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Molecular dynamics simulation of acetonitrile at graphene
electrode surface

YAO Meijie, WANG Yongpeng, LIANG Fei, LIU Shule
School of Materials Sciences and Engineering, Sun Yat-sen University, Guangzhou 510275, China

Abstract: Molecular dynamics (MD) simulations were performed to study the interfacial structure and
dynamics of acetonitrile (ACN) on the graphene electrode surface in supercapacitors. The influence of
cluster modification and charge densities on the structure and dynamics of ACN have been analyzed
through density distribution, orientation distribution and diffusion analysis. Simulation results indicate
that electrode modification with clusters will induce strong steric hindrance that impedes the adsorption
and diffusion of ACN, while charges on the electrode will give rise to reorientation of ACN molecules
that further affect their transport. Our simulations have revealed the microscopic mechanism of ACN-
electrode interactions and would be helpful for understanding the distribution of solvent in supercapaci-
tors under working conditions.

Key words: graphene; acetonitrile; supercapacitors; molecular dynamics

PR, XA AS, E—M
R OO 2 2 S A T P 25 L A R i
FAHLUBER BT BUGABESR B, ERIIEREN T B 2
e A UL R (A] ST W B A R A D) R
DRRI R L b ) B 4 B s R e s IR R
HLBH K 3] 73 32 5203 Jhy OURRL J2= L8 0 R I 1 5 %

* WFEHEH: 2021 -02-18

FHAHEHE: 2021 -03-18

ARG, JLASH B s | R R i
IFEZEN AR O B BP VN AL o L S i $ PO R 1
RSP0 RN T Ry AR DI BUIRU X 7/B LS TIPS
AL, BEMTSEBLR B AEAT . Horb, BT
PR IR T =

B WA IR A% 00 i BE T ELA R A B

MEE A HE: 2021 -07 - 14

ELTH: ERAKRBERES (11804400); PILIKZFmG AR S 28 (191gpy19)
fEEE AT BEEFE (19974F), Y MAIRAE: 4 FHH; E-mail: yaomj6@mail2. sysu. edu. cn
BEEE: %R (19854E4:), B BFRFE: HEMEY; E-mail: liushle@mail. sysu. edu. cn



2 4]

WRIESE, 5. CNETEAfr SRR AR T 721 8l ) 2 AL 83

Ve BT, IR E YRR | R PRI AR R
FETEAF0 A, AE B T WM R R R XU 2
MG AR DR PR RR A 22 0 R T GE
B AL LUAE B T W AR o A L R ok S AR
. SEMIAE SRR A S YREE ", LG
ACN (Acetonitrile fE N RN 731, HEA
fe A F RO L AT DLRUK DT B L B, R
FHHLZS A A 00, (] e 2 0 AH €33 b (9 U 30 A
R 17, Chaban 4§ ' FESGHT AR TAE i 18
T RN GE %tk 25 4 o WK e 288 8 - WA 17 e
SR, HIFERET OIEEAEE TE X, mE
KRAF BB TR AR . Frolov 48 ™ & X e 4 K
5 IUAAS F = IR 5 WA TE S G IR A 9 b i AR
AR Ry 78 e A AR, B R
IR T WA 1) BT A L3 R A R A K A SR T AR
L AER FE HL IR 8 KA R IE T LA AN T
)2 Wang 4§ 7 78 Ol o3 F S8 A0 rE 2R 1 T
P R TR R AR b, Gl B T AR R
R, RIONE S TSR E) ) E s hiE R
T P A A P T8O T A 3 R A

i b, T ONEME TR S SR E N
iR BT, A P Tl A R A A S v ) XU )2 H A
MBI C 28 — o3 T o (H2 3 H i Ik,

I A A M N A UL J2 L 8 0 B R A 3 1T 19 45 4
AR TR T . FE MR T 00T Y XUE =
R, WGl A e R, HaE s
Pt oA BN 2R B 2 m LA AT i
fif 100, Ik B PR AR R T 2 S5 R AN Bl g o
AR M (A R ATRTE o N SN TR A A7 250 FL il
RIMPER I K, ARSCRH T30 122 B T B
R AR AT FRL AR A W I o 25 1 R 2 AR
MR I A5 R RN Bl T PR AT 1 Y

1 s e

B 2 H W e S50 B AR FN 206 5 TR R
WE () i o BEHA B 4 200k 51
B, A BRI RS R 5. 15 nm x 4,25 nm, 7E
VIR RIS T, P BRI Al 34 A v
EATZEEIEE N 12 nm, B3EH 1787 24
T PR AE P A A SRR A 2 (B, XAEAR R T 2
(14724 %% B2 55 T 343 K F— A RAUE T S G R AR
BRE . B, TE oy D7 1]t e S A B AR A
1M A A AEAE, R B A Rt N 7 2 7
] o A 153 ) 1 AR 2 AR T R 343 K Y
IEN & ZE (NVT) T i B Nose—Hoover # i 1772
AT o

e, Fe, wE/hekp RS mAmAER T
BT SR S v B~ 2 AN AR A A7 SR 05 HL Al - L TR R s B A

Fig. I Schematic diagram of planar graphene—acetonitrile system and cluster modified graphene—acetonitrile system (white, cyan

and blue spheres represent hydrogen, carbon and nitrogen atoms)



84 iR e (HAARRARRD (FR9E30)

%61 4

R 1 S EGE BT, CNEE A2
Nikitin Fll Lyubartsev JF % [ 4= JF 745180 2 %4551
RS IRAF M 25 th CRE W% 5 . P Bl R BRI
A1 28 M AR _E AR R T 372k FH Amber96 5 37
sp? AR IE TS5 . AL R, KR
tr AR AR B TR AR R 1 4 nm. KFR Y H
e AH B AE % ] PPPM (Particle—particle Particle—
mesh) U AN B[Rl R B R GUTE 2 7 2R
JEMER), A€ PPPMITSE R AT A T Berkowitz
S o I AB IET . A4 T 3h 1 2R AR Y
fdi F LAMMPS ! {45547 .

T FEL ST A A B 0 R 1 S b, FRATTR
WA T PR AS ] 3% B AR [/ 4508 2 HiE 7R
WA BT 9 285 4 LA B B g 2 . 5 — bk B2
A HUA AR A A B8 BN 1 nm 40K AR
VA 8 Hh B i R i, RIS T R 22 TR B 3 o 1. 22
nm, G0 1(h) s o FRATER A X 0L 1 ik S 7 2
BN — 2B WG IR ), O R A Y R
M 0.334 nm F 1. 67 nm, 55 R E T4 SR
Mty — o s Ay, SRR AT DAL A (5] 8 0 HL iR
BTN CIERM R S 2. ek R T,
2300 A7 BRI AR AR A I R, AT TR A B AR AR A
SERELAT A R, XRER R R ORI, R
WA B fp 255 FE N O TP 3R, A 2. 4 wClem® M 0] gt
HNE] 12. 0 pClem’, BIAFL T SA MR R

P A B BUA R, RATE BB S ns
(RRIEE N 1 fs), ZJGHHE1T10 ns, FFUERLE
R A HT, RN 2 £

2 S

2.1 FRERAKREIHER

211 FE M BATHE T FH R A RS
WA RM BRI FEE (BEE) ofi. A
R R AR % oA, w2 fn, H,
z = 0 nm XN T3 SRR B 5 3T 2 1) T2 ik Jt
T E . KT AR R B IR R, % B i
By — A 2 = 0.295 nm A4 (K2), X T
SR A 2R A B S AT A AR Y B — i, LI 24
TRAHE B S A%, XA %5 B LR HE R Z TRk —
AALEER I CIE R BB P XU AR5
H 8 FE P A B 0 AR 9 T S A AT ] A e 356 A £
i, AR TR 5 2N Z [ A7 e Y A8 AR AH B AR
P51 7, PR 2 A6 A i R AT SR e 5 A
L5 1 e B . BEE C M Sy T B B, W

BT C BB S EHTES , 2z > 3om)5, LI
WL AEZ W R ) AR L

0.06+
0.05+
0.04+

0.03+

p/(1073-#:nm)

0.02+

0.01+

0.00+

0 lIO 26 3I0 4I0
z/(10'nm)
K2 PR CREMZL) S5ANEZ BAT B i f Ak
# () MalsRETE0EE
Fig. 2 ACN nitrogen atom number densities of planar
electrode (black curve) and modified electrode with different

number of layers of clusters (colored curve)

M SRR R T A R B I, S — i
SRR ST aa Ry F A = Py 3 (R TR N
O/ T 2/3. RAE, KPS B R A
SNBSS O A e 2 RS BRSO, I ELE 2
HEE — AN O] DUB ), JCI 8 P 3% B2 T,
FABMAR R 5 — NI BUR AL A, X
& WIAB M 1A A %o B s 2 T RF 30T 1) 2 () 47 BEL A0
AN LA TR = FE R e o Bl AT 20 ) M AE i
VH 7 1o B 5 2 i W 50 8 S B ik 0 1 [R) 25 0
M R — 2B, XAMERTE 2 = 0.685 nm /L
i CGEZANE) e g, YEmEsEN )2
W, XAMEZRLEz = 1.015 nmZ&Ef (55 =)
P, KRS, TN S 2, B AR R AL
Mnt, BIEn+l NS BB R AME (5 HABBM
TR PR A 220 L)

2.1.2 Regdr AN TRIECHE /- FAEA T B
Sy FHUE, AT T 2050 T W EE T8 14
FEBR ST N—C [ 2 78 5 A7 B0 W A 2 1 A T
B NI DR BB ) o3 AT o Rk B 43 F 1 N—C
] i 55 LA AR o] R AH AT, BT DL R RAE £
e P B HEA . 3 A T RIEMB I 2 5L
2 N—C 1) 5t (U AEAS [ X0 oA, dHerp
0 2 N—C [ s Al 2 5, A5 30 BT RS AR 1 325 )
(3 ff1 o A T S G i M 5 TS () DX s ) R 43
i, BRATTEE IR AL X34 = AN, Hozdl Ak bR
EARK R —)2, z2=0296~1.0150m; 45—



2 4]

WRIESE, 5. CNETEAfr SRR AR T 721 8l ) 2 AL 85

)2, 2=1.015~1.775nm; E=F, z = 1.775~2.62 nm.
WE 3(a) o, TEfSE T A1 s i IR AR 26 — 2
JUT- B A7 09 BTy 73 A A AR =D A A (cos 6 =
-1.0,0.1, 1.0) BHiEA W RE 24, X =AM
SIS BT N—C [o] i3 LT 3R 198 0] Bl die . P47
TR (S GUBTR—E f ) | T TR 48
] CHEARHE . cos 6 = + 1.0 &b 1 WA 136 BH A7 7 HEF1
BUm AR G 3, 6 RT REAE B A i 3k T IE
BT ARG B3 F IR SRS 2 2

KT MR R, cosd = 1.0 FYIEIE I AR K
. REBEE— 20 S5 T 1 N—C ] T3 SR
6] T AT T R A 8 6 AT B0 2 B B
cos@ = £ 1.0 AL A AE HH B 1 B R A B, 56 e
T ) A TR BN, A 5 22 1Y N 70 fhi 1]
T E T AR

WE 3 A3 () o, B LMo T % it
B, TESE RS =R B S A R Hm] 3
ATAHXS AT B 5 o X T R B A A R A Y
R, CIESr FAEH )25 =2 i B 43 A 72
Wi IE T — SRk, Wl A A EE R A T
FAAE, BXARE R T AR T 2 737 1 Je) 234
ME3 (¢) FTLUEH, XFFHZEF R R
&R, HMEFEM R RmBOT S =2, T
I 3 A ATE AR s SR ZUA AR B A 1, B R
WA Sl 1 H R B £ 53 R R
2.1.3 AL FEARMBIAT, 2Ty
LA ] — A9 HR BOR RAE, RV 2 ML 1Y Ein-
stein 2y 23 Y )7 47 # MSD  (Mean Squared Dis-
placement) X i 8] f%) 8 R 5% 25 38 i Green—Kubo 23
O A OCHR s BT By o AR S )
B A 1 S, PR TE s An A AR A
— R — TR BT R AL, T B R
G1S i DO: DIV ¢ o8 41T NG SR /6 S &)
F=AMMIOGD,, D, D, KD, =D, R
N Dy, T FRAFAT T2RE Y8, D TR
MRS TR B AT, AT FEE
TR T A DR T S 3 1 AT TR T R 4
PECARE, Al O S T 4k O A
33, IR T AN
(@) =[50 -20) + (0 -5 0) ]

(1)

TEARAT [ 5 1 P L6 o0 1 09 43 5 i+
e, BATEE (2) R B A T 2T
THEY GRS D, Y, AR

(a) F—JZ (first layer)

1.2 7

1.0 1

0.8 1

Probability

0.6 1

0.4 1

0.2

Planar

1.0 1
0.9

0.8
0.7 1
0.6

Probability

0.5 7

0.4 1
0.3 7

0.2

0.7 \ —i
N E

0.6 - // \
£ 05- S h/ =
el
2 \‘w\,,f”/ﬂ/ \\HN\\/#//
2 04
ey
0.3 -
0.2 . y . : .
-1.0 -0.5 0.0 0.5 1.0
cos 6

K3 Fh CRE) SHEBEEIER CB6) MalEN—C
fi) £ B i) 73 A
Fig. 3 ACN N—C vector orientation distributions for
planar (black) electrode system and cluster

modified electrode system (colored)

Dy = lim

(2)
4t

K451 7R RME R A F b AT TR Y
PR B AR AR A BE B R AR . T A
P BUAAR BT i o BT, FRATT A B TR
TR P BRE WRRE LT )2
z=128~1.56nm; 5 W2 z=156~1.95nm, %f



86 iR e (HAARRARRD (FR9E30)

%61 4

=WEz =1.95~2.35nm, SBPU)ZEz = 2.35~2.72 nm,
SHWZE 2=2. 72~3. 21nm, E/NJZ 2 =3.21~3.60 nm,
0L 2 9 5 SCR AR 1 A 1] 2 v 4% %8 3 0 1 4
Fl. i BTs, 38R BObE A 150 2 8 D S
e e M 2% 1T ) B B AR 2 R AR Ay ka . TG,
XFFETA R ERIA)Z Bl 8 A i RO % A 3
i, RCR B BT B, XUl AR
B BRI T R TR sh Al Hak,
Wi O o0 T 20 0 B AR A, BRI B BA T
hn, VB i A X T 2N 4 T RO B ECA BHLAS 1R
o BREXS T IO A T, oA S i il
1) CNE 5 F 32 BIMAR A 51 7, 3 i R AR
FHEE R

1.47
1.21
1.01
0.81

0.6

D/(10nm2-ps™)

0.4

0.27

0.0

sublayer
K4 PhkR CRE) SBIGERR BO) ViR
Fig. 4 Diffusion coefficient of planar electrode system (black)

and cluster modified electrode system (colored)

2.2 FIRHHRER

2.2.1 FEH AV RIS LA AR T
HL A BRI AR AR AR R IS SRR T2 B o A, WELS
Fimse CHEREE — AN BLAE 2 = 0. 28 nm, XUk
HH e T AR A Y A T R R A B B IR
1% Z NG REEAER AR A — o PRt . (EAR
By, S —NEAE 2 =0. 47 nm A0 IR T — S
X5 2 H Ha %5 % BIF9E 20 7E — S A0 ik 26 T 1Y) 2%
FE R RRIE AL, 10 B A A A8 0 % AR v] REAF 7
SRR AR ) NG+ E—2DH, FRATIEE 2|
B ANIEH AR 2 =0. 73 nm AL, Bl AR S 10 1 H
Mpa PRI, W IR KR ke s, W s
(). FUHEXTR A, 7EH i et , ATk
BT — SR R A R. nE S (b) R,
X T T A AR Al P 55— S0, 4 BT X
B %, HSHEMm%E0, 2.4, 4.8 uC/em’ i,
JA W AT R 0 () 220 5 T T 25 AR A R i o 8 184 T

FE WG E W A A, B R A T X e X U T i A AR
TR AT A 3G I, XA T Y O R I HE R
SR, 2 N RUR T B R T . — T,
J W P B AN AT TR T IA A AR B 2 AR W] RE A
FEW Z W A R E 5y F 5 53— 7 1A W
IR AR 3R 1A FR AT AR AR AR S, BN
HL 1) %5 B 0 —9. 6 wC/em® F1-12. 0 wClem i, & 3R
HAE W R W LT 0] DL 2 AT, AT A T
HiL 17 25 B A 388 KT SR i HE R VBT, S 3L 4
T z=0.28 nm AT AL TR o %% B il Ze gk 2
] (A AH ZE A, 7R 55 —HE AR AR IE T & E K,
WGBS it 5 R (A3, 0 A ) A R TR R S
AR LoRAE, WAL 0 R B A 0 A 1S R
e

(a)IERRAR (positively charged electrode)
0.12 -

—— 0.0 uClem?
—— 2.4 uClom?
0.10 1 ——— 4.8 pClem?
—— 7.2 uClem?
0.08 ~ 9.6 uCicm?
——— 12.0 uCl/cm?
0.06 A
0.04 A
0.02 A
\ /éwA
0001
g 0 10 20 30 40
FH*
7 (b)FAAR (negatively charged electrode)
S 0.061 >
= —— 0.0 pClem
< —— 2.4 pClem?
0.051 48 uClem?
——_7.2 uClem?
0.04 1 —9.6 pClcm?
————12.0 uC/cm?
0.03 1
0.02 1
J / : N
0.01 }\\yﬁ% e
0.001— B
0 10 20 30 40

z/(10'nm)
5 N[l A R RS T RO
Fig. 5 ACN nitrogen atom number densities under different

charge densities

H Ao X T B AR AR AN [ R A 8 BT SR T L
WP AT, D B P A ) 57 R G v i P e
JEHRA — € FERE A O, X Ud W] 2 A B i R
sk BERE I A A T AR . AERE TR ORI M, 3K
A DA 3 BB 1) i 7m 3X — 8 A



2 4]

WRIESE, 5. CNETEAfr SRR AR T 721 8l ) 2 AL 87

2.2.2 BeEaar T PR AR
S AL R, FRATIHE T A B AR R AN AR AT
B —)2 LI F I N—C [ i 5 3 T AR 316
e AR A, W6 FT7R o SR I IE L o
R BEWIEHN, AF cos 0 = 1.0 Ab AL 39585 15 H ke
K, XU ZNE 500 ) T BT AR AR 2 RS
] B 2 1 19 /U T B &l i . (EAR AR R
B, ME Mm% E N 9.6 wC/em’ il 12.0 pC/em?
fF, B AR TE cos =1. 0 I P 2 B I FH ks,
CIEAFFNFRATTAE 2. 2. 15 A HE I T 17 2 B oy 28 1Y)
R A 26 43 B a) 22 46 I B AT 733 2
WA BE B o e i A A D PR R 2 B 43 B
RS AN AR AR AR R, s I SR A O
HL 1Y — it B A AR R BN HE SR, S B0 TR AR TR
T HR ) A AR o RO M, AR AR T T A B R
Top 25 P S W B NS, 7 cos @ = — 1.0 &b B HE 2 5 i
G % N - UL - s 1 T e N T
THES ,  [RIE Z 0% A4 HT TE H B4 H 35 o T 5 3 2 1
REAS Bl IE L R TS| .

(a) IEARAR (positively charged electrode)
2.51

—— 0.0 uClcm?
24 uClem?
2.0 /| 48uClem?
/ —— 7.2 uClem?
151 / 9.6 pClem?
: / |~ 12.0 uClem?
1.0 1
0.5
0.0
> T T r T T
= -1.0 -0.5 0.0 0.5 1.0
<
"é (b) FARAR (negatively charged electrode)
A~ 5] —— 0.0 uClem?
—— —2.4 uClcm?
‘ ——— —4.8 uClcm?
49 | —— —7.2 yClem?
\ —9.6 uClem?
3 —— —12.0 uClem?
2 4
1 4
0 o

10 05 00 05 1.0
cos 0

Ko AT E TS —I2 L5 T B 23 A
Fig. 6  Orientation distribution of the first layer of ACN under

different charge densities

2.2.3 FHEH KETHAH T AR BRI R
HROPAT TR T B YT LR BOTE RS Ak b A 3R T A [
FEES 2R A, 22, 1. 3 AR B

OrHT, FRATTAE X BUTHAE T R R A MR R T A T =
MZBIY BRI T AR, BE O
G E AR, PHCR SO I B T — N2 i
A% . X UM iR AR b, T A2 B AR
HABWSl, ZlE0 TR ZE] T —E TR
BRI o3 b — M RBLR o, Bl Ak
iy B L B SR, SIE YT EBCR M B T R R,
X [ T LIS DR 8 A Al IR 5 | g 8 i o LG A
FOR, A T IE LT AR AR, S AR AR AN R A
BETN B AT RN 2. 4 pClem® B, HCRBUR N H
BT — AR X A AR AR, &
5 1 BT A 7 B R A R 3 T 3 AR RO AR T AN
HEL i B AR ) AR e X P B R 4 ] RE D R R A
L BRI OC R, S Y 431 W) AR 1Y
it 2 G R R e 7 B AR AR, IR S R A
SRAVHE R S0y 1, TR R BOHL Y ok AR R
X T HARA AR R, LM77 Ha R R K A
g, ARJE I T A RO BGE, HER ),
P RGH AR N AR

(a) IEMRAR (positively charged electrode)

151 —— 0.0 uClem?
—— 2.4 uClcm?
—— 4.8 uClcm?
1.31 —— 7.2 uClem?
E 9.6 uClcm?
111 —— 12.0 uyClcm?
0.9 1
—~ 0.7
&
E 05
< 1 2 3
% (b) FtAR (negatively charged electrode)
1.57 —— 0.0 uClem?
E —— —2.4 uClcm?
] —— —4.8 pClem?
13 —— —7.2 uClcm?
—9.6 uClem?
111 i |- —12.0 uClem?
0.9
0.7 1
0.5 T T T
1 2 3
Sublayer

K7 AFHEATEE T CIEY R
Fig. 7 Diffusion coefficient of ACN under different

charge densities



88 iR e (HAARRARRD (FR9E30)

%61 4

3 45 i

TEARSCH, AR 73130 12U 5 T
T FL 2 v T A A A L B A R £ 42 3 X A A
R LMEHE R B LA M B 1 B . X T AR
i, B A B AR 22 X £ i A R B A — E 1Y
BB AT . ELBEE 16 1 AT v 2 B34, i B
B PH i B i 3o 7o BEL A 2800 2 R AR 20 A
e UL 3 R i e A G S s R € TS

SE 3k

(1] FEARR, R0, 20, 55 . I A o S A i et
MRS [J]. WAL, 2021, 50(1): 88-89.

(2] ORGERELAVRESE, SRARIR, 5F . AR SR REMES
FORBT TR (). RS R A Y, 2020, 38(4) :
195-199+204.

(3] WhWA, 2244, T3, 45 . RS A 25 4 B P 1 07 FH IR
W5 (1], LiETiRg, 2021, 23(1): 43-52.

[4] DU X, GUO P, SONG H, et al. Graphene nanosheets
as electrode material for electric double-layer capacitors
[J]. Electrochim Acta, 2010, 55(16): 4812-4819.

[5] ZHAI Y, DOU Y, ZHAO D, et al. ChemlInform ab-
stract: carbon materials for chemical capacitive energy
storage [J]. Advanced Materials, 2012, 23 (42) :
4828-4850.

[6] NASIMI M, AKBARZADEH H, ABBASPOUR M, et
al. Investigation of different effects on the capacity of su-
percapacitor comprising an ionic liquid between gra-
phene oxide nanosheets [J]. Journal of Molecular
Liquids, 2018, 266(3): 658-672.

[7] MEYER J C, GEIM A K, KATSNELSON M I, et al.
Structure of suspended graphene sheets [J]. Nature,
2007, 446(7131): 60-63.

[8] HAYESR, WARR G G, ATKIN R. Structure and nano-
structure in ionic liquids [J]. Chemical Reviews, 2015,
115(13): 6357-6426.

[9] LIBICH J, MACA J, VONDRAK J, et al. Supercapaci-
tors: properties and applications [J]. Journal of Energy
Storage, 2018, 17(23): 224-227.

[10] WANG Y, SONG Y, XIA Y. Electrochemical capaci-
tors: mechanism, materials, systems, characterization
and applications [J]. Chemical Society Reviews,
2016, 45(21): 5925-5950.

[11] SALANNE M. Ionic liquids for supercapacitor applica-
tions [J]. Tonic Liquids II, 2017,375(63) : 29-53.

[12] ZHANG L L, ZHAO X S. Carbon—based materials as

T 78 S T T AR R T TR, MR A A
(B T o RS & DA 3 N 8 T (S R
FIRZS TR I, R R R Ay 285 2 Y Sl AN (U R T 2
53T H RS ,  TR] BE A 2 i 23 A ) A A T
A O, BRI T N A AR AR TR R
BN TARE R T N AR S 2 A 3 i b Ay 45 4 A
B 1S R S B R R R AR, R AT B TR
KRN BRI LN B T AR & T WU S R Al 3
1T A LA SR RE

supercapacitor electrodes [J]. Chemical Society Re-
views, 2009, 38(9): 2520-2531.

[13] RAZMKHAH M. Effects of carboxylic group on bulk
and electrical double layer properties of amino acid ion-
ic liquid [J]. Journal of Molecular Liquids, 2020, 299
(1): 112158-112159.

[14] PAULISTA N A J, FILETI E E. Differential capaci-
tance and energetics of the electrical double layer of gra-
phene oxide supercapacitors: impact of the oxidation
degree [J]. Journal of Physical Chemistry C, 2018,
122(38): 21824-21832.

[15] ZHANC, ZHANG Y, CUMMINGS P T, et al. Enhanc-
ing graphene capacitance by nitrogen: effects of doping
configuration and concentration [J]. Physical Chemis-
try Chemical Physics, 2016, 18(6): 4668-4674.

[16] SAMPAIO A M, FILETIE E, SIQUEIRA L J A. Atom-
istic study of the physical properties of sulfonium—
based ionic liquids as electrolyte for supercapacitors
[J]. Journal of Molecular Liquids, 2019, 296 (2) :
112065-112066.

[17] JO S, PARK S-W, SHIM Y, et al. Effects of Alkyl
chain length on interfacial structure and differential ca-
pacitance in graphene supercapacitors: a molecular dy-
namics simulation study [J]. Electrochim Acta, 2017,
247(1) : 634-645.

[18] HU Z, WEEKS J D. Acetonitrile on silica surfaces and
at its liquid—vapor interface: structural correlations and
collective dynamics [J]. Journal of Physical Chemistry
C, 2010, 114(22): 10202-10211.

[19] SERGEY M M, ALEXANDRA H, ANDREAS S-M, et
al. A molecular dynamics study on the partitioning
mechanism in hydrophilic interaction chromatography
[J]. Angewandte Chemie International Edition, 2012,
51(25): 6251-6254.

[20] CUNNINGHAM G P, VIDULICH G A, KAY R L. Sev-



2 4]

WRIESE, 5. CNETEAfr SRR AR T 721 8l ) 2 AL 89

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

eral properties of acetonitrile—water, acetonitrile—meth-
anol, and ethylene carbonate—water systems [J]. Jour-
nal of Chemical and Engineering Data, 1967, 12(3):
336-337.

CHABAN V V, VOROSHYLOVA TV, KALUGIN O
N, et al. Acetonitrile boosts conductivity of imidazoli-
um ionic liquids [J]. Journal of Physical Chemistry B,
2012, 116(26): 7719-7727.

FROLOV A I, KIRCHNER K, KIRCHNER T, et al.
Molecular—scale insights into the mechanisms of ionic
liquids interactions with carbon nanotubes [J]. Fara-
day Discuss, 2011, 154(22): 235-247.

WANG Y P, REN K, LIU S. The joint effect of surface
polarity and concentration on the structure and dynam-
ics of acetonitrile solution: a molecular dynamics simu-
lation study [J]. Physical Chemistry Chemical Phys-
ics, 2020, 22(18): 10322-10334.

KARNES J J, GOBROGGE E A, WALKER R A, et
al. Unusual structure and dynamics at Silica/Methanol
and Silica/Ethanol interfaces—a molecular dynamics
and nonlinear optical study [J]. Journal of Physical
Chemistry B, 2016, 120(8): 1569-1578.

LIAN C , LIU K, LIU H L, et al. Impurity effects on
charging mechanism and energy storage of nanoporous
supercapacitors [J]. Journal of Physical Chemistry C,
2017, 121(26) : 14066-14072.

MERLET C, ROTENBERG B, MADDEN P A, et al.
On the molecular origin of supercapacitance in nanopo-
rous carbon electrodes [J]. Nature Materials, 2012, 11
(4): 306-310.

NOSE S. A unified formulation of the constant tempera-
ture molecular dynamics methods [J]. The Journal of
Chemical Physics, 1984, 81(1): 511-519.
HOOVER W G. Canonical dynamics: equilibrium
phase—space distributions [J]. Physical Review A:
General Physics, 1985, 31(3): 1695-1697.

NIKITIN A M, LYUBARTSEV A P. New six-site ace-

tonitrile model for simulations of liquid acetonitrile and

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

its aqueous mixtures [J]. Journal of Computational
Chemistry, 2010, 28(12): 2020-2026.

CORNELL W D, CIEPLAK P, BAYLY C I, etal. A
second generation force field for the simulation of pro-
teins, nucleic acids, and organic molecules [J1. Jour-
nal of the American Chemical Society, 1995, 117

(19): 5179-5197.

DARDEN T, YORK D, PEDERSEN L. Particle mesh
ewald: an N-log(N) method for ewald sums in large sys-
tems [J]. The Journal of Chemical Physics, 1993, 98

(12): 10089-10092.

YEH I C, BERKOWITZ M L. Ewald summation for
systems with slab geometry [J]. The Journal of Chemi-

cal Physics, 1999, 111(7): 3155-3162.

HOCKNEY R W, EASTWOOD J W. Computer simula-
tion using particles [M]. Taylor & Francis, 1989.
PLIMPTON S. Fast parallel algorithms for short-range
molecular dynamics [J]. The Journal of Chemical Phys-
ics, 1995, 117(1): 1-19.

HU Z H, JOHN D W. Acetonitrile on silica surfaces
and at its liquid—vapor interface: structural correlations
and collective dynamics [J]. Journal of Physical Chem-
istry C, 2010, 114(22): 10202-10211.

HANSEN Y V, GEKLE S, NETZ R R. Anomalous
anisotropic diffusion dynamics of hydration water at lip-
id membranes [J]. Physical Review Letters, 2013,

111(11): 118103-118104.

LIU P, HARDER E, BERNE B J. On the calculation
of diffusion coefficients in confined fluids and interfaces
with an application to the liquid—vapor interface of wa-

ter [J]. Journal of Physical Chemistry B, 2004, 108

(21): 6595-6602.

ROMERO-VARGAS C S S, GIOVAMBATTISTA N,
AKSAY T A, et al. Effect of surface polarity on the
structure and dynamics of water in nanoscale confine-
ment [J]. Journal of Physical Chemistry B, 2009, 113

(5): 1438-1146.

(REHE TiBE)



