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Rechargeable lithium batteries are very aliractive as a high-energy power source. This is due to the high voltage
property of these batteries. Such high voltage is accomplished through the use of 2 strong oxidant and reductant. The result
is the oxidative or reductive decomposition of electrolytes. In conventional batteries, these undesirable reactions have to
be suppressed to obtain high reliability and safety. For this purpose, interfaces between electrolytes and cathode or
anode materials should be controlled artificially. Especially, dynamic control is strongly needed because the discharge/charge
cycle is repeated many times. In this report, some dynamic and artificial control methods for interfaces are introduced from

the viewpoint of a surface chemistry in the development of rechargeable lithium batteries.
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Table 1 Various surface analyses used in development of
rechargeabie lithium batteries.

Analyses using electromagnetic wave Sample

in sity X-ray diffraction method Lithium metal surface

Infrared Spectroscopy

in situ Fourier Transform
Infrared Spectroscopy
External

Internal

Diffuse reflective
in situ Raman Spectroscopy
in situ Elipsometry

Carbon surface, Lithium
metal surface

Lithium metal surface,

Electrochemical decom-
position of electrolyte
on cathode materials

Lithium metal surface,

Electrochemical decom-
position of ¢lectrolyte
on metals

Carbon surface

Lithium surface, Carbon

Lithium metal surface

Analyses using ultra high vacuum

X-ray Photoelectron
Spectroscopy

Auger spectroscopy

Lithium metal, carbon,
Electrode Reactions on
cathode materials
Lithium metal surface
Lithium metal surface

Secondary ion

Mass spectroscopy

X-ray microanalysis Lithium metal, Carbon
surface

All materials used in bat-

teries

Eiectron microscopy

Analyses using scanning microprobe
Scanning tunneling microscope Lithium metal surface,
Carbon surface
Lithium metal surface,
Carbon surface

Atomic force microscope
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Fig. 1 In-situ external reflectance Fourier Transform Infrared (FTIR) spectra on a LiCoQ,
electrode polarized in propylene carbonate containing 1.0 mol dm ™° LiC1O.: (a) all
spectra were obtained as subtractively normalized FTIR spectra using two reflectance
spectra before and after each potential step (the spectrum before the potential step was
used as the reference spectrum, potential step width was 100 mV); (b) these spec-
tra were obtained using non-polarized, s-polarized and p-polarized infrared beams

(potential step width was 400 mV).
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Table 2 Peak assignment for infrared spectrum in Fig. 1.

Peaks cbserved using p-polarized infrared beam

upward downward
wavenumber/cm ' assignment wavenumber/cm ™! assignment
1780 Vguo @ 1820 Vgseen
1560 do-ceo © 1760 Us e=0
1390 Wo-cta 1580 Vas g0r-
1350 Bucets 1420 V,cop-OF Doy
1190 1360 B, am
1170 1220 Vuc-o-c
1140 Vreoe 189 Vucmo-c
1110 @ 1140 }

®1120 e-oe
Peaks observed using s-polarized infrared beam.
upward downward
wavenumber/cm ' assignment wavenumber/cm T assignment
2900-3000 Bews OF Bew, 1740 Veup
1780 Veeo 1580 Va.co-
1560 89-ce0 1410 Vs cor- OF By
1390 We-cny 1360 6; CH3
1340 65 CH3 1200 Vi e-o-c
1160 Yscoc

©, corresponding to carboxylic acid anhydrous.
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Fig.2 In-sify external reflectance FTIR specira on an Al elec-
trode polarized in propylene carbonate containing 1.0
mol dm * (a) LiPF; or (b) LiCF;SO;; all spectra were
obtained as subtractively normalied FTIR specira using
two reflectance spectra before and after each potential
step (the spectrum before the potential step was used as
the reference spectrum, potential step width was 200
mv).
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Table 3 Peak assignment for in sitie Infrared Spectra in Fig. 2.
Peaks in Fig, 2 (a)

1

wavenumber/cm ” assignment

1730 Veo

1420 dom

1230 Venge
Peaks in Fig. 2 (b)

wavenumber/crm ™' assignment

1700 Veeo

1440 Sy

1350 Bscis

1200 Vguge¢
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Fig.3 Infrared spectra of graphite reduced in a mixed solvent
of ethylene carbonate and diethyl carbonate centain-
ing various electrolyte salts (1.0 mol dm ~* LiBF,, LiPF,,
LiClO, and LiAsF;) as measured by the KBr pellet

method.

Teble 4 Peak assignment for infrared spectra in Fig, 3.

wavenuntber/om ! assignment products
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Fig.4 X-ray photoelectron spectra of Lils, C12p, Cis and O1s for meso-car-
bon microbeads (MCMB) electrochemically reduced in a mixed sol-
vent of ethylene carbonate and diethyl carbonate containing 1.0
mol dm ~* LiClO,. MCMB was graphitized at 2800 °C,



& M @ & 315

ERFELTWA L L ASRIEE N 5. Hilic L Tit,
T TN ORBRES, BESRR~OEAOEE IR
ThbhEWEELH Y, BERARZ LZELRWS, #
ABILANY M A-OFEESEERAET D L, LA OHES
BEELTWA LRI 2 A TES,

0L IRRBEREITHET WSS CHEShTE
fohs, B RIZBWT b EORME ORISR
WS RMTitan. LedoT, SRS hicRR:
WO HEREBEMAMEFE OIS, L RE L2 TE B,
¥z, BEROBERESERECHEREORRNEEL, &
OL5RBERELLPEEMETAZ ENLETHS,
T, RERELTERED 7 vBic LD AmL, B2
FERDZELREREZBNES Y, BHWEERNK
MEBOAKDGEEASYE, LIOHRLLOOERAEES S
BHELEZLNTWES ™, “hb0Riig, B
HORMRELZENCHETS2 L2BRLTEYD, 4
BEOBRENSENTEREZELS LT, BERELT
EU SRR EME L. BB m 2RSS 2 L
MREATTHD,

—¥, VFTAERERZORDY ITHWEIRIL,
BEMESNTHDE, HED L 23 B8
BELTEAVWBRTWRW, 202 LY FYA0H
MRBEEELTHD EEHh T3,

Vo A BItREICERERTHY. TORMIR
M BP0 L EbhTWd, - omigiss—7c
BETRETHIUE, VF I A&RIEMRELILERE
TAL LA EERFEL, POBRBIUTHELD
RAOLBNTH-RELDI2ELLND, LiL, HIE
OFECHEI— R AE—~THY, o RhUFy
AEROBBA~OBRMB L CRHEEE TR~ T5 L
EZBNTNE, FORRELT, VFDA&RONH
BRBSENIZ L >TIFE L Anb otk oy, B
WEVFOAERBREIBELEVTA, 2LT, Z0Lk)
REBERY IO AEROERBYDEEETSETVS,
LT, ZoRmOHEoRBL2 @m0, V-
VLS OUEIRR LU I T A SR RS b
RARTHBD., ZDOBIZ, %L OEFANTRIFThIL
TERBPROELRLHESRRVHEATE ST, BR
ERWTIL, UF Y A&BORMmAN & oL Uiz B
MR b OFFEA R ERRH P Lo TWARE TS
B,

UFo AERBRFEORE TRV E s, BELL
B L THREAMRIEL Y > 7 A Thb, i, SEEi
EEREBRTHLERY, FORVEWEORERLE
RADHBLETHD, VF T ASEERTEOHTIZAHY
BITEREDREZNETDE, Y7V AR) =, 5K

Absorbance

2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber f cm™

Fig. 5 Infrared spectrum of lithium metal immersed in propy-
lene carbonate containing 0.5 mol dm ~* LiCIO, for 24
hr. Before the FTIR measurement, lithium metal was
electrochemically etched by ancdic polarization at + 0.2
Vvs. Li/Li* for 10 min in the same electrolyte.

Teble 5 Peak assignment for infrared spectra in Fig. 5.

wavenumber/em ~? assignment products
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(d)

{c}

Absorbance

{b)

{a}
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Wavwnumber / em”

Fig. 6 In-situ external reflectance infrared spectra for a Ni
electrode polarized at various electrode potential (a, 2 V;
b, 1.5 V¢, 0.5 V; d, 0V vs. Li/Li ) in a mixed tetrahy-
drofuran and ethylene carbonate (4 : 1 in volume) con-
taining 1.0 mol dm ~° LiAsF,. All spectra were normal-
ized by the spectrum at open-circuit potential.

Table 6 Peak assignment for in sify FTIR spectra in Fig. 6.
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Fig. 7 X-ray photoelectron spectra of lithium deposited on a Ni
substrate in propylene carbonate containing 1.0 mol dm ™*
LiClO.. Time in figure indicates the argon icn etching
duration (2 ke V, 7 pA). (a) with HF, (b) without 10 X
10~*mol dm ~* HF.
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Fig. 8 Scanning electron micrographs of lithium deposited on a Ni substrate in propylene carbonate
containing 1.0 mol dm ~° LiCIQ,. (a) with 10 X 10~*mol dm ~* HF, (b) without HF.

57—



318 FEBE Mk HsH

T A& ROREABINE TSR 2 Wik B DRk
R EATH L3R BHRAORHBLETH B, 20k
Bk, VFU LR LEREOREICEY SR,
VFTAZREBEROBBCE > THEVEELRBELRE-T
nahkEzLRNE,

4. % & &

PLh, SBRT &I K9, BihoslzihdTask,
ZTOEHENGHE L BRE L ORERSCENIRTY
LS EBbdd, LM T, -y aBiiofEi,
2N BORMOFE, R THES A 2 AERDETC
LERELD L, BRI ERICEBNTHEAT 2 BERL D,
ZOEHAMEERNBIZTLD LIXRPARWA, 5%
EMWLEEIMERT 228 0THALEL BN
B

X ®

1) H. Siegenthaler: “Scanning Tunneling Microscope 117, ed.
by R. Wiesendanger and H. J. Giintherodt (Springer, Berlin,
1992) p. 303.

2) D.M. Kolb, A.S. Dakkouri and N. Batina: “Nanoscale
Probes of the Solid/Liquid Interface”, ed. by A.A. Gewirth
and H. Siegenthaler (Kluwer Academic Publishers, Dor-
drecht, 1995) p. 263.

3} W, Haiss, LK. Sass, D. Lackey and M. van Heel: “Atomic
Force Microscopy / Scanning Tunneling Microscopy”, ed.
by 8.H. Cohen, M.T. Bray and M.L, Lightbody (Plenum
Press, New York and Londen, 1994) p. 423.

4) G. Eggert and J. Heitbaum: Electrochim. Acta 31, 1443
(1986).

5) K. Nishimura, M. Mizumoto, H. Momose and T. Horiba:
Benki Kagakv 63, 802 (1995).

6) B. Rasch, E. Cattaneo, P. Novak and W. Vielstich: Elec-
trochim. Acta 36, 1397 (1991).

7) K. Kanamura, S. Toriyama, S. Shiraishi and Z. Takehara: J.
Electrochem. Soc. 142, 1383 (1995).

8) K. Kanamura, $. Toriyama, S. Shiraishi and Z, Takehara: J.
Elecirochem. Soc. 143, 2548 (1996).

9) K. Kanamura, §. Toriyama, S. Shiraishi, M. Ohashi and Z,
Takehara: J. Electroanal. Chem. 419, 77 (1996).

10) L. Kavan, P. Krtil and M. Griitzel: J. Electroanal. Chem.
373, 123 (1994).
11) B. Beden and C. Lamy: “Spectroelectrochemistry”, ed. by R.

{(1097)

J. Gale (Plenum Press, New York and London, 1988) p.
189,

12y K. Kanamura, T. Okagawa and Z. Takehara: J. Power
Securces 57, 119 (1993).

13} H. Fujimoto, A, Mabuchi, K. Tokumitsu and T. Kasuh; ],
Power Sources 54, 440 (1995},

14) D. Aurbach, Y. Ein-Eli, 0. Chusid, Y. Carmeli, M. Badai
and H, Yamin: ], Electrochem. Soc. 141, 603 (1994).

15) D. Aurbach, Y. Ein-El, B. Markovsky, A. Zaban, S. Luski,
Y. Carmeli and H. Yamin: J. Electrochem. Soc. 142, 2882
{1995),

16) K. Kanamura, S. Shiraishi, H. Takezawa and Z. Takehara:
Chemistry of Materials, to be submitted.

17) G.K. Wertheim, P.M. Th. M. Van Attekum and 5. Basu:
Solid State Comm. 33, 127 (1980).

18) W, R, B A H s B RAE
B, 1B17 (1995).

19) RN B, BAEZ, HPEH, fERE, MILES
EAULSF R 2 MALTRBE BHE, 1335 (1995),

20} D. Aurbach and Y. Ein-Eli; I, Electrochem. Soc. 142, 1746
(1995).

21} F. Schwager, Y. Geronov and R. H. Muller: 1. Electrochem.
Secc. 132, 285 (1985).

22) D. Aurbach, M.L. Daroux, P. W. Faguy and E. Yeager: J.
Electrechem, Scc. 134, 1611 (1987).

23) D. Aurbach and O. Chusid: J. Electrochem. Soc. 140, L1
(1993).

24) D. Aurbach, Y. Ein-Eli and A. Zaban: | Electrochem. Soc.
141, L1 (1994).

25) D. Aurbach, A, Zaban, A. Schechter, Y. Ein-Eli, E. Zinigrad
and B. Markovsky: J. Electrochem. Soc. 142, 2873 (1995).

26) K.R. Zavadil and N.R. Armstrong: Surf. Sci. 270, 47 (1990).

27) K. Kanamura, H. Tamura and Z. Takehara: J. Eleciroanal.
Chem. 333, 127 (1992).

28) K. Kanamura, H, Tamura, S. Shiraishi and Z. Takehara: J.
Electroanal. Chem. 394, 49 (1995).

29) K. Kanamura, 8. Shiraishi and Z. Takehara: J. Electrochem.
Soc, 141, 1108 (19943,

30y K. Kanamura, S. Shiraishi and Z. Takehara: 1. Electrochem.
Soc. 143, 2187 (1996).

31) M. Odziemkowski, M. Krell and D.E. Irish: I. Electrochem.
Soc. 139, 3052 (1992).

32) G. Nazri and R.H. Muller: J.-Electrochem. Soc. 132, 2054
(1985).

33) T. Osaka, T. Momma, T. Tajima and Y. Matsumoto: J.
Electrochem, Soc, 142, 1057 (1995).

34) D. Aurbach, Y. Gofer, M. Ben-Zion and P. Aped: J. Elec-
troanal. Chem. 339, 451 (1962).



