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Abstract

Polymorphism in metal-organic frameworks (MOFs) means that the same chemical building blocks
(nodes and linkers) can be used to construct isomeric MOFs with different topological networks. The
choice of topology can substantially impact the pore network of the MOF, changing the sizes and shapes
of the pores, which has implications for adsorption and separation applications. In this work, we look at
the influence of topology in 38 polymorphic MOFs on the separation of linear and branched C4-C6
alkane isomers, a separation of great importance to the petrochemical industry. We find that the MOF
Cuy(1,4-benzenedicarboxylate) in nbo topology (nbo-Cu,BDC) has particularly high affinity for linear
alkanes due to its small pore size, which excludes the branched isomers. Upon studying this MOF in
further detail, we find that it can take either of two conformations: a cubic conformation, which is
typical of nbo MOFs, and a unique star conformation that contains 1D triangular and hexagonal
channels. The determination of which conformation the MOF will adopt depends on steric effects
between the nodes and linkers.

1: Introduction

Metal-organic frameworks (MOFs) are porous, crystalline materials made from inorganic nodes
connected by organic linkers. They can be constructed from many different combinations of nodes and
linkers, and owing to this modularity, MOFs have been a popular target for high-throughput
computational screening studies based on databases of hypothetical MOF structures built from a set of
preselected nodes and linkers.' These studies have often focused on identifying specific high-
performing candidates for a given application or developing structure-property relationships based on
textural properties, such as pore volume and surface area. MOFs offer a high level of tunability in this
regard. For example, one can choose a longer or shorter linker to produce the desired pore size for a
given application of interest,*® or use functional groups to increase the number of binding sites for a
target adsorbate.®

Less attention, however, has been given to the effect of MOF topology on adsorption behavior. Beyond
the choice of inorganic and organic building blocks, MOFs can be defined by their topological network
(i.e. the network of connectivity between the nodes and edges). MOFs can exhibit a form of
polymorphism in which unique MOFs can be built from the same nodes and linkers yet are connected in
different topologies. Polymorphic MOFs are essentially isomers: they have the same chemical formula
and contain all the same atoms in the same ratios, but they are arranged in a different crystallographic
pattern.”®
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One example of polymorphism can be found in the tbo and pto Cu-paddlewheel MOFs reported by Zhu
et al.° They found that the framework TCM-8 in the tbo topology has significantly higher pore volume
and surface area than its pto counterpart. Controlling topology during MOF synthesis is a challenging
problem, but some progress has been made in topological control using modulators and varying
reaction conditions.?®!3 There remains a need for more research into synthetic control of topology
because the choice of topology can provide another adjustable variable in the effort to tune MOF
properties for a specific application.

Here we explore the effects of topology on the separation of linear and branched C4-C6 alkane isomers.
This separation is of notable industrial importance!*** because branched alkanes, especially of hexane,
are key components in high-octane gasoline. The research octane number is a measure of the
combustion properties of the gasoline compared to a mixture of n-heptane and iso-octane under engine
operation conditions. Generally, gasoline with higher research octane number reduces engine knocking
and improves engine performance. The research octane number of n-hexane is 25, whereas the
research octane numbers of the hexane isomers 2,2-dimethylbutane and 2,3-dimethylbutane are 92 and
104, respectively.'®'7 In order to enrich gasoline to a higher octane number, alkane streams are passed
through an isomerization process®® followed by a separation to remove the desirable dibranched
methylbutanes. The remaining linear and monobranched isomers are recycled back to the isomerization
process. These separations are often achieved using distillation, but adsorption-based separation
methods using MOFs could offer an appealing, less energy-intensive alternative. One of the earliest
computational studies of linear and branched alkane separations in MOFs was done by Jiang and Sandler
in IRMOF-1.%° Other studies have considered alkane separations in several MOFs,'* 2024 3s well as
carbon nanotubes®?¢ and zeolites?” for this application, but the specific effects of the topology have not
been discussed in depth.

In this work, we study the adsorption of all ten C4, C5, and C6 isomers in 38 MOFs. These MOFs consist
of four “families” of polymorphs (we consider a polymorph family to be a group of topologies that form
polymorphs with each other), and in each family we consider MOFs with 3 or 4 different linkers. We
identify one MOF made of the Cu; paddlewheel node and 1,4-benzenedicarboxylate linker in the nbo
topology that demonstrates exceptionally high selectivity for linear alkanes, and we further explore two
different geometrical conformations for this MOF.

2: Methods
2.1 Selection of MOFs

The 38 MOFs considered in this work were taken from the database of Col6n and Gémez-Gualdrén.?
These MOFs were constructed in silico using the ToBaCCo algorithm. ToBaCCo creates porous crystals by
assembling (organic and inorganic) nodes and edges based on a predetermined topological map. For
details about how this algorithm works, see Colén and Gémez-Gualdrén.?® We used the energy-
minimized MOF structures available from ToBaCCo. In the original work, structural minimizations of all
MOFs were done in Materials Studio?® using the Universal Force Field*® with no partial atomic charges. In
this work, we studied some MOFs in further detail using periodic density functional theory (DFT).

MOFs with identical chemical formulas and different topologies were distinguished using the MOFid
algorithm developed by Bucior et al.3! The MOFids and MOFkeys for all MOFs discussed in this work are
listed in Supplemental Table 1. We found 2308 groups of polymorphs for a total of 5559 polymorphic



MOFs in the ToBaCCo database. Many of these MOFs are analogues made with different length edges
(e.g., adding an extra alkyne spacer or phenyl ring). To reduce the number of MOFs further, we chose
only 3-4 edges for each polymorph family. The four distinct polymorph families chosen in this work
include the following sets of topologies: dia/lcs/sod, Ivt/nbo/rhr, tbo/pto, and ssa/ssb. Two families
included three topologies (dia/lcs/sod and Ivt/nbo/rhr). We also included the tbo/pto family because
there has been recent experimental research on controlling the synthesis of MOFs in these topologies. °
We included the ssa/ssb family to increase the diversity of linkers used in our study. These topologies
use a series of “bent” edges that are incompatible with the straight ditopic edges used in the other eight
topologies included in this work.

The specific building blocks used to construct the MOFs are shown in Figure 1 and Figure 2. Due to the
way the ToBaCCo algorithm constructs MOF structures, some MOFs have both inorganic nodes and
organic nodes. The organic nodes can be considered a component of the organic linker, but they are
labeled as nodes for the purpose of mapping the crystal to the topology because the vertices in the
topological graph can be either inorganic or organic in nature. In this work we refer to the ditopic
organic building blocks as “edges” and the entire organic building blocks (including the edges and
organic nodes) as “linkers.” We have retained the labels for the organic edges used by Colén and
GAmez-Gualdrén but changed the labels of the nodes to Metal Nodes 1 and 2 and Organic Nodes 1 and
2 for simplicity. Edges can connect to either organic or inorganic nodes, and an edge connected to two
inorganic nodes constitutes a linker.

The Ivt/nbo/rhr family is made from Cu,(COO)snodes (Figure 1, Metal Node 1, commonly known as a
Cu-paddlewheel node) and edges L3, L12, L20, and L24 (Figure 2). We will also discuss the nbo variant of
this family made with a Cu-paddlewheel node (Metal Node 1) and edge L22 (Figure 11), although this
MOF was not part of the 38 used in the initial screening. The family of dia/lcs/sod MOFs are made from
ZnN4(CsH4)4 nodes (Figure 1, Metal Node 2; in this work and the ToBaCCo construction algorithm, the
CsNH, rings are considered part of the inorganic node). The edges used for this family are L3, L12, L20,
and L24 (Figure 2). The thbo/pto family is made using Organic Node 1, Metal Node 1 (Figure 1), and edges
L3, L12, L20, and L24 (Figure 2). The ssa/ssb family is made from Organic Node 2, Metal Node 1 (Figure
1), and edges L4, L15, and L21 (Figure 2). The ssa/ssb family uses different edges because these
topologies are not compatible with the straight shape of edges L3, L12, L20, and L24. Diagrams of the
topological nets used in this work are shown in Supplemental Figure 1. The structure files for all the
MOFs discussed in this work are available in the Supplemental Information.

In this paper, we will refer to the MOFs as their respective topology and edge. In this work, all of the
MOFs of a given topology contain the same inorganic nodes; therefore, specifying the topology and
edge is sufficient to indicate a unique MOF. For example, the MOF made of Metal Node 2 and edge L20
in the dia topology is called (in this work) “dia_L20.”
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Figure 1: Building blocks used to construct the MOF nodes used in this study. Metal Node 1 is a Cu-paddlewheel node
(Cu,(COO0)y). Here we show the carboxylic acids, which are usually considered part of the organic linker, to indicate the four
connection points. All of the MOFs in this work that contain Metal Node 1 have four connections, meaning they also have
unsaturated metal sites on the node. Metal Node 2 is a Zn-based node (ZnN4(CsH4)s. The two organic nodes are both based on
phenyl rings. Organic Node 1 has 3 connections to the ditopic edges on alternating carbons. Organic Node 2 has 4 connections
to edges. Color key: Cu (orange), Zn (purple), O (red), C (gray), H (white).
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Figure 2: Organic edges used to construct the MOFs in this work. Naming scheme retained from the original paper by Colén and
Gomez-Gualdron.?8



2.2 Monte Carlo Simulations

Monte Carlo simulations were performed using the multipurpose molecular simulation code RASPA.3?
Following the methodology previously described by Chung et al.?°, we used Lennard-Jones parameters
taken from the Universal force field (UFF)* for the MOF framework atoms and the TraPPE united-atom
force field®® for the adsorbates. Framework atoms were held fixed at their crystallographic coordinates.
The MOF-adsorbate interactions were treated using a cutoff of 12.8 A with no tail corrections. The
adsorbate-adsorbate interactions were treated using a 14.0 A cutoff with tail corrections, which is
specified as part of the TraPPE force field. The implementation of two cutoffs was achieved by using pre-
tabulated grids for the adsorbate—-MOF potential energy and specifying the TraPPE cutoff for adsorbate-
adsorbate interactions during the simulation. The grids were computed using a 0.1 A spacing. No partial
charges were assigned to the MOF framework atoms or the adsorbate (united) atoms.

Henry constant calculations were done using Widom insertions in RASPA using 100,000 cycles and
configurational biasing for each adsorbate. The grand canonical Monte Carlo (GCMC) simulations used a
total of 100,000 cycles (50,000 initialization cycles and 50,000 production cycles) for single component
adsorption and 200,000 cycles (100,000 initialization and 100,000 production cycles) for
multicomponent adsorption. All GCMC simulations used configurational biasing for the adsorbates. The
simulation box was chosen to be sufficiently large to exceed twice the Lennard-Jones cutoff in each
dimension.

Textural properties such as the pore size distribution and surface area were calculated using Zeo++ (v
0.2.2).3%35 Surface area and pore size calculations were done using a nitrogen probe with a radius of 1.8
A. Vapor pressures for the adsorbates were computed using the Antoine equation with parameters
taken from the NIST Webbook.3®

2.3 DFT Calculations for Structural Optimizations

The unit cells (i.e. atomic positions, lattice constants, and unit cell shape) of selected MOFs were
optimized using periodic DFT as implemented in the Vienna ab initio Simulation Package (VASP) 5.4.1.3”
38 The PBE-D3(BJ) level of theory3**! was used with v.5.4 of the VASP-recommended projector-
augmented wave (PAW) pseudopotentials.®? This level of theory has been shown to accurately
reproduce the geometries of several MOFs.**** Using the workflow described and benchmarked in prior
work,* a plane-wave kinetic energy cutoff of 520 eV was applied, and all calculations were carried out
with a k-point density of approximately 1000/number of atoms per cell (as determined with
Pymatgen“®). This corresponds to the I'-point only for all the MOFs. Each structure was optimized until a
maximum force tolerance of 0.03 eV/A was achieved. To ensure accurate forces, each self-consistent
field (SCF) loop was converged to within 10 eV. The conjugate gradient algorithm was used to carry out
the geometry optimizations, the preconditioned conjugate gradient "all bands simultaneous update of
orbitals" algorithm was used to converge the SCF¥°, and the accurate precision keyword was enabled
in VASP. Symmetry operations were disabled. Gaussian smearing of the band occupancies with a
smearing width of 0.01 eV was applied with extrapolation back to the 0 K limit. Spin-polarization was
considered for all calculations with each of the two Cu(ll) species in each paddlewheel unit
antiferromagnetically aligned, corresponding to the open-shell singlet state. This is consistent with
several prior studies that have shown Cu-BTC exhibits antiferromagnetic coupling between the Cu(ll)
sites within a given node.>*>*



2.4 Selectivity

For the multicomponent simulations, we defined the adsorption selectivity for a given isomer using a
variant of the conventional definition for selectivity of binary mixtures, where component i is the
desired isomer and component j is defined as the sum of all other isomers:
5]
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Eq. 1

Here x; and y; are the mole fractions of component i in the adsorbed and gas phases, respectively.
3: Results and Discussion
3.1 Initial Screening

In order to quickly identify the most interesting sets of MOFs from our set of 38 structures, we
computed the Henry’s constants and the heats of adsorption using Widom insertions for all alkane
isomers ranging from 1-6 carbons in all 38 MOFs. The alkanes used in this work are methane, ethane,
propane, n-butane, isobutane, n-pentane, 2-methylbutane, neopentane, n-hexane, 2-methylpentane, 3-
methylpentane, 2,3-dimethylbutane, and 2,2-dimethylbutane. The data for the C1-C4 molecules are
shown in the Supplemental Information in Supplemental Table 2 and Supplemental Table 3, and the
Henry’s constant data for the C5 and C6 isomers are shown in Supplemental Table 4 and Supplemental

Table 5. Henry’s constants for the C5 and C6 isomers in selected MOFs are shown in Table 1.

The Henry’s constants for the MOF nbo_L12 (Table 1) stand out due to the high values for the linear
isomers, particularly compared to their branched counterparts. In nbo_L12 at 300 K, the Henry’s
constants for n-pentane and n-hexane are 0.42 and 6.3 mol/kg/Pa, respectively, while the values for the
branched C5 isomers are around 10 mol/kg/Pa and the values for the branched C6 isomers are around
10 mol/kg/Pa. Therefore, the Henry’s constants for the linear isomers are about 1000 times higher
than the branched isomers in nbo_L12. This indicates there is a high selectivity for the linear isomers,
which is a useful property in the context of industrial separations, which often seek to isolate linear
alkanes to recycle to an isomerization process.

We see a similar trend in the heats of adsorption shown in Table 2. The computed heat of adsorption for
n-pentane in nbo_L12 at 300 K is -52.7 kJ/mol, compared to -18.7 kl/mol for 2-methylbutane and -12.5
kJ/mol for neopentane. This difference in the heats of adsorption between linear and branched isomers
(34-40 klJ/mol) is much larger than the difference seen for any of the other MOFs in this data set. In
most of the other structures, the heat of adsorption for 2-methylbutane is within 3 kJ/mol of n-pentane,
and in 30 of the 38 MOFs they are within 1 kJ/mol. Many of the MOFs have similar heats of adsorption
for n-pentane and neopentane as well. However, neopentane does have a larger difference from n-
pentane in some MOFs with small pores (e.g. 14.5 kJ/mol in rhr_L3 and 10.5 kJ/mol in ssb_L15) because
it is a bulky molecule, which is not favored in the narrow pores in those structures.

The MOF rhr_L12 also stands out due to its moderate selectivity for the branched isomers. Most MOFs
in Table 2 display little or no selectivity for the branched isomers 2-methylbutane and neopentane.
However, rhr_L12 favors 2-methybutane over pentane by 4.6 klJ/mol and neopentane over pentane by
3.2 kl/mol which is the highest selectivity for either branched isomer. This is especially interesting
because rhr_L12 and nbo_L12 are polymorphs. There is a third MOF, Ivt_L12, which is also a polymorph



with these two materials. Ivt_L12 does not show significant linear/branched selectivity based on the

Henry’s constants and heats of adsorption.

This polymorph family is a good example of how the choice of topology can influence the adsorption

properties and selectivity of the MOF. These three polymorphic MOFs, nbo _L12, rhr_L12, and Ivt_L12,
have the same nodes and linkers and the same chemical formula, but one is slightly selective for
branched isomers and one is highly selective for linear isomers based solely on their different topology

and pore structure. Due to the unique properties of this particular polymorph family we will discuss

these three MOFs in more depth.

Table 1: Henry's constants for alkanes in 3 selected MOFs at 300 K. Values are in units of mol/kg/Pa.

MOF n-pentane neopentane 2-methylbutane n-hexane 2-methylpentane 3-methylpentane 2,2-dimethylbutane dimet:;al’butane
Ivt_L_12 2.5E-02 9.1E-03 3.0E-02 1.6E-01 1.9E-01 2.4E-01 2.0E-01 3.1E-01
nbo_L_12 4.2E-01 2.1E-04 7.9E-04 6.3E+00 4.5E-03 3.2E-03 1.4E-03 2.3E-03
rhr_L_12 4.8E-03 6.2E-03 1.2E-02 1.8E-02 3.2E-02 4.3E-02 9.2E-02 9.4E-02




Table 2: Heats of adsorption in ki/mol for C5 alkanes computed from Widom insertions at 300 K. The two columns
on the far right indicate the respective difference in heat of adsorption from 2-methylbutane and neopentane with
that of pentane. The row containing nbo_L12 is bolded for emphasis. Sorted by topology

MOF pentane 2-methylbutane neopentane [pentane - 2-methylbutane] [pentane - neopentane]
dia_L12 -7.1 -6.4 -3.2 -0.7 -3.9
dia_L20 -4.7 -4.2 -11 -0.5 -3.6
dia_L24 -6.1 -5.5 2.1 -0.6 -4.0

dia_L3 -4.1 -4.0 -1.4 -0.1 -2.7
les_L12 -8.2 -1.7 -4.2 -0.5 -4.0
les_L20 -5.0 -4.5 -1.4 -0.5 -3.6
les_L24 -6.3 -5.7 -2.3 -0.6 -4.1
les_L3 -5.0 -4.8 =21 0.3 =2.9
Ivt_L12 -23.4 -24.8 -21.8 1.4 -1.6
Ivt_L20 -13.6 -13.5 -10.6 -0.1 -3.0
Ivt_L24 -10.0 -10.6 ~7.9 0.6 2.1

Ivt_L3 -19.8 -20.6 -18.0 0.9 -1.7
nbo_L12 -52.7 -18.7 -12.5 -34.0 -40.2
nbo_L20 -6.5 -6.7 -3.8 0.2 -2.8
nbo_L24 -10.2 -10.3 ~1.3 0.2 -2.8
nbo_L3 -6.2 -6.7 -4.9 0.6 -1.3
pto_L12 <12.1 -13.3 -10.3 1.2 -1.8
pto_L20 -6.5 -6.7 -3.7 0.2 -2.8
pto_L24 -8.0 -8.0 -4.5 0.0 -3.4
pto_L3 7.2 -7.6 -5.6 0.5 -1.6
rhr_L12 -24.3 -28.8 -27.5 4.6 3.2
rhr_L20 -10.1 -10.1 -6.9 0.1 -3.1
rhr_L24 -12.9 -13.0 9.7 0.1 -3.2

rhr_L3 -16.1 -8.8 -1.6 <7.3 -14.5
sod_L12 -7.0 -6.4 -3.1 -0.6 -3.9
sod_L20 -5.1 -4.6 -1.2 -0.5 -3.8
sod_L24 -6.8 -6.1 -2.4 -0.7 -4.4

sod_L3 -5.5 -5.3 -2.5 -0.2 -3.0
ssa_L15 -23.4 -22.3 -17.1 -1.1 -6.4
ssa_L21 -24.9 -25.5 -19.7 0.7 <52

ssa_L4 -34.1 -32.3 -24.1 -1.8 -10.0
ssb_L15 -21.7 -18.9 -11.1 -2.8 -10.5
ssb_L21 -20.7 -21.5 -17.0 0.8 -3.7

ssb_L4 -16.5 -17.0 -13.7 0.5 -2.9
tbo_L12 -13.2 -13.1 -9.5 -0.1 -3.7
thbo_L20 -6.7 -6.8 -3.7 0.1 -3.0
tho_L24 -9.4 -9.9 -6.6 0.5 -2.7

tbo_L3 -11.1 -11.8 -9.3 0.7 -1.7




3.2 Textural Properties of Selected MOFs

Despite being made from exactly the same nodes and linkers, these three MOFs have very different pore
sizes and configurations, as seen in Figure 3. The textural properties are summarized in Table 3 and the
pore size distributions are shown in Supplemental Figure 2.

As shown in Figure 3, nbo_L12 has a hierarchical pore structure consisting of small triangular pores (4.9
A) and larger hexagonal pores (14.0 A) that form 1D channels. The rhr_L12 MOF has a large nearly
spherical pore (28.2 A) with square and hexagonal windows leading into the pore, similar to how the
surface of a soccer ball is made of hexagonal and pentagonal patches. Ivt_L12 has two slightly different
pore sizes: 8.0 and 8.6 A. As seen in Figure 3, Ivt_L12 has a pore structure consisting of 1D square
channels with Cu paddlewheel nodes in the vertices. The different pore sizes in Ivt_L12 arise from the
fact that the Cu paddlewheel nodes are not all aligned parallel to one other. Instead, they form a zig-zag
pattern that results in alternating channels of slightly different size.

nbo_L12 rhr_L12 vt L12

Figure 3: Visualization of the three selected MOFs: nbo_L12, rhr_L12, and Ivt_L12. These three MOFs are
polymorphs. The grey spheres are C, red is O, orange is Cu, and white is H.

Table 3: Summary of textural properties for three selected polymorphs. VF indicates the void fraction.
The pore size is taken from the peaks in the pore size distribution shown in Supplemental Figure 2.

VF Density Surface Area Pore size (A)
MOF g/cm? m?/cm3 m?2/g
nbo_L12 0.66 0.84 1077 1286 4.9,14.0
rhr_L12 0.88 0.37 1480 4046 28.2
Ivt_L12 0.70 0.82 1500 1821 8.0,8.6
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Table 4: Dimensions and kinetic diameters of C6 alkane isomers. X, Y, and Z indicate the length of the
molecule along the three directions, and the final column is the kinetic diameter for the molecule. All
values are in angstroms.

Alkane X Y Z Kinetic Diameter
n-hexane 9.7 4.5 4 4.3
2-methylpentane 9.2 6.2 5.2

3-methylpentane 9.3 6.2 5.2

2,2-dimethylbutane 8 6.7 5.9 6.2
2,3-dimethylbutane 7.8 6.7 5.3 5.6

Table 4 shows the dimensions and kinetic diameters® for the C6 alkane isomers. Comparing the sizes of
these molecules to the pore sizes of the MOFs reported in Table 3, we surmise that nbo_L12 has the
potential to separate the linear and branched isomers based on size. n-Hexane has a kinetic diameter of
4.3 A, which is less than the width of the small triangular pore in nbo_L12 (4.9 A), while the
dimethylbutanes are too large. We will discuss the implications of this further in the following sections.
Note in this work, we are considering equilibrium adsorption, not diffusion; therefore, we are not
focused on transport limitations that might be caused by the window size, so long as the windows are
large enough for molecules to fit into the pores.

3.3 Single Component Adsorption

We computed adsorption isotherms for each C5 and C6 alkane in the three selected MOFs of interest:
nbo_L12, rhr_L12, and Ivt_L12. The isotherms are shown in Figure 4. We observe similar trends between
the C5 and C6 isomers. In nbo_L12 (Figure 4a), the linear isomer is preferentially adsorbed at low
pressure, consistent with our predictions from the Henry’s constants in Table 1 and heats of adsorption
in Table 2. For both the C5 and C6 groups, the monobranched isomers (2-methybutane, 2-
methylpentane, and 3-methylpentane) reach saturation at about the same loading as their respective
linear isomers, pentane and hexane, while the dibranched isomers (neopentane, 2,2-dimethylbutane,
and 2,3-dimethylbutane) are saturated at lower uptake. This suggests that the bulkier dibranched
isomers cannot access the smaller pores in nbo_L12 which can accommodate the linear and
monobranched isomers. Therefore, nbo_L12 could be of interest for size-based separation applications.
The linear isomer is the most preferred, but the monobranched isomers can fit into the small pores. The
bulkier neopentane and dimethylbutanes cannot fit into the small triangular pores even at high
pressure.

This adsorption behavior is confirmed by examining snapshots of the GCMC simulations, shown in Figure
5. All calculations shown in Figure 5 were done at 300 K. In nbo_L12 at low pressure (10 Pa, Figure 5a),
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n-hexane almost exclusively goes into the small triangular pores. As the pressure increases and these
pores are filled, n-hexane begins to fill the large hexagonal pores (1000 Pa, Figure 5b). At low pressure,
2-methylpentane prefers to stay in the large pores (100 Pa, Figure 5c); however, at high pressure it can
be forced into the small pores (1000 Pa, Figure 5d). 2,3-dimethylbutane cannot squeeze into the small
triangular pores even at high pressure because it is simply too large (1000 Pa, Figure 5e and 10,000 Pa,
Figure 5f).

In rhr_L12 (Figure 4c), we see that the uptake of all the alkanes is fairly low until the pressure reaches
about 0.1 P/P,, and then the pores quickly become saturated. Since the rhr_L12 pores are so large (28.2
A) there is no size exclusion among the isomers, and all of the C6 isomers reach saturation at about 17
mol/kg. Overall, due to the very large pores in rhr_L12 this MOF has little selectivity for C6 isomers. For
the C5 isomers, pentane and 2-methylbutane reach saturation at about 19 mol/kg at P = P,,.
Neopentane appears to have not reached saturation at P = P, and the uptake is lower than n-pentane
at 14.8 mol/kg. This is likely due to the bulky, nearly spherical nature of neopentane, which has a kinetic
diameter of 6.2 A (compared to 4.3 A for n-pentane), and therefore cannot pack as efficiently in the
pores as n-pentane and 2-methylbutane (5.0 A). ¢

We see more pronounced effects of packing at the saturation pressure in Ivt_L12. In Figure 4b, the
saturation capacity clearly decreases as the isomers become more branched. The linear isomer has a
saturation capacity of 5.2 mol/kg, while 3-methylpentane is 4.5 mol/kg and the bulkiest isomer (2,2-
dimethylbutane) has a saturation capacity of 3.5 mol/kg. The pores in Ivt_L12 are 8-8.6 A, which is close
to twice the kinetic diameter of the linear alkane, suggesting that two linear molecules (or the linear
portions of methylpentane) could potentially sit adjacent to each other in a pore if they are aligned in
just the right arrangement. However, the kinetic diameter of 2,2-dimethylbutane is 6.2 A such that only
one molecule can fit into a pore, leaving some unoccupied space around it. This inefficient packing
accounts for the decrease in capacity with adsorbate branching in the Ivt_L12 MOF.

12



nbo_L12
*- n-hexane
& 2-MP R e 0y ® gy
B 3-MP P il
s P . *
22-DMB i e
+-23-DMB PR
i -
s I8
§ »
>
ol
0.0001 0.001 0.01 0.1 1
P/Po
a
Ivt_L12 6
e n-hexane
o
ke 2-MP » ‘. .»»A-'. s 5
0T
--3-MPp el s - .. 4
22-DMB S o o
*
+-23-DMB . D i 3
‘I,...
° 2
1
0
0.0001 0.001 0.01 0.1
P/Po
rhr_L12 36
@ n-hexane L
i
e, AV .“..4-#. 16
B 3-MP /
22-DMB ‘ 12
<+ 23-DMB
8
4
0

0.0001

w
uptake, mol/kg

uptake, mol/kg

uptake, mol/kg

nbo_L12

@ n-pentane
e
A 2-MB % L) o
&
- NP pe ‘
2%
x %%
x
e X
° i
LA o
O TR 3¢ R P
0.00001 0.0001 0.001 0.01 0.1 i
P/Po
Ivt_L12
7
®- n-pentane 6
e
A~ 2-MB o - !
a-ha] 5
° ot
% NP p ‘ = o 4
a .3 008
e o 3
«* x
= 2
x 1
x ‘.) o
0.00001 0.0001 0.001 0.01 0.1
P/Po
e
rhr_L12
- 25
@ n-pentane ; ;
[ 4 ‘ 20
4 2-MB , ‘ o a %
‘ ! e
% NP 3 15
b
| o
i x 10
. x
X
f 5
A *
e — B
I P o gy Wk @ o
0.00001 0.0001 0.001 0.01 0.1 1
P/Po

Figure 4: Single component adsorption isotherms at 300 K for C6 alkanes in a) nbo_L12, b) Ivt_L12, and c)
rhr_L12 and C5 alkanes in d) nbo_L12, e) Ivt_L12, and f) rhr_L12. The adsorbate names are abbreviated
as 2-MB for 2-methylbutane, NP for neopentane, 2-MP for 2-methylpentane, 3-MP for 3-methylpentane,
22-DMB for 2,2-dimethylbutane, and 23-DMB for 2,3-dimethylbutane. The insets in d,e, and f show
visualizations of the respective MOF structures. Computed vapor pressures are shown in Supplemental
Table 7.
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Figure 5: Snapshots of GCMC simulations of C6 isomers in nbo_L12 MOF at 300 K and various
pressures. a) n-hexane, 10 Pa, b) n-hexane, 1000 Pa, c) 2-methylpentane, 100 Pa, d)2-methylpentane,
1000 Pa, e)2,3-dimethylbutane, 1000 Pa, and f) 2,3-dimehtylbutane, 10000 Pa. Yellow molecules are
n-hexane, green molecules are 2-methylpentane, and light blue molecules are 2,3-dimethylbutane.
The white atoms in the framework are C, the orange framework atoms are Cu, and the red
framework atoms are O.
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3.4 Thermodynamic Analysis of Adsorption

We can gain more insight into the selectivity of the three MOFs by analyzing the thermodynamics of
adsorption. The Helmholtz free energy of adsorption (AA,4s), enthalpy of adsorption (AH,4s), and
entropy of adsorption (—TAS,4s) at infinite dilution at 300 K are shown in Table 5. It is clear that the
adsorption of the linear C4, C5, and C6 isomers is highly favored enthalpically in nbo_L12, owing to the
strong attraction inside the small pores. The enthalpy of adsorption for n-butane in nbo_L12 is -54.0
kJ/mol compared to -24.1 kl/mol for isobutane, and the enthalpy of adsorption for n-hexane is -77.6
kJ/mol compared to -29.9 kJ/mol for 2,2-dimethylbutane. However, due to the tight fit of the linear
isomers in the small pore, the configurations the molecules can adopt are greatly restricted. This results
in a large entropic penalty: 39.1 kJ/mol for n-hexane and 29.0 kJ/mol for n-butane. At 300 K, the
difference in enthalpy between the linear and branched isomers outweighs the entropic term, so the
free energy indicates that the adsorption is selective for the linear isomers. For the C6 isomers, the free
energy indicates that adsorption of n-hexane is favored by 18-20 klJ/mol over any of the branched
isomers. At 433 K, this difference is reduced to 9-10 kJ/mol in nbo_L12, but the linear isomer is still
favored. Data for 433 K are shown in Supplemental Table 6.

The Helmholtz free energy indicates very slight selectivity for the branched C6 isomers in Ivt_L12, with a
difference of only 1.6 kJ/mol between n-hexane and 2,3-dimethylbutane at 300 K. n-Butane and
isobutane have exactly the same free energy (-22.1 kJ/mol). The small thermodynamic selectivity at
infinite dilution reinforces our conclusion that the differences in saturation loadings for the isomers seen
in Figure 4 for Ivt_L12 are the result of packing effects at high loading.

rhr_L12 is slightly selective for the branched isomers based on the Helmholtz free energy. The enthalpic
selectivity is more pronounced but partially offset by the large entropic penalty for the adsorption of the
branched isomers. This is opposite of the trend seen in nbo_L12 where the linear isomers experience a
larger entropic penalty for adsorption. In rhr_L12 at 300 K, the difference in enthalpy of adsorption for
n-hexane and 2,3-dimethylbutane is 6.6 kJ/mol, while the difference in free energy is only 4.2 kJ/mol
due to the difference in the entropy of adsorption. Therefore, the slight selectivity for branched isomers
we observe in rhr_L12 at low pressure is driven by enthalpy. At low pressure, the adsorbate molecules
prefer to lie in the windows of the rhr_L12 MOF rather than the middle of the large pore (Supplemental
Figure 3). This arrangement provides stronger enthalpic interactions for the branched molecules, but
also more entropic restriction. At higher pressure the windows are filled, and the molecules go into the
middle of the pore where there is no significant selectivity from the MOF, as shown in Supplemental
Figure 3.
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Table 5: Thermodynamic properties for the adsorption of alkanes at 300 K and infinite dilution.

300 K AA, 45 (ki/mol) AH .4, (kJ/mol) —TAS 45 (kJ/mol)
nbo_L12 | rhr_L12 | Ivt_L12 | nbo_L12 | rhr_L12 | Ivt_L12 | nbo_L12 | rhr_L12 | Ivt_L12

methane -8.7 -3.7 -6.7 -18.2 -7.8 -11.1 12.0 6.6 6.9
ethane -15.9 -8.2 -12.0 -31.1 -16.7 -17.5 17.7 11.1 8.1
propane -20.7 -13.3 -17.0 -41.6 -25.8 -23.7 23.3 15.0 9.2
n-butane -27.5 -17.7 -22.1 -54.0 -32.2 -30.0 29.0 17.0 10.4
isobutane -14.9 -19.1 -22.1 -24.1 -34.5 -29.9 11.7 17.9 10.3
n-pentane -34.1 -21.0 -27.0 -65.4 -37.0 -36.1 33.8 18.5 11.6
neopentane -15.2 -21.6 -24.5 -23.7 -38.7 -33.0 11.0 19.6 10.9
2-methylbutane -18.5 -23.2 -27.6 -30.5 -40.7 -36.7 14.5 19.9 11.6
n-hexane -41.1 -24.2 -31.7 -77.6 -41.6 -42.6 39.1 19.9 134
2-methylpentane -22.6 -25.6 -32.1 -39.4 -44.6 -42.7 19.3 21.4 13.0
3-methylpentane -22.0 -26.4 -32.7 -35.9 -45.6 -42.9 16.4 21.8 12.7
2,2-dimethylbutane -20.0 -28.2 -32.2 -29.9 -47.7 -42.1 12.4 22.0 12.4
2,3-dimethylbutane -21.1 -28.4 -33.3 -31.8 -48.2 -43.5 13.2 22.3 12.7

3.5 Multi-component Adsorption

We computed adsorption isotherms for equimolar mixtures of C6 isomers at an elevated temperature of
433 K, which more closely resembles the conditions of an industrial separation process, for nbo_L12,
rhr_L12, and Ivt_L12. The computed isotherms are shown in Figure 6. As expected, nbo_L12 shows high
selectivity for the linear hexane isomer over the range of pressures from 0 to 1 bar (Figure 6a). Similarly,
nbo_L12 selectively adsorbs n-pentane over 2-methylbutane and neopentane; at 433 K and 1 bar,
nbo_L12 adsorbs 1.3 mol/kg of n-pentane compared to 0.56 mol/kg 2-methylbutane and 0.24 mol/kg
neopentane (Supplemental Table 8).

rhr_L12 displays some moderate selectivity for the dimethylbutanes at 433 K and 1 bar (Figure 6b),
consistent with the slightly more favorable Henry’s constants and free energy of adsorption we
computed for the branched isomers in rhr_L12.

Ivt_L12 is also selective for the branched isotherms (Figure 6c). At 433 K and 1 bar, the ranking of isomer
adsorption in Ivt_L12 is 2,3-dimethylbutane > 3-methylpentane > 2-methylpentane = 2,2-
dimethylbutane > n-hexane. This also mirrors the computed free energy of adsorption shown in
Supplemental Table 6. This selectivity for branched isomers is opposite to what we might have expected
based on the single-component isotherms which showed higher saturation loading for the linear isomer
hexane. However, the separation seen at the saturation loading for the pure components is based on
geometric factors like the packing of the molecules in the pores. The smaller, linear molecules can be
packed more efficiently in the pores, but in a mixture, they are outcompeted thermodynamically by the
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branched molecules. The adsorption of 2,3-dimethylbutane is 2.0 kJ/mol more favorable than n-hexane
based on free energy (Supplemental Table 6), so it is adsorbed preferentially out of the mixture.

The different behaviors shown in Figure 6 demonstrate how the choice of topology can greatly influence
the adsorption behavior and even invert the selectivity. The adsorption isotherms in Figure 6 represent
an equimolar solution, but in reality, the feed for an industrial separation process might vary in its
composition significantly. It is important that a sorbent exhibit the desired selectivity over the full
spectrum of feed compositions that might be relevant. In order to test the robustness of the high
selectivity of nbo_L12 with varying composition, we computed the adsorption and selectivity for the C6
alkanes over a wide range of compositions with the mole fraction of each component ranging from
10-60% in 10% increments. The relationship between selectivity and the feed composition for nbo_L12
at 1 bar and 433 K is shown in Figure 7.

In nbo_L12 the selectivity for n-hexane is about 3.8-4.4 when the feed fraction of n-hexane is 0.1, and
the selectivity drops to about 2 when the feed fraction of n-hexane is 0.6. The selectivity for all the other
isomers remains below 1.0 at all compositions. This decrease in hexane selectivity is the result of the
small triangular pores, which drive the selective adsorption of the normal isomer, becoming saturated.
Once the highly selective small pores are full, n-hexane is adsorbed in the large hexagonal pore, which
does not differentiate strongly between the isomers. This drives down the overall selectivity as the
fraction of n-hexane in the feed increases because the denominator of Eq. 1 increases while the amount
of n-hexane adsorbed in the small pores remains constant, and the large hexagonal pores are not
strongly selective. For both Ivt_L12 and rhr_L12, the general trend in selectivity does not change much
at different feed compositions as shown in Supplemental Figure 4.

Table 6a shows the composition of the adsorbed phase in each type of pore in nbo_L12. These results
are averages based on configurations from GCMC simulations at 433 K and 1 bar using an equimolar gas
phase mixture. Separate simulations were done for the C5 alkanes and the C6 alkanes. The data in Table
6a show that the small triangular pore contains more than 99% pure pentane or hexane across a range
of pressures. At 0.01 bar for both alkanes the small pore contains only the linear isomer. At 0.1 bar and
1.0 bar, trace amounts of methylpentane molecules are found in the triangular pore, but the pore
overall still contains over 99% n-hexane. Neopentane and dimethylbutane are never found in the small
pore at any pressure.

Table 6b shows the percentage of the total molecules of a given isomer that reside in each pore. For
example, for n-pentane at 1.0 bar, 48.0% of the n-pentane molecules are found in the triangular pore
and 52.0% are found in the hexagonal pore. However, looking back at Table 6a, we know that the
molecules found in the small triangular pore are 99.8% n-pentane and 0.2% 2-methylbutane. At 1.0 bar,
99.6% of the adsorbed 2-methylpentanes are in the large hexagonal pore, and only 0.4% are in the
triangular pore. This shows that even though it is possible for the methylpentane and 2-methylbutane to
fit into this small pore, it is much more favorable for the linear isomers to adsorb there, and even at high
pressure the composition of the small pores remains almost entirely n-pentane or n-hexane.
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Figure 6: Simulated adsorption isotherms for C6 alkanes at 433 K in a) nbo_L12, b) rhr_L12, c) Ivt_I12. These
isotherms are based on equimolar gas-phase mixtures of the isomers. The adsorbate names are abbreviated
as 2-MP for 2-methylpentane, 3-MP for 3-methylpentane, 22-DMB for 2,2-dimethylbutane, and 23-DMB for

2,3-dimethylbutane.

18

uptake, mol/kg



nbo_L12

5.0
4.0 |
® n-hexane
230
= A 2-MP
e
9 . B m 3-MP
2 20 3 2
22-DMB
Lo ¢ 23-DMB
l o () ® é # —s=1
0.0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Fraction n-hexane
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Table 6: Type of molecules that reside in the different shaped pores of nbo_L12, based on random
configurations from GCMC simulations at 433 K and 1 bar with an equimolar gas phase. a) The
composition of the molecules inside the triangle pore and the composition of the molecules in the

hexagonal pore, b) The percentage of the total number of each type of adsorbed molecule that lies in the

triangular pore or the hexagonal pore

d

1 bar composition in triangles (%) composition in hexagons (%)

433 K 0.0l bar | O0.1bar | 1.0bar | 0.01 bar 0.1 bar 1.0 bar
n-pentane 100.0 100.0 99.8 49.9 44.2 46.0
2-methylbutane 0.0 0.0 0.2 0.0 32.6 38.7
neopentane 0.0 0.0 0.0 50.1 23.3 15.3
n-hexane 100.0 99.2 99.6 35.1 23.7 25.3
2-methylpentane 0.0 0.4 0.3 25.0 19.4 20.5
3-methylpentane 0.0 0.4 0.1 10.0 20.9 19.6
2,2-dimethylbutane 0.0 0.0 0.0 10.0 16.2 14.8
2,3-dimethylbutane 0.0 0.0 0.0 20.0 19.8 19.7

b

1 bar % in triangles % in hexagons

433 K 0.0l bar | 0.1bar | 1.0bar | 0.01 bar 0.1 bar 1.0 bar
n-pentane 81.3 79.9 48.0 18.7 20.1 52.0
2-methylbutane 0.0 0.0 0.2 100.0 100.0 99.8
neopentane 0.0 0.0 0.0 100.0 100.0 100.0
n-hexane 86.5 79.6 54.6 13.5 20.4 45.4
2-methylpentane 0.0 1.8 0.4 100.0 98.2 99.6
3-methylpentane 0.0 1.7 0.2 100.0 98.3 99.8
2,2-dimethylbutane 0.0 0.0 0.0 100.0 100.0 100.0
2,3-dimethylbutane 0.0 0.0 0.0 100.0 100.0 100.0

3.6 Topological Structure of nbo_L12

The structure of nbo_L12 is an interesting case among nbo MOFs. The nbo topology is comprised of
alternating four-connected building blocks, as seen in the prototypical nbo MOF-505.%” There is some
variation based on the size of the building blocks and the angles of rotation between them, but often
the nbo topology yields MOFs with cubic pores and identical structure in the [001], [010], and [100]
directions, as seen in Figure 8a. However, nbo_L12 has 1D channels made of triangles and hexagons
arranged in a Kagome lattice. Similar patterns have been reported in nbo MOFs before: Chun et al.>®
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have reported a Cu and pyrimidine-5-carboxylate MOF [Cu(pmc);] that has a similar 1D trihexagonal
pore structure as we see in nbo_L12; however, in [Cu(pmc)2] the pore structure is the result of
interpenetrating nets. The MOF is made of two independent but isomeric nets, and the authors ascribe
the structure to inter-net interactions between the Cu and N atoms on each net.

Zaworotko et al.> reported that 5-(N-phthalimide)isophthalic acid could form either an nbo topology or
a Kagome lattice when reacted with CuCl, depending on the choice of solvent. However, in that work
the Kagome lattice is made of 2D layers held together by n-mt stacking between the aromatic linkers. The
sheets are not connected by any bonds. The Kagome lattice is not the same crystal structure as the nbo
MOF, although they contain the same building blocks. In this case, the nbo MOF cannot be converted
into the Kagome lattice without rearranging bonds because they are distinct structures.

nbo_L12 is different from these two cases. It is made of a single net with no interpenetration, and the
layers along the 1D channels are connected, giving it a helical structure. nbo_L12 can “unfold” from the
1D triangle channel structure (called here the “star conformation”, Figure 8b) to the cubic conformation
(Figure 8a) without breaking any bonds or forming any new bonds. The connectivity networks of the two
conformations are identical. Additional visualizations of nbo_L12 are shown in Supplemental Figure 5.

Figure 8: Visualization of the a) cubic, along [100] axis, and b) star conformations of nbo_L12, looking down 1D
channels which are almost aligned with the [001] axis. Grey spheres are H, red spheres are O, orange spheres are
Cu, and small white spheres are H.
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The origins of the 1D hexagonal channels in the star conformation of nbo_L12 can be seen by looking
down the [111] direction of the cubic conformation as seen in Figure 9. The star conformation is formed
by compressing the MOF along the [111] vector and twisting the nodes and linkers to open up the
triangular channels. An animated movie of this transformation is available in the Supplemental
Information. The cubic conformation contains alternating Cu-paddlewheel nodes, and each node is
orthogonal to its neighbors (defined by the vector lying along the Cu—Cu direction). This is clearly seen in
Figure 8a. In the star confirmation, each Cu—paddjewheel node lies at a 35-degree angle to its neighbor.

e ",

Figure 9: Visualization of nbo_L12 in the cubic conformation, viewed down the [111] direction. Gray atoms are
C, orange are Cu, red are O, and white are H.

The star conformation can be obtained from the cubic conformation via a simple structural
minimization. Figure 10 shows snapshots of a minimization calculation (using the force field) starting
with the cubic conformation and ending with the star conformation. No bonds are broken during this
calculation. As the calculation progresses, one can see how the shape of the cubic unit cell becomes
skewed and the 1D channels begin to form, nearly (albeit not perfectly) aligned with the z-axis.
Structural files for both conformations of nbo_L12 and intermediate steps of the geometric optimization
are available in the Supplemental Information.
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Figure 10: Visualized snapshots looking along the [001] axis from a geometric optimization of nbo_L12 using
the universal force field. The structure starts off in the a) cubic conformation and passes through the
intermediate structures shown in b, ¢, d, and e, ending with f) the star conformation. An animated movie of
this optimization is available in the Supplemental Information.
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We used DFT calculations to compare the energetic favorability of the two nbo_L12 conformations.
Since the structures are chemically identical, a simple comparison of the potential energy of each
structure in its local minimum gives a reasonable idea of which one is more favorable. We report the
energy normalized by the formula unit of the crystal, CuCsH404. The DFT calculations indicate that the
star conformation of nbo_L12 is 31.5 kJ/mol per formula unit more favorable than the cubic
conformation. For this calculation we used a cell containing 12 formula units per cell for the star
conformation and 6 formula units for the cubic conformation, which are the smallest possible cells
based on the symmetry of the crystals.

Not all other nbo MOFs from the same database?® with similar composition favor the star conformation.
For example, adding a single alkyne spacer to the BDC (BDC = benzene-1,4-dicarboxylic acid) edge of
nbo_L12 creates a new MOF, nbo_L20 (Figure 11b). nbo_L20 remains in the cubic conformation upon
minimization. However, changing the BDC edge to a pyrene (nbo_L22) again results in the star
conformation (Figure 11c). DFT calculations indicate that the star conformation of nbo_L22 is 13.9
kJ/mol per formula unit (CuCi1sHsO4) more favorable than the cubic conformation. As before, we used 12
formula units in the cell for the star conformation and 6 formula units for the cubic conformation.

The factor that determines if the nbo MOF prefers the cubic conformation or the star conformation is
the steric hindrance between the Cu-paddlewheel node and the linker. A single phenyl ring on a single
Cu-paddlewheel node prefers to lie in the plane of the carboxylic acids. However, in the cubic
conformation nbo topology, alternating nodes are orthogonal to each other (Figure 8a); therefore, the
linker cannot be aligned with them both. This puts strain on the framework and twists it into the star
conformation, where the steric hindrance between the edge and nodes is reduced. The same is true for
the pyrene edge L_22 because it is a rigid edge that couples the neighboring Cu nodes via steric
hindrance. If an alkyne spacer is added (L20) the Cu node is sufficiently far away from the phenyl ring
that it is not coupled to its neighbor (Figure 11d). This structure tends to remain in the cubic
conformation.

Interestingly, an edge with two independent phenyl rings (L24) results in a weaker coupling of the Cu
nodes. This structure is slightly skewed from the cubic conformation but also not completely
transformed into the star conformation. This demonstrates how the choice of linkers can greatly affect
the structure of the crystal through steric interactions with the node. This behavior could afford a good
opportunity for future research into the effects of flexibility in these MOFs. It would be interesting to
study how the steric effects of different linker influence the flexibility of the MOF and how that
relationship is affected by the presence of adsorbates. However, our focus in this work is on topological
effects on separations, so we did not pursue flexibility further.
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Figure 11: Visualization of four edges and the resulting nbo MOF. a) L12 and c) L22 form the star
conformation due to steric coupling of the Cu nodes. b) L20 remains in the cubic conformation. d) L24
results in weak coupling of the nodes and only partially skews the MOF away from the true cubic
conformation.

3.6 Thermodynamic Comparison of Polymorphs

Given that MOF polymorphs are made from the same chemical building blocks, it is a challenging task to
control the synthesis process to obtain the desired topology. Since the nbo_L12 MOF in particular shows
promise for separation applications, here we consider the plausibility of synthesizing this topology
instead of the Ivt or rhr variants.

Since polymorphic MOFs are framework isomers and have the same chemical formula, we can compare
the energies of minimized structures directly. We performed structural optimizations using DFT in VASP
for nbo_L12 and Ivt_L12. However, the unit cell of rhr_L12 is too large for DFT calculations, so we also
did structural optimizations for all three (nbo_L12, Ivt_L12, and rhr_L12) using UFF in Materials Studio.
The results are shown in Table 7.
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DFT calculations indicate that, based on the formula unit CuCgH404, nbo_L12 is 0.13 eV (12.2 kJ/mol) per
formula unit more favorable than Ivt_L12. Using UFF, Ivt_L12 is the most favorable, although it is only
0.01 eV (1.2 kI/mol) per formula unit different than nbo_L12. Based on UFF calculations, rhr_L12 is the
least favorable being 0.18 eV (17.7 kJ/mol) per formula unit less favored than the Ivt MOF. While this
analysis is only a first approximation, it gives us reason to believe that synthesizing nbo_L12 may be
feasible.

Table 7: Energy differences (in kij/mol) per formula unit of three MOFs, relative to nbo_L12. The formula
unit for all three MOFs is CuCgH40,,

MOF UFF DFT
nbo_L12 0 0
vt _L12 -1.2 12.2
rhr_112 17.7 -

4, Conclusion

We have demonstrated that the topology of a MOF can greatly influence its adsorption behavior via
changes to the pore structure, which has implications for chemical separations. We have shown that
within the nbo/rhr/Ivt polymorph family, the choice of topology can change or even invert the
selectivity for the separation of alkane isomers. The MOF Cus(1,4-benzenedicarboxylate) in nbo
topology (nbo-Cu,BDC) shows especially high affinity for normal isomers, n-pentane and n-hexane, due
to size exclusion within its small triangular channels that are inaccessible to bulkier branched isomers.
rhr-Cu,BDC is moderately selective for the branched isomers due to higher enthalpic favorability. We
also find that nbo-Cu,BDC can adopt a unique star conformation, which results in triangular and
hexagonal 1D channels in a Kagome lattice. This conformation depends on steric effects between the
linker and the paddlewheel nodes. Rigid linkers, such as phenyl or pyrene, couple the neighboring nodes
and strain the lattice so that it forms the star conformation, while linkers with alkynes adjacent to the
nodes form the cubic conformation. This demonstrates that even for MOFs with the same topology,
there can be significantly different pore shapes and structures, which influences adsorption behavior for
separations.
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MOFids and MOFkeys

Supplemental Table 1: MOFids and MOFkeys for the 39 MOFs discussed in this work. These unique
strings that describe each MOF are based on the work of Bucior et al., Cryst. Growth Des. 2019, 19, 11,

6682-6697.

MOF Name MOFid MOFkey
diab_sym_4_mc_1_sym_4_mc_1_ | [Zn].nlccc(ccl)cleec(ccl)cleenccl MOFid- Zn.MAWKLXRVKVOYLR.MOF
L 12 vl.dia.catO;diab_sym_4 mc_1 sym_4 mc_1 L 12 key-vl.dia
diab_sym 4 mc_1 sym_ 4 mc_1_ | [Zn].nlccc(ccl)C#HCclecc(cel)cleecnecl MOFid- Zn.FUHZYCVAWBTDTQ.MOF
L_20 vl.dia.catO;diab_sym_4 mc_1 sym_4 mc_1 L_20 key-vl.dia
diab_sym_4_mc_1_sym_4_mc_1_ | [Zn].nlccc(ccl)cleee(ccl)cleec(ccl)cleenccl MOFid- Zn.RERPRBPQDPHWCZ.MOF
L_24 vl.dia.cat0;diab_sym_4_mc_1_sym_4_mc_1_L 24 key-v1.dia
diab_sym_4_mc_1_sym_4_mc_1_ | [Zn].nlccc(ccl)C#Cclcencecl MOFid- Zn.SPKCEACOZLCRSV.MOFke
L3 vl.dia.catO;diab_sym_4 mc_1 sym 4 mc_1 L 3 y-vl.dia
lcsb_sym_ 4 mc_1 sym 4 mc_1 L | [Zn].nlccc(ccl)clecc(ccl)cleenecl MOFid- Zn.MAWKLXRVKVOYLR.MOF
12 vl.lcs.catO;lcsb_sym_4_mc_1_sym_4 mc_ 1 L 12 key-vi.lcs
lcsb_sym_4 _mc_1_sym_4 mc_1_L | [Zn].nlccc(ccl)CH#Cclcec(ccl)clcencel MOFid- Zn.FUHZYCVAWBTDTQ.MOF
_20 vl.lcs.catO;lcsb_sym_4_mc_1_sym_4 mc_1_L 20 key-v1.lcs
lesb_sym_4 mc_1_sym_4 mc_1_L | [Zn].nlccc(ccl)cleec(ccl)clecc(cel)cleenecl MOFid- Zn.RERPRBPQDPHWCZ.MOF
_24 vl.lcs.catO;lcsb_sym_4_mc_1_sym_4 mc_ 1 L 24 key-vi.lcs
lesb_sym_4_mc_1_sym_4 mc_1_L | [Zn].nlccc(ccl)CHCclcenccl MOFid- Zn.SPKCEACOZLCRSV.MOFke
_3 v1.lcs.catO;lcsb_sym_4_mc_1_sym_4 mc_1_L 3 y-vl.lcs
Ivtb_sym_5_mc_2_sym_5 mc_2_L | [Cu][Cu].[O-]C(=0)clccc(ccl)C(=0)[0-] MOFid- Cu.KKEYFWRCBNTPAC.MOFk

12 v1.lvt.catO;lvtb_sym_5_mc_2_sym_5_mc_2_L_12 ey-vl.lvt

Ivtb_sym_5_mc_2_sym_5 mc_2_L
20

[Cu][Cu].[O-]C(=0)C#Cclccc(ccl)C(=0)[0-] MOFid-
vl.vt.catO;lvtb_sym_ 5 mc_ 2 sym 5 mc 2 L 20

Cu.ZDVLICAIPABTSV.MOFkey
-vl.lvt

Ivtb_ sym 5 mc_ 2 sym 5 mc 2 L
_24

[Cu][Cu].[0-]C(=0)c1ccc(ccl)clccc(ccl)C(=0)[0-] MOFid-
v1.lvt.catO;lvtb_sym_5_mc_2_sym_5_mc_2_L_24

Cu.NEQFBGHQPUXOFH.MOF
key-v1.lvt

Ivtb_sym_5_mc_2_sym_5_mc_2_L
3

[Cu][Cu].[O0-]C(=0)C#CC(=0)[O-] MOFid-
vl.lvt.catO;lvtb_sym_5_mc_2_sym_5 mc_2 L 3

Cu.YTIVTFGABIZHHX.MOFkey
-vl.lvt

nbob_sym_5_mc_2_sym_5_mc_2
L 12

[Cu][Cu].[0-]C(=0)c1ccc(ccl)C(=0)[0-] MOFid-
vl.nbo.catO;nbob_sym_5_mc_2_sym_5 mc_2_ L 12

Cu.KKEYFWRCBNTPAC.MOFk
ey-vl.nbo

nbob_sym_5 mc_2_sym_5 mc_2
_L20

[Cul[Cu].[O-]C(=0)C#Cclccc(ccl)C(=0)[0-] MOFid-
vl.nbo.catO;nbob_sym_5 mc_2 sym_5 mc_2 L 20

Cu.ZDVLICAJPABTSV.MOFkey
-vl.nbo

nbob_sym_5_mc_2_sym_5_mc_2

[Cul[Cu].[0-]C(=0)c1cc2cec3cdc2ce(cl)cccdec(c3)C(=0)[0-]

Cu.OTAJIGWQCQIEFEV.MOFk

_L22 MOFid-v1.nbo.catO;nbob_sym_5 _mc_2_sym_5 mc_2_L_22 | ey-vl.nbo
nbob_sym_5_mc_2_sym_5_mc_2 [Cu][Cu].[0-]C(=0)c1ccc(ccl)clccc(ccl)C(=0)[0-] MOFid- Cu.NEQFBGHQPUXOFH.MOF
L 24 vl.nbo.catO;nbob_sym_5_mc_2 _sym_5 mc_2 L 24 key-v1l.nbo

nbob_sym_5 mc_2_sym_5 mc_2
L3

[Cu][Cu].[O-]C(=0)C#CC(=0)[O-] MOFid-
vl.nbo.catO;nbob_sym_5 mc_2 sym 5 mc_2 L 3

Cu.YTIVTFGABIZHHX.MOFkey
-vl.nbo

pto_sym_3_on_2_sym_5_mc_2_L
_12

[Cul[Cu].[O-]C(=0)c1ccc(ccl)clec(cc(cl)cleec(ccl)C(=0)[O-
])clcec(ccl)C(=0)[0-] MOFid-
v1.pto,dia.catO;pto_sym_3_on_2_sym_5 mc_2_L 12

Cu.SATWKVZGMWCXOJ.MOF
key-v1.pto

pto_sym_3_on_2_sym_5 mc_2_L
_20

[Cu][Cu].[O-
]C(=0)clcec(ccl)CHCclcc(CHCc2ccc(cc2)C(=0)[0-
])cc(c1)C#Cclcec(ccl)C(=0)[0-] MOFid-
v1.pto,dia.catO;pto_sym_3_on_2 sym_5 mc_2_L_20

Cu.NIJMZBWVSRWZFZ.MOFk
ey-vl.pto

pto_sym_3 on_2 sym_ 5 mc_2 L

[Cu][Cu].[O-
1C(=0)c1ccc(ccl)clecc(cel)clec(ce(cl)cleec(ccl)clcec(ccl)C
(=0)[0-])clcee(ccl)clcec(ccl)C(=0)[0-] MOFid-

Zn.RERPRBPQDPHWCZ.MOF

24 vl.dia.catO;pto_sym_3_on_2 sym_5 mc_2 L 24 key-vl.dia
pto_sym_3 on_2 sym_5 mc_2_L | [Cu][Cu].[O-]C(=0)C#Cclcc(CHCC(=0)[O-])cc(c1)CHCC(=0)[O- | Cu.KHRUPMNUDNAAJH.MOF
3 ] MOFid-v1.pto.catO;pto_sym_3_on_2_sym_5 mc_2_L 3 key-v1.pto

rhrb_sym_5 mc_2 _sym 5 mc_2_
L 12

[Cul[Cu].[O-]C(=0)c1ccc(cc1)C(=0)[0-] MOFid-
vl.rhr.catO;rhrb_sym 5 mc_2 sym 5 mc_2 L 12

Cu.KKEYFWRCBNTPAC.MOFk
ey-vl.rhr
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rhrb_sym_5 mc_2_sym_5 mc_2_
L 20

[Cu][Cu].[O-]C(=0)C#Cclccc(ccl)C(=0)[0-] MOFid-
vl.lcs.catO;rhrb_sym 5 mc_2 sym 5 mc_2 L 20

Cu.ZDVLICAJPABTSV.MOFkey
-vl.lcs

rhrb_sym 5 mc_2 sym 5 mc_2_

[Cul[Cu].[0-]C(=0)c1ccc(ccl)clccc(ccl)C(=0)[0-] MOFid-

Cu.NEQFBGHQPUXOFH.MOF

L_24 vl.lcs.catO;rhrb_sym_5_mc_2_sym_5_mc_2_L 24 key-v1.lcs
rhrb_sym_5_mc_2_sym_5_mc_2_ | [Cu][Cu].[O-]C(=0)C#CC(=0)[O-] MOFid- Zn.SPKCEACOZLCRSV.MOFke
L3 v1.lcs.catO;rhrb_sym_5_mc_2_sym_5_mc_2_L 3 y-vl.lcs
sodb_sym_4 mc_1 sym 4 mc_1_ | [Zn].nlccc(ccl)clcec(ccl)clcencel MOFid- Zn.MAWKLXRVKVOYLR.MOF
L 12 vl.sod.cat0;sodb_sym_4 mc_1 sym 4 mc_1 L 12 key-vl.sod

sodb_sym_4 mc_1 sym_ 4 mc_1_
L 20

[Zn].n1cce(ccl)CHCclccc(ccl)clcencel MOFid-
v1.sod,lvt.cat0;sodb_sym_4_mc_1_sym_4_mc_1_L_20

Zn.FUHZYCVAWBTDTQ.MOF
key-vl.sod

sodb_sym_4 mc_1_sym_4_mc_1_
L 24

[Zn].n1cce(ccl)clcec(ccl)clecc(cel)cleenecl MOFid-
vl.sod.cat0;sodb_sym_4 mc_1 sym 4 mc_1 L 24

Cu.YTIVTFGABIZHHX.MOFkey
-vl.sod

sodb_sym_4 mc_1 sym 4 mc_1_
L3

[Zn].n1cce(ccl)CHCclcencel MOFid-
vl.sod.catO;sodb_sym_4 mc_1 sym 4 mc_1 L 3

Zn.SPKCEACOZLCRSV.MOFke
y-vl.sod

ssa_sym_5_mc_2_sym_5_on_9_L_
15

[Cu][Cu].[O-]C(=0)C=CC=Cclcc(C=CC=CC(=0)[O-
])c(cc1C=CC=CC(=0)[0-])C=CC=CC(=0)[0-] MOFid-
v1.ssa,nbo.cat0;ssa_sym_5_mc_2_sym_5_on_9_L_15

Cu.MTNSFCJUEJXWCD.MOFk
ey-vl.ssa

ssa_sym_5 mc_2_sym_5 on_9 L _
21

[Cu][Cu].[O-
]C(=0)clccc2c(cl)oclc2cec(cl)clec(c2ece3c(c2)oc2c3cec(c2)
C(=0)[0-])c(cclclcec2e(cl)oclc2ecce(c1)C(=0)[0-
])clccc2ce(c1)oclc2cecc(cl)C(=0)[0-] MOFid-
vl.ssa,nbo.cat0;ssa_sym 5 mc_2 sym 5 on_ 9 L 21

Cu.PYSWIJNJENECI.MOFkey-
vl.ssa

ssa_sym_5 mc_2 sym_5 on_9 L
4

[Cu][Cu].[0-]C(=0)[C]INNC(=C1)clcc(C2=C[C](NN2)C(=0)[O-
1)e(cc1C1=C[C](NN1)C(=0)[0-])C1=C[C](NN1)C(=0)[O-].[O-
]C(=0)[C]INNC(=C1)c1cc(C2=C[C](NN2)C(=0)[O-
1)c(cc1[C]INNC(=C1)C(=0)[0-])C1=C[C](NN1)C(=0)[O-]
MOFid-v1.ssa,nbo.cat0;ssa_sym_5_mc_2_sym_5 on_9 L 4

Cu.OHZYHVVXCLIDRX.MOFke
y-vl.ssa

ssb_sym_5 mc_2 sym_5 on_9_L
_15

[Cu][Cu].[0-]C(=0)C=CC=Cclcc(C=CC=CC(=0)[0-
1)e(cc1C=CC=CC(=0)[0-])C=CC=CC(=0)[O-] MOFid-
v1.ssh,pto.cat0;ssb_sym_5 mc_2 _sym_5 on_9 L 15

Cu.MTNSFCJUEJXWCD.MOFk
ey-vl.ssb

ssb_sym_5 mc_2 sym_5 on_9_ L
21

[Cu][Cu].[O-
]C(=0)clccc2e(cl)oclc2ecc(cl)clec(c2cec3c(c2)oc2c3cec(c2)
C(=0)[0-])c(cclclecc2c(cl)ocic2ecc(cl)C(=0)[O-
])clcec2ce(cl)oclc2ecc(c1)C(=0)[0-] MOFid-
vl.ssh.catO;ssb_sym 5 mc_2 sym 5 on 9 L 21

Cu.PYSWIJNJENECII.MOFkey-
vl.ssb

ssb_sym_5 mc_2 sym_5 on_9_L
4

[Cu][Cu].[0-]C(=0)[C]INNC(=C1)clcc(C2=C[C](NN2)C(=0)[O-
1)e(ce1C1=C[C](NN1)C(=0)[0-])C1=C[C](NN1)C(=0)[O-]
MOFid-v1.ssb.cat0;ssb_sym_5_mc_2_sym_5 on 9 L 4

Cu.OHZYHVVXCLIDRX.MOFke
y-v1.ssb

tbo_sym_3 on_2 sym_5 mc_2 L
12

[Cu][Cu].[0-]C(=0)c1ccc(ccl)clcec(cc(cl)clecc(ccl)C(=0)[0-
1)clcee(cc1)C(=0)[0-] MOFid-
v1.tbo,pto.cat0;tbo_sym_3_on_2_sym_5_mc_2_L_12

Cu.SATWKVZGMWCXOJ.MOF
key-v1.tbo

tbo_sym_3 on_2 sym_ 5 mc_2 L
_20

[Cu][Cu].[O-
]C(=0)clcce(ccl)CHCclec(CHCc2cecc(cc2)C(=0)[O-
])cc(c1)C#Cclcec(ccl)C(=0)[0-] MOFid-
vl.rhr.catO;tbo_sym_3_on_2_sym_5_mc_2_L 20

Cu.KKEYFWRCBNTPAC.MOFk
ey-vl.rhr

tbo_sym_3 on_2 sym_5 mc_2 L
_24

[Cu][Cu].[O-
]C(=0)c1cce(ccl)clceec(ccl)clec(cc(cl)cleec(ccl)cleec(ccl)C
(=0)[0-])clcec(ccl)clecc(ccl)C(=0)[0-] MOFid-
vl1.tbo,rhr.catO;tbo_sym_3_on_2_sym_5 mc_2_L 24

Cu.PEQRGMPXYDIZSX.MOFk
ey-vl.tbo

tbo_sym_3 on_2 sym_5 mc_2 L
3

[Cu][Cu].[O-]C(=0)C#Cclcc(CHCC(=0)[O-])cc(c1)CHCC(=0)[O-
] MOFid-
vl1.tbo,rhr.catO;tbo_sym_3_on_2_sym 5 mc_2 L 3

Cu.KHRUPMNUDNAAJH.MOF
key-v1.tbo
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Henry Constants for Alkanes

Supplemental Table 2: Henry's constants for small alkanes in 38 selected MOFs at 300 K. Values are in
units of mol/kg/Pa. MOFs are grouped by topology.

MOF methane | ethane | propane | n-butane | isobutane
dia_L12 | 6.5E-06 | 1.6E-05 | 3.4E-05 | 7.6E-05 6.3E-05
dia_L20 | 7.2E-06 | 1.4E-05 | 2.7E-05 | 5.4E-05 4.5E-05
dia_L24 8.0E-06 | 1.7E-05 | 3.3E-05 7.0E-05 5.8E-05

dia_L3 5.4E-06 | 1.2E-05 | 2.4E-05 | 4.9E-05 4.2E-05
lcs L12 | 6.3E-06 | 1.6E-05 | 3.7E-05 | 8.6E-05 7.1E-05
lcs_L20 6.9E-06 | 1.4E-05 | 2.7E-05 5.5E-05 4.6E-05
lcs_L24 7.7E-06 | 1.6E-05 | 3.3E-05 7.0E-05 5.8E-05
les_L3 5.3E-06 | 1.2E-05 | 2.5E-05 | 5.4E-05 4.6E-05
vt L12 7.2E-06 | 5.9E-05 | 4.4E-04 3.5E-03 3.4E-03
Ivt_L20 49E-06 | 2.1E-05 | 7.1E-05 2.4E-04 2.1E-04
Ivt_ 124 | 5.1E-06 | 1.8E-05 | 5.2E-05 | 1.5E-04 1.4E-04

Ivt_L3 3.9E-06 | 2.4E-05 | 1.3E-04 | 6.3E-04 6.3E-04
nbo L12 | 1.6E-05 | 2.8E-04 | 2.0E-03 2.8E-02 1.9E-04
nbo 120 | 4.1E-06 | 9.9E-06 | 2.1E-05 | 4.5E-05 3.9E-05
nbo 124 | 5.1E-06 | 1.4E-05 | 3.6E-05 | 9.0E-05 8.1E-05
nbo L3 2.4E-06 | 7.0E-06 | 1.7E-05 4.5E-05 4.0E-05
pto_L12 5.7E-06 | 2.1E-05 | 6.6E-05 2.1E-04 1.9E-04
pto L20 | 5.4E-06 | 1.3E-05 | 2.7E-05 | 5.9E-05 5.1E-05
pto 124 | 6.3E-06 | 1.6E-05 | 3.6E-05 | 8.5E-05 7.1E-05
pto_L3 4.0E-06 | 1.2E-05 | 3.3E-05 | 9.2E-05 8.1E-05
rhr 120 | 4.6E-06 | 1.1E-05 | 2.6E-05 | 6.6E-05 5.9E-05
rhr_L12 | 4.8E-06 | 2.9E-05 | 2.3E-04 | 1.3E-03 2.3E-03
rhr_L24 5.9E-06 | 1.7E-05 | 4.7E-05 1.3E-04 1.1E-04

rhr_L3 2.8E-06 | 9.0E-06 | 2.1E-05 5.6E-05 2.4E-05
sod L24 | 8.9E-06 | 1.8E-05 | 3.5E-05 7.1E-05 6.1E-05
sod L12 | 6.9E-06 | 1.6E-05 | 3.4E-05 | 7.5E-05 6.2E-05
sod_L20 | 7.9E-06 | 1.5E-05 | 2.9E-05 | 5.7E-05 4.8E-05
sod L3 5.9E-06 | 1.3E-05 | 2.6E-05 5.6E-05 4.8E-05
ssa_L15 | 6.2E-06 | 3.0E-05 | 1.3E-04 | 6.8E-04 4.7E-04
ssa_L21 | 6.6E-06 | 2.8E-05 | 1.1E-04 | 5.5E-04 4.5E-04
ssa_L4 6.2E-06 | 4.7E-05 | 2.8E-04 | 2.0E-03 1.5E-03
ssb_L15 5.6E-06 | 2.4E-05 | 8.4E-05 3.1E-04 1.8E-04
ssb_L21 | 6.2E-06 | 2.5E-05 | 9.7E-05 | 4.3E-04 3.7E-04
ssb_L4 4.9E-06 | 2.2E-05 | 8.2E-05 | 3.1E-04 2.7E-04
tbo L12 5.6E-06 | 1.9E-05 | 5.7E-05 1.9E-04 1.5E-04
tbo L20 | 6.0E-06 | 1.3E-05 | 2.8E-05 | 6.0E-05 5.2E-05
tbo_L24 | 7.2E-06 | 1.8E-05 | 4.1E-05 | 9.9E-05 8.9E-05
tbo_L3 4.0E-06 | 1.2E-05 | 3.6E-05 | 1.2E-04 1.1E-04




Supplemental Table 3: Henry's constants for small alkanes in 38 selected MOFs at 433 K. Values are in

units of mol/kg/Pa. MOFs are group by topology.

MOF methane ethane propane | n-butane isobutane
dia_L12 2.7E-06 4.1E-06 6.1E-06 9.0E-06 8.4E-06
dia_L20 3.4E-06 4.7E-06 6.2E-06 8.5E-06 8.0E-06
dia_L24 3.8E-06 5.2E-06 7.1E-06 9.8E-06 9.2E-06

dia_L3 2.3E-06 3.5E-06 5.0E-06 7.1E-06 6.7E-06
les_L12 2.5E-06 4.0E-06 6.0E-06 9.2E-06 8.5E-06
lcs_L20 3.2E-06 4.5E-06 6.0E-06 8.3E-06 7.9E-06
lcs_L24 3.5E-06 5.0E-06 6.8E-06 9.6E-06 9.0E-06

lcs_L3 2.1E-06 3.4E-06 5.0E-06 7.3E-06 6.9E-06
vt L12 1.3E-06 4.9E-06 1.7E-05 6.2E-05 6.3E-05
Ivt_L20 1.3E-06 3.0E-06 6.2E-06 1.3E-05 1.2E-05
vt L24 1.6E-06 3.4E-06 6.3E-06 1.2E-05 1.1E-05

Ivt_L3 8.7E-07 2.6E-06 6.7E-06 1.7E-05 1.7E-05
nbo L12 1.4E-06 5.6E-06 1.2E-05 3.6E-05 8.1E-06
nbo_L20 1.7E-06 2.6E-06 3.8E-06 5.5E-06 5.2E-06
nbo L24 2.0E-06 3.3E-06 5.1E-06 7.8E-06 7.5E-06
nbo_L3 8.7E-07 1.6E-06 2.8E-06 4.8E-06 4.6E-06
pto_L12 1.8E-06 3.7E-06 7.1E-06 1.3E-05 1.3E-05
pto_L20 2.3E-06 3.5E-06 5.1E-06 7.4E-06 7.0E-06
pto_L24 2.7E-06 4.1E-06 6.2E-06 9.3E-06 8.7E-06
pto_L3 1.4E-06 2.7E-06 4.8E-06 8.8E-06 8.3E-06
rhr_L20 2.0E-06 3.0E-06 4.4E-06 6.5E-06 6.4E-06
rhr_L12 1.5E-06 3.3E-06 8.6E-06 2.1E-05 2.8E-05
rhr_L24 2.4E-06 3.8E-06 5.9E-06 9.4E-06 8.9E-06
rhr_L3 9.8E-07 1.7E-06 2.4E-06 3.7E-06 3.0E-06
sod_L24 4.4E-06 5.8E-06 7.7E-06 1.0E-05 9.90E-06
sod_L12 3.0E-06 4.4E-06 6.3E-06 9.2E-06 8.6E-06
sod_L20 3.9E-06 5.2E-06 6.8E-06 9.1E-06 8.6E-06
sod_L3 2.6E-06 3.8E-06 5.4E-06 7.8E-06 7.4E-06
ssa_L15 1.9E-06 3.9E-06 7.8E-06 1.7E-05 1.5E-05
ssa_lL21 2.1E-06 4.0E-06 7.5E-06 1.5E-05 1.4E-05
ssa_L4 1.3E-06 3.5E-06 8.3E-06 2.2E-05 1.9E-05
ssb_L15 1.7E-06 3.5E-06 6.1E-06 1.1E-05 9.2E-06
ssb_L21 2.0E-06 4.0E-06 7.6E-06 1.5E-05 1.4E-05
ssb_L4 1.3E-06 3.0E-06 6.3E-06 1.3E-05 1.2E-05
tbo_L12 2.0E-06 3.7E-06 6.5E-06 1.2E-05 1.1E-05
tbo L20 2.7E-06 3.9E-06 5.4E-06 7.8E-06 7.3E-06
tbo_L24 3.2E-06 4.7E-06 6.8E-06 1.0E-05 9.6E-06
tbo L3 1.5E-06 2.7E-06 4.9E-06 9.1E-06 8.7E-06
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Supplemental Table 4: Henry's constants for C5 and C6 alkanes in 38 selected MOFs at 300 K. Values are
in units of mol/kg/Pa. MIOFs are grouped by topology.

MOF n-pentane neopentane 2-methylbutane n-hexane 2-methylpentane 3-methylpentane 2,2-dimethylbutane 2,3-dimethylbutane
dia_L_12 1.8E-04 5.9E-05 1.3E-04 4.0E-04 3.1E-04 2.8E-04 1.8E-04 2.3E-04
dia_L_20 1.1E-04 4.2E-05 8.6E-05 2.3E-04 1.8E-04 1.7E-04 1.1E-04 1.4E-04
dia_L_24 1.5E-04 5.3E-05 1.2E-04 3.3E-04 2.6E-04 2.3E-04 1.5E-04 2.0E-04
dia_L_3 1.0E-04 4.0E-05 8.1E-05 2.1E-04 1.7E-04 1.6E-04 1.1E-04 1.4E-04
les L 12 2.1E-04 6.6E-05 1.6E-04 5.1E-04 3.9E-04 3.6E-04 2.2E-04 3.0E-04
les_L 20 1.2E-04 4.3E-05 9.0E-05 2.4E-04 1.9E-04 1.7E-04 1.2E-04 1.5E-04
les_L 24 1.6E-04 5.4E-05 1.2E-04 3.5E-04 2.7E-04 2.5E-04 1.5E-04 2.1E-04
les_L 3 1.2E-04 4.5E-05 9.3E-05 2.5E-04 2.1E-04 1.9E-04 1.3E-04 1.6E-04
Ivt_L_12 2.5E-02 9.1E-03 3.0E-02 1.6E-01 1.9E-01 2.4E-01 2.0E-01 3.1E-01
Ivt_L_20 8.7E-04 2.5E-04 6.8E-04 3.1E-03 2.5E-03 2.3E-03 1.5E-03 1.9E-03
Ivt_L_24 4.3E-04 1.6E-04 3.8E-04 1.2E-03 1.1E-03 1.0E-03 7.4E-04 9.3E-04
vt _L_3 3.1E-03 9.6E-04 2.9E-03 1.4E-02 1.4E-02 1.3E-02 9.5E-03 1.2E-02
nbo_L 12 4.2E-01 2.1E-04 7.9E-04 6.3E+00 4.5E-03 3.2E-03 1.4E-03 2.3E-03
nbo_L_20 9.7E-05 3.7E-05 8.1E-05 2.0E-04 1.8E-04 1.6E-04 1.2E-04 1.4E-04
nbo_L 24 2.2E-04 8.0E-05 1.9E-04 5.1E-04 4.4E-04 4.1E-04 3.0E-04 3.6E-04
nbo_L_3 1.2E-04 5.2E-05 1.0E-04 2.9E-04 2.8E-04 2.8E-04 2.1E-04 2.6E-04
pto_L_12 6.2E-04 2.4E-04 6.1E-04 1.7E-03 1.7E-03 1.8E-03 1.4E-03 1.8E-03
pto_L_20 1.3E-04 5.0E-05 1.1E-04 2.8E-04 2.4E-04 2.3E-04 1.6E-04 2.0E-04
pto_L_24 2.0E-04 6.8E-05 1.6E-04 4.7E-04 3.9E-04 3.7E-04 2.3E-04 3.2E-04
pto_L_3 2.5E-04 1.0E-04 2.2E-04 7.0E-04 6.2E-04 6.1E-04 4.4E-04 5.5E-04
rhr_L_20 1.8E-04 6.8E-05 1.6E-04 4.7E-04 5.2E-04 4.9E-04 3.3E-04 4.2E-04
rhr_L 12 4.8E-03 6.2E-03 1.2E-02 1.8E-02 3.2E-02 4.3E-02 9.2E-02 9.4E-02
rhr_L_24 3.8E-04 1.2E-04 3.1E-04 1.2E-03 9.4E-04 8.3E-04 5.5E-04 6.9E-04
rhr_L 3 1.5E-04 1.8E-05 5.4E-05 4.0E-04 1.6E-04 1.3E-04 5.3E-05 7.9E-05
sod_L_24 1.6E-04 5.7E-05 1.3E-04 3.4E-04 2.9E-04 2.7E-04 1.7E-04 2.2E-04
sod_L_12 1.8E-04 5.9E-05 1.3E-04 4.0E-04 3.2E-04 2.9E-04 1.8E-04 2.4E-04
sod_L_20 1.2E-04 4.5E-05 9.2E-05 2.5E-04 2.0E-04 1.8E-04 1.2E-04 1.5E-04
sod_L_3 1.3E-04 4.8E-05 1.0E-04 2.9E-04 2.3E-04 2.2E-04 1.4E-04 1.9E-04
ssa_L_15 3.7E-03 5.6E-04 2.4E-03 1.9E-02 1.4E-02 1.3E-02 6.3E-03 9.4E-03
ssa_L_21 2.9E-03 4.8E-04 2.4E-03 1.2E-02 1.3E-02 1.3E-02 6.6E-03 1.2E-02
ssa_L_4 1.6E-02 1.6E-03 1.1E-02 1.1E-01 1.0E-01 9.0E-02 3.4E-02 6.6E-02
ssb_L_15 1.2E-03 1.3E-04 5.9E-04 4.4E-03 2.5E-03 1.9E-03 8.0E-04 1.1E-03
ssb_L 21 1.8E-03 4.7E-04 1.8E-03 7.9E-03 7.2E-03 7.8E-03 5.0E-03 8.3E-03
ssb_L 4 1.2E-03 3.4E-04 1.0E-03 4.5E-03 4.0E-03 3.8E-03 2.5E-03 3.4E-03
tbo_L_12 6.5E-04 1.8E-04 5.1E-04 2.3E-03 1.9E-03 1.8E-03 1.0E-03 1.5E-03
tbo_L_20 1.3E-04 5.0E-05 1.1E-04 2.9E-04 2.5E-04 2.3E-04 1.6E-04 2.0E-04
tho_L_24 2.4E-04 8.8E-05 2.1E-04 5.8E-04 5.0E-04 4.7E-04 3.4E-04 4.2E-04
tbo_L 3 4.2E-04 1.7E-04 3.9E-04 1.4E-03 1.5E-03 1.5E-03 1.1E-03 1.4E-03
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Supplemental Table 5: Henry's constants for C5 and C6 alkanes in 38 selected MOFs at 433 K. Values are
in units of mol/kg/Pa. MOFs are grouped by topology.

MOF n-pentane | neopentane | 2-methylbutane n-hexane 2-methylpentane 3-methylpentane | 2,2-dimethylbutane | 2,3-dimethylbutane
dia_L_12 1.4E-05 8.2E-06 1.2E-05 2.0E-05 1.9E-05 1.8E-05 1.5E-05 1.7E-05
dia_L_20 1.2E-05 7.9E-06 1.1E-05 1.6E-05 1.5E-05 1.5E-05 1.3E-05 1.4E-05
dia_L_24 1.4E-05 9.0E-06 1.3E-05 2.0E-05 1.8E-05 1.8E-05 1.5E-05 1.7E-05
dia_L_3 1.0E-05 6.7E-06 9.6E-06 1.5E-05 1.4E-05 1.4E-05 1.2E-05 1.3E-05
les_L_12 1.4E-05 8.4E-06 1.3E-05 2.2E-05 2.0E-05 1.9E-05 1.6E-05 1.8E-05
les_L_20 1.2E-05 7.7E-06 1.1E-05 1.6E-05 1.5E-05 1.5E-05 1.3E-05 1.4E-05
les_L_24 1.4E-05 8.8E-06 1.3E-05 2.0E-05 1.8E-05 1.8E-05 1.5E-05 1.7E-05

les_L 3 1.1E-05 6.9E-06 1.0E-05 1.6E-05 1.5E-05 1.5E-05 1.2E-05 1.4E-05
Ivt_L_ 12 2.0E-04 1.1E-04 2.4E-04 5.9E-04 7.1E-04 8.6E-04 8.1E-04 1.0E-03
Ivt_L_20 2.6E-05 1.3E-05 2.4E-05 5.6E-05 5.1E-05 5.0E-05 4.0E-05 4.7E-05
Ivt_L_24 2.1E-05 1.2E-05 2.0E-05 3.8E-05 3.5E-05 3.5E-05 3.0E-05 3.4E-05

Ivt_L_3 3.9E-05 1.9E-05 3.9E-05 8.9E-05 8.9E-05 8.7E-05 7.6E-05 8.5E-05
nbo_L 12 1.2E-04 9.0E-06 1.8E-05 4.2E-04 4.2E-05 4.0E-05 2.9E-05 3.7E-05
nbo_L 20 8.0E-06 5.1E-06 7.5E-06 1.2E-05 1.1E-05 1.1E-05 9.3E-06 1.0E-05
nbo_L 24 1.2E-05 7.5E-06 1.1E-05 1.8E-05 1.7E-05 1.7E-05 1.5E-05 1.6E-05
nbo_L 3 8.3E-06 5.2E-06 8.0E-06 1.4E-05 1.4E-05 1.4E-05 1.2E-05 1.4E-05
pto_L_12 2.4E-05 1.4E-05 2.4E-05 4.3E-05 4.2E-05 4.4E-05 3.9E-05 4.5E-05
pto_L_20 1.1E-05 7.0E-06 1.0E-05 1.6E-05 1.5E-05 1.5E-05 1.3E-05 1.4E-05
pto_L_24 1.4E-05 8.7E-06 1.3E-05 2.2E-05 2.0E-05 2.0E-05 1.6E-05 1.9E-05
pto_L_3 1.6E-05 9.5E-06 1.5E-05 2.9E-05 2.8E-05 2.8E-05 2.3E-05 2.7E-05
rhr_L_20 1.0E-05 6.6E-06 1.0E-05 1.6E-05 1.7E-05 1.7E-05 1.4E-05 1.7E-05
rhr_L 12 4.2E-05 4.4E-05 6.7E-05 8.7E-05 1.1E-04 1.2E-04 2.0E-04 2.0E-04
rhr_L_24 1.5E-05 8.9E-06 1.4E-05 2.6E-05 2.4E-05 2.3E-05 1.9E-05 2.2E-05

rhr_L_3 5.8E-06 2.9E-06 4.5E-06 9.1E-06 7.2E-06 6.8E-06 5.4E-06 6.2E-06
sod_L_24 1.4E-05 9.7E-06 1.4E-05 1.9E-05 1.9E-05 1.9E-05 1.6E-05 1.8E-05
sod_L_12 1.4E-05 8.5E-06 1.3E-05 2.1E-05 1.9E-05 1.8E-05 1.5E-05 1.7E-05
sod_L_20 1.2E-05 8.5E-06 1.2E-05 1.7E-05 1.6E-05 1.6E-05 1.3E-05 1.5E-05
sod_L_3 1.1E-05 7.5E-06 1.1E-05 1.7E-05 1.6E-05 1.6E-05 1.3E-05 1.5E-05
ssa_L_15 4.1E-05 1.7E-05 3.5E-05 1.0E-04 8.9E-05 8.9E-05 6.4E-05 7.9E-05
ssa_L_21 3.1E-05 1.3E-05 2.9E-05 6.4E-05 6.1E-05 6.4E-05 4.4E-05 5.9E-05
ssa_L_4 6.0E-05 2.1E-05 5.4E-05 1.5E-04 1.5E-04 1.6E-04 1.0E-04 1.5E-04
ssb_L_15 2.1E-05 8.7E-06 1.6E-05 3.8E-05 3.1E-05 2.8E-05 2.1E-05 2.4E-05
ssb_L_21 3.1E-05 1.5E-05 2.9E-05 6.2E-05 5.9E-05 6.1E-05 5.0E-05 6.1E-05
ssb_L 4 2.8E-05 1.4E-05 2.6E-05 5.7E-05 5.3E-05 5.3E-05 4.2E-05 5.0E-05
tho_L_12 2.3E-05 1.2E-05 2.1E-05 4.5E-05 4.2E-05 4.1E-05 3.2E-05 3.9E-05
tho_L_20 1.1E-05 7.3E-06 1.1E-05 1.6E-05 1.5E-05 1.5E-05 1.3E-05 1.4E-05
tho_L_24 1.5E-05 9.6E-06 1.4E-05 2.3E-05 2.1E-05 2.1E-05 1.8E-05 2.0E-05
tbo_L_3 1.8E-05 1.1E-05 1.8E-05 3.5E-05 3.6E-05 3.7E-05 3.1E-05 3.7E-05
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Pore Size Distribution
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Supplemental Figure 2: Calculated pore size distribution for three selected polymorphs. Calculations were
done using a probe with radius 1.8 A which corresponds to a N, molecule.

Calculation of Free Energy

The Helmholtz free energy of adsorption at infinite dilution and the entropic contribution to the free
energy were computed from Henry’s constant calculations based on Widom insertions for alkanes in the
three selected MOFs (nbo_L12, rhr_L12, and Ivt_L12). The Helmholtz free energy was computed using:

AAgasi = —RTIn(RTpsKy ;) Eqg.S1

where R is the gas constant (kJ/mol-K), T is the absolute temperature (K), ps is the density of the
sorbent in kg/m3, and Ky ; is the Henry’s constant of a given isomer i in units of mol/kg/Pa. Note that 1
Pa=1J/m3=0.001 ki/m3.

Equation S1 can be rewritten in terms of the enthalpy and entropy terms as follows:
AAgqgsi = AHpqs; — TAS,a4s; — RT Eq. S2

where AH .45 ; is the enthalpy of adsorption and 45,4 ; is the entropy of adsorption for isomer i. The
enthalpic term can be decomposed into different contribution terms based on the type of interactions
they represent as follows:

AHqgs; = (Vgni) — (Vi) — (Vi) + RT Eq. S3

where (Vgh,i) is the average potential energy from interactions between the guest molecules and host
framework. This value is printed in the output file from RASPA in the Henry constant calculation. (V) is
the potential energy of the host framework, which is set to zero for rigid frameworks, as done in this
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work. (Vg ;) is the average intramolecular potential energy of an isolated molecule of component i,
which is obtained from a separate simulation of an isolated molecule in an empty box. Once 4H,qs ; is
known, the entropic term can be computed from the enthalpy and free energy from Equation S2:

_TASadS,i = AAadS,i = AHadS,i + RT Eq S4

The results from this analysis are shown in Supplemental Table 6 and Table 5

Supplemental Table 6: Thermodynamic data for adsorption of alkanes in selected MOFs at 433 K.
Computed from Henry's coefficient calculations.

433 K AA,q4s (k)/mol) AH .45 (kJ/mol) —TAS 45 (kJ/mol)
nbo_L12 | rhr_L12 | Ivt_L12 | nbo_L12 | rhr_L12 | Ivt_L12 | nbo_L12 | rhr_L12 | Ivt_L12

methane -5.3 -2.4 -4.9 -14.4 -5.7 -10.6 12.7 6.9 9.4
ethane -10.2 -5.3 -9.6 -254 -12.2 -16.9 18.8 10.5 10.9
propane -12.9 -8.7 -14.2 -33.0 -20.3 -22.9 23.6 15.2 12.4
n-butane -16.9 -12.0 -18.8 -44.8 -27.3 -29.0 31.6 19.0 13.9
isobutane -11.5 -13.0 -18.8 -21.2 -30.1 -29.0 13.3 20.7 13.7
n-pentane -21.1 -14.4 -23.0 -56.1 -32.2 -35.0 38.6 21.3 15.6
neopentane -11.9 -14.6 -20.9 -21.6 -34.6 -32.2 133 23.6 14.9
2-methylbutane -14.4 -16.1 -23.7 -25.8 -36.8 -35.8 15.0 24.3 15.7
n-hexane -25.7 -17.0 -26.9 -69.4 -36.9 -40.9 47.2 23.5 17.6
2-methylpentane -17.5 -17.8 -27.5 -30.3 -40.0 -41.3 16.5 25.8 17.3
3-methylpentane -17.2 -18.3 -28.2 -29.5 -41.4 -41.7 15.8 26.7 17.1
2,2-dimethylbutane -16.1 -20.1 -28.0 -27.4 -44.7 -41.2 14.8 28.2 16.8
2,3-dimethylbutane -17.0 -20.1 -28.9 -28.8 -44.8 -42.4 15.4 28.3 17.1
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Supplemental Table 7: Vapor pressures for alkanes at 300 K. Computed from Antoine equation
parameters taken from NIST webbook.

Py @ 300K
Molecule (bar)
n-pentane 0.73
n-hexane 0.22
neopentane 1.82
2-methylbutane 0.98
2-methylpentane 0.30
3-methylpentane 0.27
2,2-dimethylbutane 0.46
2,3-dimethylbutane 0.34

Supplemental Table 8: Loading at 1 bar and 433 K for C5 isomers in nbo_L12, Ivt_L12, and rhr_L12.
Values are in mol/kg.

MOF nbo_L12 | Ivt_L12 rhr_L12
n-pentane 1.30 1.13 0.56
2-methylbutane 0.56 1.29 0.71
neopentane 0.24 0.43 0.45




Snapshots of Adsorption in rhr_L12

100 Pa 100 Pa

1000 Pa 1000 Pa
2,3-dimethylbutane n-hexane

10000 Pa 10000 Pa
2,3-dimethylbutane n-hexane

Supplemental Figure 3: Snapshots from GCMC simulations of 2,3-dimethylbutane and n-hexane
inrhr_L12 MOF at 300 K at 100, 1000, and 10000 Pa.

42



Effects of Composition on Selectivity

Selectivity
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Supplemental Figure 4: Selectivity vs gas-phase composition for C6 alkanes in Ivt_L12 and rhr_L12 at 433
K and 1 bar (total pressure). The horizontal axis represents the fraction of n-hexane in the gas phase. The
vertical axis is the selectivity for the different components as computed using Eq. 1, and the black line
indicates a selectivity (S) equal to 1.
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nbo_L12 Conformations

Supplemental Figure 5: Visualization of the nbo_L12 MOF in the a) cubic conformation along [001], b) cubic
conformation along [110], c) star conformation along [001] and d) star conformation along [111]. Grey
spheres are C, orange are Cu, red are O, and white are H
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