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The stage transitions in ternary potassium—dimethyl sulfoxide—graphite intercalation compounds were
observed by neutron diffraction measurements in situ, during the electrochemical intercalation of
solvated potassium into graphite. The position and the profiles of the (00/) diffraction lines indicate
first the formation of disordered stages for all compositions when the stage value is higher than that of
stage 2, and second the coexistence of stage 2 and stage 1 during the last transition only. In the
disordered (mixed) stages the ratio (n packages/n + 1 packages) is found to vary continuously as the
potassium concentration increases. These results have been compared to recent works on stage
transitions in binary potassium-graphite intercalation compounds, as well as to the electrochemical

intercalation of anions in graphite.

I. Introduction

Staging is a remarkable feature revealed
by the graphite intercalation compounds
(GICs), in particular in the presence of
heavy alkali metal atoms. The ordered se-
quence of one intercalate and n graphene
layers (n = 1) has been observed for de-
cades (/), but this ability to grow in sequen-
tial stages observed by diffraction measure-
ments is not clear yet. In order to examine
the different stage stabilities, several recent
studies have focused their observation on
stage transitions induced either by hydro-
static pressure applied to binary potassium
GICs (2, 3) or by variation of the alkali
metal concentrations in the graphite host
lattice (4—6). The stage transitions related
to the in-plane density of the intercalate
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may be explained by the cation diffusion
between the graphene layers as seen in the
Daumas and Herold model (7). According
to this domain wall theory, the transforma-
tions should occur via intermediate states
corresponding to the overlapping of differ-
ent stage-domains which should cause a ¢
axis disorder. Such staging disorders—due
to the stage n — stage n — 1 transition—are
expected to be more easily observed when
there is a diffuse scattering or (00/) diffrac-
tion line broadening. However, the differ-
ent data from the above-mentioned works
are quite confusing since some authors ob-
served disordered (4) or fractional stages
(2, 6) during the transition process while
other teams reported only the coexistence
of the two well-ordered pure stages
throughout all the stage transitions (3, 5).
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Moreover, these different results do not al-
low us to conclude whether elastic or elec-
trostatic interactions are predominant for
the staging occurrence in the GICs, as pre-
dicted by theoretical works (8-11). All
these stage transformations were per-
formed on binary potassium GICs. It was
interesting to study the stage transitions in
ternary potassium—solvent—-GICs where
the greater value of the intercalate size (d;
parameter) is expected to enhance the elas-
tic strains in graphene layers while the elec-
trostatic interactions can be modified by the
organic molecules.

In this paper, we report an observation of
stage transitions in the ternary potassium-—
dimethyl sulfoxide—GICs obtained via cath-
odic reduction of a graphite electrode
within a dimethyl sulfoxide (DMSO) solu-
tion of potassium salt.

The electrochemical synthesis of this ter-
nary compound was first reported by Bes-
enhard et al. (12, 13). They observed two
steps in the potentiai/electrochemicai
charge curve corresponding to the succes-
sive formation of a second, then a first,
stage which were characterized by their d,
parameters (11.60 + n * 3.35 A) and their
respective K(DMSO)Css and K(DMSO)s
C,4 stoichiometries. Moreover, they were
able to observe via X-ray diffraction mea-
surements four different stage compounds:
n=1,23, 4.

From gravimetric analysis, Okuyama et
al. (14) attributed the two steps to the two
K(DMSO)3C48 (stage 4) and K(DMSO)3C24
(stage 2) phases.

Fretigny et al. (15) have reported the for-
mation of a golden compound, a color char-
acteristic of the KCg binary phase.

Except for the last mentioned study, all
these results show that the electrochemical
method is convenient to observe stage tran-
sitions in ternary graphite compounds since
the organic molecules solvating the ions are
also inserted (/6), resulting in a very large
spacing between graphene layers. Depend-
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ing on the solvent, d, varies from 5 to 10 A
while the d, value in the binary potassium
GIC is only 2.0 A.

The characterization of the different
phases appearing during the electrochemi-
cal reduction of graphite was achieved by
means of X-ray diffraction and chemical
analysis. Then, in order to study the stage
transitions in these ternary compounds and
to compare them to the transitions reported
for the binary compounds, we carried out
the electrochemical synthesis of K-
DMSO-graphite, and simultaneously re-
corded the structural changes of the gra-
phitic electrode by ‘‘in situ’’ neutron
diffractometry. This technique allowed us
to analyze the whole sample owing to the
weak absorption cross section of nuclei in
the case of neutrons and to observe the in-
tegral changes during the intercalation reac-
tion (17).

I1. Experimental

The intercalation reaction was performed
by cathodic reduction of a graphite elec-
trode within an electrolytic solution of
KCl104 1 M in DMSO solvent.

Graphitic electrodes, constituted by sam-
ples of pressed powder or highly oriented
pyrolitic graphite (HOPG) platelets, were
attached to a platinum lead and were used
as a working electrode. The counter elec-
trode was a platinum wire while the refer-
ence one was a Ag/Ag Cl; electrode (18).

DMSO was stored over NaH powder be-
fore distillation. KCIO4 was dried for sev-
eral hours at 120°C in vacuum before being
solved in DMSO.

The experimental cell was achieved
within dry argon. Reduction was carried
out at room temperature under constant
current conditions, with a ““Tacussel PRT
20-2X*" potentiostat. X-ray diffraction
(XRD) spectra of the compounds were re-
corded with a Philips diffractometer using
CuKa radiation.
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For the neutron diffraction measure-
ments, the advancement of the reaction
was simultaneously studied via the poten-
tial/time curve and the diffraction spectra,
recorded on the multidetector of the D\B
neutron diffractometer (ILL. HFR Greno-
ble), at a wavelength of 2.517 A. The
HOPG sample (195 mg, size: 10 * 10 * 1
mm) was immersed in hexadeuterodimethyl
sulfoxide in order to avoid neutron diffu-
sion by hydrogen atoms. It was reduced un-
der a 300 uA constant current. Meanwhile,
the cell was normally rotated to the neutron
incident beam direction and each diffrac-
tion peak recorded for 30 sec. The pressed
powder sample (¢ = 100 um size: 12 mm
diameter pellet of 720 mg) was reduced un-
der 1 mA. The integral diffraction spectra
were recorded every hour.

II1. Results and Discussion

HI1. Sample Characterization

Figure 1 shows the electrochemical po-
tential of a HOPG electrode recorded dur-
ing constant reduction. The same variations
in this curve were obtained with different
graphite samples, Ceylan graphite powder
or thin Madagascar graphite powder, and
with different current values ranging from 2
to 10 uA/mg of graphite. The different fig-
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FiG. 1. Variation of the cell potential with the C/K

molecular ratio during the reduction of graphite in 1 M

potassium perchlorate—dimethyl sulfoxide solution.
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TABLE I

EXPERIMENTAL VALUES OF d, PARAMETERS (XRD)
AND C/K RATIOS FROM CHRONOPOTENTIOMETRY AND
CHEMICAL ANALYSIS

C/K
Stage
Points d, (A)? n b c d

G 25.00 4 110-120

F 21.65 3 75-80 7525 90 x10
E 18.20 2 55-58

D 18.20 2 51-54 46 15 53=x5
C 18.20 2 45-47 40 £ 13 46 =4
B 14.95 1 25-26

A 14.95 1 20-21 1806 20=x2
@ +0.05 A.

¢ From chronopotentiometry.

¢ From flame spectroscopy analysis.

4 With a corrective term due to surface wetting by
2.5 x 10° mole K/cm? (corresponding to 105 liters of
electrolyte).

ures reveal plateaus and step features char-
acterized by several periods (G to A). The
C/K ratios corresponding to these points
have been calculated assuming a 100% cur-
rent coulombic yield. They are listed in Ta-
ble I with the related stage index and d,
parameters obtained from XRD spectra. All
these results agree with the work as re-
ported by Besenhard et al. (13). The C/K
ratios were also determined by flame spec-
troscopy analysis after complete oxidation
of the intercalated sample in perchloric
acid. Table I confirms the good efficiency of
the electrochemical intercalation since the
results are quantitatively in agreement with
the entire range of potassium concen-
tration. The systematic difference may be
explained by the wetting of the sample sur-
faces by the previously mentioned potas-
sium electrolyte, which leads to higher val-
ues for the potassium contents, or by some
binary golden-colored domains on the sam-
ple surface as reported by Fretigny et al.
(15).

The d, parameters were calculated for
each phase from the (00/) Bragg reflection
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TABLE 11
XRD oF K(DMSO),Cy FIRST STAGE COMPOUND

6 () d() 00/ I/l exp (%)
13.95 7.36 002 11.0
20.87 4.936 003 34.5
28.00 3.710 004 100.0
35.10 2.966 005 12.5
42.40 2.473 006 11.0
49.86 2.121 007 4.0
57.60 1.856 008 5.0

positions (Table II). All stage present the
same spacing between the two graphene
layers adjacent to an intercalated layer: d,
=d,—3.35n=11.60 = 0.05 A, suggesting
that the structure of the intercalated layer
remains constant at every stage. The solva-
tion number y of stage 1 has been deter-
mined by thermogravimetry. The loss of
mass between 60 and 120°C, typical of the
DMSO solvent evolution leads toy = 6 =
0.25. This solvation number has also been
calculated for every stage assuming that the
volume between two graphene layers was
filled with liquid DMSO or with solid
DMSO (19) (Table III). The results (close
toy = 6) are in agreement with the previous
work of Besenhard er al. (13), but it is sur-
prising this number increases in relation
with stage. This is inconsistent with the d,
observed constant spacing for each phase
and attributed to a similar structure of the
intercalated layer. Two alternative explana-
tions may be proposed:

(1) As found by Jegoudez et al. (20) on
the graphite—potassium—furan system, the
volume of the organic solvent increases as a
function of the stage number, an increase
probably due to the evolution of the elec-
tronic transfer between potassium and the
furan molecule.

(2) The stage index, n, determined by
XRD does not represent the integral sample
structure, but only the ordered part of the
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cathode which can diffract. As these stage-
ordered domains decrease in number as po-
tassium concentration goes down, the stage
index value used for the y calculation must
be corrected particularly in the case of
higher stages.

" On the other hand, the pseudo-plateau of
the stage 2 region (D point) has also been
observed during the overcharging of the
second stage during the anodic oxidation of
graphite by H,SO, (21) and by AsFg in ni-
tromethane (22). It corresponds to the
same XRD spectrum as for the C point
((00)) lines of stage 2 only) when two dif-
fraction peak sets were expected. Be-
senhard and Fritz (16) suggested that two
different second stage phases with a close
d, parameter would coexist in this region.

In order to analyze the possible coexis-
tence of two second stage phases and to
study the stage transitions, we have care-
fully analyzed the profiles of the diffraction
peaks recorded during the electrointercala-
tion of solvated potassium ions.

III2. Structural Study of the Compounds
during the HOPG Platelet Reduction

Figures 2a and 2b respectively show the
intensity variation of a (00/) diffraction line
for each stage appearing during the reaction
and the simultaneous variation of the cell

TABLE III
IN-PLANE DENSITIES (¢) AND SOLVATION
NUMBER (y)
K .

Points C/K g=—F 2 10y y* ¥
F 78 3.85 6.65 7.4
E 56 3.57 7.16 8.0
D 52 3.85 6.65 7.4
C 46 4.35 5.9 6.6
B 24 4.17 6.1 6.8
A 21 4.76 5.35 6.0

@ Calculated with the liquid density of DMSO.
5 Calculated with the solid density of DMSO.
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potential. The Bragg reflections related to
the stage sequence were fitted to Gaussian
functions, and the intensity was calculated
as an integral function. The successive re-
corded spectra confirm that the plateaus
correspond to two sets of (00/) diffraction
lines, while the steps are only due to one
crystallographic phase. Under our experi-
mental conditions, the (002) graphite Bragg
peak has fully disappeared before reaching
G point on the curve; so, before stage 4
formation, the integral volume of the cath-
ode is already transformed allowing the es-
timation of ‘‘sliding’’ rate close to 2 X 1073
cm/sec for the solvated potassium ions.
Thus, this high rate will not be a intercala-
tion-process limitant factor.

Stage n — stage n — 1 transition study
(n > 2). A careful examination of the peak

(002) graphite (005)
I/10g P stage2 @
(007)
stage4 (006)
]
38
G
= (004)
stagel
10 20 30 Zoth
>
w
<
02
0.4
C
stage 2
0 . 20 30 Z0 Hh
116 79 58 53 46 C/K

FiG. 2. Intensity variation of a (00{) diffraction line
for each stage appearing during the reduction of a
HOPG platelet in 1 M potassium perchlorate—dimethyl
sulfoxide (a) and simultaneous variations of the cell
potential (b).
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FiG. 3. Evolution of one part of the diffraction spec-
tra during the stage 3 — stage 2 transition in a HOPG.

shapes reveals that the diffraction lines do
not always appear as a Gaussian or a
Lorentzian function, particularly in the
two-phase areas. Figure 3 gives an example
of the diagram evolution between 6 = 26°
and 32°, recorded during the stage 3 —
stage 2 transition in the F—E domain of the
electrochemical curve. Under our experi-
mental conditions, this transformation was
completed after some 7 hr. This part of the
diffraction spectra shows the decrease of
the (008) stage 3 line and the growth of the
(007) stage 2 one, depending on the potas-
sium concentration varying between the
K(DMSO)6 C79 and K(DMSO)(, C57 compo-
sitions.

Nevertheless, if the spectra seem to orig-
inate from the presence of two distinct
phases., we failed in fitting the observed
overlapping profiles to two Gaussian or
Lorentzian functions, centered on the
known positions for the (008) stage 3 and
(007) stage 2 reflections, as would be ex-
pected if these two pure phases coexisted
(Fig. 4a). However, the combined profiles
were in good agreement with the super-
position of three independent Gaussian
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F1G. 4. Observed profiles (+++) fitted via two
Gaussian functions (a) and via three Gaussian func-
tions (b) during the stage 3 — stage 2 transition in a
HOPG platelet.

lineshapes resulting from the following ad-
justments:

—Two sharp diffraction peaks (at fixed 6)
corresponding to the two expected values
of the diffusion vectors for the (008) stage 3
and (007) stage 2 Bragg reflections.

—A wider line with a position depending
on the potassium concentration and shifting
from the (008) stage position to the (007)
stage 2 one.

The same spectrum evolution has been
observed for other (00/) diffraction peaks
when the two diffusion vectors of the two
successive stages are close to each other
(Fig. 4b). Metz and Hohlwein (23) observed
such a crystallographic behavior for FeCl,
GICs. According to the experimental con-
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ditions, they obtained microscopic mix-
tures (or solid solutions) of stages charac-
terized by a noninteger ratio of graphene
and intercalated layers. For these noninte-
ger stage compounds, the diffraction dia-
grams reveal Bragg reflections whose g
vector values have shifted away from the g
vector values of pure stages, as modeled by
Hendricks and Teller (24).

These results can then be described by
the coexistence of three distinct crystallo-
graphic domains: separated domains for
pure stage 3 and for pure stage 2, and an-
other one for statistical mixtures of these
two phases. The continuous shift of the g
vectors indicates that (in these domains of
microscopic mixtures of the two stages),
the amount of stage 3 packets is continu-
ously decreasing from 100 to 0%, while the
stage 2 packets become more and more nu-
merous while the potassium concentration
is increasing.

Figure 5a represents, as a function of
time, the relative amount of the two pure
phases and of the mixed phase, based on
the (00/) integrated intensities; as for Fig.
Sb, it shows the simultaneous change of the
full width at half height (FWHH) of each
peak troughout the stage transformation. It
can be seen that the number of pure stage
crystallographic domains are constinuously
evolving, while the ¢ axis parameter de-
duced from the peak positions remains con-
stant. It is also noteworthy that the pure
stage peaks do not broaden as their intensi-
ties vary. These data indicate that the pure
stages keep the same organization, perpen-
dicular to the layers, and are not disordered
by the potassium concentration change dur-
ing the stage transition. Only the respective
amount of the two phases varies, as also
observed during the stage transitions in bi-
nary K-GICs (3, 5).

Contrarily, the diffraction lines of the
nonpure stages present an important widen-
ing characteristic of a disorder enhance-
ment of these mixed domains.
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FiG. 5. Intensity (a) and FWHH (b) variation of (005) stage 3, (004) stage 2, and (001) mixed stage
diffraction peaks during the stage 3 — stage 2 transition in a HOPG platelet.

These observations agree with a domain
growth according to the Daumas-Herold
model (7). Figure 6 represents such a mech-
anism for the stage 3 — stage 2 transition.
The broad solid solution peaks can be seen
as a set of numerous reflections due to in-
termediary nonpure stages.

The same phenomenom was observed
throughout the stage 4 — stage 3 transition
(Fig. 7), corresponding to the K(DMSQ)
Ci-K(DMSO)sCgp composition range.
Nevertheless, if the different (00/) overlap

NIz 0. O
O 7 TN
== 0 2 O _—
_.O—/_/gx/—‘q_,;:‘_‘ - -_.'-6—;0
Pay) g e e
O =0 =09
O —~5 W0 5 =
TR O.
STAGE 3 Mi:’ﬁlc'\‘g 2.X STAGE 2

FiG. 6. Schematic representation (from the Daumas
and Herold (7) model), of the stage 3 — stage 2 transi-
tion.

profiles fit very well to three Gaussian func-
tions, the mixed phase/pure phase intensity
ratios are here more important than during
the stage 3 — stage 2 transition, indicating

Int. (o)

10 20 th)

FiG. 7. Intensity variation of (005) stage 4, (004)
stage 3, and (001) mixed stage diffraction peak during
the stage 4 — stage 3 transition in a HOPG platelet.
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large domains of nonpure stage in the low
potassium concentration range. Misen-
heimer and Zabel (4) reported the same
behavior during the intercalation of potas-
sium vapor into graphite.

Stage 2 evolution study. A careful exami-
nation of the (00/) diffraction lines, re-
corded during the step corresponding to the
stage 2 stoichiometries (E-C part of the
curve), has never shown a shift of these
(00!) reflections. During the pseudo-plateau
observed in this step (around D point), no
transition was noticed between the two
phases of stage 2 with different d, parame-
ters, whereas the vanishing of the mixed
phase domains was observed (Fig. 5a). The
first part of the step (E-D) corresponds to
the coexistence of solid solution and pure
stage 2 domains, while during the second
part (D-C), pure stage 2 only exists. At C
point, the (00) stage-1-phase Bragg reflec-
tions begin to grow.

Stage 2 — stage 1 transition study. At
this time, the diffraction spectra are repre-
sented by only two sets of Gaussian
lineshapes corresponding to the diffraction
lines of pure stage 2 and stage 1. The stage 2
(00)) Bragg reflections decrease as the first
stage ones increase, but no broadening was
observed; the width of the first stage reflec-
tions is limited to the instrumental resolu-
tion. The long-range order along the c axis
of the two coexisting phases is not dis-
turbed by this transformation, as reported

TABLE IV
S1zE DOMAINS ALONG THE ¢ AXIS

Stage n d. (A) Qrner (A)
4-5 300
4 1400
34 500
3 1700
2-3 1000
2 2000
1 >2000
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for the stage transitions in the binary potas-
sium-GICs (3, 5). The integral transforma-
tion observed during the reduction is fully
comparable to the recent data reported by
Misenheimer and Zabel (4) for the binary
compounds: phase transitions were found
to occur via disordered stages for n + 1
stage to n stage shift (with n > 2), while
during the stage 2 to stage 1 last transition
we only observed the coexistence of the
two pure stages.

Domain size study. The domain sizes are
calculated from the width of the different
(00)) diffraction lines with Scherrer’s equa-
tion:

D, = ANBcos 8,

where 8 represents the (00/) diffraction line
widths compared to the instrumental reso-
lution at the same 6 value (Table IV).

The ¢ axis order increases with the potas-
sium concentration both for the pure stages
and for the mixed ones; however, this order
is greater in pure phases than in mixed
ones.

III3. Structural Study of the Compounds
during the Graphite Powder Reduction

(00l) Diffraction line study. The powder
diffraction spectra are quite different from
those recorded in the case of the HOPG
platelet until the K(DMSO)¢Cys_47 Stage 2
composition appears: we observed a set of
large (00/) Bragg reflections with a variable
20 position. The variation of the d, parame-
ter, calculated from the variation of the
(001) position as a function of the potassium
concentration, is plotted in Fig. 8. The so-
determined cell parameter is in good agree-
ment with the calculated d, parameter in
the HOPG solid solution domains for the
same potasS$ium concentrations, and is
found to vary continuously as predicted by
Kirczenow (11).

Inversely, on the C-B plateau corre-
sponding to stoichiometries ranging from
stage 2 to stage 1, we have recorded the two
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FiG. 8. Variation of the d, parameter calculated
from the (001) diffraction line position in the powder
sample compared with the calculated d, parameter in
the solid solution domains of the HOPG platelet.

sets of (00/) diffraction lines for the two
pure phases, as during the HOPG reduc-
tion. The reduction reaction in small crys-
tallites is fully comparable to the reduction
reaction in the HOPG sample: regardless of
the sample size and geometry, stage-mix-
ture domains are observed during higher
stages to stage 2 transitions, but are never
recorded during the last one (stage 2 —
stage 1).

(100) Diffraction line study. Figure 9
presents the (100) Bragg reflection position
and its FWHH as a function of the potas-
sium content. The d. . distances in the
graphene layers, deduced from the (100) re-
flection positions, are also indicated on this
figure. It can be seen that the (100) peak
position remains nearly unchanged from
graphite phase to stage 3, and begins to
shift toward a higher reticular distance
when stage 2 is growing. Meanwhile, the
(100) FWHH increases until stage 3 ap-
pears. The final width at stage 2 is compara-
ble to the initial graphite FWHH and may
be explained by only one C-C distance, the
same in all planes, while the linewidth ob-
served before stage 2 would result from dif-
ferent in-plane C—C distances, some in the
graphene layers adjacent to the intercalated
planes and some in the more distant and
less disturbed graphene layers. However, it
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is not explained why the d.. value is not
changed from graphite to stage 3, al-
though—even in the highest stages—some
of the graphene layers are adjacent to inter-
calated planes.

IV. Conclusions

The electrochemical synthesis of the ter-
nary potassium-dimethyl sulfoxide-GICs
has been performed by means of the graph-
ite cathodic reduction method.

The variation of the cell potential with
the potassium content shows successive
steps attributed to one stage domains and
plateaus recorded between two steps re-
lated to transition regions as always ob-
served in graphite electrochemical reduc-
tion or oxidation.

Stage compositions have been found to
vary around the K(DMSOQ)C,,, value as
reported by Besenhard et al. (12, 13), with
d, parameter equal to (11.55 + 3.35 n) A,
where n is the stage index. However, all
observed stages present a range of stoichi-
ometry around the ideal in-plane density
e = 1/24; for example, the stage 1 com-
position varies from K(DMSOQO)¢Cyo; to
K(DMS0)6Cas2s -

The pseudo-plateau observed in the stage
2 region of the electrochemical curve, also
recorded during the electrochemical inter-

stages stage3

2135

d_ =214

(Y HHM 4

10.

w

2130t .‘l

diog (A)

200 100 66 50 /K

Fi1G. 9. Variation of the (100) reticular distance and
of the (100) FWHH, during the reduction of the pow-
der sample.
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calation of anions (21, 22), coincides in our
experiment with the vanishing of the (00/)
diffraction lines of the disordered domains.

The stage transformations, leading to the
first stage, have been studied via in situ
neutron scattering. For the n stage-n — 1
stage transitions (n > 2) we have simulta-
neously observed disordered domains of
microscopic mixtures for both stages, as
well as two well-ordered stage domains,
while during the stage 2 — stage 1 transi-
tion, the coexistence of the two pure stages
only was observed. The (00/) peak posi-
tions of the solid solution domains are
found to vary continuously when the potas-
sium content is increasing. Similar (00/) dif-
fraction spectra were observed for the
HOPG and the powder sample with the
same potassiim concentrations. As the in-
tercalation rate is not here a limitant factor,
the stage mixture or pure stage formation is
not due to the ‘‘sliding”’ effect related to the
intercalation process, but only depends on
the intercalate concentration. Misenheimer
and Zabel (4) reported a fully comparable
behavior of the stage transition process in
binary potassium-GICs. However, the ef-
fect of the intercalate size on the domain
walls may explain why the K/DMSO terna-
ries seem to be more disordered than the
alkali binaries: the interlayer spacing is
considerably larger, hence the Daumas and
Herold boundaries will represent a more se-
rious perturbation. This intercalate size
may also explain the formation of a frac-
tional stage n = 4/3 in a similar experiment
where the synthesis of ternary potassium—
tetrahydrofuran—graphite compounds was
carried out (6). In this system, the interca-
late thickness (dy = 5.55 A) induces less
perturbations in the domain walls than the
large thickness (dy = 11.6 A) observed in
the case of DMSO intercalates. These
changes in the elastic strains may involve
different domain sizes, then different mech-
anism of transitions. This was theoriticaly
predicted to occur by Kirczenow (25) with
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a model based on a semiquantitative treat-
ment which takes into account the domain
sizes related to the ‘‘healing length’ of the
deformation induced by the intercalate.
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