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X-RAY STUDY OF MODULATED SMECTIC A PHASE

B.I,0STROVSKII and M,A,SAIDACHMETOV

Institute of Crystallography USSR Acad.S3ci.,
Leningky proapekt 59,Moscow, 117333 USSR

Abstract X-ray diffraction has been used to stu-
dy the lamellar ordering in mixture of mesogenic
compounds in which polar cyano end group is de-
coupled from aromatic core through non-polari-
zable methylene chain, The smectic &’ phase with
bilayer density wave modulated in the plane of
the layers has been found, The gpatial period of
modulated structure depends on the composition of
a mixture,

INTRODUCT ION

A smectic A phase is characterized by the one-dimensi-
onal translational order in an orientationally ordered
fluid, When the constituent molecules possgess strongly
polar end groups , & rich variety of lamellar packings
occurs.’? Apart from the ordinary smectic A1 phase with
gpatial period 4 approximately equal to the molecular
length 1, there are bilayered smectics Ad s, Whoge gpa-
tial period is incommensurate with the molecular length
> with the period 4 = 21, In addition,
there exist a smectic & phase with the bilayer density
wave modulated along the direction perpendicular to the
director 'ﬁ3 and a smectic Aic phase with two collinear
modulationsg of incommensurate wavelengths simultaneous-

and smectics A

ly condensed4. The incommensurate layering hasg been
also found for terminally non~polar compounds with com-
plicated gteric interactionS.

Here we present the results of X-ray diffraction
gtudy of lamellar ordering for a novel clags of termi-
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nally polar liquid crystals. In these compounds the po-
lar cyanoc end group is sterically and electrically de~
coupled from the rigld and polarizable aromatic core
through a flexible and non-polarizable methylene (CH2)4
chain ,PFigure 1 . As a regult the longitudinal dipole
moment of a molecule is localized in the region of the
CN group. The mesogenic compounds with such properties
have been known to form either monolayer (A1) or bila-
yer (A2) smectic A phases1’6. Our X-ray measurements

0781 5O )-N=N~(O)~0-(CHy) 4=CN (1)
6714 50<O)-€00< 0 )-0-(CH,) 4~CN (2)

FIGURE 1 Molecular structures of 7CBAB (1) and
TOBECBP (2) liquid crystals.

give evidence that the low temperature liquid erystal-
line phase in TCBAB-TOBECBP mixture is a smectic A with
the bilayer density wave modulated in the plane of the
layers,

EXPERIMENTAL RESULTS AND INTERPRETATION

The phase disgram for the TCBAB-TOBECBP mixture is
shown in Figure 2. The TOBECBP forms only monotropic
nematic phase at the temperatures lower than t=68°C, In
contrast to TOBECBP TCBAB shows the phase sequence with
rather rich smectic polymorphism: Crﬂﬂ-ﬂ:Ar_aQ:I
smectic X phases for TCBAB-TOBECBP mixture are eagily
supercooled down to t= 40° where crystallisation occurs,
Our X-ray study was performed using a standard photo-

.
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FIGURE 2 ©rhage diagram for 7CBAB~-TOBECBP mix-
ture, x is a concentration of TCBAB
in mixture,

technique and a diffractometer with a2 linear, pogition
sensitive detector and a CuKy radiation source. Deta-
ilg of the X-ray experiment have been reported carli-
ef7’8. The orientation of liguid crystal was induced
either by an A.C. electric field of strength 1 kV.cm
and frequency 3 kHz or by a 1T magnetic field,

The X-ray patterns in the wide scattering angles
region show broad, liquid-like peak centered at q£1,53_
corresponding to average intermolecular distance of
4 53 in the smectic planes., Thus the smectic phases
gtudied in our experiment have to be referred to smec-
tic A ones,

Several degrees above the Ajﬁ—ﬁ'transition, the
scattering from 7CBAB-7OBECBY mixture shows a Bragg-
like peak at wave vector E} = (O,O,q"1) corresponding
to monolayer ordering and two diffuse spots with wave

1

vectors ﬁk
of smectic

(qLO,O,q”2) corregponding to fluctuations

ﬁ'antiphase gtructure in which the bilayer

1
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density wave is modulated in the plane of the layers

( ay = 2q,, =0.2304"7, q = 0.0274"',x=1 ), Because
the % modulated lauering is degenerate in the smectic
planes, the smectic A fluctuations in the smectic A,
phage manifest themself as a ringof scattering at

dy = ( q,cos¢ ,q, 8in¥, q,, ), 0 <Y< 2%, in recipro-
cal spece, Its intersection with the Ewald sphere leads
to the appearance of reflections (2) in the diffraction
pattern, Figure 3. The interlayer distances for monola-
yer (d, =231/q,,) and bilayer (d, =23T/q“2 ) ordering
are practically independent on temperature and concen-
tration in mixture. In contrast to d, and d2, the period
of the transverse modulation in the X phase L = 23(/q
depends on the concentration x of 7TCBAB in a mixture,.
Tts value changes from L, =2404 at x =1 to L, =804 at

x =0.65.

The A14-ﬁ' phagse transition line is signaled by the
growth and sharpening of a scattering peak at aﬁ'. Below

the AfH-K' transition the E&.scattering ig resolution
limited in the longitudinal direction and mosaic limited
im the transverse direction. The detailed analysis of
the critical behaviour in the vicinity of Ae~d phase
transition will be the subject of a special paper *

CONCLUSIONS

The smectic 4 phase with bilayer density wave modulated
in the plane of the layers has been found for the mix-

* The high resolution X-ray scattering measurements
of the critical fluctuations at the AT~K'transition for
TCBAB-TOBECBP mixture were made recently in AMOLF (Ams-
terdam) in collaboration with W.de Jeu and W,Bouwman,
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FPIGURE 3 X-ray diffraction pattern for an orien-
ted smectic X liquid crystal,x =0.8,
t =49°C (a). Real and reciprocal space
plctures of smectic 4, (b) and smectic
2 (¢) structures.
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ture of terminally polar mesogenic compounds, The spa~-
tial period of modulated structure nas been shown %o
depend on the composition of a mixture, It will be inte-
resting 10 compare the smectic K'phase with clagsical
incommensurate gystems with displacive modulations, In
most incommensurate systems such as metals with charge
-dengity waves or certain dlelectrics the main basis

of +the reciprocal lattice vectors q being pertubed

by the weak sinusoidal potential w1th wave vector qm,
regsults in a diffraction pattern with a small number
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of modulation peaks (satellits) at the'ﬁb +‘§; points?

In the opogite case of the strong modulation , sharp,
defect walls or antiphase boundaries appear resulting
in a large number of higher harmonics in the diffrac-
tion pattern, Our X-ray study shows that the second va-
riant of displacive modulation occurs for TCBAB-TOBECBP
mixture. The smectic phase consists of large regions of
the bilayer A2 phage periodically separated by defect
walls or phase solitons where the phase of the modula-
tion wave jumpe by U , Pigure 3. The absence of higher
harmonicg in the diffraction patterns from the 1 struc-
ture does not 1indicate the wealmess of transverse mo-
dulation, but is the consequence of the smoothness of
smectic A phase revealing in sinusoidal shape of A2
density wave,

We are indebted to P.Adomenas for synthesizing the
liquid crystals. The authors are grateful to E,M.Aver-
yanov,L,M,Blinov, W,Bouwman, V,E,Dmitrienko, W.de Jeu,
E.I.Kats, V.V,Lebedev, A.R.Muratov, M,4,0sipov, E,I.Ry~
umtzev and E,M.Terent?’yev for fruitful discussions.
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