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The Effect of Molecular Structure on
the Formation of Induced Nematic
Phases in Binary Mixtures

MARY E. NEUBERT, KATHERINE LEUNG,t and WELF A. SAUPE
Liquid Crystal Institute, Kent State University, Kent, Ohio 44242

(Received June 18, 1985)

A variety of 4-halophenyl-4'-alkoxybenzoates and 4-alkoxyphenyl-4'-halobenzoates
were synthesized, their mesomorphic properties determined and compared with those
of the analogous halo anils. The ability of these esters to form induced nematic phases
(INPs) in binary mixtures was studied along with a variety of other mesogenic type
compounds not having a nematic phase. The contact method was used to screen 258
mixtures for INPs in an attempt to determine which molecular structural features
favored formation of this phase in binary mixtures. INPs were observed in many of
these mixtures and with a wide variety of structures. Phase diagrams of some of these
mixtures were obtained in order to compare the abilities of certain structural features
to form INPs. Two types of diagrams were observed. Type I showed a narrow INP
range occurring over most of the composition range between two nearly linear SN and
MI curves and was observed only when the two components had similar molecular
lengths either short or long. In Type II, wide range INPs were observed between a
nearly linear MI curve and a non-linear SN curve with their maximum range in the
region of the minimum and was observed only when the two components had a large
difference between their molecular lengths. The range of these INPs was largest at
compositions of <50% of the longest molecule. Phase diagrams also indicated that
the INP was less favored as either the alkyl chain length or the halogen size increased.
The steric effect of an a-methyl group on the acid alkyl chain in the 4-alkoxyphenyl-
4’-alkylbenzoates on nematic properties reported earlier was also observed with INPs
in these mixtures.

Keywords: liquid crystals, mixtures, induced nematic phases, esters, anils

INTRODUCTION

Earlier reports in the literature that alkoxy anils containing a terminal
halogen atom 1 exhibited smectic B (Sg) phases!~7 had prompted us

+ Present address: Uniroyal, Mishawaka, IN.
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to prepare a number of phenylbenzoates containing terminal halogen

RO—@-CH‘—'N-@-X where X = F, C1, Br, I

1
~

atoms 2 and 3 to determine if the smectic B phases would also be

OO

2aX=R,Y=Forl

“u
QX=R0,Y=F,C1,BrorI
3 X=Forl, Y=RO

~

observed in these compounds. We prepared those chain lengths which
past experience had taught us would most likely have smectic phases
i.e. mid-chain lengths C,—C; and C,,. Transition temperatures for
these esters are presented in Table 1. When the halogen was located
on the acid end 3, no mesophases were observed when Y = RO.
The analogs with Y = R therefore were not prepared since these
would be expected to be even less likely to show mesophases. When
the halogen was moved to the phenolic end 2, smectic A (S,) phases
were observed when X = RO but no mesophases when X = R. The
S phase did not begin to appear until R = C4 but persisted even
into the C,, homolog and occurred with all the halogens even with
the bulky iodide. No Sg phases were observed in any of these esters.

A plot of the transition temperatures for the halo esters 2b for
R = CygH,, versus halogen (Figure 1) shows that all the transition
temperatures rise with increasing halogen size. However, the phase
range of the S, phase first increases from being monotropic at
Y = Freaching a maximum at Y = Cl and then decreases. The same
plot for the halo anils with R = CgH,, (Figure 2) shows similar trends.
Unlike the esters, these compounds have a wide-range Sy phase in
addition to the S,. Most of the melting points for the anils are lower
than those for the esters but the clearing temperatures are higher
giving a wider range over which mesophases occur. The S, phase
ranges for Y = Cl and Br are approximately the same in both series
but when Y = I, the S, phase disappears in the anils but persists in
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TABLE 1

Transition temperatures (°C) for halo esters

Vi
-

1

S O

f 0CgHy 5 59.4 -- 64.9-65.8
£ 0, Mg 78.7 -- 75.5-83.4
F 0C, g 78.8 . -- 89.8-91.5
I 0CgH, 5 107.2 -- HILT-113.5
1 0,0ty 113.3-115.4 -- 112.4-115.3
1 0C,4Hq 114.4 -- 115.2-118.2
CeHy F 9.5 -- 34.5-35.1
Cehrs I 51.9 -- 65.9-67.2
Crg1 I 84.2 -- 101.9-102.8
CoHy F 73.6 , 97.5-98.7
€ty 40 F 37.5 (37.5-38.3) o 59.5-60.4
€ty 70 F 43.6 (43.3-82.8) -- 58.7-59.2
Cgp0 F 41.6 (46.3) - - . 64.6-65.0
H ¢l 53.9 -- -- 60.8-61.5
C a 93.3 -- -- 104.0-104.9°
CHy 50 o 70.7 -- -- 82.5-85.8
CaHy 70 ¢ 58.0 75.4-75.7 78.2:19.3.
Cghp 0 a 49,9 70.4 - 78.1-78.7
CHgd Br 107.4 -- -- 116.9-117.6
CgHy0 Br 61 79.8 -- 85.1

CHy 50 . 84,2 -- -- 101.9-102.8
CroHy0 1 67.9 85.5-86.2 -- 86.8-87.0
Cays0 1 66.0 78.2 -- 86.0-86.8
Cratyg0 1 65.6 (84.1-84.9) o 85.4-86.5

' Crystallization temperature observed at a cooling rate of 2°/min.
2 (') indicates a monotropic transition.
? Previously reported in Ref. 1.

the esters although at a much shorter range. In both series, the S,
phase is monotropic when Y = F. Some care must be taken in making
such detailed comparisons in that R is not the same in both series.
It is not surprising to find an increase in transition temperatures
with increasing halogen size since the molecular weights also increase.
Molecular models (Ealing CPIC) show that even the bulky iodide
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transitions:

TRANSITION TEMPERATURES(°C]

®01 @.melting
T A clearing
504 || crystallization
A /\ monotropic
40 $ ¢ $ -+
F Cl Br {

X

FIGURE 1 Transition temperatures (°C) versus halogen (X) for

c‘°o'©<0 _@x

atom fits into the molecular diameter of these molecules. The lower
coplanarity of the central ester group as compared to the anil allows
for a larger volume for the iodide atom in the ester molecule and this
provides a possible explanation for the loss of the S, phase in the
anil when Y = [ but not in the ester. The greater tendency for the
2b esters to form S, phases over the 3 series has been explained by
Malthete’s group as due to an alignment of the dipoles in one direction
in series 2b as compared to the opposing terminal dipoles to the
central dipole for series 3 in either the esters or the anils:!
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X-ray studies on the anils have suggested a model in which the
halogen ends alternate as shown in Figure 3.2 This would require a
bilayer structure with some folding of the chains. De Vries, however,
feels that the x-ray patterns for the S, phase in the halo anils can be
explained by a single layer S, phase.® More detailed x-ray studies
are needed to resolve this problem.

Although these results were interesting, the poor mesomorphism
of these halo phenylbenzoates caused us to discontinue any further
studies of these esters at this time. However, the recent observance
of an induced nematic phase (INP) in binary mixtures of 2-fluoren-
ylethylidene-4'-n-dodecylaniline (FC12A) and 4-n-butoxybenzyli-
dene-4’-chloroaniline (40.Cl) both of which exhibit only S, phases®
convinced us that we should investigate similar mixtures containing
halo esters. Such INPs could be useful in the design of materials for
nematic displays and there also was the possibility that induced smiec-
tic phases would be observed in similar mixtures. No attempt was
made in the report on INPs in mixtures of FC12A and 40.Cl to
determine which molecular features of these two components were
needed to observe INPs. We were interested in determining these
structural features to be used as an aid in designing mixtures which
would form INPs as well as determining if the halo esters would also
form INPs in binary mixtures.

MIXTURE STUDIES

INPs are not new having been reported in early mixture studies, %11
by Demus and Sackmann in their smectic identification work!?-14 and
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FIGURE 2 Transition temperatures (°C) versus halogen (X) for

cguno@-cnm-@-x (data from Ref. 4).

in more recent mixture studies.!>~'® None of this research was de-
signed to study INPs or the relationship between their formation and
the molecular structures of their components.

Our investigation began by studying three structural features: the
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L I

FIGURE 3 Alternating packing of molecules in the S, phase of the halo anils

halogen atom, the fluorene ring system and the central anil group
and expanded rapidly to other structural features as well. Even with
the initial limited molecular modifications, it was obvious that at-
tempting to do phase diagrams of the necessary mixtures to determine
if INPs were formed would be too time consuming. Thus, we chose
to use the well known contact method'®t for screening the mixtures
for INPs and phase diagrams for comparing INP ranges.

The similar biphenyl! anil 4a was first tried as a replacement for the
fluorene anil 4b in mixtures with a variety of halo anils as shown in
Table VII. INPs were observed in all the biphenyl mixtures (Nos.
3,5, 9, 11) that were observed in the fluorene mixtures (Nos. 4, 6,
10, and 12) except in mixture 1 indicating that the fluorene ring is
not necessary to observe INPs. These mixture studies also showed

t Although this method is widely used, a detailed description can only be found in
the German literature. Consequently, we have described the procedure we used in
the experimental section in order to aid those new to this area.

t Transition temperature data for all the components used in the mixtures studied
are given in Tables I-VI.
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TABLE II

Transition temperatures (°C) for

0
7
x@ \0 _@_Y

1

X M ¢ 3a N !
H H 40 67.2-78.3
C4Hg0 H 81.9 90.4-91.5
H 0c My 3.8 67.5-68.2
CeMya ocH, 3N 63.2:65.2
Me.,CH OCH, 67.6 96.4-98.0
EtCH(Me)-  OCH, 51.4 81.7-85.0%
EtCH{Me)-  OC,H, 51.1 79.5-82.7%
ELCH(Me)-  OCGH, 17.9 44.9-46.82
EtCH(Me)-  OCgH,, 17.5 33.0-34,32
Me,CHCH,  OCH, 47.4 67.6-69.0°
Me,CHCH,  OC,Hg 49.0 78.9.79.72
Me,CHCH,  OC,MH, 28.1 65.2-67.5%
Cat10 X 49.2 6.7-59.0
CrgMa10 ", 3 51,8-53.6 - 76.5-76.9

! Crystallization temperature observed at a cooling rate of 2°/min.

2 Data from Ref. 22.

3 Previously reported by A. C. Griffin, R. F. Fisher, and S. J. Havens, J. Am.
Chem. Soc. 100, 6329 (1978).

ArC#N@-C]zHZS 4

~
c @- and d
“~ “~

that an alkoxy group was not needed on the aldehyde end of the anil
(Nos. 2 and 9-12) but if this alkoxy chain was too long no INPs were
observed (Nos. 7 and 8). It did not seem to matter whether the
chlorine atom was on the aniline (Nos. 3 and 4) or the aldehyde end
(Nos. 11 and 12).

Both the biphenyl 4a and the fluorene 4b anils were used in mixtures

T

73



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:18 19 February 2013

INDUCED NEMATIC PHASES 291
TABLE III

Transition temperatures (°C) for

ArCH-N-@-Y

Ar Y cl Sg Sg Sa 1
CyoHzs 34.4 47.8-
@- 3 51.9 60.8-
61.5

r@- CioHps  53.3 58.6~
1272 59.2

r@- ¢t 51.6 70.0-
72.3

c1-@- 0CHy 9.2 (¢}) . 121.9-

123.7
CH30-@- cl 76.5 gg.lz
ol o wE BT B
S A R
Cos 6.7 122.0;
S - A -+

. CyoH 82.7 117.5 141,68
12725 118.0

CioHzs 61.69 65.1-
: ol

! Crystallization temperature at a cooling rate of 2°/min.

2 Crystallization occurred at 99.2° but these crystals quickly converted to another
form at 99.1°. On reheating the reverse transition occurred at 114.0-115.0.

3 Previously reported in Ref. 1.

* Previously reported in Ref. 6.

5 Previously reported in Ref. 2.

¢ Goodby reported observing a Sg phase at 83.8°. Our material began to crystallize
at 84.2 but by moving the slide we were able to find an area still in the Sy phase and
cool to 82.3. Still we could not see the S phase. J. W. Goodby, Liguid Crystals and
Ordered Fluids, Vol. 4, ed. A. C. Griffin and J. F. Johnson (Plenum Press, 1984),
p. 175.

7 Transition bars were observed in the S5 — S, transitions.

8 Previously reported in Ref. 9.

? Also cooled rapidly to give a crystallization temperature of 56.8° without observing
a nematic phase.

> ©
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TABLE IV

Transition temperatures (°C) for

@@

R R o s s Sa !
CHy CqHg 54 ;gg-
CH. CgH 44.8 (44.9- 59.0-

3 6™13 45.8)2 61.7
CH3 C1aH2y 73 ;;g-
CeH CeM 53.7 (61.7) 62.4- 67.8- 84.1-

m 613 63.1 67.9 84.43
CgH CoH 52.2 (54.3- - - 69.6- 70.2-
s 12725 54,4)2 70.4 70.64

! Crystallization temperature at a cooling rate of 2°/min.

2 () indicates a monotropic transition.

3 Previously reported by J. W. Goodby, Liquid Crystals and Ordered Fluids, Vol.
4, eds. A. C. Griffin and J. F. Johnson (Plenum Press, 1984), p. 175.

4 These two transitions overlap.

with the phenylbenzoates 5 as shown in Table VIII. Many of these
phenylbenzoates gave INPs in mixtures with both the biphenyl 4a

and the fluorene 4b but with the latter more often, suggesting that
the fluorene ring system, although not required, is more favorable
for forming INPs than the biphenyl ring. Thus in some instances if
an INP was observed in a mixture with the biphenyl compound, it
was assumed it would also be observed with the fluorene compound.
INPs were observed in many of the mixtures of both the biphenyl 4a
and the fluorene 4b with the alkoxy halobenzoates 5 (X = RO,
Y = halogen) (Nos. 20-36). However, there seems to be a combined
alkoxy chain length and halogen size effect when R = C,o. INPs were
observed when Y = F (Nos. 35 and 36) but not when X = Cl or Br
(Nos. 37-40). Again it did not seem to matter on which end the
halogen was attached (Nos. 43-50). Replacement of the alkoxy group
with an alkyl group gave INPs only with the fluorene anil 4b (Nos.
51-54). Again a chain effect was observed (Nos. 55-56).

These data definitely indicated that INPs could form in mixtures

on
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TABLE V
Transition temperatures for
QD O
X Y G R I
ClzMa5 -@- 128.7 -~  130.6- 139.8- - - 143,0-
1315 139.9 143.9
CaHy7 %’ §1.5 - -  70.3- - - 114.3. 139.2-2
70.8 4.8 139.6
CroM2) % 51,2 --  64.8- - - 17.2-  134.6-
65.7 nr.z 135,22
Ciaos % 57.0 --  68.6- - - 1n9.2-  130.7-
68.9 19,4  131.8
C7H150 % 88 95 96 107 m 1803
CgH170 % 8 9 93 m 19 1783
C1gH210 4\7 83.6 83.8 87 m 146 1703
CyoHps50 &7 84 -- 9 nz 156 1633
C1aHag0 % 8  -- 9% 14 155 1563
CygH330 %— 90 -- 9% 114 - - 1503
C1gHa70 % 949 -- 13.3- 14.2- - - 143.0-
4.6 15 144.0

! Crystallization temperature at a cooling rate of 2%min.
2 Data from M. E. Neubert, M. E. Stahl, and R. E. Cline, Mol. Cryst. Lig. Cryst.
89, 93 (1982).
3 Data from M. E. Neubert, J. P. Ferrato, and R. E. Carpenter, Mol. Cryst. Liq.
Cryst. 53, 229 (1979).

with the halo phenylbenzoates but was the halogen atom really nec-
essary? Unfortunately most of the phenylbenzoates with alkyl and
alkoxy substituents have nematic phases. This is also true of the anils
and limited the homologs of either of these series which could be
used for mixture studies. One exception among the esters is
X = CH;3and Y = OCH,;. An INP was observed with this compound
when it was mixed with the biphenyl 4a (No. 19). INPs were also
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TABLE VI

Transition temperatures (°C)* for

QDD

P % 0% o % ow 1
Catyy {46) 63.5 138.5 - - 156.8 197.5 202.5
CIOHZI 72.3 ns 148.7 154.8 189.2 191

¢ Data from A. Wiegeleben, L. Richter, J. Deresch, and D. Demus, Mol. Cryst.
Ligq. Cryst. 59, 329 (1980).

observed in the two analogs containing only one alkoxy group
(X=CHgOandY = H; X = H, Y = C;H,O) but only when mixed
with the fluorene compound 4b (Nos. 15-18). As with the anils, it
did not matter to which end the alkoxy group was attached. However,
the ester with no terminal substituents (X = Y = H) did not give
INPs either with the biphenyl or the fluorene compounds (Nos. 13
and 14).

The polarity of the terminal substituents is considered to be an
influencing factor in the formation of induced S, phases?*?! and such
electron attracting groups as NO, and C=N are known to favor the
formation of nematic phases. Thus mixtures of the nitro ester in which
X = C,H,;0t and Y = NO, with both the biphenyl and fluorene
compounds were tried but no INPs were observed (Nos. 41 and 42)
suggesting that a strong polar substituent is undesirable for forming
INPs.

Would the branched chain effect observed earlier in the
phenylbenzoates? also occur in these mixtures i.e. would INPs be
observed in mixtures with a 8-methyl alkyl chain ester but not with
an a-methyl one? The B-methyl esters gave INPs with both the bi-
phenyl 4a and fluorene 4b anils (Nos. 67-72) whereas the a-methyl
esters gave INPs with only the fluorene anil 4b (Nos. 59-66). These
results suggest that there is enough room to pack the thicker a-methyl
ester molecules between the fluorene molecules but not between the
biphenyl ones. Of the three structures being considered here, it would
seem that the fluorene anil would have the largest diameter and the
resulting larger molecular volume would be better able to accom-

t X = C,H,0 has a monotropic nematic phase (see Ref. 22).
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modate the bulky a-methyl chain. However, an approximate meas-
urement of the diameters of these molecules using Ealing CPK mo-
lecular models indicated that the biphenyl anil has the largest diameter
(see Table IX). If the well known fact that molecules always pack in
the most efficient manner leaving as little blank space as possible is
considered then a possible explanation can be provided. The diameter
of the a-methyl ester is the same as the straight chain analog. How-
ever, it is thicker at the a-carbon atom than anywhere in the rest of
the molecule i.e. it has a hump. Where there is a hump, there is also
an adjacent hole. This is true of the fluorene anil molecule which has
its hump, although smaller, at the methylene carbon in the fluorene
ring. Thus these two molecules could pack in a lock and key manner
which allows the humps to fit into the holes. However, this does not
explain why no mesophases are observed in the a-methyl esters them-
selves. In the fluorene compound, the hump is near the end of the
molecule whereas in the ester, it is near the center. Perhaps a better
packing arrangement is possible with this combination rather than all
the molecules having their humps near the center. The fluorene anil
itself shows smectic phases although no nematic phases indicating
that it is at least more favorable for forming mesophases than the «-
methyl phenylbenzoate which shows no mesophases at all. Perhaps
the packing between these two different molecules is more favorable
for forming a nematic phase in the mixture but not in the two separate
components.

Since the earlier work on INPs in mixtures of FC12A and 40.Cl
had suggested that INPs would be favored by two components with
considerably different molecular lengths® all the mixtures studied thus
far consisted of a relatively long molecule 4a or 4b and a relatively
short one. A variety of other long molecules were tried as possible
substitutes for the biphenyl and fluorene compounds as shown in
Table X. First to be considered was whether the biphenyl ring system
was needed. Various mixtures with the corresponding benzene anil
4c were tried but none of these showed INPs (Nos. 73-77) suggesting
that the biphenyl is a necessary structural feature. However, adding
a terminal fluorine to this molecule 6a gave INP’s with the chloro
anils (Nos. 78 and 79) and with a phenylbenzoate (No. 80) suggesting

x@-cu=u-©-v 62 X = F, ¥ = CpoHye

b X =H, ¥=CH

that the biphenyl ring system is not necessary but perhaps more
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favorable and that the halogen atoms are more favorable than hy-
drogen. The next feature studied was the alkyl chain length. Unfor-
tunately, the observance of nematic phases in most of the biphenyl
anil homologs limited the choices to the very short chain lengths. The
ethyl homolog 6b gave INPs when mixed with the phenylbenzoates
(Nos. 84 and 85) but not with the chloro anils (Nos. 82 and 83). This
ethyl homolog could also be considered a short molecule so it was
mixed with the fluorene anil 4b and found to form an INP (No. 86).

INPs were observed in all the mixtures tried with the naphthalene
anil 4d (Nos. 87-94). Although no nematic phase was observed in
this compound (4d) during a routine determination of its transition
temperatures, a phase diagram study (to be discussed later) suggested
the presence of a monotropic nematic phase. This was then observed
briefly when a melt of the sample was placed on the heating stage at
ca. 40°. Thus the nematic phases observed in mixtures with this com-
pound cannot necessarily be considered as INPs.

Other long molecules which did not resemble the anils 4 in their
structure were also considered (Table X). INPs were observed in
some of the mixtures with the alkoxybiphenyl esters 7. Although no

effort was made to look for induced smectic phases in these mixtures,
one was observed in the mixture of the biphenyl 7 with R = CH;
and R’ = C,H, (No. 95) along with an INP. Although these biphenyl
esters did not seem to be as favorable for forming INPs as the bipheny!
and fluorene anils, the observance of some INPs with these com-
pounds did indicate that none of the structural features of FC12A
are required in the long component to observe INPs.

Diesters of the type 8 are even longer molecules than the anils 4a
and b. INPs were observed in mixtures of short compounds with both

z -02c®-c02-@-z
1O N
“~

the terephthalic acid diesters 8a (Nos. 119-121) and the cyclohexanes
8b (see Table X). As with the anils 4a and b chain effects were also
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observed with the cyclohexane diesters.t However, these seemed to
depend on the structure of the short molecule as well as the cyclo-
hexane diesters’ substituent. When Z was an alkyl substituent (Cg,
C,o, or C},), INPs were observed with the shorter chain alkoxy chloro
anils (Nos. 122, 123, 127, and 130) but not when the alkoxy group
was Cg (Nos. 124, 128 and 131). When Z = R'O, INPs were observed
in mixtures with the chloro anils at all chain lengths of R’ (Nos. 133
135, 145, 146, 157, 164, 174, 181, and 182) with all the anils studied.
In mixtures with the halo phenylbenzoates, there seemed to be a
combined halogen-chain length effect when Z = R’O. When X was
< C400, Y could be F or Cl and INPs were observed for any R’ chain
length but when X = C,q, Y could be only F when R’ was < Cyq.
However, when R’ was C 4 or larger, INPs were observed even when
Y = Br (Nos. 180 and 187).

Like the bipheny! anil, the cyclohexane diesters with Z = R'O did
not form INPs with the a-methyl chain phenylbenzoates no matter
how long the R’ group became (Nos. 136, 147, 165, and 183) but did
form INPs with the B-methyl esters (Nos. 137, 148, and 166). A
comparison of the molecular diameters of the cyclohexane diesters
with that for the phenylbenzoates using molecular models indicates
that the cyclohexane esters have a slightly larger diameter (see Table
IX). This apparently is not enough to accommodate the thick a-
methyl phenylbenzoate or there is not a proper hump-cavity to ac-
commodate the one in the a-methyl phenylbenzoate. The dianils 9
also gave INPs when mixed with the chloro anils (Nos. 189 and 191)

R'@N*C@-CH=N©-R' 9
™

but only when R = C, and not when R = C; again suggesting a chain
length effect.

With such long molecules which were so different in structure from
that for FC12A showing INPs, it seemed necessary to determine if
the original assumption that two molecules with a significant differ-
ence in molecular length was needed was correct. This was supported
by the finding of several papers in a literature search reporting the
observance of INPs in mixtures of two homologs.**7 Therefore, three
types of mixtures were studied to try to determine what types of
molecular lengths were needed to observe INPs; two homologs (Table

t We did not have enough of the terephthalic acid ester homologs to study the chain
effect on these.
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TABLE XI

Induced nematic phases in binary mixtures of homologs

Compound n S INP
¢ M, Mo-@-cm-@-m 193, 144+ + 4
194, 148+ + ¢+
195. 448 + 0+ 4+
cu-n-@-cnnz,‘” 196, 2412 0 + +
O {0 x x
197, EtCH(Me)- OC"HZH+1 3+63 00 0
198. HeZCHCHZ- 0cn”2n+l 143 0 0 +
CnH2n+]0 F 199. 448 0 + 4
200. 4410 0 + 4+
201, B+10 + + 4
a 202. 6+8 0+ 0
203. 6+10 0 + O
204, 8410 + + O
Rocozcn”zm R
205. CH3 4+6 + + 0
206, CSHH 6+12  + +
x@-ozc%coz@x X
207. CnH2"+‘ 8410 + + O
208. C My 0 8B40+ 4+ 0
209. CnC2n+10 8416 + + 0
210. CnH2n+10 8+18 + + 0
1§ = smectic phases in components: + present, 0 not observed.

2 INP = induced nematic phase: + observed; 0 not observed.
3 n = 6 has a nematic phase.

XI); two short molecules which are not homologs (Table XII), and
two long molecules (Table XIII). Any combination of two homologs
of the various chloro anils used in this work gave INPs (Nos. 193-
195). A mixture of the C, and C,, homologs of the biphenyl anil gave
an INP (No. 196) as did various combinations of the alkoxy-fluor-
phenylbenzoates (Nos. 199-201). Interestingly, various combinations
of the alkoxy chloro phenylbenzoates did not form INP’s (Nos. 202—
204). The combination of a straight chain phenylbenzoate with a §3-
methyl branched chain one gave an INP (No. 198) but the analogous
mixture with the a-methyl branched chain ester did not (No. 197).
Neither the biphenyl esters (Nos. 205 and 206) or the cyclohexane
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diesters (Nos. 207-210) gave INPs in homologous mixtures. With the
biphenyl esters, we were limited by the availability of the materials
whereas with the cyclohexane diesters we were limited to using only
the longer chain lengths (>C,) as the shorter ones have nematic
phases. INPs might be more favored in mixtures of shorter chain
homologs.

Interestingly, among the mixtures of two short molecules which
were not homologs (Table X1I) only mixtures of the chloro anils 1
with the halo phenyl benzoates 2b (X = F,Cl) showed INPs (Nos.
214-220 and 222-224). Mixtures of anils with anils (Nos. 211-212)
or esters with esters containing two different halogens (Nos. 228-
231) did not form INPs. The anil-ester mixtures also showed a com-
bined chain-length, halogen size effect as shown by the absence of
INPs when X = C4H,;0 and R = C,(H,, in the fluoro ester (No.
221) and when X = C;H,;,;0 and R = C,—C,; in the chloro esters
{(Nos. 225-227).

In the mixtures with two long molecules (Table XIII), combinations
of the biphenyl anil 4a with the phenyl anil 4¢ (No. 233), the fluorene
anil 4b (No. 238) and a TBBA homolog 9 (R’ = Cs) (No. 246) showed
no INPs whereas one was observed with the fluoro anil 6a Y = F
(No. 237). INPs were observed in mixtures of either the biphenyl
anil 4a or the fluorene anil 4b but not the phenyl anil 4¢ with the
cyclohexane diesters 8b when Z is an alkoxy substituent (Nos. 235,
236, 243-245, and 252) but not when Z = alkyl (Nos. 234, 241, 242,
250, and 251). INPs were not observed in mixtures with the longer
chain biphenyl ester 7 (R = CsH,, and R’ = C;;H,5) (Nos. 240 and
249). Nor were INPs observed in mixtures of the alkyl cyclohexane
diesters with the fluoro anil (No. 254) an alkoxy cyclohexane diester
(Nos. 255 and 258) or a terephthalic acid diester (No. 257). However,
an INP was observed with the fluoro anil 6a (No. 256). From these
data, it appears that INPs can occur but are not as favored in mixtures
of two long molecules. The presence of an INP in the mixture of the
fluorene anil with the short chain biphenyl ester might be because
the biphenyl is really a short molecule. A comparison of molecular
lengths obtained by measuring molecular models is presented in Table
IX. The molecular lengths for all the molecules that have been con-
sidered short in this discussion are <30 A. This also is true of the
short chain biphenyl ester 7 (R = CH,, R” = C4H,3) and the fluoro
anil 6a which would explain why an INP was observed, in mixtures
of the fluorene and biphenyl anils with these compounds. No INP
was observed in analogous mixtures with the longer chain biphenyl
ester 7 (R = CsH;, and R’ = C;,H,s) (Nos. 240 and 249) which has
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a molecular length >30 A. The phenyl anil 4¢ could also then be
considered a short molecule as well. It did not form INPs with short
molecules (see Table X) and obviously does not with long ones either.
Molecular length, however, does not explain why INPs were observed
in mixtures of the biphenyl or fluorene anils with the alkoxy cyclo-
hexane diesters (Nos. 243-245 and 252) but not with the analogous
alkyl compounds. The difference between the molecular length of
the CgO cyclohexane diesters and the biphenyl anil might be enough
to consider the biphenyl anil a short molecule compared to the cy-
clohexane ester. However, this would also be true of the C,, alkyl
cyclohexane diester. One consistent trend among the mixtures of two
long molecules is that INPs were not formed when both components
were of near equal or equal lengths (Nos. 238, 255, 257, and 258)
even with two homologs (Nos. 209 and 210).

Phase diagramst

A variety of mixture phase diagrams were obtained to determine
which structural features gave better INPs. Problems were encoun-
tered in determining many of these diagrams due to poor mixing,
mixed phase regions and transitions and monotropic phases. This was
particularly true of the mixtures of the fluoro esters 1b (Y = F) with
the anils 4a and b. Both enantiotropic and monotropic INPs were
observed, sometimes within the same phase diagram. The only INP
range which could be plotted for monotropic phases would be that
between the NI and NC transitions. This is not practical since crys-
tallization temperatures vary according to the conditions used. Mix-
tures containing one component with a smectic phase and the other
without created two INP ranges, that between the CN and NI tran-
sitions and the one between the SN and NI transitions. Often a
mixture of monotropic and enantiotropic phases were observed as
well. Since our goal was to compare the widths of the INP ranges,
these phase diagrams were simplified in two ways. Only mixtures in
which both components containing at least one smectic phase were
studied (Figure 4c is the exception) and only temperatures observed
at the end of the SN and MI transitions were used. No differentiation
was made between different smectic phases in the SN transitions.
A comparison of the INP region for mixtures of 40.Cl with the four
major long molecules studied is presented in Figure 4. The INP range
for most concentrations is larger for the fluorene anil 4b (maximum

t+ C = crystal, S = smectic, N = nematic, I = isotropic, M = mesophase.
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at ~24°, Figure 4b) than for the biphenyl anil 4a (maximum ~12°,
Figure 4a) suggesting that it is a better inducer. This is also supported
by the existence of the INP over a wider concentration range for the
fluorene anil mixtures. INPs were also observed over nearly the entire
concentration range of the naphthalene anil 4d mixtures (Figure 4c).
The nematic phase however, was monotropic at concentrations of
>50% of the naphthalene anil with no S, below so that the INP
region could not be plotted. The nematic-to-isotropic temperatures
for these nematics decreased with increasing naphthalene anil con-
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centrations suggesting that this compound should have a monotropic
nematic phase. This was observed briefly before crystallization but
only when a melted sample was placed on the heating stage at ~42°
and allowed to cool rapidly. This explains why INPs were observed
in all the naphthalene anil mixtures. Still the large INP range between
20 and 40% (maximum range = 21.7°) of the naphthalene anil and
its persistence to low concentrations of this anil suggests that there
is inducement of the nematic phase in this region.

A larger maximum INP range (~35°) was observed in the phase
diagram (Figure 4d) for the dialkyl cyclohexane diester 8b
(Z = CyoH,;) mixtures than for the fluorene anils 4b but the INP
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occurred over a shorter concentration range; <50 mole % of the
cyclohexane diester. A similar curve (Figure 4e) was observed for
the analogous dialkoxy ester 8b (Z = CgH,,0) which showed an even
larger maximum INP range (~80°). Some of this increase is probably
due to the shorter alkyl chain but such a large increase also suggests
an additional contribution by the alkoxy group. Interestingly, the
larger INP ranges all occurred at concentrations of <50% of the long
molecule in all these mixtures. This suggests that the shorter com-
ponent has structural features more favorable for forming INPs than
the longer component. The results obtained from the contact method
suggest this also.

The phase diagram for mixtures of 2 homologs of the chloro anil
1 (X = Cl) showed an INP over only a short concentration range
(~5-40%) of the longer homolog and the INP range was very short
(maximum = 1.0°, Figure 5). Mixtures of two short molecules having
different structures also showed INPs over essentially the entire con-
centration range but with a longer INP range (maximum = 6.5°,
Figure 6) suggesting that such mixtures favor INPs more than a mix-
ture containing two short homologs. However, this INP range is not
as wide as that observed for mixtures of short with long molecules.
Although the shorter molecules appear to be more favorable for
forming nematic phases, as would be expected, mixtures of a short
with a long molecule seems to be needed to observe wide range INPs.

d + P + -

TRANSITION
TEMPERATURES (°C)

®
<

10 20 30 40 50 60 70 80 96 100
MOLE % OF A

FIGURE 5 Phase diagram for a mixture of two homologs of

Ru-@-cu-u-@-m

R = C,Ho and CgHy, (A)

4
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FIGURE 6 Phase diagram for a mixture of two short molecules:

c4ugo@-cn=u-©-c1 and Cs“13°'©‘c°z@F (A)

In order to study the effect of chain length on INPs, phase diagrams
were determined for mixtures of the fluoro esters 2b (X = F) with
both the fluorene anil 4b (Figure 8) and the bipheny! anil 4a (Figure
9). In the fluorene mixtures, INPs were observed essentially over the
entire concentration range for the three homologs studied (R = Cq,
C;, and Cy;). In the mixtures with the C; homolog both with the
fluorene (Figure 8) and biphenyl anils (Figure 9a), the SN transitions
were difficult to observe in the 25-50% concentration range because
these occurred below room temperature and near the crystallization
point. The smectic phase could be observed only when the sample
was cooled rapidly to lower the crystallization point. Since crystal-
lization occurred too quickly to reheat the smectic phase to obtain
the SN transition temperatures, the temperatures at which the smectic
phase was observed on cooling are plotted. These are lower than the
heating temperatures would be and therefore provide only an ap-
proximate curve of this minimum region. With the biphenyl anil
mixtures (Figure 9a), crystallization occurred before the smectic phase
could be observed at the minimum, but the falling trend was observed.
A comparison of these curves for the different alkyl chain lengths of
R illustrates that the range of the INP decreases with increasing chain
length and that the INP is not as good with the biphenyl anils as with
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the fluorene anils both in terms of composition and INP ranges. A
similar effect was observed with increasing halogen size (Figures 8b
and 10).

DISCUSSION

The screening of binary mixtures for INPs using the contact method
provided the realization that a wide variety of components can be
used to observe INPs. Little information was gained about what struc-
tural features favor formation of INPs or provide the longest range
phases. The phase diagrams, on the other hand, provide a better
means of differentiating between favoring structures, although not of
specific structural features. These diagrams can be divided into two
general types: those which show a narrow INP range between the
nearby linear SN and MI curves without a minimum (Figures 5-7,
8b, 8¢, 9b and c, and 10) and those which show large range INPs
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between a nearly linear MI curve and a non-linear SN curve with a
minimum where the INP phases have their largest range (Figures 4,
8a, and 9a). Type I occurs in mixtures in which the molecules have
similar molecular lengths which can either be short (Figures S and 6)
or long (Figures 7, 8b and c, and 10), whereas Type II occurs only
in mixtures in which the molecules differ considerably in molecular
length (Figures 4, 8a, and 9a). To obtain some idea how large this
difference must be to observe Type II curves, these differences are
compared in Table XV. The smallest difference for a Type II curve
which was studied is 9.8 and the largest difference for a Type I curve
is 7.4 A. These values are only approximate ones since they were
determined by measuring molecular lengths on molecular models.
Also there is a gap between these two for which data are needed but
these data provide an indication of what this difference should be.
A good example of the effect of this difference on the type of curve
observed can be seen in the mixtures of either the fluorene or biphenyl
anil with the homologous fluorine esters. Type I curves were observed
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when R = C4 (Figures 8a and 9a) but changed to Type II when
R = C; or C,, (Figures 8b, 8c, 9b, and 9¢).

These results are similar to those Dave and Dewar observed in
binary mixtures which did not show INPs.?* They found that in mix-
tures of molecules of similar molecular lengths, a plot of either the
CI and/or MI transition temperatures (some components contained
a nematic phase) versus concentration was essentially linear with no
minimum whereas mixtures containing molecules of two different
molecular lengths showed non-linear curves with a minimum. Their
explanation for these results was that the steric factors in packing are
uniform at all compositions when the size and shape of the two com-
ponents are similar and therefore the orientational cohesive energy
densities will vary more or less linearly with composition to give an
essentially linear curve. However, when the sizes of the two com-
ponents are considerably different, the molecules are more difficult
to pack together and the CM or MI transition temperatures will be
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less than predicted for the ideal solution giving a non-linear plot with
a minimum at the composition in which packing is the most difficult.

Our phase diagrams show these same trends but in the SN transition
temperatures rather than the NI ones which form a nearly linear
curve in both types of mixtures with an added INP region. When the
two components have similar molecular lengths, the INP region is
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narrow usually occurring over the entire composition range. When
the molecular lengths of the two components are different, the INP
occurs primarily in the dip of the non-linear SN curve having its
maximum phase range in this area. It is not surprising to find that
when the molecules differ in molecular length, they prefer to pack
in the less ordered nematic phase rather than the more ordered smec-
tic phases observed in the pure components. Nor is it surprising to
find that this is preferred more in mixtures consisting of two different
molecules than those containing two similar ones and that it is greatest
at the compositions in which packing is the most difficult to achieve
i.e. at the minimum in the curve.

Dave and Dewar, as well as earlier researchers, have proposed
that any compound consisting of anisotropic molecules could form a
mesophase if the melt could be cooled enough to observe this phase
before crystallization occurred.?® This provides another possible ex-
planation for the observance of INPs in mixtures of Type I. Perhaps
these two components actually have monotropic nematic phases but
these are not observed because the melt crystallizes too soon. The
addition of another component merely acts as an impurity lowering
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TABLE XIV
Transition temperatures (°C) for the phase diagrams
mole % CN
or 1
Mixture A SN MI Lmax
cn=u@-c H 0 -- 90.6
A 12°25 3.3 87.6 90.4
" A 7.0 82.7 94.5
141 82.0 94.8
22.0 83.9 97.9 14.0
Ca“so@'CH'N'@'c] 30.0 90.0  101.9
0.0 9.8 106.2
(Figure 4a) 50.0 106.0 110.2
60.5  112.6  114.9
66.0 S 116.0
725 .- 117.3
-~ 100.0 -- 126.1
CH=N-@-C " 0 -- 90.6
A 12725 6.5 83.5 92.0
A 14.0 78.6 96.1
. 30.0 80.7  105.2 24.5
c4n90-©-cn=u@c1 9.0 1025 1165
60.0  112.9  121.8
(Figure 4b) 72,0 123.4 1276
8.0 128.3 1311
85.0  131.1  132.9
92.5 - 137.9
100.0 -- 18106
cH=N<C:>>c H 0 90.6
A 12725 5.8  76.0  79.9
A 15.6 68.0 76.4
+ 230 60.0 7.5
cdugo@-cw@m 27.0 46.1 67.8 21,7
3.2 49.0 65.0
(Figure 4c¢) 35.6 57.0 61.51
a5.4 Sl 64.0
5776
62.4 - - 59.02
52.7
83.3  (51.9)  62.0
1000 b 1416
C, M <C::>-o c-Af::::::;7pco 4(::)»: " 0 -- 90.6
1021 = 2 a9, 282 290
A 25 86.9 89.9
+ 5.0 83.1 9.7
c4ngo©-cu=u@c1 10.0 75.0 93.6
17.0 67.9 96.7
(Figure 4d) 24.0 64.1 99.4 35.3
25.5 73,0 1017
275 7811 102.3
29.0 85.1  103.6
32.0 89.5  104.6
4.0 1077 110.8
52.0 - 117.4
72.0 -- 126.1
30.0 -- 132.9
100.0 -- 135.2
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TABLE XIV continued

mole % CN
or 1
Mixture A SN MI Lmax
CM ,o@-o c%co -@-oc M 0 - - 90.6
871 2 2 8717 2.6 87.4 93.2
A 5.4 83.5 96.0
N 1.4 76.0  107.0
c4ugo@cusn@-c1 1801 63.9  114.8
25.6 55.0  122.9
(Figure de) 3401 48.3 12816 80.3
36.4 86.5  132.4
‘.7 1027 135.6
4.7 1134 1389
45.7  128.9  144.5
60.8  146.0  152.4
19.2 - 168.7
100.0 -- 178.0
RO-@-CH=N@-CI 0 -- 90.6
) 8.5 89.3 89.6
A 17.3 88.8 89.6
26.4 88.9 89.9 1.0
R = CH, and R = C,H 51.1 - 91.3
8717 a9 65.3 -- 94.5
(Figure 5) 71.5 - - 95,5
7.0 -- 96.4
88.1 -- 98.4
100.0 -- 100.0
CeH o@-co @-r A 0 .- 90.6
6713 2 = 18.8 80.0 80.5
37.8 60.8 67.3 6.5
. 57.6 50.7 5.4
CQHQO-@-CHtN@-CI 78,2 432 15.6
100.0 -l 18.3
(Figure 6)
c 0-@-0 c%co @-oc A0 -- 142.0
8 t 2 8 4.8 - - 142.8
16.4  145.0  146.8
ua1sls 12 2.7
+ 1 159.8  161.2
ou=n@-c12u25 75.8 -l 169.2
925 - 175.8
100.0 -- 178.0
(Figure 7)
SOy oDy cigtas 1 Sr ks w3
- A i ) 9.8
12°25 8.0 32.8 32.8
1907 27, 52.1
0 252 53 61.5
. / 34.4 03 M2 A
C6H130@- 41 15 85.0
\O@F 54.1 68 95.0
64.8 8.3 102.0
(Figure Ba) 75.9 106.8 116.3
87.6  124.8 1288
100.0 - 141.6
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TABLE XIV continued

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:18 19 February 2013

mole % CN
ar 1
Mixture A SN MI Lmax
3 cu=n©—c H A 0 -- 43.8
12728 = 4.0 43,8 46.7
0 8.1 a4.6 50.4
. / 14.7 46.6 57.5
csu”o-@- 16.4 47.5 59.0
\0 . 25.2 52.4 68.8
30.6 60.5 - 76.8
(Figure 8b) as1 70.0 87.1 17.1
59.4 88.2  100.2
7002 105.1 1132
7802 114.4 1202
87.6  127.7  129.1
100.0 - 141.6
R OLa©)
CH=N C,H A 0 .- 46.3
1725 = 4.5 -- 51.1
1726 58.6 62.4
0 26.7 65.3 71.0
+ / 35.6 72.5 79.1 6.6
¢10%10{O) 460 843 903
\0 . 61.2  104.5  109.5
7.3 118.2  119.4
(Figure 8c¢) 100.0 - - 141.6
cu=n©-c H 0 -- 38.3
S22 4.1 3548 39.2
A 8.2 32 a2.5
168 ~20°, 53.0
+ 3501 -y 69.5
CH o@-co @-r 43,7 54 83.5
613 2 s4.8 700 85.4
65.4 87.0 96.0
(Figure 9a) 76.4  104.8  108.7
87.9 - 117.0
100.0 -- 127.0
cn=u©-c H 0 -- 43.8
12A25 4 44.5 46.4
A 8 45.5 50.5
+ 21.0 51.7 62.0
csuno@-coz@r 35.0 61.3 75.4 14.1
45.0 1.2 783
: 55.0 81.7 89.4
(Figure 9b) 71.0 99.9  103.0
76.5  102.8  103.2
82.0 - 11,1
88.0 -- 116.9
100.0 -- 126.0
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TABLE XIV continued

mole % CN
or
1
Mixture ﬁ SN M Lpax

cu=n-@c H 0 -- 46.3
12725 9 52.9 53.9
A 13.0 57.0 57.8

. 18.0 60.2 62.1 1.9
27.0 67.3 69.0
€y ﬁo@co @-r 32.0 - 78.2
e z 37.0 -- 75.4
(Figure 9c¢) 57.0 - - 90.4
62.0 -- 93.7
67.0 -- 101.5
78.0 - 107.6
83.0 -- 113.7
89.0 - - 17.1
100.0 -- 126.0
ﬂ. cn=n@-c H 0 -- 79.3
@ @ A 12725 10.1 80.4 82.0
L, 18.0 82.7 87.4
+ / 30.3 88.7 95.3

CBH”O@-C 39.3 93.6 101.5 7.9
\0 o 49.2 102.8 110.3
65.8  116.2  120.9
) 85.8  131.4  132.2
(Figure 10) 100.0 -l 1416

' Lpa = maximum INP length.

2 The higher temperature is for C — I; the lower is for the monotropic N — 1.

3 These figures were obtained by cooling the sample rapidly to avoid crystallization.
Heating temperatures for this transition could not be obtained before crystallization
occurred. Therefore, these values are not accurate being lower than where the tran-
sition actually occurs. They, however, give an approximate indication as to where the
true curve would occur.

the crystallization point far enough so that the nematic phase can be
observed. However, our phase diagrams show no indication that such
virtual nematic phases are present. In some mixtures the nematic
phases were lost at compositions containing only small amounts of
the second component. In other mixtures, the SN curves obviously
led to decreasing INP ranges to zero for the pure components.

EXPERIMENTAL

Materials

Many of the compounds used in this work had been previously pre-
pared and reported in the literature. Esters were prepared using either
the acid chloride method as described in Ref. 25 or the carbodiimide
method discussed in Ref. 26. Anils were prepared by the method
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TABLE XVI
NMR chemical shift values (3) for aromatic protons for
H Hy,
0H H
(S d
O
0 X
Ha b
Hc Md
: % W] e "
F 8.13 7.09 6.99 6.81
o 8.09 7.38 7.10 6.81
Br 8.09 1.50 7.05 6.90
I 8.09 7.70 6.93 6.89

described in Ref. 27. Starting materials were obtained from Com-
mercial sources or prepared using the methods described in- Refs.
28-30. The biphenyl esters were obtained from D. L. Fishel and V.
Surendranath. The halo esters were purified by recrystallization from
abs EtOH and their structures confirmed by IR and NMR.

NMR data for the aromatic protons in the 4-halophenyl-4’-alkoxy-
benzoates is presented in Table XVI. These data indicate that all
these protons except those ortho to the halogen atom have essentially
the same chemical shift. Those ortho to the halogen atom show an
increasing chemical shift with increasing halogen size and decreasing
clectronegativity as one would expect. In the fluoro ester, the doublet
for these protons overlap with that for those protons ortho to the
ether groups. However, as the chemical shift increases, these doublets
are separated. Aromatic protons ortho to the halogen in the 4-alk-
oxyphenyl-4’-halobenzoates also showed this effect. When the hal-
ogen was fluorine, the protons ortho to the fluorine atom were super-
imposed on those ortho to the two ether substituents to give an
unresolved multiplet at 7.5-6.68. A set of two overlapping doublets
with J ~ 9Hz was observed for those protons ortho to the CO,H.
An additional splitting of these protons has also been reported in the
NMR spectrum for 4-fluorobenzoic acid.’® When the halogen was
iodide, the protons ortho to the iodide atom had the same chemical
shift as those ortho to the carbonyl group giving a singlet at 7.9 and
a set of doublets at 7.12 and 6.858 for the protons ortho to the ether
substituents. The NMR spectrum for the 4-alkoxyphenyl-4’'-nitro-
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benzoates was like that for the corresponding iodo ester but with its
singlet at 8.323. Aromatic coupling constants were ~9Hz in all cases.
Aliphatic protons, except for the methylene ones adjacent to the
aromatic ring or an oxygen atom, occurred as a complex multiplet at
0.5-2.05 in all these esters. Triplets with J ~ 7.0Hz appeared for the
a-methylene protons. The chemical shift of these depended on where
they were attached: CH,ArCO, at 2.6, CH,0ArCO, at 4.05, and
OArOCH, at 3.98.

Microscope studies

Microscope slides and cover slips were cleaned by washing with ace-
tone and wiping dry in one direction with a Kimwipe. Some mixtures
tended to form homeotropic textures. To avoid this problem, clean
slides were dipped into a 0.5% soln of polyvinyl alcohol (PVA) in
H,O and dried at 120° for 0.5-1.0 hr. This soln was prepared by
dissolving 2g of 2% Monsanto PVA in 100 ml H,O, boiling briefly,
and then cooling to RT. Storage of this soln at 5° was necessary to
prevent mold growth which was used as needed to prepare the 0.5%
soln by diluting 25 ml to 100 ml with H,O. Cover slips were treated
in the same matter. These were then both rubbed in the same direction
parallel to the long side of the slide.

A small amount of one component was placed near the edge of
the slide and an approximately equal amount of the second compo-
nent placed next to the first on the side away from the edge leaving
a small gap between the two. The cover slip was placed on top with
the rubbed direction aligned with that of the slide. The slide was
heated on a hot plate until both components melted to the isotropic
liquid, ran together, and covered the entire area under the cover slip.
It was then placed in a Mettler FP-2 heating stage on a Leitz-Laborlux
12POL microscope at RT. A search was quickly made by moving the
slide to find the growing edge of a birefringent phase of one of the
components as the sample was cooled. Once found, this edge was
observed until either an INP was observed or all the melt formed a
birefringent phase. Often it was necessary to move the slide as this
front advanced across the melt. The INP appeared on the growing
edge of a smectic phase (Figure 11), a crystalline phase or in between
the growing edges of two phases (Figure 12). For most samples this
could be done at RT. However, when the birefringent phase grew
from the melt too rapidly, the sample was heated to a temperature
high enough to slow the growing front enough so that if an INP were
present, it could be observed as the sample cooled. Many times the
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FIGURE 11 Induced nematic phase growing on the edge of the S, phase in 2 mixture

of
CIOHZI@OZC%COZ@'CIOHZI and
c4n90@-cn-u@-c1 at 89.2° (magnification = 10x20).

INP region was quite wide and easily detected but at other times it
occurred as a narrow region or persisted only briefly and was therefore
more difficult to observe. These mixtures and those which showed
no INPs were studied several times and at different temperatures to
be more certain whether a phase was present. This does not, however,
provide absolute assurance that such a phase is not present, only that
it could not be observed using these conditions. Photographs were
taken using a Leitz 35 mm camera, a 20X objective, and a 10X
eyepiece.

Samples for the phase diagrams were prepared by weighing the
appropriate amounts of each component, mixing these together, melt-
ing the mixture with stirring, and then allowing it to cool to RT. This
sample was placed on a slide, a cover slip added, and the sample
melted and cooled until it crystallized. It was then placed in the
heating stage, heated until the isotropic liquid was formed, and cooled
until a birefringent phase was observed. This was reheated at 2°/min
to obtain the MI transition temperature. Another cooling to the smec-
tic phase and reheating gave the SN transition temperature. No at-
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FIGURE 12 Induced nematic phase growing between crystals and the S, phase in
a mixture of

cmnz1-@-ozc.%coz«:j)-cmu21 and
c4ngo-©-cu-n©-c1 at 63.6° (Magnification = 10x20).

See Color Plate 1V.

tempt was made to differentiate between monotropic and enantio-
tropic INPs. Phase diagrams in which both components contained a
smectic phase were used when possible so that SN transition tem-
peratures could be plotted over the entire composition range sim-
plifying the INP region. Also, only the temperatures observed for
the end of a phase transition were plotted eliminating the complex
mixed phase regions.

Acknowledgments

The partial financial support for this research provided by grant number DMR83-
09739 from the National Science Foundation and an award from the Exxon Educational
Foundation, is greatly appreciated. We are also grateful to D. L. Fishel, G. Powell,
and V. Surendranath for providing the biphenyl esters; to C. Hanlon, M. Jirousek,
R. Bietzel, D. Leonhardt, and F. Herlinger for synthesizing some of the materials
used, to R. Bietzel and S. Laskos, Jr., for some of the phase diagrams, to the Monsanto
Chemical Company for providing the PVA sample, and to the Chemistry Department
for providing access to the EM360-NMR.



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:18 19 February 2013

MOLECULAR CRYSTALS AND LIQUID CRYSTALS
COLOR PLATE IIl. See Ozcayir and A. Blumstein, Figure 4, see page 245.
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MOLECULAR CRYSTALS AND LIQUID CRYSTALS

COLOR PLATE IV. See M.E. Neubert, K.Leung and W.A. Saupe
Figure 12, page 341,



