Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2018

Electronic Supplementary Information

Chemically Soft Solid Electrolyte Interphase
Forming Additives for Lithium-ion Batteries

Piotr Jankowski,>¢ Marcin Poterata,? Niklas Lindahl,® Wtadystaw Wieczorek®< and Patrik
Johansson®*¢

@ Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 00-664 Warsaw, Poland
b Department of Physics, Chalmers University of Technology, SE-412 96, Gothenburg, Sweden
¢ ALISTORE-ERI European Research Institute, CNRS FR 3104, Hub de I’Energie, Rue Baudelocque,
80039 Amiens Cedex, France

* piotr.jankowski@chalmers.se



mpj-12a

Parameter Vake e}
N %O
1 Origin Varian s
2 Spectrometer s E ﬁ @o’ o
3 Solvent cd2cl2 NN
4 Temperature 250 \,/
S Pulse Sequence s2pul [}
6 Acquisition Time 2.0447
7 Spectrometer Frequency 499.93
8 Spectral Width 80128 Eﬁ
9 Lowest Frequency -10133 NN
10 Nucleus H Y
727 726 725 724 723 722
f1 (ppm)
8§82 # 2
B ws T b=
|
Ao o \r 8 l
T T !
8 ® =3
- o o
14 13 12 11 10 9 7 6 4 3 2 0 -1 -2
f1 (ppm)
Figure S1. *H NMR spectrum of DTDPh.
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Figure S2. 3C NMR spectrum of DTDPh.
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Figure S3. FTIR spectrum of DTDPh.




mpjlla

R 0
Parameter Value \ /o
CE/S*
1 Origin Varian 0
2 Spectrometer ynmrs
3 Solvent dmso
4 Temperatre 250
S Pulse Sequence s2pul
6 Acquisition Time 2.0447
7 Spectrometer Frequency 499.94
8 Spectral Width 80128
9 Lowest Frequency -1006.8
10 Nucleus 1H
9
Q
T T T T 1 v
7.6 7.5 7.4 73 7.2
f1 (ppm)
oo — T OO OO NN o ~
$@§§$$$¥§@@9Lssaaﬁmﬁm%m
A R N S NN
o, .
™ 0
ARESE
NANN NN
A g .
o | y y
88 a 8 g
o o~ o o
11.5 10.5 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)
Figure S4.1H NMR spectrum of PSPh.
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Figure S5. 3C NMR spectrum of PSPh.
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Figure S6. FTIR spectrum of PSPh.
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Figure S7. *H NMR spectrum of PSOPh.
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Figure S8. 3C NMR spectrum of PSOPh.
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Figure S9. FTIR spectrum of PSOPh.
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Figure S10. Changes in charge distribution by reduction of additives: DTD (a), PS (b), DTDPh (c), PSPh (d) and PSOPh (e).
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Figure S11. Cyclic voltammogram of graphite electrode with commercial style electrolyte without/with 5 wt% addlitive;
sweep rate 1 mV s
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Figure S12. Potential profile of the first charge-discharge cycle of half-cell with commercial style electrolyte without/with
5 wt% of additive at C/20 rate. Inset shows in detail the initial stage of the charge cycle.
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Figure $13. Cycling performance of full-cells without/with 1% of additive at different current rates.
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Table S1. Comparison of electrochemical performance of cells with LiTDI-based electrolyte.
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Electrodes
Li/LMO

Graphite/Li
LTO/LFP
LTO/NMC

GC/Li

Graphite/Li

Graphite/Li

Graphite/Li

Graphite/LFP

Electrolyte
IM LiTDI in
EC:DMC (1:1)

1 M LiTDI in
EC:DEC (3:7)
1 M LiTDI in
EC:DEC (3:7)
1 M LITDI in
EC:DEC (3:7)
1 M LiTDI in
EC:EMC (3:7)

1 M LiTDI in
EC:DMC (1:2)

0.5 M LiTDI in
EC:EMC (3:7)

1 M LiTDI in
EC:DMC (1:1)
1 M LiTDI in

EC:DMC (1:1)

Results

96% capacity retention after 22 cycles at
1Crate

Reduction of salt at 0.9-0.7 V vs. Li*/Li°
(twin peak)

85.4% capacity retention after 900
cycles at 1C rate

85.8% capacity retention after 450
cycles at 0.25C rate

Reduction of salt at 1.6 V vs. Li*/Li°

Reduction of salt at 0.9V vs. Li*/Li°

~35% capacity retention after 7 cycles at
0.05C rate; reduction of salt at 0.68-0.74
V vs. Li (twin peak)

Reduction of salt at 1.3 and 0.8 VV vs.
Li*/Li°

25% capacity retention after 10 cycles
(~0% after 30 cycles) at 0.05C rate



