This article was downloaded by: [University of Haifa Library]

On: 13 August 2012, At: 20:42

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Surface Nematic Order Induced by
Silane Derivatives Studied by Second
Harmonic Generation

S. Soria @, D. Schuhmacher ? , G. Marowsky ® , R. Barberi ® , F.
Ciuchi ® & T. Rasing °

- # Laser Laboratorium Goettingen e. V, Hans-Adolf-Krebs-Weg 1,
Goettingen, 37077, Germany

b Dipartimento di Fisica, Universita della Calabria, INFM Unita di
Cosenza, Arcavacata di Rende (CS), 87036, Italy

© RIM, University of Nijmegen, P.0. Box 9010, Nijmegen, 6500 GL,
The Netherlands

Version of record first published: 29 Oct 2010

To cite this article: S. Soria, D. Schuhmacher, G. Marowsky, R. Barberi, F. Ciuchi & T. Rasing
(2002): Surface Nematic Order Induced by Silane Derivatives Studied by Second Harmonic
Generation, Molecular Crystals and Liquid Crystals, 372:1, 291-303

To link to this article: http://dx.doi.org/10.1080/10587250127576

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently verified
with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/10587250127576
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:42 13 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 372, pp. 291-303 @© 2001 Taylor and Francis, Inc.

Surface Nematic Order Induced by Silane
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Abstract We studied surface second-harmonic generation from thin
layers of several silanes dipped on conductive glasses after the
deposition of a thin film of 4°-n-pentyl-4-cyanobiphenyl (5CB) nematic
liquid crystal. The average orientation and surface order of the nematic
were determined by using Fourier analysis of the second harmonic
signal obtained by sample rotation in reflection geometry and by
polarization rotation in transmission geometry.

The aim was to check the possible use of these materials as a control
layer for the anchoring properties of nematics. The silane layer should
passivate a conventional surface treatment mainly by changing the
surface order properties.

Keywords second harmonic generation, nematic liquid crystals,
silanes.
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INTRODUCTION

Without special treatment at the surfaces the long axis of nematic
molecules aligns spontaneously only over microscopic domains. Since
macroscopic uniform alignment is a prerequisite for any liquid crystal
device, suitable boundary conditions are crucial. Conventionally, the
molecular alignment is achieved by putting the liquid crystal in contact
with an anisotropic substrate. For commercial devices, the anisotropy is
usually obtained by means of unidirectional mechanical rubbing of the
polymer layer and the liquid crystal molecules point their long axes
along the rubbing direction [1, 2].

Second Harmonic Generation (SHG) is a powerful technique for
probing molecules adsorbed at an interface and it can be used to
determine the orientational distribution of a surface monolayer of
molecules [3,4]. In the electric-dipole approximation SHG is forbidden
in centrosymmetric materials, but the inversion of symmetry is broken
at surfaces and interfaces [5]. For this reason, SHG is suitable to probe
also surface properties of liquid crystals.

Using Fourier analysis [6,7,8], we have evaluated the SH
response of several silanes dipped on ITO (Indium Tin Oxide) coated
glasses. ITO glasses are used because a conductive surface is necessary
for electro-optic devices. We also evaluated the response of 5SCB (4°-n-
pentyl-4-cyanobiphenyl, from Merck) liquid crystal monolayers
deposited onto them under Fresnel reflection conditions at various
polarization angles. Our aim is to check the intrinsic order properties

that silane materials induce on 5CB at surfaces.
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THEORY

The monolayer characteristics are reflected in the surface nonlinear
susceptibility x* of the monolayer. By measuring the individual
components of the nonlinear susceptibility, it is possible to deduce
information about the orientation and arrangement of molecules in a
monolayer. We assume that there is only one dominant component of
molecular hyperpolarizability B of the 5CB related to the long
molecular axis f : Bas3. This approximation provides relatively simple
relations  between the macroscopic second-order nonlinear
susceptibility components ik and the angular distribution of the
molecules (Fig.1). For an isotropic distribution this yields [2,3]

XZZZ= Ns < 00539 > B333
1 . . 2
Xzox™ Aavy = Kxex “Kyzy = E N (Sm_ 0 COSB)B,H:, s (1)

where < > means averaging over the angular distribution, 0 is the tilt
angle describing the polar orientation, and N is the surface density of

molecules.

A x

@

Figure 1- Long molecular axis § in relation to sample coordinates (x,y,z). 6 and

@ are polar angle and azimuthal angle of é respectively.
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Eq. (1) yields

<sin20> 2l
o)~ 7.

)

By assuming a & function distribution of the tilt angle, Eq. (2) can be
used to determine the average tilt angle 6.

For an anisotropic distribution with two planes of symmetry, the
nonlinear susceptibility tensor x(z) belongs to the C,, group and can be

described by three independent nonzero components [9]

A zzz— Ns < 00539 > B333>
Aoxx= Yxzx = Ns < $in’0 cosO cos2(p> B33, (3)

Yy = Ayzy = Ns < sin’® cos8 sin’@ > B33,

where ¢ is the azimuthal angle of the molecular long axis & with
respect to the x axis. By assuming independent polar and azimuthal
parts of the molecular orientational angular distribution function £(0,¢)
= 8(0-09)g(®), the in-plane surface orientational order parameter Q=

<cos2¢> of the SCB monolayer can be calculated from Eq. (3) as [10]
Qs = (s = Xawy) / (s + Aoy 4)

This parameter describes the surface anisotropy between x and y.



Downloaded by [University of Haifa Library] at 20:42 13 August 2012

SURFACE NEMATIC ORDER DUE TO SILANE DERIVATIVES 295

EXPERIMENTAL SET-UP

The experimental set-up in reflection geometry is shown in Fig.2.a. The
linearly polarized radiation from a Nd:YAG laser pumped Optical
Parametric Oscillator (OPO) (4 ns, 10 Hz, 420-1600 nm) was used as
light source to generate SH radiation. The angle of incidence of the
laser beam was kept constant at 45°. The sample was mounted on a
rotation stage in air. A polarizer in front of the multiplier allows
polarization-sensitive SH detection by setting the polarization angle to
p-polarization (0°) and s-polarization (90°). We also measured the SH

spectrum of the films in the visible range of the OPO in this geometry.

Laser Polarizer Beam splitter /2 Plate  Filter 20 Sample
o | . S
14
I i Filter @
i z quartz
s k :
' W2 Plate
|
Filtxe Analyzer
Photomultiplier Photomultiplier
Reference
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laser Polarizer BS Filter 20 sample  Filter w

b)

Figure 2- Experimental set-up for SHG a) in reflection, b) in transmission.

The fundamental wavelength was filtered out from SH signal by
using appropriate colour filters and a grating monochromator. We also
placed colour filters in front of the sample in order to filter out the
second harmonic signal. The transmission configuration (Fig.2.b)
facilitates the identification of the anisotropic tensor components since
normal incidence delivers SH signals only from these components, and
the isotropic components can be gradually introduced by rotating the
sample around y. We rotated the polarization of the fundamental
radiation by rotating the A/2 plate. Also for transmission the detection

of SH signal was done for p and s polarizations.

MATERIALS AND SAMPLES

We used three surfactants as  alignment layers:
methyltrimethoxysilane (MMS), methylpropoxysilane (MPP) and
methyltriethoxysilane (MES) from Fluka and we used them without

any further purification. These materials were dissolved in isopropanol

photomultiplier
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and demineralized water (10%) at 1%o in volume. The used materials
have been chosen because they present different lengths of their
saturated hydrocarbon chains. Molecular layers have been deposed on
each substrate by dipping the plate in the silane solution. The low
concentration of silane materials has been chosen because we are
interested on the modification that they can induce on the alignment
properties of a standard anisotropic surface treatment. The role of
silanes, which are use like dopants for the surface, should be to
perturbate the contact properties of SCB for instance on the usual
alignment layers of a rubbed polymer. Some samples have been
analysed just after the coating by dipping; other samples have been
observed after a rubbing procedure. In this case the rubbing process
was carried out by translating a substrate at constant speed while it was
in contact with a rotating wheel of velvet.

Finally, we coated the prepared substrates with 5CB. Adsorbed
5CB monolayers on substrates were prepared by evaporation, using
SHG as an in situ probe of the deposition [10]. In all cases, the signal
increased quadratically with time and then saturated, indicating that the
molecules have been adsorbed uniformly onto the substrate until a full
monolayer has been formed. Evaporation of 5CB onto all substrates

under investigation exhibited similar temporal behaviour [11].

EXPERIMENTAL RESULTS.

The SH spectra from the ITO coated glasses both cleaned or coated by

a silane are practically the same. None of these silanes generated a
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significant SHG signal before deposition of SCB. Hence we can assume
that the isotropic SHG background comes only from the ITO layer.

We monitored SH signal from 5CB deposited onto the different
silanes as a function of the rotation angle of the sample. We deduce
from our measurements the surface in-plane order parameter Q, of the

5CB monolayer on top of the substrate as well as its average tilt angle.
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Figure 3 - Azimuthal dependencies of the pp second-harmonic
power: a) rubbed MMS film, b) rubbed MES film, ¢) rubbed MPP
film.



Downloaded by [University of Haifa Library] at 20:42 13 August 2012

SURFACE NEMATIC ORDER DUE TO SILANE DERIVATIVES 299

For unrubbed silanes the output power of the SH signal for the
p-in-s-out and s-in-s-out combinations was very low compared to that
for the s-in-p-out and p-in-p-out case (i-inj-out indicate the
polarizations of the fundamental and SH beams, respectively) in
accordance to the C.., surface symmetry of a 5 CB monolayer on an
isotropic substrate. As expected, the signal from these unrubbed
substrates is azimuthally isotropic. The tilt angle of the SCB molecules
in the monolayer is 8 = 65 °, for all the unrubbed silanes [11]. This
means that the SCB molecules are arranged conically. The surface
nematic director has moved towards the magic angle (~54.7°), which is
typical of disordered substrates [12].

Figure 3 shows these azimuthal dependences of SH signals for a
p-in-p-out polarization combination. Three cases are shown: MMS (a),
MES (b) and MPP (c), all of them rubbed. In these cases, the molecules
could have a preferred alignment along the rubbing direction (x axis).
For both rubbed and unrubbed MMS (Fig.3.a) and MPP (Fig.3.c)
coated substrates, the SHG signal shows an isotropic dependence on
sample rotation around the surface normal for s-in-p-out and p-in-p-out
polarizations, indicating that there is no detectable anisotropy in the
distribution of the 5CB monolayer. These results are in agreement with
the experiments made by Chen and coworkers[3]: they have shown that
a rubbed surfactant-coated substrate cannot orient the adsorbed first LC
monolayer while it can induce a macroscopic alignment in a cell.
Furthermore some authors [13] stress that the orientation of the
monolayer depends on the preparation method. Our results indicate that

the LC molecules in the monolayer are not aligned in the surface plane.
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From the measured values of the susceptibility components, we found
that the tilt angle for the rubbed MPP and MMS is 72° + 3°.

The third material, MES, behaves differently. In this case the
rubbed MES layer shows an anisotropy (Fig.3.b): the chromophores of
5CB molecules follow the direction of the rubbing strokes. The surface
alignment is characterized by Qs = 0.3 and 6 = 71°. The value of the
surface in-plane order parameter is quite small in the lowest range of
the usual values for rubbed polymeric surfaces: Qs = 0.3 - 0.5 [14-16].
The observed tilt angle is comparable with alignment angles of cyano-
biphenyl monolayers usually found on substrates that induce a planar
macroscopic alignment [2,10].

To check the macroscopic alignment induced by the
investigated substrates, we prepared thin cells with rubbed and
unrubbed silane-coated substrates. The cells were observed by means
of an optical microscope between crossed polarizers. The cells made
with unrubbed plates were inhomogeneous, with only small domains
randomly oriented, whereas all the rubbed substrates have shown cells
with a homogeneous alignment along the rubbing direction. This
behaviour confirms that a macroscopic alignment of nematics does not
depend on an uniform alignment of the first monolayer in contact with
the substrate.

To obtain more information we have performed SHG
experiment in transmission geometry at two angles of incidence, 0° and
45°. As expected, for an isotropic distribution and a G, distribution no
signal could be observed at normal incidence. At 45° all Fresnel
factors are different from zero and SH signal could be detected: a small

anisotropy has been observed also in the case of rubbed MMS and MPP
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(about 2% of the total signal). For these silanes we have found a very
low order parameter Qs = 0.02, in the limit of the experimental

accuracy of our set-up.

DISCUSSION AND CONCLUSIONS

The results presented in this paper were planned to determine the
orientational distribution of a monolayer of NLC molecules adsorbed
on a substrate by SHG. We used reflection and transmission geometry
to obtain the tilt angle and the order parameter induced by three
different silanes. None of these silanes generated a significant SHG
signal before deposition of 5CB.

In all analysed cases, we found comparable tilt angles. This
result implies that the rubbing of silanes does not affect the polar
orientation of the SCB molecules; only the azimuthal orientation can be
influenced. This is expected since the polar angle distribution of LC
molecules at the surface is mainly determined by molecule-surface
bonding, and therefore is not likely influenced by rubbing.

We found that on MPP and MMS rubbed surfaces, the LC
molecules are practically in an isotropic conical state. Only in the case
of the MES coated substrate a clear influence of rubbing on the
molecular alignment has been observed. There is an uncertainty (< 10
%) in the values of the y;x mainly due to a 10 % uncertainty in the
index of refraction of the monolayers at the SH frequency.

We underlined the apparent disagreement between the optical

microscope observation of NLC thick layers and SHG measurements of

301
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the first LC monolayer. This result indicates that the surface induced
homogeneous bulk alignment is not strictly connected with the order
and anisotropy of the NLC first layer. The low surface order parameter
is suitable to use these surfactants as surface perturbators. They could
screen the strong order imposed by usual surface treatment, favouring
the control of weak anchoring conditions. Measurements to check the

validity of this hypothesis are in progress.
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