Proceedings of the Nigerian Society of Physical Sciences 2 (2025) 176

Published by Nigerian Society of Physical Sciences. Hosted by FLAYOO Publishing House LTD

Proceedings of the Nigerian Society of Physical Sciences

Check for
updates Journal Homepage: https://flayoophl.com/journals/index.php/pnspsc o

Synthesis, characterization, and antimicrobial activity of Ni (II) and Cu (IT) complexes with
schiff base derived from pyrrole-2-carboxaldehyde and thiosemicarbazide

B. L. Abdullahi*, H. N. Aliyu
Department of Pure and Industrial Chemistry, Bayero University, P. M. B. 3011, Kano, Nigeria

ABSTRACT

A novel Schiff base ligand was synthesized from the condensation of substituted thiosemicarbazide and 1H- 1H-pyrrole-2-
carboxaldehyde. The corresponding Ni(II) and Cu(Il) complexes were obtained by refluxing the chloride of the metals with the
prepared Schiff base in an ethanolic solution. The Schiff base and its complexes were characterized and analyzed using Fourier Trans-
form Infrared (FT-IR), UV-visible, magnetic susceptibility, conductivity measurement, melting point/decomposition temperature, and
solubility test. The Infrared spectral data of the Schiff base showed an absorption band at 1585 cm!, attributed to v(C=N) stretching.
However, this band was shifted to a higher frequency of 1590cm™ and 1596cm™ indicating the formation of a Ni-N and Cu-N band
in the complexes respectively. The UV-Visible studies revealed significant red shifts in the characteristics C=N and C=S bands upon
complexation confirming strong ligand-metal coordination. The complexes exhibited enhanced thermal stability (with decomposition
temperatures of 217°C for Ni(I), 205°C for Cu(Il) ). Magnetic measurements indicated a high-spin octahedral geometry for the
Ni(Il) complex (ueff =2.9B.M) and a distorted octahedral (Jahn-Teller) geometry for the Cu(Il) complex (ueff =1.90B.M). The molar
conductance value of the Ni(IT) complex was observed at 38.20 ohm™' ¢cm? mol"! while that of the Cu(I) complex was observed at
24.20 ohm™! cm? mol™! suggesting non-electrolytic nature of the complexes. The Schiff base and the complexes were screened for
antimicrobial activity The results demonstrated that metal complexation significantly enhances bioactivity relative to the free ligand,
although their activity was lower than that of the standards.
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1. INTRODUCTION plications in catalysis, electrochemistry and medicine [1]. Schiff
Schiff base ligands and their metal complexes have garnered sig-  bases, characterized by an azomethine (-C=N) functional group,
nificant interest in coordination chemistry due to their versatile ~ are typically synthesized via the condensation of primary amines
bonding capabilities, structural diversity and wide range of ap- with carbonyl compounds. Their ability to coordinate with tran-

sition metals leads to the formation of stable metal complexes
with tunable electronic, magnetic, and biological properties [2].

*Corresponding Author Tel. No.: +234-813-3227-372. Among Schiff base ligands, thiosemicarbazone derivatives ex-
e-mail: Blabdullahi@gmail.com (B. L. Abdullahi) hibit enhanced coordination flexibility due to the presence of
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multiple donor atoms such as N, S or O stabilizing metal cen-
ters in different oxidation states [3]. Additionally, incorporating
heterocyclic moiety such as Pyrrole can significantly alter the
electronic properties of the ligands leading to enhanced redox
activity, biological interactions and unique optical characteristics
[4].

Metal-based drugs have gained attention as alternatives to tra-
ditional organic molecules, particularly in antimicrobial, anti-
cancer and antioxidant properties due to their ability to interact
with biomolecules such as DNA and proteins [6]. Metal-based
drugs have played a significant role in medicinal chemistry, par-
ticularly in the treatment of cancer and infectious diseases. The
incorporation of metal ions into drug molecules has led to im-
proved pharmacokinetics, enhanced biological activity and tar-
geted delivery mechanisms [7].

One of the major advantages of the metal-based drugs is their
ability to interact with biomolecules in a manner distinct from
purely organic drugs. For instance, platinum-based drugs like
cisplatin and carboplatin function by forming DNA adducts lead-
ing to apoptosis in cancer cells [8]. Despite these advantages,
challenges remain in optimizing the selectivity and minimizing
the side effects of metal-based drugs.

Recent efforts in drug design have focused on developing ther-
anostic metal complexes, compounds that combine therapeutic
and diagnostic functions to improve patient outcomes and per-
sonalized medicine approaches [9]. With increasing research on
Schiff base ligands derived from thiosemicarbazide and pyrrole-
2-carboxaldehyde, there is growing potential for the develop-
ment of novel metal complexes with enhanced bioactivity and re-
duced toxicity [10]. Studies suggest that metal complexes with
pyrrole—containing Schiff bases exhibit increased reactive oxy-
gen species (ROS) generation, disrupting bacterial and fungal
cell membranes [11]. In particular, Cu (II) and Ni (II) com-
plexes have been reported to show potent biological activity due
to their ability to catalyze oxidation reactions in the cellular envi-
ronment. Thus, the research aimed to synthesize and characterize
novel Schiff base ligand and to prepare its corresponding Ni(II)
and Cu(II) complexes and to also evaluate the bioactivity of these
compounds against bacterial and fungal strains thereby establish-
ing structure-activity relationships for potential therapeutic ap-
plications.

2. EXPERIMENTAL

2.1. MATERIALS AND METHODS

All chemicals and solvents used were of analytical grade and
were purchased from Sigma-Aldrich. All glass wares used were
washed with detergent thoroughly, rinsed with distilled water,
and dried in an oven at 110°C. Thiosemicarbazide derivative
(T33405) and 2-pyrrolecarboxaldehyde (P73404) were also ob-
tained from Sigma Aldrich and were used without further pu-
rification. Weighing was conducted using Metler balance model
AB54. Melting point and decomposition temperatures were
recorded using the Gallenkamp SMP10 melting point apparatus.

2.1.1. Synthesis of ligand

Ethanolic solution of 2-pyrrolecarboxaldehyde (0.952 g, 10
mmol) was added in hot ethanolic solution (20 ml) of thiosemi-
carbazide (0.911 g, mmol) with a few drops of acetic acid with

constant stirring. The mixture was refluxed at 80°C for 2 hours.
On cooling, a silver grey colored compound precipitated out. It
was then filtered, washed several times with 50% ethanol, dried
and recrystallized from methanol [13].

2.1.2. Synthesis of metal complexes

The Schiff base ligand (3.36 g, 20 mmol) was dissolved in
ethanol (20ml) under stirring to which a solution of the corre-
sponding metal salts (2.38 g, 10 mmol) for Ni(Il) and (1.71g, 10
mmol) for Cu(Il) metal salts in ethanol (20ml) was added drop-
wise. The reaction mixture was refluxed for 4 hours at 80°C
until a colored precipitate was formed. The solid was collected,
washed with ethanol and dried in a desiccator [13].

2.2. MOLAR CONDUCTIVITY MEASUREMENT OF THE
THIOSEMICARBAZONE COMPLEXES IN DMSO

Conductivity was measured using a Jenway conductivity meter
(model 4010) to determine the ionic nature of the complexes.

2.3. MAGNETIC SUSCEPTIBILITY MEASUREMENT

Magnetic moments were determined using Sherwood magnetic
susceptibility balance to measure the electronic configuration of
the metal centers.

2.4. INFRARED SPECTRAL ANALYSIS OF THE
THIOSEMICARBAZONE AND ITS METAL (II) COMPLEXES

Infrared spectral analysis was recorded using Fourier Transform
Infrared Spectrometer (CARY 630 Agilent technology) in the
range 4000-400 cm™' to confirm functional group formation and
metal coordination.

2.5. UV-VISIBLE SPECTRAL ANALYSIS OF THE
THIOSEMICARBAZONE AND ITS METAL (II) COMPLEXES

The electronic spectra of the ligand and its complexes were
recorded between 200-600 nm at room temperature using Perkin-
Elmer Lambda 35 to observe d-d transition and ligand-metal
charge transfer bands.

2.6. OB’'S METHOD OF CONTINUOUS VARIATION

This technique is used to determine the stoichiometry of the
metal complexes by mixing equimolar solutions of the Schiff
base and the metal salts in varying ratios. The absorbance was
measured using UV-Visible spectroscopy and a plot of molar
fraction against absorbance was plotted.

2.7. GRAVIMETRIC METHOD FOR CHLORINE
DETERMINATION IN THE COMPLEXES

Gravimetric analysis is a quantitative analysis used to determine
chlorine content in the complexes. The metal complex was dis-
solved in an acid solution to release chloride ions which were
then precipitated as silver chloride (AgCl) using a standardized
AgNOj; solution. The AgCl precipitate was filtered, washed,
dried, and weighed. The mass measured of the AgCl allowed
for the calculation and confirmation of the presence of the coor-
dinated chloride in the complexes.
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Table 1. Percentage yield and some properties of thiosemicarbazone and its metal (II) complexes.

Compounds Color Melting point (°C) Decomposition Temperature (°C) Percentage Yield (%)
Ligand, L Silver grey 179 - 73.10
[NiL,Cl;].3H,0O  Dark grey - 217 78.70
[CulL,Cl;].5H,O Dark yellow - 205 71.36

L=C4HsN4S

Table 2. Conductivity measurement of Ni (II) and Cu (II) complexes in
1x10"3 DMSO.
Compounds

Specific conductivity =~ Molar conductivity

Q'lemt! Qlem?mol!
[NiL,Cl,].3H,O 38.20 x 10°° 38.20
[CuL,Cl;].5H,0 24.20 x 10°© 24.20

L=CgHsN,S

Table 3. Magnetic susceptibility data of Ni (II) and Cu (II) complexes.
Compounds Xg (g1 Xm (molT) ueff (B.M) Magnetic property
[NiL,CL,].3H,0  4.6987 x 10° 2437 x 107  2.40 Paramagnetic
[CuL,Cl,].5H,0  2.0769 x 10®  1.1623 x 10  1.70 Paramagnetic
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Figure 1. Bar chart showing antibacterial activity of thiosemicarbazone and
its complexes.

2.8. ANTIMICROBIAL ASSAY

The antibacterial and antifungal activity tests of the synthesized
thiosemicarbazone and its respective complexes were carried out
against three pathogenic bacterial isolates Staphylococcus au-
reus, Escherichia coli, and Pseudomonas auriginosa, and three
fungal isolates Candida albicans, Tinea capitis and Tinea pedis
using well diffusion methods as reported by Ref. [11].

3. RESULTS AND DISCUSSION
Tables 1 - 6 present the results obtained from the physicochemi-
cal analysis, spectral characterization, and in-vitro antimicrobial
evaluation of the thiosemicarbazones and their complexes.
Table 1 shows the physicochemical properties of the thiosemi-
carbazone and its metal (II) complexes. The thiosemicarbazone
appears silver grey, indicating a neutral electronic environment
with minimal conjugation effects. The Ni(II) complex is dark
grey while the Cu(II) complex is dark yellow indicating a strong
ligand—to—metal charge transfer. The color variation is likely
due to metal-ligand interaction, ligand field effect, and hydra-
tion contribution [14—17]. The Ni(Il) complex decomposed at
217°C compared to the Cu(Il) complex (205°C). The higher de-
composition temperature indicates a more stable coordination
environment [18]. The thiosemicarbazone yield (73.10%) indi-
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Figure 2. Bar chart showing antifungal activity of thiosemicarbazone and its
complexes.

cates an efficient condensation reaction between the pyrrole-2-
carboxaldehyde and thiosemicarbazide and also proves the reac-
tion is economically feasible and promising. Both synthesized
complexes have good percentage yields 78.70% and 71.36% re-
spectively. These yields are within the range for thiosemicar-
bazone metal complexes [19, 20].

Table 2 shows the molar conductance measurement of the
metal (II) complexes was carried out in DMSO. The values
obtained for the respective complexes were 38.20 and 24.20
Q'cm?mol!. These low molar conductance values suggested
the non-electrolytic behaviour of the complexes with the chlo-
ride ions likely coordinated to the metal center rather than exist-
ing freely in solution. This is consistent with literature reports
on similar Schiff base metal complexes. Studies have shown
that complexes with inner—sphere chloride exhibit molar conduc-
tance values, 50 Q'cm?mol! whereas complexes that dissoci-
ate into free ions display significantly higher values (often 70
Q'em?mol ™). Such low conductance values have been reported
for Schiff base complexes [6, 21]. The magnetic moment values,
as shown in Table 3, suggested that the Ni (II) complex with an
observed peff value of 2.40 B.M indicated two unpaired electrons
in the octahedral high-spin environment which is in agreement
with previously reported values for Ni(II) Schiff base complexes
with the spin-only value in the range, 2.83-3.3 [19, 22]. For
the Cu(Il) complex, the measured value of 1.90B.M is charac-
teristic of a Jahn-Teller distorted octahedral geometry where one
unpaired electron in the d° system leads to deviation from ideal
octahedral symmetry. Reported magnetic moments for similar
Cu(II) complexes range between 1.85-2.1 B.M [23, 24].

Table 4 shows the solubility test result of the thiosemicar-
bazone and its metal (II) complexes in various solvents. The
thiosemicarbazone Schiff base was found soluble in DMF and
DMSO due to strong dipole interactions [25]. The insolubil-
ity of the Schiff base in water, n-hexane and Diethyl ether is
probably due to the non-ionic nature and lack of hydrophilic
groups, which indicates the non-electrolytic nature of the Schiff
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Table 4. Solubility test of thiosemicarbazone and its metal (II) complexes in various solvents.

Compounds Distilled water  Ethanol DMF DMSO n-Hexane Diethyl ether
Ligand, L Insoluble Sparingly soluble Soluble Soluble Sparingly soluble Sparingly soluble
[NiL,Cl,].3H,O Insoluble Sparingly soluble Soluble Soluble Insoluble Insoluble
[Cul,Cl;].5H,0 Insoluble Sparingly soluble  Soluble Soluble Insoluble Insoluble
L=CgHgN4S
Table 5. Infrared Spectral data of thiosemicarbazone and its Metal (II) complexes.
Compounds v(OH) cm™  v(NH)sec cm”  v(NH)pi cm’ v(C=N)ecm!'  v(C=S)cm?’ v(C-S)ecm™ v(M-N)ecm!™ v(M-S)em?  v(M-Cl) cm’
Ligand, L - 3443 3260 1618 1532 817 - - -
[NiL,CI;].3H,O 3421 3248 3177 1590 1238 832 513 470 422
[CulL,CL,].5H,O0 3414 3248 3146 1596 1261 829 506 482 420
L=C¢HgN4S
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Figure 4. FTIR spectrum of [NiL,Cl;].3H, 0 complex.

Table 6. UV-Visible Spectral data of thiosemicarbazone and its Ni(II) and
Cu(II) complexes.

Compounds n-*(nm) C=S  n-7*(nm) C=0 n-7*(nm) C=N
Ligand,L 295 327 383
NiL,.3H,0 CuL, .5H,0 342333 348 343 357 350
L=C¢HsN,S

base. The metal (II) complexes retain a similar solubility trend.
The findings are in agreement with similar report in the liter-
ature [26, 27]. Table 5 shows the infrared spectral data of the
thiosemicarbazone and its complexes. The v(N-H) stretching
bands for secondary and primary amines appear at 3443cm!
and 3260cm™ in the spectra of the thiosemicarbazone as indi-
cated in Figure 3, shifts to 3248cm™ and 3177cm in Ni(II)
complex and 3248cm™! and 3146cm™ in spectra of the Cu(II)
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Figure 5. FTIR spectrum of [CuL,Cl,].5H,O complex.

complex which is an indication of coordination through the ni-
trogen of the azomethine. The v(C=N ) stretching vibration at
1618cm’! which indicates the presence of an azomethine group,
shifted to a lower frequency of 1590cm™ and 1596¢cm™ in the
spectra of the complexes due to coordination through the nitro-
gen atom of the azomethine group. Similarly, v(OH) stretch-
ing at 3421cm™! and 3414cm™' suggests the presence of water
molecules. New absorption bands at 513cm™, 470cm™!,422cm’!
and 506cm-"482cm™!, and 420 cm! in the spectra of the com-
plexes were due to M-N, M-S, and M-Cl respectively as shown in
Figures 4 and 5. This confirms the coordination of the thiosemi-
carbazone to the metal ions. This observation agrees with studies
on similar Schiff base metal complexes confirming coordination
through azomethine nitrogen and thiocarbonyl sulphur atoms
[28]. UV-visible spectra of the thiosemicarbazone and that of its
complexes were recorded in Table 6. For the thiosemicarbazone
absorption bands at C=S(295nm), C=0(327nm) C=N(383nm)
corresponds to n—n* transitions. The complexes showed high
intensities electronic transitions at 342 and 333(n—n*, C=S),
348 and 343(n—n*, C=0), 357 and 350nm (n—7n*,C=N).These
shifts in absorption bands to lower A, (blue shift) or higher
Amax (red shift) in the spectra of the complexes are due to coordi-
nation of the thiosemicarbazone to the metal ions. These findings
are in agreement with reported studies on transition metal Schiff
base complexes [29]. Figures 1 and 2 show the in vitro antibac-
terial and antifungal activities of the thiosemicarbazone and its
metal (IT) complexes. The compounds were tested against three
clinically tested pathogenic bacteria (Staphylococcus aureus, Es-
cherichia coli, and Pseudomonas auriginosa) and three fungal
isolates (Candida albicans, Tinea capitis and Tinea pedis). The
results indicated that the metal complexes exhibit higher antibac-
terial and antifungal activities than the free thiosemicarbazone.
The incorporation of metal ions into the ligand enhances the ac-
tivity of the compound thereby increasing the ligand’s liposolu-
bility and also is concentration dependant, that is, increases gen-
erally with increase in concentrations. But their activities are
comparable with that of control as indicated in Figures 1 and 2.
Cu(II) complex showed the highest inhibition against all tested
strains particularly Staphyllococcus aureus and Candida albi-
cans where it showed activity comparable to the standard drugs.

These findings are in agreement with previous reports that
Cu(Il) complexes, due to their redox-active nature, exhibit en-
hanced cell membrane disruption and enzyme inhibition com-
pared to Ni(II) complex [23].

4. CONCLUSION

A Schiff base ligand and its metal (II) complexes were success-
fully synthesized and characterized using various physicochem-
ical techniques and spectral analysis. Both the Schiff base and
the resulting compounds were produced in considerable yields
and displayed notable thermal stability. The low conductivity
observed in the complexes suggests their non-electrolytic nature,
confirming chloride coordination within the inner coordination
sphere. Measurements of effective magnetic moments indicate
that the complexes are paramagnetic. Infrared spectra exhib-
ited all absorption bands at the anticipated wavenumbers, while
electronic spectra revealed n—n* transitions at expected wave-
lengths. Furthermore, results from Job’s method and gravimetric
analysis indicate a metal-ligand ratio of 1:2, supporting the pro-
posed structural model. The antimicrobial activity showed sig-
nificant enhancement upon complexation, underscoring the po-
tential pharmaceutical applications of these complexes.

DATA AVAILABILITY
The data will be available on request from the corresponding au-
thor.
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