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The eq uilibrium phase relation s for the SrO - IrO,- [r system were dete rmin ed in a n air environ
ment at atmosp heri c pressure. A terna ry equilibrium phase diagram was constru cted indicating 
se lected oxygen react ion lines and ti e lin es. A binary re presentat ion is given for th e te rna ry sys tem in 
air. Of th e nin e phases detec ted in thi s s tudy , three are s table a nd six a re probab ly metas table under 
atmos pheri c cond itions. The stable co mpound s , 4S rO . IrO" 2S rO . IrO, . and S rO . IrO, di ssociate a t 
1540, 1445, a nd 1205 °C, res pective ly. The metastab le phases inc lud e low-4SrO· IrO" 2S rO . 3[r02, 
xS rO · lrO,(x > 2) , yS rO-IrO,(4 ) y > 2), zS rO-lr02(2 ) z > 1), and 3S rO· 2Tr02. Th e s pecific 
compos ition of the metastable phases could not be asce rtained with certainty. Th e x-ray pat.te rn s of 
a ll phases de tected in thi s s tud y were indexed with th e exce ption of th a t of the zS rO - Ir0 2(2 > z > 1) 
compound. A s ummary of x-ray data is give n for a ll know n phases occ urrin g in the sys te m. 
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1. Introduction 

Th e present s tudy is part of a program [l , 2, 3] t to 
obtain a better unders tandin g of th e be havior of vari
ous Pt-group metals and metal oxides whe n heated 
toge ther in an oxidizing environme nt. Considering the 
fact that several of th ese me tals are used as secondary 
standards on th e International Practical Te mperature 
Scale (IPTS 1968 ~) [4] as well as for container ma
terials for high temperature applications , knowledge 
of the phase relation s betwee n these metals and other 
materials becomes important. This work presents the 
results of an inves tigation of the equilibrium relation
ships between the conde nsed phases in the system 
SrO-IrO?-1r in air. 

Strontiti"m oxide (SrO) has a cui;lic, sodium chloride
type structure with a = 5.1602 A [5]. The melting 
point of SrO has been reported to be 2424°C [6]. 

Iridium (Ir) has a face-ceptered cubic, copper-type 
structure with a = 3.8394 A [7]. Its freezing point, 
2447 °C, is listed as a secondary reference point on the 
IPTS (1968). 

Iridium has a strong tendency to form iridium 
dioxide (IrOz) when heated in air at moderate tempera
tures. The unit cell dimttnsions of 1r02 areleported as 
(tetragonal) a=4.4983 A and c=3.1544 A [8J. How
ever, above 1021 °C [2] Ir metal is the only solid phase 
that exists in equilibrium with air. 

Even though 11' oxidizes to 1r02 when heated in air, 
complete oxidation of the e ntire sample is often difficult 
to obtain. By utilizin g Ir02 rather than Ir as starting 
material , an approach to equilibrium could be achieved 

I Figures in brackets indicate the lit e rature re fere nces at th e end of thi s paper. 
1This scale (l PTS 1968) applies 10 all temperatu res li sted in thi s paper. 
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more readily. The s tud y will s till reflect, howe ver, the 
be havior of the metal in air. 

2. Experimental Procedure 

Specimens were prepared from 0.4 g batches of 
various combinations of s trontium carbonate (SrC03 ) 

and 1r02, each having a purity of at leas t 99.8 percen t. 
Calc ulated amounts of th ese end me mbe rs, corrected 
for ignition loss, were weighed to th e nearest milli
gram. Each batc h was thoroughly hand mixed and 
calcined in a muffle furnace at a minimum te mperature 
of 800°C or heated directly a t the temperature of 
interes t. Specimen containers e mplo yed in thi s s tud y 
were open or sealed gold tubes, open or sealed plati· 
num tubes, and open fused silica tubes. Portions of 
each calcined batch were refired in a platinum alloy 
wire-wound quench furnace at various temperatures 
for different periods of time. The speci me ns were 
quenched in air, ice water, or liquid nitroge n. T ern· 
peratures in the quench furnace were measured with 
a Pt versus 90 percent Pt·IO percent Rh calibrated 
thermocouple. All reported te mperatures pertainin g 
to quench furnace data are considered accurate to 
within ± 5 0c. The precision of th e measure me nts was 
estimated to be ± 2 0c. 

Equilibrium was ass umed to have bee n achieved 
when the x-ray pattern showed no c hange after s uc
cessive heat treatm ents of the specimen or when the 
data were consistent with the res ults from a previo us 
set of experiments. An attempt was made on various 
compositions to obtain equilibrium by increasing the 
oxygen pressure of the environment exposed to the 
specimen. The specimen was placed in an ope n gold 
tube and heated at moderate temperatures to decom-



pose the SrC03 . The open gold tube contammg the 
specimen was then placed into a larger platinum tube 
containing a calculated amount of finely divided plati
num dioxide (Pt02). The platinum tube was then sealed 
by welding and heat treated at a given temperature. As 
the temperature was raised the Pt02 decomposed and 
increased the oxygen pressure , calculated to be ap
proximately 30 atm (3.03975 X lO'i N/m 2 ). The container 
materials did not appear to influence or react with the 
various oxide samples. All phases detected in this study 
were formed in air using gold as well as Pt for con
tainer materials . 

All specimens were examined by x-ray diffraction 

at room temperature using a high-angle-recording 
Geiger counter diffractometer and Ni-filtered Cu radia
tion. The scanning rate was t 020/min. Unit cell dimen
sions were refined by a least-squares computer 
program and are estimated to be accurate to at least 
2 in the last decimal place listed. 

3. Results and Discussion 

3 .1. Phase Diagram 

The equilibrium phase diagram for the SrO-Ir02-1r 
system in air is given in figure 1. The diagram was con-
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FIGURE 1. Phase equilibrium diagram for the 
SrO·lrO,-lr system in air . 

• - compositions and temperatures of experiments conducted . Dotted 
lines and parentheses indica te meta-stabilit y_ Dashed lines represent 
oxygen reaction lines. Lines A through F indicate ti e lines for given 
temperatures, A ~ I021 'C, B ~ > 1021 'C < 1025 'C; C ~ > 1025 'C 
< 1205 'C; D ~ > 1205 'C < 1445 'C: E~ > 1445 'C < 1540 'C; F ~ > 
1540 ' C. 
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s tru cted from the data listed in table 1. The solid circles 
illustrate the compositions and temperatures of the 
experim ents conducted. The dotted lin es and paren
theses indicate metastability. In the ternary plot the 
dashed lines represent oxygen reaction lines. Lines 
A through F indicate tie lin es. The three phase tri
angular areas with Ji s ted temperatures represent in
variant situation s in which three condensed phases 
co-exist in equilibrium at those specified temperatures. 
The oxygen reaction lines connect compositions on 
the SrO-1r02 join and the final compositions attained 
upon dissociation of the oxide mixtures. The dissocia-

tion products are Ir and one of the following: SrO . Ir02, 
2SrO· 1r0z , 4SrO . 1r0z, or SrO. It should be empha
sized that these dissociation products are the con
densed phases of the sys te m a nd are always in equilib
rium with oxygen. The tie lines (A- F) re prese nt joins 
for a given temperature or se ri es of tempera tures for 
any series of intersectin g oxyge n reaction lines. 

Consider for instance a 50: 50 mole perce nt mixture 
on the SrO-1r02 join. At temperatures beJow 1205 °C , 
the mixture contains one solid phase , the 1: 1 com
pound. As this phase is heated to higher temperatures , 
oxygen loss occurs , producing a si tuation in which two 

TABLE 1. Experimental data for compositions in the SrO- IrOr lr system 

Composition Heat treatment" 

5rO TrO, 

Mo/ % /\110/% 
90 10 

85 15 

80 20 

Previous" 

°C- h 

f 900- 3 
1350- 2 

800- 18 
800- 18, 1000- 2 1 

1800- 67, I I 000- 20 
f 1000- 20, 1400- 3 

f 900- 2 

f 800- 67 ,1 ]000- 20. 
1 1000- 20 , 1400- 3 

900- 2 
f 900- 2 
1400- 3 

1400- 3 

900- 2 
1300- 2 
f 800- 67 
1800- 67, 11000- 20 
1400- 3 
1400- 3 
1400- 3 

1400-3 

Footnotes at end of table. 

Final 

°C- h 
700- 68 

'· 900- 3 

900- 3 
'· 900- 18 

f 950- 272 
1000- 2 

" 1000- 4 
f 1000- 96 
I ] 000- 72 

1 1000- 168 
1350- 2 

800- 18 

1000- 21 
1100- 66 

800- 18 
f 800- 67 
" 900- 66 

1950- 192 
11000- 0.5 
e 1000- ] 
" 1000- 2 

1000- 18 

e 1000- 18 

e 1000- 19 
1000- 19 

1 1000- 20 
1 1000- 20 

1000- 21 
' 1000- 72 

1000- 72 

f ]000- 72 

X·ray diffraction ana lyses" 

5rCO,,+x5rO· lrO, (x > 2) 
5rCO,,+ 1 .. 0 , 

5rCO,,+x5 .. 0 ·lrO, (x > 2) 
5rCO,, + IrO, 

45rO·lrO, + x5rO ·lrO, (x > 2) 
5rO + x5rO· lrO, (x > 2) + 45 .. 0· 1 .. 0 , 

+ low - 45rO· lrO, 
low - 45rO·lrO, + 5rCO" 
45 .. 0·1 .. 0 , + 5rO 
45rO ·IrO, + 5rO + x5rO· IrO, (x > 2 ) 

+ low - 45rO· lrO, 
45rO·lrO,+ 5 .. 0 
45rO ·TrO, + 5 .. 0 

5rCO,, + y5rO·[rO, (4 ) y > 2) + low 
- 45 .. 0·lrO, 

low - 45rO·lrO, + 5rO 
45rO· I .. O, + 5rO 

45rO·IrO, 
low - 45rO·1rO, + 5rCO" + x5rO ·IrO, 
low - 45rO·lrO, + 5rCO" + lrO, 

45rO ·lrO, 
low-45rO·lrO, +x5rO·IrO, (x > 2) 

(x > 2) 

)-5rO·IrO, (4 ) Y > 2) + low - 45rO·IrO, + 5rCO" 
low -45rO ·IrO, + y5rO· lrO, (4 ) y > 2) + 5rCO" 
45rO·lrO, + 25rO·lrO, + x5rO·IrO, (x > 2) 

45rO·IrO, + 25rO ·IrO, 

25rO·IrO, + low - 45rO ·lrO, + 5rCO" 
45rO·lrO, + 25rO·lrO, + x5rO ·lrO, (x> 2) 
low-45rO·lrO,+ 45rO· IrO,+x5rO·lrO, (x> 2) 
45rO·lrO, + low - 45rO·lrO, + x5rO·lrO, (x > 2 ) 
45rO·lrO,+ 25rO·IrO, + x5rO·lrO, (x> 2) 
45rO·lrO, + 25rO·IrO, + x5rO·lrO, (x > 2) 
25rO ·I .. 0, + unid entified phase 

25 rO ·lrO, + unidentified phase 
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Remarks 

Nonequ ilibrium. 
No reaction ; 

non equilib .. ium. 
Non equilibrium. 
No reaction ; 

nonequilib .. ium. 
Nonequilibrium. 
Non equilibrium. 

Non equilibrium. 

Noneq uili brium . 

Nonequil ibrium. 

Non equilibrium. 

Non equ ili brium. 
Nonequi li b .. ium ; trace 

amounts of 5rCO" and 
1 .. 0 ,. 

Non equilibrium. 
Nonequilibrium. 
Nonequilibrium. 
Quenched in liquid nitro-

gen ; nonequilibrium. 

Quenched in liquid nit .. o
gen; nonequilibrium. 

Nonequilibrium. 
Nonequ ilibrium. 
Nonequilibrium. 
Non equilibrium. 
Nonequilibrium. 
Nonequilibrium. 
Quenched III ice water; 

unidentified phase prob· 
ab ly a hydrate. 

Quenched in ice water; 
unidentified phase prob· 
ab ly a hydrate. 



TABLE 1. Experimental data for compositions in the SrO-Ir02-1r system- Continued 

Composition Heat treatment" 
X-ray diffraction analyses" Remarks 

5rO 1r01 Previous" Final 

Mol% Mol% °C-h °C- h 
1400- 3 1000- 66 45rO'lr01 + 25rO'1r01 + x5rO·lr01 (x > 2) Nonequilibrium. 
1400-3 " 1000- 96 45rO'lrO, + 25rO 'lr01 Quenched in ice water; 

nonequilibrium. 
f 800- 67 , II 000-20 1010- 20 45rO 'IrO, + 25rO· IrO, Nonequilibrium. 

1 1000- 20 

1400- 3 e 1100- 18 45rO'lrO, + 25rO'lrO, Nonequilibrium. 
1800- 67 , 1 1000-20. 

1 1000- 20, 1400- 3 1100- 66 45rO'IrO, + 25rO'lrO, Nonequilibrium. 
1400- 3 p 1200- 22 45rO'lrO, + 25rO'lrO, Nonequilibrium. 
1800- 67 , fJOOO- 20. 

1 1000-20, 1400- 3 1200- 63 45rO'1r01 + 25rO'lrO, + x5rO'lrO, (x > 2) Nonequilibrium. 
1400- 3 p 1235- 17 45rO'lrO, 
1400- 0.5 " 1300- 65 45rO'lrO, 
1400- 2 1400- 0.5 45rO'lrO, Quen ched in liquid njtro· 

gen. 
1400-2 1400- 0.5 unidentified phase + 25rO'lrO, Qu enched in ice water; 

unidentified phase prob· 
ably a hydrate. 

1400- 2 45rO'IrO, 

' 800-67 , 1 1000- 20 , 
1 1000-20 1400- 3 45rO'lrO, 

1400- 2, 1600- 2 1400- 18 45rO'IrO, 
1400- 2 1540- 2 45rO'IrO, + 5rO 
1400- 2 1550- 2 45rO'lrO, + 5rO 
1400- 2 1525- 2 45rO·lrO, 
1400- 2 1535-2 45rO'lrO, 
1400- 2 1600- 2 45rO'lrO, + 5rO 

75 25 f900- 3 <1800- 17 low - 45rO'lrO, + 25rO'31rO, + y5rO'irO, (4 Nonequilibrium. 
> y> 2) 

f 800- 20 low - 45rO'lrO, + x5rO'lrO, (x > 2) + 5reO" Nonequilibrium. 
+ ySrO'irO, (4 ) y> 2) 

900- 2 low - 45rO 'IrO, +x5rO'lrO, (x > 2) Nonequilibrium. 
900- 17 x5 rO'lrO, (x > 2) + low - 45rO'lrO, Nonequilibrium. 

f 900- 3 (/900- 17 low - 45rO'IrO, + 25rO'lrO, + y5rO Nonequilibrium. 
'IrO, (4 )y> 2) 

f 800- 20, f 1000-20, 
1 1000- 21 900- 65 25rO'IrO, + low - 45rO'lrO, + x5rO'lrO, (x> 2) Nonequilibrium. 

1900- 2 " 900- 66 low - 45rO'lrO, + 25rO'lrO, + ySrO Nonequilibrium. 
'IrO, (4)y>2) 

900- 2 e 900- 71 
1800- 20, IIOOO- 20, 

low - 45rO'lrO, + 25rO'lrO, Nonequilibrium. 

I 1000- 2l, 1300- 2 990- 18 45rO'lrO, + 25rO 'lrO, + x5rO'IrO, (x > 2) Nonequilibrium. 
1000-2 x5rO'IrO, (x > 2) + 45rO'lrO, + low - 45rO'IrO, Nonequilibrium. 

(900- 2 <11000- 2 y5 rO'!rO, (4 ) y> 2) + low - 45rO'lrO, Nonequilibrium. 
1300-2 1000- 18 25rO' lrO, + 45rO· IrO, 
1300- 2 1000- 19 25rO'IrO, + unidentified phase Quenched in ice water; 

unidentified phase prob-
ably a hydrate. 

900- 2 e 1000- 19 25rO'lrO, + low - 45rO'IrO, Nonequilibrium. 
f800- 20 11000- 20 low - 45rO'lrO, + x5rO 'lrO, (x > 2) + 25rO'lrO, Nonequilibrium. 
' 800- 20 , ' 1000- 20 f]00O;-20 low - 45rO'lrO, + x5rO'lrO, (x > 2) + 25rO'lrO, Nonequilibrium. 
f 800- 20, 1 1000-20. 

11000- 20, 1300- 2 1000- 96 25rO'lrO, + 45rO'lrO, + x5rO'IrO, (x > 2) Nonequilibrium. 
1000- 20 llOO- 68 25rO·lrO, + x5rO·lrO, (x > 2) + 45rO'IrO, Nonequilibrium. 
f 800- 20 , 1 1000- 20 , 

, 1000- 20 1100- 288 25rO'lrO, + 45rO'lrO, 
f 800- 20, f] 000--20 , 

f 1000- 20 e 1100- 288 25rO'lrO, + 45rO·lrO, + low - 45rO'lrO, ~onequilibrium. 
1000- 20 1200- 2 25rO'IrO, + 45rO'lrO, 
1000- 20 1300- 2 25rO· IrO, + 45rO· IrO, 
f 800- 20, 1 1000- 20, 

1 1000- 20, 1300- 2, 
1300- 2,1000- 19 1400- 2 25rO ·lrO, + 45rO'lrO, 1000- 19 Heat quenched in 

ice water. 

71 29 1900- 2 (/ 1000-2 25rO'lr01 + low - 45rO'IrO, Nonequilibrium. 

Footnotes at end of table. 
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TABLE 1. Experimental data fo r compositions in the SrO- Ir02 - Ir systern- Continued 

Com position Heat trea tme nt" 
X·ray diffraction a nalyses" Rema rks 

SrO Ir02 Previous" Fina l 

M ol% Mol% °C- II °C- II 
66.6 33 .3 j800- 67 2S rO '31r0 2 + xS rO 'Ir02 (x > 2) + low - 4SrO Nonequ ili bri um. 

·lr02+ySrO ·lr02 (4 )y> 2) 
1800- 20 f 800- 19 2S rO '31r02 + ySrO'lr02 (4 ) y> 2) + low - 4S rO Nonequil ibri um . 

·lr02+ xSrO·1r02 (x > 2) 
f 800- 20 2SrO '3Ir02 + ySrO 'Ir02 (4) y> 2) + low - 4SrO oneqlli li brill m. 

·Ir02+ xSrO ·l r0 2 (x > 2) 
1800- 20, f 800- 19 1850- 20 2S rO 'Ir02 + low - 4SrO 'l r02 + 25rO '3 Ir0 2 Nonequilibrillm . 
1900- 2 (/900- 17 2S rO'Ir02 + 2SrO '31r02 Noneq ll ilibri um. 
1900- 2 d 1000- 2 2SrO 'lr02 + 2SrO '31r02 Noneqllil ibrium. 
1800- 67 f 1000- 20 2S rO 'Ir02 
f 800- 67, / I000- 20 f l 000- 20 2S rO'lr02 
1800- 67 , jl000- 20 , 

J 1000- 20, 1500- 2 1000- 22 2SrO'Ir0 2 + 4SrO ·lr0 2 + lr Noneq uil ibri ll m. 
11 00- 0.5 2SrO'Ir0 2 

1800- 67 ,1 1000- 20, 
f 1000- 20 11 00- 20 2S rO 'lr0 2 
1800- 67. f 1000- 20. 

J 1000- 20 1300- 63 2SrO 'lr0 2 
1800- 67 , J 1000- 20, 

J 1000- 20 1440- 2 2S rO' lr0 2 
J 800- 67, f 1000- 20 . 

1 1000- 20 1445- 2 2S rO '1 r0 2 + 4SrO ·lr0 2 
1800- 67, 1 1000- 20, 

1 1000- 20 1450- 2 2S rO· 11'0 2 + 4S rO' Ir02 
1800- 67, 1 1000- 20 . 

1 1000-20 1500- 2 4S rO· 1.-0 2 + 2S rO· 1 r02 + I r Nonequ ilibrill m. 

60 40 1900- 3 d 800- 17 2SrO' 31r0 2 + low - 4S rO' lr0 2 No neq uili brill m. 
1800- 20 2SrO'3 1r02 + xS rO' lr0 2 (x > 2) + low - 4S rO 

.1.-0 2+ ySrO 'l r02 (4 ) y > 2) Noneq uil ib rill m. 
1800- 408 2SrO'3Ir02+xS rO 'lr0 2 (x > 2) + ySrO No neqll ili briu m. 

·lr0 2 (4 ) y > 2) 
1900- 3 d 900- 17 2S rO' 31r0 2 + 3S rO'2lr0 2 + low - 4SrO' lr0 2 No neq uili bri llm. 
1800- 20, 1 1000- 20. 

1 1000- 21 900- 65 3SrO'2Ir0 2+ SrO 'l r02+zSrO' lr0 2 (2 )z> I ) No neq ll ilibri um. 
1900- 2 d 900- 66 2S rO· 3 Ir0 2+2S rO· lr02+ xS rO·lr02 (x > 2) No neq uilibriu m. 

1 1000- 2 zSrO 'lr0 2 (2 > z > I ) + SrO' lrO, No ncqu ilibriu m. 
1300- 2 1000- 18 2SrO' lr0 2 + SrO ·1 r0 2 
1800- 20 1 ]000- 20 3SrO·2Ir0 2+ SrO· lr0 2+zSrO ·lr0 2 (2 )z> I ) No neqlli l ibri u Ill. 
1800- 20, 1 1000- 20 I 1000- 2] 3SrO'2Ir0 2+S rO' lrO,+zSrO' lr0 2 (2 ) z > 1) Noneq uilibrium . 
1800- 20,1 1000- 20, 

1 1000- 2 1 1100- 68 3S rO'2 1r0 2 + SrO· lr0 2 + zS rO 'lrO, (2 ) z > I ) Noneqlli l ibriu m. 
+ 2S rO· 1.-0 2 

1800- 20, 1[000- 20, 
11000- 21 1100- 288 3SrO '2IrO, + 2S rO' IrO, + zS rO 'lr02 (2 ) z > 1) Noneq uili brill m. 

1800- 20, 1 1000- 20. 
1 ]000- 21 e 1l00- 288 3SrO '2IrO, + 2SrO' 1rO, + SrO· IrO, Noneq uilibrium . 

1800- 20, 1 1000- 20, 
f 1000- 21 1200-2 3SrO' 2IrO, + zS rO 'IrO, (2) z > 1) + SrO· IrO, Noneq uili briu m. 
1800- 20, 1 ]000- 20, 

11000- 21 1250- 42 2SrO ' lrO, + Ir 
1300- 2 2SrO ' IrO, + Ir 

57 43 1800- 408 2SrO'3lrO, + xSrO 'lrO, (x > 2) + yS rO Nonequilibrium . 
' IrO, (4) y > 2) 

900-3 2S rO '3IrO, + 2SrO' lrO, + 3SrO'2IrO, + zS rO Noneq uilibriu m . 
. I rO, (2 > z > 1 ) + S rO· I rO, 

1900- 2 d 900- 66 2S rO' 31r02 + 2S rO ·1 1'0 2 Noneq llili brill n ... 
900- 3 p 1000- 19 SrO' 1 r02 + 3S rO'2 1 rO, Nonequ ili brium . 

50 50 750- 17 2SrO '3IrO, + SrO· lrO, Noneq llili briu m. 
1800- 19 2S rO '31r02 + SrO· Ir02 Noneq uilibriu n ... 
1800- 67 2S rO'3IrO, + SrO' lrO, Nonequili briu m. 
1850- 20 2S rO '3 IrO, + SrO 'l rO, Nonequ ili briu m. 

1900-2 "900- ] 7 2S rO'3IrO,+ yS rO 'lrO, (4) y > 2) Noneq llili brill n1. 
+ SrO· lrO, 

1900- 2 d 1000- 2 SrO· IrO, + 2S rO'3IrO, Nonequ ili brium . 

Footnotes at end of tab le. 
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TABLE 1. Experimental data for compositions in the SrO- Ir02-1r system- Continued 

Composition Heat treatment" 
X-ray diffraction analyses!! Remarks 

S rO 1r02 Previous" Final 

Mol% Mol% °C- h DC- II 
1800- 67 1 1000-20 SrO-IrO, + 2SrO -3IrO, Nonequilibriu m_ 
1800- 67, flOOO-20 1 1000- 20 SrO-IrO, 
1800- 67, flOOO- 20 , 

11000- 20 11000- 288 SrO -IrO, 
1800- 67, flOOO- 20 , 

1 1000- 20, 1350- 2 1005-17 SrO-Ir02 SrO-lrO, reformed from 
dissociation products_ 

1800- 67, 1 1000- 20 , 
1 1000- 20 1100- 20 SrO -IrO, 

1800- 67 , flOOO- 20, 
11000- 20 1100- 288 SrO -Ir02 

1800- 67 , flOOO- 20 , 
flOOO- 20 e 1100-288 SrO-lr02 

1800- 67 , flOOO- 20 , 
11000- 20 1200-2 SrO-Ir02 

1800- 67,1 1000- 20 , 
flOOO-20 1205- 2 SrO-IrO, + 2S rO-lrO, + I r 

1800- 67 , 11000- 20, 
flOOO-20 c 1300- 2 2SrO-lr02 + Ir 

1800- 67, 1 1000- 20 
flOOO- 20 1300- 18 2SrO -IrO, + lr 

1800- 67, flOOO- 20, 
11000- 20 1300- 63 2SrO -lrO,+ Ir 

1800- 67, flOOO - 20, 
11000- 20 1350-2 2SrO-Ir02+ Ir 

1000- 18 1650- 4 Ir + SrO +S rC0 3 No nequilibriu m; 5rC03 

form ed on cooling_ 

47 53 800- 18 2SrO-31rO, + S I~O- IrO, Nonequilibrium _ 

43 57 1900- 2 1 1000-2 2SrO- 31r02 + SrO-Ir02 Nonequilibrium_ 
flOOO- 168 SrO -lr02 + IrO, 

40 60 700- 18 2SrO-3Ir02 + IrO, No nequilibri u m_ 
700- 18 700- 18 2SrO -3lrO, + IrO, Nonequilibrium_ 
700- 18, 700- 18 700-19 2SrO-3IrO, + IrO, Nonequilibri u m_ 
700- 18, 700- 18, 
700- 19 700- 66 2SrO -3IrO, + IrO, Nonequilibrium ; trace 

amount of I rO, _ 
700- 18, 700- 18, 
700- 19, 700- 66 700-456 2SrO- 3IrO, + 1r02 Nonequilibrium ; trace 

a mount of IrO, _ 
1800-20 2SrO-31r02 + IrO, Nonequilibrium_ 

850- 17 SrO-lr02 + 25 rO- 31r02 + IrO, Nonequilibrium_ 
1900- 2 <1900- 17 2SrO -31r02 + Ir02 + SrO-lr02 Nonequilibrium_ 

e 900- 19 2SrO- 31rO, + Ir02 + 5rO-IrO, Nonequilibrium_ 

1800- 20 1 1000-20 2SrO-3Ir02 + Ir02 No nequilibrium_ 
1800-20, flOOO -20 1 1000- 21 2SrO- 31r0, + IrO, + 5 rO-IrO, Nonequilibrium_ 

1 800-20, J ]000-20, 
flOOO- 21 e 1000-312 2SrO- 31r02 + IrO, + 5 rO -Ir02 Nonequilibrium_ 

1800- 20, 11000- 20, 
flOOO-21 1000- 408 SrO-Ir02 + IrO, 

33_3 66_6 1800- 67 25rO- 3Ir02 + Ir02 Nonequilibrium_ 
1800- 67 1 1000- 20 2SrO-31r02 + I rO, Nonequilibrium_ 
1800- 67, flOOO -20 flOOO-20 2SrO -3IrO, + Ir02 Nonequilibrium_ 
1800- 67, flOOO- 20_ 

1 1000-20 1015-2 2SrO -31r0, + IrO, Nonequilibrium _ 
1800- 67 , 11000-20, 

flOOO- 20 1020-2 2SrO-3lr02 + Ir02 Nonequilibrium _ 
1 800- 67, flOOO- 20, 

flOOO-20 1025-2 2SrO -31r02 + SrO- IrO, + Ir + IrO, Nonequilibrium_ 
1800- 67,1 1000- 20, 

flOOO-20 1050-2 S rO -IrO, + Ir 
1800- 67, flOOO- 20 , 

Footnotes at end of tabl e_ 
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TABLE 1. Experimental data for compositions In the SrO-Ir02-Ir system-Co ntinued 

Composition Heat treatment" 
X-ray diffraction analyses!! Remarks 

SrO lr02 Previous" Final 

Mol% Mol% °C- h °C- h 
1 1000- 20 1100- 20 S rO'lr02+ lr 
1800- 67, fJOOO- 20 

11000- 20 1200- 2 S ,O· Ir02 + I r 
1800- 67, fJOOO- 20 

1 1000- 20 1205- 2 35rO· 21r02 + Ir Noneqllilibrium. 
1800- 67,1 1000- 20 

1 1000- 20 1210- 2 35rO'21r02 + Ir Noneq llilibrium. 
1800- 67 ,1 1000- 20. 

fJOOO- 20 1. 215- 2 35rO '2lr02 + Ir No nequ ili bri urn. 
1800- 67 . flOOO- 20, 

flOOO- 20 1225- 2 35rO' 2lr02 + Tr + 2S rO'lr02 No neq llilibrium. 
1800- 67 , flOOO- 20, 

1 1000- 20 1300- 2 35rO'21r02 + lr No nequ ilibrill nl. 
1800- 67, 11000- 20. 

11000- 20 1300- l 8 35 rO' 2lr02 + 2S rO' lr0 2 Nonequi lib rium . 
1800- 67, 1]000- 20 , 

fJOOO- 20 1350- 2 25 rO·J r02+ Ir 
1800- 67, fJOOO- 20. 

flOOO- 20 1. 400- 2 2S rO' lr02 + lr 

a All specimens were hea t treated in open pla tinum tubes and a ir quenched unless oth erwise indica ted. Allt empera tllres li sted app lies to 
(lPTS 1968). 

b Sealed gold tube containe r; quenched in ice wa ter. 
c Open fu sed silica tube container; air qu enched. 
d Specimen was placed in an open gold tube, which was placed into a large r platinum tube co nta ining a c alc ulat ed amount of Pt02 • The 

platinum tube was then sealed . Oxygen pressure calc ul ated to be approxim ate ly 30 atm (3.03975 X 10(; N/ m2 ) . 

e Sealed pl atinu m tube containe r; quen ched in ice water. 
10pen gold tube cont ainer; air quenched. 
g Phases identified are given in order of the relative amount p resent at room temperature; of those int e rm ediat e phases li sted th e following 

a re believed to be metas tab le in air at atmospheri c pressure, low 4SrO·lr02. xS rO' lr02 (x > 2). ySrO· lr0 2 (4 ) y> 2) . zS rO'lr02 (2 ) z 
> 1) , 3SrO'21r0 2, and 2SrO·3lr02. 

"No ent ry unde r " previous" column indicates th e s pec im en rece ived no prior heat treatment. 

or three solid phases are in equilibrium for a give n 
temperature. By following the oxygen reaction lines 
in fi gure 1, the specific phases in equilibrium can be 
establi shed. For example, at 1205 °C , three phases 
(2 : 1, 1: 1, Ir) exis t in equilibrium a nd for te mperatures 
greater tha n 1205 °C and less than 1445 °C, two phases 
(2: 1, Ir) exist as illu s trated by ti e line D. The be havior 
of any arbitrary mixture, e .g. , 60: 40, can be establis hed 
in a similar manner by following the appropriate oxygen 
reaction line. 

The binary-type phase diagram given in the top 
portion of fi gure 1 is a projection of certain elements of 
the three dime nsional ternary system SrO-1r02-Ir on a 
two dime nsional plane fi gure. The diagram in effect 
represents a composite of the SrO-1r and SrO-1r02 
systems. As th e temperature is increased , the composi
tions of the solid phases c hange by an apparent oxygen 
loss to those indicated by the SrO-1r join. By illus
trating a dissociation as a type of phase transition or 
decomposition in which the vapor phase is ignored , a 
simple bin ary representation of the phase relations of 
the ternary syste m can be given. This me thod of illus
tration has been e mployed by a number of investigators 
[9 , 10]. The diagram can be interpreted as a binary 
syste m a nd th e application of the lever law is valid. 

It was found in earli er work that 1r02 dissociates to 
Ir metal a nd oxygen at 1021 °C in air at atmospheric 
pressure [2]. Thi s di ssociation is a reversible process. 

Other investigators [11, 12] have reported that 1r02 
co mbines with oxyge n to form Ir03 , whi ch is stable 
only in the gaseous state. S toic hiometri c 1r02 appar
e ntly is the only co nd ensed Ir-oxide phase stable in 
an air environme nt at atmosp heri c pressure. Further
more, thi s study did not detect a ny evidence for solid 
solutions in th e sys te m which would indicate oxygen
defi cie nt oxides or oxyge n-ri ch metal phases. 

3.2. Compounds 
a . Stable Phases 

Randall and Katz [13] previously reported that 
4SrO· Pt02 a nd 4SrO . 1r02 (4: 1) have the same type 
structure (K 4 CdCI6 type) but give no s pecific x-ray 
data on the Ir co mpound. T able 2 gives the x-ray 
diffraction powder pattern of the 4SrO . 1r02 compound 
ind exed on th e ba%is of a hexagonal (rhombohedral) 
cell with a = 9.736 A and c= 11.886 A. 

The 4: 1 compound is stable only between 1220 and 
1540 °C. At the higher tem perature, the phase di s
sociates to SrO , Ir, a nd oxygen , while at te mperatures 
below the minimum , 1220 °C, the phase slowly decom
poses during prolonged heat treatme nts. The de
composition products generally are the 2SrO· 1r02 

(2: 1) compound and another metas table phase 
xSrO . 1r02 (x> 2) . The s tability of the 4: 1 compound 
was established by heating a specim en first above and 
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then below the dissociation temperature. The 4: 1 
compound always reformed from the dissociation 
products. 

TABLE 2. X-ray diffraction powder data for the 
4SrO ·Ir02 and low 4SrO ·lr02 compounds (CuKa 
Radiation) a 

4SrO . IrO" h Low 45rO . IrO" c 

deAl deAl 

hkl obs calc I/lo hk! obs calc 1//0 

110 
} 4.87 

4.87 } 74 
002 9.43 9.39 4 

012 4.86 100 8.56 8.54 II 
202 3.440 3.439 3 102 6.316 6.318 15 
113 3.075 3.073 52 III 4.769 7.768 15 
300 

} 2.812 
2.811 } 100 004 4.699 4.697 10 

122 2.809 J 112 4.367 4.365 16 

024 2.430 2.429 54 200 4.269 4.269 6 
131 2.295 2.295 14 113 3.872 3.873 11 
214 2.175 2.173 50 114 3.400 3.400 3 
223 2.075 2.074 30 210 3.228 3.227 7 
042 1.987 1.987 5 212 3.053 3.052 4 

006 1.981 1.981 7 115 2.990 2.988 82 
125 1.905 1.906 4 106 2.940 2.940 5 
134 1.837 1.838 21 300 2.845 2.846 100 
116 1.835 1.835 24 214 2.660 2.660 4 
404 1.719 1.719 6 116 2.642 2.643 26 

051 
} 1.668 

1.670 } 9 206 2.523 2.525 7 
413 1.669 221 2.443 2.444 7 
330 

} 1.621 
1.623 

} 
304 2.434 2.434 9 

502 1.622 35 310 2.369 2.368 3 
324 1.621 311 

} 2.350 
2.350 } 4 241 1.5791 1.5794 3 008 2.348 

422 1.5389 1.5391 7 312 2.296 2.296 5 
226 1.5362 1.5365 12 216 2.246 2.247 19 
511 

} 1.5019 
1.5023 } 3 

314 2.114 2.115 3 
333 1.5017 306 2.106 2.106 3 
054 1.4667 1.4667 12 402 2.082 2.082 6 

018 1.4630 1.4633 14 225 2.061 2.061 38 
600 1.4054 1.4053 17 320 1.960 1.959 4 
208 1.4017 1.4013 14 226 1.936 1.937 13 
137 1.3739 1.3741 3 0 , 0, 10 1.878 1.879 6 
520 

} 1.3498 
1.3502 } 14 411 1.854 1.854 3 

34 1.3500 308 1.811 1.811 6 

416 1.3481 1.3482 11 413 1.786 1.786 2 
128 1.3470 1.3467 17 219 1.753 1.753 6 
425 1.3235 1.3236 3 415, 1.669 1.669 22 
161 

} 1.2783 
1.2784 } 7 326 1.661 1.661 8 

523 1.2780 330 1.643 1.643 16 

119 1.2746 1.2746 6 421 1.608 1.608 4 
612 1.2566 1.2568 6 416 1.601 1.601 11 
318 1.2538 1.254] 5 3,0,10 1.567 1.568 13 
048 1.2145 1.2145 3 334 1.550 1.551 4 
532 1.1805 1.1806 4 510 1.533 1.534 3 

238 1.1782 1.1783 10 511 1.529 1.529 3 
229 1.1610 1.1608 4 2, 2, 10 1.493 1.494 5 
61 5 1.1310 1.1310 3 513 1.490 1.490 5 
704 1.]]64 1.1163 13 600 1.4231 1.4231 10 
508 1.1147 1.1148 7 3,0, 12 1.3715 1.3717 5 

624 i.0881 1.0881 5 338 1.3463 1.3464 3 
541 1.0753 1.0752 2 509 

} 1.3218 
1.3217 } 4 419 1.0730 1.0729 3 2,2 , 12 1.3215 

630 
} 1.0625 

1.0623 } 6 525 1.2847 1.2849 5 
452 1.0622 0, 0 , 15 1.2527 1.2524 4 

TABLE 2. X -ray diffraction powder data _ for the 
4SrO . 1r02 and low 4SrO '1[02 compounds (CuKa 
Radiation)a- Continued 

45rO . IrO" b Low 45rO . IrO" C 

dIAl de Al 

hk! obs calc ///0 hk! obs calc ///0 

158 1.0605 1.0606 5 519 1.2361 1.2359 6 
1,3 ,10 1.0596 1.0596 5 I , I , 15 

} 1.2135 1.2139 } 4 446 1.0370 1.0370 2 3,0,14 1.2138 
271 1.0263 1.0263 2 4, I , 12 1.1986 1.1986 2 
722 1.0150 1.0150 4 528 1.1814 1.1816 I 

084 0.9936 0.9934 4 445 1.1711 1.1711 3 
274 .9734 .9733 3 446 1.1468 1.1468 3 
900 } .9368 .9369 } 6 

3,3,1 1.1337 1.1335 5 
372 .9368 2,2,15 1.1163 1.1166 3 
538 .9357 .9357 7 3,1 ,15 

} 1.l069 1.l071 } 2 3,0 ,12 .9343 .9342 II 3,2,14 !.l070 

820 .9200 .9200 3 5,2,10 1.l054 !.lOSS 3 
268 .9188 .9189 4 715 1.0830 1.0830 3 
651 .8815 .8815 3 630 1.0758 1.0758 4 
740 .8745 .8744 3 716 1.0635 1.0637 3 

4,1,12 .8722 .8722 4 6,0,12 1.0531 1.0530 2 

808 .8597 .8597 7 4,1,15 
} 1.0390 1.0394 } 3 654 .8473 .8472 6 3 ,3,14 1.0394 

3,3,12 .8455 .8455 8 
915 .8285 .8285 2 
384 .8227 .8227 5 

660 .8113 .8114 2 
6,0,12 .8096 .8096 6 
924 .8001 .8001 6 

" d-Interplanar spacing, 1/10 - relative intensity. 
h X-ray pattern obtained from specimen heat treated at 1400 °C 

for 2 h. Indexing based on hexagonal cell with a = 9.736 and 
c= 11.886 A. 

C X-ray pattern obtained from specimen heat treated at 900 °C for 
66 h. Indexing based on hexagonal cell with a = 9.860 and c= 18.786 
A; Low 4SrO . IrO" is probably metastable. 

It has been reported that 4SrO' Pt02 hydrolyzes 
readily on contact with water [13]. This study did not 
detect any hydrolysis of the 4: 1 Ir compound when in 
contact with water at temperature up to 140 °C. How
ever, the x-ray powder pattern of a specimen having 
4: 1 composition heated at 1440 °C and quenched in 
water indicated only the 2: 1 compound and an un
identified phase (probably a hydrate). A similar experi
ment utilizing liquid nitrogen instead of water showed 
only the 4: 1 compound. 

Randall, Katz, and Ward [14] previously have re
ported the existence of a 2SrO . Ir02 compound having 
the body-cent~red tetragonal, oK2NiF4 type-structure 
with a = 3.89 A and c= 12 .92 A. The cell dimensions 
for the 2 : 1 compound in this study are in accord. The 
2 : 1 compound is stable in air at atmospheric pressure 
up to 1445 °C, the dissociation temperature. The dis
sociation products when heated at 1100 °C reform the 
2 : 1 compound indicating that it is a stable phase. 

An atmospheric pressure form of SrO . 1r02 (1 : 1) 
was reported by Longo and Kafalas [15], who indexed 
its x-ray pattern on the basis of a unit cell with mono
clinic sVl1!-metry and }he following;, cell dimensions: 
a = 5.60 A , b= 9.62 A, c= 14.17 A, and {3=93°16'. 
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The x-ray diffraction data obtained in the present 
study indicates good agreement with the cell dimen
sions reported . The 1: 1 compound is stable in air 
below 1205 °e, the dissociation temperature . 

b. Metastable Phases 

The phase listed as low 4SrO . 1r02 (fig. 1) formed 
readily in air at temperatures of 800 to 1000 °e and 
was detec ted at several compositions rich in SrO. 
Various experiments failed to produce a completely 
single phase specimen and residual amounts of other 
phases always persisted. The composition of the com
pound considered most likely is 4 : 1 since this mixture 
always produced the greatest quantity of the phase. In 
all probability this phase is metastable and forms only 
on heating. Prolonged heat treatments of the stable 
4: 1 compound up to 8 days at 950 °C, fail ed to reform 
the low 4: 1 co mpound. Indexing of the x-ray pattern 
of the phase was accomplished by a trial and error 
me thod after a literature search did not reveal any 
co mpounds stru cturally similar to the low 4SrO . 1r02. 
The x-ray powder pattern is given in table 2. It was 
indexed on the basis of a hexagonal cell with a = 9.860 
A and c = 18.786, A. The low 4: 1 co m pound metas tabl y 
decomposes at 1005 °C in air formin g th e 4 : 1 and 2 : 1 
compounds. It is somewhat unusual that the meta
stable low 4: 1 deco mposes to the 4: 1 co mpound 
which itse lf is me tas table at 1005 0c. 

The 3SrO . 2Ir02 (3 : 2) compound forms (probabl y 
metastable) in co mbination with other phases in air 
at atmospheric press ure betwee n 1000 a nd 1200 0c. 
The phase also occurs as a di ssociation product when 
a mixture SrO: 21r02 is heate d at 1300 0c. Longo and 
Kafalas [15] have reported previously the exis te nce of 
3SrO . 21r02, as a high press ure phase (synthesized at 
10 kbar (1.0 X 109 N/ m2 ) 1000 °C) with perovs kite
related structure and a body-ce ntered tetragonal unit 
cell with a = 3_ 90 A and c = 20.90 A. This phase is 
apparently similar to 3SrO 2Ti02, the structure of 
which has been proposed by Ruddlesden and Popper 
[16, 17]. The values obtained in the prese nt s tudy are 
in good agree ment with those reported by Lon go and 
Kafalas [15]. Several attempts to reform the 3: 2 com
pound from the di ssociation products were unsuccess
ful , indicating perhaps it is a metastable phase in air. 

The xSrO . 1r02 (x > 2) compound form s (probably 
metastable) in air over a wide range of compositions 
and always in combination with other phases. The 
specific co mposition of the xSrO' lrO (x > 2) co m
pound is unknown; however mixtures ri cher in SrO 
than the 2: 1 molar ratio yield ed the greates t quantity 
of the phase. Its x-ray diffraction pattern , give n in table 
3, was inde ed on the basis of a hexago nal cell with 
a = 10.307 A and c= 12.634 A. Trace amounts of th e 
xSrO - IrOz(x > 2) compound form as one of the de
composition products whe n the 4: 1 compound is give n 
prolonged heat treatment at 1000 0c. 

Table 3 gives the x-ray diffraction pattern for the 
ySrO -IrOz( 4 > y > 2) compound illdexed on the basis 
of a hexagonal cell with a = 9.805 A and c= 23.699 A. 
It exists at 900 to 1000 °C at various compositions and 

TABLE 3. X -ray diffraction powder data for the 
xSrO . 1r02 (x > 2) and ySrO' Ir02 (4) y> 2) 
phases (CuKO' radiation ) a 

xSrO '1r0, (x> 2) h )'S rO ' lrO, (4 ) y> 2),, 

d( A) d(A ) 

hkl obs calc 1/ I" 17 k! obs ca lc 1/1" 

111 4.774 4.772 46 100 8.51 8.49 19 
003 ~ 4.211 

4.211 } 22 
102 6.90 6.90 18 

201 4.208 004 5.93 5.92 6 
112 3.994 3.993 6 110 4 .908 4.903 13 
203 3.062 3.063 5 112 4.532 4.530 33 

212 ~ 2.976 } 76 
200 4.251 4.246 7 

300 ~ 2.975 2.975 202 3.999 3.997 3 
301 2.896 2.896 100 006 3.952 3.950 4 
221 2.524 2.525 16 114 3.78] 3.777 5 
303 

I ~ 2.429 
2.430 } 12 

210 3.211 3 .210 12 
311 2.430 116 3.076 3 .076 69 

214 2.307 2.306 2 206 2.893 2.892 3 
40] 2. 197 2.198 3 300 2.831 2.830 100 
304 2. 167 2.166 2 108 2.798 2.797 6 
402 2.103 2.104 27 304 2.553 2.554 7 

118 2.536 2.536 28 

216 2.490 2.491 6 
305 

} 2.429 
2.430 } 7 

208 2.429 
222 2.400 2.400 3 
3 ]0 2.356 2.355 5 

312 2.310 2.310 4 
225 

} 2. 178 
2.l77 } 13 218 2.177 

1,1 ,10 2.134 2.1 34 5 
226 2.082 2.083 30 
308 2.046 2.046 4 

1,] ,11 1.973 1.972 3 
320 1.948 1.948 5 
228 1.888 1.889 12 
324 1.851 1.851 4 

318 1.843 1.843 4 
412 1.83] 1.831 10 

3,0,10 1.817 1.817 5 
326 1.747 1.747 3 

2,2,10 1.703 1.704 3 

416 1.677 1.678 ]3 
330 1.634 1.634 9 
504 1.633 1.633 13 
332 1.619 1.619 6 
418 1.570 1.571 10 

2,2,12 1.537 1.538 4 
510 1.524 1.525 3 
600 1.415 1.415 8 
522 1.3507 1.3509 4 
526 1.2857 1.2857 5 
528 1.2354 1.2358 4 

" d-Interplanar spac ing, 1/10 - re la ti ve intens ity. 
h X-ray patte rn obtained from 351'0: 11'0, mixture heat treated 

a t 900 °C for 17 h. Ind exing based on hexagonal ce ll with II = 10.307 
a nd c = 12.634 ;\; x5 rO ·IrO, (x > 2) is probably metas ta ble. 

C X-ray patte rn obta ined from 35 1'0: irO, mixture heat trea ted 
a t 1000 0( for 2 h. Ind ex ing based on hexagonal cell with 0 = 9.805 
a nd c = 23 .699 A; ),51'0 . IrO, (4 > )' > 2) is proba bly metas table. 

always occurs in combination with other phases. 
Attempts to prepare single phase specimens were 
not successful. The specific composition of the 
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ySrO' 1r02 (4 > y> 2) compound is unknown , how
ever the x·ray patterns indicate its composition is 
probably between the 4: 1 and 2: 1 molar ratios. The 
ySrO . Ir02 (4) y> 2) compound form s only on heat
ing a nd probably is metastable in air at a tmospheric 
pressure. 

The zSrO ·1r02 (2 > z > 1) compound formed (prob
ably metastable) predominately at the 3: 2 molar ratio 
between 1000 and 1100 0c. This phase, always in 
combination with other phases, formed only on heating. 
Various experiments failed to produce a single phase 
specimen and the specific composition of the com
pound is also unknown. The unindexed x-ray diffrac
tion powder pattern for the zSrO ·1r02 (2 > z > 1) 
compound is given in table 4. 3 

The 2SrO . 31r02 (2 : 3) compound was formed most 
readily and was detected during the preparation of 
almost every composition at 800 °C although never as 
single phase. Powder x·ray diffraction data for thi s 
phase is given in table 4. The pattern was indexed on 
the basis of a body-centered cubic cell with a = 9.344 A. 
At 1025 °C the 2:3 compound dissociates to the 1: 1 
compound and Ir. Prolonged heating of the dissocia
tion produ cts failed to reform the 2: 3 compound, 
indicating perhaps it is a metastable phase that forms 
only on heating. However , a mixture of the 1 : 1 com
pound and amorphous Ir02 did form small amounts 
of the 2: 3 ph ase, whereas crys talline Ir02 and the 1 : 1 
compound did not react. All experiments conducted in 
an effort to produce single phase specimens were un
successful. The composition considered most likely 
for the body-centered c ubic phase is the 2: 3 molar 
ratio. This mixture yielded the greates t quantity of 
the phase. Long0 4 has pointed out that the 2SrO· 31r02 
compound has similar intensities and unit cell dimen· 
sions to La4Re 6019 [18J. However, the discrepancy in 
oxygen content has not been explained. 

c. Compound Summary 

Table 5 summarizes the x-ray and stability data for 
the intermediate phases detected in this study and 
those reported in the literature for the SrO-1r02 

pseudobinary system_ Of the eleven intermediate 
phases tabulated, nine were identified in this study. 
Three stable and six probably metastable phases occur 
in air at atmoshperic pressure. 

Other investigators have generally used Ir metal 
as a starting material for the preparation of mixtures in 
the SrO-1r02 system. Several of the metastable phases 
detected in this study had a tendency to form only on 
heating and when utilizing amorphous 1r02 as a starting 
material. For this reason others may not have detected 
the metastable phases. 

Longo and Kafalas reported a series of co mpounds in 
the SrO-1r02 system with closely related perovskite-

~ The x-ray diffraction powder patterns for all the low tem pera ture metas table hexagona l 
phases appear to be quit e similar. An altemnt was made to index the x-ray pattern for 
zSrO - lr0 2(2 > z > 1) based on a hexagonal cell with a =9.87 A. assuming the d values 
indicated in table 4 correspond to the (110), (300) , and (330) refle ctions. Although t11C C 

valu e necessary to account for all the da ta was unreasonab le large , it seems poss ible the 
phase also has hexagonal symmetry_ 

4 Personal communica tion. 

TABLE 4_ X-ray diffraction powder data for 
zSrO' 1r02 (2 > z > )1 and 2S rO· 31r02 

(CuK(\' Radiation)a 

zSrO . IrO, 
(2 >z > I)" 2SrO . 31rO,c 

diAl 
diAl 

//10 

hkL obs calc //10 

7.2367 4 no 6.62 6.61 52 
6.9154 6 200 4.68 4.67 37 
5.6647 27 211 3.82 3.81 10 
5.3326 4 220 3.307 3.303 14 

d4.9374 19 310 2.957 2.955 100 

4.6840 4 222 2.699 2.697 18 
4.4734 12 321 2.498 2.497 74 
3.8274 7 400 2.337 2.336 12 
3.3445 6 330 2.202 2.202 7 
3.2372 5 420 2.089 2.089 2 

3.1486 7 422 1.906 1.907 12 
d 2.8482 100 510 1.833 1.832 44 

2.8254 18 521 1.705 1.706 5 
2.6859 17 530 1.602 1.602 15 
2.5707 16 600 1.556 1.557 26 

2.5149 3 611 1.5154 1.5157 13 
2.2939 4 620 1.4771 1.4773 7 
2.2435 4 541 1.4413 1.4417 4 
2.1974 3 631 1.3778 1.3776 14 
.2. 1435 4 444 1.3488 1.3486 5 

2. 1367 6 550 1.3213 1.3214 9 
2.0882 5 640 1.2952 1.2957 2 
2.0606 6 730 1.2269 1.2269 6 
1.9997 6 651 1.1864 1.1866 8 
1.9653 5 800 1.1679 1.1679 2 

1.9517 8 741 1.1501 1.1501 1 
1.9286 3 653 1.1165 1.1168 5 
1.8656 7 660 1.10]0 1.1011 6 
1.7471 4 743 1.0862 1.0862 12 
1.6695 3 910 1.0317 1.0318 3 

d 1.6466 7 761 1.0077 1.0075 4 
1.6420 7 932 0.9637 0.9637 4 

941 .9438 .9438 4 
860 .9342 .9343 1 

10,2,2 .8990 .8991 3 

10,3,1 .8910 .8909 5 
961 .8602 .8601 4 

10,4,2 .8530 .8529 4 
11 ,1,0 .8459 .8459 5 

963 .8324 .8324 2 

970 .8194 .8195 2 
10,4,4 .8132 .8132 3 

972 .8072 .8072 4 

a d.lnterplanar spacing, 1// Irrelative int ensity. 
" X-ray pattern obtained from specimen 3SrO : 21rO, heat treated 

at 1000 O( for 2 h ; zSrO ' IrO ,(2 > z > 1) is probably metastable. 
C X.ray pattern obtained from specimen heat trea ted at 900 O( for 

17 h. Indexing based on body·centered cubic cell with (/ = 9.344 A; 
2SrO . 31rOz is probably metas tab le. 

d These d·spac ings in decreasing; order ma y corres pond to the 
hexagonal indices (110), (300), (330) based on a = 9.87 A. 
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TABLE 5. Compounds in the SrO-1r02 system 

Unit cell (A) 

Composition Sy mmetry a b c {3 Stability data Re ferences 

4SrO·lrO, hexagonal 9.736 11.886 Stable in air a t a tmospheri c pres- Present work. 
(rhombohedra l) sure betwee n 1220 a nd I S40 °C 

(dissociation te mperatu re) . 

Low 4S rO . lrO, hexago na l 9.860 18.786 Forms (probably metas ta bl e) in air Present work. 
at a tmospheri c pressure up to 
100S °C (me tas tab le phase t ra ns· 
formation). 

xSrO · lrO,(x > 2) hexagonal 10.307 12.634 Forms (p roba bl y metas table) In Prese nt work. 
co mbination with othe r phases 
in air at a tmos pheric pressure 
at 900 °C. 

yS rO · 11'0,(4 > Y > 2) hexagonal 9.80S 23.699 Form s (p robabl y metas table) In P resent wo rk . 
com bination with other phases in 
ajr at a tmosphe ri c press ure at 
800 °C. 

2SrO . IrO, te tragonal" Stabl e In air a t a tmospheri c pres' Prese nt work . 
(body·ce ntered) sure up to 144S °C (dissocia tion 

te mpera ture). 

3.89 12.92 Ra nda ll , Katz, 
a nd Ward [14]. 

zSrO· 11'0,(2 > z > I ) unindexed Forms (p robab ly metastab le) In Present work. 
com bination with other phases in 
air at a tmospheri c pressu re at 
1000 °C. 

3SrO· 21rO, l.eLragona la 3.90 20.90 Synth es ized at 10 kba r (1.0 X 109 Lo ngo a nd 
(body·centered) N/m') 1000 °C. Kafalas [IS]. 

Forms (p roba bl y metasta bl e) In Prese nt work. 
co mbin ation with other phases in 
air a t atmosp heri c pressure a t 
1000 °C. Also occu rs as a dissocia· 
ti on product when a mixture 
SrO : 21rO, is hea ted at 1300 0C. 

4SrO· 3IrO, tetragonal 3.93 28.4 Synth es ized at 3S kbar (3.S X 109 Longo a nd 
(body-centered) N/m 2) 1000 0C. Kafa las [IS]. 

P hase not detecte d in air a t a tmos- Present work . 
pheric pressure. 

SrO . 1r0, monoclinic" Stabl e in air a t a tmosp heri c pres· Present wo rk . 
sure up to 120So (dissocia tion 
te mperature). 

S.60 9.62 14. 17 93°16' Longo a nd 
Kafalas [IS]. 

High SrO . lr02 orthorhombic S.S8 S.60 7.89 Synthesized at 4S kbar (4.S X 10" Longo a nd 
N/ m 2) 1000 0C. Kafalas [IS]. 

Phase not detec te d in air at a tmos- Present work. 
phe ri c press ure . 

2SrO· 31rO, cubic 9.344 Form s (probably metas ta bl e) in air Present work. 
(body-centered) at a t.mosphe ri c pressure up to 

1025 °C (di ssociation tempe rature). 

a Ce ll dime nsions obtained in the present s tudy are in good agreeme nt. 

type structure [1 5]. The struc tural series extends be
tween the SrO ·lr02 a nd 2SrO' lr02 compounds and in
cludes in addition to the end members, the 4SrO' 31r02 
and 3SrO· 21r02 phases. Of these perovskite-related 
compounds the 1: 1 and 4:3 apparently can be formed 

only at high pressures and thu s were not de tected in 
the present study. 

With the exce ption of the 2: 3 compound , all the low 
temperature metastable phases detected here have 
hexagonal or pseudohexagonal symmetry with a similar 
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a-dimension. It is possible that some undetermined 
struc tural relationship exists between these phases 
which could include the 2:3 compound as a member of 
the series. If this is true, the cubic symmetry desig
nated for the 2:3 compound would represent a pseudo
cell and the true symmetry may be hexagonal. 
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