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Starting from oxalate mixed crystals NixMn3-x(C204)3-6H20 thermal decomposition at 
reduced oxygen partial pressure ( P02 = 2%) leads to the formation of NiMn204 (x = 1) at metastable 
conditions. Nil.sMnl.504 (x = 1.5) existing in the metastable state only has been also prepared. The 
spinel compounds both are of the highly inversed type. Following a sol-gel preparation route 
Mg2TiO4 has been also found to be formed in the metastable state. Annealing results in decomposi- 
tion of the compounds providing NiMnO3 and 1/2cr or NiMnO3 only or MgTiO3 and MgO, 
respectively. The reaction rates observed are lower for NiMn204 and Nil.sMnl.504 than for 
Mg2TiO4 decomposition. The reverse reaction of NiMn204 formation above 730~ shows an en- 
dothermic enthalpy of +61 kJ.mo1-1. For Mg2TiO4 formation above 1050~ an endothermic enthal- 
py of +19.3 kJ.mol -l is found. The results are discussed in terms of structural features of the 
oxides. 

Keywords: Mg2TiO4, NiMn204, Nil .5Mnl.504, semiconductor ceramics, solid state reactivity 

Introduction 

In a previous paper different preparation routes for NiMn204 thermistor 
ceramics have been reported [ 1]. Semiconductor ceramics NixMn3-xO4 (x < 1) are 
known to have applications as highly precise thermistors [2, 3], although spinels 
based on this system are known to be unstable below 730~ in air. According to 
the phase diagram [4] ~-Mn203 and NiMnO3 are formed as a result of oxygen 
contamination. 
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250 FELTZ et al.: SOLID STATE REACTIVITY 

1 < 730~ 1 
NiMn204 + ~-O2 --> 7300 c NiMnO3 + ~ ct-Mn2Os (1) 

At room temperature NiMn204 is in a metastable state. It has been shown that 
the thermal decomposition of oxalate mixed crystals NiMn2(C204)3-6H20 at 
350~176 provides a series of defect spinels Ni4/(4+8)Mns/(4+8)ID~8/(4+8)O4.00 
whose compositions depend on the oxygen partial pressure thus allowing to 
prepare NiMn204 (8 = 0) at conditions of metastability [5-7]. The compound thus 
obtained is in a highly dispersed state (about 50 m2/g). In the range 450 ~ < T < 
730~ the metastable compound decomposes along to Eq. (1) and above 730~ in 
turn NiMn204 is formed in the equilibrium state. 

Moreover, the metastable spinel Nil.SMn1.504 was found to be accessible fol- 
lowing the oxalate route of preparation [7]. Heating above 450~ in air leads to 
the compound NiMnO3 which is stable up to about 770~ 

1 > 450~ 3 
Nil.sMnt.504 + ~O2 2NiMnO3 (2) 

Mg2TiO4 as an inverse spinel could be also prepared at metastable conditions 
provided that homogeneous hydrolysis of a solution of Ti(OCH2CH2OC2Hs)4 
and Mg(OCH2CH2OC2Hs)2 in 2-ethoxy-ethanol is carried out followed by 
evaporation and stepwise heating up to 700~ [8, 9]. At increasing temperature 
Mg2TiO4 in the metastable state is intermediately decomposing and only above 
1050~ the range of stability is attained. 

m5r 
MgTiO4 ~ 1050oC MgTiO3 + MgO (3) 

The enthalpies of formation and decomposition of the compounds measured 
by thermal analysis are the matter of the paper presented. The results are dis- 
cussed in terms of structural reasons for the occurrence of metastability, 

Experimental 

Preparation 

The preparation of the oxalate mixed crystals NixMn3-x(C204)3-6H20 has 
been already described [5, 6]. Decomposition was shown to be complete at 330~ 
within some hours (6 h applied). The result of decomposition is a defect spinel 
phase (0.5 < x < 1.67) 
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Ni~Mn3-x(C204)3.6H20 + 1,g_~_O2 30,, --40,,~ r~ n~ 3CO + 3CO2 + 6HzO + 

4 + 5  
NixMn3-xl~8/404+~ or - - ~  Ni4x/(4+a)Mn4(3.x)/(4+a)rq 38(4+8)04.00 

(4) 

The composition is determined by the molar ratio Ni/Mn = x/(3-x), and 8 is a 
measure of the oxygen contamination�9 k -- (8-2x+28)/(3-x) is the average number 
of the oxidation state of manganese. At a given x-value 8 is varying at constant 
oxygen partial pressure with temperature and reverse. The assumption that the 
manganese oxidation state is limited to k = 4 leads for x = 1 and 0 < 8 < 1 to the 

formula N'I~I/sMn~5 [ ~ 1 5 0 4  (5  -- 1). For x = 3/2 with 0 < 8 < 1/2 the boundary 

composition N'I~/3Mn~'~3 Et/304 is already achieved at 8 = 1/2. 
Actually, for x = 1 at 350~ the value 8 = 0.35 was found in oxygen and 8 = 

0.19 in air [5]. Defect free NiMn204 is obtained when the decomposition of 
NiMn2(C204)3.6H20 mixed crystals is carried out in an atmosphere of reduced 
oxygen partial pressure (2 vol% O2/Argon) at 400~ (6 h). At these conditions 
metastable NiMn204 is obtained because reaction (1) is just yet inhibited. 

Decomposition of Nil.SMn1.5(CzO4)3-6H20 in flowing air at 400~ (6 h) per- 
mits to prepare the metastable spinel phase Nil.sMnl.504 [7]. Decomposition to 
NiMnO3 starts already at 450~ along to Eq. (2). However at 450~ in air the 
reaction remains incomplete. Measuring the increase of weight infers that even 
after 450 h the part of NiMnO3 formed is limited to about 70%. Decomposition of 
the oxalate mixed crystals at 650~ in air (24 h), densification of the powder by 
pressure (150 MPa) followed by annealing at 700~ (50 h) in an oxygen atmos- 
phere, grinding the tablets and twice repeating the procedure lead to the formula 
NiMnO2.98. 

Highly dispersed metastable Mg2TiO4 (43 m2/g) is obtained in the result of 
hydrolysis of mixtures of Mg(OCH2CH2OC2Hs)2 and Ti(OCH2CH2OC2Hs)4 in 
the molar ratio 2 to 1 in 2-ethoxy-ethanol followed by evaporation and stepwise 
heating up to 700~ The powder has still a small ignition loss of about 1.3%. 

Analyses 

NiMn204 and Nil.sMnl.504 both prepared in the metastable state have been 
analysed by dissolution of the weighing out loss in diluted sulphuric acid contain- 
ing VOSO4 of defined molarity. The oxidation equivalents localized at the man- 
ganese ions are completely transferred to the vanadium species at about 60~ 

without falsification by the presence of air. VO~ ions are formed and the residual 
�9 2+ . . . . . .  concentration of VO ~ons is measured by potentlomelrlc Utrat~on manganomet- 

rically. 
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Thermal analysis 

A NETZSCH apparatus STA 429 was used for recording TG and DSC traces. 
For studying the boundary conditions of metastability, NiMn204 and 
Ni1.5Mnl.504 were submitted to thermal cycling with varying heating rates at 
defined oxygen partial pressure. Measuring of the reaction enthalpies demands 
calibration. The phase transition of BaCO3 at Tu = 808~ (AHu = 17.58 kJ/mol) 
recorded with a sensitivity of 0.43 ~tV/mW (error - 2%) and melting of gold at 
Ts = 1069~ (AHf =12.60 kJ.mo1-1) recorded with a sensitivity of 0.24 IxV/mW 
(error =10%) have been used. 

Conductivity measurements 

The direct current conductivity of the samples contacted by Ag paste (fired at 
800~ for 1/2 h) was measured between 0 ~ and 70~ utilizing a high resolution 

, digital voltmeter equipped with a constant current source. Details of the ap- 
paratus have already been published [10, 11]. 

Results 

Thermoanalytical recording of the decomposition of the spinel compounds for 
quantitative purposes in the range of metastability fails. Because of kinetic 
hindrance especially in the final period the reactions along to Eqs (1), (2) or (3) 
become extremely slow. 

NiMn204 

Annealing of NiMn204 ceramic samples at 500~ for 100 h in air leads only 
to a very small degree of decomposition. Analytically the formula NiMn204.ol 
has been found. In the X-ray diffraction diagram the most intense reflexes of 
NiMnO3 just yet could be observed. On the other hand, at 700 ~ or 350~ changes 
in structure or composition were not detectable with the aid of chemical analyses 
or X-ray diffraction after annealing for 100 h. Of course, a maximum rate has to 
be expected in the range of mean temperatures, because despite of the increasing 
driving force the kinetics of decomposition is confined the better the lower the 
temperature is. Conductivity measurements are more sensitive. The data are sum- 
marized in Table 1. Commonly, ageing of NiMn204 semiconductor ceramics is 
restricted to temperatures up to about 150~ The drift of the data observed in this 
range is reduced to values below 0.1% during a period of about 200 h. In the 
flame of such small alterations the electrical data remain unchanged during an- 
nealing at 250~ However, at 350~ significantly enlarged fluctuations arise. 

J. Thermal Anal., 39, 1993 
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The electrical properties of the samples become spread showing among one 
another extended deviations. 

3 
,wnl*/ 

2 , 

6oooc 

,/00%. 
i , i , . . . . .  , , a {  

20 40 60 80 100 
- ~/h 

Fig. 1 Increase of weight Am of NiMnzO4powders ground along to Eq. (l) during annealing at 
different temperatures 

On the other hand, NiMn204 powders resulting from grinding of the ceramics 
(15 min in an achate vibrating mill) exhibit a very much higher reactivity in the 
decomposition process along to Eq. (1). These results are collected in Table 2. 

According to the general formula NiMn~+Po4+p the increase of weight is the result 
of oxidation of manganese (Eq. (1)). Complete oxidation is achieved at Am = 
3.44% or p = 0.5, respectively. The values p have been separately determined by 
oxidimetric analyses. At 500~ the decomposition shows a maximum reaction 
rate, which is demonstrated in Fig. 1. At 700~ the driving force is still compara- 
tively low and at 350~ the decomposition is already blocked by kinetic reasons. 

Table 3 Cancelling of the metastability of the fired NiMn204 powder by milling proved by 
annealing at 500~ (100 h) 

Sample ( 1 ) 

Ceramics 

(2) (3) 

Ceramics Powder heated 

powdered 1000~ (4 h) 

(15 rain) 800~ (20 h) 

(4) (5) 

Powder as Powder as 

sample (3) sample (3) 

milled 1 h 5 min mor- 

tar powd. 

3.1 1.3 m% 0.1 2.7 0 

J. Thermal Anal., 39,1993 



FELTZ et al.: SOLID STATE REACTIVITY 255 

Extending the annealing studies at 500~ to NiMn204 powders which were 
fired as above the ceramics at 1000~ (4 h) followed by annealing at 800~ 
(20 h), leads again to a vanishing reactivity. Following the analytical data and X- 
ray diffraction the decomposition fails entirely (Table 3). Only after grinding 
reaction (1) takes place within the annealing time applied. 

+10 

-10: 

-20---15 L/ 

7~'0 

+25 ~T 

,2o ~--V-- 

+15 

+10 

*5 

0 

,-10 

770 g20 9 '0 Trc 

Fig. 2 DSC plot of NiMnO3/1/20t-Mn203 mixtures resulting from annealing of NiMn204 powder 
at 500~ formed in the metastable state on the oxalate decomposition route: 42.89 rag, 

10 deg.min -t 63.6 kJ.mol -I (--) ;  42.89 rag, 5 deg.min -I 59.1 kJ.mo1-1 (--):  32.82 rag, 

2.5 deg-min -l 59.9 kJ-mo1-1 ( - - )  

Even the highly dispersed form of unstable NiMn204 powders prepared by 
low temperature decomposition of the oxalate mixed crystals in air needs at 
5000(2 approximately 20 h for complete decomposition. 

Therefore, measurements of the enthalpy of formation of NiMn204 in turn of 
Eq. (1) had to start from the mixture of NiMnO3 and 1/2Mn203 obtained by an- 
nealing of ground NiMn204 ceramics or of NiMn204 powder prepared as a 
metastable phase on the oxalate route, respectively. 500~ were applied for an- 
nealing thus forming an intimite mixture of NiMnO3 and a-Mn203. 

Figures 2 and 3 show the DSC plots of the return of reaction (1) for the two 
mixtures resulting from the different NiMnzO4 sources at an oxygen partial pres- 
sure Po, = 2.1"10 +4 Pa. The mean values 60.9 and 60.3 kJ.mo1-1 are found, i.e. 
there is no significant difference between the two mixtures. The enthalpy of the 
reaction is given by the value 61 kJ-mo1-1 (10% error). 

Nil.sMnl.504 

The metastable spinel Nil.sMnl.504 prepared by oxalate mixed crystal 
decomposition in flowing air at 400~ (6 h) was found to be cubic with a lattice 
constant at = 835.1(5) pm. At lower temperature, e.g. at 350~ a defect spinel 
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with an increased Mn TM content has been obtained: 
NilATMn~I1Mn~V6 [] 0.0604.00 I5]. The metastable compound has to be interpreted 
as an end member of the series Nil.sMnl.5r-138/404.8 (8 = 0). 

]AT § ~" 
'+10 

"10' 

0 ' 0  
"5 

-10  '-10 

-20' 

050 7b0 7~0 8'00 B'5o 900 T/*C 950 

Fig. 3 DSC plot of NiMnO3/1/2(x-Mn203 mixtures resulting from annealing of ground NiMn204 
ceramics at 500~ 42.16 rag, 10 deg.min -l, 61 kJ-mo1-1 (--); 41.44 mg, 5 deg.min -1, 
58.4 kJ-mol "-1 (--) 

The formula Nin(Ni~I.sMn~Vs(Mnm)O4(Mnm)O4 appears to be unlikely because 
of the well-known high degree of inversion for NiMnzO4, which implies the for- 
mation of Mn n on the A and Mniv on the B sites of the spinel structure. Because 
of the low decomposition temperature the random distribution of cations in the 
oxalate mixed crystals is assumed to be widely maintained in the defect spinel 
precursor. Therefore, the formula 

�9 I I  111 II ~ T . I I  . .  IV MnIII Nll-yMny-pMnp (Dllo.5+yM.no.54p 1-y--p )04 (4) 

with y = 0.5 and y =p seems to be probable. 
The metastable compound Nil.sMnl.504 was suggested to be a suitable precur- 

sor for the formation of NiMnO3. On the other hand, the entropically unfavoured 
formation of the well-defined ordering of the cations occupying the octahedral 
sites of the ilmenite type structure requires sufficient mobility of the Ni II and 
Mn Iv cations. Analyses provide the composition NiMnO2.gs for the powder result- 
ing from decomposition of Nil.sMnl.5(C204)3 6H20 mixed crystals at 650~ in 
air. No foreign reflexes have been observed in the X-ray diffraction pattern. Hold- 
ing of Nil.sMnl.504 at 730~ in air (100 h) leads also to incomplete NiMnO3 for- 
mation, Obviously, because of kinetic reasons it is difficult to prepare NiMnO3 in 
a homogeneous single-phase state along to Eq. (3). Already above 70~ NiMnO3 
decomposes 

NiMnO3 --> c NiO + Nl(3-3e)/(2--c)Mn3/(2--e)O4 -I- 0 2  (5) 

J. Thermal Anal., 39, 1993 
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Am 
*/, 
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Fig. 4 Thermal decomposition of NiMnO2.98 along to Eq. (5), c = 0.387 

Figure 4 shows the results of thermoanalysis. NiO and the spinel 
Ni1.14Mn1.8604.00 are formed (c = 0.387). The loss of weight of 4.6% expected 
according to Eq. (5) was accurately observed by thermogravimetric measure- 
ments. The enthalpy of the reaction has been measured with different heating 
rates at an oxygen partial pressure POz = 212 mbar providing the values 

48.2kJ.mo1-1 (10 deg.min --1) 48.3 kJ.mo1-1 (5 deg.min -1) and 47.1 kJ-mo1-1 

(2.5 deg.min -1) which leads to the mean value of 48 kJ.mo1-1 (error 10%). 
Deduced from these results and in accordance with the phase diagram [4] the 

observation of Ni1.sMn1.504 formation at 800~ which has been reported in the 
literature [12] as a result of the decomposition of NiMnO2(OH), appears to be un- 
likely. 

Indeed, the pathway for the preparation of NiMnO3 seems to be widely block- 
ed up. By hydrothermal synthesis starting from NiO and MnO2 the compound has 
been also obtained only as a component of a mixture [13]. 

Mg2Ti04 

The inverse spinel formed in the metastable state provides the DSC plot 
shown in Fig. 5. Two distinct exothermic peaks with the on-set temperature TI = 

760~ (AH1 = -2.9+0.5 kJ.mo1-1) and T2 = 960~ (AH2 = -4.8_+0.6 kJ.mo1-1) are 
observed (curve a) indicating the decomposition along to Eq. (3), which is fol- 

lowed by the formation of Mg2TiO4 at T3 = 1130~ (AH3 = 8.0-2-_8 kJ.mol-l). Heat- 
ing of a sample, which had been quenched after heating up to the first peak (curve 
b), provides only the second peak (curve c) and again heating leads to curve (d) 
of Fig. 5 showing only the enthalpy of the formation of Mg2TiO4 in turn of 
Eq. (3). MgO, MgTiO3 and residual Mg2TiO4 are found in the range of the first 

J. Thermal Anal., 39, 1993 



258 FELTZ et al.: SOLID STATE REACTIVITY 

and second exothermic peak in the X-ray diffraction diagram. In accordance with 
expectation the sum of the two exothermic enthalpies corresponds approximately 
to the endothermic enthalpy of Mg2TiO4 formation. Presumably MgO nucleation 
and growth goes ahead before MgTiO3 initially remaining partially dissolved in 
the spinel phase starts to separate. However, as shown in Table 4, the lower the 
heating rate is the more the second peak prevails indicating that MgTiO3 and 
MgO are formed in close relation as a result of decomposition of Mg2TiO4 in the 
range of metastability. 

Complete decomposition is achieved after annealing at 900~ (4 h) or anneal- 
ing at 1050~ (3 h). Obviously, the temperature where the free enthalpy of the 
formation of Mg2TiO4 becomes negative is above 1050~ In the literature a 
value of 1000~ has been estimated as the lowest limit for Mg2TiO4 formation 
[14]. For the reaction enthalpy a value of 19.3+1.6 kJ-min - t  at 1190~ was 
measured by DSC. This value is confirmed by extrapolation of the values of 
Table 4 to a heating rate of q -- 0. 

Table 4 Dependence of metastable Mg2TiO4 decomposition behaviour on the heating regime at 
TON (1) and T ON (2) and formation of Mg2TiO4 at ToN (3) 

Heating rate / Peak I Peak 2 Peak 3 

ToN(1)/~ AH/kJ .moF 1 TON(2)/~ AH ]kJ.mo1-1 TON(3)PC AH/k, .moV 1 
deg.min -I . 

20 780 -2.6i-0.3 970 - 2.2+0.1 1120 + 4.8_+0.6 

10 760 -2.4i-0.2 960 - 4.8+0.6 1130 + 8.0_+0.8 

5 750 -1.6:L-0.5 910 - 8.8+0.8 1150 +11.2+1.0 

3 - - 880 -16.7+1.6 1160 +16.7+1.6 

Wechsler and Navrotzky [14] measured a value of 16.9+2.2 kJ.mo1-1 at 700~ 

by dissolution calorimetry. Extrapolation to 920~ leads to 20.8 kJ.mo1-1 which 
is in sufficient agreement with the data observed in this paper. 

Discussion 

Obviously, homogeneity and isotropy of the highly disturbed transition state 
resulting from thermal decomposition of the oxalate mixed crystals 
NixMn3-x(C204)3.6H20 at comparatively low temperatures involves suitable 
prerequisites for an ordering of the oxygen ions to cubic dense packing. The ca- 
tions are assumed to occupy the vacancies arranging their preferred configura- 
tions (coordination numbers) in close relation with oxygen ion ordering. 
Considering a stepwise decrease of the entropy the cubic structure seems to be the 
next neigh- boured suitable stage from the strongly disordered transition state 

J. Thermal Anal., 39, 1993 
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which is most easily achieved from oxalate decomposition thus leading to the for- 
mation of a spinel phase at metastable conditions. It is even possible to alter the 
vacancy concentration in small limits in dependence on oxygen partial pressure 
and temperature without cancelling the metastable state. Using such a pathway 
the quasi defect free metastable compounds NiMn204 and Nil.sMnl.504 could be 
prepared. 

In such a context the formation of the inverse spinel Mg2TiO4 at metastable 
conditions as a result of homogeneous hydrolysis of Ti(OCH2CH2OC2H5)4 and 
Mg(OCH2CH2OC2Hs)2 in 2-ethoxyethanol followed by evaporation and stepwise 
calcination up to 700~ appears to be understandable, too [8, 9]. ~-Fe203 is 
formed as a metastable compound during careful oxidation of Fe304 even at 
180~ [15]. Of course, topotaxy achieves importance in solid state reactions the 
better the lower the reaction temperature is. Thermal dehydration of 
MgWO4,2H20 leads in two distinct topotactic steps at 100 ~ and 150~ to multip- 
ly twinned MgWO4, reported to exist above 1200~ only [16]. 

pv .2 

~ -  

c~L_ 
J 

Y 

let) 

6s0 7~0 8'~0 9~0 16s0 11~0 T/'c - 

Fig. S DSC plot of decomposition of metastable Mg2TiO4 and formation along to Eq. (3) on 

heating with 10 deg.min -1 (a) and stepwise heating up to 960~ (b) followed by heating 
0 o up to 113 C (c) followed by heating up to 1200~ (d) 

The metastability of the inverse spinel type compounds NiMn204, 
Nil.SMnl.504 and Mg2TiO4 accessible on the preparation routes reported are sug- 
gested to result from both, random distribution of different cations on the dif- 
ferent crystallographic sites in the spinel lattice, and the entropically unfavoured 
step of cation ordering, needed for the nucleation and growth of ilmenite type 
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crystals of NiMnO3 along to Eqs (1) and (2) or according to Eq. (3) for MgTiO3, 
respectively. 

However, the decomposition reactions leading to NiMnO3 seem to be sig- 
nificantly more inhibited because of the kinetic indolence of the Mn Iv ions (d 3 
electron configuration). MgTiO3 and MgO seem to be easier formed as a result of 
decomposition of Mg2TiO4 than NiMnO3 from Ni1.5Mnl.504 or from NiMn204, 
respectively. 

The thermodynamic data infer that random distribution of Mg II and Ti IV on 
the B sites of the inverse spinel structure cause stabilization by the entropy term 
in the range of higher temperature. Mg2TiO4 formation in turn of Eq. (3) is 
coupled with an endothermic enthalpy effect of comparatively small size: 

+19.3+1.6 kJ.mo1-1. Therefore, the driving force is assumed to attain above 
1050~ only a small value. However, despite of the small negative free enthalpy 
the formation of Mg2TiO4 from the intimite MgO/MgTiO3 mixture is compara- 
tively soon finished. 

Presumably, the formation of NiMn204 in turn of Eq. (1) from the intimite 
NiMnO3/1/2a-Mn203 mixture leading to an increased endothermic enthalpy ef- 
fect of 61 kJ.mo1-1 above 730~ is also supported by the random distribution of 
cations on the different crystallographic sites (formula 4). 

Additionally, oxygen release is suggested to give rise for a negative free en- 
thalpy sufficiently high for enhancement of the reaction rate of NiMn204 forma- 
tion. In reverse, the decomposition reaction is strongly inhibited. 
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Zusammenfassung--Ausgehend von NixMn3-x(C204)36HzO Oxalatmischkristallen fiihrt die 
thermische Zersetzung bei vermindertem partialem Druck yon Sauerstoff (PO2 = 2 %) zur Bildung 
yon NiMn204 (x=l) unter metastabilen Bedingungen. Das nur in metastabilem Zustand exis- 
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tierende Nil.sMnt.504 (x=l.5) wurde ebenfalls hergesteltt. Beide Spinellverbindungen sind vom 
stark umgekehrten Typ. l]ber einen Sol-Gel Herstellungsweg wurde gefunden, dab Mg2TiO4 eben- 
falls in metastabilem Zustand gebildet wird. Tempern ergibt eine Zersetzung der Verbindungen, 
was zu NiMnO3 und 1/2Mn203 oder nut NiMnO3 oder MgTiO3 und MgO ffihrt. Die Reak- 
tionsgeschwindigkeiten sind ffir die Zersetzung yon NiMn204 und Ni1.sMnl.504 niedriger als fiir 
die yon Mg2TiO4. Die Riickreaktion der Bildung yon NiMn204 oberhalb 730~ zeigt eine en- 
dotherme Enthalpie von +61 kJ.mo1-1. Ffir die Bildung yon Mg2TiO4 oberhalb 1050~ wurde eine 
endotherme Enthalpie yon +19.3 kJ.mo1-1 gefunden. Die Ergebniase wurden unter Beriicksich- 
tigung der Struktureigenschaften der Oxide diskutiert. 
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