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Preliminary Studies for Obtaining Polyaniline on Nickel Electrode
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Abstract: In our studies the possibility of obtaining polylareé films on the nickel electrode through electpdsition
was investigated. The method used was cyclic votiatry. The working electrode (anode) was glosskalicThe
electrolyte solution was diluted sulfuric acid wibh without aniline. The experiments were perforna¢demperatures
ranging from 25 to 4& and an electrochemical potential interval betweeh5 + 1.6 V. A white green to blue color
(depending on the electrochemical potential) palyanfilm was deposited on the nickel electrodéeTmain reactions
that take place on the electrode and the effeth@fvorking conditions on these processes werdifahthrough cyclic
voltammetry
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1. Introduction In our studies the possibility of obtaining polyame
films on the nickel electrode through electrodeposiwas

Polyaniline (PANI) is one of the most studiedinveStigated using cyclic voltammetry.

conductive polymers because of its exceptional otem )
electrical and optical properties. It can be olsdithrough 2. Experimental
chemical and electrochemical methods.

Through electrochemical synthesis the polymer is Aniline electropolymerisation experimental studias
obtained directly under the shape of thin filmsal@fed on aqueous environment were conducted using a water-
electrodes (metallic or non-metallic), having ardered jacketed glass electrolysis cell, type BEC/EDI X®D¥,
structure, with a high degree of crystallinity. Télectrode equipped with three electrodebe working electrode was
thus obtained, possibly modified with appropriatecture a nickel disk electrode with d = 6.18 mm, S = 01¥;cthe
compounds has many applications. It can be used asounter electrode was a platinum wire, S = 0.25 &nthe
biosensor for biomolecular compounds batching. 8ueh  reference electrode was the SCE electrode.
compound is dopamine — a biogenic amine that exta a Cyclic voltammetry studies were conducted with a
neurotransmitter in the brain and is involved intrieity PGZ 301 DynamicEIS Voltammetry potentiostat model
control [1]. A reduction in dopamine concentratleads to equipped with VoltaMaster 4 software and manufactur
muscle stiffening, a decrease in movement speed abyg Radiometer Copenhagen. The working temperaf{@®s
trembling while resting, symptoms that indicate euno- and 45°C) inside the cell were ensured with a dukati2
degenerative disease such as Parkinson's disease Labortechnik thermostat model. The laboratory usit
schizophrenia. shown in figure 1a and a close-up of the electrotbal
cell is shown in figure 1b.

Polyaniline film deposition (PANI) on the surfacé o
the nickel electrode was accomplished through ramili
electrooxidation in a diluted 430, solution. Before
conducting the studies, the working electrode was
mechanically cleaned using sandpaper with decrgagih
sizes and aluminum polishing cloth, as well as dasgd
with detergent solution in an ultrasonic bath.

The electrolyte volume used for each determination
was 25 ml. Experiments were conducted using 0.1nMl a
Figure 1. a - Laboratory unit. b - Close-up of éhectrochemical cell 0.5 M HSO, solutions, 0.04 M and 0.08 M aniline
concentrations and temperatures of 25 and 45°C,
respectively. All potentials are referred to theES@nless
otherwise noted.

The HSO, and aniline used in the studies were
purchased from Merck Company. Aniline was freshly
redistilled under vacuum conditions and than stoaiec
low temperature and in the absence of light. Alusons
were prepared using bidistilled water.

The technical literature contains studies perforroed
the electrochemical polymerization of aniline omatplum
electrode [2], skeleton nickel [3], polyaniline rfl
characterization [4], the influence of dopants dre t
characteristics of obtained films [5], the effecf o
temperature on the electrochemical synthesis {6] e
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Cyclic voltammetry studies were undertaken at
maximum interval potential between — 0.5 + +1.6\heT
polarization speed was 0.1 V/s.

3. Results and Discussion

Cyclic voltammograms obtained with the nickel;

electrode in 0.1 M KBGO, solution are shown in figure 2.
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Figure 2 Cyclic voltammograms recorded in 0.1 M3®, solution on
the Ni electrode, in the absence of aniline; pa&ion speed: 0.1 V/s;
temperature 25°C

At the first polarization cycle, a small intensipgak
can be observed at ~ 0.15 V that doesn't appedheat
subsequent polarization cycles. Next to it thera g&cond
anodic peak, with higher intensity, at
electrochemical potential.

a 12 V
This second peak slowlpy the number of cycles. The second peak — firsepked
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Figure 3. Cyclic voltammograms recorded on thelbitteode during
PANI deposition from the 0.1 M 43O, solution (red) containing 0.04 M
aniline; the second cycle of the baseline (bluelargization speed:

0.1 VIs, polarization interval — 0.5 + 1.6 V; temgi@ire 25°C

The oxidation peak corresponding to the 1.2 V
potential is also present at the baseline — recbidethe
absence of aniline — and thus its presence canmot b
attributed to aniline.

At higher potentials — ~ 1.5 V — another anodiccess
takes place before oxygen release — probably assdci
with undesired by-product formation due to the axbesl
degradation of the polyaniline film.

When reversing the potential direction two peaks ar
observed at potentials of ~ 0.45 V and 0.2 V, retpely.

The first peak, of smaller intensity, is not infheed

increases with the number of cycles and than besomat a 0.2 V potential — is of greater interesteftds towards

virtually steady. It's possible that this peak isedto the
formation of a nickel oxide passivation layer. lbwid be
better if the studied processes were undertaketo upis
potential. Under these conditions oxygen releaggniseat
~1.5V.

Voltammograms obtained on the Ni electrode through

electrolization of 0.1 M 50O, solution containing 0.04 M
aniline, at the potential interval — 0.5 + +1.6ar¢ shown
in figure 3.

After adding aniline in the electrolyte solutiorhet

more negative values and increases in intensitynvthe
number of cycles is increased. This increase isetaied
with that of the anodic peak from the 0.7 V potaint
these peaks correspond to a reversible processbalply
outlining the shift from emeraldine base to emeredalt.
After 10 cycles the polarization interval was rieséd
to — 0.5 + 0.8 V and 50 more were recorded, in setsOof 1
cycles each, as shown in figures 4 and 5.

The domain was restricted in order to reduce the
degradation probability of the polyaniline film foed on

presence of three anodic and two cathodic peaksbeanthe anode, process which takes place at potertigheer

observed on the resulting voltammograms (red linEbg
first anodic peak appears at a 0.7 V potentialreiases

than 0.8 V, as established. Thus, the thicknesghef
polyaniline film was increased only in emeraldirant,

with the number of cycles and at the same time mova&ith maximum efficiency — without degradation or-by
toward more positive values. This peak correspotuids product formation. Even though the first anodic kpésa

aniline oxidation With anilinium anion formation) on the
initially clean nickel electrode and afterwards ¢me
gradually covered electrode with polyaniline mohmo§
previously formed on its surface.

The formed anion immediately reacts with another

aniline molecule, forms an anilinium anion with myder

present at a relatively high potential (~ 0.4V)ditich we
can consider that pernigraniline is preponderafatyned,
the color of the film after 60 cycles, in this masted
interval, is white green — specific to emeraldine.

In the specified range, throughout the whole cycli
polarization process, a continuous increase ofatiedic

molecular mass and so on. The polymerization reacti and cathodic currents can be observed.

keeps propagating. Thus, in the first

leucoemeraldine is formed. Under

phase,
strong oxidizinghe anodic peak and towards more positive valueshie

Peak potentials tend towards more negative védtes

conditions, the leucoemeraldine film deposited dw t cathodic one — vice-versa than what was obsenved thie

anode turns quickly into emeraldine and then ih®rion-
conductive pernigraniline form (highly oxidized t&p

first 10 cycles. Thus the peak potentials get ¢loseeach
other.
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Figure 4. Cyclic voltammograms recorded on thels¢ctrode during
PANI deposition from the 0.04M aniline in 0.1M$0, solution,
polarization speed: 0.1 V/s; polarization range5-90.8V;
temperature: 25°C
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Figure 5. The fifth cycle of every set recordedtioa Ni electrode
during PANI deposition from the 0.04M aniline irlM H,SO, solution;
polarization speed: 0.1 V/s; polarization rang8:5-+ 0.8V;

temperature: 25°C

At cycles 29 and 30 the initiation of a divisionlodth

the anodic as well as the cathodic peak is observ
Judging by the shape of the newly formed peakauit lwe
considered that these are also due to a revergibleess

which takes place next to the already attributegl on

A continuous increase in the number of cycles mfro
30 to 40 and than to 50 — shows a faster increésbeo

There are two more new peaks on the cathodic branch
— at potentials of ~100mV and ~ —150mV, respedfivel
that have no correspondent on the anodic branchwane
attributed to irreversible reduction processesbably due
to the formation of some degradation by-productstfom
electrode.

In order to better point out the peak current inseg
figure 4 was simplified by representing th® &cle from
every set of 10 cycles each, thus obtaining figard his
way it's easier to observe the initial peaks, tteiolution,
the appearance of new peaks, their evolution etc.

In these preliminary studies the processes takiagep
on the electrode were also present after an ineréas
aniline concentration. The voltammograms showngaré
6 were obtained using the Ni electrode, an elegtol
solution with 0.08M aniline in 0.1M 80, a polarization
speed of 0.1V/s and the extended polarizationvater

Figure 6. Cyclic voltammograms obtained on thelctrode during
PANI deposition from the 0.08M aniline in 0.1M${0O, solution (red); the
second cycle of the baseline (blue); polarizatipees: 0.1V/s;

polarization interval- 0.5 + 1.6V; temperature: 25°C

By taking into account the first 10 cycles recorded
under these new conditions, it can be observed ttieat
shape of the voltammograms is the same as therone f
figure 3.

The peaks appear at the same potentials, their
evolution is the same and the peak intensity itdrig- 3.9
mA/cn? as compared to 2 mA/émat 0.04M aniline
concentration, at the anodic peak present at anf\//
potential, cycle 10.

The cyclic voltammograms shown in figures 7 and 8
were obtained, after the first 10 cycles, by retitig the
polarization interval.

Increasing the number of cycles — between 10 and 20
peak potential evolution changes again, the sanyeitvaid

q:j\q; a 0.04M aniline concentration in the electrolytdution.

nlike the peaks observed in figure 4, peak divisitarts
from the 18 cycle and thus, a new anodic peak appears at
a 430 mV potential next to the 550 mV one. The lsimi
division of the associated cathodic peak leads he t
conclusion that the ionic speciemvolved are the
components of a reversible process.

newly formed anodic peak at an approximately 350 mV 114 increase of the newly formed anodic peak sguti

potential in comparison to the old one, at appretaty

500 mV. The shape of these peaks continuously shiosvs

involvement of reversible processes.

from the 430 mV potential is more emphatic thart thfa
the previous anodic peak. It's tendency towards emor
positive values is also more emphatic and it ew»ers the
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initial anodic peak (basically the old peak canlarger be
seen on the last voltammograms — starting with 468
cycle).

After 60 cycles the peak potential for this process

reaches 550 mV and the peak current 18 mA/cm

new cathodic peaks, rather poorly defined in theemtal
range 400 + —100 mV. These peaks have no correspbnd
on the anodic branch.

A comparison between the recorded voltammograms
(cycles 14from figures 4 and 7) during polyaniline film

The associated cathodic peak shows a similaleposition from two solutions — a 0.04M anilineGriM

evolution — it divides at the same time as the anode.
The intensity of the newly formed peak increasdsnot as
much as that of the anodic peak (previously megtipn
The association between the two new peaks — araic
cathodic — constitutes strong evidence for a nexgrstble
process present in the polyaniline film.
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Figure 7. Cyclic voltammograms recorded on thelbiiteode during
PANI deposition from the 0.08M aniline in 0.1M${, solution;
polarization speed: 0.1 V/s; polarization rang8:5-+ 0.9V;
temperature: 25°C
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Figure 8. The fifth cycle of every set recordedtoa Ni electrode
during PANI deposition from the 0.08M aniline irlM H,SO, solution;
polarization speed: 0.1V/s; polarization range5-900.9V;
temperature:25°C

Figure 8 was obtained by removing
voltammograms from figure 7 except th&® Bycle from
each set of 10 cycles and it better points outeti@ution

process previously discussed. These voltammograms s

that apart from the peaks previously analyzed thezewo

H,SQ, solution (curve 1) and a 0.08M aniline in 0.1M
H,SQ, solution (curve 2) — is shown in figure 9.
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Figure 9. Cyclic voltammograms recorded on thelbitteode during
PANI deposition from two solutions: 1) 0.04M andim 0.1M HSO,
solution; 2) 0.08 M aniline in 0.1M 430, solution; cycles 14;
polarization speed: 0.1 V/s; temperature: 25°C

The observed peak intensities (anodic and cathodic)
are significantly higher when the aniline concetitra is
also higher. The observed processes are reversible

The voltammograms shown in figures 10 — 13 were
recorded after increasing the concentration of the
electrolyte support — from 0.1 to 0.5M$D;.

Figure 10 shows voltammograms recorded on the Ni
electrode, over an extended potential range. Tlselina
(blue) shows just one oxidation process startinépriee
oxygen release, at the ~ 1.1 V potential. In thesence of
aniline, two anodic peaks can be observed — oneajter
the 0.2 V potential and the other approximatelghat0.5 V
potential — as well as a cathodic one around 0.3Fhé
intense anodic peak present from 1.1 V also appedtse
absence of aniline.

Figure 11 shows the voltammograms recorded during
PANI deposition from the 0.04M aniline in 0.5M,${0,
solution, over a restricted potential range.

By restricting the maximum potential to 1 V theage
become more visible. Thus, 3 peaks on the anodindbr
become better defined by increasing the numberciks.
The peak observed at the 0.35 V potential has & hig
intensity, strongly emphasized due to an increas¢he
number of cycles. The other two anodic peaks remain
rather small and can be seen at a 0.5 V potemthba).85
V potential, respectively. It's probable that thstf anodic
peak is associated with aniline film formation, milsely

allin emeraldine salt form (currentconducting form).

There are also 3 peaks on the cathodic branch — at
potentials of 0.11, 0.4 and 0.55 V.

It's probable that the corresponding processeabeaxfe
peak pairs are reversible, especially the last two.
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Concerning the first peak pair, there is a visible— Topr i
disproportion between anodic and cathodic peakgities
(anodic peak intensity is very high). The assodigeocess = *
has a small degree of reversibility. The possipilif a
strong adsorption at the 0.35 V potential cannot b
excluded.
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Figure 12. Cyclic voltammograms recorded on theldctrode during
PANI deposition from the 0.08M aniline in 0.5M${, solution (red);
the second cycle of the baseline (blue); poladzesipeed: 0.1 V/s;
oz o 0z 04 05 0s . [ extended potential range: — 0.3 + 1.3V;
Fanereist 171 temperature: 25°C

Figure 10. Cyclic voltammograms recorded on thelsctrode during :

PANI deposition from the 0.04M aniline in 0.5M$0; solution; = s

polarization speed: 0.1 V/s; extended potentiagjear 0.3 + 1.3V, =
temperature: 25°C

0

Durrent density [mdcm?]

-20

-100 100 £ 300 500 700

Potential [uif]

Figure 13. Cyclic voltammograms recorded on thelsctrode during

PANI deposition from the 0.08M aniline in 0.5M${, solution;

polarization speed: 0.1 V/s; restricted potentiaige: — 0.3 + 0.8V;
temperature: 25°C

Figure 11. Cyclic voltammograms recorded on thelictrode during
PANI deposition from the 0.04M aniline in 0.5M$0D, solution;
polarization speed: 0.1 V/s; restricted potentiaige: — 0.3 + 1.0V,
temperature: 25°C

The next figures show cyclic voltammograms recorded On the restricted interval 4 anodic peaks can be
during PANI film deposition from 0.08M aniline in§M  observed —at 0.21V, at 0.47V, at 0.55V (poorlyird but
H,SQ, solution. Initially a large polarization range wasstill present) and at 0.8 V — as well as 4 cathadiies — at
used. This way the polymerization reaction on thdagze OV, at 0.40 V, at 0.45 V and at 0.65V. The fourlppairs
of the anode was initiated (figure 12). This precesas - that keep getting better defined as more cyalesadded
followed by film generation on a restricted polatipn — are associated with reversible processes.
range (figure 13). Compared with the peaks in figure 11, these ones ha

It can be observed that staring from tfec§cle there a higher intensity and are much better defined. The
are 3 well defined anodic peaks as well as 3 cathmaes. associated processes are almost entirely reverdible
These peaks increase with the number of cycles. clear that the processes appear and develop asithieer

Reducing the limit of the anodic potential to 0.8 \of cycles increases by becoming better defined mnde
emphasizes the relevant peaks and protects thamplbhe intense.
film from possible degradation at high potentials.
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Figure 14 shows the 40th cycle from
voltammograms recorded during polyaniline film
deposition from two electrolyte solutions — a 0.04Mline
in 0.5M H,SQ, solution (curve 1) and a 0.08M aniline in

0.5M H,SQ, solution (curve 2). Even though the shape ¢

the voltammograms is basically the same — the sarodic
and cathodic peaks can be observed — the inteokitye
peaks is considerably higher when the aniline cotnagon
is also higher.

0.2

Povercial (9]

Figure 14. Cyclic voltammograms recorded on thelBctrode during
PANI deposition from two solutions: 1) 0.04M andim 0.5M HSO,
solution; 2) 0.08M aniline in 0.5M 430, solution; cycles 40;
polarization speed: 0.1 V/s; temperature: 25°C.

The electrode processes don't change, but arelyclea
favored by a higher aniline concentration in threceblyte.

A comparison between the 0cycle of the
voltammograms recorded during polyaniline film
deposition from two solutions with the same aniline
concentration but with different 430, concentrations —
0.1M (curve 1) and 0.5M (curve 2), respectivelyg-shown
in figure 15.

There are significant differences between the cbr
voltammograms. If the first cycle shows one peak pa
one anodic peak at 0.7 V and one cathodic peak&t\0—
associated with a reversible process, the secomtke cy
shows three pairs — three anodic peaks and thteedia
peaks at different potentials from those presenthertfirst
cycle.

The peak aspect is also different — the first péakn
approximately the 0.3 V potential is very sharp &ad an
intensity of about four times higher than the ottves. The
corresponding cathodic peak is very small whichmsehe
associated process is basically irreversible. Foodie
polarization the interference of an adsorption psscis not

theAt potentials lower than 0.1 V two small waves da

observed that don't have any correspondent on rtbeie
branch — they are probably irreversible reductions.
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Figure 15. Cyclic voltammograms recorded on thelsctrode during
PANI deposition from two solutions: 1) 0.04M andim 0.1M HSO,
solution; 2) 0.04M aniline in 0.5M 430, solution; cycles 20;
polarization speed: 0.1 V/s; temperature: 25°C.
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Figure 16. Cyclic voltammograms recorded on thelsctrode during
PANI deposition from two solutions: 1) 0.08M anéim 0.1M HSO,
solution; 2) 0.08M aniline in 0.5M 430, solution; cycles 40;
polarization speed: 0.1 V/s; temperature: 25°C.

Increasing the bSO, concentration to 0.5M, leads
again to the formation of four peak pairs assodiat&h
reversible processes. The intensity differences siee
figure 15 are no longer present.

It is clear that by increasing ,HBO, concentration,
aniline oxidation — the first anodic peak — takdascp at

excluded. The other two peak pairs — from the mor@ore negative potentials thus favoring emeraldine

positive potentials — correspond to processes nolm$er
to full reversibility.

It seems that by increasing the3®, concentration in
the electrolyte solution, the polyaniline film foaton
mechanism changes significantly. This change migt
due to a higher degree of proton involvement.

Also, at an aniline concentration of 0.08M (cycle) 4
the aspect of the voltammograms is completely diffe
(figure 16). At a 0.1M HSO, concentration there is still a
single observable peak pair, specific to a reveggibocess.

formation. Despite all of this, the color of thkrf formed
on the anode is white green, specific to emeraldine

It's probable that at higher aniline concentrations
the electrolyte solution the effect given by anréase in
H,SO, concentration is no longer as strong as before and
aniline protonation is quicker.

Figures 17 and 18 show the temperature effect en th
recorded voltammograms.

The blue voltammogram from figure 17 was recorded
on the Ni electrode at a temperature of 45°C iratteence
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of aniline. In the presence of aniline, by incregsthe
number of cycles, several anodic and cathodic papgear
and grow at potentials lower than 1V. Three anpeiaks —
at potentials of 0.3V, 0.45V and 0.85V — and twthodic
ones — at 0.37V and 0.15V — can be observed. &keh
peaks increase with the number of cycles.

Evperinent

Retertdal [ U]

Figure 17. Cyclic voltammograms recorded on thelsctrode during
PANI deposition from the 0.08M aniline in 0.1M$0, solution; first 5
cycles; the second cycle of the baseline (bludgripation speed: 0.1 V/s;

polarization range: — 0.3 + 1.3V; temperature: 45°C
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Figure 18. Cyclic voltammograms recorded on thelictrode during
PANI deposition from the 0.08M aniline in 0.1M$D, solution; cycles 5
- 60; polarization speed: 0.1 V/s; polarizationgan- 0.3 + 1V;
temperature: 45°C.

By increasing the number of cycles all anodic peakgorresponds

tend toward more positive potentials while cathooies
tend toward more negative ones.

Figure 19 shows the 44 cycle from
voltammograms recorded during polyaniline
deposition at temperatures of 25 and 45°C, respbgtiAt

the

25°C, just one anodic peak and three cathodic enes

associated with one reversible process and twedrsible

film

cathodic ones — can be observed. At 45°C, threéi@ano
peaks — one at a potential similar to that of theakp
obtained at 25°C — and two cathodic peaks can beradd.

Exprriment,

Potential [V]

Figure 19. Cyclic voltammograms recorded on theldctrode during
PANI deposition from the 0.08M aniline in 0.1M$0D, solution; cycles
44; polarization speed: 0.1 V/s; temperatures52L22) 45°C.

The deposition on the Ni electrode of a polymeefay
was observed during electrochemical oxidation. Toker
of this layer alternatively changes from white grée blue
depending on the value of the electrochemical piaten
(figure 20). The first deposited layers (after finst cycles)
are white green. As the number of cycles incredard
implicitly that of the formed polyaniline layershe color
switches to dark green and at a high potential evatu
becomes blue. During cathodic polarization, dowrthe
OV potential and even to — 400 mV, the film colarns
back to green.

Figure 20. PANI films deposited on the Ni electrode

4. Conclusion

The behavior of the Ni electrode in,$0, solutions
with aniline content was investigated through aycli
voltammetry.

The first cycles were recorded on a large potential
range (- 0.5 + + 1.6V).

When using the 0.04M aniline in 0.1M ,$0,
solution, at a temperature of 25°C, polyanilinenfation
takes place at the 0.7V potential. The recordedk pea
to aniline oxidation (anilinium anion
formation).

By restricting the polarization interval 0.5 + 0.8 V
and adding 50 more cycles the degradation prolbaluifi
the polyaniline film formed on the anode was rediice

This way the thickness of the polyaniline film was
increased with maximum efficiency only in emeraddlin
form — without degradation by-products. The color of the
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