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Key Findings

» EMC decomposes faster than EC, suggesting that EMC plays a greater role in the electrochemical reactions on the electrode surface, e.g.,
formation of a protective layer to prevent further electrolyte decomposition.
» We observe an increase [decrease] of the vibrational absorption peaks attributed to carbonates coordinated with Li* ions relative to the decrease
[increase] of their uncoordinated counterparts, as expected when changing the local concentration of Li* ions near the electrode surface during
deintercalation [intercalation] into the electrode.
» Features assigned to the Li*-PFg contact ion pair increase in intensity relative to the uncoordinated PF4~ anion when Li* concentration increases.

Molecular Species in the Gen2 Electrolyte:

Uncoordinated ethyl Li-coordinated ethyl!
methyl carbonate methyl carbonate
(EMC, uc) (EMC, Li*~c) o

A

Uncoordinated o

Ethylene Carbonate
(EC, uc)

Li*

A T

Ethylene Carbonate

Li*~Coordinated

7“'* Li*

o]

(EC, Li*~c)
o

Solvent-separated
LiPFg ion pair
(SSIP-LiPFy)

Solvent Shell

Contact-ion pair LiPF,

CIP-LiPF; F

Model Cathode: NMC

battery configuration, ATR-FTIR set up,

45 Galvanostatic cycle and dq/dV
. ATR set-up
é WE.
> CE. m_.NK)
WiFoil) 1 Fr— - - - — — — — A
s e -
Ce s s | - |
dmen
- - ! Electrolyte n=15 l
~x fay | |
s | |

Model Anode: Si

00 L

21 L

— t4Cycle
— 10" Cycle
—20"Cydle -

dQUAV (pAh-cmrE V)

— 50" Cycle

T T T
00 04 08 12 16 20

Potential vs. LiLI" (V)
Yanli Yin et. al. (In preparation)

Electrolyte

« Cell configuration
simulates coin cell
environment

Si wafer acts as both the
anode and ATR crystal

Evanescent wave
probes ~80-800 nm
(controlled by angle of
incidence)

Abs.
8

=0
7
0.02- —o

Defta Abs

o g0 0 70 1770 P P 5

Wavenumber lom” Wavenumber fom”

1m0 n20 3 4000 4100 4200 4300 4400 4
Voltage Ivs LiMLi"

Abs.

Defla Abs
-~

C=0 Stretches in Gen2 Electrolyte

e ECUc NG

EMC <

Absorbance (a.u.)

Peak Intensity Ratios

s Effect of Li* coordination:
Uncoordinated carbonates react faster

Effect of Carbonate Molecule:
Initial loss of EC followed by EMC

EC. uc vs. EMC. uc

EMC, uc vs. EMC, Li*-c

Norm. Peak Ratios

00 25 50 75 10 125 150 175

00 25 50 75 10 125 150 175
Time (h)

EC, uc vs. EC, Li*-c

) owny

Time (h)

EC, Li*-c vs. EMC, Li*—c

1640 1820 1800 1780 1760 1740 1720 1700 1680
Wavenumber (cm ')

00 25 50 75 10 125 150 175
Time (h)

00 25 50 75 10 125 150 175
Time (h)

1760 1740PMC 1720 1700
Wavenumbor Jom!

EC and EMC, C=0 and C-O vib. abs.,
intensity change at EC vs EC — Li+ and
intensity change at EMC vs EMC — Li+,

PF6- -- Li+ (CIP) increases with charging b/c
more and more Li+ coming out of cathode.

1340 1320 1300 1280 1260 1240
Wavenumber fem

R

3900 4000 4100 4200 4300 4400 4
Voltage /vs Lil"

0.30

S e e & A
025 el A

7
0.2014

0.10

—Tae neton)

0.05

0.00 T T T T

900 880 860 840 820 800
Wavenumber /cm’’

0B oo etal . Phys Chom, C 2015, 118, Aise-1404; Cresce
e Chom Cham Prys 401713574588

C(0)-0 Carbonate Stretches

ws

o

o um W e e 0 R
Viavenumber em ™)

EMC, uc vs. EMC, Li*—c

LiPF; Stretches

w sun

T
Waver

Norm. Peak Ratios

1000| R

0o 25 50 75 100 135 150 175

Time (h)

00 25 50 75 100 135 150 175
Time (h)

Cycling to 150 mV vs Li

£C vs EMC (u)
1

m.mem :ur‘)

o ue vs Li* coord. (EC)

Worm. Peak Ratios

u coord. un:.
25
20|
10
03!

@ 10 10 180 160
Time ()

Potential (V)

Conclusions

These observations give important information regarding the electrolyte solution structures and dynamics near the electrode surfaces. We look
forward to applying these techniques to additional lithium-ion battery systems with different cathode or anode materials and beyond lithium-ion
systems to characterize surface chemistry/evolution (on-going research) and solution structures/dynamics (in particular, (de)solvation behaviors)
within the EEI, which can be a bottleneck to efficient ion transfer from the electrolyte to the electrode.
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