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Ionics and Energetics in Practicable Battery Materials

Atsuo Yamada
ADepartment of Chemical System Engineering, The University of Tokyo, Tokyo 113-8656

Firm scientific body of knowledge accumulated to date on very practical electrode material LiFePO4 will
be reviewed, followed by introduction of “liquid Madelung potential” in electrolytes that can be an important

rational concept in designing future battery systems.
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Figure 2 Phase diagram of LixFePO4 and its

dependence on particle size at room

temperature with miscibility gap (white

region) and solid solution domain (green
region).?
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Figure 3 Superstructure of metastable
LiysFePOy4 with charge ordering.’
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Figure 4 Arrhenius plots of conductivity of

LiFePOs4, FePOs, and metastable LizsFePOs,

with electrochromic coloration induced by

intervalence charge transfer transition.®’



3. BHEI—T LI RTUIUYIILEBBES
R O I3 B AR OB B W e e

T, BEZEMIOICHER - LTHY 7 .‘ “““““ .&f...,r..omw- Ao »
Bz 0, AAERLTE & ORI &

DME: HFE Mitd i
sof

BERFMO AR R E &MU T Mt || 2 ) ;@@?
HEREXUI I 451F 2 SRk % K & < Bk | e

0.6 V upshift LIFSI/EC

w0 (1.5, n/n)

LI, ZOMERIFEO T T 4T - ST ROy £
ABLCER M, S o L
AT 2R TRNE ST HE R fﬁ'% @ Figure 5 CoulombiL; et/"ﬁcienc/ie; (CEs) of Li
— [EIREN DN EIURITIKTE L TR plating/stripping depending on the electrode potentials of Li
E<VT FLEOIRIEIL 0.7V 2 X D]
ZETHD B, YK, ZOBEKRRENMN YT MIEBFHEICREREEL G525, Bz
IX Fig. 5 1%, WEEMEEIZ 7 znv 28 H L, 74 FBEOBMRKIZET2Y F UL
WM SOSBAL D E 7 —u VN REEH LT DTH L0, KISDEENM
(EITHDIET) 12L& bRWEMIE & ORIFISHIHI S, 7 —1 CRERDSRHEAIIC
M ELTWnD 15,

ZOBERRENMY 7 NORKREREL T *

Average CE of Li plating/stripping (%)

Normalized c

D, BT ENFHESCE L ER Y NDF(DLNDE%LF?B)
EHGRERICEM T S 2 & CEMIRO S R WO ggf
SERFFEE M Lz LT ZRMIC | o S Y- 5

Predicted values (V)

) ° est
@% o (RMSE-0.05V)

o
=

Molecular ratio ©

O N 5 BMRENLNT KT % 5C 2L 2 Bk
FEICLVRHI LTz, € ORER, BT fosy I aa
DY F LM, U F AT =AU Em———
E‘E%ﬁ Wz F?lg DD *%Jﬂég @E“g f}iﬁr 7534:@ T Figur; 6 _Normalised predictiop function goefﬁcients
BT, U7 s BRMERE D machine leaming-bused PLS  regression  analysis  for
HAEETER R L. EBIRRE . 4yt lithium electrode potential'’.

72 B % EA %@F#ﬁw:k#ﬁ B, A AR EAER O LT
FEom S & BMEMSERET O F U LA A0 OLENE & BRI ERE G
52 L mES SEEFIIERICRICBIT D~ —T N TRT v L OB A TR

RDTF T 47 ATHYEIER[RE L BEL L T2 16,

te
SpEFra Pl Pannsaa

o
Lo

05
i L]
" SsIP AGG 1 Y]
2 0a | AEuyF (Calo).
electron- electron- < . T °
@ localised EC delocalised FSI- @ >
% 03 ‘/ /o,/"
. T @ . 7
& . 3 s
o _:_ @ % f.’ . R ;' % 02 . o AEu. (Exp.)
= 2 - / .
L o / g
DB | . S R . /e
23 0.1
=2 Unstable : /8
Ba | Qo chssmsosemtentnos s TR |
g Coulombic energy penalty 0 N ] . .
”””””””””””””””””””””” 0 2 4 6 8

Salt concentration my;, (mol kg™')

Figure 6 (Left) Mechanism of potential upshift: Coulombic energy penalty caused by a change in the dominant local
coordination from electron-localized EC to electron-delocalized FSI". (Right) The experimental electrode potential upshift
(AEvii+) and the calculated values from liquid Madelung potential (AELw/F; F: Faraday constant), designated as the shift
from the lowest concentrations!®.
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