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1 Methodology Details

1.1 Molecular Simulations

The main results of the molecular simulations were equilibrfluxes between adjacent adsorp-
tion sites which were identified by free-energy profiles (gkse Figure 1 of the main text). Two
fluxes were computed for each system. The first one charaetttie equilibrium rate of transport
between internal sites, i.e. in the “periodic” zeoliijéegp. The second flux was calculated at the
external surfacejgurf); to be more precise, the transport between the outermgstafahe zeolite
slab and the external surface was being determined. As ipm@vious work! the concepts of
dynamically corrected transition state theory were appigg computing transport rates, mainly

implying a two step procedure to flux calculation:
1. concentration at dividing surfacg(g¥), and
2. transmission coefficienk,.

Concentration profiles were obtained from residence hiatag,P(q), sampled in NVT Monte
Carlo (MC) simulations. Trial moves included displacensembtations and regrow (partial and
full) of the molecules. Instead of the center of mass pasitiban entire molecule, the position
of that bead which was located closest to the center of thedbBin had been defined as reaction

coordinate (reactive bead):
e methane, ethane and ethenebead 1;
e propane, propene, and butarebead 2;
e pentane and hexane bead 3.

In order to determine the concentration profiles and thustmeentrations at the dividing sur-
faces of interest, the computed residence-probabilitfilpsowere scaled to match the units and

magnitude of the bulk gas concentration beca(@p [ c(q) and hencéyas Cgas Assuming the

S3



mean velocity of the molecules obey the kinetic theory ofegagelds the ideal transition state

theory flux, ﬁST:

kgT
2MMyyig’

(1)

J--T-s'r = C(qi) :

where 1 indicates the position of the dividing surface (eeergy maximum) anahyq is the mass
of the bead involved in the residence-histogram deternanaiNote that the square root term in
Eq. (1) cancels out exactly for the computation of the ailtimembrane thickness because it is
proportional to the ratio of the fluxes (sammg,iq and at the samg).

The transmission coefficientg were determined by means of reactive flux (RF) simulations
for which the reactive bead of the tagged molecule was, irstéwing configuration, constrained
to the dividing surface. The molecular dynamics part of tlikesiknulations was performed in the
NVE ensemble and the transmission coefficient was identficithe plateau value of the transient

reactive flux correlation functiork[= tIim K (1)].2 The dynamically corrected flux follows:
—300

kgT
2MMayid

jécTST: K- j'T’ST =K-c(q)- (2

As in our previous study,the bulk fluid concentration and the core zeolite loadingewer
sampled. The agreement of the thus determined isotherms@&lent with data from Grand-
Canonical (GC) MC simulations, see Figure S1.

Except for the zero-pressure/zero-loading limit wherenglsi fluid molecule was put into the
entire simulation box, the finite-pressure simulationsangrformed with 10, 20, 50 and 100 mo-
lecules, respectively. The pressure was calculated onasis bf the mean bulk gas concentration

and the Peng-Robinson equation of state.
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Figure S1: Parity plot; loading from NVT-MC simulations ngia single-crystal zeolite membrane,
BmembrnvT, VS loading from conventional GCMC simulations in a fully pegic zeolite ,Gperice,

at equal gas pressurp, Results are from all guest-host systems studied. The intiBsate the
region of+5% deviation.
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1.2 Force Field Parameters

The intramolecular interactions of timealkanes andh-alkenes consisted of bond stretching (har-
monic potential), bond-angle bending (harmonic cosinepiidl), and torsion (cosine power series

of the dihedral angle), see Table S1.

TABLE S1: Bond stretching, bond-angle bending, and torsiorparameters?

Potential Bond Pattern ki /ks leq
ni/Ke Peq

i

Ubond = /2 Koond (I — r'eq)? CHga(sp?) — CHz(sp?) 96,500 K/ 1.54 A

CHs(sp®) — CHa(sp?)
CHa(sp®) — CHy(sp?)

CHo(sp?) = CHao(sp?) 786,873 K/IR 1.33A
CHy(sp?) = CH(spP) 785,050 K/R 1.33 A
CH(sp) — CHs(sp®) 251,549 K/R 154 A
Upend= CHs(sp®) — CHo(sp®) — CHs(sp’) 62,500K 114.0

1/2 Kpend (COSQ — COS¢g)>  CH3(SP’) — CHy(SP®) — CHa(sP’)
CHa(sp®) — CHy(sp?) — CHa(sp°)
Upend= Y2 Kend (9 — @q)?  CHo(sp?) — CH(sp) — CHs(sp®) 70,400 K/rad  119.7

Urtorsion = iior,i cos @ Ri— CHy(sp’) —CHo(sp’) - R, 1,204.654 K 0
1,947.740 K 1

-357.845 K 2

-1,944.666 K 3

715.690 K 4

-1,565.572 K 5

aR; and R represent any possible alkyl remainder, i.e. £{$p°) or CHa(sp’) — CHyx(sp?).
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In Table S2, the Lennard-Jones force field parameters usinisimork are listed. The para-
meters in bold italics highlight those values that diffeglstly from the original ones proposed by
Dubbeldam et af and Liu et al* The impact of the resulting force field differences is etyire
negligible for our results, see also discussion below. ¥gfwom a different perspective, we can
therefore state that oumain conclusionsi.e. that the three most important variables to surface
barriers have been identified as thermodynamic state offluitk nanopore smoothness, and host

material density, aransensitive against the force fietthosen.

TABLE S2: Lennard-Jones parameters?

Atom/bead CH CHs(sp’) CHa(sp?) CHa(sp?) CH(sp)
CH, gj/ks [K]  158.50
gj [A] 3.72
CHa(sp’)  s&j/ks  [K] 108.00 77.77
gj [A] 3.76 3.86
CHy(sp®)  sj/ks [K] 77.77 77.77
gj [A] 3.86 3.86
CHx(sP)  &j/ks [K] 85.000 63.206
gj [A] 3675  3.703
CH(sP®)  s&j/ks [K] 63.206  53.000
aj [Al 3.703  3.740

O (zeolite) &o/ks [K]  115.00 93.00 60.50  82.050 55.215

go [A] 3.47 3.48 3.58 3.530 3.502
“Parameters in bold italics indicate differences fo oridinaes from Refs. 3 and 4.

The original Lennard-Jones parameters from Refs. 3 and &hamesulting relative difference

[i.e. A0 = (0 — Ooriginal) / Ooriginall @re:
o CHy(sp®)~CHa(sp®): 0 =3.96 A (A =—2.5%),£ /kg =56.0 K (As =+38.9%);
o CHy(sp?)—CHa(sp?): 0 =3.685 A (Ao =—0.3%),& /kg =93.0 K (Ac =—8.6%);
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e CHy(sp?)-CH(sp?): 0 =3.71 A (Ao =—0.2%),& /kg =70.21 K (A =—10.0%).

From this list follows that the results of ethene, propeneppne, butane, pentane, and hexane
were affected, and that the relative difference in the ggasst Lennard-Jones parameters varied
between —10% and +39%. We, however, need to stress at tmstpat this concerned tHeite
loading results only. The simulation results with only one molednl¢he box, i.e. where the

strongest surface-barrier effects have been observed,vatiaffectedt all.
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Figure S2: Parity plots: a) flux ratid},./jZ, . 0 dit, of all molecules affected by the parameter
perturbation in AFI; b) transmission coefficients in per@dtructure,k,qo, Of all affected mo-
lecules in all three zeolites studied.

To assess whether or not the partly large differences in &hdones parameters imply sim-
ilarly strong deviations in the results, roughly one thirfdtlee simulations were rerun with the
correct parameters. In particular, all affected AFI-hggton simulations were repeated, as well as
all affected transmission coefficient simulations in ate periodic zeolite structureg,to). The
correspondence between the results obtained with origimalslightly perturbed parameters are
displayed in Figure S2. Since the central results of thiskvase critical membrane thicknesses
which scale with the ratio of the fluxes involved (i.jéeol/ j;turf) the ratios rather than the fluxes

themselves are plotted in Figure S2a. As can be seen frongtire fithe vast majority of the results
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from the two parameter sets agree very well with each otineihd few cases when the deviation
is larger thant10% (dashed lines), the error bars are usually so largehbatricertainty area of a
given data point finally overlaps again with the 10%-agresmegion.

The absence of any considerable systematic deviation caxgained by the domination of
the zeolite force field over the interaction that guest makesexert on one another. The Lennard-
Jones parameters of a given Clbkad to interact with another bead of the same kind(€EBHy)
is similar to the interaction parameters with the zeolitggen (CH, — O). There are usually only
few other beads of the same kind which surround this 6éhad because of the rather low load-
ings establishing in our simulations. However, the sitwais entirely different in regard to the
zeolite O-atoms which surround the ¢Hinder consideration by hundreds. Hence, the guest-host
interaction vastly dominates over any other contributethe potential, and the results do thus not
show any significant sensitivity towards small to moderageiations in the (guest—guest) force

field parameters which is understandable and finally justtfie use of the force field employed.
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1.3 Tracer-Exchange Curves

The single-crystal membrane was modeled as a plate of mfiniiss sectiorxfy) and of thickness
0 in z direction. Furthermore, it was divided intg slabs, each of widthz, see also Figure S3;
hencens x Az =  and the center was locatedzat 0. Depending on the zeolite, the slab width

represents either the separation between adjacent caggd{A) or the intersection separation

(MFD), i.e.Az=A.
outer Az=A o central
cage(s) f———— [ci=CilCix cage(s)
. 1 . 1 . 1 1 . . 1 . S
m Jl:uih Cq Jﬁeollh Cy Jieo“} : C"'s/z'1 er_ml' Cn5/2 JZe—lAOII
g :C1 Jisurf :02 Jieol :03 Jieol : :Cns/2 Jieol : CnS/2+1 Jﬁeol
1 1 1 1 1 1
I C I C I C I C I C I= C
! 1 ! 2 ! 3 ! ng/2-1 1 ng/2 7 ng /2+1
surface center
z=-5/2 z=0
=-(ng/2) A
| | | | | |
Slab number: ! i=1 ! =2 ! =3 ! booiEngl2 )
1 1 1 1 1 1
Position: i 7= i 7= i z3= i i Zngi2= i
L-(ng-T)A/2 1 -(ns-3)A/2 | -(ng-B)A/2 | Lo-N2
| | | | | |
1 1 1 1 1 1

Figure S3: Scheme of spatial set-up of the tracer-exchanggncium simulations. Note that
C;k = Ci/Ci7oo-

S10



The first step of the tracer-exchange curve computation haslétermination of successive
concentration profileg;(t,z) = Capeledt, 2).* This was accomplished by numerical integration of
Fick's second law of the initially empty membrar#0,z) = 0. The fluxesjfeol and j;turf from the
molecular simulations served as input to the continuum kitiauns.

The incremental change in concentration for slab numbmtows (finite difference formula):

JeolGi-1(t)/Ci—100 — 26i(t) /Cireo + Cir1(t) /Cis 1.0]

Aci(t+At) = A <A, 3)
o
_ Jzeol[ci*fl(w - Zci*(t) + Ci>k 1(t)]
- A7 - ’ At7 (4)
o
J7eolCi—1(t) —2¢i(t) + Ciya(t)]
= -, (5)

with ¢ = c(z), ji,,, the flux between adjacent cages/intersectidos,) the equilibrium con-
centration which is obtained from the isotherm convertimg libadingf into a concentration in
[mol m~3], andAt is the time increment. In Eq. 4, ail., were assumed to be equal = (Czeol)-
This is justified because the proximity to the surface indueslightly different potential-energy
field to the very first slab only. As can be seen from the freergynplot in Figure 1 of the main
text, this perturbation vanishes yet already for the secteial

Symmetry conditions were applied in the membrane centgtthand side in Figure S3):

e
J7e0lCns/2—1() — Cng/2(1)]
ACns/Z(t +A4t) = o éCze10I> <Az = Bt (6)

At the membrane entrance (left-hand side in Figure S3),uhface flux constituted the boundary

condition:

jiurf[l —C1(t)/Csurfoo] + j;teo|[c2(t)/<czeol> —C1(t) /Csurfoo)

Aci(t+At) = A

A, )

wherej§urf denotes the flux prevailing at the surface aggk . is the equilibrium concentration in

*Note thatCiotal(Z) = Clabeledt, Z) + Cuniabeledt, Z) is constant at all times for a given slab because of the condit
of tracer exchange.
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the very first slab.
After having determined a given concentration profile atetimthe mass exchanged at that

time, M(t), could be computed because of its proportionality to thecentration integral along

+8/2

M(t) O / o(t,2) dz ®)

~5/2

The curve was normalized with the integral after long ttime o (i.e. with the adsorption capacity)

to finally yield the fractional exchange amount:

+5/2
/c(t,z) dz
M(t)  -5/2
Mo +3/2 ' (9)
tlm c(t,z) dz
~5/2

1 -
8
S 0.8
E\ |
N
S 06
L 04 -
S 1 e data
o .
D 02 - . — fit with a
1 e ® [ fit without a
O_ | R | R ! >
10710 10°° 108 10”7

Time t/[s]

Figure S4: Fractional amount of tracer exchanddd) /M, for propane in an AFl membrane
(T =388 K,P =53594 Pap = 25.452 nm).

As an example, Figure S4 depicts a tracer-exchange curveneinabrane which was initially

filled with unlabeled molecules (empty tracer adsorption. The input fluxes came from a propane
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simulation in an AFI membrane. Along with the data, fittedves are presented using the two

different approaches described in the main text.
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1.4 Effective Self-Diffusion Coefficient

In Figure S5, four examples of the increaselc with membrane thickness are presented.
The critical value gives a good estimate of that membraraktieiss where the deviation between
the true diffusivity and the effective one is still large dfars of 3.6...4.5). So, it helps rating

the severity of surface barriers and resembles, in an iave@nner, the procedure by Heinke

and Karger who correlated the surface permeabiditywith the diffusion coefficientD.® Since

F . . .
jsuf 0 a andjz ., O Ds, following relation holds
it -1
Jzeol a
G 0290 (5 ) - (10)
Jsurf S
Methane desorption, AFI, 200 K, 2629 Pa Propane, AFI, 388 K, 53594 Pa
. 107 4 _ 107 5
Y :6crit N
~ | ~
£ £
> 10°48 > 10°45
= = > g
" [%2]
=} p=}
= =
i i
3 3
10 T T T T T 107 LA I A |
108 107 10°® 108 107 10°®
Membrane thickness &/[m] Membrane thickness &/[m]
Pentane, AFI, 493 K, 1138395 Pa Hexane, AFI, 533 K, 9171 Pa
— 107 . 107 5
N 1 iR :6crit
~ ~ |
£ £ [
\ o e LS o W e N e
4 & : .0 oo
S 108 4o >, 10% 4 59
SR LN s &
g ] % P g _____ pJeTST
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2 2 I
o w I
o 9] I ® Dserf
%] i n ,
10? b ——r—— > 10® ——r—————rrr
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Figure S5: Increase @s e with membrane thickness.
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2 Isotherms and Heats of Adsorption

The adsorption isotherms of the hydrocarbon-zeolite systeas obtained from GCMC simula-

tions, are provided in Figure S6.

AFIl, T=1.0500 LTL, T=1.05{T;
9 16 1
— Methane — Methane
— 8| Ethane — 14| Ethane
A Ethene A Ethene
Q 7 Propane Q 45 ||~ Butane
> Propene > Hexane
@ 6 |- Butane 7
§ -~ Pentane § %]
o 51 Hexane ]
£ E 8
= 4 =
D [«n) 6 -
o 3 o
s 4+ S T T £
T 5, | T 4
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o o
- 14 4 24
0 T . ; ‘ 0 e : ; ‘
107 10° 102 107" 10° 10 107 102 107" 10°
Reduced pressure  p*=p/pit Reduced pressure  p*=p/pgit

— Methane —

— 18 1] Ethane - —
A -+ Butane
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> 14
8
@ 12 A
o
£ 10 4
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] 4
g i
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Reduced pressure  p*=p/p.it

Figure S6: Isotherms from GCMC simulations in the fully pelic zeolites.

In Figure S7, the isosteric heats of adsorption obtaineérat lbading in AFI are plotted over
chain length of the molecule for two temperatures: 300 K af8 & T.i;. Despite the fact that for
hexane, for example,Q5 x Tt is 233 K larger than 300 K (almost a factor of 2), the tempegatu
has no evident influence erAH,g4s Also, the data of thae-alkanes and-alkenes lie on a common
trend line. Therefore, following linear function descisttbe dependence of the molecule’s chain

length on the heat of adsorption very well:

—AHags= 7.21 kJ/mol x n+7.21 kJ/mol. (12)
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Linear n-alkanes and n-alkenes in AFI
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Figure S7: Isosteric heat of adsorptierH,gs at infinite dilution as a function of the molecule’s
chain lengthn.
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3 Transmission Coefficients

In Figure S8, the transmission coefficients in the boundayets, ks, Of the 3 different zeolite
membranes are plotted over loadirty, Linear relationships betwedéhand kg, are observed in
all cases. This was exploited to calculate the coefficiente® loading (and thus zero pressure),

see fitted lines in Figure S8.

AFl, left surface, T=1.05[T AFI, right surface, 7=1.05(T,
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Figure S8: Transmission coefficients in zeolite boundaygias,r, Vs average loadingd. From
top left to bottom right: AFI window truncation, AFI cage trcation, LTL cage truncation, MFI
left (I) and right (r) surface.

The transmission coefficient ratio (surface to bulk zeplgmains constant with temperature,

as can be seen from the examples given in Table S3. This g@sdtife simplified calculation of the
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change in critical membrane thickness with temperaturgj\as in the main text, by just using

the ratio of the respective histogram ratios:

5crit(T) _ PzieoI<T)/P§urf(T)
Ocrit(Tref) Pziem(Tref) / P§urf(Tfef> .

(12)

In fact, thek ratios do not vary much with neither temperature nor gues¢oute type and surface

nature.

TABLE S3: Transmission coefficients?

T Kzeol Ksurfl Ksurfr  Ksurfl/Kzeol  Ksurfr/Kzeol
[K] -] [-] -] -] -]
Methane 200 1.0QR1s 0.52%021 0.463 026 0.525 0.461
300 1.00%0ss 0.602026 0.456 028 0.599 0.454
Ethane 300 0.62%37 0.37%027 0.305%029 0.607 0.490
321 0.624018 0.383035 0.32%.029 0.614 0.527
Hexane 300 0.28Qp0 0.142 036 b 0.507 B
533 0.30%019 0.153028 0.17X028 0.502 0.561

aErrors are given as subscriptNo free-energy barrier appreciable.
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4 Critical Membrane Thickness — Remaining Surfaces

In Figure S9, critical membrane thicknesses obtained \Weheft, window-wise truncated AFI sur-
face are displayed while in the main text the results for itjlety cage-wise truncated AFI surface
are presented. Differences between both diagrams areytdetiictable, justifying the conclusion

that the surface structure does not significantly influehedransport in the AFI boundary layer.

AFI, window truncation Ho4 Hexane
T*=T/T;=1.05 'ﬁ* Pentane
Lines:jstff(p*)zjgas(P*) HEH Butane
Propane
7
10
‘s o Propene
E .....
: @ EP% @+ Ethane
i,
-+ 1 I
S : X~ g Ethene
o ) | L
¢ LH O % HBH Methane
2 o f
c 107 73 surface
S o« . 3
L barriers LN
= IMPORTANT S
© Y
"\‘
\.\.
\‘\'
| N
ZUC = — - — N '-'\""”I
0 107 102 107 1

Reduced pressure p*=p/pg

Figure S9: Critical membrane thicknes®;;, as a function of reduced pressug®, = p/ Perit,

for different n-alkanes (C1-C6) and-alkenes (C1-C2) adsorbed in all-silica AFI-type zeolites
(membranes were truncated at the position of the window g)toNpte that (i) while the symbols
represenpure simulation results, the lines are obtained by substitutﬁag( p*) with jgad p*) in

Eq. (3) of main text, (ii) zero pressure corresponds to timt Wwhere a single fluid molecule is
found in the simulation box, and (iii) the lower range of thidinate was set to the thickness of the
AFI1 unit cell, zyc.
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LTL, window truncation > Hexane
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Figure S10: Critical membrane thickne8g;i;, vs reduced pressur@; = p/ perit, for LTL (cf. Fig-
ure S9). The transmission coefficients at the left surface\approximated by those determined
at the right surface. This i&gurt| = Ksurt-

The LTL results obtained with the window-wise truncatedface (Figure S10) are not too
different from the corresponding results presented in tlagnrtext either. Only, the “window”
results are shifted up, roughly by a factor of two, which cades that surface barriers in LTL are
sensitive to the surface nature, in contrast to AFI. It, ha@vehas to be pointed out that the results
for LTL at the window-wise truncated membrane side are silbjean approximation, as discussed
below.

The approximation made was that transmission coefficiantsealeft LTL surface were, for
a given molecule and state point, assumed to be equal to theabdculated at the right boundary
(Ksurfl = Ksurfr)- The problem was the quite exceptional surface strucs@ealso Figure 1 in main
text. The simple reaction coordinate (Cartedatirection) did not describe the process of a guest

molecule leaving the pore correctly. To explain this coaskigure S11, where a two-dimensional
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Figure S11: Top: One-dimensional free-energy proffiE,q). Bottom: Two-dimensional free-
energy landscapgF (g, rpore). Methane around the window-wise truncated LTL surface (2 mo

lecule, 200 K). The color box range was chosen such that whitesponds in fact to never visited
regions.

free-energy landscape along with the corresponding 1Dlersfshown for methane found in the
vicinity of the left LTL pore mouth.

The dividing surface between crystal exterior (externafeme plus gas region) and interior is
located agf = —19.2 A. The Cartesian reaction coordinate adequately descaibep progress of
the molecule from the barrier into the pore interior (firsgjeatgs = —14.9 A) because, between
T and B, there exist only one single region with respechéa where residence is possible. This
is yet not true for the opposite side. If a molecule attemptove from 1 along the minimum
free-energy path toward A it has to firstoss g = —20.4 A once at A (Fpore <3 A) to finally

equilibrate infga, rpore~ 8 A], being the true “stable state” for the “backward” reactiont{of-
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crystal jump). So, two separate regions of possible reselexist between A and f. Therefore,
during the reactive flux simulation, a given shoot frgfnthat aims to the external surface will
be stopped premature, if hop success is measured, withg@daiitional order parameter, by the

Cartesian reaction coordinate only, which was true in auutions.
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5 Temperature and Chain-Length Dependence of Henry Coef-
ficient

In the main text, a coefficierX is used to correlate the change in critical membrane length w
change in temperature, taking simultaneously into acatenthain length of the molecules which,
of course, exhibit different adsorption strengths. Hetrig,shown how this coefficient was obtained
and that it equals the change in Henry coefficidq, with varying temperaturel, and chain
length,n.

The starting point is the temperature dependence of theyHmafficient for a given gas mo-

lecule (see, for example, Ref. 6):

AH 1
_TThads = const, (13)

InKH(T) = R T

whereAHg4sdenotes the isosteric heat of adsorption which is usualiatine,R is the universal
gas constant and the temperature. The heat of adsorption can be expressedns of the

molecule’s chain lengthn, as has been shown in Supporting Section 2:

aandAHygso are fitting parameters to the linear function, as determeaetier. Since the heat of
adsorption does not change with temperature (Figure S7)(18( can be inserted into Eq. (13)
and rearranged to:

Ku(n, T) =exp

— —const 15
R T (15)

a-N+AHags0 1 ]

Defining Tt as an (arbitrary) reference temperature, the ratio of theyHeoefficient at any tem-

perature to its reference valueTats follows:

KH (n7 T)
Kn (N, Tref)

a- N+ AHagso (1 1 )
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Hence, the coefficienX represents the analytical change in Henry coefficient wattyimg tem-

perature by accounting for the length of the molecule, attree time.
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6 Crystal Structures

It was recently shown that molecular simulation resultggtigating tracer transport in zeolites are
extremely sensitive to the crystal structure employeBnhancing transparency and reproducibil-

ity, the unit cell structures used in the present work aremgin the below subsections.

6.1 AFI
23.774 13.726  8.484
90. 000 90.000 90.000 SPCR= 1P1 OPT =1
144 0
0 AFI : AFI
1Si1 0.22620 0.10210 0. 07800 5 7 9 11 0o © 0 0 0.000
2 Si2 0.72620 0.60210 0. 07800 6 8 10 12 0 O 0 0 0.000
3Si3 0. 22885 0.10885 0.45000 7 83 101 117 0 O 0 0 0. 000
4 Si4 0. 72885 0. 60885 0.45000 8 84 102 118 0 © 0 0 0. 000
5 G 0. 21050 0.00320 0.02800 1 0o o© 0 0 ©O 0 0 0. 000
6 6 0. 71050 0.50320 0.02800 2 0 O 0 0 O 0 0 0. 000
7 Or 0. 22775 0.10345 0. 25000 1 3 0 0 0 oO 0 0 0. 000
8 08 0.72775 0.60345 0.25000 2 4 0 0 0 oO 0 0 0. 000
9 @ 0. 18350 0.17490 0.02600 1 0 O 0 0 O 0 0 0. 000
10 Q10 0. 68350 0.67490 0.02600 2 0 O 0 0 O 0 0 0. 000
11 O11 0. 28420 0.12840 0.01400 1 0o O 0 0 o© 0 0 0. 000
12 012 0.78420 0.62840 0.01400 2 0o O 0 0 o© 0 0 0. 000
13 Si 13 0.33585 0.78825 0. 07800 17 19 21 23 0 O 0 0 0.000
14 Si 14 0.83585 0.28825 0. 07800 18 20 22 24 0 O 0 0 0.000
15 Si 15 0. 33115 0.78885  0.45000 19 89 107 141 0o o© 0 0 0. 000
16 Si 16 0. 83115 0.28885  0.45000 20 90 108 142 0o o© 0 0 0. 000
17 Q17 0. 39315 0.81415 0.02800 13 0 O 0 0 O 0 0 0. 000
18 Q18 0. 89315 0.31415 0.02800 14 0 O 0 0 O 0 0 0. 000
19 019 0. 33440 0.78990 0.25000 13 15 0 0 0o ©O 0 0 0. 000
20 O20 0. 83440 0.28990 0.25000 14 16 O 0 0o ©O 0 0 0. 000
21 @21 0. 32080 0.68780 0.02600 13 0 O 0 0 O 0 0 0. 000
22 Q2 0. 82080 0.18780 0.02600 14 0 O 0 0 oO 0 0 0. 000
23 23 0.29370 0.86210 0.01400 13 0o O 0 0 oO 0 0 0. 000
24 24 0.79370 0.36210 0. 01400 14 0 O 0 0 O 0 0 0. 000
25 Si 25 0.43795 0.10965 0.07800 29 31 33 35 0 O 0 0 0.000
26 Si 26 0.93795  0.60965 0.07800 30 32 0 36 0o oO 0 0 0.000
27 Si 27 0. 44000 0.10230 0.45000 31 77 0 130 0o oO 0 0 0. 000

S25



28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Si 28
@9
80
oB1
B2
o83
o84
85
86
Si 37
Si 38
Si 39
Si 40
o1
o2
o3
o4
o5
o6
o7
o8
Si 49
Si 50
Si 51
Si 52
53
B4
55
56
57
58
59
060
Si 61
Si 62
Si 63
Si 64
065
066
67
068

O O O O o o o o o

O O O O O o o o o o

O O O O O o o o o o

. 94000
. 39635
. 89635
. 43785
. 93785
. 49570
. 00430
. 42210
. 92210

0.27380
0. 77380

. 27115
. 77115
. 28950
. 78950
. 27225
. 77225
. 31650
. 81650
. 21580
. 71580

0. 16415
0. 66415

. 16885
. 66885
. 10685
. 60685
. 16560
. 66560
. 17920
. 67920
. 20630
. 70630

0. 06205
0. 56205

. 06000
. 56000
. 10365
. 60365
. 06215
. 56215

o O O o o o

. 60230
. 18265
. 68265

10665

. 60665
. 13730
. 63730
. 00950
. 50950
0. 39790
0.89790
. 39115
. 89115
. 49680
. 00320

39655

. 89655
. 32510
. 82510
. 37160
. 87160
0. 71175
0. 21175
. 71115
. 21115
. 68585
. 18585

71010

. 21010
. 81220
. 31220
. 63790
. 13790
0. 39035
0. 89035
. 39770
. 89770
. 31735
. 81735
. 39335
. 89335

O O O O O o o o o

O O O O O o o o o o

O O O O O o o o o o

o O O o o o

. 45000
. 02800
. 02800
. 25000
. 25000
. 02600
. 02600
. 01400
. 01400

0. 07800
0. 07800

. 45000
. 45000
. 02800
. 02800
. 25000
. 25000
. 02600
. 02600
. 01400
. 01400

0.07800
0.07800

. 45000
. 45000
. 02800
. 02800
. 25000
. 25000
. 02600
. 02600
. 01400
. 01400

0. 07800
0. 07800

. 45000
. 45000
. 02800
. 02800
. 25000
. 25000

32 78 96 0
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49 0 0 0
50 0 0 O
65 67 69 71
66 68 70 72
67 94 113 131
68 93 114 0
61 0 0 O
62 0 0 O
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110 Si 110 0.66415 0.78825 0.57800 114 116 118 120 0 O 0 0 0.000
111 Si11 0. 16885 0.28885 0.95000 0 0 0 115 0 O 0 0 0. 000
112 si 12 0. 66885 0.78885 0.95000 0 0 0 116 0 ©O 0 0 0. 000
113 0113 0.10685 0.31415 0. 52800 63 109 0 0 0 o© 0 0 0. 000
114 Q114 0. 60685 0.81415 0.52800 64 110 O 0 0 O 0 0 0. 000
115 Q115 0. 16560 0.28990 0.75000 109 111 0 0 0 O 0 0 0. 000
116 O116 0. 66560 0.78990 0.75000 110 112 0 0 0 oO 0 0 0. 000
117 O117 0.17920 0.18780 0.52600 3 109 0 0 0 © 0 0 0. 000
118 Q118 0. 67920 0.68780 0.52600 4 110 O 0 0 O 0 0 0. 000
119 0119 0. 20630 0.36210 0.51400 39 109 0 0 0 O 0 0 0. 000
120 0120 0. 70630 0.86210 0.51400 40 110 O 0 0 o© 0 0 0. 000
121 si 121 0.06205 0.60965 0.57800 125 127 129 131 0 © 0 0 0.000
122 Si 122 0.56205 0.10965 0.57800 126 128 130 132 0 O 0 0 0.000
123 Si 23 0. 06000 0. 60230 0.95000 0 0 0 127 0 O 0 0 0. 000
124 Si 24 0. 56000 0.10230  0.95000 0 0 0 128 0 O 0 0 0. 000
125 Q125 0. 10365 0.68265 0.52800 51 121 0 0 0 O 0 0 0. 000
126 0126 0. 60365 0.18265 0.52800 52 122 0 0 0 O 0 0 0. 000
127 0127 0. 06215 0.60665 0.75000 121 123 O 0 0 o© 0 0 0. 000
128 0128 0.56215 0.10665 0.75000 122 124 O 0 0 o© 0 0 0. 000
129 0129 0. 00430 0.63730 0.52600 0 121 0 0 0 O 0 0 0. 000
130 Q130 0. 50430 0.13730 0.52600 27 122 0 0 0 O 0 0 0. 000
131 Q131 0. 07790 0.50950 0.51400 63 121 0 0 0 © 0 0 0. 000
132 0132 0.57790 0. 00950 0.51400 0 122 0 0 0 ©O 0 0 0. 000
133 Si 133 0.27380 0.60210 0.57800 137 139 141 143 0 O 0 0 0.000
134 Si 134 0.77380 0.10210 0.57800 138 140 142 144 0 O 0 0 0.000
135 Si 35 0.27115 0. 60885 0.95000 0 0 0 139 0 ©O 0 0 0. 000
136 Si 36 0.77115 0.10885 0.95000 0 0 0 140 0 oO 0 0 0. 000
137 O137 0. 28950 0.50320 0.52800 39 133 O 0 0 O 0 0 0. 000
138 0138 0. 78950 0.00320 0.52800 0134 O 0 0 O 0 0 0. 000
139 0139 0.27225 0.60345 0.75000 133 135 O 0 0 © 0 0 0. 000
140 Q0140 0.77225 0.10345 0.75000 134 136 O 0 0 O 0 0 0. 000
141 Q141 0. 31650 0.67490 0.52600 15 133 O 0 0 O 0 0 0. 000
142 0142 0. 81650 0.17490 0.52600 16 134 0 0 0 oO 0 0 0. 000
143 0143 0. 21580 0.62840 0.51400 51 133 0 0 0 oO 0 0 0. 000
144 Q0144 0. 71580 0.12840 0.51400 52 134 O 0 0 O 0 0 0. 000
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7 External Links

A voyage through “silicalite space” is found at

http://ww. vt 4. tu-harburg. de/ i mages/ a/ a8/ Hexane_nfi _nmenbrane_533K. npeg

The movie shows snapshots of 100 hexane molecules moviigiasd on the surface of a silic-

alite membrane (red canyons and channels).
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8 List of Symbols

Symbol Description Units
a fitting parameter (chain-length influence on heat of adsompt  kJ mof?!
c concentration (of labeled molecules) motn
(cgag Mean concentration in gas phase motm
Ci concentration in slab number mol m—3
Ac; incremental concentration change in slab number mol m—3
Cio cConcentration in slab numbeafter long time
(i.e. equilibrium concentration in that slab) moth
¢’ normalized concentration in slab numlbére. ¢ /Ci «) —
Clabeled CONcentration of labeled molecules mot
Csurf  CONncentration at membrane margin (i.e. at surface) mol m
Csurfw CONCeNtration at membrane margin after long time
(i.e. equilibrium surface concentration) moth
Ciotal CoONncentration of labeled and unlabeled molecules mol m
Cunlabeled CONcentration of unlabeled molecules moti
(Czeol) Mean concentration in the adsorbed (zeolite) phase
(i.e. equilibrium concentration) mol 3
D diffusion coefficient m?s 1
Ds self-diffusion coefficient m2s1
Dser  effective self-diffusion coefficient fs 1
D%CTST self-diffusion coefficient from dynamically corrected
transition state theory m? st
F free energy J
ABF* normalized difference between free energy at surfacedsaarid
at diffusion barrier [i.eB(Fsiurf— ineo,)] -
Fgas free energy in gas phase J
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Symbol Description Units
Fi . free energy at surface barrier J
F.eol free energy at intracrystalline well J

AF,q free-energy barrier of elementary intracrystalline difn event J
ineol free energy at intracrystalline diffusion barrier J
AH,4s isosteric heat of adsorption kJ mol1
AHagso  fitting parameter (chain-length influence on heat of adsompt kJ molt
j equilibrium molar flux molm2s1
jé‘cTST equilibrium molar flux at location of barrier on the basis of
dynamically corrected transition state theory (i.e. wi)h molm2s1
jgas equilibrium molar flux in gas phase molths1
jiurf equilibrium molar flux at location of surface barrier mot fs~?
erm equilibrium molar flux at location of intracrystalline diion barrier mol m? s=1
jfs;  equilibrium molar flux at location of barrier on the basis of
transition state theory (i.e. withoud molm2s1
keeng €nergy constant of bond-angle bending potential J, J%ad
Koond €nergy constant of harmonic bond vibration potential JA
ki energy constant of potential type J,JA2
Jrad?
kg Boltzmann constant (1.3806488 23) JK1
Ky Henry coefficient -
L dimensionless ratio of permeability to diffusivity [i.6d/2)a /Dg] —
Muuig  Mass of atom/bead kg
M tracer mass adsorbed kg
M. tracer mass adsorbed after long time (i.e. adsorption dgjpac kg
n number of CH beads in molecule (chain length) -
ns number of slabs along -
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Symbol

Description

Units

qiurf
qgurf,l
q:urf,r
Ozeol
qieol
ga
U8

At

T*

pressure
reduced pressure (i.8/ Pcrit)
critical pressure
residence probability
residence probability at surface barrier [Rﬁqiurf)]
residence probability at intracrystalline
free-energy well [i.eP(0zeol)]
residence probability at intracrystalline
diffusion barrier [i.e P(q},,)]
reaction coordinate
location of barrier
location of surface barrier
location of surface barrier at left membrane side
location of surface barrier at right membrane side
location of intracrystalline free-energy well
location of intracrystalline diffusion barrier
location of free-energy well on barrier’s left
location of free-energy well on barrier’s right
atomic distance
atomic equilibrium distance
radius from pore center
universal gas constant (8.314)
time
time increment of tracer-exchange simulation
temperature

reduced temperature (i.€/Tgit)

Pa

Pa

Do Do D> I»
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Symbol Description Units
Tt critical temperature K
Tef reference temperature (i.e05- Tgrit) K

U potential energy J
Upend intramolecular potential energy due to bond-angle bending J
Upong intramolecular potential energy due to bond vibration

Uorsion  iNntramolecular potential energy due to dihedral-angletwi J
x Cartesian coordinate m
X dimensionless coefficient
{i.e. expf(a: n+AHadsO)/R' (1/T = 1/Trer) 1} -
y Cartesian coordinate m
Yuc Size of unit cell iny direction
z Cartesian coordinate m
Az spatial grid fineness of tracer-exchange simulation
z position of slab numbar m
Zuc Size of unit cell inz direction A
a surface permeability ms
B =1/(ksT) J
Bret = 1/(kgTrer) Jt
Y i-th positive root ofy;tany, = L -
0 membrane thickness m
Orit  critical membrane thickness

atom/bead typeisand
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Symbol

Description

Units

&
Eij

Ag

Ksurf
Ksurf|
Ksurfr

Kzeol

o

Ooriginal

Ao

Qg

Lennard-Jones interaction parameter (energy)

Lennard-Jones energy parameter between

relative difference between Lennard-Jones energy
parameters

i-th parameter of torsion potential

unit-cell loading

transmission coefficient

transmission coefficient of hop at membrane surface
transmission coefficient of hop at left membrane surface
transmission coefficient of hop at right membrane surface

transmission coefficient of elementary intracrystalline

diffusion event
hop distance of an elementary diffusion event
3.141592653589793238
Lennard-Jones interaction parameter (size)
Lennard-Jones size parameter between
atom/bead typeisand
original Lennard-Jones size parameter
relative difference between Lennard-Jones size
parameters [i.€A0 = (0 — Ooriginal) / Toriginall
angle (bond angle and dihedral angle)

equilibrium angle (bond angle and dihedral angle)

J

molecules (unit celf)?!
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