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B1-B2 Transition in Calcium Oxide from Shock-Wave 

and Diamond-Cell Experiments 

Abstract. Volume and structural data obtained by shock-wave and diamond-cell 

techniques demonstrate that calcium oxide transforms from the B1 (sodium chloride 

type) to the B2 (cesium chloride type) structure at 60 to 70 gigapascals (0.6 to 0.7 

megabar) with a volume decrease of 11 percent. The agreement between the shock- 
wave and diamond-cell results independently confirms the ruby-fluorescence pres- 
sure scale to about 65 gigapascals. The shock-wave data agree closely with ultrason- 
ic measurements on the Bl phase and also agree satisfactorily with equations of 
state derived from ab initio calculations. The discovery of this B1-B2 transition is 

significant in that it allows considerable enrichment of calcium components in the 
earth's lower mantle, which is consistent with inhomogeneous accretion theories. 
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Calcium oxide, initially in the B1 
(NaCI type) structure, is expected to 
transform to the B2 (CsCl type) structure 
at high pressure, by analogy with the B 1- 
B2 transitions found in alkali halides (1, 
2). There is considerable interest in such 
transitions both in theoretical studies of 
oxide structures (3-5) and because of 
their possible occurrence in the earth's 
lower mantle. We have carried out 
shock-wave experiments on CaO to de- 
termine its equation of state (Hugoniot) 
(6), as well as x-ray diffraction, under 
static high pressures, through a diamond 
cell (7); both techniques demonstrate a 
B -B2 transition in CaO at 60 to 70 GPa 
(0.6 to 0.7 Mbar). To our knowledge this 
is the first documentation of the B2 
structure in an oxide of direct geophysi- 
cal interest. 

Our new data are given in Table 1 and 
Fig. 1 along with previous results for 
CaO (8). For comparison, theoretical 
Hugoniots based on finite strain theory 
and ab initio [modified electron gas (4)] 
calculations for the B 1 and B2 phases are 
also given (9). The shock data provide an 
accurate dynamic compression curve for 
CaO and the x-ray data from the dia- 
mond cell confirm the nature of the 
structural transition. The diamond-cell 
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experiments indicate that the transition 
begins at 60 (+2) GPa on the ruby-fluo- 
rescence pressure scale (7) and at room 
temperature (295 K), whereas the shock- 
wave data indicate a slightly higher tran- 
sition pressure: about 63 to 70 GPa, but 
at approximately 1350 K (10). A volume 
decrease of 11 + 1 percent is found at 
the transition in both sets of experi- 
ments, which is in agreement with simple 
systematics among the data for B1-B2 
transitions in halides (11) and provides 
additional support for applying such sys- 
tematics to oxides. The consistency of 
the shock-wave and diamond-cell results 
for the transition pressure in CaO pro- 
vides an approximate but independent 
confirmation of the ruby-fluorescence 
scale calibration at about 65 (?5) GPa. 
Thus the B -B2 transition in CaO may be 
a convenient and readily reversible pres- 
sure-calibration point for ultrahigh-pres- 
sure static experiments. 

The shock-wave data corresponding to 
the B1 phase are in excellent agreement 
(Fig. 1) with the theoretical Hugoniot 
calculated from recent ultrasonic data 
for CaO (9) and compare favorably with 
the theoretical Hugoniot based on the 
modified electron gas theory (4). Hence, 
the equation of state of CaO in the B1 
structure appears to be very well con- 
strained both experimentally and theo- 
retically. Although the ab initio results 
underestimate somewhat the density of 
the B2 phase, they predict its compres- 
sional behavior quite well. Our Hugoniot 
data are consistent with essentially iden- 
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Fig. 1. New shock-wave data for CaO com- 
3H pared with previous, static compression data 

(8) and theoretical Hugoniots based on finite- 
strain (P3H) and ab initio [modified electron 
gas (MEG)] calculations (9). Also shown are 
two seismological models for the lower 
mantle (15). Error bars for the shock-wave 
data are approximately the size of the sym- 
bols (or smaller); the datum in parentheses is 

, , considerably less certain. The open symbol 
represents an alternative interpretation of the 
70-GPa result (6). 
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tical zero-pressure bulk moduli (and 
pressure derivatives) for the B1 and B2 

phases of CaO, as expected from sys- 
tematics (9). 

Similar B1-B2 transitions are also con- 
sidered to be plausible in the geophysi- 
cally important (Mg,Fe)O series. From 
simple concepts involving ratios of ionic 
radii (12), the B1 monoxides might be ex- 
pected to transform at successively high- 
er pressures in the following order (cat- 
ion/anion radius ratios are given in pa- 
rentheses): BaO (0.97), SrO (0.83), CaO 
(0.71), and MgO (0.51). Barium oxide is 
known to transform from a B1 to a B2- 
related structure at about 14 GPa (2), and 
hence SrO is expected to transform at 
about 45 (+10) GPa and MgO above 100 
to 110 GPa, from the present results for 
CaO combined with these systematics. 
No B 1-B2 transitions have been found in 
SrO up to 34 GPa and MgO up to 95 GPa 
or higher pressures (13), and the only 
other oxide for which a B -B2 transition 
is known is EuO (but after it undergoes 
an electronic transition) (14). Hence, 
CaO appears to be the only oxide for 
which an uncomplicated B1-B2 transi- 
tion has been found to date. Despite the 
relatively simple nature of B1-B2 transi- 
tions, however, their theoretical charac- 
terization is still imperfect, particularly 
for the purpose of predicting their occur- 
rence. This conclusion is illustrated by 
the data for CaO, which disagree with 
the B1-B2 transition pressure of 120 GPa 
expected from ab initio calculations (4) 
and with the transition pressure of 28 to 
40 GPa based on a semiempirical lattice- 
instability model (5). 

A significant consequence of the B1- 
B2 transition in CaO is that the resulting 
density increase allows a considerable 
amount of CaO component within the 
earth's lower mantle, at least below a 

depth of about 1550 km (corresponding 
to a pressure of 65 GPa). As shown in 

Fig. 1, the Hugoniot of the B2 phase of 
CaO is within 1 to 2 percent of the 
seismologically determined pressure- 
density relation for the lower mantle 
(15). Reduction of this Hugoniot to esti- 
mated mantle temperatures results in on- 
ly a small correction, which, if anything, 
improves the comparison (16). Although 
calcium might well occur in a complex 
oxide or silicate mineral, simple oxide- 
mixing models have proved rather suc- 
cessful in modeling the properties of the 
mantle and candidate minerals at high 
pressure (17). Hence, from purely geo- 
physical considerations, a significant en- 
richment of refractory, calcium-bearing 
phases is allowed within the earth's deep 
interior. Such enrichment might, for ex- 
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Table 1. Calcium oxide diamond-cell results. 

Molar Rela- 
Pres- volumet (cm3) tive 

Run sure* inten- 
(GPa) B1 B2 sityt 

phase phase (B1/B2) 

14Y1 60.6 12.44 11.10 1.7 
14Y2 61.2 12.36 11.06 0.7 
14Y3 63.4 12.26 10.90 0.5 
14Y4 63.7 12.28 10.87 0.5 
14Y5 66.8 12.18 10.91 0.2 

*The precision is ?2 GPa; the absolute accuracy of 
the calibration is within 6 percent (7). tBased on 
200 and 110 x-ray lines for B1 and B2 patterns, re- 
spectively; the estimated precision of the molar vol- 
ume is about ?0.7 percent. Relative intensities of x- 
ray lines are based on visual estimates. 

ample, be consistent with inhomoge- 
neous accretion theories of the terrestrial 

planets and would imply that the mantle 
is not chemically homogeneous through- 
out (18). 
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