RETIRREZEELT:
AT /HALETIVIZESDRBERT) O AHEFE D 72 BA
(RKART) OFF 2S5 -AL =2%-% B -HP S4-2TE &

[##5] MCM-41 ZRESNDHAME Y I AV Z5LRIE, BEEMEICIOUZUL HL B O W A 2T
TREIRTDS, FFLEEDSINEL 22 Do, FT R DIRE N ELIRDIZ o, EAT Y AR LIRS
DB TNS, LL, ZDAT=ALIZOWTIE, MCM-41 OB 5 20 iR Th7eBIABLNCE
TR, ZORIEDRIERE 72> TODERR E LTI, 16k, MiALEm N EoE 2T ) o2 —RHI L
T INZE S THEOBEMENRALIN TEI22ER0, 250 T W s REEN D B MG IR BE ~ DB
FRICBE T DB D R N2 E DN ET D, £ TARMSETIE, MALRDOR72% MCM-41GHEFLAE 3.2,
4.0 nm)Z x4z, X RREFTHIE LSO T MFLEES 58 o fmasb L, MfLEES 7 3 2% H 35
Atomistic S UBMILET LEREEEL, HFi3al—ar b EEBRED MR E2ITHIZE T Fiko
RIRE DRI 23T,

[L2aL—2ay) SR LICHELETEL 77 A UMTH LT, RELTZE B ESMIC—ET5
JNTTUH LTSI, O JRFEEVBRSZEC, MFLEES 7 2 A% 495 Atomistic >V THIFLE T L AHEEE
L7z, A543 F121% Lennard-Jones Ar 35K TY N, #B AL, GCMC 535K Tt Gauge Cell {E1Z8Y
Atomistic U IFFLET L~D Ar, Ny WG ZHRMRZFH A LTz, (LR T ooy b ulZB\WT, 25518
W 5 IR BE (W 75 1 N D B BRI RE (W 45 B Np) ~OIRREALIZ B35 5AW (%, Gauge Cell 151
F0EoNS S FHRIDOWAE LRI us(N)ZFE /73 HZEZLY, LTOIDICHETHIENTED,

1 N2
i) jN (0N — (N, ) &N
ZZC, NelF ps(N)DBR ED, BB BB IS B R T DD HE ThH D,
[(#EREEE] MCM-ALGIFLEE 4.0 nm)~D Ar s 12
IE#R % Fig. 1IR3, 77 RAZEANTHZET, GCMC 1o
RIS LD WA S IR B S R2 RAFICHHELL, 2>,
FIREICBNTI 2 —va i) TS D E )
SRR Poq ARATHEIC LRI — 5352 &8>
272, Fig. 2 1ZFUADICIVER L2255 TR AR o ot
INDEE EEHIRAE p ~OIRIBE LIS DL AW T 02 '
D R o esasororszorosooot 4303 41 o3 0
REATIME — 3 A, N . ) [
BEBE Ey(P)id Pog £V Pag DA DI ME, DFY, Fig.1 A comparison between simulated and
75§§ %Bﬁﬁ*%%ié%ﬁ%%f%ﬁf &b‘\%Z\ P {,;DS experimental adsorption isotherms of Ar on MCM-41
eq == =] N - = ad V- 0.4 ; ; ; ; ; ; ; ; ; ; ;
S THID TEREZ DA, BEEHEE D, Zhas, \HK | 80K 87K
LEPD

AW = (

Adsorption N/N,, [-]

--- Gauge Cell+

WAECAT VRN E LD AT = AL THD, R 75 K IZ

BB E R DR Ey(Pa)l 016 T, T 202 o] : :
%%@%Oﬁ&@%% EFL T&)ékﬁﬁlﬁbf, {E‘l};ﬂt 80, 87 § M ®.) ’,"
KIZI1I % P TIILTZEZ S, EBHEREBANC 2L "o =5

W
Li=(Fig. 1), £7-, Ery = 0.16 2V CRABHIALLED ' V
Iﬂ%%%(Nz)‘@%}ﬁ$§§L: Pad ZT)S\%?EIJE"HAE‘@&)@) Iﬂ%t _02 P R B U S| P I EI IR | L Il L Il L Il L
ATV ADEE AT AZ LN TEx-, DL EDORRIC, 02 04 06 08 1002 0.'1\1‘/'\(1).6 Ef] 1002 04 06 08 10
%EEJJ“/U?J%}L%Kiﬁh‘élﬁ%tXTU“/X@ﬂ}E, M Fig. 2 Changes in Landau %or‘ge energy AW calculated

FLER, WA oy T AR ME D IE 7R3 m I S LT, by Eq. (1) with reference to W at point o

Understanding Mechanism of Adsorption Hysteresis by Silica Nanopore Model with Surface Roughness
T. HIRATSUKA, N. NISHIYAMA, K. MORI, H. TANAKA, M. T. MIYAHARA
(Kyoto Univ., miyahara@cheme.kyoto-u.ac.jp)

To understand mechanism of adsorption hysteresis, we constructed an atomistic silica pore model mimicking
MCM-41, which has molecular-level surface roughness, and obtained adsorption isotherms of Lennard-Jones Ar and N, on
this model by grand canonical Monte Carlo (GCMC) method and the gauge cell MC method. The GCMC isotherms of Ar
and N, on the atomistic MCM-41 model were in good agreement with the experimental data. Then, the simulated equilibrium
capillary condensation pressures give close agreement with the experimental desorption branches, which indicates that the
experimental desorption branch comes from thermodynamic equilibrium vapor-liquid transition. We also calculated changes
in Landau free energy AW, which provides a work required for the capillary condensation, and determined energy fluctuation
of the system, Er, = 0.16. The profiles of AW show that the spontaneous capillary condensation occurs when the energy
barrier becomes less than Ef = 0.16, and the obtained Er_ value enables one to predict the spontaneous condensation
pressures of Ar and N, on MCM-41 samples (pore diameter: 3.2 nm and 4.0 nm) at all temperatures.



