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Abstract

The preparation and spectral identification of ligand 2-[1 -(1-Amino- 1,5-Dinitrophenyl) azo]-Imidazole
(ADNPAI) were prepared by reacting a dizonium chloride salt solution of 2,4-Dinitrophenylhydrazine
with imidazole in alkaline ethanol solution. Azo dye ligand Prepared have been characterized by
analytical data, Infrared, Electronic spectral data, XRD, SEM, Thermal analysis (TG-DSC-DTG), UV-
Vis, and magnetic susceptibility. The biological activity azo dye ligand were tested invitro against the
sensitive organisms Staphylococcus aureus (Gram-positive) and Escherichia coli, Pseudomonas
aeruginosa (Gram-negative) by agar plate different technique. The activity data show appearance the

ligand azo dyes prepared apparent highly active against to all the bacteria species tested.

Keywords: Azo imidazole, ADNPAI, Thermal analysis, SEM, Antibacterial.

Introduction

In the middle-nineteenth century all the dyes
used to fabric dye that extracts from natural
sources. The first dye that was used and
synthesized in 1856 by William Perkin .The
first commercially azo dye was Bismarck
brown [1]. Azo dyes acquired a wide interest
in applying to biological system and indicator
in complex metric titration of analytical
chemistry [2, 3].

Aromatic azo compounds especially are used
as acid-base indicators, also used in biological
strains and commercial colorants for clothing,
plastics [4]. Colour changes are caused by
change in extent of the delocalization of
electrons. More delocalization shifts the
absorption max to longer wavelengths and
makes the light absorbed redder, while less
delocalization shifts the absorption max to
shorter wavelengths [5].

Some of the azo dyes amide antibacterial
drugs were the first effective
chemotherapeutic agents that could be used
systemically for the cure of bacterial infection
in humans. A series of azo dyes containing
the sulfonamide and NH group functional
group were synthesized as potential
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antimicrobial agents [6]. Metallic azo
compounds might be divided into two
categories, named the also groups were

involved by bonding. The former could be
derived to also compounds that had donor
groups (OH, COOH, NH:, SH) a congenial
position to produce 5 and 6 metallic
membered compounds [7].

Experimental
Chemicals and Methods

All chemicals and solvents were highest
purity obtained from B.D.H, Sigma-Aldrich,
Merck, Scharlan and Fluka. Imidazoles were
purchased from Aldrich chemical company
and all analytical grade chemicals were used
without further purification. Mannitol salt
agar and Nutrient broth are used to grow
bacteria from al Muthanna university labs.

All other organic chemical solvents and 2, 4-
Dinitrophenylhydrazine was available from
multiple companies, Fluke, B.D.H, Sigma-
Aldrich. The solvents were supplied by BDH
chemicals Ltd pool England. These are
Methanol, Ethanol, DMSO, and Acetone. The
melting points of the azo dye ligand were

165


http://www.jgpt.co.in/

Abd Al-Sadda HK et. al. | Journal of Global Pharma Technology | 2019]| Vol. 11| Issue 07 (Suppl.) |165-174

taken in an open capillary tube which was
uncorrected by using electro thermal 9300.
FTIR spectra were taken on Shimadzu 8400 6
FTIR spectrometer in KBr pellets (cm?).
Electronic spectra were recorded using T 80-
PG UV- visible spectrophotometer in absolute
ethanol (10-3M) in the range (200-1100) nm.

Elemental analyses (C.H.N) were estimated
out on a micro analytical unit of EA 300
C.H.N Element Analyzer. X-ray diffraction
was taken on Bestec Germany Aluminum
anode model X-Petro, wavelength of X-ray
beam (Cu ka) 1.54A°, and material=Cu, the
Voltage = 40KV and current = 30mA.
Scanning electron microscopy (SEM) images
of azo dye ligand and its metal complexes
were taken using micrograph ZEISS
EM3200. The pH solutions were measured
with a Philips PW 9421 pH meter (+ 0. 001).

Synthesis of Heterocyclic Azo Dye
Ligand (ADNPAI)
The new heterocyclic azo dye ligand

(ADNPAI) was prepared in reaction by
flowing methods proposed by Al-Adilee et al
[8] with some modification (Figure 1). A
diazonium solution was prepared by
dissolving 1.98 g (0.0lmol) of 2, 4-
Dinitrophenylhydrazine in 40 mL of distilled
water and 4 mL of concentrated hydrochloric
acid. The filtered solution was cooled to (0-2)
°C. To this mixture a solution of 0.8 g
(0.01mol) sodium nitrite in 30 mL distilled

water was added dropwise at (0-5) °C and
stirred for 25 min.

The resulting diazonium chloride solution
was added dropwise with cooling and stirring
continuously at (0-2) °C into a 500 mL beaker
containing 0.75 g (0.01 mol) of imidazole was
dissolved in 50 mL of ethanol and 15 mL of
5% sodium hydroxide for coupling after the
mixture had been stirring for two hours at (0-
2) °C in an ice - bath, it was acidified with
dilute hydrochloric acid to pH= 6.0.

The crude product was separated by
filtration, washed with distilled water and
dried. The ligand (ADNPAI) obtained were
finally dried in oven at 70°C for several hours
and keep in a desiccators under desiccators
over anhydrous. The purity of the azo dye
was determined by thin layer
chromatography TLC.

The yield of the reaction was 77% and its
colour was dark yellow crystals and m.p =
106°C. The molecular structure of azo dye
ligand (ADNPAI) was elucidated by C.H.N.S,
X-ray, TGA-DTG-DSC, FTIR and UV- Visible
spectra. The following chart illustrates the
method of preparation azo dye ligand 2-[2
(1- Amino -1, 5- Dinitrophenyl) azo]-
imidazole, (ADNPAI). The m.p, yield,
molecular formal, M. wt, colour and element
analysis data (C.H.N.S) of the Imidazole dye
ligand (ADNPAI) collected in (Table 1).

Table 1: Analytical and Physical data of Imidazole dye ligand (ADNPAI)
Compound Color Optimal m.p Yield Molecular Found (Cale.)%
pH Ce % formula C H N S M
(Mole .W.t)
ADNPAI = Dark 6 106 71 C9H7N704 (39.00) (2.55) (35.37) 0) -
HL yellow (277.20) 38.82 2.60 35.41 0.001
Ligand= (ADNPAI) = HL
H.N
N _
NH NH N==nNcI
o
N{/ NaNO, (0-5)°C N{/
\ _ Con.HCIl+distilled water, \
o (0-2)° C o-
O=—=N" o=—=N"
o N
2,4-Dinitrophenylhydrazine
Diazonium salt
H N\
| C>—
NH N=r:19| N ‘ N \\N NH
//0 E /> Imidazole |L o
N* N — \\ -
AN In ethanol (0-2)°C (50ml) /N
o- + 15 ml 5% NaOH PH = -o
6.0
O—N"\ N*—O

Diazonium salt

ADNPAI

Fig. 1: Synthesis of heterocyclic azo dye ligand (ADNPAI)
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Biological Experiments
Biological Study

In this study, the inhibitory biological
efficacy of the compound prepared in this
study was tested on two different types of
Gram-positive, negative bacteria using the
sensitivity test method.

Biochemical Test of Bacteria

Staphylococcus aureus and Escherichia coli,
Pseudomonas aeruginosa were as test
bacteria, Nutrient broth and MS (mannitol
salt) agars were used for the isolation,
cultivation and differentiation of Escherichia
coli, Pseudomonas aeroginosa and
Staphylococcus aureus respectively. The
diagnosis of bacteria was also carried out by
using the microscope method (Gram’s
Method) [9]. The petri dishes were incubated
at (37°C) for (24 hr).

Result and Discussion

Characterization of Azo Dye Ligand
(ADNPAI)

The azo dye ligand (ADNPAI) was dark
yellow crystals. The azo dye ligands were
stable at room temperature and soluble in
most organic solvents such as methanol,
ethanol, acetone, DMF and DMSO, but
insoluble in water. The experimental result
of the elemental analysis of the prepared azo
dye ligand (ADNPAI) is in good agreement
with theoretical expectations.

Electronic Spectral Studies

In unsaturated system, pi-electrons
predominantly determine the state of
electron sheath, which are excited by the
absorption of uv/vis-light. There are
unshared electrons 1in molecules like
nitrogen; oxygen, etc. are usually called n-

electrons.  Non-bonding  electrons  are
boundless strongly than the bonding
electrons. Typical electronic spectra in
organic compounds are Tw—+T  and

n — mtransitions. The ™ — m* transition is
very intense (allowed) or weak (forbidden).

But the n— m'transition is generally
forbidden and weak intensity. Azo
compounds exhibits n — mw* transition
characteristics of the N=N group, the
intensity of the band depends on
stereochemistry of nitrogen-nitrogen linkage

of straight chain compounds containing
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nitrogen-nitrogen bond gives rise to a low
intensity band in the near UV-visible-region
[10]. The solvent effect on spectra, resulting
from electronic transitions, 1is primarily
dependent on the chromospheres and the
nature of transition
=o' n—soc'n—-m1",m—=m and charge
transfer (CT) absorption. The electronic
transitions of particular interest in this
respect aren — m°, m—m transfer (CT)
absorptions [11].

Organic molecules composed of directly
attached electron donor and electron acceptor
moieties have received considerable attention
as possible models for a number of
photochemical and photo biological processes.
Excitation of such molecules induces transfer
of an electron from donor to acceptor and 1is
often accompanied by rotational relaxation to
a twisted conformation of the donor relative
to the acceptor, forming the so-called Twisted
Intra molecular Charge Transfer (TICT)
state [12].

Molecules of the type D- m -A where the
donor and acceptor groups are connected to
the ends of a conjugated system exhibit large
changes in dipole moment (Ap) up on
excitation due to photo induced Intra
molecular charge transfer process. The extent
of charge transfer depends on the nature of
the donor (D) and acceptor (A) groups and the
length of the m system. Conformational
dynamics of the D and A fragments can also
significantly influence the photochemistry of
such systems.

The m* scale is based on the solvent induced
shift of the longest wavelength m — w*
absorption band is indicator of the type D- m -
A [13]. The electronic absorption spectra of
the (ADNPAI) were recorded in freshly
ethanol solution (10-3M) at room
temperature. The spectral data of the azo dye
ligand (ADNPAI) are summarized in Table 2.
The electronic spectrum of free ligand is

characterized by two absorption is banded in
U.V-Visible.

These bands appear at the position 229 nm
(43668cm) and 363 nm (38022 cm). The
first band can be attributed to a m —no*
transition within the imidazole ring. While
the second band is due to n —uo* transition
resulted from the presence of the group
containing double bond, in addition to the
presence of hetero atom carrying an ion pair
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of electrons such as (=C=N-) in the imidazole
ring in addition to intermolecular charge-
transfer taken place from the phenyl ring to
the imidazole ring through the azo group (-
N=N-), this band showed at a red shift on
coordination with a metal ions [8,14], The
UV-visible spectra of azo dye ligand
(ADNPAI) are shown in (Figure 2) and Table

depends on the nature of the solute-solvent
interactions [15]. The interpretation of
solvent effect is often made difficult, because
they are small and not easy to measure
precisely and also because several individual
effects, superimposed on one another,
contribute to the observed changes [10, 16,
17].The dipole moment difference between

2. Solvents effect the wavelength and exits state and ground state indicates the
intensity of absorption bands are both solvent effect on solvatochromic shift. A
affected when a molecule is in solvent series of absorption spectra of (ADNPAI)
environment. This i1s due to unequal were recorded in Ethanol, DMSO, THF, DMF

perturbation of the ground and exited
electronic state of the molecule, which

Table 2: The spectral data of the azo dye ligand (ADNPAI)

and Acetone solutions in the electronic
states of the compound (Figure 3).

Compound Amax Absorption Transitions
(nm) bands(cm1)
Ligand=HL 363 38022 n —o*
(ADNAPI) 229 43668 o —m*
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Fig. 2: UV. Visible spectrum of azo dye ligand (ADNPAI)
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Fig. 3: Electronic absorption spectra of azo dyes at room temperature DMSO, DMF, THF, EtOH and Acetone

Infrared Spectra

Infrared spectral data of the prepared azo
dye ligand (ADNPAI) (Table 3).The IR
spectrum of the ligand showed a strong band
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at 3325 cm! assignable to the v(NH) of the
imidazole ring [18-20]. The band remains in
the same region in the free ligand.
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The spectrum of free ligand shows two weak
bands at 3088 cm! and 2920 cm! due to v(C-
H) aromatic and aliphatic respectively. The
medium band observed at 1519 cm? in the
free ligand was attributed to v (C=N) stretch
of the azomethine. A medium intensity band
at 1413 cm in the free ligand was attributed
to v (N=N) stretch of the azo group. A group
of bands located at 1109 c¢m, 831 cm!, 823
cm! and 740 cm! assigned to the Benz. R.
Deff. and Im. R. Deff. Frequency respectively

Depend on IR spectral data lead to suggest
that azo dye ligand (ADNPAI) behaves as a
trident chelating agent coordinating with
metal ions by a phenolic oxygen, azo nitrogen
which is the farthest of imidazole ring and
nitrogen atom in the imidazole ring to
forming two five membered chelating ring,
The infrared spectra of azo dye ligand are
shown in (Figure 4).According to these
results the structure of these metal
complexes may be proposed in (Figure 5),
shown below.

Table 3: Characteristic IR absorption bands of the ligand (ADNPAI) in cm! units (KBr disc)

Group Ligand
v (C-H) aromatic 3088
m.
v (NH) 3325
S.
v (C=N) 1627
s. br.
v (N=N) 1413
w.
v(C-N=N-C) 1222
m.
v(Benz. R. Deff.) 1109 w.
831 w.
v(Imi- R. Deff.) 823 s.
740 m.
v (C-N=N-C) 630
w.
HL=ligand (ADNPAI), Vs = very strong, s = strong, m= medium, w = weak, sh = sholder, br =broad
) _ﬂ\”\w\\
%T :
75 —
60 —
4000 30'00 20'00 15I00 lOIOO 560
Fig. 4: IR Spectrum of azo dye ligand (ADNPAI)
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Fig. 5: The proposed chemical formula of chalet complexes
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Thermal Analyses

The thermo gravimetric analysis (TGA),
differential thermo gravimetric
decomposition (DTG) and  differential
scanning calorimetry (DSC) curves for the
ligand are presented in (Figure 6).The results
of thermo gravimetric analyses of ligand
(ADNPAI) are given in (Table 4). The thermo
grams have been carried out in the range 22-
800 °C at a heating rate of 10 °C min! in
oxygen atmosphere.

The TGA curve reveals the ligand of the
formula (CoH7N7O4) show four stages of
decomposition. The first stage within the
temperature range of 22-161°C is related to
the moisture and volatile substances such as

evolution of CO: gas, these stages involved
mass losses of 3.3 %. The second
decomposition stage within the temperature
range of 161-318 °C corresponds to the loss of
azo group, these stages involved mass losses
of 21.3 %. The third decomposition stage
within the temperature range of 318-465°C
corresponds to the loss of imidazole ring,
these stages involved mass losses of 34.0 %.

The final decomposition stages in the
temperature range of 465-570 °C correspond
to the loss of further complete decomposition
of a part of the ligand, these stages involved
mass losses of 83.7 %. The DSC curve shows
endothermic peaks at 310, 511 °C leaving
carbon as residue [8, 21, 25].

Table 4: Thermoanalytical results (TG, DTG, DSC) of ligand and metal complex

Compound TG Range (°C) DTG wex (°C) Mass loss% | Assignment Residue DSCCC)
(ADNPAI)=HL 22-161 220 3.3 Evolution of Co: 310 (+)
CoH7N7O04 161-318 310 21.3 and moisture _ 511 (+)
318-465 500 34.0 Loss Azo group
465-570 83.7 Loss Imidazole
Ring, Loss of a part
of the ligand
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wo “\:» by 3 o
20 80 \ /f ..\ .\\\ e
! " N T — X -
V-:v 1a 70 \ } :\ 2, I
) | '1\\‘_/ I 2 P
B g > wo & / #
8 - N/ 2.0 8
¥ &

TG = —
. . DSC = —
w » DTG = —

22.77 1 200 Zoa

1) Hant from 36,0070 to 708.00°C wt 10.00°CANIN

6.0

G200
A00 “oo “woo 7010

B/2/2018 7:20 PM

Fig. 6: TG-DTG-DSC curves of ligand (ADNPAI)

X-Ray Diffraction Study (XRD)

The (XRD) of ligand (HL) were recorded in
the range of 20 = (0-80)° value, The (XRD)
patterns of ligand are shown in (Figure 6),
Broad peak and sharp peak for ligand (HL)
was observed indicating they indicate the
poly crystalline nature. Given the spectrum
of X-ray diffraction patterns ligand sharp
peaks, as it is an indicated crystalline nature
structure a result of the micro-strains and
cracking crystalline faulting result of the
distortions of the crystal and domain size of
the crystal and distribution of domain size [8,
26, 217].
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To calculate d-spacing of reflections were
obtained using Bragg’s equation (1) [8, 28].

nA = 2dsin® (1)

Where d is the spacing between the
crystalline levels, n is an integer (1, 2, 3...), A
is the wavelength of X-ray CuKa = 1.540598
A°, © is the diffraction angle. The values of d
and associated data depict the 20 value of
each peak, relative intensity for ligand are
listed in (Table 5). The results show that
ligand (HL) had 10 reflections with maxima
20 = 32.80° corresponding to d value 2.71 A°
indicates the crystalline state.
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The average size of the particles and their
size distribution were evaluated by the
Scherer equation (2) [29].

D = kA/BCosB 2)

Where D is the average grain size, k is
Blank's constant (0.891), A is the X-ray
wavelength (0.15405 nm), and © and B are
the diffraction angle and full width at half
maximum of an observed peak, respectively
[28, 30]. The average size of the particles for
ligand (ADNPAI) was calculated and was

Table 5: Crystallographic data for ligand (ADNPAI)

found to be 23.10, 26.81, 31.88, 32.80, 45.56,
46.92, 56.48, 58.39, 75.36 nm, respectively.
Well been calculated dislocation density (&)
through the following relationship (Eq. 3) [26,
30].

&= 1/D? (3)

Where 6 is dislocation density, D 1is the
average grain size. The particle size
distribution  histogram of the ligand
(ADNPAI) was presented in (Figure 7) and
(Table 5).

Compound °20(degree) d Spacing FWHM Crystallite Lattice Dislocation Intensity
@) [°20] Size D(nm) Strain density 5X VL) %(
(nm)?
ADNPAI = HL 23.10 3.83 0.35 23.90 0.0075 0.00173 38
26.81 3.31 0.17 48.18 0.0031 0.00043 39
31.88 2.80 0.18 48.73 0.0027 0.00042 54
32.80 2.71 0.17 48.86 0.0025 0.00041 100
45.56 1.97 0.19 45.60 0.0017 0.00049 28
46.92 1.92 0.70 12.80 0.0072 0.00613 16
56.48 1.61 0.71 13.30 0.0056 0.00563 14
58.39 1.56 0.23 40.26 0.0019 0.000618 18
75.36 1.27 0.86 12.17 0.0050 0.006774 10
Counts
TCAF

1500 |

1000

500 —

-\WNJLA.,, "
M A MMWWMM
oy
o — —

FPositlon [F2Theta]

.....

Fig. 7: XRD patterns of ligand (ADNPAI)

SEM Analysis

Scanning electron microscopy (SEM) of the
ligand studies the surface morphology and
shape of the particles and aggregation, in
addition to the distribution of these particles.
The scanning electron microscope technique
was adopted at a cross-sectional distance of
1pm and a magnification force of Mag = 20.00
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K X. The SEM image of ligand has been
illustrated in (Figure 7).

SEM image shows the ligand (ADNPAI) have
formed of peripheral spherical shape with
average size 95 nm with a ratio of less than
aggregation. The SEM showed that the
particles are agglomerated and non-uniform
particles are observed in some cases.
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Moreover, SEM micrographs of the ligand
(ADNPAI) revealed that the surface

morphology of ligand [30, 35].

1 pm EHT = 25.00 kV
WD =105 mm

Biological Activity

This study involved effect of three types from
negative bacteria (Escherichia coli,
Pseudomonas aeruginosa) and
(Staphylococcus aureus) on ligand. These
bacteria have been chosen because of their
importance in the medical field, as they cause
a number of diseases, and they differ in the
nature of their resistance to antibiotics and
therapeutic chemicals [36, 38].

The results shown of the efficacy test for the
tested compound ADNPAI were in the tables
have an inhibitory effect on the three types of
bacteria that is used by using spots diffusion
method, The tested ligand show a
remarkable antibacterial activity against
tested bacteria (Table 6).

The bacteria Pseudomonas aeruginosa was of
a high activity and sensitivity towards ligand
also the results showed that the type of the
compensated groups 1in the prepared
compound affect the degree of effectiveness
and the type of bacteria affecting them, such
as the group of ((N=N-, NO and NH), that is
found in the tested ligand [9,39,40].

Conclusions

We have prepared and structurally
characterized azo dye ligand (ADNPAI)
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Signal A = SE1
Mag = 20.00 KX

The calculations of particle size were
performed using MagniSci software (Figure

Date :26 Jan 2017
Time :10 : 02 :11
Fig. 8: SEM images of ligand (ADNPAI)

ZEINS

derived from imidazole. The formation of the
ligand and has been confirmed by the
analytical data (C.H.N), IR, electronic
spectra. The azo dye ligand have different
morphologies as appeared in XRD and SEM,
TGA of ligand was also studied and gave
good result in thermal stability.

The azo ligand (ADNPAI) behaves as a
bidentate chelating agent coordination
throughout the N3 atom of the imidazole ring
and another nitrogen atom of azo group to
form five-member metal rings. The geometry
is proposed for all complexes octahedral
stereochemistry. On the basis of their
analytical and spectral data, we propose
octahedral geometry for all metal complexes.

The ligands and their chelates are subjected
to thermal analysis. The biological activity of
the synthesized ligands and they showed
remarkable biological activity. The study
appears strong Biological efficiency of ligand
that 1s tested against Escherichia coli,
Pseudomonas aeruginosa and Staphylococcus
aureus.
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