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ABSTRACT
An azo complex was prepared from the reaction of Zn(II) with the ligand 8- [(4-
hydroxyphenyl) azo] guanine. A reaction with Zn(II) gave a new complex Bis(8-
[(4-hydroxyphenyl) azo] guanine) zinc (II) chloride at pH = 8. Spectrophotometry
of the prepared complex was performed using UV-Visible and infrared spectra
and micro-elemental analysis. Zinc oxide nanoparticles were then prepared from
the prepared complex by thermal decomposition method. The nano particles
characteristic to know its structural properties was conducted by using a
scanning electron microscope, atomic force microscopy and X-ray diffraction.
The biological activity of the azo-zinc complex and the zinc oxide nanoparticles
was studied against E. coli, Ps. aeruginosa and S. aureus. The iso-zinc oxide
nanocomplex was more effective than the iso-zinc complex against these genera
of bacteria.
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INTRODUCTION
Nano is the science and engineering of small bodies less
than 100 nm. The term nanoscale was defined in the
Greek language ‘Nanos’, which means dwarf. To be
precise, one nanometer equates to 10 hydrogen atoms in
one extension [1].
Nanotechnology is the design and fabrication of
structures at the atomic and molecular level that have at
least one dimension measured between 1-100 nm whose
particles are exploitable all physical and chemical
properties that can be
manipulated and controlled [2]. Methods of synthesis of
nanomaterials are divided into two methods: Top-Down
or Bottom-Up [3].
Multifunctional materials that are manufactured on the
nanoscale represent a huge evolutionary advance for
existing technology and are promising technologies for
application in many industrial fields and in medicine,
chemistry, or physics medicine, where the use of
nanomaterials is being developed in medicine in order to
improve social welfare [4]. The use of nanomaterials in
the field of delivery of oncology drugs within the body is a
major advance because this new treatment method can
provide safe and effective treatment by using various
nanopharmaceuticals in treating cancer cells without the
application of harmful and destructive treatments.
Applications of nanomaterials in the field of
nanomedicine are to carry the anti-tumor reagent into
the blood vessels of the tumor [5].
Zinc oxide nanoscale has anti-microbial activity when the
particle size is reduced to the nanometer. Thus, the
nanoscale of Zinc oxide can attack the surface of bacteria,
enter the cell's interior, and act to kill them. Nano zinc
oxide has the potential to stimulate plant growth as well
as protect it from diseases due to its antimicrobial
activity [6].
Azo compounds are organic compounds of widespread
characterized by their multiple uses [7]. These
compounds consist of two organic groups, homogeneous
or heterogeneous, which are related to the bridging azo
group (-N = N-). They are related to the symmetric groups
aliphatic or aromatic [8]. Azo is more commonly used in

many areas due to its high stability due to the double
bond between nitrogen in the azo group, and most of the
complexes that form them with metallic ions are also
stable [9-11].
This stability is also due to the resonance of the aromatic
rings associated with the azo bridge [12]. Guanine is one
of the purines that form one of the four foundations in the
formation of deoxyribonucleic acid (DNA) [13,14]. Azo
ligands of heterocyclic compounds are characterized by
their great importance in the biological field due to the
vital importance in bacterial research and oncology [15].
These compounds are used as drugs, anti-
microorganisms and anti-bacterial [16, 17]. It was found
that azo compounds and their complexes with metals
such as zinc have biological efficacy against
microorganisms.
These complexes have spread widely for their many uses
of heterogeneous azo dyes, which is due to the strong
correlation of metal ions with compounds due to their
containing nitrogen atom as a heterogeneous atom in the
heterogeneous ring [18]. Therefore, these complexes with
metallic elements are effective compounds as anti-mold
and anti-bacterial, where the effectiveness has explained
the interaction of zinc metal with the quanine complexes
as an oncological drug, anti-fungal and anti-bacterial,
however it was found in the absence of metals, the
complexes have no effect on microorganisms [19].

MATERIALS AND METHODS
Materials
All the chemicals used were supplied by Sigma-Aldrich
and Santacruz Biotech (USA). The antibacterial impact
study was done using three types of bacteria, Gram
Positive Bacteria, S. aureus, and Gram Negative Bacteria ,
E. coli and Ps. aeruginosa. Pathogenic bacteria were
diagnosed and cultured on Moller Hinton Agar medium.
Disc diffusion method was utilized to investigate the
deactivating capacity of the prepared compounds against
the tested pathogenic bacteria.
Methods
Synthesis of 8 – [(4-hydroxyphenyl) azo] guanine
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4 m.mol (0.415 gm) of para hydroxy aniline was
dissolved in a mixture of 1 mL of concentrated
hydrochloric acid and 3mL of distilled water. The mixture
was cooled and then a solution of sodium nitrite (0.32gm)
dissolved in 4 mL of distilled water was added drop by
drop with continuous stirring and noticing that
the temperature did not rise above 5 oC. The solution was
left to settle for 15 minutes. Followed by adding
the diazonium salt slowly with continuous stirring to a
4m.mol (0.5 gm) of guanine solution dissolved with 15
mL of HCl (%50) . A brick red color was formed. The
mixture was cooled in an ice bath until the product is

settled down. The crystals were filtered, dried, and re-
crystallized from ethanol.
Synthesis of bis(8- [(4-hydroxyphenyl) azo]
guanine)zinc(II) chloride
A solution of mineral salt ZnCl2 (0.05 m.mole) dissolved
in the optimized buffer solution (75 mL) was added
gradually with continuous stirring to a solution (1 m.mole)
of ligand dissolved in DMSO. A light purple precipitate
was obtained. The crystals were filtered, dried, and re-
crystallized from ethanol: water (1: 1) [20] as shown in
Table (1).

Table 1: Describes the materials required to prepare of bis(8- [(4-hydroxyphenyl) azo] guanine) zinc(II) chloride

mL. DMSOStirring time
(min.)pHgm of

metal saltgm of ligandM:L ratioComplex

751581.701
ZnCl2

0.39421:2]Zn(L)2[Cl2DMSO

Figure 1: Shows the geometric composition of bis(8- [(4-hydroxyphenyl) azo] guanine)zinc(II) chloride

Zinc oxide nanostructures
76.2 mg of Zn (L2) complex was dissolved 1.4 mL of oleic
acid, a greenish-black solution was formed. Then, this
solution was heated to 260 ° C for two hours, a black
precipitate was formed. Next, 9 mL of toluene and
methanol (2: 1) were added to the precipitate, dark solid
of ZnO NPs was then obtained by the centrifugation,
washed by ethanol, dried, and then it was diagnosed by
using SEM, AFM, XRD [21].
Biological study
Three genera of pathogenic bacteria were used; E. coli, Ps.
aeruginosa (Cram-negative), and S. aureus (Gram-
positive). These bacteria were isolated from patients and
identified by the central Health Laboratory – Baghdad.
Bacterial sensitivity test toward the prepared
complexes
Disc diffusion method was used to test the effect of
complexes against bacteria, four concentrations in DMSO
were prepared, (10, 25, 50 and 100) mg/mL, for each

prepared substance, 10 filter paper discs (6 mm) were
prepared for each concentration in clean glass tubes.
Sterilized with an autoclave for 15 minutes and then
added, then 1 mL of the prepared solutions were added
and tubes were shacked, and the tablets were dried by
placing them in the incubator at 40 0C for 48 hours. A
control sample of DMSO solvent was used by adding 1 mL
to 10 sterilised discs.
Test method
The culture medium (Muller Hinton agar) was prepared
by dissolving (38 g) of agar per liter of distilled water.
The culture medium was sterilized and poured into the
dishes, and after it cooled, a semi-solid gelatinous layer
was formed. Then, the species used for the study were
grown on nutrient broth for 24 hours at 37 0C . 0.1 mL of
the bacterial suspension was transferred to the nutrient
pellet plate and spread over the entire center of the
surface by the diffuser and left for half an hour. In each
dish, a tablet was placed for each concentration beside
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the control (DMSO) sample. The dishes were incubated at
37 0C for 24 hours. The diameter of inhibition was
measured using a millimeter ruler.

RESULTS AND DISCUSSION
Ultraviolet-visible spectra of 8 – [(4-hydroxyphenyl)
azo] guanine

The UV-Visible spectra 8 – [(4-hydroxyphenyl) azo]
guanine (Figure 2) was studied. (n- π∗) transfer group at
361 nm was recorded due to (ph - N=N-), in addition to
the emergence of an absorption beam at 241 nm, due to
the electron transitions of the type (π → π∗) of the group
(C = N) which belonging to the absorption of purine [22,
23].

Figure 2: Ultraviolet-Visible spectra of 8 – [(4-hydroxyphenyl) azo] guanine

FT-IR Spectra andmode of bonding
The difficulty of interpreting the infrared spectra of azo-
ligands, in particular the heterocyclic ring, lies in the
many interferences, Therefore, much of the literature
lacks an accurate explanation of the spectra of these
types of organic compounds [24].
FT-IR spectra of free ligand Figure 3 showed strong band
at frequency 3170 cm-1 attributable to the stretchy
vibrations of (N-H) bond of the amidazole ring. Whereas,
wide strong bands between (3336-2700) cm -1 resulting
from overlap of the stretching vibration (OH) and (NH).
This is consistent with other studies [25]. Infrared
spectra also showed vibrational frequencies of the active
groups, including (N = N), (C = N), (C = C), and (CN =
NC).The absorption of medium intensity at a frequency
(1672-1512) cm-1 refers to frequency (C = N) of the
amidazole ring.
The spectrum of ligand showed two absorption bands at
the frequency 1473 cm-1 and 1373 cm-1 attributable to
ʋ(C=C) and ʋ(N=N), respectively. The position ʋ(C=C) and
ʋ(N=N) absorption bands was pointed in the literature
[26]. A vibrational frequencies also was observated at
the frequency 1259-1219 cm-1 due to the stretching
frequency of the bond (CN = NC).
FT-IR spectra of prepared complex with zinc were
recorded and compared to free ligand spectra. Figure (4)
shows Bis(8- [(4-hydroxyphenyl) azo] guanine) zinc(II)
chloride spectra. It was observed that the stretching

vibration in the complex spectra had undergone some
changes, as well as the occurrence of small or large
displacements for most of stretching vibration. These
changes are a clear indication of the occurrence of the
symmetry process and the formation of the new complex.
The spectrum of the binary zinc complex showed
absorption bands at (3440-3330) cm-1 due to the stretchy
vibrations (symmetric and asymmetric) of the amine
group associated with the co-ordinate with the bilateral
zinc.
These bands suffered from changes in symmetry as they
shifted towards a higher and lower frequency by
changing the shape and location of the absorption bands
due to the amplitude-frequency of the amine group from
evidence based on the symmetry between the nitrogen
atom in the group and the metal ion [27] as the spectrum
showed absorption vibrations at 1672 cm-1 and 1633 cm-1

of the complex belong to the group (C = C). The spectrum
of the zinc complex showed an absorption vibrations at
1415 cm-1 belonging to the azo group, which suffered
from a change in the position of the band at a higher
wavelength, which indicates its participation in the
symmetry with the metal ion. Besides, the emergence of
new vibrations at 470-443 cm-1 of the zinc complex.
These bands are due to the vibrations of the (MN) family.
The reason for its appearance is attributed to the
consistency of the metal with the nitrogen of the azo
group and the nitrogen of the amine group [25].
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Figure 3: Shows FT-IR spectrum of 8 – [(4-hydroxyphenyl) azo] guanine

Figure 4: Shows FT-IR spectrum bis(8- [(4-hydroxyphenyl) azo]guanine)zinc(II) chloride

Critical Elemental Analysis (C.H.N)
The precise analysis of each of the elements of carbon,
hydrogen, and nitrogen was measured for the bis(8- [(4-
hydroxyphenyl) azo] guanine)zinc(II) chloride. Close

results were obtained between the theoretical and
practical ratios of these elements and the molecular
weights as shown in Tables (2 and 3).

Table 2: Accurate analysis of carbon, hydrogen, and nitrogen elements bis(8- [(4-hydroxyphenyl) azo] guanine)zinc(II)
chloride the computed theoretical ratio

N%H%C%Theoretical ratio
32.362.9743.59Zn

Table 3: Shows accurate analysis of carbon, hydrogen, and nitrogen elements for bis(8- [(4-hydroxyphenyl) azo]
guanine)zinc(II) chloride

N%H%C%Sample name
32.22.9643.5S-Zn
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Structural properties of ZnO nanostructures
Scanning electron microscope
SEM analysis was conducted by scanning the surface of
the samples producing various signals that contain

information about the surface topography and
composition of the sample , which were shown through
the images (A, B, C, D) in the form of nanoparticles shown
in Figure. (5) with different enlargement strengths.

(A)

(B)

(C)
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(D(
Figure 5: A scanning electron microscope demonstrates nanoscale zinc oxide prepared by the thermal decomposition

method with different enlargement power for images A, B, C, D.

Atomic force microscopy
Atomic force microscope is used to determine the surface
of morphology, topography, thickness, and toughness of

substances. Figure (6) shows the two-dimensional and
three-dimensional AFM images of the prepared zinc
oxidesurface
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Figure 7: Shows the rate of distribution for prepared zinc oxide nanoparticles with a diameter of 45.18 nm
X-ray diffraction
Figure (8) shows the X-ray diffraction results of zinc
oxide nanoparticles in comparison with the standard
reference for zinc oxide JCPDS 01-076-0205. Diffraction
peaks (100), (002), (101), (102), (110), (103), and (112)
were found, which are confirmed by the hexagonal zinc

oxide (Wurtizat), according to the standard reference and
through the figure, three very clear zinc oxide peaks were
noted at the angles 31.96o, 34.84o, and 36.42o which
attributed to (100), (002), and (101) respectively,
compared to the International Center for Diffraction Data
(JCPDS) card [28].

Figure 8: Shows X-ray diffraction of the prepared nanostructures of zinc oxide compared to standard reference for zinc oxide
JCPDS (01-076-0205).

Biological investigation
The effect of the prepared complexes was studied agaist
against three genera of pathogenic bacteria, E. coli, P.
aeruginosa and S. aureus. The sensitivity changes of
bacteria toward the prepared complexes was tested by
Kirby-Bauer technique. Three concentrations in DMSO of
complexes have been tested.
The nano-zinc oxide azo complexe showed positive
results as antimicrobials against bacterial species used in
the test more than the usual azo-zinc complexes. It looks
from table (4) that azo-zinc oxide nano code and the
normal zinc azo-zinc complex showed efficacy for all
bacteria positive and negative for the Gram stain. They

gave the highest activity at the highest concentration of
100 mg / mL. with varying degrees of inhibitory effect
against the growth of the tested bacteria species, and this
is consistent with other studies [29]. Table (4) also shows
that the azo-zinc oxide nanocomplex is more effective
compared to azo-zinc complex in inhibiting genera of
pathogenic bacteria used in the study. At the highest
concentration (100 mg / mL), nanoparticles of the azo-
zinc oxide complex showed an inhibition zones of (11.5,
18 and 13) mm against E. coli, P. aeruginosa and S. aureus,
respectively. This is what was observed by Parsae et al.
[30], who succeeded for using different concentrations of
nanoparticles of zinc oxide and proved their anti-
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bacterial efficacy against cram-positive and cram-
negative bacteria in concentration-dependent manner.

Table 4: Diameteres of inhibition zones for prepared complexes against some of bacteria genera

CONCLUSION
The prepared solid metalic complexe was characterized
by its high stability and not affected by heat. This study
showed that the prepared nano-zinc oxide posses a
system identical to the standard references, pictures of
the nanoparticles showed the homogeneity of their
surfaces. The results of the biological study revealed that
the nano-zinc oxide azo complexe has a considerable
activity against different genera of pathogenic bacteria,
which may make it a potent antibacterial agent
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