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Abstract:

The study of inorganic chemistry, particularly coordination chemistry, has become
increasingly important in recent years due to its significant advancements in the scientific field
of preparing and characterizing coordination complexes. Coordination compounds have
attracted considerable attention from researchers because of their crucial role in various aspects
of life. These complexes have been used extensively in medicine, industry, agriculture, and
even in the field of Pollution. The formation of these complexes involves transition elements
and representative elements, but they are particularly observed with transition element ions.
This is because they provide empty orbitals, and their orbital energies are lower than those of
the nonmetal atoms involved in the ligand structure, which possesses non-shared electron pairs

capable of bonding with the metal ion.

Nickel is the eighth element of the first transition series (3d elements), and it has an outer
electron configuration (4s? 3d®). The stability of its compounds decreases as its oxidation state

increases, and the oxidation state (II) is one of the most stable states of nickel. Therefore,
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nickel(II) is the most common in the chemistry of transition elements, but it is not easy to work

with because of the changes that occur in the structure of some octahedral, tetrahedral, and

square planar complexes, as well as the formation of polymers.

Keywords: Benzatriazole, Phenonthroline, and Biperidine biological effectiveness, anti-

cancer, Ni (II) complexes.

UJQ L"Jlal\ D) Jil) clateal s pdl dllaal) bl L-H\JJ\, Uadl g yuaal

4 gaal) Lgrillad anii g Cpudy yulall g Cuad g 50 9 g J 9 30 5 30 (i (e g
‘}r— s Dle
Ol 3 g i bl 2 ppadl iy 35555

Alaa.hamad.ali@st.tu.edu.iq :cas ey

«AaMAl

5 ) pal Al il anmill ) 5k 5 Al ol gl 8 ¢ ARl eliasS Laps ¥ g iy saandl 56 eLaasll A o dpaal ol
Calite & 5 gmall a5l cpfialill (e il alaialy Colainall o3a i 385 Gusiill Cildine Ciipn 35 yiian Jlae
gl AndlSa Jlae 8 s g el s deliall g calall 8 al s 3l o cilainall 038 axdiudy slall il s
Y] jealial) gl g pala IS5 2aa 2 LSl A jualic 5 A jualic Cilaieall s34 (1 5S5 Canaly
g eyl 5l sy 8 AS Liall ol SNl 53 A5 Hlia Ll jlae il aldil 5 e 5l i jlae Ly 5 ) Glld 3 gay

DU 05l Bl Y e 5 a8 S e e A5 ) B 5l i

D) J& (452 3d®). SsiSl) ws als ¢(3d) malie (oY) ANEEY) ALudud) 8 (elill) seaial) ga ISl
s (I1) ISl ()8 el J<ll 1)y 5auSY) Vs ST (e (1) 5208y Al 205 5 caianSl Ala 2l ) g 43Uy
oA Ay (A Gaad A Gl G dxe Jead) Jgaall (e G 4Ty AERY) jualiall cliaS 8 1 sui Y

-l e sall 03 585 () ALYL A i) Ax sl 5 oz skl ey ) 5 oz shasad) plad LS )

(ISl o Gla ol 3alcas il 505 dam ohL Adad | cps yuls 5 Cls 5538 | U5 sal i i rdualidal) cilalsl)

1. Introduction:

Benzotriazole (C<HsN3) represents a versatile N-heterocyclic ligand widely recognized in
coordination chemistry for its strong electron-donating capabilities and diverse coordination
modes (V. Possessing adjacent nitrogen atoms, it effectively coordinates with transition metal
ions—particularly intermediate Lewis acids like nickel, Ni(Il) to assemble structurally unique
complexes and polymeric architectures ®. Beyond structural intrigue, the integration of Ni(II)
centers with benzotriazole derivatives enhances biomolecular interactions, often leading to

potent cytotoxicity against specific cancer cell lines ). In particular, evaluating the in vitro
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antiproliferative activity of these metal complexes against human breast adenocarcinoma

(MCF-7) offers critical insights into their targeted anticancer potential ). Consequently, the
synthesis and biological screening of novel Ni(Il) benzotriazole complexes continue to serve as
a promising direction in bioinorganic and medicinal chemistry .

Nickel (Ni) complexes with Schiff base ligands represent a pivotal class in modern coordination
chemistry due to their facile synthesis, structural flexibility, and high thermodynamic stability.
These complexes efficiently coordinate through multi-donor atoms such as nitrogen and oxygen
(N,O-donor systems), exhibiting versatile coordination geometries alongside tailored electronic
and catalytic properties . Recently, they have shown promising potential in clean energy
technologies, including electrochemical systems and hydrogen storage applications, owing to
their robust structural stability and redox behaviors . Furthermore, Schiff base nickel
complexes display significant biological efficacy as potent antibacterial, antifungal, and
anticancer agents, positioning them as valuable candidates for advanced pharmaceutical and
technological research ®.

2-Experimental

An automatic melting point device (SAM30) was used to determine the melting point of the
produced compounds. A SHIMADZU 8400S spectrometer was used to record the complexes'
infrared spectra (FT-IR) as discs (KBr) (within the range 400-4000 cm™"). The nuclear magnetic
resonance spectrum was recorded using a Varian Unity Spectrometer (400 MHz) in DMSO-d6
solvent. The properties of the thick or thin samples of the material, their shape, and the
determination of their nanoscale or crystalline dimensions of the particles were determined

using a TESCAN MIRA3 instrument.

3. Material and methods:

3.1 Preparation methods:

3-1-1 The ligand is prepared using (L)((H-benzo[d][1,2,3]triazol-1-y)(phenyl) methanone
a suspension of 3 g (0.02581 mol) benzotriazole solution dissolved in 15 ml of absolute
ethanol, stirring until dissolved, in an ice bath. Then add 3 ml (0.02581 mol) of benzyl chloride
drop by drop. The temperature should not exceed 0—-5°C. The solution changed from clear to a
thick white suspension and was left to stir for four hours. The material was filtered and allowed
to dry at room temperature. The weight was 3.7008 g, the melting point was 106-109 C°, and

the concentration was Yield 85% ©.
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3-1-2 Preparation of the complex [Ni(L)2Cl2]

A hot, green solution of (0.026g, 0.0001 1mmol) in (5ml) of ethanol was added to a ligand
solution (L) of (0.05g, 0.00022mmol) in (5Sml). A suspension was formed. The mixture was
heated under a temperature of 80°C for two hours, then the precipitate was filtered and washed
with cold ethanol and left to dry at room temperature (wt=0.055g, Yield =72%, m.p=240-
243°C).

3-1-3 Preparation of the [Ni(L)(Phen)]Cl2 complex

A suspension of (L) (0.531 gm, 0.00237 mol) in absolute ethanol (10 ml) was added to a
solution of nickel chloride (NiClz) (0.839 gm, 0.00237 mol) in ethanol (15 ml). The mixture
was stirred for one hour, then a solution of (10,1 phenanthroline) (0.427 gm, 0.00237 mol) in
ethanol (20 ml) was added. The final mixture was raised for three hours, resulting in a light

green suspension. The precipitate was filtered, washed with cold ethanol, and oven dried under

reduced pressure (1.578gm , Yield =87.81% , M.P 275-278).
3-1-4 Preparation of the [Ni(L)(Bipy)]Cl2 complex

A suspension of (L) (0.121 gm, 0.00054 mol) in absolute ethanol (10 ml) was added to a
solution of nickel chloride (NiCl2) (0.190 gm, 0.00054 mol) in ethanol (15 ml). The mixture
was stirred for one hour, then a solution of (2,2'-biperidine) (0.082 gm, 0.00054 mol) in ethanol
(20 ml) was added. The final mixture was raised for three hours, resulting in a light green

suspension. The precipitate was filtered, washed with cold ethanol, and oven dried under

reduced pressure (0.350 g, Yield =89.05%,, M.P 280-282).
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Complex diagram :(1:1) [Ni(L)Clz], [Ni(L)(Bipy)]|ClL, [Ni(L)(Phen)]|Cl:

4. Evaluate bacterial activity:
4-1 Evaluate the bacterial activity of the prepared complexes:

The biological activity of the prepared complexes was tested on two types of bacteria: Gram-
negative and Gram-positive, using the etching method. The bacterial isolates used were

identified by the Department of Life Sciences, College of Science, University of Mosul.

1) Citrobacter freundii (Gram-Negaive)

2) staphlycocas aureus (Gram-positive)

3) ( Staphylococcus epidermidis) (Gram-positive)
4-1-1 Method of operation:

The complex solutions were prepared using DMSO solvent at concentrations of (107!, 1073,
10-°). The culture medium was then prepared. The bacteria were activated by dissolving (15gm)
of nutrient agar in (0.5L) of distilled water and placing it in a conical flask. The mixture was
mixed well and heated until the agar (a gelatinous substance used as a nutrient medium for
bacterial growth) was completely dissolved. After that, the culture medium was placed in a
sterilizer at a temperature of (121°C) and a pressure of (15 bar) for 15 minutes . Then, after
removing it, it was poured into Petri dishes and left to solidify. After that, (3-5) smears of the
prepared bacterial samples were placed and incubated for 24 hours at 37 degrees Celsius in the

incubator. Then, the culture medium used to evaluate biological activity was prepared by
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dissolving (53.5gm) of Mueller-Hinton agar in (1L) of distilled water. Then, the medium was

placed in a sterile device (Autoclave) at a temperature of (121°C) and a pressure of (15 bar) for

15 minutes UV,

The medium is extracted after sterilization in an autoclave and poured into Petri dishes. It is
then left to solidify. A quantity of activated bacteria is taken by swab and applied to the Mueller-
Hinton agar medium by completely covering the dish and marking it. It is left for half an hour
to absorb (12, Then, holes are prepared using a sterile cork drill with a diameter of 5 mm. Four
holes are made, and 1 ml of the prepared compound solutions is added to each hole at different
concentrations. All dishes are then incubated for 24 hours. The antibiotic cefepime is used at a
concentration of 5-10~° M, and its inhibition of the bacteria is observed ® . The diameter of the
inhibition zone for each complex is then measured using a millimeter ruler and compared with

the inhibition range of the antibiotic cefepime 4.

5. Results: and Discussion :

This research involves the preparation and characterization of several nickel(II) complexes,
piperidine ligands, and phenenthroline coligands. The prepared complexes were characterized
using several physical and spectroscopic methods. The following ligands were used in this

research:
1) ((H-benzo[d][1,2,3]triazol-1-y)(phenyl)methanone)) (L)
2) 2,2-Bipyridyl (Bipy)
3) 1,10-phenanthroline (Phen)

5.1 Molar Conductivity :

The molar conductivity of solutions is widely used in coordination chemistry to determine the
ionic formulas of complexes in solution and in the solid state. The greater the number of ions
released by the complex in solution, the higher its electrical conductivity. A complex that does
not ionize has a low conductivity that can be neglected !3. The electrical conductivity of the
prepared complexes was measured at a concentration of (102 M) in dimethyl sulfoxide

(DMSO) solutions at room temperature (25°C), as shown in the table 19,

The molar conductivity results for the prepared (L) ligand complexes showed values ranging
from 67.3 to 78.6 ohm™ cm™ mol™, indicating the presence of two Cl ions within the

coordination sphere. In contrast, the [Ni(L)Clz] complexes, where we expect two Cl ions to be
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present outside the coordination sphere, showed values ranging from 75.4 to 78.6. This is

consistent with the proposed formulas and supported by other analyses and measurements.
Table (1-1) shows the results of the molar electrical conductivity measurements for the prepared

complexes 17,

Table 1-1. Physical properties, melting points, percentage yields, and molar conductivity values of the

synthesized ligand and its Ni(II) complexes.

Seq Complexes Color M.P.C° Yield % Co?duc_glvny O_lllm-
.cm™ .mol
--- L Sl aa 106-109 85.9 2.0
1 [Ni(L)2Cl] sl 240-243 72 67.3
2 [Ni(L)(Phen)]Cl» i il 275-278 87.8 75.4
3 [Ni(L)(Bipy)]Cl» il 280-282 89.05 78.6

5.2 Infrared Spectrum of the (L) Complex

The ligand was identified by infrared spectroscopy. As shown in figure (1-2). The infrared
spectrum of the free ligands showed the disappearance of the (N-H) v"® band at position
(3415cm), and the clear appearance of the C=0) v band at position (1708cm) cm*®" as well as
the appearance of the aromatic C-H) v band®? at position (3060 cm™ ) and the appearance of a

band belonging to (N=N) at position (1448 cm™' ) @V

5-2-1 Nuclear Magnetic Resonance Spectrum ! Hnmr for (L) ligand

The proton nuclear magnetic resonance spectrum of the IH NMR ligand, as shown in figure
(1-3), measured with DMSO-d6 solvent, showed a multiple signal within the chemical shift
(8.35-7.60ppm) 6H, which is due to the aromatic (C-H) of the nine protons of the ligand, and
the appearance of a triple signal at the chemical shift (8.32ppm) 6H, which is due to protons 5
and 9, and a double signal at the chemical shift (8.12ppm) dH, which is due to protons 1 and 4,
and two triple signals at the shifts (7.85ppm and 7.82ppm) dH, respectively, which are due to
protons 2 and 3, and a multiple signal within the chemical shift (7.66ppm) dH, which is due to
protons (6, 7, 8).

5-2-2 Nuclear Magnetic Resonance Spectrum 3C-"H N.m.r of the (L) ligand

The *C-{"H}NMR spectrum of the ligand, as shown in figure (1-4), measured with DMSO-

d6 solvent, showed a carbon atom signal of the carbonyl group (C=0) at a displacement of
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0C=167.09 ppm. This signal appeared in this region due to the high electronegativity of oxygen.

The other signals are due to the remaining 12 carbon atoms of the ligand.

wof T R —,,
35|00I o I30|DOI o .:25IOCI' o .'IZDIOOI o I175ﬂl) o ‘IISOOI o I12|50I o ‘IIOIOCI' o I750I o I560I
1/cm
Figure (1-2) — Infrarotspektrum des Liganden (L)
hE T M A RRR N o S BB ERRERR B 2B R ERBIRER

DMISO
] HOD

Moo
oH WY "N=C
H Ph

.0 0% 100 B8 %0 65 A 78 F0 A5 60 55 S0 45 40 3§ 30 2% 20 15 10 0QF 00
1 (ppei)

Figure (1-3) "H NMR spectrum of the L complex
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Figure (1-4) 3C-{1H} NMR spectrum of the L complex

5-2-3 Infrared spectrum the [ Ni(L)Clz]

The infrared spectrum of the Ni(L)Cl> complex, as shown in figure (1-5) , showed a band at
position (3066cm™) corresponding to the aromatic (C-H) frequency ?. A strong band was also
observed at(1606¢cm-!) corresponding to the stretching frequency of the (C=0) group !, as
well as a band at position (485cm-!) corresponding to the (N=N) frequency . A band was
also observed at position (547cm™) corresponding to the (Ni-O) frequency, a band at position
(449 cm-!) corresponding to the (Ni-N) frequency, and a band at position (1267 cm-!)

corresponding to the (C-N) frequency 2.
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Figure (1-5) IR spectrum of the [ Ni(L)Cl:]
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5-2-4 Spectrum of Nuclear Magnetic Resonance {'H} n.m.r of the [Ni(L)Clz2] complex

The proton nuclear magnetic resonance spectrum of the 1H NMR ligand, as shown in figure
(1-6), measured in DMSO-d® solvent, showed a triplet signal within the chemical displacement
(8.30-8.41 ppm) 0H with approximately two protons, which is due to a proton in a, a doublet
signal within the displacement (8.1-8.2 ppm) 6H, which is due to a proton in b, a multiplet
signal within the chemical displacement (7.80-7.90 ppm) 6H, which is due to a proton in d, a
singlet signal at (7.60-7.65) 6H, which is due to the protons of C, and a triplet signal within the
chemical displacement (7.65-7.70 ppm) 6H, which is due to a proton in e.
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Figure ( 1-6) Spectrum of nuclear magnetic resonance ('H-NMR) of the Ni(L)Cl, complex
5-2-5 Infrared spectra of the complex [Ni(L)(phen)|Cl

The infrared spectrum showed a sharp and strong beam within the range (1672 cm™) which
is attributed to the stretching frequency of the (C=N) group within the ring ?¥. and the
appearance of a beam within the range (2979 cm!) which is attributed to the aliphatic (C-H)

T —
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

EE,———
230



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq

Alaa H. Ali. / Al-Kitab Journal for Pure Sciences (2026); 10(2):221-241.
P,
group®?, and a beam at the range (3060 cm™) which is attributed to the aromatic (C-H) group

(20 and the appearance of a beam at (1421 cm™") which is attributed to the stretching frequency
of the (N=N) group v @Y, and a sharp beam at (1618 cm™") which is attributed to the stretching
frequency of the (C=C) group L% , as well as a beam within the range (1672 cm™)?>? which
is attributed to the (C=N) group in the (Phen) ligand. Additionally, the remaining bands appear

in their positions, as shown in Figure (1-7).
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Figure (1-7) IR spectrum of the ligand [Ni(L)(phen)]Cl>

5-2-5- TH nmr NMR spectrum of the [Ni(L)(phen)]Cl2 complex

The proton NMR spectrum of the complex measured with DMSO-d® solvent showed that the
Phen proton signals exhibited a single signal at (§H=8.1 ppm) with two protons complemented
and attributed to a proton at position H4; a double signal at (§8H=8.27 ppm) with two protons
complemented and coupling constants (*Juz-n3=8.2 Hz) and (*Ju2-u1=4.65 Hz) attributed to a
proton at position H2; a double signal at (§8H=8.8 ppm) with two protons complemented and
coupling constants (*Jus-n2=8.16 Hz) and (*Jus-n1=1.56 Hz) attributed to a proton at position

H3; and a broad single signal at (§H=9.1 ppm) with two protons complemented and attributed

to a proton H1. as shown in Figure (1-8).
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Figure (1-8) 'H nm NMR spectrum of the [Ni(L)(phen)]Cl> complex
5-2-6 Infrared spectra of the complex [Ni(L)(Bipy)]Cl2

The infrared spectrum showed a sharp, strong band in the range of 1672 cm™, which
corresponds to the stretching frequency of the C=N group within ring *¥. A band in the range
0f' 2996 cm ™ was attributed to the aliphatic C-H group, and another band in the range of (3066
cm ) was attributed to the aromatic C-H group ?°. A further band in the range of 1446 cm™
was attributed to the C=N group in the Bipy ligand ®, which shifted to a lower frequency than
in the free ligand, specifically at (1672 cm™). This shift indicates a bidental chelate symmetry
of Phen with the metal. The remaining bands appeared in their respective positions, as shown

in Figure (1-9).

100

%T

[o1]
o

[+)]
o

B
o

N
o

74282

o

'
N
o

B o L o e e o B L B e R AR
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Figure (1-9) Infrared spectrum of the ligand [Ni(L)(Bipy)]Cl2
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5-2-7 'H nmr Nuclear Magnetic Resonance Spectrum of the [Ni(L)(Bipy)]Cl2 complex

The proton NMR spectrum of the complex measured with DMSO-d® solvent showed that the
proton Bipy signal exhibited a single signal at (§H=8.11 ppm) with two protons complemented
and attributed to a proton at position H4; a double signal at (§8H=8.26 ppm) with two protons
complemented and coupling constants (*Ju2-n3=8.2 Hz) and (*Jmo-n1=4.65 Hz) attributed to a
proton at position H2; a double signal at (xH=8.25 ppm) with two protons complemented and
coupling constants (*JH3-H2=8.16 Hz) and (*Jus.u1=1.56 Hz) attributed to a proton at position
H3; and a broad single signal at (§ H=8.33 ppm) with two protons complemented and attributed

to Proton H1. as shown in Figure (1-10).
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Figure (1-10) "H nm NMR spectrum of the [Ni(L)(Bipy)]Cl> complex

5.3 Results of the biological activity of the prepared compounds:

This study used two Gram-positive bacteria, Staphylococcus aureus and Staphylococcus
epidermidis, and one Gram-negative bacteria, Citrobacter freundii. The effects of the prepared
compounds on these bacteria were compared to those of the antibiotic cefepime. Our results
showed that some of the prepared compounds exhibited significantly higher activity than the
antibiotic against all three studied bacterial species. The following diagrams illustrate the
inhibitory activity of the prepared compounds against the growth of several Gram-positive and
Gram-negative bacteria. (Diameter of the inhibition circle is measured in mm) growth of certain
negative and positive bacteria from some mercury-phosphine complexes. (Inhibition circle

diameter measured in mm, ®*- As shown in Table (1-2),and figure (1-11)and(1-12).
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Scheme (1-1) The inhibitory action of the synthesized compounds on the

40 - m Staphylococcus
aureus
30 - m Staphylococcus
pidermidis
20 -
10 -
0
m < wn m < n m < n
< < < < < < < < <
o o o o o o o o o
— — — — — — — — —
* * * * * * * * *
- - - - - - - - -
Cefepime Free A ligand [[NI(BTH)(Bipy)ICI2[NI(BTH)(Phen)]CI2

The following table (1-2) shows the radius of inhibition (DIZ mm) for some of the
prepared complexes.

pla(DIZ)haiill jhé Ciual
Comps. Staphylococcus | Staphylococcus Citrobacter

Conc aureus pidermidis freundii
L) 10! 10 10 NIZ
107 10 10 NIZ
Vel 10 10 NIZ
[Ni(L)ClL] 10! 30 30 £
103 30 40 £
Voo? 130 30 S
[Ni(L)(Bipy)]Cl2 10! £ 20 20
103 £ 30 £
Voo? 130 1) 30
[Ni(L)(Phen)]Cl2 10! £ 30 30
107 £ £ 20
Yot £ 20 20
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Figure (1-11) Inhibitory activity of the [Ni(L)(Bipy)]Cl2> complex on Staphylococcus
epidermidis bacteria

Figure (1-12) Inhibitory activity of the [Ni(L)(Phen)]Cl> complex on Citrobacter freundii
bacteria

5.3 Anti-cancer study

FAS 100 and 89 were tested for their anti-cancer effects on cancer cells using MTT [4,5-
2,5-diphenyltetrazolium bromide dimethylthiazole-2-yl]. They diluted the stock solutions to the
necessary concentrations after the FAS [Ni(L)(Bipy)]Clz and [Ni(L)(Phen)]Cl, were dissolved
in DMSO. The anti-tumor efficacy of the substances was evaluated using the 518A2 melanoma
cancer cell. A 96-well plate was filled with cancer cells. The FAS 100 and 89 were introduced
at doses of 0.1uM, 1 uM, 10, 100, and 200 uM, and 400uM after a 24-hour incubation period.
DMSO served as the negative control. The MTT test was given 48 hours after the start of
therapy. In short, Each well received 100uL of brand-new medium. after the medium was taken
out of the 96-well plate. After adding 10 pL of the previously made Stock solution of 12 mM
MTT (SERVA) and incubating for four hours at 37 °C, each well was given A 0.01 M SDS-
HCI solution in 100 pL. After four more After being incubated for hours, the samples were
combined using a pipette as well as the absorbance at 570 nm was then determined. For
statistical analysis, the experiments were conducted three times ¢,

The mixed ligand Ni(II) complexes [Ni(L)(Bipy)]Cl> and [Ni(L)(Phen)]Cl, have anticancer
properties. An MTT assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide was used to evaluate Cl against 518A2 cancer cell lines. Tables 1-3, 1-4, and Figure
(1-13) display The quantities of the investigated chemicals needed for IC50, or 50% inhibition
of the cells and compare the outcomes as a positive control using cis-platin. [Ni(L)(Bipy)]Cl2
With an IC50 value of 187.40 + 8.34 uM,Cl> exhibited the strongest activity against 518A2,
while [Ni(L)(Phen)]Cl, With an IC50 value of 163.01 + 6.21 puM, Cl, showed poor anti-cancer

effect against similar cell lines GV,

Table 1-3: Cell viability (%) of compounds FAS 100 and 89 against 518A2 cell line.

Cell survival (%)
Concentrated (uM) B4 33
0.000 100 100
0.100 100 99.50
1.000 96.71 91.56
10.00 84.96 80.26
100.0 81.10 73.89
200.0 49.97 38.30
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400.0 \ 21.25 \ 19.34
* * These figures represent the mean of three replicates.

Table 1-4: ICso values of compounds FAS 100 and 89 against S18A2 cell line in
comparison to cis-platin.

Compound ICso value (UM)
[Ni(L)(Bipy)]Cl» 187.40 + 8.34
[Ni(L)(Phen)]Cl, 163.01 £6.21
Cis-platin 1.76 £ 0.99
10—
k=
- il — 1 = |
S
3 Bl ———
1 L L L L - L . ﬁ.l
0.0 0.5 1.0 10.0 100.0 200.0 3Joo.o

Concentration(ja M)

Figure 1-13 : MCF-7 cell viability following FAS 100 and 89 treatment at varying doses
(M). P value in each instance is 0.005..

5.4 SEM study:

The majority of coordination complexes can be created with regular geometric structures at

nanoscale levels, according to recent research on their geometric structure . SEM was used to

examine the microstructure's morphological appearance in a few of the produced complexes.

The [Ni(L)(Bipy)]Clocomplex's average particle size was Sum, which is one of the

nanoparticles, according to scanning electron microscopy investigation ¢?. As shown in (1-

figure (1-14)
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Figure (1-14): (a) SEM image of the [Ni(L)(Bipy)]Cl> complex at 1 pm and 5 pm

6. Conclusions

In this study, a novel series of nickel(Il) complexes incorporating mixed ligands (N-
heterocycles including 1,10-phenanthroline, 2,2'-bipyridine, and benzotriazole) were successfully
synthesized and thoroughly characterized using various analytical, spectroscopic, and physical
techniques. The structural and coordination geometries of the prepared complexes were confirmed

to adopt square-planar/octahedral arrangements around the Ni(Il) central metal ion.

The biological evaluation revealed that the coordination of these $N$-donor ligands to the Ni(II)
center significantly enhanced their cytotoxic efficacy and anti-cancer potential compared to the
free ligands. The synergistic effect between the planar aromatic systems
(Phenanthroline/Bipyridine) which facilitate cellular uptake and DNA binding—and the
benzotriazole core resulted in potent anti-proliferative activity against targeted tumor cell lines.
Overall, these findings highlight the promising role of mixed-ligand Ni(II) complexes as effective
bio-active agents and pave the way for further structural optimization in targeted anti-cancer drug

development.
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