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Abstract. A new chelating ligand, 5,5-dimethyl-2-(2-(3-nitrophenyl)
hydrazono)cyclohexane-1,3-dione (L), and four transition metal com-
plexes were synthesized. The ligand and its complexes were character-
ized by IR, "H and '*C-NMR spectra, elemental analyses, magnetic sus-
ceptibility, mass spectra, UV-Vis. and thermogravimetry-differential
thermal analysis (TGA-DTA). The metal complexes showed different
geometric structures. Antibacterial tests of the ligand and complexes
were also done. The Zn(II) complexes showed antibacterial activity
against Staphylococcus aureus ATCC-25923 at middle level. The opti-
cal properties of the ligand and its complexes were extensively investi-
gated by optical measurements. The average transmittance value of the
ligand was the highest value, while the average transmittance value of
the [CuL,(NOs3),]-6H,0 complex was the lowest value. The optical band
gap of the ligand, [(Zn),L(OH)4]-2DMF, [ZnL(NOs),(H,0),]-5H,0,
[CuL,(OACc)]-OAc-3.5H,0 and [CuL,(NOs3),]-6H,0O complexes were
calculated and 3.121 eV, 2.180 eV, 1.551 eV, 2.489 eV and 1.556
eV values were found, respectively. The complexes decreased the
optical band gap of the ligand. The optical band gap value of the
[ZnL(NOs),(H,0),]-5H,O complex is the lowest value. The optical
band gap value of the ligand is the highest value. The complexes de-
crease the angle of incidence of the ligand, while complexes increase
the angle of refraction of the ligand. The electric susceptibility of the
ligand decreases with its complexes.

Key words: Characterization, hydrazono, antibacterial activity, opti-
cal properties, energy band gap, metal complexes.

Resumen. En este trabajo se presenta la sintesis de un nuevo agente
quelante,  5,5-dimetil-2-(2-(3-nitrofenil)hidrazono)ciclohexano-1,3-
diona (L) y de sus complejos con iones de cuatro metales de transi-
cién. Los compuestos obtenidos fueron caracterizados mediante es-
pectroscopia de infrarrojo, resonancia magnético nuclear ('H y 13C),
por medio del analisis elemental, susceptibilidad magnética, espectros
de masas, espectrofotometria UV/Vis y por termogravimetria dife-
rencial. Los complejos de metales mostraron diferentes estructuras
geométricas. Se realizaron las pruebas de actividad antibacteriana
para el ligando y para sus complejos. El complejo de Zn(II) mostrd
actividad bactericida contra Staphylococcus aureus ATCC-25923 en
nivel mediano. El mas alto valor promedio de transmitancia se ob-
tuvo para el ligando, mientras que el valor mas bajo correspondi6 al
complejo [CuL,(NO3),]-6H,0. Se calcularon las energias de bandas
prohibidas para L, [(Zn),L(OH),]-2DMF, [ZnL(NO3),(H,0),]-5H,0,
[CuL,(OACc)]-OAc-3.5H,0 y [CuL,(NO3),]-6H,0O, obteniéndose los
valores 3.121 eV, 2.180 eV, 1.551 eV, 2.489 ¢V y 1.556 eV, res-
pectivamente. Los valores encontrados para los complejos fueron
mas bajos respecto al ligando, siendo [ZnL(NOs3),(H,0),]-5H,0 el
complejo de mas bajo valor de energia de banda prohibida. El an-
gulo de incidencia fue mas alto para L; mientras que los complejos
presentaron valores relativamente mas bajos. Por otro lado, la for-
macion de complejos resultd en un aumento del angulo de refrac-
cion respecto el valor obtenido para L. La susceptibilidad eléctrica
de L se vio disminuida al formar los complejos con iones meta-
licos.

Palabras clave: Caracterizacion, hidrazona, actividad antibacteria-
na, propiedades Opticas, energia de banda prohibida, complejos de
metales.

Introduction

Hydrazones are compounds whose molecules contain the
>C=N-NH- triatomic linkage [1]. Hydrazones of the azome-
thine class are distinguished from imines or oximes by two
adjacent N atoms. Hydrazones have a variety of applications
such as hole transporting agents [2] in organic layer photo
conductors, as drugs for treatment of cancer, schizophrenia,
leprosy, etc. [2-5]. Furthermore, the metal complexes of hy-
drazones have gained attention due to their biological activity

and ability to act as inhibitors for many enzymes [6,7]. Many
of the hydrazones show analytical applications such as metal
extracting agent, sensor etc. [8]. Nonlinear optical properties
shown by some hydrazones and their metal complexes offer
their use in optoelectronic devices [9]. Extensive studies have
been carried out on reactions of hydrazone derivatives with
transition metals [10].

Hydrazones have several coordination sites and they can
coordinate to transition metals either in the enol or keto form
[11]. In addition, since the tautomers of a compound usually
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differ in thermodynamic stability, the equilibrium constants of
complexation should differ for different tautomers of a ligand
[12].

The optical constants, such as refractive index, extinc-
tion coefficient, dielectric and optical constant are important
parameters to design the optical materials and they include the
valuable information for technological applications of studied
materials. Optical properties of any organic compound and
metal complex are important for optical applications, because
their optical properties are directly related to the structural
and electronic properties of them. The optical constants, such
as refractive index, absorption index and dielectric constant
can be analyzed by transmittance and reflectance spectra [13]
and these constants are calculated using Kramers—Kronig (KK)
transformations.

We describe here, consequently, the synthesis and char-
acterization of several typical transition metal complexes of
5,5-dimethyl-2-(2-(3-nitrophenyl)hydrazono)cyclohexane-1,3-
dione. All of the synthesized compounds were tested for their
antibacterial activities against Escherichia coli ATCC-25922,
Enterococcus faecalis ATCC 29212, Staphylococcus aureus
ATCC 25923 and Salmonella typhimurium CCM 583. Then,
the test results were analyzed. The structure of the ligand was
shown as in Fig. 1. In addition to effect on optical properties of
the complexes the energy band gap of the ligand and complexes
was examined. The optical absorption and reflectance spectra
were analyzed to determine the optical constants.

Results and Discussion

Spectra-analytical studies IR, 'H and 3C-NMR, UV-VIS,
TGA-DTA, magnetic susceptibility, mass spectrophotometer
and elemental analysis measurements corroborated the struc-
ture of all the synthesized compounds. They are insoluble in
common organic solvents, but they are soluble in DMF and
DMSO. The elemental analyses show that all the complexes
have 1:1, 1:2 and 2:1 stoichiometry.

Infrared spectra

The IR spectra of the newly synthesized ligand and complexes
of zinc and copper are recorded in the region of 4004000 cm™!.
The IR spectrum of the isolated L shows aromatic and ali-
phatic CH vibrations at 3335-2900 cm™!. v(C=0) (1671 cm™"),
v(C=0...H) (1626 cm™ ') and v(C=N) (1558 cm™!) also support
the H-bonded hydrazone structure in the solid state.

The ligand shows absorption peaks at 1626 cm™! and 1671
cm corresponding to two (C=0) groups. The first band is
affected slightly in all complexes of ligand, while the second
band is shifted to lower and/or high frequencies (16, 31 cm™).
This situation, the shift of v(C=0) at lower wave number, can
be attributed to the intramolecular hydrogen bond (C=0...HN).
Sharp and less intense bands corresponding to NH stretching
frequency are observed at 3435-3109 cm™! region in all the
compounds. The observed shift in values towards the longer
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Fig. 1. Synthesis scheme for the preparation of the ligand.
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wave number region can be also accounted again by the afore-
mentioned possible intermolecular hydrogen bonding. Ligand
has a characteristic v(C=N) band at 1558 cm™' which shifts in
all the complexes (1540-1532 cm™'), indicating that nitrogen
coordinates. The v(N-N) band is observed at 1025 cm™! and
1043 cm™! in the spectra of ligand. Shifting of this band to the
higher frequency region is observed in the spectra of all the
complexes. This observation also indicates the participation
of nitrogen in the coordination. The spectra of the complexes
show new absorption bands in the 596-514 cm™! and 483-458
cm™! ranges, assigned to v(M-O) and v(M-N) vibrations, re-
spectively. From the above results it can be concluded that the
free ligand behaves as a monoanionic, bidentate ligand, via
one of the oxygen of the carbonyl group and the neighboring
nitrogen atom of the azo group [14].

A broad band at 3548-3435 cm! may be assigned to
stretching, rocking and wagging modes of coordinated water
molecules with together new bands 882-976 cm™! and 632
cm™! in the spectrum of the [ZnL(NOs),(H,0),]-5H,0 complex
[15].

The spectrum of [CuL,(OAc)]-OAc-3.5H,0 displays a me-
dium-strong band at 1555 cm™' and a band at 1352 cm™!. This
shows characteristic of monodentate coordinated acetate group
with Av =203 cm™! [16,17].

The  coordinated NO; group in  complexes
[CuL,(NOs),]:6H,0 and [ZnL(NOs),(H,0),]-5H,0 shows
two bands at 1033-1054 ¢cm™' and at 1304-1369 cm™!. The
both bands may be assigned to the asymmetric and symmetric
stretches v; and v, of the nitrate group. We can conclude that the
NO; group is coordinated in a monodentate manner [18, 19].

The spectra of [(Zn),L(OH),]-2DMF shows intense broad
band at 3434-3500 cm™! due to v(OH) molecules [20]. Also the
IR spectrum of the complex show strong bands around 1665
cm™! assigned to a v(C=0) vibration of the dmf molecules
[21].

TH-NMR and 3C-NMR spectra
The spectrum of the ligand shows different peaks at 0.96 (s),

1.27 (s), 2.48 (s), 14.50 (s), and 7.62-8.00 (m). These peaks
are attributed to —CH;, -CH, —NH, and aromatic protons,
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respectively. The observed deshielding can be accounted for
by considering the intramolecular hydrogen bonding of -NH
proton with the electronegative oxygen. The intramolecular
hydrogen bonding results in creation of six-member pseudo-
ring as shown in Fig. 1. We find that the peaks specialized
to -OH proton and new strong broad peak at 3.50 ppm in the
"H-NMR spectrum of Zn(IT) complexes. 3.50 ppm can be as-
signed to the H-proton of H,O, which attached to the Zn(II)
metal to complete the coordination sphere [22]. The 'H-NMR
spectra of the Cu(Il) complexes were not obtained due to para-
magnetism.

Electronic spectra and magnetic susceptibility

The electronic by spectra of ligand and complexes were mea-
sured in DMF (1073 molL ™). In spectra of ligand, two intense
bands at 218-242 nm and 316-393 nm were observed. The
first is assigned to 7—x" transition. The second is assigned to
the 7—x" transition associated with C=N and C=0 of ligand
[23].

The electronic spectra of the complexes in DMF shows
bands in the regions 557-311 nm (¢ = 321-1427). These bands
are also observed in the spectra of the ligand and are assigned
to charge transfer and intraligand transitions.

The effective magnetic moment values of [CulL,(NOs),]
6H,0 and [CuL,(OAc)]-OAc-3.5H,0 complexes are 1.86 and
2.01 B.M, respectively. The higher magnetic moment values
of these complexes can be rationalized in terms of the or-
bital contribution of donor atoms toward the spin-only value.
[CuL,(NOs),]-6H,0 complex shows an effective magnetic mo-
ment g 1.86 BM, which is higher than that of the spin only
value (1.73 BM) and indicates the presence of an unpaired
electron for mononuclear copper ion [24]. Thus, the magnetic

moment value and spectral data support distorted octahedral
geometry for [CuL,(NOs),]-6H,0 [25, 26].

The measured values of the magnetic moments for the
[CuL,(OAc)]:OAc-3.5H,0 complex have 2.01 B.M., somewhat
higher than the spin-only value. Such divergence is not uncom-
mon in mononuclear Cu(II) complex due to mixing-in of some
angular momentum from the closely lying excited states via
spin-orbit coupling. Magnetic moment value and spectral data
support square pyramidal geometry [27].

The diamagnetic Zn(II) complexes don’t show any d-d
bands and their spectra are dominated only by charge transfers
bands. Zn(II) complexes show strong absorptions at 351-400 nm
for charge transfer. In the [ZnL(NO;),(H,0),]-5H,0 complex,
the charge transfer band at 253-287 nm is assigned as due to
2Eg—>T2g transition possibly in an octahedral environment [28].

Thermal studies

The TGA of the complexes over the temperature range 50-800
°C show good agreement with the formulas suggested from
analytical data. The decomposition stages, temperature range,
decomposition product and the found (Calcd) weight loss % of
some complexes are given in Table 1.

The thermogram of [CuL,(OAc)]-OAc-3.5H,0 is charac-
terized by two degradation steps in the range 50.20-245.50
°C, 245.50-470.60 °C, the first corresponding to loss of lattice
waters and acetate molecules, found 21.54% (Calcd. 22.00%),
the second from loss of C,3H,5N¢O7; found 67.42% (Caled.
68.08%). The DTA curve of the Cu(Il) complex shows endo-
thermic peak at 238.30 °C corresponding to the loss of mol-
ecules of hydration water and one exothermic peak at 440.16
°C. The exothermic peak is likely due to elimination and/or
decomposition of ligand [29].

Table 1. Proposed decomposition steps and the respective mass losses of ligand (L) and its complexes

Equations Temperature (°C)

[CuL,(OAc)]-OAc-3.5H,0 50.20-245.50

C3Hy3NgOy5.5Cu

CygHygNOgCu 245.50-470.60
CuO

[CuL,(NO3),]-6H,0 82.25-240.00
CasH4NgO2Cu

Cy3H39NgO14Cu 210.00-425.55
C14H;5N;Cu 425.55-...
[(Zn),L(OH)4]-2DMF 70.00- 230.81

CyoH33N50,0Zny
C4H9N305Zn,
C14H5N304Zn,

[ZnL(NO3),(H,0),]-5H,0
C4HN507Zn

C14H19N501Zn
C14H5N5010Zn

230.81-260.12°C
260.12-...
90.00-290.50 °C,

290.50-310.00
310.00-...

% Loss in weight
%Found(% Calculated)

Decomp. products

21.54(22.00) 2 OAc, 3.5 H,0
67.42(68.08) C5HagNGO;
12.31(12.36) 6 H,0

55.39(55.74) 2 NOj;, C,4H)sN304
10.76(11.51) 2 DMF
10.76(10.72) 4 OH
15.38(15.03) 5 H,0
6.15(6.68) 2 H,0
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The curve of [(Zn),L(OH),]-2DMF shows stability at 70.00
°C, above which a weight loss by 10.76% (Calcd. 11.51%) cor-
responds to removal of 2DMF molecules. The second stage
ending at 230.81-260.12 °C is assigned to the elimination of
40H molecules from the ligand accompanied by a weight loss
of 10.76% (Calcd. 10.72%) [30,31]. The DTA curve of the
Zn(IT) complex shows two endothermic peak at 145.70 °C and
150.35 °C corresponding to the loss of 2DMF and one exother-
mic peak at 250.50 °C. The exothermic peak is likely due to
the remove of 40H molecules.

The thermal analysis of [CuL,(NO3),]-6H,0 is performed to
determine the lattice water in the complex. [CuL,(NO;),]-6H,0
shows that an endothermic peak at 230 °C, accompanied by
slightly weight loss of 12.31% (the calculated value is 12.36%),
which corresponds to the loss of six lattice water molecules. The
second decomposition step in the temperature range 210.00-
425.55 °C, the experimentally found weight loss is 55.39%
(calculated weight loss of 55.74%). This may be attributed to
the elimination of two NO3 and C;4H,5N3;0¢ molecules. These
are consistent with the conclusion from the IR and 'H NMR
spectra.

The decomposition curve of [ZnL(NOj;),(H,0),]-5H,0O
begins by a step at 90.00-290.50 °C, displaying (found weight
loss of 15.38% agrees well with the calculated weight loss
of 15.03%) weight loss corresponding to the removal of hy-
drated water molecular. The second decomposition step in the
temperature range 290.50-310.00 °C, the experimentally found
weight loss is 6.15% (calculated weight loss of 6.68%). This
may be attributed to the elimination of two water molecules.
The DTA curve of the complex shows two exothermic peaks
at 255.50 °C and 410.25 °C. The two stages of the complex
decomposition are irreversible [32].

In Table 1 uncompleted parts referee to the remaining parts
that between last examined temperatures and 800 °C for each
complexes.

Mass spectra

The molecular ion peaks of [CulL,(NO;),]:6H,O and
[CuL,(OAc)]:OAc-3.5H,0 complexes were observed m/z:
874.31 [M+H]" and m/z: 823.39 [M+H]", respectively. On
the other hand [M-30H-2H]" complex ion was observed
m/z: 580.23 in highly abundance instead of ion peak in the
[(Zn),L(OH),]-2DMF complex. It is thought that ammonium
ion was bounded to [ZnL(NOs),(H,0),]-5H,0 complex. Am-
monium ion was bounded to the molecule during the dissolu-
tion of complex. The molecular [M+NH,]* ion peak bounded
to ammonium in [ZnL(NOs),(H,0),]-5H,0O was observed m/
z: 623.18. The molecular ion peak [L+H]" belong to free li-
gand was observed m/z: 290.12 in all complexes similarly.
The highest peaks in the abundance percent were considered
at spectrum. The result of mass spectrum, thermogravimetry-
differential thermal analysis and IR spectrum support these
structure [33, 34].

Single crystals of the complexes could not be isolated from
any solutions, thus no definite structure could be described.
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However, the analytical, spectroscopic and magnetic data en-
able to us propose the possible structures which are shown
below in Fig. 2-5.

Antibacterial activity

The antibacterial activity test results from the complexes are
shown in Table 2. Preliminary bioassays indicate that two com-
plexes are active against Staphylococcus aureus ATCC-25923,
although they don’t have the effectiveness against Escherichia
coli ATCC-25922, Enterococcus faecalis ATCC 29212 and
Salmonella typhimurium CCM 583.

The optical constants of the ligand and its complexes

The films of the ligand and its complexes coated on cleaned
glasses at room temperature. The absorbance, transmittance and
reflectance spectra of the ligand and its complexes are mea-
sured to investigate its optical properties at room temperature.

The transmittance curves of the ligand and its complexes are
shown in Fig. 6. As seen in Fig. 6, the transmittance values of
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Fig. 2. Synthesis scheme of [CuL,(NO;),]-6H,0 complex.
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Fig. 3. Synthesis scheme of [CuL,(OAc)]-OAc-3.5H,0 complex.

2 L + CuNO;).2H,0 —

2L + Cu(OAc);.H,0 0Ac.3.5H,C

HaC~_~CHj

I + Zn(NO3),.6H,0 .5H,C

Fig. 4. Synthesis scheme of [LZn(NO3),(H,0),]-5H,0 complex.
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Chemical Bacteria Escherichia coli

Enterococcus faecalis

Staphylococcus aureus Salmonella typhimurium

ATCC-25922 ATCC 29212 ATCC 25923 CCM 583
Zone Diameter (mm)
[CuL,(OAc)]-OAc-3.5H,0 0 0 0
[CuL,(NO3),]-6H,0 0 0 0
[(Zn),L(OH),]-2DMF 0 0 10 0
[ZnL(NO3),(H,0),]-5H,0 0 0 8 0
Ampicillin 16 22 32 26
— HyC CHs ] .The. refractive ir}de.x %s an important pararpeter fqr optical
applications. Thus, it is important to determine optical con-
stants of the ligand and its complexes. The complex optical
0 = | \o refractive index of the films is expressed as
L + 22Zn(0Ac); 2H;0 M H\MN‘ { 2DMF 7 = (@) + ik (@) )
1 OH
HC‘L\ : where n is the real part and k is the imaginary part of complex
ZT SoH refractive index. The optical properties of the ligand and its
_02N OH _| complexes can be characterized by refractive index. Refractive

), LEOH), | 2DMF
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=

[

E
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Fig. 6. Transmittance spectra of the ligand and its complexes.

the ligand are higher than transmittance values of its complexes
and the transmittance of the ligand decreases with its com-
plexes. In the visible region, the average transmittance values of
the ligand, [(Zn),L(OH),]-:2DMF, [ZnL(NOs),(H,0),]-5H,0,
[CuL,(OACc)]:OAc-3.5H,0 and [CuL,(NO3),]-6H,0 complexes
are found to be 58.505, 31.895, 24.255, 21.871 and 2.683%,
respectively. The average transmittance value of the ligand is
the highest value, while the average transmittance value of the
[CuL,(NOs),]-6H,0 complex is the lowest value. This shows
that the complexes are effect on the transmittance spectra of the
ligand. This result is significant in electronic and optoelectronic
applications of materials, because this shift in the transmittance
spectra reduces the optical band gap of the ligand. The lower
optical band gap of the materials is preferred for the production
of the electronic and optoelectronic devices.

index values of the ligand and its complexes are calculated by
[35-37].

R_(n—1)2+k2
(n+1)?*+k*

2)

Refractive index dispersion curves of the ligand and its
complexes are shown in Fig. 7. As seen in Fig. 7, the refractive
index of the ligand is higher than that of its complexes and the
refractive index of the ligand decreases with its complexes. The
refractive index n values of the ligand, [(Zn),L(OH),]-2DMF,
[ZnL(NO3),(H,0),]-5H,0, [CuL,(OAc)]-OAc3.5H,0 and
[CuL,(NOs),]-6H,0O complexes with changing of wavelength
from 210 nm to 1100 nm vary from 5.849 to 8.383, from
5.010 to 4.258, from 4.370 to 3.477, from 3.768 to 3.287 and
from 1.922 to 1.609, respectively. The refractive index of the
ligand is the highest value, while the refractive index of the

=

%6 — (ENLNG, ), (H,O),] 5H,O
£ — (Sl (A OAs 3.5H,0
E 5 fouL, .

g —

=

R

‘o

i

11—
300

600 750
Wavelength (nm)

T
450

Fig. 7. Refractive index (n) plot vs. wavelength of the ligand and its
complexes.
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[CuL,(NOs),]-:6H,O complex is the lowest value. This shows
that the complexes are effect on the refractive index of the
ligand.

The optical band gap of the ligand and its complexes can
be obtained dependence of absorption coefficient («) on photon
energy (E). The a dependence on E is analyzed by the follow-
ing relation [36, 38].

a=A(E - E,)" 3)

where A is a constant, E, is the optical band and n is the pa-
rameter measuring type of band gaps. To determine the optical
band gap of the ligand and its complexes, the dependence of
photon energy E of (ahv)? of the ligand and its complexes
is shown in Fig. 8. As seen in Fig. §, there are two linear
regions for the direct band gap of the films of the ligand and
its complexes. By extrapolating the linear plot to (ahv)>= 0, a
direct energy-gap values of the ligand, [(Zn),L(OH),]-2DMF,
[ZnL(NO3),(H,0),]-5H,0, [CuL,(OAc)]-OAc-3.5H,0 and
[CuL,(NOs),]-:6H,O complexes at first region and second re-
gion are obtained 1.438 eV and 4.804 eV, 1.447 eV and 2.913
eV, 1.569 eV and 1.532 eV, 1.572 ¢V and 3.405 eV and 1.517
eV and 1.594 eV, respectively. Thus, the optical band gap of
the ligand, [(Zn),L(OH)4]-2DMF, [ZnL(NO;),(H,0),]-5H,0,
[CuL,(OACc)]:OAc-3.5H,0 and [CuL,(NO3),]-6H,0 complexes
were calculated to be 3.121 eV, 2.180 ¢V, 1.551 eV, 2.489 eV
and 1.556 eV, respectively. The optical band gap of the ligand
is higher than that of its complexes and the optical band gap
of the ligand decreases with its complexes. These results show
that the complexes decrease the optical band gap of the ligand.
This result is very significant in applications of electronic and
optoelectronic devices, because of the lower optical band gap
of the materials.

The optical band gap value of the [ZnL(NOj),(H,0),]-5H,0
complex is the lowest value, while the optical band gap value
of the ligand is the lowest value. This shows that the effect of
the [CuL,(OAc)]:OAc-3.5H,0 complex is the lowest, while
the effect of the [ZnL(NO;),(H,0),]-5H,O complex on the
decreasing of the optical band gap of the ligand is the high-
est. Also, as seen in optical band gap values of the ligand
and its complexes, the [ZnL(NO;),(H,0),]-5H,0O complex is
more effective complex than that of the [CuL,(NOs),]-6H,O
complex and the [(Zn),L(OH)4]-2DMF complex is more ef-
fective complex than that of the [CuL,(OAc)]-OAc-3.5H,0
complex in the decreasing of the optical band gap value of the
ligand. These results show that the [(Zn),L(OH)4]-2DMF and
[ZnL(NO3),(H,0),]-:5H,0 complexes are more effective than
that of [CuL,(OAc)]-OAc-3.5H,0 and [CuL,(NOj;),]-6H,O
complexes on the decreasing of the optical band gap value of
the ligand.

Angle of incidence ®(B) is given [39-41],

O(B) = tan ™! (Z—T) “4)

Angle values of incidence ®(B) were calculated from eq.
(4) and ®(B) plot vs. photon energy (E) of the films of the
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ligand and its complexes is shown Fig. 9. As seen in Fig. 9,
the angle value of incidence of the ligand is the highest value
that of all the films and the angle value of incidence of the
[CuL,(NOs),]-6H,O complex is the lowest value that of all
the films. This shows that the complexes decrease the angle of
incidence of the ligand.
Angle of refraction is calculated from well known Snell’s
law [42-44]
0, = sin’l(":—?sin 6’1)

)

6, plot vs. photon energy of the ligand and its complexes is
shown Fig. 9. As seen in Fig. 9, the angle value of refraction
of the ligand is the lowest that of all the films and the angle
value of refraction of the [CuL,(NOs),]-:6H,0O complex is the
highest which of all the films. This shows that the complexes
increase the angle of refraction of the ligand. As seen in Fig. 9,
the angle values of incidence of the films are higher than that of
angle values of refraction of the films. This situation attributes
to the refractive index (n,) of the ligand and its complexes are
higher than the refractive index (n;) of the medium.

The dielectric properties of ligand and its complexes
The complex dielectric constant is described as,
é=e +ie, =n> = (nxik)* = (n* —k*)+i2nk (6)

where g, is the real part and ¢, is the imaginary of the dielectric
constant. The imaginary and real parts of dielectric constant are
given as [39, 40]

g =n—k? @)
and
& = 2nk (8)

where k£ = al/4r. The real parts of the dielectric constant of
the ligand and its complexes were calculated from eq. (7) and
&) plot vs. photon energy (E) of the films is shown Fig. 10a.
The imaginary parts of the dielectric constant of the ligand
and its complexes were calculated from eq. (8) and ¢, plot vs.
photon energy (E) of the films is shown Fig. 10b. As seen in
Fig. 10a, the real part of the dielectric constant of the ligand
is higher than that of its complexes and the real part of the
dielectric constant of the ligand decreases with its complexes.
The real part of the dielectric constant of the ligand is the high-
est value, while the real part of the dielectric constant of the
[CuL,(NOs),]-:6H,O complex is the lowest value. This shows
that the complexes are affect on the real part of the dielectric
constant of the ligand. As seen in Fig. 10b, the imaginary part
of the dielectric constant of the [ZnL(NO3),(H,0),]-5H,0 com-
plex is higher than that of all the films and the imaginary part
of the dielectric constant of the ligand is close to that of the
[CuL,(NOs),]:6H,O complex. The real parts of the dielectric
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constant of the ligand and its complexes are higher than that of
imaginary parts of the dielectric constant.

The electrical susceptibility properties of ligand
and its complexes

The susceptibility associated with electron transitions from
band i to band j is expressed as [42, 43, 45]

Ay 47rmZ

where £ is the wave number vector, 4l is the energy differ-
ence between the state & in band i and the state & in band j and

. jlk (9)
jlk
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Jiix is the oscillator strength for this transition. The electrical
susceptibility due to the intraband transitions of free carriers
can be obtained from the optical constants and it is determined
as [41, 46, 47]

ro= - =g) (10)

4

where ¢, is the dielectric constant in the absence of any con-
tribution from free carriers. The electric susceptibility of the
ligand and its complexes were calculated from eq. (10) and the
electric susceptibility dependence of photon energy is shown
in Fig. 11. As seen in Fig. 11, the electric susceptibility of
the ligand is higher than that of its complexes and the electric
susceptibility of the ligand decreases with its complexes. The
electric susceptibility of the ligand is the highest value, while

the electric susceptibility of the [CuL,(NOj3),]-6H,O complex
is the lowest value.

The optical conductivity properties of ligand
and its complexes

The optical properties of the ligand and its complexes can

be analyzed by a complex optical conductivity [45-47],
o(w) = 01(w) + iox(w) (I

where o is the real part of conductivity and o, is the imaginary
part of conductivity. The real part and imaginary parts of the
optical conductivity of the ligand and its complexes were cal-
culated. The real and imaginary parts of the optical conductivity
of the ligand and its complexes are shown in Fig. 12(a,b), re-
spectively. As seen in Fig. 12a, the real part of the conductivity
of the [ZnL(NO3),(H,0),]-5H,0 complex is higher than that of
all the films. As seen in Fig. 12b, the imaginary part of con-
ductivity of the ligand is higher than that of its complexes and
the imaginary part of conductivity of the ligand decreases with
its complexes. The imaginary part of conductivity of the ligand
is the highest value, while the imaginary part of conductivity
of the [CuL,(NO3),]-6H,0 complex is the lowest value. This
shows that the complexes are effective on the imaginary part of

<
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Fig. 11. The electric susceptibility dependence of photon energy of
the ligand and its complexes.
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conductivity of the ligand. The imaginary parts of optical con-
ductivity of all complexes increase with increasing frequency,
but this plot is not stable for the ligand because of higher optical
band gap. The imaginary parts of the optical conductivity of the
ligand and its complexes are higher than that of real parts of
the optical conductivity.

Experimental
Chemicals and instrumentations

All solvents were analytical grade reagents used as pur-
chased. The metal salts Zn(NO;),"6H,0, Cu(NO3),2H,0,
Zn(Ac),2H,0, Cu(Ac),"H,O and starting materials for the li-
gand were Merck, Aldrich, and Alfa Aesar products.
Elemental analyses were carried out on a Leco CHNS-
O model 932 elemental analyzer. '"H and '3C-NMR spectra
were recorded using a model Bruker GmbH DPX-400 MHz FT
spectrometer. IR spectra were recorded Perkin Elmer Precisely
Spectrum One Spectrometer on KBr discs in the wave number
range of 4000-400 cm™!. Electronic spectral studies were con-
ducted on a Shimadzu model UV-1700 Spectrophotometer in
the wavelength 1100-200 nm. Magnetic susceptibilities mea-
surements were performed using the standard Gouy tube tech-
nique. Hg[Co(SCN),] was used as a calibrant. Thermal analy-
ses (TGA and DTA) were carried out in nitrogen atmosphere
with a heating rate of 10 °C/min. using Shimadzu DTG-60
AH (Shimadzu DSC 60 A) thermal analyzers. LC/MS-API-ES

mass spectra were recorded using a AGILENT model 1100
MSD mass spectrophotometer. Optical studies were conduct-
ed on a Shimadzu model UV-1700 Spectrophotometer in the
wavelength 1100-190 nm. Optical measurements were carried
out by using a pellet with diameter of 6 mm in pressed under
5 tonne/cm? at room temperature.

Antibacterial activity studies

Disk diffusion method was used for antibacterial activity of
complexes. Antibacterial activity against Enterococcus faeca-
lis ATCC 29212, Staphylococcus aureus ATCC 25923, Esch-
erichia coli ATCC 25922, Salmonella typhimurium CCM 583
were investigated. Mueller—Hinton agar (oxoid) for all bacterial
strains was used and for Enterococcus faecalis ATCC 29212
Mueller Hinton agar added 5% defibrinated sheep blood. The
media were melted at 100 °C, autoclaved at 121 °C for 15
min, cooled 45 °C to 50 °C and were poured into plates of
9 cm diameter in quantities of 20 mL, and left on a flat sur-
face to solidify and the surface of media was dried at 37 °C.
Then, preparation of the inoculums was used colony growth
method in Mueller—Hinton broth to a turbidity equivalent 0.5
Mc Farland (10® cfu mL™"). Petri dishes were streaked using
sterile cotton swab. The surface of the media was allowed to
dry 3-5 min at room temperature. The 10 mg mL~! (in DMSO,
E. Merck), compound impregnated blank discs (Oxoid) were
applied to the surface of inoculated plates. The Mueller—Hin-
ton agar plates were incubated at 35 + 2 °C for 18-24 h. The
plates were examined and the diameter of the inhibition zone
was measured surrounding discs. Antibiotic ampicillin (10 pg,
Oxoid) was used as the standard [48, 49].

Synthesis

Preparation of ligand
A hydrochloric acid solution (2.5 mL) of 3-nitroaniline (1.38
g, 10 mmol) and an aqueous solution (10 mL) of sodium nitrite
(0.69 g, 10 mmol) were mixed and stirred at 273 K for 1 h. To
this solution, an ethanol solution (10 mL) of the coupling com-
ponent 5,5-dimethylcyclohexane-1,3-dione (1.40 g, 10 mmol)
was added and the stirring was continued at 273 K for 4 h. The
resulting product was filtered and was washed with water, was
dried and was crystallized from ethanol.

Ligand; Yield: (83.0%). FW: 289.11 g/mol. m. p.:150
°C. Anal Calcd for C4H;5sN;04: C, 58.13, H, 5.23, N, 14.53.
Found: C, 58.00, H, 5.20, N, 14.42. Selected IR data (KBr,
v em1): 3435-3109 (N-H), 1671, 1626 (C=0), 1558 (C=N),
1505 (C=C), 1025, 1043 (N-N). UV-VIS (in DMF): Amax (e,
L mol™' ecm™) 218-242 (1453, 1613), 316-393 (2106-2620)
nm. 'H-NMR (400 MHz, DMSO-d¢): § 14.50 (s, 1H, NH),
7.62-8.00 (m, 4H, Ar-CH), 2.48 (s, 2CH,), 1.27, (s, CH3), 0.96
(s, CH3). BC-NMR (400 MHz, DMSO-dy) for the L: § 28.45
(CHy), 30.62 (CH3), 52.47 (2CH,), 117.90 (Ar-H), 119.23 (Ar-
H), 131.76 (Ar-NH-N), 145.92 (C=N), 193.41 (C=0), 197.71
(C=0). MS [ESI+]: m/z 290 [L+H]". Color: Bright yellow
mustard.
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Preparation of the Zn(Il) and Cu(Il) complexes of ligand
Theligand (1 g, 3 mmol) was dissolved in 10 mL absolute metha-
nol. A solution of metal salts Zn(NO;), 6H,0 (0.90 g, 3 mmol),
Cu(NO3),"2H,0 (0.35 g, 1.50 mmol) and Cu(OAc),-H,0 (0.30
g, 1.50 mmol), in 15 mL absolute methanol was added drop
wise in a 15 min. period with continuously stirring at room
temperature. Then, the reaction mixtures were heated to reflux
for 8 h at 50 °C temperature. The resulting precipitates were
filtered and were washed with absolute ether. The products
were dried at room temperature. [(Zn),L(OH)4]-2DMF com-
plex was prepared similar with other complexes but dmf was
used as solution (10 mL) to dissolved Zn(Ac),2H,0 (1.32 g,
6.00 mmol) [18].

[CuL,(0Ac)]-OAc-3.5H,0; Yield: (85.0%). FW: 822.76
g/mol. m. p.: 190 °C. p (B.M.): 2.01. Anal Calcd for
C3,Hy3NgO55Cu: C, 46.67, H, 5.23, N, 10.21. Found: C, 46.70,
H, 5.20, N, 10.24. Selected IR data (KBr, v cm™'): 3430 (O-H),
3330-3267) (N-H), 1640 (C=0), 1540 (C=N), 1506 (C=C),
1054 (N-N), 560,517 (M-0), 464 (M-N). UV-VIS (in DMF):
Amax (g, L mol™! em™) 251-271 (1428-1423), 364-375 (936-
917), 463, 557 (343, 321) nm. MS [ES]: m/z 823.76 (calc),
823.39 (found) [M+H]", 290.11 (calc.), 290.12 (found) [L+H]".
Color: gray.

[CuL,(NOs),]-6H,0; Yield: (75.0%). FW: 873.54 g/mol.
m. p.: 195 °C. per(B.M.): 1.86. Anal Calcd for C,gH,,NgO,oCu:
C, 38.46,H,4.81,N, 12.81. Found: C, 38.44, H, 4.83, N, 12.79.
Selected IR data (KBr, v em™): 3535 (O-H), 3340, (N-H),
1686 (C=0), 1532 (C=N), 1506 (C=C), 1048 (N-N), 566,514
(M-0), 482,458 (M-N). UV-VIS (in DMF): Amax (g, L mol™!
cm™!) 251-399 (1428-1420), 405-425 (1426-1332) nm. MS
[ES]: m/z 874.64 (calc), 874.31 (found) [M+H]", 290.11 (calc.),
290.12 (found) [L+H]". Color: Black.

[(Zn),L(OH),]-2DMF; Yield: (84.0%). FW: 633.85 g/mol.
m. p.: 190 °C. pegr(B.M.): Dia. Anal Caled for CyoH33N501¢Zny:
C, 37.86, H, 520, N, 11.04. Found: C, 37.90, H, 5.73, N,
11.00. Selected IR data (KBr, v cm™): 3434-3500 (O-H),,
3317 (N-H), 1687 (C=0), 1533 (C=N), 1506 (C=C), 1047 (N-
N), 596-566 (M-0), 483, 460 (M-N). UV-VIS (in DMF): Amax
(e, L mol™! cm™) 253-287 (1428-1256), 311-396, 430 (1427-
1418, 1285) nm. 'H-NMR (400 MHz, DMSO-de): & 14.55 (s,
NH), 7.60-8.00 (m, Ar-CH), 12.76 (b, OH), 2.50 (s, CH,), 1.28
(s, CH3), 1.00 (s, CH3). MS [ES]: m/z 580.85 (calc), 580.23
(found) [M-30H-2H] 7, 290.11 (calc.), 290.12 (found) [L+H]*.
Color: Orange.

[ZnL(NO3),(H,0),]-5H,0; Yield: (82.0%). FW: 604.48
g/mol. m. p.: 186 °C. p.r (B.M.): Dia. Anal Caled for
Ci4Hy9NsO7Zn: C, 27.79, H, 4.80, N, 11.58. Found: C, 27.82,
H, 4.82, N, 11.68. Selected IR data (KBr, v cm™!): 3400,
(O-H), Broad (N-H), 1686 (C=0), 1533 (C=N), 1510 (C=C),
1048 (N-N), 540,567 (M-0), 480, 462 (M-N). UV-VIS (in
DMF): Amax (g, L mol™! em™) 255-357 (1209-1368), 404-447
(1396-1339) nm. 'H-NMR (400 MHz, DMSO-dy): & 14.60 (s,
NH), 7.60-7.90 (m, Ar-CH), 3.50 (b, H,0), 2.52 (s, CH,), 1.28
(s, CH3), 0.96 (s, CH3). MS [ES]: m/z 622.48 (calc), 623.18
(found) [M+NH,]*, 290.11 (calc.), 290.12 (found) [L+H]*.
Color: Orange.
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Conclusion

In this study, the synthesis and structural investigations of con-
taining hydrazone ligand and its transition metal(II) complexes
were presented. Structures of the ligand and complexes were
confirmed by spectral and analytical techniques. The Zn(II)
complexes shows at middle level antibacterial activity against
Staphylococcus aureus ATCC-25923 by comparing with am-
picillin (10 pg, Oxoid).

The complexes reduced the transmittance, refractive index,
optical band gap, angle of incidence, real part of the dielectric
constant, electric susceptibility and imaginary part of optical
conductivity of the ligand, while the complexes increased the
real part of conductivity and angle of refraction of the ligand. The
energy band gap of the ligand was decreased with its complex-
es. The optical band gap of the ligand, [(Zn),L(OH),]-2DMF,
[ZnL(NO3),(H,0),]-5H,0, [CuL,(OAc)]-OAc-3.5H,0 and
[CuL,(NOs),]:6H,O complexes were calculated to be 3.121
eV, 2.180 eV, 1.551 eV, 2.489 eV and 1.556 eV, respectively.
The effect of the [CuL,(OAc)]-OAc-3.5H,0 complex is the
lowest, while the effect of the [ZnL(NO;),(H,0),]-5H,0 com-
plex on the decreasing of the optical band gap of the ligand is
the highest.

The electric susceptibility and imaginary part of con-
ductivity of the ligand are the highest value, while the elec-
tric susceptibility and imaginary part of conductivity of the
[CuL,(NOs3),]-6H,0 complex are the lowest value.
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