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INTRODUCTION

Schiff bases are azomethine-containing compounds that
have been identified as a prominent class of biologically active
drug compounds that have attracted the interest of medicinal
chemists due to their diverse pharmacological properties, inclu-
ding antibacterial [1], antifungal [2], anti-inflammatory [3],
anti-HIV [4,5], anticonvulsant [6,7], antiviral [8], antimyco-
bacterial [9], antitumor [10], DNA-binding [11] and anticancer
characteristics [12,13]. Numerous Schiff bases and their metal
complexes have antibacterial, antifungal, antitumor and anti-
leukemia properties [14-16].

Recent literature reviews have demonstrated that certain
derivatives of acenaphthaquinone possess diverse biological
activities, including antibacterial, antifungal, anticancer and
antitumor properties [17-19]. Schiff bases derived from acena-
phthaquinone and its derivatives are effective as phospholipase
A2 inhibitors [20]. Acenaphthaquinone hydrogen sulfite had
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a narcotic effect on mice and inhibited the growth of transp-
lanted tumours [21]. In addition, the condensation product of
2,3-diaminopyrazine and acenaphthenequinone [22] has been
used to induce ataxia by reducing central nervous system activity.
Kumar et al. [23] reported that the ligand and metal(II) complex
exhibited promising antibacterial activity, while El-Ayaan et al.
[24] observed that metal complexes exhibited better antimicro-
bial activity than the free ligand. Rodriguez-Arguelles et al. [25]
investigated the biological activity of acenaphthone-quinone
thiosemicarbazone and its transition metal complexes of Fe,
Ni, Cu and Zn on Friend erythroleukemia cells (FLC).

In addition, the biological activity of antipyrine and its
derivatives as antipyretic [26,27], antineoplastic [28], antitumor
[29], analgesic [30], antiviral [31], anti-inflammatory [32], anti-
cancer [33] and antimicrobial drugs [34-37]. A review of the
relevant literature reveals that the relatively few studies have
been conducted on Schiff base metal complexes derived from
acenaphthenequinone [38]. Herein, the synthesis, structural
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characterization, antioxidant activity and antimicrobial activity
of a new Schiff base derivative of acenaphthaquinone, [1,5-
dimethyl-4-(2-oxoacenaphthylen-1(2H)-ylidene)amino)-2-
phenyl-1,2-dihydro-3H-pyrazol-3-one] and its mononuclear
transition metal(II) complexes are reported.

EXPERIMENTAL

All the required chemicals were purchased from different
reputed commercial sources and used as supplied. The electronic
spectra were recorded on a Shimadzu UV-160 spectrophoto-
meter in DMSO. The molar conductance was measured in
DMSO and ethanol solutions at concentrations of 10-3 M using
Elico CM 180 conductivity meter. The magnetic moment was
measured by the Gouy method using the Digital Gouy Balance
GMX-02 model. The infrared spectra were recorded by the
Shimadzu FTIR model 4800S spectrophotometer in the range
of 4000-400 cm–1 (KBr pellet). The NMR (1H and 13C) spectra
of Schiff base were measured in CDCl3 solvent with TMS as an
internal standard on Bruker Advance III 400 MHz and 100 MHz
spectrophotometers, respectively. Mass spectra were recorded
in the mass range of 20000 amu in ToF by LC-MS. A CHNS
microanalyzer was used to record microanalyses for the elements
C, H and N. Powder XRD patterns were recorded in the range
5º-80º 2θ values on the Ultima IV X-Ray Diffractometer using
CuKα1 radiation (λ = 1.54060 Å) with 40 kV and 40 mA. The
thermogravimetric curves of all the metal(II) complexes had
been obtained by the Perkin-Elmer Thermal Analyzer (STA-
6000) instrument at a heating rate of 20 ºC/min with a temper-
ature range of 50 ºC to 800 ºC in N2 atmosphere.

General procedure

Synthesis  of Schiff base ligand [1,5-dimethyl-4-((2-oxo-
acenaphthylen-1(2H)-ylidene)amino)-2-phenyl-1,2-dihydro-

3H-pyrazol-3-one (AAP-ANQ)]: A warm solution of acenaph-
thaquinone (1.82 g, 10 mmol in 75 mL acetonitrile) was added
portionwise to a boiling solution of 4-aminoantipyrine (2.03 g,
10 mmol in 25 mL acetonitrile) with constant stirring and then
refluxed the reaction mixture for 2 h, maintaining the temp-
erature at 86 ºC. After an initial 15-20 min of refluxation, the
yellow-orange solution changed into a deep red. The progress
of the reaction was monitored by TLC using ethyl acetate:
n-hexane (70:30 v/v) as a solvent system. The resulting solution
was concentrated by distilling out the solvent under reduced
pressure. The separated red-coloured solid Schiff base was filtered
in hot condition, washed with the minimum amount of aceto-
nitrile followed by dichloromethane and diethyl ether. The
crude product obtained was purified by recrystallization from
aqueous ethanol and finally dried overnight over anhydrous
CaCl2 in a vacuum desiccator. The purity of the product was
also checked by TLC using ethyl acetate:n-hexane solvent
system (Scheme-I). 1H NMR (400 MHz, CDCl3) δ ppm: 8.11
(d, J = 8.0 Hz, Ar-1H), 8.08 (d, J = 7.2 Hz, Ar -1H), 7.97 (d,
J = 7.6 Hz, Ar-1H), 7.82(d, J = 7.2 Hz, Ar-1H), 7.70-7.74 (t,
J = 7.2 Hz, 8.0 Hz, Ar -2H), 7.40-7.55 (m, Ar-4H), 7.30-7.37
(t, J = 6.8 Hz, Ar-1H), 3.27 (s, 3H,N-CH3), 2.48 (s, 3H, C-CH3);
13C NMR (100 MHz, DMSO-d6) δ ppm: 189.4, 165.4, 156.9,
152.6, 150.1, 142.4, 134.7, 132.2, 130.6, 130.4, 129.4, 128.5,
128.2, 127.9, 127.5, 125.6, 125.3, 124.5, 121.5, 118.7, 36.10,
11.41.

Synthesis of metal(II) complexes: Metal(II) complexes
of Schiff base ligand (AAP-ANQ) were synthesized as follows:
A 5 mmol metal(II) chloride salt in 15-20 mL of distilled water
was added gradually to a hot acetonitrile solution of Schiff
base (5 mmol, in 50 mL acetonitrile) with constant stirring. The
reaction mixture was further refluxed for 2 h, maintaining the
temperature of about 85 ºC. After the refluxation, the volume
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of the resulting solution was reduced to one-third by distillation
under reduced pressure. On cooling overnight at room temp-
erature, the obtained solid metal(II) complexes were separated,
filtered and washed with cold acetonitrile, followed by ethyl
acetate several times to remove the unreacted Schiff base and
finally dried over anhydrous CaCl2 in a vacuum desiccators
(Scheme-I).

Biological study

Antioxidant screening: The antioxidant investigations
of the synthesized free ligand (AAP-ANQ) and its transition
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]. Various
concentrations (100, 200, 300, 400 and 500 µg/mL) of the test
compounds in DMSO were added to 1 mL of 0.4 mM methanol
solution of DPPH and the resultant solutions were diluted up
to 3 mL by adding methanol. A DPPH solution was added to
2 mL of methanol to create the control, while ascorbic acid
(vitamin C) served as standard drug. The resulting mixtures were
shaken vigorously and incubated in the dark for 30 min at
room temperature. After 30 min, the discolouration of samples
was observed from purple to pale pink or yellow and the absor-
bance was read at 517 nm using a UV-vis spectrophotometer
against methanol as a blank to determine the radical-scavenging
capacity of an antioxidant [40]. The DPPH free radical scaven-
ging activity was calculated by using the following equation:

control sample

control

A A
DPPH scavenging activity (%) 100

A

−
= ×

Antimicrobial screening: The Kirby-Bauer disc diffusion
method with some modification was used to assess the anti-
bacterial and antifungal activities of Schiff base ligand (AAP-
ANQ) and its metal(II) complexes in vitro against the Gram-
positive bacteria (Bacillus subtilis, Staphylococcus aureus and
Corynebacterium), Gram-negative bacteria (Proteus vulgaris,
Salmonella enterica and Escherichia coli) and fungi (Aspergillus
oryzae, Aspergillus niger and Candida albicans). In this method,
Mueller-Hinton agar and Sabouraud dextrose agar were used
as a medium for the growth of bacteria and fungi, respectively.
The agar media was prepared according to the manufacturer’s
standard procedure and the appropriate amount of sterile agar
medium was aseptically transferred into sterilized Petri plates

and allowed to solidify. For the inoculation of each plate, 100
µL of fresh liquid (bacteria/fungus) cultures were pipette out
and spread evenly over the medium and made to dry. Different
concentrations of test sample DMSO solutions were impreg-
nated into 5 mm diameter sterile paper discs to make 50 and
100 µg of test sample per disc and then the impregnated sample
discs were placed carefully at equidistance and firmly pressed
down on pre-inoculated agar plates. For bacteria and fungus,
the plates were incubated at 37 ºC for 24 h and for 48 h, respec-
tively. For each type of test organism, DMSO spiked disc served
as a negative control and standard antibacterial (streptomycin)
and antifungal drug (miconazole) were used as a positive control.
The test solution dispersed during the incubation period, affec-
ting the growth of microorganisms and as a result, an inhibitory
zone was created. The measurements of the inhibition zone
diameter (in mm) around each disc were made [35,41].

RESULTS AND DISCUSSION

Synthesized Schiff base was further used to form metal
complexes with chlorides of Cu(II), Ni(II), Co(II) and Zn(II)
metal salts in 1:1, metal:ligand ratio. The obtained physical
and analytical data agreed well with the proposed composition
of Schiff base and its metal complexes (Table-1). The
synthesized metal(II) complexes are coloured and stable in
air, insoluble in water but completely soluble in DMF and
DMSO solvents. At room temperature, the molar conductance
of the metal complexes ranged from 5 to 75 cm2 ohm-1 mol-1 in
DMSO and ethanol at a concentration of 10-3 M, indicating that
Co(II) and Ni(II) complexes are electrolytic while the Cu(II)
and Zn(II) complexes are non-electrolytic in nature [42].

1H and 13C NMR spectral studies: The 1H NMR spectrum
of Schiff base ligand (AAP-ANQ) recorded in CDCl3 exhibited
two singlets (s,3H) observed at δ 2.48 ppm and δ 3.27 ppm
attributed to methyl proton (=C-CH3) and (N-CH3) of hetero-
cyclic part of the ligand, respectively [43,44]. In the aromatic
region of spectrum, signals were observed as a triplet at δ 7.30-
7.37 ppm and multiplet at δ 7.40-7.55 ppm, due to protons of
the phenyl ring. Additionally, the spectrum showed a triplet
signal at δ 7.70-7.74 ppm and four doublet signals at δ (7.82,
1H), δ (7.97, 1H), δ (8.08,1H) and δ (8.11, 1H) ppm for aromatic
protons of acenaphthacene part of the ligand [45,46].

In 13C NMR spectrum, the ligand also showed signals
located at δ 11.41 ppm and δ 36.10 ppm of the carbon atom of

TABLE-1 
PHYSICAL AND ANALYTICAL DATA OF SCHIFF BASE (AAP-ANQ) AND ITS METAL COMPLEXES 

Elemental analysis (%): Found (calcd.) Λm (cm2 Ω-1 mol-1) Compounds  
(m.f.) 

m.w.  
(g mol-1) 

Colour m.p. 
(°C) 

Yield 
(%) C H N M DMSO EtOH 

AAP-ANQ (L) 
(C23H17O2N3) 

367.39 
Orange-

red 276-278 88 
75.18 

(75.20) 
4.63 

(4.66) 
11.45 
(11.4) 

– – – 

[CoL(H2O)2Cl]Cl·H2O 
(CoC23H23O5N3Cl2) 

551.26 Dark red > 300 86 
50.17 

(50.11) 
4.24 

(4.20) 
7.58 

(7.62) 
11.72 

(12.87) 
40 62 

[NiL(H2O)2Cl]Cl·H2O 
(NiC23H23O5N3Cl2) 

551.03 Brick red > 300 87 
50.21 

(50.13) 
4.26 

(4.20) 
7.54 

(7.63) 
10.10 

(10.65) 
60 75 

[CuL(H2O)Cl2] 
(CuC23H19O3N3Cl2) 

519.85 Brown 236-238 83 
53.17 

(53.15) 
3.62 

(3.68) 
8.02 

(8.08) 
11.94 

(12.22) 
15 15 

[ZnLCl2] 
(ZnC23H17O2N3Cl2) 

503.67 
Dark 

brown > 300 84 
54.88 

(54.85) 
3.34 

(3.40) 
8.39 

(8.34) 
12.10 

(12.98) 
05 05 
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two methyl group (C-CH3 and N-CH3) of heterocyclic part of
the ligand. In addition, peaks appeared at δ 156.9 and δ 165.49
ppm assigned to a carbon of azomethine (-C=N-) and carbonyl
(C=O) of pyrazoline ring, respectively [43,44]. A carbonyl
carbon (C=O) of acenaphthoquinone part of the ligand resonates
at δ 189.41 ppm, which implies the product existed in carbonyl
form. The pyrazoline ring olefin carbon appeared at δ 150.10
and 152.69 ppm. Signals of aromatic carbons of the phenyl ring
and acenaphthacene ring appeared at δ 118-143 ppm. Thus,
the NMR studies support the proposed structure of the Schiff
base ligand [45,46].

Mass spectral studies: The TOF-ES mass spectra of the
free Schiff base ligand and its metal(II) complexes recorded
at room temperature were used to confirm the proposed struc-
tural formulae. The mass spectrum of Schiff base (AAP-ANQ)
showed molecular ion peaks, [M+H]+ at m/z = 368.15 (100%)
and [M+Na]+ at m/z = 390.13, which matches well with the
proposed molecular formula [C23H17N3O2], with a calculated
molecular weight of 367.39 g/mol). The suggested fragmen-
tation pattern (Scheme-II) recommended that there were five
routes by which fragmentation may occur, showing a weak
peak at m/z = 337 may be due to the loss of two methyl groups
(route -1) or due to the loss of an oxygen atom and one methyl

radical (route-5). The second tallest peak at m/z = 204 (52%)
corresponds to fragment [C14H6NO]+ which is obtained from
route-1 and route-2. The other fragments of the compound
give the characteristic peaks with various intensities at different
m/z values at 309 [C14H6NO]+, 249 [C16H13N2O]+, 226
[C13H12N3O]+, 189 [C14H7N]+, 187 [C11H11N2O]+, 180 [C12H6NO]+,
173 [C10H9N2O]+, 165 [C12H7N]+, 159 [C10H11N2]+, 127
[C10H7]+, 120 [C7H8N2]+, 111 [C5H7N2O]+, 77 [C6H5]+ and 56
[C3H6N]+. This confirms the formation of the Schiff base frame.

The mass spectra of the synthesized Co(II), Ni(II), Cu(II)
and Zn(II) complexes exhibited quite a lot of peaks where the
most important one was the molecular ion peak that was
seemed at m/z = 551.50 (9%), 550.53 (8%), 520.16 (15%)
and 503.15 (10%), respectively, coincided with the proposed
formulae of the complexes. The mass spectrum of all metal(II)
complexes confirms the stoichiometry of metal chelates as ML
(1:1) type, elemental analysis values and spectral studies coin-
cide well with experimental mass spectral data for the synthe-
sized compounds.

FTIR spectral studies: Comparing the infrared spectrum
of free Schiff base ligand to that of the metal(II) complexes
provides valuable information regarding the bonding site of
ligand in metal(II) complexes. The selected IR vibrations and
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tentative assignments for ligand (AAP-ANQ) and its metal(II)
complexes are listed in Table-2.

TABLE-2 
SELECTED FT-IR STRETCHING FREQUENCY OF LIGAND 

(AAP-ANQ) AND ITS METAL COMPLEXES IN cm–1 

Complexes of Schiff base ligand 
Assignment Ligand 

CoII NiII CuII ZnII 

ν(O-H)solv. – 3340 3460 3340 – 

ν(C-H)Ar 3045 3050 3060 3059 3050 

ν(C-H)Alip. 2958 2960 2930 2910 2927 

ν(C=O)ANQ 1716 1702 1702 1724 1718 

ν(C=O)AAP 1643 1625 1614 1670 1658 

ν(C=N) 1583 1568 1575 1593 1593 
C-H def. in ph 1411 1421 1413 1438 1419 
C-H def. in CH3 1323 1325 1321 1350 1309 
ν(C-O) 1271 1276 1286 1276 1276 

ν(C-N) 1213 1213 1209 1211 1211 

ν(N-N) 1159 1184 1139 1151 1132 

ν(M-O) – 557 545 523 530 
 – 523 510 523 – 
ν(M-N) – 458 460 432 452 

 
The Schiff base (AAP-ANQ) infrared spectrum presented

absorption bands at (3045, 3010) cm–1  and (2958,2902) cm–1

attributed to aromatic (C-H) and aliphatic (C-H) stretching
vibrations, respectively. The sharp peak at 1583 cm–1 attributed
to azomethine (-C=N-) vibration and absence of a broad peak
in the region 3600-3200 cm–1 implies that ligand doesn’t contain
(N-H) and (O-H) functional groups, which also confirm the
formation Schiff base ligand. In addition, two strong and sharp
bands observed at 1716 cm–1 and 1643 cm–1 were assigned to
carbonyl (C=O) vibration of the acenaphthoquinone part and
antipyrine ring of ligand, respectively [45,46].

In IR spectrum of [Co(AAP-ANQ)(H2O)Cl]Cl·H2O and
[Ni(AAP-ANQ)(H2O)Cl]Cl·H2O complexes, the vibrational
bands due to exocyclic carbonyl (C=O) of acenaphthoquinone
part, (C=O) of antipyrine ring and (C=N) azomethine group
of the ligand were shifted to the lower wavenumbers, observed
at (1702, 1625 and 1568 cm–1) and (1702, 1614 and 1575 cm–1),
respectively, for Co(II) and Ni(II) complexes, which revealed
coordination of these groups with the metal ion. The medium
intensity bands at (557, 523 and 458 cm–1) and (545, 510 and
460 cm–1) were attributed to ν(M-O) and ν(M-N), respectively,
for Co(II) and Ni(II) complexes [42], which also supports the
suggested coordination site of ligand. It is concluded that the
ligand coordinated with the metal ion as neutral tridentate via
ONO atoms. New broad peak in the region of 3750-3000 cm–1

can be attributed to ν(O-H) of coordinated and lattice water,
indicating the presence of water molecules in the coordination
framework of both complexes, also further supported by
thermogravimetric analysis.

In the IR spectral of [Cu(AAP-ANQ)(H2O)Cl2] complex,
observed three bands at 1724, 1670 and 1593 cm–1 assigned
to exocyclic carbonyl ν(C=O), ν(C=O)of antipyrine ring and
ν(C=N) azomethine group, respectively, in comparison with
spectral data of free ligand, it clears that these bands are shifted
to higher wavenumbers suggesting their involvement in

coordination with metal ion via ONO atoms. This metal-ligand
coordinate bond formation is further supported by the
appearance of new bands at 523 and 432 cm–1 due to ν(M–O)
and ν(M–N) [42,43]. Another new broad band at 3386 cm–1

can be attributed to the ν(O-H) of coordinated water. Moreover,
bands at 3059 cm–1 and near 2910 cm–1 were assigned to aromatic
and aliphatic ν(C-H), respectively.

On the contrary, in the IR spectra of [Zn(AAP-ANQ)Cl2],
the ν(C=O) absorption value at 1718 cm–1 attributed to no signi-
ficant changes in stretching vibrations of the exocyclic carbonyls
group, which rules out the bonding with Zn(II) ion [47]. On
complexation, shifting of absorption bands, ν(C=O) antipyrine
at 1658 cm–1 and ν(C=N) azomethine at 1593 cm–1 to higher
wavenumbers were observed. In addition, new bands observed
at 530 and 452 cm–1 due to ν(Zn-O) and ν(Zn-N) respectively.
This IR data revealed the ligand acts as bidentate in which
azomethine (C=N) and carbonyl (C=O) of antipyrine ring coor-
dinated with metal ion via ON atoms. There is no broadband
in the region of 3600-3200 cm–1 indicating the absence of water
molecule in the Zn(II) complex, also further confirmed by TG
analysis. The bands observed at near 3050 and 2927 cm–1,
were assigned to aromatic and aliphatic ν(C-H), respectively.

UV-visible spectral studies: In DMSO at a concentration
of 10-3 M, the electronic spectra of Schiff base (AAP-ANQ)
and its corresponding Co(II), Ni(II), Cu(II) and Zn(II) metal
complexes were measured between 200 nm and 1100 nm (Fig.
1). Multiple absorption bands were observed between 200-
320 nm and 350-490 nm for π→π* and n→π* transitions [45],
respectively, which was attributable to the Schiff base’s acenap-
hthacene ring, aromatic rings, heterocyclic moiety, carbonyl
group and azomethine group. In metal(II) complexes, the coord-
ination of the Schiff base with a central metal ion resulted in a
slight shift of the transition band at longer wavelengths and,
in some cases, at shorter wavelengths. The Co(II) complex
exhibits two absorption bands at 695 nm (14388 cm–1) and
494 nm (20242 cm–1) due to the 4T1g→4A2g (F) and 4T1g→ 4T2g(P)
transitions, which are in good agreement with the previously
reported values [45]. Due to the instrument’s limited range,
the lowest band can not be seen. These transitions suggest that
the Co(II) complex has an octahedral environment, which is
supported by the Co(II) complex’s magnetic moment of 5.02
B.M. The electronic spectra of the nickel(II) complex show three
bands at 920 nm (10870 cm–1), 630 nm (15873 cm–1) and 508
nm (19685 cm–1) that can be attributed to to 3A2g→3T2g (F),
3A2g→3T1g (F) and 3A2g→3T1g (P) transitions, respectively, which
are characteristic for octahedral Ni(II) geometry. The 2.95 B.M.
observed magnetic moment provides additional evidence for the
octahedral geometry [24,47]. The Cu(II) complex exhibited bands
at 506 nm (19762 cm–1) and 775 nm (12903 cm–1) that correspond
to the 2B1g→2Eg and 2B1g→2A1g transitions, respectively. The
copper (II) ion has a tetragonally distorted  otcahedral geometry
due to Jahn-Teller distortion, as indicated by the broad band at
775 nm. The magnetic moment of Cu(II) complex was 1.76 B.M.,
indicating the absence of spin coupling. The Zn(II) complex was
found to be diamagnetic, as predicted for the d10 configuration,
with no d-d transitions and it is expected that the complex may
have tetrahedral geometry with the sp3 configuration [48,49].
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Thermal analysis: The loss of mass in each degradation
step was evaluated in relation to the theoretical weight loss
predicted from the proposed structure of the compound [50].
The thermal behaviour of all metal(II) complexes was analyzed
by TGA/DTG and DSC under nitrogen atmosphere (20 mL/min)
at a heating rate of 20 ºC/min and the weight loss was measured
from 50 to 800 ºC. The obtained thermal data are summarized
in Table-3.

The thermogram curves of [Co(AAP-ANQ)(H2O)Cl]Cl·
H2O complex (Fig. 2a) comprise the five-step decomposition
processes. The thermal dehydration of this complex takes place
in the first two steps, with weight losses of 3.27% (calcd. 3.26%)
and 6.518% (calcd. 6.52%) observed in the temperature range
of 60-195 ºC (DTG maxima at 64 ºC and 135 ºC), due to the
loss of one lattice and two coordinated water molecules in the
metal(II) complex with an endothermic peak on the DSC curve.
In the third step, between 195 and 285 ºC with 6.438% mass
loss (calcd. 6.43%) might be interpreted as the loss of one unco-
ordinated ½ chloride molecule, with an endothermic peak on
the DSC curve at 230 ºC. In the next step (285-510 ºC), 21.54%
(calcd. 21.72%) weight loss with DTG peaks at 302, 350, 390
and 435 ºC may be attributed to multiple overlapped processes,
which is due to loss of the non-chelated antipyrine part of the
ligand moiety (C7H8N2: Ph-N-N-CH3) with multiple exothermic
peaks at 302, 332, 360 and 440 ºC on the DSC curve. The final

decomposition up to 800 ºC shows a weight loss of 14.483%
(calcd. 14.21%), which may be associated with the elimination
of the coordinated ½ chloride molecule and the remaining anti-
pyrine part (C2H3O) from the ligand backbone with DTG
maxima near 620 ºC. Most of their mass (about 52.3%) they
lose up to 800 ºC. The thermal decomposition of this complex
does not finish at 800 °C [51].

The TG curve of [Ni(AAP-ANQ)(H2O)Cl]Cl·H2O (Fig. 2b)
indicates three steps of decomposition up to 800 ºC. Initially,
the first step of mass loss of 16.115% (calcd. 16.27%) is observed
in the range of 60-235 ºC with DTG maxima at 85 and 160 ºC,
which can be attributed to the loss of three water molecules
and an uncoordinated ½ chloride molecule. In the next step of
decomposition (235-458 °C), mass loss of 28.368% (calcd.
28.21%) with DTG peaks at 254 and 288 ºC may be due to
loss of [(C6H5)N-N-CH3] part from the ligand backbone and
coordinated ½ chloride molecule, further supported by exo-
thermic peaks at 254, 274 and 288 ºC on the DSC curve. The
final mass loss of 21.26% (calcd. 21.13%) up to 800 ºC with
the DTG peak at 554 ºC, may be due to the removal of the
remaining antipyrine part [C6H3O2N]. At 800 ºC, about 65.7%
of the mass of the sample was lost.

The curves that describe the thermal behaviour of the
[Cu(AAP-ANQ)(H2O)Cl2] complex is shown in Fig. 2c. The
first mass loss of 1.602% in the range of 60-120 ºC was attri-
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TABLE-3 
THERMAL STUDIES DATA OF Co(II), Ni(II), Cu(II) AND Zn(II), METAL COMPLEXES 

TG Mass loss (%) 

Complex n Decomp. 
temp. range 

(°C) 

DTG  
TPeak (°C) Found (calcd.) 

TGA decomposition 
assignment 

DSC  
TPeak (°C) 

Residue 
found (%) 

1 60-118 64 3.270 (3.26) Loss of 1H2O (lattice) 60 4 7.615 
2 120-195 135 6.518 (6.52) Loss of 2H2O (coordinated) 120, 165  
3 195-285 230 6.438 (6.43) Loss of 0.5 Cl2 230  
4 285-510 302, 350, 390, 435 21.540 (21.72) Loss of (ph-N-N-CH3) 302, 332, 360, 440  

1 

5 510-800 620 14.483 (14.21) Loss of (C2H3OCl) –  
1 60-235 85, 160 16.115 (16.27) Loss of 3 H2O and 0.5 Cl2 136 34.255 
2 235-458 254, 288 28.368 (28.21) Loss of 0.5 Cl2 and (ph-N-

N-CH3) 
254, 274, 288  2 

3 458-800 544 21.262 (21.13) Loss of (C6H3 O2 N) –  
1 60-120 85 1.602 (–) Loss of adsorbed moisture 

(H2O) 
– 49.175 

2 120-200 160 3.421 (3.46) Loss of 1H2O (coordinated) 136  3 
3 200-800 221, 280, 365, 386, 460 45.820 (45.04) Loss of (C9H11N2OCl2) 221, 245, 28, 365, 

462, 602, 698 
 

1 190-310 245 12.697 (14.08) Loss of Cl2 (coordinated) 248 42.740 
2 310-515 319 29.430 (29.38) Loss of (C8H8N2O) 322, 360, 390, 410  4 
3 515-800 – 15.132 (15.68) Loss of (C5H3O) –  

1 = [CoL(H2O)2Cl]Cl·H2O; 2 = [NiL(H2O)2Cl]Cl·H2O; 3 = [CuL(H2O)2Cl2]; 4 = [ZnLCl2] 
n = steps of decompositions 
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Fig. 2. Thermogram of (a) Co(II) complex; (b) Ni(II) complex; (c) Cu(II) complex; (d) Zn(II) complex

buted to the release of adsorbed water. The sample might have
adsorbed moisture from the atmosphere during storage or hand-
ling because the elemental analysis of the same does not support
this loss. In next step, one coordinated water molecule was lost

in the range of 120-200 ºC by a mass variation of 3.421% (calcd.
3.46%), with DTG maxima at 160 ºC. The final decomposition
step was noticed at the range of 200-800 ºC, assigned to 45.82%
(calcd. 45.04%) mass loss, may be assigned to loss of coordi-
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nated chloride molecule and decomposition of [C9H11ON2]
antipyrine part of the ligand moiety, with multiple DTG peaks,
further supported by many endothermic and exothermic peaks
at 221, 245, 365, 462, 602 and 698 ºC on the DSC curve, may
be associated with some decomposition or reduction process.
At 800 ºC, 48.86% mass of residue is observed.

The TG curve of [Zn(AAP-ANQ)Cl2] complex (Fig. 2d)
comprises three decomposition steps. The Zn(II) complex was
stable up to 190 ºC, which indicates the absence of water mole-
cules in a complex environment. The first step shows mass loss
of 12.697% (calcd. 14.08%) in the temperature range 190-310
ºC and exactly at 245 ºC (DTG), corresponding to the loss of
one coordinated chloride molecule with the appearance of an
endothermic peak at the 248 ºC on the DSC curve. In the next
decomposition step (310-515 ºC), the lost mass of 29.43%
(calcd. 29.38%) with DTG maxima at 319 ºC may be attributed
to partial decomposition of the antipyrine part [C8H8N2O] of
the ligand moiety with several overlapped peaks at 322, 360,
390 and 410 ºC on the DSC curve. The final decomposition in
the range of 515-800 ºC with a mass loss of 15.132 % (calcd.
15.68%) may be assigned to the consumption of C5H3O from
the ligand backbone, leaving 42.74% of the residual mass.

Powder XRD studies: Despite numerous attempts, the
goal of producing a single crystal of the synthesized metal(II)
complexes was not achieved; therefore, PXRD patterns were
scanned to determine whether the particle nature of the samples
was amorphous or crystalline, in the range of 5º-80º (2θ) at a
wavelength of 1.54 Å.

By analyzing these diffractograms, with the exception of
Co (II) complex, all the metal(II) complexes are crystalline. A
computer programme was used to index the X-ray diffraction
pattern of these compounds for significant peaks with relative
intensities larger than 10%. Fig. 3 displays the powder XRD
pattern of the Schiff base ligand, Co(II), Ni(II), Cu(II) and Zn(II)
complexes. For instance, the diffractogram of copper (II)
complex registered 15 reflection peaks in the range of (2θ) 5
to 50º with maxima at 2θ =12.98º with a corresponding d
spacing value of 6.814 Å where the crystalline peaks of the
Cu(II) complex are observed at 2θ = 12.98º, 16.12º, 17.60º,
19.84º, 20.88º, 23.0º, 25.05º, 26.50º, 27.56º, 28.90º, 30.50º,
31.62º, 32.52º, 35.08º and 39.66º.

In addition, the diffractogram of the Schiff base ligand,
Co(II), Ni(II) and Zn(II) complexes contained 15, 21, 22 and
13 significant reflection peaks in the range of (2θ) 5 to 50º
with maxima at 2θ = 12.70º, 12.96º,6.66º and 12.7º, which
corresponded to d-spacing values of 6.964 Å, 6.825 Å,13.26
Å and 6.964 Å, respectively. The crystallite size was calculated
from XRD patterns by applying the FWHM (full width at half
maximum) of the prominent intensity peaks using Debye
Scherrer’s equation, D = Kλ/βcos θ, where D is the particle
size of the crystal grain, K is a constant (0.94 for Cu grid), λ is
the X-ray wavelength (1.5406 Å), θ is the Bragg diffraction
angle and β is the FWHM of the characteristic Bragg reflection
peak. The crystallite sizes were found in the range of (9.72-
16.57 nm), (5.26-17.54 nm), (7.40-16.83 nm), (10.16-16.40
nm) and (13.47-16.52 nm) for the Schiff base ligand, Co(II),
Ni(II), Cu(II) and Zn(II) complexes, exhibiting an average
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Fig. 3. Powder X-ray diffraction pattern of (a) Schiff base ligand (AAP-
ANQ); (b) Co(II) complex; (c) Ni(II) complex; (d) Cu(II) complex;
(e) Zn(II) complex

crystallite size of 14.07 nm, 14.10 nm, 13.60 nm, 14.22 nm
and 15.57 nm, respectively. These average particle sizes of
Schiff base ligand and their complexes are positioned inside
the nanoscale range. The microstrain, also known as lattice
strain (ε), is a measure of the distribution of lattice constants
arising from crystal imperfections and may be attributed to
defects and dislocations at the grain boundaries. The lattice
strain was determined from the relation ε = β/4 tanθ [52,53]
and the average strain (ε) value was found to be 16.52 × 10-3,
19.17 × 10-3, 14.74 × 10-3, 12.13 × 10-3 and 14.45 × 10-3 for the
Schiff base ligand, Co(II), Ni(II), Cu(II) and Zn(II) complexes,
respectively. Furthermore, the dislocation density (δ) is a mea-
sure of the number of dislocations in a unit volume of a crystal-
line material, was determined from Williamson and Smallman’s
relation, δ = 1/D2 [54] and dislocation density was found to be
in the range from (3.64 to 10.32 × 10-3 nm), (3.24 to 36.21 ×
10-3 nm), (3.52 to 18.23 × 10-3 nm), (3.72 to 9.68 × 10-3 nm) and
(3.67 to 5.50 × 10-3 nm) with an average value of 5.46 × 10-3,
6.6 × 10-3, 6.07 × 10-3, 5.26 × 10-3, and 4.17 × 10-3 nm for the
Schiff base ligand, Co(II), Ni(II), Cu(II) and Zn(II) complexes,
respectively.

In vitro antioxidant studies: Fig. 4 demonstrates that the
scavenging activity is concentration-dependent and that all of
the tested compounds exhibit good radical scavenging activities
at various concentrations. The activity of metal(II) complexes
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was found to be greater than that of the free Schiff base (AAP-
ANQ) because Co(II), Ni(II), Cu(II) and Zn(II) ions have an
electron-withdrawing effect that makes it easier for hydrogen
radicals or electrons to be released and reduce the DPPH radical
[55].The antioxidant activity of the free Schiff base was found
to be 28.5% at the lowest concentration (100 µg/mL), but it
was significantly enhanced after complexation with Zn(II)
complex to Cu(II) complex within the range of 32.5-48.14%.
The order of DPPH radical scavenging activities of standard,
ligand and metal complexes was found to be as ascorbic acid
> Cu(II) complex > Ni(II) complex > Co(II) complex > Zn(II)
complex > Schiff base ligand.
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Fig. 4. DPPH scavenging activity of ligand (AAP-ANQ) and its metal(II)
complexes

In vitro antimicrobial studies: The antibacterial and
antifungal potentials of the prepared Schiff base (AAP-ANQ)
and its metal(II) complexes were measured by using the disc
diffusion method with an agar medium against bacteria viz.
Bacillus subtilis, Staphylococcus aureus, Corynebacterium,
Proteus vulgaris, Salmonella enterica, Escherichia coli and
fungi viz. Aspergillus oryzae, Aspergillus niger and Candida

albicans, respectively. The antimicrobial activities were tested
with doses of 50 µg/disc and 100 µg/disc of all the compounds
and represented in Fig. 5. It was found that the Co(II) and
Zn(II) complexes exhibited a better degree of inhibition towards
the studied tested bacterial strains except Zn(II) complex, which
has weak activity against P. vulgaris. The Ni(II) and Cu(II)
complexes showed a comparatively low level of inhibition.
The free ligand is inactive against S. aureus and Coryne-
bacterium and less active against P. vulgaris and E. coli, but it
exhibited moderate activity against B. subtilis and S. enterica.
In the case of antifungal activity, Zn(II) complex is more active
against A. niger and A. oryzae, whereas Co(II) complex is active
against C. albicans. The ligand also inhibited all fungi to some
extent but, Ni(II) complex is inactive for all tested fungi. In
general, chelated Schiff base compounds have more antimicro-
bial potential than unchelated Schiff base ligand [56].

Conclusion

Using various physical, spectral and analytical techniques,
the newly synthesized acenaphthaquinone based Schiff base
(AAP-ANQ) and its metal(II) complexes were characterized.
In all the metal(II) complexes, the ratio of metal to ligand was
found to be 1:1. The ligand coordinated with metal in tridentate
mode via ONO atoms, provided an octahedral geometry for the
Co(II),Ni(II) and Cu(II) complexes whereas ligand coordinated
with Zn(ll) metal ion in bidentate fashion via NO atoms, formed
tetrahedral Zn(II) complex. Thermal studies revealed the pres-
ence of water molecules in the coordination spheres of Co(II),
Ni(II) and Cu(II) complexes as well as the good stability of all
the synthesized metal(II) complexes. According to powder
XRD data, all the compounds are well-crystallized with the
exception of Co(II) complex and the calculated average particle
size falls within the nanoscale range. The DPPH assays demon-
strated that complexes are more effective antioxidants and free
radical scavengers than acenaphthaquinone based Schiff base.
The Ni(II) and Cu(II) complexes exhibited the most promising
antioxidant property among all the compounds. In case of
antimicrobial study against bacteria and fungi, the synthesized
metal(II) complexes have greater inhibitory activity than Schiff
base ligand. Among the four metal complexes, Co(II) and
Zn(II) complexes were the most effective at inhibiting micro-
organisms.
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