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1. NMR spectra

a) PCL+ 15C5 |a
o
0] (¢]

VAN

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

¢)PCL+G2 ¢

a
C/O\/\O/\/O\ b \th/k
b
a

b) PCL + G4 a,b,c
e
Lo l

0 0
I I

e

85 80 75 70 65 60 55 50 45 40 3.5 30 25 20 15 1.0 05
5/PPM

d) PCL+DMSO  a

I
a_-S<

)

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

e) PCL+DMF ¢

b
°
OYN\C
a a

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

f) PCL + SL b a

\ 7/

S
O
a

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05
5/PPM

g)PCL+TMP
a\Oy\/I\O/
Cc

sh

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

h) PCL + PC

"85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/pPM

i) PCL + Gly
OH

Ho._al__oH

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

85 80 75 7.0 65 60 55 50 45 40 3.5 30 25 20 15 1.0 05
5/PPM

i) PCL +VC

PN

o o°
\—/

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
5/PPM

Figure S1. Assignment of co-solvent resonances in 'H NMR spectra of PCL+LiTFSI
electrolytes containing different co-solvents at 80 °C. Spectra were referenced according to .
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Figure S2. Exemplary a) 'H, b) "Li and c) '°F spectra of the PCL+LiTFSI electrolyte at 80 °C.
Spectra were referenced according to 2.
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2. Diffusion NMR — Raw data
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Figure S3. Exemplary Stejskal-Tanner plots of a) PCL ('H), b) co-solvent ('H), ¢) lithium
cations ("Li) and d) TFSI anions ('°F) at 80 °C. The legend specifies the respective co-solvent
in the electrolyte. For the polymer PCL (a), a log-normal distribution of D was fitted to account
for its polydispersity. The intensity loss of the remaining components (b-c) was linearly fitted.
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Figure S4. Exemplary Stejskal-Tanner plots (a-b) and diffusion coefficient distributions P(D)
(c-d) of the neat PCL+LiTFSI electrolyte (a,c) and of the electrolyte containing 15C5 (b,d). To
extract P(D), the signal attenuation curves (a-b) were fitted by a log-normal distribution of
diffusion coefficients resulting from the polymer’s polydispersity.



3. Electrophoretic NMR — Raw data
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Figure S5. Double stimulated echo (DSTE) pulse sequence, accompanied by two electric field
pulses of same strength but opposite polarity as employed to obtain electrophoretic mobilities

by electrophoretic NMR.
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Figure S6. Exemplary phase shift plots of PCL+LiTFSI electrolytes containing either no (a) or
one of the co-solvents 15C5 (b), G4 (c), SL (d) or DMSO (e). Error bars mostly lie within the
data points and result from the fitting procedure. Please note that similar phase shift magnitudes
do not necessarily imply similar ionic mobilities due to variations in gradient strength and

duration.
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3.1 Comparison of ionic conductivities

A consistency check of the ionic mobilities obtained by electrophoretic NMR (eNMR) is
performed by calculating the total ionic conductivity genmr by the summed partial
conductivities, and comparison to the total ionic conductivity as obtained from impedance
spectroscopy.

OeNMR = 2i0;i = NiZi Ci i F (S1)

At that, the partial conductivity i results from the charge number z;, salt concentration c;,
electrophoretic mobility w; and Faraday constant /. To determine the salt concentration via
Eq. S2, sample densities at 90 °C were measured using a helium-operated AccuPyc I 1340 gas
pycnometer (Micromeritics, Norcross GA, USA). For that purpose, the instrument was
calibrated using a standard metal sphere (Micromeritics) of defined volume and samples were
measured in standardized 1 cm® aluminum crucibles containing at least 1 g of sample. The

results are listed in Table S1.

npi-p-103

CLi =——— (82)

Mges

Table S1: Electrolyte densities and ionic conductivities determined by impedance spectroscopy
of either the neat PCL+LiTFSI electrolyte or the electrolytes containing the depicted co-
solvents. A relative error of 10% should be considered.

Co-solvent - 15C5 G4 SL DMSO
p ! (g/cm?) 1.21 1.15 1.10 1.16 1.13
o/ (mS/cm) 0.19 1.29 3.20 0.93 1.12

Conductivities calculated by equ. S1 are presented in Figure 4, where they are also compared

to conductivities measure by impedance spectroscopy.
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4. Diffusion NMR - Results

Table S2. Diffusion coefficients of PCL+LiTFSI electrolytes containing different co-solvents
and of the neat electrolyte at 80 °C obtained by PFG-NMR. The error represents the standard
error of at least 4 different measurements and an assumed instrumental error of 5%.

Co-solvent  Dpci./ (103 m?%/s)  Dcs/ (10! m?¥/s) Dii/ (10" m%s)  Drgsi/ (101 m%/s)

15C5 12.2+0.9 35+0.2 23+0.1 2.8+0.2
G4 28+2 10.1 £0.6 6.1+£04 7.7+0.5
G2 14+1 6.8+04 3.1+0.2 39+0.2
DMSO 5.4+0.3 2.1+0.1 1.48 £0.08 1.9+0.1
DMF 5.5+0.3 33+0.2 1.9+0.1 25+0.1

SL 25+£0.2 24+0.1 1.01 £0.05 1.21 £0.07
TMP 39+04 57+04 1.01 £0.07 1.4+0.1
PC 32+0.2 52+0.6 0.64 +£0.03 1.9+0.2

VC 1.50 £ 0.08 72104 0.64 £0.03 0.98 £0.05

GL 26=+0.1 1.5+0.2 1.06 £ 0.06 0.98 +£0.06

- 0.42 +£0.04 - 0.161 +£0.009 0.20+0.01

Table S3. Binding constants of co-solvents to lithium ions taken from 3, apparent lithium ion
transference number derived from anion and cation diffusion coefficients and free anion
fraction, analyzed by Raman spectroscopy.

Co-solvent K,/ M! t: ‘free’ anion fraction
15C5 28000 + 5000 0.45 +£0.03 0.85+0.04
G4 74 £4 0.44 +0.03 0.84+0.04
G2 11£1 0.45 +£0.03 0.84 £0.04
DMSO 6.0+£0.2 0.44 +0.03 0.76 £ 0.04
DMF 4.36+0.07 0.43 £0.03 0.77 £ 0.04
SL (8.15+0.08) -102 0.46 +£0.03 0.83 +£0.04
TMP (7.8+0.2) 107 0.42 +£0.04 0.68 +0.03
PC (4.38+0.09) -102 0.38 £0.04 0.69+0.03
vC (5.14+0.02) -10°° 0.40 £0.03 0.39+0.02
GL - 0.52+0.04 0.61 +£0.03
- - 0.44 +0.03 0.68 +0.03

DCS/DLi

5 * L 2 J
¢ ¢ o ¢ .

Figure S7. Co-solvent diffusion coefficient normalized to the lithium diffusion coefficient in
electrolytes containing PCL+LiTFSI and different co-solvents. Error bars result from error
propagation. The co-solvent coordination strength to lithium cations, except for glycerol,
decreases from left to right.
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5. Raman Spectroscopy
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Figure S8. Raman spectra of PCL+LiTFSI electrolytes containing different co-solvents
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of free and cation-coordinated anions were deconvoluted assuming a band shape of 60%
Lorentz/40% Gauss. In case of DMSO-containing electrolyte, the slightly overlapping DMSO
asymmetric stretching mode was considered as a separate peak.
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Table S4. Parameters of the deconvolution of the Raman bands. Two bands, representing free
and bound TFSI, rsp., were fitted by fixed band shapes of 60% Lorentz/40% Gauf3. Band
positions p, amplitudes a and widths w were free parameters, adjusted to the individual spectra.
The band integral (area A) is used to calculate the free anion fraction as described in context of
Figure 2.

Co- Dfree Afree Wiree Afree Pboound Abound Whound Apound ﬁree
solvent /em?! /aw. /em!' Jaw. /em?'  Jaw. /em!  /a.

15C5 740.8  0.036 6.07 0.28 744.6  0.005 6.99 0.05 0.85+0.04
G4 740.8  0.032 5.77 0.24 7454  0.005 7.22 0.04 0.84+0.04

G2 740.6  0.049 5.20 0.33 745.6  0.008 6.60 0.06 0.84+0.04
DMSO 7419  0.038 6.55 0.32 746.7  0.012 6.37 0.10  0.76 +£0.04
DMF  741.6  0.042 6.56 0.36 746.5  0.014 6.27 0.11 0.77+0.04
SL 742.1  0.052 7.77 0.51 747.2  0.013 6.29 0.10  0.83+0.04
TMP 742.1  0.114 7.19 1.05 747.0  0.060 6.24 049 0.68+0.03
PC 741.8  0.046 6.18 0.36 7463  0.019 6.67 0.16  0.69+0.03
VC 741.1  0.074 5.51 0.53 745.1  0.074 9.14 0.84 0.39+£0.02
GL 7432 0.026 7.22 0.24 746.1  0.014 8.79 0.16  0.61+0.03
NoCS 7429  0.085 7.37 1.54 746.9  0.085 6.52 0.71 0.68 +0.03
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6. Electrophoretic NMR — Results

Table S5. Electrophoretic mobility of each constituent within electrolytes comprised of PCL,
LiTFSI and either none or one of the depicted co-solvents.

Co- HpcL Hcs HLi HTFSI
solvent /(10"m2V-'is!) /(10"m?VIis!) /A0"'m2Vish) /(101"m?V1sh
15C5 4+1] 26+04 6+1 -9.4+0.1
G4 4.6+0.8 5.8+0.7 10+1 -17+1
DMSO 45+0.9 3.7+0.5 3.7+0.5 -5.8+0.5
SL 91+1.1 0.55+0.07 39+0.5 -3.9+0.3
w/o CS 1.0+0.3 - 0.70 +£0.09 -0.77 £ 0.06

Table S6. Lithium ion diffusion coefficient at 90°C; Li diffusion coefficient and electrophoretic
mobility, both at 90°C, normalized to the co-solvent; as well as lithium ion transference number
calculated by electrophoretic mobilities and the correlation parameter &.

Co- Dy Dvi/ Dcs hvil pcs T: =
solvent  / (10°'! m?/s) HLi,eNMR / JLidiff
15C5 3.1+0.3 0.7+0.1 23+0.6 0.39+0.09 0.6 +0.1
G4 7.8+0.5 0.63 +£0.06 1.7+0.3 0.37+0.05 0.40 +0.05
DMSO 2.0+0.1 0.72+0.05 1.0+£0.2 0.39+0.06 0.58 +£0.07
SL 1.44 £ 0.07 0.46 +0.05 T+1 0.50+0.07 0.9+0.1
w/o CS 0.26 = 0.01 - - 0.48 +£0.07 0.8+0.1
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