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The influence of thermal treatment of the new hybrid material vanadium pentoxide xerogel in 
different concentration of the cationic surfactant cetylpyridinium chloride (V2O5CPC) is presented. 
The characterization studies revealed the presence of a lamellar structure for the V2O5CPC hybrid 
material in all concentrations before thermal treatment. The thermal treatment to release of CPC 
molecules was accompanied by TGA/DTA following by XRD, FTIR, SEM and cyclic voltammetry 
characterization techniques. During several stages of thermal treatment studies indicated the release 
of CPC and a restructuring of V2O5 matrix. The last stage of thermal treatment indicated a 
macroporous structure of the V2O5 matrix after total release of CPC. The presence of macroporous 
structure can makes this material a potential component as cathode for lithium ion intercalation and 
further, a promising candidate for applications in batteries. 
 
 
 

 

  
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

  
 

 
 

 

INTRODUCTION  
 

Inorganic–organic hybrid materials have received a lot of 
interest because of their combined inorganic–organic feature 
which presents a synergy that improve their originals properties 
(Guerra et al., J Sol-Gel Sci Technol, 2010; Guerra et al., 
2014). As applications, the hybrid materials have been used in 
catalysis, adsorption, and separation process (Huan et al., 1990; 
Johnson et al., 1990). Generally, the hybrid materials present 
inorganic specie as interlayer compound named matrix and 
organic molecules that can easily be intercalated into this 
structure (Cuentas-Gallego and Gomez-Romero, 2006). In 
particular, vanadium based oxides have a the three-dimensional 
lattice which can be intercalated ions and molecules and it 
attract considerable attention not only because of the structural 
versatility (Wadsley, 1955; Nielsen et al., 1993; Oka et al., 
1997) of vanadium but also due to their ability to act as ion-
exchange (Kang et al., 1996), sorption, magnetic (Zhang et al., 
1998) and cathode (Whittingham, 1978). Concerning to the use 
as cathodes in batteries, the lamellar structure of V2O5 matrix 
allows Li+ intercalation/deintercalation during the 
reduction/oxidation of vanadium cations (Huguenin and 
Torresi, 2003; Guerra et al., J Solid State Electrochem, 2010). 
V2O5 as intercalation compound can be obtained by sol-gel 
route. Unfortunately, V2O5 xerogel obtained by the sol–gel 

method presents, in electrochemical studies, a decreasing in the 
charge–discharge capacity observed after some cycles, which 
could be attributed to solvent exchange, steric hindrance 
limiting recharge ability, and irreversible changes in the 
structure (Scarminio et al., 1993; Soudan et al., 2000). It is 
known that the kinetics of ion insertion in V2O5 xerogel is 
limited by solid state lithium ion diffusion (Coustier, et al., J 
Electrochem Soc., 1999). Thereby, to overcome the problem, a 
high surface area through highly porous network causes the 
reduction of length of the diffusion path improving the 
electrochemical results. In the case of V2O5, similar porous 
materials have been synthesized and evaluated in lithium 
batteries and they have led to improved kinetic performance 
(Coustier, et al., Solid State Ion., 1999; Lee et al., 2009). Thus, 
to obtain a porous material is possible to use an intercalation 
reaction containing V2O5 matrix/surfactant species hybrid 
material followed the release of the surfactant by thermal 
treatment (Lemos et al., 2016). The formation of the hybrid 
compound matrix/surfactant, such as V2O5/cetylpyridinium 
chloride, occurs by presence of the negatively charged of V2O5 
bonded with the positively charged ammonium head groups of 
the surfactant due to electrostatic interaction (Chao and 
Ruckenstein, 2003). The purpose of the present work is to 
investigate the structural variation and obtain a porous material 

Available Online at http://www.recentscientific.com 
 International Journal of 

Recent Scientific 

 Research International Journal of Recent Scientific Research 
Vol. 7, Issue, 10, pp. 14016-14020, October, 2016 

 

Copyright © Guerra, EM et al., 2016, this is an open-access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is 
properly cited. 

Article History:  
 

Received 20th June, 2016 
Received in revised form 29th August, 2016 
Accepted 30th September, 2016   
Published online 28th October, 2016 
 
Key Words: 
 

V2O5 sol-gel, cetylpyridinium chloride, 
thermal treatment, porous material, 
intercalation reaction 
 



Guerra, EM et al., Effects of Thermal Treatment on Structural Properties And Formation of  
 The Porous of Vanadium (V) Oxide  

 

14017 | P a g e  

in response of the thermal treatment after the intercalation of 
CPC into V2O5 xerogel as well as its electrochemical behavior.  
 

MATERIALS AND METHODS 
 

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. 
 

Equipment and procedure 
 

The X-ray diffraction (XRD) data were recorded on a 
SIEMENS D5005 diffractometer using a graphite 
monochromator and CuK 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. Cyclic voltammograms were measured 
using an AUTOLAB (EcoChemie) model PGSTAT30 
(GPES/FRA) potentiostat/galvanostat interfaced with a 
computer. The conventional electrode arrangement was used, 
which consisted of glassy carbon as supporting electrode, a 
platinum wire auxiliary electrode, and saturated calomel 
electrode (SCE) as reference. The intercalation compounds 
were deposited on the electrode surface by evaporating 
approximately 5 mL of the suspension at room temperature (24 
0C). The supporting electrolyte studied in acetonitrile medium 
was 1.0 mol/L of LiClO4. In addition, all the experiments were 
carried out in deoxigenated solutions by bubbling N2, and at 
room temperature. The thermogravimetric data were registered 
on a Thermal Analyst equipment model 2100-TA in air 
atmosphere, at a heating rate of 10 K/min. 
 

Preparation of the V2O5 and V2O5/CPC hybrid material 
 

The vanadium pentoxide gel, V2O5.nH2O, was prepared from 
sodium metavanadate (NaVO3, 99%, Fluka) by the ion 
exchange method (ion exchange resin Dowex-50X8), as 
described in the literature (Guerra et al., 2009). A decavanadic 
acid was obtained by percolating 0.10 mol/L of a NaVO3 
aqueous solution through a cationic ion-exchange resin. Upon 
standing at room temperature (24o C) for 2 weeks, the fresh 
HVO3 solution was polymerized, leading to a viscous red V2O5 
gel.  
 

In a typical intercalation reaction, in 5 mL of V2O5, 0.1 mol/L 
obtained by sol-gel method, were added different 
concentrations of CPC, at room temperature, under constant 
stirring for 48 h (Guerra et al., 2006). The resulting brown 
suspension was casting in a film form by evaporation of water 
at room 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: 

 
 
 
 

 

RESULTS AND DISCUSSIONS 
 

Every morphological studies of V2O5/CPC composite, as 
accomplishment of a steady state of intercalation, at room 
temperature (named region I), contained 1.0, 2.0, 3.0, 20, 40, 
60, 80 and 100 mmo/L of CPC, were previously carried out and 
published by our research group (Guerra et al. 2014). From 
these results, were chosen V2O5/CPC composite contained 40 
and 100 mmol/L. All other samples presented similar results. 
Thus, after morphological evaluation, the samples were 
submitted in thermal treatment in different temperatures.  
 

To perform a more detailed study of how the heat treatment 
influences the structural profile of the compound, it was 
necessary to conduct studies through morphological 
characterization techniques such as X-ray diffraction, infrared 
spectroscopy, thermal analysis and scanning electron 
microscopy. 
 

Figures 1 and 2 show the thermogravimetric curves of the 
surfactant and the V2O5CPC40 composite, respectively. 
Through this technique it was possible to follow the 
decomposition of materials with variation of temperature. 
Figure 1 shows a first curve related to weight loss, around 90° 
C regarding to the release of the water molecules present in the 
material. This mass loss percentage was around 4.88% water. 
And the second curve observed between 180º C to 260º C is 
attributed to the total decomposition of the CPC which is 
related to the percentage loss of mass approximately of 95.12% 
of surfactant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The thermogravimetric curves of the V2O5CPC40 composite, 
observed in Figure 2, shows that the first curve is observed 
between 65° C to 115° C is attributed to the release of the water 
molecules interlayer weakly bound. The second is observed 
between 180° C to 315° C related to the mass loss due to 
decomposition of the surfactant CPC. In the region above 315° 
C may be occurring a formation of crystalline V2O5 xerogel, 
that is, with increasing temperature can occurs the oxidation of 

 

CPC (mmol/L) Composite name in 5 mL of 0.1 mol/L of V2O5 

40 V2O5CPC40 

100 V2O5CPC100 
 

 
Figure 1 Thermogravimetric curve of CPC 
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VIV centers by oxygen associated with the conversion of 
crystalline vanadium pentoxide xerogel (Gimenes et al. 2001).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The results shown in Table 1 present an increase in percentage 
of weight loss that is directly related to the amount of 
surfactant present in the material, consistent with expected. For 
the composite V2O5CPC100, it was observed a similar loss of 
weight compared with the V2O5CPC40. 
 
 
 
 
 
 
 
 
Based on weight loss events observed on thermal analysis, 
characterization studies were performed by XRD, FTIR, SEM 
and Cyclic Voltammetry in temperature ranges which one will 
call region I, II, III, IV and V to be discussed below. 
 

In the X-ray diffraction and FTIR spectra, shown in Figure 3 
and 4, it was observed that the increase in temperature resulted 
in a rearrangement of the matrix between the layers and the 
confirmation of the decomposition of the composite CPC, 
respectively. This rearrangement is observed by varying of the 
interplanar distance. In the region (II), the interplanar distance 
was 33.60 Ǻ, an increase of 4.67 Å when compared with the 
same XRD pattern of the composite at room temperature 
(Guerra et al., 2014). As the region (II) is related to the 
temperature at 150º C, this variation distance can be due to 
release of water adsorbed in the material. In the SEM image 
(Figure 5 (a-b), region II) from V2O5CPC40 and V2O5CPC100, 
a change was also observed due to formation of a more uniform 
surface. With the increase in 265° C (region III), XRD (Figure 
3 (region III)) showed that the temperature remains influencing 
the rearrangement between the layers. In this calcination step, 
note the existence of a lamellar phase by the presence of peaks 
001 and 002, and an increase in crystallinity compared to the 
V2O5CPC40 room temperature (Guerra et al., 2014). 
Furthermore, it was observed that the surfactant is partially 
decomposed at that temperature indicated by the infrared 
spectrum of Figure 4 (region III). It was also observed that 
along the surface it was noted that there was a crystal of 

vanadium oxide formation. At the temperature at 315° C was 
found that the formation of a new phase is occurring (Figure 3, 
(region IV) and Figure 4, (region IV)). The XRD and spectrum 
of Figures 3 (region IV) and Figure 4 (region IV) indicated that 
the decomposition of CPC was total, followed by the formation 
of a low crystalline phase of vanadium oxide with a basal 
spacing in 00l of 11.20 Å. The last calcination step was 
performed at the temperature of 480º C. This temperature is 
shown in region (V). The results of XRD and spectrum related 
to the region (Figure 3 (region V)) and Figure 4 (region V)) 
showed the formation of orthorhombic vanadium oxide, in 
addition to the possible occurrence of a lamellar phase. The 
existence of the presence of CPC in this stage was not 
observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the SEM image (Figure 5 (a)), the surface of the composite 
at 480° C showed that there is the formation of crystallites with 
a thickness of around 90 nm, in addition to a probable 
formation of orthorhombic structure is confirmed with the 
result XRD. 
 

To observe the effect of temperature on the composite in 
greater concentration of CPC was used V2O5CPC100 material. 
The results obtained were similar to those obtained by 
V2O5CPC40 compound. However, the SEM images (Figure 5 
a-b (region III and region IV)) showed that there is a difference 
in the arrangement of material on the surface of the matrix 
during calcination step in different amounts of surfactant. In the 
region III from Figure 5 (a), the image shown presented a 
surface containing agglomerated in a cross-like. In contrast, 

 
 

Figure 2 Thermogravimetric curve of CPC V2O5CPC40 

Table 1 Percentage weight losses during the increase of 
temperature 

 

Composites Weight Loss (%) 

 
Temperature 

range (ºC) 82-110 
Temperature 

range (ºC) 190-310 
Temperature range 

(ºC) 310-600 
V2O5CPC40 4.59 86.10 5.10 

V2O5CPC100 4.41 86.30 4.30 

 

 
Figure 3 X-Ray difraction of V2O5CPC40 after thermal treatment 

 
Figure 4 FTIR spectra of V2O5CPC40 after thermal treatment 
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Figure 5(b) in the same region, the material is arranged as 
spherical clusters 
 

Additionally, the image obtained in the region V from Figure 
5(a), presented a surface containing cavities, mostly cylindrical, 
an alignment of 10,000x, with diameters ranging from 0.8 to 
4.0m in width and from 2.0 to 8.0 m in length, probably due 
to the influence of release of surfactant. These values were 
measurement by Image Tool Software. Similarly, for 
compound obtained V2O5CPC100 observed the surface in 
region V from Figure 5(b) cavities with diameters from 0.5 to 3 
m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

V2O5CPC40 composite voltammograms were obtained in the 
potential range of -0.5 V to 1.0 V (SCE), in acetonitrile 
solution containing 0.1 mol/dm3 LiClO4. The cyclics 
voltammograms have cathodics and anodics peaks, ascribed to 
the VV/IV redox pair with concomitant occurrence of lithium 
ion insertion and extraction to maintenance of electroneutrality 
(xe + xLi+ + V2O5.nH2O LixV2O5.nH2O). It is observed that 
the temperature range in the composite cause a change in the 
voltammogram shape. In room temperature (region I), the 
voltammogram presents one anodic peak in 0.15 V after the 
first heating. 
 

In the voltammogram obtained after the first calcination (region 
II), It was observed anodic and cathodic peaks presenting a 
significant shift in the potential, but there was a decrease in the 
total charge, probably due to the weight loss caused by the 
release of water molecules that were adsorbed into the matrix. 
In the region III, (2650 C) occurs the surfactant release and it is 
possible to note that there is an anodic peak shift to 0.02V. This 
alteration can indicate a change in structure due to the release 
of the CPC and water molecules within the matrix. Moreover, 
this release of CPC from V2O5 matrix can cause a restructure 
between the layers resulting in the variation of 
insertion/deinsertion lithium ions, as well as, VV/IV redox 
process. Besides, this change in the structure reflects in the 
decrease of the total charge indicating that the ions in solution 
present a more difficulty of insertion due to decreasing of 
interplanar distance as observed in Figure 3. 
 

In region IV (3150 C) occurs the total release of CPC, verified 
in FTIR spectrum (Figure 4). In this region, the cyclic 
voltammogram presented two peaks anodic and cathodics, with 
values shifted to more positive potentials regions indicating 

that a new structural reorganization occurred. Additionally, 
there was a decrease in the total charge compared to the regions 
in lower temperature. It is important to mention that 
voltammogram in region IV presents similarity with 
voltammogram of V2O5 xerogel as observed in literature 
(Guerra et al., 2009). 
 

Finally, the last calcination stage, in 4800 C (region V), the 
voltammogram obtained indicated another shift of anodic peak 
to -0.05 V evidencing a novel profile in the cyclic 
voltammogram, different from others. It is possible to note a 
decrease of total charge and current.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This electrochemical response occurs due to the loss of weight 
that is proportional to response of current. Others composites 
prepared in different concentrations presented similarity in 
electrochemical response compared to V2O5CPC40. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 
 

Hydrothermal treatment showed that the release of CPC begin 
between 200o to 300oC. This release of CPC cause a 
restructuring in the V2O5 matrix as accompanied in SEM. 
Morphological analysis showed the presence of hollow 
formation in the surface of matrix after the total release of 
CPC. This hollow presented a diameter of, approximately, 90 
nm indicating a macroporous structure. Electrochemical 
evaluation of the effect of thermal treatment after the 
intercalation of cetylpyridinium chloride into V2O5 xerogel 
showed that the increasing of calcination temperature results in 

 
 

Figure 5 Scanning electron micrographs of (a) V2O5CPC40 and (b) V2O5CPC100 (10.000 x) 
 

 
Figure 6 Cyclic voltammogram of V2O5CPC40 during thermal treatment 
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a decrease in the total charge. This variation is probably due to 
the weight loss, which results in decrease of current. Hereafter 
we have interest in perform electrochemistry studies and 
compare the V2O5 in porous form with V2O5 obtained via sol-
gel, as cathodics materials, both in the same proportion in 
mass. 
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