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High-pressure crystal structure and compressibility of coesite

LoUISE LEVIEN' AND CHARLES T. PREWITT

Department of Earth and Space Sciences
State University of New York
Stony Brook, New York 11794

Abstract

Unit-cell and crystal-structure parameters have been measured on a coesite single crystal at
six pressures. Unit-cell parameters of coesite change from a = 7.1356(3), b = 12.3692(8), ¢ =
7.1736(3)A and B = 120.34(02)° at 1 atm to a = 6.9897(4), b = 12.233(2), ¢ = 7.1112(4) A and
B = 120.74(03)° at 51.9 kbar. Both silicate tetrahedra compress significantly but do not distort
over the 52 kbar pressure range. All unconstrained Si-O-Si angles and Si---Si distances de
crease over the pressure range, with smaller angles and disiances decreasing more than larger
ones. Values for the bulk modulus [K; = 0.96(3) Mbar] and its pressure derivative [K} =
8.4(1.9)] have been calculated by fitting the P-V data to a Birch-Murnaghan equation of
state. The compressibility of the coesite structure is highly anisotropic with the stiffest direc-
tion parallel to the chains of tetrahedra, which run || to ¢, and the most flexible direction L to
these chains in the a-c plane. The criss-crossing of silicate tetrahedral chains in the a-b
planes, at different levels along ¢, gives b an intermediate compressibility.

The increasing temperature factor of O(1), the central anion in the 180° Si-O-Si angle,
suggests that this angle becomes unstable at high pressures. Because substitution of Ge for Si
has a similar effect on the structure as does increased pressure, GeO, may not exist in the

coesite structure because the 180° Ge-O-Ge angle destabilizes the structure.

Introduction

The high-pressure crystal structure of SiO, (coes-
ite) has been studied to help us better uuderstand the
structural elements which give rise to its single-crys-
tal elastic moduli and to permit a comparison be-
tween coesite and SiO, (quartz), the low-pressure
polymorph. We felt that investigations of these two
silica polymorphs, because of their simple chemistry,
would increase our understanding of the changes that
silicate tetrahedra undergo at high pressure, and we
would thus better understand the behavior of ali sili-
cates under pressure. We also hoped to gain some in-
sight into why GeQ, apparently is not stable in the
coesite structure.

Experimental techniques

The coesite crystals were synthesized at 65 kbar
and 1100°C [this temperature was reported incor-
rectly as 110°C in Gibbs et al. (1977)]. Observations
made under the optical microscope and with pre-

! Present address: Exxun Production Research Company, P.O.
Box 2189, Houston, Texas, 77001.

0003-004X/81/0304-0324%(2.00

324

cession and Weissenberg X-ray photographs showsd
the crystals to be untwinned. Crystal #1 was an elon-
gated hexagonal plate with dimensions 90 X 60 pum
and thickness of 30 um. Intensity data were collected
on this crystal at ambient conditions and two high
pressures. Refinements of the high-pressure data
gave reasonable R values, but very large errors on
positional parameters; in addition, structural param-
eters did not show regular changes »s a function of
pressure. The combination of the small size of the
crystal, coupied with the increased background
caused by the diamond cell, resulted in very low
peak-to-background ratios (42% of intensities were
<20)). A third high-pressure data set, collected with a
higher-intensity X-ray beam, gave a refinement with
smaller errors on the positional parameters, but the
refinement still was not satisfactory. Therefore, we
have included the unit-cell data collected on crystal
#1 in this report, but not the structural refinements.
We next selected a larger crystal (160 X 80 X 60 um),
and collected data until this crystal was broken in the
diamond czll during an unsuccessful remounting at-
tempt. The largest remaining fragment (120 X 80 X
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