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ABSTRACT

A non-conjugated polymer poly (vinylmercaptobenzothiazole) (PVMBT) shows semi conducting
properties in presence of electron acceptor-iodine. The enhancement of conductivity is
presumably due to the formation of charge transfer (CT) complexes between iodine and the lone
pair of the nitrogen atom of the polymer. This CT complex is characterized through FTIR, UV,
ESR, electrical conductivity measurement and dependence of conductivity on temperature. The
thermal properties of PVYMBT have also been studied with the help of DSC and TGA.
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INTRODUCTION

The report on the exceptional electrical properteshe doped Polyacetylene in 1977 [1] has
generated a rapidly increasing interest in condgcpolymers. Numerous studies have been
carried out on polyconjugated systems as well dghpterocycles such as Polypyrrole and
Polythiophene [2-5]. Most of the polyconjugatechdocting polymers are not environmentally
stable and non-processible properties which arecnatlucive to their industrial utilization.
Recently, however, a class of polymers with nonipogeted backbone structure have been
reported which shows properties similar to conaigcpolymers [6-9]. Polyisoprene derivatives
are prototypical of this class and when doped Wjtbr Br,, they form conducting complexes
2

having conductivity in the range of -1®/Iho/cm. In view of this background it was thougjtt
non-conjugated polymers with heterocyclic pendanugs may lead to the development of a
processible and stable conducting polymer.
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The present study deals with the exploration ofdbeducting properties of a nhon-conjugated,
heterocyclic polymer, polyvinylmercaptobenzothi&¢PVMBT), after doping with | The

doped polymer is stable at ambient temperatureiasdluble in dimethyl sulfoxide (DMSO).
Charge transfer (CT) complexes of PVMBT at différdopant levels were investigated in the
light of FTIR, UV-visible absorption spectroscopSR, DSC, TGA and conductivity
measurements.

EXPERIMENTAL SECTION

Materials
Mercaptobenzothiazole (MBT) was supplied by Bayetid Ltd., Calcutta as a gift sample and
was used as received. Solvents were freshly éidtily the method described elsewhere [10].

Synthesis of Polyvinyl M er captobenzothiazole (PVMBT)

The method of Otsu et al. [1lvas used for the preparation of monomeric
vinylmercaptobenzothiazole and its polymerizatidine scheme of reaction is shown in Scheme
1. PVMBT was purified by repeated precipitatioonfr benzene using methanol as non-solvent.

N, Cl CH,CH,CI N,
C—S—Na ————> C—S—CH,CH,CI
/ /

S S

KOH | Ethanol

N
\\
C—S—CH==CH,
/
s

Scheme 1 Synthesis of polyvinyl Mercaptobenzothiazole (PVN)B

Doping with lodine

Doping was accomplished by direct exposure of thigrper to the vapor of oxidative iodine as
dopant. Dry powdered samples were kept in evadudssiccators into which iodine was
introduced. Polymer samples with different dopemicentrations were prepared by allowing
different times of exposure. Doping is characeiby the change of color and the polymer
gradually turned black with the progression of dgpi Repeated evacuation was done to remove
traces of free iodine until a constant weight wakimed. Dopant concentrations were
determined gravimetrically.

Spectral analysis

Fourier-transform infrared (FTIR) measurements vwengied out on a Perkin EImer 1600 series
FTIR instrument with the polymer dispersed in KBUV-visible spectra were recorded on a
Hitachi U 3200 series spectrophotometer using ofidom as solvent. The spectra were scanned
over the wave number range of 4000 to 500'cm

ESR

ESR measurements were carried out in a Varian Xandspectrometer with 100 KHz filed
modulation.
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Thermogravimetric Analysis

TGA measurements were carried out on a Perkin EDe#ia series TGA-7 instrument and DSC
measurements were carried out in a Perkin ElImer-B8Gtrument under nitrogen atmosphere.
Indium standards were used to calibrate the diftemescanning calorimetry (DSC) temperature
and enthalpy scale. The samples were hermeticadlied in aluminum pans. The heating rates
employed were 1% /min for DSC and 28C /min for TGA study.

Conductivity M easurements
For electrical conductivity measurements, polymampgles were pressed into thin circular

pellets (0.3 — 0.5 mm thick, 1.2 cm diameter) ihyaraulic press at a pressure of 6 tor?s/m
Electrical conductivities were measured by theddad four probe technique.

For each sample with same thermal history, foulepelvere tested and the conductivity of each
pellet was measured four times at different pos#tiof the pellet. The average of 16
measurements was taken as the conductivity of satiple. The resistivity,p can be calculated
by Equation:

p=27 S (V/) (1)

where,Sis the probe spacing (mm), which was kept constastthe supplied current in (mA),
and the corresponding voltage was measured in (M®dnhductivity can be computed using the

Equation: c=1/p (2)
wheres andp are conductivity @* cm™) and resistivity ¢ cm), respectively. The electrical
conductivity measurements were carried out atwaterof 20 min. All the measurements were
repeated three times at intervals of 20 min.

RESULTSAND DISCUSSION
Elemental Analysis
Conductivity values of PVMBT samples at differenpdnt concentrations are shown in Table 1,
while the elemental analysis of the polymer (PVMBIRd the doped polymer (S6) are shown in
Table 2. The electric conductivity is influenceglthe dopant level. It has been clearly observed
that by increasing the level of dopant, electrimdurctivity increased, simultaneously. The
chemical analytical data confirm that the chargmdfer (CT) complexes are composed of
polymer units and the iodine dopant. The chemaalytical data of the polymer at other
dopant levels are not shown as these follow theedaend.

Table 1 Effect of dopant level on electric conductivity of PVMBT.

m@ple lodine/Polymer Conductivity (9_10m_1)
S1 0.0 153x10 |
S2 0.0579 | 5 50x10"
s3 0.1740 | 514x10
sS4 0.2826 | a6x10
S5 04034 |, 25010
S6 0.5073 |5 3910
S7 0.6053 |4 gax10
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Table 2 Elemental analysis of sample nos. 1 and 6.

Sample Chemical composition
No. Found % Calculated %
S1 C - 56.28, C -55.92,
H- 3.70 H - 3.65
N- 7.20, N —7.25,
S-32.85 S —-33.17
S6 C -37.09, C-37.12,
H-2.39 H-241
N — 4.80, N —4.81,
S-21.98 S-22.00
| — 33.06 | — 33.66

FTIR Spectra

FTIR Spectra of PVMBT and the doped PVMBT samples presented in Figure 1. It is
observed that on doping an additional band is geeerat around 1654 ¢ém No doping action

of iodine on polystyrene is observed which indisdteat the benzene ring is not involved in the
formation of charge transfer complexes with iodihkBus, doping with iodine may be presumed
to take place at the heterocyclic ring. The —C=dtketching usually appears between 1550 —
1505 cm' but moves to a lower wave number when influencectdmyjugation. The —C=N-—
stretching in the original polymer appears at 1d88[12] indicating extensive delocalization of
—C=N- bond with benzene ring. On doping, thensity of —-C=N- stretching decreases and a

new peak appears at around 1654'cm strong absorption at 1630 ¢ris attributed to —C=N-
+

stretching is reported [13]. Consequently, the mexak at1654 crhis related to —C=N-
stretching in the iodine complex of the polymert wias also observed that with increasing
dopant concentration, the peak at 1654 tsrsplit into two with an additional peak appearatg
around 1590 cth This peak is also presumably related to —C=N—stirtching with the
influence of different anions representing CT cagmpformation between the polymer and

iodine [14].
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Figure 1 FTIR spectra of PYMBT and doped PVMBT
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UV- visible Spectr oscopy

Evidence of CT interaction is provided by UV vigbkpectroscopy which indicates the
generation of new CT band [15-16]. The spectrinefpolymer and its doped state are shown in
Figure 2. lodine in chloroform shows an absorpt&ar499 nm which shifts to 511 nm on
addition of PVMBT and the color of the solution olgas from violet to orange. In the UV
region, the polymer exhibits some characteristisogotion with higher extinction coefficient
but, on addition of iodine, the absorption valuer@gases. In other words, the molar extinction
coefficient increases, though the relative positibrihe peaks remains unchanged. But, at the
same time a new peak at around 364 nm is obserkedhwdicates the generation gfdpecies

in the system [17-18].It provides the evidence for the oxidation-redoictdoping process of
PVMBT with iodine.

<—— 1,inCHCl,

PVMBT in

CHCl3+1,
8 8
_§ ~<—— PVMBT in 5
5 CHCl4 E
£ £

250 450 650

Wavelength (nm)

Figure 2 UV- vis spectra of lodine, PVMBT and doped PVYMBT.

ESR Spectra

The ESR spectra of doped PVMBT are shown in FigreThe appearance of a signal in
electron spin resonance spectra after exposuiing also proves the redox reaction of doping
[19-20]. As expected, the undoped polymer is digme#ic. Free iodine and the polymer
themselves don’t show any ESR signal. Hencepp&arance in the doped state is an indication
of the generation of radical cation within the pobr during doping due to electron transfer to
iodine. The observed g value of PVMBT »-domplex is 2.0055 in comparison to diphenyl
picrylhydrazyl which is significantly higher thahat of 2.0026 observed for the radicals located
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on the carbon atom in polyphenylene [21]. Furtiteas much less than that of 2.0070 — 2.0075
for the radical cation located on the sulphur atorRoly (p-phenylene sulphide) [22]. Thus, it
may be deduced that the unpaired electron in PVMBTS probably not located on carbon or

sulphur atom, the other obvious site is the nitrogm.
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Figure 3 ESR spectra of PYMBT and doped PVMBT.
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Figure4 TGA analysis of PVMBT and doped PVMBT.

Thermal properties of PVMBT and its doped stateeat@mined in the light of TGA and DSC
studies. Figure 4 illustrates the weight (%) &sretion of temperature.
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can see that the weight loss of PYVMBT and doped BVNsample S6) are about 22.5 % and 57
%, respectively. This heavy weight is associatath ihe degradation and evaporation of
dopant. In other words, the thermal stabilitylo polymer gradually decreases with an increase
in the dopant concentration which is a general fasi®n in the case of most halogen-doped
polymers. From the temperature scan data, itpamt that the doped samples (S1, S4 and S6)
are relatively stable at temperatures below A00

To further investigate the thermal stability of édgolymer, DSC scans were performed and the
results are shown in Figure 5. A thermal transitid the polymer is observes at ®5which is
increased on doping (S6) to around®@) This anti—plasticization effect may also beilatted

to the CT—complex formation on doping [23]. Thei-g@tasticization process may be related to
the bonding of chain segments by the dopant. Thé@raction in which the dopant acts as the
acceptor, in the system D-A-D (D stands for donopolymer chain segments and A for the
dopant-acceptor) causes virtual crosslinking ofpgblymer thus decreasing chain mobility.

T PVMBT (51)
g |-
& Doped PVMBT(S6)
l /-F'_'_
] 1 | | |
40 60 80 100

Temperature, Y C

Figure 5 DSC scans showing thermal transition of PYMBT and doped PVMBT (S6) at 55°C
and 70°C, respectively.
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Figure 6 Effect of concentration of dopant on conductivity of PVMBT.
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Electrical Propertiesand Conduction M echanism
The electrical properties of PVYMBT-dopant system explained on the basis of current-voltage
characteristics curve, temperature dependence mérduvoltage characteristics, conductivity

measurements and activation energy calculationfie dndoped polymer (PVMBT) is an
-15 -1 -1 5 -1 -1

insulator having conductivity of 1.53x1d2 cm which increases to 2.322x1Q cm on

0
2+ $6 r
N/-\ M
g
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Pt
=]
—

Log (V/cm)
Figure 7 Current density of doped polymers (S3, $4, S5 and S6) as a function of electric field
strength.

doping to a dopant level of about 50 % (iodine/pmdy). The plots of logs versus
iodine/po!_)ymler r?tio are ShOV\én iln Fi%]ure 6. It h@en observed that conductivity changes from

2.322x10Q cm to 4.025x10Q cm on changing the dopant concentration from 50 t8460
The plots of current density versus field stremgftthe samples (S3, S4, S5 and S6) are shown in
Figure 7. Linear plots indicate the pure ohmicrahteristics at room temperature (Z3).

Study of the current-voltage characteristics oftlal samples at different temperatures is also
carried out revealing their ohmic characteristicSuch a plot of current density versus field
strength at different temperatures (S6) is showrFigure 8. It is well known that the
conductivity,c of the polymer varies with the absolute tempegrtliraccording to the relation,

En
g = e =T (3)

where, K is the activation energgo the conductivity at infinite temperature and IB&tzmann
constant. In Figure 9, the results of measureddactivity values of sample S6 are plotted
semilogarithmically as a function of the reciprootemperature, 1/TK™). It is observed from
the results that the plot deviates from linearitijoaver values of temperature.
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Figure 8 Current density versusfield strength plots of doped PVMBT (S6) at
different temperatures.
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Figure 9 Conductivity of doped PVMBT (S6) as a function of reciprocal of temperature (1/T)

Many equations are suggested to explain the mesimaoi conduction and the cause of jump of
conductivity which are relevant to various modegsafiduction [24-26]. The Greaves Equation
is valid for variable range hopping mode of conductnd can be written as

]

g T2 = 15 (4)

1/2 Ya
where, B is a constant. The plot of leg ( ) versus 1/T is shown in Figure 10 for sample S6.

It is observed that the results follow the Greakgsation, above and below the temperature at
which the sudden jump of conductivity occurs.nlficates that the variable range hopping mode
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of conduction is operative. Since the polymer is-gonjugated, it is expected that in the CT
complexes the conduction process may follow therafiain hopping mechanism. The first
derivative of logo versus 1/T in Figure 11 shows that the temperaitivehich the jump occurs

is 53°C. From the DSC study, it is observed that theedopolymer shows a thermal transition

at around 76C. UV and FTIR studies conducted earlier confirrtieat some ionic impurities_(l

, 1,) are formed in the doped system. It is reporteal the ionic conductivity generally

increases after the start of the segmental mofidimeopolymer chains. It is therefore, reasonable
to assume that the enhancement of electrical caondyas due to the increase of ionic mobility
above the Tg [27-29]f the polymer. Thus, ionic contribution is thotgh be the main cause of
this deviation. There is a difference of abouf@%etween the g5 indicated by the DSC study
and the thermal
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Figure 10 The plot of log (6TY?) versus /T ¥* for doped PVMBT (S6), calculated from Greaves
Equation.
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Figure 11 Thefirst derivative of log 6 versus /T curvefor doped PVMBT (S6).
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transition temperature values from conductivity smaments. This is reasonable because the
thermal transition () is a kinetically controlled process and its valigpends on the frequency
of the measurement. The frequencies of DSC andumtivity measurements are very different

CONCLUSIONS

In the present study, a non-conjugated polymer PVYM® successfully doped with,.1 It is

evident that the dopant iodine forms CT complexéh whe polymer PVMBT and during the
formation of CT complex; it generates some defetthe system which are responsible for the
electrical conductivity of the doped polymer. hetCT complex, iodine reacts with the nitrogen
atom of the mercapto group of the polymer. Thedoation mechanism in the present system is
of the variable range hopping mode. But, increaseit mobility after thermal transition is the
main cause for the deviation from variable rangepitay mechanism as denoted by the Greaves
Equation. The ionic contribution, before and attex thermal transition of the doped polymer
remains the same. It only affects the thermalsiteom zone.

Acknowledgement

One of the authors (A.K.H.) gratefully acknowledgbs financial support from CSIR, New
Delhi, India. Thanks are also due to M/s. Bayedi@dj Ltd., Calcutta for kindly supplying a gift
sample of MBT.

REFERENCES

[1] CK Chiang; CR Finchen; JK Park; YK Heeger; AG Skawa; M Luis; EJ Gau; A Macdiarmid.
J Phys Rev Lett, 1977, 39, 1098.

[2] G Street; T Clarke; M Kroumbi;, K Kanazawa; V LéeFluger; J Scoot; G Weisévol Cryst
Liq Cryst, 1982, 83, 253.

[3] M Mobayashi; J Chen; TC Chung; F Moraes; AJ Heelgé®udl. Synth Met, 1984, 9, 77.

[4] Kirk-Othmer, Polymer Encyclopedia of Chemical Teclogy, Vol 18.

[5] T Skotheim, Ed, Handbook of Conducting PolymersrddeDekker, N.Y. 1986.

[6] Zhaozhoza, Jiang, Sen, WMacromolecules, 1992, 25, 880.

[7] M Thakur.Macromolecule,s 1988, 21, 662.

[8] G Yu; M Thakur.J Polymer <ci, Part B, 1994, 32, 2099.

[9] HL Frisch; GG De Barrosl Polymer Sci, Part A, 1992, 30, 937.

[10] DD Perini. Purification of Laboratory Chemical WH..Armarego, Dawn R, Perrin, Pergamon
Press, Londoi966.

[11] T Otsu; H OhnishiJ Macromol Sci-Chem, A12.

[12] G Socrates. Infrared Characteristic Group Freqesndiohn Wiley, N.Y.

[13] SJ DykastralJ Med Chem, 1973, 16, 1015.

[14] XC Li; Y Jiao, Y; Shijinli. European Polymer J, 1991, 27(12), 1953.

[15] AK Kowshi; Z Dreger; TS Kowshi ; B JachyrRolymer, 1979, 20, 1161.

[16] W Kemp. Organic Spectroscopy, Mcgraw Hill, N.Y.

[17]1 Schopov; V SinigenskiMiakromol Chem, 1992, 193, 1839.

[18] M A Petit; AH Soum; M Leclerc; E Robert; PR HomndePolym Sc.Part B Polym Phy, 1987,
25, 423.

[19] B Ranby; JF Rebek. ESR Spectroscopy in PolymerdRels&pringer; Verlag: Berlirl977.

[20] P Subramanian; T Sasakawa; T lkeda; S Tazuke; Miv@san.J Polym Sci Part A Polym
Chem, 1987, 25, 1463.

[21] JCW Chien; GE Wnek; FE Karasz; JM Warakomski; LE€Kison; J Heeger; AG Macdiarmi.
Macromolecules, 1982, 15(2), 614.

435



Kamlesh Kumari et al J. Chem. Pharm. Res,, 2010, 2(4):425-436

[22] X Li; Y Jiao; S Li.Chinese Sci Bull, 1989, 34, 1704.

[23] M Kryszewski; J UlanskiJ Appl Polym Sci, Applied Polymer Symposiurif79, 35, 553.

[24] NF Mott .J Non-Cryst Solids, 1980, 1, 1.

[25] MF Matara.J Appl Phys, 1984, 56, 2605.

[26] HR Zeller.Phy Rev Lett, 1972, 28, 1452.

[27] M Mishra.J Polym Materials, 1993, 10, 25.

[28] SS Sastry; G Satyanandam; TF Sundarraj; VR SidagaRY Kumari.J Appl Polym Sci, 1988,
36, 1607.

[29] AK Mukherjee; M PatriJ Appl Polym Sci, 1990, 39(7), 1485.

436



