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Figure S1. (a) Raman spectra under 514 nm laser irradiation at 298 K for pristine TiO2 and
TiO2 annealed at 400 °C, 500 °C and 700 °C for 1h. Inset: Optical images of pristine TiO:
and defective TiO, annealed at 500 °C for 1h. (b) Powder XRD patterns for TiO>
nanoparticles and defective TiO2 nanoparticles annealed at from 300°C to 700 °C for 1hin
forming gas Hz/Na, respectively. All the spectra are normalized to 25.27° for anatase (101)
peak, except for sample annealed at 700 °C, which is normalized to 27.51° for rutile (110)

peak. “A” refers to anatase phase and “R” refers to rutile phase.

Table S1. Particle size calculation based on Scherrer Equation from XRD results in Figure
Sib.

Sample Anatase (101) Rutile (110)
Pristine TiO. 17.1 nm -
TiO2.300 °C 17.0 nm -
TiO2.400 °C 16.9 nm -
TiO2-500 °C 16.9 nm -
TiO,-700 °C 44.8 nm 156.4 nm
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Figure S2. (a) Pt 4f, (b) ClI 2p, and (c) N 1s XP spectra with peak fitting for Pt SACs with
DPTZ decorated on defective TiO. annealed at 700 °C.
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Figure S3. (@) N 1s, (b) Cl 2p, and (c) Ti 2p XP spectra with peak fitting for Pt SACs with
DPTZ decorated on pristine TiO2, on defective TiO, annealed at 300 °C, 400 °C and 500 °C.
N 1s for pure DPTZ is also included as a reference. (d) Ti 2p spectra of pristine TiO2, and
TiO2 500 °C (BE correction made by alignment to C 1s at 284.8 eV to resolve change in Ti
2p peaks). For all the Ti 2p peak, the Ti 2p1.. is located at the binding energy of 458.7, and
Ti 2p3r2 is located at 464.5 eV, which suggests these Ti is Ti**. No clear Ti®* states are
observed by XPS, which is located at 456.9 eV for Ti 2p12and 462.7 eV for Ti 2pz2.12



Table S2. A summary of yield of product and turnover number for Pt-DPTZ on different
TiO support after reaction at 70 °C for 10 min.

Pt ratio (%, Yield of product TON
ICP-MS)
Pt-DPTZ/Pristine TiO2 1% cycle 0.24 2.5 830
Pt-DPTZ/TiO; 300°C 1% cycle 0.54 11 220
Pt-DPTZ/TiO, 400°C 1% cycle 0.54 50.3 8470
Pt-DPTZ/TiO, 500°C 1% cycle 0.63 99.2 12530
Pt-DPTZ/TiO, 700°C 1% cycle 0.51 2.8 450

Figure S4. TEM images of reduced Pt nanoparticles on (a) TiO2 500 °C and on (b) pristine
TiO». After reduction at 400 °C for 1 h in Ho/Ar, the Pt forms nanoparticles on the TiO;
surfaces, which are approximately 3-4 nm in diameter.



(a) (b)

s T0°C -AHT(RT)=-16135.7 +1251.0
* 60°C / . . R?=0.988
S w 40°C 4 /ky= 0.44 R*=0.96 s
-4 - 8
[e] =
c =

keo=0.074 R?=0.96

414 In(ky/T) = =AHT(RT) + In(kg/h) + ASYR

2 AHT=134.2 + 10.4 kJ/mol
ko= 0.0041 R?=0.99

0 4 ! ! T
1] 10 20 30

Time (min)

0.0029 0.0030 0.0031 0.0032
AT (KT

Figure S5. (a) Calculation and comparison of the apparent reaction rate constant (k) at
different temperatures from concentration time profile data (for data below full conversion).
(b) Calculation of reaction activation energy based on first order reaction rate constant from
(a) for Pt-DPTZ SACs on TiOz annealed at 500 °C. The calculation is based on the Eyring
Equation, displayed in (b).
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Figure S6. (a) Pt 4f with peak fitting and (b) Cl 2p XP spectra for bare Pt on pristine TiO>
(bottom) and on defective TiO2 (500 °C anneal), showing the Pt has wide distribution on
pristine surface (FWHM=3.1) than on defective TiO, (500 °C anneal) surface
(FWHM=2.4). (c) Pt 4f with peak fitting and (d) CI 2p XP spectra for reduced Pt NPs on
pristine TiO2 (bottom) and on defective TiO> (500 °C anneal). The reduced Pt has a binding
energy of 70.0 eV for Pt 4f7;> for Pt NPs on TiO2 (500 °C), and a binding energy of 70.4
eV for Pt NPs on pristine TiO2. The 0.4 eV lower binding energy of Pt on defective TiO>

support is ascribed to the strong metal support interaction, than on pristine surface.>*



Table S3. EXAFS fitting parameters for Pt-DPTZ on pristine TiO2, Pt-DPTZ on TiO>

annealed at 500 °C, and Pt-DPTZ on pristine TiO> after hydrosilylation reaction, as

shown in Figures 4a, 4b, and 4c, respectively. Two sets of fitting parameters are

compared here: the top table shows fitting using Pt-Cl and Pt-N paths and the bottom

table shows fitting using Pt-Cl and Pt-O paths. The former set of fitting is slightly better

in fit quality and was used in Figure 4. One standard deviation is given in parentheses.

The k ranges for Fourier transformation are selected to be 3 to 11.3 A™* for Pt-
DPTZ/pristine TiO,, 3 to 12 A for Pt-DPTZ/TiO, 500 °C and 3 to 8.2 A* for Pt-
DPTZ/pristine TiO2 post reaction sample based on the signal to noise at high k. The N

(Pt-ClI) value, when set as a free fitting parameter, is close to the measured CI/Pt ratio in

XPS. It was fixed at that value in the final fitting to reduce the number of free parameters.

Pt-DPTZ/TiO2 500 °C was not measured after hydrosilylation reaction.

(post reaction)

Fitting Pt-Cl Pt-N Reduced R-
parameter/Catalysts Va factor

N R (A) 6’ (10% [N R (A) o? (10%)
Pt-DPTZ/pristine TiO, | 0.6 230(+0.03) | 1(x0.4) | 47(x09) | 2.03(x0.01) | 8(3) 48 0.052
Pt-DPTZ/TiO, 500 °C | 1.4 230(x0.01) | 1(x1) 32(x04) | 203(x0.01) | 5(x2) 46 0.011
Pt-DPTZ/pristine TiO, | —* - - 52(+x0.9) | 205(+0.01) | 9(£3) 28 0.022
(post reaction)

Pt-Cl Pt-O

N R(A) 6’ (10% | N R(A) 6?(10% | 59 0.061
Pt-DPTZ/pristine TiO, | 0.6 230 (x0.04) | 1(x4) 5.0 (x1.4) | 201 (£0.01) | 9 (+5) 67 0.017
Pt-DPTZ/TiO, 500 °C | 1.4 230(x0.01) | 1(x1) 35(£0.6) | 201 (x0.01) | 6(x3) 58 0.044
Pt-DPTZ/pristine TiO, | —* - - 57(x1.6) | 202 (+0.01) | 11(x5) 58 0.044

* Pt-DPTZ/pristine TiO2 post-reaction shows a significant decrease in XPS ClI signal. If
the XPS CI/Pt ratio (0.3) is used as the N (Pt-Cl) fitting parameter, the EXAFS peak fit is

relatively poor (high reduced chi-square value and R-factor) compared to omitting the Pt-

Cl path, which is what was done in the final fitting. This indicates that the residual CI

detected in XPS seems, according to EXAFS, to not be coordinated directly to Pt. In the

two pre-reaction cases in the table, the XPS CI/Pt ratio matches closely with the N (Pt-Cl)

fitting result.




Table S4. Alternate EXAFS fitting for Pt-DPTZ on pristine TiOz, Pt-DPTZ on TiO>
annealed at 500 °C, and Pt-DPTZ on pristine TiO> after hydrosilylation reaction (data
plotted in Figures 4a, 4b, and 4c). This fitting model differs from those in Table S3
because of the inclusion of the Pt-Pt path. As shown in the table, the fit quality of this

model is poor and the coordination number for Pt-Pt is very small.

Fitting Pt-Cl Pt-N Pt-Pt Reduced | R-factor
parameter/ ¥
Catalysts N R (A) c?(10%) | N R (A) c? N R (A) o2 (10%)

(10%)
Pt-DPTZ/ 0.6 2.29 1(x6) 7.3 2.03 9 0.1 2.82 -11 60 0.009
pristine TiO2 (+0.05) (£21) (£0.03) | (£5) (£0.5) (£0.04) (£20)
Pt- 14 2.31 1(x2) 5.5 2.04 6 -4.2 2.93 29 206 0.009
DPTZITIO, (+0.02) (*1.7) (£0.03) | (#5) (£19.5) | (*0.2) (+92)
500 °C
Pt-DPTZ/ - - - 9.4 2.05 14 0.1 2.59 -20 91 0.006
pristine TiO2 (£4.4) (£0.02) | (£9) (x1.2) (x0.1) (£79)
(post
reaction)

Pt-DPTZ/pristine TiO,
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Figure S7. Pt L3 edge XANES for Pt-DPTZ SACs on pristine TiO, before and after

hydrosilylation reaction for one cycle.
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Figure S8. (a) N 1s, (b) Cl 2p, and (c) Pt 4f XP spectra with peak fitting for Pt-DPTZ SACs
on defective TiO2 (annealed at 500 °C) after hydrosilylation reaction for one cycle, and 3

cycles.
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Figure S9. (a) Pt 4f XP spectra and (b) Cl 2p for bare Pt after hydrosilylation reaction at
70 °C for 30 min for one cycle. Red curve in Figure S9a is the background of bare TiO; at
this region. After 1 cycle of reaction, hardly Pt is detected from XPS of these two samples.
(c) Pt 4f XP spectra and (d) CI 2p for supported Pt NPs after hydrosilylation reaction at

70 °C for 30 min for one cycle.
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Figure S10. (a) HAADF-STEM Image for Pt-DPTZ/TiO2 500 °C for EELS analysis, with
the white box showing the EELS elemental analysis area, which is divided into four regions.
Note that in Regions 1 and 2, the STEM image shows rows of the crystalline TiO», but that
the ordering is less prominent in Regions 3 and 4. (b) EELS spectra from the regions
marked in (a), showing the presence of carbon, titanium, oxygen and platinum (N5 peak).
(c) Elemental maps for carbon (red), oxygen (green), titanium (blue), and platinum (purple)
from the region marked by the white box in (a). Carbon and platinum are observed in the
less-ordered region 4 at a significantly higher concentration than in the ordered TiO>
regions 1 and 2, consistent with Figure 8. Note that the Pt signal is quite weak due to low
Pt concentration, but does not indicate any significant Pt clustering, consistent with the
EXAFS results.
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