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Adsorption potential energy and pore geometry

The total adsorption potential energy is the sum of adsorbate-adsorbate potential and
adsorbate-adsorbent potential: ¢rorar = Padsorvate-aasorvate T Padsorbate—adsorvent - Since
the adsorbate-adsorbate interaction is primarily related to adsorbate molecules. The adsorbate-
adsorbent interaction is the study focus to improve the total potential energy. ™!

In reality, the guest molecule interacts with multiple atoms on the pore surface, and the
adsorption potential is the sum of all interaction potential. The pore geometry affects the
number of atoms interacting with guest molecule and subsequently the overall adsorbate-
adsorbent potential. A comparison between slit, cylindrical, and spherical pore surface as
shown in the bottom figures in Figure S1, the number of surface atoms interacting with guest
molecules is highest in spherical pore and smallest in slit pore with flat surface. Therefore, the

interaction potential in spherical pore is the highest and potential in slit pore is lowest.
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Figure S1. Cartoon of gas molecule (purple sphere) in three type of pores (yellow surface).
The bottum figures demonstrate the detailed sobent-sorbate interaction between gas molecule
and flat surface of slit pore (a), curve surface of cylindrical pore (b), and spherical pore
surface (c). The shadow area indicates the region of pore surface interacting with the guest
molecules.
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Table S1. Hydrogen adsorption properties and deviation between measured/theoretical pore properties of MOFs investigated.

H 3 2
MOF Densr;y gesr%;et y Total saturated Pore Volume (cm®/g) BET Surface Aream“/g
glcm type adsorption  adsorption Pore Measured  Theoretical Deviation ~ Measured  Theoretical Deviation
(mmol/g) (mmol/g)  occupancy of V of S

p BET

HKUST-1 0.879 cage 28.04 33.21 0.844 0.75 0.75 0% 1980 1950 1.5%
NOTT-112 0.503 cage 47.86 58.40 0.819 1.44 1.53 -5.88 % 3440 4046 -15.0 %

NU-125 0.578 cage 44.67 57.05 0.783 1.33 1.3 231% 3230 3140 2.9%

NU-1000 0.486 channel 43.38 63.86 0.679 1.48 1.6 -7.5% 2200 2350 -6.4 %

UiO-68-Ant 0.608 cage 41 51.51 0.796 1.17 1.1 6.36 % 3030 2930 3.4%
rht-MOF-7 0.789 cage 25.68 32.04 0.801 0.79 0.81 -2.47 % 1950 2270 -14.1 %

Cu-MOF-74 1.206 channel 16.26 20.01 0.813 0.47 0.49 -4.08 % 1270 1190 6.7 %
UiO-67 0.724 cage 31.14 36.90778 0.84372 0.91 0.89 2.25% 2360 2910 -18.9 %
CYCU-3-Al 0.442 channel 44,92 63.27048 0.70997 1.56 1.64 -4.88 % 2450 2865 -14.5 %

Zny(bdc),(dabco)  0.828 channel 25.72 33.21 0.775 0.76 0.71 7.04 % 2020 1990 1.5%
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Fitting of pore occupancy vs pore volume and cross-validation

Six MOFs from single measurement with consistent experimental surface area and
theoretical surface area, are used in pore occupancy fitting and cross-validation: HKUST-1;
NU-125; UiO-68-Ant; NU-1000; Zn,(bdc),(dabco); Cu-MOF-74 as shown in Table S2.
Table S2. MOFs for the fitting of pore occupancy vs pore volume

MOF Pore geometry type Pore volume Pore occupancy
HKUST-1 cage 0.78 0.84438
NU-125 cage 1.34 0.783

UiO-68-Ant cage 1.21 0.79589
NU-1000 channel 1.5 0.67928
Zn,(bdc),(dabco) channel 0.78 0.77451
Cu-MOF-74 channel 0.47 0.8126

Pore occupancy was fitted as: O = 0.992 — 0.149 x V,, for cage-type MOFs O =
0.881 —0.128 x V,, for channel-type MOFs. (Also see Figure 2a.)

To assess the justification of fitting in two categories: cage-type and channel-type
MOFs, cross-validation was performed in two ways: 1. two separate sets of three MOFs:
cage-type and channel-type; 2. one set of six MOFs. For each set of MOFs, one MOF was
chosen as test set, and the rest of MOFs were fitting set. After the correlation was fitted with
fitting set, the test set was used to evaluate the accuracy of the fitted equation. For example, in
Table S3 No.1, HKUST-1 was choosen as test set, and the other two cage-type MOFs NU-
125 and UiO-68-Ant are fitting set to obtain the equation O = a x V, + b (O is pore
occupancy, V, is pore volume). Once the equation is fitted, the pore occupancy of HKUST-1
was predicted by the equation as 0.84147 which deviates from the acctual occupancy 0.84438
by -0.3 %.

As shown in Table S3, the deviation of test set prediction ranges from 0.1 % to 1.0 %
if the MOFs are separated into two sets based on their pore geometry. In contrast, fitting six
MOFs together lead to much higher deviation from 5.5 % to 15.0 % as shown in Table S4.
Therefore, the catagorization of two sets of MOFs based on their pore geometry is more
reasonable than fitting with all six MOFs together.

Table S3. Cross-validation of fitting for pore occupancy with two sets of MOFs: cage type
and channel type of MOFs.

No. MOFs type a b Test set Deviation % of test set
1 Cage -0.0991 0.9158 HKUST-1 -0.3
2 Cage -0.10541 0.92344 NU-125 -0.1
3 Cage -0.10402 0.92239 UiO-68-Ant 0.1
4 Channel -0.12285 0.87034 NU-1000 1.0
5 Channel -0.12943 0.87343 Zn,(bdc),(dabco) -0.3
6 Channel -0.13226 0.87768 Cu-MOF-74 0.4
-Fitting equation: pore occupancy O = a x V, + b; (V, is the pore volume in cm®/g)
-Three cage-type MOFs used for cross-validation: HKUST-1;NU-125; UiO-68-Ant;
-Three channel-type MOFs used for cross-validation: NU-1000; Zn,(bdc),(dabco); Cu-MOF-74
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Table S4. Cross-validation of fitting for pore occupancy with all six MOFs regarless of the
pore geometry.

No. a b Test set Coefficient (R”) | Deviation % of test set
1 -0.08154 0.85549 HKUST-1 0.43979 -5.9
2 -0.11777 0.89227 NU-125 0.59398 -6.2
3 -0.1086 0.88388 UiO-68-Ant 0.57683 -5.5
4 -0.03498 0.8339 NU-1000 0.20416 15.0
5 -0.10858 0.89747 Zny(bdc),(dabco) 0.55936 4.9
6 -0.12845 0.91876 Cu-MOF-74 0.51671 5.6

-Fitting equation: pore occupancy O = a x V, + b; (V, is the pore volume in cm’/g)
-All six MOFs used for cross-validation: HKUST-1;NU-125; UiO-68-Ant; NU-1000; Zn,(bdc),(dabco);

Cu-MOF-74

Our empirical equations:

Nt = 42.22 % V, —6.36 x V,” for cage-type MOFs;

Nt = 37.49 X V,, —5.44 x V2 for channel-type MOFs;

Cahine’s rule:

Nt = 1.91 x 10 x SA x1000 + 2.02 + 15.528 x V,

=0.946 x SA + 15528 x V/,

Niot IS in mmol/g, V,, is pore volume in cm®/g, and SA is BET surface area in m%/g.

Scheme S1. Our empirical euqations and Cahine’s rule to predict the H; total adsorption

under 100 bar and 77 K.
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Table S5. List of experimental H, total adsorption under 100 bar and 77 K, in comparison of
predicted values by our equations and Cahine’s rule.

Pore |Surface| Pore Measured Predicted by
volume | area |geometry total Predicted by |Deviation %| Chahine’s | Deviation %
(cm*/g) | (m?qg) type adsorption |our equations | of our rule of Chahine’s

MOFs (mmol/g) (mmol/g) equations | (mmol/g) rule
NU-1103 | 2.72 | 6245 | cage 73.97 67.83 -8.30 101.29 36.93
NPF-200 | 217 | 5830 | cage 65.723 61.85 -5.90 88.98 35.38
NU-1101 | 1.72 | 4340 | cage 52 53.82 3.51 67.74 30.28
NU-1102 | 1.63 | 3720 | cage 54.4 52.37 -3.74 60.80 11.76

CYCU-3-Al| 156 | 2450 | channel |  44.92 45.26 0.76 47.39 5.50
NOTT-112| 1.44 | 3440 | cage 47.86 47.62 -0.49 54.89 14.68
MOF-5 1.3 | 3800 | channel 43 40.94 -4.80 54.33 26.34
Uio-67 0.91 | 2360 | cage 31.14 33.16 6.49 36.45 17.04
rht-MOF-7 | 0.79 | 1950 | cage 25.68 29.39 14.45 30.71 19.57
**All above MOFs are not used for empirical equation fitting to validate our equations.
Table S6. Experimental pore properties of some representative highly porous MOFs.
MOF Pore Pore Gravimetric | Density | Volumetric | Reference
Volume | geometry Surface (g/cm®) Surface
(cm®/g) type | Area(m?/g) Area
(m*/cm?)

DUT-60 5.02 cage 7839 0.126 988 <]
NU-110E 4.40 cage 7140 0.237 1692 °]
NU-1103 2.91 cage 6550 0.298 1952 -]
MOF-210 3.60 cage 6240 0.25 1560 1°]
NU-1104 2.79 cage 6230 0.291 1813 -]

NU-100 2.82 cage 6143 0.303 1861 L7]

(PCN-610)

NPF-200 2.17 cage 5830 0.389 2268 1°]
UMCM-2 2.32 cage 5200 0.4 2080 1]

NU-111 2.09 cage 4930 0.409 2016 L10]
NU-1102 2.00 cage 4830 0.403 1946 -]
NU-1301 3.90 cage 4750 0.124 589 1]
MOF-200 3.59 cage 4530 0.222 1006 1°]
MOF-205 2.16 cage 4460 0.382 1704 1°]
NU-1101 1.72 cage 4340 0.458 1988 -]

Cu-tbo- 1.12 cage 3971 0.595 2363 12

MOF-5

MOF-5 1.3 channel 3800 0.59 2242 1+2]
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Table S7. Pore properties of three major cavities in NPF-200

Cavity-1 Cavity-2 Cavity-3
Diameter 19 13 11
A)
Aperture 9.3 9 11
(A)
D/A 2 1.4 1

structure.

—— NPF-200_Measured

—— NPF-200_Simulated

A
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Figure S2. PXRD of NPF-200 and comparison with that simulated from single crystal
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Figure S3. N, adsorption of NPF-200 at 77 K. BET surface area is calculated as 5830 m?/g
using pressure (P/Pg) range of 0.031 to 0.116 with fitting r’= 0.99947.
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Table S8. List of MOFs material and their pore volume, H, total adsorption and working

capacity.
MOF Pore H, total Working capacity References
volume | adsorption | Gravimetric | Volumetric
(cm®g) | (mmoll/g) (Wt %) (g/L)

NPF-200 2.18 65.72 8.7 37.2 This work
HKUST-1 0.75 28.04 2.0 17 114]
NOTT-112 1.44 47.86 5.3 24 114]

NU-125 1.33 44.67 4.1 24 114]
rht-MOF-7 0.79 25.68 1.8 14 114]

Cu-MOF-74 0.47 16.26 1.0 13 1141
PCN-250 0.71 28.35 1.8 16 1141
NU-1000 1.48 43.38 5.2 30 1141

UiO-67 0.91 31.14 2.9 20 114]
UiO-68-Ant 1.17 41 4.3 26 114]
CYCU-3-Al 1.56 44.92 5.5 27 114]
Zn,(hdc),(dabco) 0.76 25.72 1.6 14 1141

NU-1101 1.72 52 6.1 30 (1]

NU-1102 1.65 54.4 6.9 31 (1]

NU-1103 2.72 73.97 10.1 33 1]

MOF-5 1.36 43 45 311 (18]
IRMOF-20 1.65 Unavailable 5.7 334 (18]

SNU-70 2.14 | Unavailable 7.8 34.3 18]
UMCM-9 2.31 Unavailable 7.3 34.1 L16]

NU-100 3.17 Unavailable 10.1 355 L16]

*Total adsorption is measured under 100 bar and 77 K, working capacity is between 100 bar
and 5 bar at 77K.
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