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Abstract. Development of a new pH sensor system, which is simple to prepare, sensitive, selective and
workable with low volume, is demanding research in biomedical and environmental studies. In the literature,
organic molecules like methylene blue, toluidine blue, hydroquinone, catechol, anthraquinone and polyaniline-based redox probes have been widely used for this purpose. In general, these redox probes have easily
interfered with common biochemicals such as dopamine, ascorbic acid, NADH, H2O2, cysteine, hydrazine,
and some transition metal ions, etc., and in turn to marked potential and current drifts (pH-false positive
response). In this work, a highly redox-active, stable and interference-free redox polymer based on poly(4chloroaniline) (PANI(4-Cl)) modiﬁed graphitized mesoporous carbon (GMC), designated as GMC@PANI(4Cl), has been prepared using 4-chloroaniline as a monomer in pH 7 phosphate buffer solution. The new redox
polymer system showed a distinct redox peak at Eo’= 0.15 V vs Ag/AgCl with a stable voltammetric
response. Transmission electron microscope analysis of the redox polymer composite had shown adhesion of
black polymeric solid due to polyaniline like the molecular system as a surface layer on the GMC material.
The constructed calibration plot was linear in the pH window 2-11 with a slope and regression values
- 58 mV pH-1 and 0.9997, respectively. The GMC@PANI(4-Cl) modiﬁed electrode showed a sensitive and
selective pH monitoring without any interference from the common biochemicals as listed above. As a
practical application, pH sensing of commercial pH solutions, undiluted urine and saliva samples were
demonstrated. Also, a three-in-one screen-printed carbon modiﬁed GMC@PANI(4-Cl) was explored for pH
monitoring of a bacterial (E.coli) growth, which showed a comparable response with the conventional pH
electrode.
Keywords. Polyaniline;
4-chloroaniline;
graphitized
electropolymerization; electrochemical pH sensor.

1. Introduction
The development of new methodologies for the
improved analytical measurements, which is suitable for real practical applications, is a continued
research interest in science and technology areas.
Selective and low volume pH measurement of a test
sample is of great importance in clinical, physiological, chemical and biochemical aspects.1 Alteration in
the pH values of clinical samples is an indication for
speciﬁc health disorders.2–4 For instance, the formation of kidney-stones lowers the pH value of urine
making it acidic5 and in the case of liver disease, it
*For correspondence

mesoporous

carbon;

redox

polymer;

leads to respiratory alkalosis.6 Similarly, the signiﬁcant pH alteration in the microbiological medium is a
common observation for growth kinetics of E.coli, due
to the release of acid-by products like acetate ion.7
Note that the formation of these acidic by-products
retard the E.coli cell-density growth in the microbiological system.8 Thus, selective and low volume
monitoring of solution pH value is essential in
biomedical applications. There are several analytical
methods reported for the determination of pH starting
from conventional potentiometric pH sensor,9 electrochemical pH sensor,10 colorimetric11 and ﬂuorescence indicators,12 etc. In spite of the presence of
several methods, the electrochemical technique leads
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the pathway as it is simple, easy to prepare, consumes
less time and has low working volumes.13 Herein we
report, a stable poly(4-chloroaniline) ﬁlm immobilized
graphitized mesoporous carbon modiﬁed glassy carbon electrode, designated as GCE/GMC@PANI(4-Cl),
wherein, PANI=polyaniline, as a direct electrochemical pH sensor for biological applications.
In the literature, various electrochemical redox
probes like methylene blue,14 toluidine blue,15
anthraquinone (AQ)16,17 and hydroquinone (HQ),18
catechol (CA)19 and IrO220 based chemically modiﬁed
electrodes have been reported for pH monitoring of
real samples. Although these redox probes showed a
well-deﬁned peak and a systematic potential shift
against solution pH, with respect to interference effect,
these systems yielded poor pH selectivity. For
instance, Table 1 provides the detail for the various
redox probes used in the literature and their respective
interference effect due to different biochemical.14–28
As can be seen, AQ immobilized multiwalled carbon
nanotube (MWCNT) towards H2O2,23 methylene blue
and toluidine blue towards NADH,22 hydroquinone
and catechol towards hydrazine (Hyd),24–26 nicotinamide adenine dinucleotide (reduced) (NADH)26 and
Cysteine (CySH),27 and IrO2 towards CySH and glutathione28 interferences have been reported, independently. Meanwhile, there are several reports available
for the PANI and its composites based optical,29,30
potentiometric, ion-selective electrode31–33 and
amperometric34 pH sensors. Indeed, interferences due
to the above-mentioned chemicals were rarely
explored. It is noteworthy that because of the mixedpotential mechanism, a signiﬁcant alteration in the
open-circuit potential of the redox system in presence
of interfering chemicals is expected even in the
absence of test pH solution variation (referred to as

false-positive response). Recently, Willem Euverink
group has pointed out the serious interference of PANI
by some of the biochemicals. It has been recommended coating 5% of Naﬁon as an over-layer ﬁlm to
solve the interference problem.35 Indeed, this ionic
polymer can attract several electro-active metal ions
like Fe2?, Cu2?, Cr3?, etc., in real samples and may
show serious interference. This information explores
the non-selective electrochemical activity of the
reported redox probes for pH sensing. Interestingly, a
GCE/GMC@PANI(4-Cl) based redox polymeric system developed in this work is found to be highly
selective to pH sensing without any interference from
the above-mentioned biochemicals.
Owing to its ease of preparation, economic feasibility, chemical and environmental stability, polyaniline (PANI) has been referred to as a pioneer
conducting polymer.36–39 It has been prepared through
various chemical routes,39–42 but the electrochemical
technique leads the pathway of the formation of the
elegant polymeric system, because of its effective
deposition for the formation of homogeneous thin
polymeric ﬁlms with the consumption of a minimum
amount of time and strong adherence to the electrode
surface.39 In general, a strong acidic and the alkaline
medium assisted electrochemical oxidative reaction
has been reported for the PANI formation.43 In 2014,
our group introduced a new route for electrochemical
preparation of PANI on MWCNT modiﬁed electrode
unusually in neutral pH solution.44 In this work, GCE/
GMC@PANI(4-Cl) has been prepared by a potential
cycling-based electrochemical technique using
4-chloroaniline as a monomer in pH 7 PBS. The reason for the choice of GMC as an underlying material is
a unique combinatorial structure of both graphitic
layer and mesoporous unit.45 In the literature, poly(4-

Table 1. Representative electrochemical pH sensor systems based on various redox probes and its interference details.
CME
1.
2.
3.
4.
5.
6.
7.

14

CFMC/MB
15
CF/PTB 17
GCE/AQS
18
HQS-doped PPy
19
GCE/Catechol
20
Ti/IrO2
GCE/GMC@PANI(4-Cl)

Redox
Probe

Eo’/V

Inter.

MB
PTB
AQS
HQ
Catechol
IrO2
PANI(4-Cl)

- 0.45 (pH 5.8)b
0.2 (pH 7)a
- 0.1 (pH 2)a
0.9 (pH 7)a
0.1 (pH 7)a
N/A (solid state sensor)
0.15 (pH 7)a

H2O2
NADH
H2O2 and dissolved O2
Hydrazine
Hydrazine, NADH, Cysteine
Cysteine, Glutathione
-Nil-

References
21
22
23
24
25–27
28

This work

CME Chemically modiﬁed electrode, GCE Glassy carbon electrode, MB Methylene blue, CFMC Carbon ﬁber microcylinder, CF Carbon felt, PTB Poly(toluidine blue), AQS Anthraquinone sulfonate, CNT Carbon nanotube, HQS Hydroquinone monosulfate, PPy Polypyrrole
a
vs Ag/AgCl
b
vs SCE
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chlroroaniline) system has been rarely used for electroanalytical applications. In 2013, the Wang group
has reported poly(4-bromoaniline) modiﬁed Au electrode prepared in 0.1 M HNO3 for electrochemical
chiral sensing of L- and D-aspartic acid in 0.1 M NaCl
solution.46 In this work, we ﬁrst report GCE/
GMC@PANI(4-Cl) as a selective electrochemical pH
sensor system for practical applications. As a proof of
concept, speciﬁc pH monitoring of E.coli growth,
commercial test samples, urine and saliva using
GMC@PANI(4-Cl) that has been modiﬁed on GCE or
three-in-one screen-printed carbon electrode (SPE) has
been demonstrated.

2. Experimental
2.1 Chemicals and reagents
Graphitized mesoporous carbon (purity assay =
[99.95%, \50nm pore size) and 4-chloroaniline (4CA) were purchased from Sigma Aldrich, USA.
Standard pH solutions were obtained from Eutech
Instruments, India and all other chemicals are analytical grades, used as received. Aqueous solutions were
prepared using deionized and alkaline KMnO4 double
distilled water. A three-in-one screen-printed carbon
electrode was gifted from Zensor R&D, Taiwan.
Phosphate buffer solution (PBS) of pH 7 was prepared
by properly mixing stock solutions of 0.1 M NaH2PO4
and 0.1 M Na2HPO4 and used as a supporting electrolyte. Since, absence of any interference, no effort is
taken to remove the dissolved oxygen.
2.2 Apparatus
Cyclic voltammetric (CV) experiment was performed
using CHI model 660C workstation, USA with a
10 mL working volume cell. The three-electrode system consists of Ag/AgCl with 3M KCl reference
electrode, a platinum wire as a counter electrode and a
glassy carbon electrode (GCE) or three-in-one SPE as
a working electrode with a surface area of 0.0707 cm2.
The morphology of GMC and GMC@PANI(4-Cl) was
studied by Transmission electron microscope (TEM)
using a Technai, G2 20 Twin FEI, Czech Republic.
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0.5-micron alumina powder, washed with double-distilled water, followed by sonication of the electrode
for 5 min in ethanol. CV technique was used for
electrochemical pretreatment of the working electrode
in a potential window of -0.2 to ?1 V versus Ag/AgCl
for 10 cycles at a potential scan rate (m) 50 mV s-1 in
pH 7 PBS. 5 lL of the ethanol dispersed GMC stock
solution was drop cast on the cleaned GCE surface and
kept drying for 5 min. Electrochemical pretreatment
was also done for the GCE/GMC by continuous
cycling (n=10, no. of cycles) in the potential window
of -0.2 to ?0.5 V versus Ag/AgCl in pH 7 PBS at
m =50 mV s-1. For the preparation of the polymermodiﬁed electrode, the GCE/GMC was immersed in
freshly prepared 1 mM 4-chloroaniline solution containing pH 7 PBS and ensued for 30 continuous
electrochemical potential cyclings (E-cycling) at a
potential range - 0.2 to ?0.5 V versus Ag/AgCl. To
check the stability of the developed CME, the electrode was dipped in a 10 mL pH 7 PBS and continuous
electrochemical E-cycling (30 cycles) was performed
at a potential range -0.2 to ?0.5 V versus Ag/AgCl.
2.4 Real sample analysis
For the standard sample analysis, the GCE/
GMC@PANI(4-Cl) was dipped in 2-5 mL of the test
solution, followed by differential pulse voltammetric
analysis. The peak potential obtained from the analysis
was directly used for the pH measurement. Urine and
saliva samples were collected from health laboratory
personal, ﬁltered with micro-syringe and tested.
The in situ monitoring of the E.coli growth (MG
1655, MTCC No-1586 strain), was performed with a
three-in-one screen-printed electrode. Nutrient broth
with 3% NaCl had been used for culturing the E.coli at
37 °C (0.75 mL of 0.6 OD) overnight which was used
as a mother culture. This was sub-cultured with the
same condition for 24 h. The samples were collected at
1 h interval and was further subjected to pH monitoring.47 The three-in-one SPE was ﬁxed on the lid of
a 10 mL sample bottle containing the 8 mL of E.coli
broth. Single-shot DPV measurements were taken for
each hour and the pH value was back-calculated.
3. Results and Discussion

2.3 Preparation of GCE/GMC@PANI(4-Cl)
2 mg of GMC was dispersed in 500 lL of ethanol and
kept in a sonicator for 15 min. Meanwhile, the surface
of GCE was cleaned mechanically by polishing with

3.1 Electrochemical response of GCE/
GMC@PANI(4-Cl)
At ﬁrst, unmodiﬁed GCE was tested for the electropolymerization of 4-chloroaniline, as a control
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Figure 1. (A) Thirty continuous CV response of GCE
(a) and GCE/GMC (b) in 1 mM 4-chloroaniline dissolved
pH 7 PBS at a scan rate 50 mV s-1. (B) Thirty continuous
CV response of GCE/GMC@PANI(4-Cl) (a) and GCE/
ANI(4-Cl) (b) in a blank pH 7 PBS at v= 50 mV s-1.

Scheme 1. (A) Schematic representation for the mechanism of electrochemical polymerization of 4-chloroaniline
to polyaniline like structure with Cl- as leaving the group
and (B) the electron-transfer reaction of A1/C1 redox
couple. Step-1: one-electron oxidation reaction, Step-2:
Condensation reaction & Step-3: polymerization reaction.

experiment, in pH 7 PBS. As can be seen in Figure 1(A) curve (a), there is no Faradic response noticed
indicating that the pH 7 PBS is not a favorable condition for the electro-polymerization of the
4-chloroaniline. Figure 1(A), curve (b) is a typical CV
response of the GMC modiﬁed GCE, GCE/GMC with
4-chloroaniline in pH 7 PBS. It is remarkable to notice
a continuous growth like CV response at an apparent
standard electrode potential, Eo’ = 0.15±0.05 V vs Ag/
AgCl (A1/C1) up to the 20th cycle, after that a saturation in the peak current response was observed. After
the electrochemical experiment, the working electrode
was gently washed with distilled water and performed
thirty continuous cycle CV experiment in a blank pH 7
PBS, the redox peak was retained without any alteration in the peak potential and peak current value

(Figure 1(B) curve (a)). Calculated relative standard
deviation (RSD) of the peak current between the ﬁrst
and 10th cycle and surface excess (CPANI(4-Cl)) values
are 4.5% and 2.8 nmol cm-2, respectively. Three
repeated preparation of the modiﬁed electrode showed
a RSD 6.2%. These observations indicated that a
stable and highly redox-active polymeric-like material
formation was obtained after the electrochemical
reaction on the GCE/GMC electrode surface. As
reported by our group,44 surface-conﬁned electrochemical oxidation of aniline site, wherein, a strong pp interaction between the graphitic structure of GMC
and aromatic p electrons of the aniline, is an important
step for the unique formation of PANI like redox
system in this work. Note that a solder like-peak
occurred at 0.0 V vs Ag/AgCl (A1’/C1’) is due to the

Figure 2. TEM images of (A) GMC and (B) GMC@PANI(4-Cl).
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Figure 3. (A) Effect of scan rate on the CV response of GCE/GMC@PANI(4-Cl), (B) comparative CV responses of GCE/
GMC@PANI(4-Cl) (a) GCE/GMC (b) and GCE (c) with 5 mM K3[Fe(CN)6] in 0.1 M KCl solution at the scan rate (v) of
10 mV s-1. (C) The plot of ipa vs v1/2 of the modiﬁed and unmodiﬁed electrodes for the [Fe(CN)6]3- redox process.

polymerization of 4-chloroaniline occurred on graphitic sites of the GMC in this work. A possible
mechanism for the polymerization is sketched in
Scheme 1A. The proton-coupled electron-transfer
reaction of the PANI (A1/C1) is sketched in
Scheme 1B. Detailed mechanistic studies and physicochemical characterizations of this material were
represented in our recent report.48
A.

B.
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immobilization of an isomeric fragment of polyaniline
over the graphitic structure of the carbon matrix.
Figure 2 is a comparative transmission electronmicroscopic images of GMC and GMC@PANI(4-Cl).
For this experiment, the ‘as prepared’ GMC@PANI(4Cl) layer from GCE/GMC@PANI(4-Cl) was stripped
out by sonicating the modiﬁed electrode in 500 lL of
ethanol. The black-coloured suspension was carefully
modiﬁed on a 3 mm copper grid for the TEM analysis.
The unmodiﬁed mesoporous carbon structure showed
an average size of particles size 50±5 nm. Figure 2B
is the TEM image of the GMC@PANI(4-Cl) layer. An
intense polymeric adherence like structure with an
average particle size 100±30 nm was noticed. This
observation suggested that a strong surface-conﬁned
PANI like material is formed on the GMC surface.
Also, the energy dispersive X-ray analysis (EDX) of
GMC was carried out in association with the TEM that
shows 99.9% of carbon unit with 0.1% fraction of
oxygen indicating the absence of any metal ion
impurity in the carbon matrix.
In general, for the PANI formation mechanism, oneelectron oxidation of amino functional group of aniline
monomer to respective cationic radical species followed by head-to-tail collision/condensation and
polymerization reaction has been referred, in the literature.43,48 In the case of 4-chloroaniline case, since,
the para-position of aniline is blocked with Cl-functional group, the absence of any electrochemical
polymerization reaction is expected (Scheme 1).
Previously, the Wang group has observed a facile
electro-polymerization of 4-bromoaniline on Au
electrode in strong acid and it has been proposed that
the halo-group in the para position of the aniline acted
as a leaving group for the PANI like macromolecular
structure formation.46 Based on the information, it has
been proposed that a surface-conﬁned electro-

0.00
-0.1

0.0

0.1

0.2

E/V vs Ag/AgCl

0.3
Analyte

Figure 4. DPV responses of GCE/GMC@PANI(4-Cl)
(A) in various pH buffer solutions (pH 2–pH 11) and its
(B) calibration plot of peak potential (Epa) vs pH; (C) for
continuous measurement of various analytes (500 lM), bNaCl, c-KCl, d-NH4Cl, e-glucose, f-NaNO3, g-NaNO2, hhydrazine, i-dopamine, j-cysteine, k-uric acid, l-ascorbic
acid, m-sulphide in pH 7 PBS. (D) Bar diagram of
comparison of the interferences. DPV conditions are: initial
potential = -0.44 V; ﬁnal potential=0.80 V; increment
potential=0.004 V; amplitude=0.05 V; pulse width=0.2 s;
sample width=0.002 s; pulse period=0.5 s.
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Figure 5. DPV responses of GCE/GMC@PANI(4-Cl) with various real samples (A–C=pH standard solutions, D=urine
and E=saliva). Other DPV conditions are as in Figure 3.

In order to ﬁgure out the electronic-property, the
modiﬁed and unmodiﬁed electrodes were subjected to
CV studies (effect of scan rates) with the benchmark
[Fe(CN)6]3-/[Fe(CN)6]4- redox couple (one-electron
transfer) system (Figure 3A). Figure 3B represents the
representative CV responses of the various electrode
systems in 5mM K3[Fe(CN)6] solution at v=10 mV
s-1, which shows qualitatively similar redox peak with
peak potentials, 0.25 V (Epa) and 0.19 V (Epc) vs Ag/
AgCl. The electrochemically accessible surface area
(Ae) of the modiﬁed electrode were calculated using
the following Randle-Sevick equation for the reversible redox system,
ipa or ipc ¼ 2:69  105 n3=2 Ae D1=2 v1=2 C

ð1Þ

where D = diffusion coefﬁcient (7.6 9 10-6 cm2
s-1)49, C = concentration and n = total number of
electrons.50,51 By substituting the value of slopes
(Figure 3B) and other parameters in Equation 1, the
value of Ae was calculated as 0.071 cm2 for GCE,
0.067 cm2 for GCE/GMC and 0.064 cm2 for GCE/
GMC@PANI(4-Cl) modiﬁed electrodes. About *9%
decrement in the Ae value of the modiﬁed electrode,
GCE/GMC@PANI(4-Cl) over GCE may be due to the
fraction of inaccessible sites (basal-plane) formed on
the modiﬁed electrode.

3.2 Electrochemical pH sensing
For practical convenience, a differential pulse
voltammetric technique was adopted for the pH measurement. Prior to the regular experiments, interrelated
DPV parameters such as potential window, potential
increment, amplitude, pulse width, sample width and
pulse period were systematically optimized. Figure 4A
is a typical DPV response of GCE/GMC@PANI(4-Cl)
redox polymer exposed at different pH solutions that
are prepared by the different combinations of dilute
sodium hydroxide and orthophosphoric acid solutions.
A systematic variation in the redox peak against pH
was noticed. Figure 4B is the respective plot of the
redox peak potential, Epa vs pH showing a linear line
with a slope (qEpa/qpH) and regression coefﬁcient
values -58±2 mV pH-1 and 0.9997, respectively. The
value is very close to that of a Nernstian E-pH system,
58 mV pH-1, for the equal number of proton-electron
transfer reaction.51 The observation of variation in the
redox peak current signal is due to different protonation and de-protonation of the polymeric ﬁlm at various pH solution.
Figure 4C is the DPV response of the GCE/
GMC@PANI(4-Cl) without (curve (a)) and with
(curves b-m) exposure of 500 lM concentrations of
various biochemicals such as sodium chloride,
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Table 2. Electrochemical pH sensing of real samples in comparison with the conventional pH
sensor.
pHa

1.
2.
3.
4.
5.
a

Real sample

GMC@PANI(4Cl)

Conventional meter

Error (%)

Standard pH 4.0
Standard pH 7.0
Standard pH 10.01
Urine
Saliva

4.18
7.2
10.03
6.5
6.6

4.0
7.0
10.01
6.8
6.7

4.5
2.8
0.2
4.4
1.4

Average of 3 number of measurements

potassium chloride, ammonium chloride, glucose,
sodium nitrate, sodium nitrite, hydrazine, dopamine,
cysteine, uric acid, ascorbic acid and sulﬁde in pH 7
PBS. As can be seen, the peak potential of the redox
system didn’t alter its signal with respect to the added
electrolytes and electro-active species, unlike to the
previous organic redox mediator systems, wherein,
marked alteration due to electrocatalytic oxidation/
reduction of the speciﬁc analytes, were noticed
(Table 1). This observation reveals that GCE/
GMC@PANI(4-Cl) is highly non-amenable to any
electrocatalytic response. It is a unique advantage of
this new redox polymer to extend to various practical
applications. The plausible reason for the low or nonresponsiveness to the different chemicals may be due
to a speciﬁc molecular-orientation of polyaniline
formed on the graphitic structure of GMC that may
facilitate a large basal-plane site and in turn for the
poor electron transfer behavior of the modiﬁed electrode towards the analytes. The exact detail of the
molecular arrangement is unknown.

suggesting the reliability of the present work for various practical analysis. Calculated pH values, 6.5 and
6.6 are matching with values measured parallel with
the conventional pH meters as 6.8 and 6.7, respectively (Table 2).
As a tool for the in situ monitoring (continuous) of
pH, GMC@PANI(4-Cl) modiﬁed three-in-one screenprinted electrode, designated as SPE/GMC@PANI(4Cl), wherein, carbon, carbon and silver printed surfaces served as working, counter and reference electrode respectively, has been used for the E.coli growth
reaction. A conventional pH meter was used in parallel
to check the values. Figure 6 is the typical plot of pH
measured by SPE/GMC@PANI(4-Cl) and conventional systems vs time by single-shot DPV measurement. The continuous pH changes from 5-3 against the
time indicate the growth of the bacteria with the
release of acetate ions. It is interesting to notice that,
the pH value monitored by the new redox polymeric
system is matching with the conventional pH meter.
A.

3.3 Real sample analysis

0.0

5

0.2
0.27 V

0 hr

0.29 V

pH

Initially, some of the standard commercial pH solutions, pH 4, 7 and 10 were tested as in Figure 5A-C.
For the pH measurements, the standard calibration plot
displayed in Figure 4B was used. Calculated pH values
from the DPV signal are 4.18, 7.2 and 10.03, respectively for the samples which are matching with commercial pH meter with RSD \5%. Then, 2–5 mL
volume of ﬁltered urine and saliva samples were
subjected to the pH sensing measurements. The DPV
responses of the samples were displayed in Figure 5D
and E. The voltammetry patterns noticed with the real
samples were qualitatively similar to the response
obtained with the standard electrolyte solution

B.
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0.0
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0.4

0.2

3 hr
3

11 hr

0

0.4

a.

10

0.2

0.4

b. 23 hr
20

t/h

Figure 6. (A) Plots of measured pH (continuously) by
new electrochemical pH sensor (SPE/GMC@PANI(4-Cl)
(curve a) and conventional (curve b) pH meter against
E. coli incubation time (studied in 3% NaCl broth). Insets
are representative DPV responses of the sensor. Other DPV
conditions are as in Figure 4. (B) Cartoon for the growth
and acetic acid release of E.coli.
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4. Conclusions
Electrochemical polymerization of 4-chloroaniline on
graphitized mesoporous carbon modiﬁed electrode in
pH 7 phosphate buffer solution was carried out. The
‘as prepared’ electrode showed a well-deﬁned and
stable redox peak at Eo’ = 0.15 V vs Ag/AgCl in pH 7
PBS. The absence of any such redox polymer was
observed when an unmodiﬁed glassy carbon surface
was used as a working electrode. It has been proposed
that one-electron oxidation of amino-functional group
of 4-chloroaniline monomer to respective cation radical species followed by head-to-tail collision/condensation and polymerization reaction has been
referred to as a plausible mechanism for the polyaniline like structural unit formation. The chloro-substitution in the para position of the sample functioned as
a leaving group in this work. The formation of polymeric like matrix was conﬁrmed by transmission
electron-microscope study of the composite material.
Differential pulse voltammetric technique was adopted
for the false positive-free quantitative pH sensing
application. A plot of DPV peak potential versus
various pH test solution in a range, 2–11, yielded a
linear line with a slope and regression values of - 58
mV pH-1 and 0.9997, respectively. The redox potential is found to be stable and not altered concerning the
presence of various interfering biochemicals such as
sodium chloride, potassium chloride, ammonium
chloride, glucose, sodium nitrate, sodium nitrite,
hydrazine, dopamine, cysteine, uric acid, ascorbic
acid, sulphide. As a practical applicability of the present system, speciﬁc sensing of pH of various standard
solution, urine, saliva and E.coli growth have been
successfully demonstrated with data comparable to
that of conventional pH meter values.
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