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INTRODUCTION

Liquid crystals are intermediate state between solid and
liquid state. It is often called a mesomorphic state, which is a state
of matter in which the degree of molecular order is intermediate
between the perfect three-dimensional, long-range positional
and orientational order found in solid crystals and the absence
of long-range order found in isotropic liquids, gases and amor-
phous solids. It is also called as meso intermediate [1].

Liquid crystals have been implemented in numerous appli-
cations because of their ability to change orientation of molecules
in response to very weak physical and chemical cues, such as
electromagnetic fields, surface modifications and pressure
gradients [2]. In the last decade, introduction of a metal ion leads
to a new class of liquid crystals: metallomesogens. The metal
complexes, which contain organic mesogens as ligands may
retain these properties. Also, the introduction of a metal ion in
an organic compound that does not exhibit liquid crystal pro-
perties leads to a new complex with liquid crystal properties [3].

In this paper, two ligands were synthesized, which are
[dicinnamylidene benzidine] (A1), (bis-4-methoxybenzy-
lidene hydrazine) (A2) and their complexes with Cd2+ and Zn2+.
These compounds are characterized by polarizing optical
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microscopy (POM), UV-visible, FT-IR, XRD and molar
conductivity. The physical and chemical properties have been
discussed according to physical investigations in order to
discover new mesogenic organic semiconductor.

EXPERIMENTAL

Powder X-ray diffraction (XRD) is one of the primary tech-
niques used by mineralogists and solid state chemists to examine
the physico-chemical make-up of unknown materials. Diffra-
ction pattern gives information on translational symmetry-size
and shape of the unit cell from peak positions and information
on electron density inside the unit cell, namely where the atoms
are located from peak intensities, a crystalline size (average
grain size) has been calculated using Debye-Scherrer formula
[4,5]:
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Layer spacing (d) values were obtained from the inner
meridional arc by using Bragg equation [6]:

nλ = 2d sin θ (2)



where λ is wavelength of X-ray (0.15405 nm), β is FWHM
(full width at half maximum in rad.), θ is the diffraction angle,
(Gs) is crystalline size, (n) is integer that indicates the order of
the reflection and (d) is layer spacing.

Physical measurements: Liquid crystalline properties
were investigated by polarizing optical microscopy using a
Leitz Laborlux 12 pols attached to a Linkam with hot stage
and digital camera. Electronic spectra of the prepared com-
pounds were measured in the region (200-1100 nm) for (1 ×
10-3) M solutions in absolute ethanol at (25 ºC) using a
Shimadzu 1800 spectrophotometer matched quartz cell. FT-
IR data were acquired on Shimadzu-FTIR spectrophotometer
in the frequency range of (4000-400) cm-1 with samples embe-
dded in KBr discs. Structural characterization of compounds
and their metal complexes are well documented by X-ray diffra-
ction patterns. Conductivity measurements were made with
dimethyl formamide (DMF) using a DDS-307W digital conduc-
tivity meter at room temperature. Melting points (m.p.) were
obtained on a Stuart SMP-30 capillary melting point apparatus.

Synthesis: Compounds were prepared using a method
reported in the literature [7].

Synthesis of dicinnamylidene benzidine (A1): Dicinnam-
ylidene benzidine was prepared by mixing (1.84 g, 0.01 mol)
of benzidine dissolved in 10 mL of absolute ethanol with (2.64
g, 0.02 mol) of cinnamaldehyde in 10 mL of absolute ethanol,
then added to the prepared mixture three drops of glacial acetic
acid. Reaction mixture was refluxed for 2 h, resulted yellow
solid product. The crystal product filtered and washed with
absolute ethanol repeatedly and recrystallization was done by
absolute ethanol.

Synthesis of bis-4-methoxybenzylidene hydrazine (A2):
Dicinnamylidene benzidine was prepared by mixing (1.84 g,
0.01 mol) of benzidine dissolved in 10 mL of absolute ethanol
with (2.64 g, 0.02 mol) of cinnamaldehyde in 10 mL of absolute
ethanol, then, three drops of glacial acetic acid were added to
the prepared mixture. The reaction mixture was refluxed for
2 h, and a yellow solid product was performed. The crystal
product was filtered and washed with absolute ethanol repea-
tedly and recrystallization was done by absolute ethanol.

General synthesis of complexes: The complexes were
prepared using the reported procedure [8] (0.001 mol) of both
Cd(II) and Zn(II) were dissolved in 10 mL of absolute ethanol
and mixed with (0.001 mol) of A1 and A2, where the ratio of
reactants (1:1). The reaction mixture was refluxed for 1 h and the
produced mixture was filtered and washed with absolute ethanol
repeatedly and recrystallization was done by absolute ethanol.

RESULTS AND DISCUSSION

Molar conductance: Molar conductivity measurements
of the complexes in DMF solutions lie in 23.8-134.1 Ω-1 mol-1

cm2 range, indicating their electrolytic behaviour [9]. This
result clearly indicated that complication of their ligands
washappened by ratio (1:1) and chloride ions were responsible
forcharge transfer by their presence outside coordination sphere
in the solution (Table-1).

Mesomorphic properties: The compounds examined by
(POM) showed a marble form by heating nematic phase, while
exhibited a schleiren texture by cooling from isotropic liquid

TABLE-1 
MOLAR CONDUCTANCE AND MELTING POINTS  

OF LIGANDS AND THEIR COMPLEXES 

Compounds Colour 
m.p. 
(°C) 

Λ × 10-3 
(Ω-1  
mol-1 
cm2) 

C30H24N2 (A1) Yellow 270.3 – 
C16H16N2O2 (A2) Yellow shining 165.0 – 
[Cd(C30H24N2)]Cl2.X (M1A1) Dark yellow 240.5 132.3 
[Zn(C30H24N2)]Cl2.X (M2A1) Orange 263.5 123.8 
[Cd(C16H16N2O2)]Cl2.X (M1A2) Yellow 230.0 134.1 
[Zn(C16H16N2O2)]Cl2.X (M2A2) Yellow 198.0 107.2 

 
by separation of distinct droplets grow to form large coloured
flooring when continued cooling, this distinguishes nematic
phase [8]. Fig. 1 shows a nematic phase of A1 compound at
heating and cooling. Reason of exhibited nematic phase in
heating and cooling attributable in ligands and its complexes
to presence of four aromatic rings in the molecular structure,
and to presence of nitrogen atoms linked directly in the case
of resonant in center of the molecule, aromatic rings and nitrogen
atoms give a suitable length of the molecule and high hardness,
in addition to the breadth of sequencers electronic on the long
axis of the molecule, which leads to increased polarity molecule
resulting from terminal attractive forces [9-15].

Fig. 1. Nematic phase of ligand (A2)

UV-visible analysis: The UV-visible spectra of ligands
showed two bands at 370 nm assigned to (σ → σ*), (π → π*),
and (420-560) nm assigned to (n → σ*) while the UV-visible
spectra for the prepared complexes showed one broadband
between 400-470 nm (Figs. 2 and 3)  [16].

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

A
bs

or
ba

nc
e 

(a
.u

.)

200 400 600 800 1000
Wavelength (nm)

A1

BCCd

BCZn

Fig. 2. UV-visible spectra of ligand (A1) and their complexes
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Fig. 3. UV-visible spectra of ligand (A2) and its their complexes

FT- IR analysis: The coordination sites of ligand have
been determined by a careful comparison of IR spectra comp-
lexes with that of the parent ligand. The ligands (A1 and A2)
showed intense absorption at  1630 and 1664 cm-1, which may
be assigned to (C=C) aromatic in plane streaching vibration,
and 1605 and 1600 cm-1 for azomethine groups (CH=N), which
are active groups [17]. These bands shift lower wave numbers
in complexes indicating coordination through azomethane
nitrogen of Schiff bases. Fig. 4 exhibited a band absorption of
ligand (A2) and its complexes. The appeared new bands inthe
region 522-460 cm-1 are probably due to the formation of (M-N)
[18]. Main characteristic FT-IR absorption bands of ligands
and complexes are presented in Table-2.
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Fig. 4. FT-IR spectra of ligand (A2) and their complexes

TABLE-2 
FT-IR CHARACTERISTIC BANDS FREQUENCIES (cm–1)  

OF THE LIGANDS AND THEIR COMPLEXES 

Compounds ν(C=C) aromatic ν(C=N) ν(M–N) 
A1 1630 1605 – 
A2 1664 1600 – 

M1A1 1625 1580 478 
M2A1 1620 1581 460 
M1A2 1650 1595 520 
M2A2 1649 1590 522 

 
Structural properties: Liquid crystal compounds and its

complexes were examined by XRD to identify the crystalline
composition. The examination found that ligands (A1 and A2)
have polycrystalline structure, complex (M2A1) have mono-

clinic structure, and complexes (M1A1, M1A2 and M2A2) have
amorphous structure [19] from this study, crystalline size (grain
size) has been estimated using eqn 1, were found to be 13-67
nm.

Conclusion

It is concluded that the ligands and its metal complexes
with Cd(II) and Zn(II) exhibited nematic phase at heating and
cooling. UV-visible spectra of two ligands showed two bands
at 370 nm, and 420-560 nm, while the complexes showed one
broadband between 400-470 nm. FT-IR spectra showed shift
bands to lower wave numbers indicated that complexation with
the metal ions was occured, XRD spectra show polycrystalline
structure of compounds (A1, A2) and M2A1 have monoclinic
structure, while amorphous structure of complexes (M1A1,
M1A2 and M2A2), and molar conductance shows electrolytic
behaviour of complexes are in the range of organic semi-
conductors and the complexes have square planar.
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