
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Liquid-crystalline compounds with lateral aromatic branches
W. Weissfloga; D. Demusb

a VEB Laborchemie Apolda BT Spezialchemie Leipzig, Leipzig-Lützschena, G.D.R. b Sektion Chemie
der Martin-Luther-Universität Halle-Wittenberg, Halle, G.D.R.

To cite this Article Weissflog, W. and Demus, D.(1988) 'Liquid-crystalline compounds with lateral aromatic branches',
Liquid Crystals, 3: 2, 275 — 284
To link to this Article: DOI: 10.1080/02678298808086374
URL: http://dx.doi.org/10.1080/02678298808086374

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678298808086374
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1988, VOL. 3, No. 2, 275-284 

Liquid-crystalline compounds with lateral aromatic branches? 

by W. WEISSFLOG 
VEB Laborchemie Apolda BT Spezialchemie Leipzig, Elsteraue 9, 

DDR-7143 Leipzig-Liitzschena, G.D.R. 

and D. DEMUS 
Sektion Chemie der Martin-Luther-Universitat Halle-Wittenberg Miihlpforte 1, 

DDR-4020 Halle. G.D.R. 

(Received 15 June 1987; accepted 7 September 1987) 

We present the synthesis of 2-substituted hydroquinone-bisbenzoates which 
have large 2-substituents containing aromatic and other ring systems. Contrary to 
the general accepted opinion these large lateral substituents which cause remark- 
able deviations from the rod-like shape of the molecules d o  not prevent the 
liquid-crystalline properties, the compounds are nematic and smectic. The influ- 
ence of different chemical groups on the liquid-crystalline properties is investigated 
systematically. The compounds tend to exhibit the glassy nematic state above 
room temperature. This property may be used for the construction of thermo- 
electrooptic devices. 

1. Introduction 
In previous papers [l-8, 151 we reported the influence of lateral long chain substi- 

tuents on the liquid-crystalline behaviour of three-ring compounds. The anomalous 
trend of the clearing temperature T,, with increasing lateral alkyl chain, namely the 
convergence of T,, after a strong decrease for the first members, may be explained by 
a tendency of the alkyl chains to an orientation parallel to the molecular long axes. 
There are several arguments which support this explanation; especially the behaviour 
of the length-to-breadth ratio which is consistent with the molecular-statistical 
theories of nematic liquid crystals [lo]. By X-ray investigations we were able to prove 
the existence of cybotactic groups in the 1 ,4-bis-(Cn-substituted-benzoyloxy)-2-n- 
alkyl-benzenes (I), however, the compounds did not exhibit smectic behaviour [7]. 
Now we change the lateral substitutions in such a manner that substituted or unsub- 
stituted aromatic rings (supplemented by some other ring systems) are attached by a 
spacer group Xat  the middle aromatic ring of the basic molecule according to formula 
(VI). According to the generally accepted opinion [20] these bulky substituents should 
reduce the mesogenity to a large extent or even prevent it completely. 

Former investigations have shown that an additional branching and therefore 
enhanced bulkiness of the lateral substituents causes further depression of the clearing 
temperature. For example, the T,, of the t-butyl compounds (TI) and the esters of 
2-methyl-butanol(III) are lower than those of the n-alkyl isomers. However, even two 
alkyl chains in the oxime esters (IV) do not completely prevent the occurrence of 
nematic phases. According to Cox et al. [ 121 the esters of the 2-phenylhydroquinone 

t Thermotropic liquid-crystalline compounds with lateral long chain substituents: Part IX. 
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276 W. Weissflog and D. Demus 

(V) are liquid-crystalline. Unfortunately the temperatures in the tables do not 
agree with those in the graphical plot [12], and so a clear interpretation of the results 
is difficult. 

(VI) - x q - - R z  
R4 R 3  

Already in the research group of Vorlander some liquid-crystalline compounds 
with lateral aromatic substituents have been synthesized by Mauerhoff and Kuhrmann. 
Mauerhoff [36] described three compounds of the type 

R @cH=NQ-@N=Hc@-R 

N = C H ~  R 

R=  - N O 2 ;  -OCH3; -OC,H, 

These substances are nematic with clearing temperatures above 200°C. Kuhrmann 
[ 131 prepared liquid crystals with lateral aromatic substituents. However close inspec- 
tion of her results shows inconsistencies in the clearing temperatures and possibly an 
incorrect interpretation of the synthetic results (e.g. according to the reaction route 
described by Kuhrmann the formulae of compounds No. 2522-2527, 2589-2590 in 
[14] should bear two substituents attached to the middle benzene ring in reverse 
positions). 

Gallardo and Miiller [ 161 have described the reaction of 4-n-alkyloxybenzoins with 
4-n-propylaniline which are claimed to yield compounds of the type 

OH N 

OC, H, 

The compounds are nematic, their nematic-isotropic transition temperatures of 
above 100°C are anomalously high for a branched two ring compound and do not 
seem to be compatible with the proposed structure. In fact, the T,, are very similar 
to those of the 4-n-alkyloxy-N-(4-n-alkyloxy-benzylidene)-anilines (see [ 14, p. 971) 
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Mesogens with lateral aromatic branches 277 

and there are hints that the reaction did not follow the expected route. Detailed work 
concerning this discrepancy is under progress and will be published elsewhere. 

2. Results and discussion 
We have synthesized 47 compounds of the general structure (VI); details of the 

synthesis are given in 54. The transition temperatures of the new compounds are given 
in tables 1-4. In order to have a better comparison of the influence of the lateral 
substituents on the liquid-crystalline behaviour we have used alkyloxy groups of 
constant length (C,) in the reference molecule. 

A 2-benzoyl or phenylester group in compounds 1 and 2 (cf. table 1) in compari- 
son to the 2-phenyl-hydroquinone bis-(4-n-octyloxybenzoate) of Cox et al. [ 121 (C 8 1 
N 77 I) decreases TN, . This decrease is enhanced further by substitution of the lateral 
phenyl ring in the 4-position for compounds 25-27 (cf. table 3). 

Esterification of different w-phenylalkanols with 2,5-bis-(4-n-octyloxy-benzoyloxy)- 
benzoyl chloride yields compounds 3-8 (cf. table 1). Their transition temperatures are 
plotted in figure 1. The insertion of methylene groups makes the spacer X more 
flexible and so allows the orientation of the lateral phenyl group more or less parallel 
to the reference molecule. Spacers with an odd number 2 3 of single segments (the 
-CO- and -0- of the ester group are included in the calculation) compensate the 
angle of the substituent made with the molecular long axis and cause the higher TNI 
in the strongly alternating curve shown in figure 1. The regions of stable nematic 
existence of about 30K in 13 and 15 and the TN, with values above 90°C prove that 

Table 1. The influence of the spacer X on the transition temperatures (in "C). 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

~ 

X 

-co- 
-coo- 
- COO - CH, - 
-COO-(CH2)2- 
-COO-(CH2)3- 
-COO-(CH,)d- 
-COO-(CH,)S- 
-COO-(CH,),- 
-COS-CH,- 
-CO-NH-CHl- 
-COO-CH,-CH=CH- 
-COO-CH,-CH2-O- 
-COO-CH2-CH N ,- I -  

C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

__ 
85 
91 
98 
73 
68 
80 
62 
70 
78 

121 
107 
76 
60 

N 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 

( 5 8 )  0 

(65) 0 
0 98 

80.5 0 
96 0 

(76) 0 
92 0 
77 0 
80 0 

(1 12) 0 
130.5 0 
109 0 
76 0 

c 2  H5 

I 
14 -COO-CH,-CH2-N- 0 72 0 (50)  0 

C, H4 CN 
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I 
C8Hl,0-@CO0 0 OOC 0 OC8H17 4 - 0  

COO - ( C H 2 1 n a  

1 , .  , , - 
0 2 4 6 n  

Figure I .  Transition temperatures versus spacer length in the homologous series of the 
w-alkylphenyl 2,5-bis-(4-n-octyloxybenzoyloxy)-benzoates. TN, , nematic-isotropic tran- 
sition temperatures; T,, melting temperatures. 

Table 2. The influence of the length of the substituent R2 on the liquid-crystalline properties 
(in "C). 

No. n C sc  N I 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

85 
92 
82 
79 
75 
84 
80 
85 
93 
93 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

120 
117 
1 1 1  
109 
105 
105 
105 
104 
104 
104.5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

the bonding of lateral phenyl rings to the reference molecule by flexible spacers is a 
useful concept for the synthesis of liquid crystals. 

The alternating behaviour of compounds 3-8 may be compared with that of the 
substances synthesized by Gray [37] 

In  this series the TN, alternate very strongly due to the terminal ring of the ester 
moving in and out of line with the long axis of the rest of the molecule. The alternation 
does diminish in magnitude as the length of the spacer -(CH2)n- increases. This has 
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Mesogens with lateral aromatic branches 279 

Table 3. The influence of different spacers and substitution of the lateral aromatic moiety 
(temperatures in “C). 

X R2 R’ R4 sc S A  N I 

25 -COO- 
26 -COO- 
27 -COO- 
28 -COO-N=C- 

I 
CH’ 

29 -C=N-OOC- 
I 

CH, 
30 -CH=N-OOC- 
31 -COO-N=CH- 
32 -COO-N=CH- 
33 -COO-CH,- 
34 -COO-CH,- 
35 -COO-CH2- 
36 -COO-CH,- 
37 -COOCH,-CH=C 
38 -COO-CHZ- 
39 -COO-CH2- 

:H- 

CN H H 
CH2CN H H 
CH2CH2CN H H 
C 5 H l ,  H H 

CSHI, H H 

C 5 H l l  H H 

0C6H13 H 

CH3 H H 
iso-C3H7 H H 
CN H H 
NO2 H H 
NO2 H H 

CN H H 

Br H H 

H NO2 H 

0 107 - - 0 (50) 0 
0 91 - 0 (48) 0 
0 112 - - 0 (39) 0 
0 74 - - 0 (22) 0 

- 

0 58 - - 0 (17) 0 

~ 0 75 - 0 (70) 0 
0 110 - - 0 (66) 0 
0 87 - - 0 9 2 0  
0 95 0 (61) - 0 121 0 
0 82 - - 0 113 0 
0 75 - - 0 9 5 0  
0 91 - 0 152 - 0  
0 164 ~ 0 195 - 0  
0 94 ~ 0 163 - 0  
0 80 0 82 0 96 0 112.5 0 

40 -COO-CHZ- H H NO2 0 108 - - 0 (80) 0 
41 -COO-CH,- -0-CH,-0- H 0 99 - - 0 112 0 

43 -COO-CH,- oc4 H9 OC4Hy H 0 99 - - 0 (73) 0 
42 -COO-CHZ- OC8HI7 OCH, H 0 78 - - 0 80.5 0 

Table 4. The influence of the terminal ring on the mesomorphic behaviour (temperatures 
are in “C). 

‘-COO-CH2-(;;)- R 2  

A R2 K sc  N I 

- H 0 55 0 103 0 

45 -@ H 0 75 - 0 86 0 

46 -@ C’H7 0 89 0 108 0 - 

47 -@-@ C4Hy 0 106 0 (84) 0 154 0 
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280 W. Weissflog and D. Demus 

been considered as a hint to the greater ability of longer alkylene chains to bend into 
line with the molecular long axis [37]. 

Variants of the spacer in structure (VI) are possible; they are investigated prefer- 
ably in compounds whose spacers consist of three or five segments. Substitution of an 
oxygen in the lateral ester group of 3 by sulphur in 9 yields a depression of TN[, 
introduction of an amide group, 10, enhances the transition temperatures probably 
by the formation of hydrogen bonds. The introduction of a carbon-carbon double 
bond, 11, between segments 4 and 5 enhances TN[ by 35K in comparison to the 
analogous compound with a single bond, 5. Substitution of the phenyl neighboured 
methylene in 5 by oxygen yields the phenoxy compound 12. The advantageous 
liquid-crystalline properties and the relatively easy synthesis of this moiety persuaded 
us to perform detailed investigations of the substituent effects in this molecule [19]. 
The examples 13 and 14 demonstrate that the spacer may be branched itself without 
loss of mesomorphic properties. 

Only by strong supercooling in the isomeric ketoxime esters 28 and 29 can the 
nematic phases be detected. On the other hand the remarkably higher T,, of 30-32 
proves that a further systematic investigation of the influence of different spacers X 
and substituents R2 in structure (VI) is of interest. Aldoxime esters as 30-32 are suited 
for this purpose only with restriction since they tend to decompose at higher tem- 
peratures [17, 181. 

Since spacers with three or five segments in structure (VI) affect especially advan- 
tageously the mesomorphic properties, the investigation of the substituent influence 
in the lateral phenyl ring may be performed systematically. The examples 15-24 
(cf. table 2), 33-37 (cf. table 3) show the increase of TN[ by particular p-substituents, 
in contrast to the behaviour of 25-27. 

Figure 2 shows the transition temperatures of the homologous series 15-24, in 
which only the length of the alkyloxy group at the lateral substituent is changed. All 
compounds exhibit enantiotropic nematic phases. It should be emphasized that the 
TN, are influenced by only a small amount by the chain length of this substituent, 
indeed the TN, of the six homologues 19-24 are nearly constant. The most remarkable 
feature of this series is the existence of monotropic smectic C phases, since there is a 
general rule that lateral substituents depress the smectogenic properties much more 
than the nematogenic ones [l-8,201. In lateral substituted three ring compounds only 
by substitution with small lateral groups such as F, CI, CH,, CN, CHO have weak 
smectogenic Sc properties been observed. 

In addition the existence of smectic A phases in lateral substituted compounds 
such as 36-38 is very unusual. In a Preliminary Communication [9] we have described 
the intercalated structure of the S, phases in substances of this type. The publication 
of further results in similar compounds is in preparation [21]. 

Examples 38-40 demonstrate the positional isomerism of the nitro group at the 
phenyl ring without loss of mesomorphic properties. Compound 39 is the first lateral 
substituted substance with the polymorphism S, S, N. Some examples of a multiple 
substitution of the lateral ring are given in 41-43, further material concerning this 
problem will be published elsewhere [ 191. 

In table 4 we present the transition temperatures of compounds in which the 
lateral phenyl ring according to structure (VI) is exchanged by a heterocyclic aromatic 
ring in 44 or by cyclohexane moieties in 45-47; these substances are also enantiotropic 
nematic. 
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100- 

50 - 
T N I  

0 T m  

6 N  

20 I 
! 

1 3 5 7 9 n  

Figure. 2. Transition temperatures versus alkyl chain length in the homologous series of 
the 4-n-alkyloxybenzyl 2,5-bis-(4-n-octyloxybenzoyloxy)-benzoates. T+,, smectic C- 
nematic transition temperature. 

3. Conclusions 
In a preliminary summary of the results we may conclude that substances of the 

general formula (VI) with suitably chosen spacer and substituents exhibit liquid- 
crystalline properties at unexpectedly high temperatures. The flexibility of the spacers 
is well known in side-chain polymers [26]. On the other hand, by the action of the 
nematic surrounding the possible rotational isomers of alkyl chains tend to a confor- 
mation which yields a stretched molecule [3 I]. Therefore we conclude, considering 
especially the influence of the different spacers displayed in figure 1, that the large 
lateral substituents in compounds with pronounced mesomorphic properties are 
oriented more or less parallel to the long axes of the reference molecules. 

Considering the molecular structure revealed by space-filling models we can 
observe that the shape is neither rod-like nor disc-like (cf. figure 3), we may speak 
about a new type of lateral substituted liquid crystal. Compounds in which lateral 
two-ring or three-ring groups are linked by small spacers at the reference molecule, 
have some similarity with the ligated Siamese twin molecules [22-2.51. On the other 
hand there exists a relationship to liquid-crystalline polymers in which mesogenic side 
groups are fixed as lateral substituents to the mesogenic moieties of rigid rod or 
semi-flexible main-chain polymers [32]. 

These compounds do not possess only unconventional molecular structure but 
also unconventional properties. Preliminary X-ray investigations of the SA phase 
of compound 38 point at specialities [9]. The length of the basic molecule is 
42& however, the layer thickness of the SA phase is only 34.2A. This difference 
has been explained by an intercalation of the layers [9], however, considering the 
results of additional investigations in several members of the homologous series [33] 
another structural model seems to be more probable. The pecularities are due to the 
unsymmetrical shape of the molecules and the existence of the space filling lateral ring 
systems which are attached to the reference molecule by a spacer. As the cyclohexane 
derivatives 45-47 prove, for the mesomorphic properties special interactions between 
the aromatic parts of the basic molecule and the spacer are not necessary. 
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282 W. Weissflog and D. Demus 

Figure 3. Space-filling model of compound (VI) with the spacer X = -COO(CH,),-. 

Consideration of the length-to-breadth ratios of the molecules does not lead to a 
satisfactory explanation of the high clearing temperatures. This may be demonstrated 
by the example of the nitro compound 37. The smectic A-isotropic transition tem- 
perature is exactly equal to the T,, = 195°C of the reference molecule hydroquinone- 
bis-(4-n-octyloxybenzoate) [I]. Since the length of 42 A is equal for both compounds, 
the space-filling model for 37 shows at least double the breadth for the molecular part 
which contains the lateral substituent. In the frame of the molecular-statistical 
theories the smaller length-to-breadth ratio should cause a drastic decrease of the 
clearing temperature. The possibility of association by the strongly polar nitro group, 
however, could complicate this simple picture. 

It should be emphasized that generally lateral substituted compounds tend to have 
very high shear viscosities [2]. This behaviour has also been observed qualitatively in 
the reported new compounds and quantitative measurements are in progress. We 
want to illustrate this by the behaviour of compound 35. Rapid cooling of the nematic 
phase of this substance to temperatures of between 0 and 5°C yields a glassy nematic 
structure which is metastable without crystallization for several months. The quenched 
glassy structure is able to preserve an orientation or information which has been 
impressed on the nematic phase at temperatures above the glass temperature by the 
action of electric or magnetic fields or interaction with the walls. Using nematic liquid 
crystals with glass temperatures above room temperature we were able to construct 
thermo-electrooptical displays which have several advantages compared with similar 
constructions using smectic A phase [27,28] or polymeric liquid crystals [29]. Details 
of this new type of display will be published elsewhere. 

4. Synthesis of compounds VI 
The reaction of 2-benzoylhydroquinone with 4-n-octyloxybenzoylchloride yielded 1. 

Esterification of 2,5-bis-(4-n-octyloxybenzoyloxy)-benzaldoxime (C i 10 N 132 I) or 
-acetophenonoxime respectively (C I 1 1 (N 83) I) with 4-n-pentylbenzovlchloride 
produced substances 7 and 8. All the other compounds were obtained by acylation of 
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Mesogens with lateral aromatic branches 283 

the respective hydroxythiol or amino-substituted reaction partners with 2,5-bis-(4-n- 
octyloxybenzoy1oxy)-benzoylchloride. The latter may be produced by oxidation of 
the 2,5-bis-(4-n-octyloxybenzoyloxy)-benzaldehyde [30] with chromium-(V1)-oxide in 
acetic acid and reaction of the carboxylic acid (C 172-175 I) with thionylchloride. 
Esterifications were performed in toluene with triethylamine as a base. The necessary 
o-phenylalkanols [34], substituted phenols [35], oximes [ 17,181, N-(Zhydroxyethy1)- 
anilines, cinnamic alkohols and benzyl alkohols [34] are commercial products or were 
synthesized by use of well-known procedures. 

We thank Dr. C. Tschierske for providing the 4-substituted trans cyclohexyl- 
carbinols necessary for the synthesis of 46 and 47. Experimental contributions of Dr. 
G. Pelzl and W. Wedler are gratefully acknowledged. 

References 
[l] WEISSFLOG, W., and DEMUS, D., 1983, Crystal Res. Tech., 18, K21; 1984, Zbid., 19, 55.  
[2] DEMUS, D., HAUSER, A., ISENBERG, A,, POHL, M., SELBMANN, C., WEISSFLOG, W., and 

[3] DEMUS, D., DIELE, S., HAUSER, A., LATIF, I., SELBMANN, C., and WEISSFLOG, W., 1985, 

[4] WEISSFLOG, W., and DEMUS, D., 1985, Molec. Crystals liq. Crystals, 129, 235. 
[ S ]  WEISSFLOG, W., WIEGELEBEN, A., and DEMUS, D., 1985, Muter. Chem. Phys., 12, 461. 
[6] WEISSFLOG, W., WIEGELEBEN, A,, DIELE, S., and DEMUS, D., 1984, Crystal Res. Tech., 19, 

[7] DIELE, S., ROTH, K., and DEMUS, D., 1986, Crystal Res. Tech., 21, 97. 
[8] WEISSFLOG, W., DIELE, S., and DEMUS, D., 1986, Muter. Chem. Phys., 15, 475. 
[9] DIELE, S., WEISSFLOG, W., PELZL, G., MANKE, H., and DEMUS, D., 1986, Liq. Crystals, 1, 

WIECZOREK, S., 1985, Crystal Res. Tech., 20, 1413. 

Crystal Res. Tech., 20, 1547. 

583. 

101. 
[lo] COTTER, M. A,, 1983, Molec. Crystals liq. Crystals, 97, 29. 
[ l l ]  WEISSFLOG, W., SCHLICK, R., and DEMUS, D., 1981, Z. Chem., 21, 452. 
[12] COX, R., VOLKSEN, W., and DAWSON, B. L., 1984, Liquid Crystals and Ordered Fluids, 

Vol. 4, edited by A. Griffin and J. F. Johnson (Plenum), p. 33. 
[I31 KUHRMANN, C., 1926, Dissertation Halle; see also [14, pp. 160, 164, 2421. 
[I41 DEMUS, D., DEMUS, H., and ZASCHKE, H., 1974, Flussige Kristalle in Tabellen (Deutscher 

[I51 DEMUS, D., and ZASCHKE, H., 1984, Fliissige Kristalle in Tabellen, Vol. I1 (Deutscher 

[16] GALLARDO, V., and MULLER, H. J., 1984, Molec. Crystals liq. Crystals Lett., 102, 13. 
[17] WEISSFLOG, W., and SCHUBERT, H., 1976, J. prakt. Chem., 318, 785. 
[18] WEISSFLOG, W., SCHUBERT, H., KONIG, S., DEMUS, D., and VOGEL, L., 1977, J. prakt. 

[19] WEISSFLOG, W., and DEMUS, D. (in preparation). 
[20] GRAY, G. W., 1979, The Molecular Physics ofLiquid Crystals, edited by G. R. Luckhurst 

and G. W. Gray, Chap. 1. 
[21] WEISSFLOG, W., DIELE, S., and DEMUS, D. (in preparation). 
[22] GRIFFIN, A. C., THAMES, S. F., and BONNER, M. S., 1977, Molec. Crystals liq. Crystals, 

34, 135. 
[23] GRIFFIN, A. C., STEEL, M. L., JOHNSON, J. F., and BERTOLINI, G. J., 1979, Nouv. J. Chim., 

3, 679. 
[24] GRIFFIN, A. C., BUCKLEY, N. W., HUGHES, W. E., and WERTZ, D. L., 1981, Molec. 

Crystals liq. Crystals, 64, 139. 
[25] GRIFFIN. A. C., CAMPBELL, G. A., and HUGHES, W. E., 1984, Liquid Crystals and Ordered 

Fluids, Vol. 4, edited by A. C. Griffin and J. F. Johnson (Plenum), p. 1077. 
[26] FINKELMANN, H., 1983, Phil. Trans. R. Soc. A, 309, 35. 
[27] HARENG, M., LE BERRE, S., and THIRANT, L., 1974, Appl. Phys. Lett., 25, 683. 
[28] SASAKI, A,, KURAHASHI, K., and TAKAGI, T., 1974, J. appl. Phys., 45, 4356. 

Verlag fur Grundstoffindustrie). 

Verlag fur Grundstoffindustrie). 

Chem., 319, 507. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



284 W. Weissflog and D. Demus 

[29] SHIBAEV, V. P., KOSTROMIN, S. G., PLATE, N. A,, IVANOV, S. A., VETROV, V. Yu., and 

[30] WEISSFLOG, W., PELZL, G., and DEMUS, D., 1986, Crystal Res. Tech., 21, 117. 
[31] TORIUMI, H., and SAMULSKI, E. T., 1984, Liquid Crystals and Ordered Fluids, Vol. 4, edited 

[32] RECK, B., and RINGSDORF, H., 1986, Makromol. Chem. rap. Commun., 7 ,  389. 
[331 DIELE, S., MANKE, S., and DEMUS, D., Liq. Crystals (to be published). 
[34] FRIEDRICHSEN, W., 1984, Houben- Weyl Methoden der Organischen Chemie, Band 6/lb, 111, 

[35] JONSTON, H. W., and GROSS, F. J., 1957, J. org. Chem., 22, 1265. 
[36] MAUERHOFF, E., Dissertation, Universitat Halle; see also Nos 3391, 3417 and 3418 in [14]. 
[37] GRAY, G. W., 1975, J .  Phys., Paris, 36, C1, 337. 

YAKOVLEV, I .  A., 1983, Polym. Commun., 24, 364. 

by A. C. Griffin and J. F. Johnson (Plenum), p. 597. 

edited by E. Muller (Georg Thieme Verlag), p. 141ff. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


