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	 This study was conducted to create a new reagent from Anil-Azo compounds and 
study their biological impacts on two types of bacteria. For the first step, four reagents had 
been created by reaction of p-phenyl diamine in acidic form with 2-formyl-4-methyl phenol in 
neutral medium to create reagent {1}, which used to produce reagent {2} by reacting it with 
amino benzothiazole over four hours in the presence of glacial CH3COOH. The reagent {1} 
was also used to form reagent {3} by reacting it with amino imidazole over two hours. Finally, 
reagent {3} had been generated by reacting reagent {1} with naphthyl amine (0.2 mol) over 
four hours in the presence of glacial CH3COOH. The UV-visible spectrum was showed that a 
new ligand was created between 190-600 nm in reagent {2}, {3} and {4} while reagent {1} was 
appeared in 519-600 nm area. FTIR spectrum showed that many new coordinate bonds had 
been formed in different locations. Also, the chromatographic separation study showed that 
reagent {4} was separated faster than other reagents. Study of compounds stability showed 
that all reagents were stable in methanol, ethanol, DMSO and DMF. Study of chemical-physical 
peripteries showed that percentage of reagents’ yield ranged between 80-70%. The assessment 
of the formulated reagents against various kinds of bacteria was carried out using a medium 
(agar) via numerous processes. Microbial inhibition was tested at three concentrations: 30, 
50 and 70 micrograms, with a blank solvent (DMSO), for bacteria Staphylococcus aureus, E. 
coli and Streptococcus pneumonia with an incubation period of 24 hours at 37?. The results 
of biological impacts showed that reagent {2} showed more inhibition Staphylococcus aureus 
and Streptococcus pneumonia.
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	 Analytical reagents are used in different 
methods of chemical separation because these 
techniques make use of the polar groups in the 
prepared reagents. For example, chromatography1 
depends mainly on the nature of the active 
and polarised group included in each prepared 
reagent. This directly affects the process of 
chromatographic separation of reagents like 
Anil-Azo compounds, as these reagents involve 
functional groups.2 Anil-Azo compounds are 

coloured and active reagents. Chromatographic 
separation is called colour separation, and it is a 
method used to separate substances and chemical 
elements mixed with each other.3 It depends on 
the idea that chemical components of differing 
proportions can be easily separated, as long as 
the required means are available. Examples of 
substances4 that can be separated include solids 
from liquids and solids from gases.5 The first studies 
related to this method of separating chemicals 



1116 Alhar, Biomed. & Pharmacol. J,  Vol. 15(2), 1115-1126 (2022)

dates to 1901 AD, when the chemist Tsweet 
attempted to separate the pigments of plants. He 
named them chromatographs in relation6 to the 
word ‘chroma’, which means colour,8 and ‘graph’, 
which means writing. Following the emergence 
of many chemical developments9 in the field of 
methods of separating chemical elements,22-25 

the chromatographic method15 has become one 
of the most successful.17 Gas chromatography is 
used in airports to detect bombs and is also used 
in forensic medicine in many different ways. It is 
used to analyse fibres on a person’s body as well 
as to analyse blood found at a crime scene.18 In gas 
chromatography, helium is used to move a gaseous 
mixture through a column of sorbent materials.19 

Therefore, chromatography is an important method 
for separation and analysis.

Materials and Methods

	 Numerous investigations other than 
measurements have been attempted using several 
techniques carried out at the University of Tehran 
(Iran), in particular, the separation technique using 
chromatography instrumentation (modern method), 
and other analytical studies such as solubility, 

physical properties, infrared measurement and 
UV-visibility (UV-Vis), carried out in Iraq.
Formation of Analytical Reagents
Formation of Reagent {1}
	 To form reagent {1}, p-phenyl diamine 
(0.1 mol) was dissolved in 2 ml of HCl. A 
solution of sodium nitrite in ace path was then 
added. This was added to a basic solution of 0.02 
mol of (2-formyl-4-methyl phenol) in natural 
medium. After that, it was filtrated, washed and 
dried to formulate new reagent {1} for use in this 
experiment. (10-11) 
Formation of Reagent {2}
	 To form reagent {2}, 0.1 mol of reagent 
{1} was reacted with amino benzothiazole (0.2 
mol) over four hours in the presence of glacial 
CH3COOH. The next steps were filtration, aeration 
and finally recrystallisation to form new reagent 
{2} for use in this experiment.10, 11 
Formation of Reagent {3}
	 To form reagent {3}, 0.1 mol of reagent 
{1} was reacted with amino imidazole (0.2 
mol) over two hours in the presence of glacial 
CH3COOH. The next steps were filtration, aeration 
and finally recrystallisation to form new reagent 
{3} for use in this experiment.10-11

Scheme 1. Formation of Analytical Reagent{1}



1117 Alhar, Biomed. & Pharmacol. J,  Vol. 15(2), 1115-1126 (2022)

Scheme 2. Formation of Analytical Reagent {2}

Formation of Reagent {4}
	 To form reagent {4}, 0.1 mol of reagent 
{1} was reacted with naphthyl amine (0.2 mol) over 
four hours in the presence of glacial CH3COOH. 
The next steps were filtration, aeration and finally 
recrystallisation to form new reagent {3} for use 
in this experiment. 10-11 

Results and Discussion

	 Scientific progress is limitless and 
constantly progressing. One of the most important 
methods of separation in analytical chemistry is 
currently the chromatographic method, in which 
colours and chemicals are separated from each 
other.

Spectral Recognition of Chemical Reagents
	 UV-Visible Recognition: The structures of 
the new reagents were demonstrated with UV-Vis 
spectrophotometry with ideal concentration. All 
spectral information is presented in figures 1-4:
	 FTIR Analysis: This chemical analysis 
was performed in the range 400–4000 cm-1 to 
improve the analytical reagents. Through this type 
of measurement, many bands appeared, such as 
bands at (1487, 1510), (1484, 1517), (1472, 1500) 
and (1442, 1518) cm-1 for azo groups (-N=N-) in 
reagents {1}, {2}, {3} and {4} respectively, bands 
at (3417, 3424, 3404 and 3415) cm-1 for hydroxyl 
group of phenol (-OH) in reagents {1}, {2}, {3} 
and {4} respectively, a band at (1710) cm-1 for 
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Scheme 3. Synthesis of Analytical Reagent {3}

Scheme 4. Synthesis of Analytical Reagent {4}

carbonyl group of aldehyde (-CO-H) in reagent 
{1}, which disappeared, and further bands appeared 
at (1610, 1622, 1608) cm-1 for imine group of schiff 
base (-CH=N-) in reagents{2}, {3} and {4}. This 
provides a complete explanation of spectra, as 
supported by the literature,(17) and shown in figures 
(5-8).
Chromatographic Separation for Analytical 
Reagents
	 Chromatography is a commonly used 
analytical technique to separate a chemical 
mixture into its individual components, so that 
these components can be accurately analysed. 
There are many types of chromatography, e.g. 
liquid chromatography, gas chromatography, 
ion exchange chromatography and affinity 

chromatography, but all of these use the same 
basic principles. Chromatography is a separation 
technique with which every organic chemist and 
biochemist is familiar. In agreement with other 
studies,(7) using diluted concentrations of reagents 
{1}, {2}, {3} and {4} and an injection of nitrogen 
gas at a flow speed of 25 ml/min, the injection 
temperature was 25! higher than the temperature 
of the separation column. Using a flame ionisation 
detector, the temperature was 50! higher than that 
of the column. The column temperature gradually 
increased from 90! to 160!. The data in figures 9, 
10, 11 and 12 show that reagent {4} separated faster 
than the other compounds due to its structure being 
less polarised and therefore having less interaction 
with the separation column. This was followed by 
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Fig. 1. UV-visible spectrum of reagent {1}

Fig. 2. UV-visible spectrum of reagent {2}

reagents {2}, {3} and lastly {1}, which has the 
most polarised structure.
Study of Solubility in Various Solvents
	 The formulated reagents were noted to 
have good solubility in some solvents according to 
their polarity. This is due to the functional groups in 
the reagents and the structure of the active groups 
in each compound. The results are presented in 
Table 1:
Physical-Chemical Analyses
	 Physical-chemical properties were 
analysed. Data regarding colour and percentage 
yield are presented in Table 2:

Biological Study Against Bacteria
	 The study of microbiology has revealed 
bacteria to be the cause of most diseases that 
affect humans and animals, and the discovery of 
therapeutic agents has an important effect in their 
control and prevention. These chemical agents 
are prepared by chemists, such as the world-
famous Ehrlich Paul who discovered (1915) many 
useful drugs that added a new branch to medicine 
called ‘chemotherapy’, which includes treating 
bacterial diseases by means of chemical agents 
that destroy microorganisms without affecting 
the receptor tissue. Among these treatments are 
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Fig. 3. UV-visible spectrum of reagent {3}

Fig. 4. UV-visible spectrum of reagent {4}

Anil-Azo reagents,7, 16 which have a high efficacy 
in inhibiting many different types of pathogenic 
bacteria. The reason for this is their ability to 
dissolve the outer cell wall, which leads to the 
exudation of cell fluids. The biologically reactive 

agent synthesises monovalent potassium ions 
needed by the bacterial cell and thus leads to cell 
death due to its loss of these elements. One of the 
most important characteristics that any biological 
or chemical treatment must have been selective 

Table 1. Solubility of Reagents in Various Solvents

Reagents	 Methanol	 Ethanol	 DMSO	 DMF	 H2O	 Acetone

Reagent {1}	 +	 +	 +	 +	 -	 -
Reagent {2}	 +	 +	 +	 +	 -	 -
Reagent {3}	 +	 +	 +	 +	 -	 -
Reagent {4}	 +	 +	 +	 +	 -	 -
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Fig. 5. IR Spectrum of Reagent {1}

Fig. 6. IR Spectrum of Reagent {2}

toxicity, which means that the drug is harmful to 
pathogens and harmless to the host, and selectivity 
that is relative and not absolute, which requires that 

the drug be in a specific state in order to eliminate 
the bacteria that cause inflammation in a way that 
is effective. As a result of the increase in bacterial 
resistance to antibiotics and the development19 

of bacteria of increased virulence, new chemical 
compounds were tested for their effectiveness 
in inhibiting bacterial growth of Gram-positive 
bacteria and Gram-negative bacteria (such as 
Escherichia coli) that cause many common 
diseases affecting humans, animals and plants.

Table 2. Other Chemical-Physical Properties

Reagents	 Yield %	 Colour

Reagent {1}	 80	 Orange
Reagent {2}	 76	 Yellowish Red
Reagent {3}	 70	 Yellowish Orange
Reagent {4}	 76	 Yellow
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Fig. 7. I.R Spectrum of Reagent {3}

Fig. 8. IR Spectrum of Reagent {4}

Table 3. Inhibition test of reagents at a concentration of 50 micrograms

Reagents	 Staphylococcus aureus	 Streptococcus pneumonia	 Escherichia coli

Reagent {1}	 +	 +	 +
Reagent {2}	 +++	 +++	 ++
Reagent {3}	 ++	 ++	 ++
Reagent {4}	 ++	 ++	 +

(+): inhibition (2-6) mm 	(++): inhibition (8-12) mm; (+++): inhibition (13-16) mm
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Fig. 9. Chromatogram of Analytical Reagent {1}

Fig. 10. Chromatogram of Analytical Reagent {2}

Fig. 11. Chromatogram of Analytical Reagent {3}
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Fig. 12. Chromatogram of Analytical Reagent {4}

Fig. 13. Staphylococcus aureus

Fig. 14. Streptococcus pneumonia
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Fig. 15. Escherichia coli

Antibacterial Assessment
	 The assessment of the formulated reagents 
against various kinds of bacteria was carried out 
using a medium (agar) via numerous processes. 
(7, 16) Microbial inhibition was tested at three 
concentrations: 30, 50 and 70 micrograms, with a 
blank solvent (DMSO), for bacteria Staphylococcus 
aureus, E. coli and Streptococcus pneumonia 
with an incubation period of 24 hrs at 37!. The 
assessment of the reagents on the bacteria showed 
more significant data with reagents {2} and 
{3} than with reagents {1} and {4}, due to the 
imidazole ring and the benzothizole ring in those 
reagents, which increase the inhibition of bacteria. 
The results are shown in Table 3:

Conclusions

	 This research has produced significant 
data on the chemical performance of the formulated 
new Anil-Azo reagents. In addition, methods were 
used to estimate the stability of the reagents and the 
influence of fluctuating temperatures. All reagents 
showed good chromatogram separation data, 
according to the polarity of groups in the reagents, 
in addition to good results as inhibitors of bacteria.
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