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Velocity of an electric-field-induced synclinic solitary wave invading the anticlinic
liquid crystal phase
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The electric-field dependence of the velocity of synclinic fingers invading the anticlinic phase is determined
by a time-of-flight technique. The time delay for a rapid increase in the transmitted optical intensity through the
sample is measured between two points as a function of their separation along the trajectory of the solitary
wave. The data are quantitatively consistent with the rapid velocities deduced from a previous measurement
[Lig. Cryst.27, 249(2000], demonstrating that the previous data were not affected by multiple nucleation sites
occurring at higher fields.
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In both the chiral anticlinic (also known as the linear inE, only for smallE,. For E,=0.05, however, they
smectic€%) and synclinic(also known as the smect{e?*) found that the velocity increases much more rapidly than
liquid crystalline phases the director tilts by a polar angle linearly in E,. The data analysis in Reff8] was predicated
with respect to the smectic layer nornjal-4]. In the chiral on the assumption that the image of the solitary wave

synclinic phase the azimuthal orientation of thelirector—  traverses the slit by entering at one end of the slit and leaving

the ¢ director is the projection of the nematic directointo at_ the other, and thqt no other nucleathn site s prgs_ent
: . . within or near the region imaged by the slit. However, it is
the smectic layer plane—is nearly the same in every layer

. . entirely possible that additional nucleation sites occur at
except for a very small layer-to-layer rotatidnp associated higher fields, with a concommitant growth of the overall syn-
with the long, chiral-induced, helical pitdi]. Similarly, the 9 ’ 9 y

= o : clinic region bymultiple solitary waves. In such a case the
layer polarizatiorP, which is perpendicular to the molecular 5qgitional synclinic nucleation sites would result in an image
tilt plane, varies by the same small amouk& from one

e of synclinic regions filling the entire length of the slit in a
layer to the next. In the anticlinic phase, on the other hand . . —
. ) ) N - _ tonsiderably shorter time periadthan would have occurred
the azimuthal orientations af and P change by approxi-

- . < had there been only a single solitary wave traversing the slit,
mately 7 in adjacent layers2,5]. If a sufficiently large elec-  yharepy incorrectly suggesting an anomalously large solitary
tric field is applied parallel to the smectic layer plane in the

ticlinic ph thereb ling to the | larizati wave velocity. To circumvent this potential artifact we report
antichinic phase, thereby coupling 1o the fayer polanzation,, , agits that utilize a “time-of-flight” approach. An en-

regions of synclinic phase nucleate and propagate into th%rged image of the liquid crystal cell is probed by a pair of
anticlinic phase as solitary waves parallel to the smectic lay-

ers [6]. The width of the synclinic fingers is typically matched detectors connected to optical fibers whose centers

1-10 wm, which depends upon the liquid crystal and cell@re separated by a virtual distancéi.e., the separation in

preparation, and the velocity of the solitary waves is a stronéhe_ liquid crystal celalong the_ smectlc layer. 3“9'0'6” ap_pll—
function of the applied field6]. In a simple model that in- cation of a dc reduced electric fiefl >0 results in a soli-
volves elasticity, coupling between the polarization and ap{ay wave, the image of which is sensed first by one detector,
plied field, and layer-layer interactions that stabilize the syn@nd then a timeit later by the downstream detector. This is
clinic phase, Wang and Tayl$7] and Liet al. predicted6] @ single-shot measurement. The velocity of the solitary wave
that the propagation velocity is proportional to the reduced s taken as the reciprocal of the slopedf vs x for a given

field E,, whereE,=(E—E,)/E and where the threshold applied fieldE. Thus,if additional synclinic nucleation sites
field E,, for the onset of solitary waves is given Wy,  were induced at higher fielddt would begin to decrease at
=2U/P. HereU corresponds to the strength of the anticlinic larger x as the solitary waves emanating from the spurious
interactions. Zhangt al. optically measured@ vs E, by not-  nucleation sites would reach the second detector before the
ing that, when the cell is placed between appropriately oriinitial solitary wave could reach that detector. In effect, the
ented crossed polarizers and illuminated, the image of theignals at the two detectors would become uncorrelated, each
anticlinic regions is dark and that of the synclinic regions isrelated to the location of the two closest nucleation sites.
light [8]. They imaged a cell onto a fast photodiode detectorrhuys, detailed results from such a measurement would allow
masked by a long slit of length and approximately one ys to evaluate the validity of the results of the slit experiment
finger in width, and measured the rise timeof the optical [8], i.e., whether the data represent a single or multiple soli-
intensity (averaged over hundreds of pulses the image of tary waves traversing the slit. Our central result from the
the field-induced solitary wave traversed the slit. By associtime-of-flight measurement is that is not only approxi-
ating the quantitylL/7 with the velocityv of the solitary  mately linear inx, indicating the absence of additional nucle-
wave, they extracted vs E,, findingv to be approximately ation sites and thus validating the method of Zhabgl, but
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FIG. 1. Experimental apparatus. Smectic layers lie inhe -
plane. The image of liquid crystal is enlarged by factor of 35 at the 00 &
two optical fibers F1 and F2, placed behind the anlyaeq. r

that the measured velocities are quantitatively consisten
with those of Ref[8] as well.

A pair of indium-tin-oxide-coated glass slides was first k|G, 2. Typical trace of the two optical signals, separated by a

cleaned and then spin-coated with the polyimide RN126Gime At=0.60 ms. With a virtual fiber separatigin the cel) x
(Nissan Chemical Ltd. The slides were then baked and = (2980 um/35=85 um, we deduce a velocity~14.2 cm s™.

rubbed unidirectionally with a cotton cloth using a dedicated
rubbing machine to facilitate planar alignment of the liquid observed. This was due in part to an unwinding of the helical
crystal. The slides were placed together, separated by a patructure and a concommitant field-induced optic-mode-like
of Mylar spacers of nominal thicknessibn, and cemented. distortion. ForE, >0 a sharp rise in intensity was observed
The cell was placed into a temperature-controlledat the first detector, followed by a similar rise occuring a
oven and filled with the liquid crystal TFMHPOBC time At later at the second detector. Figure 2 shows an ex-
[4-(1-trifluoromethylhexyloxycarbony!l phenyl 4-  ample of the two traces with the two fiber casings abutting
octyloxybiphenyl-4-carboxylafein the isotropic phase. The each other, i.e., corresponding to a virtual distance in the cell
cell was slowly cooled through the smec#ic-nto the of x=85 um, its minimum possible value. It is clear from
smecticCx (i.e., the anticlini¢ phase to ensure a well Fig. 2 that the rise times of the two detector signals are
aligned sample. identical, and that> At, the temporal separation of the op-
The cell was mounted on an optical table with the rubbingtical signals at the two fibers. However, if a single solitary
direction parallel to the axis. The sample was illuminated wave had a width greater than l4n and its image were to
by light from an Ar-ion laser at wavelength 488 nm and completely fill the two optical fibers, the rise timealways
polarized along the axis (Fig. 1). A lens of focal lengthf must be less than or equal (@4 «m/85 um) At=0.16At.
=2.5 cm was placed after the sample a distance slightliWhen the fiber casings abut each othe+0.16At; for any
larger than its focal length, creating a real image of the illu-larger fiber separation, the rise time<0.16At. As is obvi-
minated spot that was magnified by a factor of 35 at theous from Fig. 2, however, this is not the case,rasAt. To
analyzer. Two multimode optical fibers, each of diameterunderstand the observed behavior we note that the finger
500 um and surrounded by a protective sheath of thicknessvidths are narrow, of order 1—-2.m, and thus many finger
1.24 mm, were placed immediately behind the analyzer, suctvidths are needed to fill the diameter of the optical fiber.
that one fiber was mounted to a fixed post and the othePolarizing optical microscope observations at slower veloci-
mounted to a precision translation stage. The vertical posities reveal that the many fingers nucleate at slightly different
tions of the fibers were carefully adjusted so that both fibergositions in the cell, not only along the smectic layer normal,
were at the same positian) in this way both fibers sampled but along the cell normal as well. Once nucleated, they travel
the same fingers propagating along %exis. Note that each together with the same velocity, with each solitary wave
optical fiber sampled a diameter in real space of 50®, front at a slightly different position along the propagation
corresponding to a virtual distance of (500/3p)m~14 um  direction. From the data in Ref. 2 we conclude that the mea-
in the liquid crystal cell. Light from the fibers was fed into a sured rise timer from each detector is washed out when the
pair of matched photodetectors that had rise times of a fewmage of agroup of manysolitary waves is sensed. At a time
tens of us. The output signals from the two detectors wereAt later the second detector senses the same group, with the
then fed into a fast digital storage oscilloscope. same relative shifamong the fingers. Thus, even a slow rise
A positive voltage pulseV/ at frequencyf=1 Hz and time 7 does not affect our ability to measure the time-of-
duration 200 ms was applied to the liquid crystal cell; aflight At. Finally, for completeness we note that the contri-
portion of this voltage also was used as a trigger for thebution to 7 from modal dispersion in the fiber is negligible,
oscilloscope. The 800 ms duration of zero voltage betweeand is well within the scatter from the detector response
pulses was sufficient to allow the liquid crystal to fully relax time.
back to a uniform anticlinic texture between pulses. Epr Data were collected at two temperatures, viZ,
<0, corresponding t&E<E;,, a small optical signal was =111°C andl'=113°C. Figure 3 showAt vsx for several
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FIG. 3. Time-of-flightAt vs virtual fiber separatiorfor several FIG. 4. Velocityy as a function of, obtained from a linear fit

values of reduced fiel&, at T=113°C: the symbol key is shown. ©f the data in Fig. 3M corresponds tor=111°C and® to T
=113 °C. Inset: Data from slit measurement of Réf| taken at

different applied fields at temperatufe=113 °C. Each set T=113°C.

of data is approximately linear i, and was fitted to a

straight line. The reciprocal of the slope corresponds to th&arlier reports of the rapid increase of solitary wave velocity
velocity v of the solitary wave for reduced fielH, . It is as a function of reduced field. Spurious nucleation sites,
important to note that no systematic decrease in slope wafey were present, would exhibit a clear signature inAtie
observed at higher fields, indicating the absence of spuriougs x. The absence of such a signature therefore lays to rest
synclinic nucleation sites at higher fields. Occasionally athe concern that the open slit measurements of [B¢fwere
slight increase of slope was sometimes observed at lowartifactual owing to extra nucleation sites induced at higher
field. This likely was due to the solitary wave crossing a linefields. Unfortunately, this experiment cannot address the
associated with a focal conic defect. The velocitys Eis  question of why the velocity is so highly nonlinear & .

plotted in Fig. 4 for data obtained at the two temperaturesrurther experiments to explore this issue are being planned.
Despite the experimental uncertainty, the velocities clearly

increase more rapidly than linearly wit, . Moreover, data The authors are indebted to Bing Wen and Philp L. Taylor
for v vs E, are in good quantitative agreement with the openfor useful conversations. This work was supported by the
slit results of Ref[8], which are shown in the inset. National Science Foundation Solid State Chemistry Program

The results of this time-of-flight experiment corroborate under Grant No. DMR-9982020.
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