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Table |. Interatomic distances calculated with density functional theory (DFT) and Molecular dynamics (MD)

methods. The atomic numbers were shown in the inset.
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HW(9)-OZ(4) 1.943 1974 + 0.063




FIE EFEOSTONFELRAVERAKREAS 4 PNICHFETAIKD FOMERTE— AL MM 288 26

E7—51180fs Tl i EN. HREALICEEND K FOME, N, 3 N=0 (eWRIE), 32, 64,
96, 128, 160, 192, 224 @ 8 A HEWOMR L I, HRLAOKE X2 SV/AI A | {ZHL NaX ¥
474 bzt 5 X SEHTER[47)I28 5 X 25.0099%25.0099x25.0099A L X, Silf & Al it
Loewenstein HI[{Z E£- S TEAE X h 7-.

33 HEEREIUSBE
331 KOFOMEBLUSH

[ 2a 12K %5 7@ O If M, 2bix SHT# A kD Na A A (Na(SI) & A% 0 O KB OB 53
MEEEhEhrd. Ko FRIEPEIREICERAT 5L, SPCE €7/ CREI L 72 & Mk, K
EAKEN=3)TIR =35AICE— 7R 6NS. 4L, SHTH A PO Na LAY TOORKT L,
St RS YA FOBMEEHEERTALHICE{LEADFOORTLOMICROEND E—2
Thd. —hHTr285 ADOE—213/ 0 2%IKICBE5 O fFELtOE—2IcHYT 5, Zor—7
T EKEN=29) 2BV TiIELHAHA, WHEOPRN=96)TITT CIZMBEN5. Na1AL DA
{ERIZOWT, SPC/E TORIR LML, EEKENS Na A A L XS K5 Z L83gns. Wik
OPRELIFFEOFE 2 K@iz T2 L, WHEOPEEN=96)I-+\"T, SPC/E # M7= LY & 057
=2 %B5ZLHNTESH. ZHIESPCEETATOHRE ST, KD TL¥ATA FAKEOHE
ERMI< 2TV AZLEN G, LAKGFHMOMAEERHSBKREL L>TVAEZ LICHETS. H
AEHOFFMICOWT 323 W TlMmT 5. B2 Ik FORMAR LAy ay hARENRT
Wad, Rty Fay bpoBLMAREIZ, ZHhOOBWNILX>TARFOSHBKELREELY ST
HIbidhehot. ¥, YOLIREARIZEVTYS Na A A BHROKPIZFOY A A2 BE)
LW ERSEOHRIZBVLTHMME SN, NaSINA A BEFON AN =01, REL

S T T T 30 T
— N=32 ﬂ
— N=96
. —— N=160 25 -
= — -N=224 |
— - Bulk water
20
3 z
8 g
g 15
= 3
2 L (=
10 - A
1=
5+
0 1 0
2 3 4 5 6 2
riA
(a) (b)

Fig. | Calculated radial distribution functions between oxygen atoms of water molecules, gow.ow, and between

sodium atoms at SIII site-oxygen atoms of water molecules, guasmow.
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Fig. 2. Snapshots of water distribution in a cross-section through interconnecting cavities in zeolites at different

numbers of water molecules per unit cell: (a) N=32, N=128 and (1) N=224, for zeolite LSX. The water molecules

were depicted only within the thickness of 7.0 A.
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Fig. 3. (a) Mean value for the magnitude of the calculated water dipole moment, <|u|>, vs. the number of water
molecules per unit cell, N. (b) Probability distribution functions of the magnitude of the calculated water dipole
moment, |u|, for three different hydration states and bulk liquid water. Hydration states are represented by the

number of water molecules per unit cell, N, of 32, 128, and 224.
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Fig. 4. Calculated differential heats of adsorption, |dH/dN|, and negatives of calculated differential potential

energies between zeolite-water (~dUy.z/dN), water-water (—dUy.w/dN), and zeolite-zeolite (—dU;.,/dN) for the

(a) SPC-FQ water model and (b) the SPC/E water model. N is the number of adsorbed water molecules per unit

cell representing the hydration stage. Relevancy of these values is expressed by |dH/dN| = — dUy.z/dN —
dUy.w/dN — dUz z/dN — RT. RT is 2.494 kJ/mol at 300 K.
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Fig. 5. Negatives of calculated differential potential energy between water molecules (~dUy.w/dN) and its two

decomposed terms, intra-molecular energy term (~dUw.w"™"/dN) and inter-molecular energy term

(~dUw.w™"/dN). N is the number of water molecules per unit cell representing the hydration stage. Relevancy

of these values is expressed by dUw.w/dN = dUy.w"™""/dN + dUy."“"/dN.
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Fig.6 Diffusion coefficients of oxygen atoms of water molecules , D, in zeolites Na-LSX as functions of of the

number of water molecules per unit cell, N. with SPC-FQ model and SPC/E model for water molecules
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Fig. 1 Molecular model of 1.04-nm-diameter (pore S) (left), 1.96-nm-diameter (pore M) (center) and
2.86-nm-diameter (pore L) (right) ordered porous silicas after the equilibrium calculation. The 0.6-nm-thick

cross-sections of each model pore along the radial axis (r-axis) and pore axis (z-axis) are shown.
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Figure 2. Calculated potential energy surface for water molecules and for the cluster containing one silanol
group (OH-Si-(O-SiH3)z), U,qg [kJ/mol], along the direction of optimized hydrogen bond for the proton donor
(PD) structure (top) and proton acceptor (PA) structure (bottom). Optimization was done by using the DFT of
B3LYP/6-31G(d) and Monte Carlo simulation at 30 K using the proposed potential energy model. r [A] is the
hydrogen bond length, and OW, HW, OM and HM represent oxygen and hydrogen atoms of water molecules
and OH-Si-(0-SiH1); cluster, respectively.
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Figure 3. Chemical potential of water molecules, u [kJ'mol™'], in pore S (top), pore M (middle) and pore L
(bottom) as a function of average water density, 5 [g-t:m'3 ], calculated by using MD + CIW method and GCMC.
is given by N-m,/V.s, where N is the number of water molecules, m,, [g] is the molecular mass of water and V.5
[cm] is effective pore volume defined as the volume of cylindrical pores in which water molecules were inserted.
The diameter of cylindrical pores S, M and L was 0.89, 1.81 and 2.77 nm, respectively. The number at each
symbol expresses N.
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Fig. 4 Possible phase states of water in pores S, M and L. In pore S, (S-1) Adsorption on silanol groups at N=12;
(S-1T) monolayer adsorption at N=54. In pore M, (M-I) adsorption on silanol groups at N=48; (M-II) capillary

condensation at N=288. In pore L, (L-I) adsorption on silanol groups at N=48; (L-11) monolayer adsorption at
N=288; (L-I1I) capillary condensation at N=672.
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Fig. 5. Profiles of excess chemical potential, 4™ [kJ/mol], along the r-axis in pore S (top), pore M (middle)

and pore L (bottom). Curves were obtained by fitting the calculated 4™ shown as cross marks.
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Figure 6. Typical adsorption structure of a water molecule around silanol groups without hydrogen-bonding
interaction. Blue atom shows the oxygen atom of the water molecule, red atoms show oxygen atoms and brown

atoms show silicon atoms of silanol groups, and white atoms show hydrogen atoms.
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Figure 7. Number density of oxygen atoms of water molecules (OW) around oxygen atoms of silanol groups
(OS*) reduced by the averaged number density of water inside the pore (N/V g [cm"‘]), n'ow.“,—,-, as a function of
the distance between OS* and OW, rose.ow [A]. N is the number of water molecules and V. is effective pore
volume defined as the volume of cylindrical pores. The diameter of cylindrical pores S, M and L was 0.89, 1.8]

and 2.77 nm, respectively.
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Figure 8. Profiles of calculated water density, p, along the r-axis in pore S (top), pore M (middle) and pore L
(bottom). Dashed lines represent local minima of the density profile to show the boundary of the nth adsorption
layer at full hydration (at N=288 in pore M and N=672 in pore L).
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Figure 9. Profiles of calculated local diffusion coefficient normalized by the diffusion coefficient of bulk liquid

water, D', along the r-axis in pore S (top). pore M (middle) and pore L (bottom).
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Figure 10. Calculated diffusion coefficients along the z-axis normalized by the diffusion coefficient of the SPC/E
water model in the bulk liquid (2.49 m’/s), D, , as a function of average water density, p [g-cm"‘], in pores S, M
and L. p is given by N m/V.s, where N is the number of water molecules, m, [g] is the mass of water
molecules and Vg [cm’] is effective pore volume defined as the volume of cylindrical pores in which water
molecules were inserted. The diameter of cylindrical pores S, M and L was 0.89, 1.81 and 2.77 nm, respectively.

The number at each symbol expresses N.
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I, HITHMAEBOTDDERTHY, fo= I[kcal- A mol'] = 4.3384x10-2 [eV-A"']. SiIOH M E
fER S ZORT o v VEEE R, SIOH EORT 2o v V8T A 513 Si A2, (asisiony bsisioy
csision))=(asisioz)s bsisiony, ¢sision), O AT i T (aosion), bosiony  Cosiom)=(aosiozy boiozy Cosion) &
¥, HEFIZB L T, (ansion) busion cusiom) = (0, 0, 0)& L7=. SiCH; ¥ Si F OEH, gsision
CH; R+ D&ER gosio, EEFNFN+18e, Oc & L7-. B FBIAIZHOWT, SiEFI21 BMH B o %
BZ, TO/RF A Z (@sisionsy bsisicnsy Csisicus)lE SiO-3 & FlfkIC, a sisicH3) = asisios) bsisicus) = bsigsio-)
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Table 1 The potential functions and parameters employed in this study.

BMH oy (1 )=q,q, /r, + 1,06, + b Jexplla, + @, =, )b, +, )]~ c.c, /¢

q/C a/A biA cileV)"A3 ref
O(Si02, SiOH, SiCHs) 2 20474 0.17566 14.657 8
Si(Si02, SiOH) +24¢ 08688  0.03285 4.828 82
 SiSiCHy) 418 08688 003285 5497  intext
H(SiOH) +0.6¢ 0.0 0.0 0.0 in text
K+ +10e 1908 0.131 3.1243 9
ol -1.0e 1.95 0.18 16,7835 99
O(H,0) 08476 1694 01179 5210 in text

fo=4.3384x107 [eV/A]. e=1.602176x10"°[C]. LJ potential functions were emplyed for the interaction between
K'-O(H20). The Wan der Walls interaction between Si(Si02, SiOH, SiO, SiCH;3)-0O(H;0), H(SiOH)-O(H,0)
H(SiOH)-K", and The Wan der Walls interaction involving with H(H,0) were neglected. gyg120/=+0.4238¢ [C]

3

LR w()=a9,/r+46e) fo,+0, )2, - [0, + 0 )2}

gi/C &leV o/A ref

O(Si02, SiOH, SiO’, SiCH3) -1.2e 5272x10° 3402 98
CH;3(SiCH3) 0 7.588x107  3.870 98
ka0 amenn® aam s
Cl- -1.0e 4336x107  4.400 88

O(H,0) -0.8476e  6.739x10°  3.166 14

BMH potential functions were employed for the interaction between O(Si02, SiOH, SiO', SiCH3)-K+, O(Si02,
SiOH, SiO’, SiCH;)-O(H;0). The Wan der Walls interaction involving with H(H,0) were neglected.
q;{(H30)2+G.42388 {C]

&L, csisond, SICH; @ Siff- L OJF & DRTHT oo v LORAMED roy=1415A ChH 2 b7
EOCRET S, FCH 34 F % 1=y R E LTI DDRLF(UA(United Atom)Ii )& LTS .
TFENTCH B ORFBD L ODHREEZ, AT A F~OF oW 3%[98] THU &7 CH3-0
O AR Z M. KCIBEUGAS FOMEERIZIBMHE, LIMOBKOE *%%, o) hEL
O'SiOH 0 O JiF L 12 BMH B, SiCH; A& SiJfiF, - HET L OMEEREIER L, Z0fh
X LI RO E T A 2% 5. KClOERIT+e, -le 2 L, BMHHOFET o v 85 4 213
B KCLICBET 2ME[912 F £ £HEM L, LI Bo/$5 2 13 KCI BRIV SR flE[100]% B &1
L7z, KI3TFIZ1E SPC/E €T M331%2 % %, BMH B D5 A 213 LI B /<5 A% % BMH Bz~
AT ATTHILTRDI. BB CH; LOSFHMINEHET B0, LLFD LI A5 A 2104
3% Lorentz-Berthelot DA A DRE[101]1Z2 VTV 5.
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¥, ZOFFEIZBWT, 288, SiOH i rgo = 161A, ron=10A, £Si-O-H = 10947°ORI{kL LT
BRYHFbhiz. SiICHyELEIERE UTHRER, rasicnransions = 1.90A T D, . = 21 rap 13T A
LIRF BHIOKAEMY, £AB-CIHETA, B CHARTRAELFREALHLLTWA, £~ H,0 b
SPCE ET/WZ2 b THIRE LTI > TV D, R IICAEIOHRE Tl -85 o o v Al e A
TAZERE LD TEL.

522 VY AMAOREET L

ZOFHBEIZENT, MALOETY /X, B4 ETT-> EFHICKSNTWS, U FOFETES Y
YT S, (De-quartz (SisO¢) OHNTHR 4,  [100], [0101J71A1 8 f-3-0, [001]/51 4 Ui,
INZEFEIZT D, Zhick->T, 3931x34.04x2.162 nm® DEFERHLNS. (2) U » ¥ Olfins
[0 M @ITI, ZhEk z e 5. 3) 2D S ryOWPHICH 2 Si LTI BRI D, $722
D Si-O FEED, WHO Si A FEINZ ORFLWRYERLS . AR T =052 &45. @) ¥
TY TRy REBSTEHIZ, 220 Si0EAD, KO Si AR L O KU oi: H BT 2 610
15, ZOLEFHFEELVNOEEFT D SignOeHas TTHIE, FHEQUZE Y B 5 z k@5, =
DHFEELELAL L ETDH. HEEA 1121348 O SIOH ENEGENTVEH, “hbA24T SiCH3 i
BB LI bOEFFE L2 L35, KIFETIE 001152 >O#EEL 1 TO0, 1, 2, 3MOHA
TN2EHRAE A SORHFERLEESTZ. TRENEFLANLD L5,

523 KELEEEH
A X EEATERFTIZADHENC, ZORTF o v VB E LT T % HC, #ilisAd: 2 B

0 { I I { I

0.0 0.2 0.4 06 08 10
P

hydraphaobic

Fig.1 The adsorption amount of water molecules, N, in 1.04-nm diameter silica pore with various ratio of

hydrophobic site on the surface, Pyydrophobic-» On the condition of 300K and 1000 Pa.
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DT RZIT o/ JZTHEF LA OEARE T > & ACBUKIEIC B L, 300K, 2X%UE 1000Pa
DM T T Grand Canonical Monte Carlo(GCMC)i: 12 & 0 K43 T W 35458 2 B~ /- 728, B 300K,
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BUKIEORE & HITRBRIIN LTS, SARKOBIAR S%UTF OB, 20Uk K
HREI 7LD 10% LT THh DA, BUKIED 10%REITA D &, WAl B A OB B> 50%FLE &
20, HILNIZRSFRET 5. & SICBKEOBIAEBZ BIc>RT, WAHRITRIA L, ik &
[ CALFERT v A TIE 71 ERIEOWAT HHERT 5 2 & 8 TE =, LIS MR A DS 1
DIET, AAVOHCHET RAX—IIWD L, 14U FBIC & » il e e s nmm S h 2 -
EWI2 D, R TIHET VB 26 DIZIVTI, 100%B0KILE4S 4 2 218 2, 4, 6nm 1) Tus
DI, A AW L TKREREBEE2D - LB CX S,

524 BEEHG

P, B/ =TT A0 EEMCTI00K IS THRF 2L, TFLA, B, C DIKOWTR
DREEREMT 5. +HICT I X =R —EIZ R T DB, FREROMILOBAILI S KA 4o
BLY, CTA A& 423057 0 S MIEAT D, ZHURED TN & RO T= Bk DALY 0355t
MHERT, 300K (ZH51F 5 BMER LD LIS 2 BB AOEIKTHS. = hbDHIC GOMC i
TR ORAFOHF & 300K, 1000Pa TEHE L bOEIM&MEE LCHE 215, =0 GOMC i1
BLUBE MD DFEZ BT, BER R IZAWIBER &M% 3 ST T, 7 — 1 2 )5 Ewald
mﬁ&?ﬁ%éﬂtwm.@2&%@@@%%%@1%y%99y%%%¢.%$»A&%%wsfﬁ
KT FIMADEEIZDI S THH LTS, FEFAC LEF LD TIEASF 1L SICH; o4y ¢
UIBTL, HHHEEZ KD Z LD D. SO LI LRI, 0006 04V/IA £ COMY 47z 7
Imwﬁﬁ,#¥@@ﬁ%%ﬁ%%ﬁ%ﬁ5.ﬁ%%@ﬂ&m&m@%%Z#wﬂVﬁﬁﬁm%m&@ﬁ
@%&ﬁm@wmmmgmﬁﬁb.ﬁ%%s%KK%%‘%ﬁ%%m+%uﬁmut%,%minsmm
P25 1000ps DOF 5 ZRITICH 2. 50 D ISR B 0.3V/A OFIEA A i+ 053 R oh i
L, BEREBAHKL Ro0T, ZHRLETO 100ps BIEOHEN LMY LCH Y, REOBGT
04V/A OFBIIANT &G 72 SHEMMOBHEDO0IC, GCMC IS L5 THEHE L, /Y782
LOKEHFOM, K+ LKHiL T 7 —NVEUSMIFEOR D7 Ol & 5 S e o 7=, BHo
HEE, #HEIhAs A 0FEEMSRD LN,

52 HEREBLUEE

521 FEREBITET24F0BEUKSFOENY
FETNAOMAOEREZHITLVIRED S I 2 L— 3 U B EHHREIZ B 54 4o, KD TFO%

@%%&t.E3Kmm%%ﬁiw,4%V®%&¥%ﬁﬁmwﬁﬁéﬁbfwé.m%%mﬁﬁm
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VOIRBILoTASFONHLEVEELZTI, 3 BOREMBELRETVS, 5L, AL 0k
RO LS RKEITILPOHETE R A5 2 EAHET, MILONB L THAREGD H A< ZiFTW
DILZETFELTWVWD. AALORHITHBTEE, KM AU IHFLAYPOMEICEBLTVWS, L
DREZMILTIL, KA A I8 S 4-SAMNT-L AT, RAOERLRBL 82050, —0OLk
ITHLMHETRADOEEIZ/ZDOITHEEH Inm OMILICHE LB THLEEX RS, —5TCOr
HEEA LD S, AL RENS 1-2A BN MBRICSHS. K L F CROBEL L2055,
IOLERHICEOARNLIDIRG TN AT A2 ORETHD. E-UMLMEAN<L-0IC,
T-E]H FZ(Z(MSD ; Mean Squire Displacement)% iF8 L 7=, [0 4 12 30 X7 MSD 2554, RO
TN VI NI, K T OREEIR T & K A A2 0 MSD TR 5 U CHIZICA (L L TuZeuas,
ZOERERDO TSN 566 L FORKOBESOIZIBERIC LTH 10 90 | BEIZZR>TWS =
EWGrind. LavL, BERIZRE LT MSD 25 BRI LS TV B MUR D S MIALNO RS 7 & Kt A 4
ANIEEANARD B> TWDHZ L AMIBTESD. 5T, Cl 1420 MSD (33 ps T 0.08A 81 D il
(272> TLARRIXIZ & A ¥ Z OMIZREMIC AT L2ev, U3 EEICI -0 MSD I2 R 5 h 25 Ch 5.
ZOZEDNDL, MANOCHIIZEACFEEL LTIRAMS - LA ih 5,

Fig. 2 Initial configurations of molecular dynamics simulation obtained after Grand Canonical Monte Carlo
simulation: hydrated silica pores with (A) 96 SiOH, (B) 96 SiOH and 48 SiCHs, (C) 96 SiOH and 96 SiCHs, (D)
96 SiOH and 144 SiCH;. K+ ions and Cl- ion exist in hydrophilic regions but are not depicted in these pictures.
The browns stick show SiO; networks, the pairs of red and white atoms show OH group of SiOH group, pale

pink atoms show CH3 group and the molecules with one blue atom and two white atoms show H,O.
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Fig. 3 Density profile of water molecules (top) and K+ and Cl- ions (bottom) in model pore A without electric bias
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Fig. 4 Mean squire displacement (MSD) of Water, K+, Cl- ions. The inset in the graph shows MSD of CI- ions
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522 EBHR-BEHT

HS5iCi3ETL A DS DIZHOWTHLAZEFEEHFEZ 7T, 8O TR oy i 2 55
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Fig. 5 Electric currents, //pA, vs. electric voltages, V' /V, for modeled nano channel A-D. Inset shows the

magnified figure for low voltage region.
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Fig. 6 Potential energy profile for K+ ions in model pore (A)-(D). Dashed line shows the border between
hydrophilic area and hydrophobic area. The regions between dashed lines correspond to hydrophobic area.



FBSE BARMEBIUHAEYY 7/ Fr 32 BOEHEBHICET S5 58

523 F/FrrLO8HE

HEIZH6IZ R LI R A F—DI LEFABEEFADIICHUT, BRAAVBASTFEAL A LD
HWERPOZTOLHAEEREA AV ERRBEEREEZE0 VY AR AEER SO CEhFRIRLE
LOETFYT. AF 2 Y BMILOBAEERSET o v Y POBRICK X RS A 5T g -
EBDND . EEEPN LG TIIEE, A AV RTEOEEER LAER LAV, 6o X S IR Inm
BECHLP TIERT oy U 70 50% 0 HENL L&Y HHIFLE OMEENSRD TS, L
L, BBLKGFEAFTLDEDRT v AR P H ¥ eV ICEL, MILTARTe800 0K K
HERTWDEBRBEICHAI0 53D 1 OF—FThHhHEELLNS. Zhid, ML CAD S
NIZHRLEBOEB BB > R[] TR FLE L EOFERL THCWD Z ENBRTHS
FLIADHREHRICHONT, EF LA ORI T K FOFELLLUTOXTHE L.

)

i=1

BBIZTVIZFRASADOVY UFOEBELTEY, ZHIERERE B b > TV AN G
HD. NS HEALNOKSFOEK. g 3RS F i OBBRFE—AL FThD. AT ADRENE &,
AT AN V=03VIADEE, ThEFNeS592 Le2.07 Lizole. Fx XAWEOEEIZ L, KSTIC
LB =0 DAY V== FORREINEN=DIZ, BF Loy MRS THEREL LTS, =0
o0, Inm BEOHZOMAEFH WL Z LIcky, MEgEENERALY L, A 0lnEESIC
DOENDTINA AEBHTH ENTCES. T&%k%<¢é_&%%&a&,m%@whbtwmm
DEBIZEENDIKOFELIIB L L 200 BIEThH o/, ERBEBBKEL AL EC, oY DAL
DEBLNEL A, BHMIZRT ooy LN THNE L 2 BAHEMEDS U,

il




FIW BAMBIUEKEL) 2+ /7 Fr iSO BEICMT 58% 59

Fig.7 lon permeation through hydrophobic pore (a) with pore structure and (b) media structure. Purple atoms are

K+ ions. The ions which exist in hydrophilic region are not depicted.
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Fig. 8 Porential energy profile of K+ ions (a) in model B pore and (b) model D pore with the electric bias of
0.3V/A.



HIE SAMBIUHAESY ST/ FeyaleRuHEBRICMET A 60

5.3 &R

1.0dnm OEREZHOSOF v 2OV BKIEO T2 Vo PT3535 22 LTRET 0 Y
FEOWT, EEESFEHAHELAHCTERHMLE. DY dlo—B2HkEic L Frofiing
RIS, UTFTomBi2E7-.

I 2THBAREOL Y DL TIZ 02 VA LLFOEBIEGFEEFTHYCA AU A MR 5 LN TE
25— T, 2nm BEHSKFER ALY AL TIZ02VA LV L REREEENT LV A 4
ERAE LR, Thbb, bPi 1.04nx2 = 6.5nm’ IO KA HKMEICT 52 Ltk TE
Y7 TEDL, b RBEICEE Lo L LCoREM AR L

2. HMBILEEDS Inm BE TIIMILREN LBV N EZIT DN, ZONIA AL 2FBBE VLS ICEM
T35, FEASTOFBREN/IEFITMEL (e=2~5) , £ A DEDRT 2 v L ORERE S KI5
AR R R (=802 Ff> TV D L XL b RELSHODbh TV DLt ELLND. D,
INERHBHTE S EEDZ LICL ST, A 42O ONJOFF AL WEICBN s b0 B2 Hh
5.



FTew it 61
£6F #R

AFFEIZBOTE, TEOLHEBORHAOEZOOETY /2L, BHERNRT A ¥ THHRHO
BKERPHADOKREZIZL ST, T/ MILANTOKRG 704 4 OWEERBEH H5VIIBI SO 55 i
BB EDE S ICET A E D FEAFIC L DHEBERICI > THLENMNITH L2 HBE L
T, DI FECL D ERERE T 7=,

FE2ETHELTA FRICHEET KD FIZOWTHFEINFERT AT, BUAMEOEWZ L > T#
OWBERANR AL 5 2 EAVUREN . BUKMED NaX BT NaX (2380 T, (1) Na ~D K5y o A F,
(2) BERI~OHEWE, (3) 12 ARFATOENEO 3 BB OWAF 2R L, (1), @IV Tk Langmuir
RAD SR A % A D OIxE LT, BAMED NaY BUTIZKRD 07 FRAE ) o ZTORBNRKE N &0
Gy o s,

FBIFTHEATA MRIZALIAO BN TV AR ISR EBRHOTT V2N 5 2 L ¢, W+
%W%Vh%&%%m%ﬁmﬁofwégkéﬁﬁbt.ﬂ@%%w%/bi&m&&%uk%<&b,
EEKE TIHIRTRAE KR EE LR D, Ky FORMAT— A 2 MIT RN X — R E 25 FND
MEFERICE>TRICEXZ, —FCHrRHEERICL > T q X - BER 52 5. DD
%%ﬂﬁ%%%@ﬁﬁﬁuﬁf5£Mi,@ﬁ%ﬁW%m&i%<%@éu&@kﬁﬁkm,ﬁﬁ%&
L O—BIEEETOLOLD b L o,

F4FETIIMCM-A41 ZAE L= A 7 AHFLPIZE TiA S S 12 KD FAZ W THFI DR 2170,
HIFLERIZ K > THIALN TR FORMMET 5 2 L AHED D vz, HEE 1.04nm 36 & O 1.96nm FLJE
OHMFLTIX, 2 >OM%E LD 2, EHE2.88nm TIX3 >OME LS 27, HEBERICHRT 5 &, BERf
UL B HIFLNERIC 23T T, KR FOPEBIT R & < Aotz £zl )7 [~ St e hroiz 80 L & 5 5k
BETIHEKEICE-> TREL 2508, SMEARICIV R TS ICIEBI NS < s 2 ek B 2
Ltz

F S BT 1.04nm OBEBREFFOF ¥ FTONT, BIKMEOYFE2r oo I T HF 84 2L LT
BRET D008 5 Mz HWT, IEEM FEIN 2 TR L, £THRBIAKED S Y LTt 0.2
VIA LT OEEFET CTHMA A FERBT D LN TED—F5C, 2nm BIEBUKGUIRA >V
AL TIZ02VIA L0 b RERBIEE NI RV EA T FHARAE LRV, A 1.041%2 = 6.5nm’ F
EOREHEBAMEICT A LICL TRV U TED, bPEhRBEICHS/ e 4 & LTOHE
HERLT.

R EE L T, EEMBRMEREHEB 22L&, TR LANLOMBOEFT Y 7
EGFUIab—ra rERHWERFFIERRECE . T, K FOSENERG TR E Y
BATWDZ LR T DN TE., SLRDERNLR—EDO-DIZIE, R X LB LAERS,
DFETNVERETDOVENRDD. FEAREONEZMREREIL, A 400 bK#E L X lGEHIR
WEBBIOT SA AL LTHERAGHMEE, SFrial—ar g2 0T, RFLTL LS5 %OM
HMThb.



@ FAUR¥YAF 1 bOWREE: NaA +OMK 62
1§ FAUREASA FOMEE Na DB

YA 74 ML, Si-ORMEOMATDORIZL-T, BIZOEIWMERN ML TWVWARIA, = 2 TiEAK
MREICEVWTHROMRE 257 FAU BIE A5 4 FOMEICHWT, MREM23. Y454 b0 3

RTBIEX TO(Z ZIZ TIESi 21X ADMmED —EOHRERIC Lo THRREINTWA. ¥4 54
OWEZFERET 572012, Meier[102)i N 6 OWMEOHMMEICHEH L, LLTF® 2 22 KARA & L
TEHZLTWD. (DF | KBS : TOMEEZFO LD 1a)TH S, ()% 2 il : | RSO D K

ARZ2ERETHD. B2AMECHEOTIE, 3OMBOMEALA 2 - ERHES. (i) TO4 M fkAs
4, 6, SETENENICERRICHERS L - HAREMHEND L 0T, K4 BB 1b),H 6 BRIH 10), H
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(d) (e) (f)

Fig.1 The atomistic model of (a) the first structure (TO,), (b) 4 membered ring and (c) 6 membered ring in zeolite
drawn with the balls and sticks. In these figures, red balls show oxygen atoms and brown atoms show T atoms, i.e.
Si or Al atom. Stick shows covalent bonds. And the structures of (d) hexagonal prism and (e) sodalite catge and (f)
unit cell of FAU zeolite are drawn only with stick. In these figures, red parts of stick corresponds to oxygen atoms

and brown ones corresponds to T atoms.
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Fig.2 The atomistic model of Sodium ions at (a) Site I, (b) Site I', (c) Site Il and (d) Site 111 in FAU zeolite drawn
with the blue balls, which show the sodium ions, and sticks, in which the red parts corresponds to oxygen atoms

and brown ones corresponds to T atoms.
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