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1. METHODOLOGY

Henry coefficients, Ky, are calculated by Monte Carlo (MC) simulations in the canonical
ensemble (NVT) at infinite dilution. By sampling the Rosenbluth weigths of the gas molecule
in the adsorbed phase, (W), and in the ideal gas phase (Wi,), the Henry coefficient follows
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where R denotes the ideal gas constant and 7' the temperature. Since methane is modeled

H

as a single united-atom bead, the Rosenbluth weight in the gas phase equals unity.
Adsorption isotherms are obtained by means of Grand-Canonical Monte Carlo (GCMC)
simulations, including translational and regrow moves. More details of GCMC can, for
example, be found in reference 1.
Self-diffusivities on the basis of transition-state theory (TST), D, are determined by
NVT-MC simulations, sampling residence histograms, P(q), of the tagged molecule along
the reaction coordinate, i.e. along the pore(s)
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kg is Boltzmann’s constant, m the mass of the diffusing molecule, \ the site-to-site dis-
tance and ¢* denotes the dividing surface, i.e. location of the zeolite windows; note that
exp|—F(q)/(kgT)] < P(q). Furthermore, diffusion coeffcients, Dy, on the basis of the mean
potential-energy profiles along the pore(s), U(q), are calculated

U(q')
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All diffusivities reported here are averaged over all three Cartesian directions

D,+D,+ D,
D +3y+ (4)

The pore system of LTA is three-dimensional and isotropic such that D, = D, = D..
By constrast, SAS and ITE exhibit one-dimensional pores wherefore two of the three one-
dimensional diffusivities equal zero.

Transmission coefficients, , are computed by a common two-step procedure. First, NVT-

MC simulations are performed, restricting moves of the tagged molecule to the dividing
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surface. Second, the configurations of step one serve as starting configurations for molec-
ular dynamics (MD) simulations in which the reactive flux correlation function (RFCF) is
sampled
(a0) - Hla(t) — 71 - 51a(0) — 4]
(1) = ‘ , (5)
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where ¢(0) represents the initial velocity of the molecule projected onto the reaction coordi-

nate, H the Heaviside function, ¢ the Dirac pulse and angular brackets indicate an ensemble
average. The transmission coefficients are then identified as the plateau of the RFCF, fi-
nally yielding the fraction of hopping attempts that are successful. For more details of the
diffusion methodology, the reader is referred to reference 2 and references therein.
Methane is modeled as a single united atom. Interactions between guest and host atoms
are assumed to be dominated by the methane-oxygen interactions and the host atoms are
held rigid at their crystallographic positions. The force field has been specifically developed
to reproduce inflection points of alkane isotherms [3]. A Nosé—Hoover chain thermostat is

used in the MD part of the RFCF simulations to impose a constant temperature of 300 K.

2. LTA RESULTS AT FINITE LOADINGS

Figures 1 and 2 show relative differences of adsorption (loading, 6, vs. pressure, p) and
diffusion quantities (T'ST self-diffusivity and transmission coefficient, respectively, vs. load-
ing) of methane in different LTA-type zeolites. While the adsorption differences between
the structure by Corma et al. and the IZA structure are rather small, those between Pluth
and Smith and IZA structure can be quite large — especially at low p (< 0.3 bar) and T
(200 K), see Figure 1. The smaller the cages (Corma et al. < IZA < Pluth and Smith), the
stronger is the adsorption at low pressures. This is likely due to a denser and thus more
attractive potential-energy field inside the smaller cages (compare to main text). The larger
a cage however, the stronger is the adsorption at high pressures because the cages are simply
geometrically larger and can thus accommodate more methane molecules (larger saturation
loading).

Let us now turn to the diffusion data compiled for 300 K and low loadings, see Figure 2.
The largest diffusion discrepancies (-65%) are observed between the structure by Corma et al.

and the IZA. Over the loading range studied here, this difference is practically constant,
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Figure 1. Structure influence on adsorption of methane in LTA-type zeolites. The values

obtained from the IZA structure are taken as face values, i.e. Afcorma = Ocorma — 174

indicating that the qualitative trend of D over loading is the same, see top of Figure 2.
Although the absolute value of Dy (diffusivity calculated from a potential-energy profile) is,
for a given structure and state point, consistently larger by a factor of approximately 100
than D (diffusivity calculated from a residence histogram, i.e. from a free-energy profile),
the relative difference of D and Dy between two structures is the same. This supports the
statement that the entropic barriers of different structures are equal; only the potential-
energy barrier changes significantly between two structures.

The obvious insensitivity of the zeolite crystal structure on the transmission coefficient,
see bottom of Figure 2, stems, most likely, from the fact that this coefficient is mainly
influenced by guest molecules adsorbed in neighboring cages [6]. An analysis of the cage
occupancy distributions reveals that these are, for a given average loading, the same for all

three structures, see Figure 3. Hence the transmission coefficients are the same.
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Figure 2. Structure influence on self-diffusion of methane in LTA-type zeolites.
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Figure 3. Probability distributions of cage occupancies; methane in three different

LTA-type zeolites, various loadings.
3. CRYSTAL STRUCTURE DATA

In the following, we provide the crystal structure data that are used for the molecular
simulations along with plots of the fractional coordinates of the oxygen atoms in a-b and,

if necessary, a-c projection. The plots include the per-atom deviation in fractional atomic



positions, dr, of the experimental structures from the IZA structure

1 Natoms 2 2 2
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where the sum runs over all N,oms in the unit cell and a;, b; and ¢; represent the position
of atom 7 in the unit cell (fractional coordinates).

The structures published by the International Zeolite Association (IZA) represent “hy-
pothetical” all-silica zeolites on the basis of the framework type definition and a refinement
of the atomic positions that uses weighted atomic distances between nearest Si-O, O-O
and Si—Si atoms. The structures by Corma et al., Wragg et al., and Camblor et al. are ex-
perimentally determined all-silica LTA, SAS, and ITE-type zeolites [4, 7, 8], whereas those
published by Pluth and Smith (LTA) and Patinec et al. (SAS) are, in fact, aluminosilicates
[5] and magnesioaluminophosphates [9], respectively, that, for the simulations, are converted

to purely siliceous structures.



3.1. LTA —IZA [10]
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Figure 4. Plot of the fractional coordinates (a vs. b) of the unit-cell oxygen atoms of the

three different LTA materials studied. Projections a—c and b—c are identical.
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3.4. SAS - IZA [10]
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Figure 5. Plot of the fractional coordinates of the oxygen atoms of the three different SAS

materials studied; top: a vs. b; bottom: a vs. c.
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3.7. ITE — IZA [10]

o IZA
+ Camblor et al.
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Figure 6. Plot of the fractional coordinates of the oxygen atoms of the three different ITE

materials studied; top: a vs. b; bottom: a vs. c.
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185 Si 0.65120 0.65650 0.01210 00000O0O0OO0O0.00
186 Si 0.65120 0.34350 0.98790 00000O0O0O0O0.00
187 Si 0.34880 0.65650 0.48790 00000O0O0O0O0.00
188 Si 0.34880 0.34350 0.51210 00000O0O0OO0O.00
189 Si 0.34880 0.34350 0.98790 00000O0O0O0O0.00
190 Si 0.34880 0.65650 0.01210 00000O0O0O0O0.00
191 Si 0.65120 0.34350 0.51210 00000O0O0O0O0.00
192 Si 0.65120 0.65650 0.48790 00000O0O0OO0O0.00

3.8. ITE — Camblor et al. [8]

20.622  9.7242 19.623

90.000 90.000 90.000 SPGR = 1P 1 OPT =
192 0
0 ITE : ITE
1 Si 0.32018 0.95700 0.17010 00000O0O0O0O0.00
2 Si 0.32018 0.04300 0.82990 00000O0O0O0O0.00
3 Si 0.67982 0.95700 0.32990 00000O0O0O0O0.00
4 Si 0.67982 0.04300 0.67010 00000O0O0O0O0.00
5 8i 0.67982 0.04300 0.82990 00000O0O0O0O0.00
6 Si 0.67982 0.95700 0.17010 00000O0O0O0O0.00
7 Si 0.32018 0.04300 0.67010 00000O0O0OO0O0.00
8 Si 0.32018 0.95700 0.32990 00000O0O0O0O0.00
9 Si 0.82018 0.45700 0.17010 00000O0O0OO0O0.00
10 Si 0.82018 0.54300 0.82990 00000O0O0OO0O0.00
11 Si 0.17982 0.45700 0.32990 00000O0O0OO0O0.00
12 Si 0.17982 0.54300 0.67010 00000O0O0O0O0.00
13 Si 0.17982 0.54300 0.82990 00000O0O0O0O0.00
14 Si 0.17982 0.45700 0.17010 00000O0O0O0O0.00
15 Si 0.82018 0.54300 0.67010 00000O0O0O0O0.00
16 Si 0.82018 0.45700 0.32990 00000O0O0OO0O0.00
17 Si 0.07561 0.40670 0.05610 00000O0O0O0O0.00
18 Si 0.07561 0.59330 0.94390 00000O0O0O0O0.00
19 Si 0.92439 0.40670 0.44390 00000O0O0O0O0.00
20 Si 0.92439 0.59330 0.55610 00000O0O0O0O0.00
21 8i 0.92439 0.59330 0.94390 00000O0O0OO0O0.00
22 Si 0.92439 0.40670 0.05610 00000O0O0O0O0.00
23 Si 0.07561 0.59330 0.55610 00000O0O0O0O0.00
24 Si 0.07561 0.40670 0.44390 00000O0O0OO0O0.00
256 Si 0.57561 0.90670 0.05610 00000O0O0O0O0.00
26 Si 0.57561 0.09330 0.94390 00000O0O0O0O0.00
27 Si 0.42439 0.90670 0.44390 00000O0O0O0O0.00
28 Si 0.42439 0.09330 0.55610 00000O0O0O0O0.00
29 Si 0.42439 0.09330 0.94390 00000O0O0O0O0.00
30 Si 0.42439 0.90670 0.05610 00000O0O0O0O0.00

37



31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7

L7 S 2 T 7> S 7> W 7> W 4> R /> S 7 S 7 W 7 SO > S 7> NN 7> W /> N &> N 7 S 7 S 7 SR > SN > SN 7> NN /> NN 0> N /> N 7 S 7 W 7 SN > SN 7> SR 7> NN 0> B /> B ¢ B
T T o o T T T e o T T P T T o e T P T = = e = N = A

O O 0O 0o o o o o o o o o o

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

.57561
.57561
.26410
.26410
.73590
. 73590
. 73590
. 73590
.26410
.26410
.76410
.76410
.23590
.23590
.23590
.23590
.76410
.76410
.15302
.15302
.84698
.84698
.84698
.84698
.15302
.15302
.65302
.65302
.34698
.34698
.34698
.34698
.65302
.65302
.34270
.34270
.65730
.65730
.84270
.84270
.15730
.15730
.26750
.26750
.73250
. 73250
. 73250

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0O O O O O O O O o o o o o o o

.09330
.90670
.22550
. 77450
.22550
. 77450
. 77450
.22550
. 77450
.22550
. 72550
.27450
. 72550
.27450
.27450
. 72550
.27450
. 72550
.15510
.84490
.15510
.84490
.84490
.15510
.84490
.15510
.65510
.34490
.65510
.34490
.34490
.65510
.34490
.65510
.94190
.05810
.94190
.05810
.44190
.55810
.44190
.55810
.85150
.14850
.85150
.14850
.14850

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

.55610
.44390
.11210
.88790
.38790
.61210
.88790
.11210
.61210
.38790
.11210
.88790
.38790
.61210
.88790
.11210
.61210
.38790
.00360
.99640
.49640
.50360
.99640
.00360
.50360
.49640
.00360
.99640
.49640
.50360
.99640
.00360
.50360
.49640
.25000
.75000
.25000
.75000
.25000
.75000
.25000
.75000
.14910
.85090
.35090
.64910
.85090

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

w
oo

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

O O 0O 0O OO0 oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo o o o o o o o

©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o O O o o o o o o o o o

. 73250
.26750
.26750
.76750
.76750
.23250
.23250
.23250
.23250
.76750
.76750
.09960
.90040
.90040
.09960
.59960
.40040
.40040
.59960
.09780
.09780
.90220
.90220
.90220
.90220
.09780
.09780
.59780
.59780
.40220
.40220
.40220
.40220
.59780
.59780
.00000
.00000
.00000
.00000
.50000
.50000
.50000
.50000
.21480
.21480
. 78520
. 78520

O O O O O ©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.85150
.14850
.85150
.35150
.64850
.35150
.64850
.64850
.35150
.64850
.35150
.50000
.50000
.50000
.50000
.00000
.00000
.00000
.00000
.25160
. 74840
.25160
. 74840
. 74840
.25160
. 74840
.25160
.75160
.24840
.75160
.24840
.24840
.75160
.24840
.75160
.41050
.58950
.41050
.58950
.91050
.08950
.91050
.08950
.15870
.84130
.15870
.84130

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

.14910
.64910
.35090
.14910
.85090
.35090
.64910
.85090
.14910
.64910
.35090
.00000
.50000
.00000
.50000
.00000
.50000
.00000
.50000
.02870
.97130
.47130
.52870
.97130
.02870
.52870
.47130
.02870
.97130
.47130
.52870
.97130
.02870
.52870
.47130
.07180
.92820
.42820
.57180
.07180
.92820
.42820
.57180
.05690
.94310
.44310
.55690

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

w
Ne)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

O O 0O 0O OO0 oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo o o o o o o o

©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o O O o o o o o o o o o

.78520
.78520
.21480
.21480
.71480
.71480
.28520
.28520
.28520
.28520
.71480
.71480
.38700
.38700
.61300
.61300
.61300
.61300
.38700
.38700
.88700
.88700
.11300
.11300
.11300
.11300
.88700
.88700
.29130
.29130
.70870
.70870
.70870
.70870
.29130
.29130
.79130
.79130
.20870
.20870
.20870
.20870
.79130
.79130
.32750
.32750
.67250

O O O O O ©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.84130
.15870
.84130
.15870
.65870
.34130
.65870
.34130
.34130
.65870
.34130
.65870
.93720
.06280
.93720
.06280
.06280
.93720
.06280
.93720
.43720
.56280
.43720
.56280
.56280
.43720
.56280
.43720
.10930
.89070
.10930
.89070
.89070
.10930
.89070
.10930
.60930
.39070
.60930
.39070
.39070
.60930
.39070
.60930
.28710
.71290
.28710

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o

.94310
.05690
.55690
.44310
.05690
.94310
.44310
.55690
.94310
.05690
.55690
.44310
.12880
.87120
.37120
.62880
.87120
.12880
.62880
.37120
.12880
.87120
.37120
.62880
.87120
.12880
.62880
.37120
.16250
.83750
.33750
.66250
.83750
.16250
.66250
.33750
.16250
.83750
.33750
.66250
.83750
.16250
.66250
.33750
.06950
.93050
.43050

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o
©O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

=~
(@]

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

O O 0O 0O 0O 0O 0o 0Ooo0o oo oo oo o o o o o o

O O O O O O O O O O O O O O o o o o o o o

.67250
.67250
.67250
.32750
.32750
.82750
.82750
.17250
.17250
.17250
.17250
.82750
.82750
.13080
.86920
.86920
.13080
.63080
.36920
.36920
.63080

O O O O O O O O O O O O O O O o o o o o o

.71290
.71290
.28710
.71290
.28710
.78710
.21290
.78710
.21290
.21290
.78710
.21290
.78710
.00000
.00000
.00000
.00000
.50000
.50000
.50000
.50000

O O O O O O O O O O O O O O O o o o o o o

.56950
.93050
.06950
.56950
.43050
.06950
.93050
.43050
.56950
.93050
.06950
.56950
.43050
.00000
.50000
.00000
.50000
.00000
.50000
.00000
.50000

O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O O o o o o o o
O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O O o o o o o o
O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O o o o o o o o
O O O O O O O O O O O O O O O o o o o o o

41

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



1]

2]

References

D. Frenkel and B. Smit, Understanding molecular simulations, from algorithms to applications,
Academic Press, San Diego, 2002.

D. Dubbeldam, E. Beerdsen, T.J.H. Vlugt, and B. Smit, Molecular simulation of loading-
dependent diffusion in nanoporous materials using extended dynamically corrected transition
state theory, J. Chem. Phys. 112 (2005), 224712.

D. Dubbeldam, S. Calero, T.J.H. Vlugt, R. Krishna, T.L.M. Maesen, E. Beerdsen, and B. Smit,
Force field parameterization through fitting on inflection points in isotherms, Phys. Rev. Lett.
93 (2004), 088302.

A. Corma, F. Rey, J. Rius, M.J. Sabater, and S. Valencia, Supramolecular self-assembled
molecules as organic directing agent for synthesis of zeolites, Nature 431 (2004), pp. 287-290.
J.J. Pluth and J.V. Smith, Accurate redetermination of crystal structure of dehydrated zeolite
A. Absence of near zero coordination of sodium. Refinement of Si,Al-ordered superstructure,
J. Am. Chem. Soc. 102 (1980), pp. 4704-4708.

E. Beerdsen, B. Smit, and D. Dubbeldam, Molecular simulation of loading dependent slow
diffusion in confined systems, Phys. Rev. Lett. 93 (2004), 248301.

D.S. Wragg, R. Morris, A.W. Burton, S.I. Zones, K. Ong, and G. Lee, The synthesis and
structure of SSZ-73: An all-silica zeolite with an unusual framework topology, Chem. Mater.
19 (2007), pp. 3924-3932.

M.A. Camblor, A. Corma, P. Lightfoot, L.A. Villaescusa, and P.A. Wright, Synthesis and
structure of ITQ-3, the first pure silica polymorph with a two-dimensional system of straight
eight-ring channels, Angew. Chem. Int. Ed. 36 (1997), pp. 2659-2661.

V. Patinec, P.A. Wright, P. Lightfoot, R.A. Aitken, and P.A. Cox, Synthesis of a novel
microporous magnesioaluminophosphate, STA-6, containing an unbound azamacrocycle, J.
Chem. Soc. Dalton Trans. (1999), pp. 3909-3911.

C. Baerlocher, W.M. Meier, and D.H. Olson, Atlas of zeolite framework types, Elsevier, Ams-
terdam, 2007.

42



