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Abstract Strongly polar molecules with the general

formula :
CN
ROSEOIEOX
NO2

show a great variety of interesting polymorphism such
as reentrant phases and some new smectic phases. The
importance of the relative longitudinal dipolar moment
of the cyano or nitro group and of the different X and
Y linkages has been clearly underlined. For this pur-
pose four families of polar mesogens belonging to the
above structure with X, Y = -CO0-, -=CH = N-, -0CO~,
~N = CH - have been synthesized. Some interesting re-—
sults are given

- Reentrant sequences
- K Sp  Npe Sa
K Nye S¢ Sa
- K S¢ Nye Sp N
K

Z oH - H

Sa Nre S¢ Sa
- Transition Sp - Sg¢
- K Sg, S¢Sy N I
. K Sg, 8§ Sc S3 N I
- Existence of different smectic A and C phases
. Sa, SA; Say
- S¢y, S¢p Scy

19
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INTRODUCTION

2 we have shown that th

In some previously reported papers!:
cyano compounds with three benzene rings belonging to the

structure

> -
() (D)5 (D) 5

constitute the optimal condition for the formation of reen-
trant phases at atmospheric pressure. Moreover it has been

already shown that the NO2 terminal group may also lead to

e

nematic reentrance and to new smectic phase made of ribbons?3

S¢ with the compound :

< < >
CgH g0 0Co 0co - NOp

A systematic study of the influence of
- the polar terminal group (- CN or - NOj)
- the relative longitudinal dipolar moment of the central
groups (X and Y)
on the reentrant phenomenon and the new smectic modifica-
tions was performed. For this purpose the four families of
polar mesogens with three benzene rings belonging to the

structures 1, 2, 3 and 4 have been synthesized

N
0

H
0

0
N

R0 oS0y MR
~ NO, B {X =-CH = N, Y =-C0
B O O e R O R R It
) S R O R S C R IR e i
: R@§@ @{Noz ﬁ{iiiﬁcf’cif;ci’-éo

RESULTS AND DISCUSSION

All the compounds were prepared according to well-known me-

thods. They were purified by repeated recrystallization.

0



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:13 20 February 2013

MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS 21

Phase transitions were studied both by polarizing microscopy
equipped with a Mettler FP5 heating stage and Differential
Scanning calorimetry (Dupont 990).

Following the longitudinal dipolar moment sense of X

and Y, four families of compounds can be defined :

1. FAMILY 1 : The longitudinal dipolar moments of X, Y and

CN or NOy are in the same sense. The four corresponding se-

ries are

> - >
IACN : R —4<::>— cdo -<C:j>~ CH =N -4<:j>— X

5>
1A N0y : R -{::)}— cdo -4(::}— CHZN -{C:j>- NGy
> > >
IBCN : R -(::>>— CHZN —<::>%— cdo -{C:)}— X
> > >
1B NO, : R -<C:j>— CH 2 N -<::j>— €00 —<C:j}— NG,

* Series 1A CN%»® (Table I). In this series, three deriva-
tives with R = CgHj70-, CgH190~ and CjgH|0- exhibit a reen-
trant nematic phase., The latter presents for the first time

the interesting sequence :

[72]

I N Sy Sc Net

At first, these very metastable Sy and Nye phases could
not be identified by miscibility studies. Recently they have
been proved to be miscible with those of 4-decyloxycinnamoy-
loxybenzylidene 4'-cyanoaniline®, 5 (Fig. 1). In order to
prove definitively these identifications, X-ray investiga-
tions were performed using an equimolar mixture of the two
decyloxy derivatives in which the S phase is stable and the
reentrant nematic phase could exist still 50°C. This study
proves that the Sp and S¢ are partially bilayered smectic

phasese.
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TABLE I Transition temperatures of compounds of 1A CN

—_ = Lsbh
an2n+10 @ Co0 @ CH = N @ CNY4»

n K Sa Npre S¢ Sa N I
4 . 137.5 (. 101) - - - . 299 .
5 . 122 (. 102) - - - . 280 .
6 . 115 (. 9 - - - . 274
7 . 15 (. 70) - - - . 264 .
8 . 108 - . 153 - . 198 . 255 .
9 . 96 (. 40) (. 92) - . 228 . 251 .
10 . 100 - (. 66) (.79 .232 . 242 .

The meanings of the signs used in this table and in the fol-
lowing are

K : crystalline phase ; N : nematic phase

S : smectic phases A, C ..., smectic phases Sy, S¢

Nre : reentrant nematic phase; I : isotropic phase

. : the phase exists s+ = : the phase does not exist

() : monotropic phase

The temperatures are given in Celsius degrees,

The metastable S, phase observed for short chains is
probably Sj; because the ratio Typ/Tyy is lower to Mc Millan
parameter 0.87 (Typ, TyT are respectively the temperature in
Kelvin of the smectic A - nematic transition at the highest
temperature and the nematic - isotrope transition). From the
octyloxy derivative the Sp phase is partially bilayered
(SAd).

* Series 1B CN (Table 1II). The first seven homologues only
show nematic phases. In the octyloxy and nonyloxy derivati-
ves a reentrant nematic and SAd phases appear. The decyloxy

derivative does not exhibits a N., phase but it presents a



23

MOLECULAR ASPECT AND POLYMORPHISM IN POLAR MESOGENS

sainjxtw Jo wexdeip aseyd : g 314 saanixtw jo weadetlp oseyd : [ ‘314

81 (O4HPD=Y) NIV 2 (02HOLD = 4) NOVL g
r Jo 0S

"

00t

z

/
1
Q
w
3\
LAY
<

[7T2]

\\
L)

| 4022

AN
\
\

_\A (90 L Q) 1

€T0c Aeniged 0z ET'ET e [o1pey pue sweisAS [04u0D Jo AisleAlun amels Yswo 1 ] Aq papeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:13 20 February 2013

24

N. H. TINH er al.

TARLE II Transition temperatureg of compounds of 1B CN
- C00 @— CN

O ® ~ O U B W N e
. .

—_—
N - O
. . .

TABLE 111 Transition temperatures of compounds of 1A NO

0 N o U1 I

TABLE

O W oo w3

C

nH2n+1

168
161
139
116
117
116
119
113

99
101

99
100

0
Nre

. 138
(. 89)

-~ CH = N

(. 84)

208
220
235
234
234

C Hy 110 @ o0 @ CH

K

IV Transition temperatures of compounds_of 1B NO

CH

K

n 2n+1

135.5
139
127
131

0

117
117
113
117

Sa

(. 11D

- CH

SA

192

- 228.5

245

N

234
241
245
244

N I
. > 290 .
. > 29 .
. > 290 .
. 285 .
. 277 .
- 270 -
. 257 -
. 254 .
- 246 .
. 242 .
. 237 .

2
7

272 .
265 .
255 .
251 .

Coo 0 )- NO

N

2

248 .
246 .
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metastable Sy phase.

* Series lA N027 (Table III). All the four compounds pre-
sent smectic A and nematiec phases. The Ny is not observed

in this series.

* Series [? NO2 (Table IV), Two first compounds exhibit
smectic A and nematic phases while the nonyloxy and decyloxy
derivatives only present smectic A phases. In these two

last series, the heptyloxy derivative only displays the high
temperature nematic and SAd phases. The superior homologue
octyloxy does not either exhibit a reentrant nematic phase.
So it is certain that a N,., phase cannot be observed in the
series 1 NO, because an increasing of the chain length is

2
known to destabilize the SA1 and N, phasesl»?2,

Conclusion for the family 1. Only the cyano end group gives

the reentrant sequences I N Sp Npe and I N Sp S¢ Nygo

2. FAMILY 2 : The longitudinal dipolar moments of X and CN

or NO, are in the same sense while that of Y is antiparallel.

: =
= :
* Series 2A CN (Table V), Twenty compounds have been synthe-

sized with R = CnH2n+l (n = 3-> 10) and C H2 +1 - (n=1-12),

Up ton = 3 in these two cases, each compound has only a ne-

We have also four series

(]
o
=
O
24

2A CN : R

%ﬁ NO2 ¢ R

o)~ <o
o)~ cbo
%? CN : R —<C:j>— CH
~o)-

Il+

2t
(@}
Sy

o
ot
o
=,
oV

N

@@%é

2B N0 : R

matic phase. The S, phase appears with n = 4. This S, phase
with short chain is probably a monolayered one (SAI)' It

presents a temperature of maximum stability with n = 6 deri-
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TABLE V
R

C,H,0

10820

C11Hy50

Cigtys0

K

145

127

106
94.5

120

104
106

99
160
134
130
117
101
104
104

98
113
104

88

91

Transition

= €00

S¢

N. H. TINH et al.

temperatures (

Sa Nra

(. 96) -
(. 98 -

. 06,5 -

(. 95) -
(. 77.6)(. 84&)
(. 87) -

. 126 -

. L4s -

. 134 -

. 119 . 166
(. 100) (. 168)
(. 79 (. 94)

(. 79 - -

(. 70) - -

196

220

227

204
244
245
247

247

CN

N

of compounds 2A

o

> 280

> 280

274

262

258

246

241

235

> 290

> 290

> 290

> 290

289

283

271

264

258

254

249

CN
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vative (forCnH2n+1 and CnH2n+lo)' The octyloxy derivative
exhibits enantiotropic reentrant N and S, phases while the
octyl, the nonyloxy and the decyloxy derivatives present
monotropic reentrant N and S, phases.

The N S, N S, sequence of the four compounds has been
characterized first by optical textures and then checked by
a contact method with a well known compound T88 (Fig. 2).

The diagram of state of binary system between the decy-
loxy derivative and the 4(4"-decyloxybenzoyloxy)benzylidene-
4'-cyanoaniline has been studied by means of the contact me-
thod and by the investigations of certain singular concentra-
tions (Fig. 3). From this figure, we can report two impor-
tant results
- First, a new phase sequence with decreasing temperature is

observed : N Sp S N Sp. For example, with 68.7 mol 7 of

decyloxy derivative,the transition temperatures are
K 98.5 (S, 61.2) (N 86.5) (S5¢ 87.5) Sp 242,5 N 251 1

- Second, we stress the existence of a rather unusual Nje -
A-C point involving the reentrant nematic phase. This
fact changes part of the topology of this point especially
attractive because of its tricritical character. Unlike
the "common case (see Figures 4 and 59510 in which the
sequence N > 8, > S is observed when one turns clock wise
around the triple point, now the different sequence Sy -
S¢c > Npe is obtained. Moreover, in the previously studied
systems, as depicted in Figures 4 and 5, the entropy of
the N - S¢ tramsition has been shown to decrease rapidly
along the line of transition and to vanish eventually at
the N-A-C point. This behavior as well as the actual
shapes of the curves in the vicinity of the point of the

Figure 3 have been checked!!, We must point out that even
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in pure compound 1A CN (R = CIOHZIO-) the entropy of the
Sg - N, is very weak = 3.3 X 1072 cal.mol™t.K7!.

* Series 2B CN (Table VI). Ten compounds of this series have

been prepared with R = CnH 0 (n =4~ 13), The derivati~-

+
ves with short chain (n = in+18) exhibit SA1 and N phases.
The nonyloxy derivative presents enantiotropic reentrant Sy
and N phases. The more interesting feature is obtained with
the decyloxy derivative which exhibits directly transition

SCZ-SC with the sequencel?

K S S
C
2
The smectic SC2 phases of the four latest compounds of

c Sa N T

the series appear entirely miscible among themselves but not
miscible with the high temperature Sy phase of the decyloxy
derivative. The bilayer SC2 nature 1s suggested by the phase
diagram (contact method) between 2B CN (R =2C, H,.0) and to

10721

standard compound, DB ONO,, (Fig. 6). In addition three

10
layering reflection orders are visible in the X-ray patterns
o

of this phase (R = 0) with d = 51 A and the experimen-

€13ty
tal tilt angle is large (8 > 30°) in agreement with the cal-
culation of 6 considering the expected bilayered SC2 arran-
gement with d = 2% cos O (£ obtained from SASM stereomodel
with ths completely stretched conformation (%ECN, R= CI3H270_
£ = 35 A). The higher temperature S, phase is a partially
bilayer SAd phase with d = 53 Z.

* Series 2A NOp (Table VII) and series 2B NO, (Table VIII).
All eight compounds in this two series only exhibit smectic

A and N phases. The Ny and S phases are not observed.

Conclusion for the family 2. In this family 2, only cyano po-

lar end group gives

~ the reentrant phenomenon with T N Sy Nypg SAre sequence.
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TABLE VI Transition temperatures of compounds of 2B CN

C Hoy )0 - CH =N
K Sc, S¢ Sa Nre
. 11 - - (. 136) -
. 130 - - . 155 -
. 135 - - . 156 -
. 131 - - . 155 -
. 119 - - . 147 -
. 116 - - . 123 .
. 120 (. 106) (. 112) - -
. 112 (. 102) - - -
. 117 (L 113) - - -
. 112 (. 110) = - -

TABLE VII Trans

C H

n

K

TABLE VIII Transition temperatures of compounds of 2B NO

102.5
103
102
103

temperatures of compounds

iti

Sp

242
254
257
255

- 0C0

Sa

N = CH

N

234
241
237
242
234

- CN

N
. >

. D>

of 2A NO
NO

266
261

281
281
28!
269
266
257
249
244

CHy 410 @ CH = N @ 0Co @— No,

K

125
123
124
117

223
240
247
248

259
254
250

31
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- the reentrant sequence I N S, S Ny, Sp in a mixture

3, FAMILY 3 : The longitudinal dipolar moments of X and Y
are antiparallel with that of CN or NOj group. The four cor-

responding series are

Sy

+
-~
o
o @)
P
o <o)

* Series 3A CN (Table IX). This is the second series after

3A CN : R

]
Q
jus}

)
@]
e

Sode

2
oV
NS

3A NO, : R

~o)-
<o)~
3NBCN : R—@—N
o)~

n4

e
0COo
“+
0COo

=z
o
nNo

=z
I}

the dibenzoate!3 one to present the bilayered smectic A
phase (SAZ)' The two first compounds (R = C6H13O— and
C7H150—) exhibit monolayered smectic A (SAI) and nematic
phases. The octyloxy derivative in addition to these two
phases, probably displays another antiphase SZ. The nonyloxy

and decyloxy derivatives present the sequence :
K Sp, S¢c Sa N I
This sequence is the same observed with the compound

g1y
were respectively miscible.

~ 0C0 ~@— 0co —@— NO,!* and these phases

The derivatives of this series do not exhibit the reen-
trant phanomenon in pure compounds as observed in the other

cyano series,

* Series 3B CN!® (Table X). Ten derivatives were synthesized
with R = C4H90 > CIZHZSO and 014H290' The reentrant phenome-
non was also not observed in pure compounds which exhibit
the novel biaxial Sg and SC2 phases. These two phases have

been identified by the miscibility method with the same se-
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TABLE IX Transition temperatures of compounds of 3A CN
CH 0 - 0CO N = CH - CN
n 2n+l

n K Sa,  SA s¢ Sp N I
6 . 120 - - - . 1475 . 277 .
7. 114 - - - . 149 .20 .
8 . 113 - . 132 - . 149 .26 .
9 . 116 . 137 - .44 163 .25l .
10 . 113 . 138 - . 141 L 210 .248

TABLE X Transition temperatures of compounds of 3B CN

C Hy 0 N = CH <<::j>- 0Co 4<:§:>— cN
n K S, S¢ Sa N I
4 . 128 - - VL . 296 .
50 . 1225 - - .18l . 287 .
6 . 120 - - . 1815 . 279 .
7. 114 - G > . 178 L2711 .
8 . 122 - (. 119 . 172 . 262 .
9 . 125 - . 154 .212 . 257 .
10 . 124 (L0114 L 142 . 236 . 252 .
. 126 (L1250 .13l . 239 . 246,
12 . 124 . 129 - . 2605 . 242
14 . 125 . 131 - . 238 - .

TABLE XI Transition temperatures of compounds of 3A NO

¢ H, 0 0Co - N = CH N0, i
no K S¢1q Saq Sy N I
8 . 138 - (. 128) - . 253
9 . 13 (. 129) - - . 24
10 . 130 . 131 - - .22 .
1. 128 L1620 - .o221 . 236 .

12 - 128 . 136 - 224 - 232 .
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quence of DB|gONOy (Fig. 7) and by X-ray analysis (for the

° ~
SCZ’ d =~ 56 2 and £ = 30 A). We must point out that the Sg
phase presents a maximum stability temperature with the nony-

loxy derivative.

* Series 3A NO, (Table XI). This is the first polar series
which pros;bly exhibits the SC1 phase. Its comportement is
similar to the SA1 one, It presents a temperature of maximum
stability with the undecyloxy derivative., An interesting
fact in this series is the competition between S and S¢y
phases. The octyloxy derivative shows nematic and metastable
Sa; phases while the nonyloxy and decyloxy derivatives pre-
sent nematic and SCX phases. From the undecyloxy derivative
the partially bilayered SAd phase appears. The mixtures

of two homologues (C and C 0-) show the

1082107 11t23

enantiotropic reentrant sequence K Sg N, Sp N I and a new

re
triple point Nyg, Su, 562’16’17 (Fig. 8). X-ray investiga-

tions!”

were performed with the pure undecyloxy derivative,

We find in the high temperature Sp phase that the layer spa-
cing d is somewhat larger than the molecular length

2 (%~: 1.1-1.2). This layer spacing decreases as the tempe-
rature decreases and at S, - S phase transition the ratio %

is close to 1 (this ratio is equal to 0.96 in the 8¢y

phase when the temperature is 130°C). The same result was

obtained with the reentrant mixtures.

* Series 3B No, (Table XIT). Ten compounds of this series
were synthesized (n = 4 > 12, 14) and they show Sa and N
phases or only Sp phase. No reentrant phenomenon or no novel

phase was found,

Conclusion for the family 3. This family leads as the diben-

zoate series (DB NO;) to the new mesophases Sj, S¢ and shows

the nitro end group is in this case more favourable to reen-
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TABLE XIT Transition temperatures of compounds of 3B NO,

C Hy o0 - N = CH - 0C0 @ NO,

n K Sa N I
4 . 140 . 154 . 281 .
5 . 123 . 165 - 267 -
6 . 124.5 . 173 . 263 .
7 . 114 . 180 . 254 3
8 . 121 . 196 . 252 .
9 . 109 . 227 . 246 .
10 . 112 . 235 . 242
11 . 110 . 239 . 240 .
12 . 112 . 237 - .
14 . 114 . 234 - .

TABLE XIIT Transition temperatures of compounds of 4~A CN

CnH2n+1o @ 0Co @ CH =N —<_—0:> CN

n K Sc, s¢ S¢ SA N 1
7 . 103 - . 105.5 - . 171 . 262 .
8§ . 102 (. 99) . 108 . 109 . 206 . 258 .
9 . 98 . 116 - - . 226 . 247 .
10 . 100 . 125 - - - 235 . 245
| S 98.5 . 127 - - . 242 - .
12 . 99 . 132 - - . 237 - .

TABLE XIV Transition temperatures of compounds of 4B CN

C Hy 0 - N = CH - €00 CN
n K Sa N 1
7 . 134 - . 262 .
8 . 133 - . 255 .
9 . 134 . 212 . 248 .

10 . 127 . 229 . 243 .
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trant phenomenon than cyano end group (in the families 1

and 2).

4, FAMILY 4. The longitudinal dipolar moments of Y and CN or
NO; are in the same sense while that of X is antiparallel.

Four series are obtained :

< >
tACN i R —<C:>>— 0Co —4(:3}- cHZN —{C:)%— cN
< >
44 NO, : R ~<C:j>~ 0o ~<C:j>— cHZN —<::>-N02
<« > >
4B CN  : R—@—N=CH—@—COO—@—CN
« > >
4B NO, : R —<C:>>— NS ocH -{C:j}— cdo —<::>>- NG,

* Series 4A CN (Table XIII). As 3A CN and 3B CN, this series
presents the smectic phase made of ribbons SE and the bila~-

yered smectic C (SCZ)' The more interesting sequence is
K Sc, S¢ S¢ Sy N I

The reentrant phenomenon was not observed in pure com-

pounds .

* Series 4B CN (Table XIV). The two first compounds (C7H150
and 08H170) only show nematic phases while the nonyloxy de-
rivative presents smectic Sp and N phases. This same beha-

vior was observed with reentrant series. As a matter of fact
the mixtures of the octyloxy and nonyloxy derivatives exhi-

bit a reentrant nematic phase.

* Series 4A NOp (Table XV) and 4B NOp (Table XVI). These two
series exhibit the reentrant phenomenon in pure compounds.

The observed sequence 1is

K N Sg S, N I
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TABLE XV Transition temperatures of compounds of 4A NO

2
CcH 0 —OCO@CH=N-<E>— NO

2n+1 2
nooK Npe S¢ SA N I
7 - 101 - - - . 244 -
8 . 87 (. 64) (. 67) . 186 . 241 .
9 . 89 - (. 62) . 218 . 237 .
10 - 89 - - . 227 . 234 -

TABLE XVI Transition temperatures of compounds of 4B NO

CH, 0 - N = CH Coo - NO, ’
n K Npa S¢ Sa N I
6 . 130 - - - .o255 .
7 124 - - - .246 .
8 115 L1320 - . 196 . 243
9 . 121 (. 80) (.82 . 221 . 239 .
10 . 118 - - . 228 . 234

Conclusion for the family 4., As family 3, the cyano compounds

present the new Sg and 8¢, phases while the nitro compounds

show reentrant nematic phases.
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CONCLUSION

With different longitudinal dipolar moments of X and Y we
have studied the influence of the polar end group - CN or
NOo on the reentrant phenomenon and the appearance of the
new phases Sj, S, we must point out some following interes-

ting features.

* Reentrant phenomenon

In the families 1 and 2 in which the longitudinal dipolar
moments of X and polar end group are in the same sense
> e N

RO OO
the cyano group is very more favourable to reentrant pheno-
menon than the nitro one.

A quite contrary result was obtained with families g and
é in which the longitudinal polar moments of X and cyano and

nitro are antiparallel : the reentrant phenomenon onlyexists

in nitro pure compounds

{2y s YT,

An exciting example was recently reported with the so-

called DBg ONO, which has the same general formula type

C.H, .0 o Yo 0 B
of 1o 0 0C0o - NG,

K 109(Sg,) SG 118 S5 124 Npe 127 Sp, 138 Npo 156 55 195 N 2241

The other reentrant sequences are

Sa Nie SA I
Nyo Sc Sp N I
SA Nye Sc Sp N I
S¢ Nye Sp N 1

_ " R =~



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:13 20 February 2013

40 N. H. TINH et al.

* Novel phases Sj, S¢

Up to now these novel phases SE and Sg were only found in the
families g (all two series) and é (only one series). In these
families, the different smectic A and C phases are also pre-

sent, for example
Sap Sar Sag
* Transition S¢ =S¢

Only one compound {(in the series 2B CN) offers a directly

transition Scz-Sc with the sequence :
K SCZ Sc SaA N I

Between the SC2 and S phases, another tilted phase can

appear with the sequence :
K Sc, ST S¢ Sy N I

in a pure compound of 4A CN series.
Now, we are able to foresee the three benzene ring com—
pound architecture which displays the expected properties.

1. To obtain the reentrant phenomenon

- with cyano end group, the longitudinal dipolar moment
of X must be in the same sense.
~ with nitro end group, the longitudinal dipolar moment
of X must be in opposite sense.
2. To obtain new phases S and S, with both cyano and nitro
end groups, the longitudinal dipolar moment of X must be

in opposite sense.
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