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IN WALL-ADJACENT EPITROPIC LIQUID CRYSTAL

Peculiarities of the behavior of some optical characteristics of orientationally ordered wall-
adjacent layers of nonmesogenic liquids — epitropic liquid crystals (ELC) - are analyzed. A
suggested model develops the well-known Maier—Saupe—Neugebauer theory and takes a two-
component structure of ELC (dynamic equilibrium between monomers and dimers) into ac-
count. The experimentally measured thickness and temperature dependences of the refractive
index and the value of birefringence are in good agreement with theoretical calculations.
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1. Introduction

Under certain conditions, a solid substrate may in-
duce an orientational ordering in wall-adjacent lay-
ers of some nonmesogenic organic liquids, which
were called epitropic liquid crystals (ELC) because
of a similarity of their physical properties to those
of nematic liquid crystals. The effect of orienta-
tional ordering with the value of order parameter
S of about 0.2-0.4 was found in ELC layers. It
was shown that two types of molecular particles in
the studied system exist, namely, dimers (D) and
monomers (M). The D-concentration decreases, the
M-concentration increases, and the S value sharply
decreases to zero the in isotropic bulk phase, as
the distance to the solid substrate increases [1—
3, 5]. Earlier, in various works [1-5], such properties
were investigated experimentally, and some models
were suggested in order to explain this phenomenon.
In particular, the interfacial structure of liquid lay-
ers at solid interfaces has been a subject of numer-
ous molecular dynamics simulations [6, 7], and var-
ious semiphenomenological models [8-10] were sug-
gested. Thermodynamic and dielectric peculiarities
of these layers were discussed in [2], but the com-
plete explanation of some of their optical properties
is still needed.

The aim of this paper is to propose a theoretical
model that describes some peculiarities of ELC opti-
cal properties.
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2. Theoretical Model

It is well known [11-13] that the following relations
are satisfied with high accuracy for the crystal, liquid
crystal, and isotropic phases of mesogenic liquids:
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where £¢ and &pcare the dielectric permittivities of
the crystal and uniaxial liquid crystal phases, respec-
tively.

1
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1
3
where n1 23 are the main refractive indices of a crys-
tal, n) 1 are the refractive indices of a liquid crystal,
and p is the density of the system under study.

In order to calculate the refractive indices of the
above-mentioned thermodynamic phases, the Maier—
Saupe-Neugebauer model based on Eq. (1) was sug-
gested [14, 15]. It allows one to establish a relation
between the tensor components of the dielectric per-
mittivity and the effective molecular polarizability
in the main coordinate system of crystals with one
molecule in the unit cell. Maier and Saupe used this
lattice model for a uniaxial liquid crystal and assumed
that the main value of polarizability 7 does not de-
pend on the phase state and on the degree of molec-
ular ordering of the mesophase. The Maier—Saupe
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Fig. 1. Thickness dependence of the refractive index of a
nitrobenzene wetting film formed on the quartz substrate at
various temperatures. Experimental results (Ml — ¢t = 20 °C,
e —t =50 °C) and the results of calculations (solid and dotted
curves)
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Fig. 2. Thickness dependence of the birefringence of a ni-
trobenzene interlayer An(d) = a x S, a = 3.02 x 10~ bounded
by quartz substrates. Experimental results and the results of
calculations
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Fig. 3. Thickness dependence of the birefringence of a ni-
trobenzene interlayer An(d) = a x S, a = 4.22 x 1075 bounded
by conductive substrates. Experimental results and the results
of calculations

model is based on the Lorenz—Lorentz equation for
the isotropic phase:

gi—1 4w x N; _

= ; 3
o+ 2 3 Yi» (3)
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which allows one to overcome the difficulties con-
nected with the choice of the uniaxial unit cell type
and with the uncertainty of cell parameters. Here,
N; is the number of molecules per unit volume. For
uniaxial liquid crystals, an analog of Eq. (3) can be
written as

_ 2
5—1:4W-N[7f+§SA7fo},

and rewritten in the form proposed in [15, 16]:
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All parameters in Eq. (4) are given in [15]. Taking
into account that 2 = &, we obtain the expression
for the dependence 7(S) in ELC layers:

n(h,T) =+v/a+bx S(h,T). (5)

Here, a and b are the constants determined by the
comparison of Egs. (4) and (5). The constants a and
b in (5) are functions of the temperature because of
the temperature dependence of the factor in square
brackets in Eq. (4). Their values were determined
by the comparison with experimental results with re-
gard for the temperature and thickness dependences
of the order parameter S(7', h) of an ELC layer. The
two-component model of ELC proposed in [2, 5] was
used to determine this dependence. The experimen-
tal data on the order parameter S characterize the
state of orientational ordering throughout the inter-
layer. That is why the values, which were substituted
in formula (5), were averaged over the thickness as

h
5= [ @51 @) +[(1-p@)S: @) de,

where S; and S, are the order parameters of
monomers and dimers, respectively. Finally, the val-
ues of a and b parameters were calculated by the least
square method.

At the same time, the degree of anisotropy of vari-
ous physical characteristics may be used to charac-
terize the state of ordering of the studied sample.
The degree of surface-induced optical birefringence
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An = n| —n_ is a convenient parameter, which is
closely correlated with the value of order parameter
S [17-20]. It was shown [18-21] that the proportion-
ality An ~ S holds within several percent.

3. Results and Discussion

The ellipsometric study of a wetting film [22] disposed
on the quartz substrate allowed one to calculate the
thickness h of the film and its refractive index n by
the Drude model [23]. It was assumed in [22] that
the value of refractive index is almost constant within
the film. However, the correct recalculation of exper-
imental results shows that 7 value increases near the
solid substrate, i.e., with the film thinning. The re-
treatment of experimental results according to Eq.
(5) by the least square method yielded the following
values of a and b constants: a = 2.3601, b = 0.7326
att =20°C and a = 2.3786, b = 0.5649 at t = 50 °C.
Experimental results and the theoretically calculated
curve are shown in Fig. 1.

Analyzing the results presented in Fig. 1, it is pos-
sible to conclude that

1. Within an orientationally ordered ELC layer,
the refractive index is almost constant, and its value
decreases with the temperature.

2.  The ELC equilibrium thickness decreases
with the temperature because of the layer-by-layer
melting.

3. Increasing the distance to the solid substrate
leads to a monotonic decrease of the refractive index.
The refractive index approaches asymptotically the
bulk values (isotropic liquid phase) n = 1.56 (t =
=20°C) and n = 1.55 (t = 50 °C).

The value of surface induced birefringence was mea-
sured earlier [1, 24] by the micropolarimetry of a
plane light-guide with variable thickness, by using the
Senarmon compensator. The experimentally deter-
mined value of phase shift Ay allowed us to calcu-
late the value of birefringence using the obvious re-
lation A¢ = QT’TATL x L, where A is the wave length
(A=10.543 mcm), and L is the optical path (L ~
~ 1 mm). The liquid interlayers were bounded both
with conductive (metallic) and dielectric substrates.
Note that the substrate material determines essen-
tially various properties of the wall-adjacent layers.

The approximation of the results by the relation
An ~ S shows a good agreement with the experi-
mental data (see Figs. 2 and 3).

ISSN 0372-400X. Vxp. ¢is. orcypn. 2014. T. 59, N 3

4. Conclusions

A two-component model of ELC that has been pro-
posed above gives a good explanation of the measured
optical peculiarities such as the thickness and tem-
perature dependences of the refractive index and the
order of birefringence in a two-phase liquid interlayer.

1. B.A. Altoiz, Yu.M. Popovskii and A.Yu. Popovskii, Molec.
Mater. 95, 113 (1995).

2. A.Yu. Popovskii and V.I. Mikhailenko, Ukr. Fiz. Zh. 66,
61 (2012).

3. G.V. Saidov, V.A. Amelichev, D.M. Polyakov et al., Zh.
Fiz. Khim. 60, 1452 (1986).

4. O.P. Dimitriev. J. Mol. Lig. 120, 131 (2005).

5. A.Yu. Popovskii, A.A. Kuznetsova, and V.I. Mikhailenko,
J. Mol. Liq. 120, 127 (2005).

6. J. Gao, W.D. Luedtke, and U. Landman, J. Chem. Phys.
106, 4309 (1997).

7. Jee-Ching Wang and K.A. Fichthorn, J. Chem. Phys. 108,
1653 (1998).

8. Yu.M. Popovskii, B.A. Altoiz, and E.S. Lyakhova, Kolloid.
Zh. 62, 299 (2000).

9. B.V. Derjaguin, Yu.M. Popovskii, and B.A. Altoiz, J. Coll.
Interface Sci. 96, 492 (1983).

10. B.V. Altoiz, S.K. Aslanov, and S.V. Kiriyan, Zeitschr. Ang.
Math. Phys. 62, 105 (2011).

11. M.V. Vuks, Opt. Spektr. 20, 644 (1966).

12. S. Chandrasekhar and N.V. Madhusudana, J. de Phys.
(Fr.), Collog. C4, 30, 24 (1969).

13. E.G. Hanson and Y.R. Shen, Mol. Cryst. Liq. Cryst. 36,
193 (1976).

14. A. Saupe and W. Maier, Z. Naturfor. B 16a, 816 (1961).

15. E.M. Averyanov and V.F. Shabanov, Kristallogr. 23, 320
(1978).

16. V.I. Mikhailenko, A.Yu. Popovskii, and A.A. Kuznetsova,
Proc. SPIE 5507, 110 (2004).

17. G. Pelzl and A. Hauser, Phase Trans. 37, 33 (1998).

18. E.G. Hanson, Y.R. Shen, Mol.Cryst. Liq.Cryst., 36, 193
(1976).

19. B. Zywucki, W. Kuczynski, and G. Czechowski, Proc. SPIE
2372, 151 (1995).

20. G. Czechowski, B. Zywucki, D. Bauman, and J. Jadzyn,
Proc. SPIE 2372, 163 (1995).

21. H. Binnder, H. Schmiedel, G. Lantsch et al., Liq. Cryst.
23, 415 (1996).

22. B.V. Derjaguin, Yu.M. Popovskii, and A.A. Gorjuk, Lang-
muir 3, 628 (1987).

23. M.M. Gorshkov, Ellipsometry (Sovetskoe Radio, Moscow,
1974) (in Russian).

24. B.V. Derjaguin, Yu.M. Popovskii, and G.P. Silenko, Dokl.
AN SSSR 207, 1153 (1972).

Received 23.09.13

303



A.Yu. Popovskii, V.I. Mikhailenko

0.FO. Ilonoscvruti, B.1. Muzatinenrxo

TOBHIVMHHA 3AJIE2KHICTD
KOE®IIIEHTA CBITJIOSAJIOMJIEHH A
EIIITPOITHUX PIITKNX KPUCTAJIIB

Pezwowme

IIpoanasizoBaHO 0COGJIMBOCTI NOBEJIHKHM JESKHX OINTHIHUX
BJIACTHBOCTEH OPI€HTAIIIHO BIOPSIIKOBAHUX MPHUIIOBEPXHEBHUX
mapiB HEME30TeHHHX PIANH — emiTPOMHUX PIiIKUX KpUCTa-
aie (EPK). 3anpornoHOBaHO MOJE/b, sKa € PO3BUTKOM TEO-
pil Maitepa—3ayne—-Hoiirebayepa i BpaxoBy€ JBOKOMIIOHEHTHY
crpykrypy EPK (amramiusa piBHOBara Mi gjumepamu Ta MO-
nomepaMu). ExcnepuMeHTasbHI pe3y/ibTaTH IO TOBIUHHUM i
TeMIIepaTyPHUM 3aJI€2KHOCTAM KoedilieHTa pedpakmil Ta Be-
JINYHWHHA JBOIPOMEHE3AJIOMIIEHHS TOCUTD 100Pe y3TrOMKyIOThCs
3 TEOPETHIHUMHU PO3PAXYHKAMH.
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TOJINIMHHAA 3ABUCUMOCTD
KOSOOUIMEHTA ITPEJIOMJIEHU A
SIINTPOIIHBIX >KNJTKNX KPUCTAJIJIOB

Peszmowme

AHATH3UPYIOTCST OCOOEHHOCTH MOBEIEHHSI HEKOTOPBIX OITUYE-
CKUX CBOMCTB OPHEHTAIIMOHHO YHOPSAJO0YEHHBIX IPHUIOBEPXHO-
CTHBIX CJIOEB HEME30T€HHBIX JKHUJIKOCTEH — SIMUTPOIHBIX KU
kux kpucrtamios (D2KK). Ilpemmaraerca Mojenb, KOTOpas
sBJIsieTcst passurueM Teopuu Maitepa—3ayne—Holirebayspa u
VUIUTBIBAET JBYXKOMIOHEHTHYIO CTPYKTYpy D2KK (nunammue-
CKOe DABHOBECHE MEXKJy ANMEPAMH M MOHOMEDAMH). DKCIe-
PUMEHTAJIbHBIE PE3YJIbTATHI [0 TOJIAHHON U TeMIepaTypHOi
3aBUCUMOCTSIM KO3(MDDUIUEHT, IPEJIOMJIEHUS] U BEJIMYUHBL JBY-
JLy9enpesioMJIeHUs] JJOCTATOYHO XOPOLIO COIVIACYOTCSI C Teope-
THYIECKAMH PACUETAMH.
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