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ABSTRACT

The polyaniline (PANI) films are prepared on both bare nickel flake and
flexible polyethylene terephthalate-indium tin oxide substrates by
potantionstatic method in the presence and absence of a constant magnetic
field (MF) (0.8T). Based on the cyclic voltammetry (CV), electrochemical
impedance spectroscopy (EIS), Tafel plot and UV-vis spectra, the paper has
studied the effect of MF on the electrochemical properties of PANI films,
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and the result shows that the PANI films prepared in the presence of a
constant MF have a higher value of redox-current, better stability, smaller
chargetransfer resistance, more noble value of the corresponding corrosion
potential, and alonger wavelength where the peak of n-polaron transition

appears. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION

In the past two decades, conductive polymersre-
ceived wide concerns in both academia and com-
merce’¥. Polyaniline (PANI) isone of themost wildly
used and studied conductive polymersduetoits stabil -
ity inair and watert, easy processability and high con-
ductivity™®, which hasabroad applicationin gasand
biosensord, solar cell§%, rechargeablebatteries®, dis-
play devices, and corrosion protectiont™.

Theeffect of magneticfield (MF) on el ectrochemi-
ca reactionsreceived wild concernsin recent yearsbe-
cause of their theoretical and practical applicationsin
industry®9, Researcherslike Whitd'® demongtrated that

the magnetohydrodynamic (MHD) effect had asignifi-
cant effect on the rate of electrochemical reactions.
MHD effect isaLorentzian force acting on moving
charges(ions) inthe presence of MFX, whichleadsto
themigration of ions, generates sol ution streaming™
and inducesthe orientation of polymer*?, Somear-
ticlesconcerning the effect of MF on the el ectrochem-
istry asofound that el ectropol ymerization rateof PANI
obviously increased in the presence of MF*3, These
previous studiesmainly related to MF effect on open
circuit potentia's, polarisation resistances, cathodic re-
duction reactions and anodi ¢ dissol ution reactions of
ironin acidic solutions*, however, few researcheson
theeffectsof MF on dectrochemica propertiesof PANI
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filmshave ever beenreported, whichisthemain objec-
tiveof thisresearch.

The paper has researched the effect of aconstant
MF (0.8T) ontheelectrochemical propertiesof PANI
films. The PANI filmsare characterized by meansof cy-
cicvoltammetry (CV), dectrochemica impedance spec-
troscopy (EIS) and Tafel Curvesand UV-visspectra

EXPERIMENTAL

Materials

Prior touse, distill aniline (99.5%) invacuum and
storein dark. Other reagentsincluding sulfuric acid
(H,S0,), sulfosdlicylicacid (SSA) areaso analytical
gradereagents. Doubledistilled water istherequired
watethroughout theexperimenta proceduresof nicke
flakes (NF, R=10 Q/sq, Ni % =99.5 %). Prior to the
substrates, clean thenickel flakesby ultrasonic device
in0.1 mol/L H,S0, solutionfor 2min and then clean
them by distilled water for another 2 min. Putin 0.1
mol/L acetone solutionin PET-ITO basetocleanfor 1
minand thenindoubleditilled water for another 2 min.
Drythesubstratesinair.

Preparation of PANI films

Prepare PANI filmsin the presence and absence
of a constant MF by a constant potential (1.15V)
(WYK-303bB2 DC power, Yangzhou Eastern
Group) for 10 min at the room temperature. Take a
piece of NF (PET-1TO) as the working electrode,
saturated calomel electrode (SCE) asthereference
electrode, and stainless steel asthe counter electrode
respectively. Theactive areaof theworking electrode
is2.0x1.0 cm? and the solutions applied are 0.35
mol/L aniline, 0.2 mol/L H,SO,, and 0.22 mol/L SSA.
After deposition, the films should be rinsed with
doubledistilled water. Instill oxygen gasthrough the
electrolyte before el ectrochemica polymerizationto
ensuretheremoval of therest oxygen. Thedistance
between the working el ectrode and counter €l ectrode
isabout 5 cm. Thedirection of the MF, working el ec-
trode, and counter electrode are showninFigurel,
where X direction indicatesthe direction of the MF
perpendicular to theelectric field whilethedirection
of theMF parallel totheelectricfieldisthesameas
thethat of .

Macromolecules

The working electrode

FPerrnanent magnets  The counter electrode

Figurel: Schematicillustration of the polymerization cell
intheMF.

Char acterization of PANI films

Theeectrochemical propertiesof PANI filmsare
characterized through CHI660A (Shanghai Calvin
Chinainstrument corporation) € ectrochemical work-
station. Use 0.5 mol/L H_SO, electrolyte PANI films
astheworking electrode, take the stainless steel as
the counter el ectrode and saturated calomel electrode
(SCE) asthereference electrode. A UV-Lambda 850
spectrometer (Perkin Elmer Corporation) isused to
record the UV-vis spectraof PANI filmsprepared on
PET-ITO substrate.

RESULTSAND DISCUSSIONS

Cyclicvoltammetry and stability of PANI films

Figure2istheCV pictureof PANI film. The oper-
ating potential hasbeen scanned from-0.2V t0 0.9V
with ascan rate of 0.03 v/s. The PANI filmsare pre-
pared on NF substratesin the M F perpendicular to the
electricfield (curve(a)), parale totheeectricfield
(curve (b)) andintheabsence of aconstant MF (curve
(©)), respectively. It can be seen from Figure 2 that the
curveshapesarequitesmilar and dmog sharethesame
peak potentials. Thisshowsthat the peak potentias of
the PANI film have hardly been influenced by the MF.
However, the peak current in curve (@) isthe highest
whilethelowest oneisin curve(c). For example, the
first anodic peak current in curve (a) and (b) is46.99
mA and 38.41 mA respectively; whileitis36.72mA in
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curve (c); the second anodic peak current in curve (a)
and (b) are 32.71 mA and 29.34 mA; whileitis22.39
mA incurve(c), withtheresultsshownin TABLE 1. It
iswell known that organic polymershave anisotropic
diamagnetic susceptibility!?, hencethey have been ori-
entedintheMFE The MF coupled withthedectricfied
can generate L orentz force, which enhancesmasstrans-
fer and makesthe PANI chains more regularly, thus
further facilitatethe chargetransfer!3, TheLorentz force
will bethelargest inthe MF perpendicular to the e ec-
tricfidd™. Thisisthereason why the peak currentsin
curve(a) are higher thanthosein curve (b) and arethe
lowestincurve(c).
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Figure2: Cyclicvoltammetry of the PANI filmsin 0.5 mol/L

H,SO, between-0.2and 0.9V at ascan rateof 30mV/s. (a) the

MF perpendicular tothedectricfidd; (b) theMF paralld to
theelectricfidd; (c) absenceof aMF.

TABLE 1: Thefirst and second anodic peak current of the
PANI films

Thefirst Thesecond
anodic peak anodic peak
current/mA current/mA

Condition

Absenceof the MF 36.72 22.39
MF parallél to the electric field 38.41 29.34
MF perpendicular to the electric field 46.99 32.71

Electrochemical stability isavery important pa-
rameter in practical applications. Figure 3 showsthe
relation between thefirst anodic peak of PANI and
therelative currentsamong whichin curve (a) PANI
filmsareprepared perpendicular to theelectricfield,
thosein curve (b) are parallel totheelectricfield and
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curve (c) isprepared in the absence of aconstant MF.
| istheratio of theinitial anodic current totheanodic
current of acertain cycle. It can be seen from curve
(b) and (c) that thetwo curve shapesarevery similar,
whileincurve(a) | showsasignificant decay. Thus,
the PANI films prepared in the MF and perpendi cular
tothedectricfield haveahigher electrochemica sta-
bility thanthoseinthe MF parallel totheelectricfield
and in the absence of theMF. Thereason may consist
inthat the applied MF perpendicular to the electric
field deformsthe conformation of PANI chainsand
makesit becomemoreregularly.
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Figure 3 : Dependence of the relative current of the first
anodic peak on the number s of the cycles, The PANI films
prepared in (a) theM F perpendicular totheedectricfied; (b)
theMF parallel totheelectricfield; (c) absenceof aM .

Figure 4 showsthe dependenceof thefirst anodic
peak current (ip) inCV curvesonthesquareroot of the
scan rate (V*) of PANI films, which are prepared in
MF perpendicular to theeectricfield (curve(a)), par-
ald tothedectricfied (curve (b)) andintheabsence
of MF (curve(c)). Theresultsindicatethat i _increases
proportionaly accordingtotheVV*, which suggeststhat
therate of the chargetransfer inthe systemismainly
affected by diffusion process®™. In addition, thedightly
larger dopesincurve(a) and (b) suggest that the diffu-
sion constant of the PANI films preparedin the pres-
ence of aconstant MF may belarger than those pre-
pared in the absence of aconstant MF. Moreover, the
dopeincurve(a) isthelargest amongthethree dopes.
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It & so can be considered in another way that the diffu-
sion resistance of the PANI films prepared in the ab-
senceof aconstant MFislarger thanthose preparedin
the presenceof aconstant MF. Thismay beduetothe
MF orientation effect that makes PANI chains more
regularly?, thusthedectron transfer becomes easier.
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Figure4: Dependenceof thefir st anodic peak current of CV
curveson squareroot of thescan ratein 0.5mol/L H,SO, of
thePANI filmsprepared on NF subgtrate. (a) theM F perpen-
dicular totheédlectricfield; (b) theM F paralle tothedectric
field; (c) absenceof theMF.

TheEISof PANI films

Moreé ectrochemicd information of the PANI films
has been obtained by ElSresearch. Figure5 showsthe
impedance spectra of the PANI filmsin 0.01 mol/L
H_SO, solution, withthefrequency rangingfrom0.1
Hz to 10° Hz. The PANI films are prepared on PET-
ITO substratesinthe MF perpendicul ar to thedectric
fidd (curve(a)), pardld tothedectricfield (curve (b))
and in the absence of a constant MF (curve (c), re-
spectively. It can be seen that thethreeimpedance spec-
trasharesmilar characteristics, form adepressed semi-
circleinthehighfrequency regionand astraight linein
thelow frequency region. Generaly speaking, thede-
pressed semicirclein thehigh frequency regionisas-
cribed to the membrane resistance of e ectrode; the
straight linein thelow frequency regionisdueto the
capacitive characteristics of conductive polymer film.
Comparewiththeimpedance spectra, it hasbeen found
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that thediametersin curve(a) and (b) aremuch smdler
than thoseinthe curve (c), and the diameter in curve
(a) isthesmallest. Thisindicatesthat the PANI films
prepared inthe presence of aconstant MF show alower
el ectrochemical chargetransfer res stancethanthosein
the absence of a constant MF. When the MF is per-
pendicular tothedectricfield, the PANI films present
thelowest electrochemical chargetransfer resistance.
For example, thechargetranferenceresistancein curve
(@ and (b) 1Is241.5Q and 258.6 Q respectively; while
it15298.9 Q in curve (¢). In other words, the PANI
films prepared inthe presence of aconstant MF exhibit
higher el ectronic conductivity and lower chargetrans-
fer resistance than those in the absence of aconstant
MF. Thisa so may beattributed to the orientation ef-
fect of theMFon PANI molecules™, resultingineasier
chargetransference and dopant doping, whichiscor-
respondingwith Figure 2.

160

(c)
140

120
100
B0

_z” .‘!ﬂ

60
40

20

50 100 150 200 250 300 350
2 1Q

Figure5: Electrochemical impedance spectroscopy of the
PANI filmsin 0.01 mol/L H_,SO,. Thefilmswereprepared on
PET/ITO subgtratesin (a) theM F per pendicular totheelec-
tricfield; (b) theMF paralle totheelectricfidd; (c) absence
of theMF. Frequency scan rangeisfrom0.1t0105Hz.

Tafel curves

Figure 6 showsthe Tafd curvesof bare NF (curve
(@) and PANI coated NFinthe absenceof MF (curve
(b)), inaddition, theMFispardld tothedectricfied
(curve(c)) and perpendicular tothedectricfield (curve
(d)). Thecorresponding corrosion potentials(E__ ) are

COrT:

listed in TABLE 2. It shows that the Eor shiftto a
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morenoblevaueintheMF and themost positiveE_
value is observed in the PANI coated NF perpen-
dicular totheédectricfield. Thecommon explanation
of thisphenomenonisthe MHD effect driven by the
Lorentz force, which formsahighly conjugate nt sys-

tem inthe PANI molecular.
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Figure6: Tafel plotsin 0.5 mol/L H,SO, solution, the PANI
filmswer e prepared on (a) barenickel flakeselectrode; (b)
absenceof theMF; (c) theMF paralld tothedectricfidd; (d)
theM F per pendicular tothedectricfied.

TABLE 2: Thecorrosion potentialsof PANI filmsprepared
in different conditions.

Substrate Ecorl/mV
Bare NF -271.3
PANI coated NF (OT) -241.8
PANI co:?\teq NF (the MF parallel to 2065
the electric field) '
PANI coated NF (the MF perpendicular to 1741

the electric field)
UV-visspectraof thePANI films

Figure7 showsthetypical UV-visspectrum of the
PANI filmspreparedin PET-ITO substrates, which are
in the absence (curve (c)) of aconstant MF and the
MF perpendicular to the electric field (curve (9)) as
well aspardlée tothedectricfied (curve (b)), respec-
tively. It can beseen from Figure 7 that al the samples
havefour absorption bands. The characteristic peaks
of the PANI filmsappear at about 361 nm dueto z-7*
transition of thebenzenoid ring; at about 436 nmand
805 nm dueto polaron-z* and z-polaron band transi-

—== Py Paper

tion*9., |t isinteresting to notethat the absorption peak
resulted from z-polaron transition of the PANI films
prepared in the presence of aMF (curve (@) and (b)
appear a alonger wavel ength, compared with that of
the PANI film prepared in the absence of aMF (curve
(), whichis841 and 817 nm respectively, as shown
inTABLE 3. Nevertheless, thewavelengths at about
361 nm and 436 nm resulted from z-z* and polaron-
7* trangtionsremain unchanged, which suggeststhat
theeffectsof orientation by MFleadtoaregular growth
of thePANI films, inducing the enhancement of conju-
gated effect and interaction of PANI chaing. Thede-
creasing band gap energy makesthistrangition easie.
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300 400 500 600 700 800 900
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Figure 7 : Shows the UV-vis spectrum of the PANI films
prepared on PET/ITO subgtrates, (a) theM F perpendicular to
theelectricfield; (b) theMF paralld totheelectricfield; (c)
absenceof aM .

TABLE 3: Thewavelength of absor ption peak dueto n-po-
laron of the PANI films

Shift of wavelengths of

Condition absor ption peak dueto
z-polaron /nm
PANI film prepared in absence of the MF 805
PANI film inthe MF parallel to 817
the electric field
PANI film in the MF perpendicular to 841

the electric field

CONCLUSIONS

Thedectrochemical propertiesof the PANI films
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prepared in the absence and presence of a constant
MF have been researched by CV, EIS, Tafel curves
and UV-visspectra Someinteresting resultshave been
obtained: (i) TheCV diagram of the PANI filmsindi-
catesthat the peak currentsof the PANI films prepared
in the presence of aconstant MF has a higher redox
peak current val ue and better stability. Theanodic pesk
current of the PANI films prepared inthe M F perpen-
dicular totheelectricfieldisthehighest (46.99 mA).
(i) TheEISof the PANI filmsprepared in the presence
of aconstant MF showssmaller chargetransfer resis-
tance, whichare241.5 Q and 258.6 Q, compared with
the PANI films prepared in the absence of aconstant
MEF. (iii) The Tafel curves show that the corrosion po-
tentia shiftsto amore noblevalueinthepresenceof a
constant MF, the most positive E_ valueis-174.1
mV inthe MF perpendicular totheelectricfield. (iv)
The UV-visspectraindicatethat the peak of 7-polaron
trangition appearsat alonger wavelength, that is, 817
nm and 841 nmin the presence of aconstant MF.
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