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Abstract

The Gibbs free energies of formation of FRuO;(s), SmRuG;(s) and SraRu,O;(s) have been determined using solid-state electrochemical
cell employing oxide ion conducting electrolyte. The electromotive force (e.m.f.) of the following solid-state electrochemical cells have been
measured:

e Cell (I): (—)Pt{SmsRUO;(s) + SmO3(s) + Ru(s}||CSZ|Ox(p(0,) = 21.21 kPa)/Pt(+)
e Cell (Il): (—)Pt{SmzRUO;(s) + SmRUOs(s) + Ru(s}|CSZ|(p(0,) = 21.21 kPa)/Pt(+)
e Cell (Il): (—)Pt{SmpRuUOGs(s) + SmRWO/(s) + Ru(s}|CSZ|| Ox(p(0,) = 21.21 kPa)/Pt(+)

The Gibbs free energies of formation of RuO;(s), SmRuGs(s) and SrpRW,O,(s) from elements in their standard state, calculated by
the least squares regression analysis of the data obtained in the present study can be given respectively by:

{A{GO(SmsRUO;, s)/(kImol™) + 3.1} = —31615 + 0.6528 (7K); (969 < T/K < 12228),
{A1GO(SMpRUG, s)/(kJ mol Y) £ 2.6} = —21510 + 0.4544 ([/K); (917.1 < T/K < 124Q8),

{ArGY(SMRWOy, s)/(kImolY) £ 3.1} = —25067 + 0.6345 (I/K); (10347 < T/K < 12211).

The uncertainty estimates faG°(7) include the standard deviation in e.m.f. and uncertainty in the data taken from the literature.
© 2005 Published by Elsevier B.V.
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1. Introduction have been largely limited to pyrochlore systems such as
Ln2RupO7(S).

A plethora of research has been initiated in recent years The Sm-Ru-O system, investigated in this study,
towards understanding the physical properties of 4d and 5dcomprises of the following binary oxides: SRuUO;(S),
transition metal oxides, which show a variety of magneticand SmpRuGs5(s) and SmaRwO7(s). SmyRuO;(s) was indexed
transport transitions indicative of highly correlated electronic on an orthorhombic unit cell (space groGpcm) [2]. Phys-
interactions and strong spin charge coupliftpy However, ical properties such as, magnetization, electrical resistivity
studies of oxides with 4d transition metals and rare earth and heat capacity of the ternary oxide were investigated. It

was found to have nonmetallic electrical resistivity. Tempera-
mpondmg author. Tel.: +91 22 25590648; ture dependenpe of magnetiq §usceptibi|ity was measured by
fax: +91 22 25505151/5345. Harada and Hinats[B]. Specific heat measurements show
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thatthe transitionis a structural phase transition, BuQ;(s)
has a complex orthorhombic structure (space gifouju) [4]
possessing chains of Rg{five oxygen coordinated square
pyramids which are corner sharing and two inequivalent
seven coordinated L sites which are edge sharing. Magneti-
zation, electrical resistivity and heat capacity of fRuOs(s)
were investigated by Cao et #].

In the pyrochlore oxide, £*B»**0;2~ when both the
A and B sites are occupied by magnetic ions, these com-
pounds show very interesting magnetic features, caused by
the coupled magnetic interactions between the 4f electrons

Sm,RuO,(s)

120,

0.01.0 Sm,Ru,0,(s)

Sm,0,(s)

of rare-earths, those between the d and g elec{@i$ The
ruthenium pyrochlore has been studied for their novel con-
ductivity [8,9] and catalytic activity10,11] The pyrochlore
SmpRwW0O7(s) can be considered as an ordered defective
fluorite (space groug'd3m) [12]. Magnetic properties for
SmpRuWO7(s) were measured by Taira et HI3]. The mag-
netic properties should be attributable to the*Rion and
also rare earth ion St that is paramagnetic. SiRuO7(s)
shows magnetic transition At 135 K. Specific heat and sus-
ceptibility studies on SgRuO7(s) were also carried out by
Taira et al[14].

Crystal structure, magnetic and electrical properties of
the oxides have been thoroughly investigated by many

researchers. However thermodynamic properties of these

oxides need investigation. Quantitative information on the
thermodynamic properties of these compounds is useful
for assessing the interaction of platinum group metals with
ceramic compounds containing rare-earth oxides under dif-
ferent environments. The information is also important for

the design of processes for the recovery of rare-earth and

precious metals from scrap. In this study, based on the phascefecorded on powder diffractometer using Cu Kadiation is

relations between the oxides, solid-state cells were designe

to measure the Gibbs free energies of formation of the ternary

oxides. The Gibbs free energies of formation ofsRu0;(s),
SmpRuGs(s) and SmpRWO7(s) were determined by an oxide
electrochemical cell using 0.15 mole fraction calcia stabi-
lized zirconia (CSZ) solid electrolyte, in the temperature
range from 963.6 to 1222.8, 917.1 to 1240.8 and 1034.7 to
1221.1 K, respectively.

2. Experimental
2.1. Materials

SmsRuOy(s) was synthesized from stoichiometric propor-
tions of preheated Sy@s(s) (0.9985 mass fraction, Leico
Industries Inc.) and Rugls) (0.997 mass fraction, Prabhat
Chemicals, India) powders. The powders were intimately
ground and the mixture was then pelletized. The pellets
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Fig. 1. Isothermal section of the phase diagram for the system Sm—Ru-O at
T=1150K.

oxides, mixed homogeneously, pelletized and heated to a
temperature of 1473 K for several hours. A few firings at
the same temperature with intermediate grindings were nec-
essary to ensure homogeneity. S/RpO7(s) was prepared
similarly by mixing stoichiometric proportions of the respec-
tive oxides. The homogeneous mixture was pelletized and
sealed in an evacuated ampoule. The ampoule was then
heated td"=1423 K. The values of the interplanar d spacing
obtained for SRuUO;(s), SmRuUGs(s) and SmRWO7(S)

in good agreement with those reported in JCPDS file number
#39-10272], #44—10394] and #28-99T712], respectively.

An isothermal section of the phase diagram for the
Sm—-Ru-0O system af=1150K is shown inFig. 1 All
the compounds in the phase diagram were prepared sep-
arately characterized by X-ray diffraction and then mixed
in stoichiometric ratios of the individual oxides to obtain
the respective phase fields. The following phase mix-
tures were prepared{SmzRuOy(s)+ SmOs(s) + Ru(s},
{SmsRUO;(s) + SmRuUGs(s) + Ru(s} and {SmpRuGs(s) +
SmRWO7(s) + Ru(s} by mixing the individual compounds
in the appropriate molar ratios and then pelletized into pel-
lets of dimension 7 mm diameter and 3 mm thickness using
a tungsten carbide die at a pressure of 100 MPa. The pellets
were sintered in purified argon gas atmosphefe=a1000 K
for several hours. The sintered pellets were re-examined by
X-ray diffraction and the phase compositions were found to
be unchanged after sintering. These pellets were then used
for e.m.f. measurements.

were subjected to a pressure of 50 MPa and then fired in

air at7=1273K for several hours with repeated grindings. 2 > e oxide cell assembly

The pellets were reground and repelletized and heated in

air several times to ensure homogeneity.,BuOs5(s) was A double compartment cell assembly, with 0.15 mole frac-
prepared from stoichiometric proportions of the respective tion calcia stabilized zirconia (CSZ) solid electrolyte tube
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