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Abstract 

The study of the ageing of the manganese-substituted nickel hydroxides with cr-structure in the KOH electrolytic medium 
of Ni/Cd batteries has given evidence of a new type of structure interstratification. This behaviour is due to spontaneous 
oxidation of the manganese ions, which are trivalent in the starting phases, to the tetravalent state in the aged materials. 
According to the infrared and chemical analysis results, the structure of the interstratified aged materials consists of a distribution 
of (Y-, p(II)- and /3(111)-interslab spaces directly related to fluctuations of the manganese distribution within the slabs. 
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1. Introduction 

Previous works in our laboratory [l-4] have shown 
that partial substitution of cobalt or iron for nickel in 
nickel hydroxides leads, for substitution rates over 0.2, 
to the formation of a-type phases stable in concentrated 
KOH solution (electrolytic medium of the Ni/Cd bat- 
teries). The structure cohesiveness in these phases 
results from strong electrostatic interactions between 
the trivalent M-substituting cations distributed within 

the Ni,_,M,O, slab and anions (generally CO,“-) in- 
serted in the interslab space so as to perform the overall 
charge balance [2,3]. For small substitution amounts 
0, <0.2), the number of inserted anions is insufficient 
to occupy all of the interslab spaces, which leads to 
anion segregation and therefore to interstratified ma- 
terials [5]. The structure of the latter materials is still 
constituted of Ni,_,M,,(OH), slabs but with random 
stacking of a-type interslab spaces (inserted with anions 
and water molecules) and P(II)-type ones (unoccupied). 

This type of interstatified material has also been 
reported in the case of the homologous manganese 
system in the previous companion paper [6]. It is 
designated by I in Fig. 1, which gathers the various 
phases observed in the manganese system. A second 
type of interstratification has been evidenced for this 
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Fig. 1. Overview of the various phases obtained as a function of the 

manganese-substitution amount. 

system [6]. When aged for one month in KOH solution, 

the precipitated a-materials that are obtained for y 
manganese amounts > 0.2 tend to change spontaneously 
into interstratifed materials. The latter ones have been 
designated by I, (the A index holds for ‘aged’) in Fig. 
1 in order to avoid any confusion with the interstratified 
phases directly obtained by precipitation for y < 0.2 (I 
materials). Chemical characterizations and magnetic 
measurements have shown that the manganese ions, 
which are trivalent in the a-phases, tend to be oxidized 
to Mn4+ in the I,-interstratified materials. 

In the a-type nickel hydroxides, and more generally 
in the related layered double hydroxides or in the 
mineral reevesite, about 0.5 H,O molecule per metal 
ion is present in the interslab space [7,8]. Taking into 
consideration that an a-type interslab space contains 
one oxygen site per metal cation (triangular lattice), 
0.5 oxygen site per metal cation is therefore left available 
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Fig. 2. Schematic representation of an interstratified structure con- 

stituted of a- and P-type interslab spaces. 

for anion insertion. Hence, 0.17 CO,‘- or 0.5 OH- 
anions can be theoretically at most intercalated as 
charge compensating species. It follows that, in the I,- 
interstratified materials which contain Mn4+ ions, the 
overall charge balance could be totally ensured by CO,‘- 
anions fory manganese substitution amounts up to 0.17 
or by OH- anions fory values up to 0.25. Consequently, 
for higher manganese amounts, the charge compensation 
cannot be performed only by anionic insertion. This 
consideration leads one to assume the existence of 
proton deficiency in the slab. Hence, the interstratified 
structure of the IA-materials may consist of (Y- and @- 
type interslab spaces, but with Ni, _yMnYO,H,_,-type 
slabs, as shown schematically in Fig. 2. 

This hypothesis is investigated in the present paper 
and a mechanism for the interstratification process is 
proposed on the basis of infrared and chemical analyses 
data. 

2. Results and discussion 

As detailed in the previous companion paper [6], 
the starting manganese-substituted materials (a or I) 
have been prepared by precipitation of nickel and 
manganese salts by NaOH. The oxidation of the man- 
ganese ions into the trivalent state is performed with 
a 5 M H,O, solution. 

In the present paper, our attention will exclusively 
be focused on the series of interstratified materials 
obtained after ageing for a long period of time (one 
month) of the a-phases in 5 M KOH medium. 

It should be noticed that, while below y =0.4 pure 
I,-interstratified phases are obtained, the y = 0.4 com- 
position leads in fact to a mixture constituted of an 
interstratified material (IA-type) and of a y-type nickel 
oxyhydroxide (exhibiting an intersheet distance close 
to 7 A) [6]. This behaviour, which may originate from 
manganese composition fluctuations in the material, 
will be discussed in the following. 

2.1. Chemical cycling ffom the cr- or IA-hydroxides 

Keeping in mind that the manganese-substituted 
nickel hydroxides are intended to be used as positive 
electrode materials in Ni/Cd cells, it is convenient to 
perform a chemical cycling in order to simulate the 
electrochemical behaviour. On account of the instability 
of the cY-manganese-substituted phases in 5 M KOH 
electrolytic medium (they transform into I,-interstra- 
tified phases), both cr- and IA-materials have been 
chemically cycled. As our original purpose consists in 
stabilizing the y/a-cycling, the chemical cycling has been 
essentially carried out for y manganese substitution 
amounts equal to 0.2 or 0.3, which give rise to a-phases. 

2.1.1. Preparation procedure 
Two successive steps are involved in the chemical 

cycling from the (Y- and IA-phases [9]. 
(i) The first step consists in oxidizing the hydroxides: 

1 g of (Y- or IA-material is introduced into 100 ml of 
oxidizing solution (4 M KOH, 0.8 M NaClO). The 
mixture is stirred for 15 h, the material is then washed, 
filtered and dried at 40 “C. 

(ii) The second step consists in reducing the pre- 
viously obtained oxyhydroxide. For this purpose, about 
1 g of oxyhydroxide is set in suspension in 100 ml of 
distilled water, and then 50 ml of 0.5 M H,O, solution 
are gradually dropped under stirring. 

It should be noticed that, whereas oxygen peroxide 
was used to oxidize the Mn2+ ions during the precip- 
itation of the a-phases, it acts as a reducing agent 
towards the metal cations in the nickel oxyhydroxide 
during the second step of the chemical cycling. The 
involved redox couple is therefore 0,/I&O,. 

2.1.2. X-ray difiaction study 
The X-ray diffraction patterns of the various phases 

involved during the chemical cycling form an cy- 
0, = 0.3)phase are displayed in Fig. 3. Similar behaviours 

oxidation 

reduction :.......: 

70. 0 so. 0 30. 0 10. 0 

Fig. 3. X-ray diffraction patterns of the y-, uR- and IA-phases obtained 

by chemical cycling compared with that of the starting a-hydroxide 

with y = 0.3 composition. 
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are observed when the chemical cycling is performed 
from the materials with y = 0.2 or y = 0.4 composition. 

The X-ray diffraction pattern of the material obtained 
after oxidation of the a-phase (Fig. 3) is characteristic 
of a y-phase. The latter crystallizes, like LY, in the 
rhombohedral system with P3 structural type. The de- 
crease of the interslab distance during oxidation from 
7.8 A in the c-u-phase down to 7 A in the y-one results 
from the modification of the interslab space composition: 
protons and carbonate ions are removed while alkali 
ions (K+, Nat coming from the KOH-NaClO medium) 
are intercalated. The oxidation reaction is particularly 
well emphasized by the variation of the ahex parameter 
(2&,,,), i.e., the metal-metal intraslab distance, which 
decreases from about 3.1 8, in the a-phase down to 
about 2.8 A in the y-phase. 

The formation of y-phases by oxidation of a-ones 
was commonly observed in the homologous cobalt system 
[2,10], whereas no complete chemical oxidation of the 
iron-substituted a-phases into y-ones was possible as 
a result of the very oxidizing character of these ‘y- 
materials [ll]. 

The -y-type phases can also be obtained by oxidation 
of the I,-interstratified phases resulting from the ageing 
of the freshly precipitated a-materials. On the basis of 
the X-ray diffraction and chemical characterizations, 
the latter materials are quite identical to the y-phases 
originating from the a-phases. 

As illustrated by the X-ray diffraction patterns in 
Fig. 3, reduction of a y-oxyhydroxide leads to an QI- 
type phase that will be designated in the following by 
cyR (the R index holds for ‘reduction’). Like the freshly 
precipitated a-phases, the a,-phases are unstable in 
5 M KOH solution; they transform into I,-interstratified 
materials. This evolution is emphasized in Fig. 3 in the 
case of the y=O.3 composition. 

A similar behaviour is observed when the complete 
cycling is performed from an IA-material (arising from 
ageing in KOH of an a-phase) as the starting phase. 
Nevertheless, in that case, the starting and final IA 
materials are identical on the basis of X-ray diffraction, 
infrared and chemical analysis characterizations. It fol- 
lows that only the results concerning the a,-phases 
obtained by chemical cycling from a-phases are pre- 
sented hereafter. 

2.1.3. Average cationic oxidation state in the y- and CY~- 
phases 

The chemical analysis of the y-phases has shown 
that the average cationic oxidation state is close to 3.5 
whatever the manganese amount. It follows that the 
oxidation state is rather imposed by the structure than 
by the Ni/Mn ratio. This is a quite general behaviour 
observed in y-nickel oxyhydroxides whatever the nature 
of the substituted cation [2,10,12]. Determination of 
the individual oxidation state of the nickel or manganese 

ions in the y-phases seems to be very difficult. Never- 
theless, the facility for the Mn” ions in being spon- 
taneously oxidized by air to Mn4+ during ageing of the 
phases, described in Part 1, see Ref. [6], leads to assume 
the tetravalent state of manganese in the oxyhydroxide. 
This hypothesis has been confirmed by the magnetic 
study. 

The average cationic oxidation states in the a,-phases, 
determined by iodometric tritration, are summarized 
in Table 1. The results obtained for the a- and I,- 
materials have been reported for comparison [6]. 

The values reported for the a,-phases suggest, as 
in the case of the I,-materials, the presence of 
(1 -y)Ni’+ and yMn4+ ions within the slab. The dif- 
ference in manganese oxidation state between the freshly 
precipitated a-phases (trivalent manganese) and the 
a!,-phases (tetravalent manganese) results from the 
weakening of the oxidizing power of H,O, in the 
precipitation alkaline medium. In other words, in al- 
kaline medium, H,O, is only slightly oxidizing towards 
Mn2+ ions, which are therefore oxidized to the trivalent 
state, whereas Ni2+ ions are not oxidized in these 
conditions. On the opposite, during the reduction step 
of the y-phase, which is carried out in neutral pH 
conditions, H,O, is able to reduce both tetravalent and 
trivalent nickel down to the divalent state while the 
manganese tetravalent state is maintained. This selective 
reduction of the nickel ions has already been observed 
in the iron or cobalt systems [3,13], except that in this 
case, the substituting ions were reduced down to the 
trivalent state. 

2.2. Study of the interstratijication process 

2.2.1. Chemical analysis of the a-, IA- and cYR-phases 
On the basis of the weight percentages of the carbon, 

hydrogen, nickel and manganese elements determined 
by chemical analysis of the materials, the CO,/(Ni + Mn) 
and H/(Ni+ Mn) molar ratios, i.e., the numbers of 
CO,‘- ions and H element per metal ion have been 
calculated. Their evolutions with manganese concen- 
tration in the (Y-, CY~- and I,-materials, are summarized 
in Table 2. 

Table 1 

Variation of the average cationic oxidation states in the (Y-, (Ye- and 

IA-phases vs. manganese concentration 

Y Oxidation state + 0.05 

a % 

0.2 2.33 2.46 

0.3 2.36 2.58 

0.4 2.46 2.79 

1 (I, + y): two-phase mixture. 

I* 

2.42 

2.62 

2.77 a 
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Table 2 2.2.1.2. The IA-phases 
Variation of y vs. of the CO,/(Ni+ (Mn) and H/(Ni +Mn) molar 

ratios in the (Y-, aR- and IA-phases1 

Y COJ(Ni I- Mn) molar ratio H/(Ni + Mn) molar ratio 

Materials Materials 

0.2 0.13 0.18 0.06 3.38 2.80 2.40 

0.3 0.14 0.15 0.03 2.94 2.68 2.17 

0.4 0.11 0.12 0.06” 3.25 2.24 2.11” 

a Note: it should be recalled that the ageing in KOH of the a- 

phase withy = 0.4 composition leads to a two-phase mixture constituted 

of a roxyhydroxide and an IA-type phase. 

In the I,-interstratified materials, the strong drop 
of the H/(Ni+Mn) ratio to values largely lower than 
3 suggests the occurrence of proton deficiencies within 
the slab and the removal of H,O molecules from the 
interslab space. The latter behaviour, as well as the 
noticeable decrease of the CO,/(Ni+ Mn) ratio with 
regard to that observed in the a-phases, are consistent 
with the disappearance of some a-type motives in favour 
of P-type ones and therefore with the structure inter- 
stratification. 

The pronounced decrease of the H/(Ni+Mn) ratio 
versusy in the IA-phases is fully in agreement with the 
simultaneous increase of the amount of proton defi- 
ciencies required to neutralize the positive charge 
brought by the Mn4+ ions. 

It should be noticed that the amount of sulfate ions 
is very small in the a-phases (about 0.01 SO,*- per 
metal atom for all y values) and totally negligible in 
the (Ye- and IA-phases ( <0.003). 

2.2.1.3. The a,-phases 

2.2.1.1. The a-phases 
It is convenient to discuss these results on the basis 

of the idealized chemical formula Ni, _,Mn,,(OH),- 
(CO,),,,,(H,O),,, deduced on the analogy of the re- 

evesite Ni,.,,Fe,,(OH),(CO,),,,(H,O),, [71. 
For y= 0.4, a slight decrease in the carbonate ions 

The manganese oxidation state shifts from +3 in 
the a-phases to + 4 in the cu,-phases. This modification, 
which implies an increase in the positive charge excess, 
is consistent with the evolution of the CO,/(Ni+Mn) 
and H/(Ni+Mn) ratio values observed in comparison 
with the cy- and a,-phases for a given y composition 
(Table 2). Indeed, the carbonate amount is higher and 
the H content is lower in the a,-phases than in the 
a-ones in order to ensure the overall charge compen- 
sation. 

amount is noticed. As suggested in the introductive 
part of this chapter, the maximal amount of CO,*- 
ions that can be theoretically intercalated (0.17) is in 
this case insufficient to ensure the compensation of the 
positive charge excess due to 0.4 Mn3+ within the slab, 
so that OH- ions may replace some CO,‘- ones. 
Taking into account the C03*-, SO,*- and H’ amounts 
determined by chemical analysis as well as the average 
cationic oxidation state (2.46), the following formula 
may be proposed: 

In fact, the amount of the H element in the (Ye- 
phases is intermediate between the values corresponding 
to the LY- and IA-phases. Hence, the a,phases may be 
considered as reaction intermediaries involved during 
transformation of the precipitated a-phases (containing 
Mn3+ ions) into I,-interstratified materials (containing 
Mn4+ ions). This point will be detailed in the general 
discussion. 

2.2.2. Infrared study 

%.6Mnc.&Wz (co3)0.1 1 (so4)0,01 (oH)0.22(H20)0,51 

-- 

slab species inserted in the interslab 
space or adsorbed on the grain 

surface (mainly H,O) 

2.2.2.1. Comparison of the infrared spectra of the cy-, (Ye- 
and I,-maten’als 

The presence of intercalated OH- ions has already 
been reported for the iron-substituted a-phase with 
y = 0.4 composition [3]. 

The various steps of the structure interstratification 
are clearly illustrated by the evolution of the infrared 
spectra of the it-, crR- and I,-materials reported in Fig. 
4 for the y=O.3 substitution amount. The infrared 
spectra of the (Y- and IA-materials have been discussed 
in detail in Part 1 of this study [6]. Nevertheless, several 
points have to be detailed. 

In addition, for the a-phases the values of the The infrared spectra of the cr- and cY,-phases (Fig. 
H/(Ni+Mn) ratio are generally larger than 3, which 4) exhibit strong similarities: 
is the theoretical value deduced from the above-men- (i) The large bands around 3400 and 1650 cm-l are 
tioned formula. This results from the presence of in- characteristic of the stretching and bending vibration 
tercalated OH- ions and extra water molecules ad- modes of the water molecules intercalated in the in- 
sorbed on the grain surface. terslab space or absorbed on the grain surface. 
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Fig. 4. Comparison of the infrared spectra of the cy-, LYE-, I,-phases 

(y = 0.3) and P(II)-Ni(OH), hydroxide. 

(ii) The band at 1360 cm-’ corresponds to the V, 
vibration mode of carbonate ions (in & symmetry), 
mainly inserted in the interslab space. 

(iii) The vibration band at 1100 cm-l that is observed 
on the spectrum of the a-phase characterizes the pres- 
ence of a small amount of SO,‘- ions mainly absorbed 
on the grain surface, as previously discussed for the 
iron- or cobalt-substituted nickel hydroxides [12]. Those 
sulfate ions originate from the precipitation medium 
of the a-phase (nickel and manganese sulfate solutions). 
They are removed during the chemical cycling steps, 
which accounts for the disappearance of the v~(SO~~--) 
band on the infrared spectrum of the a,-phase. 

As far as the IA-phase is concerned, it should be 
recalled that it is characterized by the coexistence of 
both LY- and P-type interslab spaces: 

(i) The appearance of the sharp v(OH) vibration 
band at 3650 cm-’ shows that some hydroxyl groups 
of the slab are no longer hydrogen bonded with water 
molecules of the interslab space, as they are in the a- 
type motives. This shows the formation of p(II)- 
Ni(OH),-type motives in the IA-phase. 

(ii) Nevertheless, the v(H,O), 6(Hz0) and v3(C03*-) 
vibration bands are characteristic of the species inserted 
in the a-type interslab space [12]. Besides, comparison 
of the spectra of the a- (or LYE-) and I,-materials shows 
a strong decrease in intensity of the v~(CO~‘-) band, 
which is consistent with the disappearance of some LY- 
type interslab spaces in favour of P-type ones when 
the structure interstratification occurs. 

In the I,-materials, as previously discussed on the 
basis of data of the chemical analyses, proton deficiencies 
must be present within the slabs in order to ensure 
the overall charge compensation. This behaviour sug- 
gests the presence of slabs with a strong/3(111)-character. 
Moreover, the infrared spectroscopy results presented 
above show that both p(II)- and a-type motives are 
simultaneously present in the IA-phases. As a conse- 
quence, the three interslab types @(II), p(II1) and a) 
must coexist in these materials. The interactions involved 
in the three motive types are schematized in Fig. 5. 
Whereas, in the @(II)-type domains, the OH groups 
are free, they are hydrogen bonded either with un- 
protonated oxygen atoms in the P(III)-type domains 
or with water molecules in the a-type domains. These 
interactions result in the last two cases in the absence 
of the v(OH) vibration band [13,14]. Moreover, the 
distribution of the species in the interslab space and 
that of the Mn4+ ions within the slab must be strongly 
correlated. As indicated in Fig. 5, the domains with 
high manganese content will be P(III)-type while those 
with very small manganese content will rather be p(II)- 
type, the intermediate manganese contents leading to 
a-type domains. 

2.2.2.2. Evolution of the infrared spectra of the IA-materials 
with y manganese concentration 

The evolution with manganese concentration of the 
infrared spectra of the I,-interstratified phase is re- 
ported in Fig. 6. The decrease in intensity of the band 
assigned to the v(OH) vibration has to be pointed out. 
This behaviour indicates a decrease in y of the ‘free’ 
hydroxyl groups amount, i.e., of the P(II)-type domain 
extent, probably in favour of @(III)-type domains. This 
evolution is indeed consistent with the increase in the 
amount of proton deficiencies required to perform the 
charge compensation when they tetravalent manganese 
concentration increases. As a matter of fact, ay increase 
must promote the appearance of domains with high 

(Ni’+ MR+O ) SLY 

$1 
--- HywD(jENBaw 

I-Y Y2 

-- - 

P (111 CCMAIN P (111, DOMAIN o( DCMAIN 

Fig. 5. Schematic representation of the various interslab space domains 

according to the manganese distribution within the slab. 
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Fig. 6. Evolution of the infrared spectra of the I,-interstratified 

materials as a function of the y manganese amount. 

manganese content, i.e., of P(III)-type domains, as 
shown schematically in Fig. 5. 

2.2.2.3. Special behaviour of the y=O.4 composition 2r,, + ruI = 1.20 

For the y=O.4 manganese concentration, the X-ray 
diffraction study shows that the ageing of the a-phase 
in KOH leads to a phase mixture containing I,- and 
y-phases. As emphasized on the infrared spectrum by 
the absence of the v(OH) vibration band, no more 
@(II)-type domain is observed. This behaviour suggests 
that the structure of the IA-phase is mainly constituted 
of (Y- and P(III)-type interslab spaces. Fluctuations in 
the manganese composition within the material may 
account for the formation of this (y+I,)-mixture, the 
domains with the highest manganese content (strongly 
proton deficient) being likely to give rise to the y- 
phase. The appearance of this phase is corroborated 
by the chemical analyses, which shows the increase of 
the K+/(Ni +Mn) ratio from 0.001 in the a-phase up 
to 0.02 in the aged material. 

This leads to: 

rII = 0.45 

r III = 0.30 

As a consequence, the structure of the IA+ = 0.2)phase 
is constituted of: 25% a-type planes; 45% P(II)-planes 
and 30% P(III)-planes. 

Calculations similar to those reported above fory = 0.2 
lead for the IA-O) = 0.3)material to the following interslab 
space distribution: 25% a-type planes; 13% @(II)-planes, 
and 62% P(III)-planes. 

A mechanism for the interstratification process is 
proposed hereafter, on the basis of the overall results 
presented in this paper. Fig. 7 gives an overview of 
the chemical and structural modifications involved in 
such a process. From a general viewpoint, the electronic 
configuration of the Mn3’ (HS) ions (3d4) induces a 
Jahn-Teller effect, so that these ions are stabilized in 
a very distorted (MnO,) octahedral site. In the freshly 
precipitated a-phases, within the Ni, _,,Mn,,O, slabs, 
Mn3’ ions are partially substituted for Ni2* (HS) ions 
(3d’) which, as exhibiting a regular octahedral envi- 
ronment, prevent any cooperative distortion. As a con- 
sequence, the Mn3 + ions are strongly destabilized. This 
entails a spontaneous oxidation of the Mn3+ ions into 
the tetravalent state, during the ageing of the a-phase 

2.3. General discussion 

In order to confirm the general evolution suggested 
by the infrared study reported in Section 2.2.2., it is 
possible to estimate the distribution of the cy-, @(II)- 
and /3(111)-domains for a material with given compo- 
sition, on the basis of the X-ray diffraction pattern and 
of the data of the chemical analyses. 

For instance, in the case of the IA-phase withy = 0.2, 
the starting data are as follows: 

(i) the material contains 75% p-interslab spaces and 
25% a-ones (as deduced by the X-ray diffraction study 
previously reported), and 

(ii) the CO,/(Ni+ Mn) molar ratio is equal to 0.06 
(Table 2). 

Neglecting the absorbed species, the material formula 
can be therefore written as follows: 

Nb.8Mn0.z0ZHS (CO&.,(H#), L___- 
slab interslab space 

where z designates the number of H atoms linked to 
the oxygen atoms of the slabs and t the number of 
H,O molecules inserted within the a-planes. Taking 
into consideration the average cationic oxidation state 
(2.42) reported in Table 1, the overall charge com- 
pensation leads to z = 1.70. Among these H atoms, 0.50 
of them belong to the Ni,,Mn,,(OH), slabs of the 
0.25 a-type planes. It follows that 1.20 H atoms are 
present in the Ni,,Mn,.,O,H, slabs of the 0.75 P-type 
planes where w = 1 for @(III) or w = 2 for p(I1). Keeping 
in mind that one ideal p(II)-plane contains 2 H atoms 
per (Ni+Mn) atom while one /3(111)-plane contains 
only one H atom, the numbers of /3(11)- and @(III)- 
planes per metal atom (rI1 and rIII, respectively) are 
easily deduced from the following equation system: 

rII + rIII = 0.75 
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I,(Mn 4+ 1 

Fig. 7. Schematic representation of the various species exchanges 

involved in the interstratification process and in the chemical cycling 

from a manganese-substituted a-phase. 

in KOH medium, which must contribute to relax the 
structure. 

This ageing of the freshly precipitated (Y- 
(Mn3’)phases in KOH solution O,> 0.2) therefore leads 
in a first step to a partial slab deprotonation, resulting 
in the formation of a phase designated by a-(Mn4+) 
in Fig. 7. This slab deprotonation is all the more likely 
as the enhanced covalency of the Mn4’-0 bond, an- 
tagonistic to the O-H one, must promote the proton 
lability. The cu&ype phases, obtained by the chemical 
oxidation of the a-phase into the y-phase followed 
by a reduction, seem to be quite similar to this 
a-(Mn4’)material. 

In a second step, as a result of the electrostatic 
repulsion between the CO,‘- ions in the interslab space 
and the unprotonated oxygen ions of the slab, CO,‘- 
ions tend to be removed from the interslab space. This 
induces the collapse of the a-type motives giving rise 
to p-ones on one hand, and the creation of new proton 
deficiencies so as to maintain the overall charge balance 
on the other hand. 

3. Conclusions 

The ageing of manganese-substituted a-phases in 
KOH electrolytic medium leads to interstratified ma- 
terials (IA) which contain Mn4+ ions. The overall results 
show that the interstratified structure of these materials 
is constituted of a random distribution of a-type interslab 
spaces and of ‘/3’-type ones with high proton vacancy 
content within the slabs. These ‘@‘-type motives must 
be in fact considered as a mixture of p(II)- and @(III)- 
type domains as shown in Fig. 7. 
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