
Reference
[1] B. Wangetal., Journalof SolidStateChemistry115, 313(1995)

[2] A. K. Ivanov-Shitzetal., CrystallographyReports46, 864(2001).

[3] Y.-W.Hu etal., Journalof theElectrochemicalsociety124, 1240(1977).

[4] PWscf– http://www.pwscf.org.

[5] A. R. West,BasicSolidStateChemistry, SecondEdition (JohnWiley & Sons,Inc. 2000)

[6] B. N. Mavrin etal., Journalof ExperimentalandTheoreticalPhysics96, 53 (2003).

[7] F. HarbachandF. Fischer, PhysicaStatusSolidiB 66, 237(1974).
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Intrinsicdefects
The formationenergiesof interstitial-vacancy pairsare found to be E f (
 ) = 1:7 eV andEf (� ) =
2:1 eV. Estimatingthe intrinsic activation energy asEA = Em(interstitial) + Ef =2, we obtaingood
agreementwith experiment.2

Crystal Netdirection Experiment(eV) Thiswork (eV)

 -Li3PO4 a 1.23 1.1

b 1.14 1.1
c 1.14 1.1

� -Li3PO4 b 1.6
a 1.4
c 1.4

Interstitialmechanism
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Interstitialmigrationpathsshow themostef�cient ion transportmechanismfor both
 - and� -Li 3PO4,
with computedmigrationbarriersof 0.3–0.5eV, in goodagreementwith the measured0.5 eV acti-
vationenergy of extrinsic interstitialsfor Li 4SiO4-Li3PO4 solid solutions.3 Structuraldiagramsshow
meta-stableinterstitialsitesI andI I locatedin thetwo distinctvoid channelsfor bothcrystals.

Vacancy mechanism
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Energy pathdiagramsfor variousvacancy migrationpathsin crystallineLi 3PO4, showing minimal
barriersof 0.62 eV along the c-axis path for the 
 form and 0.55 eV along the b-axis path for
the � form. Thesebarriersare0.3 eV lower than the measuredactivation energy for vacancy-rich
Li2:88PO3:73N0:14,1 whereoxygen-vacanciesmayaffect themigrationbarrier.

Ramanspectra
LDA calculationsshow betteragreementwith experimentalspectrathanGGA;

simulationresultsin thisposterarepresentedfor theLDA functionalunless
otherwisespeci�ed.
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Ramanactive modesof 
 -Li3PO4, comparingex-
perimentalresults with LDA and GGA calcula-
tions.ExperimentA (from Ref. 6) wasmeasuredat
roomtemperature(RT). ExperimentB andC (from
Ref. 7) were measuredat RT and liquid nitro-
gentemperature(LNT), respectively. Experiment
D (from Ref. 8) wasmeasuredatLNT.
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Ramanactive modesof � -Li3PO4, comparingex-
perimentalresults with LDA and GGA calcula-
tions. Experimentaldata(from Ref. 8) weremea-
suredatLNT.
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 -Li3PO4 Spacegroup:Pnma
Metastableat room temperature;experimentally
measured.The Li ions are locatedon two crys-
tallographicallydifferent sites indicatedwith dif-
ferentshadings(grayanddarkballs) in the �gure.
UsingtheWyckoff labels,thed siteaccountsfor 8
equivalentatomicsitesandthec siteaccountsfor 4
equivalentatomicsitesperunit cell. TheP andO
ionsareindicatedby smallballsandsticks(colored
yellow andbluerespectively).
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7 � -Li3PO4 Spacegroup:Pmn21
Low-temperaturephaseandenergeticallymoresta-
ble than
 -phase.Two crystallographicallydistinct
Li sitesarealso indicatedwith differentshadings
in the �gure. Using the Wyckoff labels,the b site
accountsfor 4 equivalent atomic sites and the a
siteaccountsfor 2 equivalentatomicsitesperunit
cell. Our calculationsverify that the � form is en-
ergetically more stable: E 
 � E� = 0:03(0:01)
eV/Li3PO4 for LDA (GGA) calculations.

Introduction
� Solid-statelithium ion electrolytessuchasLi 3PO4-basedmaterials1 arebecomingincreasinglyim-

portantin batteriesandrelatedtechnologies.

� Li ion diffusionin crystalline
 -Li3PO4 hasbeenmeasuredto beslightly anisotropicwith activation
energiesof 1.1–1.3eV.2 Theactivationenergiescanbereducedto 0.97eV by N doping1 andto 0.5
eV by admixturewith Li4SiO4.3

� In this work, �rst-principles calculations4 have beenperformedto model the migration energies
for both vacancy andinterstitial mechanismsof Li ions in 
 -Li 3PO4 and� -Li3PO4. For extrinsic
defects,activation energy EA is the sameasthe migrationenergy of the defects,Em. However,
for intrinsicdefects,usingquasi-equilibriumstatisticalmechanicsarguments,5 it follows thatEA =
Em + Ef =2, whereEf is theformationenergy of thevacancy-interstitialpair.
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