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The observations are summarized in Table 111. 
Systematic intercomparison of all possible pairs 
(66) showed that only in the following three groups 
does isomorphism definitely appear to exist 

Included in these results are some previously 
mentioned." Since the cobalt compounds can be 
assigned tetrahedral configurations with cer- 

tainty, it follows that those isomorphous with 
them thus are proved to have tetrahedral con- 
figurations. This provides good independent sup- 
port for such assignments previously made on the 
basis of spectral and magnetic data for [Ni( (C6Hs)s 
P0)2X2l9 and [Ni( (C&)&sO)2X2]la compounds, 
and on the basis of spectral data for [Mn((CaHs)3- 
P0)2X2]11and [Mn((C~H6)&sO)zX~]~lcompounds. 
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A description is given of the preparation and characterization of a number of compounds of the type A2BB*Oe 
where A = Ca, Sr, Ba; B1 = Re or Os; and B represents a variety of univalent, divalent, and trivalent cations. 
Evidence is obtained for the existence of heptavalent osmium in the compound BazLiOsOs. The structure of 
many of these compounds is of the ordered perovskite type, but the hexagonal barium titanate structure is adopted 
in the osmium compounds when A is barium and B is a transition metal cation having d electrons. This structure 
also is found with the compounds Ba3CrzRe09 and BasFezReOg. Preliminary measurements of the magnetic 
properties of some of the compounds are reported. 

' 

The discovery of thermally stable compounds 
of hexavalent and heptavalent rhenium having the 
ordered perovskite structure1j2 led us to inquire 
whether similar compounds of other elements with 
high oxidation states could be obtained. The ob- 
vious choice among the metallic elements was os- 
mium. This paper describes a number of quater- 
nary phases containing osmium in oxidation states 
extending up to heptavalent osmium. A compari- 
son is made between these and systems containing 
rhenium. 

The general formula for the type of compound 
sought in these experiments is AzBB106 where A is 
a large divalent cation capable of 12-fold coordina- 
tion with oxygen. The sum of the valences of B 
and B must be eight and the size must be suitable 
for octahedral coordination with oxygen. The 
oxidation state of B', which represents osmium or 
rhenium in this instance, thus may be controlled 

(1) A. W. Sleight and R. Ward, J .  Am. Chem. SOL, 83, 1088 

(2) T. Longo and R. Ward, ibid., 88, 2816 (1961). 
(1961). 

by appropriate selection of the B cation. 
For the preparation of crystalline compounds of 

this kind, the most usual procedure has been to 
heat stoichiometric mixtures of the oxides in a 
closed system. In many instances, suitable com- 
pounds of osmium were not available for the 
application of this method. It was found, how- 
ever, that many of the compounds could be ob- 
tained by heating in air mixtures of osmium 
powder and the oxides or carbonates of the A and 
B metals. The temperatures a t  which these 
reactions were carried out lay in the range of 600 
to 1000°. It is a testimony to the stability of 
these compounds that little or no osmium was lost 
from the samples. Apparently the reactions pro- 
ceed by means of some gaseous species for many 
of the reactions were virtually complete in a few 
minutes. 

The products were characterized by means of 
their X-ray powder diffraction patterns using a 
General Electric XRD-5 diffractometer. Chemi- 
cal analyses, magnetic susceptibility measure- 
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ments, and saturation magnetization data were ob- 
tained in a few instances. 

Experimental 
Reagents.-The alkaline earth oxides, magnesium, 

manganese, iron, cobalt, nickel, cadmium compounds, and 
rhenium metal were similar to those previously described.' 
The osmium powder (325 mesh) was 99.8%. We are in- 
debted to Dr. Cox of the Central Research Department, du 
Pont Company, for the sample of chromium dioxide which 
was prepared by the oxidation of hydrous chromium ses- 
quioxide. The scandium sesquioxide was 99.0% Scz03. 

Procedures for Preparations.-The reactions represented 
by the following equations were carried out by heating inti- 
mate mixtures of the solid reagents in zirconium silicate 
boats placed in electric muffle furnaces. The small sam- 
ples (approximately 0.3 g.) were exposed to the air during 
the heating period. The products were examined micro- 
scopically and by X-rays. 

8BaOz f 2BzC03 f 4B1 f 302 + 4BazBB106 + 2C02 

SA0 f 2BzCOs f 4B' f 702 ----f 4AzBB'Oe + 2C02 

A = Sr or Ca, B = Li or Na, B1 = Re or Os. 

The following compounds were made by heating for about 
15 min. a t  the temperatures given in parentheses: Srz- 
LiReOs (600°), CazLiReOs (600"), BazLiOsOo ( S O O O ) ,  Sr2- 
LiOsOs (600°), CazLiOsOs (SOOO), SrzNaReO6 (SOO"), Caz- 
NaReOs (600°), BazNaOsO6 (SOO"), SrzNaOsOe ( S O O O ) ,  

CazXaOsOs (600'). The same procedure was used to pre- 
pare a series of phases Baz { Li( Rel-,Os,) f O6 where x = 
1/2, 1/4, and 1/8. These were made in sufficient quantity 
for magnetic susceptibility measurements. 

A similar procedure was followed to  make compounds 
containing divalent ions as the B cations. 

2BaOz + BO f Os + '/~02 + BazBOsOB 

B = Mg, Ca, Sr, Zn, Cd 

3Ba02 + Os ----f Ba&hO6 

2AO + BO f OS + ' /~02 + AzBOsOo 

h = Sr or Ca, B = Mg, Ca, Sr, Zn, Cd 

In most instances the products appeared to be homo- 
geneous and to have the ordered perovskite structure. Baz- 
CaOsOs and BazZnOsOs were obtained free from impurities, 
however, only after the product was subjected to prolonged 
heating in vacuo. All of these preparations were carried out 
a t  1000°. The compounds obtained in this way were 
BazBOs06(whereB = Mg,Ca, Sr, Ba, Zn, Cd); SrzBOsOs 
(where B = Mg, Ca, Sr, Cd); and CaaOsO6. 

In several instances because of the oxidizable nature of 
the second B cation it was convenient t o  use stoichiometric 
mixtures of compounds which could be heated in a closed 
system. The following equation represents reactions with 
pelleted mixtures in evacuated silica capsules. The tem- 
perature used in all cases was 1000". 

z/3A30s06 + CrOz + '/$Os + 
A&rOS06 (where A = Sr or Ca) 

Heterogeneous products were obtained with manganese 
dioxide in place of chromium dioxide. Attempts to carry 
out a similar reaction with barium led to the formation of a 

phase with the hexagonal barium titanate structure mixed 
with metallic osmium. 

It was found that the reaction indicated by the equation 

3Ba0 f CrzO3 4- Re01 + Ba3CreReOg 

gave a product having the hexagonal barium titanate 
structure. (Traces of some impurities could be detected 
by X-ray diffraction.) A mixture containing equi-atomic 
proportions of chromium and rhenium on the other hand 
gave a heterogeneous product containing only a small pro- 
portion of the same hexagonal phase. 

In contrast to this behavior with chromium, the reaction 
of barium and rhenium oxides with ferric oxide was found 
to be dependent upon the composition of the mixture. The 
proportions represented by reaction 1 gave the cubic or- 

2Ba0 + '/zFez03 + 5/6Re08 + 
--f BanFeReO6 ( I )  

(2) 3Ba0 $. Fez03 + Reo3 --f BasFezReOg 

dered perovskite phase previously reported,2 while the pro- 
portions represented by (2) gave a phase with the hexag- 
onal barium titanate structure. These reactions were 
carried out under vacuum at  1000". 

Other preparations obtained in this way a t  1000" in 
vacuo are represented by the equations 

2Ba0 f 1 / 2 s C ~ 0 3  + 5/6Re03 f '/sRe + BaaScReOfi 

2 8 0  + BO + Reo3 -+ iLBKeO6 

where h = Ca, B = Mn, Co, Ni, Mg, Cd, Ca 

where ,4 = Sr, B = Mn, Co, Xi, Mg, Zn; Cd, Sr 

All of these products were of the ordered perovskite type. 
The reactions involving osmium with these transition 

metals were not accomplished in the same way. A mix- 
ture corresponding to 4Ba02 + sCzo3 + 20s was heated 
in air a t  1000" for 15 min. The heterogeneous product, 
which did not contain metallic osmium, then was heated 
ilz vacuo a t  1000" for 20 hr. The product was found to be a 
cubic ordered perovskite presumably having the composi- 
tion Ba&cOs06. 

Upon heating barium peroxide and osmium metal with 
Fe203, COO, o r  S i 0  in air a t  1000°, products having the 
hexagonal barium titanate structure were obtained. 
Strontium oxide in place of barium peroxide, however, 
gave cubic phases with the probable compositions SrzFeOs- 
0s and SrzCoOsOs. No recognizable phase was obtained 
with nickel oxide, With calcium oxide an orthorhombic 
phase, presumably CazCoOsOe, was found. 

Identification of Phases.-The characterization of most 
of the compounds described here rests on their X-ray 
powder diffraction patterns. In most instances the com- 
pounds gave patterns which could be completely indexed 
on the basis of the ordered perovskite structure or of the 
hexagonal barium titanate structure. The lattice con- 
stants of some of the compounds prepared and identified 
are given in Table I. Some of the rhenium compounds 
have been reported before1 but are included here for com- 
parison. 

Compounds whose X-ray patterns were identified but 
not indexed are indicated in the table. The compounds 
BanLiOsOs and BazNaOsO6 gave patterns of the cubic 
ordered perovskite structure. The relative intensities of 
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B 

Li 
Na 
Mg 

Zn 

Cd 

Ca 

Sr 

Ba 

Mn 

Fe 

c o  

Ni 

s c  

Cr 

In 
Ga 

TABLE I 
LATTICE CONSTANTS OF COMPOUNDS OF THE TYPE AzBB'Os' 

A Ba 
Bl Re 

8.118 
8.296 
8.082 

8.106 

8.322 

8.356 

T a = 8.60 
c = 8.29 

T a = 8.65 
c = 8.33 
8.18 

8.05 

8.086 

8.04 

8.163 

H 

8.258 
X 

os 
8.100 
8.281 
8.08 

8.095 

8.325 

8.362 

T a = 8.43 
c = 8.72 

T a = 8.66 
c = 8.34 

H a = 5.04 
c = 14.2 

H a = 4.99 
c = 14.1 

H 

H 

8.152 

H 

8.224 
X 

Re 

7.87 
8.13 

T a = 7.88 
c = 7.94 

T a = 7.89 
c = 8.01 

0 a = 5.73 
b = 8.16 
c = 5.81 

0 a = 5.76 
b = 8.21 
c = 5.85 

T a = 8.41 
c = 8.13 

8.01b 

T a = 7.86 
c = 7.89 

T a = 7.88 
c = 7.98 

T a = 7.85 
c = 7.92 

8.02b 

7.82 

8.071 
7.843 

Sr 
os 

7.86 
8.13 
a = 7.86 

T c = 7.92 

X 

X 

8.21b 

T a = 8.32 
c = 8.12 

X 

7. 8Sb 

T a = 7.86 
c = 7.92 

X 

8. 02b 

7.84 

8.06 
7.82 

Re 
7. 83b 

X 
0 a = 5.48 

b = 7.77 
c = 5.56 

X 

0 a = 5.64 
b = 7.99 
c = 5.77 

0 a = 5.67 
b = 8.05 
c = 5.78 

0 a = 5.52 
b = 7.82 
c = 5.55 

0 a = 5.41 
b = 7.69 
c = 5.53 

0 a = 5.46 
b = 7.71' 
c = 5.58 

0 a = 5.45 
b = 7.67 
c = 5.55 

0 a = 5.49 
b = 7.86 
c = 5.63 

0 a = 5.38 
b = 7.67 
c = 5.47 

Ca 
os 

7. 83b 
X 
X 

X 

X 

0 a = 5.73 
b = 7.87 
c = 5.80 

X 

X 

0 a = 5.47 
b = 7.70 
c = 5.59 

X 

X 

0 a = 5.38 
b = 7.66 
c = 5.47 

X X 
X X 

H = hexagonal barium titanate structure, T = tetragonal, 0 = orthorhombic, X = unsuccessful attempt a t  synthe- 
sis. b Slightly distorted. 

the reflections agreed exactly with those of the correspond- 
ing rhenium compounds for which calculated and observed 
intensities compare very satisfactori1y.l Table I1 gives a 
comparison of the calculated and observed intensities in 
the diffraction patttern of BazCaOsOs. The compounds 
Ba~ScosO6 and BazScRe06 gave patterns which matched 
very closely with each other and with the calcium com- 
pound. 

Among the hexagonal phases, it was found that the rela- 
tive intensities in the patterns of BarReCrzOg, BaaReFe209, 
and BasOsTi2O~ corresponded closely to those reported for 
BaJrTizO9.a Attempts to vary the ratio of rhenium to 
chromium led to  products containing impurities. Contrary 
to this, the hexagonal phases of osmium containing man- 

(3) J. G. Dickinson, L. Katz, and R. Ward, J .  A m .  Chem. Soc., 
88 ,  3026 (1961). 

ganese, iron, cobalt, or nickel gave X-ray patterns which 
could be completely accounted for on the basis of the 
hexagonal barium titanate structure when the composition 
was made to correspond with the formula BapBOsOs. 

Variation in tlie composition of a mixture did not always 
lead to an impure product. The phase of composition 
SrzCrReOs gave the cubic ordered perovskite structure, for 
which the calculated and observed relative intensities are 
given in Table 111. When the composition was changed to 
correspond to SrsCrzReOs no new phase appeared but the 
lattice expanded slightly and the relative intensities of the 
super-lattice lines showed a marked decrease. 

Magnetic susceptibility measurements were made on the 
phases BazLiOsOs, BazLiOsl,zRel,eOe, and BazCaOsO6. 
The Gouy balance used for these measurements has been 
described previously.3 The measurements were made 
over the temperature range -20 to +SO". These results 



were obtained 

N o .  of unpaired electrons 
Peff per Os atom 

BazLiOsOs 1.44 0.75 
Ba~Lios1&e1/~06 1.79 1 .1  
BazCaOsOa 2.20 1 . 4  

TABLE I1 
X-RAY POWDER DIFFRACTION DATA FOR BazCaOso~, 

hkl 
111 
220 
311 
222 
400 
33 1 
422 

511 
440 
53 1 
442 
620 
533 
444 

551 
642 

553 
800 
733 
822 \ 
751 

662 
840 

753 
664 
93 1 
844 

5551 

755 
1020 

773 
951 

Sin20 
obsd. 

0.0252 
,0676 
,0930 
.lo15 
,1354 
.1608 
I 2032 

.2290 

.2713 
,2966 
,3054 
.3391 
,3644 
.4070 

,4324 

.4749 

.5002 

,5420 
.5678 

,6103 

.6353 

,6441 
.6i81 

.7032 

.7461 
,7712 
,8137 

.8390 

,8815 

.9068 

CinW 
calcd. 

0.0254 
,0678 
,0932 
,1017 
.1356 
.1610 
,2034 

.2288 

,2712 
,2966 
.3951 
,3390 
.3644 
.4068 

.4322 

.4746 

.5000 

.5424 

.5678 

.6102 

,6356 

,6441 
.6780 

.YO34 

.7458 

.7712 
,8136 

.8390 

,8814 

,9068 

I obsd. 

18.7 
100.0 
11.8 
3 . 6  

30.1 
4 .8  

39.7 

4.8 

16.7 
4 . 3  
0 .5  

14.8 
1 . 5  
5 . 9  

2 .6  

17.4 

3 .0  

3 . 6  
1.1 

11.1 

2 .0  

0 . 4  
8 .9  

2 .0  

6 .9  
2 .0  
8 .2  

2.0 

18.4 

2 . 5  

I calcd. 

18.9 
100.0 
11.7 
3 .3  

30.0 
6 . 1  

41.2 

4 . 7  

18.5 
4.6 
0 . 5  

17.8 
1 . 7  
6 .1  

2.6 

21.5 

3 . 3  

3 . 1  
1 .o 

13.1 

2 .2  

0 .3  
11.5 

2.2 

9.2 
2 .1  

13.9 

3 .7  

39 .8  

4 . 8  

Saturation magnetization values were obtained using a 
magnetometer of the moving coil type. The data are for 
liquid helium temperature and are listed in Table IV. 
The phases SrzCrReOs and CazCrReO~j were found to be 
magnetic a t  room temperatures. 

Lattice constants (in A , )  were determined for the follow- 
ing compounds having the ordered perovskite structure. 
SraCrpReOQ (8.01a); SraFezReOQ (7.890); SrdnzReOo 
(8.297); BazNdReO, (8.51); BazLaReOs (8.58); BazYReOs 
(8.372); BazGdIZeO6 (8.431); BatErReO~j (8.354); Baz- 
NaIOs (8.33). Two phases with the hexagonal barium ti- 

TABLE 111 
X-RAY POWDER DIFFRACTION DATA FOR SrzCrReO6 

hkl 

111 
200 
220 
311 
222 
400 
33 1 
420 
422 

511 
440 
53 1 
620 
533 
622 
444 

551 
642 

553 
800 
733 
660 

555 
840 
9111 
753j 
664 
93 1 
844 

Sins@ 
obsd. 

3.0288 
.0384 
.0773 
,1064 
,1163 
.1552 
.1840 
.1942 
.2328 

.2615 

,3105 
,3397 
.3488 
.4175 
.4263 
,4660 

.4948 

.5430 

.5722 

.6210 
,6506 
.6986 

.7276 

.i760 

.8045 

.8536 

.8830 

.93 13 

Sin20 
calcd. 

0.0291 
,0388 
,0776 
. 1067 
.1164 
,1552 
,1843 
.1940 
,2328 

.2619 

.3105 
,3396 
* 3393 
.41i2 
,4269 
.4657 

,4948 

,5430 

.5723 

.6208 

.6499 

.6984 

.7275 

,7760 

,8051 

.8536 
,8827 
.9312 

TABLE I V  

I obsd. 
16.5 
7.7 

100.0 
5.2 
1.1 

32.4 
3.9 
3.1 

35.3 

1 .8  

17 .1  
3 .1  
2 .1  
0.6 
0 .5  
4 .3  

1.2 

15.5 

1.8 

2 .2  
0 . 8  
9 .6  

1 .9  

8.8 

1.3 

7.3 
1 . 4  

12.7 

I calcd. 

23.0 
6 .2  

100,o 
14.4 
3 . 4  

29.0 
6 . 8  
2 .4  

35.3 

5.2 

16.4 
5 . 4  
1.0  
2 .0  
0 .1  
5.6 

0 . 3  

19.9 

4.4 

3.2 
1 .4  

13.9 

3 . 5  

14.2 

5 .2  

12.1 
4 .4  

25.1 

SATURATION MOMENTS FOR SOME ORDERED PEROVSKITE 
PHASES 

p predicted 
(spin only) 

Compound p found ReV Re" 

BazFeReOs 1.15 1 .5  1 . 5  
BaSrFeReOs 0.62 1.5 1.5 
SrzFeReoe 1.26 1.5 1 . 5  
CazFeReOs 1.01 1.5 1.5 
BazMnReO6 0.58 1 . 0  2 . 0  
SrtMnReO6 .75 1 .0  2 .0  
CazMnReOs .23 1.0 2.0 
BazCoReOe .05 0 (low spin 1 . 0  

COI'I) 

COI") 

1 . 0  (high spin 

BazGdReO6 1.39 2 . 5  
BapErReOs 1.08 0 . 5  

tanate structure :ne: BaaFezRe09 ( a  = 5.03, c = 14.10) 
and BarCrzReOg ( a  = 4.94, c = 13.8). 

Discussion 
Perhaps the most interesting example of the 
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adjustment of the oxidation state by valence com- 
pensation is the preparation of the compounds 
BazLiOSOe and BazNaOsOa. If the compounds 
are stoichiometric, the valence of osmium would 
be 7, a value not hitherto reported for osmium so 
far as we are aware. The compounds are isotypic 
with the rhenium compounds and solid solutions 
BazLiOsl-,RezOa are obtained readily. The mag- 
netic susceptibility of the phase BazLiOSOe is in 
support of heptavalent osmium. The low value 
of 0.75 unpaired electron per osmium atom may 
be due to the rather high electrical conductivity of 
the compound or to some Os-Os interaction in the 
crystal. Replacement of half of the osmium with 
rhenium brings the number of unpaired electrons 
to 1.0 per osmium atom although the interpreta- 
tion BazLiOs~izV'1'Re~i2V10a would agree equally 
well. Attempts were made to determine the 
oxidation state of osmium in these compounds by 
potentiometric titrations using ceric ion as the oxi- 
dizing agent. The Os04 liberated in the reaction, 
however, appears to be a catalyst for the reduction 
of ceric ion and the procedure was found to be 
quite unreliable. The osmium content of the prod- 
uct was estimated by fuming a sample with sul- 
furic and nitric acids. This removed all the os- 
mium as OsOr, leaving a residue of barium and 
alkali metal sulfate which was weighed. The per- 
centage of osmium given by this procedure was 
33.2 (32.6% calcd.). A complete analysis of these 
products is not very significant unless some puri- 
fication can be brought about. The short heating 
times and relatively low temperatures used to pre- 
pare these samples would not be likely to cause 
any loss of barium or alkali metal from the mix- 
ture. Osmium is the only metal in the mixtures 
which might be removed by heating in air. This 
apparently did not occur. It seems reasonable to 
suppose that the osmium is present in BazNa- 
OsOa in the heptavalent state but these systems 
should be examined more closely. It is possible to 
prepare the oxygen-deficient compound Baz- 
LiReO6.6. The possibility of oxygen deficiency in 
the osmium compounds exists but does not seem 
likely because of the method of preparation. The 
corresponding compounds were made with stron- 
tium and calcium in the A position, osmium and 
rhenium in the B position, and lithium as the 
compensating ion. With sodium in place of 
lithium, however, comparable compounds of 
osmium and rhenium were obtained with stron- 
tium in the A position. The compound CazNaOs- 
06 was obtained but attempts to make the rhenium 

analog invariably led to the formation of sodium 
perrhenate. 

The only other heptavalent ion with a tendency 
toward octahedral coordination is iodine. It is 
interesting that a compound with the ordered 
perovskite structure can be obtained by heating a 
mixture of barium oxide and sodium iodate in air 
at  400'. Some loss of iodine was observed. The 
same compound is precipitated from a solution of 
sodium periodate upon the addition of barium 
hydroxide. The compound is presumably Bas- 

Hexavalent osmium is obtained readily by using 
a divalent cation for valence compensation. The 
compound BazCaOSOa gave a very clean X-ray 
diffraction pattern. The observed intensities of 
reflections and those calculated on the basis of the 
ordered perovskite structure agree well, as is 
shown in Table 11. Magnetic susceptibility 
measurements indicate 1.4 unpaired electrons per 
osmium atom, which perhaps is consistent with the 
value obtained for the lithium compound. The 
percentage of osmium found by analysis was 31.1 
(31.6% theory). The cubic perovskite structure 
was obtained in each case when the divalent com- 
pensating ion is diamagnetic. In contrast to the 
behavior of rhenium, however, all of the divalent 
transition metals led to products having the hexag- 
onal barium titanate structure when the A cation 
was barium. It is quite possible that the oxidation 
states of the transition metals in these compounds 
are to be represented as BazM1"OsVOe. 

With strontium as the A cation, phases with the 
ordered perovskite type of structure were obtained 
with hexavalent rhenium or osmium with all of 
the divalent diamagnetic cations listed in Table I 
except that no compound could be obtained in the 
Sr-Zn-Os system. It may be of some interest to 
note that in the tetragonal compounds BazBaRe- 
0 6 ,  BazBaOsO6, and BazSrReOe c/a is less than 
unity whereas in BazSrOSOa c/a is greater than 
unity. 

Neither SrzFeOSOe nor SrzCoOsOs was magnetic 
at  room temperatures. The saturation magnetiza- 
tions of SrzFeRe06 and sr~MnReO6 agree best 
with the assumption that the manganese is tri- 
valent and the rhenium pentavalent. If this also 
were to hold in the case of SrzCOReOs, the absence 
of ferrimagnetism in this compound could be due 
to the diamagnetic character of Co'" in octahed- 
ral coordination. This explanation is perhaps 
more plausible than the suggestion that the com- 
pound was antiferromagnetic.2 The latter would 

N ~ I O ~ .  

' 
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lead one to predict that Sr2CoOs06 would be ferri- 
magnetic. The magnetic properties of this com- 
pound have not been studied but it is not ferro- 
magnetic at  room temperatures. 

The compound SrzCrReOs is ferromagnetic at  
room temperatures. The structural data given 
in Table I11 show clearly that this substance is of 
the ordered perovskite type but suggest that the 
ordering is not complete. The intensities of all 
of the super-lattice lines lie far below the cal- 
culated values. Qualitative observation of the 
pattern of Sr3CrtRe04 shows that all of the order- 
ing lines are relatively less intense. A quantita- 
tive correlation of the variation in ordering with 
the magnetic properties is planned. 

The corresponding osmium compound SrCrOs- 
06 is not ferromagnetic a t  room temperatures. It 
seems reasonable to suppose that i t  is antiferri- 
magnetic. Hexavalent compounds of rhenium 
and osmium are not formed readily with calcium 
in the A position. Mixtures of calcium and mag- 
nesium oxides with metallic osmium heated in air 
gave a product with the same lattice constants as 
those obtained from calcium oxide and osmium 
metal. Manganese, iron, cobalt, and nickel all 
yield ordered perovskite phases when their 
monoxides or the equivalent are heated in vacuo 
with Reo3 and calcium oxide, but only cobalt 
gave a corresponding phase with osmium. These 
differences probably are to be attributed to the 
difference in methods of preparation. The read- 
iness with which the cobalt compound is obtained 
indicates some additional stabilization energy 
which may be due to the formation of trivalent 
cobalt in octahedral association with oxygen. It 
should be noted that chromium also yields stable 
phases with rhenium and osmium in combination 
with all of the A cations. In this case, however, 
the osmium compounds were able to be prepared 
under controlled conditions. 

The incidence of the hexagonal barium titanate 
structure among these compounds is of consider- 
able interest. In general the explanation put 
forward by Dickinson3 seem to be upheld. The 
additional electron introduced by the substitution 
of osmium for rhenium could provide the extra 
lattice energy in the formation of a metal-metal 
bond between the transition metals. The only 
rhenium compounds which were obtained with 
the hexagonal structure appear to contain hexa- 
valent rhenium and correspond to the formulas 

Ba3ReV1Cr~1109 and Ba3ReV1Fee1”Og. The rela- 
tive intensities of the reflections in the X-ray pat- 
terns of these compounds agree closely with those 
obtained by Dickinson for BaJrTi209. Hence 
one would conclude that the rhenium adopts the 
fourfold position in the lattice. The osmium 
compounds, however, do not appear to conform 
to this formula. The pattern obtained from mix- 
tures designed to give BazFeOs06 corresponds well 
with that given by Ba2FeIrO8, which appears to 
have an ordered hexagonal barium titanate struc- 
t ~ r e . ~  The suggestion of Dickinson that to get 
the hexagonal barium titanate structure both B 
cations must be transition metals and that one 
of them must have d electrons appears to hold 
with the rhenium and osmium compounds. The 
compounds BazScReOs, Ba2Sc0sOs, and BaInReOs 
are of the cubic ordered perovskite type. We 
have found, however, that the compounds Ba2- 
IrScOs and BazIrInOs have the hexagonal barium 
titanate structure. The latter would appear to be 
an exception to the generalization. No hexagonal 
phases have been found with A cations other than 
barium. The size of the B cation is also a factor 
in the preparation of these compounds. JT7hile 
many trivalent cations are readily incorporated 
into this lattice, i t  is noteworthy that gallium does 
not give a perovskite phase with barium as the A 
cation but does so readily with strontium6 A few 
compounds of rhenium with rare earth elements as 
B cations have been made. They have the 
ordered perovskite structure and i t  is of some in- 
terest to note that the compounds BaeGdReOs and 
BazErRe06 are magnetic at  liquid helium tempera- 
tures. A systematic study of these compounds is 
being initiated. 

Many of the rhenium compounds which had 
been prepared in vacuo were found to be unstable 
when heated in air at  1000° for a few minutes. 
The products obtained in many instances have a 
structure of the BajTaaOle type.6 This metamor- 
phosis will be investigated further. 
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