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Abstract. The characterization by optical microscopy, X-ray diffraction and differential scanning calorime-
try of two new liquid crystalline compounds is presented. The compounds under consideration incorporate
in their molecules two chiral centres (one asymmetric carbon and one asymmetric sulphur of a sulphinate
group). While the carbon chirality is fixed in the R configuration the sulphur chirality may be either in
the S or in the R configuration. A TGBa mesophase in a large temperature domain is evidenced for one
of the two diastereomers, while both TGBa and TGB¢ mesophases are observed in a similar temperature
domain for the other one. For both diastereomers and in both mesophases it is possible to observe the
coexistence of two different types of optical textures, namely planar cholesteric textures and developable
domains. The latter are coiled in a different way than proposed in an earlier publication. More precisely,
they form cylindrical or cone-like domains with double-twist properties as observed in the blue phases.
The pitch of the helix in the TGB mesophases is evaluated by means of optical reflection observations in
samples exhibiting the planar cholesteric textures. For both diastereomers it is also possible to evaluate
structural parameters related to the organization within the TGBa mesophases. Finally, the induced phase

transition TGBc-Sc+ is studied by the application of an AC electric field.

PACS. 61.30.-v Liquid crystals

1 Introduction

The analogy between the N—Sa phase transition and the
transition between normal conductors and superconduc-
tors was established by de Gennes in 1972 [1]. The pos-
sible existence of a liquid crystalline phase similar to the
Abrikosov phase present in type II superconductors lead
Renn and Lubensky to predict in 1988 [2] the existence
of a new frustrated smectic A phase called “twist grain
boundary smectic A” or TGBA phase. The latter could
be observed in some cases with chiral molecules of lig-
uid crystals, usually between the N* and Sa phases. The
model of molecular organization for this frustrated phase
was also presented in reference [2]. In this frustrated smec-
tic A phase where the distance between layers is d, there
are blocks of smectic A layers arranged in an helical way
along an axis parallel to the smectic blocks. Two adja-
cent smectic A blocks are rotated by an angle o and they
are separated by a grain boundary where exists a lattice
of parallel and equidistant screw dislocation lines sepa-
rated by a distance l4. The distance between two adjacent
grain boundaries is Il;,. The angle between two families
of adjacent screw dislocation lines belonging to adjacent
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grain boundaries is o = 2 sin~*(d/2l4) (see Ref. [9]). The
experimental evidence of the existence of such a phase
was reported for the first time in 1989 by Goodby et al.
[3]. But it is interesting to notice that all the details of
a TGBA mesophase were experimentally observed only in
1992 and confirmed by Ihn et al. [4] using freeze fracture
electron micrographs. Meanwhile Lubensky and Renn [5]
proposed some modifications to their initial description,
namely to explain the existence of TGBa mesophases in
compounds not exhibiting the N* mesophase. In addition,
the possible existence of TGB¢ and TGB¢+ mesophases
was also predicted by Renn in 1991 [6] and the experimen-
tal evidence of the existence of such TGB¢ mesophases
has been demonstrated in 1992 by Nguyen et al. [7] in a
series of new compounds. However, up to now, the TGB¢-
phase in which the smectic slabs have themselves an heli-
cal smectic structure is not discovered yet, and it may be
very problematic to prove the existence of such a phase
from the experimental point of view. The existence of in-
teger commensurability in TGB¢ mesophases, where the
grain boundary angle « is an integer ratio of 27, was re-
ported for the first time in 1993 by Navailles et al. [8].
However, the origin of such a commensurability is so far
unexplained, except for the trivial anchoring effect pro-
posed recently [9].
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In 1994 we reported for the first time the characteriza-
tion of a mesogenic compound with two chiral centres ex-
hibiting a TGBA mesophase and showing simultaneously
optical textures characteristic of columnar and cholesteric
order [10]. To explain the columnar and cholesteric tex-
tures and the Sa behaviour as found by X-ray diffrac-
tion, we proposed a model of supramolecular organization
in this phase [9,10] that further experiments (see below in
the text) revealed not to be consistent with the orientation
of the molecules.

In this paper, two new compounds belonging to the
same series as that exhibiting a large TGB4 range [10] are
considered. Their molecules have exactly the same tolane
core, the same aliphatic chain at one side of the molecule
but a longer branched aliphatic chain connected to the
sulphur chiral part. The chiral carbon centre is in the
R configuration and both diastereomers with the chiral
sulphur centre in the R and S configurations are studied.

0
C16H330_@>_/< P
0 s

\CH
\ o 3
0
CgHy7

One of the diastereomers presents a TGBs mesophase in
a wide temperature range, while the other one exhibits
both TGBA and TGB¢ phases in a similar temperature
domain. These phases are analyzed in detail with optical
microscopy and X-ray diffraction investigations, together
with electro-optical measurements under electric field and
with the study of binary mixtures. We are thus led to
modify the model of the developable domains proposed in
reference [9].

2 Experimental

The synthesis of the diastereomers studied in this paper
has been performed according to the method described
elsewhere [11] for other terms of the same homologous
series. The two pure diastereomers (R, R) and (S, R)
have been separated by means of high pressure liquid
chromatography. Both compounds were characterized by
NMR, IR and elemental analysis and gave satisfactory
data.

Powder X-ray diffraction patterns were recorded as a
function of temperature using a Debye- Scherrer type cam-
era with bent quartz monochromator (K,; radiation, A =
1.54 A), an INSTEC hotstage (+£0.01 °C) and an INEL
curved position-sensitive gas detector associated with a
data acquisition computer system. With this system it
was possible to measure periodic distances up to 60 A,
with an experimental resolution of A26@ = 0.07°. In order
to investigate larger periodic distances, a vacuum small
angle X-ray home built camera was used. It was equipped
with a bent gold plated glass mirror (nickel filtered Ko
copper radiation from a GX20 ELIOTT rotating anode
X-ray generator), and an electric oven. In this case it was
possible to measure periodic distances up to 160 A (the full
width half maximum of the beam being A260 = 0.015°).
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Fig. 1. Layer spacing as a function of temperature (diastere-
omer I). (K) corresponds to the supercooled state.

The diffraction patterns were registered on photographic
films. In both setups, samples were housed in sealed Lin-
demann glass capillaries.

As for the optical microscopy, both transmission and
reflective modes were used. The optical systems were as-
sociated with Mettler hot stages, temperature controlled.
For the reflective observations the microscope was coupled
with a spectrophotometer for visible light associated with
a data acquisition computer system. In addition, for one of
the compounds some electro- optical measurements have
been performed to induce phase transitions by the effect
of an AC electric field.

Differential scanning calorimetry measurements were
performed using a Perkin-Elmer DSC7 apparatus.

3 Results

For both diastereomers studied in this paper, it was not
possible till the moment to know exactly which one of
them corresponds to sulphur chiral centre in R or S con-
figuration. Therefore, hereafter we will refer to them as
diastereomers I and II.

3.1 Diastereomer |

For the diastereomer I the existence of a mesophase was
detected between the crystalline and the isotropic phases.
As we shall see hereafter all the obtained results indi-
cate that the mesophase under consideration is a TGBa
phase and that the compound has the following thermal
behaviour:

68.5 °C 94.5 °C
K——— TGBp +—— 1.
53.4 J/g 3.17J/g

The X-ray diffraction patterns registered with the Debye-
Scherrer camera as a function of temperature are charac-
teristic of a smectic A mesophase (Bragg sharp reflections
in the small angle region and a diffuse signal
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Fig. 2. Optical textures (magnification x210) obtained with diastereomer I (transmission mode). a) Growing of developable
units detected at T' = 93.5 °C on cooling very slowly from the isotropic phase. b) Developable units. This picture was observed
in the TGBA mesophase at T'= 93 °C. ¢) Planar cholesteric texture observed in the TGBa at T = 72.2 °C after a shear stress
has been applied to a preparation similar to that shown in Figure 2b. d) Recrystallisation observed at T' = 59.6 °C.

in the wide angle region). For each temperature, the pat-
terns were obtained on increasing and decreasing the tem-
perature and registered at least during 30 minutes. The
evolution of the layer spacing with temperature is dis-
played in Figure 1. The small decrease of the layer spacing
with increasing temperature, in the mesophase, is mainly
due to the increase of disorganization of the aliphatic
chains. It is interesting to note the sharp profile of the
Bragg peak, indicating the presence of a long-range smec-
tic order in the TGB phase.

The optical microscopy observations show nice tex-
tures apparently associated with different kinds of struc-
tures. On cooling the sample very slowly from the isotropic
phase, and using the polarizing microscope in the trans-
mission mode, it was possible to observe the growing of a
texture usually associated with the existence of columnar
mesophases as shown in Figure 2a. In Figure 2b, obtained
at T = 93 °C, it is possible to observe clearly the existence
of developable domains. The same type of texture was
roughly preserved on cooling down to recrystallization. On
the other hand, by applying a small pressure (cautiously
exerted on the cover glass with a spatula) to a preparation
similar to that shown in Figure 2b at the same tempera-
ture (T' = 93 °C), these textures are completely destroyed.

Moreover, any light transmission between crossed nicols
could be detected then at this temperature. A bright blue
color characteristic of interferences due to a cholesteric
structure began to be visible at about T' = 86 °C, and
then different tonalities of blue were observed on decreas-
ing temperature till the recrystallization. For each temper-
ature, no change of the colour in the transmitted light was
detected on rotating the sample between crossed nicols.
These observations are in agreement with the existence of
an helical structure with the helical axis perpendicular to
the plane of observation. Such a planar texture observed
at T = 72.2 °C in the mesophase is presented in Figure 2¢c
whereas the occurrence of recrystallization at T' = 59.6 °C
can be seen in Figure 2d.

The optical microscopy observations performed in the
reflective mode, when pressure has been applied to the
sample, showed that light at visible wavelengths was only
reflected for temperatures lower than 86 °C. On decreas-
ing temperature, different tonalities of blue were observed
till the recrystallization, as observed in the transmission
mode. Therefore, the evolution with temperature of
the wavelengths of the maximum reflected light, detected
with a spectrophotometer, was very smooth till the recrys-
tallization. The corresponding temperature dependence of
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Fig. 3. Helical pitch as a function of temperature (diastere-
omer I). (K) corresponds to the supercooled state.
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Fig. 4. Cylindrical domain. The solid lines sketch at the
same time, the smectic blocks, the grain boundaries and the
cholesteric layers. They moreover correspond to the projection
direction of the molecules onto the plane of the figure, and in
particular, they give the direction of the molecules when, dur-
ing the helicoidal rotation, they come into this plane. The dots
mark the axes of the cylinders; they correspond to the typical
eyes of the cylindrical domains observed at the microscope.

the helical pitch of the twisted structure, estimated from
the direct measurements of these wavelengths, is displayed
in Figure 3 (the mean refraction index of the liquid crystal
was assumed to be about 1.5).

All the above experimental observations on diastere-
omer I, namely the coexistence for the detected mesophase,
of textures generally considered to be typical of columnar
and cholesteric mesophases, and the X-ray patterns char-
acteristic of a smectic A mesophase, suggest as for the
compound described in reference [10] that this diastere-
omer exhibits a TGBa mesophase in a large temperature
range (26 °C). The apparent contradiction between the
optical columnar and cholesteric textures and the lamel-
lar nature of the phase can be understood with a model
modified from the one presented in reference [9]. In fact,
as further experiments have shown by means of a rotating
compensator, the light waves which are polarized radially
from the “eyes” of the developable domains [10], propa-
gate with the smallest optical index. This indicates that
the molecules are perpendicular to the radial directions.
The smectic blocks, the grain boundaries and the layers of
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the helical structure of the TGB phase, are therefore coiled
around the eyes of the domains as sketched with the solid
lines in Figure 4, and not oriented radially as proposed
in reference [9]. Such a structure is mechanically possible
provided that the smectic blocks can be bent. Clearly, the
bending of the smectic blocks in a plane perpendicular to
the smectic layers is elastically disfavored since it needs
compressions and dilations of the smectic layers, involv-

ing an energy density 1B (%1)2 ~ 1BIZ(V6)?, where d
is the smectic layer thickness, B is the elastic constant
for the uniaxial compressions, I}, is the thickness of the
blocks and the angle 6 refers to the direction of the block
normal. The block thickness I, being of the order of a
few molecular lengths, BI? is comparable to or one or-
der of magnitude larger than the Frank elastic constant
K and therefore, the compression energy involved in the
bending of the smectic blocks just renormalizes their ef-
fective orientational elastic constants without preventing
them to bend actually. In that sense, the TGB phases
constitute layered systems which should build focal con-
ics. However, the smectic blocks do not behave exactly as
smectic layers. They cannot be elongated locally nor con-
tinuously in the direction perpendicular to their smectic
layers, because the smectic layers themselves forbid any
flow in that direction. They are therefore one dimensional
liquids, with crystalline properties along the direction per-
pendicular to the smectic layers. This means in particular
that the blocks have metric properties in this perpendic-
ular direction which, due to helical twisting, extend to all
the directions parallel to the block surface. This 2D met-
ric condition prevents the blocks to be elongated in any
manner. Therefore, like paper sheets, they cannot undergo
bendings with double curvatures, as involved in the sphere
for instance; in other words, they keep a zero Gaussian cur-
vature whatever the deformations. Thus, the blocks can
just be folded in cones and cylinders, the only surfaces
which may be unrolled without elongations. The metric
condition is then satisfied individually for each block, one
block being possibly extended referred to the next one by
introducing new smectic layers along all its length. The
blocks are therefore able to slip against one another par-
allel to their neighbors, reducing the areas of the com-
pression and dilation induced by the bends, to less than
a block thickness I},, as taken into account in the above
calculation of the bending energy density. These systems,
made of stacks of parallel planes, cylinders or cones (CC),
may be seen as particular focal conics, since they are lay-
ered systems, but also as developable domains since they
are particular developable domains which have their de-
velopable surfaces restricted to axes. Joined to the torus
surfaces, they constitute a set which identifies to the in-
tersection of both the sets of the focal conics and of the
developable domains.

Figure 4 sketches a cylinder domain in a plane
perpendicular to its axis, made of two cylinders connected
by an undistorted region, consistent with the
experimental observations [10]. It may be noticed that in
such cylindrical domains, the smectic blocks are oriented
according to the so- called double-twist, similarly as the
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molecules in the blue phases. However, a remarkable fea-
ture here is that the double-twisted cylinders (proposed
also by Kamien [12]), are able to extend over large dis-
tances, of the order of several hundred helical pitches, and
so, their radius is not restricted to a quarter of a pitch
as in the blue phases [13]. Naturally, the double-twisting
applies to the whole TGB structure, and in particular, to
the screw dislocations which are thus coiled helicoidally
around the cylinder axes. With double-twisting, and if
the splay-bend constant Ko4 is positive, the highly chiral
phases realize a better minimization of the orientational
elastic energy. The double-twist energy may be estimated
to worth about —K per unit length of the cylinders, when
taking the simple twisting of the cholesteric texture as a
reference [13]; it is thus able to partially compensate the
compression energies. The cylindrical configuration more-
over, does not produce any defect in both the block and
the helical orderings, nor along the connections between
the three parts of Figure 4 for instance. Along the axes of
the cylinders (Fig. 4), for symmetry reasons, the smectic
layers should be oriented perpendicular to the direction of
these axes, i.e. with the molecules parallel to the cylinder
axes. In this way also, the cylindrical cores do not contain
any compression energy, thus helping double-twisting to
build up. So, the cylindrical domain organization globally
appears to be energetically more favorable than the struc-
ture proposed in reference [9] where defects were anyhow
necessary to break down both the block order and the
cholesteric layering close to the cylinder axes.

The cone-like domains behave rather similarly as the
cylindrical domains with a double-twisting of the whole
structure, including the TGB dislocations. However, the
cones need defects to build up. Along the axes, the order-
ings of the helical twisting, of the blocks and of the molec-
ular orientations are destroyed. In particular, a disclina-
tion is necessary all along the cone axis, except where the
molecules are parallel to it, which occurs marginally, for
one block over Ny, /2, Ny, being the number of blocks per
helical pitch. The energetic cost of the complete cone-like
domains could thus be heavy. Only parts of them could
then build up, excluding the axis and its dislocation line.
Such partial cone domains could nevertheless fill the whole
space when stuck together in a polycrystalline array. Their
aperture angle should not necessarily be small if the dis-
location line along the cone axis is actually off the do-
main. In the opposite case, the aperture angle should keep
smaller than l,/D ~ 1072 rd or 1 degree (with the block
thickness I}, ~ 30nm, and the cell thickness D ~ a few
micrometers) in order that the molecules can orient par-
allel to the axis all along it, allowing the dislocation to
disappear.

It is interesting to point out that CC textures were al-
ways observed on cooling slowly from the isotropic phase
in the absence of any orienting field. Most of the domains
are incomplete and just correspond to a part of Figure 4.
With their axis out of the domain, or rejected at the
boundary to the neighbouring domains, they are proba-
bly of the cone-type for entropy reasons as evoked below,
but this point cannot be ascertained experimentally. The
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Fig. 5. X-ray profile, ob-
tained with diastereomer I
at T = 85 °C, in the re-
gion of very small diffrac-
tion angles.

CC textures form preferentially to the planar cholesteric
textures (though exhibiting comparable elastic energies,
if one takes double-twisting into account), essentially be-
cause they allow more possibilities, easier to adapt to un-
controlled anchoring conditions than the monocrystalline
cholesteric textures. The larger versatility of the CC con-
figurations arises from the numerous undetermined pa-
rameters that they offer, as the shape, the size and also
the orientation of the domains. In particular, they have
not really to be perpendicular to the cell plates though
they look to be so under the microscope essentially be-
cause of the relatively thin cell thickness (a few pm) com-
pared to their size (several hundred pm). The tilt angle
of the cylinder or cone axes cannot be estimated there-
fore in our experiments, nor also the aperture angle of the
cones. When a small pressure is applied onto the cell as
described above, the resulting shear orients the smectic
blocks parallel to the plates, and the helical axis perpen-
dicular to them, subsequently destroying the CC domains.
Thus, planar textures characteristic of the cholesteric or-
ganization are formed. It is interesting to emphasize that
in the same preparation it is possible to observe the co-
existence of both textures, planar and with CC domains,
at any given temperature in the mesophase. This confirms
that both textures have comparable energies.

Let us now consider the structural parameters of this
TGBA phase. In previous experimental studies, the dis-
tance between the screw dislocation lines, l4, has been
found to be about 140-150 A _in a TGB4 phase [4] and
to vary between 96 and 120 A in a TGB¢ phase [8]. In
order to try to measure directly Iy for the TGB, phase of
diastereomer I, small angle X-ray diffraction experiments
were performed. The patterns were registered during at
least 48 hours at four different temperatures. The rela-
tive positions of the diffracted signals were similar in all
of them, and an example of such a pattern registered at
T = 85°C is presented in Figure 5 where the variation
of intensity as a function of diffraction angle has been
obtained from the photographic film using a microdensit-
ometer. Two types of Bragg reflections were detected in
the region of very small diffraction angles. First a sharp
reflection which is clearly associated with the distance be-
tween the smectic layers and previously detected using
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the Debye-Scherrer camera associated with a curved sen-
sitive detector. Second, a broader, but nevertheless well
defined reflection in a small angle region which could not
be detected previously with the Debye-Scherrer camera
(outside its range of detection). Due to its low intensity,
this broad peak could not be fitted with confidence. Its po-
sition was determined at the maximum of intensity, with
an error bar. The repetition distance associated with this
reflection is thus (82.4 £2.2) A.

In fact, this distance can be attributed either to the
distance, l},, between smectic blocks, or to the distance,
lq, between dislocation lines. Let us con51der the first case,
ie l, = 82.4 A. At 85 °C, the helical pitch is 2975 A
and Ny = (2975/82.4) = 36. The angle « is then found
to be about 10° and l4 close to 274 A. This results in
a ratio lp/lg ~ 0.3, which is smaller than the ratio pre-
dicted by Renn and Lubensky (about 1) and much smaller
than the other values reported in the literature for TBG
and TGB¢ phases (between 1 and 13, the highest val-
ues corresponding generally to TGB¢ phases). Therefore
it seems reasonable to attribute the repetition distance
associated with the broader reflection to the distance lg
between screw dislocation lines. This interpretation is in
agreement with the model of Renn and Lubensky [2]. In-
deed, the dislocation lines should correspond to regions
where the volumic density is lower (no smectic order),
and such an array of lines gives rise then to an X-ray
diffraction peak, the width of which depends upon the co-
herence length. It is then possible to determine the main
structural parameters of the TGBA mesophase by taking
into account the values of the layer spacing (Fig. 1) and
of the helical pitch (Fig. 3) already measured as a func-
tion of temperature. At T' = 85 °C, the angle, «, between
adjacent smectic blocks is close to (33.7 £ 1)°; the num-
ber, Ny, of blocks by helical pitch is close to (10.7 £ 0.3);
and the distance, [}, between adjacent grain boundaries is
close to (278£38) 'A. The ratio I /lq is then ~ 3.4 similar to
those already reported for other compounds. It has to be
noticed that grain boundaries with a rectangular lattice of
Scherk’s surfaces, as evidenced in diblock copolymers [14],
should not appear here because they need larger twist an-
gles «, close to 90°, than observed. Moreover, they should
involve strong orientational distortions of too high elastic
energy to be allowed in liquid crystal phases.

From the smooth temperature variation of the position
of the small angle broad diffraction signal, it was possi-
ble to estimate the evolution of l4, o, Np and I, between
89 °C and 73 °C. The distance l4 between the screw dislo-
cation lines shows a very small dependence with temper-
ature (between (80.24+2.1) A at 73 °C and (83.4+2.3) A
at 89.2 °C). The angle a decreases very slowly with tem-
perature from (35.2+1)° at T'= 73 °C to (32.9 £ 1)°
T = 89.2°C, and as a consequence [V}, increases slowly
with temperature from (10.2 £0.3) to (10.9 £+ 0.4) blocks
between the same temperatures. Finally, the length I}, de-
creases with temperature from (317 £9) Aat T =73°C
to a value smaller than (244 + 10) A at T = 89.2 °C (
this temperature no visible light was detectable by using
the microscope in the reflective mode).
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Fig. 6. Layer spacing as function of temperature (diastereomer
IT). (K) corresponds to the supercooled state.

3.2 Diastereomer |l
3.2.1 Characterization

For the diastereomer II two mesophases between the crys-
talline and the isotropic phases were detected. As we shall
see below all the experimental investigations indicate that
the mesophases under consideration are of the TGBA and
TGB¢ type. The thermal behaviour is thus the following:

K 68.5 °C TGB 80.3 °C TGB 95.5 °C I
61.1J/g 4.3J/g

the TGBc—TGB4 phase transition being of second order.

Powder X-ray diffraction patterns registered with the
Debye-Scherrer camera as a function of temperature are
typical of disordered smectic mesophases. As for the di-
astereomer I, the patterns were obtained on increasing and
decreasing the temperature and registered at least during
30 minutes for each temperature. For both mesophases,
the variation of the layer spacing with temperature is dis-
played in Figure 6. The increase of the layer spacing at
low temperature and its slight decrease at higher temper-
ature with increasing temperature are the signature of the
smectic C and A phases.

The observations performed with the polarizing mi-
croscope in the transmission mode were similar to those
obtained with diastereomer I exhibiting the TGBA meso-
phase. In fact, on cooling very slowly from the isotropic
phase it was possible to detect the formation of CC do-
mains in the TGBa phase as shown in Figure 7a. In the
TGBc phase a similar texture made of CC domains with
some fracture lines as shown in Figure 7b was observed.
They are probably due to uniaxial stresses which result
from the changes with temperature in the characteristic
distances, 1, or (27}, /) the pitch of the helical structure.
When looking carefully at a CC domain, one observed two
types of lines, both parallel to the solid lines in Figure 4.
The most numerous lines appear very tiny first and get
more and more visible on decreasing temperature, while



A.C.

Ribeiro et al.: Structural and optical investigations of TGB phases

509

€)

Fig. 7. Optical textures (magnification x210) observed with diastereomer II. a) CC domains detected in the TGB4 mesophase
at T = 93.9 °C on decreasing the temperature very slowly from the isotropic phase. b) CC domain detected in the TGB¢
mesophase at 7' = 77.4 °C in the same region of picture 7a. c) Blue cholesteric planar texture obtained at 7' = 93.9 °C when a
slight pressure is applied to a sample similar to (7a) in the TGB4 mesophase.
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Fig. 8. Helical pitch as a function of temperature (diastere-
omer II). (K) corresponds to the supercooled state.

the second type of lines seem to be drawn with a pen in
a definite point which goes ahead as the temperature is
decreased. This moving point seems to correspond to a
X line (edge dislocation line in the cholesteric ordering, or
unwinding line) roughly perpendicular to the preparation.
This x line changes the number of the cholesteric layers
inside the CC domain. The whole texture with the CC
domains is thus globally preserved till recrystallization.
As for diastereomer I the texture shown in Figure 7a
was easily destroyed by applying a small pressure on the
preparation. However, for diastereomer II, using the trans-
mission mode in optical microscopy, a blue homogeneous
cholesteric texture began to appear just below the transi-
tion to the isotropic phase as shown in Figure 7c. On de-
creasing further the temperature within the TGB4 phase,
the texture remained practically the same with different
tonalities of blue in a large temperature domain as for the

Fig. 9. Bookshelf texture (magnification x210) observed at
T =77 °C in a SSFLC cell of the Sc+ induced mesophase.

diastereomer I. At the transition between the two TGB
mesophases the color of the texture varies towards a grey-
blue one and does not change any more till the recrystal-
lization.

By using optical microscopy in the reflective mode af-
ter applying a small pressure as described above, visi-
ble wavelengths were detected at temperatures lower than
94 °C. Different tonalities of bright blue color in cholesteric
planar textures were observed in the TGBa mesophase,
and a green reflected light appeared when approaching
the TGB¢ mesophase. On crossing the transition temper-
ature between the two mesophases, a rapid transforma-
tion of the green light into a red one occurred within a
temperature range of 1.6 °C. By decreasing further the
temperature into the TGB¢ mesophase, second order re-
flections were detectable. For these reflections no variation
of the reflected light color was observed with tempera-
ture till recrystallization. The variation of the helical pitch
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Fig. 10. Spontaneous polarization as a function of tempera-
ture in the Sc+ induced phase. (K) corresponds to the super-
cooled state.

Fig. 11. Fan-broken texture (magnification x210) detected in
the induced Sc+ at T'= 73 °C.

associated with the TGBa and TGB¢ structures, esti-
mated from the direct measurements of the wavelengths
of the maximum reflected light, is displayed in Figure 8
as a function of temperature. From the comparison of
Figures 3 and 8 it is possible to conclude that the varia-
tion of the helical pitch with temperature is similar in the
TGBa mesophases of both diastereomers. However with
diastereomer II the helical pitch increases strongly at the
transition between the TGBa and TGB¢ mesophases as
reported recently [15]. This behaviour has also been con-
firmed by other helical pitch measurements performed on
diastereomer II using the thin wedge technique [16]. Then,
in the TGB¢ mesophase the helical pitch does not seem
to change in a large temperature domain (till the recrys-
tallization).

All the above experimental observations performed on
diastereomer II confirm that this compound exhibits
TGBa and TGB¢ mesophases in temperature ranges of
15.2 °C and 11.8 °C respectively.

As for diastereomer I, additional X-ray diffraction in-
vestigations have been performed on diastereomer II by
using the home-built X-ray camera, in order to observe
the reflections at very small diffraction angles correspond-
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Fig. 12. Focal conics texture (magnification x210) obtained
on mixing I and II in equal percentages detected at T' =
94.7 °C.

Fig. 13. Schlieren texture (magnification x210) observed in
the Sc+ phase of a mixture in equal percentages of I and II
(T = 68 °C). The glasses were treated with silane.

ing to the screw dislocation lattice of its TGB mesophases.
Unfortunately in the case of diastereomer II, these inves-
tigations were made difficult since this compound showed
a strong tendency to degradation when heated for long
periods of time. However, it was possible to obtain one
pattern in the TGBp mesophase at T = 89 °C with an
exposure time of 20 hours. The pattern was not so clear
as those obtained with diastereomer I but it was possible
to conclude that its intensity profile was similar to that
one presented in Figure 5 obtained with diastereomer I.
From the position of the broad reflection detected in the
small angle region it was possible to estimate l4 close to
(78.3 +3) A for a layer thickness of 46.5 A. In this way,
the angle a between smectic blocks should be close to
(34.6 + 1.3)°, the number of blocks by helical pitch N,
about (10.4 £ 0.4) and the distance I;, between adjacent
grain boundaries close to (290 £+ 11) A. It was not pos-
sible to register other patterns for other temperatures in
this TGBA mesophase due to the small amount of com-
pound available, and due to the tendency to degradation
mentioned above. It was not possible also to have addi-
tional information about the TGB¢ mesophase by means
of small angle X-ray diffraction patterns.
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3.2.2 TGB¢ — Sc+ phase transition induced by an electric
field

The TGBc—Sc+ phase transition was induced under the
effect of an electric field. The compound was introduced in
the isotropic phase between two conducting glasses treated
with Teflon in a 6 pm thickness cell. The sample was
observed with a polarizing microscope in the transmis-
sion mode. On cooling from the isotropic phase, planar
cholesteric textures similar to those previously described
are obtained in the TGBj temperature range. At T =
73 °C in the TGB¢ mesophase the sample was submitted
to an electric triangular field (40V p.p., 70 Hz) and the
planar cholesteric texture was destroyed. The effect of the
electric field was to drive the occurrence of a bookshelf or-
ganization similar to that usually detected in the SSFLC
cells [17,18] of S« ferroelectric liquid crystals as shown
in Figure 9. The variation as a function of temperature
of the electric polarization measured in the S+ induced
mesophase is shown in Figure 10. Let us note that the ac-
curacy of the data close to the transition is not sufficient
to observe the classical parabolic behaviour for a second
order transition. CC domains in very small areas of the cell
were also present close to the borders of the preparation
in the TGB mesophase. When in the TGB¢ mesophase,
the electric field drives the formation of fan-broken tex-
tures in these regions, as shown in Figure 11. These tex-
tures are indeed characteristic of a Sc« mesophase. The
electro-optical experiments described above show clearly
that diastereomer II exhibits a TGB¢ mesophase.

3.3 Mixture of diastereomers | and Il

The TGB mesophases disappear on mixing diastereomers
I and II in equal percentage. By observing a sample of
this kind of mixture with the polarizing microscope in the
transmission mode and on cooling it from the isotropic
phase, a transition to a mesophase was detected at
T = 97.5 °C. This mesophase was characterized by a focal
conic texture, characteristic of a disordered smectic, as
shown in Figure 12. Small pressure applied on the prepa-
ration was only able to change the dimensions of the focal
conics which became smaller but always present. After
some time of relaxation the focal conics become well de-
veloped again and a texture similar to that represented in
Figure 12 could be observed. Decreasing even more the
temperature does not change the general aspect of the
texture till 69 °C. Around this temperature, some well
developed fan-broken textures appeared.

In order to better understand the mesomorphic be-
haviour of this mixture, some supplementary microscopy
observations were carried out using surface treated glasses
with silane. Once again, on decreasing the temperature
from the isotropic phase the same phase transitions were
detected. Below T = 97.5 °C, large homeotropic areas
were detected now in the high temperature mesophase and
this result shows, as expected, that the mesophase under
consideration is of the smectic A type. Further cooling led
to the observation of a phase transition at 7' = 69.6 °C. In

511

the regions where the preparation appeared homeotropic
at higher temperatures, a small transmission of light was
detectable and schlieren textures characteristic of a Sg«
mesophase as shown in Figure 13 were observed. The ther-
mal behaviour of the mixture is the following;:

60 °C

69.6 °C
K Sc+

97.5 °C
Sa I

As a final remark, it is important to note that with such
a mixture, it was not possible to observe in any case the
existence of CC domains.

In summary, it is possible to conclude that on mixing
both diastereomers in equal percentage the TGB charac-
ter disappears. In such a mixture one can consider that the
chiral effect of molecules I and II with opposite configu-
rations at sulphur roughly compensates. Since the similar
compounds, containing a sulphinate group as the unique
centre of chirality [19] do not exhibit any TGB phase, the
TGB behaviour observed for the compounds in the present
work is most probably due to a cooperative effect between
the two chiral centres, which significantly enhances the
molecular chirality.

4 Conclusion

The compounds studied in this paper exhibit TGBa and
TGB¢ mesophases in large temperature domains. It is
worthwhile to stress this feature since generally the ex-
istence of these phases was detected in smaller tempera-
ture ranges for other compounds described in literature.
In the case of both compounds studied here, the values
of the angle « (35°) and of the distance I, (about 300 A)
between two successive smectic blocks are similar to those
found by Navailles in the case of a TGB¢ phase in another
compound [20]. However it is worth mentioning also that
the angle « is practically the double of the angle detected
with the compounds studied in references [4,8] while the
dimension [}, is similar to that one reported for the com-
pound studied in [4], but significantly smaller than the
values reported in [8].

The results presented in this work and in particular the
variation of N}, as a function of temperature (see Fig. 14)
seem to indicate that the TGBa mesophase of diastere-
omer I exhibits an incommensurate behaviour of integer
order as previously observed for other compounds [4], with
however possible intermittencies (Fig. 14). For diastere-
omer II, an incommensurate behaviour is also observed at
T = 85 °C, but the extension of such a behaviour in the
whole temperature range of the TGBa phase cannot be
precised. As for the TGB¢ mesophase detected in diastere-
omer II, it was not possible to conclude about the com-
mensurability or incommensurability of this phase. Fur-
ther work using two-dimensional X-ray diffraction on ori-
ented samples [8] of different thickness will be very useful
to clarify this point.

The most important conclusion of this paper is associ-
ated with a new interpretation of the optical textures ob-
served in the TGB phases involving cylindrical and cone-
like domains. The latter are in fact particular developable
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Fig. 14. Number of blocks NV}, by helical pitch as a function of
temperature in the TGBa mesophase of diastereomer 1. The
dashed line is a guide for the eye.

domains which were at the origin of the previous model
proposed to explain the optical textures. The interpre-
tation presented here is in agreement with all the ex-
perimental observations including the optical determina-
tion of the molecular directions, and is quite satisfactory
from the energetic point of view essentially because of the
double-twisting energy gain. Presumably, this model
should also be applied to the TGB phases of any com-
pound.
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