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Abstract
In this study, the standardmolar Gibbs energy of formation of Y2Ru2O7(s) and Y3RuO7(s) was determined using calcia-stabilized
zirconia (CSZ) as an electrolyte and air as a reference electrode. The cells can be represented by: (−)Pt/{Y2O3(s) + Y2Ru2O7(s) +
Ru(s)}//CSZ//O2(p(O2) = 21.21 kPa)/Pt(+), (−)Pt/{Y3RuO7(s) + Y2Ru2O7(s) + Y2O3(s)}//CSZ//O2(p(O2) = 21.21kPa)/Pt(+).
The electromotive force was measured in the temperature range from 981 to 1155 K and 932 to 1186 K, respectively. The
standard molar Gibbs energy of formation of Y2Ru2O7(s) and Y3RuO7(s) from elements in their standard state was calculated by
the least squares regression analysis of the data obtained in the present study and can be given, respectively, by: {ΔfG(Y2Ru2O7,
s)/(kJmol−1) ± 2.22} = − 2554.1 + 0.625 ⋅ (T/K) and {ΔfG(Y3RuO7, s)/(kJmol−1) ± 2.45} = − 3249.5 + 0.635 ⋅ (T/K). The stan-
dard molar heat capacityCo

p,m(T) of Y2Ru2O7(s) was measured using a heat flux–type differential scanning calorimeter (DSC) in
the temperature range, from 307 to 780 K. The heat capacity was fitted into a mathematical expression and can be represented by:
Cp, m(Y2Ru2O7, s, T)(JK

−1mol−1) = 256.1 + 5.88 ∙ 10−2T(K) − 34.75 ∙ 105/T2(K). (307 ≤ T (K) ≤ 780). The heat capacity of
Y2Ru2O7(s) was used along with the data obtained from the electrochemical cell to determine its decomposition temperature
and stability in air and to calculate other thermodynamic parameters.

Keywords Y-Ru-Osystem .Solid-stateelectrochemicalcell .Differentialscanningcalorimetry(DSC) .Thermodynamicfunctions

Introduction

Ruthenium-based oxides belong to the 4d series of transition
metal oxides that show many interesting magnetic and elec-
tronic properties due to the enhanced radial extent of the 4d
orbital [1, 2]. Electrons in ruthenates have an equal chance of
displaying either localized behavior or iterant behavior depen-
dent on structural or chemical influences [3]. Ruthenium
shows unusual oxidation state ranging from + 2 to + 8 [4].
Mixed oxides containing both lanthanides and 4d transition
elements have been the subject of an investigation by several
researchers due to their unusual electronic and magnetic prop-
erties [5, 6]. Most of these studies have been largely limited to

pyrochlore systems such as Ln2Ru2O7(s), where Ln is a rare
earth element [7]. Rare earth ruthenium oxides wherein ruthe-
nium is in the + 5 state were first synthesized by van Berkel
and Ijdo [8]. Rossell described the orthorhombic structure as a
superstructure of the cubic fluorite structure [9]. Rare earth
ruthenates with composition Ln3RuO7 have been investigated
extensively by Harada and Hinatsu with respect to their mag-
netic properties and low-temperature specific heat [10, 11].
Magnetic properties of La3RuO7(s) and La3OsO7(s) were also
determined by Lam et al. [12].

In the Y-Ru-O system, the ternary compounds Y2Ru2O7(s)
and Y3RuO7(s) are known. Cruickshank and Glasser [13]
synthesized several rare earth platinum group double oxides
and reported for the first time a Rooksby phase with the gen-
eral formula RE3PGO7 ((PG) platinum group), including
Y3RuO7(s). Though yttrium is not strictly a rare earth but
has many characteristics in common with this group. In
pyrochlores, when both A and B are transition metal cations
the compounds are semiconductors. Thus, Ln2Ru2O7 (Ln =
Pr/Lu) and Y2Ru2O7(s) are semiconducting with low activa-
tion energy [14]. Blacklock et al. measured the specific heats
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of the pyrochlore Y2Ru2O7(s) from 20 to 2 K. A Debye tem-
perature of 499 K was calculated by them [15]. Taira and co-
workers reported the magnetic properties of Y2Ru2O7(s) [16]
and detected a magnetic transition at 80 K. Temperature-
dependent optical properties were carried out by Lee et al.
[17]. Pyrochlores as electrocatalysts for alkaline water elec-
trolysis have recently been explored by Parrondo et al. [18].
Nanocrystalline yttrium ruthenate pyrochlores as new
electrocatalysts for Zn-Air batteries was explored by Park
et al. [19]. In a recent paper, Kim et al. studied the electrocat-
alytic properties of yttrium ruthenates and its stability in acidic
medium for oxygen evolution reaction [20]. Shin and co-
workers confirmed the formation of Y2Ru2O7(s) phase after
trapping gaseous ruthenium at high temperature with yttria
filter. In order to obtain information on operating conditions
to efficiently trap ruthenium oxides that had volatilized from
the DUPIC (Direct Use of spent PWR fuel in CANDU reac-
tor) fabrication process, these experiments were carried out
[21]. The determination of stability of the pyrochlore and its
decomposition temperature is vital for developing process
streams at the back end of the nuclear fuel cycle to recover
precious ruthenium from radioactive waste. Understanding
thermodynamic properties of these ruthenium oxides are of
prime importance to determine their behavior in accident
and high-temperature waste immobilization processes [22].
Thermodynamic data on the ternary oxides in the Y-Ru-O
system is however lacking in literature.

In the present study, both the ternary oxides Y3RuO7(s) and
Y2Ru2O7(s) in the Y-Ru-O system were synthesized and
based on the phase relations, solid oxide-electrolyte galvanic
cell measurements were carried out to determine the standard
molar Gibbs energy of formation of Y2Ru2O7(s) and of
Y3RuO7(s) in the temperature range from 981 to 1155 K and
932 to 1186 K, respectively. Heat capacity measurements of
the pyrochlore Y2Ru2O7(s) was measured in the temperature
range from 307 to 780 K using a differential scanning calo-
rimeter (DSC-131) and its thermodynamic functions were
evaluated from these experimental data.

Experimental

Materials

Y3RuO7(s) was synthesized from stoichiometric proportions
of preheated Y2O3(s) (0.9985 mass fraction, Leico Industries
Inc.) and RuO2(s) (0.997 mass fraction, Prabhat Chemicals,
India). The oxide was intimately ground and the mixture was
then pressed into pellets. The Y3RuO7(s) pellet was then sub-
jected to a pressure of 50 MPa and then fired in air at 1373 K
and furnace cooled to room temperature. The pellet was
reground and repelletized several times to ensure homogene-
ity and a pure phase was obtained. The formation of the

compound was confirmed by X-ray diffractometry using Cu-
Kα radiation and is in agreement with those reported by van
Berkel et al. [8]. Y2Ru2O7(s) was synthesized from stoichio-
metric proportions of preheated Y2O3(s) and RuO2(s) [23].
The mixture was pulverized and pelletized. Y2Ru2O7(s) pel-
lets were sealed in an evacuated quartz ampoule and heated to
T = 1400 K for several hours and cooled to room temperature.
The formation of the compound was confirmed by X-ray dif-
fractometry using Cu-Kα radiation, as shown in Fig. 1.

Cell design for e.m.f. measurements

Phase mixtures of {Y2O3(s) + Y2Ru2O7(s) + Ru(s)} and
{Y3RuO7(s) + Y2Ru2O7(s) + Y2O3(s)} in the appropriate mo-
lar ratios were pressed into pellets of 10 mm in diameter and
3 mm thickness using a tungsten carbide lined die at a pressure
of 100 MPa. The pellets were sintered at T = 1000 K for sev-
eral hours. The phases in the sintered pellets remained un-
changed after heat treatment. These pellets were then used
for electromotive force (e.m.f.) measurement.

The oxide cell assembly

A double compartment cell assembly with 0.15-mol fraction
calcia-stabilized zirconia (CSZ) solid electrolyte tube with one
end closed and flat was used to separate the gaseous environ-
ments of the two electrodes. A schematic diagram of the in-
house fabricated experimental set-up used for electrochemical
measurements has been depicted in an earlier study [24].
Argon gas, with a flowing at a rate of 1 dm3 h−1, was purified
by passing it through towers containing the reduced form of
BASF catalyst, molecular sieves, and magnesium perchlorate
which served as the gaseous atmosphere for the cell. The pel-
lets for the working electrode were made by compaction and
pelletization of appropriate phase mixtures as described earlier.
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Fig. 1 XRD pattern of Y2Ru2O7(s)
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The working electrode compartment was initially evacuated
and flushed with argon gas. This procedure was repeated sev-
eral times while simultaneously, the cell was heated to around
573 K so as to drive all moisture and other atmospheric gasses
present in the electrode compartment. The argon gas served as
the cover gas over the working electrode and was bubbled out at
a steady rate through an oil bubbler without disturbing the equi-
librium at the working electrode. An alumina guide tube directs
the argon cover gas to the working electrode. Air was used as a
reference electrode. Synthetic dry air from an air generator at
atmospheric pressure was used for this purpose. A Faraday cage
was placed between the furnace and cell assembly. The cage
was grounded to minimize induced e.m.f. on the cell leads.
Alumina sheathed platinum leads were used to measure the
e.m.f. The temperature of the cell was measured by a calibrated
chromel-alumel thermocouple located in the vicinity of the pel-
let. The e.m.f. of the cell was measured using a high impedance
Keithley 614 electrometer. Voltages were reproducible in subse-
quent heating cycles. E.m.f. was measured after initially equili-
brating the galvanic cells at 1000 K for several hours. The fol-
lowing cell configurations were employed in the present study:

Cell (I): (−)Pt / {{Y2O3(s) + Y2Ru2O7(s) + Ru(s)}//CSZ//
O2(p(O2) = 21.21 kPa) / Pt(+)
Cell (II): (−)Pt / {{Y3RuO7(s) + Y2Ru2O7(s) +
Y2O3(s)}//CSZ//O2(p(O2) = 21.21 kPa) / Pt(+).

The cells above were written in such a manner that the
right-hand electrode is positive. The reversibility of the
solid-state electrochemical cell was checked by micro-
coulometric titration in both directions. A small quantity of
current was passed through the cell in either direction.
Removal of the applied current returned the cell e.m.f. to its
original value. The e.m.f. of the cells was also found to be
independent of flow rate of the inert gas passing over the
sample electrode. The range of permissible oxygen partial
pressures for purely ionic conduction for CSZ ranges from
about 10−20 Pa at 1000 K to10−13 Pa at 1273 K as given by
Pratt [25]; the oxygen partial pressure of these yttrium ruthe-
nium oxides lie in this range.

Measurement of Heat Capacity of Y2Ru2O7(s)

Heat capacity measurements were carried out using a heat
flux–type differential scanning calorimeter (Model: DSC-
131, Setaram Instrumentation, France). The temperature cali-
bration of the calorimeter was carried out in the present study
by the phase transition temperature of the National Institute of
Standards and Technology (NIST) reference materials. Heat
calibration of the calorimeter was carried out from the en-
thalpies of transition of the reference materials as described
in an earlier publication [26]. For the determination of heat
capacity, NIST synthetic sapphire (SRM 720) in the powder

form was used as the reference material. Heat capacity of the
oxide was determined in the temperature range: 307 ≤ T (K) ≤
780. The classical three-step method was used to determine
the heat capacity in the continuous heating mode, in argon
atmosphere at a heating rate of 5 K min−1 and a gas flow rate
of 2 dm3 h−1. All three sets of experiment were performed
under identical experimental conditions viz. heating rate, car-
rier gas flow rate, delay time, and temperature range. Two
empty, flat-bottomed cylindrical aluminum crucibles of iden-
tical masses were selected for the sample and reference cells.
In the first run, both the sample and reference cells were load-
ed with empty aluminum crucibles. The heat flow versus tem-
perature was measured at a heating rate of 5 K min−1. In the
second run, a known weight of NIST synthetic sapphire
(SRM-720) was loaded in the sample cell keeping the crucible
in the reference side empty and once again the heat flow ver-
sus temperature was measured in the same temperature range
and at the same heating rate. In the third run, a known weight
of the sample viz. Y2Ru2O7(s) was loaded in the sample cell,
the reference cell being empty and the heat flow as a function
of temperature was measured. About 300–350 mg of the sam-
ple was used for the heat capacity measurements.

Theory

Solid-state electrochemical measurements using
oxide cell

E.m.f. of the solid-state oxide electrochemical cell is related to
the partial pressure of oxygen at the two electrodes and is
given by the relation:

p} O2ð Þ

E ¼ RT=nFð Þ⋅∫t O2−� �
⋅d ln p O2ð Þ

p0 O2ð Þ
ð1Þ

E is the measured e.m.f. of the cell in volts, R =
8.3144 J K−1 mol−1 is the universal gas constant, n is the
number of electrons participating in the electrode reaction,
F = 96485.3 C mol−1 is the Faraday constant, T is the absolute
temperature, t(O2−) is the effective transference number of O2

−ion for the solid electrolyte, and p″(O2) and p′(O2) are the
equilibrium oxygen partial pressures at the positive and neg-
ative electrodes, respectively. The transport number of oxygen
ion in the present electrolyte cell arrangement is near unity
(t(O2−) > 0.99) at the oxygen pressures and temperatures cov-
ered in this study. Hence, the e.m.f. of the cell is directly
proportional to the logarithm of the ratio of partial pressures
of oxygen at the electrodes:

E ¼ RT=nFð Þ � ln p} O2ð Þ=p0
O2ð Þ

n o
: p} O2ð Þ ð2Þ
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Thus,

nFE ¼ RT ln p″ O2ð Þ−RT ln p
0
O2ð Þ ð3Þ

where ln p′(O2) is the oxygen chemical potential over the
positive electrode and RT ln p′(O2) is the oxygen chemical
potential over the negative electrode.

Heat capacity measurements

The heat capacity of the sample under investigation using
DSC-131 can be calculated by a simple comparison of the
heat flow rates in three runs as illustrated in the literature
[27]. For a defined step of temperature, the thermal effect
corresponding to the sample heating is integrated. Thermal
equilibrium of the sample is reached after each step of tem-
perature. If Ti represents the initial temperature, the tempera-
ture interval step is chosen between Tj and Tj + 1, we define
Tj = Ti +ΔT and Tj + 1 = Ti + (j + i) ΔT. The expression used
for the calculation of heat capacity of the sample is given as:

Cp T j
� �

sample ¼ HFsample−HFblank
� �� �

= HFRef−HFblankð Þh i∙ MRef=M sample

� �
Cp T j

� �
Ref

D E

ð4Þ
where HFblank, HFRef, and HFsample represent the heat flow dur-
ing the first, second, and third runs, respectively.Cp(Tj)sample and
Cp(Tj)Ref represent the heat capacities of the sample and refer-
ence materials in J K−1 g−1 and Msample and MRef represent the
mass of sample and reference, respectively. The heat capacity
values thus obtained were then converted to J K−1 mol−1. The
accuracy of measurements was checked by measuring the

specific heat of Fe2O3(s) (mass fraction 0.998) in the tempera-
ture range from 307 to 700 K and the values were found to be
within ± 3% as compared with the literature values [28].

Results and discussion

ΔfG
o (T) of Y2Ru2O7(s)

The reversible e.m.f. values of cell (I) measured as a function
of temperature are shown in Fig. 2. The half-cell reaction at
the cathode and the anode for the cell can be given by:

2 O2 gð Þ þ 8 e− ¼ 4 O2− at the cathodeð Þ ð5Þ
Y2O3 sð Þ þ 2 Ru sð Þ þ 4 O2− ¼ Y2Ru2O7 sð Þ

þ8 e− at the anodeð Þ
ð6Þ

The overall cell reaction can be represented by:

Y2O3 sð Þ þ 2 Ru sð Þ þ 2 O2 gð Þ ¼ Y2Ru2O7 sð Þ ð7Þ

The least square regression analysis of the e.m.f. gives:

E=V �0:0027ð Þ ¼ 0:853−5:12� 10−4⋅ T=Kð Þ; 981≤T=K≤1155ð Þ:
ð8Þ

The uncertainties quoted are the standard deviation in
e.m.f. The ΔrG°(T) for the reaction given in Eq. (7) involves
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Fig. 3 Plot of e.m.f. as a function of temperature for the cell: (−)Pt /
{Y2Ru2O7(s) + Y2O3(s) + Y3RuO7(s)}//CSZ//O2(p(O2) = 21.21 kPa) /
Pt(+)
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the transfer of eight electrons and hence, from the Nernst
equation, we get:

ΔrG˚ Tð Þ ¼ −8FE ¼ Δ f G˚ Y2Ru2O7 sð Þf g−Δ f G˚ Y2O3 sð Þf g−2RTlnp O2ð Þ:
ð9Þ

From Eqs. (7)–(9) and literature value of ΔfG°{Y2O3(s)}
[29], ΔfG° of Y2Ru2O7 ( s) has been obtained as:

Δ f G˚ Y2Ru2O7; sð Þ= kJ mol−1
� �� 2:22

� � ¼ −2554:1þ 0:625⋅ T=Kð Þ:
ð10Þ

The error includes the standard deviation in e.m.f. and the
uncertainty in the data taken from the literature. The Gibbs
energy of formation is a linear function of temperature within
the investigated temperature range. The intercept and the slope
of this linear equation correspond, respectively, to the average
values of the standard molar enthalpy and entropy of forma-
tion in the temperature range covered by e.m.f. measurement.

ΔfG
o (T) of Y3RuO7(s)

The reversible e.m.f. values of cell (II) measured as a function
of temperature are shown in Fig. 3. The half-cell reaction at
the cathode and the anode for the cell can be given by:

1=2 O2 gð Þ þ 2e− ¼ O2− at the cathodeð Þ ð11Þ

Y2Ru2O7 sð Þ þ 2Y2O3 sð Þ þ O2−

¼ 2 Y3RuO7 sð Þ þ 2 e− at the anodeð Þ
ð12Þ

The overall cell reaction can be represented by:

Y2Ru2O7 sð Þ þ 2 Y2O3 sð Þ þ 1=2 O2 gð Þ ¼ 2 Y3RuO7 sð Þ ð13Þ

The least square regression analysis of the e.m.f. gives:

E=V �0:0015ð Þ ¼ 0:8006–4:74� 10−4⋅ T=Kð Þ; 932≤T=K≤1186ð Þ:
ð14Þ

The uncertainties quoted are the standard deviation in
e.m.f. TheΔrG°(T) for the reaction given in Eq. (13) involves
the transfer of two electrons and hence, from the Nernst equa-
tion, we get:

ΔrG˚ Tð Þ ¼ −2FE ¼ 2Δ f Go Y3RuO7 sð Þf g−Δ f Go Y2Ru2O7 sð Þf g
–2Δ f Go Y2O5 sð Þf g–1=2RT lnp O2ð Þ

ð15Þ

The value of ΔfG
o (Y2Ru2O7, s) has been taken from Eq.

(10), ΔfG
o (Y2O3, s) from literature [28] and e.m.f. values

from Eq. (14) andΔfG° of Y3RuO7 (s) have been obtained as:

Δ f Go Y3RuO7; sð Þ= kJ mol−1
� �� 2:45

� �

¼ −3249:5þ 0:635⋅ T=Kð Þ: ð16Þ

The errors include the standard deviation in e.m.f. values
and the uncertainty in the data taken from the literature and the
error due to the Gibbs energy of formation of Y2Ru2O7(s).
The Gibbs energy of formation, given by Eq. (16), has a tem-
perature independent term that gives the standard molar en-
thalpy and a temperature-dependent term that gives standard
molar entropy of formation at the average experimental
temperature.

Standard molar heat capacity of Y2Ru2O7(s)

The standard molar heat capacities of Y2Ru2O7(s) were ob-
tained in the temperature range from 307 ≤ T (K) ≤ 780 and
are presented in Table 1. The values of heat capacities are best
fitted into the following mathematical expression by the least
squares method.

Co
p Y2Ru2O7; s; Tð Þ JK−1mol−1

� �

¼ 256:1þ 5:88⋅10−2T Kð Þ−34:75⋅105=T2 Kð Þ: ð17Þ

The heat capacity value of Y2Ru2O7(s) at 298.15 K from the
above equation was calculated to be 234.5 J K−1 mol−1.
However, the heat capacity value of Y2Ru2O7(s) at 298.15 K
estimated from heat capacity data of Y2O3 and RuO2 [30] by the
Neumann-Kopp rule [31] was found to be 215.5 J K−1 mol−1.
The molar heat capacity Cp,m given by the empirical Neumann-
Kopp rule (NKR) gives a reasonable estimate of Cp,m in the
vicinity of ambient temperature as mentioned by Leitner et al.

Table 1 Standard molar heat capacity of Y2Ru2O7(s)

T (K) C°p (JK
−1mol−1) T (K) Cp JK

−

307.5 233.6 543.5 275.0

317.2 238.3 562.4 276.8

326.9 242.5 576.7 278.2

335.7 245.3 591.0 279.6

344.5 248.1 600.5 280.5

358.4 253.0 614.8 281.9

367.8 254.0 629.1 283.4

381.8 257.3 643.3 284.9

400.8 260.1 657.6 286.4

419.8 262.4 667.1 287.4

429.4 263.6 690.9 290.0

448.5 265.8 700.4 291.0

467.5 267.5 714.6 292.3

486.4 269.6 728.9 293.3

500.7 270.9 743.2 295.0

514.9 272.3 762.3 296.5

529.2 273.6 780 297.8
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[32] for most mixed oxides. However, Cp,m at constant pressure
is a sum of several contributions:

Cp;m ¼ Cph þ Cdil þ Cothers

where Cph is the contribution of lattice vibrations, Cdil for lattice
dilation, and Cothers comprises contributions from conduction
electrons, second-order phase transitions, formation of vacancies
etc. [33]. Leitner et al. have further clarified that for complex
oxides, which have magnetic ordering or electronic excitation,
there will be deviation from the Neumann rule as in the present
case. Kmiec et al. [34] have carried out magnetic properties of
the Mott insulator Y2Ru2O7(s) and have observed that a non-
linear local ordering of ruthenium magnetic moments occurs.
This was also corroborated by Taira et al. [16], who measured
the magnetic properties of the pyrochlore Y2Ru2O7(s) and no-
ticed a magnetic transition at 80 K. Blacklock et al. [15] mea-
sured the specific heat below 20 and found a spin glass to anti-
ferromagnetic transition. Taira et al. [35] observed a lambda-
type specific heat anomaly at 77 K in the specific heat versus
temperature plot and observed a significant jump in the temper-
ature dependence of specific heat. Hence the discrepancy noted
in the molar heat capacity values of Y2Ru2O7(s) determined by
the present study versus those estimated by NKR.

Enthalpy of formation

The molar enthalpy of formation of Y2Ru2O7(s) at 298.15 K
has been calculated by the second law method. Heat capacity
data obtained in this study by using a differential scanning
calorimeter along with heat capacity and transition enthalpies
of Ru(s) [30], Y(s) [31], and O2(g) [36], and molar Gibbs
energy of formation of Y2Ru2O7(s) obtained in this study

using electrochemical cell, were used to determine the value
of ΔfH

o(Y2Ru2O7,s,298.15 K) which was found to be
− 2602.4 kJ mol−1 . The standard molar entropy
S°(298.15 K) has been estimated by the author, by the
Latimer method, which is from the entropy contribution of
individual ions [31] which gives S°(298.15 K) = 245.2
(J K−1 mol−1). Based on the calculated value of entropy and
the measured heat capacity, the thermodynamic functions of
Y2Ru2O7(s) were calculated and the resulting values were
extrapolated to 1000 K and given in Table 2 where fef denotes
free energy function. The decomposition temperatures of
Y2Ru2O7(s) and Y3RuO7(s) were calculated from the Gibbs
energy data obtained in this study from Eqs. (10) and (16) and
are 1778 K and 1760 K, respectively, in air. The decomposi-
tion temperature of RuO2(s) was calculated from the Gibbs
free energy data of Cordfunke [37] and is 1647 K. The de-
composition temperatures of Y2Ru2O7(s) and Y3RuO7(s) are
higher than that of RuO2(s) at all partial pressures of oxygen
and hence, these oxides will be stabler than ruthenium oxide.

Conclusion

Stability values of the ternary oxides, Y2Ru2O7(s) and
Y3RuO7(s), were determined from Gibbs energy of formation
data from elements in their standard state by using solid oxide
electrochemical cells using calcia-stabilized zirconia as the
solid electrolyte. The heat capacity data was fitted into a math-
ematical expression and can be represented by: Co

p,m

(Y2Ru2O7,s,T)(J K−1 mol−1) = 256.1 + 5.88 ∙ 10−2 T(K) −
34.75 ∙ 105/T2(K) in the temperature range from 307 to
780 K. The heat capacity of Y2Ru2O7(s) was reported for

Table 2 Derived thermodynamic
functions of Y2Ru2O7(s) T (K) H°T-H°298.15 (Jmol

−1) C°p(JK
−1mol−1) S°(T) (JK−1mol−1) fef(JK−1mol−1)

300.0 431.7 235.1 246.7 245.2

350.0 12,537.4 248.3 283.9 248.1

400.0 25,203.8 257.9 317.8 254.8

450.0 38,292.9 265.4 348.6 263.5

500.0 51,722.2 271.6 376.9 273.4

550.0 65,438.9 276.9 403.0 284.0

600.0 79,407.8 281.7 427.3 295.0

650.0 93,604.8 286.1 450.1 306.1

700.0 108,012.4 290.2 471.4 317.1

750.0 122,618.0 294.0 491.6 328.1

800.0 137,411.9 297.7 510.7 338.9

850.0 152,386.9 301.3 528.8 349.5

900.0 167,537.2 304.7 546.1 360.0

950.0 182,858.5 308.1 562.7 370.2

1000.0 198,347.1 311.4 578.6 380.2

Free energy function (fefa ) = − {Go (T) −Ho (298.15 K)} / T
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the first time and no other experimental data is available in the
literature for comparison. The enthalpy of formation at
298.15 K of Y2Ru2O7(s) was determined. Phase diagram of
higher order systems containing Y and Ru can be computed
from these thermodynamic functions.
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