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Director reorientation in a cell with
time-dependent anchoring due to
adsorption/desorption of LC molecules
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Influence of adsorption/desorption process of nematic molecules at the nematic cell
substrate on the nematic crystal director evolution in time that is due to external magnetic
field has been considered. It is shown that boundary conditions at the cell surface evolve
in accordance with the distribution of nematic molecular orientation in the cell bulk.
During the time evolution, the orientation distribution function of molecules adsorbed at
the cell substrate can exhibit two maxima. By switching off the magnetic field at the
suitable moment, it is possible obtain a bistable nematic system.

Paccmorpeno Bausinue mnporecca axcopbuuu/mecopdiuy MOJEKYJ HeMaTUKa Ha OLHOU M3
HOBEPXHOCTelI HEeMaTHUYECKON SuelKM HA BPEMEHHYIO SBOJIOINI0 IUPEKTOPAa HEMATHYECKOI'O
JKUIKOTO KPHCTAJIA, 00YCAOBISCHHYIO BHEIIHUM MArHUTHBIM IosieM. [IoKasaHo, 4TO rpaHnd-
Hble YCJOBHS HA IIOBEPXHOCTU SAYEHKH COIJIACYIOTCS ¢ O0BEMHBIM paclipegesieHreM OPHeHTa-
Y MOJIEKYJ HEMAaTUKA. B TeueHre BpeMeHM SBOJMONUN (PYHKIUA PACIIPEICICHUS OPUEHTAINN
MOJIEKYJI aJcOPOHPOBAHHBIX HA [IOBEPXHOCTH SYEHKM, MOMKET UMETh [Ba MAKCUMyMa. OTO [I03BO-
JSeT IONYYUTh OHCTAOUIBHYI0 HEMATHUYECKYIO CHCTEMY, €CJIM B COOTBETCTBYIOIHHM MOMEHT
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BpPEeMEHN BBIKJIYNTH MAarHuTHOE IIOJIE.

The possibility to control precisely the
anchoring energy of liquid crystals (LC) on
photo-aligning polymers makes them the
most promising materials for weak and
memory-free anchoring. The problem which
hampers their application is the strong
alignment memory effect. This effect is
caused by anisotropic adsorption of LC
molecules at the aligning surface and is ob-
served for most aligning materials [1]. The
adsorbed layer behaves as a new, anisot-
ropic substrate imposing a strong
monostable anchoring [2]. The purpose of
this work is to investigate the time evolu-
tion of the director orientation in the cell
subjected to an external magnetic (or elec-
tric) field in the case of time-dependent
boundary conditions determined by the ad-
sorption/desorption processes of LC mole-
cules at the cell substrate.
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Let a nematic cell be considered bound by
the planes z = 0 and z = [. We suppose the
director anchoring at the plane z =0 to be
planar and infinitely strong, with the direc-
tor easy axis along the axis Ox. The direc-
tor anchoring at the plane z = [ is planar as
well but both the director easy axis and
anchoring energy depend on the adsorp-
tion/desorption processes of LC molecules
at this plane. At ¢ = 0, the magnetic field
H = He,, is switched on (e, is a unit vector
along the axis Oy). Then tfle director orien-
tation in the cell bulk changes that influ-
ences the adsorption/desorption processes of
LC molecules at the plane z = [. As a result,
the boundary conditions on the plane z =1
change as well and influence (in their turn)
the director orientation in the cell bulk. We
suppose the director orientation in the cell
bulk to follow adiabatically the boundary
conditions.
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Denoting the director angle with the axis

Ox by ¢, we can describe the director spa-
tial distribution in the form

n(z) = e,cosp(z) + eysin(p(z). 1)

Using this notation, we can write the
expression for nematic cell free energy in
the magnetic field

F=
2

A
_ l a(p(z’t) _ 2032 _
- 2{ dz{l({ o ] 2 H2sin (p(z,t)} W)

(here we use one constant approximation)
and taking the variation of this functional,
we obtain the equation

vy KaH? 1 1HR@
0'(z) + % sin@(z)cosp(z) = 0, 2K

with boundary conditions

8W3[<p<z>]} o ®
z=l

¢0)=0, |K¢'(z)-

90(2)

Here, K is the Frank’s elastic constant;
Xq» the magnetic susceptibility anisotropy;
W(9), the director anchoring energy at the
plane z = [ (its actual form depends on the
adsorption/desorption processes and has to
be defined below).

The solution of Eq.(2) can be written as

sin@(2) = ksn(z/&,k), “)

where sn(0z, k) is an elliptic Jacobi sine
function, the parameter k can be deter-
mined from the second boundary condition
(3) which takes the form

\ LT G
{écn((P(Z)’k)_K 99(2) L—z_o'

Thus, the director distribution in a ne-
matic cell is described by expressions (4)
and (5). To calculate it, we have to know
the true form of the director anchoring en-
ergy Wglol.

We suppose the interaction of LC mole-
cules with molecules of the substrate mate-
rial to be isotropic and the only interaction
with LC molecules adsorbed on the sub-
strate to contribute to the anchoring energy
Wle]. Similarly to Mayer-Saupe theory [4],
we can introduce the orientation distribu-
tion function for LC molecules near the cell
surface
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Foor(R158) = NLZGXP(sz(h : n)), B= %, (6)

where
11 = (Sinelcos(pl,Sinelsin(pl,cosel) (7)

is a unit vector along the long molecule
axis; P,, the Legendre polynomial; S, the
order parameter; a, a constant that de-
scribes the strength of molecular anisot-
ropic interaction in the mean field approxi-
mation; Qq = {08;, ¢¢}, and N,,, a normali-
zation constant. Here the director depends
on the time due to adsorption/desorption
processes at the plane z = [.

Let us denote the orientation distribution
function of the molecules adsorbed at the
cell substrate as fg, (Q9,¢). It is evident
that

Fourf(S2951) = [ 5(@2,t)d(cosby), (8)

where the last multiplier displays the fact
that all the molecules lie on the substrate.
Further, we adopt that interaction be-
tween LC molecules and molecules in the
bulk near the surface depends on their long
axes orientation in the form (e - ez)2 where
e;,o are the unit vectors along the long mo-
lecular axis. Hence, we assume the follow-

ing expression for Wg[o]:

WS[(p] = WO,[J. dQldQZ(ll ’ 12)fvol(91’t)fsurf(92’t)’
Wy <0,

9
where 15 is a unit vector along the long axis
of the adsorbed molecule.

Substituting the expressions (6) and (8)
into (9), we obtain the following expression
for the director anchoring energy

Wilel = (10)
= é[[s(t)fv(t) + Cop (VC3(t) + S34(t) cos2(¢ — (ps(t))}

where the angle @g(¢) is defined as
. Sys(?)
Sln2(ps(t) = ﬁ_, (11)
C54(t) + S54(2)

) Cos(t)
coSZ(Ps(t) - C%S(t) + Sgs(t)

and
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o n/2

I5(t) = [ I, t)yda, Tt) = [ T, tyda,
o -n/2
n/2

Cop(®) = | Fyla,bicos20da,
-n/2

(12)

T
FiA01,t) = _[fvol(Ql,t)sin%cdoc,
0

n/2
Cas(®) = [ Fs(0,t)cos20da,

-1/ 2
n/2

Sog(t) = _[ fs(a,t)sin2adaL.
-1/2

The expression (10) is similar to Rapini
potential [3] but the anchoring strength and
the easy axis orientation are now time de-
pendent.

Since the distribution function f,,(Q¢,?)
is supposed to be known (see Eq.(6)), we can
calculate Iy, and Cyy. But to find Ig, Cyg,
and S,g, we need to know the distribution
function fg(@,t) for molecules at the cell
substrate.

The following kinetic equation can be
written:

of5(@1-1)
=T = Aot ~ A sy (13
I
where fi(1,8) = [,0/(Qq,0)sin0;d0; is a 2-di-
0

mensional projection of the function (6); Ay
are the coefficients describing the adsorp-
tion/desorption rates. As the initial condi-
tion for the equation (13), we choose its
stationary form:

A
fs(01,0) = 3 Tr(01,0) (14)

If the distributions fg(9,f) and fi{@,t) are
normalized, the kinetic equation must be
changed in order to meet the requirement
(14). It has been found that it is sufficient
to put A, = A_ in this case. To find C5g and
Ssg, we can multiply both sides of the equa-

tion (13) first by sin 2¢; and second by cos 2¢;.

Then, upon integrating the obtained expres-
sions over @; and ¢ we get:
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st(t) = (15)

t
= Spg(0)e At + A+CZVI At~ Dgin2¢(t)dr,
0

t
= Cyg(0)e At + A+C2VI e At ~ Deos2¢(t)dr,
0

where

(16)

2 qe
Cov =~ ai 3B/2—1)—1.
VN, 3 \°

Similarly, integrating the equation (13)
over @ and ¢ we obtain

Igt)=A,/A_ (17)

(is constant). Substituting the expressions
(12), (15), and (17) into the formula (10),
we obtain following form of the boundary
condition (5):

oken(z/ £, k)) + (18)

+ WO[SZS(O)COS2([) - CzS(O)sinZ(p}e‘AJf -
t
W Copt)C oy (t) 4 ~Dsin2(g - @(v)dz| =0,

0 2=l

where 62V(t) and Cyy(t) are determined by
the formulas (12), (16) and C,g(0) and
S55(0) can be easily calculated using the
condition (14). Finally, it should be noted

here that both the angle ¢ and parameter &
in equations (4), (18) depends now on the
time t¢.

The equations (4), (18) as well as the equa-
tion (13) were solved numerically at the next
values of parameters: Wy&/K = 1072, 1/€ = 2
and A, = A_ =1 s1. Some calculated results
are presented in Fig. 1, 2, and 3.

In Fig. 1, the time evolution of orienta-
tion distribution function fg(¢,t) of mole-
cules adsorbed at the cell substrate is
shown. It is seen that after the magnetic
field is switched on, the distribution funec-
tion fg(9,f) changes forced by the adsorp-
tion of LC molecules at the cell substrate
from the cell bulk with orientation distribu-
tion described near the cell plane z =1 by
the function fi{@(z =1),t). It is interesting
to note that during the time evolution, the
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Fig. 1. Distribution functions f(¢,?) (I) and £, (¢,f) (2) for different time moments: a) T =0, b) 1 =1,

)t1=2,d)t1=10. t=A ¢.
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Fig. 2. Time evolution of the director angle
¢o(z,t) for z=10.1=At.

function fg(9,f) can exhibit two maxima. It
means that if at the proper moment the
magnetic field is switched off, one can ob-
tain a bistable nematic system.

The time evolution of the director orien-
tation near the cell plane z =1 due to the
adsorption/desorption processes of LC mole-
cules is shown in Fig. 2. Fig. 8 presents the
change in time of the angle ¢g, which de-
scribes "the easy axis” direction in the for-
mula (10) similar to the Rapini-Papoular
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Fig. 8. Time evolution of "the easy axis™ di-
rection angle 0g- T= A_t.

one. It is found that the angle ¢g runs to
the same limit as ¢(l,t) that is different

from the case when ¢ — « adsorp-
tion/desorption process is absent.
Finally, we note that the adsorp-

tion/desorption processes of LC molecules
can influence essentially the boundary con-
ditions at the cell surface. This effect can

be used to obtain a bistable nematic system.
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IlepeopieHTanmia AupeKTOpa Y KOMIpIIi i3 3ajesKHAM
BiJl yacy 34elJIECHHAM BHACJIIIOK aacopOiii/mecopoOirii
MOJIEKYJI PiIKOTO0 KPHCTAJY

A .Pomanenko, I.Ilinkeéuw, B.Pewemnsax, 1./[o306, J[.Cmoenecky

Posraganyro Bunus mpoiecy agcopOuii/mecopbiii Moserkya HeMaTHUKa HA OLHiN is mosep-
XOHb HEMATUYHOI KOMIPDKHM Ha YaCOBY €BOJIIOIII0 IMPEKTOPA HEMATHYHOI'O PiIKOro KpUCTAILy,
3yMOBJIeHY 30BHimrHiM wmarmitHum mosem. Ilokasamo, 110 rpaHndvyHi yMOBHM Ha IIOBEPXHI
KOMIpPKH y3TrOIKYIOThCA 38 06 €MHHMM posmojijomM opieHramil moseKysa Hemarura. IIporarom
yacy eBoOJIONil DyHKIiA poamominy opieHramii MmoseKysa amzcopO0OBaHUX Ha IIOBEPXHI KOMipKu
MoOKe Maru gBa Makcumymu. lle mosBoasie orpumaru OicrabinibHy HeMaTHYHY CHCTEMY,
SAKIIO V BiADOBiAHMII MOMEHT Yacy BUMKHYTH MarHiTHe moJie.

Functional materials, 12, 1, 2005 101



