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Abstract

Polyaniline electrode, was obtained by electrocleahpolymerization at constant current density
of 2.0 mA cn¥ from aqueous solution of 1.0 mol @I Cl containing 0.25 mol difaniline.
Electrochemical characterization of the polyanikectrode in chloride and chloride/citrate
electrolyte, for different anodic potential limitas performed using cyclic voltammetry and
galvanostatic measurements. It was observed thanfmdic potential 0.32 V, higher electrode
capacity in chloride/citrate was obtained. For an@wtential limit of 0.50 V, faster decrease o th
electrode capacity in chloride/citrate electrolias also observed. It was suggested that influence
of both chloride and citrate anions has to be takEnaccount.
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1. Introduction

Due to their unique properties, such as: mechastoanhgth, electrical conductivity,
corrosion stability, possibility of chemical aneéetirochemical synthesis, electroconducting
polymers (ECP) were considered in wide area oftmaapplication such as: microelectronics,
optoelectronics, corrosion protection, sensorgteleagnetic shielding, and electrochemical
power sourcegl-8]

ECP could be synthesized by both chemical andreldwmical oxidative polymerization.
However, electrochemical synthesis is favorablengiéing the control of the reaction and
polymerization without oxidizing agent togetherhwitoping by organic or inorganic ions in a
single step.

Among large number of ECP, polyaniline (PANI) ig timost investigated as cathode
material in agueous based electrochemical poweres(5-13]. Although systems consisted of
PANI cathode combined to electronegative metal filgainc) anode, are likely to accomplish
most of the three E criteria: Energy (high energgtent with respect to volume and weight),
Economics (low manufacturing and maintenance ctistg, service life), Environment (toxic free,
safety, low energy consumption, easy to recyci)@iated as the determining factors of an
electrochemical power system success [14,15] thiéhave not been commercialized from several
reasons.

2. Experimental

Electrochemical synthesis of PANI on graphite etet¢ S= 0.64 cm) was performed at
constant current density of 2 mA @from aqueous solution of 1.0 mol &k Cl (p.a. Merck) and
0.25 mol drit aniline. After polymerization, PANI electrode wascharged in the same solution
with 1 mA cni® to the potential of — 0.6 V, than rinsed in bidlkst water, and transferred into
electrochemical cell containing for further chaesiztation. Prior to use aniline (p.a. Aldrich) was
distilled in argon atmosphere. The working eleatradylindrically shaped graphite inserted in
Teflon holder was first mechanically polished whte emery papers (2/0, 3/0 and 4/0,
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respectively), and than with polishing aluminarfl, Banner Scientific Ltd.) on polishing cloths
(Buehler Ltd.), the traces of the polishing alumiere removed from the electrode surface in an
ultrasonic bath during 5 min.

PANI electrode was characterized using cyclic voltaetry and galvanostatic cyclization
measurements in chloride (0.5 mol dH.Cl and 0.2 mol dii ZnClL) and chloride/citrate (0.5
mol dmi® NH,Cl and 0.2 mol dii ZnCl, with addition of 0.3 mol diiNa-citrate). All experiments
were performed in standard three compartment eleiwémical cell at ambient temperature {22
Saturated calomel electrode was used as referehde, Pt wire served as counter electrode. The
measurements were carried out using PAR 273A gdottat/galvanostat interfaced to PC.

3. Resultsand discussion

Electrochemical polymerization of aniline on graptelectrode from 1.0 mol dfrand 0.25
mol dm® aniline at constant current density of 2.0 mAZduring 1080 s is given in insert of Fig.1.
After polymerization, PANI electrode was dischargéth current density of 1 mA ¢ and
transferred to another electrochemical cell fotHer investigation. Six successive cyclic
voltammogramsy(= 20 mV §') of PANI electrode are shown in Fig.1. Voltamograsnare
characterized by constant charge increase as ki of$ormation of insoluble PANI, while anodic
and cathodic correspond to different oxidation femwh PANI.

As seen in insert Fig.1, PANI polymerization ocedrat potentials around 0.7 V, meaning
that polymerization undergoes through formatiope&iingraniline salt. Comparing the
polymerization charge of 0.60 mAh @mand discharge charge &f0.14 mAh cnf, it could be
concluded that only 23 % of the total mass waslak for charge exchange, while rest of the
charge refers to formation of inactive PANI oligaand degradation products.
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Fig. 1. Galvanostatic curve of electrochemical Fig.2. Cha_rge/discharge_ curves of P.ANI electradengu
polymerization of aniline at graphite electrodeli mol ten cyclesj = 1 mA cni in chloride/citrate electrolyte for

dm® HCI and 0.25 mol dianiline,j = 2.0 mA cri? anodic potential limit of 0.50 V. Insert: cyclic
Insert: Cyclic voltammogram of PANI electrode i91.  Voltammograms:f)-before and (.)-after ten cyclesy =

<1
mol dmi® HCI and 0.25 mol difianiline ¢ =20 mv §). 20 mMVs.

-0.6 L
0 200 400 600 800 1000
tl's

E/V (SCE)

0.0
E/V (SCE)

It was previously showed [10] that anodic potentialt had exhibited influence on
charge/discharge characteristics of the PANI ebelety resulted in decrease of the electrode
capacity during cyclization. Bearing in mind thdt#ion of citrate anions had enhanced
characteristics of negative zinc electrode [198rgk/discharge behavior of the PANI electrode
were investigated in chloride/citrate electrolyteFig. 2 and in Fig.3 charge/discharge curves of
the PANI electrode in chloride/citrate electrodeinig ten cycles obtained by current density of 1

964



38th International Conference of SSCHE

May 23-27, 2011, Tatranské Matliare, Slovakia Po-We-4, 283.pdf

mA cnmi? and differnt anodic potential limits of 0.5 V a@82 V are given respectively . Inserts of
Fig.2 and Fig.3 show cyclic voltammograms before after ten cycles of the PANI electrode in
chloride/citrate electrolyte.

As seen in Fig.2 and 3, anodic potential limit yaake influence on charge/discharge
behaviour of the PANI electrode in chloride/citratectrode. For anodic potential limit of 0.5 V
(Fig.2) time for charging/discharging constantlgidased over time. As seen in insert of Fig.2,
cyclic voltamograms taken before and after tenayshowed capacity lost, suggesting that strong
PANI degradation had occurred. For anodic potefitrat of 0.32 V (Fig.3) charge/discharge
curves of the PANI electrode in chloride/citrateattolyte were the same over ten cycles, meaning
that electrode capacity remained practically cartstehis funding indicates that degradation of
PANI had not occurred. As seen in insert of Figyglic voltammograms of the PANI electrode
before and after ten cycles remained the sameiroon§ again the fact that there was no PANI
degradation during cyclization. It is interestimgnention that charge/discharge capacities of the
PANI electrode were almost two times higher in clle/citrate than in chloride electrolyte (given
in dot lines on Fig.3).

The dependences of calculated charge and dischapgeities of the PANI electrode from
Fig. 2 and 3 on cycle number is given in Fig.4.
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Fig.3. Charge/discharge curves of PANI electrodéngu
ten cyclesj = 1 mA cn¥ in chloride/citrate-ful lines and
chloride electrolyte-dot lines, for anodic potehliiit of

Fig.4. Dependences of PANI electrode capacitiesyote
number in chloride/citrate electrolyte, for anogdatential
limit of 0.5 V: (¢)-charge, ¢)-discharge and 0.32\a}-

charge, )-discharge. Insert: Columbic efficiency for
anodic potential limit of: «)-0.5 V and &)-0.32 V.

0.32 V., dot lines-chloride. Insert: cyclic
voltammograms:{)-before and (.)-after ten cyclesy =
20 mV s'.

As seen in Fig.5, for anodic potential limit of 0.8, permanent lost (around 25%) of
capacity during ten cycles was observed even ththeyinitial capacity was higher than for anodic
potential of 0.50 V comparing to 0.32 V. On congrahere was practically no capacity lost
observed for the potential limit of 0.32 V. Sinc&NR was always polymerized under the same
conditions, the decrease of the capacity for higimadic potential limit of 0.5 V in chloride/citeat
electrolyte could be connected to the presencérate anions. The effect of the doping anions,
proposed by Yang et.dlL6] could be attributed to the hydrophobic efflttowing the Hofmeister
series [17]:

ClO4. > NO3 > I >Br > ClI” > F > HPQ? >SQ7. >citraté”
According to this, perchlorate ions are the mosirghobic, citrate ions are the most hydrophilic,
while chloride are in the middle. So, it was expéddhat chloride ions would form relatively stabile
ion pars in oxidized PANI film, therefore PANI dagiation could be limited to certain degree by
dissociation of the ion par, resulting in sloweglation kinetics of PANI in chloride than in
chloride citrate electrolyte.
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In Fig.5 cyclic voltammograms of the PANI electead chloride, chloride/citrate and in
pure citrate (0.3 mol dihNa-citrate) are given.

As it can be seen in Fig.5, doping of PANI by asiamall electrolytes started at the same
potential of about -0.15 V. Peak potential of erften@ salt in chloride and chloride/citrate
electrolytes occurred at almost same potential @25 V, while the peak potential in pure citrate
electrolyte was shifted for more than 100 mV inipes direction. In chloride/citrate electrolyte
doping preceded through broad peak, indicatinghib#t chloride and citrate anions were involved
in doping. It could be suggested that at loweepbals doping by chloride occurred, while at more
positive potentials doping by citrate anions milgave occurred. Comparing the values of the
potentials in doping area for chloride and chlafedeate electrolytes for the same value of current
densities, it seams that doping reaction in ch&ddidrate was shifted for about 30 mV in negative
direction. This negative shift of the potentialuksd in higher charge/discharge capacities obthine
in chloride/citrate than in chloride electrolyten @e other hand, in order to avoid fast PANI
degradation and decrease in charge exchange ahilgyhighly recommender that anodic potential
limit during cyclization should not exceé&tD.35 V.
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Fig.5. Cyclic voltammograms of PANI electrode ihiaride, 2-chloride/citrate and 3-citrate electtely = 20 mV §.

4. Conclusion

Electrochemical synthesis of PANI on graphite fragueous solution of hydrochloric acid
containing aniline monomer was performed galvanistly. The polymerization charge was 0.60
mAh cni? while discharge charge wax).14 mAh crif, so it was concluded that only 23 % of the
total polymer mass was available for charge exchanbile rest of the charge refers to formation
of inactive PANI oligomers and degradation produBtssed on electrochemical studies, it was
concluded that in chloride/citrate electrolyte boitinate and chloride anions played role in doping.
The faster decrease in charge/discharge capaaitylanide/citrate electrolyte compared to chloride
for potential limit of 0.50 V was explained by hgghilic effect of citrate ions, while higher
charge/discharge capacities were explained by vegadping potential shift of about 30 mV. It
was recommended that charging potential shouléxcted 0.35 V.
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