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Synthesis and properties of some novel fluoro-substituted liquid
crystals that contain phenyl and cyclohexyl rings linked by

ethynyl units

BING CHEN*, GUIXIANG SUN and SHOUYI XU

Department of Chemistry, Tsinghua University, Beijing, 100084, PR China

(Received 23 September 2003; accepted 12 November 2003 )

Seven homologous series of some novel fluoro-substituted liquid crystals that contain phenyl
and cyclohexyl or bicyclohexyl rings linked by ethynyl units were prepared and characterized.
Textural observations by polarizing microscopy and DSC measurements of the phase
transitions show that most of these compounds are thermotropic liquid crystals with a
nematic phase or nematic, smectic A and smectic B phases; series A, C’ and D’ exhibit only a
wide temperature range (w90‡C) nematic phase. The mesomorphic phase stabilities of the
four series A’, B’, C’ and D’ are higher than their thermal stabilities. For these compounds,
no clearing points were observed before decomposition. The dielectric anisotropy (De) and
birefringence (Dn) of some target compounds were determined. These compounds exhibit
moderate De and large Dn.

1. Introduction

High birefringence (Dn) liquid crystals are particu-

larly useful not only in conventional display devices

such as STN-LCDs, but also in flat panel liquid crystal

displays such as PDLCDs, cholesterics, holographic

switching devices and directional reflectors, that operate

by reflecting or scattering mechanisms [1–6]. In addi-

tion, these materials are thought to have application

potential in laser beam steering and infrared spatial

modulators [7, 8]. As a result of these applications, a

number of high Dn liquid crystalline compounds [9–13]

have been studied in recent years. Within the frame-

work of the single band model [14], the Dn of a liquid

crystalline compound is determined mainly by its mole-

cular conjugation, differential oscillator strength and

order parameter. Molecules that contain high polariz-

ability groups with high electron density, such as

benzene rings or acetylene linking groups, will therefore

have a large optical anisotropy.

It is known that the fluorine atom is ideal in that it

combines the properties of having a large electronega-

tivity and small size so that fluorination has a dramatic

effect on the properties of liquid crystal molecules, for

example, giving reduced viscosity and adjusted dielec-

tric anisotropy. Although cyclohexyl or bicyclohexyl

groups in liquid crystal molecules may be disadvanta-

geous to obtaining high birefringence materials, at the

same time they can reduce viscosity, increase the

clearing point and enhance solubility. Thus in order

to obtain high birefringence liquid crystal materials

with good general properties, under the condition that

the liquid crystal molecules designed have a long linear

conjugation length, this study introduced a cyclohexyl

or a bicyclohexyl group into a molecular core and

synthesized new fluorinated liquid crystals. The general

structures studied are shown in scheme 1.

2. Experimental

2.1. Characterization techniques

The structures of the final products and intermediates

were confirmed by infrared spectroscopy (Nicolet 560

spectrophotometer), 1H NMR spectroscopy (Bruker

*Author for correspondence;
e-mail: chenbing00@mails.tsinghua.edu.cn Scheme 1. The structures of the target compounds.
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300 spectrometer, with spectra recorded in CDCl3
using TMS as an internal standard; the J values are

given in Hz), and by mass spectroscopy (AEIMS-50

SD90 spectrometer). The purity of each final com-

pound (tables 1 and 2) was determined by HPLC

(Hypersil OD52 C18 Reverse Phase Column

25064.6mm) and all were found to be w99% pure.

Elemental analysis for carbon and hydrogen was

conducted on a Heraeus CHN-O-Rapid elemental

analyser. The phase transition temperatures of the

target compounds were determined by polarizing

optical microscopy using an Olympus PM-10AD

microscope fitted with a Mettler FP-80 heating stage

and an FP-82 control unit, and by differential scanning

calorimetry (Mettler DTA TA-2010 DSC, with a

heating and cooling rate of 10‡Cmin21). Phase

identification was made by comparing the observed

textures with those reported in the literature [15, 16].

Decomposition temperatures were determined on a

2050 Thermogravimetric Analyser.

2.2. Synthesis

The synthesis of the target molecules is outlined

in scheme 2. All homologues were prepared using the

same methods, therefore the general experimental

procedures are illustrated using compounds A2, B2,

C2, A’2, B’2, C’2, D’2 as examples.

2.2.1. Trans-4-ethylcyclohexylmethanol (2a)
A solution of 1a (78.0 g, 0.5mol) in dry THF (400ml)

was added dropwise to a stirred suspension of

LiAlH4 (38.0 g, 1.0mol) in dry THF (400ml) below

0‡C. The reaction mixture was stirred for 2 h at room

temperature. A solution of potassium sodium tartrate

(84 g, 0.4mol) in H2O (300ml) was added dropwise

to the reaction mixture; the mixture was filtered,

and the insoluble fraction washed with THF. The

combined organic layer was dried (Na2SO4). The solvent

was removed in vacuo, and the residue purified by

distillation under reduced pressure. Yield 63.1 g (88.9%),

b.p. 78–80‡C/0.5mmHg. 1H NMR (d): 0.85–1.19 (10H,

m), 1.23–1.33 (2H, m), 1.67–1.79 (4H, m), 3.44–3.46 (2H,

d, J~6.3). IR nmax (film, cm21): 3266, 2908, 2844, 1452,

1376, 1222, 1072, 977, 894, 757.

2.2.2. Trans, trans-4-ethylcyclohexylcyclohexylmethanol

(2e)
The experimental procedure was the same as for the

preparation of compound 2a. The following quantities

were used: compound 1e (119 g, 0.5mol) and LiAlH4

(38.0 g, 1.0mol). The product was purified by recrys-

tallization from aqueous ethanol. Yield 101.9 g (91.2%),

m.p. 121.3‡C. 1H NMR (d): 0.83–1.21 (16H, m),

1.26–1.39 (2H, m), 1.66–1.82 (8H, m), 3.45–3.48 (2H,

d, J~6.4). IR nmax (KBr disc, cm21): 3339, 2958, 2921,

2863, 1436, 1224, 1042, 981, 876, 775.

2.2.3. Trans-4-ethylcyclohexylmethanal (3a)
A solution of compound 2a (61.2 g, 0.43mol) in dry

CH2Cl2 (150ml) was added to a stirred suspension of

pyridinium chlorochromate (PCC, 139.2 g, 0.64mol) in

dry CH2Cl2 (400ml) at room temperature. The reaction

mixture was stirred for 2 h, and then dry ether (500ml)

was added, and the mixture stirred for 5min. The

mixture stood for 1 h, and the solution was then poured

off. The insoluble residue was washed with dry ether

(36100ml). The combined organic solution was concen-

trated, and the residue purified by distillation under

reduced pressure. Yield 50.4 g (82.5%), b.p. 61–63‡C/
5mmHg. 1HNMR (d): 0.83–1.22 (8H, m), 1.25–1.46 (2H,

m), 1.79–1.83 (2H, m), 1.97–2.01 (2H, m), 2.18–2.26 (1H,

m), 9.68 (1H, d, J~6.8). IR nmax (film, cm21): 2921, 2850,

1697, 1448, 1419, 1317, 1263, 1000, 958, 896, 748.

2.2.4. Trans,trans-4-ethylcyclohexylcyclohexylmethanal

(3e)
The experimental procedure was the same as for the

preparation of compound 3a. The following quantities

were used: compound 2e (89.6 g, 0.4mol) and PCC

(130.5 g, 0.6mol). Yield 75.4 g (84.2%), b.p. 120–122‡C/
1.1mmHg. 1H NMR (d): 0.81–1.24 (14H, m), 1.27–1.46

(2H, m), 1.75–1.84 (6H, m), 1.98–2.03 (2H, m), 2.19–2.26

(1H, m), 9.66 (1H, d, J~6.8). IR nmax (film, cm21): 2921,

2850, 1697, 1444, 1419, 1259, 993, 970, 900, 748.

2.2.5. Trans-4-ethylcyclohexyl-b,b’-dibromoethene (4a)
Triphenylphosphine (190.1 g, 0.73mol) was added in

portions to a stirred mixture of carbon tetrabromide

(240.7 g, 0.73mol) and zinc (47.4 g, 0.73mol) in dry

CH2Cl2 (600ml). The suspension was stirred for 24 h at

room temperature. Then compound 3a (50.4 g,

0.36mol) was added, and the mixture stirred for 3 h.

The reaction mixture was filtered, the solvent was

removed in vacuo, and the residue purified by distilla-

tion under reduced pressure. Yield 81.5 g (76.5%), b.p.

98–100‡C/1mmHg. 1H NMR (d): 0.86–1.18 (8H, m),

1.21–1.28 (2H, m), 1.77–1.81 (4H, m), 2.17–2.28 (1H,

m), 6.20–6.23 (1H, d, J~9.0). IR nmax (film, cm21):

2992, 2923, 2850, 1618, 1448, 1376, 1079, 898, 835, 767.

2.2.6. Trans,trans-4-ethylcyclohexylcyclohexyl-b,b’-
dibromoethene (4e)

The experimental procedure was the same as for the

preparation of compound 4a. The following quantities
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were used: compound 3e (66.6 g, 0.3mol), triphenylpho-

sphine (156.2 g, 0.6mol), carbon tetrabromide (197.8 g,

0.6mol) and zinc (38.9 g, 0.6mol). The product was

purified by column chromatography (silica gel, n-

hexane). Yield 88.8 g (78.2%), m.p. 43.2‡C. 1H NMR

(d): 0.83–1.19 (14H, m), 1.22–1.28 (2H, m), 1.71–1.83

Scheme 2. Synthetic route to the target compounds.
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(8H, m), 2.18–2.28 (1H, m), 6.22–6.25 (1H, d, J~9.0).

IR nmax (KBr disc, cm21): 2919, 2873, 1589, 1483, 1440,

1311, 1189, 995, 763.

2.2.7. Trans-4-ethylcyclohexylethyne (5a)
A solution of n-butyllithium in n-hexane (308.6ml,

0.56mol) was added dropwise to a stirred solution of

compound 4a (81.5 g, 0.28mol) in dry THF (600ml) at

278‡C under nitrogen. The reaction mixture was

stirred for 2 h at 278‡C, and then it was warmed to

room temperature. Water (400ml) was added to the

reaction mixture. The product was extracted into n-

hexane (26200ml) and the combined organic layers

were washed with water (26200ml) and then dried

(Na2SO4). The solvent was removed in vacuo, and the

residue purified by distillation under reduced pressure.

Yield 27.2 g (71.5%), b.p. 36–38‡C/1.1mmHg. 1H

NMR (d): 0.85–1.20 (8H, m), 1.25–1.40 (2H, m),

1.65–1.76 (3H, m), 1.97–2.02 (2H, m), 2.09–2.18 (1H,

m). IR nmax (film, cm21): 3297, 2929, 2871, 2109, 1508,

1488, 1378, 1072, 838, 642.

2.2.8. Trans,trans-4-ethylcyclohexylcyclohexylethyne

(5e)
The experimental procedure was the same as for the

preparation of compound 5a. The following quantities

were used: compound 4e (75.6 g, 0.2mol) and n-butyl-

lithium in n-hexane (220.4ml, 0.4mol). Yield 29.9 g

(68.8%), b.p. 122–124‡C/1.1mmHg. 1H NMR (d):
0.81–1.22 (14H, m), 1.26–1.40 (2H, m), 1.63–1.78 (7H,

m), 1.97–2.03 (2H, m), 2.09 –2.19 (1H, m). IR nmax (film,

cm21): 3274, 2923, 2850, 2109, 1446, 1375, 952, 894, 663.

2.2.9. 2-Methyl-4-4’-fluorophenyl-3-butyne-2-ol (9)
A solution of 6 (35.0 g, 0.2mol), dichlorobis-

(triphenylphosphine)palladium (0.6 g, 0.85mmol), CuI

(0.6 g, 3.1mmol), triphenylphosphine (1.2 g, 4.9mmol)

and triethylamine (70ml) in ethyl acetate (170ml) was

degassed by introducing nitrogen, and then 2-methyl-3-

butyne-2-ol (16.2 g, 0.2mol)was added to themixture. The

reaction mixture was stirred at 60–65‡C for 8 h. After

cooling to room temperature it was filtered, and the

insoluble fraction washed with ethyl acetate. The com-

bined organic layer was dried (Na2SO4). The solvent was

removed in vacuo, and the residue purified by distillation

under reduced pressure. Yield 28.1 g (78.9%), b.p.

96–98‡C/2mmHg. IR nmax (film, cm21): 3272, 2975,

2923, 2228, 1602, 1506, 1446, 1224, 1155, 835.

2.2.10. 2-Methyl-4-3’,4’-difluorophenyl-3-butyne-2-ol (10)
The experimental procedure was the same as for the

preparation of compound 9. The following quantities

were used: compound 7 (38.6 g, 0.2mol) and 2-methyl-

3-butyne-2-ol (16.2 g, 0.2mol). Yield 32.3 g (83.7%),

b.p. 90–92‡C/0.5mmHg. IR nmax (film, cm21): 3347,

2983, 2935, 2226, 1598, 1517, 1421, 1265, 1166, 875.

2.2.11. 2-Methyl-4-3’,4’,5’-trifluorophenyl-3-butyne-2-ol
(11)

The experimental procedure was the same as for the

preparation of compound 9. The following quantities

were used: compound 8 (42.2 g, 0.2mol) and 2-methyl-

3-butyne-2-ol (16.2 g, 0.2mol). Yield 34.1 g (80.8%),

m.p. 39.4‡C. IR nmax (KBr disc, cm21): 3365, 2991,

2938, 2222, 1621, 1525, 1431, 1280, 1156, 866.

2.2.12. 4-Fluorophenylethyne (12)
NaOH (8.0 g, 0.2mol) was added to a solution of

compound 9 (25.1 g, 0.14mol) in toluene (300ml). The

reaction mixture was heated under reflux for 4 h, it

was then cooled to room temperature and filtered. The

organic solution was dried (Na2SO4); toluene was

removed in vacuo. The crude product was purified by

distillation. Yield 11.6 g (68.8%), b.p. 126–128‡C/
760mmHg. IR nmax (film, cm21): 3297, 2137, 1602,

1515, 1446, 1157, 838, 528.

2.2.13. 3,4-Difluorophenylethyne (13)
The experimental procedure was the same as for the

preparation of compound 12. The following quantities

were used: compound 10 (27.6 g, 0.14mol) and NaOH

(8.0 g, 0.2mol). Yield 13.8 g (71.2%), b.p. 129–131‡C/
760mmHg. IR nmax (film, cm21): 3312, 2140, 1605,

1511, 1452, 1147, 845, 556.

2.2.14. 3,4,5-Trifluorophenylethyne (14)
The experimental procedure was the same as for the

preparation of compound 12. The following quantities

were used: compound 11 (29.5 g, 0.14mol) and NaOH

(8.0 g, 0.2mol). Yield 14.2 g (65.8%), b.p. 136–138‡C/
760mmHg. IR nmax (film, cm21): 3318, 2139, 1599,

1517, 1453, 1141, 843, 557.

2.2.15. 4-Bromo-4’-fluorodiphenylethyne (15)
The experimental procedure was similar to that used

for the preparation of compound 9. The following

quantities were used: compound 12 (9.6 g, 0.08mmol)

and 1-bromo-4-iodobenzene (22.7 g, 0.08mol). The

crude product was purified by column chromatography

(silica gel, n-hexane). Yield 18.1 g (82.4%), m.p.

106.7‡C. IR nmax (KBr disc, cm21): 1907, 1598, 1510,

1224, 1006, 837, 515.
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2.2.16. 4-Bromo-3’,4’-difluorodiphenylethyne (16)
The experimental procedure was the same as for

the preparation of compound 15. The following

quantities were used: compound 13 (11.0 g, 0.08mol)

and 1-bromo-4-iodobenzene (22.7 g, 0.08mol). Yield

18.6 g (80.1%), m.p. 93.8‡C. IR nmax (KBr disc, cm21):

1905, 1598, 1517, 1225, 1008, 839, 520.

2.2.17. 4-Bromo-3’,4’,5’-trifluorodiphenylethyne (17)
The experimental procedure was the same as for

the preparation of compound 15. The following

quantities were used: compound 14 (12.5 g, 0.08mol)

and 1-bromo-4-iodobenzene (22.7 g, 0.08mol). Yield

18.9 g (75.9%), m.p. 81.9‡C. IR nmax (KBr disc, cm21):

1907, 1610, 1525, 1257, 1008, 815, 526.

2.2.18. 4-Bromo-3-fluoro-3’,4’,5’-trifluorodiphenylethyne
(18)

The experimental procedure was the same as for

the preparation of compound 15. The following

quantities were used: compound 14 (12.5 g, 0.08mol)

and 1-bromo-3-fluoro-4-iodobenzene (24.1 g, 0.08mol).

Yield 20.8 g (78.9%), m.p. 68.4‡C. IR nmax (KBr disc,

cm21): 1897, 1610, 1525, 1213, 1043, 823, 524.

2.2.19. 1-[(4-Fluorophenyl)ethynyl] -4-[(trans-4-ethyl-

cyclohexyl)ethynyl]benzene (A2)

The experimental procedure was similar to that used

for the preparation of compound 9. The following

quantities were used: compound 15 (0.55 g, 2.0mmol)

and 5a (0.26 g, 2.0mmol). The product was purified by

column chromatography (silica gel, n-hexane) and then

recrystallized from ethanol. Yield 0.32 g (53.6%);

elemental analysis(%), calc. (found) for C24H23F: C

87.27 (87.12), H 6.97 (7.02); m.p. 104.9‡C. 1H NMR

(d): 0.86–1.21 (8H, m), 1.36–1.41 (2H, m), 1.74–1.78

(2H, m), 1.98–2.03 (2H, m), 2.32–2.35 (1H, m)

6.97–7.47 (8H, m). IR nmax (KBr disc, cm21): 2958,

2923, 2852, 2217, 1515, 1446, 1222, 1157, 838, 528. MS

(m/z): 330 (Mz), 248 (100%), 233, 222.

2.2.20. 1-[(3,4-Difluorophenyl)ethynyl] -4-[(trans-4-

ethylcyclohexyl)ethynyl]benzene (B2)

The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 16 (0.59 g, 2.0mmol) and 5a (0.26 g,

2.0mmol). Yield 0.47 g (62.1%); elemental analysis,

calc. (found) for C24H22F2: C 82.76 (82.71), H 6.32

(6.26); m.p. 120.3‡C. 1H NMR (d): 0.86–1.25 (8H, m),

1.41–1.45 (2H, m), 1.78–1.83 (2H, m), 2.03–2.07 (2H,

m), 2.35–2.39 (1H, m), 7.11 –7.42 (7H, m). IR nmax

(KBr disc, cm21): 2960, 2927, 2850, 2217, 1594, 1517,

1418, 1326, 948, 825, 545. MS (m/z): 348 (Mz), 266

(100%), 251, 238.

2.2.21. 1-[(3,4,5-Trifluorophenyl)ethynyl] -4-[(trans-4-

ethylcyclohexyl)ethynyl]benzene (C2)

The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 17 (0.62 g, 2.0mmol) and 5a (0.26 g,

2.0mmol). Yield 0.39 g (49.3%); elemental analysis,

calc. (found) for C24H21F3: C 78.69 (78.61), H 5.74

(5.76); m.p. 130.2‡C. 1H NMR (d): 0.85–1.24 (8H, m),

1.40–1.45 (2H, m), 1.78–1.83 (2H, m), 2.02–2.06 (2H,

m), 2.36–2.40 (1H, m), 7.10–7.42 (6H, m). IR nmax (KBr

disc, cm21): 2931, 2850, 2215, 1594, 1529, 1428, 1376,

978, 831, 547. MS (m/z): 366 (Mz), 284 (100%), 269,

256.

2.2.22. 1-[(4-Fluorophenyl)ethynyl]-4-[trans-4-(trans-4-

ethylcyclohexyl)cyclohexylethynyl]benzene (A’2)
The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 15 (0.55 g, 2.0mmol) and 5e (0.44 g,

2.0mmol). Yield 0.42 g (51.2%); elemental analysis,

calc. (found) for C30H33F: C 87.38 (87.22), H 8.01

(8.05), m.p. 120.1‡C. 1H NMR (d): 0.84–1.26 (14H, m),

1.39–1.43 (2H, m), 1.68–1.78 (6H, m), 2.05–2.09 (2H,

m), 2.33–2.38 (1H, m), 7.01 –7.52 (8H, m). IR nmax

(KBr disc, cm21): 2931, 2850, 2221, 1594, 1511, 1444,

1234, 1091, 837, 528. MS (m/z): 412 (Mz), 248 (100%),

233, 222.

2.2.23. 1-[(3,4-Difluorophenyl)ethynyl]-4-[trans-4-

(trans-4-ethylcyclohexyl)cyclohexylethynyl]-

benzene (B’2)
The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 16 (0.59 g, 2.0mmol) and 5e (0.44 g,

2.0mmol). Yield 0.35 g (40.8%); elemental analysis,

calc. (found) for C30H32F2: C 83.72 (83.63), H 7.44

(7.43); m.p. 107.8‡C. 1H NMR (d): 0.81–1.25 (14H, m),

1.35–1.43 (2H, m), 1.68–1.78 (6H, m), 2.05–2.08 (2H,

m), 2.34–2.38 (1H, m), 7.08 –7.42 (7H, m). IR nmax

(KBr disc, cm21): 2910, 2850, 2221, 1596, 1519, 1272,

1419, 1101, 835, 548. MS (m/z): 430 (Mz), 266 (100%),

251, 238.

2.2.24. 1-[(3,4,5-Trifluorophenyl)ethynyl]-4-[trans-4-

(trans-ethylcyclohexyl)cyclohexylethynyl]-

benzene (C’2)
The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 17 (0.62 g, 2.0mmol) and 5e (0.44 g,
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2.0mmol). Yield 0.43 g (47.6%); elemental analysis,

calc. (found) for C30H31F3: C 80.36 (80.32), H 6.92

(7.01); m.p. 106.4‡C. 1H NMR (d): 0.77–1.15 (14H, m),

1.32–1.50 (2H, m), 1.62–1.71 (6H, m), 1.98–2.02 (2H,

m), 2.28–2.33 (1H, m) 7.03–7.36 (6H, m). IR nmax (KBr

disc, cm21): 2931, 2850, 2217, 1610, 1529, 1430, 1255,

1053, 835, 549. MS (m/z): 448 (Mz), 284 (100%), 269,

256.

2.2.25. 1-[(3,4,5-trifluorophenyl)ethynyl]-2-fluoro-4-

[trans-4-(trans-ethylcyclohexyl)cyclohexylethynyl]-

benzene (D’2)
The experimental procedure was the same as for the

preparation of compound A2. The following quantities

were used: 18 (0.66 g, 2.0mmol) and 5e (0.44 g,

2.0mmol). Yield 0.47 g (50.2%); elemental analysis,

calc. (found) for C30H30F4: C 77.25 (77.23), H 6.44

(6.41); m.p. 105.8‡C. 1H NMR (d): 0.86–1.33 (14H, m),

1.36–1.48 (2H, m), 1.69–1.79 (6H, m), 2.06–2.10 (2H,

m), 2.29–2.36 (1H, m), 7.10 –7.40 (5H, m). IR nmax

(KBr disc, cm21): 2925, 2850, 2219, 1610, 1529, 1429,

1276, 1047, 856, 524. MS (m/z): 466 (Mz), 302 (100%),

287, 204.

3. Results and discussion

The alkyl chain lengths of the seven homologous

series reported here were restricted to n~2–5.

The phase transition temperatures of series A, B and

C are listed in table 1. Series A and B can be considered

to be derived from the corresponding fluorinated

tolanes [17]. All these compounds exhibited a liquid

crystal phase owing to the increased length of the

molecules. When two lateral meta-fluoro substitutions

were introduced, to give series C, liquid crystal phases

were not seen except for C5. The only difference

between series A compounds was the length of the

terminal alkyl chains. Compounds A3, A4 and A5

showed a wide nematic phase range (w94‡C), and had

similar melting and clearing points. When the terminal

alkyl group was ethyl, compound A2 had a higher

melting point and a lower clearing point than the other

three homologues (see figure 1). This is mainly due to

the rigidity of the ethyl unit in the molecule.

Series B contained a lateral fluoro-substituent.

Compound B2 exhibited a monotropoic nematic

phase. The nematic phase ranges of compounds B3,

B4 and B5 were about 55‡C. Figure 2 shows the plot of

the phase transition temperature versus the carbon

Figure 1. Dependence of transition temperatures on the number
of carbon atoms in the alkyl chain for series A.

Table 1. Transition temperatures (‡C) of series A, B and C.

Compound X Y n Cr N I

A2 H H 2 . 104.9 . 165.2 .
A3 H H 3 . 97.6 . 193.3 .
A4 H H 4 . 92.2 . 192.9 .
A5 H H 5 . 94.8 . 193.8 .
B2 F H 2 . 120.3 . (117.2)a .
B3 F H 3 . 99.5 . 156.6 .
B4 F H 4 . 95.5 . 155.1 .
B5 F H 5 . 94.7 . 152.1 .
C2 F F 2 . 130.2 .
C3 F F 3 . 118.4 .
C4 F F 4 . 112.5 .
C5 F F 5 . 102.1 . 119.6 .

a( ) denotes a monotropic transition.
Figure 2. Dependence of transition temperatures on the number

of carbon atoms in the alkyl chain for series B.
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number of the terminal alkyl chains and it also shows

that neither the melting nor clearing points changed

appreciably on increasing n except for those of B2.

For compounds having two lateral fluoro substitu-

ents on the terminal phenyl ring, i.e. series C

compounds, those with short alkyl chains exhibited

no mesomorphic phase. When the carbon number

increased to n~5, C5 showed a nematic phase with a

narrow phase transition temperature range (only

17.5‡C). Comparing the cyclohexyl compounds, the

melting points of series C were higher than those of the

corresponding series A and B compounds (see figure 3).

With the gradual increase in the width of the mono-, di-

and tri-fluoro-substituted molecules, the increased

intermolecular separation weakens the lateral molecular

attractive forces; at the same time, the increased

molecular polarity enhances the terminal molecular

attractive force. Although both the lateral and terminal

interactions can affect melting points, when the

terminal alkyl groups are the same the terminal

interactions of the molecules play a major role in

determining the melting points of these compounds.

The stronger the molecule’s terminal interaction, the

higher the melting point. Of the three series, series C

compounds have the strongest terminal interactions, so

their melting points are the highest. For example, the

melting points of compounds A3, B3 and C3 are 97.6,

99.5 and 118.4‡C, respectively.
Table 2 summarizes the phase transition temperatures

for series A’, B’, C’ and D’. All these compounds

contain a bicyclohexyl group in their molecular cores.

Surprisingly, none exhibited clearing points. In the

DSC traces of series A’ and B’, three peaks were

observed on heating from room temperature to 270‡C,
while for series C’ and D’, only one peak was observed.

Smectic B, smectic A and nematic phase textures for

series A’ and B’ compounds were observed. Nematic

textures for series C’ and D’ compounds were observed

under a polarizing microscope on cooling; however, no

transition from the nematic phase to isotropic liquid for

any of these compounds was observed on heating to

270‡C. Thermogravimetric analysis (TGA) showed

series A’, B’, C’ and D’ compounds began to decompose

at somewhat different temperatures (table 2). The results

of DSC, TGA and polarizing microscopy studies

Figure 3. Melting points of cyclohexyl compounds.

Table 2. Transition temperatures (‡C) of series A’, B’, C’ and D’.

Compound X Y Z n Cr SmB SmA N

A’2 H H H 2 . 120.1 . 139.8 . 146.7 . w250
A’3 H H H 3 . 128.1 . 161.7 . 168.2 . w250
A’4 H H H 4 . 136.4 . 178.6 . 194.9 . w250
A’5 H H H 5 . 128.6 . 177.6 . 205.4 . w250
B’2 F H H 2 . 107.8 . 115.5 . 139.8 . w260
B’3 F H H 3 . 116.4 . 137.5 . 160.0 . w260
B’4 F H H 4 . 115.0 . 139.9 . 172.7 . w260
B’5 F H H 5 . 109.4 . 142.9 . 174.1 . w260
C’2 F F H 2 . 106.4 . w220
C’3 F F H 3 . 111.2 . w220
C’4 F F H 4 . 115.5 . w220
C’5 F F H 5 . 110.6 . w220
D’2 F F F 2 . 105.8 . w230
D’3 F F F 3 . 99.2 . w230
D’4 F F F 4 . 91.3 . w230
D’5 F F F 5 . 77.9 . w230

Fluoro-substituted liquid crystals 427

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



indicate that the mesomorphic phase stability of these

compounds is greater than their thermal stability.

The transition temperatures of series A’ are shown

in figure 4. The data clearly show that the smectic B

phase ranges of series A’ are wider than the corre-

sponding smectic A phase ranges, and on increasing the

alkyl chain length, both the smectic B and the smectic

A phase ranges increase. As far as the transition

temperatures of series B’ are concerned (see figure 5

and table 2), the smectic B and smectic A phase ranges

are narrower than 35‡C, while the nematic phase ranges

are greater than 80‡C. On increasing n, TSmA-N and

TSmA-SmB of series B’ increased, whereas their melting

points first increase, and then decrease. Series B’
compounds exhibit lower TSmA-N, TSmA-SmB and

melting points than the corresponding series A’
compounds, presumably because the lateral fluoro

substituent increases the molecular width and therefore

weakens the attractive forces.

Moving to series C’, the phase behaviour is much

simpler than for series A’ and B’. Thus a very wide

nematic range (w100‡C) is exhibited; moreover their

melting points are not very high (around 110‡C). In

order to reduce the melting points further, we

introduced fluorine atoms to the middle phenyl ring

of series C’ to obtain series D’. Comparing correspond-

ing compounds of these two series, on increasing n, the

difference in melting points between series C’ and D’
compounds increases (see table 2). For example, the

melting points of compounds C’2 and D’2 are 106.4 and

105.8‡C, respectively; while those of compounds C’5
and D’5 are 110.6 and 77.9‡C, respectively. The nematic

phase ranges of series D’ are also very wide (w120‡C).
Figure 6 shows the melting points of bicyclohexyl

compounds. It is very interesting that on increasing the

polarity and width of a molecule, the trend seen in the

melting points is different from that for the cyclohexyl

compounds (see figure 3). The melting points of series

A’ are higher than those of the corresponding series B’,
C’ and D’ compounds, which demonstrates that in

competition with a molecule’s terminal interaction, its

lateral interactions may largely determine the melting

points of bicyclohexyl compounds. Series A’ com-

pounds, which have the largest length-to-breadth ratio,

have the strongest lateral interaction among the four

series, so their melting points are the highest. In

contrast, series D’ compounds have the lowest melting

points.

A comparison of the cyclohexyl compounds with the

corresponding bicyclohexyl compounds (see tables 1

and 2) reveals that the replacement of a cyclohexyl ring

Figure 4. Dependence of transition temperatures on the number
of carbon atoms in the alkyl chain for series A’.

Figure 5. Dependence of transition temperatures on the number
of carbon atoms in the alkyl chain for series B’. Figure 6. Melting points of bicyclohexyl compounds.
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with a bicyclohexyl ring enhances the mesomorphic

phase stability and promotes the formation of smectic

phases for mono-fluoro and di-fluoro substituted

compounds. It is surprising that increasing the length

of a molecular core does not always increase the

melting point. For example, compounds B’2, C’2 and

C’3 are more extended than the corresponding com-

pounds B2, C2 and C3, but exhibit lower melting points.

In order to determine other properties of these

compounds, seven compounds (A2, B2, C2, A’2, B’2, C’2
and D’2) were selected for the measurement of dielectric

anisotropy and birefringence. The dielectric anisotropy

and birefringence of these compounds were measured

by a guest–host method [18]. The dielectric constant of

TEB-3550 (liquid crystal mixture for TN-LCD, pro-

duced by Qinghua Yawang Liquid Crystal Materials

Co. Ltd., China) and a mixture containing TEB-3550

and 10wt% of each selected compound were measured

at 20‡C. The refractive indices of TEB-3550 and three

mixtures containing TEB-3550 and 5, 10 and 15wt% of

each selected compound were measured at 20‡C and

589 nm. The extrapolated dielectric anisotropy and

birefringence values of each pure compound are shown

in table 3. As can be seen from the table, the

birefringence values of these compounds are high,

between 0.27 and 0.34, while the dielectric anisotropy

values for these compounds are moderate. The lateral

fluoro substituent increases the width of the molecule so

that the separation between neighbouring molecules is

increased. This looser molecular packing leads to a

slightly lower birefringence. The increase of molecular

length can also reduce the birefringence slightly. Thus

among these compounds, A2 has the largest birefrin-

gence, and D’2 has the lowest birefringence. Table 3

shows that with an increase in the number of fluorine

atoms in a molecule, its polarity is enhanced gradually,

and there is a corresponding increase in the com-

pound’s dielectric anisotropy.

4. Conclusion

We have synthesized 28 new compounds belonging to

seven homologous series and studied their mesomorphic

properties. The effect of alkyl chain length, and fluoro

substitution, on the thermal behaviour for cyclohexyl
and bicyclohexyl-containing compounds is discussed.

The mesomorphic phase stability of four series, A’, B’,
C’ and D’, is higher than their thermal stability. Series

A, C’ and D’ exhibit only a nematic phase with a very

broad temperature range (w90‡C), high birefringence

(w0.27) and moderate dielectric anisotropy. These

good general properties mean that these materials are

very promising candidates for application in liquid
crystal mixtures for high birefringence LCDs.

We thank Mrs S. Dong and Mrs L. Shi for the

provision of analytical services.
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Table 3. Dielectric anisotropy (De) and birefringence (Dn) of
selected compounds.

Compound n De Dn

A2 2 z4.9 0.34
B2 2 z6.9 0.33
C2 2 z11.6 0.30
A’2 2 z4.5 0.32
B’2 2 z6.1 0.30
C’2 2 z9.2 0.28
D’2 2 z8.9 0.27
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