©
2017 2020

Elucidation of the structure of carbon electrodes for high-capacity/high-rate
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Analyses of the state of sodium ions in closed-pore of carbon electrode for
sodium ion batteries (NIBs) using solid state nuclear magnetic resonance (NMR) were performed.
Dynamic behavior of organic molecules and cations in graphite intercalation compounds for an
electrode of high-rate NIBs was also investigated. The fully sodiated sample prepared at higher
carbonization temperature shows a higher 23Na NMR shift associated with Na clusters. The active
motion of sodium diglyme complexes 1s favorable for Na diffusion between graphene layers in the
graphitg intercalation compound. The deposition mechanism of Na metal on carbon electrode was also
revealed.
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B 1. Dynamics of 15-crown-5 and sodium (purple sphere) in graphite,
at ambient temperature, derived from *H NMR spectrum analyses..

(a)

(WF7E 345330 (3. Phys. Chem. C 2018) & v 3| /H)

(oversodiation)

D —|

B—
'
A=)

r T

1150 1130 1110

T T T
1.0 08 06 04 02 0.0

-20

1o
T 1140 1130 1120 1110 20 0
Chemical Shift/ ppm

Y

20 0-20-40 |

-40
Voltage / V

(d)

5o T,

YL EDORRFIZ SN TIIEE DO
WZFE LD, HIRL T\ 5, F 7= B
ZeL LC, NIB DU U EMIZON
THLETOZEENE Y COIREER(L%E £
LW, FXE L THR L,

/ ppm / ppm |
I'd A _J D (7.0 h)
4 12 | i (5.0 h)
38 ey B(4.0 h) JNx2)
> 4 A(3.0h) (x2)
0 1000 500 0 1200 800 400 0

Chemical Shift / ppm Chemical Shift / ppm
¥ 2. Discharge (oversodiation) and following charge (desodiation) profiles of hard
carbon electrode at 0.3C in the first cycle (a) and corresponding operando *Na
NMR spectra (whole spectra (c) and spectra near =10 and 1125 ppm (b)). (d) *Na
MAS NMR spectra of oversodiated hard carbon samples corresponding to points

A, B, C, and D in the sodiation curve in (a).
(BFge3hiam SC(J. Mater. Chem. A 2020) & v 51 )
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