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Contribution of the ionic adsorption phenomenon to the effective anchoring energy of a nematic
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The effective anchoring energy resulting from the ionic adsorption phenomenon in a nematic liquid-crystal
sample in the shape of a slab of thickneds investigated. The electric field distribution is determined in the
framework of a general nonlinear Poisson-Boltzmann approach. The analysis is particularized for the case in
which d>\p, wherel\p is the Debye screening length. In this limit, the spatially dependent electric field
distribution across the sample as well as the contribution, of dielectric and flexoelectric origins, to the effective
anchoring energy is obtained in an exact manner.
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The ions that can be found in the bulk of a nematic liquid- We shall obtain the electric field distribution—whose ori-
crystal(NLC) sample can be adsorbed at the bounding solidyin is due to the selective ion adsorption by the surface—of
surfaces[1-11]. For practical applications, as well as for a sample of thicknesd, limited by two adsorbing surfaces
fundamental purposes, it is important to investigate the influlocated ax= *d/2, filled out with a liquid of dielectric per-
ence of these ions on the molecular orientation of a NLCmittivity € [12,13. The neutral liquid is supposed to contain
Since NLC’s are conductive and contain impurities, due tompurities that suffer dissociation, thus producing positive
some electrochemical forces the surface limiting the sampland negative ions in the bulk. In the presence of these ions,
can selectively adsorb one type of ioffer instance, the the surfaces selectively adsorb positive charges. These
positive oney giving rise to a counterion cloud forming a charges give rise to a surface electric field that, in turn, con-
diffuse double layer in the NLC medium. Consequently, anects with the dielectric and flexoelectric properties of the
spatially dependent electric field distribution across themedium. By assuming the surfaces as identical, the electric
sample arises. This electric field is very strong near the sumpotential generated in the sample is symmetrical with respect
face and decays fast as we move away fropift The pres- to the center of the sample, i.&/(x)=V(—x), where it is
ence of the electric field, with a strong gradient near theminimum[18]. A requirement to be satisfied by this model is
surfaces, is responsible for detectable effects on the molecthat the number of particles in the whole samfielk plus
lar orientation which are not very usual,8]. surface is a conserved quantity, namelfN{ +N_)/2+ Ny

In this work, the effect of the surface electric field, pro- +n,=nyd, wheren, is the bulk density of particles defined
duced by selective ionic adsorption, on the effective anchorin relation to an infinite samplel. = [%2,n. (x)dx and
ing energy of a NLC sample is analyzed for a cell in therzf‘ilﬁ,znbdXZ ny,d, are, respectively, the number of
shape of a slab of thickness The electric field distribution  charged particles of both signs-{ and the number of non-
is investigated in the framework of a nonlinear Poisson-issociated impurities in the bulk, per unit surface. In the
Boltzmann approacfl2—14. From this general distribution pyk, in equilibrium at an absolute temperatiTiethe densi-
we obtain an approximated expressiovhich, actually, be- ties of positive and negative charges are given in terms of the
comes exact for thick samplefor the electric field profile  gojtzmann distribution as.. (x) =nge* 2 7%, whereA is
across the sample, justifiable fde>\p, wherep is the  the activation energgin KgT units andn,=nee”. Further-

Debye screening lengffi]. In this framework it is possible  mqre n_ is the surface density of adsorbed particles, given
to obtain also analytical expressions for the contribution ofy 1 19]

dielectric and flexoelectric origin to the effective anchoring
energy of the samplgl5,16. This contribution “renormal-
izes” the anchoring energy and is shown to have an order of
magnitude that can also be compared with the “ba(ieg.,

the usual anchoring energy17] depending on the value of whereN is the number of sites per unit surface at each sur-
the adsorption energy. The same problem has been recenfigce. In Eq.(1) we have introduced three important quanti-
investigated by other groups. In particular, an approach deaties: the electrostatic energy(x) =qV(x)/KgT whose value
ing with a non-Debye charge screening in NLC has beerat the surfaces is given hys, the chemical potentigk, and
presented in Ref$§9—11]. These works indicate that the sur- the adsorption energi. For simplicity, all these quantities
face field can be screened within a very dense charged subfe measured iKgT units. The adsorption energy, in a first
surface layer of thicknesk, considered in Ref[9]. The  approximation, can be identified with the electrostatics en-
immediate consequence of the non-Debye screening is thatgy of an adsorbed ion with its image in the substrate
the flexoelectric contribution to the anchoring energy can béphysical adsorption[20]. The value ofA ranges from a few
the dominant one. This length is present in our analysis tooynits, which corresponds to the region of physical adsorp-
by means of the boundary conditions on the electric fieldion, to a few ten of units, which corresponds to a region of
used to solve the electrostatic problem. chemisorptior[21].

ng=Ne* A~ ¥s, (1)
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By using the above definitions, it is possible to rewrite the BarX

equation for the conservation of the number of particles as a E(X)=ata — | (8)

relation connecting the chemical] to the surface electric

potential (s), in the form for —1<X(=2x/d)<1, wherea and 8 are, in principle,

N 1 rae depending on the a_dsorption energy characterizing the sur-
e h=1+ — e A Vst e—A_f coshy(x)dx. (2) faces, and on the thickness of the sangke below. There-
Nod dJ-ar fore, for the cases we are dealing with here, solut®ncan
be considered as the exact one, as we shall demonstrate.
On the other hand, in the framework of the Poisson- |n the limit d>\p the Poisson-Boltzmann equatid8)
Boltzmann theory, in the steady state, the charge distributiogan be approximated by
and the electrical potential are related by Poisson’s equation
d?Vv/dx?=—(g/e)[n.(X)—n—(x)], whereq is the electric 2y 1 1 N
charge of the positive ions andis the dielectric permittivity o Fe”“_ sinhy~ Eeﬂ_ e’, 9
of the liquid. This equation can be put in the form
) which is equivalent to considering that=qV/(KgT)>1.
d_‘/’: ie,rA sinhy &) This means that the number of positive charges remaining in
dx? 2 ' the bulk(not adsorbeyis very small, as can be seen from the
definition of n_(x) introduced before. Equatiof®) can be
whereL = (eKgT/2n,q?)*?is an intrinsic length of the prob- integrated to give
lem. It is connected with the Debye screening lengghby

means of the relatioh =\pe~2/?[12]. Taking into account a9 1 e e
that the electric potential is an even functionxoit is pos- dx L el D2 et —ee, (10
sible to integrate Eq(3) to obtain

where “—" refers to the interval—d/2=x<0 and “+" to

dy\2 2erA 0<x=d/2. The electric potential can be obtained from Eg.
(& =7[cosh¢(x)—cosh¢o], (4) (10) by further integration, giving
1 d

where o= y/(x=0). A further integration yields tL, hol=— ZG(WAWO)IZ x+ 5| +ts.gol, (1D

o dy _ d
s Jcoshy—coshyy 2L

which establishes a relation between the chemical potential
© and the electric potentiakg, and 5. The electrical field
E(x)=—dV/dx is identically zero for|x|>d/2. It presents
discontinuities a= *+d/2. SinceE(x)=—(KgT/q)dy/dx By using Eq.(12) into Eq. (11), one explicitly obtains the
and E(—d/2)=qn./e, it is possible, by means of Eql)  electric potential as
and (4), to obtain the following expression for the chemical

wheret[a,b]=tan [ J/e® P—1]. From Eq.(11) one obtains
(atx=0)

V2 (m)

d
tlihs, o] = e 270 (12)

potential P(X) = tho+In{ 1+tar? %e(“‘A“’O)’Z ] (13
EKBT _ . . . . .
e#=2| ——|e 4"2A*¥I(coshys—coshyp). (6)  In this manner one can also determine the electric field dis-
NLg tribution
Notice that from the conditiofie(—d/2)=qns/e, rewritten 4K T 2x
in terms of¢, and using Eq(1) we have E(x)=— Wt[lﬁs,l//o]ta o sl (14
2
(d_‘// - _ Nq er—A—s (7) where Eq.(12) has been used. Comparison of Etd) with
dx/ . _ 4,  €KgT Eq. (8) yields
The quantityr ;= (eKgT/Ng?)e #* has the dimension of a 4KgT

2
length, and coincides with the length introduced in Refs. 4T qd s o] and S= s ol (19
[9,11]. The fundamental equations of the model are EZjs.
(5), and(6). This set of equations has to be solved to obtainTo complete the solution of the entire electrostatics problem,
the electric field distribution across the samd&]. Numeri-  in the approximation in whiclid>\y, we have to take into
cal calculations have shown that the curves for several difaccount thaE(—d/2)=qn¢/e. By using Eqgs.(1) and (14)
ferent values ofA can be well represented by a function of we obtain another relation connectipg ¢y, and i in the
the form form
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4eKgT
g°Nd

e#7A7 hs—

s, poltant[ s, o). (16)

0.20 -

Finally, the last expression is obtained from Ef) which

reduces to 0.15 4

0.10

2
|W_| (erg/cm’)

e =1+ le’A*‘/’s-y e#’O*AM

nod 2a o)

0.05

The set formed by Eq$12), (16), and(17) permits to deter-

mine w, ¥y and g as functions of the adsorption energy 0.00
and of the thickness of the sampik in equilibrium at a . ' . . . . . . . )
temperaturel. The sensibility ofys with respect to changes &
in d is not significant, for a fixed value of the adsorption Al
energy, in the limit in whichd/2L>1, because, in this case,
the surface density of adsorbed charges, given by(Eq.
reaches a saturation, i.e., tends tq a value mdependeuht of:8 um (solid line) andd—15 xm (dotted line. The material pa-
[12]. On the contraryy, changes in a substantial manner. rameters aréin SI unit K=4x 10" e—10- ande,—1e
The system, in any case, remains neutral, but an overwhelm- ’ ' am
ing adsorption of positive charges takes place. The situation and\
is such that nowys changes in a substantial manner with
for a fixed thickness, whereag, is less sensible to the
changes irA. Notice that wherd is largeu—07. In fact, by

FIG. 1. Anchoring energy of dielectric origifiWg|, vs the ad-
sorption energy(absolute value for a sample of thicknessl

s, In Egs.(18) and(19), we obtain, respectively, for
the dielectric and flexoelectric contributions to the anchoring
strengths the expressions

using Eqgs(12) and(16) it is possible to rewrite Eq(17) in 1 [KgT\¥/ned 2e Vs
the form e #=1+(2N/ngd)e "%, which shows that Wp==€,| —| || ——|er 41 Yo— ,
_ 2 q NAg Ng
whend—o, u—0".
Let us now analyze the influence of the ionic adsorption KT
on the anchoring energy of the sample. It is well known that Wo=— E( B )e Us, (20)
the presence of ionic charges in the medium gives rise to a As\ Qg

surplus of surface energy characterizing the NLC-substrate ) ) )

interface. This surface energy has a dielectric as well as Eduations20) show that the effective anchoring energy of a
flexoelectric contribution coming from the coupling of the Sample can be thickness dependent as is found in many ex-
spatially dependent electric field with the dielectric and theP€rimental resultf22]. Moreover, these equations show also
flexoelectric properties of the medium. These contributionghat the anchoring energy is renormalized by the contribution
have been calculated for a NLC sample in the shape of a slg#®mMing from the electrical properties whose origin is con-
of thicknessd, as the one being considered hf8el5]. The nected with the presence of ions in the sample. This depen-

relevant contribution to the anchoring strength of dielectricdence is here represented also by the adsorption energy.
origin is given by[15] However, in recent papefd4,15 it has been demonstrated

that this contribution exists even in the absence of the ad-

0
tz—%eaf [E(x)2—E3]dx, (18

—d/2 17.364

whereEg=E(x=0) is the value of the electric field in the NE
bulk. The flexoelectric contribution to the anchoring strength © 17347

is shown to be given bj15] g
? 17.32-

WQ: = e( ES_ EB)! (19) s

w
whereEg is the value of the field at the surface atidrefer E 17.30
to x= +d/2. Equationg18) and(19) represent only the con- .

tribution of dielectric origin to the anchoring energy. There is 17.28

also a localized surface energy which does not depend on th : ' : : — —_
presence of ions in the sample. It is an intrinsic characteristic d(um)

of the interface. Therefore, the dielectric contribution renor-

malizes this “bare” anchoring energyy, giving rise to an FIG. 2. Anchoring energy of dielectric origifVg, vs the thick-

effective anchoring energy that can be writtenVelg= W, ness of the sample fax= —2.0. The parameters are the same as in
+Wp+Wq. By using Eqs(14)—(16), with the definitions of  Fig. 1.
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sorption energy. Furthermore, in REL6], by means of nu- d. For this particular example, by changidgf one order of
merical calculations, it has been shown that, due to its ordemagnitude, the change ifWg| is very small A|Wg|/|Wg|

of magnitude, the anchoring energy whose origin lies in the~(0.5%.

ionic adsorption phenomenon cannot be, in general, ne- |n this work the effect of the surface electric field pro-
glected- duced by selective ionic adsorption on the effective anchor-
_ InFig. 1 the dependence Wz=Wp+Wq on the adsorp-  ing energy of a nematic liquid sample of slab shape was
tion energyA is shown for two typical NLC samples. Chang- analyzed. The electric field distribution was determined in
ing the thickness of the sample the trendWE does not  he framework of a nonlinear Poisson-Boltzmann approach.
change in a significant manner. However, the absolute valug, this model, the electric field is thickness dependent, but it
of the anchoring strength changes in a substantial manngfepends also on the adsorption energy characterizing the sur-
with A. By changingA of one order of magnitude implies 10 faces. We have established the exact field distribution in the
change the anchoring strength by the same amount. MOrgsi of large thickness, i.e., whed>\p . In this limit we
over, the order of magnitude ¢We| indicates that this con- haye also established a closed analytical model for the con-

tribution cannot be neglected because it can be of the sam@ption to the anchoring energy resulting from the ionic
order of the bare anchoring strendttb]. adsorption phenomenon.

In Fig. 2 is the dependence W on the thickness of the
sample that is exhibited. In the limit we are considering, this We are pleased to thank G. Barbéhaly) for many valu-
dependence is not very strong, because the dominant contable and illuminating discussions. This work was supported
bution comes fromy, which is not changing too much with by Brazilian Agencies CAPES and Fundadiraucaia.
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