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Structural	  limitations	  in	  the	  family	  of	  lithium	  conducting	  garnets	  lead	  to	  
optimum	  structural	  parameters	  and	  a	  maximum	  attainable	  conductivity.	  
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Lithium ion batteries exhibit the highest energy densities of all battery types and are therefore an important technology for energy

storage in every day life. Today’s commercially available batteries employ organic polymer lithium conducting electrolytes,

leading to multiple challenges and safety issues such as poor chemical stability, leakage and flammability. The next generation

lithium ion batteries, namely all solid-state batteries, can overcome these limitations through employing a ceramic Li+ conducting

electrolyte. In the past decade, there has been a major focus on the structural and ionic transport properties of lithium-conducting

garnets, and the extensive research efforts have led to a thorough understanding of the structure-property relationships in this class

of materials. However, further improvement seems difficult due to structural limitations. The purpose of this Perspective article

is to provide a brief structural overview of Li conducting garnets and the structural influence on the optimization of Li-ionic

conductivities.

1 Introduction

The growing interest in renewable energy sources has led to a

high demand for better and cheaper energy storage solutions,

like battery systems and supercapacitors. This necessity for

high power and high energy density batteries has promoted a

growing interest in lithium ion conducting solid electrolytes as

a possible replacement of the organic electrolyte in all solid-

state lithium ion batteries. This next-generation technology

exhibits certain advantages like improved safety, and higher

open circuit voltages are also possible.1–3 Despite their ad-

vantages, current lithium conducting solid electrolytes exhibit

conductivities of ∼ 1 ·10−2 S cm−1, which are still one order of

magnitude lower than those of organic liquid electrolytes and

therefore limit the feasibility of an all solid-state device.4 In

recent years, research has centered on lithium conducting gar-

nets as a very promising candidate as a solid electrolyte.5 Fol-

lowing the first report by Thangadurai et al. in 2003,6 the fast

Li conducting garnet Li5La3M2O12 (M = Nb,Ta) has focused

research on this class of materials.5 Over the past decade, the

research accomplished has provided us with a thorough under-

standing of the structure-property relationships in this class of

materials. However, the necessary improvement of the ionic

conductivity to match that of the liquid polymer electrolytes

has not been achieved yet. This Perspective article will dis-

† Electronic Supplementary Information (ESI) available: [details of any

supplementary information available should be included here]. See DOI:

10.1039/b000000x/
aDepartment of Applied Physics and Material Science, California Institute

of Technology, 1200 E. California Blvd., Pasadena, CA 91125, USA. E-mail:

zeier@caltech.edu

cuss the overall structure of the garnets and the common ap-

proaches employed to improve the conductivity of these mate-

rials. The intention is to provide a better understanding of the

relationship between the structural parameters of garnets (such

as Li composition, occupancy disorder and lattice parameters)

and the ionic conductivity. For a complete literature review on

garnet solid electrolytes the reader is referred to Thangadurai

et al.5 A short structural overview in combination with the

compiled conductivity data of published research efforts will

shed light on the structural limitation of this class of materials

and hopefully inspire more researchers to focus on exploring

novel lithium conducting solid electrolytes.

2 Crystal structure of lithium ”stuffed” gar-

nets

Lithium-containing garnets LixM2M’3O12 derive from the

grossular structural prototype Ca3Al2Si3O12 (Space group

Ia3̄d).7 The structure of {Ca3}[Al2](Si3)O12 contains a net-

work of two octahedral AlO6, three antiprismatic CaO8 and

three tetrahedral SiO4 polyhedra per unit formula.8–10 In the

lithium conducting phases, Li replaces the tetrahedral Si4+,

e.g. in Li3La3Te2O12.11 However, for a high ionic conduc-

tivity a higher lithium content is needed, which is achieved

in the Li-”stuffed” garnet compositions.5,7 The crystal struc-

ture of the initially reported composition Li5La3M2O12
12

can be found in Figure 1(a). These stuffed structures con-

tain more Li+ per unit formula than can be placed on the

tetrahedral position and the composition may be written as

Li2{La3}[M2](Li3)O12. The excess lithium occupies inter-
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