
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:06
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl19

Structural Investigation of Smectic Q Phase
Anne-Marie Levelut a , D. Bennemann b , G. Heppke b & D. Lötzsch b
a Laboratoire de Physique des Solides, Bat 510, UPS, F91405, Orsay,
France
b Iwan-N-Stranski-Institut, Technische Universität Berlin, Sekr. ER 11,
Straβe des 17. Juni 135, D-10623, Berlin, Germany

Version of record first published: 04 Oct 2006

To cite this article: Anne-Marie Levelut, D. Bennemann, G. Heppke & D. Lötzsch (1997): Structural
Investigation of Smectic Q Phase, Molecular Crystals and Liquid Crystals Science and Technology. Section
A. Molecular Crystals and Liquid Crystals, 299:1, 433-438

To link to this article:  http://dx.doi.org/10.1080/10587259708042024

PLEASE SCROLL DOWN FOR ARTICLE

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

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

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708042024
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crr.\/. Liq. Cry.v.. 1997. Vol. 199. pp. 4 3 3 4 3 8  
Reprints available directly from the publisher 
Photocopying permitted by license only 

C! 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

STRUCI'URAL INVESTIGATION OF SMECTIC Q PHASE 

ANNE-MARIE LEVELUT, 
Labratoire de Physique des Solides, Bat 510, UPS, F91405 Orsay, France, 
D. BENNEMANN, G. HEPPKE, D. IdTZSCH, 
Iwan-N-Stranski-Institut, Technische Universitat Berlin, Sekr. ER 11, StraBe des 17. 
Juni 135, D-10623 Berlin, Germany. 

Abstract Some mesogenic chiral compounds show a smectic Q phase just below the 
clearing point. The molecules are in a liquid state but they organized on a tridimensional 
lattice. At lower temperatures the only possible mesophase-mesophase transformation is 
towards an antiferroelectric smectic. Three different tetragonal and one hexagonal lattices 
have been identified. All these phases, except one, can be considered as crystalline arrays 
of twist grain boundaries inside an antiferroelectric smectic. The twist grain boundaries 
perpendicular to the smectic planes divide the smectic smcture in narrow sheets (their 
width compares to the molecular length), the smectic planes are twisted by an angle of x12 
or of 1J3 on each side of a boundary and the successive sheets correspond to one another 
by a 41 or a 62 helical axis. The interface between two molecular layers is described by a 
mply periodic minimal surface. 

INTRODUCTION 

More than ten years ago a new type of liquid crystalline phases - SQ - was discovered 
which occurred in chiral 1 -methylheptylterephthalidene-bis-ammino-cinnamate (here 
abbreviated to M7TAC)'. X-ray investigations established a three-dimensional tetragonal 
lattice superimposed upon a short range liquid order of the centres of mass. One unit cell 
contains about 350 molecules whose arrangement could not be determined so far. 

During the last years we succeeded in synthesizing more than 20 compounds exhibiting 
a mesophase which was classified as SQ by textural observations. In all of these 
compounds this phase is chirally induced, there is a direct transition between the SQ and the 
isotropic phase and the only liquid crystalline phase appearing at lower temperatures is the 
SCA phase. X-ray investigations revealed that these SQ phases have different anisompies 
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of the lattice parameters2. 
We have continued the X-ray investigations on several of the SQ compounds in order to 

prove the existence of more than one SQ-type and to enlighten the defect structure 
characteristic for these phases in detail. 

EXPERIMENTAL 

The studied SQ compounds differ by the nature of the core and the nature of grafted chains. 
For the terephthalidene bis amino cinnamate (TAC) series two identical chiral chains are 
grafted on each end of a symmemcal core, while the second core, (BB) is non symmetrical 
and can be grafted by two different groups at each end, but with at least one chiral group 
(figure 1). The different studied compounds and their polymorphism are listed in table I. 
Some of these compounds have only the SQ mesophase, in some cases the SCA phase 
appears only on cooling. In two cases there are two different SQ phases in the same 
compound; the existence of which depends on the thermal history of the sample. 

In general, we were able to obtain single crystals of the SQ phase, and when we could 
not obtain big crystals we have analyzed powder patterns recorded in a focusing Guinier 
camera (CuKa1). Single crystals are examined in a different set-up : they are illuminated 
by a parallel monochromatic X-ray beam (CuKa). Oscillations or rotations of the sample 
allow a good exploration of the reciprocal space; the diffraction patterns are registered on 
photographic films or on "Image plates" analyzed and numerized with a "Molecular 
Dynamics" set-up. The temperature of the sample is controlled within 0.25K. 

TABLE I Polymorphism of the studied compounds; transition temperatures in "C; 0: 
monotropic mesophase 
Core R/RI R2 Abbreviation Polymorphism 
TAC (S)M7 (SS)M7TAC Cryst 95 SCA 130.5 SQ 133 I 
TAC (S)M9 (SS)M9TAC Cryst 104 (SCA 103) SQ 128 I 
TAC (S)Li3 (SS)Li3TAC Cryst 127 SQ 157 I 
TAC (R)Li4 (RR)Li4TAC Cryst 113 SQ 163 I 
TAC (S )U (SS)LATAC Cryst 96 SQ 137 I 
BB (S)M7 (S)M7 (SSIM7BBM7 Cryst 56 SCA 60 ( S Q ~  ?) SQ186 I 
BB (S )U 44 (S)UBB44 Glass - 8.6 SQ 75.9 I 
BB @)LA 55 (S)L4BB55 Glass -12.7 So2 82.3 (Sol 73.5) I 
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FTGI JRE 1 Chemical fmmulae of the studied communds 
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436 A.-M.  LEVELUTer ul. 

Space group 1 designation Compound a C 

I422 1 T*I M7TAC 75.45 68.4 
LATAC 73.9 90.9 
M7BBM7 (SQl) 73.1 - 80 84.2 - 86 
LABB55 (Sol) 72.5 86.3 

Li3TAC 68.95 119.45 
Li4TAC 71.8 120.9 
IABB44 66.5 115.8 

P4122 / T*III M7BBM7 (So2) 95.0 125.0 
~ P62221H* UBB55 (Sm) 67.7 126.2 

14122 / T*II M9TAC 75.6 130.7 

RESULTS 

In all cases besides the Sq2 phases of M7BBM7 and L4BB55 there is a tridimensional 
organization of body centmi tetragonal symmetry superimposed on a liquid-like local order 
of the molecules. The square basis of the unit cell has edges (a = b) of about 65-75A for 

the compounds while the third lattice parameter (c) varies between 68A and 14OA (see 

table II). In fact we can distinguish two kinds of body centred tetragonal lattices: with da > 
1.5 one finds only 001 reflections with 1 = 4n (characteristic of a four-fold screw axis 41) 
while the 002 reflection is of high intensity if cla < 1.5. The study of binary mixtures of 
M'7TAC with M9TAC confirm that a phase transition takes place around a molar 
composition of 50 % between a T*I phase (space group 1422, cla < 1.5) and a VII phase 
(I4122, c/a > 1 . 9 3 .  

In general we have not detected any temperature dependence of the lattice parameters 
but for M7BBM7, we actually observed two tetragonal phases. Indeed, when the isotropic 
phase is supercooled over more than 5 K, large volume single crystals are growing and 
then the unit cell is a primitive tetragonal one. Finally, the sQ2 phase of LABB55 has an 
primitive hexagonal 3d lattice. The diffraction patterns of the Sqz phases of M7BBM7 and 
L4BB55 show also extinction rules characteristic of a helical axis; the space groups are 
respectively P4122 (T*III), and P6222 (H*)3. 

DISCUS SION 

With a tridimensional organization of large size superimposed over a local liquid-like 
ordering of the molecules, the different SQ phases belong to the class of "crystals of 
defects" where the building elements of the crystalline lattice are defect lines which are 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

06
 2

0 
A

ug
us

t 2
01

2 



STRUCTURAL INVESTIGATION OF SMECTIC Q PHASE 431 

introduced in a stratified phase (cholesteric, smectic, lyotropic lamellar phase) in order to 

release the frustration induced by twisting or bending forced. Taking into account the ge- 

FIGURE 2 Molecular organization in sections perpendicular to the unique axis : top 
line, T*II lattice (from left to right : z = 0, z = 1/4, z = 1/2, z = 3/4) ; bottom line, 
H* lattice (from left to right : z = 0, z = 1/3, z = 2/3). Actually two different 
orientations of the molecules are allowed in each case, but we have shown only one of 
them for each symmetry : the molecules are in the plane of the section for the PII lattice 
and out of this plane (using the usual nail representation) for the H* lattice 

neral phase sequence : SCA - SQ - Isotropic liquid, and the obvious chirality of the SQ 
phases it seems natural to compare these phases to the Blue and the TGB phases5. We have 
to distinguish between : on the one hand, the optical definition of the pitch the SC*A phase 
(c.a.lOOnm to lpm), i.e. the period of a helical stack of bilayers each made of two 
sublalyers with a Sc organization, but with opposite directions of the azimuthal component 
of the director, and on the other hand, the molecular definition, wich considers the SPA as 
a Sc* the pitch of which compares to twice a molecular layer thickness. It is noteworthy 
that this second description is confirmed by the X-ray diffraction since there is no doubling 
of the smectic periodicity in a SC*A compared to the Sc* phase of the same compound. 
Actually the lattice constants reported in table I1 compare to this second definition of the 
pitch of the SC*A phase. 
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The presence of helical axes in three of these phases - T*II, T*III and H* - is a 
confirmation of the TGB structure. The T*II phase contains four grain boundaries per 
pitch, the twist angle between the smectic planes on each side of a wall is ~/2, while the H* 
phase is made of three boundaries with twist angle of x/3. The underlying lamellar 
structure is that of the SCA phase, and consequently, the square edge length correspond to 
the double layer thickness. Taking into account the lattice symmetry and the fact that the 
square basis edge is equal to three times the layer thickness, we can describe the T*III 
phase as a TGB phase in a (non helical) triple molecular layer based structure, with four 
boundaries and a twist angle of x/2.  In all these three cases the distance between walls is of 
the order of the molecular length and as a consequence the walls have no longer a true 
existence. The interface between molecular layers is continuous and can be described by a 
mply periodic minimal surface. In the T*II and the H* phases the molecular orientation on 
each side of this surface can be defined by the direction of the electric mean dipoles and the 
surface is the boundary betweendwo media of opposite polarities (figure 2). In the T*III 
phase the minimal surface is located in the middle of a molecular film, the organization is 
the same on each side of the film and corresponds to that of the SCA phase. Finally, the 
presence of fourfold axes in the T*I phase is incompatible with a TGB geometry. 

In conclusion, a new class of crystals of defects, in which the lamellar structure and the 
helical organization of the director coexist and compete one against the other, has been 
evidenced as a step in the transformation of the antiferroelectric smectic phase in an 
isotropic fluid. Structural studies performed on less than ten different mesogens allow us to 
characterize four different phases belonging to this class. Three of them can be considered 
as periodic arrays of twist grain boundaries, whereas the fourth is likely a crystal of double 
twist clusters of molecular size. 
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