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Abstract
The space charge layer (SCL) effects were initially developed to explain the anomalous conductivity enhancement in

composite ionic conductors. They were further extended to qualitatively as well as quantitatively understand the interfa-

cial phenomena in many other ionic-conducting systems. Especially in nanometre-scale systems, the SCL effects could

be used to manipulate the conductivity and construct artificial conductors. Recently, existence of such effects either at

the electrolyte/cathode interface or at the interfaces inside the composite electrode in all solid state lithium batteries

(ASSLB) has attracted attention. Therefore, in this article, the principle of SCL on basis of defect chemistry is first pre-

sented. The SCL effects on the carrier transport and storage in typical conducting systems are reviewed. For ASSLB, the

relevant effects reported so far are also reviewed. Finally, the perspective of interface engineer related to SCL in ASSLB

is addressed.
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1. Introduction

Space charge layer (SCL) effects correspond to car-
rier redistribution at space charge regions near a two-pha-
se contact. This concept was first used by Carl Wagner to
explain conductivity effects at the interface of two semi-
conductors.1 It was tentatively developed to explain the
interfacial phenomena in ionic conductor systems by T.
Jow and J. B. Wagner.2 Later on, J. Maier made fruitful ac-
hievement on understanding of SCL effects at various
boundary problems, based on quantitatively derived profi-
les of defect concentrations through consideration of local
thermodynamic and electrostatic relationships.3 From
then on, SCL effects proved to be of great importance for
ion conduction in solids, especially if the interfacial spa-
cing is on the nanometre scale. In the last decades, a large
number of instances for space charge effects on the ionic
transport in solids have been provided. Variation of not
only the magnitude but also the type of conductivity were
verified in composites, grain boundaries in polycrystalline

materials and epitaxial heterostructures.4–21 Conductivi-
ties of various functional materials might be manipulated
for fundamental research as well as application. Introduc-
tion of interfaces not only led to strong variations in con-
ductivity, but also induced qualitatively change of the type
of conductivity. 

In recent years, all solid state lithium batteries
(ASSLB) have attracted a great deal of attention, since they
may provide solution to the safety issue as well as enhance-
ment of energy density compared to the currently commer-
cial rechargeable lithium batteries. The key materials for
ASSLB are the solid-state electrolytes and the critical prob-
lems are the relevant solid-solid interfaces between the
electrolyte and the cathode or inside the composited elec-
trolytes. Though there have already been some discussions
on SCL at the sulphide-electrolyte-based batteries,22 under-
standing of such effect is still in its infancy. In particular for
oxide-electrolyte-based batteries, clarification as well as
manipulation of SCL at the interfaces of composited elec-
trolytes or electrolyte/cathode is highly demanded. 
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Therefore, in Section 2, we will address basic know-
ledge of the SCL effect according to defect redistribution
near a two-phase contact. In Section 3, we will present
typical examples of SCL effects occurred at various boun-
daries of functional materials. In Section 4, we will focus
on the SCL effects in solid state batteries. The conclusion
and outlook will be given finally. 

2. Defect Chemistry at Space Charge
Layers Near the Two-phase 

Boundary

At the boundary between the two materials, carrier
redistribution in the space charge region is required from
the thermodynamical point of view (uniformity of elec-
trochemical potential).23 The following discussion seems
more closely related to a lateral two-phase contact, the ba-
sic knowledge is also applied to the interface in the sys-
tems including polycrystalline or composited materials. 

In the core-space charge model,24, 25 there are several
assumptions: dilute defects on a continuum level, no
structural changes up to the interface (x = 0), and the same
mobility of defects in SCL as in the bulk (x = ∞). In the
case of mobile carrier j, its concentration enrichment ζ in
equilibrium is

(1)

where c is the carrier concentration of the defect, and φ the
electrical potential which is determined by the Poisson
equation

(2)

ρ represents the charge density equal to                In the
above expressions, ε and ε0 are the relative permittivity
and the dielectric constant of free space, kB and T are the
Boltzmann’s constant and the temperature, e is the absolu-
te value of the electronic charge, zk is the charge number
of the defect k. 

If all the carriers are mobile in equilibrium, their
electrochemical potentials are constant. Then combina-
tion of Eq. (1) and (2) leads to the Poisson-Bolzmann re-
lationship in the direction perpendicular to the interface

(3)

Note that in this case the excess charge is directly gi-
ven by the species that determine the conductivity. The so-
lution of Eq. (3) for semi-infinite boundary conditions co-
mes to the Gouy-Chapman profile,24,26,27 which can be
written as 

(4)

where c+∞ = c–∞ ≡ c∞ because of the electroneutrality in
bulk and x being the distance from the interface. As a re-
sult, x = 0 and x = ∞ refer to the interface and the bulk, res-
pectively. λ is the Debye length,

(5)

The parameter ϑ (dependent on ζ0 and hence on c0)
is defined as follows 

(6)

and represents the degree of influence. For ϑ± = 0, i.e. ζ±0

= 1, the defect chemistry in the space charge region is the
same as in the bulk. It approaches +1 for maximum
enrichment (ζ±0 >>1) and –1 for maximum depletion (ζ±0

ƒ<<1). Such profiles are shown in Figure 1a. 

Fig.1. Typical defect profiles in the case of (a) Gouy-Chapman and

(b) Mott-Schottky.

While Gouy-Chapman profiles serve as a natural
picture for accumulation layers, enrichment effects can
also be found in Mott-Schottky situations. Then the
conductivity determining carrier has to be a minority
carrier with a high mobility in order to surpass the bulk
value of the majority carrier significantly. Now, we refer
to an extrinsic situation in which the mobile majority
species are impurity compensated in the bulk but deple-
ted close to the interfaces. Ideally the impurity profile is
assumed to be flat everywhere as shown in Figure 1b.
The impurity then is considered to be incorporated du-
ring preparation but frozen under operation. In such ca-
ses, Eq. (1) is only valid for the mobile carriers. As to
Eq. (2), the invariant quantity cimp,∞ dominates the space
charge density and hence Poisson’s equation reads ap-
proximately
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(7)

Eq. (7) can be easily integrated with the boundary

conditions: and φ(x = 0) = φ0 denoting the

define value from the potential in the electroneutral bulk
by φ∞, resulting in a quadratic potential profile,28,29

(8)

Where λ* is the effective space charge thickness:

(9)

that exceeds λ by the factor                            . 

Since the typical potential difference is on the or-
der of several 100 mV, this equation indicates that the
space charge region in the Mott-Schottky case can be
significantly more extended than in the Gouy-Chapman
case. 

At the point x = λ*, ζj, becomes unity, i.e. the con-
centration of the mobile carrier reaches the bulk value.
When x ≤ λ*, according to Eq. (1), the defect concentra-
tion can be expressed as

(10)

In the overlap situation (i.e. � < 2λ*), the electro-
neutral bulk does not exist and thus φ(�/2) ≠ φ∞. Rather in

this case, the preferred boundary conditions are

and φ(0) = φ0. Hence, the integration of Eq. 

(7) yields a potential profile

(11)

and the defect concentration profile becomes

(12)

As the mobile majority carrier is depleted, Mott-
Schottky analysis mainly applies to resistive boundaries.
If however a minority carriers of the same sign as the im-
purity has a very high mobility, it can well be conceived
that its accumulation leads to a conductance increase even
though the impurity level is not exceeded. As already
pointed out, this demands a high ratio of uminority/umajority
(u, carrier mobility).

3. Space Charge Layer Effects on
Conductivities at Various Boundaries

Based on the above discussed carrier redistribu-
tion at SCL, conductivity anomaly at various bounda-
ries has been quantitatively studies. Briefly speaking,
the SCL concept has quantitatively accounted for the
composites (Figure 2a), polycrystallines (Figure 2b)
and heterostructural multilayers (Figure 2c), the typical
examples which are respectively addressed in the fol-
lowing.

Fig. 2. Typical space charge layer situations of (a) composites; (b) polycrystallines; (c) heterostructural multilayers.

(a) Composites (b) Polycrystallines (c) Heterostructural Multilayers
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The earliest attractive composite known as “compo-
site electrolytes” or “heterogeneous electrolytes” was the
two-phase system LiI-Al2O3, reported by Liang et al. with
the ionic conductivity 50 times greater than that of the pu-
re LiI.30 Concerning that the Al2O3 particles are insulating,
the conductivity enhancement is attributed to the boundary
layer phenomena, which can be perfectly explained by the
SCL effects. Besides Al2O3 similar oxides including SiO2,
CeO2, ZrO2 and BaTiO3 were found to be also effective.
Since there were a lot of papers on this respect, readers can
refer to the literature in Ref. [3]. Further with mesoporous
Al2O3 as the insulating phase, the enhancement of conduc-
tivity can be more effective, which is satisfactorily explai-
ned in the framework of the ideal space-charge model.31

Here, it is worthwhile mentioning “Soggy Sand Electroly-
tes”.32,33 The total conductivities are highly increased by
virtue of the very high conductivities at the edge of the spa-
ce charge profiles. This work is of significance owing to
evidence of heterogeneous doping mechanism as well as
improvement of mechanical behaviour for the polymer
electrolytes in the field of solid-state lithium batteries. 

Besides composite electrolytes, composite electro-
des are also worth noting. A novel interfacial storage mec-
hanism for lithium in the nanocrystalline boundaries was
elucidated by J. Jamnik and J. Maier.34 Later on, many
works both in experiment and theory demonstrated valid of
the interfacial storage. Li et al. found the Li storage in TiF3

and VF3, which was attributed to the interfacial effect since
neither LiF nor Ti and V could store the Li.12 Yu et al. pre-
pared LiF, Ti and LiF/Ti composite thin films in the same
thickness using pulsed laser deposition. Discharge and
charge tests revealed that the LiF and Ti films had negli-
gible capacities, while the LiF/Ti composite film showed
significant Li storage capacity, which increased with in-
creasing thickness. These results clearly indicate existence
of interfacial storage.35,36 In theory, the first principle cal-
culation proved the reasonability of interface storage from
the view point of thermodynamics.5 Such mechanism is
beneficial not only to increase the storage capacity at low
potential but also to improve the rate performance.

For polycrystalline systems, there have been many
good examples demonstrating the SCL effects at grain
boundaries in micrometer scale. The details will not be
presented here. Readers can refer to previous reports on
ZrO2, CeO2 and SrTiO3.

9–11 With respect to the mesosco-
pic scale, the nanocrystalline SrTiO3 gives direct and
unambiguous evidence of space charge overlap as charac-
teristic size effect. Owing to the significant extension of
depletion zones for the holes, the bulk impedance signal
disappears at about 100 nm grain boundary spacing.8

Heterojunctions in two-phase systems are particu-
larly advantageous on study of the SCL effects at crystal-
line interfaces owing to the controllable spacing between
the two boundaries. CaF2/BaF2 heterolayers prepared by
molecular beam epitaxy serve as a nice demonstration of
the potential of nanoionics. They show that ion conducti-

vities both parallel and perpendicular to the interfaces in-
crease with decrease in interfacial spacing. This size ef-
fect is attributed to the thermodynamically necessary redi-
stribution of the mobile fluoride ions.15,37 On this basis,
the striking phenomenon of an upward bending in the ef-
fective parallel conductivity as a function of inverse inter-
facial spacing for low temperatures has been satisfactorily
explained by application of a modified Mott–Schottky
model for BaF2.

38 This model was further confirmed by
measurements perpendicular to the interfaces that offer
complementary information on the more resistive parts.
This successful comprehensive modeling of parallel and
perpendicular conductivities for the whole parameter ran-
ge gives a nice picture of ion redistribution at the interfa-
ces and the boundary zones overlap as well as the predic-
ted mesoscopic size effect. This mechanism allows achie-
vement of artificial ionically conducting material with
anomalous transport properties.37–41

4. Space charge Layer Effects in All
Solid State Lithium Batteries

The SCL effects in ASSLB have been intensively
studied by Takada et al. with Li4GeS4–Li3PS4 (thio-
LISICON) as electrolytes and LiCoO2 as cathodes.42–49

Concerning the difference in chemical potential between
the sulphide and the oxide, the SCL may forms at the two-
phase boundary according to requirement of thermodyna-
mic equilibrium. Further concerning that the oxide is mo-
re absorptive with Li than the sulphide, the Li ion may
transfer from the sulphide to the oxide, as schematically
shown in Figure 3a. Electrons of the mix-conducting oxi-
de will eliminate the concentration of Li interstitials near
the boundary, extending thickness of SCL at the oxide si-
de. The defect chemistry situation is depicted in Figure
3b. Since the transport property of the interface is determi-
ned by the Li interstitial movement, such carrier redistri-
bution may enlarge the interfacial resistance, increasing
the polarization and worsening the rate capability. This
phenomenon was indeed proved in experiment as well as
in theory.22

To overcome the shortcomings brought by the SCL
as mentioned above, an intermediate layer (IL) with sole
ionic-conducting property was supposed to be effective. As
shown in Figure 3c, with introduction of such a layer bet-
ween the two phases, the potential difference between the
oxide and the sulphide can be greatly eliminated, leading
to reduced Li transfer from the oxide side. With negligible
electron concentration in the intermediate layer, the deple-
tion region of Li is also reduced, as shown in Figure 3d.
Consequently, the interfacial resistance decreases and the
rate capability is enhanced. In experiment, Li4Ti5O12, Li-
NdO3, LiTaO3, Li2SiO3 thin layers have been used as the
intermediate layer between the sulphide and the oxide, and
shown effects to reduce the interfacial resistance and in-
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crease the power density of the ASSLB.48–51 Interestingly,
the Al-enriched domains formed at the LiAlyCo1-yO2 surfa-
ces perform the same functionality as the aforementioned
intermediate oxide layers, while with more effective inf-
luence on reduction of the interfacial resistance and impro-
vement of rate capability.52 These results are in agreement
with the relevant theoretical calculation.22

Although not many, discussions on the SCL effect at
interfaces between oxides were also reported. Yamada et
al. demonstrated that the nonsintered grain boundary resi-
stance of a highly conducting solid electrolyte
(Li1.3Al0.3Ti1.7(PO4)3) could be suppressed by being coated
with poorly conducting solid electrolyte (Li2SiO3).

53 In
addition, Yamada et al. found that at interfaces of solid
oxide electrolytes and active materials, lithium-ion trans-
fer across the interfaces occurred, dependent on the poten-
tial of the active materials. The Li+ transfer caused change
in the ionic conductivity at the interface and, in some ca-
ses, changed in the crystal structure. The Li+ transfer
would be more critical for batteries with high Li+ conduc-
ting solid electrolytes, because the main charge carriers of
them are not lithium vacancies but lithium interstitials.
The Li+ transfer from such solid oxide electrolytes to cat-
hodes with high electrode potential leads to depletion of

the charge carriers in the solid electrolytes at the interface
and thus increases in the interfacial resistance.54,55 With
reduction of SCL effect at the grain boundaries, the total
conductivity could be increased. Hitosugi et al. reported
the surprisingly low electrolyte/electrode interface resi-
stance in thin-film batteries, which is an order of magnitu-
de smaller than that presented in previous reports on
ASSLB as well as smaller than that found in liquid elec-
trolyte-based batteries. Such low interface resistance was
attributed to the fact that the negative SCL effects at the
Li3PO4-xNx/LiCoO2 interface were negligible.56

5. Conclusion and Perspective on All
Solid State Lithium Batteries

The SCL effects at the interfaces relate to the carrier
redistribution near the two-phase boundary, which is led
by the SCL potential derived from the requirement of
thermodynamic equilibrium at the contact between the
two phases. From early experimental phenomena, to qua-
litative and quantitative understanding, and to interfacial
design for manipulation of conductivity by nano techni-
que, many systems including composites, polycrystalli-
nes, heterolayer structures have proven important role of
the SCL effects in the carrier transport and storage. Espe-
cially in research of ASSLB that has attracted much atten-
tion recently, the SCL shows the key influence on the in-
terfacial resistance and thus on the rate capability. Though
the SCL at the interface between the sulphide electrolyte
and the oxide electrode has been deeply discussed, more
relevant effects at the interfaces between the oxide elec-
trolyte and the oxide electrode, between the polymer elec-
trolyte and the oxide electrolyte, and between the polymer
electrolyte and the oxide electrode are still in infancy. Exi-
stence of such effect either at the electrolyte/cathode in-
terface or at the interfaces inside the composites is one of
the key issues for ASSLB, which is currently deemed to
be a solution to safety as well as enhancement of energy
density in the field of rechargeable lithium battery. There-
fore, it is clear that study of SCL related to the ASSLB is
significant. More researches in this direction can be ex-
pected. 

6. Acknowledgements

This work was supported by National Natural Scien-
ce Foundation of China (Grant No.51532002).

7. References

1. C. Wagner, J. Phys. Chem. Solids, 1972, 33, 1051–1059.

http://dx.doi.org/10.1016/S0022-3697(72)80265-8

2. T. Jow, J. B. Wagner, J. Electrochem. Soc., 1979, 126,

Fig. 3. (a) The two-phase boundary of oxide and sulphide;

(b) The defect chemistry situation after the formation of

SCL; (c) Introduction of ionic-conducting intermediate la-

yer (IL) between the two phases; (d) The defect chemistry

situation after the introduction of the IL.

a) b)

c) d)



494 Acta Chim. Slov. 2016, 63, 489–495

Chen and Guo:  Space Charge Layer Effect in Solid State Ion Conductors   ...

1963–1979. http://dx.doi.org/10.1149/1.2128835

3. J. Maier, Prog. Solid St. Chem., 1995, 23, 171–263.

http://dx.doi.org/10.1016/0079-6786(95)00004-E

4. J. Maier, Nature Mater., 2005, 4, 805–815. 

http://dx.doi.org/10.1038/nmat1513

5. Y. F. Zhukovskii, P. Balaya, E. A. Kotomin, J. Maier, Phys.
Rev. Lett., 2006, 96, 058302.

http://dx.doi.org/10.1103/PhysRevLett.96.058302

6. H. L. Tuller, Solid State Ionics, 2000, 131, 143–157.

http://dx.doi.org/10.1016/S0167-2738(00)00629-9

7. J. Schoonman, Solid State Ionics, 2000, 135, 5–19.

http://dx.doi.org/10.1016/S0167-2738(00)00324-6

8. P. Balaya, J. Jamnik, J. Fleig, J. Maier, Appl. Phys. Lett.,
2006, 88, 062109. http://dx.doi.org/10.1063/1.2171798

9. S. Kim and J. Maier, J. Electrochem. Soc., 2002, 149,

J73–J83. http://dx.doi.org/10.1149/1.1507597

10. X. Guo, J. Maier, J. Electrochem. Soc., 2001, 148, E121–

E126. http://dx.doi.org/10.1149/1.1348267

11. P. Lupetin, G. Gregori, J. Maier, Angew. Chem. Int. Ed.,
2010, 49, 10123–10126.

http://dx.doi.org/10.1002/anie.201003917

12. H. Li, G. Richter, J. Maier, Adv. Mater., 2003, 15, 736–739.

http://dx.doi.org/10.1002/adma.200304574

13. Y.-G. Guo, J.-S. Lee, J. Maier, Adv. Mater., 2005, 17,

2815–2819. http://dx.doi.org/10.1002/adma.200501215

14. J. Maier, Physical Chemistry of Ionic Materials Ions and

Electrons in Solids. Wiley, Chichester 2004. 

http://dx.doi.org/10.1002/0470020229

15. N. Sata, K. Eberl, K. Eberman, J. Maier, Nature, 2000, 408,

946–949. http://dx.doi.org/10.1038/35050047

16. X. X. Guo, N. Sata, J. Maier, Electrochim. Acta, 2004, 49,

1091–1096. 

http://dx.doi.org/10.1016/j.electacta.2003.10.020

17. X. X. Guo, J. Maier, Surf. Sci., 2004, 549, 211–216.

http://dx.doi.org/10.1016/j.susc.2003.11.044

18. J. Jamnik, Solid State Ionics, 2006, 177, 2543–2547.

http://dx.doi.org/10.1016/j.ssi.2005.12.024

19. A. Tschöpe, E. Sommer, R. Birringer, Solid State Ionics,

2001, 139, 255–265.

http://dx.doi.org/10.1016/S0167-2738(01)00678-6

20. Y. Gil, O. M. Umurhan, I. Riess, Solid State Ionics, 2007,
178, 1–12. http://dx.doi.org/10.1016/j.ssi.2006.10.024

21. X. Guo, R. Waser, Prog. Mater Sci., 2006, 51, 151–210.

http://dx.doi.org/10.1016/j.pmatsci.2005.07.001

22. J. Haruyama, K. Sodeyama, L. Han, K. Takada, Y. Tateyama,

Chem. Mater., 2014, 26, 4248-4255.

http://dx.doi.org/10.1021/cm5016959

23. J. Maier, Ber. Bunsenges. Phys. Chem., 1985, 89, 355–362.

http://dx.doi.org/10.1002/bbpc.19850890402

24. J. Maier, J. Electrochem. Soc., 1987, 134, 1524–1535.

http://dx.doi.org/10.1149/1.2100703

25. J. Jamnik, J. Maier, S. Pejovnik, Solid State Ionics, 1995, 75,

51–58. http://dx.doi.org/10.1016/0167-2738(94)00184-T

26. G. Gouy, J. Physique, 1910, 9, 457–468.

27. D. L. Chapman, Phil. Mag., 1913, 25, 475–481.

http://dx.doi.org/10.1080/14786440408634187

28. S. M. Sze, Semiconductor Devices. John Wiley & Sons, Ltd.,

New York 1985.

29. W. Schottky, Halbleiterprobleme. Viewweg, Braunschweig

1954. 

30. C. C. Liang, J. Electrochem. Soc., 1973, 120, 1298–1292.

http://dx.doi.org/10.1149/1.2403248

31. H. Yamada, A. J. Bhattacharyya, J. Maier, Adv. Funct. Ma-
ter., 2006, 16, 525–530.

http://dx.doi.org/10.1002/adfm.200500538

32. A. J. Bhattacharya, J. Maier, Adv. Mater., 2004, 16, 811–814.

http://dx.doi.org/10.1002/adma.200306210

33. C. Pfaffenhuber, M. Göbel, J. Popovic and J. Maier, Phys.
Chem. Chem. Phys., 2013, 15, 18318–18335.

http://dx.doi.org/10.1039/c3cp53124d

34. J. Jamnik, J. Maier, Phys. Chem. Chem. Phys., 2003, 5,

5215–5220. http://dx.doi.org/10.1039/b309130a

35. X. Q. Yu, J. P. Sun, K Tang, H. Li, X. J. Huang, L. Dupont, J.

Maier, Phys. Chem. Chem. Phys., 2009, 11, 9497–9503.

http://dx.doi.org/10.1039/b908149f

36. L. Fu, C. Chen, D. Samuelis, J. Maier, Phys. Rev. Lett., 2014,

112, 208301.

http://dx.doi.org/10.1103/PhysRevLett.112.208301

37. X. X. Guo, I. Matei, J.-S. Lee, J. Maier, Appl. Phys. Lett.,
2007, 91, 103102. http://dx.doi.org/10.1063/1.2779254

38. X. X. Guo, I. Matei, J. Jamnik, J.-S. Lee, J. Maier, Phys. Rev.
B, 2007, 76, 125429.

http://dx.doi.org/10.1103/PhysRevB.76.125429

39. X. X. Guo, J. Maier, Adv. Funct. Mater., 2009, 19, 96–101.

http://dx.doi.org/10.1002/adfm.200800805

40. X. X. Guo, J. Maier, Adv. Mater., 2009, 21, 1–13.

41. F. Baiutti, G. Logvenov, G. Gregori, G. Cristiani, Y. Wang,

W. Sigle, P. A. van Aken, J. Maier, Nat. Commun., 2015, 6,

8586–8593. http://dx.doi.org/10.1038/ncomms9586

42. Y. Seino, K. Takada, B. C. Kim, L. Zhang, N. Ohta, H. Wada,

M. Osada, T. Sasaki, Solid State Ionics, 2005, 176, 2389–

2393. http://dx.doi.org/10.1016/j.ssi.2005.03.026

43. B. C. Kim, K. Takada, N. Ohta, Y. Seino, L. Zhang, H. Wada,

T. Sasaki, Solid State Ionics, 2005, 176, 2383–2387.

http://dx.doi.org/10.1016/j.ssi.2005.05.019

44. T. Matsumura, K. Nakano, R. Kanno, A. Hirano, N. Imanis-

hi, Y. Takeda, J. Power Sources, 2007, 174, 632–636.

http://dx.doi.org/10.1016/j.jpowsour.2007.06.168

45. K. Takada, N. Aotani, K. Iwamoto, S. Kondo, Solid State Io-
nics, 1995, 79, 284–287.

http://dx.doi.org/10.1016/0167-2738(95)00075-H

46. K. Takada, Acta Mater., 2013, 61,759–770.

http://dx.doi.org/10.1016/j.actamat.2012.10.034

47. Y. Seino, T. Ota, K. Takada, J. Power Sources, 2011, 196,

6488–6492. http://dx.doi.org/10.1016/j.jpowsour.2011.03.090

48. N. Ohta, K. Takada, L. Zhang, R. Ma, M. Osada, T. Sasaki,

Adv. Mater., 2006, 18, 2226–2229.

http://dx.doi.org/10.1002/adma.200502604

49. N. Ohta, K. Takada, I Sakaguchi, L. Zhang, R. Ma, K. Fuku-

da, M. Osada, T. Sasaki, Electrochem. Commun., 2007, 9,

1486–1490.

http://dx.doi.org/10.1016/j.elecom.2007.02.008



495Acta Chim. Slov. 2016, 63, 489–495

Chen and Guo:  Space Charge Layer Effect in Solid State Ion Conductors   ...

50. K. Takada, N. Ohta, L. Zhang, K. Fukuda, I. Sakaguchi, R.

Ma, M. Osada, T. Sasaki, Solid State Ionics, 2008, 179,

1333–1337. http://dx.doi.org/10.1016/j.ssi.2008.02.017

51. A. Sakuda, H. Kitaura, A. Hayashi, K. Tadanaga, M. Tatsu-

misago, J. Electrochem. Soc., 2009, 156, A27–A32.

http://dx.doi.org/10.1149/1.3005972

52. X. X. Xu, K. Takada, K. Watanabe, I. Sakaguchi, K. Akatsu-

ka, B. T. Hang, T. Ohnishi, T. Sasaki, Chem. Mater., 2011,
23, 3798–3804. http://dx.doi.org/10.1021/cm103665w

53. H. Yamada, D. Tsunoe, S. Shiraishi, G. Isomichi, J. Phys.
Chem. C, 2015, 119, 5412–5419.

http://dx.doi.org/10.1021/jp510077z

54. H. Yamada, Y. Oga, I. Saruwatari, I. Moriguchia, J. Electroc-
hem. Soc., 2012, 159, A380–A385.

http://dx.doi.org/10.1149/2.035204jes

55. M. Agostini, Y. Aihara, T. Yamada, B. Scrosati, J. Hassoun,

Solid State Ionics, 2013, 244, 48–51.

http://dx.doi.org/10.1016/j.ssi.2013.04.024

56. M. Haruta, S. Shiraki, T Suzuki, A. Kumatani, T. Ohsawa, Y.

Takagi, R. Shimizu, T. Hitosugi, Nano Lett., 2015, 15, 1498–

1502. http://dx.doi.org/10.1021/nl5035896

Povzetek
Efekt prostorsko nabite plasti (SCL) so prvotno razvili za razlago anomalnega zvi{anja prevodnosti v kompozitih ion-

skih prevodnikov. V nadaljevanju so model raz{irili na razumevanje kvalitativnega in kvantitativnega medfaznega feno-

mena v drugih ionsko prevodnih sistemih. SCL efekt lahko uporabimo za manipulacijo prevodnosti na sistemih nano-

meterskih dimenzij, kjer lahko konstruiramo umetne prevodnike. V zadnjem ~asu je obstoj takih efektov na medfazi

elektrolit-katoda oz. na medfazah znotraj kompozita v litijevih baterijah s trdnim elektrolitom (ASSLB) pritegnil veliko

pozornosti. V zvezi s tem, ta pregledni ~lanek predstavlja prvi pregled SCL principa in njegov vpliv na transport in shra-

njevanje v tipi~nih prevodni{kih sistemih. Predstavljamo tudi pregled relevantnih efektov za ASSLB baterije. V za-

klju~ku obravnavamo {e in`enirski vidik vezan na SCL in ASSLB sisteme.


