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Abstract
A sensor was developed for the first time based on polydopamine nanospheres doped with I2, I−, and IO3

− species (PDA-Iodine), 
to determine the concentration of p-aminophenol (p-AP), phenol (Ph), and p-nitrophenol (p-NP) simultaneously. These polymeric 
nanospheres were successfully characterized using a variety of techniques including field emission scanning electron microscopy, 
transmission electron microscopy, X-ray photoelectron spectroscopy, Fourier transform infrared, Raman spectroscopy, and X-ray 
diffraction analysis. A carbon paste electrode was modified with the PDA-Iodine (CPE/PDA-Iodine). Because of the electrocatalytic 
activity of DA/DQ, I2 and I− species (in the structure of PDA-Iodine), CPE/PDA-Iodine shows enhancement in the electrooxidation 
peak currents as well as slight negative shift in peak potentials of p-AP, Ph, and p-NP compared with a bare carbon paste electrode. 
Under optimal experimental conditions, the linear calibration plots are linear in the ranges 0.5–120 μM for p-AP, 0.7–120 μM for 
Ph, and 1.0–100 μM for p-NP with limits of detection of 30, 40, and 80 nM for p-AP, Ph, and p-NP, respectively (S/N = 3). To prove 
the performance of the method, the repeatability of the signals of CPE/PDA-Iodine was evaluated and the RSD values obtained 
were 2.9%, 3.2%, and 3.1% for p-AP (45 µM), Ph (40 µM), and p-NP (40 µM), respectively. The CPE/PDA-Iodine is a promising 
new sensor for sensing p-AP, Ph, and p-NP simultaneously in tap and river water sample and the values of recoveries for spiked 
samples were in the range 94.0–104.4%.

Keywords  p-Aminophenol · Phenol · p-Nitrophenol · Polydopamine-iodine nanospheres · Electrochemical sensor · 
Voltammetry

Introduction

Among the catecholamines, dopamine (DA) has 
attracted a remarkable attention during the past few 
years because of its wide applications in various fields 
such as bioimaging and adsorption due to the presence 
of active functional groups (such as amino, catechol, 
and some other groups) in its structure [1]. In 2007, 

Lee et al. first found out that the DA molecules can be 
oxidized and self-polymerized to form polydopamine 
(PDA) in a facile and simple process under mild con-
ditions [2]. Recently, several researches have revealed 
that the PDA coatings are formed by combining cova-
lent polymerization and noncovalent self-assembly [3]. 
However, there are disputes over its actual structure 
and polymerization mechanism, and they have not been 
clearly known yet.

Oxidation of catechol groups can only be formed under 
a basic condition, and the reaction can also proceed under 
neutral and acidic conditions in the presence of different 
oxidants like ammonium persulfate, potassium chlorate, and 
sodium periodate [4]. For example, the oxidation of catecho-
lamines to the corresponding substituted benzoquinones has 
been studied for aqueous acidic perchlorate media (pH < l), 
and the oxidizing agent is an aquametal ion (TlIII, MnIII, 
Vv, CoIII) [5]. It has been discovered that employing the 
oxidizing agent improves the polymerization of PDA mol-
ecules under the basic conditions (pH 8.5) significantly and 
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it results in the production of PDA under neutral or acidic 
conditions [6].

In this work, periodic acid was used as an oxidizing agent 
for oxidation of DA molecules through oxidative polymeri-
zation process [4] with a fast kinetic characteristic and it also 
leads to the formation of polydopamine nanospheres.

Phenolic compounds are well known as an important 
class of raw chemicals, which are extensively applied in 
many manufacturing industries such as producing plastics, 
petroleum, paper, dyes, drugs, and antioxidants [7]. The 
existence of phenolic compounds in water can be related 
to the degradation of plants and animal wastes as well as 
anthropogenic sources like industrial, domestic, and agri-
cultural activities [8]. However, the excessive use of these 
compounds may cause serious environmental problems such 
as ecological risks and human health threats because of their 
toxicity [7, 9].

For instance, the level of p-AP in pharmaceutical for-
mulations has been restricted to 50 ppm (detection limit of 
23 μM) by the US [10], European [11], and Chinese Phar-
macopoeias authorities. Phenol has been listed as a priority 
pollutant by the US Environmental Protection Agency (EPA) 
and the European Union (EU), and its lethal blood concen-
tration has been determined as 0.15 mg/mL [12] assigned 
as the highest limit for phenol compounds and their deriva-
tives in freshwater as 0.5 ppb and 0.1 ppb, respectively [13]. 
The highest permissible limit of exposure to p-NP in the 
aquatic environment was found to be 20 ppb (0.14 μM). 
Hence, because of these bad effects and high toxicity of 
p-NP, the US environmental agencies have classified it as 
one of the most toxic pollutants for living organisms and 
their surrounding environment [14]. Because of the toxicity 
of phenolic compounds, it is crucial to establish an efficient, 
trustworthy, selective, and sensitive method for simultane-
ous determination of the concentrations of p-AP, Ph, and 
p-NP, which are necessary for environmental protection, 
the treatment of safe water supplies, and human health. The 
conventional analytical methods applied for determination 
of p-AP, Ph, and p-NP simultaneously are spectrophotom-
etry, [15] high-performance liquid chromatography [16], gas 
chromatography-mass spectrometry [17], liquid chromatog-
raphy-tandem mass spectrometry [18], capillary electropho-
resis [19], and fluorescence spectrometry [20]. However, due 
to their benefits of simple equipment, fast response, high 
accuracy, excellent sensitivity, and satisfactory selectivity, 
the electrochemical methods have attracted considerable 
attention. Hence, in this research, a new voltammetric sen-
sor based on carbon paste electrode modified with iodine-
iodide-doped polydopamine nanospheres (CPE/PDA-iodine) 
was reported for determination of the concentration of p-AP, 

Ph, and p-NP in aqueous solutions. Ultimately, our fabri-
cated sensor showed an excellent analytical performance 
for reliable simultaneous determination of these phenolic 
compounds in river water and tap water samples.

Experimental

Reagents and apparatus

Dopamine (DA), phenol (Ph), p-aminophenol (p-AP), 
p-nitrophenol (p-NP), periodic acid (H5IO6), paraffin oil 
(DC 350, density = 0.88 g cm−3), graphite powder, sodium 
hydroxide, hydrochloric acid, and phosphoric acid of ana-
lytical grades (> 99%) were purchased from Merck Chemical 
Company. The instrumentation data are given in S1.

Synthesis of PDA‑Iodine

In a typical synthesis, 20 ml of an aqueous solution which 
contained 200 mg of DA (monomer precursor) and 200 mg 
of periodic acid (oxidizing agent) was mixed in a glass vial. 
Then, the color of the mixed solution was turned to brown 
immediately. After that, the mixture was stirred for 72 h, and 
the color of the solution changed to dark brown and became 
cloudy. The oxidation process of the hydroxyl functional 
groups in the DA structure was done by periodic acid. Ulti-
mately, the reaction mixture was centrifuged and filtered, 
and the precipitate product was washed several times with 
deionized (DI) water (Millipore, 18.2 MΩ cm) followed by 
air drying for 48 h.

Results and discussion

The oxidation mechanisms of some catecholamines like 
adrenalin, l-dopa, and dopamine with periodic acid are 
reported by Pelizzetti et al. At pH < 3, the catecholamines 
are converted to the open-chain o-benzoquinone, and in the 
pH range from 4 to 8, aminochrome is formed in solution 
[5]. Apart from that, Jaramillo et al. used sodium periodate 
(NaIO4) as an oxidizing agent for oxidation of DA molecules 
in acidic media [21]. Similarly, Ponzio et al. reported the 
oxidation of dopamine with various oxidants like ammonium 
copper sulfate, sodium periodate, and also peroxodisulfate, 
and proving that the sodium periodate can be used as an 
oxidizing agent for the fast and homogeneous deposition of 
PDA films with exceptional properties [22]. Thus, herein, 
we used periodic acid for the oxidation of DA based on the 
following reaction (Eq. 1):

(1)
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Hence, the final products are polydopamine nanospheres 
with adsorbed iodine which is present in PDA in the form 
of elemental iodine, iodide, and partially IO3

− anions (the 
standard reduction potentials and related half reaction are 
given in Eqs. 2–5).

Morphological and FT‑IR characterization 
of PDA‑Iodine

According to Fig. 1A–D, FESEM and TEM analyses were 
employed to characterize the morphology of the obtained 
PDA-Iodine nanospheres. FESEM images show regular 
spheres with diameters in the range 80–480 nm. In addi-
tion, the PDA-Iodine nanospheres have solid structures, 
confirmed by TEM characterization. FT-IR analysis dis-
cussed in S4 and Fig. S1 shows the presence of C = C, C = N, 
C = O, and OH vibrations indicating the polymerization of 
dopamine.

(2)H
5
IO

6
+ H+ + 2e → IO

−

3
+ 3H

2
O E◦ = 1.567V

(3)

(4)IO
−

3
+ 6H+ + 5e → 1∕

2
I
2
+ 3H

2
O E◦ = 1.210V

(5)I
2
+ 2e → 2I−

−
E◦ = 0.5355V

XPS characterization

Full-range XPS spectra were provided for further investi-
gation of the chemical structure of PDA-Iodine and deter-
mination of the oxidation state of the adsorbed iodine on 
polydopamine surface. In Fig. 2, the XPS survey spec-
trum shows the peaks related to C 1 s, N 1 s, O 1 s, and I 
3d in the PDA-Iodine structure. The binding energy of C 
1 s was found at 285 eV, the N 1 s at 400 eV, the O 1 s at 
532 eV, and the I 3d twinning at 621 and 632 eV.

Figure 2B shows a detailed analysis of the C 1 s 
peak for PDA-Iodine. The high resolution of C 1  s 
core-level spectrum can be deconvoluted into three 
different peaks: C–C/C–H (285.19  eV); C–O/C–N 
(286.57 eV); C = O (288 eV) [23]. The presence of 
catechol and quinone groups in polydopamine nano-
spheres is confirmed by C–O and C = O binding ener-
gies [24]. As shown in Fig. 2C, in the spectra of PDA 
nanospheres, two N 1  s peaks appeared which are 
related to the components of –NH (399.28 eV) and 
–NH2 (400.61 eV), respectively. As shown in Fig. 2D, 
the O 1  s core-level spectrum can be deconvoluted 

Ph, and p-NP in aqueous solutions. Ultimately, our fabri-
cated sensor showed an excellent analytical performance 
for reliable simultaneous determination of these phenolic 
compounds in river water and tap water samples.

Experimental

Reagents and apparatus

Dopamine (DA), phenol (Ph), p-aminophenol (p-AP), 
p-nitrophenol (p-NP), periodic acid (H5IO6), paraffin oil 
(DC 350, density = 0.88 g cm−3), graphite powder, sodium 
hydroxide, hydrochloric acid, and phosphoric acid of ana-
lytical grades (> 99%) were purchased from Merck Chemical 
Company. The instrumentation data are given in S1.

Synthesis of PDA‑Iodine

In a typical synthesis, 20 ml of an aqueous solution which 
contained 200 mg of DA (monomer precursor) and 200 mg 
of periodic acid (oxidizing agent) was mixed in a glass vial. 
Then, the color of the mixed solution was turned to brown 
immediately. After that, the mixture was stirred for 72 h, and 
the color of the solution changed to dark brown and became 
cloudy. The oxidation process of the hydroxyl functional 
groups in the DA structure was done by periodic acid. Ulti-
mately, the reaction mixture was centrifuged and filtered, 
and the precipitate product was washed several times with 
deionized (DI) water (Millipore, 18.2 MΩ cm) followed by 
air drying for 48 h.

Results and discussion

The oxidation mechanisms of some catecholamines like 
adrenalin, l-dopa, and dopamine with periodic acid are 
reported by Pelizzetti et al. At pH < 3, the catecholamines 
are converted to the open-chain o-benzoquinone, and in the 
pH range from 4 to 8, aminochrome is formed in solution 
[5]. Apart from that, Jaramillo et al. used sodium periodate 
(NaIO4) as an oxidizing agent for oxidation of DA molecules 
in acidic media [21]. Similarly, Ponzio et al. reported the 
oxidation of dopamine with various oxidants like ammonium 
copper sulfate, sodium periodate, and also peroxodisulfate, 
and proving that the sodium periodate can be used as an 
oxidizing agent for the fast and homogeneous deposition of 
PDA films with exceptional properties [22]. Thus, herein, 
we used periodic acid for the oxidation of DA based on the 
following reaction (Eq. 1):

(1)
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into two typical peaks: O = C (531.64 eV) and O–C 
(532.71 eV), which are related to quinone and cat-
echol form of dopamine [25]. In addition, the binding 
energy at 532.70 eV is related to the adsorbed or inte-
grated water molecules and other oxygen-containing 
species [26]. The high-resolution spectrum of I 3d 
is shown in Fig. 2E, in order to assess the chemical 
environment of iodine. The previous reports stated 
that the I 3d twinning peaks at 621.00 and 632.00 eV 
could be assigned to the multitude of chemical bonds, 
including elemental iodine, iodide, and polyiodide 
anions (I3

− and I5
−), but in the Raman spectra of PDA-

Iodine, as seen in Fig. S2A, no Raman bands typical 
for I3

− (109  cm−1) or I5
− (167  cm−1) are registered 

[27] and the only one peak in 209  cm−1 is assigned 
to the iodine species [28]. As shown in Fig. 2E, two 
major peaks appeared at 619.17  eV and 630.38  eV 
due to the spin–orbit splitting resulting in 3d5/2 and 
3d3/2 peaks, indicating that the iodine is adsorbed in 
the PDA nanospheres. In addition, two strong peaks 

at 620.53 and 632.01 eV are observed, which can be 
related to the chemical bonding between nitrogen 
ion and iodide [27, 29, 30]. Furthermore, there are 
two small peaks at 623.60 and 634.85 eV, which are 
related to the iodate ion [30].

The powder X-ray diffraction pattern of PDA-Iodine 
shows a wide and blunt peak, representing an amorphous 
nature (Fig. S2B). The probable structure of PDA-Iodine is 
shown in Scheme 1.

Electrochemical characterization of CPE/
PDA‑Iodine for simultaneous determination 
of the concentration of p‑AP, Ph, and p‑NP

More details about the sensor preparation and CV of 
CPE/PDA-Iodine in PBS (0.1 M, pH 2.0) are given in 
S3, S5, and Fig. S3. The electrochemical behaviors of 
p-AP, Ph, and p-NP at the surface of bare CPE (BCPE) 
and CPE/PDA-Iodine were studied in PBS (phosphate 
buffer solution, 0.1 M, pH 2.0). In Fig. 3, three broad 

Fig. 1   FESEM images of PDA-
Iodine (A, B) and TEM images 
of PDA-Iodine (C, D)
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oxidation peaks with low intensity are noticed on the 
BCPE for p-AP, Ph, and p-NP at 0.52, 1.04, and 1.3 V, 
respectively, indicating that the molecules are clearly 
indistinguishable on the bare electrode. In comparison, 
the CPE/PDA-Iodine electrode shows three stronger 
oxidation peaks for p-AP, Ph, and p-NP molecules at 
0.46, 1.01, and 1.23 V, respectively, illustrating the 
excellent electrocatalytic performance of CPE/PDA-
Iodine electrode towards the redox reactions of each 
analyte which is present in solution. The great increase 
in the intensity of redox peaks shows that the PDA-
Iodine has a fast electron transfer in the redox process 
compared to BCPE.

Electrocatalytic determination of p‑AP, Ph, and p‑NP 
at CPE/PDA‑Iodine electrode

The ability of CPE/PDA-Iodine electrochemical sensor 
towards the electrocatalytic determination of p-AP, Ph, 
and p-NP was studied by taking advantage of the well-
defined electrochemical signature. As illustrated in Fig. 4, 
the CPE/PDA-Iodine shows an excellent performance 
towards individual catalytic oxidation of p-AP, Ph, and 
p-NP molecules to their respective products in 0.1 M PBS 
(pH 2.0). The CPE/PDA-Iodine illustrates a couple of oxi-
dation–reduction peaks at 0.27/0.17 V and also, a broad 
oxidation peak is seen which is centered at 0.65 V (from 
0.44 to 0.84 V). The CV curves of CPE/PDA-Iodine in the 
presence of different concentrations of p-AP are shown in 
Fig. 4A. According to this figure, an anodic peak appeared 
at 0.47 V and a new reduction peak is noticed at 0.43 V, 
related to the reduced form of p-AP. With successive addi-
tion of p-AP, a gradual increase in the peak current of p-AP 
is also observed. A probable mechanism for the oxidation 
process of p-AP molecules is given in Eq. (6) [31].

Because of the presence of different redox species (DA, 
DQ, I2, I−, and I3

−) on the electrode surface, it is very diffi-
cult to detect the actual mechanisms of interactions between 
the analytes and the modifier; however, the changes of the 
peak currents corresponding to the effects of electroactive 
species in the structure of the modifier with increasing of the 

concentration of analyte confirm the interaction between the 
analyte and the proposed modifier.

A similar experiment was carried out for the Ph. The 
electrocatalytic oxidation of Ph at the CPE/PDA-Iodine 
can be explained with the possible mechanism which is 
shown in Fig. 4B. During the CV scan, as soon as the 
phenol molecules reach potential of 1.0 V, they are oxi-
dized electrochemically to phenosemiquinone radicals, 
and these intermediates selectively oxidize the Ph mol-
ecules to hydroquinone and catechol, while during the 
backward scan, the new reduction peaks corresponding to 
hydroquinone and catechol appear at potentials of 0.66 V 
and 0.57 V, respectively (Eq.  (7)) [32, 33]. The same 
study was conducted for the p-NP. As shown in Fig. 4C, 
the anodic peak at 1.26 V corresponds to the oxidation 
of nitrophenol to the 4-nitrophenoxy radical (oxidation 
of hydroxyl group). This monoradical can experience a 
dimerization process. At negative potential, the p-NP 
molecule is reduced to p-aminophenol, but because this 
process takes place at potentials lower than the reduction 
potential window of the water molecules, therefore, the 
reduction peak cannot be observed. The peak current of 
p-NP at 1.3 V increases with an increase in the concen-
tration of p-NP. The proposed mechanism is shown in 
Eq. (8) [34].

The electrooxidation peak currents of the iodine species 
(I2/I− and I−/I3

−) at the modified electrode decrease upon 
increase of the concentration of p-NP in solutions.

It seems that the presence of the aromatic benzene rings 
and the adsorbed iodine species on the nanospheres surfaces 
result in the accumulation (π-π interaction between aromatic 
rings of polymer and analytes and the interaction of the elec-
tron cloud of the iodine species and the analytes molecules) 
of the analytes on the electrode surface. In addition, since 
the p-nitrophenol molecule has a nitro group, it can cause a 
direct oxidation–reduction reaction with the iodine species 
which results in a decrease in the oxidation peak current 
of the iodine species, as is seen in Fig. 4C. Such evidences 
confirm the interactions between the iodine species or their 
oxidation intermediates or their oxidation products with 
p-NP molecules.
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(6)
Simultaneous quantitative determination of p‑AP, 
Ph, and p‑NP using DPV

Optimization results (given in S6 and S7) reveal that the 
CPE/PDA-Iodine shows maximum peak currents and 
peak-to-peak separations at pH 2 and the electrochemical 

(7)

(8)

Fig. 2   A XPS spectrum related to the elemental survey scan of PDA-
Iodine. B Curve fitting of C 1 s XPS spectra. C Curve fitting of O 1 s 
XPS spectra. D Curve fitting of N 1 s XPS spectra. E Curve fitting of 
I 3d XPS spectra (All binding energy values were calibrated by fixing 
the C (1 s) core level to the 285.0 eV. XPS peaks were deconvoluted 
using the SDP software (version 4.1) with 80% Gaussian-20% Lor-
entzian peak fitting)

◂
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reactions of p-AP, Ph, and p-NP molecules on the modi-
fied electrode are diffusion-controlled processes. How-
ever, differential pulse voltammetry (DPV) experiments 
were applied for simultaneous measurement of the con-
centration of p-AP, Ph, and p-NP in solutions under 
optimal experimental conditions using the fabricated 
electrochemical sensor. Figure 5 shows the DPV curves 
of p-AP, Ph, and p-NP molecules at their different con-
centrations. As depicted in this figure, the anodic peak 
currents increased linearly with an increase in the p-AP, 
Ph, and p-NP concentrations in solutions. The corre-
sponding calibration plot for p-AP can be noticed in 
Fig. 5. The anodic peak currents of p-AP increase linearly 
with its concentration between 0.5 and 120 µM. The lin-
ear equation is expressed as: I (µA) = (0.1128 ± 0.0020) 
[Cp-AP(µM)] + 1.2263 ± 0.1142 with correlation coefficient 
of 0.9963 and the current sensitivity of 0.8978 µA.µM-1.
cm–2. This figure also shows the related calibration plot 
for Ph. The anodic peak current also increases linearly 

with the concentration of Ph between 0.7 and 120 µM. The 
linear equation is expressed as: I (µA) = (0.1161 ± 0.0022) 
[CPh (µM)] + 1.6961 ± 0.1167 with correlation coef-
ficient of 0.9961 and the current sensitivity of 0.9242 
µA.µM–1.cm–2. Figure 5 also illustrates the related cali-
bration plot for p-NP. The anodic peak currents increase 
linearly with the concentration of p-NP between 1.0 and 
100 µM. The related linear equation is calculated as: I 
(µA) = (0.1611 ± 0.0034) [Cp-NP (µM)] + 2.0328 ± 0.1870 
with correlation coefficient of 0.9956 and the current 
sensitivity of 1.283 µA.µM–1.cm–2. Detection limits were 
calculated based on the relationship of LOD = 3Sblank/m 
where S blank is the relative standard deviation of blank 
signals (n = 10) and m is the slope of the calibration plot. 
Hence, LOD values were obtained as 30, 40, and 80 nM 
for p-AP, Ph, and p-NP, respectively. Moreover, based on 
the results given in S8 and Table S1, the proposed sen-
sor is an excellent candidate for simultaneous quantitative 
determination of p-AP, Ph, and p-NP in solutions. Further-
more, as discussed in S9, S10, and Table S2, the proposed 
sensor shows excellent selectivity and stability indicating 
its applicability as a promising candidate for selective and 
stable detection of these three phenolic pollutants.

Application of CPE/PDA‑Iodine electrochemical 
sensor for the quantitative determination of p‑AP, 
Ph, and p‑NP in real samples

In order to verify the analytical application of the proposed 
sensor, it was used for simultaneous measurement of the 
concentrations of p-AP, Ph, and p-NP in real samples, 
including tap water and river water samples. Tap water 
and river water samples were centrifuged (at 5000 rpm) to 
remove solid materials, and then the pH values of the sam-
ples were adjusted to 2, using 0.1 M PBS. Twenty-milliliter 
aliquots of these samples were transferred in electrochemi-
cal cell and the amount of analytes was determined through 
recording DPVs (by calculating the peak currents at 0.46 V 
for p-AP, 1.01 V for Ph, and 1.23 V for p-NP). The results 
show that the analyzed real samples do not contain these 
phenolic compounds at the LOD level. Therefore, the appli-
cability of the proposed sensor for real sample analysis was 
tested through analysis of the spiked samples using the 
standard addition method. Therefore, appropriate amounts 
of the analytes (given in Table S3) were spiked into each 
samples (which their pH values were adjusted to 2, using 
0.1 M PBS) to determine the recovery values using the pro-
posed method. As depicted in Table S3. The values of the 
recoveries were in the range from 94.0 to 104.4%, which 
confirms that the matrix of the real samples does not cause 
any interference in determination of the concentrations of 
these phenolic compounds in aqueous solutions. In addition, 
the samples were also analyzed by HPLC for comparison. 

Scheme 1   Structure of polydopamine-Iodine
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Fig. 3   CVs at (a) BCPE and (b) CPE/PDA-Iodine in 0.1 M PBS (pH 
2.0) containing p-AP (80 μM), Ph (90 μM), and p-NP (70 μM)
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The representative HPLC chromatogram in Fig. S7 (HPLC 
conditions were given S2) shows the separation of p-AP 
(60 µM), Ph (80 µM), and p-NP (100 µM) in optimum exper-
imental conditions. As can be seen in Table S3, the results 
obtained with the proposed method are in good agreement 
with those of standard HPLC method indicating the accu-
racy of the results. Therefore, the developed sensor gives a 
promising tool for the simultaneous determination of p-AP, 
Ph, and p-NP in tap and river water samples with desir-
able recoveries. It is important to note that like many solid 
electrodes, the electrode fouling due to accumulation of the 
oxidation products of analytes is a problem. Thus, when nec-
essary, the electrode surface was regenerated by pushing 
the graphite paste out of the glass tube and polishing it by 
weighing paper.

Conclusion

Simultaneous quantitative determination of phenolic pol-
lutants in water samples is an actual area of investigation 
in modern electroanalysis. The present work focuses on the 

preparation of a cheap, stable, selective, and sensitive sensor 
for simultaneous monitoring the concentration of three toxic 
phenolic pollutants—p-aminophenol (p-AP), phenol (Ph), 
and p-nitrophenol (p-NP)—in water samples. PDA-Iodine 
nanospheres were prepared and implemented to modify a 
carbon paste electrochemical sensor. The CPE/PDA-Iodine 
electrode was applied as a novel electrochemical sensor with 
well-defined oxidation peaks for the simultaneous quantita-
tive determination of these phenolic compounds. The CPE/
PDA-Iodine sensor showed an excellent electrocatalytic 
activity because of the presence of various redox species 
(DA/DQ, I2/I−) on the electrode surface. The proposed sen-
sor has advantages like low detection limits, appreciable 
stability, good selectivity, acceptable repeatability, and 
cost-effectiveness for measurement of the concentration 
of these phenolic compounds. The maximum interfering 
effects were seen for dihydroxybenzene isomers, chlorophe-
nols, and meta and ortho isomers of AP and NP (meta and 
ortho isomers of AP and NP in the determination of p-AP 
and p-NP, respectively). Hence, the concentrations of these 
compounds should not be more than the levels determined 
in Table S2. In addition, this proposed sensor can be tested 

Fig. 4   CVs at CPE/PDA-Iodine 
in 0.1 M PBS (pH 2.0) contain-
ing increasing concentrations 
of p-AP (A), Ph (B) (25, 50, 
100 μM from inner to outer), 
and p-NP (C). (10, 20, 30, 40, 
50, 60, 75, and 100 μM from 
inner to outer)
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for determination of other phenolic pollutants (in water sam-
ples) or detection of pharmaceuticals in human blood and 
urine samples.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00604-​022-​05361-y.
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