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Cu(I), Co(II), Ni(Il), Mn(II) and Zn(II) Schiff base complexes of
3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]-naphthalene-1-sulfonic
acid: Synthesis, Spectroscopic, thermal, and antimicrobial studies
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Five divalent transition metals Cu(II), Co(II), Ni(II), Mn(II) and Zn(II) complexes have been synthesized using
3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]-naphthalene-1-sulfonic acid (H,L) Schiff base as a ligand derived
from the condensation reaction between 4-amino-3-hydroxynaphthalene-1-sulfonic acid and 2-hydroxy-1-naphthalde-
hyde. The synthesized complexes were characterized using microanalytical, conductivity, FTIR, electronic, magnetic,
ESR, thermal, and SEM studies. The microanalytical values revealed that the metal-to-ligand stoichiometry is 1:1
with molecular formula [M**(NaL)(H,O)x]nH,O (where x = 3 for all metal ions except of Zn(Il) equal x = 1;
n = 4,10, 7, 4, and 6 for Cu(Il), Co(II), Ni(II), Mn(II) and Zn(II), respectively). The molar conductivity result
indicates that all these complexes are neutral in nature with non-electrolytic behavior. Dependently on the magnetic,
electronic, and ESR spectral data, octahedral geometry is proposed for all the complexes except to zinc(II) com-
plex is tetrahedral. Thermal assignments of the synthesized complexes indicates the coordinated and lattice water
molecules are present in the complexes. SEM micrographs of the synthesized complexes have a different surface
morphologies. The antimicrobial activity data show that metal complexes are more potent than the parent ligand.

Keywords: Schiff base; hydroxynaphthalene-1-sulfonic acid; hydroxy-1-naphthaldehyde; transition metal

ions; morphology; antimicrobial activity.

INTRODUCTION

Schiff bases, as well as their complexes, are considered
as a privileged class of compounds due to their catalytic
activities, electrochemical analysis, anti-inflammatory,
antiviral, anti-fungal, anti-malarial, as well as, biochemical
synthesis" 2. Schiff bases are of interest in industrial fields
due to their corrosion inhibitor characters, thermostable
materials, also, they considered powerful ligands for
the formation of coordination complexes®. Schiff bases
succeeded to occupy a vital position as ligands in coor-
dination chemistry. Schiff’s bases* were still observed as
one of the most potent groups of organic compounds
in facile synthesis of metalloorganic hybrid compounds.
Moreover, their interest in the synthesis of Schiff bases
by condensation of 4-amino-3-hydroxy-1-naphthalene
sulfonic acid with different aldehydes such as 5-bromo-
salicaldehyde and 2-hydroxy-1-naphthaldehyd™ ¢ due to
their potential applications in various fields. Noteworthy,
the properties of Schiff bases stimulated much interest
due to their contributions to material science, single
molecule-based magnetism, and catalysis of many reac-
tions such as reduction, oxidation, carbonization’, and
release and binding of metal ions carried out with facili-
tated transport membranes. Schiff bases had been used
in many industrial purposes such as polymer stabilizers,
pigments, catalysts in some reactions such as polymer-
ization reduction reaction of thionyl chloride to ketone,
in addition, oxidation of organic intermediates®. Schiff’s
bases plays an important role in both the pharmaceutical,
medical, and biological fields. They were, also, found to
exhibit a broad range of biological activities, including
antibacterial, antifungal, antiproliferative, antimalarial,
and antipyretic properties®*.

According the above literature survey, I have decided
to synthesis and discussed the structural characterization,
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morphological, thermal and biological activity studies of
the Cu(II), Co(1l), Ni(II), Mn(II) and Zn(II) complexes
with 3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]-
naphthalene-1-sulfonic acid (H;L) Schiff base as ligand.

2-EXPERIMENTAL

2-1-Reagents

The transition metal salts e.g. CuCl,.2H,0, CoCl,.6H,0,
NiCl,.6H,0, MnCl,.4H,0, and ZnCl, were received from
Sigma-Aldrich (Taufkirchen, Germany). The 4-amino-
-3-hydroxynaphthalene-1-sulfonic acid and 2-hydroxy-
-1-naphthaldehyde were purchased from Aldrich (Tauf-
kirchen, Germany) chemical company. The distilled
water, methanol, and diethyl ether solvents were used
without distillation.

2-2-Synthesis of 3-hydroxy-4-|N-(2-hydroxynaphthyli-
dene)-amino]|-naphthalene-1-sulfonic acid (H;L) Schiff
base Schiff base

A mixture of 4-amino-3-hydroxynaphthalene-1-sulfonic
acid (0.239 g, 1 mM) and 2-hydroxy-1-naphthaldehyde
(0.172 g, 1 mM) in methanol (20 mL) was stirred under
reflux for 6hr' ', An orange powder of HL was pre-
cipitated in good yield (Scheme 1). The orange powder
was separated by filtration at room temperature and re-
crystallized from methanol. The purity of HL was insured
by TLC. Yield, (91%), m.p 264-266°C. Anal. Calc. for
C,;HsNO,S: C, 64.11; H, 3.84; N, 3.56; S, 8.15. Found:
C, 63.91; H, 3.77; N, 3.43; S, 8.06%. '"HNMR (300 MHz,
DMSO d;, ppm) 0 = 7.41-8.12 (m, 11H, ArH), 7.90 (s,
1H, SO;H), 9.70 (s, 1H, naphthyl-3-OH), 9.94 (s, 1H,
CH=N), 12.00 (s, 1H, naphthyl-2-OH). “CNMR (75
MHz, DMSO d,, ppm) 6 = 107.5, 110.4, 120.9, 122.9,
123.6,123.8,125.2,126.1, 126.9, 127.1, 127.4, 128.4, 128.8,



136.2, 137.0, 137.8, 139.0, 142.9, 147.8, 162.7, and 166.0
ppm due to C=C, C=N, C-N, C-S and C-O). Mass
spectra (Scheme 2), [M*] m/z = [M*+2] 395 (0.54%),
[M*] 393.0 (43%), 250.6 (21.0), 171 (38.9%), 170 (60.
4%), 143 (31.5%), 142 (29.8%), 126 (45.5%), 125 (22.8%).

L, O ®
OzH
O o+ O3H MeOH H 3
reflux 6hr X
OH  HN ‘ N
OH OH OH

Scheme 1. Synthesis of 3-hydroxy-4-[N-(2-hydroxynaphthylidene)-
amino]-naphthalene-1-sulfonic acid (H;L) Schiff base
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using AEI MS 30 mass spectrometer at 70 eV. Scanning
electron microscopy model was Joel JISM-6390LA with
an accelerating voltage of 20 KV.

2-5-Antimicrobial assessments

Antibacterial inhibition were tested by using diffusion
method®, this biological experiment was performed three
times to take total average data. The ciprofloxacin pure
drug was used as antibacterial standard. The tested
samples were assessed at 10 and 50 mg concentrations.
The antibacterial activity of free HL ligand and their
complexes were applied against:
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Scheme 2. Mass fragmentations of 3-hydroxy-4-[N-(2-hydroxynaphthylidene)-amino]-naphthalene-1-sulfonic acid (H;L) Schiff base ligand

2-3-Synthesis of Cu(II), Co(1I), Ni(II), Mn(II) and Zn(II)
H;L complexes

A hot methanolic solution of the respective me-
tal chloride (CuCl,.2H,0, CoCl,.6H,0, NiCl,.6H,0,
MnCl,.4H,0, and ZnCl,) (1 mM) was added to the hot
methanolic solution of ligand (H;L) (1 mM). The pH of
the mixtures were adjusted to the pH in the range of 7-8
with NaOH solution. The mixed solution was stirred at
70°C temperature for 1%2 hr. The reaction mixture then
concentrated to half its initial volume. The precipitates
thus separated out, were washed with methanol and
dried in vacuo.

2-4-Instrumental analyses

The percentage of %C, %H and %N elements were
determined using Perkin-Elmer CHN 2400 analyzer.
Percentage of metal ions was estimated gravimetrically.
Molar conductivities were scanned using Jenway 4010
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conductivity meter. Magnetic measurements were cal-
culated using magnetic balance (Sherwood Scientific),
Cambridge, England. Infrared spectra were recorded in
KBr discs using a Bruker FT-IR Spectrophotometer within
4000-400 cm™ range. Electronic spectra of the synthe-
sized Schiff base and its complexes with concentration
of 1.0x10~* mol/cm® were scanned using Perkin-Elmer
Precisely Lambda 25 UV/Vis double beam Spectrometer
fitted with a quartz cell of 1.0 cm path length. "TH-NMR
spectra of Schiff base in DMSO solutions were scanned
using 200 MHz Varian Gemini Spectrophotometers using
TMS as the internal standard. Thermal analyses were
performed using a Shimadzu thermo gravimetric analy-
zer under N, at 800°C was used for recording thermal
measurements (TG/DTG-50H) using a single loose top
loading platinum sample pan under nitrogen atmosphere
at 30 ml/min flow rate and a 10°C/min heating rate in the
temperature range 25-800°C. Mass spectra were scanned
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Gram positive bacteria: Bacillus Subtillus (RCMB
00010) and Staphylococcus aureas (RCMB 000106). Gram
negative bacteria: Escherichia Coli (RCMB 000103) and
Pseudomanas aeruginose (RCMB 000102).

A 100 uL of the tested samples which dissolved in
dimethylsulfoxide with different concentrations 10 mg/
mL and 50 mg/mL were assessed against two kinds of
fungi (A. Niger and Penicillium sp.). The free sample of
DMSO was used as control and also fluconazole drug
was used as antifungal standard.

RESULTS AND DISCUSSION

3-1-Microanalyses and physical properties

The microanalytical result and physical properties of
the H,L ligand and its Cu(II), Co(II), Ni(II), Mn(II)
and Zn(II) complexes are summarized in Table 1. The
Schiff base ligand (H;L) is soluble in common organic
solvents. The synthesized Schiff base complexes are
insoluble in alcohols, benzene, and nonopolar solvents
(CHCI,;, CH,Cl,, and CCl,) but soluble in DMSO and
DMF with gently heating. The elementary analyses data
indicate that the metal-to-ligand ratio is 1:1 in all the
synthesized complexes. The conductivity data of all the
metal complexes indicates that all are non—electrolyte
nature within 2.50-4.43uS range'®.

sharper and occurs at 1079 cm™'. The symmetric defor-
mation modes of SO, group give medium weak bands
at 614 and 551 cm™! region®. The sulfonic group does
not affect the conjugated system irrespective of the
substitution position in the naphthalene rings. Changes
in the electron density are relatively low at the carbon
atoms to which sulfonic group are substituted®. The
participation of sulfur d—orbitals in the conjugated
system is very low, and the m contribution into C—S
bond is practically negligible*". The asymmetric stretching
mode of SO, is mixed with C—N stretching, C—H in—
plane bending?! giving a medium strong band at 1198
cm™! in the IR spectrum. The observed band at 1079
cm™! in the IR can be assigned to symmetric stretching
vibrations of SO, group, vibrations that are mixed with
naphthalene ring deformations?. The SO; symmetric
bending vibrations are coupled with out-of-plane bending
vibrations or with naphthalene ring deformations giving
a medium weak bands at 614 and 551 cm™! in the IR.
The medium intense IR bands at 508 cm™' and weak
bands at 445 cm™! correspond to SO, wagging vibrations.
All the metal complexes showed a broad band in the
range of 3450-3470 cm™!, followed by another bands
at 1693-1636 cm™! and 800-900 cm™! that suggests the
presence of water molecules in the metal complexes®.
The involvement of oxygen and nitrogen atoms in coor-
dination is confirmed by presence of new bands in the

Table 1. Analytical and physical properties of H,;L Schiff base and its complexes

Molecular formula Color f:::s] CElemental ar;alyses, FOtIJ\jnd/[Cach.%]NI VoG
Hal Orange 1.20 (22:(1’?) (g:gi) (gzgg) - 264

[Cu(NaL)(H:0)s].4H:0 (1) Brown 3.33 (j] :gg) (32;2) é:gg) (]8:‘;2) > 300
T e | g5 o |5 | B [ o
[Ni(NaL)(H>0)s].7H0 (i) 'gjr‘zzﬁ 443 (gg:g‘;) (::gg) (;:?g) (g:gg) > 300
[Mn(NaL)(H:0)s].4H,0 (IV) Brown 4.12 (:;:Zg) (3:2?) é:;é) (g:;‘% > 300
[Zn(NaL)(H;0)1.6.H;0 (V) orown 2.98 (21 :?g) (ﬁg) éiié) (1812?) > 300

3-2-Infrared spectra

Infrared spectral data of the H,L Schiff base ligand
and its metal complexes are displayed in (Fig. 1) and
their assignments are listed in Table 2. The infrared
spectrum of ligand (H;L)® has a distinguish band at 1618
cm™!, assignable to the v(C=N) of azomethane group,
showed a disappeared or shift to 27-74 cm™! to a lower
wavenumber in its complexes, indicating the participation
of nitrogen of the azomethane group in coordination
to the metal ion® 7. Regarding H,L free ligand, the
stretching vibration of v(O-H) band is disappeared after
complexation due to the deprotonation —OH groups and
coordinated oxygen atom towards central metal ions. The
v(C-0) stretching vibration of phenolic group display at
1270 cm™ in case of H,L Schiff base ligand, this band is
shifted to lower wavenumbers after complexation because
of involvement of phenolic group oxygen atom in the
coordination by associated C—-O-M bond"®. In the free
H,L ligand the asymmetric vibrations of SO; group of
sulfonic acid salt occur in the FTIR 1198 cm™' range'®.
The band due to the symmetric stretching vibration is
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bands at 33333 and 24570 cm'due to n—n and n—m
of aromatic rings and azomethine group, respectively?.

Table 2. Infrared spectra assignments of H,L Schiff base and
its metal complexes

Compounds v(OH) | v(C=N)| v(M-N) v(M-0)
HsL - 1618 - -

| 3460 1591 606 488, 449
1l 3470 1544 598 486, 448
1] 3470 - 598 467, 445
\ 3451 1589 607 514, 447
\'/ 3470 1553 598 467, 443

range of 607-597 cm~! and 514-448 cm™! corresponding
to v(M-N) and v(M-0), respectively.

3-3-Electronic spectral studies

The electronic spectra of the free H,;L Schiff base
chelate and its Cu(1I), Co(II), Ni(II), Mn(II), and Zn(II)
were performed using DMSO solvent. The electronic
spectrum of free H;L ligand has two essential absorption



The electronic spectrum of octahedral copper(II)
complex contain two transition bands at 16950 cm ™' and
22222 cm™' due to *E,~’T,, and B,,—’A, electronic
transitions, respectively. Cobalt(II) complex UV—Vis
spectrum has two transition bands at 19231 and 23809
cm™!, these are assigned to electronic transition “T,g
(F) = *A,g (F) v, and *T,g (F) = “T,g (P) v; of octa-
hedral geometrical structural, respectively >*. Electronic
transition spectrum of nickel(II) complex has three
characteristic bands at 17241, 20833 and 26316 cm™!
for the *A,—°T,, (F), (v1); *A,,—~’T,, (F), (v2) and
Ay, —T,, (P), (v3) transitions of octahedral geometrical
structure, respectively. The manganese(1I) complex show
two electronic bands at 18182 and 20000 cm ™' and other
weak band at 24096 cm™! for octahedral geometry. The
absorption spectrum of zinc(Il) complex has a three
electronic transition bands at 35088, 25316 and 21505
cm™ due to intr—ligand charge transfer and L—Mg;>.

3-4- Magnetic measurements

The practical magnetic moments of copper, cobalt,
nickel, and manganese(II) complexes are 1.87, 4.85,
3.50, and 5.43 BM, these values are agreement with
the characteristic of mononuclear octahedral geometry,
respectively**?. The observed magnetic moment value
for the zinc(II) complex is zero, indicating diamagnetic
nature of the complex.

3-5- Electron spin resonance assignments

The ESR spectrum of copper(Il) complex (Fig. 1) was
scanned at room temperature in the solid state. The
spectrum show one intense absorption in the high field
and is isotropic due to tumbling of the molecule. The
g values of the complex are g (2.1303) > g. (2.0157)
> 2.0023, indicating that the unpaired electron in the
ground state of copper(Il) ion is predominantly in d,, .
The value of exchange interaction term G, estimated
from the following equation is 9.55.

G = (g — 2.0023)/( g — 2.0023) .

If G > 4.0, the local tetragonal axes are aligned parallel
or only slightly misaligned. If G < 4.0, significant exchan-
ge coupling is present and misalignment is appreciable.
The observed value for the exchange interaction term

“G” suggests that the complex has regular octahedral
geometry®® 3!,
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Figure 1. ESR spectrum of copper(II) complex
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3-6- '"HNMR spectra

The "H NMR spectrum of the H;L Schiff base ligand
is recorded in DMSO-d,. In the 'HNMR spectra of
Schiff base ligand a peak at 6 = 7.90 ppm is assigned
for the proton of SO;H of Schiff base, singlet peaks at
9.70 and 12.00 ppm are attributed to 1H of naphthyl-
3-OH group and a singlet at & = 9.94 ppm assignable
for proton of azomethine group. The zinc(II) complex
showed '"HNMR (Fig. 2S) 8 = 7.48-8.18 (m, 11H, ArH),
8.88 (s, 1H, CH=N). This spectrum referred to upfield
shift for the proton of azomethine group due to the
change in electronic environment of the ligand in case
of bonding with zinc metal ion. The disappearance of
the proton of —OH group confirmed that the chelation
of the zinc(Il) is carried out with oxygen of the -OH
group, also, the SO;H proton is absent due to associ-
ated of sodium salt.

3-7- Thermal analysis

Figures 2 and 3S are referred to the TGA/DrTGA and
DTA thermograms of H;L Schiff base and its complexes
Cu, Co, Ni, Mn and Zn(II) under nitrogen atmosphere
at heating rate 10°C/min. The H,L Schiff base ligand
is decomposed in three DTA ,, peaks at 274°C (endo-
thermic), 403°C (endothermic), and 594°C (exothermic)
within temperature range 25-800°C, respectively. The
experimental total mass loss is 100%, this supported
the purity of synthesized H;L Schiff base ligand. The
thermal decomposition of the Cu(II) complex occurs
at three stages of DTA,,, = 75°C(exo), 240°C (exo),
and 460°C(endo) with found mass losses 77%, due
to losses of L Schiff base ligand, four uncoordinated
H,O molecules, and three coordinated H,O molecules.
The final decomposition residue at 800°C is mixture
from CuO and "2Na,O oxides that agreement with the
theoretical data. The Co(II) complex destroyed ther-
mally in five steps at DTA,,, = 75°C (exo), 132°C(exo0),
260°C(ex0), 370°C(ex0), and 650°C(endo), respectively,
corresponding to the loss of L Schiff base ligand, and
thirteen of coordinated and uncoordinated water mol-
ecules. The total weight loss of the cobalt(Il) complex
is 84.80% and the percentage of residual is 15.20%.
The CoO and %2Na,O oxides associated after the ther-
mal decomposition of cobalt(II) complex at 800°C. The
thermal decomposition of Ni(II) complex pass through
three maximum DTA decomposition steps at 83°C(exo),
233°C(exo), and 530°C(endo), respectively. The mass loss
associated as 60.57% attributed to the loss of L Schiff
base ligand, and ten of coordinated and uncoordinated
water molecules. The final residue are nickel(II) oxide,
sodium oxide that polluted with residual carbon atoms.
The thermal decomposition of manganese(Il) complex
pass through four maximum DTA decomposition steps
at 100°C(endo), 505°C(ex0), 694°C(exo) and 725°C(exo0),
respectively. The mass loss associated as 48.50% attrib-
uted to the loss of L Schiff base ligand, and seven of
coordinated and uncoordinated water molecules. The
final residue are MnO,, sodium oxide that polluted with
residual carbon atoms. Thermal decomposition of Zn(II)
complex take place in definite four differential thermal
peaks DTA,,,, = 87°C (exo), 273°C (exo0), 330°C (endo)
and 503°C (endo). The degradation stages occurs at
a temperature ranges 25-800°C. The found weight loss
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associated with these steps is 85.80% assigned to the loss
of 7H,0O (coordinated and uncoordinated) and L Schiff
base ligand species. Final thermal product at 800°C is
ZnO and Y2Na,O oxides.

The results of the mentioned investigations (microana-
lytical, conductivity, FTIR, electronic, magnetic, ESR,
TGA/DTA) support the suggested structure of the metal
complexes. Cu(II), Co(II), Ni(II), Mn(II), and Zn(II)
metal ions are forming 1:1 (M:L) complexes. Accordingly
on elemental, conductance and spectral studies, six-coor-
dinated geometry was assigned for Cu(II), Co(1I), Ni(II),
and Mn(II) complexes. Based on the above results, the
proposed structures of all the metal complexes have
been shown in Fig. 3.
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3-8- Kinetic thermodynamic parameters

Table 3 refer to the thermodynamic parameters (activa-
tion energy “E*”, enthalpy of activation “H*”, entropy
of activation “ S*” and free energy of activation “ G*”
of H,L Schiff base complexes of copper(Il), cobalt(1I),
nickel(II), manganese(1l), and zinc(II) metal ions were
calculated based on the TGA/DTA graphs. Accordingly
of Coats—Redfern and Horowitz—Metzger*>* relation-
ships were used to estimated these parameters. The high
values of E* = 76.5-202 KJ mol™ are assigned to the
slower reactions of copper, cobalt, nickel, manganese and
zinc(II) Schiff base complexes than normal®. The —ve
values of AS* (—21.6-132 J mol™' K™) deduced that the
activated solid complexes has a more ordered® than the
parent reactants.

The surface morphology and grain size of the H;L Schiff
base and its cobalt(Il) and nickel(II) complexes have
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Figure 2. TGA/DrTGA curves of A: H;L Schiff base and its complexes (B: Cu**; C: Co**; D: Ni**; E: Mn?*; and F: Zn**)
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Figure 3. Suggested structures of Cu?*; Co’*; Ni’*; Mn?* and Zn?* Schiff base complexes

Table 3. Thermodynamic parameters of free H;L Schiff base ligand and its complexes

Parameter r
Compound Stage Method* E* AS* AH* AG*
[J mol™ [J mol”' K] [J mol™] [Jmol™]

HL 1 CR 7.93x10* -1.21x10? 7.71x10* 1.98x10° 0.9921
® HM 8.43x10* -1.19x10? 8.21x10* 1.32x10° 0.9911

| ond CR 1.11x10° -5.31x10’ 1.21x10° 1.45x10° 0.9985
HM 1.12x10° -3.91x10’ 2.01x10° 1.21x10° 0.9911

" 39 CR 0.90x10° -4.54x10" 1.32x10° 1.43x10° 0.9984
HM 1.01x10° -4.02x10" 1.71x10° 1.11x10° 0.9932

" ond CR 7.65x10* -1.32x10? 5.64x10* 1.62x10° 0.9912
HM 8.19x10* -1.13x10? 6.21x10* 1.23x10° 0.9972

v ond CR 1.01x10° -4.32x10" 2.11x10° 1.23x10° 0.9912
HM 0.89x10° -3.65x10" 1.92x10° 1.11x10° 0.9901

Vv ond CR 2.02x10° -4.32x10" 2.31x10° 1.43x10° 0.9911
HM 1.88x10° -2.16x10" 2.17x10° 1.22x10° 0.9908

*Coats—Redfern (CR) and Horowitz—Metzger (HM)

been investigated by the scanning electron micrograph
“SEM”. The SEM micrographs of the H,L Schiff base
and both Co(II) and Ni(II) complexes are shown in Fig.
4a-c. Regarding H;L Schiff base and both Co(II) and
Ni(II) complexes the SEM micrographs were taken in
the scale range of 2—5um. From the SEM micrographs
it was noted that there is a uniform matrix in case of
H,L Schiff base and both Co(II) and Ni(II) complexes.
The micrograph of H,L Schiff base shows round shaped
balls like morphology, the cobalt(I) complex shows
spongy forms and the Ni(II) complex shows long sticks
like morphology.
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3-10-Biological assay

Biological activity of the Schiff base ligand and its
metal complexes were studied and results shows that
the activity of the metal complexes is higher than the
free Schiff base ligand. The antimicrobial activity of the
H,L Schiff base ligand and its copper(1l), cobalt(Il),
nickel(II), manganese(II), and zinc(II) metal complexes
were scanned against the four kind of bacteria (Bacil-
lus subtilis, Staphylococcus aureas, E. coli, Pseudomonas
sp.) and two fungi Aspergillus Nigaer and Penicillium Sp.
by the diffusion method with well disc'. The samples
were prepared in DMSO at a concentration of 10 and
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Figure 4a. SEM micrographs of H;L Schiff base ligand with different magnifications within 2-5 pm scale
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Figure 4b. SEM micrographs of [Co(NaL)(H,0),]-10H,0 complex with different magnifications within 2-5 pm scale

50 mg/mL. The inhibition zone were calculated by
millimeter at 37°C after 24 hrs incubation. The anti-
bacterial assessments are summarized in Table 4. The
significant data in this table reveal to the activity of the
Schiff base ligand after complexity with the metal ions
became more pronounced. The presence of azomethine
group and chelation effect with metal ions enhanced
the antibacterial activities. Among all the complexes,
the manganese(II) complex shows significant activity
against bacteria and fungi. This enhancement activity
of these synthesized metal complexes may be assigned
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based on the chelation theory’®, After chelation, the
polarity will be reduced to a greater extent due to the
overlap of ligand orbital and the partial sharing of the
positive charge of the metal ion with donor groups®” .
Moreover, the chelation process increases the delocal-
ization of the ;t—electrons over the whole chelate ring,
which results in an increase in the lipophilicity of the
metal complexes®. So, the metal complexes can easily
penetrate into the lipid membranes and block the metal
binding sites of enzymes of the microorganisms®. These
metal complexes also affect the respiration process of
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Figure 4c. SEM micrographs of [Ni(NaL)(H,0),]-7H,0 complex with different magnifications within 2-5 pm scale

Table 4. Antibacterial activities of H,;L Schiff base ligand and its metal complexes at 10 and 50 mg concentrations

Gram Positive Bacteria Gram Negative Bacteria Antifungal Activity
Sample Bacillus subtilis Staphylococcus E. coli Pseudomonas sp. Asp _erglllus Penicillium Sp.
aureas Nigaer
10 mg 50 mg 10 mg 50 mg 10 mg 50 mg 10 mg 50 mg 10 mg 50 mg 10 mg 50 mg
HsL - 3 - 1 3 2 1 6 - 2 - -
Cu(ll) 8 19 2 21 3 15 12 18 9 16 14 20
Co(ll) 1 11 - 10 - 5 - 8 1 5 1 8
Ni(Il) 3 20 4 18 1 10 7 14 5 12 1 19
Mn(ll) 6 22 8 20 5 17 13 20 9 18 15 26
Zn(ll) 5 16 - 13 - 3 1 9 3 8 5 16
Ciprofloxacin 11 25 9 23 15 19 13 20 - - - -
Fluconazole - - - - — — - - 10 21 16 28

the cell and thus block the synthesis of proteins, which

restrict further growth of the organism.

CONCLUSION

A series of Schiff bases derived from 3-hydroxy-4-[N-
(2-hydroxynaphthylidene)-amino]-naphthalene-1-sulfonic
acid and their metal complexes (Cu, Co, Ni, Mn and
Zn(II) which were characterized by elemental analysis,
Mass, H'INMR,C*NMR, FT-IR and UV-Vis spectral
studies. Molar ratio of prepared complexes were 1:1 of
(metal: ligand). The complexes which have the general
formula [M**(NaL)(H,0),].nH,0 (x = 3 for all metal
ions except of Zn(II) equal x = 1; n = 4-10). The bio-
logical activity assay revealed that the synthesized Schiff
base metal complexes have an antimicrobial efficiency
rather than the starting materials.
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