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INTRODUCTION

The hydrazones containing (-C=N-NH-CO-) groups, a
unique class of Schiff bases, have been the subject of much
research due to their physiological and biological activities,
applicability in analytical chemistry and coordination ability
[1-3]. They exhibit keto-enol tautomerism, which provides
molecules an additional donor site and coordinate in neutral
or anionic mode with metal ions through the imine-N atom and
the amide oxygen atom (protonated/deprotonated form), resul-
ting in the formation of mononuclear or binuclear complexes
[4,5]. However, they depend on reaction parameters such as the
pH of the medium, the structure of hydrazone, nature of the
solvent and metal ions [6].

A large number of metal ion complexes have been reported
with hydrazone Schiff bases, possessing antibacterial, anti-
fungal [7-9], antioxidant [10], antitumor [11,12], antidepressant
[13], analgesic, anti-inflammatory [14,15], antitubercular [16,
17], anticonvulsant [18], antimalarial [19], antihypertensive
[20], DNA-binding [21,22] and sensor [23,24] properties. They
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The metal(IT) complexes of ML type of Co(II), Ni(II), Cu(Il) and Zn(II) were synthesized using hydrazone Schiff base, N',N”’-((1E,2E)- |
acenaphthylene-1,2-diylidene)bis(2-hydroxy benzohydrazide), which was synthesized by the condensation of acenaphthaquinone and |
2-hydroxy benzohydrazide (1:2 molar ratio) in ethanol and characterized by various spectroscopic and analytical techniques, including
UV-visible, FTIR, '"H NMR, "C NMR, LC-MS, TGA-DSC, powder XRD and atomic absorption measurements. The magnetic susceptibility |
and electronic spectral data suggested that the Ni(Il) and Cu(II) complexes have octahedral geometry, while the Co(II) and Zn(II) complexes |
have tetrahedral geometry. It has also been found that all the metal(II) complexes are paramagnetic, except Zn(II) complex. The molar |
conductance values indicated that all the metal(II) complexes are non-electrolytes in DMSO solvent. The stability of metal(II) complexes,
the absence of coordinated and lattice water molecules in complexes and the proposed formula were all validated by the thermal analysis. |
All the compounds have average crystallite sizes on the nanoscale, according to powder XRD results. All of the compounds were tested |
for their in vitro antimicrobial activities against six bacteria (B. subtilis, S. aureus, Corynebacterium, P. aeruginosa, K. pneumoniae and |
E. coli) and three fungi (C. albicans, A. flavus and A. niger) at two different concentrations. |
|

Keywords: Hydrazone Schiff base, Metal(II) complexes, Acenaphthaquinone, 2-Hydroxy benzohydrazide, Biological activities.

also act as active insecticidal, nematicidal and herbicidal agents
and plant growth regulators [25,26]. For example, Cu(II) and
Zn(II) complexes derived from the hydrazone Schiff base ligand
exhibited cytotoxicity activity against HeLa and U937 cancer
cell lines [27]. Hydrazones of salicylic acid derivatives comp-
lexed with Co(II), Cu(II) and Ni(IT) have considerable inhibitory
and urease activity [28]. Furthermore, specific acenaphthaqui-
none derivatives exhibit a diverse range of biological character-
istics [29-31]. For instance, Zn(II) complex of acenaphthene
benzohydrazide-based ligand had certain photoluminescence
and fluorescence properties [32]. Additionally, the complexes
of Co(II), Ni(II), Cu(II) and Zn(II) with the N,O, ligand acena-
phthacene showed DNA intercalating binding properties [33].

Specific transition metal complexes of Schiff base derived
from acenaphthenequinone and essential amino acids [34] have
been found to possess DNA breakage ability and antibacterial
activity. The Schiff bases derived from acenaphthaquinone and
their metal(II) complexes have shown considerable antimicro-
bial properties [35-37]. Considering the significance linked
to hydrazones, herein, the synthesis and characterization of
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novel hydrazone Schiff base, N',N”-((1E,2E)-acenaphthylene-
1,2-diylidene)bis(2-hydroxy benzohydrazide) (HBH-ANQ)
and its metal complexes with Co(II), Ni(Il), Cu(II) and Zn(II)
ions are carried out. The antioxidant and antimicrobial activities
of both novel ligand and its metal(Il) complexes were also
assessed.

EXPERIMENTAL

The required chemicals were purchased from several reli-
able commercial suppliers and used as supplied. A Shimadzu
UV-160 spectrophotometer was used to record the electronic
spectra in DMSO solvent. Using an Elico CM 180 conductivity
meter, molar conductance was measured in DMSO solution at
concentrations of 10~ M. The magnetic moment was measured
by the Gouy method using the Digital Gouy Balance GMX-02
model. Using KBr pellet, the Shimadzu FTIR model 4800S
spectrophotometer captured the infrared spectra within the
4000-400 cm™ range. The "H & “C NMR spectra of Schiff base
were measured in DMSO-d; solvent with TMS as an internal
standard on Bruker Advance 111 400 MHz and 100 MHz spectro-
photometers, respectively. The mass range of 20000 amu in ToF
was used to record mass spectra using LC-MS. The micro-
analyses for the elements C, H and N were recorded using a
CHNS microanalyzer. The Shimadzu atomic absorption 160
spectrophotometer was used to measure the amount of metal
present in the complexes. Using CuKot1 radiation (A = 1.54060
A) at 40 kV and 40 mA, powder XRD patterns were obtained
in the range of 5°-70° 20 values on the Ultima IV X-ray diffracto-
meter. The Perkin-Elmer simultaneous thermal analyzer (STA-
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6000) device was used to obtain the thermogravimetric curves
of all the metal(Il) complexes in N, environment, with a heating
rate of 20 °C/min and a temperature range of 50-800 °C.

Synthesis of 2-hydroxybenzohydrazide: In an ice-cooled
ethanolic solution (25 mL) of methyl salicylate (7.60 g, 6.4 mL,
50 mmol), hydrazine hydrate (5.0 g, 100 mmol) was added
gradually while stirring continuously over the period of 30 min.
This reaction mixture was refluxed for about 5 h, then concen-
trated and cooled. On cooling, the white solid separated was
filtered and washed with a minimum quantity of ethanol. This
crude solid was recrystallized from ethanol and finally dried
over anhydrous CaCl, in a vacuum desiccator. The reaction was
monitored by TLC technique using the solvent system, diethyl
ether: n-hexane (1:1 v/v) (Scheme-I, step-1) [38]. White solid,
yield: 86%, m.p.: 142-144 °C, IR (KB, Vi, cm™): 3319, 3271
(N-H); 3055, 3010 (C-H aromatic), 1647 (C=0), 1529 (C=C),
1238 (C-0).

Synthesis of Schiff base ligand, N’,N”-((1E,2E)-acena-
phthylene-1,2-diylidene)bis(2-hydroxy benzohydrazide),
(HBH-ANQ): A warm ethanolic solution of acenaphthoquinone
(3.64 g, 20 mmol) was added slowly portionwise to hot ethanolic
(30 mL) solution of 2-hydroxy benzohydrazide (6.08 g, 40
mmol) with constant stirring and then heated the reaction mix-
ture for 4 h under reflux condition. The reaction process was
monitored using the TLC technique with a solvent system
consisting of o-xylene:acetone (60:40 v/v). The resulting solution
was concentrated to one-half by distilling out the solvent under
reduced pressure and allowed to cool to room temperature. The
bright yellow solid formed, separated by filtration and subse-

J—
‘—

Y N\ Y N\

OH N N OH

N N
on uN" SNu OH | |
@/&0 0)\@ OH HO

N'.N"-((1E,2E)-Acenaphthylene-1,2-diylidene)
bis(2-hydroxy benzohydrazide)

Schiff base ligand (HBH-ANQ)
enol-imine Form (II)

Schiff base ligand (HBH-ANQ)

CH;OH, Refluxed, 3-4 h

Keto-amine Form (I)

| Step-3

Co(IT) complex

Ni(IT) complex

Cu(II) complex

Zn(IT) complex

Scheme-I: Synthetic route of Schiff base ligand (HBH-ANQ) and its metal complexes
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quently rinsed multiple times using a minimal quantity of
ethanol followed by chloroform. The resulting product was
dried overnight over anhydrous CaCl, in a vacuum desiccator.
The purity of the product was also assessed on a TLC plate
using the identical solvent system (Scheme-1, step 2). "H NMR
(400 MHz, DMSO-d) 6 ppm: 14.42 (s, 1H), 12.17 (s, 2H),
8.59 (d, J = 6.8 Hz, Ar-1H), 8.16 (dd, J = 7.2 Hz,6.8 Hz, Ar-
2H), 7.95 (s, N-H,1H), 7.83-7.95 (m, Ar -3H), 7.57-7.66 (m,
Ar-2H), 7.35-7.42 (m, Ar-2H), 7.02 (d, J = 5-6Hz, Ar-2H),
6.87 (dd, J = 7.2 Hz,8.0 Hz, Ar-2H); *C NMR (100 MHz,
DMSO) d ppm: 167.4, 161.8,159.4, 156.4, 147.1, 145.2, 134.7,
132.7,131.9,130.6, 129.7, 129.1, 128.4, 127.6, 127.5, 122.7,
120.5, 119.8, 119.1, 117.3.

Synthesis of Co(II), Ni(IT), Cu(Il) and Zn(II) metal
complexes: Solid Co(II), Ni(II), Cu(II) and Zn(II) complexes
of Schiff base ligand (HBH-ANQ) were synthesized using the
following general procedure, involving the use of metal salts
such as CoCl,-6H,0, NiCl,-6H,0, CuClL,-2H,0 and ZnClL. To
a hot methanolic solution (about 50-60 mL) of Schiff base (4.5
g, 10 mmol), about 12-15 mL methanolic solution of metal(Il)
chloride salt (10 mmol) was added gradually with constant
stirring. This metal-Schiff base mixture was further refluxed
for 3-5 h at a temperature of approximately 65 °C to accomplish
full complexation. After the refluxation, one-half of the volume
of the resultant solution was removed via distillation under
reduced pressure. After being cooled overnight at room temper-
ature, the solid metal(Il) complexes were isolated, filtered and
washed repeatedly with methanol and diethy] ether. The obtained
products dried overnight over anhydrous CaCl, in vacuum desi-
ccators (Scheme-1, step 3).

Biological study

Antioxidant screening: The antioxidant activities of free
ligand and its metal(II) complexes were conducted using a 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay, as this free radical
scavenging assay is a rapid and reliable method for determining
the radical scavenging activity of potential antioxidants [39].
Stock solutions of the test compounds were prepared using DMSO
solvent. Various amounts of the test compounds with different
concentrations (100-500 pg/mL) were diluted with ethanol and
subsequently added to an ethanol solution containing DPPH. A
combination of DPPH solution and ethanol served as a control,
while ascorbic acid is the standard drug. After vigorous shak-
ing, the resulting mixtures were incubated at room temperature
for 30 min in dark. The absorbance at 517 nm was measured
using a UV-Vis spectrophotometer to ascertain the radical
scavenging capacity of an antioxidant activity [40]. The DPPH
free radical scavenging activity was calculated by using the
following equation:

Bt %100

control

control

DPPH scavenging activity (%) =

Antimicrobial screening: The antimicrobial activity of
Schiff base ligand (HBH-ANQ) and its metal(II) complexes
against three Gram-positive bacteria (Staphylococcus aureus
Bacillus subtilis and Corynebacterium), three Gram-negative
bacteria (Pseudomonas aeruginosa, Klebsiella pneumoniae

and Escherichia coli) and three fungi (Candida albicans,
Aspergillus flavus and Aspergillus niger) was evaluated in vitro
using the disc diffusion method. This approach used Sabouraud
dextrose agar and Muller-Hinton agar as growth media for
fungi and bacteria, respectively. The sterile agar medium was
prepared according to the the directions provided by the manu-
facturer and then aseptically transferred to sterilized Petri plates
in the required volume and were then left to harden. A 100 uL
of bacterial/fungi under investigation were grown in 10 mL of
fresh media until they reached the appropriate count of micro-
organisms. For inoculation, 100 puL of fresh microbial suspension
was applied on the surface of each agar plate spread evenly
over the medium and allowed to set. Stock sample solutions
were obtained by dissolving the tested compounds in DMSO
solvent. Test sample DMSO solutions of known concentration
were put onto blank sterile discs to produce 50 and 100 pg of
test sample per disc. The impregnated sample discs were posit-
ioned carefully at equal distances and gently pressed down on
inoculated agar plates. The plates were incubated for 24-48 h
at 35-37 °C for bacteria and 24-48 h at 25-27 °C for fungus,
respectively. Blank sterile discs soaked in DMSO were employed
as a negative control and readymade discs of standard drugs
(ciprofloxacin for bacteria and fluconozole for fungi) served
as positive controls for the antimicrobial activity. During the
incubation time, the test solution diffused and affected the pro-
liferation of microorganisms, resulting in the development of
an inhibitory zone. The diameter of the inhibitory zone surroun-
ding each disc (in mm) was measured [35,41].

RESULTS AND DISCUSSION

The structure of novel Schiff base was elucidated by several
analytical and physical techniques. The metal(II) complexes
were formed using the synthesized hydrazone Schiff base in
equimolar ratio. The obtained analytical and physical results
were in good agreement with the suggested composition of
hydrazone Schiff base and its metal(II) complexes (Table-1).
The synthesized metal(I) complexes are coloured, stable in
air and insoluble in water, but completely soluble in dimethyl
sulfoxide (DMSO) and dimethyl formamide (DMF) solvents.
The molar conductance of the metal(Il) complexes in DMSO at
a concentration of 10°M, varied from 3 to 18 cm> Ohm™ mol™
at room temperature, suggesting that they are non-electrolytic
in nature [42].

NMR spectral studies: The 'H NMR spectrum of the
novel hydrazone Schiff base (HBH-ANQ) recorded in DMSO
displayed a downfield singlet at & 14.42 ppm and one over-
lapped signal at & 7.95 ppm. These signals can be ascribed to
the enolic proton (-N=C-OH) and the amide proton (-NH-C=0)
of the hydrazone moiety, respectively, each integrating for one
proton. This suggests that the ligand is in the keto-enol tauto-
meric form (Scheme-I) in solution state (in DMSO) [3,5,42].
Intramolecular hydrogen bonding may exist because of the
signal that appears at § 12.17 ppm, downfield from TMS and
is attributed to the proton nucleus of phenolic (O-H) groups
[43]. In the aromatic region & (6.86-8.60) ppm, a set of peaks
were detected, which corresponded to the 14 aromatic protons
of the benzene and acenaphthene rings [32].
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TABLE-1
PHYSICAL AND ANALYTICAL DATA OF SCHIFF BASE (HBH-ANQ) AND ITS METAL COMPLEXES
Oz _— o Yield Elemental analysis (%): Found (calcd.) A, (cm®
(m.£) (g mol™) Colour 0 ) Q"' mol™)
C H N M in DMSO
HBH-ANQ . 69.63 4.08 12.48
(C,eH NO,) 450.45 Bright yellow > 300 82 (69.32) (4.03) (12.44) 0
[Co(HBH-ANQ)] . 61.22 3.25 10.91 11.92
(Co C,H,N,0,) 507.36  Greenish yellow > 300 74 (61.54) 3.17) (11.04) (12.87) 12
[Ni(HBH-ANQ)] . 61.27 3.28 10.92 10.95
(Ni GH, N0, 0712 Brightred 300 85 61.58)  (318)  (11.04) (1157 18
[Cu(HBH-ANQ)] . 62.63 3.36 11.17 11.90
(CuCHNO,) 198  Brickred >y g2 (62.00) (3.15) (10.94) (12.41) L9
[Zn(HBH-ANQ)] 60.78 3.24 10.81 12.06
(Zn CHNoO,) 1381 Paleyellow >0 7 6052  (G14)  (1090)  (12.72) 03
In ®C NMR spectrum, the Schiff base ligand showed 110y
signals at § 156.49 anq 8 167.49 ppm assigned to azométhine 100t 301.18 IMHT"
carbon (-C=N-) and amide carbonyl carbon (C=0) of the ligand, 451.16
respectively [10,32]. Moreover, the absence of the ketonic 90T
carbonyl carbon (C=0) signal of acenaphthoquinone, which 80t
resonates near at § 185 ppm, suggests that both carbonyl groups <
of acenaphthoquinone were consumed in the formation of the B or
product. The ligand displays keto-enol tautomerism, as evi- g 60
denced by the enolic carbon (-N=C-OH) signal found at & £ 50l [M+Na]”
159.43 ppm. The signals associated with aromatic carbon atoms 2 47315
in acenaphthene and benzene rings were detected at & 117- 3 40f
o
147 ppm [32.,44]. 301
Mass spectral studies: To validate the suggested struc- »
o (=23
tural formulas, the TOF ES mass spectra of free Schiff base 0 3
and its corresponding metal(I[) complexes were recorded at 10 e = E?::_ on 2 82 3 3 S
room temperature. The molecular ion peaks in the mass spectrum 0 “"I\°’I9I|||v"3vl':‘-lll“'l.l“.' IIIIII ."-l-'-u----.----l--f-u--l-'- -
(Fig. 1) of Schiff base (HBH-ANQ) observed as [M+H]" at m/z 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
m/z

451.16 (94.1%), [M+Na]" atm/z 473.15 (45.7%) and [2M+Na]*
at m/z923.30 (15%). These values are in good agreement with
the proposed molecular formula [CysH sN4O,], which has an
estimated molecular weight of 450.45 g/mol. The proposed
fragmentation pattern, illustrated in Scheme-II, suggests that
there are three possible pathways for fragmentation. The base
peak at m/z = 301.16 (100%) corresponds to the fragments
[Ci9Hi1sN30]* or [Ci9H13N,0,]*, which may result from the
removal of (C;H3;NOs) group in Route-1 or the removal of the
(C/H5N,0,) group in Route-2, respectively. The other fragments
of the compound provide the distinctive peaks with varying
intensities at different m/z values at 359 [(CxH;3N4O;)+2H]", 338
[(CxH1N,O,)-HJ, 331 [(C1oH14N4O2)+H]", 317 [C1oHsN3O,]*,
313 [CioHi3N4O], 284 [CioH1.N,O]", 247 [Ci,H;N,OJ*, 229
[(CisHeN4)-H]*, 205 [Ci3H7N5]*, 199 [(Ci.HiiN3)+2H]", 183
[(Ci2H1oN2)+H]", 180 [CioHsN,]*, 149 [(C7HeN,O,)-H]', 141
[C11Ho]", 126 [CioHe]", 121 [C7H50,]*, 104 [C;H,O]*, 93 [C:H50]"
and 77 [CsHs]" and validates the formation of the Schiff base
structure.

The most significant peak in the mass spectra of the Co(II),
Ni(II), Cu(Il) and Zn(IT) complexes of Schiff base (HBH-ANQ)
was the molecular ion peak, which was observed at m/z 507.32,
507.08, 512.16 and 513.52, respectively and aligned with the
suggested formulae of the complexes. The data acquired from
CHN analyses and spectrum analyses of all metal complexes

Fig. 1. Mass spectrum of Schiff base ligand (HBH-ANQ)

are consistent with the experimental mass spectral data,
indicating that the metal complexes belong to the [ML] type.

FTIR spectral studies: The binding site of the ligand in
metal(Il) complexes can be determined a lot by comparing the
infrared spectra of the free ligand and its metal(II) complexes.
Table-2 lists the selected IR vibrations and approximate assign-

TABLE-2
SELECTED FT-IR STRETCHING FREQUENCY OF
LIGAND (HBH-ANQ) AND ITS METAL COMPLEXES (cm™)

Complexes of Schiff base ligand

Assignment  Ligand -
Co(II) Ni(II) Cu(II) Zn(II)
V(O-H)rencic 3338 = 3406 3397 -
V(N-H) 3209 3215 - = 3209
V(C-H)om 3157 3157 3065 3064 3159
3052 3050 3012 3022 3053
v(C=0) 1642 1643 - - 1643
V(C=N) 1594 1568 1569 1572 1566
V(C-O)enoic - - 1421 1420 -
V(N-N) 1108 1120 1131 1129 1118
v(M-0) - 572 568 565 561
- - 536 532 -
v(M-N) - 483 482 458 480




Vol. 36, No. 8 (2024)

Metal(II) Complexes of Hydrazone Schiff Base Ligand: Synthesis, Thermal Behaviour and Biological Studies 1785

Route 1

_7 N\ _7 N\
o N—NH, N—NH
H
[L+HT* [L+2H]*
mis =331 m/z =359
o N —nit NH; / \N_N OII

[L] m/z =93

N —NH

H,N—NH H, H,N H, [L-H]*

[L+H]* m/z = 149
m/z =183

[L+2H]*
m/z =199

\:C ce
L1, Yl/z 121 U

Z ¢ m/z =

_7 N\

l l Route 2 I I
N—! N—~

[L-H]* H

m/z =149 (L

m/z =301

[M+H]*, m/z = 451.16 l l

Ligand (HBH-AN ?
igand ( Q) 99( "

m/z =94 .
O Y CH

m/z =284

[L1*,m/z = 104

|
@

L], m/z =177

[L1* [L+H]*

284 m/z =205 m/z =183

O
L NP

C C ;
L
m/z =126

[L]
mwr m/z =141
m/z = 180

Scheme-II: Praposed mass fragmentation pathways of Schiff base ligand (HBH-ANQ)

ments for the ligand (HBH-ANQ) and its metal(II) complexes.
The infrared spectra of Schiff base (HBH-ANQ) (Fig. 2) showed
a prominent absorption band at 3338 cm™ and a shoulder at
3209 cm™, which were attributed to the stretching vibrations
of v(O-H) and v(N-H), respectively. Also, the absorption bands
at 3157 and 3052 cm™'corresponded to the stretching vibrations
of aromatic (C-H). Azomethine group v(C=N) and amide carb-
onyl group stretching vibrations are responsible for the strong
peaks at 1594 and 1642 cm™, respectively. Strong bands at
1510 and 1484 cm™ are caused by the acenaphthene ring conju-
gating with an exocyclic >C=N- group. This shows that ligand
exists in the solid state in the form of keto-amine [32,43,45].

In the infrared spectrum of [Ni(HBH-ANQ)] and [Cu(HBH-
ANQ)] complexes, the ligand band attributed to the exocyclic
v(C=N) azomethine group shifted to a lower wavenumber. This
shift was observed at 1569 cm™ and 1572 cm™, respectively.
The shift indicates that the azomethine-N is involved in coor-
dination with the respective metal ion. This is supported by
the displacement of the v(N-N) peak, which initially appeared
at 1108 cm™ in free ligand towards higher frequency in the
complexes [4]. The absence of ligand bands for v(N-H) and
Vv(C=0) and an appearance of new moderately intense bands
at 1555-1520 and 1554-1525 cm™ in the Ni(II) and Cu(II)
complexes, respectively, are indicative of the (-C=N-N=C-)
stretching-bending vibrations. These vibrations suggest that
the ligand experienced the enolization and deprotonation of

the (N-H) group over the formation of the complex. In addition,
new absorption bands at 1421-1287 and 1420-1278 cm™ were
ascribed to the stretching of enolic (C-O) and the five-membered
chelate ring formed as the enolic-O and azomethine-N coordi-
nated with metal ion in the Ni(II) and Cu(II) complexes, respec-
tively. The assertion was supported by missing of the prominent
ligand band at 1539 cm™ in the spectrum of both complexes,
which was indicative of C—N-H stretch-bend vibrations for a
non-cyclic monosubstituted amide. The appearance of a new
band at 1252-1251 cm™, which could be due to the coupled
chelate ring, C-OH and phenyl ring stretching vibrations and
the upward shift of the phenolic (O-H) stretching and bending
bands of the ligand from 3338-1348 cm™ to 3406-1382 and
3397-1360 cm™ in the Ni(II) and Cu(II) complexes, respectively,
suggest that the phenolic (OH) group of the ligand is involved
in the coordination of metal ions. The absorption bands observed
at 568 cm™, 536 cm™, 482 cm™ and 565 cm™, 532 cm™!, 458

m' for Ni(Il) and Cu(II) complexes, respectively, were assigned
to v(M-O) and v(M-N), validating the proposed coordination
site of the ligand. Water vibrational bands were absent in both
spectra, indicating that it was not present in the complex struc-
ture. This conclusion was further reinforced by the results of
the CHN analysis. Therefore, it was determined that ligand
(HBH-ANQ) functioned as a bianionic hexadentate ligand,
binding to Ni(IT) and Cu(II) ions through its enolic-O, azome-
thine-N and phenolic-O atoms [32,45,46].
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Fig. 2. FT-IR spectrum of (a) Schiff base ligand; (b) Ni(II) complex and (c) Cu(Il) complex

In Co(II) and Zn(II) complexes IR spectrum, v(N-H) and
amide carbonyl stretching vibrational bands were observed at
3215-1643 cm™ and 3209-1643 cm™, respectively. The position
of these bands is not changed indicating that none of these
groups was involved in the complex formation as well as the
ligand exists in the keto form in the complexes. The v(C=N)
band of the free ligand is moved to lower wavenumber, 1568
cm™ and 1566 cm™, respectively in the Co(IT) and Zn(IT) comp-
lexes, implying that the azomethine group through N-atoms
coordinated with the metal ion. This was further confirmed
by ared shift of the v(N-N) stretching vibration band from 1108
cm™ to 1120 and 1118 cm™, respectively. The absence of a phenolic
(O-H) stretching band and the appearance of the band at 1258
cm™' [Co(II)] and 1262 cm™ [Zn(11)] due to the phenolic (C-O)
stretching, clearly indicate (O-H) groups have deprotonated and
that phenolic-O atoms are participating in coordination. The
absorption bands at 572 cm™, 483 cm™ and 561 cm™, 480 cm™
were attributed to v(M-O) and v(M-N), respectively. Thus, it
is suggested that the Schiff base functioned as a bianionic
tetradentate ligand in these complexes [4,47].

UV-visible studies: A DMSO solution containing 10° M
of Schiff base ligand (HBH-ANQ) and its transition metal(II)
chelates was used to measure their electronic spectra in the
200-1100 nm range (Fig. 3). Several absorption bands, ranging
from 200 to 300 nm, could be attributed to the T—m* transitions
of acenaphthacene and phenyl rings; these bands are almost
entirely unaffected by complexation. On the other hand, the
bands ranging from 310 to 420 nm, could be attributed to the

n—>7t* transitions of the (O-H), (N-H), azomethine and carbonyl
moieties; these bands were moved to longer wavelengths in
metal complexes, indicating that they were involved in complex
formation.

There is multiple absorption in the visible area of Co(II)
complex spectrum. An absorption band observed at 710 nm
can be assigned to the *A,—*T,(P) transition, corresponding
to the typical high spin tetrahedral environment and further
supported by the measured magnetic moment values of 4.74
B.M. The nickel(II) complex exhibited three absorption bands
in its electronic spectrum: 988 nm (10120 cm™), 535 nm (18691
cm™) and 463 nm (21598 cm™) that can be attributed to the
*Ane—"Tog (F), Ay—T), (F) and *A,—’T), (P) transitions,
respectively, which are characteristic for the octahedral Ni(II)
geometry. The v»/v, ratio for the Ni(II) complex is lower than
the typical range, indicating the presence of a distorted octa-
hedral structure. The measured magnetic moment is 2.92 B.M.
support the octahedral geometry. In @’ configuration of Cu(II)
complex, two bands were detected at 428 nm (23364 cm™) and
488 nm (20492 cm™), which correspond to the charge transfer
and *E,—”T, transition, respectively. The John-Teller effect causes
peak broadening (470-554 nm), which indicates a distorted
octahedral environment surrounding the Cu(Il) ion. Further,
this was supported by the observed magnetic moment (1.88
B.M.) of this complex. The electronic spectra of Zn(II) complex
displayed an additional band at 438 nm, which can be attributed
to ligand to metal charge transfer (LMCT). This complex was
determined to be diamagnetic as a result of its d'° configuration
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Fig. 3. UV-VIS spectrum of (a) Schiff base ligand; (b) Ni(Il) complex; (c¢) Cu(II) complex and (d) Zn(II) complex

and did not display any d-d transitions. A tetrahedral geometry partial breakdown of the complex starts. It also reveals two
may be present in the Zn(II) complex, according to analytical stages of decomposition. The rapid first step decomposition
and spectroscopic evidence [10,48,49]. with mass loss of 33.30% (calcd.33.36%) is observed between
Thermal analysis: Thermal investigations of Schiff base 365 °C and 480 °C with DrTGA maxima at 395 °C, which can
ligand and its metal(IT) complexes was conducted to determine be ascribed to the loss of [CsH4] and phenolate [CsHsO] organic
presence of the coordinated or lattice water molecules. The moieties from ligand backbone of the metal(II) complex, further
measurements of weight loss were made between 50 °C and  reinforced by an endothermic maxima at 390 °C and two exo-
800 °C. The thermal behaviour of Schiff base ligand and its thermic peaks at 420 and 450 °C on the DSC curve suggesting
metal(IT) complexes was examined using both TGA and DSC the decomposition of complex with melting. Up to 800 °C,
in nitrogen atmosphere (20 mL/min) at a heating rate of 20°C/  the final mass reduction of 15.083% (calcd. 16.57%) may have
min. The obtained thermal data are summarized in Table-3. The resulted from the elimination of 2[O=C=N-] parts, leaving resi-
TG curve of free ligand (HBH-ANQ) shows three decomposi- due [Ni(C,H;N,O)] with a mass of 51.617% (calcd. 50.10%),
tion steps between the temperatures of 305-360 °C, 360-460 suggesting that complete ligand pyrolysis was not achieved
°C and 460-800 °C. In the first step, a mass loss of 50.429% [5,43].
(caled. 50.66%) is observed with DITGA T, = 335 °C and DSC In the TG curve of [Cu(HBH-ANQ)] complex, a mass loss
peaks at 330 °C (endothermic) and 335 °C (exothermic) caused of 3.751% in the range of 100-330 °C was determined as the
by the loss of phenolate [C4HsO] and [C;H.NO,] moieties from loss of adsorbed water or solvent molecule. It is possible that
Schiff base ligand. The following degradation may be related  either moisture or solvent molecule was adsorbed onto the
to the loss of [C,HN;O] fragment, since it resulted in a weight sample during handling or storage because the IR spectral and
loss of 23.766% (calcd. 23.76%) with DrTGA maxima at 405 elemental analyses of the sample do not confirm this loss.
°C. The final slow decomposition with mass loss of 5.4% (calcd. Following a rapid degradation from 330 °C to 415 °C (DrTGA
5.33%) may attributed to loss of C, moiety, leading to formation maxima at 370 °C) with a DSC exothermic peak at 390 °C,
of [C;Hg] with the residual mass, 20.40% (calcd. 20.45%). there was a weight loss of 36.734% (calcd. 36.37%) as a result
The thermogram curve of [Ni(HBH-ANQ)] indicates that of the loss of two weakly bonded phenolate [CsHsO] moieties
the complex is thermally stable up to 365 °C, after which the from the ligand backbone of the complex. The final stage of
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TABLE-3
THERMAL STUDIES DATA OF LIGAND AND ITS Co(II), Ni(II), Cu(Il) AND Zn(II) COMPLEXES
16 Mass loss (%) DSC Resid
ass loss (% ... . esidue
Compd. n Decomp. temp. DrTGA el (ailodh) TGA decomposition assignment Ty °C) found (%)
range (°C) Tpea (°C)
1 305-360 335 50.429 (50.66) Loss of [C¢HsO] and [C;H,NO,] 330, 335
1 2 360-460 405 23.766 (23.76) Loss of [C,HN;0] - 20.405
3 460-800 — 5.4 (5.33) Loss of C, —
2 1 365-480 395 33.30 (33.36) Loss of [C¢H,] and [C¢H;O] 390, 420, 450 51.617
2 480-800 - 15.083 (16.57) Loss of 2[0=C=N-] - ’
1 300-360 325 47.03 (46.36) Loss of [C;H;N,O] 320, 330
3 2 360-485 420 23.67 (23.67) Loss of [C;H,0,] = 24912
3 485-800 - 4.388 (5.72) Loss of [C,Hs] -
1 100-330 - 3.751 Loss of adsorbed moisture/solvent -
4 2 330-415 370 36.73 (36.37) Loss of 2[C¢H;0] 370, 390 44.299
3 415-800 — 15.216 (16.40) Loss of 2[0=C=N-] 650
1 300-355 325 45.895 (45.78) Loss of [C;H;N,O] 320, 330
5 2 355-460 410 20.001 (20.07) Loss of [C;H;0] 435 29.175
3 460-800 — 4.929 (4.29) Loss of H,0 and 2H, —
= Ligan - ;2 =[Ni - ; 3=[Co - ;4 =[Cu - ;5=[Zn - ; n = number of decomposition
1 = Ligand (HBH-ANQ); 2 = [Ni(HBH-ANQ)]; 3 = [Co(HBH-ANQ)]; 4 = [Cu(HBH-ANQ)]; 5 = [Zn(HBH-ANQ)] ber of di positi
steps.
DSC TGA DSC DrTGA
DITGA
110TGA w0+ Co(ll) complex 7-100 r 110 Cu(ll) complex 0.8
100 , Step 1, ll/lass loss Sam%ﬁ—&%%sdvggdsngrmg (1.0 Step 1, Mass loss Sam%(_er:\;)sosdeSdZ%s/rmg 0
1 -47.030%, -9.648 mg Pure N,@20.0 mL/min | 100 f——e - - - - - 390 °C Pure N,@20.0 mL/min 0.4
90 : T A'O's \/ -|r Step 2, Mass loss —~
: ~| © 2 36 764%, -6.698 mg 150 ©
. : 2ioogto 370 g o
S : S| = & 8o =l100E
<7 d | £ = 100
7 | 420°C E| 305 5 El Soa
g 60 | Step 2, Mass loss §-200 = 270 g =
= I _23.670%,-4.856 mg S o = (©) 211502
sob (@) | INCTTTCTC = =r-1.0 Step 3, Mass loss = Zl.0.8
$73002 6or ] N -~ TRREE2TEM ) ] I
1 5. i~ {2008
40 = L, N e B P
o) e 10 2.0 Residue: 44.299%, {250
. esidue: 44.299%,
20 . Residue: 4.912%, i 40 370°C 8078 mg -1.6
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Temperature (°C)
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Fig. 4. Thermogram of (a) Co(II) complex; (b) Ni(II) complex; (c) Cu(Il) complex and (d) Zn(II) complex

breakdown occurred gradually from 415 to 800 °C with a weight
loss of 15.216% (calcd. 16.40%). This was due to the elimina-
tion of 2[O=C=N-] fragments through an exothermic process
that caused a broad peak (Tmax = 650 °C) on the DSC curve.
Up to 800 °C, the Cu(Il) complex does not completely decom-
pose, leaving 44.30% of residual mass [47].

Three decomposition phases can be seen in the TG curve
of [Co(HBH-ANQ)] complex. The Co(II) complex was stable
up to 300 °C, which indicates the absence of lattice/coordinated
water molecules in a complex environment. The first step
exhibits a rapid mass loss of 47.03% (calcd. 46.36%) in the
temperature range of 300-360 °C with DrTGA peak at 325 °C and
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DSC peaks at 320 °C (endothermic) and 330 °C (exothermic),
which corresponds to the major loss of [C,3H;N4O] portion of
the organic ligand of complex. Due to the loss of [C;H40:]
organic moiety, a DFTGA maximum at 420 °C was seen in the
second breakdown step (360-485 °C), resulting in a mass loss
of 23.67% (calcd. 23.67%). The final phase of weight loss in
the 485-800 °C temperature range can be assigned to the full
decomposition of the remaining organic portion of the comp-
lex, which accounts for 4.388% (calcd. 5.72%), leaving a resi-
due of CoO + 4C with a mass of 24.19% (calcd. 24.25%).

The thermogram curve of the [Zn(HBH-ANQ)] complex
comprises three degradation stages. No lattice or coordinated
water molecule was found in a complex structure, as evidenced
by the stability of the Zn(II) complex up to 300 °C. The first
step displays a significant drop in a mass of 45.89% (calcd.
45.78%) in the temperature range 300-355 °C and precisely at
325°C (DrTGA), corresponding to the loss of [C13:H;N,O] with
the appearance of an endothermic and an exothermic peak at
320 °C and 330 °C on the DSC curve, respectively indicating
decomposition with the melting of the complex. In the next
decomposition step (355-460 °C), the lost mass of 20.001%
(caled. 20.07%) with DrITGA maxima at 410 °C observed due
to loss of [C;H30] moiety which caused DSC peak at 435 °C.
In the final stage (460-800 °C), the slow weight loss 0of 4.929.6%
(calced. 4.29%) was observed due to the removal of H,O and
2H,by complete degradation of the remaining organic moiety,
leading to the formation of stable ZnO which was contamina-
tion with carbon residue having a mass of 29.17% (calcd.
29.86%) [9,16].

Powder XRD studies: It was found that all compounds
exhibit a high degree of crystallinity, by studying the diffracto-
grams that were obtained. Fig. 5 displays the powder XRD
pattern of Schiff base ligand (HBH-ANQ) and its Co(II), Ni(II),
Cu(Il) and Zn(II) complexes. For instance, diffractogram of
the nickel(II) complex registered 8 reflection peaks in the range
of (20) 5 to 50° with maxima at 20 = 8.70° with a corresponding
d spacing value of 10.156 A where the significant crystalline
peaks of the Ni(II) complex are observed at 260 = 6.12°, 8.70°,
9.74°, 12.36°, 13.84°, 18.10°, 22.02° and 26.60°.

Furthermore, the diffractogram of the Schiff base ligand,
Co(II), Cu(Il) and Zn(II) complexes contained 11, 6, 6 and 5
significant reflection peaks in the range of (26) 5° to 50° with
maxima at 20 = 6.32°, 14.86°, 8.64° and 14.84°, which corres-
ponded to d spacing values of 13.974 A, 5.957 A,10.226 A
and 5.965 A, respectively. The size of the crystallite was deter-
mined by analyzing the XRD patterns and measuring the full
width at half maximum (FWHM) of the prominent intensity
peaks. This was done using Debye Scherrer’s equation, D =
KA/Bcos 6, where K is a constant with a value of 0.94 for a Cu
grid, A is the X-ray wavelength with a value of 1.5406 A, 6
is the Bragg diffraction angle, D represents the particle size
of the crystal grain and B stands for the FWHM of the
characteristic Bragg reflection peak. The crystallite sizes were
found in the range of (11.31-23.12 nm), (17.12-21.48 nm),
(18.06-20.48 nm), (16.49-18.58 nm) and (11.52-18.53 nm)
for Schiff base ligand, Co(II), Ni(Il), Cu(Il) and Zn(II) com-
plexes, giving an average crystallite size of 18.01 nm, 18.55
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Fig. 5. Powder X-ray diffraction pattern of (a) Schiff base ligand (HBH-
ANQ); (b) Co(II) complex; (c) Ni(II) complex; (d) Cu(II) complex
and (e) Zn(II) complex

nm, 18.78 nm, 17.94 nm and 16.83 nm, respectively. The distri-
bution of lattice constants resulting from crystal imperfections
was measured by the lattice strain (€), which can be ascribed
to defects and dislocations at the grain boundaries. The relation
€ = B/4tan 0, was used to evaluate lattice strain [50] and the
lattice strain (€) value was found in the range of (6.73 to 35.32
x 107 nm), (6.98 to 31.44 x 107 nm), (8.25 to 36.48 x 10~
nm), (8.27 to 36.72 x 10~ nm) and (8.03 to 31.44 x 10~ nm)
with giving an average lattice strain value of 15.39 x 107,
15.98 x 107, 18.43 x 107, 20.77 x 10~ and 18.97 x 10~ nm
for the Schiff base ligand (HBH-ANQ), Co(II), Ni(II), Cu(II)
and Zn(II) complexes, respectively. Additionally, the number
of dislocations in a unit volume of a crystalline material is
measured by the dislocation density (3), which was calculated
using Williamson & Smallman’s relation, 8 = 1/D* [51] and
the range of dislocation density was shown to be between (1.87
-5.31 x 107 nm™), (2.16-3.41 x 10~ nm™), (2.38-3.06 x 10~
nm™), (2.89-3.68 x 10~ nm™) and (3.04-7.54 x 10~ nm™) with
an average dislocation density value of 3.51 x 107, 2.95 x 107,
2.85x107,3.12x 10~ and 3.94 x 10~ nm™ for the free ligand,
Co(II), Ni(I), Cu(Il) and Zn(II) complexes, respectively [35].

In vitro antioxidant studies: The antioxidant activity of
the synthesized compounds at various doses using the DPPH
free radical was evaluated. The scavenging activity of the com-
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pounds was observed to exhibit a positive correlation with the
concentration. Free Schiff base scavenged 29% of DPPH radicals
at low concentration and 40% at high concentration; however,
its effectiveness was significantly increased upon complexation
with metal ions. The Cu(II) complex was the most active comp-
ound, demonstrating the highest level of scavenging activity
at both low and high concentrations, with scavenging activities
of 49% and 68%, respectively, while Zn(II) complex exhibited
the lowest level of scavenging activity, ranging from 32% to
42% for low to high concentrations. The compounds that were
evaluated including the standard were found to exhibit DPPH
radical scavenging activities in the following order: ascorbic
acid > Cu(II) complex > Ni(II) complex > Co(II) complex >
Zn(II) complex > Schiff base ligand. The conclusion was that
metal ions in the complexes may have an electron-withdrawing
effect that facilitates the release of electrons or hydrogen radicals
and scavenge the DPPH radical [35].

In vitro antimicrobial studies: The disc diffusion method
was utilized with an agar medium to assess the antibacterial
and antifungal potentials of synthesized Schiff base ligand and
its metal(I) complexes against bacteria viz. Corynebacterium,
Staphylococcus aureus, Bacillus subtilis, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Escherichia coli and fungi
viz. Aspergillus niger, Aspergillus flavus and Candida albicans,
respectively. All the compounds were examined for their anti-
microbial activities with doses of 50 pg/disc and 100 pg/disc,
as shown in Figs. 6 and 7, respectively. The Schiff base and its
metal(IT) complexes displayed different levels of growth inhi-
bition in the bacterial and fungal species being studied. The
antibacterial study of the investigated substances revealed that
the Cu(Il) and Ni(Il) complexes exhibited excellent anti-
bacterial activity against both Gram-positive and Gram-negative
bacteria, but the Co(Il) and Zn(II) complexes demonstrated
relatively lower levels of antibacterial activity, except all metal(II)
complexes effectively inhibiting the growth of Corynebacterium.
The Schiff base ligand was ineffective against K. pneumoniae
and E. coli and less active against B. subtilis and P. aeruginosa,
but had considerable effectiveness against S. aureus and Coryne-
bacterium. The general order of the antibacterial activity of
the synthesized compounds against Gram-positive bacteria is
as follows: Cu(Il) = Ni(II) > Co(IT) = Zn(II) > L, while against
Gram-negative bacteria it is Cu(Il) > Co(II) = Ni(Il) > Zn(II)
=L, respectively. According to an antifungal study, the Co(II)
complex has a higher antifungal activity against C. albicans,
A. niger and A. flavus, while the Ni(I), Cu(II) and Zn(II) comp-
lexes have a lower antifungal activity. On the other hand, the
ligand did not affect the growth of fungi. In general, chelated
Schiff base compounds exhibit greater antimicrobial potential
than corresponding unchelated Schiff base under identical
experimental conditions. The chelation theory explains the
enhanced activity exhibited by metal chelates. Chelation reduces
metal ion polarity by partially sharing its positive charge with
ligand donor groups and delocalizing electrons over the chelate
ring. This makes the metal chelate more lipophilic, allowing it
to enter microbe membrane lipid layers and kill them. Ligand-
metal ion interactions can also change system, solubility, dipole
moment and conductivity, affecting antibacterial potential [10,52].
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Conclusion

The newly synthesized Schiff base (HBH-ANQ) and its
metal(Il) complexes were characterized by various physical,
spectroscopic and analytical techniques. It was found that the
metal to ligand ratio was 1:1 in all the metal(Il) complexes.
The Schiff base functioned as a bianionic hexadentate ligand,
binding metal ions through its enolic-O, azomethine-N and
phenolic-O atoms, providing an octahedral geometry for the
Ni(IT) and Cu(II) complexes, whereas it functioned as a bianionic
tetradentate ligand, binding metal ions via azomethine-N and
phenolate-O atoms, forming tetrahedral Co(I) and Zn(II) comp-
lexes. The thermal studies showed that the all metal(II) comp-
lexes did not contain coordinated or lattice water molecules
and all of them showed good thermal stability. All compounds
are well-crystallized and the estimated average particle size is
in the nanoscale region, according to powder XRD data. The
DPPH assays revealed that the metal(II) complexes exhibit
greater efficacy as antioxidants and scavengers of free radicals
compared to the Schiff base. Antimicrobial activity against
bacteria and fungi was assessed in vitro using the disc diffusion
technique for all substances. This study found that compared
to Schiff base ligand, metal(Il) complexes exhibited much higher
inhibitory action. The most efficient inhibitors of bacteria were
Cu(Il) and Ni(IT) complexes, while all fungi were well inhibited
by Co(Il) complex.
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