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Local Layer Structure of Smectic Liquid Crystals by X-ray Micro-diffraction
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Abstract

The local layer structure of smectic liquid crystal has been measured using time-resolved synchrotron X-ray micro-
diffraction. Typical layer disorders observed in surface stabilized (anti-) ferroelectric liquid crystals, i.e. a stripe texture, a
needle-like defect and a zigzag defect, are directly analyzed. The detailed analysis shows that the surface anchoring force
due to the interaction between the liquid crystal molecule and the alignment thin film plays an important role to realize
both the static and dynamic local layer structures. The layer structure of the circular domain observed in the liquid crystal
of bent-shaped molecules found to depend on the applied electric field though the optical micrograph shows little differ-
ence. The frustrated, double and single layer structures of the bent-shaped molecule liquid crystal are determined depend-

ing on the terminal alkyl chain length.
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Figure 1.

Experimental setup around the Sample (a). Schematic small X-ray scattering intensity profiles for the book-

shelf (b), vertical-chevron (c) and horizontal-chevron (d) structures. w- and y-profiles represent the layer rotation

around Y and Z, respectively.

Figure 2.
and (d) (chiral) smectic Cy.

Schematic molecular orientation of liquid crystal phases. (a) nematic, (b) smectic A, (c) (chiral) smectic C
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Figure 3.

()

(a) Microphotograph of the needle-like defect observed in a planar alignment of SmC* phase. The arrow in-

dicates the scanning position. (b) J(w)-profiles as a function of sample position at y = —20°, 0° and +20° in a 5-um-

thick cell before applying a field. 2 um/step.
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Figure 4. Schematic of the layer structure in the vicinity of needle-

like defects in a 5-um-thick cell.

Figure 5. A polarizing optical micrograph of zigzag defects. 50 um
scale mark. 6 um thick cell. The rubbing direction is horizontal.
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Figure 6. x-profiles as a function of w angle at the center of the
narrow wall. The highest intensity corresponds to the darkest region.
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Figure 7. The layer structure at the narrow wall deduced from a
series of the w and y-profiles.
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Figure 8. (a) Time-resolved MCS (multi-channel scaler) mode
w-profiles for one cycle of the triangular wave form (5 Hz, £60 V).
An inset shows the wave form applied to the sample. The time reso-
lution was 1 ms. (b) Time-resolved MCA (multi-channel analyzer)
mode y-profiles for a half cycle of the triangular wave form (5 Hz,
+60 V). The X-ray intensity profile was obtained near w=0°. 10 ms
time resolution. Note the sampling time (abscissa) is not equal
interval.
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Figure 9. Schematic representation of local layer structures in the

ferroelectric liquid crystal cell under the ac electric field. The initial
v-chevron structure with narrow walls (a), and the reversible layer
transformations (b) and (c¢) for the high (Eug) and low (Ejey)
electric field, respectively.
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Figure 10. Chemical structure of typical banana-shaped molecule.
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BUE S 7oz #IRL THE S 4 C LI X D iho TIag

SmCaPF SmCsPa SmCaPr SmCsPr SmCaPa SmCsPF
Figure 11. (a)Structure of SmCP phase in banana-shaped liquid
crystals. The layer, polar and tilt plane was perpendicular each
other. Bright and dark gray color indicate (+) and (—) layer
chirality, respectively. (b) Possible layer structure in the SmC,P,
phase. The suffixes ¢‘S”” and ‘“°‘A’’ added to ‘‘C”’ mean ‘‘synclinic”’
and ‘‘anticlinic’’ tilted structure, respectively, while those ‘“A’’ and
“F”” added to ‘P’ mean ‘‘antifferroelectric’’ and ‘‘ferroelectric’’
polar structure, respectively.

10 15 °

Microphotographs of a circular domain (a) during and (b) after the application of a high electric field. The

measurements were made along the white arrow with a step of 12.5 um. 2D contour plots of S-scan profiles as a function
of irradiated position (c) during and (d) after the application of a high field. The highest intensity corresponds to the
brightest region. Schematic local layer structures (e) during and (f) after the application of the electric field.
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Figure 13.

(a) A microphotograph of circular domain during the application of a very low field. Obtained domain is

the coexistence of homochiral and racemic ones. The measurements were made along the white arrow with a step of 5 um.
(b) 2D contour plot of w-scan profiles as a function of the irradiated position. (c) Schematic local layer structure under

the negligibly weak field.
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Figure 14. (a) Chemical structure of bent-shaped dimer.
Schematic molecular orientation of dimers (b) and the phase dia-
gram as a function of end chain carbon number (c).
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A microphotograph of a quarter-circular domain (a) before and (b) during applying a DC field of an 8-um-

thick cell of 8OAMSAMOS. The irradiated position is pointed by the arrow. 2D X-ray intensity profiles obtained from
each domain (a) and (b) are shownin (c) and (d), respectively. (e) Schematic molecular orientations before and during

the field application.
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F 72X DMORIHEKFE (m) 2B\ Th R ER T
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TERWVOT, HlziE SmCHOSFEF & SmCy HHD 5
FEFIOE T (Fig. 2281R) BICBET 575 v 7 R
IR S v, XS HELEIC L nid, 2T i
FNCHRART HHETRATBET 5 LB TE 5,

DLERTERLDICAAZ T 4 v 7 W DBFEIC B
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BHIERTEDEDITRYD, FEROW LT OFEITH 7=
mREEH S O EHRFEIN L, AREICLD, FRET L
L CHIR AR S OFAEIC K 0 B B s hiz#ptkic
BR Ao TR NUESEWTH 5,
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