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Oxides with practical applications, such as high Tc superconductors, catalysts, solid oxide fuel cells and

membranes frequently contain basic cations, which under synthesis or process conditions will be subjected to

CO2-containing atmospheres and a carbonatization degradation may be initiated. In this paper the conditions

for synthesis (formation) of potential Ln2O2CO3 degradation products are described for the rare earth oxides

Ln2O3, Ln~La, Nd. Emphasis is put on describing conditions for the formation of well characterised phase-

pure samples of La2O2CO3 (type IA/II), Nd2O2CO3 (type IA/II) and of the solid solution series

La22xNdxO2CO3 (type II), 0¡x¡2, by means of decomposition studies on rare earth acetates and citrates and

by carbonatization studies on the corresponding rare earth oxides.

For the calculation of phase stability relationships, thermodynamic data for Ln2O2CO3 are required. Herein,

the thermal stability of Nd2O2CO3 II has been studied by means of thermogravimetry and isothermal annealing

experiments in atmospheres with various partial pressures of CO2 (30.4 to 1.016105 Pa). The experimental

results were used to establish the equilibrium pressures of CO2 for the decomposition reaction

Nd2O2CO3 II �s�?A-Nd2O3 �s� � CO2 �g�
in the temperature region 800±1100 K. The median standard molar enthalpy and entropy of the decomposition

reaction are 213¡27 kJ mol21 and 195¡26 J K21 mol21, respectively. At 298 K DdHm
o~221¡27 kJ mol21 and

DdSm
o~206¡26 J K21 mol21.

Introduction

Alkali, alkaline earth and rare earth (Ln) metal oxides are basic
and may at low or modest temperatures react in a CO2-
containing atmosphere to form carbonates or oxide carbo-
nates. Several of these elements are typically found as essential
atoms in oxides for high Tc superconductors, catalysts, solid
oxide fuel cells and membranes. A common feature of these
materials is that they are often synthesised or ®nd practical
applications in CO2-containing atmospheres. Hence, it is
important to have data on the thermal stability and reactivity
of the relevant carbonates and oxide carbonates, which in this
respect are either undesired impurities or CO2 corrosion
products. Few thermodynamic data are available for the rare
earth oxide carbonates. The present contribution is part of a
project aimed at providing thermodynamic data and develop-
ing easy synthetic routes to lanthanum and neodymium oxide
carbonates, Ln2O2CO3 (Ln~La, Nd).

In the literature, a variety of preparative methods for stable
and metastable rare earth oxide carbonates have been reported.
These compounds may be prepared by hydrothermal synth-
esis,1±6 decomposition of an oxygen- and carbon-contain-
ing precursor,7±9 by carbonatization of the corresponding
oxide10±12 or by reaction of LnCl3 with a molten alkali metal
carbonate.13

Three crystalline modi®cations of La2O2CO3 and Nd2O2CO3

are reported.7,8 All three are believed to have layer-like
structures, containing two dimensional (Ln2O2

2z)n layers
held together by carbonate groups. Two of the modi®cations,
usually termed type I and type IA, are considered as
metastable, whereas the hexagonal modi®cation (type II) is
stable.7,8 There is a strong structural relationship between the
layer-like type II oxide carbonate and the corresponding
trigonal oxide A-Ln2O3 (space group P-3m1).14 As shown in
Fig. 1, both structure types contain hexagonal (Ln2O2

2z)n

layers. In the oxide carbonate the layers are formally held
together by CO3

22 groups, in the oxide O22 perform this
function.

There is a large scatter in the available thermodynamic data
for the rare earth oxide carbonates. Watanabe et al.12

determined the standard molar Gibbs free energy of the
decomposition reaction

La2O2CO3 II �s�?A-La2O3 �s� � CO2 �g� �1�
from experimental decomposition pressures in the temperature
region 1000±1300 K for pCO2 pressures between 1.016104 and
1.016105 Pa. According to Watanabe et al.,12 La2O2CO3 II
decomposes at 1180 K at pCO2~1.016105 Pa and the median
standard molar enthalpy and entropy of decomposition are

Fig. 1 Schematic crystal structure relationship between Ln2O2CO3 II
and A-Ln2O3 with emphasis on Ln2O2

2z slabs and CO3
22/O22

connecting ions. The projections are close to (110) for both Ln2O2CO3

II and A-Ln2O3.
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149 kJ mol21 and 126 J K21 mol21.12 No uncertainty values
were reported.

In a recent study based on adiabatic calorimetry, Olafsen et
al.15 calculated, from integrated heat capacity values, the
standard molar entropy of decomposition for La2O2CO3 II at
300 K and for Nd2O2CO3 II at 300 and 900 K to be 170.2¡0.6,
177.0¡0.6 and 166.9¡0.9 J K21 mol21, respectively. The
entropy of formation was calculated on the assumption that
there is no zero point entropy either for the oxide components
or for the oxide carbonate.

Enthalpies of decomposition for oxide carbonates into the
corresponding sesquioxides and carbon dioxide are further
reported by Patil et al.16 and Sastry et al.17 For La2O2CO3,
Nd2O2CO3, Sm2O2CO3, Gd2O2CO3, Dy2O2CO3 and
Lu2O2CO3, Patil et al.16 report the decomposition enthalpies
to be 322¡48, 50¡8, 105¡16, 84¡13, 63¡9 and
46¡7 kJ mol21, respectively, as obtained from differential
thermal analysis of the decomposition of the corresponding
rare earth oxalates. Sastry et al.17 determined from differential
thermal analysis data of Ln2(CO3)3?8H2O (Ln~Pr, Nd) the
decomposition enthalpies for Pr2O2CO3 and Nd2O2CO3 to be
88 and 167 kJ mol21, respectively. A summary of the available
data is given in Table 1.

The present paper reports on synthetic methods for the
preparation of phase-pure La2O2CO3 IA, Nd2O2CO3 IA and of
the solid solution series La22xNdxO2CO3 II, 0¡x¡2.
Furthermore, the thermal stability of Nd2O2CO3 II is studied
by means of thermogravimetry and isothermal annealing
experiments in atmospheres with partial pressures of CO2

varying from 30.4 to 1.016105 Pa. The obtained median
standard molar enthalpy and entropy of decomposition in the
temperature interval 800±1100 K are extrapolated to 298 K
and discussed in relation to the available thermodynamic data
for Ln2O2CO3.

Experimental

1 Synthesis and characterisation

Samples of La2O2CO3 (type IA/II), Nd2O2CO3 (type IA/II) and
La22xNdxO2CO3 (type II) were prepared by precursor methods

or by carbonatization of the corresponding rare earth oxide or
hydroxide. Starting materials were La2O3 (99.9%, Aldrich),
Nd2O3 (99.9%, Aldrich), (CH3COO)3La?xH2O (99.9%,
Aldrich), (CH3COO)3Nd?xH2O (99.9%, Aldrich), HNO3

(min. 65% for analysis, Riedel-de HaeÈn) and citric acid
monohydrate C3H4(OH)(COOH)3?H2O (food grade, Norsk
Medisinaldepot). Prior to use, La2O3 and Nd2O3 were heated
to 1273 K to remove any hydrated or carbonated species.

Samples in the solid solution series La22xNdxO2CO3 II
(0¡x¡2) were prepared by the citric acid method. Stoichio-
metric amounts of the binary oxides La2O3 and Nd2O3 were
dissolved in diluted HNO3 at approximately 373 K with
stirring for 10 minutes. Citric acid was then added in excess
to the solution and melted. Nitrous gas species were boiled off,
and the solution was thereafter dehydrated in a dry box at
453 K. During dehydration, the citrate complexes formed a
polymer gel, which gradually became viscous, lost water and
®nally formed a porous X-ray-amorphous crust. The crust was
calcinated at 773 K in air for 24 h. The obtained powder was
then cold pressed into pellets and annealed at temperatures
between 1038 and 1123 K for four to ®ve days in a tube furnace
under a stream of carbon dioxide. The product was cooled to
room temperature in a desiccator to avoid adsorption of water
and carbon dioxide. Samples of La2O2CO3 (type IA/II) and
Nd2O2CO3 (type IA/II) were also prepared by calcination of
the respective acetates at 773 K for 24 h in a box furnace. The
powders were thereafter cold pressed into pellets and further
annealed in a tube furnace under appropriate pT conditions.
La2O2CO3 II was also prepared by carbonatization of A-La2O3

and La(OH)3 in the temperature region 973±1123 K under a
¯ow of carbon dioxide for four to ®ve days. Some lanthanum-
rich samples in the solid solution series La22xNdxO2CO3 II
(x¡0.2) were also prepared by carbonatization of the
corresponding oxide A-La22xNdxO3. Further synthetic details
are speci®ed in Table 2.

The purity of the synthesised powder samples was ascer-
tained from powder X-ray diffraction data obtained by the
Guinier±HaÈgg technique at 298 K, using Cr-Ka1 radiation
(l~228.970 pm). Data collected with Cu-Ka1 radiation
(l~154.0598 pm) and silicon18 as internal standard were
used for deriving unit cell dimensions by the CELLKANT

Table 1 Reported enthalpy and entropy of decomposition values for decomposition of rare earth oxide carbonates into the corresponding
sesquioxides and carbon dioxide

Reaction T/K DdHm
o/kJ mol21 DdSm

o/J K21 mol21

La2O2CO3 (s) A La2O3 (s)zCO2 (g)
Watanabe et al.12 1000±1300 149a 126a

Olafsen et al.15 300 170.2¡0.6
Patil et al.16 1173 322¡48

Pr2O2CO3 (s) A Pr2O3 (s)zCO2 (g)
Sastry et al.17 813 88a,b

Nd2O2CO3 (s) A Nd2O3 (s)zCO2 (g)
Olafsen et al.15 300 177.0¡0.6

900 166.9¡0.9
This work 298 221¡27 206¡26

800±1100 213¡27 195¡26
Patil et al.16 1063 50¡8
Sastry et al.17 1003 167a,b

Sm2O2CO3 (s) A Sm2O3 (s)zCO2 (g)
Patil et al.16 1023 105¡16

Gd2O2CO3 (s) A Gd2O3 (s)zCO2 (g)
Patil et al.16 973 84¡13

Dy2O2CO3 (s) A Dy2O3 (s)zCO2 (g)
Patil et al.16 933 63¡9

Lu2O2CO3 (s) A Lu2O3 (s)zCO2 (g)
Patil et al.16 863 46¡7
aNo uncertainty values given. bDdHm

o values reported at 298 K. However, since no DCp corrections were done, the values here are considered to refer
to decomposition temperature.
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program.19 The particle size of the powder used in the
thermochemical analysis of Nd2O2CO3 II was extracted from
powder X-ray diffraction data. The average particle size was
estimated to be approximately 50 nm on the basis of the
Scherrer formula for particle size broadening under the
assumption that the particle size is the dominating broadening
effect.

2 Thermochemical analysis

The thermal stability of Nd2O2CO3 II relative to A-Nd2O3 was
studied both by thermogravimetric measurements and isother-
mal annealing experiments in controlled atmospheres of CO2.

The isothermal thermogravimetric studies were performed
with a CI electronic microbalance (sensitivity 0.1 mg) equipped
with a MK2 vacuum head, and with platinum wires suspended
on both balance arms. One wire held the sample (two-phase
sample of oxide and oxide carbonate) with a sample mass of
ca. 150 mg in the hot zone of a mulite tube furnace. The other
wire held a counter-weight crucible inside a glass tube at room
temperature. The whole system was gas tight and fed with gas
mixtures of known composition. The gas ¯ow was
100 ml min21. The temperature was held constant until a
decomposition or carbonatization reaction was detected as a
mass change.

In the isothermal annealing experiments, phase-pure powder
samples of Nd2O2CO3 II with masses of approximately 200 mg
were kept in an alumina boat and annealed isothermally in a
tube furnace under a pre®xed atmosphere with pCO2 pressure
in the range 30.4 to 1.016105 Pa. The annealing period varied
from 24 h up to two months. Thereafter the samples were
rapidly cooled to room temperature in a desiccator. The phase
contents of the products were analysed by powder X-ray
diffraction.

Both the thermogravimetric and the annealing studies were
performed over a large span of partial pressures of CO2. For
pCO2#1.016105 Pa dry CO2 was used. Gas mixtures with
pCO2#1.016104 and 5.066104 Pa were prepared by mixing
O2 and CO2 using ¯owmeters, whereas the CO2/O2 mixtures
with pCO2#1.016103 and 5066 Pa were bought commercially
as special gases. The CO2 content in the synthetic air was
reported as 0.03%, which corresponds to a CO2 partial pressure
of ca. 30.4 Pa. The temperature was controlled and monitored
by a Pt±PtRh (10%) thermocouple located close to the sample
and the uncertainty in the temperature reading and sample
position etc. is assumed to be within ¡10 K.

Results and discussion

A summary of the synthesis conditions employed for the
preparation of La2O2CO3 IA, Nd2O2CO3 IA and members in
the solid solution series La22xNdxO2CO3 (type II) is given in
Table 2. Re®ned unit cell dimensions for selected members of
the solid solution series La22xNdxO2CO3 II and A-
La22xNdxO3, for 0¡x¡2, are shown graphically in Fig. 2.

Observed decomposition and carbonatization temperatures
of Nd2O2CO3 II from the thermogravimetric analyses and the
isothermal annealing studies in the temperature region 800±
1100 K are given in Table 3.

1 Synthesis of oxide carbonates and unit cell dimensions for the
solid solution series La22xNdxO2CO3 (type II)

The monoclinic type IA modi®cation is considered as
metastable7,8 and on prolonged annealing it transforms into
the stable hexagonal type II modi®cation. Therefore the
synthesis of phase-pure samples of the monoclinic form
requires a compromise between annealing temperature and
holding time. Furthermore, the choice of precursor is essential.
Whereas lanthanum and neodymium acetate decompose in air
at 773 K into type IA, the corresponding citrates decompose
under similar conditions into a mixture of type IA and type
II. Furthermore, it has been reported7,8 that the precursors
Ln2(CO3)3?8H2O and Ln2(C2O4)3?H2O decompose under
similar conditions into a metastable tetragonal form, often
termed type I. However, in the present study the tetragonal
form was not observed.

Samples of the stable, hexagonal type II solid solution
La22xNdxO2CO3 II were prepared by decomposition of rare
earth acetates or citrates. The subsequent calcination step was
carried out either in air at 773 K or under a stream of CO2 in
the temperature region 1038±1123 K, dependent on the
lanthanum/neodymium content (x). The neodymium-rich
samples are less thermally stable than the lanthanum-rich

Table 2 Synthesis conditions for phase-pure samples of selected rare earth oxide carbonates

Precursora

Calcination conditions Annealing conditions

T/K Time/h Atm. Pellets T/K Time/h Atm.

La2O2CO3 IA La±Ac 773 24 air Yes 773 168 air
Nd2O2CO3 IA Nd±Ac 773 24 air Yes 773 168 air
La22xNdxO2CO3 II (La,Nd)±Cit 773 24 air Yes 1038±1123 96±120 CO2

La2O2CO3 II La±Ac/La±Cit 773 24 air Yes 1123 120 CO2

La±Ac/La±Cit 1123 96 CO2

La2O3/La(OH)3 No 973±1123 96±120 CO2

Nd2O2CO3 II Nd±Ac/Nd±Cit 773 24 air Yes 1038 120 CO2

Nd±Ac/Nd±Cit 1038 120 CO2

aAc~acetate, Cit~citrate.

Fig. 2 Variation in unit cell dimensions a, c and V for La22xNdx-
O2CO3 II ($) and A-La22xNdxO3 (#) with composition, 0¡x¡2.
Calculated errors do not exceed the size of the symbols.
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compounds. Crystalline, phase-pure samples were obtained
after a second annealing under a stream of CO2 in the
temperature region 1038±1123 K. The complexation by citric
acid assures homogeneity at the atomic level in the xerogel, and
the method was found to be well suited for preparation of solid
solutions of rare earth oxide carbonates.

La2O2CO3 II was also prepared by carbonatization of A-
La2O3 and La(OH)3 in the temperature range 973±1123 K. The
most lanthanum-rich members of La22xNdxO2CO3, x¡0.20,
could also be prepared by direct carbonatization of the
corresponding oxide A-La22xNdxO3. For A-La22xNdxO3

members, xw0.20, only a partial carbonatization could be
achieved within a limited time period of one week. This
behaviour appears to correlate with the basicity of the rare
earth oxides, which in turn is related to the ionic potential, z/r,
where z is the formal charge of the cation and r is its ionic
radius. The smaller the ionic potential, the more basic the
oxide. According to Shannon and Prewitt20 the ionic radius for
La(III) is 118 pm and 112 pm for Nd(III). Fig. 2 shows, in line
with this, an almost linear decrease in the unit cell dimensions
of A-La22xNdxO3 with increasing neodymium content. Higher
lanthanum content makes the A-La22xNdxO3 oxide more
basic, which in turn makes it more reactive towards CO2, and a
complete or faster carbonatization is therefore possible.

Finally, it should be noted that sample size, type of
precursor, temperature, atmosphere and annealing time are
important parameters that in¯uence the formation of stable or
metastable oxide carbonates. All aspects of these variables have
not been completely elucidated and the reported preparation
methods, given in Table 2, are not exhaustive.

2 Stability diagram for Nd2O2CO3 II and standard enthalpy and
entropy of decomposition

In general, the experimental conditions for investigation of the
equilibrium

Nd2O2CO3 II�s�©A-Nd2O3�s� � CO2�g� �2�
have to be de®ned within an interval of temperatures and
partial pressures of CO2 where the reaction can be observed in
both forward and reverse directions. This procedure is
described as `bracketing of an equilibrium',21 however the
true equilibrium temperature may be positioned anywhere
inside the brackets. The determination of the phase equilibrium
(2) was approached by means of both isothermal thermogravi-
metric analyses of two-phase samples (mixtures of Nd2O2CO3

II and A-Nd2O3) as well as by long term isothermal annealing
experiments on Nd2O2CO3 II.

In the thermogravimetric studies, both the decomposition
temperature (Tdecomp) and the carbonatization temperature
(Tcarb) at a pre®xed partial pressure of CO2 were determined by
analysis of two-phase samples (mixtures of Nd2O2CO3 II and
A-Nd2O3). Starting with a two-phase mixture reduces the
nucleation problem for the growth of the stable phase, which in
turn makes the `bracketing' procedure easier. The equilibrium
temperature (Teq) is assumed to be the median of Tdecomp and
Tcarb. It became more dif®cult to attain phase equilibrium

reversal as the temperature decreased, and hence the brackets
became more separate.

Due to the slow reaction rate in both the forward and reverse
direction of reaction (2), only decomposition temperatures for
Nd2O2CO3 II could be determined in the isothermal annealing
experiments. The phase content of the cooled products from
the long-term furnace experiments was examined by powder X-
ray diffraction.

In order to obtain Teq values from the long-term annealing
experiments, the experimental results from the thermogravi-
metric studies were used as aids. From the sole two
measurement points at pCO2~5066 and 1.016105 Pa
(Table 3), a linear relation between the logarithm of the
carbonatization partial pressure and the inverse temperature
may be described:

log�pCO2�Pa�� � ÿ10400�Tcarb�K��ÿ1 � 14:58 �3�
By assuming that relation (3) is also valid at lower partial
pressures of carbon dioxide than 5066 Pa and furthermore that
it is also appropriate for describing the carbonatization
behaviour during isothermal annealing experiments, it is
possible to estimate carbonatization temperatures over the
whole CO2 partial pressure region (30.4 to 1.016105 Pa). This
will in turn allow calculation of Teq values. The equilibrium
temperature is assumed to be the median of the calculated
carbonatization temperature [found by relation (3)] and the
experimentally observed decomposition temperature.

The experimentally observed carbonatization and decom-
position temperatures as well as the estimated carbonatization
and equilibrium temperatures for both the thermogravimetric
and the long-term annealing experiments are given in Table 3.
The uncertainty in the Teq values re¯ects the dominating
factors in the uncertainty, i.e. the reversal problem
[¡(Tdecomp2Tcarb)/2] and control of temperature and sample
position in the furnace (¡10 K). The linear ®t of the estimated
equilibrium values is shown graphically in Fig. 3, and the linear
®t of the outer limits of the estimated uncertainty range is
included in the ®gure.

The equation

log �pCO2 �Pa�� � ÿ 11108�Teq �K��ÿ1 � 15:20 �4�
represents the conditions for the equilibrium reaction (2). The
law of mass action applied to the equilibrium reaction (2) gives
the relation

log K � log �pCO2 �Pa�� �5�
By assuming the standard molar enthalpy and molar entropy of
reaction (2) to be temperature independent in the studied
temperature region 800±1100 K, the temperature dependence
of the Gibbs free energy can be expressed as

DdGm
o�J molÿ1� � ÿ2:303RT log�pCO2=po�

� 213|103 ÿ 195Teq

�6�

in which po is the atmospheric pressure of 1.016105 Pa. By
considering the uncertainty in the estimated equilibrium

Table 3 Results from thermochemical measurements on Nd2O2CO3 II. Estimated values are given in italic type

log (pCO2)/Pa Gas speci®cation Tdecomp/K Tcarb/K (Tdecomp2Tcarb)/K Teq/K

Thermogravimetric studies
5.00 Dry CO2 1090.5 1085.5 5 1088¡10
3.70 Analysis gas 978.0 956.0 22 967¡15
Isothermal annealing studies
5.00 Dry CO2 1093.0 1086.0 7 1090¡11
4.70 Gas mix 1066.0 1053.0 13 1060¡12
4.00 Gas mix 1002.0 983.0 19 993¡14
3.00 Analysis gas 925.0 898.0 27 912¡17
1.48 Synthetic air 826.0 794.0 32 810¡19
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temperatures, it is possible to estimate uncertainties in the
derived temperature independent decomposition enthalpy
(DdHm

o) and entropy (DdSm
o) by a graphical approach.

Within the estimated uncertainty interval of the Teq line, two
lines with minimum and maximum slope can be drawn. If one
assumes that the differences in their slopes and intercepts
correspond to the absolute uncertainties in DdHm

o and DdSm
o,

these become ¡27 kJ mol21 and ¡26 J K21 mol21, respec-
tively. Hence,

DdGm
o�J molÿ1� � 213|103+27|103 ÿ �195+26�Teq �7�

The DdHm
o and DdSm

o values determined for reaction (2) are
median standard values in the temperature interval 800±
1100 K. By assuming that the median enthalpy and entropy
refer to the median temperature (950 K) and that DdCp for
reaction (2) varies linearly from 298 to 950 K, DdHm

o and
DdSm

o at 298 K are estimated from

DdHm
o�950 K� � DdHm

o�298 K� �
�
DdCpdT �8�

DdSm
o�950 K� � DdSm

o�298 K� �
�
�DdCp=T�dT �9�

to be 221 kJ mol21 and 206 J K21 mol21. Required heat
capacity values were taken from ref. 15, 22 and 23.

The median standard molar enthalpy and entropy deter-
mined for the decomposition of Nd2O2CO3 II into oxide
components can be compared with the literature data
summarised in Table 1. The enthalpy of decomposition of
Nd2O2CO3 determined by Patil et al.16and Sastry et al.17 are
50¡8 kJ mol21 and 167 kJ mol21, respectively, are both
considerably less than our median value of
213¡27 kJ mol21. The median temperature independent
DdHm

o and DdSm
o for Nd2O2CO3 II are as much as 43 and

55% higher, respectively, than the corresponding values
reported by Watanabe et al.12 for the decomposition of
La2O2CO3 II. Furthermore, DdSm

o~206¡26 J K21 mol21

at 298 K is 16% higher than the reported decomposition
entropy of neodymium oxide carbonate at 300 K
(177.0¡0.9 J K21 mol21).15

The determination of reaction enthalpies for the decom-
position of Ln2O2CO3 into Ln2O3, by means of thermal
analysis studies on the decomposition of compounds like
Ln2(C2O4)2?xH2O and Ln2(CO3)3?8H2O, the method used by
Patil et al.16 and Sastry et al.,17 frequently gives values
burdened by large errors. This may well explain the huge
spread in the reported reaction enthalpies (Table 1), both with
respect to results coming from the same laboratory for
strongly related decomposition systems and with respect to
experimental DdHm

o values for the same reaction, but
obtained in different laboratories. The large difference
between our median DdHm

o and DdSm
o for neodymium

oxide carbonate and the corresponding values determined by
Watanabe et al.12 for La2O2CO3 II are unlikely to be a true
re¯ection of these chemically, closely related systems. Hence,
the difference is expected to be caused by the experimental
set-up conditions. Watanabe et al.12 claim to have studied
reaction (1) in both forward and reverse direction, but do not
give any information on uncertainties caused by bracketing
problems. Furthermore, since they only studied the equili-
brium for a narrow pCO2 region, from 1.016104 to
1.016105 Pa, the linear ®t of log (pCO2) versus (T21)
becomes less reliable, both with respect to uncertainty in
the slope (DdHm

o) and in the intercept (DdSm
o). The fact that

the present value for DdSm
o differs from that found by

Watanabe et al.12 (La2O2CO3 II) and, in particular, from that
which Olafsen et al.15 (Nd2O2CO3 II) determined from
integrated heat capacity values, can furthermore be explained
by the fact that determinations of thermodynamic properties
like DdSm

o and DdHm
o from equilibrium studies often are

hampered by inaccuracies. Small deviations in the obtained
DdGm

o value may give a large change in the entropy, which is
the ®rst derivative of DdGm

o. However, the obtained DdGm
o

value as such is quite accurate if great care is taken in
studying the equilibrium in both the forward and reverse
directions. This is actually the case for the present study of
Nd2O2CO3 II where the reaction described by eqn. (2) was
studied in the forward and reverse directions, and in addition,
long-term annealing experiments (up to two months) were
conducted. Therefore, the obtained DdGm

o value is considered
to be accurate, although DdHm

o and DdSm
o could be burdened

by errors.
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