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Experimental investigations of one liquid-crystal compound exhibiting the no-layer-shrinkage
effect near the SmMA—-Sm-C” transition
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Three experimental probes have been employed to investigate the nature of the smatiEsticE (Sm
-A—Sm<C") phase transition of one liquid-crystal compound showing almost no layer-shrinkage effect through
the transition. Results from both x-ray diffraction and optical studies indicate that the compound exhibits a
crossover behavior of different molecular packing arrangements within the bulR $hase window. The
calorimetry results show a significant critical anomaly near thefSssm-<C" transition, although it was found
to be weakly first order.
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SmecticA (Sm-A) and smectid= (Sm-C) are two impor-  order, without any significant change #) or the smectic
tant mesophases found in many rodlike liquid-crystal comdayer spacing. Small angle x-ray diffraction yields very dif-
pounds. If the constituent molecules are chiral, the chiraferent results between these two scenarios. Upon cooling
smecticC (Sm-C") phase forms instead of the Sthphase. through the SmA—Sm<C (or Sm<C’) transition, the mea-
To characterize the direction of the molecular long axes ~ sured smectic layer spaciiid) shows a significant reduction
noted by then directo, we use two parameterg:[tilt angle in the first case and much smaller layer contraction in the
from the layer normalz)] and ¢ (azimuthal angle In the  second ong3]. For the purpose of our presentation, we will
Sm-C’ phase, the chirality breaks the mirror symmetry in thename the two models the “conventional $xh-and “de
tilt plane, defined by andn, and allows the existence of a Vries-type SmA.” Three experimental probes, namely, x-ray
net electric dipole moment normal to the tilt plajig. Con-  diffraction, ellipsometry, and calorimetry, were employed to
sequently, one of the prominent features associated with thgain better insight into the nature of the S\-SmC" tran-
Sm-A-Sm<C" transition is the electroclinic effect in the sjtion of one compound showing almost no-layer-shrinkage
Sm-A phase[2] in which the average tilt angle is directly pehavior through the transition. Employing bulk sample
large electroclinic effect near the Si-Sm-C' transition of  acquired several important physical properties. Nevertheless,
several liquid-crystal compounds has been repof@€b].  our higher-resolution measurements enable us to discover
This class of compounds also shows no-layer-shrinkaggeveral critical features. Among them, our results indicate
(NLS) behavior through the SA—Sm-C" transition. Both @  that upon cooling, there exists a crossover behavior from
large electroclinic effect zjmd NLS behavior are extremelyconventional SnA to de Vries-type SnA.
important in utilizing SmE" material for electro-optical de-  To obtain the high-resolution temperature variationdof
vice applications. Thus, a considerable amount of attentiopear the SmA—Sm<C" transition of 842R2F3], we con-
has been aimed at under*standing the origin of the moleculajycted detailed small angle x-ray diffraction from free-
tilt in the Sm-C (or SmC’) phase as well as the true mo- standing films using beam line X19A at National Synchro-
lecular packing arrangement of this class of compounds. Tgon Light Source, Brookhaven National Laboratory. The
date, at least two models have been proposed to explain thfolecular structure of 8422F3] is given at the top of Fig. 1.
electroclinic effect. In the ﬁrS‘r,] is assumed to be parallel to Bulk Samp|es exhibit the fo”owing phase sequence: Crysta|
z in the SmA phase. Under an applied electric field, the (43.1°Q Sm-C* (64.5°0 Sm-A (91°C) isotropic. The thick
mOIeC.UleS t||t[2] ThlS results in a Signiﬁcant Change in the 842Z2F3] free-standing films were prepared inside a tem-
smectic layer spacing. In the second approach suggested B¥rature regulated oven with temperature resolution better
de Vrieset al. [7], the molecules in the SA-phase are than 0.01 K. To minimize the attenuation of the x rays, the
assumed to be tilted through a finite anglein the absence x-ray flight path and the film oven were filled with He gas.
of an applied electric field, but are spatially disordered ingxcellent layer structures formed in free-standing films en-
their azimuths. Specifically, the azimuthal distribution func-gpje us to get very shar@®01) diffraction peaks. The x-ray
tion is uniform, {#)=1/(2m), on a cone about. Then an  \yayelength was 5.016 A. Although short at this wavelength,
applied electric field in the layer plane promotes azimuthathe penetration length of the x rays is, at least, equabto

larger than the thickness of the free-standing filtmore
than 500 layers The contribution of the few interface-
*Present address: Advanced Photon Source, Argonne Nationglistorted surface layers to the diffraction is therefore negli-
Laboratory, Argonne, IL 60439, USA. gible. To get the best experimental resolution, 0.07 mm input
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. FIG. 2. Temperature dependence dfobtained upon cooling
Temperature (°C) under two opposite directions & (crossesa=90°; dots,a=2709

from a 35-layer film. The inset shows details near the Satm
FIG. 1. The molecular structures ) 84272F3] and(b) FPP  _~ {ransition.

are shown at the top. The layer spacing as a function of temperature
from a thick free-standing 8422F3] film. The SmA—Sm-C" tran- . . . . .
sition temperaturéT,) is denoted by the left arrow. The right arrow that the film is biaxial. Our detailed ellipsometric studies of
(T,) separates the bulk S-phase window into region 1 and 1. this compound from thin free-standing filntsl<12) indi-
cate that the biaxiality is mainly due to the surface-enhanced
and output vertical slits sizes were used to define the incidenolecular tilt[9]. In region Il, the entire film is uniaxial. Just
and diffracted beams. Each scan through (0@1) Bragg before the transition into the bulk S@- phase Aqy shows a
peak was performed with a step size of 0.0@@5 In addi-  dip while Ay,;q exhibits a cusp. Similar temperature evolu-
tion, each Bragg peak was carefully optimized throdgind  tions of Agg and A,7o obtained from films of different thick-
X rocking scans at each peak position. ness(N<12) allow us to unfold a new surface tilt profile in
The full width at half maximum of the Bragg peaks re- the SmC" temperature rangg9].
mained at about 0.00Q, throughout the study. The mea-  Three key physical parameters in simulating optical prop-
suredd as a function of temperature is shown in Fig[8]. erties of free-standing films employing thex4t matrix
Upon cooling from the SnA phase, as usual, an increase inmethod ared and two indices of refractiom, andn,) in the
d is observed. AT, (about 4.5 K above th&,), there exists principal molecular frame. Usually, we obtain these three
an obvious slope change, and the temperature variatioh of parameters in the uniaxial Skphase in which the ellipso-
turns into a plateau before a small and smooth drop belownetric parameter§¥ and A) depend ord, N, the index of
T.. Our high-resolution x-ray data reveal the first experimen+efraction along the layer normaj, and the one within the
tal observation of the existence of a conspicuous plateau jusayer planen, . By acquiring¥ andA from a series of films
above T, among various compounds showing no-layer-(typically more than 5P of thickness from two to a few
shrinkage behavior. The layer spacing only changes slightljiundreds of layers, these important quantities can be deter-
(~0.2 A) in the SmC" temperature window shown, which mined by modeling the data using the uniaxial slab structure
corresponds to ar=0.5 % change in layer spacing. In con- for the SmA phase.
trast, a conventional SrA-compound usually exhibits about At 70.2°C, just above region I, we have spread 87 differ-
a 5% change in the same temperature window. To facilitatent 84222F3] films of various thicknesses, ranging from 2 to
further discussions, we will use regions | and Il to denote247 layers, and acquired and A. Figure 3 shows thal
these two different temperature windows abdygeseparated versusA plot as solid diamonds. The fact thhl in free-
by T, as indicated in Fig. 1. standing films is quantized enables us to use tRel4natrix
Employing null-transmission ellipsometNTE) [9,10], method to simulate all the data by choosing proper values of
we have measured two ellipsometry parametérand A d, N, nj, andn, . The simulated results shown as circles yield
under various conditions, i.e., film thickne@éis number of n,=1.401+0.001,n=1.467+0.001, andi=3.77+0.04 nm.
layery, temperature, strength, or orientatim of the ap-  Within our experimental resolution, the values afdeter-
plied E field. HereA is the phase lag between tifgeand$S  mined from x-ray diffraction and NTE are in very good
components of the light incident upon the sample necessaggreement. Similar measurements were conducted at 85°C, a
to produce linearly polarized transmitted light after the free-few degrees below the isotropic—Shiransition temperature
standing film. The second parametéris the angle of the and yieldedn, =1.395+0.001 which is only slightly smaller
polarization of the transmitted light. Figure 2 displayser-  than the one obtained at 70.2°C. To date, employing NTE,
sus temperature obtained from a 35-layer film under two difwe have conducted detailed optical investigations of 12
ferent E-field orientations(a=90°, Ag; and 270°,A,;9), liquid-crystal compounds showing conventional @mbe-
which are perpendicular to the incident plane of the lasehavior. Their average and standard deviation of two indices
light. In region |, Agq is different fromA,;, This indicates of refraction are n,=n,=1.477+0.008 and n=n,
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FIG. 4. Temperature dependence of heat capacity from
A(deg) 84272F3] sample. The data are acquired from the first cooling run.

_ The dashed line shows the background contribution to the heat
FIG. 3. ¥ vs A obtained at 70.2°C from 87 films of 842F3] capacity.

compound(diamond$ along with fitted resultgopen circles

i ture can be detected nedy. A significant feature is that the
=1.617+0.031 Thein, values range from 1.452 to 1.497. If 3nomaly accompanying the transition is almost symmetric
the diffuse-cone picture still held in the temperature region llgpove and belowl.. A nonadiabatic scanningNAS) mode
for 84272F3], we would have obtained a valueof(within - measuremenftL2] has also been made, which revealed a la-
the layer plangthat is larger thamy(determined in the mo-  tent heat at this transition, indicating that the transition is first
lecular frame. To the contrary, our acquired valueof for  order[13]. In accordance with this, an anomalous increase in
84272F3 is much smaller than the, values of conven-  the phase of the sample temperature response was observed
tional SmA compounds. Once the surface-induced tilt layery the ac mode measurement. Based on the following obser-
set in within the region I, the films become biaxial and theyations, the first-order nature of the transition is very weak.
above mentioned measurement technique is not applicablerjyst a significant pretransitional anomaly exists. Second,
_ The small value oh, may be due to 8472F3] possess- the latent heat observed in the NAS mode is small, being
ing one relatively long fluo-alkyl tail. In light of this obser- apout 10 mJ/g, although this estimation is not so accurate
vation, we have carried out S|m|Iar_measurements on anothgfe to the existence of a pretransitional anomaly showing
liquid-crystal compound, FPP, which has a long fluo-alkyl gjmost divergent behavior. Third, the width of two-phase co-
tail. Our measurements yielded =n,=1.413+0.001 which  eyistence region observed in the ac mode is narrow, only
is again larger than that for 84ZF3]. The molecular struc- gpout 16 mK.
ture of FPP is given in Fig. 1 also. . The data of excess heat capadlly obtained by subtract-

Based on our x-ray and NTE results and the publishegnq C, (backgroungl from C, have been analyzed with the

results from electroclinic measuremeii@, we propose the  fo|lowing renormalization-group expressi¢n4]:
following scenario for the molecular packing in the $m-

phase of 8422F3]. While in temperature region |, the de ACp:(Ai/a)|t|‘“(1+D§|t|§+ D3[t]) + B. (1)
Vries SmA picture may be applicable, the conventional
Sm-A arrangement prevails in temperature region Il. ThereHeret=(T-T.)/T. and the superscript + denote above and
exists crossover behavior characterizing a change in molectelow T.. Because the first-order nature of the transition is
lar packing neaff;. very weak, the use of Eq1) for the analysis of the present
To further examine the STA—Sm-<C” transition in this data is justified as a starting trial function. The exponent
compound, heat capacity, has been measured with a high- was adjusted freely in the least-squares fitting procedure.
resolution ultralow frequency ac calorimetdrd]. Hermeti-  The correction-to-scaling exponedtis dependent on the
cally sealed gold cells that contained about 10-20 mg ofiniversality class, but has a theoretical value close to 0.5
liquid-crystal sample were used. The temperature scan ratd4], and therefore was fixed at 0.5 here. The result of the
was about 0.03 K/h in the transition region. No detectablditting is shown in Table I. Fits were made to the data over
drift in the SmA—Sm<C" transition temperature was ob- several ranges, and the maximum valugtjofised in the fit,
served, indicating the stability and high quality of the denoted agt|yay is shown in the table. Fdt|;.,=0.001 and
sample. After subtracting sample cell contributions, a typicaP.003, we seéa) the value is close to the tricritical value
temperature dependence of t8g data is shown in Fig. 4. 0.5 and(b) the D7 values are unusually large. The former
The dashed line in the figure shows the background heatoint (a) is reasonable because the transition is very
capacityC,, (backgroung, determined as a quadratic func- weakly first order and therefore close to a tricritical point
tion of the temperature which joins the measured heat capathat corresponds to a border between second- and first-
ity data smoothly at temperatures away frdgon both sides order transitions. The latter poirib) is partly related to
of the transition. In the vicinity off, the heat capacity dis- (a), and also to the first-order nature of the transition.
plays a large lambda-shape anomaly while no thermal signgBince the transition is first order, the critical constant term
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TABLE |. Least-squares values of the adjustable parameters foBoth x-ray diffraction and ellipsometry results indicate the
fitting AC, with Eq. (1). In the fits shown here; has been fixed at  existence of crossover behavior ndarfrom a conventional
0.5, andD3 have been fixed at zero. The units are 4K* for A*  Sm-A molecular packing to a de Vries Sone. NearT,,
andB, and K for T, the sample does not show any thermal signature under our
high-resolution calorimetric studies. Meanwhile, our calori-
lthnax ~ Te a 10°A* AT/A* D; D; B, x>  metric results reveal that the SA-Sm<C’ transition is
weakly first order. According to their electro-optical investi-
0.001 339.103 0.54 195 19.60 1304 55 -0.025 1.00gations, the de Vries compound reported by Cltrkl. has a
0.003 339.104 0.52 0.84 51.5 11210 205 -0.170 1.11first-order SmA—SmC" transition[5].

0.01 339.083 0.32 13.2 8.83 -267 -42 0.067 1.74
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