
192|https://doi.org/10.3311/PPch.16238
Creative Commons Attribution b

Periodica Polytechnica Chemical Engineering, 65(2), pp. 192–199, 2021

Cite this article as: Kiss, L., Kiss, A., Kunsági-Máté, S. "Anion Effect on the Electropolymerization Reaction of Metanil Yellow in Aqueous Media and 
Characterization of Polymer Films", Periodica Polytechnica Chemical Engineering, 65(2), pp. 192–199, 2021. https://doi.org/10.3311/PPch.16238

Anion Effect on the Electropolymerization Reaction of Metanil 
Yellow in Aqueous Media and Characterization of Polymer Films

László Kiss1,2*, András Kiss1, Sándor Kunsági-Máté2,3

1 Department of General and Physical Chemistry, Faculty of Sciences, University of Pécs, Ifjúság street 6, H-7624 Pécs, Hungary
2 Szentágothai Research Centre, University of Pécs, Ifjúság útja 20, H-7624 Pécs, Hungary
3 Department of Organic and Pharmacological Chemistry, Medical School, University of Pécs, Honvéd street 1, H-7624 Pécs, 

Hungary
* Corresponding author, e-mail: kissl@gamma.ttk.pte.hu

Received: 15 April 2020, Accepted: 17 July 2020, Published online: 24 November 2020

Abstract

The electropolymerization of Metanil Yellow was investigated in aqueous solutions containing inorganic acids (sulphuric, hydrochloric, 

nitric, phosphoric and perchloric acid) as well as sulphonic acids (5-sulpho salicylic acid, sulphanilic acid, dodecylbenzene sulphonic 

acid, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) and lauryl sulphate in its acidic solution. By the inorganic ions the conductivity 

increased in the sulphate, chloride, nitrate, perchlorate serie. Of the organic sulphonic compounds 5-sulpho-salicylic acid was found 

to be a very efficient dopant in increasing polymer conductivity being obviously better than the other sulphonate anions. The formed 

conducting polymer was not suitable for detection of the corresponding anion. Nitrite ions completely diminished the electric 

properties of the polymer due to the reaction resulting nitrosamine.
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1 Introduction
Metanil Yellow (or Yellow 36) is an azo dye used mainly in 
textile industry owing to its intense color in solutions depend-
ing on the pH, and some analytical methods are based on its 
favorable spectral properties [1–5]. Especially spectrophoto-
metric procedures provide useful alternatives for sensitive 
detection of different species. These advantageous proper-
ties are due to the nitrogen-nitrogen double bond found in it 
inserted between two phenyl groups (Fig. 1).

Electrochemistry of Metanil Yellow has been also inves-
tigated as the azo group can be easily reduced and the diphe-
nylamine moiety can be oxidized. Electrochemical appli-
cations utilize also its favorable spectral properties namely 

high absorbance in the visible wavelength range like in solar 
power generation playing the role of sensitizer on TiO2 / Ti 
electrode in a photoelectrochemical cell [6, 7]. The use 
of carbon quantum dot modified glassy carbon electrode 
proved its usefulness in detection of Metanil Yellow [8].

Metanil Yellow is a toxic material for animals and human 
beings having mutagenic properties therefore its degradation 
is also a significant research interest. Many publications are 
found concerning the chemical and electrochemical destruc-
tion of azo dyes especially Metanil Yellow [9–24].

There is a high interest in the electropolymerization 
reactions of many organic materials. According to our 
knowledges electropolymerization of Metanil Yellow has 
not been studied therefore it is the topic of this work.

2 Experimental
The chemicals used in the experiments were of analytical 
grade (Metanil Yellow was the product of Alfa Aesar) and 
solutions were prepared with twice deionized water. A disc 
shaped platinum electrode was the working electrode 
(1 mm in diameter, sealed in polyetheretherketone, product Fig. 1 Structural formula of Metanil Yellow
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of eDAQ), a platinum wire served as counter and a stan-
dard calomel as reference electrode filled with 1 M KCl. 
Before each experiment its surface was cleaned by polishing 
with 0.05 mm alumina slurry followed by thorough wash-
ing with twice deionized water. A potentiostat (Dropsens, 
Spain) was used for accomplishing the electrochemical 
experiments which were carried out at room temperature.

3 Results and discussion
3.1 Cyclic voltammetric studies in the presence of 
different anions
In the first part of investigations Metanil Yellow was 
studied in 10 mmol/L sulfuric acid with cyclic voltam-
metry between 0 and 1 V by setting 0.1 V/s scan rate. 
These parameters were applied in all further voltammet-
ric experiments. Ten consecutive voltammograms are 
displayed in Fig. 2 (a) taken in this solution containing 
the substrate in 3 mmol/L concentration. The first curve 
shows the oxidation of monomer occurring at around 
0.8 V where its peak appears. The –NH– group between 
the two benzene moieties oxidizes and the formed cat-
ion radical initiates the polymerization attacking the phe-
nyl group of another monomer similarly to electropoly-
merization of diphenylamine and its derivatives [25–28]. 
The morphology studies of deposits carried out in these 
works highlighted their porous structure. On the other 
hand, spectroelectrochemical studies supported the con-
ducting nature of polymers prepared from diphenylamine 
and from its derivatives, copolymers. From the second 
scan an additional oxidation peak showed up at lower 
potentials (~0.62 V) and its intensity increased continu-
ously in the further scans indicating the formation of a 
conducting polymer scarcely soluble in water. The reduc-
tion peaks grew in parallel to increase of anodic ones 
by repeating the scans due to the reduction of the oxidized 
film at around 0.5 V serving as a further evidence for the 
building up of film with low electric resistance. The elec-
tropolymerization was repeated in pH = 12 basic solution 
(Fig. 2 (b)) and formation of a thin insulating polymer 
resulted. According to these findings acidic media provide 
the possibility of creating a polymer layer with conducting 
properties similarly to the usual observations in case of 
diphenylamine derivatives. The substrate becomes proton-
ated on its –NH– group indicated also by the color change 
of solution and this form facilitates the formation of poly-
mer. The rate determining step is the migration of anions 
into the growing polymer layer accompanying the electro-
oxidation of the film as the mobility of protons is extraor-
dinarily high compared with any anion.

The experiments were repeated with other acids 
in 10 mmol/L concentration. Fig. 3 contains the peak current 
values measured in solution of 3 mmol/L Metanil Yellow 
electrooxidation for each inorganic ion (introduced by 
addition of the corresponding acid). Chloride ions resulted 
in a more conducting polymer than in case of sulphate. 
The H2PO4

− ions were introduced into the solution by dis-
solving H3PO4 . Interestingly, highly conducting deposit 

Fig. 2 Subsequent voltammograms of 3 mmol/L Metanil Yellow in 
10 mmol/L sulphuric acid (a) and in 10 mmol/L NaOH solution (b)

Fig. 3 The peak current values of the subsequent voltammograms 
for the different inorganic anions (c = 10 mmol/L)
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formed in the presence of perchlorate ions. The observed 
trend in increment of peak current increase is in accor-
dance with the chaotropic nature of ions. The relatively 
small and doubly charged sulphate ions have an organized 
hydrate shell and losing water molecules needs higher 
activation energy preventing their insertion into the grow-
ing polymer to compensate the forming positive charges 
during its electrooxidation. Therefore, the singly charged 
and larger perchlorate ions contribute to the enhanced 
growth of highly conducting polymer.

It is known that sulphonate ions are suitable dopants 
for increasing the conductivity of the polymer film [29], 
therefore experiments were carried out also with them. 
It is mainly true for polyaniline which has diverse applica-
tions [30]. On the other hand, in our earlier works [31, 32] 
we demonstrated that organic compounds bearing amino 
groups can be easily oxidized electrochemically. Preliminary 
voltammetric studies of the sulphonate ions show that 
none of them has redox activity between 0 and 1 V except 
for sulphanilic acid (Fig. 4). The latter compound oxidized 
close to 1 V and the products underwent electroreduction 
at around 0.33 V where a smaller cathodic peak appeared.

Fig. 5 reveals the recorded voltammograms for Metanil 
Yellow in presence of 5-sulpho salicylic acid. The very 
high anodic peaks indicate that this ion acts as an effi-
cient dopant. In the reverse scans the two cathodic peaks 
also increase similarly by increasing the number of scans 
at smaller potentials where the electroreduction of the 
oxidized film takes place. The appearance of a second 
reduction peak immediately after the first former peak 
can be observed, where electroreduction of the azo group 
to hydrazo group occurs according to an earlier work of 
Shereema et al. [8], which is then oxidized back to azo 

group in the next scan. Similarly to the previous findings 
in basic solution of 5-sulpho-salicylate ions only insulat-
ing film develops (Fig. 5 (b)). It also indicates that only 
acidic environment provides the appropriate conditions 
for increasing the electric conductivity of the forming 
polymer. In the 10 mmol/L solution of dodecyl sulphate 
salt containing 3 mmol/L Metanil Yellow and 10 mmol/L 
sulphuric acid was also dissolved to ensure the acidic pH 
in the solution. Earlier, sulphate ions did not prove effi-
cient at all in triggering the formation of highly conduct-
ing polymer therefore its interference is not significant. 
The other sulphonate ions also did not facilitate the forma-
tion of highly conducting polymer (Fig. 6). However, they 
are also strong acids with pKa below 1 except for HEPES 
whose first pKa is 3. Their size proved to be too large as 
during their insertion into the depositing organic layer 
they influence unfavorably its electric properties.

The tendency of the peak currents in case of sulphanilic 
acid differ remarkably from that of the other sulphonate 
ions. The peak heights of the first voltammograms are sim-
ilar to that of 5-sulpho salicylic acid but after the third cycle 

Fig. 4 Cyclic voltammograms of the investigated sulphonate anions (scan 
rate 0.1 V/s, c = 10 mmol/L), inset graph is related to sulphanilic acid

Fig. 5 Consecutive voltammograms of 3 mmol/L Metanil Yellow in 
presence of 10 mmol/L 5-sulpho salicylic acid (a) and 10 mmol/L 

5-sulpho salicylate ions in basic solution (b)
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the peak currents reach a steady-state value. As sulphanilic 
acid is a zwitterion its positive charge repels the forming 
positive charges of polymer hindering the further building 
of the layer. The steady value of peak currents from the 
third scan can be attributed to the reoxidation of the pre-
viously deposited thin film. The results obtained with this 
material and with 5-sulpho salicylic acid show that their 
size is appropriate for electropolymerization of Metanil 
Yellow. Its voltammograms contain also the cathodic 
peak of attributable to sulphanilic acid oxidation products 
(Fig. 7). Its height increased until a saturation was reached 
indicating the accumulation of sulphanilic acid in the thin 
layer oxidized previously in the anodic part.

3.2 Dependence of anodic peak currents on the scan rate
The investigation of the effect of changing the scan rate 
provides useful information concerning the behavior of 
the studied process. It was studied by all of ions being effi-
cient in contributing to the higher polymer conductivity. 
In the previous experiments, the polymer was electrode-
posited by repeating the scanning ten times. After this 
step the platinum electrode covered by the layer was kept 
in water enhancing the diffusion of unreacted mono-
mers from the films. Then, the electrode was put into the 
10 mmol/L aqueous solution of the corresponding acid 
and the cyclic voltammograms were repeated until they 
reached an almost steady value and during this procedure 
the traces of monomer presenting in the film were oxi-
dized. Before all recordings the potential was kept for 30 s 
at 0 V for the complete reduction of the oxidized film fol-
lowed by 30 s equilibration period.

The obtained Ipa vs. scan rate plot is displayed in Fig. 8 
for Metanil Yellow in presence of 5-sulpho salicylic acid. 
The figure clearly shows the linear dependence of anodic 
peak currents on the scan rate indicating that electroo-
xidation of the polymer is adsorption controlled. It was 
established also by the other studied ions. As a matter of 
fact the electroactive polymer is confined to the platinum 
surface and anions migrate from bulk into the polymer to 
compensate the forming positive charges.

3.3 Effect of nitrite ions
In samples containing nitrate ions nitrite is one of the possi-
ble interfering ions which is a product of nitrate reduction. 

Fig. 7 Subsequent cyclic voltammograms of 3 mmol/L Metanil Yellow 
in an aqueous solution containing 10 mmol/L sulphanilic acid 

(scan rate 0.1 V/s)

Fig. 6 Peak currents for 3 mmol/L Metanil Yellow in the presence of 
the different organic sulphonate ions (DDS: dodecyl sulphate, DDBS: 

dodecylbenzene sulphonate, SS: 5-sulpho salicylic acid, SA: sulphanilic 
acid, HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)

Fig. 8 Dependence of anodic peak currents on the scan rate for the 
polymer formed from Metanil Yellow in aqueous solution of 

10 mmol/L 5-sulpho salicylic acid
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The electrodeposited polymer coated electrode was exposed 
to nitrite ion in neutral and acidic conditions. First of all the 
coating was completely reduced at 0 V according to the 
procedure described in the previous section to be able to 
oxidize to get the corresponding oxidation peak. In neu-
tral media where only sodium nitrite was dissolved in 10 
and 20 mmol/L concentration (Fig. 9) and no anodic peak 
appeared at around the potential where it appeared in solu-
tion of Metanil Yellow containing nitric acid. Close to 1 V 
steep current increases were observed possibly due to elec-
trooxidation of nitrite ions. The experiments were repeated 
containing nitric acid in 10 mmol/L concentration ensur-
ing the acidic environment (inset of Fig. 9). The same 
results could be obtained as in neutral media which also 
facilitates that electrooxidation of nitrite ions occur after 
diffusion through the porous film. No anodic peak showed 
up also in presence of nitrate ions as observed previously 
in their absence. These results suggest that determination 
of nitrate ions encounters difficulties due to nitrite ions and 
the layer has rather diffusion hindering properties towards 
electroactive species. The reason is the reaction of nitrite 
ions with the amine type groups of the polymer which was 
facilitated particularly in acidic medium producing nitro-
soamine usually observed by secondary amines which 
showed no electroactivity and the coating lost its favorable 
conductivity. When the polymer is reduced electrochemi-
cally in the pretreatment, amine type groups form, eliciting 
the further reaction with nitrite. Exposition to nitrite ions 
changed the color of layer from light purple to light yellow 
characteristic for nitrosamines.

3.4 Effect of acid concentration
The experimental findings in the previous sections high-
lighted that electropolymerized Metanil Yellow sustains 
its highly conducting properties only at low pHs. Influence 
of acid concentration might provide additional useful 
information about the electropolymerization process. 
Recording of ten subsequent voltammograms of 3 mmol/L 
Metanil Yellow at different acid concentrations and taking 
into account the anodic peak currents of the tenth cycles 
showed that in cases when concentration of substrate and 
acid was comparable (Fig. 10) the highest peak currents 
could be obtained. These results suggest that less quantity 
of acid (approximately 0.2 times that of substrate) seems 
enough compared with substrate to obtain electropoly-
merized Metanil Yellow. As Metanil Yellow itself is also 
a strong electrolyte the substrate is in aqueous system 
in an anionic form so in presence of another added elec-
trolyte in less quantity leads to the predominant role of 
migration effects on the electrooxidation of substrate.

3.5 Estimation of the electropolymerized Metanil 
Yellow in determination of anion concentration
In the previous paragraphs it was shown that electropo-
lymerization of Metanil Yellow reflects the presence of 
different anions with different sensitivity. According to 
the previous sections the polymer layer was conditioned 
before each measurement setting 30 s conditioning time 
at 0 V and then 30 s equilibration time. Calibration solu-
tions were prepared which contained sulphuric acid 
in 5 mmol/L concentration and the concentration of salt 

Fig. 9 Effect of pH on the electrooxidation of nitrite ions 
on electropolymerized Metanil Yellow coated Pt electrode 

(inset graph is related to acidic pH)

Fig. 10 The peak currents of tenth scans of Metanil Yellow 
electrooxidation by different 5-sulpho salicylic acid concentrations 

(scan rate 0.1 V/s)
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containing the corresponding anion. The presence of sul-
phuric acid ensured the acidic pH to contribute to forma-
tion of the highly conducting polymer. The responses of 
the polymer modified electrode towards ClO4

− and NO3
− 

ions are plotted in Fig. 11. Concentrations of these ions 
were set by adding NaClO4 and NaNO3 in the necessary 
quantity. The measured peak currents show that they 
are practically independent on the anion concentration. 
The observations are in good agreement with the previous 
findings as the electroactive polymer is in the very close 
vicinity of the platinum surface and its electrochemical 
reaction needs only the presence of anions in the electro-
lyte solution capable of entrapment into the growing film.

The reproducibility of the electrodeposition was also 
studied in case of different anions and Table 1 summa-
rizes the results. The data for the tenth cycle were taken 
into consideration for three measurement (N = 3) by the 
statistical evaluation. As seen earlier from the figures and 
these data show that anodic and cathodic peak heights are 
comparable in magnitude and reproducibility of deposi-
tion is around 5 %.

4 Conclusion
The electrochemical investigations of Metanil Yellow 
showed that conducting polymer might be electrodepos-
ited which is strongly dependent on the type of anion pre-
senting in the acidic electrolyte solution. During electro-
oxidation of polymer it takes off the anions and strip into 
the solution during the electroreduction so its future appli-
cation might be in the field of anion removal from aqueous 
solutions or utilization in processes where transfer of ions 
is the key process. The deposited film itself and its nitrosa-
mine derivative have potential applications where optical 
and sorption capability is important.
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Table 1 Statistical data for the tenth cycles of electrodeposition process 
in presence of the anions (relative standard deviations in parenthesis)

Anion Anodic peak current 
(mA)

Cathodic peak current 
(mA)

SO4
2− 3.094 (4.334 %) −3.093 (3.998 %)

Cl− 5.299 (4.546 %) −4.646 (4.011 %)
NO3

− 8.09 (3.718 %) −7.514 (3.122 %)
ClO4

− 10.072 (3.112 %) −9.477 (2.776 %)
H2PO4

2− 9.201 (5.201 %) −9.231 (5.033 %)
5-sulpho salicylate 12.998 (4.888 %) −11.685 (5.101 %)
Sulphanilic acid 3.724 (2.885 %) No relevant peak

Fig. 11 Dependence of anodic peak currents of electropolymerized 
Metanil Yellow on the anion concentration
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