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The structure of molten L iNb0 3 has been studied in the range 1550-1600 K by high temperature 
X-ray diffraction. Octahedrally coordinated niobium is suggested to exist in the melt as a fundamen-
tal local structure. 

LiNbO a crystal has excellent electro-optical and 
non-linear optical properties [1, 2]. However local 
fluctuations of the refractive index and light scattering 
centers prevent a wider application of this material in 
optical devices. Since sub-grain boundaries seem to 
cause such inconvenience, the production of sub-grain 
free LiNbO a crystals is strongly required. Various 
properties of molten L i N b 0 3 , such as viscosity, den-
sity, and surface tension have recently been measured 
in order to understand the growth of LiNbOa single 
crystals in the Czochralski method [3,4]. The viscosity 
of molten L i N b 0 3 is relatively high just above the 
melting point (1526 K) and then decreases strongly in 
the range up to 1553 K [4]. A similar anomalous be-
haviour has been detected for other physical proper-
ties of molten L iNb0 3 and may be related to the 
appearance of subgrain boundaries during the growth 
of L i N b 0 3 crystals from the melt [4]. The structure of 
molten L i N b 0 3 seems not to have been studied as yet. 
This prompted us to present our results obtained with 
a high temperature X-ray diffraction method. 

A miniature furnace composed of four small silicon 
carbide ceramic heaters in a refractory brick (Fig. 1) 
used for our measurements. This furnace, set in a high 
temperature chamber as described in detail in [5], 
made it possible to maintain the sample temperature 
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within +10 K at a desired temperature below 1673 K. 
Single crystal flakes of L i N b 0 3 , provided by Mitsui 
Mining and Smelting Co. Ltd., were charged into a 
platinum container (30 x 20 x 5 mm3) settled in the 
center of the furnace. The sample temperature was 
monitored by a Pt-Pt 13% Ph thermocouple inserted 
just below the platinum container. A sufficiently flat 
surface of the sample was expressively certified. 

X-ray scattering intensities from the molten L iNb0 3 

sample at 1548,1573, and 1598 K in air were measured 
using a theta-theta diffractometer which allowed the 
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Fig. 1. Schematic diagram of a miniature furnace prepared in 
the present work. 
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sample to be held in a stationary horizontal position 
and the X-ray tube and detector rotated in opposite 
directions [5]. The intensity profile was obtained using 
a molybdenum X-ray tube and a singly-bent pyrolitic 
graphite monochromator in the diffracted beam in the 
angular range from 2° to 50°, which corresponds to 
the wave vectors Q = 47rsin 0/1 from 6 to 135 n m - 1 , 
where /. is the wave length and 2 0 the angle between 
the incident and diffracted X-ray beam. The observed 
intensity data at Q<6 n m - 1 were smoothly extrapo-
lated to zero at 0 = 0 n m - 1 . The effect of this extrapo-
lation or truncation up to Q = 135 n m " 1 for the broad 
peaks observed in a liquid sample is known to make 
no critical contribution to the radial distribution func-
tion (RDF) calculated from the coherent scattering 
intensity if only Q > 1 0 nm " 1 [6]. 

The method of analyzing the measured X-ray scat-
tering intensity for non-crystalline systems is well 
known [6,7], In order to convert the measured scatter-
ing intensity into the coherent scattering intensity 
^euNöX ^ e generalized Krogh-Moe-Norman method 
[8] was used with atomic form factor including the 
anomalous dispersion corrections [9], The Compton 
scattering was corrected using the values reported by 
Smith Jr. et al. [10]. The RDF of 4nr2g(r) for a non-
crystalline system containing more than two kinds of 
atoms can be estimated from Ic

e°h(Q) by the equation 
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Fig. 2. The coherent scattering intensities Ic
e^(Q) of molten 

L i N b 0 3 at 1548, 1573 and 1598 K. A shoulder at about 
Q = 21 nm"1 , indicated by an arrow, appears as the melting 
point is approached. 
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where < / ) is the average atomic scattering factor and 
< / 2 > is the mean square of the atomic scattering fac-
tor. £?(r) is the average radial density function and g0 

is the average number density of atoms. 
Figure 2 shows the obtained coherent scattering 

intensities. No particular change with temperature is 
detected in these three patterns, except for a shoulder 
on the higher Q side of the first peak appearing at the 
low temperature. The RDFs were calculated using (1) 
with density values from [4], Again no significant 
structural change with temperature appears in the cal-
culated RDFs. The RDF for 1573 K is given in Fig. 3 
as an example. The arrows indicate the position of 
some atomic pairs in crystalline L i N b 0 3 [11]. Only 
atomic correlations such as N b - O and N b - N b can 
be discussed because the electron numbers of lithium 
and oxygen are very small (3 and 8, respectively) 
compared to that of niobium (41). The peak around 
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Fig. 3. Radial distribution function of molten L i N b 0 3 at 
1573 K. The arrows indicate the positions of some atomic 
pairs estimated from the crystalline structure of L i N b 0 3 [11]. 
The shaded area denotes the first coordination shell for a 
Nb O pair assuming the Gaussian form. 
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0.2 nm was attributed to the N b - O pair, and the peak 
position and coordination number were estimated to 
be 0.197 nm and 5.8, respectively. The nearest N b - O 
correlation in molten L iNb0 3 is comparable to that 
in crystalline L i N b 0 3 (0.200 nm and 6.0, respectively). 
The error in the coordination number in this work 
being of the order of ±10%, the present authors 
maintain that the local unit structure of molten 
L i N b 0 3 is quite similar to that of the octahedrally 
coordinated niobium in the crystal. The peak around 
0.38 nm could be attributed to the N b - N b pair from 
the structure of crystalline L i N b 0 3 [11]. However, the 
limited accuracy of the present RDF data prevents us 
from quantitatively determining the coordination 
number of N b - N b pairs. 

Although any drastic change with temperature in 
the structure of molten L i N b 0 3 is not evident from 

the present X-ray diffraction data, the shoulder appear-
ing at about 0 = 21 n m " 1 near the peak around 
<2 = 17 n m - 1 is noteworthy. This wave vector region 
corresponds mainly to the contribution from the sec-
ond neighbouring N b - N b pairs, based on the usual 
crystallographic analysis. Therefore, the appearance 
of the shoulder may be related to a change of associa-
tion in molten L i N b 0 3 , and this may have to do with 
the particular behaviour of various properties of 
molten L i N b 0 3 near the melting point. 
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