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Charge transport in polyaniline protonated fully with methane sulphonic @di8A) and polyaniline
(MSA)-polyurethanel PANI(MSA)-PU] blend has been investigated through measurements of temperature
(T) and electric field E) dependence of conductivitlr), temperature dependence of thermoelectric power
and magnetic susceptibility and electron spin resonance at room temperaturd M&#llexhibits a three-
dimensional variable-range hoppifgRH) type of conduction, which is not the case with HCI-doped PANI
and the electric field dependence of its conductivity is also consistent with VRH behavior. The thermopower
in PANI(MSA) shows metallic behavior. The blend follows a one-dimensional VRH type of conduction and
the electric field dependence of its conductivity exhibits the Poole-Frenkel effect. The temperature-dependent
magnetic susceptibility measurements indicate the presence of Pauli and Curie spins in both the samples. From
electron spin resonance measurements the percentage of Lorentzian and Gaussian spins have been estimated. In
PANI-MSA a larger number of spins are found to be delocalized. The conduction mechanism in PANI-PU
blend is discussed in comparison to other commercial conducting polymer bj&@d€3-182607)02412-0

I. INTRODUCTION peraturesg(E,T), is measured. [w(E,T)] should vary a&
andE ! for VRH and CELT, respectively®

The development of environmentally stable, processible Blending PANI with other nonconducting polymers im-
conducting polymer with good mechanical properties opengroves the mechanical properties of PANIIt has been
up the possibility of new applications for polymers. Poly- found that PANP (VERSICON, Allied Signals Corporation,
acetylene doped with iodine or AsEan attain conductivity USA)—poly vinyl chloride(PVC) blends show a temperature
comparable to that of metalsOwing to their instability, they  dependence of conductivity that is quite different from that
have limited usefulness in applications. Po[ygnil(rﬁé\Nl) ~ of unblended doped PARI® As the temperature is de-
has emerged as one of the most promising conductingreased, the blends show a much smaller decrease of conduc-
polymers? PANI is inexpensive, environmentally stable and tivity than the unblended PAR It is found to be even more
it exhibits relatively high conductivity. It is processable ronounced in the case of PAR#poly methyl methacrylate
when doped with organic acids. While the room-temperatur PMMA) blends than in PANI-PVC blends. It is said that
conductivity(a} of paratoluene—sulphonic—gciq—doped PANI the conduction barriers around PANparticles appear to be
(PANI-PTSA) is 5 S/cm and sulpho-salicylic-acid—doped reduced in height® The blends of PANI with a copolyester

PANI (PANI-SSA) is 1 S/cm? conductivity as high as £0 )
S/cm has been obtained by doping PAN)I/With c%mphor sul-Of polyethylene terephthalal®ETG show a flattening inr
at high temperatures in a manner similar to PANIMMA

phonic acid(PANI-CSA).* The present work focuses on the ; o .
study of methane-sulphonic-acid—doped PARANI-MSA) blend and the decrease in conductivity as the temperature is

and PANI-polyurethane blendS denotes siemens, 1=  reduced is larger.
Alvolt.) In these blends, from 250 to01K a temperature depen-

The carriers generated in the process of dop|ng in Condence CharaCteriStiC Of either 1D VRH or CELT at |OW f|e|d,
ducting po|ymers are known to be se|f-trapped by the COI’]jUiS observed. Even in the case of PANI-CSA/PMMA blefds
gated polymeric chains in the form of polarons or bipolaronsa temperature dependence characteristic of VRH transport,
Hopping or tunneling conduction is the usual transport seeniz., o(T)xexd —(To/T)”] with the exponenty increasing
in conducting polymers. One-dimensional variable-ranggrom y=0.25 to 1, has been found upon decreasing the vol-
hopping (VRH) and charging energy limited tunnelfhg ume fraction of PANI up to the percolation threshold, below
(CELT) conduction are characterized by a temperature dewhich y=0.5, as in the case of granular metals.
pendence of the form ekp (T,/T)¥?] whereT, is a con- While at high temperatures (o) varies asT Y2 for
stant. Charge transport in PANI-PTSA and PANI-SSA hasPANI®-PMMA and PANP-PVC blends, at millikelvin tem-
been found to follow CELT conduction from temperature- peratures they are found to exhibit a fluctuation-induced tun-
dependent conductivitfo(T)] and thermopower $(T)] neling (FIT) conductiont?> For the PANP-PETG blends
measurements. A distinction between CELT and oneo(E,T) exhibits a CELT conductioft It has been found that
dimensional(1D) VRH conduction can be made if the elec- the method of synthesis and the insulating polymer used for
tric field (E) dependence of conductivity at different tem- blending play a vital role in deciding the morphology and
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conduction mechanism in a polymer blend containing thesured using a commercial Quantum Design Superconducting
same mole fraction of PANI in a given insulating polymer quantum interference device magnetometer model MPMS-5
matrix 24 In an attempt to improve the mechanical propertiesin the temperature range 300—5 K in a magnetic field of 500
of pure PANI-MSA, in the present case it has been blendeds. Room-temperature ESR spectra of the sample were re-

with the insulating polymer, viz., polyurethane. corded atX band using a Varian E110 spectrometer.
A correlated study of transport and magnetic properties

provides better insight into the conduction mechanisms. The Ill. THEORY

transport and magnetic properties of doped PANI-MSA and )

its blend with polyurethanEPANI(MSA)-PU] are discussed A. Transport properties

in the present work. The plan of this paper is as follows: In 1. Conductivity

Sec. I, the synthesis and characterization of polyaniline and

its blend and the experimental details are described. Charge Condur?tlng _poI)r/]merst are grﬁdomlnan'gy tpotl_y?wstallmte f
transport studies include temperature-dependerdc elec- r amorphous In character and have a substantia’ amount o

trical conductivity,(ii) electric-field-dependent conductivity, dlSCl)lrde[). As a(rjesu:jt,tr;]opgmg o(rjtunnell?g co(;]dut(_:t!?n IS gt]en—
and (i ) thermoelectric power measurements. The magneti rally observed an € dependence of conauctivity on tem-

properties investigated are temperature-dependent dc mal erature T) and electric field E) help to identify the exact

netic susceptibility and electron-spin-resonance absorptio .onduct|on mechanism.

The relevant theoretical models are briefly discussed in Sec. (@) _Varlable range hopping c_onductu?n.ln _adlsordered
ll. The results are presented in Sec. IV followed by a dis_materlal when the charge carriers are localized due to ran-
cussion in Sec. V and conclusions in Sec. VI. dom electric fields, instead of band conduction, charge trans-

port takes place via phonon-assisted hopping between local-

Il. EXPERIMENT ized sit_es. Since the qualized states haye quantized eqergies
extending over a certain range, an activation energy is re-
A. Synthesis and characterization quired for each hop.

Polyaniline was prepared by chemical oxidation of aniline The quasi-1D VRH modé&! predicts a temperature-
using ammonium persulphate in the presence of methane sulependent conductivity given by
phonic acid'® The prepared polymers were purified by re- u
peated washing with water and methanol. NCO terminated o=(oo/T)exd —(To/T)*2]. )
polyurethane was prepared by condensation of polyoxyproaccording to the 1D VRH model, Mott's characteristic tem-
pylene glycol and toluene diisocyanate by the procedure reperature is given by
ported by Francis, Thomas, and GuptaPANI was pow-
dered well and blended with solutions of polyurethane in To=8alkgN(Ep)Z, (2)
t°'”.'e”e- The poncentratlon of PANI was set to 50% bywherea‘lis the localization lengthN(Eg) is the density of
weight. Thin films were cast on clean glass surfaces and . .
were allowed to cure at room temperature. States at the Fermi energyg is th_e Boltzmar_m constant, and
Z is the number of nearest-neighbor chains which is 4 for
PAN].2
The range of hoppindR;,,) and activation energy for
Unblended PANI-MSA pellets of diameter 8 mm and hopping (W) for 1D VRH are expressed as
thickness 1 mm were used for conductivity) and thermo-

B. Experimental details

electric power §) measurements while for the PAMSA)- Rhop=[ amkg TN(EF)] ™2, ©)
PU(50%) blend, flexible sheets of dimensions 1 xrth cm _
x0.1 cm were used. For unblended PANI-MSAT) was Whop=[mRnoN(EF)]™ . S

measured by the Van der Pauw metHodsing a Keithley  The inverse localization length for the strong localization is
constant current source Model No. 225 and a Keithley 19%jiven by

Nanovoltmeter. For the PANMSA)-PU(50%) blend a two-

probe method was used as the sample resistance was high. a=(2m*V/h?)1? (5
Gold was deposited on both sides of the sample to avoid AN here m* is the effective mass of the charge carrieks
interactions of PANI with the contact material. A constant:hlzm whereh is Planck’s constant, and is the effective,
voltage was applied using a Keithley 617 elect(ometgr an%arrier height between localized sites.

the current was measured in the low-field Ohmic region of™ - - variable-range hopping in three dimensiof@D

the sample. The sample was mounted in a Cu block usin -
GE varnish(General Electric, Oxford Instruments, England ;Fél-rl()a,lgggntemperature dependence of conductivity follows

A Janis closed-cycle refrigerator model CCS-500 was use
for these measurements. The temperature was controlled by a oocexd —(To/T)Y4, (6)
Lakeshore temperature controller model 330 and it was mea- , . . .
sured using a calibrated silicon diode sensor. During thg\/_hereTO is the characteristic Mott temperature in 3D and is
electric-field—dependent conductivity measurements th&8'VeN as

sample temperature was monitored carefully to avoid any _ 3

self-heating in the sample beyond a certain value of applied To=16a"7ksN(Ee). @
voltage. Thermoelectric power was measured by the differ- The expressions for the range of hopping and the activa-
ential method® Magnetic susceptibility was mea- tion energy for hopping in three dimensions are given by
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Rhop=[9/87kg TaN(Eg) ¥4, (8) tential. After ionization of impurity atom, the electron moves
in the medium of a polarizable atom and in the field of a
Wiop= kg(ToT3) M4 (9)  positive ion. _ _ _
(b) Charging energy limited tunnelirfy. In a disordered If the electrons are localized in an effective potentiét)

material when the insulating barrier between two conducting€ntered at =0, when an electric fielé is applied,V(r) is
regions is sufficiently thin, electron tunneling occurs be-9iven by
tween small surface areas. A tunnel junction can be approxi-

mated by a parallel plate capacitaZ) and a resistanceR).

When the conducting segments are large, the total capacivheree, is the permittivity of free space andis the relative
tance (C,) between the conducting segments is large angermittivity of the material. Hence the maximum heiyht.,
therefore the charging energg¥2C,) becomes negligible between adjacent sites will be lowered by

and the conduction is due to fluctuation-induced tunnéling.
When the size of the conducting segments is small and the V= (e meoe) (19
isolated metallic grains are dispersed in a dielectric matriXsince « changes according to E¢f), using Eq.(1) and ex-
the charging energy plays a dominant role. Electrons an@andingV leads to

holes are transported from one isolated metallic grain to the

next by tunneling. The effects of charging energy are seen in IN(o) o< (1/AV)(To I T) V(€3 mreqe) Y2EY?,

both the temperature and electric field dependence of con-
ductivity. The low-field charging energy limited conductivity
is of the form In(o)=KE, (16)

V(r)=—e?l4meyer —erE, (14)

oxexd —(D/kgT)Y?], (10)  Where
whereD is a constant. K=(T§%4V)(e% mege) 2T 12, (17

or

2. Electric-field-dependent conductivity KeK/'T-Y2 K =(T(1)/2/4V)(e3/'n'606)1/2. (18)

A nonlinear relationship between current and voltage im-
plies that either mobility or carrier concentration, or both, in
PANI vary with the applied field. Fromr(E) measurements
at a particular temperature it is possible to distinguish be- ) _
tween 1D VRH and CELT. The sign of thermoelectric powefS] shows the type of

(a) Variable-range hopping. The electric field depen- Majority carriers present in the material at a particular tem-

dence of conductivity according to the VRH model in any perature. In fully doped polyanilines a small and linear tem-
dimensiofi is given by perature dependence $fis observed that is characteristic of

metals and is given by the Mott expression

3. Thermoelectric power

oexpeREksT), 1D S=[723T/3e] 80 o(Ep)) oElg-g,, (19

whereR is the range of hopping.
(b) CELT. In the high field non-Ohmic regime, the
CELT model predicts

whereS is related to the energy derivative of the electrical
conductivity at the Fermi level. The 3D VRH model gives
the temperature dependance of thermopower on the other

hand as
o=0j exp(—Eq/E), (12
: e , ST, (20)

whereE is the electric field. Herer, andE, are some con-

stants only weakly dependent @randE. The most probable

separation between the centers of two metallic grans ) )

given by B. Magnetic properties

1. dc magnetic susceptibilityx)
w=kgD/4eEy, (13 ) .
In disordered conducting polymers the presence of po-
of w=kgT/eE,, larons and bipolarons gives rise to temperature-independent

paramagnetic susceptibility apart from the temperature-
. . " i iNi[i38-25 i
whereD is a constant ané, is the threshold electric field dependent Curie S“S_Cep“b'“ﬁ-_ Experimentalygyi, can
above whicheo increases rapidly according to equatidr®). be resolved into Pauli and Curie contributions according to
(c) Poole-Frenkel effect.The Poole-Frenkel effect is the the expression
field-assisted thermal ionization occurring in insulators and
semiconductoré? This can be explained by treating the
semiconductor as a system of neutral atoms and not aswhereC is Curie constant angp is Pauli susceptibility ex-
system of electrons moving in a self-consistent periodic popressed as

Xspin—=Xp+ CIT, (22
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FIG. 1. Temperature dependence of dc conductivity of PANI-MSA showing a fit to 3D Y4kt ling). The inset shows a plot of the
experimental data.

XPZMéN(EF), (22) parameters can be analyzed in terms of static and dynamic
characteristics of the paramagnetic centers. Deviations from
free-electrorg values are mainly due to coupling of electron
spins with the orbital angular momenta. The linewidth mea-
sures the interaction between the unpaired electrons of dif-
ferent nature namely, conduction and localized electféns.

Electron spin resonance measurements give informatioffhe presence of localized spins gives rise to a Gaussian
regarding they factor, linewidth, and line shape. These ESRshape given by the functiéh

where ug is the Bohr magneton. The measurementygf,
therefore helps in determining(Eg).

2. Electron spin resonance
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FIG. 2. Temperature dependence of dc conductivity of RMSEA)-PU blend showing a fit to 1D VRHsolid line). The inset shows a
plot of the experimental data.
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FIG. 3. Electric field dependence of conductivity of PANI-MSA at 25[K) and 30 K(+) showing a fit to VRH conduction.

(H=Hg)? fL(H)=(¥/m{Uy*+(H—Ho)?1}, (24)

(24%)

fo(H)=1/A(2m)Y? ex;{— , (23)

whereA is the rms linewidth andH, is the resonance field. where y is the linewidth. In many cases the actual line
The presence of delocalized spins gives rise to a Lorentziaphape is a combination of Lorentzian and Gaussian distribu-
shape given by the normalized functfén tions.
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2 6 10 14 18 22 26 30
1
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FIG. 4. Electric field dependence of conductivity of PAMBA)-PU blend at 97 K[), 87 K(+), 79 K(¢), 68 K(A), 62 K (X), and
the solid line is the fit to the Frenkel-Poole effect.
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FIG. 5. A plot of K vs T2 from Eq.(12) and the solid line is the fit to calculate the valuekof from Eq. (18).

IV. RESULTS

A. Temperature dependence of conductivityo(T)

1. Unblended PANI-MSA

a(T)=0oT Y2 exd (—To/T)¥.

o(T) data are shown in Fig. 1 in the form of lggrT?
versusT Y plot. The inset of Fig. 1 shows a plot of lggo)

The room-temperature conductivity of the sample iSyersysT. The value of the Mott characteristic temperatiige

found to be 0.1S/cm. o(T) is found to follow a behav-
ior characteristic of 3D VRH given as

obtained from the slope of Fig. 1 is found to be 81 K.
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55 —
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V45
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40
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FIG. 6. Temperature dependence of thermoelectric power of PANI-MSA whelenotes experiment and is the fit to Eq.(19).
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FIG. 7. Temperature dependence of dc magnetic susceptibility of ®ABA) where[] denotes experiment and is the fit to Eq.(21).

2. PANI(MSA)-PU(50%) blend

The room-temperature conductivity of the blend is foundcharacteristic of variable-range hopping in one.dimer'?sr@mn
to be 102 (S/cm). o(T) data from 300 to 50 K are shown in charging energy limited tunneling in the low-field regifhe.
Fig. 2 in the form of a logy(o) versusT
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Fig. 2 shows a plot of log(o) versusT. This behavior is

plot. The insetof ~ The value ofTg is found to be 2.%10" K.
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FIG. 8. Temperature dependence of dc magnetic susceptibility of ®@BR)-PU blend wherél denotes experiment and is the fit to

Eqg. (21).
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TABLE |. Parameters of PANI materials evaluated from theory.

MOtt )(p C Rhop Whop

Hopping  temp. (emu/ (emu K/ (A) at (eV) at
Sample dimension T, (K) a (A mole) mole) N (Ef) 100K 100 K
Unblended 3.310%
PANI- 3D 3.2x10° 0.71 33x10°® 77x107*  states/ 55 0.15
MSA eV cnt
PANI 1.22x10%
(MSA)-PU 1D 2410 80 2551076 117x10° % states/ 500 0.05
blend ev cm

B. Electric field dependence of conductivityo(E, T)
1. Unblended PANI-MSA

A plot of In(o) versusE for PANI-MSA is shown in Fig.

3 for different temperatures. It follows a behavior character

istic of variable-range hopping according to Efj1).

2. PANI(MSA)-PU(50%) blend

The results of electric-field—dependent conductivity mea-

C. Thermoelectric power (S)

Unblended PANI-MSAAN S versusT graph is shown in
Fig. 6.Sis found to be linear witi characteristic of metals.
For the blended polymer, because of high resistance of the

sample,S could not be measured.

D. dc magnetic susceptibility(x)

x for a two-ring repeat unit is shown as a function of

surements performed at different temperatures are shown temperature in Figs. 7 and 8 for unblended PANI-MSA and

Fig. 4 in the form of a log,o) versusEY? plot. They are

found to follow a behavior according to E¢L6), which is
characteristic of the Frenkel-Poole effect. Slop® (of the
lines in Fig. 4 versud ~Y2is found to be linear and is shown
in Fig. 5. The value of the potential barri& determined
from the slopgK') of Fig. 5 according to Eq(18) is found
to be 1.56 eVthe value ofe is taken as 4.3Ref. 28].

PANI(MSA)-PU(50%), respectively. The experimental val-
ues have been corrected for diamagnetic contributions from
the atomic core$y.,d Using Pascal constarft$The values

of xcore fOr unblended PANI-MSA and PANMSA)-
PU(50%) are —153x10 ° and —244x10°® emu/mole, re-
spectively. The corrected susceptibility could be fitted to Eq.
(21). The values ofyp andN(Eg) are given in Table I.

ooo Expt
0.006 +++ Gaussian
o 00 Lorentzian
i Theory
E
c
3
£ 0004
[}
z
‘@
2 .
S
£
0002 +
Q, ‘t}» &2
d’y %% e o,
° P00y, T
00000000 .
0 T T T
30 34 3.6

Field ( gauss) (thousands)

FIG. 9. Room-temperature ESR spectra PAWSA) wherel]l denotes experiment; denotes Gaussian fit; denotes Lorentzian fit, and

— denotes combination of Gaussian and Lorentzian.
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FIG. 10. Room-temperature ESR spectra of PAMNBA)-PU blend wherd]l denotes experiment denotes Gaussian fitp denotes
Lorentzian fit, and— is the combination of Gaussian and Lorentzian.

E. ESR Pauli susceptibility is observed in addition 3@, Which

The experimentaK-band ESR spectra of both unblended also supports the metallic character in the material. The
PANI-MSA and PANIMSA)-PU(50% could be resolved temperature-dependent Pauli susceptibility above 150 K in-
into a Lorentzian and a Gaussian line shape and are shown fficates the existence of a finite Fermi density of states of
Fig. 9 and Fig. 10, respectively. The various parameters obSpin carriers. A similar observation has been made in poly-
tained from the spectra are given in Table II. pyrrole doped with BE>" The authors observe that this
could be due to the microcrystalline regions of the polymer
embedded in amorphous matrix apart from the different
lengths of the chains of the polymer due to which magnetic

For the unblended PANI-MSA, a(a) versusT Yvaria-  species can coexist with nonmagnetic species in a chaotic
tion is observed that is characteristic of 3D VRH instead ofstate. The exact reasons for such a behavior in PXMSA)
1D VRH, which is normally observed in fully doped are not clear.
polyanilines®® This could probably be due to a better inter-  In PANI(MSA)-PU(50%) blend, the value oé (300 K) is
chain coupling upon doping with MSA due to which more found to be decreased from that of unblended PANI-MSA by
sites are available for hopping in three-dimensions. The@ orders of magnitude unlike PARIPVC (Ref. 9 and
electric-field—dependent conductivity also shows a variatiorPANI®-PMMA where the conductivities are either compa-
characteristic of VRH. While a hopping conduction charac-rable to or higher than that of pure PAN® While a T~%2
teristic of disordered material is seen from temperaturevariation reminiscent of either 1D VRH or CELT is observed
dependent conductivity measurements, a small and linedrom o(T) measurementss(E, T) behavior is in accordance
temperature dependence 8f which is characteristic of a with quasi-1D VRH of electrons among localized sites where
metal is observedFig. 6) instead of a IV variation expected the electrons have an effective Coulombic barrier between
for hopping conduction. A small temperature-dependentdjacent sites. The effective barrier height is lowered by an

V. DISCUSSION

TABLE Il. Parameters obtained from the ESR spectra.

AHgpt AHg AH,
Sample (G) (G) (G) G% L% de oL
Unblended
PANI-MSA 1.4 2.2 1.5 18 82 2.0231 2.023 89
PANI
(MSA)- 126 199 72 68 32 2.0077 2.0185

PU blend
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applied electric field and hence the conductivity increasesveight of copolyester of polyethylene terephthaltRETG
with E and a Poole-Frenkel effect is observed similar to theexhibit conduction by the CELT mechanisiiThis indicates
case of polytoluidingPOT-ES.*? Henceo(E,T) measure- that the insulating polymer used alters the morphology of the
ments confirm that the conduction mechanism inconducting regions in the material. The size of the metallic
PANI(MSA)-PU(50%) blend is 1D VRH and not CELT. regions may be more and the barrier width may be less in the

From the value off, and N(Eg) the localization length PANI-PETG blend when compared to pure PANI-MSA
o lis calculated using Eq2) for PANI-PU(50%) blend and  doped with HCI, which shows a 1D VRH behavirThe
Eq. (7) for unblended PANI-MSA and are given in Table I. use of polyurethane for blending seems to increase the dis-
Other Mott parameterRy,,, and W, are determined using order in PANI-MSA, which is reflected in an increased value
Egs.(8) and(9) for unblended PANI-MSA and Eq$3) and  of ESR linewidth and a greater number of Curie spins per
(4) for PANI-PU(0%). The polyurethane chains in unit volume when compared to unblended PANI-ES. The
PANI(MSA)-PU blend might increase the average chaininsulating polymer used and the exact method of synthesis
separation between adjacent PANI chains and this reducgsday a vital role in determining the morphology and the con-
the interchain transfer of charge carriers. Hence an additionaluction mechanism in conducting polymer blends.
random potential may be present in this material because of
blending with insulating PU. The value of the localization
length is 80 A for the blend while for the unblended doped
PANI-MSA it is 0.71 A. This variation in localization length A 3D VRH conduction is observed in pure PANI-MSA,
cannot be used to conclude that the charge carriers in the&hile in the case of PANI doped with inorganic acids, so far
case of blends are more delocalized as the conduction in thisnly a 1D VRH type of conduction has been obsert®d.
case is 1D VRH whereas in the unblended PANI-MSA it isThis could be due to better interchain coupling in PANI-
3D VRH. It is difficult to compare these two polymers on the MSA. In the case of the PANIMSA)-PU blend the conduc-
basis ofa ! alone. The thermopower of PANI-MSA is pro- tion is by 1D VRH. In order to distinguish between 1D VRH
portional to temperature indicating a metallic character. Theand CELT, since in both the casedd varies asT %2,
linear thermopower is a signature of very high intrinsic con-electric-field—dependent conductivity measurements have
ductivity in PANI-MSA. Such metallic thermopower also in- been carried out. From these measurements it has been con-
dicates that the thermal resistance of the barriers that domfirmed that both PANI-MSA and PANMSA)-PU follow a
nates the electrical resistance is small. VRH type of conduction and not CELT. In the blended poly-

From Table Il it can be seen that the area under thener a Frenkel-Poole effect is observed where the intersite
Lorentzian and Gaussian line shapes are 32% and 68%, rpetentials, assumed to be Coulombic, are lowered by the
spectively, for the PANI-P(50%) blend, which indicates the applied electric field. The localized charges hop from one
presence of more localized spins in the material as comparddcalized site to another along the chain. The effective po-
to PANI-MSA. The linewidth of the experimentally ob- tential barrier height is 1.56 eV. The metallic character in the
served, Gaussian, and Lorentzian line shapes are 126@olymers is seen from a linear temperature dependence of
199G and 72.5G, respectively for PAINMSA)-PU(50%) S(T), the presence of Pauli spins frogtT) measurements
blend. These values are about 2 orders of magnitude highand the Lorentzian component of the ESR absorption. The
than those for unblended PANI-MSA and other dopedlarger ESR linewidth in the PANMSA)-PU blend when as
PANI.323 This indicates that there is no significant motional compared to the unblended PAMSA) qualitatively indi-
narrowing and there is line broadening due to the localizeadtates greater localization of charge carriers in the blended
spins because of blending with polyurethane. This result igpolymer.
qualitatively consistent with the values of the Curie constant
as given in Table | for both the samples.

It has been confirmed by our measurements that the com-
mercial blend§PANI doped with organic aci¥ERSICON One of the authorgA.R.) wishes to thank CSIR, Govern-
and blended with insulating polymérsontaining 60% by ment of India, for financial support.
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