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Abgtract: Aniline matrix polymerization in the presence of
polysulfonic acids with different chemical structure and
molecular mass in water and water-2-propanol mixtues is
investigated. It is found that aniline matrix polymerization leads
to formation of soluble polyelectrolyte complexes tere
polyaniline is in emeraldine form. The dimensions fopolyaniline-
polyelectrolyte complex particles do not depend othe molecular
mass and chemical structure of polyelectolyte in war. Obtained
complexes are stabilized not only with electrostatibut also with
non-ionic, e.g. Van der Waals' interactions. The prton
conductivity of polyelectrolyte complexes of PANI-MF-4SK is
investigated and it is found the proton conductiviy can be
controlled with varying of ANI amount in the initial reaction
mixture.
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| INTRODUCTION

I EXPERIMENTAL

A Raw materials

For aniline matrix polymerization aniline hydrochbte
(ANI, Sigma Aldrich) was used as a monomer, ammuoniu
persulfate (APS, ICN Biomedicals) was used as adizex.
PAMPS (M, = 2 000 000, Sigma Aldrich), PSS (M 70 000,
Sigma Aldrich), Nafiofi (Sigma Aldrich, DuPont) and MF-
4SK (JSC “Plastpolymer”, 8.2% solution in 2-propgneere
used as polyelectrolyte matrices (PEM).

B Aniline matrix polymerization in the presenceP#&MPS

and PSS

0.0389 g of ANI and 0.0883 g of APS were dissolired0
ml of distilled water. Freshly prepared ANI solutiovas
mixed with polyacid solution ([ANI)/[PEM] = 1) andtirred
during 30 min. Then APS solution was added to theéure of
ANI and PEM at the vigorous stirring (JAPS]/[ANI] £.25

Polyaniline (PANI) is an electron conducting polyme and 5), after that the mixture was briefly stirraxd left to

which has potential application in different areaf the
industry. Due to its rather high electron condutfiv
environmental stability and ease of preparationyandline
may be used
anticorrosion coatings, supercapacitors and orgaigs. The
main disadvantages of polyaniline are the poor kslity in

common solvents and low thermal stability of eleotr

conductivity (because HCI is volatile and polyamli is
dedoping on heating). There are a lot of solutiofisthis
problem but the simplest is the matrix polymerizatiof
aniline in the presence of polyacid. Polyacid oiges aniline
molecules during its polymerization and stabilipedyaniline
macromolecules making them soluble in water. Iis thiork
the main features of aniline matrix polymerization the
presence
polyacrylamidomethylpropanesulfonic acid and thepgrties
of PANI obtained in their presence were studied.
However
acid (PAMPS) and poly(4-styrenesulfonic) acid (PSf® not
form with PANI films with good mechanical propesieThe

ossibility of aniline matrix polymerization in th@esence of . d L
b y PO iod E- measured using two-probe technique with impedanetem

d Agilent 428 (Sweden) at frequency range 20Hz — 2MHz at

film forming polyelectrolyte Nafiofi and its analogue M
4SK in 2-propanole and the properties of films dtaine

interpolyelectrolyte complexes (IPEC) were studieg@resent

work.
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in electrochromic devices, antistatl a

polystyrenesulfonic and

poly-(2-acrylamido-1-methylpropanesulfonic

polymerize at room temperature during 24 hours.

C ANI matrix polymerization in the presence of Nifiand
MF-4SK

0.0066 g of ANI was dissolved in 10 ml of mixturé o
distilled water and 2-propanol and 0.0144 g of ARSs
dissolved in 10 ml of mixture of 2-propanol and titlesd
water. Then freshly prepared ANI solution was mixeith
appropriate amount of MF-4SK solution or 8.2% solutof
Nafion® in 2-propanol ([ANI]/[Nafiorf (MF-4SK)] = 0.05 -
1). The volume fractions of 2-propanol were 3.4, 26, 75
and 88.67 vol.%. The mixture was stirred duringn3i@d and
APS solution was added on the constant stirrind® K ANI]
= 1,25). Then reaction mixture was left to polymerat room
temperature during 24 hours.

Solutions of PANI prepared in the presence of Nafio
analogue (MF-4SK) with 2-propanol content 88.67 .%ol

)Were casted in a Petri dishes and dried in air. digined

films were conditioned in boiling 1M HCI for 3 h @nin
boiling water for 3 h.
Proton and electron conductivity of conditionednfil was

25-100T with temperature interval of &2

The morphology of PANI-PEM composite was investght
using transmittance electron microscope Leo 912(YBega
(Zeiss, Germany).

The electron spectra of the reaction mixtures doimg
ANI, APS and PEM at different time intervals wewdlected
using spectrophotometer HelieasUSA.
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The experiments of dynamic light scattering wereried _ _ _ o _
out using “PhotoCor Complex” instrument (“FotocaRyssia) 10 confirm this conclusion ANI polymerization wigitfold
with real-time correlator “PhotoCor-FC” (288 chatm)eand €xcess of APS was carried out. The polymerizatiath -
one-mode helium-neon laseio(= 632.8 nm). Obtained fold excess of oxidizer has no red shift of absorptband
autocorrelation functions were processed using raeve from 630 nm to 730 nm but after the absorption peak30

Laplase transform on DynalL$S software. This procesgives NM reaches its maximum value it starts to decreaseshifts

relaxation times distribution functionr = 1/Df of the © blue region due to the oxidative destruction of
investigated solutions. All studied solutions hajitribution ~Polymerization product. Thus the red shift of bat530 nm

functions with one peak which is inherent for difion in electron spectra of the reaction mixture isilabed to

character of the observed processes. The diffusiefficient reduction of partially oxidized form of PANI to enaddine

of water soluble PANI was found as a slope of delpane of form-: _ ,
It was found that polyelectrolyte matrix reduces tieriod

1k fromq:‘;—msin(G/Z), where n is refraction index of solvent, 5t ANI polymerization, i.e. the polymerization ofNA in the

: 0 o - presence of low molecular weight dopant (HCI) aN[A= 10

0 is scattering angle (30-130%). The hydrodynamiiirRy) 31 joes not take place even after 100 min. @tk one

of complexes ~were calculated  using Einstein-Stock"s1 the presence of PAMPS or PSS was found t.o finfsdr 5-

equatiorr, = 5 kTD , Wheren, = 0.893 cP for water. 7 min (Fig. 1).

70 ) ) The dynamic light scattering data showed that the
Water soluble PANI obtained in the presence of PEAS v qrodynamic radii R of forming IPECs rise at the initial

dedoped using 1M NaOH solution, the pH of the syl giaqes of ANI polymerization and become constater agd-

solution was adjusted to 11. shift of peak at 630 nm. The,Rvas found to be 20 nm for
IPEC PANI-PSS and 30 nm for PANI-PAMPS, while the R
N DISCUSSION of PSS is 5 nm and 18 nm of PAMPS. These data aitow

During ANI oxidation with APS in the presence oftREM Propose that observed particles if IPECs consistggiegates
the mixture solution color becomes dark green viaep including PANI chains and from 5 to 80 chains ofPEor
however the appearance of PANI precipitate is steoved PAMPS and PSS correspondingly). _ _
which indicates that obtained PANI is involved REC with a It is known that PANI does not dissolve in watedats
polyelectrolyte matrix. In the electron spectratédare not Particles should be stabilized with PEM loops inteva
shown) of the reaction mixtures the absorbancéatrén and solution due to electrostatic interaction betweekNP and
630 nm is linearly increasing during 15 min of the®EM. Deprotonation of emeraldine salts by alkalises the

polymerization. Then the absorbance at 350 nmsstuft370 formation of non-charged emeraldine base [3]. Thin
and the shoulder-like band at 420 nm appears. €hk at 630 addition of NaOH should destroy the IPEC PANI-PEDH
nm shifts dramatically to 730 nm. The band at 380ism-n*-  increase of the PANI-PEM solution leads to decrezfsthe

electron transitions in benzene rings, 630 nmtiibated to an @Psorbance at 730 nm. Decrease and appearancenefv a
absorbance of exitone transitions in quinoid ringkijle the absorption band at 540 nm is corresponded to edireabase
370 nm peak corresponds to a protonated emerasaine420 [3]. The precipitation of PANI was not observ_ed_.|§l' Bhows,
nm band corresponds to appearance of cation-radithbnd th_at the polyelectrolyte matrlx stabilizes polyamel not only
730 nm band — to polarons [2]. Such spectral bemaan be ywth ionic but also with other, e.g. Van der Waals
connected with the reduction of partially oxidizeolyaniline ~nteractions.
and its transformation to emeraldine salt.

4.

Ahsorhance

- , , . , PAMPS

0 2 4 B FEIQ 94 95 895 100
t, min The morphology of the products of the ANI matrix
) ) ) - polymerization was investigated with the transnossi
Fig. 1. The dependence of absorbance of the reaction rastoontaining lect . Fi 2 sh th . f
ANI and APS at 630-640 nm from time for reactionxmies 1) without electron m_"?rOSCOPY; |gur_e shows the microphetplg o
matrix and 2) in the presence of PSS,(M 70 000), ([APSJ/[ANI] = 1.25, the polyaniline stabilized with the PAMPS.
[ANI] = 2x10° mol/l)
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As it is seen from the fig. 2 polyaniline obtainad the
presence of PAMPS consists of the numerous fibgreagtes.
Polyaniline obtained by chemical polymerization heit
polyelectrolyte matrix forms the spherical particts 100-500
nm. Hence the presence of PE in ANI polymerizatiorture
leads to the change of resulted PANI morphology.

The electron conductivity of the IPECs is aboutd@vers
less than polyaniline obtained without the polytldyte
matrix (3102 S/cm for PANI:PAMPS and -Z0? S/cm for
PANI:PSS).

As it is mentioned above the obtained IPECs PANMPS

decreasing. The induction period of polymerizatincreases
with 2-propanol content decrease. It is known ttating

aniline polymerization cation-radicals are formed the

reaction mixture, thus polymerization rate shoupbehd on
the solvent polarity as in case of the ionic polyizetion.

Hence the reduction of the induction period and rdwe of
ANI polymerization can be explained by decreassafent

dielectric constant. The decrease of the reactda at high
water content in the reaction mixture may be comegrwith

solvatation and hydrogen bonds rearrangements tefféc
water.

and PANI-PSS do not form stable films thus matrix Aniline polymerization in the presence of Naffowith

polymerization of ANI in the presence of Naffomnd MF-
4SK was studied. Due to Nafion and MF-4SK do nstkdive
in water. 2-propanol was chosen as a most apptepsavent
for PEM, ANI and APS.

£ 0.12;
S
9 0.10f
o
0.08]
0.061
0.041
0.02]

0.00 —— T
0.0 0.2 04 06 0.8 1.0 1.2 14 16

Initial ratio [ANI)/[MF-4SK] in initial reaction mkture

a)

0.0101
0.00 004 008 0.12

0.16 0.20

[ANI)/[Nafion ®] ratio in reaction mixture
b)

Fig. 3 Dependence of proton conductivity of PANI-MF-4%&) and PANI-
Nafion® (b) films on the [ANI]/[MF-4SK(Nafioff)] ratio in the initial reaction
mixture

Aniline polymerization in the presence of Naffoand MF-
4SK was carried out. It was found that rate andudtidn
period of polymerization depends on the 2-propavetkr
ratio. The rate of polymerization reaches the maxmat 25
vol.% 2-propanol content and decreases on 2-prdgambent
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molar ratio [aniline]/[Nafiofi] 0.01-0.25 in 2-propanol/water
mixture leads to the formation of soluble polyelehte
complex containing polyaniline and Naffan

The films of IPEC PANI-Nafion® and PANI-MF-4SK were
prepared from 88.67 vol.% 2-propanol solution. Hgshows
the dependence of proton conductivity of PANI-MRK4&)
and PANI-Nafiof (b) films on the [ANIJ/[MF-
4SK(Nafiorf’)] ratio in the initial reaction mixture.

It was found that films’ proton conductivity incigss with
PANI content decreasing, reaches maximum at [AMIF{
4SK] = 0.05 and is 3 times higher comparing todhe for the
pristine MF-4SK (Fig. 3(a)). For PANI-Nafi6nfilms the
proton conductivity tends to increase on ANI
decreasing and reaches maximum at [ANI]/[Nafjoa 0.02
which is equal to proton conductivity of pristinafion® film
(Fig. 3(b)).

It can be proposed that proton conductivity of PANF-
4SK films increase at small amount PANI contentsaased
by the rearrangement of MF-4SK clusters and chamsatem
by PANI and creation the additional network of hygen
bonds which increase the films’ hydratation degeed
increase the ionic transport through film. The pnot
conductivity of PANI-MF-4SK films decreases withciease
of [ANIJ/[MF-4SK] that can be explained by ionic bds
formation between MF-4SK and PANI which leads totpn
immobilization and formation of the hydrophobidesi of
IPEC PANI-MF-4SK via charge compensation and demga
the films water uptake. For PANI-NafiBnmembranes the
only decrease of proton conductivity is observedcivhalso
can be attributed to formation the hydrophobicssié IPEC
and decrease the films water uptake.

In order to confirm this suggestion the obtaindohdi were
studied by IR-spectroscopy (Fig. 4).

As it is seen from the Fig. 4, the intensity of #iesorption
band at 3400 cthin the spectra of PANI-MF-4SK films
attributed to stretching vibrations dad-H bond of water
clusters H,,;O" bonded with MF-4SK sulfonic groups [5]
decreases on ANI content, increasing in the initesction
mixture. This decrease is concerned with decre&ssater
clusters H,,O" amount bonded with MF-4SK sulfonic
groups which provide the proton conductivity of PIANF-
4SK films.

amount
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Fig. 4 The IR-spectra of MF-4SK pristine film (1) andnfié of PANI-MF-4SK with ratios [ANI]/[[MF-4SK] 0.1 (2 0.5 (3) and 0.75 (4) in the initial reaction

mixture.

IV CONCLUSION

Thus aniline matrix polymerization in the presenck
polysulfonic acids was investigated in water angr@anol
solutions. It was found that PE reduces ANI polyigaion
time and leads to formation of soluble productstaiming
PANI and PE which are involved in IPEC. These IPEGs
stabilized not only by ionic but also by non elestatic
interactions and have electron and proton conditytirhe
proton conductivity of these complexes can be dary
changing ANI amount in the initial reaction mixture
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Zanna Boeva, Olga Piskina, Vladimirs Sergeyevs. Paliilina matricas polimerizacija polisulfonskabju kl atbiitne.

SalidzinoSi auggis elektronu vadimibas, vides iztdbas un vienkrSas parstradijanibas @] polianifinu izmanto elektrohromatiskaj iefices,

antistatiskajos un antikorozijagrglajumos superkondensatoros un organiskajos vados.pgdj laika polianilina galvenie ttkumi ir zena

Skidiba tradiciodlajos %idinatajos un elektronu vamiibas zera termiski stabiliite (jo hlofidegradis ir gaistoSs un poliamik karsjot

pardopsjas). Mingtajai probémai ir vairki risingjumi, no kuriem vienkr&ka ir anilina matricas polimerizija poliskibes kitbitng. Saj

darla apskatta aniina polimerizcija poli-(2-akrilamd-1-metilpropansulfoskibes) un poli(4-stirolsulfongbes) kitbatng. leverojot, ka veicot
anifina polimerizciju poli-(2-akrilamd-1-metilpropnsulfoskibes) un poli(4-stirolsulfongbes) kitbatne ir grati iegat plevites ar laBm

mekhiniskajim padbam, vienlaidgi apskaita iesgja veikt aniina matricas polimeriziju plevi veidojo3a polielektrata Nafior vai & analoga
MF-4SK 2-propanal klatbutng. Vienlaiagi darka petitas iedito interpolielektroitu kompleksu mvju ipa3bas. Paidits, ka anilna matricas
polimerizcija noved pie I§stoSu polielektratu kompleksu veidoSas, kuros polianihs ir emeraltha forna. Polianiina-polielektraita
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kompleksaiiden ddinu izmeri nav atkargi no polielektraita kimiskas strukfiras un molekulmasas. Noteikts, katittg kompleksi stabiliati
ne tikai ar elektrostatiskiem, befi are-jonu, t.i., van der Valsa mijiedalas spkiem. Retita polianiina-MF-4SK polielektratu kompleksu
protonu vadmiba un noskaidrots, ka protonu vatba ir reguéjama, mainot ariiha daudzumuagotngja reakcijas maiguma.

Kanna BboeBa, Oura IIpimkuna, Baagumup Ceprees. MarpuyHasg nmoJMMepH3anusi aHWJIMHA B NPHCYTCTBHH IIOJIHUCYJIb()OHOBBIX
KHCJIOT.

IMonnanmnua (ITAHW) - 5J€KTPOHHO HPOBOSLIMI MOJUMEp, OONaJarolIMii TOCTATOYHO BBICOKOHW AJIEKTPOHHOH IMPOBOJIUMOCTHIO,
CTaOUIIBHOCTBIO B OKPY’KAIoILIeH cpelie M JEerKOCThIO MPUTOTOBIEHNMS, UMEIOIIUH MOTEHINAd MPUMEHEHHs B 3IEKTPOXPOMHBIX YCTPOHCTBAX,
AQHTUCTAaTUUECKUX U AHTHKOPPO3MOHHBIX TMOKPBITHAX, CYTMEPKOHJEHCATOpaX M OpraHM4YecKux nposogax. OcHoBHbIMH HemocTaTkamu ITAHU
SIBISIIOTCSL HU3Kasl PACTBOPUMOCTb B OOBIYHBIX PACTBOPHTEISIX M TEPMHUUYECKAs CTAOWIBHOCTH OJJIEKTPOHHOIPOBOAUMOCTH (IIOCKONBKY
XJIOPOBOAOPOA SIBISIETCSI HEYCTONYMBBIM H MOJIMAHIJINH IEAONUPYETCs IpU HarpeBaHuu). CyIecTBYeT MHOXKECTBO BapHAHTOB IS PEIICHHUSI
JTaHHOI mpoOneMbl, HO Haubonee JETKUi MaTpUUYHAs TMOJMMEPHU3ALMsd aHWIMHA B TPUCYTCTBUM MONUKHCIOTHL. B naHHOI paboTe mokasaHsl
OCHOBHbBIC OCOOCHHOCTH MATPHYHOH MOJMMEpH3allMM aHWIMHA B IPHUCYTCTBHU IOJHU-(4-cTUpONCYIb)OHOBOM) 1 mnouu-(2-akpunamua-1-
METHIIPOIAHOJICYIb(GOHOBON) KUCIOT. OJHAKO JaHHBIC KHUCIOTHI HE 0Opa3yloT C MOJIMAaHWIMHOM IUICHKH C XOPOLIMMH MEXaHHYECKUMH
CBOMCTBaMH, 10 3TOMY ObUIa PaccCMOTpEHa BO3MOXKHOCTh MAaTPHYHOH MOJIMMEPH3AlMH aHWIMHA B IPUCYTCTBHU INIEHKOOOpa3oBaTels
nommonexrpomura  Nafior® u ero amamora MF-4SK B 2-nponanon. B paGote Taxke GbUIM H3yUeHbI CBOMCTBA HHTEPIIONHANCKTPOIHTHBIX
KkoMIuiekcoB. OGHapyKeHO, YTO NMpPH TOJMMEPH3ALMN AHWINHA B MPUCYTCTBUHU IMOIUAJIEKTPOIUTHON MaTpuibl 00pa3yloTcs pacTBOPHUMEBIE
HOJIMAJIEKTPOJIUTHBIE KOMIUIEKCHl, B KoTopbiX ITAHM Haxoautcs B Qopme cosm SMepanbanHa. YCTaHOBIEHO, YTO pa3Mepbl KOMILIEKCOB
MOJIMAHUIIMHA B BOJE HE 3aBUCAT OT MOJIEKYJIIPHON Macchl MONUAJIEKTPOIMTHON MaTPHLBl H €6 XUMUUECKOH CTPYKTYphI. Y CTaHOBIIEHO, YTO
3TU KOMIUIEKCHI CTaOMIM3MPOBAHBI 33 CUET 3IEKTPOCTATHUECKUX CUII M BaH-/ep-BaabCoBBIX cuil. I3ydeHa MpOoTOHHAsK MPOBOANMOCTH MJIEHOK
MOJINAJIEKTPOJIMTHEIX KoMiutekcoB Ha ocHoBe ITAHU n M®-4CK, nokas3aHo, 4To IPOTOHHOH IPOBOANMOCTBIO MOXKHO YIIPABIISITH, H3MEHSS
coJiepKaHUe aHUIMHA B UCXOJHOU PEAKLIUOHHOM CMECH.
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