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A symmetric hydrogen-bonded liquid crystalline complex was synthesized from 4-n-
butyloxy benzoic acid and 1,2-di-(4-pyridyl)-ethylene. The complex was analyzed by
optical polarizing microscopy, differential scanning calorimetery, and thermal gravi-
metric analysis. The existence of hydrogen-bonding for the complex was confirmed by
Fourier transform infrared spectroscopy and x-ray crystallography. The liquid crys-
talline complex crystallizes with a triclinic space group P1with the parameters a =
7.3331(4) Å, b = 9.0701(4) Å, c = 11.6957(5) Å and α = 81.896(4)◦, β = 79.239(4)◦,
and γ = 85.652(4)◦.

Keywords Hydrogen bonding; smectic A phase; p-n-alkoxy benzoic acid; phase tran-
sition

1. Introduction

Liquid crystalline materials, also known as functional materials, are known for their sta-
bility, directionality, and dynamic nature due to their alignment in presence of external
fields like magnetic or electric field. This leads to their applications in display devices.
In addition to it, new properties can arise from ordering the liquid crystalline materials
through noncovalent interactions. In particular, the use of hydrogen bond, as a nonco-
valent interaction, can be an important tool in construction and ordering of mesogenic
materials which has now gained much importance in many areas of chemical and bio-
logical processes, such as, molecular recognition and self-assembly [1]. Hydrogen bond
interactions are stronger than van der Waals interactions [2]; they can bring about a self-
assembly of supramolecular aggregates [3, 4]. In recent years, much attention has been
paid to the development of several supramolecular mesogenic materials via molecular
self assembly through hydrogen bonding [5–12]. Earlier, Bradfield et al. [13] and Gray

∗Address correspondence to Rajinder K. Bamezai, Department of Chemistry, University of
Jammu, Jammu 180006, India. E-mail: rkb10@rediffmail.com

Color versions of one or more of the figures in the article can be found online at
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136 A. Sambyal et al.

and Jones [14] found that hydrogen bonding in 4-substituted benzoic acids can induce
the formation of liquid crystalline phases. However, their study was restricted to single
component systems. Kato and Frechet [15] were the first to demonstrate that hydrogen
bonding between carboxylic group and pyridyl moieties was useful for the formation of
supramolecular hydrogen-bonded associates. Subsequently, in most of the reported hydro-
gen bonded complexes, 4-alkyl benzoic acids and 4-alkoxy benzoic acids have been widely
used as potential proton donors, whereas 4,4′-bipyridine has been used as potential proton
acceptor. Since scanty information on the liquid crystal behavior of the hydrogen bonded
liquid crystals derived from 1,2-di-(4-pyridyl)-ethylene is available in the literature [16,
17], the present investigation was carried out. Herein, we describe the phase behavior of
hydrogen-bonded liquid crystalline complex obtained from 4-n-butyloxy benzoic acid and
1,2-di-(4-pyridyl)-ethylene. The presence of hydrogen bond in this complex was verified
by FTIR and X-ray diffraction studies and the liquid crystalline properties were estab-
lished through polarizing optical microscope, differential scanning calorimeter, and thermal
analysis.

2. Materials and Methods

All chemicals were commercially available from Sigma Aldrich (analar grade) and used
without further purification. The intermolecular hydrogen bonded complex (3) was synthe-
sized by stirring 4-butyloxy benzoic acid (1) (BOBA: 0.30 mmoles) and 1, 2-di-(4-pyridyl)-
ethylene (2) (DPE: 0.30 mmoles) in dry dimethyl formamide (DMF), at room temperature,
for about 24 hr. The mixture was left as such for 12 hr. A colorless compound was obtained
by slow evaporation of the DMF solution at room temperature, followed by drying under
vacuum. The yield of the complex was 90%.

The optical textures were observed using Leitz polarizing microscope (POM) with
Mettler hot stage. The IR spectrum was recorded on Perkin Elmer FTIR spectrophotometer.
The differential scanning curves (DSC) were obtained using Perkin Elmer instrument,
while the thermal analysis (TA) results, namely, differential thermal analysis and thermal
gravimetric analysis (DTA and TGA), were obtained from Linesis thermal analyzer using
a scanning rate of 5◦C min−1 in each case.

The x-ray intensity data of 25703 reflections (5871 being unique ones) of the crystals
were collected at 293 K using X’calibur CCD area-detector diffractometer (Oxford diffrac-
tion make, UK) equipped with graphite monochromatic MoKα radiation (λ = 0.71073 Å)
operating at 50 kV and 30 mA. The structure was solved by direct methods and successive
difference map (SHELXS-97) and refined by full-matrix least-square F2 using all unique
data (SHELXL-97) [18]. The crystal used for data collection was of dimensions 0.3 ×
0.2 × 0.2 mm3.
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Studies of an Intermolecular Hydrogen-Bonded Complex 137

Plate 1. Marbled textures of nematic phase at 175.0◦C.

Plate 2. Focal conic fan-shaped textures of smectic A phase at 160.0◦C.
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138 A. Sambyal et al.

Figure 1. Differential scanning curve of complex obtained upon heating and cooling at the rate of
5◦C min−1.

3. Results and Discussion

3.1. POM, DSC, and TA Studies

DPE (2) is nonmesomorphic which melts directly to isotropic liquid at 152◦C, while BOBA
(1) shows a nematic phase in the range from 147–160◦C. The mesomorphic behavior of
the complex (3) was studied using POM, DSC, and TA studies. The POM studies, on
heating, revealed textures [19] similar to smectic A phase at 147.8◦C which then changed

Figure 2. DTA and TGA curves of the complex obtained upon heating only at the rate of 5◦C min−1.
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Studies of an Intermolecular Hydrogen-Bonded Complex 139

Figure 3. FTIR spectra of the complex.

to nematic phase at about 171.0◦C followed by transition into the isotropic state at 178.8◦C.
During cooling, the nematic marbled textures (Plate 1) appeared which at lower temperature
converted into focal conic fan shaped textures (Plate 2).

The phase transition temperature observed through POM is found to be enantiotropic
one and in agreement with DSC (Fig. 1). The thermogram in the heating cycle shows two
well-defined endothermic peaks at 147.8◦C and 178.7◦C with enthalpy change values as
97.12 and 6.05 Jg−1, respectively. These two peaks correspond to the crystal to smectic
A and nematic to isotropic phase transitions. The transition from smectic A to nematic
phase is accompanied with very small change in heat flow at about 170.0◦C, and hence
the enthalpy change could not be evaluated in the heating or in the cooling mode. In
the subsequent cooling cycle, there were four exothermic peaks possessing the transitions,
namely, isotropic to nematic, smectic A to crystal followed by two crystal to crystal changes
at 176.45◦C, 139.62◦C, 129.94◦C, and 97.19◦C, respectively; the corresponding enthalpy
values being 6.82, 33.91, 10.68, and 34.04 Jg−1.

The DSC scan agreed well with the data obtained from DTA (Fig. 2). The interesting
feature of DTA is that the transition from smectic A to nematic phase was resolved in this

Figure 4. ORTEP view of the complex. Hydrogen atoms are shown as small spheres of arbitrary
radii.
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140 A. Sambyal et al.

Table 1. Crystal data and other experimental details

CCDC no. 963048

Chemical formula C34 H38N2O6

Crystal description Block shaped
Crystal color White
Crystal size 0.3 × 0.2 × 0.2 mm3

Formula weight 570.66
Crystal system Triclinic
Space group P1
Unit cell volume 755.61(6)
No. of molecules per unit cell, Z 2
Unit cell dimensions a = 7.3331(4), b = 9.0701(4),

c = 11.6957(5) [Å]
α = 81.896(4)◦, β = 79.239(4)◦,
γ = 85.652(4)◦

dc, g cm–3 1.254
Temperature 293(2)
Absorption coefficient 0.086 mm−1

F(000) 304
Scan mode ω scan
θ Range for entire data collection 3.54 < θ < 26.00◦

Range of indices h = −9 to 9, k = −11 to 11, l = −14 to 14
Reflections collected/unique 25703 / 5871
No. of parameters refined 381
Reflections observed (I > 2σ (I)) 3501
Rint 0.0529
Rsigma 0.0479
Final R 0.0532
wR(F2) 0.1317
Goodness-of-fit 0.980
(	/σ )max 0.208e Å−3

Final residual electron density −0.187 < 	ρ < 0.208e Å−3

case and the peak temperature observed were 147.7◦C (Cr to Sm A; 	H = 86.83 Jg−1,
	Cp = 0.82 Jg−1K−1), 169.2◦C (Sm A–N; 	H = 0.42 Jg−1, 	Cp = 0.54 Jg−1K−1), and
178.8◦C (N–I; 	H = 6.97 Jg−1, 	Cp = 0.39 Jg−1K−1). Thus, the transition temperature
and change in enthalpy parameters evaluated from DSC and DTA techniques agreed well
with each other.

Simultaneously, the stability of the complex was also viewed through TGA studies,
depicted in Fig. 2, as change in relative mass [dM-rel,%] versus function of tempera-
ture. The TGA curve reveals the hydrogen bonded complex to be quite stable in going
from room temperature to the isotropic change; the total weight loss being only 4.8% till
175.0◦C, that is, very near to the isotropic state followed by a rapid loss of 11.2% till
193.9◦C.
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Studies of an Intermolecular Hydrogen-Bonded Complex 141

Table 2. Atomic coordinates and equivalent isotropic thermal parameter (Å2) for non-
hydrogen atoms (e.s.d’s are given in parentheses)

Atom x Y z ueq
∗

C1 1.1682(10) −0.2637(7) 0.4474(7) 0.074(2)
C2 1.0931(9) −0.1173(6) 0.4590(6) 0.0643(18)
C3 1.0963(8) −0.0621(6) 0.5633(5) 0.0540(16)
C4 1.1709(9) −0.1516(5) 0.6461(5) 0.0581(17)
C5 1.2440(10) −0.2930(6) 0.6268(6) 0.0643(18)
C6 1.0152(8) 0.0921(5) 0.5735(6) 0.0534(15)
C7 0.9929(9) 0.1580(6) 0.6689(6) 0.0569(17)
C8 0.9197(8) 0.3072(5) 0.6843(5) 0.0468(14)
C9 0.9194(8) 0.3700(6) 0.7848(5) 0.0570(16)
C10 0.8496(9) 0.5099(6) 0.7967(5) 0.0590(16)
C12 0.7701(10) 0.5392(6) 0.6155(6) 0.0701(18)
C13 0.8407(10) 0.3986(6) 0.5963(6) 0.0721(19)
C14 0.6522(8) 0.9099(6) 0.8475(5) 0.0517(15)
C15 0.5659(8) 1.0591(5) 0.8632(5) 0.0445(14)
C16 0.5842(8) 1.1276(5) 0.9564(5) 0.0505(14)
C17 0.5023(8) 1.2697(5) 0.9715(5) 0.0523(14)
C18 0.4092(8) 1.3437(5) 0.8886(5) 0.0495(14)
C19 0.3890(8) 1.2810(5) 0.7940(5) 0.0507(14)
C20 0.4692(8) 1.1334(6) 0.7807(5) 0.0503(15)
C21 0.3371(9) 1.5637(6) 0.9881(5) 0.0563(16)
C22 0.2267(9) 1.7068(6) 0.9765(6) 0.0613(17)
C23 0.2242(10) 1.7957(6) 1.0783(5) 0.0638(17)
C24 0.1127(11) 1.9407(8) 1.0669(8) 0.091(3)
C25 1.3586(9) −0.6568(6) 0.3920(5) 0.0612(16)
C26 1.4452(8) −0.8118(6) 0.3807(5) 0.0519(15)
C27 1.5456(9) −0.8907(7) 0.4610(5) 0.0591(17)
C28 1.6194(8) −1.0235(6) 0.4504(5) 0.0604(16)
C29 1.6050(8) −1.0955(6) 0.3526(5) 0.0536(15)
C30 1.5049(9) −1.0192(6) 0.2700(5) 0.0637(17)
C31 1.4279(9) −0.8799(6) 0.2834(5) 0.0611(16)
C32 1.6764(9) −1.3078(6) 0.2492(6) 0.0643(17)
C33 1.7890(9) −1.4567(6) 0.2664(6) 0.0624(18)
C34 1.7915(11) −1.5440(7) 0.1673(6) 0.085(2)
C35 1.9043(11) −1.6916(7) 0.1746(8) 0.092(3)
N2 0.7734(7) 0.5929(5) 0.7152(4) 0.0580(13)
N9 1.2420(8) −0.3519(5) 0.5292(5) 0.0626(14)
O1 0.6273(7) 0.8615(4) 0.7516(4) 0.0706(13)
O2 0.7352(7) 0.8344(5) 0.9207(4) 0.0810(14)
O3 0.3230(5) 1.4840(4) 0.8934(4) 0.0629(12)
O4 1.3795(7) −0.6112(5) 0.4911(4) 0.0768(14)
O5 1.6880(6) −1.2331(4) 0.3483(4) 0.0672(13)
O6 1.2814(8) −0.5853(5) 0.3231(5) 0.0893(15)
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142 A. Sambyal et al.

Table 3. Bond lengths [A◦] of non-hydrogen atoms (e.s.d’s are given in parenthesis)

Atoms Bond length [A◦] Atoms Bond length [A◦]

C(6)-C(7) 1.316(3) C(6)-C(3) 1.489(7)
C(15)-C(16) 1.360(7) C(15)-C(20) 1.374(8)
C(15)-C(14) 1.470(7) C(26)-C(27) 1.388(8)
C(26)-C(31) 1.399(7) C(26)-C(25) 1.511(8)
C(4)-C(3) 1.343(9) C(4)-C(5) 1.384(7)
C(29)-O(5) 1.350(6) C(29)-C(30) 1.397(8)
C(29)-C(28) 1.419(7) C(8)-C(9) 1.376(8)
C(8)-C(13) 1.411(8) C(8)-C(7) 1.441(7)
N(9)-C(5) 1.329(8) N(9)-C(1) 1.327(9)
O(3)-C(18) 1.382(5) O(3)-C(21) 1.428(7)
C(2)-C(3) 1.387(9) C(2)-C(1) 1.413(8)
C(25)-O(6) 1.166(8) C(25)-O(4) 1.322(8)
C(17)-C(18) 1.360(8) C(17)-C(16) 1.400(7)
C(18)-C(19) 1.348(7) C(27)-C(28) 1.295(8)
C(19)-C(20) 1.438(7) C(31)-C(30) 1.362(8)
C(32)-O(5) 1.441(7) C(32)-C(33) 1.538(8)
C(10)-N(2) 1.311(8) C(10)-C(9) 1.347(7)
O(1)-C(14) 1.309(7) C(22)-C(21) 1.480(8)
C(22)-C(23) 1.526(7) N(2)-C(12) 1.331(8)
O(2)-C(14) 1.241(7) C(23)-C(24) 1.497(9)
C(12)-C(13) 1.372 C(33)-C(34) 1.489(9)
C(34)-C(35) 1.520(9)

3.2 FTIR Studies

It is well documented that in the infra red spectra the free alkoxy benzoic acid displays
two sharp bands at 1685 and 1695 cm−1, due to the carbonyl and a strong intense band
at υmax 3032 cm−1 due to hydroxyl of carboxylic acid group [20]. From this, it is also
concluded that the carboxylic acid exists as a dimer at room temperature. The IR spectra
of the complex (Fig. 3), recorded in the solid state (KBr) at room temperature, exhibits
characteristic absorption bands at υmax 3437 (carboxylic O H), 2948 (C H stretching),
2871(H N: hydrogen bond), 2376 (C N of the pyridine ring), 1695 (conjugated C O)
and 1597, 1518, and 1243 (CH CH) cm−1, in addition to the other expected aromatic
absorption bands. The appearance of sharp bands corresponding to carboxylic O H and
H N hydrogen bond substantiates the observation, initially gathered from POM, DSC, and
DTA studies, that the complex 3 results due to the formation of hydrogen bond between
BOBA (donor) and DPE (acceptor) moieties.

3.3. XRD Studies

The structure as also the presence of intermolecular hydrogen bonding in the complex 3 was
further confirmed by XRD studies. An ORTEP view of the complex with atomic labeling is
represented in Fig. 4. The crystal data and other experimental details are shown in Table 1.
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Studies of an Intermolecular Hydrogen-Bonded Complex 143

Table 4. Bond angles of non-hydrogen atoms (e.s.d’s are given in parentheses)

Atoms Bond angle [◦] Atoms Bond angle [◦]

C(7)-C(6)-C(3) 125.0(4) C(16)-C(15)-C(20) 118.9(4)
C(16)-C(15)-C(14) 121.3(5) C(20)-C(15)-C(14) 119.7(5)
C(27)-C(26)-C(31) 117.4(5) C(27)-C(26)-C(25) 123.5(5)
C(31)-C(26)-C(25) 119.1(5) C(3)-C(4)-C(5) 120.9(5)
O(5)-C(29)-C(30) 125.7(5) O(5)-C(29)-C(28) 116.8(5)
C(30)-C(29)-C(28) 117.5(5) C(9)-C(8)-C(13) 115.4(5)
C(9)-C(8)-C(7) 123.1(5) C(13)-C(8)-C(7) 121.5(5)
C(5)-N(9)-C(1) 115.3(6) C(18)-O(3)-C(21) 119.4(4)
C(3)-C(2)-C(1) 117.7(6) O(6)-C(25)-O(4) 123.5(6)
O(6)-C(25)-C(26) 124.9(6) O(4)-C(25)-C(26) 111.7(5)
C(18)-C(17)-C(16) 119.3(4) C(19)-C(18)-C(17) 121.4(4)
C(19)-C(18)-O(3) 113.8(5) C(17)-C(18)-O(3) 124.7(5)
C(28)-C(27)-C(26) 123.0(5) C(18)-C(19)-C(20) 119.0(5)
C(30)-C(31)-C(26) 120.7(6) O(5)-C(32)-C(33) 105.7(5)
N(2)-C(10)-C(9) 122.4(5) C(6)-C(7)-C(8) 128.0(4)
C(21)-C(22)-C(23) 112.7(5) C(29)-O(5)-C(32) 117.7(5)
C(15)-C(16)-C(17) 121.4(5) C(10)-N(2)-C(12) 119.0(5)
C(27)-C(28)-C(29) 121.0(6) C(15)-C(20)-C(19) 119.9(5)
N(9)-C(5)-C(4) 123.8(5) C(24)-C(23)-C(22) 112.9(6)
C(4)- C(3)- C(2) 117.7(5) C(4)-C(3)-C(6) 125.7(6)
C(2)-C(3)-C(6) 116.6(6) O(3)-C(21)-C(22) 109.0(5)
N(2)-C(12)-C(13) 122.0(6) C(10)-C(9)-C(8) 121.7(5)
O(2)-C(14)-O(1) 123.0(5) O(2)-C(14)-C(15) 123.0(5)
O(1)-C(14)-C(15) 113.9(5) C(34)-C(33)-C(32) 111.0(6)
C(31)-C(30)-C(29) 120.3(5) C(12)-C(13)-C(8) 119.5(6)
C(33)-C(34)-C(35) 115.0(7) N(9)-C(1)-C(2) 124.6(7)

The position and displacement parameters (without hydrogen atoms) are given in Table 2,
while the bond lengths and bond angles are shown in Tables 3 and 4, respectively.

The dihedral angle between the two pyridine rings is 0.87(2)◦. The benzene ring in
both the molecules is coplanar with the carboxyl group. In the crystal structure, the in-
termolecular O H N hydrogen bond links the molecule into chains. The packing of the
molecule in the unit cell viewed down the “a” axis is shown in Fig. 5. From the crystal
packing, it is seen that strong O H N (i.e., donor-acceptor) intermolecular interactions
are responsible for the stability of the molecule in the unit cell. It is also evident from

Table 5. Hydrogen-bonding geometry (e.s.d’s in parentheses)

D–H . . . A D–H [Å] H . . . A [Å] D . . . A [Å] D–H . . . A [o]

O(1)-H(1) . . . ..N(2)(i) 0.82 1.83 2.644(6) 170

(i) Symmetry code: 1 + x, −1 + y, z.
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Figure 5. Packing arrangement of the complex viewed down the “a” axis. Hydrogen atoms are shown
as small spheres of arbitrary radii.

Table 5 of hydrogen bonding geometry that a large angle of the magnitude of 170º be-
tween O H N (D H A) is possible only due to the formation of hydrogen bond in the
complex.

4. Conclusion

A hydrogen-bonded complex between BOBA and DPE has been investigated using POM,
DSC, and TA studies. The complex shows, in addition to nematic phase, smectic A phase
using 1:1 mole ratio of individual components. The complex is quite stable as is envisaged
by thermal gravimetric analysis that records the total loss as only 11.2% even beyond its
isotropic point. The existence of the hydrogen bonded complex is confirmed using FTIR
and X-ray studies. The single crystal X-ray studies also demonstrate the packing mode in
the complex.
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