Chem Rev Lett 7 (2024) 1031-1041

.

Research Article

Chem [ ) )
Rev Chemical Review and Letters
Lett journal homepage: www.chemrevlett.com

ISSN (online): 2645-4947 (print) 2676-7279 =<

Synthesis, characterization and spectral estimation of Nickel (I1) and Copper (11)
complexes and study of their antibacterial activity
Muhammed N. Tawfeeq® *, Eman Thiab Al Samarrai?, Sattar R. Majeed?

ragi Ministry of Education - Anbar Education, Ramadi, Anbar, Iraq
2Department of Chemistry, College of Education, Univ. Of Samarra, Iraq
3Department of Chemistry, College of Science, Univ. Of Anbar, Ramadi, Anbar, Iraq

ARTICLE INFO ABSTRACT

Article history:

Received 24 August 2024

Received in revised form 3 November 2024
Accepted 6 November 2024

Available online 4 December 2023

The study includes the synthesis and characterization of new azo compound 4-((2-
amino-5-nitrophenyl)diazenyl)benzenesulfonic acid(ANBS) as reagent and their
complexes with the two metals nickel (1) and copper (Il). The complexes were
prepared by mixing the azo ligand as a primary ligand and sodium pyrophosphate
(pyph) and malonic acid (ma) as secondary ligands using metal-ligand in a 1:1:1
mole ratio. Reagent and complexes were characterized by spectroscopic methods
FTIR, UV-Visible, Atomic absorption, C.H.N and GC-Mass. The in-vitro
biological activity of the ligand and the metal complexes were screened against the
Gram-negative and Gram-positive pathogenic bacteria Serratia marcens and
Pseudomonas aeruginosa.The copper complexes showed ahigh efficiency of
antimicrobial activity compared with the ligand. Spectroscopic methods were
developed to estimate nickel and copper, the best conditions was study which gave
high sensitivity. It showed Linear range at 1-10 ppm with a correlation coefficient
of (0.9901-0.9924). The detection limit was between (0.0715-0.0895) and the
quantitative limit was between (0.2166-0.2713) ppm, the Sandel sensitivity was
between (0.0166-0.0208) pg/cm?2 and the Recovery% was (100.6177-101.4508).
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1. Introduction

This study focuses on the synthesis , biological, and
analytical properties of azo ligands with metal complexes
[1], which have significant importance in chemical
analysis due to the toxicity of the elements, especially
nickel, copper and others, and their serious effects on the
ecosystem in general and on humans and animals in
particular [2] Finding quick methods to process it and
determine concentrations, on the other hand, The
importance of metal complexes lies in their wide
biological activity, such as anti-cancer [3,4], anti-bacterial
[5], and anti-fungal [6]. Studies indicate that azo
complexes have better effectiveness compared to azo
ligands [7], which increase their effectiveness by
increasing the azo bonds within the compound, which

leads to the accumulation of antibacterial activity [8].
Complexes prepared from azo bonds of acetophenone
precursors showed good inhibitory activity against a
variety of bacteria and cancer cells[9]. These ligands have
applications in industrial and pharmaceutical industries
[10], including textile dyeing, antimicrobial, antifungal,
antiinflammatory, antihypertensive, and antiviral drugs
[11]. Diazonium salts are synthetic intermediates that
undergo coupling reactions to form azo dyes organic
compounds with aryl functional groups R-N=N. These
dyes are used as primary building. in organic compounds
with emerging commercial and biological properties.
Temperature, acidic, concentration and sodium nitrite pH
play crucial roles in diazotization. Azo dyes have a
backbone Auxochrome, chromophoric, and solubilizing
groups and their color is determined by azo bonds[12].
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Azo dyes non-biodegradable and harmful to the
environment, as they accumulate in oceans and affect
marine life. Direct dyes are carcinogenic and have
negative reproductive effects, while reactive dyes are
linked to increased allergy risk. Although many countries
have banned azo dyes they are still present in the market,
with approximately 2000 currently in use. Some azo dyes
are known for their toxic and genotoxic properties, and
their use in laboratories is a concern due to their
environmental impact. Azo dyes are a diverse group of
synthetic dyes used in various industries, including
pharmaceuticals, cosmetics, paper, plastics, and food
colors. They are commonly used in inkjet printing thermal
transfer  printing, photography, biomedical areas,
molecular recognition light-controlled polymers, and the
liquid crystal industry [13].

The azo dye reaction is considered an electrophilic
compensation reaction [14], as the diazonium salts behave
electrophilically and carry a positive charge. As for the
conjugated ring, it represents a nucleophile, where the
positive part is attacked, and the compensation site is
according to the compensating group on the conjugated
ring. The driving groups on the ring give compensation at
the ortho and para sites, and the para site is preferred
because the resonance states of the ring increase, while the
groups pulling on the ring give compensation at the meta
site [15,16].

Recently, several methods have been found to prepare azo
compounds, including direct oxidation of aromatic amines
using catalysts, where transition elements such as copper
were used due to their ability to change their oxidative
state, and then developed using nanoparticles, which gave
high productivity and selectivity [17,18]. Azo compounds
were also prepared from the reduction of nitro-aromatic
compounds. Using palladium and gold nanoparticles as
catalysts for the reduction of the nitro group and the
formation of azo compounds [19,20].

2. Materials and Methods

All experiments were used materials high pure chemical.
Nickel(ll) chloride hydrate NiCl,.6H,O(BDH 99%),
Copper(Il) chloride hydrate CuCl,.2H,O(BDH 99%),
Oxalic-acid (Fluka 99.5%), Malonic acid, (Fluka 99.5%)
tetra Sodium pyrophosphate(Fluka 99%) ,4-amino
sulfonic acid(Aldrich 98%),4-nitro anline(Fluka 98%),
DMSO(HiMedia 99%) and ethanol(Honeywell 99.8%).
Shimadzu  Atomic  Absorption/Flame  Emission
Spectrophotometer(AA680), electro thermal melting
point, C.H.N Vectro model EA3000single, Infrared
spectra were determined (Shimadzu (FT-IR)-8400S,
Japan) ,single-beam (U.V-Vis) spectrophotometer (U.V
(N4S) China), The chlorine content of the prepared

complexes was measured using Moore's method 686-titro
processor-665 and mass spectra by GC-mass QP SO A:
shima 170 ev).

2.1 Synthesis of Azo ligand (ANBS) (C12H10N4OsS)

After dissolving 4-amino benzene sulfonic acid (0.433g,
2.5 mmol) in 30 ml of water over a few minutes after
cooling the solution and add 2.0 ml of hydrochloric acid
while stirring, a clear solution was produced. A 0°-5°C
temperature range was maintained. Next, an aqueous
solution containing 1g of sodium nitrite that is dissolved
in 10ml of water has been gradually added, dropwise,
while maintaining the temperature below 5 oC. The
mixture was after that stirred for five minutes. An ice bath
was used to cool the 0.345¢g, 2.5 mmol 4-nitro aniline after
it had been dissolved in 10 ml of ethanol. The final
solution (solution 1) was combined with cooling.
Following drying, the precipitate produced was filtered,
and as shown in Scheme 1, The ligand was repurified by
adding methanol as a partially dissolving solvent, and the
solution was filtered and left to dry. a dark red solid
precipitate with a yield of 76.9% and a melting point of
190°C was obtained [21].

N
NO,
HC1/NaNO,
o > Do ”OSSO'WN‘Q
—_—
HoN

Scheme 1: Synthesis azo ligand(ANBS)

2.2 Synthesis of complexes:
2.2.1 preparation of [Ni (ANBS) Cl;] complex:

0.5 mmol (0.161g) of (ANBS) ligand diluted in 20 mL
ethanol were combined with 0.5 mmol (0.065g) of
NiCl,.6H,0. After combining the two solutions, the pH
was raised to 6 and the mix refluxed for 3hrs at 50 °C.
After cooling and filtering the solution, it was repeatedly
cleaned with ethanol and after that dried diethyl ether [22],
a reddish a grey solid precipitate with a yield of 68.8%
and a melting point of more than 300 °C was
obtained.

2.2.2 preparation of [Cu (ANBS) Cl;] complex:

0.5 mmol (0.161g) of (ANBS) ligand diluted in 20 mL
ethanol were combined with 0.5 mmol (0.085g) of
CuCl,.2H,0. After combining the two solutions, the pH
was raised to 6 and the mix refluxed for 3hrs at 50 °C.
After cooling and filtering the solution, it was repeatedly
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cleaned with ethanol and after that dried diethyl ether [22],
agrey solid precipitate with a yield of 74.1% and a melting
point of more than 300 °C was obtained.

2.2.3 preparation of [Ni(ANBS)
[Cu(ANBS)(H20)2(ma)]

The mixed complexes have been prepared in molar ratios
of 1:1:1, where the previous preparation was repeated and
secondary ligands were added to it (tetra-sodium
pyrophosphate 0.5 mmol (0.223g) (yield 74.6%) and
malonic acid 0.5 mmol (0.052g) (yield 77.4%) [22].

(pyph)] and

2.3 Reagent and chemical solutions

The reagent solution (1000 pg/ml) was prepared by
dissolving 0.1 g of ligand in a small amount of ethanol,
transferred to 100 ml volumetric flask and supplemented
to the mark with the same solvent. Nickel(ll) ion solution
(1000 pg/ml) prepare by taking 0.4 g of NiCl,.6H20 in an
amount of distilled water, then transfer it to a 100 ml
volumetric flask and fill to the mark with distilled water.
Copper(Il) ion solution (1000 pg/ml) prepare by taking
0.268 g of CuCl,.2H;0 in an amount of distilled water,
then transfer it to a 100 ml volumetric vial and fill to the
mark with distilled water. Hydrochloric acid solution (0.1
M) prepare by diluting 0.83 ml of concentrated acid to
11.97 molarity by adding it to distilled water and bringing
the volume to the mark in a 100 ml bottle. Sodium
hydroxide solution (0.1M) prepare by dissolving 0.4 g of
sodium hydroxide in an amount of distilled water,
transferred it to a 100 ml volumetric vial and completing
the volume with distilled water. Buffer solution
(pH=6.0)dissolve 1.36 g of KH,PO, in distilled water and
transfer it to a 100 ml bottle. Complete the volume with
distilled water to become 0.1 molar, then withdraw 50 ml
of itand put it in a 100 ml bottle and add 5.6 ml of NaOH,
concentration 0.1 M, then complete the volume with
distilled water. Buffer solution (pH = 12.7) dissolve 1.49
grams of KCI in a 100 ml bottle and complete the volume
until its concentration is 0.2 M. 25 ml of it was withdrawn
and placed in a 100 ml bottle. 32.2 ml of NaOH, 0.1 M
concentration, was added to the bottle, then the volume
was completed with distilled water [23]. Solutions of the
compounds were prepared at a concentration (1000
pug/ml)where 0.1 g was dissolved in DMSO solvent, and
the volume was completed in a 100-ml volumetric flask.

2.4 Preparing the culture medium for bacteria

Muller Hinton agar (MHA) culture medium was prepared
by dissolving 38 g of agar in 1 liter of distilled water in a
conical flask, heating and stirring with a magnetic stirrer
until dissolution was complete, and then transferring it to

an autoclave at 121 °C. °C and at a pressure of 1.5. In the
air for half an hour, the solution was cooled, then 20 ml of
the medium was poured into several sterile Petri dishes
and left to solidify [24]. The effectiveness of the prepared
compounds was tested on bacteria samples in the
laboratories of the Department of Biotechnology / College
of Science / Anbar University, where a volume of 70
microliters was injected into each hole for each prepared
material and at several concentrations from 100-1000

ppm.

3. Results

3.1 Elemental
characteristics

microanalysis and some physical

Elemental microanalysis (C.H.N) with metal and some of
the physical characteristics have been listed in Table 1.

Table 1: Elemental microanalysis and some physical
characteristics

Compound C% H% N% M% Cl% Meltin
g point
(ANBS) 44.68 3.10 1737 | - | e
(C14H12N20sS) (44.10) (4.08) (18.41)
[Ni (ANBS)Clz] 32.01 2.22 12.45 13.05 15.78 300<
(32.11) (1.59) (13.42) (13.59) (16.37)
[Cu (ANBS)(Hz0)2 29.33 2.85 11.40 12.93 14.25 300<
Cl] (28.74) (1.98) (10.87) (12.64) (15.19)
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Fig 1a:IR spectrum of (ANBS) (C12H10N4OsS)

3.2 FT-IR spectral data

The infrared spectra of the ligand and their complexes
are summarized in Table 2, Fig la-e where the amine
group bands (3450)cm?® , (3273)cm? to NH[25]
asymmetrical and symmetrical respectively showed a shift
towards lower frequencies in the complexes, There was
also a slight change in the frequencies of the azo group
bands, which appeared in the range (1400-1460) cm™[26],
which indicates the occurrence of coordination and the
appearance of new bands belonging to the secondary
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bonds at 1363 and 1278 cm™ for the complex [Cu(ANBS)
(H20)2(ma)] which is due to the asymmetric and
symmetrical stretching of -COO group, and bands
appeared in the range (1577-1633) cm™ that belong to the
C=C group. There are also weak bands in the range
400cm® and 500cm?, which are resulting from the
bonding of donor atoms to the metal (M-N) and (M-O)
[27].

Table 2: IR data for ligand and their complexes

NH: co
NHz | N= 0 p= | M- | M-
Compounds Uas Usy N Vas (e] o N o
y y Usy
(ANBS)( 345 | 327 | 140 | - | -
Ci12H10N405S ) 0 3 0 - - -
. 344 | 334 | 142 | - | — | 43 | 51
[Ni (ANBS) Cl2] 6 5 s ) - " 3 )
[Cu 343 [ 335 | 146 | | — | 42 | 50
(ANBS)(H20).Cl] 9 0 0 - - 4 7
: 342 | 322 | 182 | | —- 29 | 57
[Ni(ANBS)(pyph)] 7 0 T i 910 | 3 0
[CU(ANBS)(H20)2(m | 346 | 326 | 143 | 136 | 127 | — | 42 | 52
a)l 6 1 5 3 8 - 2 0
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Fig 1b:IR spectrum of [Ni(ANBS)CI2]
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Fig 1c: IR spectrum of [Cu(ANBS) ( H20)2Cl2]
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Fig 1d: IR spectrum of [Cu(ANBS) (H20)2(ma)]
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Fig 1e: IR spectrum of [Ni(ANBS) (pyph)]

3.3 U.V-Vis Spectral data

Table 3 and Figs. 2a-d provides an overview of the UV
spectrum data for the complex of ligand, Ni(ll), and
copper(Il). In each case, the spectrum for the ligand
showed an intense absorption peak in UV region at 240
nm and 279 nm indicating (r—m+) and at (388) nm
indicates (n — m*). The spectra of the complexes for
[Ni(ANBS)CI,] complex showed the appearance of a new
absorption peak at (485) nm and (400) nm for [Cu(ANBS)
(H20).Cl;] complex, , while in the mix ligand complex
[Cu(ANBS)(H20)2(ma)] a peak appeared at 586 nm to the
transition (d-d) 2T.g — 2Eg and 597 nm for [Ni(ANBS)
(pyph)] complex to the transition (d-d) 3A,g—3Tig
[28,29].

3.4 Mass spectra of ligands and complexes

Figure 3a displays mass spectrum of the ligand
(ANBS). The mass spectrum of ligand with a molecular
weight of (323), which produced a parent peak at m/z =
322 (M+). Figure 3b displays the complex [Ni(ANBS)ClI]
mass spectrum, which revealed a parent peak at m/z = 449
(M+).

1034



Table 3: UV spectrum data for ligand and complexs

Chem Rev Lett 7 (2024) 1031-1041

No Amax Transition
Compeuras nm Assignment
(ANBS) 240 T— T
1 ( CiHioN4OsS ) 279 T— T
1270 388 n*—-mu
229 T— T
. 275 T— T
2 [Ni(ANBS)CI;] 394 N o
485 C.T
230 T— T
8 [Cu(ANBS)( H.0),Cl,] 274 T T
400 CT
281 T— T
4 [CU(ANBS)(H.0)(ma)] 394 e —n
586 Tg — 2Eg
283 T— T
5 [Ni(ANBS)(pyph)] 404 CT
597 Ag—°Tig
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Fig 2a: Electronic spectrum of [Ni(ANBS)CI2]
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Fig 3b:Mass spectrum of complex [Ni(ANBS)CI:]

Analytical methods

Easy and fast spectroscopic methods were developed
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Fig 2b:Electronic spectrum of [Cu(ANBS) (H20)2Cl:]

Table 4a: The effect of the solvent

to estimate nickel(Il) and copper(ll) using the prepared
reagents. The maximum wavelength for each complex
was determined and the best conditions were studied (the
effect of the solvent, the effect of acid and base, effect of
buffer solution, effect of temperature and time) Table 4a-
e, which helped in improving the absorption values.

Compound Water Ethanol Acetone
[Ni (ANBS)ClI] 0.132 0.175 0.098
[Cu (ANBS)(H20)2Cl2] 0.399 0.514 0.430

WaveLengihinm)
[%-]

B0 T00

g0a

[x+]
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Table 4b: Effect of acid and base

Chem Rev Lett 7 (2024) 1031-1041

HCI NaOH
Compound (0.1M) A pH (0.1M) A pH
VmL Vml

0 0175 | 7.1 0 0.175 71

0.1 0.088 | 2.1 0.1 0.321 104

. 0.2 0.082 | 1.9 0.2 0.336 118
[N'(AI’Z\]'BS)C 0.3 0.078 | 18 0.3 0.340 125
0.4 0.075 | 18 0.4 0.344 12.7
05 | 0350 12.8

Deposition

0 0514 | 6.0 0 0514 6.0

[CU(ANBS) 0.1 0508 | 2.0 0.1 0.414 10.0
(H:0)Cl;] 0.2 0508 | 18 0.2 0.414 12.1
0.3 0507 | 18 03 0.418 125

We conclude from the table above that adding acid to the
nickel complex reduces the absorption value, but when
adding the base, the absorption values increase, so the
addition of the base was fixed for subsequent experiments.
As for the copper complex, adding acid or base reduces
the absorption, so it was excluded in subsequent
experiments.

Table 4c: Effect of buffer solution

Compound Buffer (12.7) VmL A (485nm)
0 0.344
0.1 0.349
[Ni(ANBS)Cl2] 0.2 0.356
0.3 0.364
0.4 0.449 (turbid)
Buffer (6.0) VmL A (400nm)
0 0.514
[Cu(ANBS) (H20)2Cl2] 8; 822;
0.3 0.583
0.4 0.649 (turbid)

Table 5. The analytical parameters
Molar Sandell’
Linae Absorpti LOD LOQ s
Comdpoun k:]nr:]x r Slope vity (ug/m | (ug/m | Sensitivi ;f(
range (Lmol L) L) ty
‘em?) (ug/em?)
[Ni(ANB . 0.047 0.089 101
S)Cl] 485 5-40 9 21550 5 0.2713 0.0208 450
[Cu(ANB
S)(Hz20)2 400 5-40 0.06 29455 0.071 0.2166 0.0166 100
cl] 5 617

From the table above, increasing the temperature
increases absorption, so the optimal temperature for each
complex was fixed. From the above table, we conclude
that the complex is stable over a wide period of time.

3.5 Calibration curve

The calibration curve was prepared by taking
increasing volumes of each of the metal and the reagent
(0.1-1.5) ml. The previous conditions were applied to each
complex, and the volumes were completed to the mark
with ethanol and heated at the optimal temperature for
each complex. Then the absorbance of the solutions was

Table 4e. Effect of time

Min 5 15 25 35 45 60
[Ni(ANBS)CI:] 0.370 | 0373 | 0374 | 0373 | 0372 | 0371
[Cu(ANBS)(H20):Cl2] 0.626 | 0.628 | 0.628 | 0.625 | 0.627 | 0.629

From the table above, the absorption increased when
adding the buffer solution, so it was confirmed in
subsequent experiments

Table 4d. Effect of temperature

Compound T(C) A(485nm)
5 0.338
10 0.341
15 0.347
20 0.359
25 0.364
[Ni(ANBS)Cl2] 30 0.367
35 0.371
40 0.363
45 0.364
50 0.362
55 0.360
T(c) A(400nm)
5 0.483
10 0.491
15 0.502
20 0.544
(Coanes) (0] |2 0553
35 0.628
40 0.621
45 0.623
50 0.624
55 0.619

measured at the specific wavelength for each complex, as
shown in Fig 4a-b , , where the linear range from (5-40)
ppm, and the estimation factor ranges at (0.9901-0.9924).
To express the accuracy and precision, the standard
deviation, standard deviation, detection limit,
quantification limit, and Sandel sensitivity were
calculated, and the analytical parameters of the methods
are summarized in Table 5 [30]. Table 6 shows the
comparison of the proposed method with other methods.

2 -
y = 0.0479x - 0.0214
2 _
15 | R2 =0.9901
1 .
Abs
0.5 -
O T T T T 1
0 10 20 30 40 50
ppm

Fig 4a. Calibration curve for the complex [Ni(ANBS)CI;]
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y = 0.06x + 0.0546
R? = 0.9924

2.5 -

0.5 -

O T T T T 1
0 10 20 ppm 30 40 50

Fig 4b:Calibration curve for the complex [Cu(ANBS) (H20)2Cl2]

3.6 Molar ratio and Job’s approach of continuous
variation

The ratio of ligand to metal was determined using the
Job method[34,35] and the molar ratios[36] the ratio of
both Ni (I1) and Cu(ll) with reagent has been varied and
the absorbance of the resulting mixtures have been
recorded at 485 nm for nickel complex and 400 nm for
copper complex. This was found at 1:1 (M:L) Ni(ll):
(ANBS) also Cu(ll): (ANBS)As shown in the Fig 5a-d.

Abs

0 T

0 0.5Vml ligandZVml metall.5

Fig 5c: Molar ratio of complex [Cu(ANBS) (H20)2Cl2]

Table 6: Comparative characteristics of methods for determining
Ni(Il) and Cu(ll).

0.35 -~
0.3 A
0.25
0.2 -
Abs
0.15 -
0.1 -
0.05 -

0 T T T 1
0 0.5 1 1.5 2
Vml ligand/Vml metal

Fig 5a: Molar ratio of complex [Ni(ANBS)CI;]

0.12 -+

0.1 A
Abs
0.08 -

0.06 -

0.04 3 N\
0.02 -
0 ¢

0 0 2 0304 05 06 07 08 09 1

10
Vml metal/Vml metal+Vml ligand

Fig 5b: job method of complex [Ni(ANBS)ClI;]
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Molar
Me Amax Linaer Absorptiv | Refer
Reagent . )
tal nm range ity (Lmol ences
1cm-1)
nicotinohydroxamic acid 530 2.57- 1.371x10° [31]
6.85
aminophenols {2-
piperidinomethyl-4-(1- 450 0.04-3.8 1.75x10*
methylcyclopentyl) phenol
2-piperidinomethyl-4-(1- " [32]
Ni methylcyclohexyl) phenol 465 0.03-42 2.94x10
2-piperidinomethyl-4-(3- 475 0.04-4.0 2 53x10¢
methylcyclohexyl) phenol
Prop
2.1550x10 osed
(ANBS) 485 5-50 A meth
od
470 0.5-5.0 6.55x10° [33]
aminophenols {2-
piperidinomethyl-4-(1- 545 0.03-3.6 3.05%x10*
methylcyclopentyl) phenol
2-piperidinomethyl-4-(1- 542 0.02-3.8 2.05x10° [32]
cu methylcyclohexyl) phenol
2-piperidinomethyl-4-(3- 533 0.04-3.6 3.25%10°
methylcyclohexyl) phenol
Prop
2.9455x10 osed
(ANBS) 400 5-50 A meth
od

04bs.

0.3 -
0.25 -
0.2 -
0.15 -
0.1 -

0.05 T
0

Vml metal/Vml metal+Vml ligand

0 010203040506070809 1

Fig 5d. job method of complex [Cu(ANBS) (H20).Cl:]
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3.7 The suggested structural formula of prepared
Ni(Il) and Cu(ll) complexes

The geometric shapes of the prepared complexes were
proposed, as square planar because of the strong field of
ligand and its dsp? hybridization were proposed for nickel
(11) complexes[37] and octahedral and Sp®d? hybridization
copper (I1) complexes, as shown in the Table 7 [38].

3.8 Biological activities

The antibacterial activity of ligands and metal complexes,
war tested on  four species of Dbacteria
namely:Pseudomonas, Klebsiellapneumonia, Candida
aureus, E.coli, Staphylococcus aureus and Serratia
marcecens by measuring the diameters of inhibition zone
on the Muller Hinton agar plates. The Inhibitory effects of
[Cu(ANBS) (H20)z(pyph)] as in Table 8 and Fig 6,
[Cu(ANBS) (H20). Clz] and [Ni(ANBS) (pyph)]. Our
observation indicated that activity. Activity 35, 24with
[Cu(ANBS)(H20).Cl,] with [Ni(ANBS) (pyph)] showed
best antimicrobial activity against Serratia marcecens
(Gram-negative) .That was confirmed by the literature[5].
This may be due to its effect on the peptidoglycan, the
layer of cell wall which is thicker in Gram-positive than
Gram-negative bacteria [39]. On the other hand, the
[Cu(ANBS)(H20).Cl;] (1000 ppm) showed the highest
antibacterial activity. This may be attributed to obtaining
the highest percentage of copper metal, as this was eviden
from the complexes distribution. One possible way of the
mechanism of action of complexes involves wrapping
around the bacterial cells and trapping them. Moreover,
direct contact of bacterial cells can caused damage the
plasina membrane, leading to intracellular substances
leakage and adversely affecting cellular metabolism
[40,41] complexes also have a relatively large surface
area, which makes their complexes capable of inactivating
the cells of microorganisms [42]. Cell morphology plays
an important role in the bactericidal efficacy of the metal
complexes. Gram negative and Gram-positive bacteria
have different chemical compositions and cell wall
structures.

Fig. 6. Bacteriostatic activity of Serratia marcecens and
Staphylococcus aureus

Table 7. The geometric shapes of complexes

No Complexes The molecular structure

[Ni (ANBS)ClI]
Dichloro(4-((2-amino-5-
nitrophenyl)diazenyl)benzene
sulfonic acid) nickel(ll)

NO,

CI_NH\NHZ

Cl

NO,

[Cu (ANBS)(H20)2Cl2]
Diaquadichloro(4-((2-amino-

HOzSOIN

2 5-
nitrophenyl)diazenyl)benzene O ——NH,
sulfonic acid) cupper(ll) OH/ .
H,0
NO,
HSOgON:N

[Ni (ANBS) pyph] l
3 p)frophasphet¢.7(4-((2-amino-5- ° L —_—

nitrophenyl)diazenyl)benzene NaO— / /

sulfonic acid) nickel(ll) O//p\ /o

o—P{_
O// ONa

[Cu (ANBS)(H:0)> ma] “sos*@>““

Diaquamalonato(4-((2-amino-

5-

nitrophenyl)diazenyl)benzene
sulfonic acid) cupper(ll)

In comparison to the thin layer of peptidoglycan in the cell
wall of Gram-negative bacteria, Gram-positive bacteria
have a thick coll wall consisting of several layers of
peptidoglycan [43,44].

Table 8. Bacterial activity results
Serrati Staphyloc E _Cand Klebsiel Pseudom
Compounds oM a occus co ida la onas
SO marce aureus i aureu pneumo
cens s niae
(ANBS)
Ci12H10N4OsS
[Ni(ANBS)Cl3]
[Cu(ANBS)(Hz
02 Clp] % i
[Cu(ANBS)(H
0O)2(ma)]
{En(ANBS)(pyp ] 20

4. Conclusion

Depending on the information obtained, it showed the
prepared new ligand as reagent were double-linked with
the metals used via the azo group and (NH.) substituted
group, which gave very stable complexes. The octahedral
shape was proposed for copper(Il) complexes, while the
square planar shape was proposed for nickel(ll)
complexes The results showed the use of the prepared
ligand as good reagent to estimate nickel(ll) and
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copper(I), which provided highly sensitive, simple, fast
and inexpensive methods. some of the prepared
compounds showed inhibitory activity on some types of
bacteria Serratia marcecens and Staphylococcus aureus. It
is possible to study their effect on cancer cells due to the
ability of the complexes to mutate DNA and thus cause
catabolic cell death. It is also possible to study the drug
synergistic effect, which may increase the drug
effectiveness against bacteria.
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