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Abstract  

The resin (abbreviated as 8-HQAF-II) has been 
synthesised by the condensation of salicylic 
acid and butylenediamine with formaldehyde 
in the presence of a hydrochloric acid catalyst 
with molar proportion 1:1:2.The purity of 
newly synthesized terpolymer has been tested 
and confirmed by thin layer chromatography 
(TLC) technique. Terpolymer resin was 
characterized by elemental analysis, infrared 
(IR) spectroscopy, nuclear magnetic resonance 
(NMR) spectroscopy and UV-Visible spectral 
studies, which have been carried to elucidate 
the structure of the resin. Electrical 
conductivity measurements have been carried 
out to ascertain the semiconducting nature of 
the copolymer resin. The electrical properties 
of 8-HQAF-II copolymer were measured over 
a wide range of temperature (303-453K), 
activation energy of electrical conduction has 

 

 

 

 

been evaluated and plot of log α vs 1000/T is 
found to be linear over a wide range of 
temperature, which can be ranked it as 
semiconductor.   

Keywords: Wilson’s law ⏐ Electrical 
conductivity ⏐ Terpolymer ⏐ Semiconductor ⏐ 
Polychelates 

Introduction 

Terpolymeric resin owing to large applications 
in electronic devices as sensors, electronic 
controls, semiconductors and thermally stable 
insulators, have been open up hopefully new 
vistas of applicability in the field of 
electronics. Extensive research work has been 
carried out on synthesis and characterization of 
terpolymers in our laboratory. The terpolymers 
offer novelty and versatility; hence they 
occupy the pivotal position in the field of 
material science. The progress in the field 
terpolymers has been extremely rapid, as they 
generally useful in packaging, adhesives and 
coatings in electrical sensors and 
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organometalic semiconductors. Some other 
applications have been reported in the field of 
activators, ion exchangers, catalyst and 
thermally stable materials. Semiconductors are 
the most important ingredients of modern 
electronics. The concerted research effort was 
carried out to aim at developing organic 
materials that would posses the good electrical 
properties as the inorganic semiconductors. 
The terpolymer resins are well known for their 
behavior as semiconductors though carrier 
mobility in them usually is very low [10-12]. 
Kanda et al reported the rubeanato –copper 
semi-conductive polymers and studied their 
AC and DC conductivity [13]. Dhawan and co-
workers reported the conducting polymers 
predicted to be the futuristic materials for the 
development of light emitting diodes, antistatic 
and EMI materials, sensors, optoelectronic 
devices and rechargeable batteries due to their 
unique conduction mechanism and greater 
environmental stability [14]. This article 
describes the synthesis, structural 
characterization of a new terpolymer 
synthesized from 8-Hydroxy quinoline, 
adipamide with formaldehyde and its electrical 
conductivity measurement study. 

Materials and Methods 

Experimental 

All Chemicals were AR grade or chemically 
pure grade.  8-Hydroxyquinoline, adipamid 
were purified by rectified spirit, formaldehyde 
(37%)  (AR grade, Merck) were used. All other 
solvents and the indicators were of the 
analytical grade procured from India and DMF 
and DMSO (HPLC grade) were used.from 
India.  

Synthesis of 8-Hydroxyqunoline –
Adipamide - Formaldehyde Terpolymer 
resins. 

A mixture of 8-Hydroxyquinoline(0.2 mol) and 
adipamide (0.1 mol) with formaldehyde (0.3 
mol) was carried out in the presence of 2M 
(200 ml) HCl as catalyst by molar ratio of 
2:1:3 of reacting monomers, was taken in a 
round bottom flask fitted with water condenser 
and heated in an oil bath at 125ºC ± 2ºC for 5 
hrs with occasional shaking to ensure thorough 
mixing. The temperature of electrically heated 
oil bath was controlled with the help of 
dimmer stat. The brown coloured resinous 
product was immediately removed from the 
flask as soon as reaction period was over and 
then purified. The reaction is shown as in Fig. 
1. 

 

                     

                           

  

 

 

 

 

Fig.: 1 Reaction scheme for 8-HQAF 
terpolymer resin. 
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Electrical Conductivity 

Resin was palatalized and thin layer of 
colloidal graphite in acetone was applied on 
both sides of the pellets. The colloidal graphite 
on either side of pellets functioned as 
electrode. A typical sample holder was 
designed for the purpose of resistivity 
measurement and pellet is mounted on it. For 
measurement of resistivity at different 
temperature, a suitable electrical furnace was 
used. Hewlett-Packard 4192 Impendence 
Analyser 5Hz-13MHz was used to measure the 
electrical conductivity of all tri-polymers 
resins. The temperature variations of resin 
were studied by placing the sample holder 
along with the pallet in the electric furnace that 
was then heated slowly. The resistances of the 
sample pallets were measured by two probes 
(terminals) method. Resistivity (ρ) was then 
calculated using the relation: 

ρ = R. x A/l 

The DC resistivities were measured from 313 
to 423 K. The electrical conductivity (σ) varies 
exponentially with the absolute temperature 
according to the well-known relationship: 

σ =σ0 exp –Ea/kT 

The relationship has been modified as: 

Log σ = logσ0 + -Ea/2.303kT 

According to this relation, a plot of Log σ Vs 
1/T would be linear with negative slope. From 
the slope of the plots, the activation energy was 
calculated [10-14, 33]. 

 

 

Results and Discussion 

Molecular Weight Determination By 
Conductometric Titration In Non-Aqueous 
Medium. 

The molecular weight ( ) of the terpolymer 
was determined by non-aqueous 
conductometric titration in DMF against 
ethanolic KOH by using 50mg of sample. 
Inspection of a plot (Fig.1) revealed that there 
were many breaks in the plot. From this plot 
the first break at 180 miliequivalents and the 
last break at 2610 miliequivalents were noted. 
The calculations of ( ) by this method is 
based on the following considerations: (1) the 
first break corresponds to neutralization by the 
more acidic phenolic hydroxy group of all the 
repeating units; (2) The break in the plot 
beyond which a continuous increase is 
observed represents the stage at which 
phenolic hydroxy group of all the repeating 
units are neutralized. On the basis of the 
average degree of polymerization (DP) is given 
by the following relation. 
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The average degree of polymerization (DP), 
which is given by the following relation, is 
found to be 14.5 and The number average 
molecular weight ( ) is 3886 as obtained by 
multiplying the DP by the formula weight of 
the repeating unit. 

Viscosity Measurements 

Viscosity measurements of newly synthesized 
terpolymer resin have been carried out at 303 
K in freshly double distilled DMSO using 
Tuan-Fuoss viscometer. The viscosity 
measurements were carried out at six different 
concentrations ranging from 0.5% to 3.0% in 
constant temperature bath. The plot of intrinsic 
viscosity determination is presented in fig.2. 

Intrinsic viscosity was determined by using 
Huggins and Kraemers relation [21, 22]: 

ηsp /C = [η] + k1 [η] 2 C…..Huggins relation 

ln ηr/C = [η] - k2 [η] 2 C…Kraemer relation. 

From the above Huggins and Kraemer relation, 
it is clear that the plots of ηsp /C and ln ηr/C 
versus C would be linear giving the slopes k1 
and k2 respectively. Intercept on the axis of 
viscosity function gave intrinsic viscosity value 
in both the plots. The values of the intrinsic 
viscosity obtained from both the plots have 
been found to be in close agreement with each 
other. The calculated values of constant k1 and 
k2 satisfy the relation k1+ k2=0.5 favorably 
which is in good agreement with the trend 
observed and explained by earlier workers. 

Electronic Spectral Analysis  

The electronic spectrum of the resin was 
recorded in dimethylsulphoxide (DMSO) at 

room temperature with a UV-240 Shimadzu 
double beam spectrophotometer. 8-HQAF-II 
terpolymer samples gave two characteristics 
band in UV-visible spectra at 320-350 nm and 
240-250 nmin fig.2. These observed positions 
for the absorption bands have different 
intensities. The more intense band 240-250nm 
is due to (π→π*) allowed transition of 
quinoline ring, which readily attains 
coplanarity and shoulder merging (loss of fine 
structure) and also due to chromophore groups 
like >C=N, groups and the less intense 320-
350 nm may be due to (n→π*) forbidden 
transition in >C=N groups. Thus π→π* 
transition indicates the presence of aromatic 
nuclei and to n→π* transition indicates the 
presence of -NH and OH groups. 

 

Fig. 2: Viscometric plot of 8-HQAF-II resin 
UV-Visible Studies 

Infra-Red Spectral Analysis 

Infrared spectra in the region 400-4000cm-1 
were recorded on a Perkin-Elmer with KBr 
pellets. The IR spectrum of the newly 
synthesized 8-HQAF-II terpolymer resin is 
depicted in fig 3. The broad and strong band 
appeared in the region 3323-3348 cm-1 may be 
due to >NH stretching (amide/imides). The 
sharp band obtained at 3110-3130 cm-1(aryl C-
H stretching), 827-828 cm-1 indicate the 
presence of -CH2 group (-CH2 bridge), 703-710 
cm-1 indicate the presence of -CH2 group(-
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CH2- rocking), 1271-1273 cm-1 (-CH2 plane 
bending). The band at 1465 -1464cm-1 may be 
ascribed to aromatic skeletal ring [1-4,20-26]. 
The band at 1271-1273 cm-1 may be due to 
tetrasubtituted aromatic ring. The bands at 
1007-1009 cm-1, 1095-1096 cm-1and 1117-
1118 cm-1 may be suggested the presence of 
5,7,8-substituted aromatic ring. 

 

             

 

 

 

 

 

 

 

Fig.3: Electronic spectra of 8-HQAF-II resin 
Infra Red Studies 

NMR Studies 

The NMR was scanned at 300MHz with 
duterated dimethylsulfoxide (DMSO) solvent 
The NMR spectrum of the 8-HQAF-II 
terpolymer shown in fig.4 exhibited signals in 
the region of 2.58 – 2.59 (δ) ppm is due to 
methylene proton of Ar-CH2-N moiety. A 
strong signal at the range of 4.5 – 4.54(δ) ppm 
may be due to protons of -NH bridge. The 

signal obtained at 4.65 – 4.75 (δ) ppm may be 
assigned to Ar-CH2-Ar The multiple signal 
(unsymmetrical pattern) in the region of 7.3 – 
7.35 (δ) ppm may be due to aromatic protons.  
The signal obtained at 7.4 - 7.45(δ) ppm may 
be due to -CH2-CH2-CO-NH.  The signal 
obtained at 8.8 – 8.87 (δ) ppm may be assigned 
to the proton of phenolic -OH involved 
intramolecular hydrogen bonding. 

 

                                     

 

 

 

 

 

 

 

 

Fig. 4: NMR spectra of 8-HQAF-II resin 

Scanning electron microscopy (SEM) 

The morphology of the synthesized and 
purified terpolymer resins under investigation 
has been reported by scanning electron 
microscopy which is shown in Fig. 5. The 
SEM photographs exhibits such spherulties 
which are the aggregate of crystalline present 
along with the some amorphous regions. The 
amorphous region shows secondary structural 
feature such as corrugations and having 



 

[ISSN 0975 - 6272]               

 

Volume IV Number 2 2013 [98 – 105] 

103
Electrical conductivity of newly synthesised 8-hydroxyqunoline –adipamide - formaldehyde terpolymer resins 

shallow pits. The spherulites structure of the 8-
HQAF-II terpolymer resin, indicates the 
presence of crystalline structure of the 
polymer. But the corrugation in the surface 
area with deep pits, shows the amorphous 
nature of the terpolymers.  Thus SEM 
micrographs of 8-HQAF-II terpolymer resin 
indicates the presence of transition structures 
between crystalline and amorphous. 

            . 

 

Fig. 5: Scanning electron microscopy of 8-
HQAF-II resin 

Electrical Conductivity for 8-HQAF-II 
Resin 

The DC resistivity of 8-HQAF-II copolymer 
resin was measured in the temperature range of 
303K to 453 K by applying a constant voltage 
(50 volts) across the pellet. The temperature 
dependence of the electrical conductivity of 
terpolymer is plotted in Fig.6. From the results 
of electrical conductivity data following points 
are drawn. 

 The values of electrical conductivity of 8-
HQAF terpolymer resins vary between 
5.17 x 10-11 to 2.47 x 10-5 ohm-1 cm-1 at 
303K and 3.63 x 10-6 to 1.456 x 10-3 at 
453K. 

 The plots of log σ versus 1/T is found to be 
linear in the temperature range under study, 
which indicate that the Wilson's 
exponential law σ= σo exp (∆E/kT) is 
obeyed. 

 The energy of activation (Ea) of electrical 
conduction calculated from the slopes of 
the plots is found to be in the range of 1.08 
x 10-4 ev. 

 Electrical conductivity of each of these 
terpolymer resins increases with   increase 
in temperature. Hence, these terpolymers 
may be ranked as semiconductors. 

The electrical conduction of polymeric 
material depends upon incalculable parameters 
such as porosity, pressure, method of 
preparation, atmosphere etc; activation energy 
(Ea) is not affected by these parameters and, 
therefore, it is fairly reproducible [10-14,26-
29]. The magnitude of activation energy 
depends on the number of electrons present in 
semiconductor materials. The more the number 
of Л – electrons lowers the magnitude of 
activation energy and vice versa. 

 
Fig.6: Electrical Conductivity Plot of 8-HQAF-

II Resin 

Conclusion 
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A resin 8-HQAF-II based on condensation 
reaction of 8-hydroxyquinoline and adipamide 
with formaldehyde has been prepared by 
simplest route. SBDF resin is soluble in diethyl 
ether, DMSO,DMF, aqueous KOH/NaOH (8% 
solution ) and found to be acid resistant in hot 
condition also. Electrical conductivity of the 
resin increases with increase in temperature. 
Hence, the resin may ranked as 
semiconductors. The concerted research effort 
was carried out to aim at developing organic 
materials that would possess the good 
electrical properties as the inorganic 
semiconductors. 
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