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OO

O

OO

O

OO

O

O
O

O
O

EC  C3H4O3 

MW:88.06 

PC C4H6O3 102.09 

BC C5H8O3 116.12 

GBL  C4H6O2 86.09 

GVL  C5H8O2 MW:100.12 

O O DOx C3H6O2   MW:74.08 N
O NMP C5H9NO  MW:99.13 

O THF  C4H8O   MW:72.11 

H3C

O

H2
C

C
H2

O

CH3n

H2
C

O

H2
C

C
H2

O
C
H2

CH3
H3C

H2
C

C
O

C
H2

CH3
H3C

O

n=1 DME   C4H10O2  MW:90.12 

n=2 DG    C6H14O3  MW:134.18 

n=3 TG    C8H18O4  MW:178.23 

n=4 TeG   C10H22O5 MW:222.28 

n=5 PG    C12H26O6  MW:266.34 

DEE C6H14O2  MW:118.18 

O
C

O
CH3H3C

O

H3C
C
H2

O O
C
H2

CH3

O

DEC C5H10O3  MW:118.13 DMC  C3H6O3  MW:90.08 

EP C5H10O2  MW:102.13 
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 1.2 ─ 25
o
C⁸ )⁸ 25

o
C⁸ )⁸

30
o
C⌐⅔↑╢  

 

 

Solvent 
Dielectric 

Constant 
Viscosity (mPas) 

Diffusion 

Coefficient 

D (m
2
s

-1
) 

Remarks 

Temperature 25
o
C 25

o
C 30

o
C  

EC ethylene carbonate 40 1.93 8.00E-10 40
o
C 

PC (propylene carbonate) 

 
64.4 2.513 5.32E-10  

BC (butylene carbonate) 53 3.2 4.50E-10  

GBL (g-butyrolactone) 39.1 1.73 8.25E-10  

GVL (methyl-g-butyrolactone) 34 2 8.10E-10  

NMP (N-methylpyrrolidone) 32 1.67 8.20E-10  

PG (pentaglyme)  -- - 2.09E-10  

TeG (tetraglyme) 7.9 4.05 3.24E-10  

TG (triglyme)  7.51 2.01 4.45E-10  

DG (diglyme) 7.27 1.01 1.07E-09  

DEE(ethyleneglycoldiethylether) -- - 1.50E-09  

DME (dimethoxyethane) 7.2 0.455 2.70E-09  

DOx (1,3-dioxolane) 7.1 0.59 2.55E-09  

THF (tetrahydrofuran) 7.4 0.46 2.64E-09  

EP (ethylpropionate) -- - 1.70E-09  

DMC (dimethylcarbonate) 3.1 0.59 2.60E-09  

DEC (diethylcarbonate) 2.8 0.746 1.62E-09  

EMC (ethylmethylcarbonate) 2.9 0.7 -  

     

MeOH  0.529 2.79E-09 30
o
C 

H2O  0.797 2.55E-09 30
o
C 

 

 

 

 

 

EC │ 30
o
C≢ ⁹ 
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1.1 ─ D ╩ ─  (1/h) ≢ⱪ꜡♇♩ 1.2  

 

0.0 0.5 1.0 1.5 2.0 2.5
0

1x10
-9

2x10
-9

3x10
-9

 

 

DOx

DMC

MeOH

THF

DME

DEC

H
2
O

DG

EC

NMP

GBL
GVL

TG

PC

BC

TeGS
e
lf
 D

if
fu

s
io

n
 C

o
e
ff
ic

ie
n
t 
(m

2
s-1

)

1/h

 

     

D ≤ h ≤│ ⌂ Stokes-Einstein SE ≢ ≠↑╠╣≡™

╢⁹ 

 

 

 

k : Boltzmann   1.38x10
-23 JK

-1
 

T :   K  

a   m (~10
-10

m = 10
-1
nm = Ǻ)   

h     Pas 

D :   m
2
s

-1
 

 c = 6 (☻♥▫♇◒ ⁸stick boundary condition) 

 c = 4  (☻ꜞ♇ⱪ ⁸ slip boundary condition) 

 

⌐ D │ /h ⌐ ∆╢⁹ ⅜№╢ ╛ ─ ⌐╟∫≡│∏╣

⅜ ∂╢⁹ ⌐│ c = 6 ≤↕╣≡™╢⅜⁸ ⌐│ ↄ─ ⁸c─ ││╢

⅛⌐ ↕ↄ⌂╢⁹ 

kT
D

c aph
=
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2. 17 ─ꜞ♅►ⱶ ─  

 

“Pulse-Gradient Spin-Echo 
1
H, 

7
Li, and 

19
F NMR Diffusion and Ionic Conductivity Measurements 

of 14 Organic Electrolytes containing LiN(SO2CF3)2", K. Hayamizu, Y. Aihara, S. Arai and C. 

Garcia-Martinez, J. Phys. Chem. B 103, 519 (1999). “An evaluation method of liquid electrolytes for 

lithium batteries by the multinuclear pulsed-gradient spin-echo NMR: The diffusing radii of 

lithium ion and anions in organic solvents”, K. Hayamizu and E. Akiba, Electrochemistry 71, 1052 

(2003). 

 

2.1 LiTFSA╩ ⇔√ 17 ─ ─ ─  

 

30
o
C≢ ⇔√ ─  (

1
H NMR)⁸ꜞ♅►ⱶ▬○fi(

7
Li NMR)≤▪♬○fi TFSA (

19
F 

NMR) ─  D (m
2
s

-1
)   ( ; ─⸗ꜟ 20:1) 

 

 

    D 

 (solvent) 

 

D 
(TFSA) 

 

D (Li)  

 

Ionic  

Conductivity 

10
-3 

Scm 

Degree of 

dissociation 
Solvent 

 

 

 

Remarks 

4.30E-10 3.09E-10 2.08E-10 8.27  EC  

3.26E-10 2.36E-10 1.50E-10 5.18 0.62 PC  

2.60E-10 1.98E-10 1.21E-10 3.48 0.64 BC  

5.30E-10 3.77E-10 2.46E-10 8.85 0.64 GBL  

5.00E-10 3.43E-10 2.13E-10 6.44 0.65 GVL  

5.10E-10 3.74E-10 2.37E-10 1.96 0.18 NMP  

1.50E-09 6.05E-10 6.06E-10 1.82 0.12 DEE  

1.70E-09 6.15E-10 6.39E-10 3.11 0.10 DOX  

1.30E-09 7.25E-10 5.90E-10 10.6 0.36 THF  

1.70E-09 7.29E-10 7.50E-10 6.65 0.27 EP  

1.60E-09 6.01E-10 5.80E-10 2.66 0.11 DMC  

1.09E-09 4.96E-10 4.26E-10   DEC 0.25M 

2.20E-09 8.80E-10 7.74E-10 8.94 0.31 DME  

3.76E-10 2.50E-10 1.90E-10   DG  

1.80E-10 1.50E-10 1.03E-10   TG  

1.07E-10 9.50E-11 6.70E-11   TeG  

7.00E-11 7.10E-11 5.60E-11   PG  
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2.1 ꜞ♅►ⱶ▬○fi≤ TFSA─ ╩ ─ ≢ⱪ꜡♇♩⁸ 

─ │ ≤  ( 2.1) 
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 ─ ⅜ ⅝ↄ⌂╢≤ ⅜ ⅝ↄ⌂╢↓≤│╟ↄ ╠╣≡™╢⁹

─ │ ─ ⌐ ∆╢⁹ ⌐⅔™≡⁸ ─ Dsolv│▪♬○

fi─ Danion╛ꜞ♅►ⱶ─  DLi ≤ ═≡ ⌐ ⅝ↄ⌂╢⁹ ↄ─  

Dsolv > Danion > DLi─ ≢№╡⁸Danion ≤ DLi │ Dsolv⅜ ⅝ↄ⌂╢≤ ⇔≡ ⅝

ↄ⌂∫≡™╢⁹ ⅜ ™ LiTFSA╩ꜞ♅►ⱶ ≤⇔≡ ™√ ⌐│⁸ ─

⅜▬○fi─ ╩ ╘≡™╢≤™ⅎ╢⁹ ─ ™⌂⅜♃כ♦ ⌐│ Dsolv

╩ ─ ≤⇔≡ ™╢↓≤⅜≢⅝╢⁹ 
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2.2 R ≤ ─  

Stokes-Einstein SE ─   
src

kT
D

ph
=  

 ⁸ ⌐ SE │ ↄ ↕╣ ↕╣√ ⅜ ↕╣≡™╢⅜⁸D ≤ 1/h ─

│ ↄ ╘╠╣≡™╢⁹╕√ ◘▬☼⅜ ⅝ↄ⌂╢≤ D │ ↕ↄ⌂╢↓≤╙

╠╣≡™╢⁹ ⅜№⅜╣┌ D │ ⅝ↄ⌂╢≤™℮ ╙ ⅛≢№╢⁹ │ ─

Ᵽꜟ◒─ ≢№╡⁸ │ ₁─ ─ ≢№╡⁸Ᵽꜟ◒─ ≢│⌂™⁹

PGSE-NMR ≢│ ₁─ ─ ╩ ⌐ ≢⅝╢ ⅝⌂ⱷꜞ♇♩⅜№╢⁹⇔⅛╙

─ ⁸ │ 1
HNMR⁸Li ▬○fi│ 7

LiNMR⁸▪♬○fi│ 19
FNMR( ─╟∫≡│

11
BNMR)≢ ⇔≡ ≢№╢⁹ ─ ─ ╩ ⌐ ≢⅝√─≢⁸

D≤ ◘▬☼─ ╩ ⇔≡⁸R-Ɽꜝⱷכ♃╩ ∆╢⁹ 

   
s o l v

s

s o l v
rc

kT
D

ph
=       

i o n

s

i o n
rc

kT
D

ph
=      solv

s

ion

s

ion

solv

r

r

D

D
R ==     

R(anion)≤ R(Li)│ ╩ ≤⇔√ ─▪♬○fi≤ Li ─◘▬☼─ ⅝↕─ ⌐⌂╢⁹

⇔≡ ⅛↑─◘▬☼⅜ ⅝ↄ⌂∫√≤⅝⌐╙⁸▬○fi─ ◘▬☼╩ ⅎ╢↓≤⅜≢

⅝╢⁹( 2.2 │ 2.1 ⅛╠ )        

 

D (solvent) R(anion) R(Li)   

4.30E-10 1.39  2.07  EC 

3.26E-10 1.38  2.17  PC 

2.60E-10 1.31  2.15  BC 

5.30E-10 1.41  2.15  GBL 

5.00E-10 1.46  2.35  GVL 

5.10E-10 1.36  2.15  NMP 

1.50E-09 2.48  2.48  DEE 

1.70E-09 2.76  2.66  DOX 

1.30E-09 1.79  2.20  THF 

1.70E-09 2.33  2.27  EP 

1.60E-09 2.66  2.76  DMC 

1.09E-09 2.20  2.56  DEC 

2.20E-09 2.50  2.84  DME 

3.76E-10 1.50  1.98  DG 

1.80E-10 1.20  1.75  TG 

1.07E-10 1.13  1.60  TeG 

7.00E-11 0.99  1.25  PG 

 



12 

 

2.2 R ╩ ─ ≢ⱪ꜡♇♩ ( 2.2) 
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s
o
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e
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D
solvent 
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m
2
s

-1
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 R
TFSA

 R
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 ─ ⌐ ⌐ ⇔≡▪♬○fi≤ꜞ♅►ⱶ─ R ╩ⱪ꜡♇♩

⇔√⁹R │ ╩ ⌐⇔√ ▬○fi─ ─ ⌐⌂╢⁹ ⅎ┌⁸ꜞ♅►ⱶ

≢ ⌐ ↕╣≡™╢ PC ≢│ RLi │ 2.12 ≢№╡⁸RTFSA │ 1.38 ≢№

╢⁹PC≤ TFSA─fl□fi♦ꜟ꞉כꜟ☻ │∕╣∙╣ 0.276 nm≤ 0.325 nm≤ MO─

⅛╠ ↕╣≡™╢⁹↓─ ╩ ™╢≤⁸TFSA─ PC─  = 0.325/0.276 

1.18≤⌂╡⁸ ≤ ⇔√ ⌐⌂∫≡™╢⁹ Li ─ │ ↕ↄ⁸

│ Li ⅜ PC╩ ⅝ ╣≡ ⇔≡™╢↓≤╩ ⇔≡™╢⁹RLi 2 ⌐⌂╣┌ ⅜⅔

╟∕ 2 ≈™≡™╢≤╙™ⅎ╢⁹√∞▬○fi ⅜№╢⌂╠┌⁸PC-Li -TFSA─ ⅜

ⅎ╠╣╢─≢⁸ ⅜ ⌐ ≤│™™⅝╣⌂™⁹↕╠⌐⁸ │ ⇔√◘

▬♩≤ ─⌂™Ᵽꜟ◒─◘▬♩≤ ─ ⅜№╢─≢ ╣ ╦∫≡™╢⁹ ≢

─ ↕™ ─ ⁸RLi ≤ RTFSA⅜ ⇔√ ≢ ⅝ↄ⌂∫≡™╢─│▬○fi

⇔⌂™≢ ⇔≡™╢ ⌐ ⅜ ╡ ╪≢™╢ ⅜№╢⁹ 

 

 

fl□fi♦ꜟ꞉כꜟ☻ M. Ue, J. Electrochem. Soc. 143, L270 (1996). 
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2.3▬○fi ≤ꜞ♅►ⱶ≤ TFSA─ ≤─  
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 ▬○fi │ ╩╙≈▬○fi ⌐▬○fi─ ─ ≤ ↕╣╢⁹▬○fi

─ │◌♅○fi≤▪♬○fi─ ≤ ⌂ ⅜№╢─≢⁸▬○fi ╩ 

DLi + DTFSA ≢ⱪ꜡♇♩⇔√⁹EC, PC, GBL ─ ⁸◓ꜝ▬ⱶ TG, DG, DME ⁸DMC, 

DEE, DOx ─ ⌐╦⅛╣╢⁹NMP≤ THF│ ─ ⌐ⱪ꜡♇♩↕╣╢⁹⌂⅔↓─ │

1999 ─ ⅛╠≤∫√╙─≢№╡⁸ 2.1│ ╩♃כ♦™⇔ ↑ ⅎ≡™╢. 
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 2.4 ─ ╩ ─ ≢ⱪ꜡♇♩ 
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▬○fi ≤▬○fi─ ─ │ ⌂ Nernst-Einstein NE

≢ ↕╣≡™╢⁹ 

  )(
2

0
-++= DD

kT

Ne
NEs  

↓─ ─ ⌐≈™≡│ ≢ ⇔ↄ ⇔≡№╢⁹↓↓≢│ ─ ≤▬

○fi ─ ⅛╠▬○fi ─ ╩ ╘√ ╩ ─ ≢ⱪ

꜡♇♩⇔√⁹↓↓≢⁸▬○fi ─  x │ ─ ≢ ╘√⁹ 

)1)((
2

0 xs -+= AnionLithiumimp DD
kT

Ne
 

─ │ ─ ≤ ∆╢≤ ⅎ≡╟™≢№╤℮⁹↓↓≢│ ╩ ∆

╢ ≢│▬○fi ─ ⅜ ⅝ↄ Dsolvent─ ⌐ ╙ ⅝↓≤⅜╦⅛╢⁹

◓ꜝ▬ⱶ ⌐№∫≡│ ⅜ ⅝ↄ ⇔≡╙ ─ ─ │ ↕™⁹NMP │

⅜ ⅝ↄ≡╙ ╩ ⇔⌂™⅜⁸THF│◓ꜝ▬ⱶ ≤ ⇔√▬○fi ⅜

№╢⁹ 
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2.5 ─ ╩ ─ ≢ⱪ꜡♇♩ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ │▬○fi ⌐ ⅝ↄ ∆╢↓≤⅜╦⅛∫≡™╢⁹ ─

≢▬○fi ─ ╩ⱪ꜡♇♩⇔√⁹ ≢│ ⅛⌐ ≤▬○fi

─ ⅜ ⅝™⁹DEE╛ DOx─╟℮⌂ ≢│ ⁸ ─ ≤╙ ↕™⁹◓

ꜝ▬ⱶ ≢│ ─ ⅝↕≤ ≤─ ⌐ │ ↕ↄ⁸╕√ ─ ╙

⇔√ ⌐⌂╢⁹ ⅛╠╖╢≤ DME, DG, TG│ ⌂∫√ ≤⌂╢─≢⁸▬○fi ─ⱷ

◌♬☼ⱶ⅜ ⌂╢─≢№╤℮⁹NMP│ ╙ ╙ ⅝™⅜▬○fi │ ↕™⁹THF

─ │◓ꜝ▬ⱶ╟╡ ↕™⅜◓ꜝ▬ⱶ≤ ⇔√▬○fi ⅜№╢⁹ 
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3. ┼─  

“Ionic Conduction and Self-Diffusion near Infinitesimal Concentration in Lithium 

Salt-Organic Solvent Electrolytes.” Y. Aihara, K. Sugimoto, W. S. Price, and K. Hayamizu, J. 
Chem. Phys. 113, 1981 (2000). 

 

⌐ ⇔≡™╢▬○fi ≤ NMR ≢ ∆╢▬○fi─ ≤⅜ ∆

╢↓≤╩ ⅛╘╢√╘⌐⁸▬○fi ⅜ ↕ↄ⌂╢ ╩♃כ♦┼ ⇔√⁹

│▬○fi ≤▬○fi ─ ≢№╢ Nernst-Einstein NE ╩ ⌐

∆╢↓≤╩ ≤⇔√⁹ │ NE ─ ≢№╢⁹ 

)(
2

0
-++= DD

kT

Ne
NEs  

↓↓≢ e0 1.602 ³ 10
-19 

C ⁸k│ Boltzmann 1.380 ³ 10
-23  

JK
-1 ⁸N │ Avogadro

6.022 ³ 10
23

 mol
-1 ≢№╢⁹ 

▬○fi │ ╩╙≈▬○fi╩ ⇔≡⅔╡⁸NMR≢│ ─ ╩ ↑╢↓≤│

≢⅝⌂™⁹ ≢№╢ GBL ≤ PC╩ ™≡⁸GBL-LiBF4 ⁸GBL-LiTFSA ⁸PC-LiBF4

≤ PC-LiTFSA ─ ─ ╩ ⇔≡⁸▬○fi ≤ Li⁸▪♬○fi⁸ ─

╩ ⇔√⁹ 

 

3.1 Li -BF4 ─ ⌐⅔↑╢  D (m
2
s

-1
) (30

o
C) 

│ GBL≤ PC  

 

 
GBL-LiBF4 PC-LiBF4 

Concentration 

(M) 
GBL  BF4 Li  PC BF4 Li  

0.5 6.30E-10 4.61E-10 2.63E-10 3.67E-10 2.56E-10 1.64E-10 

0.4 6.70E-10 5.00E-10 2.81E-10 3.95E-10 2.89E-10 1.75E-10 

0.3 7.23E-10 5.41E-10 2.95E-10 4.22E-10 3.29E-10 1.83E-10 

0.2 7.70E-10 6.02E-10 3.31E-10 4.58E-10 3.75E-10 2.07E-10 

0.1 7.83E-10 6.86E-10 3.39E-10 5.01E-10 4.30E-10 2.23E-10 

0.08 7.93E-10  3.39E-10 5.05E-10 4.50E-10 2.32E-10 

0.06 8.03E-10  3.59E-10 5.13E-10 4.73E-10 2.34E-10 

0.05 -- 7.39E-10 3.69E-10 5.20E-10 4.74E-10 2.37E-10 

0.03 8.17E-10 --  5.27E-10 5.06E-10  

0.01 8.29E-10 8.10E-10  5.47E-10   

0.005 8.29E-10   5.51E-10   

1.00E-03 8.35E-10   5.55E-10   

1.00E-04 8.36E-10   5.54E-10   
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3.2 Li -TFSA ─ ⌐⅔↑╢ D (m
2
s

-1
) (30

o
C) 

│ GBL≤ PC  

 

 

 
GBL-LiTFSA PC-LiTFSA 

Concentration 

 (M) 
GBL TFSA Li  PC   TFSA Li  

1 3.48E-10 2.17E-10 1.61E-10 1.98E-10 1.27E-10 9.40E-11 

0.5 5.70E-10 3.80E-10 2.67E-10 3.37E-10 2.34E-10 1.54E-10 

0.4 6.04E-10 4.19E-10 2.67E-10 3.77E-10 2.59E-10 1.74E-10 

0.3 6.53E-10 4.33E-10 2.97E-10 4.17E-10 2.85E-10 1.77E-10 

0.2 7.17E-10 4.60E-10 3.10E-10 4.54E-10 3.10E-10 1.92E-10 

0.1 7.65E-10 4.91E-10 3.24E-10 4.85E-10 3.56E-10 2.24E-10 

0.08 7.79E-10 4.97E-10 3.44E-10 4.96E-10 3.68E-10 2.35E-10 

0.06  5.07E-10 3.48E-10 5.10E-10   

0.05 7.91E-10 5.10E-10  5.13E-10 3.66E-10 2.41E-10 

0.03 8.06E-10 5.23E-10  5.22E-10 3.75E-10  

0.01 8.14E-10 5.28E-10  5.36E-10 3.86E-10  

 

 

 

 

 



18 

 

3.1 ≢─ ⁸Li⁸▪♬○fi TFSA & BF4 ─ ─ꜞ♅

►ⱶ 30
o
C  
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1. ─ │ ─ ≤≤╙⌐ ∆╢⁹GBL⁸PC≤╙⌐ Dsolvent─ ─

Li -TFSA, Li -BF4 ⌐╟╢ │ ⅛≢№╢⁹ 

2. Li ─  DLi  ╙ ⅜ ∆╢≤ ↕ↄ⌂╢⅜⁸▪♬○fi─ ⌐╟╢

│ ↕™⁹ 

3. BF4─ │ ⌐ ≠ↄ⌐≈╣≡ ⌐ ⅝ↄ⌂╢⁹TFSA─ ─

│ ╠⅛≢№╢⁹ ─╟℮⌐⁸BF4 │ ≤≤╙⌐▬○fi ⅜

ⅎ╢⁹ 
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3.2 ≢─ Li ⅔╟┘▪♬○fi TFSA & BF4 ─ ╩

─ ≢ⱪ꜡♇♩ 

3 4 5 6 7 8

2
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Li

BF
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TFSA

Increasing

salt concentration

GBLPC

D
io

n
 /
[1

0-1
0  m

2
s-1

]

D
solvent

 /[10
-10

m
2
s

-1
]

 

 

 Li ▬○fi⅔╟┘ BF4≤ TFSA─ ╩ ─ ≢ⱪ꜡♇♩⇔√⁹▬

○fi─ │ ─ ≤╟ↄ ⇔≡™╢↓≤⅜╦⅛╢⁹▬○fi ⅜ ⅝

ↄ⌂╢≤ ╙ ∆╢↓≤│╟ↄ ╠╣≡™╢⅜ ─ ≢╙ ∂↓≤⅜™

ⅎ╢⁹ ⇔√╦↑≢│⌂™⅜⁸ ─ ™ GBL ≤ ─ ⅝™ PC ─♦

⅜♃כ ─ ⌐ ∫≡™╢╟℮⌐ ⅎ╢⁹↓↓≢ ∆═⅝↓≤│⁸ ⅜ ↕ↄ

⌂╢≤BF4─ │TFSA─ ≤ ═╢≤ ⌐ ⅝ↄ⌂╢↓≤≢№╢⁹BF4

≤ TFSA─ⱨ□fi♦ꜟ꞉כꜟ☻ │∕╣∙╣ 0.229 nm≤ 0.325 nm≤ ↕╣≡™╢

─≢ ─ │ 1.4≢№╢⁹ ≢ BF4≤ TFSA─ ─ │ GBL ─  

1.45⁸PC─ │ 1.52 ≢№╢⁹▪♬○fi─ │ ≢│▬○fi ╩╟ↄ

⇔≡™╢↓≤⅜ ╢⁹ ⅜ ⅝ↄ⌂╢≤ ─ ↕™ BF4│ ⅝⌂ TFSA≤

∂ↄ╠™─ ⌐⌂╢⁹ ⅜ ⅝ↄ⌂╢≤ BF4│ ∆╢↓≤⅜ ╠╣≡™

╢⅜⁸ ─ ⌐╟╡∕─ │ ⌂╢↓≤⅜ ≢⅝╢⁹ 

 

ⱨ□fi♦ꜟ꞉כꜟ☻ M. Ue, J. Electrochem. Soc. 143, L270 (1996). 
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3.3 ─ ─ ⌐⅔↑╢▬○fi ─  (30
o
C) Scm

-1
) 

 

c (M) 

 

 

c
1/2

 

 

GBL-LiBF4 

 

GBL-LiTFSA 

 

PC-LiBF4 

 

 

PC-LiTFSA 

1E-3 0.03162 4.38E-5 3.288E-5 2.925E-5 2.347E-5 

0.002 0.04472 8.58E-5 6.548E-5 5.747E-5 4.515E-5 

0.003 0.05477 1.25E-4 9.645E-5 8.369E-5 6.745E-5 

0.004 0.06325 1.68E-4 1.278E-4 1.109E-4 9.04E-5 

0.005 0.07071 2.02E-4 1.575E-4 1.342E-4 1.104E-4 

0.006 0.07746 2.42E-4 1.871E-4 1.604E-4 1.296E-4 

0.008 0.08944 3.16E-4 2.457E-4 2.097E-4 1.723E-4 

0.01 0.1 3.81E-4 3.03E-4 2.585E-4 2.046E-4 

0.02 0.14142 7.26E-4 5.775E-4 4.943E-4 3.958E-4 

0.03 0.17321 1E-3 8.415E-4 6.853E-4 5.924E-4 

0.04 0.2 0.00126 0.00108 8.802E-4 7.604E-4 

0.05 0.22361 0.00152 0.00131 0.00105 9.273E-4 

0.06 0.24495 0.00176 0.00157 0.0012 0.00111 

0.08 0.28284 0.00226 0.002 0.00153 0.0014 

0.1 0.31623 0.00272 0.00241 0.00175 0.00167 

0.2 0.44721 0.00425 0.00422 0.00273 0.00286 

0.3 0.54772 0.00546 0.00576 0.00333 0.00391 

0.4 0.63246 0.00639 0.00704 0.00367 0.00459 

0.5 0.70711 0.00688 0.00793 0.00394 0.00509 
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3.3 ─ ─ ⌐⅔↑╢▬○fi  (Scm
-1

) ╩ ≢ⱪ

꜡♇♩  ( 3.3) 
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 ∂ ≢№╢⌂╠┌⁸GBL ─ ⅜ ⅝⌂▬○fi ╩ ∆⁹╕√

≢│ Li -BF4 ─ ⅜ Li -TFSA ╟╡ ⅝⌂▬○fi ╩ ≈⅜⁸

⅜ 0.2M ⅛╠ ⅝ↄ⌂╢≤▬○fi │ ⇔≡ Li -TFSA─ ⅜ ⅝⌂▬

○fi ╩ ⅎ╢⁹BF4│ ⅜ ⅝ↄ⌂╢≤▬○fi ╩ ∆╢↓≤⅜ ╠╣≡

™╢⁹ 
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3.4 ─ ─ ⌐⅔↑╢ ⅛╠ ╘√ ▬○fi

 (Scm
2
mol

-1
) 

 

)1000/(/)()( 3112 --- =L cmmolMScmmolScm s  SI ≢│ Sm
2
mol

-1
 

 

 

c (M) 

 

 

c
1/2

 

 

GBL-LiBF4 

 

GBL-LiTFSA 

 

PC-LiBF4 

 

PC-LiTFSA 

1E-3 0.03162 43.8 32.9 29.25 23.5 

0.002 0.04472 42.9 32.7 28.7 22.6 

0.003 0.05477 41.7 32.2 27.9 22.5 

0.004 0.06325 42.0 31.9 27.7 22.6 

0.005 0.07071 40.4 31.5 26.85 22.1 

0.006 0.07746 40.3 31.2 26.7 21.6 

0.008 0.08944 39.5 30.7 26.2 21.5 

0.01 0.1 38.1 30.3 25.85 20.5 

0.02 0.14142 36.3 28.9 24.7 19.8 

0.03 0.17321 33.3 28.1 22.8 19.7 

0.04 0.2 31.5 27.1 22.0 19.0 

0.05 0.22361 30.4 26.2 21.0 18.5 

0.06 0.24495 29.3 26.1 20.0 18.5 

0.08 0.28284 28.25 25.0 19.2 17.5 

0.1 0.31623 27.2 24.1 17.5 16.7 

0.2 0.44721 21.25 21.1 13.7 14.3 

0.3 0.54772 18.2 19.2 11.1 13.0 

0.4 0.63246 16.0 17.6 9.18 11.5 

0.5 0.70711 13.8 15.9 7.88 10.2 
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 3.4 4 ─ ─ ⌐⅔↑╢ ▬○fi  (Scm
2
mol

-1
)╩

─ ≢ⱪ꜡♇♩  

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

10

20

30

40

50

L
 (

S
c
m

2
m

o
l-1

)

c
1/2

 LiBF
4
-GBL

 LiTFSA-GBL

 LiBF
4
-PC

 LiTFSA-PC

 ▬○fi ─ │ ╩╙≈▬○fi ≤∕─ ─ ≤ ↕╣≡

™╢⁹ ▬○fi ≢│ (1cm
3
) ⌐ ∆╢▬○fi ≢ ∆╢↓≤⌐

╟∫≡⁸ ₁─▬○fi─ ⌐ ∆╢ ⌐⌂∫≡™╢⁹ ⅜ ⅝ↄ⌂╢≤▬

○fi─ │ ↕ↄ⌂╢⁹ 
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3.5 ─ ─ ≢─ NMR ≢ ⇔√ ⅛╠ ⇔√

▬○fi  LNMR Scm
2
mol

-1
) 

 

)(
2

0
AnionLithiumNE DD

kT

Ne
+=s   Nernst-Einstein  

 

e0    1.602 ³ 10
-19 C 

k Boltzmann  1.380 ³ 10
-23  

JK
-1

 

N  Avogadro   6.022 ³ 10
23

 mol
-1

 

 

 

c (M) 

 

 

c
1/2

 

 

GBL-LiBF4 

 

GBL-LiTFSA 

 

PC-LiBF4 

 

PC-LiTFSA 

0.05 0.22361 40.9 -- 25.3 21.0 

0.06 0.24495 -- 31.4 25.3 -- 

0.08 0.28284 -- 30.9 24.5 21.0 

0.1 0.31623 37.7 30.1 23.5 20.3 

0.2 0.44721 34.4 28.4 21.0 17.6 

0.3 0.54772 30.9 27.0 18.5 16.2 

0.4 0.63246 28.8 25.3 16.8 15.3 

0.5 0.70711 25.9 23.9 15.3 13.7 

 

│m
2
s

-1 ⅛╠ cm
2
s

-1─ ⌐ ⇔≡ ⇔≡№╢⁹ 

SI ≢ ∆╢⌂╠┌⁸ ▬○fi ╙ Sm
2
mol

-1 ⌐∆╢⁹ 

 

 

 ≢│ cm─ ≢ ⅜⅔↓⌂╦╣≡™╢√╘⁸ ╙ cm
2
s

-1─

╩ ℮ ⅜ ™⁹m
2
s

-1≤│ 10
4 ≢ ∆╣┌╟™⁹  

 

⇔™ │ ─ ╩ ─↓≤⁹ 

 

Γ : ≤ ─≢┘⅝ NMR Ί Ɽꜝⱷכ♃≤─ Δ 

   ⁸ ⁸Electrochemistry ( ⅔╟┘ ) 

 Vol. 75, No.1 , 75-79 (2007).  
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3.5 ⌐⅔↑╢ ≤ ⅛╠ ⇔√ ▬○

fi ╩ ─ ≢ⱪ꜡♇♩ 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
10

20

30

40

50

GBL

 

 

From NMR

 GBL-LiBF
4

 GBL-LiTFSA

E
q
u
iv

a
le

n
t 
Io

n
 C

o
n
d
u
c
ti
v
it
y 

[S
 c

m2
m

o
l-1

]

sqrt(c)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
5

10

15

20

25

30
PC

 

 

From NMR

 PC-LiBF
4

 PC-LiTFSA

E
q
u
iv

a
le

n
t 
Io

n
 C

o
n
d
u
c
ti
v
it
y 

[S
 c

m2 m
o
l-1

]

sqrt(c)

 

 

 

╩╕≤╘≡ ┼ ⇔√ ─ ▬○fi │ ─ ⌐⌂╢⁹ 

∟ ≢№╣┌ NE─ │ ⌐ꜞ♅►ⱶ √⇔ⱪכ♪╩ ⁸ ∟ꜞ♅►ⱶ

─ ⌐╙ ∆╢⁹NMR ≢ ⇔√ ─ ╩ ⇔√

⌂ ≢№╢⁹⌂⅔⁸ꜞ♅►ⱶ ⅜ ⅝ↄ⌂╢≤ BF4 ≤ TFSA ─

⅛╠ ╠╣√ ⅜ ∆╢─│⁸BF4▬○fi│▬○fi ⅜ ⅝

ↄ⌂╢√╘≤ ⅎ╠╣╢⁹ 

 

 

┼ ⇔√ ─ ▬○fi  10
-4
Sm

2
mol

-1
 

 

 AC  
Kohlrasch 

NMR  
Nernst-Einstein 

GBL-LiBF4 46.5 47.6 

GBL-LiTFSA 34.4 35.3 

PC-LiBF4 30.9 30.4 

PC-LiTFSA 24.6 25.0 
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3.6 ─ ─ꜞ♅►ⱶ  

 

)1)((
2

0 xs -+= AnionLithiumimp DD
kT

Ne
  

 

─ -x = Limp/LNMR ≤ ∆╢⁹ x │▬○fi ─ ≤⌂╡⁸

┼ ∆╢≤ x ≤⌂╢⁹▬○fi │ ╩╙≈▬○fi╩ ∆╢⅜⁸NMR≢

│ ╩╙≈▬○fi≤ ─▬○fi╩ ≢⅝∏ LNE│ ─Limp╟╡ ⅝

⌂ ⌐⌂╢⁹ -x ╩ ≢ⱪ꜡♇♩⇔√⁹ 

10
-3

10
-2

10
-1

0.5

0.6

0.7

0.8

0.9

1.0

 PC-LiTFSA

 PC-LiBF
4

 GBL-LiTFSA

 GBL-LiBF
4

 

 

1
-x

c /[M]

 

 

 ▬○fi ─ │ ⅜ ∆╢≤ ↕ↄ⌂╢⁹ ™ ⅎ╢≤⁸

⅜ ∆╣┌ Li ≤ TFSA─ ─ ⅜ ⅝ↄ⌂╢⁹ ⅛╠ ╢╟℮⌐

≢│ Li -TFSA-PC≢▬○fi ─ ⅜╙∫≤╙ ⅝ↄ⌂╢⁹ ⅜ ⅝ↄ⌂

╢≤ ⌐ Li -TFSA─ ⅜ Li -BF4╟╡ ─ │ ⅝ↄ⌂╡⁸ ⌐ PC

─ ⅜ GBL ╟╡ ─ ⅜ ⅝™⁹ 
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3.7 ─ R ╩ ≢ⱪ꜡♇♩ 

     

 
solv

s

ion

s

ion

solv

r

r

D

D
R ==   

0.0 0.1 0.2 0.3 0.4 0.5 0.6

1.0

1.5

2.0

2.5

PC

GBL

GBL

PC
BF

4

TFSA

 Li 

R
 (
D

s
o
lv

e
n
t/D

io
n)

c (M)

 

 R │▬○fi─ ≤ ⇔√ ─ ─ ⌐⌂╢⁹MO ─ ≢

│  

TFSA:0.325 nm BF4:0.229 nm PC:0.276 nm⁸ GBL:0.268 nm 

 

≢№╢─≢⁸▬○fi◘▬☼─ ╩ ∆╢≤⁸ 

rTFSA/rPC=1.18  rTFSA/rGBL=1.21  rBF4/rPC=0.83  rBF4/rGBL=0.85 

 

≤⌂╢⁹NMR ⅛╠ ╘√ R ─ │ MO─ ⅜ ∆╢▬○fi◘▬☼─

≤ ═╢≤ ⌐ ⇔ ⅝ↄ⌂╢⅜⁸ ⌂ │╟ↄ ⇔≡™╢⁹

≢│MO─ⱨ□fi♦ꜟ꞉כꜟ☻ ⅛╠─ ≤─ │▪♬○fi

≢│ ⌐ ≢№╢⁹ 

Li ─ ⌐ │⌂™↓≤⅜ ⌐ ↕╣≡™╢⁹ 

 

ⱨ□fi♦ꜟ꞉כꜟ☻ ─  

M. Ue, J. Electrochem. Soc. 143, L270 (1996). 
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3.8 ─ꜞ♅►ⱶ ╩ ≢ⱪ꜡♇♩ 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6

0.30

0.32

0.34

0.36

0.38

0.40

0.42

LiTFSA

LiBF
4

LiBF
4
 in GBL

LiBF
4
 in PC

LiTFSA in GBL

LiTFSA in PC

D
L
i/(

D
L
i +

 D
a
n
io

n)

Concentration (M)

 

 

 

 

NMR⌐╟╢ꜞ♅►ⱶ  = DLi  / (DLi + Danion) 

 

 

 

 LiTFSA≢│ꜞ♅►ⱶ ⌐ │ ╠╣⌂™⁹ 

LiBF4≢│BF4─ ⅜ ⌐ ⅝ↄ⌂╢─≢⁸ ⅛↑─ꜞ♅►ⱶ │ ↕ↄ⌂╢⁹ 

⌐⅔™≡NMR⅛╠ ╘√ꜞ♅►ⱶ │ ה ─ ⅜≈ↄ╙─≢│⌂ↄ ⅛

↑─ ≢№╢⁹ 
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4. Li -TFSA─ 1M  PC, GBL, DEC  

 

4.1 GBL⁸PC ⅔╟┘ DEC⌐ 1M Li-TFSA╩ ⇔√ ─  D 

(m
2
s

-1
) ─  (10

o
C ~ 60

o
C) 

 

 

Temperature 

(
o
C) 

D (m
2
s

-1
) 

GBL 

D (m
2
s

-1
) 

Li  

D (m
2
s

-1
) 

TFSA 

60 6.48E-10 3.33E-10 3.88E-10 

50 5.30E-10 2.60E-10 3.06E-10 

40 4.30E-10 2.06E-10 2.63E-10 

30 3.48E-10 1.61E-10 2.17E-10 

20 2.80E-10 1.40E-10 1.81E-10 

10 2.23E-10 1.06E-10 1.52E-10 

 
 

PC 
Li  TFSA 

60 3.97E-10 2.08E-10 2.97E-10 

50 3.24E-10 1.66E-10 2.24E-10 

40 2.59E-10 1.25E-10 1.59E-10 

30 1.98E-10 9.40E-11 1.27E-10 

20 1.53E-10 7.20E-11 1.02E-10 

10 1.07E-10 5.30E-11 7.30E-11 

 
 

DEC 
Li  TFSA 

60 1.01E-9 4.30E-10 4.63E-10 

50 8.44E-10 3.66E-10 3.8E-10 

40 7.00E-10 2.95E-10 3.12E-10 

30 5.81E-10 2.45E-10 2.55E-10 

20 4.50E-10 1.94E-10 1.92E-10 

10 3.29E-10 1.50E-10 1.45E-10 
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4.1  GBL⁸PC⅔╟┘ DEC⌐ 1M LiTFSA ╩ ⇔√ ─  D 

(m
2
s

-1
) ─  (10

o
C ~ 60

o
C) ( 4.1) 

10 20 30 40 50 60

10
-10

10
-9

10 20 30 40 50 60

10
-10

10
-9

1M-LiTFSA in GBL

 

 

D
if
fu

s
io

n
 C

o
e
ff
ic

ie
n
t 
(m

2 s-1
)

Temperature (
o
C)

 GBL

 TFSA

 Li

1M-LiTFSA in PC

 

 

 

Temperature (
o
C)

 PC

 TFSA

 Li

 

10 20 30 40 50 60

10
-10

10
-9

1M LiTFSA in DEC

 

 

D
if
fu

s
io

n
 C

o
e
ff
ic

ie
n
t 
(m

2
s-1

)

Temperature (
o
C)

 DEC

 TFSA

 Li

 

 

 DEC╩ ⌐⇔√ ≢│DTFSA≤DLi─ ⅜ ↕ↄ⁸▬○fi ─ │ ↕™⁹ 

 

10
o
C 60

o
C─ ─ ◄Ⱡꜟ◑כ(kJ/mol) 

 GBL  PC  DEC  

Solvent 16.7 20.4 17.3 

Li  17.5 21.6 16.5 

TFSA 14.4 21.4 18.1 

 

↓─ ─▪꜠♬►☻ⱪ꜡♇♩─ │ ≢№╢⁹ 
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4.2 1M Li-TFSA─ PC⁸GBL⁸DEC ≢─ ─

( 4.1)  

 

12─ⱪ꜡♇♩╩ ∆╢↓≤⌐╟∫≡⁸ ₁─ ─ ╩ ╠⅛⌐∆╢↓≤╩

╪≢ 4.2╩ ⇔√⁹ ⌐≈™≡│ 5 ⅛╠ 7 ≢ ═╢⁹ 

 

A. GBL ≤ DEC ─ D ─ ⅔╟┘ PC ≤ DEC ─ D ─

3.0 3.1 3.2 3.3 3.4 3.5 3.6

10
-10

10
-9

3.0 3.1 3.2 3.3 3.4 3.5 3.6

DEC

TFSA

Li
 

 

D
 (

m
2
s-1

)

1000/T

GBL

TFSA

Li

1M LiTFSA in GBL & DEC

DEC

TFSA

Li

1M LiTFSA in PC & DEC

  

 

1000/T

PC

TFSA

Li

 

 

GBL≤ DEC ≢─ ╩ ⁹ 

a. DDEC >>DGBL ─ │ ╠⅛≢№╢⁹ 

b. DLi │╖⅛↑─ │ DEC ≢ ⅝ↄ⌂╢⅜⁸▬○fi ⇔≡™╢⁹

│ ─ ≢ ≢⅝⌂™⁹ 

PC ≤ DEC ─ ─ ⁹ 

a. PC ≤ DEC≢│ ─ ⌐ ⅝⌂ ⅜╖╠╣╢⁹PC─ │

↕™⁹ 

b. ∆═≡─ ≢ PC ─ ⅜ ↕™⁹↓╣│ ─ ⌐

⅜▬○fi─ ╩ ╘≡™╢√╘≢№╢⁹ 

  

GBL≤ PC ┘⌐ DEC─ ─ │ ⅝™ 1.1 ─↓≤ ⁹ 
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B. 1M LiTFSA─ PC ≥♃כ♦─ GBL ╩♃כ♦─  

10 20 30 40 50 60
0

1x10
-10

2x10
-10

3x10
-10

4x10
-10

5x10
-10

6x10
-10

7x10
-10

 

 

1M-LiTFSA in PC & GBL

 GBL

 PC

 TFSA in GBL

 Li in GBL

 Li in PC

 TFSA in PC

D
if
fu

s
io

n
 C

o
e
ff
ic

ie
n
t 
 (

m2
s-1

)

Temperature (
o
C)

 

 

 

 ≤╙⌐ ─GBL≤ PC ⌐⅔↑╢ ╩ ⇔√⁹

─ │ GBL⅜ PC╟╡⅛⌂╡ ⅝ↄ⌂∫≡™╢⅜⁸ꜞ ♅►ⱶ≤ TFSA─

─ │ ─ ╟╡ ↕™⁹DLi ≤ DTFSA─ ⌂ │ ─ ⇔≡

™╢⁹ ─ ⅜ ™ ─ ⅜▬○fi─ ╙ ↄ⌂╢ ⅜│∫⅝╡≤ ↕╣

≡™╢⁹↓─ │ ≢╙╖╠╣√ ( 3.2 )⁹ 
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4.3▬○fi─ ╩ ─ ≢ⱪ꜡♇♩ 1M ─ PC⁸GBL ⅔╟┘

DEC  

 

2x10
-10

4x10
-10

6x10
-10

8x10
-10

1x10
-9

1x10
-10

2x10
-10

3x10
-10

4x10
-10

5x10
-10

 

 

D
io

n
 (

m
2
s-1

)

D
solvent

 (m
2
s

-1
)

TFSA in GBL

TFSA in PC

Li in GBL

Li in PC

TFSA in DEC

Li in DEC

 

 

 

 ─ ≢▬○fi─ ╩ⱪ꜡♇♩∆╢≤╟™ ⅜ ╠╣╢⁹ ™

ⅎ╢≤ Li ≤ TFSA─ │ ─ ⁸ ∟ ─ ⌐ ⅝ↄ ∆╢↓≤⅜

╢⁹Li ⌐ ═╢≤ TFSA─ ⅜ │ ⅝™⅜⁸DEC─╟℮⌐▬○fi ─

™ ≢│⁸Li ≤ TFSA─ ⅜╒╓ ⇔ↄ⌂╡⁸Li ≤ TFSA⅜ ⇔√ ≢

⇔≡™╢↓≤⅜╦⅛╢⁹ ⅎ┌ 30
o
C─ ─ꜞ♅►ⱶ─ ─ │ 10

-10
m

2
s

-1

≢ 2.45(DEC ) 1.61 GBL 0.94 PC ≢№╢⅜⁸ ─

⌐│ ─ ╩ ∆╢ ⅜№╡ ≢ ⅝ ™≡⅝√ ╩ ∂╢ ⌐│∕

─ ╩ ⌐ ⅎ╢ ⅜№╢⁹ 
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4.4 3 ─ Li -TFSA ⌐⅔™≡ NMR≢ ╘√ꜞ♅►ⱶ ≤ R  

 

10 20 30 40 50 60
0.5

1.0
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2.0
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3.0
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R
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L
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h
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 T

ra
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s
fe

re
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u
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b
e
r 

(N
M

R
)

 DEC

 GBL

 PC

 

 

 PC≤ GBL│ ⅜ ⅝ↄ⁸ꜞ♅►ⱶ ─ │ ⅝™⅜ ⅜ ™⁹ 

PC≤ GBL│ Li ⌐ ⇔≡▬○fi ╩ ∆⁹ DEC─ │ ↕ↄ▬○

fi │ ↕™⅜ ╙ ↕™⁹R ⅜ Li ≤ TFSA≤ ⇔≡™≡ ⅝ↄ⌂╢↓

≤│ ⅜ ↄ⁸ ⇔√ꜞ♅►ⱶ⅜ TFSA≤ ⇔√╕╕ ⇔≡™╢≤

≢⅝╢⁹ ⅛↑─ꜞ♅►ⱶ │ DEC≢ ⌐⌂╢⁹ ─ ꜞ♅►

ⱶ │ ≢№╢⅜⁸ ≢│▬○fi ╩ ⅎ╢≤ │ ≤│ ™ ™⁹ 
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5. Li -TFSA╩ ⌐⇔√ ─  

 

“Ion and solvent diffusion and ion conduction of PC-DEC and PC-DME binary 
solvent electrolytes of LiN(SO2CF3)2,

”
 K. Hayamizu and Y. Aihara, Electrochimica 

Acta 49, 3397 (2004).  

 

─ │ ─ ─ ≢№╢⁹⸗♦ꜟ≤⇔≡ 2 ─ ⌐≈™≡

⇔√⁹ 

 

PC, DEC, DME ─  

 

 

 

 

PC    mp: -55 
o
C    bp: 241.7 

o
C 

DEC    mp: -43 
o
C    bp: 127 

o
C 

DME   mp: -58 
o
C    bp: 84.7 

o
C 

 

EC     mp: 39 
o
C     bp: 152 

o
C  

 

 

 

5.1 ─ ╩ ⇔√ (ꜞ♅►ⱶ )─ (m
2
s

-1
) 

(30 
o
C) 

 

 DEC-PC DME-PC 
Mol% of 

PC 
DEC PC DME PC 

0 1.56E-09 - 2.70E-09 - 

20 1.32E-09 1.33E-09 1.93E-09 - 

40 1.06E-09 1.08E-09 1.51E-09 1.15E-09 

60 8.80E-10 8.80E-10 1.11E-09 9.10E-10 

80 7.00E-10 7.07E-10 8.30E-10 6.70E-10 

100 - 5.00E-10 - 5.00E-10 

 

 

O O

O

OO

O

O
O

PC

DEC

DME
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5.1 ─ (ꜞ♅►ⱶ )─ ╩ P ─ ⌐ ⇔≡ⱪ

꜡♇♩ (a) DEC-PC ≤(b) DME-PC  

0 20 40 60 80 100

5
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(b)

PC

 

DME

 

 

Mol% of PC

 DME

 PC

(a)

PC

DEC

 

 

 

D
 (
1
0-1

0 m
2
s-1

)
 DEC

 PC

 

 

 ─ ─ ╩ ∆ ꜞ♅►ⱶ │ ╕⌂™ ⁹DEC-PC ≢│

⇔√ ⌐ ₁─ ⅜ ⌐ ™ ╩ ∆⁹DME-PC ≢│ ╣─ ─ ⌐

╙ DDME  DPC ≤⌂╢⁹ ─ ≢╙↓─ ╩ ⇔⁸DEC-PC  (

─ DEC-EC ) ─╟℮⌐ ─ ⌐ ⅝⌂ ⅜№╢ ─ ⌐

⅔™≡ ─ ╩ ≈╟℮⌂ │ ↄ│⌂™⁹ ≤⇔≡ -O-CO-O- ⅜

─ DEC⌐╙ ─ PC(EC)⌐╙≤╙⌐ ╕╣╢√╘≤ ⅎ≡™╢⁹ 
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5.2 1M ─ LiTFSA ╩ ⇔√ ─▬○fi≤ ─

(m
2
s

-1
) (30

o
C) 

 

 DEC-PC-1M-LiTFSA 
Mol% 

of PC 
DEC PC Li  TFSA 

0 1.09E-09 - 4.30E-10 5.60E-10 

20 8.90E-10 - 3.54E-10 5.10E-10 

40 7.40E-10 7.00E-10 3.00E-10 4.50E-10 

60 5.80E-10 5.50E-10 2.55E-10 3.80E-10 

80 4.50E-10 4.57E-10 2.05E-10 3.20E-10 

100 - 3.30E-10 1.50E-10 2.60E-10 

 DME-PC-1M-LiTFSA 

 DME PC Li  TFSA 

0 1.89E-09 - 8.10E-10 9.42E-10 

20 1.44E-09 - 6.30E-10 7.90E-10 

40 1.06E-09 9.40E-10 5.00E-10 6.30E-10 

60 7.20E-10 6.50E-10 4.10E-10 4.80E-10 

80 5.50E-10 5.10E-10 2.80E-10 3.70E-10 

100 - 3.30E-10 1.50E-10 2.60E-10 

 

5.2 1M ─ LiTFSA ╩ ⇔√ ─▬○fi ╩ PC

─ ≢ⱪ꜡♇♩(30
o
C) 
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 ▬○fi ≢│ ╩ ⅎ╢≤ ╩≤╢↓≤⅜ ╠╣≡™╢⁹↓╣│

⅜▬○fi ╩ ⇔ ⅜ ╩ →≡▬○fi ╩ →╢≤™℮

╩ ⇔≡™╢⁹ ─ ╩ ⌐ ⅛∆↓≤⅜ ≢№╡⁸ ⌐│ ⌐ ∂√

⅜ ∆╢↓≤╩ ⇔≡™╢⁹▬○fi │ ⇔≡™╢▬○fi ≤▬○fi ─ ⌐

⌂╢≤ ↕╣≡™╢⁹ 
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 5.3 1M─ LiTFSA ╩ ⇔√ ─ ─ ⌐⅔↑╢ ─

╩ PC─⸗ꜟ ≢ⱪ꜡♇♩(30
o
C)⁹ 

 

(a) DEC-PC ≤(b) DME-PC  
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D
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(b) DME-PC system

 

 

Mol% of PC

 DME

 PC

 TFSA

 Li

 

 DEC-PC ≢│ꜞ♅►ⱶ ╩ ⇔≡╙ DEC≤ PC─ │ ⇔√

≤⌂∫≡™╢⁹DEC-PC ≤ DME-PC ≢ PC─ ⅜ ∆╣┌ ≤╙

─ │ ⅝ↄ⌂╢─≢⁸ ≡─ ─ │ ↕ↄ⌂∫≡™╢⁹DME-PC EC

│ꜞ♅►ⱶ ≢ ≢№╢⁹ 
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5.4 R ╩ PC─ ≢ⱪ꜡♇♩⁹(a) DEC-PC ≤(b) DME-PC  
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R
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 R
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(a) DEC-PC

R
io

n

 

 R ╩ PC─ ≢ⱪ꜡♇♩∆╢≤ √⌐ ⅎ≡ↄ╢ ⅜№╢⁹DEC-PC ≢

│ RLi│ ⅛↑ PC─ ─ │ ⌂™⅜ RTFSA─ │ PC⅜ ⅎ╢⌐≈╣≡ ↕

ↄ⌂╢⁹↓╣│ Li ≤─▬○fi ⅜ ∆╢↓≤⌐ ⇔⁸PC─ ≤ ⌐№

╢⁹PC≤ DEC─ ─ ⅜ ↕™─≢⁸R ⌐⅔™≡⁸DEC─ D ╩ ™

≡╙ PC─ D╩ ™≡╙ ⇔√ ⌐⌂╢⁹ 

DMC-PC ≢│ RLi │ PC⅜ 60% ≢ ╩≤╢⁹PC⅜ ⌂™ ≢│ RLi

≤ RTFSA│ ⇔√ ╩ ⇔⁸DME ⅜▬○fi ╩ ∆╢↓≤╩ ⇔≡™╢⁹PC

─ ⅜┤ⅎ╢≤▬○fi │ ⇔ Li ─ ╡⌐│ PC─ ⅜ ⅎ╢≢№╤℮⁹PC

⅜ 60% ⌐⅔™≡ DME≤ PC≤⅜ Li ─ ╡≢ ⇔⁸ ⌐│ Li ─ │

↕ↄ⌂╢⁹↓╣⅜▬○fi ─ ╩╙√╠∆─≢№╤℮⁹ 

 

5.5 ─ ╩ PC─ ≢ⱪ꜡♇♩ 

5.2─▬○fi ≤ 5.3─▬○fi ⌐♃כ♦─ ≠™≡NE ⅛

╠ ─ ╩ ⇔√⁹ 

 

 DEC-PC ≤ DME-PC ─

™∏╣≢╙ PC ─ ⌐ ∫≡

─ │ ⌐ ∆╢⁹DME

│▬○fi ⅜№╢↓≤⅜ ╠

╣≡™╢⅜∕╣╩ ∆╢ ⌐

⌂∫≡™╢⁹ 
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6.  LiPF 6─ PC, EC, DEC ≤ LiTFSA ≤─  

 

─ ≤⇔≡EC-DEC-LiPF6⌂≥⅜ ⌂ ≤⇔≡ ↕╣≡™╢⁹

₁─ ─√╘⌐ ₁⌂ ╩ ⅎ≡ ⌐ ⅎ╢ ╩ ⇔≡™╢╟℮≢№╢⁹

⌂ꜞ♅►ⱶ Li -TFSA─ │ ↕ↄ⁸ ↄ─♦כ♃╩ ╖ →≡ ─

⌐≈™≡ ≥♃כ♦─⧵⁹√⅝≡⇔ ╩LiPF6 ⌐ ⇔√⁹╕√ ≢│

∆╢EC≢│⌂ↄPC№╢™│GBL╩ ™≡ꜞ♅►ⱶ ─ ╩ ∫≡⅝√─⅜⁸∕

╣╩ ↕∑≡⁸ ─ ≢№╢EC-DEC-LiPF6⁸PC-DEC-LiPF6 ⌂╠┘⌐

PC-DEC-LiTFSA ─ ╩ ∫√⁹ ≤⇔≡⁸DEC─╖⌂╠∏⁸DMC⁸EMC

╙ ⌂ ≢№╢⅜⁸↓↓≢│ ⇔√─│DEC─♦⁸⅔⌂⁹╢№≢♃כ↓↓≢ ⇔≡

⁸│♃כ♦╢™ ─ ╛ │ ∂≢⌂™℮ⅎ⌐ ⅛⅛∫≡ ♃כ♦√⇔

╩ ⇔≡™╢⁹ │◘fiⱪꜟ ⌐ ⇔≡№╣┌ ─ │⌂™⅜⁸ ∆╣┌

│ ∆╢⇔ ╙∆╢⁹ │♃כ♦ ↄ ⇔≡™╢⅜ ⅜⌂™≤│™

ⅎ⌂™⁹ ⌂≥ ∏⇔╙ ⇔≡™⌂™⇔⁸ ⅜ ⌐ ⇔≡™╢≤│™

ⅎ⌂™⅜⁸ ╩ ⅎ╢ ─ ─≡⇔≥♃כ♦ │№╢≤ ⅎ≡™╢⁹ 

 

6.1 1M-LiPF6─ PC ⌐⅔↑╢ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1000/T 
o
C PC PF6 Li  

2.67996 100 8.17E-10 7.15E-10 4.51E-10 

2.75376 90 7.05E-10 6.16E-10 3.72E-10 

2.83174 80 5.93E-10 5.17E-10 2.94E-10 

2.91426 70 4.91E-10 4.27E-10 2.53E-10 

3.00174 60 4.10E-10 3.59E-10 2.00E-10 

3.09463 50 3.34E-10 2.91E-10 1.60E-10 

3.19346 40 2.59E-10 2.28E-10 1.23E-10 

3.29881 30 2.04E-10 1.84E-10 9.60E-11 

3.41134 20 1.50E-10 1.31E-10 6.90E-11 

3.53182 10 1.06E-10 9.52E-11 4.80E-11 

3.66113 0 7.42E-11 6.36E-11 3.22E-11 

3.80026 -10 4.72E-11 4.08E-11 1.85E-11 

3.95038 -20 2.74E-11 2.35E-11 1.00E-11 

4.11286 -30 1.42E-11  - 
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6.1 1M-LiPF6─ PC ⌐⅔↑╢ ─  ( 6.1) 
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 PF6│ⱨ□fi♦ꜟ꞉כꜟ☻ ⁸ ─ ≤╙ 0.254 nm≢№╡ TFSA─ⱨ□fi

♦ꜟ꞉כꜟ☻ 0.325 nm⌐ ═╢≤ ↕™─≢⁸DPF6│ ⅝ↄ⌂╢⁹ 
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6.2 PC ⌐⅔™≡ 1M LiPF6≤ 1M LiTFSA╩ꜞ♅►ⱶ ⌐⇔√ ─  
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1M Li -TFSA –PC ≤ 1M Li -PF6 –PC ♃כ♦─ 30
o
C~80

o
C ╩ ⱪ꜡♇♩

⇔√⁹ 

∫√↓≤│ 

1) DLi│ ≢ ∆╢⁹PC⌐╟╢ Li ─ │▪♬○fi TFSA≤ PF6 ─

╩ ↑⌂™⁹ 

2) DPC─ ╙ꜞ♅►ⱶ ⅜ ⌂∫≡╙ ≢ ∆╢⁹↓─ │ 1.8 ≢

═╢GBL⌐ 6 ─ ⌂∫√▪♬○fi⅛╠⌂╢ Li ╩ ⇔√ ⌐GBL─

⅜▪♬○fi─ ⌐ ↕╣⌂™ ≤╟ↄ ⇔≡™╢⁹ 

3) DPF6  > DTFSA≢№╡⁸∕─ │ ⌐⌂╢≤ ≢№╢⁹ 
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6.2 1M-LiPF6─ EC ⌐⅔↑╢  

  

               

 

 

 

 

 

                         

           

            

 

6.3 1M-LiPF6─ EC ≤ PC ⌐⅔↑╢ ─  

6.1≤ 6.2  
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 1M LiPF6 -PC ≤ 1M LiPF6 -EC ╩ ⌐ ╩♃כ♦√⇔ ⱪ꜡♇♩

⇔√⁹ ∫√↓≤│ EC ≢│ ⌂─│ 20
o
C╕≢≢№╡⁸ ≢│ ∆

╢⁹ ≢│ EC ─ ⅜ ⌐ ⅛≢№╢⅜ ⅝⌂ ╩ ⅎ╢⅜⁸

│ PC ≤ ⅝⌂ │ ╠╣⌂™⁹ ⌂ ⅛╠ ≢─▬○fi

⅜ ≢⅝╢─≢⁸PC ─ ⅜ ™╛∆™⁹ 

1000/T 

 

o
C 

 

EC PF6 Li  

2.83174 80 7.10E-10 5.80E-10 3.40E-10 

2.91426 70 5.97E-10 5.10E-10 2.83E-10 

3.00174 60 5.04E-10 4.30E-10 2.33E-10 

3.09463 50 4.04E-10 3.63E-10 1.82E-10 

3.19346 40 3.30E-10 2.81E-10 1.53E-10 

3.29881 30 2.59E-10 2.14E-10 1.13E-10 

3.41134 20 1.91E-10 1.60E-10 8.50E-11 
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6.3 1M-LiPF6⅔╟┘ 1M-LiTFSA─DEC ⌐⅔↑╢ ─  

 

 

1000/T 
o
C 

 

LiPF6 in DEC 

 

LiTFSA in DEC 

  DEC PF6 Li  DEC TFSA Li  

2.83174 80 1.45E-09 7.43E-10 7.10E-10 1.34E-09 6.49E-10 5.90E-10 

2.91426 70 1.26E-09 6.21E-10 5.75E-10 1.15E-09 5.47E-10 5.06E-10 

3.00174 60 1.07E-09 5.30E-10 5.00E-10 1.01E-09 4.63E-10 4.30E-10 

3.09463 50 9.34E-10 4.38E-10 4.33E-10 8.44E-10 3.80E-10 3.66E-10 

3.19346 40 7.50E-10 3.77E-10 3.40E-10 7.00E-10 3.12E-10 2.95E-10 

3.29881 30 5.80E-10 2.75E-10 2.70E-10 5.81E-10 2.55E-10 2.45E-10 

3.41134 20 5.10E-10 2.43E-10 2.27E-10 4.50E-10 1.92E-10 1.94E-10 

3.53182 10 4.21E-10 2.02E-10 1.83E-10 3.29E-10 1.45E-10 1.50E-10 

3.66113 0 3.37E-10 1.71E-10 1.60E-10 2.38E-10 1.11E-10 1.14E-10 

3.80026 -10 2.54E-10 1.17E-10 1.06E-10 1.84E-10 7.85E-11 8.60E-11 

3.95038 -20 2.07E-10 7.70E-11 6.90E-11 1.28E-10 5.68E-11 6.04E-11 

4.11286 -30 1.47E-10 5.22E-11 4.80E-11 8.70E-11 3.75E-11 4.00E-11 

4.28927 -40 9.18E-11 3.45E-11 2.82E-11 5.78E-11 2.34E-11 2.37E-11 

 

6.4 1M-Li -TFSA≤ 1M-Li -PF6─ DEC ⌐⅔↑╢ ─

 ( 6.3) 
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6.5 1M Li -PF6⅔╟┘ 1M Li -TFSA─DEC ⌐⅔↑╢ ─

─  ╕≢ ╗  
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 6.4⌐ Li -TFSA≤ Li -PF6⌐≈™≡ ⇔√ⱪ꜡♇♩╩ ⇔√⅜⁸ ⱪ꜡

♇♩∆╢≤ ─ ⅜ ⌐⌂╢⁹DEC ≢│ Li-PF6≤ Li -TFSA⌐⅔™≡⁸

╟╡ ≢│ ⌐ ⅝⌂ │╖╠╣⌂™⁹↓╣│ PC ─ ≤

⅝ↄ ⌂╢⁹DEC│▬○fi ⅜ ╘≡ ↕™√╘⌐ Li -PF6╙ Li -TFSA╙ ⌡

⇔√ ≢ ⇔≡™╢√╘≢№╢⁹PF6─ ⅜ TFSA╟╡▬○fi◘▬☼⅜ ↕™↓≤

⅜ ⁹╢№≢♃כ♦⌂℮╟╢™≡⇔ ≢│ DEC─ ⌐ ⅝⌂ ⅜

╖╠╣⁸LiTFSA ─ LiPF6 ≤ ═╢≤ DEC─ │ ↕ↄ⌂∫≡

™╢⁹ ⌐ ↕╣≡™╢─≢│⌂™∞╤℮⅛⁹▬○fi─ │↕╒≥ ⅝ↄ

∆╢↓≤│⌂⅛∫√⁹ 
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6.6  1M LiPF6≤ LiTFSA ─ DEC ⌐⅔™≡▬○fi─ ╩ DEC

─ ≢ⱪ꜡♇♩ 
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 DEC ≢ Li ≤▪♬○fi─ ╩ DEC─ ≢ⱪ꜡♇♩⇔√⁹

│ ─ⱪ꜡♇♩≢ │ ╩♃כ♦∂ Log-logⱪ꜡♇♩⌐ ⇔√⁹ ⅛╠ ⌐

⌂╢≤ LiPF6─▬○fi │ LiTFSA≤ ═╢≤ Li⁸PF6≤╙⌐ LiTFSA ╟╡

ↄ⌂╢ ⅜№╢↓≤⅜╦⅛╢⁹ ≢ Li ≤▪♬○fi─ ─ │ ↕™⁹

─ Log-logⱪ꜡♇♩⅛╠│ ≢ LiPF6≤ LiTFSA ─ ⅜ ↕╣≡™╢⁹ 25⅛

╠╦⅛╢╟℮⌐ DEC─ ─⅜ DDEC(LiPF6) DDEC(LiTFSA) ≢№╢√╘⌐⁸ ≤

─ ≢│ DLi(TFSA) DLi(PF6)⁸DTFSA DPF6≤⌂∫≡™╢⁹ⱪ꜡♇♩─ ≢ ↕╣╢

⅜ ⌂╢↓≤⌐ ⇔√™⁹ 
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7.  PC-DEC Li -PF6 ≤ EC-DEC Li -PF6  

ñTemperature Dependence of Self-Diffusion Coeffi cients of Ions and Solvents in Ethylene 

Carbonate, Propylene Carbonate, and Diethyl Carbonate Single Solutions and Ethylene Carbonate + 

Diethyl Carbonate Binary Solutions of LiPF6 Studied by NMR” by K. Hayamizu, J. Chem. Eng. 
Data, 57, 2012 (2012).  

 

ꜞ♅►ⱶ ─ EC-DEC-PF6 ─ ╩♃כ♦ ∆⁹ 

≤⇔≡ ⅎ┌⸗ꜟ ≢ 2:8─ EC-DEC ╩ 2EC-8DEC≤ ∆╢⁹ 

7.1 2EC-8DEC-1M-LiPF6 ─ ─  

 

 

1000/T 

 

o
C DEC EC PF6 Li  

2.83174 80 1.11E-09 9.96E-10 6.85E-10 5.00E-10 

2.91426 70 9.56E-10 8.22E-10 5.63E-10 4.25E-10 

3.00174 60 8.41E-10 7.44E-10 4.93E-10 3.64E-10 

3.09463 50 6.80E-10 5.90E-10 4.00E-10 2.83E-10 

3.19346 40 5.89E-10 4.98E-10 3.40E-10 2.38E-10 

3.29881 30 4.57E-10 3.80E-10 2.66E-10 1.88E-10 

3.41134 20 3.65E-10 3.02E-10 2.08E-10 1.47E-10 

3.53182 10 2.82E-10 2.28E-10 1.63E-10 1.10E-10 

3.66113 0 2.15E-10 1.66E-10 1.18E-10 8.30E-11 

3.80026 -10 1.60E-10 1.20E-10 9.35E-11 6.33E-11 

3.95038 -20 1.09E-10 8.00E-11 5.68E-11 3.90E-11 

4.11286 -30 7.40E-11 5.21E-11 3.62E-11 2.38E-11 

4.28927 -40 4.46E-11 2.96E-11 2.04E-11 1.32E-11 

 

7.1 2EC-8DEC-1M-LiPF6 ─ ─  7.1  
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7.2 4EC-6DEC-1M-LiPF6 ─ ─  

 

 

1000/T 

 

o
C DEC EC PF6 Li  

2.83174 80 9.31E-10 9.32E-10 7.11E-10 4.36E-10 

2.91426 70 7.84E-10 7.76E-10 5.61E-10 3.82E-10 

3.00174 60 6.57E-10 6.34E-10 4.70E-10 3.13E-10 

3.09463 50 5.48E-10 5.49E-10 3.80E-10 2.55E-10 

3.19346 40 4.41E-10 4.49E-10 3.28E-10 2.03E-10 

3.29881 30 3.60E-10 3.50E-10 2.61E-10 1.70E-10 

3.41134 20 3.06E-10 2.94E-10 2.15E-10 1.33E-10 

3.53182 10 2.39E-10 2.29E-10 1.63E-10 1.08E-10 

3.66113 0 1.79E-10 1.68E-10 1.11E-10 7.34E-11 

3.80026 -10 1.27E-10 1.16E-10 8.31E-11 4.94E-11 

3.95038 -20 8.68E-11 7.68E-11 5.30E-11 3.00E-11 

4.11286 -30 5.38E-11 4.51E-11 2.97E-11 1.69E-11 

4.28927 -40 2.39E-11 2.29E-11 1.79E-11 1.04E-11 

 

 

7.2 4EC-6DEC-1M-LiPF6 ─ ─  7.2  
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7.3 6EC-4DEC-1M-LiPF6 ─ ─  

 

 

 

1000/T 

 

o
C DEC EC PF6 Li  

2.83174 80 7.76E-10 8.25E-10 6.24E-10 4.00E-10 

2.91426 70 6.47E-10 6.92E-10 5.16E-10 3.41E-10 

3.00174 60 5.58E-10 5.93E-10 4.48E-10 2.83E-10 

3.09463 50 4.52E-10 4.97E-10 3.49E-10 2.20E-10 

3.19346 40 3.73E-10 3.98E-10 3.00E-10 1.85E-10 

3.29881 30 2.99E-10 3.15E-10 2.41E-10 1.41E-10 

3.41134 20 2.40E-10 2.50E-10 1.95E-10 1.11E-10 

3.53182 10 1.88E-10 1.87E-10 1.39E-10 7.80E-11 

3.66113 0 1.30E-10 1.35E-10 9.80E-11 5.38E-11 

3.80026 -10 9.33E-11 9.00E-11 6.21E-11 3.61E-11 

3.95038 -20 5.83E-11 5.89E-11 3.86E-11 2.30E-11 

4.11286 -30 3.17E-11 3.13E-11 2.07E-11 1.20E-11 

4.28927 -40 1.64E-11 1.56E-11 1.26E-11 6.44E-12 

 

 

7.3 6EC-4DEC-1M-LiPF6 ─ ─  7.3  
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7.4 8EC-2DEC-1M-LiPF6 ─ ─  

 

 

1000/T 

 

o
C DEC EC PF6 Li  

2.83174 80 6.91E-10 7.87E-10 6.1E-10 3.67E-10 

2.91426 70 5.87E-10 6.68E-10 5.4E-10 3.3E-10 

3.00174 60 4.88E-10 5.46E-10 4.45E-10 2.55E-10 

3.09463 50 4.14E-10 4.62E-10 3.75E-10 2.07E-10 

3.19346 40 3.22E-10 3.62E-10 2.9E-10 1.65E-10 

3.29881 30 2.57E-10 2.91E-10 2.41E-10 1.27E-10 

3.41134 20 1.98E-10 2.23E-10 1.76E-10 9.52E-11 

3.53182 10 1.5E-10 1.68E-10 1.34E-10 7.21E-11 

3.66113 0 1.14E-10 1.23E-10 9.6E-11 5E-11 

3.80026 -10 7.85E-11 8.65E-11 6.6E-11 3.37E-11 

        

 

7.4 8EC-2DEC-1M-LiPF6 ─ ─  7.4  
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Vogel-Fulcher-Tammann (VFT)  ⌐╟╢ⱨ▫♇♩ 

 

╟ↄ ╠╣≡™╢▪꜠♬►☻ⱪ꜡♇♩ ≤ T≤─  

)/exp( RTEAk a-=  

≢⁸ ≤ 1/T─ ⱪ꜡♇♩⅜ ⌐⌂╠⌂™ ⁸VFT ⌐╟╢ⱨ▫♇♩⅜ ↄ

╦╣≡™╢⁹ ⅜ ™ ⌐│ D│▪꜠♬►☻ⱪ꜡♇♩⌐⅔™≡ ⌐

⌂╠∏ VFT ⌐╟╢ⱨ▫♇♩⅜≢⅝╢⁹ ⌐ 6.4─ 1M-LiPF6─ DEC ≢│ DEC

─ ─▪꜠♬►☻ⱪ꜡♇♩│ ≢⅝╢⅜⁸▬○fi─ │ ∫≡™╢⁹

6.1─ 1M-LiPF6─ PC ≢│ ─ ╩ ╘≡⁸▪꜠♬►☻ⱪ꜡♇♩│

≤│™ⅎ⌂™⁹ 

VFT VTF≤™╦╣╢↓≤╙№╢ │ ≈⅛─♃▬ⱪ⅜№╢⅜⁸ ⌂ ≤⇔

≡│ 

))/(exp( 00 TTBDD --=  

Do, B, To │ⱨ▫♇♥▫fi◓הⱤꜝⱷ⁹╢№≢♃כDo, B, To ⌐ ⇔≡ ⌂ ≠

↑⅜⌂↕╣≡™╢⅜⁸↓↓≢│ ∂⌂™⁹VFT ⌐│ 3≈─ⱨ▫♇♥▫fi◓הⱤꜝⱷכ

♃⅜ ⌐ ╘╠╣≡™╢─≢⁸ ─ⱪ꜡♇♩⌐ ⇔≡╟ↄ ╦∑╢↓≤⅜≢⅝╢⁹

⌐ 3≈─ Ɽꜝⱷכ♃⅜ ╘╠╣╣┌⁸ ─ ⌐⅔↑╢ ╩ ⇔≡

≢⅝╢≤™℮ ≢─ │ ⅝™⁹ 

6.1≤ 6.4 ( │ ↄ) ─ VFTⱨ▫♇♩Ɽꜝⱷכ♃╩ ∆⁹R│ⱨ▫♇♥▫fi◓─

╩ ∆ ≢⁸Origin♁ⱨ♩─ ∆╢ ╩ ⇔≡™╢⁹ 

 

 

Sample Component D0 (m
2
·s

-1
) B(T

-1
) To(T) R

2
 

 

LiPF6 in PC 

PC 2.04 × 10
-8

 759 138 0.99987 

PF6 1.74 × 10
-8

 748 140 0.99979 

Li  1.38 × 10
-8

 807 141 0.99929 

 

LiPF6 in DEC 

PF6 2.13 × 10
-8

 868 98 0.99793 

Li  1.86 × 10
-8

 821 106 0.99864 
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EC-DEC-LiPF6 ≢ VFTⱤꜝⱷכ♃כ╩ ⇔√─≢ ⇔≡⅔ↄ⁹( 7.1 7.4) 

 

 Do(m
2
·s

-1
) B (T

-1
) To (T) R

2
 

EC/DEC 2:8     
DEC 3.85 × 10

-8
 895 100 0.99968 

EC 4.00 × 10
-8
 912 106 0.99968 

PF6 1.64 × 10
-8
 742 122 0.99911 

Li  1.46 × 10
-8
 796 119 0.99906 

EC/DEC 4:6     
DEC 9.47 × 10

-9
 486 151 0.99731 

EC 1.31 × 10
-8
 568 143 0.99909 

PF6 1.61 × 10
-8
 720 128 0.99866 

Li  1.03 × 10
-8
 699 133 0.99852 

EC/DEC 6:4     
DEC 1.11 × 10

-8
 557 148 0.99944 

EC 1.35 × 10
-8
 583 147 0.99973 

PF6 1.53 × 10
-8
 696 136 0.99848 

Li  1.40 × 10
-8
 795 130 0.99967 

EC/DEC 8:2     
DEC 5.80 × 10

-8
 1209 80 0.99963 

EC 6.13 × 10
-8
 1165 86 0.99986 

PF6 2.22 × 10
-8
 833 120 0.99939 

Li  3.36 × 10
-8
 1157 95 0.99933 

 

 

≤⇔≡ 6.1─ 1MLiPF6─ PC ─ VFT-fitting ╩ ⇔≡⅔ↄ⁹ 
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6
 in PC
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7.5 4PC-6DEC-1M-LiPF6 ─ ─  

 

 

1000/T 

 

o
C DEC PC PF6 Li  

2.83174 80 9.76E-10 8.82E-10 6.66E-10 4.75E-10 

3.00174 60 6.52E-10 6.28E-10 4.66E-10 3.08E-10 

3.19346 40 4.50E-10 4.26E-10 3.13E-10 2.15E-10 

3.29881 30 3.69E-10 3.35E-10 2.44E-10 1.66E-10 

3.41134 20 2.90E-10 2.50E-10 1.94E-10 1.25E-10 

3.66113 0 1.68E-10 1.46E-10 1.10E-10 7.14E-11 

3.95038 -20 8.06E-11 6.93E-11 5.20E-11 3.00E-11 

4.28927 -40 2.86E-11 2.37E-11 1.54E-11 9.55E-12 

 

 

7.5 4PC-6DEC-1M-LiPF6 ─ ─  ( 7.4) 
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7.6 6PC-4DEC-1M-LiPF6 ─ ─  

 

 

 

 

1000/T 

 

o
C DEC PC PF6 Li  

2.91426 70 6.67E-10 6.44E-10 5.04E-10 3.33E-10 

3.09463 50 4.49E-10 4.43E-10 3.55E-10 2.21E-10 

3.29881 30 2.91E-10 2.82E-10 2.24E-10 1.33E-10 

3.53182 10 1.67E-10 1.63E-10 1.24E-10 7.49E-11 

3.80026 -10 8.71E-11 8.00E-11 6.24E-11 3.56E-11 
4.11286 -30 3.36E-11 3.06E-11 2.26E-11 1.24E-11 

 

 

 

 

7.6 6PC-4DEC-1M-LiPF6 ─ ─  ( 7.5) 
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7.7 80
o
C⌐⅔↑╢ 1M-LiPF6─ DEC-EC⅔╟┘ DEC-PC ≢─ 

EC(PC)─ ≤  

PC/EC

 

 

DEC 

 

EC PC PF6-EC PF6-PC Li -EC Li -PC  

0 1.45E-09   7.43E-10  7.10E-10  
DEC 

100% 

20 1.11E-09 9.96E-10  6.85E-10  5.00E-10   

40 9.31E-10 9.32E-10  7.11E-10  4.36E-10   

40 9.76E-10 -- 8.82E-10  6.66E-10  4.75E-10  

60 7.76E-10 8.25E-10  6.24E-10  4.00E-10   

100  7.10E-10  5.80E-10  3.40E-10  
EC 

100% 

100   5.93E-10  5.17E-10  2.94E-10 
PC 

100% 

 

7.7 80
o
C⌐⅔↑╢ 1M Li -PF6─ DEC-EC≤ DEC-PC ≢─ ╩

EC(PC)─ ≢ⱪ꜡♇♩ 

0 10 20 30 40 50 60 70 80 90 100
10

-10

10
-9

PC
EC

DEC

 
 

80 
o
C

D
 (

m
2
s-1

)

Mol% of EC (PC)

 DEC

 EC

 PC

 PF
6
 (EC)

 PF
6
 (PC)

 Li (EC)

 Li (PC)

 

80╠⅛♃כ♦─12-19 
o
C─♦כ♃╩ ⇔≡ 20≤ 32╩ ⇔√⁹80

o
C

⌐⅔™≡ PC≤ EC⌐╟∫≡ ∂╢ │ ↕™⁹DLi│ PC(EC)─ ⅜ ⅎ╢≤

↕ↄ⌂╢⅜⁸DPF6─ │ ↕™⁹DEC100%─ ⌐ LiPF6│ ⇔≡™⌂™─≢ DLi 

≈ DPF6≢№╢⅜ PC(EC)⅜ ╢↓≤⌐╟╡⁸PC(EC)│ Li ⌐ ⇔≡ ⅜ ╗⅜

─ ─ ⌐╟╡⁸Dsolvent│ ↕ↄ⌂╢⁹DPF6│ DEC100%─ ⅜ ╘≡

™(DPF6 = DLi)⁹EC(PC)─ ⅜ ⅎ⁸ ⅜ ╗≤ DPF6  DLi)⁸ ⅜

↕ↄ⌂╢ ≤ ⌐ ─ ⅜ ∆╢ ⅜ ⇔≡ │ ↕

™⁹ ⇔≡™╢ DLi─ │ EC(PC)─ ⅜ ⅝ↄ≤ PF6⅜ ╣≡╝ↄ⅜ ─

≢ ─ ⌐ ∂╢╟℮⌐⌂╢≤ ↕ↄ⌂╢⁹ 
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7.8  30
o
C ⌐⅔↑╢ 1M-LiPF6─ DEC-EC, DEC-PC ≢─ EC(PC)

─ ≤  

PC/EC

 

 

DEC 

 

EC PC PF6-EC PF6-PC Li -EC Li -PC  

0 5.80E-10   2.75E-10  2.70E-10  DEC100% 

20 4.57E-10 3.80E-10  2.66E-10  1.88E-10   

40 3.60E-10 3.50E-10  2.61E-10  1.70E-10   

40 3.69E-10  3.35E-10  2.44E-10  1.66E-10  

60 2.99E-10 3.15E-10  2.41E-10  1.41E-10   

60 2.91E-10  2.82E-10  2.24E-10  1.33E-10  

100  2.59E-10  2.14E-10  1.13E-10  EC 100% 

100   2.04E-10  1.84E-10  9.60E-11 PC 100% 

 

7.8  30
o
C ⌐⅔↑╢ 1M-LiPF6 ─ DEC-EC,DEC-PC ≢─ ╩

EC(PC)─ ≢ⱪ꜡♇♩ 
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30 
o
C

D
 (

m
2
s-1

)

Mol% of EC(PC)

 DEC

 EC

 PC

 PF
6
 (EC)

 PF
6
 (PC)

 Li (EC)

 Li (PC)

 

 30
o
C⌐⅔™≡╙ ⌐ ⇔≡ PC≢№╢⅛ EC≢№╢⅛⌐╟∫≡ ∂╢ │

↕™⁹DLi│ EC(PC)─ ⅜ ⅎ╢≤ ↕ↄ⌂╢⅜⁸DEC─ ⌐ ℮ DPF6─

│ ↕™⁹DEC100%─ ⌐ LiPF6│ ⇔≡™⌂™─≢ DLi ≈ DPF6≢№╢⅜ PC(EC)⅜

╢↓≤⌐╟╡⁸EC(PC)⅜ Li ⌐ ⇔≡▬○fi ⅜ ╗⅜ ─ ╩ ∆╢⁹DPF6

│ ⇔≡ ⅜ ↕ↄ⌂╢ ≤ ⅜ ∆╢ ⅜ ⇔≡

│ ↕™⁹Li │ EC(PC)─ ⅜ ⅝ↄ⌂╢⌐≈╣≡ ⅜ ╖⁸PF6≤─ │

∆╢⅜⁸ ≤ ─ ─ ⌐╟╡ ─ ⌐ ∂╢╟℮⌐ DLi│

EC(PC)─ ⅜ ⅝ↄ⌂╢≤ ↕ↄ⌂╢⁹80
o
C⌐⅔™≡╖╠╣√ ≤ ⇔≡™╢⁹ 
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7.9 -10
o
C⌐⅔↑╢ 1M-LiPF6─ DEC-EC≤ DEC-PC ≢─ 

PC─ ≤  

 

 

 

DEC 

 

EC PC PF6-EC PF6-PC Li -EC Li -PC  

0 2.54E-10   1.17E-10  1.06E-10  DEC 100% 

20 1.60E-10 1.20E-10  9.35E-11  6.33E-11   

40 1.27E-10 1.16E-10  8.31E-11  4.94E-11   

60 9.33E-11 9.00E-11  6.21E-11  3.61E-11   

60 8.71E-11  8.00E-11  6.24E-11  3.56E-11  

100   4.72E-11  4.08E-11  1.85E-11 PC 100% 

 

 

 

7.9 -10
o
C ⌐⅔↑╢ 1M-LiPF6─ DEC-EC ≤ DEC-PC ≢─ ╩

PC─ ≢ⱪ꜡♇♩ 
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Mol% of EC(PC)
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 PC
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6
 (EC)

 PF
6
 (PC)

 Li (EC)

 Li (PC)

 

 EC─ ⅜ ∆╢≤ ∆╢⁹-10
o
C≢│ PC(EC)─ ─ ⌐ ℮▬○fi

─ │ ⅝™⁹ 
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7.10 DEC─ ≢ Li, PF6, EC─ ╩ⱪ꜡♇♩ 

 

10
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-10
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DEC 100%

DEC 100%

DEC 100%

80 
o
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30
 o
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-10 
o
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)

D
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 (m
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-1
)
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 DDEC ≢ DLi, DPF6⁸DEC ╩-10
o
C⁸30

o
C≤ 80

o
C╩ √⇔♩♇꜡ⱪ⌐♩כꜗ♅∂

═≡╖√⁹DPF6⁸│ DDEC ⌐ ⇔≡ ⅜ ↕™⅜⁸DLi,  DEC │ DDEC ⅜ ⅝ↄ⌂╢

≤ ⌐ ⅝ↄ⌂╢⁹ ─ ─ │ ⌐ ∆╢─≢⁸DLi,  DEC │ ⅜

↕ↄ⌂╢≤⁸ │ ↄ⌂╢⅜⁸DPF6 ┼─ │ ↕™⁹ 
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7.11 30
o
C⌐⅔↑╢ 1M Li -PF6─ DEC-EC ─ R ╩ EC─ ≢ⱪ꜡

♇♩ 
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o
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e
n
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n
)

% of EC

 

 

 

 ─⸗♦ꜟ≢№╢ EC-DEC-LiPF6⌐≈™≡ R ╩⇔╘⇔√⁹ │ ≢

№╢─≢⁸Dsolvent/Dion │ EC≤ DEC⌐≈™≡ ⇔≡ ⇔≡№╢⁹EC⅜ 20%─

⌐╟∫≡ RLi≤ RPF6─ ≤╙ ⅜ ⅝™⅜⁸EC─ ⅜ ⅝ↄ⌂╢≤ ⇔√

⌐⌂╢⁹ 33─ⱪ꜡♇♩⅛╠ ╢╟℮⌐⁸ ≢ EC≤ DEC─ D─ │ EC40% 

≢│ ⇔≡™╢⅛╠≢№╢⁹  35 │ ─ ╩℮╕ↄ ⇔≡™╢⁹

DEC100%─ ⌐│▬○fi ╩⇔≡™⌂™─≢⁸Li-PF6⌐ ⅜ ╡ ╪≢ RLi≤ RPF6 

│ ⇔√ ≤⌂╡⁸DEC─ ─ ⌐⌂∫≡™╢⁹EC╩ ⅎ╢≤▬○fi ⅜

∆∆╖⁸Li ─ ╡│ EC⅜ ⇔≡ PF6⅜ Li ─ ⅛╠ ╣≡╝ↄ⁹PF6─

│ ↕ↄ⌂╡ E 100% ─ RPF6  1.2 ⱨ□fi♦ꜟ꞉כꜟ☻ ⅛╠─ │

⁸ RLi   2.3 ≤⌂╡⁸1M≤™℮ ╩ ⅎ╣┌▬○fi │

╪≢™╢≤™ⅎ╟℮⁹Dsolvent⅛╠ ↕╣╢ │ EC─ ≤≤╙⌐ ⅝ↄ⌂∫≡

™╢⁹ 
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7.12 30
o
C⌐⅔↑╢DEC-EC-PF6⅔╟┘DEC-PC-LiPF6 ─▬○fi─

╩ DEC DEC=0─ │ PC ─ ≢ⱪ꜡♇♩ 

2x10
-10

3x10
-10

4x10
-10

5x10
-10

6x10
-10

1x10
-10

2x10
-10

3x10
-10

D
PC

PC 100%

D
io

n

D
DEC

PF
6
 in EC-DEC

PF
6
 in PC-DEC

Li in EC-DEC

 Li in PC-DEC

DEC 100%

 

 7.1 7.4⅛╠╦⅛╢╟℮⌐⁸DEC≤ PC(EC)─ │ ⇔√ ╩ ⇔≡

™╢─≢⁸DEC ─ ≢ Li ≤ PF6─ ╩ⱪ꜡♇♩⇔√⁹DEC ╩ ╕⌂™

PC(EC)100%─ ≢│ PC─ ╩ ™√⁹PF6─ ⅜ Li ╟╡ ⅝⌂ ╩╙≈

⅜⁸≤╙⌐ ─ ⌐ ⇔≡™╢↓≤⅜╦⅛╢⁹DEC100%─≤⅝⌐│▬○fi

⅜⌂ↄ Li ≤ PF6⅜ ⇔√╕╕ ⇔≡™╢⅜⁸PC(EC)⅜ ╦╢≤▬○fi ⅜

∂╢↓≤⅜╦⅛╢⁹ 

 

7.13 30
o
C⌐⅔™≡▬○fi ≤ ─ ╩ EC─ mol%≢ⱪ꜡♇♩
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 30
o
C⌐⅔↑╢▬○fi │ EC

─ ⅜┤ⅎ╢≤ ⇔ 60% ≢│

⅝ↄ ⇔⌂™⁹NE ⅛╠ ╘√▬

○fi ─ ╙ EC─ ⌐ ∂≡

⅝ↄ⌂╢⁹EC ⅜ ≢№╢↓

≤╩ ⌐ ⇔≡™╢⁹ 7.12≢╙ ↕

╣≡™╢╟℮⌐ NMR⅛╠ ╘√

≢ ↕╣√ EC─ ≤▬○fi

╩ ⇔≡ NE ╩ ™√ ─

│╟ↄ ⇔≡™╢⁹ 
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8. 6 ─ꜞ♅►ⱶ ─  

 

“The characteristic properties of ions for six lithium salts including lithium 
bis-(oxorateborate) dissolved in g-butyrolactone”, Y. Aihara, T. Bando, H. Nakagawa, H. 
Yoshida, K. Hayamizu, E. Akiba and W. S. Price, J. Electrochem. Soc.,151, A119 
(2004). 
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BOB ⅜ ─▪♬○fi≤⇔≡ ⇔√ ⌐▪♬○fi─ ⅜ ⌐ ╓∆ ╩⇔╠═

╢√╘⌐ ─ꜞ♅►ⱶ ╩ ⌐ ⇔√⁹ │ GBL≢ │ 0.1M⅛╠ 0.75M╕≢

─ 4 ≢ │ 30
o
C≢ ∫√⁹BOB│ 11

B≢ ⇔⁸ ─▪♬○fi│ 19
F≢ ⇔√⁹ 
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8.1 ⱨ♇ ╩ ╗▪♬○fi─ 19
FNMR☻Ɑ◒♩ꜟ 
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 ⌐ 19
FNMR ─ ◦ⱨ♩│ ⅝ↄ⁸ ─ ⌐╟╡ ⌂∫√ ⌐Ⱨ

╩◒כ ∆⁹↓↓≢│ⱨ♇ ╩ ╗▪♬○fi─ 19
F☻Ɑ◒♩ꜟ╩ ∆⁹ ∟─◘fiⱪꜟ≢

⇔≡™╢─≢⁸ │ PC№╢™│ GBL⁸▬○fi ─▪♬○fi╙ ╕╣╢⁹▬○fi

─ │⌂™⅜ │⅔╟∕ 25
o
C≢№╢⁹ ⌐™ⅎ┌ 19

F◦ⱨ♩ │ ⁸

⌐╟∫≡ ⌐ ∆╢⁹⇔⅛⇔⌂⅜╠⁸▪♬○fi ╩ ╘╢√╘─ ≢│ │

≢№╤℮⁹ a │◦ⱨ♩─ ⅜ ↕™▪♬○fi ⁸ │ ⌐ ⅝

ↄ◦ⱨ♩∆╢ FSA≤ ⌐ ⅝ↄ◦ⱨ♩∆╢ B12F12╩ ⇔√⁹ 
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8.2 LiBF4─ ≢─ 19
F≤ 11

B☻Ɑ◒♩ꜟ  

 

10 8 6 4 2 0 -2 -4 -6 -8 -10 0.10 0.08 0.06 0.04 0.02 0.00 -0.02 -0.04

1.6 Hz

11
B NMR

Hz

LiBF
4
 in D

2
O

0.6Hz

1.6 Hz

19
F NMR

ppm

 

 BF4▪♬○fi│
10

B, 
11

B, 
19
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⅜ ≢№╢⁹19
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B │ I=3≢ 19.9 ⁸11
B│

I=3/2≢ 80.1 ≢№╢⁹ │ 1
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B 29.0 MHz⁸11

B

86.6 MHz≢№╡⁸11
B─ ⅜│╢⅛⌐ ⇔╛∆™⁹10

B│ ─ⱪ꜡כⱩ≢│ ≢⅝

⌂™⁹BF4╩
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F≢ ∆╢≤⁸2≈─ ─ ⅜ ╣╢↓≤⅜№╡⁸ ─ ↕

⌂Ⱨכ◒│ ⌂≥≤ ℮↓≤⅜№╢⁹LiBF4─ D2O ≢ ⇔√ 19
F≤ 11

B─☻Ɑ

◒♩ꜟⱤ♃כfi╩ ─√╘⌐ ⇔≡№╢⁹ 

11
B☻Ɑ◒♩ꜟ│ 4 ─ ⌂ F⌐╟╡ 1:4:6:4:1─ quintet⌐ ⇔ J=1.6 Hz≢

№╢⁹19
F☻Ɑ◒♩ꜟ│ ⅜⅔╟∕ 8:1≢ ◦ⱨ♩ 0.05ppm─ 2≈─◦◓♫ꜟ╩

⇔⁸11
B I=3/2 ≤─ J-coupling≢ ─ 1.6Hz─ 4 ⌐ ∆╢⁹ ─ ↕™

─Ⱨכ◒│ 10
B I=3 ≤─ J-couling≢ ≢ 7 ⌐ ⇔⁸J=0.6 Hz≢№╢⁹ 
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8.1 ▬○fi≤ ─ ⌂  

 

 MW  

 (nm)
a 

   

BF4 87 0.227 tetrafluoroborate LiBF4  

PF6 145 0.254 hexafluorophosphate LiPF6  

Triflate 176 0.267 trifluorosulfonate LiSO3CF3  

BOB 187 0.287 bis(oxalate)borate LiB(C2O4)2  

TFSA 280 0.325 bis(trifluoromethanesulfonyl) amide LiN(SO2CF3)2  

BETA 380 0.362 bis(pentafluoroethanesulfonyl)amide LiN(SO2C2F5)2  

Li   0.076   Li
+
 

GBL 86.1 0.268 g-butyrolactone C4H6O2  

PC 102.1 0.276 propylene carbonate C4H6O3  

 

a M. Ue, J. Electrochem. Soc., 141,3336 (1994),M. Ue, A. Murakami, S. Nakamura, J. Electrochem. Soc. 

149, A1385 (2002). 

 

 

8.3 ▪♬○fi─ ≤ ≤─ 
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 23⌐ ≠™≡ⱨ□fi♦ꜟ꞉כꜟ☻ ╩ⱪ꜡♇♩⇔√⁹ꜞ♅►ⱶ│ ≢№

╢⁹ ─√╘⌐ GBL╩ ⅎ√⁹▪♬○fi─◘▬☼│ ≤ ⇔≡™╢⁹ 
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8.2▬○fi ─  

 

Ionic conductivity s (S/cm) in GBL at 303 K 

 

c(M) 

 

c
1/2

 BOB TFSA BETA PF6 BF4 SO3CF3 

0.10 0.31623 0.00232 0.00241 0.00211 0.00302 0.00272 0.00196 

0.25 0.5 0.00452 0.00503 0.00453 0.00615 0.00497 0.00324 

0.50 0.70711 0.00663 0.00794 0.00667 0.00973 0.00708 0.00421 

0.75 0.86603 0.00811 0.00928 0.00792 0.01127 0.00790 0.00458 

 

 

8.4 ▬○fi ─  
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8.3 ▬○fi ─   

Equivalent conductivity in GBL at 30
o
C (Scm

2
mol

-1
) 

 
C(M) 

 

c
1/2

 BOB TFSA BETA PF6 BF4 triflate 

0.10 0.316 23.2 24.1 21.1 30.2 27.2 19.6 

0.25 0.500 18.1 20.1 18.1 24.6 19.9 13.0 

0.50 0.707 13.3 15.9 13.3 19.5 14.2 8.4 

0.75 0.866 10.9 12.4 10.5 15.0 10.5 6.0 

 

 

8.5 ▬○fi ─  
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▬○fi )1000/(/)()( 3112 ---- =L cmmolMScmmolScm s  

 ▬○fi │ ╩╙≈▬○fi─ × (▬○fi─ )≤ ↕╣≡™╢─

≢⁸▬○fi ≢ ⇔√ ⅜ ▬○fi ≢№╢⁹ ▬○fi │ 

≢│ PF6 > BF4 > TFSA >BOB > BETA> SO3CF3 

⅜ ⅝ↄ⌂╢≤ PF6 > TFSA > BOB ~ BETA ~ BF4 > SO3CF3 
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8.4 ▪♬○fi⁸ꜞ♅►ⱶ▬○fi⁸ ─ ─  

 

M 

GBL anion Li  GBL anion Li  

0 9.00E-10    

 GBL BF4 Li  GBL BETA Li  

0.75 5.07E-10 3.51E-10 2.36E-10 4.24E-10 2.39E-10 1.90E-10 

0.5 6.05E-10 4.35E-10 2.76E-10 5.60E-10 3.15E-10 2.50E-10 

0.25 7.03E-10 5.41E-10 3.36E-10 7.02E-10 4.03E-10 3.18E-10 

0.1 7.86E-10 6.34E-10 3.52E-10 7.89E-10 4.70E-10 3.54E-10 

   

 GBL TFSA Li  GBL SO3CF3 Li  

0.75 4.42E-10 3.14E-10 2.10E-10 4.97E-10 2.58E-10 2.14E-10 

0.5 5.74E-10 3.81E-10 2.57E-10 6.00E-10 3.28E-10 2.58E-10 

0.25 7.20E-10 4.70E-10 3.19E-10 7.17E-10 4.25E-10 3.04E-10 

0.1 7.87E-10 5.22E-10 3.48E-10 7.74E-10 5.13E-10 3.39E-10 

   

 GBL BOB Li  GBL PF6 Li  

0.75 4.30E-10 2.50E-10 1.90E-10 4.54E-10 3.84E-10 2.12E-10 

0.5 5.60E-10 3.20E-10 2.42E-10 5.98E-10 4.95E-10 2.71E-10 

0.25 7.12E-10 4.26E-10 3.00E-10 6.90E-10 5.83E-10 3.30E-10 

0.1 8.01E-10 5.00E-10 3.34E-10 7.93E-10 6.62E-10 3.40E-10 

 

8.6 ▪♬○fi⁸ꜞ♅►ⱶ▬○fi⁸ ─ ─  
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 ─ ≤ Li ─ │ ≢│▪♬○fi─ ⌐╟╢ │

↕™⅜⁸ ⌐⌂╢≤▪♬○fi─ ╩ ⅛≢№╢⅜ ↑╢⁹▬○fi ⅜ ⌐

│ PF6 > BF4 > TFSA > SO3CF3 > BOB > BETA─ ≢,▪♬○fi─◘▬☼╩ ⇔≡

™╢⁹ ⇔ 8.1⅛╠ ─ │BF4 <PF6 < SO3CF3 < BOB < TFSA < BETA

≢№╡⁸ ╩ ∆╢≤▬○fi ─ ⅝↕╙ ⌐⌂∫≡™╢⁹ 
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8.7 ▬○fi─ ≤ ─ ─  
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 ─ Dsolvent≢ DLi≤ Danion╩ⱪ꜡♇♩⇔√⁹DLi│▪♬○fi⌐ ⌂ↄ

─ ≤ ↄ ∆╢↓≤⅜╦⅛╢⁹ ™ ⅎ╢≤⁸Li │ ⌐╟∫≡

⅜ ╕╡⁸▪♬○fi─ ⌐╟∫≡ ─ ─ ⅜ ╕╢⁹ꜞ♅►

ⱶ ╩ ⅎ╢≤ ─ │ ⅜╢↓≤⅜ ╠╣≡™╢⅜⁸ ⅜ 0.5M╟╡

≢│▪♬○fi─ ⌐╟∫≡ ─ D │ ⅝ↄ ∆╢↓≤│⌂™⁹ ─ D ≢ⱪ꜡

♇♩∆╢↓≤⌐╟╡⁸▪♬○fi─ ⅝╛∆↕╙ ⌐⌂╡⁸∕─ │  

PF6 > BF4 > TFSA > BOB > BETA > SO3CF3  

≤⌂╢⁹BF4│▬○fi ⌐ ∫≡ │ PF6╛ TFSA⌐ ═≡ ⅝ↄ ⇔≡

™╢⁹SO3CF3≤ BF4│▬○fi ─ ⅝™▪♬○fi≤↕╣≡™╢⁹ 
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8.8 ▬○fi ⌐≈™≡─  

ꜞ♅►ⱶ▬○fi─ RLi≤▪♬○fi◘▬☼≢ ⇔√ RRanion─  

 

▬○fi │ ─ ⁸▬○fi◘▬☼⁸ ─ ⌂≥⅜ ⌐ ⇔№℮⁹ ┼

─ ─ ⅝↕╙ ≢№╢⁹↓─ ⌐ ₁─▪♬○fi╩ ≠↑╢↓≤⅜ ≢№

╢⁹( │Ᵽꜟ◒─ ≢─ ≢№∫≡⁸ ≤─ ╛ ⌂≥│ ↄ

⇔≡™⌂™)⁹ 
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8.9 NMR⅛╠ ╘√ꜞ♅►ⱶ  
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8.10 ▬○fi ─ ─  
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ꜞ♅►ⱶ ─ PC ─  

“Ion Diffusion and Lithium Jump of Li2B12F12 dissolved in Propylene Carbonate (PC) studied by NMR 

Spectroscopy” K. Hayamizu, M. Hattori, J. Arai and A. Matsuo, ECS Transactions, 16 (35), 13 (2009). “A 

Divalent Lithium Salt Li2B12F12 Dissolved in Propylene Carbonate (PC) studied by NMR Methods.” K. 

Hayamizu, A. Matsuo, J. Arai, J. Electrochem.Soc. 156, A744 (2009). 

 

ꜞ♅►ⱶ ─ ⌂ꜞ♅►ⱶ ╩ ∆╢ ╖│ ↄ ╦╣≡™╢⁹∕─ ≢ Li2B12F12

│ 2 ─ꜞ♅►ⱶ ≤⇔≡ ⌂ ╩╙≈⁹↓↓≢│ NMR≢ ⇔√ ♃כ♦╩

⌐ ∆╢⁹ 
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9.1▪♬○fi⁸ꜞ♅►ⱶ▬○fi⁸ ─ ─  

 

 

 0.1M  0.2M 
 PC B12F12 Li   PC B12F12 Li  

80 1.51E-9 7.42E-10 8.77E-10 80 9.32E-10 4.17E-10 4.7E-10 

70 1.19E-9 5.59E-10 6.65E-10 70 7.64E-10 3.25E-10 3.53E-10 

60 1.02E-9 4.8E-10 5.6E-10 60 6.32E-10 2.77E-10 2.95E-10 

50 8E-10 3.66E-10 4.24E-10 50 5.44E-10 2.3E-10 2.35E-10 

40 5.51E-10 2.53E-10 2.6E-10 40 4.26E-10 1.72E-10 1.86E-10 

30 4.44E-10 1.93E-10 2.03E-10 30 3.4E-10 1.34E-10 1.43E-10 

20 3.4E-10 1.41E-10 1.44E-10 20 2.62E-10 1.04E-10 1.08E-10 

10 2.7E-10 1.16E-10 1.12E-10 10 1.99E-10 7.93E-11 8.02E-11 

0 2E-10 9E-11 8.45E-11 0 1.42E-10 5.5E-11 5.6E-11 

-10 1.507E-10 6.61E-11 6.4E-11 -10 1E-10 3.78E-11 3.82E-11 

-20 9.73E-11 4.48E-11 4.32E-11 -20 6.66E-11 2.45E-11 2.42E-11 

 

 0.3M  0.5M 
 PC B12F12 Li   PC B12F12 Li  

80 7.7E-10 3.48E-10 3.6E-10 80 4.55E-10 1.82E-10 2.03E-10 

70 6.2E-10 2.67E-10 2.81E-10 70 3.6E-10 1.43E-10 1.6E-10 

60 5.09E-10 2.15E-10 2.23E-10 60 2.94E-10 1.13E-10 1.25E-10 

50 4.18E-10 1.71E-10 1.75E-10 50 2.29E-10 8.54E-11 9.92E-11 

40 3.22E-10 1.3E-10 1.38E-10 40 1.76E-10 6.46E-11 7.2E-11 

30 2.54E-10 9.64E-11 1.02E-10 30 1.23E-10 4.28E-11 5.02E-11 

20 1.91E-10 7.1E-11 7.63E-11 20 8.6E-11 2.97E-11 3.51E-11 

10 1.42E-10 5.16E-11 5.53E-11 10 5.77E-11 2.04E-11 2.4E-11 

0 1.02E-10 3.59E-11 3.8E-11 0 4.25E-11 1.38E-11 1.63E-11 

-10 6.72E-11 2.32E-11 2.51E-11 -10 2.56E-11 7.92E-12 8.8E-12 
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9.4 ▬○fi─ ≤ PC─ ─  
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