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The L i M n 2 0 4 formation from M n O and L i 2 C 0 3 mixtures with lithium cationic fraction 
0.31 < x < 0.40 was studied by structural profile refinement from X-ray data, thermal (TGA and 
DSC) measurements and scanning electron microscopy (SEM) observations. Quantitative phase 
analysis, structural and microstructural parameters and composition of the coexisting phases were 
obtained. 

Different behaviours were observed in the composition ranges 0.33 < x < 0.35 and x > 0.37. In 
the former range only the stoichiometric spinel phase was obtained, in the latter, in addition to the 
L i 2 M n 0 3 compound , two spinel phases could be considered: I) L i M n 2 0 4 stoichiometric spinel; 
II) Li i + > Mn2- > . 04 (0.11 < y < 0.23), a non-stoichiometric phase whose small particle size resulted 
practically independent of the initial composition and annealing temperature. Such a conclusion was 
supported also by SEM observations. The relative abundance of phase II increased with increasing 
lithium content and with decreasing temperature. 

Key words: Solid state reaction, Lithium Manganese Spinel, Structural and microstructural 
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1. Introduction 

Many transition metal oxides have peculiar physico-
chemical properties due to coupling of the cation elec-
tronic structure with the crystal field local value. Such 
compounds find applications as catalysts as well as 
electrolytes or electrode materials for electrochemical 
devices. In such a context a suitable way to assess the 
ternary oxides of the systems M e 0 - L i 2 0 (Me = V, Cr, 
Mn, Fe, Co, Ni) consists in preparing the pertinent 
compounds and characterizing the relationships oc-
curring among composition, structure, microstructure 
and physical properties. Among the ternary com-
pound families, the spinels are the most extensively 
studied ones, and the lithium manganese spinel, 
L i M n 2 0 4 , represents a very peculiar member of the 
family. For such a material, particularly for electro-
chemical applications, best stability against oxidation 
and high capability of lithium deintercalation are re-
quired [1]. It was previously shown that lithium can be 
removed from L i M n 2 0 4 [2] and electrochemical re-
versible lithium intercalation is possible [3-5], More-
over, the transformation L i M n 2 0 4 L i 2 M n 2 0 4 was 
later studied [6-9], and L i M n 2 0 4 spinel as positive 
electrode for batteries was introduced [10-14]. The 
characterization of electrochemically optimized spinel 
samples is usually related to the nominal lithium con-
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tent and the annealing conditions. However, more 
information is still needed about structural and mi-
crostructural parameters, non-stoichiometry and 
structural defects related to the actual composition 
and to the synthesis conditions of the samples. 

The present paper was aimed at studying the forma-
tion of L i M n 2 0 4 from the reactive system M n O / 
L i 2 C 0 3 and characterizing the structural and mi-
crostructural properties as functions of composition 
and annealing temperature. The structural parameters 
were determined by Rietveld profile refinement and 
the microstructural ones were obtained by both dif-
fraction peak profile analysis and by SEM observa-
tions. 

2. Experimental 

2.1 Materials and Sample Preparation 

The samples were prepared from Alfa (99.5%) M n O 
and Carlo Erba (R.P.) L i 2 C 0 3 , the starting mixtures 
having the lithium cationic fraction, x, ranging be-
tween 0.31 and 0.40. Each mixture was fired in air for 
8 h at 750 °C to obtain complete carbonate decompo-
sition. Successive treatments for 8 h at 800 °C, 900 °C 
and 1000°C and 1 h at 1100°C were performed, and 
a sample was taken after each annealing step. Both 
heating and cooling rates were 5 °C/min. In some par-
ticular cases samples were prepared by rapid quench-
ing from 800 < T < 1000 °C. 
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2.2 Apparatus and Procedures 

Diffraction data were obtained at room tempera-
ture by a Philips PW1710 powder diffractometer 
equipped with a Philips PW1050 vertical goniometer. 
Use was made of the CuKa radiation (Ko^ = 1.54056 Ä; 
Ka 2 = 1.5443 Ä) obtained by means of a graphite 
monochromator . Patterns were collected in the angu-
lar range 15° < 26 < 130° in step scan mode (step 
width 0.02° and 0.025°; counting time 3 s and 10 s). 

The thermal treatment of samples in the ther-
mogravimetric cell was performed with a Stanton 
Redcroft TGA762; for the DSC measurements use 
was made of a Stanton Redcroft DSC 1500, both con-
nected to a Rheometrics Scientific Data Acquisition 
system. In both T G A and DSC analysis heating and 
cooling rates of 5 °C/min in air were used. 

SEM micrographs were collected with a Cambridge 
Stereoscan 200 scanning electron microscope on gold 
sputtered samples (gold thickness about 100 Ä). 

Structural and profile parameters were obtained by 
the Rietveld refinement procedure [15]; the refinement 
was performed with the programs WYRIET version 
3.5 [16] and DBWS 3.2 S [17]. A more detailed descrip-
tion about the Rietveld refinement of multiphase sys-
tems has been reported in a previous paper [18]. The 
structural model to fit the observed patterns depends 
on the mixture composition, which determines the 
presence and abundance of the following compounds: 

i) L i M n 2 0 4 - spinel type (Fd3m): cubic 
a = 8.2476 Ä 
Li (8 a) 1/8, 1/8, 1/8 Tetrahedral site 
M n ( 1 6 d ) 1/2,1/2,1/2 Octahedral site 
O (32 e) u,u,u (u = 0.26) 
atomic positions deduced from [19]*; 

ii) M n 3 0 4 - spinel type ( H ^ a m d ) : tetragonal 
a = 5.7621 Ä, c = 9.4696 Ä 

atomic positions according to [20]; 

iii) L i 2 M n 0 3 (C2/m): monoclinic 
a s 4.937 Ä, b ^ 8.532 Ä, c ^ 5.030 Ä, 
ß ^ 109.46° 

atomic positions according to [21]. 

At the beginning of the refinement procedure, scale 
factors, background coefficients and lattice parame-

* According to the computer program requirements, frac-
tional coordinates with respect to the origin at the centre 
were used. 

ters (initial values starting from those obtained in a 
least squares fit) were varied. The profile coefficients of 
a Pearson VII or pseudo-Voigt function were refined. 
Finally, structural parameters, atomic coordinates for 
spinel oxygen, occupancy and isotropic thermal fac-
tors, were refined. The spinel stoichiometry was esti-
mated assuming the tetrahedral site totally occupied 
by Li. The occupancy of Mn ion on the octahedral site 
was refined: when a value appreciably lower than 
unity was obtained, also the Li occupancy on the site 
was considered and the sum of the occupancies con-
trained to unity. 

3. Results and Discussion 

3.1 Phases Coexistence and Lattice Parameter 

The presence of single phase L i M n 2 0 4 was ob-
served for 0.33 < x < 0.35, while the structural profile 
refinement could be favourably performed on X-ray 
data from the pertinent samples obtained at any tem-
perature. Figure 1 shows the comparison between the 
observed (x = 0.33 sample annealed at 800 °C) and 
calculated profile after refinement. The spinel phase 
was nearly stoichiometric within the experimental er-
rors. Tetragonal M n 3 0 4 (and also M n 2 0 3 traces at 
lower temperatures) in addition to the spinel phase, is 
also present for x < 0.33, and monoclinic L i 2 M n 0 3 

for x > 0.35. Concerning the extreme compositions on 
the lithium-rich side (to which this paper is mainly 
devoted) the following remarks can be made. 

i) The difficulty of Rietveld profile analysis increases 
when x departs from the monophasic range. However, 
that should not be due to the presence of a few percent 
of a second phase, whose structural features might be 
taken into account quite accurately in a complete 
structural model. 

ii) The value of the spinel lattice parameter is 
strongly dependent on the lithium content of the start-
ing mixture. Figure 2 a reports the lattice parameter as 
a function of temperature for each x. Appreciable vari-
ation of a is indeed found also between the x = 0.33 
and x = 0.35 samples, although the spinel phase com-
position results unchanged. It can be considered that 
the precision of cation occupancy factors, obtained 
from structural refinement, is insufficient to relate the 
a parameter to a possible variation of defects. Per-
haps, a very low fraction of a substitutional defect 
(inverted cations) may have a sensible effect on the 
lattice parameter. 
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Fig. 1. Comparison between observed (dots) and calculated (solid line) X-ray profile after refinement for the x = 0.33 sample 
annealed at 800 °C. In the lower part the difference is plotted, in the upper part the hkl reflection indices are reported. 
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Fig. 2. (a) Annealing temperature dependence of the spinel 
lattice parameter for samples x — 0.31 (o), 0.33 (•), 0.35 (•), 
0.37 (A) and 0.40 (•); (b) x dependence of mean values a (•) 
and comparison with literature data: (A), [8J; (•), [5] and (o), 
[19]. 

iii) The annealing temperature has no influence on 
the lattice parameter, as can be seen from the trend of 
the values reported in Figure 2 a. N o discontinuity is 
observed near 950°C, where a L i M n 2 0 4 decomposi-
tion reaction takes place [19]. In Fig. 2 b the a values, 
averaged over different temperatures (closed circles), 
are reported as function of x and compared with liter-
ature data in the range 8.190 < a/K < 8.247 obtained 

by several authors for the stoichiometric spinel after 
different synthesis conditions [5, 8, 19]. Those perti-
nent to samples obtained by delithiation [5] (for 
x < 0.30) show a wide range of lattice parameter val-
ues (8.040-8.207 Ä). 

3.2 DSC and TGA Measurements 

To investigate the nature and reversibility of the 
spinel decomposition process, DSC and TGA mea-
surements were performed on x = 0.35 samples an-
nealed at 800 °C. The DSC results gave an endother-
mal change of enthalpy (170 J/g) on heating with a 
sharp peak starting at 939 °C, reaching a maximum at 
946 °C, then slowly returning to the baseline at 
1000°C. An exothermal comparable change was ob-
served on cooling, although with a broader peak, 
starting at 990 °C, reaching a maximum at 880 °C and 
returning to the baseline at 865 °C. A significant 
change in the peak shape and appreciable hysteresis 
were observed in the present experimental conditions. 

The TGA results showed a slight weight increase 
from room temperature up to 690 °C ( + 0.4%), that 
might correspond to the initial presence of a slight 
oxygen deficiency, according to the formula 
LiMn203.952(15), not revealed in the structural deter-
mination on the 800 °C annealed sample. Then, other 
distinct changes could be observed: 

- a slow weight loss up to 790 °C ( — 0.2%), where an 
increase of the loss rate is observed; 

- a higher increase of the loss rate at 963 °C 
(—1.32%), above which temperature the weight loss 
continued monotonically up to 1100°C ( — 5.10%), 
where the change was not completely over. 

During cooling down to 620 °C the same total 
weight change was observed. The non-monotonic in-
crease showed rate changes at 1090, 920 and 897 °C, 
below which a linear trend was maintained down to 
620 °C. It can be deduced that, under the same exper-
imental conditions as for DSC experiments, a nearly 
complete reversibility of the process is obtained. How-
ever, a sensible hysteresis was revealed by the TGA 
plots too, more evident when higher cooling rates 
were used. The observed mass changes fairly agree 
with the expected value (5.89%) for the complete re-
versible process 

3 L iMn 2 0^ M n , 0 , + 3 L i M n O , + O-
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according to which the degree of transformation 
achieved at 1100°C was about 0.87. On the other 
hand, rapid quenched samples can preserve M n 3 0 4 

and L i M n 0 2 phases at room temperature. 
On comparing DSC and T G A data, it can be de-

duced that the endothermal enthalpy change is com-
plete (939 < T < 1000 °C) when the degree of transfor-
mation varies from 0.18 to 0.55. Moreover, on cooling, 
the enthalpy change is complete (990 > T < 865 °C) 
when the degree of t ransformation goes back from 
0.58 to 0.10, i.e., the enthalpy change occurs in a tem-
perature range much more limited than that required 
for the weight change. Both endothermal and exother-
mal processes are always related to the highest weight 
change rate, and the energy exchange is faster than 
release or gain of oxygen at the surface of the solid 
phases in the temperature range and at the oxygen 
partial pressure of the process, possibly due to diffu-
sion phenomena through the solid. 

3.3 Peak Profile Analysis 
and Profile Refinement Model 

It is well known that the profile refinement of the 
diffraction patterns can give indications about the in-
fluence of the initial bulk composition both on the 
abundance of phases and on the cations content of 
each phase. However, to perform an accurate struc-
tural refinement by pattern fitting, the most reliable 
crystal model and best profile peak shape are required. 
The most accurate profile investigation has been per-
formed on the hhh peaks series, for which splitting 
should be evident in odd terms in cases of tetragonal 
distortion, like that described by the I ^ / a m d space 
group [22], Such a crystal modification, proposed for 
chemically lithiated L i 1 + 6 M n 2 0 4 samples, can be 
ruled out for our Li-rich samples (x > 0.35) after com-
plete profile analysis. Really both even and odd index 
peaks of a given pattern have substantially the same 
shape and a well defined angular dependent broaden-
ing. On the contrary, samples of different composition 
can have a quite different profile shape and broaden-
ing. As an example of different profile shapes we show 
in Fig. 3 the comparison of the 444 diffraction peak for 
the x = 0.33 and x = 0.37 samples, annealed at 800 °C. 
The angular shift towards higher angles for the 
x = 0.37 sample is due to the lower a value. Moreover, 
higher intensity than expected near the K a 2 angular 
position makes it necessary to consider another dif-
fraction component not present in the x = 0.33 (and 

x = 0.35) sample. In other words, a higher asymmetry 
of the peak is observed because of the presence of an 
additional diffraction component. Asymmetry would 
become more evident if Ka 2 radiation stripping were 
applied on the diffraction data of both peaks. Another 
difference can be noted between the two 444 peak 
profiles: the x = 0.33 peak can easily be fitted by one 
p-Voigt function (see Fig. 4 a) while that of x = 0.37 
cannot. In the latter case a comparable result can only 
be obtained by using two p-V functions (see Fig-
ure 4 b). The fitting function at lower angles (I) results 
practically gaussian (G), while the feature of the higher 
angle function (II) is nearly lorentzian (L). The integral 
breadth of the L component is very large in compari-
son with that of the G one. It can be observed that the 
impossibility of describing the diffraction profile by 
means of a single function makes it possible to predict 
worse results in the profile refinement using a model 
of one cubic spinel phase, and the additional mono-
clinic L i 2 M n 0 3 phase. Such a model gives both unsat-
isfactory peak profile refinement and unreliable mean 
values of the lattice parameter. In addition, the use of 
a single spinel phase refinement would give an overes-
timate of the L i 2 M n 0 3 percentage in comparison 
with the expected values. Indeed, according to the 
extrapolation from the calculated by one pseudo-
Voigt function x = 0.4 (18.3(1.5)%) and the x = 0.37 
(13.0(1.2)%) values, about 9 and 6% of L i 2 M n 0 3 

should be present in x = 0.35 and in x = 0.33 samples 
respectively. Such a conclusion, however, disagrees 
with the experimental evidence (see § 3.1). 

3.4 Structural Refinement 
by a Two-Phases Spinel Model 

As previously noted, the shape of the diffraction 
profiles becomes more and more complex with in-
creasing lithium content above x = 0.37. Owing to the 
presence of additional diffraction effects, very close to 
the cubic reflections and not due to tetragonal distor-
tion, the use of two independent profiles in the fit 
procedure, accounting for two cubic spinel phases 
slightly different in composition and lattice parameter, 
may seem a satisfactory approximation. The first 
question that might arise refers to the evident and 
systematic change of the two p-V profiles: I tends 
towards the gaussian limit and II towards the 
lorentzian one. If one can think about the coexistence 
of two limiting spinel phases represented by two series 
of peaks I and II, then one must look for the meaning 
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of their limiting shapes, G and L, respectively. In other 
words, the first, lower angle peak set has a sharp gaus-
sian shape with practically strain contribution only. 
On the contrary, the second, higher angle peak set has 
a broad lorentzian shape, mainly representing the size 
contribution of the pertinent phase. It can be observed 
(Fig. 4 b) that the maximum of the G function is al-
ways very close to the angular position of the intensity 
maximum of the complex diffraction peak, while the L 
function has its maximum close to the K a 2 position. If 
one considers the G-component set as the diffraction 
effect of the stoichiometric spinel phase, and the L-
component set as the diffraction effect of a non stoi-
chiometric phase or range of non stoichiometric spinel 
phases, one can also understand the possible influence 
of the composition range breadth on peak broaden-
ing, and hence on the crystallite size determination. 
Therefore, the complete model for the refinement must 
take into account three phases: two cubic spinels and 
the monoclinic L i 2 M n 0 3 . 

The reliability of the hypothesis concerning the sto-
ichiometric composition of the "Spinel I" phase has 
been tested and ascertained in several cases. The ex-
clusive occupancy of the tetrahedral site by lithium 
atoms can be inferred from the very low observed 
intensity of 22 / reflections, strongly dependent on the 
atomic scattering factors of the ions in the (8 a) posi-
tions. On the other hand, the exclusive presence of Mn 
atoms on the (16d) octahedral sites has been verified 
by refining the occupancy factor. Subsequently, the 
cationic occupancy factors have been fixed to unity to 
gain stability during the three-phase refinement. The 
discrepancy factors of these refinements are much bet-
ter than those obtained by the two-phase model. In 
Table 1 the comparison between the results of the two 
models for the x = 0.37 sample, annealed at 800°C, 
are reported. 

The observed temperature dependences of the per-
centage abundance of spinel I and II phases for the 
x = 0.37 and x = 0.40 samples are reported in Figure 5. 
For the x = 0.37 samples, it can be seen that the quan-
tities of the two spinel phases have substantially 
reached definitive values after the first treatment at 
800 °C although more appreciable deviations (slightly 
large than the experimental error) can be observed after 
the 1000 °C and 1100 °C annealings. On the other hand 
the x = 0.40 samples show larger variations for phases 
I and II percentages for increasing temperatures. Phase 
II is prevalent at 750 °C, then it converts partially into 
stoichiometric phase I, while the lithium content 

Table 1. Comparison between the refinement results ob-
tained by the two-phase and the three-phase model for the 
x = 0.37 sample annealed at 800 °C. 

Two-phase model 
(one spinel phase) 

Three-phase model 
(two spinel phases) 

Stoichiometric spinel 

KB3 

% Phase 
a/A 
ub 

Formula 

4.23 
88.40 

8.2224 (1) 
0.2642 (2) 

L i 1 . 0 6 ( 2 ) M n i . O , 

Non stoichiometric spinel 

% Phase 
a/A 
ub 

Formula 

Monoclinic L i , M n O , 

KB3 

% Phase 
a/A 
b/A 
c/A 

14.27 
11.60 
4.8989 (5) 
8.5452 (10) 
5.0211 (5) 

108.663 (7) 

Global parameters & factors 
K p c 10.10 
«wP

d 14.10 
S e 2.81 
x . f 0.39 

4.78 
34.81 

8.2287 (1) 
0.2638 (1) 

L i M n , Q A 

2.91 
58.58 

8.2028 (2) 
0.2638 (1) 

L i

1 . 1 9 ( 2 )
M n

i . 

13.69 
6.61 
4.9221 (2) 
8.5276 (4) 
5.0395 (3) 

109.368 (4) 

7.40 
10.53 
2.10 
0.39 

Bragg discrepancy factor 
Oxygen coordinate 
Profile discrepancy factor 
Weighted profile discrepancy factor 
Goodness of fit 
Total lithium cationic fraction of the sample, calculated 
from abundance and Li content of each phase. 
The meaning of the above discrepancy factors is reported 
in [17], 

slightly increases in the residual phase II, whose com-
position changes from (L^ ^ ^ M ^ 8 2 ( 2 ) 0 4 ) at 750°C 
to (Lix 2 3 ( 2 ) Mn 1 7 7 ( 2 ) 0 4 ) at 1100°C. The total lithium 
content, taking into account the contribution of all 
phases present in the samples, ranges between 0.395 
and 0.411. 

In the composition range 0.37 < x < 0.40, the differ-
ence between the a values obtained for the two spinel 
phases results quite independent of both x and the 
annealing temperature. 

3.5 Microstructural Determination 

3 . 5 . 1 P e a k B r o a d e n i n g A n a l y s i s 

The peak integral breadths were determined both 
for spinel samples and BaF2 as a standard [23], using 
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the p-V function. After correction for instrumental 
effects, the sample broadening components (gaussian 
ß{

G and lorentzian ß[) were obtained and the contribu-
tion of both size and strain effects were ascertained by 
the Hall and Williamson plot [24], The mean crystal-
lite size, D, and the micro-strain parameter e = Ad/d 
(where d represents the interplanar distance of the 
planes family) were deduced by the Langford method 
[23] according to the formulas 

<D> = 
ßl 

ß[cos » 4 tan 9 

The analysis of profile reflections belonging to the 
same family hhh was also performed on the basis of 
the Warren-Averbach method [25, 26]. The average 
crystallite size and microstrain values obtained by the 
latter method agree with the pertinent values deduced 
by the former approach. Figure 6 shows the trend of 
the D values as functions of the annealing tempera-
ture, for each x. D increases with the annealing tem-
perature and the increasing rate reaches its maximum 
for x = 0.35. Very small crystallite sizes, nearly inde-
pendent of temperature, were observed when two cu-
bic spinel phases are present. In this case the crystallite 
size was determined from the spinel II phase contribu-
tion, and pertinent values are reported in Fig. 6 for 
x = 0.37 and x = 0.40 samples. 

1800 

D/A 

700 800 900 1000 

77°C 
1100 1200 

Fig. 6. Mean crystallite diameter D as a function of the an-
nealing temperature, for each composition set of the samples. 
The data for the .x = 0.37 and x = 0.40 samples are pertinent 
to the phase II spinel component . 

Fig. 7. SEM micrographs of the samples annealed 8 h at 
1000 C (a) x = 0.33, 10 kX; (b) x = 0.35, 6.68 kX and (c) 
x = 0.37, 5.61 kX. 

For what concerns the microstrain parameter e, a 
linear dependence of loge on x, independent of the 
annealing temperature, was found for 0.31 < x < 0.37: 

loge = 20.8357 x - 10.5343, 

while a nearly constant value e = 1.3 
for x > 0.37. 

R = 0.983, 

1 0 " 3 was found 

3 . 5 . 2 S E M O b s e r v a t i o n s 

Further evidence of the spinel phase formation as a 
function of composition is given by comparison of 
SEM micrographs taken on different samples sub-
jected to the same annealing procedure. The morphol-
ogy of Fig. 7 (a, b and c) shows the large increase of the 



V. Massarotti et al. • Structural and Defect Study of LiMn 2 ' 

particle size when the lithium content increases from 
x = 0.33 to x = 0.35. A further increase to x = 0.37 
produces smaller particles and two kinds of mor-
phologies. The octahedral forms, the only present for 
0.33 < x < 0.35, are typical of the spinel phase. For 
higher x values, other smaller particles, round in shape 
and with very different electron scattering behaviour 
are formed. Such a trend is peculiar of the above 
composition range, independent of the annealing tem-
perature, and the particle size is in good agreement 
with the crystallite size determined by the peak broad-
ening analysis. 

4. Conclusions 

The present results put into evidence two differ-
ent behaviours in the two composition ranges 
0.33 < x < 0.35 and x > 0.37. In the first case, only a 
stoichiometric spinel phase is formed whose lattice 
parameter depends on x, while the crystallite size de-
pends both on x and temperature and the strain effects 
depend only on composition. On the contrary, from 
Li-rich samples two distinct spinel phases are formed: 

I) L i M n 2 0 4 , stoichiometric. It contributes very 
sharp peaks to the powder diffraction profile, and its 
most evident features are strain effects, independent 
both of composition and annealing temperature. 

II) L i 1 + J , M n 2 _ j , 0 4 , n o n stoichiometric. The diffrac-
tion peaks are very broad, due to the small particle 
size, and practically independent of composition and 
annealing temperature. Whether a real composition 
range may exist, contributing to the lorentzian peak 
broadening, still remains an open question. Moreover, 
the mean phase composition corresponds to an evi-
dent Li excess, constituting the substitutional defect 
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LiMn on the spinel octahedral site. According to the 
configuration [ L i 1 ] 8 a [ L i > . M n 3 ! 3 y M n t t 2 y ] i 6 d ° 4 , the 
mean oxidation state of Mn ion, <V(Mn)> = (7-y)/(2-y) 
can be determined. The highest observed value 3.83 is 
obtained for y = 0.23 pertinent to the x = 0.40 sample. 
The same kind of defect, although not revealed by the 
refinement procedure, might be present at a much 
lower concentration is samples having the lithium 
cationic fraction in the range 0.33-0.35, where a single 
spinel phase is observed with the lattice parameter 
depending on composition. A non-stoichiometric spinel 
phase, synthesized by chemical lithiation of L i M n 2 0 4 , 
was previously reported [2, 3, 5, 22, 27] as example of 
an interstitial (16 c sites) compound, whose possible 
configurations are consistent with a corresponding 
reduction of M n 4 + to M n 3 + . In this case a structure 
distorsion at room temperature was observed, due to 
a cooperative Jahn-Teller effect. 

On the basis of the present results, the need for 
further information can be inferred. As previously re-
ported, composition, relative abundance and micro-
structural features of the phase depend on the initial 
composition and annealing temperature. It can be un-
derstood that the possibility exists for easy correla-
tions between those data and other physical proper-
ties, such as electronic and/or ionic conductivity, 
magnetic susceptivity, and EPR signal and relaxation 
time in 7Li N M R experiment, to gain completeness 
in materials characterization. Moreover, the same 
methodology may be useful in a large series of mixed 
oxides, particularly when a transition cation having 
different possible oxidation states is concerned. 
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