
Supporting Information

Mixed ether solvent provides long cycle life with high rate capability to graphite 
anode for Na-ion battery

Tetsuya Kajita*, and Takashi Itoh.

Frontier Research Institute for Interdisciplinary Sciences (FRIS), Tohoku University, 6-3 Aoba, Aramaki, 

Aoba-ku, Sendai 980-8579, Japan

*Corresponding author

E-mail: kajita@fris.tohoku.ac.jp

    raou413@gmail.com

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2017



Supporting information contents

Figure S1 CVs of the graphite anode with various solvents and scan rates. (a) G1, (b) 

G1/G2 = 7/3, (c) G1/G2 = 3/7, and (d) G2.

Figure S2 Log i (peak current) vs. log υ (scan rate) plots during charge-discharge with 

various solvents from the CVs. (a) G1 at charging, (b) G1 at discharging, (c) G1/G2 = 

7/3 at charging, (d) G1/G2 = 7/3 at discharging, (e) G1/G2 = 5/5 at charging, (f) G1/G2 

= 5/5 at discharging, (g) G1/G2 = 3/7 at charging, (h) G1/G2 = 3/7 at discharging, (i) 

G2 at charging, and (j) G2 at discharging.

Figure S3 (a) b-values of discharging, (b) XRD patterns of first discharge state.

Figure S4 Raman spectra of electrolytes with various solvents. The deconvoluted 

bands shown in blue and red correspond to solvated and free ether, respectively. (a) G1, 

(b) G1/G2 = 7/3, (c) G1/G2 = 5/5, (d) G1/G2 = 3/7, and (e) G2.

Figure S5 Nyquist plots of cell with various solvents at the discharge state after 

various cycles. (a) G2, (b) G1/G2 = 3/7, and (c) G1/G2 = 7/3.

Figure S6 Discharge curves at the current rate of 4.0 A g-1 after 50 and 10000 cycles 

with various solvents. (a) G1/G2 = 7/3, (b) G1/G2 = 3/7, and (c) G2.



Figure S7 Depth profiles of C, O, F, Na, and Cu (black, red, orange, blue, and gray 

circles, respectively) in the graphite electrode after 10000 cycles with various solvents. 

(a) G1/G2 = 7/3, (b) G1/G2 = 3/7, and (c) G2. C1s, O1s, F1s, and Na1s XPS spectra of 

the graphite electrode using various solvents. (a)-(d) G2, (e)-(h) G1/G2 = 3/7, and (i)-(l) 

G1/G2 = 7/3. The sputtering rates for the depth profiles were determined to be 8.2 nm 

min−1 as measured on a SiO2 reference.



Figure S1 CVs of the graphite anode with various solvents and scan rates. (a) G1, (b) 

G1/G2 = 7/3, (c) G1/G2 = 3/7, and (d) G2.
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Figure S2 Log i (peak current) vs. log υ (scan rate) plots during charge-discharge with 

various solvents from the CVs. (a) G1 at charging, (b) G1 at discharging, (c) G1/G2 = 

7/3 at charging, (d) G1/G2 = 7/3 at discharging, (e) G1/G2 = 5/5 at charging, (f) G1/G2 

= 5/5 at discharging, (g) G1/G2 = 3/7 at charging, (h) G1/G2 = 3/7 at discharging, (i) 

G2 at charging, and (j) G2 at discharging. 
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Figure S3 (a) b-values of discharging, (b) XRD patterns of first discharge state.

10 20 30 40

G1/G2 = 10/0

G1/G2 = 7/3

G1/G2 =  5/5

G1/G2  =  3/7

002

2 degree)

1.5 V vs. Na/Na+

G1/G2 = 0/10

G1 7/3 5/5 3/7 G2
0.5

0.6

0.7

0.8

0.9

1.0
b-

va
lu

e

Solvent ratio

 D1
 D2
 D3
 D4
 D5

Discharging

ba



Figure S4 Raman spectra of electrolytes with various solvents. The deconvoluted 

bands shown in blue and red correspond to solvated and free ether, respectively. (a) G1, 

(b) G1/G2 = 7/3, (c) G1/G2 = 5/5, (d) G1/G2 = 3/7, and (e) G2.
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Figure S5 Nyquist plots of cell with various solvents at the discharge state after 

various cycles. (a) G2, (b) G1/G2 = 3/7, and (c) G1/G2 = 7/3.
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Figure S6 Discharge curves at the current rate of 4.0 A g-1 after 50 and 10000 cycles 

with various solvents. (a) G1/G2 = 7/3, (b) G1/G2 = 3/7, and (c) G2.
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Figure S7 Depth profiles of C, O, F, Na, and Cu (black, red, orange, blue, and gray 

circles, respectively) in the graphite electrode after 10000 cycles with various solvents. 

(a) G1/G2 = 7/3, (b) G1/G2 = 3/7, and (c) G2. C1s, O1s, F1s, and Na1s XPS spectra of 

the graphite electrode using various solvents. (a)-(d) G2, (e)-(h) G1/G2 = 3/7, and (i)-(l) 

1076 1072 1068

Na1s
Na-O
Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

696 690 684

F1s

P-F

Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

540 534 528

CO3

O1s

C-O

Na auger

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

294 288 282

C1s

0 nm

41 nm

205 nm

C-OCO3

C-C
C-H

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

0 5 10 15 20 25
0

10

20

30

40

50

60

70

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 F
 Na
 Cu

G1/G2 =  7/3

1076 1072 1068

Na1s
Na-O
Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

696 690 684

F1s

P-F

Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

540 534 528

CO3

O1s

C-O

Na auger

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

294 288 282

C1s

0 nm

41 nm

205 nm

C-OCO3

C-C
C-H

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

1076 1072 1068

Na1s
Na-O
Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

696 690 684

F1s

P-F

Na-F

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

540 534 528

CO3

O1s

C-O

Na auger

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

294 288 282

C1s

0 nm

41 nm

205 nm

C-OCO3

C-C
C-H

In
te

ns
ity

 (c
ou

nt
)

Binding energy
 (eV)

0 5 10 15 20 25
0

10

20

30

40

50

60

70

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 F
 Na
 Cu

EG/DEG = 0/10

0 5 10 15 20 25
0

10

20

30

40

50

60

70

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 F
 Na
 Cu

G1/G2 =  3/7

edcba

f g h i j

k l m n o



G1/G2 = 7/3. The sputtering rates for the depth profiles were determined to be 8.2 nm 

min−1 as measured on a SiO2 reference.


