
Journal of the Korean Electrochemical Society
Vol. 12, No. 1, 2009,  1-10

− 1 −

Transport Behaviour of Electroactive Species in Ionic Compounds: 

A Focus on Li Diffusion through Transition Metal Oxide in Current 

Flowing Condition

Sung-Jai Lee and Su-Il Pyun*

Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,

335 Gwahangno, Yuseong-gu, Daejeon 305-701, Republic of Korea

(Received February 1, 2009 : Accepted February 11, 2009)

This article reviewed transport behaviours of electroactive species in ionic compounds, focusing

on chemical diffusion of Li through the transition metal oxide in a current flowing condition.

For this purpose, a distinction has been first briefly made between migration and diffusion with

respect to current, driving force and charge of electroactive species considered. Then, the equa-

tions for chemical diffusion are derived theoretically in open-circuit and current flowing con-

ditions. Finally, the experimental methods such as ac impedance spectroscopy and current

(potential) transient techniques are described in details for characterising chemical diffusion. In

addition, the role of the thermodynamic enhancement factor in chemical diffusion is discussed.
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Thermodynamic enhancement factor.

1. Introduction

Mass transport (migration and diffusion including

convection) in an electrochemical system is one of the

most important subjects in the fields of modern applied

electrochemistry and electrochemical engineering.1-4)

Especially, the high performance of electrochemical

devices such as batteries, supercapacitors and fuel

cells is highly dependent upon the mass transport

rate of the electroactive species.5,6)

Mass transfer, that is the movement of electroactive

species from one location in solution or electrode to

another, arises either from differences in electrical or

chemical potential at the two locations or from

movement of a volume element of solution. In general,

mass transfer can be classified into the following

three types 4): (i) migration: movement of a charged

body under the influence of an electric field (gradient

of electrical potential); (ii) diffusion: movement of an

electroactive species under the influence of a gradient of

chemical potential (concentration gradient); and (iii)

convection: stirring or hydrodynamic transport (natural

convection or forced convection).

A rigorous solution is generally not very easy when

all forms of mass transport are in effect. Hence, elec-

trochemical systems are frequently designed under

the condition where one or more of the contributions to

the overall mass transfer are negligibly small. In the case

of mass transport through the electrolyte, for example,

migration can be reduced to negligible levels by

addition of a supporting electrolyte with a much larger

concentration than that of the electroactive species, or

convection can be avoided by preventing stirring and

vibrations. On the other hand, in the case of mass

transport through the electrode, convection is generally

neglected due to the rigid transport media. Hence, only

diffusion and migration fluxes dominantly contribute

to the total mass transport.

In many electrochemical systems, mass transfer in the

electrode is more important than that in the electrolyte,

because the former is kinetically more sluggish than

the latter, hence is the rate-determining step of the

electrochemical process.7-10) In the electrode, an elec-

troactive species is transported by both migration and

diffusion, and hence the total flux can be separated into

diffusion and migration fluxes reflecting the diffusive and*E-mail: sipyun@kaist.ac.kr
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migrational components to the total flux of the elec-

troactive species. To investigate mass transport in the

electrode, it is necessary to identify quantitatively the

relative contributions of migration and diffusion to the

total transport.

First, let us consider a migration process. When the

concentration gradients are very small, the total transport

is carried mainly by migration. In this case, the driving

force of migration is an electric field. Considering a linear

electric field, the driving force is given as follows 4):

(1)

where φ  [V] means the electrical potential, x [cm] the

distance from the electrode/electrolyte interface,  [V]

the electric field, and L [cm] represents the electrode

thickness. Under the electrical potential gradient, the flux

by migration can be expressed by

(2)

where zi [−] is the charge of the ith electroactive spe-

cies, Dk,i [cm2 s−1] the component diffusivity of the

ith species, and ci [mol cm−3] means the concentration of

the ith species. The notations F, R, and T are commonly

used symbols. From Eq. (2), it is confirmed that a pure

migration process can occur only when the charged

species moves under the electrical potential gradient.

On the other hand, when the electrical potential gradient

is not established within the electrode or uncharged

electroactive species transport, the total transport is

crucially controlled by diffusion. In this case, the flux

by diffusion can be expressed by4)

(3)

From Eq. (3), it is found that a pure diffusion process

may occur only when there is no electrical potential

gradient within the electrode.

Here, it should be stressed that in real electrochemical

systems, the transport mechanism of the electroactive

species through the electrode is not fixed at the specific

electrode system by itself, but it is rather simultaneously

determined even at any electrode system by the driving

force of the transport. For instance, let us consider oxygen

transport through the stabilised zirconium dioxide. When

a relative large current flows through the electrode, the

potential gradient is established in the electrode, and the

oxygen ion (or charged oxygen vacancy) transports purely

via migration by the electrical potential gradient.11-19)

In contrast, in case that there is no current flow through

the electrode, oxygen (or oxygen vacancy) transports

in a neutral form via diffusion due to the electrochem-

ical potential gradient.11,20-22) Two different transport

mechanisms are illustrated schematically in Fig. 1.

In the more specific case, let us consider a transport

of the neutral electroactive species i*, in which the

transport of all species within the transport medium

is involved, which is generally called chemical (bipolar)

diffusion.5,6,23) In this case, we assume that there is no

external electrical field and the overall charge neutrality

holds. Hence, the total flux density is expressed in terms

of the individual kinetic and thermodynamic properties

of electroactive species:

(4)

∂φ
∂x
------ E

L
---=

E

ji
ziFDk i, ci

RT
-----------------------

∂φ
∂x
------=

ji Dk i,

∂ci
∂x
-------=

ziji
i
∑ 0=

Fig. 1. Schematic diagrams of oxygen transport via (a)

migration by the electric potential gradient and (b) diffusion

by the electrochemical potential gradient.
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where i represents each electroactive species. 

Although the internal electrical field gradient φ

is not known, it can be eliminated from Eq. (4). Then,

the overall flux density equation of the neutral spe-

cies i* for chemical diffusion is expressed in terms of

transport quantities and activity gradients related to

charged species i and to all other species j.

     (5)

Here, ti [-] means the transference number of the ith

charged species.  [cm2 s−1] is the chemical (apparent)

diffusivity of the neutral form i* for the charged species

i, for example, i* = Li for i = Li+. This equation

includes the influence of the motion of species j other

than species i on the motion of electroactive species i

by the effect of the internal electrical field.

Eq. (5) containing the chemical diffusivity is usually

adopted to analyse the transport of electroactive species

within the transport medium in real electrochemical

systems. It is noted that the component diffusivity Dk,i is

independent of the motion of any other species and is not

influenced by the internal electrical field, whereas the

chemical diffusivity  crucially depends upon the

motion of any other species, as shown in Eq. (5). This

indicates that the transport of electroactive species i* is

enhanced or retarded by the motion of the other species

induced by the internal electric field.

The consideration of all the electroactive species

participating the transport usually fails due to the

complexity of the situation and the difficulty in reasonable

evaluation of the parameters needed for calculation.

Fortunately, in many electrochemical systems of practical

importance, the situation becomes simplified by the fact

that two types of species dominate the transport phe-

nomena. Recently, we have analysed theoretically

chemical diffusion in an open-circuit condition, then

discussed on the basis of the local equilibrium con-

straint. 23) This work is a further stage of the continuing

reports on the collective programme of investigating the

chemical diffusion through the ionic compounds.

Under this circumstance, this work covers the theoretical

treatment of chemical diffusion of Li through the

transition metal oxide containing only two electroactive

species, i.e., Li ion and electron in a current flowing

condition. Then, the equation for chemical diffusion

derived under the current flowing condition is compared

qualitatively with that derived under the open-circuit

condition. Finally, the experimental methods are

detailed to determine the chemical diffusivity and the

thermodynamic enhancement factor.

2. Theoretical approaches to chemical diffusion 
with aid of simulation experiments

2.1. Chemical diffusion in an open-circuit condition

From the flux density equation of the ith electroactive

species, ji [mol cm−2 s−1] with the assumption of one-

dimensional transport and no convection flow is given

by4):

(6)

where μi [J] denotes the chemical potential of the ith

species. To solve Eq. (6), let us consider the following

ionic compound, which consists of Li+ and e.

If the neutral Li diffuses through the transition

metal oxide under the electrochemical potential gradient

in an open-circuit condition, the net current Inet [A] of

the diffusion medium should be zero, i.e., Inet = ILi+

+ Ie = 0. Hence, the flux of Li+ is matched corre-

spondingly by an equivalent charge flux of e in the

same direction as shown in Fig. 2(a) as follows:

jLi+ = je         (charge neutrality constraint) (7)

By solving the flux density equation of Eq. (6) with

the charge neutrality and stoichiometric constraints out

of consideration of the local equilibrium constraint, the

final flux equation of the neutral species Li is 

(8)

Therefore,  is determined as follows:

(9)

On the other hand, to derive quantitatively the relation

between the chemical potential gradient of Li+ ( μLi+/ x)

and the chemical potential gradient of neutral species

Li ( μLi/ x), the local equilibrium constraint is fre-

quently introduced by researchers to explain the real

situation. If the electrochemical species is locally in the

equilibrium with the diffusion medium during chemical

diffusion, the general relationship of the local equilibrium

constraint is given by:

∇

ji* D– k i, 1 ti–( )
∂ ai*ln

∂ ci*ln
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j i≠
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ηLi = ηLi+ + ηe (10)

where ηi [J mol−1] is the electrochemical potential of

the ith species, and the subscripts Li, Li+ and e denote the

neutral Li atom, Li+ ion and electron, respectively.

By solving the flux density equation of Eq. (6) in

consideration of the local equilibrium constraint of

Eq. (10), the final flux equation of the neutral species

Li is10,23)

(11)

Accordingly, we get

(12)

The detailed derivation of Eqs. (9) and (12) can be

found elsewhere in the literature.23)

2.2. Chemical diffusion in a current flowing condition

Now let us derive the flux equation in a current

flowing condition. Here, the current flowing condition

means appreciably so small current flow under the

negligibly small external electrical potential gradient.

Comparing the Li transport in a current flowing condition

with that in an open-circuit condition, it is suggested

that Li+ ions and electrons e move in opposite directions

in a current flowing condition as shown in Fig. 2(b).23)

From the general equation for the flux density of Eq. (6),

the flux densities of Li+ and e are given by:

(13)

(14)

If the neutral Li atoms diffuse through the transition

metal oxide under the electrochemical potential gradient

in a current flowing condition, the flux balance

between two different species is given as follows:

(charge neutrality constraint) (15)

From Eqs. (13), (14) and (15), we get

       (16)

In addition to the charge neutrality constraint of Eq.

(15), we consider the following stoichiometric con-

straint further

cLi+ = ce   (stoichiometric constraint) (17)

By considering Eq. (17), Eq. (16) is rearranged into

jLi

D
k Li

+

,
Dk e,

D
k Li

+

,
Dk e,+

---------------------------------
∂ aLiln

∂ cLiln
----------------

∂cLi
∂x

----------⎝ ⎠
⎛ ⎞=

D̃Li

D
k Li

+

,
Dk e,

D
k Li

+

,
Dk e,+

---------------------------------
∂ aLiln

∂ cLiln
----------------=

j
Li
+ D

k Li
+

,

∂ a
Li
+ln
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Li+

ln
------------------
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Li
+

∂x
------------

Fc
Li
+D

k Li
+

,

RT
-----------------------------

∂φ
∂x
------+

⎝ ⎠
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⎛ ⎞

–=

je Dk e,
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∂ celn
--------------

∂ce
∂x
--------

FceDk e,
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∂φ
∂x
------+⎝ ⎠
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Li
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-------------------–= = = =
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Fig. 2. Schematic representations of chemical diffusion

of Li through the transition metal oxide in (a) open circuit

and (b) current flowing conditions.
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   (18)

Here, it should be stressed that to derive the final flux

equation of the neutral species Li in a current flowing

condition, the relation between cLi+/ x  and ce/ x

should be known. To derive this relation quantitatively,

we assumed that the concentration of electrons is

distributed in the Gaussian shape across the electrode

as follows24,25):

ce(x) = ce
o exp[-A(L-x)2] (19)

where ce
o [mol cm−3] is the maximum electron con-

centration in the electrode, A [−] means the constant.

From the fact that in a current flowing condition, Li+

and e move in opposite directions, the concentration of

Li+ is correspondingly given as follows

cLi+ (x) = co
Li+ exp[−Ax2] (20)

Under this circumstance, the relation between

cLi+/ x and ce/ x is written by 

(21)

where B [−] denotes the constant which has no phys-

ical meaning. Figs. 3(a) and (b) show the resulting

concentration gradients of Li+ and e simulated theoretically

in open-circuit and current flowing conditions,

respectively.

Considering Eq. (21), Eq. (18) is given as:

   (22)

Thus, the internal electrical field is expressed by:

(23)

Inserting Eq. (23) into Eq. (13), the flux equation yields
(24)
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Fig. 3. Dimensionless concentration profiles of Li+ and e

in the electrode theoretically calculated in (a) open circuit

and (b) current flowing conditions.
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In order to obtain the chemical diffusivity of the

neutral Li, it is first assumed that both Li+ and e

show an ideal solution behaviour. From this assumption

and Eq. (24), the chemical potential gradient can be

expressed as follows:

(25)

(26)

In addition, by assuming that chemical diffusion through

the stoichiometric ionic compound may occur via a

vacancy mechanism satisfying the charge neutrality

condition, the flux and concentration of each species

satisfies the following relationship.

jLi = jLi+ = je (27)

cLi = cLi+ = ce (28)

By considering Eqs. (25), (26), (27) and (28), the

final flux equation of the neutral Li is given by

(29)

Therefore, the chemical diffusivity of the neutral Li

atoms  is determined as follows:

(30)

Similar to the previous section, in case that the

electrochemical species is locally in the equilibrium

with the diffusion medium during chemical diffusion,

the final flux equation of the neutral species Li in

consideration of the local equilibrium is

(31)

Accordingly, we get

(32)

2.3. Comparative discussion on chemical diffusion

in two different conditions

In the previous two sections, the four different

equations, Eqs. (9), (12), (30) and (32), for the chemical

diffusivities were derived under four different constraints.

From the fact that the component diffusivity of electrons

is much higher than that of Li ions, the resulting

chemical diffusivities of the neutral Li can be simplified as

in an open-circuit condition

= 2Dk,Li+   (without the local equilibrium) (33)

       (with the local equilibrium) (34)

in a current flowing condition

= 2Dk,Li+   (without the local equilibrium) (35)

(with the local equilibrium) (36)

Either Eqs. (33) and (35) or Eqs. (34) and (36) imply

that in the transition metal oxide, the chemical diffusivity

in an open-circuit condition is exactly the same as

that in a current flowing condition. In both conditions,

it concerns whether or not the local equilibrium constraint

is considered.

Here, it would be very interesting to compare these

two cases, in consideration and out of consideration of

the local equilibrium constraints. The discordance of the

two equations might originate from the applicability

of the local equilibrium constraint throughout the

transition metal oxide. For the derivation of Eq. (33),

it is assumed that the chemical potential of the neutral

Li is the sum of the two chemical potentials of the

charged species Li+ and e. This assumption proves to

be always proper at the entry and exit sides, but it is

still open to discussion whether Eq. (34) is valid or

not within the diffusion medium.

This means that if the electroactive species might

be activated locally during chemical diffusion through

the diffusion medium, the local equilibrium constraint

is no longer valid within the diffusion medium. In this

case, the electroactive species is not thermodynamically

in equilibrium with the diffusion medium and hence

the expression of chemical diffusivity Eq. (34) is no

longer effective. From this argument, it is suggested

that the expression of chemical diffusivity is not uniquely
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defined, but it depends upon the thermodynamic or

electrochemical condition of the diffusion media.

Nevertheless, the origin of the local equilibrium constraint

still needs to be clarified.

3. Electrochemical methods to determine 
experimentally the chemical diffusion coefficient

Several electrochemical methods have been developed

to determine the chemical diffusivity of the neutral species

Li in the transition metal oxide. The methods are

classified into a transient technique and a steady-state

technique. In the quasi-steady-state technique, the

impedance oscillation is obtained from the relationship

between the potential oscillation applied to the electrode

and the resulting current oscillation. In the transient

technique, on the other hand, which indicates the

experimental condition whereby Li diffuses in a current

flowing condition, just after application of either the

current pulse or potential pulse to the electrode, the

resulting potential transient or current transient is

measured, respectively.

3.1. Quasi-steady-state method – Ac impedance

spectroscopy

To evaluate the chemical diffusivity, one fits the

measured impedance spectra to an equivalent circuit

representing the physical processes taking place in

the system under investigation. At a thermodynamically

stable single phase region, the Warburg impedance in

complex number Zw representing the Li diffusion in the

electrode can be expressed as

(37)

where C [−] is the constant, j [−] the unit of imaginary

part of the complex number, ω [Hz] the angular fre-

quency, and  [Ω] and  [Ω] represent the real

and imaginary parts of ZW. The Warburg coefficient

σW can be expressed as

(38)

where Vm [cm3 mol−1] is the molar volume of the

electrode material, E [V] the electrode potential, δ [−]

the deviation from the ideal stoichiometry, and Aea [cm2]

denotes the electrochemical active area of the electrode.

In our previous works,26-29) the chemical diffusivity

of Li  in the various transition metal oxides was

determined from the measured impedance spectra by

using Eq. (38). The  values were estimated to 10−10

to 10−12 cm2 s−1 for the LiV2O5 electrode,28) 10−7 to

10−9 cm2 s−1 for the LiNiO2 electrode,26) 10−9 to 10−10 cm2 s−1

for the LiCoO2 electrode,29) and 10−8 cm2 s−1 for the

LiMn2O4 electrode.27)

3.2. Transient method – Potentiostatic and

galvanostatic methods

3.2.1. Galvanostatic intermittent titration technique

(GITT)

This method involves the application of a constant

current through the electrode for a time interval. Then,

the potential difference is measured between the

working electrode and the reference electrode as a

function of time during the current application. In this

method, the chemical diffusivity of Li into a mixed

conductor electrode in planar symmetry can be calculated

by using the following equation as a function of Li content

for t <<    (semi-infinite condition) (39)

where Iapp [A] and t [s] mean the applied constant

current and time, respectively.

Since the GITT method places no limits on the initial

and boundary conditions for Fick’s second law, and

hence gives a linear relationship between the potential

and the square root of time in the short time range of the

galvanostatic potential transient, it seems appropriate to

determine Li diffusivity in a mixed conductor electrode.

In our previous works,30-33) the chemical diffusivity

of Li  in the different transition metal oxides was

evaluated by analysis of the measured GITT using

Eq. (39). The  values were determined to 10−11 to

10−13 cm2 s−1 for the LiV2O5 electrode,30) 10−8 to 10−9 cm2 s−1

for the LiNiO2 electrode,31) 10−8 to 10−9 cm2 s−1 for the

LiCoO2 electrode,32) and 10−7 to 10−8 cm2 s−1 for the

LiMn2O4 electrode.33)

3.2.2. Potentiostatic intermittent titration

technique (PITT)

This technique involves the application of a sudden

step in the potential across the electrode. In such
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experiments, it is assumed that a planar electrode initially

has a uniform concentration of the mobile electroactive

species, i.e., Li, corresponding to an equilibrium

potential with respect to the reference electrode. At t = 0,

a new activity, which is proportional to the concentration

of Li, is imposed on the electrode surface by applying

a potential step between the sample and the reference

electrode. Chemical diffusion will occur due to the

concentration gradient imposed within the electrode.

As a result, the Li must be supplied continuously by

transport through the electrolytic phase in order to

keep the surface concentration constant, until the electrode

reaches the equilibrium composition everywhere.

An advantage of using the PITT method is that side

reactions such as the nucleation of new phases can be

avoided if the potentials are controlled within the stability

range of the single phase. However, a disadvantage

is that the ohmic potential drop in the bulk electrolyte,

which varies with time, can not be eliminated readily

from the applied potential difference ΔE. By solving

Fick’s second law, the chemical diffusivity of Li in the

electrode can be expressed as

for t <<    (semi-infinite condition) (40)

where cs [mol cm−3] is the Li concentration at the

electrode/electrolyte interface and I (t) [A] represents

the current flowing at the electrode/electrolyte interface.

In our previous works,34,35) the chemical diffusivity

of  Li  in the different transition metal oxides was

calculated by analysing the measured PITT employing

Eq. (40). The  values were determined to 10−12 to

10−13 cm2 s−1 for the LiV2O5 electrode34) and 10−8 to

10−9 cm2 s−1 for the LiCoO2 electrode.35) The resulting

 values are listed in Table 1. From Table 1, it is

concluded that the  value experimentally determined

in an open-circuit condition is almost the same as that

in a current flowing condition, which is matched

well with the theoretical results presented in Section 2.

4. Discussion

In this work, it is necessary to discuss the thermo-

dynamic enhancement factor Wth in more detail. The Wth

is generally defined as

(41)

The Wth value is only capable of enhancing the

motion of the ions. In the case of very low diffusivities,

Wth may enhance chemical diffusion by many orders of

magnitude, but the chemical diffusion coefficient may

still be low. In contrast, one might think that a high

diffusivity would not require any further enhancement.

Based upon our present state of knowledge, the ionic

diffusivities in metals and semiconductors are rather

similar and it is therefore helpful to make use of large

Wth values. This is especially helpful because there

are ways to control this factor by suitable doping of

semiconductors.5)

In order to produce a large Wth value, the concen-

tration of the mobile ions should be high compared to

the concentration of the electronic species. However,

the ionic concentration ci should not be very much larger

than the electron concentration ce in order to keep the

transference number of the electrons close to 1.

These requirements are somewhat contradictory, but

may best be fulfilled if the mobility of the small number

of electrons is very large compared to the mobility of the

ions. In this way, the conductivity of the electrons

D̃Li
π

zFAeac
s

--------------------
dI t( )

d1 t⁄
----------------⎝ ⎠

⎛ ⎞ 2=

L
2

D̃Li

--------

D̃Li

D̃Li

D̃Li

D̃Li

Wth

∂ aLiln

∂ cLiln
----------------=

Table 1. The chemical diffusivity of Li  determined by using ac impedance spectroscopy, galvanostatic intermittent

titration technique (GITT) and potentiostatic intermittent titration technique (PITT)

Specimen

Chemical diffusivity of Li [cm2 s-1]

Quasi-steady-state method-

Ac impedance spectroscopy

Transient method

Galvanostatic intermittent titration

technique (GITT)

Potentiostatic intermittent titration

 technique (PITT)

LiV2O5 10
−10 − 10

−12 28) 10
−11 − 10

−13 30) 10
−12 − 10

−13 34)

LiNiO2 10
−7 - 10

−9 26) 10
−8 − 10

−9 31) -

LiCoO2 10
−9 – 10

−10 29) 10
−8 − 10

−9 32) 10
−8 − 10

−9 35)

LiMn2O4 10
−8  27) 10

−7 − 10
−8 33) -

D̃Li
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may be kept larger than the conductivity of the ions.

In order to come up with a quantitative relationship, the

transference number of the electrons is substituted by

the product of the concentrations and the diffusivities

or mobilities.

The large enhancement factors higher than 10 are

obtained at sufficiently low electronic concentrations

and high electronic mobilities. This situation is most

favourable for semiconductors that commonly fulfill both

requirements, since the mobility of the electrons is

commonly much larger in semiconducting material

than in metallic material. In this case, the faster electrons

accelerate the motion of the slower Li+ ions and at the

same time, the diffusion of electrons is retarded by

the influence of the slower Li+ ions. As the electron

concentration increases, the interaction between

electrons and Li+ ions decreases, and hence the value

of Wth approaches to 1. 

In our previous works,30,33,36) the Wth value was

estimated from the following relation

with (42)

The Wth values were determined experimentally by

analysis of the measured GITT curves using Eq. (42).

The resulting Wth values ranged from 6 to 15 for the

LiV2O5 electrode,30) from 50 to 1000 for the LiNiO2

electrode,36) and from 2 to 100 for the LiMn2O4 elec-

trode,33) which are listed in Table 2.

In contrast to Wth ≥ 1, if the mobility of the electrons

is low, the values of Wth < 1 may be observed. This

condition is only required for such solid electrolytes

as stabilised ZrO2 (tO2− ≤ 1) in which the motion of the

ions is blocked because no charge compensating elec-

trons are available. The requirement for electrolytes is

very low electronic mobility rather than a low con-

centration of electrons. In this case, the faster oxygen

ions O2− accelerate the motion of the slower electrons

and at the same time, the O2− diffusion is decelerated by

the slower electrons. Under this condition, chemical

diffusion of O2− ions occurs hardly, but O2− ions

transport proceeds by purely migration rather than

diffusion under the external electrical potential gradient.

From the point of view of these electronic properties,

electrodes and electrolytes are clearly distinguishable

from each other. Electrodes should have highly mobile

electronic species whereas electrolytes require low

electronic mobilities. Studies of the electronic properties

are therefore very useful in the search for new electrode

and electrolyte materials.
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