
Rev. High Pressure Sci. Technol., Vol. 7 (1998) 260•`262

Seven-Fold Coordinated MgSe at 202 GPa
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Energy-dispersive x-ray diffraction studies at the Cornell High Energy Synchrotron Source were made to 202 GPa on MgSe 

which was found to undergo a phase transformation from the rocksalt to the seven-fold coordinated FeSi (or AuBe) structure 

with new peaks clearly evident at 99 GPa and internal position parameters continuing to change to the highest pressure. 

This is the first phase transition observed in the three magnesium chalcogenides which have the rocksalt structure at 

atmospheric pressure (MgSe, MgS and MgO) and may have important implications for transitions of MgO and MgS. The 

internal atomic positions u and w were accurately obtained as a function of pressure. This is the first accurate determination 

of internal atom positions above one megabar and above two megabars . The equation of state over the entire range obeyed 

a Birch equation with Bo = 62.8 •} 1.6 GPa and BO' = 4.1 •} 0.1.

[rocksalt to Fe-Si transition, seven-fold coordination, distorted rocksalt, internal atom position by EDX, equation of state]

1. Introduction
 The strontium, barium and calcium chalcogenides transform 

from the six-fold coordinated B 1 to the eight-fold coordinate B2 
structure at high pressure (except for BaO which transforms first 
to the NiAs structure and then to the quasi-eight PH4I phase. 
There is simple correlation between this transformation pressure 
and the ratio of the anion to cation radius as shown in Figure 1 
[1-3]. Also shown from this correlation is the predicted pressure 
where a transition to an eight-fold CsCI structure might be ex-
pected to occur for the Mg and Be compounds (assuming no 
other transformation occurs instead). For the magnesium chal-
cogenides this expected transformation pressure is around 202 
GPa while for the beryllium chalcogenides it is around 1 TPa. 
With this in mind a study of MgTe and MgSe was begun. It was 
found that at atmospheric pressure MgTe existed both as the 
wurzite and nickel arsenide structure and that the B8, NiAs, 
phase was the more stable, and persisted at high pressure [4], 
consistent with calculations [5,6]. In the ideal B8 phase of 
MgTe, the magnesium atom is surrounded by eight equidistant 
atoms, six tellurium atoms and two magnesium atoms, while the 
tellurium is surrounded by six equidistant atoms of magnesium. 
Such a B8 structure could be said to be seven-fold coordinated 
on the average. As noted by Luo et al. [7] this is a very stable 
phase and will probably have to be taken to substantially higher 
pressure (than indicated by Figure 1) to reach the B2 phase. 
MgSe has the B 1 structure at atmospheric pressure. At high 
pressure we found that a transformation to the Fe-Si [8] or Be-
Au [9] structure occurs. This motivated theoretical calculations 
on this B28 structure [10]. We subsequently made more 
thorough studies to 202 GPa, and accurately measured the inter-
nal atom positions as a function of pressure.

2. Results and Discussion
 The Au-Be structure of MgSe is characterized by a simple 

cubic lattice with a basis of four selenium ions at 
uuu,(1/2)+u)(1/2-u) uu(1/2+u)(1/2-u),(1/2-u)u(1/2+u) and four 
magnesium ions at www,(1/2+w)(1/2-w)w,w(1/2+w)(1/2-w),(1/2-
w)w(1/2+w). When u = 0 and w = 1/2 the structure is the six-
fold B1 or NaCI structure with a nearest interion distance r = a/2. 
The ideal Fi-Si structure is exactly seven-fold coordinated for

each element. This occurs when u = (3- •ã5) / 8 = 0.095492, w 

= 0.404508, and r= 0.5352a i.e. with a 7.04% increase in inter-
atomic distance relative to the B1 crystal of the same volume . 
The space group of the Fe-Si or Au-Be structure is T4 - P213 
(#198). Table I shows data at 202 GPa including the experimen-
tal values of the lattice spacings and intensities and the cor-
responding calculated fit for u = 0.0828. Figure 2 shows the 
variation of Bragg RB vs u (for best w's at each of the u's). 
There is a sharp minimum at u = 0.0828. The corresponding

Fig. 1. Six-fold to eight-fold transition pressures versus the ratio 
of the cation radius to the anion radius (after Ref. 1 which was 
an extension of work in Refs. 2 and 3). The solid black squares 
represent experimental data, the open circles represent empirically 
expected transition pressures to 8-fold (if no other transition 
intervenes).
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Table 1. Diffraction data for the B28 phase of MgSe at 202 

GPa. Icaic is based on u=0.0828 and w=0.4173. The energy-

interplanar spacing product was Ed=32.490 keV-•ð. The energy 

at CSR was 5.28 GeV. The fitted lattice parameter is 4.3082•ð. 

V/Vo=0.491.

*h00 with h
odd has zero intensity in this structure.

**At this diffraction angle the 110 and 1 1 1 peaks are on the 

shoulder of the K, and KƒÀ fluorescence peaks of Se. At 

smaller angles the intensities of these peaks can be quan-

titatively measured.

Fig. 2. Variation of RB vs u for MgSe at 202 GPa. This is 
based on all possible peaks from 200 through 410.

 This represents the first accurate determination of internal 
atom positions above one megabar (100 GPa). It should be 
notedthat this determination was made by energy-dispersive x-ray 
diffraction. The limitation in this case was due to broad peak 
widths caused by strain broadening and, perhaps, by transforma-
tion broadening. The former limitation could be removed by use 
of a hydrostatic medium such as helium. If transformation

broadening is small, then the inherent peak width FWHM = 

0.145•ã E(keV)/5.9 of the germanium detector would apply. If 

that becomes a limitation, then it is expected that in the future 

the germanium detector would be replaced by an advanced ver-

sion of the bolometer, an early version being described elsewhere

[11].

 Inasmuch as the DAC was rotated about its axis [12], the 

sampling of different crystal orientations is identical to that 

obtained with an image plate in angular dispersive studies. Thus 

it would appear that ADX will have little if any inherent advan-

tage over EDX for internal atom position determination in the 

near future.

Fig. 3. Fractional volume vs pressure. The data is fitted to a 
Birch equation [13] with Bo = 62.8 GPa and Bo' = 4.1.

 The variation of u with P is described in Reference 12. 
Figure 3 shows the fractional volume versus pressure, obtained 
using a Pt marker. Results in a subsequent experiment were 
obtained with only the sample present; the sample was then used 
as an x-ray marker with the previously determined equation of 
state. There is no noticeable evidence for a volume discontinuity. 
It appears that the phase transitions involves a X5- instability 
[14]. Recent theoretical calculations motivated by our work have 
been presented in this conference [15]. The results are in fairly 
close agreement.

 Inasmuch as the six-fold B 1 to seven-fold B28 transition 
occurred prior to the expected B 1 to eight-fold B2 transition at 
180 GPa (see Figure 1), it seems likely that a transition to eight-
fold coordination (or quasi-eight-fold coordination) , if it occurs, 
will be delayed to a substantially higher pressure. It seems likely 
that similar behavior will occur in MgS and MgO, so that the 
eventual transitions in these materials to eight-fold or approxi-
mately eight-fold coordinations might occur at much higher pres-
sures than Figure 1 suggests.
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