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DFT Calculations
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Artificial Solid electrolyte interface
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S. G. Patnaik, T. P. Jayakumar, N. Matsumi*
ACS Applied Energy Materials, 2021, 4, 2241-2247.

(Highlighted as Supplementaery Cover)

Defined Poly(borosiloxane) as an Artificial Solid Electrolyte Interphase Layer
for Thin-Film Silicon Anodes
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A. Gupta, R. Badam A. Nag, T. Kaneko and N Matsumi*

ACS Applied Energy Materials, 2021, 4, 2231-2240. Bis-imino-
acenaphthenequinone-Paraphenylene-Type Condensation Copolymer Binder
for Ultralong Cyclable Lithium-ion Rechargeable Batteries
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(a) BP-copolymer (before cycling) |(b) BP copol mer (after 1735 cycles)
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The FESEM micrographs of (a) BP-based pristine electrode, (b) BP-based electrode after 1735 cycles, (c)
PVDF-based pristine electrode, and (d) PVDF-based electrode after 525 cycles.
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(a) DFT Optimized Structure of BIAN-PAA Composite (b) HOMO-LUMO energy level comparison between

1
N
1

:

HOMO (-4.58) HOMO (-4.4)

the electrolyte components and binder
H-bond ; 2
V. . | ] Lowest
Ivi
Interaction 1, o) _ 0]LUMO (-0.28) LUMO (-0.06) RN
’ >
N2
m f
N 2
2 LUMO (-3.17) Lumo (-3
—
. >
o0
R
D
=
=

1
(o]
1

n
]
n
n
]
|
n
n
]
|
n
|
n
u
n
» B
b/

1HOMO (-6.89) HOMO (-6.52)

EC DEC BP-copolymer BIAN-PAA

The LUMO of BIAN-PAA is substantially lower than
EC/DEC electrolyte components therefore capable of doping

The DFT-Dmol3 optimized structure of the BIAN-PAA in the anodic environment.

composite in electrostatic dynamic hydrogen bonding.

14



6 RRAL S et L

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
IRAI RIS S

BAMRNICHITEIETIEE (A1) IRILEZET L)

(a)
0.8
032V 053V Cycle 1
Cycle 2
0.4 1 Cycle 3
———Cycle 4
0.0
A
<
=
~ 0.4
M.\
-0.8
-1.2

! ' ! ' ! ' ! '
0.00 0.25 0.50 0.75 1.00 1.25

Ey vs Li/Li%, (V)

SR TRLE ) F 0 LR A& E



Rkite
MiRAI Bl EE 5k

S
e

SR ER S R (P-BIAN/PAAR)

(b) @ 500 mAg"!

PN - 100 10 Cycle 100, 300, and 600  Cycle 10 Cycle 1
14000 ~
=1V e
= D
< N’ 1.0 4
£ 0 @ 500 mAg"’ Se) ~ ]
~ 30004 o 9 = S 2
3} ‘/6 .2 ~ 0.8 e
) S < = {Z Dealloying
= o BIAN PAA blnder based ceII = 2 62 region 1
Q_‘ St - ok (Y d Odec ~d( - B =% .
& 2000 < : — o0 % E 1B Dealloying
@) ‘ 98% capacity retention 3 "S ﬁ region 2
<) 0.4 = A
o0 Control System = R~ z ;
PAA only binder S 1z
S 1000 (PAA only binder) 23 02E
8 —O— BIAN-PAA binder-based (mAhg'l) 8 —
© | —0— Control System (PAA only) (mAhg™) 1
a2 —A— BIAN-PAA binder-based (% efficiency) 0.0 { ' Plateau for Li alloying of the\\\
—A— Control System (PAA only) (% efficiency) ’ . s
0 ——— —— 0 | crvlstallllne sllllcoln . | . : . : . : .
0 100 200 300 400 500 600 700 0 500 1000 1500 2000 2500 3000 3500
. -1
Cycle Number Capacity (mAhg™)

(a) 500 mA/glZFHLNT600H 17 )LEF £ T2099 mAhg™
SEHREERISWERLT-,

(b) CVRIFRIZZEZFEDLifREEE — & R~L. —BIL1=-E %

TL7T-=,




 ARRALE

MIRAI EIi&SE%

Lithiation half-
cycle with Control
System (PAA
only)

 BAVE—F L RAANSE

(©
Ohmic

of the
electrolyte

Si-G composite Electrode

Resistance =yt

Qpc Csi

At Higher
Frequency

INTERFACIAL IMPEDANCE

JL(DEIS) D TR

Qcr Ca

pc SEl R(.‘I' ZGFWQ\
Generalized finite

Warburg element
o Tower indicating the
requency
@ diffusion of Lithium

Interfacial Film
on the
Electrode-SEI

jons in the anode.

Charge-Transfer
Process

Intrinsic Impedance

Fiflish A=

New Technology Presentation Meetings!

®

Lithiation half-cycle
10007 with the BIAN-PAA
binder

(@)

Ry vs Potential

comparison profile

1000 +

800

—u—BJIAN-PAA

—o—PAA

Reduced SEI
resistance by 6
times

g u |
T ] ]

Control (PAA only)

BIAN-PAA

T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Potential (V)

LR R EL TDPAANA T —F D 1/6MR % 7B

17



 ARRALE

MIRAI EIi&SE%

Fiflishi A =

New Technology Presentation Meetings!

400514 7 VigIcH 1T 2 (Si/C)EBIBEBDXPSARY L

C 1s (After 400 cycles)

700 +

600 -C=N
Alkyl carbonates

5001 (R-0CO3)

Intensity
5

w
o
o

200+

100

T T T T T T T T
206 294 292 290 288 286 284 282 280

200

180

160

Intensity

140

Quaternary .
Hydrogen bonded nifrogen

N 1s (After 400 cycles)

-C=N

Intensity
&

120

T T T T T T .I T T
408 406 404 402 400 398 396 394 392 390

B.E.(eV)

70

60

a
o
1

w
o
1

204

Si 2p (After 400 cycles)

FRE TR
LT
EEy

110

T T T
104 102 100 98 96

B.E.(eV)

The appearance of N 1s of binder and Si 2p of silicon nanoparticles on the surface confirms thinner SEI

RSN TS

~E

=R B 52 M (SEI AEWCEERLTLVS

18



eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
IRAI RIS S

@ RRAL S et L

REIFTWRET A VILEIRIZETHE1E (Si/C) DSEM i
?Eﬁﬂz FTHER

Wb s P T L 50U AL
‘ o e s i AR Ly - J -

4001/ U)LELE
Sl e, o N O 2R TLERO
BP-PAA & Sipds netahoetl B RO R ELTDAOD—%

SEM 1mages of the PAA based electrode before cycle (A) after 50 cycles (B,C).
BIAN-PAA based electrode before cycling (D) and after 400 cycles (E,F)

1) S. Lim et al., Journal of Power Sources, 2017, 360, 585-592
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