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1. Experimental
1.1.Density functional theory (DFT) periodic calculations

It was performed using the generalized gradient approximation, Perdew—Burke—Ernzerhof functional?, and
the projected augmented plane wave method? implemented in the Vienna Ab initio simulation package
(VASP)3. An energy cutoff of 600 eV and a 10 x 10 x 10 gamma-centered k-mesh were used. A Wigner—Seitz
radius of 0.146 nm was used for the site projections of all the atoms. The atomic charges were estimated by

Bader charge analysis?, and the crystal structures were visualized using the VESTA code®.

1.2.Characterization for the prepared samples

The crystal structures were investigated by X-ray diffraction (XRD, MiniFlex 600, Rigaku) with CuKa radiation
generated at 40 kV and 15 mA. The porosity was examined by N, adsorption at —196 °C (BELLSORP mini-lII,
Microtrac-BEL). Before the measurement, the sample powder was pretreated at 150 °C for 30 min under a
vacuum, and the contained water was removed. The morphology was observed by scanning electron
microscopy (SEM, JSM-7000F, JEOL Ltd) and transmission electron microscopy (TEM, JEM-2100F, JEOL Ltd) with
energy dispersive X-ray spectrometry (EDX) for elemental analysis. The molar ratio of Ca, Pt and Ti in CaPt,/TiO,

was analyzed via X-ray fluorescence spectrometry (XRF, Rigaku, ZSX Primus Il) at 50 kV and 60 mA.

1.3.Catalyst tests

Hydrogenation of cyclohexanone (0.15 mL, 1.45 mmol) using 5wt% of catalyst was performed in a batch
reactor with 0.2 M solution in methanol (7.3 mL) at room temperature and 1 atm H, for 16 h. A commercial
3wt%Pt/C (54% water, Wako Pure Chem. Corp.) was used as reference. The turnover frequency (TOF) was
calculated to compare the intrinsic catalytic performances based on the surface Pt site for 3wt%Pt/C and
CaPt,/TiO,. The number of surface Pt sites was estimated from CO chemisorption experiments. After the catalyst
was reduced at 300 °C under 5%H,/Ar flow at 50 mL/min for 1 h, several 10%CO/He pulses were dosed into the

reduced catalyst at 40 °C to measure the adsorbed CO amount.
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Table S1 Summary of the results of XRD, N, adsorption, XRF, SEM-/TEM-EDX for CaPt, supported on TiO,, ZrO, and HfO,.
XRD measurements N, adsorption XRF SEM-/TEM-EDX
sample D2 Lattice constant [A] SA Vp Molar ratio [mol%)] Average molar ratio [mol%] Pt/Ca® O/Tib
Measurement
ICSD
[nm] Exp. [m?/g] [em3/g] Ca Pt Ti Ca Pt Ti, Zr or Hf o [mol/mol] [mol/mol]
value
SEM 4.4 12.4 13.9 69.6 3 -
Pt-rich
" 14.7 59.5 11.4 14.4 4.3 3.1
CaPt,/TiO, 70 7.552 32 0.02 12 29 59 position
TEM
Ti-rich
7.598 1.7 0.3 43.9 54.1 0.2 1.3
position
CaPt,/ZrO, 60 7.565 - - - SEM 8.1 18.4 1.3 72.2 3.3 -
CaPt,/HfO, 60 7.573 - - - SEM 3.5 35 14.7 46.8 10.1 -

a) Crystallite sizes were calculated by the Scherrer equation with a main peak at 26=20.3°.
b) Average Pt/Ca and O/Ti molar ratios were calculated from a set of data described in Table S2.
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Fig. S1 Spectra of Pt, Ti and Ca elements measured by XRF.

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



Please do not adjust margins

Journal Name COMMUNICATION

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins




COMMUNICATION Journal Name

WD B.2mm

Fig. S3 SEM images of CaPt,/ZrO,.
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Fig. S4 SEM images of CaPt,/HfO,.

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7

Please do not adjust margins



Please do not adjust margins

COMMUNICATION Journal Name

credax

is'g ps.spc 15-Feb.2021 13:02:57
LSecs: 68

3.2 —

2.6

.

| OK ERNE
s 06.58
- 18.99
25.10

Ti

06 4 |0
Ca
Pt
0.0 T T T T T T T T T T T
PHOTO-1 15.0KV X3.000 WD 8.2 1.00 200 300 400 500 600 700 800 900 10.00 11.00

cledax32igenesis'genmaps.spc 15-Feb-2021 13:08:44
LSecs : 65

2.8 —

1 | Element | At % |
[ OK [Eykel
05.24
e 14.13
23.24

PHOTO-1 ND 8.2 fm 400 200 3.00 400 500 600 700 800 9.00 40.00 11.00

c'edax32igenesis\genmaps.spc 15-Feb-2021 13:15:38
LSecs : 66

31

il
B 61.19
04.24
20.15
14.42

1.9

KCnt Pt

1.3 o

o | [0 Ti
Ca
Pt
0.0 T T T T T T T T T T T
L ) 1.00 200 300 400 600 600 7.00 800 900 1000 11.00
Fig. S5 SEM-EDX of CaPt,/TiO, at different positions of #1-#3.
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Fig. S6 SEM-EDX of CaPt,/TiO, at different positions of #4-#10.
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Fig. S7 SEM-EDX of CaPt,/TiO, at different positions of #11-#17 and the elemental mappings.
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Fig. S8 SEM-EDX of CaPt,/ZrO, at different positions of #18 and #19.
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Fig. S9 SEM-EDX of CaPt,/HfO, at different positions of #20 and #21.
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Fig. S10 TEM images of CaPt,/TiO,.
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Fig. S11 TEM-EDX of CaPt,/TiO, at different positions of #1-#31.
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Table S2 Summary of the molar ratios measured by SEM-/TEM-EDX for CaPt, supported on TiO,,
ZrO, and HfO,.

Sample Molar ratio of main constituent elements [mol%]
Measurement Position Ca Pt Ti, Zr or Hf (6]

1 6.6 25.7 19.0 48.7

2 5.2 23.2 14.1 57.4

3 4.2 14.4 20.2 61.2

4 3.8 9.8 19.1 67.3

5 3.9 24.8 15.2 56.2

6 3.9 10.0 13.9 72.2

7 7.9 21.5 15.1 55.4

8 1.9 6.6 23.8 67.8

SEM 9 2.3 7.2 17.8 72.7
10 5.7 14.7 15.6 64.1

11 4.7 10.9 7.8 76.6

12 8.2 18.2 8.4 65.2

13 1.3 2.9 9.4 86.4

14 1.7 2.2 12.7 83.4

15 1.2 3.6 10.1 85.2

16 1.1 2.9 3.1 92.9

17 5.7 12.9 11.4 70.1

1 10.9 58.1 4.9 26.1

2 15.2 71.2 3.1 10.5

3 9.8 52.7 10.0 27.5

4 18.7 72.2 1.9 7.3

5 21.9 64.8 5.5 7.8

6 23.9 66.4 1.1 8.6

. 7 16.1 47.2 18.6 18.2
CaPt/TiO, 8 | 14 7.6 45.4 45.6
9 13.9 55.7 20.3 10.1

Pt-rich 10 11.4 59.6 22.2 6.9

position 11 9.5 47.3 29.2 14.1

12 11.6 46.8 19.3 22.4

13 16.4 70.1 0.9 12.6

14 13.9 64.6 14.4 7.0

15 17.1 73.3 1.8 7.8

TEM 16 16.5 74.0 3.5 6.1
17 13.5 58.6 8.8 19.2

18 19.0 70.4 3.5 7.2

19 14.3 58.1 13.0 14.6

20 18.8 71.5 1.4 8.3

21 1.3 0.3 43.0 55.3

22 1.0 0.2 45.6 53.2

23 1.6 0.5 33.4 64.5

24 2.7 0.4 68.6 28.3

Ti-rich 25 1.5 0.1 41.2 57.1

position 26 2.1 0.1 39.5 58.3

27 1.6 0.2 47.0 51.3

28 1.8 0.4 33.1 64.8

29 1.4 0.1 40.0 58.6

30 1.8 0.5 43.3 54.5
31 1.7 0.8 47.8 49.6
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18 3.8 19.7 1.4 75.2
CaPt/ZrO, SEM 19 125 | 17.1 11 69.3
20 4.0 35.5 15.0 45.5
CaPt/HfO, SEM 21 3.1 | 344 14.4 48.2
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Table S3 Catalytic performances of commercial Pt/C and CaPt,/TiO, in hydrogenation of ketones

to alcohols.

Catalyst Cataly[lritg\aveight Reactant TEIT]e Yi[?/lﬂ a) [x1F§)?fr(1:~E?|/ns /rg_t(e:at] Adsorbéc:n ?/I’;’l_(;l;?]t of CO Numg(e1r0(1); gf;(t:ie\llz ]site b) '|['So1|]=
cyclohexanone | 4 9 2.63 0.030

cyclohexanone | 8 12 1.75 0.020

Pt/C 35 1.99 5.35

cyclohexanone | 12 16 1.56 0.018

cyclohexanone | 16 27 1.97 0.022

CaPty/TiOy 7.5 cyclohexanone | 16 6 0.20 0.02 0.06 0.190
cyclohexanone | 8 6 0.40 0.029

cyclohexanone | 16 11 0.37 0.026

CaPt,/ZrO, 7.5 cyclohexanone | 24 17 0.38 0.31 0.84 0.027
cyclohexanone | 32 28 0.47 0.034

acetophenone | 16 8 0.27 0.019

CaPt,/HfO, 7.5 cyclohexanone | 16 6 0.20 0.01 0.01 0.84

a) H-NMR yield using 1,3,5-trimethoxybenzene as an internal standard.
b) Calculated with an assumption that a CO molecule adsorbed on an active site.
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Table S4 Comparison of TOFs obtained with Pt-based catalysts in hydrogenation of ketones to

alcohols.
H, pressure Temperature TOF
Catalysts Reactant [MPa] [C] [s1] ref.
Pt/C cyclohexanone 0.1 R.T. 0.02-0.03
CaPt,/TiO, cyclohexanone 0.1 R.T. 0.19
cyclohexanone 0.1 R.T. 0.03 This work
CaPtz/ZrOX
acetophenone 0.1 R.T. 0.02
CaPt,/HfO, cyclohexanone 0.1 R.T. 0.84
Pt(0) catalyst cyclohexanone 0.6 75 0.26 [1]
Pt/MCM-41 acetophenone 0.1 R.T. 0.04-0.15 [2]
Pt-Fe nanocubes acetophenone 0.1 70 0.29
(3]
Pt-Fe nanowires acetophenone 0.1 70 1.63
0.78%Pt/Al,03 acetophenone 0.09 100 104000
63000 )
0 H -
0.95%Pt/TiO, acetophenone 0.09 100 400000
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