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Sektion Chemie, Martin-Luther-Universitat Halle, Muhlpforte 1, DDR-4020 Halle (Saale), 
German Democratic Republic 

(Received August 3, 1981) 

The liquid crystal polymorphism of n-pentyl 4-[4'-n-dodecyloxybenzylideneamino] cinnamate, 
AABC (12.5). has been reconsidered. The revised variant of smectic polymorphism GlCA has 
been found. All earlier investigations on miscibility with AABC (12.5) were critically examined. 
Incorporating the latest results, a summary of the spread of the occurrence of the phase type I is 
given. Smectic I phases are always the high temperature modifications in systems having ordered 
and tilted layer structures in a general temperature sequence HGFI. 

1 INTRODUCTION 

The first substances with smectic I phases were found in the homologous series 
of terephthalylidene-bis-[4-n-alkylanilines] (TBAA). In the members with 
n = 9 and n = 10 carbon atoms in the side chains, these phases appeared on 
the temperature scale between the F and C phases in a variant of polymor- 
phism GFICA. First communications have already been made in summariz- 
ing congress reports. The original and detailed results have been published 
in Refs. 4, 5 .  

Later, the Halle Liquid Crystal Group reported on the appearance of I 
phases in the homologous series of 4,4'-bis-[n-alkylamino]biphenyls6 and 

?Paper no. 26: Relations of Isomorphism in Liquid Crystalline Phases; no. 25. see Ref. 5. 
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196 L. RICHTER et ul. 

4-n-nonyl-4'-n-alkylo~yazobenzenes.~ In these reports, the n-pentylester of 
4-[4'-n-dodecyloxybenzylideneamino]cinnamic acid, AABC (12.5), served as 
a standard substance for I phases. 

In earlier reports this I phase of AABC (12.5) was denominated as a B phase. 
The investigations which led to this change in the denomination will be dis- 
cussed here. The consequences of this change for all the earlier investigations 
on miscibility in which AABC (12.5) was used will be examined. 

On the basis of this check a summary of all I phases which are known so far 
will be given. 

2 METHODS AND MATERIALS 

The binary diagrams were investigated by hot stage microscopy. Separate 
preparations with unique concentrations of the components were used, and 
complementary investigations with contact preparations were made. 

A phase symbol in parenthesis means the existence of a liquid crystal phase 
in a metastable region with respect to the crystalline solid phase. 

Materlals 
1) n-Pentyl 4-[4'-n-dodecyloxybenzylideneamino]cinnamate AABC (12.5) 

C l r H I I ~ ~ C H = ~ ~ C H = C H - ~ ~ ~ ~ ~ ~ l  I 

Cr 73.9 (G - 71) 195.0 C 106.7 A134.2 Is; newly synthesized material; new 
classification according to the results in section 3. The classification according 
to the earlier results* was Cr 73.9 B 95.0 C 106.7 A 134.3 Is. 

Cr 80.3 B 119.7 A 158.3 N 164.9 Is; standard substance for B phases; classifica- 
tion in Refs. 9, 10. 

2) Ethyl 4-[4'-ethoxybenzylideneamino]cinnamate AABC (2.2) 

3) Terephthalylidene-bis-[4-n-nonylaniline] TBAA (9) 

Cr 57.3 G 132.5 F 155.5 I 157.5 C 192.7 A 199.0 1s;classification see Refs. 4,5. 

3 THE POLYMORPHISM OF n-PENTYL 
4-[4'-n-DODECYLOXY BENZYLIDENEAMINO]CINNAMATE 

In 1968 the polymorphism of AABC (12.5) was tested by miscibility with the 
standard substance for B phases.* According to Figure 1, the miscibility rela- 
tions yielded the polymorphism BCA. 
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I 
FIGURE 1 Binary phase diagrams for AABC (2.2) and AABC (12.5) earlier results.' 

In order to test the relations between I and B phases, the miscibility between 
AABC (12.5) and the nonyl compound of the TBAA series was investigated. 
The results of this test are shown in Figure 2. There is an uninterrupted misci- 
bility between the three high temperature modifications of the two com- 
pounds. The mixed phases F, starting from TBAA (9), have only a limited ex- 
istence with concentration and temperature. The existence of the mixed 
phases G could also be observed in the supercooled region, and indicated the 
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198 L. RICHTER er ul. 

smectic G 

solid 

- 134.2 C1.P. 

- 106.7 tr.1 

- 95.0 tr.* 

- 73.9 m.p. 

+(  smectic GI 
- ( ~ 7 1  tr.3) 

50 Terephthalylidene-bis- mol % n Pentyl 4-[4-n-dodecyl- 
[4-n-nonyl-aniline ] oxy-benzy li d eneam in o] - 

cinnamate 
FIGURE 2 Binary phase diagram for TBAA (9) and AABC (12.5). 

existence of a metastable G phase in AABC (12.5); this could also be observed 
in the pure substance. 

The uninterrupted miscibility between the phases named I in Figure 2 con- 
tradicted either the denomination B of the third phase in AABC (1 2.5) (Figure 
I), or the denomination I for the third phase in TBAA (9). Because of the ex- 
istence of tilted layer structures in the phases of both TBAA (9)" and AABC 
( 12.5),12and of a layer structure with perpendicular orientation of the molecu- 
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SMECTIC I PHASES 199 

lar long axes in AABC (2.2),”a reinvestigation of the binary system (Figure 1) 
was essential. 

The result of this reinvestigation is shown in Figure 3. Especially the regions 
of existence of the three mixed phases A, B, and C were observed. Now the 
existence of a miscibility gap which falls strongly with decreasing temperature 
in a small concentration interval has been found. 

2 00 1 smectic A 

95.0 
94.5 

c1.p. 
tr.1 

nerno 

tc2 119.7 

100 

m.p. 80.3 

6 0  

4 0  

smectic A 
r--- 
I 

A. 

smcctic 6 

42.0 

smectic A 
r--- 

smcctic 6 

- 134.2 ~1 .p .  

- 106.7 tr.1 
,smectic C - 95.0 tr.2 

,smectic I - 73.9 rn.p. 
’(-71 tf.3 1 

-(smectic G )  

solid 

* O  1 
t I I I I I I U 8 .  

n- Pentyl 50 
Ethyl 4 - [ 4 - e t h o x y -  mol VO 
ben z y I id ene a rn i no] 
cinnamote 

oxy-  benzylideneomino] - 
cinn om o t e 

FIGURE 3 Binary phase diagram for AABC (2.2) and AABC (12.5). 
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200 L. RICHTER er a/. 

FIGURE 4 Contact preparation for AABC (2.2kAABC (12.5) X 160, 95.3"C. 

The existence of the phases in the region of the transitions between the 
phases A, C, B, and I can be seen in the textures of the isothermal contact 
preparations (Figures 4-7). 

In Figure 4, a small clear line (see arrow) separates the homeotropic phases 
B and A. The phase A is separated from a schlieren texture of the C phase. In 
Figure 5 ,  parts of the schlieren texture of the phase C pass over to a schlieren 

FIGURE 5 Contact preparation for AABC (2.2kAABC (12.5) X 160, 95°C. 
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SMECTIC I PHASES 201 

FIGURE 6 Contact preparation for AABC (2.2)-AABC (12.5) X 160, 94.8"C. 

texture ofphase I. In Figure 6, a small phase region C (in the middle) separates 
the I phase on the right from the homeotropic A and B phase regions. In Fig- 
ure 7, the C phase has disappeared. Only homeotropic regions of the phase B 
and a phase region I, which has a partly mosaic-like texture, can be seen. 

In this way, the small miscibility gap between the two mixed phases B and I 

FIGURE 7 Contact preparation for AABC (2.2 j A A B C  (12.5) X 160, 85°C. 
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202 L. RICHTER er 01. 

was proved. This region, being placed at higher concentrations of AABC 
(12.3, could not be found in the earlier investigation (Figure 1). According to 
the results for the system TBAA (9)-AABC (12.5) (Figure 2), AABC (12.5) 
possesses the polymorphism (G) ICA. 

4 I PHASES IN HOMOLOGOUS SERIES 

4.1 Polymorphism In the rerler of Alkyl 
4-[4’-n-alkyloxybenzyildeneamlno]cinnamatea (AABC) 

In the known members of these series (derived by variation ofn and m) a smec- 
tic trimorphism was the highest smectic polymorphism found. l4 The variants 
of all known members seemed to be derivable from a general variant BCAN. 
As standards in miscibility experiments, the esters AABC (2.2) and AABC 
(12.5) have been used. Besides investigations of miscibility, the trends of the 
transition temperatures in the series and texture observations were used for 
phase classification. 

The new classification of AABC (12.5) described in section 3 now demands 
a re-examination of these earlier results. 

Smectic BA dimorphism was proved according to the complete miscibility 
found in the binary systems with the members of the series AABC (3.2)-(2.2)15 
and (2.2)-(l.2).9 The results are cited in the following scheme 

N N 

A A A 

B B B 

(The lines represent complete miscibility between two phases with the same 
symbol). 

The trends of the transition  temperature^'^ between the two smectic phases 
in the other known members (4.2), (5.2), (6.2), and (9.2)allow us to assume the 
presence of the polymorphism BA in the series (n.2). 

In the members ( 1 2 3 ,  (10.3, (9.9,  smectic trimorphism was found.’ The 
texture observations and the trends of the transition temperatures for these 
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SMECTIC I PHASES 203 

neighboring members allowed a transfer of the phase code from (12.5) to 
(10.5)and(9.5). Therefore(lO.5)and(9.5)should now have thevariant ofpoly- 
morphism ICA according to the results in section 3. 

In the compound (8.5), only two smectic modifications were observed. The 
miscibility in a binary system with the trimorphic (9 .5)  compound (ICA) 
showed complete miscibility between the phases A and between the low 
temperature modifications.16 Therefore the polymorphism of (8.5) now 
should be IA. 

However, a first renewed check of the diagram by texture observations of 
contact preparations showed an inhomogeneity in the mixed phase region for 
the low temperature phases (Figure 8). From left to right with increasing con- 
centration of (8.5), a striped mosaic texture changes to a pseudomorphic fan- 
shaped texture with a diminished number of discontinuities; this characterizes 
a B phase. 

This represents the existence of an interrupted miscibility which was not 
found in the earlier investigations.* The existence of a BA polymorphism in 
(8.5) can be supposed, but a more detailed appraisal of the phase diagram of 
the system (9.5)-(8.5) is to be done. 

The polymorphism BA was also supposed in the (8.3) compound by com- 
paring texture observations.I6 Measurements of the birefringence for the low 
temperature smectic phases of(2.2), (3.2), (4.3), (8.3), and (8.5) proved the ex- 
istence of optically uniaxial phases and confirmed the polymorphism BA in 
these substances.” 

The complete miscibility in the binary system (12.5)-(8.i5) ( i  = iso) between 

FIGURE 8 Contact preparation for the system AABC (9.5)-(8.5). X 50, 75°C. 
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204 L. RICHTER et 01. 

all the three smectic modifications' signifies the polymorphism ICA with an  I 
phase in the former place of a B phase. The polymorphism ICA can also be 
supposed in the smectic trimorphic substances (10.i5) and (12.i5).' 

Summarizing these results, in the higher members of the series of pentyl 
esters and iso-pentyl esters (93, (10.9,  ( 1 2 3 ,  (8.i5), (lO.i5), and (12.i5), the 
smectic trimorphism ICA has now to be introduced. In the other known sub- 
stances with lower (n, rn) combinations, the denomination BA can be retained. 

4.2 I phases In the homologour rerler of the 4,4'-blr- 
[n-rlkyloxy]atoxybenzener (AAOB) 

In earlier investigations of the members n = 6 to  n = 12, smectic C phases 
were found.'*'* Arnold et al. "observed in the members with n = 16 andn = 18 
a second smectic phase a t  lower temperatures and supposed the presence of a 
B phase. In miscibility experiments2' with AABC (12.9,  this classification was 
checked. 

The miscibility in the two binary systems was found to be 

AAOB (16) AABC (12.5) AAOB (18) 

A 

C C C 

I I I 

and now has to be formulated with I phases (instead of B phases). 
X-ray investigations done on oriented samples of AAOB ( 18)2' proved a 

tilted monoclinic (pseudohexagonal) structure for the phase now designated I. 
This corresponds with the results of the X-ray investigation of the I phase of 
AABC (12.5).'* 

4.3 The homologour wrler of the 4,4'-B1r- 
[n-alkylrmlno]blphenyls (MBPh) 
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SMECTIC I PHASES 205 

A A  

A A  

0 B l n )  - -  -- 

8 P h l n l l -  -El- El 
(II CN I C  I C  (F) IC I C  I I 

FIGURE 9 Relations of miscibility with AABPh members (Ref. 6 and section 4.2). 

The polymorphism of this series was described extensively in Ref. 6. The clas- 
sification of the phases was derived by miscibility measurements, which used 
AABC (12.5) as a standard. X-ray investigations and calorimetric measure- 
ments were also done. 

In Figure 9, the miscibility relations in this series are schematically 
summarized. 

All variants found are derivable from a sequence FICN. A tilted layer struc- 
ture for the I phases was proved by X-ray investigations. 

4.4 The homologour rerier of the 4-n-nonyl-4’-n-alkyloxyazobenzener 
(NAAB) 

Recent investigations on miscibility, X-ray diffraction, transition heats, and 
textures have been p ~ b l i s h e d . ~  

AABC (12.5) was used as  a standard substance in the binary system AABC 
(12.5)-NAAB (14). Contact preparations for the binary systems of the series 
NAAB (14)-( lo), (8)-( lo), (8)-( 16) proved uninterrupted miscibility between 
phases of the same type.”Together with the trends of the transition tempera- 
tures in the series (Figure 10) and the texture observations, the codes ofphases 
listed in Figure 10 can be derived. 

All variants of the single members are sequences of a more general variant 
GICAN. 

First X-ray measurements of the compound (18)23 proved a tilted layer 
structure for the phase now coded I. This result is transferable to all the I 
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8 9 10 1 2  14 16 18 
n -  

FIGURE 10 Transition temperatures in the series NAAB. 

phases in this series in agreement with the X-ray investigations and the texture 
observations in Ref. 7. 

4.5 The homologous rerles of 2,5-Bls-[4'-n-alkyloxyphenyl]pyrarlner 
(BAPhP) 

The members of the series (n = 6 ,7 ,8 )  have a low temperature smectic phase 
besides a phase C. In a binary system BAPhP(8)-AABC (12.5) uninterrupted 
miscibility between this low temperature phase and the phase I of AABC 
(12.5) was found.24 Therefore the earlier code B for this phase should be 
changed to 1. However, in a first renewed investigation of this system, com- 
plete miscibility could not be ~ o n f i r m e d . ~ ~ T h e s e  smectic phases of the BAPhP 
seem to belong to  the phase type H. Therefore they are neither B phases nor I 
phases, and further investigations have yet to be done. 
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SMECTIC I PHASES 207 

5 SUMMARY: THE SYSTEM OF I PHASES 

The results on miscibility in the binary system with TBAA (9) described in 
section 3 demand a revised sequence of the phases in AABC (12.5): 

(G)ICA. 

The smectic phase formerly named B now has to be coded as an I phase, and a 
G phase was additionally found at  lower temperatures, in a metastable region. 

This result requires an inspection of all the binary systems in which AABC 
(12.5) incorrectly was considered to be a component with a B phase. 

A renewed investigation of the binary system AABC (12.5)-AABC (2.2) 
(Figure 3) proved a small region of interrupted miscibility between the mixed 
phases B starting from AABC (2.2) and the mixed phases I starting from 
AABC (12.5). This heterogeneous region was not found in earlier investiga- 
tions, and led to the incorrect denomination of the “B phase” of AABC (12.5). 

In all earlier investigated binary systems showing complete miscibility be- 
tween a liquid crystal phase and the I phase of AABC ( 1 2 3 ,  a redesignation of 
the B phase as an I phase was needed. This was not done schematically. All the 
binary systems were critically checked by comparison with new texture obser- 
vations, with sequences of transition temperatures for neighboring members 
of a series, or with results from X-ray investigations. 

Therefore some earlier results on miscibility in the AABC series (section 4. I )  
and the BAPhP series (section 4.5) have been excluded and put aside for re- 
newed investigations. Together with more recent investigations on miscibility 
(sections 4.3 and 4.4), a list of substances with I phases can now be given in 
Table I. 

All the variants found can be derived from the sequence 

GFICAN 

allowing for the absence of one or several phases in single substances. 
In all I phases investigated by X-ray diffraction a tilted layer structure was 

observed, and in some cases a pseudohexagonal packing of the molecular long 
axes has been proved. 

Considering the general connection between smectic structure and texture, 
the I phases due to their tilted structure can occur in mosaic or schlieren tex- 
tures and in pseudomorphic fan-shaped textures, but not in homeotropic tex- 
tures. Therefore texture observations in many cases allow a distinction to be 
made between I phases and B phases, because the latter can be forced to adopt 
a homeotropic orientation. 

The differences between the structures of F and I phases were proved by 
X-ray investigations of these two phases in TBAA ( Both phases have a 
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208 L. RICHTER et at. 

TABLE I 

Series Polymorphism 

TBAA n, n 
9 . 9  GFICA 

10, 10 GFICA 

10, 5 ICA 
12, 5 (G)ICAN 
8. iS ICA 

10. iS ICA 
12. iS ICA 

9, 8 (1)CAN 
9. 9 ICAN 
9. 10 ICA 
9, 12 GICA 
9, 14 GIC 
9, 16 GIC 
9, 18 GI 

8. 8 ( W N  
9. 9 IC 

10,lO IC 
1 1 , l l  (WIG 
12.12 IC 
16, 16 I 
18, 18 I 

16, 16 IC 
18, 18 IC 

AABC n.m 

NAAB 

AABPh n. n 

AAOB n , n  

C-centered monoclinic (pseudohexagonal) cell with the parameters a > b in 
the Fphase and b > a in the I phase. This is caused by the direction of the tilt 
being either towards an edge (F phase) or an apex (I phase) of the hexagons. 

The symmetry with b > a was also found for the I phase of AABC (12.5).'* 
The transition from ordered smectic I phases to non-ordered smectic phases 

occurred in all cases by a transition between the tilted phases I and C(Tab1e I). 
The appearance of a non-tilted ordered modification in sequences involving I 
phases was found only in mixed phases. In these cases the sequence . . . IB . . . 
was observed.6 

Of the smectic phases with an ordered tilted layer structure (IFGH), the I 
phases are always the high temperature modification. With respect to the G 
and H phases, the I phases have a higher rotational motion, and this could be 
responsible for the observed sequence of the phases. 

The alternative directions of the tilt in F and I phases were also found in the 
low temperature modifications that follow F and I phases, respectively. The 
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structures G and H with parameters a > b were distinguished from the struc- 
tures G’ and H’ with parameters b > 

This point was noted by the authors only after this manuscript had been 
prepared. No differentiation between G and G’, and H and H’ phases has 
therefore been attempted in the preceding text. Moreover, a separation of four 
phase types G, H, G’, and H‘ by miscibility has not been observed so far, al- 
though this separation would be expected. This requires new investigations of 
the phase transitions in binary systems which have low temperature modifica- 
tions besides F and I phases. 

References 
1. H. Sackmann, J. fhys. (furis), 40,5 (1979). 
2. H. Sackmann. Advunces in Liq. Crysr. Res. and Applicurions. Proc. Third Liq. Cryst. Confer- 

ence, Budapest. 1979 (ed. L. Bata), Pergamon press (Oxford and New York), Akademiai 
(Budapest), 1, p. 27 (1981). 

3. H. Sackmann, Springer Series in Chemical Physics I I ,  19 (1980). 
4. L. Richter, Dissertation Halle/S, 1979. 
5. L. Richter, D. Demus and H. Sackmann, Mol. Crysi. Liq. Crysr., 71, 269 (1981). 
6. N. K. Sharma. W. WeiBflog,L. Richter, S. Diele. B. Walther. H. Sackmann and D. Demus, 

7. G. Pelzl, N. K. Sharma, L. Richter, A. Wiegeleben. G. Schroder, S. Diele and D. Demus. Z. 

8. D. Demus. H. Sackmann. G. Kunicke, G. Pelzl and R. Salffner. 2. Nururforsch.. 23s. 76 

9. H. Arnold and H. Sackmann. 2. Elekrrochem. Ber. Bunsenges. fur fhysik. Chem., 63, 1171 

10. D. Demus and H. Sackmann, Z. fhysik. Chem.. 238,215 (1968). 
I I .  S. Diele, H. Hartung, P. Ebeling, D. Vetters, H. Kruger and D. Demus. see Ref. 2.. 1, p. 39. 
12. S. Diele. D. Demus and H. Sackmann, Mol. Crysr. Liq. Crysi. Lp??.. 56, 217 (1980). 
13. A. M. Levelut and M. Lambert, Compr. Rend. Acad. Sci. (furis), 272, 1018 (1971). 
14. D. Demus, H. Demus and H. Zaschke, Flussige Kristulle in Tubellen. VEB Deutscher Verlag 

fur Grundstoffindustrie. p. 123 (1974). 
IS. R. Gabler. Dissertation Leipzig, 1939. 
16. D. Demus, G. Kunicke,G. Pelzl. B. Rohlig, H. Sackmannand R. Sa1ffner.Z. Physik. Chem.. 

17. G. Pelzl and H. Sackmann. Symp. Furuduy Soc.. No. 5,  68 (1971). 
18. H. Sackmann and D. Demus. 2. fhysik. Chem.. 222, 143 (1963). 
19. H. Arnold. J. Jacobs and 0. Sonntag. Z. fhysik. Chem., 240, 177 (1969). 
20. D. Demus, H. Konig, D. Marzo:ko and R.  Rurainski,Mo/. Crysr. Liq. Crysr., 23,207( 1973). 
21. A. M. Levelut, J. Doucet and M. Lambert, J. fhys. (furis), 35, 773 (1974). 
22. G. Pelzl, unpublished results. 
23. W. H. de Jeu, J. fhys. (furis). 38, 1265 (1977). 
24. D. Demus. H. Sackmann and R. Salffner, Wiss. Z. Llniv. Hulle. XXII ‘73 M. H. 2.143 (1973). 
25. U. Bottger. Diplomarbeit Halle, 1979. 
26. P. A. C. Gane, A. J. Leadbetter and P. G. Wrighton, Mol. Crysr. Liq. Crysr.. 66,247(1981), 

see Ref. 2.. 1, p. 3. 

fhysik. Chem.. in press. 

( 1968). 

(1959). 

254, 373 (1973). 

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

2:
35

 2
1 

Fe
br

ua
ry

 2
01

3 


