earth systems 
with this technique.  The presence of S and Cl in the 
epoxy was counter-productive and the inclusion of epoxy 
with the samples to be measured in further samples is 
undesirable.  Fortunately this is relatively simple to 
achieve by changes in the sample preparation methods.  
The metal spectra show metal in the expected oxidation 
states. 
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Experiment: 
We have used x-ray absorption near edge stucture 

(XANES) to study Chevrel Phase Superconductors 
MxSn1-XMo6S8. The superconductivity in these sample 
was checked by transport and magnetic properties meas-
urement. The x-ray absorption of Mo/S L/K-edge were 
measured by fluoscerence yield. The XAS experiment 
was crried out  at the 16A1-DCM beamline of NSRRC in 
Taiwan.  

 
Results and Discussions: 
From the sulfur K- and Mo L3-edge XANES of host 

SnMo6S8 and 3d transition metal doped compound 
Sn0.9M0.1Mo6S8. (fig.1, 2, and 3), we can see the Mo d-
band filling with electron by Fe, Co, and Ni doping but 
reversed with Cu, and Zn doping. Figure 1 shows the Fe, 
Co, and Cu doping induce sulfur K-edge shift 0.34-0.78 
eV to low energy side but Zn doping shift 0.27eV to high 
energy side relative to the S K-edge of host SnMo6S8. In 
figure 2, main peak was aligned together for both samples 
to see the p-d hybridization ligand state difference upon 
doping. Obviously, (Fe, Co, Ni, Cu)/Zn doped samples 
have low/high p-d hybridization between Mo and S ion 
and small/large crystal field splitting than that of host 
sample (see the area pointed by arrow ).  

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

The stronger p-d orbitals hybridization is correlated 
to the transport and magnetic properties. Figure 3 show 
Fe, Co, and Cu doped samples L3-edge shift 0.3eV to 
high energy side and Zn doping samples L3-edge shift 
0.2eV to low energy side. This result implied Mo valence 
in Fe, Co, and Cu doped samples was large but is less in 
Zn doped sample than the valence of host compound. 

Conclusion: 
The S K-edge spectrum show S unoccupied states 

were affect by the doping element (M). (Fe, Co, Cu)/Zn 

doped samples have low/high p-d hybridization and 
small/large crystal field splitting than that of host sample 
between Mo and S ion. The results were consistent with 
Mo L-edge spectrum that show the charge redistribution 
between Mo-S sites. We correlated transition temperature 
of superconductivity to the doping effect induced Mo 4d-
S 3p hybridization ligand state change in conclusion.  We 
conclude the d-band filling and p-d hybridization domi-
nate the physical properties of these sample  
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Figure 1. Ti K-edge absorption spectra of 600 oC calcined 
TiO2 nanoparticles for 0.5 hr, 1.0 hr, 1.5 hrs and 2.0 hrs. 

The application of TiO2 photocatalysis has received 
increasing attention since the first report of microbiocidal 
effects by Matsunaga et al. in 1985. In recent years, in 
contrast to many studies using TiO2 powder for 
photodecomposition of organic pollutants, few studies 
have investigated the application of TiO2 in life science, 
especially in the field of cancer treatment. The goal of 
this study is to identify the characters of TiO2 
nanoparticles at different treatment temperature. At 
different treatment temperatures, except that 
nanoparticles have different shapes also the phase and 
characters will be changed. Titanium dioxide crystallizes 
in three major different structures, anatase, rutile, and 
brookite. Their physical, chemical, and electronic 
properties are also different. In this study, TiO2 
nanoparticles were prepared by sol-gel process, and the 
crystal structule was identified by X-ray absorption 
spectroscopy.  
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 Figure 1 and 2 show Ti K absorption spectra of 600 
oC and 1000 oC calcined TiO2 nanoparticles for 0.5 hr, 
1.0 hr, 1.5 hrs and 2.0 hrs. From these two figures, we 
realize that whether TiO2 is anatase or rutile only relative 
to the calcination temperature, but not to the duration of 
the calcination. Anatase TiO2 and rutile TiO2 can be 
observed  in the spectra of 600 oC and  1000 oC calcined 
TiO2 nanoparticles, respectively. This result is 
consistence with thermodynamics that anatase TiO2 
would transfer to rutil TiO2 at around 720 oC.  In 
addition, , one can see that the peak intensity at the 
absorption pre-edge (A1-A3) in the spectra of 1000 oC 
calcined TiO2 nanoparticles is higher than that of  600 oC 
calcined one. However, no evident energy shift of these 
pre-edge peaks between anatase TiO2 and rutile TiO2 (Fig. 
1 and 2) can be seen. This result indicates that the degree 
of oxidizing increases with increasing calcination 
temperature.  

Figure 2. Ti K absorption spectra of 1000 oC calcined 
TiO2 nanoparticles  for 0.5 hr, 1.0 hr, 1.5 hrs and 2.0 hrs. 

4.95 5.00 5.05 5.10 5.15

 

 

d
c
b
a

ED
C

B

A3A2
A1

N
or

m
al

liz
ed

 A
bs

or
pt

io
n(

a.
u.

)

Photon Energy(KeV)

TiO2-600OC
a  0.5hr
b  1.0hr
c  1.5hrs
d  2.0hrs

 

 

II - 127



 

 

 
16A1 BM - Tender X-ray Absorption, Diffraction 

Phytoremediation Studies of Metal-hyperaccumulated Plants for the Contaminated Soils 
Using XANES/EXAFS Spectroscopy 

 
Kuen-Song Lin (林錕松)1, Ling-Yun Jang (張凌雲)2,  
Jyh-Fu Lee (李志甫)2,  and Yaw-Wen Yang (楊耀文)2 

 
1Department of Chemical Engineering & Materials Science, Yuan Ze University,  

Chungli, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
Heavy metal ions such as Cd

2+
 and Pb

2+
 are non-

essential metals micronutrients for plant metabolism, but 
when present in excess can become extremely toxic. Thus, 
when these ions are not available to the roots, plants 
develop specific deficiency symptoms. At high 
concentrations, however, these metals can become 
extremely toxic, as do the non-essential metals, causing 
symptoms such as chlorosis and necrosis, stunting, leaf 
discolouration and inhibition of root growth. 

The functional groups within the plant cell wall 
provide the amide, amine, hydroxyl, carboxylic, 
imidazole, sulfate, sulfydryl, phosphate, and thiol groups 
that can bind metals. The systems available for the 
acquisition of metal ions by the roots, transport and 
distribution around the plant, and regulation of their 
cytosolic concentrations are clearly integral to normal 
plant growth and development. By analyzing the 
energetics of these processes, in many cases we can see 
that transport proteins must play a vital role in heavy 
metal homeostasis. Throughout the entire plant kingdom 
from higher plants to eukaryotic microalgae, heavy 
metal-binding peptides, phytochelatins [PCs, (γ-Glu-
Cys)n-Gly, where n = 2-11], are well known to play an 
important role in detoxification of toxic heavy metals. 

The EXAFS and XANES spectra were collected at 
the TXR BL16A1 at the NSRRC of Taiwan. An electron 
storage ring was operated with an energy of 1.5 GeV and 
a current of 100-150 mA.  A Si(111) DCM was used for 
providing highly monochromatized photon beams with 
energies of 0.9 to 9 keV and resolving power (E/ΔE) of 
up to 7000.  Data were collected in fluorescence or 
transmission mode with a Lytle ionization detector for S 
(2472 eV) K edge experiments at room temperature.  The 
EXAFS data will be analyzed by using the UWXAFS 3.0 
program and FEFF 8.0 codes. 

At the cellular level, toxicity may result from 
binding to sulhydryl groups in proteins thereby inhibiting 
enzyme activity or protein function, or by producing a 
deficiency of other essential ions. Especially, thiol or 
sulfate functional groups are more stronger sites bound 
with Cd and Pb ions and may form Cd- and Pb-SH or Cd- 
and PbSO4 complex.  The Cd and Pb atoms and S K-edge 
EXAFS spectra indicating the Cd-S and Pb-S species 
with bond distances of 2.21 and 2.80 Å respectively were 
found in Figure 1. Coordination numbers of Cd-S and Pb-
S species were 3.9 and 4.2 respectively. These results 
may offer a further study on the hyperaccumulation 
mechanism and distribution of Cd or Pb ions in 
contaminated plant for the contaminated soils. Due to the 

heavy metals in contaminated soils may have strong 
relationships with organic matter concentration, but more 
significantly with their extractable forms. These data 
indicated the heavy metals in the soils could bond with 
humic or fulvic acid to form organometallic compounds 
that may be evaluated by EXAFS spectroscopy. The 
major routes of phytoremediation of plants include active 
metal efflux, synthesis of metal-binding peptides like 
metallothioneins, phytochelatins, and vacuolar 
sequestration. In addition, Strains or ecotypes in strongly 
metal-enriched environments have usually evolved 
exceptionally high levels of heavy metal tolerance. 
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Figure 1.  Fourier transform of (a) CdS and (b) PbS for 
sulfur K edges hyperaccumulated in the contaminated 
tissues of plants. The best fitting of the EXAFS spectra 
are expressed by the circle lines. 
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Recently, some reports have provided sufficient 

evidence that toxic metal ions (e.g. Cu(II)) are critically 
involved in the etiopathogenesis of Alzheimer’s disease 
(AD) as well as in other neurodegenerative diseases. The 
deposition of β-amyloid peptide (βAP) into senile plaque 
is an important factor in the pathogenesis of AD. A 
hallmark ofβAP is its pronounced tendency to aggregate, 
ultimately forming fibrils in which βAP adopts a β-sheet 
conformation. ΒAP aggregation has been considered the 
key parameter by which βAP formation influences the 
progression of AD. However, increasing experimental 
evidence is mounting that aggregation may not be the 
only mechanism of βAP action but that oxidative stress 
associated with metal-catalyzed transformations of βAP 
represents an important pathway of the pathology. 

The valency and fine structure of S species bound 
with Cu atom catalyzed transformations of βAP for AD 
have not been well studied. By EXAFS/XANES 
spectroscopies, the valency and fine structure of these 
toxic heavy metals in the catalytic transformations of 
βAP for AD has been widely investigated. Thus, the main 
objective of the present work was to investigate the fine 
structures and oxidation states of S species bound with 
Cu atoms accumulated in the catalytic transformations of 
βAP for AD by EXAFS and XANES spectroscopies. The 
binding sites of Cu(II) metal ions with S ligands and that 
the mechanism through which metal ions participate in 
fibrillization events were also studied. 

The EXAFS/XANES spectra were collected at the 
TXR BL16A1 at the NSRRC of Taiwan. An electron 
storage ring was operated with an energy of 1.5 GeV and 
a current of 100-150 mA.  A Si(111) DCM was used for 
providing highly monochromatized photon beams with 
energies of 0.9 to 9 keV and resolving power (E/ΔE) of 
up to 7000.  Data were collected in fluorescence or 
transmission mode with a Lytle ionization detector for S 
(2472 eV) K edge experiments at room temperature.  The 
EXAFS data will be analyzed by using the UWXAFS 3.0 
program and FEFF 8.0 codes. 

The surface of βAP might consist of biopolymer 
such as polysaccharides, proteins, and lipids, which act as 
a basic binding site of copper ions. The functional groups 
within the wall of βAP provided the sulfate (SO4

2-), thiol 
(mercaptan) or sulfhydryl (mercapto, R-SH) groups that 
can bind copper ions. Especially, thiol or sulfate 
functional groups are stronger sites bound with copper 
ions and may form Cu-SH or CuSO4 complex. The 
binding sites of Cu(II) metal ions with S ligands and that 
the mechanism through which metal ions participate in 

fibrillization events may be evaluated by EXAFS 
spectroscopy. The Cu and S EXAFS spectra indicating 
the Cu-S species with bond distances of 1.99 Å and 2.04 
Å, respectively were found in Figure 1. Coordination 
numbers (CN) of the Cu-S species from Cu and S 
EXAFS spectra were 2.2 and 2.4, respectively. The 
uptake of copper ions can take place by entrapment in the 
βAP structure and subsequent sorption onto the binding 
sites present in the structure in the catalytic 
transformations of βAP for AD. However, by using the 
XANES and EXAFS spectra, highly significant 
correlation occurred between the individual heavy metal 
on its available percentage in the catalytic 
transformations of βAP for AD may be further 
determined and studied. 
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Figure 1.  Fourier transform of CuS for sulfur K edges 
EXAFS that the S species bound with Cu atom catalyzed 
transformations of βAP for AD. The best fitting of the 
EXAFS spectra are expressed by the circle lines. 
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Abstract 
The issue on worldwide energy shortage of fossil 

fuel is rampant as the passing of millennium and becomes 
more urgent recently due to the rising economy of China, 
India and other developing countries by a large scale of 
industrialization. The global oil price is skyrocketing in 
last three years and each country is desperately seeking 
for holy grail of renewable energy sources. Nowadays the 
solar cells are considered to be promising to open a gate 
for new energy supply.  Regarding the pressure of limited 
silicon crystal supply, the attention is driven to the Cu-In-
Ga-Se and Ga-In-As-P based thin film solar cells, 
because they can utilize solar energy very effectively and 
lower the device cost. In the design of thin solar cells, we 
have to introduce a thin buffer layer such as CdS or ZnS 
in the structure to reduce probability of recombination of 
electron hole pair for a stable electric output. We intend 
to use the chemical bath deposition to prepare the thin 
ZnS film with wide energy bandgap (> 3.5 eV) as buffer 

layers for thin film solar cell applications. Our goal is to 
produce nanoscaled uniform ZnS thin films in a short 
period of time by changing the concentration of 
ammonium hydroxide in the reactant solution to be 
coupled with other optimized process conditions. The 
growth mechanism of ZnS film during the CBD process 
will be discussed. 

Chemical bath deposition (CBD) is a simple route to 
prepare II-VI semicondutive zinc sulfide thin films, 
which are formed at the surface of glass or silicon wafer 
substrates in the solution containing the precursors of 
zinc and sulfur ions in terms of ambient conditions of 
different acidity. The paper aims at the growth 
dependence of ZnS thin films in the CBD process by 
adjusting the concentration of ammonium hydroxide. Our 
results show that ultra-thin zinc sulfide films of 85 nm 
can be produced at ammonium hydroxide concentrations 
lower than 1 M. 
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The phenomena of spatial localization of the charge 

carriers and periodic arrangement of occupancy of 
specific electron orbital in transition metal oxides are the 
interesting topics in these days by condensed-matter 
physicists. The nature of metal-to-insulator transition at 
transition temperature of these oxides may be discovered 
by carefully studying these phenomena [1]. Since  fine 
epitaxial magnetite thin films fabricated by MBE 
technique are available to us, we chose it as the oxide for 
studying. As generally considered, the electronic 
fluctuation among the octahedral B-site iron ions give the 
metallic phase above Verwey transition, TV  　 122K. 
Regarding the unoccupied valence states and whether or 
not long-range charge ordering below TV, there have been 
two recent letters just standing up for an opposite points 
of view [2, 3]. To differentiate the puzzle involved, we 
choose high-quality magnetite epilayers so as to 
exaggerate the key issue of non-cubic symmetry of the B-
site ions on behalf of the tensile strained effect due to the 
interfacial lattice mismatching between the ideal 
magnetite, aB=8.396A, and MgO substrate, aS=4.213A. 

 
Figure 1. forbidden (002)reflection                        

 

 Synchrotron X-ray from the station BL16A1 of 
NSRRC was used as the light source.The sample 
thickness of magnetite produced by MBE is 793A.. 
Resonant X-ray scattering is the right method to employ. 
Figure(1) shown below is the forbidden (002) reflection 
from the empty p states of iron measured at room 
temperature. This reflection displays two main resonant 
peaks at 7114 and 7128eV checked by 4-fold symmetry 
of Fig.(2). Especially in Fig.(3), DANES spectra of 
Fe3O4(115) and (026) show more apparent feature of 
resonant excitation around the energy of 7114eV, 
whereas the electric quadruple transition is assumed, than 
the case of (004) diffraction. 

 

 

 

 

 

 

 

 
 
 

 Previous result indicates the (115) as well as (026) 
diffraction and associated forbidden reflections are 
sensible on probing electronic structures of the magnetite 
epilayer. More RXS study will deepen our understanding 
about the nature of this phase transition. 

 
Figure 2. Azimuthal Scan of (002) at 7128.2eV 
Resonance. 
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[1] D.J. Huang, p.U6 Eleventh Users’ Meeting Booklet, 
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(2001). 
[3] J.P. Wright, J.P. Attfield, and P.J. Radaelli, PRL 87, 
266401 (2001). 
[4] B.Tan, H.H.Hung,and G. Chern,"Synchrotron X-ray 
Analysis of the MBE-Grown Fe3O4 Epilayer on MgO(001)", 
published by Journal of Chinese Physics in June, 2005.  

Figure 3. DANES apectra of (115) and (026) 
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The electronic structures well below the Peierls 

phase transition temperature (180 K) of quasi-one-
dimensional (1-D) blue bronzes, K0.3MoO3, were 
investigated by angle-dependent x-ray absorption near-
edge structure (XANES) spectroscopy at O and K K- and 
Mo L3-edge along the 1-D MoO6 octahedron-chain 
direction, i.e. the b-axis, and the octahedron-in-plane 
direction, i.e. the d-axis.  

 
Figure 1 displays the normalized O K-edge XANES 

spectra of KMO and reference MoO3 along both b and d 
axes at angles of 0 to 700. The upper part of the inset 
presents the experimental geometry. The spectra reflect 
transitions from the O 1s core state to the unoccupied O 
2p derived states and the states of neighboring atoms, 
which have p-symmetry components projected onto the 
O sites. The two prominent features (A1 and B1) near 530 
and 534 eV are known to correspond to the unoccupied 
π* and σ* bands formed by hybridizations between O 2pπ 
and Mo 4 dt2g states and between O 2pσ and Mo 4deg 
states, respectively. The broad hump-like feature from 
~537 to 546 eV was attributed to Mo 5sp-O 2p 
hybridized states. The lower inset in Fig. 1 presents 
magnified near-edge features in the θ= 0, 40 and 700 

spectra along b and d axes after subtraction of the 
Gaussian background indicated by the dashed line in Fig. 
1. 

Figure 2 displays normalized Mo L3-edge XANES 
spectra of KMO and reference MoO3 at various angles 
along b and d axes. Spectral features A2 and B2 reflect 

transitions from Mo 2p3/2 to 4d orbitals and provide 
information about unoccupied Mo 4d-derived states. As 
shown in the figure the white lines clearly split into 4dt2g 
and 4deg bands. The difference between the spectral 
features of KMO and MoO3 indicates that MoO6 
octahedra are distorted by the insertion of K atoms 
between MoO6 chains, which broadens both t2g and eg 
bands. The lower inset in Fig. 2 presents magnified near-
edge features in the spectra of θ= 0, 40 and 700 along b 
and d axes, in which the intensities of the white line 
feature were subtracted with a fitted arctangent function 
of the continuum step centered at the position of the 
maximum height as indicated by the dashed line in Fig. 2. 

 
Figure 3 displays the normalized XANES spectra at 

the K K-edge of KMO measured at various angles for b- 
and d-axis cases. Since the electronic state transitions 
originate from the K 1s core level, only the states with  
pxy  (σ* band) and pz  (π*  band) symmetry centered at the 
K site are relevant. The inset in Fig. 3 presents magnified 
near-edge features of θ= 0, 40 and 700 for both b- and d-
axis cases following subtraction of the Gaussian 
background indicated by the dashed line shown in Fig. 3. 
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X-ray three-beam diffractions (200) (1-31)/(200) (-

3-11) and (200) (331)/(200) (-3-11)  with different 
interfacial primary reflections under resonant conditions 
are used to measure the concentrations of the constituent 
elements of the interface between a (100) CdTe thin film 
and a (100) InSb substrate. The intensity modification 
measured in ψ  scans along the primary reflection (200) 
of CdTe is related to the triplet-phase  involved in and 
the +, - cases, i.e., the (O, G, L) and (O, -G, -L) 3-beam 
situations,respectively. 
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Figure 3: Three-beam diffraction (200)(331) for q1 case 
near Te LIII absorption edge. 

 

As shown in Fig. 3, the triplet-phases have been changed 
drastically near the Te LIII absorption edge. The three-
beam diffraction profiles were measured at both the Cd 
LIII and Te LIII absorption edges for extracting the 
interfacial compositions of Cd/In atom and Te/Sb, 
respectively. With a theoretical analysis for the 
crystallographic phase of the structure-factor triplets and 
the resonance phase shifts involved in the three-beam 
diffraction, the exact x, y values of the hypothetical 
chemical formula Cd1-xInxTe1-ySby of the interfacial 
structure are determined. 

Figure 1: Inversion-symmetry-related (ISR) cases in real 
space.  
 
In Fig. 2, the asymmetry of three-beam diffraction 
profiles corresponding to the change in triplet-phases 
varies clearly when the sample system is in the resonant 
state. This variation occur more distinctly when the 
momentum transfer q of the primary reflection is selected 
close to the CdTe (200) exact reflection position, such as 
the q=qa case. While in figures 2(g)-(i) for q=q6 case, the 
asymmetry of profiles almost keep the same even near 
the resonant state. Because of selecting different 
interfacial reflections as the primary reflections, it reveals 
the different influence of the interfacial compositions on 
the change of triplet-phases as the system is under the 
resonant condition. The triplet phases and triplet resonant 
phases of all the different primary reflections selected can 
be determined by fitting the experimental three-beam 
diffraction profiles with an asymmetrical Lorentzian 
function.   

 

 

Figure 2. 
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 Deriving the Reaction Mechanisms of Cathode Material for Li Secondary Batteries by In Situ 
X-ray Diffraction Spectroscopy 

 
Hong-Wei Chan (詹宏偉), Pei-Yu Liao (廖珮芸), Ting Feng (方婷),  

Jyun-Yan Jiang (江峻諺), and Jenq-Gong Duh (杜正恭) 
 

Department of Materials Science and Engineering, National Tsing Hua University,  
Hsinchu, Taiwan 

 
LiMn2O4: The plateau potential difference betweenthe base 

LiMn2O4 and LiCuxMn2-xO4-coated LiMn2O4 composite 
was 50 mV. The decrease of the plateau can be related to 
the fact that the kinetics of the LiCuxMn2-xO4-coated 
LiMn2O4 composite cathode material was faster than that 
of the uncoatedmaterial.  

The precursor of LiMn2O4 was calcined at 600°C for 
10 h to form the semicrystallite LiMn2O4, then mixed 
with Cu(CH3COO)2 in deionized water. The mixture 
powders were calcined at 870°C for 10 h to synthesize 
LiCuxMn2-xO4-coated LiMn2O4 composite. The phase 
transformation of both base LiMn2O4 and LiCuxMn2-xO4-
coated LiMn2O4 during charging at 0.1, 0.5, and1 C rate 
from 3 to 4.5 V was confirmed by the in situ synchrotron 
X-ray diffractometer, as shown in Figs. 1 and 2.  

 
LiNi0.6 Co0.25 Mn0.15O2: 

Synchrotron X-ray radiation was utilized to study 
the structural change of layer-structured Li Ni0.6 Co0.25 
Mn0.15O2  during cycling.Unlike the LiNiO2 or LiCoO2 
systems, there was no new H2 phase formed during the 
whole charge–discharge process. With Li-deintercalated 
from LiNi0.6Co0.25Mn0.15O2, a single-phase reaction 
prevailed. It was reveled that both the a and c axes varied 
with different Li contents in this material system. Besides, 
the volumetric change after the first charge was only 4%; 
which was much smaller than with those of LiNiO2, 
LiCoO2, and LiMn2O4 electrode materials. As a result, a 
better structure stability was derived. 

 

 

Figure 1. In situ XRD patterns (λ= 0.619 Å) of the 2016 
coin cell with the base LiMn2O4 material as cathode 
electrode during the first charge cycle inthe potential 
region of 3–4.5 V at 0.1 C rate. 

 

Figure 3. In situ XRD patterns in the region of 2θ from 
15 to 18° for Li/LiNi0.6Co0.25Mn0.15O2 cell charged at C/10 
rate.

 

Figure 2. In situ XRD patterns (λ= 0.619 Å) of the 2016 
coin cell with LiCuxMn2-xO4-coated LiMn2O4 material as 
cathode electrode during the first charge cycle inthe 
potential region of 3–4.5 V at 0.1 C rate. 
 

Figure 4. Lattice parameters of Li1−xNi0.6Co0.25Mn0.15O2 
as a function of x during the charge. 

At this current rate of 1C rate, no phase II was 
observed at this current rate. There are two possibilities: 
First, the phase transformation was too fast to form phase 
II. Another is that the phase II was either too weak to be 
identified or was covered by interphase I and II. 
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The Capillary Condensation of Water in Mesoporous SiO2 Ultra-thin Films Study by  
XRD and XRR 

 
Kuei-Jung Chao (趙桂蓉), Kun-Chang Hsu (許坤章),  

Lu-Chih Wang (王律之), and Fang-Yi Chang (張舫嫕) 
 

Department of Chemistry, National Tsing Hua University, Hsinchu, Taiwan  
 

Ordered mesoporous materials synthesized through 
surfactant templating exhibit high porosity with channel 
or interconnected pore structures of amorphous silicate 
framework, uniform apertures in the range of 2–30 nm 
diameter and large surface area of ≤ 1000 m2/g. 
Mesoporous silica thin film and membrane have been 
considered as the most promising form of mesoporous 
silica used in chemical sensors, membrane separation, 
optical devices and electronic devices.  

 

The scope of applications of mesoporous films is 
closely associated with their pore properties such as pore 
size, porosity and pore structure. The organic template 
removal methodology has a dramatic influence on the 
porous structure and properties of mesoporous silica 
films that can be characterized by small angle X-ray 
diffraction (XRD) and X-ray reflectivity (XRR). The 
XRD and XRR data were collected using synchrotron 
radiations at NSRRC BL17A1-W20 and BL17A1-W20 
beam lines. 

Figure 1. XRR profiles of P123 films as-synthesized (a) 
and UV-ozone treated (b) formss. 

 

Mesoporous silica films of thickness ~0.15 μm 
supported on silica wafer substrates were fabricated by 
sol-gel dip-coating method through P123 surfactant 
templating synthesis. UV-ozone was used to remove the 
template and release the film mesoporosity. That was 
found to exhibit high porosity (~45 %) and a channel 
structure with uniform pore size in the range of 4.2 nm. 

However, XRR technique was used to investigate 
the film thickness, density and surface roughness under 
different relative humidity (RH). The small angle XRD 
was employed for check the mesostructures of 
mesoporous silica thin film. From the results of XRR, the 
critical angle of mesoporous film indicates that the 
densities of silica films treatment with UV-ozone exhibit 
high porosity, ordering texture and different capability of 
water uptake under different RH.  

Figure 2. Evolution of the critical wave vector qc of the 
film as a function of the increasing flow time (3~37 min) 
under RH=65 %.  
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Studies of Self-assembled Supra-structures of H-bonded Superdiscs and Macrocyclic Liquid 
Crystals by X-ray Diffraction 

 
Hsiu-Hui Chen (陳秀慧) and Hsiu-Fu Hsu (徐秀福)  

 
Department of Chemistry, Tamkang University, Tamsui, Taiwan 

 
Covalent interactions have been conventionally 

ulitized for constructing molecules with desired 
functionalities, for example, materials for information 
display. On the contrary, specific intermolecular 
interactions, such as hydrogen bondings, have been 
overlooked as a power tool for assembling architechtures 
that can not be easily achieved by the conventional 
covalent approaches. Recently, demands of anisotropic 
properties of bulk materials have urged the development 
of constructing molecular skeletons by specific 
interactions. Hydrogen bonding has been the most studied 
interaction among various specific interactions since it is 
well studied among them. In order to utilize this powerful 
tool to accomplish infinite two- or three-dimensional 
networks, we have aimed on self-assembled 
organizations based on disc-like molecules. The infinite 
structures are to be realized from simple systems like 
hydrogen bonded hetero-dimers. Accordingly, we have 
prepared disc-like hydrogen donors and disc-like 
hydrogen acceptors. Their optical and mesogenic 
properties have been investigated. Moreover, these two 
have been subjected to hydrogen bonding studies. Herein, 
the mesogenic as well as preliminary powder X-ray 
diffraction studies of a disc-like hydrogen donor, 
compound 1, and a disc-like hydrogen acceptor, 
compound 2, are reported (Scheme 1).  

The mesogenic properties of compounds 1 and 2 
were studied using differential scanning calorimetry 
(DSC) and polarized optical microscopy (POM). Under 
microscope, compound 1 showed two mesophases befor 
decomposing at 230 oC on the heating. When melted 
under POM, compound 2 showed focal conic texture 
typical for the columnar mesophase before decomposition 
at 256 oC.  

Investigations of the hydrogen bonded complex 3 by 
heating the 1:1 mixture of  1 and 2 was performed using 
nuclear magnetic resonance spectroscopy (NMR) and 
POM. Hydrogen bonding between the two components 
was confirmed by the disappearance of the transition 
temperatures of the two upon heating. Instead, a new set 
of transition temperatures was detected. The hydrogen 
bonding was further confirmed by NMR studies of the 
two single components and the complex. The signals 
corresponding to the aromatic region of compound 1 have 
shifted to the downfiled region after complexation.  

In order to detail the structural information of the 
hydrogen bonded complex, powder X-ray diffractions 
(XRD)  were performed. As showin Fig. 1, two sharp 
signals in the small angle region and two broad halos in 
the wide angle regime were observed for the columnar 
mesophase of 1.  The two small angle signals are indexed 
to the 200 and 110 reflections of a rectangular columnar 
arrangement. At higher temperature, one broad signal in 
the small angle region and a halo in the wide angle part 
were observed as shown in Fig. 2. The diffractogram 

resembles that of the typical discotic nematic phase. 
Based on the POM and XRD results, a discotic nematic 
phase is assigned.  

In future, XRD studies of the complex as well as 
other hydrogen bonded systems currently developed in 
our laboratory are to be investigated to probe the possible 
long range ordering of these systems. 
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Scheme 1 Sturctures of the discotic molecules 1 and 2. 

 

Figure 1. XRD pattern for compound 1 in the columnar 
mesophase temperature range. 

 

 

Figure 2. XRD pattern for compound 1 in the nematic 
mesophase temperature range. 
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In-situ XRD Studied on the Formation Mechanism of Mesoporous SBA-15 Materials with 
Very Short Meso-channels 
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Jey-Jau Lee (李之釗)2, and Soofin Cheng (鄭淑芬)1 

 
1Department of Chemistry, National Taiwan University, Taipei, Taiwan 

2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 
 

Recently, our group has developed a facile route to 
synthesize large mesoporous SBA-15 material with 
highly-ordered 2D-hexagonal P6mm pore structure, thin 
hexagonal morphology and unusually short meso-
channels, which was less than 350 nm. This material is 
expected to have potential application in the industry 
because the homogeneously incorporation of catalytic 
sites inside the mesopores can be achieved and the target 
molecules can easily diffuse into the meso-channels to 
produce the designed products by catalysis. The SEM and 
TEM photograph have confirmed that the Zr-incorporated 
SBA-15 material in the form of solid powder owned 
ordering well-ordered 2D-hexagonal p6mm pore structure, 
unique morphology of thin hexagonal plate and unusually 
short meso-channels (less than 350 nm). The in-situ XRD 
patterns of Zr-incorporated SBA-15 material are shown 
in Figure 1. The synthesis solution was X-ray amorphous 
before adding TEOS. However, a broad diffraction peak 
at around 0.61o corresponding to the d spacing of 12.5 nm 
was promptly observed while the TEOS was added for 7 
min. The other diffraction peaks were gradually observed 
when the reaction was carried out only for 30 min. The d-
spacing of Zr-incorporated SBA-15 material was larger 
than that of pure siliceous SBA-15. It implied that the 
aggregation of P123 micelles was somewhat different in 
the presence of Zr4+ ions in the synthesis solution. Three 
diffraction peaks of (100), (110) and (200) planes 
corresponding to the d spacings of 13.9, 7.96, 6.93 nm 
were clearly found only just reacted for 1 h. These results 
indicated that the hydrolysis and condensation rates of 
silicate on the P123 micelles was accelerated in the 
presence of Zr4+ ions in the synthesis solution. The 
formation of lengthy meso-channels was probably 
hindered by the fast condensation rate of silicate species 
so that the resultant Zr-incorporated SBA-15 has unusual 
short meso-channels. 

    Comparatively, no diffraction peak was observed 
in the low-angle region in the beginning of reaction, 
indicating that no periodic ordering was present. After 
TEOS hydrolyzed for 52 min, a broad diffraction peak at 
around 0.659o correspond to the d spacing of 11.6 nm 
was found. The intensity of this peak was gradually 
enhanced and its position was slightly shifted to 0.672o 
by prolonging the reaction period. On the other hands, the 
diffraction peaks corresponding to the (110) and (200) 

planes were progressively observed. After 2 h, the d-
spacings of (100), (110) and (200) diffraction peaks were 
11.4, 7.51 and 6.53 nm, respectively. The structural 
shrinkage due to the condensation of silicate on the P123 
micelles was ca. 2 %. Further reaction for 24 h, the 
intensities of three diffraction peaks was increased and 
their positions was slightly shifted toward relatively high-
angle region. It implied that the pore structure of resultant 
SBA-15 material was more ordering due to the 
completely condensation of silicate species on P123 
micelles.  
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Figure 1. In-situ XRD patterns of Zr-SBA-15 with very 
short meso-channels. 
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Figure 2. In-situ XRD patterns of pure siliceous SBA-15. 
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Synthesis and Characterization of Carbon Mesoporous Materials 
 

Chi-Feng Cheng (鄭吉豐), Po-Wen Cheng (鄭博文), and Chun-Lin Chen (陳俊霖) 
 

Department of Chemistry, Chun Yuan Christian University, Chungli, Taiwan 
 

Carbon mesoporous materials with variable pore 
size, wall-thickness, microporosity and morphology were 
synthesized using the template of MCM-48, SBA-15 and 
SBA-16 with different wall-thickness, pore size, 
microporosity and morphology. Hollow pipe-like 
nanoporous carbon will be also prepared and its inside 
diameter will be controlled using various amount of 
organic sources such as sucrose, glucose, xylose, furfuryl 
alcohol and in-situ polymerized phenol resin.  

We have developed a chemical vapor deposition 
method at low temperature to form a carbon layer coated 
on the pore walls. The XRD patterns and N2 adsorption-
desorption isotherms of ordered mesoporous carbon were 
obtained from samples via 10% HF etching process. The 
XRD patterns in Figure 1 show the highly hexagonal 
order nanoporous structure nanoporous carbon materials 
prepared with different carbon source amount. The main 
Bragg reflections in the range of 0.50<2θ<10 can be 
indexed as (100), (110) and (200) hexagonal diffraction 
patterns. The X-ray diffraction dat  were collected using 
synchrotron radiations at NSRRC BL17A1 beam line.  
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Figure 1. The XRD patterns of highly order nanoporous 
carbon materials prepared with different carbon source 
amount 

The existence of two different kinds of pores in the 
tubular-like ordered mesoporous carbon under study was 
more easily seen from the pore size distribution (PSD) 
diagram. The hexagonally ordered arrays of carbon 
nanopipes were obtained from the polymerization of 
furfuryl alcohol onto the SBA-15 silica channels and 
subsequent carbonization. The tubular-like nanoporous 
carbon exhibited two different types of pores. One type 
of pore is generated in the inner part of the channels that 

are not filled with carbon precursor. The other type of 
pore is obtained from the spaces where the silica walls of 
the SBA-15 template had previously been. Figure 2 is the 
pore size distributions of OMC samples with the different 
FA/SBA-15 silica ratios, calculated from the desorption 
branch of the isotherms using BJH method. From 
observation of PSD plots, the pore centered at high PSD 
value can be controlled from 4.0 to 3.7 nm by adjusting 
the ratios of furfuryl alcohol/SBA-15 from 1.25:1 to 
1.75:1. The PSD for OMC-3 sample shown in figure 2(c), 
reveals a small peaks at 3.7 nm and a broad peak over a 
range from 3.5 to 2 nm. The broaden peak featured a 
peak accompanied by a shoulder at somewhat higher pore 
size values, among 3.2 nm. The larger pore diameters 
decrease with increasing the FA/SBA-15 ratio is another 
evidence of the pore was comes from carbon nanopipes. 
Because the PSD value of the pore originated from SBA-
15 silica walls is almost constant at 2.5 nm, even 
increasing the FA/SBA-15 ratios from 1.75:1 to 3:1. 
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Figure 2. Pore size distributions of OMC samples 
obtained with the different FA/SBA-15 silica ratios (a) 
1.25:1; (b) 1.5:1; (c) 1.75:1; (d) 2:1; (e) 3:1. 
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The long-established uses of nano-sized fumed silica 
powders appear to be as a catalyst base, adsorbent, 
reinforcing filler of polymer, and additives for many 
industrial applications. In principle, the mesoporous 
silicas with high porosity must possess the advantages 
(such as high porosity and surface area) over fumed 
silicas in applications only when the particle size can be 
reduced to nano-scale. In this regard, various synthetic 
approaches using complicated compositions have been 
provided to prepare the nanoparticles of mesoporous 
silica. Microporous (pore diameter ≤ 2 nm) 
aluminosilicate materials such as zeolites admit 
molecules below a certain critical size into their extensive 
internal space, which makes them of considerable interest 
as heterogeneous catalysts and sorbents. Nanoscaled 
large pore mesoporous molecular sieves using the 
triblock copolymer as a template will be prepared in this 
study. Parameters such as pH, raw material 
concentrations, temperature, adding sequences will be 
studied systematically for the optimization of preparing 
nanoscaled large pore mesoporous molecular sieves.  
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Figure 1. The XRD patterns of nano-scaled large pore 
mesoporous materials prepared with different reaction 
time (A) 1hr, (B) 2hr, (C) 3hr and (D) 4hr. 

The XRD patterns in Figure 1 show the hexagonal 
order nanoporous structure of nano-scaled large pore 
mesoporous materials prepared with different reaction 
times. The main Bragg reflections in the range of 
0.50<2θ<3 can be indexed as (100), (110) and (200) 
hexagonal diffraction patterns. Figure 2 displays the SEM 
images of nano-scaled large pore mesoporous materials 
prepared with different reaction. It can be observed that 
the particle size of nano-scaled large pore mesoporous 
materials was dependent on the reaction times. 
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Figure 2. SEM images of nano-scaled large pore 
mesoporous materials prepared with different reaction 
time (A) 1hr, (B) 2hr, (C) 3hr and (D) 
4hr.
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Figure 3. 27Al NMR spectra of calcined nanoscale 
aluminosilicate mesoporous particles with different Si/Al 
molar ratios (a) 120, (b) 60, (c) 30, (d) 20, (e) 10, (f) 5. 

27Al MAS NMR spectra are potentially very helpful 
for probing the quantity, coordination, and location of 
aluminum atoms in aluminosilicate materials. 27Al MAS 
NMR spectra (Fig. 4) of calcined nanoscale 
aluminosilicate mesoporous particles with varied Si/Al 
molar ratios give an intense resonance at 54 ppm from 4-
coordinate (framework) aluminum and a lower intensity 
line at ca. 0 ppm from 6-coordinate (non-framework) 
aluminum. Intensity for resonance at 54 ppm increases 
with enhancing the Al amount in gel, thus amount of 
framework aluminium. 
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Structural Characterization of Mesoporous Materials Contained Nanosized Tungstate 
 

Ching-Yuan Cheng (鄭景元) and Kuan-Jiuh Lin (林寬鋸) 
 

Department of Chemistry, National Chung Hsing University, Taichung, Taiwan 
 

Our research focuses on the design and synthesis of 
new classes of nanocomposied material that are interest 
in material sciences. Using different methods such as 
surfactant -template or self-assembly routes, we have 
been able to control the nano-composite inside the 
framework that is dominated in physical and chemical 
performances, such as semiconductor, photo -luminescent 
or catalysis. 

  

 
Since 1998, Dr. Noyori gave an idea that adipic acid 

was synthesized through the homogeneous catalysis by 
tungstate species. This replaced traditional method that 
nitrous oxide (N2O), which cause global warming and 
ozone depletion, is accompanied during industrial 
processes. In our works, we try to combine tungstate 
species with mesoporous materials to be a heterogeneous 
catalysis that is without the issue of catalyst separation 
and related pollution.    

Figure 1. X-ray powder diffraction patterns of WSBA, at 
the molar ratio of W/Si are (a) 0.01, and (b) 0.025. 
 

 

 
The X-ray diffraction data were collected by using 

synchrotron radiations at NSRRC BL17A station. The 
accessibility of tungstate species on silica framework is 
the key point for the synthesis of tungstate contained 
mesoporous materials.  

 
From Figure 1 when the molar ratio of W/Si 

increases from 0.01 to 0.025, the materials are still 
mesoporous structure. However, the mesostructure 
collapses of materials are observed when the ratio of 
W/Si increases from 0.033 to 0.1.  

Figure 2. X-ray powder diffraction patterns of WSBA, at 
the molar ratio of W/Si are (c).0.033, (d) 0.05, and (e) 0.1.
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Liquid Crystalline Behaviour of 1, 2, 3-tri Alkyl Substituted Imidazolium Salts 
 

I.-H. Cheng (陳英翰) 
   

Department of Chemistry, Fu Jen Catholic University, Taipei, Taiwan 
 

The mesomorphic structure of [(CnH2n+1)3-im]Br 
was also examined by powder X-ray diffraction (XRD). 
The solid sample at room temperature has a layered 
distance of 29.0Å. The diffraction taken at 180°C at 
mesophase exhibits a strong (0 0 1) and a very weak (0 0 
1) reflections at low angle and a faint halo at the vicinity 
of 2θ=20°. This observation suggests a lamellar 
mesophase.  The low angle reflections are assigned to a 
lamellar structure with a repeating d-spacing of 21.7 Å. 
The observed weak broad band suggests a fluid-like alkyl 
chains with an averaged chain-chain distance of 4.5 Å. 
The  difference in the d-spacing between the solid and 
mesophase suggests that the structural difference. 
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The Studies of Novel Anode Materials for Li Secondary Batteries 
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Hsinchu, Taiwan 

 
The novel Ni-Sn-P/MCMB composites anode 

material by electroless plating method for lithium-ion 
batteries have been prepared and investigated because of 
the high capacity. The nanosize Sn-Ni-P alloy particles 
was precipitated not only on the surface but in the interior 
of MCMB powders, as indicated in Figs. 1 and 2.The Ni-
Sn-P/MCMB composite anode exhibited large capacity 
(418 mAh/g in the tenth cycle) and the coulombic 
efficiency of the Ni-Sn-P/MCMB anode is as high as 98 
% even after the twenty-fifth cycle, as present in Fig. 3. 

 

However, the study of Sn aggregation during the 
discharge/charge process is limited. The in-situ X-ray 
diffraction is one of the important  method to investigate 
the information of Sn aggregation during 
discharge/charge process.Recently, the in-situ X-ray 
patterns of Ni-Sn-P/MCMB composit anode during 1st 
charge were investigated, as shown in Fig. 4. The in-situ 
X-ray data were collected using synchrotron radiation at 
NSRRC BL17A1 beam lines. 

 

 

 

Figure 3. (a)Cycle performance and (b)Coulombic 
efficiency of Ni-Sn-P/MCMB and bare MCMB 
electrodes 

 
 It was observed that Sn was aggregated until 1.3 V 

during charge, and the aggregation voltage of Sn in Ni-
Sn-P/MCMB anode is high than that in the literature. It is 
proofed that carbon and the inactive material, such as Ni, 
could be a volume expansion absorber. Figure 1. Elemental redistribution on the surface of 

MCMB powders: X-ray color mapping of (a) P, (b) Sn, (c) 
Ni, and (d) SEI image 
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 Figure 4. The in-situ X-ray patterns of Ni-Sn-P/MCMB 
composit anode during 1st charge. Figure 2. Elemental redistribution in the interior of 

MCMB powders: X-ray color mapping of (a) P, (b) Sn,  
(c)Ni, and (d) SEI image 
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Studies of Self-assembled Supra-structures of H-bonded Superdiscs and Macrocyclic Liquid 
Crystals by X-ray Diffraction 

 
Hsiu-Fu Hsu (徐秀福), Chung-Hao Kuo (郭仲豪), and Hsiu-Hui Chen (陳秀慧) 

 
Department of Chemistry, Tamkang University, Tamsui, Taiwan 

 
Self-assembly has been recognized as a very power 

process for preparation of materials to be used in 
applications in optoelectronic and biological fields. Such 
process may lead to novel materials that cannot otherwise 
be achieved by traditional chemical synthesis. One of the 
great advantages for self-assembly is that well-defined 
structures in two-dementional and three dimentional 
network structures can be obtained. We have focused on 
systems that can be utilized to afford two dimentional 
networks by hydrogen bonding interactions or other weak 
intermolecular interactions. The gaol is to develop 
systems that can form a ultra-thin films on a conducting 
substrate, e.g. a gold surface, as surface modifications for 
applications in optoelectronic devices. Herein, discotic 
moilecules with designed functional groups that can 
generate linking process with other molecules to form 
two-dimentional network structures. 

Target materials are shown in Figure 1. One or more 
unique sidearms are incorporated onto these discotic 
molecules. The unique side-arms are to be used for 
generation of the aforementioned network structures. 
However, in the preliminary stage, self-assembly process 
with weaker interactions, e.g. π-π and van der Waal 
interactions, are examined.  

Scheme 1 outlines the synthesis of discotic 
compounds 1~3. By polarizing optical microscopy and 
differential scanning calorimetry, their self-assembly 
behaviors expressed by liquid crystalline properties was 
obtained. Compound 1, 2, and 3 all showed discotic 
nematic packing motifs with thermal treatments. 
Different tyhermal properties are reflected by the 
different structural features of these compounds.  

In addition to investigations by polarizing optical 
microscope, the nematic superstructures were also 
subjected to powder X-ray diffraction studies in order to 
gain insights of the intermolecular correlations. The XRD 
pattern of compound 1 and 2 are shown in Figure 2 and 
Figure 3 respectively. Similar diffraction patterns were 
exhibited by both compounds. A broad signal at small 
angle regime accompanied by a even broader halo in the 
wide angle region indicates the molecules are packed in 
nematic manner. The small angle signal roughly 

corresponds to the rigid part of the disc. Hence, 
interdigitation of the flexible portions of the discotic 
molecules within the same layer is proposed according to  
the results of the small angle signal. The even broader 
halo at ~4.2 Å indicates disordered liquid-like 
organization of the side chains. These diffraction results 
correlate the observed nematic behaviors of these 
compounds by polarizing optical microscope.  
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Figure 2. XRD pattern for compound 1 in its liquid 

crystalline temperature range. 
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Further details about the superstructures of 
compounds 1 and 2 can be revealed by comparison of 
their XRD patterns. Analysis of the peak widths, longer-
range order is shown for compound 2 than compound 1. 
The outcome indicates that manipulation of delicate 
intermolecular correlations can be achieved by subtle but 
proper molecular designs.   
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Figure 3.  XRD pattern for compound 2 in its liquid 

crystalline temperature range. 
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Scheme 1 Sturctures of the discotic molecules 1, 2, 
and 3. 

The molecular designs are complished and their slef- 
assembly behavior through weak interactions have been 
confirmed. Further applications for the formation of two-
dementional networks are to be performed in the near 
future. 
 
* to be submitted to Adv. Func. Mater. 
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Investigation on Structural Stability of Na(NiMn)1/2O2 at Various Temperatures 
 

Bing-Joe Hwang (黃炳照)1, Shao-Kang Hu (胡少剛)1, Tzu-Hung Yu (游子弘)1 
 Hwo-Shuenn Sheu (許火順)2, and Wei-Tsung Chuang (莊偉綜)2 

 
1Department of Chemical Engineering, National Taiwan University of Science & Technology, 

Taipei, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
The structural stability of Na(NiMn)1/2O2  prepared by 

sol-gel process at various temperatures has been 
investigated in this work. In addition, layered 
Li(NiMn)1/2O2 was also synthesized by an ion exchange 
method using layered Na(NiMn)1/2O2  as a raw material. 
Layered Na(NiMn)1/2O2 has more ordering layer stacking 
than Li(NiMn)1/2O2. Therefore, it is necessary to check the 
structural stability of synthesized Na(NiMn)1/2O2 at various 
temperatures  
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As shown in Fig. 1, the layered Na(NiMn)1/2O2 was 
heated from room temperature to 550 oC and then the 
sample was cooled to room temperature again. The in-situ 
X ray diffraction patterns were performed during the 
heating process. The XRD spectra shows that the cell 
volume of the layered Na(NiMn)1/2O2 were varied with 
changing the  temperature, but the layer structure does not 
have any major variation during this heating and cooling 
process.  

Figure 1. In-situ X ray diffraction patterns of 
Na(NiMn)1/2O2 at various temperature 
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As can be seen in Figure 1, an obvious structural 
change at 2θ range of 22~24o was observed when the 
layered Na(NiMn)1/2O2 was heated to 550 oC. The 
diffraction peak can also be observed in the cooling 
process, as shown in Fig. 2. This result indicates that the 
structural change is an irreversible reaction. Comparison of 
these diffraction patterns shows that the Na(NiMn)1/2O2 
layer structure was stable between temperatures 25 and 500 
oC. Further, this result reveals the layered Na(NiMn)1/2O2 
is a good candidate to be used in ion exchange process to 
synthesize a low cation mixing Li(NiMn)1/2O2. The high 
thermal structural stability also indicates the layered 
Na(NiMn)1/2O2 does not cause any structural variation in a 
surface modification process with heat-treatment at 400 oC.  

 

 
Figure 2. In-situ X ray diffraction patterns of 
Na(NiMn)1/2O2 at various temperature in 14o to 28o (2θ) 
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Phase Behavior of Mesoporous Silicas SBA-1 and SBA-15 via Alcohol and  
Sugar-assisted Synthesis 

 
Hsien-Ming Kao (高憲明) 
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The effects of various synthesis parameters on the 

phase control and transformation of the SBA-1 
mesostructure under strongly acidic conditions have been 
systematically investigated. These parameters include the 
surfactants with different headgroup sizes 
(cetyltriethylammonium bromide vs. 
cetyltripropylammonium bromide), acid concentration, 
reaction temperatures, periods of time for hydrothermal 
treatment, and various additives such as alcohols and 
sugars. We have used D-fructose and various alcohols as 
additives for the phase control of SBA-1, as shown in 
Figure 1 and Scheme 1. We also have synthesized well-
ordered cubic mesoporous silicas SBA-1 and FDU-12 
functionalized with various organic groups (e.g., vinyl, 
SH, cyanide) via room temperature co-condensation of 
tetraethoxysilane (TEOS) and organotrimethoxysilanes 
templated by cetyltriethylammonium bromide (CTEABr). 
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Figure 1. XRD patterns of SBA-1 materials synthesized 
by adding different types of alcohols in the synthesis 
mixture as a function of synthesis temperature.  
 

The surfactant packing depends on the molecular 
geometry of the surfactant species. The surfactant 
packing parameter, g, given by g = V/(a0 l), where V is the 
total volume of the surfactant chain, a0 is the effective 
headgroup area at the organic-inorganic interface, and l is 
the surfactant chain length, is considered to be a useful 
molecular structure-directing index to characterize the 
geometry of the mesophase products [3]. Therefore, the 
structural properties of the surfactant, such as the number 
of carbon atoms in the hydrophobic chain, the degree of 
chain saturation, and the size or charge of the headgroup, 
are also very important to direct the phase configuration 
and to determine the final forms of the mesostructures. A 
large headgroup surfactant favors a smaller surfactant 
packing parameter, which results in conical effective 

surfactant shapes. Cones can efficiently pack into 
spherical micellar structures with high interfacial 
curvatures. Since the structure of SBA-1 corresponds to 
the micellar structure with a high surface curvature (g < 
1/3), the headgroup size of the surfactant is an important 
factor for controlling the phase formation of SBA-1. For 
example, a hexagonal SBA-3 mesophase is formed when 
cetyltrimethylammonium bromide (CTMABr) was used 
as the template, while a cubic SBA-1 mesophase is 
preferentially formed at low temperature, such as 273 K, 
by using a larger headgroup surfactant CTEABr. By 
contrast, a hexagonal SBA-3 structure was formed. Since 
then, there is no report of a successful synthesis of SBA-1 
using CTPABr. Given that a larger headgroup surfactant 
prefers the formation of the mesophase with a smaller g 
value like SBA-1, therefore, it is of great interest to 
compare the mesostructures synthesized with the 
different types of alcohols and to investigate the effects 
on the preservation of the cubic SBA-1 mesostructure as 
a function of synthesis temperature. We found that the 
cubic Pm3n mesophase can be stabilized at high synthesis 
temperatures, simply by adding alcohols with short 
carbon chains such as methanol and ethanol, or polyols 
(for example, D-fructose, glycol, and D-sorbitol) as 
cosolvents during the synthesis. On the other hand, the 
addition of alcohols with medium carbon chains like 1-
butanol can lead to the formation of a hexagonal 
mesophase rather than a cubic mesophase.  

:MeOH, EtOH or polyols

:Cl-
Cubic

(Pm3n)

Temperature

increases

(b) MeOH, EtOH
or polyols

++

+

+

+

+

+
+

+

+

-
-

-

-

-
-

-
-

-

Hexagonal 
(P6mm)

- - -
+ + +

- - -
+ + +(a) No R-OH

or with 1-butanol

1/3 < g < 1/2

g < 1/3

Phase transformation vs. Alcohol addition

Short-chain alcohols such as methanol and ethanol or polyols act as cosolvents
whereas long-chain alcohols like butanol act as cosurfactants

 
In conclusion, we have presented a novel synthesis 

route for the preparation of well-ordered and stable SBA-
1 materials over a broad self-assembly reaction 
temperature, by simply using D-fructose and some 
alcohol molecules as an auxiliary agent during the 
synthesis. Recently, we have published at least 5 papers 
regarding the synthesis and characterization of 
mesoporous materials. 
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Synthesis and Catalysis of Tungsten Oxide in Hexagonal Mesoporous Silicas (W-HMS) 
 

Iou-Sheng Ke (柯又升) and Shiuh-Tzung Liu (劉緒宗) 
 

Department of Chemistry, National Taiwan University, Taipei, Taiwan 
 

Tungsten oxides and related mixed oxides play a 
relevant role in oxygen transfer reaction particularly as 
catalysts in oxidation of various organic substrates [1-2]. 
In recent years, interest in the development of 
environmentally benign synthesis has induced the 
immobilization of metal oxide onto solid supports to 
provide heterogeneous catalysts with high activity and 
selectivity [3-14]. Traditional physisorbed heterogeneous 
catalysts were prepared by adsorption or ion-pair 
formation of one or more components onto the surface of 
solid carrier. However, the efficiency of this kind of 
heterogenization with channel-like materials such as 
porous silica remains as a challenge. Another approach is 
the addition of sodium tungstate during the gelation 
process to ensure the metal uniformly dispersed into the 
lattice of porous silica [14]. The idea of this work is to 
synthesize metal bound copolymers, which were used as 
templates to construct mesoporous silica. Upon removal 
of organic residue, the metal species could be embedded 
inside the channels. Furthermore, this material can be 
used as a catalyst for the oxidation of cyclohexene. The 
X-ray diffraction data were collected using synchrotron 
radiations at NSRRC 17A1 beam line.  
 

0 1 2 3 4
2θ

EO-MA-W

EO-MA-N

EO-MA

in
te

ns
ity

 
 

Figure 1. XRD patterns of mesoporous silicas 
obtained via EO-MA-X template.Figure 1.Figure 1 shows 
X-ray diffraction patterns of samples prepared with the 
modified EO-MA copolymers. For the use of EO-MA 
and modified copolymers as the templates, XRD pattern 
typical of hexagonal mesoporous silica (HMS) were 
obtained. However, a decrease of d100 spacing is observed 
for the sample synthesized with the use of EO-MA-W 
template, the intensities of the peaks decrease and the 
higher order reflection (200) has diminished. The 
presence of orgnometallic groups in the copolymer 
appears to disturb the self-assembly of amiphilic 
copolymer aggregates during the co-condensation. 
Curr. Opin. Struct. Biol. 15, 126-134 (2005) 

Physical properties for the calcined SiEO-MA-X 

samples are summarized in table 1. Notable is the 
different nature of the sample SiEO-MA-W from others. 
Transmission electron microscopy (TEM) images further 
confirm the well-order hexagonal array of mesoporous 
channels in the SiEO-MA

 material (Figure 2a). The pore 
diameter shown in the TEM image is around 13 nm, in 
good agreement with the value determined from the N2 
adsorption measurement. On the other hand, the SiEO-MA-

W (W-HMS) sample displayed pores in relatively ordered 
orientation, but smaller size (Figure 2b). It is worthy to 
mention that no agglomeration of tungsten oxide could be 
observed on the surface of mesoporous silicas, suggesting 
a well-dispersed manner of the oxide.  
 

sample surface areaa pore size (nm) pore volumeb

SiEO-MA 628 13.2 0.61 

SiEO-MA-N 606 12.7 0.61 

SiEO-MA-W 474 9.9 0.66 

a m2/g. bcm3/g. 

 

 
Figure 2.  TEM micrographs of silicas (a) SiEO-MA(b) SiEO-MA-W. 

 
 This mesoporous solid supported tungsten oxide 

(W-HMS) proves to be an active and reusable catalyst for 
cyclohexene oxidation with the presence of hydrogen 
peroxide as an oxidant; high conversion and selectivity 
can be achieved under mild reaction conditions. 
Oxidation of cyclohexene with hydrogen peroxide over 
W-HMS was investigated. In a typical run, cyclohexene 
and H2O2 in a ratio of 1:2 were added to a mixture of 
acetonitrile and water solution, followed by the addition 
of W-HMS. When the mole ratio of cyclohexanone and 
H2O2 is 1:2, amount of catalyst is 3 mg, reaction time is 5 
h, the reaction condition was optimum and the yields of 
2-cyclohexenol and 2-cyclohexenone are up to 77 % and 
8 %. In addition, this catalyst could be easily recovered 
after the reaction and re-used without any significant loss 
of its activity. Appl. Catal. A, Gen. 317, 91-96 (2007). 
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Study of Liquid Crystalline Block Copolymers with Biphenyl-4-ylthiophene and  
Biphenyl-4-ylfluorene Moieties  

 
Kuan-Wei Lee (李冠瑋) and Hong-Cheu Lin (林宏洲) 

 
Department of Materials Science and Engineering, National Chiao Tung University,  

Hsinchu, Taiwan 
 

In this work, the macroinitiator, polystyrenes (I1), 
was used to copolymerize biphenyl-4-ylthiophene and 
biphenyl-4-ylfluorene mathacrylate monomers to produce 
LC polymers. GPC measurements indicated that the 
macroinitiator (I1), the homopolymer (P2), and the 
diblock copolymers (P3 and P4) with extended molecular 
weights had narrow polydispersities. Due to poor 
solubilities of longer biphenyl-4-ylthiophene blocks in P1, 
no GPC data were obtained for these polymers. The 
number-average molecular weights (Mn) of 
macroinitiators (I1) determined by GPC is 6196 gmol-1 
with polydispersities (PDI) = 1.11. The biphenyl-4-
ylthiophene homopolymer (P1) exhibited poor solubility 
in conventional organic solvents so as not to characterize 
and process into films. In Table 1, the number-average 
molecular weights (Mn) of the homopolymer (P2), and 
the diblock copolymers containing LC biphenyl-4-
ylthiophene and biphenyl-4-ylfluorene blocks (P3 and P4) 
were determined by GPC, in which THF was used as an 
eluant.  
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The thermal stability of polymers (P1-P4) under an 

atmosphere of nitrogen was evaluated by 
thermogravimetric analysis (TGA), which indicates that 
Td (the degradation temperature of 5% weight loss in 
nitrogen) ≥ 315 °C for all polymers. The mesomorphism 
was characterized by polarizing optical microscopy 
(POM) and differential scanning calorimetry (DSC). The 
phase transition temperatures and enthalpies of all 
polymers are summarized in Table 1. Regarding these 
results, the homopolymer P1 and block copolymers P3 
which contain biphenyl-4-ylthiophene units possessed the 
smectic A phase, and the homopolymer P2 exhibits 
nematic phase. For P2, the diethyl group on 9 position of 
fluorene which separates two LC molecules leads to 
decrease longitudinal interaction of rigid rods. Contrast 
with P2, P1 and P3 without any lateral side chains on 
thiophene unit leads to stronger lateral interaction of rigid 
rods and induces the smectic phases. To avoid thermal 
decomposition, these polymers were heated up to about 
300 °C (with a heating rate of 5 °C/min) and all polymers 
(P1-P4) revealed isotropic temperatures (Ti) around 270 
and 140 °C, respectively. A fan-shaped and focal conic 

texture of the corresponding smectic A phase of P1 
observed by POM at 255 °C (cooling).  

For P2 and P4, there are not any peaks on the XRD 
pattern due to the nematic phase and non LC phase, 
respectively. As shown in Figure 1, the XRD patterns of 
polymers P1 and P3 are almost identical and their layer d-
spacing values are around 29 Å. In addition, the layer d-
spacing values in the ratio of 1:1/2 indicate a lamellar 
order exits in the mesophases, and the XRD data are 
summarized . Furthermore, a fan-shaped texture is clearly 
observed by POM, which is a characteristic texture of the 
smectic A phase.  
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Figure 1. X-ray diagrams of the polymers P1 and P3. 
 
Table 1. Phase Behavior of all polymers P1-P4 a,b 

 

Sample T (°C) i  (°C)c 

P1 

P2 

P3 

P4 

K 235.4 (15.8) SA 

G  81.3      N 

K 218.9 (4.1)  SA 

G  90.6  

 270 

 140 

 275 

 145 
a Transition temperatures (°C) and enthalpies (in 
parentheses, kJ/mol) were determined by DSC (a heating 
rate of 5 °C /min). 
b G= glass temperature; K = crystalline; N = nematic; SA 
= smectic A 
c Ti : the isotropization temperature which was observed 
by polarizing optical microscopy (POM). 
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Study of Side-Chain PLEDs Containing Three-conjugated Aromatic Rings with Lateral 
Methyl and Methoxyl Groups and Their H-bonded Complexes 
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Hsinchu, Taiwan 
 

In this paper, we reported that the copolymers were 
composed of 9-vinylcarbazole and acceptor emitting 
groups alternately to increase the glass transition 
temperatures. The mesomorphic properties were changed 
from the nematic phase to the smectic C phase by 
introduction of H-bonds. Figure 1 shows the chemical 
structures of the copolymers as well as the three 
carboxylic acids used to complex with the functional 
pyridyl group moieties through H-bonding. 

 

 

 

 

 

 

 
Figure 1. Chemical structures of the synthesized 
molecules in three analogous series. 

 
X-ray diffraction (XRD) measurements were 

accomplished at the temperature ranges of mesophases 
for all the H-bonded complexes. This result suggests that 
the almost H-bonded complexes are suitable to be 
identified as the tilt smectic C phase by XRD studies. We 
obtain these findings in XRD experiments to calculate the 
tilt angle is 28.2, 30.4 and 36.2∘, respectively, in the 
various kinked core structure OBA, ONA and THDA. As 
we know ONA possesses a rigid naphthalene group and 
the H-bonded mesogenic core with ONA is much longer 
than that with OBA. Hence, its corresponding d spacing 
is larger than OBA. In addition to discuss the different 
content of carbazole, this is interesting phenomenon is 
that the all d spacing values of the HPBT H-bonded 
complexes are larger than CPBT11 H-bonded complexes. 
As described previously, the segments of carbazole 
exhibit the effect of the molecular packing, i.e., it 
suggests the smectic layer is more disordered and 
mesogens are separated. The XRD patterns of the 
CPBT11 H-bonded complexes OBA and ONA indicate 
the layer d spacing at 130 and 110°C are 4.22 and 5.03 
nm, respectively. Furthermore, the H-bonded complex of 
CPBT11-THDA is nemetic phase. And the tilt angles 
exhibit 37.5 and 30.0 , respectively. In contract to ∘

analogous methoxyl-substituted H-bonded complexes, we 
obtain the same tendency that its corresponding d spacing 
and tilt angle is listed in Figure 3. Therefore, we 
investigated the XRD for the HPBT-OBA complex on 
cooling from the isotropic phase (180 °C) in Figure 3, 
and the XRD data for the individual complexes at 
different temperature in Figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. X-ray diffraction patterns of the complexes (a) 
SmC phase in HPBT-ONA at 160 °C (b) SmC phase in 
HPBOT-OBA at 115 °C (c) SmC phase in HPBOT-ONA 
at 130 °C (d) SmC phase in HPBOT-THDA at 160 °C (e) 
X-ray diffraction patterns for the HPBT-OBA complex 
on cooling from the isotropic phase (180 °C). 

 
 
 
 
 
 
 
 
 
 

Figure 4. X-ray diffraction patterns for the HPBT-OBA 
complex on cooling from the isotropic phase (180 °C). 
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Synthesis and Mesogenic Behavior of a Donor-Acceptor-Type Hexaazatriphenylene 
 

Chi-Wi Ong (王志偉) 
 

Department of Chemistry, National Sun Yat-Sen University, Kaohsiung, Taiwan 
 

The unique ordered molecular assemblies of the 
columnar mesophase of compounds containing a disc 
shaped molecule that possesses remarkable charge 
transport properties have led to their exploitation as 
functional materials for application as light emitting 
diodes, photovoltaic cells, and field effect transistors. The 
discotic mesogens are primarily of two types: electron 
rich core or p-type (donor), and electron deficient core or 
n-type (acceptor). Among the most widely investigated p-
type mesogens are the triphenylene derivatives, and a 
large number of synthetic methods have been reported. 
The n-type mesogens are scarce, and acceptor materials 
with high charge mobility are in demand. Recently, the 
electron deficient heterocycles, hexaazatriphenylene 
(HAT) and hexaazatrinaphthylene (HATN), have been 
reported as new n-type mesogens. 

 
Synthesis of HATCNOR1,6 
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Optical texture (magnification x 200) and X-ray 

diffraction pattern obtained for the columnar phase of 
HATCNOR6 at 143 oC and 124 oC respectively. 

 
 

Polarizing optical microscopy (POM) and 
differential scanning microscopy were used to check the 
thermal behavior of HATCNOR1 and HATCNOR6. 
Only HATCNOR6 exhibited an enantiotropic mesophase. 
The optical texture shows typical of a columnar 
mesophase. X-ray diffraction studies confirm the ordered 
hexagonal columnar mesophase assignment. As shown, a 
sharp small angle peak at 15.85 Å indexed as the (100) 
reflection was detected and the calculated lattice 
parameter of 18.30 Å corresponds to the inter-columnar 
distance. In the wide-angle region, one broader hallo 
centered at 4.55 Å is typical of the inter-chain distance 
and one narrower peak at 3.39 Å corresponds to the intra-
columnar stacking period. 
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It has been reported that higher charge-carrier 
mobilities along the columns can be obtained with shorter 
intra-columnar disc-to-disc distances. Hence, a high 
charge-carrier mobility along the columns can be 
expected for HATCNOR6 since the distance of 3.39 Å is 
significantly smaller than those (3.50~4.00 Å) of the 
typical semiconducting columnar mesogens. 

In conclusion, we have shown that difunctionalized 
hexaazatriphenylene HATCNORn with alternating 
substituted donor and acceptor groups can be readily 
prepared and self-assemble into columnar superstructures 
in both the solid and liquid crystalline state. 
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Ordered Nanostructures from Dendrimer-induced DNA Condensation 
 

Chun-Jen Su (蘇群仁)1, Jen-Yung Hsu (許仁勇)1, Hsin-Lung Chen (陳信龍)1,  
Takeji Hashimoto2, and U-Ser Jeng (鄭有舜)3 

 
1Department of Chemical Engineering, National Tsing Hua University, Hsinchu, Taiwan 

2Advanced Science Research Center, Japan Atomic Energy Agency, Kyoto, Japan 
3National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
Polyanionic DNA can bind electrostaticaly with 

cationic polyamines to form the complex exhibiting rich 
self-assembled structures.  Herein we investigate the 
ordered nanostructures derived from the complexes of 
DNA with poly(amidoamine) (PAMAM) dendrimers of 
various generations as a function of the degree of 
protonation of the dendrimer and the complex 
composition expressed by the molar ratio of the 
positively surface charged amine groups in the dendrimer 
to the DNA phosphate groups.  Figure 1 displays the 
SAXS profiles of DNA-PAMAM G2 dendrimer 
complexes with different degree of protonation (dp) at x 
= 3. At dp  0.01≧ , a hexagonal columnar phase is 
observed.  Furthermore, the interhelical distance of DNA 
(dDNA) in the lattice decreases with the increase of dp, 
which may be attributed to the transformation of the 
dendrimer geometry from oblate to prolate to enhance the 
electrostatic interaction with DNA.  

 
Figure 2 shows the SAXS profiles of DNA-

PAMAM G3 dendrimer complexes with x = 3 as a 
function of dp.  For dp < 0.068, the relative positions of 
the lattice peaks (1: 31/2: 41/2) show that the DNA chains 
pack in a hexagonal lattice. Interestingly, the packing 
symmetry transforms into a square lattice at 0.068 < dp < 
0.65. The square columnar structure collapses into a 
disordered columnar phase when dp exceeds 0.65, as only 
a broad peak is observed in the corresponding SAXS 
profiles. Consequently, the complex structure transforms 
from a hexagonal columnar phase to a square columnar 
phase and eventually to a disordered columnar phase with 
increasing dp. The structure transformation with respect 
to dp and dendrimer generation may be understood from 
the interplay between the electrostatic attraction between 
DNA and dendrimer and the electrostatic repulsion 
between the DNA or dendrimer themselves.  
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Figure 1. SAXS profiles of the DNA-PAMAM 
G2 dendrimer complexes (x = 3) with different 
degrees of protonation ranging from 0.01 to 0.7.  
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Figure 2. SAXS profiles of the DNA-PAMAM G3 
dendrimer complexes (x = 3) as a function of the 
degree of protonation.  
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Stabilization of Ferroelectric Liquid Crystal under the Blue Phase Temperature  
by UV-curing Polymer Structure 

 
De-Ren Tzeng (曾德仁),  Hsieh-Ho Tsai (蔡協和), and Jenn-Chiu Hwang (黃振球) 

 
Department of Chemical Engineering & Materials Science, Yuan Ze University,  

Chungli, Taiwan 
 

Because blue phases have a threedimensional cubic 
structure with lattice periods of several hundred 
nanometres, they exhibit selective Bragg reflections in 
the range of visible light corresponding to the cubic 
lattice. 

 

The X-ray diffraction studies were carried out at a 
temperature in the mesophase range in order to evaluate 
the aggregation state of the mixture. The diffraction 
pattern of a MD112C+3%TMTPA mixture is displayed 
in Fig.1. As seen in Fig.1, MD112C+3%TMTPA mixture 
is curing at isotropic state. There are clearing diffraction 
peak at large angle at temperature 105 . ℃ Polarizing 
optical microscope observations can make sure 
characteristic of blue phase. 

 
Blue phase is generally stable only over a 

temperature range ~1K. blue phase occur because the 
locally favored state is double twist which is globally 
incompatible with the requirement of continuity. This 
results in the formation of networks of defects that 
separate local regions of double twist with axes aligned in 
different directions. 

 

 
 In this study, we use a monomer to stabilized the 

blue phase.Although the polymer network in ferroelectric 
liquid crystal can make a wide temperature range of blue 
phase, the smetic phase is fixed.The Blue Phase 
temperature range is bound by the smetic phase and 
isotropic phase.  

 
Blue phases are types of liquid crystal phases that 

appear in a temperature range between a chiral nematic 
phase and an isotropic liquid phase. Because blue phases 
have a three-dimensional cubic structure with lattice 
periods of several hundred nanometres,they exhibit 
selective Bragg reflections in the range of visible light 
corresponding to the cubic lattice.Blue phases usually 
have a narrow temperature range.(usually less than a few 
kelvin) 

 
X-ray diffraction result :     

Figure 1. XRD with different temperature curing at 

isotropic. 

 

 

Figure 2. XRD with different temperature curing at blue 
phase. 

 

Figure 2 is The diffraction pattern of a MD112C 
+3%TMTPA mixture curing at blue phase. Observe from 
Fig.2, there are not appeared diffraction peak in the small 
angle, indicated that liquid crystal director arrangement 
still was at the disorder condition. In addition, Blue phase 
is compose to lattice alignment of the DTC, spiral 
arrangement in disorder by chiral force influence, as like 
as the result of X-ray diffraction. 

 
When use the additive polymer mixture to expand the 

blue phase temperature range, we can achieved the good 
effect which curing at blue phase.  It may expand from 
temperature range 5℃ to 23℃. 
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Synthesis and Characterization of H-bonded Supramolecular Banana-shaped Liquid Crystals 
with Acidic and Pyridyl Groups 

 
Ling-Yung Wang (王怜詠), I-Hung Chiang (江奕宏), and Hong-Cheu Lin (林宏洲) 

 
Department of Materials Science and Engineering, National Chiao Tung University,  

Hsinchu, Taiwan 
 

Herein, in order to investigate the influence of 
electro-optical properties by injecting hydrogen bond 
segment into bent-core construction, two kinds of novel 
supramolecular bent-core mesogens including single and 
double hydrogen bond segments containing acidic donor 
molecules and bent acceptor core bearing terminal 
pyridyl groups at rigid core position are prepared (Figure 
1). All the structures I-An, I-Bn, IIn-An, and IIIn-Bn 
(n=12, 16) are composed in dichloromethane evaporated 
slowly solvent, and confirmed the mesophases and 
thermal properties by polarizing optical microscope 
(POM), differential scanning calorimetry (DSC) and X-
ray diffraction (XRD).  
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The result of mesophases studies and X-ray 

diffraction are arranged in Table 1 and Table 2 
individually. For series of II-An, similar enantiotropic 
polar smectic mesophases are observed (Figure 2c) and 
indirect determined by only one sharp reflection peak at 
the small angle region in XRD patterns. To compare with 
five ring cores system, mixtures III16-B16 with single H-
bond carried out seven ring cores and long flexible chain 
(n=16) shows chiral domain property, simultaneously, 
sharp layer reflections up to third order and tilt angle 
(about 42°) between molecular layer to surface (Table 2) 
are obtained to reveal polar smectic phase behavior 
deservedly. Furthermore, complex III12-B16 possesses 
similar properties with III16-B16 in forgoing discussion. 
However, rectangular column phase texture is obtained 
for III12-B12 by POM, moreover, XRD measures 
indicates two sharp reflection peaks are obtained at 
d1=44.9 A° and d2=32.7 A°; these reflections can be 
indexed as (11) and (02), respectively, for a centre-
rectangular lattice with two-dimensional lattice 
parameters calculated, which can be identified as a 
rectangular columnar mesophase (Colr or B1) as 
attributed to the copious bent core and short flexible 
chain. In addition, more stability and more extensive 
range of polar mesophases temperature are given in series 
IIIn-Bn due to the longer ring core (Table 1). 

Mesophases and thermal properties of structures 
with double H-bonds are also examined in this subject. 
For mixtures I-An (n=12, 16) possessed similar smectic 
mesophase with spherulite domains are observed. In 
addition, The XRD patterns of the mesophases are 
measured reflection peaks at d1=32.5 A° and 40.9 A° 
from compounds I-A12 and I-A16, respectively, 
demonstrated ordinary smectic phase exist in series I-An 
which with five ring core and double H-bonds. More 
interestingly, not only one sharp reflection peak is shown 

in XRD pattern such as I-B12, at d1=42.8 A° and big tilt 
angle (47.4°) in results, but also smectic phases with 
switching behavior are acquired. It is the important 
evidence and first example to reveal switching smectic 
phase behavior which exhibit in structures with double H-
bonds by large enthalpic changes, great tilt angle14 and 
mesophase photo even if the electro-optical property can 
not be detected. 
 
Table 1 Phase transition temperatures (T/℃) and 
transition enthalpy values (kJ/mol2, values in brackets) of 
all H-bond structures. 

Compound        Heating (up) / Cooling (down)

I-A12               K 88.6(68.1)  SmC 109.1(0.68) I
                         K 78.3(46.8)  SmC 108.2 (4.4) I
I-A16               K 91.2(89.1)  SmC 124.8(8.4) I
                         K 83.0(53.3) SmC 113.7(11.8) I
I-B12               K 116.6(40.5) SmC 184.3(9.8) I
                         K 79.8(31.9) SmC 168.9(14.6) I
I-B16               K 112.9(48.6) SmC 185.8(14.3) I
                         K 76.6(18.2) K' 94.3(11.4) SmC 171.0(14.1) I
II2-A12            K 106.7(75.2) SmCP 110.9(9.7) I
                         K 91.2(17.5) SmCP 96.9(36.3) I
II2-A16            K 110.6(38.9) SmCP 105.0(30.1) I
                         K 86.9(12.0) SmCP 97.1(30.4) I
II6-A12            K 100.4(29.2) SmCP 109.1(26.1) I   
                         K 75.0(33.4) SmCP 88.2(17.2) I
II6-A16            K 120.7(52.8) SmCP 123.2(35.2) I
                         K 103.7(54.1) SmCP 119.0(34.4) I
III12-B12        K 132.9(32.9) Colr 152.7(2.2) I
                         K 105.4(27.8) Colr 120.0(5.3) I
III12-B16        K 134.2(44.0) SmCP 148.5(18.6) N 155.0(0.7) I
                         K 99.8(49.7) SmCP 146.6(17.7) N 153.5(0.6) I
III16-B12        K 117.1(3.9) SmC 133.8(39.1) I
                         K 99.3(30.1) SmC 126.1(7.6) I
III16-B16        K 132.6(55.6) SmCP 150.5(18.6) I
                         K 106.2(58.5) SmCP 149.1(18.3) I

 
Table 2 Power X-ray diffraction results and mesophase 
of structures. 

Material Phase Measured spacing/A Miller index Theoretical length/A

I-A12

I-A16

I-B12

III12-A12

III16-A16

IV16-B16

V12-B12

V12-B16

V16-B12

V16-B16

32.5

40.9

33.2

47.2

50.3

51.6

44.9
32.4

51.6
25.9

52.0
26.3

54.2
26.7
17.9

(100)

(100)

(100)

(100)

(100)

(100)

(101)
(002)

(100)
(200)

(100)
(200)

(100)
(200)
(300)

L=55.1

L=63.4

L=63.2

L=54.2

L=58.8

L=53.0

L=65.8

L=69.4

L=69.6

L=72.9

Tilt angle

SmC

SmC

SmC

SmCP

SmCP

SmC

B1

SmCP

SmC

SmCP

53.8

49.8

58.3

29.4

31.1

13.2

42.0

41.7

41.9
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Hydroxides with Varying Layer Charges 
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Toxic, anionic organic contaminants such as 2,4-

dichlorophenoxyacetic acid (2,4-D, a herbicide) are 
priority contaminants of major concern in the 
environment. These anionic contaminants are highly 
mobile because of lacking appropriate adsorbents in the 
environment and therefore possess high threat to surface 
and ground water supplies. In order to retard the 
migration of these contaminants, our on-going effort is to 
investigate how to utilize the unique properties of 
surface-modified nano-scaled materials, including 
layered double hydroxides (LDHs), to effectively remove 
them from aqueous solutions. LDHs are selected in this 
work because they have high surface area and high anion 
exchange capacity (> 2 mmolC g-1). We expect that the 
structures of these materials are highly effective in 
immobilizing and recovering anionic contaminants. 

The X-ray diffraction (XRD) patterns were collected 
for the LDH samples in aqueous suspensions. Only one 
Mg/Al LDH phase was present in each sample and no 
crystalline Mg(OH)2 or Al(OH)3 phase was detected. 
With changing the charge density in the hydroxide layers 
of the LDHs, significant shifts were observed for the 
basal spacing between two consecutive hydroxide layers 
(Table 1).  The basal spacing was decreased from 0.89 
nm to 0.80 nm as the charge density was decreased from 
4.1 sites nm-2 to 2.4 sites nm-2 .  
 
Table 1. The basal spacing of Mg/Al LDHs with various 
charge densities. 

Mg/Al Charge Density 
(sites/nm2) 

Basal spacing 
(nm) 

2 4.1 0.89 
3 3.2 0.84 
4 2.4 0.80 

 
Based on the results of XRD and ATR-FTIR, the 

molecular plane of interlayer nitrate is derived to be 
parallel to the hydroxide sheets of LDH with the lowest 
charge density (Mg/Al = 4). As the Mg/Al ratio decreases 
to 2 and the corresponding structural charge density 
increases, the molecular plane of nitrate becomes 

perpendicular to the hydroxide sheet and the 
corresponding basal spacing increases due to increasing 
lateral repulsion between nitrate ions.   

Fig. 2 shows the adsorption isotherm of 2,4-D on 
Mg/Al LDHs at pH 7 and 25°C. A significant differences 
in the adsorption isotherms were shown. The maximum 
amount of 2,4-D adsorbed on LDH3 was 2.4 mmol/g. As 
the positive charge density of LDHs was decreased, the 
amount of adsorbed 2,4-D decreased. In the case of 
LDH5, the adsorption of 2,4-D was significantly less than 
the corresponding anionic exchange capacity. The basal 
spacings of Mg/Al LDHs after 2,4-D adsorption showed 
that the adsorption of 2,4-D on LDH with Mg/Al = 2 
occurred through the replacement of interlayer nitrate. On 
the contrary, the adsorption of 2,4-D on LDH with Mg/Al 
= 4 occurred on the external surface of LDH. These 
results indicated that the adsorption of 2,4-D on LDHs 
was strongly influenced by the layer charge density of 
LDH as well as the nitrate orientation in the interlayer. 
Therefore, the selective removal of 2,4-D from water can 
be acheieved by controlling the orientation of interlayer 
nitrate in LDH through changing the layer charge density 
of LDHs.  
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Figure 2. 2,4-D adsorption isotherms of Mg/Al LDH with 
varying layer charge density. 
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The research in supramolecular H-bonding liquid crystals 
has been studied extensively during the past decades, and 
the subject was also reviewed. Liquid crystals derived 
from complementary components through single or 
multiple H-bonding can be formed. Anisotropic phases 
provided by non-mesogenic H-donors and H-acceptors 
are influenced by dynamic characters of H-bonds, and 
differ from conventional liquid crystalline p–p 
interactions. A variety of novel structural types were 
modeled and many examples were proposed. Metal 
incorporated liquid crystals, so called metallomesogens, 
attract considerable attention in LC materials. Interesting 
physical and chemical properties are manipulated by the 

electronic states of contained metals. A novel chelate 
derived from 8-quinolinolato platinum(II) was used to 
generate phosphorescent organo gel materials. This 
approach in synthetic strategy is now continued and 
reveals more and more novel constructions. A new type 
of unique H-bonded supramolecular metallomesogenic 
complexes exhibiting columnar phases wa sprepared. The 
optical texture structure and its powder XRD are shown 
in Fig. 1.This is the first example with only two 
sidechains, in which the mesophase was induced by a H-
bonded tetrameric superstructure from a single 
component.  

 

Figure 1. Optical texture of Colh of compound 1a (Pd, n = 18) at 60 uC, and powder XRD plot of compound 1a (Pd, 
n = 16) at 165 uC. 
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Examination of Nano-TiO2 by X-ray Absorption Spectroscopy 
 

Tsung-Yeh Yang (楊宗燁), Kuan-Nan Lin (林冠男), and Hong-Ming Lin (林鴻明) 
 

Department of Materials Engineering, Tatung University, Taipei, Taiwan 
 

Nanostructured materials are currently receiving a 
lot of attention because of their interesting electrical, 
magnetic, optical, and mechanical properties. It has been 
shown in a previous publication that it is possible to 
produce nanostructured titanic with near theoretical 
densities at temperature as low as 600℃. sintering was 
conducted during the anatase to rutile phase 
transformation. The nanosized titania has large specific 
surface area and exhibits some special characteristics. 

 
All samples with different particle sizes and crystal 

structure are obtained at 600-1000℃. After calcinations 
above 600 ℃ , all nano-particles were anatase. During 
sintering of the compacted powders, the anatase slowly 
transformed to rutile between 600 and 800℃ as shown in 
Figure 1(a),1(b),1(c). 

Normalized XANES spectra and pre-edge region at 
the Ti K-edge are shown in Figures2, 3, 4.  The XANES 
spectra of the crystalline rutile TiO2 and anatase TiO2 
have common structures, labeled by letters A-E. The Ti 
preedge XANES signals allow us to obtain 
complementary information on the character of the Ti-O 
bounding by studying the variation of the preedge peaks. 
The main differences between the rutile TiO2 and anatase 
TiO2 are clearly seen. 
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Figure 1(b) 
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Figure1(c)
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Figure 2. Ti K-edge XANES spectra of TiO2.  
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Figure 3. The XANES spectra of the crystalline 
anataseTiO2. 
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Figure 4. The XANES spectra of the crystalline rutile and 
anatase TiO2. 
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Under unique x-ray irradiation method, 2-5 nm gold 

nanocrystal composites show preferential adsorption at 
boundaries between adjacent TiO2 crystallites. The extent 
of this preferential adsorption is dependent upon the 
exposure time of the gold precursors in suspension TiO2 
solution. At long exposure time (15 min), the gold 
nanoparticles were attached and dispersed well on the 
surface of TiO2. The Au/TiO2 photocatalysts were 
characterized by SP-XRD, and UV-visible absorption. Au 
deposits significantly enhanced the methylene bule (MB) 
photodegradation under x-ray irradiation. The significant 
enhancement in the Au/TiO2 photoactivity under x-ray 
irradiation can be ascribed to Au nanoparticles deposited 
on TiO2 act as electron traps, enhancing the electron-hole 
separation and the subsequent transfer of the trapped 
electron to the adsorbed O2 acting as an electron acceptor.  

Figure 1 (c), (d), (e) and (f) show the SP-XRD 
patterns of Au deposited on TiO2 surface by x-ray 
irradiation method at different exposure times (15, 10, 5, 
and 1 min). These patterns indicated the gold crystalline 
attached onto the presence of pure anatase as the 
exposure time increases from 1 min to 15 min. The 
detailed x-ray diffraction pattern of Au/TiO2 shows in Fig. 
2. We also calculate the photodegrate ratio after UV-
visible measurement. Compared to the pure TiO2, the 
Au/TiO2 nanosol exhibited a significant increase in the 
MB photodegradation rate by x-ray irradiation as shown 
in Fig. 3. 
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Figure 1. SP-XRD diffraction patterns of pure gold, 
anatase TiO2, and pure gold doped TiO2 at different 
exposure times by x-ray irradiation method. Labels: (a) 
pure gold, (b) anatase TiO2, (c) 15, (d) 10, (e) 5, and (f) 1 
min.  

 

 

(a) (b) (c) (d) (e) (f) 

Figure 2. SP-XRD ring patterns of pure gold, anatase 
TiO2, and pure gold doped TiO2 at different exposure 
times by x-ray irradiation method. Labels: (a) pure gold, 
(b) anatase TiO2, (c) 15, (d) 10, (e) 5, and (f) 1 min.  
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Figure 3. Comparison of the MB photodegradation in 
TiO2 and Au/TiO2 nanosols under x-ray irradiate at 
different times. 
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F.-C. Yu (俞方正) and L.-J. Yu (余良杰) 
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The common molecular shapes of thermotropic 
mesophases are rod-like, disk-like and lately banana-
shape, each of them exhibiting distinct mesophases 
possessed of unique chemical and physical properties. 
The novel “hockey stick” shaped liquid crystals possess 
peculiar mesomorphic behaviors. We synthesized hockey 
stick molecules of stilbene derivatives and investigated 
mesomorphic physical properties. In the optical 
observation with non-treated substrates, mesophase 
textures are similar to that of rod-like mesogens, however, 
the electrooptic behaviors are totally different between 
these two types mesogens. Therefore, mesophases of 
these hockey stick mesogens require further identification 
via x-ray exp.  
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  The hockey stick mesogen 4r-8 exhibited multiple 
mesophases: N, SmC, SmCa. The d-spacing of the 
nematic phase(Fig .2A) in the small angle region 
represents the molecular length, and is equal to the length 
between two terminal aliphatic carbon calculated via 
computer simulation(Fig .1). This indicates that for the 
nematic phase of this hockey stick mesogen the director 
isn’t lying along the aromatic core long axis. The x-ray 
patterns of SmC and SmCa phases (Fig .2B-C) reveal 
simple layered structures, and resemble those of typical 
smectic phases of rod-like molecules. However, in Fig .3, 
the d-spacing decreases with temperature and reaches a 
min, then increases again and across phase transition to 
the SmCa phase. This behavior is apparently different 
from that of general rod-like mesogens.   

 
 
 

   
 
 

 
Reference 
1. Das, B.; Grande, S.; Weissflog, W.; Eremin, A.; Schröder, M. 
W.; Pelzl, G.; Diele, S.; Kresse, H. Liq. Cryst.30, 529 (2003). 
2.Yu, F. C.; Yu, L. J. Chem. Mater. 18, 5410 (2006). 
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The Study of the Volume Fraction of Ordering for FePt and CoPt Thin Films 
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Department of Materials Science and Engineering, Feng Chia University, Taichung, Taiwan 
 

Disordering-ordering magnetic superlattice alloy 
(FePt, CoPt,..etc) have been drawn much attention due to 
its excellent magnetic properties and stability, which 
could increase the storage density up to 1 Tb/in2. 
Furthermore, the behavior of disordering to ordering 
transition has been emphasized recently because of 
therein importance on not only industry facility but 
physically crystallographic realization. However, the 
crystallographic structures of L10 FePt thin films or 
nanoparticles, usually obtained by x-ray diffraction, have 
not been understood as well. Therefore, the further 
crystallographic study of the FePt thin films was 
performed by synchrotron X-ray diffraction at NSRRC 
BL17B2 beam lines. 

 
Volume fraction of ordered region, f0, can be 

obtained by analyzing the fundamental (220) peak. For 
disordered FePt phase, (220) diffraction peak is a single 
line. However, after ordering transformation, the lattice 
structure of the FePt layer changes from fcc to fct, 
splitting the fundamental (220) peak into superlattice 
(220) and (202) peaks. By separating the superlattice 
peaks, the f0 value thus can be measured from the 
following expression, 
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where Efct and Efcc are the integral intensities of ordered 
and disordered phases, respectively. Figure 1 shows the 
slow scans of the {220} diffraction peaks with varying of 
deposition temperature. The coexistence of fcc 
disordering and fct ordering peaks were obtained. The 
further separated the each peaks for calculation of f0 
values were performed by simulation of Lorentzian 
fitting. The calculated data are showed in Table I. 
Besides, it’s worth mentioning that the angular positions 
of the fitted fct peaks were almost identical, which 
indicates that the volume fraction of ordering is 
independent to the lattice parameters of the samples with 
substrate temperature above 400oC.  

 
In ordering to confirm the crystallographic results 

about the degree of ordering, the ordering parameters of 
the samples examined by the integral peaks method were 
performed.  Figure 2 shows the diffraction patterns of the 
samples against the substrate temperatures. The (001) and 
(002) peaks were used for calculation of ordering 
parameters, which are shown in Table I. It indicates that 
the ordering parameters are increased with increasing of 
substrate temperatures, which are consistent with the 
results of the f0 data. In the contrary, the ordering 
parameters calculated by c/a method are independent of 
substrate temperatures. There results could be related to 
the abnormal growth of the grains of ordering phase 

reported by Takahashi et al. The further investigations 
are still in progress.  
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Figure 1. The {220} diffraction peaks by using 
synchrotron X-ray diffraction with an energy of 8keV. 
The theta was fixed at 1o and the scan step was 0.01o with 
cumulation of 15 seconds.  

 
 

Table I. The volume fraction of ordering (f0), intensity 
ordering parameter (SI) and c/a ratio ordering parameter 
(Sc/a) as a function of substrate temperatures. 
 

Ts (oC) f0 SI Sc/a 

400 0.65±0.035 0.475±0.021 0.712±0.024

500 0.807±0.021 0.530±0.013 0.741±0.020

600 0.908±0.015 0.658±0.006 0.75±0.005 

700 0.946±0.008 0.710±0.007 0.75±0.005 
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Figure 2. The diffraction patterns of the samples with 
substrate temperature of 400~700oC.  
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L10-FePt ordered alloy is an attractive material for 

magnetic data storage media due to its extreme high 
magneto-crystalline anisotropy constant (~1×108 erg/cm3) 
and high magnetization. The as-posited FePt is disordered 
phase which exhibits magnetically soft property. In order 
to obtain ordered phase, annealing treatment is required. 
Nevertheless, the temperature of ordering transformation, 
e.g., in-situ and/or ex-situ annealing above 500oC, is 
difficult to apply in recording media. In this report, we 
presented the ordering temperature of FePt films can be 
lowered by introducing FePt/Mo interfaces. It is 
suggested that the FePt/Mo interfaces could offer extra 
heterogeneous nucleation sites for the Ll0 phase. 

 
The X-ray diffraction patterns of the single FePt, 

bilayer FePt/Mo and trilayer Mo/FePt/Mo films annealed 
at 350oC for 1 h are illustrated in Fig. 1. Only 
fundamental peaks appear in the pattern of single-layer 
FePt, indicating that the film has disordered structure. For 
bilayer and trilayer films, both fundamental and 
superlattice peaks are visible, thus demonstrating ordered 
structure. The extent of chemical ordering was further 
obtained from lattice parameter ratio c/a , by S2 = [1-
(c/a)]/[1-(c/a)f], where (c/a)f is 0.956 for the fully ordered 
FePt films. For the FePt/Mo film, S is measured to be 
0.64±0.02; for the trilayer film, it increases to 0.72±0.04.  

 
The in-plane magnetic hysteresis loops for the 

single-layer FePt, bilayer FePt/Mo and trilayer 
Mo/FePt/Mo films are shown in Fig. 3. Single-layer FePt 
sample exhibits a low Hc of about 200 Oe and high 
remanence of 862 emu/cm3. High coercivities of 4.7 and 
7.0 kOe and relatively low remanence of 713 and 661 
emu/cm3 were obtained for the FePt/Mo and Mo/FePt/Mo 
films, respectively. Step-wise de-magnetize curves were 
also found in the Mo-inserted films which will be further 
discussed. 

 
From the above results, we suggest that the FePt/Mo 

interface effectively enhances the ordering transformation. 
However, we found that Mo atoms are insoluble to FePt 
lattice even at very high temperature of 800°C. Therefore, 
the composition of the Mo-introducing films can remain 
unchanged during the one-hour annealing at 350°C. This 
can be considered as one reason for the ordering 
enhancement. Secondly, the occurrence of the chemical 
ordering in a sequential low temperature ordering process 

is dominated by the nucleation of the order phase as 
reported by Takahashi et al. Due to the ordering gradient, 
thin films with this ordering mechanism show two-
shoulder hysteresis loops. The presented Mo-inserted 
films exhibit similar feature. As the area of the FePt/Mo 
interface was increased, e. g. the trilayer case, the 
shoulder in the demagnetizing curve become smaller, and 
chemical ordering and Hc were enhanced. We therefore 
suggest that the FePt/Mo interface may induces extra 
nucleation sites which results in the lower threshold of 
ordering transformation. 

 

 
Figure 1. The XRD patterns of FePt single, FePt/Mo 
bilayer and Mo/FePt/Mo trilayer samples. The inset 
shows the (111) peak of Mo/FePt/Mo trilayer sample. 

 

 
Figure 2. The in-plane hysteresis loops of FePt single, 
FePt/Mo bilayer and Mo/FePt/Mo trilayer samples.

 
 

 

II - 159



 

 

 
17B1 W20 - X-ray Scattering 

Studies of FeSi2/Si Quantum Dot Nano-structures by X-ray Bragg-Surface Diffractions (BSD)  
 

C.-H. Chu (朱家宏), Y.-W. Tsai (蔡一葦),  
W.-C. Sun (孫文檠), and S.-L. Chang (張石麟) 

 
Department of Physics, National Tsing Hua University, Hsinchu, Taiwan 

 

 

Introduction: Preparation of nano-structures, such 
as thin films, quantum dots, quantum wires, and 
superlattices on crystal substrates has become an 
indispensable way of tailoring and producing materials 
for various electronic, photonic, mechanical, magnetic, 
chemical, and biological applications. The strain induced 
at interfaces may deteriorate material properties due to 
crystal lattice distortion, thus degrading the performance 
and lifetime of the devices fabricated. In this presentation 
the information about the lattice strain of β-FeSi2 
quantum dot on Si is extracted from x-ray three-wave 
Bragg-surface diffraction. 

Figure 1. The side view of the sample. The thickness of 
quantum dots was 20nm  and the thickness of the Fe film 
was 30nm. The separation between quantum dots was 
about 20nm . 

 

 
Experimental: Our sample system was β-FeSi2 

quantum dots grown on Si by ion-implantation, then a 
thin Fe film was deposited on top. The size and 
distribution of quantum dots in the sample is illustrated in 
Fig.1. We adopt the three-wave Bragg surface diffraction 
technique to observe the strain distribution near the 
interface. 

Figure 2. Schematic of diffraction geometry: G is Si(002) 
and L is Si(111). The secondary beam propagates along 
the interface of the film and substrate.  

 

The experiment was carried out at BL17B Wiggler 
beamline , NSRRC. First we aligned the crystal for 
Si(002) reflection. Then we rotated the crystal along the 
azimuth phi axis [002] to generate the multiple 
diffraction (002)/(111), in which the Si(002) and Si(111) 
satisfied the Bragg diffraction condition. Fig.2 illustrates 
the diffraction geometry. This is a so-called 3-wave 
diffraction. The Si(111) diffracted beam propagates along 
the interface of the QD/film and substrate. Under the 3-
wave diffraction condition, the following relation, 
derived from the geometry of Fig.2., holds: 

Large ψ            △ψ=0.054°            small ψ 

Figure 3.  Images of the (111) diffracted beam along the 
interface  
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The β ,the angle defined in Fig.2. Si(111), is a 
function of lattice constants. Therefore, we can obtain the 
information about the lattice constant and strain near the 
interface by observing the variation in angle β at different 
azimuths (different depths of penetration). Figure 3 
shows part of our CCD images. Changing of positions of 
the diffraction spots indicates variation of lattice constant 
at different depths. 

Figure 4.  Lattice-constant variation of Si vs. phi (the 
lattice constant of FeSi2: a=9.863(A) b=7.791(A) 
c=7.883(A); a=2.866(A) for Fe). 

  
Figure 4 shows that the lattice constant of Si was 

changed in the range between that of FeSi2 and of Fe. 
This is a strong indication of the existing strain near the 
interface of this QD/film/substrate sample system. 
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As driven by continual demands of faster speed of 
enhanced transport in channels, the replacement of Si by 
other semiconductors as high-mobility channels for 
future CMOS technology is highly desirable. The 
ultrathin SiGe epitaxially grown directly on Si with 
compressive strain has the advantages of high mobility, 
low cost, and the compatibility with Si process and thus 
has attracted much attention recently. The strain state of 
the SiGe layer play the key role in governing its mobility; 
therefore it is important to determine the strain state of 
the SiGe epitaxial layer. In this work, we investigated the 
strain state of an ultrathin SiGe layer, providing valuable 
parameters to correlate with its electronic properties.  

The epi-Ge layer (10 nm) was grown on a Si (001) 
substrate at 525 °C by ultrahigh-vacuum chemical vapor 
deposition. The fast diffusion of Si into Ge [1] forms a 
SiGe layer at the final stage of the growth. To passivate 
and smoothen the surface, a nominal 10 nm Si cap layer 
was grown on the top of epi-Ge layer.  High resolution 
X-ray scattering was performed at beamline BL17B to 
determine the strain state of the SiGe layer.  

Four in-plane longitudinal scans across Si (400) 
surface reflections with different vertical momentum 
transfer (L) are illustrated in Fig. 1. Larger L value 
corresponds to greater X-ray penetration depth. As a 
reference, L = 0.05 rlu, reciprocal lattice unit, 
corresponds to the critical incident angle of the sample, 
under which the penetration depth is less than 10 nm. The 
intense sharp peaks centered at 4 rlu originate from the 
(400) reflection of Si substrate; the expected position of 
the same reflection of bulk Ge is also marked by an 
arrow for reference. The broad features located between 
Si and Ge (400) reflections reveal the lateral strain state 
of the SiGe epi-layer. The shifting of the broad peaks 
toward Si peak with larger penetration depth manifests 
that the epi-layer is not uniformly strained and the 
average lateral lattice parameter gradually decreases with 
depth from 99.7% to 98.6% of bulk Ge. Similarly, the 
vertical lattice parameter exhibits wide range of 
distribution. Shown in Fig. 2 is the scattered x-ray 
intensity profile of a longitudinal scan along surface 
normal across Si (004) Bragg reflection, i.e. the (004) 
crystal truncation rod (CTR). The absence of well 
defined diffraction peak and the higher intensity at low L 
side elucidate the gradual variation of the inter-planar 
spacing along the growth direction. The regular intensity 
modulation on the L scan is known as the thickness 
fringe, a strong evidence of high crystalline quality and 
sharp interface. From the intensity variation along the 
(004) CTR and reflectivity curve, no shown here, the 
density profile of the deposited layers can be described 
by a two-layer model with layer thicknesses of 

approximate 155 Å and 10Å. The detailed modeling is 
still on going.  
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Figure 1. Lateral longitudinal scans across Si (400) 
surface reflection. Different L values were used to 
achieve desired depth sensitivity. The energy of used X-
ray is 8 keV.  
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Figure 2. Vertical longitudinal scans across Si (004) 
reflection. The pronounced oscillations come from the 
interference among x-rays reflected by different 
surface/interfaces. The absence of a well defined Bragg 
peak indicates the gradual and broad variation of vertical 
lattice parameter of the deposited film.  
 
Reference 
[1] H. H. Silvestri, H. Bracht, J. Lundsgaard Hansen, A. 
Nylandsted Larsen, and E. E. Haller, Semicond. Sci. Technol. 
21, 758 (2006). 
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Bioceramic materials, calcium phosphate cement 

(CPC) have extensively used in dental and orthopedic. 
Two calcium  phosphate chemical reactants, CaHPO4 
(DCPA) and Ca(OH)2 are prepared for the calcium 
phosphate powder mixture. When cement liquid, 1.0M 
Na2HPO4 solution, add into CPC powder mixture, the 
hydroxyapatite nucleus are formed at the surface of  CPC 
by chemical reaction, see fig. 1, and then the CPC 
samples are incbated in the isothermal (37°C) DI water 
bath. The usages of all kinds of CPC are depending on 
their functionalility, chemicals, and structure in the 
simulated body conditions. Accordingly, the stable 
chemical structure of CPC specimens was the aim in this 
research.  
 

 
 

Figure 1. Structural evolution mechanism of calcium 
phosphate cement. 
 

Due to the structure changes of CPC altered with 
incubating time and have low crystalline, the X-ray 
diffraction data were collected using synchrotron 
radiations at NSRRC 17B1 (X-ray scattreing) and 16A1 
(X-ray absorption spectrumeter) beam lines for 
examination.  The results are shown in the Fig.2, Fig.3, 
Fig.4, and Fig.5.  

 

 
Figure 2. X-ray patterns of calcium phosphate cement 

after aging in DI water. The reaction product is 
hydroxyapatite. 
 

 
Figure 3. The absorption spectrum of calcium element of 
long-term incubating CPC. The energy shift is 2.2 eV 
before cement liquid adding to CPC powder mixture. 
 

 
Figure 4. The K-sapce of calcium element is  determined 
by long-term aging CPC. 
 

 
Figure 5. The q-space, real-part phase of calcium element  
is  determined by long-term aging CPC. 
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Bioceramic materials, calcium phosphate cement 

(CPC) have extensively used in dental and orthopedic. 
Two calcium  phosphate chemical reactants, 
CaHPO4(DCPA) and Ca(OH)2, are prepared for the 
calcium phosphate powder mixture. When cement liquid, 
1.0M Na2HPO4 solution, add, the hydroxyapatite nucleus 
are formed at the surface of  CPC by chemical reaction, 
and then the CPC samples are incbated in the isothermal 
(37°C) DI water bath. The usages of all kinds of CPC are 
depending on their functionalility, chemicals, and 
structure in the simulated body conditions. Accordingly, 
the stable chemical structure of CPC specimens was the 
aim in this research.  
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Figure 3. X-ray patterns of calcium phosphate cement 
during cement liquid adding. The reaction product is 
hydroxyapatite. 
 

(a) 

Figure 1. The flow chart of preparing calcium phosphate 
cement. 
 

Due to the structure changes of CPC altered with 
incubating time and have low crystalline, the X-ray 
diffraction data were collected using synchrotron 
radiations at NSRRC 17B1 (X-ray scattreing) and 16A1 
(X-ray absorption spectrumeter) beam lines for 
examination.  The results are shown in the fig.2, fig.3, 
and fig.4.  

(b) 

 

     
Figure 2. The SEM images of in-situ calcium phosphate 
cement after cement liquid adding.  The behavior 
mechanism is dissolution-precipitation interaction 
between hydroxyapatite crystals. 

Figure 4. The absorption spectrum of (a)Ca and (b)P 
element of in-situ CPC. 
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Mesoporous carbon, due to their special properties, 

have been found to be useful as heterogeneous catalyst 
supports and readily applied for metal nanoparticle 
dispersion. It has a high surface area for a high level 
dispersion of nanosized catalysts, excellent crystalinity or 
low electrical resistance to facilitate electron transport 
during the electrochemical reactions, a pore structure 
suitable for maximum fuel contact and byproduct release, 
and good interactions between the catalyst nanoparticles 
and the carbon support.  

The highly ordered mesoporous carbon with 
hexagonal structure was synthesized by direct method. 
Here we used divinylbenzene (DVB) as a carbon source 
with various molar ratios. The following chemicals 
TEOS: P123: HCl: H2O: DVB: AIBN were mixed under 
stirring at 40oC. The resulting solution was aged at 100oC 
for 24 h. The resulting yellow precipitate was filtered and 
dried. The dark brown powder was heated at 800oC and 
followed by silica removal using 5 % HF. 

The SAXS pattern of Figure 1 shows reflections of a 
two-dimensional hexagonal mesostructure with the space 
group p6mm. It can be observed that all the above 
materials exhibit a strong peak in the range of 0.07 (Å) 
due to 100 plane reflections lines. Additionally 110 and 
200 broad peaks are indicated the formation of well-
ordered mesoporous carbon materials. These peaks are 
generally indexed to the hexagonal regularity. The 
existence of same for mesoporous carbon materials as 
that of pure SBA-15 template suggests that the long 
range order is sustained even after removal of silica 
frame work. The intensity of 100 plane is decreased with 
increasing the molar ratio of divinylbenzene suggest that 
decrease the long range order of mesoporous carbon. 
SAXS result of Figure 2 shows the silica removal of 
mesoporous carbon (1 mol DVB) with high concentration 
of HF. The 100 plane is decreased and 110 and 200 

planes merged together due to disorder structure. 
Moreover the 100 plane is shifted to higher angle due to 
shrinkage of framework.  
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Figure 1. Direct synthesis of mesoporous carbon with 
various molar ratio of DVB 
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Figure 2. Removal silica of carbon (1 mol DVB) with 
high concentration of HF. 
   

 

 

II - 164
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Manganite oxide films of the perovskite type are 
fascinating materials with diverse transport and magnetic 
properties; they have been the subject of much intensive 
research due to both their prospective applications in 
magnetic random-access memory and sensors of spin 
transistor type.  Much effort has been devoted to fabricate 
magnetic oxide superlattice films of perovskite type.  
Among various oxide materials of perovskite type, 
La2/3Ca1/3MnO3 (LCMO) and LaNiO3 (LNO) have 
attracted particular attention because near 300 K LCMO 
has a ferromagnetic metallic phase and LNO has a 
paramagnetic metallic phase; LNO can not only serve as 
interlayer spacer but also provide buffer layers that assist 
LCMO to form epitaxial superlattice films.  We 
fabricated magnetic oxide superlattices consisting of the 
ferromagnetic oxide LCMO and the paramagnetic oxide 
LNO grown on SrTiO3 (STO) substrate by rf magnetron 
sputtering.  Our purpose was to observe the strain 
dependence of superlattice films on varying the thickness 
of the paramagnetic oxide spacer layer. 

The LCMO/LNO superlattice was grown on a 
single-crystal SrTiO3 (STO) (001) substrate with a triple-
gun rf magnetron sputtering system  The sputtering was 
performed at a power density 1.5 W cm-2 for both LCMO 
and LNO with a highly purified gas (O2 25 % + Ar 75 %) 
at a working pressure 1.33 Pa; the substrate temperature 
was fixed at 650℃. We adopted an asymmetric sublayer 
structure (tLCMO/tLNO = 7 nm/M nm), in which M is the 
thickness of a LNO sublayer.  The designed thickness of 
a LNO sublayer (M) was varied in a range 1.5 – 7 nm, but 
the thickness of the LCMO sublayer was fixed at 7 nm; 
the superlattices thus contain 10 periods of LCMO/LNO 
bilayers.  The x-ray scattering experiments were carried 
out on wiggler beamline BL17B1 at the National 
Synchrotron Radiation Research Center (NSRRC), 
Taiwan. 

Figure 1 shows crystal-truncation-rod (CTR) spectra 
along the [0 0 L] direction of the LCMO/LNO 
superlattice films with varied thickness of LNO spacer 
layer. The intense and sharp feature centered at L = 2 is 
the STO (002) Bragg reflection from the substrate, as 
shown in Fig. 1.  The main peak and satellite peaks that 
are accompanied with clearly discernible pendellösung 
fringes on both sides of the main peak indicate the high 
quality of the LCMO/LNO artificial superlattice structure 
formed on the STO substrate with RF sputtering.  

The distribution of in-plane x-ray intensity of radial 
scans from superlattice films with varied thickness of 
LNO sublayer is shown in Fig. 2. The azimuthal 
diffraction patterns of a (LCMO7nm/LNO2nm)10 

superlattice film in the vicinity of a surface peak and the 
substrate Bragg peak clearly exhibiting a four-fold 
symmetry with the same orientation appear in the inset of 
Fig. 2.  These results constitute firm evidence for strong 
epitaxy of the deposited layer on the substrate.  No other 
peaks are observed in the intervals between the four 
peaks, indicating a perfect alignment of a and b axes of 
LCMO and LNO unit cells along those of the STO 
substrate.  The position of the in-plane main peak for all 
superlattice films (marked with arrows in Fig. 2) is 
smaller than the mean value of the superlattice (marked 
with dash line in Fig. 2) and approaches the STO 
substrate Bragg peak with decreasing thickness of the 
LNO spacer layer.  This condition indicates that the 
superlattice films become subject to increased tensile 
stress parallel to the surface plane on decreasing the 
thickness of the LNO spacer layer. 
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Figure 1: Intensity distribution of a (002) CTR spectrum 
of LCMO/LNO superlattice films with varied thickness 
of LNO spacer layer.  An arrow marks the position of the 
superlattice main peak. 
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Figure 2. X-ray intensity of a set of radial scans along the 
(200) in-plane Bragg peak of LCMO/LNO superlattice 
films with varied thickness of LNO spacer layer  The 
inset shows aν αζιμυτηαλ σχαν (Φ scan) of the surface 
peak and the substrate Bragg peak for a superlattice film 
with LNO spacer layer of thickness 2 nm. 
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Perovskite-type manganites has been explored in the 

form of superlattice structures, made by several 
combinations among ferromagnetic, antiferromagnetic 
and paramagnetic, the properties of which differ from 
their single-layer structures.  Novel physical properties of 
these artificial structures have been attributed to the 
structural and magnetic modifications at the interfaces of 
the two constituents of the multilayers.  For the 
controlled fabrication of manganite superlattice structures, 
a clarification of the detailed influence of strain on their 
microstructure is thus highly desirable.  Among various 
oxide materials of perovskite type, La0.7Ba0.3MnO3 
(LBMO) and LaNiO3 (LNO) have attracted particular 
attention.  A detailed study of strained LBMO epilayers 
might assist us to progress toward wholly understanding 
the effect of strain on microstructure and magnetic 
properties of this CMR material. Here we report an 
investigation of microstructure in various strained LBMO 
thin films by means of a LBMO/LNO asymmetric 
superlattice structure. LNO has a smaller lattice than that 
of LBMO, which introduces a lattice mismatch strain at 
the hetero-interface serving as a stressor for the 
manganite LBMO sublayer.  

LBMO/LNO superlattices were grown epitaxially 
on SrTiO3 (001) single-crystal substrates.  The designed 
modulation length (tLBMO+tLNO) of superlattices was 
varied to be 75, 90 and 105 Å with a fixed period of 12, 
i.e., (LBMOm/LNOn)12 in which m=60 Å and n=15, 30 
and 45 Å.  The sputtering was performed at a power 
density 1.5 W cm-2 for both LBMO and LNO with a 
highly purified gas (O2 25 % + Ar 75 %) at a working 
pressure 1.33 Pa; the substrate temperature was fixed at 
550℃.  The x-ray scattering experiments were carried 
out on wiggler beamline BL17B1 at the NSRRC.  
Manganese K-edge x-ray absorption spectra were 
recorded at the wiggler beamline BL17C. 

Figure 1 shows exhibits (00L) crystal-truncation-rod 
(CTR) intensity profiles of superlattices having a LNO 
spacer ranging from 15 Å to 45Å.  In the (002) CTR 
spectra, a well defined (002) zeroth-order peak and well 
resolved satellites on both sides reveal the high 
crystalline quality of these prepared superlattices.  That 
the mean lattice parameter c of LBMO/LNO superlattices 
is larger than the weighted mean of the lattice parameter 
c of unstrained LBMO and LNO films indicates an 
elongation of the average c-axis lattice of the superlattice 
along [00L] through heteroepitaxial strain in the 
superlattice structure.  Figure 2 shows the magnitude of a 
Fourier transform of the EXAFS function at the Mn K-
edge for LBMO/LNO superlattices with varied 
modulation lengths. The EXAFS spectra presented in the 
inset of Fig. 2 show that the interatomic distance of the 
first-shell Mn-O along the in-plane direction.  The 

superlattice with a LNO spacer of thickness 45 Å shows 
the longest Mn-O bond in the manganese sublayers and 
that with a LNO spacer of thickness 15 Å exhibits the 
shortest bond. Strain in the superlattice film contributes 
significantly to the distortion of the MnO6 orchestra in 
the manganese films. 

In summary, an enhanced ratio c/a of LBMO 
sublayers in the superlattice structure due to the misfit 
strain at the hetero-interface clearly exists according to a 
comparison with a single LBMO epilayer under the same 
effective thickness. Absorption experiments provide 
evidence that this hetero-interface strain in the 
superlattice structure can contribute significantly to the 
distortion of the MnO6 orchestra in the manganese 
sublayers. The LBMO layer in the artificial superlattice 
structure is under biaxial compressive stress whereas the 
LNO layer is under biaxial tensile stress. 
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Figure 1: X-ray (002) crystal truncation rod intensity profiles of 
curve (a) (LBMO60/LNO15)12, (b) (LBMO60/LNO30)12, (c) 
(LBMO60/LNO45)12 and (d) single LBMO epilayer-720Å.  The 
mark 0 represents the position of zeroth-order peak of 
superlattice. 
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Figure 2. Fourier transform of the EXAFS function at the Mn 
K-edge for series of strained LBMO/LNO superlattice films 
having different modulation length. 
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Studies showed that an arr y of DNA can be 
adsorbed to the cationic lipid surface. The quantitative 
structural studies using X-ray reflectivity can provide 
more clues of the DNA-divalent ion interactions at 
charged surfaces.    In this study, we would like to 
investigate the DNA adsorption by the cationic lipid DC-
Chol in the presence of Ca2+, Mg2+, and Ba2+ ions.  X-ray 
reflectivity was employed to exam the structure and film 
thickness of the LB films of DC-Chol/DNA in the 
presence of different amounts of divalent ions.   
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Figure 1.  X-ray reflectivity of the pure DC-Chol and 
DC-Chol/DNA + BaCl2 at different ion concentrations.  
The solid curves are the fitted curves. 

Figures 1 shows the typical X-ray reflectivity of DC-
Chol/DNA LB films, respectively for adding Ba2+ ions.  
The X-ray reflectivity curves show many Kiessig fringes.  
The film thickness can be easily estimated from the 
position of the Kiessig fringes.  For all the three kinds of 
divalent ions studied here, the locations of the Kiessig 
fringes all move toward lower Q region as the ion 
concentration is increased.  This indicates that the film 
thickness increases as the ion concentration is increased.  
The progressing smearing of the fringes for higher ion 
concentration cases, i.e. thicker film cases, implies that 
film roughness increases as the films become thicker.    
The effect of adding magnesium ions is close to the effect 
of adding calcium ions.  The effect of adding barium ions 
shows some differences.  The film thickness of adding 
barium ions is smaller than the film thickness of adding 
the same amounts of calcium ions or magnesium ions.    
The divalent barium ions seem to be less effective in 
inducing the DNA adsorption/condensation.  Other than 
the differences in the fringe position and period size, the 
first dip in the reflectivity curve of adding 10, 20 and 30 
mM barium ions almost disappears as compared with the 
sharp first dip in the reflectivity curves of adding calcium 
or magnesium ions.  This signifies a difference in the 
scattering length density of the adsorbed DNA layer due 
to the presence of the higher atomic number barium ions 
in the adsorbed DNA layer.  
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Figure 2.  X-ray scattering length density (SLD) profiles 
for the case of DC/DNA + 30 mM ions determined from 
fitting the X-ray reflectivity data. 

The X-ray scattering length density profiles as 
determined from the X-ray reflectivity for the 30 mM ion 
concentration cases are shown in Fig. 2.   As shown in 
Fig. 2, the DNA layer thickness for adding barium ions is 
not as thick as the cases of adding calcium ions and 
magnesium ions but the X-ray scattering length density is 
significantly higher due to the presence of the high Z 
barium ions in the second DNA layer. 

  The order of the ability of enhancing the DNA 
adsorption is found to be Ca2+ > Mg2+ > Ba2+.  The 
difference can be attributed to the different hydrated ion 
sizes, but not the ion sizes.  

 

. 
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Table I The fitting surface roughness together with the 
transparency measurement and sheet resistance 
measurements. 

Pt was employed as an ideal anode or hole injection 
layer [8] in top-emitting OLEDs with respect to its high 
work function, conductivity and reflectivity. An ultra-thin 
Pt layer could be used also as a transparent conducting 
layer to replace the ITO used today. There is an optimal 
thickness for the hole injection layer or semitransparent 
hole injection layer to achieve the best performance of an 
anode of top-emitting OLED, and the optimal thickness is 
related to many factors such as the surface morphology, 
reflection, driving voltage, density etc. It is necessary to 
control the thickness and integrity of the hole injection 
layer to obtain the best device performance. An anode 
layer that is too thick will reduce the transparency. An 
electrode too thin may develop leakage current  in the 
device by defects or pinholes, if the film formation 
process is not properly managed. Formation of dense and 
amorphous film without pinholes is crucial for the hole-
injection layers in order to minimize non-uniform charge 
transport or leakage current related to the surface 
morphology of the electrodes. Besides, emitted light can 
degrade the luminous efficiency in a small overhangs and 
voids on surface. Such an improvement in surface 
morphology can help enhance the device performance by 
allowing more uniform charge transport from the anode 
to the hole-transport layer, resulting in a reduced short-
term device degradations. The X-ray reflectivity is a 
powerful method for measuring properties of surfaces 
and thin films.  

Thickness  Roughness Trans. Resistance 

(nm)  (nm)  (%)  (Ohm/sq) 

121.9  2.43  2.2  6.52 

61.5  1.69  2.5  19.5 

32.5  1.29  5.4  20.8 

16.2  0.95  19.2  49.2 

8.71  0.86  39.8  144.1 

3.89  0.33  65.9  803.7 

1.96  0.36  90.8  N/A 

_____________________________________________ 

 
Figure 1 shows the reflectivity curve of ultrathin films. 
The fitting surface roughnesses together with the 
transparency measurements and sheet resistance 
measurements are listed in Table I. 
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Figure 1.  The X-ray reflectivity measurement.  
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The main objective of this study is to extensively 

characterize the microstructure of the transparent LAS-
system glass-ceramic materials, especially those with β-
quartz solid solution (nm in size) as the main phase, with 
the change of components of Fe, Co, Ni and Zr and 
thermal treatment conditions by high-resolution 
synchrotron tools to find out the correlations among 
thermal expansion, mechanical strength and 
microstructures. Samples were prepared by the standard 
bulk method with commercial-like compositions. 
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Figure 1 shows that the  IR band features of lithium 
aluminosilicate (LAS) glass changed significantly under 
different heat-treatment temperatures. The diffuse nature 
of spectra of specimens heat-treated at 750℃, 650℃and 
as-quenched (not shown here) indicates that theses 
samples exhibit relatively disordered structures. The lack 
of sharp bands results from the highly dispersive 
distribution of bond length and the angles between bonds. 
The band around 460 cm-1  associated with O-Si-O 
bending vibration (characteristic of silicate glasses) [1, 2, 
3]. However, the asymmetry stretching vibration of LiO4 
tetrahedra and MgO6 octahedra near this frequency can 
not be excluded. The weak band between 800 and 700 
cm-1 may be attributed to the symmetry stretching of Si-
O-Si bonds [2,3] while the wide band at high frequency 
of 1090 cm-1 corresponds to the asymmetric Si-O-Si 
bonds. In LAS glass and glass ceramics, it’s generally 
accepted that Al can partly substitute Si as a glass 
network former or locate in 3D crystalline network of β-
quartz or β-spodumene solid solutions. As a result, 
asymmetric Si-O-Al bonds may also involve in this 
frequency range. For specimens heat-treated at 
temperatures higher than 800 ℃ , the bands became 
sharper, split and shifted. The essence of less diffused 
appearances of bands implies that these samples were 
partly crystallized. The band around 1030 cm-1 was 
assigned to non-bridge Si-O bonds [3] perturbed by the 
neighboring Al and Li ions. It can be inferred that more 
non-bridge oxygen ions exist in the residual vitreous 
phase than in the as-quenched glass. The new-emerged 
band around 580 cm-1 may be due to the presence of 
groups of TiO6 [3], AlO6 [2, 3] and MgO6 [2]. Because 

the concentration of Mg is low, the high intensity of this 
band should belong to the high content of 6 coordinated 
Al in the minor phase of spinel and the residual glassy 
phase. In addition, IR beams undergo an anomalous 
dispersion in LAS glass-ceramic samples of this study. It 
can be observed that after Kramers-Kronig correction, 
the positions of absorption bands shifted for several to 
several tens of cm-1 while the relative intensities of 
absorption bands changed for more than 100% in some 
cases. This artifact arises from the fact that when the 
absorption takes place in a medium, dispersion of light 
also occurs due to the wavelength dependence of the 
refractive index. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  IR spectroscopy of a sample under various 
thermal treatment conditions. 
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Cubic phase yttrium-doped HfO2 (YDH) ultra-thin 

films were grown on n-type GaAs (100) and Si (111) 
substrates by molecular beam epitaxy (MBE) deposition 
at 550 °C and 650 °C substrate temperature, respectively. 
Systematically structural and morphological 
investigations by x-ray scattering on beam line BL17B of 
National Synchrotron Radiation Research Center 
(NSRRC) and transmission electron microscopy reveal 
the YDH thin films are epitaxial to the GaAs(0 0 1) 
substrates with their <100> axes parallel to each other. 
For Si (1 1 1) substrate, the YDH grow with their [1 1 1] 
axis parallel to [1 1 1] Si substrate normal, and the [-2 0 2] 
in-plane axis parallel with the substrate [-2 2 0] direction. 
The interface between YDH/Si (1 1 1) is atomistic sharp 
and free of interfacial layer. 

 
Figure 1. Intensity distribution of the (0 0 2) CTR.  The 
blue curve is the scan of YDH; the red one is pure HfO2. 
The inset shows the rocking curve at YDH (002) which 
has a FWHM of 0.022.  

 
 

 
 
 
 
 
 
 
 
 

Figure 2. This is the surface normal scan of YDH on 
Si(111).The oscillations along the curve are the 
Pendellosung fringes. The presence of si many fringes is 
another evidence of the smoothness of the interfaces.The 
inset shows the XRR measurements of YDH/Si(111), 

from the fitting results, the surface and interface 
roughness are smaller than 0.3nm  

We have determined the absolute yttrium content 
incorporated in the crystalline lattice of YDH films by 
using anomalous x-ray diffraction (AXD). AXS spectra 
were obtained near the Y K absorption edge at the YDH 
(2 2 2) and (2 2 0) Bragg reflections. By comparing the 
yttrium composition obtained by AXD to x-ray 
photoelectron spectroscopy (XPS) results, which is with 
angle-resolved for different penetrated depth, we 
determine the yttrium content is about 19% (+-2%) and 
doped yttrium atoms are randomly and evenly substitute 
hafnium atoms. 

Figure 3. Combinations of the normalized measured and 
simulations (x~19%) AXD spectra of YDH(2 2 2) and (2 
2 0) Bragg reflections. 

Figure 4. Angular resolved XPS measurements of YDH 
epitaxial films at O 1s, Y 3d and Hf 4f core levels. 
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Structural Characteristics and Strain Relaxation Behavior of Ultrathin Y2O3 Films 
Epitaxially Grown on Si(111) 
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High structural quality nano thick single-crystal 
Y2O3 films have been grown epitaxially on Si (111) 
despite a lattice mismatch of 2.4%. The films were 
electron beam evaporated from a sintered and compacted 
powder Y2O3 target and determined to be a cubic bixbyite 
phase with its 111 axis in parallel to that of Si. The 
substrate temperatures were maintained at about 780ºC 
during deposition. The strong oscillations of x-ray 
reflectivity (as shown in Fig. 1) and Pendellosung fringes 
surrounding the Y2O3 diffraction peaks all point out that 
the film surfaces are very smooth, the oxide/Si interfaces 
are atomically sharp with a low average roughness, and 
the films are highly uniform. The films are well aligned 
with the Si substrate with an in-plane orientation 
relationship of Si [ 101 ] || Y2O3 [ 011 ] which was verified 
from the in-plane azimuthal HK scans.  
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Figure 1. X-ray reflectivity curves and the fitted result of 
a 3.0nm thick Y2O3 layer with a 2.9nm thick capping Si 
sample, showing a 0.6nm thick interfacial layer (Y 
silicate) formed. 
 

In addition, the presence of two groups of Y2O3 
{400}c reflections in which Si{200}c is theoretically 
forbidden, 60º apart from each other, indicates there exist 
two Y2O3 domains. From the integrated intensity analysis, 
the orientation preference depends on the film thickness. 
For the thinner films, only small percentage (~44%) of 
the film was grown in the preferred orientation for the 
2.0nm thick film, and the number increases to more than 
90% for the thicker film (shown in Fig. 2). This evidence 
suggests that domain with the minor orientation start to 
get buried beneath. The average in-plane domain sizes 
were generally 20nm which were deduced from the 
FWHM of the oxide ( 044 ) reflection.  

The strain of the film was calculated from the 
diffraction peaks of longitudinal and transverse scans. 
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Figure 2. Thickness dependent preferred domain 
percentage (top panel) and the in-plane domain size 
(bottom panel) 

As compared with the bulk lattice parameters, the 
strain of the oxide unit cell lattice along the longitudinal 
and transverse directions are plotted as a function of the 
oxide layer thickness, shown in Fig. 3. The vertical oxide 
unit cell length was compressed while the pseudomorphic 
oxide films are tensilely strained and gradually relax with 
increasing film thickness. Notice that the strain is not 
fully relaxed up to the film thickness of 2nm.  
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Figure 3. Longitudinal and transverse strain of the oxide layer 
depends on the dielectric layer thickness. 

In conclusion, we have demonstrated excellent ultra-
thin Y2O3 layers epitaxially grown on Si (111) from the 
structural characterization carried out by a powerful x-ray 
scattering technique. As the oxide/Si interface is utmost 
important, further studies are underway to disclose the 
detailed chemical and structural information. It is 
remarkable that a nano oxide grew excellently hetero-
epitaxially on Si.  
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Cubic HfO2 Doped with Y2O3 Epitaxial Films on GaAs (001) of Enhanced Dielectric Constant 
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Figure 2. Intensity profile of radial scans along GaAs (a) 
surface normal [001], (b) in-plane [010] and (c) off-plane 
[111] directions. The intense sharp peaks are the Bragg 
peaks of GaAs substrate and the broad peaks are the 
reflections of YDH epitaxial layer.  The inset in (b) is the 
intensity distribution of the azimuthal scan, i.e.ψ scan, of 
YDH {400} surface reflections. The peak positions 
coincide with those of GaAs {400} reflections. 

Hafnium dioxide (HfO2), with its high κ value and 
thermal stability in contact with Si, is currently the 
leading alternative gate dielectric candidate. It has three 
known crystallographic structures of monoclinic, cubic, 
and tetragonal phases. Density function theory 
calculations indicated respective predicted dielectric 
constantsκbeing ~20, 30, and 70.1 Unfortunately the 
tetragonal and cubic phases can be transformed 
thermodynamically at approximately 1720 and 2600°C, 
respectively, whereas the monoclinic phases appeared at 
room temperature. In this work, nano thick HfO2 doped 
with Y2O3 (denoted as YDH) films were epitaxially on 
GaAs (001) by MBE. High-resolution x-ray diffraction 
studies found that the film crystal structure is altered 
from the common monoclinic phase of a dielectric 
constant 　~17 to the cubic phase of a dielectric constant 
　 exceeding 30. 

 

 
Figure 1. The dielectric constantsκof HfO2 are different 
with different structures.  

Figure 3. High resoulation TEM image of YDH/GaAs (0 
0 1). From the image, we can find out that YDH is  very 
nice epitaxial film and without any interfical layer. 

 
 

Xinyuan Zhao and David Vanderbrit, P.R.B, VOL. 65, 
233106, (2002) 
 

The structural study of YDH grown on GaAs(0 0 1) 
was conducted by x-ray diffraction at BL17B1 wiggler 
beamline of NSRRC.(Fig 2.) And we found that the 
structure of YDH is cubic and lattice constant is 0.512nm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. To further characterize the crystal structure of 
YDH, we compare the x-ray diffraction measurements of 
HfO2 without/with doping Y2O3 grown on GaAs(001). 
The (a)(b) display  the long L scans along 220 direction 
and 200 direction long of pure HfO2.There are many 
peaks on these scans and we could index these peaks 
based on monoclinic structure and the coexistence of four 
domains.The (c)(d) are the same measurements of HfO2 
doped with Y2O3. 
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Investigation of PS-P2VP/HAuCl4 Nanostructure and Its Phase Transformation via  
Self-assembly 
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Self-assembly is ubiquitous in nature and has now 
emerged as a new approach in science and technology. 
The organization of inorganic materials into periodic 
nanostructures by using block copolymers as templates 
for self-assembling are expected to produce hybrid 
materials with synergistic improvements in properties. In 
this thesis, we studied the effect of incorporating 
inorganic material, chloroauric acid (HAuCl4) in block 
copolymer template of polystyrene-b-poly 2-vinyl 
pyridine (PS-P2VP) on the morphology, phase behavior, 
thermal and optical properties of the hybrid material. PS-
P2VPs are prepared by living anionic polymerization. 
Because of covalent bonding of mutually immiscible 
polymer blocks, block copolymers form a variety of 
nanostructures of ordered array of spheres, cylinders or 
lamellae depending on the volume fraction of their 
respective block (Fig 1).  

 

 

 

 

 

 

 

 

 

 

Figure 2. SAXS profiles of asymmetric PS70k-
P2VP7.6k solvent-casting with different solvent (CH2Cl2 
and THF) and various amounts of incorporated HAuCl4. 
When casting by CH2Cl2, the nanostructures maintain at 
relative q values of 1, 21/2, and 31/2 till N: Au = 4: 1. 
These are the diffraction peaks from BCC. But for THF, 
which is well soluble for HAuCl4, the nanostructure 
transform from BCC to HEX and even to lamella when 
the ratio of Au/N increasing. 

 
Figure 1. Self-assembly nanostructures form a variety of 
nanostructures of ordered array of spheres, cylinders or 
lamellae depending on the volume fraction of their 
respective block.  

The nitrogen atom in pyridine ring having an extra 
lone-pair electrons forms complex with chloroauric acid 
which in turn changes the nanostructure of the PS-
P2VP/HAuCl4 hybrid. Nanostructure of ordered array of 
spheres, cylinders, gyroid, lamellae as well as different 
shapes of micelles can be tailored by choosing 
appropriate block copolymer, molar ratio of the gold salt  
to the copolymer added as well as the solvent chosen 
(Fig 2~3.). The phase diagram of the hybrid system are 
determined and related to intermolecular interactions on 
nano- and mesoscopic scales. Self-assembled 
nanostructure are characterized by transmission electron 
microscopy and the large-scale determination are 
collected using synchrotron radiations at NSRRC 
BL17B3 beam lines.  

 

Figure 3. SAXS profiles of symmetric PS12k-P2VP12k 
solvent-casting with different solvent and various 
amounts of incorporated HAuCl4. When casting by 
CH2Cl2, the nanostructures maintain at relative q values 
of 1, 2, and 3 till N: Au = 5: 1. These are the diffraction 
peaks from lamella. But for THF, which is well soluble 
for HAuCl4, the transformation of nanostructure are 
contrary to asymmetric system.  
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Abstract for Current Studies on DD and E1-DD Binding in BCKD Protein Complex by SAXS 
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The mammalian mitochondrial branched-chain-
alpha-ketoacid dehydrogenase (BCKD) complex 
catalyzes the oxidative decarboxylation of branched-
chain-alpha -ketoacids derived from leucine, isoleucine 
and valine to give rise to branched-chain acyl-CoAs.  The 
transacylase (E2) subunit of the branched-chain a-
ketoacid dehydrogenase (BCKD) complex carries three 
independently folded domains which are linked together 
by flexible loops.  We have employed multidimensional 
heteronuclear NMR techniques to determine the structure 
of the hbLDB (a.a. 1-84) domain and hbSBD (a.a. 104-
152) domain; however, the di-domain (hbDD aa. 1-168) 
structure has not been solved yet.  The hbLBD and 
hbSBD play central role in substrate channeling and 
substrate recognition, thus we would like to understand 
the domain (hbLBD and hbSBD) orientation using SAXS.  
In addition, it will be of great interest to dissect the mode 
of interactions between hbDD and E1.   

Using small angle X-ray scattering (SAXS), we have 
studied the structure of the di-domain protein (LBD+SBD) 
from BCKD complex in a buffer solution.  The SAXS 
was measured at BL17B3 SWAXS endstation, with 0.5 
mm dia. photon beam of 10 keV and a sample-to-detector 

1250 cm.  With the 2-D area detector, the Q range 
measured covered from 0.015 to 0.35 Å-1, where the 
wavevector transfer Q (=4πsin(θ/2)/λ) was defined by θ 
and λ for the scattering angle and wavelength of the 
photons.  At a concentration of 1mM, the SAXS data 
shown that di-domain protein (hbDD) is a rod-like 
molecule with the length of 110 Å and radius of 13 Å (the 
radius of gyration ~30 Å).  To orientate individual 
domains (hbLBD and hbSBD) to this model indicating 
that the 20 residues linker between LBD and SBD is not 
totally extended but somehow twisted.  This result 
consists with our NMR observation where the dynamics 
data shown the linker is not totally flexible but somehow 
restricts the motion of these two domains.   

On the other hand, to study E1/DD complex, we 
collect data for E1 component first.  The SAXS data 
shown the E1 component of BCKD is very compact, and 
the shape of E1 is closer to sphere model.  This is also 
consisting with the X-ray structure of E1.  However, the 
E1-DD complex data is very similar to E1 alone, thus 
further studies is needed for more detail information on 
E1-DD binding. 
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Self-assembly of Helical Polypeptide-chain End Tethered Polyhedral Oligomeric 
Silsesquioxanes (POSS) in Solid and Solution State 
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Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan  
 
Based on the TEM, AFM, SAXS, and WAXD 

results, a mechanism for the gelation of POSS-PBLG was 
conceived. The experimental results strongly suggest that 
the nanoribbon mechanism for the self-assembly of 
random coil-helical polypeptide block copolymers also 
applies to the POSS-PBLG copolymers [1]. We imagine 
that the POSS-PBLG copolymers self-assemble in an 
anti-parallel fashion in order to minimize the steric 
hindrance between POSS blocks and unfavorable 
orientation of the dipole moment of the PBLG helix in 
the nanoribbon structures [2]. The long axis of the PBLG 
helix is parallel to the plane of the ribbon. In an anti-
parallel stacking mode, the distance between two 
neighboring POSS blocks is ca. 3.7 nm, which could 
accommodate the bulky POSS in the planar nanoribbon 
structures without changing the morphology. The POSS 
block protrudes outside of the ribbon due to its high 

solubility in toluene and prevents the aggregation 
between nanoribbons to form clear gels. In summary, the 
incorporation of POSS into the chain end of PBLG plays 
two important roles; (1) the POSS can enhance the 
intramolecular hydrogen bonding between POSS and 
PBLG to form α-helix in solid state and (2) the POSS 
block protrudes outside of the ribbon to prevent the 
aggregation between nanoribbons to form clear gels in 
solution state. 

 
References: 
[1] Kim, K. T.; Park, C.; Vandermeulen, G. W. M.; Rider, D. 
A.; Kim, C.;. Winnik. M. A; Manners I. Angew. Chem., Int. Ed 
44, 7964 (2005). 
[2] Ludwigs, S.; Krausch, G.; Reiter, G.; Losik, Antonietti, M.; 
Schlaad, H. Macromolecules 38, 7532 (2005).  
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Polymers can form comb-shaped architecture by 
adding proper amphiphiles which can complex with the 
backbone by physical interactions such as ionic bonds, 
hydrogen bonds, and metal-mediated coordination bonds. 
The repulsive force between the backbone and the side 
chains formed by amphiphiles leads to self-assembly of 
the comb-shaped polymers to form mesomorphic 
nanostructures with the length scale of several nm. 
Recently, some groups have selectively complexed one of 
the blocks in coil-coil diblock copolymers with 
amphiphiles to produce polymers with hierarchical 
structures.  In this case, the microphase separation 
between the comb and coil blocks generates 
microdomains with the size of several tens of nm and the 
other microphase separation for the comb blocks leads to 
a lamellar mesophase with the characteristic length scale 
of several nm. In this study, we prepare the comb-coil 
block copolymers with linear and hetero-arm architecture 
to reveal the effect of molecular architecture of this type 
of materials on their self-assembly behavior. 

Small-angle X-ray scattering experiments were 
performed at NSRRC using 17B3 beamline.  The linear 
PS-b-P4VP(DBSA) complex is denoted as “L1(DBSA)” 
and the hetero-arm (PS)5(P4VP)5(DBSA) complex is  
denoted as “H1(DBSA)”).  The volume fractions PS 
volume fraction in these systems are 0.4 and 0.44, 
respectively.  

 
Figure1. Temperature-dependent SAXS heating profiles 
of L1(DBSA) 

 

Figure 1 shows the temperature-dependent SAXS 
heating profiles of L1(DBSA) in the temperature range of 
30-290 °C. The peak position ratio in the low-q region 
representing the copolymer domain morphology was 
1:2:3:4, indicating that L1(DBSA) formed long-range 
ordered lamellar morphology consisting of alternating PS 

and P4VP(DBSA) lamellae. On increasing temperature, 
the intensities of both primary and higher order peaks 
increased without showing any sign of order-disorder 
transition (ODT). The increased intensity stemmed from 
the annealing effect of the as-cast sample. 

The peak in the high-q region in Figure 1 was 
associated with the lamellar mesophase foemd by 
P4VP(DBSA) comb blocks.  Its intensity decreased 
abruptly at about 260 °C, showing the occurrence of ODT 
of this lamellar structure. 

Figure 2 shows the temperature-dependent SAXS 
heating profiles of H1(DBSA) in the temperature range of 
30-290 °C. 

 
Figure2. Temperature-dependent SAXS heating profiles 
of H1(DBSA) 

 

A primary maximum along with a weak second-
order peak were observed in the low-q region, indicating 
a less ordered lamellar morphology in this system 
compared with the lamellar structure formed in its linear 
counterpart. It is interesting that after heating to 260 °C, 
the primary peak abruptly shifted to lowe q, showing a  
large increase of the interlamellar distance. The origin of 
this behavior is under study. 

The intensity of the peak in the high-q region in 
Figure 2 was found to increase continuously with 
increasing temperature, showing that the smaller-scale 
lamellar structure remained stable throughout the heating.  
This is in contrast to the L1(DBSA) where the 
corresponding lamellar mesophase displayed an ODT.  
Therefore, the introduction of heteroarm architecture can 
effectively stabilize the lamellar mesophase formed by 
the comb blocks. 
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A series of degradable block copolymers, 
poly(acrylonitrile)-b-poly(ε-caprolactone) (PAN-PCL), 
have been synthesized by sequential living 
polymerization in this study. The microphase-separated 
lamellar samples were then used as templates to produce 
mesoporous carbon at which large amounts of porous 
texture in carbonized PAN matrix were formed after 
degradation of PCL due to randomly oriented lamellar 
texture. Mesoporous carbon materials might be prepared 
as evidenced by transmission electron microscopy (TEM) 
and small-angle X-ray scattering (SAXS). The formation 
of carbonized materials was identified in accordance with 
the presence of carbon diffractions by wide-angle X-ray 
diffraction (WAXD). 

To identify the morphology of PAN-PCL, 
microsections of quenched PAN-PCL samples (referred 
as pristine samples) were examined by TEM. Owing to 
the RuO4 staining effect, PAN and PCL microdomains 
appeared as dark and bright regions, respectively. As 
observed, the TEM image of AN05CL03 (fPAN

v=0.6) 
(Figure 1a) exhibited typical microphase-separated 
lamellar morphology. Corresponding SAXS results 
(Figure 1b) further confirm the observed lamellar 
nanostructure where the scattering peaks occur at q* ratio 
of 1: 2 and the d-spacing is determined as 16 nm. The 
broad second peak is attributed to the PCL crystalline 
leading to much significant electron density variation 
from PAN and amorphous PCL. Consequently, the 
broadness of the peak becomes narrow as examined at 
temperature above Tm of PCL blocks (dotted line of 
Figure 1b). 

 

   
Figure 1. (a) TEM micrograph of pristine AN05CL03 
(fPAN

v=0.6) and (b) corresponding 1D SAXS profiles 
examined at room temperature and 120oC. 

 
As mentioned above, PAN is a carbonization 

precursor and carbonization of PAN can be achieved by 
stabilization (at 200-300 oC in the presence of air) and 
carbonization (at 800-1000 oC in inert environment) in 
sequence. The pristine samples were heated at 230 oC for 
20 hrs in atmosphere for stabilization. The morphology 

was thus examined by TEM and SAXS. As shown 
(Figure 2a), the samples retain the intrinsic nanostructure 
even though the d-spacing becomes larger (c.a. 17 nm). 
The preserved nanostructure was further identified by 
SAXS (Figure 2b) where the scattering peaks were found 
to occur at q* ratio of 1:2, and the d-spacing was 
determined as 20 nm from the primary peak, good 
agreement with the TEM results. 

 

    
Figure 2. (a) TEM micrograph and (b) 1D SAXS profile 
of stabilized AN05CL03.  
 

To complete the carbonization procedure, the 
stabilized samples were further heated to 800 oC. After 
carbonization, a broad bump in the SAXS profile (Figure 
3a) could be clearly identified. The diffused scattering 
result might be attributed to the formation of large 
amounts of random-oriented pores. Figure 3b is the 
comparison of WAXD profiles observed for pristine, 
stabilized and carbonized samples at room temperature. 
From the results, carbonized PAN-PCL block copolymer 
had a graphite-like carbon structure. 

 

    
Figure 3. (a) SAXS profiles of carbonized AN05CL03 
and background. (b) WAXD profiles of each step of 
carbonization procedure. 
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We have investigated the crystallization effect on 

the phase separation of a poly( ε -caprolactone) and 
poly(ethylene glycol) oligomer (PCL/PEGo) blending 
system using simultaneous small-angle light scattering 
and differential scanning calorimetry (SALS/DSC) as 
well as simultaneous small-angle X-ray scattering 
(SAXS), wide-angle X-ray scattering (WAXS), and DSC 
(SAXS/WAXS/DSC) at NSRRC BL17B3. When the 
PCL/PEGo system, of a weight ratio of 7/3, is quenched 
from a melt state (160 °C) to temperatures below the 
spinodal point and the melting temperature of PCL (63 
°C), the structural evolution observed exhibits 
characteristics of (Ⅰ) early stage of spinodal 
decomposition SD, (Ⅱ) transient pinning, (Ⅲ) 
crystallization-induced depinning, and (Ⅳ) diffusion-
limited crystallization as described on Figure 1. The time 
dependent scattering data of SALS, SAXS and WAXS, 
covering a wide range of length scale, clearly show that 
the crystallization of PCL intervenes significantly in the 
ongoing viscoelastic phase separation of the system, only 
after the early stage of SD. The effect of preordering 
before crystallization revives the structural evolution 
pinned by the viscoelastic phase separation. The growth 
of SAXS intensity during the preordering period 
conforms to the Cahn-Hilliard theory. In the late stage of 

the phase separation, the PCL-rich matrix, of spherulite 
crystalline domains developed due to the faster 
crystallization kinetics, traps the isolated PEGo-rich 
domains of a slower viscoelastic separation.   
 

 
 
Figure 1. Cartoons for the morphologies and the 
corresponding concentration( φ )/density fluctuations in 
the four stages, Ⅰ, Ⅱ, Ⅲ, and , of the structural Ⅳ

evolution of the PCL/PEGo (7/3) blend, with Λ  for the 
wavelength of concentration fluctuations of the liquid-
liquid phase separation and D  for the size of PCL 
spherulites. The dark zones are for PEGo domains, 
whereas the relatively bright zones represent the PCL-
rich domains of a higher viscoelasticity. 
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Large-pore mesoporous silica materials prepared by 

using Pluronic-type triblock poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) (EOnPOmEOn) 
copolymers as structural directing agents generally have 
additional micropores in the silica walls resulting from 
the interpenetrating network of silica and hydrophilic EO 
chains formed during the synthesis. The unique bimodal 
pore structure may bring great opportunities into 
advanced applications provided that methods of selective 
deposition of functional groups or guest species in either 
one or the other pore system are developed. On the other 
hand, practical applications of porous materials often 
require fast diffusion of molecules to and from the pore 
structure in which functional species are located. Since 
the diffusibility through confined nano-channels can be 
rather limited, efforts have been made to prepare 
mesoporous materials with additional intra-particle and 
interconnected mesopores. The need to create additional 
diffusion channels is even more crucial for mesoporous 
silica SBA-15 generally having a macroscopic 
morphology of rope-like, micrometer-sized aggregates.  

We recently developed a simple and facile synthesis 
of mesoporous silica SBA-15 materials with additional 
intra-particle porosities by using the carboxylate-
terminated triblock copolymer Pluronic P123 (P123-
COOH) [1]. When the P123-COOH copolymers form 
micellar structures in solution, the interfacial monolayer 
of carboxylate groups may facilitate the hydrolytic 
condensation of alkoxysilanes during the self-assembly 
process. The study of such a kinetic effect is crucial to get 
insight of the self assembly process of the three-
dimensionally ordered organic-inorganic hybrid materials. 

We applied the in-situ small angle X-ray 
scattering/diffraction technique (SAXS/XRD) to monitor 
the formation kinetics of the resulting materials. Figure 1 
shows the in-situ SAXS/XRD data of the SBA-15 
materials synthesized with hydroxyl-terminated P123 
(P123-OH, resulting in SBA-15-H) or carboxylate-
terminated P123 (P123-COOH, resulting in SBA-15-C). 
For SBA-15-H, one relatively sharp reflection and two 
less intense reflections appear suddenly after a reaction 
time of 47 min, and they can be indexed as the (100), 
(110) and (210) reflections of a 2-D hexagonal 
mesophase. The intensity of (100) reflection continues to 
increase with time, which reflects an increase in the 
amount of ordered matter. The d-spacing corresponding 
to the (100) reflection is 12.2 nm, and the value gradually 
decreases with time and reach a stable minimum of 11.5 
nm at 100 min. It suggests that the mesophase continues 
to contract during that period of reaction time. In the 
synthesis of SBA-15-C, the (100) reflection already 

appears after a reaction time of 20 min, and its intensity 
increases rapidly with time. The shorter induction time 
for the (100) reflection of SBA-15-C than that of SBA-
15-H suggests that the carboxylate end-groups on the 
micelles of P123-COOH accelerate the formation of 
ordered mesostructures. The d-spacing calculated from 
the (100) reflection of SBA-15-C is also 12.2 nm, and it 
decreases to reach a stable minimum of 11.9 nm at 82 
min. On the other hand, the (110) and (210) reflections of 
SBA-15-C first appear after a reaction time of 30 min, 
but the intensity of these two reflections remain low even 
after a reaction time of 120 min. Distinct from that for 
SBA-15-H or what has been observed previously [2], the 
low intensity of the (100) and (210) reflections might be 
attributed to subtle difference of the degree of silica 
condensation in the P123-silica hybrid mesostructures. 

 
Figure 1. Time-resolved SAXS/XRD patterns of SBA-
15-H (a) and SBA-15-C (b). 
 
Reference: 
[1] Hsu, Y. C.; Hsu, Y. T.; Hsu, H. Y.; Yang, C. M. Chem. 
Mater. accepted.. 
[2] Flodström, K.; Teixeira, C. V.; Amenitsch, H.; Alfredsson, 
V.; Lindén, M. Langmuir 20, 4885 (2004). 
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We have studied the structure of lysozyme 

influenced by solution environment using small-angle X-
ray scattering (SAXS). With an ellipsoid form factor and 
a structure factor derived based on a mean spherical 
approximation (MSA) to account for the electrostatic 
repulsion of lysozyme, we have extracted detail structural 
information of the protein in aqueous solutions, including 
the size, shape, and net charge number. The SAXS data 
analysis shows that lysozyme in pure water, expressing 
an averaged charge number of ~6, folds to an ellipsoid-
like shape of a radius of gyration Rg = 16.6 Å. 
Temperature dependent SAXS for lysozyme in a buffer 
solution of eliminated charge repulsion, suggests that the 
protein may thermally unfold gradually along a preferred 
direction, from the ellipsoidal shape of an aspect ratio of 
p ~ 2 at 30 °C to an elongated shape of p ~ 3 at 70 °C. 
The structural parameters of the unfolded lysozyme 
obtained using the model fitting are compared to the 
envelope morphology simulated using the dummy 
residues model. From the volume evolution of the 
lysozyme during the thermal-unfolding process, we 
deduce a free energy profile for the protein thermally 
unfolded in water, on the basis of a modified Ising model 
with mean field approximation. 
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Figure 1 The SAXS profiles of the aqueous solutions 
of 7, 10.5, 21, and 42 mg of lysozyme are fitted (dashed 
curves) with the same normalized ellipsoid form factor 

)(~ QP  together with the respective structure factors S(Q). 

Also shown are the P(Q) and the S(Q) for the sample 
solution of 42 mg/ml lysozyme.  
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Figure 2 Guinier approximations (dashed lines) with 
Rg values of 15.0, 15.2, and 15.7 Å for the SAXS data of 
the sample solutions of 21 mg lysozyme in a buffer 
solution of pH2.9, added with 0 M, 0.03M, and 0.1 M 
NaCl, respectively. The inset shows the well overlapped 
SAXS data (normalized to concentration C) for the three 
sample solutions of 21, 14, and 7 mg lysozyme in the 
same buffer solution with 0.1 M NaCl. These sets of data 
are fitted (dashed curve) with the same ellipsoid form 
factor. For comparison, SAXS data for lysozyme (21 mg) 
in pure water show a prominent interference peak in the 
low-Q region. 
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In the recent decade metal nanoparticles having a 

diameter of the order of nanometers have been vigorously 
investigated. They are expected as innovative 
optoelectronic devices and catalyst because of their small 
size effect and extremely large specific-surface area. 
However, the metal nanoparticles strongly tend to 
aggregate into large clusters; hence, in many cases they 
are stabilized by covering their surface with surfactants or 
copolymers. Some researchers reports that the metal 
nanoparticles can be localized in a specific area of 
specimen, i.e., a specific phase of microdomain structures 
by stabilizing metal nanoparticles with block copolymers. 
The key points are that the block copolymers form the 
microdomain structures and the one component of the 
block copolymers interacts with the metal more strongly 
than others: the block copolymers act as both stabilizers 
for metal nanoparticles and templates controlling the 
distribution of them. In this study, small angle X-ray 
scattering was employed to monitor in situ the formation 
of colloidal Pt particles by reaction of Pt(acac)2 and 1,2-
haxadecandiol in TEG solution as shown in Fig. 1. An 
intermediate complex molecule, was shown in Fig. 2, was 
found to decompose to form stable Pt particles core co-
polymer shell clusters of 3.6 nm diameter with a 
monomodal particle fitting. In addition, the the q value 
between 0.1 and 0.2 shows a dramtical change. It may 
due to the reactive nature of the 1,2-haxadecandiol in the 
copolymer shell at the surface Pt particles allows 
protonolytic reaction with OH groups of substituents, 
such as diol hydroquinone, to occur. The detailed data 
analysis of SAXS patterns will be proceeded in the near 
future and is helpful to understand the behaviors of the 
chemical reaction for the formation of nanoparticles. 

 

Figure 1. In situ SXAS scattering cross sections at X-ray 
energy E=10.5 KeV during reaction at 200℃. 
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Figure 2. In situ SAXS scattering cross sections for 
reaction time 30 min at X-ray energy E=10.5 KeV. 
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Metal nanoparticles can be prepared by two distinct 

ways, that is by subdivision of bulk metals and by the 
growth of particles starting from metal atoms, which are 
obtained from ionic precursors. The latter preparative 
method is more suitable to obtain small and unform 
nanoparticles than the former. In the latter method, 
control of the atom nucleation is the most important step 
to further govern the size and uniformity of the metal 
nanoparticles. Many synthesis methods appeared in the 
literature considers the particle homogeneity as the main 
criteria in preparing NPs. In a recent work of bimetallic 
NPs were prepared within the range of  0.7 – 4 nm by 
controlling pH of the reaction medium in ethylene glycol 
solutions. Depending on the pH medium ethylene glycol 
will be oxidized to glycolic acid or glycolate anion. The 
glycolate anion formed acts as a stabilizer for the metallic 
colloids, hence the resulting metal particle size is 
controlled via the synthesis solution pH. In our previous 
study, the chemical state and nucleation of Ru NPs 
synthesized by using ethylene glycol (EG) as a reducing 
agent has been examined by in situ X-ray absorption 
spectroscopy (XAS) at Ru K-edges. In this study, the 
SAXS was used to demonstrate the particle uniformity 
and its homogeneous distribution of Ru clusters growth, 
as shown in Fig. 1. This observation may not be suitable 
for TEM study because of an aggregation effect of nuclei 
due to the drying process before its observation. The 
detailed data analysis of SAXS patterns is going to 

proceed. It is believed that detailed knowledge of the 
growth  reaction would be very helpful to control an 
suitable particle size and it can further be utilized to 
design an core-shell bimetallic NPs. 
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Figure 1. SXAS scattering pattern of Ru clusters cross 
sections at X-ray energy E=10.5 KeV 
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Abstract We have studied the structural 

characteristics of catalytic nanoparticles of Pt and PtRu 
(1:1 atomic ratio), using anomalous small-angle X-ray 
scattering (ASAXS), anomalous wide-angle X-ray 
scattering (AWAXS), and extended X-ray absorption fine 
structure (EXAFS) spectroscopy. The AWAXS data 
measured near the Pt-LIII absorption edge (11.564 keV) 
reveal an fcc crystalline structure of the Pt nanoparticles 
supported on carbon black, with a crystalline size of 22 
Å. On the other hand, the ASAXS data of the 
nanoparticles can be characterized with polydisperse 
spheres of a mean size of 23 Å and a size distribution of 
20%. With similar photon energies, the simultaneously 
measured AWAXS and ASAXS profiles for the 

unsupported PtRu nanoparticles reveal an one-phase alloy 
structure of a mean  size of ~30 Å and a Pt-composition 
of 65±5 % determined from the anomalous effect. 
Furthermore, the coordination numbers of Pt and Ru 
extracted from the EXAFS data collected near the Pt-LIII 
and Ru-K absorption edges of the PtRu nanoparticles 
indicate a relatively uniform atomic distribution of Pt and 
Ru in the bimetallic nanoparticles, which result is 
consistent with the alloy structure observed by ASAXS 
and AWAXS.  

 
Keywords: ASAXS, AWAXS, EAXFS, PtRu 

nanoparticles 
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The secondary structure of peptide chains plays a 
crucial role in the formation of the well-defined tertiary 
structure of proteins. Biological functions such as 
enzymatic activity arise from these specific tertiary 
structures. Unlike proteins, most synthetic polymers lack 
the ability to retain specific 3-D structures in solution or 
in the bulk phase due to their random coil conformations. 
Such irregular conformations hamper the potential of 
synthetic polymers as useful building blocks for the 
creation of self-assembled structures with well-defined 
size and 3-D shape. 

Scheme 1: Synthesis of POSS-PBLG Copolymers. 

 
The POSS-PBLG copolymers were synthesized by 

the ring-opening polymerization (ROP) of γ-benzyl-L-
glutamateN-carboxyanhydride(γ-Bn-Gluα-NCA) with the 
aminopropyl isobutyl-POSS as a macroinitiator (Scheme 
1).  
 
Structural Aspects of Gels. 
 

 
Figure 1：(A) SAXS profiles for dried toluene gels of 
POSS-PBLG56 The inset denotes the diffraction at 1.5 nm 
indicating the distance between two PBLG helices 
obtained by WAXD..(B)X-ray diffraction patterns of 
dried toluene gels (2 wt%) of (a)POSS-PBLG22, (b) 
POSS-PBLG37, (c) POSS-PBLG43, and (d) POSS-
PBLG56 copolymers. 
 

From SAXS measurement on the POSS-PBLG56 
dried toluene gel, the observations of the width of the 
individual fibers by showing diffraction peak at 11.8 nm. 

This lateral dimension of the fiber obtained on SAXS has 
not been observed in the gel of the PBLG53 
homopolypeptide due to the lack of order in the diameters 
of fibers. Wide-angle X-ray diffraction (WAXD) of the 
dried gels of POSS-PBLG also showed a diffraction peak 
at 1.5 nm, which indicates the distance between PBLG 
helices. X-ray diffraction measurement was further 
carried out on all POSS-PBLG dried toluene gel for detail 
structure characterization. In Figure 1(B), a diffraction 
peak at Q~0.4 Å-1 (1.6 nm) indicates the distance between 
PBLG helices. A peak at Q~0.174 Å-1 (3.6 nm) 
accommodate to a distance between two neighboring 
bulky POSS that arrange as anti-parallel stacking in the 
planar nanoribbon structures without changing the 
morphology. 
 

Based on the  SAXS, and XRD results, a mechanism 
for the gelation of POSS-PBLG was conceived. We 
imagine that the POSS-PBLG copolymers self-assemble 
in an anti-parallel fashion in order to minimize the steric 
hindrance between POSS blocks and unfavorable 
orientation of the dipole moment of the PBLG helix in 
the nanoribbon structures(see Scheme 2). The long axis 
of the PBLG helix is parallel to the plane of the ribbon. In 
an anti-parallel stacking mode, the distance between two 
neighboring POSS blocks is ca. 3.5 nm, which could 
accommodate the bulky POSS in the planar nanoribbon 
structures without changing the morphology.  

B  A
Scheme 2: A schematic presentation of the nanoribbon 
formed in the network structure of the toluene gel of 
POSS-PBLG56. 
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Antimicrobial peptides kill the invaded microbes by 
binding on their membrane to form trnsmembrane pores. 
The peptide-membrane interaction  In this study, 
antimicrobial peptide, alamethicin, was used to interact to 
the multilamellar DOPC lipid membranes on silicon 
wafer substrate. The ordering of peptides in different 
hydration conditions was mornitored by grazing-
incidence small angle X-ray scattering (GISAXS). The 
GISAXS data were collected using synchrotron radiations 
at NSRRC SL17B3. 
 

 

 
Figure 1. GISAXS patterns from Alamethicin peptides 

embedded in an oriented lipid membrane of DOPC at the 
liquid-crystal temperature were recorded with the area 
detector at relative humidities of H = 35% (a), with a first 
Bragg peak of lipids at Q = 0.143 Å-1, and 90% (b), with 
a first Bragg peak at Q = 0.128 Å-1. The intense direct 
beam and the specular beam from the sample substrate 
are blocked by two circular beamstops (BS). 
 

A sample cell with humidity and temperature control 
has been developed for GISAXS measurements on 
oriented lipid membranes. Results for a complex system 
of Alamethicin peptides embedded in an oriented lipid 
membrane of dioleoylphosphatidylcholine (DOPC) on a 
quartz plate are shown in Fig. 1. The data were taken for 
the liquid-crystal phase of the lipids (305 K) and relative 
humidities of H = 35% and 90%, respectively. In Fig. 
9(a), the Bragg peak at Qz = 0.143 A ° _1 observed at H 
= 35% corresponds to the periodic structure of the lipid 
bilayers normal to the sample plane (in-depth direction) 
(Lee et al., 2004). The additional scattering peak (Qz = 
0.091 A ° _1) appearing between the direct beam and the 
first Bragg peak of the lipid bilayers implies the existence 
of peptide ordering across the lipid bilayers. At higher 
(90%) humidity, the second lipid bilayer peak moves in 
the detector view (Fig. 9b) and the first peak moves to 
smaller Q values (Qz = 0.1251 Å-1), as a result of the 
bilayer swelling. Simultaneously, the scattering peak 
corresponding to the ordering of the peptide, also affected 
by the bilayer swelling, moves to a higher Q value (Qz 
=0.1073 Å-1). The merging of the lipid and peptide 
ordering peaks in an environment of increasing humidity 
implies that the peptide can more easily adapt to the 
bilayer structure at higher humidity. 

A 
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I. Silica Colloidal Suspensions: II. Silica/PEO Colloid-Polymer Systems: 
We have verified the experimental results of slilica 

colloidal suspensions reported earlier [Qiu et al. (2006)]. 
Silica colloidal suspensions from dilute to concentrated 
regimes, with silica volume fractions φ = 0.005, 0.050, 
0.110, and 0.165, were prepared, and the scattered 
intensity I(q) for each sample in the low q-range (0.004 
Å-1 < q < 0.5 Å-1) collected. The structure factor S(q) is 
assumed to be unity, except at very low q-range for the 
suspension with 0.005φ = . Then, S q  can be obtained 
using a standard relationship for other suspensions. The 
experimentally retrieved  are fitted by the equivalent 
hard-sphere (EHS) model (Fig. 1) with fitting parameters 
summarized in Table I. The difference between deff and 
dHS, namely, 

( )

( )S q

HSδ  can be regarded as the extra thickness 
accounting for the interparticle interactions. As can be 
seen from Table I, HSδ  appears to decrease with 
increasing volume fraction of silica particles, indicating 
that the electrical double layer shrinks as the average 
separation between particles decreases. It should be noted 
that the fitting quality for q > 0.04 Å-1 in Fig. 1 can be 
further improved by assuming a Gaussian distribution for 
the silica particle size (not shown). 

The colloid-polymer mixtures investigated were the 
silica suspensions with adsorbed polyethylene oxide 
(PEO) chains via hydrogen bonding. We collected the 
scattered intensity I(q) for dilute silica suspensions (φ = 
0.005) mixed with different PEO concentrations (0.5, 2.0, 
and 6.0 g/l). It was found in Fig. 2 that the intensity 
gradually decreases with an increasing amount of PEO 
added to the silica suspensions. For the core-shell 
particles dispersed in a medium of coherent scattering 
length density Mρ , the scattered intensity has been given 
by [Marković et al. (1984)]: 
                    (1) [ ]2

P S M 2 1 C M 1( ) ( )( ) ( )I q N A A Aρ ρ ρ ρ= − − + −

with        3
2 T 2 2 2 23 (sin cos ) ( )A V QR QR QR QR⎡ ⎤= −⎣ ⎦         (1a) 

and          3
1 C 1 1 1 13 (sin cos ) ( )A V QR QR QR QR⎡ ⎤= −⎣ ⎦          (1a) 

Also,       3 3
T 2 C 14 3 and 4 3V R V Rπ π= = . 

Here Cρ  and Sρ  are, respectively, the coherent scattering 
length density of core and shell; PN  is the number of 
particles per unit volume. 1R  and 2R  are the radius of 
core and composite particle, respectively. It is apparent 
from eq 1 that the measured intensity would depend 
greatly on the first term of the square bracket. For the 
slica/PEO mixtures under investigation, C S M, ρ ρ ρ> , thus 
suggesting that 2 1( )A A−  may be negative. Likely, the 
trend and smoothness of the curves shown in Fig 2. may 
explained by eq 1 and the effect of polydispersity, since 
the scattered intensity of core-shell particles of different 
sizes interfer destructively.  
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Figure 1.  against q for silica suspensions. The symbols 
and  lines are the experimental data and fits of EHS model, 
respectively (●, —: 0.055; ▲,---: 0.110; ▼,…: 0.165). 

( )S q

 
Table I. The fitting parameters used in EHS model.�  

φ  0.055 0.110 0.165 

P-HSφ  0.051±0.003 0.108±0.002 0.165±0.001

HSd  (Å) 166±2 154±2 155±2 

effd  (Å) 253±2 212±2 199±1 

effφ  0.183 0.282 0.349 

HSδ  (Å) 43.5 29.0 22.0 

Figure 2. ( )  against  for silica and silica/PEO suspensions. 
The silica volume fraction is fixed (

I q q
φ  = 0.005) and PEO 

concentrations are: ●: 0.0 g/l; —: 0.5 g/l; …: 2.0 g/l; ---: 6.0 g/l. 
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Figure 2 shows the time-resolved SAXS/WAXS 
profiles of PLLA-b-PE subjected to a two-step cooling 
process from 190 oC.  After quenching to 110℃, only 
PLLA blocks can crystallize as evidenced by the WAXS 
reflections. Meanwhile, the primary SAXS peak broadens 
and shifts to lower q, indicating that the lamellar structure 
in the melt has been perturbed by crystallization of PLLA 
blocks; however, the system still retains a lamellar 
morphology in the crystalline state.  Subsequent cooling 
to 80℃ does not perturb scattering pattern in spite of the 
crystallization of PE blocks. This may be due to the fact 
that after PLLA crystallization the crystalline lamellae 
exerts a hard confinement effect on PE block 
crystallization, so that the morphology formed by the 
prior crystallization of PLLA blocks is preserved.. 

Crystallization behavior of block copolymers having 
two or more crystalline components has not been 
investigated so extensively because of its complexity. For 
this type of system, the behavior of the prior 
crystallization component becomes a most important 
factor that determines the final structure. In this work, the 
crystallization behavior of two types of strongly-
segregated poly (lactide)-block-polyethylene diblock 
copolymers has been investigated. One material contains 
an amorphous PDLLA block (PDLLA-b-PE) and the 
other contains a crystalline PLLA block (PLLA-b-PE). 

Simultaneous small-angle and wide-angle X-ray 
scattering experiments were performed with 17B3 
beamline at National Synchrotron Radiation Research 
Center (NSRRC). Figure 1 shows the time-resolved 
SAXS and WAXS profiles obtained by quenching 
PDLLA-b-PE from 140 oC (> Tm

PE; melt state) to 97 oC. 
This syetm displays a lamellar morphology in the melt 
state; after quenching to 97℃, where the PE blocks start 
to crystallize, the morphology was found to be 
unperturbed by the crystallization. Similar results were 
observed for other crystallization temperatures. This can 
be attributed to the strong segregation strength between 
PDLLA and PE blocks, such that the crystallization of PE 
blocks was confined within the preexisting lamellar 
domains established by microphase separation in the melt. 
In this case, the crystallization proceeds under “soft 
confinement” as the crystallization temperature lies above 
the Tg of PDLLA.  

 

 

 

 

Figure2. Simultaneous SAXS/WAXS profiles of PLLA-
b-PE at various temperatures. 

 

We conclude that the crystallization in PDLLA-b-PE 
cannot perturb the melt morphology irrespective of the 
crystallization condition due to the strong segregation 
strength. The crystallization of PLLA-b-PE perturbs the 
interlamellar distance of the lamellar structure formed in 
the melt; however, the system still retains a lamellar 
morphology after the crystallization.  Subsequent 
crystallization of PE blocks does not perturb the 
morphology due to a hard confinement effect. 

Figure1. Time-resolved simultaneous SAXS/WAXS 
profiles of PDLLA-b-PE at 97 oC. 

 

 

II - 187



 

 

 
17B3 - Small Angle X-ray Scattering 

Small-angle X-ray Scattering Studies of Amyloid Peptide Monomers/Fibrils Mixed with 
DPPC Multibilayer Vesicles 

 
Tsang-Lang Lin (林滄浪)1, Jhih-Min Lin (林智敏)1, and U-Ser Jeng (鄭有舜)2 

 
1Department of Engineering and System Science, National Tsing Hua University, Hsinchu, 

Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

The β-amyloid peptide (Aβ) is a 39-43 amino acid 
peptide that is a fragment derived from proteolytic 
cleavage of the large amyloid precursor protein (APP). 
The monomer of Aβ is soluble, but at higher 
concentration Aβ will self-assemble into fibril. The fibril 
aggregates of Aβ are associated to Alzheimer’s disease. 
In the studies of Aβ fibril by X-ray diffraction and NMR 
show β-amyloid fibril contain pleated β-sheet. Some 
research further shows the pleated β-sheet is twisted and 
the direction of β-stranded is perpendicular to fibril axis. 
The interaction between Aβ monomer and membrane is 
the key factor to lead to the Alzheimer’s disease. In the 
membrane environment the misfolding of amyloid 
peptide causes α to β transition. As the α-helical structure 
transfers to β-sheet structure, Aβ will aggregate to fibril 
and deposit. There is growing evidence indicating the 
interaction between Aβ and membrane can affect both of 
peptide and membrane properties. 
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Figure 1. SAXS profiles of Aβ mixed with DPPC at room 
temperature. The lipid to peptide ratios were from 100/1 
to 10/1 in weight ratios. 

We try to find the effects of the Aβ monomers and 
fibrils to the lipid multibilayer vesicles. For SAXS 

measurements, aqueous solutions containing Aβ 
monomer and DPPC were prepared.  As shown in Figure 
1, it was found that the Bragg peaks from the DPPC 
multibilayer vesicles gradually disappeared as the 
concentration of amyloids was gradually increased. With 
the addition of amyloid peptides, the amyloid/DPPC 
complex would be in co-existence with pure DPPC 
multibilayers.  As the concentration of the amyloid was 
increased, the amounts of amyloid/DPPC complex would 
increase and the amounts of DPPC multibilayers would 
decrease. 

The interaction of amyloid fibrils with the DPPC 
multibilayers was also studied by mixing the amyloid 
fibrils with DPPC multibilayers.  As shown in Figure 2, 
we can see that the presence of Aβ fibrils make the DPPC 
vesicles become more rigid (less fluctuations) with 
sharper Bragg peaks. 

Q (Å-1)

0.00 0.05 0.10 0.15 0.20 0.25 0.30

I (
cm

-1
)

10-3

10-2

10-1

100

DPPC
DPPC/Aβ fibril 100/4

 
Figure 2. DPPC multibilayers and DPPC multibilayers 
mixed with Aβ fibrils in aqueous solution measured at 
room temperature. 
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Nafion, composed of perfluorocarbon backbone and 
vinyl ether side chains terminated with –SO3- groups, 
has dual solubility parameters, i.e. δ1= 9.7 (cal/cm3)1/2 
relating to perfluorocarbon backbone and δ2= 17.3 
(cal/cm3)1/2 relating to sulfonic acid side chains. In this 
study, the conformations of Nafion molecules in dilute 
solutions ([Nafion]= 0.2 mg/ml ~ 1.0 mg/ml) with 
solvents of various dielectric constants ε and solubility 
parameters δ, i.e. N-methyl formamide (NMF), N,N＇-
dimethyl formamide (DMF), N,N-dimethyl acetamide 
(DMAc), and methanol/water mixture (4/1 g/g) (see 
Table 1),  were investigated using static light scattering 
(SLS) and transmission electron microscope (TEM). 
These observations showed conformations of Nafion 

molecules in dilute solutions strongly depend on the 
solubility parameters and dielectric constants of solvents. 
Nafion molecules behave rod-like structures in NMF and 
methanol/water, which have δ values close to δ2 of 
Nafion vinylether side chains and higher ε value, leading 
to some hydrophobic backbones aggregations with the 
highly ionized side chains in contact with solvent, and 
thus higher apparent Mw, A2, and <RG>. DMAc and DMF 
have δ values close to δ1 of Nafion perfluorocarbon 
backbones and lower e values, leading Nafion molecules 
to behave coil-like structures in these solvents with 
perfluorocarbon backbones in contact with solvent, and 
few polymer chains aggregate, thus lower apparent Mw, 
A2, and <RG> than in NMF and methanol-water solvents. 

  
Table 1. SLS  data of Nafion solutions  

Solvent Mw,app*10-5 
(g/mole) 

A2*103 
(cm3 mol/g2) 

RG (nm) 

   DMF 
δ=12.2;ε=36.7 

2.55 0.944 22.2 
(D=57.3) 

NMF 
δ=16.1; e=182 

2.81 2.61 81.9 
(L=284) 

DMAc 
δ=10.8;ε=37.8 

2.58 2.42 36.5 
(D=94.2) 

MeOH/H2O 
δ=16.3;ε=40.3 

2.98 3.88 100.5 
(L=348) 

  
                    (2-a)                                    (2-b) 

 

 

Figure 1. SAXS of Nafion membranes prepared from 
arious solvents and annealinv

sw
g at 135oC for 90 min, then 

ollen with water at 25oC. 
 

 
                    (2-c)                                     (2-d) 

 

Figure 2. TEM micrograph (x104) of 0.6 mg/ml Nafion 
solutions after freeze dried.  
(a) Nafion/DMF; (b) Nafion/DMAc; (c) Nafion/NMF; (e) 
Nafion/MeOH-H2O (4/1 g/g).  
 
 
 
 
--------------------------------------------------------------- 
Figure 1: The SAXS long space distance L (nm) of ionic 
clusters of Nafion membranes prepared from solvent: 
NMF: 25.1 (dry), 27.8 (wet); DMF: 24.9 (dry), 28.5 
(wet); DMAc: 24.9 (dry), 27.3 (wet); MeOH/H2O: 26.2 
(dry), 30.3 (wet). Where, dry indicates dry membrane; 
wet indicates membrane swelling with water at 25C. 
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The biological function and reactivity of a protein 

depends on its ability to form a unique three-dimensional 
structure.  A 3-dimensional (3-D) image of a protein that 
integrates the global conformation and local amino acid 
residues has not been able to be constructed directly 
through experimental measurements yet.   In the present 
work, taking cytochrome c (cyt c) as a model protein and 
applying small angle x-ray scattering (SAXS) and time 
resolved fluorescence anisotropy techniques, we 
associates the coordinates of residues (Trp59) with the 
global conformation of cyt c denatured by urea in attempt 
to construct a 3-D image for the unfolded axis located on 
the native cyt c coordinate system.  SAXS is employed to 
characterize the global protein folded/unfolded 
conformations shape and sizes1.  Here the concentration 
21mg/ml of cyt c is used in SAXS, and 20 M for time 　
resolved fluorescence anisotropy measurements.  Figure 
1 shows the SAXS data for the protein cyt c  dissolved in 
urea solution. The data are simulated reasonably well 
(dashed curve) using a colloid solution model for protein 
particle, in which two key parameters of particle size a 
and c are obtained from the fitting to an elliptical shape 
model of protein.  The obtained results show that the cyt 
c is near a spherical shape in the folded state,  and 
becomes an elliptical shape at unfolded state after adding 
high concentration of denaturants.  The corresponding 
aspect ratio c/a  is obtained 1 to 6.0 for native to unfolded 
cyt c in 10M urea, and the ratio of the gyration radius 
(unfolded/native) is 1.0 to 2.5. In other words, cyt c 
seems gradually unfolded along the semi-major axis in 
the ellipsoidal shape as the denaturant concentration 
increases, in which the direction is called unfolded axis.   

Furthermore, based on the deduced ellipsoidal shape 
of unfolded cyt c, the dynamics of anisotropy 
fluorescence reveals related orientations between the 
electronic transition dipole moments of Trp59 and the 
semi-major axis of cyt c through rotational / librational 
diffusion motions of the protein in a solution.  The time 
resolved fluorescence anisotropy profiles can be given by 

))5//(exp(){(5/6)( tDDBAtr ⊥+−⋅⋅=  

)6exp()3/22222(4/1 tDCBA ⊥−−++⋅+  

)})2//4(exp()22(4/1 tDDCB ⊥+−−⋅+  (1) 

with ϕ = 0, 

θγχθγθ cos)sincossincos(cos −=A , (2a) 

θγχθγθ sin)sincoscoscos(sin +=B , (2b) 

γχθ sinsinsin=C . (2c) 

 
Figure 1. The SAXS of cyt c are fitted (solid lines) by 
colloidal solution model with ellipsoid shape of protein.  

 

The Euler angle transformation  and γ 
between transition dipole moments of Trp59 and the 
semi-major axis of cyt c in 8M urea are obtained 

 and , and the two rotational-
diffusion constants ( , ) are (0.026 ns-1, 0.22 ns-1).  
We calculate transition dipole moments of Trp59 with 
native cyt c coordinate by quantum chemical calculation 
with ZINDO/S method.  In this case, the unfolded axis 
eventually can be represented with the native cyt c 
coordinate through the transition dipole moments of 
Trp59.  Figure 2 display the unfolded axis in the native 
cyt c indicated by the orientation of three α-helices, 
which shows an image for the cyt c unfolded along the 
unfolded axis at the native cyt c coordinate. 

),,( χθϕ

)61.5 ,7.53 ,0.0( °°° °7.47

⊥ //DD

 

 

Figure2. The deduced orientation of unfolded axis in 
coordinated of native cyt c  
 
Reference: 
1. Shiu, Y. J.; Jeng, U.; Su, C; Huang,Y. S.; Hayashi, M.; Liang, 
K. K.; Yeh, Y. L.;  Lin, S. H. (2007) J. App. Crystallography, 
(accepted).
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Polymorphism in melt-crystallized sPS is 

supposedly a result of competition between kinetically 
advantageous α phase of higher nucleation rate and 
thermodynamically favored β phase.[1-3] The polymorphic 
nature leads to complicated melting-recrystallization 
behavior of sPS crystals that puzzled polymer scientists. 
Here we report preliminary results of simultaneous 
SAXS/WAXS/DSC measurements on a sPS of a 
molecular weight of 140 kDa, starting from the quiescent 
melt, at the BL17B3 beamline of the National 
Synchrotron Radiation Research Center (NSRRC) in 
Taiwan [5] to follow the growth kinetics and the melting 
process of the selectively grown β' phase. Shown in Fig. 
1 are time-dependent WAXS profiles of the sPS observed 
during isothermal crystallization at 254 °C, in which peak 
positions indicate exclusive formation of the β' phase, 
with peak intensities increasing with time. Corresponding 
SAXS profiles (not shown) exhibited a broad maximum 
with its intensity increasing with time and position 
shifting towards lower scattering vector q in the early 
stage of isothermal crystallization; these changes became 
less pronounced in the later stage of isothermal 
crystallization. Upon subsequent heating (1.5 oC/min) to 
285 °C, the peak position in SAXS profiles (Fig. 2) 
remained unchanged up to 265 oC but then shifted to 
lower q at higher temperatures. These profiles were then 
analyzed in terms of Kratky-Porod model.[4] The obtained 
values of the crystal thickness dc, the long period L (from 
the Bragg peak), and the amorphous thickness da ( = L-dc), 
are given in Fig. 3, where all 3 parameters are observed 
to increase with temperature above 265 oC. The 
essentially constant crystallinity Xc ≡ dc/L in the 
temperature range of DSC endotherms (Fig. 4) lends 
strong support to the melting-reorganization-remelting 
mechanism commonly hypothesized in the literature. 
Additional experiments and more detailed analysis are in 
progress; results will be presented during the Conference.   

 

Figure 1. WAXS profiles for the β' phase of the sPS 
during isothermal crystallization at 254 oC.  

 
Figure 2. SAXS curves of the sPS during subsequent 
heating (at 1.5 oC/min) to the melt state.  
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Figure 3. The development of L, da, and dc for the β 
crystals of sPS during heating at 1.5 oC/min. 
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Figure 4. Variation in crystallinity (symbols) during 
heating at 1.5 oC/min and the corresponding DSC trace.  
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In our experiment, it is the fact that there is no 

interaction between PS-b-P4VPSph and AuSC2Ph in 
toluene, determined by the SAXS curve of the as-
prepared mixture in toluene can be approximated by the 
sum of the individual SAXS curves of PS-b-P4VPSph and 
AuSC2Ph in toluene. Figure 1 displays the SAXS results 
of the PS-b-P4VP/Au mixtures that have experienced 
annealing treatment and redissovled them in toluene. The 
SAXS curve for the solution of PS-b-P4VPSph/AuSC2Ph 
shows stronger oscillation characteristics, reflecting a 
higher hierarchical structure order than that for pure PS-
b-P4VPSph.  Higher electron density at the interface is 
used to fit the data (dashed curve), implying that Au NPs 
reside at the interface between PS and P4VP block. 
Moreover, the Au nanoparticles remains well dispersed in 
the interface, as evidenced from the high-Q region of the 
same transition feature as that of the pure Au 
nanoparticles of diameter of 2.2 nm. Whereas, in the case 
of PS-b-P4VPSph/AuPy solution, its SAXS scattering 
characteristic revealed that Au nanoparticles were 
incorporated in the P4VP domain forming small 
aggregates with a diameter of 5nm. Moreover, the radii of 
gyration (Rg) of the diblock copolymer in solution, and 
as estimated by the Guinier approximations 148 Å, 152 Å, 
and 173 Å were obtained for the cases of PS-b-P4VPSph, 
PS-b-P4VPSph/AuSC2Ph, and PS-b-P4VPSph/AuPy, 
respectively. Apparently, unlike that the Au nanoparticles 
were incorporated in the P4VP domains, the Rg of the 
nanoparticle-filled shell-like case keeps the same to that 
of pure PS-b-P4VPSph. Presumably, the Au nanoparticles, 
staying in the interfacial area of PS/P4VP blocks, reside 
in the corona-like chains of PS, which has remained in an 
extended state in the PS-favor solvent toluene. PS-b-
P4VPSph/AuSC2Ph therefore forms a P4VP/Au/PS core-
shell-corona micellar structure.  

Figure 2a shows the in-situ annealing SAXS of as-
prepared bulk mixture. In the Q-range <0.1 Å-1

, the 
increase of scattering intensity can be attributed to the 
formation of stronger correlation between Au 
nanoparticles and the PS-b-P4VP. During the annealing, 
Au nanoparticles adsorb to the interfaces between PS and 
P4VP gradually, and form the Au nanoparticle-filled shell 
of stronger scattering intensity and more ordered 
scattering peaks (0.031, 0.050, and 0.069 Å-1). Moreover, 
the scattering peak of the mixture at Q~ 0.18 Å-1 
indicates the liquid-like ordered packing of Au 
nanoparticles in the PS phase with a mean spacing of 
2π/Q=3.5 nm after dichloromethan evaporated, 
corresponding to the size of Au, 2.2 nm plus two times of 
the phenylethanethiol ligand length (~2×0.7nm= 1.4 nm). 
However, the 0.18 Å-1 peak of the Au nanoparticle 
clusters disappears completely after 4h annealing, and 
any longer annealing does not change the structure (or 
scattering pattern) of the composite. The result indicates 
that the structure of the composite is at thermal 
equilibrium after the 4h annealing, and the Au 
nanoparticles dominate in the structural transformation of 
the composite. In the inset, the HR-TEM images of 
experienced annealing bulk PS-b-P4VPSph/AuSC2Ph 
displays Au nanoparticles sequestered on P4VP spheres, 
corresponding to shell-like structures. The enlarged 
picture in the inset confirms that the distribution of Au 
nanoparticles appears to be in the shell of P4VP domain, 
and which agrees with the SAXS result In summary, we 
followed the evolution of block copolymer/Au 
nanoparticle mixture in solid state in annealing process 
and observed the diffusion of Au nanoparticles form PS 
domain to the interface of the amphiphilic diblock 
copolymer developed the nanoparticle-filled shell-like 
assemblies in bulk, thin film, and solution states.  

Figure 2. (a) In-situ annealing results of an as-prepared bulk 
PS-b-P4VPSph-Au nanoparticle film were isothermal at 170℃ 
and under vacuum. Inset: TEM image of PS-b-
P4VPSph/AuSC2Ph annealed bulk film. 

Figure 1. The solution SAXS profiles of the 0.5wt% solutions 
prepared by redissolving experienced annealing PS-b-P4VPSph, 
PS-b-P4VPSph/AuPy and PS-b-P4VPSph/ AuSC2Ph bulk films in 
toluene. 
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Polymers blending with liquid crystalline materials 
to enhance physical properties have been a major interest 
in industries and academics. Studies of crystallization and 
melting behavior are therefore of importance to various 
sectors. The present work investigates the melting 
behavior of the mixture of poly(ε-caprolactone) (PCL) 
and 4-cyano-4’actyloxy biphenyl(8OCB) by DSC, SAXS 
and WAXS. 
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Shown in Figure 1 are the heating traces of PCL and 

the polymer dominant mixtures of PCL/8OCB. Neat PCL 
shows a simple melting peak in the melting process while 
the polymer dominant mixtures show multiple peaks, 
while melting. The multiple peaks indicate that there 
exist the crystallites differing in sizes, crystalline form or 
lamellar thickness.   

Figure 2a and 2b show the SAXS spectra of the 
mixture with PCL/8OCB=95/5 in a heating process. The 
spectra resemble those of neat PCL. With increasing 
temperature scattering peak related to the lamellar 
dimension of the crystallite of PCL shifts from 0.4 nm-1 
to 0.38nm-1. The range of shifting is large enough to 
exclude the effect of thermo expansion, hence the shifting 
could imply a growth in lamellar thickness of the 
crystallites. The area of the peak shows a slight increase 
until at 51oC it starts to decrease. The temperature range 
in which the peak shifts and changes its intensity (area) 
coincides that of the melting peak detected by DSC, thus 
the intensity change indicate that the total mass of the 
crystallites increases and then decreases during the 
melting process.  

Shown in Figure 2c is the WAXS spectra of the 
mixture with PCL/8OCB=95/5 in the same heating 
process. The spectra shows three scattering peaks at q 
values of the typical lattice parameters of the PCL 
crystallite, which denies the possibility that introduction 
of 8OCB induces different crystalline form of PCL. The 
multiple melting peaks in the DSC trace could be caused 
by crystallites of different sizes and/or different lamellar 
thickness. The large range shifting f the scattering peaks 

in the SAXS spectra indicates the thickenning of the 
lamellar and increases in the peak intensity implies that 
recrystallization occurs while melting. However, the 
possibility of the existence of crystallites of different 
sizes referred by the multiple peaks in DSC trace can not 
be excluded since the increase in the intensity is not large 
enough to match the relative amount of the endothermic 
energies of the peaks, which is proportional to the relative 
amount of crystallites in different size or lamellar 
thickness.    
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17B3 W20 - Small Angle X-ray Scattering 

Photocatalytic Efficiency of TiO2 Thin Films at Solid-Solid Interface 
 

Hua Zhang and Robert Lamb 
 

Surface Science & Technology, School of Chemistry, University of New South Wales,  
Sydney, Australia 

 
The present research initiated an investigation on the 

reactivity of TiO2 (P25) on polyethylene glycol (PEG), 
with particular emphasis on the study of the structural 
features of TiO2 down to the atomic scale range, as well 
as the kinetics of photocatalytic degradation process. 
Structural factors including grain size of TiO2 particles 
and fractal dimension as factors of affecting degradation 
activity were studied.  

SAXS was used to monitor the morphology of PEG 
coated TiO2 powder during UV irradiation.  Figure 1 
shows the SAXS profiles of TiO2 at initial and final 
stages of radiation with various PEG loads.  
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The I(q) on 0.2 g PEG/g TiO2 and 1 g PEG/g TiO2 
was increased 1000 and 100,000 times respectively in 
magnitude for easy comparison. 

 
Figure 1. SAXS profiles of TiO2 at the initial and final 
stages of degradation with different PEG loadings 

 
The dimension parameters of TiO2 particles can be 

obtained from the radius of gyration (Rg) and mass fractal 
dimension (Dm). Blank P25 powder has the average 

particle size φ = 37.9 nm and Dm=2.44. After being 
coated with PEG, the particles showed increased size as 
expected to 38.4 nm, 40.0 nm and 43.9 nm corresponding 
to the PEG loadings of 0.02g PEG/g TiO2, 0.2 g PEG/g 
TiO2 and 1 g PEG/g TiO2 respectively. Irradiation for 35 
hrs under UV reduced the size of corresponding samples 
to 37.8 nm, 38.4 nm and 38.7 nm. Compare the results of 
particle size at the initial stage and final stage of 
irradiation, we found that only the sample with PEG load 
at 0.02g PEG/g TiO2 had the particle size reduced to the 
original level after 35 hrs UV irradiation. The particle 
size of samples with higher PEG loads is larger than that 
of blank P25, indicating an incomplete degradation of 
PEG. This result is consistent with that obtained from 
XPS which showed that most PEG decomposed in the 
first 5-15 hrs, but small amount of PEG was aslo found 
un-reacted after 35 hrs UV irradiation.  

Decrease on fractal dimension Dm indicated a less 
rough structure. This is believed due mainly to the 
smoothing effect due to the unreacted PEG residue, as 
schematically shown in Figure 2.  
 
 
 
 
 
 (1)      (2)  
      
 
 
 
 
(3) after being irradiated under UV 
 
Figure 2. Morphology of TiO2 particles: (1) before 
being coated with PEG; and (2) after being coated with 
PEG. 
 
 

It is proposed that the photocatalytic induced 
degradation of solid phase organics is considered to be 
carried out through two major routes. Part of the 
oxidation occurs at the sites where contaminants and 
TiO2 have the direct contact. Oxidation is also carried out 
through diffused OH radicals migrat across gas phase and 
solid phase from TiO2 surface to the organics. 
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17C1 W20 – EXAFS 

In-situ X-ray Absorption Spectroscopic Study of Cathode Materials for Lithium Ion Batteries 
 

Hong-Wei Chan (詹宏偉), Pei-Yun Liao (廖珮芸), and Jenq-Gong Duh (杜正恭) 
 

Department of Materials Science and Engineering, National Tsing Hua University,  
Hsinchu, Taiwan 

 
The surface-modified cathode material in Li-ion 

battery was synthesized to decrease the side reactions at 
the interface between the cathode electrode and 
electrolyte. It was aimed to reduce the fading rate and to 
enhance the electrochemical performance, particularly at 
high C rate. In this study, both the LiCuxMn2-xO4-coated 
LiMn2O4 and Li2O–2B2O3 (LBO)-coated LiMn2O4 were 
synthesized by chemical solution method. From the 
results of TEM and the correspondingSAD pattern, it was 
revealed that the Cu2+diffused into the core-shell cathode 
material, i.e. LiCuxMn2-xO4-coated LiMn2O4, located at 
the 16d site. The concentration of Cu gradually decreased 
from the shell to the core. 

 

 

 

Figure 2. K-edge XANES spectra for Mn in LiCuxMn2-

xO4-coated LiMn2O4 with the spectra for MnO2 and 
Mn2O3 at (a) elevated charge voltage and (b) down 
discharge voltage. 

 

Figure 1. HRTEM bright field images of the cross-section 
view for LiCuxMn2-xO4-coated LiMn2O4 and the 
corresponding SAD pattern. 
 

The XANES of Cu and Mn K-edge spectrum for 
LiCuxMn2-xO4-coated LiMn2O4 showed that the valence 
of Cu and Mn was close to Cu2+ and Mn4+. Furthermore, 
the oxidation state of Mn was reversibly increased and 
decreased during charge. It was further revealed in this 
study that the trend of the variation for the bonding length 
of Mn–O and Mn–M (M = Mn or Cu) was in agreement 
with the oxidation state of Mn, which was decreased with 
Li deintercalation, yet increased with Li intercalation 
during cycling. It was shown that the deintercalation of Li 
ions from spinel resulted in a raise in the amplitude of 
both Mn–O and Mn-metal peak. The increase in peak 
amplitude was due to the transitions in the local structure 
of Mn from the oxidation ofMn3+ to Mn4+. 

 

 
On the basis of the in situ XAS data, it was 

evidenced that Mn transferred toward Mn4+ to minimize 
the Jahn–Teller distortion, and thus the electrochemical 
property was improved. 

Figure 3. Fourier transform spectra for Mn in LiCuxMn2-

xO4-coated LiMn2O4 at (a) elevated charge voltage and (b) 
down discharge voltage.  
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17C1 W20 – EXAFS 

EXAFS and XRD Investigations of Vis.-light Absorbed TiO2/CNT Coaxial Nanotubes 
 

C.-C. Chang (張智棋), J.-R. Chang (張仁瑞), and C.-C. Chen (陳建忠) 
 

Department of Chemical Engineering, National Chung Cheng University, Chiayi, Taiwan 
 

TiO2/CNT coaxial nanotubes were prepared by 
oxidation of Ti-coated CNT array, which was obtained by 
CVD process using cobalt-coated Si substrate. UV/vis. 
absorption spectrum indicated both the UV and vis.-light 
absorption for as-prepared materials (Fig. 1). Synchrotron 
XRD showed that the titania in coaxial nanotubes was of 
pure anatase phase (Fig. 2). The lattice constants of as-
prepared materials were slightly greater than those of 

anatase titania,(Table 1) probably due to the 
incorporation of carbon atoms at titania’s interstitial sites. 
The carbon-doping effect should account for capability of 
vis.-light absorption. In-situ oxidation measurements 
indicated that the emergence of anatase titania was 
around 400 ℃ (Fig. 3-4, Table 2), concluded from the 
evolved Ti-O bonding lengths of EXAFS data. 

 

 
 

Figure 1. UV/Vis. absorption for samples with different 
titania thickness. 
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Figure 2. XRD patterns of samples with different titania 
thickness obtained from Synchrotron XRD. 
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Figure 3. XANES characterizing Ti-coated CNT oxidized 
at various temperature. 
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Figure 4. The Ti-O phase and amplitude corrected 
Fourier transformed EXAFS (3.2<k3<10.5) data of 
sample oxidized at different temperature. 
 
 
 

Table 1 D-spacing and lattice constants 
TiO2 thickness

(nm) 
d-spacing 

(nm) 
 a=b 

(nm) 
c 

(nm) 
25.9 0.35272  0.37932 0.95880
28.7 0.35240  0.37914 0.95529
42.8 0.35240  0.37914 0.95529
67.8 0.35272  0.37932 0.95880

Anatase TiO2 0.35165  0.37845 0.95143
 
 

Table 2 The average Ti-O bond length 
Temperature 

(℃) 
Ti-O bonding length 

(Å) 
 Fourier 
transformation

25 1.93945  2.30837 
50 1.93945  2.35518 

150 1.95845  2.47221 
300 1.94118  3.24459 
350 1.95845  3.41428 
400 1.96021  4.26273 

 

0
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                 28.7nm
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17C1 W20 – EXAFS 

In Situ Mn K-edge X-ray Absorption Spectroscopic Studies of Anodically Deposited 
Manganese Oxide with Relevance to Supercapacitor Applications 

 
Jeng-Kuei Chang (張仍奎), Ming-Tsung Lee (李明宗), and Wen-Ta Tsai (蔡文達) 

 
Department of Materials Science and Engineering, National Cheng Kung University,  

Tainan, Taiwan 
 

Fibrous morphology and nano-crystalline nature of 
the anodically deposited manganese oxide were 
confirmed by a transmission electron microscope (TEM). 
The oxide electrode exhibited an ideal capacitive 
behavior as indicated by cyclic voltammetry (CV). In 
order to explore the energy storage mechanism, variation 
of electronic and structural aspects of the manganese 
oxide induced by changing the applied potential was 
studied in situ in aqueous 2 M KCl by Mn K-edge X-ray 
absorption spectroscopy (XAS). In situ X-ray absorption 
spectroscopy data were collected using synchrotron 
radiations at NSRRC  BL17C beam line.  

In order to explore the energy storage mechanism 
during the electrochemical process, in situ Mn K-edge X-
ray absorption spectroscopic (XAS) study was performed 
in aqueous 2 M KCl solution. Figure 2 shows the twenty-
one serial near Mn-K edge XAS spectra of the 
manganese oxide under a sequence of applied potentials, 
starting from 0 to 1 VSCE and then back to 0 VSCE with an 
interval of 0.1 V. Although the spectra did not reveal 
much difference in the shape, energy shifts of the 
adsorption peaks were clearly recognized in this figure. 
More specifically, the peaks gradually shifted toward 
higher energy with increasing applied potential (scans 1-
11) and then backward lower energy as the potential was 
decreased (scans 11-21).  

 (b) (a)   
 
 
 
 
 

Figure 1 (a) shows the TEM bright-field image of 
the manganese oxide prepared by anodic deposition, 
depicting that the deposit consisted of oxide fibers. The 
size of the fibers was generally several nanometers in 
diameter and tens nanometers in length. An electron 
diffraction pattern of the manganese oxide was taken and 
is shown in Figure 2 (b). Dim rings in the pattern 
revealed the nano-crystalline nature of the oxide. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3 summarized the variation of Mn oxidation 
state (or E0) during the electrochemical charge-discharge 
cycle. The potential-dependence Mn oxidation state was 
clearly demonstrated. However, a hysteresis loop, 
presenting a delay of the oxidation state adjustment with 
respect to the applied potential, can be evidently 
recognized in this figure. The experiment data pointed 
out that the valence of Mn had not yet reached the steady 
state even though the every XAS scan was performed 
under potentiostatic condition for about 1 hour, revealing 
the poor electronic and ionic conductivity of the 
manganese oxide. This result well supported the above-
mentioned hypothesis that considered the unsatisfactory 
conductivity of the manganese oxide was the crucial 
factor significantly limited itself from delivering the ideal 
pseudo-capacitance, especially in high-powder 
applications. Additionally, it is noticed that the E0 of the 
twenty-first XAS scan is higher than that of the first one 
as shown in Figure 3. Clearly, the Mn oxidation state did 
not completely recover but increased from +3.23 to +3.27 
after the electrochemical redox cycle. The irreversibility 
of the Mn valence state evidently explained the 
capacitance decay phenomenon of the manganese oxide 
after cycling which was commonly reported in the 
literature 
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17C1 W20 – EXAFS 

Nanostructured Platinum Incorporated in MCM-41 Materials 
 

Kuei-Jung Chao (趙桂蓉), Lu-Chih Wang (王律之), 
Kun-Chang Hsu (許坤章), and Angelia S. Lo (羅嘉雁) 

 
Department of Chemistry, National Tsing Hua University, Hsinchu, Taiwan 

 
We have studied the size and the morphology of 

nanostructured Pt metal that is highly dispersed in 1D 
cubic MCM-41 mesoporous materials. Most results on 
characterization are in good agreement and can be 
employed to monitor the presence of nanoparticles, 
nanobars, nanowires, and nanonetworks inside the 1D 
mesochannels. Of these nanosized materials, the 
formation is mainly dependent on the pore structure, 
intrachannel surface properties, and the solvent used in 
dissolving the metal precursors. Most likely, the 
formation of anisotropic morphology as Pt nanowires or 
nanonetworks becomes the dominant process when the 
migration of ionic Pt precursors in the intrachannel void 
space is comparable to the reduction. The resulting shape 
and size of nanostructured metal could be controlled by 
tuning the diffusion of metal species in mesochannels 
during host-guest synthesis. 

 

 
 Table2. Pt LIII Edge EXAFS Results of Pt/MCM-41 
Samples 

Sample Shell Ra (Å) Na Particle 
size(nm)

1.0 Pt/Si-MCM41 Pt - Pt 2.76 8.3 2.0 

10 Pt/Si-MCM41 Pt - Pt 2.77 10.5 4.7 

1.0Pt/Al-MCM41 Pt - Pt 2.75 6.2 1.3 

10 Pt/Al-MCM41 Pt - Pt 2.75 9.1 2.3 

23 Pt/C-MCM41 Pt - Pt 2.77 10.5 4.7 

 

 Figure 1. PXRD patterns of mesoporous MCM-41 on 
reduced Pt/Si-MCM41 (a), Pt/Al-MCM41 (b), Pt/C-
MCM41 (c), and calcined MCM-41s samples  
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17C1 W20 – EXAFS 

Determine the Valence State and Atomic Site of Mn Ion in Ga(Mn)As 
 

C.-H. Chen (陳建旭)1,2, H. Niu (牛寰)2, and H.-H. Hsieh (謝輝煌)3 
 

 1Department of Physics, National Tsing Hua University, Hsinchu, Taiwan 
2Nuclear Science and Technology Development Center, National Tsing Hua University, 

Hsinchu, Taiwan  
3Department of Electrical Engineering, Chung Cheng Institute of Technology,  

Taoyuan, Taiwan 
 

Experiment: 
P-type (001) GaAs:Zn wafers were implanted with 

80keV Mn+ to 7.5×15 /cm2 in room temperature. The 
projected range calculated by TRIM code was about 
46nm ± 23nm. The implantation was performed by a 
HVEE 500kV implanter. Pulse laser melting (PLM) was 
carried out by a KrF excimer laser with fluence 
0.32J/cm2 and 0.64J/cm2. Ion beam induced expitaxial 
crystallization (IBIEC) was performed with 30 μ A 
2.5MeV He+ beam produced from a 3 MV HVEC van de 
Graaf accelerator. The irradiating time was 1.5 hours. 
Due to the beam heating, the temperature on the surface 
of the irradiated sample rise to 280 ° C from room 
temperature.  
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Results and Discussions: Figure 2. Angular scan (a) IBIEC(100), (b) IBIEC (110), (c) 
0.32J/cm2(100), (d) 0.64J/cm2 (100) axis. Figure 1 shows the aligned spectra along (100) axis 

using C ion as the incident particle. The spectrum of as-
implanted sample reveals a high scattering yield at front 
region which implied that the Mn implanted layer 
(~46nm) is almost amorphized. The spectrum of IBIEC 
treated sample is nearly the same as the virgin one that 
indicates the damage layer by Mn implanted is re-growth 
well. Both the PLM samples show the same trend as the 
result of IBIEC one, but with a higher scattering yield 
beginning at 2165 keV. The step of de-channeling might 
be caused by the laser fluence is not sufficient to melt the 
front to penetrate the damage layer to single crystal bulk 
on which epitaxial re-growth is occurred.  
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Figure 3. Mn K and L3,2-edge of GaAs doped by Mn ion with 
different annealing processes.  
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The XAS results show that the implanted Mn ion 
substitution for Ga is not complete. Both PLM and IBIEC 
annealing help the crystallization more than the 
substitution as shown on figure 3 because of the less 
increase to 2+ valence state after annealing, According to 
both results of channeling and XAS, the dominant 
locations of Mn ions on the substitutional site of Gallium 
are determined. 

Conclusion: 
The experimental results show that Mn ion implanted 
GaAs wafer could be recrystallized using IBIEC and 
PLM. The dominant locations of Mn ions in GaAs were 
on the substitutional site of Gallium. In preliminary 
conclusion, we have demonstrated that Mn-ion 
implantation followed with IBIEC can be used to 
synthesize Ga1-xMnxAs thin film. This work was 
supported by National Science Council, Taiwan, 
Republic of China under grant number; NSC-94-2112-M-
014-003-). 

Figure 1. All the spectra is aligned in (100) axis direction 
 

Figure 2 shows the angular scan curve of IBIEC and 
PLM sample obtained from the proton simultaneous RBS 
and PIXE measurement. The similar behavior between 
Mn curves and the curves of substrate lattice (GaAs) in 
both of the (100) and (110) directions indicates that the 
Mn atoms locate at the substitutional sites of GaAs. 
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17C1 W20 - EXAFS 

In-situ EXAFS Studies of Zinc in the IZO Thin Films during Sensing of CCl4 
 

C.-Y. Chen (陳佳吟) and H.-P. Wang (王鴻博)  
 

 Department of Environmental Engineering, Cheng Kung University, Tainan, Taiwan 
 

 Cl-containing volatile organic compounds (Cl-VOCs) 
(such as CCl4) being very toxic frequently cause negative 
impacts on the environment.  Continuous and in time 
detection of harmful and pernicious gases by thin films 
are gradually widespread built up.  Transparent 
conducting oxide (TCO) films with high optical 
transparency (above 80%) in visible light region and low 
resistivity have many applications such as gas sensors.  
ZnO thin films generally have undesirable electric 
properties for long-time uses.  Doping with the 
appropriate elements such as indium onto ZnO thin films 
can effectively improve their sensitivity and stability.  
However, speciation of the thin films during sensing 
gases, especially for the Cl-VOCs, is still lacking in the 
literature.  Thus, the main objective of this work was to 
investigate speciation of zinc in the IZO (indium-zinc-
oxide) thin films during sensing of CCl4, by EXAFS 
spectroscopy. 

(00(002)

Thickness of the IZO thin films (synthesized by RF 
magnetron sputtering) measured by α-step was 480 nm.  
The Rutherford backscattering spectroscopy (RBS) 
shows that the composition of Zn, In, and O in the thin 
films was 2.53, 45.54, and 51.93%, respectively with an 
In/Zn ratio of 0.056.  X-ray diffraction (XRD) patterns of 
the thin films are shown in Figure 1.  A preferred c-axis 
orientation of ZnO was found.  Similar observations were 
also reported by Zhang and coworkers.   

10 20 30 40 50 60 70 80

22θ  
 

The in-situ EXAFS spectra of zinc in the IZO thin 
films (In/Zn = 0.056) during sensing of 350 ppm CCl4 in 
air (200 mL/min) were recorded and analyzed in the k 
range of 3.5-12.5-1.  An over 95% reliability of the 
Fourier-transformed EXAFS data fitting for zinc was 
found.  The Debye-Waller factors (Δσ2) were less than 
0.01 Å2 in all EXAFS data analysis.  In Table 1, zinc in 
the IZO thin films (at 300 K) possessed a Zn-O bond 
distance of 1.972 Å with a CN of 3.2.  However, at 623 K, 
the bond distance of Zn-O in the thin films was increased 
by 0.022 Å, which was may be related to the thermal 
shaking of surface species.  As 350 ppm CCl4 was 
introduced onto the thin film, the Zn-O bond distance was 
decreased slightly (1.978 Å).  In the absence of CCl4, the 
bond distance of Zn-O was restored to 1.991Å. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1. X-ray diffraction patterns of the IZO thin 
films (In/Zn ratios = 0.056) 

Table 1 In-situ EXAFS data of zinc in the IZO thin films 
during sensing of 350 ppm CCl4 in air (200 mL/min). 
Temperature 

(K) 

CCl4 

(ppm)
Shells R (Å) CN σ2 (Å2)

300 K 0 Zn-O 1.972 3.2 0.001

623 K 0 Zn-O 1.994 2.0 0.0005

623 K 350 Zn-O 1.978 2.7 0.002

623 K 0 Zn-O 1.991 2.5 0.002

R: Bond distance; CN: coordination number;  
σ2

: Debye-Waller factor 
 
 
 
 
 
 
 
 
 
 
 
 
 
To be submitted in Radiation Physics and Chemistry.  
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Pr-doped ceria materials were synthesized by 
Pechini process, using citric acid as chelating agent, for 
using as oxygen ion conductor in solid oxide fuel cells 
(SOFCs). The oxidation states of Ce and Pr in CPO 
compounds were investigated by X-ray absorption near-
edge spectroscopy (XANES) technique at BL17C1 of 
National Synchrotron Radiation Research Center 
(NSRRC), Taiwan.  

Both Ce and Pr in the synthesis precursors were in 
3+ valence. However, a mixed valence of 3+ and 4+ was 
observed for Pr and only 4+ valence for Ce in the CPO 
compounds after they were sintered at 1500°C for 14h. In 
other words, all the Ce ions were oxidized from 3+ to 4+, 
while only a portion of the Pr ions was oxidized from 3+ 
to 4+.  

Since the final electrolyte material went through 
three heating treatments: drying at 100°C, calcination at 
700°C and sintering at 1500°C during the synthesis 
process, the changes in the oxidation state after these 
heating treatments were examined. Figure 2 shows the 
XANES spectra of sample 30CPO after various heating 
treatments. The spectrum of as-made 30CPO was similar 
to that of Pr2O3, while those after calcination and 
sintering were similar to that of Pr6O11. These results 
imply that a portion of Pr3+ ions doped in ceria was 
oxidized to Pr4+ during calcination at 700°C. As a result, 
much lower number of oxygen vacancies was created in 
the samples than would be expected from the original 
doping ratio.  

The Ce and Pr L3-edge XANES spectra of CeO2, 
Pr2O3 and Pr6O11 were also taken as the references and 
are shown in Figure 1a. All the CPO compounds have 
similar XANES spectra as that of Pr6O11 (Figure 1b).  
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Figure 2. Ce and Pr L3-edge XANES of Ce1-xPrxO2-δ after 
different treatments, in comparison to those of standard 
oxides. 
 

 
Figure 1. Ce and Pr L3-edge XANES of Ce1-xPrxO2-δ after 
sintering in air at 1500°C for 14h, in comparison to those 
of standard oxides. 
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Atomic structure of bimetal PtRu/C catalysts (PR/C) 
under oxidation treatments at different temperatures were 
investigated by XANES and EXAFS at Pt L3 and Ru K-
edges. The oxidization treatments were conducted at 
temperatures from 300 to 600 K in a step of 50 K with an 
oxygen flow of 10 ml3 per second for an hour.  

As shown in Figure 1, the XAS traces of samples at 
Pt L3-edges, the position of absorption edge was found 
slightly shifted 0.5 eV to higher energy than that of Pt 
atoms on standard sample. Meanwhile, the absorption 
traces of other PR/C samples are also depicted in the 
Figure 1 for comparison.  

Figure 2. Ru K-edge XANES spectra of alloyed PtRu/C 
bimetal catalysts oxidized at different oxidation 
temperatures. 
 

Different from the oxidization behavior of Pt atoms, 
under mild oxidization conditions, a progressive increase 
in the oxidation state of Ru atoms from y = 0.9 to 1.2 was 
found. The progressive increase of y was induced by a 
combination of incorporation of oxygen into the bulk of 
crystallites and/or a segregation of Ru to the surface. This 
oxidization reaction of Ru atoms was called a spillover 
reaction of oxygen to Ru through Pt atoms on the surface 
of particles. Upon further oxidization Ru atoms was 
oxidized to a maximum oxidization state of y = 1.9 at 600 
K.  A shematic model for the changes of the atomic 
structure upon oxidation treatmnets is shown in Fig. 4. 

 
Figure 1. Pt L3-edge XANES spectra of alloyed PtRu/C 
catalysts oxidized at different oxidation temperatures. 

 
Figure 2 shows the Ru K-edge spectra of PR/C 

samples and standard powder of Ru / RuO2. The position 
of the second peak in the absorption spectra of bimetal 
catalysts shifted from 22127 to 22130.3 eV on increasing 
oxidation temperature from 300 to 600 K, as indicated in 
the insect of Figure 2.   

 

 

Variation of the oxidation states of Pt and Ru atoms 
in the PtRu/C bimetallic crystallites oxidized at different 
temperature were compared in the Figure 3. At a slight 
oxidation at 300 K, Pt atoms were at a higher oxidization 
state (x ~ 1.0) than that of Ru atoms (y ~ 0.1). The 
difference in oxidation states may be due to that Pt 
domain is rich at the surface and Ru is rich in core.  It 
was likely that the slight oxidation was limited to the 
surface of the bimetallic crystallites. There is a drastic 
increase of the oxidization state of Pt atoms (x = 2.0) of 
samples at mild oxidization (To = 370 to 550 K). 
However, oxidized Pt atoms in bimetal PR/C catalysts 
drastically reduced in metallic state (x = 0.1) at 600 K. 
The reduction would be induced by a decomposition 
reaction of Pt oxides. 

Figure 3. Extent of oxidation of Pt and Ru atoms in 
alloyed PtRu/C bimetal catalysts oxidized at different To. 

 

 
Figure 4. The schematic model for the structural changes 
of dispersed bimetallic crystallites upon increasing To of 
oxidation treatments. 
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Fuel cell is an electrochemical device for generating 

dc power with a continuous supply of fuel such as 
hydrogen, natural gas, or methanol and an oxidant such 
as oxygen, air, or hydrogen peroxide. One of the factors 
caused the decrease in the efficiency of fuel cells was the 
slow kinetics in oxygen reduction reaction (ORR) on 
cathode. Platinum based bi-metals (Pt-M, M= Ti, Cr, V, 
Mn, Fe, Co, Ni, Cu, etc.) have been shown to exhibit an 
enhancement on the electroactivity of ORR. Recently the 
nanostructured core-shell materials have been 
synthesized and applied to the magnetic materials, 
biomedicine, and catalysts. A few researches of core-
shell structure electrolysts studied in ORR. It is of 
interesting to prepare nanostructured Corich core-Ptrich shell/C 
as the electrocatalyst of ORR. 

In this study,the thermal decomposition of dicobalt 
octacarbinyl (Co2(CO)8) was firstly used to prepared Co 
on the carbon powder (XC-72), and then Pt was deposited 
on Co by the chemical reduction of platinum 
acetylacetonate with 1,2-hexadecanediol as reducing 
agent. The preparing Corich core-Ptrich shell(1.38:1)/C 
immersed in 20% H2SO4 aqueous solution for various 
times was also characterized. The grain size and 
crystallinity, particle size, and compositions of the 
preparing electrocatalysts were analyzed by XRD, TEM, 
and AAS, respectively. The X-ray absorption data were 
collected using synchrotron radiations at 
NSRRC17C1⋅W20 beam lines The electroactive areas 
and properties of home-made Corich core-Ptrich shell(1.38:1)/C 
electrocatalysts was studied with cyclic voltammetry (CV) 
and linear sweep voltammetry (LSV) in 0.5 M HClO4 
aqueous solution..  

The open circuit potential (OCP) and the 
overpotential of ORR for current density of 1 mA cm-2 
changed from 0.998 and 0.784 (without acidic treatment) 
to 1.037 and 0.904 V(with acidic treatment). The current 
density, mass and specific activities of ORR in 0.5 M 
HClO4 at a overpotential of 100 mV were increased from 
0.05 mA cm-2, 1.07 A g-1 and 3.55μA cm-2 on the as 
prepared Corich core-Ptrich shell(1.38:1)/C to the values of 
0.98 mA cm-2, 23.71 A g-1 and 30.23μA cm-2 for the 
electrocatalyst with acidic treatment. 

The Pt LIII-edge XANES data were obtained for the 
Corich core-Ptrich shell(1:1.38)/C and Pt foil and are compared 
in Fig. 1(a). It seen that the white line magnitudes of 
electrocatalysts with various immersed time in 10% 
H2SO4(aq) are almost the same. The XANES spectra 
indicate the Pt oxidation state is 0. Fig. 1(b) shows 
Fourier transforms (k3-weighted, Δk = 3.18 – 10.33 Å-1) 
at Pt LIII-edge of the synthesized Corich core-Ptrich 

shell(1:1.38)/C electrocatalyst with various various 
immersed time in 10% H2SO4(aq). The figure showed the 
structures of Corich core-Ptrich shell(1:1.38)/C electrocatalyst 
with various various immersed time in 10% H2SO4(aq) are 

similar.  
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  (a)     (b) 
Figure 1 (a) Normalized XANES spectra (b) FT-EXAFS 
spectra near the Pt LIII-edge the Corich core-Ptrich 

shell(1:1.38)/C with various acidic treatment time. For 
measurement, electrocatalyst was treated first in pure H2 
atmosphere at at 350oC for 30min. 
 

The Co K-edge XANES data were obtained for the 
Corich core-Ptrich shell(1:1.38)/C and Pt foil and are compared 
in Fig. 2(a). the white line intensity for Cobalt Oxide is 
the highest intensity from all samples. The oxidation state 
of Co in Cobalt oxide is +2 (Co+2) and in Co foil is 0 
(Co0). The white line intensity for PtCo/C of both 
methods is decreased compared with the Cobalt Oxide 
compound. But it is still not in the metallic state, because 
the white line intensity from each of all samples is still 
higher that to Co foil standard. The oxidation state of Co 
in each of samples are around half of the oxidation state 
of Cobalt Oxide. The XANES spectra indicate the Pt 
oxidation state is 0. Fig. 2(b) shows Fourier transforms 
(k3-weighted, Δk = 3.1 – 11.9 Å-1) at Co K-edge of the 
synthesized Corich core-Ptrich shell(1:1.38)/C electrocatalyst 
with various various immersed time in 10% H2SO4(aq). 
The figure showed the structures of Corich core-Ptrich 

shell(1:1.38)/C electrocatalyst with various various 
immersed time in 10% H2SO4(aq) are different. It means 
that the effect of improving ORR on Corich core-Ptrich 

shell(1:1.38)/C is the fine structure of Co. After acidic 
treatment, the structure of electrocatalysts changed due to  
Co of electrocatalysts dissolved. 
 

 
  (a)     (b) 
Figure 2 (a) Normalized XANES spectra (b) FT-EXAFS 
spectra near the Co K-edge the Corich core-Ptrich 

shell(1:1.38)/C with various acidic treatment time. For 
measurement, electrocatalyst was treated first in pure H2 
atmosphere at at 350oC for 30min. 

 

II - 203



 

 

 
17C1 W20 - EXAFS 

Effect of Thickness on the Electronic Structure of CeCo2 Thin Films 
 

C.-L. Dong (董崇禮)1,2, Y.-Y. Chen (陳洋元)2, C.-L. Chen (陳啟亮)2,  
J.-F. Lee (李志甫)3, and C.-L. Chang (張經霖)1 

 
1Department of Physics, Tamkang University, Tamsui, Taiwan 

2Institute of Physics, Academia Sinica, Taipei, Taiwan 
3National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
The behavior of 4f electrons in rare-earth 

compounds possesses both localized and band-like 
characters. It becomes clear that the electronic and 
magnetic properties of materials in nanoscale are 
different from the bulk even though their chemical 
composition being the same. Recent study on CeAl2, it 
has demonstrated that the bulk CeAl2 exhibits magnetic 
ordering while CeAl2 nanoparticles show nonmagnetic 
nature [1]. This phenomenon has been attributed to the 
effect of surface to bulk ratio [2]. On the contrary, CeCo2 
exhibits the opposite behavior [3,4]. It would be of 
interest to investigate how bulk to surface effect 
influences the electronic structure on CeCo2. X-ray 
absorption near edge structure (XANES) has been a 
favored experimental tool to study the core level changes 
and understand the electronic structure with thin films of 
different thickness. 

 
The CeCo2 thin films of thickness 30, 40, 70, 110 

and 140 nm were prepared by flash evaporation of bulk 
CeCo2 ingot onto a liquid nitrogen cold trap in a 0.1 torr 
of high purity helium and the thickness of these films 
were monitored by a quartz crystal oscillator during the 
evaporation process. Details are given elsewhere [1]. X-
ray absorption measurements were carried out at 
beamline 17C in fluorescence mode at room temperature. 

 
Figure 1(a) shows XANES spectra at Ce L3-edges of 

CeCo2 thin films. The unoccupied Ce 5d orbital produces 
two prominent L3 white lines, marked as A1 and B1 
which are ascribed respectively to 2p*4f1(5d6s)4 and 
2p*4f0(5d6s)5 final states, corresponding to Ce3+ and 
Ce4+ states [5]. The 2p* denotes a hole in 2p level. As 
evident from the figure, there is a clear spectral evolution 
indicating the valence change with thickness. The 
enhancement of 4f1 states in very thin films implies the 
increased 4f electron occupancy of Ce atoms. 

 
XANES spectra at Co K-edge are presented in Fig. 

1(b). The absorption feature A2 at ~ 7110 eV primarily 
reflects the density of empty 3d states through the s-p-d 
rehybridization [6]. The systematic reduction of the 
feature A2 with thickness shows the electronic 
perturbation of the density of state resulting from the 
surface to bulk ratio. The inset of the Fig. 1(b) obtained 
after subtracting the bulk spectra, shows that the 
hybridization between conduction states of Ce 4f5d and 
Co 3d states increases with film thickness. It is also noted 

that the unoccupied 3d states increase as film thickness 
decrease. By comparing the results from Ce L3- and Co 
K-edges, the charge transfer between Ce and Co may be 
the consequence of the valence change driven by the 
different surface to bulk ratio. 

 
The XANES study at Ce L3-edge revealed the mixed 

valence nature of Ce ions and the contribution of Ce4+ is 
reducing as thickness decreases. On the other hand, the 
XANES at Co K-edge provides evidence that the 3d 
occupancy varies with film thickness. These results 
suggest that the valence change is due to the charge 
transfer driven by the surface to bulk ratio effect. 

 

 
Figure 1:   XANES spectra for bulk CeCo2 and thin films 
at (a) Ce L3-edge and (b) Co K-edge. Inset in (b) is 
obtained after subtracting the spectrum of bulk CeCo2. 
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Interactions between metal ions and water molecules 
at liquid-solid interface play a fundamental and an 
important role in regulating the change in species and 
reactivity in aqueous solution.  The adsorption of metal 
ions onto alumina oxides has received much attention 
during the past decades.  Most studies mainly focused on 
the investigation of adsorption kinetics and isomers of 
metal ions onto hydrous oxides.  However, only limited 
studies have addressed the change in metal species onto 
metal oxides.  In addition, no local structure and 
electronic characteristics of the metal ions has been 
elucidated, partially due to the difficulty in determining 
the change in molecular environments at the liquid-solid 
interface.    
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Figure 1.  Fourier transforms of the 　 functions of 
As(III)/Al2O3 adsorption at pH 5.0. 
 

In this study, the complexation f As(III) at the 　-
aluminum oxide/water interface as a function of pH was 
investigated using X-ray absorption spectroscopy.  
Figures 1 and 2 shows fourier transforms of the 　 
functions of As(III)/Al2O3 adsorption at various pHs.  
The vertical lines A and B indicate the As-O and As-Al 
shell, respectively.  The presence of an Al shell indicates 
that inner-sphere complexation occurs under all 
conditions studied in this study.  In addition, the 
absorption spectroscopic results showed that As and 
Al2O3 can form inner-sphere complex at pH 5.0, while 
both inner- and outer-sphere complexes may be formed at 
pH 9.0.    The backround substrated 　3-weighted 　 
functions of the As/Al2O3 spectra (inserted figure) 
showed strong sinusoidal oscillation resulting from O-
shell backscattering.  Using the known Al-O distance of 
the AlO6 octahedral, 1.85 to 1.97 Å, an O-O edge 
separation distance of 2.52-2.86 Å and the experimental 
Al-O distance, the As-Al bond distances can be estimated.  

The average As-Al distance of the experimental samples 
was estinmated to be in the range of 3.11-3.21 Å, which 
is consistent with inner-sphere complex for As(III).  
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Figure 2. Fourier transforms of the 　 functions of 
As(III)/Al2O3 adsorption a pH 9.0. 
 

Figure 3 shows the fourier transforms of the  　
functions of As(III)/Al2O3 adsorption at various pHs in 
the presence of 10 mg/L humic acid.  The As-O shells 
were clearly observed at various pHs in the presence of 
humic acid.  However, the As-Al shell was not obvious at 
pH 9.0 when 10 mg/L humic acid was added into the 
solution.  This may probably be attributed that the humic 
acid will be negatively charged at pH 9.0, and 
subsequently adsorbed onto the surface of Al2O3.   This 
would lower the adsorption of As onto the surface of 
Al2O3.  
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Figure 3.  Fourier transforms of the 　 functions of 
As(III)/Al2O3 adsorption at various pHs in the presence 
of 10 mg/L humic acid. 
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One of the basic functions of electrode of solid oxide 

fuel cell (SOFC) is to provide the reaction area for the 
redox of oxygen. Since the reaction of SOFC involves the 
transport of fuel gas and air, it is necessary for electrode 
to have porous structure. In the case of conventional 
electrode made of fine powder, they are intrinsically 
dense having no intragranular porosity and exhibiting low 
surface areas arising from intergranular necking produced 
through sintering processes. Mesoporous electrodes, 
however, have pore diameters between 2 and 50nm. A 
well-prepared mesoporous electrode with adequate 
porosity will not only enhance the transport of gases 
fuel/oxidant to reactive sites but also increase the length 
of the TPB where charge transfer occurs.  Recently we 
have successfully prepared several types of mesoporous 
materials, such as ZrO2, TiO2..etc. From the in house 
measurements of these mesoporous materials, we have 
observed different results from those of their pore 
structure and nano-crystallite size. The X-ray diffraction 
data were collected using synchrotron radiations at 
NSRRC BL17A1 and BL01C1 beam lines.  

 
SAXD patterns of calcined mesoporous 8YSZ 

synthesized with various water content are shown in Fig. 
1. The sample synthesized with 11 wt% water content  
[Fig. 1(a)] shows intense well-defined peak at 0.70º of 2θ 
angles, which is assigned to (111) from a pseudo-
tetragonal ordering of pores with d111=110Å. From the 
broaden shape of the diffraction peak, it is know that the 
pore size distribution is not narrow and the arrangement 
of the meso-pores is not ordered well. As the water 
content increased to 25 wt%, mesoporous 8YSZ present 
very high structural order [Fig. 1(c)]. The sample shows 
two well-resolved diffraction peaks, located at 0.62º and 

1.22º of 2θ angles, which are assigned to (111) and (200) 
with d111=123Å and d200=63Å, respectively. A large and 
repeated lattice usually contributes the presence of 
reflections at small angles. The presence of these 
reflections suggests that these samples may consist of a 
highly regular or ordered structure. However, on close 
inspection it can be seen that only the most intense 
feature (111) can be observed. It is suggested that the 
pores do not perfectly parallel each other and lack of 
directional uniformity over long length.  
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(c) Figure 2. SAXD patterns of meso- porous TiO2 
calcined at (a) 300℃, (b)350℃, (c)400℃, (d)450
℃ and (e)500℃ for 2 hours. 

(b)  
In addition, the pore arrangement of mesoporous 

TiO2 was investigated. Calcined mesoporous TiO2 treated 
at 300  and ℃ 350  present very high structural order ℃
[Figs. 2(a) and 2(b)]. The 300℃-calcined sample shows 
two well-resolved diffraction peaks, located at 0.62º and 
0.88º of 2θ angles. The 350℃-calcined sample shows 
only one diffraction peaks, located at 0.92º 2θ angles with. 
A large and repeated lattice usually contributes the 
presence of reflections at small angles. The presence of 
these reflections suggests that these samples may consist 
of a highly regular or ordered structure. A very broad, 
low intensity peak at 0.36º 2θ angles can be observed at 
400  ℃ and 450℃[Fig. 2(c) and (d)], which mean that the 
ordered mesoporous structure collapsed gradually. As 
calcined at 500  [Fig. 2(e)], there is no peak was ℃
observed at low-angle XRD pattern. These results 
indicated that the mesoporous structure is completely lost 
above 500 .℃  

(a) 

2θ 
Figure 1. SAXD patterns of meso- porous 8YSZ 
symthesized with various water content for (a) 11 
wt% (b) 14 wt% (c) 25 wt% and (d) 30wt% 
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Arsenate Speciation The aim of this research is to identify catalytic 
properties of ubiquitous soil surfaces (goethite, jarosite, 
silica, kaolinite and gibbsite) with respect to 
precipitation reactions between metals such as Cu(II) 
and oxyanions such as SO4 and AsO4 from under-
saturated solution conditions.  Extended X-ray 
absorption fine structure (EXAFS) spectroscopy at the 
Cu and As K-edges was employed to identify non- and 
semi-crystalline neo-forming solid phases of copper 
(Cu(II)) with arsenate (AsO4) and or  sulfate at the 
mineral water interfaces of goethite (　α-FeOOH), 
jarosite (NaFe3[SO4]2(OH)6), kaolinite 
(Si4Al2O10(OH)4), and amorphous gibbsite (Al(OH)3). 
This report is a brief summary from our first two trips. 

In the absence of Cu(II), As(V) formed bidentate 
binuclear complexes on kaolinite, gibbsite and goethite 
and displaced SO4 anions from jarosite. In the presence 
of Cu(II) on goethite, the As-Cu/Fe bond distance 
initially increased to 3.32 Å and at greater As(V) 
concentrations to 3.38 Å similar to As(V)’s bonding 
environment in clinoclase. On gibbsite, the presence of 
Cu(II) did not influence the surface complexation of 
AsO4, however, on kaolinite, AsO4 is coordinated by 
Cu(II) rather than Al atoms. 
 

 

 
Copper Speciation 
Linear least-square combination fits of Cu K-edge 

XANES data for sorption samples in the presence of 
SO4 (absence of As(V)) showed that Cu surface 
complexes on goethite have a Cu-goethite component 
(~ 75 %, Cu-substituted goethite reference material) 
and a CuO (~25%) component. Conversely on jarosite, 
where a structural SO4 component is present, Cu(II)’s 
speciation was distinctly influenced by SO4 indicating 
that ~  55% occurred as brochantite (Cu4[SO4](OH)6) 
and ~  45% as free CuSO4 (aq). This suggested that 
minerals, which have structural oxyanions (jarosite/ 
SO4) coordinate in part metals with the oxyanion 
component. 

 

 

Figure 2: Fourier filtered k3-weighted　χ(k) spectra 
and corresponding Fourier transforms  of AsO4 
sorption complexes on gibbsite, kaolinite and kaolinite 
in the presence of Cu. The phase shift of the 
wavefunction and its non-linear fit indicate AsO4 
bonding with Cu rather than Al. The sorption 
complexes of AsO4 on gibbsite and kaolinite are nearly 
identical suggesting that AsO4 bonds to the gibbsite 
sheet of kaolinite. 

Figure 1: Cu K-edge XANES spectrum of Cu sorbed 
on goethite at pH 5.5 in the presence of SO4 ions. The 
superimposed inset of the dashed square outline shows 
the fit improvement if a CuO component is included in 
the fit. 
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Basic additives in copper catalysts are found to 

change conventional methanol synthesis (MS) catalysts, 
e.g., Cu/ZnO/Al2O3, to show activity for higher alcohol 
synthesis (HAS) from CO (or CO2) and H2. Hydrotalcites 
(HT) refer to a group of mixed metal oxides with layer-
like structure whose base planes are similar to MgO 
while some Mg+2 are replaced by M+3 species. It has a 
basic characteristic like MgO but its basicity is less 
sensitive to the presence of moisture or CO2 as other 
basic supports. This is why it may change the reaction 
characteristics of Cu catalysts toward long-chain 
hydrocarbon synthesis. In this study, we prepare HT-
supported Cu and HT-supported Cu-Zn catalysts by 
coimpregnation method. The structure evolution during 
calcination and reduction were monitored by in-situ 
XANES analysis. 

 
Figure 1 shows the XANES of the fresh HT-

supported Cu-Zn as a function of calcination temperature. 
The Cu-edge data show that the whiteline intensity 

decreases with increasing calcination temperature. This is 
suspected to be a structure change from Cu(OH)2 to CuO. 
The Zn-edge shows not only a decrease in whiteline 
intensity, but also a change in XANES shape. Again, it is 
suspected to be a structure change from Zn(OH)2 to ZnO 
during calcination. 

 
 The calcined catalyst was subjected to a temperature-

programmed-reduction (TPR) experiment and the in-situ 
XANES is shown in Figure 2. The Cu-edge data indicate 
the reduction of CuO occurs at ca. 493K and is completed 
at ca. 589K. The Zn-edge data shows insignificant change 
by this TPR procedure. Reaction studies indicates that 
only a reduction at intermediate temperature will result in 
long-chain HC products. The morphology of Cu-Zn/HT 
responsible for the long-chain HC synthesis deserve 
further exploration. 
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 Figure 1. The in-situ XANES data in (a) the Cu-edge and 
(b) the Zn-edge of the fresh Cu-Zn/HT during a 
temperature-programmed-calcination under O2. 

Figure 2. The in-situ XANES data in (a) the Cu-edge and 
(b) the Zn-edge of the calcined Cu-Zn/HT during a 
temperature-programmed-reduction under H2. 
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Experiment: 
We have used x-ray absorption spectrum (XAS) to 

study Chevrel Phase Superconductors MxSn1-XMo6S8.  
Mo K-edge extended x-ray absorption fin structure 
(EXAFS) and S K-edge x-ray near edge absorption spec-
trum (XANES) measurement were carrier out at the 
01C/16A DCM beamline of NSRRC in Taiwan by tran-
simission /fluoscerence signal respectively. The super-
conductivity in these sample was checked by transport 
and magnetic properties and the pure phase was verify by 
x-ray diffraction. 

 
Results and Discussions: 
Figure 1 shows the sulfur K-edge XANES of host 

and 3d elements doped compound Sn0.9M0.1Mo6S8. Refer 
to host SnMo6S8 sulfur K-edge main peak, Fe, Co, and Ni 
doping induce sulfur K-edge shift to low energy side 
gradually from -0.34 to -0.78 eV and reverse shift from 
Cu doping –0.34 eV to Zn doping  0.27eV to high energy 
side. If the main peak  in figure 1 was aligned together 
for samples to see the p-d hybridization ligand state dif-
ference upon doping. Obviously, (Fe, Co, Ni, Cu)/Zn 
doped samples have low/high p-d hybridization between 
Mo and S ion and small/large crystal field splitting than 
that of host sample (see the area pointed by arrow ). 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Figure 2 and 4 show Mo K-edge EXAFS k3 χ

transformation and Fourier transformation of k3χ. The 
EXAFS results show the magnitude of fourier transform 
and the Mo-S, and MO-MO bonding condition variation. 
Peak a and peak b in figure 3, show their bonding condi-
ton,  The change of a/b ratio is consistent with the trend 
of peak shift in figure 1. The stronger p-d orbitals hy-
bridization is correlated to the local struture distortion 
that wasrelated to transport and magnetic properties. This 
result implied Mo valence in Fe, Co, and Cu doped sam-
ples is more but is less in Zn doped sample than the va-

lence of host compound. 
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Conclusion: 
The S K-edge spectrum show S unoccupied states 

were affect by the doping element (M). (Fe, Co, Ni) and 
(Cu, Zn) doped samples have low/high p-d hybridization 
and small/large crystal field splitting than that of host 
sample between Mo and S ion. Mo L-edge structure show 
the consistent charge redistribution between Mo-S sites. 
We correlated transition temperature of superconductivity 
to the doping effect induced Mo 4d-S 3p hybridization 
ligand state change in conclusion. The p-d hybridization 
dominate the physical properties of these sample that 
were induced by the local structure no change. 
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Chemical Structure of Photocatalytic Active Sites in Nanosize TiO2 
 

Tung-Li Hsiung (熊東澧) and Hong Paul Wang (王鴻博) 
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Very recently, nanosize photocatalysts have 
exhibited remarkable activities in photocatalysis.  The 
enhanced photocatalytic activity of nanosize TiO2 has 
been attributed to the quantum confinement (quantum 
size) effect and the enlargement of surface-to-volume 
ratios. Speciation of nanosize TiO2 that possesses 
effective photoactivities is still lacking in the literature.  
Thus, the main objective of this work was to study 
chemical structure of nanosize TiO2 (synthesized by the 
sol-gel method) especially during photocatalytic 
degradation of methylene blue (MB) by XANES 
spectroscopy. 

 
By XRD, the calcined nano TiO2 synthesized by 

sol-gel method (TiO2-SG) possesses peaks at (101), (004) 
and (200), suggesting the existence of the anatase phase.  
The HR-STEM image of the TiO2-SG photocatalyst 
(calcined at 673 K) indicates that the average particle 
size is 8.8 nm. 

 
The XANES spectra of the nano TiO2 photocatalyst 

are shown in Figure 1. The major features (A1, A2, A3 
and B) of the pre-edge XANES are arisen from X-ray 
induced electronic transitions from the valence band to 
the conduction band.  The tetrahedral (TiO4), square 
pyramid ((Ti＝O)O4) and octahedral (TiO6) structure can 
be attributed to the pre-edge features of A1 (4968.7 eV), 
A2 (4970.5 eV) and A3 (4971.8 eV) (assigned 1s-to-3d 
transition), respectively.  By Gaussian-Lorentzian curve 
fitting, the relative compositions of A1, A2 and A3 for 
TiO2-SG and TiO2-K (Kanto Chemical Corporation) are 
also shown in Figure 1.  The IA2/IA3 ratios of TiO2-SG 
and TiO2-K are 0.49 and 0.27, respectively.  Luca and 
coworkers found that the IA2/IA3 ratio of the nano TiO2 
catalysts had a linear relationship between the particle 
diameters and surface-to-volume ratios.  Note that 
TiO2-SG has a higher surface area (130 m2/g) than 
TiO2-K (15-77 m2/g).  The B and C features in the 
XANES spectra may be attributed to the interactions of 
the central Ti 4p orbital hybridized with the near Ti and 
O atoms.  In the Ti post-edge XANES spectrum, the D 
features (4.98 to 5.02 keV) can be assigned to 3s-to-np 
dipole-allowed transitions. 

 
Figure 2 shows the photocatalytic degradation of 

MB with UV/VIS radiation. In the absence of TiO2, 
about 20% of MB can be degraded under UV/VIS 
radiation of 90 min. With the TiO2-K photocatalyst, 
about 42% of MB can be degraded. Interestingly, in the 
first 20 minutes of UV/VIS radiation, on the TiO2-SG 
photocatalyst, degradation of MB is as high as 90%.  
Since the A2 species (as observed by XANES) are 
enriched on surfaces of the TiO2-SG photocatalyst, it is 
very likely that A2 contributes to the major photocatalytic 
activity for photodegradation of MB. 
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Figure 1. The pre-edge XANES spectra of Ti species 
in the nanosize (a) TiO2-SG and (b) TiO2-K. 
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Abstract. 
Using small angle X-ray scattering (SAXS), X-ray 
absorption (XAS), and Resonance Raman scattering, we 
have studied global and local structural changes of 
cytochrome c mediated by urea and GuHCl denaturants 
in aqueous solutions (21 mg/ml). The SAXS data 
demonstrate the unfolding of the cytochrome-c from a 
globular shape of a radius of gyration Rg = 12.8 Å to an 
elongated rod-like shape of Rg = 29.7Å, with a change in 
the aspect ratio up to ~ three folds, when the urea 
concentration increased from 0 to 10 M or the GuHCl 
concentration from 0 - 3M. SAXS data fitting using the 
dummy residuals gives the envelopes of cytochrome c 
during the unfolding process.   
For the local structure observation by XAS, both the 
folded and unfolded states of cytochrome c show the 
same pre-edge features at Fe K-edge, indicating that the 
Fe(III) of the heme of the molecule is still in a six-
coordinated environment in the unfolded state. 
Furthermore, the discernable differences in the XANES 
features of the two states are mainly attributed to a spin 
transition of the iron from low spin to high spin. The 
consequent changes of the spin transition on the vibration 

modes of the porphyrin that surrounds the heme group, 
are complementarily observed by the Resonance Raman 
scattering, which shows a suppression of the ~1584 and 
~1566 cm-1 peaks in spectrum of the unfolded state. For 
the folded state, the extracted bond distances of Fe-S 
(Methionine), Fe-N (Porphyrin), and Fe-N (Histidine) 
from the EXAFS data are compatible with previous NMR 
results. For the unfolded state, the concurrent spin 
transition and perseverance of six coordination of the iron 
of the heme group is explained on the basis of a ligand 
exchanged model, with urea replacing the Met80 ligation 
of the iron. Based on the model, we fit the EXAFS data 
of the unfolded state with the distances of Fe-O(urea) = 
2.24(2)Å, Fe-C(urea)=2.59(5)Å and Fe-O(water) = 
2.30(2)Å. The expanded first coordination shell around 
the Fe site, compared to the folded state, is a consequence 
of the six coordinated environment of the ligand 
exchange model. Based on the local and global structural 
changes observed, we have proposed sequential, local 
structural changes initiated by the denaturant near the 
heme group, which lead to the unfolding of the whole 
molecule. 
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In this study, the XANES (X-ray Absorption Near 
Edge Structure) shows that poisonous Cr6+ in the 
laboratory wasteliquid were reduced to Cr3+ by adding 
Fe2+ at [Fe2+/total metal], mole ratio higher than 4:1 (as 
Fig. 1).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Chromium XANES spectra of (a) original 

laboratory wasteliquid, and laboratory wasteliquid by 
ferrit process at the [Fe2+/total metal], mole ratio of (b) 
1:1, (c) 4:1, (d) the standard spectrum of K2Cr2O7 and (e) 
the standard spectrum of Cr2O3. 

The XRD (X-ray Diffraction) analysis shows that 
the greater [Fe2+/total metal], mole ratios were used (such 
as 6:1, 10:1, 20:1 and 30:1); the more spinel-structured 
ferrites were formed (0.26, 0.30, 0.48 and 0.59).  When 
[Fe2+/total metal], mole ratio was larger than 20:1, the 
saturation magnetization and coercive field were about 
5.21 emu/g and 6.2 KOe, respectively (as Figure 2).  The 
ferrite precipitates could be recovered as magnitude 
materials.  However, the TCLP test result was beyond the 
standard of EPA when the [Fe2+/total metal], mole ratio 
was 30:1.  The optimum operation for the laboratory 
wasteliquid by ferrite process in the [Fe2+/total metal], 
mole ratio was 20:1. 
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Figure 3. The hysteresis loops measured from 
precipitates generated from ferrite at various  [Fe2+/total 
metal], mole ratios of (a) 6:1 (b) 10:1 (c) 20:1 (d) 30:1.Energy (KeV) 
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Carbon nanotubes (CNTs) interacting with transition 
metal atoms are of tremendous interest from both 
fundamental and applied perspectives. It has also been 
demonstrated that transition metal nanoparticles on CNTs 
exhibit superior catalyst activities for various types of 
chemical reactions. X-ray absorption spectroscopy was 
employed to investigate the trend of local structure of 
cobalt changes after various treatment conditions   

 

 

 

Figure 2. FT-EXAFS spectra of Co-Kedge for Co/SiO2 
catalyst after various treatments, commercial CoO 
powder, and Co foil reference. The FT spectra of catalyst 
A exhibit one peak centered between 1 and 2 Å. The 
experimental FT spectra closely matched with the 
theoretical spectra of Co(OH)2 .Upon calcinations, the 
local structure of catalyst B is significantly changed, the 
peak centered at R values of approximately 1.6, 2.5, and 
3.1 Å corresponds to the Co-O, Co-Co, and Co-Si 
interactions, respectively. In the case of reduced sample, 
the appearance of cobalt backscatter after reduction of 
calcined Co/SiO2 catalyst may arise via a two step 
reduction, which mix state of  Co3O4 and Co2SiO4  to 
CoO and CoO to Co(0) metal but not from the reduction 
of CoSiO4 to Co (0) immediately . After carbon 
nanotubes growth, a distinct peak corresponds to the Co-
Co coordination appeared at 2.5 Å and the FT features 
matched well with that of Co foil reference. The Co/SiO2 
via various treatments were prepared and used as  catalyst 
for CNTs growth, however, XAS technique is quite 
beneficial for investigating  these catalysts. 

Figure 1. The Co K-edge XANES spectra provide 
information concerning the chemical state of the Co/SiO2 
catalyst. The edge position of the catalyst A and C are 
matched well with that of the CoO powder, representing 
that the cobalt in the catalyst possess +2 oxidation state. 
As shown in the figure, though the XANES features of 
catalyst B is like commercial Co3O4 , it is not exactly 
matched with Co3O4 indicating that the majority of 
species of the cobalt is present in silica matrix as Co2SiO4 
after calcination. In the case of catalyst D, the XANES 
spectral features are very similar to Co foil, indicating the 
catalyst is in metallic state. 
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Cancer therapy by utilizing photo-catalytic process 
has been practiced since the mid of 1980s. Some semi-
conductor, such as TiO2, SnO2, ZnO, WO3 et al., were 
highly intresting for this treatment due to their strong 
ability of oxidizing due to the high throughput of reactive 
oxygen species (ROS) under UV or X-ray irradiation, 
resulting in the high photo killing effect to the cancer cell. 
To futher improve the photo killing effect, a noble metal 
such as Au nanoparticle is doped  on the semiconductor 
surface. The role of this scheam is to store and shuttle 
photogentrated electron from the semiconductor to an 
acceptor in a photo killing process., in other word, this 
mediation is to increase the recombination time of the 
electrical-hole pair. 

 
 In this study, we utilized a novel method to prepare 

Au/Metal Oxide nanocomposits bysynchrotron  radiation 
at NSRRC 01A to induce chemical synthesis. The intense 
x-rays from synchrotron leads to very effective synthesis 
and excellent control of the particle sizes and dispersion. 
The Au/ZnO structure is shown in figure 1 examined by 
TEM. From the figure, one realizes that Au is uniformly 
decorated on ZnO nanoparticle surface. 

 
The aim of this study is to investigate the change of 

the ZnO semiconductor surface when the Au is doped.  
the Au/ZnO structule of the samples was identified by X-
ray absorption spectroscopy at NSRRC 17C. 

 
Figure 2 summarizes the Zn K-edge features of ZnO 

and ZnO doped Ay synteesized by synchrotron x-ray 
exposure for various times. The NEXAFS spectra were 
recorded using the transmittion method to assure the 
measurements of nanoparticles stoichiometries of the zinc 
oxides. Figure 2 clearly indicates that both the Zn K-edge 
features are very sensitive to the oxidation states of zinc. 
Once the Au doped on the ZnO surface, the spectrum of 
Zn K-edge of  ZnO nanoparticle doped Au synthesyzed 
with various x-ray exposure tme shows a significant red 
shift compared to the pure ZnO nanoparticle. This result 
indicates that the electron orbri of ZnO would be changed 
as the Au is doped on the ZnO nanoparticle surface. 
However, no significant change of Zn K-edge of ZnO 
doped Au by different x-ray synthesis time can be 
observed. The characteristic changes in the Zn K-edge  
region clearly indicates a conversion of oxidation state of 
ZnO can be observed by NEXAFS. In conclusoion, in 
both TEM and XAS results, it is clearly that Au is 

successfully attached onto ZnO by synchrotron X-ray 
exposure method. 

 
 
Figure 1. TEM image of Au/ZnO structure. 
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Figure 2. Comparison of Zn K-edge features for 
comerical ZnO nanoparticles and ZnO nanoparticle 
doped Au synthesized  by shnchrotron x-ray for at 1min, 
3min and 5min. 
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A rapid decrease in As concentration in downstream 

water has been recently discovered to associate with the 
precipitation of As-bearing (0.22~0.27 wt.% As) 
schwertmannite, Fe16O16(OH)12-9(SO4)2-3.5·nH2O on 
riverbed rocks in the Chinkuashih acid-mine-drainage 
area, northern Taiwan.  This finding triggered our interest 
in understanding the sorption/incorporation mechanisms 
of As in schwertmannite as it is of great interest to 
resolving trace-metal behaviors and pollution problems in 
mining areas.  EXAFS analyses of As-bearing 
schwertmannites prepared by the sorption method and 
Chinkuashih schwertmannite were carried out using the 
17C1 W20 EXAFS beam line at NSRRC in comparison 
with the result of previous EXAFS runs on those 
prepared by the co-precipitation method in order to 
distinguish external surface sorption from structural 
incorporation of arsenate in schwertmannite. 

 
Figure 1. Structural models of (a) and (b) akaganéite and 
(c) schwertmannite (modified after Cornell and 
Schwertmann, 2003). 

 

The Fe and As K-edge EXAFS analyses of synthetic 
As-bearing schwertmannite prepared by the co-
precipitation method are consistent with a structure 
consisting of chains of edge-sharing FeO6 octahedra with 
an Fe-Fe distance of ~0.300 nm and having corner 
sharing between two other corners of each octahedron 
and two apical oxygens of the octahedra in a neighboring 
chain with a Fe-Fe distance of ~0.340 nm.  Arsenic is 
coordinated by 4 oxygens to form AsO4 tetrahedra 
(having an As-O distance of 0.168 nm with a 
coordination number of ~4.0) that connect with two 
apical oxygens of FeO6 octahedra (bidentate mononuclear 
with an As-Fe distance of 0.324~0.328 nm and a 
coordination number of 1.79~2.01) (Figure 1).  The As 
K-edge analysis of the specimens prepared by the 
sorption method showed a result with no apparent 
differences from the aforementioned conclusion (Figure 2 
and Table 1).  Some of the analyses did not yield 
reasonable intensities due to low As concentrations.  The 
Fe K-edge analyses of the Chinkuashih schwertmannite 
specimens showed similar results regardless of the 
presence of a goethite component at depths indicated by 
other analyses.  The As K-edge measurements of the 
Chinkuashih specimens were not convincing due to 
inadequate intensities although multiple scans were 
applied.  A use of the Canberra 13 element ultra LEGe 
detector array available at the same end station will be 
needed in order to pursue the detection of quality EXAFS 
spectra for systematic examination of both synthetic and 
natural specimens. 

Figure 2. As K-edge EXAFS spectra and Fourier 
transform patterns of synthetic As-bearing 
schwertmannites prepared by the the sorption method 
(Schad1 acquired with the fluorescence mode and 
specimens Schad2, Schad3, and Schad4 (Table 1) with the 
transmission mode).  The formula of the synthetic 
schwertmannite before As sorption is 
Fe16O16(OH)11.748(SO4)2.126 with an As/Fe molar ratio of 0 
and a S/Fe molar ratio of 0.133. 
Table 1. EXAFS parameters for spectra of Figure 2 (σ2 = 
Debye-Waller factor). 

 
The As/Fe and S/Fe values are molar ratios. 
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During the past decades, the research on cathode 
materials  for lithium-ion batteries has focused mainly on 
lithium transition metal oxides. At present, LiCoO2, 
LiNiO2, and LiMn2O4 are used commercially as 4 V 
cathode materials in rechargeable lithium-ionbatteries. In 
recent years, lithium iron phosphate (LiFePO4) has been 
considered to be a potential cathode material for 
rechargeable lithium ion batteries due to its high specific 
capacity (170 mAhg-1), high output voltage (>3.4 V vs. 
Li/Li+), environmentally benign and ease of fabrication. 
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However, the low conductivity of LiFePO4 makes 
the insertion or extraction of lithium into or from the 
lattice difficult to be realized. At the same time, some 
researchers have tried the doping of iron to enhance the 
conductivity of the composites and synthesized the 
LiMn1-xFexPO4 material. Therefore, the presence of large 
tetrahedral polyanions (PO4

3-), corner-shared MO6 
octahedra, and the use of the M3+/M2+ redox couple are 
distinctive features of olivine class cathodes. The Ptet-O-
Moct linkage in the LiMn1-xFexPO4 structure induces the 
superexchange interaction that tunes the M3+/M2+ redox 
energy to useful levels of ~3.4, and 4.1 V for Fe3+/Fe2+, 
Mn3+/Mn2+, respectively. The stable nature of the 
olivine-type structure having a (PO4

3-) polyanion with a 
strong P-O covalent bond provides not only excellent life 
cycle but also a safe system.  

Here we applied the x-ray absorption near-edge 
structure (XANES) spectroscopy at Fe K-edges and Mn 
K-edge to clearly verify that iron form a well crystalline 
of LiMn0.55Fe0.45PO4 which has been synthesized by 
solid-state reaction using LiH2PO4, FeC2O4

.2H2O and 
MnO under reducing (5% H2 and 95 % Ar) atmosphere. 
The in-situ XANES spectra at Fe and Mn K-edge was at 
room temperature in transmission mode using gas-filled 
ionization chambers to measure the intensities of the 
incident and transmitted X-ray beams. Accordingly the 
results for the coin cell of LiMn0.55Fe0.45PO4.  Iron should 
be at a FeII valence state then shift to higher oxidation 
state during the charging process. The same results with 
Mn. All results are shown in Fig. 1. Fig.2 shows the in-
situ  XRD spectra of LiMn0.55Fe0.45PO4  sample. The 
voltage from 2.015V to 4.073V is the single phase region. 
Then the phase transition of structure occurred at 4.129V 
to 4.300V, this is two phase region. The results are in 
accordance with N. N. Bramnik et al. [Electrochem. 
Solid State Lett. 8(8) A379-A381 (2005).] 

Figure 1.  In-situ XANES results of LiMn0.55Fe0.45PO4  (a) 
   Fe K-edge (b) Mn K-edge 
                                                                          
 
 
                                                                     Two phase 
                                                                         region 
 
 
 

                                                                      Single phase 
region 

 
 
 
 
 
Figure 2. In-situ XRD results of LiMn0.55Fe0.45PO4 
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MnFe2O4 nanocrystallites have been found to exhibit 

capacitive characteristics in organic electrolyte 
containing 1M LiPF6 in mixture of ethyl carbonate + 
ethylene methyl carbonate up to 4.5 V versus Li/Li+. The 
ferrite exhibits a capacitance of 126 F/g-MnFe2O4, and 
the symmetric-cell demonstrated a workable voltage 
window of 2.5 V. In-situ synchrotron spectroscopic 
analysis identified valence change at Mn-ion sites and 
very small (<1%) extent of lattice variation, in response 
to Li-ion insertion/extraction. Compared with other 
pseudocapacitive oxides with Li-ion electrolytes, the 
present ferrite system has demonstrated superior cycling 
stability under high-rate cycling. 

Synchrotron X-ray absorption near-edge 
spectroscopy (XANES) was conducted respectively at 
beam line 17C1 of the National Synchrotron Radiation 
Research Center (NSRRC) in Taiwan, R.O.C. In-situ 
XANES spectra of Mn K-edge of the as-synthesized 
composite powder were shown in Fig. 1a. Spectrum of 
Mn2O3 is also shown for comparison. Each XANES 
spectrum can be divided into a pre-edge region A (~ 
6537-6545 eV) containing weak peaks, a main edge 
region B (6545-6555 eV), and resonance peak regions C 
(6555-6566 eV) and D (6566-6580 eV). The peaks within 
pre-edge region A are ascribed to 1s → 3d transitions. 
The main absorption region B can be assigned to the 
transition from 1s to p-like states of t1u symmetry. The 
edge energy is conventionally taken as the energy at the 
first inflection point, and it is known to increase with 
increasing valence of the transition metal ion within the 
oxides. It was found that the Mn ions in the as-
synthesized state have a valence close to 3, as the edge 
energy matches closely with that of Mn2O3. It has 
previously been shown by the extended X-ray absorption 
fine structure (EXAFS) analysis that the Mn ions are 
randomly distributed over the tetrahedral and octahedral 
metal ion sites within the spinel structure.  

Fig. 1b showed the XANES spectra measured in situ 
during CV cycling. The spectrum of MnO is also shown 
for comparison. First, it was found that at open-circuit 
voltage (OCV; ~3.3 V), the edge energy is actually lower 
than that of the as-synthesized powder. Secondly, upon 
CV cycling, the edge front was found to shifts toward 
lower energies during the cathodic sweep, while it moves 
back to pass over the OCV position and to higher 
energies during the anodic sweep. The results give direct 
evidence to the notion that charge-transfer takes place at 
the Mn-ion sites, balanced by Li insertion/extraction. In 
addition, the data may also indicate that the upper critical 
voltage limit (~4.5V) to the battery-like transformation 
corresponds to when the valence of Mn ions is about to 

exceed +3. 
The XANES spectra of Fe were interfered by the 

signals from the stainless steel case of the coin cell. As a 
result, the variation in valence of Fe ion during the CV 
cycling can not be verified. 

The reduction in Mn k-edge binding energy at the 
OCV state as compared with the as-synthesized state (Fig. 
1a and b) may indicate that part of the Mn ions are 
reduced when the cell was assembled. This reduction 
process apparently takes place in conjunction with 
insertion of Li ions into the oxide lattice, which thus 
enables the operation of the symmetric configuration, as 
shown later, where no Li electrode is involved. The 
nature of the oxidation counterpart has yet to be 
identified. It might involve oxidation of solvent species. 

 

 

Figure 1. XANES data.  (a) Curves acquired from as-
synthesized MnFe2O4  and Mn2O3 standard; and (b) 
curves acquired in situ during the discharge (lithiation) 
phase at indicated voltages. The dotted curve denotes the 
as-synthesized state, while the dashed curve MnO 
stardard. 
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Reduction of Cr(VI) to Cr(III) is a remediation 
method for Cr(VI) contaminated soils. The effect of 
organic matter or chemical reductant amendments on the 
reduction of Cr(VI) to Cr(III) in Cr-spiked soils was 
investigated. Two representative soils of Taiwan 
[Chengchung (Cf; pH 6.9), and Taikang (Tk; pH 8.4)] 
were used in this study. The two soils were 
supplemented with K2Cr2O7 solutions to reach 500 mg 
Cr(VI)/kg and gone through 3 drying and wetting cycles 
to prepare Cr(VI)-spiked soils. Organic matters [cattle-
dung compost(CC) and soybean meal(SBM)] were added 
at the three rates of 0, 10, and 20 g organic matter per kg 
soil (i.e. 0, 1, and 2% of organic matter) into the Cr(VI)-
spiked soils and incubated at room temperature and field 
capacity for 21 days. Iron-based reductants [zerovalent 
iron, ferrous sulfate, and ammonium ferrous sulfate] and 
sodium dithionite solutions were added to Cr(VI)-spiked 
soils at water holding capacity. After incubation, the soil 
samples were ground and sieved through 400 mesh to 
give fine powders for XANES analysis. 
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The XANES spectra were collected at the NSRRC 
of Taiwan. The X-ray absorption Cr K-edge (5989 eV) 
spectra were obtained using wiggler beam line, BL-17C1. 
The electron storage ring was operated with the energy 
of 1.5 GeV and a current of 120-200 mA. Data were 
collected in fluorescence (for soil samples) or 
transmission (for Cr standards) mode. The standards 
were prepared from the mixtures of Cr2O3 and K2Cr2O7. 
The XANES spectra of standard samples containing 
various percentage of Cr(VI) are shown in Fig.1. A sharp 
and intense peak at 5992-5994 eV indicates the existence 
of Cr(VI) and the peak intensities increase with the 
increase of Cr(VI) percentage in the Cr standards. 
Therefore, the peak intensity can be used to indicate the 
percentage of Cr(VI) in the analyzed samples. Figure 2(a) 
shows XANES spectra of Cr(VI)-spiked soils with and 
without organic matter amendments for Cf soil and Fig. 
2(b) and 2(c) show the spectra with and without chemical 
reductants for Cf and Tk sois respectively. It clearly 
indicates that the intensity of Cr(VI) peak of organic 
matter treatments is smaller than that of control in 
Cr(VI)-spiked Cf soil, suggesting the spiked Cr(VI) was 
reduced to Cr(III). Besides, in Cr(VI)-spiked Cf and Tk 
soils, the intensity of Cr(VI) peak decreases with 
addition of chemical reductants. It indicates that 
chemical reductants as electoron acceptors can reduce 
Cr(VI) to Cr(III). The above results suggest that adding 
reducing reagents into Cr(VI)-spiked soils can enhance 
the reduction of Cr(VI). In addition, the results indicate 
that XANES is a powerful tool for us to reveal the 

species and reaction pathway of Cr(VI) in Cr(VI) 
contaminated soils and examine the effect of various 
amendments and treatments on the reduction of Cr(VI) to 
Cr(III) in different Cr(VI) contaminated soils of Taiwan.  

    
Figure 1.  The XANES spectra of the Cr standard samples 
containing various percentage of Cr(VI). 
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Figure 2. The XANES spectra of Cr(VI)-spiked soils (500 
mg Cr(VI)/kg soil) with and without adding (a)  1% or 2%  
organic matter in Cf soil (b) various chemical reductants 
in Cf soil and (c) in Tk soil. 
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The role of grafted-TiO2 on silica and zeolite 
supports in improving the sulfur resistance of supported 
Pt and Pd catalyst was investigated.  Catalyst preparation, 
sulfur poisoning catalyst deactivation, and H2S 
adsorption were monitored by EXAFS, XANES, FT-IR 
in order to explore the morphology and metal-support 
interactions change induced by the formation of metal 
sulfide. The results indicate that metal-support 
interactions are increased by grafted-TiO2 on silica and 
zeolite supports.  The interactions retard aggregation of 
metal clusters during catalyst preparation, hence smaller 
metal particles have been observed  (Table 1), moreover, 
the grafted-TiO2 retard the migration of PtS thereby 
decreasing the catalyst deactivation rate (Figure 1) caused 
by metal agglomeration. 
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Figure 1: Results of sulfur-poisoning catalyst deactivation 

(feed: 200ppm sulfur-containing tetralin, P=480psi, 
T=200℃, WHSV=6.0, H2/Oil mole ratio=7) 

 

Table 1: Summary of structural analysis 
 

 N Δσ2(Å2) R(Å) ΔE0(eV

Pt-Pt 
(TiO2-
zeolite) 
(fresh) 

6.49±0.35 0.004±0.00
0 2.77±0.00 -4±0

Pt-Pt 
(zeolite)
(fresh) 

7.73±0.37 0.003±0.00
0 2.75±0.00 3±0 

Pt-Pt 
(TiO2-
zeolite) 
(used) 

5.79±0.40 0.004±0.00
1 2.75±0.00 -1±0

Pt-Pt 
(zeolite)
(used) 

8.09±0.30 0.002±0.00
0 2.77±0.00 -3±0

Pt-S 
(TiO2-
zeolite) 
(used) 

2.67±0.21 0.015±0.00
2 2.30±0.02 1±1 

Pt-S 
(zeolite)
(used) 

1.78±0.16 0.012±0.00
3 2.40±0.02 -6±1
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In situ XAS experiments of metal K-edge were 
performed in transmission mode at beam line BL-17C at 
the National Synchrotron Radiation Research Center 
(NSRRC). To analyze the in situ XAS data, all raw 
absorption spectra were normalized to compare the 
regions of pre-edge, near-edge and post-edge. As Li ion 
was deintercalated, the Ni K-edge shifted to higher 
energy, indicating that the average valence of Ni ions 
increased during the whole charge process. At x= 0.36, 
the edge position and the pre-edge feature of Ni K-edge 
was similar to that of LiNiO2, implying that Ni2+ ions in 
the pristine material oxidized to Ni3+. It was deduced that 
the charge compensation during x= 0 to x= 0.36 was 
mainly by redox reaction of Ni2+/Ni3+. With further 
deintercalation of lithium, the edge of Ni K-edge XANES 
continuously shifted to higher energy, showing that Ni3+ 
converted to Ni4+ (Fig.1).  

Figure 2. First shell metal-oxygen bond length as a 
function of lithium content. 
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Figure 3. Second shell metal-metal bond length as a 
function of lithium content. 

 
This indicated that Co was in the trivalent state for 

the material system in this study. In addition, the distance 
of 1.99 Å for Ni-O was smaller than that in 
LiNi1/3Co1/3Mn1/3O2 (2.03 Å) due to the co-existence of 
Ni2+ and Ni3+. The distance of 1.92 Å for Mn-O was 
larger that that in LiNi1/3Co1/3Mn1/3O2 (1.91 Å), 
suggesting that the compound contained a small amount 
of Mn3+. In Fig.2, it showed that the Mn-O variation in 
the distance the least (only 0.01 Å), while the Ni-O 
distance the most by about 0.11 Å during the whole 
charge process. It was worth to note that the bond 
distance of Ni-O decreased drastically from x=o to 
x=0.36 and then the change was relative small as x > 0.5 
for the Li1-xNi0.5Co0.25Mn0.25O2 material. Fig. 3 shows the 
second shell metal-metal distance (Ni-M, Co-M and Mn-
M) as a function of Li concentration. It was revealed that 
on delithiation all the bond distances decreased yet 
almost remained constant at the end of charge. 

 
Figure 1. Normailized absorption of Ni K-edge for 
LiNiCoMnO2 at fifferent lithium content. 

 
The EXAFS structural parameters were obtained by 

fitting the first two peaks of FT spectra. The first shell 
metal-oxygen (Ni-O, Co-O and Mn-O) distance as a 
function of x was shown in Fig. 2. At pristine state bond 
lengths were 1.99 Å, 1.93 Å and 1.92 Å for Ni-O, Co-O 
and M-O, respectively. Comparing with the literatures, 
the bond length of Co-O was the same as that in 
LiCo0.85Al0.15O2 and LiNi1/3Co1/3Mn1/3O2. 

 

 II - 220



 
17C1 W20 – EXAFS 

Structural Characterization of Novel Iron-containing Magnetic Mesoporous Hybrid 
Materials 

 
Chia-Cheng Lin (林家正), Chuan-Hsio Chang (張川修),  
Chun-Hsia Liu (劉君夏), and Chia-Min Yang (楊家銘) 

 
Department of Chemistry, National Tsing Hua University, Hsinchu, Taiwan 

 
Ordered mesoporous materials have attracted wide 

interest in fields such as catalysis, separation processes, 
regulated transport and immobilization of biomolecules 
Especially interesting for these applications are large-
pore mesoporous silica materials prepared using 
Pluronic-type triblock poly(ethylene oxide)-
poly(propylene oxide)-poly(ethylene oxide) (EOnPOmEOn) 
copolymers as structural directing agents (SDAs). In 
addition to the primary mesop res, these materials 
generally have micropores in the pore walls originating 
from the occlusion of hydrophilic EO chains in silica 
matrix during the synthesis. The contribution of the 
micropores to the total pore volume can be very high: a 
microporosity of up to 30% has been reported for SBA-
15, a mesoporous silica synthesized using Pluronic P-123 
(EO20PO70EO20, P123). A bimodal pore structure may 
bring great opportunities in advanced applications 
provided that methods of selective deposition of 
functional groups or guest species in either one or the 
other pore system are developed. 

o 

With the intention to make use of the unique pore 
arrangement, we applied the method of consecutive 
generation of mesopores and micropores of SBA-15 that 
has been developed by us [1,2] for selective 
functionalization and deposition of iron species in the 
micropores. The mesopore surface of the resulting SBA-
15 was functionalized to be hydrophobic, with the 
micropores filled with nanostructured iron oxide. The 
thus-prepared material exhibited interesting magnetic 
properties even after being heated up to 900 °C. Since the 
iron oxide species loaded in the micropores of SBA-15 
are too small to be characterized by X-ray diffraction or 
regular transmission electron microscopy, X-ray 
absorption spectroscopy is the most suitable technique for 
structural characterization of the hybrid mesoporous 
materials. 

The majority of the iron species in the material was 
found to be Fe(III), suggested by the XANES analysis. 
Since the possible forms of these iron species were alpha 
iron oxide (α-Fe2O3) or gamma iron oxide (γ-Fe2O3), the 
spectra of the magnetic samples heated to 400 °C or 900 
°C were further compared and analyzed. Figure 1 shows 
the k3-weighted EXAFS spectra of the two samples and 
the linear combinations of the spectra of α-Fe2O3 and γ-
Fe2O3. The analysis suggested that the magnetic sample 
treated at  400 °C contained about 90% γ-Fe2O3 and 10% 
α-Fe2O3, while that calcined at  900 °C had about 50% γ-
Fe2O3 and 50% α-Fe2O3. The magnetic property of the 
hybrid mesoporous materials was mainly contributed 
from the γ-Fe2O3 phase, and the magnetic measurements 
of the two samples were consistent with the XAS analysis. 
Furthermore, our results also showed that the thermal 

stability of the magnetic γ-Fe2O3 phase in the mesoporous 
hybrid material was unusually high as compared to the 
bulk material, which might be related to the confinement 
effect of the micropores of SBA-15 silica. The thus-
prepared magnetic mesoporous hybrid materials have 
open mesopores and are promising for bio-separation and 
catalysis.  
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Figure 1. k3-weighted EXAFS spectra of the two 
magnetic mesoporous hybrid materials and the 
corresponding linear combinations of the spectra of α-
Fe2O3 and γ-Fe2O3. 
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Photocatalytic reduction of CO2 into high energy 
products has been extensively studied as a major 
alternative to address the greenhouse effect caused by 
excess CO2 in the atmosphere, which also provides a non-
fossil fuel. In this artificial photosynthesis process, TiO2 
is the mostly common used photocatalyst in aqueous and 
gasous media due to its chemical stability, non-toxicity, 
and reasonably low cost. Hwang et al 1 have 
demonstrated the utilization of mesoporous molecular 
sieves (MCM-41, MCM-48 and SBA-15) to highly 
disperse TiO2 exhibits much higher photocatalytic 
reactivity for the reduction of CO2 with H2O as compared 
to bulk TiO2, in which SBA-15 shows superior 
enhancement of photocatalytic reactivity. Thus, TiO2 
highly dispersed within mesoposros molecular sieves 
would facilitate the development of a process that could 
be designed for highly efficient photocatalytic systems. 

   In this work, titanium-containing mesoporous 
SBA-15 (Ti-vc-SBA (Ti/Si=0.01 (w/w))) was synthesized 
through a modified preparation process of SBA-15 by 
ternary surfactant system (C16TMAB, SDS and P123), 
sodium silicate as Si source and   (NH4)2TiF6 as Ti source, 
under weak acidic conditions (pH=5), followed by 
grafting TiO2 onto Ti-vc-SBA using TBOT/hexane 
solution in a cooling reflux system Meanwhile, Ti-SBA 
synthesized via hydrothermal method using P123 alone 
as template was modified by TiO2 (TiO2/Ti-SBA) for 
comparison. Initially, the prepared materials were 
characterized by XRD, HRTEM, AAS, nitrogen sorption 
isotherm, UV-vis and XPS. X-ray absorption Near edge 
structure (XANES) data were collected using synchrotron 
radiations at NSRRC BL17C1 beam lines.  
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The dimensions of Ti-SBA are in the micrometer 
size range, whereas Ti-vc-SBA are quite thin (thickness< 
100 nm). Most Ti-SBA have channels lying parallel to 
the surface, although some with perpendicular channels 
were observed. In contrast, the face-up nanochannels of 
Ti-vc-SBA were the only structures we saw.The XRD 
patterns of Ti-vp-SBA and Ti-SBA exhibit a peek of (1 0 
0), which are the characteristic of a highly ordered 
hexagonal structure. UV-Vis spectra of TiO2/Ti-vc-SBA 
and TiO2/Ti-SBA show that the band edge of 360 nm is 
observed. The AAS and XPS data show the more amount 
of TiO2 were added onto Ti-vc-SBA as compared to that 
of Ti-SBA. 

A feature of the pre-edge spectrum at the Ti K-edge 
is sensitive to the symmetry of the surrounding atoms, 
being dipole forbidden, as indicated that the octahedral 
symmetry of Ti( Ⅳ ) has a low intensity, whereas 
tetrahedral symmetry is allowed and intensive2. This 
effect has led to the extensive use of pre-edge spectra for 

establishing the coordination of titanium in oxide 
coumpounds. As shown in Fig. 1 (a) and (b), both Ti-vc-
SBA and Ti-SBA exhibit an intense single pre-edge peak, 
indicating  the titanium oxide species in both vc-SBA-15 
and SBA-15 have tetrahedral symmetry of the titanium 
site. Highly dispersed titanium oxide species in the 
frameworks of SBA-15 were obtaind. The presence of 
small, broad, additional peaks were detected as in Fig. (c) 
and (d), existing an aggregated octahedrally coordinated 
titanium oxide species as well as the tetrahedrally  
coordinated titanium oxide species. This implies 
extraframework titanium oxide species were formed after 
refluxing Ti-vc-SBA and Ti-SBA with TBOT/hexane 
solution. A correlation of the titanium content in the 
samples with XANES results relates the increase of the 
Ti/Si ratio with an increase of the highly coordinated 
titanium oxide species and a decrease of the pre-edge 
peak intensity. TiO2/Ti-vc-SBA exhibited higher 
photocatlytic reactivity in CO2 photoreduction than 
TiO2/Ti-SBA, resulting from higher amount of highly 
dispersed titanium oxide species incorporated and higher 
accessible to reactants. 

Figure 1. The XANES spectra of Ti-SBA (a), Ti-vc-
SBA (b), TiO2/Ti-SBA (c) and TiO2/Ti-vc-SBA (d). 

(d)

(c)

(b)

(a)
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X-ray absorption spectroscopy (XAS) measurements 

have been made on 4-, 8-, 27- and 53-nm zincoxide 
particles, along with bulk material as reference.  With 
decreasing particle size, the extended x-ray absorption 
fine spectra (EXAFS) reveal a substantial contraction of 
the nearest-neighbor distance and a reduction of the 
average coordination number, but an increasing Debye-
Waller factor.  Meanwhile, the x-ray absorption near edge 
spectra (XANES) show a decreasing density of 
unoccupied states with decreasing particle size. 

Figure 1 shows normalized K-edge absorption 
coefficients of Pd samples at 300 K.  Fig. 2 shows the 
weighted EXAFS spectra k1χ(k) versus k, and Fig. 3 
gives the Fourier-transformed and k1-weighted EXAFS 
spectra (Δk = 3.05-10.75 Å-1). 
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Figure 2. Weighted EXAFS spectra as k-dependence of  
k1χ(k). 
 

Figure 1. Normalized K-edge absorption coefficients of 
Pd samples at 300 K.  The energy at the edge inflection 
point is 9659 eV. 
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Figure 3. Fourier-transformed k1-weighted EXAFS 
spectra (Δk = 3.23-10.86 Å-1). 
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Transition-metal ions, such as Zn(II) can contribute 

to the neuropathology associated with βAP fibrils by 
affecting the rate of fibril formation, by modifying fibril 
morphology, and by direct chemical reaction with βAP. 
Administration of metal ions chelator decreases 
deposition of βAP in the brains of transgenic mice and 
releases soluble βAP from prefored amyloid deposits, 
supporting the hypothesis that Zn(II) are incorporated in 
AD plaque architecture in vivo. Advances in selective 
chelation therapy to combat AD require that details of the 
binding sites of relevant Zn(II) be known and that the 
mechanism through which Zn ions participate in 
fibrillization events be better understood. 

βAP shows a high affinity to Zn(II) and binding of 
these metals promotes βAP aggregation. Increasing in the 
brain metal concentrations of Zn ions greatly facilitate 
pathological protein aggregation processes. Some reports 
have shown that Zn ions induce aggregation in vitro of 
solubleβAP, at pH 7.4, and that this reaction is totally 
reversible with metal chelation. In addition, Cu(II) favors 
βAP aggregation when working at pH 6.8 and similarly 
the process may be reversed by removing the metals. Free 
Cu ions are known to promote potentially neurotoxic 
oxidation processes of biological substrates. Moreover, 
the peptide efficiently reduces Cu(II) to Cu(I), a process 
which ultimately generates hydrogen peroxide in aerobic 
solution. In vitro investigation of βAP with Cu(II) 
continues to be used as a model for the role of metals in 
fibril formation in vivo. The Zn(II) ions coordination 
environments in βAP will be a key point for the important 
pathway of the pathology to AD. Thus, the main 
objective of the present work was to investigate the fine 
structures and oxidation states of S species bound with 
Zn atoms accumulated in the catalytic transformations of 
βAP for AD by EXAFS and XANES spectroscopies. The 
binding sites of Zn(II) with S ligands and that the 
mechanism through which Zn(II) participate in 
fibrillization events were also studied. 

The EXAFS spectra may provide the bond distance 
of Zn atoms and oxidation states of S species bound with 
Zn species in catalytic transformations of βAP for AD. 
These results may offer a further study on the catalytic 
mechanism and distribution of Zn heavy metals in 
catalytic transformations of βAP for AD. The surface of 
βAP might consist of biopolymer such as polysaccharides, 
proteins, and lipids, which act as a basic binding site of 
Zn(II). The functional groups within the wall of βAP 
provided the sulfate (SO4

2-), thiol (mercaptan) or 
sulfhydryl (mercapto, R-SH) groups that can bind Zn(II). 

Especially, thiol or sulfate functional groups are stronger 
sites bound with znic ions and may form Zn-SH or 
ZnSO4 complex. The binding sites of Zn(II) with S 
ligands and that the mechanism through which metal ions 
participate in fibrillization events may be evaluated by 
EXAFS spectroscopy. The Cu and S EXAFS spectra 
indicated that the Cu-S species with bond distances of 
1.99 Å and 2.04 Å, respectively. Coordination numbers 
of the Cu-S species from Cu and S EXAFS spectra were 
2.2 and 2.4, respectively. Especially, thiol or sulfate 
functional groups are stronger sites bound with Zn(II) and 
may form Zn-SH or ZnSO4 complex. The Zn and S 
EXAFS spectra indicated that the Zn-S species with bond 
distances of 2.05 Å and 2.13 Å, respectively were found 
in Figure 1.. Coordination numbers  of the Zn-S species 
from Zn and S EXAFS spectra were 2.3 and 2.5, 
respectively. The uptake of Zn(II) can take place by 
entrapment in the βAP structure and subsequent sorption 
onto the binding sites present in the structure in the 
catalytic transformations of βAP for AD. However, by 
the EXAFS spectra, highly significant correlation 
occurred between the individual heavy metal on its 
available percentage in the catalytic transformations of 
βAP for AD may be also studied. 
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Figure 1.  Fourier transform of Zn-S for znic K edges 
EXAFS that the S species bound with Zn atom catalyzed 
transformations of βAP for AD. The best fitting of the 
EXAFS spectra are expressed by the circle lines.. 
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Recently, Fe-Co alloy nanowires offer an attractive 

for magnetic data storage since they could exhibit even 
larger coercive field at 298 K. Due to robustness, Fe-Co 
alloys are also useful for high-temperature magnetic 
application such as high-temperature space power 
systems, wiring materials for audio and radio frequency 
transformers or magnetic bearings. Nanowire arrays may 
have significant potential in magnetic data storage 
devices due to their size and anisotropic behavior, which 
permits the use of smaller bit size, therefore increasing 
the attainable recording density. In addition, these Fe-Co 
nanomaterials may also be used in the fabrication of 
sensitive magnetic sensors and magnetic inks for 
xerography in the near future. Thermal decomposition of 
Fe and Co carbonyls in the presence of strong magnetic 
fields could result in the creation of polycrystalline Fe-Co 
nanowires. Carbon nanotubes (CNTs) may be used as a 
template in order to promote the formation of single-
crystalline nanowires coated by perfect grapheme 
cylinders. Since the microstructures of CNTs are hollow, 
it is possible to introduce metals inside their core. 

The EXAFS and XANES spectra of Fe/Co atoms 
dispersed or filled in the single-crystal Fe-Co alloys 
nanowires inside CNTs samples were collected at the 
17C1 W20 beamline at NSRRC of Taiwan.  The electron 
storage ring was operated with an energy of 1.5 GeV and 
a current of 100-200 mA. Data were collected in 
fluorescence or transmission mode with a Lytle 
ionization detector for the Fe (7112 eV) and Co (7709 eV) 
K edge experiments at room temperature. The k

2
- or k

3
-

weighted and EXAFS spectra were Fourier transformed 
to R space over the range between 2.5 and 12.5 Å

-1
. The 

EXAFS data were analyzed by using the UWXAFS 3.0 
program and FEFF 8.0 codes. 

The Fe EXAFS spectra indicating the Fe(0) species 
with Fe-Fe bond distances of 2.24 Å  were found in 
Figure 1(a). Coordination numbers (CN) of the Fe species 
from Fe EXAFS spectra were 9.8. These results may 
offer a further explanation of the distribution of Fe and 
Co concentrations and the external oxide or metallic layer 
due to the presence of insulating MWCNTs layers.  In the 
pyrolytic synthesis processes, the Fe or Co atoms 
dispersed and filled in the single-crystal Fe-Co alloys 
nanowires inside CNTs may be not oxided to Fe2O3 or 
FeO species. On the contrary, the monocrystalline 
nanowires may be encapsulated inside MWCNTs make 
them mechanically robust and prevent them from 
oxidation, therefore their mechanical and magnetic 
properties may be considerably enhanced. By using 
EXAFS data may indicate the redox reaction or 
mechanism in the pyrolytic synthesis processes of Fe or 

Co atoms in the single-crystal Fe-Co alloys nanowires 
inside MWCNTs. The Co EXAFS spectra indicating the 
Co species with Co-Co bond distances of 2.47 Å were 
found in Figure 1(b) in lower reaction temperature.  
Coordination numbers (CN) of the Co species from Co 
EXAFS spectra were 3.8. The EXAFS data may provide 
the detailed information of the chemical or reduction of 
MWCNTs by chemical filling of donor or acceptor 
species in the CNTs cores may be consistent with the 
results obtained in an electrochemically controlled 
environment. 

0 1 2 3 4 5 6 7 8 9 10
0

1

2

3

4

5

 

 

 

 

 

Fe-Fe 
Fe K-edge 

(a)

FT
 m

ag
ni

tu
de

 (a
.u

.) 

Bond distance (Å) 

0 2 4 6 8 10
0

2

4

6

8

10

12

14

 

 

 

Co-Co 
Co K-edge 

(b)

FT
 m

ag
ni

tu
de

 (a
.u

.) 

Bond distance (Å) 

Figure 1.  Fourier transform (FT) of (a) Fe and (b) Co K-
edge EXAFS of the single-crystal Fe-Co alloys 
nanowires inside CNTs. The best fitting of the EXAFS 
spectra are expressed by the dotted lines. 
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Supported Au catalysts prepared by an incipient 

wetness impregnation method (IMP) have significantly 
lower CO oxidation activity than those prepared by a 
deposition-precipitation method (CP). Previous study in 
our lab showed that the Au catalysts prepared by IMP can 
be activated by applying a base treatment procedure. 
Experiments shows that the activated catalysts can be 
almost as active as that prepared by CP method. 
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The type of base used in this activation procedure 

was examined for the Au/Al2O3 (IMP) catalyst.  The CO 
oxidation study shows that all NH4OH, NaOH and 
NaBH4 can significantly improve the activity. However, 
too low or too high a base dosage can suppress the CO 
oxidation activity.An equivalent dosage of OH-/Cl in Au 
precursor between 3 and 10 is found suitable from 
reaction study. 

 
EXAFS study was applied to examine the effect of 

base activation on the Au morphology. Figure 1 shows 
the EXAFS data and their fitting. Table 1 shows the 
fitting model parameters. The NaBH4 activation resulted 
in Au reduction; too high an OH/Cl dosage in this NaBH4 
activation did not result in particle growth or chemical 
interference by residue. For the NaOH activated catalysts, 
a dosage with OH/Cl lower than 3 resulted in the remain 
of Au-Cl coordination which could cause activity 
suppression. On the other hand, an OH/Cl dosage of 10 
for NaOH activation and of 3.5 for NH4OH activation 
cause siginifcant reduction in Au-Cl coordination and the 
enhanced CO oxidation activity. The activatied IMP 
catalyst show mainly Au nanoparticles with an average 
coordination number of ca. 8 after calcinations. In 
contrast, the non-activated IMP catalyst after a mild 
calcination showed the remain of Au-Cl coordination and 
low CO oxidation activity. 

Figure 1. The EXAFS analysis in  k-space (panel above) 
and in r-space (panel below) for the Au/Al2O3 (IMP) 
catalyst (a) after NaBH4 activation at OH/Cl = 30, (b) 
after NaOH activation at OH/Cl = 10, (c) after NaOH 
activation at OH/Cl = 2, (d) after NH4OH activation at 
OH/Cl = 3.5, (e) after r NH4OH activation at OH/Cl = 3.5 
and a following calcination at 573 K, and (f) after a 
calcination at 473 K. 

Sample Shell R (A) C.N. Debye-Waller Eo r-factor 
(a) Au-O 2.054±0.229 0.9±2.7 0.017±0.057 -0.8±1.6 0.035 

 Au-Cl 2.291±2.374 0.02±1.8 0.010±0.557   
 Au-Au 2.851±0.007 8.4±1.1 0.008±0.001   

(b) Au-O 1.991±0.050 2.0±1.0 0.004±0.003 2.3±2.1 0.013 
 Au-Cl 2.116±0.103 0.7±1.3 0.006±0.014   
 Au-Au 2.871±0.013 4.4±1.2 0.010±0.002   
 Au-Al 3.443±0.043 2.5±2.0 0.016±0.012   

(c) Au-O 1.958±0.010 1.6±0.7 0.000±0.001 -0.6±3.5 0.015 
 Au-Cl 2.184±0.037 1.7±1.6 0.011±0.007   
 Au-Au 2.900±0.024 5.6±5.5 0.018±0.010   
 Au-Al 3.446±0.051 4.8±3.6 0.016±0.012   

(d) Au-O 1.928±0.048 3.2±1.5 0.006±0.005 -5.4±6.1 0.229 
 Au-Cl 2.148±0.015 0.2±0.3 -0.006±0.003   
 Au-Al 3.386±0.070 1.9±2.4 0.004±0.011   

(e) Au-Au 2.862±0.004 8.6±0.7 0.006±0.0003 1.4±0.9 0.042 
(f) Au-O 1.980±0.390 0.4±1.8 0.012±0.061 -6.8±1.6 0.034 
 Au-Cl 2.230±0.070 1.2±2.4 0.014±0.006   
 Au-Au 2.849±0.006 6.9±0.9 0.007±0.001   

 

 II - 226



 
17C1 W20 – EXAFS 

Nondestructive Measurements of the Chemical Forms of Chromium in Contaminated 
Agricultural Environment in Taiwan Using XANES 

 
Yao-Tung Lin (林耀東) 

 

Department of Soil and Environmental Sciences, National Chung Hsing University,  
Taichung, Taiwan 

 
Abstract 
In Taiwan, due to the close adjacency between the 

agricultural land and factories, such as plating shops, 
there is great concern over metal contamination of 
agricultural soils. This research focused on the 
contamination of agricultural soils by chromium. 
Chromium, especially Cr(VI), is considered potential 
carcinogen. In the present study, we investigated the 
occurrence of chromium in agricultural soils and the 
sediments of the irrigation channels. Specifically, we 
evaluated the possible source of chromium contamination 
of agricultural soils in relation to the irrigation water. In 
order to assess the source of contamination, two types of 
experiments were conducted: sequential metal extraction 
and synchrotron radiation. Irrigation channel sediments 
and soils at various points from the entrance of the 
irrigation water were collected at sites in Central Taiwan. 
The samples were collected in polyethylene bags, brought 
to the laboratory, immediately air-dried, and stored 
before further processes and uses. Large debris such as 
stones and plant fragments were removed from the dried 
samples by screening using 2-mm sieve. The metal 
extraction procedures followed those of proposed by 
Tessie with modifications. A total of five fractions were 
extracted: exchangeable, carbonate, Fe–Mn oxides, 
organic material, and silicate residues. The dried soil or 
sediment samples after being ground in agate mortar were 

examined using the synchrotron radiation technique. 
Results of sequential extraction indicated that chromium 
speciation varied among soils and between soil and 
corresponding sediment samples. For example, at one site, 
chromium mostly occurred in the residual fraction, about 
70% in the sediment whereas 40-45% in the Fe–Mn 
oxide fraction for the corresponding soils. At another site, 
Fe-Mn oxide fraction was dominant where Fe-Mn oxide 
and organic fractions were the major chromium species. 
Preliminary results clearly indicated the variation of 
chromium distribution between the sediments of the 
irrigation channels and the agricultural soils among the 
sites studied. Results of sequential extraction will be 
interpreted based on synchrotron radiation technique. 
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Chromium is one of the most common contaminants 
in the agricultural soils of Taiwan. Chromium can exist in 
two major oxidation states, namely, Cr(III) and Cr(VI). 
Cr(III) is considered relatively non-toxic, a micronutrient 
for human and is rather insoluble in water. On the 
contrary, Cr(VI) is more toxic and much mobile in the 
environment than Cr(III). The major objective of this 
study was to understand the transport of chromium in 
agricultural soils and to assess the occurrence of 
chromium in the soils. An old rice field of the size of 40 
m x 75 m was selected for study. The field was fed by an 
irrigation channel that carried chromium containing water 
from nearby pollution sources. Both wet chemistry and 
direct non-destructive surface analysis techniques were 
used.  A total of 120 samples were taken for wet 
chemistry analysis using aqua regia extraction. Moreover, 
the vertical profile of chromium in the soil near the 
entrance of the irrigation flow was also obtained using 
wet chemistry method. In order to assess the influence of 
the water quality of the irrigation water on the 
distribution of chromium in the rice field sediment 
samples from the irrigation trench were also sampled and 
analyzed. The chromium content of the soil adjacent to 
the entrance area was also analyzed for its vertical profile 
in three layers, i.e., top 0-15, mid-section 15-30, and 
bottom 30-45 cm. Six soil samples located at the influent 
and the effluent area and one sediment sample from the 
irrigation channel were analyzed for XANES spectra. The 
XANES data will provide information on the 

coordination state of chromium on the soil surface. 
Results indicated that the total chromium 

concentration decreased exponentially as the travel 
distance of the irrigation water increased from the 
entrance point. Results of 2-D chromium distribution 
profile also indicated elevated chromium concentration at 
the two corner areas adjacent to the irrigation channel 
which indicated potential seepage of the irrigation water 
to the rice field. The chromium concentration was small 
at location away from the entrance of the irrigation water. 
It was speculated that the low chromium concentration 
could be attributed to dilution by underground water 
flows. Results from XANES analyses showed that Cr (III) 
was the major species in the soil samples. The Cr (III) 
concentration decreased with the travel distance of the 
irrigation water; results clearly agreed with those of wet 
chemistry. Results indicated that the Cr (III) 
concentration decreased as the soil profile increased. 
Apparently the vertical transport of Cr (III) was slower 
than that in the horizontal direction. In spite of the weak 
XANES signal of Cr (VI), results indicated that the 
vertical distribution of Cr(VI) was parallel to that of 
Cr(III), again indicating the slow transport of Cr(VI) in 
the vertical direction.         

 
1.Nenu, C.N., et al., Chemistry-a European Journal 12(18), 
4756-4763 (2006). 
2.Lee, D.Y., et al., Plant and Soil 281(1-2), 87-96 (2006). 
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The objective of this study was to provide 
fundamental knowledge of arsenate sorption on 
lithium/aluminum layered double hydroxide intercalated 
by chloride (Li/Al LDHCl) and further to reveal the 
contribution of exposed positive charge surface of Li/Al 
LDH-Cl created by intercalating LiCl into Al(OH)3 layers 
to arsenate sorption. The X-ray adsorption spectrascopy 
data were collected using synchrotron radiations at 
NSRRC BL17c beam line.  

  
Arsenate EXAFS Analysis 

Figures 1a showed the k3ø(k) spectra of arsenate 
sorbed on Li/Al LDH-Cl at pH 5.0, 7.0, and 9.0, 
respectively. The conformity between experimental data 
and fitting models indicated that these models were 
proper and reliable for the configuration of samples. 
Structural parameters obtained from the EXAFS analysis 
were presented in Table 1. The RSF profiles of arsenate 
sorbed on Li/Al LDH-Cl and on gibbsite were presented 
in Figures 1b, with the peak position correlating with 
interatomic distance (without phase shift correction). 

 
Figure 1. (a) k3χ(k) spectra and (b) RSF profiles of 

EXAFS signal for arsenate sorbed on Li/Al LDH- Cl at 
pH 5.0, 7.0, and 9.0. Solid lines and open circles 
represent fitted and experimental data, respectively 
(without phase shift correction). 
 
Table 1. Structure parameters of arsenate sorbed on Li/Al 
LDH-Cl at pH 5.0, 7.0, and 9.0 derived from EXAFS 
analysis. 

 
In Figure 1b, the RSF profiles of arsenate sorbed on 

Li/Al LDH-Cl at pH 5.0, 7.0, and 9.0 revealed three 
shells of As-(V)-O, As(V)-Li, and As(V)-Al. The first 
shell of As(V)-O at three pHs were simulated with that 
extracted from AlAsO4, displaying the interatomic 
distance of 1.70 Å with a CN of 3.5-3.6 O atoms around 
the central As. Based on the As(V)-Li shell extracted 
from LiH2AsO4 and the theoretical interatomic distance 
calculated from the supposed sorption complex, the 
second marked peaks at three pHs were confirmed as 
As(V)-Li shells with interatomic distance ranged from 
2.56-2.62 Å and the CN of 1.0-1.2 Li atom. The existence 
of As(V)-Li shells with equal intensity at three pHs 
represented the amount of innersphere complex occurred 
between arsenate and Li was almost the same across the 
pH values utilized in the present study. Thus, the 
configuration of binuclear complex existed as two O 
atoms of arsenate reacted with two Li was not stable 
since the distance ofO-O of arsenate was much shorter 
than that of Li-Li. Bidentate mononuclear complex, 
hence, was the dominant configuration of As(V)-Li shell. 
Combined both of the abovementioned points, the 
bidentate mononuclear was the most reasonable 
formation for As(V)-Li shell. Moreover, the amount of 
complex could be conjectured by the peak intensity of 
RSF profile; thus, the reducing intensity of As(V)-Al 
shell with increasing pH could be considered that there 
were fewer As(V)-Al complex existed at higher pH. 
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Fujishima and Honda in 1972 first showed that n-
TiO2 can be used as a photoanode for the 
photoelectrolysis of H2O in a photoelectrochemical cell 
(PEC) as shown in Figure 1. Since then, a large number 
of semiconductor materials have been investigated for 
photoelectrocatalytic electrodes for H2 production. 
However, the PEC cell suffers from the instability of 
semiconductor in aqueous media. Metal oxide 
semiconductors with wide bandgap (2.5–3.5 eV) such as 
TiO2, ZnO, Fe2O3, SrTiO3, WO3 and Cu2O are typically 
more stable compared to those narrow band gap materials 
(0.8–2 eV) in aqueous media. 

Thermodynamically, the energy requirement for the 
water splitting reaction is 1.23 eV. However, considering 
the loss mechanisms such as series resistance and the 
electrocatalytic overpotential, the optically produced 
electron hole pairs need an energy difference of 
approximately 2 eV for efficient photoelectrolysis. Most 
metal oxide semiconductors are semiconductors having a 
band gap bigger than 2 eV and have been studied 
previously for application in water splitting. A major 
attraction of metal oxide is that it is inexpensive, non-
toxic, and readily available. 

Manufacture of metal oxide semiconductors by 
electrodeposition and hydrothermal technique from 
aqueous solutions at low temperature is an inexpensive 
and convenient method. The objective of this study is to 
investigate the material structural properties, including 
the symmetrical structure and defect in semiconductor, 
which have a great influence on the efficiencies of water 
splitting. 
 

 
Figure 1. Schematic showing the structure of a PEC cell 
 

The key to use solar energy for water splitting is to 
select suitable semiconductors for light absorption and 

thus charge generation. With an appropriate junction 
between semiconductors, separation of the induced 
charges can be improved. The present project focuses on 
the development of low-cost semiconductors, and p-Cu2O, 
n-Fe2O3, Cr-doped TiO2, n-SrTiO3 are selected to be the 
principal materials investigated. Water-splitting reaction 
will be conducted using an electrochemical system, while 
a particle-suspension will be used as an auxiliary. In 
preliminary experiments, we have found that the 
electrochemically-deposited p-Cu2O (Eg = 2.1 eV) and n-
Fe2O3 (Eg = 2.2 eV) owned epitaxial structure and good 
photo-induced response, which allow the study on the 
correlation between the crystallographic plane and water-
splitting efficiency. From the theoretical point of view, 
the charge generation, transport and reaction in a 
semiconductor under illumination should be closely 
related to the carrier density of the semiconductor 
materials. Thus, using X-ray powder diffraction and 
crystal simulation software to estimate the defect in the 
crystal has to be explored for a theoretical study. 

 
Figure 2. Schematic showing mechanism of p-n cell for 
water splitting. 

 
Within the above scope, the project will be 

conducted according to the following correlated sub-
subjects: 1. the build-up of the photo-electrochemical and 
solid-suspension systems for water-splitting; 2. 
preparation of p-Cu2O and n-Fe2O3 films from 
electrochemical deposition; 3. preparation of nanosized 
Cr-doped TiO2; 4. Assembly of Cu2O/Fe2O3 into a p-n 
cell (Figure2); 5. Analysis and interpretation of the 
structure simulation accord with the experimental results. 
There are numerous tasks to be accomplished in the 
present project. For most the tasks, the preliminary work 
has been conducted and the fulfillment of the project 
goals is rather optimistic. The combination of the 
structure simulation with the experimental results in the 
final task is expected to give a breakthrough in the water-
splitting-field.
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Wet air oxidation (WAO) process is effective in 

converting organic pollutants in wastewater to innocuous 
carbon dioxide.  Activated carbons have long been used 
as catalyst supports in the fine chemical industry due to 
their high surface area, fast adsorption kinetics, and high 
acidic and basic resistances . In recent years, transition 
metals on activated carbon have been demonstrated to be 
effective for catalytic WAO of organic-acid-containing 
wastewater.  However, the carbon support can be 
catalytically combusted around the metal sites during the 
oxidation of organic compounds in wastewater . The 
carbon combustion brings about a destruction of the pore 
structure and a development of surface oxygen-
containing groups of activated carbon, which leads to a 
catalyst deactivation.  Now a novel catalyst, Pt on TiO2 
grafted carbon (Pt/TiO2-C) has been developed for WAO.  
The catalyst is characterized by high activity and stability 
in WAO process.  By use of transmission electron 
microscopy (TEM), extended X-ray absorption fine 
structure (EXAFS) and Fourier transform infrared (FT-IR) 
spectroscopy, the fresh and aged Pt/C catalysts were 
characterized and the mechanism of catalyst deactivation 
was elucidated.  The average Pt cluster size increased 
from about 2.0 to 10 nm after WAO of methanol in water 
at 220 °C for 200 hrs.  These results indicated that Pt/C 
catalyst was deactivated due to migration and aggregation 
of the Pt clusters into large Pt particles.  The increase in 
the contents of oxygen-containing groups and carbonate 
species as characterized by FT-IR spectra in the aged 
catalyst further suggested that the oxidation of carbon 
surface decreases the affinity between Pt and carbon 
support, leading to extensive Pt aggregation (Figure 1a,b).  
Thus, TiO2 was grafted on to the carbon support to 
anchor and keep Pt from migration and agglomeration, 
and obtain a stable Pt/TiO2-C catalyst (Figure 1c,d).  The 
efficacy of TiO2 grafted on activated carbon in stabilizing 
the Pt/C catalyst was demonstrated in the long-term 
catalytic performance tests. The evidences of the TiO2 in 
anchoring and maintaining the Pt clusters in small 
ensembles were further demonstrated by characterizing 
the Pt-TiO2 interactions and the morphology of Pt 
clusters using EXAFS (Figure 2). 

(a)                                   (b) 

      
 
(c)                                    (d) 

     
Figure 1: TEM photographs of (a) fresh Pt/C; (b) used 
Pt/C; (c) fresh Pt/TiO2-C; (d) used Pt/TiO2-C. 
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Figure 2: Comparison of the magnitude of Fourier 
transforms (k3- weighted, Δk = 4.0-12.0Å-1) of raw 
EXAFS data at Ti K edge between: TiO2-C support (dash 
line), fresh Pt/TiO2-C catalyst (solid line). 
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High-k oxide HfO2 thin films has been reported to 

exhibit ferromagnetism without magnetic dopants and 
can largely enhance the magnetic moment of Co dopant 
atoms. It is therefore conceivable that novel spintronic 
devices can be developed by making use of this material 
system.  The mechanism underlying the reported 
enhanced moment also deserves a detailed investigation.  
In the present work, the location of Co impurity atoms in 
the HfO2 host is studied using the extended x-ray 
absorption fine structure (EXAFS) technique for samples 
with different Co concentration grown by molecular 
beam epitaxy (MBE) method at different growth 
temperature.  The EXAFS of samples with Co 
concentration at 4% and 20% grown at a higher 
temperature of 700°C has been obtained at beamline 
17C1 and the raw experimental data are ploted in Figure 
1.   
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Figure 1. Raw EXAFS spectra. 
 

The EXAFS χ-functions were then extracted from 
the raw data using a well-established data reduction 
process and then curve-fitted with the backscattering 
amplitude and phase-shift functions calculated by the 
FEFF program.  The experimental EXAFS χ-functions 
and Fourier transforms are plotted with their respective 
theoretical curve from curve-fittings (red curves) in Figs. 
1 and 2, respectively.  Our EXAFS results indicate 
dominant formation of Co clusters in the 700°C-grown 
samples of these HfO2:Co thin films. 

 
Growth of HfO2:Co thin films at a high temperature 

around 700°C using MBE tends to result in dominant 
formation of Co clusters.  To obtain Co-cluster-free 
samples, low-temperature MBE growth should be 
adopted instead.  More experimental work has to be 

performed to understand enhanced Co magnetic moment 
in HfO2:Co. 
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Figure 2. The weighted EXAFS χ-functions.  
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Figure 3. Fourier transform of weighted EXAFS χ-
functions. 
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We present a new class of bimetallic MR contrast 
agent: Au3Cu1 hollow nanospheres. The as-synthesized 
Au3Cu1 nanoshells with a shell thickness of 5.8 ± 1.8 nm 
show a promising MR contrast effect. For in vitro MR 
images, the large proton r1 relaxivity brightens T1-
weighted images.  As for the proton dephasing effect in 
T2, Au3Cu1 lightens MR images at the low concentration, 
and then the signal continuously decreases as the 
concentration increased. For in vivo MR imaging, Au3Cu1 
nano-contrast agents enhance the contrast of blood 

vessels and suggest their potential use in MR 
angiography as blood-pool agents. We propose that (1) 
the cooperativity originating from the form of the 
nanoparticles and (2) the large surface area coordinated 
to water from their porous hollow morphology are 
important for efficient relaxivity. Overall, these results 
might lead to the creation of other non-Gd- and non-iron 
oxide-based bimetallic contrast agents. XANES was 
used to determine the Cu and Au oxidation states.  
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A direct methanol fuel cell (DMFC) is a prospective 
portable power source for a wide variety of applications, 
especially for mobile electronic devices, due to its 
environmentally friendly nature and relatively high 
energy density. However, the most predominant problem, 
CO poisoning on catalysts, has not been successfully 
resolved. The electrodes used in DMFC are 
conventionally electron-conducting carbon cloths plated 
with a mixture of carbon black supported catalyst and 
proton conducting ionomer. In order for a DMFC to 
operate more efficiently, electrocatalysts of high specific 
area, i.e. with a smaller particle size and better dispersion 
characteristics, are described. Carbon nanotubes (CNTs) 
that could bear a high and accessible surface area through 
a deliberately engineered process have been shown as a 
promising candidate material for the catalyst layer of a 
DMFC. In particular, growing CNTs directly on the 
diffusion layer (e.g. carbon cloth) of a DMFC is expected 
to improve the conductivity between the catalyst layer 
and the diffusion layer.  

 
Figure 2. Cyclic voltammogram of methanol oxidation on 
Pt-Ru nanoaprticles treated CNTs directly grown on Ti 
treated carbon cloth. 

The electrode with Pt-Ru catalysts electrodeposited 
at -0.45 VSCE (denoted as TC11) was analyzed by the X-
ray absorption near-edge spectroscopy (XANES) and the 
results are revealed in Figure 3. The X-ray absorption 
spectra at Pt L3-edge (11564 eV) and Ru K-edge (22117 
eV) were, respectively, recorded at beamlines 17C1 and 
01C1 of NSRRC. The fine structure in the XANES 
region can be explained in therms of (i) bound state 
transitions of the ejected photoelectron to unoccupied 
states in the vicinity of the Fermi level, and (ii) to the 
long mean free path of the low energy photoelectron 
which results in multiple scattering around the excited 
atom. The shape of the edge yields information on both 
the type and symmetry of the ligands around the excited 
atom. This sharp peak is generally called as white line 
and the edge shifts due to core-hole interactions are 
indicative of changes in oxidation state. So XANES 
yields important chemical information about the 
absorption atom. For example, in the case of Pt the L3 
edge can be analyzed to determine d band occupancy, an 
important parameter in catalytic activity. In general, the 
more intense white line implies the higher degree of 
oxidation. Accordingly, the Pt and Ru atoms were not 
found to be oxidized because of the whithe line 
intensities are similar to those of Pt foil and Ru powder. 
This suggests that these prepared Pt-Ru catalysts still 
have good stability of electronic configurations after the 
electrochemical tests.  

To achieve a larger double layer capacitance, 
growing CNTs directly on Ti thin film treated carbon 
cloths using thermal chemical vapor deposition (CVD) 
process in a tube furnace was developed. Catalysts in the 
form of platinum-ruthenium (Pt-Ru) nanoparticles were 
then successfully electrodeposited on dense CNTs 
directly grown on carbon cloths in ethylene glycol (EG) 
contained sulfuric acid aqueous solutions. After the 
deposition process, the surface morphology of prepared 
specimens was examined by scanning electron 
microscopy (SEM), transmission electron microscopy 
(TEM), and the electrochemical characteristics of the 
specimens were also investigated by cyclic voltammetry 
(CV) in sulfuric acid contained methanol aqueous 
solutions. The well dispersed Pt-Ru nanoparticles 
electrodeposited on CNTs surface are shown in Figure 1 
(a). As shown in Figure 1 (b), the particle size is 3 ~ 5 nm 
in form of clusters. The CO poisoning was successfully 
eased during the half-cell test by CV in an electrolyte of 
0.5 M H2SO4/1.0 M CH3OH at 20 mV sec-1, as shown in 
Figure 2.   

 

 

 Figure 2. XANES spectra at the (a) Pt L3-edge and (b) Ru 
K-edge for the TC11 speciment after the CV test in N2 
saturated 0.5 M H2SO4 + 1 M CH3OH for 5 cycles, 
compared to the spectra of Pt foil, PtO2, Ru powder, and 
RuO2 in the as-received forms. 

Figure 1. (a) SEM and (b) TEM images of Pt-Ru 
nanoparticles electrodeposited on CNTs directly grown 
on Ti treated carbon cloth.  
 

 

II - 234



 

 

 
17C1 W20 - EXAFS 

Synchrotron Radiation Characterization of Platinum Nanoparticles and Nanostructured Thin 
Films in Low-pressure Flat Flame 

 
Huan-Hsiung Tseng (曾宦雄)1, Yu-Chen Chang (張幼珍)1, and Jyh-Fu Lee (李志甫)2 

 
1Department of Chemical Engineering and Materials Science, Yuan Ze University,  

Taoyuan, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
Platinum nanostructures with high specific surface 

area have wide-ranging applications in numerous 
technologically important fields such as catalysis, sensor, 
low temperature fuel cell, or opto-electrinics, etc. In this 
study, we report the synthesis of nanostructured platinum 
microspheres by a novel low-pressure flat flame assisted 
spray pyrolysis (LPFF-SP) technique. The aim of this 
research is to synthesize and characterize particles 
prepared by a low-pressure flat flame technique, under 
different pressures and fuel/oxidant ratios, using X-ray 
absorption spectroscopy (XAS). 

EXPERIMENTAL 
The physical setup of the flame reactor system has 

been described elsewhere [1]. The synthesis of particles 
is via droplet-to-particle conversion in the flat flame 
region. The presence of a high temperature gradient 
between the flame and the substrate suggests convenient 
particle collection by direct thermophoresis. Dihydrogen 
hexachloroplatinate (H2PtCl6·6H2O) of 99.95% purity, 
purchased from Alfa Aesar, was dissolved in deionized 
water to make the precursor solution. It is then atomized 
via an ultrasonic nebulizer to form droplets, which were 
subsequently carried into a flat flame maintained at low 
pressure. The experimental parameters investigated here 
were listed in table 1. The flame temperature under each 
experimental condition was measured using a type B 
thermocouple. X-ray absorption spectra at Pt L3-edge 
were obtained at the wiggler beam line 17C of National 
Synchrotron Radiation Research Center, Hsinchu, 
Taiwan. The electron storage ring was operated with an 
energy of 1.5 GeV and a beam current  of 120-200 mA. 
All spectra were recorded at room temperature. The data 
thus obtained were analyzed using the analysis software 
UWXAFS version 3.0 [2]. The backscattering amplitude 
and phase shift for specific atom pairs were calculated 
using the FEFF6 code [3,4].  

RESULTS AND DISCUSSION 
Figure 1 shows the series of Pt L3-edge XANES 

spectra of as-derived particles with different pressure and 
fuel/oxidant ratio conditions at same reaction time. 
Comparison of Pt metal foil、commercial Pt black 、

precursor solution and the as-derived particles, it was 
shown that particles derived from EXP. A, B, and C, the 
first shell results indicate Pt-Pt bonding, EXP. D 
indicated the Pt-Cl bonding.  

   The k3-weighted EXAFS data and the Fourier 
transform of k3-weighted EXAFS oscillations data (with 
phase correction) at Pt L3-edge of the as-derived particles 
are shown in Figures 2 and 3, respectively. The structural 
parameters derived from EXAFS data at Pt L3-edge are 
presented in Table 2. For particles derived from EXP. A, 
B, and C, the first shell results indicate Pt-Pt bonding, 

however, for EXP. D, it indicates Pt-Cl bonding, possibly 
due to lower flame temperature for the more incomplete 
conversion of the particles. 

Furthermore, the apparent average coordination 
numbers for all four runs are shown smaller than that of 
the bulk metal (Pt foil, C.N. =12). As it has been shown 
in an earlier study that the coordination number is a 
function of size and shapes of metal clusters [5], the 
discrepancy observed among the CN values of these 
different runs is perhaps due to the same effect. 

Table 1. Experimental Parameters. 
Experiment No. Pressure (torr) Conc. of  Precursor Enriched 

EXP. A 50 0.1 M Methane 
EXP. B 50 0.1 M Oxygen 
EXP. C 150 0.1 M Methane 
EXP. D 150 0.1 M Oxygen 
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Figure 2.                                        Figure 3. 

Table 2. Structural parameters derived from EXAFS data 
at Pt L3-edge. 
Exp. ID. Temp. (K) Shell R (Å) C.N. σ2 (Å2) r-factor
EXP. A 1750 Pt-Pt 2.76 10.32 0.0053 0.0014 
EXP. B 1450 Pt-Pt 2.75 9.13 0.0067 0.0149 
EXP. C 1378 Pt-Pt 2.76 7.40 0.0056 0.0167 
EXP. D 1078 Pt-Cl 2.31 4.02 0.0021 0.0033 

Pt metal foil  Pt-Pt 2.76 12 0.0047 0.0003 
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According to the studies of IR spectrum, the 

carboxylic group is the most important functional group 
of the wine processing waste sludge (WPWS). We 
supposed the Cu2+ could be bound to the carboxylic 
groups of WPWS at pH 6.0. In last XANES studies, the 
results revealed that there were only Cu(II) adsorbed on 
WPWS surface in steady state. But it still remained 
obscurities about the bonding between WPWS and Cu2+. 
The objective of this study was to determine the binding 
between Cu(II) and WPWS by using EXAFS technique. 

In this study, three chemicals, copper acetate, copper 
gluconate and, copper sulfide  with copper element were 
provided for comparison with WPWS adsorbed Cu(II). 
For preparing the samples, 1.2 g and 100-140 mesh of 
WPWS were individually added to four 100 mL of 
copper nitrate solution, with initial pH 6.0 and 100 mg L-1 
of Cu(II) concentrations at 30oC. The mixtures were 
shaken vigorously by a mechanical shaker for 30 minutes. 
The Cu K-edges (8979 eV) spectra were recorded in 
fluorescence mode on beamline 17C. The experiments 
were achieved in the Cr K-edge, ranging from 8779 to 
9779 eV, at ambient temperature. 

Fig. 1 display the EXAFS of the copper reacted with 
WPWS and the model compounds, respectively. The 
metal-coordinating atomic distance “R” determined from 
first shell coordination is 1.97 (Cu－O), 2.00 (Cu－O) 
and 2.24 (Cu － S) Å for copper(II) acetate, copper 
gluconate and copper sulfide, respectively. The EXAFS 
spectrum of WPWS adsorbed Cu shows a wide peak at 
about 2.18 Å. WPWS is a very complicated compound, 
and is also not a crystalline material. Thus, we cannot 

judge the contribution of the peaks exactly. From IR 
analysis of WPWS revealed that R-COOH is the major 
functional groups. The chemical composition of WPWS 
determined by EDS is potassium (24.2), calcium (226.7), 
magnesium (36.2), iron (470.4), aluminum (93.9), 
manganese (1.7), phosphorous (226.1), sulfur (145.7) and 
silicon (282.9 cmol kg-1). WPWS contains abundant 
sulfur and carboxylic groups. Thus, we consider that the 
peak at 2.18 Å is contributed to the bonding of Cu－O 
and Cu－S. The coordination number of Cu－O (copper 
acetate), Cu－O (copper gluconate) and Cu－S (copper 
sulfide) is 2.5, 2.8 and 2.2, respectively. 
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Figure 1. EXAFS of copper(II) acetate, copper gluconate, 
copper sulfide and WPWS adsorbed with Cu ( pH 6.0, at 
30oC) 
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Adsorption or precipitation is a common task for 

removing contaminants from drinking water and 
industrial wastewater. Many materials have been studied 
ultimately in order to demonstrate their role as potential 
filters for anionic inorganic and organic contaminants 
from polluted water. However, less attention has been 
paid to the disposal or recycling of used adsorbents 
containing contaminants. Whether contaminant-bearing 
adsorbents (i.e., LDHs in this study) will be disposed or 
treated for recovering the contaminants, the secondary 
pollution from the used materials and/or the pollution 
generated by the chemicals used to treat the materials 
should be taken into consideration. Higher treatment 
efficiency of contaminant-bearing materials will also 
lower the overall cost in the treatment of contaminated 
waters.  

In this study, the removal and recovery of chromate 
from water using Li/Al LDH were investigated. Li/Al 
LDH is synthesized through intercalating LiCl into the 
structure of gibbsite (α-Al(OH)3) and has a formula of 
[LiAl2(OH)6]+Cl-·xH2O. This material exhibits a 
maximum adsorption of 3.8 mmol g-1 for chromate. Our 
studies showed a portion of the adsorbed chromate was 
released gradually from used adsorbent into the solution 
upon prolonged reactions. This unstable characteristic of 
chromate in Li/Al LDH was due to the deintercalation of 
Li+ from Li/Al LDH and the formation of outer-sphere 
complexes of interlayered chromate ions according to the 
EXAFS results obtained at Beamline 17C, NSRRC. 
Although this characteristic is deemed unfavorable for an 
absorbent, it was hypothesized that the instability of 
Li/Al LDH could be utilized to recover adsorbed 
chromate and regenerate the used adsorbent. After 
chromate ions are fixed in the adsorbent, they may 
possibly be recovered by deintercalating Li+ from the 
structure of Li/Al LDH to ‘switch off’ its surface charge. 
In this case, LDHs can  be regenerated for re-use; the 
recovered chromate can be further concentrated for 
reprocessing. Accordingly, we have proposed a scheme 
of applying Li/Al LDH in treatment of water containing 
chromate (Fig. 1). 

Figure 1. Schematic representation for the proposed 
processes to recover Cr from contaminated water using 

Li/Al LDH and to regenerate the used material 
Experiments were conducted to demonstrate the 

feasibility of such a practice (Fig. 2). Li/Al LDH was first 
reacted with chromate at 10 °C and an adsorption 
maximum was reached within 3 h. Afterward, the solid 
was separated from the solution and placed into 90 °C 
water to initiate the deintercalation reaction of LDH to 
recover Cr. After 6 h at 90 °C, the chromate that 
remained in LDH was decreased to 0.25 mmol g−1, 
indicating that 94% of the adsorbed chromate was 
released from the used adsorbent into the solution. The 
recovery of Cr can be as high as 100% of adsorbed 
chromate if the thermal washing process is repeated (data 
is not shown). The final products of thermal washing are 
gibbsite and an aqueous solution containing Li+ and 
chromate. The solution containing chromate may be 
further concentrated to eliminate water and reduce the 
volume of waste. Water may be recovered for the use in 
thermal washing; concentrated waste may be further 
treated to recover contaminant (Fig. 1). 
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Figure 2. Evolution of Cr concentration during the 
adsorption and deintercalation of chromate in Li/Al LDH. 
Remark:  The EXAFS results obtained at B17C, NSRRC, 
showed that chromate ions interacted with Li/Al LDH 
through forming outer-sphere complexes in the interlayer 
of the material. Since no direct bonding occurs between 
chromate ions and the hydroxide layers of LDH, the 
results were not used directly in the following 
manuscripts. Nonetheless, they have been very helpful in 
conceiving and formulating these studies and the 
subsequent ones. The assistances from Dr. Jhy Fu Lee 
and staffs of B17C in conducting EXAFS measurements 
and the resources provided by NSRRC are greatly 
appreciated by the authors.  
Y.M. Tzou, S.L. Wang, L.C. Hsu, R.R. Chang and C. 
Lin  (2007) Deintercalation of Li/Al LDH and its application to 
recover adsorbed chromate. Applied Clay Science (in press). 
(SCI) 
L.C. Hsu, S.L. Wang, Y.M. Tzou, C.F. Lin and J.H. Chen 
(2007). The removal and recovery of Cr(VI) by Li/Al layered 
double hydroxide (LDH). Journal of Hazardous Materials (in 
press). (SCI) 
S.L. Wang, R.J. Hseu, R.R. Chang, J.H. Chen, and Y.M. Tzou  
Adsorption and thermal desorption of Cr(VI) on Li/Al layered 
double hydroxide. Colloids and Surfaces A 277, 8-14 (2006). 
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The study stabilizes Ni in two wastes (a spent Ni-

containing solid catalyst and a Ni-plating sludge) using 
high-temperature plasma.  The samples are mixtures of 
spent Ni-containing solid catalyst (B) and Ni-plating 
sludge (P). The mixing ratio for B:P are 7:3 and 9:1. The 
treating temperature was >1500oC and treating time was 
60 min. The plasma chamber was constantly ventilated to 
keep it at a pressure 0-6000 pa. less than the atmospheric 
pressure. 
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Figure 2. Fourier transforms of EXAFS spectra from 
samples after plasma treatment. (-: experimental 
curve; 。: fitted curve). 

Figure 1 shows that results from XANES fitting of 
the B:P = 7:3 mixture indicate that the nickel after plasma 
treatment consists of about 66 % nickel metal and 34 % 
AlNi-alloy. In the B:P = 9:1 mixture, the nickel consists 
of about 34 % nickel metal, 45% AlNi-alloy and 21 % 
NiO. Figure 2 shows the Fourier transforms of the sample 
EXAFS spectra after the plasma treatment. Single-shell 
fitting was performed based on Ni(0) crystallographic 
data. The structural parameters, coordination number and 
inter-atomic distance, derived from the fitting of the 
Fourier transforms are presented in Table 1. The B:P = 
7:3 sample has slightly greater first-shell coordination 
number than the B:P=9:1 mixture. Both samples have 
similar first-shell inter-atomic distance and Debye-Waller 
factor. 
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Figure 1. XANES fitting spectra of Ni-containing 
samples after plasma treatment. (-: experimental 
curve; 。: fitted curve). 

 

Table 1. Ni structural parameters of mixed samples 
containing spent catalyst and plating sludge at different 
weight ratios after plasma treatment 

1st shell 
sample 

N1st shell at R(Å) σ2 (Å)2 

B:P = 7:3a 7.32 Ni—Ni at 2.48 0.00777 

B:P = 9:1a 6.37 Ni—Ni at 2.45 0.00742 
a:Based on Ni(0) crystallographic data 
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Obviously, although there is only one electron 
difference between carbon and nitrogen atoms, the back 
scattering could has very large difference in such linear 
coordination environment. 

EXAFS fitting is a useful method to analyze the 
local structure of  interesting absorbing atom. It is, 
especially, a convenient tool for materials without long 
range ordering. The EA result of title compound show 
that its molecule like this Fe(C2N4H4)1.5[Au(CN)2]2. (N: 
20.15 % (cal. 20.60 %), C: 11.95 % (cal. 12.36 %), H: 
1.47 % (cal. 0.89 %)) The proposed structure is shown in 
Scheme 1.  
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Each iron atom was coordinated by three trz ligands 
(4-amino 1,2,4-triazole) which were shared by two iron 
atoms and three Au(CN)2

- aions, two of them  are as 
bridge ligands.  

The EXAFS regions of Fe K-edge and Au LIII-edge 
were collected. The Fe (7112 eV) and Au (11919 eV) 
foils were used to calibrate energy, respectively. The 
EXAFS fitting result of Au LIII-edge is shown in figure 1. 
The model of Au which used for EXAFS fitting was 
published by V. Niel, et al.1 It shows good results with R-
factor 2.02%. The fitting bond distances of Au-C are 1.99 
Å and Au⋅⋅⋅N are 3.21 Å.  

Moreover, the model of iron was according to J. J. A. 
Kolnaar’s result2. It also shows good result with R-factor 
2.1 %. The bond distances of the first shell are around 2.2 
Å for three Fe-Ntrz bonds, 2.1 Å for two Fe-Ncyanide bonds 
and 1.77 Å for one Fe-Ccyanide bond. The distance of 
Fe…Fe is 4.1(2) Å. Here, the fitting in the first shell, two 
Fe-Ncyanide and one Fe-Ccyanide models were used rather 
than three Fe-Ncyanide models. Because when three Fe-
Ncyanide models used, the right phase could not be 
obtained between 2.5 to 4 Å in R space. This may be 
because of more linear of Fe-C-N model than Fe-N-C 
model. Therefore, Fe-C-N has much stronger back 
scattering than Fe-N-C. This also can be seen in Au 
EXAFS fitting. 

Figure 1(b)  
 

Reference 
1. V. Niel, A. L. Thompson, A. E. Goeta, C. Enachescu, A. 

Hauser, A. Galet, M. C. Munoz, J. A. Real, Chem.-Eur.J. 
11, 2047 (2005). 

2.    J. J. A. Kolnaar, M. I. de Heer, H. Kooijman, A. L. Spek, G. 
Schmitt, V. Ksenofontov, P. Gutlich, J. G. Haasnoot, J. 
Reedijk, Eur. J. Inorg. Chem., 881 (1999). 
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Li-Fe-O-based cathode materials are new potential 

candidates for the application in the Li ion batteries. 
From many literatures and our experiments we found the 
different materials such as the isotopes of the LiFeO2 or 
β-FeOOH by partially H+/Li+ substituted mixtures having 
similar charge-discharge behaviors, 4V plateau at the fist 
charging process and than smooth ramp lines between 1.5 
volt and 3 Volt for followed cycles. The valance variation 
of iron ions during cycling processes is the key point to 
explain the similar electrochemical properties for these 
materials. XANES of the NSRRC at the beam line 17C1 
W20 is a powerful tool to help us determine the in-situ 
valance variation of the Li-Fe-O-based cathode during the 
cyclic test.  
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Figure 1: Fe K-edge XANES spectra for α-LiFeO2, ion-
exchanged from LiOH/β-FeOOH system at the potential 
between 1.5 and 2.5 V at room temperature. 
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Figure 2: Fe K-edge XANES spectra for β-FeOOH, made 
by thermal hydrolyzing process at the potential between 
1.5 and 2.5 V at room temperature. 

   

Figure 1 and Figure 2 are the pure compounds of α-
LiFeO2 and β-FeOOH respectively. While the both pure 
compounds cyclic testing at 1.5V and 2.5V we can easily 
found that the valance of the iron ion between Fe2+ and 
Fe3+ means the redox reaction take place according the 
two reaction formula: (1) Li + LiFeO2 ←→Li2FeO2 and 
(2) Li + FeOOH←→ LiFeOOH respectively at the cyclic 
processing in the Voltage regain from 1.5 to 3.0 Volt. 
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Figure 3: Fe K-edge XANES spectra for α-LiFeO2/β-
FeOOH mixture sample, ion-exchanged from LiOH/β-
FeOOH system at the potential between 1.5 and 4.4 V at 
room temperature. 

 The sample of Fig. 3. is the β-FeOOH by partially 
H+/Li+ substituted mixture with Li/Fe mol ratio = 0.36. 
We found while the mixture charged to 4.4V Fe4+ appear 
in our observation. Because the sample’s Li/Fe mol ratio 
is 0.36, the mixture may consisted of β-FeOOH and ion-
exchanged LiFeO2 phases, that we can assume two 
Fe3+/Fe4+ redox formula for high voltage: (3) Li + FeO2 
←→ LiFeO2 and (4) FeOOH → FeO2 + 1/2 H2 take place 
in our sample. For the reaction (3) the system is 
reversible but reaction (4) may be the irreversible 
reaction in the cell and that may be the mean reason to 
explain the capacity lose for the long-term cyclic test at 
the voltage range between 1.5 to 4.5V of the pure β-
FeOOH and the mixture samples. 

 

 II - 240



 
17C1 W20 – EXAFS 

X-ray A alytic bsorption Spectra of Metal-loaded Titania Photocatalysts Used in CO2 Photocat
Reduction under Visible Light 

 
Tzu-Hua Wu (吳姿樺), Shung-Jie Lin (林上傑), and Jeffrey Chi-Sheng Wu (吳紀聖) 

 
Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan 

 
Metal loaded TiO2 prepared via thermal-hydrolysis 

were applied to photocatalytic reaction. The previous 
studies indicated that 2wt% was the optimum copper 
loading amount for the highest photocatalysis 
performance of CO2 reduction. In the present work, we 
used different metal loading for expected better 
performance. The catalysts, 0.5wt%, 1wt% and 
2wt%Ag/TiO2, are synthesized by thermal-hydrolysis 
method. In general, it was very difficult to perform 
structural investigations in systems with concentrations of 
modifying components below 1wt%. XAFS was 
especially useful for investigating the environment of 
very small metal particles and low concentrations of 
metallic components. So we hoped the measurement 
might be used successfully with very small 
concentrations of metallic components and could provide 
information about the local geometry and electronic 
properties of the atoms in very dilute systems. Hopefully, 
we expected the results of XAFS could explain the 
catalytic performance of metal loading TiO2. 
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Figure 2. Effects of loading Ag on XANES spectra for 
TiO2. 
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In this work, fresh and used catalysts were studied 

by X-ray absorption. Fig. 1 showed the X-ray absorption 
near edge spectroscopy (XANES) of titanium element in 
fresh and reacted TiO2. The spectra showed 
insignificantly energy shifts of X-ray absorption, 
demonstrated that photocatalytic reaction did not 
influence the states and structures of titanium. Besides, 
the resonance may be slightly more intense for the 
catalyst before reaction, but the differences were closed 
limits of uncertainty in the determinate. Fig. 2 and 3 
showed the XANES and EXAFS result of titanium 
element. Both two figures showed the loading Ag did not 
change the state and the structure of titanium. The radius 
difference between Ti and Ag atoms can explain to the 
result. Ag radius is too large to replace Ti in the lattice. 
The Ag particles are supported on the TiO2, and act as 
electron sink.  

Figure 3. Effects of loading Ag on EXFAS spectra for 
TiO2. 
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Figure 1. Effects of reaction on XANES spectra for TiO2. 
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Catechol 2,3-dioxygenase (C23O), 
metapyrocatecahse (MPC), a non-heme mononuclear iron 
containing extradiol dioxygenase which can catalyze the 
insertion of two oxygen atom into the aromatic ring of 
catechols followed by ring opening reaction to genrerate 
the product of　α-hydroxymuconic　ε-semialdehyde.  
The active-site structure reveals a distorted tetrahedral Fe 
(II) site with three endogenous ligands (His 153, His 214 
and Glu 265).  The solvents such as water or the 
outsourcing acetone molecule might presumably be 
provided as the fourth ligand. 

In the studies, MPC was treated with suicide 
substrate, mechanism-based inhibitor, such as 3-
aminomethylcatechol (3-AMC) or 3-(N-
methylamino)methyl catechol (3-MAMC) so as to freeze 
the enzyme in the ferric intermediate. The x-ray 
absorption spectrometry (XAS) in near edge via 13-
elements Ge solid state array detector shows that both of 
the suicide substrates treated samples contain ferrous and 
ferric complexes in 1/2 proportion. (Fig.1) Although the 
data quality is not good in signal to noise ratio, the data 
still show the performance of the array detector in dilute 
sample (1 to 5 mM) with limited scan number (35 scans).  
X-ray absorption near edge structure (XANES) shows 
valence and coordination geometry through comparison 
to reference spectra as fingerprint.  Although there are 
some efforts on trapping iron-metal complex1,2, substrate 
mediated ferric intermediate is rarely seem in the 
reference of C23O.  We propose the metal-substrate 
complex intermediate was formed by trapping highly 
activate ferric state after oxygen activation or free ferric 
ion reacted with substrates. Furthermore, native C23O 
was electron paramagnetic resonance (EPR) silent 
because of high spin ligand environment.  Combining 
with EPR spectroscopic study, it shows that there are two 
kinds of ferric specie signals.  One is symmetric signal as 
free ferric complex composing with 3-AMC (g = 4.03); 
the other is a rhombic signal (g = 1.88 to 2.19) whose 
signal intensity is much higher than the former. 

In conclusion, the observation of the ferric 
intermediates through the suicide substrates treatment has 
provided the crucial mechanistic insight with respect for 

MPC.  Analysis the trapped ferric species structure can 
reveal that the interaction and relationship among iron, 
superoxide and substrate and sophisticated mechanistic 
description of nature design in transition state of C23O 
catalysis.  In future work, we will try to resolve the fine 
structure of ferric species by EXAFS comparing with 
native C23O. 
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Figure 1. XANES of purified metapyrocatechase (MPC) 
treated with suicide substrates, 3-aminomethylcatechol 
(3-AMC) and 3-(N-methylamino)methyl catechol (3-
MAMC).  1 to 2 mM MPC was reacted with 10 
equivalents suicide substrate in vitro, and its unstable 
intermediate was precipitated and detected by XAS.  
Black line (—): Fe3O4, mixed valence standard of Fe(II) 
and Fe(III) in 1 : 2 ratio; Red line (—): Fe foil, indicate 
iron without any valence; Green line (—): Fe(II)O; Deep 
blue line (—): Precipitates of MPC treated with 3-AMC;  
Light blue line (—): Precipitates of MPC treated with 3-
MAMC. 
 
(1) Costas, M.; Mehn, M. P.; Jensen, M. P.; Que, L. Chem. 
Rev. 104, 939-986 (2004). 
(2) Shu, L.; Chiou, Y. M.; Orville, A. M.; Miller, M. A.; 
Lipscomb, J. D.; Que, L., Jr. Biochemistry 34, 6649-59 (1995). 
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Mocro Mold Inserts for LIGA Microfluidic Chip 
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We are developing a new micro chemical analysis 
instrument and the related consumables here in Australia, 
which are suitable for global commercialization by 
Varian Inc. The commercial nature of the project 
demands that any device fabrication technology that we 
adopt must be suitable for mass production. The LIGA 
process, which includes synchrotron lithography, and 
subsequent electroplating and micro molding, is a cost 
effective technology for patterning extremely accurate 
and high aspect ratio micro structures. It is the key to the 
manufacturing of the proposed consumable device. To 
date, three rounds of synchrotron LIGA experiments have 
been carried out at NSRRC, Taiwan. As a project 
collaborator, NSRRC gives priority to the project, and 
has signed both a memorandum of understanding and a 
non-disclosure agreement with MiniFAB. 

Figure 1 shows a finished LIGA insert made during 
my second visit to NSRRC. The insert was machined 
from a 80mm× 80 mm P20 steel substrate. One such 
substrate can accommodate up to 81 inserts. NiCo (35 μm 
in thickness) was electroplated on top of the P20 (10 mm 
thick). The electroplated metal is Ni instead of NiCo; the 
structural height is 90 μm.  

This prototype plate can support up to six parallel 
channels; only one has been machined in the die so far. 
The LIGA insert forms an integral part of the channel. 
Cyclic olefin copolymer (COC) is chosen as the molding 
material because of its good chemical inertness and 
bonding characteristics. The particular class of COC resin 
used has a glass transition temperature (Tg) of 85◦C. 
Successful injection molding must be able to replicate 
faithfully in plastic the micro structures present on the 
LIGA insert, the smallest of which is 25 μm in dimension. 
In the case of COC, temperature of the die plays a critical 
role in mold filling. Figure 2(a) shows the molded 
structures at a die temperature of 40◦C, whereas Figures 
2(b) at 85◦C. Impartial filling clearly occurs at the lower 
temperature. At temperatures close to COC’s glass 
transition temperature, much better filling is observed. 
However, even at this high temperature, the insert is 
filled incompletely as demonstrated by the rounded 
structural corners. Complete filling may call for 
temperatures well above Tg. 

Once the microfluidic chip is molded, a plastic cover 
of COC is sealed by diffusion bonding on top of the 
channel in order for the device to be functional. Figure 
3(a) shows a schematic of the bonding process (side 
view). The heated roller has a vulcanized silicone rubber 
layer (5 mm thick) around its circumference. The roller is 
temperature controlled and operates at a surface 
temperature of around 125◦C. The device plate, pre-
heated to 70◦C at the bonding surface, is fed through the 
laminator together with the cover film at a rate of 290 
mm/min. The heated roller is actuated by two pneumatic 

rams. The pressure applied to the bonding interface 
cannot be quantified due to stiction of the rams and poor 
gauge reading at very low supply pressures. A best-guess 
estimate puts it at or below 35 N/cm2, or 3.5 bars. 
Bonding is successful under these conditions, and the 
process proves highly robust. Figure 3(b) shows a stereo 
microscope image of a bonded channel centered on the 
LIGA structures. The thickness of the COC film in this 
case is 75 μm. The performance of the device suffers as a 
result. The dimension for the gap between adjacent 
diamonds is one of the most critical. For optimal 
performance, it must be at or below 30 μm. The current 
process on the other hand, manages to double the gap to 
60 μm at the bonding interface. This problem has been 
overcame by reducing the gap dimension of the mold 
insert. The LIGA microfluidic biochip will be tested in 
the subsequent experiments.  

 
 

  
 

FIGURE 1 Schematic diagram of the grey-tone 
exposure station. 

 

  
 

FIGURE 2 The effects of post annealing on the 
surface roughness of the lithographied resist. 

 

 
 
FIGURE 3 Confocal images of the grey-tone X-ray 
lithographied resist before/after process optimization. 

  

 

II - 243



 

 

 

18B1 BM – LIGA 
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3D lithography technology is highly demanded for 

novel optical applications, such as diffractive optics, 
compound lens or light guiding plate in large LCD panel. 
By adapting the moving mask (or stage) concept to 
achieve grey-tone exposure [1], X-ray lithography can 
generate 3D microstructure with high resolution and 
sufficient depth (Fig.1). However, since the X-ray dose 
of the resist is distributed continuously in the depth 
direction, there is no a distinct boundary between 
dose/non-dosed region. In consequence, the surface 
roughness will never be good enough for optical 
applications if this problem is not solved.  

In this report, we systematically examine the effects 
of all the lithography processes on the surface roughness 
of the grey-tone exposed resist. The experiments were 
carried out at the 18B and 19A beamline at NSRRC. In 
this experiment, the thick PMMA resist were floor-
exposed, sufficiently developed, and then its bottom 
surface roughness were measured by AFM or confocal 
microscope. We found that the expenditure, post-
exposure annealing and developer aging were the key 
factors affecting the resist roughness. The results showed 
that the roughness decreases exponentially with the X-
ray expenditure even the bottom dosage are the same. 
Probably, the extra dose resulted from high-energy x-ray 
photon will be more uniform under higher expenditure. 
That means the surface quality is good only when the 
lithographic depth is sufficient.  The exposed resists 
were also annealed before subsequent developing 
process at various times and temperatures. Fig.2a 
indicates that the developed surface roughness decrease 
obviously when the annealing temperature exceed 60℃. 
The surface quality can be markedly improved if the as-
exposed resist is annealed at  80 ℃  in minutes. A 
possible mechanism is: the high-energy X-ray photon 
will penetrate deep into the resist and induce 
fluorescence or photonelectron. The energy will deposit 
locally in the resist and then generate rough surface in 
developing process.  If the resist is annealed after X-ray 
exposure, the locally deposited dose will be uniformly 
distributed, and the developed surface will be smoother 
in consequence. Our results also show that the integrity 
of the microstructure can be preserved under such an 
annealing process. 

Figure 3 demonstrate the X-ray grey-tone patterned 
3D microstructure before and after resist process 
optimization. With stage scanning to uniform the 
irradiating flux, the average surface roughness could be 

reduced to around 30 nm, which is as good as the side-
wall’s roughness after X-ray lithography. In addition, a 
micromachining resolution of 50 nm in depth direction 
can be achieved. After this study, the grey-tone X-ray 
lithography seems to be a promising technique to 
generate 3D microstructure for optical applications. 

 
FIGURE 1 Schematic diagram of the grey-tone exposure 
station. 
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FIGURE 2 The effects of post annealing on the surface 
roughness of the lithographied resist. 

  
 
FIGURE 3 Confocal images of the grey-tone X-ray 
lithographied resist before/after process optimization. 
 
Reference 
1. Wu D, Fang N, Sun C, Zhanga X (2003) Terahertz 

plasmonic high pass filter, App. Phys. Lett. 83, 201- 203. 
2. Shew BY, Huang TY, Liu KP, Chou CP (2004) Oxygen 

quenching effect in ultra-deep x-ray lithography with SU-8 
resist, J. Micromech. Microeng 14, 410-414. 

 

II - 244



 

 

 

18B1 BM – LIGA 

3D Micro Fabircations Using the Self Developed Multiaxis X-ray Machining System 
 

Chien-Chung Fu (傅建中)1, 2, Lei-Wei Tai (雷衛台)1, and Bor-Yuan Shew (許博淵)2  
 

1Institute of Microelectromechanical System, National Tsing Hua University, Hsinchu, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
We have developed in this project an innovative 

multi-axis 3D DXL machining system which can not only 
execute the inclined exposure and the moving mask DXL 
(M3DXL), but also a new innovative programmable 
mask DXL method. By means of this new apporaches, 
3D microstructures are able to be fabricated more easily 
without the theoretical limitation of the M3DXL. This is 
going to rewrite the milestone of the 3D DXL technology 
of the world. Fabricated examples are listed below: 

Figure 1 shows the sketch of a specific 3D 
microstructures and the fabricated result. This 3D 
structute was fabricated by a so-called stamp and move 
method using our innovative X-ray machining systems. 
Figure 2 shows its SEMS pictures. Very complicated 
multi-steps 3D microstructures can be realized by this 
way in a batch.  

 
 

 
 
 
 
 
 

 
Figure 1  (a) A sketch of s 3D microstructures fabricated 
by our stamp and move exposure technology. (b) The 
desired result. (c) The fabricated result observed by a OM 
with x500. 

 
 

 
 
 
 
 
 

Figure 2 SEM photographs of fabricated 3D PMMA 
microstructures using the multi-axis platform mounted in 
BL19A (a). The 3D structures can be fabricated by this 
way in a batch (b). 

 
Figure 3~6 shows a PMMA plate with 3D micro 

cavities fabricated by the newly developed 3D DXL 
machine. The structures were employed to demonstrate a 
idea of 3-D iDEP (insulator-based dielectrophoresis) 
applications to seprate different bio particles. Fig. 3 
shows the fabrication steps. The starting material was a 
PMMA sheet with a thickness of 200um.  A pattern with 
square cavities array was transferred by the exposure with 
a dose of 900 mA*min/cm using BL18B. Another pattern 
with a diameter of 1cm was then transferred on the place 
on the PMMA by the exposure with a dose of 500 
mA*min/cm. After that, GG developer with the 

temperature of 40 ℃  was employed to develop the 
PMMA sheet using 30min. The square cavities were 
penetrated, while leaving the sheet to be about 100μm 
thick. 

This 3D fabrication method is by means of 
controlling the exposure dose and the developing time. 
the structures with cavities on the 50~100μm PMMA 
film can be realized.  Fig. 2 shows a typical relationship 
between the developed depth of the exposed 
microstructures in a function of developing time both in 
theoretical estimation and experimental results. Fig. 3 
shows the structures with cavities on the 100μm PMMA 
film.  

 
 
 
 
 
 

 
Figure 1.  Fabrication process of the 3D micro cavities on 
PMMA film by means on the second porposed method. 
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structures in a function of developing time both in 
theoretical estimation and experimental results. 

 
 
 
 
 
 
 
 

 
 
 
 

Figure 3.  SEM photographs of fabricated micro cavities 
on PMMA film.. 
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The sidewall slope for SU-8 HARS is dependent 
upon the peak photon energy incident at the top of the 
resist and decreases with increasing energy. This is 
because the dose distribution is more uniform from top to 
bottom for exposures with a spectrum having a higher 
peak photon energy. However, development time also 
plays a crucial role in defining the sidewall taper. The top 
region of channels spend more time in the developer and 
are thus developed up to a higher value of crosslink 
concentration. Hence, it is possible to obtain a negative 
slope for longer development times. For structures with 
lower aspect ratio, where the development times are low, 
we get sidewall slopes more closely matched to the dose 
profile. We have demonstrated that by varying the 
peak photon energy, it is possible to fabricate 
structures in SU-8 having positive, zero or negative 
slopes. 

This research forms part of our ongoing campaign to 
demonstrate the feasibility of using x-ray lithography to 
produce densely packed high aspect ratio arrays of square 
channels (4 papers accepted 2006). In recent research we 
have investigated the effect of process parameters on the 
sidewall slope in the channels. In experiments reported 
here expose SU-8 resist to x-ray flux with peak photon 
energy ranging from 6 keV to 12 keV to study the effect 
of spppcum on dose deposition and the resulting sidewall 
slopes. We carried out this series of experiments for two 
thickness of the resist – 0.5 mm and 1.0 mm.  The results 
were then compared with the results of our numerical 
models. 

Initial experiments included deposition of Ti/Cu 
metal layer on glass slides. The thickness of the Ti layer 
was 20 nm and that of Cu layer was 50 nm. SU-8 was 
cast on this metal layer to achieve thicknesses of 0.5mm 
and 1.0 mm. The pre-bake time was selected to retain 5% 
of the solvent, which has been shown to provide good 
resolution in x-ray lithography. We used the same x-ray 
mask as in our previous experiments and after the 
exposures, we post-baked the samples for 30 minutes at 
65oC. We developed them in SU-8 developer using 
megasonic agitation. Typical development times for 0.5 
mm thick resist were 15 minutes and for 1.0 mm thick 
resist were 30 minutes. 

 

Figure 1. Experimental and theoretical sidewall 
slopes as function of x-ray enrgry for  0.5 mm thick 
(top) and 1.0 mm thick (bottom) SU-8 resist. 

After the experiments, we detatched the SU-8 
columns using a plastic tweezer and measured the width 
at top, middle and bottom of the structures. We then 
plotted graphs showing sidewall slopes between top-
middle, middle-bottom and top-bottom as a function of x-
ray energy for both of the resist thickness (Figure 1). 

We carried out numerical analysis by considering 
various physical and process parameters like diffraction 
from the absorber edge, fluroscence dose from the mask 
membrane and substrate, photon scattering, photo and 
Auger electron scattering, peak photon energy, exposure 
dose, post-exposure bake time and temperature as well as 
development times. We compared our numerical results 
with the experimental ones (Figure 1). 

As can be seen, the sidewall slopes predicted by our 
numerical model are less than experimental, although the 
overall trends in the data are predicted well by the model.. 
The discrepancy may well depend on the estimation of 
several of the materials parameters, such as diffusivity, 
required in the model. Further empirical work is required 
to obtain those parameters as they apply to our particular 
systems. It is interesting to note that the top-middle 
sidewall slope is always higher than middle-bottom slope. 
This means that the sidewall profile from the top to 
bottom is not linear but more or less follows the dose 
profile. However, the two sidewall slopes do intersect at 
some peak photon energy and at this energy the full 
sidewall profile would be linear.  
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A zwitter-resist is a resist with positive tone and 
negative tone depended on the applied doses. We have 
studied the pattern formation of ArF resist by the electron 
beam irradiation previously (1). However, the common I-
line photoresist has not been reported to exhibit the 
performance of zwitter-resist. In this study, we use the 
2500eV (Emax) synchrotron radiation source to study the 
characteristic of DNQ/Novolak photoresist. 

The sensitive curves of the Novolak and 
DNQ/Novolak resists by synchrotron radiation are 
illustrated in Fig. 1. The resist with only Novolak 
polymer behaves negative tone under synchrotron 
radiation. Interestingly, the DNQ/Novolak resist can 
exhibit both the positive and negative tones. This 
observation indicates the resist without DNQ losses its 
usual positive tone characteristic. Hence, the synchrotron 
radiation only induces the cross-linkage reaction. For the 
case of DNA/Novolak, the reaction of DNQ in the resist 
plays an important contribution on positive tone before 
the dosage of 800mA•min/cm2, while the cross-linkage 
reaction of Novolak polymer becomes dominance at the 
dosage ranging from 800mA•min/cm2 to 
3000mA•min/cm2. The contrast of positive tone is better 
than negative tone. 

The surface morphology of the resist irradiates at 
various dosages are shown in Fig. 2. The surface in Fig. 
2a-2c seems become rough at the 200-400mA•min/cm2, 
and no resist is found in Fig. 2d-2e at the 800-
1000mA•min/cm2. The surface roughness at the 200-
400mA•min/cm2 mainly depends on the destructive effect 
of high energy beam on the DNQ. As the resist changes 
into the negative tone, the surface in Fig. 2f-2j remains 
the roughness characteristic due to the cross-linkage of 
Novolak polymer upon the high energy radiation. The 
surface of 3000mA•min/cm2 irradiation in Fig. 2j is not 
rougher than Fig. 2f-2i due to the contribution of thermal 
flow effect. The detailed analysis such as developer type, 
film transmission, thermal property and SEM pattern will 
be given in this conference. 
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Figure 2. SEM morphologies of DNQ/Novolak 
photoresist under 200, 300, 400, 800, 1000, 1250, 1500, 
1750, 2000, and 3000mA•min/cm2 synchrotron radiation. 
The film thickness is 1μm, and develops by the 2.38% 
tetramethylammonium hydroxide. 
 
 

 
 

 
Figure 1. The sensitive curve of (a) only Novolak and (b) 
DNQ/Novolak photoresist upon synchrotron radiation. 
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In the newly realized (Cu,Mo)-12s2 or 

(Cu,Mo)Sr2(Ce,Y)s-Cu2O5+2s+δ homologous series of 
HTS copper oxides, adjacent CuO2 planes are separated 
by a fluorite-structured (Ce,Y)[O2(Ce,Y)]s-1 block (with 
expected valence states of CeIV and YIII) such that the 
phases obey a layer sequence of SrO-(Cu,Mo)O1+δ -SrO-
CuO2-(Ce,Y)-[O2-(Ce,Y)]s-1-CuO2. In our preceding 
work for the s ) member of the series, it was shown that 
the (Ce,Y)-O2-(Ce,Y)-O2-(Ce,Y) block is flexible enough 
for Y to be fully replaced by other R constituents ranging 
from La to Yb. Hence, the (Cu,Mo)-12s2 series provides 
us with an interesting new model system for deepening 
our understanding on the R-element-derived chemical-
pressure effects. The present work is focused on the s = 2 
and 3 members of the series. For sample characterization, 
X-ray absorption near-edge structure (XANES) 
spectroscopy was employed. The spectra were collected 
(for s = 2) at Cu L2,3- and O K-edges. The former allows 
relatively accurate determination of the total amount of 
doped holes, whereas the latter reveals their distribution 
between the (Cu,Mo)O1+δ charge reservoir and the CuO2 
planes. 

X-ray absorption spectra were collected for the 
oxygen-loaded (superconductive s =2) samples at both 
Cu L2,3- and O K-edges in X-ray fluorescence yield 
mode at the 6 m HSGM beam-line of the National 
Synchrotron Radiation Research Center in Hsinchu, 
Taiwan  

Figure 1 displays a representative Cu L2,3 spectrum 
obtained for the (Cu,Mo)-1222-phase samples (shown 
here for the smallest R constituent, Yb). The Cu L3 area 
has been commonly used for the estimation of the 
average valence state of copper in HTS copper oxides. 
The narrow peak centered at about 931.2 eV is due to 
divalent copper, CuII [i.e., transitions from the 
Cu(2p3/2)3d9 ground state to the Cu(2p3/2)-13d10 excited 
state, where (2p3/2)-1 denotes a 2p3/2 hole], whereas the 
high-energy shoulder around 932.4 eV is assigned to 
trivalent copper states, CuIII [i.e., transitions from the 
Cu(2p3/2)3d9L ground state into the Cu(2p3/2)-13d10L 
excited state, where L denotes a ligand hole in the O 2p 
orbital]. In brief, the background, fitted with a straight 
line, was subtracted from the spectra, after which the 
fitting of the ~931.2 eV (CuII) and ~932.4 (CuIII) peaks 
was done using combined Lorentzian and Gaussian 
functions; see Figure 1b for an illustration. From the 
integrated intensities of the two peaks an estimation for 
the average valence of copper was then obtained as V(Cu) 

≡ 2 + I(CuIII)/[I(CuII) + I(CuIII)]. In Figure 2, the V(Cu) 
value is plotted against r(CeIV,RIII) for the (Cu,Mo)-1222 
samples. From Figure 2, it may be concluded that V(Cu) 
remains constant at 2.20 ± 0.01 within the entire R 
substitution range, just in a manner required for an ideal 
chemical-pressure system. 
 

 

 

 

 

 

 

 

 

 
 
 
 

 

Figure 1. (a) Representative Cu L2,3-edge XANES 
spectrum obtained for the superconductive (Cu,Mo)-1222 
[(Cu0.75Mo0.25)Sr2(Ce0.45R0.55)2Cu2O9+δ] samples (here R = 
Yb) and (b) illustration of the fitting of the spectral 
features (in the L3 area) into CuII and CuIII components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Average valence of copper, V(Cu), as estimated 
from Cu L3-edge XANES data and plotted against the 
average ionic radius, r(CeIV,RIII), for the superconductive 
(Cu,Mo)-1222 [(Cu0.75Mo0.25)Sr2(Ce0.45R0.55)2-Cu2O9+δ] 
samples. 
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The chemical substitution of a R3+ ion for a Ba2+ ion 
in Eu(Ba1-xRx)2Cu3O7+δ leads to a monotonically 
decreasing superconducting temperature. The 
suppression of superconductivity has, however, no 
simple relation to the ionic size of R3+ substitutes.1 
Moreover, the change in superconductivity is indirectly 
related to structural distortion. Especially noteworthy is 
that Pr doping in Eu(Ba1-xRx)2Cu3O7+δ and Nd(Ba1-

xRx)2Cu3O7+δ suppresses superconductivity more 
effectively than other light rare-earth substitutions.1.2 
Several mechanisms have been proposed to explain this 
more rapid depression of superconductivity by Pr in 
Eu(Ba1-xRx)2Cu3O7+δ, and Nd(Ba1-xRx)2Cu3O7+δ, including 
ionic size, magnetic pair breaking, Pr 4f hybridization or 
crystal-field effects.1 In regard to this suppression of 
superconductivity, it is therefore of interest to elucidate 
whether Pr has a unique electronic characteristic among 
the light rare-earth elements. The aim of this work was to 
investigate the effect of substitution by various rare-earth 
elements at the Ba sites, and in particular to clarify the 
distinction between the behavior of Pr and other light 
rare-earth elements. We measured systematically the 
variation of unoccupied electronic structure near the 
Fermi level for compounds in the series Eu(Ba1-

xRx)2Cu3O7+δ (R = Eu, Pr).  
Figure 1 shows O K-edge x-ray absorption spectra 

of the Eu(Ba1-xPrx)2Cu3O7+δ compounds for x = 0 – 0.25. 
Based on the accumulated knowledge on various high-
temperature copper-oxide phases, we adopt the same 
assignment scheme discussed above for the O 1s x-ray 
absorption spectra of Eu(Ba1-xPrx)2Cu3O7+δ. Near the O 
1s edge, pre-edge peaks at ~ 527.6 eV and ~ 528.3 eV in 
Fig. 1 are assigned to transitions into O 2p holes located 
in the CuO3 ribbons and the CuO2 planes, respectively. 
The absorption feature at ~ 529.3 eV originates from the 
upper Hubbard band (UHB). As shown in the inset of Fig. 
1, the concentration of holes in the CuO2 planes becomes 
decreased, whereas the UHB intensity is concurrently 
increased, with increasing concentration of dopant Pr in 
Eu(Ba1-xPrx)2Cu3O7+δ. 

We compare the depletion rate of hole carriers due 
to Eu and Pr doping in Eu(Ba1-xEux)2Cu3O7+δ and Eu(Ba1-

xPrx)2Cu3O7+δ, respectively. In Fig. 2, the pre-edge region 
of O 1s x-ray absorption spectra of Eu(Ba1-xEux)2Cu3O7+δ 
for x = 0.1 and of Eu(Ba1-xPrx)2Cu3O7+δ for x = 0.1 are 
displayed as a representative example. As shown in Fig. 
2, the spectral weights of the pre-edge features at ~ 527.6 
eV are nearly identical for both compounds. Therefore, 
the average number of hole carriers in the CuO3 chains is 

approximately the same for both compounds. In contrast, 
the hole carriers within the CuO2 planes in Eu(Ba1-

xPrx)2Cu3O7+δ for x = 0.1 are fewer than in Eu(Ba1-

xEux)2Cu3O7+δ for x = 0.1. Moreover, the spectral weight 
of the UHB in Eu(Ba1-xPrx)2Cu3O7+δ for x = 0.1 is greater 
than that in Eu(Ba1-xEux)2Cu3O7+δ for x = 0.1. The UHB 
is known to be strongly correlated with the hole states in 
the CuO2 planes. This result thus confirms that the hole 
concentration in the CuO2 planes in Eu(Ba1-xPrx)2Cu3O7+δ 
is less than that in Eu(Ba1-xEux)2Cu3O7+δ. The rapid 
depression of Tc upon Pr doping in Eu(Ba1-xPrx)2Cu3O7+δ 
might accordingly be due to partial substitution of Pr at 
the rare-earth site, whereas Pr at the Ba site might behave 
similarly to other light rare-earth elements.3  
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Figure 1. O K-edge x-ray absorption spectra of Eu(Ba1-

xPrx)2Cu3O7+δ for x = 0 – 0.25. 
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Figure 2. O K-edge x-ray absorption pre-edge spectra of       
Eu(Ba1-xEux)2Cu3O7+δ for x = 0.1 (dash line) and              
Eu(Ba1-xPrx)2Cu3O7+δ for x = 0.1 (solid line).  
 
Reference:  
1. Y. Xu et al., Physica C 333, 195–206 (2000). 
2. M. J. Kramer et al., Phys. Rev. B. 56, 5512 (1997). 
3. J. M. Chen et al., New J. Phys. 8, 215 (2006). 
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In the past decade the electronic configuration of 

several magnetic materials, for instance the spin 
crossover complexes are investigated widely. Especially, 
after the powerful synchrotron facilities are utilized 
generally. The XAS is a great technique to study the spin 
configuration of every element. In 2000, our lab uses the 
iron K-edge and L-edge to probe the spin state change of 
iron spin crossover compounds successfully. The spectra 
of HS (high spin) and LS (low spin) states are located at 
different energy range and the peak features are different 
obviously. As Figure1 shown, the iron L-edge absorption 
feature of different spin states are exhibited clearly. 
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However we can no longer get the same phenomena 
due to the upgrade of beamline toward higher brilliance; 
the flux of the beam is improved significantly. In order to 
verify that the flux of the incident (synchrotron) beam (Io) 
is related to such spin state transition; the Io is 
represented by the magnitude of current (pico-amperes, 
PA). It is clear when Io is ~10PA, the spectrum is 
essentially at LS. As Io increases, the HS/LS ratio 
becomes larger (Figure2). The intensity of fluorescence is 
generally proportional to the Io. This seems to indicate 
that the spin state transition in this case does have some 
relationship with the emission light. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. The iron L-edge absorption spectra of trans-
[Fe(tzpy)2(NCS)2] at different temperatures. 

In order to understand what happened during the 
induced process exactly, the emission experiment is 
performed. Surprisingly, the three iron SCO complexes 
all show the emission signals at ca. 430nm (Figure 3).  

Different iron spin crossover complexes have 
different induced efficiency by soft x-ray irradiation. 
During our experiment, the induced efficiency of 
Fe(phen)2NCS2 is worse than other iron SCO complexes. 
Based on past experiences, the red light laser is more 
powerful to induce spin transition of Fe(phen)2NCS2 than 
green light laser. Now, we catch the about 430nm 
emission signal. Maybe the shorter wavelength light has 

lower efficiency to cause spin transition. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. The iron L-edge absorption spectra of trans-
[Fe(tzpy)2(NCS)2] at different beam flux. 
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Figure 3. The emission spectra of three different spin 
crossover complexes at room temperatures. 

Summary: 
The flux-dependent X-ray absorption spectra imply 

that the flux of incident beam is correlated with the 
HS/LS ratio. It seems that the spin state is pumped from 
LS to HS and trapped at 8K. The high beam flux can 
certainly induce the spin transition.The emission 
experiment is achieved at BL20A in NSRRC. The three 
different spin crossover complexes all show emission 
signals at ~430nm. However, as the temperature 
increases, the signal becomes smaller and smaller. The 
relaxation process of excited spin state is followed by 
both irradiative and non-irradiative processes. Higher 
temperature will probably favor the non-irradiation 
process through vibration and therefore reduce the 
emission signal.  

Based on the L2,3 edge x-ray absorption and the 
preliminary results of soft x-ray emission experiment, we 
propose the “SOXIESST＂ could included two parts: 
The first part is the excitation by soft x-ray and emits at 
ca. 430nm. The second part is the known “LIESST＂ of 
SCO compound by taking such emission light as the 
excitation source. More detail analysis  are in progress. 
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Variation of electronic structure for chemically-
delithiated LiCoO2 was investigated by X-ray absorption 
spectroscopy (XAS) at Co L-edge, K-edge and O K-edge. 
The commercial LiCoO2 powders were de-intercalated by 
an oxidizing agent, Na2S2O8, in an aqueous solution.   

 
 
 

 The soft XAS were performed at total electron yield 
as well as fluorescence modes. It was found that the 
changes in the spectral feature obtained from total electron 
yield mode are different from that obtained from 
fluorescence mode at the oxygen K-edge.  

 
 

The electronic transition from oxygen ls state to 2p 
hole state (threshold energy) decreases at the surface 
region but not in the bulk. The shoulder absorption peak at 
the energy higher than the threshold energy contributed to 
the higher oxidation state of the oxygen site appears at total 
electron yield mode but doesn’t appear at fluorescence 
mode, indicating the oxidation state of oxygen and the 
electronic transitions on the surface and in the bulk of the 
de-lithiated compounds are different. It implies that the 
chemically-delithiated process takes place 
inhomogeneously and starts from the surface of the 
LixCoO2 compounds.  

 
 
 
 
 
Figure 2. Normalized Oxygen K-edge X-ray absorption 
spectra of the LiCoO2 with respect to the various time 
intervals of oxidation in the fluorescence mode. 

 
 
 

 

 

 

 

 

 
 
 
 
 
 
Figure 1. Normalized Oxygen K-edge X-ray absorption 
spectra of the LiCoO2 with respect to the various time 
intervals of oxidation in the total electron yield mode. 

 
 
 
 
 

 
 
 

 

 

 

 

 
Figure 3. X-ray near edge absorption spectra in Co K-edge 
for different Li-ion contents. 
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Nanocrystalline Manganese Oxide Films Prepared by Sol-gel Process for Supercapacitor 
Application 
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C.-Y. Tsay (蔡健益), and C.-Y. Chen (陳錦毅) 
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The growing interest in supercapacitors has been 
stimulated by their potential application as electric 
storage devices operating in parallel with the battery in 
an electric vehicle to provide high power transiently. 
Supercapacitors fill the gap between batteries and 
conventional capacitors in terms of their specific energy 
and specific power. Typically they exhibit capacitances 
20-200 times greater than those of the conventional 
capacitors. Manganese oxides, where the manganese can 
exhibit in three different valence states, are promising 
supercapacitor materials due to the low cost of raw 
materials and the fact that manganese is considered 
environmentally more friendly than other nobel metal 
oxides. 

Figure 2 shows the XANES spectra at Mn L edge of 
300 oC-annealed coating before and after CV tests. 
Before CV tests, the first peak (~641.4 eV) containing 
shoulders on both side indicated multi-valance states 
within the coatings. According to the literature, the main 
peak positions at LIII edge for Mn3O4 and Mn2O3 are 
640.0 and 641.5 eV, respectively. The relative peak 
intensities changed after CV tests. An obvious intensity 
increase for the peak at 643.1 eV (corresponding to Mn4+ 
ion) can be observed. This suggests that relatively low 
valance states of Mn2.67+ (Mn3O4) and Mn3+ (Mn2O3) 
changed into high valance Mn4+ ion after CV tests. 
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In this study, manganese oxide electrodes with 
promising pseudo-capacitive behavior were prepared by 
sol-gel process using manganese acetate as the precursor. 
Effects of post heat treatment on material characteristics 
and electrochemical properties were investigated by X-
ray diffraction (XRD), scanning electron microscopy 
(SEM), thermal analysis, synchrotron X-ray absorption 
spectroscopy (XAS), and cycling voltammetry (CV). 
Experimental results showed that manganese oxide films 
prepared by sol-gel technique exhibited Mn2O3 and 
Mn3O4 phases after heat treating at a temperature higher 
than 300 oC. Meanwhile, a porous manganese oxide 
coating was observed due to the burnout of organics. The 
specific capacitance of the manganese oxide electrodes 
was 53.2, 230.5, 185.6, and 189.9 F/g after heat treating 
at 250, 300, 350, and 400 oC, respectively. After 300 
charging-discharging cycles, the specific capacitance of 
the manganese oxide electrodes heat treated at 300 oC 
decreased to 78.6% of its maximum.  

Figure 1 : RDFs at Mn K edge before and after CV tests 
for sol-gel manganese oxide coatings annealed at 300 oC. 
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Synchrotron XAS examination revealed that 
manganese oxide electrodes exhibited the same trend 
where the trivalent manganese was transited into 
tetravalent manganese after cyclic voltammetry tests. The 
Mn K absorption edge slightly shifted to the right by 0.8 
eV can be noticed after CV tests. This suggests an 
increase of manganese valence after CV tests. After 
Fourier transformation of the EXAFS spectra, the radial 
distribution function (RDF) of the local atomic 
environment of detected atom (i.e., Mn) can be 
determined and Fig. 1 shows the corresponding RDFs. 
No significant differences can be revealed at the first 
strong peak (~1.5 Å, representing Mn-O bond). While an 
obvious increase in the second peak amplitude (~2.4 Å, 
representing Mn-Mn bond) can be noticed. This suggests 
the repetitive CV tests changed the crystallinity of 
manganese oxide coatings.  

Figure 2 : XANES spectra at Mn L edge before and after 
CV tests for sol-gel manganese oxide coatings annealed 
at 300 oC. 

 

 
*: to be presented in 2007 International Conference of 
Metallurgical Coatings and This Films 
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In the present study, mechanical alloying technique 
was used to prepare (Mg2Ni)100-xTix (x=0, 2.5, 5, 7.5, and 
10) powders starting from elemental powder mixture 
under an Ar atmosphere. The experimental results 
showed that the absorbed hydrogen content and 
reversible hydrogen content was 3.14 and 2.40 wt.% for 
15h milled Mg2Ni powders, respectively. The maximum 
hydrogen absorption content was increased to over 3.8 
wt.% with Ti additions. The reversible hydrogen content 
also increased significantly (18 to 25%) with Ti additions. 
Meanwhile, 15h milled Mg2Ni-Ti powders can absorb 
more than 3 wt.% of hydrogen within 1000 seconds. Not 
only the hydrogen absorption ability but the hydrogen 
absorption rate were improved by the additions of 
titanium and MA treatment in Mg2Ni alloy. 

The local atomic evolution during MA can be 
examined by synchrotron EXAFS technique. Figure 1 
shows the RDFs of (Mg2Ni)95Ti5 as-milled powders. The 
magnitudes of the RDF indicate the coordination 
numbers of detected atom at various distances. Similar 
RDFs can be observed at the early stage of milling (3h 
and 5h for Mg2Ni and (Mg2Ni)95Ti5, respectively). This 
indicates that the face-centered cubic structure of Ni 
persisted at the early stage of milling. Significant 
decrease in the high order peaks can be observed when 
the as-milled powders consisted of a mixture of Mg2Ni, 
Mg, and Ni solid solutions, i.e., 5h and 10h milling for 
Mg2Ni and (Mg2Ni)95Ti5, respectively. A slight increase 
of the nearest neighbor bond-length can be noted and 
(Mg2Ni)95Ti5 powders exhibited a larger increase than 
that of Mg2Ni powders. The addition of Ti elements not 
only postponed the formation of Mg2Ni phase but 
expanded the nearest bond length of Ni. 

X-ray absorption near edge structure (XANES) of Ti 
K edge for those of (Mg2Ni)95Ti5 powders were also 
investigated to reveal the electronic structure change 
during MA. Figure 2 shows the XANES spectra of 
(Mg2Ni)95Ti5 as-milled powders. The pre-edge structure 
of Ti exhibited (the arrow in Fig. 2) at the early milling 
stage (before 5h of milling). Slight difference for 5h 
milled powders can be observed when compared with 
those milled less than 3h. Pre-edge peak disappeared 
after 10h milling. XANES spectra showed that Ti 
elements within the 5h milled (Mg2Ni)95Ti5 powders 
persisted its electronic structure and changed with 10h 
milling. Investigations by synchrotron X-ray absorption 
spectroscopy technique suggested that the (Mg2Ni)95Ti5 
alloy powders exhibited elemental characteristics of Ni 

and Ti even after 5h of milling treatment. While 5h 
milled Mg2Ni alloy powders, without Ti additions, 
exhibited a mixture of Mg2Ni, Mg, and Ni solid solutions. 
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Figure 1 : Radial distribution functions for Mg2Ni 
powders after different milling times. 
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Figure 2: Ti K edge absorption spectra for (Mg2Ni)95Ti5 
powders with milling time. 

 
*Materials Science and Engineering A 449-451, 1102-1106 
(2007). 
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Alumina (Al2O3) is widely used as a catalyst or a 
support for various catalysts such as metals and metal 
oxides. In studies of chemical reactions occurring on 
these surfaces, a thin film of Al2O3 formed by oxidation 
of NiAl is utilized as a model for the oxide support in 
catalysts. The thin layer of Al2O3 on NiAl has several 
experimental advantages over bulk oxides involving use 
of electron spectra to investigate the surface reactions. 
The Al2O3 layer serves as a template for the growth of 
self-organized metal nanoparticles, and also suppresses 
the magnetic interaction between those nanoparticles. A 
considerable effort has thus been devoted to investigate 
the growth of Al2O3 films on a NiAl surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Adsorption and thermal decomposition of H2O on 
NiAl(100) were studied with temperature-programmed 
desorption (TPD), low-energy electron diffraction 
(LEED), and X-ray photoelectron spectroscopy (XPS) 
using synchrotron radiation. H2O adsorbs molecularly 
and dissociatively on the NiAl surface at 110 K. 
Adsorbed H2O molecules undergo deprotonation to form 
preferentially Al oxides via formation of surface 
hydroxyl (-OH) intermediates. Two desorption states of 
H2 have maxima at 245 and 335 K, attributed to the 
recombination of surface hydrogen and the 
decomposition of OH, respectively. The thermal 
decomposition of H2O on NiAl produces amorphous 
Al2O3 at temperatures above 470 K. On further annealing 
to 870 K, the surface shows a (2×1) LEED pattern with 
streaks between the substrate (1 × 1) spots, which is 
indicative of one-dimensional θ-Al2O3 islands. On 
annealing the surface to still higher temperatures, the 
surface θ-Al2O3 converts into a better ordered crystal 
structure. A fraction of surface oxide, however, 
undergoes decomposition and evaporation at 
temperatures above 1070 K, which generates sites on the 
Al2O3 surface active for the formation of surface OH on 
adsorption of H2O. An optimized condition is 870-970 K 
to prepare a θ-Al2O3 layer on NiAl, which is inert to 
dissociative adsorption of H2O. The Al2O3 thin layer is 
obtained also on oxidation with O2 via a similar 
mechanism, apart from slower growth. 

 
 
 
 

 
 

Figure 1. TPD spectra of H2 (m/e=2) and H2O (m/e=18) 
for a NiAl(100) surface exposed to H2O at 110 K as a 
function of duration of exposure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. XPS spectra of Al 2p for a NiAl(100) surface 
exposed to H2O for 100 s at 110 K and subsequently 
heated to various temperatures. 
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An important feature of these oxide thin films is that 

they usually have mixed valence states and these mixed 
valence states often determine their major 
electromagnetic characteristics. Spinel-type oxides are 
often denoted by the formula AB2O4, where A and B 
refer to tetrahedral and octahedral site, respectively, in 
the fcc oxygen lattice. Fe3O4 is an inverse spinel ferrite 
with Fe ion existing in the valence states of 2+ and 3+. 
The Fe2+ ions occupy the octahedral B-site, while the Fe3+ 
ions are equally distributed in the tetrahedral A-site and 
octahedral B-site. MgO is a nonmagnetic insulator with 
rocksalt structure. By substituting Mg for Fe, the series of 
Fe1-xMgxOy (where 0＜x＜1) thin films should exhibit 
cross-over from spinel and rocksalt structure as a function 
of x. The magnetic and transport properties in this series 
of samples must be related to their crystal structure and to 
the ratio of cations Fe/Mg. It was demonstrated that the 
XANES method is a powerful tool for the study of 
structural and electronic properties of mixed oxide 
systems. In this article we report the cation distribution 
and valence states of Fe1-xMgxOy thin films based on 
XANES measurements at magnesium, oxygen and iron 
K-edges. 

 
Mg K-edge x-ray absorption spectra of MgO and a 

series of Fe1-xMgxOy thin film samples are plotted in Fig. 
1 (a), all spectra are normalized to the intensities far 
above the edge. There are three main features (D, G and I) 
in the MgO spectrum, which is consistent with those 
reported by other groups. The feature-rich spectra are due 
to the transitions from Mg 1s core level to 3p-derived 
final states, which consisted of strongly hybridized O 2p 
and Mg 3p, 4s and 3d orbitals. We do not attempt to 
analyze these spectra quantitatively due to the complex 
origin, as described in ref. 13. The spectral shapes of the 
Mg K-edge XANES evolve systematically with x.  It is 
obvious that the spectra for x<0.5 have similar spectral 
shape with a small feature D. All spectra for x>0.5 have 
similar spectral shape to that of MgO. This qualitative 
analysis indicates that the Fe1-xMgxOy series thin films 
have a rocksalt-like structure at Mg concentrations higher 
than 0.5. 

 
Figure 1 (b) plots the O K-edge XANES spectra of 

Fe1-xMgxOy thin films along with MgO and Fe3O4. All 
spectra are normalized to the intensity far above the 
absorption edge. Our O K-edge XANES of MgO and 
Fe3O4

  are consistent with those reported by other group. 

There are three notable features (R、S and U) in MgO 
spectrum corresponding to the transition from O 1s core 
level to O 2p-Mg 3p, O 2p-Mg 3d and O 2p-Mg 4s 
hybridized states, respectively. Specifically in the lower x 
value spectra there are two significant features at the 
lower part of Fig.3, a* and b*, due to transition from O 
1s core level to O 2p-Fe 3d and O 2p-Fe 4sp hybridized 
states, respectively. While the spectra of Fe3O4 and MgO 
are distinctly different, our samples show gradual 
evolution in spectral shapes as the Mg concentration 
varies. For x>0.5 all the spectra are more similar to that 
of pure MgO, whereas for x<0.5 the spectra are more 
similar to that of Fe3O4. The spectra variation clearly 
indicates an electronic structure transformation from 
spinel-like to rocksalt-like structure as x value increases. 
For x values between 0 and 1 features R, S are overlap 
with feature b*, only the variation of feature a* with x can 
be distinguished for the whole series.  
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Figure 1. Normalized XANES results, (a) Mg K-edge 
spectra of MgO and a series of Fe1-xMgxOy thin films. (b) 
O K-edge spectra of MgO, Fe3O4 and a series of Fe1-

xMgxOy thin films. 
 
 We can draw a conclusion based on our 
spectroscopic analysis. A transformation from Fe3O4-like 
spinel structure to MgO-like rock salt strucure was 
observed in a series of Fe1-xMgxOy samples, the critical x 
value is around 0.5. The average Fe valence was 
maintained at that of the Fe3O4, one-third of Fe2+ and 
two-third of Fe3+, up to x=0.3. Only nominal amount of 
Fe2+ remained beyond x=0.3. At the x value of 0.9, almost 
all Fe are in trivalent state. 
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C.-W. Pao (包志文)1, J.-W. Chiou (邱昭文)1, S. C. Ray1, W.-F. Pong (彭維鋒)1,  

K.-F. Lin (林國峰)2,  and W.-H. Hsieh (謝文峰)2 
 

1Department of Physics, Tamkang University, Tamsui, Taiwan 
2Department of Photonics and Institute of Electro-Optical Engineering,  

National Chiao Tung University, Hsinchu, Taiwan 
 

after subtracting the background using a best fitting 
Gaussian curve indicted by the dotted lines. We can find 
that the intensities increase indicates that the number of O 
2p unoccupied states increase with the downsizing of the 
ZnO QDs.  

In this work, we have studied the change of 
electronic structure of different diameter of ZnO quantum 
dots. For this study, we have employed X-ray absorption 
near-edge structure (XANES) spectrum of O K-edge and 
Zn L3-edge. The O K-edge and Zn L3-edge spectra were 
obtaind using the high-energy spherical grating 
monochromator beamline in a vacuum better than 10-8 
Torr by the fluorescence yield method. The incident 
angle relative to the normal-axis of the samples was 37°. 
The ZnO quantum dots were synthesized via a simple 
sol-gel method. X-ray diffraction (XRD) spectra of ZnO 
QDs indicating all of the samples are wurtzite in structure. 

Figure 2 is the Zn L3-edge XANES spectra, from Zn 
2p to 4s and antibonding 3d orbital. The inset is the Zn 
L3-edges XANES features obtained after background 
subtraction using a best fitting Gaussian curve indicted by 
the dotted lines. The feature exhibits an intensity increase 
as the QDs diameter decreases, shows that the number of 
Zn 3d unoccupied states decreases. From O K-edge and 
Zn L3-edge XANES features, the antipode change of O 
2p and Zn 3d unoccupied states indicates that there is a 
fewer O 2p-Zn 3d antibonding coupling with the decrease 
of the diameter of the ZnO QDs. 

Figure 1 shows the O K-edge XANES spectra of the 
ZnO QDs and the reference ZnO film. The spectral 
feature reflects electron excitation from O 1s to 2p states. 
The inset shows the O K-edges XANES features obtained  
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Figure 2. Normalized Zn L3-edge absorption spectra of 
the ZnO QDs and the reference thin film. The inset 
shows the Zn L3-edges XANES features obtained after 
background subtraction using a best fitting Gaussian 
curve indicted by the dotted lines. 

Figure 1. Normalized O K-edge absorption spectra of 
the ZnO QDs and the reference thin film. The inset 
shows the O K-edges XANES features obtained after 
background subtraction using a best fitting Gaussian 
curve indicted by the dotted lines. 
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Ion Kkinetic Energy Distribution of Gaseous Si(CH3)2Cl2 via Cl 2p Core-level Excitation 
 

K.-T. Lu (盧桂子)1, J.-M. Chen (陳錦明)1, J.-M. Lee (李振民)1,2,  
S.-C. Haw (何樹智)1, and C.-K. Chen (陳政愷)1   
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The kinetic energy distribution of ionic fragments 
produced by photoexcitation of molecules provides 
information about the dissociation dynamics such as the 
steepness of potential energy surfaces of electronically 
relaxed states and the energy partitioning among the 
internal degree of freedom of fragments.1 We found that 
the Si(CH3)2

+ and SiCH3
+ yields show significant 

enhancement for gaseous Si(CH3)2Cl2 following the Cl 2p 
→ 15a1

* excitation when compared with the excitations 
of Cl 2p → 10b1

* and Cl 2p → shape resonance.2 This 
infers that the spectator Auger decay and succeeding 
two-hole, one-electron (2h1e) final states with a spectator 
electron localized in a strong antibonding orbital (15a1

*) 
produce significant enhancement of specific ion 
fragments. A possible reason for the significant 
difference in the Si(CH3)2

+ yields for gaseous 
Si(CH3)2Cl2 following Cl 2p (or Si 2p) to 15a1

* and 10b1
* 

excitations might reflect the difference in the steepness of 
the repulsive potential between 15a1

* and 10b1
*. It is 

expected that the potential curve of 15a1
* is much steeper 

than that of 10b1
*. So, within the lifetime of 2h1e, 

Si(CH3)2
+ can gain more kinetic energy from 15a1

* state, 
increasing the Si(CH3)2

+ yield. To elucidate the 
mechanism of state-specific enhancement of ionic 
fragments, we measures the kinetic energy distributions 
of various fragment ions for gaseous Si(CH3)2Cl2 
following Cl 2p core-level excitation to various 
resonances.  

In Figs. 1a-1c, the average kinetic energies of 
fragment ions (SiCl+, Si+, and Si(CH3)2Cl+, as 
representative examples) for gaseous Si(CH3)2Cl2 are 
shown as a function of the excitation energy near the Cl 
2p edge. As noted, the average kinetic energies of 
fragment ions depend markedly on the excitation energy. 
As shown in Figs. 1a-1c, the average kinetic energies of 
various fragment ions, such as SiCl+, at the shape 
resonance are much higher than those at Cl 2p core-to-
valence and Cl 2p core-to-Rydberg excitations. This is 
due to the fact that the Coubomb repulsion of 
electronically relaxed two-hole (2h) states at the shape 
resonance is much larger than that of 2h1e final states at 
resonant Cl 2p core-to-valence and Cl 2p core-to-
Rydberg excitations. In Fig. 1d, the kinetic energy 
distributions of Si(CH3)2

+ for gaseous Si(CH3)2Cl2 
following Cl 2p core-level excitation are reproduced. The 
resultant average kinetic energy of Si(CH3)2

+ is shown in 
Fig. 1e as a function of the excitation energy near the Cl 
2p edge. As noted from Figs. 1d and 1e, the ion kinetic 
energy distribution of Si(CH3)2

+ via the Cl 2p → 15a1
* 

excitation is shifted to an energy ~ 0.2 - 0.3 eV greater 
than those via excitations of Cl 2p to 10b1

* state, Rydberg 
orbital, and shape resonance. As mentioned, the kinetic-

energy distribution of ionic fragments from molecules via 
core-level excitation is related to the steepness of the 
potential energy curves of the electronically relaxed 
states. Accordingly, the electronically relaxed 2h(15a1

*)1 
states with a spectator electron localized at the 15a1

* 
states would have steeper repulsive-potential curves 
along the Si-Cl coordinates, than for 2h(10b1

*)1 and 2h 

states. As a result, a spectator electron in the 15a1
* orbital 

is more effective in the cleavage of the Si-Cl bond than 
that in the 10b1

* orbital, increasing the Si(CH3)2
+ yield.. 

The ion enhancement at specific core-excited states 
correlates strongly with the ion kinetic energy which is 
related to the steepness of a potential surface along the 
dissociation coordinates of core-relaxed states. The 
results deduced from ion kinetic energy distribution are 
consistent with results of molecular orbital calculations 
on Si(CH3)2Cl2 using the ADF package. 
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Figure 1. Average kinetic energies of (a) SiCl+, (b) Si+, 
and (b) Si(CH3)2Cl+ as a function of excitation energy 
near the Cl 2p edge. (d) Kinetic energy distributions of 
Si(CH3)2

+ for gaseous Si(CH3)2Cl2 following Cl 2p core-
level excitation. The photon energy used for excitation is 
indicated in each spectrum. (e) Average kinetic energy of 
Si(CH3)2

+ as a function of the photon energy in the 
vicinity of the Cl 2p edge. 
Reference:  
1. R. Weimar, R. Romberg, S. F. Frigo, B. Kassühlke, and P. 
Feulner, Surf. Sci. 451, 124 (2000). 
2. J. M. Chen, K. T. Lu, J. M. Lee, C. K. Chen, and S. C. Haw, 
“J. Chem. Phys. 125, 214303 (2006). 
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XANES Study Synthetic Na and K Birnessite Type Manganese Oxide 
 

Ming-Kuang Wang (王明光) and Rajabathar Jothiramalingam 
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X-ray absorption near-edge spectroscopy (XANES) 
is sensitive to provide the information about electronic 
configuration and local environment around X-ray 
absorbed atoms, such as valence state, chemical bonding 
character, local coordination.  Toner et al 32 reported the 
X-ray absorption fine edge structure of Mn-L-edge 
spectra of acid birnessite (McKenzie method produced 
potassium birnessite) and the same is included in our 
XANES data for comparison (Fig. 1) and to explain its 
differences with ODPRM method (our group produced) 
Na and K-birnessite.  Fig. 1 show the Mn-L-edge spectra 
of Na-birnessite, K-birnessite, synthetic K-OMS-2 
(cryptomelane type manganese oxide phase) and 
commercial pyrolusite (MERCK, Inc.USA) manganese 
oxide.  K-OMS-2 and manganese oxide (Pyrolusite) 
samples show the same XANES patterns due to similar 
manganese oxidation state, because the average oxidation 
state of synthetic K-OMS-2 at around 3.98 and in the 
case of XANES patterns for Na and K- birnessite are 
different due it is lower average oxidation state.  
Reported X-ray absorption Mn Ledge spectra of acid 
birnessite (McKenzie)32 also similar like K-OMS-2 and 
MnO2 due to similar manganese valence (average 
oxidation state of acid birenessite is 3.96)33. Mn L-edge 
spectra providing the stunning evidence for differentiate 
structural difference between conventional OPDRM 
route prepared Na and K-birnessite and are looks similar 
X-ray absorption spectra from standard compounds than 
X-ray absorption near edge spectra of McKenzie method 
produced acid birnessite, which is mostly looks like 
synthetic K-OMS-2 (cryptomelane). Fig. 1 shows 
multiple absorption patterns at around 641-643 eV for Na 

and K-birenessite.  Hence, Na and K-birnessite exists 
with same structure and average oxidation state with 
different local environment of interlayer cations, which is 
clearly shown by Mn L-edge spectra of Na and K-
birenessite with respect to standard samples. 
 

 
Figure 1. Mn L-edge XANES spectra of (1) MnO2 
(pyrolusite) (2) K-OMS-2  (cryptomelane)(3) Na-
birnessite and (4) K-birnessite and Mn L-edge  XANES 
of acid potassium birnessite (inside picture). 
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Superconductivity Dependent on the Amount of Bi and Sr in the Bi2Sr2CuO6 Compounds  
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J.-F. Lee (李志甫)2, and H.-C. I. Kao (高惠春)1 
 

1Department of Chemistry, Tamkang University, Tamsui, Taiwan 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
Two series of samples with nominal compositions of 

Bi2+xSr2CuOy and Bi2Sr2-xCuOy (0 ≤ x ≤ 0.10) were 
prepared by a conventional solid-state reaction method. 
Laminar morphology is observed for all the samples 
under SEM. EDS analysis shows that Bi is slightly 
volatile, the depletion amount is about 3% in the Bi rich 
samples, but only about 1% loses in the Sr deficient 
samples. Hole concentration of the Bi2Sr2-xCuOy series 
increases with increasing x, showing a hole doping effect 
caused by the depletion of the Sr ions. In contrary, 
Bi2+xSr2CuOy series has a hole filling effect by 
introducing the extra Bi ions. These samples show 
metallic conducting behavior in the normal state and 
superconducting property at lower temperature. Tc 
decreases with increasing x on both series. Bi2Sr2CuOy 
has the highest Tc at 7.9 K with an optimal hole 
concentration of 0.237. Hole concentrations obtained 
from the O-K edge XANES spectra and the iodometric 
titration agree well in these samples.  Fig. 1 and 2 show 
the O-Kedge XANES spectra of Bi2+xSr2CuOy and Bi2Sr2-

xCuOy, respectively.  Fig. 3 shows the Tc vs. hole 
concentration of Bi2+xSr2CuOy and Bi2Sr2-xCuOy samples.  
The formers are on the under doping side and the latters 
are on the over doping side. Fig.  4. shows the 
relationship between the hole concentration determined 
by the iodometric titration, which is about linearly 
dependent on the O-K pre-edge peak area of 
Bi2+xSr2CuOy and Bi2Sr2-xCuOy samples. 
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Figure 2. O-Kedge XANES spectra of Bi2Sr2-xCuOy. 
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Figure 3. Tc vs. hole concentration of Bi2+xSr2CuOy and 
Bi2Sr2-xCuOy samples. 
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Figure 1. O-Kedge XANES spectra of Bi2+xSr2CuOy. 
 

Figure 4. Hole concentration vs. pre-edge peak area of 
Bi2+xSr2CuOy and Bi2Sr2-xCuOy samples. 
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Nanoparticle Decoration of Carbon Nanotubes by X-ray Irradiation 
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A new technology to modify Multi-Wall carbon 
nanotubes (MWNTs), TiO2 nanoparticles were attached 
to the nanotube and locations of functional groups were 
further confirmed. Using synchrotron radiation source 
develops of sol-gel solutions for the formation of 
TiO2/MWNTs hybrid material. The surface properties of 
MWNTs could be change by intensity or exposure time 
of X-ray. By X-ray interaction, the MWNTs could be 
successfully coated with about 15nm TiO2 nanoparticles.  
Thus while this approach is envisaged to be quite 
challenging, its success will provide new fundamental 
knowledge and tremendous opportunities for the 
synthesis of hybrid material. The X-ray absorbation  data 
were collected using synchrotron radiations at 20A1 
BM – (H-SGM) beam lines.  

 

 

Figure 1 show that TEM images of TiO2/MWNTs 
hybrid material, (a) and (b) present MWNTs coated with 
TiO2 after X-ray exposure during 1h. It is obvious that 
the nanosized TiO2 particles were coated onto the surface 
of the MWNTs. The amount of TiO2 is increase with long 
exposure time. The thickness of TiO2 layer on the 
MWNTs was found to be around about 5-15 nm on 
average. 

Figure 1. (a), (b) TEM images of TiO2/MWNTs hybrid 
material after 1hr x-ray irradiation. 
 Figure 2 summarizes the O K-edge features of TiO2 

at differences X-ray exposure times. The NEXAFS 
spectra were recorded using the fluorescence-yield (or 
sample current) method to assure the measurements of 
nanoparticles stoichiometries of the titanium oxides. Fig. 
2 clearly indicates that the O K-edge features are very 
sensitive to the oxidation states of titanium. The local 
coordination of oxygen in TiO2 is octahedral for these 
oxides. The O K-edge features at 531.3, 534.0, 539.3 and 
544.8eV were observed at different X-ray exposure times. 
Furthermore, the characteristic changes in the O K-edge 
regions clearly indicated a conversion of TiO2 to oxides 
with lower oxidation states as result of X-ray exposure 
method. In the XAS results, it is clearly that TiO2 can 
attach to MWNTS successful by X-ray exposure method. 
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Figure 2. Comparison of O K-edge features for TiO2. 
NEXAFS measurements were carried out by measuring 
the fluorescence yield to assure nanoparticle for TiO2. 
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Crossed Molecular Beam Study of the Reaction O(3P) + Propylene 
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The reaction of O(3P) with propylene (C3H6.) plays 
an important role not only in the combustion and 
oxidation reaction of propylene itself, but also for many 
other fuels since propylene is an important intermediate 
in the combustion of LPG (Liquefied Petroleum Gas), 
large aliphatic hydrocarbons, and aromatics. Although 
the reaction of the simplest alkene, ethylene, with oxygen 
atom has been studied for decades, it is surprisingly that 
only a few work was devoted to the reaction of propylene 
with oxygen atom so far. Here we reported our 
preliminary results of the investigation on the title 
reaction by measuring the product translational 
spectroscopy with the rotating-source crossed molecular 
beam apparatus. Undulator radiation serves as a source 
for VUV photoionization of reaction products. Compared 
with the reaction of atomic oxygen with ethylene, we 
would like to understand how the additional methyl 
substituent plays its role in the title reaction. 

Three major types of reactions were observed and 
identified: (1) the H-atom elimination, (2) the CH3 radical 
elimination, and (3) the C=C double bond fission. 
Product angular distributions and time-of-flight spectra 
were measured and the translational energy release was 
determined for each reaction. With theoretical 
calculations at the CCSD(T)/6-311+G(3df,2p)//B3LYP/ 
6-311G(d,p) level, the product potential energy levels 
were obtained (see Fig.1). Based on the experimental 
results and calculated potential energy levels, we suggest 
that after the electrophilic addition of O(3P) to propylene 
forming a triplet diradical, two energetically possible 
reaction dynamics could occur (see Fig. 2): (a) direct 
elimination of an H-atom or methyl radical from the 
intermediate triplet diradical and (b) H-atom migration 
following intersystem crossing (ISC) to the singlet state. 
Subsequently, either the original C=C bond rupture 
forming HCO + C2H5, or the methyl radical release with 
its counterpart, vinoxy radical, take place. 

Compared with the reaction of O(3P) + C2H4 , we 
concluded that the additional CH3 group has two effects : 
(1) Sterical effect. The methyl group hinders the methyl 
substituted double-bonded carbon atom from being 
attacked by the oxygen atom, so the oxygen atom will 
mostly attack the unsubstituted CH2 moiety. Even if the 
oxygen atom attaches to the methyl substituted carbon, 
the methyl radical is released in preference to the H atom 
as a fact that C-C bond energy is less than that of a C-H 
bond. That causes the yield of H-atom decreases with 
respect to the O(3P) + ethylene reaction. (2) Energy 
dissipation effect. Because the degrees of freedom 
increase substantially from 12 to 21, the density of states 
and the rate of ISC increase. The total available energy 
will be partitioned mostly into other vibrational degrees 
of freedom rather than the C-H dissociation coordinate. 
Thus, the yield of H atom drops with increasing density 

of states. On the other hand, the yields of vinoxy radical 
and HCO will increase because they result from the 
mechanism of ISC. 
 

O(3P) + Propylene
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Figure 1. The relative energy level diagram. 
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Figure 2. Schematic mechanisms for the reaction of O(3P) 
with propylene 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Distributions of kinetic energy of products from 
three exit channels of the reaction O + C3H6. 
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Photodissociation Dynamics of Fluorobenzene (C6H5F) at 157 nm 
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We employed fragmentation translational spectro-

scopy utilizing a tunable source of vacuum ultraviolet 
radiation from a synchrotron to investigate the 
photodissociation dynamics of C6H5F at 157 nm. Upon 
photolysis of C6H5F at 157 nm, ions H+, F+, HF+, C2H2

+, 
C6H4

+, and C6H4F+ were detected at m/z = 1, 19, 20, 26, 
76, and 95 using direct VUV photoionization. To reveal 
the contribution of multi-photon processes in generation 
of these products, we measured the dependence of ion 
signals of these products on the energy of the photolysis 
laser. The logarithmic plots of signal intensity vs. laser 
energy were fitted to a linear function; plots for H, HF, 
C6H4, and C6H4F have slopes 1.12, 0.96, 0.77, and 0.67, 
respectively, indicating that reactions occur with a nearly 
linear dependence on laser energy. In contrast, those for 
F and C2H2 have slopes 1.67 and 1.62, respectively; they 
are likely produced via two-photon processes.  

With a simulation program PHOTRAN, we fitted 
the TOF spectrum of a product with a trial function of 
P(Et) based on forward convolution. All the TOF spectra 
of two momentum-matched products were fitted with the 
same P(Et). The best fits to our experimental data are 
shown in Figs. 1–2. Figure 1 shows TOF spectra of 
products H and C6H4F. The TOF spectrum of atomic H 
was deconvoluted into rapid and slow components, 
shown as dotted and solid lines, respectively; only the 
slow component correlates with the TOF spectrum of 
C6H4F. The rapid component has a nonlinear dependence 
on laser energy and is thus attributed to two-photon 
dissociation, whereas the slow component is associated 
with the one-photon process. Figure 2 shows TOF 
spectra of HF and C6H4. Although TOF spectra of HF 
and C6H4 correlate satisfactorily with the derived single-
component distribution of kinetic energy, P(Et), a small 
fraction of the slow component of the TOF spectrum of 
HF is unaccounted for. Both the major component and 
this slow component of HF depend linearly on laser 
energy. 

Minor species arising from fragmentation of 
photofragments following ionization were  observed; 
their signals depend on the photoionization energy. After 
subtraction of the duration of ion flight from the total 
flight duration, daughter ions at m/z = 94(C6H3F+), 76 
(C6H4

+), 75 (C6H3
+), 68 (C4HF+) and 50 (C4H2

+) show 
TOF distributions the same as for C6H4F.  Daughter ions 
C2H3

+ and C2H2F+ from dissociative ionization of C6H4F 
are minor when ionized at 12.8 eV. 

Between two primary dissociation channels 
observed upon irradiation at 157 nm, the HF-elimination 

channel C6H5F → HF + C6H4 dominates, with a 
branching ratio 0.61±0.05 and an average release of 
kinetic energy 108 kJ mol−1; the H-elimination channel 
C6H5F → H + C6H4F has a branching ratio 0.39±0.05 and 
an average release of kinetic energy 26.8 kJ mol−1. 
Photofragments H, HF, C6H4 and C6H4F produced via the 
one-photon process have nearly isotropic angular 
distributions. Both the HF-elimination and the H-
elimination channels likely proceed via the ground-state 
electronic surface following internal conversion of C6H5F; 
these channels exhibit small fractions of kinetic energy 
release from the available energy, indicating that the 
molecular fragments are highly internally excited. We 
also determined the ionization energy of C6H4F to be 8.6 
± 0.2 eV. 
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Figure 1. TOF spectra of H (m/z = 1) and C6H4F (m/z = 
95) produced upon photolysis of C6H5F at 157 nm. 
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Figure 2. TOF spectra of HF (m/z = 20) and C6H4 (m/z = 
76) produced upon photolysis of C6H5F at 157 nm 
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Upon the photolysis of vinyl fluoride at 157 nm, we 
observed eight photoproducts, e.g., C2H2F, C2H3, C2HF, 
C2H2, HF, H2, F and H, associated with four primary 
dissociation channels C2H3 + F, C2H2F + H, C2HF + H2, 
and C2H2 + HF; their branching ratios are 0.04, 0.32, 0.05, 
and 0.59, respectively.  A fraction of the C2H3 and C2H2F 
products were observed to undergo secondary 
dissociation.  In the proceedings we exhibited only the 
TOF spectra of C2H2F, C2H3, F-atom, and H-atom to 
reveal the dissociation thresholds of the former two 
radicals.  A computer program PHOTRAN serves to 
mimic the TOF spectra of two momentum-matched 
fragments with a trial kinetic-energy distribution P(Et).  
After iterative forward convolution, we can obtain a 
satisfactory P(Et) of the two momentum-matched 
products from the best fit to the experimental TOF 
spectra.  Et is the total kinetic energy including two 
momentum-matched products. 

Figure 1 (a) and (b) depict the experimental TOF 
spectra of C2H3 (vinyl) and atomic F, respectively, along 
with their own TOF simulations.  Due to a minor channel, 
signals of the two momentum-matched products C2H3 
and F-atom are small.  A signal of the 13C isotopic variant 
of C2H2 was observed in Fig.1 (a) and fitted with a dotted 
line.  The surviving and dissociating C2H3 correlate with 
the solid-line and dashed-line components of atomic F, 
respectively.  The dash-dotted-line component of F-atom 
originates from dissociative ionization of product HF.  
Dissociation to C2H3 + F has available energy (Eava) 55 
kcal mol-1 and product C2H3 has an internal energy of 
Eava–Et.  The P(Et), shown in Fig. 1 (c), indicates that a 
fraction (45%) of C2H3 with internal energy greater than 
38 kcal mol-1 spontaneously decomposes to C2H2 + H; the 
evaluated barrier height is in good agreement with a 
theoretical value 38.3 kcal mol-1.  Product C2H2 has two 
features in the TOF distribution, not shown here; the 
rapid feature is due to elimination of H2 and the slow 
feature is due to secondary dissociation C2H3 → C2H2 + 
H.  The secondary H-atom might contribute to the small 
bump of atomic H in flight time around 13 μs. 

Analogously, Fig. 2 (a) and (b) depict the TOF 
spectra of C2H2F (fluorovinyl) and atomic H, respectively, 
along with their own TOF simulations.  Shown in Fig. 2 
(c) is the primary P(Et) for the C2H2F + H channel.  
C2H2F has a sharp feature near 100 μs and a broad feature 
around 200 μs; the rapid and slow features correspond to 
the forward and backward parts of C2H2F in the center-
of-mass frame, respectively, and thus have the same P(Et).  
The surviving C2H2F correlates only with the leading part 
of atomic H, indicating that a large fraction (93%) of the 
C2H2F product that correlates with the dashed-line 
component of H-atom undergoes spontaneous 
decomposition.  From analysis of product yields, we 
deduce that C2H2F dissociates to C2H2 + F and C2HF + H 

with a branching ratio of 95:5.  The large second feature 
of atomic F peaking at ~80 μs and the small bump of 
atomic H around 13 μs are attributed to the 
decomposition of C2H2F.  Because the reaction C2H2F → 
C2H2 + F has a smaller enthalpy of reaction and a larger 
yield than the reaction C2H2F → C2HF + H, we propose 
that the breakpoint at 25 kcal mol-1, as shown in Fig. 2 (c), 
reflects the dissociation barrier height of the F-leaving 
channel.  Since the reaction C2H3F → C2H2F + H has 
available energy 67 kcal mol-1, the dissociation barrier 
height of C2H2F → C2H2 + F is determined to be 42 kcal 
mol-1.  The barrier height of the reaction C2H2F → C2HF 
+ H cannot be unraveled in the present work.. 
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Figure 1 (a) A TOF spectrum of C2H3 detected at a 
scattering angle 30o using photoionization energy 11.1 eV; 
(b) a TOF spectrum of atomic F detected at a scattering 
angle 20o using photoionization energy 18.3 eV; (c) the 
corresponding kinetic-energy distributions for the 
surviving C2H3 (solid line) and the dissociating C2H3 
(dashed line).  
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Figure 2 (a) A TOF spectrum of C2H2F detected at a 
scattering angle 10o using photoionization energy 11.1 eV; 
(b) a TOF spectrum of atomic H detected at a scattering 
angle 30o using photoionization energy 17.1 eV; (c) the 
corresponding kinetic-energy distributions for the 
surviving C2H2F (solid line) and the dissociating C2H2F 
(dashed line). 
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We investigated the dissociative ionization of 

formaldehyde (CH2O) and ethene (C2H4) produced from 
photolysis of 1,3-trimethylene oxide at 193 nm using a 
molecular-beam apparatus and vacuum ultraviolet (VUV) 
radiation from an undulator for direct ionization.  The 
CH2O (C2H4) product suffers from severe dissociative 
ionization to HCO+ (C2H3

+ and C2H2
+) even though 

photoionization energy is as small as 9.8 eV.  Branching 
ratios of fragmentation of CH2O and C2H4 following 
ionization are revealed as a function of kinetic energy of 
products using ionizing photons from 9.8 to 14.8 eV.  
Except several exceptions, branching ratios of daughter 
ions increase with increasing photon energy but decrease 
with increasing kinetic energy.  The title reaction 
produces CH2O and C2H4 mostly on electronic ground 
states but a few likely on triplet states; C2H4 ( ) 

seems to have a yield greater than CH2O (
uBa 1

3~

2
3~ Aa ).  The 

distinct features observed at small kinetic energies of 
daughter ions are attributed to dissociative ionization of 
photoproducts CH2O ( 2

3~ Aa ) and C2H4 ( uBa 1
3~ ).  The 

observation of triplet products indicates that intersystem 
crossing occurs prior to fragmentation of 1,3-
trimethylene oxide. 

Shown in figure 1 are the kinetic-energy 
distributions of products derived from their TOF spectra 
via direct transformation.  We regarded species of m/z 29 
as CH2O and species of m/z 27 and 26 as C2H4 for direct 
spectral transformation from flight-time to kinetic-energy 
distribution.  Et includes kinetic energies of two 
momentum-matched fragments.  The difference observed 
in kinetic-energy (or TOF) distributions between parent 
and daughter ions is attributed to significant dependence 
of fragmentation branching ratios on internal or 
electronic energy of products after ionization.  We sum 
up signals of m/z 30–29 and of m/z 28–26 to retrieve 
original kinetic-energy distributions of photoproducts 
CH2O (denoted with m30+m29) and C2H4 (denoted with 
m28+m27+m26), respectively.  Because there are two 
evident features in the distributions of kinetic energy, we 
divide each kinetic-energy distribution roughly into two 
regions: 45–160 kcal mol-1 (I) and 5–45 kcal mol-1 (II). 

From figure 1, we derive branching ratios of 
fragmentation of CH2O and C2H4 to their daughter ions 
as a function of kinetic energy Et, as shown in the left 
panels of figure 2.  CH2O has a larger branching ratio for 
fragmentation than C2H4 after ionization at the same 
photon energy, which is mainly attributed to a small 
fragmentation threshold for CH2O.  Because a slower 
product typically has a larger internal or electronic 
energy than a rapid one, a slower product might have a 

larger probability for fragmentation following ionization.  
The abrupt change of branching ratios from 0.9 at 9.8 eV 
to 0.7 at 11.1 eV might be due to a small amount of 
CH2O that populates on an electronic excited state, likely 

2
3~ Aa .  Although CH2O merely has a small population 

on electronic excited states, its contribution becomes 
significant when photoionization energy is smaller than 
the IE of ground-state CH2O.  we average branching 
ratios of daughter ions in the regions I and II, separately, 
as shown in the right panels of figure 2.  Products in  the  
region II have more internal or electronic energy than 
those in the region I and thus have a larger fragmentation 
ratio after ionization. 
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Figure 1. Kinetic-energy spectra of products at m/z = 30–
26 detected with photoionization energies from 9.8 eV to 
14.8 eV.  
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Figure 2. (Left) Branching ratios of dissociative 
ionization of CH2O and C2H4 as a function of kinetic 
energy Et.  (Right) Dependence of fragmentation 
branching ratios of CH2O and C2H4 on ionizing photon 
energy.  Solid curves are the previous experimental data. 
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The reactions between F2 and a series of alkenes 

(C2H4, C3H6, C4H8) were investigated with the crossed 
molecular beam technique. Nascent products were 
detected and identified under the single collision 
condition, allowing us to learn the reaction mechanisms. 
High-level ab initio calculations [CCSD(T) and CAS-PT2 
with complete basis set extrapolation] will be performed 
to find the reaction paths and determine the reaction 
energetics. For F2 reaction with the above three alkene 
molecules, only F atom transfer channel was observed. 
Their product angular distributions are backward biased, 
suggesting repulsive potential energy surfaces of the 
reactions. This finding is in contrast to the previous 
investigation of reactions of F2 with organosulfurs, in 
which predominant forward angular distributions were 
observed for the products.   
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Figure 2. The angular distribution of product mass 47 
(C2H4F+) and 46 from the crossed molecular beam 
reaction F2 + C2H4. Although small amount of mass 46 
was observed, it is most likely the daughter ion of 
product CH2FCH2. The angular distributions and time-of-
flight spectra of mass 46 and 47 are almost the same. 
With analysis of the Newton Diagram, the angular 
distribution of this product can be assigned to be 
backward.  
 
 

Two kinds of ionization methods, electron impact 
ionization and vacuum UV photoionization, were used in 
the experiment. Synchrotron radiation from the 9-cm 
undulator beamline of the Taiwan Light Source provided 
the bright tunable vacuum UV light with intensity of 
~1016 photon/sec, which is crucial for detecting signals in 
the single collision condition.   
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Figure 1. (upper) Photoionization efficiency spectra of 
product mass 47 (CH2FCH2) from the crossed molecular 
beam reaction F2 + C2H4. Data from multiple scans are 
superimposed. The resolution of the synchrotron 
radiation photon beam is about 3% (ΔE/E). (lower) A 
spectrum of mass 28 (C2H4) is shown for comparison and 
calibration purposes.  
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To be specific, the crossed molecular beam 
technique was applied to investigate the F2 + CH3SCH3 
reaction. Such experimental settings enable one to 
identify the primary reaction products with well defined 
collisional energies. Two reaction channels were 
observed directly:  

The reactions between F2 and a series of stable 
molecules (CH3SCH3, CH3SH, CH3SSCH3) were 
investigated with the crossed molecular beam technique 
and ab initio calculations. Nascent products were 
detected and identified under the single collision 
condition, allowing us to learn the reaction mechanisms. 
High-level ab initio calculations [CCSD(T) and CAS-
PT2 with complete basis set extrapolation] were 
performed to find the reaction paths and determine the 
reaction energetics. For F2 reaction with the above three 
organosulfur molecules, the reactivity was observed to be 
still significant even at low collisional energy, indicating 
low reaction barriers. Two product channels were 
observed for the three reactions. All the experimental 
findings are consistent with a weakly bound reaction 
intermediate of F−F−S< structure which is characterized 
by ab initio calculations.  Intriguing charge transfer 
processes were found even in the HF formation channel.   

F2 + CH3SCH3  → HF + CH2S(F)CH3  (I) 
→ F + CH3S(F)CH3  (II)  

Two sulfur-containing species with mass-to-charge ratio 
m/z = 80 [identified as CH2=S(F)−CH3] and 81 [identified 
as CH3−S(F)−CH3] were detected as nascent products. 
The structure assignment was performed as follows. The 
photoionization efficiency spectra (see Supporting 
Information) were recorded for both products to 
discriminate between possible isomers. The ionization 
thresholds of products with masses 80 and 81 were 
determined to be 8.7 ± 0.1 and 7.8 ± 0.1 eV, respectively. 
The computed adiabatic ionization energy (IE) for two 
most likely isomers of the mass 80 product, 
CH2=S(F)−CH3 and CH2F−S−CH3, were found to be 8.59 
eV and 9.09 eV, respectively. We noticed that fluorine 
substitution in the methyl group of CH3SCH3 (IE = 8.70 
eV) increases its ionization energy by about +0.4 eV. A 
similar effect was observed previously for chlorine 
substitution (CH2Cl−S−CH3, IE = 9.08 eV). The isomer 
CH2F−S−CH3 has clearly too high an ionization energy to 
match the observed photoionization threshold, hence the 
major product of mass 80 can be assigned as 
CH2=S(F)−CH3, supported by agreement between the 
observed and calculated IEs. For the mass 81 product, its 
ionization threshold is 0.9 eV less than that of CH3SCH3. 
A structure corresponding to CH3−S(F)−CH3 is the most 
reasonable assignment for this mass with the vertical IE 
calculated to be 7.89 eV.  
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Two kinds of ionization methods, electron impact 

ionization and vacuum UV photoionization, were used in 
the experiment. Synchrotron radiation from the 9-cm 
undulator beamline of the Taiwan Light Source provided 
the bright tunable vacuum UV light with intensity of 
~1016 photon/sec, which is crucial for detecting signals in 
the single collision condition.   

Figure 1. Photoionization efficiency spectra of products 
of mass 80 (CH2SFCH3) and mass 81 (CH3SFCH3) from 
the crossed molecular beam reaction F2+CH3SCH3 at 
collisional energy 9.2 kcal/mol. Data from multiple scans 
are superimposed. The resolution of the synchrotron 
radiation photon beam is about 3% (ΔE/E). A spectrum of 
mass 64 (CH3

34SCH3) is shown for comparison and 
calibration purposes. CH3

34SCH3 was used instead of 
CH3

32SCH3 because otherwise the signal was too intense 
for our detector. Ionization threshold was determined as 
the intersection between the baseline and a linear fit to 
the rising part of each spectrum. 
 
 

 

II - 266



 
21B1 U9 – (CGM) Angle Resolved UPS 

Angle-resolved Photoemission Spectroscopy Study of Low-dimentional Materials 
 

H.-W. Ou1, C.-M. Cheng (鄭澄懋)2, K.-D. Tsue (崔古鼎)2, and D.-L. Feng (封東來)1 
 

1Department of Physics, Fudan University, Shanghai, China 
2National Synchrotron Radiation Research Center, Hsinchu, Taiwan 

 
Low dimensional systems are one of the most 

important playground of modern condensed matter 
physics. Angle-Resolved Photoemission Spectroscopy 
(ARPES) is proven to be a powerful tool to investigate 
the electronic structure of these systems. 1D CDW 
material (TaSe4)2I and cuprate superconductor 
Bi1.7Pb0.3Si2CuO6+y were studied by ARPES at NSRRC 
21B1 U9- (CGM) beam line.  

 

 
Figure 1. ARPES intensity map [ T=287K ] of (TaSe4)2I 
along the 1D chain direction. 
 

(TaSe4)2I is a benchmark 1D conductor, which has a 
chainlike structure and exhibits a metal-insulator 
transition to an incommensurate, nearly tetramerized, 
CDW state at TP= 263K. The ARPES spectra show clear 
band dispersion throughout the Brillouin zone (BZ) with 
a minimum at Gamma point (Fig 1.). 
 

 
Figure 2. The auto-correlation results at EF and EB=0.46 
eV, taken data from Fig 1., which denoted by solid blue 
square and solid red circle, respectively. 
 

To show the evolution of system’s electronic 
structure across CDW transition, we carried out the auto-
correlation analysis on the Momentum Distribution Curve 
(MDC) data. The results are illustrated in Figure 2., 

which shows two different features at Fermi level and at 
deeper Binding Energy. Under the Peierls temperature 
(TP=263K), the Fermi level feature vanishes, while the 
other feature retains. 

Pb doped single-layer cuprate superconductor  
Bi1.7Pb0.3Si2CuO6+y  is an idea system to study its 
electronic structure. ARPES data were taken at normal 
state with photon energy 45 eV. Besides quasi-particle 
dispersion near Fermi energy, large energy scale 
dispersion was observed (Fig. 3). This confirmed our 
previous experiments at lower photon energies,1 and 
proved that the large energy scale dispersion is intrinsic 
and not due to matrix element effects.  
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Figure 3. ARPES intensity map of Bi1.7Pb0.3Si2CuO6+y at 
temperature 15K (normal state), with photon energy 45eV. 
 

In conclusion, we studied 1D CDW material 
(TaSe4)2I and cuprate superconductor Bi1.7Pb0.3Si2CuO6+y 
by ARPES. We observed clear band dispersion and 
temperature evolution of the (TaSe4)2I system. Large 
energy scale dispersion of Bi1.7Pb0.3Si2CuO6+y was 
confirmed in another experimental geometry, proving its 
intrinsic nature. 
 
Reference. 
1. B. P. Xie et al. ArXiv : Cond-matt/0607319. 
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Resonant excitation by synchrotron radiation and 
subsequent ionization by a tunable laser is used to study 
the photoionization of even-parity states in noble gases. 
High resolution laser system was used to probe 
autoioning states of neon and argon. By tuning 
synchrotron radiation, Ar was excited to Ar* 3p5 ( 2P1/2 ) 
3d'3 [3/2]1 resonance state, we further excite the Ar* to 
autoionzing states with a tunable laser within the 2P3/2 and 
2P1/2 region. The results show that the even parity of Ar 
nf'[5/2]2, np'[3/2]2, and np'[1/2]0 autoionization series can 
be observed at n = 15–50. The photoionization yields 
were measured versus the polarization varied of 10p' 
states of argon. With the excitation of Ne 5d'3 and 6s'1 
intermediate states, high Rydberg p' and f' series were 
probed and the quantum defect were determined. The 
spin-orbit component of 2P1/2 ionization limit of Ne is 

suggested to be 174710.2±0.2 cm-1 from the extrapolation 
of numerical analysis base on the quantum defect 
confinement.  
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  The study of the photoioniztion of atomic sulfur 

produced from 193 nm photodissociation of sulfides is of 
great interest because of its applications in environmental 
science, astrophysics, astrochemistry, biochemistry, and 
etc. Sulfur is a open-shell heavy atom and has strong 
spin-orbit coupling effect. The electronic configuration of  
atomic sulfur is 1s22s22p63s23p4, which lead to the 3P2,1,0, 
1D2, and 1S0 terms.  

   Because of the interference of ionization and non-
continuum states, the spectrum exhibits the lines with the 
Fano-type asymmetric line shape, and these lines are 
called autoionization states.  

 
    Photodissociaiton of ethylene sulfide and 

trimethylene sulfide at 193 nm is investigated by 
photoionization mass spectroscopy (PIMS). Both sulfide 
molecules produce sulfur atom after dissociation and this 
product can be detected by VUV photoionization. Hence 
in the preset work we employ the output from an 
undulator, located at Synchrotron Radiation Center in 
Hsinchu to excite S to the autoionization states. Then the 
ions are selected by the mass spectrometer. Both 
electronic states of S (3P2, 1, 0) and S (1D2) from both 
parent molecules are measured. The photoionization 
spectra of atomic sulfur from the ground electronic state 
(3P) to the quasi-discrete levels of autoionization serieses: 
(2Do) nd 3So, 3Po, 3Do and ns 3Do is shown. The spectral 
intensities in the spectra of the two different electronic 
states of S are used to calculate the branching ratio for 
production of these two electronic states of S 
 

 

 

 

 

 

 

 

 

 
Figure 1. Photoionizaiton Mass spectra of atomic S from 
photolysis of ethylene sulfide ( C2H4S ) at 193 nm. The 
spectra show that aotoionization series of S (3P) – S+(2D0) 
and S (3P) – S+ (2D0) transition both are existed.  
According to the population and the intensity of atomic S, 

we can determine the branching ratio of atomic products. 
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Figure 2. Photoionizaiton Mass spectra of atomic S from 
photolysis of trimethylene sulfide( C3H6S ) at 193 nm. 
The spectra show that aotoionization series of  S (3P )– 
S+ ( 2D0 ) and S ( 3P )– S+ (2D0)  transition both are 
existed. According to the population and intensity of 
products S, the branching ratio of atomic sulfur (3P/1D) is 
demonstrated. 
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High resolution synchrotron radiation based 
photoionization mass spectrometry was applied to study 
the dissociative photoionization of ClN3 under collision-
free molecular beam conditions at ionization energies 
between 10 and 17 eV. No parent ion (ClN3

+) could be 
detected under our experimental conditions. This 
suggests that the ground and excited states of ClN3

+ are 
weakly bound or repulsive, a conclusion supported by 
electronic structure calculations also reported here. We 
recorded photoionization yield spectra at m/z=49, 42, 35 
and 14 from which we extracted the appearance 
potentials for NCl+, N3

+, Cl+, and N+. The appearance 
potential of NCl+ (10.17 ± 0.02eV) observed here is close 
to the previously reported ionization potential of ClN3 
obtained form photoelectron spectroscopy. Using the 
theoretically calculated binding energy of ClN3

+ (0.2 eV), 
we derive an estimate of the adiabatic ionization 
potential of ClN3 = 9.97± 0.02 eV. The measured 
appearance potentials for N3

+, Cl+, and N+ provide three 
independent determinations of the Cl-N bond energy in 
ClN3, which agree within their respective error limits.  
The observations of this work are consistent with a new 
value of the N-Cl bond energy in ClN3, D0(Cl-N3)=1.86 ± 
0.05 eV, 0.3 eV lower than previously reported values, 
which are however experimentally derived upper limits. 
The bond energy reported here is consistent with high 
level ab initio (CCSD(T)) electronic structure 
calculations extrapolated to the complete basis set limit, 
which yield a value: D0(Cl-N3)=1.87 eV.    

   

 
 

 
 Figure 1. Photoionization spectra near threshold for: (a) 

m/z= 14 (N+), (b) 35 (Cl+), (c) 42 (N3
+) and (d) 49 (NCl+), 

produced by dissociative photoionization of ClN3. The 
experimentally measured spectra are shown as open 
circles and a solid line shows the average background 
signal in each spectrum present well below threshold. 
Data are shown re-binned as described in text. The 
detected ion signal indicated by a dashed arrow in the 
range 14.8 - 14.88 eV corresponds to the dissociation of 
molecular chlorine: Cl2

+→Cl+ + Cl. 
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Nearly all metal sulfide surfaces react rapidly with 
air, consequently to characterise surfaces by SXPS and 
NEXAFS spectroscopy before they are exposed to an 
aqueous chemical environment of interest, they have to 
be created by fracture and transferred to the end-station 
analysis chamber while under clean UHV.  This can be 
achieved in the ASRP end-station where both a dual-
blade fracture stage and the analysis chamber are 
attached to a rotary distribution chamber maintained 
under UHV.  

170 168 166 164 162 160 

Binding Energy (eV) 

One sulfide of particular interest is tetrahedrite, 
III(Cu,Ag)6

IV(Cu,Fe,Zn)6
III(Sb,As)4

IVS12
VIS (where IVCu 

represents Cu atoms in 4-fold coordination), because of 
Cu in both trigonal planar and tetrahedral sites (but only 
4 of the 6 tetrahedral sites are for univalent metals), and S 
in IVS and VIS sites.   It has been postulated that for more 
than 10 atoms of Cu and Ag, the excess Cu will be Cu(II), 
a claim supported by the detection of Cu(II) in 
tetrahedrite specimens by TEY NEXAFS spectroscopy.  
However, the claim is questionable as for no other system 
has there been credible evidence for Cu(II) in a sulfide; 
even the Cu in CuS and CuS2 is believed to be Cu(I). 

The SXPS survey scan from a tetrahedrite fracture 
surface prepared under UHV was consistent with the 
bulk composition of the mineral including its expected 
wide band-gap semiconductivity which necessitated the 
use of a low energy electron flood gun to compensate for 
charging of the specimen.  There was no evidence for any 
O 1s intensity near the Sb 3d5/2 peak at 529.6 eV. 

 
 
Figure 1.  Cu 2p3/2 peak from 
tetrahedrite fitted with single 
symmetrical component. 
 
 
 
 
 
 

The 2p3/2 peak in the Cu 2p spectrum determined at 
a photon energy of 1100 eV (Fig. 1) could be fitted with 
a single symmetrical component of Gaussian-Lorentzian 
lineshape and of linewidth 1.38 eV, which was at least as 
narrow as the corresponding peak for other sulfide 
minerals that had been characterised under the same 
experimental conditions and that were sufficiently 
conducting to not require charge compensation with a 
flood gun.  As expected from the absence of a Cu 2p3/2 
component between 933 and 934 eV that could have 
arisen from any Cu(II) present, excited final state 

satellites were not discernible.  Thus the Cu 2p spectrum 
was consistent with the presence of only Cu(I) in a 
sulfide of non-metallic conductivity. 

 
 
 
Figure 2.  S 2p spectrum from 
tetrahedrite fitted with one doublet 
with symmetrical, (1/2,3/2) 
components.  
 
 
 

 
The S 2p spectrum determined at a photon energy of 

210 eV can be fitted with a single S 2p doublet with 
symmetrical Gaussian-Lorentzian components of width 
0.9 eV and at a 2p3/2 binding energy of 161.5 eV.  This 
observation is notable for two reasons.  First, the absence 
of at least one additional doublet at a binding energy 
noticeably lower than that for the main doublet revealed 
that surface states (states expected when covalent bonds 
are broken on fracture) had not been formed or were very 
close in energy to the bulk states.  Secondly, the absence 
of an additional doublet of intensity ~8% of that of the 
main doublet and at a binding energy at least 0.5 eV 
higher indicated that the two 6-coordinate S atoms in the 
tetrahedrite unit cell do not have a measurably higher 
binding energy than the 24 4-coordinate S atoms.  The 
negligible difference observed for the S atoms in 
tetrahedrite provides confirmation that a higher S 
coordination number does not necessarily lead to higher 
S core electron binding energies as has been claimed 
previously.  The S 2p spectrum observed at a photon 
energy of 400 eV (Fig. 2) could also be fitted with a 
single doublet of symmetric components of width 0.8 eV.
 Cu L2,3-edge NEXAFS spectra were determined for 
the same fracture surface but using several different 
irradiated areas on the fracture surface to check for any 
sign of surface chemical degradation brought about by 
the photon beam.  The L3 absorption edge was at 933.4 
eV relative to the edge position for Cu metal of 932.6 eV.  
An absorption edge energy of 933.4 eV (peak energy of 
~934.5 eV) is similar to that observed for chalcocite.  
Thus, the absorption energy for tetrahedrite is in the 
‘indisputably Cu(I)’ region rather than being near the 
lower end of the Cu(I) range adjacent to that for Cu(II) .  
There was no evidence for even a low intensity 
absorption peak near 931.3 eV that could have arisen 
from a small concentration of Cu(II) in the tetrahedrite 
specimen. 
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Self-assembled monolayer (SAM) grown on noble 

metal is known to modify the free energy of the substrate 
surface, leading to a different overlayer growth. 
Octadecyltrichlorosilane (OTS) is often employed as an 
SAM on silicon oxide. However, there remain many 
subtle unknown factors affecting the film morphology 
and smoothness, carbon chain tilt direction, etc. We set 
up to grow an ultrasmooth OTS film, investigate how the 
carbon chain conformation is affected by rubbing, and 
utilize the film as a substrate for fabricating OFET.  
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Figure 1 presents an AFM image of rubbed OTS ML 
grown on a smooth silicon dioxide prepared by Ishizaka 
& Shiraki method. The rms roughness for this 10 × 10 
µm2 area is 0.35 nm.  

Figure 3 shows the incident-angle dependent TEY 
spectra for rubbed OTS ML. Glancing angle incidence 
gives a higher C-H intensity, indicating that the carbon 
chain is aligned toward the surface normal, agreeing with 
the accepted tilt angle of ~15°. By comparing the spectra 
for the rubbed and unrubbed films (spectra not shown), 
the C-H resonance intensity increases after the rubbing, 
indicating that the rubbing can “pull” carbon chain 
further upward . 
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Figure 2 shows azimuthal-angle dependent 
NEXAFS spectra for rubbed OTS ML on SiO2/ Si(100). 
Rubbing was carried out with a unidirectional force 
exerted by a rotating drum covered with Teflon cloth. 
The peak at 287.8 eV is attributed to C-H and Rydberg 
reson-ances and the peaks at 293 eV and 303 eV are 
assigned to C-C resonances. Because there is only a small 
difference in all three spectra, indicating that the rubbing 
does not bring forth anisotropic alignment of molecular 
chains. Measure-ments carried out for other OTS films 
like bilayer and multilayer also suggest that the rubbing 
does not result in a preferential azimuthal alignment. 
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Rubrene (5,6,11,12-tetraphenylnaphthacene) is an 

organic semiconductor material exhibiting high hole 
mobility and envisaged to have many potential 
applications in display technology. However, the 
interfacial properties of rubrene on metal substrate 
remain largely unknown. Here, we report on the 
investigation of the chemisorption of rubrene on Au(100), 
in particular the adsorption structure of rubrene on the 
surface. Rubrene films of several monolayers thick were 
deposited on Au(111) under ultra-high-vacuum 
conditions and studied using X-ray photoelectron 
spectroscopy (XPS), carbon K-edge Near Edge X-ray 
Absorption Fine Structure (NEXAFS) spectroscopy, and 
thermal desorption spectroscopy (TDS). The growth 
condition including the rate and temperature of 
deposition was determined by means of TDS. NEXAFS 
data obtained by us agree with the earlier result in which 
a twisted configuration for the tetramer unit is 
postulated.1 In this configuration, the chirality of rubrene 
is noted, different from a non-chiral configuration typical 
of gaseous rubrene. 

    
Top view (L) and side view (R-top) of gaseous rubrene 
molecule. Note the chirality exhibited by gaseous rubrene. 
In comparison, the chirality vanishes for a bulk rubrene 
(R-bottom) where the tetramer unit is flattened. 
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Figure 1. Carbon K-edge NEXAFS spectra of rubrene on 
Au(100) at different incident angles for (A) monolayer, 
and (B) multilayer. 

In Figure 1A, three intense peaks labeled as α, β, γ, 
associated with the 1s→ π* resonance of the backbone of 
the rubrene, can be observed. These resonances are 
located at energies of 284.25, 285.15, and 285.75 eV, 
respectively. In the previous study, a rather unique fourth 
peak α’ is reported to be at 283.75 eV and the intensity of 
this peak decreases as the coverage of rubrene increases. 
The α’ peak is postulated to be associated with a twisted, 
chiral rubrene, characteristic of the gaseous species, but 
the same α’ peak disappears for the bulk phase as the 
chirality is gradually lost as the rubrene film gets thicker. 

For the rubrene monolayer, the α peak intensity 
increases as the incident angle changes from 90° to 20°. 
The polarization dependence suggests that the rubrene 
monolayer on Au(100) arranges themselves in a specific 
orientation that is yet to be determined. The lack of clear 
signature of α’ peak, even in high resolution spectra, 
suggests that rubrene monolayer may not be in a twisted, 
chiral configuration. For the rubrene multilayer, the 
absence of α’ peak is quite clear, consistent with the 
earlier report.1 Moreover, two additional strong peaks 
emerge at 287.5 and 289.1 eV. However, no polarization 
dependence is found, suggestive of random absorption 
configuration. 

 
Reference: 
1. Käfer, et al, PRL 95, 166602 (2005). 
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Silicon carbide (SiC) and its polytypes are 

promising semiconductors for high temperature, high 
frequency and high power electronic and optoelectronic 
applications. Compared to high cost 4H- and 6H–SiC 
wafers, cubic (3C-) SiC exhibits the highest electron 
mobility, and is the only material that can be grown on 
low-cost Si substrate and with a potential to merge into 
the well-developed Si-base integration technology. Here, 
we investigate the optical and surface properties of 3C-
SiC thin films grown on Si by chemical vapor deposition 
(CVD), through UV excited Raman scattering, X-ray 
photoelectron spectroscopy (XPS), photoluminescence 
(PL), , and Fourier transform infrared (FTIR) 
transmission and reflectance measurements. Typical data 
are presented to express their main optical and surface 
features. XPS showed that the surfaces of 3C-SiC films 
consists of Si oxides (SiO2 and SiOx where x<2), CH 
components and unreacted Si, which were further studied 
by changing the photoelectron take-off angle and from 
chemical etching studies. PL, Raman and FTIR spectra 
have showed the single crystalline properties of 3C-SiC 
films thicker than 5 μm.  
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Figure Si 2p Syn-XPS spectra (take-off angle=75°) for 
SiC samples with varying growth times. 

 
The results obtained from Syn-XPS showed that the 
surface of the samples consist of Si oxides (SiO2 and SiOx 
where x<2) and unreacted CH, in addition to the 
stoichiometric SiC compound. However, the unreacted 
elemental Si from Si substrate which is expected to 
appear is absent on the SiC surface. 
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The extraction of adsorbates on both metal and 
semiconductor surfaces by impinging hydrogen atoms 
has attracted attention as a model system for 
understanding the fundamental dynamics of gas-surface 
reactions. One of the many model systems among these 
studies is the production of HCl gas species from a Cl-
terminated Si(100) surface (Cl/Si(100)). In this system, 
an incident H-atom flux reacts with Cl atoms adsorbed on 
the Si(100) surface and produces gaseous HCl molecules: 
Hg + Cad/Si(100) →HClg + Si(100).  

The core level measurement and STM images 
observed the formation of SiCl2 surface species, as shown 
in Fig. 1, indicating that "some" additional reactions 
occur beside the removal of Cl upon impingement of H 
atoms. Analysis of the STM(Fig. 2) and simulated images 
shows that the Cl-extracted sites are correlated to the 
neighboring Cl-extracted sites. These experimental 
results cannot be explained by the pure Eley-Rideal 
process. We recognize that other mechanisms might 
possibly lead to our results. However, our findings and 
consideration lead us to believe that the HA process 
likely occurs during the atom-adatom collision. Further 
study is needed to better understand the nature of the gas-
solid reactions. 

We utilized both the synchrotron radiation 
photoemission spectroscope and the STM to observe the 
Cl/Si(100) surface in atomic resolution after H-atom 
exposure. By comparing the results from the 
measurement with those from the computer simulation, it 
is evident that the reaction does not occur as the result of 
a single collision between the gas atom and the adatom. 

  

9899100101102103

P
ho

to
em

is
si

on
 In

te
ns

ity
 (a

rb
. u

ni
ts

)

(a) Cl 2p Core
     hν= 240 eV

240

120

60

0

1000

Relative Binding Energy (eV)
-10123

(b) Si 2p Core
     hν= 140 eV

240

120

60

0

BSi+Si2+

H/Si(100)

1000

Exposure
          (L)

(L)

 
 
Figure 1. The (a) Cl 2p and (b) Si 2p core level 
photoemission spectra (circles) for the Cl-Si(100)-2x1 
surface and the same surface after various apparent H-
atom dosages as labeled. The solid curves are fits to the 
spectra. The curves labeled B (long dashed curves), Si+ 
and Si2+ (short dashed curves) are the results of 
decomposition of the Si 2p spectra into contributions 
from the bulk, Si-Cl, and Cl-Si-Cl species, respectively. 
The energy zero in (b) refers to the 2p3/2 bulk position for 
the Cl-Si(100)-2x1 surface. To eliminate the band 
bending effect, the relative binding energy for the Cl 2p 
refers to the corresponding Si 2p3/2 line of the B 
component in (b). 

Figure 2. STM images of the Cl/Si(100)-2x1 surface after 
(a) 0, (b) 36, and (c) 90 L apparent dosages of H atoms. 
The sample bias used was +2 V. In (a) the green rectangle 
box, running from the upper right to the lower left, 
encloses a row of five Cl-Si-Si-Cl (monochloride) species. 
A surface Cl atom appears as a bright protrusion and 
forms a narrow ellipse with another in the neighboring 
monochloride row in the image. The inset in (c) shows a 
2x1 area of nearly complete H-termination after Cl-
extraction. 
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ZnO is a class large direct band gap semiconductor 
(3.42ev) in wurtzite structure at room temperature and 
widely used as varistor, gas sensor, piezoelectric devices 
and optical films, etc. It is important to understand the 
electronic structure of ZnO surface is essential. 
Ultraviolet photoelectron spectroscopy (UPS) is the most 
method to characterize the valance band region of the 
material under investigation. For dye-sensitized solar cell 
(DSSC), how to increase the injection efficiency of 
excited electrons into the semiconductor transport 
medium, intimate contact between the dye and the 
semiconductor is required. For this reason, understanding 
the energy band diagram of various semiconductors and 
dyes is essential. In present work, we try to analyze the 
energy band diagram of ZnO by ultraviolet photoelectron 
spectroscopy (UPS) techniques. 

All UPS spectra have been calibrated with a 
reference spectrum from a standard sample of gold. Fig. 2 
(a) shows the UPS spectra of the ZnO films deposited on 
Si (100) and Si (111). The features at 11.35, 8.15, and 
5.15 eV agree well with previous studies and correspond 
to Zn 3d, mixed Zn 4s–O 2p, and O 2p states, 
respectively [5]. While the spectra looks similar except 
higher ratio of the hybrid state for the ZnO on Si(111), 
the characteristics of the spectra for ZnO nanomaterials 
differs significantly as shown in Fig.2(b). The valence 
band structure is largely affected by the form of the 
nanomaterial including the shift and broadening of the O 
2p orbital, which may be arisen from surface-related 
dangling bond states. By extrapolating the edge of the O 
2p peak, the position of the valence band edge with 
respect to the Fermi level was determined and found to 
have little dependence on the surface preparation.  

We use a single crystal to determine the absolutely 
position of Fermi energy level as showed in fig.1. (Fermi 
energy level = 21.213ev). 

 

 

 

Figure 2. ZnO UPS spectra for (a) thin films deposited on 
different Si substrate (b) nanowalls and nanoflowers. 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. UPS spectrum of single crystal Ag was taken 
with -4 V bias. 
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Dehydrogenation of cyclic hydrocarbons such as 
cyclohexane (C6H12) and cyclohexene (C6H10) over single 
crystal Pt(100) and Pt(111) surfaces has been extensively 
studied using different techniques owing to their 
importance in petroleum processing. Cyclohexene is one 
of the possible intermediate in the dehydrogenation of 
cyclohexane into benzene and can be hydrogenated to 
cyclohexane or dehydrogenated to benzene (C6H6). 
Briefly, under ultra high vacuum (UHV) conditions, 
cyclohexene adsorbs and exists in di-σ cyclohexene form 
on the Pt(111) or Pt(100) surfaces at 100 K. At about 200 
K, di-σ cyclohexene converts to π-allyl c-C6H9 and 
dehydrogenates to benzene around 300 K. Further heating 
leads to desorption of some part of benzene from the 
surface at 400–500 K and decomposition of the 
remaining benzene to hydrogen and adsorbed carbon. 

Studies of such single Pt crystals have contributed a 
great deal to the understanding of the dehydrogenation 
processes. Nevertheless, their practical value is often 
limited. In modeling the surface of a catalyst using a 
single crystal surface many aspects have been neglected. 
The most obvious is the complete absence of a support 
material. Also the properties of the surface of a small 
metal particle are not always properly represented by 
their single crystal counterpart. On a small particle 
different kinds of facets are present, and the density of 
edge and corner sites is much higher than on a low index 
single crystal surface. Finally, the electronic structure of 
small particles differs from that of large crystals. The 
evolution from metallic to insulating behavior with the 
particle’s size can influence the catalytic properties 
significantly. A more realistic model for a supported 
catalyst thus consists of nanometer-scale metal particles 
on well-ordered oxide surfaces, as they contain both 
components and heterogeneous character of most 
industrial catalysts. In this paper, we report our 
investigation on the dehydrogenation of cyclohexene on 
Pt nanoclusters supported on thin film Al2O3/NiAl(100).  

          This dehydrogenation process is studied as 
functions of coverage and growth temperature of the Pt 
clusters. The Pt clusters’ crystalline structures and 
morphologies were characterized by STM and RHEED. 
The STM images showed that with increasing coverage 
or growth temperature, the number of larger clusters is 
enhanced, while the size of the majority number of the 
clusters remains around the mean size (a diameter of 2.2 
nm and height of 0.4 nm). The Pt nanoclusters have an 
fcc phase with their (001) plane parallel to the NiAl(100) 
and θ-Al2O3 (100) surfaces, and with [110] axes parallel 
to [010] directions of the oxide surface. The 
dehydrogenation process was monitored through C1s 
photoelectron spectra of adsorbed cyclohexene derived 
by PES. Various amounts of cyclohexene were adsorbed 

at 120 K and subsequently annealed to a selection of 
temperatures up to 500 K. The PES spectra showed that 
C1s core-level shifts continuously to lower binding 
energies until reaching the value of elemental carbon. 
The peak width increases initially with increasing 
annealing temperature, remains stable in a certain 
annealing temperature range and reduces again to the 
original value. The results indicate that the 
dehydrogenation of cyclohexene over Pt clusters is a 
sequential and step-wise process starting at about 150 K 
and ending with elemental carbon at 300-400 K. Both 
temperatures are significantly lower than those on Pt 
single crystals, which implies lower activation energies 
and thus higher catalytic reactivity. We also found that 
the dehydrogenation behavior, particularly the 
decomposition into elemental carbon, differs at different 
Pt coverages. 
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Figure 1. Representative sequence of C1s photoelectron 
spectra acquired at 120 K for 1 L cyclohexene adsorbed 
on 2 ML Pt clusters supported on Al2O3/NiAl(100) thin 
film and subsequently annealed to different temperature 
as indicated in the figure. 
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Silica gel with unusual pores can be formed via 
treatments of phyllosilicate clays with inorganic acids. 
We have previously shown  that an organic acid, namely 
poly(acrylic acid),  can be used to form exfoliated, 
aligned silica nano-plates, which have additional 
branches. In this experiment, we extend NEXAFS to 
monitor the polymer/clay interactions, polymer/clay 
intercalation and exfoliation and draw conclusions on 
how these branches are formed. 
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Figure 1 shows the normalized, fluorescence yield 
Mg K - edge NEXAFS of the Lucentite reference, 
intercalated and exfoliated product. The Mg K - edge 
spectrum of Lucentite is in agreement with those 
previously reported for the clays, formed by alternating 
layers of tetrahedra and octahedra. The Mg K - edge 
spectra of Lucentite and the intercalated product are 
essentially identical, suggesting that the co-ordinated 
structures of Mg ions in the bulk remain virtually 
unchanged. The Mg K - edge spectrum of the exfoliated 
product is not well - defined. These results suggested the 
Mg ions within the bulk were not chemically involved in 
the intercalation, as they were substantially involved in 
the exfoliation. 

  

 
Figure 1: Fluorescence yield Mg K - edge NEXAFS of 
(A) Lucentite; (B) intercalated product and (C) exfoliated 
product. The spectrum of Lucentite and the intercalated 
product are almost identical  
 

The O K - edge spectrum of the silica reference is 
interpreted as due to the electronic transitions from 1s to 
2p orbitals  and  the pre-edge peak at approx. 530 - 533 
eV is interpreted as due to the branches. Thus, analyses of 
the O K - edge NEXAFS allow some estimate of the 
differences in concentration of branch introduced 
between the intercalated and exfoliated structure (Figure 
2). The degree of branching can be seen to increase from 
Lucentite to intercalated structures to exfoliated silica 
plates.  

The result is also supported by the Si L3,2  - edge 
NEXAFS. In particular, Figure 3 shows the fluorescence 
yield Si L3,2 - edge NEXAFS spectra of the silica powder 
reference, Lucentite reference, the intercalated and 

exfoliated structures. The Si L3,2 - edge spectrum of silica 
is in agreement with those previously reported. In 
particular, peaks A and B in the Si L3,2  - edge NEXAFS 
spectrum of the exfoliated silica plates are well-defined. 
This is interpreted as due to an increase in the average 
crystallite size of the silica plates, as a result of the 
coupling of the individual tetrahedral layers during the 
plate formation.  
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Figure 2: O K - edge near edge X-ray adsorption fine 
structure spectra of silica powder reference (top) and 
clays (bottom). (A) Lucentite; (B) intercalated product 
and; (C) exfoliated product (note that A and B overlap) 
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Figure 3: Si L3,2 - edge near edge X-ray adsorption fine 
structure spectra of (A) Lucentite; (B) intercalated 
product and; (C) exfoliated product and (D) silica powder 
reference  
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There are a number of synchrotron-based 

spectroscopic techniques, such as angularly resolved 
photoelectron spectroscopy (ARPES) and X-ray 
absorption spectroscopy (XAS) that exploit the high-
degree of linear polarization that is provided by 
synchrotron X-ray sources. However, the application of 
these techniques for quantitative analysis requires an 
accurate measurement of the degree of linear polarization 
of the probing X-ray beam. Unfortunately, while the 
energy range and resolution delivered by synchrotron soft 
X-ray beamlines are easily determined and often quoted, 
the degree of linear polarization is not. Although 
traditional optical methods for polarization determination, 
utilizing a polarizer and an analyzer, can be extended into 
the soft X-ray range of photon energies by the use of 
multilayer optical components, such multilayers are 
expensive to produce and so tend not to be used routinely. 
Moreover, the requirement of ultra-high vacuum at these 
photon energies frustrates the inclusion of additional 
optical components for these measurements.  

The NEXAFS spectra of the carbon K-edge of 
highly ordered pyrolitic graphite (HOPG) exhibit a 
marked angular dependence in the C 1s → π∗  resonance 
near 285 eV, as shown in Fig. 1. Fortuitously, the π∗

NEXAFS resonance also stands out at a lower photon 
energy, separated from the atomic step edge and all of the 
other resonances of HOPG, making it straightforward to 
measure the intensity of the resonance peak without 
having to be overly concerned with issues of convolution 
with other spectral features. As such, the HOPG π ∗

NEXAFS resonance, measured in total electron yield 
(TEY) mode, is a promising candidate for reliable, 
NEXAFS-based measurement of the linear polarization 
for synchrotron radiation in the carbon K-edge energy 
range. We have recently demonstrated [J. Elec. Spec. & 
Rel. Phenom. 151, 208–214, (2006)] that it is possible to 
obtain an accurate measurement of the polarization of the 
incident synchrotron X-ray beam using the TEY 
NEXAFS resonance from an HOPG sample. The 
methodology involves using a simple tilted sample mount 
that is fixed to the standard goniometer used for angle-
resolved NEXAFS measurements. By mapping the 
coordinate system of the NEXAFS resonance to the 
laboratory coordinate frame we can show that it is 
possible to derive a general mathematical relationship for 
the resonance intensity as a function of the degree of 
polarization of the incident X-ray beam. The beam 
polarization is then obtained from a straightforward 
transformation of the variation of the resonance intensity 
as a function of azimuthal rotation.  

The degree of linear polarization (near 285 eV) has 
been determined by the method described in the above 
sections at synchrotron bending magnet beamlines at the 
Pohang Accelerator Laboratory (PAL), South Korea and 

at the National Synchrotron Radiation Research Centre 
(NSRRC), Taiwan. 
 

 
 
Figure 1: Normalized C K-edge NEXAFS spectrum of 
HOPG showing the angular dependence of the 
resonances by a simple rotation of the polar angle from 
normal (0◦) through to 70◦ grazing angle of X-ray 
incidence. The resonance peaks near 285 and 292 eV 
vary out of phase with each other, indicating that their 
corresponding final states lie in different directions from 
the initial 1s state. 

 
In the case of the 24A beamline at the NSRRC, the 

measured degree of linear polarization agrees with the 
previously reported value. In the case of the 2B1 
beamline, two measurements were made, one in 2002 and 
another subsequently in 2004. While the degree of linear 
polarization that was measured in 2002 for the 2B1 
beamline is comparable to previously reported values 
[16], the 2004 measurement is much lower. Interestingly, 
the large drop in polarization observed between these two 
measurements coincided with the addition of a new 
insertion device in the straight section of the ring 
immediately before 2B1. The polarization of synchrotron 
light produced by a bending magnet source is determined 
by the photon emission direction relative to the electron 
orbit plane. Elliptical polarization is obtained for photons 
collected above or belowthe plane of the electron orbit, 
whereas the photon beam is linearly polarized for photons 
collected symmetrically about the orbital plane. It seems 
reasonable to speculate therefore that the observed 
difference arises from a change in photon emission 
direction relative to the orbital plane induced by the new 
insertion device. This conclusion is supported by our 
observation that the transmission function of beamline 
2B1 changed dramatically at the same time. This 
unexpected change in the degree of linear polarization 
further illustrates the need for routine measurements of 
this important parameter. 
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We present an analysis of the photon-exposure 

dependence of the F(1s) core-level photoemission 
spectrum from CF3I adsorbed on Si(111)-7x7 irradiated 
by monochromatic synchrotron radiation with photon 
energy near the F(1s) core-Level. The photoemission data 
was collected using synchrotron radiation at NSRRC 
Wide-Range beam line. In the present work, a surface 
was studied for the soft x-ray-induced photochemical 
reactions using core-level photoemission spectroscopy. 
The surface was prepaired by exposure of a clean 
Si(111)-7x7 surface to 1.9 x 1014 molecules/cm2 of CF3I 
at 30 K. A series of photoemission spectra was taken in 
time during continual irradiation of monochromatic 
photons until little visual difference was observed in the 
two most recent spectra. This series of photoemission 
spectra (Fig. 1 and Fig. 2) indicates that there is a 
dramatic change in the spectra as a result of exposure to 
the photon beam.  

The intensity of the F(1s) peak decreases and the 
peak position also changes. These changes are not a result 
of contamination, as subsequent PES of an area of the 
sample that had not been previously exposed to the 
photon beam resulted in a spectrum that was identical to 
the top spectrum in Fig. 1 and Fig. 2. The decrease of the 
peak intensity of F(1s) indicates that the number of 
fluorines in the CF3I layer decreases with increasing 
photon exposure. The change of the binding energy of 
F(1s) with photon exposure depicts that the binding 
energy of F(1s) decreases with increasing photon 
exposure because of changing chemical environment. A 
kinetic model was proposed for the explanation of the 
photolysis of the CF3I-dosed surface induced by the 
incident photons, and the energy shift of the F(1s) 
binding energy. 
 
 

  

  
  
Figure 2. Series of core-level photoemission spectra of 
CF3I adsorbed on Si(111)-7x7 surface at 30 K as a 
function of photon exposure using 740 eV photons. The 
CF3I dose of the surface is 1.9 x 1014 molecules/cm2. The 
total photon exposure for each spectrum is given in units 
of 1016 photons/cm2 and shown on the right of the figure. 

Figure 1. Series of core-level photoemission spectra of 
CF3I adsorbed on Si(111)-7x7 surface at 30 K as a 
function of photon exposure using 740 eV photons. The 
CF3I dose of the surface is 1.9 x 1014 molecules/cm2. The 
total photon exposure for each spectrum is given in units 
of 1016 photons/cm2 and shown on the right of the figure. 
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there is a dramatic change in the spectra as a result of  
exposure to the photon beam. The intensity of the F(1s) 
peak decreases and the peak position also changes. These 
changes are not a result of contamination, as subsequent 
PES of an area of the sample that had not been previously 
exposed to the photon beam resulted in a spectrum that 
was identical to the top spectrum in Fig. 1 and Fig. 2. The 
decrease of the peak intensity of F(1s) indicates that the 
number of fluorines in the SF6 layer decreases with 
increasing photon exposure. The change of the binding 
energy of F(1s) with photon exposure depicts that the 
binding energy of F(1s) decreases with increasing photon 
exposure because of changing chemical environment. A 
kinetic model was proposed for the explanation of the 
photolysis of the SF6-dosed surface induced by the 
incident photons, and the energy shift of the F(1s) 
binding energy. 

An analysis of the photon-exposure dependence of 
the F(1s) core-level photoemission spectrum from SF6 
adsorbed on Si(111)-7x7 irradiated by monochromatic 
synchrotron radiation with photon energy near the F(1s) 
core-Level was reported . The photoemission data was 
collected using synchrotron radiation at NSRRC Wide-
Range beam line. In the present work, two surfaces were 
studied for the soft x-ray-induced photochemical 
reactions using core-level photoemission spectroscopy. 
The first surface was prepaired by exposure of a clean 
Si(111)-7x7 surface to 0.7x1014 molecules/cm2 of SF6  at 
30 K, the second surface  was produced by a dose of 1.4 
x1014 molecules/cm2. A series of photoemission spectra 
was taken in time during continual irradiation of 
monochromatic photons until little visual difference was 
observed in the two most recent spectra. These series of 
photoemission spectra (Fig. 1 and Fig. 2) indicate that 

  
  
Figure 1. Series of core-level photoemission spectra of 
SF6 adsorbed on Si(111)-7x7 surface at 30 K as a 
function of photon exposure using 730 eV photons. The 
SF6 dose of the surface is 0.7x1014 molecules/cm2. The 
total photon exposure for each spectrum is given in units 
of 1016 photons/cm2 and shown on the right of the figure. 

Figure 2. Series of core-level photoemission spectra of 
SF6 adsorbed on Si(111)-7x7 surface at 30 K as a 
function of photon exposure using 730 eV photons. The 
SF6 dose of the surface is 1.4x1014 molecules/cm2. The 
total photon exposure for each spectrum is given in units 
of 1016 photons/cm2 and shown on the right of the figure. 
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The layered ruthenate compounds have attracted a 
great of attention because of the discovery of the many 
unusual physical properties, such as the 
superconductivity in Sr2RuO4, and bad metallic non-
Fermi-liquid behaviour in SrRuO3. More recently, the 
other family compound BaRuO3 have been observed to 
show the unusual transport behaviour, a metallic-
insulator transition at T≈100 K due to the formation of a 
pseudo-gap, which has been suggested to be due to the 
formation of a charge-density waves (CDWs) at low 
temperature. Previously, using an in-vacuum camera on 
beamline BL201, we located some weak spots at T=30 K, 
which were observed to double the unit cell along the C*-
axis. The further confirmation was done on beamline 
BL12B2 using x-ray scattering. 

 
The tiny crystal was glued on the cold head of a 

cryostat mounted on a 6-circle diffractometer. The use of 
the multi-circle diffractometer allows us to perform scans 
along the any axis on the reciprocal space. The crystal 
was first cooled down to T=10 K, and CDW satellites 
were located at positions (0 0 7.5), (0 0 10.5), (0 0 13.5), 
(0 0 12.5), and (0 1 15.5), and so on. 

 
Cares were pied to track the evolution of the peak 

intensity as a function of temperature. The satellite 
reflections almost disappeared at TC1 ≈ 84 K, which is in 
agreement with the transport measurement.  Figure 1 
shows the plot of the integrated intensity versus 
temperature. The CDW was observed to display a two-
step like transition at TC1 and TC2 respectively. The 
transition at TC1 can be claimed to be caused by the 
formation of CDW, while the host structure did not show 
any change at this temperature. Further cooling, we 
observed that the CDW displayed a two-step like 

transition involving a second transition at TC2. In order to 
understand this transition, we also measured the Bragge 
peak (0 0 15). As shown in figure 1, the Bragg peak 
which reflects the behaviour of the host structure also 
shows a transition at TC2. From the susceptibility 
measurement, R. J. Cava et al. observed a ferromagnetic 
transition at 50 K as the field was applied along c-axis. 
We did not expect to see this ferromagnetic phase 
transition using x-ray scattering. However, this unusual 
behaviour is of need to be further investigated. 
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Figure 1. Evolution of the integrated intensity of CDW 
satellite reflection and Bragg reflection versus 
temperature.  Longitudinal scans through both CDW 
satellite reflection (0 0 7.5) and Bragg peak (0 0 15) as a 
function of temperature. 
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Strontium-doped La2NiO4 (LSN) is isostructural 

with the high-TC cuprates, La2-xSrxCuO4 (LSC) and La2-

xBaxCuO4 (LBC). With substitution of 15% Sr, LSC 
shows a superconducting transition at TSC ≈ 35 K, but 
LSN remains insulating at doping levels up to 70%. It has 
been suggested that stronger electron-phonon interactions 
in LSN are responsible for this behavior as it was 
recognized that electron-phonon interactions are critical 
for the persistent insulating character of the Mott 
insulator. The hole-doped La2NiO4 is a prototypical 
system for the understanding of transport phenomena 
observed in compounds of LSC or LBC. 

 
The substitutions of La with Sr provide hole carriers, 

and the doped holes tend to order in a stripe-like structure 
acting as domain walls within the NiO2 planes. The 
interplay between this ordered state and the spins of Ni 
dominates the transport behavior at low temperatures. 
Transport and optical conductivity measurements have 
demonstrated the anomalous phenomena resulting from 
the formation of the charge stripes, in particular a 
pronounced change in conductivity has been observed in 
La5/3Sr1/3NiO4.  

 
In La2-xSrxNiO4 at doping levels of x ≈ 1/3 and 1/2 

commensurate charge modulations have been observed 
by Chen et al. using electron diffraction and were 

explained to originate from ordering of polarons. Using 
neutron scattering the charge ordering and the spin 
ordering have been evidenced to be the common feature 
in nickelates. Based on these experimental findings, 
Zaanen and Littlewood proposed a model of polaronic 
instabilities, suggesting that the polarons bind to, and 
thereby stabilize, the domain walls formed due to either 
Sr-doping or oxygenation, and that these domain walls 
order into a striped phase. 

 
Using high-resolution x-ray scattering, we 

demonstrated that the charge stripes possess the 
characteristic of two- dimension in nature and quasi-long 
range order at low temperature as shown in figure 1. Such 
a disordered state suggested the possible existence of 
charge liquid state around the transition temperature. 

 
In order to further study this fascinating charge 

liquid phase, we probed the evolution of the correlation 
lengths along three crystallographic axes with the 
application of currents along the b*-axis. Under such a 
condition, we observed that the charge stripes were 
steered by the applied current as displayed in figure 2. 
This is the indication of existence of charge liquid state. 
However, the detailed information about this fascinating 
charge liquid is of need the further studies. 
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Water plays an momentous role in earth sciences. 
Besides its existence as a free compound it is an essential 
component in many minerals. Hydration and dehydration 
reactions play an important role in geological process. 
Increasing the temperature gypsum will dehydrate and 
transform to bassanite and anhydrite. In contrast to the 
extensive work that has been conducted on the effect of 
temperature on the stability of gypsum, bassanite and 
anhydrite , the high-pressure behaviors of these minerals 
have been the subjects of fewer studies. Therefore, in 
order to find out the possible high-pressure polymorphs 
of these minerals, we have obtained X-ray diffraction of 
them in excess of 10 GPa at 300 K. The X-ray diffraction 
data were collected using synchrotron radiations at 
NSRRC SP12B1 and BL01C2 beam lines. The structures 
of gypsum, bassanite and anhydrite in ambient condition 
show in Figure 1. 

 
Figure 1. Schematic view of the (a) anhydrite (b) 
bassanite and (c) gypsum structures. 
 

Figure 2 show anhydrite undergoes a pressure-
driven phase transition at ~3 GPa. The anhydrite 
transforms to a post-anhydrite structure. 
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Figure 2. Effect of pressure on the d-spacings in 
anhydrite. 

 
Figure 3 show the bassanite keep its structure under 

high-pressure until 20 GPa. Figure 4 show gypsum 
undergoes a pressure-driven phase transition at ~5 GPa. 

The gypsum tranforms to a post-gypsum structure. 

 
Figure 3. Room-temperature ADXRD data of bassanite at 
different pressures up to 19 GPa. 
 

Pressure (GPa)
0 2 4 6 8 10 12

d-
sp

ac
in

g 
(A

)

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 

Figure 4. Effect of pressure on the d-spacings in gypsum. 
 

According the results from the X-ray diffraction data, 
gypsum and anhydrite tranform to high-pressure phase at 
~5 GPa and 3 GPa, but bassanite keeps its structure until 
20 GPa. The structures of those samples (gypsum, 
bassanite, anhydrite, post-gypsum and post-anhydrite) are 
different.

. 
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PtRu bimetallic nanoparticles (NPs) are of great 
interest in direct methanol fuel cell applications. Pt and 
Ru atoms in PtRu NPs play different functions for 
methanol oxidation reaction. Therefore, the changes in 
the alloy extent and atomic distribution of PtRu NPs 
show great impact on their electrocatalytic activity. 
Controlling a bimetallic cluster structure with Pt atoms 
rich in shell region would enhance the kinetics of 
methanol oxidation reaction. Meanwhile, the 
understanding of formation mechanism of nanoparticles 
is essential for a successful particle design. 
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The X-ray absorption spectroscopy (XAS) 

investigation, comprising of X-ray absorption near-edge 
structure (XANES) and extended X-ray absorption fine 
structure (EXAFS) regions, was performed to understand 
the formation mechanism of RucorePtshell bimetallic NPs 
prepared by an ethylene glycol (EG) method. The 
reduction of RuCl3 and the formation of corresponding 
clusters in EG are monitored, as shown in Figure 1(a). 
The FT of Ru K-edge at various states indicates that the 
RuCl3 is found to be transferred to form the Ru(OH)3 
when the pH value is increased to 11. After heat-refulx at 
160  for 30 min, the Ru(OH)℃ 3 is reduced to form the Ru 
clusters. On the other hand, the FT of Pt LIII-edge at 
various states shows that the PtCl6

2+ is slightly reduced 
when the pH value is increased to 11 and further forms 
the PtCl4

2+ complex after mixing with Ru clusters 
(NPt/NRu = 1/3), as shown in Figure 1(b). After heat-
reflux at 160  for 30 min, the magnitude of Ru℃ -Ru bond 
is slightly decreased at Ru K-edge but both Pt-Ru bond 
and Pt-Pt bond are appeared at Pt LIII-edge. As a mater of 
fact, the heterometallic bonding is generated at Pt LIII-
edge due to the greater effect upon the surface of the Pt 
atom than that of the Ru atom for the bimetallic 
nanoparticles. Those observations indicate that the Ru-Pt 
bimetallic nanoparticles are formed during the heat-reflux 
process in EG. It is believed that the Pt ions would be 
reduced by a redox-transmetalation reaction in which 
PtCl6

2+ complex ions are reduced by the Ru clusters to 
form the PtCl4

2+ complex ions after mixing the Ru 
clusters and Pt complex at room temperature and then be 
further reduced to Pt atoms on the surface of the Ru 
clusters by the oxidation of EG at 160℃. This study 
provides a detail insight into the formation mechanism of 
Rucore rich-Ptshell rich bimetallic nanoparticles prepared by 
the EG method. This methodology would be very useful 
to design and control the alloy extent and atomic 
distribution of a bimetallic nanoparticle. 
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Figure1. FT–EXAFS spectra at (a) Ru K-edge and (b) Pt 
L3-edge of various reaction steps during the formation of 
RucorePtshell bimetallic NPs in EG system 
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Introduction 
Multiple-wave Diffraction Anomalous Fine 

Structure (MDAFS), a new method combining the x-ray 
multiple-wave diffraction with diffraction anomalous 
fine structure (DAFS) technique, provides the long-
range order structure information by measuring the 
multiple-wave diffraction profiles in the vicinity of an 
absorption edge. The real part of dispersion correction 
and fine structure function can be obtained directly from 
multiple diffraction analysis without using Kramers-
Kröng relations (KKR) and kinematical fitting of 
diffracted intensity. The useful x-ray phase information 
of structure-factor multiplets, linking the imaginary part 
with the real part of the structure-factor, can easily 
substitute the Kramers-Krönig relations. 

Moreover, the constraint imposed by the additional 
reflection on the diffraction geometry makes the 
MDAFS a much more wavevector- and site-sensitive 
technique than the two-wave DAFS for the 
measurements. In this report, we present a multiple-
wave diffraction measurement of GaAs single-crystal 
and how MDAFS analysis works by using the Born 
approximation. 
Experiment 

The MDAFS method is used to measure the 
multiple-wave diffraction intensities of chosen primary 
and secondary reflections above a certain absorption 
edge of a target atom. The experiment is carried out at 
the wiggler beamline BL17B, National Synchrotron 
Radiation Research Center, and beamline SP12B1, 
Spring-8. Consider the three-wave (000)(222)(33-1) 
diffraction of a GaAs (111) cut single-crystal with the 
Ga rich surface facing the x-rays. The primary 
diffraction (222) is a symmetric Bragg reflection and 
secondary (33-1) is an asymmetric one. Two detectors 
are used; one to measure the diffraction intensity and the 
other, placed off the diffraction plane, parallel to the 
crystal surface, to detect the fluorescence yield. The 
multiple diffraction profiles are measured by using the 
Renninger scan method around the (222) diffraction, and 
the multiple-wave intensities of (222)/(33-1) versus 

azimuthal angle Ψ are detected at different energies 
across the Ga absorption K-edge about 10.367 kev. 
Results 

The phase dependence of Rv linking the f' and f” 
makes Rv a sensitive parameter for the determination of 
f' and f”. According to the Rv spectrum and theoretical 
calculation, the fine structure χ function can be obtained 
easily. The radial distribution functions χ'(r) from 
different methods are shown in Fig2, which yield the 
distances between the central atom and other atom shells 
nearby. The corresponding χ'(k) and χ'(r) for EXAFS, 
DAFS, and MDAFS are shown in Fig2(a),(b), and (c). 
The theoretical fits to the χ'(r) in Fig2 are based on the 
program FEFF and FEFFIT. The average lattice 
parameter of GaAs is 5.6538Å, and the path lengths to 
first and second shells are 2.476 and 4.062Å, with the 
accuracies Δ = 0.027Å for MDAFS, 0.046Å for DAFS, 
and -0.01Å for EXAFS. 

 
Figure 2: The Fourier Transformed χ'(r) of (a)EXAFS, 
(b) DAFS, and (c) MDAFS signals, and theoretical fit. 
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Solving crystal structure from powder x-ray 

diffraction (PXRD) is very difficult because the three 
dimensional diffraction pattern is collapsed to one 
dimension, and the peaks overlap in PXRD makes the 
indexing and intensity extraction less accuracy than that 
of single crystal.  However, if no suitable quality single 
crystal could be grew, solving structure from PXRD 
could be one way to obtain the structure.  To achieve 
such purpose, a high angular resolution powder pattern is 
necessary to reduce the peaks overlapped problem.  In 
this experiment, we have been pushed the angular 
resolution of LaB6 to 0.022 deg with 0.2mm beam size at 
280mm distance from sample to image plate (IP). Based 
on such setup, a test molecular crystal, cis-
Fe(stpy)4(NCSe)2 powder pattern with FWHM ~0.04° 
can be indexed by ITO program with monoclinic cell 
parameters: a = 19.84, b = 13.15, c = 18.33, β = 94.6514, 
and space group C 2/c, which is quite close to single 
crystal result.  Another organic-inorganic hybrid vanadate 
powder sample with FWHM ~0.035 deg can also be 
indexed with monoclinic cell parameters: a = 21.23, b = 
3.59, c = 6.32, β = 94.87, and space group C 2/m. 
Moreover, to overcome the quick drop of S/N ratio at 
high angle data in molecular crystals, an attenuator is 
used to avoid the IP saturation at low angle data with 
high exposure time. Then, the obtained data is re-scaled 
back reference data which is no attenuator applied.   
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An example of Fe(C2H4N4)1.5[Au(CN)2]2 PXRD 
with FWHM around 0.04° is shown in Figure 1(a),and  
1(b).  It consists of three runs data collections. The first 
data set is obtained as longer exposure time as possible 
with the least saturated peaks. Next, an attenuator is put 
in front of saturated peaks region to obtain real intensity 
of saturated peaks for scaling back to first data set. 
Finally, put attenuator in the front of suitable position of 
IP and increase exposure time to collect high angle region.  
Figure 1(a) is a powder pattern below 50 deg, and Figure 
1(b) is a comparison between four times exposure time 
with original one in the region of 50 to 60 deg.  An 
analysis of two selected peaks intensity and its 
background  in different exposure time are list in Table 1.  
Obviously, the increase exposure time will increase the 
S/N ratio if we can control the exposure time and 
saturation problem. Further data analysis is still under 
processing.   

Figure 1(b) 
 
 

Table 1   A comparison of different exposure time at 
two selected peaks. 

  

Data set A B A B 
Exposure 
time (sec) t 4t t 4t 

2Th (deg)  22.05  59 

I  (count) 1615.6 5226.4  552.7 1790.1 

Bkg (count) 730.1 2634.8  486.4 1621.4 
Fluctuation

(count) 5 5 8 7 

S/N 177.1 518.3  8.3  24.1  
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The XC5848 gene from a plant pathogen 

Xanthomonas campestris pv. campestris str. 17 (Xcc) 
encodes a hypothetical protein comprising 102 amino 
acid residues, with a molecular weight of 11945 Da. A 
BLAST search using XC5848 sequence against the 
UniProtKB/TrEMBL database 
(http://us.expasy.org/sprot/) finds orthologs only in the 
Xanthomonas genus. No close sequence homologue 
could be detected for other organisms. We have 
determined the XC5858 crystal structure to 1.68 Å 
resolution, and found that XC5848 adopts the well-
conserved Sm or Lsm (Sm-like) fold widely found in 
eukarya, arachea, and bacteria, despite the very low 
sequence identities. However, considerable differences 
with the Sm-like motif were observed at the N-terminal 
and internal regions. Since critical residues responsible 
for RNA recognition and oligomer formation of Sm-like 
proteins are generally absent, XC5848 could play 
biological roles other than RNA metabolism. To the best 
of our knowledge, this is the first structural report of 
novel variant of the highly conserved Sm-like motif. 

 
The right figure shows: a) Multiple superimposition 

of Sm-like protein structures produced from the 
MUSTANG program. While the core β-sheet structure of 
these Sm-like proteins superimposed very well, the α-
helices and loops 4 vary to a great extent. XC5858 
(shown in red) contains an extra N-terminal structure that 
interacts substantially with the extended β2'/β3 structure. 
b) Multiple sequence alignments of XC5848 with the two 
bacterial Sm-like Hfq proteins (1HK9/1KQ1), the six 
archaeal Sm-like proteins (1H64, 1I4K, 1I81, 1I8F, 1LJ0, 
1M8V), the two human Sm-like proteins (1B34, 1D3B), 
and the yeast Sm-like protein (1N9S) produced from 
same program. The essential residues responsible for 
subunit interactions and/or protein-RNA interactions 
were further marked with unique symbols in blue. 

 
The XC5848 structure reported here therefore 

constitutes a novel variant of the well-conserved Sm-like 
motif. This motif was found to be heavily involved in 
RNA splicing and mRNA degradation, which were 
believed to be accomplished through the formation of 
hexameric or heptameric ring-like structure to enclose 
single-stranded RNA substrates. Several conserved 
residues believed to play important roles in ring 
formation or RNA recognition are, however, generally 
absent in XC5848. For examples, the “Δ”-marked residue 
is V or L in bacteria, or mostly K in archaea or eukarya, 
while it is D in XC5848 

. 
Since no sequence homologue of XC5848 could be 

detected in other organisms except Xanthomonas genus, 
XC5848 could therefore be considered an orthologous 
ORFan in the Xanthomonas genus. Howe does such a 
ORFan sequence come along is unknown, but it is 
interesting to note that its tertiary structure turned out to 
be a novel variant of the well established Sm-like motif. 
Further biochemical and biophysical studies are required 
to determine its biological function. 
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Figure 1. The structural model of S. cerevisiae GGPPs 
in complex with Mg2+, FsPP and IPP. The side view of 
the overall GGPPs-Mg-FsPP-IPP structure. The α-helices 
are shown in cylinder diagram, and colored in blue and 
green for chain A and chain B, and the four center α-
helices around the active site are shown in yellow and 
purple for chain A and chain B, respectively. Black 
arrows indicate the active sites where the Asp residues in 
the two DDxxD motifs are shown as sticks in red and two 
Mg2+ ions are shown as red spheres. FsPP and IPP are 
shown as sticks and C atoms are colored in purple and 
cyan, respectively. Three disorder loops (loops between 
helices B and C, H 

Geranylgeranyl pyrophosphate synthase (GGPPs) 
catalyzes a condensation reaction of farnesyl 
pyrophosphate (FPP) with isopentenyl pyrophosphate 
(IPP) to generate C20 geranylgeranyl pyrophosphate 
(GGPP), a precursor for carotenoids, chlorophylls, 
geranylgeranylated proteins, and archaeal ether linked 
lipid. In this study, we solved 6 crystal structures of S. 
cerevisiae GGPPs in complex with substrate FPP, with 
IPP and the substrate analog farnesyl thiopyrophosphate 
(FsPP), alternative substrate GPP, and products 
GGPP/PPi. Unlike in FPP synthase where the third Mg2+ 
coordinated by the second DDxxD participates in the 
substrate binding, the GGPPs has the second DDxxD 
changed to DDxxN, so the third Mg2+ is absent. 
Replacing this Asn213 with Asp reduced the enzyme 
activity by 17-fold. IPP is bound in a positively-charged 
pocket with Arg39, His68, Arg85 and Tyr205. From the 
binding mode of the product GGPP, the pyrophosphate of 
GGPP binds to the IPP pyrophosphate binding site and 
the hydrocarbon moiety sits in the FPP hydrocarbon 
binding site. The binding mode for GGPP in yeast 
GGPPs structure is distinct from that of the product in the 
proposed inhibitory site of human GGPPs. 

and I, and I and J) are shown by 
traight dotted lines. 

 

s

 

 

 

Figure 2. The detailed stereoview of the GGPPs-Mg-
FsPP-IPP chain A model. The Mg2+, FsPP and IPP are 
shown in ball and stick and colored in red, cyan and 
yellow. The DDxxD motifs and the residues involved in 
the catalysis reaction including Arg84, Lys169, Gln206, 
Glu231 (via a water) and Lys233 for FsPP binding, Arg39, 
His68 Arg85 and Tyr205 for IPP binding are shown.
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The purpose of this experiment is for testing the 

feasibility of using synchrotron light source for charge 
density analysis at Spring-8 Taiwan beamline BL12B2. 
Experimental charge density analysis is relying on 
accurate single crystal diffraction data to a comparative 
high resolution at low temperature. The tunable wave 
length to 0.54 Å and the 2θ angle of Quantum-Q4R CCD 
area detector to 30 on the beamline should fulfill the ∘
high resolution requirement, the only problem left is to 
get a full completeness diffraction data with high accurate 
intensity. Spin crossover compound [Fe(abpt)2(NCS)2] 
polymorph D (T1/2 = 162 K) were selected to do the 
experiment, which crystallize in monoclinic space group 
P21/c with two crystallographic iron site with different 
spin state below 120 K, the electron density distribution 
around the high spin and low spin state Fe(II) with 
electronic configuration (eg

2)(t2g
4) and (eg

0)(t2g
6) were 

expected to be very different. Another organic compound 
3,4-trimethylene-6a-selenasenophthene (C8H8Se3) with 
orthorhombic crystal system was used as spare compound. 

Be restricted to omega rotation only during data 
collection, more than three crystal orientations were 
needed to achieve data completeness and redundancy in 
monoclinic crystal system. A goniometer head with 
extended arc designed was used to attain different crystal 
orientation without moving crystal out of cryogenic 
nitrogen stream. Indeed, the data completeness was 
satisfying, but the intra set scaling factor was varying a 
lot because of crystal center shifting. The shift was 
actually caused by the contraction of the brass pin used to 
support crystal. The continuously changing angle 
between cryogenic nozzle and brass pin when omega 
rotation was proceeding causes the different temperature 
on brass pin. 

The another method for avoiding the pin contraction 
problem but also taking care of data completeness and 
redundancy is to take the crystal off the cryogenic 
nitrogen stream and remount crystal to get more crystal 
orientations. But for spin crossover complex, the high to 
low spin transition accompany a dramatic volume change 
which will damage the crystal quality. Therefore, 4 
crystals were used to take diffraction data by this way 
that made the intra set scaling factor looked reasonable. 
The data collection strategy also included longer 
exposure time for the high angle data. Finally, two low 
angle and three high angle data sets were collected. The 
merged data of two low angle sets give reasonable R(int) 
value and good agreement factor for conventional 
structure refinement. However, The R(int) for high angle 
set is not as good as expected. The even worse thing is 
the overlapping shell between low angle and high angle, 
the R(int) = 0.13 (0.7 < resolution < 0.8) is too high to be 
reasonable. The agreement factor for conventional 
structure refinement for all data is a little bit high 

compare to the in-house results. The residue electron 
density map around the two crystallographic independent 
sites is also different for the in-house result. The data will 
be tried to pursue multipole refinement, but we don’t 
expected a good result from the data statistics. For the 
organic compound 3,4-trimethylene-6a-
selenasenophthene (C8H8Se3), only two high angle and 
two low angle sets were collected with the extended arc 
head due to the higher laue symmetry. Although, the data 
statistics look acceptable, the residue electron density 
map is still strange for conventional structure refinement. 
Multipole refinement for charge density analysis is also 
undertaken. 

This is the first time we test the feasibility of using 
synchrotron light source for charge density analysis at 
Spring-8 Taiwan beamline BL12B2. Indeed, the short 
wavelength of light source can minimize the absorption 
problem and the movable 2θ angle to 30 can reach a ∘
high resolution diffraction data in one or two days. But 
the requirement of more than one crystal orientation 
seems to bring some problem in the merging process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. ORTEP diagram of [Fe(abpt)2(NCS)2] 
polymorph D (left) and 3,4-trimethylene-6a-
selenasenophthene (C8H8Se3) (right) with atomic 
numbering scheme. 
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FOXO transcription factors belong to a sub-family 

of the Forkhead family and play important roles in 
regulating various downstream target genes, including the 
regulators of metabolism, cell cycle, survival, and 
oxidative stress response. To date, four different 
members have been identified in mammals: FOXO1, 
FOXO3a, FOXO4, and FOXO6, and these FOXO 
proteins are evolutionally conserved, especially in the 
forkhead DNA binding domain. The phosphorylation and 
acetylation of FOXO and the basic residues within the 
FOXO3a-DBD are important for the regulation of its 
transcriptional activity. It has been also reported that 
FOXO proteins play an important role in mediating the 
effects of insulin on metabolism. It has demonstrated that 
the transcriptional activity of FOXO proteins is regulated 
through the phosphatidylinositol 3-kinase- protein kinase 
B (PI3K-PKB) signaling pathway.  

 
Figure 2. Detailed contacts of the FOXO3a-DBD/DNA 
interface. A, Stereo view of the recognition of the 
GTAAACA consensus DNA-binding sequence by 
recognition helix H3 of FOXO3a-DBD. Hydrogen 
bonding and van der Waals contacts participating in base 
recognition are represented by dashed gray lines. In order to investigate the interaction between 

FOXO and its DNA, we crystallized the crystals of 
FOXO3a-DBD in complex with DNA and collected data 
in BL12B2, Spring-8, Japan.  

 

DNA replication is a complex process that derives 
from a multistep pathway that features the assembly of 
accessory factors and polymerases into a functional 
holoenzyme. Helicases are the responsible motor 
enzymes that catalyze the separation of two 
complementary strands of a duplex nucleic acid in a 
reaction dependent on energy of nucleoside 5’-
triphosphate (NTP) hydrolysis. In general, the 
mechanisms of helicases can be grouped into three 
models on the basis of their quaternary structure: 
monomer, dimer or hexamer. The delivery of a ring 
shaped hexameric helicase onto DNA is a fundamental 
step of DNA replication for all organisms, so hexameric   

Figure 1. Overall structure of the FOXO3a-DBD/DNA 
complex. The dimeric structure of FOXO3a-DBD/DNA 
complex with a pseudo twofold symmetry within an 
asymmetric unit. Two FOXO3a-DBD molecules are 
shown as ribbon drawings with the DNA in orange. 

In order to investigate the role of hexameric DnaB in 
DNA replication, we crystallized the crystals of full-
length DnaB and collected data in BL12B2, Spring-8, 
Japan.  

Two MADs were collected: Au and Se. The DnaB 
crystal with Au diffracts to 6.0 Å resolution, and DnaB 
with Se diffracts to 6.5 Å resolution.  
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Water above the supercritical point (T=647K, 

P=22.1MPa, and density=0.32g/cm3, see Fig.1) is in a 
unique state and plays an important role in a variety of 
processes ranging from the origin of life, treatment of 
hazardous wastes, to noncatalytic chemical reactions 
(Akiya and Savage, Chem. Rev. 2002). To explain its 
properties, it is of great importance to elucidate its 
electronic and bonding structure near the supercritical 
state. As we demonstrated recently (Cai et al, PRL 2005), 
high-resolution inelastic hard x-ray Raman scattering 
offers a particularly powerful probe for systems under 
extreme environment such as high pressure and 
temperature. We have therefore proposed to use XRS to 
investigate the electronic and bonding strucuture of water 
as it approaches the supercritical point (Fig.1). The 
spectral variation is expected to reveal rich information 
on the change of covalent, hydrogen, and ionic bonding 
of the H2O framework that is important to the 
understanding of the unique properties of supercritical 
water.  

 
Figure 1. Isochores of H2O. The P-T path of the XRS 
experiment is indicated. 

 

Following our feasibility study last year, we 
improved our detector system using a custom designed Si 
diode detector with good energy resolution. Spectra with 
good S/N ratio were obtained under various P-T 
conditions near the supercritical point of water as shown 
in Fig. 2. The energy resolution was 260 meV (FWHM) 
at the elastic energy of 9885.8eV. These spectra reveal 
clearly details of the K edge structure of oxygen with 
clear changes in the energy and the spectral intensity. A 
significant growth of the preedge intensity is observed as 
the system approaches the supercritical conditions, 
comparable to that of the gas phase spectrum. These 
spectra are considerably different from previously 
reported results in the literature. Further analysis of the 
data is underway.  
 

Figure 2. Oxygen XRS spectra of water under various P-
T conditions near the supercritical point. 
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We measured the dynamical structure factor of a 
CaMnO3 single crystal along the (111) direction using 
non resonant inelastic x-ray scattering (NRIXS). The 
scattered x-rays were monochromatized to the near 
backscattering energy of a 2-m Si(555) analyser 
(E0=9890 eV).  The spectra were recorded up to E-E0=21 
eV by scanning the incident photon energy from 9891 to 
9911 eV. The total energy resolution was 270 meV. The 
quasielastic tail and the constant background were 
subtracted using an Extreme function. The data, reduced 
to absolute units using the first moment f sum-rule, are 
shown for several momentum transfer q values between 
1.16 and 3.20 A-1 (Fig 1) and between 4.08 and 5.54 A-1 
(Fig 2). The real and imaginary parts of the dielectric 
function were computed from the experimental spectrum 
at q=4.96 A-1 up to 300 eV, and are shown in Fig. 3. 

 

 

 

 

 

 

 

 
Figure 2: NRIXS spectra at various momentum transfers 
q//(111) between 4.08 and 5.54 A-1. 

 
The spectra up to the third Brillouin zone are 

interestingly dominated by a prominent feature at ~12.5 
eV, which from q=4.08 A-1 becomes less pronounced and 
broader. Its original attribution to charge excitations from 
the O 2p to the Mn 4s/4p orbitals was later refuted based 
on the absence of excitation at this energy in the optical 
spectra of manganites. Instead, recent time-dependent 
density functional theory (TDDFT) calculations 
performed by Eguiluz et al. showed that it is more of an 
unusually prolonged collective response of the system, 
induced by strong single-particle d-d transitions, coupled 
with its interplay with the crystal local-field effects.  

 

 

 

 

 

 

 
Figure 3: Real and imaginary parts of the dielectric 
function. The agreement between theory and experiment is 

satisfactory for the energy position and relative intensity 
of the structures. However, one order of magnitude 
difference is found in the overall respective intensities 
between theory and experiment. Further measurements 
will be carried out in order to clarify this mismatch and 
improve the statistics. 

 
 
 
 
 
 
  
 

  
  
 

  
   
  
 

  
  
 Figure 1: NRIXS spectra at various momentum transfers 

q//(111) between 1.16 and 3.20 A-1.  
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Multiferroic materials, in which two or more 

properties among (anti-)ferroelectricity, (anti-
)ferromagnetism, and (anti-)ferroelasticity coexist, have 
recently sparked a surge of interest due to their potential 
applications in novel magnetoelectric and magneto-
optical devices using magnetoelectric (ME) effect.1 Based 
on band structure calculations, Elfimov et al. proposed 
the hybridization of extended Mn 4p states with 
neighboring Mn 3d orbitals to be a major factor in the 
anomalous x-ray scattering at the Mn K-edge in 
manganites.2 Moreover, on-site Mn 4p–3d hybridization 
in manganites was artificially introduced to account for 
an increased intensity in the Mn K-edge pre-edge region 
for Mn in a tetrahedral coordination site relative to an 
octahedral coordination site. The Mn 4p–Mn 3d 
hybridization is expected to be correlated to the relatively 
delocalized character of the unoccupied Mn 3d states in 
RMnO3, due to the large radial extent of the Mn 4p states. 
However, no clear-cut experimental evidence of the 
delocalization of the unoccupied Mn 3d states nor of the 
hybridization of the unoccupied Mn 3d states with the 
Mn 4p orbitals in manganites has been provided. In this 
study, we investigated the hybridization of Mn 3d states 
in TbMnO3 using x-ray absorption spectroscopy and 
resonant x-ray emission spectroscopy. The overall 
spectrometer resolution was estimated to be ~ 0.9 eV 
from the full width at half maximum (FWHM) of the 
elastic peak measured at the Mn Kβ13 emission energy ~ 
6492.5 eV.  

In Fig. 1, the 1s3p-RXES spectra obtained for 
single-crystalline TbMnO3 at ~ 10 K are shown for E // a 
polarization. The RXES spectra are plotted as a function 
of transfer energy, and ordered from bottom to top in 
increasing incident photon energies. Ticks in the Mn K-
edge x-ray absorption spectrum indicate the excitation 
energies at which the RXES spectra were recorded. As 
clearly seen in Fig. 1, the features related to transitions to 
the localized intermediate 1s13dn+1 states appear at a 
constant transfer energy, characteristic of the so-called 
Raman regime. Fluorescence-like features, corresponding 
to the delocalized 3p-13dn4p1 final states, appear at a 
linearly dispersed transfer energy with the incident 
energy.  

The emission energy of the fluorescence line 
provided by the fitting of the RXES spectra is plotted as a 
function of the incident energy in the top panels of Fig. 1 
(crosses, right scale). The inclined line indicates the 
Raman region, whereas the horizontal one corresponds to 
the fluorescence regime. Especially noteworthy from Fig. 

1 is that the Raman regime is only limited to below the 
pre-edge. The fluorescence regime starts from the first 
pre-peak of 1s → 3d transitions, indicating the 
delocalization of intermediate 1s13dn+1 states and thus a 
relatively delocalized character of unoccupied Mn 3d 
states. A reasonable explanation for the delocalization of 
intermediate 1s13dn+1 states via 1s → 3d transitions 
originates from the hybridization between Mn 3d orbitals 
and neighboring Mn 4p states in TbMnO3. We clearly 
demonstrated that with resonant x-ray emission 
spectroscopy one can characterize successfully the degree 
of localization of the unoccupied states or hole carries in 
manganites. 
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Figure 1. 1s3p-resonant x-ray emission spectra of single-
crystalline TbMnO3 measured at ~ 10 K as a function of 
transfer energy for E // a polarization. The number 
indicated in the emission spectra corresponds to the 
excitation energy marked in the Mn K-edge x-ray 
absorption spectra. The emission energy at the Kβ13 line 
in the emission spectra as a function of the incident 
energy is plotted in the top panels (crosses, right scale). 
Reference:  
1. M. Fiebig, J. Phys. D 38, R123 (2005). 
2. I. S. Elfimov et al., Phys. Rev. Letters 82, 4264 (1999). 
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To improve x-ray beam conditioners for producing a 

coherent and extremely parallel x-ray source for 
advanced experiments, multi-plate crystal cavities 
consisting of compound refractive lenses were prepared 
on silicon wafers by lithographic techniques. The 
crystallographic orientation of the crystal devices is the 
same as that reported for x-ray resonators (Phys. Rev. 
Lett. 94, 174801, 2005). X-ray (12 4 0) back diffraction 
from these monolithic silicon crystal devices clearly 
showed interference fringes due to cavity resonance 
through the compound refractive lenses (CRL). However, 
the expected focusing effect from the CRL was not 
observed, but rather beam compression was detected. 
That is, the incident x-ray beam size of about 90μm 
across the CRL was reduced to 20μm. The size of the 
transmitted beam remained the same at different positions. 
Namely, a small sized parallel x-ray beam was produced. 
The origin of this beam compression mechanism is 
believed to due to the competition between the multiple 
back reflection of the crystal cavity and the focusing of 
the CRL, in addition to crystal absorption. 

 
Figure 3. The fringes of the cavity resonance for the CRL 
cavity.  

The free spectral range is 5.4meV by calculating the 
formula ΔE=hc/2d. It is in agreement with our 
experimental analysis, 5.005meV. 

 

 
Figure 1. (a) the side view of the fourcrystal high-
resolution monochromator; (b) the crystallographic 
orientation of the two-plate cavity. 

 
Figure 2. The crystal device: R=167.55μm, d=10μm, the 
numbers of the hole N=36, total Length=360μm 

The focus length of the CRL designed is 1m and the 
focus size is about 2μm. 
 

 
Figure 4. Beam size vs. position.  

The source beam size is about 90μm. Behind the 
CRL, the beam size becomes 15~20μm but no focusing. 
By theoretical simulation, we consider a 100μm source 
beam pass through CRL. The beam size becomes 47μm 
and 28μm  due to the linear absorption and diffraction 
respectively. 

There is no focusing for the compound refractive 
lens due to the (12 4 0) diffraction although we can easily 
see the fringes of the cavity resonance. Therefore it is 
hard for x-rays to focus and resonate at the same time 
inside a CRL cavity. 
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Resonant inelastic x-ray scattering (RIXS) is a powerful 
probe of the low-energy excitations in a solid which 
measures the energy loss and momentum transfer of 
scattered x-rays. We have measured the q dependent 
RIXS spectra of a single crystal of NiS2 along the [111] 
direction. The measurements were performed at the 
Taiwan beamline BL12XU at SPring-8. In the RIXS 
experiment the incident beam was monochromatized 
using the Si (111) DCM and two Si (400) channel cuts; 
the spectra were measured using a 2-m radius spherically 
bent Si (551) analyzer. The total energy resolution was 
about 0.3eV. 
The RIXS spectra obtained for the NiS2 single crystal are 
displayed in Figure 1 with various excitation energies 
across the Ni K-edge. Here the transferred energy is 
defined as ΔE=E1-E2; in which E1 is incident excitation 
photon energy and E2 is emitted photon energy. The 
center of the elastic peak is set to zero. The broad and 
rather strong peak in the high transferred energy side is 
observed to shift towards higher energy proportional to 
the incoming of the incident energy. This feature is 
attributed to the excitation of a Ni 3d electron into the Ni 
4p states, and can be also referred to the Kβ2,5 valence 

band emission. The ΔE≅5 eV peak can be assigned to a 
charge-transfer excitation between the S and Ni sites. The 
maximum of the resonant enhancement of this feature is 
reached when the incident energy is set to 8344 eV. 
Figure 2 shows the RIXS spectra measured at an incident 
energy of 8344 eV for different values of the momentum 
transfer q across the first (L[0.5, 0.5, 0.5)]) and second 
(L’[1.5, 1.5, 1.5]) Brillouin zones along the d*

111 direction. 
From q=1.198 Ǻ -1 [5/8,5/8,5/8]to q=2.1568 Ǻ -

1[9/8,9/8.9/8 the charge transfer peak energy shifts from 
~5 eV to ~5.5 eV while the intensity substantially 
increases. When q is further increased to 4.2 Ǻ -1 
[2.19,2.19,2.19]both the peak energy and intensity return 
gradually to values very close with [0.5,0.5,0.5]. This 
suggests a dispersive behavior of the charge-transfer 
feature with a period equal to one Brillouin zone. 
Moreover we also observed that at q=2.1568 Ǻ -1 a weak 
peak at ΔE = ~ 10eV, according to the Platzman et al.’s 
suggestion that it could correspond to the charge 
transition from a S ppπ* to an unoccupied S ppσ* anti-
bonding state. 
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Magma predominantly consists of melt of silicate 
minerals. The basic structure of magma is thus a 
framework made from silicon and oxygen atoms. The 
structure of SiO2 glass is a prototype of magma structure 
and helpful to understand it. We have performed XRS 
measurements to silica glass under high pressure 
conditions. with respect to Si L-edge.  
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The samples were ground silica glass. The powder 

was loaded into a hole drilled in rhenium and compressed 
with two diamond single-crystal anvils. The initial 
thickness and diameter of the sample is about 0.07 and 
0.1 mm, respectively. Generated pressure was determined 
with the ruby fluorescence method [1]. The scattered X 
rays were monochromatized to 13.3 keV using a Ge 
analyzing crystal and detected by a Si diode. The inelastic 
spectra were obtained by scanning the incident X-ray 
energy. The scattering angle was 140 degrees.  

 
Figure 1 shows obtained Si L-edge spectra of silica 

glass. Although the count rate is not sufficient, all spectra 
has an large asymmetrical peak at around 108 eV and 
there seems no significant difference occurred in the 
spectra. Figure 2 shows Si L-edge XRS spectra of 
crystalline silica polymorphs, cristobalite, quartz, coesite, 
and stishovite, obtained in the previous beamtime for 
comparison. The spectra of the silica glass have the 
similar peak to those of quartz, cristobalite, and coesite 
rather than stishovite. This probably indicates that silica 
glass has a structural unit of SiO4 tetrahedron even 40 
GPa. O K-edge XRS spectra are reported to change from 
quartz-like to stishovite-like ones in the pressure range 
from 10 to 30 GPa [2]. The different mechanism seems to 
exist in the transformation of local structures around 
silicon and oxygen. 

Figure 1. XRS spectra of silica glass with respect to Si L-
edge. 
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We have to notice that the spectra of silica glass 

have been collected at conditions beyond the dipole 
approximation. This issue must be solved by collecting Si 
L-edge XRS spectra at higher pressure condition. 

 
 
 
 

  
  
References  
[1] Mao et al., J. Appl. Phys. 49, 3276 (1978).  [2] Lin et al., Phys. Rev. B 75, 012210 (2007).  

 
Figure 2. XRS spectra of crystalline silica polymorphs 
with respect to Si L-edge. Cr: cristobalite; Qz: quartz; 
Coe: coesite; St: stishovite. 
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Magma predominantly consists of melt of silicate 
minerals. The basic structure of magma is thus a 
framework made from silcon and oxygen atoms. The 
structure of SiO2 polymorphs is helpful to understand the 
structure of silicate melt. We have performed XRS 
measurements to silica polymorphs as the simplest 
silicates. The polymorphs are cristobalite, which is high 
temperature phase, and coesite, a high-pressure one with 
four-fold coordination silicon. XRS spectra for these SiO2 
were obtained with respect to Si L- and K-edges and O K-
edge.  

530 540 550 560 570 580

energy transfer [eV]

cristobalite
coesite

Figure 1. XRS spectra with respect to O K-edge 

 The samples were polycrystalline chunks of the 
silica polymorphs synthesized at ISEI, Okayama 
university. The thickness is about 0.2 mm for both. The 
scattered X rays were monochromatized to 9888 eV and 
detected by a Si PIN diode. The inelastic spectra were 
obtained by scanning the incident X-ray energy. The 
scattering angle was 20 degrees for Si L-edge and 40 
degrees for O K-edge to collect spectra under dipole 
approximation (low Q setting). Spectra were also 
obtained at a dipole invalid condition, where the 
scattering angle was 145 degrees (high Q setting). 
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 Figure 1 shows obtained XRS spectra with respect 
to O K-edge at low Q setting. These spectra shows 
roughly similar features to those of quartz rather than 
stishovite. This is because the stractrual unit of 
cristobalite, coesite is the same as that of quartz, which is 
SiO4 tetrahedron. Though the count rate is not sufficient, 
the O K-edge of  coesite has a shoulder at around 540 eV. 
This is probably because coesite has a lower symmetry 
structure than the other silica polymorph and five oxygen 
sites in the structure. Therefore O K-edge spectrum is 
superimposed of five type of oxygens. 

Figure 2. XRS spectra with respect to Si L-edge at low Q 
setting.  
 

Figures 2 and 3 show Si L-edge spletra at low and 
high Q, respectively. Quartz also shows similar spectra 
by the same reason in the previous paragraph. The 
difference between cristobalite and coesite are slightly 
different at the LIII-edge. In low Q spectra, the shape 
around 130 eV looks different. The difference of edge 
shape is more clearly shown in high Q spectra, where 
cristobalite has a more intense main peak and coesite has 
shoulder at lower and higher energy of the  main peak. 
The shape of LI-edge shows little difference. 
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energy transfer [eV]

cristobalite
coesite

 

Althogh we also measured O K-edge spectra at high 
Q setting, the spectra are not shown here because they are 
not so different from those collected at low Q setting in 
our measurment. The 1s electron orbital of oxygen is so 
small that the dipole condition is still valid at the 
scattering angle of 145 degrees.  

Figure 3. XRS spectra with respect to Si L-edge at high Q 
setting.  

Ab-initio calculation should be performed in order 
to understand the differences in these spectra more 
clearly. 
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The 3d transition-metal monoxides are prototypes of 
strongly correlated electron systems, still presenting 
challenges to band theory. A typical feature of this kind 
of systems is a large energy gap at the Fermi energy, 
which is not predictable by first-principles theory. 
Traditionally, such charge excitations are observed by 
optical absorption using visible or ultra-violet lights. 
However, the optical absorption only detects transitions 
of zero momentum transfer (q=0). One can investigate 
charge excitations as a function of q if the inelastic x-ray 
scattering (IXS) is applied. In the previous beamtime, we 
measured non-resonant IXS spectra and found two 
prominent features, namely, (i) an 8 eV feature, having a 
high intensity at q ~ G, and (ii) a sharp 13 eV feature, 
rapidly suppressed as q increases from ¼ G to G. 
However, (quasi-) elastic scattering was very intense, 
making it difficult to extract features < 8 eV from its 
large tail. In this beamtime, we have tried to resolve low 
energy features using higher energy or q (⊥) resolution 
set-ups, reducing the tail of the elastic line. 
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In the experiment, the incident photon energy (E) 
was scanned from 9.890 to 9.900 keV while the analyzer 
energy (Eo) was fixed at 9.890 keV. Using a Si 400 four 
bounce high-resolution monochromator (HRM) and three 
Si 555 diced analyzers, which were placed along the axis 
perpendicular to the scattering place, we achieved an 
energy resolution of 170 meV. The q// and q⊥ resolutions 
were 2 and 7 nm-1, respectively. We also tried a 
combination of the Si 400 HRM and single bent-analyzer 
so as to improve the q⊥ resolution (2 nm-1). The energy 
resolution was 250 meV.    

       
Figure 1.   IXS spectra 

Figure 1 summarizes the experimental data 
measured with the Si 400 HRM and the single bent-
analyzer. The sharp features that were observed at ~ 13 
eV in the last beamtime are not seen in these spectra. 
Those were probably due to hydrogen in the acid used for 
the chemical polishing. On the other hand, the 8 eV 
feature (●) is still discernible and exhibit same the 
behavior as in the last measurements. We believe that this 
feature represents the O → Fe charge transfer. The higher 
energy-resolution (170 meV) set-up did not decrease the 
elastic tail very much (not shown). It was rather effective 
to improve the q⊥ resolution. This indicates that a large 
component of diffuse scattering are placed out of the 
scattering plane.    
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The 3d transition metal monoxides are typical 
samples of strongly correlated electron systems that still 
present challenges to the presently used band theory. A 
typical feature of this kind of material is a rather large 
energy gap at the Fermi energy, called Mott gap or 
charge transfer gap, which is not predictable by (standard) 
band theory. These gaps are usually observed by optical 
absorption using visible or ultra-violet lights. However 
the optical absorption only detects transitions of zero 
momentum transfer (q=0). In this study, we aimed at 
investigating these gaps as a function of q, using inelastic 
x-ray scattering (IXS).  
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In the experiment, we scanned the incident photon 
energy (E) from 7.9 to 8.2 keV, i.e., just below the K-
edge of Ni. Using a Si400 four bounce monochromator 
and three Si444 bent analyzer crystals, we achieved an 
energy resolution of 170 meV. We measured IXS spectra 
at seven q-points between Γ000 and Γ222 in the reciprocal 
space. The low-energy part of each spectrum was 
measured with a 170 meV resolution up to E-Eo = 10 eV 
(Eo is the elastic energy, 7.906 keV), while the high-
energy part was measured with a 1.1 eV resolution up to 
E-Eo = 300 eV. Each spectrum was accumulated for 
approximately one day.   

Figure 1 summarizes the experimental data. Several 
prominent signals are marked by arrows in the figure. 
Some of them change their intensities and/or positions as 
q varied. Based on a comparison with optical absorption 
data in previous reports [1,2], the feature at 4.0 ~ 5.5 eV 
is expected to be associated with the charge transfer 
excitation, producing the energy gap at the Fermi level. 
This appears to have a relatively large dispersion. On the 
other hand, the features at ~ 7.5 and 10 eV show a little 
or no dispersion. They may arise from the excitations 
between the lower and the upper Mott-Hubbard bands 
derived from Ni 3d orbitals. The peak structures at 1.6 
and 2.8 eV are negligibly weak at low q’s but drastically 
enhanced as q increases. The origin of these features is 
not clear yet. Further analyses are necessary to determine 
the origin of each feature.  

Figure 1.   IXS spectra 
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National Synchrotron Radiation Research Center, Hsinchu, Taiwan 
 

The tetrathia-fulvalence tetracyanoquino-
dimetheane (TTF-TCNQ: C6S4H4-C12N4) is a well-known, 
typical low-dimensional organic conductor. This sample 
has intensively been studied in both experiment and 
theory so far. Nevertheless, x-ray spectroscopy such as x-
ray absorption [1] and photo-emission spectroscopy [2], 
still remains several puzzles. Those spectra have not been 
reproduced by theory and not been understood well. In 
this study, we measured inelastic x-ray scattering (IXS) 
spectra at the carbon K-edge to obtain a clue to solve 
those puzzles. IXS spectrum provides similar information 
to conventional x-ray absorption but it includes a 
valuable parameter, i.e., the momentum transfer (q). In 
high q, IXS can observe non-dipole transitions as well as 
dipole transitions.          

In the experiment, the incident photon energy (E) 
was scanned from 10143 eV to 10203 eV, while the 
detected photon energy (Eo) was fixed at 9883 eV. Using 
a Si 400 four bounce monochromator and nine Si 555 
(diced) spherical crystals, we achieved an energy 
resolution of 170 meV. The powder sample was pressed 
into a disk shape with an 11-mm diameter and a 1.5-mm 
thickness. The beam position on the sample was 
consecutively moved every 50 seconds to avoid radiation 

damages. The IXS spectra were measured at three q-
points, 26 nm-1, 50 nm-1 and 94 nm-1.  

At q = 26 nm-1, we observed a spectrum very similar 
to that in the soft x-ray absorption experiments [1]. On 
the other hand, at q = 96 nm-1, we could not find a clear 
edge structure because of a large back ground due to 
Compton scattering. During the measurement at q = 50 
nm-1, unfortunately, a hard-disk of the PC that was 
controlling the spectrometer was suddenly damaged. We 
lost all the data that were collected in this beamtime. 
However, it has been clear that this experiment is 
possible. We are confident that we will have high-quality 
data if we try this experiment once again.  
 
 
 
 
[1] J. Fraxedas et al. PRB 68, 195115 (2003).    
[2] F. Zwick et al. PRL 81, 2974 (1998). 
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Resonant inelastic x-ray scattering (RIXS) in the 
hard x-ray regime is a new spectroscopic technique to 
measure charge excitations utilizing intense synchrotron 
radiation. It has great advantages of momentum 
resolution and element selectivity unlike conventional 
optical method. Here, we demonstrate a RIXS study 
taking the latter advantage effectively. 

Because antiferromagnetic fluctuation has long been 
discussed as a principal interaction to form Cooper pairs 
in high-Tc superconducting cuprates, the studies of 
magnetic perturbation are important to understand the 
superconductivity. One way to bring about the 
perturbation in the system is the substitution of Ni2+ (S = 
1) or Zn2+ (S = 0) for the Cu2+ (S = 1/2) sites, which result 
in rapid destruction of the superconductivity. However, 
the substituted Ni or Zn may not only be a simple 
magnetic impurity, but also affects the electronic states. 
In order to study the local electronic structure around the 
Ni site, we performed RIXS of Ni-substituted La2CuO4. 
By tuning the incident photon energy near the Ni K-edge, 
we can selectively elucidate electronic excitations in 
which the Ni site is involved. 

RIXS experiment was performed at BL12XU of 
SPring-8. Si(400) monochromator and Si(551) analyzer 
were used, and total energy was about 460 meV. A single 
crystal of La2Cu0.95Ni0.05O4 was grown by traveling-
solvent floating-zone method. The surface normal to the 
c-axis was irradiated by x-rays in the horizontal scattering 
geometry. The polarization of the incident photon (εi) 
contains both parallel (εi // a) and perpendicular (εi // c) 
components to the CuO2 plane. All the spectra were 
measured at room temperature. 

Figure 1(a) shows incident photon energy 
dependence of RIXS spectra near the Ni K-edge. The 
momentum transfer is fixed at Q = (0,0,10.5). We also 
plot x-ray absorption spectra (XAS) measured by total 
fluorescence yield method in Fig. 1(b). Excitation at 3-4 
eV is resonantly enhanced near 8346.5 eV, which is 
shaded in Fig. 1(a). This resonant energy corresponds to 
the peak of the fluorescence spectrum of ε // c. In 
addition, the peak at 6 eV, which is a charge-transfer 
excitation, increases in intensity at higher incident energy. 

Figure 2(a) shows the Mott gap excitation of 
La2CuO4 observed at the Cu K-edge. In the intermediate 
state of the RIXS process, an electron in the O 2p orbital 
transfers to the Cu 3d orbital to screen the Cu 1s core 
hole. As a result, Zhang-Rice singlet and Cu with 3d10 
configuration are created. This excitation appears at 2-3 
eV [1,2]. By analogy, the excitation to create Zhang-Rice 
singlet and Ni with 3d9 configuration is expected when 
we measure RIXS of Ni-substituted La2CuO4 at the Ni K-

edge, as shown in Fig. 1(b). This excitation must be the 
observed feature at 3-4 eV. Its spectral weight is located 
at a higher energy than the Mott gap excitation, that is, 
Cu with 3d10 is energetically preferable to Ni with 3d9. 
This means that electrons doped in the Ni-substituted 
CuO2 plane are predominantly at the Cu sites. On the 
contrary, doped holes are localized around the Ni sites, 
which is proposed by recent neutron scattering [3] and 
XANES [4] experiments.  
 
[1] M. Z. Hasan et al., Sicence 288, 1811 (2000). 
[2] Y. J. Kim et al., Phys. Rev. Lett. 89, 177003 (2002). 
[3] M. Matsuda et al., Phys. Rev. B 73, 140503 (2006). 
[4] H. Hiraka et al., in preparation. 
 

 
Figure 1: (a) Incident energy dependence of RIXS spectra 
of La2Cu0.95Ni0.05O4. The incident energy for each scan 
can be read from the vertical axis. (b) Fluorescence 
spectra of ε // a and ε // c. 
 

 
Figure 2: (a) Mott gap excitation of La2CuO4 observed at 
the Cu K-edge. (b) Excitation in Ni-substituted La2CuO4 
observed at the Ni K-edge. 
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Knowledge of the electronic structure of amorphous 
and liquid silica at high pressures is essential to 
understanding their complex properties ranging from 
silica melt in magma to silica glass in optics, electronics, 
and material science. Here we present oxygen near K-
edge spectra of SiO2 glass to 51 GPa obtained using x-ray 
Raman scattering in a diamond-anvil cell. The x-ray 
Raman spectra below ~10 GPa are consistent with those 
of quartz and coesite, whereas the spectra above ~22 GPa 
are similar to that of stishovite. This pressure-induced 
spectral change indicates an electronic bonding transition 
occurring from a four-fold quartz-like to a six-fold 
stishovite-like configuration in SiO2 glass between 10 
GPa and 22 GPa. In contrast to the irreversible 
densification, the electronic bonding transition is 
reversible upon decompression. The observed reversible 
bonding transition and irreversible densification call for a 
coherent understanding of the transformation mechanism 
in compressed SiO2 glass.  

 
Figure 1 Oxygen K-edge spectra in compressed SiO2 
glass by x-ray Raman spectroscopy. The main feature of 
the spectra between 1 GPa and 14 GPa is an intense peak 
located at ~538 eV (labeled as Q), whereas an additional, 
intense peak appears at ~544 eV at pressures above 19 
GPa (labeled as S).  

The oxygen near K-edge XRS experiments of 
compressed  SiO2 glass were conducted on the Taiwan 
Beamline BL12XU at SPring-8. A beryllium gasket, 
transparent to the incoming and outgoing x-ray, of 3 mm 
in diameter was pre-indented by a pair of diamonds 
having culets 500 μm across to a thickness of 50 μm and 
a hole of 250 μm in diameter was drilled in it and used as 
the sample chamber. SiO2 glass (99.9% pure) was loaded 
into the sample chamber of a DAC with a few ruby balls 
as the pressure calibrant. The XRS spectra were collected 
using the reverse scan technique: the inelastically 
scattered x-ray Raman signals were collected at an angle 
(2θ) of 30° with an array of spherical Si analysers and a 
Si detector in near back-scattering geometry at a fixed 
energy of 9.886 keV at BL12XU, while the incident 
monochromatic x-ray beam (E) from a Si(111) or C(111) 
double crystal monochromator was scanned over the 
energy range of E-E0 from 520 eV to 575 eV. The total 
energy resolution was ~1.1 eV.  

Our XRS studies provide conclusive evidence for a 
four-fold, quartz-like to a six-fold, stishovite-like 
electronic bonding transition in compressed silica glass. 
Therefore, our present results may have important 
geophysical implications, considering SiO2 and MgSiO3 
are two major components of magma in the Earth’s deep 
interior. Silicon coordinated with five oxygen atoms has 
been observed in high-temperature quenched silicates and 
predicted theoretically, and its potential presence in 
compressed silica glass and liquid could be of key 
importance in the mechanism in which viscous flow takes 
place deep in the magma chamber. 
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Inelastic x-ray scattering (IXS) has proven to be a 

powerful tool for investigating the electronic excitations 
in inorganic systems [1]. In our previous work, IXS was 
used to investigate the excitons in the complex organic 
molecular crystal Py-SO [2]. The experimental results are 
very clean and therefore can be directly compared with 
theory. In this report, we extend this technique to the 
study of the excitations of water molecule, C60 and other 
organic crystals. 

Water. Water vapor was investigated by IXS at 
BL12XU. The measurements were carried out at photon 
energy of 9891.60eV, with energy resolution of 190meV.  
We clearly observed three groups of strong features (Fig. 
1) at energy near 13eV, 14eV and 16eV, which are 
assigned to the electronically excited states of the water 
molecule. Within these three main features, nearly 
equidistant fine features are observed in a wide energy 
window from 12.23eV to 16.64eV, as illustrated by the 
dash lines in Fig 1. The energy interval is about 300meV, 
which is most possibly due to the vibrational state of the 
excited state of water molecule.   
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Figure 1. IXS spectra of water molecule for different 
momentum transfer q. 
 

We believe this experiment has opened a new route 
to study the vibration states of small molecules in their 
highly excited states.  

Fullerene. We conducted IXS experiment to 
investigate the excitonic properties of C60 at BL12XU. 
The measurements were carried out at 300K in 
transmission mode. The photon energy is 9885.9eV and 
energy resolution is 240meV. Momentum transfer q was 
scanned from 0.44 Å-1 to 2.25 Å-1. Clear features were 
observed (Fig. 2): 2.2eV, 3.6eV, 4.6eV, 5.8eV, 6.3eV and 
8.0eV, which are qualitatively consistent with our 
theoretical calculations (Fig. 3). 

We also studied other organic crystals including 
TTF-TCNQ, TEATCNQ, well oriented nano-tubes, 
kETCu . Signal is very weak in these cases. A possible 

reason could be that in these systems inter-molecular 
interactions are much stronger and the excitons are more 
extended in space, so the IXS signals are too weak to be 
detected. Future effort to improve the signal/noise ratio 
would help resolve this problem. 

 

 
Figure 2. IXS data of C60 molecular crystal. 
 

 
 

Figure 3. Calculated IXS spectra of C60. 
 

In conclusion, we used IXS to study water and C60 
system. We obtained excited states of H atom in water 
molecule and its vibration structure; for C60 system, we 
got a serial of exciton features, which are qualitatively 
consistent with our calculation. 
 
References: 
[1] W. Schulke, J. Phys. Condens. Matter 13, 7557 (2001). 
[2] K. Yang et al., Phys. Rev. Lett. 98, 036404 (2007).
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