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ABSTRACT

Terpolymer resin was synthesized by the condemsatiB-hydroxyquinoline5-sulphonic acid (8-
HQ5-SA) and oxamide (O) with formaldehyde (F) ia fresence of 2M HCI as catalyst with
molar ratios of 1:1:2 reacting monomers. The eleetr property of 8-HQ5-SAOF terpolymer
resin was measured over a wide range of tempera8i@ — 423 K). From the electrical
conductivity of this terpolymer resin, actlvatlormeegy of electrical conduction has been
evaluated and was found to be 1.23 ¥ 8¥. The electrical conductmty of the terpolymer
resin was found to be lies in the range of 3.9 tb 2.77 x 1§ ohm cmi*. The plot of logr
vs. 18/ T was found to be linear over a wide range ofperature, which indicates that the
Wilson’s exponential law g =0, exp (Ea / k T) is obeyed. On the basis of abaveies this
terpolymer can be ranked as semiconductor. Whenpltage is applied to a thin film of this
terpolymer resin then it has emitted light. Thimezkable property of this terpolymer resin may
be used to make a wide range of semiconductingedectironics electronic devices such as
transistors, light emitting diodes, solar cells amden lasers which can be manufactured by
much simpler way than conventional inorganic semilcators.
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INTRODUCTION

The semiconducting properties of terpolymer resiase gained sufficient ground in recent

years. Electrically conducting terpolymer are urutedly one of the focal points of current

interest in solid-state physics and chemistry. Mhigcovery has led to the emergency of not
only new types of materials capable of replacingatsebut also new concepts to explain their
high conductivity. In fact, their conductivity armther properties such as thermoconduction,
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 semicondggbdroperties [1].

Work on organic conducting polymers is carried attensively due to their wide
applications,[2] in areas such as chemically medifielectrodes, sensors etc. Pekaln and
Kolosonov [3] have studied the electrical conduttivof phenol-formaldehyde resin. An
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industrially useful semiconducting material has rbeeeported by Dewar,et.al.[4]. The

conductivity of 8-hydroxyquinoline—oxamide-formaldele terpolymer resins have been
reported over a wide range of temperature [5]. &alal. [6-8]have reported electrical

conductivity of salicylic acid-biuret / dithioxanmed dithibiuret-trioxane terpolymer resins. Patel
and Manavalan[9] reported the electrical propertep-hydroxybenzoic acid-thioureatrioxane

terpolymer. The electrical resistivities of 2-hyxlyaceto-phenoneoxime-thioureatrioxane resin
were reported and these polymers are ranked asaedoictors [10]. Since delocalized electrons
and conjugation impart semiconducting propertiesdmpounds, the present study deals with
electrical properties of some terpolymer resinscivimay serve as potential semiconductors.

MATERIALSAND METHODS

Synthesis of 8-HQ5-SAOF terpolymer resin

The new terpolymer resin 8-HQ5-SAOF was synthesiZ&iy.1) by condensing 8-
hydroxyquinoline5-sulphonic acid (8-HQ5-SA) (0.1 linand oxamide (O) (0.1 mol) with 37 %
formaldehyde (0.2 mol) in a mol ratio of 1:1:2 iretpresence of 2M 200 ml HCI as a catalyst at
13dC + 2C for 5h [11] in an oil bath with occasional shakiw ensure thorough mixing. The
separated terpolymer was washed with hot watermeathanol to remove unreacted starting
materials and acid monomers. The properly washeth revas dried, powdered and then
extracted with diethyl ether and then with petraleether to remove 8-hydroxyquinoline5-
sulphonic acid-formaldehyde copolymer which miglg present along with 8-HQ5-SAOF
terpolymer.

SO;H
O O
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8-Hydroxyquinoline
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8-HQS5-SAOF terpolymer

Fig.1 Reaction and expected structur e of 8-HQ5-SAOF terpolymer resin
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Conductivity Measur ement

Experimental Techniques

The DC electrical conductivity measurements indsstiate was carried out in a suitable sample
holder designed for the purpose, in the temperaturge of 313K to 463K at constant voltage of

50 volts across the pellet prepared from terpolyrasin. The measurements were made by Auto
Compact LCR-Q tester model 4910.

(1) Preparation of Pellet

The terpolymer sample was dried properly and thginbuground to a fine powder in agate
mortar and pestle. The pellet was prepared of #lepowdered terpolymer resin isotectically in
a steel die at under a pressure of 10 metric torfswith the help of hydraulic press.

(2) Measurement of DC electrical resistivity
a. Sampleholder :
The pellet of terpolymer resin sample was mountd/éen the two brass electrodes.

b. Furnacefor heating the sample:

For measurement of resistivity at different tempees, a suitable digital muffle furnace
embedded with high grade glass wool after singhe Ibrick lining and Alumel-Chromel
thermocouple up to 1200°C having heating contrgulieor, was used. The current supplied to
the furnace was recorded by means of AC ammeter p€liet fitted in the sample holder is kept
in the furnace. The connecting wires of two elaidt of the sample holder were taken out for
the connection.

c. Datarecording:

The connecting wires from the sample holder keptthe furnace, were connected to the
terminals of LCR-Q tester model 4910. In this wayresponding resistances of the pellet at
various temperature was measured directly. The e¢eatyre of the digital furnace slowly

increases and resistance is noted on LCR metatyrigam temperature range 30°C to 190°C .

RESULTSAND DISCUSSION

The thermal activation energy and the values aftetal conductivity at different temperatures
are given in Table 1. The resistance values op#ikets of the terpolymers ranging from 313 K
to 423 K were converted into conductivity value$ By taking into account the thickness of the
pellet and its diameter and evaluating thicknessa grarameters of the pellet of a particular
terpolymer. Generally the diameter of the pellehaeed constant (1.3 cm) since the same die
was used and the thickness varied from 0.241 t610c2n according to the amount of sample
present. The temperature dependence of the ebatoaductivity of the terpolymers is shown
in Fig. 2. In the electrical conduction domain, teenperature dependence of the electrical
conductivity obeys the well known equation [12].

o=0, exp(A_E/kT)

Where, k = Boltzmann constai, = electrical conductivity at temperature=I co
o = electrical conductivity at temperature T
AE = electrical conductivity energy of electricahcluction.

This relation has been modified as Electrical Prige of 8-HQ5-SAOF terpolymer
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logo=logo,+ ——
g 9% 2.303KT

According to this relation, a plot of lag Vs. 1000/T would be linear with a negative slopkee T

result of the D.C. conductivities are presentec herthe form of plots of log Vs. 1000/T for

eaclh set of data, as the range of conductivities faand to be 3.95 x T0to 2.77 x 10 ohni*

cm-.

It will be seen from the plot (Fig. 1) of terpolymibat there is a consistent increase in electrical
conductivity as the temperature rises roughly f@if8 K to 423 K. these trend is a characteristic
of semiconducting [13.14]. The activation energysvagetermined from the curves lagVs.
(10%T). The temperature dependence of the electrimadiactivity in pellet of the terpolymer is
of the same type. The plot of lay Vs. 1G/T are found to be linear (Fig. 1) over wide ramde
temperature which indicates the semiconductingreaititerpolymer [15, 16].

From the analysis of our results it can be assurtied the difference in electrical be assumed
that the difference in electrical properties ofptdymer studied are mainly by their chemical
structure, over the whole temperature range theegalof the electrical conductivity vary
between 3.95 x Idto 2.77 x 10 ohmi* cmi'. The conductivities are in the order of*1® 10°
ohmi* cmi* due to comparatively small intra intermoleculaagfe transfer of terpolymer [17].

Plastics semiconductors are easier, safer andelgsnsive to manufactures than conventional
semiconductors. Because of the lower cost of matwfag 8-HQ5-SAOF semiconducting
terpolymer may be used as transistors, integratedits (IC) for low cost as well as chemical
sensors in electronic devices.

Table 1l Electrical Conductivity Data of 8-HQ5-SAOF Terpolymer Resin

Electrical Conductivity AT AE
313K 423 K (K) (ev)
8-HQ5-SAOF 395x 18 2.77x10 313-423 1.23x1D

Terpolymers

8-HQ5-SAOF-I Ea = 1.23 x 10™ev
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Figure 1: Electrical conductivity plot of 8-HQ5-SAOF terpolymer resin (Temperatur e dependence of log o)
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CONCLUSION

1. The electrical conductivity of 8-HQ5-SAOF terpolyna room temperature lies in the range
of 3.95 x 10 to 2.77 x 10 ohmi* cmi™.

2. The plots of logo vs 1/T is found to be linear in the temperatumegeaunder study, which
indicate that the Wilson's exponential law= g, exp“5¥" is obeyed.

3. Electrical conductivity of each of these terpoér resins increases with increase in
temperature. Hence, these terpolymers may be raagkedmiconductor.
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