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Optical studies of the smecticE?, phase layer structure in free-standing films
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The layer structure of the smect@¥ phase of one liquid-crystal compound has been acquired from both
differential optical reflectivity and ellipsometry measurements in the free-standing film geometry. The data
from both techniques display characteristic oscillations as a function of temperature, which can be described by
a model for the film consisting of surface anticlinic layers and an interior short-pitched azimuthal helix. These
results are consistent with those found previously for another compound. Depolarized reflected light micros-
copy is used to study the films when the unique features of the aforementioned oscillations occur.
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[. INTRODUCTION the layer structure they have the shortcoming that only spe-
cially prepared compounds can be used, i.e., those containing

Soon after the discovery of the smecB¢- phase in one @ sulfur or selenium atom in their core. They also need to be
liquid-crystal compound], three intermediate smecti* performed at high-intensity x-ray sources. For these reasons

variant phases. namely. smec@& smecticC®. and it is necessary to develop other techniques for studying these
: p* T Y, oG, . Fiz: phases. To this end we have developed two optical systems:
smecticC,, , were identified 2]. Upon cooling the complete  high-resolution differential reflectivity [11] and null-

transition sequence below smecfic-is smectic€; -  transmission ellipsometry12]. These techniques have un-
smecticC* - smectic€f, - smecticCf,, - smecticC;, veiled information about both the interior and surface struc-
where the* signifies a chiral phase. Similar to the smectic-tures of free-standing filmgs,9,13.

A phase, all five of these smectizphases exhibit liquidlike The first use of our high-resolution optical systems was to

positional order within each smectic layer but the moleculegake reflectivity and ellipsometry data from free-standing
in each layer possess an average #lf (ith respect to the films of 100TBBB1M?7 of various thickness¢8]. By using
layer normal. From previous x-ray scattering experiments, ithis compound we could compare the optical results to the
is known that the bulk tilt angled,) is spatially homoge- resonant x-rays results. We found that upon cooling through
neous in all five tilted phasd8,4] and is a function of tem- the smecticS}, phase range, the data from ellipsometry and
perature. These tilted phases are distinguished by the azhe reflectivity of linearly polarized light display characteris-
muthal arrangements of their layers. Numerous experimentdic reproducible oscillations as a function of temperature. Six
efforts have been made to obtain the molecular orientation&lbservations regarding these oscillations have been made.
arrangements in three intermediate sme€tic-variant ~ First, each oscillation displays a reproducible discontinuous
phase$2,5]. The most direct structural information has beenjump. Second, the oscillation frequency in temperature space
acquired by resonant x-ray scattering from free-standingf) is roughly constant. Thirdf decreases linearly with the
films of several specially prepared liquid-crystal compoundgiumber of smectic layer@) of the film. The finite intercept
[4,6,7), e.g., 100TBBB1M7[see Fig. 1a)]. Subsequent of f versusN indicates that there are approximately 18 sur-
high-resolution optical reflectivity and null-transmission face layers in the films. Fourth, the amplitude of oscillation
ellipsometry investigations have allowed us to determinds roughly independent di. Fifth, the basic features show
the molecular azimuthal orientations in these three interme- CHy
diate smectic=* variant phaseg8,9]. Our experimental a) ¢ (5 .
results obtained from the smec®k phase of 1oHe O SO_C OOC o C s
1OQTBBBlM7, differ in their details from those of another Tsotropic (152.6)  SmA (123.6) SmC 5(1202) SmC (119.2)
liquid-crystal compo_und rep(_)rted by Schlaef al. [10]. SmC 1y (114) SmC 1y (112) SmC & (109.7) Crystal
Consequently, detailed studies of another compound are
essential. In this paper we present optical results
for [4-(1-methylheptoloxcarbonyphenyl4-octylbiphenyl-4
-carboxylat¢ (MHPBC) in the smecticS? phase. The b) CgH,; "C 0 @C -0 C C sM3
chemical structure of MHPBC is given in Fig(k).

While resonant x rays are very powerful at determining Isotropic (109)  SmA (76) SmC .(72) SmC s, (68)

SmC Fy; (65) SmC 3 (60) Crystal

*Present address: 3M Center, St. Paul, MN 55144. FIG. 1. (a) and(b) show the molecular structure and bulk phase
"Present address: Van der Waals-Zeeman Institute, University ddequence for 100TBBB1M7 and MHPBC, respectively. The tran-
Amsterdam, Amsterdam, The Netherlands. sition temperatures are in degrees centigrade.
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physical insight into the optically uniaxial interior layers.

Meanwhile, Schlaufet al. [10], reported their ellipsom-
etry studies of the smecti€?, structure from another liquid-
crystal compound (11HFBBB1M7) which shows the
smecticA—smectic€? - smecticC* - crystal phase se-
quence without displaying the ferri- or antiferroelectric
phase. As shown in Fig.(4), 100TBBB1M7 displays the
ferri and antiferro phases. Below the smed@@it-phase, the
temperature ranges for the smedii¢-phase are about 1 and
17 K for 100TBBB1M7 and 11HFBBB1M7, respectively.
The major differences from the above-mentioned results for
100TBBB1M7 are the following two points. First, in
Schlauf’s study of 11HFBBB1MT,increases as temperature
decreases. Second, they also found that the split in the one of
the ellipsometry parameters, is significant under electric-
field reversal and increases as temperature is decreased.
Schlaufet al.[10] used a single surface layer with a large tilt
angle (¢s=30°) to model the ellipsometry data. In contrast,
on the basis of our fourth and fifth features, we employed
nine surface anticlinic layers per surface wiig=12° and
penetration length ¢é=5 layers to describe the
100TBBB1M7 data. Finally, Schlaudt al. reported a non-
linear temperature variation of the short-helical pitch because
f decreases as the temperature decreases.

In light of these significant differences and the fact that
100TBBB1M?7 is especially prepared for the resonant x-ray
scattering studies, it became very important to acquire the
smectic€¥ structure from another “common” liquid-crystal
compound. One of the natural choices is MHPBC because it
has a sufficiently large smect€? temperature window for

FIG. 2. A short-pitch helical structure with anticlinic tilted sur- easy study[ ~4°, see phase sequence in Figb)]l This
face layers, shown by the projection of the molecular director in thebompound shows the various ferri- and antiferroelectric
layer plan, i.e., the director for each layer. phases, unlike 11HFBBB1M7. MHPBC does not have a
) ) ... . heavy atom in its core, so it cannot be studied by resonant
litle change under reversal of the applied electric fleld.x_ray scattering. To study this compound we have performed
Sixth, the oscillations do not occur in the reflected intensityn | transmission ellipsometry and high-resolution differen-
of circularly polarized incident light. tial reflectivity. To understand the discontinuous changes in

To explain the first feature, we proposed that the layeing gptical parameters we have also studied MHPBC using
structure of the film changes its azimuthal orientation bydepolarized reflected light microscopy.

180° under the constant applied electric field at cerfain
This is due to the net polarization of the film passing through
zero at these temperatures. The third and fourth features in-
dicate that the frequency and amplitude of the oscillations In our experiments, the liquid-crystal free-standing films
are properties of interior and surface layers, respectively. Alwere prepared in temperature regulated two-stage duéis
though our optical data suffered from an inversion problem temperature stability is approximately 10 mKwo differ-

i.e., different layer profiles may lead to the similar set ofent ovens have been employed for this research project. To
data, these unique characteristics along with the resonamiinimize sample degradation, the ovens were filled with He
x-ray diffraction data allow us to propose a model asor Ar as the exchange gas. The ovens have optical accesses
sketched in Fig. 2. The film consists of surface anticlinicfor our experimental probes. To obtain temperature variation
layers of a larger surface-induced tilt angi&)(which expo-  of physical parameters, the typical ramp rates used were be-
nentially decreasegwith penetration length¢) toward a  tween 50 and 100 mK/min.

smaller 6, [14]. The interior layers have a short-pitched azi- To analyze the results that are presented below, we used
muthal helix with a pitch that changes linearly from 5 to 8 the 4xX4 matrix method 16]. This method is a matrix for-
layers as the temperature increases from the low- to highmulation of Maxwell's equations that makes the following
temperature end of smect®®, as was determined from assumptions about the sample: the optical properties of the
resonant x rayg6]. Such a model yields an excellent descrip- sample are a function of only one direction, the incident light
tion of our optical data[8]. It is worth noting that the is a plane wave, and only linear optical effects are consid-
surface-induced optically biaxial layers that are coupled teered. We add the following assumptions to approximately
the interior layers are what allowed us to gain significantdescribe our free-standing films: the sample can be divided

Il. EXPERIMENTAL METHODS AND RESULTS
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into slabs corresponding to smectic layers where within eact 50+ , '
slab the optical properties are constant, and the magneti S
permeability is 1. This method is advantageous because i .."
rewrites Maxwell’s equations for the electric- and magnetic- S
field vectors as four coupled first-order differential equations 8
that can be formulated as a4 transfer matrix. The propa- 48 - S
gation of the electromagnetic wave through the sample car’o-)'\ o
be calculated by the transfer matrix. () )
0]
o]
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In our experiments we apply an electric field in the planeg
of the film to align the domains. A field of 2—3 V/cm is -y
typically used, as this aligns the sample without inducing
flow or distorting the zero-field structure. Based upon 46 -
smecticC* we assume that the polarization due to each
layer is perpendicular to the tilt plane. For our simulations,
we assume that the orientation of the net polarization of the
film is along the sum of these individual layer polarizations. T T T " T
Because of the finite size of our samples, the net polarizatior 150 165 180
of the film is zero only at certain values of the pitch. A (deg)

1
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FIG. 3. Determination ofi,, n., andd for MHPBC. The data
(crosseswere obtained by spreading 51 films of thickness varying

Null-transmission ellipsometry is an experimental proce-from 3 to ~422 layers. The fit is shown with open circles. The
dure to measure the optical parameters of a system at a sindtegation of several thicknesses, in units of smectic layers, are
laser wavelength N\=6328 A in our setup Two optical ~marked on the plot.
parameters are measuréddandW. A is the necessary phase
lag between the- ands- components of the incident laser frame are not strongly temperature dependant. We have
beam to create linearly polarized transmitted light with po-checked to determine that the values obtained at high tem-
larization angleW. The light passes through the sample atperatures give reasonable fits to data taken at lower tempera-
45° to the normal of the film. The ellipticity of the incoming tures.
light is controlled by passing circularly polarized light — The ellipsometry parametera (and %) obtained from a
through a rotatable polarizer and then a fixed quarter-waves-layer MHPBC film are plotted as a function of tempera-
plate. The light passes through the sample, and, if the lighfure in Fig. 4. This figure shows data from two experimental
has the correct input ellipticity, the light emerges linearly
polarized. A second rotatable polarizer is rotated to find the
minimum light intensity, which measures the polarization of E

laser beam /Z‘ g

A. Null-transmission ellipsometry

the output light. The angle of the first and second polarizers
is measured and the angle of the quarter-wave plate it
known. With this knowledge¥ andA are readily calculated T T

using equations reported elsewhgt&,18. Our experimen- 174.4 .
tal setup will be described in detail elsewhégie].

For MHPBC n=1.482+0.002, n=1.64+0.01, and the
smectic layer spacingd) of 35.4+0.2 A was measured in
the high-temperature range of the sme&iphasg12]. Here
n. denotes the index of refraction along the long axis of the 173.6
molecule and pis the index of refraction perpendicular to '
the long axis of the molecule. These are determined by pull-  45.168
ing a series of films and fitting th¥ versusA data. Specifi- 23 y
cally, first n, and n, are found by matching the height and % 45.144
width the loops seen in Fig. 3l affects only the spacing ~
between the data points and not the overall size of the loops™+
so it can be fit aften, and n, in order to get the correct 45.120
spacing between data points. The valuengfhas a high
variance because MHPBC retained a tilt near the surface du

174.0

A (deg)

to the surface-air interface and it was thus impossible to cap: T 0
emperature (C
ture A and¥ values that were exactly what would be found p (0
fOI’ a f||m W|th no Surface'induced structure. The Value’SOf FIG. 4. A andW¥ versus temperature from a 65_|ayer MHPBC

varies more tharW becausel is more sensitive to the ori- film at ¢z=90° (open circley and ¢z=270° (solid circles. ¢ is
entation of the film, making the uncertainty of larger than  shown as the angle between the electric field and the incident plane
that forn,. We have found thah, andn, in the molecular  of the laser.
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FIG. 6. Comparison of the shape of tHeversusA plots taken
from a 53-layer MHPBC film in the smectiCf,, and smecticc¥
phases. The plot with circles was taken at 73.1°C in the sm€&&tic-
phase. The squares are the data taken from 71.7 °C in the smectic-
Cf, phase. A simulation of the smect@f,, data is shown with a
solid line.

171.90 172.05

A (de ) such plots and Fig. 6 shows two. These figures respectively
g display characteristic changes of tHe versusA plots in

: ok - .
FIG. 5. ¥ versusA plots obtained at five different temperatures both the smectig:-smecticc;, and smecticc;, -smectic-

from a 53-layer MHPBC film in the smecti&-and smectic€*  Cfjp phase transitions.
phase. The down triangles were taken in the smektjihase at a In Fig. 5, the data obtained above the bulk smegtic-
temperature of 76.8°C. Thes, circles, crosses, and squares were smecticC’, transition shown with down triangles indicates
taken in the smectiG;; phase at temperatures of 76.0 °C, 75.1°C, that the two sets of surface-induced layers are almost planar.
73.9°C, and 73.1°C, respectively. The data taken at 73.1°C and simulation(line) was made with three anticlinic layers per
75.1°C are offset by 0.01° and 0.002°4n, respectively, for clar- surface, .= 10° and£=3 layers. In particular, the shape
ity. suggests that the net tilt of the top and bottom surface layers
are nearly aligned13].
runs with opposite directions of applied electric field In the smecticS* phase, the interior layers have a tem-
(£2 Viem) ¢g=90° (open circles and ¢g=270° (solid  peratyre varying short helical pitch structure. In general, the
circles which are perpendicular to the optical InCIOIencetwo sets of surface-induced layers will not be coplanar. The

p]ane.d;E is the angle between the electrlp f'e.ld and the IN"size of theW versusA plot increases gradually as the tem-
cident plane of the laser beam as shown in Fig. 4. This dataerature decreases through the smeEfic-temperature
confirms that the first, second, and fifth features listed abovB 9 P

for the 100TBBB1M?7 compound, are also true for MHPBC. ran.ge. This clgarly indicates gn increa;e in biaxiality. We

To acquire additional information about the structures ofP€lieve that this is due to the tilt-angle increase on the sur-
the smecticc* variant phases, we employed a specially de-face and mte_rlor layers. The drlft_ M andA as a function o_f
signed film plate made of a glass cover slide. The slide has mperature is due to the smectic layer spacing decreasing as
circular film hole(about 0.7 cm diametgthat is surrounded the temperature is decreased, as this causes the overall thick-
by eight approximately equally spaced electro@sBy set-  ness to decrease. An interesting detail about the smégtic-
ting each electrode to the proper voltage, we can generatefots is that thel versusA plots repeat periodically as the
rotatable electric field£3 V/cm) in the plane of the liquid- temperature is varied. This can be seen when comparing the
crystal film. Typically, ¢¢ is advanced in 6° steps and it T=73.1°C (squarep to the 75.1°C(circles and theT
takes 1 min to acquire one reading for the ellipsometry pa=73.9°C(crossesto the T=76.0°C ’s). We believe this
rametersA andW. At a given temperaturel h isrequired to  is due to the tight-pitch helix winding up as the temperature
complete a rotation of the electric field. Thus, we meagure decreases, thereby causing the relative orientation of the top
and¥ at 60 equally spaced azimuthal orientations for eactand bottom surfaces to vary in a periodic manner. The simi-
temperature. larity of the smectic€? plots atT=73.1°C(squaresand the

We conducted a detailed experimental run from a 53-layei75.1°C (circles to the smecticA plot (down triangle} is
MHPBC film using the rotatable electric field. More than 40 most likely due to the two sets of surface layers being
different¥ andA plots were acquired as the film was cooled aligned in a similar manner for all three temperatures,
from the smecticA phase. For clarity, Fig. 5 shows only five namely, almost coplanar.

171.75
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FIG. 7. Reflectivity (,+19 and (,I9 data from a 75-layer
MHPBC film at different electric field orientationgiz=90° (large
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72 75 78
Temperature (°C)

FIG. 8. Calculated reflectivity from data shown in Fig. 7 in units
of the fraction of total input intensitya show the datdsquarep
and 4x 4 model resultglines) for ¢g=270°, while (b) shows the
data and simulations fog=90°. The surface structure used in
modeling are three anticlinic layers per surface.

have constructed another experimental setup and signifi-
cantly improved the resolution of our optical reflectivity

measurements. Simple linearly polarized reflectivity can re-
solve the characteristic oscillations only when the reflective
intensity is near the minimum, because only then is the tem-
perature variation of the signal on the same order of magni-
tude as the signal itse[B]. This occurs at some film thick-

nesses, but not all. To remove this severe limitation and
obtain high-resolution reflectivity data, we have designed

No fits are included for the smecte? phase because we and employed a differential reflectivity methti1].
cannot measure how the surface interfaces with the interior

layers. This parameter is very important for making high,
guality simulations to data taken at constant temperature. Fit:
will be presented below for data, taken as a function of tem- ] %
perature, because for this type of data, it is not as importan !
how the surface interfaces with the interior layers as long as

it does not change as a function of temperature. The constar 24
angle between the interior and surface layers will simply o>

4 T T T

cause a small offset in the pitch used to simulate the film. =
Upon cooling into the smecti€f,, phase, the overall bi-
axiality of the film increased significantly, as can be seen by _.
the width and height of th& vs A plot. This can be seen in
Fig. 6, which shows a 53-layer film at 73.1°C in the smectic- ~—=
C* phase(circles and at 71.7 °C in the smectlcf,, phase "
(squares This increase in width of th& versusA plot is !
due to the change in interior layers from an optically uniaxial w=
short-pitched helical structure in the smed@i&-phase to an
optically biaxial distorted structure in the smec@§;, phase
[9]. A simulation of the smectiGf,, data was made witld
=14.5°, d=35 A, and a distortion angle of 25°, as de-
scribed by Johnsoat al. [9].

B. High-resolution differential reflectivity

Due to an extremely tight schedule for our ellipsometry

setup, and the fact that the linearly polarized reflectivity is an  FIG. 9. Differential reflectivity data obtained from a 665-layer
MHPBC film.

excellent probe for studying the smec@g- structure, we
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zero in the high-temperature range of the sméctphase
while the film is in its uniaxial state by rotating the incident
Glan-Thompson polarizer, thereby we only measure the tem-
perature variation of the signal. Such a differential mode
operation is capable of dramatically reducing the common-
mode noise before the signal is amplified.

Figure 7 shows a typical set of datd,, €19 and (,
—1g), versus temperature, from a 75-layer MHPBC film.
This figure displays two sets of data acquired in cooling runs
with opposite directions of applied electric field
(=2 V/cm) ¢pg=90° (large symbolsand ¢g=270° (small
ones which are perpendicular to the incident plane of the
laser beam. While thel {(+1) data show significant amount
of noise, (,—1¢ data is high quality. Even though we use
arbitrary units for both vertical axes in Fig. 7, the ratio of the
current-to-voltage conversion factors was known by using
the same detectors and similar measuring schemes. Knowing
the film thickness and indices of refraction enables us to get

FIG. 10. Number of layers versus number of oscillations of thethe reflectivity of the film as a fraction of the input intensity

film in the differential (,-19) data. The vertical intercept is approxi-
mately six layers.

Our differential reflectivity system uses the following
technique to measure the intensitysoindp- polarized light

reflected from a film. After passing through a Glan-

(see Fig. 8 for direct comparison with our model calcula-
tions, which will be presented below. These results indicate
that the differential mode of operation allows us to improve
the signal-to-noise ratio by more than several hundred.

The temperature variation of {(+ 1) is primarily related
to the change of the optical film thickness from the tempera-

Thompson polarizer and then reflecting from the free-ture dependence of The (I,—1¢) data revealed other details
standing film, the mechanically chopped He-Ne laser lightof the smecticC}, structure. Thel(,— 1) data exhibits a dis-
(A=6328 A) passes through a polarizing beam splittercontinuous change once per oscillation. The reflectivity data

which separates the light into ifs and s-polarization com-

for pe=90° and@g=270° appear to switch at the step. As

ponents. Two similar photodetectors are used to monitor thdiscussed above, this step is due to the net polarization of the

intensity of each polarization component, (and IJ). A

film passing through zero. Depolarized reflected light mi-

proper arrangement of electronics allows us to generate threoscopy studies, near one of the steps, will be presented in

output signals, namely,, —Isand (,—1g. Both (I,—1J)
and (,+19) can be simultaneously acquired from two
lock-in amplifiers. The differential signall{(—1J), is set to

Sec. II.C.
The film thickness is one of the important parameters for
modeling the molecular orientational arrangements. Employ-

FIG. 11. Three video frames obtained during a reorientation in the snettighase. The reorientation front moves from left to right.

The average-director orientation in each region is along the long

axis of the T's. See text for detailed discussion.
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ing two lasers of different wavelengtha {=0.63 um, \,  of MHPBC as well as 100TBBB1M7, which was studied
=0.54 um) and measuring the film’s reflectivity as a func- previously[8].

tion of the incident angle, we are able to determine the film

thickness in the smecti&-phasg11]. The resolution is+ 2 C. Depolarized reflected light microscopy

layer for a film of several hundred smectic layers. Depolarized reflected light microscopy allows one to de-

_ Differential reflectivity data from a 75- and 665-layer (gmine the orientation of the average ftilt within a domain
film, which exhibits approximately 3.5, and 37.5 oscillations ,nqer an applied electric field. This technique uses two po-
in the smectic, phase window are shown in Figs. 8 and 9, |arizers each at 45° to the electric field and perpendicular to
respectively. In most of the cases, the reflectivity dae  each other. By decrossing the polarizers the symmetry is
Fig. 8 are obtained from two field orientationséé  proken between the light polarized parallel and perpendicular
=90°,270°) which are perpendicular to the incidence planeyg the electric field. Depending on if the polarizers are de-
Even for the 665-layer film, where there are 10 times agrossed toward or away from the electric-field direction, do-
many oscillations per unit interval in temperature space agains that are oriented either perpendicular or parallel to the
for_th_e 75-Iaye_r film, one break in each os_C|IIat|o_n |s_V|S|bIe.ﬁe|d become darker or light¢21]. This is a powerful tool to
This is shown in a smaller temperature window in Fi)9  jatarmine the molecular orientations in the tilted liquid-
In all, films of 15 different thicknesses have been StUd'edcrystal phases in filmg22].

Figure 10 show$ vs the number of oscillations. Similar to . . .
. To gain better understanding of the break observed in
the results from 100TBBB1M?, these data can be descrlbegach oscillation, we have used depolarized light microscopy

by a linear relation. The finite intercept along the vertlcal,[0 see the changes of the film cooling through the tempera-

axis suggests th? emstgnce_ofi(e) surface layers that QO tures at which the breaks occur. Figure 11 shows three video
not participate with the interior layer to produce the oscnla—frames that were taken during the time frame that such a

tions in the data. In comparison, the 100TBBBIM?7 films break was registering in one of our reflectivity measure-

have about 18 total surface layers. ments. Several 2-wall boundaried1 and 2 in Fig. 1(a)]

i .TO tr?e bkat of ourel;r;?vxﬁle(lg:ﬁ, I(c))n:ay dr?oS(:Tr]]::; Xr-er?r/]esce'lttc-: an be seen. Between these boundaries the orientation of the
ering has been succ ully employ u PCoructure is in general the same, due to a weak applied elec-

size (Lp<300 A) of the smecti€], short-helical structure ¢ field (2V/cm) aligning the net polarization of the film.
[4,6]. Because MHPBC lacks a heavy atom near its core, Wejiq,gh the exact orientation of the different regions cannot
have to use other means to determine the pitch. So far W getermined, the relative orientations can. Markers indicat-
have found that all the detailed experimental results from thg, g the relative orientation of the structures are superimposed
smecticC* variant phases of MHPBC and 100TBBB1IM7 " the image. Light regions correspond to the structure
are qualitatively the same. Thus, similar to the gjigned alongty, while dark regions are oriented alorig,
100TBBBIM7, we will assume that the smec@t- phase  \yhere thex andy axis are shown on the figure. We can see
has a five-layer (Lp:5 layers structure just above the that across each2wall the intensity has the sequence light-
smecticC}, - smecticCgy, transition. Moreover Fig. 9 dis- gark-light-dark-light. This corresponds to a rotation of the
plays an approximately constant oscillation frequency as @rientational structure by 2 The free energy gained by
function of temperature. This strongly suggests a linear relaaligning the net polarization of the majority of the film area
tion between the pitch and temperature. From our 665-layefith the applied electric field, is larger than the elastic en-
film data and the aforementioned assumptions, we concludgrgy cost of narrowing the 2 walls. When the field is re-
that Lp~7 near the smecti€, - smecticA transition. moved, the Z walls spread out to minimize the elastic en-
As discussed above, our ellipsometry measurements @frgy cost
many MHPBC films in the high-temperature range of the In the sequencéFigs. 11a)—11(c)), the structural change
smectié phase lead tdl=35.4+0.2 A, n,=1.482+0.002, moves in from the left and proceeds to the right. Initially, all
and n=1.64+0.01. We have used the model depicted inregions of the film except thez2walls are aligned in the-y
Fig. 2 to simulate our data. From Fig. 10 we conclude thatirection. However, as seen in Fig. (&), with the structural
there are about three surface layers on each side of the filneshange, the middle region of ther2vall 1, whose structure
A ¢ of two layers gives the best fits. As the temperatureis oriented along—y, opens up, while the region between
decreases, the increase in amplitude of oscillationlin ( walls 1 and 2 begins to collapse. In Fig. (&}, this region
—Ig indicates an increase in optical biaxiality. To accounthas been compressed so that the wall 3 is being expanded.
for this increase, we assume thtchanges from 10° to 20° As this process continues, we see in Fig(cllhat, apart
throughout our fitting ranged,, will have the power-law ex- from the 27 walls, the film structure is now mainly aligned
pressionB[ (T.—T)/T.]? with 8=0.3[19] andB was found in the —y direction, 180° from the initial state. Also, the
to be 34°. Using these parameters and employing tkd 4 region that formed surrounded bymrawall (labeled 4 even-
matrix techniqud 16], we have carried out simulation of our tually disappears simply by rotating its structure counter-
data as shown in Fig. 8 with three anticlinic surface layersclockwise. Once the process is complete, the orientational
under different signs of electric-field direction. The simula-landscape of the film is completely changed, both in the
tion results[20] agree with our data. Thus we conclude thatalignment of the film and the location ofr2wall defects.
the model sketched in Fig. 2 gives a very good approxima- These observation support the model shown in Fig. 2. The
tion of the molecular arrangements for the sme€tfcphase  majority of the film reoriented by 180° during the change, as
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should occur when the net polarization of the film passesonger correlation length than the conventional liquid-crystal
through zero. The entire film does not change simultaneouslgompounds. Such a long positional correlation length would
because of a small temperature gradient across the film. promote the next-nearest-neighbor interaction.
Our experimental results from the smed@- phase of
I1l. DISCUSSION the 100TBBB1M7 and MHPBC are similar. These results
show important differences from what was found for
Similar to the 100TBBB1M7, we have found that the 11HFBBB1M7 by Schlauét al. The main difference may be
smecticC? phase of MHPBC exhibits a short-pitch helical related to their phase sequences, i.e., the occurrence or ab-
structure, which is comparable structurally to the well-sence of low-temperature ferrielectric, ferroelectric, and an-
known smectic* phase that exhibits a pitch of optical tiferroelectric phases. 100TBBB1M7 shows the ferro-,
wavelengths. However, the fact that the magnitude of pitctferri-, and antiferroelectric phases, MHPBC shows the
differs by two orders, indicates a difference in the physicalantiferro- and ferrielectric phases, and 11HFBBB1M7 shows
origin of these helical pitches. Also, there is a heat capacit@nly the ferroelectric phases. To provide more physical in-
spike in the transition from smectie? and smecticc*,  Sight into these differences and nature of the smetfjc-
demonstrating that the two phases are distfg3]. The Phase, more experimental investigations of similar com-
micron-sized optical helical pitch found in the smed@ié- Pounds are essential to determine if their is a pattern to the
phase, is due to the chirality of the molecules. Unless a veritch evolution in the smecti, phase.
strong chiral nearest-neighbor interaction can be identified,
the unique nanometer-sized helical structure found in the
smecticC’ phase requires the competition between the in-
teractions of the nearest-neighbor layers and those of the We would like to gratefully acknowledge D. Link, B.
next-nearest-neighbor layers. Several molecular origins ofeks, and M. Cepic for detailed discussions. The research
the next-nearest-neighbor interaction have been proposedas supported in part by the National Science Foundation,
[24—-26. The observation of third-order x-ray diffraction Solid State Chemistry Program under Grant No. DMR-
peak from the molecules exhibiting the smedfit-variant 9703898 and INT-9815859 and NATO International Scien-
phased 3] indicates that the smectic layer structure shows dific Exchange Program.
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