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INTRODUCTION

Chemical reequilibration of a crystalline solid in an aqueous 
ß uid often results in the replacement of one crystal by another 
(Labotka et al. 2004; Fiebig and Hoefs 2002; OʼNeil and Taylor 
1967; Lee and Parsons 1997) while retaining the external form 
and crystallographic details of the parent. Understanding the 
mechanism of such a pseudomorphic replacement is important 
for the study of natural processes such as diagenesis, metasoma-
tism, weathering and metamorphism of minerals (Brady et al. 
2004; Waters and Lovegrove 2002; Cesare 1999) as well as in 
the assessment of aqueous degradation of ceramic materials used 
in the chemical industry or for nuclear waste storage (Nickel and 
Seipel 2004; Geisler et al. 2005). Previously proposed mecha-
nisms include solid state interdiffusion of chemical species (Cole 
and Chakraborty 2001), ion-exchange, leaching or dissolution-
reprecipitation constrained by stress (Wang et al. 1995). Here 
we show, for the Þ rst time, in situ observations of the evolution 
of both the solid and ß uid phase compositions at the interface 
during a replacement reaction, using the system KBr �KCl �H2O 
under ambient conditions, free from imposed stress. The result-
ing features, such as replacement at an interface moving into the 
parent crystal, retention of the morphology and crystal structure 
of the parent and the development of transient porosity in the 
product, share many characteristics of natural replacements and 
suggest a general coupled dissolution-precipitation mechanism 
for reequilibration in solid-ß uid interactions (Wang et al. 1995; 
Putnis et al. 2001; Putnis 2002). 

METHODS

The experiments involve reactions between single crystals of KBr and saturated 
solutions of KCl at room temperature, for periods from 1 minute to 12 days. The 
KBr crystals (approximately 2 x 2 x 1 mm prisms, weighing approximately 17 
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mg), used as the starting material, were cleaved from optically clear pure crystals 
obtained from Spectra-Physics UK. Saturated KCl solutions were prepared from 
KCl (MERCK 99.5%) in deionized water and equilibrated with respect to solid 
KCl. 250 µl of this solution was reacted with each KBr crystal (giving an excess 
of Cl over Br of approximately 8:1 in the bulk system). The ratio of the mass of 
KBr solid to KCl ß uid was varied in some experiments, but this only affects the 
end-point of the reaction and not the mechanism. The replacement was continu-
ously monitored by time-lapse photography using a CCD camera attached to an 
Olympus stereo microscope.

X-ray powder diffraction patterns of the dried crystals after each experiment 
were made using a Philips Xʼpert PW 3040 diffractometer, using monochromatic 
CuKα1 radiation (Fig. 1). To calculate the lattice parameter of the rim material, 
we Þ tted the overall broad proÞ le of the 220 peak with two or three pseudo-Voigt 
functions and used the two-theta maximum of the largest contribution. The rim 
compositions were determined from the unit-cell volume as a function of composi-
tion of the KBr-KCl solid solution (Dejewska 1999). After each experimental run, 
the crystals were cross-sectioned and the cleaved surfaces imaged by SEM using 
a JEOL JSM 6300F at 20 kV and chemically analysed by EDX with an Oxford 
Instruments OX 2000 INCA system. 

Real-time phase-shift interferometry was used to record the changes in solution 
composition at the surface of a similar size KBr crystal in contact with a saturated 
KCl solution. The interferometer used was a Mach-Zhender type using a coherent 
He-Ne laser light source. This method gives direct real-time observations of changes 
in refractive index (RI) of the solution at the crystal surface with a resolution 10-6 
(Onuma et al. 1993; Tsukamoto 1993; Onuma et al. 1994; Maruyama et al. 1999). 
Since RI is a function of the solution concentration, the concentration gradient 
in the solution at the original crystal surface can be measured by measuring the 
RI. This was monitored by continuous video recording during the replacement 
reaction for up to 2 hours.

RESULTS

On contact with the KCl solution, the KBr crystal becomes 
milky at an interface, which moves from the surface toward the 
center of the crystal. Figure 2(a) shows part of the sequence of 
optical micrographs showing the migration of the replacement 
interface through the crystal. The chemical composition of the 
replacement rims from X-ray powder diffraction data (Fig.1) is 
given in Table 1. The initial rim is a Br-rich K(Br,Cl) phase and 
with time becomes increasingly Cl-rich until the new crystal is 


