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ABSTRACT

In recent years, a large amount of activity has been carried out searching new materials for second order non-
linear optics. Nanostructured materials composed of a host matrix and optical active nanocrystals form a new
part of this research field. Our present work consists in ”doping” SiO2 matrices with 5 to 30% mass of LiIO3

nanocrystals. Indeed, α-LiIO3 is a compound known to be very efficient for second harmonic generation (SHG).
This nanocomposite glass has been developped using sol-gel technics. Bulk samples have been first studied
showing nanocrystallites with size ranging from 50 nm to 400 nm and second harmonic generation (SHG). Then
thin layers have been elaborated using dip coating and spin coating technics. Being given that LiIO3 crystals
present structurally a strong dipolar moment, non-linear optical properties could be enhanced using Corona
discharges to orientate nanocrystals. This paper relates the fabrication process and the structural and optical
characterizations of bulk and thin layer material.
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1. INTRODUCTION

Recent attempts to produce non-linear optical materials showed the interest in doping SiO2 glasses with non-
centrosymetric crystallites. The ”traditional” method for glasses fabrication has been used to synthesize inorganic
composites such as KNbO3,1 BaB2O4,2 B2WO6.3 The sol-gel method has been used to produce nanostructured
materials with semiconductors, metals or metal oxides because of the low-temperature process and mechanical,
chemical and optical properties of the so obtained glasses. Non-linear optical properties have thus already been
observed on KTP / Silica Gel nanocomposites.4, 5

Due to its high non-linear coefficients,6 lithium iodate (LiIO3) is a good candidate for non-linear optical
applications. Our research consists in the elaboration of SiO2 xerogels prepared by the sol-gel method, doped
with LiIO3 nanocrystals. This material combines the advantages of inorganic nanocrystals (non-linear optical
properties, wide transparency range, chemical stability) with those of an amorphous matrix elaborated with the
sol-gel method (convenient processing and shaping).

2. SAMPLES PREPARATION

2.1. Sol preparation

LiIO3/SiO2 nanocomposites are prepared by sol-gel method.7 The sol is obtained at room temperature by
melting and stirring TEOS or TMOS, water and ethanol in the molar ratio 1:1:1 for bulk material. For thin films
elaboration with dip coating and spin coating methods, a dilution is necessary in order to decrease the viscosity
of the sol and thus to reduce the thickness of the layers. In this case, a molar ratio alcoxyde:water:ethanol in
the range 1:1:5 to 1:1:12 is used. After 1 hour of hydrolysis, an acid aqueous solution of LiIO3 is added to the
glass precursors in order to obtain 5 to 30% LiIO3/SiO2 mass ratio. Transparency of the resulting xerogel and
geling time are very sensitive to the pH value, fixed around 1 in our case by adding chloridric acid.
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To get bulk nanocomposite material, the sol is poured in plastic boxes and after several hours, a wet gel is
obtained which needs a few weeks to be stabilized. According to the mecanisms observed by N. Sanz8 for organic
nanocrystals grown in sol-gel matrix, the nucleation and growth of LiIO3 nanocrystals may occur in the pores of
the matrix during annealing with a temperature ranging from 50 to 200 oC. For several LiIO3/SiO2 compositions
ranging from 0 to 30% mass, a transparent glass is obtained. Beyond that mass ratio, cracks appear in the gels
which become powdered during drying.

For the preparation of thin layer nanocomposites by means of the coating methods, it is necessary to work
with diluted solutions. Layers are deposited on cleaned glass substrates (microscopy slides) and in this case,
gelation, drying and nucleation of LiIO3 occur in a few second after withdrawing the substrate from the sol.
The withdraw velocity for dip coating was around 15 cm per minute. Spin coating has also been used giving
similar results but making the electric field application easier for the orientation. The thickness of the layers
cannot exceeds 200nm because of cracks induced by large strains. It is thus necessary to deposit several layers in
order to have a sufficient quantity of matter to generate a detectable SH signal. Due to LiIO3 phases transitions,
annealing is performed below 200oC. The problem of adherence between two SiO2 layers, appearing during low
temperature annealing, is solved by the addition of a transition layer of TiO2 of some nanometers thickness. In
spite of this procedure it is not easy to deposit more than 3 layers.

2.2. Orientation of the nanocrystals

Lithium iodate crystallises in the P63 space group with a spontaneous polarisation which is about P=1.5 C/m2

along the c-axis9, 10 at room temperature. The resulting dipolar moment µ given by:

~µ =
~P

N
(1)

where N=1.49 1028 m−3 is the number of µ per volume unit , is µ=1.01 10−28 C.m. This value is larger than the
value observed on NPP organic nanocrystals where the dipolar orientation was performed using external electric
field. NPP nanocrystals have a dipole moment µ=2.33 10−29 C.m.11 It is thus possible, by applying a high
electric field, to orientate the nanocrystals in order to increase the mean non-linear optical coefficient. In our
case, Corona discharges is used to get a strong enough electric field inside the sample in spite of the wet layer.
A high voltage of 5 to 15 KV has been applied at a distance of 1.5 cm from the sample surface.

3. SAMPLES CHARACTERIZATIONS

3.1. Characterization devices

For preliminar structural characterizations, a metallographic Zeiss microscope is used. Then, Atomic Force
Microscopy (AFM) and Lateral Force Microscopy (LFM) images are made by using an Autoprobe CP Research
instrument (Veeco). X-Ray diffraction (XRD) measurements are performed on a powder diffractometer equipped
with a circular multichannel detector (Inel). A SETARAM differential thermal analyser and thermo gravimetry
(DTA-TG), under air flux, is used to determine phase transitions temperatures.

Optical transmission is measured with a Perkin Elmer UV-Vis-NIR spectrometer. For non-linear optical
characterizations, we use a Q-switched Nd:Yag laser operating at 1.064 µm as fundamental wave with a repetition
rate of 50 Hz and a pulse width of 10 ns. The detector is a photomultiplier tube (PMT) equipped with filters
blocking the fundamental wave and transmitting the second harmonic signal at 532 nm. A λ/2 waveplate allows
to explore both s-p and p-p polarization configurations.

3.2. Bulk material

AFM investigations

Optical observations of polished samples show composite material of good optical quality even if crystals, with
size larger than the diffraction limit (∼ 400nm), are present in the matrix. Finer analysis has been carried out
by Lateral Force Microscopy (LFM). This technique allows to highlight composition contrast via the difference
between friction coefficients of present phases with nanometer resolution. Pictures in Fig.1 show a clear contrast
between SiO2 matrix and LiIO3 nanocrystals.



Figure 1. Lateral Force Microscopy (LFM) images showing the contrast between SiO2 matrix and LiIO3 nanocrystals
(white on forward image and black on return image).

Crystal size distribution is centered near 150 nm with small dispersion. The crystal/matrix surface ratio
observed on LFM images is in agreement with the mass ratio of LiIO3 introduced in the sol, proving a total
crystallisation of lithium iodate.

XRD results

Figure 2 shows XRD patterns of a sample containing 16.5%m of LiIO3 compared with pure crystalline LiIO3.
We can note the large peak induced by the amorphous silicate matrix. The nanocrystal size has been estimated
from the widening of principal peaks using Sherrer’s formula. In spite of a measurement close to the limit of
resolution, the mean crystal size can be generally estimated in the range 50-200 nm which is in agreement with
LFM images.
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Figure 2. XRD patterns of bulk nanocomposite (LiIO3)0.16(SiO2)0.84 a), compared with pure crystallised LiIO3 b).

DTA-TG observations

Lithium iodate crystallises at room temperature with the hexagonal non centrosymetric α structure which
presents high non-linear optical coefficient (d31=7.5 pm/V at λ=1.064 m6). For single crystals, a phase transition
between 180oC and 230oC (depending on growth conditions12) leads to the centrosymetric β structure. This
transition is irreversible and β-LiIO3 is stable until the melting point at 430oC. Phases transitions on nanocom-
posite samples have been studied showing melting temperatures very close to those obtained on crystalline LiIO3



(Fig.3), but the α ⇒ β transition has not been clearly observed. The strong mass loss between 100 and 200oC
is attributed to water and solvent evaporation.
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Figure 3. DTA (solid symbols) and TG (open symbol) curves of pure LiIO3 (triangles) and a nanocomposite with 17%
mass of LiIO3 (circles).

SHG measurements
We have performed SHG measurements on samples with different LiIO3 concentrations. Figure 4 shows

the detected normalized intensity (I2ω) versus the normalized laser intensity (Iω). A parabolic curve fits the
experimental points as expected for SHG.
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Figure 4. Normalized SHG Intensity I2ω versus Laser intensity Iω. Experimental points (�) and parabolic curve (–).
The sample is a bulk nanocomposite with 10.4% mass of LiIO3.

Moreover, SHG signal measured on samples with LiIO3 mass concentrations ranging from 4 to 16 % shows
an increase of the SHG signal level with LiIO3 concentration (Fig. 5).

These experiments allow us to conclude that the SHG signal is due to LiIO3 nanocrystals. It is also interesting
to study the same properties for thin layer samples. Indeed, in addition to the fact that fabrication process is
faster (instantaneous drying) thin layers could be more easily integrated in optical devices.
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Figure 5. Normalized SHG Intensity I2ω versus the mass ratio of LiIO3 in the matrix experiments. Different symbols
represent three series of experiments.

3.3. Thin layers

Microscopy and morphological considerations

The thickness of the film, measured by AFM microscopy at a border between the layer and the substrate, is
found to be of the order of 100 nm to 200 nm. The crystals distribution at the surface is homogeneous and the
size dispersion is small as it can be seen on LFM images (Fig.6 a) and b)).

Figure 6. 5x5 µm2 LFM forward a) and return b) images of a layer with 15.25% of LiIO3. c) : 10x10 µm2 AFM image
showing big holes (' 2µm) on a layer with 23.6% of LiIO3.

The crystal size and the dispersion are very close to those observed on bulk material. It is worth noting
that for high LiIO3 concentrations (≥ 20% mass) holes of 2µm diameter appear as it can be seen from the
topographical AFM image in Fig.6 c).



Optical transmission

The optical transmission, in the wavelength range 0.300-2.5 µm, has been measured on layers with different
LiIO3/SiO2 mass ratio. An uncoated blade of glass is used as reference. A decrease of the transmission for
wavelength in the range 320-950 nm is observed with the increase of LiIO3 concentration (Fig.7).
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Figure 7. Optical transmission of thin layers for different concentrations of LiIO3 in nanocomposites.

The absorption of LiIO3 is very small in this wavelength range13 indicating that absorption is primarily due
to light scattering at crystals and defects interfaces. The attenuation of light due to scattering mainly depends
on particle size R, particule distribution in the glass and wavevector ~k following a R and k dependence like
k8R7.14 Moreover, as shown on the AFM image in Fig. 6 c), the holes which appear for high concentrations,
strongly increase scattering.

Nonlinear optical properties and electric-poling

Optical quality of layers is not affected by exposition to external electric field. Only an inhomogeneousness
in the thickness is observed, probably due to the electrostatic pressure. Because of the low thickness of the layer
(' 100nm to 200nm), the amount of material is very small. Significant second harmonic generation has been
only observed with samples which have undergone the electric field orientation process as described above and
only for multilayers or thick layers with the detriment of optical quality. Figure 8 shows Maker fringes pattern
of a typical nanocomposite film. The basic SHG-θ dependence model15 calculated for a c-oriented LiIO3 layer
fits rather well the experimental points.

Orientation effect is observed for high voltage ranging from 4 kV to 15kV. For higher electric field, electro-
chemical reaction can damage LiIO3. The exposition to the electric field must occur during the layer formation
and until drying is complete.
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Figure 8. Maker fringe pattern for oriented SiO2/LiIO3 nanocomposite layer with 15.25%m of LiIO3 with a high voltage
of 14kV. Experimental points (�) and model (–).

4. CONCLUSION

In this work, transparent SiO2-based nanocomposites with LiIO3 nanocrystals have been synthesized using the
sol-gel method. The mean crystal size is around 100 nm. Fabrication process has been studied for bulk and thin
layer materials. In both cases, SHG is clearly observed and improved on thin films using electric field orientation
of the LiIO3 nanocrystals.

As demontrated with all these experiments, LiIO3 crystallises in the matrix with the α hexagonal structure
which is optically non-linear. LFM observations and a widening of X-Ray diffraction peaks reveal nanocrystals,
with size in the range 50–200 nm, dispersed in the matrix. Finally, second harmonic signal is observed whose
intensity depends clearly on LiIO3 concentration. These experiments confirm the feasibility of a composite
material based on LiIO3 exhibiting non-linear optical properties.

Howerver, with our current technique, consisting in forming LiIO3 crystals by evaporation of the water in
the sample, the control of the nanocrystals size is not easy and the water added with LiIO3 solution strongly
affects the stability of the sol, preventing the use of highly hydrolysable precursors. In order to overcome these
two disadvantages, the crystals and the sol must be produced independently. This new approach will allow us
to incorporate LiIO3 crystals in any matrices.
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