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ABSTRACT: A series of new copolymer resins i.e. salicylic acid-o-phenylene diamine-formaldehyde, p-

hydroxybenzaldehyde-o-phenylenediamine-formaldehyde, 5-sulphosalicylic acid-benzidine-formaldehyde have 

been synthesized by condensation polymerization with different molar proportions of reacting monomers. 

Polychelates were prepared by using metal salts and the ligands in ethanol medium. The newly synthesized 

copolymers and its polychelates have been characterized by FT-IR and 1H-NMR spectroscopy.  

The electrical conductivity of all the copolymers and its polychelates at temperature (303 and 453 K) 

was found in the range of 9.110 x 10-11 to 2.691 x 10-11 ohm-1 cm-1 and 5.990 x 10-9 to 1.035 x 10-9 respectively. 

From the electrical conductivity of this copolymer resin, activation energy of electrical conduction has been 

evaluated and was found to be in the range of 128.80 to 150.17 KJ.  The plot of log σ vs 103 / T was found to be 

linear over a wide range of temperature, which indicates that the Wilson’s exponential law σ = σo exp (Ea/kT) is 

obeyed. On the basis of above studies these copolymers can be ranked as semiconductors. On the basis of 

electrical conductivity study, at higher temperature conductivity increases linearly, showing semiconducting 

behaviour and hence useful in electronic equipments.  

 

Keywords: Copolymer ligand, Electrical conductivity, Spectral studies, Chelate polymer, 

Semiconductor. 

 

1. INTRODUCTION 

In recent years, considerable interest have been developed to explore the utility of 

coordination polymers as thermally stable materials and potent biomaterials due to their capability of 

exhibiting advanced properties [1-3]. Coordinating polymers have found applications as scavenger 

reagents and as catalyst supports in organic synthesis [4–6], as anti-microbial materials [7-8], waste 

water treatment and for the recovery of trace metal ions [9, 10]. Such inorganic metal polymers 

provide an opportunity for expansion of fundamental knowledge, development of new material 

assisting in the advancement of technology and stimulating the thought of what might if organic and 

inorganic chemistry are combined in polymer science.  

The semiconducting properties of copolymer resins have gained sufficient ground in recent 

years. Electrically conducting copolymers are undoubtedly one of the focal points of current interest 

in solid-state physics and chemistry. Their discovery has led to the emergency of not only new types 

of materials capable of replacing metals but also new concepts to explain their high conductivity. In 
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fact, their conductivity and other properties such as thermoconduction, photoconduction, 

luminescence, etc. are in close connection with their physical and chemical structure. In this 

connection, studies were made to establish a correlation between the chemical structure and 

characteristics defining semiconducting properties [11].  

Work on organic conducting polymers is carried out extensively due to their wide applications [12] in 

areas such as chemically modified electrodes, sensors etc. Pekaln and Kolosonov [13] have studied 

the electrical conductivity of phenol-formaldehyde resin. An industrially useful semiconducting 

material has been reported by Dewar, et. al. [14].   

Synthesis, Characterization, Electrical Conductivity, and Catalytic Studies of Some Coordination 

Polymers of Salen Type Schiff Bases have been proposed by A. V. Pardhi et al. [15]. K. P. Dharkar et 

al. [16] carried out Electrical Conductivity Properties of Newly Synthesized Melamine - Aniline – 

Formaldehyde Terpolymer and its Polychelates. Sonochemical Synthesis of a Cobalt (II) Coordination 

Polymer And its Co3O4 Nano-structure with azo ligand have been investigated by Shiva Hojaghani et 

al. [17] 

The present paper aims to introduce some novel copolymer ligand and its complexes. It provides the 

synthesis, spectral characterization and electrical conductivity of some newly synthesized copolymers 

and its complexes.   

 

2. EXPERIMENTAL 

Salicylic acid, o-phenylene diamine, p-hydroxybenzaldehyde, 5-sulphosalicylic acid, benzidine and 

formaldehyde were procured from merck, India and used as received. Double distilled water was used 

for all experiments. 

Copolymer ligand synthesis: 

A collective mixture of salicylic acid (1.38 g, 0.1 M) and o-phenylene diamine (1.08 g, 0.1 M) with 

formaldehyde (7.5 ml, 0.1 M) was taken in a clean round bottom flask equipped with mechanical 

stirrer and a refluxed condenser using 2 M hydrochloric acid (200ml) as a catalyst in 1:1:2 mole ratio. 

The homogeneous mixture was refluxed in an oil bath at 140 ± 2 °C with constant stirring for 5 h.  It 

was repeatedly washed with hot water to remove unreacted monomers. The resulting polymer sample 

was washed with boiling water and re-crystallized from tetrahydrofuran (THF). Similarly, other 

copolymer resins, viz p-hydroxybenzaldehyde (1.22 g, 0.1 M), o-phenylenediamine (1.08 g, 0.1 M), 

formaldehyde (7.5 ml, 0.1 M) and 5-sulphosalicylic acid (2.18 g, 0.1 M), benzidine (1.03 g, 0.1 M), 
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formaldehyde (7.5 ml, 0.1 M) were synthesized by using same molar proportion [18]. The purity of 

newly synthesized copolymer resins has been tested and confirmed by thin layer chromatography.  

Metal complex preparation: 

The copolymer metal complexes have been prepared using the synthesized copolymers as ligand with 

few transition metal ions such as Cu2+, Ni2+ and Zn2+ ions. The copolymer ligand (2 g) was taken in a 

round bottom (RB) flask for and immersed for 2 h in ethanol solution for swelling. The metal nitrate 

(1 g) was dissolved in ethanol solution and then poured into round bottom flask equipped with 

mechanical stirrer and a reflux condenser. The reaction mixture was refluxed at 60°C for 3 h. The 

obtained colloidal precipitate in the flask was separated out. The product was then filtered off and 

washed with ether and ethanol to remove the impurities. This process has been repeated several times 

to separate the purified product [19]. The resultant purified sample was air dried, powdered and kept 

in vacuum desiccator with silica gel. The same procedure was also followed for the preparation of 

other complexes with Cu2+ and Zn2+ metal ions in the form of their nitrate salts. The proposed reaction 

and structure of copolymer ligand and its metal complexes are shown in Figure 1a, 1b and 1c. 

 

Figure 1 a: Reaction of SAOPDF and its metal complex 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/564



 

Figure 1 b: Reaction of PHBOPDF and its metal complex 

 

Figure 1 c: Reaction of 5-SSABF and its metal complex 

Electrical Conductivity Measurement  

 The copolymers are well known for their behavior as semiconductors. Although a variety 

of conjugated organic molecules are known as semiconductors, having low carrier mobility. This is 

due to the difficulties in electrons jumping from one molecule to another and so carrier mobility in the 

compound of this kind increases with increase in molecular size and temperature20, 21. 

Autocompute LCR-Q Meter 4910 was used to measure electrical conductivity of newly 

synthesized copolymers in the temperature range of 303 K to 453 K at constant voltage of 50 volts 

across the pellets prepared from copolymer resins. Sample holder with pellet was placed in electric 

furnace to measure the resistance with the help of above apparatus. Pellets were prepared by using 

hydraulic press by applying pressure of 10 tones/inch.  

a) Preparation of pellets for resistance measurements:- 
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Copolymer sample were dried properly and thoroughly ground to a fine powder in agate mortar 

and pestle. The pellets were prepared by well-powdered copolymer resins isostatically in a steel dia at 

a pressure of 10 metric tons/cm2 using hydraulic press and obtained pellets were hard and crack free22. 

A thin layer of silver metal was applied on both sides of pellets and dried at room temperature for 4-6 

hrs. The silver layer on either side of pellet functioned as electrode and surface continuity of pellet 

was tested by means of multimeter. Average diameter of this pellet and its thickness were measured 

using a screw gauge.  

b) Sample holder: - 

A simple spring loaded sample holder was fabricated by copper on which pellet was mounted 

between two copper electrodes, one of which spring loaded while other electrode rested on copper 

platform. 

c) Furnace for heating the sample: - 

For resistivity measurement of copolymer at different temperature a small furnace was used. 

Current supplied to a furnace was recorded by means of A. C. ammeter and controlled by a rheostat. 

To ensure the uniformity of temperature inside the furnace, a thin metal cylinder was inserted inside 

it. Temperature of a furnace was recorded by means of chrome-alumel thermocouple connected with 

digital multimeter in which millivolts can be measured. The connected wires of two electrodes 

insulated with porcelain beads were taken out for connections. 

d) Measurement of DC electrical conductivity  

 The connecting wires from the sample holder kept in the furnace were connected to the terminals 

of LCR-Q tester model 4910. Corresponding resistance was measured keeping the pellet in sample 

holder at different temperatures starting from 303 K to 453 K. Resistivity (σ) was then calculated 

using the relation as follows, 

� = ��
�   

Where,   

r = Resistance of the pellet 

l = Thickness of the pellet 

A = Surface area of pellet 

σ = Resistivity 

Conductivity was measured over a wide range of temperature. It was observed that the electrical 

conductivity (σ) varies exponentially with absolute temperature according to well known relationship 

as follows, 

� = �� �	
. �− ��
��� 

Where,  

σ  = electrical conductivity at temperature T 
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σ0 = electrical conductivity at room temperature 

Ea = Activation energy of electrical conduction 

k = Boltzmann Constant (0.8625 x 10-4 ev. deg-1 or 1.3817 x 10-23 J. mol.-1K-1). 

T = Absolute temperature. 

This relation has been modified as, 

���� = ����� −  ��
2.303��  

Arrhenius behavior can be regarded as a good approximation to band theory related to small 

temperature. According to this relation, a plot of log σ vs 1/T would be linear with –ve slope. Such 

plots were made on the basis of each set of data. From the slopes of plots, activation energy (Ea) of 

electrical conduction can be calculated. 

 

3. RESULT AND DISCUSSION 

Elemental Analysis: 

Table 1: Elemental Analysis 

Compound Empirical Formula of 

the Repeating Unit 

Formula 

Mass 

Elemental Analysis (%) 

Found (Calc.) 

C H N S M 

SAOPDF C16H20N2O3 288.33 66.02 

(66.59) 

6.14 

(6.93) 

9.32 

(9.71) 

   --    -- 

SAOPDF-Ni C32H40N4O6Ni.2H2O 640.66 58.98 

(59.93) 

6.60 

(6.24) 

8.43 

(8.74) 

   -- 10.8 

(9.20) 

PHBOPDF C14H16N2O2S 276.27 59.80 

(60.81) 

5.78 

(5.79) 

11.10 

(10.13) 

11.06 

(11.58) 

-- 

PHBOPDF-Cu C28H32N4O4S2Cu.2H2O 617.54 54.12 

(54.40) 

4.10 

(5.18) 

8.75 

(9.06) 

9.87 

(10.36) 

9.90 

(10.28) 

5-SSABF C18H16O6N2S  388.31 54.77 

(55.62) 

3.90 

(4.12) 

6.90 

(7.21) 

8.00 

(8.24) 

-- 

5-SSABF-Zn C36H32O12N4S2Zn.2H2O 842.62 50.59 

(51.26) 

3.68 

(3.79) 

6.50 

(6.64) 

7.54 

(7.59) 

3.50 

(3.56) 

 

 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/567



UV-Visible spectra:  

The electronic spectrum of the SAOPDF-Ni, PHBOPDF-Cu, 5-SSABF-Zn resins and their respective 

metal complexes is shown in figure 2 in which the spectra depicted two characteristic bands in the 

region of 280 and 340 nm, 285 and 340 nm and 270 and 320 nm respectively.  

The band at 280 nm, 285 nm and 270 nm indicates the presence of a carbonyl (>C=O) group 

containing a carbon oxygen double bond in conjugation with an aromatic nucleus and can be 

accounted for π-π* transition while the latter band (less intense) may be due to n-π* electronic 

transition. These transitions were affected by the metal chelation and shifted to the longer wavelength 

clearly indicates the formation of complex takes place through the lone pair of electrons present in the 

nitrogen of -NH group. For all the three metal complexes, the band appearing in the range of 290 to 

315 nm is assigned to polychelates, which clearly establishes the metal ions coordination with the 

nitrogen atom present in the o-phenylenediamine and benzidine ring [23, 24, 25]. 

 

Fig 2- UV-Visible spectra of SAOPDF-Ni, PHBOPDF-Cu, 5-SSABF-Zn 

FT-IR spectra: 

FT-IR spectra of (SAOPDF) and (SAOPDF-Ni): 

The IR spectrum of the newly synthesized SAOPDF resin is presented in fig.3. The assignment of 

vibrational frequencies is mainly based on the data available in the literature. A broad band appeared 

at 3337.43 cm-1 might be due to the stretching vibrations of phenolic hydroxyl group in salicylic acid 

exhibiting intermolecular hydrogen bonding which exists between -OH group of different polymer 

chains.  
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The band observed at 3217.63 cm-1, 2942.07 cm-1 and 2354 cm-1 may be due to the stretching 

vibrations of –NH, methylene –CH stretch and C-O stretch in aromatics respectively.  The band 

appeared at 1643 cm-1 may be attributed to stretching vibrations of >C=O.   A weak band appeared at 

1545.32 cm-1 may be attributed to C-C stretching in substituted aromatic ring. C-N stretch in aromatic 

amine is represented by a broad band appeared at 1429.49 cm-1. A medium band obtained in 1370.14 

cm-1 may be due to C-O stretch in salicylic acid. The presence of substituted aromatic ring is 

recognized from the weak bands appearing at 808.81 and 1015.88 cm-1. The bands appeared at 

1113.49 cm−1 is assigned to C-O-M stretching modes. The band observed at 1287.78 cm−1 are due to 

C-N stretching vibrations of the copolymer–metal complexes which are shifted to lower frequency 

compared to the ligand [26,27,28]. This is clear evidence for the involvement of nitrogen atom in the 

chelate formation. The bands appearing at 699.40 cm-1 and 664.15 cm-1 are assigned to metal–

oxygen bonding in the respective polychelates and metal–nitrogen bonding in the copolymer–metal 

complexes respectively. 

FT-IR spectra of (PHBOPDF) and (PHBOPDF-Cu): 

The IR spectrum of the newly synthesized PHBOPDF resin is presented in fig.3. A broad band 

appeared at 3342.51 cm-1 might be due to the stretching vibrations of hydroxyl group in salicylic acid 

exhibiting intermolecular hydrogen bonding which exists between -OH group of different polymer 

chains.  

The band observed at 3084.82 cm-1, 2936.49 cm-1 and 2332.36 cm-1 may be due to the stretching 

vibrations of –NH, methylene –CH stretch and C-O stretch in aromatics respectively. The band 

appeared at 1640.73 cm-1 may be attributed to stretching vibrations of >C=O group of aldehyde.   A 

weak band appeared at 1468.55 cm-1 may be attributed to C-C stretching in substituted aromatic ring. 

C-N stretch in aromatic amine is represented by a broad band appeared at 1431.59 cm-1. A medium 

band obtained in 1369.98 cm-1 may be due to C-O stretch in p-hydroxybenzaldehyde. The presence of 

substituted aromatic ring is recognized from the weak bands appearing at 1105.62 cm-1, 1011.97 cm-1 

and 809.88 cm-1. 
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The bands appeared at 1161.40 cm−1 is assigned to C-O-M stretching modes. The band observed at 

1284.53 cm−1 is due to C-N stretching vibrations of the copolymer–metal complexes which are 

shifted to lower frequency compared to the ligand. This is clear evidence for the involvement of 

nitrogen atom in the chelate formation. The bands appearing at 747.43 cm-1 and 698.09 cm-1 are 

assigned to metal–oxygen bonding in the respective polychelates and metal–nitrogen bonding in the 

copolymer–metal complexes respectively. 

FT-IR spectra of (5-SSABF) and (5-SSABF-Zn): 

The IR spectrum of the newly synthesized 5-SSABF resin is presented in fig.3. A broad band 

appeared at 3328.81 cm-1 might be due to the stretching vibrations of hydroxyl group in 5-

sulphosalicylic acid exhibiting intermolecular hydrogen bonding which exists between -OH group of 

different polymer chains.  

The band observed at 3196.71 cm-1 and 2116.98 cm-1 may be due to the stretching vibrations of –NH 

and methylene –CH stretch respectively. The band appeared at 1648.20 cm-1 may be attributed to 

stretching vibrations of >C=O group of 5-sulphosalicylic acid. A weak band appeared at 1439.37 cm-1 

may be attributed to C-C stretching in substituted aromatic ring. C-N stretch in aromatic amine is 

represented by a broad band appeared at 1290.14 cm-1. A medium band obtained in 1372.28 cm-1 may 

be due to C-O stretch in 5-sulphosalicylic acid. The presence of substituted aromatic ring is 

recognized from the weak bands appearing at 1022.43 cm-1, 814.53 cm-1 and 873.61 cm-1. The bands 

appeared at 1127.47 cm−1 is assigned to C-O-M stretching modes. The band observed at 1284.53 

cm−1 is due to C-N stretching vibrations of the copolymer–metal complexes which are shifted to 

lower frequency compared to the ligand. This is clear evidence for the involvement of nitrogen atom 

in the chelate formation. The bands appearing at 754.56 cm-1 and 889.00 cm-1 are assigned to metal–

oxygen bonding in the respective polychelates and metal–nitrogen bonding in the copolymer–metal 

complexes respectively. 
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Fig 3. FT-IR spectra of SAOPDF-Ni, PHBOPDF-Cu and 5-SSABF-Zn: 

1H-NMR spectra: 

1H-NMR spectra of (SAOPDF) and (SAOPDF-Ni): 

The NMR spectrum of the SAOPDF and SAOPDF-Ni resin is shown in fig. 4 and exhibited signal in 

the region of 7.72 δ (ppm), which may be due to the protons of the aromatic ring (Ar-H), and the 

signal in the region 7.83 δ (ppm) can be assigned to the phenolic-OH proton in hydrogen bonding (Ar-

OH). The signal displayed at 7.43 δ (ppm) may be due to the carboxylic proton of Ar-COOH. The 

presence of a broad signal around 6.91 δ (ppm) is attributed to the presence of –NH bridge. A 

methylene proton Ar-CH2-NH moiety was inferred by the appearance of a weak singlet signal at 3.89 

δ (ppm). [29, 30, 31] 

The signal obtained at 4.11 ppm is assigned to –NH protons of o-phenylene diamine and this shift 

from its ligand gives a clear evidence for the complexation of the ligand with the metal ions through 

the lone pair of nitrogen of o-phenylene diamine moiety. 
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1H-NMR spectra of (PHBOPDF) and (PHBOPDF-Cu): 

The NMR spectrum of the SAOPDF resin is shown in fig. 4 and exhibited signal in the region of 7.62 

δ (ppm), which may be due to the protons of the aromatic ring (Ar-H), and the signal in the region 

7.13 δ (ppm) can be assigned to the phenolic-OH proton in hydrogen bonding (Ar-OH). The signal 

displayed at 7.43 δ (ppm) may be due to the carboxylic proton of Ar-COOH. The presence of a broad 

signal around 6.43 δ (ppm) is attributed to the presence of –NH bridge. A methylene proton Ar-CH2-

NH moiety was inferred by the appearance of a weak singlet signal at 3.67 δ (ppm). 

The signal obtained at 5.08 ppm is assigned to –NH protons of o-phenylene diamine and this shift 

from its ligand gives a clear evidence for the complexation of the ligand with the metal ions through 

the lone pair of nitrogen of o-phenylene diamine moiety. 

1H-NMR spectra of (5-SSABF) and (5-SSABF-Zn): 

The NMR spectrum of the SAOPDF resin is shown in fig. 4 and exhibited signal in the region of 7.72 

δ (ppm), which may be due to the protons of the aromatic ring (Ar-H), and the signal in the region 

8.22 δ (ppm) can be assigned to the phenolic-OH proton in hydrogen bonding (Ar-OH). The singlet 

observed at 7.71 δ (ppm) which may be due to the protons of SO3H. The signal displayed at 7.84 δ 

(ppm) may be due to the carboxylic proton of Ar-COOH. The presence of a broad signal around 6.83 

δ (ppm) is attributed to the presence of –NH bridge. A methylene proton Ar-CH2-NH moiety was 

inferred by the appearance of a weak singlet signal at 3.71 δ (ppm). 

The signal obtained at 6.64 ppm is assigned to –NH protons of o-phenylene diamine and this shift 

from its ligand gives a clear evidence for the complexation of the ligand with the metal ions through 

the lone pair of nitrogen of o-phenylene diamine moiety. 
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Fig 4. 1H-NMR spectra of SAOPDF-Ni, PHBOPDF-Cu and 5-SSABF-Zn 

Electrical Conductivity: 

Electrical conductivity measurement of all copolymers and its polychelates was carried out from room 

temperature to 303 and 453 K by applying a constant voltage (50 volts) across pellets. The electrical 

conductivity of all the copolymers and its polychelates at temperature (303 and 453 K) was found in 

the range of 9.110 x 10-11 to 2.691 x 10-11 ohm-1 cm-1 and 5.990 x 10-9 to 1.035 x 10-9 respectively. As 

the temperature increases from room temperature, electrical conductivity of the polymers was also 

found to increase uniformly and it attains the lowest value of conductivity 1.035 x 10-9 ohm-1 cm-1. 
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The sequence of electrical conductivity for three different copolymers and its polychelates was found 

to be SAOPDF < 5-SSABF < PHBOPDF and SAOPDF-Ni < 5-SSABF-Zn < PHBOPDF-Cu. The 

detailed relevant data on electrical conductivities and activation energies of the copolymer and 

polychelates are compiled in Table 2. 

Table 2. Electrical conductivities and activation energies of copolymer and its polychelates 
 

Terpolymer/Poly

chelate 

Electrical conductance Activation energy 

(KJ) 

 

303 (K) 453(K) 

SAOPDF 2.691 × 10-11  1.035 × 10-9  146.44  

SAOPDF-Ni 3.511 × 10-11 1.873 × 10-9  150.17  

PHBOPDF 7.680 × 10-11  3.543 × 10-9  128.80  

PHBOPDF-Cu 9.110 × 10-11  4.967 × 10-9  136.18  

5-SSABF 5.110 × 10-11  4.540 × 10-9  135.64  

5-SSABF-Zn 7.010 × 10-11  5.990 × 10-9  138.19  

 

The resistance of polymeric material depends upon incalculable parameters such as porosity, pressure, 

method of preparation, atmosphere etc., but these parameters does not affect the activation energy 

(∆E) and therefore, it is fairly reproducible32. The magnitude of activation energy depends on the 

number of π-electrons presents in the semiconducting material. More the number of π –bonds, lower 

the magnitude of activation energy and vice-versa33. Generally, polymers containing aromatic nuclei 

in the backbone exhibit lower activation energy than those with aliphatic system. Thus, the low 

magnitude of activation energy may be due to the presence of large number of π-electrons, in the 

polymer chain. Moreover, the increasing order of electrical conductivity and decreasing order of 

activation energy of electrical conductivity as shown above may be due to introduction of more and 

more aromatic skeleton (and therefore and more π-electrons) in the structure of repeat unit of 

copolymers, which is in good agreement with the most probable structure proposed for the newly 

synthesized copolymer resins under study34-36. The nature of conduction (n or p type) in the 

copolymers investigated could not be established because of lack of instrumentation for measuring 

hall-coefficients and the difficulty in getting the copolymers as well defined crystals. The results 

indicate that electrical conductivity of metal chelates is slightly higher than that of copolymers, which 

may be due to the incorporation of metal in the copolymers which increases the ionization tendency37-

40. 

4. CONCLUSION 

The formation of copolymers has been carried out by condensation polymerization reaction. The 

polymeric ligand also coordinated with Cu (II), Ni (II) and Zn (II) to give polymer-metal complexes. 

The formation of copolymer and its metal complexes has been established by elemental analysis, FT-
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IR, UV-Visible and 1H-NMR spectral studies. The sequence of electrical conductivity for three 

different copolymers and its polychelates was found to be SAOPDF < 5-SSABF < PHBOPDF and 

SAOPDF-Ni < 5-SSABF-Zn < PHBOPDF-Cu. Activation energy of electrical conduction was found 

to be in the range of 128.80 to 150.17 KJ.  The results indicated that the electrical conductivity and 

the activation energy values of electrical conduction of these polychelates varies with the metal ions, 

which may be due to the incorporation of different metal ions in the polymeric ligand which increase 

the ionization tendency. 
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