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Electrooxidation of o-Aminobenzylalcohol — Identification
of Oligo-benzylether Structures and Polyaniline Type
Polymer by IR and UV/VIS Spectra
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The electrooxidation of o-aminobenzylalcohol was studied in aqueous acidic solutions.
Two distinct electroactive and electrochromic products were identified by cyclic
voltammetry, in situ UV/VIS and infrared spectra. In initial electrodeposition cycles the
oligomers containing benzylether units are formed. Further oxidation—reduction cycles
lead to the polyaniline-type polymer. Effects of the kind of acid present in the polymer-
ization bath and of the acid concentration were also studied.
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Substituted polyaniline (PANI) derivatives have been studied extensively in or-
der to influence the optical properties, to enhance the solubility in organic solvents or
to enhance the polymer usefulness in metal cation binding [1-6]. Conductivity of
substituted derivatives is often lower comparing to PANI, although methoxy-substi-
tuted polyanilines are good conductors and additionally they are soluble in common
organic solvents [7—10]. Aniline derivatives with hydroxy or second amine groups in
the ortho position polymerize giving oxazine or phenazine linkages between the ben-
zene units. Such conjugated ladder type polymers are characterized by a single redox
couple and different electronic absorption spectra comparing to PANI [11-16].

It has been reported that the isomer compound of o-aminobenzylalcohol (ABA) —
o-methoxyaniline also yields the polymer, having the electrochemical properties
similar to PANI together with the dimer containing oxazine ring as the by-product
[17,18].

This paper reports the electrochemical and spectroscopic studies on ABA electro-
oxidation. It is shown that two distinct electroactive and electrochromic species are
formed during the ABA electrooxidation. The electrooxidation products are investi-
gated by cyclic voltammetry, in situ UV/VIS and infrared spectra. The influence of
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the kind of acid and of the acid concentration on poly-o-aminobenzylalcohol (PABA)
formation is demonstrated.

EXPERIMENTAL

The electrooxidation was carried out in the solution containing 0.1 M ABA. The acid concentration
was equal to 0.2, 1.0 or 2.0 M of H,SO,4 and 0.4, 2 or 4 M of HCIO4. The electrochemical experiments
were performed in a single compartment cell with a conventional three electrode configuration using sil-
ver-silver chloride electrode (Ag/AgCl) as the reference electrode. All potentials given in the text are re-
ferred to this electrode. The electrooxidation of ABA was performed on gold wire electrodes or on the ITO
glass electrodes (indium tin oxide coated glass) by potential cycles from—0.2 Vto 1.2V vs. Ag/AgCl. The
typical scan rate was equal to 20 mV/s for gold and 10 mV/s for ITO electrodes. The electrooxidation
products obtained on ITO were studied by in situ UV-VIS absorption spectra at constant potential, as well
as by recording the absorbance change during cyclic potential sweep (10 mV/s) at the constant wave-
length. The samples for the IR measurements were electrodeposited on the Pt sheet. Subsequently, three
potential cycles from —0.1 to +0.8 V and back to —0.1 V were carried out. The samples were rinsed with
water, dried and detached from the electrode. IR spectra were recorded in KBr pellets using Shimadzu
FTIR 8400 spectrometer. Electrochemical part of experiments was maintained by the AUTOLAB system
(Eco Chemie, The Netherlands). /n situ VIS absorption spectra were recorded by the Lambda 12 Perkin
Elmer spectrometer. The monomer ABA and acids (Fluka) were used as obtained without further purifica-
tion.

RESULTS AND DISCUSSION

Cyclic voltammograms of ABA in 2M H,SO,. Typical voltammograms ob-
tained during the electrooxidation of ABA in the 2M H,SO, solution are shown in
Figure 1. On the first positive sweep the peak (A) corresponding to the oxidation of
ABA is observed at 1.05 V. Single redox couple corresponding to ABA electro-
oxidation products occurs in initial electrooxidation cycles. In the few initial cycles
both A and B/B’ currents diminish, as indicated by arrows in Figure 1, suggesting that
the product of ABA electrooxidation is not very electroactive and it is blocking the
electrode surface. During further cycling, the B/B’ pair increases in a way character-
istic for growth of the electroactive film. Further new redox pairs appear: C/C’ and
D/D' in Fig. 1. Such delayed growth of the electroactive layer was observed during
the electrooxidation of o-aminophenol (OAP) [14,15]. The main product of the OAP
electrooxidation was the cyclic dimer — 3-aminophenoxazone, which underwent fur-
ther oxidation and polymerization. The obtained polymer had the ladder —
phenooxazine type structure. By analogy, in our case the cyclic dimers/oligomers
might be formed during the first oxidation—reduction cycles in the ABA solution.

Fig. 2 shows cyclic voltamperometric responses of the layers obtained in 10, 15,
20 and 25 ABA electrooxidation cycles recorded in the monomer free 2M H,SOy so-
lution. As illustrated in Fig. 2, two or three redox pairs are discernable depending on
the layer thickness. Poly-OAP showed the single redox pair in similar experimental
conditions [14,15].
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Cyclic voltammograms recorded during the ABA electrooxidation at the gold electrode in2 M
H,SOy4; sweep rate 20 mV/s; arrows indicate current changes in subsequent cycles.
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Figure 2. Cyclic voltammograms in the monomer free solution. Layers electrodeposited in: 1) 10;2) 15;
3) 20 and 4) 25 cycles. Sweep rate =20 mV/s.

Infrared spectra. In order to verify presence of phenoxazine structures and find
possible differences in chemical composition of thin and thick electrodeposited lay-
ers infrared spectra were studied. Fig. 3 presents spectra of the layers deposited in 10,
15,20, 25 cycles, together with the spectrum of the monomer. None of these spectra
show bands characteristic for phenazine ring [15], thus presence of cyclic dimers or
polymeric ladder structures among the electrooxidation products can be excluded. As
visible in Fig. 3, spectra of thin layers reveal a strong band at 1223 cm™', which has not
been observed in the monomer spectrum. Bands, having similar position and inten-
sity are characteristic for aromatic ethers. Simultaneously, the strong band at 1007
cm! band characteristic for the monomer CH,OH group is not observed in spectra of
thin electrodeposited layers, corroborating the suggestion that the ether bonds might
be formed during the ABA electrooxidation. Furthermore, the band observed at 595
cm™!in thin layer spectra originates probably from the C~O—C out-of-plane deforma-
tion.

The strong band at 748 cm™! observed solely in the monomer spectrum corre-
sponds to benzene out-of-plane mode. The position of this mode depends on the ring
substitution. In the spectra of thin electrodeposited layers this mode is replaced by a
broad band at 850 cm™!, suggesting that the substitution of benzene ring is changed
from1,2to 1, 2,4 or1, 2, 3. Consequently, the thin electrodeposited layers contain
oligomeric benzyl ether structures depicted in Fig. 4: 1 and 2.
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Figure 3. Infrared spectra of a) ABA and ABA electrooxidation products obtained by b) 10; c) 15;
d) 20 and e) 25 cycles.

Spectra shown in Fig. 3 reveal also that further electrooxidation changes the
structure of obtained layers. In spectra of layers deposited in 20 and 25 cycles the
ether band at 1223 cm™' is less intense in comparison to neighbouring bands. The
bands at: 1600, 1498, 1150 and 1114 cm ™! are dominating the thick layers spectra.
Their frequencies coincide with bands characteristic for the benzenoid PANI rings
[19,20]. In result, it may be concluded that the PANI-like polymer (structure 3 in Fig. 4)
deposits when the electropolymerization is carried out by more than 15 cycles.

UV/VIS absorption spectra of thin and thick PABA layers. The electro-
oxidation of ABA has been studied also on ITO glass electrodes. Typical cyclic
voltammetry curves closely resemble those obtained on gold electrodes (Fig. 1) and
therefore they are not shown. Figure 5 showsin situ UV/VIS spectra obtained for the
layer deposited during ten potential cycles. The in situ UV/VIS absorption spectra of
such layer show a single absorption band with a maximum at 530 nm with a long
VIS-tail. Upon changing the electrode potential the 530 nm band changes the inten-
sity, indicating electrochromic properties of the layer, although the polaron and
bipolaron absorptions typical for PANI are not observed. The in situ UV/VIS spectra
confirm thus that the thin electrodeposited layers do not contain the PANI like poly-
mer. The 530 nm band correspond thus to the oligomeric structures 1 and 2 proposed
in Fig. 4.
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Figure 4. Proposed structures of ABA electrooxidation products. 1 and 2 — structures obtained during
initial electrooxidation cycles; 3 — structure formed after more than 15 cycles.
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Figure 5. In situ UV/VIS absorption spectra of the layer obtained by 10 ABA electrooxidation cycles

recorded at various potentials: 00V, ——+03V; +--vvres +04V;— " —+05V;
— - -— +0.6 V.

The dependence of the UV/VIS absorption spectra on the electrode potential dif-
fers for thicker PABA layers. Figure 6 shows spectra of the layer obtained by twenty
oxidation—reduction cycles. The clear band at 440 nm develops due to changing the
electrode potential from 0.0 V to 0.45 V. By analogy with PANI [21,22] the increase
of'this band can be attributed to the polaron formation. Further oxidation of the layer
cause diminishing of the 440 nm band and growth of the new band located at 720 nm,
which corresponds to bipolaron states. The spectral characteristics of the thick layers
stays in agreement with the presence of PANI — like polymer (structure 3 in Fig. 4) in
the thick electrodeposited layers.

dA/dt versus potential plots. To compare the observed spectra with cyclic
voltammograms changes of absorbance versus potential were studied at fixed wave-
lengths. Three wavelengths were chosen: 440 nm corresponding to the polaron ab-
sorption band, 720 nm falling in the bipolaron band and 530 nm corresponding to the
oligomeric benzyl ether species. Values of absorbance were differentiated versus
time in order to obtain plots directly comparable with cyclic voltammograms. Typical
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Figure 6. In situ UV/VIS absorption spectra of the layer obtained by 20 ABA electrooxidation cycles
recorded at various potentials: ———0.0V;, ———— +0.2V;----- - +035V;—° —
+045V,— -+ — +0.5V; +0.55 V; — —+0.6 V.

results obtained for the layer deposited by 20 cycles are presented in Figure 7. The re-
dox couples are marked consistently with Fig. 1.

As visible in Fig. 7, the maximum of the dA/dt plot for 440 nm match the first oxi-
dation peak (D) on cyclic voltammogram. Consequently, the D/D’ redox couple cor-
responds to the first redox reaction of the PANI type polymer.

The 720 nm and 530 nm plots correspond to bipolaronic and oligomeric species
respectively. These plots show maxima in the similar potential range. Therefore, their
contributions to the cyclic voltammogram are difficult to discern. Although, shapes
of 530 nm and 720 nm plots are clearly different, indicating that thick layer contain
the two products of ABA electrooxidation.

Influence of the acid concentration on the ABA electropolymerization. The
effect of anions and the influence of acid concentration on electrooxidation of aniline
and substituted anilines have been demonstrated by many authors [23-28]. To inves-
tigate these effects on PABA formation we have studied the electrooxidation of the
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Figure 7. dA/dt plots and cyclic voltammogram of layer obtained by 20 ABA electrooxidation cycles;
sweeprate=10m V/s. cyclic voltammogram; — — dA/dt plot for A =440 nm; — - —
dA/dt plot for A =720 nm; - ---- dA/dt plot for A = 530 nm.

ABA in H,SO,4 or HC10,4 environment. It has been demonstrated that these two acids
have distinct influence on electropolymerisation of PANI and substituted poly-
anilines. The monomer concentration was equal to 0.1 M and the acid concentrations
were varied from 0.2 to 2 M for the H,SO4 and from 0.4 to 4 M in case of HC1O;,.

The potentials of the monomer oxidation in the first oxidation-reduction cycle are
similar in all studied solutions. Further voltammetric responses develop depending
on the acid concentration. Figure 8 shows typical cyclic voltammograms obtained in
0.2 M sulphuric acid. As may be seen in Fig. 8, the shape of cyclic voltammograms
does not change anymore since 8th cycle. The obtained electroactive layer is charac-
terized by the single oxidation-reduction pair. Consequently, it may be concluded that
such layer does not contain the structure 3 (Fig. 4) and possibly oligomers containing
benzylether units deposit on the electrode surface. Similarly, in case of the diluted
perchloric acid solution the ABA electrooxidation yields the electroactive layer,
characterized by the single redox pair.
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Figure 8. Cyclic voltammograms obtained during the ABA electrooxidation at the gold electrode in
0.2 M HySOy4; sweep rate 20 mV/s; numbers of cycles indicated.

For both sulphuric and perchloric acids the increase of the acid concentration
changes the course of the ABA electrooxidation. Cyclic voltammograms develop
similarly to those presented in Fig. 1 and the obtained layers are characterized by
three redox pairs. The effect of the acid concentration on cyclic voltammograms is
visible in Fig. 9, where cyclic voltammograms of PABA layers obtained at various
H,SO4 concentrations are collected. The presented cyclic voltammograms have been
recorded for the layers obtained in 15 cycles. Analogous voltammograms for HC1O,
are shown in Figure 10. By comparison of Figures 9 and 10 it may be concluded that
the kind of acid influences the differences AE between peak potentials of the first and
the third redox pair. Similar anion influence on cyclic voltammograms has been ob-
served for poly-dimethoxyaniline [28]. Furthermore, the ratio of peak currents of the
outer to the middle redox pairs suggests that formation of the PANI analogue polymer
is facilitated in presence of HCIO,.

The currents obtained for layers prepared in 4 M acid are significantly lower than
those obtained for lower acid concentrations as visible in Fig. 10, though the studied
layers have been obtained in the same number of cycles. The charge passing during
the anodic potential sweep in the monomer free solution (Q.) can be used as an esti-
mation of the amount of the electrodeposited species. Fig. 11 shows the dependence
of O, onthe acid concentration for layers obtained in 15 cycles. Fig. 11 indicates that
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Figure 9. Cyclic voltammograms of ABA electrooxidation products recorded in monomer free solu-
tions. PABA layers were obtained in 1) 0.2 M H,SO4; 2) 1 M H,SO4; 3) 2 M H,SOs.
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Figure 10.Cyclic voltammograms of ABA electrooxidation products recorded in monomer free
solutions. PABA layers were obtained in 1) 0.4 M HCIO,; 2) 2 M HCIO,; 3) 4 M HCIO,,.
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the increase of the acid concentration from 0.2 up to 1-2 M results in increased
amount of electrodeposited species, while further increase of the acid concentration
causes the opposite effect. By analogy with PANI [23], we suppose that the electro-
polymerization of ABA requires strongly acidic conditions and accordingly the
higher Q+ values are expected for high acid concentration. The low electro-
polymerization efficiency for 3 and 4 M acid can be attributed to the increased solu-
bility of intermediate polymerization products in high acid concentration, preventing
the precipitation and further oxidation of oligomers. Another hindrance for the
electropolymerization in 3 and 4 M acid is possible hydrolysis of oligomers in such
media [29].

CONCLUSIONS

Two kinds of electroactive and electrochromic products are formed during the
electropolymerization of ABA. These products have been identified by infrared and
UV/VIS absorption spectra. The oligomers containing benzylether structures cover
the electrode surface in initial electrodeposition cycles. During further ABA
electrooxidation the polymer similar to PANI is formed. The relative amounts of
these two products depend on the concentration and on the kind of the acid present in
the electropolymerization bath.
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Figure 11. Dependence of the charge passing during the anodic potential sweep in the monomer free
solution (Q,) on the acid concentration (C) for: a) perchloric and b) sulphuric acid.
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