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Abstract: The crystalline phase of catalyst support plays a crucial role in governing the dispersion and activity of supported metal species.
Herein, we investigate the influence of amorphous (a-), monoclinic (m-), and

tetragonal ZrO, (t-ZrO,) support on the performance of Pt/ZrO, catalysts in the PtIZr02 catalyst
hydrosilylation of alkynes. Catalysts supported on m-ZrO, and t-ZrO, exhibited high Phe e Mo

Pt dispersion and catalytic activity, while those supported on a-ZrO, showed poor Me\Sinh \/\S.iiph
performance due to encapsulation of Pt during heat treatment. When a-ZrO, was =-rn Me anLsrP“
calcined, it underwent a transformation to the monoclinic phase, which improved the v Jome
dispersion and catalytic activity of the supported Pt. Structural and spectroscopic

analyses including XRD, H,-TPR, Pt Ls;-edge EXAFS, and CO chemisorption ® & % e
revealed that the monoclinic and tetragonal phase uniquely stabilizes Pt at or near 9

the surface. However, when comparing Pt/m-ZrO, and Pt/t-ZrO,, the former showed ® ® L P

higher dispersion and better reusability than the latter. These findings highlight the Bk Buk

critical role of ZrO, support crystallinity in tuning metal-support interactions and

establish m-zrO, as promising platform for designing efficient hydrosilylaton ~Amorphous Monoclinic Tetragonal

catalysts.
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1. Introduction

Hydrosilylation is a fundamental catalytic reaction involving
the addition of hydrosilanes to unsaturated organic
compounds.® It is extensively employed in the synthesis of
organosilicon materials, silicones, and fine chemicals,? owing
to its high atom efficiency and ability to produce valuable
silicon-containing products with precise functionalization.?
Hydrosilane has been also used to generate Ni-H species in
cross-coupling reactions on nickel catalysts.* Platinum (Pt) is
the benchmark metal catalyst for the hydrosilylation, due to its
outstanding activity, selectivity and ability to provide high
turnover  numbers  (TONs).*#!'  Industrial  processes
predominantly utilize homogeneous Pt catalysts, particularly
the Speier catalyst (H.PtCls) and the Karstedt catalyst
(O[Si(CH3).CH=CH_],Pt). However, their homogeneous nature
presents drawbacks, including catalyst separation issues,
metal leaching, and limited recyclability. Notably,
approximately 5.6 tons of Pt were irretrievably lost in
hydrosilylation processes in 2007 alone.'?> To mitigate these
limitations, heterogeneous Pt catalysts have been explored,
yet they often exhibit reduced efficiency due to incomplete
exposure of active sites, resulting in lower TON. Recent efforts
have focused on achieving near-single-atom dispersion to
match the performance of homogeneous systems, highlighting
the direct correlation between catalytic activity and metal
dispersion.® For example, single-site Pt catalysts supported on
Al,O3 or TiO, exhibit remarkable activity in hydrosilylations.*
Pt/-Al,O3-IP, prepared by impregnating H,PtCls-H,O into
alumina nanorods, achieved six reuse cycles and a maximum
turnover number (TON) of 3x105.15 Similarly, the single-site Pt
on TiO, (Pt**/TiO,) was reported to be active and recycle in the
reaction. Density functional theory calculations revealed that its
high activity stems from the atomic dispersion of active species
and the partially positively charged Pt%* electronic structure.'®
In another study, Pt was loaded on graphene with microwave
irradiation as a precursor for PtCl,>. The resulting catalyst
exhibited a turnover frequency (TOF) of 4.8 x 10 h-1and a TON
of 9.4 x 108, enabling continuous hydrosilylation in a packed-
bed reactor.!” Our laboratory previously demonstrated that
highly dispersed Ru on ZrO, calcined at 800 °C, exhibited

excellent activity in benzyl alcohol oxidation, suggesting that
appropriate thermal treatment can enhance metal dispersion
on ZrO, supports.’® Additionally, metal-support interaction®®
and electrostatic effects?® have been identified as key factors
promoting Pt/ZrO; catalyzed hydrosilylation. We have recently
reported that Pt catalysts supported on ZrO, and CeO, exhibit
high activity and recyclability in the hydrosilylation reactions of
alkenes and alkynes.?! Furthermore, in our research on
Ru/ZrO, catalysts prepared by the solid-phase method, we
clarified that when m-ZrO, is used as a support, atomic Ru is
generated and exhibits high catalytic activity in various
reactions including benzyl alcohol oxidation, levulinic acid
hydrodeoxygenation, and ammonia decomposition, but when
t-ZrO, is used as the support, Ru is not dispersed and exhibits
negligible activity. We also found that adjusting the calcination
temperature of m-ZrO, to about 800 °C is also important for
Ru to develop high catalytic activity.’® These findings mean
that the crystalline phase of ZrO; has a significant effect on the
dispersion, structure, and catalytic activity of Ru.?? Therefore,
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Figure 1. (a) XRD patterns of the unloaded ZrO. supports (b) Pt-loaded
ZrO2 catalysts calcined at 500 °C (Pt loading: 0.7 wt%).
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we were interested in how the crystalline phase of the ZrO,
support affects the degree of Pt dispersion and catalytic
activity. In this study, we investigated the structure-activity
relationship of Pt supported on ZrO, by systematically
comparing catalysts prepared on amorphous, monoclinic and
tetragonal phases. We focused on how support crystal phase
and thermal treatment temperature influenced on Pt dispersion
and, consequently, hydrosilylation performance of Pt for an
alkyne molecule. Since Pt catalysts are used not only for
hydrosilylation reactions but also for many other catalytic
reactions, it is very important to establish a method for the
preparation of Pt catalysts with high dispersibility.

2. Results and Discussion
Reactions using alkyne as a substrate

To study the effect of support and thermal treatment Figure
la and 1b present the XRD patterns of the unloaded ZrO,
supports and Pt-loaded ZrO, catalysts (Pt loading: 0.7 wt%)
calcined at 500 °C, respectively. The t-ZrO, (t-ZrO,) phase is
noted where applicable. The as-received ZRO-4, ZRO-7, ZRO-
8 and RC-100 exhibited diffraction peaks characteristic of m-
ZrO,, whereas JRC-ZRO-5, JRC-ZRO-6, and JRC-ZRO-9
displayed broad, featureless patterns, indicative of an
amorphous phase. Upon loading of Pt, followed by calcination
at 500 °C (Figure 1b), the initially amorphous supports ZRO-5,
ZRO-6, and ZRO-9 underwent phase transformation into
monoclinic as well as tetragonal phases, as evidenced by the
emergence of distinct peaks corresponding to m-ZrO, and t-
ZrO,. The specific surface area of the catalysts, shown in
Figure S1, reveals an inverse relationship between
crystallinity and specific surface area. Specifically, Pt/ZRO-4
and Pt/ZRO-8, which exhibited higher XRD diffraction
intensities, correspondingly displayed lower surface areas.
This trend suggests that increased crystallite size in these ZrO,
supports reduces the available surface area, consistent with
their higher degree of crystallinity. The Pt Ls-edge EXAFS of
these samples appeared only Pt-O bonds, indicating that Pt
was well dispersed on the ZrO; surface (Figure S2). Indeed,
diffraction arising from metallic Pt, which typically appears
around 39.8° (Pt(111)), was not observed in the enlarged XRD
pattern (Figure S3). Measurements of X-ray photoelectron
spectroscopy (XPS) of Pt/m-ZrO; calcined at 500 °C revealed
a spectral position (photon energy) was close to that of PtO,
suggesting the valence of Pt on m-ZrO, was predominantly +4
(Figure S4).
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Figure 2. Time-dependent variation in the yield of products 3, 4.
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Figure 2 presents the time-dependent product yields
(products 3 and 4) for the hydrosilylation of ethynylbenzene
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Figure 3. (a) H~TPR profiles of the PtO2 and Pt/ZrOz. (b) H2/Pt molar
ratios calculated from the hydrogen consumption peak areas in H2-TPR.

over the prepared catalysts. The products of the
hydrosilylation reaction (mixture of 3 and 4) were measured by
1H and **C NMR (Figure S5), and their spectra were confirmed
to match those reported in the literature.?® As confirmed by the
gas chromatograph (GC) chart show in Figure S6, the ratio of
products 3 and 4 was approximately 1:2. Among the catalysts,
Pt/t-ZrO,, Pt/ZRO-4, Pt/ZRO-7, Pt/ZRO-8, and Pt/RC-100
exhibited relatively higher activity. In contrast, Pt/ZRO-5,
Pt/ZRO-6, and Pt/ZRO-9 showed markedly lower product
yields. This trend reveals a strong correlation between the
crystaline phase of the ZrO, support and catalytic
performance; Pt catalysts supported on t-ZrO,, and m-ZrO,
(Pt/ZRO-4, -7, and -8) were highly active, while those
supported on a-ZrO, (Pt/ZRO-5, -6, and -9) were the least
active. These observations suggest that the crystallographic
phase of the ZrO, support critically influences the dispersion
and catalytic performance of Pt in the hydrosilylation reaction.
Notably, Pt/ZRO-4 (30 m2g?) and Pt/ZRO-8 (24 m?g?)
achieved high catalytic performance despite their relatively low
specific surface areas. This shows that under current
conditions, surface area does not determine the activity of Pt.
However, the possible contributions of extremely low surface
area or variations in Pt dispersion and loading cannot be
entirely excluded and warrant further investigation.

Figure 3(a) displays the H:-TPR profiles of the Pt/ZrO,
catalysts. A prominent reduction peak approximately at
200 °C, attributed to the reduction of PtO,, was observed
across all samples and consistent with the profile of pure PtO..
Notably, the Pt/t-ZrO, sample exhibited only a trace of this
peak, implying that the Pt species were highly dispersed, likely
close to atomic dispersion, resulting in minimal hydrogen
consumption. The minor peak at 400 °C may indicate that Pt
strongly interact with ZrO,. In contrast, Pt/ZRO-4 and Pt/ZRO-
7 both supported on m-ZrO,, showed much more intense
peaks at 200 °C, indicative of a greater abundance of reducible
Pt species. Although Pt/ZRO-8 also demonstrated high
catalytic activity, its overall H, uptake was lower; however, the
intensity ratio between the 200 °C and 400 °C peaks remained
consistent with that of the other monoclinic-supported
catalysts. These observations suggest a phase-dependent
interaction between Pt and the support, with m-ZrO, favoring
the formation of readily reducible Pt species. A second
reduction peak around 400 °C, absent in pure PtO,, was
observed for all ZrO,-supported catalysts regardless of phase,
and is attributed to hydrogen consumption associated with the
ZrO, support itself or Pt species that strongly interacted with
ZrO,. The invariance of this peak across tetragonal,
monoclinic, and amorphous phases suggests that it is
structurally agnostic. A third, higher-temperature peak at
~500 °C appeared exclusively in catalysts supported on a-
ZrO; (Pt/ZRO-5, Pt/ZRO-6, and Pt/ZR0O-9). This is indicative
of a stronger metal-support interactions, where PtO, may be
more stable oxidation state, requiring higher temperatures for
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reduction. This stronger interaction may contribute to the lower
catalytic activity observed for these samples, due to a reduced
number of active, accessible Pt species. Figure 3(b) presents
the H./Pt molar ratios calculated from the hydrogen
consumption peak areas in the H,-TPR profiles. These ratios
provide a semi-quantitative measure of Pt dispersion and
accessibility. Pt/t-ZrO, and Pt/ZRO-8 exhibited notably lower
H,/Pt ratios compared to the other catalysts. This trend likely
reflects a higher degree of Pt° dispersion on these supports. In
such cases, the reduced coordination environment of Pt atoms
can lead to lower hydrogen uptake per Pt atom, as fewer
hydrogen molecules are required for reduction. These findings
corroborate the enhanced catalytic activity observed for Pt/t-
ZrO, and Pt/ZRO-8 underscoring the role of high metal
dispersion in facilitating efficient hydrosilylation.

Figure 4 presents the relationship between Pt dispersion,
determined by CO pulse chemisorption, and the total yield of
products 3 and 4 after 60 minutes of the hydrosilylation
reaction. A strong positive correlation was observed between
Pt dispersion and catalytic performance. Pt/t-ZrO,, which
exhibited the highest dispersion, also achieved the greatest
yield, followed by Pt/ZRO-4, Pt/ZRO-7, Pt/ZRO-8, and Pt/RC-
100 all of which are supported on m-ZrO, and showed relatively
high Pt dispersion. In contrast, Pt/ZRO-5, Pt/ZRO-6, and
Pt/ZRO-9, supported on a-ZrO,, exhibited significantly lower
dispersions and correspondingly reduced catalytic activity.
These results underscore the critical role of metal dispersion in
determining hydrosilylation efficiency, where a higher number
of surface-exposed Pt sites enhances catalytic performance.
The reduced dispersion of Pt on a-ZrO, supports is likely due
to the encapsulation of Pt into ZrO, during heat treatment,
which coincides with the amorphous-to-monoclinic or to
tetragonal phase transformation. During this crystallization
process, Pt species may become encapsulated within the
growing ZrO, crystallites due to increased proximity of Pt
species, leading to a decrease in Pt atoms being exposed on
the surface. The fact that Pt is encapsulated rather than
aggregated is supported by energy dispersive X-ray (EDX)
measurements showing Pt uniformly dispersed on the ZrO,
surface (Figure S7), and by the appearance of Pt-(O)-Pt bonds
in the Pt L;-edge EXAFS of Pt/ZRO-5, Pt/ZRO-6, and Pt/ZRO-
9 heat-treated at 500 °C (Figure S2(b)). When a-ZrO, was
calcined, it underwent a transformation to the monoclinic
phase, which improved the dispersion and catalytic activity of
the supported Pt. Figure 5(a) presents the XRD patterns of
ZRO-6 samples subjected to various thermal treatment at 500,
700, and 900°C. The as-received ZRO-6 was initially
amorphous, but upon calcination, it underwent a progressive
crystallization into the m-ZrO, phase, as evidenced by the
emergence and intensification of characteristic diffraction
peaks. The transformation became more pronounced with
increasing calcination temperature, confirming a temperature-
dependent phase evolution from amorphous to crystalline.
Figure S8 shows the BET specific surface areas of Pt/ZRO-6
catalysts prepared from these thermally treated supports. A
distinct inverse relationship was observed between calcination
temperature and surface area: as the heat-treatment
temperature increased, the specific surface area systematically
declined. This decrease is attributed to particle growth of ZrO,
and densification associated with crystallization at elevated
temperatures. Hydrosilylation of ethynylbenzene over catalysts
prepared using ZRO-6 annealed at 500, 700, and 900 °C,
resulting in progressive crystallization into the monoclinic
phase, revealed a positive correlation between support
annealing temperature and product yield (Figure S9). This
trend suggests that increased crystallinity of m-ZrO, enhances
catalytic performance. EXAFS analysis of the catalyst prepared
using ZRO-6 annealed at 900 °C exhibited a weak Pt-O
bonding signal while appearance of the Pt-Pt peak in the radial
distribution function (Figure 5(b)). The k3¢(k) data
corresponding to Figure 5(b) is shown in Figure S10. The low
intensity of the Pt-O peak in Figure 5(b) implies limited Pt

aggregation and hints at the possible formation of dispersed
Pt nanoparticles. H-TPR measurements showed that the
amount of hydrogen consumed decreased with increasing
annealing temperature of ZRO-6 (Figure S11). This behavior
suggests that higher crystallinity of m-ZrO, facilitates the
stabilization of Pt in agreement with the Pt Lz-edge EXAFS
shown in Figure 5(b).
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Figure 4. Dependency of total yields of 3 and 4 on Pt dispersion.
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Figure 5. (a) XRD patterns of ZRO-6 samples that were either untreated
or heat-treated at 500 °C, 700 °C, and 900 °C. (b) Pt Ls-edge EXAFS radial
distribution functions of Pt on ZRO-6 and those precalcined at 500, 700
and 900 °C. Fourier transform range was 3.0-14.7 4™,

Comparison of Pt dispersion and reusability of the Pt
loaded on m-ZrOz and t-ZrOz supports

In order to compare the catalytic properties and structures
of Pt catalysts supported on RC-100 (m-ZrO,) and t-ZrO,, we
performed repeated reaction in the hydrosilylation. When the
reaction was repeated 10 times for RC-100 and t-ZrO,, a
significant decrease in yield was observed in the Pt/t-ZrO;
system from the third reaction while the improved recyclability
was observed in Pt/RC-100 (Figure 6). The Pt L3-edge EXAFS
of both Pt/t-ZrO, and Pt/m-ZrO, after reaction revealed
relatively dispersed form of Pt oxide was retained because
only the Pt-O bond appeared in the EXAFS-FT (Figure
S12(b)). Furthermore, the dispersion and structure of Pt/RC-
100 and Pt/t-ZrO, were compared. When varying the Pt
loading (1.0-2.0 wt%) for RC-100 and t-ZrO,, higher Pt
dispersion was observed in Pt/RC-100 compared with that of
Pt/t-ZrO, (Figure 7(a)). Based on the EXAFS radial distribution
function for each Pt loading, no Pt-Pt bonds were observed in
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either RC-100 or t-ZrO; at 1.0 wt%, indicating atomic dispersion
(Figure 7(b)). However, at Pt loadings of 1.5 wt% or higher, Pt-
Pt bonds were observed in t-ZrO,, confirming that Pt tends to
aggregate at higher loadings in t-ZrO,. In the Pt Ls-edge
EXAFS of 2.0 wt% Pt/t-ZrO, shown in Figure 7(b), the peak
assignable to metal Pt-Pt bonding was clearly observed,
suggesting the presence of more aggregated metal Pt. In
contrast, the Pt-Pt bond was hardly observed in the Pt L;-edge
EXAFS of 2.0 wt% Pt/m-ZrO,, while Pt-O bonds were
observed, meaning the strong interaction between oxidized Pt
species with the surface of m-ZrO,. In agreement with the fact,
in the k3y(k) (Figure S13), the spectra of former (Pt/t-ZrO,)
exhibited a rapid oscillation originating from Pt-Pt bonding
particularly in the samples with 2.0 wt% Pt, whereas those of
the latter (Pt/m-ZrO;) exhibited only a slow oscillation due to
Pt-O bonding. These results indicate that there is no significant
difference between m- and t-ZrO, in samples with a Pt loading
of 1.0 wt%, but that the m-ZrO, is a more effective support for
dispersing Pt in samples with a loading of 2.0 wt%. Based on
these results, it is suggested that in Pt/ZrO; catalysts, when the
ZrO,, crystalline phase of the support is m-ZrO,, it exhibits good
reusability and does not cause a decrease in Pt dispersion
even at high loading amounts. This indicates that m-ZrO,
strongly binds Pt to the support surface, thereby suppressing
the sintering during thermal treatment. The stronger bonding of
Pt to t-ZrO, compared to m-ZrO; is also supported by analysis
of the Pt Lz-edge XANES (Figure S14, 15). Specifically, by
calculating the ratio of Pt° to Pt** from the weighted average of
the pattern fitting (Figure S14) results for the Pt-L; edge
XANES of the corresponding sample in Figure 7(b), using
those of Pt foil and PtO,, we found that 85-96% of Pt in Pt/m-
ZrO; and approximately 44% of Pt in Pt/t-ZrO, were found to
be Pt** (Figure S15). The difference indicated that Pt oxide
existed stably in m-ZrO,.

100 —————
< _i“A
< 80 Ar, .
B [ | AA
& 60} Em A
f’_’ [ ]
O 40} B -
= e
>20r A pym-zro, .
S B Put-Z0,
(e} 0 1 1 1 1 1
|_

0 2 4 6 8 10
Reaction time

Figure 6. Relationship between the number of reactions and the yield of the
hydrosilylation reaction of Pt/ZrO: catalysts using RC-100 (m-ZrOz) and t-
ZrO». The reaction time of the horizontal axis indicated the initial reaction
plus the number of times it was reused. The 0.7 wt% Pt/ZrO: catalyst after
reaction was separated by centrifugation, dried overnight in a 70°C oven,
and then used for subsequent reactions without pretreatment. This process
was repeated before repeated reactions.

Figure 8(a) and (b) show TEM images of samples in
which 2 wt%-Pt was supported on RC-100 (m-ZrO;) and t-ZrO,,
respectively, and then calcined at 500°C. In the TEM image of
Pt/m-ZrO, image, finely dispersed Pt particles with a diameter
of 1-2 nm were observed, whereas angular grains of 10-50 nm
were observed in the image of Pt/it-ZrO,. The fact was
consistent with the dispersion and EXAFS data, which showed
that the dispersion of Pt/m-ZrO, was higher than that of Pt/t-
ZrO; (Figure 7(a)).

Conclusion

In this study, Pt was supported on three types of zirconia-
amorphous, tetragonal, and monoclinic-to investigate the
correlation between Pt dispersion and the zirconia crystal
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Figure 8. TEM images of (a) PYRC-100 (m-ZrO2) and (b) Pt/t-ZrOz. The
sample was prepared after impregnation of Pt(acac)z on the ZrO2 supports,
followed by calcination in air at 500 °C. Pt loading: 2.0 wt%.

phase. The results suggest that in amorphous zirconia, Pt
likely immersed into the ZrO; interior, causing the loss of active
sites and resulting in low activity for hydrosilylation. In contrast,
this phenomenon did not occur on tetragonal or monoclinic
zirconia, leading to high activity of Pt. However, when
comparing samples with Pt loading levels of 1.5 wt% or higher,
the monoclinic zirconia support exhibited superior Pt
dispersion and activity compared to the tetragonal zirconia
support. This is likely due to the -OH groups originating from
surface defects in the monoclinic zirconia promoting high Pt
dispersion.

Experimental Section

Catalyst preparation: Pt-supported ZrO, (Pt/ZrO,) catalysts
were prepared via the impregnation method. 14.1 mg of
bis(acetylacetonato)platinum(ll) (hereafter referred to as
Pt(acac),) was dissolved in 50 mL of acetone and mixed with
1.0 g of ZrOy, resulting in a Pt loading of 0.7 wt%. Seven kinds
of ZrO, supports (JRC-ZRO-4, JRC-ZRO-5, JRC-ZRO-6,
JRC-ZRO-7, JRC-ZRO-8, JRC-ZRO-9 and RC-100) were
supplied from Japan Reference Catalyst. Information on ZrO,
supports is summarized in Table 1. Pt(acac), was supplied by
FUJIFILM Wako Pure Chemical Industries Ltd. The mixture
was stirred and subsequently evaporated to dryness using a
rotary evaporator at 30 °C. The resulting solid was ground in
an agate mortar, transferred to a ceramic crucible, and
calcined in air at 500 °C for 3 h (heating rate: 10 K min?),
followed by spontaneous cooling to room temperature. The
final catalysts were ground again and stored in airtight vials
prior to use. The catalysts are denoted as Pt/Support; for
instance, Pt/ZRO-4 indicates Pt supported on ZRO-4 and
calcined at 500 °C. Amorphous ZRO-6 samples pre-calcined
before Pt loading are denoted as Support-x °C, where x
represents the pre-calcination temperature (e.g., ZRO-6-600C
refers to JRC-ZRO-6 calcined at 600°C prior to Pt
impregnation and subsequent final calcination at 500 °C). As
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a separate series from the above samples, Pt/ZrO, were also
prepared by supporting 1.0 - 2.0 wt% Pt (Pt(acac), was
supplied by Tokyo Chemical Industry Co.) on ZrO;, pre-calcined
at 700 °C. Tetragonal-phase ZrO, (t-ZrO;) was synthesized
using the sol-gel method.?* First, 12.0266 g of zirconyl nitrate
hydrate (ZrO(NOg3).-2H,0, FUJIFILM Wako Pure Chemical
Industries, Ltd.) was dissolved in 1000 mL of deionized water
under stirring (300 rpm). Ethylenediamine was added dropwise
until the pH reached 11. The resulting solution was refluxed at
100 °C for 48 h with continuous stirring (Chemist Plaza CP-
400, SIBATA Chemical Co.). The resulting precipitate was
recovered by centrifugation, thoroughly washed with deionized
water, and dried at 110 °C overnight. The dried solid was
ground and calcined in a muffle furnace at 700 °C for 3 h
(heating rate: 10 K mint), then ground again for further use.

Catalyst characterization: The specific surface area of the
catalysts was measured by nitrogen adsorption using the BET
multipoint method. Approximately 0.1 g sample was degassed
by vacuum heating at 300 °C prior to analysis on a BELSORP-
mini-X system (Microtrac BEL). X-ray diffraction (XRD) was
employed to determine the crystalline phases using a MiniFlex
diffractometer (Rigaku) with Cu-Ka radiation (A = 1.5406 A),
scanned over a 20 range of 5 - 90° at 10° min-t. Hydrogen
temperature-programmed reduction (H,-TPR) was conducted
on 0.1 - 0.2 g of catalyst using a BELCAT Il instrument
(MicrotracBEL Co.) to investigate the reduction properties of
the prepared catalysts. Samples were pretreated under N
flow, then heated to 650 °C at 10 K min™ under a Hz/Ar flow. Pt
dispersion was quantified via CO pulse chemisorption
assuming a 1:1 Pt/CO stoichiometry under controlled
conditions. X-ray absorption fine structure (XAFS)
spectroscopy was performed to examine the local electronic
and coordination structure of Pt in the catalysts. The

Table 1. List of ZrO, used for support of Pt.
ZrO2 Support Sample Name Source
ZRO-4 JRC-ZRO-4 Reference Catalyst,
Catalysis Society of Japan

ZRO-5 JRC-ZRO-5 Reference Catalyst,
Catalysis Society of Japan
ZRO-6 JRC-ZRO-6 Reference Catalyst,
Catalysis Society of Japan
ZRO-7 JRC-ZRO-7 Reference Catalyst,
Catalysis Society of Japan
ZRO-8 JRC-ZRO-8 Reference Catalyst,
Catalysis Society of Japan
ZRO-9 JRC-ZRO-9 Reference Catalyst,
Catalysis Society of Japan
RC-100 RC-100 Daiichi Kigenso Kagaku
Kogyo Co.
t-ZrO2 t-ZrO2 Prepared according to the
literature®*

experiments were performed at the High Energy Accelerator
Research Organization Photon Factory (KEK-PF BL-9C, BL-
12C) wusing a Si(111) monochromator (Proposal No.:
2024G563). Data acquisition was carried out via the
fluorescence method using a 7-element silicon drift defector
except for reference samples. XAFS data of the reference
samples were collected with a transmission mode using two ion
chambers (lo: Arl5% + N, 85%, I: Ar 100%). For each
measurement for XAFS of Pt/ZrO,, 0.1 g of catalyst was
compressed into a 7 mm-diameter pellet. Data processing and
analysis were conducted using REX2000 (Rigaku). A JEM-
2100 microscope (JEOL Co.) equipped with an was used to
take TEM images of the Pt/ZrO, samples, which was operated
at 200 kV. For the preparation of the specimen, a suspension
of the Pt/ZrO, sample in ethanol was dropped onto Cu grids
with a C-coated porous thin membrane. XPS data were
collected on a JEOL JPS-9030 spectrometer with a Mg Ka
emission line (hv = 1253.6 eV). Sample charge compensation
was controlled by referencing the O 1 s line at 532 eV.

Hydrosilylation reaction: The hydrosilylation reaction was
performed in a batch reactor under ambient air to produce
dimethylphenyl-1-phenylethylsilane ) and
dimethylphenyl[(E)-styryl]silane (4) as disubstituted alkenes. A

Chemist Plaza CP-1000 reactor (SIBATA Chemical) was
employed for the experiments. The reaction mixture consisted
of catalyst (62 mg), ethynylbenzene (2, 1.1 mmol, Tokyo
Chemical Industry Co. Ltd.), dimethylphenylsilane (1, 1.0
mmol, Tokyo Chemical Industry Co. Ltd.), tridecane (1.0 mmol,
Fujifilm Wako Pure Chemical Industries Ltd.) as an internal
standard, and 5 mL of toluene (Fujifilm Wako Pure Chemical
Industries Ltd.) as solvent. The reaction mixture was stirred at
600 rpm and heated to 87 °C for 5 h. Upon completion, the
mixture was cooled to room temperature and the supernatant
was collected using a Pasteur pipette. It was then diluted
fourfold with acetone and centrifuged to remove residual
solids. Product composition was determined by GC with a
flame ionization detector (GC-FID) using a SHIMADZU GC-
2025 system equipped with an InertCapl column (GL Science
Co.). For the recycle use of Pt/ZrO,, first the reaction was
performed at 100 °C for 5 h. The catalyst was separated by
centrifugation, dried overnight in an oven at 70 °C, and then
reused in the subsequent reactions. The *H (400 MHz) and *3C
(100 MHz) NMR spectra were recorded in CDCl; using a JEOL
ECZ-500 spectrometer (JEOL).

Supporting Information

Detailed Characterization and catalytic performance data of
Pt/ZrO, are given in the Supporting Information at
https://insuf.org/icms/icms.2025.02171SI.pdf
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