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Li,MnO; (PEGRA & : 459mAh/g) 2EHEH S N7z, L2 L&A S, Li,MnOy E AR HERENAKE WA E
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ZAZKEE B 8 — EBLAHE & T 72 A 2% LiMnO, (2% L CiTbh T % (3, 4], Bz r#ihigks
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T FEI R OB RERT R & U T R BEE VASP & F v Th S it bz 17 - 72 [6]. I
BIEE GGA. BER T ¥ ¥ v LIE PBE 27z HEART V¥ v b ® Core i, Lik K0 IZDNT
i 1s, MniZ DWW Tk 1s 225 3p & L7z, Wil F22MIC I 2WEBEE O A » P AT T XL F =&
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Figure 1(a) 3 & U (b) DM E KOCHFEMAIZTORT L2, F0% LiEr» 5, 5K0 DF45 % Mn-Li
Ji&i 2> & it U TR L 72,

(a) (b)
Figure 1. The view of ab plane, showing the configurations of Li vacancy. (a) Li layer. (b) Mn-Li Layer. Red
open circle shows the Li vacancy at Li; sMnO;. Blue open rectangle shows the extracted Li at forming
Li; (MnO; model from Li; sMnOs model. Blue shading rectangle indicates the Mn-O octahedra.
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Li;sMnO; 1256 % Li i 7 OB O T % Figure 2 1287, #IHBREICH T 5% Li. XU Mn
FFofttid, Theh, &k, 2O Th 5, OFFIENMAOTEMICIFIET 54, Li 84
ft§2 ETlliFe 3720, #RLAWZ EE L7z, FMABET, HREEEIZES T MR 3%
ML TOWBAHRL Than, BEIL T LiOAEZNEATRLTH S, BEkEO Li 2% ab H (X
DS ISHEATHEOR LI ETH 5, EkEao Li &I, NHEHROHBLIZH S M (55E)
DA TR E N T fE2 Mn-Li B Th 5.

Figure 2 (a) IZ/R 3 K512, BY LI FICARE SN TV Lild, £0FF LiEaRBET250Td%
<. Mn-Li &/ LT, abliNEBE L7, F72, Likgo Lildk, Mn-Li &7 LT, @& 350
LiBIZRREIL AL, HMENERBEIT2558 6 572 (Figure 2(b) . ATTF L TIE, BEER T &
VZE{LORE CTXN§ % &, Li ICiE S h7 Li OFIZ 20 £ 4%, Zhb 20 FHO Livwsh
&2 Mn-Li g% L CRBEI L, LiEEMELZE DL -7z,

Mn-Li BICHEGE X 7z Lidd, Mn-Li a2 BT 2 2 L34 < Li EICpk#sE L 22%,. ab N %
IRIFAEIZBEI L 72 (Figure 2(c) o Mn-Li @D LilZH W%, Mn-Lif@a2@EEmaL <. 2o kT
25 LikgIcpkifi U 225, ab N Z B84 258236 > 72 (Figure 2(d) . Mn-Li k1213 4 FHO
Li XFET 5, 25 OBEIEIX. 2D S5 5 3/4 H Figure 2(c) 128 SN2 120, 174 23 Figure 2(d)
DOFERTH - 72,

Figure 2. Consecutive motions of Li atoms in Li; sMnOs. (a) A Li in Li layer moved to Mn-Li layer temporarily,
and returned to the Li layer. (b) Another case of Li in Li layer. The Lii moved to upper and lower Li
layer through Mn-Li layer. (c¢) A Li in Mn-Li layer moved to Li layer temporarily. (d) Another case of
Li in Mn-Li layer. The Li could move between upper and lower Li layer through Mn-Li layer.
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Fo5o7MnDHEIF5/16 Th > 72, Mn-LiJF
O Mn A% Li B2 —b#pkiE L T Mn-Li 2R 5 7z
#4513 9/16 TH - 72, Mn-Li k& D Mn 2° Li &
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b7z,
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Li; (MnO; T3 7/16 flil © Mn A% Li & 1247 >
&0 ko7, ThbHBE, LipsMnO; 12T
Li; (MnO3 @ Mn (3 3.5 f5#£8) L 5\ Z & 2URIE
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W7z 8, LiMnO; Tld, Mn-Li D Li 22 L%
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72Mn & &»-72 (Figure 4),
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% Maf U7, Figure 5120 i1 (HAk®) O
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Figure 3. Consecutive motions of Mn atoms in
Li; sMnO;. (a) A Mn stayed in Mn-Li
layer. (b) A Mn hopped to Li layer and
returned to the Mn-Li layer. (¢) A Mn
hopped to Li layer and moved in the Li

layer.

Figure 4. A Mn moved in the Mn-Li layer in
Lil_oMnO3.



Figure 5. Consecutive motions of Oxygen atoms. (a) An Oxygen atom, which was located on the corner of

octahedron at initial state, remained on each corner. (b) An Oxygen atom detached from the octahedron

and moved in the Li layer.

5@ O JH 2 NEERDOTEEIZH E D, NEE2 SBEEL 72 Ol F1Eb T2 1HITH -7z (Figure
5(b)) o Z OHEBLIL. O 1B IS WIHIKEE DELRE TRALPAET B2 Z LT k> TR LHiE SN 5,

Figure 6 {2 0 5 KU Mn DZEE) A/~ d, 400 X
7 v 7ETIE, O TIZIC4FTE L Tuvy7z Mn-0
NIEARDTER O % - Ty 7z (Figure 6(a)) o
ZZ7T, ZDOOJE 12 )E 4 % Mn-O JUH & D
FEIALE 4 % Mn-O RO Mn IZE H L TA
5, ZOMnd 400 27 v 7ETIIESGHET S
Mn-O JUHIARD Mn HOUE R % 7362 LTy 7z, Mn
BEOOFE X, 400 27 v LI T A ICE8)
L7z (Figure 6(b). AT v 7THHEITT BHI2HN
T, Mn-O NHEARDER KRGO AR A 12K =
X%, ZOKE., 02 BED Mn-0O A fAD Mn
IERED S ERNREL &S, & 512, Mn-Li
JFDZERRR, Mn-Li Bk X2 O T HICMET S
Li O LN MO ELFET S, ThHD
TR EEDZLI2kD, O LD Mn 28 F /D
Li iciah > TEEH§, A+ ThH5 Mn &
ALV THD 0B HWIZH XA WD 5 BE)
LTS EHEEEINS, 540 2T » Tl b L,
OWMniZiNA, BEAFX v ThHBLilZEHEH
%, ZD®H, 0L MnkDr—u vk s
AN E D720, 013 Mn A 68 L T, MiHid
W22 Li A FEE 3BT 5 L e hb
(Figure 6(c)) o

_BEABKO Mn

Figure 6. Consecutive motions of Mn and O. (a)
steps from 1 to 400. (b) steps from 400 to
540. (c) steps from 540 to 760.
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Figure 7128 2 7 » 712k} 5 Li @Ik LU Mn-Li &, IO Mn-O NAADZE @ 27133, Figure
7@ IR T L2, PIIRRECIE. B2 K5SAHEIX C2/m Th 2728, Li k¥ KO Mn-Li idvng
N ab N6 Th B, ZOBAITIE Mn-0O NERDZEE F ab i & W4T & & 5 IREIDIEE 5 &
Figure 7(b) ISR 9 & D12, KA RO IED 5 &2, Mn-O U TRl A i 3 2 Jkfz s
BhTwrk, 61211 A7 v 7, 31 27 v 7 EARGET 2 158N T, DS540 & Mn-0 A
HARDOZEIEH#IT9 5 (Figure 7(c) BX U 7)., TIZT, KEodx125H L TAS, Figure 7(c)
RT LIS, 11 27 T TRIFDOHIISAFET % Mn-Li 2R S D 230 nicefib 57,
ZOTOR (2723 L0 O353R0 EKE,r 72, — K31 A7y 7Tk, KOHRO MnED S
ROPKEL, ZOLETOMn-LifgD5>RDIINEh 572, T4b5, Mn-LifEeE 2D ETO Mn-Li
Jag & 3Mpn Y 2 A CIRE B K OE AR I L Q0 b iR R S hiz,

A7y TH 51 L EHITHEE &, Mn-O NAKDOZE A EITHITT 5, £ ORER, JL4 D Mn-0 JUH
AROOFTFED S, Mn LA O F2AMBIT 5, 2D0 & Mn WA EECEZ EIZKD,
NHATIE A < O i ATHRUSAFAET 2 WA 2R & 1B % (Figure 7(e) o £ 512301 & 2T v
TWHHITT B L, Figure 7() IS X912, 2D KD ZUEAROEAZ AT 5,

Li;sMnO; 13244 Mn-O NHAD A THEK ST B4, BERREE & 12, Mn-O A A L Mn-0O A
itk &SV % & 9 % Mn-O WA TR 2 ISR XTI <. 2D X5 & Mn-O WHEARDS R S h
% &, Mn-O AMifRIE, EHICEEEL 220, 72kl i3 2 o s WEEe 2%, 20k
ZINEARZE A HAES % &, Li OFENZIER CELS 22 Wi 2@, 22T ERREEHESH
25 31 27 v T ETORFET. &g, I X ORKOEE) 2B L 72,

Figure 8 /R 9 K912, XA BICfiiE L7z Li (#3289 % No.20 @ Li) &, Mn-O ATIAZ T 1A
WZELICHER T, BlEF56h 5 & 512, Mn-Li BICEH L7z, X512 Mn-O VA AE < 128 T,

Figure 7. Motions of Mn-Li layers and Mn-O octahedra of (a) step 1, (b) step 2, (c) step 11, (d) step 31, (e) step
51, and (f) step 301.



BHIOLikE&D & FICiET 2 LigIcBE L 722,
Z @ Mn-0 AL Li & Q¥ Li 224057
1E5 %, 2O K 2 EMAMIPE E Mn-0 A
R OER A ) LT, Li g4 5] %
ZLTWBEELZRZENTES, UEDZ &n
5. Li OZFHENI RO 2L Mn-0 ik & D
MEBRIZE D ZThEhRA 5 2 LHInEEhi:
728, WETAT v 7 31 FTOXK Li OBEEE
a9 o Figure 8. Motions of Li, O, and Mn until step31.
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Figure 9124 Li OFE)E & @i (R4, Fiid 24 O Li 2574, 2hbs5D5 5, No.l7,
19. 22, HEU 231 Mn-Li JEICHiE$ 5 Li Th 5. BHRIHFHEIETELTHD, a. b, B &
We HHEDMIZ, ZHZN, 9.67, 848, B LU 978 A | 21T 5 LHEOBEEL x5, Li,MnO,
(3 C2/m CTHRHLRIZIBT 5, AW P37 8) )7 it SRR OB AR R & 7 7 )L T AL
FERIZE L TIT > T3, 8- T a FInNd Figure 1 ODE=E AT, b A, 20 a FANZEH
BHATH %, LiBBEOHEZHDRTL$520I2, ZORE XN 0.01 KDL DIF¥ra bk
L7z ZH 6 OMIXE AN 5 HOHLBERBUS Y $ 2 23, 2507 4 N U -C 3SR % Jil 3
2 7-DICERRE R RE L THEONETH 5 DT, ZOMMEE#ERTH I E3MThbaEnsDeE T
%.

Figure 1IZ/R T X2, IRICLI ZBABFHELAVWE TS L, LiOLiE LiENICH 5 6 dD
LilcllEhs (ETEEZ2ZEETHELiBEIU My CHA X VIZ 128NN THB.). a FAENIZEL T,
No.9, 10, 13, 3 XU 14 @ Li DL EAFEXY O L k572, o0 Li FMHIZIZ 6 D Li DS 5,
LHAKREL T, BRI TS, ZOEAICE. AHICIE a AL b HAICROES
IRDZEREE AR X B (Figure 1(a). Bl 21X No.9 Li THIUE, ZOHMOBERESTER). Z0
728, a HIANZ No9 Li 3B 5560w EZ 605, b HIAIZDWTIE, No.l7 ~ 24 @O 8 FiFHD Li O
N ENAFEY L k572, ZhEDLIiDY 5, Lilgo Liid Li T, Mn-Li E® Li 1% Mn T 6 J1A
ETHHE S TED, BIERILITFEL LY, 2072, LiBENIZELTIE R, 44 VBEDZERIC
JH2 Z L2k B, a HANZIZZEEAFAET 525, b FENSIE Li £ 7213 Mn M7 L T 3728, b )y
HOBBESFEY T L k> e g dhd, a FIANZELOBEE2Z 65729, Figure 9 158
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o

1 2 3 4 [ 5 6 7 8 9 |10 |11 |12 |13 |14 {15 |16 |17 | 18 [ 19 | 20 | 21 | 22 | 23 | 24 av.

M 3 direction |0.02|0.02|0.03{0.03|0.05|0.05(0.03|0.03| O 0 |0.04(0.04| O 0 |0.01|0.01|0.01|0.08|0.03|0.06|0.14|0.03|0.05|0.08 0.03
B b direction |0.03|0.03|0.04{0.05|0.01|0.01|0.03|0.03|0.02 |0.02|0.03|0.03|0.03(0.03|0.02(0.02| 0 0 0 0 0 0 0 0 0.02
m cdirection | 0 0 0 0 (0.04|0.04(0.02|0.02|0.02|0.02{0.02]0.02(0.02|0.02|0.03|0.03|0.07|0.07|0.02| 0.4 | 0.1 {0.05({0.01|0.03 0.04

Figure 9. Displacement of each Li. The number of Li corresponds to that in Figure 1.
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¢ HENZDWTIE, No.20 OB BEA R E £ < (Figure 10(a)) . KW TNo2l DEDNHAKEL & >
7z (Figure 10(b)) s No.20 1%, Mn-Li BOZ{LAFML T, Bl LigIcBB L7z, 2O, Mn-Li
Jg &MY > TIED Li FIZR > 72728, c i E &N KE < Ko7z, No.2l ik, EFICfET S
Mn— Li 2L 20856  LiEaBHI L2720, c HFANZIA T, a HIAOBEHE S KX < k-7,

Figure 10. Displacement of Li for c direction. (a) L.i 20 and (b)Li21 of Figure 9.
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