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The Reductive Mechanism of Prop-1-ene-1,3-sultone as Solid
Electrolyte Interphase Film-forming Additive for Lithium Ion
Battery

Zeng Li-zhen', Zheng Xiong-wen’
(1. Research Resources Center, South China Normal University; 2. School of Chemistry and Environment, South China Normal
University, Guangzhou 510006, China)

Abstract: The mechanism for the reduction of Prop-1-ene-1,3-sultone (PES) on anode of lithium ion battery is
understood by theoretical calculation at the B3LYP/6-311++G (d, p) level of density functional theory with the
polarized continuum models (PCM). It is found that PES in solvent is reduced prior to PC to form PES+e by the
obtained frontier molecular orbital energy and electron affinity. The structure of PES+e is unstable, and prone to a
spontaneous rearrangement to form PES-1 or PES-2 by the breaking of C1—O2 or O2—S7. The transition state
(TS) is optimized and confirmed by vibrational frequency analysis and intrinsic reaction coordinate (IRC) method.
The bond orders and atomic charge distribution of the stable points along the minimum energy path (MEP) are
analyzed using the natural bond orbital (NBO) method at the B3LYP/6-311++G (d, p) level of DFT. The negative
charge is mostly distribution on —SO2 group in PES+e, based on the structures, bond order and Charge
distribution analyses, and it is known that PES+e experiences the breaking of C1—O2 or O2—S7 to form a stable
open cyclic anion radical (PES-1 or PES-2).

Key words: lithium ion battery; propylene carbonate; prop-1-ene-1,3-sultone; reduction mechanism; density

functional theory (DFT)

HEFRMST ZH T EHSENR R E B3 H SR R A A TN & R E s A
REMREGENINAES, FHH b T H e % R, K HI SR BN 61 SR FE AR AE 78 I FE R R R )
ks HEA: 2017-02-24

ESWE: FHE BRI IIIE (21273084); [H K 5 AR 34 FH 54 BT H (21303061)
EEEN: Y2 (1986-), %, SLIIM, FEHF 5T 5 A AL 2= D REAT L. E-mail: janefish861210@126.com




5

NS, A8 A 7 FR It BB IR PR 446 -1, 3- DT R A P A SR LR T 87

SRR Y, AR e s AR T FARRAE IR AR
WA, AR MR TH 25 5 9 R 7. — Mt
N HRURRRAE P AR R T R AR R SR R B 2 SR 2 T
B [ [ 24 P AR 5 A 5 T (S ET) AN T 400 FEL A AR
{UESES N 7

FEL A0S R S - PRV R 1 B A AR ), S F
Tt P LA R oy, S A B AR IR L, BRI
IHER(PC), B SRV, =/ F s B i, B
SRR B R AR ) R R . (H R A AR
TR R THIPC A ) AL R AR 4R, AT 5 e A SR A
HEZ I FH FEAR A RL B RV, B Je S 3 FI R B T R
G T 29", BT PCTE0.8V vs.Li'/LifJ AL
TR JF o, AL R AR LR, R AT DU
IINETF 0.8V vs. Li'/LiH AL R R A2 14 J5 I 0 T SETRK
JELS INFISRANHIPCX F SR, 24, W AE TR
H 7T SEITRRBE A I, GLFE AR IR £ 4 Ee,
B R A M R, SR BR M Y, Bk IR . £ s e
(VORI E IR AU, — LT, I
5% T 543 S N BEAE SR SR TH T A %
(FISEIRE , I AV C I BRI 0S| v2 BE FH 1 v
MR T E R, R VCE IERR TR S RERE
SN T 5] Bt P 1 R, G R, TRTRETR PA) I
(PS)FI1,4- ] Fef iR PN R (BS) X HEL L () e il 1k R A S 3
B, PRI 52 B T8 T2 RvER

PRI 2 -1,3- PRI TR P IR (PESS ) A — Foft i 284 1)
FRTRME AN N7, R 5 PS B A 2R AL &5 4y T 43 21k
B2 NG, B mT BAP= A 81 BH B SELRR, -
H AT LA IR 49 LiMin, O 4/ 58 e s 1 B 4% 1 BH
WP Y2 4R 1k, S FPESKT H it Itk BE B, LA K,

PES-TS 1

FLAE AR B8 TR LTS ANIE 28 . B 70 A I 77
SSEATLER , XoF 48 2 i B0 2880 R0 o 790 A0 Fa il o o 77
FR 1 R LA EE T (725 AR SOR % B bR HE i
J7EDFT, Bt 7L INFRIPES /R AL EE.
1 HEEE

RN KB AEGaussian 0984 AL H 2%, BT
I EERE &R 2 P2 R B T 1 B3LY P/6-31 14+
G(d,p), TEAAE FARAAT 2. SRS SR 5
0038 1 SR F S SE AL A B (PCM) 7 i 58 P,
KM B ECR20.5. B IRSAIZR i 4 6e i L
B IE R, DA IR AL 153 30 1 45 0 2 A e T -
(IR S BRI VE A, DATE £ R AT il — PR 3 R
RS RIS A B S R AR BR(IRC) J7 i
PEASBAT IR 5, S0E s A BT LSS
S SIRI =) T . H B ARBEETE(NBO)™
TTE M AT B 75 b S5 1 AT 23 A LA A o
THEIEER L.

2 BURARIFIPESHE R 537 K RN I8

2.1 PESHIPCHFHINIIAILIR & M
KAy 13 3 — > T £ PESHIPCHY
WILRIE JF S, 208 1 HUAR S I () 5200 PESHIPC 3
T3 3 HL 115 BIARAL S5 4 DL RGE I 5 R i I A
K g E 1 R, SIS TS SBET
FIFEBL. EL % 1 FR PESMTPCAS: 31 B 1 RiT 5 () 45 K94
v F1, PCHIPCHeth B LT S HAH AL, Kt PCe
[ 45 K e 58 1. ELECPES ATPES+e )45 K 7] LARH {2
MR B, X FPES, C1—02, 02—S7, C3—S7H1S7—

1 &ST, PESHIPCH TSR FRIGMMULEAUR SRR RATES R A= IRAER (e RRBEET) BPRKENM A Inm
Fig.1 Optimized geometric parameters (nm for bond lengths) at PCM-B3LYP/6-311++G(d,p) level in solvent
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Tab.1 Frontier molecular orbital energy and electron affinity of PES
and PC in solvent
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PC -8.665 -0.174 ~85.806
PES -8.239 -1.381 -210.277
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Tab.2 Atomic charges based on NPA for PES, PES+e

BT L
PES PES+e
C 1 -0.052 26 -0.050 21
(0] 2 -0.731 84 -0.774 97
C 3 -0.437 08 -0.748 35
C 4 —0.137 27 —0.409 37
H 5 0.220 29 0.156 54
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Tab.3 Wiberg bond orders in PES and PES+e
@ B
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Tab.4 Relative energy for the reductive decomposition of free PES
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PES in the forms of free PES
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