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The thermal decomposition of CaOsOB by differential thermal analyses, thermo- 
gnvimetry and X-ray powder diffraction has been studied. In nitrogen CaOsO, 
decomposes at 880 f 10°C into CaO, osmium metal and oxygen due to the reaction 
CaOsO, + CaO f- 0s -f Oz. In static air the decomposition occurs in thrccstaScss 
2CaOsOa -i l/2 Or + Ca20s20, (in region 775808OC), CalOs,OT + Ca20s106,5 
+ l/4 O2 (at a temperature interval of 850-1000°C) and in the third stage CaLOsZ06,s 
--, 2Ca0 t- 050, f l/4 Or (at 1005 5: 5@C). The first intermediate Ca~Os20i is 
isostructural with orthorhombic Ca?Nb,O, and its cell parameters are: u0 - 3.745 A, 
ho == 25.1 A. co = 5.492 A, Z == 4, space goup Cmcm or Cmc2,. Ca,OsrOi exhibits 
metallic conductivity and its electrical resistivity is 4.6 x IO -’ ohm-cm at 296K. 

Osmium-alkaline earth metal oxides with the general formula MOsO, (NI = 01, 
Sr, Ba) have been prepared by the authors for the first time in 1972 by means of 
conventional solid-state reactions of corresponding carbonates MCOJ with osmium 

dioxidt’w ‘. A year later these compounds were prepared by the thermal decomposition 
of MOs(OH)6 hexahydroxides to yield the corresponding MOs03 ternary oxide3. 
The orthorhombic perovskite CaOsO, decomposes at 775°C into osmium metal, 
calcium oxide and the pyrochlore modification Ca20s207 which has a cubic unit ccl1 

with a = 10.21 A. 
In the pmnt study the thermal decomposition of CaOsO, with a new inter- 

mediate is described. 

ExPERIHt3iiA1, 

The starting powdered CaOsO, was synthesized from a mixture of CaCO, and 
0~0, by a patented method given in detail in ref. 1. Differential thermal analyses 
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(DTA) and the~o~vimet~c analyses (X2) were carried out sirnul~~eously on a 
Derivatograph OD-103 (&ngary) in a platinum crucible (7 mm diam.) using calcined 
ziiumina as the rcfizcncc material. In each case 50 and 100 mg of powder sample gth 
a partide size Bess than 40 pm were taken_ The thermai decomposition was carried 
out in nitrogen or in either static or dynamic air atmosphere (passing over a sampte 
at a rate of 100 ml min-‘), the heating rates were 1 and IO deg min--‘. 

For an i~~rm~iate id~nt~~c~t~o~ powder samptes anncafed in a mu~e1 kiln 

in air and querxhed into liquid nitrogen were used. Decomposition products were 
anafysed by the wet chemical method (after reducing a probe in hydrogen flow at 
600°C) and the X-ray powder method- X-ray diffraction data were obtained at room 
temperaturn with it MDKON-I*S’ ~iff~~ometer with Fe unfiltered radiation and 
with a 114 mm Debye-Sherrer camera with CoKz radiation. 

The thermal decomposition mechanism of CaOsO, depends strongJy on a 
-gascons e~vironrnent above a powder sample and this fact is con~rn~~ by a different 
number of intermediates and decomposition stages at the investigation of the de- 

composition reaction in nitrogen, static and dynamic air atmosphere* In nitrogen the 
thermal decomposition of CaOsO, occurs in one stage at 880 f 10°C according 
to the madion 

CziOsO, + czlo -i* 0s -f* 02. 

A derivatogramm of this process is given in Fig. I. 
In static air the mechanism of CaOsO, th%mal decomposition is more compli- 

coted (Fig. 2). In this cast the decomposition reaction occurs in three stnga which 
may be represented by the equations: 

2cxkOJ i 112 (& + Ca&tszOi (in region 77%8Og”C) (1) 

Ca~oSzOi + CaroS206.s + i/4 O2 (in an interval 850-JOOO*C) (2) 

CaroSz06 s + 2CaO -+ 0s -f- OsO, f 114 Oz (at f005 & 5V) . (3) 

Summarizing the equations we have an equation for the thermal decomposition: 

2CaOs0, --+ 2cao *L OS *J* oso, (4) 

At the first stage of reaction (I) a new phase CazOszOl is formed. Sarkozy and 
and Chamberland have isolated a cubic modification of Ca,Os,O, with the pyrochlore 
sttuctu&* In this investigation any intermediate phase with formula Car#s,O, had 
no cubic symmeta. We could not preparcasinglecrystal ofan intermediate Ca,oS,O,, 
but its powdergram was readily indexed in the orthorhombic system with unit cell 
paranretcts a0 = 3.745 A, b. = 25. I A, co = 5.492 A, Z .= 4, the space group Cmcm 
or Cmc2, (from systematic extinction of r&e&ions with h -J- k =:: 2n f I for irkI and 
I =i- In .f 1 for MM). From intcnsivety ratio and coincidence of the unit cell parameters 
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Fig. I. The herma decomposition of C&SOS in nicrm. Healing a-ale IO’C mhP_ 

20 - 

4@ l 

Fig. 2. The thanul dccompositioa of C3m in static air. Heating rate 10°C min-L. 
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andthespacegroup,itmaybesuppo&dthat thephaseisiso:tructural withCa2Nb,0i4_ 
7%e X-ray powder pattern for Ca#s,O, is given in Table 1. 

Pure Ca,OsrO, is a dark brown powder insoluble in water and mineral acids 
and stable at room. temperature. 

The new compound exhibits paramagnctic propertics. its magnetic susceptibility 
depends very slightly on temperature. Then- is a small deflection from the linear 
function l/~. == f(T) below 90K and it may be explained with antiferromagnetic 
interactions. A deflection point on the resistivity curve p = f(T) (Fig. 3) at -SW 
may confirm the hypothesis. For orthorhombic Ca@s207 metallic conductivity with 
an electrical rcsisitirity 4.6 Y; IO-’ ohm-cm at 296K is observed (measurements on 
sintcrcd bars by four-probe techniques). The magnitude of the effective magnetic 
moment (1.20 MB) of Ca,OsrO, is not consistent with the d’ configuration for 
OS(Y). but the value is close to usual observations for Os(lY) compounds a more 
reasonable conclusion sums to be the orthorhombic phase is a mixture of the dcriva- 
tives 0s(IY) and Os(Y1) than a pentavalent osmium compound. 

TABLE 1 

X-RAY POWDER PAllFRS FOR fidkdk 

____----- _ - _- _ -. _ _ _.. _._ -- - - --- --.- - .---_------ _---- -- 

I ot6 doa (Al &a, fh hk I 

._ ____ ._.-__. ---_- _--- -_ -.-. . .-- -.----_- -- ---_-_ --- _----- . 

8 6.32 G._fo 0 3 0 
11 5.07 5.05 0 2 I 
6 4.18 4.18 0 

19 4.12 4.13 8 4” I 
2H 3.7 1 3.702 1 1 0 

5 3-432 3.410 I 3 0 
22 3.3J2 3.328 0 6 I 

IO0 3-137 3-133 0 8 0 
39 3.066 3-07 I I I I 
31 2.908 2900 I 3 I 
11 2.743 
24 2-724 

Z-747 8 0 2 
2.724 8 I 

68 2.628 3-632 I 5 I 
34 2.510 2.506 0 IO 0 
II 2.279 2.282 0 IO I 
4 2.235 2.235 I 9 0 

19 2.066 2.066 0 8 2 
9 I.885 1.882 J 7 2 

:z I.874 1.850 1.872 I.856 0 2 10 0 0 2 
22 1.733 
28 I.703 

l-733 I 9 2 
I.707 4 1 
I.702 0 14 1 

10 I.636 1.639 I 13 I 
5 1.613 1.612 I 3 3 
4 1.564 I.560 J 5 3 
4 I.473 1.470 2 0 2 

__---_ 
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Fig. 3. Electrical resistivity of Ca- vs. tcmpcraturc. 3, heating; 0, cooling. 

During the thermal decomposition of CaOsO, in dynamic air atmosphere pure 
CazOszO, is not formed and it contains calcium oxide and osmium metal as ad- 
mixtures. Under these conditions the thermal decomposition may be represented as 
follows: 

4CaOsOS -i- i/2 O4 3 CarOsrO, i 2 CaO f 0s i- OsO, 

The new orrhorhombic phase CazOs20, is thermally slablc up to 850 :& IO’C 
and above this temperature it loses oxygen gradually with a defect pyrochlorc 

CaAJs206.5 fr formation in which x dqpends on the gas composition above the 
sample invesiigakd. Condition formation of defect phases with the general formula 
Ca,oszo,_, will bc discussed in detail in our next paper ekewhere. 
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