Bulgarian Chemical Communications, Volume 49, Number 1, (pp. 46 — 61) 2017

Synthesis, spectroscopic characterisation and biological activity studies of Co(ll),
Ni(Il), Cu(ll) and Zn(I1) metal complexes with azo dye ligand derived from 4,4’-
diaminodiphenylether and 5-sulpho salicylic acid
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A series of metal complexes of Co(ll), Ni(ll), Cu(ll) and Zn(Il) have been synthesized with a new azo dye ligand
4,4’-bis(2’-hydroxy-3’-carboxy-5’-sulphophenylazo)diphenylether derived from 4,4’-diaminodiphenyl ether and 5-
sulpho salicylic acid. The metal complexes along with the ligand have been characterised by analytical, molar
conductance, magnetic susceptibility measurement, IR, NMR, electronic, ESR, mass spectra and thermal study. The
analytical and spectral data predicts octahedral for Co(ll), Ni(ll),distorted octahedral geometry for Cu(ll) complexes
and tetrahedral geometry for Zn(ll) complex. Computational study of the ligand and the metal complexes has been
made to determine the geometrical parameters and the global reactive descriptors. The XRD(powder pattern) indicates
orthorhombic crystal system for the Cu(ll) complex. The thermal study reveals thermal stability of the complexes and
the fluorescence study predicts photoactive properties of the azo compounds. The SEM image of the Zn(11) complex
provides its information about its surface morphology. The Biological study indicates the antibacterial properties and

DNA binding activity of the newly synthesised compounds.
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INTRODUCTION

Azo compounds constitute the largest class of
synthesised organic dyes and azo dyes and their
metal complexes have been attracting the attention
of researchers due to their versatile application in
various fields. In addition to the traditional uses of
dyes as dyeing agents[1], laboratory reagents[2],
these compounds are also used in biomedical
studies as antibacterial, antifungal, antitumor
agents etc [3,4] and high technology areas
including textiles, paper, leather and electro-optical
devices[5,6]. The Azo compounds derived from
4,4’-diaminodiphenyl ether and its complexes have
evoked great interest in recent years due to its
antibacterial properties and its application in the
making of thermally stable materials that can be
used in the field of adsorption and catalysis[7,8],
that encouraged me to prepare azo dye from 4,4’-
diaminodiphenylether and 5-sulpho salicylic acid,
its metal complexes, to characterise the compounds
by various physico-chemical and spectral
techniques and to evaluate their biological
activities.

EXPERIMENTAL
Materials and Measurements

All chemical and solvents wused in this
investigation are analytical grade provided by

* To whom all correspondence should be sent:
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Himedia and double distilled deionised water was
used during the experiments. Elemental analysis of
the ligand and complexes was carried out by
Perkin—Elmer elemental analyser, cobalt, nickel,
copper and Zn contents were determined by
Perkin—-EIlmer2380 atomic absorption spectrometer
and chloride content was estimated by standard
procedure, Systronic conductivity bridge 30 was
used to measure molar conductance of the
complexes, Magnetic susceptibility of the
complexes was measured by Guoy* balance using
Hg[Co(NCS).] as a calibrant at room temperture,
IR spectra of the ligand and metal complexes were
recorded using KBr pellets by Perkin- Elmer FT-
IR spectrometer within the range 4000- 450 cm?,
UV-Visible spectra of the complexes were
collected using a THERMO SPECTRONIC 6
HEXIOS o and fluorescence spectra were recorded
in a Fluorescence spectrometer, 'H NMR spectra
of the ligand and the Zn(1l) complex were obtained
from 500 MHZ- NMR spectrometer using TMS as
reference, ESR spectrum of the Cu(ll) complex was
recorded on spectrum of the Cu(ll) complex was
recorded on JES-FA 200 ESR spectrometer, Mass
spectra of the ligand and its complexes were
recorded  through JEOL GC-MS  Mass
Spectrometer, thermal study of the metal complex
was done by NETZSCH STA 449 F3 JUPITOR,
SEM image of the complexes were taken in JES FA
200, the XRD powder pattern of the Cu(ll) complex
was collected using a Philips X’Pert Pro
diffractometer.
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In order to get the better picture about reactivity
and geometrical parameters, computational study of
the ligand and the metal complexes was performed
by Gaussian 03 software package[9].

The DNA binding study of the azo compounds
was made by Gel electrophoresis method [10]. 10
pL of the metal complexes was taken along with 15
pL of CT DNA solution dissolved in Tris-EDTA in
centrifuge tubes. The tubes were incubated at 37°C
for 1 hour. After incubation, the tubes containing
solution were kept in a refrigerator at 0°C for few
minutes, 5 pL gel loading buffer with tracking dye
(0.25% bromo phenol) was taken in the tubes for
electrophoresis. The electrophoresis was continued
under constant voltage (50 V) and photographed
under UV illumination.

Hydrodynamic volume change [11] was
observed by Ostwald Viscometer immersed in a
thermostatic bath maintained at 37°C . A digital
stopwatch was used to measure the flow time,
mixing of complexes under investigation with CT-
DNA was carried out by bubbling nitrogen. Data
were presented by plotting a graph indicating
(n/no)*® verses [complex]/[DNA] where n is the
viscosity of DNA in presence of complexes and np
represents the viscosity of DNA alone.

The antibacterial activity of the ligand and its
metal complexes was studied in vitro by the cup-
plate method [12] against the Escherichia coli
(MTCC 40) and Staphylococcus aureus (MTCC
87) using agar nutrient as the medium. The
investigated ligand and its complexes were

dissolved in DMF. The sterilised agar plates were
swabbed with the bacteria culture and filled with
test solutions, then incubated at 37 °C for 24 h. The
activity was evaluated by measuring the zone of
inhibition with respect to the standard drug
Tetracycline.

Synthesis of the ligand

The ligand is synthesised by the coupling
reaction between diazonium chloride solution
derived from 4,4’-diaminodiphenylether and the
alkaline solution of 5-sulphosalicylic acid. The
diazonium chloride solution was prepared by the
dissolution of 4,4’-diaminodiphenylether(0.01 mol,
2.0 gram) in hydrochloric acid and adding
equivalent sodium nitrite solution at 0 — 5 °C with
vigorous stirring, The ice-cooled diazonium
chloride solution was added to added to alkaline
solution of 5-sulphosalicylic acid(0.02 mol, 4.02
gram). The coloured azo compound produced again
recrystallised from ethanol (Fig. 1.).

Preparation of metal complexes

The metal chlorides in ethanol solution were
mixed with DMF solution of the ligand separately
and the reaction mixture was refluxed for one hour
at 60°C .The solution is allowed to cool and
concentrated Ammonia solution was added drop
wise to the solution with stirring till the formation
of complex compounds. The solid (Fig. 3, 4)
complexes thus separated were washed with
alcohol and dried in vacuum (Fig. 2).
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Fig. 1. Reaction scheme-1.
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Reflux, 1 hour,g0° C

AMCI, + LH, [M4LCIl4(H50)45] +  ANH,CI
NH,OH
M= Co(ll), Ni(ll) and Cu(ll)
Reflux, 1 hour,g0% C
AM/Cl, + LH, . [M/,LCI,(H,0),] + 4NH,CI
NH,OH
M’= Zn(11)
Fig. 2. Reaction scheme-2.
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IR study

RESULTS AND DISCUSSION

The analytical and physical properties of the
Azo dye and its complexes are in good agreement
with calculated values (Table 1). The analytical
data of the complexes are consistent with the
general formula [M4LCli(H20)12]  for Co(ll),
Ni(Il), Cu(ll) and [M4LClsy(H20)4]. The molar
conductance of the complexes with 1x 1073 M
DMSO solution are found to be in the range of 9.1-
125 ohm™cm?mol? indicating non-electrolytic
nature[13] All compounds are insoluble in
ethanol, methanol, acetone, ether, and chloroform
but soluble in DMF and DMSO.
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The IR spectrum of the ligand (Fig. 5) is
compared with the spectra of metal complexes (Fig.
6) in order to examine the mode of bonding
between ligand and complexes(Table 2). The IR
spectrum of the ligand shows a broad band at 3422
cm® which is missing from the spectra of the metal
complexes that indicates deprotonation of
phenolic(-OH} and bonding of metal atoms with
oxygen atom of the —OH group. The C-O frequency
vibration band observed at 1268 cm? in ligand is
shifted to ~1235 cm® in complexes confirming
bonding of metal atoms with oxygen atom of —OH
group[14]. Two bands appear at 1383 and 1589 cm’
! corresponds to vsym and vasym respectively in the
spectrum of the ligand which are observed at 1279
cm?® and 1581cm™ due t0 vsym and vaym that
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indicates monodentate nature of the carboxylate
group and bonding of carboxylic oxygen with metal
atoms[15]. A band appears at 1491 cm?
corresponds to —N=N- group in the ligand is shifted
to ~1489 cm™ in metal complexes that suggests
bonding of azo nitrogen with the metal
ions[16].The peak at 1657 cm™ in ligand confirms
the presence carbonyl group of ethanoyl group of
the ligand which is shifted to 1649 cm™? in metal
complexes that indicates bonding of carbonyl
oxygen atom with the metal ions. The spectra of

complexes reveal the presence of band at ~3512
cm® due to the vibrational frequency of O-H of
coordinated/ lattice held water. The presence of
coordiated water is further confirmed by the
rocking band at ~ 836 cm* and twisting band at ~
780 cmt [17].The vibrational frequencies of M-O
and M-N bonds which appear at ~ 589 cm™ and ~
489 cm! respectively confirm the bonding between
metal ions with the ligand through phenolic oxygen
and azo nitrogen atoms[18].

Table 1. Analytical data of the ligand and its metal complexes

M.P. % Found(calcd)
comp Colour °C)
M C H N Cl S
Brick 85 ) 47.15 2.32 8.29 9.43
LH4 Red (47.42) (2.75) (8.51) 9.7
Reddish 5300 18.43 24.87 3.01 412 11.03 4.96
[CosLCl4(H20)12] brown (18.88) (25.02) (3.07) (4.49) (11.37) (5.14)
Red >300 18.39 24.76 2.99 4.33 11.11 4.94
[NisLCla(H20)12] (18.82) (25.04) (3.07) (4.49) (11.37) (5.14)
Brown >300 19.89 24,53 2.86 421 11.07 4.65
[CusLCls(H20)12] (20.07) (24.65) (3.02) (4.42) (11.20) (5.06)
Lightred ~ >300 22.87 27.33 1,75 4.75 12,14 5.43
[Zn4LCla(H20)4] (23.15) (27.64) (1.96) (4.96) (12.55) (5.68)

Fig. 5. IR Spectrum of the ligand.
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Fig. 6. IR Spectrum of the Co(ll) complex
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Table 2. IR data of the investigating compounds

g G A0 C00ur 0o
1 1268 1491 1383 1589 - -
2 1235 1489 1279 1581 589 489
3 1234 1488 1278 1580 588 489
4 1235 1488 1279 1581 588 489
5 1236 1489 1278 1580 589 488

1-LHa, 2- Co(ll) complex, 3-Ni(I1)complex, 3- Cu(ll) complex and 4- Zn(11) complex

Electronic spectra and magnetic measurement

As synthesis of single crystals of the complexes
has been failed, the electronic spectral and
magnetic moment measurement data are used to
confirm the geometry of the complexes(Table 3).
Three d-d transition bands are observed in the
Spectrum of Co(ll) complex(Fig. 7.) at 13880,
16150, 26315 cm? corresponding to “Tyy(F) —
Tog(F),*Tig(F) = *Agg(F),“T1g(F) — “Toy(P) that
indicates octahedral geometry of the complex[19].
The electronic parameters of the Co(ll) complex
were calculated by using the following equations.

Dq=v.—v1/10
B=vy+v3-3vi/15
B35 = B/ 971

% of Bss =(B%)=( 1- P35)100
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Fig. 7. Electronic Spectrum of the Co(ll) complex.

In the Ni(ll) complex(Fig. 8) also three bands
are observed at 14705, 18867, 25641 cm™ due to
SAzg(F) = 3Toy(F),*Axg(F) — *Tig(F), *Azg(F) —
T14(P) which arises from octahedral geometry[20].
The parameters of the complex were calculated by
using the equations

Dq =v2-vi1/10

B=v,+v3-3vi/15

B35 = B/ 1041

% of Bss Z(BO)Z( 1- [335)100

The Racah parameter(B), Nephelauxetic
effect(B), B° of Co(ll) and Ni(ll) complexes
strongly indicate covalent bonding between ligand
and metal ions. The value of v./v; for Co(ll) and
Ni(Il) complexes was found to be 1.16 and 1.28
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respectively which are close to the value expected
from a octahedral geometry.
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Fig. 8. Electronic Spectrum of the Ni(ll) complex

The Cu(ll) complex shows a d-d transition band
at 15350 cm™ which may be assigned to 2Eq — 2T
transition which favours a distorted octahedral
geometry for the complex[22]. The magnetic
susceptibility measurements of the metal complexes
are undertaken to get information’s regarding their
structures. The magnetic moment of the Co(ll),
Ni(ll) and Cu(ll) complexes were found to be 1.38
B.M., 1.31 B.M. and 1.04 B.M. respectively in
place of 3.87 B.M., 2.83 B.M. and 1.73 B.M.
magnetic moment expected from a octahedral
geometry. This sub-normality in magnetic moment
of the investigating complexes may be due to
interaction of electron spins of the neighbouring
metal ions. This anti ferromagnetism due to pairing
of electron spins may be due to super exchange
through(M-O-M)[23,24]. The Zn(ll) complex is
found to be diamagnetic, hence tetrahedral
geometry may be suggested based on the spectral
and analytical data.

'H NMR Study

The spectra of the ligand (Fig. 9) and Zn(ll)
complex (Fig. 10) are recorded in DMSO-ds
solvent. The *H NMR spectrum of the ligand shows
multiplet at & 6.99-8.45 ppm which may be
assigned to aromatic protons. The peaks at 6 10.21
ppm corresponds to phenolic(-OH) group and —CHjs
group is also confirmed by the presence of peak at 6
2.89 ppm[25].
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The spectrum of Zn(l1l) complex is compared
with the azo dye ligand and it is observed that the
peak due to —OH group found in the ligand was
absent in the complex. This indicates deprotonation
of —OH group and formation of metal-O bond [26]
in accordance with the data revealed by IR.

Mass spectra Study

the mass spectra of the ligand and its Co(ll) (Fig.
11, 12) complexes are recorded to confirm their
molecular mass and stoichiometric composition.
The spectrum of the ligand shows the molecular ion
peak at m/z 658.76 corresponding to the molecular
mass of [CasHi1sN4O13S2]. The spectrum of the
Co(ll) complex of the ligand gives molecular ion
peak at m/z 1248.27 which confirms its proposed

As mass spectra of the compounds provides molecular formula as [M4LCl4(H20)12]
vital information for their structural elucidations,
Table 3. Electronic data of the metal complexes.
Com' }Lmax oy % Of ueff
pound  (cmY) Transitions B Bas Bs V2l Geometry B.M.
13880 4T19(F) - 4To4(F)
16150  “T14(F) — *Axg(F)
1 26315 “Tyy(F) — “Tog(P) 55 0.056 1.16 octahedral 1.38
34482 CT
14705  3Ay(F) = 3T4(F)
18867 3Aog(F) = 3T14(F)
2 25641 3Asy(F) — Tug(P) 19.8 0.019 1.28 octahedral 131
38461 CT
Distorted
2 2 - -
3 15350 Eq — 2Ty octahedral 1.04

1-Co(Il) complex, 2-Ni(ll)complex, 3- Cu(ll) complex
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Fig. 9. 'H Spectrum of the ligand.
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Fig. 12. Mass Spectrum of the Co(ll) complex.
ESR spectra

The ESR spectrum of the Cu(ll) (Fig. 13)
complex was recorded at room temperature to study
nature of bonding between the Cu(ll) ion and donor
atoms of the ligand. The spectrum shows that g
value is 2.16 and gt is 2.05. As the gy > g>
2.0023, the unpaired electron is localised in dxo.y>
orbital of the Cu(ll) ion and axial symmetry
tetragonal geometry of the complex is implied[27].
This is confirmed by the electronic spectrum of the
complex. The observed value of G was found to be
3.2 by using the relation G= gu -2/ gt-2 which
suggests exchange interaction between the copper
centres in a polycrystalline solids[28]. The Qav
value of the complex is calculated as 2.086 by
using the relation gav = 1/3(gll + 2g '—). The
spin-orbit coupling constant is also calculated by
using the equation gav = 2(1 —24/10dq) and it
is found to be -660.05 cm™.This value is found to
be less than the free ion value(-830 cm™) that
indicates overlapping of metal-ligand orbitals[29].
The covalent bonding between metal ion and
orbitals of the ligand is also confirmed from the g
value, According to Kivelson and Neiman covalent
bonding can be predicted for a Cu(ll) complex with
gn value less than 2.3[30]. Hence, distorted
octahedral geometry may be proposed for the
Cu(Il) complex.
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Thermogravimetric study

The thermo gravimetric study of the Ni(ll) (Fig.
14, 15) complex as a representative member of the
investigating complexes was carried out by the
simultaneous TG,DTG and DSC techniques in the
atmosphere of nitrogen at a rate of 10 °C per minute
from the ambient temperature to 1400 °C.The TG
/DTG curves show that the complex suffers mass
loss in a number of stages. The complex loses a
mass of 13.39 % at 82.2 °C in the first stage, with
an endothermic peak at 85°C in the DSC curve
which corresponds to the loss of lattice held water.
In the second stage, it suffers a mass of 12.60 % at
341.6 °C corresponding to the loss of coordinated
water with a endothermic peak at 312°C. The
complex compound loses a mass of 27.09 in the
third stage which corresponds to the loss of ligand
moeity and chlorine atoms at 565°C with an
endothermic peak 580°C. The complex suffers a
total mass of 62.78 % and its remaining residual
mass consisting of NiO as the residue is 37.22% up
to 1400 °C . This study indicates thermal stability of
the complex.

XRD study

The XRD(powder pattern) study of the Cu(ll)
complex given in Fig. 16, Table 4 and Ni(ll)
complex given in Fig. 17, Table 5 was made to
determine their crystal system. The X- ray powder
diffraction diagram was collected from the X’Pert
diffractometer and the recording conditions are 40
kv and 40 mA for CuKa with A= 1.542A between
20°to 80° with a step size of 0.0089°.

53



S.N. Chaulia: Synthesis, spectroscopic characterisation and biological activity studies of Co(Il), Ni(Il), Cu(ll) and Zn(ll) metal ...

Filenam: 59

v oyl e e e ]
Fig. 13. ESR Spectrum of the Cu(ll) complex.
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Fig. 14. TG/DTG Graph of Ni(ll) complex.
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Fig. 15. DSC Graph of Ni(ll) complex.
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Fig. 16. XRD Powder pattern of the Cu(ll) complex.
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Fig. 17. XRD Powder pattern of the Ni(ll) complex.
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Table 4. XRD data of the Cu(Il) complex at room temperature.

SIno  26(degree) d FWHW(degree) Intensity(cps degree)
1 31.39(2) 2.8470(19) 0.56(4) 8980(1850)
2 32.10(2) 2.786(2) 1.06(8) 28678(1957)
3 35.62(7) 2.519(5) 0.4(2) 418(254)
4 39.48(3) 2.2805(15) 0.94((3) 15078(384)
5 42.29(4) 2.1354(19) 0.37(12) 463(177)
6 49.77(8) 1.831(3) 1.01(12) 5850(399)
7 53.19(2) 1.7207(7) 0.57(9) 2385(214)
8 56.97(11) 1.615(3) 0.86(10) 1386(178)
9 59.05(13) 1.563(3) 0.57(11) 699(108)
10 68.2(2) 1.374(4) 3.3(3) 6740(334)
11 75.78(13) 1.2542(18) 2.31(18) 3094(231)
Table 5. XRD data of the Ni(1l) complex at room temperature.
Sl no 20 (degree) d FWHW(degree) Intensity(cps degree)
1 22.79(15) 3.90(2) 6.6(4) 11979(788)
2 34.2(2) 2.618(16) 4.49(2) 10912(742)

The XRD powder pattern was processed in
X’pert high score software package. The search
matching procedure was adopted for the PXRD
pattern for the Cu(ll) complex and revealed a match
with a copper compound corresponding JCPDS
powder diffraction file with PDF No 751765 . The
pattern can be indexed to be a orthorhombic crystal
system with a=14.25, b=22.68,¢=13.50, a=f=y=90°
Jattice-primitive and space group is Ccca.
Similarly, the search matching procedure is
repeated for Ni(ll) complex that provided a match
with a Nickel compound corresponding JCPDS
powder diffraction file with PDF No 451027 and
the pattern is indexed to be a Hexagonal crystal
system with lattice primitive and space group
P6s/mmc.

Surface morphology study

The surface morphology study of the Zn(ll)
complex of the ligand as a representative of all
complexes was undertaken to evaluate its
morphology and particle size. It is seen from the
SEM image of the complex as given in Fig. 18 that
the size of the particles is 2 um with the formation
single phase morphology. It is also noticed that
there is a uniform matrix of the synthesized
complex and the complex shows a flower like
shape consisting of particles with nanosized grain.

Fig. 18. SEM image of Zn(Il) complex
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Fluorescence study

The fluorescence study of the ligand (Fig. 19)
and its Cu(Il) complex (Fig. 20) were carried out to
study the photoconductive nature of the
investigated compounds and the emission spectra of
the compounds were given here. The ligand shows
a emission maximum wavelength at 400 nm but the
Cu(ll) complex depicts the emission maximum
wavelength at 420 nm. The red shift of the Amax
value of the complexes may be due to the
deprotonation of the (-OH) group. The fluorescence
intensity of the complex is more than the ligand due
to complexation as it enhances conformational
rigidity and non-radiative energy loss[31]. The
emission in the complexes may be due to
intraligand w — m * transition.These findings
suggest that both the ligand and its complex are
fluorescent in nature[32].

Computational study

A computational study of the investigating
compounds was made to examine their reactivities
and to evaluate geometrical parameters. Gauss view
4.1[33] and chemcraft software are used to draw the
structures. The structures of the ligand and its all
metal complexes are optimised at B3LYP[34] level
of theory using 6-311++G(d,p) basis set. 6-
311++G(d,p) is a large basis set which include
diffused and polarised wave functions to take in to
account the characteristics associated with ionic
species having heavy atoms like N. The harmonic
frequency calculation is also carried out at the same
level of theory to ensure that the structures are true
minima. Optimised was performed without any
symmetry constraint using the default convergence
criteria provided in the software.
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Fig. 20. Emission Graph of Cu(ll) complex.
terms ionisation potential(IP) and electron

Conceptual DFT defines chemical potential 1 as
the first derivative of energy with respect to number
of electrons

OE

= (ﬁ) 9(r) where E= energy, N= number of
electrons of the system at constant external pressure
9(r).

and chemical hardness n as the half of the
second derivative of energy with respect to humber
of electrons, so chemical hardness will the first
derivative of energy with respect to number of

electrons
_ 1(o
n=3 (aN)ﬁ(r)
But chemical potential(p) and chemical
hardness(n) were also calculated in most cases in
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affinity(EA) and therefore

IP+EA IP-EA
,u——(z)andn—(z)
According Koopman’s theorem, IP and EA are

related to energies of the Highest occupied
molecular orbital(Enomo) and Lowest occupied
molecular orbital(ELumo) in this way
I[P = —EHOMO and EA = —ELUMO
— (ELUMO—EHOMO
2

) and u=
(ELUMO+EHOM0)

2
and Parr and co-workers proposed
electrophilicity[35] as a measure of electrophilic
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power of a compound the electrophilicity can be
represented as

w=2

2n

The chemical potential(u) and chemical
hardness(n), electrophilicity and dipole moment of
the ligand and complexes are given in the table-6.
The reactivity of the ligand and its metal complexes
can be predicted by considering the minimum
electrophilicity principle. According to minimum
electrophilicity  principle, compound having
minimum electrophilicity will have maximum
stability. The chemical potential(p), chemical
hardness(n), electrophilicity(lWll) were calculated
from the HOMO and LUMO value of the ligand
and its complexes (Fig. 21) and presented in the
table 6.

The geometrical parameters of the investigating
compounds were also collected from their
optimised geometry (Fig. 22, 23) and presented in
the table 7. It is seen from the table that the bond
angles around the metal ion in case of Co(ll), Ni(ll)
and Cu(ll) complexes are close to 90° and in case
of Zn(ll), it is close to 109°. Therefore, distorted
octahedral geometry for Co(ll), Ni(ll) and Cu(ll)
complexes and distorted tetrahedral geometry may
be suggested for the Zn(11) complex.
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Non-linear optical properties

The electronic  properties of  chemical
compounds are related to their non-linear optical
activities. Easy electron transition between
molecular orbitals is the basic requirement for good
nonlinear optical materials. It is seen from the
Table-6 that all metal complexes except Zn(ll)
complex have higher dipole moment than the free
ligand. The energy gap between the HOMO and
LUMO of the ligand is found to be higher than the
complexes. All these findings indicate that
complexes have better nonlinear  optical
properties[36] than the free organic ligand. The
Cu(Il) complex will be the good nonlinear optical
material due to small energy gap between its
HOMO and LUMO and high dipole moment.

BIOLOGICAL EVALUATIONS
Antibacterial studies

All the test compounds were screened against
the gram-positive and gram negative bacterial
(Table 8, Fig. 24). The ligand and some complexes
have moderate effect on the growth of the
microorganism. The complexes have more
antibacterial abilities than the free ligand and the
enhanced ability of the complexes may be
explained by considering overtone’s concept and
chelation theory [37].

i

Fig. 21. HOMO and LUMO of the ligand a) HOMO of the ligand; b) LUMO of the ligand; c) LUMO of the Co(ll)
complex; d) HOMO of the Co(ll) complex; ) HOMO of the Ni(ll)complex; f) LUMO of the Ni(ll)complex; g)
HOMO of the Cu(Il)complex; h) HOMO of the Zn(Il)complex; i) LUMO of the Zn(ll)complex.
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Fig. 22. Optimised geometry of the Ni(Il) complex

Fig. 23. Optimised geometry of the Cu(ll) complex

Table 6. Reactive descriptors of the ligand and its complexes.

Dipole
Compound Evomo(6V)  Erumo(eV) L(eVv) nev)  Wev) momerﬁ’t(B'M_)
LHs -0. 33549 0.01561 -0.1599 0.1755 0.072 8.194
[CosLCl4(H20)12] -0. 17651 0. 00380 -0.086 0.090 0.041 14.592
[NisLCls(H20)12] -0.30137 -0.01775 -0.1595 0.1418 0.089 25.544
[CusLCla(H20)12] -0. 11799 -0.07763 -0.097 0.0201 0.234 29.54
[ZnsLCl4a(H20)4] -0.34638 -0.02249 -0.1844 0.1619  0.1050 4.9775
Table 7. Selected bond length and bond angle
Bondlength(A%) Bondangle(®)
comp  N(14)-  N(5)-  O(28)- ,\'\/'I((f;)) N(15)-M(47)- ,\'\/'I((f;))
N(15) C(16) C(27) 0(29) 0(60) CI(55)
1 1.232 1.445 1.352 - - -
2 1.273 1.483 1.351 87.779 96.927 84.565
3 1.273 1.481 1.350 87.769 96.926 84.561
4 1.274 1.416 1.373 75.431 91.848 96.578
5 1.244 1.462 1.347 86.938 107.854 101.008
1.LH2, 2.[Ni4LC|4(H20)12], 3.[CU4LC|4(H20)12], 4, [Zn4LCI4(H20)4]
Table 8. Antibacterial Screening of the investigating compounds.
compound Concentration E. coli S. aureus
1.LH,4 500 pg/ml 9 12
2.[Co4LCl4(H20)12] 500 pg/ml 14 13
3.[NisLCl4a(H20)12] 500 pg/ml 10 14
4.[CusLCl4g(H20)12] 500 pg/ml 12 12
5.[ZnsLCls(H20)4] 500 pg/ml 10 11
6.Tetracycline 500 pg/mi 30 30
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Fig. 24. Antibacterial Screening of the investigating
compounds

Gel electrophoresis

The interaction between complex and metal
complexes was also studied by gel electrophoresis
as given in Fig. 25. The electrophoresis study
shows that intensity of the DNA-complex bands are
less than the DNA control and the intensity
decreases in the order of [CusLCli(H20)12]>
[Ni4LC|4(HzO)12]> [CO4LC|4(H20)12]( lane 2-
Co(Il) complex, lane 3 — Ni(ll) complex, lane 4-
Cu(Il) complex and lane 1- DNA CONTROL .
Due to the intercalation of the metal complexes in
to the DNA base pairs, intensity decreases

Fig. 25. Intensity of the DNA-complex: from left -
1.[CU4LC|4(H20)12] , 2. [Ni4LC|4(Hzo)12,
3. [Co4LCl4(H20)12], 4.DNA control

Viscosity measurement test

All the metal complexes are subjected to
viscosity measurement study to confirm the DNA
binding abilities of the metal complexes with the
CT DNA. The increase in viscosity of DNA occurs
when the complexes intercalate between the base
pairs due to extension in the helix[38]. The effects
of all the synthesised complexes on the viscosity of
DNA are shown in Fig.26. The graph shows that
viscosity of DNA increases with increase in the
concentration of complexes and the order of

increase of viscosity IS [CusLCls(H20)12]>
[Ni4LC|4(HzO)12] >[Zn4LCI4(H20)4]>
[CO4LC|4(H20)12].
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Fig. 26. (n/no)*® verses [complex]/[DNA] Series:
1-[CU4LC|4(H20)12], 2-[Ni4LC|4(H20)12],
3-[Zn4LC|4(H20)4], 4-[CO4LC|4(H20)12].

CONCLUSION

On the basis various physico-chemical and
spectral data presented and discussed, the ligand
acted as a hexa dentate ligand as it coordinated
with the metal atoms through OON-NOO donor
atoms.Distorted octahedral geometry for the Co(l1),
Ni(Il), Cu(ll) and distorted tetrahedral geometry for
Zn(ll) is proposed on the basis of analytical,
spectral data and computational study. Thermal
study of the metal complex indicates thermal
stability of the complexes, the fluorescence studies
reveals that both ligand and its metal complexes
have fluorescent properties and can be used for
making photo conducting materials. The ligand and
its complexes are known to have antibacterial
properties and DNA binding abilities as indicated
from their biological studies.
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CUHTE3A, CIIEKTPOCKOIICKO OXAPAKTEPU3UPAHE U BUOJIOTMYHA AKTUBHOCT
HA Co(II), Ni(II), Cu(II) ¥ Zn(II) METAJIHA KOMIUIEKCH C JIMTAHU OT A30-
BATPUJIO, TIOJIYUEHO OT 4,4’- IUAMUHOAU®EHWIETEP U 5-CYJIOOCAJIULUIIOBA
KUCEJIMHA

C.H. Yaynus

Jlenapmamenm no xumus, .M. Koneac, Cambarnyp, Oouwa, Unous

Iocremmna Ha 16 despyapu, 2016 r.; kopurnpana Ha 27 Maif, 2016 T.
(Pesrome)

Cunresupanu ca cepus ot Metanan komiuiekcu Ha Co(II), Ni(IT), Cu(Il) u Zn(Il) ¢ HOBM JUTaHIN OT a30-0arpuio
4,4°-bis(2’-xunpokcu-3’-kapbokcu-5’-cyadodennn-azo)audpenunerep, moaydeHo ot 4,4’-muaMuHOGEHUT eTep U 5-
cyidocaanuunioBa KucearHa. MeTaaHUTe KOMIUIEKCH U JIMFAaHJUTE Ca OXapaKTepU3UPaHU 4Ype3 aHATUTHYHU METOIU
(Y- n AMP-cniekTpockomnusi, Mac-ClieKTPOMETPHs, €JIEKTPOHHHU CHEKTPH) U U3MEPBAHUS HA MOJIapHaTa MPOBOUMOCT,
MarHUTHa 4YyBCTBHTEIHOCT W TEPMUYHU M3MEpBaHHUS. AHAJIUTHYHHTE M CHEKTPAJHUTE JaHHH IpeacKa3Bar
okraenpruyHa reomerpus 3a komruiekcure Ha Co(Il) u Ni(Il), nehopmupana okraeaprudHa TeOMETpHs 3a KOMIUIEKCA Ha
Cu(Il) u Terpaenpuuna reomerpusi Ha komruiekca Ha Zn(Il). IIpoBeneHu ca yucieHM W3CNeABaHHUS Ha JIMTAHIUTE U
METaJIHUTE KOMIUICKCH 3a ONpPEACIITHETO Ha I'C€OMETPHYHHUTE MapaMeTpd M Ha OOIIMTE PEaKTHBHH JASCKPHIITOPH.
PeHTreHo-CTpYKTYpHUAT aHAIN3 Ha TPAaxoBU 00pasly MOKa3Ba OpTO-poMOMYHA KpUCTallHA CHCTeMa 3a KOMIUIeKca Ha
Cu(ll). TepMmuuHHTE WH3CIEABAHMS pPAa3KPHBAT TEPMHYHA CTAOMIHOCT Ha KOMIUIEKCHTE, a (IyOpECIECHTHHTE
W3CIeABaHMs MpEIBIDKIAT (OTOAKTHBHHM CBOHCTBA Ha a3o-cheauHeHusra. CHuMkure Ha Zn(II)-xomruiexcure ot
CKaHWpala eJeKTPOHHAa MUKPOCKOIMS JaBaT MH(OpMaIMs 3a TSAXHATa IMOBBPXHOCTHa Mopdoiorus. bruonormynoro
u3cieaBaHe pa3KpuBa aHTH-OakTepuaiHy cBoiictBa 1 JJHK-cBBp3Baiia akTHBHOCT Ha CHHTE3UPAHNUTE ChECIHHCHUSL.
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