
INTRODUCTION

Zeolites are very important catalytic materials and widely
used in chemical industries for their crystalline aluminosilicate
network. However, their application is still limited by the
relatively small pore openings, particularly by the depletion
of the light reserves of the fossil oil. Processing of the heavy
crude requires large pores in the cracking catalysts, so that the
reactants can reach the active sites in the internal surface of
the catalysts. Therefore, in zeolite chemistry, a main aspect is
pore enlargement. Large pores are present in porous glasses
and porous gel, but their disordered pore systems with broad
pore size distribution restrict their application severely. MCM-
41 was the first synthetic mesoporous material with regularly
ordered pore arrangement and a very narrow pore distribution,
which was disclosed by the Mobil scientists in19921. Since
the discovery of MCM-41 by Mobil scientists numerous studies
have been reported concerning, preparation conditions, charac-
terization and application of these materials as catalysts and
catalyst supports in various reactions2-4. Pure siliceous hexa-
gonal MCM-41 cannot be directly used as catalysts. It may be
due to the limited thermal stability and negligible catalytic
activity of these MCM-41, because of the neutral framework
and the lack of sufficient acidity. Mesoporous metallosilicates,
developed by isomorphous substitution of Si with different
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transition metal ions in a silicate structure, were used as catalysts
in fine chemical industries to improve product yield5. In recent
years, increasing attention has been directed towards the study
of metal-containing mesoporous molecular sieves. These
mesoporous materials with large pores (20-100 Å) are suitable
for the transformation of bulky organic compounds6-10. Many
researchers have reported the oxidation properties of metal
ions such as Ti, V, Cr, Mn, Ce, Sn and Mo11-17 incorporated
into the MCM-41 framework. Ti-MCM-4118 has been investi-
gated and are known to be effective catalysts with hydrogen
peroxide and hydroperoxides as oxidants. Cationic vanadyl
porphyrin-encapsulated mesoporous Al/V-MCM-4119 as hetero-
geneous catalysts for the oxidation of alkenes. Vapour phase
oxidation of tetralin over Cr and Fe substituted MCM-41
molecular sieves20 was investigated. In addition, there were
material about tungsten incorporated, such as W-HMS21, W-
SBA-1522 and W-MCM-4123, which were synthesized easily.
However, less attention was paid to the synthesis, characteri-
zation and electrochemical sensing property of tungsten
incorporated MCM-41.

In this view, we have reported the preparation of W-MCM-
41 using direct hydrothermal method. The synthesized W-
MCM-41 were characterized by XRD, FT-IR, UV-visible and
SEM. The prepared W-MCM-41 has been used to modify the
glassy carbon electrode. The modified glassy carbon electrode
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shows lower anodic peak potential with larger current response
for the electrochemical oxidation of 4-chlorophenol when
compared to the bare glassy carbon electrode.

EXPERIMENTAL

Sodium metasilicate, sodium tungstate, cetyltrimethyl-
ammonium bromide (CTAB) and sulphuric acid were purchased
from Qualigens and used as received. Deionized water was
used throughout the experiment.

The prepared sample was studied by FT-IR spectroscopy
using a Schimadzu FT-IR 8300 series instrument. The crysta-
lline structure of the samples were analyzed by a Rich Siefert
3000 diffractometer with CuKα1 radiation (λ = 1.5406 Å). In
order to have an elemental composition in W-MCM-41
samples, energy dispersive spectroscopy (EDS) was carried
out with EDAX Prime equipment coupled to a JEOL 5800 LV
scanning electron microscope. The analyses were randomly
taken in several sample zones to have a representative value
of the elemental composition at low magnification. Morpholo-
gical characterization was carried out using a HITACHI
SU6600 scanning electron microscopy. SEM specimens were
prepared by dispersing the sample in ethanol with ultrasound
for 5 min. A drop of the suspension was placed into an aluminum
foil and was allowed to dry. The UV-visible spectra were
recorded on UV-1601OC, Shimadzu instrument using distilled
water as a solvent.

Electrochemical experiment: The modifying process of
the electrode was followed by literature method24 as follows:
Electrochemical measurements were carried out by cyclic
voltammetry (CV) in a conventional three-electrode cell. A
glassy carbon electrode with a surface area of 0.07 cm2 was
used as working electrode. The W-MCM-41 suspension were
prepared by dispersing 1 mg of sample in 5 mL of acetone
using ultrasonication for 10 min. The 5 µL of the above suspen-
sion was spread on the highly polished glassy carbon electrode
surface from the aliquots and dried at room temperature.
Electrochemical measurements were performed at 298 K using
a CHI 600A. A three-electrode cell was used with a saturated
calomel electrode (SCE: Ag/AgCl/sat. KCl) as reference elec-
trode, platinum wire as counter electrode and the modified
glassy carbon electrode as the working electrode. The cyclic
voltammetry studies were performed in 0.1 M PBS electrolyte
solution saturated with nitrogen at potential range of 0 to +1
V at the scan rate of 10 mVs-1.

Synthesis of W-MCM-41: The mesoporous W-MCM-
41 with variable Si/W ratios were synthesized by the following
procedure: 18.94 g of sodium metasilicate was dissolved in
deionized water under mechanical stirring. To this, the required
amount of sodium tungstate solution was slowly added. The
pH of the solution was adjusted to 10.5 with 2 M sulphuric
acid and the obtained gel was stirred for 1 h. To this, an aqueous
solution of cetyltrimethyl-ammonium bromide was added very
slowly and the mixture was continuously stirred for another
1 h at room temperature. The gel was transferred into Teflon-
lined stainless steel autoclave and kept at 170 ºC for 12 h. The
obtained solid product was cooled to room temperature,
filtered, washed with de-ionized water and dried at 100 ºC.
The sample was then calcined in air at 550 ºC for 6 h. The

molar composition of the gel was subjected to hydrothermal
synthesis as follows:
SiO2 : n WO3 : 0.2 CTAB: 0.89 H2SO4 : 120 H2O. Here, n =
0.007-0.04.

The samples are designated as W-MCM-41 (X) where X
is the Si/W ratio in the gel: 25, 50, 100 and 150.

RESULTS AND DISCUSSION

FT-IR analysis: The FT-IR bands of W-MCM-41 samples
are listed in Table-1. Fig. 1 shows the absorption bands at 1639,
1077, 967, 802 and 475 cm-1. The strong absorption band at
1639 cm-1 is ascribed to bending vibration of hydroxyl group
of water molecule, which shows that a large number of surface
hydroxyl groups and H2O exist on the surface of W-MCM-41,
which play a key role for bonding metal ions from the impre-
gnating sol. The bands observed at 1077, 802 and 475 cm-1

are due to symmetric stretching, asymmetric stretching and
bending vibration of Si-O-Si25,26. In addition, these bands are
narrow and more intense due to free vibration of Si-O-Si and
Si-O-W bonds in W-MCM-41. The band at 967 cm-1 can be
attributed to the vibration of hydroxyl groups shared by Si
and W atoms in the W-MCM-41 framework27. It can be seen
that, the intensity of the Si-O-W peak at 967 cm-1 increases
with increasing tungsten content (Fig. 1), which is in agreement
with the XRD results. This is the evidence of tungsten incorpo-
rating into the silica framework.

TABLE-1 
BAND ASSIGNMENTS IN THE FT-IR  

SPECTRUM OF (25) W-MCM-41 

Band assignments Wavenumber (cm-1) 
δb (Si–O–Si) 475 
δs (Si–O–Si) 816-600 
δas (Si–O–W) 967 
δas (Si–O–Si) 1077 
δ OH (H2O) 1639 

 

Fig. 1. FT-IR spectrum of W-MCM-41 with different Si/W ratios

XRD analysis: The mesostructural and ordered character-
istics of the samples were determined by XRD measurements.
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The low-angle XRD patterns of W-MCM-41 were shown in
the Fig. 2. All the samples exhibit well- defined (1 0 0), (1 1 0)
and (2 0 0) reflections (indexed on the hexagonal lattice) in
their XRD patterns28, suggesting the formation of the long-
range ordered MCM-41 nanopores. The diffraction peaks were
broadened and slightly shifted to higher angle with increasing
tungsten content. The ionic radius of W (0.62 Å) is higher
than that of Si (0.42 Å). Hence, upon incorporation of W into
the MCM-41 matrix, the mesoporous structure is distorted
slightly and hence the intensities were found to decrease with
increase in W concentration.

Fig. 2. Low-angle XRD patterns of W-MCM-41 with different Si/W ratios

UV-visible analysis: UV-visible diffuse reflectance
spectroscopy is an effective technique for determining local
molecular coordination and bonding information for inorganic
compounds like mixed oxides29. To obtain the chemical
nature and coordination state of tungsten oxide species in MCM-
41 matrix, the diffuse reflectance spectra in the UV-visible
region of W-MCM-41 samples with different Si/W ratios were
recorded (Fig. 3). Fig. 3 showed two characteristic absorption
bands for W-MCM-41 in the UV region. The intense band at
229 nm was attributed to an isolated [WO4] tetrahedral species30

depending on the ligand field symmetry surrounding the W
center31. This band is generally regarded as the direct proof
that transition metal atoms have been incorporated into the
framework of a molecular sieve. Therefore, it should be consi-
dered as the direct proof for the presence of the framework
tungsten species in tetrahedral coordination. The band at 273
nm may be attributed to a distorted tetrahedral coordination
environment or the existence of some tungsten species in an
octahedral coordination environment31. The intensity of the
two bands is found to increase with the increase of tungsten
content, which suggests that the amount of framework tungsten
oxide species increased.

SEM analysis: Typical SEM images of W-MCM-41 were
shown in Fig. 4. The images indicated that the particles are
agglomerated and the size of the particles is in the nanometer
range. The encapsulated materials possess the same morphology
with that of W-MCM-41 and hence the solid supports were
structurally unchanged upon encapsulation.

Fig. 3. UV-VIS diffuse reflectance spectra of W-MCM-41 with different
Si/W ratios

Fig. 4. SEM images of W-MCM-41 with different Si/W ratios (a = 150, b
= 100, c = 50, d = 25)

Electrochemical sensing property: Cyclic voltammo-
grams (CVs) were recorded to evaluate the electrochemical
sensing property of the modified electrode towards the oxida-
tion of 4-chlorophenol in the potential range of 0 to +1 V. The
cyclic voltammograms of bare and W-MCM-41/GCE in the
absence of 1 mM 4-CP in 0.1 M PBS show no redox peak for
W-MCM-41/GCE in blank 0.1 M PBS indicates that the
W-MCM-41/GCE (figure not shown) is not electroactive in
the selected potential range. In addition, the W-MCM-41/GCE
shows enhanced peak current than the bare glassy carbon
electrode indicates the electrocatalytic ability of the modified
electrode. This electrocatalytic effect was attributed to the
larger available surface area of the modified layer32. Fig. 5
displays the cyclic voltammograms of bare and W-MCM-41/
GCE in the presence of 1 mM 4-chlorophenol in 0.1 M PBS at
a scan rate of 10 mV/s. The cyclic voltammetry of 4-chloro-
phenol (Fig. 5a) at bare glassy carbon electrode shows a very
broad peak at about 0.68 V. The 4-chlorophenol voltammogram
obtained for MCM-41/GCE showed a broad oxidation peak
potential at 0.67 V. However, the 4-chlorophenol voltammogram
obtained for W-MCM-41/GCE showed well defined oxidation
wave of 4-chlorophenol with shift in potential and increase of
the oxidation peak current than the bare and pure MCM-41/
GCE, indicating the electrocatalytic ability of the modified
electrode. From the Fig. 5, it can be seen that the oxidation
potential and current response of 4-chlorophenol varied with
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the amount of the added tungsten. For better clarification, we
plotted the concentration of tungsten against the oxidation
potential and current response for the oxidation of 4-chlorophenol
which is shown in Fig. 6. Especially (Si/W = 25) W-MCM-
41/GCE showed higher oxidation peak current with lower
oxidation potential at +0.60 V. The overpotential had thus
decreased by +80 mV indicating the strong electrocatalytic
effect of W-MCM-41/GCE modified layer.

Fig. 5. Cyclic voltammetric response of 1 mM 4-chlorophenol at W-MCM-
41/GCE with different; Si/W ratios (a = bare, b = 150, c = 100, d =
50, e = 25)

The above results indicate that catalytic reaction occurred
between the W-MCM-41/GCE with 4-chlorophenol. The catalytic
reaction facilitates electron transfer between 4-chlorophenol
and the modified electrode, as a result the electrochemical
oxidation of 4-chlorophenol becomes easier. The reason for
this is that the W-MCM-41 can act as a promoter to increase
the rate of electron transfer, lower the overpotential of 4-chloro-
phenol at the bare electrode and the anodic peak shifts less
positive potential. Thus, it is clear that W-MCM-41/GCE can
be successfully used as a sensor for the determination of
organic pollutant.

Fig. 6. Plot of concentration of W vs. peak potential and current response

Conclusion

W-MCM-41 was synthesized by direct hydrothermal
method. The synthesized W-MCM-41 was characterized by
XRD, FT-IR, SEM and UV-Visible. XRD reveals the formation
of the W-MCM-41. FT-IR shows the incorporation of tungsten
into the Si frame work. SEM analysis indicates that the sample
was found to be aggregated in nature. The electrochemical
sensing property of 4-CP by W-MCM-41 was investigated by
cyclic voltammetry. The results suggest that the W-MCM-41
have higher electrocatalytic activity.

REFERENCES

1. C.T. Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli and J.S. Beck,
Nature, 359, 710 (1992).

2. J. Aguado, D.P. Serrano, M.D. Romero and J.M. Escola, Chem. Commun.,
765 (1996).

3. M. Selvaraj, K.S. Seshadri, A. Pandurangan and T.G. Lee, Micropor.

Mesopor. Mater., 79, 261 (2005).
4. P.T. Tanev, M. Chibwe and T.J. Pinnavaia, Nature, 368, 321 (1994).
5. A. Corma, Chem. Rev., 97, 2373 (1997).
6. D.T. On, D. Desplantier-Giscard, C. Danumah and S. Kaliaguine, Appl.

Catal. A, 222, 299 (2001).
7. M. Selvaraj, A. Panurangan, K.S. Seshadri, P.K. Sinha, V. Krishnasamy

and K.B. Lal, J. Mol. Catal. A, 192, 153 (2003).
8. M. Selvaraj, P. K. Sinha and A. Pandurangan, Micropor. Mesopor.

Mater., 70, 81 (2004).
9. M. Selvaraj, P.K. Sinha, K.S. Seshadri and A. Pandurangan, Appl. Catal.

A, 265, 75 (2004).
10. M. Selvaraj, A. Pandurangan, K.S. Seshadri, P.K. Sinha, V. Krishanasamy

and K.B. Lal, J. Mol. Catal. A, 186, 173 (2002).
11. A. Corma, M.T. Navarro and J.P. Pariente, Chem. Commun., 147 (1994).
12. K.M. Reddy, I. Moudrakovski and A. Sayari, Chem. Commun., 1059

(1994).
13. N. Ulagapan and C.N. Rao, Chem. Commun., 1047 (1996).
14. W.A. Carvalho, P.B. Varaldo, M. Wallau and U. Schuchardt, Zeolites,

18, 408 (1997).
15. A.S. Araujo and M. Jaroniec, J. Colloid Interf. Sci., 218, 462 (1999).
16. T.K. Das, K. Chaudhari, A.J. Chandwadkar and S. Sivasanker, Chem.

Commun., 2495 (1995).
17. R.K. Rana and B. Viswanathan, Catal. Lett., 52, 25 (1998).
18. L. Marchese, T. Maschmeyer, E. Gionotti, S. Colluccia and J.M. Thomas,

J. Phys. Chem. B, 101, 8836 (1997).
19. A.K. Rahiman, K.S. Bharathi, S. Sreedaran, K. Rajesh and V. Narayanan,

Inorg. Chim. Acta, 362, 1810 (2009).
20. C. Mahendiran, P. Sangeetha, P. Vijayan, S.J.S. Basha and K. Shanthi,

J. Mol. Catal. A, 275, 84 (2007).
21. X.L.Yang, W.L. Dai, H. Chen, J.H. Xu, Y. Cao, H.X. Li and K.N. Fan,

Appl. Catal. A, 283, 1 (2005).
22. C.W. Guo, W.L. Dai, Y. Gao, S.H. Xie and K.N. Fan, Acta Chim. Sinica,

61, 1496 (2003).
23. W.L. Dai, H. Chen, J.H. Xu, Y. Cao, H.X. Li and K.N. Fan, Chem. Commun.,

7, 892 (2003).
24. R. Suresh, R. Prabu, A. Vijayaraj, K. Giribabu, A. Stephen and V. Narayanan,

Synth. React. Inorg. Metal-Org. Nano-Met. Chem., 42, 303 (2012).
25. H. Shankar, G. Rajasudha, A. Karthikeyan, V. Narayanan and A. Stephen,

Nanotechnology, 19, 315711 (2008).
26. M. Yu, J. Lin and J. Fang, Chem. Mater., 17, 1783 (2005).
27. S. Kook Mah and I.J. Chung, J. Non-Cryst. Solids, 183, 252 (1995).
28. K. Takehira, Y. Ohishi, T. Shishido, T. Kawabata, K. Takaki, Q. Zhang,

Y. Wang, J. Catalysis, 224, 404 (2004).
29. Y. Wang, Q.H. Zhang, Y. Ohishi, T. Shishido and K. Takehira, Catal. Lett.,

72, 215 (2001).
30. E. Briot, J.Y. Piquemat, M. Vennat, J.M. Bregeault, G. Chottard and

J.M. Manoli, J. Mater. Chem., 10, 953 (2000).
31. G.N. Vayssilov, Catal. Rev. Sci. Eng., 39, 209 (1997).
32. R. Suresh, R. Prabu, A. Vijayaraj, K. Giribabu, A. Stephen and V. Narayanan,

Mater. Chem. Phys., 134, 590 (2012).

6086  Thatshanamoorthy et al. Asian J. Chem.


