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Abstract

The benzylation of benzene and substituted benzene reactions employing benzyl chloride as the alkylating agent over a series of cop-
per-containing mesoporous silicas with different Cu contents has been investigated. These materials (Cu-HMS-n) have been characterised
by chemical analysis, BET and XRD. The mesoporous copper-containing materials showed both high activity and high selectivity for the
benzylation of benzene. The activity of these catalysts for the benzylation of different aromatic compounds is in the following order:
benzene > toluene > p-xylene > anisole. The kinetics of benzene benzylation over these catalysts have also been investigated.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Friedel–Crafts alkylations comprise a very important
class of reactions which are of common use in organic
chemistry. These reactions are usually catalysed by Lewis
acids in liquid phase [1]. However, the commonly used
liquid acid catalysts (e.g. AlCl3, FeCl3, BF3, ZnCl2 and
H2SO4) [1–3] pose several problems including difficulty in
separation and recovery, disposal of used catalyst, corro-
sion, high toxicity and the requirement of stoichiometric
amounts of these catalysts [4,5].

The development of reusable acid catalysts (acidic solid
catalysts) which can easily be separated from the reaction
mixture, and also have high activity for the Friedel–Crafts
reactions is, consequently, of large practical importance.
Universal efforts have been made to achieve this goal, using
different acidic solid catalysts, such as as zeolites [6], Fe-
MCM-41, Fe-HMS [5,7] and clays exchanged by metallic
ions [8–10] for benzylation of benzene and toluene.

The discovery of a new family of mesoporous silica
molecular sieves with pore diameters in the 2.0–10 nm
range, designated as M41S, is of considerable interest for
heterogeneous catalysis and material science [11,12]. This
family of materials is characterised by a regular array of
pores with uniform diameter, high specific surface areas
and pore volumes, which are advantageous for the adsorp-
tion and catalysis. Depending on the synthesis conditions,
different phases could be obtained, like the hexagonal
phase MCM-41, the cubic phase MCM-48 as well as the
lamellar compound MCM-50. Huo et al. [13] proposed
four complementary synthesis pathways. The first pathway
implicated the direct co-condensation of cationic surfactant
(S+) with anionic inorganic species (I�) to create assembled
ion pairs (S+I�). In the second pathway, an anionic tem-
plate (S�) was used to direct the self-assembly of cationic
species (I+) through (S�I+) ion pairs. Pathways 3 and 4
involved counter ion-mediated assemblies of surfactants
and inorganic species of similar charge. These counter
ion-mediated pathways created assembled solution species
of type S+X�I+ or S�M+I� (with X� = Cl�, Br� and
M+ = Na+, K+). Furthermore, another pathway was pro-
posed by Tanev et al. [14] to prepare mesoporous silicas
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at room temperature by neutral templating route (S0I0). In
this case, the organic surfactant is not quaternary ammo-
nium cation but a primary amine, and the assembly
involves hydrogen-bonding interactions between neutral
primary amines and neutral inorganic precursors. These
materials denoted HMS (hexagonal mesoporous silica),
reveal excellent catalytic capacity for macro molecular
reactions and suggest new opportunities for transition
metal incorporation into silica frameworks. In the present
work, we report the synthesis and characterisation of such
materials incorporating copper, and their assessment as
catalysts for the benzylation of benzene with benzyl chlo-
ride. The kinetics of the reaction over these catalysts have
been investigated and the reaction extended to other subst-
rats like toluène, p-xylene and anisole.

2. Experimental (Materials and methods)

2.1. Materials

Samples were synthesized with Hexadecylamine
(Aldrich), orthosilicate (TEOS, Aldrich), Copper-nitrate
(Cu (NO3)3 � 9H2O, Merck) and ethanol (Rhône-Poulenc).

2.2. Catalyst preparation

The catalysts Cu-HMS-n (where n is the Si/Cu ratio in
the precursor gel = 50, 25, 15) were prepared as previously
reported by Tanev et al. [14]. In a representative prepara-
tion, hexadecylamine (HDA) was added to a solution con-
taining water and ethanol (EtOH) and the mixture was
stirred to homogeneity. Tetraethyl orthosilicate (TEOS)
was then added with vigorous stirring. The metal precursor
dissolved in TEOS itself.

This solution was subsequently stirred at room temper-
ature for 24 h to obtain the products. The solids were
recovered by filtration, washed with distilled water, and
air-dried at 393 K.

Organic molecules occluded in the mesopores were
removed by solvent extraction. The dried precursor was
dispersed in ethanol (5 g/100 ml) containing a small
amount of NH4Cl (1 g/100 ml) and the mixture was
refluxed with vigorous stirring for 2 h. The presence of
NHþ4 cations in EtOH was reported to be necessary to
exchange the protonated amines formed during the synthe-
sis, and to balance the excess negative charge resulting
from the substitution of CuII for SiIV [15,16]. The solid
was then filtered and washed with cold ethanol. The extrac-
tion procedure was repeated twice before drying the sam-
ples at 393 K in an oven. Finally the samples were
calcined at 823 K in air for 6 h.

2.3. Characterisation of the samples

Powder X-ray diffraction patterns were recorded on
SIEMENS D500 diffractometer with Cu Ka radiation.
The chemical composition of the samples was determined

by atomic absorption, and their surface areas were deter-
mined using the BET method (NOVA 2000 porosimeter
(Quantachrome)).

2.4. Catalytic testing

The benzylation of benzene by benzyl chloride has been
used as a model reaction for Friedel–Craft alkylation cata-
lytic properties. The reaction was carried out in a batch
reactor between 333 and 363 K. The quantity of 100 mg
of the solids was tested after an activation consisting of a
heat treatment under air (2 L h�1) up to 573 K with diverse
heating rates. Directly after cooling, the catalysts were con-
tacted under stirring with a solution of 25 ml of benzene
and 6.48 or 2.16 ml of benzyl chloride to obtain benzene
to benzyl chloride mole ratio of 5 or 15. The conversion
of benzyl chloride was followed by analyzing samples of
the reaction mixture collected at regular intervals by gas
chromatography using a gas chromatograph equipped with
a flame ionization detector FID and a capillary column
RTX-1 (30 m · 0.32 nm i.d.). The selectivity is expressed
by the molar ratio of formed diphenylmethane to con-
verted benzyl chloride.

3. Results and discussion

3.1. Characterisation

The results of the chemical composition and characteris-
tics of the catalysts are summarised in Table 1. The copper
compositions of the solids corresponded relatively well to
those fixed for the synthesis, except at low iron content
(Cu-HSM-50) where a loss of copper was observed.

Most of the values of the specific surface areas of the sol-
ids were larger than 1000 m2 g�1, which was typical of mes-
oporous materials [12,22]. When the copper content
increased, they decreased slightly first and then more dras-
tically at high copper loading (Cu-HSM-15).

The X-ray powder diffraction patterns of the solids
showed a broad peak at (2h) = 2.2 (Fig. 1) characterising
a mesoporous material not well crystallised. The intensity
of the peak decreased as the copper content increased
showing that the addition of copper has a negative effect
on the crystallinity. At the same time very small peaks cor-
responding to CuO appeared in the 30–80� (2h) for Cu-
HMS-15 (Fig. 2).

Table 1
Chemical composition and characteristics of the catalysts

Sample Chemical analysis Surface area (m2 g�1)

Cu (wt%) Si/Cu

HMS – – 1170
Cu-HMS-50 1.00 80.0 1162
Cu-HMS-25 3.25 27.5 1046
Cu-HMS-15 6.33 13.9 895
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