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a  b  s  t  r  a  c  t

The  spinel  type  chromites  MCr2O4 (M =  Co,  Ni  and  Cu)  were  synthesized  by the  co-precipitation  method
and  have  been  characterized  by a number  of analytical  tools.  The  efficacy  of  the  synthesized  system
as  catalysts  for the  oxidation  of  benzyl  alcohol  by molecular  oxygen  has  been  studied  wherein  it  has
been  observed  that  benzaldehyde  is  formed  with  100%  selectivity.  The  catalytic  activity  of  the  chromites
follows  the  order Co > Ni >  Cu.  The  effect  of the  reaction  parameters  like  the  amount  of the  catalyst  and
reaction  time  was  studied  and  it  has been  observed  that  the  surface  area  and  chemical  hardness  of the
catalysts  play  a  significant  role.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Oxidation of alcohols to carbonyl compounds is a fundamen-
tal transformation for the production of a large variety of versatile
intermediates in synthetic organic chemistry [1].  The catalytic con-
version of benzyl alcohol to benzaldehyde is one of the important
processes in the perfumery and pharmaceutical industries [2]. Sto-
ichiometric oxidants, such as permanganate and dichromate were
frequently used for this purpose, but these reagents are toxic and
produce large amount of hazardous wastes causing serious envi-
ronmental problems [3–5]. Several studies have been reported on
the oxidation of benzyl alcohol to benzaldehyde with different cata-
lysts and oxidants under solvent free conditions [6–9]. Öztürk et al.
[10] reported the oxidation of benzyl alcohol over CrBO3 catalyst
yielding around 40% conversion and 50% selectivity. Ji et al. [11]
studied the benzyl alcohol oxidation over various catalysts among
which Ru–Mn–Fe–Cu–O system showed better selectivity and con-
version. Noble metals such as palladium and gold supported on
metal oxides have also been reported to have promising catalytic
activity [12–14] but they are not cost-effective. Recently there has
been considerable interest in the use of perovskite and spinel-
type metal oxides. These catalysts are thermodynamically stable
at high temperatures and can be employed for a wide range of

∗ Corresponding author. Tel.: +91 9840048356; fax: +91 044 26241034.
E-mail address: ps raghavan@rediffmail.com (P.S. Raghavan).

temperatures in various reactions such as oxidation [15–19],
combustion [20,21] and reduction [22–24] of hydrocarbons and
oxygenated compounds.

In most of the studies of mixed metal oxides, the reactivity (in
terms of parameters like activity, TOF, temperature for a particular
percentage conversion, activation energy) has been correlated with
M O bond length or metal oxygen bond energy with a view to for-
mulate methodology for catalyst selection. These structure–activity
correlations not only facilitated the formulation of new catalyst sys-
tems but also provided clues on the course of surface reactions like
whether the lattice oxygen or adsorbed oxygen is involved in the
oxidation reaction. This information is essential possibly to devise
effective partial oxidation catalysts. Another aspect in the case of
mixed metal oxides is that they expose multiple active sites. For
example in the case of spinels, either A and B cations can be in tetra-
hedral or octahedral coordination depending on the lattice either
normal or inverse [25,26].  The A O B bonds that are possible in
addition to B O B and A O A bond change the binding of oxy-
gen and can thus be modulated to preferentially promote partial
oxidation reactions.

With growing environmental concerns, much attention has
been driven towards the eco-friendly heterogeneous oxidation by
clean oxidants such as molecular oxygen [27–31],  air [32], hydro-
gen peroxide [33], etc., for the oxidation of alcohols in gas and liquid
phase [34,35]. Literature reports reveal that studies on the oxida-
tion of benzyl alcohol with metal chromites have not been probed
in much so far. Hence, we have synthesized metal chromites of
the type MCr2O4 (M = Co, Ni, Cu) by co-precipitation method and
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