
s1 

Supporting Information for Acta Phys. -Chim. Sin. doi: 10.3866/PKU.WHXB201711151 

二氧化硅包覆的杂多酸在双氧水存在条件下催化氧化甘油 

袁明明，李迪帆，赵秀阁，马文保，孔康，倪文秀，顾青雯，侯震山* 

教育部结构可控先进功能材料及其制备重点实验室，工业催化研究所，华东理工大学化学与分子工程学院，上海 200237 

Selective Oxidation of Glycerol with Hydrogen Peroxide Using 

Silica-Encapsulated Heteropolyacid Catalyst 

YUAN Mingming, LI Difan, ZHAO Xiuge, MA Wenbao, KONG Kang, NI Wenxiu, GU Qingwen,  

HOU Zhenshan
* 

Key Laboratory for Advanced Materials, Research Institute of Industrial Catalysis, School of Chemistry & Molecular Engineering, 

East China University of Science and Technology, Shanghai 200237, P. R. China. 

 

 

 

*
Corresponding author. Email: houzhenshan@ecust.edu.cn; Tel.: +86 21 64251686. 

  



s2 

 

1 10 100
0.00

0.02

0.04

1 10 100
0.00

0.02

0.04

1 10 100
0.00

0.02

0.04

0.0 0.2 0.4 0.6 0.8 1.0
0

60

120

180

0.0 0.2 0.4 0.6 0.8 1.0
0

200

400

0.0 0.2 0.4 0.6 0.8 1.0
0

300

600

900
 

 

 

 

Pore diameter dp (nm)

d
V

p
 /
d

d
p
 (
c

m
3
 g

-1
) a

 

 

 

 
d

V
p
 /
d

d
p
 (
c

m
3
 g

-1
)

Pore diameter dp (nm)

b

 

 

 
d

V
p
 /
d

d
p
 (
c

m
3
 g

-1
)

Pore diameter dp (nm)

c

 Relative pressure (P/P0)

V
o

lu
m

e
 a

d
s
o

rp
ti

o
n

 (
c
m

3
g

-1
)

 

 

 

a

 

Relative pressure (P/P0)

V
o

lu
m

e
 a

d
s
o

rp
ti

o
n

 (
c
m

3
g

-1
)

 
 

 

c

 

 Relative pressure (P/P0)

V
o

lu
m

e
 a

d
s
o

rp
ti

o
n

 (
c
m

3
g

-1
)

 

 

b

 

Fig. S1  Nitrogen absorption desorption curves and pore distribution curves of (a) SiO2; (b) HPA@SiO2 catalyst; (c) 

HPA@SiO2-S-N2 catalyst. 

 

Table S1  The physical and chemical properties of SiO2, HPA@SiO2 and HPA@SiO2-S-N2. 

Entries  Catalysts Pore size/nm Pore volume/(cm3·g−1) 

1 SiO2 7.1 10.2 

2 HPA@SiO2 20.8 11.1 

3 HPA@SiO2-S-N2 16.3 10.7 
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Fig. S2  The thermal gravity analysis of (a) SiO2 and (b) HPA@SiO2-S-N2 catalysts. 
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Fig. S3  Water contact angle over (a) HPA@SiO2; (b) HPA@SiO2-S; (c) HPA@SiO2-S-N2;  

(d) The HPA@SiO2-S-N2 catalyst after reused for 5 times. 

Table S2  Oxidation of glycerol reaction with different acid additives in the absence of catalyst 
a
.
 

Entry Additives Conversion/% 
 Selectivity/% 

FA GCA AA others 

1 AlCl3 0 0 0 0 - 

2 ZnCl2 0 0 0 0 - 

3 InCl3 0.8 0 0 53 47 

4 HCl 13 39 0 18 43 

5 p-CH3(C6H4)SO3H 14 59 0 2 39 

6 H2SO4 9 41 0 8 51 

7 (CF3SO2)2NH 28 43 0 5 52 

8 CF3SO3H 30 43 0 9 48 

a
 Reaction conditions: 1.25 mmol of glycerol, 6.25 mmol of 30% aqueous H2O2, 0.88 mL CH3CN, acid = 0.5 mmol. T = 70

 
°C, t = 12 h.  

FA = formic acid; GCA = glycolic acid. The carbon mass balance for the glycerol oxidation was about 75%. 

Table S3  The selective oxidation of different substrate molecules with CF3SO3H
a
. 

a Reaction conditions: 1.25 mmol of glycerol, 6.25 mmol of 30% aqueous H2O2, 0.88 mL CH3CN, CF3SO3H: 0.5 mmol. T = 70 oC, t = 12 h.  

FA = formic acid; GCA = glycolic acid; IS = isosorbide; LA = lactic acid; AA = acetic acid; GA = glyoxylic acid. 

Entry Substrates Conversion/% 
Selectivity/% 

C% 
FA GCA IS LA AA GA others 

1 Ethylene glycol 25 68 0 – 0 0 0 32 98 

2 Glucose 65 45 4 – 12 6 0 33 51 

3 Sorbitol 60 52 11 0 0 0 21 16 69 

4 Fructose 85 45 22 – 28 0 0 5 77 

5 1,2-Propanediol 36 46 0 – 0 18 0 36 85 

6 Xylitol 46 43 5 – 0 24 3 25 79 


