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HIGHLIGHTS

GRAPHICAL ABSTRACT

» Co-ordinating possibility of
p-phenylenediamine has been
proved by condensing with carbonyl
compounds.

» All the complexes posses’ octahedral
geometry except oxovanadium
complex which posses square
pyramidal geometry.

» The Cu(Il) and Zn(II) complexes
show greater antibacterial activity.

» The azo ligand exert second-
harmonic generation (SHG)
efficiency.

» The synthesized compounds can be
better accommodated for optical
applications.
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Azo-Schiff-base complexes of VO(II), Co(II), Ni(II), Cu(II) and Zn(II) have been synthesized and character-
ized by elemental analysis, IR, UV-Vis, "H NMR, mass spectra, molar conductance, magnetic susceptibility
measurement, electron spin resonance (EPR), CV, fluorescence, NLO and SEM. The conductance data indi-
cate the nonelectrolytic nature of the complexes, except VO(II) complex which is electrolytic in nature.
On the basis of electronic spectra and magnetic susceptibility octahedral geometry has been proposed
for the complexes. The EPR spectra of copper and oxovanadium complexes in DMSO at 300 and 77 K were
recorded and its salient features are reported. The redox behavior of the copper(Il) complex was studied
using cyclic voltammetry. The in vitro antimicrobial activity against Staphylococcus aureus, Escherichia coli,
Salmonella enterica typhi, Bacillus subtilis and Candida strains was studied and compared with that of free
ligand by well-diffusion technique. The azo Schiff base exhibited fluorescence properties originating from
intraligand (m-m*) transitions and metal-mediated enhancement is observed on complexation and so the
synthesized complexes can serve as potential photoactive materials as indicated from their characteristic
fluorescence properties. On the basis of the optimized structures, the second-order nonlinear optical
properties (NLO) are calculated by using second-harmonic generation (SHG) and also the surface mor-
phology of the complexes was studied by SEM.

© 2012 Elsevier B.V. All rights reserved.
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Introduction

Schiff bases are most widely used as chelating ligands in coor-
dination chemistry [1]. They are also useful in catalysis and in
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medicine as antibiotics, antiallergic and antitumor agents [2]. Azo
Schiff base ligands and their metal complexes have been exten-
sively studied over past few decades. Of the various classes of
Schiff base which can be prepared by condensation of different
types of amines and carbonyl compounds, Schiff bases derived
from chromone compounds have been the center of attraction for
many workers in recent years. The chromone moiety forms the
important component of the pharmacophores of a number of bio-
logically active molecules of synthetic as well as natural origin and
many of them have useful medicinal applications [3]. 3-Formyl
chromone occupy a unique position for two reasons. They are car-
rying a significant biological activity and they are attractive syn-
thetic intermediates [4]. The remarkable biological properties [5-
9], proton affinities [10], optical properties and the degree of aro-
maticity [11] of the chromones have attracted considerable atten-
tion from both experimental and theoretical point of views. The 3-
formylchromones have many applications. They are used as versa-
tile synthons in heterocyclic chemistry [12-14]. In the pharmaceu-
tical area, the potency and selectivity of derivates of 3-
formylchromones, provides a novel pharmacophore for the design
of drugs for the treatment of type II diabetes and obesity [15]. Ear-
lier work has shown that some drugs showed increased activity
when administered as metal chelates rather than as organic com-
pounds and that the coordinating possibility of p-phenylenedi-
amine has been improved by condensing with a variety of
carbonyl compounds.

The present study aimed to investigate the Schiff base derived
from the condensation of 5-(4-chloro-phenylazo)-2-hydroxy benz-
aldehyde, 3-formylchromone and p-phenylenediamine. The com-
plexes of VO(II), Co(II), Ni(II), Cu(Il) and Zn(II) were also prepared
in the solid state and characterized by different physico-chemical
methods.
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Experimental

The chemicals and solvents were purchased from Aldrich
Chemical & Co. and the common solvents used at various stages
of this work are purified according to the standard procedures
described in Weissenburg series [16]. Elemental analyses were
carried out using a Perkin-Elmer 2400 II elemental analyzer. Mo-
lar conductance of the complexes was measured in DMSO at
room temperature using a Systronic Conductivity Bridge 304.
Magnetic susceptibility of the complexes was performed on a
Sherwood MSB markl Gouy balance. Infrared spectral studies
were carried out on a Shimadzu FT IR 8000 spectrophotometer
using KBr discs. UV-Vis spectra were obtained using a THERMO
SPECTRONIC 6 HEXIOS o and fluorescence spectra were deter-
mined with an ELICO SL174 spectrofluorometer. NMR spectra
were recorded on Bruker DRX-300, 300 MHz NMR spectrometer
using TMS as reference. EPR spectra of the Cu(Il) and VO(II) com-
plex was recorded in Varian E-112 machine at 300 and 77 K
using TCNE (Tetracyanoethylene) as the g-marker. Cyclic voltam-
metric measurement for Cu(Il) complex in DMSO was carried out
on a Electrochemical analyzer CH Instruments (USA) using a
three electrode cell containing an Ag/AgCl reference electrode,
Pt wire auxiliary electrode and glassy carbon working electrode
with tetrabutylammonium perchlorate as supporting electrolyte.
Electron-ionization (EI) mass spectra were recorded by JEOL-GC
Mass Spectrometer MATE-2. The second-harmonic generation
(SHG) conversion efficiency of the Schiff base ligand was
determined by the modified version of powder technique in
[ISc, Bangalore. SEM images were recorded in a Hitachi SEM
analyzer.
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3-(4-(5-(4-chlorophenyl)diazenyl)-2-hydroxybenzylideneamino)phenylimino)methyl)-4/ -chromen-4-one
[CDHBPC]

Fig. 1. Synthesis of azo Schiff base ligand.
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Table 1

Physical characterization, analytical and molar conductance data of the ligand (CDHBPC) and its metal(Il) complexes.

Compound Analysis found (Calcd) (%)
Formula weight M C H N Yield (%) m.p. (°C) Ap/S (cm? mol™")

CDHBPC 506.11 - 68.70 3.75 11.02 75 297 -
[C29Hs1CIN405] (68.71) (3.78) (11.05)

[VOL,]SO4 1175.12 431 59.20 3.26 9.57 70 >360 56.8
[CsgHa2C1,Ng011SV] (4.33) (59.19) (3.25) (9.52)

[CoL,Cl5] 1141.10 5.12 60.90 3.38 9.79 79 >360 10.7
[CsgHarClaNgOCo] (5.15) (60.91) (3.35) (9.80)

[NiLCl;] 1140.10 5.12 60.95 3.37 9.79 68 >360 11.0
[CssHasClaNgOGNi] (5.13) (60.92) (3.35) (9.80)

[CuL,Cl, 1145.10 5.52 60.62 3.31 9.75 84 >360 104
[CssHarClaNgOsCu] (5.53) (60.66) (3.34) (9.76)

ZnL,Cl, 1146.10 5.67 60.58 3.31 9.77 82 >360 10.2
[CssHa2CLiNgO6Zn] (5.69) (60.57) (3.33) (9.74)

Synthesis of the ligand (CDHBPC)

3-Formylchromone (4-oxo-4H-chromene-3-carboxaldehyde)
was prepared by the Vilsmeier-Haack synthesis [17]. A mixture of
4-0x0-4H-chromene-3-carboxaldehyde (0.87 g, 5 mmol) and 1,4-
phenylenediamine (0.54 g, 5 mmol) in dry benzene (50 ml) contain-
ing 4-toluenesulfonic acid (0.01 g) was refluxed for 5 h. The obtained
solid was filtered off and crystallized to give 3-[(4-Aminophenylimi-
no)methyl]-4-oxo-4H-chromene [A]. Yield 78%, m.p. 201 °C. Schiff
base ligand 3-(4-5-(4-chlorophenyl)diazenyl)-2-hydroxybenzy-
lideneamino)phenylimino)methyl)-4H-chromen-4-one [CDHBPC]
was prepared by refluxing the precursor ligand 3-[(4-Aminophe-
nylimino)methyl]-4-oxo-4H-chromene(1.32 g, 5 mmol) [A] with
5-(4-Chloro-phenylazo)-2-hydroxy-benzaldehyde (1.3 g, 5 mmol)
[18] for 5 h in ethanol medium. The red orange color solid obtained
was separated out and recrystallized. Yield 70%. m.p. 297 °C

(Fig 1).
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Fig. 2. Proposed structure of metal(Il) complexes.

Synthesis of complexes

A mixture of 2 mmol of ligand in ethanol was reacted with
aqueous solution of metal chlorides/sulfates [VOSO4-2H,0, CoCl,.
-6H,0, NiCl,-6H,0, CuCl,-2H,0 and ZnCl,]. (1 mmol). The reaction
mixture was adjusted to pH 7-8 by adding NaOH and was stirred
for 2 h at 40 °C. The solid obtained was collected, filtered, washed
with ether, recrystallized from ethanol and dried under vacuum.
The oxovanadium complex was synthesized from the ligand and
oxovanadium sulfate by adopting the above method under reflux
for 2 h at 40 °C and concentrating the solution through rotavapora-
tion. The yield obtained was 65-70%.

Non linear optical (NLO) properties of the ligand

The SHG efficiency of the Schiff base was determined by modi-
fied version of powder technique developed by Kurtz and Perry
[19]. The compound was ground into powder and packed between
two transparent glass slides. A source of Nd:YAG laser beam of
wavelength 1064 nm was made to fall normally on the sample cell.
The second-harmonics signal, generated in the compound was con-
firmed from the emission of green radiation by the crystal. The SHG
radiation of 532 nm green light was collected by a photomultiplier
tube (PMT-Philips Photonics-model 8563) after being monochro-
mated (monochromator-model Triax-550) to collect only the
532 nm radiation. The efficiency of the sample was compared with
microcrystalline powder of KDP and urea. The input energy used in
this particular setup was 2.2 mJ/pulse.

Biological activity

Antimicrobial activity of the compounds was tested in vitro by
the well diffusion method [20] against the bacteria Staphylococcus
aureus, Escherichia coli, Salmonella enterica typhi, Bacillus subtilis
using agar nutrient as the medium. Also the antifungal activity
against the fungus Candida albicans cultured on potato dextrose
agar as medium was tested. Ciprofloxacin and Cephalosporin was
used as the standard antibacterial and antifungal drug. About
0.5 ml spore suspension of each investigated organisms was added
to a sterile petri dishes and left to solidify and the well was made in
each plates with the help of a cork-borer (6 mm). The stock solu-
tion (103 mol/L) was prepared by dissolving the compounds in
DMSO. The plates were inoculated with microorganisms and filled
with the test solution for 24 h for bacteria and 48 h for fungus at
37 °C. The activity was measured in terms of zone of inhibition
against bacteria and fungus appearing around the well.



38 C. Anitha et al./Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 98 (2012) 35-42

Cl

Cl

OH

SO,

OH

Vi

Fig. 3. Proposed Structure of the VO(II) complex.

Results and discussion

The synthesized azo Schiff base ligand CDHBPC and its metal
complexes are in good agreement with their formulation as in Ta-
ble 1. As borne out by the elemental analysis data, the composition
of the present complexes was found to be of 1:2 metal:ligand stoi-
chiometry and agree with the proposed formula of ML;,Cl, type for
Co(II), Ni(II), Cu(Il) and Zn(II) complexes (Fig. 2) and [ML;]SO, for
VO(II) complex (Fig. 3). All the complexes were stable at room tem-
perature and possessed good keeping qualities. They were non-
hygroscopic solids and insoluble in ethanol and water but soluble
in DMF and DMSO. The lower value of molar conductivity indicates
the non-electrolytic behavior [21] of all complexes except oxova-
nadium complex.

IR spectra

IR spectral data of the ligands and metal complexes are pre-
sented in Table 2. The IR spectrum of the free ligand showed char-
acteristic bands at 3056, 1612, 1596, 1520, and 1280 cm},
assignable to v(OH), v(C=0), v(C>=N) (azomethine), v(C°=N)
(arylazomethine) and v(C-0) (phenolic) stretching modes, respec-
tively [22]. In the complexes, the band due to phenolic —-OH vibra-

tions in the 3050-3075cm~! region, remained unaltered;

Table 2

Characteristic IR stretching frequencies (cm™') of the ligand and its complexes.
Compound v (C=0) N (M-Cl) y(N=N) v (M-N) v(M-0)
[CDHBPC] 1612s - 1481s — -
[VOL,]S04 1605s - 1480s 408 m 587w
[CoL,Cly] 1601s 366 m 1482 s 401w 592 w
[NiL,Cl5] 1600s 368 m 1483 s 418 m 580 m
[CuL,Cl,] 1608s 379 m 1482 s 418 m 586 m
[ZnL,Cl;] 1604s 383 m 1480s 410 w 570 m

s: strong, m: medium, w: weak.

suggesting the non-involvement of the phenolic proton in the com-
plex formation, and this is further supported by the v(C-0) vibra-
tions without any change. On complexation, the v(C*=N) band is
shifted to lower wave numbers (1514-1489 cm™!) with respect
to the free ligand, suggesting that the nitrogen of the azomethine
group is coordinated to the metal ion. The non involvement of
the aryl azomethine in complex formation is observed by the ab-
sence of any change in the v(C°=N) vibration.

For the cyclic keto group present in the phenyl ring, the fre-
quency of v(C=0) (1612 cm~!) was shifted to the lower frequency
in complexes, suggesting coordination via the C=0 oxygen [23].
The sharp band at 1481 cm™! is assigned to the stretching vibration
of the diazo group of the ligand and the infrared spectra of the

3000G

TCNE

Fig. 4. EPR spectrum of [CsgH42Cl4NgOgCu] at 300 K in DMSO.
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Table 3
EPR spectral parameters of VO(II) and copper(Il) complexes.
Compound g gl Ziso o? B2 Aj(10%cm™) A, (10%cm™) Aiso (107%4cm ™) 2/A; (cm) K K, u (B.M.)
[VOL;]SO4 1.92 1.96 1.94 1.02 1.09 164 55 91.33 117 1.07 1.03 1.76
[CuL,-Cl,] 223 2.10 2.14 0.82 0.36 185 30 81.86 120 0.72 0.44 1.81
3200G b . . . .
ase suggesting the coordination of the azomethine nitrogen to
Zn(II) ion.
Mass spectra
The mass spectra of the ligand (CDHBPC) and its complexes are
s recorded. The molecular ion peak for the Schiff base was observed

Fig. 5. EPR spectrum of [CsgH4>Cl;Ng011SV] at 300 K in DMSO.

Table 4
Antimicrobial activity of the azo Schiff base ligand and its metal (II) complexes.

Compound Diameter of the inhibition zone (in mm)* against
S. aureus E. coli S. enterica typhi B. subtilis Candida albicans
Standard 7 5 5 5 7
CDHBPC 7 7 9 10 11
[VOL]S04 15 10 18 13 9
[CoL,Cly] R 11 9 R 25
[NiLxCl5] 18 8 16 R 21
[CuL,Cl,] 19 23 21 19 13
[ZnLyCly, 20 17 20 17 24

@ All values are the mean (n = 3) with a standard deviation of <3%; R = Resistant.
Standard = (ciprofloxacin and cephalosporin).

complexes did not show any frequency shift of the -N=N- band,
which may be explained by non-participation in complex forma-
tion [24]. The proof of N and O coordination is demonstrated by
bands in the spectra of complexes in the regions 570-592 cm ™!
and 408-422 cm~! assigned to v(M-N) and v(M-0) modes, respec-
tively. The IR spectra of the metal complex show bands in the re-
gion 360-383 cm™! assigned to M-Cl bond formation [25]. In the
vanadyl complex, a new band appears at 943 cm™! is attributed
to V = O frequency [26].

"H NMR spectra

The 'H NMR spectrum of ligand recorded in DMSO has the fol-
lowing signals confirming the structure of the ligand: 10.3 ppm (H,
s, OH); 8.3 ppm (H, s, -HC*=N-azomethine proton); 8.8 ppm (H, s,
-HCP=N-azomethine proton); 6.17-7.90 (m, aromatic protons);
The 'H NMR spectrum of zinc(Il) complex in DMSO shows the pres-
ence of OH proton signal indicating the non involvement of the hy-
droxyl group in complexation to the metal. However, the
resonance signals obtained for azomethine proton (-HC’=N-)
shifted to downfield as compared to the proton NMR of azo Schiff

at 508 m/z. which are in good agreement with the suggested
molecular formula indicated from elemental analyses. The molec-
ular ion peak of Cu(Il) complex was observed at 1149 m/z, which
confirm the stoichiometry of the metal complexes to be [ML,Cl,]
(Supplementary material, Figs. S1 and S2).

Electronic spectra and magnetic moment

The electronic spectra were recorded in DMSO and the Cu(lII)
complex shows absorption at 13,698, 15,250 and 24,325cm ™',
which may be assigned to ?Big— *Aig (dyay2 — d2) (v1),
2B1g - 2B2gv (dx2—y2 - dzy) (VZ)v 2B1g - zEg (dx2—y2 - dzyv dyz) (V3)
transitions and the magnetic susceptibility value (1.93 pg) con-
firms the octahedral geometry [26]. The bands at 9407, 16,625
and 18,241 cm™' assigned to *T14(F) — “Tag(F) [v1], “T1g(F) — Az,
(F) [v2] and *T4(F) — *Tog(P) [v3] transitions indicates octahedral
geometry of the Co(Il) complex and the magnetic moment value
4.86 B.M confirms the same [27]. The magnetic moment value
3.26 B.M. for Ni(Il) complex as well as the electronic spectrum
centered around 9690, 16332 and 23,750 cm™' assigned to A,
(F) - 3ng(F) [w], 3A2g(F) - 3Tlg(F) [v2] and 3A2g(F) - 3T1g(P) [vs]
transitions, confirm octahedral geometry around the Ni(Il) ion.
The octahedral geometry of Co(Il) and Ni(Il) complexes is further
supported by the ratio v,/v; which lies around 1.7 and 1.6 [28].
The absorption spectrum of vanadyl complex shows absorption
at 12,554, 17,452 and 24,180 cm™' due to ?B, — %E;, ?B, — 2By,
2B, — 2A, transitions, indicating the square pyramidal geometry
and the same is further confirmed from its magnetic moment
1.79 B.M. [29]. The Zn(ll) complex is diamagnetic and an
octahedral geometry for Zn(II) [30].

EPR spectra

The EPR spectrum of the Cu(Il) complex was recorded in DMSO
at 300 and 77 K (Fig. 4) and the spin Hamiltonian parameters cal-
culated are given in Table 3. The observed spectral parameters
show g (2.23)> g, (2.10) > ge (2.0023) which is the characteristic
of an octahedral geometry [31] The observed value for the ex-
change interaction parameter for the Cu(Il) complex (G =2.3) sug-
gests that the significant exchange coupling is present and the
misalignment is appreciable. The observed value of o? (0.82) of
the complex is less than unity, which indicates the covalent char-
acter [32]. The magnetic moment of the copper (II) complex is
found to be 1.81 B.M. indicative of an unpaired electron. The orbital
reduction factors K and K, estimated from the expression, K| =
(g)—2.0023) AE/87, K, =(g, -2.0023) AE/2;, /=-828cm™'
(spin-orbit coupling constant for the free ion). In case of a pure
o bonding K;=~K, 0.77 whereas K; <K, implies considerable
in-plane m-bonding while for out of ® bonding K > K,. For this
complex, K > K, indicating poor in-plane nt-bonding which is also
reflected in 2 values. For oxovanadium complex the calculated
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Fig. 6. Biospectrum of azo Schiff base and metal(Il) complexes against antibacterial
and antifungal strains.

values of g, g., gav, for oxovanadium(Ill) complex are given in
Table 3. The g tensor values of this oxovanadium(Il) complex can
be used to derive the ground state. From the observed values, it
is clear that g, > gj; > g (2.0023) suggesting that the complex has
square pyramidal geometry [33] with the unpaired electron in
the dy, orbital of the metal (Fig. 5).

Antimicrobial study

The ligands and their metal complexes were tested for their
inhibitory effects on the growth of bacteria S. aureus, E. coli, S. ent-
erica typhi, B. subtilis and fungus C. albicans, because microorgan-
isms can achieve resistance to antibiotics through biochemical
and morphological modifications [34]. The experimental data
presented in Table 4 suggest that the metal complexes are more
potent in inhibiting the growth of microorganisms than the ligand
against same microorganisms under identical experimental condi-
tions. This would suggest that the chelation could facilitate the
ability of a complex to cross a cell membrane and can be explained
by Tweedy’s chelation theory [35]. The pathogens secreting various
enzymes, which are involved in the breakdown of activities, appear
to be especially susceptible to inactivation by the ion of complexes.
The metal complexes facilitate their diffusion through the lipid
layer of spore membrane to the site of action and ultimately killing
them by combining with the OH and C=N groups of certain cell en-
zymes. The Cu(Il) and Zn(II) complexes shows greater antibacterial
activity towards bacteria and Co(II), Ni(Il) and Zn(II) complexes
shows greater antifungal activity for C. albicans (Fig. 6). The
variation in the activity of the metal complexes against different
organisms depends on the impermeability of the microorganism
cells or on differences in ribosome of microbial cells [36].

Redox behavior

The redox behavior of the copper complex was studied using
cyclic voltammetry in order to monitor spectral and structural
changes accompanying electron transfer and the results are

Table 5
Redox potential of the copper(Il) complex.
Compound Scan rate (mV) Epe (V) Epa (V) AE, (V)
[Cu,yL,Clo] 100 —-0.753 0.057 0.810
150 -0.726 0.142 0.868

200 -0.718 0.203 0.921

tabulated in Table 5. The cyclic voltammogram (Supplementary
material) of the copper (II) complex in DMSO solvent, recorded at
room temperature shows one step reduction cathodic peak for
Cu(Il) - Cu(0) at E,c = [-0.753 V]. In the anodic side, the direct oxi-
dation of Cu(0) — Cu(lI) is observed at Ep, = [0.057 V]. The revers-
ibility of the copper(ll)/copper (0) couple was checked by varying
the scan rates with peak potentials. From Table 5 it is observed that
E,c and E,, value changes with the scan rate and AE; values in-
crease with increasing scan rate and is found to be more than
400 mV. The difference in the value of E,, - E,c is AE, which is lar-
ger than the value required for a reversible process (59 V) indicat-
ing that reduction of Cu(II) at silver electrode is not only diffusion
controlled but also by electron transfer kinetics. These observa-
tions indicate that the electron transfer process is irreversible [37].

Nonlinear optical properties of ligand

Nonlinear optics (NLO) properties of organic and inorganic mol-
ecules have been the subject of extensive theoretical and experi-
mental investigations during the last two decades. Total first
hyperpolarisability () for Schiff base ligand is studied here and
Schiff base shows the better second-harmonic efficiency than urea
and KDP. The novel Azo Schiff base show 2.7 and 3.2 times more
activity than urea and KDP respectively. Ligand has donor-accep-
tor property and the electron-withdrawing atom of chlorine can
prevent the lone pair electron of nitrogen atom in N=N group to
be delocalized and causes a reduction in second-order nonlinearity
[38].

Fluorescence study

The fluorescence characteristics of CDHBPC and its complexes
were studied at room temperature in DMSO. The emission spectra
of ligands excited at 284 nm show an emission peak at 290 nm cor-
responding to n — 1* transition of azomethine group. The Cu(II)
complex show strong fluorescence with high-quantum yield
(Table 6); excitation at 572 nm gives an emission at 581 nm,
assigned to m — m* intraligand fluorescence. Emission intensity of
the complexes are higher than that of free ligand and the enhanced
fluorescence efficiency of the complexes are attributed to coordi-
nation increasing the rigidity, thereby reducing energy loss by
thermal vibrational decay [39,40]. Introduction of the substituent
on the azo ligand has an interesting effect on the intensity of
emission spectra (Fig. 7).

Scanning electron microscopy

The morphology and particle size of the Schiff base Cu(Il) com-
plex have been illustrated by the scanning electron micrography
(SEM). Fig. 8 depicts the SEM photograph of the synthesized Cu(II)
complex. We noted that there is a uniform matrix of the synthe-
sized complex in the pictograph. This leads us to believe that we
are dealing with homogeneous phase material. The image of the
copper complex depicted in Fig. 8 presents the growth of both

Table 6

Fluorescence characteristic of ligand and its complexes.
Compound Excitation Fluorescence Quantum

wavelength (nm) wavelength (nm) yield (¢¢)

CDHBPC 284 290 0.34
[VOL;]SO4 799 804 0.78
[CoL,Cly] 841 847 0.73
[NiL,Cl,] 845 855 0.81
[CuL,Cly] 572 581 0.36
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Fig. 7. Emission spectrum of [CsgH4>C14NgOgCu] in DMSO.

Fig. 8. SEM image of [C53H42C14N306CU].

vertically and horizontally aligned blocks with irregularity and
density and confirms the presences of compounds with the particle
size of 2 pm.

Conclusions

The Schiff base complexes of VO(II), Co(II), Ni(II), Cu(II) and Zn(II)
derived from 3-(4-5-(4-chlorophenyl)diazenyl)-2-hydroxybenzy-
lideneamino)phenylimino)methyl)-4H-chromen-4-one [CDHBPC]
were synthesized and characterized on the basis of analytical and
spectral data. The results of this investigation support the suggested
octahedral structure of the metal complexes and form a favorable
molecular arrangement so that the material show relatively strong
solid state NLO properties with the relative SHG efficiency of the
material 2.7 and 3.2 times more active than urea and KDP. The Schiff
bases and their metal complexes were found to be highly active
against the antibacterial and antifungal species. Presence of two
azomethine, and a more extended conjugated system shows higher
luminescence efficiency of the synthesized compounds. All the

compounds are thermally very stable with high melting point and
intense color and are attractive from the point of view of studying
photoinduced effects in theoretical and experimental areas.
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