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Liquid Phase Sdective Oxidation o Tduene and Ethylbenzene over
V-based Catalyds in the Presence of Hydrogen Peroxide

WANG, XiaoQiang OU, QuangNan  YUAN, YouZhu'
(State Key Laboratory for Physical Chemistry d Sdlid Surfaces, Department o Chemistry, Xiamen University , Xiamen 361005)

Abgract The sdective oxidations of toluene and ethylberzene usng hydrogen peroxide over vanadiunrbased
catayss such as VPO, VOPRO, , V.05, VO(acac) » and NH4VO; have been sudied. These catdysts were found to be
active for the oxidation of toluene and ethyl berzene to berzal dehyde and acetopherone as main products in acetonitrile
lvent, repectively. The activity and sdectivity , however , in a sequence of decrease order , was found to be
followed as: VPO > V.05 > VORO, > VO (acac) » > NHVOs. The highest selectivities to benzal dehyde from tol uene
and acetopherone from ethyl berzene were 58. 8 % and 66. 1 % over VPO catadys with PPV = 1.1 (nolar ratio) in
acetonitrile olvent , resgpectively. The catalytic performance of VPO with (VO) »P,O; phase was dfected by the nolar
ratio of PV, hydrogen peroxide amount , lvent property and temperature. The active center for the oxidation was
believed to be (VO),P,0; stes (V**) in combination with dynamic V>* stes involving a reversible redox cycle.
Keywords V-based catdys , sective oxidation of toluene and ethylbenzene , hydrogen peroxide , berza dehyde ,
acetopherone.
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Table 1 Oxidation of toluene with H,O, over severd V-based catdyds®
SHectivity/ %
Catdyd Gonverson/ % BA yidd/ %
BA BAI BAc Cregls 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
VORO, 15.5 48.8 10.9 10.0 15.6 14.7 7.6
VFRO® 15.7 58.4 9.3 8.1 10.4 13.8 9.2
VRO® 19.5 58.8 8.3 7.1 13.2 12.6 11.5
VRO! 17.6 56.2 11.0 8.3 12.3 12.2 9.9
VO(acac) 16.8 45.0 7.6 15.0 18.6 13.8 7.6
NH/VO; 16.9 43.3 12.2 8.2 24.1 12.2 7.3

2BA : berzadehyde; BAI : benzyldoohol ; BAc: benmic acid; Qresls: mixture of p-, nmr and o-cresl. Reaction condtions: toluene = 14 mnol , catays amount =

10 mg, hydrogen peroxide =56 nnol , acetonitrile =10 nL , tenperature = 70

(nolar ratio) .

ctime=4h. PPV =210 (nolar ratio) ; PV =211 (nolar raio) ; *PI'V =12
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Table 2 Oxidation of ethylberzene with H,O, over severd V-based catayss®
SHectivity/ %
Catadys Gonverson/ % APyidd %
AP BC BA Others
Blank 0.0 0.0 0.0 0.0 0.0 0.0
V205 29.3 61.5 16.5 9.8 12.2 18.0
VOFRO, 29.2 60.5 15.8 9.6 4.1 17.7
VFROP 29.5 66.1 13.0 10.3 10.6 19.5
VRO® 39.1 64.1 15.4 9.6 10.9 25.1
\Vizeli 36.4 65.4 13.9 8.2 12.5 23.8

2AP: acetopherone; BC: berzylcarbinol ; BA : berza dehyde. Reaction conditions: ethylbenzene = 14 mnol , catadys anount = 10 mg, hydrogen peroxide = 56 mmol ,

acetonitrile =10 ni , tenperature =70

ctime=4h. °PV =10 (nolar ratio) ;

SRV =11 (nolar raio) ; PV =1.2 (nolar ratio) .
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Figure 1 Hfect of hydrogen peroxide usage on oxidation of toluene .
over VRO
o : Converson; : BA Sectivity. Reaction conditions are the same as '
those in the Table 1 ’
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Table 3 Hfect of hydrogen peroxide amount on oxidation of ethyl berzene over VRO?
SHectivity/ %
n(H.0z) / n(ethylberzene) Converson/ % PA yidd %
PA BC BA Cthers
2 18.3 51.0 23.1 11.3 14.6 9.3
4 39.1 64.1 15.4 9.6 10.9 25.1
6 41.9 67.8 12.7 8.6 10.9 28.4
8 41.6 65.5 13.7 10.1 10.7 27.2

2 AP: acetopherone; BC: berzylcarbinol ; BA : berzadehyde. Reaction conditions: ethylberzene: 14 nnol ; catadys : VPO, PV =1.1 (nolar ratio) , avount : 10 mg;
hydrogen peroxide: 56 mmnol ; acetonitrile: 10 nlL , tenperature: 70

; time: 4 h.
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4 VRO a
Table 4 Hfect of reaction tenperature on the cataytic performance of VRO catays®
] SHectivity/ % .
Tenperature/ Gonverson/ % BA yidd/ %
BA BAI Bac Qesls 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 VRO @
Table 5 Hfect of solvent on cataytic performance of VPO catays?
) Sectivity/ % .
Slvent Tenperature/ Gonverdon/ % BA yidd %
BA Bd BAC Cregls Others
Acetontrile 70 19.5 58.8 8.3 7.1 13.2 12.6 11.5
Acetortrile® 70 14.1 51.0 11.9 9.6 16.3 11.2 7.2
Acetortrile® 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
Metharol 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

2 Toluene =14 mol , VRO (P/V =1.1) =10 mg, H,0, =56 mnol , tenperature=70 , lvent =10 nL. "Cadys: 5nmg. ©Cadyd: 20 mg.
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Figure 2 PRowder XRD patterns for asprepared VRO and VORO, 3 VORO, VFO ETIR
cadyss Figure 3 FTIR ectrafor asprepared VORO, and VRO catdyds

(@ VOROy4; (b) VPO, PPV =10 (nmol/nol) ; (¢c) VRO, PPV =11
(mol/ nol) ; (d) VPO, PPV =1.2 (rmol/ nol)

(@ VORO;; (b) VPO, PV =1.0 (mol/nol) ; (c) VRO, PPV =11
(mol/ nol) ; (d) VPO, PPV =1.2 (nol/ nol)
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