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WANG, Xiae-(Qiang OU, GuangNan YUAN, YouZhu
( State Key Laboratory for Physicd Chemisiry o Solid Suf aces, Department o Chemisiry , Xiamen University, Xiamen 361005 )

Abstract The seledive oxidations of toluene and ethylbenzene using hydrogen peroxide over vanadiumbased
catalysts such as VPO, VOPOy4, V205, VO(acac)2 and NH4VO3 have been studied. These catalysts were found to be
active for the oxidation of toluene and ethylbenzene to benzaldehyde and acetophenone as main products in acetonitrile
solvent, respectively. The activity and selectivity, however, in a sequence of decrease order, was found to be
followed as: VPO> V,05> VOPO4> VO( acac)>> NH4VOs. The highest selectivities to benzaldehyde from toluene
and acetophenone from ethylbenzene were 58. 8% and 66. 1% over VPO catalyst with P/ V= 1. 1 (molar ratio) in
acetonitrile solvent, resepectively. The catalytic performance of VPO with (VO) 2P207 phase was affected by the molar
ratio of P/'V, hydrogen peroxide amount, solvent property and temperature. The active center for the oxidation was
believed to be (VO) 2P0 sites (V**) in combination with dynamic V> sites involving a reversible redox cycle.

Keywords Vbased catalyst, selective oxidation of toluene and ethylbenzene, hydrogen peroxide, benzaldehyde,

acetophenone.
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Table 1 Oxidation of toluene with H20» over several V-based catalysts®
Selectivity/ %
Catalyst Conversion/ % BA yield/ %
BA BAl BAc Cresols Others
Blank 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V205 15. 2 53.4 8.5 10. 4 12. 2 15.5 8.1
VOPO4 15.5 48.8 10.9 10.0 15. 6 14.7 7.6
vPO® 15.7 58.4 9.3 8.1 10. 4 13.8 9.2
VPO 19. 5 58.8 8.3 7.1 13.2 12.6 11.5
VPO? 17. 6 56.2 11.0 8.3 12. 3 12.2 9.9
VO( acac) 2 16. 8 45.0 7.6 15.0 18. 6 13.8 7.6
NH4V O3 16. 9 43.3 12.2 8.2 24. 1 12.2 7.3

“ BA: benzaldehyde; BAL benzylalcohol; BAc: benmic acid; Cresols: mixture of p-, m- and o-cresol. Reaction conditions: toluene= 14 mmol, catalyst amount=

10 mg, hydrogen peroxide= 56 mmol, acetonitrile= 10mL, temperature= 70 C; time= 4 h. bp/v=10 (molar ratio); “P/V= 1. 1 (molar ratio); dp/v=12

(' molar ratio) .



No. 18

1697

2

a

Table 2 Oxidation of ethylbenzene with H20; over several V-based catalysds®

Selectity/ %
Catal yst Conversion/ % AP yield/ %
AP BC BA Others
Blank 0.0 0.0 0.0 0.0 0.0 0.0
VOs 29.3 61.5 16.5 9.8 12.2 18.0
VOPO4 29.2 60.5 15.8 9.6 14.1 17.7
VPO’ 29.5 66. 1 13.0 10.3 10.6 19.5
VPO* 39.1 64.1 15.4 9.6 10.9 25.1
VPO’ 36.4 65.4 13.9 8.2 12.5 23.8

@ AP: acetophenone; BC: benzylcarbinol; BA: benzldehyde. Reaction conditions: ethylbenzene= 14 mmol, catalys amount= 10 mg, hydrogen peroxide= 56 mmol,

acetonitrile= 10 mL, temperature= 70 C; time= 4 h. *P/V= 1. 0 (molar ratio); <P/V= 1. I (molar ratio); ¢ P/ V= 1.2 (molar ratio) .
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Figure 1 Effect of hydrogen peroxide usage on oxidation of toluene .
over VPO '
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Table 3 Effect of hydrogen peroxide amount on oxidation of ethylbenzene over VPO*
Selectivity/ %
n(H20,)/ n( ethylbenzene) Conversion/ % PA yield/ %
PA BC Others
2 18.3 51.0 23.1 11.3 14.6 9.3
4 64.1 15.4 10.9 25.1
6 41.9 67.8 12.7 10.9 28.4
8 41.6 65.5 13.7 10.1 10.7 27.2

@ AP: acetophenone; BC: benzylcarbinol; BA: benzldehyde. Reaction conditions: ethylbenzene: 14 mmol; catalyst: VPO, P/ V= 1 1 (molar ratio), amount: 10 mg;

hydrogen peroxide: 56 mmol; acetonitrile: 10 mL, temperature: 70 C; time: 4 h.
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Table 4 Effect of reaction temperature on the catalytic performance of VPO catalyst
o . Selectivity/ % .
Temperature/ ‘C Conversion/ % BA yield/ %
BA BAl Bac Cresols Others
40 1.6 51.8 20.0 0.0 23.3 4.9 0.8
50 10.0 36.9 19.3 4.0 30.0 9.8 3.7
60 14.8 40.8 15.9 9.6 21.1 12.6 6.0
70 19.5 58.8 8.3 7.1 13.2 12.6 11.5
75 18.9 52.7 14.5 11.0 11.8 10.0 10.0
¢ Other reaction conditions are the same as those in Table 1.
5 VPO “
Table 5 Effect of solvent on catalytic peformance of VPO catalyst
Selectivity/ %
Solvent T emperature/ C Conversion/ % crevy = BA yield/ %
BA Bal BAc Cresols Others
Acetontrile 70 19.5 58.8 8.3 7.1 13. 2 12. 6 11.5
Acetontril e’ 70 14.1 51.0 11.9 9.6 16. 3 11. 2 7.2
Acetontrile 70 27.6 37.9 17.8 9.7 20. 4 14.2 10.5
Acetone 65 5.4 58.8 13.7 0.0 20. 2 7.3 3.2
M ethanol 55 7.9 39.4 0.0 0.0 0.0 60. 6 3.1
Dichloromethane 45 0.0 0.0 0.0 0.0 0.0 0.0 0.0
— 70 0.4 95.0 0.0 0.0 0.0 5.0 0.38
@Toluene= 14 mmol, VPO (P/V=1.1)= 10 mg, H,0,= 56 mmol, temperature= 70 C, solvent = 10 mL. * Catalyst: 5 mg. ¢ Catalyst: 20 mg.
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Figure 2 Powder XRD patterns for as-prepared VPO and VOPO4 3 VOPO, VPO FTIR

catalysts
(a) VOPOy; (b) VPO, P/V= 1.0 (mol/mol); (c) VPO, P/V= 11
(mol/ mol); (d) VPO, P/ V= 1.2 (mol/ mol)

Figure 3 FTIR specira for as prepared VOPO4 and VPO catalysts
(8 VOPO,: (b) VPO, P/V= 1.0 (mol/mol); (c¢) VPO, P/V= 11
(mol/mol); (d) VPO, P/ V= 1.2 (mol/ mol)
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Figure 5 A possible mechanistic scheme for selective oxidations of

toluene and ethylbenzene
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