FRERTAEL R LM DY eRES
T T T T PR Y Py

(2/3
P epEFELHEHHR)

=21
=21
4}
4}

Pt

%

“
%fb
R

DO s A

: NSC 95-2113-M-002-009-
95 # 087 01 px9% 07" 31FP
PR AR EFAY T

| -&r%

PR BR §RAT e AR 2 A



FREARPELR R LT T A R

o

FARLL § R BREARR F &
b A 47 (213)

3w ] B E O FeAlE
;Lé Mm% - NSC 95-2113-M-002-009
HEHPF 95 £ 8§ » 1 p 3 9% £ 7 ' 31 p

FEAEL  flrd
ES S = R
TESE AR T puds 3 Ed Ay~ F R

HEAF  E g R
SRS EF SCEA LT S ERECON [ E TRNRES = )

AR RARA & FELT Y 2 i

(AR N L8y o @Rt -

(AL e ANy cFF2 -
DRBEEERERCTRFLEF A LB -

(RS E TP ARMFTEHRL T - >

Y
%

)

AILTF AR E TR RS AR IR
P EE T I  W T A

(2 &l 2w FEHAR (J- &= 287 2R 434

TS SN SIS



FHRERIPELIR LTI P E S S
= %‘r%ﬁi&é'ﬁ_i FIryraRgRBEz L &R
& = Bt e 47(213)
Synthesis and Characterization of Novel Magnetic Oxides and

Nano-Metal with Specific Structures
33 %% 0 NSC 95-2113-M-002-009
HEYPPLI95E#82 1 p296#ETH 3R

4 gE A
- YRR

APy L RR TR BRI RAAE 2/
SARZN B /T Rk ke X
koofcmc B g A A L@ 2% T
LRERLIEBERAEL AT e AR ARY £
F/RBF 25 REF R B B RBER
R AL A R

L S N A

— ~ Abstract

We describe here a novel method which shows
that related large molecules, tannic acid, can control
the morphology of silver/gold nanoparticles resulting
in the formation of multipod-shaped nanostructures.
In this work, multipod-shaped gold/silver
nanostructures have been synthesized using tannic
acid as reducing as well as capping agent. The
growth process of gold/silver nanostructures have
been studied by UV visible spectroscopy and
extended X-ray absorption fine structure analysis.
The reducing and capping properties of tannic acid
favors the formation of unisotropic crystal growth.
The growth of gold/silver nanostructures occurs as a
consequence of the galvanic replacement reaction
between Au’/Ag’ and subsequent reduction of both
metal ions by tannic acid.

Keywords: Multipod-shaped nanostructures, Tannic
acid
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There has been growing interest in biomimetic
mineralization approaches for the creation of
nanoscale materials with complex shape, controlled
size shape and polymorph under ambient conditions
in aqueous solutions.[1] These nanostructures exhibit
very interesting electrical, optical, and chemical
properties, which cannot be achieved by the
corresponding bulk materials.Generally, spherical
shaped inorganic nanoparticles (NPs) both
semiconducting and metallic, have been of particular
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interest to the broad scientific community for decades.
Fundamentally, in the case of semiconducting
nanoparticles, the light that is absorbed and emitted
can be tunable by diameter because the
photogenerated electron-hole pair has an exciton
diameter that is in the range of 1-10 nm scale.[2] For
metallic nanoparticles, interesting optical and
electronic effects are expected in the range of ~
10-100 nm scales since the mean free path of an
electron in a metal is 10-100 nm.[3] In addition,
bimetallic nanoparticles have been considered to be
valuable for investigating the relationship between
the performance and their structures. Taton et al.
reported that use of single-nanoparticles probes in
recognizing DNA segments immobilized on a chip,
when coupled with a signal amplification method
based on promoted reduction of silver, the sensitivity
exceeds that of the analogous fluorophore system by
two orders of magnitude.[4]
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Sample Preparation. 50 mL of AgNO; aqueous
solution (0.4 mM) was prepared, and then heated at
95 °C for 6 min. The reaction mixture was
maintained at this temperature under magnetic
stirring. Next, 5 mL of tannic acid (2%) was added
into the AgNOj; solution. After stirring for 10 min,
silver nanoparticles were formed at this stage. Then
desired volume of HAuCly (25mM) solution as the
source of Au’* was injected into as-prepared solution
of silver nanoparticles and kept stirring for 15 min.
After reaction mixture was cooled to room
temperature, the product was isolated by
centrifugation and washed with water several times.
For a hollow structure preparation, the colloidal
nanoparticles were prepared by adding 5 mL of
sodium citrate (1%) to 50 mL of silver metal salt
(AgNO;, 0.4 mM) solution. The solution was then
heated at 95°C in an oil bath for 15 min, and then 0.8
mL of 25 mM HAuCl, solution was added drop wise
for another 15 min. The stirring was maintained
throughout the synthesis. All experimental
procedures were performed in open atmosphere.

Characterization. The UV/vis spectra of the
colloidal nanoparticles solution were obtained using
a SHIMADZU UV-1700 spectrophotometer with a



lem quartz cell at room temperature. The surface
morphology of the samples was studied by
transmission electron microscopy (TEM). The
specimens were obtained by placing many drops of
the colloidal solution onto a Formvar-covered copper
grid and evaporating it in air at room temperature.
Prior to specimen preparation, the colloidal solution
was sonicated for 1 min to improve the dispersion of
particles on the copper grid. The samples used in the
EXAFS  measurement were  prepared by
concentrating 2000 mL of the previously obtained
colloidal dispersions to 5~10 mL under nitrogen at
reduced pressure. A series of EXAFS measurements
of the synthesized samples were made using
synchrotron radiation at room temperature.
Measurements were made at the Au L;jedge (11918
eV) and the Ag K edge (25514 eV) with the sample
held at room temperature.
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TEM was used to image the Au/Ag polypod-like
nanostructures. TEM micrographs of the Au/Ag
nanopolypods after addition of 1.6 mL and 0.8 mL of
HAuCly solution to as-prepared silver nanoparticles
is shown in Figure 1. The selected area electron
diffraction pattern, shown as the inset in figure 1(b),
indicates that the nano multipods have a
face-centered cubic structure. As a matter of fact, the
Au/Ag pods significantly increased as more volume
of HAuCl, solution was added. Figure 1(c) shows 0.8
mL of HAuCl, solution was added to as-prepared
silver nanoparticles solution in the presence of
sodium citrate. As 0.8 mL of HAuCl; solution
reacted with silver nanoparticles, the galvanic
replacement reaction between Ag® and Au’" occurred
at this stage. This suggests that tannic acid acts as a
growth inducing agent to form the multipod-shaped
Au/Ag nanostructures, the Au/Ag nanopolypods
cannot be observed in controlled experiments carried
out without tannic acid.

Figure 2 shows the absorption spectra for the
mixture of Au and Ag nanospheres, and after adding
1.6 mL and 0.8 mL of HAuCl; solution to
as-prepared silver nanoparticles solution in the
presence of tannic acid. The surface plasmon
absorption spectra of gold nanorods are usually
characterized by two bands. The absorption band
appearing at the shorter wavelength is attributed to
the transverse band, and that appearing at longer
wavelength corresponds to the longitudinal band.[5]
Spectrum of mixture of gold and silver nanoparticles
also was shown in Figure2 (a) to confirm the
formation of novel nanostructures. It should be noted
that the positions of transverse and longitudinal
bands were considerably different from that of usual
gold nanorods and/or Auc,Aggen Nanorods, although
the absorption spectra were similarly divided into
two parts.[6] Generally, the thickly coated
AUgoreAgsnen nanorods show the longitudinal surface
plasmon absorption at a much shorter wavelength
than the thinly coated nanorods and the transverse

plasmon absorption at similar wavelengths for both
types of core-shell nanorods. In the present study, the
longitudinal plasmon absorption of multipods
nanoparticles prepared by using 0.8 mL of HAuCl,
solution significantly shifted to the blue region
suggesting more amount of silver deposition on the
gold surfaces. The aspect ratio of nanopods prepared
by using 1.6 mL of HAuCl, solution was larger than
that of nanopods prepared by using 0.8 mL of
HAuCly solution, which results in the red shift of
longitudinal plasmon absorption. As shown in figure
2a, after silver nanoparticles reacted with 1.6 mL
HAuCly solution, the longitudinal absorption band of
3D nanoploypods distributed over wider range as a
result of an increase in the dimensions of the
nanopolypods.

Figure 2 (b) shows absorption spectra of as
prepared Ag nanoparticles and after addition of 0.8
mL of HAuCl, solution to these silver nanoparticles
in the presence of sodium citrate. It was observed
that the intensity of 398 nm Ag plasmon peak slightly
reduced after addition of 0.8 mL of 25 mM HAuCl,
solution. The reduction in the intensity can be
attributed to the partial oxidation of silver
nanoparticles even though only a simple electroless
plating process was employed.

Figure 3 displays Au L; edge EXAFS oscillations
of Au foil and multipod Au/Ag nanoparticles (after
addition of 0.8 mL of HAuCly). An interesting
change in oscillatory feature above ~ k = 5.5 A was
observed for Au coated with the silver shell. The
arrow in the figure indicates oscillation caused by the
presence of Ag for multipod nanoparticles suggesting
that the spectral oscillation changed markedly with
the deposition of silver atoms. This large difference
facilitates the coordination analysis of the Au-Ag
system. Figure 4 (a) presents the magnitude of the
Fourier transform of Au Ly edge k*y(K), where k = 3.0
~ 14 A" of multipods Au/Ag nanoparticles.
Evidently, a phase shift in y(k) is seen, and Au-Ag in
the first shell appears as a doublet in the Fourier
transform ofy(k). The peak intensity at a lower
distance exceeds than that at a higher distance
because of the interference between silver and gold
oscillations varies as Ag is deposited. It suggests that
a significant amount of Ag is present in the
nearest-neighbor shell around Au atoms. Thus,
EXAFS analysis of multipod nanoparticles is
characteristic of a two-component structure.
Moreover, X-ray absorption spectrum of the Ag K
edge was performed to provide further evidence of
the presence of Ag atoms in multipod nanostructures
(Figure 4b). As shown in Figure 4b, the FT-EXAFS
spectrum of the Ag K edge of the multipod
nanoparticles exhibits a distinct interference at the
bimetallic interface in comparison with that of the Ag
foil.

We must emphasize the fact that both presence of
silver and tannic acid play important roles in the
formation of multipod-shaped Au/Ag nanostructures.
When the Au’" ions were introduced into Ag
nanoparticles solution, two critical reactions have to



be considered simultaneously. First, the galvanic
replacement reaction between Au’"/Ag’ and second
the reduction of both metal ions by tannic acid
involved in growth of Au/Ag nanopods. In a typical
displacement reaction, after adding Au®" ions into Ag
nanoparticles solution, Ag’ atoms oxidizes to Ag" by
Au’" ions. After galvanic replacement reaction
occurred, the Au’ atoms and Ag" are formed.
Moreover, the role of tannic acid as a reducing agent
is very significant for the galvanic displacement
which results in formation of both Au’ and Ag’
atoms.

Figure 5 summarizes all major steps involved in
the galvanic replacement process and simultaneous
reduction of metal ions by tannic acid and sodium
citrate. In the case of tannic acid (path a), after
HAuCl, solution has been added to the dispersion of
silver nanospheres, tannic acid will start reducing
gold ions in the solution. It results in the generation
of seed sites on the surfaces of silver nanospheres to
provide active sites for the subsequent growth. The
first step would be the galvanic replacement process
occurring at the interface of Ag”/Au’". The released
electrons in this process, can easily migrate to the
surface of the nanoparticle and reduces AuCly into
Au atoms. The epitaxial deposition will lead to the
formation of a crystal site on the surface owing to a
good matching of crystalline structures and lattice
constants between gold and silver. During this
deposition, Ag" ions continuously diffuse out and
dissolve in solution which result in the formation of
gold-rich core due to dissolution of the silver core. In
the second step, the dissolved silver ions are
re-reduced to silver atoms by tannic acid which will
then migrate to the nanopods surface. As a result of
which, Au/Ag alloy is formed on the surface of
nanopods. The generated gold and silver atoms
continue to grow on the surface of nanopods and
gradually emanate to form the multipod-shaped
gold/silver nanostructure. As a matter of fact, Ag"
ions will not precipitate as AgCl with CI' ions
because the product of [Ag’] and [CI] was smaller
than the solubility product of AgCl.[7] The silver
chloride formed in this manner will be completely
soluble in water under present experimental
condition. In the presence of sodium citrate (path b),
when the HAuCl, solution has been introduced into
the dispersion of silver nanoparticles, the
replacement reaction will start from the sites having
relatively high surface energy. As a result, a hollow
structure with a shell made of Au/Ag alloy is formed
in this stage. The extension of this method would be
viable to the other kinds of metal materials and is
currently under study.
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Tannic acid-based one-pot synthesis of
multipod-shaped gold/silver nanostructures has been
described. We have shown that the amount of gold
ions as well as the galvanic replacement between
silver and chloroauric acid play important roles in the

morphology control of the multipod-shaped
nanostructures. It was found that the tannic acid acts
as a reducing as well as capping agent in the
synthesis of multipod-shaped  nanostructures.
Moreover, tannic acid favors the formation of
unisotropic crystal growth. This methodology is
expected to bring about new opportunities for the
synthesis of new unisotropic metal nanostructures.
This new nanostructure of the metal is expected to
find use in a range of applications, especially in
biology.
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We have reached the goals of the research plan,
some parts of the results have already publicized in
scientific journals [8-28].
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Fig. 1. TEM micrographs of the Au/Ag
nanopolypods under different volume of HAuCl,
solution reaction condition. (a) 1.6 mL and (b) 0.8
mL of HAuCl, solution were added to as-prepared
silver nanoparticles solution under presence of tannic
acid. (¢) 0.8 mL of HAuCl, solution was added to
as-prepared silver nanoparticles solution under
presence of sodium citrate.
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Fig. 2. (a) Extinction spectra of mixture of Au and
Ag nanospheres. Au/Ag nanopolypods after adding
0.8 mL and 1.6 mL of HAuCl; solution to
as-prepared silver nanoparticles solution. (b)
As-prepared Ag nanoparticles and 0.8 mL of HAuCl,
solution was added to these silver nanoparticles
solution in the presence of sodium citrate.
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Figure 3. Au L; edge EXAFS oscillations for Au foil
and multipods Au/Ag nanoparticles (0.8 mL of
HAuCl, was added). The arrow indicates oscillation
caused by the presence of Ag.
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Figure 4. (a) Fourier transforms of Au L; edge k’y(K)
EXAFS spectrum of multipods Au/Ag nanoparticles.
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{a) Tannic ac

More Au™ O \

403~
Ag
B Au
Ag-Au alloy

(b) Sodium citrate

Figure 5. Schematic illustration summarizing all
reaction and structural changes involved in the
galvanic replacement reaction. (a) Prepared under
presence of tannic acid. (b) Prepared under presence
of sodium citrate.
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Reaction Mechanism of Pt-LiCoO, Catalysed
Hydrolysis of Sodium Borohydride for Fuel Cell
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B.J. Weng3

1Depar‘[rnent of Chemistry, National Taiwan University, Taipei, 106 Taiwan,
*National Synchrotron Radiation Research Center, Hsinchu, 300 Taiwan,
3Chung-Shan Institute of Science and Technology, Taoyuan, 325 Taiwan.

Abstract

The synthesis of platinum nanoparticles loaded on LiCoO, was successfully
carried out by impregnation method followed by sintering at different temperatures.
The catalytic role of Pt-LiCoO, composite in hydrogen generation during hydrolysis
of sodium borohydride (NaBH4) was studied for fuel cell application. The hydrogen
generation rates were determined to measure the catalytic activities for the hydrolysis
of NaBH,4 using different concentrations of platinum nanoparticles loaded on LiCoO,
support. It was found that the 15 wt.% of Pt nanoparticles on LiCoO, sintered at 450
°C support showed the maximum efficiency for catalysis reaction of hydrogen
production. Synchrotron radiation source and X-ray absorption was used in order to
understand the mechanism of catalytic process for the production of hydrogen during
the hydrolysis of NaBH4. Based on X-ray absorption near edge (XANES) results, we
propose the mechanism for the hydrogen generation using Pt-LiCoO, catalyst which
involves the discharge of the electron through the catalyst to the LiCoO, support
resulting in simultaneous oxidation and reduction of hydrogen ions from BH,; and
water respectively leading to generation of hydrogen.

Introduction

In recent years, fuel cell systems using liquid fuels, such as the direct
methanol fuel cell (DMFC) and direct borohydride fuel cell (DBFC), are considered
future technology for mobile and portable power supplies as replacement for existing
batteries. The direct borohydride fuel cell (DBFC) system, with NaBHy4 solution as
the fuel has attracted attention since the late 1990s for application in portable power
supplies due to its higher specific energy and more compact structure than the DMFC
system. Metal hydride salts such as NaBH, constitute safe and practical hydrogen
reservoirs for PEM fuel cells [1-3]. The hydride is non-toxic, non-inflammable,
produces pure hydrogen, and carries a superior weight and volumetric capacity for
hydrogen delivery. It has high storage density upto 10.8 wt% for hydrogen, stability
in air, easily controlled hydrogen generation rate and side product recyclability [4].
Hydrolysis of sodium borohydride, usually with a precious metal catalyst, is a
promising method for hydrogen generation in fuel cell applications. Hydrogen can be
generated in a double amount of its stored content by controllable heat releasing
reaction with no side reaction or volatile byproducts and generated hydrogen is very
high purity which can be combined with proton exchange membrane (PEM) fuel cell
application.

The hydrolysis of NaBH,4 in aqueous solution in the presence of catalyst can
release hydrogen rapidly in the following way:



NaBH4 +2H,O0 —  NaBO;+4H, +217kJ (1)

The limitations of the hydrolysis of sodium borohydride are sluggish reaction rate due
to decrease in the pH of the solution on account of formation of sodium metaborate
and the self hydrolysis of sodium borohydride at low pH value results in the
uncontrolled release of hydrogen [5]. These difficulties are overcome by increasing
the pH of the solution above 9. The role of heterogeneous catalyst is to produce
hydrogen from alkaline solution of sodium borohydride since in the absence of
catalyst it does not produce appreciable quantities of hydrogen. The catalyst generally
used for the hydrolysis of sodium borohydride include colloidal metal clusters of
noble metals, active carbon, metal halides, metal nanoparticles supported on ion
exchange resin beads [6].

The objective of the present investigation is to synthesize an active Pt catalyst
impregnated on metal oxide such as LiCoO; surfaces and to probe the structural and
local environmental changes occurring in the vicinity of both active Pt catalyst as well
as LiCoO, support during the heterogeneous catalysis of hydrolysis of sodium
borohydride. We have used X-ray absorption utilizing X-ray absorption near edge
structure (XANES) measurements for probing the structural and local environmental
changes occurring in the vicinity of the active catalyst. The use of XANES using
synchrotron radiation gives valuable information about the changes in the local
structural environment of the absorbing atom.

2. Experimental
All chemicals, H,PtCls (99.5 %) from Alfa, LiCoO; (99.8 %) from Aldrich, sodium
borohydride (99.0 %) from Aldrich, nafion (5 %) Dupont, Pt/C (5 %) from Acros
were used without further purification. The platinum nanoparticles loaded LiCoO;
composite catalyst samples were synthesized by mixing H,PtCls and LiCoO; in a
desired ratio such that concentration of Pt varies as 5, 15 and 30 %. The composite
samples were then heated after sonication for 20 mins in the furnace at 250 °C for 5 h
in air atmosphere. The catalyst samples were then sintered in air atmosphere at 450 °C
for 5 h. The catalytic process was monitored by measuring hydrogen generation rates
for the hydrolysis of NaBH, using catalysts. In a typical experiment 0.1 g of sodium
borohydride and 10 mg of Pt-LiCoO; were mixed in stoppered flask and to this 25 ml
of deionized water was added. The hydrogen generated during the hydrolysis of
NaBH,4 was collected and its volume was measured using water trap method at the
time interval of 5 min.
2.1 Characterization

X-ray diffraction (XRD) measurements were carried out using BL17Al,
synchrotron radiation X-ray source at National Synchrotron Radiation Research
Centre.  The surface morphology was examined by transmission emission
microscope (TEM) using JEM-2000EX microscope operated at 200 kV. The Co
K-edge X-ray absorption near-edge structure (XANES) was recorded in transmission
mode for synthesized powder mounted on Scotch tape, at a BL17C Wiggler beamline
by using a double-crystal Si (111) monochromator. Wiggler-C beamline of the
National Synchrotron Radiation Research Center (NSRRC), Taiwan, has been used
for such experiments.

3. Results and Discussion

TEM image and electron diffraction pattern of 15 wt% of Pt-LiCoO, is shown
in Fig. 1. It shows the nanoparticles of Pt dispersed in LiCoO, support with a uniform
particle size distribution with an average particle size of 3.7 + 0.8 nm.



Fig. 1 TEM image and electron diffraction pattern of 15 wt% Pt-LiCoO,

It was observed that the particle size and density distribution is increased for higher Pt
concentration and 15 wt% Pt-LiCoO, composite catalyst showed more narrow size
distribution amongst others in the support. Hydrogen generation experiments were
carried out to find out the catalysis effect of Pt-LiCoO, composite. Fig. 2 shows the
volume of hydrogen generated for 5, 15, 30 wt% of Pt-LiCoO,. It was observed that
15 wt% Pt-LiCoO, showed the maximum hydrogen generation rate suggesting the
optimum concentration of Pt for catalysis of sodium borohydride. The reduction in the
surface area due to aggregation of platinum nanoparticles causes the decreased
hydrogen generation rate for higher concentration.
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Fig. 2 Hydrogen generation of (a) 5, (b) 15, (¢) 30 wt% of Pt-LiCoO,.

The hydrogen generation using 5 wt% Pt-LiCoO, and LiCoO, follows zero order
kinetic dependence with hydrogen generation rate of 2.0 x 10™ g/s and 8.61 x 10™ g/s
for pure LiCoO, and 5 wt% Pt-LiCoO,, respectively. It suggests us that the rate is
independent of sodium borohydride concentration and depends on the surface area of
the catalyst.

We have used 15 wt% Pt-LiCoQO, for ex situ analysis of Pt-LiCoO, catalysed
hydrolysis of sodium borohydride using synchrotron radiation source since it gives



the maximum H; generation rate. XRD measurements using synchrotron beamline
BMO01C2 were carried out on pure LiCoO; and 15 wt% Pt-LiCoO; to study the role of
catalyst during hydrolysis. Fig. 3 shows the XRD pattern of 15 wt% Pt-LiCoO,
compared with pure LiCoO,, Co and Pt foil. The structure of pure LiCoO; during the
hydrolysis for different time periods remains the same whereas the XRD pattern of
Pt-LiCoO, showed remarkable changes with time. Pt plays an important role as an
active centre during the hydrolysis causing the reduction of Co’" ions to Co metal
through the electron transfer as indicated by a peak in Fig. 3.

Intensity (a. u.)

-

6 8 10 12 14 1 18 20 22
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Fig. 3 XRD patterns of 15 wt% Pt-LiCoO; (a) before, (b) after catalysis reaction
compared with pure (¢) LiCoO,, (d) Pt foil, (¢) Co and (f) Co304.

The role of Pt can be understood as a mediator during the reaction causing
efficient electron transfer during the hydrolysis. The concentration of BHy ions in the
vicinity of catalyst surface decreases during the hydrogen generation and more BHy
ions should absorb on the Pt surface which will be helpful for the electron transfer
from BHy to LiCoO, liberating hydrogen. The catalysis of platinum during the
hydrolysis was studied by X-ray absorption studies on pure LiCoO, and 15 wt% Pt on
LiCoO; during the hydrolysis of sodium borohydride. Fig. 4 shows the ex situ Co
K-edge XANES for pure LiCoO; and 15 wt% Pt-LiCoO, before and after at 1 and 5 h
of reaction time completion. It was observed that there is no shift in the XANES
pattern for pure LiCoO, for the reaction time of 1 hr completion. The XANES spectra
of 15 wt% Pt on LiCoO, changed to lower energy values with time indicating the
formation of Co metal as the reaction proceeds. The shift in the near edge region
suggests that Pt nanoparticles played a major role causing the reduction of Co’*to Co
metal with liberation of hydrogen.

We propose the mechanism of overall catalysis process of hydrogen
production using Pt-LiCoO, by using the results obtained from structural investigation.
The active nanocentres of Pt are surrounded by BH,4 ions because of high molar ratio
of [BH4] / [Pt] which causes easy removal of H ions from BH,4 ions as a result of
electron transfer form BHy4 ions through the catalyst in the first process. In this case,
Pt or Co ions in the composite absorbed the electrons and results in the formation of
metallic species by reduction of the metal ions as indicated by XANES measurements.
The role of platinum is very crucial in the charge transfer process as there is no
evidence of Co reduction using pure LiCoO; as a catalyst from XANES Co K-edge
analysis.
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Fig. 4 The ex situ Co K-edge XANES of 15 % Pt-LiCoO, (a) before, (b) 1 h, (¢c) 5h
of reaction completion, (d) Co foil and (e) LiCoO,.

Pt acts as a mediator in electron transfer causing the increased metal content which
may be beneficial for the regeneration of the catalyst surface. Thus ex situ XANES
investigations of the composite catalyst provided the valuable information about the
structural changes occurring during the hydrolysis reaction.

4. Conclusions

The synthesis of Pt-LiCoO, composites was carried out successfully using
impregnation method and the catalytic activities were investigated by hydrogen
generation rates. The characterization using XRD and TEM confirmed the
nanoparticles of Pt loaded on LiCoQO,. 15 wt% Pt-LiCoO, was found to be effective
catalyst for the hydrogen production as suggested by higher generation rates. XRD
and XANES using synchrotron radiation source ex situ studies showed the changes in
the local structure of absorbing Pt and Co atom during the catalysis reaction. XANES
results suggest electron transfer through the catalyst to the LiCoO, support resulting
in generation of hydrogen.
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