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Resonant x-ray scattering at the Se edge in liquid crystal free-standing
films and devices
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Resonant x-ray diffraction was carried out at theKSedge in thick free-standing films of a
selenophene liquid crystalline material, revealing detail of the structure of the ferro-, ferri-, and
antiferroelectric phases. The ferrielectric phase was shown to have a three-layer superlattice.
Moreover, the structure of a lower temperature hexatic phase was established. For the
antiferroelectric phase, investigations were also carried out in a planar device configuration. The
device allowed resonant scattering experiments to be carried out with and without the application of
an electric field and resonant data are compared with electro-optic measurements carried out on the
same device. €2000 American Institute of PhysidsS0003-695(000)01513-9

The rapid, tristable switchirtgof antiferroelectric liquid  ing liquid crystal compound is reported, studying the detailed
crystal¢ has been responsible for the recent interest in theistructure of the SmCsubphases. Scattering is carried out on
application to display devicésind optical elements such as thick free-standing films and resonant signals are also de-
spatial light modulators. The properties of the more complexected in a device geometry with the application of electric
ferrielectri¢ phases are far less well understood and theifields, enabling field induced structural changes to be stud-
structure has been the subject of considerable controversied.

Several models have been proposed for the ferrielectric The material used is a Se containing heterocyclic ester
phase$°In general the liquid crystal ferroelectric, ferrielec- (AS620 with antiferroelectric and ferroelectric phases, to-
tric, and antiferroelectric phasésmectic C subphasesare  gether with one ferrielectric phas@ig. 1). The physical
formed from rod-like molecules arranged in a layered strucproperties of AS620 have been published elsewhéte.

ture. The molecules are chiral and have an average molecular The resonant x-ray scattering measurements were carried
direction(the directoy tilted with respect to the layer normal. out at the 1-ID undulator beamline in the Advanced Photon
The particular orientation of the director with respect to ad-Source, Argonne National Laboratory using an experimental
jacent layers defines the specific subphase. Recently thrangement similar to one described previodsThe free-
clock modef has been shown to agree with the structure ofstanding film x-ray measurements were carried out in the
the ferri phases in certain sulfur containing compounds usingpecular Bragg scattering geometry. Conventional x-ray scat-
X-ray resonant scattering combined with polarizationtering produces peaks @,=2=/d and integral multiples of
analysis’® this value, whered is the smectic layer spacing. Conven-

The structures of the smectictC(SmC") subphases tional x-ray scattering probes only the average electron den-
have been investigated primarily indirectly, using techniquesity of the material and provides no information on the de-
such as electo-optic and polarization measurements, dieletailed structures of the SnfGubphases. However, scattering
tric spectroscopy, conventional x-ray scattering and microsearried out in the resonant scattering regime is sensitive to
copy. Resonant scattering allows the direct investigation of
the director orientation within smectic layerand is particu- C H
larly useful in the elucidation of structural information in the 6713
SmC* subphases. Understanding the details of the antiferro- Cszso@—@ C- O@ C-0- *CH
and ferrielectric structures is an important step toward opti-
mizing their potential for device applications. In this letter
the application of resonant scattering to a selenium contain- 1 16.7 SmA 109.5 SmC* 98.5 SmC* gy 96.9 Smc*A—>

— (42,5 SmI" 33.3 SmI") K

dAuthor to whom correspondence should be addressed; electronic mail:
helen.gleeson@man.ac.uk FIG. 1. The molecular structure and phase sequence of AS620.
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the relative director orientatioft. Additional peaks are seen 104 ¢
along Q,/Q,, the position and polarization of these peaks
being determined by the substructure. Specifically, the clocl
model may be distinguished from the Ising madey a po-
larization analysis of the resonant peaks.

The Se&K absorption edge in AS620 was determined
prior to undertaking the resonant scattering experiments t
be 12.658 keV and the x-ray beam was tuned to this energ 19

Free-standing films of smectic liquid crystals provide an
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excellent layer arrangement. In these scattering experimen & 1600¢
. ; - ; S 1400F (b)
films were spread in the smectic-A phddd1 °Q to a thick- 2 1200k
ness of approximately 200 smectic layers. The films were = ;q00F
spread on a glass plate across a hole of dimension X frtm £ 800F
mm with gold electrodes along the two long edges, allowing g 600 £
the application of electric fields to the film. Temperature 3 400¢
200

control was provided by a double oven that could be

mounted on the x-ray beam line. Windows in the oven al- 45 1.5 1.55 QQo
lowed in-situ observation of the film texture using a polar- 5000 ¢

ized microscope with a charge coupled device video camer: ;‘g E

The film texture was observed during spreading and moni g 4000f ©

tored throughout the experiment. The oven was mounte ~ 3000f

such that the x-ray beam scattered from the film at grazinc 3 .
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incidence. Scans of scattered intensity as a function o 5 » . :

Q,/Q, were carried out in the antiferroelectric, ferroelectric, < 1000} j:' ._J

ferrielectric SmC subphases as well as in a lower tempera- 0 S e b . Qz/Qo

ture hexatic phase. The resonant peaks obtained are shown 12 13 14 15 16 17 18

Fig. 2.

A polarization study of the scattered x-rays confirmed
the clock model structure for the ferrielectric phase. As de:
scribed in Ref. 12, in the clock model, the interlayer change
in orientation for the SmE subphase molecules is a fixed
angle with two contributions: a large rotationr2v from the
v-layer superlattice and a much smaller rotatiane2 where ;
€ is the ratio of the smectic layer spaciagto the optical Q48 T485 149 1495 15 1505 151 AR
pitch P,. The different subphases exhibit different superlat-

tice periodicities(values forv). A helical clock structure FIG. 2. X-ray intensity scans from thick free-standing films in te:
Its i t tteri ks | ted at ferroelectric,(b) antiferroelectric,(c) ferrielectric SmC phases, andd) of
resufts In resonant scatlering peaks located a the lower temperature hexatic phase.

counts in 1.2 seconds

Q,/Qu=/+m[(1lv)+€],

Having completed the structural characterization of the
where/ andm are integers andh=0, =1, and=2. In the  SmC subphases in free-standing films, we next attempted to
ferroelectric SmC€ phase, there is no superlattice so the observe resonant scattering from bulk samples in a device
dependence is removed from the equation. As shown in Figgeometry. It is known that bulk materials can behave differ-
2(a), the /=2 layer peak has first ordem(=+1) and sec- ently from free-standing film&® Further, the device geom-
ond order (n=*2) resonant satellite peaks spaced apart byetry allows the application of large switching fields, a pro-
e. This scan was taken @t=104.2 °C. From the measured cess which was found to be hindered in free-standing films
spacing,P, can then be calculated for this phase to be 0.3%ue to the formation of ions in the film when x rays are
pm. In the ferrielectric phase, one-third order resonant peakcident on the sample. lonic flow was evident in the film
were observef@Fig. 2(c)]. The peaks reveal that the ferrielec- from the mobile textural changes observed when even very
tric phase has a three-layer superlattice. This contrasts witbmall fields were applied with x rays incident on the sample.
the four-layer superlattice observed in the sulfur analogue of he device cells consisted of two 3@0n thick glass plates
this material’ In the antiferroelectric SmtCphase, there is a separated by a 15 um spacer. Prior to assembly, the inner
two-layer superlatticei=2); and hence, a scan taken in this surfaces of the glass plates were coated with a transparent,
phase at 89.3 °CFig. 2(b)], exhibits half order peaks. The conductive layer of indium—tin—oxide and a rubbed nylon
optical pitch causes these peaks to deviate from the exaéf6 alignment layer to provide a planar alignment. The as-
half order position by+e. The measured splitting then al- sembled devices were capillary filled with liquid crystal and
lows us to determine the optical pitch as 0,681. Cooling  sealed with an epoxy resin cement. This device was mounted
into the hexatic phase, the half order peaks remafirégl  so that the beam passed through the sartiee scattering
2(d)], indicating that this was also antiferroelectric; however,geometry.
the split peaks merged, as the pitch increased with reducing A square wave electric field was applied to the sample

temperature. and a trigger pulse was used to gate the detector, ensuring
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Liquid Crystal ‘ Optical transmission studies of this device confirm that
Device the threshold for ferroelectric switching is at 18.5350 H2)
and that no unwinding occurs on application of a field below
the antiferroelectric to ferroelectric switching threshold. Fur-
ther, the x-ray measurements indicate that the chevron to
bookshelf transition appears to coincide with the onset of the
forced ferroelectric structure for this material and geometry.
Smectic This work describes the observation of resonant scatter-
Layers ing at the Se edge in liquid crystal free-standing films and
devices. The layer structures of the ferroelectric and antifer-
roelectric phases have been confirmed and a three-layer fer-
rielectric phase observed. The monotropic hexatic phase has
been shown to have an antiferroelectric structure. By study-
ing liquid crystal samples in a device cell, structural transi-
— tions can be deduced, e.g., helical unwinding and layer mo-
1.53 tions. The main advantage of studying the liquid crystal in a
device cell is that structural changes which occur as part of
_ _ _ _ ~the switching process can be directly observed. This experi-
FIG. 3. Resonant peaks observed in the antiferroelectric phase in a dewcF\nent confirms that the application of an electric field to this
material in the antiferroelectric phase does not change the
that data were collected only when a positive voltage waggjical pitch. Observations are also consistent with the tran-

applied. The devices were mounted onto a Linkam hot staggition from chevron to bookshelf structure, being coincident
that allowed temperature control of the device with a relativyjth the onset of ferroelectric switching in the device.

accuracy of+0.05 K. In the device the layers form a chev-

ron structure as the sample is cooled into the 3mC Work at the Advanced Photon Source was supported by
subphase¥**® In this study we concentrated on the antifer- the U.S. Department of Energy, Basic Energy Sciences, Of-
roelectric SmC phase. From previous studies, it is known fice of Energy Research, under Contract No. W-31-109-
that upon increasing the magnitude of the applied electriENG-38. L.S.M. thanks the Engineering and Physical Sci-
field, an antiferroelectric to ferroelectric phase transition isences Research Council for financial support.

induced. It is also knowf that, for relatively large electric

fields, the chevron texture in antiferroelectric and ferroelec-

tric de_wces evolves into a bookshe_lf texture in which the 'K, Miachi and A. FukudaHandbook of Liquid CrystalsWiley, VCH
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