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High-pressure X-ray diffraction study on the structure of NaCl melt
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ABSTRACT
Molten NaCl was analyzed by high-pressure X-ray diffraction experiments using synchrotron radiation up to 5 GPa and 1600 8C along the melting curve. The interference
function Qi(Q) and the correlation function g(r) were derived from the diffraction data. The
first-neighbor distance r1 is about 2.7 Å and the second-neighbor distance appears around
1.4r1–1.5r1. The coordination number, CN, of the nearest neighbor ions increases with pressure from 3.5 at 0.1 MPa to 4.5 at 5 GPa. This is the evidence that the NaCl melt has a
B1-like structure with large vacancies over this pressure range and becomes densified by an
increase in CN as a result of second neighbor compaction.

INTRODUCTION

EXPERIMENTAL

Molten alkali halides are examples of typical ionic liquids. Elucidation of the structure of alkali halide melts at
high pressure forms the key to solving the densification
process of ionic liquids. Many alkali halides have been
known to transform from the NaCl-structure (B1 structure) to the CsCl-structure (B2 structure) at high pressure.
The molten alkali halides appear to undergo a structural
change corresponding to this solid-state transformation
(Kawai and Inokuchi 1970; Tallon 1979). This hypothesis
has been examined by computer simulations such as
Monte Carlo calculations (e.g., Ross and Rogers 1985;
Boehler et al. 1996). However, the structural description
of alkali halide melts under pressure is still incomplete.
Experimental approaches such as X-ray diffraction
(XRD) analysis are very useful as complements to the
computer calculations.
Urakawa et al. (1996, 1998) first revealed the pressureinduced structural transition in KCl and KBr melt in a
high-pressure XRD study using synchrotron radiation. Up
to a pressure of 4 GPa, the structure of molten KCl and
KBr changes from an open B1-like structure to an open
B2-like one. A systematic study is needed for complete
understanding of pressure-induced structural changes in
molten alkali halides. Here we focus our attention on
NaCl, which has a smaller cation-anion radius ratio (rc/ra
5 0.53) than KCl and KBr (0.79 and 0.68) and a higher
B1-B2 transition pressure (30 GPa) than potassium halides (about 2 GPa). In this study, we performed XRD
experiments on molten NaCl up to 5 GPa using synchrotron radiation to reveal its static structure.
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METHOD

High pressure and temperature were generated by using
the cubic type apparatuses, MAX80 and MAX90, at Photon Factory, KEK, Japan. The high-pressure cell assembly was described in detail by Urakawa et al. (1998). The
sample of NaCl was a reagent powder with a purity of
99.99%, which was enclosed in the BN sample container.
Pressure was calculated by the volume of hBN using the
equation-of-state determined by Zhao et al. (1997) and
our unpublished data. Temperature was measured by a
W3%Re-W25%Re thermocouple. XRD patterns were acquired at 50–100 degrees above the melting temperature
of NaCl up to 5 GPa.
High-pressure XRD experiments were carried out by
the energy dispersive method in transmitting geometry
using the white X-ray from the vertical wiggler of BL14C
and the bending magnet of AR-NE5 in Photon Factory.
The white X-ray in both beamlines is available from 10
to 100 keV. XRD profiles were collected at several fixed
2u angles between 1.58 and 248 with a Ge solid-state detector. A typical exposure time was 1000 s. By using a
sharp slit system and a large sample (3mm in diameter),
the X-ray beam was focused on the sample and the diffracted X-rays from the sample capsule were eliminated
completely, except for 2u lower than 48.
Some problems still remain with reduction of the intensity data for the structure factor S(Q). In high-pressure
experiments, the density and the size of the pressure cell
assembly change with compression, which increases the
uncertainty in the absorption correction. Thus it is difficult to evaluate these corrections properly at high pressure and temperature. For the first-order approximation,
we used the initial value before compression for absorption correction. Another difficulty is the evaluation of the
energy profile of the incident X-ray. The oscillation of

341

