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ABSTRACT

KEYWORDS

The el ectrochemical homo-polymerization of o-animobenzoic acid hasbeen
performed on gold and graphite carbon electrodesin perchloric acid aque-
ous medium by cyclic scanning of the potential. Polymersareformedin al
cases and the rate of polymerization is increased by the graphite carbon
electrodes. The polymersformed have been characterized Voltametrically,
in-situ FT-IR spectroscopy and scanning electron microscopy were com-
bined to study the redox behavior of the oxidation products. Characteristic
absorption features related with benzenoid and quinoid rings and different
types of C-N bonds point to the operation of redox processes similar to
those undergone by the parent compound polyaniline. In addition, it has
been suggested the existence of chemical interaction between -COOH and
—NH groups in the reduced state of the homopolymer studied can be sug-
gested. The electrochemical behaviour of the polymer films of o-aminoben-
zoic acid sample that, on the contrary that the polyaniline, is electroactive
to values of pH over 3, thisis due to the presence of the group -COOH in
the structure of polymer. To pH superior to 5 the polymer films dissolve
quickly. © 2010 Trade Sciencelnc. - INDIA

0-Aminobenzoic acid;
Electropolymerization;
Cyclic voltammetry;
In-situFTIR
spectroscop;
Scanning electron
Microscopy.

INTRODUCTION

Polyaniline (PANI) hasbeen known in avariety of
formsfor over acentury!*?, and as such must be con-
sidered astheoldest of the conducting polymers. It has
always been at the forefront in the global search for
commercialy viable conducting polymers because of

itsunique reversible proton dopability, excellent redox
recyclability, chemical stability variableeectrica con-
ductivity (which can be “tuned” by varying the pH at
whichitisprepared), low cost, and case of preparation.

Inview of this, PANI can be used asan electrode
materia4, inthefabrication of secondary batteries™”
in microd ectronicg®9, and asan e ectrochromic mate-
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rid!13, Future high-technology applicationsinthearea
of recordableoptica disks*® and chemica sensorshave
al so been suggested*4.

Animportant limitation to the gpplication of PANI
derivesfrom thefact that on increasing the pH during
€l ectrosynthes sand during usethereisasignificant de-
creaseintheconductivity of PANI filmsin the conduct-
ing stateand therate of polymerizationislower. These
effects can be reduced to some extent by choice of
appropriate counterionswhich enter thefilm (externa
doping), e.g.*>%9, in order to compensate the charge
ontheamino groups. Asan dternativeto thecounterion
drategy, co-polymerization with different monomershas
been suggested.

Another way of reducing the pH dependenceis
through substituted (self doped) polyanilines, achieved
by introduction of the substituent into the pre-formed
polymer or by polymerization of substituted anilines.
Theintroduction of acidic groups asring substituents
influencestheacidity congtantsof theaminegroupsand
appearsto offer advantages at lessacidic pH values,
snceconductivity doesnot fal off dramaticaly within-
crease in pH as happens with PANI. This has been
donewith carboxylici?24, sulphonic, e.g.[2°?2% gnd
phosphonic? acid substituents.

Despitetheextensveliteraturededing withthesyn-
thesisand characterization of sulfonated polyanilines,
there are few papers paying attention to their parent
carboxylated derivatives?>=l, In addition, most of those
reports are devoted to the study of the copolymers
formed by either chemicd or e ectrochemica polymer-
izetion of anilinesand o-aminobenzoic acid (anthranilic
acid). A comparison between the homopolymerssyn-
thes zed d ectrochemicaly from o-, m- and p-aminoben-
zoic acidswasreported for thefirst time by Thiemann
and Brett®3, The polymerization was carried out on
glassy carbonand ITO eectrodesand severa ex-situ
characterization techniqueswereemployed. It wascon-
cluded that homopolymersderived from aminobenzoic
acids are short-chain polymeric materials with a
voltammetric behavior different fromthat displayed by
polyaniline. Unfortunately, and probably duetothedow
rate of electropolymerization, thelR characterization
of thehomopolymerswas not accomplished. The spec-
troscopi ¢ study waslimited to theex-stu IR ingpection

of the copolymersformed from o-, m- and p-aminoben-
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zoicacidswithanilineinfeedratiosof 1:1.

Inlinewiththisbackground, the present contribu-
tion amsto characterize homopolymer of o-aminoben-
zoicacid a themolecular level andinthedectrochemi-
ca environment by meansof apowerful techniquesuch
asthein-situ FTIR spectroscopy. Sincethis charac-
terizationtool alowsto obtain vibrationa information
from very small amountsof materid, itisbelieved that
in-situ FTIRS could serveasanimproved aternative
to the copolymerization with anilinein order to obtain
direct spectroscopic information from polyamino
benzoicacids.

EXPERIMENTAL

Themonomer employedfor the polymerizationre-
action were of reagent grade supplied by Merck. The
el ectrolytic medium employed for the synthesisand the
electrochemical characterization of thepolymeric ma
terialswas 0.1M HCIO,, the agueous buffer medium
of thedifferent pH was prepared fromHCIO, /NaCIO,
solutions(Merck, p.asdts). All thesolutionsweremade
up with ultrapure water (18.2 MQ cm). Thein-situ
FTIR experimentswerea so carried out in perchloric
acid agueous solutions but either 99.9%-D D,O
(Aldrich) or 18.2 MQ cm H,O were used asthe sol -
vents.

Theworking electrodefor the voltammetric study
wasaspherica polycrystallinegold electrodewith an
area of about 3 mm? and graphite carbon disc elec-
trode (GC) diameter 0.5cm. For the in-situ spectro-
scopic characterization, the polymerswere grown up
onamirror-polished gold disk eectrode. The counter
electrodewasaplatinumwireinadl cases. All potentids
weremeasured againgt areversible hydrogen e ectrode
(RHE) immersed in the working solutionsthrough a
Luggin capillary. The bare Au working electrodewas
thermaly cleaned and subsequently protected fromthe
|aboratory atmosphere by adroplet of ultrapurewater
and the graphite carbon el ectrode was polished with
diamond | gpping compound (Kemet Internationa Ltd.)
downto 1um particlesizeonapolishing cloth. Then, it
wastransferred to the working sol ution which waspre-
viously deaerated by bubbling N,. Cyclic
voltammograms were recorded at 50 mV s! and at
room temperature. After polymerization, theworking
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Figure1: Cyclic voltammogramsrecor ded for agold elec-
trodein 0.1M HCIO, during the el ectrochemical oxidation of

o-aminobenzoic acid. Scanrate50 mV s*

Figure2: Cyclicvoltammogjramsrecorded for agraphitecar-
bon electrodein 0.1M HCIO, during theelectr ochemical oxi-
dation of o-aminobenzoicacid. Scanrate50mV st
electrode was extracted from the e ectrochemical cell,
thoroughly rinsed with water to removeany attached
monomer peci esand transferred to aclean background
solution containing 0.1M HCIO, (free of any mono-
mer) to be characterized by voltammetric or spectro-
scopic techniques.

A Nicolet Magna850 spectrometer wasemployed
for thein-situ FTIR experiments. The spectro e ectro-
chemical cell wasprovided with aprismatic CaF, win-
dow beveled at 60°. The interferograms were acquired
with theworking e ectrode surface pressed againgt this
window and were collected at 8 cm™ resolution. The
final spectraare presented intheusual form AR/R, for
which, positive-going (upward) bandsarerelated with
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vibrational modesthat disappear (or becomeinactive)
at thesample potential. On the contrary, negative-go-
ing (downward) bands are di splayed when therel ated
vibration mode devel ops (or becomes active) at the
samplepotential.

Scanning electron microscopy (SEM) was per-
formed on filmsdeposited on gold e ectrodeswith a
HITACHI S-3000 N microscopy.

RESULTSAND DISCUSSION

Electrochemical study

Figures 1 and 2 show the cyclic voltammograms
(CVs) recorded during the synthesi s of o-aminoben-
zoicacidfilmsinagueoussolutionsof 0.1M HCIO, as
electrolyte at room temperature. Theoverall observa
tionsand resultsaccording to obtained CVsarelisted
bel ow: when the applied potentia iscycled to positive
potentia maximal, theanodic current toincrease, show-
ing that themonomer dissolved inthesol ution, oxidized
at the surface of the electrode. The el ectrochemical
polymerization characteristics of themonomer onthe
different eectrodes (gold. graphite carbon) area most
the sameduring thefirst positive cycle. At higher po-
tentials (1.20V) little oxidation takes place and there
forehighanodic current flows.

Formthe synthesisin the el ectrochemical depicted
infigure 1 with, at least, two distinct redox processes.
Theredox potential sand current densities correspond-
ing to these peaksfor different electrode of the o-ami-
nobenzoic acidisomer.

Thecyclic voltammograms curves grow with the
number of cyclesfor al electrodesused, in decanting
theformation of conducting polymer filmsin cash case.
Additiondly, thedifference between of thecurrent den-
sity maximal during thefirst cycle of the oxidation of
monomer and current density at theredox peaksafter
25 potential cyclessmall inal resultsof thesynthesis
electrochemicd of filmsonthegraphitee ectrodes. This
voltammetrie behavior contrastswith recorded, under
thesameexperimenta conditions, during thesynthes's
electrochemically ongold. Fromthisit can beinferred
that the el ectrochemical polymerization of the o-ami-
nobenzoic acidisomer on graphite carbonto synthesis
larger anountsof material.

B Research & Reotews On '
A Tudéan Journal



28 Study of the electropolymerization of o-aminobenzoic acid

RREC, 2(1) June 2010

Pull Paper ==
(b)

_|_

\35 WA

_|_
(a)

04 06 08 10
ENV (RHE)

Figure3: Voltammetricresponseof poly(o-aminobenzoic acid)
filmin 0.1M perchloric acid background solutions. Films
deposited on a: (a) gold eectrodeand (b) graphitecarbon elec-
trode, after 25 potential cyclesin 0.1IM HCIO, containing 10
mM o-aminobenzoicacid at thefollowing anodic potential limit
1.20V. Scanrate50 mV st

TABLE 1: Potentials for the onset of polymer oxidation,
voltammetric char gemeasured for the oxidation of o-ami-
nobenzoicacids. Calculated from 0.3t0 0.9V

Electrodes

0 02

Qpoly(z-a8a/BC

Gold (Au) 95
Graphite carbon (GC) 835

Thehighest current densities corresponding to the
anodic peaksare observed for the polymerization of
graphite carbon el ectrode by gold el ectrode.

Fallowing the synthesis process, the electrodes
coated withthe polymeric filmswererinsed with water
and thenimmersed in the background el ectrol yte free
of monomer. The e ectrochemical behavior of thefilms
wastested inthe 0.06 -1.0V potentia range. Figure 3-
ashowsthe CV recorded for amodified el ectrode of
gold and figure 3-b the corresponding profilefor o-
aminobnzoic acid polymer created for graphitecarbon
electrodein 0.1M HCIO,. TheCV presentedinfigure
3-a, it can be observed that the voltammetric response
of poly(2-ABA) synthesized after 25 potential cycles

. I
H | H N\
X o+ H /H . H S+ '2H+
N . ~ ENINTa —~ N .e
Il|—>e :I: - :Il' :_}: + | —_— NH
O~ "OH 0~ “OH O~ "OH 0~ “OH o

(0-ABA)

upto 1.20VE4 generates an e ectroactivefilmwith, at
least, two distinct redox processes. i.e, in CV of poly(2-
ABA) thefirst oneappearsat 0.48/0.42V, which re-
sultsin a peak separation, AE " close to 60mV; the
second processisobserved at 0.73/0.61V and givesa
AE =120mV.

Figure 3-b shows the CV's recorded for poly(2-
ABA) for asmilar experiment to that showninfigure
3-3, indl casesthe samevoltammetric behaviour of the
2-ABA polymer was obtained on gold electrode. In
addition, infigure 3-b, the charge associated with this
redox coupleismoreimportant than that obtained un-
der quiescent conditions. Consequently, athick filmis
obtained after theoxidation of 2-ABA in0.1IM HCIO,.
Thereactivity of thegraphite carbon e ectrodeisprob-
ably mist important for the formation of apolymer.
Therefore, thegrowth rate of the poly(2-ABA) onAu
el ectrode should be dower than the on GC electrode,
asobserved here. The TABLE 1 shown thesefilmspre-
pared on different € ectrodesin the same condition, the
polymersobtained on GC fromtheo-aminobenzoicacid
isomer oxidation could reach higher thicknessat identi-
ca polymerization. Theresulted confirmed thisobser-
vation of CVsof the oxidation during the synthesis of
the2-ABA isomer. Theformation of polymer 2-ABA
has al so been confirmed by values of voltammetric
charge.

Theinitiation processof the e ectrochemica poly-
merization wasthought to be theformation and reac-
tions of the cation radical ! and dimeric species®!.
Themechanism of thed ectrochemica polymerization
of monomer isbelieved to proceed viaaradica cation
whichreactsfurther withtheradica cation of themono-
mer to build up the polymer chain. The possiblereac-
tion mechani smsfor homo-polymerization have been
giveninScheme 1.

In-situ FTIR spectroscopic study
The previousvoltammetric study suggeststhat only

O, OH
H

H
OH 19 OH i
Poly(o-ABA)

Scheme1: Homo-polymerization of o-aminobnzoicacid
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Figure4: Ingtu FTIR spectracollected during the oxidation
on agold dectr odeof a poly(o-aminobenzoic acid) filmin 0.1M
HCIO, solution. Referencepotential 0.2V. Samplepotentials
indicated for each spectrum. 1000 interferogramswerere-
corded at each potential. 8 cmrt resolution
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Figure5: Ingtu FTIR spectracollected during the oxidation
on agold dectr odeof a poly(o-aminobenzoic acid) filmin 0.1M
HCIO,/D,0 solution. Referencepotential 0.2V. Sample po-
tentialsindicated for each spectrum. 100interferogramswere
recorded at each potential. 8 cmrresolution

TABLE 2: Assignmentsof thevibrational bandsfor there-
duced and oxidized for msof poly (0-aminobenzoic acid) in
acidicH,0 and D, O solventg?"23037-%

Freguency/cm™

H,0 D,0 Assignments
1676 1660 Carboxylic acid (C=0) str.
1505 1489 Aromatic (C-C) dtr.
Reduced " 1372 (C-H) bending
1310 1277 Benzenoid ring def.
1242 - Benzenoid (C-N) str.
1720 1702 Carboxylic acid (C=0O) str.
1600 1599 Imine(C=N) str.
Oxidized 1560-30 1532 Quinoidring (C=C) str
state 1480-40 1435 Quinoid (>C-N=) str
1378 1336 Intermediate order (C---N) str.
1124 1121 CIO4

small amountsof polymerization products canbeiso-
lated on the surface of the gold working e ectrodesfrom
the oxidation of o-aminobenzoic acidisomer. In spite
of thisfact, thehigh sensitivity of thein-situ FTIR spec-

—= Pyl Peper

troscopy techniqueallowsto obtain vibrationa spectra
of poly(o-ABA) with quitegood S/N ratio. Figure 4
shows the spectra, obtained for aAu electrode cov-
ered with poly(2-ABA) inH,O + 0.1M HCIO, solu-
tion, taking the reference spectrum at 0.2V and step-
ping the sample potential to higher values. Therefer-
ence spectrum containsvibrational information onthe
reduced polymer form and then the potentia towhich
thesampleistaken wasincreased toincludevibrationa

information associated with theoxidized formof poly(2-
ABA). Thespectraof figure4 display severa absorp-
tion bandswhoseintensitiesincrease asthe potentid is
shiftedtomore pogitivevaue, thusshowing theprogress
of the oxidation processes with the applied potential.
Characteristic positive-going bands are observed at
1676, 1502, 1300 and 1257 cm* which are indeed
related with vibrational modes concerningtothere-
duced form of the polymer. M oreover, downward bands
which appear at 1733, 1620, 1563, 1536, 1443 and
1371cm are related to vibrations coming from the
oxidized state of the polymer. It should be noted the
formation of carbon dioxide at 1.0V (band at 2344
cmt), whichisrevealing the overoxidation (and degra-
dation) of the polymeric material at such apotential.
The preservation of thecarboxylic groupinthe chemi-
cal structure of the polymer isevidenced by the pres-
ence of the 1676 cm* (reduced form) and 1720 cm'?
(oxidized form) absorption bands. Thesgnificant shift
inthe pesk frequency for thisband upon oxidation (more
than 40 ct to higher energies) can beinterpreted in
termsof theexistence of chemical interaction between
thecarboxylic and theamino groupsinthereduced state
of poly(2-ABA). Itiswell knownthat thiskind of inter-
action lowersconsiderably the C = O stretching fre-
guency of aryl carboxylicacidswithamino or hydroxyl

groupsin the ortho position’®. Thus, when the poly-
mer isoxidized, aminenitrogenstransforminto proto-
nated imines and the C = O stretching frequency re-

Vet

Reduced form of Oxidized form of
poly(o-aminobenzoic acid) poly(o-aminobenzoic acid)

Scheme 2
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turnstoitscharacterigtic va ue, whichishigher than 1700
cm™. Thisstuationisillustrated in Scheme2.

Inorder to facilitate the band ass gnments, the ex-
periment of figure4 wasreproducedin 0.1IM HCIO,/
D, 0. Working with D,O solvent allowsthe “mobile”
acid H atoms of poly(2-ABA) to be replaced by D
atoms (H/D ratioisabout 0.001 inthe e ectrolytic me-
dium). Asaresult, theamino and carboxyl groups of
the polymer will be deuterated whereasring hydrogens
will remain unchanged. Thespectraobtained in deuter-
ated water aredisplayed infigure5, for whichitisob-
served the shift of severa absorption featuresto lower
energies. TABLE 2 summarizesthe peak frequencies
observed for both the reduced and oxidized states of
the polymer and includesthe proposed band assign-
mentsin both solvents. Some remarkabl e features of
thereduced state are, for instance, that both the car-
boxylic C = O and thearomatic C-C stretching vibra-
tionsaredightly red shifted upon deuteration, whereas
the effect of deuteration on the benzenoid ring defor-
mation and amine C-N stretching seemsmoresignifi-
cant. Besides, the broad positive-going absorption

Rescarch & Reotews On

peaked at 1372 c infigure 5 which could be tenta-
tively associated with the C—H bending mode at ben-
zenoidrings, cannot bepaired easily with any feature of
the spectracollectedinH,O. A feasible explanation to
thisresult may be found in the fact that the 1400 to
1350 cn? spectral region has severd contributionsin
H,O medium (from both the oxidized and reduced state
of the polymer). Inthisway, the disappearance of the
1372 cmr* modeisvisibleonlyin D,O solvent, for which
thisfrequency rangeisquitefreeof perturbations. With
regard totheoxidized form of poly(2-ABA), negative-
going bands observed in H,O and D, O can be easily
paraleled. Thus,imine (1600 cm™) and quinoid ring C
= C (doublet at 1536-1560 cm?) stretching vibrations
remain a most undtered upon deuteration. Onthe con-
trary, C-N bondswith quinoid character which appear
a around 1400 cm* in H,O seemto bedownshiftedin
D,0. The negative-going band at 1120 cm™ which
overlapsthequinoid C-H in-planebendingisclearly
assigned to perchlorateanions, which penetratethefilm
to compensate the positive charges generated during
the oxidation process. It should benoted that, in strongly
acidic medium, the protonated carboxylic groupisnot
ableto balancethechargeby itself.

Effect of pH valueon thecyclic voltammogr ams of
poly(2-ABA)

Thecydicvoltammogramsaof poly(o-aminobenzoic
acid) at different pH values are also presented here.
After thee ectropolymerization processthefilmed elec-
trodewasextracted from the el ectrochemical cell and
rinsed with water to remove any attached monomer
speciesand transferred to the second cell containing
HCIO,/NaClO, solutionwith pH 1.0, 3.0, 5.0and 6.0,
respectively. Thebehavior of polymer in different val-
uesfrompH isinfigure6, it isobserved that the current
of both typical processes redox of poly(2-ABA) di-
minisheswhenincreasing pH. It hasbeen possibleto
verify that thisdiminution must tothe partia dissolution
of the film by effect of the presence of the group —
COOH, that it increasesthe e ectrostatic interactions
withthedissolvent aspH becomesakaine(pK , of the
carboxylicisapproximately 2 and, therefore, ismainly
likecarboxylate anionto pH > 3). Thisphenomenon of
dissolution isasmuch moreimportant whichever greater
ispH of electrolytic meansfigure 7. If the electrode

. -
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Figure8: Scanning eectron micrographsof interface of poly-
mericfilmsformed on gold electrodein 0.1M HCIO, solution
form o-aminobenzoicacid

againtakespH = 1it observesCV similar of thetarget
of thegold electrode. We can say that the polymer film
dissolvestotally in the el ectrol yte has supported pH =
6. Thevoltammetric characteristicsof thefilm of poly(2-
ABA) stay until pH =5invariable, i.e. poly(2-ABA) it
continues being e ectroactiveto greater va uesof pH >
3, thedectrochemical behavior of thepolymer filmsof
0-aminobenzoic acid samplethat, on the contrary that
thepolyaniline, iselectroactiveto values of pH over 3
(wherethe polyanilinewithout modifying basicaly does
not present some el ectroactivity).

Morphology

Figure 8 shows an scanning el ectron microscopy
of interfaceof atypical areaof thedeposit of thethree
aminobenzoic acid polymersontheright was carried
out on el ectrode of gold ontheleft. All thinfilmssur-
facesof poly(2-ABA) coating are covered by uniform
coverage. Thefilm coating clearly indicate asmooth
morphology. Nevertheless, thelayersof polymer film
do not reach avery great thickness. Thissmall thick-
nessmust berespons blefor thehigh permesbility shown
by all polymers specieslike protons and anionsthat
were observed inthe cyclic voltammograms experi-
ences.

CONCLUSIONS

Following conclusions have been drawn from the

present studly:

i Thecycdlicvoltammetricinvestigation clearlyindi-
cated theformation of electroactive poly(2-ABA)
filmson two e ectrodes of gold and of graphitecar-
bon.

= Pyf/ Paper

i Itisobserved that the anodic current densities of
polymerization of polymers films are graphite
carbon.

i Therate of polymer film growth resulting from
eectropolymerization of aminobenzoicacidsismuch
lower for the polymerization on electrode of gold
than on graphite carbon.

Vv Inoverdl results, the unexpected low frequency
observed for the C = O stretchingmode of -COOH
in the reduced state of the polymers strongly
suggeststhat there exists achemical interaction
(hydrogen bonding) between the carboxylic and
amino groupslocated in ortho position. Whenthe
polymersareoxidized, the carboxylic groupis*set
free” and the C = O stretching frequency returns to
the characteristic valuefor acarboxylicacid.

v Thescanning dectron microscopy resultsa so show

tat cyclic voltammetric suggeststhat only small
amountsof polymerization products can beisol ated
on the surface of the Au and graphite carbon
electrodesfrom the oxidation of 2-ABA isome.

v Thedectrochemica behavior of the polymer films

of o-aminobenzoic acid samplethat, onthecontrary
that thepolyaniline, iselectroactiveto vauesof pH
over 3, thisisdueto the presence of the group —
COOH inthestructure of polymer. To pH superior
to 5thepolymer filmsdissolvequickly.
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