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INTRODUCTION

According to the International Union of Pure and Applied
Chemistry (IUPAC), porous materials are classified into three
classes based on their pore size; microporous (pore size < 2 nm),
mesoporous (2-50 nm) and macroporous (> 50 nm) materials
[1]. First mesoporous materials were synthesized in 1969 to
overcome the pore size of microporous materials. However,
because of lack of analysis, remarkable features of this meso-
porous material were not recognized. One of the most exciting
discoveries in the field of material engineering is the synthesis
of a new family of mesoporous siliceous materials designated
as M41S with exceptionally large and uniform pores by Mobil
Oil Corporation research group in 1992 [2-4]. Large uniform
pore sizes (1.5-10 nm), highly ordered nano channels, large
surface areas (~1500 m2/g) and attractive liquid crystal structures
are the desirable properties, which made such materials the
focus of great interest [2,3,5]. There are three classes of M41S
materials. These are MCM-41 (hexagonal, p6mm), MCM-48
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(cubic, Ia3d) and MCM-50 (lamellar). MCM-41 has a hexa-
gonal array of 1D pore system whereas the structure of MCM-48
is more complex than the former one having cubic symmetry
with two intersecting unique 3D channel system. MCM-48
material is one member of the class M41S materials. Because
of its cubic shape it is more attractive catalyst than MCM-41
materials. The cubic structure provides 3D channels, preventing
them from being blocked by guest molecules, acts as catalyst
support or adsorbent. Compared to one- or two-dimensional
pore systems, the three-dimensional pore system of MCM-48
material has more resistance against pore blockage and provides
a more efficient diffusion pathway. The important fact about
the MCM-48 materials is that they possess long range ordered
framework with uniform mesopores. By changing the synthesis
conditions and/or by using surfactants with different chain
lengths in their preparation, it is possible to adjust the pore
size of the materials in the mesoporous range.

These materials also possess quite large surface area of
the order of about 1000 m2 g–1. The synthesis process is quite
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simple and by carefully adjusting the synthesis conditions, it
is possible to synthesize hydrothermally stable MCM-48 meso-
porous molecular sieve at extremely low cost using cetyltri-
methylammonium bromide (CTAB). Further, it is possible to
synthesize MCM-48 materials at lower surfactant (CTAB)
concentration by increasing the crystallization temperature.
Thus, during synthesis of MCM-48 materials, an increase in
crystallization temperature from 373 K to 423 K can reduce
the CTAB concentration from 0.65 to 0.1 of the CTAB/Si ratio.
MCM-48 materials have found wide range of applications in
various fields such as catalysts for various chemical reactions,
as a support for drug delivery, etc.

The reported catalytic reactions using modified MCM-48
are oxidation of styrene by T-MCM-48 (T = Mn, V, Cr) [6],
tertiary butylation of phenol by H-GaMCM-48 [7], 1-hexene
hydroformylation by rhodium complexes ligated with triphenyl-
phosphine analogs on amino-functionalized MCM-48 [8],
photocatalytic reduction of CO2 with H2O on Ti-MCM-48 [9],
acylation of anisole with octanyl chloride [10], synthesis of
ε-caprolactam from cyclohexanone-oxime via Beckmann rearran-
gement over mesoporous molecular sieves MCM-48 [11],
oxidative dehydrogenation of ethylbenzene in the presence of
N2O [12], phenol hydroxylation by CuO-containing MCM-48
[13], Fischer-Tropsch synthesis on MCM-48 supported cobalt
[14], symmetric epoxidation of unfunctionalized olefins by
Mn(III) salen complex immobilized on MCM-48 [15].

SBA-1 (Santa Barbara amorphous) having cubic phase
with 3D-channel system with uniform pore structure is consi-
dered as suitable for catalyst support [16]. Huo et al. [16]
reported that these SBA-1 materials are formed using combi-
nation of cationic surfactant (S+), halogen anion (X−) and
silicate species (I+) through acidic route with high head group
surfactant in pH range 1-2 [17]. Catalytic application of Mo-
incorporated SBA-1 mesoporous molecular sieves to partial
oxidation of methane [18] was reported. Cr–SBA-1 has been
used as catalysts for dehydrogenation of ethane with carbon
dioxide [19]. The 3D system of pores present in SBA-1 ensures
easier accessibility of these pores to the reagent molecules than
the 1D cylindrical pores, so SBA-1 has high application potential,
for example, in adsorption and catalysis [20]. Mesoporous
SBA-1 silicas have 3D cubic structure of Pm3n symmetry with
open 3D cage type pores joined through open widows [21,22].
SBA-1 type materials show unique textural properties, including
the quite high specific surface area in the range 1200-1450 m2

g-1 and pore diameters varying from 2.1 to 2.6 nm. The 3D
pore network is resistant to blocking and provides a large
number of adsorption sites to the reactant molecules. Moreover,
the pores are easily accessible to the reagents molecules
[23,24]. Due to the textural parameters and high thermal stability,
SBA-1 is considered as a good catalyst support [21]. Its cubic
structure is more stable than that of the silicas of hexagonal
structure (MCM-41 or SBA-15).

As molybdenum containing catalysts have the efficiency
to catalyze a large number of reactions like hydrogenation,
oxidation and metathesis reactions [25-27], so, Mo is chosen
as an active metal in this study. Esterification of alcohols and
carboxylic acids is one of the most fundamental organic trans-

formations. Most of the esterification reactions were carried
out in presence of sulphuric acid, hydrochloric acid and toxic
materials, which are environmentally hazardous and unaccept-
able. Considering the impact of these chemicals on environment,
MCM-48 and SBA-1 are used as acid catalyst in organic trans-
formation. The use of MCM-48 and SBA-1 has great advantage
because they can be reused. In the present study, cubic meso-
porous MCM-48 and SBA-1 materials were synthesized and
modified by incorporating Mo by in situ process. The catalytic
activities of the synthesized mesoporous MCM-48 and SBA-1
materials are studied for the esterification reaction of benzyl
alcohol and acetic acid.

EXPERIMENTAL

The materials used for the synthesis of MCM-48 and SBA-1
were cetyl trimethyl ammonium bromide (CTAB), tetraethyl
orthosilicate (TEOS), sodium hydroxide (Merck), fumed silica
(BDH and Fluka), HCl, ammonium heptamolybdate (Merck)
and glycerol (Merck).

Synthesis of Si-MCM-48 materials: In present work, a
two step  process for the synthesis of MCM-48 materials were
proposed. The MCM-48 structure was prepared according to
the methodology reported in the literature [28].

Step-1: Preparation of surfactant solution: In this step,
required amount of CTAB was dissolved in 91 mL of deionized
water and to the solution 7.7 g of ethanol was added. The
mixture was stirred for 15 min.

Step-2: Preparation of gel: In this step, a gel was prepared
by dissolving 5 g of fumed silica in a NaOH solution with
constant stirring. The gel was then stirred for 1 h.

The prepared gel was then added to the surfactant solution
with constant stirring maintaining pH of 9.3. The mixture
obtained was stirred for another 2 h to get a homogeneous
composition. The whole mass was transferred to an autoclave
and heated at 100 ºC for 3 h and then at 150 ºC for another 3 h.
The solid product was then filtered, washed with hot water,
dried at room temperature and then at 110 ºC for 6 h. The
sample was then calcined at 480 ºC for 6 h in a muffle furnace.
The gel composition for the synthesis of MCM-48 material is
Na2O/SiO2 = 0.21, CTAB/SiO2 = 0.3, EtOH/SiO2 = 5 and H2O/
SiO2 100.

Synthesis of Mo-MCM-48 materials: A sample of Mo-
MCM-48 with Si/Mo ratio 100 was synthesized applying the
same procedure as applied for the synthesis of Si-MCM-48
materials, ammonium heptamolybdate was added as a source
of molybdenum in the second step. After crystallization, the
same procedure stated above was applied for washing, drying
and calcination.

Synthesis of SBA-1 material: Although we used the
methodology presented in literature [29] for the synthesis of
SBA-1, but the process was not used exactly and some modifi-
cations were made during its synthesis. In reported literature
cetyl triethyl ammonium bromide (CTEAB) was used as
surfactant, while in present work the cetyl trimethyl ammonium
bromide (CTAB) was used as surfactant. In reported literature,
glycerol was not used, while in the present work, glycerol is
used. Because addition of glycerol as co-solvent offers an
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effective synthetic approach for controlling the phase behaviour
of cubic SBA-1 (Pm3n mesophase) over a broad temperature
range [30].

Synthesis: About 9.1 g glycerol and surfactant (CTAB)
were added with stirring to a HCl solution followed by the
addition of 10.4 g TEOS with constant stirring. The mixture
was stirred for 4 h at pH 2.1 and kept at room temperature for
1 day. After crystallization, it was filtered and washed with
acetone to get contamination free solid product. This was dried
at room temperature and then at 110 ºC for 6 h. The sample was
then calcined at 480 ºC for 6 h in a muffle furnace. The gel
composition and the conditions maintained for the synthesis
of SBA-1 material is shown in Table-1. The novelty of the syn-
thesis process is that it can be carried out at room temperature,
while the reported synthesis process needs to reach to a
temperature of 0 ºC during its synthesis.

Synthesis of Mo-SBA-1 material: The same procedure
was applied for synthesis of Mo-SBA-1 as mentioned for SBA-1.
Only difference was that 1.543 g of ammonium heptamolybdate
was added in the mixture, stirred for 4 h at room temperature
and left for 1 day. After crystallization the solid product was
recovered by filtration, which was washed with acetone. It
was dried at room temperature and then at 110 ºC for 6 h. The
sample was then calcined at 480 ºC for 6 h in a muffle furnace.
The final gel composition is presented in Table-1.

Characterization: A Bruker D-8 Advance X-ray diffracto-
meter with CuKα radiation of wavelength 1.5418 Å operated
at voltage = 40 kV and current = 40 mA was used for the X-ray
powder diffraction analysis. The XRD patterns were taken in
the 2θ = 5-50º with step size 0.05º and step time 0.5 s. Low
angle X-ray powder diffraction patterns were obtained for the
identification of mesoporous samples using a X’PERT PRO
(Philips) diffractometer with CuKα radiation of wavelength
1.54056 Å operated at a voltage 40 kV and current 30 mA. The
XRD patterns were taken in the 2θ = 1.5-10º. A Perkin-Elmer
RX 1 FTIR Spectrophotometer was used for recording the FT-
IR spectra of the samples in the form of KBr pellets in mid-IR
region of 4000-450 cm–1 (resolution 8 cm–1). Thermogravi-
metric analysis (TGA) and differential thermal gravimetry
(DTG) analysis of all the synthesized samples were done by
using Mettler Toledo TGA/DSC 1, STARe system analyzer in
the temperature range 313-1173 K with heating rate of 10 K
min-1 in N2 gas atmosphere. Diffuse reflectance UV-Vis spectra
of the Mo incorporated samples were taken with a Hitachi
4100 spectrophotometer equipped with a diffuse reflectance
attachment using solid sample holder in the range 200-800
nm at a scan speed of 600 nm min–1 (sampling interval: 2.00 nm).
The base line correction was made using barium sulphate as
the reference standard. For determining the specific surface
area, pore volume and pore size of the synthesized samples a

Micromeritics (model: Tristar 3000) surface area and porosity
analyzer was used. Prior to the experiments, all the samples
were activated at 673 K for 2 h in high vacuum. After this treat-
ment, liquid nitrogen was used to cool the samples to 74 K.
The samples were allowed to adsorb nitrogen gas and complete
isotherm was obtained (single point, P/P0 = 0.13). BET surface
was calculated using t-plot method and pore size distribution
(PSD) was calculated using Barrett-Joyner-Halenda (BJH)
formula. For the determination of particle morphology, scanning
electron micrograph of the synthesized samples were taken by
using LEO1430VP; Carl Zeiss scanning electron microscope
and Hitachi, S-3600 N scanning electron microscope operating
at accelerating voltage of 15-20 kV.

RESULTS AND DISCUSSION

XRD Studies: The XRD patterns of Si-MCM-48 and Mo-
MCM-48 synthesized by two step process were in good agree-
ment with those of reported data for the cubic MCM-48 materials
[2,3]. The most distinguishable peak along (211) plane appears
at 2θ = 2.7º and a shoulder peak at 3º which is for (220) plane.
The XRD patterns of Si-MCM-48 and Mo-MCM-48 materials
are shown in Fig. 1. It is evident that 211 peak for Mo-MCM-48
shifts towards lower 2θ value in comparison to that of Si-MCM-
48. Such a shift of 211 peak towards lower 2θ values, is an
indication of successful incorporation of Mo into the frame-
work of MCM-48 [33].

The XRD patterns of SBA-1 and Mo-SBA-1 materials
are shown in Fig. 2. From the XRD patterns of SBA-1 and
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Fig. 1. XRD patterns of Si-MCM-48 and Mo-MCM-48

TABLE-1 
GEL COMPOSITION OF SBA-1 AND Mo-SBA-1 

Samples 
designation 

Silica source CTAB/SiO2 HCl/SiO2 EtOH/SiO2 H2O/SiO2 pH of the gel Ammonium 
heptamolybdate/SiO2 

SBA-1 TEOS 0.2 40 2 150 2.1 – 
Mo-SBA-1 TEOS 0.2 40 2 150 2.4 0.025 
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Fig. 2. XRD pattern of SBA-1 and Mo-SBA-1

Mo-SBA-1, it is evident that 211 peak for Mo-SBA-1 shifts
towards lower 2θ value in comparison to that of the SBA-1.
Such a shift of 211 peak towards lower 2θ values, is an indica-
tion of successful incorporation of Mo into the framework of
SBA-1 [31].

FT-IR studies: FT-IR spectra of Si-MCM-48 and Mo-
MCM-48 are shown in Figs. 3 and 4, respectively. For both
the samples the bands at 3500 cm–1 (broad) and at 1630 cm–1

are attributed to stretching and bending mode of water [32],
respectively. On the other hand, the broad band at ~ 1084 cm–1

and shoulder band at wave-numbers ~1234 cm–1 and ~ 810 cm–1

are attributed to Si-O-Si asymmetric stretching and Si-O-Si
bending vibrations, respectively [33-35].
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Fig. 3. FT-IR spectra of Si-MCM-48

The FT-IR spectra of SBA-1 and Mo-SBA-1 materials
are shown in Fig. 5. In the spectra, the band at ~ 3500 cm–1

may be assigned to the O-H stretching vibration of the silanol
groups. The band at ~ 1635 cm–1 may be assigned to the H-O-H
bending vibration of water molecule. The bands at ~ 1000, ~ 780
and ~ 540 cm–1 may be assigned to Si-O asymmetric stretching,
Si-O symmetric stretching and Si-O-Si bending vibrations,
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Fig. 4. FT-IR spectra of Mo-MCM-48
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Fig. 5. FT-IR spectra of (A) SBA-1 and (B) Mo-SBA-1

respectively [36]. From the XRD and FT-IR analysis, it can be
concluded that MCM-48 and SBA-1 were successfully synthe-
sized.

SEM studies: The SEM micrographs of Si-MCM-48 and
Mo-MCM-48 are shown in Figs. 6 and 7. It is seen that quite
uniform cubical shaped particles were formed and the size of
the particles was found to be nearly 0.5 µm. The morphology
of the MCM-48 samples remained unchanged even on Mo
incorporation. The SEM micrograph of SBA-1 is shown in
Fig. 8. The SEM images are spherical in nature. The particle
size of SBA-1 ranges from 5 to 7 µm.

Thermal studies: The TGA curves of Si-MCM-48 and
Mo-MCM-48 are shown in Figs. 9 and 10, respectively. It is
found that on heating Si-MCM-48 sample show weight loss
at four temperature ranges 323-424 K, 425-523 K, 524-655 K
and finally 656-1013 K, while Mo-MCM-48 sample show
weight loss at five temperature ranges 323-424 K, 425-523 K,
524-655 K, 656-775 K and finally 776-1013 K. The initial
weight loss in the temperature range 323-424 K is due to the
loss of physically adsorbed water molecule [37]. The template
loss in case of Si-MCM-48 takes place in two temperature ranges
i.e. in 425-523 K and 524-655 K, while the template loss in
case of Mo-MCM-48 takes place in three temperature ranges
i.e. in 425-523 K, 524-655 K and 656-775 K. The weight loss
in the temperature range 656-1013 K (for Si-MCM-48) and
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Fig. 6. SEM image of Si-MCM-48

Fig. 7. SEM image of Mo-MCM-48

Fig. 8. SEM micrograph of SBA-1
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Fig. 10. TGA graph of Mo-MCM-48

776-1013 K (for Mo-MCM-48) may be attributed to the loss
of CTAB surfactant bound strongly inside the channels. The
percentage of weight loss is found to be increased as molyb-
denum is introduced in the MCM-48 samples. The mass %
loss at different ranges of temperatures for the synthesized
samples is shown in Table-2.

Adsorption-desorption studies: The N2 adsorption-desor-
ption isotherms of Si-MCM-48 and Mo-MCM-48 samples are
shown in Figs. 11 and 12 respectively, which, indicate that the
isotherms are of type IV, typical for mesoporous solids [38].
Pore size distributions of MCM-48 materials were obtained
from the adsorption data by means of the Barrett-Joyner-Halenda
(BJH) formula [39]. The BET surface area, pore volume and
pore diameter of MCM-48 materials are listed in Table-3. From
this study, it is clear that with the incorporation of Mo, the BET
surface area decreases from 683.81 m2 g-1 (for Si-MCM-48)
to 620.16 m2 g-1 (for Mo-MCM-48). On the other hand, BJH
pore diameter and pore volume increases from 24.9 Å (for Si-
MCM-48) to 41.5 Å (for Mo-MCM-48) and 0.22 cm3 g-1 (for
Si-MCM-48) to 0.30 cm3g-1 (for Mo-MCM-48), respectively.

TABLE-2 
MASS % LOSS OF Si-MCM-48 AND Mo-MCM-48 AT DIFFERENT TEMPERATURE RANGE 

Mass percentage loss in temperature ranges (K) 
Sample 

323-424 425-523 524-655 656-1013 Total 
Si-MCM-48 2.2 7.6 9.6 3.2 22.6 

Mo-MCM-48 2.8 24.1 11.3 
4.7 (656-775K) 

6.9 (776-1013K) 
49.8 
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Fig. 11. N2 adsorption-desorption curve of Si-MCM-48
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Fig. 12. N2 adsorption-desorption curve of Mo-MCM-48

TABLE-3 
BET SURFACE AREA, PORE VOLUME AND  
PORE DIAMETER OF MCM-48 MATERIALS 

Physical properties 

Samples BET surface 
area (m2 g-1) 

BJH adsorption 
average pore 
diameter (Å) 

BJH desorption 
cumulative pore 
volume (cm3 g-1) 

Si-MCM-48 683.81 24.9 0.22 
Mo-MCM-48 620.16 41.5 0.30 
 

UV-DRS studies: The UV-DR spectroscopy is a very
sensitive technique for the determination of coordination of metal
ion in the framework or extra framework position in metal
containing mesoporous materials [40]. The diffuse reflectance
UV-visible spectroscopy was used to know the coordination
of metal ion in Mo-MCM-48 material and the spectrum is
shown in Fig. 13. The absorption bands at 250 and 330 nm are
observed in the UV-visible spectra of Mo-MCM-48 samples,
which are for the tetra- and hexa-coordinated Mo6+ cation,
respectively. Oxo-molybdenum compounds give absorption
bands in UV-visible region due to ligand-metal charge transfer
(O2--Mo6+). The position of this electronic transition depends
on the ligand field symmetry surrounding the Mo center; the
tetrahedral Mo6+(Td) is expected to show a higher energy
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Fig. 13. UV- Vis (DRS) spectrum of Si-MCM-48 and Mo-MCM-48

transition than for the octahedral one [41]. Absorption bands
around 230 nm may be due to the contributions of octahedral
and tetrahedral Mo6+. Bands from 250 to 280 nm have been
assigned to Mo6+ {Td (t1-e)} and bands from 300 to 330 nm to
Mo6+ (Oh(t2u,t1g- t2g)) [42]. These bands were quite broad in
case of Si-MCM-48, as is evident from Fig. 13. The absorbance
bands at wavelength ~ 250 nm and ~ 330 nm may be assigned
to the incorporation of Mo in MCM-48 framework.

Catalytic activity: In organic synthesis, the esterification
reaction is one of the fundamental reactions and has great use
[43]. In present study, esterification reaction of benzyl alcohol
and acetic acid is studied using modified MCM-48 and SBA-
1 catalysts. Benzyl acetate is the major product of this reaction.
The reaction is shown in Scheme-I.

CHO

+ CH3COOH
Catalyst

CH2OCCH3

O

+ H2O

Scheme-I: Esterification reaction of benzyl alcohol and acetic acid

The reactions were carried out in glass batch reactor under
atmospheric pressure. The temperature of the reaction was
controlled by a temperature controller and stirring was done
by a magnetic stirrer. Before the use of catalysts in the reaction,
it was activated by heating at 373 K temperature for 4 h. In
order to study the catalytic activity of the synthesized samples,
a fixed volume of the reaction mixture was taken out at regular
interval of time and is put in a beaker containing ice to freeze
the reaction. The product and the unreacted reactants of the
reaction mixture, collected at different time intervals, were
analyzed by gas chromatography (Perkin-Elmer, Clarus 500,
Elite 501 column). From the results obtained, the percentage
conversions under different reaction conditions were calculated.
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The effect of temperature on the esterification reaction of
benzyl alcohol was studied in the temperature range of 343 K
to 383 K using SBA-1 and MCM-48. The reaction was carried
out under atmospheric pressure taking 0.2 g catalyst with react-
ant mixture in 1:2 molar ratio. The conversion of benzyl alcohol
at different temperatures for reaction time of 8 h using catalysts
SBA-1 and MCM-48 is shown in Table-4. The conversion of
benzyl alcohol is found to increase with increase in temperature.
No side product was obtained up to 383 K, which indicates
the absence of dehydration of Friedel-Craft acylation. There
was a sharp increase of conversion of benzyl alcohol from
40.4% to 58.9% and from 45.6% to 59.1%, when temperature
was increased from 343 K to 373 K for SBA-1 and MCM-48,
respectively. When the temperature was increased further to
383 K, the reaction slowed down for both the catalysts. This
may be due to the blockage of adsorption sites of the catalysts
at higher temperature. Thus, the temperature 373 K may be
considered as the optimum temperature for the esterification
of benzyl alcohol.

TABLE-4 
EFFECT OF TEMPERATURE ON THE ESTERIFICATION 

REACTION ON SBA-1 AND MCM-48 

Temperature (K) Catalyst Conversion (%) 
SBA-1 40.4 

343 
MCM-48 45.6 
SBA-1 57.8 

373 
MCM-48 58.1 
SBA-1 58.9 

383 
MCM-48 59.1 

Time = 8 h, Catalyst amount = 0.2 g, Benzyl alcohol: acetic acid = 1:2 
(molar ratio), Substrate volume = 16 mL. 
 

The effect of amount of catalyst on the esterification
reaction of benzyl alcohol was studied by taking 0.2 and 0.4 g
of each of SBA-1 and MCM-48. The reactions were done under
atmospheric pressure and at 373 K with reactant mixture in
1:2 molar ratio. The conversion of benzyl alcohol with different
amount of catalyst for reaction time 8 h is shown in Table-5
for catalysts SBA-1 and MCM-48. It has been previously inves-
tigated that the conversion of benzyl alcohol in esterification
reaction over heterogeneous catalysts does not depend upon
the total number of acid sites of the catalysts [44]. That is why,
the effect of pore size and surface area on the conversion of
this esterification reaction was also studied. Mesoporous
materials have high surface area. It is indicated that there is a
combined effect of pore size and surface area on the different
conversions of benzyl alcohol under similar reaction conditions.
The conversion of benzyl alcohol slightly increases with increase

TABLE-5 
EFFECT OF AMOUNT OF CATALYST ON THE 

ESTERIFICATION REACTION OVER DIFFERENT CATALYSTS 

Conversion (%) 
Catalyst amount (g) 

SBA-1 MCM-48 
0.2 57.8 58.1 
0.4 59.7 60.4 

Time = 8 h, Temperature = 373 K, Benzyl alcohol: acetic acid = 1:2 
(molar ratio), Substrate volume: 16 mL, Catalyst amount: 0.2 and 0.4 g 
 

in the amount of catalyst. This is due to the reversibility of the
esterification reaction [44]. No side product is obtained at this
temperature and 10 h duration time. Thus, 100% selectivity
towards the formation of benzyl acetate can be obtained.

The effect of alcohol and acid molar ratio on the esteri-
fication reaction of benzyl alcohol was studied by taking 1:2
and 2:1 molar ratio of the reactants and 0.2 g of each of SBA-1
and MCM-48. The reaction was carried out under atmospheric
pressure at 373 K. The conversion of benzyl alcohol at different
molar ratios for reaction time 8 h is shown in Table-6 for catalysts
SBA-1 and MCM-48. The conversion of benzyl alcohol incre-
ased with increase in the amount of acetic acid in the reaction
mixture. This is due to the fact that there was a competition
between benzyl alcohol and acetic acid for adsorption on the
catalyst surface. Thus, for esterification reaction, acid adsor-
ption was necessary in the surface of catalyst [45]. Also, when
acetic acid concentration is more in the reactants, the compe-
titive adsorption of the acid on the surface was obviously more
facilitating the esterification reaction to proceed at faster rate.
On the other hand, if alcohol concentration was more in the
reaction mixture, there was a possibility of saturation of the
surface with alcohol blocking the acid adsorption [44]. The
esterification reaction in the present study took place between
the adsorbed acid on the catalysts surface, which formed an
electrophile and benzyl alcohol. Therefore, the efficiency of
the catalyst in this reaction is depended on the ability to adsorb
the alcohol, which will hinder the reaction. No side product
was obtained at this temperature and 8 h duration time. Thus
100% selectivity towards the formation of benzyl acetate can
be obtained.

TABLE-6 
EFFECT OF MOLAR RATIO ON THE ESTERIFICATION 

REACTION OVER DIFFERENT CATALYSTS 

Conversion (%) Molar ratio (benzyl 
alcohol: acetic acid) SBA-1 MCM-48 

1:2 57.8 58.1 
2:1 57 57.5 

Time = 8 h, Temperature = 373 K, Catalyst amount= 0.2 g, Substrate 
volume: 16 mL. 
 

Conclusion

From the XRD and FT-IR analysis, it is observed that
MCM-48 and SBA-1 were successfully synthesized and molyb-
denum was incorporated in the MCM-48 materials. The SEM
images indicated that the materials were spherical in nature.
The particle size of SBA-1 ranges from 5 to 7 µm. The esteri-
fication reaction of benzyl alcohol with acetic acid was carried
out successfully at temperature range 343 K to 383 K over the
catalysts SBA-1 and MCM-48. The reaction was studied under
different conditions such as temperature, catalyst amount and
reactants molar ratio. Under all the conditions the selectivity
of benzyl acetate is 100% and no side product is obtained under
any conditions. The conversion (%) of benzyl acetate increases
with increase in reaction time, temperature and catalyst amount.
However, the temperature 373 K may be considered as the
optimum temperature for the said reaction, as above this temp-
erature the increase in % conversion is not significant. The
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conversion of benzyl alcohol increased with increase in the
amount of acetic acid in the reaction mixture. But the conversion
(%) decreases with increase in benzyl alcohol concentration.
The activity of MCM-48 catalyst on the esterification reaction
was found to be more than that of SBA-1. As the esterification
reaction is an acid catalyzed reaction, so, it is concluded that
surface acidity of MCM-48 is more than that of SBA-1. The
novelty of the present work is that Mo was successfully incor-
porated in the framework of MCM-48 and SBA-1. The synthesis
process for SBA-1 can be carried out at room temperature in
contrast to that of the already reported process that needs to
reach to a temperature of 0 ºC during its synthesis. Both the
catalysts were found to be quite efficient for the esterification
reaction. The % conversion was found to be 58.9 and 59.1
with SBA-1 and MCM-48, respectively.
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