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Abstracty The comparison between experimental con-
dition in two experiments measuring MBBA bend flexo~
coefficient and an analogy with lyotropic liquid
crystals iLead to the concept that the reason for

the big difference obtained is the opposite direc-
tion of the surface polarization due to the hydro~
phobic or hydrophilic surfaces used and weak
amphiphilio character of MBBA molecule.

INTRODUCTION

At present two values can be found in the literature
concerning bend flexocoefficient of MBBA, First one was
calculated by Helfrich (1) using the experimental data
of Haas et al.(2). According to the formula derived by
him, Helfrich has found

051/ K33 = 340 dyno-1/2 . /3/
Then, taking for K, thz value 8,107 dyne (3) but
not the PAA value 2,10 “dyne as in (1) one can find

o;x - 2,7.1074 dync1/2 . /2/

The next value as well as its sign has been determined
in the experiment of Schmidt et al.(3):

egx = 3,7.1070 ayne'/2 , e§x 0. /3/

Ag we see, despite the diminished 1(55 value for the

first case, the difference is one order of magnitude.

The question is: what is the reason for this big
difference? Our suggestion is that the explanation of
this experimental fact is connected with the different
influence of surface polarization ( SP )e

SURFACE POLARIZATION

Such a polarization arises in general because of
the asymmetric action of the interface glass = LC. FYor
the first time phenomenological ideas for the asymmetry
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of the interface air = LC have been developed in (4),
We noticed that the sign of the surface asymmetry could
be different depending on the specificity in surface
interactions. A comparisom of the ways for producing
homeotropic orientation in the experiments, mentioned
above shows the following: At the first experiment a
polyamide resin doping was used and the glass surfaces
were clean. At the second experiment however they were
lecithin coated.

An analogy with lyotropics leads us to the following
concept: The MBBA molecule, which two ends differ in
their hydrophility will be preferentially oriented tow~
ards the clean glass substrate with its hydrophilic end
- the polar methoxy group OCH,, while towards a lecithin
treated - with its hydrophobié tail C H_ . Then the lon-
gitudinal dipoles of most of the moleéuges in the surfa-
ce layer will be preferentially oriented and the direc-
tion of this orientation for the two cases considered
will be Jjust the opposite.

The value of the SP is given by the formula

B, = BX P /4/

where n - number of molecules per unit area,
x, = (nt = n})/ (nY + n}) =~ the relative number

of oriented molecules, in general position dﬁpen-
dent, and
Py ~longitudinal dipole moment .
Let us make an estimation: At cross section area area
of MBBA molecule equal to 50 £ one gets

n = 2.1014 moleculea.cm-z. Then taking py = 0,75 debye
for MBBA (5) and for x_ its maximal value x_= 1,
one obtains L4 P

By, = 1,5.10 *statcoul.ca™' = 1.5-10-4dyne1/% /5/

which is four times greater than the e5x value, measu~
red in the second experiment.

SP could be considerably increased if the asymmetzic
action of the wall penetrates deeply in the layer voluue,
Similar assumptions can be found in (6). Let's estimate
the possible penetration depth. If we take for it the
distance up to what a molecule piking up from the asur-
face ‘'forgets' ite initial orientation we will have

s - ThhE /6/

where 7%, - the reorientation time around the trans-
verse molecular axis, Dy -~ longitudinal diffusion
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coefficient, For MBBA with T, = 10-6 s (7) and

Dy = 2,6.‘!0"7 en®,s”" (8) one gets a = 70 &,
which is nearly 3 times greater than the molecular
lenght and tell us that the estimation /5/ can be

inoreased several times,

At molecules with equal end groups m_ is probably
too small, Toonsmall will be also SP in Pg homogeneous-
ly oriented layer, because the specific interactionms,
tending to orient the transverse dipole moment component
are probably weak and the reorientation around the long
axis is fast,

THEORY

Let us consider now the theoretical description of
the homeotropic layer deformation in a horizontal
homogeneous electric field (EF) under simultaneous
action of the flexoeffect and SP.

As one of us has pointed out (9) in a homogeneous
EF the flexoeffect creates surface torques only, without
volume action, But similar surface torques arise also
because of the coupling between EF and SP, which was
stressed in (10). The surface torque balance equation
in small angle approximation then takes the form

t X;;(d0/dz) + Cy,2% 3 @348 = Byy E =0, /1/

z = +d/2
where 01 and 02 = anchoring energies, mp1 and np2 -
SP for each of the walls, d <« the distance between
them, These relations play the role of boundary condi-
tions for the equation

Kys a%e/dz2 ) = o . /8/
So we obtain the solution ( b, = K35/C1 » by = K33/Cz)

B1P1 T BpoPy g z = 3

(z) = (e, +
Ix b, + b, / 1(55 1 + d/(b1+b2)

b, - b, 4 (by + b, + d)(qp1 + ’pz) "
z = -
° b, +b, 2 03x(b1 + b2) + mp1b1 - npzbz
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b, b

b1 + b2

This solution is a generalization of that in (1),
where b1 - b2 and mp i8 not taken into account.

let us assume thatv the boundary conditions are
symmetrical, i.e, b1 - bz and np1 = mp2 « Now we see
that the experimentally measured value is not e}x
itgelf but just the sum ‘5: + m_, Depending
on the sign of m_ we can obtdin bigger deformation
vhen the two torqaes aot in concert and smaller = in
the oppoeite case., This is just the explanation of the
drastic discrepancy mentioned at the beginning.

RESULTS AND CONCLUSION
Féllowing the theory, we can write

o = + X n
3x 3x P  po
/10/
2 2
03y ~ O3y X, m,
wheze m - the maximal possible value of SP (when
x, - 1)2° Paxing the treble value of /5/ one gets

R = 4,5.10.4 dyne1/2. Unfortunately there are three
own values in the two relations /10/ so that the
evaluation of o3y requires some estimation of the 4if=-

ference 1 2

xp-x °
In general this difference can range from ~1 to 1 -4
80 that the possible range for °5x is from =0,7.10

to 3,7, 10"4 dyne1/2 with a mean value 1,5.10-4 dyne1/2
2

1
d t - X .
corresponding to xp p

xp could be expressed by the Boltzman factor

B = -AE/T , where AE is the energy difference between
the two molecular orientations,as

x, = (1 « expB)/ (1 + expB) /11/

The wvalue of AE could be provided by a detailed model
of sarface - end group interactions to be attempted in
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the future. Any way, if AE~kT both 11 and 12 are
smaller than one and their difference caBnot exceBd
two =~ threo_xenthqrzThan the order of magnitude of 05
will be 10 “dynme as well, with a positive sign,

The uncertainty of the estimation *s even bigger,
having in mind that the sign of the e, has not been
determined in the experiment (2), so thEt the negative
one is also permissibl,_4 Still the probable order of
magnitude is again 10 7,

Such order of magnitugo is more realistic than the
broadly assepted value e, . It resolves the apparent
contradiction between dif?%rent experiments, dealing
with flexoelectric effects in MBEA,

In conclusion, the aim of this letter is to call
for new experiments in this field, because it is evi-
dent that the true value of bend flexocoefficient in
the case of nematic LC's composed by molecules with
different end groups can be evaluated only after care=-
fulcomparison between the results from the experiments
with definite hydrophilic and hydrophobic surfaces,

On the other hand such experiments can provide
important information about this relatively new aspect
of surface interaction in IC's - the surface polari=-
zatlon. The direct coupling between surface polarizati-
on and electric field could find some interesting
display application as well, There exist few examples
of this type in the literature.
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