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Abstract - Biosensors based on nanomaterial composites have been investigated for their potential to function as high 
sensitivity signal response devices. In the present study, we report the fabrication of silver nanoparticles (AgNPs) on a 
graphite epoxy composite electrode (GEC) and mixed with the polyaniline (a conductive emeraldine salt form polymer) 
composite electrode (AgNPs/PANI/GEC), in order to compare the performance of the generated electrochemical 
response signals. Cyclic voltammetry tests were conducted to compare the quality and intensity of signals from the 
different prepared electrodes. Tests for the AgNPs/PANI/GEC electrodes were made with and without the enzymes 
alcohol oxidase and horseradish peroxidase immobilized on the composite surface. The prepared AgNPs/PANI/GEC 
nanocomposite was evaluated by thermal analysis. Scanning electron microscopy images and EDX were obtained for 
characterization of the electrode surface morphology. Square wave voltammetry techniques were then employed for 
ethanol analysis with the AOX/HRP/AgNPs/PANI/GEC biosensor achieving good results in a range of 0.37M to 0.65 M.

Keywords: Biosensor, Alcohol oxidase, Horseradish peroxidase, Polyaniline, Silver nanoparticles, Voltammetry.

INTRODUCTION

The growth and development of the field of 
nanotechnology have ushered in the advent of new 
nanomaterials and their application in the development 
of novel, high sensitivity analytical devices (Wang et al., 
2009). Biosensor-based nanomaterials, which represent 

the integration of material science, molecular engineering, 
chemistry and biotechnology, can markedly improve the 
sensitivity and specificity of biomolecular detection. 
Detection devices based on nanomaterial sensors hold 
the capability of detecting or manipulating atoms and 
molecules. The biosensor-based nanomaterials composite 
have great potential in applications such as biomolecule 
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recognition, pathogenic diagnosis, and environmental 
monitoring (Zhang, Guo and Cui, 2009; Narayanan, 2012; 
Santana et al., 2014; Alhadeff and Bojorge, 2011).

Incorporation of nanoparticles has greatly influenced 
the field of electrochemical biosensors due to their 
ability to strongly influence the mechanical properties, 
such as stiffness and elasticity, of the sensor material. 
The inclusion of nanoparticles provides a combination 
of properties such as high surface area, good electrical 
conductivity, and chemical stability (Jianrong et al., 2004; 
Solanki et al., 2011; Berti and Turner, 2011), Furthermore, 
nanoparticles provide biocompatible environments for 
enzyme immobilization.

One example of a nanoparticle that is easily and 
cheaply prepared is the silver nanoparticle. The most 
frequently used method for preparing silver nanoparticles 
as stable colloidal dispersions in water or organic solvents 
is a chemical reduction (Shahverdi et al., 2007). The 
syntheses of nanoparticles by chemical reduction methods 
is generally performed in the presence of stabilizers to 
avoid unwanted agglomeration of the colloidal suspensions 
of nanoparticles (Jeong and Park, 2014; Abou El-Nour et 
al., 2010).

The characterization of these composites involves 
thermal analysis in order to verify thermic stability and 
conductivity. Wei and Hsueh (1989) studied the thermal 
characteristics of chemically synthesized polyaniline with 
various dopants by TGA/DSC showing that the HCl-doped 
polyaniline exhibits three major weight losses at around 
100, 200, and 500°C, which were assigned to the removal 
of H2O and HCl, and decomposition of the polymer, 
respectively. Thermal aging of the HCl-doped polyaniline 
performed at 100, 150, and 200°C for various periods 
of time results in a decrease in conductivity. After the 
thermal treatments, the polymer can be re-doped with HCl 
to partially recover the conductivity. However, both the 
conductivity and the doping level cannot be restored to the 
level of the original materials owing probably to changes 
in morphology, crosslinking, or other chemical reactions 
(Wei and Hsueh, 1989). Recently, Rasool and Majid 
(2014) reported the synthesis of a PANI composite with 
cobalt monoethanolamine complex via in situ oxidative 
polymerization by ammonium persulfate and its positive 
effect on thermostability of the polyaniline.

The objective of this work investigates the effect of the 
incorporation of silver nanoparticles in ethanol biosensors, 
using as biological recognition elements the immobilized 
alcohol oxidase and horseradish peroxidase enzymes. 
Several different composite electrode types were analyzed 
in order to compare the effect that incorporation of silver 
nanoparticles had on the electrochemical response signals. 
Three composites were prepared, all of them with recently 
prepared silver nanoparticles: (a) a silver nanoparticles-
graphite epoxy composite alone; (b) silver nanoparticles 

incorporated in a graphite-epoxy composite (AOX/HRP/
GEC/AgNPs/GEC); and (c) a similar silver nanoparticles-
graphite nanocomposite but also containing polyaniline 
(AOX/HRP/GEC/AgNPs/PANI/GEC).

MATERIALS AND METHODS

Materials

The reagents used for this research were: polyaniline 
(emeraldine salt), sodium borohydride, powder, 98%, 
albumin, glutaraldehyde, and enzyme alcohol oxidase EC 
1.1.3.13 (Pichia pastoris) purchased from Sigma-Aldrich; 
enzyme horseradish peroxidase EC 1.11.1.7 from Toyobo 
Brazil; sodium citrate, 4-aminoantipyrine, hydrogen 
peroxide, phenol and ethanol 95% BP and sodium 
phosphate buffer pH 7 were acquired from Vetec; silver 
nitrate (Synth); epoxy resin DER 332 and graphite powder 
(FP, 99.5% pure) were purchased from Fluka.

Syntheses of silver nanoparticles

Silver nanoparticles (AgNPs) were synthesized by 
the method of the reaction between 0.001M silver nitrate 
solution and an ice-cold solution of 0.0020 M sodium 
borohydride (NaBH4) as per the literature (Mavani and 
Shah, 2013).

Construction of composite electrodes

Without extracting the Ag nanoparticles, 150 mg of 
powdered graphite was directly dissolved in the obtained 
Ag nanoparticles solution and left to dry in an oven at 
100°C for 12 hours. The resulting Ag nanoparticles/
graphite mixture, as conductive fillers, was dispersed in 
epoxy and the mixture was stirred to obtain a uniform 
composite matrix of 40 wt% epoxy matrix and 60 wt% 
conductive fillers and placed in a Teflon tube fitted with a 
19 Gauge metal wire. Figure 1 depicts the construction of 
the composite modified microdisk electrode. Subsequently, 
the electrode was rinsed with distilled water several times 
and further dried in air before use. The final obtained 
electrode is denoted as AgNPs/GEC. 

For comparison, other composites were constructed. 
One was the composition suggested by Bosco et al., 
composed of 40% wt% PANI, 35 wt % epoxy and 25 wt 
% of AgNPs-Graphite and denoted as AgNPs–PANI-GEC 
and the other with the graphite–epoxy composite dispersion 
alone following the same procedure as above and the same 
procedure as above, denoted simply as GEC (Bosco et al., 
2005). All composite electrodes were maintained in an 
incubator at 30°C for 24 hours and then the end polished 
with 1200-mesh sandpaper.
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Figure 1. A) Schematic diagram of the process for preparing the AgNPs/GEC electrode; B) Schematic illustration of the bi-enzyme biosensor 
with reaction steps and electron-transfer pathway from ethanol via AOX and enzymatically generated H2O2 via HRP and polymer-bound to the 
AgNPs composite surface.

Bi- enzymatic Immobilization Methodology 

The components used to bind the enzyme to the 
composite surface were 2.5% (v/v) glutaraldehyde, 
albumin 1 % (w/v) and an enzymatic solution composed 
of AOX (286 U) and HRP (2640 U). From the proportions 
suggested by a statistical analysis, 10 mL of immobilization 
solution were deposited on the electrode surface, which 
remained stored at 4 ºC for 12 hours.

Characterization

UV–visible spectroscopic analysis of synthesized 
silver nanoparticles

The reduction of silver ions was confi rmed by qualitative 
testing of supernatant by UV–visible spectrophotometer. 
One ml samples of supernatant were withdrawn freshly 
made and 24, 48, and 120 hours after preparation and 
absorbance was measured by scanning the absorbance 
between 300-700 nm.

Thermal characterization of the composite 
constituents.

The thermal stability of the composite and its 
constituents was investigated by thermal gravimetric 
analysis experiments in order to verify the infl uence of 
AgNPs in the composite. The thermogravimetric analyzer 
(TGA) was a PerkinElmer, model Pyris, and used a scanning 
rate of 10ºC/min from 23ºC to 800ºC, with nitrogen fl owing 
at 30 mL/min). Diff erential scanning calorimetry (DSC) 
was performed with an exploratory diff erential calorimeter 
(PerkinElmer, Pyris Diamond DSC model) working with 
nitrogen at 20 mL/min fl ow rate (scanning rate of 10ºC/
min from 20ºC to 350ºC). 

TGA of the mixture composite (PANI + enriched 
AgNPs graphite) was performed as a preliminary analysis 
to determine the temperature range to be used in DSC. 
DSC analysis was performed by varying the temperature 
of the diff erent samples (sample 1: PANI; sample 2: 

A
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graphite; sample 3: suspension of colloidal AgNPs; sample 
4: AgNPs enriched with graphite and sample 5: composite 
prepared from 38% enriched with graphite and AgNPs and 
62% of PANI).

Electrode Surface Morphological Characterization 

A JEOL JSM-6460LV model scanning electron 
microscope (SEM) operating at 20 kV acceleration voltage 
was employed to analyze the morphology of the electrode 
surface. The electrode was placed in the sample port using 
an adhesive double-sided carbon to improve the electrical 
conductivity in order to analyze the electrode with and 
without enzyme immobilization.

Energy dispersive X-ray Analysis of silver nanoparticles 
composites

For electron dispersive X-ray spectroscopy (EDX) 
analysis, composite samples were prepared to the same 
composition specified before and washed three times with 
deionized water and subjected to EDX measurements 
on an EDX-720, Energy dispersive X-ray spectrometer, 
Shimadzu. Quantitative elemental analysis of samples was 
performed by collecting EDX on 5 different regions and 
averaging the obtained values.

Electrochemical Analysis 

The parameters used during the tests with square 
wave voltammetry were as follows: 10 ml of electrolyte 
solution, frequency 25 Hz, scan rate of 40 mV/s, potential 
between 0.2 and 0.75 V. Measurements were made with 

a potentiostat (Autolab, PGSTAT12 model), Ag/AgCl 
reference electrode (ALS model RE-012 167 1B), and 
counter electrode platinum wire. 

RESULTS AND DISCUSSION

AgNPs Colloidal Dispersion Characterization

The absorption spectrum of freshly prepared Ag 
nanocolloid solutions after five days of synthesis is 
shown in Figure 2. All spectra exhibit an absorption 
maximum at approximately 400 nm, consistent with the 
results reported in the literature (Mavani and Shah, 2013; 
Rashid et al., 2013; Rajkumar, 2016), confirming that their 
synthesis was successful since the typical absorption band 
is in the range of 350 to 450 nm region. Such bands are 
unique physical properties of these nanoparticles. When 
an external electromagnetic field, such as light, is applied 
to a metal, the conduction electrons move in tandem to 
provide a distributed load disturbance known as plasmon, 
located close to the metal surface (Rashid et al., 2013). 
The absorbance of freshly prepared Ag nanocolloid 
suspension using 2 mL AgNO3 gave an absorbance 
of 0.666 at a wavelength of 398 nm. However, after 1 
103.7oC week of the synthesis, the absorbance spectrum 
of the Ag nanocolloids showed a red shift (to around 
400 nm) with the decrease in the peak absorbance value. 
The absorbance maximum was found to be 0.530. The 
absorption peak became broader when the spectrum was 
recorded after 1 week of preparation. This indicated that 
the Ag nanocolloids aggregated with time.

Figure 2. UV-Vis spectra of AgNPs at different times from freshly prepared up to 1 week later.
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Adsorption of borohydride plays a key role in 
stabilizing growing silver nanoparticles by providing a 
particle surface charge (Solomon et al., 2007) and it must 
be in sufficient amounts to stabilize the particles as the 
reaction proceeds. However, later in the reaction, too much 
sodium borohydride increases the overall ionic strength 
and aggregation will occur, respectively.

Thermal Characterization 

In this work, the thermal behavior of samples of 
graphite, graphite enriched with AgNPs, PANI and PANI/
graphite enriched with the AgNPS were analyzed by 
DSC according to the chemical nature and composition 
of matter. Figure 3 showed the TGA curves of percentage 
weight loss of the composite PANI/graphite enriched with 
AgNPs as a function of increasing temperature.

Three significant mass loss events can be observed 
(Figure 3): 50.17°C (3.0%), between 200°C and 293.5°C 

(7.8%), and a greater at 524.59°C (52.1%). The first loss 
observed at low temperature (50.17°C) may be due to water 
evaporation from PANI, a highly hygroscopic polymer. 
The second and third recorded weight losses should be 
related to the decomposition of the polymer backbone to 
yield a residue of approximately 25%, which corresponds 
to the content of enriched with graphite AgNPs used in the 
composite preparation. 

For the commercial PANI sample, two events were 
observed: the first one endothermic (191°C) and the second 
exothermic (292.2°C). The glass transition temperature 
(change of the amorphous state to the crystalline state) 
verified in this study was 165.3°C, an intermediate 
temperature between the values observed by Ding et 
al., (1999) around 70°C and 250°C for powdered PANI. 
Abdelkader et al. (2012) studied the thermal stability 
of different states of PANI and observed distinct glass 
transition temperatures: 74.1°C for the emeraldine basic 
form, 103.7oC for the emeraldine salt form and 126.9oC 
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Figure 3. AgNPs–PANI-graphite composite TGA curves (% weight loss - blue line). Derivative weight loss – rose line.

for the hydrochloric acid doped polyaniline. Chauhan et 
al. (2011), studying the thermal behavior of emeraldine 
base PANI, reported two significant different events: one 
in the range of 25°C to 60°C, credited to the evaporation 
of adsorbed water, and a second between 90°C to 115°C 
due possibly to cross-linking reactions between nearby 
quinoidal rings in the structure of the polymer.

Belaabed et al. (2010) found that the PANI-doped BSA 
is thermally stable up to 600 ºC working in a nitrogen flow 
(20 mL/min) and a heating rate of 5 ºC/min, reporting that 

only 40% of weight loss was observed. Three significant 
events of weight loss were verified: the first in the range 
of 30 to 170 ºC, caused by the loss of absorbed water and 
oligomers. The second one, between 170 and 390 ºC, was 
attributed to the evaporation and degradation of BSA, and 
also due to the oxidation of the PANI structure. The third 
step, observed from 390 to 600 ºC, was probably because of 
thermal decomposition of the composites and degradation 
of PANI into chemical forms. The authors also observed 
that epoxy resin increases the thermal resistance of the 



Brazilian Journal of Chemical Engineering

V. M. Santos, R. S. A. Ribeiro, A. J. T. Bosco, E. M. Alhadeff and N. I. Bojorge652

PANI-doped BSA/epoxy resin up to 360 ºC, when a sharp 
weight loss happened with degradation of the composites.

In the DSC profile obtained for the composite PANI/
graphite enriched with AgNPs, two thermal events appeared, 
one endothermic at 195.9°C and another exothermic at 
292.4°C. The first event may be due to evaporation of 
the associated water and the second promoted by cross 
and recrystallization reactions promoted by the rising 
temperature. Comparing the DSC curves obtained for the 

PANI and the PANI/Graphite+AgNPs samples the change 
in enthalpy (DH) and the areas under the peaks showed 
an increase of the exothermic event magnitude from 282.1 
mJ (-75.5 J/g) to 1172.8 mJ (-252.5 J/g) which occurred at 
the same temperature, around 292°C. Table 1 shows the 
comparative values of temperature and amount of heat 
generated in the thermal events for the different samples 
in DSC studies.

Table 1. Temperature values and heat generated by the thermal events

Sample Tg (oC) DCp (J/g.oC) T1 (
oC) DH1 (J/g) Area1 (mJ) T2 (

oC) DH2 (J/g) Area2 (mJ)
PANI 165.3 0.378 191.0 48.9 173.5 292.2 -79.5 -282.1

PANI/Graphite+AgNPs ND ND 195.9 73.3 340.5 292.4 -252.5 -1172.8
Colloidal AgNPs - - 106.3 143.8 2027.2 - - -

The DSC analysis for the graphite sample supplemented 
with AgNPs showed five endothermic events that were 
observed between 25°C and 350°C, possibly due to removal 
of adsorbed water by evaporation and the volatilization of 
some chemical residues formed during the AgNPs colloidal 
preparation). Khan et al. (2011) showed that in heating and 
TGA and DTA measurements, carried out in a nitrogen 
atmosphere at 10°C/min, for powder silver nanoparticles, 
only 14.58% of mass loss were observed at 200ºC. An 
intense exothermic peak between 200°C and 300°C was 
attributed to crystallization and thermal decomposition of 
silver nanoparticles.

The AgNPs colloidal sample, in the temperature range 
investigated by DSC, showed a single endothermic event 
at temperature 106.3°C, probably due to evaporation of 
water. Mani et al. (2013) observed a mass loss of about 28% 
of AgNPs by TGA working with a temperature range up 
to 800°C and a DSC endothermic event at 69°C, studying 
a phytochemical method to promote the reduction of Ag+ 
to Ago (nanoparticles) with diameter between 20 and 30 
nm, that generated a thermally stable compound at low 
temperatures. Khan et al. (2011) reported a degradation of 
about 14.6% at temperatures above 300°C, the occurrence 
of exothermic peak between 200°C and 300°C credited to 
desorption of water and organic volatiles, with a possible 
crystallization of the nanoparticles, and an increase of the 
average diameter (17.5 nm).

The results obtained by TGA for the AgNPs/graphite/
PANI are in line with those reported previously (Mani et al., 
2013; Majeed Khan, et. al., 2011) and the DSC analysis for 
AgNPs dispersion performed in this work, which showed 
a single endothermic peak at 106.3°C (water evaporation).

Scanning Electron Microscopy (SEM) and Energy 
dispersive X-ray (EDX) Studies

The surface analysis by scanning electron microscopy 
revealed that the electrodes had a degree of surface 
roughness (Figure 4(A)). These ridges promote an increase 

in electrode contact surface, contributing to the increased 
number of active sites on the surface thereof, which, in 
turn, contribute to an increase in the area available for 
enzyme immobilization. 

The surface modified electrode, shown in Figure 4(B), 
is similar to the results obtained previously (Silva et al., 
2011), where there is a large reduction in the number of 
grooves on the electrode surface, indicating they are 
completely filled during the glutaraldehyde crosslinking 
with the AOX and HRP.

The EDX spectrometer analyses confirmed the presence 
of an elemental silver signal of the silver nanoparticles 
(Figure 5). The vertical axis displays the number of x-ray 
counts whilst the horizontal axis displays energy in KeV. 
Identification lines for the major emission energies for 
silver (Ag) are displayed and these correspond with peaks 
in the spectrum, thus giving confidence that silver has been 
correctly identified. 

The EDX of the AgNPs/GEC composite sample (65% 
graphite/AgNPs + 35% Epoxy) showed around 24 wt % 
of silver as indicated in the table inset of Fig.5(A) and 
the AgNPs/PANI/GEC composite sample (40% graphite/
AgNPs + 25% PANI + 35% Epoxy) showed only 2 wt % 
of silver (Fig. 5(B)). 

Electrochemical characterization

Bosco et al. (2015), in order to determine the 
electrochemical effect of inclusion AgNPs in a composite 
bare electrode, compared the performance of a PANI/
GEC electrode on standard solutions containing 10 mM 
K4Fe(CN)6. The authors reported that the redox couple of 
Fe(CN)63- / Fe(CN)64- appears quite reversible to both 
electrodes, without and with AgNPs. The peak currents 
obtained are well-defined with Ipa/Ipc=1.28 for a PANI/
GEC bare electrode and 1.07 for the AgNPs/PANI/GEC 
bare electrode. Peak current enhancement accompanied by 
a peak potential shift suggests that electrocatalytic activity 
of the AgNPs composite modified PANI/GEC is available 
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Figure 4. SEM images of the electrode surface (1500X magnifi cation). A) The composite AgNPs-graphite-polyaniline without, and; B) With 
the immo bilized AOX and HRP.

Figure 5. EDX Spectra of composite samples: (A) AgNPs/GEC and (B) AgNPs/PANI/GEC
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when compared with the other electrode.
The eff ect of varying the scan rates on the cyclic 

voltammograms of the Fe(CN)6
3-/Fe(CN)6

4- couple using 
AgNPs/GEC and AgNPs/PANI/GEC as the working 
electrodes in 10 mM K4Fe(CN)6 supporting electrolyte was 
studied over 10 – 100 mV/s in the potential range of +1.5 
to -1.5V. It was observed that currents increase with the 
scan rate due to heterogeneous kinetics and a good area of 
potential was found at a low scan rate when compared with 
the GEC simple electrode (Figure 6). The oxidation and 

reduction peak currents were measured for both composite 
electrodes, AgNPs/GEC, and AgNPs/PANI/GEC, working 
with the electrolytic Fe(CN)6

3-/Fe(CN)6
4- solution. 

Based on a plot of square root of scan rate versus Ipc for 
the reduction current of the first cycle, straight lines were 
obtained as shown in the inset of Figure 6A and Figure 6B, 
satisfying the equation y = 0.348x + 0.0081 (R2 = 0.9655) 
for the AgNPs/PANI/GEC electrode and y = 0.3732x - 
0.2694(R² = 0.9583) for the AgNPs/GEC. 

Figure 6. Comparative cyclic voltammetry of AgNPs/GEC (A) and AgNPs/PANI/GEC (B) in 10 mM K3 [Fe(CN)6] at diff erent scan rates 
from 10 to 150 mV/s versus Ag/AgCl. Inset: Calibration plots for square root of scan rate vs. Ipa and Ipc.

With the increase of scan rate, the anodic and cathodic 
peak potentials of both composites modifi ed with AgNPs 
showed a small shift and the redox peak currents increased 
linearly (Figure 6 insets), indicating a surface-controlled 
electrode process. According to the kinetic theory of the 
electrode reaction, the slope of Ip vs. square root of scan 
rate should be 0.5 for a pure diff usion controlled process 
and 1 for a pure adsorption controlled process. Hence, the 
observed slopes further confi rmed that the electrochemical 
behavior of AgNPs at the modifi ed electrode is quasi-
reversible and a diff usion-controlled electrochemical 
process (Li et al., 2005).

To achieve rapid response and a wide linear range 
of ethanol detection at the modifi ed electrode surface, 
voltammetric techniques can be more eff ective to probe 
the ethanol electrocatalytic oxidation reaction. The 
performances of the disposable biosensors were tested 
by applying them to the determination of the ethanol 
concentration. In this study, the concentration of ethanol 
was determined by using the standard addition method 
due to the elimination of matrix eff ects. Upon addition of 
ethanol to 0.5mM pH 7.0 PBS, the cyclic voltammogram 
of AgNPs/GEC for the direct electron transfer of the 

AOX/HRP complex changed dramatically, with an 
increase of reduction peak current and a decrease of 
oxidation peak current (Figure 7A), while the change 
of the cyclic voltammogram of bare or AgNPs/PANI/
GEC was negligible (not shown), displaying an obvious 
electrocatalytic behavior of the AOX/HRP complex for the 
reduction of ethanol.

As previously mentioned, the enzymatic complex 
of AOX/HRP was immobilized with glutaraldehyde on 
AgNPs incorporated in graphite composite electrodes 
(AOX/HRP/AgNPs/GEC and AOX/HRP/AgNPs/PANI/
GEC). Graphite in the composites acts as a bridge to 
provide an electrical contact or pathway for electron 
transfer between the immobilized enzymes and the 
surface of the AgNPs/graphite nanocomposite electrode. 
Thus, it was expected that direct electron communication 
between the bi-enzymatic complex and the conducting 
substrate was easily bridged by the AgNPs, and verifi ed 
by the cyclic voltammetric curves recorded for AOX/HRP/
AgNPs/GEC, obtained in the absence and presence of 
0.5 mM ethanol: In the presence of ethanol (vide Figure 
7A), the reduction current of AOX/HRP was increased, 
associated with the onset reduction potential of about 
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Figure 7. (A) Cyclic voltammograms obtained with the AOX/HRP/AgNPs/GEC biosensor: Green curve in the absence; blue curve in the 
presence of ethanol (0.5mM) in 0.1 M phosphate buffer pH 7.0. Scan rate 50 mV/s. (B) Square wave voltammograms obtained with the AOX/
HRP/AgNPs/PANI/GEC biosensor for two different ethanol concentrations: 0.37M (Green line) and 0.65 M (Red line).

300mV, demonstrating that ethanol could be catalytically 
reduced within the optimal potential range for biosensors 
between −600 and 800mV (versus Ag/AgCl). Figure 7B 
shows the square wave voltammograms obtained with the 
AOX/HRP/AgNPs/PANI/GEC biosensor for two different 
ethanol concentrations: 0.37M and 0.65 M. The square 
wave profiles generated for ethanol standard solutions 
prepared in the range of 0.37M to 0.65 M were determined. 
This gave a calibration curve with a linear range of current 
intensity (Ic, mA) with the ethanol concentration (Eth, g/L) 
according to: Ic = 0.004[Eth] + 0.1186, with a correlation 
coefficient (R2) of 0.9833. The bi-enzymatic immobilized 
electrode prepared with the AgNPs/PANI/GEC composite 
generated good response signals when the square 
voltammetry technique was applied as an electrochemical 
analytical method. 

From the information presented in this section, it 
can be seen that the positive contribution in sensitivity 
was strongly dependent upon the AgNPs content in the 
bulk composite and their effect in improving the current 
sensitivity. An electrochemical biosensor is sensitive 
to changes in current through the device, which means 
any strategy for amplifying the current density variation 
will improve the sensing mechanism. The amount and 
activity of the immobilized biological elements in the 
electrochemical detection surface will determine the global 
sensitivity of biosensors and the ability to regenerate. The 
high surface area of AgNPs in relation to their volume and 
their biocompatibility, with a large number of interaction 
sites, causes AgNPs to be potential candidates for 
amplifying the area of the detection surface and maintain 
the bioactivity of detection, thus increasing the amount 
and activity of biological recognition elements (Pacioni 
et. al 2015; ElKaoutit et. al., 2012; Guo et al.,  2015). In 
addition, the excellent stability can improve biocompatible 

biological recognition and relatively high-density AgNPs 
allow for the application as a current enhancer.

CONCLUSIONS

In this study through diverse characterization 
techniques the effect of incorporation of AgNPs into 
different graphite composites was observed. The thermal 
analysis results obtained for the AgNPs/PANI/GEC 
composite agreed with those reported in the literature, 
with the initial loss of weight at a temperature of 50°C 
(3%). By cyclic voltammetry, an improvement of the 
electrochemical response signals was observed, with a 
reversible performance. For the bi-enzymatic immobilized 
AgNPs–graphite/epoxy composite electrode, cyclic 
voltammetry worked well as an electrochemical method 
applied for both validation and as an analytical procedure. 
The AgNPs–polyaniline/graphite/epoxy composite used to 
prepare the working electrode generated the best response 
signal for the cycle voltammetry tests, showing to be a good 
methodology to define the best electrochemical parameters 
and conditions analysis. On the other hand, for ethanol 
analytical performance, square wave voltammetry was 
more sensitive, which was necessary to obtain amplified 
response signals. The EDX studies for the AgNPs/PANI/
GEC sample detected only 2 wt% of silver nanoparticles 
in the global composition, and for the AgNPs/GEC 
sample around 24 wt% incorporated into the composite. 
The difference in AgNPs weight percentages added to the 
prepared composites, without and with PANI, is apparently 
reflected in the quality and intensity of the response signal. 
This behavior was observed for the ethanol analytical 
assays in which it was necessary to employ square wave 
voltammetry to obtain a more sensitive performance and 
amplify the response signal.
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