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Ferroelectric properties in liquid crystals are no longer restricted to materials with a chiral
molecular structure; ferroelectricity has been observed in a smectic phase formed by bent
achiral molecules. Accordingly, two homologous series possessing a central biphenyl methane
core have been synthesized, the central core having two lateral fluoro substituents. Both the
series have six-ring structures and exhibit smectic mesophases of high thermal stability. The
flexible biphenyl methane core imparts a slight curve to the molecules, giving them a bent
shape.

1. Introduction

Non-conventional liquid crystals with molecules

deviating from the classical rigid rod shape are a recent

field of interest [1–6]. Banana-shaped molecules are being

synthesized because of their associated ferroelectric

properties [7, 8]. Biphenylmethane derivatives have not

been studied extensively, as normally such central cores

are not very conducive to mesomorphic properties. In the

present work, however, two series of biphenylmethane

derivatives with lateral fluoro substituents and having six

benzene rings have been synthesized and their meso-

morphic properties evaluated.

2. Experimental

2.1. Synthesis

The syntheses of series I and II compounds are

outlined in schemes 1 and 2, respectively.

2.1.1. 4-n-Alkoxybenzoic acids and 4-n-alkoxybenzoyl

chlorides

These were synthesized by the method of Dave and

Vora [9]. The transition temperatures were in good

agreement with reported values.

2.1.2. 4-(4-n-Alkoxybenzoyloxy)benzaldehydes

These were synthesized by the method of Dave and

Kurian [10]. Again, transition temperatures were in

good agreement with reported values.

2.1.3. 4,4-diamino-3,3-difluorobiphenylmethane

A mixture of 20ml hydrochloric acid and 40ml water

was added to 10ml (0.09mol) of 2-fluoroaniline in a

beaker heated on a water-bath with constant stirring.

After the reaction mixture had reached 60‡C, 45ml of

3% formaldehyde solution was added drop-wise and

with constant stirring. The reaction mixture was heated

at 65‡C for 2 h with constant stirring and was then

allowed to cool to room temperature. Ice-cold water

was added to the reaction mixture to lower its tem-
perature; it was then neutralized with 10% sodium

hydroxide solution. The precipitate obtained was filtered,

washed with water and dried; crude 4,4’-diamino-3,3’-
difluorobiphenylmethane was purified by crystallization

from methanol; m.p.~70‡C.

2.1.4. Synthesis of Schiff’s bases containing two lateral

fluoro substituents (series I)

Twelve homologues (methoxy – n-hexadecyloxy)

were synthesized by condensation of 4,4’-diamino-3,3’-
difluorobiphenylmethane (0.01mol) with the required 4-

(4’-n-alkoxybenzoyloxy)benzaldehyde (0.02mol) in ethanol.

The reaction mixture was heated at reflux for 3 h on a

sand bath. The reaction mass was cooled and the solid

obtained was filtered to obtain the crude Schiff’s base.

Crude Schiff’s bases were purified by recrystallization
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from ethanol/ethyl acetate until constant transition

temperatures were obtained. The methoxy derivative is

non-mesogenic; the ethoxy – n-hexadecyloxy derivatives

all exhibit smectic mesophases. The compounds were

characterized by elemental analysis, IR and NMR

spectroscopy. The transition temperatures were deter-

mined by using a Leitz Labourlux 12 POL polarizing

microscope with a heating stage, and are reported in

table 1. Elemental analysis, IR and NMR spectroscopy

data are given in tables 2 and 3. The purity of the

mesogens was confirmed by TLC (Merck). From their

texture the smectic mesophases appears to be smectic

A. This was confirmed by the contact method and

miscibility studies.

Scheme 1. Synthetic route for series I compounds.
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2.1.5. Synthesis of azo-esters (series II)

Azo dye D1, methylene bis-(3-fluoro-4-

hydroxyazobenzene), was synthesized by diazotisation

of 4,4’-diamino-3,3’-difluorobiphenylmethane followed

by coupling with phenol [11]. Crude dye D1 was

purified by crystallization from ethanol; m.p.~113‡C.

Scheme 2. Synthetic route for series II compounds.
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A homologous series of azo-esters (methoxy–n-

hexadecyloxy) was synthesized from the azo dye D1

and the required 4-n-alkoxybenzoyl chlorides.

Dye D1 (0.01mol) was dissolved in 10ml of dry

pyridine and added to the cold 4-n-alkoxybenzoyl

chloride (0.02mol) slowly and with stirring. The

reaction mixture was heated gently on a water bath

for half an hour and left overnight. The contents were

poured into cold 1:1 hydrochloric acid to obtain the

crude azo-ester. The azo-esters were filtered, washed

with water, 10% sodium hydroxide and again with

water. They were recrystallized from DMF until

constant transition temperatures were obtained. The

methoxy and n-propyloxy derivatives are non-

mesogenic; the ethoxy – n-hexadecyloxy derivatives all

exhibit enantiotropic smectic mesophase. The com-

pounds were characterized as described in §2.1.4.

Transition temperatures are reported in table 4;

elemental analysis, IR and NMR spectroscopy data

are given in tables 5 and 6. From their texture, the

smectic mesophases appear to be smectic A. This was

confirmed by the contact method and miscibility

studies.

Table 3. Spectral data for the n-pentyl homologue of series I.

Proton NMR Spectra (CDCl3, 200MHz, d ppm, standard TMS).

0.9 d (t, 6H, 26CH3 of alkoxy chain at C1 & C1);
1.2–1.9 d (m, 12H, 66CH2 of alkoxy chain at C1 and C1);
3.66–4.15 d (m, 6H, 26OCH2 of alkoxy chain at C1 and C1’ overlapped with two central methylene protons);
7.0 d (d, J~8.9Hz, 4H of C2, C6, C2’ and C6’);
7.08–7.16 d (m, 4H of C14, C15, C14’ and C15’);
7.35 d (d, J~8.5Hz, 4H of C8, C12, C8’ and C12’);
8.0 d (d, J~8.6Hz, 4H of C9, C11, C9’ and C11’);
8.15 d (d, J~8.8Hz, 4H of C3, C5, C3’ and C5’);
8.54 d (s, 2H of two azomethine protons).

FTIR (KBr) Spectra: bending and stretching vibrations cm21.

3414.35, 2933.20, 1732.73, 1630.52, 1605.45(–CH–N–), 1509.99, 1318.11, 1258.32, 1203.36, 1170.58, 1115.62, 1071.26, 1014.37,
882.27, 845.63, 762.71, 587.61, 516.83.

Table 1. Transition temperatures of series I compounds.

Compound R~n-alkyl group

Transition temperatures /‡C

Smectic Isotropic

I/1 Methyl — 212.0
I/2 Ethyl (192.0)a 205.0
I/3 Propyl (194.0) 200.0
I/4 Butyl 161.0 204.0
I/5 Pentyl 144.0 203.0
I/6 Hexyl 145.0 196.0
I/7 Heptyl 141.0 183.0
I/8 Octyl 115.0 185.0
I/9 Decyl 125.0 182.0
I/10 Dodecyl 145.0 176.0
I/11 Tetradecyl 113.0 173.0
I/12 Hexadecyl 111.0 173.0

aValues in parenthesis indicate monotropy.

Table 2. Elemental analysis of some series I compounds.

Compound Homologue

Required % Found %

C H N C H N

I/1 n-Pentyl 74.45 5.84 3.41 74.13 5.74 3.09
I/2 n-Octyl 75.5 6.62 3.10 75.10 7.0 2.94
I/3 n-Decyl 76.1 7.1 2.91 76.31 7.09 3.22
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2.2. Electro-optic investigation

Cells were constructed with conducting plates and

having a uniform thickness. They were pretreated with

polymide and unidirectionally rubbed to obtain homo-

geneous alignment. A sample of the compound was

introduced by capillary action at about 100‡C. The

temperature was controlled to an accuracy of 0.1‡C
using a Linkam temperature controller model TP94 and

THMS 600. Observations were made via an Olympus

polarizing microscope model BX5IP at 10X. The whole

set-up was interfaced with a computer, and textures

were recorded using LINsys software. The sample was

cooled at a rate of 0.1‡Cmin21 from the isotropic

liquid and heated at a rate of 3–5‡Cmin21. On applying

a triangular voltage, at a relatively high threshold the

electric field showed some switching by the material.

The spontaneous polarization was very small and could

not be measured.

The sample of compound showed an SmA phase

at 135‡C and then a chiral smectic (ferroelectric)

phase was obtained. In an applied electric field it

showed a switching effect and ferroelectric beha-

viour. However, spontaneous polarization was very

small.

Table 4. Transition temperatures of series II compounds.

Compound R~n-alkyl group

Transition Temperatures ‡C

Smectic Isotropic

II/1 Methyl — 190.0
II/2 Ethyl (178.0)a 202.0
II/3 Propyl — 185.0
II/4 Butyl (159.0) 200.0
II/5 Pentyl (147.0) 167.0
II/6 Hexyl 156.0 174.0
II/7 Heptyl 139.0 144.0
II/8 Octyl 124.0 176.0
II/9 Decyl 119.0 154.0
II/10 Dodecyl 105.0 134.0
II/11 Tetradecyl 116.0 141.0
II/12 Hexadecyl 81.0 110.0

aValues in parentheses indicate monotropy.

Table 5. Elemental analysis of some series II compounds.

Compound Homologue

Required % Found %

C H N C H N

II/1 n-Pentyl 71.36 5.60 6.80 70.91 5.24 7.21
II/2 n-Octyl 72.68 6.39 6.17 72.21 6.17 5.87
II/3 n-Decyl 73.6 6.65 5.82 73.58 6.39 6.29

Table 6. Spectral date for the n-octyl homologue of series II.

Proton NMR spectra (CDCl3, 200MHz, d ppm, standard TMS).

0.9 d (t, 6H, 26CH3 of alkoxy chain at C1 and C1’);
1.2–1.9 d (m, 24H, 126CH2 of alkoxy chain at C1 and C1’);
4.05 d (t, 4H, 26OCH2 of alkoxy chain at C1 and C1’);
4.1 d (s, 2H of central methylene protons);
7.0 d (d, J~8.9Hz, 4H, of C2, C6, C2’ and C6’);
7.05–7.15 d (m, 4H at C14, C15, C14’ and C15’);
7.35 d (d, J~8.8Hz of 4H at C8, C12, C8’ and C12’);
8.05 d (d, J~8.8Hz of 4H at C9, C11, C9’ and C11’);
8.15 d (d, J~8.8Hz of 4H at C3, C5, C3’ and C5’).

FTIR (KBr) Spectra: bending and stretching vibrations cm21.

3414.35, 2924.52, 1729.83, 1607.38(–N–N–), 1509.99, 1421.28, 1318.11, 1259.29, 1198.54, 1165.76, 1058.73, 880.35, 778.14, 515.86,
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3. Reaults and discussion

Two homologous series of compounds containing

a biphenylmethane central core with lateral fluoro

substituents were synthesized to evaluate the effect of

such a semi-flexible linkage on mesomorphism. Series I

compounds, possessing azomethine and ester linkages,

exhibit smectic phases from the ethoxy derivative

onwards. All the homologues are thermally stable

and, even though the system has six benzene rings

with lateral fluoro substituents, no decomposition is

observed. Series II compounds, having azo and ester

linkages, exhibit smectic mesophases from the second

member onwards. The homologues are thermally very

stable.

The presence of the flexible methylene group may

impart a slight curvature or bend [6] to the molecules.

The bent structure, if present, may impart ferroelec-

tricity and antiferroelectricity which should not be

restricted to chiral tilted phases [8–11]. These molecules

represent a new sub-group of thermotropic liquid

crystals different from classical types such as calamitic

and discotics. Both series exhibit smectic mesophases,

even though lateral substituents are present. Banana-

shaped molecules are known to exhibit smectic meso-

phases because of the close packing of one molecule

into the curvature of another; the two fluoro sub-

stituents, because of their small size, may not disrupt

the molecular packing and hence series I and II exhibit

smectic mesophases. The mesophase thermal stabilities

of the present series I and II are compared with those

of the unfluorinated series A. The average thermal

stability of the series is recorded in table 7. The

geometry of all the series is given in the figure.

The average smectic thermal stabilities of series I

compounds is slightly higher than those of series II

compounds. This can be attributed to the more polari-

zable nature of the azomethine linkage as compared

with the azo linkage. The average smectic thermal

stabilities of series I and II are lower than those of

series A. This is due to the presence of the two lateral

fluoros substituents of series I and II.

Reference to table 3 indicates that there is a small

difference of 15‡C in the average smectic thermal

stability of series I and A [6]. This is quite surprising,

since in bent molecules the two lateral fluoro sub-

stituents should have an adverse effect on smectic

mesophases. The comparison indicates that the mole-

cules of series I probably arrange in smectic layers in

which the lateral fluoro substituents are accomodated.

The authors are grateful to the Dean, Faculty of

Technology and Engineering, and Head of Applied

Table 7. Average thermal stabilities of C2 and C4–C16

compounds.

Series Sm—I/‡C Commencement of smectic phase

I 187.0 Ethyl
II 152.0 Ethyl
A 202.0 Methyl

Figure 1. Structure of series I, II and reference series A compounds.
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Chemistry Department, M.S.University of Baroda, for

providing the research facility. A. V. is grateful to CSIR

for financial assistance.
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