This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 10:26

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

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Thermotropic Liquid Crystalline
Compounds with Lateral Long Chain
Substituents Part IX Linking of
Lateral Aliphatic Chains to Three-
ring Mesogens by Different Functional

Groups

W. Weissflog ® , A. Wiegeleben ? , S. Haddawi ® & D. Demus °
& Martin-Luther-Universitat Halle-Wittenberg, Institut fiir
Physikalische Chemie, Muhlpforte 1, 06108, Halle, Germany
® Max-Planck-Gesellschaft, Arbeitsgruppe Flussigkristalline
Systems, Muhlpforte 1, 06108, Halle, Germany

¢ Chisso Petrochemical Corporation, Goi kaigan 5-1, Ichihara,
Chiba, 290, Japan

Version of record first published: 04 Oct 2006.

To cite this article: W. Weissflog , A. Wiegeleben , S. Haddawi & D. Demus (1996): Thermotropic
Liquid Crystalline Compounds with Lateral Long Chain Substituents Part IX Linking of Lateral
Aliphatic Chains to Three-ring Mesogens by Different Functional Groups, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 281:1,
15-25

To link to this article: http://dx.doi.org/10.1080/10587259608042227

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

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



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259608042227
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:26 18 February 2013

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.




Downloaded by [Tomsk State University of Control Systems and Radio] at 10:26 18 February 2013

Mol. Cryst. Lig. Cryst., 1996, Vol. 281 pp. 15-25 © 1996 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and B}l;e?ﬁh hScne%c:
ublishers

Printed in Malaysia

Thermotropic Liquid Crystalline Compounds
with Lateral Long Chain Substituents Part IX
Linking of Lateral Aliphatic Chains to
Three-ring Mesogens by Different
Functional Groups

W. WEISSFLOG', A. WIEGELEBEN, S. HADDAWI and D. DEMUS*

Martin-Luther-Universitét Halle-Wittenberg, Institut fur Physikalische Chemie, Miihipforte 1,
06108 Halle, Germany;

' Max-Planck-Gesellschaft, Arbeitsgruppe Flissigkristalline Systeme, Mihipforte 1,
06108 Halle, Germany

( Received February 21, 1992; Revised July 29, 1994; in final form July 1994)

Deviating from the molecular shape of rod-like “classical” liquid crystalline compounds we synthesized
substances of the general formula

R'@—coo@ooc—@/—a'

R2

All compounds exhibit nematic behaviour. The chemical structure of the linkage between the lateral
aliphatic chain and the basic mesogen is of influence on the clearing behaviour. By microscopic and DSC
investigations the phase transitions were studied.

Keywords: Thermotropic mesogens, lateral long-chain substituted compounds, nematic,
DSC calorimetry.

1. INTRODUCTION

According to the rule of Vorlander?, liquid crystalline properties can be expected in
compounds with elongated molecular structure. Besides the discotic liquid crystals,?
many other exceptions from this rule became known.? Among these exceptions are the
rod-like compounds with lateral long-chain flexible substituents.*?

® Present address: Chisso Petrochemical Corporation, Goi kaigan 5-1, Ichihara, Chiba 290, Japan.
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Here we present new material which again proves the existence of liquid crystalline
properties in rod-like basic compounds with one lateral long chain in central position
which can be expressed by the general formula.

R! @—coo@ooc—( X »R!
N
R2
R! is represented by alkyl and alkyloxy groups, R? by alkyl, alkanoyl, alkyloxycar-

bonyl and alkylthiocarbonyl groups, @ means phenyl or cyclohexyl rings.

We describe the synthesis and the thermal properties of the new compounds.

2. SYNTHESIS

There are two possibilities for the synthesis of laterally long-chain substituted com-
pounds according to the above given general formula. Either the 2-substituted
hydroquinone is esterifyed with the appropriate acid chloride or the three ring basic
molecule having a reactive group, like -COOH or —COC], in lateral position reacts
with a functionalized alky! derivate.

The last mentioned reaction path was chosen in order to synthesize the laterally
alkyloxycarbonyl and (alkylthio) carbonyl substituted compounds. 2,5-Bis(4-n-octyl-
oxybenzoyloxy) benzoylchloride'® was produced by oxidation of the 2,5-Bis(4-n-
octyloxybenzoyloxy) benzaldehyde! and reaction of the carboxylic acid with thionyl-
chloride. This laterally chlorocarbonyl substituted three-ring molecule was esterifyed
with the appropriate alkanol or alkanthiol, respectively, in toluene with triethylamine
to trap hydrogen chloride produced.

TABLE |
R! —<: :%coo@»ooc—{ :}-R'
CioH21
R! Te(mic)/°C AgH/kJ-mol ™! Ty (mic) Ay H/kJ-mol ™!
THcal)/°C AgS/J-mol 'K} Tylcal) Ay;S/J-mol 'K !
-OC,H, 117-119 44.1 (85) (1
117.6-1203 112.5 -
-OC,H, 92-94 471 (62) 0.7
92.9-94.6 1302 (63.3) 2.08
-OC H, 75-76 62.1 (69) 1.12
75-76.3 178.1 (73.2-72) 3.28
-OC(H,, 75-76 422 (61-62) 1.76

74.6-76.9 1210 (65.1-64.6) 5.24
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TABLE 1a
0-0)-c00-5)-o0c O
Ci2H2s
R! Te(mic)/°C ApH/kJ mol ! Tys(mic) Ay H/kJ-mol ™!
Tcal)/°C ApS/J-mol " 1K™! Twi(cal) Ay,S/J-mol 1K !
OC,H, 109-110 68.1 (78) [8}]
1il8 176.9 - -
OC;H, 80-83 49.2 (55) (1)
77.5-84 139.8 - -
OC,H, 78-79 48.0 (68-68.5) 0.88
74.9-80 136.96 (68.4) 2.6
OC,H,, 73-74 452 (58-59.5) 0.89
: 75.3 129.7 (60.3-59.7) 2.6
TABLE 2
w-0)-co0-{5y 00c{O)
COCH3
R! T¢(mic)/°C ArH/k)-mol ™! Ty, (mic) Ay H/kI-mol ™!
THcal)/°C A S/}mol"'K! Tysical) Ay S/Irmol 'K !
-OC,H, 110-112 346 154-155 22
109.8 90.3 155 S5.1
OC,H,,. 90-91 283 133-135 1.8
90.1 77.9 134.9 44
OCH,, 102-103 372 133-135 1.8
see Table 5 104.1 98.6 135.7 44
OC,H,, 93-96 51.2 127 26
see Table 6 96.7 1384 128.7 6.47
OC,H,, 99-101 39.6 124 1.8
see Table 7 101.6 105.7 124.2 4.53
OC,H,, 100-101 402 117.5 1.4
see Table 8 101.7 107.2 117.6 3.58
C.H,, 65-67 20.6 93.5-94.5 1.2
56.2-69.4 61.3 93.6 3.27
TABLE 2a
CH30<(O»-coo<())-ooc—~())»OcH
3 \ 3
COCy1Ha3
Te{(mic)/°C AgH/kJ-mot ™! Ty (mic) AyH/k)-mol ™!
Te{cal)/"C ApS/J-mol ! Ty(cal) Ay;S/J-mol™'K™!
97-100 37.6 (68) 1.32

99.3-101 100.7 (63.2-59.5) 3.99
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On the contrary the derivatives bearing an alkyl or alkanoyl chain in the lateral
position were obtained by acylation of the 2-alkyl- or -2-alkanoylhydroquinones, resp.,
with the 4-substituted benzoylchlorides or 4-alkylcyclohexanecarboxylic acid chlor-
ides according to the method of Einhorn.'? But also the laterally alkyloxycarbonyl
substituted substances can be prepared by esterification of the n-alkyl 2,5-dihyd-
roxybenzoates with the benzoylchlorides desired. All the compounds under investiga-
tion have been recrystallized from ethanol.

The 4-subst. -phenyl 4-n-octyloxybenzoates (Tables 9a) have been prepared by
acylation of the appropriate substituted phenols with 4-n-octyloxybenzoyl chloride in
pyridine and recrystallization of the products obtained from ethanol.

3. RESULTS AND DISCUSSION

The phase transitions have been studied by heating stage microscopy (Amplival, Carl
Zeiss Jena) and by DSC calorimetry (DSC 7, Perkin Elmer).

TABLE 3
CsHyg @—COO@-OOC‘@-C5H| 1
r2
R? T(mic)/°C AH/kJ-mol ! Ty (mic) Ay, H/KJ-mol ™!
THcal)/°C AgH/Jmol 'K™! Tylcal) Ay,S/J-mol™ 'K ™!
-C,H, 45-46 338 134.5-135 1.5
472 105.5 135.9 3.66
_C4H,, 47-51 487 50 0.46
46.7-48.7 151.8 48.1 1.43
—C,H,o 57 737 475 0.7
57-59 223 46.5 22
-C,oH, 4043 428 455 04
41.8-45.3 135.2 46 1.25
-CO-CH, T1-74 40.9 137-137.5 0.8
66.3-68.5 120.15 137.6 1.94
-CO-C,H; 62-64 41.5 95.5-96.5 0.56
64.6-66.9 122.5 96.6 1.51
-CO-C,H, 69.5-71 464 72.5-73 0.54
71.5 134.6 73.6 1.55
-CO-C Hy 76-78 47.3 (58) n
78.8 1344 - -
~CO-CH,, 6467 468 (50.5-51) 0.51
68.9-70.4 136.5 52.1) 1.57
~CO-CH,, 70-71 598 (43-44) )
71.8 1734 - -
-CO-C,H,, 74-176 54.(9) (43) n
76.6 157. - -
-CO-C4H,, 70-71 52.1 (43-43) (1
69.8-72 151.49 - -
-CO-C,H,, 65.6-67 48.5 (43-44) 0.68

67.2-69.3 142.1 (45.5) 2.14
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TABLE 4

cw,,@coo-@—ooc—@céuu

R2
R? Tdmic)/°C AgH/kJ-mol ™! Ty (mic) Ay H/kJ-mol ™!
Tcal)’C ApS/J-mol 1K Ty lcal) ApyS/J-mol K !
-CO-CH, 78-79 278 86-87 0.86
79-80 78.86 87-87.5 239
-CO-C,H, 83-84 403 (59) 0.78
82.2-85.2 1129 (58.6-57.6) 237
~CO-C,H, 89-90 437 1) (1)
89.9-91 120.2 - -
~CO-C,H, 87-88 40.6 (38) (1)
85.3-88 112.8 - -
-CO-C,H,, 58-59 337 (41-42.5)) 0.82
58.6-60.8 101.2 (43.7-42.4) 2.62
-CO-CH,, 58-59 438 39) 0.50
58.7-60.3 131.7 (39.4-38) 1.62
-CO-C,H,; 66—67 479 (40) 0.49
66.3-68 140.8 (40.7-39.7) 1.57
-CO-C4H,, 70-73 42.6 (37.5-38) ()
70.6-75 123.19 - -
~CO-C4H,, 77-19 57.6 (37.5) (1)
74.6-79.3 164.5 - -
TABLE 5
c6H,30@—coo@ooc@-oc6H,3
R2
R? Te{mic)/°C A¢H/k)'mol ™! T [(mic) Ay H/kJ-mol ™!
THcal)°C ArS/J-mol 'K ! Ty (cal) Ay, S/3mol~ 'K~
~CO-CH, 102-103 37.2 133-135 1.8
see Table 2 104.1 98.6 135.7 44
-CO-C,H; 74-76 36.7 106-106.5 1.9
77 104.8 107.9 498
-CO-C,H, 99-101 47.6 97 1.51
99.3-101.7 1274 (97-96.7) 4.10
~-CO-C,H, 98.5-100.5 43.1 (88) .36
99.3-101.6 1154 (87.8-87.1) 3.8
~CO-C,H,, 87-88.5 49.7 @87 1.15
87.9-90.6 137.2 (86.8-86.1) 322
_CO-CH,, 80-82 495 87 0.96
80.7-82.1 139.6 87.3-88.3 2.66
-CO-C,H,, 79.5-80.5 533 86-86.5 0.76
80.3-81.9 150.5 87.3-87.6 213
-CO-CgH,, 91-92 55.7 (89 1.10
90.6-91.9 1529 (83.8-83.1) 311
-CO-C4H,, 91.5-93.5 64.8 (81.5) 1.35
91.5 177.7 (82.4-81.9) 3.82
~CO-C,oH,, 92-94 61.6 (78.5-79) 112
95.5 167.1 (80.1-79.6) 49
-CO-C,,H,, 87.5-89.5 69.9 (7 1.36
88-92 192.5 (77.2-76.4) 391
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The abbreviations mean:

Ty(mic), T,(mic) melting resp. clearing temperature by microscopy
Ty(cal), T (cal) melting resp. clearing temperature by calorimetry
AgH, A H melting resp. clearing enthalpy
ApS, Ay, S melting resp. clearing entropy.

Clearing temperatures given in brackets indicate that the nematic phases are
metastable with respect to the solid state. In few cases, signed by 1)in the tables, the
accompanying clearing enthalpies of the isotropic-nematic transitions superposed by
crystallization could not be separated.

The following Tables 1-8 present the phase transition of the new substances. Many
of them have tendency to produce several solid modifications. It is seen from the tables
that the members of all homologous series studied exhibit nematic mesophases only,
which is a typical behaviour of laterally long-chain substituted mesogens.* According
to our knowledge smectic phases can be only observed for mesogens bearing long-
chain substituents in lateral position, if there are additional possibilities of attractive
interactions, e.g. by polar groups like hydroxyl at the lateral chain.!® Otherwise, the
introduction of aromatic rings in the lateral branch favours the formation of smectic
layer structures (S,; S¢) which can be explained by the preferably antiparallel arrange-
ment of the molecules caused by the non-rod like shpae of the mesogens.'%-!4:!3

TABLE 6
czHy50<O)-coo @ 00c<(D)-0CzH; s
R2
R? Te(mic)/°C ApH/kJ-mol ™! Ty:(mic) Ay Hfk)-mol !
T{cal)’C  A,S/J-mol 'K To(cal) Ay, S/ mol ™ K
-CO-CH, 93-96 51.2 127 26
96.7 1384 128.7 6.47
-CO-C,H, 86-87 419 100-105 1.7
88.1 116.0 101.5 453
-CO-C;H, 101-102 58.7 (92) 217
101-103 156.5 (93.7-91.3) 593
-CO-C,H, 99-100 52.1 (84) 1.43
100-102.3 139.2 (85-84.6) 4.01
-CO-CH,, 89-90.5 554 (83.5-84.5) 1.7
91.3-93.1 151.6 (85-84.5) 4.77
_CO-C,H,, 79-81 53 82 116
80.1-824 149.6 82.8-82.2 3.26
_CO-C,H,, 81-83 749 84 127
83.3-85.9 209.4 84.8-84 357
_CO-C,H,, 80-81 66.8 82.5 1.48
88-89.3 184.7 79.4-78.8 42
_CO-C,H,, 83-84 513 (80) 1.04
84.6-87.6 142.8 (81.5-81) 295
~CO-C,oH,, 86-87.5 638 (71.5) 1.86
87.4-89.8 176.4 (78.5-78) 5.32
-CO-C,,H,, 82.5-84 64.4 (76.5) 092

84-86 179.8 (77.5-77). 2.66
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TABLE7
csHﬂo@coo@ooc@ocsH 7
R2
R? T¢(mic)/°C ApH/kJ-mol 7! Ty, (mic) Ay H/KJ-mol ™!
Te(cal)/°C AcS/)-mol 'K ™! Tyilcal) Ay;S/I-mol 'K !
-CO-CH, 99-101 39.6 124 1.8
101.6 105.7 124.2 4.53
-CO-C,H; 86-87 54.3 102-102.5 1.6
87.9-89.1 152.3 1024 4.26
-CO-C;H, 81-83 448 92.5 1.8
829 125.8 94 49
-CO-C,H, 85-87 73.1 86 1.7
86.9 203.1 85 474
_CO-C(H,, 80.5-82 79.1 85 1.5
83.5 2218 85.2 4.18
~CO-C(H,, 76-71 6138 85 12
76.4 176.8 86.6 333
-CO-C,H,, 68-71 60.6 85 1.1
76.9 173.19 86.8 3.05
~CO-C4H,, 78-81 62.1 84 19
79-82.6 175.5 83.7 532
~CO-C,H,, 75-78 56.2 84 13
71.5 163.1 84.7 3.63
~CO-C,,H,, 75-76 53.2 83 12
759 152.4 82.8 337
-CO-C,,H,, 74.5-76.5 55.1 81 1.4
73.1-754 158.6 80.8 395
-COO-C,H, 88-89 279 99.5-100 20
90.4 76.7 100 5.36
-COO C,H, 8486 272 99-100 1.5
822 76.5 98.6 4.03
-COO-C4H,, 58-60 317 98 14
599 95.2 97.6 3.77
~COO-C,H,, 52.5-54 29 95-95.5 2
54.4 88.5 95.4 5.42
~COO-C,4H,, 49-51 35.5 91-93 1.7
51.6 109.3 933 4.64
~COO-C,H,, 46-49 415 89-90 2
50.2 1284 90.2 5.50
-COO-C/oH,, 50-51 528 88-91 1.6
53.6 161.6 90.4 440
~CO-$-C,H,, 61-63 52.8 78-79 12
60.2-63.7 157.6 79.1 340
-CO-$-C,,H,, 65-67 50.9 70 12
63.8-70 149.7 69 35

The dominance of nematic phases at the lateral long-chain substituted phyenylene
bisbenzoates under investigation is supported by calorimetric measurements. In
homologous series with increasing terminal chains generally there is a tendency
towards smectic behaviour, which is lacking in our series with lateral long-chain
substituents. The tendency to smectic behaviour comprises the existence of cybotactic
groups and therefore increasing clearing enthalpies and entropies.!® As specially tables
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TABLE8
c9H,9o@coo@ooc—@—oc9H,9
R2
R? Te(mic)/°C AgH/kJ-mol ™! Tyr(mic) Ay, H/kJ-mol !
T.(cal)°C A;S/)-mol ™! Toy(cal) Ay H/K)-mol K !
-CO-CH, 100-101 40.2 117.5 14
101.7 107.2 117.6 3.58
_CO-C,H, 78-80 60.3 91-92 16
76.3-78.7 1720 96.1 433
_CO-C,H, 85-86 6127 88 11
83.3-88.7 170.6 85-84.4 332
—CO-C,H, 81-82 66.6 81 0.96
81-83.5 1874 79-78.4 272
_CO-C4H,, 79-81 57.088 81-82 095
79.8-82.2 161.2 79.4-78.4 2.70
_CO-C4H,, 58-62 517 81 13
59.5-61.3 155.0 823 3.65
_CO-C,H,, 68-70 763 83 12
74 219.8 828 3.37
-CO-CgH,, 75-77 44.202 80-81 0.64
76.6 126.4 82-82.5 1.82
~CO-C,H,, 74-75 59.5 79-80 13
72.6 172.1 81 3.67
-CO-C,,H,, 75-176 59.63 78.5 093
72.3-76.3 171.7 78.3-79.9 2.64
~CO-C,, Hy, 61-63 922 77-19 14
63.9 273.6 78 3.98

D The isotropic-nematic transition superposed by crystailization could not be separated (Tables 1-8)

5-8 prove there is no increasing trend of these properties in the series with increasing
lateral chains.

The homologous series derived from compounds with constant lateral substituent
R? exhibit the well known alternation in the clearing temperatures. On the contrary,
homologous series consisting of compounds with constant terminal substituents R!
and increasing chain length of R? do not show this alternation, but a trend of the
nematic-isotropic transition points towards a limiting value. This trend may be
explained by an orientation of the lateral aliphatic chain nearly parallel to the long
axis of the basic molecule. There are additional arguments which support this assump-
tion 4 P2 VS among them results of NMR studies.®

Generally, these results are confirmed for the 2-alkanoyl substituted three-ring
compounds under discussion (Tables 4-8). But on closer view all curves of the nematic-
isotropic transition points, displayed in Figure 1, show a little break at the alkyl chain
length of R2 with n = 4. The most plainly recognizable effect has been found in the series
of 4-n-hexylbenzoates (R' = C4H, ), having the lowest transition temperatures. Oc-
curing for the first time, a small alternation of the clearing temperatures can be observed
in a section of this homologous series of laterally long-chain substituted mesogens (for
homologues with n > 4). That simultaneously means the nematic-isotropic transition
points have not to be decreased with increasing length of the lateral aliphatic
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substituents in each case. But an explanation of that alternation effect by means of
discussion of the length-to-breath ratio of the molecules seems to be a difficult problem.

As shown in Figure 2 an analogous break in the curve of nematic-isotropic transition
temperatures could be detected at three-ring compounds bearing alkyloxycarbonyl

temperature /°C
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FIGURE 1 Comparison of the curves of the clearing temperatures of 2-alkanoyl substituted 1.4-phenylene
bis(4-n-alkyloxybenzoates) showing a break for the same lateral chain length n = 4 in all homologous series.
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FIGURE2 The course of clearing temperatures in dependence on the chemical structure of the linkage
groups -Y-Z- of 2-subst, -1,4-phenylene bis(4-n-octyloxybenzoates).
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substituents (Table 7 and '7'8) on the same lateral position, but never for laterally
substituted mesogens having only alkyl groups in 2-position. The break can be
observed at the same number of single units of the lateral chains including the carbonyl
resp. the carboxyl group in the numbering. Obviously the type of linkage, that is the
polarity, hybridization of the carbon atoms and the angle between the lateral alkyl
chains and the basic mesogens caused by different functional groups seems to be
responsible for this effect. But the structure of the basic mesogens is of importance, too.
E.g., the 2-alkanoyl substituted 1,4-phenylene bis(4-n-pentylcyclohexanecarboxylates),
Table 3, show a regular decreasing trend of the clearing temperatures without break.
The variable influence of long-chain substituents of different chemical structure
placed in terminal or lateral positions of mesogens is demonstrated in Table 9. The
phase transitions of 4-(alkyl, acyl, alkoxycarbonyl! or alkylthiocarbonyl) phenyl 4-n-
octyloxybenzoates (Table 9a) are compared with the liquid crystalline behaviour of
2-(alkyl, acyl, alkyloxycarbonyl or alkylthiocarbonyl) substituted 1,4-phenylene bis(4-
n-octyloxybenzoates) (Table 9b). Whereas the electron accepting groups fixed in
terminal position of the two-ring mesogens cause smectic phases, all 2-substituted
three-ring mesogens exhibit nematic phases, even the alkylthiocarbonyl derivatives.
Compared with the laterally unsubstituted compounds, the substances with lateral
substituents generally possess high values of the shear viscosity**" ! and in several
cases even at relatively high temperatures glass transitions have been found.!® Homo-
logues with longer terminal alkyloxy chains (e.g. OCgH, ;,,OCgH,,, see Tables 7, 8) are
able to form nematic glass phases at relatively high temperatures by rapid cooling of the

TABLE 9a
CgH| ﬂ@»coo@—v-z -CeH 13
Y z cr Sa N |
CH, CH, . 54 . 64.5 . 66.5
CO CH, . 99 . 121 -
CO (0] . 53 . 70 -
CcO S . 51 . 117
TABLE 9b
CgH 70 @ Coo @ooc@ocsu 17
Y-Z-C4Hy3
Y Z cr N I
CH, CH, ) 58.5 . 71.5
co CH, . 71 . 85
co o . 60 . 98

Cco S . 63 . 79
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nematic phase. In most cases the inverse transition glass-- nematic could not be
reproduced on heating because above 40--50 °C the crystallization from the glassy state
took place.
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