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Diffusion coefficients

Table S1: Diffusion coefficients of Li* ions, anions and solvent molecules at different molar ratios nSOlV‘?nt/ nsalf, measured at 30 °C.
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ure S1: Represenative phase shift data of the electrophoretic NMR measurements on the three DMC-based electrolytes.
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Figure S2: Representative phase shift data of the electrophoretic NMR measurements on the two SL-based electrolytes.
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Figure S3: Comparison of the ionic conductivity calculated from ion mobilities (PeNMR) to that from impedance spectroscopy (PES).

Mobilities

Table S2: Electrophoretic mobilities of Li* ions, anions and solvent molecules at different molar ratios nsolvent/ nsalt, measured at 30 °C. The resulting mobility-
based anion transference numbers are also listed.

,LlLi + 'uA - Hsolvent tH

system nsolvent/ 10~ 11m2(VS)'1 10~ 11m2(VS)'1 /10~ 11m2(Vs)'1 e
. 2.0/1 9.72 + 0.95 -4.07+£0.21 2.69 £ 047 0.30 £ 0.03
SLILITESI 3.0/1 30.1+27 -171+£21 7.81 +£3.31 0.36 + 0.05
SL/LiFST! 2.4/1 382145 -193+0.3 6.56 + 1.63 0.33 +0.03
3.0/1 47.0+8.0 -369+5.1 6.10+ 4.16 0.44 + 0.08
1.1/1 9.59 + 091 -9.82 +£1.35 9.83 £1.33 0.51 +0.08
DMC/LiFSI 1.3/1 13.6+1.1 -176+£1.6 146+ 1.5 0.56 + 0.06
2.0/1 37.0+ 7.2 -61.94+11.0 34.6 £ 8.6 0.63 +0.14




Very-low-frequency electrochemical impedance spectroscopy (VLF-EIS)
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Figure S4: Exemplary very-low-frequency impedance spectrum of a DMC/LIFSI 1.3/1 electrolyte measured at 30 °C. The red line denotes a fit to the equivalent

circuit shown in the inset.
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Figure S5: Results of the VLF-EIS measurements for the DMC-based electrolytes. Left: Plot of diffusion resistance Rdif f versus electrode distance d. Right: Time

. 2 . .
constant 7 versus the squared electrode distance d”_ The lines denote linear fits.
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Figure S6: Results of the VLF-EIS measurements for the SL-based electrolytes. Left: Plot of diffusion resistance Rdif f versus electrode distance d. Right: Time

. 2 . .
constant 7 versus the squared electrode distance d”_ The lines denote linear fits.

The linear fits on the left-hand side of Figs. S5 and S6 were used to calculated the Li. transference number under anion-blocking conditions:



1
Li+_ Rd' S1
1+ :f~awn-A [51]

Here, 4 denotes the area of the electrodes.

tabc _

The linear fits on the right-hand side of Figs. S5 and S6 were used to calculate the salt diffusion coefficient
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Figure S7: Open circuit potentials (OCP) of concentration cells with transference at 30 °C. The electrolytes DMC/LiFSI 1.1/1; 1.3/1 and 2.0/1 were measured
versus a 3.365 M DMC/LIFSI reference electrolyte.
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Figure S8: Open circuit potentials (OCP) of concentration cells with transference at 30 °C. The electrolytes SL/LiTFSI 2.0/1 and 3.0/1 were measured versus a
2.58 M SL/LiTFSI reference electrolyte



Representative distributions of Onsager coefficients and thermodynamic factors obtained from Monte
Carlo-based overdetermination method
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Figure S9a: Representative distributions of the Onsager coefficients (left) and the thermodynamic factor (right) for the DMC/LiFSI 1.1/1 system.
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Figure S9b: Representative distributions of the Onsager coefficients (left) and the thermodynamic factor (right) for the SL/LiTFSI 3.0/1 system.

Mass densities and partial molar volumes

Table S3: Densities P of the studied electrolytes at 30 °C.

system Moo ivent/ T P/ gcm?
. 2.0/1 1.572
SL/LITFSI 3.0/1 1.502
1.1/1 1.569
DMC/LiFSI 13/1 1.528
2.0/1 1.435

5



Based on these mass densities at different molar ratios Msotvent/ nsalt, the partial molar volume of the solvent, UO, and of the salt, Usalt, was
v
calculated according to Ref. 5. We assume that the partial molar volume of the Li* ions, Li * , can be approximated by the molar volume of the

14 r
Li* ions, M.LiT. Using the ionic radius of a sixfold coordinated Li* ions, Li =16 pm ¢, we calculated the molar volume of the Li* ions as
follows:

3

4 5m
174 =_.7-N,- =011-10"°"— = S3
mut 3 AT mol it [53]
V_ =V —V =v -V .
Accordingly, the partial molar volume of the anions were calculated as salt Tyt — salt "y, it
Table S4: Partial molar volumes of the studied electrolytes at 30 °C.
v - v - V. +=v o4
system 0/10° m*/mol - /10 m¥mol M, Li Lit 7105 m3/mol
SL/LiTFSI 9.55 14.3 0.11
SL/LiFSI! 9.48 9.05 0.11
DMC/LiFSI 8.19 9.12 0.11
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Figure S10: Ratio of the molar volume flux Jv/ly or for the DMC/LiFSI and SL/LiTFSI electrolyte systems.

Relations between Onsager coefficients under volume conservation constraint

The Onsager transport equations give the relation between molar fluxes Ji and the thermodynamic forces Xj using the Onsager coefficients Tij.24

n
oy
]i == '

j=1

=% [S4]
Here, ™ is the total number of mobile species.

In the case of three species (i) cations with index “+”, (ii) anions with index “-“ and (iii) solvent with index “0”, three Onsager equations can be
written as:

Oy diy o du 0y dyy

- —_— [SSa]
F dx g2 dx 2z dx



Jo=m—— =T [S5b]

Oy duy o, du_ o, duy [S5¢

If the total volume flux Jy is zero, we have

Jo= Y i 1=0 [S6]

with Vi denoting the partial molar volume of species I. Since [S6] is valid independent of the acting thermodynamic forces, we can write down the
following three relations:

_ [S7a
v,-o,_ tv_-0__+vy-0_,=0 1
vV, 0,0t V_-0_gtvy050=0 [S7b]

S7c
v, 0,,+v_r0, +vy-0,,=0 []

Solving these relations for, 9-0,%0and 7 +0 yields:

1

B [S8a
J_O——v—o(v+~a+_+v_-a__) ]
1
Jooz‘;O(V+'U+0+”—'J—0) [S8b]
B [S8c
‘7+0__170(v+'0+++17—'0+—) ]

Under the assumption that the partial molar volume of the Li* ions, Vi s negligible compared to Y- and Yo, Egs. [S8a]-[S8c] simplify to:

v_
o_g=——0__ [10]
Vo
v_ v_
Ogg=——"0_o = -0 11
00 vy -0 (Uo) - [11]
v_
a+0=v—0~a+_ [12]

Definition of Li*-solvent correlation parameter ¥

We start by considering the sum of all displacement vectors of the Li* ions:



N
Z AR (1) [?9

i=1
and the sum over all displacement vectors of the solvent molecules:

x-N

ZAiéjO(t) [S10]

j=1
The summation is done over N cations and ¥ * N solvent molecules, respectively, with X = Notpent/ Msalt denoting the molar ratio
of solvent to salt.

In the case of a strict vehicular transport mechanisms, the displacement vector of a Li* ion and the displacement vectors of the X
solvent molecules bound to this Li* ions are identical, implying that:

N x-N

x- Y AR,T () =) AR (D) [S11]
N x-N

x- Y ART(®)- ) AR’(H)=0 [S12]

Via linear response theory, an Onsager coefficient 9ij can be related to the displacement vectors of the species ¢ and J in equilibrium
via:?

%~ vk TMO dt Zm @ Zﬂ ®) [S13]

Squaring of Eq. [S12] gives:

N x-N N x-N
X% Af\’i+(t))2 + ( AR.O(t))Zl-z- AR T ()Y AR°(H)=0 [S14]
> IERC DI YU

i=1 i=1 j=1

Inserting the terms of the left-hand side of Eq. [S14] into Eq. [S13] yields:

2

X“ 0, +05p-2x-0,,=0 [S15]
1

X104y +;000=2“7+o [S16]

Now we define a parameter ¥

2:0,

Ye—1 [13]
X104y %00

which according to Eq. [S16] is unity for a strict vehicular mechanism. Since for uncorrelated movements of Li* ions and solvent

molecules, the Onsager coefficient 940 is zero, the parameter Y is zero as well.

Relationship between the parameters B and ¥

Combining the definition of the cation-anion correlation parameter B:
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2 .
gm0 [S17]

o,y to__

and the definition of the cation-solvent correlation parameter ¥ with Eqs. 11 and 12 yields:

v_
v—'(0-++ +O'__)
y=—— B [S18]
v\, 1
X0 +o — =
A - (”0) X

v

Since the partial molar volumes ~ - and Yo, the Onsager coefficients 9 ++ and 2 -- and the molar ratio X are all positive, the

parameters ¥ and B exhibit opposite signs.

Measured parameters and target values

Table S5: Compilation of all experimental quantities measured for the SL/LiTFSI system as well as of all transport quantities derived from the experimental

results.

SL/LiTFSI Unit 2.0/1 3.0/1
t " 0.70 (+ 0.09) 0.64 (+ 0.07)
Li
Tion S/m 0.042 (+ 0.003) 0.098 (+ 0.006)
¢ abe 0.50 (+ 0.08) 0.32 (+ 0.03)

Li
Deu 10-1" m%/s 3.0 (£ 1.0) 3.3(£0.5)
dAg

— \Y% 0.150 (+ 0.04) 0.09 (+ 0.08)

dln (Csalt)

044 /Oion 0.55 (£ 0.08) 0.41 (£ 0.04)

o__ [0, 0.32 (+ 0.20) 0.32 (£ 0.10)

0, [Oipn -0.12 (£ 0.09) -0.15 (£ 0.04)
thermodyn. factor 5.6 (x1.2) 4.8 (=0.7)

B -0.28 (+ 0.22) -0.41 (£0.12)
< 102 S/m 3.7(x0.3) 8.5(£0.3)
oself 102 S/m 2.4 (£0.3) 6.4 (£0.8)

gaistinet j gself -0.38 (£0.15) -0.53 (£ 0.16)

glistinct ; gself -0.44 (£ 0.38) -0.51 (£0.22)
G0 102 S/m 0.8 (£0.6) 2.2 (£0.6)
a_g 102 S/m 2.0 (*1.3) 4.7 (£ 1.5)
To0 102 S/m 3.0 (£ 1.1) 7.1 (£ 1.3)
ool 102 S/m 6.4 (x£0.7) 24.6 (+2.7)

gdistinet s gself -0.53 (+ 0.23) -0.71 (+0.16)

y 0.25 (£ 0.19) 0.31 (+0.09)

Table S6: Compilation of all experimental quantities measured for the SL/LiFSI system as well as of all transport quantities derived from the experimental
results.!
SL/LiFSI Unit 2.4/1 3.0/1
£ 0.66 (+ 0.10) 0.56 (£ 0.11)

Li
Tion S/m 0.156 (+ 0.013) 0.194 (+ 0.004)
¢ b 0.23 (+ 0.02) 0.29 (£ 0.02)

Li
Deu 10-1! m%/s 1.2 (£0.2) 32 (£0.9)
dAg

— A 0.091 (+ 0.015) 0.073 (+ 0.017)

dln (Csalt)

011 /0in 0.36 (+ 0.06) 0.39 (£ 0.02)

a__[0i, 0.26 (+ 0.08) 0.28 (+ 0.02)

[ -0.19 (£ 0.02) -0.16 (+ 0.02)
thermodyn. factor 43 (0.7 3.7 (£0.8)

B -0.61 (+0.11) -0.48 (+ 0.06)
o 102 S/m 13.9 (+ 1.0) 15.4 (= 1.5)




> 102 S/m 9.8 (+0.5) 12.5 ( 1.3)
gdistinet jgself -0.60 (+ 0.15) -0.51 (£0.11)
gistinet j gself -0.59 (£ 0.17) -0.57 (£ 0.12)

oL 102 S/m 2.8 (£0.4) 3.0 (£0.4)

oy 102 S/m 3.9 (£ 1.3) 52(£0.4)
T00 102 S/m 3.7 (x 1.6) 5.0 (£ 0.8)

o 102 S/m 223 (£ 1.5) 34.9 (+3.4)

gdistinet j gself -0.83 (£ 0.16) -0.86 (+0.13)
Y 0.38 (+ 0.06) 0.24 (+ 0.03)

Table S7: Compilation of all experimental quantities measured for the DMC/LiFSI system as well as of all transport quantities derived from the experimental

results.

DMC/LiFSI Unit 1111 1.3/1 2.0/1
t " 0.49 (+ 0.06) 0.44 (+ 0.04) 0.37 (+ 0.09)
Li
Oion S/m 0.098 (£ 0.03) 0.151 (+ 0.006) 0.363 (+ 0.015)
¢ abe 0.37 (+ 0.08) 0.32 (= 0.08) 0.28 (+ 0.023)
Li
Dyt 101 m?/s 0.6 (£0.2) 2.1(£0.8) 5.3 (x£0.9)
dAp
din (c..0) \% 0.14 (+0.04) 0.15 (= 0.07) 0.17 (+ 0.03)
044/ 0.38 (+ 0.06) 0.37 (+ 0.06) 0.30 (+ 0.03)
0__[0ion 0.37 (+ 0.09) 0.51 (= 0.09) 0.62 (£ 0.11)
04 /Oion -0.13 (£ 0.04) -0.06 ( 0.06) -0.04 (£ 0.05)
thermodyn. factor 4.7(£0.9) 52 (=*1.0) 5.4 (£0.8)
B -0.35 (£ 0.12) -0.14 (£ 0.14) -0.09 (£ 0.11)
ol 102 S/m 12.0 (£ 0.8) 18.8 (£ 1.3) 45.4 (£2.6)
o 102 S/m 11.7 (£ 0.8) 19.0 (+ 1.6) 51.0 (£ 3.1)
gaistinet y gself -0.69 (£ 0.10) -0.70 (0.11) -0.76 (£ 0.09)
gdistinet j gself -0.69 (+ 0.12) -0.59 (+0.13) -0.56 (+0.12)
T40 102 S/m 1.4 (+0.4) 1.0 (+ 1.0) 1.6 (£2.0)
a_g 102 S/m 4.0 (+ 1.0) 8.6 (+ 1.6) 25.1 (£ 4.7)
Ty 102 S/m 45(£12) 9.6 (£ 1.9) 27.9 (£ 5.6)
¢/ 102 S/m 16.8 (= 1.1) 312(£2.2) 127.1 (£ 7.3)
gdistinet s gself -0.73 (£0.11) -0.69 (+0.12) -0.78 (£ 0.10)
Y 0.35 (£ 0.12) 0.14 (£ 0.14) 0.09 (£ 0.11)

G4/LiFSI System

Table S8: Summary of data for the G4/LiFSI system reported before” and the new calculated parameters o+ 0, g- 0, %00 and V.

G4/LiFSI Unit 1.0/1 1.5/1 2.011
ion S/m 0.158 0.195 0.245
P g/em’ 1.32 1.24 1.09
04 /Tion 0.30 (£ 0.07) 0.34 (+ 0.06) 0.40 (< 0.04)
0[O 0.52 (£ 0.16) 0.84 (£ 0.41) 1.14 (£ 0.32)
04 [Oion 20.38 (£ 0.01) 20.39 ( 0.04) 20.45 (£ 0.03)
B -0.93 -0.66 -0.58
740 102 S/m 1.6 1.6 1.9
o_, 102 S/m 22 35 438
900 102 S/m 0.9 1.5 2.0
Y 0.82 0.54 0.42
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