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The combination of non-equilibrium molecular dynamics and grand canonical Monte Carlo (GCMD) simulations were
performed to investigate the effect of chemical potential difference on the kinetics of capillary evaporation of water
adsorbed in hydrophilic nanopores. The coarse-grained ELBA water model was employed to simulate long-time
capillary evaporation process. The adsorption isotherms of water in the hydrophilic nanopore model were calculated by
both GCMD and GCMC simulations. The calculation results show type V of adsorption isotherm with pronounced
hysteresis loop and good agreement with those of two simulation methods. The rate of capillary evaporation increases
with the difference of chemical potential. The initial desorption rate of capillary evaporation monotonically increase
with difference of chemical potential and approaches to the finite rate of desorption into vacuum.

1. iR RS H7-0121E, DT ORKE &2, HifLEmE Lk EORBLID
EERSCV U B, TR Fip EOFUKM AR T SAUEMERS, KEILZEL BTN EBET HVERDDH. HTEIF (MD)
FIRZESUTE & 0 BIRWVENZRBWTRIFLIIZ KRS 2 B S E 5 U al—a R DK D AR — VOB OBERIERICIE
TEMNTEXARI LMD, ZEROEA R T 0 RAZBNTAL /N2 = ThHDHD, WRORIRTET VAW MD T
SN TE 72, S, MCM-41G 2% SBA-15@CRF S5 A B P2 DIRFEIA r—MZEBN T, TR COKOZEFEIG T
IIR—=F AV IO L HIZ, 2-10 nm FEE T Z2 o PRI TR TH Y, BEFIGMREREZ DO TRERIHO
BUKMEZFUEMBIA~ORFERIRENY, FRE O CRIR VI al—valHPWETHD. £ 2 TAIIETIL, MD DR -
TS RO « WAt 2 L DRI R OEERE R T T ZEI A — L AR B 726012, VT4E Orsi HE M ko~ CRHZE
MA~DISHAPIEE ST EE, ZHEMEE V=% < 0T SIS LAK S FET LT 5 ELBA water &7 /L4 V-,
T Ir— 2 AZBWT, HHLPNES COFREORRIR ORI INFETEL ORSHEEET VG ORI S CE 2, R
¥ BERBIB A LS TWB Z &0, T/ ML B TR HESCER R H OTES 2 2Nl T 287 /UL —HBC
T ORINEA BB A SN 5 Z L ITEETH 5. & 5. ELBAwater “E7 /USRI & B Lo RIC DV T ORI T
INET, A YVEEMEA~ORBAE OEHE N T, 7F i, EIRIRT 5/ VI kOB, KEEE, Rk, BHA
PEFRADKFEGIAEEDRLA VIR—F 2 Y T3~ COp CHEFENE LGRS R & S IR 2 i S Qunp @),
BRSO 5@ EREBRCAFZES TS, —JF, AV ARFZETIE, BUKMET ) HIFLICSS U TR OB 7RI OE)
R—TF 22V I ~DAGRKINAED X 5 ITHIFLE R & WA & O FREDSFERES I OZAUEIZ L > TED L 51T 5 03% ELBA
HAERDNHESIBR SRIZ DU T OIS OB DU TS & water E7 /L& VWIS MD ICXk oS a2b—ar L, B
Bl 72, Yanagihara H™0E Zr ZERIILTIC A Y R—TF AL B LRSI L OBREHOMNNCTH 2 LR HR & T 5.
U 3 ~ORIERIRIRAE DN TIBRZ LA REEAT, FOEE SRR\ CRIBORRIE AR T v L VD2 b
PEEHE LTS, 51, B - BEFROE X DFEXE ELTHLEZDZEMTEDZEND, AWFETIE, Bkt
FINBAT » TRIKERIE 122 b &, a5 T2 DR AHFLIC A LTooKDNFS S IR MD OFHELRIZINT, &l
FRARE L. TORR, FENOZ R X > TR ZEMOHlEE GCMC FHREIZL VAT Z Lk Y, &HH & EsEH
AT B EAVREN, ML TOKROBEIERENZL L TD MOAEERT oY VEER 2. 2D X85 Il MD &
T EEHERIL-. F77, Hwang HOVTFLAR L TFLE S 03 B D GCMC Zl B2y I o L—3 a VAT, ML~ iE
3 FEHD A VR—F AU BT RHEI S AR5 R B %% GCMD 22 = L—3 5 LW B34, BE
WRRAHIE L, AR RS & WA & ORMREFR~7=. L MR L RO AR T ¥ V% 5.2, FIFLNER TSy
L7ein G, FBEEE - B8 AR OB O 22D BRI FOBENZEET % DCV-GCMD 3 3 = L—3/ g L1827 Bysly
HONNZINTRELT, BEERROBFREMMINIZL > TRE-T <IBITOIVTWA. ABECHE, £, ELBAwater 5 /L% H
WHDNEEET 270120, X0 FEHINSBUKYET ) JIFLINES T W, BUKMET LD T b Z To T, BT, fix e
TROBENHH BB E T D BN 5 2. (VRT3 VB2 T~ GCMD /X = L—3 g & fipkhe
2-10 nm FREEDFMFLANCIRF L7 /K OB ERRBENER 42 4 5 ICEDLE T, PSR Ch DS AT L, B>

1 Copyright © 2015 by JSFM



GCMC |2 & BRHERER L DA T 7. Ikl BEAFEIE
X HERTOWEHEFRAEZHIISA: L LT, KTHRDILFERT v L
EREZ AL L, LR T L VI K D BEFFE OB EA~

DB TR

2. BEAE
2. 1. FHEREKSDF(ELBAwaten) ETIL

ARFZECHIV Tz ELBAWater &7 /LB M 243\ TRy 11, FIAE
(L E N MM A %2 3545 Stockmayer iitiA@ L LTL< b
%X 91z, Lennard-Jones ERIARDELLN KA FEZ IR - E— A L K
BRI OOMAEERY A & UCGRELSID. ELBAwater
ETUE, KOYEEE ANCRT A—2{bSh, HECBT5
FIVT IKOEEE, FEFEIEEN, KR/, B ARG K <HER
T2 ZENRESITNDM. 5511, JHIORAT vy X
JLF—UiE-BA 13 Lennard-Jones T8 & BEANIB FIEOFIC LV 525
ns.

UFtA =U” +U P @

ELBA water €5 /L"Cl: Shifted-force BUDART o o /LB A FU
LHZEiCkY, ATy mpLE— (U UR) KOO
= (dUiidri, dUie®/dry) 2377 > A7 BEBIE re {2 TR B 2NT 0 LT
T 5. 22T, ldyti & j MoEscH 5. Lennard-Jones
IHIZOW T, Stoddard & Ford®\Z L ViR SNIZLLFORT v
A MRS 2 HnD.

L GG
& )

@

ZZT, o & el Lennard-Jones 7XT A—HZTHhHDH. —F, BN
M-I, Shifted-force B A TE L 7= kA7 MU RFE A/ B 7R
T UV AMEIC LY 52 b,

U= |1_4ffi 3+3 5y 4 x
Y Az, r, I,

) o))

@

I Ehn-n) 130T, jEORT ML, el IEZEOFEEER,
WIS T 1 OFUBT-E—RA > b_Y MV ThHD. ELBAwater £
NDRT L VST A—4 KO m, THEEE—A2 b |
% TableLIZF LD A.

Table 1. The parameters of the coarse-rained ELBA water model.

€ 0.55 kcal mol* re 120A
c 305A m 18.0 g molt
u 26D | 30.0g A mol!
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Fig. 1 Modelling of hydrophilic thin film with a cylindrical mesopore.
(@) An instantaneous configuration of liquid bulk water used as a starting
building block of a solid thin film and (b) the calculation system of
combined non-equilibrium MD and GCMC simulations of capillary
evaporation of water adsorbed in hydrophilic nanopore. The blue and
orange spheres shows water and pore wall molecule, respectivery.
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Fig. 2 Chemical potential of water .vs. number of water molecule
adsorbed on nanoporous thin film (Nags— p curves). The black dashed line
represents the chemical potential of saturated water vapor at 350 K.
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Fig. 3 Time evolution of number of water molecule adsorbed on
nanoporous thin film (Nas-t curves). The black lines show the fitted lines
by Eg. 6.
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Fig. 4 Initial desorption rate of capillary evaporation process ,Jew, as a
function of chemical potential difference, Ap.
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