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Conductive polymers are an intresting subject of research due to their electronic and redox
properties and potential applications in many fields. Poly(2-aminothiazole) (PAT) is an electrically
conductive conjugated polymer that has valuable properties: anticorrosive, antitumor activities, heavy
metal sensing.

The conditions of 2-aminothiazole (AT) electrodeposition on the optical transparent electrode,
covered with conductive SnO2 layer and on the Pt sheet, were studied. Thin films of PAT were
synthesized from aqueous solution of AT in cyclic voltammetry mode at the presence of (NH4)2C204
or H2S04 as electrolytes. The optical absorption spectra of PAT films were studied. Doping of PAT
with Ks[Fe(CN)s] significantly affects the optical characteristics of films due to the redox processes.

Key words: poly(2-aminothiazole), cyclic voltammetry, electrochemical polymerization,
doping, optical spectroscopy.
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1. Introduction

Conductive polymers have been a subject of intense research, since their discovery in
1970s, due to their electronic properties and potential applications in various fields, such as
biosensors, corrosion inhibitors, ion sensors, electrochromic devices and electrochemical
batteries [1-5]. In particular, poly(2-aminothiazole) (PAT) is an electrically conductive
conjugated polymer that exhibits anticorrosion properties [1]. Materials based on poly(2-
aminothizole) adsorb heavy metals ions, such as Ni(ll), Cu(ll), Cd(ll), Zn(ll), and Pb(Il) from
aqueous and organic medium. Selective concentration or even determination of one of the ions
in the presence of others is possible using poly(2-aminothizole) [2]. In addition, 2-aminothiazole
is biologically active compound with antimicrobial, antitumor properties and thiazole ring is a
part of the active substances of many drugs [5]. However, despite the prospects of applications
of PAT the number of publications on its synthesis and usage of the polymer itself is limited.

Synthesis of poly(2-aminothizole) can be carried out by two methods: chemical
synthesis and electrochemical. Chemical synthesis is mostly carried out in organic solvents
with various oxidants as initiators of reaction [6-7]. It allows to obtain a great amount of
polymer, even for industrial purposes. Electrochemical polymerization enables studying of
thin polymer films properties on different surfaces, allows to control film thickness [8].
Particularly interesting (for creating optical sensors) is applying active films to optically
transparent electrodes, for example, SnO; electrode. Moreover, electrochemical synthesis
technique allows obtaining a simultaneously doped conductive polymer, the deposition of
insoluble polymers.

© Dubenska L., Horbenko Yu., Aksimentyeva O. et al., 2021



L. Dubenska, Yu. Horbenko, O. Aksimentyeva
ISSN 2078-5615. Visnyk of the Lviv University. Series Chemistry. 2021. Issue 62 257

Electrochemical synthesis can be conduct in three different regimes: galvanostatic, when
current is constant, potentiostatic, when potential is constant, voltammetry, when potential is
function of time. Voltammetry allows to study processes that take place on electrode surface
during the polymerization. Therefore, the aim of our research is to find optimal ways of
electrochemical synthesis of poly(2-aminothiazole) by cyclic potential scanning or voltammetry
(CVA) on different electrodes and to study properties of produced films.

2. Materials and experimental procedures

2-aminothiazole (CAS-number: 96-50-4; M=100.14 g/mol; UOSIab,) — light yellow
crystals; soluble in water (100 g /1 at 20°C), alcohols, diethyl ether.

Electrolytes — sulfuric acid (fixanal), ammonium oxalate monohydrate
((NH4)2C204-H20, >98%). Complex salt Kz[Fe(CN)s] was “chemical pure” grade Reagents
were purchased from “Cdepa Cim”.

All solutions were prepared with distilled water.

Electrochemical measurements were carried out with the help of potentiostat
MTechPGP-550M. Electrochemical cell consisted of a three-electrode system: as a working
electrode platinum sheet (S = 2 cm?) was used. As optical transparent electrode we used
glass covered with conductive SnO; layer (S = 2 cm?, T > 80 %, SHOTT Korea); as a
reference electrode — saturated Ag/AgCl; as a counter electrode — platinum mesh. Synthesis
was carried out at a sweep rate 20 mV/s in potential range from —0.2 V to 1.5 V. Thin films
of PAT were deposited from 0.1 M monomer solution at the presence of 0.3 M ammonium
oxalate or 0.5 M sulfuric acid as electrolytes after 20 cycles of potential sweep.

In order to get information about electrochemical activity of PAT films, cyclic
voltammograms at different sweep rates at the presence of 0.3 M ammonium oxalate or
0.5 M sulfuric acid as electrolytes were obtained. Film thickness was determined by
microinterferometer MII-4 for the films on the SnO; surface, while for Pt sheet we use
gravimetric method.

Optical properties of PAT were studied on the surface of SnO,-electrode in
comparison with clean SnO-electrode. Spectral measurements were carried out on
photocolorimeter KFK-3 in the range of wavelength 310-990 nm.

Doping was carried out as follows: electrode with PAT film on it was soaked for 20
min at 0.005 M solution of K3[Fe(CN)s] as a dopant, further it was pulled out, washed with
distilled water and used for studies.

3. Results and discussion

During the studies was found out that in the medium of ammonium oxalate on
working electrode surface thin film of PAT forms (Fig. 1), while in the presence of sulfuric
acid polymerization does not happen. In the result of the electrosynthesis, a light yellow-
brown polymer film was formed on the working electrode surface. The multiple cyclic
voltammogram showed that electrooxidation of AT on the optical transparent electrode take
place during first potential sweep at the peak potential E = 1.0 V (versus Ag/AgCl
reference), while on the platinum sheet peek potential was E = 0.8 V. This peak
disappeared after the first cycle due to the film formation that blocks access to the electrode
surface and in the second cycle — a new peak at E = 0.7 V (at both electrodes) appeared that
corresponds to the formed electroactive film. The potential value did not change in
subsequent cycles on both electrodes, while peak current slightly changed to the bigger
values with every cycle, that means that film was slowly growing.
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Fig. 1. Cyclic voltammograms obtained in the electrochemical polymerization process from 0.1 M
aqueous solution of monomer at the presence of 0.3 M (NH4)2C204 on SnO: electrode (a) and on
platinum sheet (b)

Possible mechanism of electrooxidation of 2-aminothiazole (Fig. 2) was suggested
in the literature [9], in the first stage the oxidation of the monomer occurs with the
formation of cation-radical on amino group. In the following stages the recombination of
radicals with simultaneous deprotonations takes place. Then there is rearrangement with
one more deprotonation.
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Fig. 2. Mechanism of electrooxidation and oxidative coupling of 2-aminothiazole

Synthesized films of PAT show electrochemical activity. Dependence between the
peak current and the scan rate was studied at the presence of 0.5 M sulfuric acid and 0,3
ammonium oxalate as electrolytes on platinum electrode. The peak current increased with
increasing of scan rate in both cases (Fig. 3). As can be seen from cyclic voltammograms
the electrolyte nature significantly affects electrochemical activity. In particular, at the
presence of sulfuric acid one more zone of electrochemical activity at E = 0.25 V appears
(Fig. 3, ), that is not present in ammonium oxalate medium (Fig. 3, 6). Sulfuric acid is a
strong acid that acts as a dopant for PAT film, it intensifies film conductivity and
electrochemical activity.

Linear dependence between the peak current and the scan rate at 0.5 degree was
obtained, which can be explained by diffusion limitation of electrochemical processes in
PAT film (Fig. 4). The different slop of the peak current dependencies is evidence of the
distinguish of the charge transport rate because cathode process proceeds with
reorganization of polymer in thin layer.
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Fig. 3. CVA of PAT films on Pt at different scan rates in aqueous solutions:
a—0.5 M Hz2SO4; b — 0.3 M (NHa4)2C204. Films deposited on Pt from 0.1 M aqueous solution of
monomer in the presence of 0.3 M (NH4)2C204) during 20 cycles of potential scanning
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Fig. 4. Dependence between the anodic and cathode peak current and the scan rate at 0.5 degree

in 0,5 M H2SO4 for PAT film deposited on Pt from 0,1 M aqueous solution of monomer
in the presence of 0,3 M (NH4)2C204

This allows to apply the model of semi-infinite diffusion and Randles — Shevchik
equation (1) to determine effective coefficients of charge diffusion.

ip: 2.69 -105n37? S.Def1/2V1/2C* (1)
Equation for calculating the concentration of active centers
C* = Q/nFsSl, (2)

where n is the number of electrons involved in the redox process, here n =1; S is the
area of the film (2 cm?); C* is the concentration of active centers in the film (mol/cm3); Q is
the total charge calculated by integrating the anode or cathode part of the CVA curve; F is
the Faraday constant, C; | is the film thickness, here | = 1.2 10-° cm, was calculated from
the mass of polymer film deposited on the electrode.
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To determine the concentration of active centers in the PAT film, graphical
integration of CVA curves was performed using the mathematical program Origin6.0. To
calculate the concentration of active centers, the anode and cathode branches of the CVA
curve, obtained at v = 20 mV/s, were used, under conditions when the largest number of
redox centers of the polymer layer have time to oxidize or reduce.

As can be seen from the values of the diffusion coefficients, the rate of electron
transfer is higher for the anode process, as confirmed by the higher diffusion coefficient
(Table 1).

Table 1
Electrochemical activity of PAT films
Medium | Process | E,V | C*10%, mollcm® | Der, em?sec
Cathodic 0.25 247 56-1010
0.5 MHSO: Anodic 1.03 2.69 1.37-10°®
0.3 M (NH4)2C204 Anodic 0.93 7.32 2.03-108

PAT film has a characteristic spectrum of conjugate polymer systems (Fig. 5). In
particular, the absorption inherent in such systems within wavelengths of 400 nm (A1), which
extends into the UV range, and is associated with (m-t *) electronic transition of aromatic
structures in the conjugate system. The second intense band with a maximum at A, = 600 nm,
characteristic of the electronic transition (n-z * in imino-quinoid structures) of polyamino-
aromatic compounds. Absorption in the range of 850-900 nm, extending to the near IR
region, may be due to absorption of delocalized charge carriers in the film of PAT [11].

Among doping reagents, potassium ferrocyanide and potassium ferricyanide attract a lot
of attention. Potassium ferricyanide Ks[Fe(CN)g] is used in many amperometric biosensors as an
agent for electron transfer. Doping of conjugated polymers with these complexes leads to
changes in electro-optical characteristics [10]. Chemical doping of PAT with the complex
compound Ks[Fe(CN)g] significantly affects optical characteristics of thin films due to the
course of redox processes. After doping of PAT with the Ks[Fe(CN)s] complex, the optical
density of the central band increases at A, and the hypsochromic shift of this band is observed by
almost 50 nm (A2 = 550 nm). In addition, there is another band at approximately 680 nm, which
in the literature is associated with the appearance of free charge carriers [11, 12].
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Fig. 5. Absorbtion spectrum of PAT film before and after doping with KzFe(CN)s. Film was
deposited from 0.1 M monomer solution at the presence of 0.3M ammonium oxalate
on SnOz-electrode
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Taking into consideration the hypsochromic shift of the absorption maximum, we
can assume that dopant acts as oxidant mainly. As a result, part of neutral fragments of
PAT turn into oxidized, while the iron ion changes degree of oxidation from +3 to +2:

[PAT] + Fe(CN)s*> 2 [PAT*]Fe(CN)s*

Considerable hypsochromic shift and appearance of the absorption maximum at 870

nm probably can be explained by the formation of PAT—Fe(CN)s complex.

4. Conclusion

Therefore, conditions of electrooxidation of 2-aminothiazole, that is accompanied by
film formation of electroactive polymer (PAT) on the Pt and SnO; electrodes were studied.
Thin films of PAT were obtained from aqueous solutions by cyclic voltammetry in the
presence of ammonium oxalate or sulfuric acid as electrolytes. The electrochemical activity
of PAT film in the mentioned electrolytes was investigated. The determined diffusion
coefficients indicate a higher electron transfer rate for the anode process. The optical
absorption spectra of PAT films are typical for conjugated polymers. Doping of the films
with the Ks[Fe(CN)s] complex significantly affects the optical absorption spectra due to
redox processes occurring in the film. Obtained results will be used in further study of
properties and fields of application of poly(2-aminothiazole).
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EnexrponpoBinHi moniMepn € 00’€KTOM aKTHBHHX JOCIHIIKEHb 3aBISKH CBOIM €JIEKTPOHHUM
BJIACTUBOCTSIM Ta MOTEHLIHHNM 3aCTOCYBaHHSIM y 0aratbox cepax — sk 6i0CeHCOpH, iIOHHI CeHCOopH,
iHTi0ITOpN KOPO3ii, enekrpoximiuHi Oarapei Tomo. [Tomi(2-aminoriazon) (ITAT), sxuil € cupsHKeHIM
CJIEKTPONIPOBITHAM  IIOJIIMEPOM, BOJOJi€ OaraTbMa IIKaBUMH  BIACTUBOCTSAMHM, 30KpeMa,
AQHTUKOPO3IMHUMH, POTHMIKPOOHNUMH, MPOTHITYXJIMHHUMH, a TaK0XX COPOLIHHIMH BIACTHBOCTSAMHU
Ba)XKHX MeTaliB. EnexTpoxiMiyHa mojiMepH3amisi — e 3py4HHH crocid KOHTPOIHOBAHOTO CHHTE3Y
HOJNIMEpIB Ha Pi3HUX HOBEPXHSX, KUK Ja€ 3MOTY JOCITIIPKYBaTH BIACTHBOCTI MOJIMEPIB Y TOHKUX
IUTIIBKaX, PEryJaioBaTH IXHIO TOBINMHY, a TaKOX JOIYyBAaTH NOJIMEep oXpa3y IIiJ dYac CHHTE3Y.
Oco0MMBO ILiKaBUM € BHKOPHCTaHHS OINTHYHO IIPO30OPHX ENEKTPOMAIB Ul CHHTE3y, IIO Jae
MOJKJIMBICTB JJOCIIJDKYBAaTH ONTHYHI BJIaCTUBOCTI OEPKAaHHUX HOJIIMEpIB.

V wiit mpaiii BUBYEHO YMOBH €IEKTPOOCAKEHHS 2-aMiHOTia30iry Ha Pt mmacTtuHi, a Takox Ha
ONITUYHO TPO30POMY CKIISTHOMY €JIEKTPOJli, BKpHTOMY IpoBinHIM mapoM SnOz. ToHKI CBITIO-KOBTI
mniBkn [IAT ozepkaHO 3 BOJHHX PO3YMHIB METOJOM IUKIIYHOI BOJBTAMIIEPOMETpPii B Mekax
noreHnianiB Big -0,2 B mo 1,5 B y mpucytHOCTI aMoHiii okcamaTy abo cymb(paTHOI KHCIOTH SK
enexTponiTiB. JocmimkeHo enexTpoximMiuHy akTuBHICTh [IAT y mpucyTHOCTI 3ralaHuX €JIeKTPOIITIB,
cepeloBHIIe CyNb()AaTHOT KUCIOTH CHPUYHHSE IMOSBY KaTOJHY 30HY €JIEKTPOXIMIYHOI aKTUBHOCTI,
SIKOT HEeMae 'y CepelIoBHILI aMOHIl OkcajaTy. BHBYEHO ONTHYHI CHIEKTPHU TOTIMHAHHS TOHKUX IUTIBOK
ITAT. Jdonysauns rmiiBok ITAT komruiekcom Ks[Fe(CN)e] 3Ha4uHO BriMBac Ha ONTHYHI CHEKTPH
MOTJIMHAHHS TUTIBOK 4Yepe3 OKUCHO-BIJHOBHI MpOIECH, [0 BifaOyBaroThes y rumiBmi. JliHiitHa
3JEXKHICTh CTPYMy MIKiB BiJl IIBHIAKOCTI PO3TOPTKH MOTEHIally B CTyNEHI Y2 CBIIYUTH TPO
IUQyY3iHHUIA KOHTPOJIb ENEKTPOXIMIYHHX TpoleciB y TumBLi. BusHaueHi koedimieHTn mudysii
3aCBIAYYIOTh BHILY IIBUAKICTh €IEKTPOHHOTO IEPEHOCY I aHOAHOTO TIPOLECy.

Knouogi  cnosa: momni(2-amiHOTIa30J1), LUKIIYHA BOJBTAMIIEPOMETPIis, EIEKTPOXiMiuHa
HoJriMepH3altisi, OMyBaHHs, ONTHYHA CIICKTPOCKOITis.
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