Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010
Volume 21

Poly(3,4-ethylenedioxythiophene):Synthesis and
Properties

Olga PyshkinaMoscow Sate University, Aleksejs KubarkoviMoscow Sate University,
Vladimir SergeyeviMoscow Sate University

Abstract: The high concentration emulsion polymerization of
3,4-ethylenedioxythiophene in the presence of sodiusalt of 2-
naphthalenesulfonic acid as dopant and emulsifier ra
ferrum(lll) sulfate as oxidant is described. By meas of IR-
spectroscopy it was shown that the resulting polymés poly(3,4-
ethylenedioxythiophene) and by means of transmittage electron
microscopy it was demonstrated that it is charactezed by the
morphology of shapeless flat formations. It was faud out that
the conductivity of poly(3,4-ethylenedioxythiophengobtained by
this method depends on the amount of washing watgrassing
through the maximal conductivity value 160 S/cm. Thénfluence
of heat treatment at 128C of poly(3,4-ethylenedioxythiophene on
its conductivity and morphology was studied. It wasshown that
the initial conductivity of poly(3,4-ethylenedioxyhiophene)
considerably influences the conductivity of the heatreated
poly(3,4-ethylenedioxythiophene). The heating of pg{3,4-
ethylenedioxythiophene) with low conductivity leadsto the
decrease of its conductivity while the heating ofhe poly(3,4-
ethylenedioxythiophene) with maximal conductivity & 160 S/cm
leads to increase of its conductivity up to severghousands S/cm.
Transmittance electron microscopy shows that the mghology of
poly(3,4-ethylenedioxythiophene) with conductivity of several
S/cm are monocrystalls.
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| INTRODUCTION

Polythiophene and its derivatives have been atémeer of
considerable scientific interest for their attraetand superior
chemical and physical properties [1]. Among theiddives
of polythiophene,
(PEDOQT), is one of the most successful conductiolgrpers
because of its low bandgap, excellent environmestdility,
high electrical conductivity, and transparencyhimtoxidized
films. Since PEDOT was first synthesized in 198%nn
studies on PEDOT have been carried out. Many aqujpics

salt of 2-naphthalenesulfonic acid (2-NaNS) as domand
ferrous sulfate as oxidant. The conductivity ofaéd by this
method PEDOT was 160 S/cm. In present article we
developed a route for the increase of PEDOT comdtyct
from 100 S/cm to several thousands.

I EXPERIMENTAL

3,4-ethylenedioxythiophene was purchased from Aldri
sodium salt of 2-naphthalenesulfonic acid was pased from
Fluka and F€SQ,); was purchased from Reachim (Russia)
and used without further purification. Bidistillestater was
used.

The structure of PEDOT was analyzed by using both a
small-angle X-ray (SAX, 45 kV, 25 mA; URS-60, Rugsand
wide-angle X-ray (WAX, 40 kV, 30 mA; URS-55, Russia
Ni-filtered Cu K, radiation was wused. Electrical
conductivities of PEDOT pellets were measured egiptp
the usual four-probe method using a Loresta-GP MGEO
conductivity meter (Mitsubishi Chem. Corporatioapdn). To
examine the morphology of the PEDOT transmittance
electronic microscopy (TEM) LEO912 AB OMEGA was
used.

Water suspension of sodium salt of 2-NaNS (2.286 {0
ml H,O) is mixed with 3,4-ethylenedioxythiophene (EDQT,
ml) on a magnet stirrer. The water solution of(B&y); x H,O
(3.276.g.in 5 ml HO) is added drop-wise by stirring to the
suspension. The reaction mixture is stirred du@nigours at
room temperature.

The obtained black deposition — the polymerizapooduct

poly(3,4-ethylenedioxythiophene) is collected by centrifugation with centrifuge dvth 12-25

(Hettich Zentrifugen, Germany)y = 15000 rpm, washed by
acetone (twice per 12 ml) and dried on air during whole
night. PEDOT was separated from the reaction méxtoy
centrifugation. PEDOT powder is pressed into tableith 10
mm in diameter on a hydraulic press at the pressfirg5

have been reported for solid e|ectro|ytic CapasitorMPa. The thickness of the tablets is measured waith

antielectrostatic agents, transparent electrodéghhemitting
diodes, and underlayers for the metallization a@ftpd circuit
boards.

micrometer MKC-25 from “Ethalon” (Russia).

[l RESULTS AND DISCUSSION

Numerous researches have been made on the syntifeses g ision polymerization of EDOT in the presence?2ef

PEDOT by the electrochemical and chemical oxidativRaNns and F4SO)s

polymerizations and  organic  synthesis  of
recognized as more suitable for mass production.
Only several years ago a new technique of polytieoe
synthesis was suggested by Japanese scientistsit[5§.
performed by high-concentration emulsion polymeiara of

ethylenedioxythiophene (EDOT) in the presence dafilso

contains several steps [5]. First step

‘ _ 3.4ncludes the mixing of EDOT, 2-NaNS and ferrum(8DIfate
ethylenedioxythiophene (EDOT[R-4]. The latter has been

in water emulsion during 10 hours at room tempeeatu
followed with resulting PEDOT isolation. The contluity of
thus obtained PEDOT was found to be 1-2 S/cm.
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Fig. 1. Diffraction pattern of PEDOT with conductivity 1&)cm

FT-IR spectrum of synthesized polymer shows thé&kp@d behavior can be explained in the following way. tha first
1525 and 1330 cth (C—C and/or C=C stretchings of thestep of the conductivity increase we washed off ¢xeess
thiophene ring), 1197 crh(originated from the C-O-C bond), amount of 2-NaNS and on the second step of theumtivity
991, 850 and 690 crh(v(C-S) and3(C-H)) [6]. Thus one can decrease we begin to wash off 2-NaNS which dopeRQPE

conclude that emulsion polymerization product iORH .

In order to characterize PEDOT structure we studlidu/
X-ray (Fig. 1).The diffraction pattern shows 3 meagfiections
which are correspond to the interplanar spacingsld.7, 7.3
and 3.4 A which are almost the same as charadtefist
PEDOT obtained by Lei Y. et al. [5]. It was propdsiat
PEDOT structure contains the package of sheetsaah of
them PEDOT chains are located parallel to eachr atlith
doping agents between them.

The second step of the emulsion polymerization@®OF in
the presence of 2-NaNS and,f&0,); includes the washing of
isolated PEDOT with different portions of water Iéaling
with conductivity measurement. Fig. 2 shows theedelence
of PEDOT conductivity on the amount of washing wate
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Fig. 2. The dependence of electric conductivity of thedpict washed on the
distilled water

One can see that the increase of washing water rarfeads

to the increase of conductivity from 1 S/cm to apprl60
S/cm followed with the decrease of conductivity. cBu
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transferring it to the less conductive state.

Fig. 3. TEM-images of PEDOT with conductivity 160 S/cm
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TEM-images of PEDOT with conductivity 100-150 S/cmstudied the morphology of PEDOT with conductivitiy2000

show shapeless flat formations.

In order to increase PEDOT conductivity we proptisat
heating of it can lead to postpolymerization of REDwith
the formation of more regular structure. Thus weveha

prepared 3 samples of PEDOT: (1) as synthesizedCHED

with conductivity of several S/cm, (2) PEDOT washidtl

maximal conductivity (160 S/cm) and (3) over washed

PEDOT with conductivity 50 S/cm. All of them weredted at

125°C and the conductivity was measured during differen

time intervals (Fig. 4).
Samples 1 and 3
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Fig. 4. Dependence of PEDOT conductivity on heating afC2fme for (A):
samples 1 and 3 and (B) Sample 2

Fig. 4A shows that for samples 1 and 3 the increfdesat
treatment time in the beginning leads to the sinaliease of
conductivity, while the further increase leads e tlecrease
of conductivity approximately 2 times. However theain
important result was obtained for sample 2 withtiahi
conductivity about 150 S/cm. As one can see on #igthe
first increase of heat treatment time up to 100rsi@oesn’t
lead to any changes in conductivity. However, fertincrease
of heat treatment time during more than 100 hoessld to
considerable increase of conductivity up to 2000nS/or
higher. However after grinding of the pellet withncuctivity
2000 S/cm and pressing again in pellet the condtictivas
found to be only 50 S/cm. This may be explained thuy
destroying of regular packing formed during heatofgthe
pressed pellet. In order to confirm this suggestion have

S/em (Fig. 5).
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Fig. 5. TEM-images of PEDOT with conductivity 2000 S/cm

One can see that heat treatment leads to formafioight-
shaped PEDOT monocrystalls. Thus the increase
conductivity up to 2000 S/cm and more can be aiteith to
the fact that the heated mixture contains the sélt2-
naphthalene sulfonic acid and iron (ll), which byating is
exposed to desulfonation, forming naphthalene. Kegne
melts, and that promotes the PEDOT crystallizaton the
formation of highly regular structures. At long+terheating
naphthalene is removed from the system due tormabbn.
According to IR-spectra, the heated samples maiolytain
doped PEDOT and minor amount of ferric sulfate. (I1)

IV CONCLUSION

Thus we can conclude that new, cheap and simplhesis
of PEDOT with conductivity of several thousands n$/cs
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suggested. This method includes: high-concentratedision
polymerization of EDOT in the presence of emulsifend
oxidant; washing of the synthesized PEDOT leadimghie
increase of conductivity from 1 to approx. 150 S/emd
heating the washed PEDOT at ?@5during more than 100
hours.
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Olga Pyshkina, Aleksejs Kubarkov, Vladimirs Sergeyes. Poli(3,4-etiendioksitiofens): sinteze unipadbas.

Aprakstta 3,4-etiendioksitiona augstas konceatijas emulsijas polimerizija 2-naftatnsulfonskibes ratrija sals ka dopanta un emulgatora
un dzelzs(lll)sulita ki oksidanta HKtbutne. Ar infrasarkafs spektroskopijas metodi pdija, ka iegditais polingrs ir poli(3,4-
etilendioksitioens) un ar transmisijas elektronmikroskopijas mefuatidija, ka to raksturo neizteiktas formas plakanu vieichor morfolgsija.
Paadits, ka @c §s metodes iaga poli(3,4-etiendioksitiofena) vadtspejas maksirala vertiba ir 160 S/cm unatir atkafiga no mazgjana
tdens daudzuma.eBta af poli(3,4-etiendioksitiofna) termisks apstides pie 12%C ietekme uza morfologiju un vadtspeju. Paadits, ka
poli(3,4-etiendioksitiofena) izejas vaiispeja butiski ieteknE termiski apstidata poli(3,4-etiéndioksitiofena) vadtspsju. Zemas vatlspsjas
poli(3,4-etiendioksitiofena) termisk apstdide noved pie at vadtspejas samaziisaris, kangr poli(3,4-etiendioksitiofna) ar maksirlo
vadtspeju 160 S/cm termisk apstdde noved pieat vadtspgjas pieaugumaidz pat vaiikiem tikstoSiem S/cm. Transmisijas elektronu
mikroskopija paida, ka poli(3,4-etdndioksitiofna) ar &du vadtspsju raksturo monokrigtu morfologija.

Oura ITbimkuna, Anekceii Kyéapbkos, Baagumup Ceprees. IToan(3,49TninenanokcuTiodeH): mojyyeHue u CBOiicTBa.

I/I3yqua BBICOKOKOHLIEHTPALIMOHHASL OMYJIbCUOHHAA IOJIMMEPU3ALIUA

(3,49runenuokcutroeHa) B MPUCYTCTBHH HATPHEBOH coim 2-

Ha(TaTNHCYIE(GOHOBOM KHUCIOTHI B Ka4€CTBE JOMUPYIOLIETO areHTa i AMyJbraropa u cyiabgara xenesa(lll) B kadectBe okucnuress. Merogom
NK-crieKTpOCKOHH MOKa3aHO, YTO B Pe3ysbTaTe TaKoH MoIuMepu3anuu obpasyercs monu(3,49THICHINOKCUTHODECH), XapaKTePU3YIOLAICs
KoH(MOpManHei WIoCKUX OecopMEeHHBIX 00pa30BaHMii. Y CTaHOBICHO, YTO MPOBOAMMOCTD MOJNH(3,4-9THICHIMOKCUTHO(EH]), TTOTYICHHOTO
yKa3aHHBIM CIOCOOOM, CHJIBHO 3aBHCHT OT KOJIMYECTBA BOJBI, MOIICAIICH Ha €ro MPOMBIBAHME, H MPOXOIUT Yepe3 MaKCHMAIbHOE 3HAUYCHHE
160 Clcem. UccnenoBano taxke BiusHue HarpeBanus nonu(3,4-stunenanokcurnodena) npu 125°C Ha ero mpoBOAUMOCTb U MOP(OJIOTHIO.
ITokaszaHo, YTO MCXOIHas MPOBOAUMOCTH MOJH(3,4-9THICHANOKCUTHO(DEHA) 3HAYUTEIBHBIM 00pa3oM BIMSET Ha €ro MPOBOAUMOCTB IOCIE
HarpeBanus. Harpesanue mnonu(3,4-9THIICHAHOKCUTHO(EHA) C HU3KOI MPOBOJMMOCTBIO TPHUBOANT K €€ YMECHBIICHHIO, B TO BpEMs Kak
HarpeBaHue Monu(3,4-5TUICHIMOKCUTHO(EHA) ¢ MaKCHMalbHOI MPOBOJMMOCTBIO NPUBOJUT K €€ BO3PACTaHHIO 10 Heckonbkux Clem u
00pa30BaHNI0O MOHOKPUCTAJIIOB, KaK MOKa3aHO METOIOM MPOCBEUHBAIOLICH HJIEKTPOHHOIT MUKPOCKOIIHUH.
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