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a b s t r a c t

ABX3 post-perovskite phases that are stable (or strongly metastable) at room-pressure are of importance
as analogues of post-perovskite MgSiO3, a deep-Earth phase stable only at very high pressure. Commonly,
CaIrO3 has been used for this purpose, but it has been suggested that CaPtO3 might provide a better
analogue. We have measured the isothermal incompressibility, at ambient temperature, of orthorhombic
post-perovskite-structured CaPtO3 to 40 GPa by X-ray powder diffraction using synchrotron radiation. A
third-order Birch–Murnaghan equation of state fitted to the experimental data yields V0 = 228.10(2) Å3,
K0 = 168.2(8) GPa and K ′

0 = 4.51(6). Similar fits to the cube of each axis of the unit cell shows that the b-axis
is the most compressible (b0 = 9.9191(5) Å, K0 = 123.3(5) GPa, K ′

0 = 2.37(3)); the a-axis (a0 = 3.12777(8) Å,
K0 = 195.7(8) GPa, K ′

0 = 6.63(8)) and c-axis (c0 = 7.3551(4) Å, K0 = 192(2) GPa, K ′
0 = 12.2(3)) are both much

stiffer and have almost identical incompressibilities when the material is close to ambient pressure, but

quation of state
-ray powder diffraction

the c-axis shows greater stiffening on compression. Comparison of these axial incompressibilities with
those of CaIrO3 shows that CaPtO3 is slightly less anisotropic under compression (possibly because of the
absence of Jahn-Teller distortion), suggesting that CaPtO3 may be a somewhat better analogue of MgSiO3.

Our sample also contained minor amounts of a cubic CaxPt3O4 phase, for which the third-order
Birch–Murnaghan equation-of-state parameters were found to be: V0 = 186.00(3) Å3, K0 = 213(1) GPa and

′
K0 = 4.9(1).

. Introduction

Perovskite-structured (PV) MgSiO3 transforms to an
rthorhombic CaIrO3-structured post-perovskite (PPV) phase
t around 120 GPa (Murakami et al., 2004; Oganov and Ono, 2004).
he atomic arrangement in the PPV phase of MgSiO3 differs greatly
rom that found in PV-MgSiO3 and thus one might expect that the
hysical properties of the two phases will also differ appreciably.
he perovskite phase of MgSiO3 contains the 3-dimensional
etwork of corner-linked octahedra found in all perovskites.

n contrast, the structure of ABO3 post-perovskites is commonly
escribed in terms of sheets of corner- and edge-sharing octahedra,

ying parallel to (0 1 0), separated by planar A-cation interlayers.
hese features are illustrated in Fig. 1, which shows the crystal

tructure of the post-perovskite phase of CaIrO3, viewed down
he a-axis; however, as discussed further below (Section 4) this
iew of the post-perovskite structure in terms of layers is almost
ertainly too simplistic.
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The pressure at which the phase transition in MgSiO3 occurs
implies that post-perovskite MgSiO3 might be the majority phase
in the D′′ region that extends into the mantle from the core–mantle
boundary. If this is the case, then the physical and chemical proper-
ties of post-perovskite are likely to dominate the dynamics of much
of the core–mantle boundary region.

Measurements of the physical and chemical properties of post-
perovskite MgSiO3 are difficult to perform because it is stable only
at megabar pressures and so it has been more practical to obtain
some of the experimental results required for comparison with
computer simulations of PPV-structured MgSiO3 from isostructural
analogues whose compressive and thermal distortion at lower tem-
perature and pressure are similar to those of MgSiO3. Analogues
studied to date include CaIrO3 (Boffa Ballaran et al., 2007; Lindsay-
Scott et al., 2007; Martin et al., 2007a,b; Martin, 2008; Sugahara
et al., 2008; Hirai et al., 2009) and CaPtO3 (Inaguma et al., 2008;
Ohgushi et al., 2008). CaIrO3 may be synthesised at atmospheric

pressure (see e.g. Lindsay-Scott et al., 2007). To date, synthesis of
CaPtO3 has been reported only at high pressures, in the range 4 GPa
(Ohgushi et al., 2008) to 7 GPa (Inaguma et al., 2008). However,
after synthesis, CaPtO3 is readily recoverable to atmospheric pres-
sure, where it remains stable, or at least very strongly metastable;

dx.doi.org/10.1016/j.pepi.2010.07.002
http://www.sciencedirect.com/science/journal/00319201
http://www.elsevier.com/locate/pepi
mailto:ian.wood@ucl.ac.uk
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Fig. 1. The CaIrO3 post-perovskite type structure viewed along the a-axis. This struc-
ture is commonly described in the following way. Rods of edge-shared octahedra
running parallel to the a-axis are linked into corrugated sheets by corner-sharing
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arallel to the c-axis, so as to produce sheets of PtO6 octahedra lying parallel to
0 1 0); these sheets are then separated along the b-axis by planar interlayers of Ca
ons. However, this view of the structure in terms of layers is almost certainly too
implistic (see Section 4 for further discussion).

or example, high-temperature X-ray powder diffraction measure-
ents in our laboratory (unpublished) have shown that it persists,

n air, for periods of longer than 1 h at temperatures as high as
00 ◦C. CaPtO3 is of interest because, unlike CaIrO3, it does not
xhibit structural distortion due to the Jahn-Teller effect and thus
t has been suggested that it might provide a better analogue of

gSiO3 (Ohgushi et al., 2008). Boffa Ballaran et al. (2007) and
artin et al. (2007a) have measured the bulk and axial incompress-

bilities of CaIrO3, but CaPtO3 has been studied only at ambient
ressure and temperature (Ohgushi et al., 2008; Inaguma et al.,
008). In this paper we report measurements of CaPtO3 to 40 GPa

n order to assess the similarity of its behaviour under compression
o that of CaIrO3 and MgSiO3.

. Experimental method

The sample was synthesized under high pressure and high tem-
erature using a belt-type high-pressure apparatus at the National

nstitute for Materials Science, Tsukuba, Ibaraki, Japan. The start-
ng material was a stoichiometric powder mixture of PtO2 and
aO, ground together in a mortar and sealed in a Pt capsule.
his was then compressed to 4 GPa, heated to 800 ◦C for 24 h
nd then quenched to room temperature prior to slow decom-
ression. The recovered dark-yellow powder was characterized by
-ray powder diffraction. The sample for this X-ray analysis was
repared as a thin smear on an “off-axis” silicon plate (i.e. one
ut so as to produce no Bragg reflections) and the powder pat-
ern was recorded using a PANalytical X’Pert Pro diffractometer
ith Co K�1 radiation (40 kV, 30 mA), scanning over the range
◦ ◦
0 < 2� < 90 . The sample was found to contain orthorhombic

aPtO3 (Cmcm; a = 3.12612(2) Å, b = 9.91709(6) Å, c = 7.34952(5) Å,
= 227.850(2) Å3), with minor amounts of cubic CaxPt3O4 (Pm3̄n;
= 5.7064(1) Å, V = 185.82(1) Å3; Bergner and Kohlhaas, 1973) and

races of cubic Pt (Fm3̄m; a = 3.9262(2) Å, V = 60.52(1) Å3; Holmes
Planetary Interiors 182 (2010) 113–118

et al., 1989). The lattice parameters for the CaPtO3 (estimated from
a Le Bail refinement of the data, see below) were found to be in
reasonable agreement with those previously reported at ambient
pressure and temperature (see Table 1a). Our values are much
closer to those of Ohgushi et al. (2008) than those of Inaguma et
al. (2008); however, when comparing these results it should be
remembered that, due to the lack of an internal standard and lim-
ited 2� range, they are likely to be less accurate on an absolute scale
than their precision might otherwise suggest (although it should,
in principle, have been possible to use the platinum present in our
sample as an internal standard, in practice there was insufficient
platinum present to allow this to be done reliably in any of our
experiments).

A selected portion of the sample was loaded, with a helium pres-
sure medium, into a 150-�m-diameter hole in a 400-�m-thick steel
gasket mounted between two opposed 300 �m diamond culets of
a Boehler-Almax-type membrane-driven diamond-anvil cell. Pres-
sures were determined from the shift of the wavelength of the
ruby-R1 fluorescence line, using the recent pressure-scale calibra-
tion of Jacobsen et al. (2008) for helium pressure media. Ruby
fluorescence measurements were made before and after collec-
tion of each diffraction pattern, with the ruby-R1 wavelength at
the data point taken as the mean value of these two readings. The
uncertainty in the pressure, due to relaxation of the cell during the
collection of each diffraction pattern, was estimated from the dif-
ference in the two ruby measurements, in combination with the
quoted uncertainty in the B-parameter in the equation relating the
pressure to the ruby-R1 wavelength-shift (Jacobsen et al., 2008);
see Table 1b for further details.

Diffraction patterns were collected on the ID09 beamline at the
ESRF, using a monochromatic wavelength of 0.41456 Å on a mar555
image plate detector. The detector was positioned at 358.71 mm
from the sample, so as to cover a range 0◦ < 2� < 37.9◦; the expo-
sure time was ∼1 s. Data were collected with increasing pressure
from 2.90(2) GPa to 42.50(4) GPa, with a final pattern recorded at
1.21(1) GPa after decompression. The 2� vs intensity patterns used
in the powder refinement were obtained by integrating around the
Debye–Scherrer rings, after correction for detector distortion and
tilt, using the Fit2D package (Hammersley et al., 1995). The diffrac-
tion patterns were then fitted, over the range 3.16◦ < 2� < 33.2◦, to
obtain unit-cell parameters using the Le Bail method (Le Bail et al.,
1988) implemented in the GSAS suite of programs (Larson and Von
Dreele, 1994) with the EXPGUI graphical interface (Toby, 2001).
The lineshape used in the GSAS refinements was “profile function
number 2”, which is based on a pseudo-Voigt function (Larson and
Von Dreele, 1994). At pressures above 12.6 GPa diffraction peaks
characteristic of hexagonal (P63/mmc) He crystals were observed
(Mao et al., 1988) and so this phase was also included in the refine-
ments. Examples of the fitted diffraction patterns at 2.90(2) GPa
and 42.50(4) GPa are shown in Fig. 2. It can be seen that the Bragg
reflections in Fig. 2B are broader, due to the development of non-
hydrostatic stresses; after decompressing the sample the widths
of the reflections returned to their original low-pressure values.
The onset of this line broadening is clearly indicated in the refined
values of the GSAS profile parameters; these are effectively invari-
ant until ∼16 GPa, but at higher pressures the values of some of
the profile coefficients alter systematically. In particular, the coef-
ficient U (which affects the Gaussian variance of the Bragg peaks via
a term in U tan2(�); Caglioti et al., 1958) increases, with the increase
becoming marked above ∼22 GPa, an effect that can be attributed
to non-uniform strain in the crystallites (Larson and Von Dreele,

1994). Possible sources of non-hydrostatic stresses in the experi-
ment are solidification of the He pressure medium and grain–grain
interactions in the CaPtO3 sample. This line broadening does not
appear to lead to any systematic errors in the refined values of the
cell parameters (see Figs. 3 and 4), but it does increase their esti-
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Table 1a
Unit-cell parameters and unit-cell volume for CaPtO3 at ambient pressure and temperature; the numbers in parentheses are estimated standard uncertainties and refer to
the least-significant digits. The value quoted for the present work is that measured in our laboratory at UCL with Co K�1 radiation (see Section 2).

a (Å) b (Å) c (Å) Volume (Å3)

9.917
9.919
9.912
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Present work 3.12612(2)
Ohgushi et al. (2008) 3.12607(1)
Inaguma et al. (2008) 3.1232(4)

ated uncertainties, which are greater by about a factor of seven
t ∼40 GPa than at pressures below ∼7 GPa (Table 1b).

. Results

The observed unit-cell parameters and unit-cell volume of
aPtO3 between 1.21(1) GPa and 42.50(4) GPa are listed in Table 1b.
ig. 3 shows the change in volume with pressure and Fig. 4 shows
he relative compression of the three unit-cell edges, plotted as
he cube of the axial compression ratios. It can be seen from Fig. 4
hat the compression is strongly anisotropic, being greatest for the
-axis (i.e. for the direction perpendicular to the sheets of PtO6
ctahedra and Ca-ion interlayers) and smallest for the c-axis (i.e.
long the chains of apex-linked PtO6 octahedra). The data, includ-
ng the decompression data point, both for the unit-cell volume
nd for the cubes of the unit-cell axes, were fitted to third-order
irch–Murnaghan equations of state (Birch, 1978) by non-linear

east-squares using the EOS-fit program (Angel, 2000, 2001); the

eighting scheme in the refinement used weights calculated from

he errors in both the pressure and in the unit-cell volume and lat-
ice parameters. The resulting values of the three equation-of-state
arameters for each of the four fits are listed in Table 2. The val-
es of V0, a0, b0, and c0 thereby obtained are consistent both with

ig. 2. Observed (points), calculated (line) and difference (lower trace) X-ray
owder diffraction patterns (� = 0.41456 Å) for CaPtO3 at: (A) 2.90(2) GPa and (B)
2.50(4) GPa. The tick marks show the positions of the Bragg reflections of (from the
ottom upwards): CaPtO3, CaPt3O4, Pt and (B only) He.
09(6) 7.34952(5) 227.850(2)
83(4) 7.35059(3) 227.942(2)
(1) 7.3459(9) 227.41(5)

the lattice parameters of CaPtO3 from previous powder diffraction
studies at ambient pressure (Ohgushi et al., 2008; Inaguma et al.,
2008) and with those that we obtained in the present study dur-
ing the sample characterisation (there is, however, clearly a slight
systematic offset between our two diffraction experiments as all of
the values from the high-pressure study are slightly higher, by 0.1%
for the unit-cell volume and 0.02–0.07% for the unit-cell edges).
The good internal consistency of the high-pressure data sets can
be demonstrated in two ways. Firstly, the values from the non-
linear least-squares fit of the volumetric incompressibility (K0) and
of its first derivative with respect to pressure (K ′

0) of 168.2(8) GPa
and 4.51(6), respectively, are in good agreement with the corre-
sponding values of 168.4(4) GPa and 4.47(4) obtained by weighted
linear regression from the f–F plot (see e.g. Angel, 2000) that is
shown as an inset in Fig. 3. In this method of analysis, the incom-
pressibility at zero pressure is obtained from a weighted linear fit
of the normalised stress FE = P/(3fE(1 + 2fE)5/2) against finite strain,
fE = 0.5[(V0/V)2/3 − 1]. Secondly, the value of V0 obtained from the
product of a0, b0, and c0 is 228.19(2) Å3, which differs by 0.09(3) Å3

from that obtained when the volume is fitted directly.
In addition to the CaPtO3, there was sufficient of the cubic

CaxPt3O4 phase present in the sample to allow reliable determi-
nation of its cell parameter. By fitting the unit-cell volume to
a third-order Birch–Murnaghan equation of state, as described

3
above, we obtained the following values: V0 = 186.00(3) Å ;
K0 = 213(1) GPa; K ′

0 = 4.9(1). When considering these results,
which are reported here for completeness, it should, however, be
remembered that this material has been reported to be of variable
stoichiometry, with 0 ≤ x ≤ 1 (Bergner and Kohlhaas, 1973).

Fig. 3. Unit-cell volume of CaPtO3 between 1.21(1) GPa and 42.50(4) GPa. Experi-
mental values are shown as points (error bars are smaller than the symbols used).
The full line shows the fit of the data to a third-order Birch–Murnaghan equation
of state (see text for details). The inset shows the f–F plot for these data, calculated
using the value of V0, 228.10(2) Å3, from this fit (Table 2). The solid line shown in
the inset is a weighted linear fit with FE = 120(11)fE + 168.4(4) GPa. The value of the
incompressibility, K0, is equal to the intercept on the y-axis of the f–F plot; the value
of its first derivative with respect to pressure, K ′

0, is obtained via the relationship
that the slope of the f–F plot is equal to 3K0(K ′

0 − 4)/2 (Angel, 2000; see Section 3
for further details).
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Table 1b
Unit-cell parameters and unit-cell volume for CaPtO3 as a function of pressure, as
measured in the diamond-anvil cell at the ESRF. The data were recorded in the order
shown. The numbers in parentheses are estimated standard uncertainties and refer
to the least-significant digits.

P (GPa) a (Å) b (Å) c (Å) Volume (Å3)

2.90(2) 3.11291(2) 9.84590(9) 7.32129(6) 224.393(4)
3.45(1) 3.11050(2) 9.83073(9) 7.31545(6) 223.695(4)
3.98(1) 3.10794(2) 9.81702(9) 7.31008(6) 223.036(4)
4.59(1) 3.10502(2) 9.80079(7) 7.30368(5) 222.263(2)
5.05(3) 3.10275(2) 9.78895(9) 7.29884(6) 221.685(4)
5.69(2) 3.09984(2) 9.77312(9) 7.29270(6) 220.933(4)
6.20(2) 3.09763(2) 9.76146(9) 7.28801(6) 220.370(4)
6.71(2) 3.09572(2) 9.75077(9) 7.28391(6) 219.869(4)
7.22(2) 3.09357(3) 9.73904(10) 7.27951(7) 219.320(4)
7.84(1) 3.09084(3) 9.72520(10) 7.27384(6) 218.645(4)
8.37(2) 3.08839(3) 9.71204(11) 7.26870(7) 218.021(5)
9.02(2) 3.08566(3) 9.69559(11) 7.26296(7) 217.288(5)
9.55(3) 3.08358(3) 9.68384(10) 7.25855(7) 216.747(5)

10.04(2) 3.08195(3) 9.67358(10) 7.25490(7) 216.290(4)
10.55(3) 3.08001(3) 9.66289(10) 7.25109(7) 215.805(4)
11.08(3) 3.07811(3) 9.65200(11) 7.24707(7) 215.310(5)
11.59(3) 3.07627(3) 9.64136(11) 7.24333(7) 214.833(5)
12.10(2) 3.07409(3) 9.62936(12) 7.23903(8) 214.287(5)
12.62(3) 3.07204(3) 9.61759(12) 7.23493(8) 213.761(5)
13.70(5) 3.06793(4) 9.59463(13) 7.22645(9) 212.715(6)
14.38(2) 3.06576(4) 9.58160(13) 7.22187(9) 212.142(6)
15.43(3) 3.06221(4) 9.56182(16) 7.21496(11) 211.256(7)
16.46(2) 3.05840(4) 9.54021(15) 7.20764(11) 210.303(7)
17.52(3) 3.05471(5) 9.51746(18) 7.20009(12) 209.329(8)
19.06(4) 3.04976(6) 9.48918(22) 7.19095(15) 208.104(10)
20.62(3) 3.04465(6) 9.45945(23) 7.18141(15) 206.830(10)
22.22(4) 3.03963(7) 9.42972(28) 7.17183(18) 205.565(12)
24.79(2) 3.03231(9) 9.38640(37) 7.15781(25) 203.729(17)
27.46(2) 3.02459(11) 9.33593(40) 7.14297(30) 201.699(19)
30.30(2) 3.01617(13) 9.28288(52) 7.12716(33) 199.551(23)
33.61(4) 3.00811(14) 9.22671(55) 7.11284(37) 197.416(26)
37.98(5) 2.99721(16) 9.15550(64) 7.09562(42) 194.710(29)
40.02(3) 2.99209(16) 9.11863(64) 7.08734(43) 193.369(29)
42.50(4) 2.98668(15) 9.08541(61) 7.07981(42) 192.112(28)

1.21(1) 3.12155(4) 9.88679(14) 7.33933(9) 226.507(6)

In (b) above, the pressure values were obtained from the relative shift of the
wavelength of the ruby-R1 fluorescence line (��/�0), using the equation P
(GPa) = (A/B){[1 + (��/�0)]B − 1}, where A = 1904 GPa and B = 10.32(7) (Jacobsen et
al., 2008). Ruby measurements were made before (�a) and after (�b) each diffrac-
tion pattern was recorded and the value of �� was then calculated using their mean.
The uncertainties in the pressure values were derived assuming that the uncer-
tainty in the fluorescence wavelength was (�a − �b)/4 (i.e. that the observations
corresponded to a mean value ± two standard uncertainties); the uncertainty in the
parameter B given by Jacobsen et al. (2008) was also included in the calculation.
Note that in both Table 1a and Table 1b the lattice parameter values listed are prob-
ably less accurate than might be expected from the stated uncertainties, which are
as reported by the Le Bail fits using GSAS; for further discussion of the importance
of systematic errors in profile refinement of X-ray powder data see e.g. Thompson
and Wood (1983).

Table 2
Equation-of-state parameters obtained by fitting the data shown in Table 1b to third-
order Birch–Murnaghan equations of state. For the unit-cell edges, the values of K0

and K ′
0 are those obtained by fitting to the cubes of the lengths of the unit-cell edges

(for details see text).

V0 (Å3) K0 (GPa) K ′
0

Volume 228.10(2) 168.2(8) 4.51(6)
a-axis 3.12777(8) 195.7(8) 6.63(8)
b-axis 9.9191(5) 123.3(5) 2.37(3)
c-axis 7.3551(4) 192(2) 12.2(3)

For comparison with the results of Martin et al. (2007a) the unit-cell volumes were
also fitted to a second-order Birch–Murnaghan equation of state. The resulting val-
ues of V0 and K0 were 227.95(2) Å3 and 174.0(5) GPa respectively (with K ′

0 fixed at
4).
(Note that if the commonly used ruby fluorescence pressure scale of Mao et al. (1986)
is employed, instead of that of Jacobsen et al. (2008), the volumetric equation-of-
state parameters then become V0 = 228.09(2) Å3, K0 = 168.8(8) GPa and K ′

0 = 4.16(6)
respectively. The more recent ruby scale of Dewaele et al. (2004), gives values
that are not significantly different from those shown in the table above, with
V0 = 228.10(2) Å3, K0 = 168.5(8) GPa and K ′

0 = 4.39(6)).

Fig. 4. Axial compressions, i/i0 (where i = a, b or c unit-cell parameter), of CaPtO3,
plotted as the ratios (i/i0)3. The symbols denote the experimentally observed axial
and volumetric values. The lines are derived from the axial equations of state, plotted

against values of V/V0 calculated from the volumetric equation of state (Table 2). The
inset to the figure shows a comparison of the values for CaPtO3 (solid symbols and
lines) with those for CaIrO3 (open symbols and broken lines), as determined by Boffa
Ballaran et al. (2007).

4. Discussion

The only equation-of-state parameters for CaPtO3 with which
to compare the results of the present study are those of Matar
et al. (2008) who carried out an investigation of both PPV- and
PV-structured CaPtO3 by athermal ab initio computer simulations
within the local density approximation (LDA). The agreement of
our experimental values {V0 = 228.10(2) Å3; K0 = 168.2(8) GPa; K ′

0 =
4.51(6)} with those from this simulation is surprisingly poor, as
Matar et al. (2008) obtained V0 = 212.14(5) Å3 and K0 = 222(1) GPa,
with K ′

0 = 4.59(8). Although LDA calculations commonly overesti-
mate the binding of the atoms and hence lead to calculated unit-cell
parameters that are smaller than the experimental values, the dis-
crepancy of 7% in V0 is very large; similarly the value of K0 from
the computer simulations is over 30% greater than our experimen-
tal value (note, however, that if the equation-of-state parameters
of Matar et al. are used to calculate K at the experimental value
of V0 a value of 157 GPa is obtained, in much closer agreement
with our experimental result). The reasons for this poor agreement
are not clear, especially as Matar et al. (2008) also state that test
calculations carried out using the generalised gradient approxi-
mation (GGA), which commonly leads to an overestimate of the
unit-cell volume, did not produce any significant improvement in
the agreement between their calculated volume and the available
experimental results. It is, perhaps, possible that the discrepancy
is simply due to the lack of state points in the calculations, which
appear to have been carried out at only six volumes, of which only
two were for the material under compression. Unfortunately, no
lattice parameters are given by Matar et al. (2008), only unit-cell
volumes, and so it is impossible to determine whether their calcula-
tions produced a general underestimate of all three cell parameters
or whether they failed to reproduce correctly the axial ratios of the
crystal.

It is also of interest to compare the present results with the
experimental values of the equation-of-state parameters for the
other low-pressure post-perovskite analogue phase, CaIrO3. We

have found that PPV-CaPtO3 has a slightly larger unit-cell vol-
ume and lower value of K0 than PPV-CaIrO3. Boffa Ballaran et al.
(2007) fitted a third-order Birch–Murnaghan equation to single-
crystal X-ray data from PPV-CaIrO3, obtaining V0 = 226.38(1) Å3

and K0 = 181(3) GPa, with K ′
0 = 2.3(8). Although the uncertainty is



th and Planetary Interiors 182 (2010) 113–118 117

l
c
m
M
s
r
o
O
a
(
i
v
fi
s
c
l

t
a
B
t
0
a
s
e
s
0
w
f
e
b
w
t

t
i
p
o
a
i
p
r
s
c
a
c
m
o
f
s
p
c
c
l
i
t
c
M

t
t
i
C
M
w
2

Table 3
Axial incompressibility ratios of some post-perovskite phases.

Ka/Kc Kb/Kc

CaPtO3 (ambient P, T)a 1.02(1) 0.64(1)
CaIrO3 (ambient P, T)b 0.94(3) 0.51(1)
MgSiO3 (135 GPa, 4000 K)c 0.84(6) 0.58(4)
Mg0.6Fe0.4SiO3 (140 GPa, ambient T)d 1.05e 0.91e

a This work.
A. Lindsay-Scott et al. / Physics of the Ear

arge, the value of K ′
0 for CaIrO3 is significantly lower than our

orresponding value for CaPtO3. Boffa Ballaran et al. (2007) used
ethanol–ethanol as their pressure medium, and the ruby scale of
ao et al. (1986); however, the difference in K ′

0 cannot be attributed
imply to differences in the pressure scale, since if we apply the
uby scale of Mao et al. (1986) to our data (see Table 2) we still
btain a value of K ′

0 that is significantly higher than that of CaIrO3.
ther previous measurements of the compression of PPV-CaIrO3
re those obtained using X-ray powder diffraction by Martin et al.
2007a) who fitted a second-order Birch–Murnaghan equation, giv-
ng V0 = 226.632(45) Å3 and K0 = 180.2(3) GPa; our corresponding
alues for PPV-CaPtO3 (V0 = 227.95(2) Å3, K0 = 174.0(5) GPa, with K ′

0
xed at 4; see Table 2) show an increase in V0 and decrease in K0
imilar to that discussed above, although, as K’0 is fixed at 4 in both
ases, the differences in the two fitted parameters are now not as
arge.

A further contrast in the behaviour of CaPtO3 and CaIrO3 lies in
he relative unit-cell volumes and incompressibilities of the PPV-
nd PV-structured forms of the two materials. For CaIrO3, Boffa
allaran et al. (2007) found experimentally that, at zero pressure,
he ratio of the volumes of the PPV- and PV-structured phases was
.98656(6) and that the PV-structured phase, with K0 = 198(3) GPa
nd K ′

0 = 1.2(8), was stiffer (at ambient pressure) than the PPV-
tructured phase. For CaPtO3, the computer simulations of Matar
t al. (2008), showed that, at zero pressure, the PPV- and PV-
tructured phases have a similar volume ratio to that of CaIrO3,
.9878(13), but in this case the PV-structured material is softer,
ith K0 = 205(1) GPa and K ′

0 = 4.42(5). However, this apparent dif-
erence in behaviour should probably be treated with caution. No
xperimental data for a PV-structured phase of CaPtO3 have, as yet,
een presented and in view of the discrepancy of the ab initio results
ith our experimental values for PPV-CaPtO3 it is probably unwise

o rely upon them too closely.
The axial incompressibilities of CaPtO3 are similar in form to

hose of CaIrO3. The a-axis and c-axis of CaPtO3 have the same
ncompressibility (within experimental uncertainty) at ambient
ressure, but the c-axis stiffens faster than the a-axis, having a value
f K ′

0 that is greater by almost a factor of two; in contrast, the b-
xis is much softer. If the crystal structure of PPV-CaPtO3 is viewed
n a naive way in terms of layers of PtO6 octahedra separated by
lanar Ca-cation interlayers, a ready explanation is afforded for the
elative softness of the b-axis by the reduction of the interlayer
pacing. However, on this basis it is difficult to explain why the
-axis is the least compressible direction in the crystal, since this
xis should then be readily shortened by buckling of the planes of
orner-linked octahedra, whereas to reduce the length of the a-axis
ust involve distortion of the PtO6 octahedra through shortening

f the O–O distances aligned parallel to the a-axis. Clearly, there-
ore, this view of the response to compression of post-perovskite
tructures in terms of layers and interlayers is too simplistic, but to
roperly address this question requires an accurate set of atomic
oordinates as a function of pressure, which is not yet available. In
onnection with this discussion, it is interesting to note also that, at
east in the case of CaIrO3, the response of the PPV-structure to heat
s not simply the inverse of the response to pressure; thus, although
he b-axis of CaIrO3 expands most on heating, the expansion of the
-axis is far larger than that of the a-axis (Lindsay-Scott et al., 2007;
artin et al., 2007a).
In Table 3, the ratios of the axial incompressibilities with respect

o that of the c-axis, for both CaPtO3 and CaIrO3, are compared
o those for MgSiO3 and Mg0.6Fe0.4SiO3. The low incompressibil-

ty ratio of the b-axis relative to that of the c-axis, found in both
aPtO3 and CaIrO3, is similar in magnitude to that reported for
gSiO3 at pressures and temperatures comparable to those that
ould obtain in the D′′ region of the Earth’s mantle (Guignot et al.,

007). However, much worse agreement is found with the axial
b Boffa Ballaran et al. (2007).
c Guignot et al. (2007).
d Mao et al. (2010).
e Uncertainties not given.

incompressibility ratios for Mg0.6Fe0.4SiO3 at 140 GPa and ambient
temperature (Mao et al., 2010); in this case, although the value for
Ka/Kc agrees well with that from CaPtO3, neither CaPtO3 nor CaIrO3
give a similar value for Kb/Kc (though the agreement for CaPtO3 is
somewhat better than for CaIrO3). A more detailed comparison of
the axial compressions of CaPtO3 with previously published results
for CaIrO3 (Boffa Ballaran et al., 2007) is shown as an inset to Fig. 4.
Clearly, at all pressures, CaPtO3 is slightly less elastically anisotropic
than CaIrO3. This difference in anisotropy may be due to distortion
of the IrO6 octahedra in CaIrO3, caused by the Jahn-Teller effect
(Ohgushi et al., 2008); the absence of this effect in CaPtO3 may indi-
cate that it is, therefore, a somewhat better analogue for MgSiO3
post-perovskite at low pressure and temperature.
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