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Structural Arrangements of the 
Mesogenic Compounds 4-Et hyl-4’- 
(4”-pentylcyclohexyI)biphenyl and 4- 
Ethyl-2’-fluoro-4’-(4”-pentylcyclo- 
hexy1)biphenyl (BCH’s) in the 
Crystalline State 
L. WALZ, F. NEPVEU and W. HAASEt 
lnstitut fur Physikalische Chemie, Technische Hochschule Darmstadt, 
PetersenstraBe 20, D-6 100 Darmstadt, Bundesrepublik Deutschland 

(Received September 22, 1986) 

The crystal and molecular structures of 4-ethyl-4’-(4”-pentylcyclohexyl)biphenyl (BCH52) 
and its fluoro derivative, 4-ethyl-2’-fluoro-4’-(4”-pentylcyclohexy1)biphenyl (BCH52F) 
are described. The crystal data are: a = 31.564(5), b = 5.511(1), c = 25.243(4) 8, 

= 104.904 4)”, space group C2/c for BCH52 and a = 17.156(3), b = 6.792(1), c 

0.0711 (BCH52) and 0.0836 (BCH52F) using 2624 reflections for BCH52 and 2781 
reflections for BCH52F. The torsion angles between the phenyl rings are radically 
different, being 3.9” in BCH52 and 41.9” in BCH52F. The torsion angles between the 
alkyl, phenyl, and cyclohexyl subunits of the molecules are compared and the influence 
of the fluoro substitution is discussed. The patterns of packing of the crystal structures 
are discussed, especially in terms of short-range ordering. Comparisons with similar 
compounds are made. 

Keywords: crystal structure, biphenyl mesogens, fluorine substitution 

= 37.334(6) a , space group Pbcn for BCH52F. The structures refined to R values of 

INTRODUCTION 

Details of the molecular and conformational structure as well as of 
the crystal packing are necessary if we are to obtain a deeper under- 

?Hydrogen atom coordinates, anisotropic thermal parametcrs and listings of ob- 
served and calculated structure factors are available from the authors on request. 
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112 L. WALZ, F. NEPVEU AND W. HAASE 

standing of the relationship between crystalline and liquid crystalline 
Our previous investigations of this topic involve studies of 

the molecular structures and crystal packings of compounds with 
b i ~ h e n y l , ~  phenylcyc l~hexane~~~ or cyclohexylcyclohexaneh units. 

The compounds with biphenylcyclohexane cores were first de- 
scribed by Eidenschink et u Z . ' - ~  Data concerning the phase transitions, 
some physical properties and X-ray structural data on the liquid crys- 
talline and the solid crystalline states have been reported.l0-I2 

Investigations of the syntheses and characterizations of mesogenic 
compounds containing lateral polar groups are becoming more fre- 
q ~ e n t . ~ ~ ~ ~ ' ~  Such investigations have been carried out in the search 
for new compounds with some specific properties. A principal point 
of interest is the relative influence of the lateral substituent changes 
on the molecular conformations. 

The present study reports the crystal and molecular structure of 4- 
ethyl-4'-(4"-pentylcyclohexyl)biphenyl (BCH52) and its fluoro deriv- 
ative 4-ethyl-2'-fluoro-4'-(4"-pentylcyclohexyl)biphenyl (BCH52F). 
Since these compounds differ only by a fluoro substitution in the 
biphenyl unit, they enable the effect of such a substitution to be 
gauged. 

Comparisons of the observed structural features with those of mol- 
ecules having the same neighbouring subunits are made in order to 
reveal more about the flexibility of such partially-rigid systems. The 
results obtained from the crystalline state should help in our under- 
standing of the liquid crystalline state. 

EXPERIMENTAL 

Substances 

The two compounds investigated were kindly supplied by Dr.  Ei- 
denschink, E. Merck AG, Darmstadt. Their transition temperatures 
have been previously reported7.9 and are: 

BCH52 C 34 SB 146 N 164 I ("C) 
BCH52F C 37 N 117 I ("C) 

Crystal data 

Crystals suitable for X-ray analyses were obtained by slow evapo- 
ration of alcoholic solutions. Intensity measurements were made at 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



BCH52 AND BCH52F 113 

ambient temperature on an automatic STOE-STADI-4 four-circle- 
diffractometer with graphite monochromated CuKa-radiation (A = 
1.54178 A). Lattice dimensions were obtained by a least-squares re- 
finement with a number of strong reflections. The basic crystal data 
are given in Table I. 

Structure determination and refinement 

The structures of both compounds were solved by direct methods 
with the program package SHELX-76I4 without absorption correc- 
tions. The hydrogen atom positions were calculated (C-H = 1.08 

and their isotropic thermal parameters were fixed using a factor 
of about 1.1 times the average value of the diagonal elements of the 
carrying atom. The refinement procedures converged at R = 0.0711 
for BCH52 and at R = 0.0836 for BCH52F. 

The atomic parameters for both compounds are given in Table I1 
for all non-hydrogen atoms. 

TABLE I 

The basic crystal data 

BCH52 BCH52F 

Formula weight (gmol-I) 
Space group (No. of Int. Tables) 
a (A) 
b (4 
c (4 
V( 3, 

P '% 
Number of strong reflections used for lattice 
parameter refinement 
Z 
D, ( g . ~ m - ~ )  

Number of measured reflections 
Number of independent reflections 
Merging R 
Number of unobserved reflections 

R (R, with w = 1/a2(F,,)) 
(Fo < 2u ( F J )  

334.54 
C2/c (1 5) 
31.564(5) 
5.511(1) 
25.243(4) 
104.904(4) 
4243.27 
52 

8 
1.047 
3.67 
1472 
4202 
2907 
0.0448 
283 

0.0711 (0.0774) 

352.51 
Pbcn (60) 
17.156(3) 
6.792(1) 
37.334(6) 

4350.28 
44 

8 
1.076 
4.43 
1.536 
4476 
3027 
0.0317 
246 

0.0836 (0.0827) 

Note: In a previous publication12 the preliminary single crystal data given for BCH52 
were In fact those of BCH52F. 
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BCH52 AND BCH52F 115 

FIGURE 1 Molecular structure of BCH52 projected on the plane C(2), C(4), C(6). 

4 

?1 

FIGURE 2 Molecular structure of BCH52F projected on the plane C(2), C(4), C(6). 

RESULTS AND DISCUSSION 

Molecular structures 

The molecular structures of BCH52 and BCH52F are presented in 
Figures 1 and 2, respectively. Both molecules occur in their fully 
extended forms due to the trans configuration of the pentyl groups. 

Some bond distances and angles of interest are listed in Table 111. 
All distances and angles lie within the range of values found for other 
similar compounds. 

The major point of the structural interest concerns the confor- 
mation of the molecules. Table IV compares the dihedral angles 

TABLE 111 

Some interatomic distances (A) and angles (") of interest for BCH52 and BCH52F 
(e .s. d. 's in parentheses) 

BCH52 BCH52F 

1.487(3) 1.482(4) 
- 1.347(3) 

C(2)-C(25) 1.512(4) 1.529(6) 
C(17)-C(20) 1.522(4) 1.534(4) 
C( 17) -C(20) - C(21) 11 5.7(2) 115.4(3) 
C(2)-C(25)-C(26) 114.6(3) 11 1.9(5) 

C(5)-C(8) 
C(13)-F( 1) D
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116 L. WALZ, F. NEPVEU AND W. HAASE 

TABLE IV 

Dihedral angles (") between best planes of the different subunits in BCH.52 and in 
BCH52F and in related compounds 

I I1 I11 IV v 
RI-C&,-C~H,*& IO-R, 

Compound 1/11 IIIIII 'III1IV 'IVIV Ref. 

BCH.52 65.2 3.9 89.7 36.3 this work 
BCH52F 84.1 41.9 48.7 35.0 this work 
BCH30 - 22.0 76.5 58.7 12 
BCHSCN - 3.1 82.4 f- 12 
"K6A 74.1 1 .5 - - 21,27 
"K6B 72.0 0.7 - - 21,27 
;'K9 87.7 42.8 
T I 5  78.2 40.4129.5 - - 21,28 
'BP 1- 17.7129.6 - - 
dPCH3 - - 81.5 34.1 5 
dPCH8A - - 64.9 33.3 6 
dPCH8B - - 36.5 38.4 21,30 
"CH9A - - 46,0141.3 43.7140.1 21,30 
"PCHBB - - 65.9 33.4 21,30 

3 

29 

- - 

"K-series: R-(C,H,),-CN. 
bCsHii-(C&),--CN. 
'C,H9--C6H,-COQ-( C6H,)2--C3H,. 
"PCH-series: R--C,H,,,--C,H,-CN. 
'Best planes using only C(2), C(3), C(5), C(6). 
Dynamic disorder of the alkyl group. 

between the best planes of the different subunits in BCH52 and in 
BCH52F with those found for other similar compounds. 

Considering first the torsion angle in the biphenyl unit, different 
experimental approaches have given a value of approximately 42" in 
the vapour state," and of about 20-25" in s01utions'~J~ and in the 
melt.I8 This angle varies from 0-47" in the crystalline solid, showing 
that the small energy barriers between the realized geometries can 
be overridden by packing e f f e c t ~ . ~ J ~ J ~ - ~ ~  Various calculations have 
been carried out to explain these conformational changes. Lindner 
in 1974,** in a study of molecular geometries of strained hydrocarbons 
with a combined TT-SCF-LCAO-MO and force field method, obtained 
an angle of -26" for the energy minimum in biphenyl. The energy 
barrier calculated was 2 kcal mol-I. Charbonneau et al. have used 
molecular models to explain the apparent planarity in the crystalline 
state.23 PCILO conformational calculations carried out on model 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



BCH52 AND BCHS2F 117 

compounds by Meurisse et al.24 gave an absolute conformational en- 
ergy minimdm at a torsion angle of 40" in the case of an unsubstituted 
biphenyl and a height of 1.9 kcal * mol-' for the energy barrier for 
a coplanar arrangement. The torsion angles between the phenyl rings 
are 3.9" in BCH52 and 41.9" in BCH52F. These two examples clearly 
illustrate that in the case of an unsubstituted biphenyl unit, the energy 
barrier can be overcome. This is also confirmed by BCHSCN (see 
Table IV). A resulting intramolecular H. .H distance of about 1.9 
A observed for BCH52 is of course smaller than twice the hydrogen 
van der Waals radius but the repulsion remains weak anyway. In a 
hypothetical coplanar arrangement of BCH52F, the intramolecular 
distances between the contacting atoms would be shorter and the 
repulsions would increase, principally due to the greater van der 
Waals radius of the fluorine atom. Calculationsz5 with a modified 
version of the above mentioned force field method22 suggest an energy 
barrier approximately twice as high. However, the dihedral angle for 
the energy minimum stays nearly unchanged (-45"). This energy 
barrier is too high to be countered by packing effects. Dihedral angles 
up to 90" are expected for 2,2'-disubstituted biphenyls with large 
substituents as reported, e.g., by Lesser el aLZh in case of a 2,2'- 
dibromobiphenyl derivative (80.1"). 

All the same, Table IV shows that, for some other molecules with 
unsubstituted biphenyl subunits, twist angles up to 43" occur. With 
the exception of the two modifications of K6, it can be seen that 
larger and more extended molecules have a greater tendency to be 
planar in the crystalline state. Following this trend, we conclude that 
within the liquid crystalline state, the forces involved in the dense 
packing can also overcome the rotation barrier in the biphenyl sub- 
units. 

Considering the dihedral angle between the alkyl group and the 
phenyl group (MI) we observe, as for other studied compounds, 
angles between 60" to 90" which seems us to be typical. The dihedral 
angle between the cyclohexyl ring and the phenyl ring (IWIV), which 
can vary over a wide range for the PCH's, correlates with the phenyl- 
phenyl angle (IIIIII) in the BCH's series giving a total of approxi- 
mately 90". The dihedral angles between the cyclohexyl moiety and 
the alkyl group (IV/V) for BCH.52 and BCH52F are found to be very 
close to the mean value usually found for this structural element (38 
& 6"). The only exception is BCH30. Recently we showed that an 
angle between 35" and 40" eliminates hydrogen-hydrogen repul- 
s i o n ~ . ~ ~  
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118 L. WALZ, F. NEPVEU AND W. HAASE 

FIGURE 3 Crystal structure of BCH52, viewed along [OlO]. 

Molecular packing 

The pattern of molecular packing in the crystalline state is shown in 
Figure 3 for BCH.52 and in Figures 4 and 5 for BCH52F. 

The line C(25)-C(2)-C(5)-C(S)-C( 11)-C( 14) in BCH52 lies 
virtually in the ac plane. The nearly coplanar biphenyl unit makes 
an angle of about 66" with this plane. The biphenyl group lies along 
the 101 diagonal. The biphenyl moieties form an infinite stack along 
the 2, axis at 1/4, y ,  1/4. This stacking is comparable with that found 
in BCHSCN .12 Additional to this infinite arrangement, the cyano 
groups in BCHSCN are also infinitely stacked along the [OlO]  direc- 
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BCH52 AND BCH52F 119 

FIGURE 4 Crystal structure of BCH52F, viewed along [OlO]. 

tion (CN. . C N  - 3.5 A). Ethyl groups can not be packed so close 
together and the substitution of a cyano group by an ethyl group 
leads therefore, to an elongation of the [loll direction. Losing the 
specific short-range ordering caused by cyano groups in BCHSCN,” 
the same principal arrangement is repeated. At this point it should 
be noted that BCH52 forms a smectic B phase in contrast to BCHSCN 
which melts directly to the nematic phase. 

The molecules in BCH52F lie in the (100) plane with x - 1/8, 
3/8, 518, 7/8; as shown in Figure 4. The F(l) - C(13) bond is nearly 
parallel to the b-axis. Note that there is no contact between the 

FIGURE 5 
314. 

Crystal structure of BCH52F, viewed along [loo] from x = 1/4 to x = 
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120 L. WALZ. F. NEPVEU AND W. HAASE 

fluorine atoms and other atoms of the neighbouring molecules, e.g. 
the phenyl ring. The packing in the crystalline state is completely 
different to that of BCH52 and BCHSCN.12 In these compounds and 
in BCH30'* the molecules lie with their long axes nearly parallel in 
a head-to-tail arrangement, but in BCH52F, the molecules lie per- 
pendicular to [loo] and are inclined at an angle of - 40" to each other 
in the projection onto the (100) plane (see Figure 5) .  

CONCLUSIONS 

The crystal and molecular structures of BCH52 and BCH52F which 
differ only by the replacement of a hydrogen by a fluorine atom, 
show marked differences. Similar observations have been described 
earlier for the liquid crystalline state. The effects arising from the 
fluoro substitution are responsible for the different physical properties 
of the crystalline and the liquid crystalline state. 
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