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Orientation of LiIO3 Nanocrystals in Laponite
Matrix for Periodically Structured

Non-Linear Waveguides

R. LE DANTEC,1,∗ J. TEYSSIER,1 C. GALEZ,1 Y. MUGNIER,1

J. BOUILLOT,1 AND J.-C. PLENET2

1Université de Savoie, LAIMAN, BP806, 74016 Annecy Cedex, France
2Université Claude Bernard Lyon I, LPMCN, UMR 5586, 43 Boulevard du
11 Novembre 1918, 69622 Villeurbanne Cedex, France

A new clay-based nanocomposite has been developed for non-linear optical waveguid-
ing applications. Thin layers are deposited on glass substrates by using dip coating
technique from an aqueous solution made of a Laponite suspension mixed with a lithium
iodate (LiIO3) aqueous solution. Transparent layers with waveguiding properties are
obtained with an effective non-linear coefficient of about 1.4 pm/V for a 55% vol. LiIO3
composite. Control of nanocrystals orientation has been performed by applying an
electric field with Corona discharge or deposited gold electrodes. Characterisation of
nanocrystals orientation was done by Second Harmonic Generation (SHG) measure-
ments and polarised light optical microscopy.

Keywords Nanocomposite; Second Harmonic Generation; waveguides; crystals
orientation

PACS: 42.65.Wi; 42.65.Ky; 78.67.−n

1. Introduction

Waveguides for frequency conversion have been extensively studied in recent years. These
waveguides are mainly produced by ion implantation, Ti diffusion or proton exchange on
single crystal. But alternative approaches are explored in order to produce waveguides with
extended properties or lower cost by developing new elaboration processes or new non-
linear materials. Thus, nanocomposite materials for Second Harmonic Generation (SHG)
applications are a recent research field. It consists in inclusions of non-centrosymmetric
nanocrystals in an amorphous matrix. Conventional method for glass fabrication [1–4] or
sol gel process [5] have been used to produce these materials.

We present here a nanocomposite material formed by lithium iodate nanocrystals em-
bedded in a “Laponite” matrix, which can be easily deposited on glass substrates to create
waveguides. LiIO3 is a well-known second order non-linear optical material widely used
for frequency conversion. Laponite is a synthetic clay widely used in industrial applications
[6]. Recently, Le Luyer et al. [7] have used dip coating technique to deposit transparent
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Laponite layers on various substrates and have highlighted the potential for waveguiding
applications. Our aim is to develop low cost waveguides with 2nd order non-linear optical
properties using LiIO3/Laponite nanocomposite layers.

Nanocrystal orientation in the matrix is an important issue. Randomly oriented com-
posite may be low efficient non-linear materials due to the absence of non-centrosymmetric
property. On the other hand, the control of the orientation would allow to enhance non-linear
optical properties either by exploiting the most effective non-linear coefficient or by carrying
out periodic structures for quasi phase matching. After a description of the nanocompos-
ite layers main properties, we will focus on the nanocrystals orientation process and its
consequences on non-linear optical properties.

2. Nanocomposite Layers Elaboration

The Laponite has the following chemical formula [8]:

Si8(Mg5.5Li0.4)H4O24Na0.7

The structure is composed of an octahedral layer where two sites out of three are occupied
by a magnesium atom and one site out of three by a lithium atom, between two tetrahedral
layers with silicium atoms on each site. When Laponite powder is dispersed in water,
it produces a transparent colloidal suspension where individual particles are disc-shaped
crystals, 25 nm diameter and 1 nm thickness. Laponite can be modified by addition of
dispersing agents. For this study, we used “Laponite JS” from Rockwood Specialties Inc.
that allows high Laponite concentrations in water (up to 18 wt.%) and can be used even
after long time storage. LiIO3 is water soluble and is obtained from Sigma Aldrich.

The precursor solution is prepared at room temperature by dispersing 3 wt.% of com-
mercial Laponite JS 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 vol-
ume ratio ranging from 10 to 60% in the dry material. After filtration of the solution (0.4 µm
filter), films are deposited on glass substrates using dip-coating technique. The thickness of
a monolayer, ranging from 200 nm to 3 µm, depends on the withdraw velocity and on the
viscosity of the sol. After a drying at 100◦C, the layer is annealed in the temperature range
150◦–210◦C in order to induce crystallisation of LiIO3.

3. Layers Structural Properties

Pure Laponite Layers

When using a pure Laponite colloidal suspension, we obtain transparent layers with good
optical quality. XRD characterisation performed with a Philips θ–2θ X-ray diffractometer
shows that Laponite particles are largely ordered parallel to the substrate. This particular
arrangement has also been observed on AFM images [9]. It promotes a specific orientation
of the LiIO3 nanocrystals in the nanocomposite layers.

LiIO3/Laponite Nanocomposite Layers

Before annealing, no evidence of LiIO3 crystallisation is detected from XRD experiment.
After 1h heat treatment at 210◦C, α-LiIO3 peaks are observed on XRD pattern as shown in
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Figure 1. XRD pattern of a nanocomposite layers with 55 vol.% of LiIO3. The predominance of the
[100] peak indicates that nanocrystals x-axis are perpendicular to the layer plane, i.e. c-axis parallel
to the layer plane.

Fig. 1 for a layer containing 55 vol.% of LiIO3. The large predominance of the [100] peak
indicates a crystal orientation with the c-axis in the plane of the layer. From the widening
of the main peaks, the crystal size has been estimated to be in the range of 10 to 50 nm.

The structure of the layers has also been characterised with polarised light microscopy.
A sequence of polarised images taken during an annealing is shown in Fig. 2. At the
beginning, a uniform image is obtained. After a few minutes, some “domains” are observed,
characterised by a circular shape and a Maltese cross. Then, at the end of the process, the
surface of the layer is completely covered by these domains which meet each other. The
Maltese crosses are typical from of a spherulitic morphology. This can be interpreted by
taking into account the birefringence of the α-LiIO3 crystals. The nanocrystals grow from
a nucleation centre and are self-organised in circular domains, with their c-axis in the layer
plane and along the radial direction of these domains.

XRD measurements and polarised microscopy observations lead to interpret the
nanocomposite layers formation in the following way. Before annealing, LiIO3 solution
is confined between the Laponite particles that are well ordered on the glass substrate
(Fig. 3a). Then, during annealing the water leaves the layer inducing the crystal nucleation
(Fig. 3b). The particular structure of the Laponite matrix promotes a “natural” orientation

Figure 2. Polarised light images sequence of a layer with 38 vol.% of LiIO3 during annealing at
210◦C. Apparition of domains is interpreted as the beginning of LiIO3 crystallisation.
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Figure 3. Schematic representation of the nanocomposite layer formation. a) before annealing: LiIO3

solution is confined between the Laponite particles. b) during annealing: nucleation and growth of
the crystals with c-axis parallel to the substrate.

of the LiIO3 crystals. Confinement limits the growth of crystals in the size range 10 nm to
50 nm.

4. Optical Properties

Waveguiding Properties

Nanocomposite thin layers deposited on glass substrates form planar waveguides which have
been characterised using prism coupling technique (m-lines) with an incident wavelength
λ = 0.5435 µm. Measured refractive index depends on LiIO3 concentration, ranging from
nTE = 1.4510 and nTM = 1.4920 for pure Laponite layer to nTE = 1.7116 and nTM = 1.7181
for a composite layer with 60 vol.% of LiIO3.

Waveguide attenuation has been measured by prism-coupling a laser line (λ =
0.632 µm) mode by mode into the waveguide and by analysing the scattered light in-
tensity versus the propagation length. The scattered light has been obtained by imaging the
waveguide surface with a camera. We found an attenuation of 2 dB/cm for a 25 vol.% of
LiIO3. This value is strongly degraded up to 10 dB/cm for a highly concentrated nanocom-
posite with 50 vol.%. This can be explained by an increase of diffusion losses due to the
emergence of defects at the domain borders. These values seem to be high for practical
applications, however, we think that an optimisation of the deposition process is possible
and might improve these results.

Non-Linear Optical Properties

The non-linear effective coefficient measurement of the composite and its comparison with
a theoretical analysis has been described in ref. [10]. This coefficient has been obtained by
comparing Second Harmonic Generation (SHG) of nanocomposite layers to quartz crystal
reference. It is found to be proportional to the LiIO3 concentration in the composite layer
and is about 1.4 pm/V for a layer doped with 55 vol.%., which is in the same order than
pure LiIO3 coefficients and close to the theoretical model.
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Figure 4. a) Schematic representation of deposited gold electrodes for layer-plane orientation.
b) Corona discharges orientation set-up.

5. Nanocrystal Orientation Control

Orientation control is an important topic for 2nd order non-linear materials. For example,
active molecules in polymer matrix need to be oriented in order to obtain a non-linear
response. Control of the spontaneous polarisation in ferroelectric crystals allows periodic
domains inversion for quasi-phase matching. In these two examples, orientation is generally
induced by applying an electric field.

A “natural” orientation occurs during the LiIO3/Laponite nanocomposite layers for-
mation. However, this orientation is not complete and we tried to apply an electric field in
the layer in order to get the control of the nanocrystals growth direction.

First, the nanocrystals c-axis has been orientated in one direction of the layer plane by
applying a voltage between two gold electrodes deposited by sputtering at the edges of the
layer and separated by 1cm (Fig. 4a). Typical voltages are in the range of 300 V–700 V.
The nanocrystals c-axis can also be orientated perpendicularly to the layer plane by using
Corona discharges (Fig. 4b). The needle voltage is about 8 kV and the glass substrate is
grounded. It is worth noting that in those two cases, the electric field is applied during
annealing, i.e. during the nanocrystals nucleation. An important drawback is that Laponite
films are slightly conductive at high temperature [15] limiting the applied electric field
during the process.

We used polarised light microscopy and SHG measurements for the characterisations.
The SHG experimental set-up uses a Q-switched Nd:YAG laser operating at λ = 1.064
µm as a fundamental wave. The Second Harmonic (SH) signal is detected by using a
photomultiplier connected to a digital oscilloscope. Input and output polarisation can be
selected via a half wave plate and a polariser. Two set-up configurations have been used:
first experiment consists in recovering the SH signal when rotating the analyser with a fixed
input polarisation. Second experiment consists in classical Maker fringes measurements,
i.e. collecting the SH response versus the incident angle of the fundamental beam.

Polarised Microscopy Images Analysis

Typical polarised light images of nanocomposite layers are given in Fig. 5. Without applied
electric field (Fig. 5a), we observe, as mentioned before, circular domains with particular
nanocrystals orientation arrangement (called “natural” orientation). With an applied electric
field in the layer plane (Fig 5b), the clear change in the domains morphology can be
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Figure 5. Polarised light microscopy images of a) as deposited annealed nanocomposite layers;
b) plane orientated with gold electrodes; c) off plane orientated with Corona poling. Inset of
the 3 pictures: schematic representation of c-axis nanocrystals orientation distribution. (See Color
Plate I).

interpreted as a c-axis preferential orientation along the field line, as schematised in the
inset of Fig. 5b. Finally, domains are not observed (Fig. 5c) by using Corona poling. That
could mean a c-axis orientation perpendicular to the layer plane.

SHG measurements that are very sensitive to orientation distribution [11, 12] have been
performed to confirm those observations.

SHG Characterisation

In Plane c-Axis Orientation Influence. Figure 6 shows the polar plot of the SHG intensity as
the function of the analyser angle for the P and S incident polarisation. The measurements
were made on a naturally oriented sample (Fig. 6a) and on an electrically oriented sample
(Fig. 6b), where the c-axis preferential orientation was set parallel to the S incident polari-
sation of the SHG set-up. For the first sample, the S or P incident polarisation responses are
similar but with a 90◦ shift. That means that for each case the maximum of signal is observed
when input and output polarisation are aligned. For the electrically oriented sample, the P

Figure 6. Polar plot of the SHG intensity as a function of the rotation of the analyser for S and P
incident polarisation with respective simulations. a) “naturally” orientated sample corresponding to
Figs. 6a and b) electrically oriented sample corresponding to Fig. 6b.
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incident response has a smaller amplitude variation than the S case. There is thus a clear
difference between the two samples response, which is due to the nanocrystals orientation
distribution change thanks to the applied electric field.

Numerical simulations were performed to fit experimental results. The SHG response
of samples is calculated taking into account hypotheses deduced from the nanocomposite
structure : i) the nanocrystals orientation is constant along the fundamental beam propagation
direction ii) the incident beam probes all the existing nanocrystals orientations at the surface
(the whole nanocrystals orientation distribution). Indeed, we consider that it is much larger
than typical domain dimensions (beam diameter is about 5 mm).

Each orientation contribution is calculated with a numerical 1D matrix model [13]
with the second order non-linear susceptibility tensor, the input and output polarisation
and the layer width as input parameters. The global SHG response is then the sum of each
contribution taking into account orientation distribution of the two samples. For the first
one, we consider a uniform distribution of the c-axis orientation in the layer plane. For the
second one, a normal law was taken to represent the distribution δ(θ ) of the c-axis :

δ(θ ) = e
−θ2

d

where θ represents the angle between the incident polarisation and the nanocrystals c-axis
and d is the angular dispersion parameter. For each case, the simulated SH signal fits rather
well the experimental data. The dispersion parameter obtained for the electrically oriented
sample is about π /4: that is close to the domain morphology observed on polarised images.

Finally, these results confirm the impact of electrically induced preferential orientation
of nanocrystals on quadratic non-linear response.

Corona Poling. Inset of Fig. 7 shows the Maker fringes pattern of a Corona poled sample
for S-P and P-P input-output polarisations. One can observe a non expected offset at normal
incidence offset which can be interpreted as a non complete orientation of nanocrystals.
Subtracting this offset (Fig. 7), the experimental data fit the simulated fringes. The simulation

Figure 7. Experimental and simulated Maker fringes (with subtracted offset) for a Corona poled
nanocomposite layer with 38 vol.% of LiIO3. Inset shows as measured SHG data with offset.
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is the SH response of a Z-cut LiIO3 crystal. Consequently, this result is an evidence of a
c-axis orientation perpendicular to the plane due to the Corona poling.

Discussion

As mentioned before, preferential orientation is obtained by applying electric field during
crystallisation of the layer. This orientation is stable and no relaxation is observed after other
annealing or long time storage. It is induced with a relatively low electric field (about 300
V/cm for the electrode process). This low electric field is sufficient to promote a preferential
orientation because it is applied during the nucleation of the nanocrystals. Similar orientation
principle can be found in other works [14, 15] where the hypothesis is that orientation is
induced at the very early nucleation stage. The alignment of the spontaneous polarisation
(parallel to the c-axis for LiIO3) with the electric field leads to minimise the electrostatic
energy and thus, the total free energy of the formation of a nucleus.

Nevertheless, orientation is not total along the field lines and competitive mechanisms
must probably exist. Moreover, Laponite layers conductivity at high temperature limits the
applied electric field during the process. A careful optimization of the orientation process
temperature, sufficiency low to limit the conductivity but high enough to induce crystalli-
sation, must be found.

6. Conclusion

Non-linear effective coefficient of the composite is in the range of usual inorganic crystals
used for SHG, but it is quite small compared to most competitive compounds. The main
assets of this material are the low cost of elaboration process and the ability to control the
nanocrystal orientation in all directions allowing us to carry out periodic structures for Quasi
Phase Matching. Even if an important work has to be carried out to decrease waveguide
attenuation or to improve orientation process efficiency, this material is already promising
for waveguiding applications.
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