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Abstract A crystallographic approach was applied to
elucidate the influence of the nature of the surface films
on the electrochemical behavior of Li and Mg interca-
lation compounds. This paper presents two examples:
(1) protection of graphite electrodes by Li,COj3 surface
films, and (2) the unique electrochemical behavior of
Mg-containing Chevrel phases (MgCP) obtained by
different synthetic routes. In the former case, the eluci-
dation of the protection mechanism and the explanation
of the high performance of such protected electrodes are
based on the analysis of possible Li-ion motion in the
carbonate crystal structure. In the latter case, a combi-
nation of synthesis, electrochemistry and XRD analysis
was used to explain an unusual phenomenon: the dif-
ference between the excellent electrochemical behavior
of the Chevrel phase (CP) based on Cu-leached Cu,.
MogSg (CuCP), and the poor electrochemical activity of
the high-temperature synthesized MgCP, with the same
phase composition. It is shown that this phenomenon is
caused by MgO formation on the surface of the latter
material. The different surface chemistry of the MgCPs
obtained by the two different synthetic routes was sub-
stantiated by revealing the correlation between the
electrochemical activity and the chemical stability of
these materials under ambient atmosphere conditions.
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Introduction

It is well known that the composition of the films formed
on the surface of Li insertion electrodes has a strong
impact on their electrochemical behavior. For instance,
the formation of a passivation layer comprising Li,CO;
on the surface of graphite electrodes prevents the co-
intercalation of solution species, and the subsequent
disintegration of the graphite particles [1]. It is well
established that in order to obtain reversible intercala-
tion and stable behavior, the surface films on insertion
electrodes should be composed of materials that possess
good ionic conductivity, so as to ensure fast ion transfer
through the films. In general, for high ionic conductivity,
the crystal structure of a material should meet certain
requirements: [2].

1. Large number of mobile ions.

2. High concentration of empty sites available for ion
transport.

3. Low activation barrier for the ion hopping.

4. Open channels for ion migration or diffusion.

5. Highly polarizable anionic framework.

We can find several examples of crystallographic
approaches that deal with the mobility of Li" ions in
different electrode materials, e.g., in the work of Ceder
et al. [3-5]. However, the influence of the crystal struc-
ture of passivating surface films on the performance of
insertion electrodes has not yet been presented in liter-
ature.

The general aim of the work was not to present new
experimental results, but rather, based on existing data,
to understand the correlation between the crystal
structures of surface films formed on different insertion
electrodes, their ionic conductivity, and their influence
on the electrochemical behavior. In this work we present
the crystallographic explanation for possible ionic
transport within surface films comprising crystalline
components. Such an approach cannot give quantitative
parameters such as diffusion coefficients (that can be



obtained, for instance, by computer modeling). How-
ever, as shown previously, (e.g., in the classic Solid State
Chemistry book by A. R. West or in the works of G.
Ceder’s group) only analysis of the ionic motion in
crystal structure could explain the mechanism of differ-
ent ionic mobility in solids. An enormous advantage of
such crystallographic analysis is that it does not need the
use of complicated methods, but can be done simply on
the basis of the crystal structure geometry. Thus, our
purpose was to demonstrate the effectiveness of this
approach in cases of well-known components in surface
films that cover electrode materials. We illustrate the
above analysis for two materials: Li,COs, as a good Li ™
conductor, and MgO, as a poor Mg?" ion conductor.
Furthermore, on the basis of the latter example, we ex-
plain the unusual electrochemical inactivity of MgCP
obtained by high-temperature synthesis (new experi-
mental data).

Experimental section

Chevrel phases with the intended AyMogSg (A = Cu,
Mg) composition were synthesized by high tempera-
ture, solid-state reaction of the powdered elements
mixture in evacuated (107> Torr), sealed quartz tubes.
In the case of MgCP, in order to prevent the reaction
of Mg with the quartz, the mixture was contained
within a corundum crucible, located in the sealed
quartz ampoule. The heating procedure consisted of
four sequential stages: (1) heating at 450 °C for 24 h;
(2) heating at 700 °C for 24 h; (3) heating at 1,050 °C
for 48 h; (4) cooling down to room temperature at the
rate of 120 °C/h.

The synthetic products thus obtained were leached in
order to remove the ternary metal under ambient air
atmosphere in either 6 M HCl in water, or in 0.2 M I, in
acetonitrile (AN), according to the procedures described
previously [6]. After leaching, the powders were filtered
with a fine glass frit, washed with the same solvent, and
dried in an oven at 120 °C. In the case of MgCP, the as-
synthesized product was also tested electrochemically.

The electrochemical behavior (galvanostatic cycling)
of the leached materials was studied in standard three-
electrode cells at a current density of 0.1 mA cm ™2 using
a computerized Arbin Inc. (USA) multichannel battery
tester. Composite cathodes were prepared with 80%
active mass, 10% carbon black, and 10% PVdF pasted
on stainless steel mesh (mass load ca. 10 mg/cm?). Strips
of Mg foil served as counter and reference electrodes.
Electrolyte solutions comprising 0.25 M Mg(AICl,.
BuEt), in THF (DCC/THF) were used. Both Mg and
Mg, MogSg electrodes behave reversibly in these solu-
tions [8].

The XRD studies were performed with a Bruker Inc.
(Germany) AXS D8 ADVANCE diffractometer (Cu Ko
radiation). For air-sensitive compounds, the samples
were loaded in the Ar-filled glove box, and were pro-
tected from air by Mylar films.
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Results and discussion

Tonic conductivity and crystal structure relations:
Li,CO3 and MgO

Li>CO;

The crystal structure of this compound is well estab-
lished [9]. Nonetheless, its effect on Li ionic conductivity
is not discussed in the literature, despite its enormous
importance and its ubiquitous existence as a component
of lithium passivating surface films on lithium and lith-
iated graphite electrodes [10].

In order to understand the implications of the crystal
structure on its Li ionic conductivity, the crystal struc-
ture of Li,COj3; should be examined in detail. Figure la
illustrates a layer consisting of separate planar COs3
groups, coordinated by Li" ions. Figure Ib demon-
strates the alternating stacking of the planar COj
groups that resembles a chessboard. Note that the layers
shown in Fig. 1a are perpendicular to the image plane in
Fig. 1b. The CO5; groups have different orientations in
the columns, located one above the other. As a result,
the unit cell parameter that is perpendicular to the CO3
plane is four times bigger than the distance between the
layers.

The Li* ions are located in tetrahedral sites in this
crystal structure. The space distribution of the tetrahe-
dra [LiOy4] is anisotropic: they form layers with a rela-
tively compact package. Figure 1¢ shows the polyhedral
representation of one of such layers with pairs of the
edge-sharing [LiOy4] tetrahedra, which can be regarded as
structural units. Each pair is connected with four other
units in the same layer and two units from adjacent
layers. In addition, every oxygen ion in the corner of the
[LiO4] tetrahedra is bonded to one carbon atom. Fig-
ure 1d displays the same structure from a different angle
that reveals the linkage of two adjacent layers of [LiOy4]
tetrahedra. As can be seen, the atomic density between
the layers is much lower than within the layers. Thus, in
spite of the three-dimensional linkage of the [LiOy4] tet-
rahedra, the Li" ion motion is expected to be restricted
by the diffusion within the layers.

In ionic conductors, the conductivity mechanisms
involve ionic hopping from site to site as critical steps.
Thus, in the case of Li,COj3, the most important feature
of the crystal structure for high ionic conductivity is the
linkage of the [LiO4] tetrahedra in the layer. The dis-
tances between adjacent Li ions in the layer for the edge-
sharing and corner-sharing [LiOy] tetrahedra are equal
to 2.70 and 2.98 A, respectively, which is the regular
distance between cations in the ionic compounds.
However, the energetic barriers for Li™ hopping de-
crease considerably due to the presence of empty tetra-
hedral sites, which serve as transport sites for Li
diffusion (Fig. le). Thus, high Li conductivity in Li,CO;
results from the alternation of the occupied (by Li ™) and
empty oxygen tetrahedra linked by common faces. This
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Fig. 1 The crystal structure of Li,CO5: a A single layer of the planar CO3 groups, coordinated by Li™ ions (carbon atoms are black,
oxygen atoms are taupe, lithium ions are light gray). b A stacking of the layers described in (Fig. 1a). ¢ A layer of the linked [LiOy]
tetrahedra. d A linkage of two layers described in (Fig. Ic). e Transport sites

means that the Li,CO; formation on the surface of
lithium metal or graphite particles does not block the
transport of Li ions to and from the active mass, ren-
dering it available for electrochemical activity. In addi-

tion, in contrast to graphite, the penetration of
electrolyte-coordinated Li" ions through the crystal of
Li,COs is not possible, as this structure does not contain
penetrable, weakly bonded, Van-der Waals gaps. Thus,



the formation of Li,COs-based passivation films on
lithium metal or graphite electrodes may play a very
positive role in their stabilization in Li battery electro-
lyte solutions.

MgO (or LiF)

MgO has a NaCl type crystal structure. The diffusion of
ions within this structure was described in detail (ref. 2, p.
301). In spite of the relatively short distance, of 2.98 A
between adjacent Mg® " ions and the edge-sharing link-
age of the [MgOg] octahedra, the Mg?" ion motion in the
ideal crystal structure is impossible due to the full occu-
pancy of the octahedral sites. As a result, the only pos-
sible mechanism for ion mobility in this crystal structure
relies on vacancies, but even the latter is problematic for
the case of Mg®" ions, due to their divalent character,
resulting in high energetic barriers for the cation hop-
ping. Hence, the formation of MgO, covering the surface
of the electrode mass, is expected to inhibit its electro-
chemical activity. Since MgO is both an electronic and an
ionic insulator, the term “passivation’, mentioned so
many times in connection with the solid electrolyte
interface (SEI) layers on lithium or lithium intercalation
compounds, is an adequate description for the case of
magnesium. Likewise, a similar effect is observed when
LiF, which possesses the same crystal structure, is formed
and accumulated on the surface of Li or Li-graphite
electrodes during their cycling in LiPF¢ or LiBF, con-
taining solutions [11]. In this case, it can be observed that
the impedance measured from cycled electrodes increases
as the SEI layer is enriched with LiF.

The electrochemical activity of MgyMogSg obtained in
different synthetic ways

Recently, it was shown that the pure Chevrel frame-
work, MogTg (T = S, Se), is a unique cathode material
for secondary Mg batteries. In contrast to many other
known intercalation compounds that show excellent
activity with Li", but extremely poor activity with
Mg " ions, MogTg inserts 2 Mg> ™ ions per formula unit
[6-8, 12—18] reversibly and relatively rapid. Figure 2
shows typical first and sixth galvanostatic discharge
curves for MgyMogSg obtained in different synthetic
ways. Figure 2a is related to leached (empty) Cu,MoeSg
(X=0 for MgyMogSg). As can be seen, in the first Mg
insertion, full theoretical capacity is reached, while in the
subsequent cycles the capacity is stable, but lower, due
to Mg trapping in the crystal structure of the Chevrel
phase [14-16]. Previously, it was also shown that the Mg
intercalation—deintercalation into Chevrel phases occurs
via phase transition processes, including two stages:

MO()Sg — MgMO688 — MgzMO(,Sg [7]

As was suggested [6], the unique ability of these
materials to insert polyvalent cations results from their
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Fig. 2 The discharge capacity of different MgyMogSg in the first
(gray line) and the sixth (black line) galvanostatic cycles (THF/
0.25 Mg(AICI,BuEt), solutions, C/10 rates, Mg counter elec-
trodes): a I,/J/AN or HCI/H,O leached CuCP (X=0). b I,/AN
leached MgCP (X=0). ¢ HCI/H,O leached MgCP (X=0). d As-
prepared HT-MgCP (X=1.1)

unusual crystal structure, based on metallically bonded
octahedral Mog-clusters [19]. Of the two possible anions
constituting the Chevrel phase structure, the selenide has
a more polarizable anionic framework, and thus,
exhibits a faster Mg insertion kinetics than the sulfide
[17] . However, in practical battery terms, the specific
capacity of the selenide is obviously lower, owing to its
higher molecular weight. Incidentally, the sulfide,
MoeSg, which is more attractive as a practical cathode
material, is thermodynamically unstable and can be
synthesized only indirectly by chemical or electrochem-
ical leaching of the more stable, ternary cation-con-
taining Chevrel phases, e.g., CuCP. The leaching
product obtained after Cu removal, i.e., empty, pure CP,
shows excellent stability upon long-term cycling at C/
10-C/5 rates, with a specific capacity of 90-105 mAh/g
at room temperature [7].

Similar to CuCP, MgCP can be synthesized by direct
HT synthesis (1,000-1,200 °C) from the elements or the
sulfides [20]. Synthesizing and directly using MgCP as a
cathode material for Mg batteries is appealing as it will
considerably reduce the cost of the cathode materials.
However, initial tests have revealed that MgCP obtained
by direct HT synthesis shows poor electrochemical
activity [6]. In previous work we only mentioned this
fact, but the experimental results describing this phe-
nomenon were presented in this work for the first time.
Figure 2d presents the chronopotential response of the
MgCP synthesized by direct HT synthesis. (Fig. 2b, c is
discussed later) As can be seen, the capacity of the
electrode material depends on the way of its preparation:
the theoretical capacity of 122 mAh/g was obtained for
Chevrel phase, produced by leaching of Cu,MogSg
(Fig. 2a) and only one-third of the theoretical capacity
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was obtained with MgMogSg, the product of a direct
solid-state synthesis (Fig. 2d). The reasons of such
enormous difference might be the following:

1. A completely different phase composition of the bulk
of the active material. For instance, MgCP formed in
the solid-state reaction could have a different crystal
structure than that of the product of the electro-
chemical reaction. Note that some small amount of
the impurities in the bulk of the active mass cannot
change the specific capacity of the material in such a
dramatic way (The decrease in the capacity should be
proportional to the amount of the impurity in most
cases).

2. A completely different phase composition of the
surface films is formed on the identical active mate-
rial. In this case, even molecular layers of the surface
films can change drastically the capacity of the elec-
trode material, because the crystal structure of the
surface films may not be favorable for ionic transport
through the film.

The XRD analysis was performed in order to clarify
the actual reason for the poor electrochemical activity of
MgCP, as a product of the solid-state synthesis. Figure 3
presents the XRD pattern of the direct HT synthetic
product (the exact stoichiometry was Mg; ;MogSg) and
that of the first-stage product, obtained by electro-
chemical intercalation (MgMogSg). One can see that
these diffraction patterns are identical, apart from the
different intensity of the diffraction peaks at relatively
small angles (20=10/25°), which results from the dif-
ferent experimental conditions for the XRD analysis:
acquisition under open air for the HT synthetic product,
and film-protected Mylar for the electrochemically syn-
thesized material.

In order to confirm the identity of the host crystal
structure in the case of CuCP and MgCP, metal
extraction (leaching) was performed for both materials
according to the same procedure. Figure 4 compares the
XRD patterns of these leached products. One can see
that the patterns are identical and they also match the

Fig. 3 The XRD patterns of
MgCP obtained by different
synthetic routes: a The first stage
product of the electrochemical
Mg intercalation into leached
CuCP. b Product of the HT-
synthesis with intended formula
Mg, 1MogSs
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literature-reported data for metal-free MogSg (PDF 27-
0319). Thus, the bulk structure of the active cathode
mass does not depend on the synthetic route.

Figure 2b and ¢ show the electrochemical responses
of the Mo¢Sg electrodes, whose active mass was obtained
by leaching MgCP in two different procedures (see the
Experimental section). The capacity of the material
leached in I,/AN (Fig. 2¢) is identical to the pristine
MgCP (Fig. 2d), while the material leached in HCI/H,O
(Fig. 2b) results in a much higher specific capacity,
compared to the pristine MgCP. This correlation be-
tween the capacity and the leaching conditions of
MgCP, obtained with the high temperature synthesis
product, is in contrast to the electrochemical behavior of
the leached CuCP [7]. For the latter, similar change in
the leaching conditions from I,/AN to HCI/H,O did not
affect the specific capacity obtained, that was equal to
the theoretical one in the first discharge process. These
results suggest that the difference in the electrochemical
activity of the two materials is associated with surface
properties, rather than with bulk ones. Moreover, they
indicate that the MgCP surface is more sensitive to the
leaching condition than that of CuCP.

According to the electrochemical and XRD results,
Wwe can propose:

1. The poor electrochemical activity of the HT-synthe-
sized MgCP relates to the surface of the Chevrel
phase rather than to its bulk.

2. The surface state of the HT-synthesized MgCP is
different from that of CuCP (e.g., by surface films).

In order to study the difference between the surface of
MgCP and CuCP, it is necessary to analyze all the data
related to the surface state of these materials. Unfortu-
nately, some commonly used surface sensitive tech-
niques, such as XPS, were found to be inadequate for
distinguishing between the various surface oxides that
we assume to be responsible for this difference.

Previous studies revealed that the oxidation of CuCP
during leaching leads initially to the formation of Mo
oxides [21]. In fact, sometimes the XRD patterns of the

MgMosS; R -3 (148)
a=9.445(6) A, c=10.564(9) A
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leached CuCP show the presence of MoO, (Fig. 5a).
Note that the latter cannot be detected in the XRD
patterns of the initial (before leaching) CuCP due to
superposition of the diffraction peaks. However, elec-
trochemical measurements showed that the presence of a
small amount of molybdenum oxide is not detrimental
to the Chevrel phase activity with magnesium. In order
to explain why the presence of MoO, on the surface of
CuCP does not hamper the Mg?" intercalation, it is
necessary to re-examine the crystal structure of this
oxide [9]. MoO, has a crystal structure similar to that of
rutile, with one-dimensional channels comprised of
empty cationic sites, which are available for cation
hopping. As a result, MoO,-comprising surface films
that may be formed on CuCP upon synthesis and
leaching are not detrimental to the electrochemical
activity of the material in Mg batteries, because MoO,
does not block the transport of Mg” " ions through the
oxide layer into the bulk of the electrode particles.

In the case of MgCP, the material’s oxidation results
in the formation of the very stable MgO, sometimes in
an amount that can be clearly detected by XRD analysis
(Fig. 5b). As was discussed above, Mg?" ion transport
in the latter compound is impossible. Thus, even a thin
MgO film formation on the surface of the CP can ex-
plain the poor electrochemical activity of MgCP. The
electrochemical behavior of the leached MgCP depends
on the reaction of this Mg®>* -nonconducting film with
the solvent upon leaching. The electrochemical results
(Fig. 2b, c) indicate, as expected, that leaching in I,/AN
does not change the structure of the MgO film, while
leaching in HCI/H,O results in the partial removal of the
film, and, consequently, activation of the material.

The chemical stability of MgyMogSg obtained
in different synthetic ways

It is clear that ionic conduction through surface films
should be symmetrical, for Mg insertion as well as for Mg

Fig. 4 The XRD patterns of the
Chevrel host obtained by
different synthetic routes: a
Leached CuCP (leaching in
HCI/H,0). b Leached MgCP
(leaching in HCI/H,0)
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removal. Thus, passivation films, which prevent Mg
transport into the material bulk, should also inhibit its
extraction. The Mg-containing Chevrel phase is a
reducing agent, and is expected to be sensitive to atmo-
spheric oxygen and water. The reaction of water or
oxygen with Chevrel phases containing another metallic
element (Cu, Mg), is followed by the elevation of the
oxidation state of the molybdenum and the extraction of
the second metal. This reaction necessitates the transfer
of the metal ions from the bulk material, through the
material/air interface, in a similar manner to electro-
chemical deintercalation. The rate of this stage of the
reaction, i.e., the chemical stability of the material under
atmospheric condition, should be related to the degree of
the electrochemical activity, when both of them are
dominated by surface films. Thus, we are looking for a
correlation between the electrochemical activity of MgCP
prepared in various ways and its atmospheric stability.

Figure 6 presents the changes in the XRD patterns
of a Chevrel phase electrode (leached CuCP) in the
fully intercalated state (Mg,MogSg), over time. The
sample was drawn out of the solution, rinsed with dry,
pure THF, dried and mounted on a sample holder
covered by a Mylar film under Ar atmosphere in a
glove box. The sample was analyzed by XRD imme-
diately, and after 3 days of storage under Mylar film.
Since this sample was prepared as a composite elec-
trode, the presence of the binder is expected to provide
some protection for the material against reaction with
air. As can be seen, the process can be ascribed to the
rapid self-deintercalation:

Mg2M0688 — MgM0688 — MOGSg.

It is not clear what is the oxidation agent that drives
this demagnesiation process, as well as where the Mg
goes. XRD analysis does not answer these questions,
possibly due to the small amount and poor crystallinity
of the new phases that form. A similar partial deinter-
calation was found for fully intercalated electrodes that

MoeS; R-3(148) (Similar to PDF 27- 0319)
a=920A, c=10.88A
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Fig. 5 The XRD patterns of the
products oxidized in air: a
Leached CuCP (leaching in
HCI/H,0). b HT-synthesized
MgCP

Fig. 6 XRD patterns (Mylar
film protection) of a fully
intercalated electrode based on
the leached CuCP: a The
measurements were performed
immediately after
electrochemical magnesiation. b
The same electrode after 3 days
of storage under Mylar film
protection
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were stored under Ar atmosphere in a glove box during Mg,MogSs. It seems that the fully intercalated material

several hours. In this case, the XRD analysis showed a
mixture of Mg,MogSg and MgMogSg, instead of pure

reacts with the solvent molecules that are present in the
glove box atmosphere, as well as with trace oxygen.



Fig. 7 XRD patterns of the
HT-synthesized MgCP exposed
to air: a After synthesis. b After
2 years of storage under dry air
atmosphere. ¢ After 2 years of
storage under ambient (wet) air
atmosphere

MogSs (8) + MgMogSs (V)
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In the case of the XRD measurements of the sam-
ples protected by Mylar windows, we cannot exclude
the possibility of oxygen diffusion through the Mylar
film. As a result, in addition to the reaction of MgCP
with trace organic contaminants (e.g., solvents, vapor)
in the glove box, an amount of MgO is expected to be
formed on the surface of the Chevrel phase particles,
due to reaction with trace oxygen. In any case, it
seems that such a film formed under a low concen-
tration of oxygen in the atmosphere is not dense
enough to block the transport of Mg ions outside.
Hence, in line with the high electrochemical activity of
the leached CuCP, the magnesium intercalated mate-
rial shows high susceptibility towards spontaneous
deintercalation when exposed from solution. Both
characteristics can be explained by the absence of a
compact passivation Mg oxide on the Chevrel phase
particles.

All our attempts to synthesize a single phase
Mg>,Mo¢Sg were unsuccessful: the XRD analysis of the
synthetic products always revealed a mixture of
Mg,MogSg and MgMogSg, sometimes with MgS as an
impurity. The process is very similar to the self-demag-
nesiation of the fully intercalated electrodes in the glove
box. Due to the inevitable exposure of the HT-synthe-
sized MgCP to a trace of active atmospheric contami-
nants, its partial self-demagnesiation is inevitable, even
under Ar glove-box conditions. The surface films, which
are the product of demagnesiation under these condi-
tions, do not block this partial reaction because they are
not sufficiently passivating. However, once exposed to
air (high oxygen concentration), MgCP demagnesiates
via a formation of the compact passivation film that
stops further material disintegration. Figure 7 presents
the XRD patterns of the HT-synthesized MgCP: (a)
material after synthesis, acquired under air conditions,
(b) the same material after 2 years of storage under a dry
air atmosphere. As can be seen, there is no discernable
change in the phase composition of the synthetic prod-
uct after prolonged storage.

2-Theta - Scale

Obviously, storage under a humid air atmosphere
showed different results from storage under dry-air
conditions (Fig. 7¢), because in the former case, the
MgO film on the surface may transform to brucite,
Mg(OH), with a layered crystal structure [9], which may
transport Mg>" ions. Thus, the poor electrochemical
activity of the latter material correlates to its air stabil-
ity, as both of these phenomena can be explained by the
presence of the passivation Mg oxide on the active mass.

Conclusions

The influence of the crystal structure of surface films on
the electrochemical behavior and the chemical stability
of intercalation compounds were demonstrated by two
examples: (1) possible stabilization of lithium-interca-
lated graphite electrodes by surface films containing
Li,COs3 and (2) passivation of HT-synthesized MgCP by
MgO surface films.

The high Li-ion conductivity in Li,COj results from
the alternation of the occupied (by Li") and empty
oxygen tetrahedra, linked by common faces in the
crystal structure. The latter serve as transport sites for
Li" hopping and decrease considerably the energetic
barriers of the Li diffusion. In contrast to the graphite
case, the co-intercalation of solvent molecules (which
solvate Li-ions) into Li,COj3 and their transport through
Li,COs; crystals are not possible due to the absence of
Van-der Waals gaps. Thus, the formation of Li,CO5; on
the surface of graphite electrodes prevents the co-inter-
calation of solvent molecules, and consequently, the
disintegration of the electrode.

By a combination of synthesis, electrochemistry and
XRD analysis, it was shown that in spite of their simi-
larity in structure and composition, Chevrel phase
materials obtained by different synthetic routes show a
completely different electrochemical activity with mag-
nesium: the full theoretical capacity can be reached with
the leached CuCP, while HT-synthesized MgCP reveals
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a very poor electrochemical behavior. This unusual
phenomenon is caused by the formation of a compact
MgO film on the surface of the latter material. The
different surface chemistry of the MgCP obtained by
different synthetic routes was confirmed by elucidating a
correlation between the electrochemical activity and the
atmospheric stability of these materials.

Thus, these two examples show that the crystallo-
graphic approach is useful, not only for understanding
the ionic mobility in the bulk of intercalation com-
pounds, but also for the elucidation of the processes
related to the surface of the electrode materials.
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