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Abstract
This manuscript explains the effective determination of urea by redox cyclic voltammet-
ric analysis, for which a modified polypyrrole-graphene oxide (PPY-GO, GO 20% w/w of 
PPY) nanocomposite electrode was developed. Cyclic voltammetry measurements revealed 
an effective electron transfer in 0.1 M KOH electrolytic solution in the potential window 
range of 0 to 0.6 V. This PPY-GO modified electrode exhibited a moderate electrocatalytic 
effect towards urea oxidation, thereby allowing its determination in an electrolytic solution. 
The linear dependence of the current vs. urea concentration was reached using square-wave 
voltammetry in the concentration range of urea between 0.5 to 3.0 µM with a relatively low 
limit of detection of 0.27 µM. The scanning electron microscopy was used to characterize 
the morphologies and properties of the nanocomposite layer, along with Fourier transform 
infrared spectroscopy. The results indicated that the nanocomposite film modified electrode 
exhibited a synergistic effect, including high conductivity, a fast electron-transfer rate, and 
an inherent catalytic ability. 

Key words: Polypyrrole, graphene oxide, polysulphone, urea, cyclic voltammetry, electro-
catalytic effect, limit of detection.

1. Introduction

The rapid increase in farming and industrial activities had led to the increased pres-
ence of urea in water. Urea [(NH2)2CO] is one of the chief human nitrogen-based meta-
bolic wastes. The concentration of urea in blood lies between 2.5–7 mM for healthy 
individuals. The urea concentration in serum or urine indicates kidney diseases and 
diabetes, and its analysis in clinical laboratories is very frequent [1,2]. In addition, the 
monitoring of urea is essential for a number of applications, including food processing, 
agricultural processes, and environmental protection. However, the urea quantification 
uses conventional methods, such as spectrophotometric, potentiometry, and piezoelec-
tricity [2,3], which are expensive and time consuming. Therefore, it is very important to 
develop simple, sensitive, and accurate methods for detecting urea. A variety of analyti-
cal methods have been developed and used to analyze urea in aqueous samples. As a 
result, voltammetric sensors have become an excellent alternative for detecting various 
analytes, including urea. Since urea is electroactive and most of the electroanalytical 
techniques are selective, highly sensitive, time-saving, inexpensive, have a wide dynam-
ic range, and a quick response, electrochemical techniques have been used to determine 
urea as a strong alternative to the other methods. Various forms of modified electrodes 
have been used for electrochemical studies of urea because of their unusual characteris-
tics [1,2, 4-10]. These modified electrodes showed good sensitivity, selectivity, stability, 
and excellent detection, even at a low concentration, because of the unique electronic 
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2.2 Preparation of GO and SPS

GO was prepared based on a modified Hummers method [33]. 
The as-prepared GO had similar properties compared to reduced 
GO, which had saturable absorption and a long range C=C back-
bone [36]. The SPS was used as a binder and one of the ingredi-
ents in the matrix used for sensing was synthesized through sulfo-
nating polysulfone (PS) with chlorosulfonic acid [39]. 

2.3. In-situ preparation of PPY-GO nanocom-
posite

The process of synthesizing the electroactive nanocomposite 
was performed in a thermostatically controlled glass reactor as-
sembly comprised of a three necked flask equipped with a me-
chanical stirrer, thermometer, and dropping funnel charged with 
a solution of FeCl3 (30 mL, 1.85×10-2 mol/dL). A suspension of 
pyrrole (0.28M, 30 mL) in de-ionized water was stabilized with 
a surfactant (CTAB, 1.145 g) while the requisite concentration 
of GO was placed in the flask. The polymerization was initiated 
through adding a FeCl3 solution at a rate of 1mL/ min to the 
contents while under a constant mechanical stirring at a rate of 
600 rpm over 24 h at 10±1ºC [40]. The prepared nanocomposite 
was isolated in a yield (%) ranging at95 through centrifugation 
at 6000 rpm over 10 min, followed by filtration and repeated 
washing with de-ionized water until the unreacted FeCl3 and sur-
factants were completely removed to obtain a jet black material 
(Fig. 1). This material was dried at 50± 1ºC/400 mmHg over 8 
h in a vacuum oven.

2.4. Modification of working electrodes
The stainless steel (316-SS) was used as a substrate on which 

the electroactive material binded with SPS was applied, de-
greased with acetone, and subjected to surface oxidation at 50±1 
ºC for over 1 h. A composition of PPY-GO (20% w/w, 65 mg) 
along with graphite (10 mg) and SPS (5 g/dL) in N-Methyl-
2-pyrrolidone (NMP) was sonicated for over 15 min. 

The sonicated material (50 mL) was applied over a SS sub-
strate in the working area of 1cm2 and the contents were allowed 
to stand at room temperature for 2 h, followed by vacuum dry-
ing at 100 ºC/400 mm Hg for 48 h. This has resulted in working 
electrodes with a mass thickness of electroactive materials by 
5±1 mg over the 316-SS substrate (Fig. 2).

and catalytic properties of the electroactive materials used. 
Inherently conducting polymers are useful in modern re-

search due to their highly conductive properties when doped 
and their concurrent mechanical flexibility [4,11,12]. PPY 
has been used as a sensor/biosensor by itself or with other 
analysts for the effective sensing of protein [13], DNA [14], 
certain drugs [15-17], hydrogen peroxide [18], uric acid [19], 
ascorbic acid [20-22], nitrite [23], and glucose [24]. Simi-
larly, GO and its composites have been applied as sensors 
for paracetamol [25], 4-nitrophenol [26], Hg2+ [27], hemo-
globin [28], and escherichia coli [29]. Most of the applied 
urea sensors rely on urease along with sensing material due 
to which these sensors are highly sensitive and selective. In 
contrast, the use of enzymes in the matrix makes the method 
complicated, time consuming, and expensive. The activity 
and sensitivity of such enzyme based sensors are knocked 
back with changes in the chemical and thermal environments, 
humidity, and toxicity. Various electrochemical enzyme free 
sensing studies have been used for the successful detection of 
various analytes while overcoming the drawbacks of enzyme 
associated sensors [3,30-32]. However, certain drawbacks 
such as multistep synthesis, reduced sensitivity, and non-
environmental benign states associated with these enzyme 
free sensors still prevail. In this respect, to minimize such 
drawbacks, a modified PPY-GO based sensor was prepared. 
As a conducting material PPY-GO is considered to have ex-
cellent electronic transport properties and high electrocata-
lytic activities, and it has been investigated as a potential 
electrode material for electrochemical supercapacitors [33]. 
In general, the large surface area, excellent conductivity, and 
strong mechanical strength of GO and the polymerized chain 
of PPY have motivated others to apply an enzyme free PPY-
GO nanocomposite as a urea sensor. 

The aim of the present work is to improve urea determination 
by using conducting material. This manuscript describes a PPY-
GO electrochemical sensor that was fabricated with polypyrrole 
and graphene oxide (GO 20% w/w of PPY) on stainless steel 
electrodes (SS), while the electrochemical properties of the sen-
sor were investigated by cyclic voltammetry (CV) and square 
wave voltammetry (SWV). This sensor can be used for the ul-
trasensitive determination of urea in wastewater or body waste. 
This matrix has cyclic stability, hence resulting in sensors that 
have enhanced sensitivity and versatility. The results show that a 
PPY-GO modified electrode exhibits excellent performance for 
detecting urea and shows a limit of detection (LOD) of 0.27 µM. 
In contrast, the previous works of Piccinini et al. and Prissana-
roon et al. suggested a higher value of LOD for GO and PPY for 
urea [34,35].

2. Materials and Method

2.1. Starting materials

Commercially available pyrrole (>99%), polysulfone (Mw; 
16X103), CTAB, (>99%), chlorosulfonic acid (>99%), and 
graphite were purchased from Sigma Aldrich. Other chemicals 
and solvents were obtained from Fine Chemicals India.

Fig. 1. PPY-GO Composite
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3.3. XRD analysis 

The diffraction peaks observed at 2θ were used to calculate 
the spacing by using Bragg’s equation: 

 (1)

where λ= 0.154 nm and n=1, the XRD of GO reduces in the 
2θ=11.83° (d=3.37 Ǻ for graphite) with a gallery spacing of 7.47 
Ǻ [33, 38]. Due to its amorphous nature, no crystalline peak was 
observed in the case of PPY, which showed 2θ=27.26° and a 
gallery spacing (d) of 3.63 Ǻ. 

A steep decrease in 2θ was observed along with an increase 
in the gallery spacing, which can be attributed to the GO in-
tercalation to PPY with 2θ =26.43 to 23.63º while the gallery 
spacing (d) was found to be in the range of 3.37 to 3.76 Ǻ. This 
rendered characteristic diffused the XRD spectra indicating an 

3. Results and Discussion

3.1. Surface and structural characterization

SEM micrographs at 5.0 KX, 2 mm were used to provide 
qualitative and surface features information about the exfolia-
tion of GO onto the matrix of PPY. Fig. 3 illustrates compara-
tively the images of GO, PPY particles, and PPY-GO composite 
material. The SEM of GO reveals a characteristic fluffy flaky 
appearance and rough surface characteristics with non-uniform 
grains [37]. PPY has shown a clear phase separation with spe-
cific porous morphology associated with a spheroid grain-like 
structure. The synthesized PPY-GO micrographs clearly repre-
sent a phase separation with flaky morphology clearly indicating 
the intercalation of GO into PPY layers.

3.2. Spectroscopic analysis 

Fig. 4 shows the comparative FT-IR spectra of GO, PPY, and 
PPY-GO. The synthesized GO indicates characteristic v O–H 
absorption at ~3333 cm-1, as well as -CO str. at 1723 cm-1 (v 
COOH), 1613 cm-1 (remaining sp2 character), 1378 cm-1 (v 
COC), 1221.20 cm-1 (C–O for epoxide), and 1033 cm-1 (v COH), 
respectively. The PPY shows characteristic absorptions corre-
sponding to 1500 cm-1 (v C=C) and 1475 cm-1 (v C–N) for sym-
metric ring stretching. The broadband at 1300 cm-1 corresponds 
to an in-plane deformation of C–H and C–N. The peaks near 
1190 cm-1 and 922 cm-1 represent the doping state of PPY with 
Fe3+, and the peak at 1050 cm-1 is attributed to the N–H deforma-
tion the band at 901 cm-1 shows C–H out of plane deformation 
vibration. The band at ~3450 cm-1 is attributed to the (v N–H). 
FT-IR spectrum of the PPY-GO derived from PPY and GO (20% 
w/w) [33, 40]. When compared to the IR spectra of the indi-
vidual GO sheet and PPY, all of the peaks also appeared in the 
composite, which implies that the PPY chains integrated with 
GO to form the composite. It is well observed that in the com-
posite some bands of PPY shifted to a lower wavenumber due 
to the constrained growth polymerization in the presence of GO.

Fig. 2. Probable working of PPY-GO electrode

Fig. 3. SEM micrographs of PPY, GO, and PPY-GO, respectively

Fig. 4. FT-IR of GO (a) PPY (b) PPY-GO nanocomposite (c)
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at a current compliance of 10 mA, ranges of voltage compliance 
from 0.0 to 0.6 V, and at a scan rate (V/s) of 0.01 by using a three 
electrode cell assembly with reference to the Ag/AgCl electrode. 
Pt foil with a 1 cm2 area was used as a counter electrode and 
commercially available 316-SS electrode as a working electrode 
in 1M KOH electrolytic solution was maintained at a pH~5.8 
via a 0.1M potassium phosphate buffer (KPB). Mudila et al. 
[41] found KOH to be a superior electrolyte for electrochemical 
studies when compared to Na2SO4. The stability of the electrode 
material was found to be good even after numerous cycles [33]. 
This study justifies the use of modified electrodes for several 
runs without removing them from an electrolytic sample. This 
study thus authenticates the economic importance of these elec-
trodes when compared to other such sensors.
 

3.5. Cyclic Voltammetry (CV) 

The full cyclic voltagram of urea was recorded in the poten-
tial range of -1.3 to 0.6 V (Fig. 7). The anodic part of the voltam-
mogram was characterized by the occurrence of the anodic 
peaks corresponding to the electro-oxidation of the urea while 
the cathodic part of the cyclic voltammograms was character-
ized by the occurrence of cathodic peaks corresponding to the 
electro-reduction of the urea. Along with the redox peaks of the 
analyte, the substrate also showed corresponding redox peaks in 
the potential window range. 

This indicates that the redox peaks in the curve can be at-
tributed to the direct electron transfer behaviors of urea mol-
ecules immobilized in the PPY-GO nanocomposite film. In the 
presence of PPY-GO, the coated electrode produced much larger 
background currents and visible redox peaks. This difference 
was attributed to the high surface area and good electrical con-
ductivity of PPY-GO, which are believed to enhance electron 
transfer. The electrochemical redox process is purely diffusion 
controlled on the surface of PPY-GO, i.e., there are impulsive 
movements in the electroactive species from higher to lower 
concentration regions. The cathodic peak current (Ipc) and the 
anodic peak current (Ip a) were located at about -0.785 mA and 
0.183 mA, which correspond to -0.124 V and 0.404 V cathodic 
and anodic potential, respectively, at a scan rate of 0.01 V/s and 
a 0.5 µM concentration (Fig. 7). 

amorphous character that has some crystallinity as the percent-
age of the crystalline material in the material (Fig. 5).

3.4. Voltammetric measurement 

The Cs was found to be ranging from 1073.64 F/g for PNCs 
synthesized at a GO concentration of 20% w/w at a= sweep rate 
ranging from 0.001 V/s, which was much higher than that of GO 
and pure PPY 342.794 F/g and 89.832 F/g, respectively (Fig. 
6c; As also introduced in our previous [33], Fig. 6). The specific 
capacitance (Cs) of the active materials was calculated from the 
voltammetric charges by the CV curve, by means of relation:

 (2)

where “qa” and “qc” are the voltammetric charges on anodic 
and cathodic scans in the capacitive potential region (ΔV) and 
“m” is the mass of active material. The sensing of analyte, i.e., 
urea, was done with cyclic voltammetry and the square wave 
voltammetry technique. Electrochemical measurements were 
carried out on IVIUM potantiostat-galvanostat Netherlands BV 

Fig. 5. XRD pattern of (a) GO, (b) PPY, (c) PPY-GO nanocomposite 

Fig. 6. CV curves for various electroactive materials Fig. 7. Anodic and Cathodic peaks corresponding to analyte
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of 0.01 to 0.07 V. The redox peak current and peak potential 
increased with an increase in scan rates between 0.01–0.1 V/s, 
which confirmed the surface confined redox process. 

3.8. Square-wave voltammetry (SWV) 

Similar results were also obtained by using square-wave 
voltammetry and the voltammograms in relation with the urea 
concentrations presented in Fig. 11. The scan parameters were 
square-wave mode, a step of 5 mV, an amplitude of 100 mV, 
and a frequency of 2 Hz. As can be seen, the SWV peak current 
increased linearly with the urea concentration in the potential 
range of -0.4 to 0.4 V. Under optimal experimental conditions, 
the peak current at approximately -0.11 V varied linearly with a 
urea concentration in the range of 0.5–3.0 µM. A variation in the 
urea concentration was found to have influenced the peak po-
tential: the peak potential shifted towards more negative values 
when the concentration increased.

The limit of detection (LOD) was calculated by the following 
relation [42]:

3.6. Effect of concentration of analyst 

For the electrolytic solution, 0.5 µM/L of the urea solution 
was injected for every cyclic scan for six successive turns. Each 
subsequent injection of analyte depicted an enhanced peak in 
the scan (Fig. 8), which indicated the sensing of analyte by the 
PPY-GO nanocomposite. At an applied potential of -0.1 V and 
with an increased concentration of urea, the response current 
increased immediately and a fast response time was estimated. 
This can be attributed to the fast diffusion of urea within the 
PPY-GO nanocomposite and excellent electron transfer behav-
ior of GO within the PPY film on the SS electrode surface.

Fig. 9 shows the relation of the variation diagram of response 
current at the successive additions of the urea samples. The re-
sponse was linear in range from 0.5 to 3 µM. To assess reproduc-
ibility, six sequential measurements of 0.5 µM were performed.

3.7. Influence of scan rate 

Fig. 10 shows the effect of the square root of the scan rate on 
the CV response of the urea in a supporting electrolyte. Both 
the oxidation peak current and reduction peak current showed a 
well linear relationship with the scan rate in the potential range 

Fig. 8. Cyclic voltammograms of PPY-GO composite electrode in 0.1 M KOH 
supporting electrolyte and in the presence of different urea concentrations, 
at a potential scan rate 0.01 V/s and potential range of 0.0 to 0.06 V.

Fig. 9. Amperometric response at a constant potential of 0.01 V with 
the injecting of 0.1mM/L urea every 100 seconds at a scan rate of 0.1 V/s.

Fig. 10. Linear plot current vs. square root of scan rate

Fig. 11. SWV of successive additions of urea concentration. Inset: The 
corresponding calibration plot of SWV
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LOD = 3 SD/S (3)

where “SD” is the standard deviation of the peak current (three 
runs) of the concentration of the linearity range (3.12 µM) and 
“S” is the slope of the related calibration equation. The LOD 
was calculated as 0.27 µM. This result indicates that the modi-
fied electrode is more sensitive towards analytes in the absence 
of enzymes.

4.Conclusion

The CV-SWV procedure for the PPY-GO electrodes provides 
a convenient and efficient method for the assay of urea. It was 
inferred that the voltammetric response in alkaline media is suit-
able for analytical applications. It is possible to apply the pro-
posed electrode material for determining the amount urea in wa-
ter and human waste, as it shows a low limit of detection (LOD= 
0.27µM). Apart from this, the proposed voltammetric method 
for urea determination can also be useful in many different ap-
plications such as urea containing pesticides, fruit juices, solu-
tions used in leaching experiments, and bleaching. The obtained 
modified electrodes are stable and highly permeable for ions, but 
at the same time, they fulfill the conditions needed for fast elec-
tron transfer. Due to the easy and inexpensive maintenance of 
renewable PPY-GO electrodes in the field, this method can be a 
key step in detecting urea and other analytes in environmentally 
important matrices by field-based voltammetry.
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