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Abstract  We present investigations on the preparation 
of lithium niobate, LiNbO3 nanoparticles using high energy 
ball-milling. Stoichiometric composition of LiNbO3 powder 
was prepared by solid-state reaction method and used for 
ball-milling. Various milling parameter were optimized to 
get required particle sizes. Synthesized nanoparticles were 
characterized for their structure and particle sizes using 
X-ray diffraction (XRD), scanning electron microscopy 
(SEM), transmission electron microscopy (TEM) and 
dynamic light scattering (DLS) techniques. The UV-Visible 
transmission shows the blue shift in cutoff, which indicate  
nearly stoichiometric composition of the prepared material. 
It has been observed that the sizes of particles decreases with 
increasing milling speed and time. Observed particle sizes 
were found in the range ~30-60 nm. 
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1. Introduction 
Lithium niobate, LiNbO3 crystal is one of the most 

versatile synthetic materials. It is negative uniaxial, highly 
birefringent and has remarkable combination of piezoelectric 
and optical properties. These properties makes LiNbO3, a 
technologically important material, particularly as a 
non-linear optical, electro-optical, and related 
interdisciplinary fields [1-3]. In the past decade, significant 
interest has been focused on the synthesis of nanoscale 
materials due to their interesting properties emerging from 
the dimensional confinement, and has great potential for 
device applications. Nanocrystalline particles either pure or 
embedded into a suitable host material show new physical 
effects [4, 5]. As size reduces into nanometer range, the 
material exhibit interesting mechanical and physical 
properties, e.g. increased mechanical strength, enhanced 
diffusivity, higher specific heat and electrical resistivity 
compared to conventional coarse grained counterparts. The 

unique features of nano-sized piezo ferroelectrics, pyro 
ferroelectrics, and ferroelectrics enable a broad spectrum of 
thermo-electrical, electro-mechanical, electronic, and 
dielectric properties for sensors and actuators, compact 
electronics, pyro sensors, and thermal imaging [6, 7]. 
Piezoelectric nanowires have been studied as potential 
strain-based energy harvesting devices e.g. direct current 
generators [8-10]. The rapid progress in synthesis of 
ferroelectrics nanoparticles, in particular vertical arrays of 
free-standing tubes, wires and rods in porous template 
demonstrated their enhanced polar properties and unusual 
domain structure [11-14]. It has been reported that the 
pyroelectric coefficient increases strongly as the wire radius 
decreases and diverges at critical radius Rcr corresponding to 
size driven transition into paraelectric phase [15]. Size 
driven enhancement in pyroelectric coupling leads to giant 
pyroelectric current and voltage generation by polarized 
ferroelectric nanoparticles in response to the temperature 
fluctuation. The size effect can be used to tune the phase 
transition temperature in ferroelectric nanostructure, thus 
enabling the system with tunable giant pyroelectric response.  

Many synthesis routes are being developed for LiNbO3 at 
the nanoscale resulting in different size, shape, and 
crystalline quality. LiNbO3 nanoparticles have been 
previously produced by milling [16] non-aqueous route [17] 
sol-gel method [18] or hydrothermal route [19]. 
Polycrystalline LiNbO3 nanotubes have also been reported 
[20] as well as a solution-phase synthesis to produce rod like 
structures among other multiple structures [21]. This 
enhancement is related to larger drift length of the 
photo-holes (lifetime) due to trapping of electrons on the 
nanoparticles and creation of recombination barrier at the 
polymer/nanoparticle interface at higher nanoparticle 
concentration.  

In this paper we report the preparation of lithium niobate, 
LiNbO3 nanoparticles by high energy ball milling. The 
milling parameters were optimized for obtaining the desired 
phase and particle size. The prepared particles were 
characterised for phase, crystallinity and sizes using powder 
XRD, SEM, TEM and dynamic light scattering (DLS) 
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techniques. UV-Visible transmission was also recorded to 
investigate the stoichiometry of the prepared particles. The 
results on nano-scale material were compared with their bulk 
counterpart. 

2. Experimental Details 
LiNbO3 powder was synthesized by solid-state reaction 

method using lithium carbonate (Li2CO3, 99.99%) and 
niobium pentaoxide (Nb2O5, 99.99%) as starting materials in 
stoichiometric composition. After proper mixing the starting 
powders, it was placed in platinum crucible inside a resistive 
heating furnace and calcined at 950 °C for 24 h. This 
stoichiometric LiNbO3 powder was used for preparing the 
nanoparticles by planetary high energy ball mill. The 
planetary micro mill, Pulverisette 7 premium line (Fritsch 
GmbH) was used for milling. It is useful for both dry and wet 
grinding of inorganic and organic samples. It has two 
containers made of zirconia oxide whose density is 5.7 g/cm3, 
hardness is 8.1 Mohs and is resist to acids except for 
hydrofluoric acid. The volume of the container is about 80 
ml. Zirconia balls with diameters of 2mm and 5mm were 
used for milling purpose. We used the wet grinding process 
for preparing LiNbO3 (LN) nanoparticles. Stoichiometric 
LiNbO3 powder prepared as above was put into two 
containers (10 g each). For wet grinding, 12ml of  n-heptane 
or ethanol was used in each container as a grinding medium. 
Oleic acid, 2ml in each container was used  as surfactant to 
prevent agglomeration of nanoparticles. We have optimized 
the ball to powder mass ratio (BPMR), which is very 
important parameter to achieve the desired particle sizes. We 

have taken 2:1 BPMR, for 10g of LiNbO3 powder, we used 
20g of zirconia balls and put into both the containers. Milling 
was done for different milling time and speed (rpm). Several 
run were performed to get nano-size particles. As the speed 
of machine is very high during rotation, temperature of the 
bowl may increase abruptly. To avoid this, pause time is 
required in between two rotation cycle. Pause time was set as 
5 min for every cycle. Speed (rpm) of machine, total time of 
milling, milling media and other milling parameters were 
optimized by performing set of experiments. Milling 
parameters are given in Table 1.  

The synthesized nanoparticles were examined by powder 
X-ray diffraction using Cu Kα radiation (λ = 1.5406Å, 
Rigaku Geiger Flex X-ray diffractometer) in the range of 
angle of incidence (2θ) of 10-80º with the step of 0.02o. 
These LN nanoparticles were suspended in de-ionized water 
homogeneously by several stirring followed by 
ultrasonication and the particle size distribution was 
determined by dynamic light scattering, DLS (Zetasizer 
Nano ZS90; ZEN-3690). The surface morphology and 
textural properties of the prepared powders were investigated 
using JEOL JSM-5600 scanning electron microscope (SEM). 
The crystallinity, microstructure and particle sizes were also 
examined using TEM (Philips, Tecnai G2-20 (FEI)). Sample 
for TEM observation was prepared by suspending the 
particles in ethanol by ultrasonification and drying a drop of 
the suspension on a carbon coated copper grid. UV-Vis 
transmission was recorded using UV-Vis spectrophotometer 
(cary-50) to investigate the lower cutoff of the transmission 
which is indirect measure of the stoichiometry of the 
material. 

Table 1.  Milling parameters for lithium niobate preparation 

S. No. Speed 
(rpm) 

Weight 
(gm) 

Total 
time (h)   BPMR 

Milling media 
& surfactant 

 

 Pause  
time  

1 500 10 5 1:1 n-heptane & 
oleic acid      5 min 

2 500 10 8 2:1 Ethanol & 
 oleic acid     5 min 

3 700 10 5 2:1 Ethanol & 
 oleic acid     5 min 

4 700 10 8 2:1 Ethanol & 
 oleic acid     5 min 

5 700 10 10 2:1 Ethanol & 
 oleic acid     5 min 
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3. Results and Discussion 
The preparation of LiNbO3 (LN) has been taken up in view 

of the fact that the nano size particles could be source 
material for bio-imaging using its second harmonic 
generation (SHG) properties [22]. The hydrothermal grown 
freestanding LiNbO3 nanowire show efficient nanoscale 
second harmonic generation (SHG) light source [23]. As has 
been reported earlier the nanocrystalline particles of 
sufficiently lower sizes embedded into a suitable host matrix 
i.e. adding particles to liquids leads to modified optical or 
mechanical properties [24, 25]. Therefore the oxide 
nanoparticles in a specific sizes are promising for photonics 
applications [26, 27]. Mansurvo et al. studied the 
photoconductive properties of a hybrid material based on 
poly N-vinylcarbazole (PVK) doped with LiNbO3 
nanoparticles and found that the photo conductivity of the 
composite increases remarkably with the nanoparticle 
content [28]. In view of these specific advantages in the nano 
size regime, the nanoparticles of LiNbO3 (LN) were prepared 
by wet grinding process in a planetary ball mill. These 
pasrticles were investigated for their phase, crystallinity, 
microstructure and particle sizes. The crystalline phase was 
determined by powder X-ray diffraction (XRD). Fig.1(a) 
shows the representative powder XRD pattern for LN 
particles ball-milled at 700 rpm for 8 h. For comparison the 
XRD pattern for bulk single crystal is given in Fig. 1(b). It 
can be seen from the XRD patterns that the prepared phase is 
matching well with the Miller indices corresponding to the 
pure hexagonal phase of bulk crystalline LiNbO3 structure 
(JCPDS no. 20-0631). The average particle size was 
calculated from (012) diffraction peak using Scherer’s 

equation:  D = 0.9λ / (β cos θ),where D is average crystallite 
size in mm, λ is the wavelength of X-ray source (0.15418 
nm), β (in radian) is full width at half maximum of the peak. 
The average particle size calculated were approximately 30 
nm, 25 nm, and 21 nm for the samples milled at 700 rpm, for 
5, 8, and 10 respectively. From the above XRD results it has 
been observed that broadening of the diffraction peaks 
increases and the peak intensity of the peak is decreases with 
increasing milling time and rpm. This indicates that the 
particle size decreases with increasing milling time and rpm.  

Laser diffraction is widely used technique for measuring 
the size of particles. The particle size of suspensions and 
emulsions are commonly analyzed by light scattering 
techniques; either static (laser diffraction) or dynamic 
(Brownian movement). If particle size is less than 
wavelength of incident light then dynamic scattering is used 
otherwise static scattering is preferable. The synthesized LN 
nanoparticles were examined by Zetasizer nanoseries. LN 
nanoparticles were suspended in de-ionized water and after 
ultrasonication placed into the cuvettes for measurement of 
particle size distribution. The representative particle size 
distribution for the LiNbO3 nanoparticles ball milled at 500 
rpm for 5 h is shown in Fig. 2a. From the figure it is seen that 
the particle size is 161 nm. Whereas when the milling 
parameters e.g. rpm and time are increased to 700 rpm and 8 
h the sizes decreased to around 57 nm for 95% of the sample. 
The representative particle size distribution for the LN 
samples ball milled at 700 rpm for 8 h is shown in Fig. 2b. 
The DLS measurements on the samples ball milled for 
longer durations shows the reduction in particle sizes. 
Similar results were found in the XRD data as well.
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Figure 1.  (a) XRD of LN nanocrystal ball-milled at 700 rpm for 8 h, (b) XRD pattern for bulk LN crystal for comparison 
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Figure 2.  Particle size graph of LiNbO3 nanocrystals ball milled at (a) 500 
rpm for 5 h and (b) 700 rpm for 8 h  

 

Figure 3.  SEM images of LiNbO3 nanocrystals ball milled at 700 rpm for 
8 h 

The morphology and textural properties of the prepared 
powders were investigated by scanning electron microscopy 
(SEM). Fig. 3 shows the representative SEM micrograph 
taken for LiNbO3 nanoparticles ball milled at 700 rpm for 8 h. 
These SEM images exhibits highly agglomerated particles 
having some voids. Images also show that the particles are 
irregular in shape, with a variation in morphology and the 
sizes. Transmission electronic microscopy (TEM) in 
diffraction, normal image and high-resolution mode is best 
tool to analyze the phase, morphology, microstructure and 
the sizes of the nanoparticles [29-31]. Fig. 4 (a) shows the 
representative TEM micrographs taken for the samples of 
LiNbO3 nanoparticles ball milled at 500 rpm for 5 h in 
normal image mode.  Fig. 4 (b, c) shows the representative 

TEM micrographs taken for the samples of LiNbO3 
nanoparticles ball milled at 700 rpm for 8 h in normal image 
and high-resolution mode. The corresponding selected area 
diffraction (SAED) patterns are inserted into the 
micrograph. The TEM micrograph shown in Fig. 4 (a) 
reveals the formation of nanoparticles with varying sizes. 
The particle sizes are mostly > 100 nm size. The same were 
observed in DLS results for the samples milled at lower rpm 
for less time. Whereas the TEM micrograph shown in Fig. 4 
(b) shows the particle sizes are mostly in ~30-60 nm range, 
and very few are above 100 nm. These sizes of the particles 
are sufficient to diffract and produce SAED pattern. The 
SAED diffraction pattern inserted into the micrograph (Fig 4 
(a, b)) shows the basal plan, as beam direction is [10.0] zone 
axis. The sharpness of the spots suggest formation of pure 
LN phase, there is no secondary phase in the sample. The 
lattice parameters calculated from SAED patterns and also 
from the XRD patterns matches well with the hexagonal 
phase of stoichiometric LiNbO3. 

 

 

 
Figure 4.  TEM images of LiNbO3 nanocrystals ball milled at (a) 500 rpm 
for 5 h, (b) 700 rpm for 8 h in normal image and (c) 700 rpm for 8 h in high 
resolution mode. The corresponding SEAD patterns are inserted into the 
micrographs 
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The high-resolution electron micrograph (HRTEM) for 
the same sample shown in Fig. 4 (c). The clear lattice fringes 
in the HRTEM micrograph shows that the highly ordered 
and defect free single phase particles are formed. The lattice 
fringes further suggests that there are negligible crystalline 
defects at microstructure level. This is further supported by 
the SAED pattern inserted into the HRTEM micrograph in 
Fig. 4 (c). The clean square SAED pattern in Fig. 4 (c) shows 
the basal plan, when the beam direction is [11.0] zone axis. 
The above TEM results in diffraction and high-resolution 
image mode suggest the successful preparation of LN 
nanoparticles with the particle sizes ranging ~30-60 nm. The 
investigations also reveal that the initial pure hexagonal 
phase of LiNbO3 remains after high energy ball-milling. The 
particle size of the as prepared materials was found to 
decrease with increasing milling speed and time. The 
distribution of particle sizes are quite similar in SEM, TEM 
and DLS results. However, as expected the XRD results 
show little smaller sizes since XRD results are drawn from 
the FWHM which arises due to several other factors like 
scattering, stress, instrumental broadening etc.    

Ultraviolet-visible spectroscopy of LiNbO3 shows 
absorption in the UV-visible spectral region. Ultraviolet and 
visible spectroscopy is a reliable and accurate analytical 
procedure for the analysis of a substance. Specifically, 
ultraviolet and visible spectroscopy measures the absorption, 
transmission and emission of ultraviolet and visible light 
wavelengths by matter. It is also used to measure UV cutoff 
shift in transmission and absorption graph of a given material. 
The ball milled nanoparticles were examined by UV-Visible 
spectrophotometer. For measuring the transmittance, thin 
film of LiNbO3 nanoparticles was prepared by spin coating 
method. To prepare thin film, a polymer, tri-methyl 
ammonium bromide (C19H42BrN) was used. It has very good 
adhesive property, which is necessary parameter for making 
films on a certain substrate. The solution of 20 ml polymer in 
water was made and 50 mg LN nanoparticles were mixed 
into it. This solution was stirred well and one drop of this 
solution was put on the glass slide. This slide was put on the 
rotor of the spin coating machine. The slide was rotated at 
1100 rpm. Thin film of the nanoparticles spread over the 
slide and was used for the transmission measurements.  

Fig. 5(a, b) shows the transmission spectrum for 
nanoparticles and bulk lithium niobate (LN) crystal. From 
the figure it can be seen that the UV cutoff for bulk crystal is 
at 312 nm (Fig. 5 b). It is well known that LN crystals always 
grow with Li deficiency (48.6 mol% of Li).  Due to this Li 
deficiency the UV cutoff is red shifted. However, for 
stoichiometric LN the UV cutoff is 280 nm. Fig. 5(a) shows 
that the UV cutoff for LN nanoparticles reduces to 288 nm. 
The blue shift in UV cutoff from 312 nm to 288 nm suggests 
that the composition of prepared LN in nearly stoichiometric. 
It has been reported that the LN nanoparticles prepared by 
modified sol-gel technique retains the near stoichiometric 
composition [32]. This implies that the band gap increases 
for lithium niobate nanoparticles. This increase in band gap 
occurs due to quantum confinement effect. The transmission 

of the nanoparticle thin film was found ~80%, which is 
higher than that of the bulk crystals (~70%). The above 
results are indicative of the fact that the LN nanoparticles 
dispersed in a suitable matrix have very good potential for 
the non-linear optical (NLO) device applications. These LN 
nanoparticles have potential to be exploited as bio-imaging 
materials using their SHG characteristics. Also there is 
possibility of using their photovoltaic properties to kill virus 
with the produced current. 
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Figure 5.  Transmission spectra of LiNbO3 nanocrystals (ball milled at 700 
rpm for 8 h) and bulk crystal 

4. Conclusions 
LiNbO3 nanoparticles were prepared by high energy ball 

milling technique. Different parameters like ball to powder 
mass ratio, rpm, milling time, ball size etc. were optimized to 
get almost uniform particle size. It has been observed that 
wet grinding is preferred to get smaller particle size. The 
prepared nanoparticles were characterized for their phase, 
structure, particle size and stoichiometry. XRD results show 
that the prepared particles retain the phase and the crystal 
structure of the initial LiNbO3 powder. TEM results in 
diffraction and high-resolution image mode suggest the 
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successful preparation of the LN nanoparticles. The particle 
sizes using different techniques of XRD, DLS, SEM and 
TEM were found ranging ~30-60 nm. It has been observed 
that particle size decreases with the increase of milling time 
and rpm. It was observed that the UV cutoff of the 
nanoparticles of LiNbO3 was shifted towards the lower 
wavelength (blue-shift). This implies that the band gap 
increases for nano size lithium niobate.  
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