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Experimental test of the Warren-Langer model in nematic-isotropic planar interfaces

O. A. Gomes, N. B. Viana, J. M. A. Figueiredo, and O. N. Mesquita
Departamento de Bica, ICEX, Universidade Federal de Minas Gerais, Caixa Postal 702, Belo Horizonte, CEP 30123-970, MG, Brazil
(Received 17 November 1998

In a directional solidification apparatus, the recoil of the nonsteady planar nematic-isotropic interface of the
liquid crystal 8CB doped with hexachloroethane was measured, for different pulling velocities. Results agree
very well with the predictions of our two-sided extension of Warren and Langer’s one-sided [Rbgisl Rev.

E 47, 2702(1993], therefore supporting the validity of their ansatz about the evolution of the dopant concen-
tration field. From the comparison between experiment and theory we obtain values for the segregation and
diffusion coefficients of hexachloroethane in 8CB comparable to those found in the literature and measured by
other methods. Using the same procedure, we measured the value of the segregation coefficient of 8CB doped
with water as a function of applied sinusoidal electric field perpendicular to the sample, along the homeotropic
direction. The segregation coefficient increases with electric field. In addition, preliminary results on the
cellular instability in this system show that the capillary length of the pattern also increases with electric field.
To our knowledge, this is the first binary system with continuously tunable segregation coefficient and capil-
lary length.[S1063-651X99)01905-4

PACS numbe(s): 61.30.Gd, 81.30.Fb, 05.70.Ln

I. INTRODUCTION because of the coupling between thermal and concentration
fields, the cellular instability can occur well before the con-
During directional solidification of alloys morphological centration field and interface reach the steady state. Warren
instabilities can occur. The initial planar crystal-melt inter-and Langer2] performed a stability analysis of this non-
face can become cellular and dendritic. The linear analysis adteady interface. To do that they had to determine the evolu-
this instability was first performed by Mullins and Sekerka tion of the concentration field and the interface position. This
[1]. Even though this first analysis was performed 35 yearsersion of the Stefan problem does not have an analytical
ago and a considerable amount of work, both experimentadolution. They proposed an ansatz to obtain an approximate
and theoretical, has been done in this field since then, themnalytical solution for the evolution of the concentration field
are still unanswered questions. Most of the theoretical analyand recoil of the interface. The validity of their ansatz was
sis carried out, including the one by Mullins and Sekerkachecked by Carolet al.[4] who numerically solved the dif-
assumed that the dopant-concentration field in the alloy atfusion equations with a moving boundary appropriate to this
tains its dynamic steady-state first, and that only then doegroblem. Caroliet al. concluded that the Warren-Langer an-
the cellular instability set in. Neither linear nor weakly non- satz, to be described below, is accurate enough for most ex-
linear perturbation analyses of such a steady state are able perimentally attainable situations. With their nonsteady per-
accurately predict the experimentally measured final waveturbation analysis and without further mode selection
length of the resulting patter2]. assumptions, Warren and Langer were able to predict the
Following the original work of Hunt and Jacks¢8], ex-  wavelength of the resulting dendritic pattern in the experi-
periments on directional solidification are in general per-ments of Trivedi and Somboons(ik].
formed with gquasi-two-dimensional samples between glass A direct experimental test of the predictions of the
slides, in contact with two ovens: one at a temperature abov@/arren-Langer model was recently performed by Losert,
and the other at a temperature below the melting temperashi, and Cumming6], for directional solidification of succi-
ture. These temperatures define the temperature gradiemipnitrile doped with the laser dye Coumarin 152. They found
which is a control parameter of the experiment, and are chogood agreement between their experimental data and the pre-
sen to place the equilibrium crystal-melt interface in thedictions of the Warren-Langer analysis for the evolution of
middle of the cell. The crystal-melt interface is observedthe impurity concentration field, and for the linear growth
under a microscope connected to a video-recording systemsoefficient of the cellular instability. It was more difficult to
Suppose that initially the crystal is at rest, and that at timeaest if the recoil of a planar interface as a function of time
t=0 one starts to pull the sample towards the cold ovenfollowed the Warren-Langer model consistently, because the
with a pulling velocityV,. The crystal forms, and impurities interface, for binary mixtures with low segregation coeffi-
segregate at the crystal-melt interface. The concentratiodients, takes a very long time to achieve the steady state. In
field is coupled to the temperature field, since the meltingaddition, solute trapping at the walls was a problem.
temperature varies with impurity concentration at the inter- It has been shown that cellular instabilities of nematic-
face: the more impurities are segregated, the lower the meltsotropic interfaces of liquid crystals are very similar to in-
ing temperature. There is a recoil of the interface in the labostabilities in standard crystal-melt interfaces during direc-
ratory frame of reference, as the interface accelerates frortional solidification [7—10. Experiments with nematic-
zero velocity up to the steady-state pulling velociy . isotropic interfaces allow the investigation of a range of
Since the time to achieve the steady state can be very longarameters hardly accessible in standard crystal-melt inter-
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faces. In addition, the time scales associated with motion anathereCy (z,t) is the time-dependent concentration field of
instabilities of nematic-isotropic interfaces are smaller thareach phase. There are several conditions which must be sat-
those for crystal-melt interfaces, such that during an experiisfied at the interface: local phase equilibrium

mental run we can have a complete evolution of interface

positions and instabilities. Cn(Zo,t) =kCy(zp,1), (©)]

The main aim of this article is to check the predictions of. . . .
the Warren-Langer analysis for the evolution of planar imer_lnterface temperature shift by impurity
faces. Since the or.|g|nal Warren—Langgr analyss was pro- T(z0)=Tn—MGC(2o,1), (4)
posed for the one-sided model of solidification, where diffu-
sion of impurities in the solid is neglected, in Sec. Il we and mass conservation
formulate a two-sided version, which is appropriate for

nematic-isotropic interfaces, since in this case impurity dif- _ &_C, dCy _ B
fusion can occur in both phases. In Sec. Il we describe our D, 9z 2,7 D iz |, =Vo(1-K)Ci(20.1), (5
experimental method and in Sec. IV we compare the theory 0

with our experimental results. o wherez, is the interface position in the laboratory frarkés
In addition, we use the method developed in this paper tne segregation coefficiemy is the liquidus slope, ant, is

measure the change in the segregation coefficient when elegse yelocity of the interface in the frame of reference that is
tric field is applied to our liquid crystal sample. The use offiyaq in the solidifying material, that is

electric field to continuously change parameters of liquid

crystal binary mixtures can open new possibilities to the Vo(t)=Vp+io(t). (6)
study of morphological instabilities in this system.

In principle, we must solve the system of Eq®)—(6) for
fixed V>0 and initial conditions appropriate to the station-

Il. TWO-SIDED EXTENSION ary interface aV,=0. That is,

OF WARREN-LANGER MODEL

The original Warren-Langer analysis was proposed for Ci(z0)=C., z=24(0),
the one-sided model of solidification, where diffusion of im- Cn(2,0)=KC
purities in the solid is neglected. This is a good approxima- NS -

tion for solid-liquid interfaces. Below we extend it to the  \we know of no exact analytic solution of this version of
two-sided model of solidification, which is appropriate for the Stefan problem. Note that in the steady state the concen-

nematic-isotropic interfaces, since in this case impurity dif-tration profile of the flat interface moving at the pulling
fusion can occur in both phases. We shall only treat thespeed is

evolution of a flat interface and concomitant buildup of im-
purities ahead of it.

We start by defining our notation and specifying the vari- Cip(2)=Cut
ous approximations to be used in our analysis. We assume
that a two-dimensional description is sufficient. Every point Cnp(2)=C.., z<z./kK (8)
is assumed to be in local thermodynamic equilibrium and
kinetic processes at the interface are neglected. We assuméerez,, is the position of the interface a&0
that hydrodynamic motion can be neglec{&] so that all
transport of solute is diffusive. We further assume that the mC.,

z<z,(0). @)

Coc
__Coc

” e72(zfzx/k)/l|p, Z?Zm/k,

temperature field is imposed by the experimenter, and that Zo=" G ©)
the release of latent heat may be ignored, which is a very
good assumption for the weakly first-order nematic-isotropicand the diffusion lengthy, is
phase transition. Then the temperature throughout the system
is determined by the applied temperature gradiéntWe _&

. . |p_ . (10)
define our coordinate system so that Vo

Following Warren and Langer, with E¢8) in mind, we

T=TntGz @ propose an ansatz for the non-steady-state concentration pro-
file, that is,
wherez represents the displacement parallel to the direction B “2(z- )l
of motion in a frame moving at the pulling spe¥g with Ci(z)=C+[Ci(z0,1) ~Cs.]e L =201,

respect to the solidifying material. The temperatiig is
the transition temperature of the pure material.

With these assumptions, the impurity-concentration field
obeys a diffusion equation in each phase:

Cn(zt)=k{C..+[C|(z9,1)— C,]e2Z /N z<z(1),
(13)

wherel, and |y are isotropic and nematic time-dependent
diffusion lengths, respectively. Using the ans&td) and

) Egs.(2)—(7) we derive equations of motion fa,, |,, and
In:

9*Cy| dCn, dCy|
N.I 2 +Vp = y
Yoz 0z ot
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FIG. 1. Trajectory in(a@ the (Azl,) plane and(b) in the
(Az1ly) plane, for the double-sided model fof,=4.0 um/s and
G=3.0 K/cm. Az is the interface positiorl, andly are the diffu-
sion lengths in each phase. Parameters Bye 40 um?/s, Dy
=20 pum?/s, C,=1% molar, anck=0.93.
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A numerical solution is shown in Fig(d) and Xb) in the
form of trajectories in thé\z, |; andAz, |, planes, where

Az(t)=2z,—2zy(1) (13

is the quantity measured in our experiments. To start the
numeric computation we use a smallsolution for these
equations of motion given by

8D|t 1/2
"l

8Dt

12
|N=<T) : (14)

Vo 2(\D,+ JD_N)tg,2
V3|2 (1K) '

With this procedure we avoid numerical problemgat.

Our ansatz consistently sastifies the initial conditions and
leads the system to the correct steady-state, given by8Eg.
since from the dynamics we obtaih(t=c)=I,,, I\(t
=w)=0 andzy(t=«)=z,/k. As shown in Figs. (a8 and
1(b) Az(t), I,(t), andly(t) present an oscillatory behavior.
Such a behavior has not been observed experimentally, pre-
sumably because before it happens, the interface has under-
gone a cellular instability.

At t—o the interface achieves the steady-state and its
position remains constant:

Zp=2Z,—Vpt+

A zx_mcw(l—k) 1
S (15

The steady-state positiahzg is independent of pulling ve-
locity. It depends only on concentration of impuri®y, , the
segregation coefficienk, and the temperature gradieGt
Later, we will use this result to check our experimental
method.

For a comparison of the main differences between our
two-sided version and the one-sided Warren-Langer model,
in Fig. 2 we show a plot oAz as a function of time using
both the two-sided and one-sided versio@asis the result of
the two-sided version with parametebs=40 um?/s, Dy
=20 um?/s, C.,=1% molar, anck=0.93;(b) is the result
of the one-sided version for paramet@s=40 um?/s, C..
=1% molar andk=0.93; (c) is an attempt to fit the two-
sided results using the one-sided model. This fit can be made
for a limited time interval and gives as a result the param-
etersD=85 um?/s, C.,=1% molar, anck=0.93. In this
limited time interval the main difference between the one-
sided and the two-sided versions is the value for the impurity
diffusion coefficient. We will see that in our experiments on
the nematic-isotropic interface, attempts to fit the data with
the one-sided version gives unacceptably high values for the
impurity diffusion coefficient.

IIl. EXPERIMENTAL METHOD

Most experimental studies on directional solidification of
thin samples are based on the original microscopy experi-
ment by Hunt and Jacksd8]. Recent improvements are due
to the use of digital-videoimaging techniques. By using an
optical microscope with a CCD camera connected to a com-
puter equipped with a frame grabber, we can observe and
record the evolution of nematic-isotropic interfaces.
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T T T box with glass windows for illumination and observation.

| The nematic-isotropic transition temperaturg, for pure
8CB is 40.5°C[12]. The temperatur& - of the colder alu-
minum block is kept belovil'y, by using a circulating water
bath (Lauda model RCS-20D while the temperatur&,, of

the hotter aluminum block is kept higher thag, with the

use of a Tronac PTC-41 temperature controller. The labora-
tory temperature is kept at 201 °C. Our oven is thermally
insulated from the environment. Typically, rapid temperature
fluctuations in the ovens are of the order of0.01 °C.
These fluctuations are integrated out and have no effect on
the thermal stability of the interface. However, slow tem-
perature drifts can cause undesirable interface motions, mak-
ing reliable comparison with theory impossible. Such drifts
have to be kept as small as possible. Typical slow tempera-
ture drifts are of the order of 0.02 °C/h. Such temperature
drifts impose an upper limit on the experimental observation
time (sec) time to about 1 to 2 h, depending on the sample. This in turn
imposes a lower limit on the growth velocities that can be
parison between double and one-sided modglsjs the double- sztsaetg’iss’lgffhéhgrg:?;%(;t\%isgg ::Te]stig)r:e?jcizlesvégg J_h?mSSS?dy

sided model with D;=40 um?s, Dy=20 um?s, C, " ! e - ;
—19% molar, anck=0.93: (b) is the result for the one-sided model rities with smaller diffusion coefficient® are more suitable

using the same paramete® €D,); (c) is the one-sided fitting to in this case. For the experlments_ of SCB. doped with
the double-sided values, resulting the paramefers8s um?s, hexachloroethane the smallest pulling velocity used was
C.=1% molar, anck=0.93. equal to 0.11um/s.

Az(pmy)

0 1 1 1 Loov v ] | 1

0 1000 2000 3000 4000 5000 6000 7000

FIG. 2. Interface position as a function of time, showing a com-

A. Sample preparation C. Temperature profile along the sample

B A temperature gradient is established along the sample
gue to the difference in temperature between the two alumi-
num blocks. If one considers heat transport along zlu-

Our samples are prepared with the liquid crystal 8C
(4-n-octylcyanobiphenyl), sandwiched between glass slide

with mylar spacers of typically 3.5um. The faces of the Orection of the sample only, with the sample at rest in the

lass slides in contact with the liquid crystal are covere .
g q y oven, the temperature gradient should®g=(T4—T¢)/I,

with a thin film of silane to guarantee a homeotropic con- herel =1 1 is th tion bet the blocks. Si
figuration for the nematic phase. In the homeotropic configu¥/"'€'€ = -.1 CM IS (N€ Separation between the bIocks. since

ration the director of the nematic phase is normal to théhere_ Is also some heat transport normal to the sample, static
surfaces of the glass slidg] gradients measured at the middle of the furnace are around

Samples are prepared in a anaerobic chamber, first evacﬁp% ofGy. Tem'per:.:\ture profiles for different pulling veIoc;i-
ated and then pressurized with pure argon. We prepared djes are ShﬁWf? ;]n F'%‘ 3. Theselwerr]e gerrl]erateﬁl by runnllr_}? a
multaneously a sample with pure 8CB and another with gcelummy cell with a thermocouple throughout the oven. The

doped with 1.1% molar of hexachloroethangdG,. The pure measured temperature gradients vary from 9.0 K/cmVipr

sample is important to assess the initial concentration of im-:_0 to 8.0 Kfcm foer:.E’l“m/S; the temperaiure at the
iddle of the furnace varied by around 0.8 K when the pull-

purities. For a temperature gradient of 9 K/cm the pure,m )
sample did not undergo a cellular instability even at our'"d Velocity was changed fromd, =0 to V,=51 um/s.
maximum pulling speed of 10:m/s, while the doped one I_n previous experiments on Q|rectlonz_s\l_ sol_|d|f|cat|on the
became unstable for a pulling speed around AS/s. variation of temperature at a given position in the furnace
Therefore, one can be sure thaGl is the major impurity was not an important issue as the main interest was on the

in our binary system and that other impurities have no effec{evolution of the instability after the interface had reached an
on the evolution of the interface essentially steady state. In this case, the value of the tempera-

We also use glass slides covered with transparent eledure gradient is important. In the present work, stationarity of

trodes of tin oxide produced by CT11] in order to apply an the temperature field(z) is a crucial issue since we are

electric field to the sample. These slides are silane coated {q}lerestgd in the IQ|spIacement of thde |n'Ferface caused by 'the
induce homeotropic orientation. change in its melting temperature, due in turn to segregation

of impurities in a fixed, imposed temperature profile. If the
temperature profile changes as we pull the sample, we cannot
attribute the recoil of the interface to impurity effects alone.
Our oven consists of a pair of aluminum blocks (7 cmThis “thermal effect” imposes restrictions on the maximum

X4 cmx4 cm) separated by a piece of BK7 glddsl cm  pulling speed that we can use. A more sensitive way to mea-
X 4 cm X 4 cm). The sample is pressed against the blockssure this effect consists of waiting for the interface position
in a controlled way with a cover glass with foam pieces. Thisto achieve the steady state for a given pulling velocity, and
assures good thermal contact and a smooth sliding of th#hen changing this velocity. From the analysis developed in
sample. The whole system is tightly enclosed in an insulatingec. 1l, the steady-state interface positiagxz§) should not

B. Temperature stability
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48 — T T T ] pulling velocity, for a temperature gradient of 13.6 K/cm.

[ ] The data points are well fit by a straight line with slope of
] 15.6 s, indicating that this is a characteristic time for heat
] conduction through the sample. If we assume that the main
heat transport from the ovens throughout the sample is ver-
tical, the value for the heat diffusion coefficient of the glass
D=5x10"2 cn¥/s, and 15.6 s for the characteristic time,
. we obtain 4 mm for the total thickness of the sample. This is
twice the actual value, indicating that the complete heat
transport problem is more involved. The measurements of
Fig. 4 are therefore important to determine the displacement
of the interface due to this thermal effect. We choose the
maximum working pulling velocity by requiring that the
thermal effect cannot displace the interface more than 5% of
] the steady-state value for a particular sample. As an example,
] for a sample of 8CB doped with 1.1% molar of hexachloro-
ethane and for a temperature gradient of 9 K/cm, the total

T (°C)

03 - 02 - '_0,1‘ 0 - ‘0_1‘ - ‘0.2‘ ‘ ‘0_3 displacement of the interface is around @0n. If we impose
a maximum interface displacement due to this thermal effect
z (cm) of 4 um, then the maximum pulling velocity should be

around 0.3 um/s. Therefore, from the considerations of the

FIG. 3. Temperature profiles in the sample, for different pulling two last subsections, the optimal pulling velocity range in
velocities. The center of the oven is 220, andG=9.0 K/cm. this case is 0.1y m/s<V,<0.3 um/s
. p<0. .

Profiles were generated by running a dummy cell with a thermo-
couple throughout the oven(@ is for V,=0; (b) is for V,
=2.0 um/s; (¢) is for V,=51.2 um/s; (d) is for V, IV. RESULTS AND DISCUSSION
=104.6 um/s. Profiles vary with pulling velocity. ForV, A. 8CB doped with C,Cl,
<2.0 um/s they are reasonably constant.

In order to test the Warren-Langer model and our two-
depend on the pulling velocifisee Eq(15)]. Any change in sided version of it for the recoil of a planar interface, we use

the steady-state interface position is therefore due a chandePinary mixture of 8CB and 1.1% molar of,Clg. Such a
in the local temperature. Figure 4 shows the displacement inary mixture was chosen because the values for most of its

the steady-state interface positioAzs) as a function of parameters are available in the literat{8¢ The experiment
consists of pulling a sample with this binary mixture through

200 a directional solidification oven. Initially the interface is at
1 rest, and we set this position thbz=0. At t=0 we start to
pull the sample and follow the recoil of the interface as a
function of time. Figure 5 shows a plot of the recoil of the
i 1 interface as a function of time for three different pulling
160 | . velocities. The symbols are the data and continuous lines are
I ] fittings using our two-sided version of the Warren-Langer
model described in Sec. Il. In the fitting procedure we fixed

180 |- a

€ . () the value for the impurity concentration since it is known.
NG I (b) ] The liquidus slope is related to the segregation coefficient
< re0r 1 through the van t'Hoff relation
4 RT2
o ] m= (1K), (16)

where R=8.31 J/molK is the ideal gas constanty,

I ] =313.5 Ks the nematic-isotropic transition temperature for
L — o the pure system,=6.12x 10 J/mol the latent heat of the
nematic-isotropic transition, arklis the segregation coeffi-
cient. Also note that the diffusion coefficient of the impurity
in the isotropic phasel;) is around twice its value in the

FIG. 4. Plot of steady-state interface positiohz() as a func- Nematic phasely) [8]. Therefore, onlk andD, are varied
tion of pulling velocity (V,) for G=13.6 K/cm;(a) is the experi-  during the fitting procedure. In Table | we show the param-
mental points andb) is a data linear fit, wherd Zg=26.9+ 15.6 eters_ obtained from these fittings. If we used t_he one-s_lded
XV, . The steady-state interface position should be independent ofersion of Warren and Langer, we would obtain unrealisti-
pulling velocity [see Eq.(15)]. The change imz is due to the cally large values for the impurity diffusion coefficient. The
temperature profile change in the sample. This represents an undéalues displayed in Table | are consistent with the values
sirable “thermal effect.” obtained by other method8]. Therefore, our two-sided ver-

Vp {(um/s)
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FIG. 5. Measured interface position as a function of time for |G, 6. Experimental values for the segregation coeficieot

G=8.9 K/em and three different pulling velocitieg) is for V,  the liquid crystal 8CB doped with water as a function of applied
=0.32 um/s; (b) is for V,=0.23 um/s; (c) is for V,  glectric fieldE.

=0.11 um/s. Lines are fittings using our double-sided model. Fit-
ting parameters are shown in Table I. 100 Hz, which seemed to give the best response, even
though we have not made a systematic study of the fre-
sion of the Warren-Langer analysis can describe very weljuency dependence of this effect. To avoid damaging of the
the recoil of the nematic-isotropic interface of the sample, the maximum electric field used was 4.2
8CB/C,Clg binary mixture, and gives good quantitative re- x 10° v/m. After applying this maximum electric field the
sults for the segregation and diffusion coefficients Clg  temperature of the sample increases around 0.01 K. It causes
in 8CB. This technique can be used for other binary systems, 10 um displacement of the interface position that comes
to rest around 6 min later. To make sure that we initiate a run
B. Effect of applied electric field with a still interface position we wait for 30 min after we
apply the electric field. Figure 6 shows a plot of the mea-

L . .~ sured segregation coefficient as a function of electric field,
poss_|b|llty Of_ accurately measure the segregation Coeff|C|eq dicating that the segregation coefficient increases with in-
of binary mixtures. One of the interesting features of the

ticoisotronic interf is that the d f order in b tcreasing electric field. We could not use samples doped with
n(ra]ma IC-1S0 r%p'c If? er a((:jetl)s a | e egreelo tqr ?,.r I|r<]j 3vq1exacloroethane because they seemed to deteriorate very fast
phases can be changed by applying an electric leld. Wi, presence of the tin oxide electrodes. Then we used one
expect the segregation coefficient of impurities to be SenSIéample with water absorbed as impurity resulting in a segre-
tive to such a change. ation coefficienk=0.74, in agreement with measurements

S Wet made a ianl"nplte %)é{;ljls]m_?_hglass sl||des”coveredtW|t f Figueiredoet al. obtained from the cellular instabilify9].
nQ, transparent electro - 1NIS sample allows us 1o When we apply an electric field to a nematic liquid crys-

apply electric fields perpendicular to the sample, along thGl’al the order parameter increases in both the nematic and
homeotropic direction. We then study the evolution of theiso’tropiC phases. Lelidisetal. [13,14 considered a

planar nematic-isotropic i_nterface and measure .the S€Ore9 s ndau—de Gennes free energy for a homeotropic configu-
tion coefficient as a function of applied electric field, as de'ration of a nematic liquid crystal with a coupling between

scribed in the previous sections. electric field and order parameter quadratic in the figerr

¢ ITh? sample tlr)icdkness is 3:dﬁl“?- Inltorder Ftoha;void elec- feffecb. They derived the phase diagram of the new phase
rolysis, we applied a sinusoidal voitage with frequency Oly.ansitions as a function of electric field. In particular, a new

hasegthe paranematic ph ears, due to the ordering of
TABLE I. Fitting parameters of the double-sided model for the phase( P phasapp 9

interface position. The value marked with an asterisk was fixed inthe isotropic phase. From this free energy one can obtain an
race p ’ Lo S expression for the transition temperature, indicating that it
the fitting for the lowest velocity, since in this case the steady-state - . S .
o ) 1 increases with increasing electric field. Based on this free
position value was not yet well defined. Note titg{=5D, .

energy, we made a numerical calculation of the nem&ig (

One application of the technique presented above is th

2 and isotropic order parameters as a function of electric
V, (um/s) Dy (um/s) k field, at thgtrzisl’ll)sition teEnperatufEig. 7), which is the tem-
0.11 39.0 0.98 perature of the interface for a pure system. Even though for a
0.23 43.5 0.93 fixed temperature botBy andS, increase with electric field,
0.32 35.7 0.93 at the transition temperature, which depends on the electric
literature[8] 40.0 0.86-0.93 field as well, the difference between the nematic and isotro-

pic order parameters decreases for increasing electric field.
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0.8 L We have the ability of continuously varying important pa-

i - —-sI rameters of the Mullins-Sekerka problem, such as the segre-
0.25 [ — SN gation coefficient, capillary length, and eventually surface
; ] tension anisotropy. This may help to clarify the physical ori-
02l 1 gin of the unusually large capillary length observed in cellu-

[ ] lar instabilities of liquid crystal$9].

V. CONCLUSIONS

01 A We have made careful measurements of the evolution of
y D the recoil of the planar nematic-isotropic interface of the lig-
s uid crystal 8CB doped with £Clg. We extended the one-
e b sided-Warren-Langer model for the recoil of planar inter-
—— c ] faces, to the two-sided model of solidification and showed
; that this model fits our data very well and gives values for
i C the segregation and diffusion coefficients ofGT; in 8CB
R — DU ' - comparable to the ones found in the literature and measured
) ¢ by other methods. In addition, we measured the segregation
E (10°v/m) coefficient as a function of applied electric field of 8CB
doped with water and observed that it increases with increas-
FIG. 7. Nematic &) and isotropic &) order parameters at the ng electric field. A qualitative explanation for this effect is
transition temperature as a function_ of electric fiddin the given in terms of the Kerr effect in nematic liquid crystals.
Landau-de Gennes model witf coupling to the order parameter. prejiminary experiments indicate that the capillary length of
Full line is for Sy and dashed line is o . Ec is the critical o) yjar instabilities in this system also increases with elec-
electric field whereSy=S$, . tric field. As far as we know, this is the first available binary
system where the segregation coefficient and capillary length
At a critical electric field E;) the two phases will have can be continuously varied. This opens up new possibilities
identical order parameter values. Since in this situation therg the study of pattern formation during cellular and dendritic
is no physical distinction between these phases, we then ejnstabilities.
pect that the segregation coefficient of impurities becomes 1.
Qualitatively, the segregation coefficient should be an in- ACKNOWLEDGMENTS
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