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ABSTRACT

Polypyrrole (PPy) was electrochemically depositgcciclic voltammetry onto glassy carbon electradenfacidic
micellar solution. The effect of acidic micellarl&ion on capacitive property were characterisedngscyclic
voltammetry. The specific capacitance of the PRyhed the value of 353.37 F'gfter cycling in 0.5 M K5Q, at

10 mVs'. Presence of sodium dodecyl sulphate (SDS) deerdlas polymerization potential andaffect the
microstructure of the obtained polymer and the @illSDS anion, from the polymer backbone, durindogeng
change the morphology of the obtained polymer, whithanced the polymer specific capacitance. Ateosurface
morphology of the resulting polymer films was cltéesised by scanning electron microscope.
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INTRODUCTION

Polypyrrole (PPy) is one of the first discovered ame of the most studied conducting polymers fipliaation in
energy storage (ES) and production systems[1-5]ifiteeest in the application of PPY in ES is retate low cost
and high conductivity of this material, which exitsbhigh specific capacitance in aqueous electesly6,7]. The
high specific capacitance of PPY is attributed @dax reactions, which allow charge storage in thk lof the
material. Many investigations have been conductitid tive objective to utilize high theoretical sg&ctapacitance
[8] of PPY(620 F @) in ES and avoid problems related to the slowudifin of ions within the bulk of the
electrode[2].In general, the resistance due to mave of ions through pores is less than the resistdue to redox
conduction of electrons through the polymer lay@&ise role of morphology of the layer and the natfreharge
carrying ions is important in defining the relativ@ues of these two resistance values. Many stldghlighted the
advantages of PPy films, deposited on high suréaea current collectors and on composite matesiainfiproving
the electrochemical performance of PPY supercamacif9-11]. The microstructure of PPy films is a gho
important factor affected the diffusion of ions kit the bulk of the electrode. It is still surpngly challenging to
fabricate any desired nanostructure of PPy [12].stMoommon approaches for the fabrication of diverse
nanostructures of PPy include hard and soft temmglahethods. However, each of these categoriesthasvn
drawbacks. The hard template approach needs adfmlitiemplate removal treatments which can damage th
original nanostructure whereassoft template methiodsive the use of doping polyanions, surfactaits which
raise environmental concerns [13,14]. The electsoperization technique allows the pyrrole mononuissolved
in a solvent, containing an anionic dopant, to Riglized at the electrode surface by the applieddanpotential,
forming a polymer film with anionic dopant incorded into the polymer to ensure electrical nedyradf the
resulting film. The effect of anionic dopant is owiethe keys factors affecting the electrochempmiformance of
PPy.

Here we approach towards the control of condud®Rg microstructures through the use of larger dizpanions,
such as anionic surfactant which added during thextrechemical polymerization. The use of sodium

156



Gaber El-Enany et al Der Pharma Chemica, 2016, 8 (10):156-162

dodecylsulfateg(SDS) as larger dopants anions create novel nawtstes for PPy film after depoing process and
has been shown to exhibit unusual electrochemistry.

MATERIALSAND METHODS

2.1. Materials

The pyrrole monomer (99 %) was purchased from Algrianalytical grade 30, (98%) and sodium dodecyl
sulphate (SDS) were purchased from El-Nasr Phanmiae¢é company, Egypt. Deionized water with resigfi of
18.2 MQ cm was used to prepare all the solutions usehisnviork. The monomer was purified prior to use afid
the other reactants were used as received.

2.2. Voltammetric M easurements

Cyclic voltammetric (CV) was made using a using VBBtentiostat/galvanostat (BioLogic) connected to a
computer with EC-Lab software. The electrochemigdll was a conventional three electrodes with &imlan mesh

as the counter electrode, glassy carbon electredeeking electrode and SCE reference electrodee €lectrolyte
used in all the electrochemical experiments, wagSQ4 A thin film of conducting polypyrrole was growmder
potentiodynamic conditions from a solution contaghthe 50mM pyrrole monomer in 0.5 M,$D, using 0.07M
SDS and also without using SDS. The solution frohictv the film was generated was then replaced wiftesh
electrolyte solution of 0.5M (80, in which all cyclic voltammetry experiments wetigen performed. The
potential window used for the polymerization and Eharacterization studies was -0.8V to 0.9 V vsESErior to
use, the solution was purged with nitrogen ga2@min and maintained over during all the experitaen

The microstructures were examined with a high-tggmh transmission electron microscope (HRTEM, Phllips
Tecnai G2 S-Twin operated at 200 keV, Holland)

RESULT AND DISCUSSION

3.1. Electropolymerization of pyrrole using cyclic voltammetry.

3.1.1. Electropolymerization of pyrrole in presesnoé SDS.

Fig. 1 shows a multisweep cyclic voltammograms 6f &ectrode in 0.5 M 50, and 50 mM pyrrole monomer in
presence of 70 mM SDS as surfactant. The polymersfiwere deposited at a glassy carbon electrodegusi
successive cycling between -0.8 to 0.9 V vs. SCEOamnV $*. From Fig.1a we can see that all CVs show redox
peaks characteristic for the polymer formation a&hne current increases with each consecutive cychrigch
indicates an increase in the amount of depositddym.

The polymerization current decrease with each aanse cycling, which indicates a decrease in tate rof
electrochemical polymerization due to increasehafkhess of the obtained polymer film, where be en@sistive,
at the same time the total amount of formed polywes increase.

The oxidation potential of pyrrole monomer was deiaed from the first cycles as 0.58 V vs. SCE,. Rib, and
start to increase in successive cycle, that inditte¢ obtained polymer film became more resistiv rmay be some
sort of degradation was happened. Also as showiiginlbthe trace-crossings appear on the reversemof the
first cycle in voltammograms and increase with eynumber. This interpreted as the additional aneditent
observed in the reverse sweep results from slolwvielip reactions occurring in the diffusion layarfront of the
electrode, that in case of E(GHpactions involve slow rate constants for chemstap [15],slow second-order
coupling steps between dimmers and subsequentalownation of protons explain the observed tramessings.
The electrocatalytic effect of SDS was characterizg a significant decrease of the pyrrole oxidagmtential in
the micellar medium relative to aqueous solutidrtgs behaviour might result from strong electrastatteractions
occurring between the formed radical cations aeddibdecylsulfate anions during the polymerizatioocpss. The
presence of the hydrophobic (micellar core) andrdwidilic interface in normal micellar solution mé&yduce an
orientation of reactants in micelles and on thekivay electrode surface, which in turn affects tbgioselectivity of
reaction and reaction kinetics [16]. Also, SDS I¢adhe reorientation of the growing polymer chaamsl make it
more expended at the same time give chance tochaiangement, that reflected on the surface méwgles of
the as-prepared PPY-SDS film, Fig. 4a, where thaptawas homogeneous with a cleavage surface grehafike
a wrinkled paper in the structure. Also, SDS maydrongly bounded to formed polymer matrix and at
plasticizer for the obtained polymer, so smootmfivere formed, and we conclude it formed from matacking
layers with very low porosity.

We suggested that under the influence of the étefied the hydrophilic interface in micelles caiing pyrrole
will be attracted and oriented at the anode surfexés illustrated in Fig. 3. This facilitated taecumulation of
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pyrrole cation at the anode surface and hence asiog polymerization potential as shown in Fig.1i®& other
hand, the competitive adsorption of SDS anion @nelectrode surface during oxidation decrease ri@ eovered
by monomer on the electrode surface which decrgeséotal polymerization charge from 73.83 mC isaire of
SDS to 40.66 mC in presence of SDS. In the capelyfmer-surfactant interactions, individual suréadtmolecules
and polymer chain interaction or polymer aggregasy occur. This leads to a complex formation betwte
polymer chain and micelles or pre-micellar aggregat
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Figure 1.Cydlic voltamograms at 50 mV s for GC electrodein 70 mM SDSand 0.5 M H,SO, and containing 50mM Py (a) all cycles (b)
first and second cycles

3.1.2. Electropolymerization of pyrrole without of SDS.

Fig. 2 shows a multisweep cyclic voltammograms &f €ectrode in 0.5 M 80, and 50 mM pyrrole monomer.
The polymer films were deposited at a glassy camddentrode using successive cycling between -0@930V vs.
SCE at 50 mV 8. From Fig.2 we can see that all CVs show redakpeharacteristic for the polymer formation
and the current increases with each consecutiviéngyavhich indicates an increase in the amounteposited
polymer. The shape of the voltamogram differentrfithat in case of polymerization in presence of SDactant,
where the polymerization potential was increasthénfirst cycle to 0.7 V vs. SCE, also the polymation current
increase in the first three cycle then start tarel@ee with successive cycling as shown in Fig.2theck is no trace
crossing noted during the polymerization. The stegfmorphologies of the as-prepared PPy films weatuated by
SEM measurement, Fig. 4c, the images reveal thasiurface morphology is more rough and consistfrdifferent
sizes of PPy clusters over the surface of the gtlestvhich is responsible of porous structure efdlectrode.

From the above mentioned results we can concluukdiie presence of SDS decrease the polymerizatitamtial
via increasing the solubility of the monomer andilitate the way for monomer to riches the anoddase via
electrostatic attractions between its anionic resedl positively charged anode. At the same times &Bsorbed on
the anode and decrease the available surface foommer oxidation so, the net polymerization chargkewdated
from the CVs were 42.17 mC and 73.84 mC in abseh&DS.
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Figure 2. Cyclic voltamograms at 50 mV s* for GC dectrodein 0.5 M H,SO, and containing 50mM Py
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Figure 3.The hydrophilic interface in micelles containing Py will be attracted and oriented at the anode surface and the as prepar ed PPy-
SDS and after cycling

S, T W
R v

Figure 4.Scanning e ectron micrographs of (a) as prepared PPy-SDS (b) PPy-SDS after cycling and (c) PPy prepared from surfactant
free solution

3.2. Electrochemical Characterizations.

Cyclic Voltammetry studies.

The effect of the counterion used during electrgp@risation on the properties of the polymer hasnbeidely
discussed in the literature [17-19], the as-forrpelymers are molecular composites containing anatipolymer
backbone, with accompanying "dopant” anions faintenance of charge neutrality, scheme 1(a-c).ingur
electrochemical synthesis, as a result of simuttaseoxidation and polymerization of the pyrrole mer, the
conducting form of the polymer with a delocalizeabipive charge on the-electron system is formed. Anions from
the electrolyte solution in which the monomer hasalved are incorporated into the polymer in ordeachieve
electroneutrality. In our case there are two anipresent sulphate anion, scheme 1b, and dodeatisudhions,
scheme 1c,much larger size, which dissolve pymod@omer with its hydrophobic chain and can be ipooated
into PPy matrix as dopant subsequently [20].
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The electrochemical behavior of the PPy films dépdselectrochemically from aqueous solution caritey
surfactants and without surfactant was studied3n\d H,SO, aqueous solution. Fig. 6a, represent the cyclfnge
PPy-SDS film in HSO, aqueous solution between -0.8 V to 0.9 V vs. Si8Eshown, there is no doping peak in the
first cycle, Fig. 6a black line, that mean the atidn of as formed PPy-SDS is difficult, that mattributed to high
size of the surfactant alkyl chain, but also beeafghe presence of polar and apolar extremitiéts enolecule, the
former being compatible with the charged(oxidizémn of the molecule, and the latter with the nalubackbone
[21].The obtained polymer film doped with large ambfrom SDS anion which dissolved by its hydrophgiart
in the polymer backbone at the same time make smorteof separation between positive charge alongnper
backbone lead to more stabilization for the dopstage of the obtained polymer, also, neutralizez gbsitively
charged polymer cation by its anionic part, whickkenthe SDS anion highly bonded with the polymer aAesults,
the ejection of SDS anion from the polymer matrixidg the polymerization using cyclic voltammetrig,very
difficult so there is no doping where noted for teeprepared polymer in the first cycle. The dedgieaks of first
cycle B1 and B2, Fig. 6a Blackline, has high char§e21 mC, the dedoping peaks B1 may be attribtdaguull of
SDS anion from the obtained PPy-SDS composite aa#t B2 with more negative potential attributed icup-take
of Na' cations [22-24],under the influence of the redutfiwocess. The dedoping of a very large anion ascBDS
anion, scheme 1c, in the first cycle, lead to contlee morphological structure of as prepared PB$-Srom
homogeneous with a cleavage surface, Fig. 4aakedl porous interconnected structures with fibren&ion, Fig.
4b, which promote the efficient contact betweenabtve material and the electrolyte, providing sawctive sites
for electrochemical reactions. Structures with gadyoand interconnectivity supply additional acdelesspace for
ions, while maintaining sufficient conductivity faolid-state electronic transfer to improve thecttechemical
capacity. This type of structure provides a shdftsion path length to both ions and electrons,aislo sufficient
porosity for electrolyte penetration to increasarge/discharge rates, so facelifted the doping-diedoprocess
using small anion such as $0scheme 1b. At second cycle the very high dophogess started, compared to the
first cycle, the doping peak O where at 0.18 V @&ESand the corresponding depoing R peak where.2t\¢0rs
SCE. In case of PPY film obtained from electropadyiration at the same previous conduction excepptlesence
of SDS as surfactant, the microstructure and serfacrphologies of the as-prepared PPY films is nnovgh and
consisting of different sizes of PPy clusters abersurface of the substrate which is responsibfmmus structure
of the electrode.

Fig. 6b shows the CV curve of PPY and PPy-SDS afstian rate 30 mV'she redox peaks can be observed for
both PPY and PPy-SDS indicating the pseudocapadi@rformance for both PPy and PPy-SDS. The cougmd
(A/B), at 0.6/-0.02(V) and (O/R) at 0.18/-0.2 (WfBPy and PPy-SDS, respectively, are attributetheodoping-
dedoping process. Notably, the doping peak poteftiaPPy-SDS much less than that for PPy thatciaidi, the
doping process in case of PPy-SDS much easierithaase of PPy. The specific capacitance genetagedPy-
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SDS sample, 353.37 Bgis much higher than that of the PPy sample, 188j% at scan rate 10 mVsthat due to
the expected high surface area and large pore woaff®Py-SDS results from the pull SDS anions infifst cycle

as mentioned before.

Fig 6 (c, d) shows a typical CVs curves at différepan rates for the PPy-SDS and PPy, respectivielg.
noteworthy that, the CV curves for both samplessdidnfluenced with the increasing of the scaresag¢ven at
high scan rate, Moreover, the both samples haviegfdst current response due to the increasingdix peaks
current with the increasing of the scan rate. Aisith the increase of the scan rate in CV curvesPBy-SDS as
shown in Fig. 6¢c, the cathodic and anodic peakghtli shifted to the negatively and positively putels
simultaneously, in contrast to the PPy sample amdbe attributed to the polarization of the PPy-Sigtrode at
high scan rate.Fig7 shows the liner variation opidg peak current and scan rate for both PPy-SOf Riry,

indicating that the redox reaction occurred ontodlectrode surface is kinetic-controlled.
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Figure 6. Cydlic voltammograms at 100 mVs* obtained for polymer filmsin 0.5M H,SO,, (a) first and second cycles of PPy-SDS at 100
mVs?, (b) PPy-SDS and PPy at 100 mVs™ (c) cycling of PPy-SDS at different scan rate and (d) cycling of PPy at different scan rate
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CONCLUSION

Presence of sodium dodecyl sulphate (SDS) dectbaspolymerization potential and affect the microsture of
the obtained polymer and the electro-reduction reavaf SDS anion, from the polymer backbone, dudadoping
change the morphology of the obtained polymer, twldohanced the polymer specific capacitance. Tkeifsp
capacitance of PPy-SDS was 353.37'Fg much higher than that of the PPy sample, 18&&" at scan rate 10
mVs?, that due to the expected high surface area ame lpore volume of PPy-SDS results from the pullSSD
anions in the first cycle as mentioned before.
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