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a b s t r a c t

Reactions of the Schiff base ligand derived from 4-acetyl-5,6-diphenyl-3(2H)-pyridazinone and ethyl-
enediamine with Ni(II) and Co(II) using different metal salts; NO3

�, AcO�, ClO4
� and Cl� yielded binary

metal complexes. Mixed-ligand complexes were synthesized by using extra ligands including 8-
hydroxyquinoline or glycine as nitrogen, oxygen-donors; 1,10-phenanthroline or 2-aminopyridine as
nitrogen, nitrogen-donors. Elemental and thermal analyses, spectroscopic techniques (IR, electronic and
mass), conductivity and magnetic susceptibility measurements were utilized to characterize the struc-
tures of the complexes. Electronic spectra and magnetic moment measurements showed that all com-
plexes are octahedral and tetrahedral. In addition, activation energies of thermal degradation were
calculated by means of CoatseRedfern equations. The activation energies were also used to evaluate
kinetic and thermodynamic parameter of the metal complexes including Ea, DH, DS and DG. The XRD
patterns for the ligand and its metal complexes indicate crystalline nature with nano particle sizes. The
biological activity of the chelating agent and its metal complexes was conducted towards S. aureus and
B. subtilis as Gram-þve bacteria, S. typhimurium and E. coli as Grame-ve bacteria, C. albicans (yeast) and
A. fumigatus (fungus). The chelating agent and some Ni(II) and Co(II) complexes showed antitumor ac-
tivity towards HepG2 cell line.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Schiff bases represent the most important chelating agents (li-
gands) in coordination chemistry. Schiff bases and their metal
complexes revealed diverse medicinal applications such as anti-
cancer [1e3], antitumor [4], anti-inflammatory [5], antioxidant
[6,7], antimycobacterial [8], antimicrobial [9,10], antibacterial [11],
antifungal activities [12] as well as DNA binding affinity [13]. Pyr-
idazine derivatives as 1,2-diazines are interested heterocycles due
to their various biological activity including anticancer [14,15],
antiviral [16], anti-HIV [17], antitubercular [18], anti-leishmanial
[19], anti-inflammatory [20], anticonvulsant [21], antihyperten-
sive [22] antimicrobial [23], antifungal [24], and analgesic [25]
activities.

Mixed-ligand complexes have attracted a considerable interest
as a result of their vital function in biological processes. Indded,
dly).
they serve as appropriate models for valuable information in the
clarification of enzymatic processes of biological significance
[26,27]. In our previous article [28], a new Schiff base ligand
identified as N,N0-bis[5,6-diphenyl-3-oxo-2H-pyridazin-3-
ylethylidene]ethane-1,2-diamine was prepared and its coordi-
nating behavior towards different copper(II) salts was explored.
Different modes of bonding were observed in these complexes in
addition to their promising biological activities towards selected
organisms [28]. Herein, the present work aims to study the
chelating behavior of this Schiff base ligand towards a variety of
Ni(II) and Co(II) ions. Mono-, binuclear and mixed-ligand com-
plexes have been successfully prepared and characterized by
analytical and spectral techniques, molar conductivity and mag-
netic susceptibility measurements and thermal analysis. The bio-
logical activity of the ligand and Ni(II) and Co(II)- complexes was
conducted towards different types of bacteria and fungi. The
chelating agent [28] and some Ni(II) and Co(II) complexes showed
antitumor activity towards HepG2 cell line.
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2. Experimental

2.1. Measurements

Microanalyses (Carbon, Hydrogen and Nitrogen) were per-
formed using Vario El-Elementar analyzer. Nickel and cobalt con-
tent was estimated by EDTA complexometrically after
decomposition of the chelates with conc. nitric acid. Melting point
of the chelates were measured by a Stuart SMP3 melting point
apparatus. Infra-red spectra were recorded using potassium bro-
mide discs on FT-IR Nicolet IS10 spectrometer. Electronic spectra
were recorded on a JASCO model V-550 UV/Vis spectrophotometer
as Nujol mulls and/or solutions in DMF. Mass spectrawere recorded
at 70 eV on a Gas chromatographic GCMSqp 1000 ex Shimadzu
instrument. The magnetic susceptibility measurements were per-
formed at room temperature using a Johnson Matthey magnetic
susceptibility balance (Alfa product). The calculated magnetic
moment values were corrected using Pascal’s constants [29]. Molar
conductivities of complexes solutions were measured by the
Corning conductivity meter NY 12631 (model 441). A Shimadzu-50
instrument was used to record TG. The XRD patterns were recorded
using PHILIPS diffractometer with CuKa1 radiation (l ¼ 1.54056 Å).
The accelerating voltage of 40 kV and an emission current of 30 mA
were applied.

2.2. Materials

Following literature method [28,30], 4-acetyl-5,6-diphenyl-
3(2H)-pyridazinone was synthesized. Metal(II) salts (acetate, ni-
trate, sulphate, chloride and perchlorate), 8-hydroxyquinoline (8-
HQ), 1,10-phenanthroline (Phen), glycine (Gly), 2-aminopyridine
(2-Ampy), Na2EDTA, ammonium hydroxide, metal indicators and
nitric acid were either Merck, BDH or Aldrich products. Organic
solvents were reagent grade chemicals andwere employedwithout
extra purification.

2.3. Synthesis of the Schiff base ligand

The Schiff base ligand was prepared according to our previous
work [28].

2.4. Synthesis of the metal complexes

The pyridazinone ligand (in ethanol) was mixed with the nick-
el(II) or cobalt(II) salts (in ethanol) in the molar ratio 2:1 (M:L) and
refluxed for ~6 h. The obtained precipitates were filtered, washed
with ethanol then Et2O and lastly stored in a desiccator over
anhydrous CaCl2.

2.4.1. [Co(L)(OAc)2].H2O (7)
To ~0.8 g (1.32mmol) of the Schiff base ligand in ~50mL ethanol,

0.658 g (2.64 mmol) of cobalt(II) acetate tetrahydrate in ~50 mL
ethanol was added with stirring. The mixture was refluxued for
~6 h. A brown precipitate was formed. After cooling, the precipitate
was filtered off, washed with ethanol then Et2O and dried. The yield
was 51% and m.p. 210 �C.

2.4.2. [Co2(L)(OAc)2(8-HQ)2(H2O)2] (9)
To ~2 g (3.3 mmol) of the Schiff base ligand in ~100 mL ethanol,

~1.64 g (6.6 mmol) of cobalt(II) acetate tetrahydrate in ~100 mL
ethanol was added with stirring. The mixture was refluxed for ~1 h.
then (6.6 mmol) of 8-hydroxyquinoline was added to the exceeding
mixture. The resulting mixture was refluxed for ~6 h. A dark green
precipitate was formed. After cooling, the precipitate was filtered
off, washed with ethanol then Et2O and dried. The yield was 44%
and m.p. <300 �C.

2.4.3. Failed experiments
All experiments to synthesize the binary Ni(II) and Co(II) Schiff

base complexes by using Ni(II) and Co(II) sulphates were failed.

2.5. Biological activity

2.5.1. Antimicrobial activity
By using the standardized disc-agar diffusion technique [31], the

antimicrobial activity of the pyridazinone ligand and its Ni(II) and
Co(II) complexes was explored towards Gram -ve bacteria (S.
typhimurium and E. coli), Gram þve bacteria (S. aureus and
B. subtilis) and C. albicans and A. fumigatus (fungus). Cephalothin
was utilized as a control for Gram -ve bacteria, chloramphenicol for
Gram þve bacteria and cycloheximide for fungi.

2.5.2. Antitumor activity
On the basis of the literature method [32], the antitumor activity

of the synthesized chelates was checked on Hep G2 cells by
determining the effect of the test samples on cell morphology and
cell viability.

3. Results and discussion

3.1. General

The pyridazinone ligand reacted with different Ni(II) and Co(II)
salts; acetate, chloride, nitrate and perchlorate to examine the ef-
fect of the anion on the complexation process. Furthermore, the
pyridazinone ligand reacted with metal acetate in the presence of
auxiliary ligands; 8-hydroxyquinoline, glycine as nitrogen, oxygen-
donors and 1,10-phenanthroline and 2-aminopyridine as nitrogen,
nitrogen-donors. The prepared complexes are sparingly soluble in
H2O and familiar organic solvents. Characterization of the prepared
complexes was achieved by analytical and spectral techniques.
Table 1 lists the results of elemental analyses and physical prop-
erties of the complexes.

3.1.1. IR spectra
Table 2 summarizes the main infra-red spectroscopic data of the

complexes. A strong broad band in the range 3381e3446 cm�1 was
observed in the IR spectra of the metal complexes, which may be
ascribed to n(OH) of the coordinated or non-coordinated water and
ethanol molecules linked to complexes. The strong bands attrib-
uted to n(C]O) and n(C]N), in the free Schiff base, were shifted to
lower wave number in the complexes, signifying the contribution
of these groups in complexation [33]. The band assigned to n(NH)
was observed in the range 3128e3346 cm�1. The two bands
attributed to n(NH) and n(C]O) appeared in the infra-red spectra of
the complexes, pointing to the existence of the Schiff base in the
pyridazinone form in the complexes [28]. The mode of bonding of
the anions present in the complexes was explained by the IR
spectral data and confirmed bymolar conductivity measurerments.
In complexes 1, 4e7, 9 and 12 (acetato complexes), the new bands
appeared in the ranges 1424-1489 and 1212-1239 cm�1 may be
related to nasymmetric (COO�) and n symmetric (COO�), respectively, of
the acetate ligand [34]. The calculated band difference (Dn ¼
(nasymmetric -n symmetric) ¼ 212-250 cm�1) points to a monodentate
behavior of the acetate anion [34,35], while complexes 10 and 11
showed new bands observed at (1575, 1439 and 833) cm�1 for
complex 10 and (1577, 1433 and 853) cm�1 for complex 11, indi-
cating the ionic character of the acetate group [34]. The new bands
observed at 1378 and 830 cm�1 in complex 2 may be due to the
ionic nitrate group [36,37] while those observed at 1091 and



Table 1
Analytical and physical data of the Schiff base and its complexes.

No. Complex M. F. [F. Wt] Color Yield (%) M.P. �C Elemental analysis, % Found/(Calc.)

C H N Cl/Br M

1 [Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O C50H63N6O15..5Ni2 [1115.46] Pale green 61.60 >300 53.30 (53.84) 5.30 (5.69) 7.27 (7.53) 10.72 (10.70)
2 [Ni(L)](NO3)2 C38H32N8O8Ni [787.62] Green 67.42 230 57.20 (57.90) 4.15 (4.09) 14.52 (14.23) 7.59 (7.47)
3 [Ni(L)(H2O)2](ClO4)2 C38H36N6O12Cl2Ni [898.43] Green 50.00 a 50.32 (50.80) 4.40 (4.00) 8.60 (9.35) (7.59) a (6.53)
4 [Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH C61H57N8O10.5Ni2 [1187.56] Green 35.00 >300 61.50 (61.69) 4.72 (4.83) 9.22 (9.43) 9.90 (9.88)
5 [Ni2(L)(OAc)4(Phen)2] C70H60N10O10Ni2 [1318.69] Pale green 56.04 285 63.36 (63.80) 5.13 (4.58) 10.35 (10.62) 8.39 (8.90)
6 [Ni2(L)(OAc)4(2-Ampy)2(H2O)2].2.5H2O C56H65N10O14.5Ni2 [1227.59] Green 64.63 >300 54.64 (54.79) 5.66 (5.33) 11.87 (11.41) 9.83 (9.56)
7 [Co(L)(OAc)2].H2O C42H40N6O7Co [799.68] Brown 51.00 280 62.95 (63.08) 5.44 (5.04) 9.72 (10.21) 7.90 (7.36)
8 [Co(L)Cl2] C38H32N6O2 Cl2Co [734.61] Green 61.74 245 62.27 (62.13) 4.67 (4.39) 10.92 (11.44) (9.66) 8..97 (8.02)
9 [Co2(L)(OAc)2(8-HQ)2(H2O)2] C60H54N8O10Co2 [1164.93] Reddish brown 43.60 >300 61.96 (61.86) 4.68 (4.67) 9.06 (9.61) 10.00 (10.11)
10 [Co(L)(Gly)](OAc).2H2O C43H45N7O8Co [846.53] Reddish brown 52.85 231 61.31 (61.01) 4.95 (5.35) 10.73 (11.58) 6.94 (6.93)
11 [Co(L)(Phen)](OAc)2 C54H46N8O6Co [961.89] Orange 68.86 284 67.46 (67.42) 4.93 (4.81) 11.21 (11.64) 6.71 (6.12)
12 [Co2(L)(OAc)4(2-Ampy)2(H2O)2].2H2O C56H64N10O14Co2[1218.98] Brown 59.84 263 55.41 (55.17) 4.84 (5.29) 11.22 (11.49) 9.19 (9.66)

a not determined.

Table 2
Characteristic IR spectral data of the Schiff base and its complexes.

IR Spectra (cm)�1

No. Complex n(OH) n(NH) n(C]
O)

n(C]
N)

n(C]
C)

n(M-
O)

n(M-
N)

Other bands

L e 3289 1665 1572 1537 e e

1 [Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5-H2O 3443 3128 1643 1567 1507 522 439 1489nas(COO�), 1212ns(COO�); (mondentate OAc�)
2 [Ni(L)](NO3)2 e 3165 1642 1510 1510 526 477 1378, 830; n(NO3

�) (ionic)
3 [Ni(L)(H2O)2](ClO4)2 3424 3316 1635 1521 1521 521 429 1091, 622; n(ClO4

�) (ionic)
4 [Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH 3381 3195 1641 1501 1499 608 434 1465nas(COO�), 1239ns(COO�); (mondentate OAc�), 1499; n(C]N) 8-

HQ
5 [Ni2(L)(OAc)4(Phen)2] e 3217 1641 1563 e 521 489 1424nas(COO�), 1218ns(COO�); (mondentate OAc�) 1510; n(C]N) Phen
6 [Ni2(L)(OAc)4(2-

Ampy)2(H2O)2].2.5H2O
3420 3227 1644 1560 1496 522 431 1424nas(COO�), 1216ns(COO�); (mondentate OAc�), 925; n(2-Ampy)

7 [Co(L)(OAc)2].H2O 3424 3242 1646 1560 1491 515 473 1454nas(COO�), 1218ns(COO�); (mondentate OAc�)
8 [Co(L)Cl2] e 3260 1635 1521 1521 510 423
9 [Co2(L)(OAc)2(8-HQ)2(H2O)2] 3425 3304 1641 1543 1495 543 434 1462nas(COO�), 1217ns(COO�); (mondentate OAc�); 1496n(C]N) 8-HQ
10 [Co(L)(Gly)](OAc).2H2O 3446 3303 1640 1540 1490 515 419 1575, 1439, 833; (ionic OAc�) 1374; ns(COO�) Gly
11 [Co(L)(Phen)](OAc)2 e 3277 1640 1520 1522 533 433 1577, 1433, 853; (ionic OAc�), 1520; n(C]N) Phen
12 [Co2(L)(OAc)4(2-Ampy)2(H2O)2].2H2O 3446 3346 1637 1560 1492 515 419 1438nas(COO�), 1214ns(COO�); (mondentate OAc�), 919; n(2-Ampy)
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622 cm�1 in complex 3 may be attributed to the ionic perchlorate
group [38e40]. The new bands observed in the IR spectra of the
complexes (4, 5, 9 and 11) in the range 1496e1520 cm�1 may be
attributed to n(C]N) of the secondary ligand, confirming formation
of ternary complexes [41,42]. Complex (10) exhibited a new band at
1374 cm�1, which may be attributed to nsymmetric (COO�) of the
glycine moiety [43,44]. Unfortunately, nasymmetric(COO�) of glycine
was masked by the high intensity C]C band [43,45]. Complexes (6,
12) exhibited new bands at 925 and 919 cm�1, respectively which
may be due to pyridine ring of 2-aminopyridine [46]. Finally, metal-
oxygen andmetal-nitrogen bands were observed in the ranges 510-
608 and 419-489 cm�1, respectively [47].
3.1.2. Conductivity measurements
The molar conductance values of the complexes-listed in

Table 3- illustrated the non-electrolytic character of all complexes
excluding complexes 2, 3 and 11 (molar conductance values ¼ 117,
115 and 118 U�1 cm2 mol�1, respectively), signifying their 1:2
electrolytic character and complex 10 (molar conductivity
value ¼ 73 U�1 cm2 mol�1) signifying its 1:1 electrolytic character
[48]. These results are consistent with the infrared spectral data
(item 3.1.1) that proved the presence of ionic acetate, nitrate and
perchlorate groups in the cationic complexes. The partial dissoci-
ation in their dimethylformamide solutions [48], may be the reason
for the fairly high conductivity values of complexes 5 and 6.
3.1.3. Magnetic moment measurements and electronic spectra
The room-temperature magnetic moments of the Ni(II) com-

plexes 1, 5 and 6 (Table 3) are in the range (2.15e2.83) B.M., which
lie below the range (2.9e3.3) B.M. of the octahedral Ni(II) com-
plexes [49]. This subnormal magnetic moment values may be due
to anti-ferromagnetic interaction [50]. Conversely, complexes 3 and
4 have magnetic moment values 3.38 and 3.34 B.M., respectively
which are slightly higher than the range (2.9e3.3) B.M. of the
octahedral Ni(II) complexes, indicating spin-orbit coupling. The
magnetic moment value of complex 2 is 2.78 B.M., which is below
the range (3.2e4.1 B.M) of the tetrahedral Ni(II) complexes, indi-
cating anti-ferromagnetic interaction [49].

The electronic spectrum of Ni(II) complex 5 exhibited two bands
at 525 and 750 nm, which may be related to 3A2g(F) / 3T1g(P) and
3A2g(F) / 3T1g(F) transitions, respectively in an octahedral geom-
etry [52], while in complexes 1, 3, 4 and 6 one bandwas observed in
the range (597-750) nm, which may be assigned to 3A2g(F) /
3T1g(F) transition [49]. However, complex 2 exhibited an absorption



Table 3
Electronic spectra, magnetic moments and molar conductivity data of the Schiff base and its complexes.

No. Complex Electronic spectral bandsa (nm)
lmax

a (nm)/[εmax L cm�1 mol�1]
meff.

d B.M. mcompl.
e

B.M.
Conductancea (U�1 cm2 mol�1)

L 271 [1.04], 328 [0.32] e e

1 [Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O (642)b 2.33 3.29 7.67
2 [Ni(L)](NO3)2 (567)b (608)c 2.78 e 117.00
3 [Ni(L)(H2O)2](ClO4)2 (640)b (629)c 3.38 e 115.00
4 [Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH (612)b (604)c 3.34 5.05 4.66
5 [Ni2(L)(OAc)4(Phen)2] (525,750)c 2.15 3.05 22.08
6 [Ni2(L)(OAc)4(2-Ampy)2(H2O)2].2.5H2O (599)b (597)c 2.83 3.99 17.34
7 [Co(L)(OAc)2].H2O (565)b (408, 591)c 3.00 e 6.31
8 [Co(L)Cl2] (408, 634)b (414, 605, 666)c 4.31 e 6.81
9 [Co2(L)(OAc)2(8-HQ)2(H2O)2] (435, 558)c 5.2 7.38 4.69
10 [Co(L)(Gly) ](OAc).2H2O (410, 537)b 3.00 e 73.00
11 [Co(L)(Phen)](OAc)2 (525)b 4.70 e 118.00
12 [Co2(L)(OAc)4(2-Ampy)2 (H2O)2].2H2O (425, 561)b (434, 554)c 4.26 6.02 10.01

a Solutions in DMF (10�3 M); Values of εmax are in square brackets and multiplied by 10�4.
b Nujol mull.
c Concentrated solutions.
d meff. is the magnetic moment of one cationic species in the complex.
e mcompl. is the total magnetic moments of all cations in the complex.
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band at 608 nm, which may be assigned to 3T1g(F) / 3T1g(P)
transition, which could occur in a tetrahedral d8 arrangement
[50,53]. Thus, in the light of magnetic moments and electronic
spectral data, Ni(II) complexes have octahedral and tetrahedral
geometries with their characteristic features.

The effective magnetic moment of the Co(II) complexes 9 and 11
are 5.2 and 4.7 B.M., respectively, indicating octahedral Co(II)
complexes [54]. Complexes 7, 8, 10 and 12 have subnormal mag-
netic moment values which lie in the range (3e4.31) B.M., which
may be due to anti-ferromagnetic interaction [55].

The electronic spectra of the Co(II) complexes (7, 9e12)
exhibited one band in the range (525-605) nm, which may be
assigned to 4T1g(F) / 4T1g(P) transition in octahedral geometry
[56]. In case of complex 8, two bands were observed, the former
band may be due to 4T1g(F) / 4A2g(F) transition, which was
observed at 666 nm. The second band may be due to 4T1g(F) /
4T1g(P) transition, which was observed at 605 nm, indicating
octahedral geometry. In most complexes another band was
observed in the range (408-435) nm, which may be due to charge
transfer.

3.1.4. Thermal analysis
Usually, TGA is used to inspect the character of H2O or solvent

moleculeseassociated with the complexes-to be either in the in-
ternal or external coordination sphere of the metal ion [57]. In the
current study, complexes 1, 4, 6, 7, 9 and 12 were taken as
ambassador examples (Table 4).

The thermogram of complex 1, [Ni2(L)(OAc)4(H2O)2(E-
tOH)2].1.5H2O (Fig. 1) displayed three steps of degradation within
57e506 �C range. The first one (57e147 �C) corresponds to elimi-
nation of one and half non-coordinated H2O molecule (weight loss;
Calc./Found%; 2.29/2.42%). The second step (147e320 �C) is related
to elimination of two coordinated C2H6OH molecules and two co-
ordinated H2Omolecules (weight loss; Calc./Found%; 11.45/12.15%).
The third step (320e506 �C) corresponds to the elimination of four
AcOH molecules and C6H10N6 molecule (weight loss; Calc./Found%;
38.48/38.27%). The thermogram of complex 4, [Ni2(L)(OAc)2(8-
HQ)2(H2O)2].0.5EtOH (Fig. 2), displayed three steps of degradation
within 47e324 �C range. The first (47e80 �C) is related to the
elimination of half non-coordinated C2H5OHmolecule (weight loss;
Calc./Found%; 1.95/1.60%). The second step (80e196 �C) corre-
sponds to the loss of one AcOH molecule and two coordinated H2O
molecules (weight loss; Calc./Found%; 8.18/7.80%). The third step
(196e324 �C) corresponds to the elimination of one AcOHmolecule
(weight loss; Calc./Found%; 5.11/6.21%). The thermogram of com-
plex 7, [Co(L)(OAc)2].H2O, displayed two steps of degradation
within 49e298 �C range. The first one (49e149 �C) corresponds to
the elimination of one non-coordinated H2Omolecule (weight loss;
Calc./Found%; 2.25/2.82%). The second one (149e298 �C) is related
to the elimination of one AcOH molecule and C2H6 molecule
(weight loss; Calc./Found%; 13.25/11.88%). The thermogram of
complex (12), [Co2(L)(OAc)4(2-Ampy)2(H2O)2].2H2O (Fig. 3), dis-
played two steps of degradation within 44e296 �C range. The first
one (44e132 �C) is related to the removal of two non-coordinated
H2O molecules (weight loss; Calc./Found%; 3.22/3.65%). The sec-
ond step (132e296 �C) corresponds to the loss of four AcOH mol-
ecules and two coordinated H2O molecules (weight loss; Calc./
Found%; 24.66/23.48%).

The CoatseRedfern method [58] was used to find out the in-
fluence of the nature of the metal on the thermal behavior of the
complexes and the activation parameters of the different decom-
position stages. The kinetic parameters are summarized in Table 5.
As expected, Ea, DH, DG values are positive, whereas DS are nega-
tive, which indicating nonespontanous process of the thermal
decomposition of the complexes.

The activation energy Ea values of the metal complexes show
that the thermal stability of second step of decomposition of all
complexes are smaller than the first stage. This shows that the rate
of decomposition for this stage is greater than the first stage [59]. In
addition, the positive values of DH* means that the decomposition
processes are endothermic.

The negative values of DS* of thermal decomposition of the
complexes is more ordered than the reactants and/or the reactions
are slow [60]. The positive DG values suggested that
nonespontaneous processes. the obtained energy values of the
thermal decomposition pattern of the complexes revealed that
these materials have ahigh thermal stability this is due to the co-
valent character of their bonds [61].



Table 4
Thermal analysis data of some metal complexes.

Complex DTG peak
(oC)

Temperature range
(oC)

% Wt. loss Found/
(Calc.)

Lost fragment (No. of molecules)

[Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O (1) 95 57e147 2.42 (2.29)
-

One and half lattice water

-
two coordinated ethanol molecules þ two coordinated water

molecules

-
Four CH3COOH molecules þ C6H10N6 molecule

251 147e320 12.15 (11.45)
448 320e506 38.27 (38.48)

[Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH
(4)

70 47e80 1.60 (1.95)
-

Half lattice ethanol molecule

-
Two coordinated water molecules þ one CH3COOH molecule

-
One CH3COOH molecule

162 80e196 7.80 (8.18)
245 196e324 6.21 (5.11)

[Ni2(L)(OAc)4(2-Ampy)2(H2O)2].2.5H2O
(6)

100 45e139 3.65 (3.66) - Two and half lattice water molecules
- Two coordinated water molecules þ four CH3COOH molecules216 139e310 22.00 (21.7)

[Co(L)(OAc)2].H2O (7) 94 49e149 2.82 (2.25) - One lattice water molecule
- One CH3COOHmolecule þ C2H6 molecule223 149e298 11.88 (13.25)

[Co2(L)(OAc)2(8-HQ)2(H2O)2] (9) 258 154e339 3.09 (2.43) - One coordinated water molecule
- One coordinated water molecule þ one CH3COOH molecule436 339e480 10.30 (9.88)

[Co2(L)(OAc)4(2-Ampy)2(H2O)2].2H2O
(12)

90 44e132 3.65 (3.22) - Two lattice water molecules
- Two coordinated water molecules þ four CH3COOH molecules207 132e296 23.48 (24.66)

Fig. 1. The TGA-DrTGA curves of [(L)Ni2(OAc)4(H2O)2(C2H5OH)2].1.5H2O (1).

Fig. 2. The TGA-DrTGA curves of [(L)Ni2(OAc)2(8-HQ)2(H2O)2].0.5C2H5OH (4).
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Fig. 3. The TGA-DrTGA curves of [(L)Co2(OAc)4(Amiopy)2(H2O)2].2H2O (12).

Table 5
Temperatures of decomposition and the kinetic parameters of complexes.

Complex Step N order T (K) D E (kJ mol�1) DH (kJ mol�1) DS (kJ mol1K�1) DG (kJ mol�1)

[Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O (1) 1st 1 368 6.12 3.06 �0.255 96.91
2nd 0.33 524 6.099 1.74 �0.277 146.7
3rd 0 721 18.13 12.13 �0.264 202.935

[Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH (4) 1st 1 343 36.22 33.37 �0.143 82.32
2nd 0.66 435 1.62 �1.996 �0.193 82.37
3rd 1 518 6.288 1.98 �0.270 143.28

[Ni2(L)(OAc)4(2-Ampy)2(H2O)2].2.5H2O (6) 1st 0.66 373 55.26 52.26 �0.121 97.218
2nd 1 489 31.59 27.52 �0.210 130.66

[Co(L)(OAc)2].H2O (7) 1st 1 367 45.54 42.49 �0.146 96.38
2nd 0.66 496 2.577 �1.546 �0.207 101.16

[Co2(L)(OAc)2(8-HQ)2(H2O)2] (9) 1st 1 531 6.258 1.843 �0.260 142.30
[Co2(L)(OAc)4(2-Ampy)2(H2O)2].2H2O (12) 1st 1 363 98.23 95.21 �0.079 123.94

2nd 0 480 36.05 32.01 �0.194 125.39

O.M.I. Adly et al. / Journal of Molecular Structure 1219 (2020) 1286076
3.1.5. Mass spectra
Themass spectral studies of the representative complexes 2, 7, 8

and 10 have been performed and the spectra of complexes 7 and 10
are illustrated in Fig. 4. The molecular ion peaks were observed at
m/z 788 and 735 for complexes 2 and 8, respectively. This is
consistent with showed the molecular ion peaks at m/z 788 and
735, respectively, which agree very well with the formula weights
of the complexes (F. Wt ¼ 787.6 and 734.6, respectively). For
complexes 7 and 10, the molecular ion peaks were detected at m/z
782 and 810, respectively, which is compatible with the calculated
formula weights of the non-hydrated complexes [Co(L)(OAc)2];
(F.Wt ¼ 781.7) and [Co(L)(Gly) ](OAc); (F.Wt ¼ 810.53).

At last, in the light of the interpretation of analytical and spectral
techniques mentioned above, proposed structures of the nickel(II)
and cobalt(II) complexes can be summarized in Schemes 1.
3.1.6. XRD analysis
The X-ray diffractograms of the pyridazinone ligand and some of

the prepared complexes are shown in Figs. 5 and 6. The patterns
and results of XRD suggested that the crystals of the complexes are
not perfect but they are between amorphous and crystalline char-
acter. The diffractograms and associated data depict the 2q value for
each peak, the relative intensity of the prepared complexes which
different from those of the ligand. This result suggests that the
metal ions were coordinated to the ligand to form new complexes
[62]. Particle sizes of the complexes were calculated using
maximum intensity peak by the standard Scherer equation [63].
The calculated values were in the range 20e106 nm.
3.2. Biological studies

3.2.1. Antimicrobial studies
The antimicrobial activity of the Schiff base and its nickel(II) and

cobalt(II) complexes was examined towards the subsequent or-
ganisms; E. coli and S. typhimurium (Gram eve bacteria), S. aureus
and B. subtilis (Gram þve bacteria), C. albicans (yeast) and
A. fumigatus (fungus) and the obtained results are tabulated in
Table 6.

The Schiff base ligand (L) is found ineffective to all bacteria and
fungus except it showed lower activety against Bacillus subtilis.
Metal complexes showed lower activity except complexes 5 and 8.
Complex 5 showed higher activity against Candida albican. How-
ever, complex 8 has a good influence against all Gram-positive
bacteria and Candida albican as Yeasts.

The prepared complexes showed high activity towerds Bacillus
subtilis (Fig. 7) are arranged in the following order:
8 > 12 > 7 > 5 > 1 > 4 > L. Also, some complexes showed high
activity towerds Candida albican (Fig. 8) are arranged in the
following order: 5 > 8 > 12 > 1e7 > 4 > L. Higher inhibition zone of
metal complexes than those of ligand can be explained on basis of
overton’s concept and chelation theory.

Overton’s concept of cell permeability illustrated that the cell’s



Fig. 4. Mass spectra of the complexes A: [Co(L)(OAc)2].H2O (7) and B: [Co(L)(Gly)](OAc).2H2O (10).
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Scheme 1. Representative structures of the binary and ternary complexes.
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Fig. 5. XRD pattern of the Schiff base Ligand.

Fig. 6. XRD pattern of metal complexes (1, 4, 7 and 9).
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lipid membrane prefers the passage of just fat-soluble substances,
and lipid solubility is an important factor affecting antifungal ac-
tivity. On complex-formation, when the ion chelates with a
chelating agent, its polarity will be greatly reduced (because of the
overlap of the chelating agent orbital and the partial sharing of
the þve charge of the metal ion with the donor groups). The
increasing of delocalization of p-electrons over the whole chelate
ring, resulting in an increase in the lipophilicity of the metal
complexes. This improved lipophilicity enhances the concentration
of complexes in the lipid membrane and limits the multiplicity of
microorganisms [64].

3.2.2. Antitumor studies
Some representative Ni(II) and Co(II) complexes (1, 4, 7 and 9)

were checked for their in vitro antitumor activity against human
cancer cell line liver Carcinoma (HEPG2) and the results are tabu-
lated in Table 7. It was found that complexes 1 and 7 are more active
than the free ligand while complexes 4 and 9 showed lower activity
than the ligand. The increased conjugation in the Schiff base skel-
eton as a result of complex-formation [65e67] may be the reason
for the higher activity of the complexes compared to that of the
Schiff base. In addition to from XRD analysis, the crystal size of
present metal complexes with in the nanoscale. This nano-
character of the present complexes improved the antituomer ac-
tivity, which facilitates their penetration into tumor cell [63].
4. Conclusion

A series of nickel(II) and cobalt(II) Schiff base complexes have
been synthesized using different anions. Different analytical and
spectroscopic methods were utilized to characterize metal



Table 6
Antimicrobial activity of the ligand and its metal complexes.

Organism Meana of zone diameter, nearest whole mm.

Gram - positive bacteria Gram - negative bacteria Yeasts and Fungib

Staphylococcus
aureus

Bacillus subtilis Salmonella
typhimurium

Escherichia coli Candida albicans Aspergillus
fumigatus

Concentration

Sample 1 mg/ml 0.5 mg/ml 1 mg/ml 0.5 mg/ml 1 mg/ml 0.5 mg/ml 1 mg/ml 0.5 mg/ml 1 mg/ml 0.5 mg/ml 1 mg/ml 0.5 mg/ml

L e e 9L 7L e e e e e e e e

(1) [Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O e e 15I 12I e e e e 19I 17I e e

(2) [Ni(L)](NO3)2 e e e e e e e e e e e e

(3) [Ni(L)(H2O)2](ClO4)2 e e e e e e e e e e e e

(4) [Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH e e 8L 7L e e e e 8L 7L e e

(5) [Ni2(L)(OAc)4(Phen)2] 9L 8L 16I 13I e e 10L 8L 28H 23H e e

(6) [Ni2(L)(OAc)4(2-Ampy)2(H2O)2].2.5H2O e e 10L 8L e e e e 19I 18I e e

(7) [Co(L)(OAc)2].H2O 14I 12I 18I 16I 11L 8L 10L 8L 12I 9L e e

(8) [Co(L)Cl2] 24H 20H 25H 21H 17I 13I 17I 14I 25H 22H e e

(9) [Co2(L)(OAc)2(8-HQ)2(H2O)2] e e e e e e e e e e e e

(10) [Co(L)(Gly)](OAc).2H2O e e e e e e e e e e e e

(11) [Co(L)(Phen)](OAc)2 e e 14I 11I e e e e 17I 15I e e

(12) [Co2(L)(OAc)4(2-Ampy)2 (H2O)2].2H2O 22I 19I 18I 15I 19I 16I 24I 20H 19I 17I e e

Controlc 35 26 35 25 36 28 38 27 35 28 37 26

e ¼ No effect.
L: Low activity ¼ Mean of zone diameter �1/3 of mean zone diameter of control.
I: Intermediate activity ¼ Mean of zone diameter �2/3 of mean zone diameter of control.
H: High activity ¼ Mean of zone diameter >2/3 of mean zone diameter of control.

a Calculated from 3 values.
b Identified on the basis of routine cultural, morphological and microscopical characteristics.
c Chloramphenicol in the case of Gram-positive bacteria, cephalothin in the case of Gram-negative bacteria and cycloheximide in the case of fungi.

Fig. 7. Relation between the ligand and its metal complexes and their reactivity to-
ward Bacillus subtilis.

Fig. 8. Relation between the ligand and its metal complexes and their reactivity to-
ward Candida albicans.

Table 7
Antitumor activity of the Schiff base ligand and its complexes against HepG2 cell
line.

Compound IC 50 (mg/ml)

L 15.3
[Ni2(L)(OAc)4(H2O)2(EtOH)2].1.5H2O (1) 2.94
[Ni2(L)(OAc)2(8-HQ)2(H2O)2].0.5EtOH (4) 197
[Co(L)(OAc)2].H2O (7) 3.78
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complexes. The obtained complexes are mono- and binuclear
complexes with octahedral and tetrahedral geometry. Coats-
Redfern equations were utilized to calculate kinetic and thermo-
dynamic parameters. The Schiff base and its complexes exhibited
antimicrobial activity against bacteria and fungi, especially
C. albicans. The antitumor activity of the Schiff base and its metal
complexes was explored against HepG2 cell line where the activity
is altered upon complex-formation.
[Co2(L)(OAc)2(8-HQ)2(H2O)2] (9) 405
Doxorubicin 0.47

IC 50 ¼ inhibition concentration 50%.
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