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Long Chain Aliphatic Amine-Modified Heteropolyacid Catalysts for
Hydroxylation of Benzene to Phenol with Molecular Oxygen
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Abstract: Organic-inorganic hybrid catalysts were prepared by combining laurylamine (or octadecylamine) and molybdovanadophosphoric
acid, and their catalytic performance for the hydroxylation of benzene to phenol was evaluated using molecular oxygen as the oxidant in a
pressured batch reactor. The laurylamine-modified heteropolyacid catalyst with a 4:1 molar ratio for the two moieties exhibited a much
higher yield of phenol (11.5%) than that of the neat heteropolyacid HsPMo1oV2040 (3.9%). We discuss the promotional effect of the long
chain aliphatic amines with regards to the interaction between the amine and the heteropolyacid framework, and we also discuss the
“pseudo-liquid phase” behavior of the heteropolyacid.
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Table 1 Hydroxylation of benzene to phenol over various heter-
opolyacid and hybrid catalysts using molecular oxygen as the oxidant

Entry Catalyst Yield of phenol (%)
1 without not detectable
2 without 14
3 PMoV, 3.9
4 LA;PMoV, 4.4
5 LAPMoV, 10.3
6 LA;PMoV, 10.5
7 LA,PMoV, 11.5
8 LAsPMoV, 10.8
9 OA,PMoV, 6.9

10 PMoV; 2.9
1 LA,PMoV, 6.9
12 OA,PMoV; 5.9

Reaction conditions: 0.1 g catalyst, 0.6 g ascorbic acid (‘without
ascorbic acid), 2.0 ml benzene, 25 ml aqueous solution of acetic acid
(80 vol%), 2.0 MPa O,, 373 K, 10 h.

Yield of phenol (%) = mmol phenol/mmol initial benzene.

LA: Laurylamine; OA: Octadecylamine; PMoV,: HsPMo01oV2040;
PMoVy: HsPM013V104.
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Fig. 1. FT-IR spectra of LA, PMoV,, and the hybrid catalysts. (1)
PMoVy; (2) LAPMoVy; (3) LAPMoVy; (4) LAPMoVy; (5)
LA,PMoV;; (6) LAsPMoVy; (7) LA.
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Fig. 2. Optical micrographs of the reaction mixture for the hydroxy-
lation of benzene by molecular oxygen using LA,PMoV, as the cata-
lyst. (a) Before the reaction and without the catalyst; (b) After the
reaction with the catalyst.
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