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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"*-0) bond in the physico-chemical properties of corresponding oxygen lattices. Recently, using
high oxygen pressures, I(VD has been stabilized in A,BINVIO, oxides with the perovskite-type 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 ¢
levels at the Ir(VD) site have been evaluated. The magnetic properties of such ordered A, 3lr" * O, perovskites (n = W,V,Vﬁ
have been discussed as a function of the covalency of the Ir” "0 bond and the Ir” *~-O distance.  © 1997 Elsevier Science

S.A.
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1. lntroduction

When the formal oxidation state n + of a transition
element M increases, its jonic 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 modifv the physico-chemical properties of the
host lattice and result in effects comparable to the
influence of very 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 generate oxygen
pressures [1]:
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e compressed gas (P, = 500 MPa, T, = 850°C);

e oxidizing solutions (P, = 500 MPa, T, =
850°C);

o in situ thermal decomposition of KCIO, or un-
stable oxides in the reaction cell of a belt-type
apparatus (P,,,, = 7 GPa, T, = 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 ox-
ides with unusual oxidation states of transition metals
(Table 1).

In addition, different electronic pheriomena can be
associated with the stabilization of high oxidation
states of d elements. For example, the transition from
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(Ill) in
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Table |
Some unusual oxidation states of W elements stabilized under
CRYREN PIEssUTEs

Reference

Tuble 4
Variation of the energy splitting AE (cV) between t,, and ¢, states
for different Ir” © oxides

Element  Oxidation  Host lattice
stite
Ft’ Fc(l\”) (’\‘, (“Lil‘ i(.Li“ 4[,Fc¢, 4(,04 [4]
(A = Ca.Sr.Ba)
Fe(V) La, LiFeQ), [5]
Co Cotlth 1.nCo0O, {6]
SrL.nCoQ, n
(Agsalaty oM, 5,C0 05 (8]
(A= CaSrBa: M = Mg.Zn)
CatlV) (Sky Lty s )iy 60 Coy 0Oy {9
Ni NKILD LaNiO, (0]
SrLaNiO, 11}
(Au %uLal W)Mn inNiu ﬂu()«l [12]
Cu Cutltis LaCu0, [13.14])
La Ly, Cuy 0y
SrLaCuOy, [15]

Table 2

Evolution of the average Ir oxidation state as a function of the
experimental  conditions for the A MIrO, (A=StBa; M=
Ca.Sr.Zn.Mg) perovskites

Theoretical

Oxygen pressure Average Ir
compasition treatmuent axdation state
Ba,Calr©), REIFC, 60 MP, 48 b S99
Ba,CalrO, HHPC, 6 GPa, 10 min 600
Bu. $¢1¢O,, NROCC, 60 MPa, 48 h 3N
Ba, ZatrO, REOPC, 60 MPa, 48 1 §.75
Ba: ZalrO), HRKIC, 7 GPa, 18 min 596
S, CalrQ, REO'C, 60 MPa, 48 h YR
58, CalrO, U, 0 G, 5 min §99
$F: Mgli O, BHO°C, 60 MPa, 48 h 598
S8, MgleO, SO0°C, 6 GPa, 3 min 5.81
8¢ ZnlrO, HBOC, 6l) MPa, 48 h 3,54
5¢: 2nlrO, HIHYC, 7 GPa, 18 min 472
Tuble 3
Evolution of the 8" * =0 bond distance vs. the oxidation state n
Oxide n+ ‘d(l'f":@()‘)

(£0.005 A)
SrlrQ), v 2008
La, MglrO), v 2004
Las ZolrO),, v 1.998
La, LilrO, v 1959
Ba,YIrQ), v 1.962
Ba,CalrQ), Vi 1.926
Ba: SelrO, Vi 1.92%
St CalrQ, Vi 1.922

Oxide n+ AE
(£0.01 V)
La.MglrO, v 318
La,ZnlrO, v 205
La,LilrO, \Y 367
Ba,Y 10, \Y 326
Ba,CalrO, Vi 3.89
Ba,SrlrO, A%/ 3.88
Sr,CaliQ, Vi 390

oxygen lattices derived from the perovskite structure
[2]. Another example is the disproportionation 2M"*
= MU D M= D% which has been investigated
for Fe(IV) in the AFeO, oxides as a function of the
steric effect of the cation A (CaSr) using ''’Sn
Massbauer spectroscopy [3].

Due to the large increase in the local crystal field
energy on going from the 3d to the Sd 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 perovskite struc-
ture.

3. Preparation and characterization of the
A2MIr(VD)O, perovskites (A = Sr, Ba; M = Ca, Sr,
Zn, Mp)

These materials were prepared through solid state
reactions in three or four steps,

A stoichiometric mixture of the reactants was calei-
nated at approximately 850°C for 24 h, and then
heated at approximately 950°C in an oxygen atmo-
sphere for two days. The third step consisted of treat-
ment under oxygen pressure (compressed gas) at 880°C
and 60 MPa for 2 days. The last onc 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 for the various A ,MirQ, compounds,

In order to study the evolution of the Ir" -0
distance and of the local crystal field energy vs. the
oxidution state n +, several iridium perovskites have
been investigated using XANES (X-ray absorption
near edge structure) and Ir-L-edge EXAFS (Ex-
tended X-ray absorption fine structure) [17],

Table 3 gives the variation of the Ir" *~O distance
{s.]the n value in different perovskite-type lattices

17,
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The values of the energy splitting between the t,,
and e, 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
Ir" *-O ones also plays an important role. A weak
competing bond, such as Li-O in La,LiI(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 elemeats. 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 stabilizaiton of unknown
or uncommon valencies leading to a highly covalent
M—O bond.
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