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Abstract:  

This research consist of synthesized of heterocyclic compounds derivatives the 

novel from imidazole of the ligand: 2-[2-(5-Chloro carboxyl phenyl) azo]-imidazole 

and  the identification  of ligand (5-ClCPAI) were identification and analyzed by 

using Nuclear magnetic resonance (1H-NMR), Mass spectrometry (MS), Ultraviolet 

visible (UV), Fourier transform infrared (FTIR), X-ray diffraction analysis (XRD) 

and Scanning electron microscopy-Energy dispersive X-Ray spectroscopy (SEM-

EDS). Thin films of ligand prepared of concentration of (0.05, 0.1, 0.3)M 

membrane pure and doped of 10% hexaferrite (SrFe12O19) of concentration (0.05)M 

was prepared of thin films with thickness (1000 ±10)nm  the preparation of 

membranes by method spray pyrolysis. The study of optical properties of thin films 

pure and doped study spectral of absorbance and transmittance within the 

wavelength (200-800)nm the results shows of the transmittance decrease of the 

molar concentration increase and doped and the absorbance arise with the increase 

in molar concentration and doped and energy bandgap decline with arise in molar 

concentration and doping, the study of structure properties of the Thin films 

prepared through (XRD) where the results show membranes multiple crystallization 

and preferred trend of growth is (101) particle. 

 

Keywords: Azo imidazole, Spray pyrolysis, Strontium hexaferrite. 

 

1. Introduction 

     Azo dyes include minimal one nitrogen-nitrogen 

twice bond (N=N) constructs which are 

conceivable,[1] this type of vehicle is characterized  

by its high stability this is due to the double bond 

between the two nitrogen atoms  of the azo 

group,[2] they are commonly used as reagents 

because of their properties and multi–use properties 

due to their high stability and rapid reaction with 

metal ions as well as their high sensitivity and 

selectivity,[3] azo imidazole compounds are 

characterized by being heterogeneous compounds 

and contain nitrogen and carbon catalyst that 

contribute to the alignment with the transition 

element,[4] one of the most important uses of azo 

imidazole compound is use in spectral mapping to 

estimate the very small quantities of transitional 

element as such imidazole compounds are use in 

pharmaceutical preparation,[5] such as anti-fungal 

agents, the hetrocyclic of azo dye imidazole 

compounds of the important in  in spectral of 

determination of filed the trace amount elements of 

metal ions because of azo dye high selectivity,[6] in 

this study we preparation and spectral correspond of 

new heterocyclic periodic of new azo dye ligand 

new 2-[2-(5-Chloro carboxyl phenyl) azo]-imidazole 

(5-ClCPAI) the present study States on the 

regulation and spectral description of new azo 

imidazole ligand (5-ClCPAI) the term thin films is 

used to describe layer or several layers of atoms of 

ascertain substance whose thickness less than (1) um 

thin film application in electronic resistances,[7] 
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transistor and solar cell achieved using spray 

pyrolysis technique under the optimum conditions 

like the separation distance between the spraying 

head and the hot substrate is (30)cm the compaction 

air pressure was saved at (4.5) Kg/cm
2
.    

pressure was saved at (4.5) Kg/cm
2
 and 

deposition spray pyrolysis is versatile 

technique for deposition of ligand (5-ClCPAI) 

because of its cheapness and process control 

gives the films.[8] 

 

2- Experiment 

   2-1 Chemicals and method  

     Chemicals used the work are the 2-amino-5-

chloro benzoic acid, imidazole, NaOH, HCl, NaNO2 

and Strontium hexaferrite SrFe12O19 produced 

Fluka, Sigma and Aldrich company, furthermore it 

employ of ethanol and DMSO as a solvent azo dye 

ligand (5-ClCPAI) distinguished in analytical and 

numerical data. 
1
H-NMR spectra were recorded in 

DMSO-d6 on a Bruker 300 MHZ spectrophotometer 

by TMS as an internal resource, the mass spectrum 

was obtained by using Shimadzu Agilent 

technologies, the Infrared (IR) spectrum for azo dye 

ligand on record by KBr average in Shimadzu 8400 

Fourier transform infrared (FTIR) 

spectrophotometer in wavenumber at domain (4000-

400)cm-
1
, X-Ray diffraction analysis (XRD) 

technique using a Shimadzu x-ray diffractometer 

with CuK_(k=1.5418°)A radiation for 2 theta values 

in the domain of (10-80°)A, the electronic spectra 

for ligand and thin-film ligand was registered in a 

Shimadzu twin-beam Ultraviolet visible (UV) 

spectrophotometer the domain of (200-1100)nm in a 

full ethanol solvent, Scanning electron microscopy 

(SEM) images of azo dye ligand using micrograph 

Zeiss em 3200, Energy dispersive x-ray 

spectroscopy (EDS) of azo dye ligand.  

  

2-2 Synthesis of azo dye ligand (5-ClCPAI)   

     synthesis of ligand with about 1,2g (0.01)Mol of 

2-amino-5-chloro benzoic acid dissolved in a blend 

of 5ml hydrochloric acid (30)ml distillery water and 

(5)ml ethanol the blend with persistent flipping and 

a temperature less (5)°c with confuses (0.9)g 

Sodium nitrite dissolved to (30)ml distillery water 

added dropwise at about (0-5)°c continuous flipping 

for (25)min the added of diazonium salt solution 

with persistent dropwise with a decrease in 

temperature arrived about (0-5)°c into 0.9g 

(0.012)Mol of imidazole was dissolved in blend 

50ml ethanol and (10)ml Sodium hydroxide. for 

conjugation and then stirring persistent 2 hours at 

(0-5)°c to PH = 6.0 the precipitate. 
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Scheme (1): Synthesis of azo dye ligand (5-ClCPAI) 
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2-3- Preparation of ligand (5-ClCPAI) thin films  

     Ligand thin films pure from a solution with 

different molar concentration (0.05, 0.1, 0.3)M in 

100ml of deionzed water and thin film distortion of 

10% Strontium hexaferrite (SrFe12O19) of 

concentration (0.05)M thin films were prepared by 

spray pyrolysis, the solution prepared was sprayed 

with spray average of (1)ml min into heated glass 

substrate at (130)°c by compacted air as a carrier 

gas, the distance was of the nozzle to substrate about 

(45)cm number of bribes (10) and time stop (1)sec. 

3- Result and discussion  

3-1 
1
H-NMR Spectra of ligand (5-ClCPAI)

 
 

     In the 
1
H-NMR of azo dye ligand (5-ClCPAI) 

used solvent DMSO and TMS internal reference the 
1
H-NMR of ligand shows a signal peak back to 

solvent DMSO (δ=2.523ppm), singlet due to H7 

into benzene ring (δ=7.427)ppm, singlet due to H10 

into benzene ring (δ=7.561-7.590), signal due to H9 

into benzene ring (δ=7.739-7.747)ppm, signal due to 

H5 into imidazole ring (δ=7.767-7.775)ppm signal 

due to H4 into imidazole  ring (δ=7.837-7.845)ppm, 

singlet peak due to H1 into imidazole ring 

(δ=7.011)ppm, singlet due to OH (δ=13.191)ppm. 

[9,10] 

 

 

 
figure (1): 

1
H-NMR spectrum of azo dye ligand (5-ClCPAI) 

 

Mass spectra of ligand (5-ClCPAI) 3-2 

     Recorded of the Mass spectrometry  (MS) of 

ligand (5-ClCPAI) and molecular ion peaks the mass 

spectrometry  (MS) of ligand (5-ClCPAI) appeared 

peaks to the molecular ions m/z
+
.[11,12] 

 

Relative 

Abundance 

(%) 

m/z
+ 

Exact mass 

Fragment 

59.4 250.9 [C10H7N4O2Cl] 

100 248.8 [C10H5N4O2Cl]
+
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79.0 204.9 [ C10H5N2O Cl]
+ 

84.4 176.9 [ C9H5N2  Cl ]
+ 

2.0 141.0 [ C9H5 N2]
+ 

6.7 127.9 [ C8H4N2]
 

2.8 61.9 [ C5H2]
+ 

Table (1): Ligand State Mass Fragmentation 

Products (5-ClCPAI) 

 

 

 

 
Figure (2): Mass spectrometry (MS) of ligand (5-ClCPAI)

 

 
Figure (3): Mass spectrometry (MS) fragmentation of ligand (5-ClCPAI)

3-3 Electronic spectral 

     The electronic absorption for azo dye ligand 

(5-ClCPAI) of the ethanol solution (0.0001)M 

in which at normal temperature the electronic 

spectrum is described for 3 of absorptions is a 

chain in Ultraviolet visible (UV) these chains 

are shown at the posit (256)nm (41508)cm
-1

 

(296)nm (30384)cm
-1 

can be referred to as 

transference at →* and chain (465)nm 

(19290)cm
-1 

can be referred to as transference 

n→*.[13,14] 
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Figure (4): Ultraviolet visible (UV) of azo dye ligand (5-ClCPAI) 

 

3-4 Infrared spectra  

     Infrared spectral (IR) of the achieved to azo dye 

ligand (5-ClCPAI), Fourier transform infrared 

(FTIR) spectrum shows absorption chain in the zone 

(3132)cm-
1
 for expanding vibration (N-H) imidazole 

group, vanish of (1458, 1566, 1149, 1689, 786, 

3411)cm-
1
 of (N=N), (C=C) aromatic (C-N), (C=O), 

(C-Cl), (O-H) carboxylic acid group.[15] 

 

 

 
 

 

 
Figure (5): Fourier transform infrared (FTIR) spectrum of azo dye of ligand (5-ClCPAI)  

 

3-5 Energy dispersive X-ray spectroscopy (EDS) 

of ligand (5-ClCPAI)    

     For the element analysis or chemical 

characterized of ligand.[16] 

 

 

Wight% Elements 

39.85 C 

38.11 N 

18.34 O 

3.02 Cl 

Table (2): The element found of ligand (5-ClCPAI) 
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figure (6): Energy dispersive X-Ray spectroscopy (EDS) of azo dye ligand (5-ClCPAI) 

 

3-6 Scanning electron microscopy (SEM) analysis   

     The properties of the ligand (5-ClCPAI) like 

surface morphology distribution of particles 

aggregation and shape of the particle study by 

Scanning electron microscopy (SEM), of the ligand 

(5-ClCPAI) have from micro flour shape with 

average size (32)um.[17] 

 

 
Figure (7): Scanning electron microscopy (SEM) of the ligand (5-ClCPAI)
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3-7 X-ray Structure properties of thin films of 

ligand (5-ClCPAI)    

     The diffraction patterns of ligand (5-ClCPAI) 

films deposited at (0.05, 0.1, 0.3)M and doping 10% 

hexaferrite of concentration (0.05M) precursor 

concentration at substrate temperature (130)°c in 

nature with (101) preferred orientation, (18) the 

crystallite size (D) of X-ray using Debye –

Scherer's:[18] 

 equation (1) 

 
    

hkl Crystallit

e 

Size D 

(nm) 

FWHM 

(degree

) 

2 theta 

(degree

) 

Molar 

Concentratio

n (M) 

10

1 

112 0.394 25.3 0.05M 

10

1 

132 0.358 24.3 0.1 M 

10

1 

143 0.325 26.2 0.3M 

10

1 

156 0.376 23.9 0.05M 

Doping 

Strontium 

hexaferrite 

SrFe12O19 

 

Table (3): The crystallite size, FWHM, hkl and 2 

theta of thin films of ligand (5-ClCPAI) 

 

 
Figure (8): The (XRD) thin films of ligand (5-ClCPAI) 

 

3-8 Optical properties of thin films of ligand (5-

ClCPAI)  

     Transmission and absorbance curves of ligand (5-

ClCPAI) thin films were calculated as a function of 

wavelength in the domain (200-1100)nm, will 

reduce the transmission from 90% to 70% when 

concentration increased from (0.05)M to (0.3)M and 

doping 10% hexaferrite, all of the films are high 

absorbance in UV, the reduction of the transmission 

at high molar concentration may be referred to the 

arisen scattering of photons by arising of the 

roughness of the surface morphology.[19] 

The optical band gap was determined using equation 

(2)          
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equation (2)                        

h: Planck's constant 

Eg: optical band gap 

a: absorption coefficient  

B: constant 

 
The energy band gap decreased with increased 

molar concentration and doping 10% hexaferrite ,the 

energy band gap decrease about (3.21-3.821)ev, the 

band gap decrease with a rise molar concentration 

and doping because reduce in strain values has been 

demonstrated earlier the join between the direct 

bandgap and the compaction stress of the ligand thin 

films.[20] 

 

.  

 
Figure (9): The transmission spectral thin films of ligand 

 

 

 

 
Figure (10): The absorbance spectral thin films of ligand  
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Figure (11): The energy band gap thin films of ligand 

 

Eg (ev) Concentration (M) 

3.218 0.05M 

3.194  0.1M 

3.125 0.3M 

3.087 0.05M 

10% hexaferrite doped 

Table (4): Energy band gap with different molar 

concentration and doping 

 

4- Conclusion    

     A synthetic and spectral correspondence of fresh 

azo dye ligand ligand (5-ClCPAI) derived from 

imidazole and the spectroscopy of ligand by 

analytical data. Mass spectrometry (MS), 
1
H-NMR, 

Fourier transform infrared (FTIR), electronic spectra 

and Scanning electron microscopy-Energy 

dispersive X-Ray spectroscopy (SEM-EDS), the 

ligand (5-ClCPAI) thin films were deposited using 

easy and low-cost method spray pyrolysis. 

The X-ray diffraction analysis (XRD) appeared that 

films Contain a polycrystalline formation in 

orientation the (101), The optical measurements 

appear a reduction in the transformation T with an 

arise for the molar concentration due to the surface 

roughness, SEM image shows the morphology thin 

films of ligand (5-ClCPAI) seems relatively 

homogeneous. The bandgap values were reduced 

about (3.24-3.815) ev as the molarity of arising 

about (0.05-0.3)M and doping 10% the decreased 

bandgap is due to the impurity levels that are 

inserted into the bandgap. 
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