FRARZ 55%

SCIENTIA SINICA Physica, Mechanica & Astronomica

YK RE T RRAmAKITHNE RESFEh N
0%, %A E and A

Citation: REE*:

*¥ 46, 057006 (2016 ); doi: 10.1360/SSPMA2015-00602
View online: http://engine.scichina.com/doi/10.1360/SSPMA2015-00602

View Table of Contents:http://engine.scichina.com/publisher/scp/iournal/SSPMA/46/5
Published by the _(shER%) Fezbit

Articles you may be interested in

£ IR ELE) FE RIS T R NIRRT

FER: YR N ROF

B2 AR KA TE SN TEN ek

FPERFERE: BRFIEE 33, 429 (2003);

sER AL AR y

4 1
ExRAFITS 2, 133 (2015)

ﬂaqﬁﬂ;z 59, 2153(2014)

FRWRZ 23%

SCIENTIA SINICA Physica, Mechanica & Astronomica


http://engine.scichina.com
http://engine.scichina.com/search?fq={"author":["\"%E6%9D%8E%E6%99%96\""]}
http://engine.scichina.com/search?fq={"author":["\"%E5%BE%90%E7%BA%AA%E7%8E%89\""]}
http://engine.scichina.com/search?fq={"author":["\"%E5%AD%9F%E8%83%9C\""]}
http://engine.scichina.com/publisher/scp/journal/SSPMA
http://engine.scichina.com/doi/10.1360/SSPMA2015-00602
http://engine.scichina.com/publisher/scp/journal/SSPMA/46/5
http://engine.scichina.com/publisher/scp
http://engine.scichina.com/doi/10.1360/SSPMA2016-00400
http://engine.scichina.com/doi/10.1360/ze2003-33-5-429
http://engine.scichina.com/doi/10.1093/nsr/nwu049
http://engine.scichina.com/doi/10.1360/zb2008-38-12-1063
http://engine.scichina.com/doi/10.1360/csb2014-59-22-2153
http://phys.scichina.com

SCIENTIA SINICA Physica, Mechanica & Astronomica phys.scichina.com SCIENCE CHINA PRESS

Wk IKEIE AL BRI 5T E R

Ak RETRRBKTHNERESFHNF
i)

= ¥ *
IR AR, LH
T E R RGBT A, LR RS Y E K S0, JERT 100190

*PRR N, 25, E-mail: huili8 @iphy.ac.cn; # i, E-mail: smeng @iphy.ac.cn

Wik H #A: 2015-12-01; #2:5% H #: 2016-01-05
B K A AR & HES: 11374333, 11474328, 11290164)F1 H R Bt &0 R 61)5%7 172 5 27 W 1 H (4% 5 : KIZD-EW-MO03)

WE  AEREAKNENETRNE. £ AR F AR EAE R EZ N R &
LAXNERAREFFRALF, ETEANGE MR ENL TN FMDBEMALE T EREZHE
F. £ E56#ZFRNEXRFEAREGZRE MD EUH K, BET —RFI#E RFAXENE T RATL S
FRAZIBTUAN— R T TR, EZGEUTIUATE: (1) WAKEGERASHRBEENHREZ Q F
T8 EREMN; Q) PRI EEG —%ukEREl; @) ARILNAmE, 6 XEBTHNFEETLE

3 38 B AOTAL .
XA

PACS: 68.08.Bc, 61.20.Ja

1 3|5

JUF- BT AT R A T IR S TR #8  Bk AE K AN 2
R, R FRTEAR K ISR R LR RE T R Ak
BHER AR E, AT 2L & PE 7R RER )
FEANAL 2 R, RAEAT A TEAEANTE . I BAT AT A
AR A L5 32 f T A PH FRD R /AN R 38230 23 D i 7K R 55
IKPRIIRAS. TAEZE A RE v, 2R 4L 43R (7K AT
D2 5RZ LW, BRR LK. Bk, 7E44
BN i B 22 Uk, RFHKIEH R EE, 4
BT RBL, K544} T 2 i F) 5 T A 1) — JR B

K, B, KW, FEE, T2 M

JUJZ K 73 5 (0 45 R At e 1R € M1 RE BB 72035 1 B
RO XL IR IR AT, A I A 2 IR
LG, B 0 7 0 SO0 RUBE TR SR T BT Ak 7K 7 1 1Y)
TR TR, KRR AR A e, 9oRAPRL T
R ARAAR LR, 28 THT PR W PR 7K J2 0 AP S F) i
SR, R KAE QR RLR T BT LGRS BT T
sy E D R R JL R, A2 &R
R T RF MK LRI T T Z AR KRR
AR 7E 3 F T 7K A OR 25 1 SE 56 T BL R 2L
FEIL AR RE DRI — LR RAE T BL, A ds

IR, BRAE, G GURRE FRATATANEZ RES TEHER. pERE: W 1% K3, 2016, 46: 057006

Li H, XuJ Y, Meng S. Surface water at nanoscale: insights from multiscale molecular dynamics simulations (in Chinese). Sci Sin-Phys Mech Astron,

2016, 46: 057006, doi: 10.1360/SSPMA2015-00602

©2016 (FEMFE) HiSH

www.scichina.com




FWESE, pERRE B )it ROUE

2016 F F446E FHS5W

REBUBSEIEHA, #lin X 528 6 H T fE 1% (X-ray
Photoelectron Spectroscopy, XPS). X 5 £k W i itk
(X-ray Absorption Spectroscopy, XAS). X 2k & 5 it
(X-ray Emission Spectroscopy, XES). 2L 4k Ui i
(Infrared Reflection Absorption Spectroscopy, IRAS).
b 2 e it . A4 % 3% (Sum Frequency Generation
Spectroscopy, SFG)&, 13 [ f A4l 2 H R, 4 ik
fie L7 A7 97 (Low-Energy Electron Diffraction, LEED).
FUR T U (Helium Atom Scattering, HAS) X 52k 47
SRR oAb, F 4 R B 8% (Scanning Tunneling
Microscope, STM) #l Jii ¥ 77 & 1 5% (Atomic Force
Microscope, AFM)tH J2& B 42 Il 2 Tf1 7K B UK 45 1) 1)
A 7 TP SR AT G X L se 6 T 5 AR A R R 1,
N, Sk 7k R Re a4 R 45 R T K — 2
HRRE ER BT L EEMNK 5+, B2l T
Ko Fiazhid th, Ry % AT R e EIEFH AR
I JE WS D FEIK gy TR AR, K26 5
—ROIRA T R MK AT Ay, 3826 25U B T BB .

Hal, 3&T25% 71350 % T 3) 71 % Molecular
Dynamics, MD)#48LF1 25 — 14 J B (First-Principles) it
SR BT 0 3 S I K ) &5 4 A5l g 2 1 Joid 1) e = S £
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MD AN T — LR R R H I LR
BRI R A, SRR, AR RTE,
BERITHEEEE, KA TR EKSTERK
F IR PR 248, SRR S Ae e . IR, Bl
HBRITENR KR, PAL R R A R,
FL T 495 V2 R PR 12 (Density Functional Theory, DFT)
5 —PEJFE T E ) MD (First Principles MD, FPMD)
BT i) 2 A R S K R AR
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R E T KAEG KR IE i . BRI, 4K
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PR, T FERE B R R 8 S50 2 T R — 4
VKEER, T RILH AR R, 2B A g%k
XA FE I Pe A N AR ATTIE R BLAR 2 gk
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JUF—SU0 U S5k 4, BN 547 S84 ) e 145+ 3
SR BN A& w2k G4k, JFH B M1 N i F#R 77
HHEREE TR, Fik, BN 5728111k
HRKMX A, AR Z /7R S250 0 &, BN REHT
H mf (1 2 R B0 H AR 5 1 SR K M, $E AR A
40°-60° 2 [a]B337,

T BRI SR AN BN R SE R IE M, AT
M FPMD #5548 7 — ANk K (125 AN KD T)0

W125-C-298K

Bl 1 (MR E)H 125 AN K TR 9K KR 25 B
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Figure 1 (Color online) Snapshots of a water nanodroplet (125 water
molecules) during the time evolution (in unit of ps) of the wetting
process on a graphene sheet at (a) 298 K; (b) 385 K; and (c) on the BN
sheet at 385 K [10].

FITE B HEF A 8K BN £ (3 nmx3 nm)H)iE
B G U0 AR AR A, DFT 5 R K ok s
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W25, B—EKy TR RAET ERSE
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SRR, IS BT K. BT A
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KA, IXEEEREESIN T REFEBCRKIR R, H
B SIZIGIN B ) BN R R0 H SRR AT
FH BN R BG4S AR S8 05 R A Y. 7Eitk
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[ 5E3€ BN, TEHT AR B0 E el /o 80° /2 45

FERIE AT BN R (82 fik f 0F 75 3R WA A4 kL e T
FEL A7 14D 25 T 43 A o = 3 1 AR K . IS4 A1 k)
3 THT AN 7 FELART 110 JE - 10 25 160 3 A7 oV i 1 A 5 g e 2
FE N AR B, gE— S gt ot 7 7 MR R T
() R 43 A PR (R s . erh e 7 B 1R[] 44 3 T
it B TH A0 57 5 (FCC) div A% 1 43 J@ A4 R 3R THI, 3@
TE R T ARG B, T DA R el 2R T R

TAMEH I MD 4L 2 T2 df s H HO0) $2 fi
AR A R, B MR R LY B8,
AJ LAFR G — AN FE S 5 7K R0 AR X S8 7K () [ A e i . AR
J&i, BRI AN IR AN R 1R R T IR ARk S B, AR
LT A 2000 AN 7K 5 F B K 7E 3% T R #Ef A
WHE 2w, IEWE 20)FaLFTR, LR NG
AR, REFOLAS 30 (149 7K T 1 B2 i A 2 il 55 B2 A T
F4) et 4% 188 o T L O S 1 {HL 2 53 K 3R T P % f
A5 E B B R E S R AER IR, WE
2(b) 1 L. AR LB S AR 3G O, Bl A e
B, (HAREAE 2.78-2.83 A Z W ZSR I T — AN
TR X K, IEEAE 2.80 A dbiA B RME. B, X
S — AN ES T X

TR S T 7K R A B A A R ) 4y
Ay CAR R K5 T B FE5E R M, RILAE 2.80 A
B, SRR TH 1 28 — 2K 2 T8 il o fa 5OFI TG 7 1
Ghit. X JE KB G AL TR AHIK 548, 1T 78 HoAth s
8 B 2R R 36— 2K 2 T8 A B0 1 S ) 4% &
AT i Br S WA A AP S LI DU 87 N Rl =¥/
1) 2 B DX 8% ke S L.

X S H IR B % 0T UL K I S5 A4 R R, |
TEBKER, AKX P EA KT T 5 R

(a) strain (b) 1Mo B 3
T y

I yaréphobic
z g | :
0 o i o

D
" [ hydrop ilic‘/i\i/!','.
ool \ . 1
£l " " L " " 1 " S 14
272 27 284 290
a(A)

Bl 2 (MZshcE)a) BALE )R FCC AN n 58,
(b) ZKIGTERBT K FTH_E I B F Al £ I o A 5 A A 1
Figure 2 Color online) (a) Upper panel: The geometry of a model fcc
crystal (111) surface. The unit cell with the lattice constant a is marked.
Lower panel: The side view of a water droplet on a model substrate; (b)
The contact angle as a function of surface lattice constant for both
hydrophilic and hydrophobic surfaces [11].
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8 BN RISk S 80 2.80 A ) FCC K I #E&
P B i 2R K A, X 3R ] A SR T BE T AN BE B
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PA VLA oy RITREHAT B IE. P KB, K
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HAER AR T, KA SRR, X0 b
TE R b /K BEAEVF 2 4 B0 A% v #0211
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JEUKHEB TR, S5XEE) I SRR —BE. JGoRX
Tl 5 M 76 47 SR B R P
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RTAB AR EGAELREN—ZH8G2
) A 7K JE P R 01, S R B, 1 2 RERIAT 88975 2 1]
H R E AR K E R JE B S EHURES T 1, VK& 5
IR ZEFIUZE N IR UKER R — 3. XU, =B
AT 3805 2 T8] R 7K BB AT REAE H DR AS R T A0 1,
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meE 3 s, RIS MR, AT,
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ERIKSr T OH B4 [n) 2 Bk TH 1 %05 T T2 Bk
JIHIE . DFT B B % A A BIEE s =& L b,
VKHI 455 RE R LLARAIG 1, UKRE/N, BTRAERR T,
= BERME MR Z 88 2 B KEA TR fe 7. =
UL RGEEGEREEKEZ L, KT H
it Rt KRS, KA Es A BRI
B B ZFIXZ 1, VKA LeARAR 1, UK 3K 1) 45

B3 (MEREE) s BERTE I 1, K451, (), (b) 5
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Figure 3 (Color online) The structure of 7, ice induced by mica(001)
surface: (a), (b) monolayer ice; (b), (c) bilayer ice; (e), (f) trilayer ice.
The upper and lower panels correspond to top and side views,
respectively [12].
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FRIE THF (45 /8T T 2= BRI 8807 FR 1 /) THF 9K
i3 WK 4. FPMD Fi4 8 R, THF 78 =

057006-5



FWESE, pERRE B )it ROUE

2016 F F46HE S5

Without Graphene Coating With Graphene Coating
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000000 000000 000000 00000600

B4 (2R D) = BE001) 7 T 15 3 10 DU SR I 1 1) 2
PR & R )

Figure 4 (Color online) Configurations of monolayer and bilayer
THF films without and with the graphene coating (blue bar),
respectively [13].
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& J@ A HIHESE 45 #4) (Metal Organic Framework, MOF)
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oy A P EER A R AR E R gekadiE. Rk, Ko
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H— Y.
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XA RE TS a0 K FLIE N R g MY, i 5(a).
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Figure 5 (Color online) (a) The structure of 1D ice in the channel of
MOF based on FPMD simulations; (b) and (c) represent the
orientations of water molecules in the channel under opposite electric
fields, respectively. The hydrogen bonds are represented by dash lines
[14].
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Figure 6

(Color online) (a) A snapshot of the stable ice-like NeeeH—-Oe¢eeH—N bridge structure formed spontaneously in the MD simulation; (b)

time-resolved dipole moment evolution of three water molecules trapped in the nano-channel of RSMOF-1; (c) local density of states (DOS) of
RSMOF-1 calculated before and after the formation of the stable ice-like NeeeH—Oe¢eeH—N bridge structure [15].
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Figure 7 (Color online) (a) The structures of graphyne sheets with
various sized nanopores; (b) a side view of the simulation system [16].
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Figure 8 (Color online) (a) Oxygen density distribution and (b) the
potential energy of a water molecule inside the slit-like nanopores with
N,=2; (c) projected oxygen density and potential energy of a water
molecule inside the nano silt as a function of the distance between the
water and the center of nanopore [17].
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Figure 9 (Color online) The distance (R) between F~ (left) and Br~
(right) ion and the COM of water droplet versus the time. Red curves
represent time-dependent position of ions, starting initially from the
interior region, while green curves represent time-dependent position of
ions, starting initially outside the surface region [18].
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Figure 10 (Color online) (a) Computed formation energy difference
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selectivity S of K* over Na* computed from the formation energy
difference AAE based on Arrhenius equation [19].
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Surface water at nanoscale: insights from multiscale molecular
dynamics simulations

LI Hui’, XU JiYu & MENG Sheng”

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China

The structural and dynamical properties of water on surfaces at the nanoscale are key subjects in various fields such
as physics, biology, materials science, chemistry, geology, and nano science. Among tremendous experimental and
theoretical investigations on surface water, molecular dynamics (MD) simulations based on empirical potentials and
first-principles calculations are of particular importance. The authors and their collaborators have been using
multiscale MD simulations to investigate the interaction between water and material surfaces for years. In the present
review, we introduce the progresses we made in recent 5 years, including the following topics: (1) The relation
between contact angle of water droplet and crystal structure of supporting substrates; (2) two-dimensional ice induced
by the underlying solid surface; (3) ferroelectric properties of one-dimensional ice in nanochannels; (4) water
transportation in nanochannels; (5) the dynamics of hydrated ions and microscopic mechanism of ion-selectivity of
narrow nanotubes.

water, wetting, surface, first-principles, molecular dynamics
PACS: 68.08.Bc, 61.20.Ja
doi: 10.1360/SSPMA2015-00602
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