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Synthesis and some Physical
Properties of 1-Cyclohexyl-2-
(4”-Halobiphenyl-4’-yl)Ethanes

H. TAKATSU, K. TAKEUCHI and H. SATO
Dainippon Ink & Chemicals, Inc., 3-35-58, Sakashita, Itabashi, Tokyo, Japan

( Received April 2, 1983)

A series of 1-(trans-4’-n-alkylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes, which show
nematic phases, was prepared. Their transition temperatures, enthalpies and entropies
were measured. Their bulk viscosities, birefringences and dielectric constants were
determined by extrapolation. 1-(trans-4’-n-propylcyclohexyl)-2-(4”-fluorobiphenyl-4’-
yl)ethane has a high clearing of 125°C, a low viscosity of 25 c.p. at 20 °C, a relatively
high birefringence of 0.166 at 25°C, and a positive dielectric anisotropy of 4.9. The
transition temperatures, the N-I transition entropies, the bulk viscosities and the
birefringences for the 1-(trans-4’-n-alkylcyclohexyl)-2-(4”-fluorobiphenyl-4-yl)ethanes
exhibited odd-even effects in relation to the number of carbon atoms in the alkyl chain.
The bulk viscosity as a function of the third power of the van der Waals radius of the
halogeno group, the birefringence as a function of the van der Waals radius
of the halogeno group, and the dielectric constants as a function of the dipole moment
of the halogeno group are discussed for the 1-(trans-4’-n-propylcyclohexyl)-2-(4”-halo-
biphenyl-4’-yl)ethanes.

INTRODUCTION

Since interesting new mesomorphic compounds containing fluoro
groups were reported in 1978,! other nematic fluoro compounds have
been synthesized.?~* The electron attracting properties of the fluoro
group can control the dielectric anisotropy and the small volume of
the fluoro group does not increase the viscosity of the nematic
compound. The introduction of many fluoro substituents into a
nematic molecular structure gives the compound a smectic tendency?®
and the introduction of a fluoro group at the terminus of the long
molecular axis decreases the clearing point compared with a typical
terminal group like alkoxy or cyano.
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We have synthesized a new series of 1-(trans-4’-n-alkylcyclohexyl)-
2-(4”-halobiphenyl-4"-yl)ethanes of formula (I) in order to achieve a
nematic compound of low viscosity, weak positive dielectric anisot-
ropy and high clearing point, and to investigate the influence of each
terminal halogeno group on the transition temperature, the entropy,
the bulk viscosity, the birefringence and the dielectric constants.

R@—CHZCHzx (1)

R = n-alkyl
X =H,F,Cl,Br

PREPARATION OF MATERIALS

The 1-(trans-4’-n-alkylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes
were prepared according to the following scheme:

COOC,Hy— 5 CH,0H —g5—

SOC1
CH,COOH ———— —@—cnzcoa
AICl;, cs2
__KHSO,
Raney Ni,H,
R CH=CH CH ~CH,CO0C,H,

CH,CH,

X =H,F,Cl,Br
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The 4-fluorobiphenyl was prepared from phenylmagnesium bromide
and p-iodofluorobenzene using the catalyst PdCl, in boiling THF. The
4-chlorobiphenyl and 4-bromobiphenyl were obtained commercially.

Each compound was purified by chromatography on silica gel,
eluting with a mixture of hexane and benzene, followed by recrystalli-
zation from n-hexane/alcohol. The structures were confirmed by
NMR spectrometry and mass spectrometry. The purity was tested by
high pressure liquid chromatography and gas-liquid chromatography.

RESULTS AND DISCUSSION

Mesomorphic and thermodynamic properties

The transition temperatures for the series of the 1-(trans-4’-n-
alkylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes were measured by
using a polarizing microscope equipped with a heating stage. The
transition enthalpies (AH) were measured by differential scanning
calorimetry and the transition entropies (AS) were calculated from the
enthalpies and the transition temperatures. These thermal data are
listed in Table L.

The phase transition plot against alkyl chain length for the 1-(trans-
4’-n-alkylcyclohexyl)-2-(4”-fluorobiphenyl-4’-yl)ethanes is shown in
Figure 1. The nematic-to-isotropic (N-I) temperatures exhibit the
odd-even effect.

The effect of the terminal halogeno group X in formula (I) on the
transition temperature can be established by comparing the transition

TABLE I

Transition temperatures, enthalpies (A H) and entropies (A S) for
the 1-(trans-4’-n-alkylcyclohexyl)-2-(4”-halobiphenyl-4"-yl)ethanes

R—@—-CHZCHZX

Transition AH AS
temp. (C) (kcal/mol) (EU)
R X C-N N-I C-N N-I C-N N-I
CH,— H 67 82 4.04 0.254 119 0.715
sH;— F 76 125 3.84 0.343 11.0 0.861
C,H,— C1 100 158 424 0.360 114 0.836
C,H,— Br 125 163 4.19 0.440 10.5 1.01
C,H— F 68 97 429 0.209 12.6 0.565
C4Hy— F 69 113 3.62 0.214 10.6 0.555
CsH,,— F 82 121 6.19 0.267 174 0.673
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FIGURE 1 Phase transition plot against alkyl chain length (») for the 1-(trans-4"-n-
alkylcyclohexyl)-2-(4”-fluorobiphenyl-4’-yl)ethanes: ®; Cry-Nem, O; Nem-Iso

temperatures for the 1-(trans-4’-n-propylcyclohexyl)-2-(4”-halo-
bophenyl-4’-yl)ethanes; R is n-propyl and X is H, F, Cl or Br in
formula (I). With increase in the volume of the terminal halogeno
group X from H — F -~ Cl — Br, the N-I transition temperatures in-
crease; 43°C from H to F, 33°C from F to Cl, and 4°C from Cl to
Br, and the crystal-to-nematic (C—N) transition temperature also rise;
9°C from H to F, 24°C from F to Cl, and 25°C from Cl to Br. The
increases in the N-I transition temperatures can be explained in terms
of changes in the terminal attractions. The differences in the terminal
attraction for H and F and Cl are large compared with the difference
for Cl and Br. The increases in the C-N transition temperature may
be due to differences in the crystal structures.

The N-I and C-N transition entropies for the 1-(trans-4'-n-
alkylcyclohexyl)-2-(4”-fluorobiphenyl-4’-yl)ethanes are plotted against
the alkyl chain length in Figure 2.
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FIGURE 2  Entropy vs. alkyl chain length (#) for the 1-(trans-4-n-alkylcyclohexyl)-2-
(4”-fluorobiphenyl-4’-yl) ethanes: ®; Cry-Nem, O; Nem-Iso

The N-I transition entropies show an odd-even effect, the odd
chain lengths being associated with the higher values. Similar behav-
iors have been reported for 4-methylphenyl 4’-alkoxythiolbenzoates by
M. Seno er al® and for 4-, 4’-dialkoxyazoxybenzene by Arnold.® In
these cases, the even chain lengths are associated with the higher
values because of the alkoxy group. The C-N transition entropies of
the homologous series from alkyl chain length 2 to 4 are almost
constant, the entropy for alkyl chain length 5 then becomes larger.
Similar behaviors were reported for 4-, 4’-dialkoxyazoxybenzenes
by Porter ef al.” The value of the C-N transition entropy of each
1-(trans-4’-n-propylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethane, and
of 1-(trans-4’-n-propylcyclohexyl)-2-(biphenyl-4'-yl)ethane remains
nearly constant, being in the range 10.5-11.9 EU.
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Physical properties

As the 1-(trans-4’-n-alkylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes
do not exhibit nematic phases at room temperature, their bulk vis-
cosities at 20°C, birefringences at 25°C, and dielectric constants at
25°C were determined by extrapolation from data obtained using a
series of solutions of the compounds in a mixture of substituted
phenyl cyclohexanecarboxylates® and 4-substituted 1-(4’-cya-
nophenyl)cyclohexanes®; results are listed in Table II. The composi-
tion and physical properties of the mixture used as host are as follows:

composition:
20 wt% of C;H, CN,

16 wt% of C,H;,

16 wt% of C,H; CN,

g wth of C;H,

8 wi% of an@-coo

8wthof C,H,

8 wi% of QH,,,—-@—COO
8 wi% of Csﬂll@—coo—@
8 wt% of CSHII@COO@ OC2H5

N-I transition temperature: 54.0°C
bulk viscosity at 20°C: 21.0 c.p.
birefringence at 25°C: 0.0917
dielectric anisotropy at 25°C: 6.6
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TABLEII

Bulk viscosities at 20 ° C, birefringences at 25° C, and
dielectric constants at 25° C of the
1-(trans-4’-n-alkylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes

Bulk viscosity Birefringence _Dielectric constants (—)

R X at20°C (c.p.) at25°C(—) € £, Ae
C;H,— H 227 0.148 3.50 1.38 212
C,H,— F 251 0.166 632 143 489
C;H,— Cl 46.6 0.220 8.83 1.33 7.50
CyH,— Br 63.0 0.234 8.51 1.36 715
C,Hs— F 248 0.140 6.51 1.95 4.56
C,Hy— F 36.0 0.155 571 1.18 4.53
CH,— F 31.3 0.165 556 129 427

The viscosity measurements were made using a rotating coneplate
viscometer at 20°C. The bulk viscosities for the 1-(trans-4’-n-
alkylcyclohexyl)-2-(4”-fluorobiphenyl-4’-yl)ethanes are plotted against
the alkyl chain length in Figure 3. The bulk viscosities increase with
increase in the alkyl chain length, showing the trend of an odd-even
effect. The bulk viscosity of 1-(trans-4’-n-propylcyclohexyl)-2-(4”-fluo-
robiphenyl-4’-yl)ethane is 25.1 c.p. at 20°C, which is extremely low
compared with the viscosities of other nematic compounds having
high clearing points over 100°C. The bulk viscosities for the 1-(trans-
4’-n-propylcyclohexyl)-2-(4”-halobiphenyl-4'-yl)ethanes increase with
increase in the volume of the terminal group from H — F — Cl — Br.
The bulk viscosity as a function of (van der Waals radius of halogeno
group)® is shown in Figure 4. A linear relationship between the
logarithm of the bulk viscosity and (van der Waals radius of halogeno
group)® is obtained. The logarithm of the bulk viscosity increases
linearly with increase in the volume of the terminal group. This result
is referred to in the following equations:'°

naexp(AG/RT) AG = PAV + AU

where, 7 : viscosity

G : free energy

R : gas constant

T: absolute temperature
P: pressure

V. volume

U

: internal energy
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Cn“2n+1-®-CHZCH2F
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FIGURE 3 Bulk viscosity vs. alkyl chain length (n) for the 1-(trans-4’-n-alkylcy-
clohexyl)-2-(4”-fluosobiphenyl-4’-yl)ethanes

Birefringences were measured by polarizing microscopy using a
compensator. The birefringences for the 1-(trans-4’-n-alkylcyclohexyl)-
2-(4”-fluorobiphenyl-4’-yl)ethanes are plotted against the alkyl chain
length in Figure 5. The birefringences exhibit an odd-even effect, odd
chain lengths being associated with higher values as for the N-I
transition temperatures and the N-I transition entropies. A similar
odd-even effect of birefringence was reported for 4-methyl-4-
alkylazobenzenes and 4-ethyl-4’-alkylazobenzenes by Dabrowski
et al'! This shows that differences in molecular conformation between
odd and even members influences the birefringence. The birefrin-
gences increase as the halogeno groups become larger, and a terminal
halogeno group conjugated with an aromatic system apparently en-
hances the birefringence. The birefringences for the 1-(trans-4’-n-pro-
pylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes are plotted as a func-
tion of van der Waals radius of the terminal group in Figure 6. This
shows a linear relatiohship between the birefringence and the van der
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FIGURE 4 Bulk viscosity vs. (van der Waals radius of the terminal group)® for the
1-(trans-4’-n-propylcyclohexyl)-2-(4”-halobiphenyl-4-yl) ethanes
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FIGURE 5 Birefringence (An) vs. alkyl chain length (n) for the 1-(trans-4’-n-
alkylcyclohexyl)-2-(4”-fluorobiphenyl-4’-yl)ethanes
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FIGURE 6 Birefringence (An) vs. van der Waals radius of the terminal group for the
1-(trans-4’-n-propylcyclohexyl)-2-(4”-halobiphenyl-4’-yl)ethanes

Waals radius of the terminal group, such that the birefringence
increases linearly with increase in the ratio of the length of the
conjugated part of the molecule to the total molecular length.

The dielectric constants were determined from the capacitance of a
parallel-plate capacitor measured empty and then filled with liquid
crystal. The dipole moment of the terminal halogeno group enhances
the dielectric constant parallel to the optical axis (¢,) and as a result
enhances the dielectric anisotropy (Ae). The dielectric constants
(€, , €, , O¢) are related linearly to the dipole moment of the terminal
halogeno group as shown in Figure 7.
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FIGURE 7 Dielectric constant vs. dipole moment of the halogeno group for the
1-(trans-4"-n-propylcyclohexyl)-2-(4”"-halobiphenyl-4"-yl)ethanes
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