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Abstract. A new azo dye ligand from 4-aminoantipyrine and 5-bromosalicy-

laldehyde that is 4-(2’-hydroxy-3’-formyl-5’-bromophenylazo)antipyrine and its 
Co(II), Ni(II), Cu(II) and Zn(II) complexes have been synthesized. The ligand and 
its metal complexes have been characterized by various techniques like analytical, 
IR, NMR, electronic, magnetic susceptibility, thermal, XRD and molecular mode-
ling study. The spectral and analytical study predicts tridentate nature of the ligand, 
distorted octahedral geometry for Co(II), Ni(II) and Cu(II) complexes and distorted 
tetrahedral geometry for Zn(II) complex. The Computational study of the ligand 
and its metal complexes predicts global reactive descriptors and geometrical param-
eters. The thermal study of the Ni(II) complex reveals its thermal stability and fluo-
rescence study of the ligand and its Zn(II) complex indicates their photo conducting 
properties. The XRD study of the Cu(II) complex reveals tetragonal crystal system 
for the complex. The investing compounds are potential bactericides as indicated 
from their antibacterial study and DNA binding study of the compounds indicates 
their DNA binding ability. 

Keywords:  azo dye, complex compounds, Gaussian 03 software, XRD study, 
SEM image

Introduction
Azo compounds are the largest group of synthesized organic compounds due to 

their versatile applications in various fields like pharmaceuticals, leather, paper and 
food stuff industries and analytical reagents for various metal ions (Tao et al.,1999; 
Navarro & Sanz, 1999; Gong et al., 2002; Chohan et al., 2010). Azo dyes contain-
ing heterocyclic rings have known for dyeing hydrophobic textile materials like 
polyamide and polyester (Hallas & Choi, 1999). Heterocyclic dispersed azo dyes 
are also used by electronic industries as sensors, non-linear optical devices, liquid 

Experiments
Учебен експеримент в природните науки



67

Synthesis, Characterisation, Molecular...

crystalline devices (Sujiki et al.,1999).  Metal compounds with azo dye ligands are 
gaining importance in recent years due to their applications in areas like pharma-
ceuticals, biological, analytical. 4-aminoantipyrine is said to have analgesic, anti-
pyretic properties and its metal complexes with Pt(II) and Co(II) have shown the 
property of anticancer agent (Ayesha et al., 2013). Schiff base metal complexes 
derived from salicyl aldehyde can cleave the DNA (Routier et al.,1996) and Schiff 
base derived from 5-bromosalicylaldehyde and 2-aminomethylthiophene and its 
Co(II), Ni(II), Cu(II) and Zn(II) are exhibiting antibacterial and cytotoxicity prop-
erties (El-Sherif & Eldebss, 2011). These observations prompted us to synthesize 
azodye ligand from 4-aminoantipyrine and 5-bromosalicelaldehyde and a series 
of metal complexes of Co(II), Ni(II), Cu(II) and Zn(II), characterize using various 
physico-analytical techniques and evaluate various biological activities.

Materials and methods
All the solvents, the metal salts and other chemicals used are of either analytical 

grade or high purity supplied by Merck and BDH. Doubly distilled water is used in 
all experiments.

Elemental analysis (C, H, N) was carried out on Perkin Elmer 240 C elemental 
analyser and Chlorine contents was determined gravimetrically. Metal estimations 
are made by standard procedures, conductivity measurements are carried out at 
250C in freshly prepared 10-3M solution using PW9526 digital conductivity me-
ter, Magnetic susceptibility of the complexes is measured by Guoy,s balance using 
Hg[Co(NCS)4] as a calibrant at room temperature and diamagnetic correction have 
been made by pascal’s constants, IR spectra of the ligand and metal complexes 
are recorded on  using KBr pellets by perkin elmer FT- IR spectrometer within the 
range 4000- 450 cm-1, UV-Visible spectra of the complexes are collected using a 
THERMO SPECTRONIC 6 HEXIOS α and fluorescence spectra are recorded in a 
Fluorescence spectrometer, 1H NMR spectra of the ligand and the Zn(II) complex 
are obtained from Bruker AV III 500 MHZ FT NMR spectrometer using TMS as 
reference, ESR spectrum of the Cu(II) complex is recorded on JES-FA 200 ESR 
spectrometer , mass spectra of the ligand and its complexes are recorded  through 
JEOL GC Mate GC-MS Mass Spectrometer, thermal study of the metal complex is 
done by NETZSCH STA 449 F3 JUPITOR, SEM image of the complexes are taken 
in JES FA 200, the XRD powder pattern of the Cu(II) complex is collected using a 
Philips X’Pert Pro diffractometer. 

Computational study
Molecular modeling is now considered as a important tool for calculating cer-

tain physic-chemical and geometrical parameters of the chemical compounds. 
In order to get the better picture about reactivity and geometrical parameters, 
computational study of the ligand and the metal complexes are performed by 
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Gaussian 03 software package (Frish et al., 2003). The molecular geometry of 
the ligand and its complexes are fully optimised using B3LYP level of theory 
along with 6-331G(d,p)  basis set. The B3LYP provides better results than the 
Hartree-Fock method and reproduce better geometrical parameters comparable 
to the experimental values. 

Biological activity
The DNA binding study of the azo compounds is made by Gel electrophoresis 

method (Maiti et al., 2009). 10 µL of the metal complexes are taken along with 
15 µL of CT DNA solution dissolved in Tris-EDTA in centrifuge tubes. The tubes 
are incubated at 37 for 1 hour. After incubation, the tubes containg solution are 
kept in a refrigerator at 0 for few minutes, 5 µL gel loading buffer with tracking 
dye (0.25% bromo phenol) is taken in  the tubes for electrophoresis. The electro-
phoresis is continued under constant voltage (50 V) and photographed under UV 
illumination.

Hydrodynamic volume change (Abdel-Rahman, 2013) is observed by Ostwald 
viscometer immersed in a thermostatic bath maintained at 37 . A digital stopwatch 
is used to measure the flow time, mixing of complexes under investigation with 
CT-DNA is carried out by bubbling nitrogen. Data are presented by plotting a graph 
indicating (ɳ/ɳ0)

1/3 verses [complex]/[DNA] where ɳ is the viscosity of DNA in 
presence of complexes and ɳ0 represents the viscosity of DNA alone. Viscosity 
values are collected by following the equation ɳ =t-t0 where t is the flow time of the 
DNA containing solutions and t0 is the flow time of DNA alone.

The antibacterial activity of the ligand and its metal complexes is studied in 
vitro by the cup-plate method against the Escherichia coli (MTCC-40) and Staph-
ylococcus aureus (MTCC-87) using agar nutrient as the medium by the cup plate 
method. The investigated ligand and its complexes are dissolved in DMF. The steri-
lised agar plates are swabbed with the bacteria culture and filled with test solutions, 
then incubated at 37  for 24 hours. The activity is evaluated by measuring the zone 
of inhibition with respect to the standard drug tetracycline.

 Synthesis of ligand
 The ligand 4-(2’-hydroxy-3’-formyl-5’-bromophenylazo) antipyrine is syn-

thesized by the coupling reaction between the diazonium chloride produced from 
4-aminoantipyrine and alkaline solution 5-bromosalicylaldehyde. This is achieved 
by diazotization of 4-aminoantipyrine by dissolving 0.01M, 2.03 gram of it in hy-
drochloric acid, cooling it to 0-50C and adding equivalent amount of ice cooled 
sodium nitrite solution with stirring. The cooled diazonium chloride is then made 
to react with the alkaline solution of 5-bromosalicylaldehyde (0.01 M, 2.0 gram). 
The colored azo dye ligand is formed which is recrystallised from ethanol. This is 
represented in Scheme 1.
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Scheme 1. Synthesis of the ligand
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Scheme 2. Synthesis of the ligand

Synthesis of metal complexes
The Metal (Co(II), Ni(II), Cu(II) and Zn(II)) chlorides (0.01 mol) in ethanolic 

solution are added to the ethanolic solution of the ligand (0.01 mol) separately. The 
reaction mixtures are refluxed for about for about one hour and allowed to cool, 
then concentrated ammonia solution is added drop by drop till the formation of to 
get the precipitate of Co(II), Ni(II), Cu(II) and Zn(II) metal complexes. The metal 
complexes as given in Figs 1-2 are collected by filtration, recrystallised from etha-
nol and dried in vacuum. This is represented in Scheme 2.
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Fig. 1. Structure of Co(II) complex
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Fig. 2. Structure of Zn(II) complex

Results and discussion
 The ligand and all its metal complexes are coloured and stable to air. The complex 

compounds are soluble in solvents like DMF and DMSO but remain insoluble in 
alcohol, ether and acetone. The high melting point of all complexes from the melting 
point of ligand indicates more thermal stability of the complexes than the ligand.

 
Elemental analysis
The elemental analysis of the compounds given in Table 1 is in good agreement 

with the composition of the suggested formula. The analytical data of the complex-
es indicate that their formulas as [M2LCl3(H2O)5], where M represents Co(II), Ni(II) 
and Cu(II), L stands for the ligand ions and [M2LCl3(H2O)] for Zn(II) complex.

Conductance measurements
The Conductance measurements of the solutions of the metal complexes (10-3 M 

in DMF) show the value in the range of 22.43-29.56 Ohm-1 cm2 mol-1. These values 
suggest that all metal complexes are non-electrolyte in nature (Geary, 1971).

Table 1. Analytical data of the ligand and its metal complexes
comp Colour Yield(%) M.P

()
% Found(calcd)

M C H N Cl        
1 Brick red 67 75 - 52.02

(52.06)
3.61

(3.64)
13.41

(13.49)
-        

2 red 49 >300 16.10
(16.18)

29.61
(29.67)

3.31
(3.32)

7.64
(7.69)

14.58
(14.60)

3 Scarlet red 51 >300 15.96
(16.12)

29.64
(29.69)

3.30
(3.32)

7.67
(7.70)

10.49
(10.72)

4 grey 57 >300 17.16
(17.23)

29.15
(29.30)

3.14
(3.28)

7.25
(7.59)

14.21
(14.42)

5 green 48 >300 19.23
(19.53)

32.09
(32.30)

2.12
(2.41)

8.18
(8.37)

15.63
(15.89)

1.LH, 2.[Co2LCl3(H2O)5], 3.[Ni2LCl3(H2O)5], 4.[Cu2LCl3(H2O)5],5. [Zn2LCl3(H2O)]
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Spectral study
IR Spectra and mode of bonding
The spectrum of the azo dye ligand as given in Graph 1 is compared with spectra 

of the complexes as shown in Graph 2 in order to know the mode of bonding of 
the ligand with the metal ions (Table 2). The spectrum of the ligand shows a broad 
peak at 3450 cm-1 which is missing from the spectra of the metal complexes that 
indicates deprotonation of phenolic (OH) group present in the ligand after com-
plex formation with the metal ions. This finding is further supported by the shift 
in the vibration frequency of ν(C-O) observed at 1209 cm-1 in the ligand to ~1170 
cm-1 in metal complexes due to formation of bond of the oxygen atom of phenolic 
(OH) with the metal ions (Saxena & Tandon, 1984). The spectrum of the ligand 
shows a band at 1674 cm-1 due to the vibration of (-CHO) group which is shifted to 
1625 cm-1 that suggests coordination of carbonyl oxygen atom with the metal ions 
(Robinson & Uttley,1973). The band at 1467 cm-1 in the ligand corresponds to the 
vibration frequency of (N=N) which is shifted to ~ 1456 cm-1 in metal complexes, 
this indicates bonding of one of the azo nitrogen atoms with the metal ions. The 
spectra of complexes reveal the presence of band at ~3318 cm-1 due to the vibration 
frequency of O-H of coordinated/ lattice held water. The presence of coordinated 
water is further confirmed by the rocking band at ~ 870 cm-1 and twisting band at ~ 
780 cm-1 (Stefov et al., 2004). The vibrational frequencies of M-O and M-N bonds 
which appear at ~ 578 cm-1 and ~ 492 cm-1 respectively confirm the bonding be-
tween metal ions with the ligand through phenolic oxygen and azo nitrogen atoms 
(Nakamato, 2009). 
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Graph 1. IR spectrum of the ligand
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Graph 2. IR spectrum of the Co(II) complex

Table 2. IR data of the investigating compounds
compound ʋ(C-O)

 cm-1
ʋ(N=N) 

cm-1
ʋ(C=O)

cm-1
ʋ(M-O)
 cm-1

ʋ(M-N) 
cm-1

1 1209 1467 1674 -  -
2 1170 1456 1625 578 492
3 1172 1455 1625 576 491
4 1171 1455 1624 577 492
5 1172 1454 1625 576 492

1 LH, 2  Co(II) complex, 3 Ni(II)complex, 4 Cu(II) complex and 5  Zn(II) com-
plex

Table 3. Electronic data of the metal complexes
Com λmax

(cm-1)
Transitions B β35 % of 

β35

ʋ2/ʋ1  Geometry   µeff                                                    
   B.M.                                                 

1 12650
16528
22220
40186

4T1g(F)→4T2g(F)
4T1g(F)→4A2g(F)
4T1g(F)→4T2g(P)

CT

26 0.026 97.4 1.30 octahedral 1.42

2 13171
16260
24691
41660

3A2g(F)→3T2g(F)
3A2g(F)→3T1g(F)
3A2g(F)→3T1g(P)

CT

20 0.019 98.1 1.23 octahedral 1.38

3 15650 2Eg→
2T2g - - - Distorted  

octahedral                
0.92

1 Co(II) complex, 2 Ni(II)complex, 3 Cu(II) complex.
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Graph 3. Electronic spectra of Co(II) complex-series 1, Ni(II) complex-series 2

Electronic spectra and magnetic moment
The electronic spectra and magnetic measurements are taken in to account to es-

tablish the geometric structures of the complexes since I failed to synthesize single 
crystal of all the complexes given in the Graph 3. The electronic spectrum of the 
Co(II) complex of the ligand as given in the Table 3 exhibits three  weak bands at 
12650 cm-1,16528 cm-1 and 22220 cm-1 corresponding to 4T1g(F) 4T2g(F)( ν1), 

4T1g(F) 
4A2g(F)(ν2),

 4T1g(F) 4T2g(P)(ν3) transitions which are characteristic of octahedral ge-
ometry (Lever, 1968). 

Similarly, Ni(II) complex shows three weak bands at assignable to 13171 cm-1, 
16260 cm-1, 24691 cm-1 relating to 3A2g(F) 3T2g(F), 3A2g(F) 3T1g(F), 3A2g(F) 3T1g(P)  
which is characteristic of octahedral geometry(Shakir et al., 1996). The other elec-
tronic parameters for both the complexes calculated by following this equation are 
summarized in the table which are supporting covalent bonding in metal complex-
es. The equations for the Co(II) complex are:

Dq = ν2 – ν1/10
B = ν2 + ν3– 3 ν1/15

β35 = B/ 971
β35% =( 1– β35)100

and equations for Ni(II) complex are:
Dq = ν1/10

B = ν2 + ν3– 3 ν1/15
β35 = B/1041

β35% =( 1- β35)100



74

S. N. Chaulia

The Cu(II) complex shows a broad peak in the range 13350 cm-1 to 17260 cm-

1with a maximum at 15260 cm-1, the broadness of the is due to tetragonal distortion 
of the metal complex v (Dholakiya & Patel, 2002).

The magnetic moment of the Co(II), Ni(II) and Cu(II) complexes are found to 
be 1.42 B.M., 1.38 B.M. and 0.92 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 
super exchange through (M-O-M) (Yamada, 1966; Lever & Solomon, 2014). The 
Zn(II) complex is found to be diamagnetic, hence tetrahedral geometry may be 
suggested based on the spectral and analytical data.  

ESR spectral study
The esr spectrum of the Cu(II) complex is recorded at X-band at room temper-

ature. The room temperature solid state of the Cu(II) spectrum given Graph 4 ex-
hibits an axially symmetric g-tensor having gII value 2.11 and g└ value 2.04. These 
value indicate that the ground state of Cu(II) is predominantly dx2-y2 and Cu2+ ion 
being located in distorted octahedral site elongated along the Z axis (Aljahdalia et 
al., 2013). This is confirmed by the electronic spectrum and XRD (powder pattern) 
study. From the value of gII and g└, the value of G can be deduced by using the 
relation G= gII- 2/ g└-2 and it is found to be 2.75 which indicates there is exchange 
interaction between the Cu2+ centre in the solid state (Hathaway & Billing, 1970). 
The gav value of the complex is calculated as 2.07 by using the relationThe spin-or-
bit coupling constant is also calculated by using the equation  and it is found to be 
-534.1 cm-1.This value is found to be less than the free ion value (-830 cm-1) that in-
dicates overlapping of metal-ligand  orbitals (Dutta & Shymal, 2016). The covalent 
bonding between metal ion and orbitals of the ligand is also confirmed from the gII 
value. According to Kivelson & Neiman (1970) covalent bonding can be predicted 
for a Cu(II) complex with gII value less than 2.3. Hence, distorted octahedral geom-
etry may be proposed for the Cu(II) complex, electronic study of the complex also 
supports this geometry. 
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Graph 4. ESR spectrum of Cu(II) complex

 
Graph 5. 1H NMR spectrum of the ligand

 

Graph 6. 1H NMR spectrum of the Zn(II) complex
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1H NMR spectra
The NMR spectra of the ligand as given the Graph 5 and its Zn(II) complex as 

given in the Graph 6 are recorded in DMF-d6 solvent. The spectrum of the ligand 
shows multiplet at δ 5.66-8.13 ppm corresponding to aromatic protons. The spec-
trum also shows a peak at δ 12.63 ppm which may be assigned to aldehydic pro-
tons. Two peaks observed at δ 10.19 ppm and δ 12.91 ppm indicates the presence 
of phenolic protons (William & Fleming, 1994).

The spectrum of Zn(II) complex of the ligand shows no peaks at δ 10.19 ppm 
and 12.91 ppm that indicates deprotonation of phenolic groups and coordination of 
the phenolic oxygen atoms with the metal ions during the formation of the complex 
compounds. The deprotonation of phenolic groups is also supported by the data 
provided by the IR study. However, the peaks due to aldehydic proton at δ 12.63 
ppm is shifted to 12.84 ppm in the spectrum of complex which suggest bonding of 
aldehydic oxygen atom with the Zn(II) ion.

Mass spectra
The mass spectra of the ligand and its Ni(II) complex are recorded to get in-

formation about structures of investigating compounds. The mass spectrum of the 
ligand given in the shows a molecular ion peak at 415.2480 m/z that confirms the 
molecular formula of the ligand as C18H15BrN4O3. The Ni(II) complex depicts the 
molecular ion peak with 10% abundance at 733.8401 m/z corresponding to the mo-
lecular formula of the complex as [M2LCl3(H2O)5]. The mass spectra of the ligand 
and its Ni(II) complex are given in the Graph 7 and Graph 8, respectively.

 
Graph 7. Mass spectrum of the ligand
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Graph 8. Mass spectrum of the Ni(II) complex

XRD study
The XRD study of the Co(II) complex is made to determine its lattice parame-

ters and crystal system. The X- ray powder diffraction pattern given in the Graph 9 
and Table 4 is collected from the X’Pert diffractometer and the recording conditions 
are  40 kv and 40 mA for CuKα with λ= 1.542Å between 200 to 800  with a step size 
of 0.00890.

 
Graph 9. XRD pattern of the Cu(II) complex

Table 4. XRD data of the Cu(II) complex  
Sl. No. 2-theta(0) d(ang) Height(cps) FWHM(0) Int.(cps deg) Int. 

W(0)
Asym. 
factor

1 21.03(6) 4.222(11) 5094(143) 9.73(5) 6903(797) 13.6(5) 1.23(9)
2 37.18(6) 2.417(4) 1388(74) 1.5(2) 2524(370) 1.8(4) 4(5)
3 65.3(8) 1.427(15) 6 8.4(7) 6192(793) 9.0(18) 1.2(5)
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The XRD powder pattern is processed in X’pert high score software package. 
The search matching procedure is adopted for the PXRD pattern for the Cu(II) com-
plex and revealed a match with a copper compound corresponding JCPDS powder 
diffraction file with PDF No 250262. The pattern can be indexed to be a tetragonal 
crystal system with a = b = 7.580, c = 9.950, α = β = γ = 90, lattice = primitive and 
space group is p42/mnm (139). 

Thermogravimetric analysis
The Ni(II) complex is subjected to thermogravimetric study as a representative 

example to examine the thermal stability of the metal complexes. The thermogravi-
metric study of the complex is carried out through the simultaneous TG, DTA and 
DSC techniques with the heating rate of 10 per minute as given in the Graph 10 
and Graph 11 in an atmosphere of nitrogen from ambient temperature to 1400. The 
complex compound remained unchanged up to 200 and it suffered a mass loss of 
9.32 % (calcd 9.50 %) between the temperatures 250  to 350  with inflection at 
316.7 corresponding to the loss of coordinated H2O molecules. This is supported by 
an endothermic peak at 321. Further, the compound suffered a massive mass loss of 
42.05 % (calcd 42.15) with inflection at 621.6 between 450due to the loss of ligand 
moiety and three chlorine atoms. Thus the compound suffered a total mass loss of 
63.20 % up to 1400  leaving NiO as the residue.

 
Graph 10. TG/DTA graph of Ni(II) complex
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Graph 11. DSC graph of Ni(II) complex

Fluorescence study
The fluorescence study of the ligand and its Cu(II) complex is undertaken to 

examine the fluorescence nature of the investigating compounds. The emission 
spectra of the ligand given in the Graph 12 and its complex given in the Graph 13 
indicates that the maximum emission wavelength of the ligand is 470 nm and 485 
nm for the Zn(II) complex. The red shift of the λmax is due to the deprotonation of 
the phenolic (OH) group and formation of complex compound of the ligand with 
the Cu(II) ion (Anita et al., 2006). The intensity of the ligand is also found to be 
less than the metal complexes. This hyperchromic effect is due to formation of 
metal complexes as it enhances conformational rigidity and non-radiative energy 
loss (Majumdar et al., 2006). This study indicates the ligand and its complexes are 
fluorescent in nature.

 

Graph 12. Emission graph of the ligand
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Graph 13. Emission graph of the Cu(II) complex

Scanning electron micrography
The scanning electron micrography study of the Zn(II) complex is carried out to 

study its surface morphology given in the Image No. 1. The SEM image indicates 
the complex particles are appearing sheet like and the size of the particle is 1 µm at 
high and low resolution. The smaller grain size found from XRD and SEM study 
indicates that complexes are polycrystalline with nano-sized grain.

 

Image No. 1. SEM image of the Zn(II) complex

Computational study
A computational study of the investigating compounds is made to examine their 

reactivities and to evaluate geometrical parameters. Gauss view 4.1 is used to draw the 
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structures and and chemcraft software is used to visualize the optimized geometry. The 
structures of the ligand and its all metal complexes are optimised at B3LYP (Becke, 
1993) 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 character-
istics 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.

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

 

Image No. 1. SEM image of the Zn(II) complex 

 
Computational study 

A computational study of the investigating compounds is made to examine their 

reactivities and to evaluate geometrical parameters. Gauss view 4.1 is used to draw the 

structures and and chemcraft software is used to visualize the optimized geometry. The 

structures of the ligand and its all metal complexes are optimised at B3LYP (Becke, 1993) 

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. 

Conceptual DFT defines chemical potential µ as the first derivative of energy with 

respect to number of electrons 

 

µ = (𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕) 𝜗𝜗(𝑟𝑟) 

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

and chemical hardness n as the half of the second derivative of energy with respect to number 

of electrons, so chemical hardness will the first derivative of energy with respect to number of 

electrons 

 

𝑛𝑛 =  1
2 (𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕) 𝜗𝜗(𝑟𝑟) 
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and Parr and coworkers proposed electrophilicity (Parr & Pearson, 1983) as a measure of 

electrophilic power of a compound the electrophilicity can be represented as 
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The chemical potential (µ) and chemical hardness (n), electrophilicity and dipole 

moment of the ligand and complexes are given in the Table 5. 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 (µ), chemical hardness (n), 

electrophilicity (Ɯ) are calculated from the HOMO and LUMO value of the ligand given in 

the Fig. 1 and Fig. 2 and its complexes given in the Fig. 3 to Fig. 10 and presented in the 

Table 6. The Zn(II), Ni(II) and Cu(II) complexes are more reactive than the ligand and the 

order of reactivity of the complexes is [Zn2LCl3(H2O)] > [Ni2LCl3(H2O)5] > Cu2LCl3(H2O)5] 

>[Co2LCl3(H2O)5]. 

The geometrical parameters of the complex compounds are also collected from their 

optimised geometry and presented in the Table 6. It is seen from the table that the bond angles 

around the metal ion in case of Co(II), Ni(II) and Cu(II) complexes are close to 90° and in 

case of  Zn(II) it is close to 109°. Therefore, distorted octahedral geometry for Co(II), Ni(II) 

and Cu(II) complexes and distorted tetrahedral geometry may be suggested for the Zn(II) 

complex.    
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The chemical potential (µ) and chemical hardness (n), electrophilicity and dipole 
moment of the ligand and complexes are given in the Table 5. The reactivity of the 
ligand and its metal complexes can be predicted by considering the minimum electro-
philicity principle. According to minimum electrophilicity principle, compound having 
minimum electrophilicity will have maximum stability. The chemical potential (µ), chem-
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ical hardness (n), electrophilicity (Ɯ) are calculated from the HOMO and LUMO value 
of the ligand given in the Fig. 1 and Fig. 2 and its complexes given in the Fig. 3 to Fig. 10 
and presented in the Table 6. The Zn(II), Ni(II) and Cu(II) complexes are more reactive 
than the ligand and the order of reactivity of the complexes is [Zn2LCl3(H2O)] > [Ni2L-
Cl3(H2O)5] > Cu2LCl3(H2O)5] >[Co2LCl3(H2O)5].

The geometrical parameters of the complex compounds are also collected from their 
optimised geometry and presented in the Table 6. It is seen from the table that the bond 
angles around the metal ion in case of Co(II), Ni(II) and Cu(II) complexes are close to 
90 and in case of  Zn(II) it is close to 109. Therefore, distorted octahedral geometry for 
Co(II), Ni(II) and Cu(II) complexes and distorted tetrahedral geometry may be suggested 
for the Zn(II) complex.   

Table 5. Selected bond length and bond angle (Å and 0)
comp Bond length(Å) Bond angle(0)

N(16)-
N(15)

N(16)-
C(17)

O(25)-
C(24)

C(18)-
O(26)

N(16)-
M(27)-
O(26)

N(16)-
M(27)-
Cl(29)

Cl(29)-
M(28)-
O(26)  

1 1.234 1.445 1.209 1.359 - - -
2 1.452 1.400 1.346 1.458 86.94 81.74 156.14
3 1.445 1.391 1.342 1.457 88.19 170.22 101.48
4 1.263 1.457 1.348 1.212 77.90 89.99 91.43
5           1.238 1.472 1.242 1.310                75.73 107.36 113.96

Table 6. Global reactive indices and dipole moment  
of the investigated compounds

compound HOMO LUMO n(eV) µ(eV) Ɯ µ(D)
LH -0.3103 0.0414 0.175 -0.134 0.035 7.43

[Co2LCl3(H2O)5] -0.2365 0.0143 0.125 -0.111 0.049 25.43
[Ni2LCl3(H2O)5] -0. 2445 -0.0535 0.095 -0.149 0.074 8.46 
[Cu2LCl3(H2O)5] -0. 1582 -0.0161 0.071 -0.087 0.053 14.72
[Zn2LCl3(H2O)] -0.3210 -0.0042 0.158 -0.205 0.083 7.03

 
Fig. 3. HOMO of the ligand
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 Fig. 4. LUMO of the ligand

 
Fig. 5. HOMO of the Co(II) complex

 
Fig. 6. LUMO of the Co(II) complex

 
Fig. 7. HOMO of the Ni(II) complex
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Fig. 8. LUMO of the Ni(II) complex

 
Fig. 9. HOMO of the Cu(II) complex   

 

Fig. 10. LUMO of the Cu(II) complex   

Non-linear optical properties
The electronic properties of a compound depend upon its non-linear optical prop-

erties and basic requirement for a good non-linear optical material is the easy elec-
tron transition between the molecular orbitals. The table indicates that all the metal 
complexes have small energy gap between the HOMO and LUMO in all complexes 
as compared to the ligand and dipole moment of the complex compounds are more 
than the ligand except the Zn(II) complex. This indicates metal complexes have better 
non-linear optical properties (Soliman et al., 2015) and the order can be represented 
by [Cu2LCl3(H2O)5] >[Ni2LCl3(H2O)5] > [Co2LCl3(H2O)5]> [Zn2LCl3(H2O)].
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Biological study
Antibacterial study
The compounds are screened against gram positive S. aureus and E. coli to 

ascertain their antibacterial properties. This study indicates all complex com-
pounds are more bacteriostatic than the free ligand and the order of arrangement 
of compounds according to their antibacterial properties is [Zn2LCl3(H2O)]>[Cu2L-
Cl3(H2O)5]>[Ni2LCl3(H2O)5]> [Co2LCl3(H2O)5]. The enhanced activity of these 
complex compounds as compared to the ligand may be explained according to the 
chelation theory. The metal complexes easily pass through the biological cell mem-
brane and inhibit the growth of microorganisms due to increase in their lipophilicity 
as a result of complex formation.

 Graph 14. Antibacterial activity blue- E. coli, Red- S. aureus

DNA binding study
Viscosity measurement study
The complex compounds are subjected to viscosity measurement study  given 

in the Graph 15 in order to examine the binding ability of metal complexes with 
the CT DNA. The viscosity of the metal complexes increase with increase in their 
concentration because they intercalate between the base pairs of the DNA causing 
increase in the length of the helix (Singh et al., 2004) and the increase order of 
the binding ability is [Co2LCl3(H2O)5]> [Cu2LCl3(H2O)5]> [Ni2LCl3(H2O)5]> [Zn-
2LCl3(H2O)].
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Graph 15. Viscosity measurement Series 1 Co(II), 2 Cu(II), 3 Ni(II), 4 Zn(II) 

complexes

Gel electrophoresis study
The gel electrophoresis study  given in the Image 2 of the metal complexes is 

carried out to know their binding ability. The study indicates metal complexes are 
intercalating in to the base pairs of the DNA and preventing intercalation of track-
ing dye (Hertzberg & Dervan,  1982). Therefore Intensity of the lane containing the 
metal complexes is less than the intensity of the lane containing only the CT DNA 
and the binding power of the Co(II) complex is more than the Zn(II) complex.

   
          1                                                             2                                                 3

 

Image 2. From left 1 DNA control, 2 Co(II) , 3. Zn(II) complexes
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Conclusion                                                                
The analytical and spectral study of the ligand suggests tridentate nature of the 

ligand and it forms metal complexes by coordinating through azo nitrogen, phenol-
ic and aldehydic oxygen atoms. The metal complexes are polycrystalline with na-
no-sized grain according to the study of XRD and SEM image. The global reactive 
indices indicate that metal complexes are more reactive than than the ligand. The 
ligand and metal complexes have photoconducting properties, non-linear optical 
properties as indicated from the fluorescence study and non-linear optical proper-
ties study respectively. The antibacterial study indicates that metal complexes are 
more potent than the ligand and complexes have DNA binding abilities as suggest-
ed from binding ability study.                          
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