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Forces in an inhomogeneously ordered nematic liquid crystal: Stable and metastable states
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Forces on plates separated a few hanometers and immersed in an isotropic liquid crystal are examined within
a continuum approximation. The surface induced partial ordering of a liquid crystal is described using
Landau—de Gennes phenomenological theory. Phase diagrams are presented to show the effect of surface
coupling parameters, distance between the plates, and temperature on the stability and metastability of nematic
and isotropic phases. Special attention is paid to the appearance of metastable phases. For selected examples
we study distance and temperature dependences of the force. Values of surface coupling parameters are chosen
in agreement with the results of recent experiments. For large distances between the plates the force scales with
the second power of the surface coupling parameters and becomes an exponentially decreasing function of
distance characterized with the nematic correlation lerj@h063-651X97)03608-§

PACS numbds): 61.30—v

I. INTRODUCTION phase the most significant effect is the orientational anchor-

ing of molecules at the confining surface. Such enforcing of

Observations of forces in nematic films were performeda preferred surface orientation of molecules leads in any non-
by Horn, Israelachvili, and Per¢2] more than 15 years ago trivial geometry to a spatially dependent director field. Fur-
but later most attention was paid to the electro-optical propyner, the presence of the surface directly and indirectly, via
erties, Orde.””g’ and dynar_nlcs Qf confmeq nematic liquidyeformations in the director field, influences orientational
crystals, while forces on objects immersed in liquid crystalsy, . ations of molecules and thus modifies the degree of

Flave uf{lrj]a”):hbefn Ingt azldeé The ordering n tth'n nema!t'corder and biaxiality. In the surface layer molecules are also
ims within theé Landau—de sennes approximation was In'positionally anchored so that their mobility is reduced

vestigated by Shengz] and Iate_r studied by several others 9-11]. The surface layer at flat substrates promotes the pre-
[3,4]. In a more detailed theoretical study, based on the sa ansitional formation of several smectic laydd®,13. In

the isotropic phase, the most significant effect of the sub-
Qtrate is the induction of the orientational order extending
beyond the surface layer. Since this ordering is weaker than
._in the nematic phase and is also localized to the vicinity of
thterfaces, the effect of deformed director field and smectic
layering is less pronounced. All these ordering effects result
in particular contributions to forces on the substrates.

efforts were devoted to fluctuatiofCasimin forces in the
completely ordered nematic phd€d4. The interest in experi-

tions of Moreauet al. [7] devoted to presmectic phenomena
in lyotropic systems. The recent preliminary results of

Musevic, Slak, and Blind 8] who_used ';he atomic force mi- In our study we focus our attention on the isotropic phase.
qro§cope(AFM) to probe forces In pamally ordered Nemalic 1, e aple to concentrate on the effect of surface induced
I|qU|d crystal above the nematic isotropic phase transition, ;e hiational ordering, we limit our discussion to surfaces
stlmu!ated us to perform a detailed theoretlcql study of force.%\/hich prefer perpendicular orientation of molecules, which
resulting from a nonhomogeneous surface-induced nematjg usually, in the literature, termed homeotropic anchoring. In

otrds_??g. Fartuf:_ulaa mtere?_t IS pg'fj t(t) the_ St?]b'"ty and metayn experiment homeotropic anchoring can be achieved by a
S aTH y (t) C?n mef trr:.ema IC an trl]sofr?lplc.p alsess. " proper preparation of substrates. Further we assume that no
€ structure of this paper Is the following. In Sec. It We g0 i layers are formed in the film. Since the formation of

present a model of our confined nematic liquid crystal. Wesmectic layers depends on the type of liquid crystal, one can

use a Landau—de Gennes phenomenological approach Withcﬁoose pentylcyanobiphengBCB) in which layers are not

surface interaction which adds to the free energy of a bu”?ound in the isotropic phase, instead of 8CB or 12CB, in

liquid crystal a linear and quadratic term in the order paramy, nicn pretransitional smectic layering is often observed

eter. In Sec. lll we present calculations of the order param ; ; - -
. ) S 12,13. Homeotropic anchoring makes the director field per-
eter. We show a phase diagram in which it can be seen hot% 3 P 9 b

th . f stabilit d metastability of th i endicular to the surfaces and therefore the ordering of liquid
€ regions of stabriity and metastabiiity of In€ nématic an crystal can be sufficiently described with a scalar order pa-

isotropic phase depen(_i on the surfac_e coupling parametefsoter. In the case of non-homeotropic anchotpignar or
and temperature. Section IV deals with forces. Calculateq”t d anchoring[14]), the director is spatially dependent,
spatlalland temperature erendences of forces are presenW ich requires the use of a tensor order parami@isr-17.
for various surface coupling parameters. Several experiments indicate that the ordering of molecules
in the surface layer significantly differs from the ordering of
other moleculed§18-20Q. Therefore we expect that forces
Ordering of molecules in a microconfined liquid crystal is between substrates, when the liquid crystal film reduces to
strongly influenced by the vicinity of surfaces. In the nematicthe surface layers, strongly depend on molecular details. To

Il. DESCRIPTION OF THE MODEL
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We use a single elastic constant approximaticorrespond-

// —7/_ d /- ing toL,=0 in[23]) with temperature independent constants
<4 < \—y a, b,c, Ly, andT*.
>_—— \_’t /a s N\y The two plates influence the ordering of the liquid crystal
> 11—, y an interfacial coupling. To describe thiarface coupling
> =t | b terfacial coupling. To describe thsarf |
N —'\/_"_: - =1 ,._\_\ / we add to the bulk free energy density an extra term, char-
//\ _\/::_ A== /A acterized by constants and Q; [24],
— [ ~ S 2
R S — < G(Q—Q4)28(IF—Ry)). )
AN S s
/, i /\/_—/ 1= ;\/ 4 This coupling term tends to equalize the order parameter of
— - — i\ Lo .
PN~ |\ "~} the liquid crystal at the surface of the plates with the pre-
/] N~ ::n =~ — ~— ferred value given byQs. The constants determines how
A d&1= " 7/ strongly the surface induces its preferred ordering.
Pl / — - e order parametd® varies only in the direction per
\ ~ I\ | NN~ pendicular to the platesc], so that the free energy density
NG can be written as
1 1 1 3 [0Q)\?
f=-aATQ’+ s bQ%+ — cQ*+ - L,| —
5 AATQH g bQM 7 QM 5 Laf 5
FIG. 1. A scheme of the model. Two large parallel plates are
immersed in an isotropic liquid crystal. The anchoring of the mol- +G(Q— QoY 8(x)+ 8(x—d)]. 3)
ecules is homeotropic, which makes the director perpendicular to
the plates. Forc€ is perpendicular to the plates as well. Hered is the distance between the plates. When minimizing

the free energy functiond = [f dV the following differen-

guantitatively understand the ordering of molecules at thdial equation and boundary condition are found:

substrates, one should first know in detail molecular interac- 2
! . °Q aAT b (o
tions and then perform a molecular dynamics study. On the ——— Q- =— 0% -—0Q%=0

i i i i i ing i ax* 3L 3L 3L ’
other hand, if one is not interested in details occurring in the X 1 1 1 @)
surface layer, studies of the surface induced ordering in con-
fined liquid crystal§20—22 indicate that a combination of a 9Q
phenomenological continuum approximation and an extra X
surface layer of molecular thickness and constant order gives

a good description of the liquid crystal ordering. The typicalSigns+ and — correspond to<=0 andd, respectively.

thickness of the nematic film in our StUdy will be of the order We use a one dimensional relaxation method to calculate
of 10 nm. Therefore we leave the properties of the surfacgne order parameter.

layer for future discussions and simply consider them as

parts of the substrate. So the thickness of our nematic film,

where we use a continuum approximation, is for two surface

layers smaller than the real intersubstrate distance. Further To get a feeling for the magnitude of the effects in a

we must stress that our analysis is performed within a meamematic liquid crystal, the values of constants, corresponding

field approximation. We expect that fluctuation forces yieldto a typical nematic liquid crystah=0.18x10° J/In? K, b

only a minor correction to mean-field values and can there= —2.3x 10f J/n?, ¢=5.02<10° J/n?, L;=3x10 2 J/m,

fore be left for further considerations. and T* =313.5 K[25] will be used in further calculations.

Our model system consists of two infinite parallel platesCoupling constant®, andG will vary between 0 and 1 and
immersed in an isotropic liquid crystal. A scheme of the1x 1075 and 5<10 % J/n?, respectively. These values are

arrangement is presented in Fig. 1. The anchoring of thén good agreement with the latest experimeig, 21].

liquid crystal molecules on the plates tends to orient the mol-  Within the Landau—de Gennes approach the temperature

ecules perpendicular to the plates. We describe the orderingf the nematic-isotropic phase transitio{) of a bulk

of the liquid crystal by a scalar order paramefeand use @ nematic liquid crystal depends on constaatb,c, and su-

Landau—de Gennes phenomenological approach to detgsercooling temperature of the isotropic phdge and can be

mine its spatial dependence and to calculate the free ener@kpressed agy=T* +2b?%/9ac=T*+1.3 K. The super-

of the system. We determine the force between the plates yeating temperature of the bulk nematic phage+ b%/4ac

differentiating the free energy of the liquid crystal with re- js approximately 0.16 K abov&,,. The transition tempera-

spect to the interplate distance. ture of our confined liquid crystal depends on, in addition to
In a standard way the free energy density of liquid crystalconstantsa,b,c, T*, the surface coupling constar@; and

is expanded in series of order parameeand its derivative G and on distance between the plate. (

VQ [23], Stable and metastable phas@he differential equation
[Eq. (4)] with its boundary condition has in the vicinity of
phase transition temperature two solutions. The solution with

f=a(T-T*)Q%+1bQ%+1cQ*+3L,(VQ)2 (1) Q~0 describes the isotropic phase with partial surface in-

ong 3L QXTOXED)

Ill. CALCULATIONS OF THE ORDER PARAMETER
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FIG. 2. Spatial dependences of the order paraméteior a FIG. 3. Phase diagrams in whi@,, G, and temperature are

liquid crystal between the two plate®, G, andd are equal to 0.3,  Varied. Distance between the platef {s set to 20 nm. Regions of
0.000 11 J/ri and 40 nm, respectivelya) Solutions of the differ- stability and metastability of the nematic and the isotropic phase are
ential equation(4) (for various temperaturgsvhich correspond to  marked in the figure. Symbol¥; andl denote stable nematic and
the nematic phaseb) Solutions of the differential equatidd) (for isotropic phase, respectively, whibé,s and| s denote metastable
various temperaturgsvhich correspond to the isotropic phage. ~ nematic and isotropic phase, respectively.

Free energy of the liquid crystal per unit areg) (for the curves in
(a) and(b). Dots correspond to the values of temperature uséd) in
and (b).

3(a)—3(c)], regions with only one possible state, nematic or
isotropic, and regions with two possible states, one of them
being stable and the other one metastable, can be found in
the Q-G diagram. As temperature is increasing, the regions
duced order while the other solution witQ~0.3 corre-  with two possible states are becoming narrowerTAt Ty,
sponds to the nematic phase. The solution having lower0.29 K the region with stable isotropic and metastable
value of the free energy defines teable phase while the nematic phase disappears. Further increase of temperature
other one corresponds to theetastablghase. At a tempera- for another 0.16 K leads to the disappearance of the region
ture of the phase transition both free energies are equal. with stable nematic and metastable isotropic phase while the
Solutions for the order parameter prof@&x) at different  line of phase transition, which separates nematic and isotro-
temperatures are presented in Fid.(@ nematic phase and pic phase, still exists. In our two parameter presentation of
(b) isotropic phasg The distance between the platsand the phase diagram the critical point, where this line of phase
coupling constant®, andG are taken to be 40 nm, 0.3, and transition ends, appears at values@®far from the interval
1.1x10 4 Jin?, respectively. To discriminate between of our interest. If temperature is raised abdlg+0.64 K
stable and metastable solutions, we present in Fig). the  the line of nematic-isotropic phase transition disappears and
free energy of the liquid crystal per unit area for all curvesonly the isotropic phase exists for all values@f andG. In
shown in Figs. 2a) and Zb). One can see that fof — Ty, a three dimensionald,G, T) phase diagram the phase tran-
<0.11 K the free energy of the nematic phase is lower thasition surface ends with a critical line characterized by
that of the isotropic phase while f@r—Ty,>0.11 K the re- ~const.
verse is true. Both phases have the same value of free energy Surface values of the order paramet@fo show what
for T=Ty,+0.11 K, which therefore yields the temperature values of order parameter correspond to certain points in the
of phase transition for our particular choice of surface couphase diagram the order parameter of the liquid crystal at the
pling parameters. surface of the plates is presented as a function of temperature
Phase diagramConditions for the appearance of stable for Qs=0.3 in Figs. 4a) and 4b) andQ¢=0.1 in Figs. 4c)
and metastable phases depend on temperature, distance bad 4d). Values of the parameteé® vary in the range of
tween the plates, and surface coupling param&erandG. 1x10°° J/mP<G<5x10 * J/n?. Figures 4a) and 4c)
In Fig. 3 the corresponding four dimensional phase space isorrespond to the liquid crystal in the nematic phase while
projected on two dimensional phase diagrams for variou§igs. 4b) and 4d) correspond to the isotropic phase. Notice
values of temperature. The distance between the plates ikat in Fig. 4b) only two curves are drawn. This happens
fixed to 20 nm. because liquid crystal cannot exist in the isotropic phase for
One can see that for temperatures that are close to th@,=0.3, G>1x10 * J/n?, and temperatures that are close
transition temperature of a bulk liquid crystdl, [Figs. to Ty,.
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JE= : 0.1 0.3 0.5
(b) T-T, Kl | T-T,IK]

FIG. 4. The order parameter of the liquid crystal at the surface FIG. 5. The order parameter of the liquid crystal at the surface
of the plates Q) as a function of temperature for different values Of the plates Qo) as a function of temperature for different values
of surface coupling constan@, andG. In (a) Qs is equal to 0.3, of distance between the platésSurface coupling constan@, and
while in (b) Q. is equal to 0.1. Labels 1,2,3 correspond to values ofG are equal to 0.4 and 2x110~* J/n¥, respectively. Dashed lines
G=1x10"%, 2.1x107%4, and 5. 10 % J/in?, respectively. The correspond to the metastable states.
distance between the plates is equal to 20 nm. Dashed lines corre-
spond to the metastable state. systemF by the well known thermodynamic relatiohA

=AJF+SAT, whereS is the entropy of the system. Taking

As can be seen in Fig.(d, for some values ofs<4  into account this relation and limiting the description to an
x10~* J/n?, the stable surface value of the order parameteisothermal process, we get the following expression for the
is not a continuous function of temperature. The temperaturéorce:
at which the discontinuity appears is the phase transition
temperature. FoOB=5x10"* J/n?, there is no phase tran-

sition because this value @ corresponds to a point lying . OF
above the surface in th@g, T, G phase diagram. It is inter- F=——. (5)
esting to note that in the case Qf=0.3[Fig. 4(a)] transi- ad

tion temperature increases with increasing valueS evhile

in the case 0Q;=0.1[Fig. 4b)] the transition temperature since the force on the substrates of a thin nematic film is
decreases with increasing values &f This effect can be always pointing in the direction perpendicular to the sur-
explained in the following wayQ.=0.3 is bigger than the faces, arrows in Eq(5) can be omitted. According to the
bulk value ofQ at Ty, thus the surface tends to increase theghove convention negative values of force correspond to the

ordering of the liquid crystal. On the other haQd=0.11is  attraction and positive to the repulsion of the plates. One
smaller than the bulk value @ at Ty, and the surface tends finds for the force per unit surface area

to decrease the liquid crystal ordering.

A change of distance between the plates has a similar
effect on the ordering of the liquid crystal as a change in _
coupling constanG. This becomes obvious if we compare F=
Fig. 4@ with Fig. 5. In Fig. 5 the order parameter value at
the surface of the plates is presented as a function of tem-

ggtzt#gg' E;fv?/:g: iﬁ;\/e;’laigsrewgngatﬁ ggtrte#;tv?cl)l:jes OI/vhere both the integral range and the free energy density of

S . the confined liquid crystal(x,d) [Eq. (3)] depend ord and
o oo dencles the surface s, which depends only or
P ' 9. % temperature, is equal to zero above biily.

tinuity of the stable surface value of the order parameter ; ; .
" . We would like to point out that since the two plates are
shows the position of the phase transition. . : . A
immersed in a liquid crystal, a change of the distance be-
tween the plates does not affect the total volume of liquid
IV. CALCULATIONS OF FORCE crystal.
Force exerted by the liquid crystal on the surfaces of High temperature and large distance approximatiéor
o i y ) q. y . = atemperatures far above nematic-isotropic phase transition
nematic _film is dgfmed in  the foIIowmg. wayF= " (AT=T—T*>1K) orfor large distances between the plates
—AA/Ad, WhereAA is the amount of work which has to be (d>¢,=/3L,/aAT) the order parameter becomes much
performed by the liquid crystal in order to move one of thesmaller than 1. In this case the quadratic and the cubic term
surfaces forAd. AA is related to the free energy of the in Eqg. (3) become negligible and one can find an analytical

19F

F_ = [ xdydxr f
j__ZE__%fo (x, d)dx+fpu (6
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FIG. 6. Force between the plates per unit arBq @nd order FIG. 7. Force between the plates per unit arBa and order
parameter at interface€Qg), inset, as a function of distance be- parameter at interfacesg), inset, as a function of distance be-
tween the plates. Surface coupling constadgsandG are 0.2 and  tween the platesd). Surface coupling constan@ andG are 0.3
3.6X10°* J/n?, respectively. Temperature of liquid crystal is and 2x10 4 J/n?, respectively. Temperature of liquid crystal is
Tn+0.005K in(a) and isTy+0.17 K in (b). In (a) the distance  T,,+0.2 K in (a) and Ty, +0.26 K in (b). The distance at which the
where the phase transition occurs is equal to 500 nm. phase occurs in casés) and (b) is equal to 19 and 14.8 nm, re-

spectively.
solution of the differential equatio¥). Inserting this solu-
tion into Eq.(6) one finds the following asymptotic expres- atic phase, slightly above the region of two possible states,
sion for the force per unit area: stable nematic and metastable isotropic phase. As we can see
in Fig. 6@ for d>21 nm the liquid crystal can be found
either in stable nematic or metastable isotropic phase. For
d<21 nm the metastable isotropic phase of the liquid crystal
does not exist and at=21 nmF is a discontinuous function

Spatial dependence of the forckn Figs. 6 and 7 we of d. We would like to point out that the hysteresis loop is
present typical spatial dependences of the force per surfaeet closed. This happens becaligg+ 0.005 K is lower than
area f). As insets to the figures the corresponding depenthe highest superheating temperature of the nematic phase in
dences of the order parameter of the liquid crystal at thex bulk liquid crystal. Therefore the metastable nematic phase
interfaces Q) are shown. We have concentrated our atten-exists also for large values dfyielding a nonzero attractive
tion on the vicinity of Ty, and selected values of surface force. Namely, when the distance between the plates is in-
coupling parameters in a range used in explaining surfacereased for largel, the order parameter profile close to the
induced ordering in Sec. lll. Exploration of forces for other plates does not chandsee the inseQQy(d)] so one can
values of parameters is left for future studies. imagine that some amount of liquid crystal from the region

The temperature of liquid crystal in Fig(# is slightly  outside is moved in the region between the plates and its
(0.005 K) aboveTy, while the surface coupling constar)g ~ order parameter value is increased from zer@tof a bulk
and G are 0.2 and 3810 * J/n?, respectively. Ford liquid crystal in the nematic phase. Therefore the free energy
=20 nm the set of parameters chosen corresponds to a poiiiicreases proportionally td and leads to a long range at-
in the phase diagrafiFig. 3(a)] in a region of a stable nem- traction force which does not depend dn

E Gnge—dV—(a/sleT_ 7)

asy 3_|_1
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For plots in Fig. b) the surface coupling constant »
and G have the same values as in the case of Fig) but -0.001 7]
here the temperatur€y,+0.17 K is set higher so that for
d=20 nm the corresponding point in the phase diagiain. o -0.01
3(c)] is in the region of isotropic phase. The knee of the &
curve atd=12nm is a consequence of a honmonotonous 2

decrease of the order parameter profile with respedt[see <, 01
the insetQq(d) in Fig. 6(b)]. It corresponds to the phase |y
transition from the nematic to the isotropic phase. -1

In Fig. 7(a) the paramete€), is set to 0.3, which is 50%
larger than in the case treated in Fig@andT are selected
to be 2x10°* J/n? and Ty, +0.2 K, respectively. In the
phase diagrarfFig. 3(d)] for d=20 nm this corresponds to a
point lying in the region of two possible statell {+1s).
This helps us understand why for>36 nm only a curve
corresponding to the isotropic phase exists while for the in-
terval 16 nm<d<<36 nm either the nematic or the isotropic
phase is present. FOr<16 nm there is only one curve, cor-
responding to the nematic phase. The discontinuities of the
order parameter at=16 and 36 nnjsee inseQ(d) ] mani- N
fest in the discontinuities of thE curves. =
To obtain results in Fig. (b) the same surface coupling E
W

-10

constants,Q,=0.3 andG=2x10 * J/n?, are used as in
Fig. 7(a). The temperature is raised for 0.06 K and set to !
Tani+0.26 K. The hysteresis loop of the force has become
narrower. The nematic-isotropic phase transition occurs in
the region of the hysteresis loop, somewhere between 14 anc

16 nm. Ford smaller than 14 nm the liquid crystal is in the
nematic phase while fod>16 nm only the isotropic phase 0 0.2 04 0.6 0.8 !
exists. T-T,[K] (b)

Focusing on the curves corresponding to the isotropic
phase in Figs. 6 and 7 one can see that in the limit of ldrge -
the absolute value of the force is an exponentially decreasing F!G- 8 (&) Force between the plates per unit aréd) (as a
function ofd. We have found out that the correlation length function of temperature for various values@{. Graph is plotted
is equal to 6 nm and is independent of the surface couplingf! "€ logarithmic scale. Surface coupling constanand distance
parameters. These results are in accordance with the lar gtween the pl_ateet are 2<10"* J/nt and 10 nm,_respectlveIYb)
distance approximatiohEq. (7)], which determines expo- part of (a) with temperature scale expanded in order to show a

. o . . detailed structure of the curve.

nential decrease of force with respectdowith correlation

length inversely proportional to the square rootf and  perature a phase transition from the nematic to the isotropic
approximately equal to 6 nm for temperatures clos&¥p.  phase occurs. It is accompanied by the jump in the value of
Temperature dependence of the forbe.Fig. 8@ we  the force. FoiQ,=0.3, 0.4 the change from the nematiclike
present the temperature dependence of the force in the isg; the isotropiclike behavior is continuous, but relatively
tropic phrﬁe for several values €. Surface coupling sharp, occurring within the temperature range of a few tenths
G=2x10"* J/n? has the same value as the one in Fig. 7.of 4 degree. In this range the absolute value of force reaches
Distance between the plates is 10 nm. The graph is plotted ifis maximum value. For temperatures well above the phase
the logarithmic scale. In Fig.(B) a part of Fig. &a), plotted  yransition (T—Ty,>1 K) the liquid crystal is in the isotropic
in an qrdlnary scale, is pres_ented in order to show a detalleghase_ One can see in Figagthat force is an approximately
behavior of the curve. In Fig.(B) one can see that force eyxponentially decreasing function of temperature. Curves
corresponding t®s=0.1 is a monotonous function of tem- ¢,rresponding to different values &; only differ by a con-
perature, indicating that for this value of the surface couplingy;, ¢ scaling factor, proportional @Z. This is in accordance
constant the liquid crystal is in the isotropic phase for all the, i1, the high temperature expaf’lsion formulEg. (7)],
temperatures abovéy,. Even ifd is increased to 20 nm, \hich describes the force as a product of a scaling factor

Qs=0.1 still induces isotropic phase of the liquid crystal for pronortional to the squares of surface coupling constants and
all temperatures abovey,, which can be seen in the phase 5 gyrface coupling independent exponential function of a
diagram(Fig. 3, where the linéQ=0.1 lies beneath the line square root off — T*.

of phase transition for all values df. For Qs=0.2 the be-
havior of the force is more heterogeneous. For temperatures
close toTy,, where values of order parameter are close to
those of a bulk nematic liquid crystal, the force is an increas- We investigate ordering and forces in a liquid crystal at
ing function of temperature. FaQ,=0.2 at a certain tem- temperatures above the nematic-isotropic phase transition of

V. CONCLUSION
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a bulk material confined by two parallel plates. We limit our absolute value of force approaches zero exponentially, with a
discussion to cases where the typical distance between tlwrrelation length independent of surface coupling param-
plates is much larger than one molecular layer so that weters. Similarly, when observing the temperature dependence
leave the properties of the surface layer for future consideref the force at higher temperatures, one finds out that curves
ations. Using Landau—de Gennes continuum theory we firstorresponding to different values f exhibit the same be-
calculate the phase diagram to localize regions of the stabikavior.

ity and metastability of nematic and partially ordered isotro- A comparison of our predictions with the results of the
pic phases. The main goal of our study is to show how thepreliminary experiments performed by Masc, Slak, and
force between the parallel plates depends on the distand&linc [8] show that the observed behavior of forces can be
between the plates, temperature of liquid crystal, and on suexplained within the Landau—de Gennes formalism.

face parameters. In the range of our interest the force often

can have_two different valugs, which manifests i_n a hy;ter- ACKNOWLEDGMENTS
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