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The Relationship between Electrochemical Reaction and the Crystal
Structure Change of Co-substituted LisSiO4 during Charge-discharge Process
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We have been investigating Co-substituted Li4sSiO4 (CSLS) as a new high-capacity cathode active material.
As a result, it was found that LisSiO4 (LS) showed almost no specific capacity, while CSLS with a Co:Si
molar ratio of 2:1 showed a high specific capacity of about 220 mAh g-!. In order to clarify the difference in
the charge-discharge reaction mechanisms between LS and CSLS, XAS measurements were performed on
LS and CSLS during the charge-discharge process, and it was found that the local structure of LS hardly
changed during the charge-discharge process. On the other hand, from the difference between the O K-edge
XANES spectra of CSLS before and after the charging processes, two peaks attributed to the formation of
LiO> and Li>O; and two unknown peaks were observed in the charging process of CSLS. It was found that
the peak intensities attributed to the formation of LiO;, in CSLS with a large Co/Si ratio were larger than
those with a small Co/Si ratio. From the results, it is clear that the charge compensation is performed by the
redox reaction of oxygen with the formation and decomposition of LiO> and Li,O> in the charge-discharge
reaction of CSLS. In addition, it was found that the CSLS with a larger Co/Si ratio had a larger amount of
charging products due to the reaction involving the formation of LiO,. This result is consistent with the
relationship between the specific capacitance and the Co/Si ratio obtained by electrochemical measurements.
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Fig. 1 (a) O and (b) Si K-edge XANES spectra of pristine (blue solid-line), charged
(green dashed-line), and discharged (orange dashed-doted-line) LS.

—

16 16

51.4 . €14

o) .

Tk | o]

cl2 511_2

S 1} 5 1

= B

308 ¢ 508

% O

506 80_6

[0} (]

£04 ¢ 204

= £

502 502

5 o
0 0 il
525 530 535 540 525 530 535 540

Energy (eV) Energy (eV)



B3

3 3 .
g | @ s | @ :
2 a
8 )
c2r = 2
2 2
o s
Is) Q
2 &
Sl ° 4
[E s
. Sy O
) =
Z O L 1 1 1 O |
1820 1830 1840 1850 1860 1870 1880 1820 1830 1840 1850 1860 1870 1880
Energy (eV) Energy (eV)

Fig. 2 O K-edge XANES spectra of pristine (solid-line), charged (blue dashed-line), and
discharged(dashed-doted-line) CSLS with (a) Co/Si = 1 and (b) Co/Si = 2, and Si K-edge XANES
spectra of pristine (solid-line), charged (blue dashed-line), and discharged(dashed-doted-line)
CSLS with (¢) Co/Si =1 and (d) Co/Si = 2.

o
=
o
~

(a) (b)

o

w

-

w
T

o
[}

-

(]
1

------:,.- -

o
—_—

©
—
T

. e

T -

" —
-

Normarized absorption (arb. unit)

Normarized absorption (arb. unit)

/ _/ ' “{
O O e - T L7 [T SRR~
525 526 527 528 529 530 531 532 525 526 bH27 528 529 530 531 5H32
Energy (eV) Energy (eV)
Fig. 3 O K-edge difference spectra of CSLS with (a) Co/Si =1 and (b) Co/Si = 2 during
1% charge process.
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