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Abstract—Because of the continued escalation of interest in liquid crystals and
in their applications in display devices, the efforts of organic chemists have
recently been concentrated on the synthesis of better mesogens for techno-
logical exploitation. Therefore, although the stability of available liquid
crystal materials, their electrical properties and their applications will provide
topics for other sections of this meeting, I feel that a review of those factors
which have motivated synthetic chemists over the last two years must be given
now even though some overlap may in consequence arise. I will therefore
survey briefly some electro-optical effects now under active consideration with
the aim of illustrating why the attention of the chemist is directed towards
particular types of mesogen with particular characteristics. Whereas at one
time the aim was simply to produce nematogens giving nematic mesophases
in the room temperature range so that their dynamic scattering characteristics
could be studied, the need is now for a wider range of mesogens with different
physical properties. The reasons are that dynamic scattering, once the most
widely studied electro-optical effect, is now realized to have some drawbacks,
and this has led to the development of other electro-optical effects of potential
and real value in display devices.
I will consider five electro-optical effects:

. The Fréedericksz Effect (F.E.)

The Dynamic Scattering Effect (D.S.E.)

. The Twisted Nematic Effect (T.N.E.)

. The Cholesteric Memory Effect (C.M.E.)

. The Cholesteric-Nematic Phase Change Effect (P.C.E.)

1. The Fréedericksz Effect (F.E.)

Although claims have been laid to the discovery of this effect quite
recently, the effect is based essentially on experimental observations
made by Fréedericksz over forty years ago, and it seems fitting to
t Plenary Lecture presented at the Fourth International Liquid Crystal
Conference, Kent State University, August 21-25, 1972.
161
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describe the effect by his name. For this effect, we might have the
lath-like molecules oriented perpendicular to the conducting surfaces
of the cell and make these turn through 90° on applying the field
(Fig. 1).

Figure 1. Fréedericksz Effect: long molecular axes turned through 90° on
application of the field (¢; ~¢, = negative).

The dielectric anisotropy (de = ¢, —¢, ) required is therefore nega-
tive, the driving force is the field, and the effect is made visible using
polarizers. Naturally, the opposite effect could be achieved, i.e.,
going from right to left in Fig. 1 on applying the field, starting with
an alignment of the molecules parallel to the surfaces and material of
positive dielectric anisotropy. In both cases, a nematic liquid crystal
is of course involved.

2. The Dynamic Scattering Effect (D.S.E.)

This well known effect was first discussed in detail by Heilmeier®)
in 1968. In the relaxed state the lath-like molecules in thin films of a
nematic liquid crystal lie statistically in parallel alignment in localized
areas, and thin films up to a few hundred microns in thickness are
quite transparent. Transparency is further improved if the nemato-
gen is oriented with respect to the surfaces, e.g., with the long
molecular axes perpendicular to the surfaces as in Fig. 1. (left).
If the nematogen is of negative dielectric anisotropy, although this
should not be too high, and conducting (with a resistivity of less than
say 10'° ohm cm) continued application of a field across such a film
gives a strong turbulence forming a large number of scattering centres.
This turbulence arises through conductance by the nematic phase
and the mechanism and the role of ions and space charge have
been discussed by several investigators.?:34) The practical outcome
is that the cell changes from a clear OFF state to a cloudy ON state.
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Materials of high resistivity can be doped to achieve a suitable
conductivity for dynamic scattering.

3. The Twisted Nematic Effect (T.N.E.)

This now familiar effect was first reported by Schadt and Helfrich®
and used by Fergason in his Ilixco Cell. The cell is constructed so
that the long molecular axes of the nematogen are oriented parallel
to the conducting glass surfaces, the orientation at one plate being
perpendicular to that at the other. The director therefore turns
continuously through 90° across the sample thickness. With mole-
cules of positive dielectric anisotropy, the long axes turn round on
application of the field so that they lie perpendicular to the plates.
The effect of the twisted film on plane polarized light is therefore
changed in the ON state which is essentially homeotropic and extinct
between crossed polarizers.

4. The Cholesteric Memory Effect® (C.M.E.)

For this a conducting cholesteric liquid crystal of negative di-
electric anisotropy is required. The OFF state consists of the rela-
tively transparent plane texture of the cholesteric mesophase, with

Cholesteric  Memory  Effect

OFF FIELD ON
Helix axis perpendicular > Turbulent, scattering
to plates state
10kHz relaxation
signal

Focal - conic cholesteric —

scattering state

Figure 2. A summary of the changes involved for the cholesteric memory
effect.
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the helix axis perpendicular to the conducting surfaces and to the
molecular long axes. Regarding this effect as the cholesteric analogue
of dynamic scattering, conduction produces a turbulent, scattering
ON state (Fig. 2) which on switching off the current relaxes to the
opaque scattering, * focal-conic ”’ texture of the cholesteric phase.
This reverts only slowly—hence the memory effect—to the trans-
parent plane texture, unless the phase is disturbed by a movement
of one of the supporting surfaces or by say a 10 kHz signal. Thus,
we require material of negative dielectric anisotropy which is conduct-
ing, i.e., the resistivity must not be too high (say < 10*° ohm c¢m), and
this may be achieved by doping high resistivity materials.

5. The Cholesteric-Nematic Phase Change Effect™ (P.C.E.)

The required conditions here are that the helix axes lie at least
approximately parallel to the conducting surfaces. The orientation
need not be uniform as shown diagrammatically in Fig. 3 and the
 focal-conic ”’ texture of a cholesteric phase will suffice. The film is
then opaque or scattering. If the cholesterogen is of positive di-
electric anisotropy and of high resistivity, an applied field will turn
the molecular long axes perpendicular to the glass surfaces, effectively
unwinding the helix. The cholesteric phase therefore changes to
nematic. In the OFF state, relaxation gives the scattering ““ focal-

i oN
FIELD
e[| ]| —rees
Focal-conic Cholesteric. Homeotropic Nematic.
Helix axes in the plane Director normal to the
of the conducting surfaces. conducting surfaces.
(SCATTERING) (NON—SCATTERING)

Figure 3. Operation of cholesteric-nematic phase change effect—(e; —¢, =
positive).
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b)

conic ”’ cholesteric state. The effect is a field effect and visibility is
because of the change from a scattering to a clear ON state.

The essential factors emerging from these considerations are
summarized in Table 1. The first three lines relate to the dielectric
anisotropy of the material, the driving force for the effect and the
reasons for its visibility, The fourth line relates to factors that
determine lifetime in D.C. operation, and the next two lines give some
typical rise and decay times, although considerable variation arises in
the values reported in the literature for these two characteristics.

This table shows that for these electro-optical effects we require :

(a) Both nematogens and cholesterogens.

(b) Cholesterogens of TWO types:
(i) e, — ¢, should be negative for the Cholesteric Memory Effect,
for which conductance is needed. Therefore materials of fairly
low resistivity are needed or preferably pure materials to which
dopants have been added
(i) €, —¢, should be positive and the resistivity high for the
Phase Change Effect.

(c) Nematogens of TWO types:

(i) €, — €, should be negative and the material should be of high
resistivity for the Fréedericksz Effect. For the Dynamic
Scattering Effect, ¢, — ¢, should again be negative, but conduct-
ance is required, so that low resistivity materials or pure materials
with added dopants are needed.

(ii) €, — ¢, should be positive and the material should be of high
resistivity for the Twisted Nematic Effect.

Although I do not presume to give any comparative assessment of
the merits of these various electro-optical effects, considering the
situation in this way does help to focus the attention of the chemist
on several important characteristics that are required of the mesogens.
However, we must remember that other requirements are also essen-
tial if the mesogens are to be of real practical value in devices.

Other requirements for mesogens: The mesogens must be

(a) low melting. The C—N temperature should be — 20 °C or lower
and the nematic/cholesteric phase should persist until at least
65°C.
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(b) chemically stable to hydrolysis, oxidation etc.

(c) photochemically stable—resisting photochemical polymeriza-
tion, rearrangement, and racemization in the case of cholestero-
gens.

(d) electrochemically stable.

(e) safe chemicals that do not constitute a health hazard to those
handling them during manufacture or repair of cells.

These add up to a formidable specification for the ideal mesogens
for device fabrication, and it is not surprising that seemingly no
materials are yet satisfactory in all respects.

The approach to the main problem of achieving the required low
melting point has been the obvious one of preparing compounds with
simple structures that are also consistent with mesomorphic proper-
ties. Since, with the exception of the cholesteryl n-alkanoates and
related esters, no aliphatic compounds have useful liquid crystal
properties, and no nematic/cholesteric compounds contain only one
p-phenylene ring (the p-n-alkoxybenzoic acids are dimers), attention
has been centred on compounds containing two p-phenylene rings
linked through a central group A—B which often involves a double
or a triple bond to preserve the rigidity and linearity of the mole-
cules—examples are shown below :

A= O+

e.g, X = n-alkyl and Y = n-alkoxy or vice versa;

X and Y = n-alkyl

A wmem B = —CH=N—  Azomethines
—N=N-— Azo - compounds
—N=N-— Azoxy - compounds
|
(o}

~— CH =CH —  Stilbenes

-—C=C— Tolanes
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The p-substituents X and Y may vary in nature considerably, but
the lowest C—N temperatures have been achieved with

X = n-alkyl and Y = n-alkoxy or vice versa, or
X and Y = n-alkyl groups.

For the central groups

0
0
—CH=N—, —N=N—, and —N=N—

the position regarding the thermal ranges of the nematic phases has
been assessed very thoroughly by van der Veen and de Jeu of the
Phillips Research Laboratories at Eindhoven.®:3:1 With constant
end groups X and Y, the N—I temperatures change in the order

270Xy > az0 ~ azomethine
(slightly twisted) (planar) (twisted)

This is attributed to a combination of effects involving primarily
the changes in anisotropy of molecular polarisability and in stereo-
chemistry along the series.

Knaak, Rosenberg and Servé®)) have also reviewed statistically
the N—I temperatures in the literature for a large number of azo-
and azoxy- compounds and azomethines, and have been able to
assign different parameters for the effects of various central groups
on the N—I temperatures, relative to the azo-group. The para-
meters are:

azoxy (+21), azo (0), azomethine (-9)

The azoxy compounds are therefore best, giving the most thermally
stable nematic phases. It should however be noted that N—I
temperatures quoted for unsymmetrically disubstituted azoxy com-
pounds often relate to the mixture of isomers formed from the substi-
tuted aniline on oxidation with H,0,, but, in cases where both
isomers have been isolated,®2:1®) the N—I temperatures are similar
to one another and also to that for the eutectic mixture.

Attempts to correlate C—N temperatures with structure for these
systems and many others have had a notable lack of success, and only



Downloaded by [Tomsk State University of Control Systems and Radio] at 07:43 23 February 2013

SYNTHETIC CHEMISTRY 169

qualitative observations that a terminal group such as n-butyl,
n-pentyl or n-hexyl often results in low melting points have emerged.
The results in Table 2 show that the trends discussed above for N—I
temperatures are followed, but that no clear trends for C—N
temperatures occur.

It is noted again that when mixtures of two unsymmetrically
disubstituted azoxy-compounds are under consideration, much lower
C—N temperatures are involved than those for the pure isomers.
This can lead to confusion. Thus a mixture of the isomeric azoxy
compounds given in lines 1 and 2 of Table 2 has C—N, 16° and N—I,

Table 2. Melting Points and N-1 Temperatures for some Mesogens

OO

—NaN

fyo— . L —CHeN-

X Y CNorlI N-1 N NI tHNorl N-I

Y *

O Chy 2 48 ° 77 20 47
Cg  OCH, 2 48 a1 74 46 49
CHg0  OCHy 134 ] e 154 123 [121]
Gy Gyt 26 - 14 28 - -
Gy Cgiyy 9 [ 22 65 - -
Cgiy  Cghpa 38 [] 22 50 - -

Al transition temperatures are in °C.

Values in parenthesis are for monotropic transitions.
Data for the first three compounds are from ref. 11.
Data for the last three compounds are from ref. 10.
* More usually quoted as C-N, 22 and M-I, 47.5%.

76°C. Failure to detect smectic phases also leads to erroneous con-
clusions based on literature melting points. This is particularly true
for azomethines, e.g., the compound with X = n-butyl and Y =
n-butyl is quoted ®® as having a m.p. of 7 °C, but the phase formed is
smectic. 14)

However, because azoxy compounds give the highest N—I
temperatures of the three types of compound being considered, alkyl
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groups may be used for both X and Y, whilst preserving nematic
properties. With X =Y = alkyl, the problem of isomers does not
arise, and useful single component, purely nematic systems are
obtained. Thus (Table 2) with X and Y = n-pentyl or n-hexyl,
compounds with C—N temperatures as low as that usually quoted
for MBBA are obtained. With X and Y =n-butyl, the C—N
temperature is still lower, but the N—I temperature is also well down.

The azo- compounds appear to be the least satisfactory, having the
Jowest N—I temperatures and being highly coloured, unstable to
oxidation and prone to isomerize. The azomethines are less coloured,
of negative dielectric anisotropy and very readily prepared. More-
over, when mixed with other mesogens, lower melting nematogenic
mixtures are easily attained. Thus, mixtures of MBBA and EBBA
feature in several experimental and commercial dynamic scattering
devices. However, Schiff’s bases have several disadvantages. They
are unstable to oxidation and hydrolysis, they may polymerize and
aromatic amines (potentially toxic materials) are amongst their
decomposition products. Further, mixtures of two differently di-
substituted azomethines, in the presence of traces of moisture, will,
through breakdown and recombination, give an equilibrium mixture
of the four Schiff’s bases possible. The composition of such a mixture
will therefore be liable to change with change in conditions. Further-
more, though easy to make, azomethines are not easy to purify
because of their chemical instability. In this connection it must be
appreciated that the ability of azomethines to give dynamic scatter-
ing is dependent on their purity (resistivity). Thus, impure azo-
methines dynamic scatter well, but do so only because uncontrolled
amounts of variable impurities are present. Only now that pure,
high resistivity azomethines are available which do not dynamic
scatter unless controlled quantities of known dopants are added, can
consistent data be expected on dynamic scattering behaviour. MBBA
can readily be purified by crystallization and drying over P,0; to a
resistivity of 1.6 x 10! ohm em. This dynamic scatters only weakly,
but if the resistivity is raised to 2 x 101! (e.g., that of MBBA supplied
by the Vari-Light Corp.) dynamic scattering does not occur. Tech-
niques such as electrodialysis, molecular distillation, zone refining and
azeotropic distillation of impurities may be used to further purify
azomethines.
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It is noted that azomethines with an ortho-hydroxy group, e.g.,
of the type studied by Labes et al., @

QO
\oH

are more chemically stable and more is to be said on such systems at
this meeting.

However, azomethines in general do have real faults, and azoxy-
compounds, being more stable, are superior except in so far as they
are quite coloured. This problem has been neatly reduced in serious-
ness by Merck, who by the use of suitable additives to their Merck
Phase V, a eutectic quaternary mixture of

CH30—©—N=N—<( N—C,H; and —C.H,
6

C—N, -5°C; N—I, 75°C

CH30—©—N:N—©—C._,H5 and —C,H,
{
0

have produced a chemically stable, room temperature nematic (Merck
Phase VI) that spontaneously adopts a homeotropic alignment on
glass and thus gives a clear and much less coloured film. The di-
electric anisotropy is - 0.6 and the phase dynamic scatters well.
Although doubts have been expressed@® about the photochemical
stability of azoxy compounds, Merck appear by this elegant method
to have largely overcome the problem of colour and so have promoted
azoxy compounds to a superior position above azo-compounds and
azomethines for dynamic scattering device fabrication.

Earlier than this, attempts were made to overcome the problems
of the chemical instability of Schiff’s bases and of colour by investigat-
ing the use of other central groups, A—B. The use of —CH=CH—
and —C==C— functions (see Table 3) should be mentioned. The
tolanes were investigated by Malthéte, Leclerq, Gabard, Billard and
Jacques®®) and the stilbenes by Young, Aviram and Cox.®¢) Such
compounds are colourless, and with the tolanes (Table 3) quite low
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C—N temperatures and reasonable nematic ranges were obtained.
A eutectic mixture of the two tolanes listed in Table 3 had C—N, 13°;
N—I, 64°C. These tolanes have positive dielectric anisotropy and
are claimed to be stable, although it is not clear whether this refers to
chemical or photochemical stability or to both.

Table 3. Melting Points and N-1 Temperatures for some
Jolanes and Stilhenes

AO)-r=s <O

Awmmp X \i cNor1 (%) NI (%)
CH,0 CH 3 54
Lo 3 7715
50 Gty 47.5 73.5

63}470 C3H70 198 -

~CH=CH= | CHy0 CH,0 177 [161]
CHo0 Cghy70 151 [146]
CHO T, 29 (N)* 58 (58)*
oo | &% My } (58)
é1 G0 Cglpy 32 (34)* 61 (62.5)*

Temperatures in square brackets are for monotropic transitions.
* Results obtained by Young, Aviram and cox'8 are followed
in round brackets by results obtained at Hull Univers‘ity.18

More recently,®” derivatives of acetylene of the following type
have been examined, where R = n-alkyl.

0 0]

) |
RO —0—C—0=C—C—0— —OR

None is particularly low melting, but the materials are said to dynamic
scatter and are presumably negative in dielectric anisotropy.
Stilbenes (without «- or 8- or o-substituents) are planar molecules,
and, as shown by the data in Table 3 for some 4,4'-dialkoxy-trans-
stilbenes, they have fairly high C—N temperatures and tend to give
monotropic nematic phases. Young, Aviram and Cox, 1% reasoning
that «-, 8- or o-substituents would twist the molecules, prepared a
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range of such substituted stilbenes. Included in Table 3 are the two
lowest melting nematogens that they reported; a eutectic mixture
of 60:23 mole %, of the butyl and octyl stilbenes gave C—N, 8°;
N—I, 59°C. Preparation of these «-chlorostilbenes involves some
relatively low yield steps, and as reported by Young et al., column
chromatography is essential for purification of the compounds.
The final low temperature crystallization procedure (light petroleum,
b.p. 60-80°C at — 78°C) they report is an excellent purification step.
As can be seen, we have fully corroborated the results of Young et al.
The resistivities obtained were excellent (10'® ohm ¢m) and dynamic
scattering did not occur without dopants. The compounds do have
excellent chemical stability, but in sunlight or UV light, the resistivi-
ties fall quickly. We find that light of <400 nm causes this problem,
and even exposure of the nematic melts to fluorescent light caused
them to turn red. Thus the problem is photochemical not electro-
chemical instability. Cells using «-chlorostilbenes would apparently
have to use glass opaque to light <400 nm, but the use of say yellow
glass would negate the value of the compounds being colourless.t

Earlier still, Castellano, McCaffrey and Goldmacher®®’ approached
these general problems of colour and stability by using the more
flexible bridging group —CO.0— in 4,4’-disubstituted phenyl benzo-
ates.

Reflecting the greater flexibility of this bridging group, Knaak,
Rosenberg and Servé assign the parameter —35 to the —CO.0—
function relative to —N=N-— = 0 (see Table 2). Thus, Castellano
et al. found that one m-alkyloxycarbonyloxy terminal group was
desirable. In Table 4 are given the lowest melting nematogens which
they made together with results we obtained at Hull during studies
of the merits of these systems.

Quite significant discrepancies occur between the two sets of data.
There is no problem over the C—N temperatures of compound 2,
which is dimorphic. We always obtained a predominance of the
higher melting form. The other discrepancies might be explained,
as suggested to me by Dr. Steinstrasser, if the esters of Castellano
et al. contained some diesters arising from contamination of the

t Tt was subsequently pointed out that an alternative to a yellow glass filter
is provided by a film of relatively colourless polymer opaque to light of 400 nm,
thus restoring the advantage of the colourless nature of a-chlorostilbenes.
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Table 4. Melting Paints and NI Temperatures for
4,4'-Disubstituted Phenyl Benzoates

RO.C0.0 —@— 0.0 @-— OR'

where R and R' are n-alkyl groups
18

Castellano et 2. Gray et a_T.Ts

No R R' N (%) WI (%) N (%) w1 (%)

ToCs Cethg 43 84 45 73.5

2 iy Gy 36 54 3 or 45.5 73

3 CHyy Gy 45 85 49 69.5

4 CHyp o Cohyg 5 7 45.5 735

5 Gy s 47 72 8.5 72

1:2 40:60 27 73 38-41  73-73.5
3:4:5 20:40:40 2 76 28-32  72-72.5

intermediate quinol half ethers with quinol itself. This could explain
the lower C—N temperatures and the substantially higher N—I
temperatures obtained in some cases. We found chromatographic
purification of the esters was essential and obtained excellent analyti-
cal, spectroscopic and mass spectrometric corroboration of the
structure and purity of our compounds. We were interested solely
in preparing the binary and ternary eutectic mixtures given in
Table 4, and it should be noted that these are the only compounds
of the very large number studied by Castellano et al. that we have
examined. As can be seen, higher melting and less interesting
eutectic mixtures are given using our compounds.

Finally, with respect to these compounds, Fig. 4 reproduces plots
of the N—I temperatures against alkyl chain length for two of the
series worked on by Castellano et al. Superimposed as full points are
the N—I temperatures we have obtained. It seems clear that better
approximations to regular alternations of the temperatures are
obtained using our results, and this lends support to these new values.

Despite the low parameter D) for the —CQ.0— function, we have
examined a few more simply disubstituted phenyl benzoates with the
results given in Table 5.

On the basis of these four esters only, the parameter of — 35 would
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80+
0F

60+

I
4-C¢H,0.C0.0.C,H,.CO.0.C,H,.OR - 4 o O Casteliano ot al."

50

Temp. (°C)

® Gray et _al"

N—I

801

60+

4-C4H,0.C0.0.C,H,.C0,0.C,H,.OR - 4'

50 2 . s ' ' s 1
1 2 3 4 5 6 1

No. of carbon atoms in R = n-alkyl

Figure 4. Plots of N—I temperatures against alkyl chain length for the
carbonate esters indicated.

Table 5. Melting Points and N-I Temperatures for some
4,4'-Disubstituted Phenyl Benzoates

n-Alkyl
R R 65, NorI(%) SN (%) NI (%)
CHy CHy 63 - [4a}
ey Cytg 415 - [2s]
CHyis CoHy 64.5 - [<60.5 *]
Gy C3y 59.5 62.5 66

Temperatures in parenthesis are for monotropic transitions.

* Exhibits a nematic phase, but supercooling of the amorphous
melt was insufficient for an accurate I-N temperature to be
measured.
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seem to be on the high side (numerically), but it should be emphasized
that this value was derived statistically from a much wider range of
esters. At any rate, the results show that such simple esters are
capable of giving nematic melts; these dynamic scatter and the
dielectric anisotropy is negative. These investigations have not been
pursued further since we learned some months ago that Stein-
strasser 31 has worked more extensively on such systems and I believe
will present a paper at this meeting describing interesting eutectic
mixtures prepared from these and other closely related compounds.
A recent report by Young, Haller and Green®® has also appeared on
ring-methylated phenyl benzoyloxybenzoates.

Cyano-substituted Mesogens

Materials of the types discussed so far, dependent on their dielectric
anisotropies are suitable mainly for devices based on the D.S.E. or the
F.E. A stronger, positive dielectric anisotropy is required for the
T.N.E. as provided by compounds of the type shown in Table 6 and
first patented by Castellano.®® Schadt and Helfrich® employed a
1:1:1 molar ratio of the azomethines with R =n-CH,;;0—,
n-C,H,0— and »-C,H,;C0.0— having C—N ca. 20° and N—I,
94°C. With reference to their preparation, these Schiff’s bases do
not form readily from 4-aminobenzonitrile in boiling ethanol. We
have found boiling propan-2-ol is an excellent reaction medium in
which complete Schiff’s base formation occurs in 20 minutes without

Table 6. Physical Data for some Cyano-substituted Schiff's Bases

R o NI aM{kcal mo1™")  Resistivity**
(%) (%) N N1 {ohm cn)
n-Ch, 0% 56.5 & 61.5 {56.5) 02 (W01.5)  5.32 0.14 1.6 x 100
n-Cyig0 6  (64.5) 108 (108.5)  8.02 0.15 1.7 x 10°
nCH00.06 83 A 6O (54) 95.5 { 98) 8.18 0.18 10'¢

* These compounds may exist in two crystal forms with different C—N transition temperatures.

10 11

** Measured at 65-70°C; equivalent to resistivities of 1.7 x 107 - 1.6 x 10" " ohm cm at 25°%,

Temperatures in round brackets are those obtained by Schermr.z3
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acid catalysis. Like most Schiff’s bases, the compounds are difficult
to obtain of really high resistivity and purity by crystallization alone ;
the results in Table 6 are those obtained at Hull. @2

Mixtures of such ecyano-azomethines with other low melting
mesogens (even though these are of negative dielectric anisotropy)
may be used to obtain lower melting mixtures than that referred to
above. With a suitable concentration of cyano- compound, these
give the T.N.E. These compounds of course suffer from the inherent
disadvantages of azomethines, although, since the effect is a field
effect, materials of the highest attainable resistivity may be used.
Thus, without the need for dopants to produce conduction, the risks
of cell breakdown through chemical failure are probably smaller.
Details of better materials of positive dielectric anisotropy will
however no doubt soon be published.

The cyano group may also be used to obtain a negative dielectric
anisotropy. Thus in the a-cyano-stilbenes, we have shown by

-
-
..
i)

H
/
c
\
c
/
c --..MAJOR
v N T
N AXIS 7"

C—N, 60:5°C
n-C4H,,0 o OCH,
N—-I, 170°C

N.M.R. that the two phenyl groups are trans, so that the cyano-
group contributes to the component of the molecular polarizability
acting at right angles approximately to the major molecular axis. 4
As shown by the one example quoted above, quite low melting
compounds may be achieved, suggesting that the twisting effect
proposed by Young et al. acts here also. Compounds of this kind
seem worth exploring, but again some overlap of thinking has oc-
curred, as I believe that van der Veen will present a paper on a-
cyanosubstituted azomethines at this meeting.
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Heterocyclic Mesogens

The search for information on the effects of molecular structural
change on liquid crystal properties of mesogens has led inevitably to
studies of the effects of replacing benzenoid rings by various hetero-
cyclic rings; these replacements have been made both for terminal
and central rings in the molecules. Following earlier work by Young,
Haller and Aviram®® and Schubert,@® results obtained for Schiff’s
bases containing nitrogen heterocycles have appeared recently. 27,28
At Hull we have been examining the effects of introducing hetero-
eyclic rings not only into Schiff’s bases, but also into stilbenes and
esters. Since we are presenting a paper®?) on this work at this meet-
ing and as Professor Schubert is also to speak on heterocyclic meso-
gens, I feel it is unnecessary for this area to be reviewed here.

Cholesteric Mesogens

For the last two electro-optical effects listed in Table 1 (C.M.E. and
P.C.E.) cholesterogens are required. Ifasingle component cholesteric
mesophase is needed, then a pure optical enantiomer of a nematogen
must be used. Apart from using suitable derivatives of optically
active alcohols such as cholesterol and other sterols, one may achieve
this end by having an asymmetric carbon in a suitably branched
alkyl chain present say as a terminal substituent in the molecule, e.g.,

0H3.0H2.CH.CH2—©—A—B_©—.Y
|
CH,

If the racemic modification of the compound is a nematogen with
good properties, e.g., low melting point, high N—I temperature, high
resistivity and a given sign of anisotropy of the molecular polariz-
ability, then each diastereoisomer will have the same characteristics
but will give a cholesteric phase.

For this reason amongst others, the effects of chain branching of
terminal alkyl groups have been fairly extensively studied in the last
two years.(18.30.31,32) Though the detailed effects of chain branching
are known to vary dependent upon whether the alkyl group is part
of a terminal alkoxy group or a terminal carboalkoxy group, it is
generally agreed that N—1I temperatures are decreased by a methyl
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branch, the effect usually diminishing as the branching point is moved
towards the extremities of the chain. The effects are illustrated by
the results (from Refs. 16 and 32) in Table 7, which also show that
chain branching affects C—N temperatures rather variably. None
the less, diastereoisomers of compounds such as these containing an
asymmetric carbon would provide quite low melting cholesterogens
from which even lower melting eutectic mixtures could be formed.

Table 7, Melting Points and N-1 Temperatures for some
Mesogens with Branched Alky! Chains

1 CH,0 —@— CH=N —@-o.co.n‘
11 c,u,o-@—m:c—@—rz'

{

¢l

System R CNorI (%) NI (%)
CH,CH, CHoCH, 55 100
CH(CH) CHoCH, CHy 32 - 33 -
1 CH,CH(CH3 ) CH, CH 35 - 36 78
CH,CHoCH, CH, CH. 82 100
| CHyCH{CH3) CHCHCHy 8-4 ]
T, THCHy CHy 29 58
CHCH{CH ) CHCH 29 & 3% 34
b4 CH,CH, CH(CH3), 40 [3¢]
CH, CH CHo CHoCH, CHy 34 59
| CHoCH(CH3 ) CHy CHCHy 22 35

The temperature in parenthesis is for a monotropic transition.
* The compound gives two crystal forms with different C-N temperatures,

An alternative approach to obtaining low melting cholesteric
systems is of course to induce cholesteric properties in nematic
materials by adding comparatively small quantities of an optically
active solute which may be a cholesterogen or a non-mesogen. If this
is done with a room temperature nematic, a room temperature chol-
esteric is obtained.

Thus, MBBA + EBBA +a cholesteryl ester would give a room
temperature cholesterogen with ¢, — ¢, negative, and with high purity
materials, dopants would give a conductance suitable for the C.M.E.
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Similarly, a cyano-substituted Schiff’s base added to a room
temperature cholesteric would give a cholesteric with €, — ¢, positive
and suitable for the cholesteric-nematic P.C.E.

An optically active deuterio-compound

Remaining on the subject of cholesterics, but leaving the subject
of materials for devices, I would like to mention that at Hull we have
prepared the compound

H
|

NC— ©——0H=N —CH=CH—CO0.0.C.CH,CH,CH, (Active)
|
D

which contains an asymmetric carbon atom by virtue of the deuterio-
substituent. Optically active butan-ld-l-ol, [«]% +0.208° was syn-
thesized and used to prepare the ester of p-nitrocinnamic acid
which was then reduced to the active amino-ester, [«]¥ —0.308°
This was then used for condensation with p-cyanobenzaldehyde to
obtain the active Schiff’s base ester. The ordinary n-butyl ester and
the racemic but-ld-yl ester of the Schiff’s base were also prepared.
Each compound gave two crystal forms with distinet C-mesophase
temperatures, 90° or 108.5°C, at which a mesophase was formed
which became isotropic (amorphous) at 133°C. The n-butyl ester
and the racemic but-ld-yl ester gave nematic phases which when
viewed microscopically between crossed polarizers showed small
homogeneous areas of varying birefringence and containing black,
thread-like lines. The phase of the active but-ld-yl ester was con-
sistently different; it was of a more uniform birefringence and con-
tained both thread-like lines and ribbons which approached in their
appearance the alignment discontinuities typical of cholesteric plane
textures. The phase did not reflect coloured light, but in a cleavage
wedge of mica, well defined Grandjean terraces were visible. The
phase is therefore cholesteric. These observations cast considerable
doubt on the validity of statements that have appeared in the
literature to the effect that the twist in a cholesteric phase is induced
mechanically by steric interactions involving substituents present
in the asymmetric, right or left handed molecules. There is little
effective difference in size between a C—D and a C—H unit that can
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produce a steric effect, and the twist must develop through a weight-
ing either to the left or the right of the statistical parallel orientation
of the lath-like molecules because of the asymmetry of the force fields
to which they give rise. A detailed description of this work is in the
course of publication. @3

New Smectogens

Another area which has recently commanded the chemist’s interest
concerns the synthesis of new mesogens giving novel polymorphic
smectic modifications. Much more will certainly be said on this
subject at this meeting, but I would like to draw attention to impor-
tant recent developments.

The first of the compounds shown below -di-n-propyl p-terphenyl-
4,4""-dicarboxylate was examined by Diele, Brand and Sackmann ©4
and is one of four compounds which give a Sg phase. The second
compound,

n‘C3H1°-°C @ @ @ C0.0C,H-,-n

C-S;, 122°; s.,-5s,, 137-1°

S.- 1, 239:2°C.

N
N

C-Sg, 79°; S;-S;, 102:7°; S;-S., 138" ;

-S,, 144° Sa-1, 210°C,
c SHI405 H_ ,51!N_I 855C

2-(p-n-pentylphenyl)5-(p-n-pentyloxyphenyl)pyrimidine was studied
by Demus, Diele, Klapperstuck, Link and Zaschke®® and gives four
smectic modifications including Spand Sg. A new smecitc polymorph,
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Su, has been discovered by de Vries and Fishel®® for the third com-
pound, 4-n-butoxybenzylidene-4-ethyl-aniline. X-ray studies have
been made on these compounds and the various smectic modifications
all appear to have layer structures. Consequently, the cubic Sp
phase of 3'-nitro-4’-n-hexadecyloxy- and -octadecyloxybiphenyl-
4-carboxylic acids remains distinct from other smectic polymorphs
so far discovered. In addition to these findings, further information
on homologues of the Schiff’s base studied by de Vries and Fishel %)
will be discussed by Smith®% at this meeting. He has found up to
five different smectic forms in individual compounds of this kind.
In diseussing new smectogenic systems, reference may be made in
passing to our own work at Hull on esters of 4-p-substituted-
benzylideneaminocinnamic acid of the type shown below :

X = CH;0, CN, NO;, CH;C0.0 and Ph

R = n-Alkyl, branched alkyl, phenyl
and w-phenylalky!

The results of full microscopic and DTA studies of these esters
were discussed at a recent Faraday Society Symposium on Liquid
Crystals held in London.® Several of the esters exhibit a smectic
modification which we call S, (possibly Sg) and which we will discuss
more fully in a paper at this meeting. An interesting structural
point which emerged from these studies was the effect on the liquid
crystal properties of ascending homologous series of w-isopropylalkyl
and w-phenylalkyl esters. With nematogens, a very high degree of
alteration of N—1I temperatures characterizes the series as shown in
Fig. 5 for the w-phenylalkyl 4-p-cyanobenzylideneaminocinnamates.
A similar, but less marked alternation is shown by the analogous
w-isopropylalkyl esters. When smectic phases are involved, however,
the alternation of smeectic thermal stabilities is quite small, so that,
as shown in Fig. 6 for the series of w-isopropylalkyl 4-p-acetoxy-
benzylideneaminocinnamates, an alternation between purely smectic
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Figure 5. Plot of transition temperatures against number of methylene groups

groups in the alkylene chain for w-phenylalkyl 4-p-cyanobenzylideneamino-
cinnamates.
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Figure 6. Plot of transition temperatures against number of methylene
groups in the alkylene chain for w-isopropylalkyl 4-p-acetoxybenzylidene-
aminocinnamates.
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and smectic + nematic properties occurs along the series. This is
shown in Fig. 6 by the alternation from Sx—I to S4—N and N—I
transitions along the series.

Fig. 7 for the w-isopropylalkyl 4-p-phenylbenzylideneamino-
cinnamates shows the same effect; in this case nematic properties

CH=N—©— CH=CH—C0.0(CH, ),CH (CH,),

220
1
N2
2004’//——‘\'5‘\A

®
/
omedrpd
" 0
ey
[
£

1 1

1 n 2 3

80 A

Figure 7. Plot of transition temperatures against number of methylene
groups in the alkylene chain for w-isopropylalkyl 4-p-phenylbenzylidene-
aminocinnamates.

occur for only one member because the smectogenic tendencies of the
system are much higher. This series shows the S, phase referred to
earlier and the regular trends in the S,—S g temperatures.

Finally, bridging the topics of smectic and cholesteric mesophases,
it is important to remember the work of Helfrich and Oh®" who
have studied the following optically active compound that forms a
smectic mesophase at 29°C followed by a cholesteric mesophase.
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¢l
cu,cn,‘l:n {cH,), 0 -@— CH=N @ N=CH —@—o(cu,). CHCH,CH,
|
CH; CH,

The lower temperature phase, like the cholesteric mesophase, was
highly optically active (23,000°/mm at 4500 A). This smectic phase
would appear therefore to have a twisted structure, the molecules
being inclined at an angle <<90° to the layer planes, and the twist
axis being at right angles to these layer planes, i.e., there is a progres-
sive rotation of the layers over one another.

Concluding Remarks

In a review of this nature, with a time limit on its presentation,
it has not of course been possible to mention specifically all the
contributions which organic chemists have made to studies of liquid
crystals. It is hoped however that the selection of topics presented
has been a fair one which will provide both the chemist and the
non-chemist involved in liquid crystal research with a useful synopsis
of synthetic developments over the last 2-3 years.
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