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1 Catalyst Preparation

PtSn bimetallic catalysts were synthesized by stepwise impregnation method, 

7.71, 23.14, 38.56, 57.85mg SnCl2·2H2O were dissolved in 2.0 mL of methanol and 

added dropwise to 1g silica, the obtained Sn/SiO2 were dried overnight at 80 °C and 

annealing at 450℃ for 4 hours, H₂PtCl₆·6H2O was dissolved in 2.0 mL of water 

(45.66mg), then the solution was added dropwise to the obtained Sn/SiO2. After the 

catalysts dried overnight at 80°C it was annealing at 250℃ for 4 hours, and aged at 

room temperature for two week. The silica supported was calcined in air at 500°C for 

4 hours and cooled to room temperature. The aged catalysts were used for catalytic 

testing and characterization after pretreatment as described below.

2 Characterization

The powder X-ray diffraction (XRD) patterns of the catalysts were measured on a 

Rigaku SmartLab diffractometer using Cu Kα radiation (λ=1.54 Å, 40 kV and 30 mA), 

the scanning angle is 30 ~ 80° with 2°/min of scanning speed. X-ray photoelectron 

spectra were measured on Thermo Scientific K-Alpha with Al Kα radiation. Charge 

correction was used with C 1s orbital binding energy(284.8 eV) and Pt 4f spectra were 

analyzed by using XPSPEAK software. The morphology and size of PtSn nanoparticles 

were obtained on Titan ETEM G2 microscope operated at 300 kV.  The high-angle 

annular dark-field scanning transmission electron microscopy (HAADF-STEM) 

images and energy-dispersive X-ray spectroscopy (EDS) analyses were obtained from 

an atomic-resolution analytical microscope (JEM-ARM 200F) with an operating 

voltage of 200 kV. The actual loadings of Pt and Sn are obtained by inductively coupled 

plasma optical emission spectroscopy (Agilent ICPOES 730). 

A Bruker Tensor 27 instrument with a highly sensitive MCT detector and a diffuse 

IR heating chamber was utilized to record in situ diffuse reflectance Infrared Fourier 

transform spectroscopy (DRIFTS) of CO chemisorption over different PtSn 

nanocatalysts at room temperature. Prior to CO chemisorption, the catalysts were 

pretreated by H2 at 250 °C for 30 min and then cooled down to room temperature in N2, 

followed by the recording of a background at a resolution of 4 cm-1 with 256 scans. 

Then the catalysts were exposed to a CO flow for 30 min and purged with N2 before 



collecting the spectra.

Thermal gravimetric analysis (TG) were measured on PerKinElmer STA 8000, 

sample was heated in a flux of N2 (20ml/min), the temperature range is 100-700°C, the 

heating rate is 10°C/min.

CO Pulse chemisorption were measured on Micromeritics AutoChem II 2920，

Prior to CO chemisorption, the catalysts were pretreated by H2 at 250 °C for 60 min. 

CO adsorption isotherms were collected at 35 °C . The dispersion was measured from 

the total adsorption isotherm, and the particle sizes were calculated using the inverse of 

the dispersion, assuming hemispherical shaped nanoparticles.

XAFS spectra were collected on the BL13SSW beamline of Shanghai Synchrotron 

Radiation Facility. Spectra were collected at the Pt L3-edge, data was acquired in 

transmission mode at room temperature, using Demeter package to fit data1. Wavelet 

transform (WT) of Pt L3-edge EXAFS was implemented by using the HAMA software2.

Atomic pair distribution function (PDF) was obtained from 3W1 beamline at 

Beijing Synchrotron Radiation Facility with the wavelength of 0.2061 Å, the atomic 

pair distribution function (PDF) was obtained by direct Fourier transform of reduced 

structure function with a Q value of 20 Å-1 by PDFgetX2 software3. Small box fitting 

was carried out on PDFgui based on Pt3Sn, PtSn phase. RMCprofile was used to 

Reverse Monte Carlo for the PDF data in big box fitting3, based on small box fitting 

unit cell , expanding this unit cells to a sphere with a radius of 15 Å and put it in a 50Å 

×50Å × 50Å vacuum box generate the initial model of RMC4. DISCUS was uesd to 

analysis atomic spatial distribution and atom local coordination environment base 

model from RMC4. Pt-Pt coordination number was extracted by counting the number 

of Pt atoms in the 0-3.2Å range around Pt atoms.

RIR method with a powder specimen is as follows:

𝑊𝑋 =
𝐼𝑋

𝐾𝑋
𝐴 ×

𝑁

∑
𝑖 = 𝐴

𝐼𝑖

𝐾 𝑖
𝐴

where Wx is the wt.% of the phase in the mixture, KA is the RIR value and Ix is the 



diffraction intensities.

3 Catalytic Activity Tests.

Catalyst PDH tests were carried out in fixed bed reactor with loading amount of 

50mg. The catalyst was packed into a steel pipe with an inner diameter of 7.5 mm. 

Before the reaction, the catalyst was heated at 580 °C at a rate of 2 °C /min and pre-

treated with 10%H2/N2 gas. The 10%H2/N2 gas flow rate was 50ml/min. Afterwards, 

the catalyst was evaluated at 580 °C and before each test, the catalyst was reduced at 

580 °C for 60 min with 10%H2/N2 gas (100 mL/min). The gas composition of the 

reaction gas was C3H8: N2=1:9, with a flow rate of 100ml/min and the reaction 

atmospheric pressure is 1atm. Long-term stability test for PDH conversion was 

evaluated at 550 ℃, the reaction gas was C3H8:H2:N2=2:1:17(50 mL/min). The 

products were analyzed online by Techcomp GC7980 equipped with a flame ionization 

detector. the conversion and selectivity were calculated as follows:

𝑃𝑟𝑜𝑝𝑎𝑛𝑒 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =
𝑛(𝐶3𝐻8𝑖𝑛) ‒ 𝑛(𝐶3𝐻8𝑜𝑢𝑡)

𝑛(𝐶3𝐻8𝑖𝑛)

𝑃𝑟𝑜𝑝𝑦𝑙𝑒𝑛𝑒 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
3 × 𝑛(𝐶3𝐻6)

𝑛(𝐶𝐻4) + 2 × 𝑛(𝐶2𝐻6) + 2 × 𝑛(𝐶2𝐻4) + 3 × 𝑛(𝐶3𝐻6)

 𝐷𝑒𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝑙𝑛((1 ‒ 𝑋𝑓𝑖𝑛𝑎𝑙) 𝑋𝑓𝑖𝑛𝑎𝑙) ‒ 𝑙𝑛((1 ‒ 𝑋𝑖𝑛𝑖𝑡𝑖𝑎𝑙) 𝑋𝑖𝑛𝑖𝑡𝑖𝑎𝑙)

𝑡

Where n(C3H8in) and n(C3H8out) are the molar of propane in the feed/exit flow, 

n(C3H6), n(C2H4), n(C2H6), n(CH4) are the molar of hydrocarbons in the exit flow, Xfinal 

is final conversion of propane, Xinitial is initial conversion of propane, t is reaction time.

4 Density Functional Theory (DFT) Calculations.

First principle calculations based on the projector augmented wave (PAW)5 were 

performed using Vienna ab initio simulation package (VASP)6. Exchange–correlation 

functional of Perdew–Burke–Ernzerh within the generalized gradient approximation 

was adopted, the cut-off energy for the basis set was chose as 400 eV. The Brillouin 

zone was sampled using a 3×3×1k-mesh. The original surface models of the 

Pt80Sn20,Pt53Sn47 catalysts is six-layer atoms on the Pt3Sn (1 1 1) surface, and 



Pt42Sn58,Pt33Sn67 is on the PtSn (0 0 1) surface. By adjusting the distribution of the 

outermost and second outermost atoms, the model of central Pt sites on catalysts surface 

with 0, 3, 6, 9 Pt-Pt coordination numbers were acquired. The vacuum layer of was set 

as 15 Å.



Figure S1. STEM image of PtSn catalysts. (a) Pt80Sn20, (b) Pt53Sn47, (c) Pt42Sn58, (d) Pt33Sn67.
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Figure S2. Deactivation rate of different Pt-base catalysts reported in the literature for propane 
dehydrogenation[7-41].



Figure S3. Normalized Pt L3-edge XANES spectra of Pt80Sn20, Pt53Sn47, Pt42Sn58, Pt33Sn67 
nanocatalysts.



Figure S4. XPS spectra of Pt80Sn20, Pt53Sn47, Pt42Sn58, Pt33Sn67 nanocatalysts.



Figure S5. Wavelet transform of Pt foil Pt L3-edge EXAFS in the R-space 2.0 to 4.0 Å



Figure S6 Fitting results of the EXAFS spectra of Pt80Sn20 catalysts. (FT range:
3.00 Å-1–11.00 Å-1, Fitting range: 2.00 Å–3.50 Å)

Figure S7 Fitting results of the EXAFS spectra of Pt53Sn47 catalysts. (FT range:
3.00 Å-1–11.00 Å-1, Fitting range: 2.00 Å–3.50 Å)

Figure S8 Fitting results of the EXAFS spectra of Pt42Sn58 catalysts. (FT range:
3.00 Å-1–11.00 Å-1, Fitting range: 2.00 Å–3.50 Å)



（ a（ （ b（

Figure S9 Fitting results of the EXAFS spectra of Pt33Sn67 catalysts. (FT range:
3.00 Å-1–11.00 Å-1, Fitting range: 2.00 Å–3.50 Å)
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Figure S10. Atomic pair distribution functions and small-box fitting results of PtSn catalysts. (a) 
Pt80Sn20, (b) Pt53Sn47, (c) Pt42Sn58, (d) Pt33Sn67.



Figure S11. Proportion of surface platinum atoms among all platinum atoms (Extraction from the 
three-dimensional atomic distribution)



Figure S12. EDS elemental mapping and line-scanning profile of Pt33Sn67.



Figure S13 The constructed PtSn surface models with different Pt-Pt coordination numbers for 
DFT calculations.

Figure S14 The strongest peaks of Pt53Sn47 and Pt42Sn58 were fitted using Jade to obtain peak 
shape parameters.



Table S1 Chemical compositions and elemental loading amounts of PtSn/SiO2 samples 
determined by ICP-OES

Sample Molar ratios of Pt:Sn
Loading amounts of 

Pt(wt%)
Loading amounts of 

Sn(wt%)
Pt80Sn20 80:20 1.68 0.26
Pt53Sn47 53:47 1.92 1.07
Pt42Sn58 42:58 1.71 1.46
Pt33Sn67 33:67 1.58 2.00

Table S2. Pt dispersion of PtSn catalysts
Sample Pt dispersion% Pt particle diameter/nm
Pt80Sn20 57.23 1.96
Pt53Sn47 57.42 1.95
Pt42Sn58 40.00 3.73
Pt33Sn67 29.04 4.75



Table S3 Average coordination number obtained from fitting results of Pt L3-edge EXAFS dataa 
and RMC

Sample Path ∆E0(eV) CNb R/Åb σ2/ Å2 R 
factor

CNc R/Åc

Pt-Pt 10.20 6.62±0.37 2.77±0.04 0.0078±0.001 0.003 7.35 2.80Pt80Sn
20 Pt-Sn 2.30 1.22±0.62 2.75±0.01 0.0158±0.004 0.003 1.52 2.82

Pt-Pt 11.20 6.05±1.13 2.80±0.01 0.0110±0.002 0.007 5.20 2.82Pt53Sn
47 Pt-Sn 11.46 2.96±2.60 2.86±0.01 0.02337±0.018 0.007 3.21 2.86

Pt-Pt 12.57 2.85±0.45 2.82±0.01 0.0019±0.0010 0.003 3.36 2.78Pt42Sn
58 Pt-Sn 3.89 3.96±0.79 2.83±0.03 0.0179±0.0037 0.003 3.95 2.81

Pt-Pt 11.50 2.31±0.74 2.81±0.07 0.0011±0.0068 0.006 2.61 2.79Pt33Sn
67 Pt-Sn 6.99 3.36±0.18 2.75±0.01 0.0049±0.0044 0.006 3.63 2.78

a S02 was fix as 0.795 which is obtained from the fitting for Pt-foil. Data ranges: 3.0≤K≤11.00 Å-1, 

2.0≤R≤3.5 Å. Fitting was performed in q-space with k3 weighting. 
b Extract through fitting of EXAFS.
c Extract through discussion from RMC result.

Table S4 Fitting results of PDF data for PtSn catalysts with PDFgui

Sample Phase Phase ratio a/Åa b/Åa c/Åa

Pt80Sn20 Pt3Sn - 3.9824 3.9824 3.9824

Pt3Sn 71% 3.9807 3.9807 3.9807
Pt53Sn47

Pt1Sn1 29% 4.1755 4.1755 5.4777

Pt3Sn 49% 3.9872 3.9872 3.9872
Pt42Sn58

Pt1Sn1 51% 4.1637 4.1637 5.4658

Pt33Sn67 Pt1Sn1 - 4.1340 4.1340 5.4556

a lattice parameter



Table S5 Quantitative results of RIR method

Sample phase 2-Theta plane Area I% RiR w% mol%

Pt3Sn 38.97 (111) 150666 100 22.79 79.1 62.8
Pt53Sn47

PtSn 41.55 (102) 23341 15.5 13.23 20.9 37.2

Pt3Sn 38.92 (111) 58125 100 22.79 68.2 48.8
Pt42Sn58

PtSn 41.54 (102) 15767 27.1 13.23 31.8 51.2



Table S6 Summary of the catalytic data of Pt-based dehydrogenation catalysts

# Catalyst
Temp./

℃

WHSV/

h-1

Components

/vol./%

Initial

conversion/%

Selectivity

/%
kd

c /h -1 Ref.

1 PtSn/SiO2 580 5.9
10%C3H8

90%N2
44.3 99.3 0.0057

This 

work

2 PtSn/SiO2 580 5.9
10%C3H8

90%N2
51.8 98.5 0.0104

This 

work

3
PtSn/meso-

Al2O3
590 3.0

80%C3H8

20%He
30 92 0.0419 11

4
PtSn/AlSBA-

15
590 3.0

80%C3H8

20%He
28 94.5 0.0866 12

5 PtSn/ZnAl2O4 600 8.8
23%C3H8

77%N2
50 98 0.3312 13

6 PtSn/MgAl2O4 580 2.2

10%C3H8

10%H2

80%He

46.4 96 0.004 14

7
PtNa/Sn–ZSM-

5
590 3.0

80%C3H8

20%H2 41.7 93 0.012 15

8 PtZn/ZSM-5 590 3.0
80%C3H8

20%H2
40.6 96 0.0135 16

9
Pt/Mg(Zn)(Al)

O
550 8.0

80%C3H8

20%H2
20 99.3 0.0174 17

10 PtSn/CeO2 680 2.2
16.7%C3H8

83.3%He
45 98 0.0376 18

11
Pt/Mg(Sn)(Al)

O
550 14

29%C3H8

14%H2

57%Ar

29.5 95 4E-4 19

12
Pt/Mg(Ga)(Al)

O
600 26

20%C3H8

80%N2
13.5 98 0.3576 20

13 PtIr/Mg(Al)O 600 51.9
80%C3H8

20%H2
24.7 88 0.8695 21

14
PtSnMg/SBA-

15
580 8.3

70%C3H8

30%Ar
43 97.8 0.0339 22

15 PtGa/SiO2 550 9.8
20%C3H8

80%Ar
31.9 99 0.0046 23

16
PtSnNaLa/ZS

M
590 3.0

80%C3H8

20%H2
37.2 86.2 0.019 24

17 PtNaCe/ZSM-5 590 3.0
80%C3H8

20%H2
42 92.6 0.0361 25

18 PtSn/siltSAPO 585 5.0
83%C3H8

17%H2
38.2 79 0.1562 26



19
PtSnNa/LaAl2

O3
590 3.0

80%C3H8

20%H2
41 96.2 0.0352 27

20 PtSn/Al2O3 590 5.2

16%C3H8

20%H2

64%He

49 97 0.0185 28

21 Pt/Al2O3 550 4，0
80%C3H8

20%H2
33 35 0.1671 30

22 Pt/ND@G 600 1.6
5%C3H8

95%N2
16.4 88 0.0049 31

23 Pt/CNT 600 1.6
5%C3H8

95%Ar
10.4 75 0.0111 32

24 Pt/Al2O3 590 9.4

16%C3H8

20%H2

64%Ar

48.7 98 0.0082 33

25 PtSn/CeO2 680 2.2
16.7%C3H8

83.3%He
45 78.0 0.0845 36

26 Pt-Ga2O3 620 5.4
20%C3H8

80%He
58.5 98 0.1473 37

27 PtSn/MFI 450 1.7
24%C3H8

76%He
70 90 0.0352 39

28 PtSn/SiO2 580 4.7
16%C3H8

84%He
62 99 0.0087 40

29 PtZn/SiO2 550 4.0

16%C3H8

16%H2

68%N2

58.9 99 0.009 41

30 PtSn/SiO2 550 3.9

2%C3H8

5%H2

93%N2

11.2 99 0.0652 42

31
Pt-Ge-

d4r@UTL
580 4.8 100%C3H8 45 95 0.0363 43

32 SiPtGa/Al2O3 450  0.59

2.5%C3H8

2.5%H2

95%N2

22 90 0.007 44

33 PtZnSn/ 500 0.15
5%C3H8

95%N2
47.6 99 0.0275 45
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