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Lithium iodate nanocrystals in Laponite matrix
for nonlinear optical applications

Jérémie Teyssier,a) Ronan Le Dantec, Christine Galez, Yannick Mugnier, and
Jacques Bouillot
LAIMAN, ESIA, Université de Savoie, BP 806, 74 016 Annecy Cedex, France

Jean-Claude Plenet
LPMCN, Université Claude Bernard LYON I, UMR 5586, 43 Boulevard du 11 Novembre 1918,
69622 Villeurbanne Cedex, France

(Received 24 March 2004; accepted 5 June 2004)

A Laponite clay-based lithium iodate nanocomposite have been synthesized for nonlinear optical
applications. After addition of lithium iodate aqueous solution to a colloidal suspension of Laponite
JS, thin layers are elaborated from this sol using dip-coating technique. After drying and heat
treatments between 150 and 220°C, LiIO3 crystallizes in the matrix with nanometer size. As a result
of their strong dipolar moment, the LiIO3 crystals can be orientated under an external electric field
during nucleation. Planar waveguides have been elaborated on glass substrates and studied using
m-lines spectroscopy. The experimental nonlinear optical response has been compared to predictions
of a model and an effective nonlinear coefficientdeff=1.4 pm/V has been measured. ©2004
American Institute of Physics. [DOI: 10.1063/1.1777411]

Many studies have been performed concerning the
elaboration of nonlinear optical waveguides for frequency
conversion. Ion exchange or implantation techniques have
been used to produce waveguides at the surface of monoc-
rystalline optically nonlinear substrates.1 However, these fab-
rication processes are expensive and in recent years, alterna-
tives were explored in doping sol-gel layers with organic
molecules.2

Other recent studies on materials for second harmonic
generation(SHG) consist of inclusion of noncentrosymmet-
ric nanocrystals in an amorphous matrix. Conventional meth-
ods for glass fabrication3–5 or sol-gel process6,7 have been
used to produce these nanostructured materials.

In this letter, we describe the development of low cost
nonlinear optical waveguides by doping Laponite films with
lithium iodate, a material known for its high nonlinear
coefficient.8 The interest of Laponite which is generally used
to produce catalytic, antistatic and protective coating at very
low cost, has been demonstrated in integrated optics.9

The Laponite JS, provided by Rockwood Specialties
Inc., is a synthetic trioctahedric hectoritic clay. Individual
particles are disk-shaped crystals, 25 nm in diameter and
1 nm in width, with the chemical composition
Na0.7

+ fsSi8Mg5.5Li 0.3dO20sOHd4g0.7−.10 The precursor solution
is prepared at room temperature by dispersing 3 wt.% of
Laponite powder in distilled water under strong agitation. A
lithium iodate aqueous solution is then added to the clear
colloidal suspension in order to get a LiIO3/Laponite volume
ratio ranging from 10% to 60% in the dry material. After
filtration of the solution(0.4mm filter), films are deposited
on glass substrates using dip coating technique. The thick-
ness of a monolayer, ranging from 200 nm to 3mm, depends
on the withdraw velocity and on the viscosity of the sol.
After drying at 100°C, the layer is annealed in the tempera-
ture range 150–220°C in order to cause nucleation of LiIO3.

The first observation of the optical quality of the films is
performed on a ZEISS metallographic microscope. The
structure and the morphology of the composite films are ana-
lyzed using a Philipsu-2u x-ray diffractometer. The thick-
ness, refractive index, and attenuation of the waveguides are
simultaneously measured with a prism coupling technique(m
lines) at an incident wavelength lightl=0.5435mm then
nonlinear optical properties are determined by using a Maker
fringes setup with a Q-switched Nd:YAG laser operating at
l=1.064mm as a fundamental wave.

Before annealing, no evidence of LiIO3 crystallization is
detected from XRD experiments. After 1 h heat treatment at
210°C, a-LiIO3 peaks are observed on an XRD pattern as
shown in Fig. 1 for a layer containing 55 vol.% of LiIO3.
From the widening of the main peaks and according to Sher-
rer’s formula, nanocrystals size has been estimated to be in
the range 30–50 nm. The predominance of[100] peak is
characteristic of a natural orientation of nanocrystals with the
x axis perpendicular to the surface, i.e.,c axis in the plane of
the layer. This is confirmed by the polarized optical micros-

a)Electronic mail: jeremie.teyssier@univ-savoie.fr
FIG. 1. Diffraction pattern of a naturally oriented layer with 55 vol.% of
LiIO3.
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copy image in Fig. 2(a) showing large domains where nanoc-
rystals grow from nucleation centers withc axis in the plane
of the layer.

In spite of the slight conductivity of Laponite layers,11

nanocrystals can be oriented by applying a voltage of 300 V
between two electrodes deposited on the edges of the sub-
strate and separated by 1 cm. This treatment is performed
during annealing(i.e., during nucleation12) until complete
crystallization of LiIO3. The electric field in the plane of the
layer induces a strong preferential orientation ofc the axis
along the field lines[Fig. 2(b)] which remains stable after
cooling. This bidirectional orientation of nanocrystals(x axis
perpendicular to the surface andc axis along the field lines)
has been confirmed by comparing measured and simulated
SH signals for different polarization configurations on natu-
rally oriented[Fig. 2(c)] and electrically oriented[Fig. 2(d)]
nanostructures. The simulation used to describe the nonlinear
optical response of the nanocomposite is based on a matrix
model13 by summing individual nanocrystal SH contribu-
tions for different orientation distributions.

XRD patterns of pure Laponite films indicate large par-
allel orientation of particles on the substrate.9 This structure
presents interparticle spaces where lithium iodate solution is
confined during the layer formation. The probability of
nucleation is greatly reduced in small volumes14 preventing
crystallization during this stage. We suppose that the confine-
ment in these spaces limits the crystal growth to nanometer
size. The natural orientation of nanocrystals may be due to
Laponite film texturation.

Nanocomposite layers deposited on glass substrates form
planar waveguides. The refractive index has been measured
for several LiIO3 concentrations(Fig. 3) showing a linear
relation between pure Laponite and bulk LiIO3 indexes.
Thus, the control of thickness and refractive index allows the

optimization of waveguiding properties. Diffused light mi-
croscopy reveals a high optical quality layer where no de-
fects can be observed. The attenuation of a waveguide con-
taining 50 vol.% of LiIO3 is 4 dB cm−1 and can be reduced
after optimization of the sol filtration and of the deposition
procedure.

The nonlinear effective coefficient of layers doped with
55 vol.% of LiIO3 has been estimated, using quartz as a ref-
erence, atdeff=1.4 pm/V. This high value is close to the
nonlinear coefficient of LiIO3 with respect to the
LiIO3/Laponite volume ratio in the composite.15

Thus, an inorganic nanocomposite material has been
successfully synthesized for nonlinear waveguide device
elaboration. This low cost alternative material presents an
effective nonlinear coefficient for waveguided frequency
conversion. The control of nanocrystal orientation in the
three directions will allow us to enhance nonlinear optical
properties either by exploiting the most effective nonlinear
coefficient or by carrying out periodic structures for quasi-
phase matching.
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FIG. 2. Polarized light images of(a) naturally oriented and(b) electrically
oriented domains compared with respective simulated and experimental
SHG intensity(c) and(d) for S and P incident polarization during rotation of
the analyzer.

FIG. 3. Extraordinary and ordinary refractive indexes of waveguides vs vol.
% of LiIO3 in the nanocomposite measured by usingm-lines spectroscopy.
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