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INTRODUCTION

The materials with liquid crystalline properties have drawn
much attention to the researchers because of their wide range
of potential applications in the fields of optical [1], electrical
[2] and biological/medical fields [3]. Among various types of
liquid crystals like calamitic (rod shaped), banana shaped and
discotic liquid crystal, calamatic liquid crystal, calamatic mole-
cules are important for their use both in academic and techno-
logical applications [4]. To utilize these materials for suitable
applications, modification of the properties of liquid crystals is
required and this can be done by transforming the structure as
well as changing shape of the materials, such as calamitic (rod
shaped) to discotic (disc-like)/banana core (bent like)/lyotropic.
Another way to fit the specific liquid crystal properties [5] is
to change the molecular length of various calamitic liquid
crystals. Internal changes in calamitic liquid crystal can also
be done by altering the polar character of the rod-like molecule
[5-9]. Recently, liquid crystal system containing azobenzene
mesogen unit has attracted a lot of interest as azobenzene
moieties have reversible photo-isomerization process which
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modify extensively the order of the mesophase [10,11]. Azo-
benzene derivatives are also important because of their ability
of inter-changeable cis-trans photo-isomerization, which causes
a variety of physico-chemical properties, like size, shape and
polarity of the molecules [12,13]. The azobenzene-containing
molecules form an anisotropic phase in trans-conformation,
whereas, the formation of cis-conformation of an isotropic
phase gets destroyed with ordered molecular arrangement. The
azobenzene moiety with cis-trans photo-isomerizations have
a variety of applications, such as holographic media [14,15],
optical storage [16], reversible optical waveguides [17], LC
photo-alignment system [18] and drug delivery [19].

The calamitic molecule consists of mesogenic core, terminal
chain and lateral functional group. The core provides rigidity
which is required for anisotropy while terminal chain provides
flexibility to stabilize the molecular alignment. The lateral
substituent of azobenzene containing molecules also play a
vital role to generate mesomorphic behaviour (nematic or
smectic) and properties for special applications. The polar
lateral substituent depressed the sematic phase stability, where-
as, lamellar packing is depended on size and polarity. With
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increasing packing size and polarity of the lateral substituents,
the lamellar packing is devastated. Among halogens (I = 1.98
Å, Br = 1.80 Å, Cl = 1.75 Å, F = 1.47 Å), chloro substituent
makes a greater dipole than that of fluoro substituent due to
longer bond to carbon but the larger size of the chloro substi-
tuent destabilizes liquid crystal phase and renders its use as
lateral substituent [20]. The fluoro substituent is mostly used
as halogen lateral substituent [21]. Thus, synthesis of azoben-
zene in the format of liquid crystal form with different lateral
substituents [22,23] has drawn attention by many researchers,
but still there are not enough studies with developing and desi-
gning calamitric liquid crystal particularly chlorine as a lateral
substituent.

In this article, three calamitic (rod-like) low molecular
weight liquid crystals composed of azobenzene as mesogen,
chlorine as a lateral substituent including various alkoxy as
flexible chain are synthesized and characterized. Finally, the
mesomorphism properties of the synthesized crystals have been
compared.

EXPERIMENTAL

p-Chloro aniline was purchased from Loba Chemie Pvt.
Ltd., India. Sodium nitrite was purchased from Thomas-Baker
(chemicals) Ltd., India. 1-Bromo hexane, 1-bromo octane and
1-bromo nonane were procured from Fluka Chemicals Ltd.
All solvents used in this work were purified over distillation
followed by refluxed with sodium.

Characterization: The structures of the synthesized comp-
ounds were confirmed by the spectroscopic analyses. 1H NMR
analyses were carried out with BRUKER spectrometer operated
at 400 MHz in pulse Fourier transform mode and chloroform-
d6 was used as solvent. IR spectra were recorded with KBr using
Perkin-Elmer spectrum-100 FT-IR spectrometer. UV-visible
spectra were obtained by using Shimadzu UV-1650PC spectro-
meter. The enthalpies of transitions (reported in J g--1) and phase
transition temperature were determined by using Perkin-Elmer
DSC-8000. Both the heating and cooling rate in DSC were 10
ºC/min. The textures of the phase transition of the compounds
were obtained using Olympus BX53 hot-stage polarizing optical
microscope.

Synthetic procedure of 4-[(4-chlorophenyl)diazinyl]-
phenol (CDP): The synthesis of CDP was carried out by
following similar procedure reported earlier [24,25]. In an ice
bath, a mixture of 100 mL PEG400/1,4-dioxane/water (60/
30/10) was cooled and to this mixture, 6.75 mL (78.4 mmol)
of concentrated HCl and 5 g (39.2 mmol) of p-chloroaniline
were added. To this mixture, a solution of 10 mL NaNO2 (2.98 g,
43.1 mmol) was added dropwise for the formation of diazo-

nium salt. The mixture was stirred continuously for 2 h in the
temperature range 0 to 5 ºC. A 100 mL solution was prepared
with phenol (11.07 g, 117.6 mmol), NaOH (1.72g, 43.1 mmol)
and mixed solvent PEG400/1,4-dioxane/water (60/30/10) in
another flask and then poured into the above mixture
(diazonium salt). The solution was stirred for further 0.5 h
and 200 mL water was added. The solution was made acidic
(pH = 5) by adding about 2.5 mL of HCl. The product was
obtained as red powder, filtered off, washed several times with
water and dried by vacuum. The crude product was purified by
chromatography (silica gel) using petroleum ether:acetone
(95:5) as eluent. Finally, a red powder product (yield 5.9 g,
65%) was obtained (Scheme-I).

4-[(4-Chlorophenyl)diazinyl]phenol (CDP): Red powder,
yield: 65%, Rf value 0.43 in petroleum ether:acetone (9:4). 1H
NMR (CDCl3), δ ppm: 6.94 (2H, d), 7.46 (2H, d), 7.83 (2H, d),
7.88 (2H, d), 5.27 (1H, s, Ar-OH). 13C NMR (CDCl3), δC ppm:
116, 124, 125, 129, 136, 147, 151, 158. IR (KBr, νmax, cm–1):
3413, 1638, 1617, 1589, 1576, 1477, 1225, 1082, 838, 724.

Synthesis of alkyloxy derivatives of CDP (CDP-H, CDP-
O and CDP-N): All the alkyloxy derivatives of CDP were
synthesized following the procedure [26] as described below:

A mixture of 0.2 g (0.86 mmol) of CDP and 0.48 g (3.45
mmol) of K2CO3 was added in 20 mL of dry acetone in a 250
mL round bottomed flask and stirred for 0.5 h. Then, 1.72
mmol of 1-bromo alkane (1-bromo hexane/1-bromo octane/
1-bromo nonane) was added to the mixture and the reaction
mixture was refluxed in an oil bath at 65 ºC for 24 h. The reaction
progress was checked by thin layer chromatography (TLC).
When the reaction was completed, the mixture was allowed to
cool. The residue obtained was filtered off and the filtrate was
concentrated in vacuum. The solid product thus obtained was
dissolved in 25 mL of ether and the solution was washed with
water, 10% NaOH and again water for three times. Finally,
the ether solution was dried over MgSO4. The solution was then
concentrated in vacuum and the crude product was purified
by recrystallization in petroleum ether. In each case, the pure
product was obtained as orange crystal.

1-(4-Chlorophenyl)-2-[4-(hexyloxy)phenyl]diazene
(CDP-H): Orange micro crystal, yield 0.2 g (75%), Rf value
0.90 in petroleum ether:acetone (9:2). 1H NMR (CDCl3), δ ppm:
7.88 (2H, d), 7.81 (2H, d), 7.46 (2H, d), 6.98 (2H, d), 4.03
(2H, t), 1.81 (2H, m), 1.48 (2H, m), 1.34 (4H, m), 0.92 (3H, t).
13C NMR (CDCl3), δC, ppm: 14, 23, 26, 29, 32, 68, 115, 124,
125, 129, 136, 147, 151, 162. IR (KBr, cm–1): 2949, 2866,
1637, 1617, 1584, 1501, 1417, 1260, 1138, 1084, 844, 724.
UV (λmax): 252 nm (σ→σ*), 356 nm (π→π*), 448 nm (n→π*).

1-(4-Chlorophenyl)-2-[4-(octyloxy)phenyl]diazene
(CDP-O): Orange needle shaped crystal, yield 0.23 g (76%),

Cl N N OHCl NH2

OH

HCl / NaNO2
Cl N N OR

RBr

R= Hexyl- (CDP-H)
R= Octyl- (CDP-O)
R= Nonyl- (CDP-N)

CDP

Scheme-I: Synthetic route of 4-chloroazobenzene derivatives
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Rf value 0.91 in petroleum ether:acetone (9:2). 1H NMR
(CDCl3), δ ppm: 7.89 (2H, d), 7.83 (2H, d), 7.46 (2H. d), 7.01
(2H, d), 4.04 (2H, t), 1.82 (2H, m), 1.49 (2H, m), 1.36 (8H, m),
0.92 (3H, t). 13C NMR (CDCl3), δC ppm: 14, 23, 26, 29, 29, 29,
32, 68, 115, 124, 125, 129, 136, 147, 151 and 162. IR (KBr,
cm–1): 2927, 2851, 1638, 1584, 1500, 1470, 1416, 1256, 1138,
1087, 844, 725. UV (λmax): 251 nm (σ→σ*), 356 nm (π→π*),
439 nm (n→π*).

1-(4-Chlorophenyl)-2-[4-(nonyloxy)phenyl]diazene,
(CDP-N): Orange micro crystal, yield 0.24 g (78%), Rf value
0.94 in petroleum ether:acetone (9:2). 1H NMR (CDCl3), δ ppm:
7.89 (2H, d), 7.83 (2H, d), 7.46 (2H, d), 7.01 (2H, d), 4.04
(2H, t), 1.82 (2H, m), 1.48 (2H, m), 1.30 (10H, m), 0.89 (3H,
t). 13C NMR (CDCl3), δC ppm: 14, 23, 26, 29, 29, 29, 30, 32,
68, 115, 124, 125, 129, 136, 147, 151 and 162. IR (KBr, cm–1):
2951, 2937, 2919, 2849, 1638, 1617, 1603, 1584, 1502, 1472,
1256, 1144, 1090, 845, 728. UV (λmax): 252 nm (σ→σ*), 357
nm (π→π*), 440 nm (n→π*).

RESULTS AND DISCUSSION

4-[(4-Chlorophenyl)diazinyl]phenol (CDP) was synthe-
sized by diazotization reaction between p-chloroaniline and
phenol (Scheme-I). The pure CDP was obtained as red powder
separated by column chromatographic technique.

In 1H NMR spectrum of CDP (Fig. 1a), signals at 6.94-
7.88 ppm were assigned for aromatic protons and a singlet at
5.27 was appeared for Ar-OH proton. In 13C NMR spectrum
of CDP (Fig. 2a), four peaks observed at 116-129 ppm were
assigned to be eight carbons of aromatic ring and signals at 136
and 147 ppm were assigned for HO-C and Cl-C, respectively.
The signals appeared at 151 and 158 ppm were assigned for
two carbons adjacent to azo group. In IR spectrum, absorption
peaks at 3413 and 1589 cm-1 were appeared for –OH and azo
groups, respectively. The above spectroscopic data confirmed
the structure of CDP.

The CDP was used as a precursor for synthesizing different
oxyalkyl (hexyl, octyl and nonyl) containing azobenzene deriv-
atives i.e. 1-(4-chlorophenyl)-2-[4-(hexyloxy)phenyl]diazene
(CDP-H), 1-(4-chlorophenyl)-2-[4-(octyloxy)phenyl]diazene
(CDP-O) and 1-(4-chlorophenyl)-2-[4-(nonyloxy)phenyl]-
diazene (CDP-N) by alkylation with corresponding alkyl
bromide as described in the experimental section.

In 1H NMR spectrum of CDP-H (Fig. 1b), the signals at
6.98-7.88 ppm were assigned for aromatic protons and a triplet
at 4.03 ppm was appeared for the –OCH2 protons. The peaks
at 1.81 (2H, m), 1.48 (2H, m), 1.34 (4H, m) and 0.92 (3H, t) ppm
were appeared for the eleven aliphatic protons of hexyl group.
In 13C NMR spectrum of CDP-H (Fig. 2b), four peaks at 115-
129 ppm were assigned for the eight carbons of aromatic ring
and five peaks observed at 14-32 ppm were assigned for five
carbons of the hexyl group. The peak at 68 ppm was assigned
for the carbon of –OCH2 group. The peaks observed at 136
and 147 ppm were assigned for HO-C and Cl-C, respectively.
The peaks at 151 and 162 ppm were attributed for two carbons
adjacent to azo group. In IR spectrum, absorption peaks at
2949-2866 cm-1 were appeared for C-H stretching vibration
and the signal at 1584 cm-1 was assigned for azo group. In the

(a)

(b)

(c)

(d)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5  0

Fig. 1. 1H NMR spectra of (a) CDP, (b) CDP-H, (c) CDP-O and (d) CDP-N

(a)

(b)

(c)

(d)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Fig. 2. 13C NMR spectra of (a) CDP, (b) CDP-H, (c) CDP-O and (d) CDP-N

UV spectrum, a π→π* transition was observed at 357 nm which
indicated the presence of azo group.

In 1H NMR spectrum of CDP-O (Fig. 1c), the peaks at
7.01-7.89 and a triplet at 4.04 ppm were assigned for aromatic
and –OCH2 protons, respectively. The peaks at 1.82 (2H, m),
1.49 (2H, m), 1.36 (8H, m) and 0.92 (3H, t) ppm were appeared
for the fifteen aliphatic protons of octyl group. In 13C NMR
spectrum of CDP-O (Fig. 2c), four peaks observed at 115-129
ppm were assigned for eight carbons of aromatic ring and the
peaks observed at 14-32 ppm were appeared for seven carbons
of octyl group. The peaks at around 68 ppm were assigned for
the carbon of –OCH2 group. The peaks at 136 and 147 ppm
were assigned for HO-C and Cl-C, respectively. The peaks at
151 and 162 ppm were appeared for two carbons adjacent to
azo group. In IR spectrum, absorption peaks at 2927-2851
cm-1 were appeared for C-H stretching vibration and the signal
at 1584 cm-1 was assigned for azo group. In UV spectrum, a
π→π* transition was observed at 356 nm, which indicated the
presence of azo group.

In 1H NMR spectrum of CDP-N (Fig. 1d), the peaks at
7.01-7.89 ppm were assigned for aromatic protons and a triplet
at 4.04 ppm was appeared for the –OCH2 protons. The peaks
at 1.82 (2H, m), 1.48 (2H, m), 1.30 (10H, m) and 0.89 ppm
(3H, t) were appeared for the seventeen aliphatic protons of
nonyl group. In 13C NMR spectrum of CDP-N (Fig. 2d), the
peaks at 115-129 ppm were assigned for eight carbons of
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aromatic ring and the peaks at 14-32 ppm were appeared for
eight carbons of nonyl group. The peaks at 68 ppm were
assigned for the carbon of -OCH2 group. The peaks at 136
and 147 ppm were assigned for HO-C and Cl-C, respectively.
The peaks at 151 and 162 ppm were appeared for two carbons
adjacent to azo group. In IR spectrum, absorption peak at 2951-
2849 cm-1 were appeared for C-H stretching vibration and the
signal at 1584 cm-1 was assigned for azo group. In UV spectrum,
a π→π* transition was observed at 357 nm which indicated
the presence of azo group.

Mesomorphic behaviour: The mesomorphic behaviour
of the compounds were analyzed by differential scanning calori-
metry (DSC) and optical polarizing microscope (POM). The
phase transition temperature associated with transition
enthalpies were determined by DSC with 2nd heating and 1st

cooling scans and are summarized in Table-1. The DSC curves
of the compounds CDP-H, CDP-O and CDP-N are presented
in Fig. 3. Two transitions observed in both heating and cooling
scan as a result of enantiotropic phase transition present in the
curve of all these compounds. On heating scan, the Cr-SmA
and SmA-I transitions were observed at 87.66 and 93.26 ºC
for CDP-H, 82.08 and 97.39 ºC for CDP-O and 91.29 and 96.82
ºC for CDP-N, respectively. The DSC data revealed that the
melting point of CDP-H and CDP-O (even carbon containing
flexible chain) were decreased with increasing of alkyl chain,
hence mesophase stability was increased. But the melting point
of CDP-N (odd carbon containing flexible chain) was increased
although the length of alkyl chain was increased, which differed
from the theoretical manner, hence mesophase stability was
decreased in heating scan, keeping in view of this behaviour
to show hypothetical probable odd-even effect [27-29].

On cooling scan, the I-SmA and SmA-Cr transitions were
obverved at 89.98 and 62.54 ºC for CDP-H, 95.34 and 63.22
ºC for CDP-O and 93.81 and 60.15 ºC for CDP-N, respectively.

There was no such alteration found in cooling scan like heating
scan as the mesophase stability was increased with the incre-
asing the length of alkyl chain.

The phase textures of compounds CDP-H, CDP-O and
CDP-N were investigated by using polarizing optical micro-
scope (POM) with hot stage for identification of mesomorphic
phase. All compounds were stable during repeated heating and
cooling. DSC and POM data were showed a good agreement
with each other. The phase textures of CDP-H, CDP-O and
CDP-N are displayed in Fig. 4. Texture of all homologues were
purely smectogenic, smectic A (SmA) mesophase was appeared
during heating and cooling and characterized by battonetes
formation on cooling and focal conic fan shaped structure.
These results suggested that dipole moment and polarity of
CDP-H, CDP-O and CDP-N were similar and irrespective to
the length of alkyloxy groups.

When these three compounds were heated up, focal conic
fan shaped texture was observed (Fig. 4a,c,e) and on further
cooling, the formation of battonets (Fig. 4b,d) that link up to
form focal conic fan shaped (Fig. 4f) texture of SmA was
observed. The three compounds were obtained as very stable
crystal form at room temperature.

Conclusion

In this work, three rod-shaped alkyloxy substituted
4-chloroazobenzene liquid crystals with low molecular weight
were synthesized and the structure of the products were confir-
med by spectroscopic analyses. Chlorine was used as a lateral
substituent and various oxyalkyl as flexible unit (hexyl, octyl
and nonyl). Each homologue of chloro substituted azobenzene
showed enantiotropic Smectic A (SmA) liquid crystal in both
heating and cooling scans. Hexyl and octyl derivative of chloro
substituted azobenzene showed more stable SmA phase than
that of nonyl derivative.

TABLE-1 
RESULT OBTAINED FROM DSC STUDIES 

Transition temperature (°C) association with transition enthalpy (J/g) 
Compounds 

2nd Heating 1st Cooling 
CDP-H Crystal 87.66 (90.21), Smectic A 93.26 (8.51), Isotropic Isotropic 89.98 (15.72), Smectic A 62.54 (83.68), Crystal 
CDP-O Crystal 82.08 (106.38), Smectic A 97.39 (18.31), Isotropic Isotropic 95.34 (18.65), Smectic A 63.22 (96.91), Crystal 
CDP-N Crystal 91.29 (110.70), Smectic A 96.82 (13.47), Isotropic Isotropic 93.81 (18.39), Smectic A 60.15 (92.14), Crystal 
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Fig. 3. DSC curve of the compounds CDP-H, CDP-O and CDP-N, (a) 2nd heating and (b) 1st cooling (temperature increasing/decreasing rate
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(a) (b) (c)

(d) (e) (f)

Fig. 4. Polarizing optical microscope textures (a) smectic A phase on heating to isotropic liquid of CDP-H, (b) smectic A phase on cooling
from isotropic liquid of CDP-H, (c) smectic A phase on heating to isotropic liquid of CDP-O, (d) smectic A phase on cooling from
isotropic liquid of CDP-O, (e) smectic A phase on heating to isotropic liquid of CDP-N and (f) smectic A phase on cooling from
isotropic liquid of CDP-N (cross polarizer magnification × 50).
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