
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

REDOX POTENTIALS AND DIFFUSION OF LITHIUM IN LAMELLAR
COMPOUNDS
M. A. Santa Anaa; E. Benaventeb; G. Gonzáleza

a Department of Chemistry, Faculty of Sciences, Universidad de Chile, Santiago de Chile b Department
of Chemistry, Universidad Tecnológica Metropolitana, Santiago de Chile

To cite this Article Ana, M. A. Santa , Benavente, E. and González, G.(2001) 'REDOX POTENTIALS AND DIFFUSION OF
LITHIUM IN LAMELLAR COMPOUNDS', Journal of Coordination Chemistry, 54: 3, 481 — 492
To link to this Article: DOI: 10.1080/00958970108022658
URL: http://dx.doi.org/10.1080/00958970108022658

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958970108022658
http://www.informaworld.com/terms-and-conditions-of-access.pdf


3. Coord. Chem., 2GUL Vol. 54, pp. 481-492 
Reprints available dinctly from the publisher 
Photocopying permitted by license only 

8 2001 OPA (Ovcrseas Publishen Association) N.V. 
Published by license under 

the Gordon and Breach Science Publishers imprint, 
a member of the Taylor Br Francis Group. 

REDOX POTENTIALS 
AND DIFFUSION OF LITHIUM 
IN LAMELLAR COMPOUNDS 

M. A. SANTA ANA", E. BENAVENTEb 
and G. GONZALEZ",* 

'Department of Chemistry, Faculty of Sciences, Universidad de Chile, Casilla 653, 
Santiago de Chile; bDepartment of Chemistry, Universidad Tecnolhgica 
Metropolitana, Avenida JosC Pedro Alessandri 1242, Santiago de Chile 

(Received 6 October 2000; In final form 28 February 2001) 

Thermodynamic and dynamic properties of intercalation products of lithium into MoS2 are 
strongly determined by the coordination of lithium in the interlaminar spaces. Lithium redox 
potentials as well as lithium diffusion coefficients in MoS2 pure, exfoliated, as well as in 
compounds where lithium is co-intercalated with the polymeric electron pair donors, 
poly(ethy1ene oxide) and poly-acrylonitrile, and discrete species, OH - ions and secondary 
amines, were analyzed comparatively. Reduction potentials in pure or exfoliated MoS2 are 
always much lower than those observed in lithium-donor co-intercalates. Thus, donors appear 
to effectively stabilize higher lithium oxidation states. The donors also influence lithium 
migration properties, with lithium diffusion coefficients in general higher than in pure MoS2. 
Lithium diffusion activation energy in pure MoS2 is constant in a relatively large lithium 
concentration range, while for co-intercalates it often depends on lithium intercalation degree. 
These more complex diffusion mechanisms probably arise from changes in the donor 
conformation in the interlaminar spaces, which affect the lithium fist coordination sphere. 

Keyworuk Lithium; Intercalation compounds; Molybdenum disulfide; Organic-inorganic nano- 
composites 

INTRODUCTION 

New fast ionic conductors are often host-guest compounds based on the in- 
tercalation of lithium in lamellar solids [ 13. These systems may be considered 
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482 M. A. SANTA ANA et al. 

as two phase nanocomposites; one phase, the matrix or host, is a rigid phase 
with the properties of a conventional solid; the other, where electroactive 
lithium species are found, is a high mobile phase, the guest, located in the 
matrix interlayer spaces [2,3]. Materials in which the host is intrinsically an 
isolator, i.e., with a large energy gap between valence and conduction bands, 
are pure ionic conductors. In these materials, the electrical conductivity is 
totally determined by the mobility of lithium in the interlaminar spaces. 
However, in the host often there are conduction bands of relatively low 
energy, with a small or nonexistent energy gap as it occurs in the case of 
conductors and semiconductors. These materials are more complex, behaving 
as mixed conductors. That is the case of the conductors based on the 
intercalation of lithium in transition metal chalcogenides. In these 
compounds the electromotive force leading to the intercalation as well as 
the electronic and ionic transport properties are strongly influenced by the 
lithium-host charge transfer [4,5]. Since the energy associated to this process 
is determined by the chemical potential of the electron in both host and guest, 
it is the chemical environment of the guest - in the case of metal ions, their 
coordination sphere - that essentially determines the transport properties of 
the products. In this work we describe a series of systems involving the 
intercalation of lithium in pure and modified molybdenum disulfide, in which 
the coordination sites of lithium are defined solely by the matrix and modified 
by the presence of co-intercalated electron pair donors, respectively. 

EXPERIMENTAL 

Synthesis Work 

Routes used for obtaining studied compounds are illustrated in Scheme 1. 
Li,MoS2. MoS2 was treated with 1.6M n-butyl lithium in n-hexane for 

48 h at room temperature. Products with variable lithium concentration but 
at least x = 1.0 are obtained [6]. Product was washed with n-hexane, dried 
under vacuum and stored in a dry box under an argon atmosphere. 
Alternatively, the compound may be obtained by microwave activation [7] 
where shorter reaction times, on the order of minutes, are needed; yield is, 
however, relatively lower. 

Lio,lMoS2(guest), general procedure. The rapid hydrolysis of Li,MoS2 in 
de-ionized, deaerated water leads to a suspension of exfoliated MoS2. 
Products are obtained by adding a stoichiometric amount of the guest 
dissolved or suspended in an appropriated medium - poly(ethy1ene oxide) 
(PEO) in water, dicyclohexylamine (DCHA) and N-methylcyclohexylamine 
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LITHIUM DIFFUSION IN LAMELLAR SOLIDS 483 

SCHEME 1 Synthesis routes for obtaining MoSz-based intercalation compounds. 

(N-MCHA) in n-hexane - and stirring for 24 h at room temperature. 
Products were washed with appropriate solvent, dried under vacuum and 
stored under argon. 

LixMoS2(PAN),. Li,MoS2 was treated with a stoichiometric amount of 
poly-acrylonitrile (PAN) in benzene. 
LixMoS~(N-MCHA),(H~O),(LiOH),. Dry, exfoliated Li,MoS2 is hydro- 

lyzed at the air, and then treated with stoichiometric amount of amine in 
n-hexane during 24 h. 

All solvents and chemical precursors were carefully dried and distilled. 
Manipulations were performed in a dry-box under an argon atmosphere. 

Analytical Results 

Calcd. for L~O.~MOS~(PAN),: C, 18.0; H, 1.5; N, 7.0; Li, 2.5. Found: C, 18.4; 
H, 2.2; N, 7.01; Li, 2.1. 

Calcd. for L ~ ~ . ~ M O S ~ ( P E O ) ~ . ~ :  C, 5.64; H, 0.94; Li, 0.66. Found: C, 5.75; 
H, 1.02; Li, 0.63. 

Calcd. for Lio.lMoS2(PEO)1: C, 12.4; H, 2.06; Li, 0.74. Found: C, 13.2; H, 
2.22; Li, 0.73. 

Calcd. for Lio.lMoS2(DEA)o.2: C, 5.85; H, 1.34; N, 1.70; Li, 0.39. Found: 
C, 5.57; H, 1.33; N, 1.99; Li, 0.41. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



484 M. A. SANTA ANA et al. 

Calcd. for Lio.~MoS2(N-MCHA)o.4: C, 9.15; H, 1.63; N, 1.52; Li, 0.33. 

Calcd. for L~~.JMoS~(N-MCHA)~.I~(H~O)~.~(L~OH)I.O: C, 6.63; H, 1.18; 
Found: C, 9.16; H, 1.64; N, 1.53; Li, 0.30. 

N, 1.1; Li, 3.6. Found: C, 6.79; H, 1.38; N, 1.1; Li, 3.9. 

Primary Characterization 

Stoichiometry was determined by elemental combustion analysis (SISONS 
Model EA-1108) and lithium atomic absorption spectrometry (UNICAM 
929). The content of organic components was confirmed by simultaneous 
TG-DTA thermal analysis (Netzsch STA 409C). Further characterization 
was performed by electron microscopy Phillip M300) and Powder x-ray 
diffraction analysis (Siemens D-5000, Cu-K radiation). 

Electrochemical Studies 

Compounds with different lithium concentrations were obtained electro- 
chemically by step-wise galvanostatic reduction, in a cell Li/0.5 M LiC104 in 
ethylene carbonate-propylene carbonate 1 : l/Intercalation compound, at a 
current density of 1 5 0 ~ A c m - ~  (PARC Model 175) [8]. Lithium concen- 
tration was determined coulombmetrically (PARC Model 179). Quasi- 
equilibrium potentials were obtained by the same experimental arrange- 
ment. Lithium diffusion coefficients were determined in the same cell by 
galvanostatic pulse-relaxation techniques [9] at variable temperatures and 
different lithium intercalation degrees. 

RESULTS AND DISCUSSION 

Thermodynamic Effects 

Zntercalation of Lithium in Pure Molybdenum Disu&de 

Crystallographic as well electrochemical studies indicate that the insertion 
of lithium into MoS2 induces a phase change from prismatic trigonal, 2Hb, 
in pristine MoS2 to a distorted octahedral 1T-MoS2 modification with the 
molybdenum coordinated octahedrically [ 101 which, as recently established 
by electron crystallography [l 11, corresponds more properly to a WTez type 
structure. By analogy with TaSz, IT-MoS2 is expected to be an electronic 
conductor with a low-lying conduction band with an important dz2 
contribution [lo]. 
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LITHIUM DIFFUSION IN LAMELLAR SOLIDS 485 

Theoretical calculations in TiS2 [12,13] as well as in MoS2 itself [14] lead 
to the conclusion that the intercalation process is associated to a guest-host 
electron transfer followed by a partial back-donation process in which, some 
of the originally charge transferred to the host, returns to the guest [12]. The 
final electronic configuration of the system is, in the case of MoS2, strongly 
determined by the coordination of lithium to six sulfur atoms in the 
interlaminar spaces. Thus, fractional oxidation states for intercalated 
lithium are possible. ESCA experiments show indeed that intercalated 
lithium in Lio.BMoS2 has a rather low oxidation state [15]. 

The importance of the coordination sphere around lithium in determining 
the electronic configuration and therefore its actual oxidation state, may 
be better visualized by comparing the average potential values of the 
electrochemical intercalation of lithium into the systems MoS2 and Moo3. 
For the latter, the mean discharge potential is 2SV, significantly higher than 
that of MoS2 (1.6 V) [16]. The most plausible explanation for such a different 
behavior is the large difference between the polarizabilities of the ligands, 
sulfur and oxygen, respectively. 

Co-intercalation of Donors and Lithium into MoSz 

There is experimental evidence [17] of the effect of the donor strength of 
media on the redox potential of lithium. As observed in data reproduced in 
Table I, Lewis basicity of the solvent determines the stability of the lithium 
ion. 

The coordination sphere around lithium in the interlaminar spaces may 
be efficiently altered by the co-intercalation of electron pair donor species. 
Thus, the effect of this new lithium environment should be reflected in the 
properties of the intercalates. Thermodynamically, the formation enthalpy 

TABLE I Dependence of the half wave potential of the pair Li/Li+ on the 
Lewis basicity of the solvent expressed as the donor number [18] 

Solvent 
Donor Number Ell2 Li+/Li 

(ON) V vs. BBCr(I)* 

Benzonitrile 
Acetonitrile 
Propylene carbonate 
Acetone 
Methanol 
N-Dimethyl acetamide 
Dimethyl sulfoxide 
N-Diethyl formamide 

11.9 
14.1 
15.1 
17 
19 
27.8 
29.8 
30.9 

- 1.13 
- 1.20 
- 1.25 
- 1.38 
- 1.48 
- 1.70 
- 1.72 
- 1.77 

~~ 

*Ell2 in volts wing bis-biphenyl chromium(I) as internal refereme. 
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486 M. A. SANTA ANA et al. 

of lithium ion in the intercalated state - taking the lithium intercalates in 
MoS2 as a reference - should change with the ligand field strength char- 
acteristic of any particular arrangement. 

LixMoS2(donor species) intercalation compounds discussed in this work 
are described in Table 11. All of them correspond to pure phases, which may 
be clearly identified by elemental analyses, powder x-ray diffraction 
analyses, and thermal analyses. Stoichiometries and interlayer distances in 
these compounds, are also in Table 11. As apparent there, lithium may be co- 
intercalated in a wide concentration range but not the donor. In most cases, 
there is only one stable phase with a characteristic MoS2 : donor ratio. Only 
for PEO, were two clearly identifiable stoichiometries found. Compounds 
obtained from water suspensions normally contain about 0.1 mol lithium 
per mol MoS2. In the compounds obtained from a water-free procedure or 
by controlled hydrolysis with moisture, the amount of lithium in the product 
is about x=O.7-l.O. In Table 11, the ranges of lithium concentration 
corresponding to species obtained electrochemically by plating lithium from 
non-aqueous electrolytes are also considered. 

The variations with lithium concentration of the open circuit potential 
under quasi-equilibrium conditions for the studied compounds are 
reproduced in Figure 1. In many cases there are variations of the reduction 
potential which could be indicative of phase changes. However there is 
always a mean value (see Tab. 111) which expresses fairly well the relative 
stability of lithium in each medium. 

As expected, hard ligands - as the oxygen environment in the intercalates 
containing POE or OH--ions or nitrogen environments as in the amine 
derivatives - induce much higher reduction potentials than the pristine soft 

TABLE I1 Composition and interlaminar distances of studied intercalation compounds 
obtained by chemical synthesis and modified by electrochemical lithium intercalation 

Stoichiometry ranges 
Mol Li per mol M0S2 

Electrochemical 
Chemical lithium Interlaminar 

Compound * synthesis intercalation distance ( A )  
Li.MoS2 0.1-1.0 0.0-0.7 6.15 
LixMoSz(Exfoliated) 0.1 0.1 -0.66 11.5 
LixMoS2PEO)1 .O 0.1 0.1-0.8 16 
Li,MoSzPEOlo.s 0.1 0.1-0.6 11 
LixMoSz(PAN)1 .O 0.1 - 1 .o 0.0-0.76 11.5 
Li,MoSz(DEA)~.2 0.1 0.1-0.85 9.8 
LiXMoSz(N-MCHA)o,4 0.7-1.0 0.1-0.80 10.5 
L~,MOS~(N-MCHA)~.~~(H~O)~.~(L~OH)~.O 0.7 - 1 .O 0.1 -0.95 10.4 

*Abbreviations: PEO = poly(ethy1ene-oxide); PAN = poly-acrylonitnle; DCHA = dicyclohexylamine; 
N-MCHA: N-metbylcyclohex ylamine; DEA = diethy lamine. 
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x u  UOH+MCHA 
xxxxxX PEO 1.0 

MoS, 
1 

3.2 - 

3.0 - 

i 2.6 

x (mol Li per mol MoS,) 

FIGURE 1 Variation of the reduction potential with lithium content along the intercalation 
of lithium into MoS2 pure and modified by the co-intercalation of donors. 

TABLE I11 Average open circuit potential under quasi-equilibrium conditions for the 
intercalation of lithium into MoSz pure, exfoliated, and modified by co-intercalation of 
electron pair donors 

Compound * 
Average Lithium 
potential concentration range 

volts vs. LilLi+ mol Li per rnol MoS2(x) 

MoSz@ure) 1.60 0.2-0.6 
MoSz(Exfoliated) 1.64 0.2-0.6 
L~,MOS~(POE)~ 2.61 0.2-0.6 
LixMoSz(POE),,5 2.78 0.2-0.6 
LixMoS2(PAN)~ .O 2.84 0.2-0.6 
LixMoSz(DJwo.2 2.80 0.2 - 0.6 
LixMoS2(N-MCHA)o.4 2.60 0.2-0.6 
L~,M~SZ(N-MCHA)O.I~(HZO)I .4(LiOH)1 .O 2.80 0.2-0.6 

*For abbreviation see Table II. 

sulfur medium in Li,MoS2. Surprisingly, PAN with a donor group of 
relatively modest donicity [ 181 also induces potential values which are 
comparable to those of the amine derivatives. Thus, in all these cases, the 
actual oxidation state of lithium appears to be rather higher than in MoS2. 

Dynamic Effects 

Molybdenum Disuljdi 

The diffusion of lithium across the solid is also strongly influenced by the 
coordination sphere of the lithium ion. Theoretical studies based on a 
quantum chemical model considering the variation of the electron chemical 
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488 M. A. SANTA ANA et al. 

potential indicate that, in the case of intercalation of lithium into 1T-MoS2, 
the diffusion of lithium in the interlaminar spaces occurs by ion hopping 
between octahedral sites [16]. In such a mechanism the tetrahedral sites, 
which are also present in the same space, would correspond to intermediate 
sites. Activation energy, E,, obtained experimentally from the dependence 
of the diffusion coefficient on the temperature has a unique value of 0.3 1 eV, 
which does not depend on the lithium concentration in the range x =0.1- 
0.5 [19]. This behavior is expected for a rigid matrix which does not change 
with lithium intercalation degree. Any significant change in Ea is indeed 
indicative of changes in lithium coordination environment in both ground 
state and activated complex which are, in turn, probably induced by a phase 
change in the matrix. That appears to occur in the case of LiXMoO3 for 
which diffusion coefficients lead to activation energies between 0.6 and 
0.28eV in the lithium concentration range x =0.1-0.4 [16]. 

Co-intercalation of Donors 

The influence of the coordination of lithium ion on the dynamics of the 
system is more complex. As observed in Table IV, the diffusion coefficients 
of lithium are, in general, enhanced by the co-intercalation of donors by at 
least in one order of magnitude. However, there is not enough information 
available for interpreting the relatively small difference between the features 
observed for the different compounds. Surely, the mechanisms are often 
governed by conditions determined by the particular nature and conforma- 
tion of the donors in the interlaminar spaces. Such a conformation 

TABLE IV Chemical diffusion coefficients of lithium intercalated in MoS2 and MoS2 modified 
bv co-intercalation of electron Dair donors at 25°C 

Chemical dijksion coeficient D 
cm2s-'.1014 

Lithium intercalation degree 
(mol Li per mol M0S2). 1014 

Compound * x= 0.2 X= 0.4 x=o.5 
LixMoS2(Pristine) 14 4.2 1.41 

Li.MoS2(PEO)I .o 200 45 26 
LixMoS2(PE0)0.5 3000 100 8.5 
LiXMoS2(PAN)~ .O 4300 580 23** 
L~,MOS~(N-MCHA)~.~ 200 142 56*+ 

Li.MoSz(Exfoliated) 31 4.6 1.54 

L~,MOS~(DEA)~ ,~  1480 170 - 

'Abbreviations, see Table II. 
**x = 0.6. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



LITHIUM DIFFUSION IN LAMELLAR SOLIDS 489 

essentially determines the distance between the sites with the lowest energy 
and the nature of the intermediate states between these sites, affecting both 
the energy barriers and the diffusion rate of lithium. Furthermore, the 
conservation of such a mechanism though a wide lithium intercalation 
degree, as occurs in pure MoS2 lithium intercalates, is not observed in 
cointercalates with complex molecular structures (see Tab. V). It is therefore 
possible that the arrangement and the conformation of the organic guest 
vary with the amount of intercalated lithium and the changes induced in the 
host by charge transfer from lithium. That appears to be general for 
practically all studied co-intercalates. 

However, the system MoS2-PEO is a special case. As observed in Table V, 
there is a large difference between the dynamic behavior of the compounds 
with low and high PEO content. The dependence of the activation energy on 
lithium content, AE,/Ax - which, as commented above, is practically non- 
existent for pure MoS2 - has a finite but relatively modest value for the 
compound L~,MOS~(PEO)~.O of about 0.2eV per molar fraction unit, while 
for LixMoS2(PEO)o.5 the much higher value of about 1.6 is obtained. Such a 
difference is explained by the conformation of PEO in the interlayer spaces 
schematized in Figure 2. In the case of compounds with the stoichiometry 
MoS2 : PEO = 1 : 1, the observed interlayer distance (see Tab. 11) indicates 
the existence of a bilayer arrangement of the polymer. The movement of 
lithium in this compound would be similar to that in pure PEO but in a bi- 
dimensional space. According to data in Table IV, increasing amount of co- 
intercalated lithium affects the diffusion rate; however, the mechanism 
reflected in the activation energies does not change very much (see Tab. V). 
The latter is probably due to both the limited space available for 

TABLE V Activation energies for diffusion of lithium in MoSz pure and modified by co- 
intercalation of electron pair donors 

~~ ~~ ~ 

Activation energy eV 

Lithium intercalation degree 
(mol Li per mol MoS2) 

Compound * x= 0.2 X=0.4 X=0.5  

Li,MoSz(Pure) 0.31 0.31 0.31 
Li,MoSz(PEOh .O 0.39 0.48 0.46 
LixMoSz(PEO)o.~ 0.52 0.74 1.01 
LixMoSz(PAN)I .O 0.21 0.23 0.70** 
LixMoSz(NMCHA)o,4 0.52 0.32 0.26** 
LiMoSz(DW0.z 0.21 0.36 - 

*Abbreviations, see Table 11. 
**x= 0.6. 
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I MoS2 I 

I MoS2 1 
LiMos,(PEO),., 

I MoS2 I 

Li Mos,( PEO),, 

FIGURE 2 Schematic representation of the conformation of poly(ethy1ene oxide) in the MoSz 
interlaminar spaces of Li,MoSz(PEO)l.o and Li,MoSz(PEO)o.s. 

conformation changes in the organic donor and the screening effect from the 
influence of the polarization changes of sulfur atoms produced by the 
polymer. In the compound with 0.5 mole PEO per mole MoSz with a rather 
smaller interlaminar distance, the environment of lithium would be mixed 
coordination of both PEO oxygen and matrix sulfur ligands. In this case 
the increase of the concentration of lithium would induce changes in the 
diffusion mechanism as suggested by the strong dependence of E, on the 
lithium intercalation degree. Such a change may be easily understood by 
considering how exposed lithium is to changes in both the polymer 
conformation and the polarization of sulfur atoms with lithium concentra- 
tion. The activation energy for the diffusion of lithium also changes 
significantly with lithium content in the intercalation of PAN. A clearly non- 
linear relationship is observed, so that two different slopes (AE,/Ax), e.g., 
0.085 and 0.05eV for the extreme low and high lithium concentration, 
respectively, are obtained. Drastic changes in the conformation of lithium 
sites in the interlaminar spaces, which could be related to the softness and 
high electron delocalization of PAN may be therefore inferred. Related 
studies concerning MoSz-amine compounds are in progress. 

CONCLUSIONS 

The thermodynamic as well as the dynamic properties of the products of the 
intercalation of lithium into molybdenum disulfide are strongly influenced 
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by the coordination sphere of lithium in the interlaminar spaces. The soft 
environment of lithium when it is coordinated solely by sulfur atoms results 
in poor stabilization of the cation, so the redox behavior of the system is 
similar to that of metallic lithium. However, when the sulfur environment is 
changed such that the f i s t  coordination sphere of lithium contains stronger 
and relatively harder ligands, a clear stabilization of the lithium cation is 
reached. Although the latter do not have reduction potentials as high as 
those observed for the oxygen environment in transition metal oxides such 
as Ni02 and Coo2 [20-221, relatively high mean values on the order of 
magnitude to Moo3, are achieved. According to that, such a redox potential 
would correspond to the maximal potential possible for this system, whose 
limit would be determined mainly by the nature of the host. 

The influence of the coordination environment of lithium on the dynamic 
properties of the system appears to be more complex; however it is clear that, 
in general, better conditions for lithium diffusion are reached by the presence 
of donor ligands. From the results discussed above it is also apparent that in 
many cases it is possible to observe fairly low activation energies. 

The examples analyzed here indicate that varying the coordination of 
lithium in the interlayer spaces, it is possible to regulate the redox and 
transport properties for this kind of intercalation compounds. 
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