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 A B S T R A C T 

Four novel mixed-ligand complexes, [Co(L1)(L2)(H2O)], [Cu(L1) (L2)(H2O)], 
[Ni(L1)(L2)(H2O)] and [Zn(L1)(L2)(H2O)] (L1 = Schiff base [5-(diethylamino)-2-
(((4-phenylthiazol-2-yl)imino)methyl)phenol], L2 = proline have been pre-
pared and identified. The synthesized complexes are characterized by molar 
conductance, magnetic measurements (μeff), elemental analysis (CHN), 
FTIR, UV–visible, 1H NMR, ESR, mass spectrometry, and TG analysis. FTIR 
data are supported by density functional theory (DFT) calculations. The vi-
brational frequencies of molecules were computed using optimized geome-
tries performed using DFT calculations. In terms of antibacterial activity, 
complexes outperform mixed ligand. Anticancer activity was screened 
against human cancer cells such as Follicular Thyroid Cancer cells (FTC-
133). The results indicate that complexes show increased cytotoxicity in the 
proliferation of cell lines. Antioxidant activities were shown that mixed lig-
and complexes have high reactivity. Antioxidant activity determines the 
compounds' effect on Liver Function Enzyme (GOT, GPT, and ALP) in Sera of 
carbon tetrachloride-treated Albino Male Mice. Molecular docking 

 

 
Introduction 
Schiff bases are weak bases that can be broken down by mineral acids but not by water-based alkalis. Schiff 
bases made from formaldehyde tend to become polymerized [1]. Schiff bases should have functional groups 
close enough to the condensation site to make a five- or six-membered chelate ring when they react with metal 
ions [2]. The size of the formed chelate ring can be changed by moving donor atoms and groups to see how 
substitution and steric factors affect ring size [3]. These products have been used a lot in theoretical studies 
and as a starting point for the following steps to making a heterocyclic compound [4]. Those containing Schiff 
bases are recognized to exhibit distinctive properties [5, 6]. In biological flu-ids, where millions of possible lig-

ands compete for metal ions in vivo [3], mixed ligand complexes play an important role in biological chemistry 
[7]. The Schiff bases are stable; however, the Schiff base formed from aromatic chemicals is more stable than 
the Schiff base derived from aliphatic components [8]. Aromatic aldehydes with efficient conjugation are more 
stable than aliphatic aldehydes, which are easily polymerized [9]. In addition to their anticancer characteristics 
[10], several mixed amino acid complexes promote the infusibility of other complexes and enhance their biologi-
cal action within cells [11]. In re-cent years, such methods have become increasingly common in the chemo-
therapy field [12]. The synthesis and characterization of the complexes [Co(L1)(L2)(H2O)2], [Cu(L1) (L2)(H2O)2], 
[Ni(L1)(L2)(H2O)2], and [Zn(L1)(L2)(H2O)2] are described in this work. Density functional theory (DFT) calcula-
tions, including geometry optimization, vibrational frequency analysis, and electronic structures were reported 
for synthesized molecules using B3LYP functional using 6-31+G(d,p) basis set for C, H, O, N, S atoms and 
LANL2DZ basis set for metal atoms. In this work, we preparation of L1 [5-(diethylamino)-2-(((4-phenylthiazol-2-
yl) imino) methyl) phenol] by condensation of 4-(diethylamino)-2-hydroxybenzaldehyde with 4-phenylthiazol-2-
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amine. These chemicals (L1) have an orange result. The general procedure for the preparation of complexes, the 
general process for synthesizing complexes is by utilizing the proper amounts of substances in the molar ratio 
(1:1:1) (M: L1:L2). First, an ethanolic solution of L1 (2 mM) was added to an aqueous solution of metal salts 
Co(II), Ni(II),  Zn(II)or Cu(II) (1 mM), followed by the addition of L2 (1 mM). At 35°C, the mixture was constantly 
agitated, and precipitates were obtained instantly. Next, the products were filtered, washed with ethanol, re-

crystallized from ethanol, and dried at 60°C. Table 1 lists the physical parameters of prepared complexes. An 
MTT assay was used to test anticancer efficacy of L1, L2, and their complexes against FTC-133.  
Materials and Methods 
Experimental 
Chemicals  
To conduct the current research, used high-purity analytical-grade reagents in experiments. The following 
chemicals were utilized: 4-diethylaminosalicylaldehyde (98%, Aldrich), 2,3-diaminophenazine (90%, Aldrich), 
cobalt nitrate hexahydrate (98%, Fluka), nickel nitrate hexahydrate (98.5%, Fluka), copper nitrate trihydrate 
(99%, Aldrich), cadmium nitrate tetrahydrate (98%, Aldrich), dimethyl sulfoxide (99%, Ficher), N,N-dimethyl 
formamide (99.9%, Merck), methanol anhydrous (99.8%, Aldrich), and ethanol (99.8%, Fluka). 

Apparatus 
Molar conductivity measurements were carried out of solid complexes in dimethylformamide (DMF) solution at 
room temperature by using a Jenway 4510 conductivity meter. The Faraday method (Faraday balance) was 
used to measure magnetic susceptibility at room temperature. a PerkinElmer 2400 CHN analyzer performed 
elemental analyses. The metallic content of the complexes using an atomic absorption spectrometer from 
Thermo Scientific iCE 3300 AA Spectrometer and Auto-Sampler Module. Using FT-IR Thermo Scientific 6700 
and a KBr disc to record the FT-IR spectra. The electronic spectra of the complexes were obtained by a Beck-
man Coulter DU 800 spectrometer, 1 cm quartz cells, and dimethylsulfoxide (DMSO) as the solvent. Mass spec-
tra of the complexes were performed by the direct input unit (DI-50) in the Shimadzu QP-5050 GC-MS. 1HNMR 
spectra were carried out by Varian Gemini 200 MHz with DMSO-d6 as the solvent. The micro-analytical team 
at Cairo University in Giza, Egypt conducted most of the analysis. 
Synthesis of Schiff base [5-(diethylamino)-2-(((4-phenylthiazol-2-yl)imino)methyl)phenol] (L1) 
L1 was prepared by 4-diethylaminosalicyaldehyde (0.97 g, 5 mmol) was added to 25 mL of hot methanol, fol-
lowed by the addition of 2-amino-4-phenylthiazole (0.89 g, 5 mmol) dissolved in 25 mL of methanol (Scheme 1) 
[24, 25]. The mixture was refluxed for 3 hrs. After condensation, the mixture was left to cool down to room 

temperature, resulting in the formation of orange precipitated crystals. The crystals were then isolated by filtra-
tion. 
Characterization of L1: color: orange; yield: 76%; M.p: 86 oC; elemental analysis, M.wt: 351.47 g.mol-1 
(C20H21N3OS) calculated: C, 72.83%; H, 6.47%; N, 14.99%; found: C, 72.80%; H, 6.40%; N, 5.05%. FT-IR (KBr, 
cm-1): 3047 ʋ(C-H)arm; 3359 ʋ(O-H); 1244 ʋ(C-N)phe; 1610 ʋ(C=N)azo; 1025 ʋ(C-O). 1HNMR (300 MHz, DMSO-
d6) δ 13.46 (m, 1H, OH), δ 13.36 (m, 1H, OH), δ 8.62 (m, 2H, CH=N), δ 8.52 (dd, J = 6.2, 3.4 Hz, 2H, Ar-H), δ 
8.34 (s, 4H, Ar-H), δ 7.73 (dd, J = 6.2, 3.3 Hz, 2H, Ar-H), δ 7.38 (d, J = 2.1 Hz, 1H, Ar-H), δ 7.30 (d = 8.9 Hz, 
1H, Ar-H), δ 7.09 (dd, J = 8.7, 2.2 Hz,2H, Ar-H), δ 6.89 (J = 8.7, 2.5 Hz, 2H, Ar-H), δ 4.79 (q, J = 6.9 Hz, 4H, 
CH2), δ 2.49 (t, J = 7.1 Hz, 6H, CH3). 

 

 
 

Scheme 1. Synthesis of L1 and C1-C4 complexes. 
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Synthesis of complexes: a general produce  
Complexes were prepared by mixing: CoCl2.6H2O, (1.456 g, 5 mmol); NiCl2 (1.454 g, 5mmol); CuCl2.2H2O 
(1.208 g, 5 mmol), and ZnCl2.4H2O (1.542g, 5mmol) with (2.803g, 5 mmol) of L1 (molar ratio 1:1) in solvent 
mixture DMF/EtOH/H2O (volume ratio 10:3:3 cm3) L2 (Scheme 1) [24]. The mixture was refluxed for 24 hr, 
and prepared complexes were left to cool at room temperature, then the mixture was filtered. The abovemen-

tioned method was also used to synthesize C2-C3 solid complexes utilizing NiCl2 (1.454 g, 5mmol); CuCl2.2H2O 
(1.208 g, 5 mmol), and ZnCl2.4H2O (1.542g, 5mmol), respectively. Different analytical methods were used to 
determine the characterization of the ligand and its complexes with metal ions. The results obtained for the 
metal complexes were listed and summarized as follows: 
Co(II) complex (C1) 
Yield 72%, color: Light blue, M.p: 188 oC, M.wt: 523.52 g.mol-1, Λm:17.9 ohm-1.cm-1.mol-1; elemental analysis 
for complex (C25H28CoN4O3S) calculated: C, 57.02 %; H, 5.11 %; N, 10.43 % ; S, 5.78 % and M, 10.86 %; found: 
C, 57.36 %; H, 5.39 %, N, 10.70 ; S, 6.12 % and M, 11.26 %.  FT-IR (KBr cm-1): 3056 ʋ(C-H)arm; 1247 ʋ(C-O); 
1618 ʋ(C=N); 443 ʋ(Co-N); 525 ʋ(Co-O) 
2.4.2. Ni(II) Complex (C2) 

Yield 70%, color: Brown, M.p: 200 oC, M.wt: 523.28 g.mol-1, Λm:17.4 ohm-1.cm-1.mol-1; elemental analysis 
for complex (C25H28NiN4O3S) calculated: C, 57.38 %; H, 5.39 %; N, 10.71 %; S, 5.13 % and M, 11.06 %; 
found: C, 57.38 %; H, 5.39 %, N, 10.71 %; S, 6.13 % and M, 11.22 %.  FT-IR (KBr cm-1): 3047 ʋ(C-H)arm; 
1258 ʋ(C-O); 1618 ʋ(C=N); 441 ʋ(Ni-N); 526 ʋ(Ni-O). 
2.4.3. Cu(II) Complex (C3) 
Yield 73%, color: dark brown, M.p: 188 oC, M.wt: 622.23 g.mol-1, Λm: 16.8 ohm-1.cm-1.mol-1; elemental analysis 
for complex (C34H34CuN6O2) calculated: C, 65.63 %; H, 5.51 %; N, 13.51 % and M, 10.21 %; found: C, 50.95 %; 
H, 5.54 %, N, 13.49 % and M, 10.18 %.  FT-IR (KBr cm-1): 3059 ʋ(C-H)arm; 1244 ʋ(C-O); 1619 ʋ(C=N); 443 
ʋ(Cu-N); 523 ʋ(Cu-O). 
Zn(II) Complex (C4) 
Yield 78%, color: Yellow, M.p: 263 oC, M.wt: 529.96 g.mol-1, Λm: 18.5 ohm-1.cm-1.mol-1; elemental analysis for 
complex (C25H28ZnN4O3S) calculated: C, 60.85 %; H, 5.11 %; N, 12.52 % and M, 16.75 %; found: C, 56.66 %; H, 
5.33 %, N, 10.57 %, S, 6.05 % and M, 12.34 %. FT-IR (KBr cm-1): 3053 ʋ(C-H)arm; 1245 ʋ(C-O); 1620 ʋ(C=N); 
428 ʋ(Zn-N); 574 ʋ(Zn-O). 1HNMR (300 MHz, DMSO-d6) δ 8.72 (m, 2H, CH=N), δ 8.45 (dd, J = 6.2, 3.4 Hz, 2H, 
Ar-H), δ 8.29 (s, 4H, Ar-H), δ 7.70 (dd, J = 6.2, 3.3 Hz, 2H, Ar-H), δ 7.37 (d, J = 2.1 Hz, 1H, ArH), δ 7.28 (d = 

8.9 Hz, 1H, , Ar-H), δ 7.01 (dd, J = 8.7, 2.2 Hz,2H, Ar-H), δ 6.85 (J = 8.7, 2.5 Hz, 2H, Ar-H), δ 4.79 (q, J = 6.9 
Hz, 4H, CH2), and δ 2.49 (t, J = 7.1 Hz, 6H, CH3). 
Biological activity 
Cytotoxicity assays 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) cell viability assay was performed on 
96-well plates to determine the substance's cytotoxicity. 1x104 cells were used to seed each well using cell 
lines. The cells were treated with the tested chemical once they had formed a confluent monolayer or after 24 
hrs. After 72 hrs of treatment, the vitality of the cells was determined by removing the medium, adding 28 L of 
a 2 mg/mL MTT solution, and incubating the cells at 37 °C for 1.5 hours. After removing the MTT solution, the 
crystals in the wells were solubilized by adding 130 L of Dimethylsulfoxide (DMSO) and incubating for 15 min 
at 37 °C with shaking. The absorbency was determined using a microplate reader set to 490 nm (test wave-
length) and repeated three times. The following equation was used to compute the rate of cell growth inhibition:  

Inhibition rate = A‒B / A *100 
Where A and B are the optical density of the control and the optical density of the test. 
Assessment of Hepatoprotective and kidney protective effects 
Hepatoprotective and kidney protective effects were assessed in mice treated with complexes. The parameters of 
assessment were assessed in liver fiction enzymes (GOT), (GPT) and (AlP) in serum, in addition to kidney func-

tion test (Urea, Creatinine). 
Experimental design 
The dose (200 mg/kg) was tested for hepatoprotective and kidney protective effects in eight groups of mice in a 
hepatoprotective and kidney protective study (each of 4 mice, and the total was 32 animals): 
Group I: For 7 days, mice were given a single daily dose (0.1 ml) of distilled water (negative control (DW)). 
Group II: Mice received a single daily dose (0.1 ml) of DMSO (positive control (DMSO)) for 7 days. 
Group III: Mice were given a single dose of 0.2 % CCl4 in olive oil (0.1 ml) for 1 day and then Cu, Ni, and Zn 
complexes (0.1 ml) once daily for the next 7 days. 
The tested compounds were IP injected for eight days, and the mice were killed and dissected. Before the 
mouse was sacrificed, blood was taken through heart puncture, transferred to an Eppendorf tube, and allowed 

to clot at room temperature for 15 minutes before serum was extracted using centrifugation at 3000 rpm for 10 
minutes. The serum was used for the assessment of liver fiction test (GOT), (GPT) and (Alp), and (Urea, Creati-
nine test). 
(GOT): GOT enzyme activity was measured in mouse serum using an enzymatic colorimetric technique. A 
commercial kit (Randox Company) was employed for this purpose. 
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(GPT): The enzyme activity of ALT was evaluated in mouse serum using the same enzymatic colorimetric ap-
proach used to determine AST's activity using a commercial kit (Randox Company).  
(ALP): The enzyme ALP was measured in mouse serum using a commercial kit manufactured by Bio Merieux 
Company and the most generally used method. Di-sodium phenyl phosphate is hydrolyzed, resulting in the 
liberation of phenol and the creation of sodium phosphate. The amount of phenol produced is calculated using 

calorimetry. 
Computational Methods 
The electronic structure calculations were carried out using the Gaussian-16 (G16) quantum chemistry pack-
age [13]. Normal-mode analysis of frequencies was counted for all structures to ensure imaginary frequencies' 
absence in the minima [14- 16].  Using Becke’s three-parameter hybrid method, the calculations were carried 
out using the LYP correlation functional (B3LYP) [17]. The geometry optimization was performed using B3LYP 
functionals and 31+G(d,p) basis set for C, H, O, N, and S atoms and the LANL2DZ basis set [18] for metal at-
oms. The solvent effects have a significant impact by utilizing the conductor-like polarizable continuum model 
(CPCM) method with DMSO as solvent. Frequency calculations were performed on the optimized geometries at 
the same level of theory; all computed vibrational transitions have no imaginary frequency implying that each 

optimized geometry is located at the global minimum point on the potential energy surface. The calculated vi-
brational modes in the absence of the imaginary frequencies indicate that the molecule's corresponding opti-
mized structure is the most stable one. The DFT calculations obtained vibrational mode values that were 
measured by a factor of 0.966 [19]. The frontiers' molecular orbitals energies and electron densities were calcu-
lated using the B3LYP method and the LANL2DZ as a basis set. The HOMO-LUMO energy calculations were 
measured for all compounds at the same level of theory using the TD-DFT (Time-Dependent Density Functional 
Theory) method [20]. 
RESULTS  
Synthesis and Characterization  
Several experimental techniques such as FT-IR, 1H NMR, UV-Vis.MS, elemental analysis, molar conductance, 
and magnetic measurements were performed to analyze L1, L2, and their complexes [5]. Furthermore, geometry 
optimization has been performed using a conjugate gradient method.  
Molar Conductance Measurements  
Electrolytic complexes are shown by the molar conductance values for the complexes in DMSO at 10-3 M at 
25°C. Furthermore, the data suggest that ions exist outside the coordination circles, as given in Table 1 [6]. 
Molar conductance values for complexes confirmed non-electrolyte. 
Mass spectrometry 

The mass spectrometry analysis revealed m/z values of 617.2, 616.2, 621.2, and 672.1 for the molecular ion 
peaks of metal complexes C1, C2, C3, and C4, respectively. These results are deemed reasonable and con-
sistent with the molecular structures of complexes. 
 

Table 1. Physical data of the ligands and mixed ligand complexes. 

Compounds M.F. M.Wt m/z Yield

% 

color Mp Elemental analysis 

(% found) % cal 

C H N S M 

L1 C20H21N3OS 351.47 - 76 orange 86 67.87 

(68.35) 

5.65 

(6.02) 

11.65 

(11.96) 

8.65 

(9.12) 

- 

L2 C5H9NO2 115.13 - - White 223 - - - - - 

C1 C25H32CoN4O5S 559.53 617.2 72 Light 

blue 

188 57.02 

(57.36) 

5.11 

(5.39) 

10.43 

(10.70) 

5.78 

(6.12) 

10.86 

(11.26) 

C2 C25H32N4NiO5S 559.29 616.2 70 Brown 200 57.38 

(57.38) 

5.39 

(5.39) 

10.71 

(10.71) 

5.13 

(6.13) 

11.06 

(11.22) 

C3 C25H32CuN4O5S 564.15 621.2 67 Light 

green 

240 55.88 

(56.21) 

5.07 

(5.22) 

10.09 

(10.30) 

6.11 

(5.88) 

11.87 

(12.03) 

C4 C25H32ZnN4O5S 565.98 672.1 78 Yellow 263 56.33 

(56.66) 

5.56 

(5.33) 

10.87 

(10.57) 

6.21 

(6.05) 

12.20 

(12.34) 

 
FTIR spectral studies  
FT-IR spectra of L1 and L2 show broad bands at 3359 and 3345 cm-1, which were assigned to υ(O-H) of COOH 
and phenolic (Table 2). These bands in metal complexes disappeared and appeared two strong bands in spectra 
of complexes at 1632–1577 and 1385–1370 cm-1 were assigned to asymmetric and symmetric stretching fre-
quencies of the carboxylate group, with a difference >200 cm-1 verified a monodentate type for carboxylate 
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group. In spectra of L1 and L2, bands observed at 1610 and 3429 cm-1 can be assigned to υ(C=N) of the azome-
thine group and υ(N-H), on complexation, these bands were shifted to higher and lower frequencies indicating 
involvement in chelation. The spectra are additionally distinguished by the presence of a novel band in the 
range of 432-472 cm-1 attributed to (M-N), showing the presence of nitrogen atoms in conjunction with metallic 
ions [9]. The coordination of metal ion through O- atom was further confirmed by forming a medium new band 

at 512-556 cm-1 ascribed to (M-O) [10]. These findings are pretty consistent with the figures published previ-
ously [11]. The coordination of the (H2O) molecules and the M(II) ions resulted in the formation of vibrational 
bands in the ranges (754-712) cm-1 (M-OH2) and (3343-3356) cm-1 attributed to OH in H2O in all complexes 
[12].    

Table 2: IR spectra of the ligand and its mixed ligand complexes. 

Com-

pounds 

υ(O-H): COOH, 

phenolic, H2O  

υ(N-H) υ(C=N) νas(COO-) 

νs(COO-)- 

Δν 

(νas - νs) - 

pH2O υ(M-O) υ(M-N) 

L1 3256 

(3359) 

- 1625 

(1610) 

----- - - - - 

L2 3345 3429 - 1620 

1406 

-    

C1 3386 3224 1625 

1618 

1632 

1412 

220 743 534 470 

C2 3343 3246 1610 

1618 

1586 

1364 

222 712 546 461 

C3 3416 3176 1615 

1619 

1582 

1360 

222 736 543 445 

C4 3356 3226 1615 

1620 

1577 

1364 

213 754 539 453 

 

 
Table 3: The electronic absorption spectra of the ligands and their complexes 

Suggested geometry µeff. (BM) Assignment Band positions  nm (cm-1) 

 

Compounds 

----- ----- (π-π*) 

(n-π*) 

256 (41666) 

351(31347) 

L1 

--------- ------- (π-π*) 243 (41666) 

282 (35211) 

L2 

(n-π*) 351 (28653) 

octahedral 5.64 LF 

 

4T1g(F) → 4T1g(P) 

265(37735) 

318(31446) 

 

C1 

4T1g(F) → 4T2g 543(16501) 

Octahedral 4.23 LF 

CT 

264(37878) 

318(31446) 

C2 

3A2g(F) → 3T1g(P)  518(19305) 
3A2g(F)  → 3T2g(F)  826(12106) 

Distorted Octahedral 1.61 LF 

CT 

264(37878) 

318(31446) 

C3 

2B1g → 2B2g 623(19305) 

 

Octahedral Dia L.F 261(38314) C4 

C.T 318(31446) 

 

Electronic Absorption Spectra and Magnetic Moment  

The optimized geometry and (TD-DFT) calculations have been used to examine the electronic absorption behaviors of the 

studied compound in solvent media [23-25]. In this calculation, we used B3LYP functional (exchange-correlation func-
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tional [20, 21]) with the 6-31+G(d,p) basis set for C, H, O, N, and S atoms and the effective core potential LANL2DZ 

basis set for metal atoms. The UV-Vis spectrum of L1 was shown the intense band at 256 nm and 351 nm, which belonged 

to the π-π* and n→π* transitions. L2 spectrum showed two bands at 243 nm and 282 nm assigned to π→π* transi-

tion and 351 nm, whereas the third band may be assigned to the n→π* transition [26]. The cobalt (II) complex spectrum 

showed a prominent band at around 543 nm, assigned to the 4T2g → 4T2g transition. This could imply that Co (II) com-

plex has octahedral geometry. Bandwidth at 623 nm generated by the 2B1g → 2B2g transition in Cu (II) complex hints at 

a distorted octahedral structure [27]. The UV spectra of Ni (II) complex showed a shift in position, with two bands appear-

ing at 674 nm and 887 nm, which were assigned to 3A2g(F) → 3T1g(P) and 3A2g(F) → 3T2g(F) transitions of octahedral 

structure [28]. The Ni (II) complex spectrum revealed a shift in the location of the CT transition and two bands at 518 nm 

and 826 nm, which were assigned to 4T1g→4T1g (P) and 4T1g→ 4A2g(F) transitions, respectively. The d10 to Zn (II) 

complex spectrum reveals absorption bands at 256 nm for LF transition and 323 nm attributable to (MLCT) transition, 

which is comparable with octahedral complexes [29]. All data are given in Table (3). 

 

 

Figure 1. Electronic Absorption Spectra of the Ligands (L1) and Their Metal Complexes 
 

 

Figure 2. ¹H NMR Spectra of Zn Complex (C4) 
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1H NMR spectra  

1H NMR spectra provide the positions of proton signals for (C4) (Figures 2). The proton signal attributed to phe-

nol, δOH, was observed at 13.43 ppm, while the azomethine proton signal, δCH=N, appeared at 8.62 ppm [24]. 

In previous studies, a proton signal for the proline ligand was also recorded. Fourteen aromatic δCH protons 

were detected in the 4.79 ppm range, along with four aliphatic δCH2 protons and six δCH3 protons in the lig-

and. At C4, the phenol proton at δOH 13.43 and 13.46 ppm disappears as it enters the ligand in the complex. 

Additionally, the shift in a signal of the azomethine group of the compound suggests that the compound is 

formed through the nitrogen atom of azomethine. 

Thermal analysis  

In the current work, we conducted thermal analysis to investigate the thermal stability of complexes, synthe-

sized during the research. The aim was to determine the presence or absence of solvent molecules, and whether 

they were located inside or outside the inner coordination sphere of the complex [50, 51]. The L1 and its com-

plexes underwent thermogravimetric analysis from 0-600 °C with a heating rate of 10 °C.min-1. All thermal de-

composition data for the ligand and its complexes shown in (Figure 3) are listed in (Figure 3). The thermal 

curve pattern for the decomposition of C1, C2, and C3 complexes converges in three steps, with a slight differ-

ence in C4, which has four steps. The complexes begin to decompose in the first step at a temperature range of 

218-243 °C with the loss of the two azomethine groups and part of the organic ligand. In the second step, the 

remaining organic ligand decomposes at 235–520 °C, leaving the metal oxide as a final product behind. 

 

Figure 3. Thermogravimetric Analysis (TGA) and Thermal Decomposition Behavior of L1 and Its Metal Complexes 

(C1–C4) 

The geometry optimization of the complexes 

The geometry optimization of the D1-D4 complexes was obtained using the B3LYP functionals [21, 22] with the 

6-31+G(d,p) basis set for C, H, O, N, S atoms and the effective core potential LANL2DZ basis set for metal at-

oms. The optimized structures of the C1, C2, C3, and C4 according to the B3LYP/LANL2DZ level of theory are 

shown in Figure 4. Table 4 displays the selected bond distances and bond angles of the optimized structures of 

complexes. The calculated geometries of C1, C3 and C4 indicated an octahedral environment around the cen-

tral metal atom. Figure 1 supports the distorted octahedral environment around the central Cu atom. The cal-

culated values of the C-Cu-N and O-Cu-O angles are close to 90°. 
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Table 4. Selected bond lengths (Å) and bond angles (°) of the computed structures of the D1-D4 com-
plexes according to DFT calculations. 

Bond Lengths (Å) of D1 Bond Lengths (Å) of D2 Bond Lengths (Å) of D3 

N51-Co46 2.734 N50-Cu66 2.199 N50-Ni66 2.198 

O19-Co46 2.681 O19-Cu66 2.749 O19-Ni66 2.748 

N18-Co46 2.768 N18-Cu66 2.922 N18-Ni66 3.343 

O61-Co46 2.731 O60-Cu66 2.834 O60-Ni66 2.834 

O64-Co46 2.726 O64-Cu66 3.203 O64-Ni66 3.203 

O57-Co46 2.759 O56-Cu66 2.418 O56-Ni66 2.418 

N18-C7 1.329 N18-C7 1.329 N18-C7 1.329 

Angels (°) of D1 Angels (°) of D2 Angels (°) of D3 

C7-Co46-N18 117.2 C7-Cu66-N18 119.0 C7-Ni66-N18 90.7 

C40-Co46-N18 113.5 C40-Cu66-N18 48.8 C40-Ni66-N18 168.7 

O56-Co46-O57 112.4 O56-Cu66-O57 99.6 O55-Ni66-O56 99.6 

O19-Co46-N18 67.7 O19-Cu66-N18 58.8 O19-Ni66-N18 70.4 

O61-Co46-O64 86.5 O61-Cu66-O64 76.3 O60-Ni66-O63 76.2 

N51-Co46-C57 49.5 N50-Cu66-C46 98.6 N50-Ni66-O56 80.7 

 

Bond Lengths (Å) of D4 Angels (°) of D4 

N50-Zn66 2.970 C7-Zn66-N18 119.0 

O19-Zn66 2.748 C40-Zn66-N18 111.4 

N18-Zn66 3.343 O55-Zn66-O56 99.6 

O60-Zn66 2.834 O19-Zn66-N18 58.8 

O63-Zn66 3.203 O60-Zn66-O63 76.2 

 

Figure 4. Optimized structures of D1, D2, D3, and D4 complexes according to DFT calculations using 
B3LYP functional with the 6-31+G(d, p) basis set for C, H, O, N, S atoms and LANL2DZ basis set for 

metals. 
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Electronic Structures 

The calculated energies and electron densities of the frontiers molecular orbitals were performed to elucidate 
the electronic properties of the synthesized complexes. Figures 5 and 6 explains the energy profile of the HO-
MO’s (highest occupied molecular orbitals), LUMO’s (lowest unoccupied molecular orbitals), and HOMO-LUMO 
gaps for C1, C2, C3, and C4, which are calculated at the B3LYP functional with the 6-31+G(d,p) basis set for C, 

H, O, N, S and LANL2DZ basis set for metal atoms in DMSO as solvent.  The HOMO-LUMO energies of the 
complexes provide general information about the stability and energetic behavior of the complexes. The chemi-
cal hardness (η) is a good indicator of chemical stability. The molecules having a large energy gap are known as 
hard, and small energy gaps are known as soft molecules. The hard molecules are less polarizable than the soft 
ones because they need large energy for excitation. In this study, the chemical potential (µ), hardness value (η), 
softness (S), electronegativity (χ), and electrophilicity index (ω) of molecules are calculated. The HOMO-LUMO 
energy gap values noted that the energy values of the HOMO orbitals for all compounds are close to each other. 
The HOMO-LUMO energy gaps of the Cu2+ complex (Figure 5 are higher than Co2+ and Zn2+ complexes and very 
close to Ni2+complexe. However, it is found that the calculated energy values of the HOMO orbitals of C1–C3, in 
general, are lower than that one of the corresponding Zn2+ complex. According to the reactivity descriptors, the 

values of complexes are given in Table 5. The negative values of chemical potential (µ) (−3.80, −4.48, -4.30, and 
−2.76 eV) show their stability means that these do not undergo decomposition into their components. As shown 
in Table 5, the compound with the lowest energy gap compared to the three other complexes is compound d4 
(∆Egap is 1.03 eV in DMSO), making it the softest molecule. The calculated value of chemical hardness (η), 
supported by the HOMO–LUMO energy gap for complexes C1, C2, C3, and C4 has been found to be: 1.47, 1.84, 
1.81 and 0.52 eV, respectively (Table 5). The chemical hardness (softness) value of D4 complex is lower (greater) 
among all the investigated complexes in DMSO as a solvent. Hence, D4 complex is more reactive than all the 
complexes. It should be noted that the complex that has the lowest LUMO energy is the compound C2 (E = 
−2.64 eV), indicating a good electron acceptor. The electrophilicity index values (ω) for complexes (4.91, 5.45, 
5.11 and 7.32 eV, respectively) related to chemical potential and hardness indicate that the C4 complex is the 
strongest electrophile among all complexes. However, the C2 complex has a higher electronegativity value (χ = 
4.48eV) than all compounds; this property may explain its superior activity in catalysis. 

Table 5. Quantum chemical descriptors for complexes in DMSO. 

 C1 C2 C3 C4 

EHOMO (eV) -5.27 -6.32 -6.11 -3.27 

ELUMO (eV) -2.33 -2.64 -2.49 -2.24 

∆Egap(eV) 2.94 3.86 3.62 1.03 

µ (eV) -3.80 -4.48 -4.30 -2.76 

η (eV) 1.47 1.84 1.81 0.52 

S (eV) 0.34 0.27 0.28 0.97 

X (eV) 3.80 4.48 4.30 2.76 

ω (eV) 4.91 5.45 5.11 7.32 
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Figure 5. Energy profile of the frontier orbitals HOMO and LUMO and HOMO-LUMO gaps for C1 and C2, 
calculated at the B3LYP functional with the 6-31+G(d,p) basis set for C, H, O, N and S atoms and 

LANL2DZ basis set for Co+2 and Cu+2  atoms in DMSO. 
 

 
Figure 6. Energy profile of the frontier orbitals HOMO and LUMO, and HOMO-LUMO gaps for C3 and C4, 

calculated at the B3LYP functional with the 6-31+G (d, p) basis set for C, H, O, N and S atoms and 
LANL2DZ basis set for Ni+2 and Zn+2 atoms in DMSO. 
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Hepatoprotective Activity 
In the control of physiological processes, the liver plays a crucial function. It is involved in several critical func-
tions such as secretion, storage, and metabolism, and it was tested in mice serum for liver function enzymes 
(GOT, GPT, and ALP) as well as kidney function (Urea, Creatinine) [33]. GOT control mice (CCl4-treated) had an 
activity of 75.03± 0.81 Unit/L, GPT control mice (CCl4-treated) had an activity of 40.25±1.63 Unit/L, and ALP 

activity in control mice (CCl4-treated) had an activity of 92.25±5.18 Unit/L. Table 6 contains the results. The 
capacity of these substances extract to function as anti-oxidants through the method of down-regulating ROS, 
preventing DNA damage, and attenuating protein and lipid oxidation resulted in a decrease or increase of ex-
amined parameters (GPT, GOT, ALP, creatinine, urea, Alb, and Tsp) [34]. 
 

Table 6: Effect of the compounds on Liver Function Enzyme 

 
Cytotoxicity Assays (Anticancer A activity) 
The cytotoxic impact of the substances on Follicular Thyroid Cancer (FTC133) was determined using (MTT). 
Using various doses of chemicals, MTT was created to calculate cell viability and inhibition rate on a tumour 
cell line [35]. Compared to the normal cell line WRL-68, the percentage viability of treated cells was calculated. 
The cytotoxic effect of Cu(II) complex at concentrations ranging from 12.5 to 400 g/ml on FTC133 cells resulted 
in a decrease in cell viability (%) at 400 g/ml (60.792.85), with the highest FTC133 cell viability (95.170.94) at 
12.5 g/ml. With an IC50 of 125.4 g/ml, Cu (II) complex was shown to have the most powerful cytotoxic effect 
[36]. The action of the chemical Cu (II) complex on the WRL-68 normal cell line yielded an IC50 of 234.3 g/ml 
[37, 38]. The presence of histidine, metal ions, aromatic ring, and C=N in all produced compounds made them 
more active, according to the data (imine group) shown in Table (7). 
 
Table 7: Cytotoxic effect of Cu(II)complex on FTC133 and WRL-68 cells after 24 hours incubation at 
37°C. 

Cu(II)complex Concentra-

tions(μg/ml) 

Viable cell count of FTC133 cell line Viable cell count of WRL-68 cell line 

400 60.79±2.85 80.88±4.53 

200 62.45±2.52 87.92±3.57 

100 81.77±4.10 92.20±2.77 

50 88.66±6.57 96.48±1.29 

25 91.49±4.80 96.95±1.14 

12.5 95.17±0.94 94.29±2.97 

 
 

Conclusion 
Four new complexes have been synthesized and characterized utilizing various physicochemical and spectro-
scopic techniques. UV spectroscopy and electrophoresis tests include elemental analysis, molar conductivity, 
magnetic susceptibility, electronic, and FT-IR spectra. The geometry of each metal is octahedral, with six coor-
dinates. Finally, our newly synthesized Schiff base and its complexes were tested in vitro for anti-bacterial ac-
tivity. The findings of this study revealed that freshly synthesized chemicals have potent anti-bacterial proper-
ties against bacterial strains.  Finally, the findings of this study showed that L-proline administration at a dose 
of 200 mg/kg for seven days reduces hepatic lipid peroxidation caused by CCl4 intoxication, increases the ac-

ALP  GPT  GOT Dose (mg/Kg) Groups 

42.33±1.45 25.66±3.38 22.00±3.51 - Control(I)(D.W) 

43.66±0.88 25.00±0.57 17.33±0.88 - Control(II)(DMSO) 

30.49±1.34 17.68±0.33 10.34±0.11 200 [2O)2)(H2)(L1Co(L ] 

31.00±1.53 27.00±1.22 21.00±1.42 200 [2O)2)(H2)(L1Cu(L ] 

60.00±0.33 49.00±0.21 36.00±1.54 200 [2O)2)(H2)(L1Ni(L] 

58.00±0.54 46.00±0.21 32.00±1.34 200 [2O)2)(H2)(L1Zn(L ] 
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tivities of hepatic antioxidant enzymes (SOD, catalase, GR, GPx, and GST), and improves pathological liver 
changes, implying that L-proline is combating CCl4-induced liver hepatotoxicity. L-hepatoprotective proline's 
impact against CCl4-induced liver changes may be due to a combination of factors, including increased antiox-
idant enzyme activity, which scavenges free radicals, decreased formation of CCl4-derived free radicals, and the 
anti-oxidant properties of L-proline. Finally, these findings showed that L-proline treatment had a hepatopro-

tective effect in mice when exposed to CCl4-induced hepatotoxicity.  The DFT calculations of four novel mixed-
ligand complexes synthesized C1, C2, C3, and C4 complexes have been completed for their structural determi-
nation, HOMO, LUMO study, and to calculate reactivity descriptors. The lower HOMO–LUMO energy gap value 
explains the kinetic stability and higher reactivity of C4 complex in comparison with the other three complexes. 
In addition, the electrophilicity index value ω (7.32 eV in DMSO as a solvent) indicates that the C4 complex is 
the strongest electrophile of all studied complexes.  
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