Consistent textural properties for MOFX-DB

1 Introduction

On each MOF webpage, there are several textural properties available, including void
fraction (VF), gravimetric surface area (GSA), volumetric surface area (VSA), pore limiting
diameter (PLD) and largest cavity diameter (LCD). However, these textural properties were
collected from different publications and thus were calculated with inconsistent parameters,
procedures, and programs. We refer to these published data as “original set.” Here we report a set
of recalculated textural properties for all MOFs in the MOFX-DB with a consistent calculation
procedure, and we refer to the new data set as “consistent set.” We note that there are textural
properties missing for some MOFs in the original set, but textural properties are available for all
materials in the consistent set.

Both the original set and consistent set can be downloaded from the “Databases” tab in

MOFX-DB (https://mof.tech.northwestern.edu/databases), under the name “Download Textural

Properties.” All data are reported in CSV format. The meaning of each column in the CSV file is

explained in Table 1.

Table 1: Textural properties available in the consistent set and their corresponding columns in CSV file
Column name Full name Definition Units

e.g., for ‘hMOF-12.cif” file, ‘12’ is the
id ID name of the MOF
ID name.

) _ _ Volumetric fraction of void space _
vf Helium void fraction (VF) ) fraction
measured by He adsorption

Total gravimetric surface area Gravimetric surface area for both
sa_tot_m2g _ ) ) m?/g
(total GSA) accessible and inaccessible pores
Accessible gravimetric Gravimetric surface area for
sa_acc_m2g ) _ m?/g
surface area (accessible GSA) accessible pores only
Total volumetric surface area Volumetric surface area for both
sa_tot_m2cm3 ' . . m?/cm?
(total VSA) accessible and inaccessible pores
Accessible volumetric Volumetric surface area for accessible
sa_acc_m2cm3 ' m?*cm3
surface area (accessible VSA) pores only


https://mof.tech.northwestern.edu/databases

Largest probe that can cross the
pld Pore limiting diameter (PLD) simulation cell in at least one A
dimension via a diffusive pathway

Largest cavity diameter o
led Largest cavity size A
(LCD)

Largest cavity diameter in the o )
_ Largest cavity size in the accessible
led_free accessible channel A

channel
(accessible LCD)

2 Calculation details for the consistent set
The surface area, PLD and LCD were calculated by Zeo++ v0.3.! The command was
network -ha -r UFF.rad -res -sa 1.86 1.86 1000 <cif name>

where Universal Force Field (UFF)? framework atom radii were used (“-r UFF.rad”) with high
accuracy (“-~ha”). The “UFF.rad” file is available in the “radii” folder. A nitrogen probe with radius
of 1.86 A (corresponding to the size of a nitrogen molecule in the TraPPE force field)® was used
to assess both the availability of the network and the surface area. A total of 1,000 points were
sampled at a distance of 1.86 A from each framework atom surface, and Monte Carlo integration
was used to determine the result. Using 1,000 sampling points roughly gives the accuracy up to
the first decimal point. Because this sampling is performed for each framework atom, considering
the computational time, 1,000 points is a good choice. In very few cases, we removed “-ha” flag
to avoid the failure of the Voronoi volume check.

The helium void fraction, Vy, e ye/V, was measured by Widom insertion method using

RASPA2%S,

Vpore,te — < exp—U(r)/kBT > (1)

%
where V¢ pe 18 the pore volume and V' is the volume of the entire system. The property in the
angular brackets is the average Boltzmann factor, which is estimated by placing a probe helium
atom in random locations r throughout the system and estimating its interactions potential U(T)
with the material. Detailed parameters are listed in Table 2. The simulation box size was chosen
to be the minimum distance between two opposing cell surface that is larger than twice of the
cutoff radius, thus ensuring minimum image convention. We note that there are a few MOF
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structures in the CoORE MOF database for which the void fraction calculations failed, possibly due
to an unphysical structure.
For the textural property calculation of zeolites, we used a specific force field (LJ size and

energy parameters) designed for zeolites,”® and all other calculation parameters remain the same.

Table 2: Simulation parameters for helium void fraction calculation for MOFs.

Parameters Values
He atom probe Lennard-Jones o [A]>!° 2.64
He atom probe Lennard-Jones &/kg [K]*!'° 10.9
Temperature [K] 298
vdW cutoff radius [A] 12.8
Framework force field Universal Force Field
Combining rules Lorentz-Berthelot
Number of RASPA cycles * 10,000

 Total number of Widom insertion moves is 200,000 (10,000 * 20). Each Monte Carlo cycle in RASPA

includes a minimum 20 steps.

3 Comparison of consistent set with original set

hMOFs. Parity plots comparing the consistent set and original set of textural properties for
hMOFs are shown in Figure 1. Definitions of textural properties are available in Table 1. The
difference in VF is probably due to using different simulation and force field parameters.!' For
LCD and PLD, differences are probably due to using different algorithms.'?> For LCD (Figure 1c),
the data are capped at 25 A in the original set (It levels off and there is a flat line). We have left it
as 1is to preserve the original published data. We note that the surface area in the original set (for
hMOFs and TobaCCo MOFs) is the total surface area, thus including the surface area for both
accessible and inaccessible pores/channels. For both total VSA and GSA, original values are
higher compared to the values in the consistent set overall. There are two possible reasons for this
discrepancy: 1) Original data were calculated by RASPA, while consistent set was calculated by

11,13

Zeo++. 2) A smaller N, probe (size of 3.68 A) was used in the original calculations, while

current calculations used a slightly larger probe (3.72 A).
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Figure 1: Parity plots comparing consistent set and the original set of textural properties for hMOFs.
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ToBaCCo MOFs. Parity plots comparing the consistent set with the original set for the
ToBaCCo MOFs'* are shown in Figure 2. In general, the original set is in good agreement with
the consistent set, reflecting the similar calculation procedures, parameters, and algorithms used

in the two cases.

1 . 4000 .
| (a) VF 7 (d) Total VSA -
0.8 /F e
. 3000 .
- 4 7 L4
Q Vs Q
9 0.6 F hdd
m© ’ o
c o £ 2000
2 0.4 P 2
o i /, O
7’
’ 1 1
02] y 000
I/l
0 0
0 02 04 06 08 1 0 1000 2000 3000 4000
Consistent Set Consistent Set
80 L 10000 ,’
| (b) PLD | (e) Total GSA #
7 8000
60 P
- , - 4
Q / ()]
bl / Y 50001
(1] [
€ 40 =]
= / 2 40001
(@) y (@]
201
/ 2000
04 // 0
0 20 40 60 80 0 2000 4000 6000 8000 10000
Consistent Set Consistent Set
100 e D it f int
(c) LCD . ensity or points
80 P

I High
/ =

N Low
0 20 40 60 80 100
Consistent Set

Original Set
5 8
A

n
o

Figure 2: Parity plots comparing consistent set and the original set of textural properties for ToBaCCo

MOFs.



CoRE MOF 2014. Parity plots comparing the consistent set with the original set for CoRE
MOF 2014' are shown in Figure 3. We note that data from the original set were also calculated
by Zeo++ software but with CCDC radii used for framework atoms (new calculations use the
atomic radii from UFF). In addition, according to the original CoORE MOF 2014 paper, surface
area reported in the original set is the accessible surface area which only includes that of the
accessible pores through windows/channels. This explains the horizontal line of points at the
bottom of the parity plot (see Figure 3, Total VSA, Total GSA); these points correspond to zero in
the original set (i.e., structures determined as inaccessible to the probe) but non-zero in the
consistent set (i.e., total surface area, values also include the surface area from inaccessible pores).
When we compare accessible surface area from both sets (see Figure 3, Accessible VSA), there
are both vertical and horizontal line of points shown at the left bottom corner. This can be attributed
to the use of different framework atom radii in both sets, and the accessibility of pores was
therefore determined inconsistently, even though same probe size (3.72 A) was implemented in

both sets.
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Figure 3: Parity plots comparing consistent set and the original set of textural properties for CoRE MOFs

2014. Color gradient indicates the density of points (purple to red is low to high).



CoRE MOF 2019. Parity plots comparing the consistent set with the original set for CoRE
MOFs 2019'¢ are shown in Figure 4. A discrepancy is observed for the void fraction (VF) between
the consistent set and the original set. The reason is that the original set was calculated in a purely
geometric way using Zeo++ software (i.e., geometric VF), while the consistent set was calculated
using Widom insertion method (i.e., helium VF). We note that there are some CoRE MOF
structures with calculated helium VF larger than 1 (not shown). In principle, VF should range from
0 to 1 as indicated by Eq. 1. In these cases, the high VF is due to some unphysical structures in
CoRE MOF 2019 database where solid atoms overlap with each other forming a high-density
structure. This might be due to disordered rings in the structures which are resolved from X-ray
diffraction or other issues with the structure. This leads to unrealistically strong attractive
interactions between the probe helium atom and the framework and results in a higher estimated
VF than is realistic. We found there are 63 structures in the CoORE MOF 2019 database with VF
larger than 1.

The original CoRE MOF 2019 paper provides surface area values for both accessible and
inaccessible pores, we took the sum of them when uploading data to the MOFDB. Therefore, the
surface area in the original set is the fotal surface area. We observe that, in general, surface area in
the original set is higher than that in the consistent set. This is because a probe with a smaller
diameter (3.31 A) was used in the original set to evaluate the surface area, compared to the probe

with a slightly larger diameter (3.72 A) in the consistent set.
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