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TECHNICAL NOTE 

I he high pressure compressibility and 
(;riinrisen parameter of strontium titanate* 

,N,', eircd 27 May 1969: ill ret;iseJform 8 A IIglls/ 1969) 

\ r rEMPERATURES above 108°K, SrTi03 

I' a paraelectric material crystallizing in the 
~' lIhic pcrovskite structure, We have measured 
I h ~ Cllmpressibility of SrTiO:J and fitted the 
,!.Ita to the Murnaghan equation of state. In 
,ldJition, the Gri.ineisen parameter calculated 
J'1ll111 our high pressure co mpressibility data 
i, compa red to the Griineisen parameter 
;a lclliated from the zero pressure values of 
the compressibi lity, thermal expansion, heat 
~' ; Iracity at constant vo lume, and molar 
\OIUOle. 

Data were obtained by means of a diamond 
anv il high-pressure X-ray diffraction camera 
d~~cri bed elsewhere [I]. Pressures were 
determ ined by observing the shi ft of the 
dilfraction lines of a 'marker', a materi a l w ith 
know n compressibility, mixed with the 
SrTiO". In this work. CsBr. AI. and V were 
lI~ed as 'markers'. For CsBr. Bridgman's 
121 compressibility data were used; for AI 
;l!1d V. the data of Rice e t (1/. [3] we re used. 
I he SrTiO:1 \-vas prepared at thi s I:lboratory 

.1l1d was at least 99· 99 per cent pure. Samples 
\\ ere prepared for loading in the diamond 
.t ll\'il high-pressure cell by first mixing the 
')1 Ti O" with the appropriate 'marker' and then 
f1 rc~"ing the powder to abo ut 8 kbar. A small 
( hip fro m the resultant wafer was used as the 
h i ~h - rrcssure sample. 

In 1- ig. I, the relative volume VI VO = 

• I hi , work was suprort~d by the U.S. Atomic Fncrgy 
( \ \m nl i ,~ ion. 
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Fig. I. Relative votume vs. pressure for SrTiO". Three 
'markas' , Cs Br (0), AI (El), and V (A). were used to 
determine pressure. The error bars a t the bottom of 
the figure indicate the uncenainty for each of the 'markers: 

a3/a n
3 is plotted vs. pressure where Vo 

and (In are the unit cell volume and lattice 
parameter, re spec ti vely, at atmospheric 
pressure . At 298°K and 1 bar, the lattice 
parameter, a lh of SrTiO:l is 3·905 1 A 14] . 
The dashed line in Fig. I is an e xtrapo lation 
of the initial compressi bility of SrTi03 deter
mined from the elastic constan ts [5] and th e 
solid curve was obtained by a least squares 
fit of ou r data to the Murnaghan ec;uation of 
state [6J, 
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where the initia l bulk modulus is 

Bo = {- v(ap) } av T 

P=u 

and the corresponding press llre derivative 

B' - {( aB) } 
u- aPTf'=o' 

The e last ic constants of Bell and Rupprecht 
[5J were lIsed to calculate Bo = 1· 76 X 10J kbar 
and the best fit to our data was obtained with 
B~ = 4·4 . 

One can determine the Gri.ineisen para
meter for SrTiO:l from the Griineisen rela
tion [7J 

where a is the volume thermal expansion, 
Vm is the molar vol ume, /3 is the compres
sibility, an d C .. is the specific heat at constant 
volume. At room temperature and ,Hmos
ph eric pressure, the values of the variollS 
parameters are a = 2·6 X lO-;;oK [8J, /3 = 
5·67 X 10- 1

:
1 cm2/dyne[5J. Cl" = 20·7 cal/mole

oK (9J and VI1I = 35· 7 cm 3/mole: using th ese 
va lues. one calculates y = ],89. The Bb ob
tai ned frl)m th e least sq uares fitted M urna
ghan equation can be used to calculate 
the Gruneisen parameter by an independen t 

method; Anderson [l OJ has shown th aI 

B~-I 
Y=-2- ' 

As mentioned previolls ly, the data was be \l 
fit with B~ = 4-4, an d thus y = 1·7, in 
reasonable agreement with the va lue calcu
lated above. 
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