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ABSTRACT

Copolymers were synthesized by condensation ofegstr(p-C) and adipamide (A) with
formaldehyde (F) in the presence of 2 M HCI as lgatawith varied molar ratios of reacting
monomers. The electrical properties of p-CAF-I, AFC-Il, p-CAF -lll and p-CAF -1V
copolymers were measured over a wide range of tanpe (303-423 K). From the electrical
conductivity of these copolymers, activation eresgof electrical conduction have been
evaluated and values lies in the range 4.35 %°107.15 x 16°J/K. The plots of log vs 16/T
are found to be linear over a wide range of tempae which indicate that the Wilson’s
exponential laws = g exg“¥" is obeyed. On the basis of above studies, thgssycoers can
be ranked as semiconductors.
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INTRODUCTION

The semiconducting properties of copolymer resagehgained sufficient grand in recent years.
Electrically conducting copolymers are undoubteattg of the focal points of current interest in
solid state physics and chemistry. Their discoveag led to the emergency of not only new
types of materials capable of replacing metals dsb new concepts to explain their high
conductivity. In fact, their conductivity and othg@roperties such as thermo conduction,
photoconduction, luminescence, etc. are in closeection with their physical and chemical
structure. In this connection, studies were madestablish a correlation between the chemical
structure and characteristics defining semicondgcgiroperties [1]. Pal et al. [2] have reported
electrical conductivity of salicylic acid-biuretdithiooxamide / dithiobiuret-trioxane terpolymer
resins. Gurnule W. B. et. al. [3-5] have reportetheonducting studies of 8-hydroxyquinoline-
melamine/biuret—formaldehyde terpolymer resins.dBorand co-workers [6] synthesized and
characterized the poly (aniline-co-o-anisidine-etlaidine) this films in inorganic and organic
supporting electrolytes. The influence of inorgamicd organic supporting electrolytes on
electrochemical, optical properties of terpolynten films has been investigated. The films were
characterized by conductivity measurements using-fioobe technique. Borkar et. al. [7, 8]
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studied electrical and optical properties of cortithgc copolymer: poly (aniline-co-n-
ethylaniline) and poly (aniline-co-m-methylaniliné)he products have been characterized by
solubility, spectroscopyc method, and electricaldrectivity measurement. The conductivity of
copolymers decreases with increasing N-ethylandm&ent.

MATERIALSAND METHODS

Material

Adipamide and p-cresol were used as received frRin, $umbai, India.. Formaldehyde (37 %)
(Qualigens Fine Chemicals, Mumbai, India) was usedeceived. Solvents like N, N'-dimethyl
formamide and dimethyl sulphoxide were used afisilidtion.

Synthesis of Copolymer

p-CAF copolymers were synthesized by condensimmgepel (p-C) and adipamide (A) with
formaldehyde (F) in the mole ratios of 1:1:2, 3;13:1:4, 4:1:5, respectively, in the presence of
2M HCI as a catalyst at 132 +°2 in an oil bath for 5 h [9-12]. The cream colouglymer
obtained was washed with hot water and finally vather to remove excess of acid monomer.
The properly washed resin was dried, powdered hed éxtracted with diethyl ether and then
with petroleum ether to remove p-cresol-formaldehgdpolymer which might be presents along
with the p-CAF copolymer. It was further purifieg dissolving in 10 % NaOH and then filtered.
The copolymer was then reprecipitated by drop &bdition of 1:1 (v/v) conc. HCI / water with
constant stirring and filtered. The method was aggeb thrice. The resulting polymer sample was
washed with boiling water and dried in a vacuunnoaim temperature. The purified copolymer
was finely ground to pass through 300 mesh siedekapt in a vacuum over silica gel. The yield
of the copolymer was found to be about 72%. Allagmers are soluble in DMF, THF and
DMSO; however, these are insoluble in common ogaaivents. The resistance of copolymers
was measured over a wide range of temperature 4383K) in their pellets form using Auto
Comput LCR-Q meter 4910. The instrument could read measure upto 0.1 ohm to°10
Megaohm and test voltage varied from 50-500 valts;accuracy being at the lower range + 5
%. To prepare the pellets, the copolymer was thgitpuground with an agate pestle and mortar.
The well powdered copolymer was pelletalized isixsifly in a steel die at 10 tones/irfichvith

the help of a hydraulic press. Pellets of 1.29 erdiameter and nearly 0.13 to 0.16 cm thickness
were prepared. The pellet of the test sample waspatypical cell fabricated in this laboratory
and resistance in Megaohms was measured as adiiroéttemperature. The sample was heated
in a tabular furnace in, which D. C. conductivitgllcis snugly fitted. The temperature of the
furnace being increased by steps from room temperad about 423 K and regulated by using
Dimmer state and sunvic dial. During the D.C. carhity measurements, several errors crop in
as grain boundaries are developed during compresgietallic particle of the die may get
adhered to pellet during pelletisation or there @yn imperfect contact of the electrodes to the
pellet due to slight deformation during pellet fation. On both sides of the pellets, a thin layer
of colloidal graphite in acetone was applied angl plellets were dried at room temperature in
vacuum for 4-6 h. Care was also taken not to apply high voltages to avoid any leakage
across the border.
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Scheme 1: Synthesis of representative p-CAF-I copolymer resin
RESULTSAND DISCUSSION

All the samples were subjected to a thermal treatroensisting in some successive heating and
cooling over a certain temperature range. Thidrireat was used to stabilize the structure of the
sample, when the temperature dependence of theiedconductivity becomes reversible. In
order to obtain some information regarding thectne modifications, which takes place during
the thermal treatment, the temperature dependehdieoelectrical conductivity has been
studied. The resistance values of the pelletsettpolymers ranging from 303 K to 423 K were
converted into conductivity values)(by taking into account the thickness of the pedled its
diameter and evaluating thickness area paramefetbeopellet of a particular copolymer.
Generally, the diameter of the pellet remained @ms(1.29 cm) since the same die was used
and the thickness varied from 0.13-0.16 cm accgrdothe amount of sample present. The
temperature dependence of the electrical condtctofithe copolymers is shown in Fig. 1. In
the electrical conduction domain, the temperatugpeddence of the electrical conductivity
obeys the well known equation [13]

o =0p exp('AE/ L Q)
Where,c = Electrical conductivity at temperature T.
oo = Electrical conductivity at temperature T O P
AE = Activation energy of electrical conduction.
K = Boltzmann Constant
T = Absolute temperature.

This relation has been modified as,
log o = logop + (-AE/ 2.303 K T)--------------- (2)

According to this relation, a plot of lagvs 1000/T would be linear with a negative slopee T
result of the D. C. conductivities are presente e the form of plots of log vs 1000/T for
each set of data, as the range of conductivitiesfaiand to be 2.37 x 18 to 1.40 x 13° ohm®
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cm™. It will be seen from the plots (Fig. 1) of copwigrs that there is a consistent increase in
electrical conductivity as the temperature risegyhdy 303 K to 423 K.
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—=— p-CAF-II

—&— p-CAF-1II
—m— p CAF-IV
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Figure 1: Electrical conductivity plots of p-CAF copolymers (Temperatur e dependence of log o)

This trend is a characteristic of semi conductibd][ The activation energies were determined
from the curves log Vs 1000/T. The temperature dependence of therigalctonductivity in
pellet of all the copolymers is of the same typke Plot of logs Vs 1000/T are found to be
linear (Fig. 1) over a wide range of temperaturhjcW indicates the semiconducting nature of
copolymers. From the analysis of our results, it ba assumed that the differences in electrical
properties of copolymers studied are mainly byrtlebiemical structure [15]. Over the whole
temperature range, the values of the electricatlgciivity vary between 2.37 x Z8and 1.40 x
10*3 ohni*cm™. The activation energy increased in the order g=@Ap-CAF -1l < p-CAF -IlI

< p-CAF -IV. The conductivities are in the orderl@* to 10** ohni*cm™*due to comparatively
small intra intermolecular charge transfer of cgpudrs [16].

Table 1. Electrical conductivity data of p-CAF copolymers

Copolymers Electrical conductivity AT (K) AE (J/K)
303K 423 K
p-CAF-| 1.40 x10™ 1.83 x10™ 303-423 | 7.1509 x 1G°
p-CAF-I| 7.49 x10" 5.49 x10" 303-423 | 6.1566 x 1G°
p-CAF-III 1.41 x10* 1.20 x10% 303-423 | 5.6544 x 1G°
p-CAF-IV 2.37 x10* 1.78 x10% 303-423 | 4.3516 x 13°
CONCLUSION

From the results of electrical conductivity of taepolymers, the following conclusions can be
drawn:

0] The electrical conductivity of p-CAF copolynseat room temperature lies in the range of
1.40 x 10" and 2.37 x 1% Siemen [17].
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(i) The plots of logo Vs 1000/T were found to be linear in the tempemtange under
study, which indicate that the Wilson’s exponenisal o = 5o exp ¥ ¥V is obeyed.

(i)  Electrical conductivity of each of these adpmer resins increases with increase in
temperature. Hence, these copolymers may be raaskedmiconductors.

(iv)  The energy of activation is found to decreas¢he order: p-CAF -1 > p-CAF -Il > p-
CAF -lll > p-CAF-IV and electrical conductivity f®und to increase in the order: p-CAF -1 < p-
CAF -Il < p-CAF -lll < p-CAF- IV.

(v) The energy of activation (Ea) of electrical dantion calculated from the slopes of the
plots is found to be in the range of 4.35 ¥4 7.15 x 1F° J/K.

The electrical conduction of the polymeric matedapends upon uncalculable parameters [18]
such as porosity, pressure, methods of preparatomsphere etc., but these parameters do not
affect the activation energy\E) and therefore, it is fairly reproducible [19-2The magnitude

of activation energy depends on the numberr@ectrons present in the semiconducting
material. The more is the numbermbonds, the lower is the magnitude of activatioargg and
vice-versa. Generally, polymers containing aromaticlei in the backbone exhibit lower
activation energy than those with aliphatic syst@tus, the low magnitude of activation energy
may be due to the presence of large numberaléctrons, in the polymer chain. Moreover, the
increasing order of electrical conductivity and @@sing order of activation energy of electrical
conductivity as shown above may be due to intradnocbf more and more aromatic skeleton
(and therefore and moreelectrons) in the structure of repeat unit of dgpers, which is in
good agreement with the most probable structur@qeed for the newly synthesized p-CAF
copolymer resins under study. The nature of comolicn or p type) in the copolymers
investigated could not be established becauseosf ¢& instrumentation for measuring Hall-
coefficients and the difficulty in getting the cdypmers as well defined crystals.
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