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Abstract 

The stabilization of the highest oxidation states n + of transition elements M" ' is an important way of evaluating the role 
of the covalency of the (M" "-O) bond in the physico-chemical properties of corresponding oxygen lattices. Recently, using 
high oxygen pressures, ldVl) has been stabilized in A:Blr(VI)O. oxides with the perovskite-ty~ structure (A =~ La,Ba,Sr; 
B ~ Ca.Sr, Mg,Zn,Li). Through XRD and XANES analyses, the M" ~=O distance and the splitting energy between t~ and % 

;3it O~, perovskltes (n IV,V,VI) levels at the ir(Vl) site have been evaluated. The magnetic properties of such ordered A. "~ ' • ~ ° 
have been discussed as a function of the covalency of the It" +=O bond and the lr" +-O distance. ¢~ 1q97 Elsevier Science 
S.A, 

geywonl.~: I-ligh oxygen pressures; High oxidation slates; h'(Vll oxides 

I. Introduction 

When the formal oxidation state n + of a transition 
element M increases, its ionic radius is consequently 
decreased, the local crystal field energy is enhanced 
and the covalency of the M" +-O bond is significantly 
increased. These different local phenomena drasti- 
cally modify the physico-chemical properties of the 
host lattice and result in effects comparable to the 
influence of vet), high pressures on an oxygen lattice 
containing M" '  cations with a constant n + value. 

2. High oxygen pressures 

Three main routes can be used to genclate oxygen 
pressures [I]: 
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® compressed gas (Pm.~ ~ 500 MPa, T,.,,~ ~ 850°C): 
® oxidizing solutions (1~,.~ ~ 500 MPa, T,~,~ 

850°C); 
® in situ thermal decomposition of KCIO~ or Uno 

stable oxides in the reaction cell of a beltotype 
apparatus (Pm,,~ =~ 7 GPa, Tin. ~ ~ 2000°C). 

During the last 25 years, the development of high 
oxygen pressures in Bordeaux has led to a great 
improvement in the preparation methods of new oxo 
ides with unusual oxidation states of transition metals 
(Table I ). 

In addition, different electronic phenomena can be 
associated with the stabilization of high oxidation 
states of d elements. For example, the transition fi'om 
one electronic configuration to another (for example 
low-spin-~, high spin) as a function of temperature 
has been studied, particularly in the case of Co{II11 in 
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Element Oxidation Host lattice Reference 
state 

Fe F¢IIV) ~h,~i, Lai .t, Li , .Fe ..... Oa [4] 
(A = Ca,Sr.Ba) 

1 ~  V) La: LiFeO. [51 

Co C ~ l l i )  

C~ 1 V ) 

LnCoO~ [61 
SrLnC'oO~ [7] 
(&++!,Lil t +u IMp+ +,+C~+ +~,0+ IS] 
(A + Ca,Sr,Ba; M + Mg,Zn) 

(St u +tiLi:l t +.)Li. ~,,Co. +,,O+ tO] 

Ni Ndl l l )  LnNiO, [lli] 
Sr LnNiO+ [ 11] 
(&, ~.Lat ,,,)M,, ~,,Ni. ~+,(;)+ [12] 

Cu {ul l l l )  I+afuO~ [13.14] 
La: Li. ~.Cu,, ~,,O~ 
SrLaCuO+ [1~1 

Table 2 
Evolmion of th¢ average Ir t~xidalion state as a function of the 
¢xffrimental ¢ondition~ for the A~MIrO. (A+Sr.Ba; M +  
Ca,SLgn.M# r~rtwskil¢~ 

T|+o+:+!i++d Os3/gcn pr¢~tir~ Average Ir 

B,~+~CMr(),, gl l+C till MP+i+ 414 h ~,O*t 
B+++CM+O<+ ~ilii+C 
B~+SfI~(). Pim!V 
B.++ ~Pil+(+i~ PimrC 
if+it ~lili+O+, lllilii°( + 
SPfl'MI¢). ~t~1+( 
~i+t'aiiOn I IO'C 
Sit M$110+, ~ r C  
~+++ M@O+, ram+c, 
SP: g.l+O,+, mmrC 

++ GPa. 11i fi+it+ f~,illl 

7 CiPa+ I~ miil ~+,i+~ 
¢~! MP+. 4~t h ~ +m 

OPi+, ~ mitt ~,bll 
~i MPa. 414 h ~+~+i 

Si:~itlrO~, lOllir-C~ ? GPa, 1~ nlin ~,?~ 

Tabl~ 3 
~voluti+tn of the 1¢" *::() btllld distan,2¢ v~, the oxidaihm ~tat¢ n 

()ti, de n * d~ir" + +()) 

± o,(m5 At 

SrlrO+ IV ZOOS 
La: Mitt(),. I V 3,(ill.l 
La + Zi~ I r(). I V I, q~s 

l+~+ 2 Lt|¢(). V 1 ,~<4++ 

B~CMt(L VI l+~2h 
Ba; Sd ~O. V I I+~2S 
St: CMrO~ VI 13~22 

Table 
Variation of the energy splitting AE (eV)between t2~ and e~ states 
for different h .... oxides 

Oxide n + AE 
( +0.01 eV) 

La. MglrO,, iV 3.18 
La. ZnlrO. IV 3.05 

La, Li I rO. V 3.67 
Baz~'IrO . V 3.26 

Ba:CaIrOt, V! 3.89 
Ba:SrlrO. V! 3.88 
Sr2CalrOt, V! 3.90 

oxygen lattices derived from the perovskite structure 
[2]. Another example is the disproportionation 2M" '~ 
~, M t' + t'+ + M ~'° t~+ which has been investigated 
for Fe(IV) in the AFeO.~ oxides as a function of the 
steric effect of the cation A (Ca,SO using tt'~Sn 
MOssbauer spcctromopy [3]. 

Due to the large increase in the local crystal field 
energy on going from the 3d to the 5d series, the 
highest oxidation states can be obtained for the third 
row of transition elements. Recently, Ir(Vi) has been 
stabilized in different oxides with the pcrovskite struc- 
ture. 

3. Preparation and characterization of the 
A2MIr(V1)O+ perovskites (A ++ Sr, Ba; M ++ Ca, Sr, 
Zn, Mg) 

Th~c materials were prepared through solid state 
reaetion~ in three or four ~|ep~° 

A stoidliometric mixture of the reactants was calci° 
hated at approximately 850°C for 24 h, and then 
heated at approximatdy 950°C in an oxygen atmo+ 
sphere for two days, The third step consisted of treat+ 
ment under oxygen pressure (compres~d gas) at 88WC 
and ~ MPa for 2 days. The last one was treatment 
under very high oxygen pressures (5-7 GPa) at 900°C 
using the in situ decomposition of KCIO~ [16]. 

The experimental conditions and the resulting value 
of the oxidation state of iridium are reported in Table 
2 h~r the various A :MirO. comlmunds. 

In order to study the evolution of the Ir" +-O 
distance and of the I~al crystal field energy vs. the 
oxidation state o + ,  several iridium perovskites have 
~¢n investigated using XANES (X+ray absorption 
near edge structure) and lr°Lut-edg¢ EXAFS (Ex- 
tended X+ray abmrption fine structure)[l?]. 

Table 3 gives the variation of the it" ++O distance 
vs, the n value in different perovskite-iype lattices 
i17]+ 
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The values of the energy splitting between the t.,g 
and eg states is reported in Table 4 for different Ir "÷ 
oxides [ 17]. 

The AE value increases with increasing n + value 
but the influence of the competing M - - O  bond to the 
I r " ~ - O  ones also plays an important role. A weak 
competing bond, such as L i -O  in La: Lilr(V)O,, leads 
to a strong splitting. 

4. Conclusion 

The use of oxygen pressure appears to be an impor- 
tant tool for the stabili .... tion of unusual oxidation 
states of transition eleme,ats. The selection of  the 
competing bond and the local symmetry is of great 
help in optimizing the local crystal field energy and 
consequently improving the stabilization of unknown 
or uncommon valencies leading to a highly covalent 
M ~ O  bond. 
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