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1. Experimental section 

a) Taking the case of Pt/ND@G, the propane rate was calculated as follows:  

Propane rate=

3×10-3×60
22.4

×(12.81-6.26)%

0.2×0.283%
=929.30 mmol g

Pt

-1 h
-1

 

where Fpropane (the flow rate of propane) = 3 mL min
-1

; X (the conversion of propane) = 

(12.81-6.26)%=6.55%, 12.81% represents the conversion of propane over Pt/ND@G, 

6.26% represents the conversion of propane over ND@G support, and the reaction time is 

0.5 h; mcat. (the percentage of Pt weight loading in the catalyst) = 0.2 g; wpt
 = 0.283%. 

b) The TOFs were calculated based on the conversion data at 30 ºC, and they were 

90.5% for Pt/ND@G, 36.2% for Pt/OLC, 1.4% for Pt/AC, and 1.2% for Pt/Al2O3. Taking 

the case of Pt/ND@G, the TOF was calculated as follows:  

TOF=

15×1%×60
22.4

×195.1×90.5%

0.05×4.22%×
1

1.72

=57.8 h
-1
 

where FCO (the flow rate of CO) = 15×1% = 0.15 mL min
-1

; Mpt
 = 195.1 g mol

-1
; X (the 

conversion of CO) = 90.5%; mcat. (the percentage of Pt weight loading in the catalyst) = 

0.05 g; wpt
 = 4.22%; Dis. (the dispersity of Pt) = 1/1.72. 
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2. Supporting Table 

 

Table S1. Results of Py-FTIR experiments of Pt/Al2O3 and Pt/ND@G. 

Samples 200 ºC 350 ºC T
[a]

 

L  

(µmol g
-1

) 

B  

(µmol g
-1

) 

L  

(µmol g
-1

)  

B  

(µmol g
-1

) 

L  

(µmol g
-1

) 

Pt/Al2O3 2004.7 -- 1270.0 -- 734.7 

Pt/ND@G -- -- -- -- -- 

[a] 
T, which represents the difference between the acid amount of 200 ºC and 350 ºC, is 

regarded as the acid amount of the weak acids. 

Note: The acid amount derived from the peak accorded at 200 ºC represents the total 

acidity, and the acid amount corresponding to the peak at 350 ºC indicates the amount of 

the medium strong acids.
1,2
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3. Supporting Figures 

 

 

 

Figure S1. High-resolution TEM images and schematic drawings of (a, c) Pt/ND@G and 

(b, d) Pt/OLC catalysts. The theoretical Pt weight loading was 0.5 wt% for each sample. 

  



S5 
 

 

 

 

 

 

Figure S2. Catalytic activities of the (a) as-prepared catalysts and (b) commercial Pt/AC 

catalyst during the propane dehydrogenation reaction. The theoretical Pt weight loading 

for Pt/Al2O3 was 0.3 wt%, those for Pt/ND@ and Pt/OLC were both 0.5 wt%, and that 

for the commercial Pt/AC was 5 wt%. 
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Figure S3. (a) Comparison of the catalytic performances between Pt/ND@G and 

PtSn/Al2O3 and (b) catalytic activities of PtSn/Al2O3 catalyst during the propane 

dehydrogenation reaction. The theoretical Pt and Sn weight loadings for lab-made 

PtSn/Al2O3 were 0.3 wt% and 0.2 wt%, respectively. The theoretical Pt weight loading 

for Pt/ND@G was 0.5 wt%. The propylene selectivities of the catalysts after a 10 h 

propane dehydrogenation reaction. 

The catalytic performances of Pt/ND@G and PtSn/Al2O3 catalysts (which was 

prepared according to our previous work
3
) during the propane dehydrogenation (PDH) 

reaction are shown in Figure S3. By comparison with the monometallic Pt/ND@G 

catalyst, the bimetallic PtSn/Al2O3 catalyst shows higher propane rate and propylene 

selectivity. Generally, the addition of Sn species can increase the dispersity of Pt, 

improve the accessibility between propane and the active sites, inhibit the 

structure-sensitive side-reactions, then promote the catalytic performance;
4,5

 in addition, 

the introduction of Sn species has influence on the electron density of Pt, changes the 

absorption process of propane and desorption process of propylene, thus may benefit to 

obtaining higher catalytic activity.
6
 However, there is a sharp decrement in the propane 

rate for PtSn/Al2O3 catalyst than that for Pt/ND@G under the same reaction condition. 

For example, the propane rate of PtSn/Al2O3 decreases by 50% in the 13 h test, and the 

propane rate of Pt/ND@G only decreases by 11% in the 100 h test. In summary, the 
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result in Figure S3 confirms that Pt/ND@G catalyst possesses a remarkable stability for 

the high-temperature PDH reaction.  
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Figure S4. Pt nanoparticle size distributions of (a) Pt/Al2O3, (b) Pt/Al2O3-R, (c) 

Pt/ND@G and (d) Pt/ND@G-R. ‘-R’ represents the spent catalysts. The theoretical Pt 

weight loading for Pt/Al2O3 was 0.3 wt%, and that for Pt/ND@G was 0.5 wt%. 
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Figure S5. STEM images and Pt nanoparticle size distributions of (a, b) Pt/OLC and (c, d) 

Pt/OLC-R. ‘-R’ represents the spent catalysts. The theoretical Pt weight loading for 

Pt/OLC was 0.5 wt%. 
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Figure S6. Pt nanoparticle size distributions of (a) Pt/Al2O3, (b) Pt/Al2O3-600, (c) 

Pt/ND@G, (d) Pt/ND@G-600, (e) Pt/OLC and (f) Pt/OLC-600. ‘-600’ represents the 

annealed catalysts. The theoretical Pt weight loading was 5 wt% for each sample. 
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Figure S7. STEM images and Pt nanoparticle size distributions of (a, b) Pt/AC and (c, d) 

Pt/AC-600. ‘-600’ represents the annealed catalysts. The theoretical Pt weight loading 

was 5 wt% for Pt/AC. 
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Figure S8. (a) TG-MS and (b) NH3-TPD profiles of the as-prepared catalysts. The 

theoretical Pt weight loading for Pt/Al2O3 was 0.3 wt%, and those for Pt/ND@G and 

Pt/OLC were both 0.5 wt%. 

 

It is well-known that nanodiamond is one of the nanocarbons. Higher temperature 

and oxygen content will lead to the combustion of the nanodiamond; in addition, there 

was a sharp decrease at approximately 500 ºC in the TG-MS profile of Pt/ND@G, which 

was due to the combustion of support and coke depositing on the support, and it is very 

difficult to distinguish the contribution of support and coke on the support based on the 

literatures; besides, coke on the support has small effect on the catalytic activity. Thus, 

the weight-loss above 400 °C was ignored. 

Our previous work
7
 found that the high initial activity of nanodiamond in the 

steam-free dehydrogenation of ethylbenzene reaction can be fully restored by flowing air 

through the sample at 400 ºC. Shi et al.
8
 considered that the combustion of coke below 

400 ºC was mainly the deposits covering the active metal, while the combustion at higher 

temperature attributed to the coke locating on the surface of the support for Pt/Al2O3 

catalyst, which was in well agreement with the opinion of Martín et al.’s.
9
 Thus, we 

consider the combustion of coke below 400 ºC as the deposits covering the active metal, 

while the combustion at higher temperature attributes to the support and coke locating on 

the surface of the support. 

The amount of coke deposits covering Pt nanoparticles for Pt/Al2O3 (4.5 wt%) is 

approximately three times more than that for Pt/ND@G (1.5 wt%, Table 1 and Figure 

S8a). The acidities of the as-prepared catalysts were measured by NH3-TPD technique. 
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There is few desorption peak for Pt/ND@G and the acidity of Pt/Al2O3 is stronger than 

that of Pt/ND@G (Figure S8b), in accordance with the result of Table S1. The ND@G 

support was obtained by calcining ND in N2 atmosphere at 1100 ºC and most of the 

unstable oxygen containing groups would be desorbed. Therefore, the acidity of 

Pt/ND@G catalyst is weaker than Pt/Al2O3. Coke deposition is another main reason 

leading to the catalyst deactivation for PDH.
10

 Lower acidity can decrease side-reactions 

such as polymerization and condensation, making the coke deposited on Pt/ND@G less 

than on Pt/Al2O3,
11

 which helps to achieve higher stability for Pt/ND@G in harsh 

reaction conditions.  
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Figure S9. Raman spectra of the as-prepared catalysts. (a) Pt/ND@G and (b) Pt/OLC. 

The theoretical Pt weight loadings for Pt/ND@G and Pt/OLC were both 0.5 wt%. 

 

Generally, there are five different fitted Raman spectra existed in ND samples in the 

range of 800-2000 cm
-1

. D1 band located in ca. 1350 cm
-1

 represents the edge of graphite 

crystallite, D2 band appeared at ca. 1620 cm
-1

 contributes to the disordered graphite 

crystallite, D3 band located in ca. 1500 cm
-1

 is the amorphous carbon, D4 band located in 

ca. 1200 cm
-1

 attributes to the impurities on the carbon surface, and G band located in ca. 

1580 cm
-1

 is assigned to the ideal graphite structure.
12

 The intensity ratio of D1 and G 

bands (ID1/IG) was used to evaluate the degree of disorder for carbon materials, and 

higher ID1/IG indicates more defects in the catalyst system. There are more defects in 

Pt/ND@G (ID1/IG=0.91) than in Pt/OLC (ID1/IG=0.21) through fitting and calculating 

(Table 1). 
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