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Abstract 

4,6 Dinitroresorcinol undergo reduction with alcoholic alkali to form a new Azo polymer Poly[Azo(1-napthol)] These Co-

ordination polymers Poly azo chelates were prepared with Cu
+2

, Ni
+2

, Co
+2

, Mn
+2

 and Zn
+2

 Metal ions. The newly polymer 

synthesised at scheme-1 shown in Figure-1 were characterized by various spectral techniques. The polychelates reported in 

this study were coloured solids and practically insoluble in water and in regular organic solvents. We have characterized 

with elemental analysis, molar magnetic susceptibilities, spectroscopic (IR & Reflactance) data and Thermogravimetric 

analysis. Nonaqueous conductometric titrations were used to determine the number average molecular weight Mn  of the 

compound. Room temperature conductivity data for ligand and its polychelates indicated that the electrical conductivity of 

these compounds lie in the semi-conducting range (1.33x10
-8

 to 8.20x10
-11

cm
-1

). The log  vs 1/T plots were found to be 

linear, which also indicated the semiconducting behavior of the ligand and the polychelates in the temperature range studied. 

The general conduction behaviour of the electrical conductivity ( ) can be described by  = 0  exp (-Ea/kT), where  0 is 

a constant, Ea the activation energy of the conduction process. The magnitude depends on T the absolute temperature and 

where K is the Boltzman constant. Activation energy (Ea) Az-ligand (Polymer) The Azo polymer (Az),poly[azo(1-napthol)] 

and poly chelates is derived from the slope of plots with values from 0.60 – 1.78 eV and they are shown to follow this order 

Az-Cu
+2

>Az-Mn
+2

>Az-lig>Az-Co
+2

>Az-Zn
+2

>Az-Ni
+2

. 
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Introduction 

Aromatic azo polymers are azo-group containing polymers, 

which can be prepared by oxidative polymerization of aromatic 

diamines in the presence of catalysts
1-3

. Ravve and fitko
4
 have 

prepared AzoPolymers by coupling of different bisdiazonium 

salts to various poly phenols or phenol formaldehyde 

condensates. The azo polynmers have been synthesized on the 

basis of amalgamation of numerous suitable azo structures 

known from the prior references by the breakdown of 

bisdiazonium salt
5
, or by their antecedents

6
 by hydrogen 

liberation from aromatic diamines through free radical
7
, by poly 

conensation of azo benzene derivatives or by homo 

polymerization of dyes having
8-13

 olefinic groups
14-16

. However, 

due to their azo structure the azo polymers (poly (azo arylenes) 

and azo poly chelates) cannot be dyed and pigmented in 

traditional ways and are infusible and insoluble. May change the 

properities up to great extent for these polymer chain. -OH 

groups, Due to the rapid development of the study of electrical 

properties of organic polymers in recent years Many Polymers 

doped or by metal atom held together classified us as organic 

semi conductors
17-19

 well Known polymers having poly 

acetylene, poly phenylene, polyaniline etc.
20-25

 most of the 

conducting polymers are of conjugated chain systems. Few 

dopents improves the conductivity of the polymers
26-30

, one such 

are where the poly (azoarylenes) having conjugated system has 

been reported
31

, but the conducting properties not studied Hence 

so all the polymers and poly azo chelates are synthesised for 

their electrical conducting properties and externally a 

considerable interest in hunting of photoactive materials which 

aim to convert solar to electrical energy efficiently. Therefore, it 

is important to synthesize and study new semiconducting 

materials for sustainable energy. Since azo arylene polymers 

based on dinitro arylene have been prepared and reported
52

, it 

was considered worthwhile, to investigate the polymers 

obtained by its reduction with alcoholic alkaline of 4, 6 dinitro 

Resorcinol. The work reported in the present communication is 

storage of poly [azo (1-naphthol)] (Az) and its chelation with 

metal ion adjacent to the polymeric chain, as very few studies 

deal with this issue. 

 

Recently, few applications of single crystal of co-ordination 

polymer ligating with transition metal ions have been found and 

been proved helpful
32-43

, in addition multidentate organic 

ligands with transition metal compounds are being investigated 

at a large scale leading to the synthesis of new coordination 

supramolecules and polymers during last few years
44-48

. 

 

Polymer Metal complexes have strong research area now 

because of its semiconducting and catalytic properties
49

. The 

literature survey indicates that a great deal of work are done on 

the bivalent transition metal complexes of tri-tetra-hexavalent 
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transition and inner transition metal ions with parent ligand 

polymer with an azo group
50

. Therefore, we have prepared a 

some new polyazochelates, parent ligand being Poly[azo(1-

napthol)] (Az) with Az-Cu
+2

, Az-Ni
+2

, Az-Co
+2

, Az-Mn
+2

 and 

Az-Zn
+2

. These complexes have been characterized by 

elemental analysis, magnetic susceptibilities, spectroscopic 

(reflectance and IR) data and TG analysis, the number average 

molecular weight, was determined by non-aqueous 

conductometric titration
51

, measurement of electrical volume 

conductivity using 2 probe D.C. Technique as per ASTM 

method. 

 

The present paper deals with synthesis, characterization and 

electrical properties of azo polymer and its azo poly chelates are 

shown in Figure-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Poly(azo(1-napthol)-M
+2

] polymer. Where M: Cu
+2

, Co
+2

, Ni
+2

, 

Mn
+2

, Zn
+2 

Figure-1: The Synthetic route B-1 for the Formation of ligand 

and Co-ordination Polymers. 

 

Materials and Methods 

All chemicals were of either analytical grade or laboratory 

grade. The synthesis of poly[azo (1-Napthol)] was carried out in 

two steps. The preparation of poly [azo(1-Napthol)] (Az) was 

according to a literature method
52

. 

 

Preparation of poly [azo (1-napthol)] as the azo ligand (Az): 

Iso nitrile (azo) ligand (Alcohilc alkaline reduction solution of 

4,6 dintro resorcinol in trigol + KOH) self polymerization 

method reported for polymerization (dinitro ary lenes)
52

. A 

mixture of 4,6 dinitro resorcinol (17.0 gms, 0.1 mole) in tri 

ethylene glycol (Trigol) 150 ml was dissolved by adding solid 

KOH (44.8 gm, 0.8 mole) slowly (over about 10 m at room 

temperature) was stirred well till KOH was dissolved. After that 

the reaction was maintained at 100
0
C for 3 hr and then the 

temperature was increased to 135-140
0
C for 5 hr. The reaction 

was quenched by drop wise addition of a mixture of ethanol- 

HCl (50:50 V/V) and pH of the mixture was neutralized then it 

was frozen in an ice bath then desired solid was separated by 

filtration and washed with water and then solid was dried in 

oven. It was finally purified by dissolving in DMF and re 

precipitating by the addition of water. 90% Black Powder from 

yield. 

 

Preparation of Co-ordination polymers (Azo poly chelates): 

In to a solution of metal with (0.005 mole) water (100 ml) was 

added drop wise Solution of ligand 0.01 mole(H) Azo polymer 

(Az) in water with rapid stirring. Thus, the pH for the the 

various azo ligands lies between 4.5 to 6 pH. The green blue 

solid was separated and purified as previously described. The 

polymer was filtered, suspended, then digested in a boiling 

water bath for 2 h. Finally, the solid greenish blue product was 

filtered and washed with a 1:1 mixture of water, ethanol and 

acetone died. The polymer [Az-M
+2

] was dried in air. The Az-

Cu
+2

, Az-Ni
+2

, Az-Co
+2

, Az-Mn
+2

, Az-Zn
+2

 polymers were very 

modest yield nearly full scale. 

 

Electrical conductivity measurements: Polymers films of 2.88 

cm diameter and about 0.23cm thickness were prepared from 

the pure polymers under 1x10
4
lbs/inch

2
. Electrical volume 

conductivity measurements were carried using the standard 

most accurate 2-probe D.C. technique according to ASTM 

method
53

. The resistance of the materials was measured by 

using ‘Hewlett Packard 4329A high resistance meter’. The well 

powdered compounds were pelletalise disotactically in a steel 

die under a pressure of 1x10
4
lbs/inch

2 
using hydraulic press. A 

thin aluminium foil was placed to have good electrical contact. 

The pellet was kept in between two spring-loaded brass 

electrodes of a specially designed sample holder. A suitable 

electric furnace was used for electrical conductivity 

measurements at various temperatures, and the sample holder 

was introduced in the centre of the furnace. 

The value of band gap can be obtained by using the Tauc 

relation ah = A (h -Eg )n 

 

Measurements: The Az-ligand and its family of coordination 

polymers were thoroughly investigated using several analytical 

techniques. Elemental analysis of the ligand and polymer 

samples was performed using a Perkin Elmer C, H, N elemental 

analyzer from Italy. Infrared spectroscopy was employed to 

obtain IR spectra of the ligand and polymers in KBr using a 

Nicolet 760 D Spectrophotometer. Solid state diffuse reflectance 

spectra of all the coordination polymer complexes were 

recorded on a Backman DK-2A Spectrophotometer equipped 

with a solid reflectance attachment using MgO as the reference 

compound. The Number average molecular weights of the 

polymers were determined according to a previously reported 

method
54

 Magnetic susceptibility measurements of the 

OH

NO
2

O
2
N

OH

N = N

O O

N = N

OHOH

N = N

N = N

Trigol, KOH 135-1400C

n

Metal acetate

M / 2

Where, M= Cu, Ni. CO, Zn, Mn etc.

n

M / 2
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complexes were carried out using the Gouy method to 

determine their magnetic properties. Molar susceptibility values 

were diamagnetism corrected using Pascal's constants for 

diamagnetism of cation atoms. Thermogravimetric analysis of 

the polymer samples was performed on a PERKIN ELMER 

PYRIS 1 TGA in a slow streaming air environment to obtain 

their thermal degradation profiles.  

 

Solid state electronic absorption spectra of the solid polymeric 

complexes were collected on a Beckman DK-2A 

spectrophotometer utilizing a solid reflectance accessory with 

MgO as the reference. Metal ion content of the coordination 

polymers was analyzed by decomposing a weighed amount of 

each chelate in mineral acids followed by quantitative 

determination according to a literature method
52

. 

 

Into a 100 mg chelate sample 1 ml of HCl, H2SO4 and HClO4 

each and 1 gm of NaClO4 was added. Dried the sample with 

evaporating till it was converted into a solid salt then dissolved 

the salt in double distilled water with making up the volume. 

This solution was titrated with standard EDTA solution for 

determination of metal content. 

 

Electrical Conductivity Measurements: Effect of chemical 

structure: Table-6 shows Volume Electrical Conductivity of 

pure prepared polymers under different electrical fields the 

electrical conductivity increased as the applied voltage 

increased as shown in the results. The applied voltage modified 

the polarization of azo moieties, enhanced their dipole moment 

and facilitated the charge transfer. The results confirmed that the 

influence of the investigated polymers chemical structures on 

the measured conductivity was apparent, since The Electrical 

conductivity polymeric chelates significantly influenced by the 

type of metal atom. Type of Polymeric ligands, size and shape 

of macromolecules. Since sometimes it is happening that the 

polymeric chelates has been formed, in that polymeric chelates 

it was thought that there might be cross-linking metal bridges 

between polymer chain. The formation of chelate polymer is 

consistent with the fact that all the polychelates also produced 

coloured solid products, which are insoluble in water or 

common organic solvents. 

 

Temperature effect: Table-5 represents Electrical Conductivity 

of the prepared polymers at different temperature the electrical 

conductivity as a function of temperature increases 

systematically with temperature. Data show in Table-5 from the 

Linier plot of log electrical conductivity ( ) vs inverse 

absolute temperature, the corresponding calculated activation 

energy was reported in Table-5 for the first hypothesis the 

increasing in the conductivity with temperature elevation is 

belong to increasing the band distribution levels of conduction 

electrons from HOMO to LUMO by increasing temperature, 

this stand for an activation energy lay in 0.1 – 0.15 eV 
55

. The 

second hypothesis is slightly changing the level of the thermal 

segmental mobility by increasing the temperature above the Tg. 

This need higher activation Energy than the First One
56

 the 

result in Table-5 demonstrated that the second hypothesis is 

over way. 

 

Results and Discussion 

The synthesis of poly[azo(1-napthol)] was performed by 

reductive polymerisation of 4,6 dinitro resorcinol in triethylene 

glycol (Trigol) and KOH. The resulting Az-ligand was a black 

colour powder. The ligand is charactarized by elemental 

analysis & IR spectroscolic techniques as given below.  

 

Elemental Analysis: The metal and C, H, N contents of ligand 

and metal complexes are shown Table-1 and are also consistent 

with the predicted structure.  

 

IR Analysis: Table-2 showing tentative assignments of the 

important infrared spectral bands and the principal stretching 

frequencies for the synthesized azo ligand (Az) and its Co-

ordination polymers KBr disks on Nicolet FTIR-760 

spectrophotometer Azo-moiety has an excellent Intensity Bands 

are shown on IR spectra, Which are essentially the bands are 

because of phenolic hydroxyl (-OH) Functional group. This 

broad band between 3800-2700cm
-1

 in ligand and all the 

complexes is because of (-OH) group. The inflections in this 

band are seen at 2780 and 2820 cm
-1

 assigned to asymmetric 

and symmetric of -CH2 group of CMO. The Bands at 3200–

3650 cm
-1

for –CH3 and for the aromatic structures IR 

Frequencies bands at 3050, 1600, 1010 cm
-1

. The bands 

correspond to OH stretching (3360-3400cm
-1

), bending (1420 

cm
-1

), rocking (1280 cm
-1

) and wagging (1090 cm
-1

) vibrations 

due to the coordinated water molecules in their coordination 

polymers
57

. 

 

The Co-ordination polymers of Az-ligand were insoluble in 

usual organic solvents. Individually also one can decide that 

how this polymer falls in Poly dispersiity index but that will 

only give an overall picture, not based on molecular weight and 

thus it the Co-ordination polymers cannot be characterized in 

terms of molecular mass by conventional methods like 

osmometry, viscometry etc. No melting observed for these Co-

ordination polymers upto 300
o
C this was followed by the Non-

aqueous conductometric titrations were used to estimate 

Number Average Molecular weight Mn  of Azo Polymer (Az).  

 

Titration of required samples (without water) was done in 

Pyridine with the help of standardized sodium methoxide 

solution (in pyridine) prepared as titrating base using 

conductance measurements on conductance bridge METROHM 

KNODUCTOSKOP E 365. 

 

Several other changes seemed likely, noting the widening of a 

band in the 3360-3450 cm
-1

 region was an obvious sign. Band 

due to and another band due to in plane deformation of –OH at 

1420 cm
-1

 in the IR spectrum of Azo ligand (Az) shift to 1408 

cm
-1

 in the IR spectrum of Complex due to deprotonation on the 

oxygen of the –OH group of the ligand and forms a coordination 
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bond with metal ions whereas the same band at 1406 cm
-1

 in the 

IR spectrum of azo ligand (Az) was shifted to 1420 cm
-1

 in the 

IR spectrum of Azo liqand (Az) due to the absorption behaviour 

of the ligand, this was hereby analysed on the spectra of the 

complexes
58

. It was corroborated by a very weak band at 1090 

& 1280 cm
-1

 assigned to the C-O Streching and -OH bending 

vibration of C-OH group of azo moieties, respectively. 

 

Table-1: Analysis of Az-ligand and its Co-ordination polymers. 

Compound Empirical 

Formula 

Formula weight 

Mol Cal g/mol 

Yield 

% 

Elemental Analysis 

% C % H % N % M 

Calc/Found Calc/Found Calc/Found Calc/Found 

C20H08N8O2 392 90 43.90/43.8 2.43/2.40 31.14/34.1 - 

C20H10N8O2. Cu
+2

.2H2O 493.5 74 48.63/48.60 2.43/2.40 22.69/22.65 12.86/12.80 

C20H10N8O2. Nl
+2

.2H2O 489 72 49.07/49.00 2.45/2.45 22.90/22.90 12.06/12.00 

C20H10N8O2. Co
+2

.2H2O 489 70 49.07/49.00 2.45/2.45 22.90/22.90 12.09/12.00 

C20H10N8O2. Mn
+2

.2H2O 485 76 49.48/49.45 2.47/2.45 23.09/23.00 11.34/11.30 

C20H10N8O2. Zn
+2

.2H2O 489 68 48.48/48.45 2.42/2.40 22.62/22.60 13.13/13.10 

 

Table-2: Spectral Features and magnetic moment of metal chelates. 

Co-ordination polymers 

(Metal Chelates) 

µeff BM 

 

Electronic 

Spectraldata cm
-1

 
Transition 

IR spectral features common for 

all cm
-1

 

Az – Cu
+2

 

(C20H10N8O2. Cu
+2

.2H2O) 
5.88 

23370 

15650 

Change Transfer 
2
B1g

2
A1g 

3800 – 2700 

1420 –     OH Azo moiety 

Az – Ni
+2

 

(C20H10N8O2. Nl
+2

.2H2O) 
3.1 

22500 

15290 

3
A2g (F)  3

T1g (F) 
3
A2g (F)  3

T1g (F) 

2780        – CH2 

2820 

Az – Co
+2

 

(C20H10N8O2. Co
+2

.2H2O) 
5.15 

24660 

19990 

8792 

4
T1g (F)  6

T2g (V
1
) 

4
T2g (F)  4

A2g (V
2
) 

4
T1g (F)  4

T1g (P) 

3200 – 3650    - CH3 

3050 

1600       Aromatic 

1010 

Az – Mn
+2

 

(C20H10N8O2. Mn
+2

.2H2O) 
3.35 

24040 

18650 

16225 

6
A1g

4
T2g (

4
G) 

6
A1g

6
A1g (

4
Eg) 

6
A1g

4
A1g (

4
G) 

1406 ± 14    –N = N– 

1110    C-O-M 

1280    &  O-M 

1090    Bands 

Az – Zn
+2

 

(C20H10N8O2. Zn
+2

.2H2O) 
D* - - - 

 

Table-3: Number Average Mol. Wt ( Mn ) of poly[azo(1-napthol)] estimated by non-aqueous conductometric Titrations. 

Azo 

Polymer 

(Azo-ligand) 

Milliequivalents of base required 

for neutralization of one OH 

Group (First Break(Y) 

Milliequivalents of base 

required for Complete 

neutralization (X) 

Degree of 

polymerization 

Dp=X/Y 

Number 

average molecular 

weight ( Mn ) 

Az-ligand 80 835 10.5 1250 
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Figure-2: IR Spectrum of C20H08N8O2 poly [azo (1-Napthol)] / 

[Azo-ligand]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: IR Spectrum of C20H10N8O2. Cu
+2

.2H2O, Co-

ordination Polymer / Polyazo chelate. 

Figure-4: IR Spectrum of C20H10N8O2. Nl
+2

.2H2O Co-

ordination Polymer / Polyazo chelate. 

 

Magnetic Measurements: Magnetic moments of metal 

complexes are listed in Table-2. The diffuse electronic spectrum 

of the copper (+2) complex shows two exceptionally broad 

bands at around 15,650 and 23,370 cm
−1

. The first band might 

arise from a 
2
B1g → 

2
A1g transition, while the second is 

tentatively assigned to a charge transfer process. The primary 

band exhibits fine structures indicating a slightly distorted 

octahedral geometry for the copper (+2) metal complex, as 

noted previously
59,60

. Meanwhile, the spectrum of the nickel 

(+2) complex elucidates two clear bands at around 22,500 and 

15,290 cm
−1

 assigned to 
3
A2g(F)→

3
T1g(F) and 

3
A2g(F)→

3
T1g(F) 

transitions respectively, suggesting the nickel (+2) ion resides in 

an octahedral environment. The measured μeff value in the 

range of 3.0-3.20 BM is consistent with this proposed structural 

motif. Two absorption bands at 24660, 19990 & 8792 cm
-1

 due 

to the 
4
T1g(F) 6

T2g(V1), 
4
Tg(F) 4

A2g(V2) and 
4
T1g(F)

4
T1g(P) transitions respectively were assigned to Co

+2
 metal 

complex. These absorption bands and µeff value are the 

fingerprints for the octahedral configuration of Co
+2

 metal 

complex
61,62

 observed µ in the range of 4.4 – 5.2 BM. 

 

In the Mn
+2

 polymer complex the spectrum contained two bands 

situated at: 18650 cm
-1

, and 24040 cm
-1

. These bands can be 

attributed to 
6
A1g

4
T2g (4G) and 

6
A1g

6
A1g (4Eg) and 

6
A1g

 4
A1g (4G) transitions respectively. The absorption bands of 

these compounds are found to occur around 18650 cm
-1

 

attributed to 
6
A1g

4
T1g (

4
G) and second around 24040 cm

-1
 

due to 
6
A1g

4
T2g (

4
G) transition. The study of these data 

reveals that Mn
+2

 compound has an octahedral structure.  
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Figure-5: Reflectance spectrum of C20H10N8O2. Cu
+2

.2H2O Co-

ordination Polymer. 
 

 
Figure-6: Reflectance spectrum of C20H10N8O2. Co

+2
.2H2O Co-

ordination Polymer. 

Thermal Studies: For TGA data (Table-4) of Co-ordination 

polymers sample from room temperature to 600
0
C the 

Degradation of Co-ordination polymers is visible above 300
0
C. 

The degradation rate of Ni-Cu alloy frozen at a temperature 

between 350 and 400
0
C is a maximum. This could be because of 

the catalyst of metal oxides that they make in situ. When heated 

to 450
0
C, 80% of its weight of each polymer disappeared. 

Standard Inspection Print of the thermograms of all polymer 

samples showed that they had significant weight loss in the 

range of 200 to 350
0
C. It is quite possibly due to the presence of 

a coordinated water molecule. This is further assisted by 

Nikolaev et al.
63

. 

 

 

 

 

 

 

 

 

Figure-7: TGA Thermogram of Azopolychelate – (C20H10N8O2. 

Cu
+2

.2H2O) (Co-ordination Polymer). 

 

Table-4: TGA data for Az-ligand containg Co-ordination 

Polymers. 

Co-ordination 

Polymers 

(Metal Chelates) 

% Wt loss at temperature 

250 300 350 400 

Az – Cu
+2

 

(C20H10N8O2. Cu
+2

.2H2O) 
6.2 7.8 16 70 

Az – Ni
+2

 

(C20H10N8O2. Nl
+2

.2H2O) 
7.5 24.8 66 70 

Az – Co
+2

 

(C20H10N8O2. Co
+2

.2H2O) 
2.8 5.3 24 67 

Az – Mn
+2

 

(C20H10N8O2. Mn
+2

.2H2O) 
6.6 14.8 24 68 

Az – Zn
+2

 

(C20H10N8O2. Zn
+2

.2H2O) 
7.0 20.0 60 75 

 

Table-5: Electrical data of Azo ligand (Az) and its Polychelates. 

Ligand/Poly Chelates 
Activation 

Energy (Ea)(eV) 

Electrical Conductivity 

( )( -1
cm

-1
) 

Band Gap 
The Break 

Temperature (K) 

Az-ligand 1.12 1.52 x 10
-11

 2.24 410-460 

Az-Cu
+2

 

(C20H10N8O2. Cu
+2

.2H2O) 
1.78 8.20 x 10

-11
 3.56 470-510 

Az-Ni
+2

 

(C20H10N8O2. Nl
+2

.2H2O) 
0.60 1.33 x 10

-8
 1.2 480-510 

Az-Co
+2

 

(C20H10N8O2. Co
+2

.2H2O) 
0.98 1.15 x 10

-10
 1.96 460-510 

Az-Mn
+2

 

(C20H10N8O2. Mn
+2

.2H2O) 
1.40 8.00 x 10

-11
 2.8 470-520 

Az-Zn
+2

 

(C20H10N8O2. Zn
+2

.2H2O) 
0.90 1.44 x 10

-8
 1.8 460-510 
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Table-6: Electrical Conductivity of the Azo-Polymer (Az-ligand) & its azo polychelates under different Temperatures. 

Temp/(C
o
) Az-ligand (Az-Cu

+2
) (Az-Ni

+2
) (Az-Co

+2
) (Az-Mn

+2
) (Az-Zn

+2
) 

35 1.78 x 10
-11

 1.50 x 10
-11

 1.33 x 10
-8 

1.56 x 10
-10 

8.20 x 10
-11 

5.87 x 10
-11 

50 4.77 x 10
-11 

1.36 x 10
-11 

2.88 x 10
-9 

3.00 x 10
-10 

1.02 x 10
-10 

1.09 x 10
-9 

110 1.00 x 10
-11 

1.36 x 10
-11 

3.75 x 10
-10 

6.80 x 10
-11 

4.09 x 10
-11 

2.12 x 10
-9 

124 7.13 x 10
-12 

1.40 x 10
-11 

6.00 x 10
-10 

4.05 x 10
-11 

3.50 x 10
-11 

0.60 x 10
-9 

128 5.35 x 10
-12 

1.43 x 10
-11 

6.70 x 10
-10 

3.08 x 10
-11 

3.40 x 10
-11 

0.50 x 10
-9 

150 5.70 x 10
-12 

1.61 x 10
-11 

6.94 x 10
-10 

3.11 x 10
-11 

3.30 x 10
-11 

0.23 x 10
-9 

170 9.70 x 10
-12 

2.75 x 10
-11 

4.15 x 10
-10 

2.81 x 10
-11 

3.30 x 10
-11 

0.17 x 10
-9 

190 1.60 x 10
-11 

6.24 x 10
-11 

1.87 x 10
-11 

3.09 x 10
-11 

3.30 x 10
-11 

0.18 x 10
-9 

200 2.80 x 10
-11 

9.82 x 10
-11 

2.03 x 10
-11 

3.25 x 10
-11 

3.30 x 10
-11 

0.17 x 10
-9 

205 2.84 x 10
-11 

1.48 x 10
-11 

2.03 x 10
-11 

3.40 x 10
-11 

3.30 x 10
-11 

0.20 x 10
-10 

225 5.85 x 10
-11 

2.15 x 10
-11 

2.05 x 10
-11 

3.54 x 10
-11 

3.62 x 10
-11 

0.23 x 10
-10 

230 6.80 x 10
-11 

3.75 x 10
-11 

1.68 x 10
-11 

3.40 x 10
-11 

4.02 x 10
-11 

0.25 x 10
-10 

245 1.80 x 10
-10 

7.00 x 10
-11 

1.85 x 10
-11 

6.20 x 10
-11 

6.61 x 10
-11 

0.33 x 10
-10 

250 3.40 x 10
-10 

1.34 x 10
-11 

2.20 x 10
-11 

7.88 x 10
-11 

9.90 x 10
-11 

0.53 x 10
-10 

260 6.80 x 10
-10 

3.04 x 10
-11 

2.50 x 10
-11 

11.1 x 10
-11 

1.57 x 10
-10 

0.87 x 10
-10 

270 1.37 x 10
-9 

7.22 x 10
-11 

3.40 x 10
-11 

14.4 x 10
-11 

3.40 x 10
-10 

1.11 x 10
-11 

Ea(eV) 1.12 1.78 0.60 0.98 1.40 0.90 

log  0 +1.54 -0.61 -5.40 +1.60 -1.61 -2.00 

 

Electrical Conductivity: Electrical Conductivity was recorded 

at 308K, at various Temperatures as summarized in Table-6. 

The ligand and polychelates show semiconducting nature with 

electrical conductivity ( ) running from 1.33x10
-8

 to 8.20x10
-

11
 ohm

-1
cm

-1
 at room temperature. The general behaviour of the 

electrical conductivity ( ) obeys the relation ( ) =  0 exp (-

Ea/KT), where  0 is the constant, Ea is the activation energy of 

the conduction process. T the absolute temperature and K the 

Boltzman constant. Figure-8 to Figure-10 Represent 

Temperature Dependence of the Electrical Conductivity of 

ligand and Polychelates. Linear figures of log ( ) vs 1/T are 

showing that the samples are semiconductor over the studied 

temperature range. The conductivity plots clearly indicates that 

there is a normal semiconductor behavior (n-type)
64

 wherein the 

conductivity increases with temperature as opposed to the 

positive temperature coefficient of conductivity for semi 

conductors
65

.  

The electrical conductivities of azo polymers and azo polymeric 

chelates are in the region of 10
-11

 to 10
-8

 cm
-1

 at room temp (308 

K). However the conductivities of azo polymers and all chelates 

is generally very small at room temp but can be enhanced with 

temperature except initial increase is very slow up to/after a 

point between 410-510 (depends on the specific azo 

polymers/polymeric chelates etc.). While the logarithmic plots (

 ) of inverse temperature for all specimens exhibited linearity 

at elevated temperatures, signifying the break Temperature 

where this transition occurred. Below this critical point, the rate 

of change in log 1/T was more gradual than the accelerated 

alteration seen above the break point in the higher heat range. It 

is from examining the divergence in gradient above versus 

below this break temperature within the high temperature 

regime that the activation energy E can be derived. Meanwhile, 

the temperature at which the specimens began demonstrating 

simple Arrhenius behavior served to define the transition 

temperature between the two observed reaction rates. 
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Activation energy provides a direct gauge of semiconductor 

band gaps. Therefore, lower activation energy correlates to 

narrower band gaps
66

. Among the studied polychelates, 

electrical conductivity at 308 K varied dramatically in 

magnitude. This differentiation may be attributed to 

dissimilarities in their conjugation, resonance, and the ionic 

radii of diverse metal ions. The activation energies for electrical 

conduction of the Az-ligand and their polychelates were 

determined from the slopes of these plots within the higher 

temperature region, ranging from 0.60 to 1.78 eV. The ordering 

from lowest to highest activation energy was Az-Cu
+2

> Az-

Mn
+2

>Az-ligand>Az-Co
+2

>Az-Zn
+2

> Az-Ni
+2

. The outcomes 

indicate that electrical conductivity and activation energy of 

polychelates fluctuate with the metal ion, which may suggest 

that incorporating different metal ions into the chelates 

augments their ionization propensity
67-70

. 

 

 

 

 

 

 

 

 

 

 

 

Figure-8: Electrical Conductivity of Az-Cu+2 Polychelate 

(where, X-Axis = 1/T x 10³ (°K)¹ and Y-Axis = -log σ). 

 

 

 

 

 

 

 

 

 

 

Figure-9: Electrical Conductivity of Az-Co*2 Polycate (Where, 

X-Axis = 1/T x 10³ (°K)¹ and Y-Axis = -log σ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-10: Electrical Conductivity of Az-Mn+2 Polychelate 

(Where, X-Axis = 1/T x 10³ (°K)¹ and Y-Axis = -log a. 

Conclusion 

The crystalline structure of poly[azo(1-napthol)] is supported 

through elemental analysis, infrared spectroscopy, 

thermogravimetric analysis, and reflectance spectroscopy. 

Azochromophoric complexes display octahedral geometry 

according to reflectance spectral and conductometric studies. 

Further experimentation on various azo polymers formulated as 

Az-M
+2

 revealed that the degree of polymerization increases 

along with longer reaction durations. Both ligands and 

corresponding metal complexes exhibit decent thermal stability. 

Electrical conductivity analyses of the entire series of polymeric 

chelates classify them as semiconducting materials with high 

resistivity. Interestingly, copper (+2) and manganese (+2) 

polychelates presented enhanced conduction properties 

potentially caused by partial planarity within certain polymer 

segments. This work may facilitate the development of novel 

complexes with useful electrical conducting characteristics for 

promising electronic applications. 
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