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THE STAND OF THE SYSTEM OF SMECTIC LIQUID CRYSTALS 
BY MISCIBILITY MEASUREMENTS 

H. SACKMANN 

Martin-Luther-Universitat Halle-Wittenberg, Sektion Chemie 402 Halle (Saale), Miihlpforte 1, G.D.R. 

Abstract. - The systematic investigation of the miscibility between 1.c. phases in binary systems 
by the Halle Liquid Crystal Group was extended to the following homologous series 

The different variants of polymorphism in these series including the phase types N, A, C, F, B 
and G are discussed with respect to structural informations especially on the ordered smectic phases 
of the types F, B and G. A new phase type H has to be established. These phases are low temperature 
modifications in the sequence FGH of the tilted ordered smectic phases. 

1. Introduction. - The denomination of liquid 
crystalline (1.c.) phases by letter symbols primarily 
occurs by miscibility measurements. The existence of 
complete miscibility between two phases leads to 
this denomination and this is a thermodynamic 
criterion. Therefore the phases characterized on this 
basis by a common symbol belong to one phase 
type [I]. 

At the phases of the seven non-nematic phase 
types named from A to G layer structures have been 

found, whereas the D phase type possesses a cubic 
structure [I]. 

With respect to the characteristics of the structures 
of the A and C phase types there is a principal agree- 
ment. The situation is more difficult in the more 
highly ordered phase types, especially the B, F and G 
phases [2, 31. 

In order to get new material the relations of misci- 
bility in and between members of the following four 
homologous series have been investigated : 

2-[4-n-alkylphenyl]-5-[4-n-alkoxyphenyl]-pyrimidines (AAOP) , 
n-[4-n-alkyloxybenzylidene]-4-n-alkylanilines (ABAA) , 
terephtylidene-bis-[4-n-alkylanilines] (TBAA) , 
4-n-alkoxyphenyl 4'-n-alkylcyclohexane-4-carboxylates (AAC) . 

2. Investigations of the miscibility. - Figure 1 
shows the variants of polymorphism found on the 
investigation of these series [4]. The temperature 
sequence of all variants can be derived from the 
following variants 

NACBG 
NACFG 

by the omission of one or several phases. A change 
in the sequence has never been observed. Besides 
phases N, A and C, phases of the types B, F and G 
exist. 

In figure 2 all binary combinations are listed which 
have been investigated in and between the series of 
the TBAA, AAOP and ABAA [4]. The numbers 
characterize the members of the series. The lines 
correlate those two substances the miscibility of 
which has been investigated in a binary system. At 
the same time these lines characterize the complete 
miscibility between the phases of the same letter of 
the two components. In the systems presented a 
complete miscibility between phases of the same 
type has always been found. This is remarkable with 
respect to the cycles of binary systems which are to 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1979302

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1979302


C3-6 H. SACKMANN 

C n H ~ n + l  ~ ~ o c ~ H z ~ + ~  A c  N A G  G 

AC F 
I A A O P I  A C F G  

N G 
N A G  
NBG 
ABG 
N A B  G 
N A C  G 
N A C  B G 

- - 

C n H ~ n + l  @COO ~ ~ ~ n ~ ~ l r n + l  N N A C  G  G 
N A B G  

I A A C I  

FIG. 1 .  - The variants of polymorphism. 

be seen. These cycles support the consistency of the 
results. 

In figure 2 the denomination of the F and G phases 
occurs by starting the miscibility experiments with 

q 
NACBG NACBXG NACBG N(BG) N G NAG NeCG NACBG NACBG ABG 

FIG. 2. - The relations of miscibility. 

the @ compound of the AAOP series. This 

standard substance possesses the variant ACFG [5]. 
Special attention has to be paid to the systems 

containing t h e A c o m p o u n d  of the TBAA series 

(TBBA). In the cycle w i t h / f j \  @, @ 
compounds all phases named G show complete 
miscibility in their binary systems. 

Also the phases called V in figure 2 show complete 
miscibility. They are metastable modifications with 
respect to the crystalline solid. These phases exist 
as low temperature modifications compared with F 
and G phases. The B phases exist as high temperature 
modifications compared with G phases (see the series 
of the ABAA in figure 2). As to the structure found in 

one phase V there are also differences to the structures 
of the E phases (see chapter 3). It is therefore very 
probable that these phases V represent a new phase 
type which consequently should be designated by the 
symbol H. 

With respect to the phases of TBBA the results 
given in figure 2 are in contradiction to former 
results [2]. As it can be seen in figure 3 the phase 
of TBBA which now has to be named G has been 
designated as B phase because there is a complete 
miscibility with the B phase of the standard 
substance ethyl 4-[4-ethyloxybenzylidene aminol-cin- 
namate (EEBC) with the polymorphism NAB. 
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FIG. 3. - The diagram of state of the binary system EEBC-TBBA 
(former results 121). 

Since Levelut and Lambert [6] have investigated 
the structures of the B phases of the two compounds 
the interesting question arose on the miscibility 
between phases of various structures. The authors 
have found a layer structure with perpendicularly 
oriented long molecular axes in EEBC and a tilted 
layer structure in TBBA. 

As a first attempt to answer this question X-ray 
measurements have been started on the layer distances 
in the B mixed phase region shown in figure 3 [7]. 
Figure 4 shows the layer distances in dependence on 
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FIG. 4. - Layer distances d in the system of figure 3 or figure 4 
respectively [7]. 

the concentration. Starting from the EEBC a linear 
increase could be found. In the pure EEBC the layer 
distance is identical with the length of the stretched 
molecules. At about 80 molpercent TBBA the values 
decrease to the layer distance of pure TBBA, indicat- 
ing a tilted structure. This result indicates a transition 
from normal structures to tilted ones in the region 
of 80 molpercent. But the question cannot be clarified 
if there is a continuous transition or a small two phase 
region which indicates a gap in miscibility. 

This has led to a renewed investigation of the 
system shown in figure 3 [4]. Small distances in the 
concentration of the probes were chosen and the 
concentration field in the contact preparation was 
searched all over for boundaries between two phases 
of slightly different textures. These boundaries were 
found. Their slight shift with the concentration and 
their vanishing with increasing temperature could 
be observed. Figure 5 shows the result. There is a 
two phase region which is small in concentration 
and decreases strongly with decreasing temperature. 
Furthermore a very small mixed phase region could 
be observed, which is probably of an F phase type. 
This result explains the contradiction to the statement 
made in figure 3. TBBA has a G phase which is not 
completely miscible with the B phase of the EEBC. 

3. Phase types and structures. - Today it is possi- 
ble to classify the layer structures of the thermotropic 
smectic phases of nonamphiphilic substances. One 
group summarizes the layer structures that possess 
a low order of the long molecular axes within the 
layers. The A and C phases belong to this group. 
The second group summarizes the layer structures 
that have an ordered arrangement of the long mole- 
cular axes in the layers. The B, E, F, G and H phases 
belong to this group. 

5 0 
E E BC mole O/O T B B A  

FIG. 5. - The diagram of state of the binary system EEBC-TBBA 
(new results [4]). 

A further subdivision deals with the tilt angle of 
the long molecular axes to the layer planes. With 
respect to this orientation of the axes a division 
into normal (perpendicular oriented molecules) and 
tilted structures is possible. In A, B and E phases 
normal structures have been found, whereas tilted 
structures have been observed in the C,  F, G and H 

, phases. 
A further differentiation of the normal and tilted 

structures of the ordered layer structures concerns 
the correlation of the rotational order around the 
long molecular axes. In the normal structures of the 
phases B (hexagonal structure [6]) there is a higher 
rotational disorder in comparison to the E phases 
(orthorhombic structure of the herring bone type [8, 
91). In the ordered tilted structures there is a higher 
rotational disorder in the structures of the G phases 
and probably also of the F phases in comparison to 
the structures of the H phases. As to the substances 

'given in ,figure 2 this general picture can be derived 
from the X-ray measurements on the B and G phases 
of the homologous series of the ABAA [3, 10, 1 I] (I). 

(') In [ll] the smectic phase of the compound was 

designated as an H phase. This is no symbol which is justified by 
the denomination of 1.c. phases by miscibility measurements. It is 
a phase of the G type. Therefore there is no connection with the 
phases H in this article. 
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The investigation of the G and H (phase V in figure 2) 
phases of TBBA was described in detail [12]. The 
interpretation of F phase structures as ordered tilted 
layer structures in the series of the AAOP resulted 
from X-ray measurements in [13]. The indexing of 
the X-ray patterns of the G phases in this series was 
also described in 1131 according to the G phase of 
TBBA. 

4. Conclusion. - The results communicated in 
chapter 2 arrange the phases of four homologous 
series in the thermodynamic system of phase types. 
Because of the high degree of polymorphism in some 
members of the series there is a special interest in 
the questions concerning the system of liquid crystal- 

line polymorphism. As can be seen in the figures 1 
and 2 the phases belong to the already described 
phases of the types N, A, C, B, F and G. Only the 
member 150.61 possesses a phase (X), which: has 
I* 

not been classified so far. 
Additionally the results led to a refined investigation 

of the binary system of TBBA and EEBC (Fig. 5). 
A gap of miscibility between the G and B phases 
has been found in accordance with the results given 
in figure 2. This refinement and the miscibility between 
the phases V given in figure 3 make its denomination 
as a phase type H possible. 

A comparison with available data (chapter 3) 
shows that all phases of one type have the same or 
very similar structures which are distinguished from 
the structures of the phases of an other phase type. 

References 

[I] SACKMANN, H., DEMUS, D., Mol. Cryst. Liq. Cryst. 21 (1973) 
239. 

[2] RICHTER, L., DEMUS, D., SACKMANN, H., J. Physique Colloq. 
37 (1976) C3-41. 

[3] DOUCET, J., LEVELUT, A. M., J. Physique 38 (1977) 1136. 
[4] RICHTER, L. et al., to be published. 
[S] DEMUS, D., DIELE, S., KLAPPERST~~CK, M., LINK, V., 

ZASCHKE, H., Mol. Cryst. Liq. Cryst. 15 (1971) 161. 
[6] LEVELUT, A. M., LAMBERT, M., C.  R. Hebd. Sian. Acad. Sci. 

B 272 (1971) 1018. 

[7] DIELE, S., NASTA, L., SACKMANN, H., Kristall und Technik 
12 (1977) 1063. 

[8] DIELE, S., Phys. Status Solidi (a) 25 (1974) K183. 
[9] DOUCET, J., LEVELUT, A. M., LIEBERT, H., STRZELECKI, L., 

J.  Physique Colloq. 36 (1975) C1- . 
[lo] DE JEU, W. H., PORTER, J. A., Phys. Lett. 61 (1977) A 114. 
[l l]  DE VRIES, A,, FISHEL, D., Mol. Cryst. Liq. Cryst. 16 (1972) 

311. 
[I21 DOUCET, J., LEVELUT, A. M., LAMBERT, M., Phys. Rev. Lett. 

32 (1974) 301. 
[I31 DIELE, S. et a/.,  Acta Polonica in print. 


