Chemical
Science

hemistry is closely related to our daily life and

therefore understanding the nature of the
chemical reaction is important to improve our life.
The highlighted works include fundamental, applied
and biomedical aspects of chemical interest. The first
article reports an astrochemical investigation con-
ducted by an international research team consisting
of groups from Italy, Spain and Taiwan. They simulat-
ed in the laboratory chemical reactions around young
solar-type stars. Experiments were performed with
soft X-radiation of several interstellar ice mixtures
using synchrotron radiation. They found that inter-
stellar X-radiation might play a role in the prebiotic
chemistry in the early chemical evolution around pro-
toplanetary disks. The second article introduces work
on the regulation of cell proliferation or apoptosis
through abnormal protein glycosylation monitored
with a synchrotron-based IR imaging method. This
work demonstrated that this method, compared with
antibody-based assays, might serve as an economical
platform to aid in the diagnosis of abnormal glyco-
sylation-related diseases.

In the third report in this section, Ru-Shi Liu’s group
at National Taiwan University synthesized a new
phosphor and found its color-reversal effect in the
green and blue emissions on excitation of the Tb-acti-
vator with UV and Vacuum UV light. This observation
improves our understanding of the mechanisms of
luminescence of Th-doped phosphors used for white
LED. The fourth article introduces Chun-Hong Kuo's
recent work on plasmon-enhanced catalysis of Au-Pd
alloy and core-shell nanoicosahedral crystals. The Au-
Pd core-shell nanocrystal is a catalyst of a kind more
effective for surface-plasmon resonance-enhanced
reduction reactions because of the enhanced Au
content in the cores. (by Yu-Jong Wu)
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Probing the Evolution of Cosmic Dust with X-rays

X-ray irradiation may have played a significant role in chemical evolution of the early

universe.

F or most of the twentieth century, the presence
of interstellar dust — mixed with gas — has been
an accepted concept in astronomy, but that dust was
regarded mainly as an irritating fog that prevented a
clear view of the stars. Most early efforts were hence
directed towards developing simple methods for dust
extinction, so that the true intensity and spectrum

of an unshielded star could be estimated from the
observed obscured star. In the past half century, it has
become increasingly accepted, however, that dust
has many and important roles in astronomy, and is a
crucial component of the Milky Way and other gal-
axies. Without dust, for example, our galaxy would
not have evolved as it has, stars would not have their
present forms and planets would not exist.

The most obvious role of dust is that it can shield
regions from ambient starlight. Molecules, such as
carbon oxide in cloud interiors, are thus protected
from photodissociation by ultraviolet (UV) starlight
and have a long lifetime; a complicated chemistry
can hence arise in cloud interiors. Cosmic dust also
enables interstellar chemistry of two kinds to occur
through its interaction with the gas. First, the pres-
ence of dust promotes reactions between atoms
and molecules adsorbed on the surfaces of bare dust
grains. Surface reactions of this type are important
because they provide, in particular, almost all hydro-
gen molecules that are essential partners in the gas-
eous-phase network.

Second, the observations of particular astronomi-

cal locations lead to a conclusion that dust grains
therein accumulate mantles of ices containing a few
fairly simple molecules — mainly water, carbon oxide
and dioxide, with other simple molecules in smaller
proportions. These unprocessed ices are certainly
interesting; their chemical complexity can be greatly
enhanced, apparently through solid-state chemistry
in some form, with more complicated products en-
riching the gaseous phase. These more complicated
product species, such as ethanol, acetic acid and
glycol aldehyde, are detected in relatively large abun-
dance in various interstellar locations, especially in
regions of star formation, and are considered relevant
to the emerging subject of astrobiology.

In space, ices of simple species can be cooked in

various ways to produce species that are more com-
plicated. The cooking can be driven by cosmic rays
(swift particles — mainly protons, a-particles and
electrons) and — energetic radiation (particularly UV
photons and X-rays). The more complicated species
might be retained in the ice to serve as precursors for
prebiotic chemistry in larger bodies, such as planets,
or released when the ices become warmed with the
radiation of a newly forming star. All these processes
are replicable in laboratory experiments.

Aiming to simulate the irradiation of ice mantles to
study the formation of complicated organic mole-
cules with X-radiation in circumstellar regions, an
international team composed of researchers from
Taiwan, Italy and Spain performed experiments using
TLS 08B; this beamline provides photons in energy
range 250-1250 eV. Synchrotron sources are ideal
because of their great intensity and wide wavelength
coverage. The rationale for the use of X-rays is based
on the observationally derived evidence that X-ray
emission is an almost universal characteristic of stars.
For solar-type stars, the X-ray emission evolves with
the age of the star, becoming less intense as the star
ages. At early stages in the life of a star, such an X-ray
component can be even more intense than UV emis-
sion.

In the first work," the aforementioned researchers
irradiated pure carbon-oxide ice, as CO is among the
most abundant constituents in the chemical invento-
ry of space, both in gaseous and condensed phases.
Although CO, was the major product in excitation
experiments of both types, the overall chemical evo-
lution differed significantly between the experiments.
Figure 1 shows infrared (IR) spectra in the relevant
range, in which signals of photochemical products
are evident.

In the second work,? solid CO mixed with H,O was
irradiated with X-rays; the diffusion barrier of CO in
water ices was found to be significantly less (~160 K)
than current values of surface-diffusion barrier ex-
ploited in astrochemical models. Even if initially segre-
gated, CO molecules can thus disperse in their em-
bedding water ices at temperatures exceeding 10 K.
The dust grains that are originally incorporated into
protoplanetary disks are essentially of an interstellar
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Fig. 1: IR spectra of an initial CO ice sample (dotted line) and

obtained after irradiation at 300 eV, 500 eV and broad-

band emission (250-1250 eV) with small, medium and
large photon flux. [Reproduced from Ref. 1]

nature, but have been severely modified through the
filter of star formation. The key issue is the extent of
such processing that is imprinted on the growth, crys-
tallization and settling of the dust grains. In the third
experiment, the authors considered the effects of soft
X-radiation on iron-free magnesium-silicate materials
produced via a sol-gel technique; the soft X-radiation
modified the structure of the silicate sample. The Si-O
stretching signal shifted by approximately 0.2 um
towards greater wavelength, becoming weaker and
broader with the duration of irradiation, shown in
Fig. 2.

Icy surfaces are prevalent in cold regions of space.
These ices are exposed to varied energetic sources,
including UV photons, electrons, ions and X-rays. The
nature of interstellar and circumstellar ices is difficult
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Fig. 2: IR spectra of silicate. The black line is the silicate spec-
trum before irradiation. The blue, orange and green
lines are spectra after irradiation with weak, medium
and strong X-ray rates, respectively. [Reproduced from
Ref. 3]
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to constrain, as it depends on various physicochem-
ical processes. Walsh et al. (2012) showed that the
midplanes of circumstellar disks are shielded from UV
radiation beyond 10 au, whereas X-radiation of great-
er energy can penetrate more effectively and might
lead to an appreciable contribution to the molecular
complexity in the disk midplane beyond 10 au. X-radi-
ation might also affect the dust substrate supporting
the ice. The reported work? demonstrated that X-rays
can alter the silicate structure, possibly because of the
loss of the local residual order of the silicate. All work
on X-radiation of materials of astrochemical interest
taken together provides an opportunity to rethink
the importance of chemical evolution triggered by
X-radiation in the early stage of protostars. (Reported
by Yu-Jung Chen, National Central University, and
Yu-Jong Wu)
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This report features the the collaborative work of An-
gela Ciaravella, Yu-Jung Chen, Cesare Cecchi-Pestellini,
Guillermo M. Muhoz Caro and their coworkers pub-
lished in Astrophys. J. 819, 38 (2016), 820, 25 (2016),
828,29 (2016).

The research team members, Y.-J. Chen, G. M. Munoz Caro, A.
Ciaravella and C. Cecchi-Pestellini (from left to right) performed
the experiment at TLS 08B1.

TLS 08B1 BM-AGM
e Photoprocess of Solid States at Low Temperature
e Astrophysics, Astrochemistry
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Diagnosis of Skin Cancer with Synchrotron IR Mi-

crospectroscopy

Synchrotron-based FT-IR Imaging technique can help in diagnosis of arsenic-induced skin

cancer.

bnormal cell proliferation and dysregulated energy homeostasis are

common mechanisms for carcinogenesis induced by arsenic expo-
sure (AP). As protein glycosylation is involved in the physiological process-
es of cell proliferation and differentiation, the AP might play a key role in
the induction of aberrant glycosylation and might lead to abnormal cell
proliferation. Protein glycosylation is crucial in many physiological pro-
cesses including protein folding and unfolding, cell adhesion and cellular
differentiation. Aberrant protein glycosylation was strongly suggested
to be related to incomplete synthesis and neo-synthesis of glycosylated
proteins, which altered the arrangement and length of protein-linked
glycan residues of glycoprotein.’* Researchers from the NSRRC proposed
the use of n-pentacosane (n-C,sHs,) and beeswax (C30Hg CO,Ci5H3q) to
evaluate the alteration of membrane protein-linked glycan residues in
tumor tissues from patients with oral cavity cancer and ovarian cancer
monitored with synchrotron-based Fourier-transform infrared (SR-FTIR)
microscope.>¢

In this work, a joint team consisting of members from Kaohsiung Chang
Gung Memorial Hospital and the NSRRC studied the connection between
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Fig. 1: (a) FTIR spectra of amide A signal in cell samples after arsenite exposure (0 and 5 uM) in range 3500-3000 cm-"acquired usin-
ga FTIR spectrometer coupled with an infrared integrating sphere. (b) Images for intensity of the amide A line for cell samples
after treatment with sodium arsenite (0, 1 and 5 uM) using a SR-FTIR microscope. [Reproduced from Ref. 7]



the variation of the chain length of glycan residues
of membrane glycoproteins on cell surface and cell
proliferation of KC, HaCaT and HSC-1 cells during
exposure to arsenite, using SR-FTIR imaging at TLS
14A1.7 Three skin cells were treated with an ATP
synthase inhibitor, oligomycin, before arsenite ex-
posure, followed by monitoring the behavior of wax
physisorption with SR-FIIR imagine, to investigate the
association between ATP and the structure alteration
of glycan residues.

The intensity of the amide A signal decreased for

KC, HaCaT and HSC-1 cells after exposure to arsenite
(5 uM) (Fig. 1(a)). The SR-FTIR microspectra results
for the height images of the amide A signal showed
that the protein content of KC and HSC-1 cells was
increased after exposure to sodium arsenite (1 uM)
but decreased after exposure to sodium arsenite (5
uM) (Fig. 1(b)), but the protein content of HaCaT
cells decreased with an increased arsenite concentra-
tion. These results indicated that the intensity of the
amide A signal was a sensitive indicator for skin cells
after arsenite exposure, and the three skin cells were
obviously stressed by the exposure to arsenite (5 pM)
(Fig. 1).

This work showed that the alteration of protein-
linked glycan residues was associated with cell pro-
liferation and revealed the connection between an
elongation of protein-linked glycan residues and ATP
in the model of arsenite-treated primary KC, detect-
ed using the WPK-FPA-FTIR imaging technique. The
alteration of glycan residue structure might hence
play a crucial role in the progression of arsenic-in-
duced skin cancers. The WPK-FPA-FTIR imaging tech-
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nigue performed with selected aliphatic lengths of
wax adsorbents might serve as an economic tool for
diagnosis of abnormal glycosylation-related diseases.
(Reported by Yu-Jong Wu and Chia-Yen Hsu)

This report features the collaborative work of Chih-
Hung Lee, Yao-Chang Lee, Hsin-Su Yu and their co-
workers published in Int. J. Mol. Sci. 17, 427 (2016).

TLS 14A1 BM - IR Microscopy
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The Color-Reversal Effect in Phosphors of WLED

Change of emission from green to blue in a Tb-activated phosphor is controlled by excitation

with UV or VUV.

hite-light-emitting diodes (WLED), compared

with a traditional incandescent lamp and a
mercury-vapor lamp, have attracted much attention
because of their highly applicable value in our daily
lives and wide feasibility in commercial products. The
most common strategy to prepare a WLED is to com-
bine blue InGaN chips with a Y;Al;0;,:Ce’ (YAG:Ce)
phosphor and to employ three light-emitting-diode
(LED) chips, one each of red, green and blue light;
the resulting LED partially converts the original blue
radiation into its complementary yellow color, yield-
ing cool white light. This cool white light generated
from use of a single phosphor displays, however, a
poor color rendition index (CRI) and highly correlat-
ed color temperature, which limit the application of
WLED."? It is difficult to obtain a large CRI with this
approach, because the spectral components are inad-
equate to cover the entire visible region. A novel LED
device containing red, green, and blue phosphors,
was recently reported to achieve a CRI up to 90 on
excitation with ultraviolet (UV) light. New phosphors
with UV excitation bands are hence worthy of devel-
opment.?
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Fig. 1: PL spectrum of Ba,.sSisO12N2:Tho.11 phosphor and corre-
sponding energy levels (blue set: °D; -3 to F, - 3.6 transi-
tions; green set: °D,_4 to ’F,_3. transitions). [Reproduced
from Ref. 4]

Oxonitridosilicates, Si(O,N),, are known to have
excellent properties for application in the production
of WLED. In this article, the study by Chun Che Lin
(National Taiwan University), Ru-Shi Liu (National
Taiwan University) et al. is reported that the photo-
luminescence of phosphor BasSigO,N,:Tb is switch-
able between green and blue light on exciting the
phosphor with UV and vacuum-UV (VUV) radiation;

a configurational coordinate model is thus proposed
for this observation of the color-reversal effect. Ac-
cording to this model, the dominant radiative decay
results in a green emission under UV excitation in
transitions from state °D,to ’F, states in the Th system.
In contrast, blue emission via VUV excitation, comes
from transitions from state °Ds. This new mechanism
is applicable to all Tb-doped phosphors and might be
useful to adjust the optical properties against well-
known cross-relaxation processes on varying the ratio
of the green and blue contributions.

The emission spectrum of the Tb activator typically
exhibits intense line systems in two typical sets from
transitions °D,>’F, (J = 3-6, 620-465nm) and °D3=>7F,(J
= 3-6, 465-375nm), emitting green and blue light,
respectively, as Fig. 1 shows. In most cases, the green
emission is dominant and the blue emission is weak,
because the used excitation energy matches the
energy gap between the 5d level and state *D,, which
results in the depopulation of state °D;. Additionally,
the cross-relaxation process between neighboring

Thb activators results in considerable quenching from
state °Ds to °D,. These two factors are responsible

for the predominantly green emissions of numer-

ous Th-doped phosphors. In the present work,* this
unprecedented effect was further investigated on
performing a color reversal between green and blue
light through control of the relative contributions of
both colors in a Tb-doped phosphor with UV and VUV
excitation using synchrotron radiation.

A configurational coordinate model for the observa-
tion of this color-reversal effect is proposed. Phosphor
Ba,.80Sis012N5:Thg 1 is used to suppress the radiative
decay from state °Ds to ’F\_3 states. The green set
remains the leading transition when the excitation
energy matches the transition from the 5d level to
state °D,, but the green transition gradually declines



with energy of exciting radiation increasing from 254
to 147 nm; the blue transition concurrently grows in
the opposite direction. Excitation energy increased
from 254 to 211 nm leads to an enhanced probabil-
ity of the excited electron to transfer to state °Ds; on
crossing the intersection between the 5d level and
state °Ds. This mechanism is expected to be generally

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

applicable to Th-doped phosphors and useful for the
adjustment of the optical properties against well-
known cross-relaxation processes on varying the ratio
of the green and blue contributions. (Reported by
Yu-Jong Wu)

This report features the work of Chun Che Lin, Ru-Shi
Liu, and their co-workers published in Light-Sci. Appl.
5,e16066 (2016).
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Plasmon-Enhanced Catalysis: Design of Nanocatalysts
with a Combination of Catalytic and Plasmonic Metals

A successful one-step strategy to grow monodispersed Au-Pd alloy and core-shell nanocrys-
tals for electrochemical and plasmon-enhanced catalysis.

d is a catalysts widely studied for its notable

catalytic properties.” The catalytic activity of Pd
becomes further enhanced with electronic and strain
effects through blending with other metal partners.?
Incorporating a localized surface-plasmon resonance
(LSPR) effect in the Pd-M bimetallic nanostructures is
also a promising strategy. In a recent study of a Au-
Pd alloy and core-shell nanoicosahedra with terraced
shells reported by Chun-Hong Kuo (Institute of
Chemistry, Academia Sinica) and his co-workers, they
utilized the LSPR effect of Au to enhance the catalytic
activity of Pd, whereas Au helps to convert radiant
energy to electronic energy and hence stimulates the
catalytic activity of Pd.? A one-step strategy selectively

to synthesize alloy or core-shell Au-Pd icosahedral (IH)
nanocrystals was developed in one pot.# The proce-
dure involved HAuCl,, H,PdCl,, sodium citrate, CTAC
and CTAB in a hydrothermal synthesis at 90 °C. The
rate of reduction of HAuCl, and H,PdCl, was tuned
on varying the ratio [Br -]/[Cl -], which plays the major
role in a selective formation of alloy and core-shell IH
nanocrystals. These nanocrystals display more than
twice the activity for the electrooxidation of ethanol
than commercial Pd catalysts, and they exhibit superi-
or SPR-enhanced reduction of 4-nitrophenol. Figures
1(a) and 1(d) display the high-angle annular dark-
field (HAADF) images of nanocrystals with a scanning
transmission electron microscope (STEM), prepared
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with an enhanced molar content of CTAB (CTAB/
CTAC =9) and enhanced molar content of CTAC
(CTAB/CTAC = 0.33), respectively. The dark-field imag-
es demonstrate that the increased CTAB content gave
an alloy (Fig. 1(a)), whereas a core-shell IH (Fig. 1(d))
with greater CTAC content. The truth was confirmed
with complimentary energy-dispersive X-ray spectra
(EDS) in the mapping mode (Figs. 1(b) and 1(e)). Fur-
ther analysis was performed in an EDS line-scanning
mode, accompanied with an elemental line profile for
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Fig. 1: HAADF-STEM images, EDS maps, line-scan profiles of (a)-(c)

alloy and (d)-(f) core-shell Au-Pd IH nanocrystals. (g)-(h) Syn-
chrotron radiation XRD patterns of alloy and core-shell IH,

[IES)

pectively. (i) Plot of In(A¢/Ay) vs. time of both catalysts in

4-nitrophenol reduction. [Reproduced from Ref. 4]

Au and Pd (Figs. 1(c) and 1(f)), confirming homoge-
neous and heterogeneous morphologies, respective-
ly. The line-scan profile of a single core-shell IH (Fig.
1(f)) shows that Pd forms a thin shell (2 nm).

To understand their crystal structures, synchrotron
X-ray diffraction on the two samples was conducted
at NSRRC, Taiwan, as one of the most efficient tools
for structural information; this measurement was per-
formed with X-ray energy 18 keV. Au and Pd IH were



also measured as references for comparison with the
alloy and core-shell IH. Diffraction signals were not,
however, readily observable from the Pd shells of the
core-shell nanocrystals because of a small Pd crystal
domain in the core-shell IH nanocrystals. In Figs.
1(g) and 1(h), signals 220 of alloy and core-shell

IH appear at 27.83° and 27.73°, which are between
standard Au (27.60°) and Pd (28.40°) signals. These
broad signals indicate an alloy composition. The peak
ratios for Au:Pd are 84/16 and 71/29 for the core of
the core-shell and the alloy IH, respectively. ICP-OES
provided, in contrast, a Au:Pd peak ratio 78.45/21.55
for core-shell and 79.44/20.56 for alloy IH nanocrys-
tals. The greater Au content in the core of core-shell
IH nanocrystals in XRD resulted from Pd atom seg-
regation on the core surfaces of the core-shell IH or
reduction of AuCl,” much more rapid than that of
PdCl,> complexes. The CTAB/CTAC ratio plays two
major roles in the synthesis: the CTAB/CTAC mixing
ratio controls the shape uniformity of IH nanocrystals,
and the CTAB/CTAC ratio acts as a shape modulator
from alloy to core-shell structures.

The catalytic activity of Pd was improved with Au
consistent with the literature by Meng et al.> This im-
provement resulted from two phenomena, a ligand
effect and lattice strain resulting in upshifting of the
Pd d-band center. The authors studied the reduction
kinetics of 4-nitrophenol to 4-aminopheol (4-AP) in
the presence of NaBH,, with and without irradiation
with visible light (500 mW, Xe lamp) at 25 °C. There is
a negligible effect of light in the absence of catalyst
(Blank-D, Blank-L, D: dark, L: light). Figure 1(i) shows
the results of the core-shell and alloy IH nanocrystals
in 4-nitrophenol (4-NP) reduction. The blank reduc-
tion reactions were conducted without catalysts.
Upon adding the catalysts, the conversion of the
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reaction increased substantially under irradiation of
visible light relative to darkness (CS IH-D/C-S IH-L;
and alloy IH-D/alloy IH-L). The conversion attained
81.6% with C-S IH-L, 40% greater than that with the
alloy counterpart in the presence of light (Alloy IH-L).
The Au-Pd core-shell nanocrystals are hence a kind of
catalyst more effective for SPR-enhanced reduction
reactions because of the greater Au content in the
cores. (Reported by Yu-Chun Chuang)
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This report features the work of Chun-Hong Kuo
and his co-workers published in Nano. Lett. 16, 5514
(2016).
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