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connection with or arising out of the use of this material.
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Abstract-It is suggested that there may be three types of nematic phases: 
the skewed cybotactic phase, in which the molecule3 are arranged in groups 
in such a way that the centers of the molecules in each group lie in a plane 
making an angle dl: (significantly different from 90") with the mean direction 
of the molecules in that group; the normal cybotactic phase, similar to the 
skewed one but with u close to 90"; and the classical nematic phase, in 
which no regular arrangement between neighboring molecules exists. 

Three means of distinguishing between these phase types are discussed : 
the X-ray diffraction pattern, the type of the preceding smectic phase, and 
the microscopic textures. It is shown that the application of the last two 
methods to literature data yields support for the concept of different types 
of nematic phases. 

It is well known that there are three main types of liquid crystalline 
phases, viz. smectic, nematic and cholesteric phases, and that the 
smectic phases can be further subdivided into several different 
classes (Sackmann and his coworl~ers have chsified five different 
types of smcctic phases so far1). It has generally been assumed, 
however, that there is only one type of nematic phase, and only 
one type of cholesteric phase. 

That this is probably not true (at least as far as the nematic 
phase is concerned) follows from the recent finding2 that the 
nematic phase of several of the bis-( 4'-n-alkoxybenzal)-2-chloro- 
1,4-phenyIenediamines and of 4,4'-di-n-heptyloxyazoxybenzene 
(and of most of its homologues, as can be concluded from a paper 
by Chistyakov and Chaikowsky3) is different from the " classical " 
nematic phase (i.e., the nematic phase as it is usually thought of); 

B 31 

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
 0

8:
23

 2
3 

Fe
br

ua
ry

 2
01

3 



32 M O L E C U L A R  C R Y S T A L S  A N D  LIQUID C R Y S T A L S  

to indicate the difference, I designated this type of phase as a 
cybotactic nematic phase. For the " classical " nematic phase one 
assumes that the only restriction on the arrangement is that the 
molecules (which are long and rod-like) have a more or less parallel 
orientation with respect to their neighbors. In  the cybotactic 
nematic phase there is additional order: a substantial part of the 
molecules are regularly arranged in groups (cybotactic groups4) ; in 
each group the molecules are parallel to each other, and the centers 
of the molecules lie in a fairly well defined plane. Since the ends 
of the molecules will also lie in planes, parallel to the plane through 
the centers of the molecules, a cybotactic group is bound on two 
sides by parallel planes ; the boundaries in the other directions may 
be irregular. In the compounds mentioned above the long axis of 
the molecules was found to make a considerable angle with the 
normal to the boundary planes (about 45" for a number of 
phenylenediamines) ; this kind of cybotactic group might be called 
a skewed cybotactic group. One would except, however, that there 
also would exist compounds with cybotactic groups in which the 
molecular axis is approximately normal to the boundary planes ; 
these groups might then be called normal cybotactic groups. Thus 
there would be three different types of nematic phases: the 
classical one, the normal cybotactic one and the skewed cybotactic 
one. 

It might be argued that it would not be possible to make a sharp 
distinction between these three types of phases, since either cybo- 
tactic type will approach the classical type as the number of mole- 
cules per cybotactic group approaches 1 ; also, the skewed cybo- 
tactic type will approach the normal cybotactic type as the skew 
angle (the angle between the molecular axis and the normal to the 
plane through the centers of the molecules) approaches 0". For 
the purpose of this discussion we shall, therefore, define cybotactic 
groups as being large compared with one molecule (consisting of, 
say, one hundred molecules or more), and skewed cybotactic 
groups as having skew angles large compared with 1" (say about 
30" or larger). 

We shall discuss three possible ways of distinguishing between 
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M O R E  T H A N  O N E  T Y P E  O F  NEMATIC P H A S E  33 

the different types of nematic phases. The first of these ways (the 
use of the X-ray diffraction pattern) led to the discovery of the 
skewed cybotactic phase,a and we shall show presently that appli- 
cation of the other two methods to literature data yields additional 
support for the existence of different nematic phases. 

One way to distinguish the different types of nematic phases is 
through their X-ray diffraction pattern (recorded in a plane per- 
pendicular to the incident beam). When there is no overall pre- 
ferred orientation in the sample all three types generally give a 
diffraction pattern the main features of which are two diffraction 
rings : an inner ring, the position of which is related to the length 
of the molecule (similar inner rings were found by Steward and his 
co-workers for normal aliphatic alcohols4 and normal fatty acids5), 
and an cuter ring, the position of which is related to the average 
distance between neighboring molecules. When the molecules are 
aligned in a direction perpendicular t o  the incident beam (by a 
magnetic field or by other means), the skewed cybotactic phase has 
a diffraction pattern distinctly different from those of the classical 
and the normal cybotactic phase. The last two phase types show 
two maxima in the inner ring in a direction perpendicular to the 
direction in which the two maxima in the outer ring are found (see, 
e.g., Falgueirettess), but the skewed cybotactic phase shows four 
maxima in the inner ring2 in directions making an angle tc with 
%he direction in which the two maxima in the outer ring are found; 
this angle a is the complement of the skew angle. The difference 
between the X-ray diffraction patterns of classical and normal 
cybotactic nematic phases will not be so great, but should be 
noticeable : cybot,actic groups should give a sharper inner ring 
than independent molecules would, and the diameter of this ring 
should not depend upon the degree of preferred orientation in the 
sample, whereas it would depend on this in the case of independent 
molecules. 

A second way of distinguishing the different types of nematic 
phases is one that can be used only for compounds that also have 
one or more smectic phases. There are reasons to  believe that for 
such compounds there exists a certain relationship between the 
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34 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

type of the nematic phase and the type of the smectic phase im- 
mediately preceding this nematic phase (I am referring here to the 
sequence of phases found with increasing temperature in thermo- 
tropic liquid crystals). Jn the first place, for bath homologous 
series mentioned earlier in this papor it was found297 that the 
smectic phase preceding the skewed cybotactic nematic phase was 
a smectic phase in which the main axis of the molecule makes an 
angle of about 45" with the normal to the smectic plane, but in 
which there is no further order in the arrangement of the mole- 
cules within the smect,ic laysr (one can call this a skewed smectic 
phase or a tilted smectic phase). So, the nema,tic phase and the 
preceding smectic phase are very similar in these cases. A second 
reason for expecting a, relationship between a nematic phase and 
the preceding smectic phase is the following. The skewed smectic 
phase we just discussed, which is identical with the phase classified 
as smectic C by Sackmann and his co-workers,z,s has in several 
compounds been fcund to be followed by a smectic A pha.se.*.@ In 
the smectic A phase the main axis of the molecule is approxi- 
mately normal to the smectic plane and there is no further order 
in the arrangement of the molecules within the smectic layer (to 
distinguish this phase from the skewed smectic phase, I shall call 
it  the normal smectic phase). Within the smectic range one thus 
h d s  that the skewed phase precedes the normal phase, and since 
these two phases appear to be so similar in structure to the skewed 
and normal cybotactic nematic phases, respectively, it would 
seem very unlikely that a normal smectic phase would subse- 
quently be followed by a skewed cybotactic nematic phase. One 
would expect, rather, that a ncrmal smectic phase is followed by 
a normal cybotactic or a classica.1 nematic phase. Also, one would 
expect that a skewed cybotactic nematic phase is preceded by a 
skewed smectic phase, in agreement with the results mentioned 
above. 

A third way of distinguishing the different types of nematic 
phases would be through microscopic studies. It is well known 
that several different types of textures can be observed with 
nematic phases, e.g. pseudoisotropic textures, marbled textures 
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