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Functions required for the electrolytes

Performance: High ionic conductivity to realize
theoretical capacity
- Safety: High stability under any conditions

(high voltage, low and high temperatures etc.)
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Liquid
electrolyte
combustion

Fires, explosions

A Tsurumaki et al., Electrochimica Acta 316, (2019) 1-7; Liu et al., Sci. Adv. 2018;4: eaas9820.



LP71: a conventional electrolyte

LiPF (1M) EC DMC DEC
Li* j)]\
FLIZF o o
Structure P o\_/o H3C\o )]\O/CHs CZHS\O)I\O _CoHs
F
Toer/ °C 200 (dec) 38 3 -43
Tflash/ OC - 143 17 25
Dielectric ) 90 31 59
const.
Viscosity / cP - 1.9@40°C 0.59 0.75

v" Sufficient ionic conductivity

v" High stability with many kinds of electrode
(ability to form a solid electrolyte interface (SEl))

X Temperature limitation



lonic liquids (ILs) as electrolytes and additives
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Classical inorganic salts
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O Composed of only ions (alike NaCl, LiPF)
0 Most ions are organic, relatively large, and asymmetric
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How to design ILs?

1) Select lithium salts with suitable anion structures

| | 5 v Formation of SE|
b IO\B/?K Lt F\B/f)i (both on anode and cathode]
0@ 0 07N F 07N X High melting point (~300°C)
LIBOB LIDFOB X Low solubility (= 0.1M)

/ SEIl (Solid Electrolyte Interface) protects eIectronte\
from the decomposition at the interface of electrodes




How to design ILs?

1) Select lithium salts with suitable anion structures

v" Formation of SEI

o o ©
" i N (both on anode and cathode]

. o X High melting point (~300°C)
LIBOB '-'DFOB X Low solubility (= 0.1M)

2) Design suitable cation structure

Os._ 0 0.0
\N_/
T X I
/ N\
oF 0 0T, OFO

HsC™ “C,H4OCH; HsC “C,H4OCH;4
BOB-IL DFOB-IL
N-methoxyethyl-N-methyl- N-methoxyethyl-N-methyl-
piperidinium bis(oxalato)borate piperidinium difluoro(oxalato)borate

3) Assess the combination of anion and cation
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Fundamental properties of the pure ILs

BOB-IL
0
BOB-IL (1t scan) DSC
T m O j: io
HsC 2 “C,H4OCH;
- o)
Tm 54 °C Tmelt 54.5 °C, Tglass -29.8 °C
BOB-IL (27 scan) Tdecomp 272.1°C
T Ogooc: 0.6 X 103S cm'?
Tg
DFOB-IL
DFOB-IL 1
N\ (1st scan) O ) O:E
T/ HsC/ “C,H4OCH;
° WOSWQ'
Trei: N-d. , Typse: -68.0°C
- - 1 - - T T T T T T 1 o
-100 50 0 50 100 Toecomp.: 284.4°C

Ogooc: 4.0 X 103S cm'?
Temperature / °C



Heat flow Exo—

<+—Endo

Differential scanning calorimetry
of LP71*-IL mixtures

| DSC *1M LiPF in EC/DMC/DEC
i Mixtures AH /gt
LP71 59.49
1 BOB-IL 0.1M 32.62
0.3M 27.68
0.5M 16.02
DFOB-IL 0.1M 41.32
0.3M 40.63
0.5M 35.45

Temperature / °C

Suppression in the crystallinity of LP71

was more pronounced when BOB-IL was used.
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-1.5

0.1M BOB-IL

'\\\i

Equaion Y= 3+0%
Fearson'z| -055677
A, ol
R-Squars
Value |Stndsrd

Interoept | 0.044| 008234
Skbpe 0618 002178

log (zi/ S cm™)

30 32 34
1000 T /K

BOB-IL 0.1M
0.3M
0.5M
DFOB-IL 0.1M
0.3M
0.5M

-2.0

-2.5

-3.0

0.3M BOB-IL

T
Equation y=3+ b
Pearsor's| -0.59052
| Ad. 059859

R-Sguars

Value |Sand

Intemapt | 0225 0F

lope @81 00

log {@i/ S cm™)

30 32 34
1000 T /K

Mixtures

LP71

-1.5

R-Squa
Value |Standard
- Inercept | 0.222| 005650
= Sope | 088 | 0017
-3.0

0.5M BOB-IL

-25] |ad 099758
: Squars

log (e /S cm")

3.0 32 34
1000 T /K

c)-I”OOI’TI

-1.5

-2.04

-2.54

-3.0

0.1M DFOB-IL

Equarion Ed
Pearson
Ad] =
R-Squ

Vale |StEn pdard
- Inercept 0114 002457
- Sepe  |0.5M| 003011

log (/S cm™)

30 32 3.4

1000 T /K’

;/ mScm
9.10
9.19
8.66
3.31
9.32
3.81
8.86

-1.5

-2.0

-2.5

-3.0

0.3M DFOB-IL

Valee |Standard
Intercept |-0006 | 011088
Sbpe 080 | 008533

log (/S cm™)

30 32 34
1000 T/ K

E. / ki mol?

11.09
11.85
13.04
13.08
10.91
11.66
12.10

-2.0

-2.5

-3.0

0.5M DFOB-IL

e
Equafion y=a+ b'x
Pearson’s|-0.56053
2di 05908
R-Squ

e | StEnds
. Inemept | 004 01081
- Slope D521| 0.035

30 3.2 34
1000 T /K'

All the solution exhibited o > 103 Scm?atroomT.




Cyclic voltammetry of LP71-IL mixtures

Cell composition: Super P (WE) | electrolyte | Li (CE/RE)

Cathodic region Anodic region
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Potential vs. (Li/Li+) IV Potential vs. (Li/Li+) IV

Formation of SEl was confirmed in the both scans.



Specific capacity / mAh g

Relative capacity [Dx/D10] / %
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The cells exhibited the capacity higher than 120 mAh g.



FTIR-ATR spectra of SEl deposited on LNMO*

*after 100 galvanostatic cycling
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When BOB-IL was additive, SEI layers contained
boron compounds and polycarbonate species.



Conclusion

v Two novel ILs were synthesized

v’ Used as additives in conventional electrolytes, the ILs:
- formed SEI at both anodic and cathodic voltages;
- improved the capacity retention in Li|LNMO cells.

v BOB-IL 0.3M has the strongest impact:
- SEl layers, based on boron compounds
and polycarbonate species on the LNMO cathode.

v Prepared gel electrolyte based on the electrolyte
mixture containing BOB anion



