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V2O5 and WO3 were obtained via sol-gel process as candidates to  application in biosensors. X-ray 

diffractograms indicated the presence of lamellar structures, d = 1.17 nm and d = 0.69 nm, 

corresponding to V2O5.1.8H2O and WO3.2H2O, respectively. SEM images of V2O5 in xerogel form 

(comment 2) revealed a vanadium pentoxide xerogel ribbons with one dimensional stacking . 

Diffractogramms corresponding to WO3 in xerogel form (comment 2) revealed a delamination process, 

which resulted in an irregular stack of rounded platelets. Investigation of the electronic and 

electrochemical properties of the samples was conducted using cyclic voltammetry (CV) and extended 

gate field effect transistors (EGFET). Glucose oxidase (GOx) was further immobilized to act as the 

sensing component in a biosensor. CV and EGFET were also used to confirm immobilization of GOx 

on the oxide surfaces, indicating that the materials are promising candidates for application as 

disposable biosensors in the future. 
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1. INTRODUCTION 

Diseases such as diabetes mellitus are a worldwide concern. Diabetes is a disease related to 

glucose metabolism that is caused by the lack or poor absorption of insulin, a hormone produced by 

the pancreas, whose function is to break down glucose molecules to transform them into energy in 

order to be utilized by all cells. Total or partial absence of the hormone interferes not only in burning 

sugar but also in its transformation into other substances. It is very important to monitor blood glucose 

because values outside the range of 80-120 mg/dL (4.4-6.6 mmol/L) can cause problems such as 

elevated risk of heart disease, kidney failure, or blindness [1,2]. A specific biosensor is needed to 
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monitor blood glucose levels. At a basic level, a biosensor is a sensor device which converts  a 

response in an electrical signal from biological material. It is a device that has a transducer and a 

biological component such as an enzyme and other biocomponents.. The biocomponent react with the 

analyte  and this  response is transformed into an electrical signal . There remain several disadvantages 

in  glucose determination based on enzyme such as difficult enzyme immobilization or activation, 

controlled operating conditions such as  temperature control,  pH optimum,  and expensive [3,4]. Due 

to the high need for highly selective, sensitive and cost effective sensors, efforts have been focused 

toward production of a new material to be used as an electric signal sensor that presents an 

improvement in these characteristics. Recently, a lot of thin films have been widely studied as sensing 

materials in pH sensors, including carbon nanotubes [5], SnO2 [6], ZnO [7], V2O5 xerogels [8], 

V2O5/HDA[9], V2O5/WO3[10,11], V2O5/TiO2[12] and WO3 [13]. It is understood that these materials 

are  highly attractive in the bioanalytical area for electrode design if they exhibit a pH sensitivityclose 

to the  Nernstian behavior (59.2 mV/pH) [14]. As alternative materials for electric signal sensing, 

tungsten oxide (WO3) and vanadium pentoxide (V2O5) in xerogel form (comment 2) obtained by  sol-

gel synthesis are presented. Specifically, WO3 in xerogel form (comment 2) exhibits hopping 

conduction between W
6+

 and W
5+

 or W
5+

 and W
4+

 that  result  in an increase  conductivity  and  carrier 

mobility [15]. The conduction of WO3 in xerogel form (comment 2) obtained by the sol-gel synthesis 

is anisotropic and is proposed to be due mainly to protons, which move through hydrogen bonds across 

the W–O–W layers [11]. Research on WO3 in xerogel form (comment 2) has generated significant 

interest due to its use for detection of gaseous adsorbates  [16]. Furthermore, it is amenable to 

microfabrication techniques [17]. An alternative oxide with potential to be used as an electric signal 

sensor is V2O5 in thin film form obtained by the sol-gel route. The electrical and optical properties of 

V2O5 in xerogel form (comment 2), [18,19] and its lamellar structure make it appropriate for many 

applications such as catalysis [20], gas sensing [21], as a cathode for Li-ions batteries [22], 

photosensing in solar cells [23], electrochromic devices [24], as well as electronic and optical switches 

[25]. Also recently reported in the literature was the use of V2O5 and WO3 xerogels as components in 

pH-EGFET sensing [8-13]. An extended gate field effect transistor (EGFET) is similar to an ion-

selective field effect transistor (ISFET), but the EGFET has an extended gate electrode whose surface 

potential is controlled due to the presence of a sensitive layer structure [26]. The aim of this work was 

to prepare an electric signal sensor using vanadium pentoxide xerogel and tungsten oxide, both 

obtained by the sol-gel route, and to verify whether they are suitable for development of an EGFET 

glucose biosensor.  

 

 

2. EXPERIMENTS 

The  V2O5 xerogel was prepared from a solution of 0.1 mol/L of sodium metavanadate 

(NaVO3, 99%, Fluka). This solution was transferresto the ionic exchange column (ion-exchange resin 

Dowex-50X8), as described in the literature [27,28]. Decavanadic acid was obtained by percolating a 

0.10 mol/L aqueous NaVO3 solution through a cationic ion-exchange resin. This solution (HVO3) was 

aged  at room temperature (24 °C) for 2 weeks and the solution was polymerized leading to a viscous 
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red V2O5 gel. To prepare the work electrode, the V2O5 gel was dropped onto an indium tin oxide 

(ITO/PET) substrate and dried at room temperature, leading to the formation of a xerogel thin film.  

The WO3 in xerogel form (comment 2) was prepared from sodium tungstate (NaWO3, VETEC) 

by the ion exchange column (ion-exchange resin Dowex-50X8) as described in the literature [11]. Acid 

solution was obtained by percolating a 0.1 mol/L aqueous NaWO3 solution. The solution obtained 

from column was aged for 2 weeks and standing at room temperature (24 °C) . Then, the solution was 

polymerized, leading to a viscous yellow WO3 gel. The WO3 gel was dropped onto an ITO/PET 

substrate and dried at room temperature, leading to the formation of a xerogel thin film.  

Immobilization of GOx was carried out using a 1.5 mg/mL solution of GOx enzyme in a 

Phosphate Buffer Solution - PBS medium (10 KU by Sigma-Aldrich) mixed with a 5% glutaraldehyde 

solution over the V2O5 and WO3 xerogels present in the work electrode. The electrode was then dried 

at 10 °C. 

X-ray diffraction (XRD) data were recorded on a SIEMENS D5005 diffractometer using a 

graphite monochromator and CuKα emission line (1.541 Å, 40 kV, 40 mA). Data were collected at 

room temperature over the range 2°  2θ  50°, with a step of 0.020°. The images were obtained from 

Scanning Electron Microscopy (SEM) using a ZEISS microscope EVO 50 model operating at 20 kV. 

A thin gold coating ( 20 Å) was applied to the sample using a Sputter Coater – Balzers SCD 050. The 

length of the platelet particles was determined using the ImageTools
®

 software.  

The electrical response of the sensor was measured using varying pH solutions. The curves 

were obtained using an Agilent 34970A parameter analyzer. The electrode with the film coating was 

dipped into a  PBS, containing 1 mmol/L of glucose (Sigma) (comments 5 and 6) at room temperature 

for 5 minutes prior to the electrical measurement. Voltammograms were measured using an 

AUTOLAB (MetrohmPensalab) model AutolabIII (Nova 1.10) potentiostat/galvanostat. The 

conventional electrode arrangement was used, which consisted of PET/ITO as the working electrode, a 

platinum wire auxiliary electrode, and a saturated calomel electrode (SCE) as the reference. The WO3 

and V2O5 thin films were deposited on the electrode surface by evaporating approximately 5 mL of the 

suspension at room temperature (24 °C). PBS with 1 mmol/L of glucose and different pH values were 

used as the supporting electrolyte (comments 5 and 6). 

 

3. RESULTS AND DISCUSSION 

The oxides prepared by the sol-gel route were characterized by X-ray diffraction (XRD), which 

confirmed the formation of V2O5 and WO3, both with a lamellar structure. Figure 1 shows the XRD 

pattern for V2O5 in xerogel form (comment 2).  
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Figure 1. Diffractogram of V2O5 in xerogel form (comment 2). 

 

The diffractogram (Figure 1) shows the strongest diffraction peak (00l), which arises from the 

one dimensional stacking of the V2O5 in xerogel form (comment 2) ribbons that are perpendicular to 

the substrate, [29] as observed in Figure 2. The V-O interlayers are formed by tangled fibers and 

connected by water molecules present in the structure [30]. Furthermore, the typical equidistant 

diffraction peaks observed in the XRD pattern is observed and it can be indicate a formation of layered 

structure, indicating that the lamellar structure of the V2O5 in xerogel form is kept after the drying 

process. In addition, the interlayer spacing of d = 1.17 nm,  suggests a ratio of n = 1.8 of  water 

molecules  are intercalated between these ribbons resulting in V2O5.1.8H2O, as also observed in the 

literature [31].  

Morphological studies of V2O5 in xerogel form were published recently [8]. Based on the 

literature [32], V2O5 in xerogel form (comment 2) consists of entangled fibers that can be described as 

long flat ribbons exhibiting a bidimensional structure. Additionally, V2O5 in xerogel form (comment 2) 

consists of polymeric chains obtained by the autocatalytic process during olation and oxolation. 

Concerning the relative orientation of the stacked layers there is no preference. As observed in Figure 

3, the distance between the layers is well defined and depends on the amount of intercalated water 

molecules. According to the literature [34], during the structural evolution that occurs with the gelation 

of vanadic acid, the formation of small whisker-like particles from the initial solution precedes the 

appearance of the fibrous colloidal species, which is consistent with a nucleation and growth process. 

From the SEM image of V2O5 in xerogel form (comment 2) (Figure 2), it is possible to observe 

the presence of interconnected clusters, fibrils, and ribbons, forming a network of chains. These 

clusters may be associated with nucleation centers. The growth is promoted by a grain in a first stage 

and, in a second stage, the formation and growth of ribbons and fibrils takes place, thereby promoting 

the organization of the polymeric chains in the oxide. The ribbons, formed by the condensation process 
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of vanadic acid, likely consist of corner-sharing VO5 pyramids, and the growth takes place in the 

addition of dioxovanadium cations. The matrix grows radially during the formation process of 

V2O5.nH2O, forming a spherulite structure of polymeric chains. This type of structure consists of a 

crystal array and amorphous regions linked together, generated from a nucleation center [33]. 

 

 
  

Figure 2. SEM image of V2O5 in xerogel form (comment 2) 
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Figure 3. Diffractogram of WO3 in xerogel form (comment 2). 

 

Figure 3 shows the X-ray diffraction pattern for WO3 in xerogel form (comment 2). The 

diffractogram exhibits a series of harmonic peaks that can be indexed as 0k0, according to the lamellar 

structure of WO3. Therefore, the 0k0 index represents to the stacking of plate-like particles along a 
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direction perpendicular to the substrate. Additionally, the peaks indicate that the lamellar structure of 

WO3 is not changedafter the drying process, as observed in Figure 4. Based on Bragg´s law, the 

interlayer spacing, d, between the platelets (d = 0.69 nm) suggests that water molecules (n = 2) are 

intercalated between these platelets resulting in WO3.2H2O, as observed in the literature [34]. The 

diffraction peaks exhibit high intensity and narrow width, suggesting that this material has high 

crystallinity. 

Figure 4 shows the SEM image of WO3 in xerogel form (comment 2). As observed, a process 

corresponding to the separation of stacked inorganic sheets occurred during  WO3 formation. The 

crystallites of the material consist of irregularly stacked rounded platelets with length of approximately 

10–20 nm and thickness less than 1.0 nm, as shown in Figure 4. 

 

 
 

Figure 4. SEM image of WO3 in xerogel form (comment 2) 

 

Figure 5 shows the response of an EGFET system using V2O5 in xerogel form (comment 2) as 

the extended gate. GOx was immobilized onto the surface of the oxide and the sensor was tested in the 

presence and absence of glucose.  

It is observed that all current measurements corresponding to the medium lacking glucose are 

higher than 5.30 mA. Furthermore, the current measured for each sensor decreased with ascending pH 

with the exception of pH = 7.58.  Note that the measured current is higher in the presence of glucose 

for each pH value tested, which indicates the operation of the oxidoreductase enzyme in the catalysis 

process This result may be related to presence of V2O5 as a sensing component that promotes faster 

electron transfer between the enzyme and electrode, leading to an increase in the measured current. 

This increase in current can also be attributed to the redox reactions at actives site of the immobilized 

GOx, which results in a synergetic effect between V2O5 and the enzyme [35].  
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Figure 5. Drain-source current as a function of time of V2O5/GOx for varying pH values in 1 mmol/L 

glucose. 

 

The dashed lines in Figure 6 correspond to the sensor in a PBS solution while the solid lines 

correspond to the sensor in a PBS solution with 1 mmol/L glucose. The adopted enzyme pH working 

range was 5.5 to 7.8 with the optimal pH between 4 and 7, according to the manufacturer (Sigma-

Aldrich). Figure 6 shows that the working range for the immobilized enzyme is restricted to 5.9 to 6.1, 

where it exhibited a higher current value.  
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Figure 6. Drain-source current as a function of time for WO3/GOx at varying pH values in 1 mmol/L 

glucose 
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When the pH is lower than 5.9, the enzyme loses its activity (close to 300 ms). For pH greater 

than 6.1 the enzyme no longer works, not exhibiting activity at pH close to 7.8, likely due to 

irreversible denaturation, as will occur in strong acidic or alkaline medium conditions. Several 

parameters may promote the total enzyme catalytic activity. The pH, the substrate and, consequently, 

its combination are important parameters that influence the general reaction mechanism [36, 37]. 

Based on these observations, we conclude that the working range for immobilized GOx is restricted to 

pH 5.9-6.2.. Therefore, pH = 6.1 was used for subsequent electrochemical studies.  

In Figure 7, glucose is present in the electrolyte. Its presence results in an enzyme-catalyzed 

reaction that decreases the concentration of the oxidized form of GOx on the electrode surface.  
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Figure 7. Cyclic voltammograms of V2O5 in xerogel form (comment 2) and V2O5/GOx in 1 mmol/L 

glucose in PBS solution with pH = 6.1 

 

Thus, the addition of glucose limited the electrocatalytic reaction and led to a decrease in 

reduction current. Upon addition of glucose, the electrocatalytic reaction is limited to the enzyme-

catalyzed reaction between the oxidized form of GOx and glucose [38,39]. As shown in Figure 7, a 

single, stable and well defined redox peak for the direct electron transfer of GOx can be observed in 

the cyclic sweep of the V2O5 in xerogel form and V2O5/GOx working electrodes in 0.1 mmol/L pH 6.1 

PBS. For V2O5/GOx working electrode, the anodic peak potential was 1.04 V and cathodic peak was 

0.48 V, both at 20 mV/s. When GOx was immobilized on the surface of V2O5, the cyclic 

voltammogram showed an anodic potential shift toward negative values, at 0.83 V, (Figure 7, red line) 

indicating that the immobilization of GOx as well as the direct electron transfer of GOx were 

favorable. The decrease in reduction current after GOx immobilization onto V2O5 may be due to the 

smaller number of active sites on electrode surface. Comparing V2O5 and GOx, the oxide presents a 

larger number of active sites per cm
2
 than GOx. This fact may lead to the reduction in electron 



Int. J. Electrochem. Sci., Vol. 13, 2018 

  

9913 

exchange between the GOx and V2O5 and, consequently, to the decrease in current after 

immobilization of GOx on V2O5 [40]. 

Figure 8 shows the cyclic voltammograms before and after immobilization of GOx on WO3. In 

the cyclic voltammogram of WO3 in  PBS at pH = 6.1, it was possible to observe an anodic peak at -

0.42 V at 20 mV/s. After GOx immobilization onto WO3, a single anodic peak at -0.53 V was 

observed in presence of 1.0 mmol/L glucose, indicating direct electron transfer between GOx and the 

electrode. Comparing WO3 to V2O5 it is possible to conclude that the decrease in current is also due to 

the decrease in active sites present in the GOx sample when compared to WO3 alone.  
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Figure 8. Cyclic voltammograms of WO3 in xerogel form (comment 2) and WO3/GOx in 1 mmol/L 

glucose in PBS solution with pH = 6.1 

 

GOx presents a cavity that constitutes the substrate binding site. This cavity, which is located in 

the center of the enzyme, interacts with each of the five hydroxyl groups of glucose. Thus, the glucose 

is tightly bound at the active site of each 80 kDa subunit of GOx [41]. As is well known, bridging V-

O-V and W-O-W groups in two-dimensional arrays favored at high vanadium and tungsten coverages 

have been proposed as active sites [42]. Based on these facts, the electrocatalytic reaction after 

addition of GOx onto the oxides will exhibit a decrease in current. 

 

4. CONCLUSION 

It was demonstrated that vanadium pentoxide and tungsten oxide, prepared via sol-gel route, 

exhibit a lamellar structure, as evidenced by X-ray diffraction data. SEM showed that crystallites of 

WO3 in xerogel form (comment 2) consist of an irregular rounded platelets stacking with length of 

approximately 10–20 nm and thickness less than 1.0 nm. V2O5 in xerogel form (comment 2) was 
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observed to be comprised of ribbons formed by the condensation process of vanadic acid. These 

structures made the immobilization of GOx favorable for both oxides, as confirmed by the EGFET and 

electrochemical studies of glucose detection. Thus, these materials have potential for application as 

biosensors for detection of glucose. Further, studies using different parameters such as variation of 

glucose concentration, different pH and other electrochemical techniques are required in the future. 
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