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1.2 — 25°Cs )8 25°Cs )8
30°Cr 21
Dielectric . . Diffugipn
Solvent Constant Viscosity(mPag Coefflzc[?nt Remarks
D (ms?)
Temperature 25°C 25°C 30°C
EC ethylene carbonate 40 1.93 8.00E10 40°C
PC (propylene carbonate) 64.4 2.513 5.32E10
BC (butylenecarbonate) 53 3.2 4.50E10
GBL (gbutyrolactone) 39.1 1.73 8.25E10
GVL (methylgbutyrolactone) 34 2 8.10E10
NMP (N-methylpyrrolidone) 32 1.67 8.20E10
PG (pentaglyme) -- - 2.09E10
TeG (tetraglyme) 7.9 4.05 3.24E10
TG (triglyme) 7.51 2.01 4.45E10
DG (diglyme) 7.27 1.01 1.07E09
DEE(ethylenglycoldiethylethen -- - 1.50E09
DME (dimethoxyethane) 7.2 0.455 2.70E09
DOx (1,3-dioxolane) 7.1 0.59 2.55E09
THF (tetrahydrofuran) 7.4 0.46 2.64E09
EP (ethylpropionate) -- - 1.70E09
DMC (dimethylcarbonate) 3.1 0.59 2.60E09
DEC (diethylcarbonate) 2.8 0.746 1.62E09
EMC (ethylmethylcarbonate) 2.9 0.7 -
MeOH 0.529 2.79E09 30°C
H,O 0.797 2.55E09 30°C

EC | 30°C# o
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2. 17 =1 mpr

“PulseGradient SpirEchoH, ‘Li, and **F NMR Diffusion and lonic Conductivity Measurements

of 14 Organic Electrolytes containing LIN(8CR),", K. Hayamizu, Y. Aihara, S Arai and C
GarciaMartinez,J. Phys. ChenB 103 519 (1999)" A n
lithium batteries by the multinuclear pulsgrhdient spirecho NMR: The diffusing radii of
lithium ion and anions in organg o | v,&KnHayarhizu and EAkiba, Electrochemistryr1, 1052

(2003)

2.1 LITFSA4L =V 17 —

eval uati on

met hod

30°C # T CHNMR)® ' 1 »+ wmo fi (LINMR)< = 20 fi TFSA (*°F

NMR) — D (m’s™) ( : —: 1 201)

(soll\:/)ent) (TIPS A) D (Li) Cor:q(;lrjlciivity d[i;i%ﬁ;i(c))fn Solvent Remarks
10°Scm

4.30E10 | 3.09E10 | 2.08E10 8.27 EC

3.26E10 | 2.36E10 | 1.50E10 5.18 0.62 PC

2.60E10 | 1.98E10 | 1.21E10 3.48 0.64 BC

5.30E10 | 3.77E10 | 2.46E10 8.85 0.64 GBL

5.00E10 | 3.43E10 | 2.13E10 6.44 0.65 GVL

5.10E10 | 3.74E10 | 2.37E10 1.96 0.18 NMP

1.50E09 | 6.05E10 | 6.06E10 1.82 0.12 DEE

1.70E09 | 6.15E10 | 6.39E10 3.11 0.10 DOX

1.30E09 | 7.25E10 | 5.90E10 10.6 0.36 THF

1.70E09 | 7.29E10 | 7.50E10 6.65 0.27 EP

1.60E09 | 6.01E10 | 5.80E10 2.66 0.11 DMC

1.09E09 | 4.96E10 | 4.26E10 DEC | 0.25M

2.20E09 | 8.80E10 | 7.74E10 8.94 0.31 DME

3.76E10 | 2.50E10 | 1.90E10 DG

1.80E10 | 1.50E10 | 1.03E10 TG

1.07E10 | 9.50E11 | 6.70E11 TeG

7.00E11 | 7.10E11 | 5.60E11l PG




21 ' # »+ =m0 fi <€ TFSA— L - £Kk. £ 8

— | < ( 2.2
8 o TFSA (°F NMR)
| | ® Li(LiNMR) i ®
7 TE'F DME
l DEE
i DMC
\—IO 5_ D
—
~ 4. NMP o
3 pc P DEC
@ 34 Bc O
@ GBL
O‘: 2 TG Dd:l '
(m P ) GVL
14 PG .. EC
@ DG
04 TeG
T L T T T
0 5 10, 10 2 20
DSoIv(lo m’s”)
- % %oods % %oodis| o |d=s
— — — A.”g ~ 24 T™M= 8 — Deov| = B0
fi — Dani0n=l i Hp»r — Dy < == — Y2 0O '” 9 2 —
Dsov > Danion > Dii— # N9=i 8 Danion < Dy | Dsov¥s %80 0 '” < ==
oo0f =™> Y% ™LTFSAL! wpr < o= ™y |8 —
YommO fi — b=y gmy o — D A% ™ ~

L - <= ™M <%E R



22 R < —

StokesEinstein SE — D= KT
co h,
8 -~ SE | o t 4 td v % td=™|%sDs Un —
| o Efd=™|ogv Ommii¥% %0 0{< D| toofisl
F=mf°  %Nod D] %o 0dsme Lozl | -
Pi«— # Nod © | = - £Ned 8 Pi o — £ | o ™o
PGSENMR # | . — — L #2%] %oo' e %N -l
- 8 | "HNMR® Li wmo fi | 'LINMR® = sofi | “FNMR( —|FJ = |
“BNMR)# o= # Nef © — — L - %%V —# 8
D< O m—it— i =8 RR' 02 a4L A{>
on
D, .= kT D = le R= Dsolv — rzolv
&,0 'hss ° . cp 'hsl,OI Dion rs
R(anionx R(Li) | 4 S oV —= gofi< i —Owmtt— %t — -ode
o= Yt —Dwmii¥% %0 0[ V<% L8 mmofi— Demudt 11 <%z
%o ( 22| 21%[F )
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4.30E10 1.39 2.07 EC
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5.10E10 1.36 2.15 NMP
1.50E09 2.48 2.48 DEE
1.70E09 2.76 2.66 DOX
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3. +—

“ 1 o nCormuction and Sebiffusion near Infinitesimal Concentration in Lithium
SaltOrganic SolvenE | e ¢ t r Y. AilyatagKsSudimoto, W S. Price, and KHayamizy J.
Chem. Physl13 1981 (2000).

- o= ™ o fi < NMR # A o fi — <% A
st %E{V Er® wmofi % 1900 feoad Vo
| w— fi < O fi — # Nof| NernstEinstein NE < -
A s <evo | NE — £ Nof| o

2
N
SNEZ?;—T(D++D_)

L1 # & 1.6022 10™C 8k | Boltzmann 1.380% 10%° JK* 8N | Avogadro
6.0223 107°mol* # Nef °
O fi | Al o fi 4 ~= %4 8 NMR# | = R
% Y0 ™O # Nof GBL< PCd ™=s GBL-LiBF, & GBL-LITFSA & PGLIiBF,
< PCLITFSA — = L =8 o fi < Lig« sofis -
4L IRV
3.1 Li-BF, — - %1 D (m%s?) (30°C)
| GBL< PC
GBL-LiBF, PCLIBF,
Con‘zf/l”)”a“on GBL BF, Li PC BF, Li
0.5 6.30E10 | 4.61E10 | 2.63E10 | 3.67E10 | 2.56E10 | 1.64E10
0.4 6.70E10 | 5.00E10 | 2.81E10 | 3.95E10 | 2.89E10 | 1.75E10
0.3 7.23E10 | 5.41E10 | 2.95E10 | 4.22E10 | 3.29E10 | 1.83E10
0.2 7.70E10 | 6.02E10 | 3.31E10 | 4.58E10 | 3.75E10 | 2.07E10
0.1 7.83E10 | 6.86E10 | 3.39E10 | 5.01E10 | 4.30E10 | 2.23E10
0.08 7.93E10 3.39E10 | 5.05E10 | 4.50E10 |2.32E10
0.06 8.03E10 3.59E10 | 5.13E10 | 4.73E10 |2.34E10
0.05 - 7.39510 | 3.69E10 | 5.20E10 | 4.74E10 | 2.37E10
0.03 8.17E10 - 5.27E10 | 5.06E10
0.01 8.29E10 | 8.10E10 5.47E10
0.005 8.29E10 5.51E10
1.00803 | 8.35E10 5.55E10
1.00E04 | 8.36E10 5.54E10

16



3.2 Li-TFSA — - 21 D (m’s?) (30°C)
| GBL< PC
GBL-LITFSA PCLITFSA
Conc(el\%ra“o” GBL TESA Li PC TFSA Li
1 3.48E10 | 2.17E10 | 1.61E10 | 1.98610 | 1.27E10 | 9.40E11
05 570E10 | 3.80E10 | 2.67E10 | 3.37610 | 2.34E10 | 1.54E10
0.4 6.04E10 | 4.19E10 | 2.67E10 | 3.77610 | 2.59E10 | 1.74E10
0.3 6.53610 | 4.33E10 | 2.97E10 | 417610 | 2.85610 | 1.77E10
0.2 7.17E10 | 4.60E10 | 3.10E10 | 454610 | 3.10E10 | 1.92E10
0.1 765610 | 4.91E10 | 3.24E10 | 4.85610 | 3.56E10 | 2.24E10
0.08 7.79E10 | 4.97E10 | 3.44E10 | 4.96E10 | 3.68E10 | 2.35E10
0.06 507E10 | 3.48E10 | 5.10E10
0.05 7.91E10 | 5.10E10 513610 | 3.66E10 | 2.41E10
0.03 8.06E10 | 5.23E10 522E10 | 3.75E10
0.01 8.14E10 | 5.28E10 536E10 | 3.86E10
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3.1 £ — 8 Lies gofi TFSA&BF, — — iy
> 30°C

9 6
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Li-TFSA, Li-BFs ~ | | %% Nef| ©
2. Li— D; L % A< to0]%eeacfi— - |
| $ ™o
3. BR— | - #zor=d= - %00 °TFSA- —
| |F%# Nef © —|er~=® BFR | << Lr wmofi %
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3.2 £—Lizs|d= sofi TFSA&BF, — Ak

ko P
8| : ]
| PC : GBL
: n
7 B 1 .
Increasing ! BE
— 6 saltconcentration ‘' m  TFSA
'U) 1 -
Eos| ", . <
| [ [ ] <>
S )
= 4l : Y
\g i | <§><§><>| o ‘
o " ' J g ¥ od
3t o ! ° A.
| L ' Len Li
o © y
A.¢vla M 1 ; 1 M 1 M 1
3 4 5 _163 - 7 8
Dsolvent/[:l'O ms ]
Li mmo fi 254 BF,< TFSA— L - FKoe PJ =V O mm
ofi — | — < |Fo o= ™| | < Ygr Y © wmo fi % Y%
200 < Loafi<s|fo [Fd=™{% - 2L 01 <%m™
40 Vgt #| o™%s — ™GBL < - %™PC —
DA% — -~ =™ e~ a{or 12 A=%1<|¢® % 10
o4 < BR— | TFSA— < ={s - %ooql<#Ne]°BR,
< TFSA—hofiei:2>i @ |/ 4 4 0229 nme 0.325 nme tq =™
—# — | 14# N # BF,< TFSA— — | eBL-
1.4% PC— | 152 #Nef| o= mofi— | 2 | wmo fi Lo
=™ 1<% {° % %ood{s — t ™BFR| %o TFSA<
09 |F™— -oq® % %9 0 < BR| A% =™
| %e® - 7= | ot s%  #%]°
hofiei:Di @ M. Ue, J. Electrochem. So&43 L270 (1996).



3.3 — ~ %1 | -0 fi — (30°C) Scnmih)
c (M) cl? GBL-LiBF, | GBL-LiTFSA | PGLiBF, PCLiTFSA
1E-3 0.03162 4.38E5 3.288E5 2.925E5 2.347E5
0.002 0.04472 8.58E5 6.548E5 5.747E5 4 515E5
0.003 0.05477 1.25E4 9.645E5 8.369E5 6.745E5
0.004 0.06325 1.68E4 1.278E4 1.109E4 9.04E5
0.005 0.07071 2.02E4 1.575E4 1.342E4 1.104E4
0.006 0.07746 2.42E4 1.871E4 1.604E4 1.296E4
0.008 0.08944 3.16E4 2.457E4 2.097E4 1.723E4
0.01 0.1 3.81E4 3.03E4 2.585E4 2.046E4
0.02 0.14142 7.26E4 5.775E4 4.943E4 3.958E4
0.03 0.17321 1E-3 8.415E4 6.853E4 5.924E4
0.04 0.2 0.00126 0.00108 8.802E4 7.604E4
0.05 0.22361 0.00152 0.00131 0.00105 9.273E4
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 — — - %1 A w—o fi (Semt) 4 # k
BJ ( 33
0.009
00084 | A LiTFSA-GBL GBL
1| A& LiBF,-GBL A
00071 | ¢ LiTFSA-PC N
0006l | V LBF-PC A
_—~ 0.005- \%
IE i A v
Q' 0.004-
n v v
N~ 1 v
9 0.003- v PC
| a8 ¥
1 N 1 1 N 1
0.2 0.3 0.4 0.5
c(M)
0 #Ne| o |F e GBL — % Y0 wmo fi L Aog v
#| L-BF, — % Li-TFSA 4 960 mmo fi L = 3%s
% 0.2M Y|k %0 0 < wmo fi | = Li-TFSA— % %0 mm
o fi L 149 BFR| % %90 0 < wmo fi A% [ =
TM_" 9



3.4 — - %t Bl EV O fi
(Scnfmol™)

L (Scnimol ) =s(Sem*)/M(mol/100&m®) si # | Snfmol®
c (M) c? | GBL-LiBF, GBL-LiITFSA | PCLiBF, |PCLiTFSA
1E3 0.03162 4338 329 29.5 235
0.002 | 0.04472 42.9 32.7 28.7 226
0.003 | 0.05477 417 322 279 225
0.004 | 0.06325 42.0 31.9 27.7 226
0.005 | 0.07071 40.4 315 26.85 221
0.006 | 0.07746 40.3 312 26.7 216
0.008 | 0.08944 395 30.7 26.2 215
0.01 0.1 38.1 30.3 25.85 205
0.02 0.14142 36.3 28.9 24.7 198
0.03 0.17321 333 28.1 22.8 19.7
0.04 0.2 315 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 20.0 185
0.08 0.28284 28.25 25.0 192 175
0.1 0.31623 27.2 24.1 175 16.7
0.2 0.44721 21.25 21.1 137 143
0.3 0.54772 18.2 19.2 111 13.0
0.4 0.63246 16.0 17.6 9.18 115
0.5 0.70711 138 15.9 7.8 102
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3.4 4 - — %1 o fi (Scnfmoltyd

50
- A LiBF,GBL
: A LiTFSA-GBL
404 v LiBF,-PC
_ A v LiTFSA-PC
2 o] My “a
9 30+ A, AL A
€ v A,
A ‘Wy' v A
i Vv
- ] Vv Y 7 A
vy A A
. v v A
10+ v : v
: v
N 1 N 1 N 1 N 1 N 1 N 1 N 1
00 01 02 03 04 05 06 07 08
1/2
C
O fi — | 4L ”‘: O fi </ — —_ < ! J|| =
™ o O fi % | (Ienf) - A wmofi # A v s-
Ff =2 1 —wmofi— - A Fof =™ % %0 0 < -

ofi — | 100>



3.5 — — # — NMR # =V s | =V
O fi L nmR SCﬁmeH)

&N
S\e = F(Dmhiunﬁ D anion) NernstEinstein
& 1.6022 10 C
k Boltzmann 1.380% 10 JK*
N Avogadro 6.0223 10” mol*
c (M) c? GBL-LiBF, GBL-LITFSA | PCLIiBF, PCLITFSA
0.05 0.22361 40.9 -- 253 21.0
0.06 0.24495 -- 314 253 --
0.08 0.28284 -- 309 245 21.0
0.1 0.31623 377 301 235 20.3
0.2 0.44721 344 284 21.0 176
0.3 0.54772 30.9 27.0 185 162
0.4 0.63246 288 25.3 16.8 153
0.5 0.70711 259 239 153 137
| m’s* %k enfs'— - o= == Nef °
st £ Ao lre -0 fi L snfmol™ ~ A
| ecm—  # %%l ogd =™V ks L cnfs—
L e % ™ npfs's | 102 A4l e
- T™ | — AL —1 <0
r L < —#J4 5% NMR R'0das— A
8 8 Electrochemistry ( 2% |4 )

Vol. 75, No.1 , 7579 (2007)
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35 - %t < Y | -V
fi L — K. P
50 T T T T T T T T T T T T T T T
GBL 30k h
From NMR
5 4ol . 5 o5k 3
N§ § From NMR
= z
2 g 20f g
g “o 1 B
o =] o
I Og S 15F 3
5 5 o
g af g { g a0
= = - o
- O GBL-LiBF, g o 4 a PC-LiBF,
o GBLLITFSA o o PC-LITFSA o
10 1 1 1 1 1 1 1 1 5 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 00 01 02 03 04 05 06 07 08
sqrt(c) sqrt(c)
Log L= f o) = o | = rofe
L #Ned - NE— | -lwer dLyok eV o8 LY
- L A{°sNMRZ -V — AL
o #Nef oozt ook % %004 < BR, < TFSA
Yol k4 v % A —| ® BFjmmo fi | wmo fi
ooV Es a4 e
+ oV — o fi 10*Snfmol™*
AC NMR
Kohlrasch NernstEinstein
GBL-LIBF4 46.5 47.6
GBL-LITFSA 34.4 35.3
PCLIBF4 30.9 30.4
PCLITFSA 24.6 25.0
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3.6 — — 1 Wy

2
N
Simp = eO_T(DLithium"' Danion) (@~ X)

imp k
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3.7 - R 4 £k. £

2.5
. A 7
T R
: v¥v Li v
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~
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2, slaan bacel A 5 %
Q" VVV gv PC xvx " GBL
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ZNo| —#° wmO fi Dmmx— & A<
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M. Ue, J. Electrochem. Soc. 143, L270 (1996).



3.8 — 1 o L K.

0.42
: A
AA A LITFSA
0.40 "A' "A' """ A A A o
1 A A O
0.38 A T — D
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Qo g
D“’o.36- El ] u
+ J--"m
- LiBF,
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0.32 1 A LiTFSAin GBL
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0.30 T T T T T T T T T T
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4. Li-TFSA— 1M

PC, GBL, DEC

4.1 GBL® PC%|4 DEC~ 1M Li-TFSAL =V
(m’s?h) — (10°C ~ 60°C)

remperawre | PG| PO O
60 6.48E10 3.33E10 3.88E10

50 5.30E10 2.60E10 3.06E10

40 4.30E10 2.06E10 2.63E10

30 3.48E10 1.61E10 2.17E10

20 2.80E10 1.40E10 1.81E10

10 2.23E10 1.06E10 1.52E10
PC Li TFSA

60 3.97E10 2.08E10 2.97E10

50 3.24E10 1.66E10 2.24E10

40 2.59E10 1.25E10 1.59E10

30 1.98E10 9.40E11 1.27E10

20 1.53E10 7.20E11 1.02E10

10 1.07E10 5.30E11 7.30E11
DEC Li TFSA

60 1.01E9 4.30E10 4.63E10

50 8.44E10 3.66E10 3.8E10

40 7.00E10 2.95E10 3.12E10

30 5.81E10 2.45E10 2.55E10

20 4.50E10 1.94E10 1.92E10

10 3.29E10 1.50E10 1.45E10
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4.1

GBL® PC%|f{ DEC~ 1M LiTFSAZ =V
(m’sh) — (10°C~60°C) ( 4.3
109 | LN DL DL B L L B T T T T T T ] 109
L | IM-LiTFSAin GBLI - ]
[ .
N ] -
€ T :
k5 " v L u M
= . vV A - A
8 v I A [ | v A
s v 4
é 107 4 1T " v . 110"
a .
T vae o IR
AL A A L
10 20 30 40 50 60 10 20 30 40 50 60
Temperature’C) Temperature’C)
1M LiTFSA in DECI
 10°F I
£ . "
'qs:')' [
£ - :
X
8 - .
S *
%) m DEC
£ + v TFSA
[S I A L
10"} 1
10 20 30 40 50 60
Temperature’C)
DECL - -V # | Drrsa< Di— % 1 O Sumo fi
10°C 60°C— — <t i » D (kJ/mol)
GBL PC DEC
Solvent 16.7 20.4 17.3
Li 17.5 21.6 16.5
TESA 14.4 214 18.1
| = —7 arek. P — | # Nef ©
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4.2 1M Li-TFSA— PC GBL& DEC £ — -
( 40
12—Kk. e s & Ais-|f=s 1 — — 4L fkw-aq.
+z 424 =V 9 m== | 5 KIET7 2 ={°
A. GBL < DEC - D — % |4 PC< DEC - D —
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A N A »
« & = N L
* A Al A AL
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£ * 4 * *x A
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10"} | « TFsA * L *x X * |
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¥ Troa * K
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3I.0 3I.1 3I.2 3I.3 3I.4 SI.5 3.6 3I.0 3I.1 3I.2 3I.3 3I.4 3I.5 3.6
1000/T 1000/T
GBL< DEC % — A °
a. Dpec>>Dge. — | |F%# Nef ©
b. Di | 7%t — | DEC # %9 0 %® wmo fi o= ™o
| - % £ %o ™9
PC < DEC — — o
a. PC< DEC# | - - %0 Y% k4 4 ¢ PC—
1 ™9
b. A==— £ PC — SACNER —
Yo mmo fi — AL k=™ v Bz Nef o

GBL< PC < -~ DEC—
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B. IMLITFSA— PC —e D 2< GBL —¢D od

7x10"° — T

| IM-LITFSA in PC & GBLI ]
6x10" | -
| —m—GBL / ]

—o—PC
5x10"° | |-e— TFSA in GBL .
—A—Liin GBL
[ [-A— Liin PC 1

N\g; 4x10% | |—O— TFSAin PC / -
=
O
= 510 | |
g 30 ./ ./ %o
g _m. l/ B/A .
k= 2x10" | /.7A/ /A/A i
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5 ot Il/o/o/A -
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| ]
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Temperature’C)
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44 3 — Li-TFSA -2s™= NMRZ kv ' Wt < R
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[| © TFSA(DEC) w TFSA(GBL) A TFSA(PC) ]
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Temperature’C)
PC< GBL | Yo %08 HBr — | %™% % ™9
PC< GBL| Lir == mmO fi L Ao DEC— | 10 wmo
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5. Li-TFSA4L - oV =

“lon and solvent diffusion and ion conduction of-BEC and PEDME binarv
solvent electrolvtes of LIN(S@CR;),, K. Hayamizu and Y. AihareElectrochimica
Acta49, 3397 (2004).

- | - - $N9‘”9$OIS@EZ — - =~ T™™M=
ey o

PC, DEC, DME -—

\_k PC
PC mp:-55°C bp: 241.7C

DEC mp:-43°C bp: 127C
DEC DME mp:-58°C bp: 84.7C

o EC mp: 39°C bp: 152C
e V\O/ DME

5.1 - 4 oV (B o )— (m%s?)
(30°C)
DEC-PC DME-PC
Mol';é of DEC PC DME PC
0 1.56E09 ; 2.70E09 -
20 1.32E09 1.33E09 1.93E09 -
40 1.06E09 1.08E09 1.51E09 1.15E09
60 8.80E10 8.80E10 1.11E09 9.10E10
80 7.00E10 7.07E10 8.30E10 6.70E10
100 - 5.00E10 - 5.00E10
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5.1 —

D (10"m’s?

( mor )— L p —
pJ (a) DEGPC < (b) DME-PC
30_ T T T T T T T T T ]
o5k (@) [a pec 3

: v PC ;
20F DEC .
15F A ]

: x ]
10F x 2 PC ]

: x :
SE A\
30 — . . — —

F A 5
25;' DME (b) ;
20EF A DME h

: A v PC | ]
15} A .
10} V. 8 A rc
5F V. oy

0 20 40 60 80 100
Mol% of PC
— L oA Twer |
% ~ ™ d& A9DME-PC # |
<o — z L, —
) —|er — - %0 Y%Nef
Lo=feo | ofom™ .=
— PCECy L b gd{v ks a1=m

1
0
n

~

3 0™ 9 DECPC # |

i -

- -

L s DECPC (

9

- [

-O-CO-0O- ¥



52 1M — LITFSA 4 = — O fi < —
(m’s?) (30°C)
DEC-PG1M-LITFSA
Mol% )
of PC DEC PC Li TESA
0 1.09E09 - 4.30E10 5.60E10
20 8.90E10 - 3.54E10 5.10E10
40 7.40E10 7.00E10 3.00E10 4.50E10
60 5.80E10 5.50E10 2.55E10 3.80E10
80 4 50E10 4. 57E10 2.05E10 3.20E10
100 - 3.30E10 1.50E10 2.60E-10
DME-PG1M-LIiTFSA
DME PC Li TFSA
0 1.89E09 - 8.10E10 9.42E10
20 | 1.44E09 - 6.30E10 7.90E10
40 | 1.06E09 9.40E10 5.00E10 6.30E10
60 | 7.20E10 6.50E10 4.10E10 4.80E10
80 |5.50E10 5.10E10 2.80E10 3.70E10
100 - 3.30E10 150E-10 2.60E10
52 1M — LITFSA 4L =V — O i L
—  #£k. e (30°C)
0.014}
— 0.012} DME A A N OME-PC
§ 0.010} A
g 0.008} A
% 0.006}
'é 0.004F \% v v &
sonal DEC v DEC-PC PC
? 1 1 1 1 1
0 20 40 60 80 100
Mol% of PC
- fi 2 L oaqs< L<fv<% [ql=m™]° 4|
Yo O fi 4L . ¥ d = o fi L < m™e
4L wETM-"g — 4 - YAl <% $N9=is |—| - 0V
% ALt o= ™| 9 fi | o= ™| w0 fi < o fi —
s =
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5.3 1IM— LiTFSA & - - = - 21 —
L pCc—:1 #k. el (30°C)

(a) DEGPC < (b) DME-PC
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6. LiPFs—
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1000/T C PC PFK Li
2.67996 100 8.17E10| 7.15E10 | 4.51E10
2.75376 90 7.05E10| 6.16E10 | 3.72E10
2.83174 80 5.93E10| 5.17E10| 2.94E10
2.91426 70 491FE10|4.27E10| 2.53E10
3.00174 60 4.10E10 | 3.59E10| 2.00E10
3.09463 50 3.34E10| 2.91E10| 1.60E10
3.19346 40 2.59F10| 2.28E10| 1.23E10
3.29881 30 2.04E10| 1.84F10| 9.60FE11
3.41134 20 1.50E10| 1.31E10| 6.90E11
3.53182 10 1.06E10| 9.52E11| 4.80E11
3.66113 0 7.42E11| 6.36E11 | 3.22E11
3.80026 -10 4. 72611 | 4.08E11| 1.85E11
3.95038 -20 2.74E11| 2.35F11 | 1.00E11
411286 -30 1.42E11 -
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6.2 PC - % ™= 1M LiPFe< IMLTFSAL! s pr ~ oV —

4x10°F B o PC (PF)
. B PC (TFSA)
: g o PF,
1ol m TFSA
o x107F = o v Li(TFSA)
“c i - A Li(PF)
N [ O
(@] 0 f .
L X
2x10 f g
X u n
i x ] o
1x10" F % u 8
[ ). 4 ;
1 M 1 M 1 M 1 1 M 1 M

3.0 3.1 3.2 3.3 3.4 3.5 3.6

1000/T
1M Li-TFSA-PC < 1IMLi-PR-PC —e¢D2 2 30C-80C &£ k.
a9
[ Vs
1) Dy | # Ad e PCr | Li— « nofi TFSA< PR
AL 1 ™
2) Dpc— LT wmr % of=L z Ao — | 18
={ GBL-6 — of Ve aofi“k|o] L 4L =V ~ GBL—
Y% nofi— ~ tdo™ <o ez ™o
3) Dprs >Dresa® Nef 8/ — | -od < # Nej o

42

B

J



1000/T °Cc EC PF6 Li
2.83174| 80 |7.10E10|5.80E10| 3.40E10
2.91426| 70 [5.97E10|5.10E10|2.83E10
3.00174| 60 |5.04E10|4.30E10]2.33E10
3.09463| 50 [4.04E10|3.63E10|1.82E10
3.19346| 40 |3.30E10|2.81E10]|1.53E10
3.29881| 30 |[2.59E10|2.14E10|1.13E10
3.41134| 20 |1.91F10|1.60E10]8.50E11
6.3 1M-LiPFs— EC < PC - %1 —
6.1< 6.2
10° f i i —T— i
: 8 1I\/I L|PF in EC compared with P
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REETad X X .
E : X 6 -
= o
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6.3 1M-LiPFs% |4 1M-LITFSA— DEC

-

1000/T| °C LiPFgin DEC LiTFSA in DEC
DEC PF6 Li DEC TFSA Li

2.83174 80 1.45E09 | 7.43E10 | 7.10E10 | 1.34E09 | 6.49E10 | 5.90E10
2.91426 70 1.26E09 | 6.21E10 | 5.75E10 | 1.15E09 | 5.47E10 | 5.06E10
3.00174 60 1.07E09 | 5.30E10 | 5.00E10 | 1.01E09 | 4.63E10 | 4.30E10
3.09463 50 9.34E10 | 4.38E10 | 4.33E10 | 8.44E10 | 3.80E10 | 3.66E10
3.19346 40 7.50E10 | 3.77E10 | 3.40E10 | 7.00E10 | 3.12E10 | 2.95E10
3.29881 30 5.80E10 | 2.75E10 | 2.70E10 | 5.81E10 | 2.55E10 | 2.45E10
3.41134 20 5.10E10 | 2.43E10 | 2.27E10 | 4.50E10 | 1.92E10 | 1.94E10
3.53182 10 4.21E10 | 2.02E10 | 1.83E10 | 3.29E10 | 1.45E10 | 1.50E10
3.66113 0 3.3710 | 1.71E10 | 1.60E10 | 2.38E10 | 1.11F10 | 1.14E10
3.80026 -10 254E10 | 1.17E10 | 1.06E10 | 1.84E10 | 7.85E11 | 8.60E1l1l
3.95038 -20 2.07£10 | 7.70E11 | 6.90E11 | 1.28E10 | 5.68E11 | 6.04E11
4.11286 -30 147610 | 5.22E11 | 4.80E11 | 8.70E11 | 3.75E11 | 4.00E1l1
4.28927 -40 9.18E11 | 3.45E11 | 2.82E11 | 5.78E11 | 2.34E11 | 2.37Ell
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7 PC-DEC Li-PFs < EC-DEC Li-PFq

fiTemperature Dependence of SeIffusion Co#i cients of lons an&olvents inEthylene

Carbonate, Propylene Carbonate, and Didgflaybonate Single Solutions and Ethylene Carbonate +
Diethyl Carbonate Binary Solutions of LieBEt u di e d bl Kk Hayawikt,J. ChemEng.

Data, 57, 2012 (2012).
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1000/T

4.0

Voo — ECDECPR — 2 ad Ao

< e= 4 z1 # 2:8— ECDEC 4 2EC-8DEC< A

7.1 2EG8DEGIM-LiPFs — —
1000/T °C DEC EC PFs Li
2.83174 80 1.11E09 | 9.96E10 | 6.85E10 | 5.00E10
2.91426 70 9.56E10 | 8.22E10 | 5.63E10 | 4.25E10
3.00174 60 8.41E10 | 7.44E10 | 4.93E10 | 3.64E10
3.09463 50 6.80E10 | 5.90E10 | 4.00E10 | 2.83E10
3.19346 40 5.89E10 | 4.98E10 | 3.40E10 | 2.38E10
3.29881 30 4.57E10 | 3.80E10 | 2.66E10 | 1.88E10
3.41134 20 3.65E10 | 3.02E10 | 2.08E10 | 1.47E10
3.53182 10 2.82E10 | 2.28E10 | 1.63E10 | 1.10E10
3.66113 0 2.15E10 | 1.66E10 | 1.18E10 | 8.30E11
3.80026 | -10 1.60E10 | 1.20E10 | 9.35E11 | 6.33E11
3.95038 | -20 1.09E10 | 8.00E11 | 5.68E11 | 3.90E11
4.11286 | -30 7.40E11 | 5.21E11 | 3.62E11 | 2.38E11
4.28927 | -40 | 4.46E11 | 2.96E11 | 2.04E11 | 1.32E11

7.1 2EG8DEGIM-LiPFg — — 7.1
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7.2 4EC-6DEC-1M-LiPFs

1000/T °C DEC EC PR Li
2.83174 80 9.31E10 | 9.32E10 | 7.11E10 | 4.36E10
2.91426 70 7.84E10 | 7.76E10 | 5.61E10 | 3.82E10
3.00174 60 6.57610 | 6.34E10 | 4.70E10 | 3.13E10
3.09463 50 5.48E10 | 5.49E10 | 3.80E10 | 2.55E10
3.19346 40 4.41E10 | 4.49E10 | 3.28E10 | 2.03E10
3.29881 30 3.60E10 | 3.50E10 | 2.61E10 | 1.70E10
3.41134 20 3.06E10 | 2.94E10 | 2.15E10 | 1.33E10
3.53182 10 2.39E10 | 2.29E10 | 1.63E10 | 1.08E10
3.66113 0 1.79810 | 1.68E10 | 1.11E10 | 7.34FE11
3.80026 -10 1.27E10 | 1.16E10 | 8.31E11 | 4.94E11
3.95038 -20 8.68E11 | 7.68E11 | 5.30E11 | 3.00E11
4.11286 -30 5.38E11 | 4.51E11 | 2.97E11 | 1.69E11
4.28927 -40 2.39E11 | 2.29E11 | 1.79E11 | 1.04E11
7.2 4EC-6DEC-1M-LiPFs — — 7.2
10° & 4EC-6DEC-1M-LiPI§ i
o® 4
o &
o5 o o & &
o 0% 4
O o o o &
— o o 4 5
‘N -10
107k o 0O ]
Né o O 4
a) A DEC A
v EC o B 9
o PF6 (o] o
o Li o g
10—11 o J
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7.3 6EC-4DEC-1M-LiPFs

1000/T °C DEC EC PF6 Li
2.83174 80 7.76E10 | 8.25E10 | 6.24E10 | 4.00E10
2.91426 70 6.47E10 | 6.92E10 | 5.16E10 | 3.41E10
3.00174 60 5.58E10 | 5.93E10 | 4.48E10 | 2.83F10
3.09463 50 4 52E10 | 4.97E10 | 3.49E10 | 2.20E10
3.19346 40 3.73E10 | 3.9810 | 3.00E10 | 1.85E10
3.29881 30 2.99E10 | 3.15F10 | 2.41E10 | 1.41EF10
3.41134 20 2.40E10 | 2.50E10 | 1.95E10 | 1.11F10
3.53182 10 1.88E10 | 1.87E10 | 1.39E10 | 7.80E11
3.66113 0 1.30E10 | 1.35F10 | 9.80E11 | 5.38F11
3.80026 -10 9.33E11 | 9.00E11 | 6.21FE11 | 3.61F11
3.95038 -20 5.83E11 | 5.89E11 | 3.86E11 | 2.30E11
4.11286 -30 3.17E11 | 3.13E11 | 2.07E11 | 1.20E11
4.28927 -40 1.64E11 | 1.56E11 | 1.26E11 | 6.44E12
7.3 O6EC-4DEC-1M-LiPFg — — 7.3
10° gﬁ 6EC-4DEC-1M-LiP|§ E
°og§§
o008 g
(o]
‘_T-\lo’10 o o g Q E
2 o 0O &
= o 0O P
()] O o
A DEC 8
10M v EC o i
o PF6 o E
o Li
3.0 35 4.0 45
1000/T




7.4 8EC-2DEC-1M-LiPFs — —

1000/T °C DEC EC PF Li
2.83174 80 6.91E10 7.87E10 6.1E10 3.67E10
2.91426 70 5.87E10 6.68E10 5.4E10 3.3E10

3.00174 60 4.88E10 5.46E10 4.45E10 2.55E10

3.09463 50 4.14E10 4.62E10 3.75E10 2.07E10

3.19346 40 3.22E10 3.62E10 2.9E10 1.65E10

3.29881 30 2.57E10 2.91E10 2.41E10 1.27E10

3.41134 20 1.98E10 2.23E10 1.76E10 9.52E11

3.53182 10 1.5E10 1.68E10 1.34E10 7.21E11

3.66113 0 1.14E10 1.23E10 9.6E11 5E-11
3.80026 -10 7.85E11 8.65E11 6.6E11 3.37E11
7.4 8EC-2DEC-1M-LiPFs — — 7.4
10°k 8EC-2DEC-1M-LiPE | |
£z '
Oo g g g
°q a
o By
g 10 O
o 10} o # ;
g &
o)
a DEC o
v EC
o PF6
10" o Li 7
R TE—

1000/T



VogetFulcher-Tammann (VFT)  ~ [F{ h= e

Fo [d="™+" z2»ek. b < T<—
k= Aexp(- E,/RT)
8 < UT— ke 20 % r~olfo™ 8VFT ~|f{h=2)% o
5 =™ ° % ™ | D| =" a»ek. £J 3™ -
o FQVFT ~|f{h= ) %2%]{° ~ 64— IMLPFs— DEC # | DEC
- —«" spek. el | % % Y68 mmo fi — | [ =m™]°
61— IM-LIPF;— PC % | — L k=s." spek. £l |
< | ™y o O
VFT VTF< ™d {1 < LNef | = Y%— o mmk ¥%No|| %5 6 < e
| D=D,exp( B/T-Ty))
Do,B,To |h=ev=fianR' ©2 2#Nef° DoBTo r == o 7
1 %otd=™|%s 12| 9o™IVFT ~| 3=—hoevefianR' 03
% - b= oze ko rie oz o pxdos % w]e
~3x— R'oda% LH{{re - % L os
% %4 < ™e 2 — | ™o
61< 64( | o)—VFThe e R' 02> ad A9R|ho ewo fia—
L A #8 Origins h J — A L o=™>
Sample | Component] Do(m*s’) | B(TH | To(T) R
PC 2.04x 10° 759 138 0.99987
LiPFsin PC PFs 1.74x 10° 748 140 0.99979
Li 1.38x 10° 807 141 0.99929
Pk 2.13x 10° 868 98 0.99793
LiPFs in DEC Li 1.86x 10° 821 106 0.99864




ECDECLIPFs # VFTR' 0> a4 oV —% <==2909°( 7.1 74)
Do(m?-s%) B(TH To (T) R
EC/DEC 2:8
DEC 3.85x 10° 895 100 0.99968
EC 4.00x 10° 912 106 0.99968
PF6 1.64x 10° 742 122 0.99911
Li 1.46x 10° 796 119 0.99906
EC/DEC 4:6
DEC 9.47x 10° 486 151 0.99731
EC 1.31x 10°® 568 143 0.99909
PF6 1.61x 10° 720 128 0.99866
Li 1.03x 10° 699 133 0.99852
EC/DEC 6:4
DEC 1.11x 10°® 557 148 0.99944
EC 1.35x 10° 583 147 0.99973
PF6 1.53x 10° 696 136 0.99848
Li 1.40x 10° 795 130 0.99967
EC/DEC 8:2
DEC 5.80x 10° 1209 80 0.99963
EC 6.13x 10° 1165 86 0.99986
PF6 2.22x 10° 833 120 0.99939
Li 3.36x 10° 1157 95 0.99933
< ==  6.1— IMLIPFe— PC  — VFTHittingd =240 °
10°
1M-LiPF6 in PC
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75 4PG6DEC-1M-LiPFg

1000/T °C DEC PC PF6 Li

2.83174 80 9.76E10 | 8.82E10 | 6.66E10 | 4.75E10
3.00174 60 6.52E10 | 6.28E10 | 4.66E10 | 3.08E10
3.19346 40 4.50E10 | 4.26E10 | 3.13E10 | 2.15E10
3.29881 30 3.69E10 | 3.35E10 | 2.44E10 | 1.66E10
3.41134 20 2.90E10 | 2.50E10 | 1.94E10 | 1.25E10
3.66113 0 1.68£10 | 1.46E10 | 1.10E10 | 7.14E11
3.95038 -20 8.06E11 | 6.93E11 | 5.20E11 | 3.00E11
4.28927 -40 2.86E11 | 2.37E11 | 1.54E11 | 9.55E12

75 4PG6DEC-1M-LiPFg

— — ( 7.9

10° ¢ g - 4PC-6DEC-1M-LiPI§I 3
© o0 & ]
o O g g

~ o9 g g .
"0 10"k -
E | o € s
= A DEC ]

v PC o e

o PF, 0
10_11:_ o Li o ]
30 35 40 45
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D (nfs?)

76 6PGADEC-1M-LiPFg

1000/T

1000/T °C DEC PC PF6 Li
2.91426 70 6.67E10 | 6.44E10 | 5.04E10 | 3.33E10
3.09463 50 4.49E10 | 4.43E10 | 3.55E10 | 2.21E10
3.29881 30 2.91E10 | 2.82E10 | 2.24E10 | 1.33E10
3.53182 10 1.67E10 | 1.63E10 | 1.24E10 | 7.49E11
3.80026 -10 8.71E11 | 8.00E11 | 6.24E11 | 3.56E11
4.11286 -30 3.36E11 | 3.06E11 | 2.26E11 | 1.24E11
76 6PGADEC-IM-LiPF; — — ( 79
10_9:' E
- 6PC-4DEC-1M-LiPI§I
o H
o B
10%| o g 1
z o #
o
A DEC g
) v PC o)
1011:' o PF6 E
F o Li
3.0 . . 3.5 . . 4.0 . . 4.5




7.7 80°Cr %1t 4 1M-LiPFs— DEGEC2% |1 DEC-PC 7 —

EC(PCY}- <
PC/EC DEC EC PC PF-EC | PF+-PC | Li-EC Li-PC
DEC
0 1.45E09 7.43E10 7.10E10 100%
20 | 1.11E09 | 9.96E10 6.85E10 5.00E10
40 | 9.31E10| 9.32E10 7.11E10 4.36E10
40 | 9.76E10 -- 8.82E10 6.66E10 4.75E10
60 | 7.76E10 | 8.25E10 6.24E10 4.00E10
EC
100 7.10E10 5.80E10 3.40E10 100%
PC
100 5.93E10 5.17E10 2.94E10| 1000
77 80Cr %1 { 1M Li-PRs— DECEC< DECPC 7 — AL
EC(PCY}- Zk. P
o 80°c|
10° f 8 § E
® o
24 v X v 2
N <
a P >
o PC
v PF (EC)
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78 30°C - %41 | 1M-LiPFe— DEGEC, DEC-PC # — EC(PC)
— <
PCIEC DEC EC PC PFs-EC | PRs-PC Li-EC Li-PC
0 5.80E10 2.75E10 2.70E10 DEC100%
20 4.57E10 | 3.80E10 2.66E10 1.88E10
40 3.60E10 | 3.50E10 2.61E10 1.70E10
40 3.69E10 3.35E10 2.44E10 1.66E10
60 2.99E10 | 3.15E10 2.41E10 1.41E10
60 2.91E10 2.82E10 2.24E10 1.33E10
100 2.59E10 2.14E10 1.13E10 EC 100%
100 2.04E10 1.84E10 9.60E11 | PC 100%
78 30°C - %1 4 1M-LiPFs — DEC-EC,DEGPC % — AL
EC(PCy  #Kk. b
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8 9
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79 -10°Cr~ %1 { 1M-LiPFe— DEC-EC< DEGPC # —
PC— <
DEC EC PC PF+EC | PFs-PC | Li-EC Li-PC
0 |2.54E10 1.17E10 1.06E10 DEC 100%
20 | 1.60E10 | 1.20E10 9.35E11 6.33E11
40 | 1.27E10| 1.16E10 8.31E11 4.94E11
60 | 9.33E11| 9.00E11 6.21E11 3.61E11
60 | 8.71E11 8.00E11 6.24E11 3.56E11
100 4.72E11 4.08E11 1.85E11 | PC100%
79 -10°Cr %1t 4| 1M-LiPFe— DEGEC < DEC-PC z— 4k
PC— ZKko £
© o -10°C
o 4 o 154 |
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7.1 30°Cr~ %1 { 1M Li-PRs— DECEC — R 4L EC- #KkK.
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8. 6 — ey =

“The characteristic properties of ions for six lithium salts including lithium
bis-(oxorateborate) dissolved gpbutyrolactong, Y. Aihara, T. Bando, H. Nakagawa, H.
Yoshida, K. Hayamizu, E. Akiba and W. S. Price, Electrochem. Sod51, A119
(2004).
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8.2 LiBF,— #— Yr< '‘BeQ. i

LiBF,, in D,0

“F NMR

1.6 Hz

0.6Hz

Hz ppm

BF,= sofi | B,"B, “F— NMR o L =—gs -] 3 #-—
% £ Nef ° YF| I=1/2¢ 100 # Nef %° B | 1=3% 19.9 & "B |
I=3/2#% 80.1 # Nef © | 'H=270MHz— ~ "F=254 MHz B 29.0MHz® B
86.6MHz # N 8 "B— %] %~ ~d p ™9 19 | —Kk. DK# | # %
o ™o BRAE YFz A <8 2=— — % 4] < %N 8 - 1
o HY ~ | 02< el <¥%Ne° LiBF,— DO  # -V F< "B—eq
«J i Radfid —V Er o= Nef e
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8.1 =m0 fi < — &)

MW
(nmy’
BF, 87 0.227 tetrafluoroborate LiBF,
PR 145 0.254 hexafluorophosphate LiPFg
Triflate | 176 0.267 trifluorosulfonate LiISO;CF;
BOB 187 0.287 bis(oxalatgborate LiB (C,0,),
TFSA 280 0.35 bis(trifluoromethanesulfonylmide LIN(SO,CF),
BETA 380 0.362 bis(pentafluoroethanesulfongtide LIN(SO,C,F5)»
Li 0.076 Li*
GBL | 86.1 0.268 gbutyrolactone C4HeO;
PC 102.1 0.276 propylene carbonate C4HeO5

a M. Ue,J. Electrochem. Socl141,3336 (1994M. Ue, A. Murakami, S. Nakamurd, Electrochem. Soc.
149 A1385 (2002).
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lonic conductivitys (S/cm) in GBL at 303 K

c(M) ¢’ BOB TFSA BETA PFs BF, SOCF;
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 | 0.007® | 0.00458
2 v
10 r v o
o 0
€ v -
A o)
= S R
=
= v 4
-8 =] o LiBOB
S 4 o LiTFSI
o LiBETI
2 v LPF,
S LiBF,
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107
[ 1 1 1 1 1 1 1 1
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8.3

O fi —

Equivalent conductivity in GBL at 3G (Scnfmol™®)

C(M) c’” 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 19.9 130
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
— 30F V Vv LiPF,
5 o LiBF,
RS o o LiBOB
= o LiTFSA
3 2r \v/ LIBETA
< 8 O LiSO,CF,
=
S 20 o O v
2 Al
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— o
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7° wmo fi % oV % o fi # Noj| © O fi |
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84« gofie ! W er mmofis

67

GBL anion Li GBL anion Li
M
0 9.00E10
GBL BF, Li GBL BETA Li
0.75 5.07£10 3.51E10 2.36E10 4.24E10 2.39E10 1.90E10
0.5 6.05E10 4.35E10 2.76E10 5.60E10 3.15E10 2.50E10
0.25 7.03E10 5.41E10 3.36E10 7.02E10 4.03E10 3.18E10
0.1 7.86E10 6.34E10 3.52E10 7.89E10 4.70E10 3.54E10
GBL TFSA Li GBL SO,CF5 Li
0.75 4.42E10 3.14E10 2.10E10 4.97E10 2.58E10 2.14E10
0.5 5.74E10 3.81E10 2.57E10 6.00E10 3.28E10 2.58E10
0.25 7.20E10 4.70E10 3.19E10 7.17&10 4.25E10 3.04E10
0.1 7.87E10 5.22E10 3.48E10 7.74E10 5.13E10 3.39E10
GBL BOB Li GBL PFs Li
0.75 4.30E10 2.50E10 1.90E10 4.54E10 3.84E10 2.12E10
0.5 5.60E10 3.20E10 2.42E10 5.98E10 4 95E10 2.71E10
0.25 7.12E10 4.26E10 3.00E10 6.90E10 5.83E10 3.30E10
0.1 8.01E10 5.00E10 3.34E10 7.93E10 6.62E10 3.40E10
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"wer —PC -

“lon Diffusion aBg;,dissdvédiinlPropylene @arbowafe (PC) studied by NMR
Spect r &Hayamiau,"M. Hattori, J. Arai and A. MatsueCS Transactionsl6 (35) 13 (2009)“A
Divalent Lithium Salt LjB.F;, Dissolved in Propylene Carbonate (PC) studied by NiW&ghods” K.
Hayamizu, A. Matsuo, J. Aral, Electrochem.Sod56, A744 (2009).
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0.1M 0.2M
PC BioF1z Li PC BioF1 Li
80 1.51E9 | 7.42E10 | 8.77E10 80 9.32E10 | 4.17E10 | 4.7E10
70 1.19E9 | 5.59E10 | 6.65E10 70 7.64E10 | 3.25E10 | 3.53E10
60 1.02E9 | 4.8E10 | 5.6E10 60 6.32E10 | 2.77E10 | 2.95E10
50 8E-10 [ 3.66E10 | 4.24E10 50 5.44E10 | 2.3E10 | 2.35E10
40 5.51E10 | 2.53E10 | 2.6E10 40 4.26E10 | 1.72E10 | 1.86E10
30 4.44E10 | 1.93E10 | 2.03E10 30 3.4E10 | 1.34E10 | 1.43E10
20 3.4E10 | 1.41E10 | 1.44E10 20 2.62E10 | 1.04E10 | 1.08E10
10 2.7E10 | 1.16E10 | 1.12E10 10 1.99E10 | 7.93E11 | 8.02E11
0 2E-10 9E-11 | 8.45E11 0 1.42E10 | 55E11 | 5.6E11
-10 [ 1.507E10| 6.61E1l | 6.4E11 -10 1E-10 [ 3.78E11 | 3.82E11
-20 9.73E11 | 4.48E11 | 432E11 | -20 | 6.66E11 | 2.45E11 | 2.42E11
0.3M 0.5M
PC BisF1 Li PC BioF1 Li

80 7.7E10 | 3.48E10 | 3.6E10 80 4.55E10 | 1.82E10 | 2.03E10
70 6.2E10 | 2.67E10 | 2.81E10 70 3.6610 | 1.43E10 | 1.6E10
60 5.09E10 | 2.15E10 | 2.23E10 60 2.94E10 | 1.13E10 | 1.25E10
50 4.18E10 | 1.71E10 | 1.75E10 50 2.29E10 | 8.54E11 | 9.92E11
40 3.22E10 | 1.3E10 | 1.38E10 40 1.76E10 | 6.46E11 | 7.2E11
30 2.54E10 | 9.64E11 | 1.02E10 30 1.23E10 | 4.28E11 | 5.02E11
20 1.91E10 | 7.1E11 | 7.63E11 20 8.6E11 | 2.97E11 | 3.51E11
10 1.42E10 | 5.16E11 | 5.53E11 10 5.77E11 | 2.04E11 | 2.4E11
0 1.02E10 | 3.59E11 | 3.8E11 0 4.25E11 | 1.38E11 | 1.63E1l
-10 6.72E11 | 2.32E11 | 251E11 | -10 | 2.56E11 | 7.92E12 | 8.8E12
-20 4.04E11 | 1.36E11 | 1.46E11 | -20 1.5E11 [ 4.48E12 | 5E-12
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