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Synergetic effects of a poly-tartrazine/CTAB
modified carbon paste electrode sensor towards
simultaneous and interference-free determination
of benzenediol isomers†

Amit B. Teradale, a Kailash S. Chadchan, b Pattan-Siddappa Ganesh,c

Swastika N. Das *b and Eno E. Ebensode

Dihydroxybenzene (DHB) isomers like catechol (CC), hydroquinone (HQ), and resorcinol (RC) pose a signifi-

cant threat to human health and the environment due to their persistence and ability to cause harm to vital

organs. Detecting these chemicals can be challenging because they have similar properties and structures,

and they coexist in the environment. This study introduces a novel approach in the field by developing a

modified carbon paste electrode called poly-tartrazine/cetyl trimethyl ammonium bromide/modified car-

bon paste electrode (poly-TZ/CTAB/MCPE). The electrode was created by polymerizing tartrazine (TZ) onto

the carbon paste electrode (CPE) surface, followed by the application of cetyl trimethyl ammonium bro-

mide (CTAB) solution. The incorporation of TZ and CTAB onto the CPE surface resulted in enhanced sensi-

tivity for detecting dihydroxy benzene isomers. By utilizing cyclic voltammetry (CV) and differential pulse

voltammetry (DPV) techniques, our modified electrode successfully detected and distinguished each of the

three isomers individually and simultaneously. The peaks obtained were well-defined, and there were ade-

quate potential differences between each peak. The detection limits for CC, HQ and RC were found to be

0.495 × 10−6 M, 0.41 × 10−6 M and 2.2 × 10−6 M, respectively. This modified electrode exhibited selectivity,

reproducibility, and repeatability properties. Unlike previous research, our study delves into the combined

interactions between CTAB and tartrazine, specifically with the dihydroxy benzene isomers.

1. Introduction

o-Benzenediol (catechol), p-benzenediol (hydroquinone), and
m-benzenediol (resorcinol) are three dihydroxybenzene posi-
tional isomers (Scheme S1†) that are widely used as interme-
diate products in various fields, including organic synthesis,
dyestuffs, pesticides, flavoring agents, secondary coloring
compounds, photography chemicals, cosmetics, and medi-

cine. However, during their production and use, these iso-
mers are often unintentionally released into the environment,
causing contamination of rivers and groundwater. One of the
most significant challenges in dealing with these compounds
is their persistence in aquatic environments, making them
difficult to degrade. This persistence can pose a significant
risk to the ecosystem and its living organisms, including
humans, even at low concentrations. For instance, prolonged
exposure to CC and HQ can lead to accelerated damage to the
human body's neural system, kidneys, and skin tissue. These
hazards have been well-documented in scientific research.
Moreover, these isomers are structurally and chemically simi-
lar, making their simultaneous determination a significant
challenge. The coexistence of these compounds further com-
plicates their detection, highlighting the need for advanced
analytical techniques to differentiate and quantify them accu-
rately. In conclusion, monitoring these hazardous dihydroxy-
benzene positional isomers in the environment is essential to
protect the health of the ecosystem and human beings.1–4

A variety of analytical methods have been employed to
identify the isomers of dihydroxy benzenes, including
HPLC,5–7 chemiluminescence,8 spectrophotometry,9
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fluorescence,10 and gas chromatography/mass spectrometry.11

Despite their usefulness, these methods suffer from several
drawbacks such as high cost, time-consuming procedures,
unsuitability for on-site analysis, and the need for skilled op-
erators and complex instruments. To address these chal-
lenges and detect trace levels of dihydroxy benzene isomers
more efficiently, voltammetric methods have garnered in-
creasing attention due to their numerous advantages includ-
ing low cost, rapid response, simplicity, high sensitivity, accu-
racy, and repeatability.12–14 Additionally, electrochemical
sensors are well-suited for simultaneously detecting multiple
analytes and on-site detection, and can be integrated with ro-
bust, portable, or miniaturized devices for targeted experi-
ments in clinical and diagnostic applications.15–20

Electrode modification is a key area of interest, enabling the
alteration of electrochemical properties using various materials.
Modified electrodes have shown promise in detecting sub-
stances at low concentrations.21–26 The functionality of modified
electrodes depends on the specific characteristics of the applied
modifier during the modification process.27,28 Modified elec-
trodes can enhance sensitivity for detecting biological speci-
mens and medicines at very low concentrations (macro to nano-
molar level) in biomedical research and pharmaceutical
applications.29–31 Various electrochemical methods are used to
detect CC and HQ simultaneously which remained a topic of in-
terest for the researchers due to the overlap in their redox peaks
at bare electrode surfaces.2–4,32–38 While some electrochemical
methods can detect catechol and hydroquinone together, few
studies focus on simultaneously detecting catechol, resorcinol,
and hydroquinone. Recent research has explored new electrode
materials for this purpose,39–45 but further innovation is sought.
In the present work, we have tried to develop a modified carbon
paste electrode (CPE) as it has gained significant importance
due to its various advantages reported in several articles.46,47

Synthetic dyes are used to develop biosensors to detect various
organic molecules, and several such reports are available.48–52

In the present work, an azo dye, tartrazine, was selected as a
sensing substance for the carbon paste electrode due to its sta-
bility, low cost, and the presence of an azo group in its molecu-
lar structure. Further, a cationic surfactant, CTAB, was
immobilized on the tartrazine–carbon paste surface for better
bonding of the dye onto the surface, enhancing the stability of
the sensor. The combined interactions of CTAB and tartrazine
with dihydroxy benzene isomers make this study attractive. The
newly developed sensor is suitable for the simultaneous and
interference-free determination of benzenediol isomers. To the
best of our knowledge, this synergistic effect has not been ex-
plored in previous studies, making our findings both compel-
ling and highly relevant for the scientific community. Our study
contributes not only to an enhanced understanding of electro-
chemical sensing but also opens new possibilities for accurate
and selective detection of important compounds like dihydroxy
benzene isomers. The potential applications of our innovative
sensor design hold great promise in various fields, including en-
vironmental monitoring, biomedical research, and pharmaceuti-
cal analysis.

2. Experimental section
2.1. Apparatus

Using a CH electrochemical workstation (model CHI-619E),
the electro-analytical procedures of CV and DPV were carried
out. A saturated calomel electrode (SCE), a platinum wire,
and either a bare carbon paste electrode (BCPE) or a modi-
fied carbon paste electrode (poly-TZ/CTAB/MCPE) were the
three electrodes in the system. All analytes' oxidation poten-
tials were determined at 25 ± 0.5 °C and reported against
SCE.

2.2. Reagents and materials

Catechol, hydroquinone, and resorcinol were obtained from
Sigma Aldrich Ltd, Tartrazine dye, CTAB surfactant, NaH2-
PO4·H2O and Na2HPO4 were purchased from Himedia Pvt.
Ltd. Graphite powder and silicone oil were obtained from
Loba Chemie. Aqueous stock solutions of CC, HQ, and RC
([CC] = 10 × 10−4 M, [HQ] = 10 × 10−4 M and [RC] = 10 × 10−4

M) were prepared by dissolving necessary amounts of each
chemical. An aqueous stock solution of CTAB ([CTAB] = 10 ×
10−3 M) was also prepared in a similar way. The solutions of
the desired pH were obtained by mixing NaH2PO4·H2O and
Na2HPO4 solutions in an appropriate ratio.

2.3. Preparation of working electrodes (BCPE and MCPE)

The carbon paste electrodes were made by mixing graphite pow-
der and silicone oil in 70 : 30 (w/w) proportions for about thirty
minutes until an even paste was obtained. A Teflon tube cavity
with an interior diameter of 3 mm was filled in with the paste
and connected to an electrical contact. Before each measure-
ment, the carbon paste electrode was polished using tissue pa-
per to achieve a flat, even surface. For each measurement, the
paste was gently taken out and refilled. The poly (tartrazine)
MCPE was generated by electro-polymerizing 1.0 mM tartrazine
in 0.2 M PBS at pH 7.4 using the CV technique.52

3. Results and discussion
3.1. Development of the poly-tartrazine modified carbon
paste electrode via electro polymerization

This research focuses on fabricating a modified carbon paste
electrode (MCPE) using electro-polymerization. To achieve
this, the BCPE was immersed in a solution containing 1 mM
tartrazine, buffered with 0.2 M PBS at a pH level of 7.4. Sev-
eral potential sweeps ranging from −0.5 V to 2.0 V, with a
scan rate of 0.1 V s−1, were applied. The number of cycles was
optimized to obtain a stable cyclic voltammogram, with the
most effective result observed at ten cycles. A comparison
with 5, 15, 20, and 25 cycles showed that 10 potential sweeps
produced a more productive modifier. After these 10 cycles,
the voltammograms exhibited nearly constant growth indicat-
ing the development and stabilization of a durable polymer
film on the BCPE, as illustrated in Fig. 1A.
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3.2. Development of the CTAB immobilized tartrazine-
modified carbon paste electrode

In developing a CTAB-incorporating tartrazine-MCPE, varying
concentrations of CTAB solution were adhered to the surface
of the modified electrode, as depicted in Fig. 1B. Modifying
the electrode with different concentrations of CTAB resulted
in different peak current responses for the oxidations of CC,
HQ, and RC in 0.2 M PBS at pH 7.4 with a maximum of 4.0
μL of CTAB. Beyond this concentration, any further increase
in CTAB concentration leads to a decline in the response.
Consequently, 4.0 μL of CTAB solution was selected and left
to permeate the porous modified carbon paste electrode at
room temperature for roughly 10 minutes. Subsequently, the
electrode was cleaned meticulously with double-distilled wa-
ter to eliminate any extra CTAB adhering to the surface. The
final CTAB-enhanced tartrazine-modified CPE exhibited the
expected characteristics of a mediator-based sensor, showing
an improved electrocatalytic response towards CC, HQ and
RC53 (Scheme S2†).

3.3. Cyclic voltammetric behavior of CC at different modifiers

In this study, the effectiveness of various modified electrodes,
namely poly (tartrazine)/CTAB, CTAB-immobilized MCPE, and
poly (tartrazine) MCPE with BCPE, was compared for the elec-
trochemical behavior of CC (catechol) using the cyclic volt-

ammetry (CV) technique (Fig. 1C). The CV analysis revealed
that both the BCPE (curve a) and CTAB-immobilized BCPE
(curve b) did not exhibit significant cyclic voltammetric sig-
nals for CC sensing, indicating that CTAB is not highly elec-
trochemically active in detecting CC.

Conversely, a clear anodic peak at around 0.235 V was ob-
served for CC at the poly-tartrazine MCPE without CTAB
(curve c). Interestingly, when 4.0 μM CTAB was introduced to
the poly-tartrazine MCPE surface, the oxidation peak current
of CC increased significantly (curve d). This suggests that
CTAB facilitates electron transfer of CC more efficiently in
the presence of tartrazine. The enhanced efficiency is likely
attributed to the formation of a hydrophilic layer with posi-
tive charges on the electrode surface in the presence of CTAB.
This hydrophilic layer promotes the easy interaction of CC,
leading to an increased concentration of CC at the electrode
surface.

3.4. Electrochemical assessment of the poly-TZ/CTAB/MCPE
sensor using standard K4Fe(CN)6solution

In conventional cyclic voltammetric studies, the electrochem-
ical assessment of the newly modified electrode uses a stan-
dard solution of K4Fe(CN)6 in 1.0 M KCl electrolyte, as a re-
dox probe.54 Accordingly, the newly fabricated poly-TZ/CTAB/
MCPE sensor was used to investigate the same redox probe

Fig. 1 (A) Polymerization of TZ on BCPE with ten multiple cycles with a scan rate of 0.1 V s−1 by the CV technique. (B) Plot displaying the different
anodic peak currents obtained with varying concentrations of CTAB immobilized on poly-TZ/MCPE during the oxidation of 0.1 mM CC in 0.2 M
PBS at pH 7.4. (C) Different CV curves for CC at different MCPEs: (a) at bare CPE; (b) CPE + CTAB; (c) CPE + TZ; (d) CPE + TZ + CTAB. (D)
Reversible CV curves of the [Fe(CN)6]

2+/[Fe(CN)6]
3+ probe at bare CPE (‐‐‐‐‐) and poly-TZ/CTAB/MCPE (—), with a scan rate of 0.05 V s−1.
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using the CV technique. The cyclic voltammogram was ac-
quired within a potential range of −0.2 to 1.0 V at a scan rate
of 0.05 V s−1, as demonstrated in Fig. 1D. The assessment
elucidated that the bare CPE (indicated by the dashed line in
the figure) provided a limited sensitivity due to the sluggish
rate of the electron transfer reaction. Conversely, the poly-TZ/
CTAB/MCPE sensor (represented by the figure's solid line)
showed substantial improvement in electron transfer kinetics
and reproducibility under identical conditions. This result af-
firms that the surface characteristics of the BCPE have under-
gone significant modifications in the presence of tartrazine-
CTAB, resulting in boosted electrocatalytic activity. The ob-
served ΔEp value was found to be in line with the characteris-
tic reversible cyclic voltammogram of the [Fe(CN)6]

2+/
[Fe(CN)6]

3+ probe.
The total active surface area was calculated using the stan-

dard Randles–Sevcik equation (eqn (1)).55

Ip = 2.69 × 105n3/2AD1/2C0ν
1/2 (1)

The peak current (Ip) is influenced by factors such as the
concentration of the electroactive species (C0), the number of
electrons (n), the diffusion coefficient (D), the scan rate (ν),
and the electroactive surface area (A). When considering the
poly-TZ/CTAB/MCPE, the electroactive surface area was
higher (0.0338 cm2) when compared to the bare CPE (0.0146
cm2). This observation aligns with previous findings.51–53

3.5. Electro-oxidation of CC at the poly-TZ/CTAB/MCPE

The electro-oxidation of CC at the poly-TZ/CTAB/MCPE and
BCPE was investigated using the CV technique at pH 7.4 with
a scan rate of 0.05 V s−1 (Fig. 2A). The results revealed that
the modified electrode surface exhibited a better
voltammetric response compared to the BCPE. The oxidation
peak potentials were observed at 0.2947 V and 0.1815 V for
the BCPE (dashed line) and poly-TZ/CTAB/MCPE (solid line),
respectively. The reduction in the oxidation peak potential or
the reduction in overvoltage at the poly-TZ/CTAB/MCPE sur-
face indicated excellent electrocatalytic activity and reproduc-
ibility for the electrochemical oxidation of CC.

3.6. The effect of scan rate variation on the peak current of
CC at the poly-TZ/CTAB/MCPE

To better understand the reaction kinetics at the electrode–
solvent interfaces, the impact of the scan rate variation on
the peak current of CC at the poly-TZ/CTAB/MCPE was exam-
ined using cyclic voltammetry analysis. The study entailed al-
tering the scan rate within the range of 0.02 to 0.4 V s−1 at
the poly-TZ/CTAB/MCPE for 0.1 mM CC in 0.2 M PBS with a
pH of 7.4 as illustrated in Fig. 2B. An increase in the scan
rate led to an escalation in the redox peak currents, accompa-
nied by a minor shift in the redox peak potentials. A plot of
peak currents (Ip) against scan rates (ν) demonstrated excel-
lent linearity with correlation coefficients of 0.9996 (Ipa) and

Fig. 2 (A) The CV curves for 0.1 mM CC at BCPE (‐‐‐‐‐) and poly-TZ/CTAB/MCPE (—) in 0.2 M PBS of pH 7.4 at a scan rate of 0.05 V s−1. (B) The CV
curves for 0.1 mM CC at poly-TZ/CTAB/MCPE at different scan rates (a–t; 0.02 V s−1 to 0.4 V s−1 at an increment of 0.02 V s−1), in pH 7.4 buffer
solution. (C) Plot of Ipa versus ν for CC. (D) Variation of concentration of CC at poly-TZ/CTAB/MCPE (a–m: 0.05 mM to 0.65 mM at an increment
of 0.05 M). (E) Plot of Ipa vs. concentration of CC. (F) Plot of Epa vs. pH.

Reaction Chemistry & EngineeringPaper



React. Chem. Eng., 2023, 8, 3071–3081 | 3075This journal is © The Royal Society of Chemistry 2023

0.9997 (Ipc), as presented in Fig. 2C. Furthermore, the graph
depicting Ip against the square root of the scan rate (ν1/2), as
illustrated in Fig. S1,† revealed correlation coefficients of
0.9879 (Ipa) and 0.9868 (Ipc). This observation advocates that
the electrode process is governed by adsorption.53

3.7. The effect of CC concentration variation at the poly-TZ/
CTAB/MCPE

Cyclic voltammetry was utilized to investigate the electrocata-
lytic oxidation of CC at the poly-TZ/CTAB/MCPE when the
concentration of CC was varied from 0.05 mM to 0.65 mM
maintaining the pH of the solutions at 7.4. The cyclic voltam-
mograms corresponding to various concentrations of CC are
presented in Fig. 2D. It was noticed that the Ipa value was
raised gradually with the rise in the concentration of CC. The
following linear regression equation (eqn (2)) could be de-
rived from the Ipa graph (Fig. 2E) against CC concentration.

Ipa(10−5 A) = 7.9997 Co (mM) + 2.584 (2)

The correlation coefficient 0.99673 (Fig. 2E) implies that the
Ipa rises with the increase in CC concentration. These find-
ings corroborate earlier published studies.51,52 The LOD for
CC at the poly-TZ/CTAB/MCPE was determined to be 0.49 ×
10−6 M. For comparison, the detection limits for CC at vari-
ous modified electrode surfaces are documented in Table 2.

The method implemented in this study was more effective
than other documented methods.35,52,56–69

3.8. The effect of pH variation for the determination of CC at
the poly-TZ/CTAB/MCPE

The effect of pH (range of 5.5 to 8.0) on the analysis of CC at
the poly-TZ/CTAB/MCPE was investigated using cyclic volt-
ammetry (Fig. S2†). The results indicated that the oxidation
peak potential shifted toward a more positive direction with
increasing the pH of the solution. The graph of Epa versus
pH yielded a linear equation of Epa (V) = 0.6365–0.0617 (pH)
(Fig. 2F), with a correlation coefficient of 0.9933, suggesting
that the electro-oxidation mechanism involves an equal num-
ber of protons and electrons, which is consistent with previ-
ously reported findings.50

3.9. Electrocatalytic oxidation of HQ at the poly-TZ/CTAB/
MCPE

A study on the electrocatalytic oxidation of 0.1 mM HQ in 0.2
M PBS of pH 7.4 was carried out using cyclic voltammetry.
The voltammograms at the BCPE (represented by the dashed
line) and poly-TZ/CTAB/MCPE (represented by the solid line)
were recorded. It can be seen from Fig. 3A that the
voltammetric response of HQ at the BCPE was of low sensitiv-
ity, with the anodic peak potential located at 0.1561 V. In con-
trast, the oxidation peak potential of HQ at the poly-TZ/

Fig. 3 (A) The CV curves for 0.1 mM HQ at BCPE (‐‐‐‐‐) and poly-TZ/CTAB/MCPE (—) in 0.2 M PBS of pH 7.4 at a scan rate of 0.05 V s−1. (B) The CV
curves for 0.1 mM HQ at the poly-TZ/CTAB/MCPE at different scan rates (a–t; 0.02 V s−1 to 0.4 V s−1 at an increment of 0.02 V s−1). (C) Plot of Ip
versus ν for HQ. (D) Variation of concentration of HQ at the poly-TZ/CTAB/MCPE (a–o: 0.05 mM to 0.75 mM, at the increment of 0.05 mM). (E)
Plot of Ipa vs. concentration of [HQ]. (F) Plot of Epa vs. pH for HQ.
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CTAB/MCPE was observed at 0.0655 V, with enhanced peak
current indicating better sensitivity of the newly developed
poly-TZ/CTAB/MCPE. Scheme 1 illustrates the oxidation
mechanisms of CC and HQ.51,52 The electro-oxidations of HQ
at different electrode surfaces are shown in Fig. S3.†

3.10. The effect of scan rate variation on the peak current of
HQ at the poly-TZ/CTAB/MCPE

In order to investigate how the peak current of HQ at the
poly-TZ/CTAB/MCPE was affected by the scan rate, cyclic volt-
ammetry was performed with varying scan rates ranging from
0.02 to 0.4 V s−1 for 0.1 mM HQ in 0.2 M PBS of pH 7.4 as
depicted in Fig. 3B. The results showed a proportional rela-
tionship between the applied scan rate and the redox peak
current. Additionally, there was a slight shift in the anodic
and cathodic peak potentials towards more positive and less
negative values, respectively. These data were used to gener-
ate two graphs: Ip versus ν (Fig. 3C) and Ip versus ν1/2(Fig.

S4†), with the linear correlation coefficient being more signif-
icant for the former graph, suggesting that adsorption con-
trols the electrode phenomenon.51 Further, using eqn (3), the
values of the heterogeneous rate constant (k0) for the CC and
HQ oxidations were calculated from the experimental peak
potential difference (ΔEp) data for voltammograms with ΔEp
values greater than 10 mV.52 The results of these calculations
are presented in an organized manner in Table 1.

ΔEp = 201.39 log(ν/k0) − 301.78 (3)

To investigate the electrocatalytic oxidation behavior of
HQ at the poly-TZ/CTAB/MCPE, the concentration of HQ was
varied from 0.05 mM to 0.75 mM. Cyclic voltammograms
were recorded, as presented in Fig. 3D. The data revealed a
direct correlation between the anodic peak current (Ipa) and
the concentration of HQ, as illustrated in Fig. 3E. The linear
regression equation for this correlation was determined to

Scheme 1 Probable oxidation mechanism of CC and HQ on the poly-TZ/CTAB/MCPE.

Table 1 Variation of the voltammetric parameters for the scan rate varia-
tions of CC and HQ

ν/V
s−1

Catechol (CC) Hydroquinone (HQ)

ΔEp/mV k0/s−1 ΔEp/mV k0/s−1

20 27.5 0.4634 29.6 0.4525
40 34.5 0.8556 33.5 0.8655
60 43.2 0.8605 44.2 1.1488
80 51.2 0.7074 55.2 1.3507
100 59.1 0.6192 63.1 1.5424
120 63.9 0.5452 66.9 1.7725
140 72.9 0.5179 62.1 2.1844
160 81.7 1.995 65.0 2.4150
180 89.5 2.053 64.1 2.7452
200 95.5 2.1302 62.1 3.120
220 102.4 2.1653 64.1 3.3552
240 106.3 2.2589 63.2 3.6975
260 116.1 2.1881 63.1 4.0102
280 122.1 2.2001 61.1 4.4193
300 128.9 2.1808 58.1 4.9002
320 136.9 2.123 60.2 5.1021
340 142.6 2.1133 58.1 5.5536
360 147.6 2.1135 57.2 5.9402
380 151.5 2.1334 54.2 6.4890
400 161.4 2.005 56.2 6.6766

Table 2 Comparison of detection limits for CC and HQ with different
classical methods and electrodes

Working electrodes Methods

Limit of detection
(μM)

Ref.CC HQ

Poly-NB/MGCE CV 0.068 0.046 52
Silsesquioxane/MCPE DPV 10.0 10.0 56
p-Phemodifed electrode DPV 0.7 1.0 57
PANI/MnO2-GCE DPV 0.15 0.12 58
SPC electrode SWV 0.05 0.05 59
(LDHf/GCE) DPV 1.2 9.0 60
PASA/MWNTs/GCE DPV 1.0 1.0 61
LRG/GCE DPV 0.8 0.5 62
Poly(brilliant cresyl
blue)/GCE

DPV 0.05 0.06 63

MWNT/GCE DPV 0.20 0.75 64
TpBD-COF/ CPE DPV 0.46 0.31 65
Po/DG6/MCPE CV 0.09 0.11 35
Au/AB/GCE CV 0.5 1.0 66
Flexible screen-printed car-
bon electrodes

DPV 0.82 0.12 67

Co@SnO2–PANI/GCE DPV 0.001578 0.00494 68
PtNiCu@FTO CV, DPV 0.35 0.29 69
Poly-TZ/CTAB/MCPE CV 0.49 0.41 This

work

Reaction Chemistry & EngineeringPaper



React. Chem. Eng., 2023, 8, 3071–3081 | 3077This journal is © The Royal Society of Chemistry 2023

be: Ipa (10−5A) = 0.48658 (C0 mM L−1) + 2.236, (r2 = 0.99822).
The detection limit for HQ at the poly-TZ/CTAB/MCPE was
found to be 0.41 × 10−6 M, which is better than the reported
detection limits for other modified electrodes and electro-
chemical methods listed in Table 2.35,52,56–69

3.11. The effect of solution pH variation on the oxidation of
HQ at the poly-TZ/CTAB/MCPE

The electrochemical oxidation of 0.1 mM HQ at the poly-TZ/
CTAB/MCPE was analyzed using cyclic voltammetry to investi-
gate the effect of varying pH values. The findings, presented
in Fig. S5,† indicate that the oxidation peak potentials shift
towards a more negative side as the pH of the phosphate
buffer solution increases from 5.5 to 8.0. The Epa versus pH
graph, plotted in Fig. 3F, demonstrates a linear relationship
between Epa and pH, with a linear regression equation of
Epa (V) = 0.5360 − 0.0651 (pH), (r2 = 0.9988). The value of the
slope (0.0651 V/pH) implies the participation of an equal
number of electrons and protons in the electrochemical reac-
tion, in agreement with previous reports.51,52,54

3.12. Electrocatalytic oxidation of RC at the poly-TZ/CTAB/
MCPE

The electrochemical behavior of 0.1 mM RC was investigated
at the BCPE and poly-TZ/CTAB/MCPE in 0.2 M PBS of pH 7.4

using the CV technique with a scan rate of 0.05 V s−1. The re-
sults, depicted in Fig. 4A, reveal that the sensitivity for RC de-
tection at the BCPE was minimal, with an anodic peak poten-
tial at 0.6070 V. In contrast, the sensitivity for RC detection at
the poly-TZ/CTAB/MCPE was significantly higher, with a
lower oxidation potential at 0.5082 V. The electro-oxidations
of RC at different electrode surfaces are shown in Fig. S6.†
This suggests that the modified electrode could detect RC at
physiological pH with an improved current response. Further-
more, the concentration of RC varied in the range of 0.05
mM to 0.45 mM at the poly-TZ/CTAB/MCPE, and the CV tech-
nique was used to investigate the influence of this variation.
A good correlation between Ipa and the concentration of RC
was obtained, as depicted in (Fig. S7 and S8†). A linear re-
gression equation was derived as: Ipa (10−5A) = 0.45953 (C0

μM) + 1.1995, (r2 = 0.99865). This indicates that this method
could be helpful for the determination of RC in the aforesaid
concentration range.

3.13. Simultaneous determination of CC, HQ and RC at the
poly-TZ/CTAB/MCPE

The experiment aimed to simultaneously oxidize 0.5 mM CC,
HQ, and RC at the poly-TZ/CTAB/MCPE surface, maintaining
the solution pH at 7.4 and a scan rate of 0.05 V s−1. Hence,
the cyclic voltammograms were first recorded on the BCPE

Fig. 4 (A) CV curves for 0.1 mM RC at BCPE (‐‐‐‐‐) and poly-TZ/CTAB/MCPE (—) in 0.2 M PBS of pH 7.4 at a scan rate of 0.05 V s−1. (B) CV curves
for determination of CC, HQ and RC in a ternary mixture – dashed line (at BCPE) and solid line (poly-TZ/CTAB/MCPE). (C) DPV curves for
determination of CC, HQ and RC in a ternary mixture at BCPE (dashed line). (D) DPV curves for simultaneous determination and discrimination of a
mixture of CC, HQ and RC (0.5 mM) at poly-TZ/CTAB/MCPE (solid line) at a scan rate of 0.05 V s−1.
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surface. It has been observed that the oxidation of these three
molecules at the BCPE surface showed poor sensitivity and a
low current signal, as indicated by the dashed line in Fig. 4B.
The cyclic voltammogram at the bare CPE was broad-shaped
and three signals are merged at a potential of 0.3547 V. How-
ever, the voltammogram obtained for the poly-TZ/CTAB/
MCPE under identical conditions showed an elevated current
signal with superior sensitivity. The anodic peaks could be
distinguished, as illustrated by the solid line in Fig. 4B. The
cyclic voltammetry technique yielded separate electroanalyti-
cal anodic peaks of CC, HQ, and RC at 0.1776 V, 0.0536 V,
and 0.5304 V, respectively. The distance between the two
peaks of CC and HQ was sufficient (0.1240 V) to distinguish
and resolve CC and HQ in the presence of RC at the poly-TZ/
CTAB/MCPE.

To affirm the above result, DPV was utilized owing to its
high sensitivity and the absence of background current. A ter-
nary mixture of 0.5 mM CC, HQ, and RC was subjected to
DPV analysis at the surface of both the bare CPE and poly-
TZ/CTAB/MCPE maintaining the same reaction conditions. At
the bare CPE, the oxidation potentials of CC and HQ were
not distinctly separated; instead, an overlapped anodic oxida-
tion peak was observed at 0.137 V, and RC was detected at
0.487 V (Fig. 4C). However, the poly-TZ/CTAB/MCPE exhibited
selective separation of the oxidation potentials of CC and HQ

at 0.065 V and −0.051 V, respectively and the selective oxida-
tion peak potential for RC was located at 0.799 V (Fig. 4D). In
conclusion, the dihydroxy benzene isomers like CC, HQ, and
RC can be simultaneously detected at the poly-TZ/CTAB/
MCPE surface by using both CV and DPV techniques.

3.14. Interference study

Interference investigation was carried out at the poly-TZ/
CTAB/MCPE by altering the concentration of one analyte
while keeping the other constant in a binary mixture. The re-
sulting data in Fig. 5A showed an increase in the peak cur-
rent of CC with the increase of its concentration from 0.05
mM to 0.3 mM while keeping the concentration of HQ con-
stant. Similarly, the variation of HQ concentration from 0.05
mM to 0.3 mM while keeping CC constant resulted in only
an increase in the peak current of HQ, as shown in Fig. 5C.
The linear relationship between peak current and concentra-
tion for both analytes was evident in the Fig. 5B and D. The
corresponding linear regression equations can be written as
below:

Ipa(10−5 A) = 1.06697(C0 μM L−1) + 7.9984,
(r2 = 0.99593)(for CC; HQ constant).

Fig. 5 (A) DPV curves of CC with different concentrations (a–f: 0.05 mM, 0.1 mM, 0.15 mM, 0.2 mM, 0.25 mM and 0.30 mM) in 0.2 M PBS of pH
7.4 in the presence of 0.05 mM HQ at poly-TZ/CTAB/MCPE. (B) Plot of anodic peak current versus concentration of [CC]. (C) DPV curves of HQ
with different concentration (a–f: 0.05 mM, 0.1 mM, 0.15 mM, 0.2 mM, 0.25 mM and 0.30 mM) in 0.2 M PBS of pH 7.4 in presence of 0.05 mM CC
at poly-TZ/CTAB/MCPE. (D) Plot of anodic peak current versus concentration of [HQ].
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Ipa(10−5 A) = 8.70514(C0 μM L−1) + 6.6746,
(r2 = 0.99714)(for HQ; CC constant).

The results obtained in this study conclude that an accurate
and interference-free determination of CC and HQ can be
carried out at the newly developed poly-TZ/CTAB/MCPE sur-
face. It can be noted from Fig. S9† that the addition of ten-
fold (0.5 mM) of different substances such as ascorbic acid,
calcium chloride, dopamine, glucose, ammonium chloride,
oxalic acid, paracetamol, starch, urea, and uric acid does not
affect the determination of CC, HQ and RC at the poly-TZ/
CTAB/MCPE. The change in current signal did not exceed
5.0%, reflecting the selectivity of the proposed electrode.

3.15. Real sample analysis

To evaluate the analytical performance of the fabricated sen-
sor, it was applied to determine CC, HQ and RC in tap water.
The results obtained are tabulated in Table 3 and it reflects a
good analytical performance. The determination of CC, HQ
and RC in the tap water sample was tested and the obtained
results are tabulated in Table 3. When a known amount of
CC was added to the tap water sample, a recovery of 97.2% to
101% was obtained. Similarly, when a known quantity of HQ
was added to the tap water sample, a good recovery of 95.4%
to 103.3% was observed. For RC, the recovery was 98.5% to
101%. Overall, these gathered results can be accepted and it
reflects that the poly-TZ/CTAB/MCPE could be successfully
applied for the determination of CC, HQ and RC in real sam-
ples without any interferences70,71

4. Conclusion

In the present work, we have developed an azo dye-
surfactant-based electrochemical sensor capable of detecting
dihydroxybenzene isomers in physiological pH of 7.4. The
electrochemical analyses were done using CV and DPV tech-

niques. The influences of change in concentration, scan rates
and pH on electrocatalytic oxidations of the dihydroxy ben-
zene isomers showed promising results with higher sensitiv-
ity and selectivity. Further, the fabricated electrode was used
to separate CC, HQ and RC peaks using CV and DPV tech-
niques. The LOD values obtained for CC, HQ and RC are bet-
ter than the other reported values. Interference studies were
carried out, and it has been observed that the isomers do not
interfere with each other when present in a binary mixture.
In addition, the synthesized sensor was effectively applied for
the detection of dihydroxy benzene isomers in a tap water
sample, with good recovery results. Hence, this new poly-TZ/
CTAB/MCPE material can be applied to develop any sensing
device for all three dihydroxy benzene isomers provided that
the challenges are overcome with the help of scientists from
multidisciplinary areas. The further scope of research to de-
velop a technological device using this sensor lies ahead.
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