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Isothermal Com pressibilities of Alkaline Earth 
Oxides at 21 0 C 

C. E. Weir 

Comp ression measurements were made by t he piston-displacement method on powdered 
alkaline earth oxides at 21 0 C at 1,000-atmosp here in te rvals for press ures between 2,000 
a nd 10,000 atmospheres. Pressure volume data are linear \yithin experimental error. 
Compressibilities, {3, and standard deviations of compressibili ties, u, in units of 10- 6 per 
atmosphere are as follows: BeO, {3 = 0.27, u= 0.04 ; MgO, {3 = 0.60, u= 0.12; CaO, {3 = 0.89, 
u= 0.04; SrO, {3 = 0.84, u= O.lO ; BaO, {3 = 1.76, u= 0.05 . Some abnormali ty in compres
sibility behavior fo r· CaO and SrO is noted. This is probably related to a similar abnormality 
in densities. 

1. Introduction 

In a recent study [1]1 of the behavior of the binary 
alkalin e earth borate glas es und er high pressures, it 
was noted that data on the compressibili t ies of the 
alkalin e ear th oxides were largely unavailable. 
Bridgman [2] has reported data on the compres
sibility of a Jarge crystal of MgO and on compacted 
powders of MgO and CaO. Measurements on the 
powders were made without a confining liquid , 
pressure bei ng applied directly on th e compacted 
powder. The resul t for powdered MgO was mu ch 
greater than for the single crystal ; thus, the validi ty 
of the data for powdered CaO is doubtful. Madelung 
and Fuchs reported earl ier on :MgO [3J . 

As all the alkaline ear th oxides exce pt BeO form 
cubic crystals, the system is of considerable theoret
ical ill terest and has been treated by :,1Iayer and 
Maltbie [4] , using the methods developed by Born 
and Mayer [5] and by Sherman [6]. Because 
comp ressibili ty data were unavailable , ·Mayer and 
:'IIaltbie assumed a repulsion term similar to that 
founj in the alkali haLides [5]. Their calculations 
t hen led to negative electron afFinities for oxygen 
and sulfur . Compressi bilit:-- data on the alkali ne 
earth sulfides, selenides, and tellurides, also generally 
cubic , have been reported by Bridgman [7]. 

The present report describes the results of measure
ments of compressibilities of the alkalin e earth oxides 
at 2 10 C at pressures up to 10 ,000 atm. 

2. Experimental Method and Materials 

Methods used in measur ing compressions have 
been described in detail in an earlier paper [8]. All 
oxides were in powder form and were con tained in a 
small stainless-steel cylinder that was open at one 
end. The reference nUl was made using the same 
c:-'linder, contain ing a steel bar having a volume 
similar to that of the powderrd oxides. 

' F igures in brackets ind 'eate the li terature references at tb r end cf this pap2r. 
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All oxides except Ba.O were prepared at tempera
tures of at least 1,0000 C and were eooled in a sealed 
container to minimize absorption of moisture from 
the atmosphere. The weighed cylinder was packed 
with oxide in the partly opened container, and the 
oxide was compacted in t he cylinder with a steel 
ram rod . Early attempts to perform these opera
tion in a dry box showed that the necessary manip
ulations could not be co nveni ently carried ou t uilder 
such conditions. The tube was reweighed afte r 
packing with oxide and immediately subj ected to a 
vacu um (approximately 0.1 mm of Hg) produced by 
a mechanical pump. Following at least 4 hI" under 
vacuum, a sufficient quantity of a ligh t petroleum 
distillate (Varsol) to completely cover the tube was 
admitted to the evacuated system. The liquid used 
had previously been dried with the particular oxid e 
under study. The pecimen wa permitted to re
main under liquid for 1 hr at 1 atm, to assure pene
tration of the voids by the liquid before compression 
measurements were conducted . Following compres
sion, the tube and contents were weighed in dr.'
liquid to permit calculation of the volume of the 
powder. Each oxide was stud ied in at least two 
separate measurements, using freshly prepared 
material for each run. 

Immediately after the cylinder had been packed 
with the compression specimen, a portion of the 
residual oxide was taken for quanti tati ve anal.'-sis 
for anion impuri ties . This specim.en was expected 
to contain more m.oisture and Co., than the one used 
for compression, because it was e~posed for a longer 
period. Analyses on all specimens were conducted 
volumetricall.'-. Approxil)1.ately 0.1 g of oxide was 
weighed out and treated with 100 ml of water . 
Excess standard sulfuric acid was added and the 
mixture digested several da."s on a steam bath with 
frequent agitation, more acid being added if required 
to maintain an acid solu tion. Following digestion 
the excess acid was back titr ated with standard 
alkali and the weigh t of the specimen as oxide was 
calculated. The ratio of calculated to m easured 
weights was considered to give an estima te of the 
purit:-r . 



2 .1. Preparation and An a lysis of O xides 

BeO- Beryllium oxide was a commercial maLerial 
of fluorescent grade and was fired at 1,000° 0 for 16 
hI' in platinum prior to usc. No analysis was per
formed because of the high purity of this specimen 
and the relative inertness of BeO toward water and 
carbon dioxide. 

MgO- Reagent grade MgO was fired at 1,000° 0 
for 16 hI' in platinum. Analysis showed 97 .5 percent 
of MgO. 

OaO- Reagent grade Oa003 was fired at 1,200° 0 
for 24 hI' in platinum to prepare OaO. Analysis 
showed 97.8 percent of OaO. 

SrO- Strontium. oxide was prepared by firing 
Sr (I03)2 for 1 week in porcelain. Starting tempera
ture was 600° 0 and the final firing was at 1,000° 
o for 72 hr. Sr (I03)2 was prepared from reagent 
grade SrOl2 and 120 5. Analysis gave 98 .0 percent of 
S1'O. One impurity was S1'(I03)2 in very small quan
tity because the iodine liberated from. excess KI by 
0.2 g of the specimen was discharged by 1 drop of 
0.1 N thiosulfate. 

BaO- High-purity barium oxide was not prepared. 
All attempts to prepare this material gave relativel:v 
impure products originating from the attack of the 
highly corrosive barium compounds on the contain
ers. The specimen studied was obtained commer
cially and was observed to contain small amounts of 
sulfides and colored cations. Analysis showed 98.4 
percent of BaO. . 

3. Results a nd Discussion 

The average experimental compression data for 
each oxide are given in table l. Individual measure-

TABLE 1. Compression· data for alkaline earth oxides 

Pressure 
BeO a 

---
atm 

10,000 _____ 0. 00190 
9,000 ______ . 00155 
8,000 ______ . 00228 
7,000 __ ____ . 00199 
6,000 __ ____ . 00122 
5,000 __ ____ . 00068 
4,000 ______ . 00036 
3,000 ______ . 00018 
2,000 ______ . 00000 

a A verage of 2 runs. 
b Average of 3 runs. 

Compression , - 8 V I V o 

MgO b CaO a SrO b B~O a 

0. 00614 0.00768 0.00666 0.01426 
. 00405 . 00635 . 00654 .012ii 
.00472 . 00576 . 00528 . 01113 
.00389 . 00492 . 00474 . 00952 
. 00319 . 00399 . 00367 .00750 
. 00246 . 00290 .00260 . 00564 
.00193 . 00226 . 00190 . 003n 
. 00083 .00123 . 00U9 . 00196 
. 00000 . 00000 . 00000 . 00000 

, 

ments usually agreed to approximately ± 0.0004 
in. - f:. VIVo [9] but many instances of deviations of 
greater magnitude were observed. These may be 
attributed to the small quantity of specimen used, 
approximately 4 cm3, and the relatively low com
pressibility of the specimens. In the more incom
pressible oxides, some tendency for compression 
values to decrease at the higher pressures is observed. 
A similar behavior is to be noted in the experi
mental data obtained on diamond by Adams [10], 
but the cause of this behavior is not known. It 

is probably to be attributed to experimen~al errors 
inherent in measuring such small compreSSIOns. 

Oompressibilities were not determined f~'om the 
average data of table 1, but were obtamed by 
averaging the compressibili ties, obtained from each 
measurement. To each set of experimental data a 
linear equation of the form - f:. V jVo= a+ b (P -
2,000) was assumed to apply, and the value of b 
was determined by the method of least squares. 
A simple linear equation with no curvat.ur~ term 
was considered to represent the data wItllln th e 
precision of the meaSUl'ements. Individual valu es 
of. b, the compressibility, were averaged for each 
oXIde, and th ese results arc shown 111 ta1)le 2 togethrr 
with their standard deviations. 

T A B1. E 2. CompTe ssib'ilities of alkc!line rarth oxides 

Ox ide 

Compres
sibility , 
a ,'cr3ge 

Stondard 
d ey h tion of 

compres
s ib ilitya. 

1-----1--- ------

BeO ______ ______ _ 
M gO ___________ _ 
Ca O ___________ _ 
SrO ____________ _ 
Ba O ___________ _ 

aim-I .. 
b O. 27 X 10-6 

' . 60 
b. 89 
' . 84 

b 1. 76 

a Computed from the form ula .,J'i:. (b- b)2/(n- l ). 
b A veragc of 2 slopes. 
, A "crage of 3 slopes. 

a'm- J 

0. 04 X I0- 6 

. 12 

. 04 

. 10 

. 05 

The only values in table 2 previoLlsly measured 
are those for MgO and OaO. Bridgman's value for 
single crystal MgO [2] is 0.59 X 10- 6jlcg/cm2 which 
agrees r easonably well with the value in table 2. 
However his value of 4.57 X lO- 6/kg/cm 2 for com
pacted p~wdered OaO [2] is many times larger than 
that criven in table 2. :Madelung and Fuchs [3] 
repor~d 0.71 X 10- 6 jmcgabar for MgO which is 
somewhat larger than found here. In general, it 
may be concluded that the ~ow compressibilities 
shown in table 2 arc what Jllight be expected for 
these highly refractory oxides. The .low compres~
ibility of BeO is worthy of no te. ThIS low value IS 
in concordance with the hardness of BeO as tabu
lated by Norton [11]. The compressibility of BeO 
is only slightly greater than diamond [10] and less 
than that of sapphire [12] . 

~fayer and Maltbie [4] in their discussion of the 
lattic~ energies of the alkaline earth oxides and 
sulfides coneluded that the only available compress
ibility data for the oxides at. that time [3] produced 
a repulsive exponent, p, wInch was somewhat too 
high. Accordingly the:! used a value of 
p= 0.345 X 10- 8 em, which harl been found by Born 
and ~1ayer [5] as the average value for the alkali 
halides. Born and ~1ayer, using an exponential 
repulsion term, deduced the following relationship 
for determining p : 

(
, ) To 

I - +I-a -
- a (1 + £;, e- 26 / p)M C2 e To P 

C2 2M 
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ro 2:- 1 
p (J' 

(1) 



> 

) 

where a is the ratio of the distances of the nex t 
neares t to t he neares t neighbor , Cl and C2 are 
constants in the repul ion potential defined by the 
equations 

where Zl and Zz are the electronic charges on the 
positive and negative ions and Nl and N2 the 
number of electrons in the exterior shells of positive 
and negative ions respectively, M' the number of 
nearest neighbors and M the number of next neares t 
neighbors, 1'0 is the lattice separation of the ions, 
o is the difference in ionic radii (1'= -1'++), and T and 
(]" are defined by the equations 

_ dA(1'o)_ 3T (OV) 
T-ro dr N{3 oT p (2) 

and 

(]" = _ 2 dZA(1'o)+~V [I+! (O{3) 
1'0 drz N{3 {3 oT p 

T (OV) (0{3) 2T (0V\ ] 
+ (3zV oT p oP T +3V oT Jp . (3) 

In eq (2) and (3), in addition to the customary 
terms, A (1'0) is the coulomb attractive potential 
energy, N is Avogadro's number, (3 is the compress
ibili ty, and 11 is the molar volume. For these 
oxides 1/{3(o{3/oT)v and 1/11(oV/oT) p arc all very 
small , and the last three terms in the bracket of eq 
(3) arc neglected in comparison with unity. Using 
known values for the Madelung constant in A(ro) , the 
values of {3 in table 2, and available valu es for the 
expansivities [13 ,14], T and (]" can be calculated. 
These values were substituted in eq (1), which was 
solved graphically to give the values for p shown in 
table 3. In solving eq (1), the ionic radii of Pauling 
[15] were used together with NB8 values for the 
quantity 1'0 [16,17] for all oxides except BaO, for 
which data of Wykoff were taken [18]. 

T ABLE 3. Yalues of the l'e pulsive exp onent p 

Oxide p 

em 
MgO _______ ___________ 0.425X lO-8 
CaO ________ . __________ . 407 
SI"O __________________ __ .337 
BaO _____ ______________ .515 
Avg__________ _________ _ . 421 

Excep t for the value for 81'0, the data for p in 
table 3 deviate considerably from the O.345 X 10- 8 

cm assumed by Mayer and Maltbie [4] . However, 
the total repulsion energy of the crystals is rather 
mall [4] , and recalculation with the present data is 

not expected to change the data of Mayer and 
Maltbie [4] in any material manner. 
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Examination of the compressibilities of table 2 
reveals an unexpected anomaly associated with 
CaO or 81'0 . It is anticipated that with increased 
atomic volume of cation, the compressibility should 
increase provided the anion remains constant and 
the crystals are isomorphic. AlLhough the standard 
deviations of table 2 preclude an unequivocal con
clusion that 81'0 is less compre sible than CaO, it is 
certain that some irregularity in behavior exists. 
This irregularity is probably associated with an un
expectedly low density for CaO [16] compared with 
that of the other oxides [16,171. Bridgman's earlier 
data on the sulfides [2] are also indicative of somo 
nonuniformity in behavior, while Madelung and 
Fuch's [3] data on the compressibility of the isomor
phic sulfates of calcium, strontium, and barium also 
show a minimum compressibility associated with 
strontium sulfate. 

That an anomaly exists is shown by the fact that 
a similar minimum in density occurs at calcium 
throughou t the isomorphic series of oxides, sulfides, 
selenides, and tellurides of the alkaline earths. 
That this behavior i in some manner associated 
with the position of calcium in the periodic system 
is indicated by the fact that a similar minimum den
sity occurs for all alkaline earth sulfides, all alkali 
chlorides and all potassium halides. The sulfide, 
chloride, calcium, and po tassium io ns are all iso
electronic. The very high compressibili ty of potas
sium metal has been attributed by Bridgman [19] to 
an unusually open electronic structure. Presumably 
a similar explanation is to be ought for the ion 
itself and the other ions of an isoelcctronic nature .. 

4. References 

[1] C. E. Weir and L. Shartsis (in preparation). 
[2] P . W. Bri dgman , Proc. Am. Acad . Arts Sci. 67, 345 

(1932) . 
[3] E . Madelung an d R. Fuchs, Ann. Physik 65, 289 ( 1921). 
[4] J . E. Mayer and M. McC. l\Ialtbie, Z. Physik 75, 748 

(1932) . 
[5] M . Born and J . E. l\Iayer , Z. Physik 75, 1 (1932). 
[6] J . Sherman, Chern. R ev . 11, 93 1932). 
[7] P . W. Bridgman, Proc. Am. Acad . Arts Sci. 74, 2 (1940)_ 
[8] C. E. Weir, J . Research NBS 45" 468 (1950) RP2160. 
[91 C. E. 'Weir, J . R esearch NBS 52, 247 (1954) RP2496. 

[10] L . I-I. Adams a nd E. D . Willia mson, J . Franklin Inst. 
195, 475 (1923) . 

[11] F. H. Norton, R efractories, 2nd Ed_ ( ~IcGraw-Hill Book 
Co., New York, N . Y., 1942). 

[12] P . W. Bridgman, Proc. Am. Acad. Arts Sci, 68,27 (1933) . 
[13] G. R . Rigby, Trans. Bri t. Ceram. Soc. 41, 123 (1941). 
[14] A. Eisenstei n, J . Appl. Phys. 17, 434 (1946). 
[15] L. P auling, Nature of the chemi cal bond (Cornell Uni

versity Press, Ithaca, N. Y. , 1948). 
[16] Standard X-ray diffraction powder patterns, NBS Cir

cular 539, vol. I (June 15, 1953). 
[17] H . E . Swanson (private communication). 
[18] R . V.,T . G. Wyckoff, Crystal str uctures, vol. 1, ch. III , 

table III (2) (I nterscien ce Publish ers, Inc., N ew York, 
N . Y., 1951). 

[19] P . W. Bridgman, The physics of high pressure, 2d Ed ., 
p . 183 (G. Bell & Sons, Ltd., London, 1949). 

W ASHINGTON, D ecember 13, 1955. 


	jresv56n4p_187
	jresv56n4p_188
	jresv56n4p_189
	jresv56n4p_190

