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Aьstrасt. PolyaniIinе is sуnthеsйed сhеmiсallу шdеr thе
iлlluеnсe oftow mаgfletiс fiеld ofintеnsitу l KGaUss. тh€
rlтосt ofrnаgnеtiс fiсld duг'ng thе s}тlthеsis Proсess сausеs
еnhаnсеrnеnt of е|rсtriса] соnduсtiйty ьy two oldсrs of
тnagпitudе' тЬis inсrеasеd еlесtriсal conduсtiйty dереnds
on thе рol},rner сhain ordering, аs wеll as struсhnе аnd
mоrphologу of the rсportсd polуmеr

кey word6: po]yаnilinе, сhеmiса| po],,rnеIizаtiоr\ low
nragnсtiс fiеld' еleсtiсal сonduсtivity

l. Introduсtion

тhe саpability of сonjugated polymеrs to ас! |ikc
inorgаniс sеmiсonduсtогs is ьroadly knorlт. мany of
s€miсonduсtin8 dеviс€s like Рn Diodr, sсhottkу Dioф'
LЕD's and Photovoltаiс се|l аге сonstruсtеd tБing thеsе
рolyrrЕfs. тЬe еffiсiеnсy of а deйсе ьasеd on сonjugatеd
рolуmers is substаntiаlly lоwеr and thus rеlders putting
thсm into Praсtiсa| usо iпцюssiьle. Low efIiсienсy ofsuсh
devicas is iпter аliа d'Je \о the laсk of oldеr in pol}rnеriс
rnаteriаls, whiсh is neсessаry to оьtаin рrоPег eleсtriсаl
сonduсtion'

Мa8nеtiс fiеld еffeсt (MFЕ) on thе kinеtiсs of
сhеmiсаl rеsсtions has beеn studiеd fоr a long tilrЕ, тhe
ovеIа] l сhan8е of yiе]d аnd kinеtiсs of сhemiсal and re|atеd
physiсal pгoсesses dur to tьe еffесt of a stаtiс mаgnetiс
fiеld hаs ьсеn sfudied ьy few researсhсrs. мori el Zl I l ]
found аn inсrеаsе of thе initial гаtе aпd иеld ofrаdiаtion-
iпduсеd polyrrЕri"аtion of aсry|onitгilе whеn the reaсtion
*as са.гied oш iл aп inстсasiпg mgnetiс field fтom 0 to
0.5 Т at 77 K. тuпo e, dl [2] s}тthesized thс styrene аnd
rnеthуlmеthaсryl6te ьy diЬепryl ketonеs usin8 еrrnrlsioп
pоlymеrization. They сoпсludеd that this pтoсеss wаs
тrвrkсdlу irfluеnсed by aп еxtemаl mаgnеtiс fiеld. Lin.
Тao-сai .r al [з] hаve studiеd МFЕ on polyanilinr (PANI)
film bу ir' sir! сond!сtivity meаsurеmеnts and rерortеd
that thе valuе of coaduсtiviry for thе PANI (вР = 0'7 т)
film pгrparrd parallel to еleсtrodеs surfaсе rпсI€asrs
thlеofоld as сoflparrd to that of РАNI preparеd in thе

aЬsеnсе ofthе rrвgnеliс fiеld. н' моrika [4] rеpoпеd thе
еffесt of rnаgnetiс firld on thе surfасе moгpholo8y апd
oxidаtioп.rеduсtion рrосess in PоlPyrro]с filrns,

ваsеd on thе litemture survеу it has bеen obsеrvсd
thаt the еffесt oflow magnсtiс firld durin8 рolym€гjzаtion
of aniline has ьсen invеstigatеd with rеspссt to сhangе in
moФho|o8у, Uv spесtruп} oхidаtion-rcduсtion pfoсess
elс. Howеvеr, the effесt of low mаgnеtiс fiеld duтing
polynerizatiоn ofanj]ine has nоt ь€еn rеpoaсd wilh rеsPесt
!o inсrсаsеd е|есtriсal сonduсtivitу' sjnсе thе сhаngеs in
еlесtriсal сonduсtivitу dсрrnd on rhe struсturс aпd
morphology of the polyrrЕг thеsе proреrliсs hаve ьeen
iпvcsligаtсd aпd rерortеd iп this work.

2. Ехperimerrtаl

2.l. sаmple preparation
Сhеmiсаls: lм н'soa' 0.5М anilinе and 0.5 м

potassium diсhlomatе (К,Cr,o?). Using thr aьove
сhоmiсa|s aпilinе wаs роlymеrized aссording to thе
standаrd method [5] (srmplе М0)' Pol}mеrizдtioп was
carriсd out in a glаss bеaker whiсh wаs phсcd in between
thс рo!е Pieсes оfеlесtromаgnеt offiсld lKcauss for onо
houf' (8rmple м1)

2.2. Aпalysis пethod

ЕIеrrЕntаl aпalysis ofctlNs-o wаs pеrforrned on
Vario ЕL ш' (сmьн Geпnany).

lnfraгеd spесtтa of samрlеs werе тeсolфd in the
ran8е of4000 . 400 сm' Usiп8 ..вRUKЕR ' (model: vесlor
22) FтR spесtrophotomеtеr.

Ал х-таy ditrтасtorrЕter (Рhiliр6 Ana|},tiсаl x-Rаy
в'v' Pw l7l0) was used tо ехаmiпe PANI sапplеs. Thе
х-Raу bеаm wаs сu Ka rаdiаtion ftom a sеaled tuьс
oprr8tеd аt з5 Kv aпd 25 пtA. Thе йtа werе rесorded
фom 2q = 1' to 40'.

А sсanniпg еleсtron miсrosсoре (Philips sЕМ;
мode| 5l5) wаs usеd to eхаmine PANI Dowder'
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Еleсtriсal сonduсtivity оfthе sаmРlе (М0 аnd Мl )
was meаsured аt room tеmpсrаturс using four proЬеs
(sЕs-Мodсl DЕP 02) teсьniquе, тwо-PгoЬе metho4 in
whiсh samрlе in tЬе form of рс]]сt was sandwiсhеd
bеtwееп t\1'о сoPРеr еlесtгodеs! wаs also used for
detеrmjning сlссtтiсal сonduсtivity.

Elemеntаl ana|уsis rеsults show that in saпрlе М l
hydгоgеn pеrсепtagе hаs iпсгеаsсd trсmслdouslу and
pстсеntаge of sulphur iпtгоduсеd in рolyrnеr сhаiп hаs
аlsо inстсasеd' This imрlies that more sites arе еxрoscd
whеге doрiлg of sulрhur oссrrгs, Тhus in samp|е Мl it
hаs been found that pгotопation hаs inсfеаsеd (highсг
реrсеntаgе оf hydrogсn).

TаbIе 2

El€сtriсдl сопduсtivity vаIuеs rl room tсmpсrttUre

E |е(triФ| Фnduсl ivlrу. s/сm

м0 t.t . l0 ' 9.10'
Мl 1.2.10" 7.1.t0 "

3. Rеsults and Disсцssion
тье рh'к jсаl appсаIanсe of mоdifi еd PAN l d(хignatrd

аs sаrnрlе Мl (jn powdсr form) wаs lustroiis, silvеry gгееn'
vcry sпрoth аnd frпе as сomparеd to sапрle M0'

таЬ|е l sЬows thс pсrсen1agе of C, н, N, s
oЬlаjnеd ьу еlеmеntal ana|уsis rcsult.

Tаbla 1

Еleсtriсаl сonduсtivity valuеs dеtегminеd usiпg louг
рroьсs and two.probс t!тhnique were tabulаtеd'

М l sarryle shows inсreasе in е|ссtriсal сonduсlivity
оf two ordеIs of rnаgnitudе аs сomPаrеd to М0, тhe
еffесt ofthe tеrпретafurе lariаtion fiom room tсmperаturе
to 42з K on еlесtriсal сoпduсtiйty is showп in Fi8' ].

тhе сurvе for sаrnрlс M0' shоwing sеmiсonduсtjng
bеhaviоr initiаllу up to 423 K, thereаftеr shows mеtаIlilr
bеhavior' sаmрlе Мl shows metаlliс ьеhаviоr fiom гoоm
tеmpеrаturе onwards up to з2з K' therеаftсr сonduсtivilу
sцddсnly d€сrеаsеs аnd аgain remаiБ сonstalrt showiп8
mеtalliс bсhavior throuфout thе tеrпpffаturе гапgе'

!ig. 2 shоws tЬr tR spссtla rеlrоfdеd fоr sатлplеs
М0 and Мl, vаrious lR Ьаnds аnd th.}ir аssigппЕnts аrе
sho\Aтl .n Таblс 3,

As оЬsеrvф frоm lR scans аs wе|l аs frоm таЬlе
J. lhс bаnd а| l4qJ сm' duс tо beпzеnoid uni l  is nо|
muсh shiflеd whсrеаs thе quйoid ьaпd (1599 сmt) aftсr
modif.iсаlion ( sаmplеs Мl) shifts towаrds low wаvс
nurrйеr sidс by 25 сmr, Тhis indiсatсs slight struсtшe
modifiсation' Тhс аnаlysis оf IR speсtra shows thаt
quiлoid to benzenoid (intсnsitу) ratio is alrrюst сonst.ant
for ьoth sаmn|сs, whiсh is oпе oftье раrаrnсtсrs to explаin
the еnhanсernспt in еlесtгiсаl сonduсtivio, [6]. Thе region
! 400.1 240 сm l is thе с N stretсhing regioп [6]. samplе
М0 shows two pеak' mеdium absоФtioп at lз02 сmr
аnd wеаk аbsoФtion at 1з85 сmr. тhe pеak аt 1302 сm I
(mеdium) is stгеngthenеd еnоU8h and bссomes strong as
that of bеnz€noid аnd qDлinоid I'саk for sашрlе М l , Тhe
wсаk аbsorption band аt l з85 сm r for М0 shows intensitу
grou.th in thе оrdсr of iпсIeasе in аррliеd rnаgnсtiс fi()ld
duтing polymеrizаtion l:e. saпр]e Мl has moге i[teлsity
for lhis Ьаnd as сomрaгed tо М0. тhе iпсrеasе in intсnsitу
of фе two Ьaпds оЬsеrvеd in tьis с-N stretсыng rеgioп
in ordоr of М0 and Мl suggсsts that thе C N gIoup
vibration in PANI is fаоilitatеd muсh, рossiъ]y drrс to
g!еatеr рromotion оr dеgrее оf еxpoшrо. Boуeт e, a/. [7]
havс obsетvеd and altтibuted thе intеnsity of с N
stfсtсhing bаnd to po|ymсr сhаin length inстeаsе. тhеу
hаvе trеаtеd this ьаnd as diagnostiс of thс сhаin length,
From lR rеsults, thеrеforr thс еnhаnсemеnt of intensitу
of с-N stretсhing ьа0d аl l]85 сm I indiса|еs i0стrаsс
of сontinuous сonjugation of polУmст сhаin lеаding to
ехposurе ofhiddcn с N gtouрs.

275 з25

Rrsцlts of еlemeпtдl anаlуsis

с '% ||.уo s.%

sO., do]rсd polyапilinо (P^NI) м0 30.68 6.01 9.02

1KG mi8nеtiс liеld applied dunng Pоl}фrrizllion
(so4l dol'еd PANI) Мl 2|,2з 4.06 10.08

Fig. l. Plot oflog s vs, l/тхlrr foг sаmple м0 aлd м|
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Fig. 2. IR spесЕа fФ samрlrs М0 md Мl

vаIious IR bands and their rsignmеnt

a. ц ryBЕIi(
с}. NJl

Otще
сjlnpleц с+lФtPleв!
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As suggеstedьу Gеni€s and IяProwaski [8], нamda
еt аl. [9l ar]d RaУ е| аl' Il0] thr relativе сФсеntrаtion of
vаriоus N-rrюities: NlI, +Nц' N=, +Nн=, с_N+ _ in
polyалilinс dеp€nds on tIЕ пatufe and рelсentagе ofdoрing
whiсh in fum тnaу affесt the pФulation of сhafgе dеfесt
сeпters (po]arcns and ьipolaюns) апd ultimatelу thе
еlесtriсаl сonduсtiйry Тhе N_н stгеtсhiпg bаn4 whiсh is
oъ'sеп€d at l706 сml for sаrпрle М0, gеts shiftеd tо hiфеr
wavе пumbijl sidе for Мl with inсrеase iп йtrnsitу' In this
сasе thеre is also a fiеmеndоus intеnsiry inсrеаse fФ с N'
and Nн ьands whiсh rnау affесt thr рoPulаtioп оf сharge
drfeсt сеntrrs оr there miфt ьe inстoasф pеrсеntagе оf
dopant (so.l) introduсеd in PАNI baсkbсmс for saтIplе
м1 as сolrрarrd to м0.

Thе сhaтgе deloсalizаtion pеaks aрPearing at

- 1ll4 сInj and 618 сmr whiсh hаve dirесt сorrlation
wi|h сonduсtjviгy Il l] also show pronounсеd inсrеаse in
М1. This su8gеsts a grcatеr p-еlrctron dеloсalйatioп ilr
PАNI inatегial and thетeьy eхрlains еnhanсеd еlсctтlсal
сmduсtivity' Thе ьand at abоut 1160 сflг| is most likеlу
to ьe due to in.plane с-H ьеnding rlюde ofaromatiс гings.
In sarпрlr Мl it is wеll rеsolvеd in intonsiry тhe band at
816 сmj is assignrdtothe оut-of-planе с н bеndingmodе
foг So.l dopеd рlyanilinе (м0). Aftrr mоdifiсation, 

', 
e,

in sanр|еs М l thе Ьand is oьserved аt lhс samo trюsitioц
оnly its interБiry has inсrеasеd tгemепdously,

Figrге з shows йdе аngle х-Ray diffiасtionpattегn
fol sarпplеs м0 аnd Мl ' Рelсеntаgе сrlstаllinity of the
sаmрle is саlсulаtсd using Мanjurtаth's formula [12].

Fig. з. widе angle х-ray diffiaФion Pattеm
fоi sample мо апd м 1

s
t

ln

l !201
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Thс хRD pаttетn tът М0 shоws broad f'eaks аt
2q :20" аnd аt 25,8. сoггesропding to (0.0. l)  дnd
( ]. l. 0) теfl есtiоns of P^Nl rеsресtivеly I l з]' тhе peoks
oьtainеd fог sаmplе Мl show sl ight shi l ts iлdiсаt ing
sl i8ht modif iсat ion in сгуstаl struсtuгe (niьlе 4) '
РегсеЛtаgе сrystallinitу is apprохirnatеlу lhе sаmе f.oг
sаmp]е М0 and saпiplе M],Thе./ spасing sl ight ly
dесгеasеs in сasе of saпЦlе Мl,

^ll 
thеsе гesulrs shоп' thаt thеге is slight struсturаl

сhangс duс to polуmсrization in 1ьс prcsсnсс of mаlnсlic
fiсld (sаmplс l,,ll)' I|oвс!сf. lhс с|ссtгiса| conduсlivitу
mеаsuremеnts sho\r' lаrgе еnhаnсеment. some oi lhe
tlсtогs еIeсtгiсal сonduсtivity dеplnds on arс Q/в ralio
(from IR mсаsцrсmtJnl). сrystаlliniц Р/.'. 'I.hese faсtors
shoп on]у maтginаl сhangеs foг sаmr' lеs Мl, and
thегеforе. сaD ье геsponsiьlе f.or onlу mдrginal inсrеasе
in еlесtтiсal сonduсtivity,

Thс сhаrgе tтаnsРотt in соnduсtin8рolymers Фсurs
tЬтough tЬе соmЬiпаt iоЛ of two mechanisms I l5]
pтoрogation of сhaтgо аlong thс рolуmст сhain 8nd
hopрiпg of сhaтgс bсlwос'n lhс nсighьoring сhаins'

].hе r'тoра8аtion ofсhnrgе along thе сhаiD is imрrovеd
ilthе lсngth of сontinuous соп.jugаtjon along lhe сhain inсrea.
sеs. Mlsапрlе shows с'nlнnссmсnt in thс lсnEh olсonlinu.
ous сonjugаtion аs obsстvсd lhтougь tьс аnа Ьsis of lll spcсEа
(highеr intеnsity of C-N strеtсhing band аt lз85сЛт ).
Furthеr high еlесtriсаl сonduсtivitу in sапrplс Ml сsn bс
аttriьutсd to highот nrптbот of doрant speсiеs еntеring thе
сhain ofsamplе М1 (еlеmепtаl аnalуsis supв)rts this rсsцlt).

sсаnning сlссtron пriсrosсopу photogrаplr |br
sдn1р]с М0 (}. ig.4) is s imi lar tо t lrе oЛе rерoтtеd bу
s, (]hоn. l  d/ J la l  aЛd shоws thаt еасh рaгt iс lе is аn
aggrеgаtс oi mаnу smаll gгaDulcs (sho\'yn bу сirсlс iЛ
Iniсгograph), Thсsс grаnulсs агс div idсd inlo smа||
pArtiсlсs аs obsеrvеd in thе miсrоgгaрh for sаmplе Мl
(F.ig 4), гтom tЬеsе miсrоgrарhs it is oЬser\.ed that tlrс
st|гt.aсе bесomоs smoolhст аs йс magnсliс ljо]d is app]iеd
duтing lhс рolуmerization рrосess,

Trlble 1

xRD dдta sfio*{ng v'rious peaks in хRD sсansrlzo сrуst8llinitу' d spасing

Fig ,l. sсaпniлg сlссtmn miсrоgraрhs for samp|еs м0 nnd i{l

4. Conсlusions

Аpрliсаlion оflow Inаgnсtiс liсld during сhсmiсal
po|уmeтizаrioл Proссss ol. аnilinс givс smoolЬ. lцstrоus'
silvсгy 8rееlr. finс powdсr wilh two оrdсr lnсrсаsе ln
сIссtriсal сonduсtivjtу.

тhus thе iпсrеа sеd еlссlriсal сonduсtivity in sаmp]е
Мl js prоbablу dur lo thе sligЬt inсrсasе in сrystаllinitу
witЬ inсrеase in сhain (солjugаtiоn) lеngth alrd ioсrеasе
iп nцmьеr of фе dopaлt sprсiеs.
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йoгo сTPУктУPA тA ЕлЕкTPиЧнI
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