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T his year, we have selected six remarkable pieces 
of research performed by our teams as highlights. 

These selected works span from studies on the funda-
mental molecular properties of matter to the applica-
tions of lighting devices. In the field of fundamental 
science, an international collaboration analyzed 
the vacuum ultraviolet (VUV) absorption spectra of 
various molecular ices at various temperatures. The 
spontelectric effect and the sensitivity of VUV ab-
sorption spectra to the deposition temperature were 
correlated to the formation of Wannier-Mott excitons 
in nanoscale molecular ices. 

A research group at NSRRC, led by Bing-Ming Cheng, 
investigated the excitation spectrum from nanodia-
monds with selected Far-UV light. They were able to 
reproduce features from interstellar emitting spectral 
in the 520−850 nm range. This study represents the 
first piece of solid evidence that nanodiamonds are a 
common component of dust in space.

On the application side and, in particular, in the field 
of green chemistry, a Taiwanese collaboration devel-
oped novel Pt-based OLEDs that are bright and effi-
cient in emitting near-infrared light. These OLEDs can 
be used in future applications ranging from biological 
imaging and medical therapy to night-vision devic-
es. Another research team, including the scientists 
from National Tsing Hua University, National Cheng 
Kung University and NSRRC, focused its research on 
the development of porous materials for the green-
house gas capture and chemical catalysis. This team 
of researchers has developed an efficient, systematic 
method to reproducibly fabricate flexible inorganic 
framework device with controllable nanosized pores. 

Determining efficient reaction pathways in industrial 
and biological systems is a very active area research. 
The oxygen reduction reaction (ORR) is a crucial 
reaction in both biological respiration and energy 
converting reactions. A research team of National 
Taiwan University demonstrated that Ag–Pt nano-
cages exhibit photo-dependent properties that give 
rise to a suppression of the peroxide formation in the 
ORR, enhancing its catalyst performance. It has been 
shown that a localized surface plasmon resonance 
allowed hot electron transfer, making the ORR more 
efficient. (by Yu-Jong Wu & Yu-Chun Chuang)
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Nanodiamonds Dispersed in Space
The photoluminescence spectra of nanodiamonds in the 520—850 nm matched well with 
the astronomical observation of extended red emission bands suggesting nanodiamonds are 
a common component of dust in space. 

D iamond in space has been proposed for de-
cades. Early testing of this assumption was 

made through detecting infrared emission bands 
from galactic nebulae and circumstellar mediums, 
and two prominent features at 3.43 and 3.53 μm 
emitted from the HD 97048 star indicated the pres-
ence of interstellar diamonds. However, laboratory 
tests of terrestrial diamonds over the past years 
showed no satisfactory matches to the interstellar IR 
emission bands. In the last two decades, Huan-Cheng 
Chang (Academia Sinica) and his co-workers studied 
the IR absorptions of nanodiamonds in various forms 
including nanocrystal, single-crystal surface and 
hydrogenated thin film. They observed sharp absorp-
tion features at 3.43 and 3.53 μm and assigned them 
to the CH stretching on C(111) and C(100) facets. This 
matching of peak positions, band widths and band 
profiles between the laboratory measurements and 
the astronomical observations confirmed the exis-
tence of nanodiamonds in space.1

Nanodiamonds are used in many diverse areas 
of current technological importance, such as mi-
cro-abrasion, drug delivery, catalysis, quantum 
computing, and so on. These applications are based 
mainly on the electronic and structural properties of 
the nitrogen-vacancy (NV) centers (defects) within 
the lattice structures of diamonds. These defects 
can exist in two different forms: NV0 (neutral), and 
NV− (negatively charged), which can be formed 
by high energy proton bombardment of diamond 
nanocrystals, followed by annealing up to 1000 K. 
Photoexcitation of the nanodiamonds with 532 
nm shows a sharp zero phonon line (ZPL) at 638 
nm accompanying a broad emission, extending to 
900 nm, which arises from the fluorescent centers 
of NV− defects. Alternatively, the emission by NV0 
defects appears in the region 550−700 nm with a 
sharp ZPL at 576 nm when illuminated with light at 
170 nm. Compared to the remarkable emission of 
bulk diamonds in the wavelength region 300−500 
nm, there is no emission below 500 nm detected 
upon far-UV excitation of nanodiamonds. In addition, 
the quantum yield was determined to surpass 10% 
when excitation in this region 125−675 nm, which 
indicates such diamonds are good candidate as carri-
ers of the extended red emission (ERE).  

Returning to the astronomical observation, there is 
a fundamental mystery in astrochemistry and astro-
physics, the ERE. The ERE is a broad, unstructured 
emission band in the wavelength region 500—900 
nm, observed in many nebulae and galaxies and 
although discovered more than 40 years ago, the 
carrier is still unknown. Proposed carriers include 
hydrogenated amorphous carbons, polycyclic aro-
matic hydrocarbons and silicon nanoparticles. The 
photoluminescence of these proposed carriers all 
agree well with the ERE, however there is a question 
regarding their stability in diverse astrophysical en-
vironments. Astrophysicists provided a helpful list of 
conditions to consider when looking for the candi-
date carrier of the ERE.2 Nanodiamonds satisfies all of 
these conditions. The comparison of the ERE of NGC 
7023 with the photoluminescence spectra recorded 
in the laboratory is shown in Fig. 1.3 The laboratory 
spectra were synthesized by combining the photolu-
minescence signals of NV0 and NV− with (green curve) 
and without (red curve) the corrections of the red-
dening effect. The satisfactory agreement between 
the astronomical ERE spectrum and the laboratory 
measurements confirms nanosized diamonds could 
be a common component of cosmic dust. (Reported 
by Yu-Jong Wu)

Fig. 1:  Comparison of the ERE spectrum and the photolumi-
nescence spectra of nanodiamonds. [Reproduced from 
Ref. 3]
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Formation of Wannier-Mott Excitons in Solid  
Carbon Oxide
The spectral shift of the electronic transitions of solid carbon oxide nano-thin film upon 
change of deposition temperatures results from the formation of the spontelectric field and 
the presence of Wannier-Mott excitons. 

Fig. 1:  VUV absorption spectra of (a) solid CO and (b) solid N2 
at various deposition temperatures. [Reproduced from 
Ref. 1]

This report features the work of Bing-Ming Cheng and his co-workers published in Angew. Chem. Int. Ed. 56, 
14469 (2017). 

TLS 03A1 BM – (HF-CGM) – Photoabsorption/Photoluminescence
•  VUV photoluminescence
•  Astrophysics, Astrochemistry
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energy in the region 0.1–1 eV. Frenkel excitons are 
usually found in materials with a small dielectric con-
stant. A Wannier-Mott exciton is the second category 
of exciton. It is usually found in materials with a large 
dielectric constant and a low band gap. Yu-Jung Chen 
(National Central University) and his co-workers1 
reported the presence of the Wannier-Mott exciton 
in solid CO, which is a material with opposite proper-
ties (high band gap and low dielectric constant), by 
observing the strong temperature dependence of the 
spontelectric nature of solid CO. 

The measurements of vacuum ultraviolet (VUV) 
absorption spectra of various pure molecular icy 
samples with a thickness in the nanoscale were 
performed at TLS 03A1. These icy samples includ-
ed CO, N2O, N2, and CO2. The former two species 
are dipolar and possess a spontelectric behavior, 
whereas the latter two has no dipole moment 
and shows no such spontelectric behavior. Figure 
1(a) shows VUV absorption spectra of solid CO 
in the (0,0) band of the A 1Π ← X 1Σ transition at 
various deposition temperatures. Spectra of solid 
N2 under similar conditions are shown in Fig. 1(b) 
for comparison. A change of a few degrees K in 
deposition temperature can shift the electronic 
absorption band of solid CO by several hundred 
wavenumbers. This observation of band shifts as 
a function of a deposition temperature results 

from the spontelectric effect associated with the 
nature of the molecular disorder. However, this spon-

P hotoexcitation of insulators and semiconductors 
may generate electron-hole pairs, rather than 

free charge carriers. The electron-hole pairs, also 
called excitons, are attracted to each other by the 
electrostatic Coulomb force. Now this phenomenon 
has been found in very diverse materials, including 
liquids, polymer-fullerene heterojunctions, and inor-
ganic-organic hybrid materials. Excitons may be clas-
sified into two major categories based on the prop-
erties of the generated excitons in materials. If the 
generated excitons are entirely located on the same 
molecule, it is a Frenkel exciton which has a binding 

(a) (b)
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telectric effect observed in solid CO may arise from 
four mechanisms: (1) the permanent dipole moment 
changes and the associated stark shift between the X 
and A states; (2) the induced dipole change through 
polarizability difference between two states; (3) the 
change in degree of dipole orientation associated 
to the change in deposition temperatures; (4) elec-
tron-hole formation in the excited state of solid CO. 
Chen et al., reported the observation of Davydov split-
ting of solid CO that arose from a force field of CO lat-
tice with cubic symmetry and supports the formation 
of electron-hole pairs in the excited state of solid CO. 
This crystal field results in the separation of the ener-
gy levels of the exciton into three components. They 
proposed a simple electrostatic model to describe 
how the spontelectric effect affects the separations 
of Davydov splitting. The experimental and theoret-
ical results are in a good agreement on the spectral 
shifts along with various deposition temperatures. In 
contrast, solid nitrogen having no spontelectric field, 
shows no dependence between Davydov splitting 
and deposition temperature. This work explains the 
long-standing mystery for the sensitivity of the VUV 
spectra of the molecular solids on the various depo-
sition temperatures correlating the formation of the 
Wannie-Mott excitons. (Reported by Yu-Jong Wu)

This report features the work of Yu-Jung Chen and his 
co-workers published in Phys. Rev. Lett. 119, 157703 
(2017).

TLS 03A1 BM – (HF-CGM) – Photoabsorption/ 
     Photoluminescence

•  VUV Absorption
•  Molecular Science

Reference
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Jiménez-Escobar, J. Lasne, A. Rosu-Finsen, M. R. 
 S. McCoustra, A. M. Cassidy, and D. Field, Phys. Rev. 

Lett. 119, 157703 (2017).

The Interstellar Photoprocessing System (IPS) connected to the 
TLS 03A1 beamline. 

Ultra-Bright Near-IR OLED
The Pt(II) complex-based OLEDs emitting at 740 nm possess very high efficiency and radiance. 
The external quantum efficiency can reach 24% in a normal planar structure. 

A dvances of light-emitting diodes (LEDs) since their discovery in the 60’s have changed the way we light up 
our daily lives in the past decade. Amongst these advances is the development of electroluminescent ma-

terial of the emissive layer, composed of organic compounds and called organic LEDs (OLEDs). Compared to the 
LEDs, the OLEDs possess many advantages for producing displays and/or lighting luminaires including their thin 
profile, flexible, wide view angle, high contrast and color gamut. Due to the technological needs of flat panel 
displays that are common in our daily life, the efficiency and radiance of OLEDs emitting in the visible light spec-
trum has matured rapidly in recent years. In contrast, the development of OLEDs emitting in the near-IR (NIR) is 
just beginning. The function of NIR emitters has a great importance for applications in optical signal processing, 
night vision technologies, bioimaging, photodynamic therapy, and so on.1 However intrinsic quenching mecha-
nisms via nonradiative processes limits the efficiency for NIR emissions of phosphors. If the energy between the 
electronic excited states and the ground state is close, particularly when the energy gap lies in the NIR region, 
the nonradiative process would be greatly enhanced through the coupling of vibrations in the two states; this is 
commonly called “energy gap law”. Therefore, the best reported external quantum efficiency (EQE) of NIR OLEDs 
is lower than 14.5%.       
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To enhance the efficiency of NIR emission, strategies 
to suppress the quenching process have to be incor-
porated into the design of a material. This means 
the overlap of vibrations between electronic excited 
and ground states must be weakened. Following this 
designing idea, the joint research groups led by Hao-
Wu Lin (National Tsing Hua University), Pi-Tai Chou 
(National Taiwan University), and Yun Chi (National 
Tsing Hua University) synthesized three novel Pt(II) 
complexes, as shown in Fig.1, which contain the vari-
ous characters to enhance the NIR emission including 
extended π conjugations of the peripheral chelate 
and shallow and/or repulsive potential energy 
surface of the ground states.2 The photolumines-
cence measurements showed the emission bands 
of these complexes to be at 740, 703, and 673 nm 
and the quantum yields were also determined to 
be 81, 55, and 82% for complexes (1)−(3) respec-
tively. In packaging a normal planar OLED structure, 
the complex (1) emitting at 740 nm exhibited EQE 
of 24% and radiance of 3.6×105 mW sr-1 m-2. The 
light out-coupling hemisphere structure further 
boosted the EQE up to 55%.2 This is a remarkable 
improvement and both parameters are far ahead to 
the current NIR OLEDs. Further Grazing-incidence 
wide-angle X-ray scattering (GIWAXS) at TLS 23A1 
was performed to reveal the ordered aggregations 
of these Pt(II) complexes. The complexes (1) and (2) 
each possesses a similar emission dipole orientation 
distribution and tended to lie horizontally on the 
substrate surface, whereas complex (3) showed 
dipoles in random distribution, but preferred hori-
zontal orientation on average. Theoretical studies 
reveal the aggregation property is via dz2 and/
or π interactions. A dominant dz2 contribution in 
the highest occupied molecular orbital (HOMO) 
is expected on expanding the aggregation to 
infinity, while the lowest unoccupied molecular 
orbital (LUMO) is mainly located at the ligand π* 
orbitals on aggregation. Such a metal-metal-li-
gand-charge-transfer (MMLCT) property along 
the linear Pt–Pt linkage can be recognized as an 
exciton-like model. The created exciton may have 
a long diffusion length and hence be much less 
susceptible to exciton-optical phonon coupling or 
exciton-vibrational coupling. This results in permit-
ting the anomalously high NIR emission yield of these 
Pt(II) complexes. (Reported by Yu-Jong Wu)

This report features the work of research groups of 
Hao-Wu Lin, Pi-Tai Chou, Yun Chi and their co-workers 
published in Nat. Photonics 11, 63 (2017).

Fig. 1:  Chemical structure and optical properties of Pt(II) com-
plexes 1–3. (a) Pt(II) complexes 1–3. Structurally charac-
terized [Pt(hppz)2] (4), whose packing arrangement was 
used to simulate the dimer and trimer of 1 in the solid 
state35 is also shown. (b) The absorption spectra of 1–3 
in THF. The corresponding absorption (unfilled symbols, 
righthand y axis) and emission spectra in solid film (filled 
symbols, righthand y axis) normalized at the peak wave-
length are also shown. [Reproduced from Ref. 2]

TLS 23A1 IASW – Small/Wide Angle X-ray Scattering 
•  GIWAXS
•  Photochemistry
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Future Porous Materials: A Highly Flexible  
Inorganic Framework
In inorganic framework system, researchers have succeeded to develop an efficient method 
to perform a systematic reproducible synthesis of a flexible inorganic framework with differ-
ent nanosized pores.

O ver the past decade, chemists have endeavored 
to develop a series of practical porous materi-

als for greenhouse gas capture and chemical catal-
ysis. These porous materials include metal organic 
frameworks (MOFs),1 covalent organic frameworks 
(COFs)2 and inorganic frameworks. These materials 
are well known for their high thermal stability and 
exceptional surface area. In MOFs structures, the 
highly modular syntheses make modification of pore 
sizes possible and it is now known that the organic 
linker dominates the pore size. However, it is still a 
challenge to control inorganic frameworks in a similar 
manner to achieve a desirable pore sizes. In this work, 
Sue-Lein Wang (National Tsing Hua University) and 
her co-workers successfully developed a systematic 
synthesis procedure to control the pore size of an 
inorganic framework3 and this work provided a new 
insight into the design of porous inorganic frame-
works, with practical applications.

A series of five zinc phosphite-phosphate frameworks 
(HA)2[Zn3(HPO3)4−x(HPO4)x] (A = C4H9NH3

+, C5H11NH3
+, 

C6H11NH3
+, C6H13NH3

+, and C8H15NH3
+; x = 0.3–1) with 

nanometer-scale channels were synthesized. This 
kind of system has a low framework density (FD = 
9.25), an extremely high surface area to volume (SAV) 
exceeding 60.3%, a large hydrophobic empty volume 

in the interior of the framework (20% of the unit cell). 
Inside the crystal, the organic template molecules 
were aligned parallel to the channel direction and the 
hydrogen bondings were found between the ammo-
nium functional group of template molecules and the 
wall of frameworks, which leads a high temperature 
stability (up to 210°C).

The formation of different templates is critical. Three 
different template assemblies were generated, which 
leads to three products: hexagonal-rod-like, tetrag-
onal-rod-like and bi-layer sheet-like structures (Fig. 
1(a)). In this study, the ratio between Triethylene gly-
col (TEG) and water was manipulated to control these 
amine assemblies. For example, a high proportion of 
TEG facilitates the formation of the hexagonal phase 
structure.  

It is rare that an inorganic framework system has 
flexibility due to the lack of adaptable structure units, 
such as organic ligand. Remarkably, as the unit cell 
volume increases while filling up with different amine 
template molecules, the void space expands signifi-
cantly (Fig. 1(b)). More interestingly, from a crystal-
lographic point of view, the bond distances remain 
similar in the five framework systems. However, the 
Zn–O–P bond angles were found to stretch (up to 

Operation of the ~740 nm OLED using 
Pt(II) complex 1. [Reproduced from Ref. 2] 
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Plasmon-Induced Suppression of Hydrogen Perox-
ide Formation in Oxygen Reduction Reaction
A photo-dependent property, corresponding to Localized Surface Plasmon Resonance (LSPR) 
in an Ag–Pt nanostructure, reveals that the plasmon-induced hot electron transfer provides the 
suppression of peroxide formation, which makes the oxygen reduction reaction more efficient.

Fig. 1:  (a) Three different assemblies of amine assemblies. (b) 
Flexibility of framework system with different templates. 
(c) Lattice volume under high pressure. [Reproduced 
from Ref. 3]

maximum of 11.48°), resulting in great flexibility. 
In-situ pressure dependent powder X-ray diffraction 
was performed at TLS 17A1, no phase transition 
was observed in these framework systems when 
pressures up to 2.37 GPa were applied. The corre-
sponding cell volume however reduced by 13% 
(Fig. 1(c)). These data suggest that these inorganic 
frameworks are the most flexible and compressible 
reported amongst microporous metal oxides. (Re-
ported by Yu-Chun Chuang)

This report features the work of Sue-Lein Wang and 
her co-workers published in Dalton Trans. 46, 364 
(2017).

TLS 17A1 W200 – X-ray Powder Diffraction
•  PXRD
•  Materials Science
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O xygen reduction reaction (ORR) is mainly attributed to two pathways, from O2 to H2O or from O2 to H2O2. As 
previous studies demonstrated, the catalytic activity of O2 reduction reaction is highly correlated to element 

type and to the crystalline facets of electrocatalysts. However, the formation of hydrogen peroxide H2O2 as an 
intermediate compound plays a key role in the reduction of the catalytic performances. Platinum is recognized 
as the best element to catalyze the oxygen reduction until now.1 The disadvantage of Pt is its expensive cost and 
motivated chemists to develop other systems with comparable activities. In this paper, Hao Ming Chen (National 
Taiwan University) and his co-workers demonstrated that in the bimetallic nanocage system Ag–Pt, the silver is 

(a)

(c)

(b)
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Synergetic LSPR effects in Ag–Pt nanocages were 
observed, where Pt atom behaves as reactive sites 
with binding to oxygen and adjacent Ag atom makes 
the hot electron transfer into antibonding of oxygen 
more efficient. Plasmon induced hot electron transfer 
processes populate more electrons in antibonding 
orbital of O2 and weaken the bonding of O–O bond. 
This weakening of O–O bond can cause the bond 
breaking of O-O bond and leaving of desired H2O. 
Without the weakening effect, it might lead bond 
breaking of O–Pt bond and formation a peroxide ion 
HO2-(Fig. 1(d)). 

Improvements in the performance of electrocata-
lysts can provide novel opportunities in designing 
competitive reactions. The localized surface plasmon 
resonance in nanocages potentially offers synergetic 
strategies toward altering the chemical reactions or 
reaction pathways in various fields. (Reported by Yu-
Chun Chuang)

This report features the work of Hao Ming Chen and 
his co-workers published in J. Am. Chem. Soc. 139, 
2224 (2017).

TPS 09A  Temporally Coherent X-ray Diffraction
•  HRPXRD
•  Materials Science

Fig. 1:  (a) Schematic diagram of galvanic replacement between Ag and Pt4+. (b) X-ray diffraction patterns of 
four AgPt bimetallic nanocages. (c) Schematic diagram of Pt L3-edge XANES and hot electron transfer. 
(d) Schematic diagram of mechanism in suppressing hydrogen peroxide through hot electron transfer. 
[Reproduced from Ref. 2] 

able to generate localized surface plasmon resonance 
(LSPR), reducing the formation of undesired hydrogen 
peroxide during the ORR.2 

Ag nanocubes with well-control shape, a mean edge 
size of 81 nm and smooth {100} facets exposed to 
electrolyte, were synthesized and structurally and 
chemically characterized. Four Ag–Pt nanocage sam-
ples, in different amount of PtCl6

2- solution, were 
introduced into Ag nanocubes solution, and a sub-
sequent replacement reaction between Ag and Pt4+ 
occurred (Fig. 1(a)). The individual powder diffraction 
patterns of all samples showed the characteristic 
features of a bimetallic nature (Fig. 1(b)).

To realize the light-induced effects upon peroxide 
yield during the ORR, a custom-made ‘rotating disk 
electrode/rotating ring disk electrode’ (RDE/RRDE) 
station was designed. The sample with high Pt 
amount exhibited the smallest light-induced features 
in limiting current, suggesting that light-induced 
phenomenon might be attributed to the LSPR effects 
from Ag and not to Pt. The X-ray absorption near 
edge structure (XANES) of the Pt L3-edge was per-
formed to further investigate the affects from LSPR 
upon the interaction. When the plasmon-induced hot 
electron transfer occurred, a decline in absorbance 
of Pt L3-edge XANES was observed, indicating a plas-
monic hot electron transfer from Ag to Pt (Fig. 1(c)). 

(a)

(c)

(b)

(d)
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TPS 09A: High-resolution PXRD by multi-crystal analyzer detector.

Photo-Enhanced Ferromagnetism in K–Ni–Cr Prus-
sian Blue Analogues
Researchers have succeeded to discover a large enhancement of the Ni and Cr ferromagnetic 
moments under UV light irradiation on K–Ni–Cr Prussian blue analogues.

P russian blue analogues (PBAs) demonstrate many 
fascinating magnetic behaviors. In this study 

Wen-Hsien Li (National Central University) and his 
co-workers examine PBAs, with the general chemical 
formula of AxM[M’(CN)6]y·nH2O (A–M–M’), where M 
and M’ indicate divalent or trivalent transition metal 
ions and A indicates monovalent alkali ions that are 
accommodated in the voids enclosed by the MN6 and 
M’C6 octahedra. It has been shown that a significant 
reduction in magnetization occurs as a consequence 
of light irradiation in layered Rb–Ni–Cr/Rb–Co–Fe/
Rb–Ni–Cr heterostructures comprised of a photo-sen-
sitive Rb–Co–Fe film sandwiched between two pres-
sure-sensitive Rb–Ni–Cr films.1,2 No photo-induced 
magnetism has been identified in isolated K–Ni–Cr, 
but light irradiation leads to a noticeable reduction 
(~8%) of the magnetization when this material is 
coated on a Rb–Co–Fe nano-cube.3 This work aims 
to develop K–Ni–Cr PBAs, where light irradiation will 
enhance the magnetic strength of the compound. 
Li’s group demonstrates that K–Ni–Cr can become 
photoactive in the high K+-containing compound. 

They detected significant increases of the Ni as well 
as Cr magnetic moments upon UV light irradiation in 
a 55 nm thick high K+-containing K–Ni–Cr shell coated 
on a 240 nm Rb–Co–Fe cube. Surprisingly, the pho-
to-enhancement of the magnetic moments for the 
K0.98–Ni–Cr0.70 phase was as large as that for the Rb0.76–
Co–Fe0.74 phase.

The neutron diffraction measurements were conduct-
ed at the Bragg Institute, ANSTO, Australia, using the 
high-intensity powder diffractometer Wombat, em-
ploying an incident wavelength of λ = 2.41 Å defined 
by Ge (113) crystals. For these measurements, ~1 g of 
the sample was loosely loaded into a cylindrical alu-
minum holder (9 mm in diameter and 30 mm long) 
with a shiny inner surface. The device was equipped 
with a quartz tube (5 mm in diameter) located along 
the central axis of the holder to facilitate light irradia-
tion. The PBA powder was loosely packed 2 mm thick 
in the quartz tube allowing 35% light transmission, 
which, combined with the shiny inner face of the Al 
holder that acted a light reflector, allowed the light to 

References 
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bounce back and forth inside the holder for uniform 
illumination of the PBA sample.

X-ray diffraction measurements were first used to 
construct the backbone of the crystalline structure. 
Neutron diffraction was then used to identify the 
atomic positions and the stoichiometric amounts of 
the transition metal ions and H2O molecules within 
the compound. The diffraction patterns were an-
alyzed using the Rietveld method,4 employing the 
GSAS program.5 The observed and calculated X-ray 
and neutron diffraction patterns at 80 K are shown in 
Fig. 1(a). The chemical compositions obtained for the 
two phases after final refinement were Rb0.76Co[Fe(
CN)6]0.74[(H2O)6]0.26·0.56H2O with a cubic lattice con-
stant of a = 9.943(2) Å and K0.98Ni[Cr(CN)6]0.70[(H2O)6]0.30 

·0.11H2O with a = 10.337(4) Å at 80 K. The proposed 
crystalline structure of the Rb–Co–Fe in the core and 
the K–Ni–Cr shell is shown in Fig. 1(b).

Two magnetic transitions, labeled Tm1 and Tm2, are 
clearly revealed in the isofield dc magnetization M(T) 
and ac magnetic susceptibility χ’(T) curves (Fig. 2(a)). 

Fig. 2: (a) Temperature dependence of the magnetization M 
and the in-phase component χ' of the ac magnetic sus-
ceptibility of the PBA assembly. (b) Magnetic intensities 
observed at 30 K, where the neutron diffraction intensi-
ties observed at 80 K. [Reproduced from Ref. 1]

Fig. 1:  (a) Observed (crosses) and fitted (solid lines) neutron 
powder diffraction patterns taken at 80 K. (b) Schematic 
drawing of the proposed crystalline structure of the 
Rb–C–Fe in the core and the K–Ni–Cr shell. [Reproduced 
from Ref. 1]

There is a large increase in the magnetization upon 
cooling below Tm1 = 72 K, which is linked to the mag-
netic ordering of the Ni and Cr ions in the K–Ni–Cr 
phase on the shell. At 30 K, the Ni spins together with 
the Cr spins developed a ferromagnetic arrangement 
with magnetic moments of <μZ>Ni = 0.93(9) μB and 
<μZ>Cr = 1.50(9) μB pointing along the [111] crystal-
lographic direction at 30 K (Fig. 2(b)). This magnetic 
diffraction pattern is indicative of the additional in-
tensity that developed upon cooling from 80 to 30 K. 
It is analyzed employing the GSAS program, assuming 
the same spatial symmetry of the crystalline structure 
for the magnetic structure.

It is remarkable to see that the magnetic moments 
of both the K–Ni–Cr and Rb–Co–Fe phases increase 
significantly upon continuous irradiation with 365 
nm UV light at 2.5 mW during the measurement, as 
revealed by the large increases of the neutron mag-
netic intensities associated with both phases (Fig. 3). 
Surprisingly, the magnetic phase of K–Ni–Cr is more 
sensitive to light irradiation than that of Rb–Co–Fe, as 
reflected by the increase in the representative (200) 

(a)
(a)

(b) (b)
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Fig. 3: Difference intensities between the neutron diffraction 
patterns taken with and without UV light irradiation at 3 
K. [Reproduced from Ref. 1]

magnetic intensity of the K–Ni–Cr phase which is 1.7 
times larger than that of the Rb–Co–Fe phase. It is the 
magnitude of the magnetic moment that develops 
upon light irradiation which gives rise to the increase 
in the magnetic intensities. The magnetic moments 
of the Ni and Cr ions increase by 0.23 μB and 0.32 μB, 
respectively, upon irradiation with 365 nm UV light 
at 2.5 mW. Correspondingly, magnetic moments of 
0.26(1) μB for the Co ions and 0.19(2) μB for the Fe 
ions are found to develop. Photo-irradiation drives 
the Cr ions from in the S = 1 to S = 3/2 magnetic state 
and the Ni ions from in the S = 1/2 to S = 1. The in-
creases in the magnetic moments of Cr and Ni ions 
corresponds to 32% of the Cr ions being photo-ac-
tive, with only 0.23/0.32 = 72% of the electron trans-
fer reaching the Ni ions.

In summary, a large enhancement of the Ni and Cr 
ferromagnetic moments under UV light irradiation 
was detected in 55 nm thick K0.98Ni[Cr(CN)6]0.70[(H2O)6] 
0.30·0.11H2O Prussian blue analogues. (Reported by 
Chi-Huang Lee, National Central University)

This report features the work of Wen-Hsien Li and his 
co-workers published in ACS Omega 2, 4227 (2017).

ANSTO-TG1  WOMBAT – High-intensity Powder  
          Diffractometer
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