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ABSTRACT
A new hybrid material using vanadium pentoxide xerogel in different concentration of the cationic surfactant
cetylpyridinium chloride (V2O5CPC) is investigated. The insertion was accompanied by XRD, FTIR and SEM
characterization. These studies revealed the presence of a lamellar structure for the V2O5CPC hybrid material in
all concentrations of cetylpyridinium chloride. The intercalation reaction was evidenced on basis of the increase
in the d-spacing as well as the displacement of the infrared bands toward lower energy levels. The CPC
intercalation occurred by reorganize intermittently forming two domains within the matrix.
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I. INTRODUCTION
Layered inorganic–organic hybrid materials have
received a lot of research interest because of their
combined inorganic–organic feature which has
tailored applications in catalysis, adsorption, and
separation process [1,2]. Besides, the expandability
between the interlayer spaces provides a good place
for studying guest–host interaction between the
inserted organic molecules attached on the inorganic
layers [3-6]. In particular, vanadium based oxides
have attracted considerable attention not only
because of the structural versatility [7-9]
of
vanadium but also due to their ability to act as
intercalation [10], ion-exchange [11], sorption [12],
magnetic [13] and as cathodic material [14].
Concerning to the use as cathodes batteries, the
lamellar structure of V2O5 matrix allows Li+
intercalation/deintercalation
during
the
reduction/oxidation of vanadium cations [15,16].
Furthermore, based on cooperative assembly of
molecular V2O5 matrix/surfactant species [17] the
charge density of the inorganic species determines
how many surfactant molecules are associated with a
given inorganic molecular unit as well as the
preferred orientation of the surfactant head group
relative to the molecular inorganic species [18]. The
formation of the hybrid compound matrix/surfactant,
such as V2O5/cetylpyridinium chloride, could be
related to the presence of the negatively charged
inorganic species interacted with the positively
charged ammonium headgroups of the surfactant due
to electrostatic interaction and condensed into a solid,
continuous framework [19].
The purpose of the present study is to investigate
the structural variation in response of the thermal
treatment after the intercalation of CPC into V2O5
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xerogel and the structure of host-guest composite at
the early stage as accomplishment of a steady state of
intercalation.

II. MATERIALS AND METHODS
2.1. Reagents
Cetylpyridinium chloride was purchased from
Acros. Acetonitrile was chromatographic grade
(Fluka), the vanadium pentoxide xerogel was
prepared from sodium metavanadate (Fluka), and the
ion-exchange resin was Dowex-50X8 in its acid
form. Water was purified using a Millipore Milli-Q
System.
2.2. Equipment and procedure
The X-ray diffraction (XRD) data were recorded
on a SIEMENS D5005 diffractometer using a
graphite monochromator and CuKa emission lines
(1.541 Å, 40 kV, 40 mA). To this end, samples in the
film form and deposited onto a glass plate were
employed, and the data were collected at room
temperature over the range 202 500, with a step
of 0.0200. Fourier-transform infrared spectra (FTIR)
were recorded from 4000 to 400 cm-1 on a Bomem
MB 100 spectrometer, and the samples were
dispersed in KBr and pressed into pellets. Scanning
electronic microscopy (SEM) studies were carried
out on a ZEISS-DSM 940 microscope operating at 20
kV.
2.3. Preparation of the V2O5/CPC hybrid material
Initially, in 5 mL the V2O5 xerogel in 0.1 mol
dm-3 were added different concentrations of CPC at
room temperature under constant stirring for 48 h
[20]. The resulting brown suspension was cast into a
film form by evaporation of water at room
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temperature on a glass. Afterward, the resulting film
was rinsed with deionized water and dried again at
room temperature. The color of the film was light
brown with metallic luster. The samples were named
as follows:
CPC
Composite name in 5 mL of 0.1
(mmol dm-3)
mol.dm-3 of V2O5
1

V2O5CPC1

2

V2O5CPC2

3

V2O5CPC3

20

V2O5CPC20

40

V2O5CPC40

60

V2O5CPC60

80

V2O5CPC80

100

V2O5CPC100

III. RESULTS AND DISCUSSIONS
Figure 1(a-i) shows the diffractograms of
vanadium pentoxide xerogel and the composites
V2O5CPC1, V2O5CPC2, V2O5CPC3, V2O5CPC20,
V2O5CPC40,
V2O5CPC60,
V2O5CPC80
and
V2O5CPC100, respectively.

Fig. 1 X-Ray difraction of (a) V2O5.nH2O xerogel
and of composites of (b) V2O5CPC1, (c)
V2O5CPC2, (d) V2O5CPC3, (e) V2O5CPC20, (f)
V2O5CPC40, (g) V2O5CPC60, (h) V2O5CPC80 and
(i) V2O5CPC100.
It was observed in diffractograms of the
composites diffraction peaks (00l) indicating that the
lamellar structure of V2O5 was preserved, which is
consistent with a topotactic process. Besides, was
observed, after intercalation of CPC, a interlayer
increase, d, compared to V2O5 that presents a
interlayer distance of 11,70 Å. Probably, this increase
in d-spacing is an evidence of the CPC insertion into
the matrix. The d values are showed in Table 1.
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Table 1 Values of the interlayer distances (d),
variation of the interlayer distances of the composite
V2O5CPC in different concentration of surfactant.

According to interlayer distance of 16.80, 18.70,
17.23 e 16.31 Å, one can point out that CPC
molecules (C21H38ClNH2 = 21.80 Å) are inclined in
angle of 40º, 47º, 41º and 38º respectively, in the
plane of V2O5 and adsorbed on vanadil group surface
[21]. This fact can be associated with the possibility
of self-assembling of the CPC molecules present after
intercalation. In other words, this result indicates that
there are different conformations of CPC into the
matrix due to the angle inclinations values. In the
case which the composites presented a interlayer
lower that 21.80 Å the CPC molecules can present
the orientation 2 or 3 as showed in Figure 2. In the
other hand, for V2O5CPC3, V2O5CPC20 and
V2O5CPC100, the interlayer increase is even greater,
28.40, 27.52 and 22.23 Å, indicating a perpendicular
formation of CPC into the matrix, as showed the
orientation 1 from Figure 2 [22].

Fig. 2 Scheme of possibilities of CPC orientation
between the layers of the matrix: orientation (1),
(2) or (3).
However,
increasing
the
surfactant
concentration, observed in the increase of CPC
aggregate, the adsorption density almost not alters.
Kung and Hayes [23] observed the same result and
they showed that vibrational energy from CPC
adsorbed is the same in different concentration of
CPC and the increase of this concentration results in
perpendicular conformation in two layers, i.e., a
bilayer (Figure 2, orientation 1). Then, it is possible
to assume that the increase of interlayer distance is
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not, necessary, influenced only with the
concentration of guest species (Figure 3) but with the
adsorption density of the matrix.

Fig. 3 Distance basal values, d001, in function of
V2O5/CPC in different concentration of CPC
Furthermore, the interplanar distance of the
matrix decreased from 27.52 Å to 17.23 Å when the
concentration increased from 20 to 40 mmol/L. In
higher concentrations of CPC (above 40 mmol/L), it
was observed a decrease of interlayer distance until
80 mmol/L of CPC and, finally, an increase in 100
mmol/L. This behavior can be due to higher
concentration of surfactant molecules located around
the matrix and not totally into the into the layers.
Therefore, from the results obtained, it was observed
that the increase in basal spacing of the matrix is, at
most, 28.40 Å for V2O5CPC3 composite.
In addition, at the diffractograms can be
observed that the insertion of CPC promoted the
formation of two phases or domains on the same
intercalation compound, that is represented by the
reflection peaks 001 and 001' and shown in Table 2.
This important observation may indicate that the
molecules of CPC may, at this stage, reorganize
intermittently, thus forming two domains within the
matrix.
Table 2 Indication of domain presents in the
composites based on X-Ray diffraction pattern
results.

Although all solutions containing CPC prepared
in obtaining composites were above the critical
micellar constant (CMC = 9x10-4 mol dm-3) [24],
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spherical formation micelles along the plane of the
matrix were not observed, since the spherical micelle
has a diameter about 45 Å and it only depends on the
orientation of the adsorption density.
The peaks observed in the diffractogram also
indicated that the compounds were formed with
lower crystallinity compared with the X-ray
diffraction pattern of the matrix. Observing only the
crystallinity of composites (Figure 1 b-i), it was noted
a larger and lower intensity peak for the V2O5CPC1
(Figure 1 (d)) and, with increasing of surfactant
concentration, the crystallinity is also increased. In
addition, the occurrence of different domain of
surfactant after the intercalation reaction provides a
greater disassemble of the layer along the matrix.
That is, the appearance of peaks at 2θ angles of 4.30 °
to the composites, (Figure 1 (b) and (i)) may indicate
that there was a modification of the aggregates of
surfactant while increasing its concentration and,
thus, forming a new phase arranged inside the layers
(Table 2) as also observed in literature [25].
Figure 4 (a-c) shows the FTIR spectra of the
matrix, CPC and composite V2O5CPC3. In this
spectrum can be observed the bands corresponding to
the matrix: 1010 cm-1 - (V=O); 763 cm-1 - VOV);
511 cm-1 - (VOV), as well as surfactants and the
V2O5CPC3 composite corresponding to: (NH) 3450 cm-1; (CH) – 2840 cm-1; (C=C) and (CN) 1640 cm-1 and 1470 cm-1, (CH2) – 1320 cm-1. After
the intercalation reaction was observed in the
spectrum (Figure 4c) displacement of the band
corresponding to the vibration of (V = O). This shift
can occur, probably due to the occurrence of
electrostatic interactions between the positive charges
of the surfactant in contact with the negative charge
density of VO bond. Beyond to the electrostatic
interactions, it is assumed that the CP + molecules
may have other interactions such as hydrophobic
cooperative interactions between the aromatic rings
pyridinium linked in the surface of the oxide, as well
as π-π interactions between neighboring rings
pyridinium [26]. The spectra of the others composites
presented similar bands to those shown in Figure 4
(c).

Fig. 4 FTIR spectra of (a) V2O5 xerogel, (b) CPC,
(c) V2O5CPC3 e V2O5CPC40.
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Figure 5 shows the images of scanning electron
microscopy of the matrix and composites V2O5CPC.
For the SEM image of V2O5 xerogel, is possible to
note the presence of interconnected fibers with a
thickness of around 50 nm, forming a nonhomogeneous texture. With the addition of surfactant
was observed a modification on the surface of the
composites. More specifically, after insertion of the
surfactant was observed that the fibers along the
surface showed a greater thickness as compared with
the matrix. The micrograph of the V2O5CPC1
composite showed a surface with the formation of
fibers with a thickness of around 3000 nm, thus being
a very rough surface.

(a)

However, as increased the amount of surfactant,
such as V2O5CPC2 and V2O5CPC3, the structure
presented a formation of fiber with thickness of about
100 nm, smaller than the V2O5CPC1 as well as,
became more homogeneous the along the surface
and, consequently, a higher crystallinity compared to
V2O5CPC1.
The thickness of the fibers along the surface of
the material decreases with increasing concentration
of CPC in the intercalation compounds. However, in
the micrographs of V2O5CPC60 and V2O5CPC80
composite (Figure 5 (h-i)), despite having a smooth
surface, there was observed the formation of rodshaped pellet with a thickness of about 500 nm within
the material. Further, the composites V2O5CPC20,
V2O5CPC40 and V2O5CPC100 micrographs showed
the formation of a rough surface with pellets having a
diameter around 180 nm. The change of the surface
of the composite V2O5CPC100 may be related to
excess of CPC not intercalated in the matrix.

(b)

(c)

(d)

(e)

(f)
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IV. CONCLUSIONS
The synthesis, structural properties of vanadium
pentoxide xerogel–CPC hybrid materials have been
described. The V2O5CPC composites materials
presented a lamellar structure and a different phase
and domain for different concentration of surfactant.
Although narrowing of the X-ray line suggests there
is an increase in the layer stacking order even in
different conformation of CPC into the matrix. The
decrease of interlayer distance from 20 mmol/L to
100 mmol/L can be due to the surfactant molecules
located around the matrix and not totally into the into
the layers. Further, these materials will be tested,
after thermal treatment, as porous materials to be
applied as cathode in for lithium ions batteries.
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