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Praseodymium and neodymium manganates LnMnQ,,, have
been prepared and characterized by powder X-ray and neutron
diffraction: together with thermogravimetric and chemical titration
analysis. Both ternary oxides have an orthorhombically distorted
perovskite-like structure (Pbnm space group) with unit cell parame-
tersa = 5.4562(7), b = 5.5914(7), c = 7.672(1) A and a = 5.4116(9),
b = 5.6928(9), ¢ = 7.599(1) A for praseodymium and neodymium
manganates, respectively. A small deficiency in manganese has
been found together with an oxygen excess, which can likely be
described by the cation disorder: Pry gsMny 6,0, and N ;Mng 6:0.
The thermodynamics of the oxygen exchange process have been de-
scribed in terms of partial molar enthalpy and partial molar entropy
of the oxygen dissolution in the lattice. © 1995 Academic Press, Inc.

1. INTRODUCTION

Oxygen nonstoichiometry in LnMnO,, , has become an
object of interest because of its influence on the crystal
structure as well as its electrical and magnetic properties.
The only rare earth manganate that has been studied in
detail is LaMnO,., (1-11}.

It was shown that oxygen nonstoichiometry y in La
MnO,.,, could have either positive or negative values de-
pending on the temperature and oxygen pressure, Takeda
et al. (9) studied the unit cell changes with 0Xygen nonstoi-
chiometry in LaMnQO;, [3.09 = (3 + z) = 2.99] and sug-
gested that oxygen excess is characterized by cation de-
fects rather than by interstitial oxygen. Earlier Toficld
and Scott (6) performed neutron studies in order to deter-
mine the nature of the ionic disorder when there was an
oxygen excess in lanthanum manganate. They found that
the most likely explanation of their data was cation vacan-
cies described by the formula as: (Lages«ggl loge=o.0)
(M3 %sMndtaal 1p02)O05- The authors discussed different
ways of incorporating lanthanum surplus (in comparison
with manganese) losses, but there was no evidence of
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La,0, as a second phase. The ability of lanthanum manga-
nate to form the A-site deficiency, such as La,_ ,MnOs.,
where y reached values up to 0.1 was confirmed later
(9, 10). Similar rare earth deficiency for praseodymium
manganate Pr,_ Mn,,,0, had been found by Pollert and
Jirak (12); however, they explained it in terms of the
partial substitution of Mn for Pr.

Negative values of y had been obtained at relatively
low oxygen partial pressure (7, 11).

The oxygen nonstoichiometry in NdMaO;,, as a func-
tion of oxygen pressure was studied by Kamegashira and
Miyazaki (13) at 1273 K. The maximum deviation from
stoichiometric oxygen content was found to be 0.065 when
heated to 1273 K under oxygen (P, = 1 atm). There
appears to be no more information about oxygen nonstoi-
chiometry in praseodymium and neodymium manganates
in the literature.

2. EXPERIMENTAL

Praseodymium oxide (PrgO), neodymium oxide
(Nd,0,), and manganese oxide (Mn,(;) with purities
>>99 9% were used as starting materials. Before prepara-
tion of the samples all starting materials were annealed in
air: PrgO,, at 480°C; Nd,0, at 1200°C, and Mn,0; at 700°C.

The samples of PrMnOs,, and NdMnO,,, were pre-
pared by the usual ceramic technique of three-stage firing
in air in the temperature range 850-1200°C for 15-20 hr
at each stage with intermediate regrinding in an agate
mortal. The synthesis of the ternary oxides can be repre-
sented by the equations:

PrsO; + 3Mn, 0, = 6PrMnO;,, + (1 — 3y)0, [1]
Nd,0; + Mn,0; + yO, = 2NdMnO,,,,. (2]

Both samples were identified by X-ray powder diffraction
as single phase,

For the structural investigations and chemical analysis
the samples of single phase LtMnO;, , were first annealed
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in air at 1173 K for 24 hr, slowly cooled to 973 K, fired
at this temperature for 70 hr, and allowed to cool in the
furnace to room temperature.

The crystal structures of both PrtMnO,,,, and NdMnO,,
were refined from X-ray and neutron diffraction measure-
ments. XRD patterns were obtained using the UM-1 dif-
fractometer with copper radiation. Powder neutron pro-
files of LnMnO,,, were measured at the IVV-2 research
reactor located near Ekaterinburg, Russia, on the D7A
diffractometer with a double monochromator (002) reflec-
tion of a single crystal of pyrolytic graphite and (333)
reflection of germanium. The wavelength employed was
1.515 A. The collected data were refined by the Rietveld
profile method using the FULLPROF program (14).

The changes in oxygen nonstoichiometry were deter-
mined using the TGA technique in the temperature range
1120-1480 K at an oxygen pressure of 1 — 6 x 107*
atm. Different oxygen pressures were obtained by mixing
helium or nitrogen with air or oxygen in the appropriate
ratios and measured using an oxygen sensor (Zr(, doped
with Y,0,;) which was located just under the sample in
the TGA cell. The control of the thermodynamic parame-
ters was accurate to A log(Pg,/atm) = *0.05; AT = =0.5
K; the maximum error in measuring weight changes was
+2 X 1073%.

The thermodynamic equilibrium weights were con-
firmed by reproducing them from lower and higher tem-
peratures, by varying oxygen pressure, or by using differ-
ent samples. The period required to establish equilibria
between the gascous phase and the sample varied from
3 to 24 hr, depending on the temperature and oXygen
partial pressure range involved.

The absolute value of y was determined by the direct
reduction of the sample in the TGA cell by a hydrogen
flux, according to the reaction

2LnMnO;y,, + [3 + 2y — 2/(1 — v)IH, = Lny0,
+2/(1 = yYMn,_,0
+[3 + 2y — 2/(1 — v)]H,0.

(3]

X-ray diffraction patterns confirmed that prascodymium
(I1I) (or neodymium (111)) oxide Ln,0O; and manganese (II)
oxide Mn, O were the only phases found after reduction.

Chemical determination of the oxidation state of the
manganese ions was performed by chromatometric titra-
tion. The samples were dissolved in a hot solution of HC!
with a predetermined excess of FeCl, under a layer of
paraffin (in order to prevent the oxidation of Fe’* in air),
The reaction which took place during this process can be
written as Mn** + Fe?* = Mn** + Fe’*. The concentra-
tion of Mn** was deduced from the number of Fe?* ions
that remained by titration with K,Cr,0, solution.

3. RESULTS AND DISCUSSION

3.1, Crystal Structure

Inspection of the X-ray and neutron diffraction profiles
(Figs. 1 and 2) shows that both praseodymium and neo-
dymium manganates are satisfactorily described by the
Pbnm (No. 62) space group (orthorhombically distorted
perovskite-like structure). Final structural parameters de-
rived from the Rietveld profile refinement of X-ray and
neutron diffraction measurements are listed in Table 1.
The results obtained indicate that oxygen excess in Ln
MnO;,, can be satisfactorily described by vacancies in
the cation sublattices. Based on the structural parameters,
interatomic distances were calculated (Table 2). The
structure of the manganates can be represented by a lattice
built up from distorted MnO, octahedra joined by apexes.
The Mn-O interatomic distances in these octahedra are
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FIG. 1. Observed (points) and calculated (line) X-ray (top) and neu-
tron diffraction (bottom) profiles for PrMnO;.,. The difference profiles
are also shown.
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FIG. 2. Observed {points) and calculated (line} X-ray (top) and neu-
tron diffraction (bottom) profiles for NdMnO,.,. The difference profiles
are also shown.

1.966, 1.945, and 2.062 Ain PrMnO;,, and 1.956, 1.953,
and 2.099 A in NdMnO,,,.

3.2. Oxygen Nonstoichiometry

Calculation from TGA measurements of the oxygen
nonstoichiometry at different temperatures and oxygen
pressures requires the determination of a starting point.
This was determined after TGA measurements in the
range of homogeneity of LnMnQ,_,, which had been re-
ported previously (15), by direct reduction of the sample
by H, (reaction 3).

It is known that the oxygen nonstoichiometry of rare
earth oxides is negligible (16). The composition of Mn,_O
has been studied as a function of T and Po, {17} in detail.
It changes from stoichiometric MnO to MnO, ., in the
oxygen aclivity range 1071-1072 atm at 1173 K. The
reduction by hydrogen and calculation of absolute values

of pxygen nonstoichiometry y were made on the samples
that had first been equilibrated at 1173 K, Py, = 0.21 atm.
Each ternary oxide was reduced at least three times. The
results obtained were reproducible within the accuracy
of the method: ¥(1173 K, air) = 0.072 + 0.003 for Pr
MnO,., and (1173 K, air) = 0.058 = 0.006 for NdMnO,.,,..

The reversibility of mass changes during TGA experi-
ments rroves that there were no other exchanges between
solid and gaseous phases except those involving oxygen.
Using the absolute values of y at 1173 K in air and the
results of the mass change measurements, the absolute
values of yat all Tand Pq, were calculated. The calculation
scheme used was described in (18). The oxygen content
in LnMnO,,, as a function of temperature at different
oxygen pressures is shown in Fig. 3. The dependency of
log y vs (1/T) (Fig. 4) is satisfactorily described by linear
equations whose coefficients are listed in Table 3. Isother-
mal cross sections of temperature dependences give us
the plots of oxygen nonstoichiometry vs oxygen partial
pressure (Fig. 5).

3.3. Defect Structure

The process of cation disorder of the ideal LnMnO;
crystal structure which leads to the oxygen excess can
be written as

3/20, =305 + VI + V7 + 6h". {4]

Here and later in this paper Kroger-Vink notation (19)
is used.

The holes captured by manganese ions transform Mn®*
to Mn**. It may be better to say that the tendency of Mn**
to increase partially its oxidation state under particular
conditions and in particular surroundings is a driving force
for the appearance of oxygen excess. We will return to
this point later.

Recent data reported by van Roosmalen and Huijsmans
{10} show that there is a partial charge disproportionation
of Mn** into Mn** and Mn?* at high temperature

2Mn*t = Mn?* + Mn**, [51
which may also be represented by
nil =e’ + ' [6]

This should be taken into consideration together with
process [4]. If we assume that at relatively low oxygen
pressure (but higher than the decomposition pressure)
oxygen deficiency can be represented by oxygen vacan-
cies and process [4] takes place at higher oxygen pressure,
the diagram of defect equilibria and hence oxygen nonstoi-
chiometry as a function of Py, could be constructed (Fig.
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TABLE 1
Final Structural Parameters of PrMnO,,, and NdMnO;,,
X Sx Y Sy V4 Sz B Sg oCC Socc

PrMnQ;,, neutron diffraction
Mn 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000 0.37 0.07 0.939 0.013
Pr —0.0069 0.0013 0.0451 0.000% 0.2500 0.0000 0.65 0.07 0.950 0.010
01 0.0770 0.0007 0.4825 0.0007 0.2500 0.0000 0.63 0.09 1.000 0.000
02 -0.2844 0.0005 0.2978 0.0005 0.0404 0.0004 0.76 0.08 2.000 0.000
Cell parameters: 5.4562(7), 5.5914(7), 7.672(1)
Overall temp. factor = 0.0000, 0.0000
Rp + 552 Rwp=7.11 Rexp=4.27 CHI2=2771
Derived Bragg R-factor 5.94
Rf-factor 4.10

PrMnQ;,, X-ray diffraction
Mn 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000 0.50 0.00 0.982 0.017
Pr —0.0088 0.0005 0.0458 0.0003 0.2500 0.0000 0.50 0.00 0.960 0.017
01 0.0766 0.0034 0.4847 0.0027 0.2500 0.0000 0.50 0.00 1.000 0.000
02 —-0.2831 0.0029 0.2921 0.0024 0.0381 0.0017 0.50 0.00 2.000 0.000
Cell parameters: 5.4559(2), 5.5941(2), 7.6635(3)
Rp =953 Rwp= 1298 Rexp =592 CHI2=4811 L.S. refinement
Conventional Rietveld Rp, Rwp, Re, and CHIZ: 13.81 16,59 7.56 4.811
Derived Bragg factor 5.75
Rf-factor 6.40

NdMnO,,, neutron diffraction
Mn 0.5000 0.0000 0.0000 0.0000 0.0000 0.0000 0.50 0.00 0.950 0.017
Nd —0.0135 0.0010 0.0595 0.0009 0.2500 0.0000 0.50 0.00 0.973 0.010
o1 0.0833 0.0010 0.4803 0.0010 0.2500 0.0000 0.50 0.00 1.000 0.000
02 -0.2912 0.0008 0.3054 0.0008 0.0426 0.0005 0.50 0.00 2.000 0.000
Cell parameters: 5.4116(9), 5.6928(9), 7.59%(1)
Overall temp. factor = —0.0624, 0.0620
Rp = 4.89 Rwp =6.23 Rexp = 2.86 CHI2 = 4.749
Derived Bragg R-factor 7.15
Rf-factor 5.30

NdMnOs,, X-ray diffraction
Mn 0.5000 0.0000 0.0000 0.0000 C o 0.0000 0.0000 0.50 0.00 0.960 0.018
Nd —0.0123 0.0005 0.0603 0.0003 0.2500 0.0000 0.50 0.00 0.965 0.018
01 0.0953 0.0031 0.4737 0.0029 0.2500 0.0000 0.50 0.00 1.000 0.000
02 —0.2798 0.0029 0.2986 0.0025 0.0431 0.0019 0.50 0.00 2.000 0.000

Cell parameters: 5.4059(2), 5.6925(2), 7.5877(3)
Overall temp. factor = 0.0000, 0.0000

Rp =912 Rwp = 1227 Rexp = 5.8% CHI2 = 4333 L. S. refinement
Conventional Rietveld Rp, Rwp, Re and CHI2: 12.26 15.21 7.31 4.333

Derived Bragg R-factor 5.14
Rf-factor 4.35

6) using the Broliwer approximation method (19). Thus
one can expect that y will approach zero as oxygen pres-
sure decreases; but according to the experimental results,
it tends toward some constant value which is close, but
not equal to zero. The most probable reason for such a
discrepancy could be a deviation of the La : Mn ratio from
1: 1. The absolute values of the oxygen nonstoichiometry
y used as a starting point were calculated according to
the reaction [3] for L.r:Mn = 1:1, However, the results
of structural refinement gave the probabilities of metal
atom occupation, which have ied to the following formu-

las: PrggsMng 0,05 and Nd,g;Mng 0505. This shows that
together with oxygen excess, rare earth manganates can
possess metal deficiency either in rare earth metal (6, 9,
12) or in manganese, as in our case. The appearance of
manganese deficiency is probably caused by the ability
of manganese oxide to react with the alumina crucibles
during synthesis, which leads to the formation of addi-
tional manganese vacancies:

3 3 " .
10, ~1/2Mny0, = Mn +3h 7]
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TABLE 2
Interatomic Distances in PrMnQO;,, and NdMnO;,,
Coordination
number PrMnO;, NdMnO;,,
Mn-Mn 2 3.8360(3) 3.7994(5)
4 3.9062(4) 3.9272(6)
Mn-Ln 2 3.186(4) 3.147(4)
2 3.314(6) 3.264(4)
2 3.375(6) 3.383(5)
2 3.601{4) 3.709(4)
Mn-01 2 1.9659(9) 1.956(1)
Mn-02 2 1.945(3) 1.953(4)
2 2.062(3) 2.099(4)
Ln-Ln 2 3.854(9) 3.828(7)
2 3.870(D) 3.862(1)
2 3.955(9) 4.02%7)
Ln-01 1 2.372(8) 2.371(8)
1 2.488(6) 2.452(8)
1 3.130(8) 3.116(8)
1 3.179(6) 3.339(8)
Ln-02 2 2.40°1(5) 2.386(6)
2 2.622(6) 2.589(6)
2 2.685(5) 2.642(5)
2 3.342(5) 3.461(6)

The absolute values of oxygen nonstoichiometry were
recalculated taking into account manganese deficiency
according to the reactions:

Pry osMiy 5405 + (0.635 — 1.575y)/(1 — y)H,
= 4.475Pr,0; + 0.94/(1 — y)Mn,_,0O

+ (0,635 — 1.575y)/(1 -~ v)H,O [8]
an
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Ndy.97Mng 950 + (0.595 — 1.545y)/(1 — y)H,
= 0.485Nd,0, + 0.95/(1 — y)Mn,_,0
+(0.595 — 1.545y)/(1 — y)H,0. [9]

This gave lower values of y(1173 K, air}, which brought
the observed results closer to the theoretical values. How-
ever, recalculation of all dependences have not been made
because different samples synthesized independently
were used for the TGA and structural measurements. The
concentration of so-called ‘‘biographical’ defects, i.e.,
manganese deficiency, could be different in each sample.

Although the deficiency in one of the metal components
is not directly accompanied by changes in oxygen content
(reaction [7], or a similar reaction with a rare earth oxide),
it leads to an increase in the hole concentration, i.e., the
average oxidation state of the manganese ions, which
influence the defect equilibria as a whole. The results of
Takeda ef al. (9) show that an increase in the lanthanum
deficiency (Y) in La,_yMnQO,, ; leads to a decrease in the
oxygen excess (Z) at a practically constant oxidation state
of manganese. In that case manganese ions partially in-
creased their oxidation state from +3 (to achieve a Mn**/
Mn** ratio which corresponds to the equilibrium oxida-
tion potential for the experimental conditions) due to rare
earth deficiency together with oxygen excess. So, the
thermodynamically advantageous average oxidation state
of 3d-transition metal determined equilibria of the defects,
i.e., nonstoichiometry (oxygen or metal), which could
vary in correlation to each other in order to keep Mn**/
Mn** ratio approximately constant, Maximum oxygen ex-
cess can be obtained in the sample with the Ln : Mn ratio
equal to 1:1.
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FIG. 3. Oxygen content in PrMn0;,, (2) and NdMnOy,, (b} vs temperature at different oxygen pressures PO:'



58 CHEREPANOV ET AL.

08 l log (PO2)
001 a)
10 4 @ -0.88 I
o -0.98
1 e 182
12 | O-285
14
=
2 .8
18
-2.0
‘2-2 | T I 3
8.835E-4 7.835E-4 8.835E-4
YT.K

0.7
j log P(O2) »
B8 1 woom
09 -| ®-088
4 ° -113
10 7+ 43
1 o -1.80 p
Ll S
12 4 & 322
- 13 y
B 14 5
-1.5
-1.8
-1.7
-1.8
-1.8
-2.0 i T I
7.082E-4 8.082E-4
K

FIG. 4. The logarithm of oxygen nonstoichiometry in PrMnO,., (a) and NdMnOs,, (b) vs inverse temperature at different oxygen pressures.

Let us assume that the starting stoichiometric (with
respect to oxygen) composition is LaMnif, MnifO,,
where »n.is the manganese deficiency in the sample due
to its prehistory. Then the composition of the disordered
oxide due to the oxygen exchange process can be written
as Ln_ Mnj’,,_3Mn3, 0s.

Chemical analysis of NdMnO,_ , gave the Mn** fraction
[Mo** 1/(IMn3*] + [Mn**]) = 0.277. I, in the chemical
formula written above for the disordered manganate, we
take & = 0.03 according to the neutron diffraction refine-
ment, a value of the initial manganese deficiency n can
be calculated. It has been found to be n = 0.027. This

10
A1 4
12
13
.1'4 ;
15
>~ .18
g 1.7
-18
a9 -
20 m 170 K
j = 1220 K
231 o 1800 K
22 L
e i ﬁJ
-2.65 -1.85 -0.65
log P({02)

value is in good agreement with » = 0.023, according to
the neutron diffraction refinement, especially in light of
the fact that both samples were synthesized indepen-
dently. Such good agreement can arise if the homogeneity
range of the manganese deficiency is narrow and the limit-
ing composition has been achieved in all cases. However,
this statement needs to be proved by experiments.

The calculation of the Mn** fraction, based on the for-
mulas obtained from the neutron diffraction studies of
PryosMng 0,0, and Ndjo,Mng 50,4, the electroneutrality
condition, and the assumption that oxygen and rare earth
ions have unchangeable oxidation states O~ and Ln’",
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FIG. 5. The logarithm of oxygen nonstoichiometry in PrMnO,,, (a) and NdMnO,,, (a) and NdMnO;,, (b) vs oxygen partial pressure at

different temperatures.
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TABLE 3
Coefficients of Isobaric Dependences of Oxygen
Nonstoichiometry in PrMnQ,,, and NdMnO,,,

PrMn03+), NdMn03+y

log P, -a b x 1073 log Po, —a b x 1072

-0.01 2.823 2.109 —-0.01 2.533 1.654

-0.68 3,369 2.618 —0.68 3.037 2.118

-0.98 3.733 2.970 —-1.13 3.202 2.207

-1.62 4.807 3.978 —1.43 3.408 2.353

-2.65 3.942 2.532 —1.80 3.440 2.245
—-2.40 3.038 1.575
-3.22 2.559 0.792

Note. logy=a+ b-T7L.
allows one to rewrite these formulas as
PryosMnit,Mng%,0; and  Nd, o;Mng%,Mng3,0;. [10]

According to the concept of the determination of the
valence-bond parameters (20), it is possible to estimate
the probability of the site occupation by the manganese
ions in the different oxidation states. Using the inter-
atomic distances (Table 2), the probabilities of the site
occupation by Mn** and Mn** were calculated. This gives
the following formulas of the ternary oxides

ProoMng5,Mng50; and  NdgoMngjMngi0,. [11]

The lower values of the Mn** fraction can be explained
from the point of view of the partial covalency of the
bonding in the manganates. The model of absolute ionic
bonding, i.e., using the formal oxidation states, is true
when the process of the total disintegration of the struc-
ture (in the process of reduction under H, or during disso-
lution in an acid medium before the chemical analysis)
takes place. However, it is known that the effective charge
of the ions in the lattice is usually lower than their formal
charge, because the distribution of the valence electron
density cannot be described by an ionic bonding model
alone. In terms of the defect structure, the results repre-
sented in formulas [11] indicate that the effective charges
of the cation vacancies are lower than their formal
charges. These effective charges can be estimated using
the equation of electroneutrality

m [Vl + mIVig] = p, [12]
where m, and m, are the effective charge of the rare
earth and manganese vacancies, respectively. If in the
first approximation we assume that m, = m, = m, then
Eq. [12] can be transformed to

m{{VZ) + Vil =p. (13}
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The average effective charge of the cation vacancies m
obtained from Eq. [13] and formulas [11] are m == 2.0 for
praseodymium manganate and m =~ 1.9 for neodymium
manganate.

3.4. Thermodynamics of the Oxygen Exchange Process

The thermodynamics of the oxygen exchange processes
are often described in terms of the molar Gibbs potential
of oxygen dissolution in the crystal structure

AGY(0,) = 2.303*R*T*log Py, 4]

= AH9(0,) — T*AS%(0,),
where AG%(0,), AH%0,), and AS%0Q,) are the partial
molar Gibbs potential, partial molar enthalpy, and partial
molar entropy of the oxygen-dissolving process, respec-
tively. According to Eq. [14], the partial molar enthalpy
AHY(0,) and partial molar entropy AS®(0,) can be ob-
tained as

AH®(0,) = 2.303*R*[d log Py fd(1/T)], [15]

AS9(0,) = -2.303*R*[d(T*log Po)dT],,  [16]

=3V 1 [
n=21%1 |
|
|

\%\

n=p

P33 |
PEVES

logfi]

logn

log P(0,)

FIG. 6. Broiiwer diagram of equilibrium concentration of defects
(a) and oxygen nonstoichiometry (b,c) vs oxygen partial pressure,



60

00

=
(<]
& <10
g
¥
| 003
© 0.04
+ 005
O 0.06
0007
-20 T T 7 I
8.750E-4 7.750E-4 B.750E-4

YTK

FIG. 7.

, the slopes of the plots of log P vs 1/T and T*log
Po vs T at constant y give the part1a1 molar en-
tha]py AH(0,) and partial molar entropy AS%(0O,). The
values of equilibrium oxygen pressures and corresponding
temperatures (or inverse temperatures) at constant y were
obtained using the data in Table 3. Both log Py, vs I/T
and T*log Py, vs T can be described as linear (Flgs 7 and
8). Therefore AH?(0,) and AS%(0,) are considered to be
constant at a fixed composition of complex oxide. The
concentration dependences of AH®(0,) and AS%(O,) (Fig.
9) are very close for praseodymium and neodymium man-
ganates. The proximity of the AS®(0O,) dependences can
be explained by the predominant contribution of the A5
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Equilibrium oxygen pressure vs inverse temperature at a fixed oxygen content in PrMnO;,, () and NdMnO,,, (b).

term for the process of oxygen dissolution. The closeness
of AH%(O,) shows that the difference in rare earth ele-
ments does not strongly affect the energy of the oxygen
exchange process, which is mainly determined by the
oxidation state of the manganese ions.

4. CONCLUSION

The crystal structure of praseodymium and neodymium
manganates have been studied by X-ray and neutron dif-
fraction methods. Both oxides have orthorhombic (Pbnm,
(No. 62) space group} structure and the oxygen excess is
accompanied by a small manganese deficiency. The re-

FIG. 8.
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FIG. 9. Partial molar enthalpy {(a) and partial molar entropy (b) of the process of oxygen dissolution vs oxygen nonstoichiometry.

sults obtained by neutron diffraction and TGA methods
were confirmed by chromatometric titration, The thermo-
dynamics of the oxygen exchange process have been de-
scribed in terms of the partial molar enthalpy and the
partial molar entropy of oxygen dissolution in the lattice.
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