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Abstract: The model of multi-component mixed electrolyte solvent EC-DMC-DEC ( ethylene carbonate-dimethyl
carbonate-diethyl carbonate ) was established by molecular dynamics simulation for investigating the micro-structure of Li"
in the mixed electrolyte. The properties of mixed solvent under zero electric field and electric field were calculated and
analyzed. The calculation results show that there is no contact ion pair( CIP)and ion aggregate (AGG) in the electrolyte
under OV electric field. However, CIP exists in electrolyte with different concentration of LiPF under 6V electric field,
which reduces the solubility of lithium salt. The existence of the electric field makes the dipole moment of the solvent
molecule of the electrolyte coincide with the direction of the electric field. The solvent molecules are arranged in order,
which lowers the dielectric constant of the solvent, promotes the formation of CIP and AGG and the reduction of the coor-
dination number of lithium ions. Therefore , destroying the order of the solvent molecules under electric field and enhan-
cing the dielectric properties of the solvent are crucial for reducing the ion association and improving the performance of
the electrolyte,which serves as a theoretical reference for optimizing LIBs electrolyte properties.

Key words: lithium ion batteries electrolyte, electric field,dielectric constant, coordination number,ion pair

PE A R AT PRI A RO D T B, )z s I TR A E ISR T A A
FUUTEE  ZE S AUAE % T T A i BT s TR E A R S WA B R R LR R PR R A RO
PRS- F M A AN T B AR R AR 23, R R AR B TR AT S A R T A B B - R M A R . PR TR
Tt PR AR YR T2 2 P PR BRER DL S DI REAS ISR 2 8. Hevh, 50 BE A 45 R B TR A DA T i A 5 R

Wfs B #A:2019-05-03.
EIREBERA #2007 M A HLE%. E-mail ; yangjinfei@ njnu.edu.cn




PSR 4R (AR R 55 43 55 2 11(2020 4F)

AR X AR b A P A i 3] 2 DG B AR 5 TSGR RR A S 35 b O A R T PO (S TR B (A1 Y 1
b BE RS I AN R 37 A s

H AT, B B H ol AR 3 0] S 0 Ry T R DA R AR BT ). RS A DR AR T AR S
¥ HL VLA R Y B H AR L T A S AR R R K TR, S I MR Ak B (C = 0) iR (C=N) B
i (S=0) A (—O0—) BYA DL A H 4R 2] 7 H w2 0 A7), PORBRIR I EC /i HL # 4L
i, A ARG OB ER IR AR RE ) (EUR R R M i a2 Wi 1 AR B T i i iz . =4 AT AR A — b 2R
— V) R TG 2 S R b ) (o SR ot SIS R i 1 Y (o P 2 I T P ARV L 75 1 32 3. Tarascon &%
T UTES S it P T R BRR T —BRIR — T ( DMC) VE M FRARBRFR R EC 19 B . R PR R
ﬁa ST HORBRIR R YA 7] Z A TE T BA TRAT B ARG BEAR LA KA v B a0 4, T DL DR R L) 5 EC

AT R SITR AW . TR HU AR B 1) POkl B2 AR Ze EBR IR IR 7 7] DMC A7 7E , 45 Ha v H A v BAT
iﬁcfﬂ’]ﬁ%fi@ﬁﬁ{&lﬂfl,U&&wﬂ’]ﬁ%?%%?,%%u% PRRBRIR R EC AEWS4 g PR AR E P LA S 14
POARBE ). B DL SRR T BRARBIR TR T 55 2 1Ak 0k 9 T TS 5 11 L A i 700 T 7 A 0 128 1 v Yt 90 SR AR i
FHELE T it , s o8 GORI 3 7SR .

P, OFFEE R I 2 R0 S50 T B 5 R 7 IR ST B 118 A P R AAAE R S 59T UG B0 L SEL
T ML B 5 354 e el =2 () i A% 4 X4 BB AT 8 8 AT TR B A 43 57K P b X B s 1 1 vl
— ROV PE BT AT RIS 1) B 2, U R 8 1 5 Z [ A BAE . X 2 T4 e 7 55
Z BB EAE PSR E T 4B 5 B BC LI 2, DT RZ e 1 F B B T 8 Al 2 45 4 LA SRR 88 11 8 1Y sh 2 1
[z, ISR« BB T A S b | T8 5 BH B I s X 1 D06 T B e R I £ e 1

BRI 28 DG . 2 SCHRATGE L B LA 4~ 6, 1 LA B 1 A 0 00 2505 8 5 1 H it A R e

I WU R R A R OO O, A, R T F Y TS TR B A% 25 o L Y ) T A | R P A
M&M‘Hﬁﬁ TRERERE Tjii BRI A PERESE , USRI T8 B 1 GOWL 45 #4110 e 22 [ A 2 H T BRIR WIS Y
Fa . T BRR IR SIA R A AL A8 E B 10 BEAS W 2 H i DL EE*&M?HE’J@FHEEE,FJ?L‘J\E%%EE@?&
IR, XT?%M@E% FEL PR VR RO 285 ) ) B A 9 B T R

B2, HET TR SAME BT, He i s 5t | Eﬂﬁi@{&fﬁﬁ@ihﬂﬁi BAFATIRAL TR B B 5 R
BTV T RS I TC AL 0 i A 5 RS P A R 1 2 X A VAR 174 R A M B ke A2 Ak R 1
fifp . I Hod i S T Bk Ll R A2 B M 537K ~F B P B 1R Tt B BOWL A A S R B A TR TS R T
VLB 5 AR SCRI 3 730 12 S 1 2RSS G i D7 20 S ) AR vk B2 R B8 57) EC-DMC-DEC 194 H
PRI B B VA R A TOUE S 1) | F s S R A E 3 R 1 B ) AR A SR R AT T RS, X TG A R A ) 1
HHARSE
1 W55k

55, FIFH LAMMPS ™ ( Large-scale Atomic/Molecular Massively Parallel Simulator) #4771 () COMPASS
N5 A EC.DMC \DEC LA LiFP 43 T HIFAL, fH AR B M, &L 1 BT/, R ARG smart™) i 52
5, FYEAFREE N 12121 15 BLIF B9 EC-DMC-DEC =Joi R &7 XM, &7 P 190 MEFI T LUK 1,
3.6.24 133 4~ LiPF, , 43I%F 5 0.06.,0.20,0.70,1.50 F1 2.00 mol/L ¥k BE. Tk Z @SS FIH COM-

PASS Nyt A5 0058l J1 A0, PR M NPT REHEAT 2 ns, AR AU RE R /MU, 5 TORRHI NVT £
L3217 10 ns, I HAFHIZPIEXT =00 B AH SR Bt A TR AT, FERAUIA i A R i )P KB T fs

0] Ll

B 1 5FAHMAL EC. DMC DEC BHI 4 FHHAEREE
Fig.1 Schemes of solvation molecular( EC,DMC,DEC)



DU I P Y o L N B T S R e e e DA o X )

(10 s~15 s) , =4E YR R AME B4 BEL AR EE R SR T Nose 1R 1E) A M2 Andersen HYTH
Hﬂf[s] ,ﬁ*}%%ﬁﬂ‘lﬁjﬂ{l 0.1 ps.

TERE S T F St BT A F RSO BRI AR B A M i 2 — | I LR A 100 5 b 5 M 8 25 1 P ¥ 511
b GERE AT AEVEET. PRI A LIS H B8 P oot 80 25— F L % A 55 0 F AR A Ei e 3L

HAE MDEC #5710 TG 3B A B AR (e ) TR AN -

g=g,_ &y (1)
HR4% Neumann" " (A KR A 2 AT LAFS 5] .
4 )

+m< My ) - (2)
( My ) S22 1 2 RAAS 1 i SR AR Y I 30, V ky , T 43 BIRAARR (BIR 2% 5 BURIRLEE.
EA HE R (e, ) FITTREARX N .

ewp=1

e, = +4'n'—Na’. (3)
® 1-47/3 * Na'
o' =a/4me,. (4)
TRAHR B S AR HL B 4 Lorentz-Lorenz 22 2UHEH -
8“”_1:¢{8”“4j+¢48”f4) (5)
g, pt2 £, 12 £, ,12

N, &, 43 MR A 5508 BE FLEL S A BB A, o T o 0 R AR AL IR R 43 AR A R | ph 2 32 R B G
B3LYP/6-31++G(d,p) i85, @, AR T HEFI MR,
£ Onsager'”’ i) TAESERE I, Booth" ™" 3 Tt AR BRI sORMBIE I AE L3 T A r 8K

3 -
g.=n’+-—[&(0)-n"]L(BE). (6)
BE
E BRI RN,e(0) BES F RN ER ,n BITHIER (" =2,).
_ Su,
B—ZkBT(n +2). (7)
X, ST 122 A IR A TS AR AR, T 24X R B k, 2R 2% = H AL
L(x)=coth(x)—-1/x. (8)
A2 18] 34 BRI (radial distribution function , RDF) f& R NE LT JRy SR W 25 440 1) — Fh rREE X
(=", (9)
p

AR F19 RDF FeATTREME K B ARKL ¥ B BC AL, e By ARk ¥ BE 25k r I Bk 740 H A
B2
N=4mp f; rg(r)dr. (10)

34 r B RDF BY2E— A EIS , N RI A PR B 58 — IO (L2 AORL 140, 0 T BRAR 41 88 1 i oA A
BHYE X,

2 HR5ihe

21 THEEH

L e Tt Y ) B A LR B T LI RV AR R O BE T TR AT A R B B R X T
B HL T R AR T R A R

I 33 7 2RI R BT A5 38 T o A IO () , A0 18] 2 IR, 6 V LA AERT
TRA R E YA A 2.48 D, IR KT ICH S R 0.25 D, AR R KII T %571
TR . X BT F S AR AR ) 0 118 « Sl 1] () A B R 3 DR A TAT 3§ A0 1 23 F B A AR . FRATTXF
T A L RTE S R S o T HES D7 =X, B R A B AR AR A A R 4 T I HER I T, T



PSR 4R (AR R 55 43 5 2 W1(2020 4F)

W7 1) 5 HL 37 Tl A — 3L 32+
I 1E 7 BF EC-DMC-DEC 1R & 7 5 09 A B 4 5y Jal
2.5, B /NT R IR Y 17.5, 3% 15 B3 18 i 45 S 40 ' ﬁ

3 I IAEAE R R R TR A R B T S 16 — Aiti

HEN G osl TR

22 BHEIFTEDBMRERSH e
LAV Bl £ VA R T e T 7 FRUMR 2 T R B 0 2000 4000 6000 8000 10000

BT B0 5 WA T 5 PR, 8T P e E 2 Al tlps

TR 35 B RDF) | A LT H 0 A 3 W 103 e P OEMAT SRR AN

Fig. 2 Plots of average molecular dipole moment
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