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ABSTRACT: In this work, we report a novel strategy to
increase gas adsorption selectivity of metal organic
framework materials by co-adsorbing another molecular
species. Specifically, we find that addition of tightly
bound NH3z molecules in the well-known metal-organic
framework MOF-74 dramatically alters its adsorption
behavior of CoH, and CoH.. Combining in situ infrared
spectroscopy and ab initio calculations, we find that—as
a result of co-adsorbed NH3z molecules attaching to the
open metal sites—C,H> binds more strongly and diffus-
es much faster than C,Ha, occupying the available space
adjacent to metal-bound NH3z molecules. Most remarka-
bly, CoH4 is now almost completely excluded from en-
tering the MOF once C;H> has been loaded. This finding
dispels the widespread belief that strongly co-adsorbed
species in nano-porous materials always undermine their
performance in adsorbing or separating weakly bound
target molecules. Furthermore, it suggests a new route to
tune the adsorption behavior of MOF materials through
harnessing the interactions among co-adsorbed guests.

KEYWORDS: MOFs, co-adsorption, selectivity, infra-
red spectroscopy, and ab initio calculation

Introduction

Understanding fundamental mechanisms of molecular
co-adsorption in nano-porous materials such as metal-
organic frameworks (MOFs) is of key importance for
realizing their potential in sorption-based storage and
separation applications—yet, remarkably little is known
about them due to the limitations of in situ characteriza-
tion.”” Co-adsorbed impurities are usually regarded as
detrimental in adsorption processes because they occupy
or co-adsorb at the available adsorption sites and thus
deteriorate the materials’ sorption performance for the
target molecules.® & 8% In our previous work,'®> we
found that—contrary to the prevailing assumption that
competing adsorbates such as H.O or NH3 are undesira-
ble in the context of adsorption applications—they can
also play an important role in stabilizing co-adsorbed
molecules such as CO, COy, and SO, by creating addi-
tional diffusion barriers via H-bonding interactions
through the MOF channel.®> This synergistic effect is
particularly emphasized in the prototypical material
MOF-74 [My(dobdc), M=Co?*, Ni?*, Mg?*, etc and

dobdc=2,5-dihydroxybenzenedicarboxylic acid], which
contains a high density of coordinatively unsaturated
metal centers (also called open metal sites) along its
hexagonal channels, which can adsorb weakly bound
molecules (see Fig. 1).1% 16-21 In MOF-74, post-loaded
NHsz successfully traps other preloaded oxygen-
containing molecules inside the MOF.'> On the other
hand, the diffusion of hydrocarbons such as C.Hs and
CsHes is not strongly impeded due to their lack of oxygen
to form hydrogen-bonding interactions.

Figure 1. MOF-74 structure with open metal sites on
pyramid oxide clusters terminated by NHs. Green = Co,
red = O, black = C, blue = N, white = H.

In this work, we report another surprising finding that
co-adsorbed NHj alters the binding energy and diffusion
barrier of CoH2 and C2Hjs to a different degree within the
MOF channels, leading to a notable preferential adsorp-
tion of CzH»> over CoHa. This finding is entirely unex-
pected as their binding energies in pristine MOF-74 is
very similar, resulting in very low selectivity of C;H;
over CyH.t18 22 In situ infrared spectroscopy is em-
ployed since it allows us to directly monitor the kinetics
of multi-components co-adsorption based on their
unique fingerprint bands and further probe molecular
adsorption geometries and guest-guest interactions,?
which are inaccessible through other methods such as
adsorption isotherm or breakthrough measurement. Our
experimental results are coupled with ab initio calcula-
tions to unveil the dynamic adsorption behavior of
mixed gases. We select Co-MOF-74 analogues to study
the co-adsorption of CyH2/C>Ha4 gas mixtures in both
pristine and NHs-loaded samples because they were pre-
viously found to have the strongest interaction with
both acetylene and ethylene owing to the high polariza-
bility of the open Co?* ions.t”* The similarity of their



binding energy (~50.1 for C;H, and ~47 kJ/mol for C.
2H4¥18) in the pristine MOF-74 structure makes their
separation a difficult task.?? In an effort to alter the bind-
ing landscape, we have chosen to terminate the open
metal sites with NHs, which binds strongly through the
donation of its lone pair to form a coordinative bond.®
Note that the volatile NH3 is preferable over H2O in our
present study since the former binds more strongly with-
in MOF-74 (see Fig. S3). Moreover, H>O easily forms
hydrogen-bonded clusters that occupy the entire channel
and block other molecules from entering inside.?*

Experimental section

Sample preparation

Co-MOF-74: Co-MOF-74 was synthesized on the basis of
a previous report.®> Co(NOs)2:6H,0 (75 mg), Linker
DOBDC (15 mg), EtOH (0.5 mL), H.O (0.5 mL), and
DMF (6 mL) were charged into a 20 mL Pyrex vial. The
mixture was heated in 120 °C oven for 24 h. After cooling
down to room temperature, the red—orange Co-MOF-74
were harvested. The MOF materials were further washed
thoroughly with DMF and then exchanged by EtOH for 3
days, during which the solvent was decanted and freshly
replenished three times every day. Then the MOF sample
was stored in a N2 glove box.

Mg-MOF-74: Mg-MOF-74 was synthesized on the basis of
a previous report.?® Mg(NOs)2-6H,0 (80 mg), Linker
DOBDC (18 mg), EtOH (0.5 mL), H.O (0.5 mL), and
DMF (7.5 mL) were charged into a 20 mL Pyrex vial. The
mixture was heated in 120 °C oven for 24 h. After cooling
down to room temperature, the yellow Mg-MOF-74 were
harvested. The MOF materials were further washed thor-
oughly with DMF and then exchanged by EtOH for 7 days,
during which the solvent was decanted and freshly replen-
ished three times every day. Then the MOF sample was
stored in a N2 glove box.

The crystal structure of Co, and Mg-MOF-74 was meas-
ured by PXRD as shown in Fig. S1. The XRD diffraction
pattern of the samples we studied is in agreement with lit-
erature report.?” Thorough solvent exchange, the BET sur-
face area, derived from N adsorption isotherm reaches
1200 and 1430 m?/g for Co, and Mg-MOF-74 (see Fig. S2),
respectively, consistent with the values (835-1292 m?/g of
Co-MOF-74,16: 2830 and 1174-1542 m?/g of Mg-MOF-7416.
28-29,31y reported in previous studies.

In situ Infrared Spectroscopy: in situ IR measurements
were performed on a Nicolet 6700 FTIR spectrometer
equipped with a liquid N2-cooled mercury cadmium tellu-
ride MCT-A detector. The sample of MOF compound (~5
mg) was pressed onto a KBr pellet and placed into a vacu-
um cell placed at the focal point of the sample compart-
ment of the infrared spectrometer. The cell is connected to
different gas lines including C;H,, C,Hs4, NHs, and
C2Ho/CoHs mixed gases (50%/50%) purchased from
Matheson. The samples were activated by evacuation (base
pressure < 20 mTorr) at 180 °C for at least 3 h to remove
adsorbed solvents or H,O (monitored by taking in-situ IR
spectra) and then cooled back to room temperature for re-
cording the reference spectrum and subsequent hydrocar-
bon adsorption measurement. To obtain a sample with the

metal sites fully passivated by NHs, namely NH;@MOF-
74, the activated sample was exposed to ~50 Torr NH3 for
~5 min and subsequently evacuated for ~15 h to remove
weakly bound NHj at the secondary sites. Hydrocarbon
adsorption measurement was further conducted on the
NH;@MOF-74 samples.

Ab initio calculations: Our ab initio calculations were per-
formed at the density functional theory level, using the
plane-wave code VASP 323 and PAW pseudopotentials.
To capture important non-covalent interactions, we made
use of the vdW-DF1 method.3*3" The kinetic energy cutoff
was set to 600 eV; forces were converged to within 1
meV/atom with a SCF criterion of 10 eV. Spin polarized
calculations were performed with the antiferromagnetic
(AFM) ordering for Co.3® Gamma-point sampling is found
to be sufficient due to the large unit cell size (108 atoms for
the pristine empty MOF). Binding energies are calculated
as suitable differences of energies between the loaded MOF
and empty MOF and guest molecule(s). Diffusion barriers
were calculated with the help of transition-state search al-
gorithms. The barrier is then calculated by simulating the
diffusion of the molecules along the channel axis. We used
the climbing image nudge elastic band (cNEB) method for
this purpose.3%-4°

Results and discussion

We start with spectroscopic measurements of the sin-
gle-phase CzH. and C;Hs adsorption in pristine Co-
MOF-74 as a reference. After loading C,H: at 200 Torr
at 25 °C, the characteristic bands v(C2H>) and 6(C2H>)
were detected at 3240 and 760-736 cm™,*! respectively
(see Fig. 2a and Fig. S4). The deformation band 6(C2H>)
was split into two components at 760 and 736 cm™,
which suggests that acetylene molecules are adsorbed
parallel to the plane of the cobalt oxide pyramid clus-
ters,® forming n-complexes with Co?* and leading to the
degeneracy lifting of the in-plane and out-of-plane
mode, which is confirmed by our ab initio calculations.
The relative intensity of in-plane mode at 760 cm™
gradually diminishes as the loading increases, which
could result from the lateral interaction among guest
CoH2.42% After fully evacuating C,H, under vacuum,
the sample was further exposed to 200 Torr CoHa, result-
ing in an intense peak at 973 cm™* that corresponds to the
deformation band & of n-bonded C;H4 on the Co?* cen-
ters (see Fig. 2a).** The stretching band of adsorbed
C2H4 appears at 2937 cm™ with much weaker intensity
(see Fig. S4b). Note that the spectra of both ethylene and
acetylene are dominated by the C-H deformation
bands*, and our analysis here will focus on these
modes. At a pressure of 200 Torr and temperature of 25
°C, the occupancy of C,H, and CzH4 reaches ~1 and 0.8
molecules, respectively, per Co?* site, based on previous
sorption measurements.t”18 After evacuating the ad-
sorbed CzH4 molecules at 25 °C (see Fig. S5b), further
adsorption measurements of a CoH2/C2H4 mixture (~200
Torr/~200 Torr) were performed on the same sample.
Figure 2a shows that CoH, and C,H, are co-adsorbed
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Figure 2. (a) and (b) Spectral evolution of the deformation band & of adsorbed CoHz and CoHa4 in pr}As/tine (a) and NH3-loaded
Co-MOF-74 (b) upon exposure to single C;H, (bottom), C,Hs (middle) at 200 Torr and mixed C,H./C,H4 (top) at 200
Torr/200 Torr. The spectra are referenced to the pristine and NH3-loaded Co-MOF-74 in vacuum. (c) Evolution of integrated
areas of 6(C2H2) and 8(C2H4) bands in single and mixed components adsorption in pristine Co-MOF-74 (i, ii; gray hexagon
and diamond for CoH. and CzHs in their single phase, pink circle and triangle for C,H, and C;H, in their mixed phases) and
NH;@Co-MOF-74 (iii, iv; black hexagon and diamond for C,H, and C2Ha in their single phase, red circle and triangle for
C2H2 and CzHg in their mixed phases). (d) Difference spectrum of NHs-exposed Co-MOF-74 upon gas loading at 50 Torr for
~5 min and subsequently evacuating gas phase for ~15 h (top), compared with the spectrum of activated Co-MOF-74 (bot-

tom), referenced to the blank KBr pellet in vacuum.

inside Co-MOF-74, typified by in-sync growth of their
characteristic bands & at 973, 760 and 736 cm. The
intensities of the 6(C2H4) and 6(C2H2) bands in the gas
mixture decrease by ~60% and ~30%, respectively,
compared with their values in the single-component ad-
sorption (see Fig. 2a and 2c).

After fully desorbing C2H; and CzH4 from pristine Co-
MOF-74, ~50 Torr NH3 gas was introduced to passivate
the active metal sites. The characteristic band of ad-
sorbed NH3; was detected near 3409 and 1112 cm,
which correspond to the N-H stretching (v) and wagging
(o) mode (see Fig. 2d).*®¢ The adsorbed NHjs is strongly
bound inside the MOF due to the formation of a coordi-
native M—N bond, as indicated by the large blue shift of
the @(NHz) band with respect to the gas-phase value at
950 cm™.%6 The region from 1600 to 800 cm™ in the
difference spectrum of Figure 2d is also characterized by
strong perturbations of the MOF’s phonon modes due to
NHs adsorption (see Table S1). Upon evacuation over-
night at room temperature, both v(NH3) band at 3409
cm* and w(NHs) at 1112 cm* remain almost unchanged
(see Fig. S6). CoH, at 200 Torr was loaded again into the
sample with co-adsorbed NHas, referred to here as
NH3;@Co-MOF-74. The spectra were recorded as a
function of time to monitor the kinetics of the adsorp-
tion. Considerable v(C2H2) and 8(CoH,) bands of ad-

sorbed C;H, were observed at 3190 and 763 cm™ (see
Fig. 2c and S7a). Figure 2c shows that C,H, adsorbs
slower in NH;@Co-MOF-74 compared to the pristine
sample. The 8(C2H2) band in NHz@Co-MOF-74 dis-
plays only one component at higher loading, indicating a
modification of the binding configuration due to the
presence of NHs; its total intensity decreases by ~35%
compared with that in pristine sample (see Fig. 2c). The
®(NH3s) band is also perturbed upon loading C,H; rather
than decreased in intensity (see Fig. 2b and discussed
further below), indicating that C,H; interacts with (but
does not displace) co-adsorbed NHs. Note that complete
C2H; desorption is still possible under vacuum (see Fig.
S8a). Loading C;H4 into NHs@Co-MOF-74 was per-
formed in the same manner and monitored by tracking
the 8(C2Ha) band that appears at 967 cm* and exhibits a
red shift of 7 cm with respect to the value in pristine
MOF-74. CyH4 adsorption is obviously decreased and
slowed down in NHs@Co-MOF-74 compared with pris-
tine Co-MOF-74, that is, within ~30 min it only reaches
~25% of the initial loading observed in pristine Co-
MOF-74. After evacuating the sample again of adsorbed
CyHs by pumping under vacuum (see Fig. S8b), a
C2H2/CoHa mixture (=200 Torr/~200 Torr) was intro-
duced to study the co-adsorption in NH;@Co-MOF-74.
To our surprise, C2Ha4 adsorption is strongly suppressed
in the gas-



Figure 3. Configuration of C,H, and C2H4 bound in pristine (a, d) and NH3 loaded (b, €) Co-MOF-74. Color scheme: Green
= Co, red = O, black = C, blue = N, white = H. Panel (c) and (f) show the induced charge densities of C,H, and C;H4 co-

adsorbed with the metal-bound NHs.

mixture and only a tiny peak of adsorbed C,H4 was de-
tected in the difference spectra (less than 10% of the
intensity from single-phase measurement in NHz@Co-
MOF-74 and less than 3% of pristine Co-MOF-74). In
stark contrast, the adsorption uptake and rate of CoHs in
the gas-mixture is almost unaffected, as seen by the evo-
lution of the 8(C2H) band at 764 cm™ in Figure 2c. The
C,H2/CoH4 co-adsorption behavior in NH;@Co-MOF-
74 is also markedly different from pristine Co-MOF-74,
which adsorbs comparable amounts of C,H4 and C,H»
due to similarity of their binding energies and diffusion
barriers. To validate the role of NHj3 in the preferential
adsorption of C;H; over C2Ha4, we perform experiments
on Mg-MOF-74 in a like manner, which shows similar
results (see Fig. S9). All the spectroscopic evidence
shown in Figure S9 suggests that co-adsorbed NHs, in-
stead of the metal center, plays a dominant role in con-
trolling mixed gas C,H»/C>H4 co-adsorption in MOF-74
materials.

To gain mechanistic, molecular-level understanding
of what causes this dramatic change in molecular coad-
sorption behavior upon loading NHz, we turn to ab initio
calculations. Our calculations show that in the pristine
MOF the binding energy for C;H, and C.H4 alone is
48.3 and 48.0 kJ/mol (see Table S2), respectively, which
is in good agreement with the experimental values of
~50.1 and ~47 kJ/mol.*""*® The calculated binding ener-
gy of NHs in the pristine MOF is 73 kJ/mol and thus
significantly stronger than the binding of both hydrocar-

bons, guaranteeing that NH3 remains bound in mixtures
of these gases (see Fig 2b). To further investigate these
interactions, we calculate the induced charge density as
the difference between the total and individual (pristine
Co-MOF-74/NH3@Co-MOF-74 and guest molecules)
charge densities, indicating the charge density rear-
rangement upon formation of the bond. We see that both
guest molecules adsorb parallel to the channel axis and
make a strong bond with the metal-center via C—Co (see
Fig. 3a, 3d and S9). The very similar induced charge
densities explain the very similar binding energies (see
Fig. S10). We next calculate the binding energies of
C2H; and C;H4in NH3z@Co-MOF-74. In both cases, the
hydrocarbons now bind near to the pre-adsorbed NH3
(see Fig. 3b and 3e), however, C;H2 now has a noticea-
ble higher binding energy of 50.3 kJ/mol compared to
C;Ha with a binding energy of only 41.7 kJ/mol (see
Table S2). Clearly, the host-guest interaction is altered
by the presence of NHs. The guest molecules C2H; and
C2H4 now make one hydrogen bond with NH3 via their
electron clouds and another stronger one with the O via
C-H (see Fig. 3c and 3f). In addition, we see a greater
charge transfer in C2H, compared with C;Hs in Figs. 3c
and 3f due to its stronger acidity *’ thus explaining the
favorable binding of the former molecule over the latter
one. We also see the alteration in adsorption orientation
for both guest molecules affected by the presence of
NHs. Particularly, CoH, now binds perpendicular to the
channel axis and occupies most of the available space,
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Figure 4. Energy profile for diffusion of C2H; and C;H,4 through the channel of Co-MOF-74 occupied with NH3 and C;Ho.
The diffusion is modeled along the channel direction through one of the apertures (inner white circle) made by the bound
NHs and CzH, molecules (outer blue circle) in panel (a) and (b). The peak positions are located at 0.09 and 0.83 eV in panel
(c), corresponding to the configuration where the guest molecule is exactly inside the aperture.

forming another smaller channel and thus restricting the
diffusion of the larger CoHs molecule, see Fig. 4. We
thus calculate the kinetics of molecular diffusion in the
presence of NHs. Due to its smaller size and high bind-
ing energy, CoH. will diffuse and occupy the outer re-
gion of MOF-74 channel prior to C2Ha. CzH» will then
take on the configuration shown in Fig. 4a in close prox-
imity to NHs in such a way as to significantly reduce the
channel cross section (pore opening). Using a transition-
state search algorithm, we calculate the diffusion barrier
of both hydrocarbons through the remaining hole in the
middle of the channel (see Fig. 4c). For CzH,, we find a
self-diffusion barrier of 8.9 kJ/mol (~0.09 eV). This
relatively low barrier is a result of the linear shape and
corresponding small kinetic diameter of CoH, (3.3 A)
and can easily be overcome at room temperature, allow-
ing C2H; to diffuse readily into the bulk of MOFs crys-
tallites. On the other hand, for CoHs we find an almost
ten times larger diffusion barrier of 80.4 kJ/mol (~0.83
eV). This large barrier is the result of the noticeably
larger Kkinetic diameter of C;Hs (3.9 A) and is much
harder to overcome at room temperature, explaining the
experimentally observed dramatic drop in CoHs4 uptake
compared to CoH in the measurement of mixed gases
adsorption within NHz;@Co-MOF-74 (see Fig. 2b and
2¢).

Conclusion
In conclusion, we show a novel example of tuning the
adsorption behavior of nano-porous MOF through intro-

ducing co-adsorbed species. In particular, we show that
the pristine MOF-74 structure cannot discriminate be-
tween C2H» and C,Ha molecules. However, after loading
NH3; into MOF-74, this structure shows significant CoH;
uptake and almost no C,H4 uptake in gas mixture exper-
iment due to the modification of both their binding ener-
gy and Kinetic diffusion barrier. Our finding constitutes
a paradigm shift in the search for selective MOFs—
rather than finding entirely new MOF structures that
requires tedious synthetic attempts, we can now simply
turn previously unselective MOFs into selective ones by
pre-loading tightly-bound “‘selector” molecules (see the
similar results in another well-known material HKUST-
1 in Fig S.11). The advantage of our new approach is
that we can choose from a vast array of already well-
characterized MOFs with known routes to synthesis and
physical/chemical properties such as stability, pore
size/distribution, and morphology.
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1. Physical characterization of MOFs samples
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Figure S1. Powder X-ray diffraction pattern of Mg-MOF-74 and Co-MOF-74 sample (after solvent
exchange) with the simulated pattern from single crystal data of Ni-MOF-74 (Chemical Communications
2008, 41, 5125 - 5127).
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Figure S2. N adsorption isotherm in Co-MOF-74 (a) and Mg-MOF-74 (b) at 77 K.



2. IR spectra of adsorbed NHs, C2H2 and C2H4 in Co-MOF-74
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Figure S3. IR spectra of loading NH3 into slightly hydrated (a) Co- and (b) Mg-MOF-74 samples that were
pre-loaded with H,O at ~500 mTorr, in comparison with the spectrum prior to NHs; adsorption. Once NH3
(~50 Torr) was introduced, a quick loss of water bands including vass (H20) was observed, indicating pre-
adsorbed H,O at the metal sites can be readily displaced by post-loaded NHs, characterized by growth of

its wagging band around 1100 cm™.
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Figure S4. IR spectra of C;H; (a) and C,H4 (b) adsorption into pristine Co-MOF-74 upon loading their
single components of gas phase at ~200 Torr as a function of time.



(@) (b)

[0.2 3(C,H)

T T T T T
780 720 660 1020 960

1 Wavenumber cm™
Wavenumber cm

Figure S5. IR spectra of C;H; (a) and CzH. (b) desorption from pristine Co-MOF-74 as a function of
time.
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Figure S6. IR spectra of adsorbed NHs (loaded at ~50 Torr) in Co-MOF-74 upon evacuation process under
vacuum.



3. IR spectra of adsorbed C2H2 and C2H4 in NHz@Co, Mg-MOF-74
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Figure S7. IR spectra of CzH; (a) and CzH4 (b) adsorption into NH;@Co-MOF-74 upon loading their single
components of gas phase at ~200 Torr as a function of time.
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Figure S8. IR spectra of C;H; (a) and C;H. (b) desorption from NH;@Co-MOF-74 as a function of time.
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Figure S9. Spectral evolution of the deformation band & of adsorbed C,H; and C;H. molecules in NHs-
loaded Mg-MOF-74 upon exposure to single C.H, (bottom) and C,H4 (middle) at 200 Torr, and mixed

C2H2/C3H4 at 200 Torr/200 Torr (top).



4. Configuration of adsorbed C2Hz and C2Ha in pristine Co-MOF-74

(d)

Figure S10. Induced charge density isosurface with isovalue of 0.003 e/A3 for C,H. (a, ¢) and CzH, (b, d)
at the metal center of Co-MOF-74. Color scheme: Green = Co, red = O, black = C, blue = N, white = H.



5. Assignment of infrared bands

Table S1. Assignment of infrared bands of pristine Co-MOF-74 observed in Figure 2d.

IR bands Position
v(C-0) of phenolate 1198
S(CH)ip 1154
1123
v(CH)oop 889
B(COO)as 825

Notation and acronyms: v, stretching; B, scissoring; & and y, deformation; ip, in plane; oop, out of plane.

6. Calculated binding energy
Table S2. Calculated binding energy (kJ/mol) of C;H; and C;H4 in pristine and NH;@Co-MOF-74.

CoH: CoH,
Co-MOF-74 48.3 48.0
NH;@Co-MOF-74 50.3 41.7
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7. C2H2 and C2H4 adsorption in pristine and NHs@HKUST-1

We have explored the binding of C2H2/C2H4 in another well-known MOF material, i.e. HKUST-1
(Science, 1999, 283, 1148-1150), before and after binding NHz (see Figure S11). Without the
presence of NHs as selector molecule, C2H2/C2Ha occupy the same open metal sites (Cu?*) and
bind along the chamber (parallel to the pore axis), in the same way as we observe in MOF-74.
However, when NHjs is introduced as selector, all the metal sites are occupied by NHz3, and the
C2H2/C2H4 guest molecules follow an adsorption pattern quite similar to that of MOF-74. Due to
the absence of any open metal sites, guest molecules now bind perpendicular to the pore axis and
near the vicinity of the selector. In this case, the binding energies of CoH2 and C2H4 become 29
and 27 kJ/mol, respectively, showing that C2Hz will bind more favorably than C2H4. Consequently,
the adsorbed C>H> molecules form an additional diffusion barrier by occupying a significant
amount of the pore. In striking similarity with MOF-74, CoHa is excluded due to its larger size
(kinetic effect), and the MOF will only uptake C2H> as observed by mimicking the energy barrier
calculations. This suggests that our observation may be applicable more generally to MOFs with
comparable pore diameter and open metal sites.
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Figure S11. Geometric structure of empty HKUST-1. C,H, adsorption pattern in HKUST-1 occupying the
open metal sites (top inset). NHs binding at the open metal sites (middle inset) and C,H. adsorption pattern
in the presence of the NH; selector (bottom inset). In the latter conformation, C>H, adopts a distinct binding
pattern, narrowing the pore size and excluding bigger molecules such as C,H4 from entering the pore as
shown by the energy barrier calculations. For CoH, a barrier of 0.14 eV is calculated, which can easily be
overcome at room temperature. However, a huge diffusion barrier of 1.1 eV prevents CoHs uptake by
molecular sieving.
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