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ABSTRACT: C2 hydrocarbon separation from methane repre-
sents a technological challenge for natural gas upgrading. Herein,
we report a new metal—organic framework, [Cu,L(DEF),]-2DEF
(UNT-14; H,L = 4,4',4",4”-((1E,1'E,1"E,1”E)-benzene-1,2,4,5-
tetrayltetrakis(ethene-2,1-diyl) )tetrabenzoic acid; DEF = N,N-
diethylformamide; UNT = University of North Texas). The linker
design will potentially increase the surface area and adsorption
energy owing to z(hydrocarbon)—z(linker)/M interactions, hence
increasing C2 hydrocarbon/CH, separation. Crystallographic data
unravel an sql topology for UNT-14, whereby [Cu,(COO),]
[L]* paddle-wheel units afford two-dimensional porous sheets.
Activated UNT-14a exhibits moderate porosity with an exper-
imental Brunauer—Emmett—Teller (BET) surface area of 480 m* ¢! (vs 1868 m” g~' from the crystallographic data). UNT-14a
exhibits considerable C2 uptake capacity under ambient conditions vs CH,. GCMC simulations reveal higher isosteric heats of
adsorption (Q,.) and Henry’s coefficients (Ky;) for UNT-14a vs related literature MOFs. Ideal adsorbed solution theory yields
favorable adsorption selectivity of UNT-14a for equimolar C,H,/CH, gas mixtures, attaining 31.1, 11.9, and 14.8 for equimolar
mixtures of C,Hy,/CH,, C,H,/CH,, and C,H,/CH,, respectively, manifesting efficient C2 hydrocarbon/CH, separation. The
highest C2 uptake and Q, being for ethane are also desirable technologically; it is attributed to the greatest number of “agostic” or
other dispersion C—H bond interactions (6) vs 4/2/4 for ethylene/acetylene/methane.
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B INTRODUCTION separation of C2 hydrocarbons from methane is performed via
a cryogenic distillation method at low temperature and high

Natural gas has garnered significant attention in the modern ) : ‘
pressure. This commercially established process suffers from

civilization as a source of clean energy, in part because its

combustion releases approximately half the amount of CO, high-energy consumption and a high installation cost.
that is produced by gasoline combustion.' ™ Methane, the Therefore, it is imperative to develop an alternative method
dominant component of natural gas, has tremendous to make this process capital- and enel‘g}’—efﬁdent-ls

applications in electricity production, heat generation, and Among several advanced separation methods, adsorptive
transportation.” Apart from this, the chemical utilization of separation using porous materials has been proven to be most
methane to other chemicals such as production of chloro- promising.18 Metal—organic frameworks (MOFs), the most
methanes, acetylene, and methanol is also important.”~® popular porous materials, have come to the forefront over the
Natural gas contains 75—90% of methane, some higher past two decades because of their potential application in
hydrocarbons (such as ethane, ethylene, and acetylene), and hydrocarbon separation under ambient conditions.'”~>*> MOFs

trace amounts of other impurities.” These impurities degrade
the quality of methane and may complicate the product
isolation processes.” Consequently, the separation and
purification of methane is essential for further application in
the industries.'”'" On the other hand, C2 hydrocarbons have
massive scale usage in the petrochemical industries for the
production of polymer, synthetic rubber, and plastic.'”>™'® As a
result, the separation of C2 hydrocarbons from methane is not
only beneficial for natural gas upgrading but also advantageous
for the recovery of C2 hydrocarbons.'” In industry, the

are coordination polymers constructed by joining metal ions or
metal clusters with organic linkers containing Lewis basic
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Scheme 1. Structure of the (a) Organic Linker H,L vs (b—d) Analogous Literature Linkers
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Scheme 2. Synthesis of the MOF Material, UNT-14
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Figure 1. Single-crystal X-ray structure of UNT-14, (a) showing that each of the linker is connected with four paddle-wheel Cu,(COO), secondary
building units; the pore channels are viewed along the (b) a axis, (c) b axis, and (d) ¢ axis. (C: gray, H: white, O: red, Cu: blue.) Solvent molecules

were omitted for clarity.

binding atoms.”® As these materials (MOFs and congeners
thereof) are constructed from long organic linkers, they
encompass a large void space and therefore have the property
of permanent porosity, high surface area, and ultralow
density.””

suitable pore sizes, and a high density of open metal sites,

*® Owing to the quality of a large surface area,

MOFs exhibit remarkable adsorptive separation. To date, some
MOF materials have been reported for the selective sorption of

C2 hydrocarbons over Cl1 methane under ambient con-
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e 1520-42
ditions, ™

these separation applications.
During our research on porous materials for gas storage and

revealing the enormous potential of MOFs for

separations, we have developed a new organic linker H,L. (H,L
= 4,4',4",4" ((1E,1'E,1"E,1"E)-benzene-1,2,4,5-
tetrayltetrakis(ethene-2,1-diyl) )tetrabenzoic acid), an ex-
panded analogue of 1,2,4,5-benzenetetracarboxylic acid. The
linker design is such that it adds an unsaturated C2 spacer
between the central and peripheral aromatic rings so as to
potentially increase the surface area due to the overall larger

https://doi.org/10.1021/acs.inorgchem.4c00188
Inorg. Chem. 2024, 63, 8664—8673
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Figure 2. Gas sorption isotherm of UNT-14a: (a) N, sorption at 77 K and (b) CO, sorption at 195 K.

linker size and afford a higher adsorption energy to unsaturated
C2 hydrocarbons (possibly due to the “like dissolves like” rule
of thumb), hence increasing their separation from methane.
We assess these hypotheses in view of the crystal structure
obtained and the separation of C,H,/CH, mixtures at 298 K vs
pressure in comparison to available literature data for MOFs
that employ similar linkers (Scheme 1).

B EXPERIMENTAL SECTION

Synthesis of Organic Linker H4L. H,L was synthesized in two
steps using 1,2,4,5-tetrabromobenzene as the starting material. The
first step was a Heck coupling reaction of the starting material to yield
Me,L. Obtained Me,L was then hydrolyzed to yield H,L. Details can
be found in the Supporting Information.

Synthesis of UNT-14. UNT-14 was synthesized by a
solvothermal reaction at 60 °C. A homogeneous solution of H,L
and Cu(NO;),-2.5H,0 in a mixed solvent system of DEF/H,0 was
heated in an oven for 3 days to obtain UNT-14 as green crystals.
Details can be found in the Supporting Information (Scheme 2).

Simulation Details. Monte Carlo (MC) simulations were applied
to determine the isosteric heats of adsorption (Q,) and Henry’s
coefficients (Ky) for C,Hy, C,H,, C,H,, and CH,. Two 1 X 10°
GCMC cycles were used, one cycle for equilibration and another
cycle to obtain the average properties.*

Each GCMC cycle consists of N steps, where N is the number of
adsorbates in the simulation box. (The number of steps per cycle is
not allowed to be lower than 20; so, if there are less than 20
adsorbates in the simulation box, a cycle consists of 20 steps.) The
TraPPE force field was used to model CH,. Lennard-Jones parameters
for the framework atoms were taken from the universal force field
(UFF)** and partial charges were calculated from the extended charge
equilibrium method. Cross Lennard-Jones parameters were deter-
mined using Lorentz—Berthelot mixing rules. All of the L-J
parameters of the adsorbates can be found in the Supporting
Information.

A cutoff distance of 12.8 A was used for all Lennard-Jones
interactions, and tail corrections were neglected. Long-range electro-
static interactions were accounted for by the use of the Ewald
summation method. The simulation box was constructed of 3 X 3 X 2
unit cells with periodic boundary conditions applied in all directions.
Framework atoms were held fixed during the GCMC simulations.

Henry’s coefficients (Ky) were calculated using the Widom
insertion method.*> In the Widom method, the adsorbate molecule
is inserted in the adsorbent at randomly chosen positions, and its
energy is calculated each time before it is removed from the system.
By repeating the process over a large number of random points, it is
possible to evaluate the guest—MOF interaction without taking into
account the contribution of guest—guest interactions.*®

B RESULTS AND DISCUSSION

The organic linker H,L was directly synthesized through a
Heck coupling reaction, followed by hydrolysis in basic media
and then acidification. A solvothermal reaction of H,L with
Cu(NO;),-2.5H,0 in DEF/H,O afforded green crystals of
UNT-14. UNT-14 has a formula of [Cu,L(DEF),]-2DEF,
derived from crystallographic data, elemental analysis, and
TGA.

Single-crystal X-ray analysis indicates that UNT-14 crystal-
lizes in the triclinic space group P1. As shown in Figure 1, the
framework is composed of paddle-wheel dinuclear
Cu,(COO0O), secondary building units (SBUs) that are linked
with the organic linker L*~ to obtain a two-dimensional (2D)
structure, as is common for Cu(Il)-polycarboxylate MOFs in
the literature utilizing smaller linkers, as shown in Scheme
1Y% UNT-14 shows a 32.5-c connected net of the sql
topology. UNT-14 exhibits one-dimensional (1D) stacking
(along the b axis) of the 2D pores with the dimensions of
10.724 x 18.187 A? giving rise to infinite three-dimensional
(3D) channels. Simulation reveals* that the void space
accounts for 69.9% of the whole framework. Solvent molecules
are coordinated with the Cu atoms along the axial positions
(not shown in the figure). It is anticipated that the axial solvent
molecules can be readily removed to generate open Cu®* metal
sites, suitable for gas sorption.

The phase purity of the bulk material was confirmed by
PXRD analysis. As shown in Figure S13, the diffraction pattern
of the as-synthesized and activated samples are consistent with
the simulated pattern, derived from the single-crystal X-ray
crystallographic data. The crystallinity of the as-synthesized
and activated samples remains intact even after exposure to air
for 14 days under ambient conditions. This outcome indicates
the robust nature and structural stability of the material UNT-
14, which is desirable for practical applications.

We conducted scanning electron microscopy (SEM) analysis
as well for the activated MOF material, UNT-14a. Figure S14
displays the SEM images of UNT-14a. Well-shaped and high-
quality crystals were observed in the SEM micrograph,
signifying that the activated material was highly crystalline, a
finding that is consistent with the results obtained from the
PXRD patterns. As shown in Figure S14, UNT-14a crystals
were composed of polyhedron particles with a particle size of
<10 pm.

The permanent porosity of UNT-14 was determined by N,
sorption measurements at 77 K and CO, sorption measure-
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Figure 3. Single-component adsorption isotherms for C,H, C,H,, C,H,, and CH, of UNT-14a at (a) 298 and (b) 273 K, respectively.

ments at 195 K. Prior to gas sorption measurements, as-
synthesized UNT-14 was guest-exchanged with dry THF
followed by activation at room temperature to get the activated
sample UNT-14a. As shown in Figure 2, activated UNT-14a
adsorbs 72.5 cm® ¢! of N, and 216.1 cm® ¢! of CO, at 1 bar
with a temperature of 77 and 195 K, respectively. The
corresponding pore volumes were found as 0.11 and 0.39 cm®
g ! based on N, and CO, sorption measurements, respectively.
Pronounced pore filling was observed at a higher relative
pressure for both the gases with significant hysteresis during
desorption, displaying type II sorption behavior. It is apparent
that the pronounced pore filling is due to the presence of larger
pores inside the MOF material, as is common for the porous
materials having a combination of micropores and meso-
pores.””" The pore size distribution chart (Figure $12) is also
consistent with this phenomenon.

The Brunauer—Emmett—Teller (BET) surface area was
calculated to be 152 and 480 m* g™, respectively based on N,
and CO, adsorption isotherms. Apparently, N, uptake is much
lower compared to CO, uptake. We speculate that this low N,
uptake is due to the strong host—guest interaction between the
nitrogen guest molecules and the channel windows, resulting in
the blockage of N, diffusion into the pores. The low kinetic
energy of N, molecules could also be responsible for this low
uptake.”>>* The experimental BET surface areas are
significantly lower than the theoretical surface area (1868 m*
g™ "), calculated from the crystallographic data. We hypothe-
sized that this low surface area is because of the constriction of
pores with the presence of DEF solvent molecules into the
pores, possibly due to incomplete activation.””*® The
experimental TGA profile (Figure S1S5) is consistent with
this hypothesis. As shown in Figure SIS, the initial 10.1%
weight loss of UNT-14a occurs below 300 °C, which could be
attributed to the removal of physically adsorbed gases,
moisture, and remaining DEF molecules inside the material.
The existence of defects in MOFs could be another reason for
the low experimental surface area.’” For instance, the work of
Yao et al. demonstrated that the experimental BET surface area
of a MOF material could be significantly lower (as low as ~700
m* g~! compared to ~1900 m*> g™' for “ideal” MOF-74) than
that of the theoretical value with the increase in the defect
concentration.”” Additionally, 2D MOFs and COFs very often
encounter offset packing of the 2D layers that could result in
the bslgoscgkage of the pore channels, leaving low surface
areas.”

8667

It should be worth mentioning that it is quite difficult to
achieve the theoretical BET surface area values by
experimental results since real samples contain defects or
traces of solvent, eventually decreasing gas uptake, viz.,, BET
surface areas.®® In consistent with this statement, the
experimental and theoretical BET surface areas of UTSA-
60" (Scheme 1c linker) were found as 484 and 1621 m* g™/,
respectively. The theoretical pore volumes for UNT-14a and
UTSA-60 were calculated as 0.724 and 0.729 cm® g/, using
crystallographic data.

After determination of the permanent porosity, we explored
the light hydrocarbon (C1 and C2) uptake capacities of UNT-
14a. The single-component adsorption isotherms of C,Hq,
C,H,, C,H,, and CH, were measured for UNT-14a up to 1
bar at 298 and 273 K, respectively. As shown in Figure 3,
UNT-14a has a significantly higher C2 hydrocarbon uptake
than C1 methane. At 298 K, UNT-14a can take up a
considerable amount of C,H, (30.6 cm® g™!), C,H, (25.1 cm?®
g™"), and C,H, (27.6 cm® g™') but only a small amount of CH,
(8.5 cm® g7!). At 273 K, there was an increase in the uptake
capacities of C,Hg (37.0 ecm® g™'), C,H, (30.5 cm® g7'), and
C,H, (33.4 cm® g'), which is still higher than that of CH,
(13.7 em® g'). This data indicate that UNT-14a is a
promising material for the selective adsorptive separation of
C2 hydrocarbons from CH, at ambient conditions (Table 1).

Table 1. Hydrocarbon Uptake Data of UNT-14a

uptake at 298 K uptake at 273 K

hydrocarbon  em® ¢! cm®em™ (v/v) m’g!  om® em™ (v/v)
C,H, 306 409 37.0 49.5
C,H, 25.1 33.6 30.5 40.8
CH, 276 369 334 447
CH, 8.5 114 13.7 18.3

We simulated the binding energies (BEs) for C,H, and
C,H, with all four linkers presented in Scheme 1. Table 2
displays the BE values. It is apparent that for both C,H, and
C,H,, the BE values follow the order linker a > linker ¢ > linker
b > linker d, which is in accordance with our hypotheses.
Though the BE values are higher for linker 4 than for the other
linkers, the experimental C2 hydrocarbon uptake is lower for
UNT-14a than that of the MOFs obtained from the
corresponding linkers, UTSA-60 for linker ¢ and ZJU-30 for
linker b. We assume that this low uptake is due to the presence

https://doi.org/10.1021/acs.inorgchem.4c00188
Inorg. Chem. 2024, 63, 8664—8673


https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.4c00188/suppl_file/ic4c00188_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.4c00188/suppl_file/ic4c00188_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.4c00188/suppl_file/ic4c00188_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00188?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00188?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00188?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.4c00188?fig=fig3&ref=pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.4c00188?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Inorganic Chemistry

pubs.acs.org/IC

Table 2. Binding Energy Values of Unsaturated C2
Hydrocarbons with Scheme 1 Linkers

linker BE (k] mol™") for C,H, BE (k] mol™") for C,H,
a —27.94 —-32.39
b —20.37 —25.87
c —23.83 —27.68
d —19.98 —25.03

of larger pores in UNT-14a compared to UTSA-60 and ZJU-
30 that have smaller micropores.”’ Also, the experimental
C,Hg uptake is higher than that of C,H, and C,H, both at 273
and 298 K. We speculate that this finding is due to the larger
kinetic diameter of the C,H, molecule (C,Hg: 4.443 A; C,H,:
4.163 A; C,H,: 3.300 A) as well as the stronger “agostic”
interaction of the C—H bonds of the C,H, molecule with the
unsaturated metal sites.”>%* The highest uptake and Q,, for
ethane among C2 hydrocarbons are also desirable technolog-
ically, given the higher concentration of ethane than that of
ethylene or acetylene in natural gas.”® From a scientific point of
view, on the other hand, this finding is likely attributed to the
greatest number of agostic and other dispersion interactions
involving C—H bonds (6 bonds) in ethane vs 4 or 2 bonds in
ethylene or acetylene (or 4 bonds in methane), as the
theoretical results below shed some light upon. These positive
results for UNT-14 are akin to those achieved for a small
number of MOFs in the literature that have counterintuitively
exhibited a higher C,H, uptake over C2H4.66’67

Density functional theory (DFT) has been used to
investigate the probable adsorption sites of the adsorbate
hydrocarbon molecules (C,H,, C,H,, C,H,, and CH,) by
studying their dispersion interaction energies with both the
linker alone (77w stacking interactions for unsaturated
substrates, Table 2) and the metal center (metal-- 7
interactions for unsaturated substrates and metal---C—H
bond agostic interactions for all substrates, Table 3 and Figure

Table 3. Interaction Energies, Enthalpies, Gibbs Free
Energies, and Entropies for C,H,, C,H,, C,H,, and CH,
with the Cu,(OOC-Ph), Cluster Based on B97D/CEP-31G

adsorbate E (kJ mol™) H (k] mol™) G (J mol™) S (kJ mol™'K™")
C,Hq —28.765 —26.849 7.494 —0.118
C.H, —44.160 —42.769 —3.274 —0.132
CH, —39.675 -37.570 —8.755 —0.096
CH, —20.538 —19.027 3.493 —-0.076

4). A small model of the dinuclear Cu,(OOC-Ph), SBU
connected with four benzene groups was considered to observe
the local environment of the Cu atoms in the extended
structure. Three density functionals (B97D, M06, and B3LYP)
in conjunction with the CEP-31G basis sets were used for this
study. The calculations were performed in the Gaussianl6
code.”® As per the DFT calculations, interaction energies of the
hydrocarbon molecules with the Cu,(OOC-Ph), cluster follow
the order C,H, > C,H, > C,Hy; > CH,, which has some
disagreement with the relative experimental uptake capacities
and both the experimental and GCMC simulation-derived Q,,
values. This disagreement could be qualitatively explained by
comparing the preferential adsorption of C,H, C,H,, and
C,H, molecules to that of the Cu** open metal sites. C,H, and
C,H, have preferential adsorption to the Cu®>* open metal sites
and the cumulative interaction energies accounted for both the
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metal---7 interactions and the metal---C—H bond agostic
interactions, whereas C,Hy does not tend to adsorb to the
unsaturated Cu®* centers as a first priority.”**~”" Since only
the metal---C—H bond agostic interactions account for the
cumulative interaction energies for the C,H¢ molecule, the
interaction energies for C,Hy are lower compared to C,H, and
C,H,, which is in accordance with the DFT calculations. In
fact, the C,Hg molecule adsorbs preferentially in the cages of
the framework,”* which could be accounted for via classical
GCMC simulations. The DFT calculation on the Cu,(OOC-
Ph), cluster represents only a segment of the framework,
whereas the GCMC simulations account for all of the cages of
the framework along with the unsaturated metal centers. It
should be noted that the GCMC simulation box was
constructed from 3 X 3 X 2 unit cells with periodic boundary
conditions applied in all directions. Therefore, the isosteric
heat of adsorption values for the C2 hydrocarbon adsorbates at
infinite dilution (Q,,) obtained from GCMC simulations
follow the order C,H¢ > C,H, > C,H, > CH,, which is in
accordance with the experimental uptake capacities.

Ideal adsorbed solution theory (IAST) was applied to
calculate the adsorption selectivity of UNT-14a for the binary
C,H,/CH, equimolar gas mixtures at 298 and 273 K. Figure 5
and Table 4 represent the IAST calculations of C,Hy/CH,,
C,H,/CH,, and C,H,/CH, adsorption selectivities. The
C,H4/CH,, C,H,/CH,, and C,H,/CH, adsorption selectiv-
ities are 31.1, 11.9, and 14.8, respectively, at 298 K with a
pressure of 100 kPa. The selectivity values are 26.4, 13.6, and
12.6, respectively, at 273 K. It should be worth mentioning that
the C,H,/CH, selectivities for UNT-14a under ambient
conditions are higher than many reported MOF materials
such as La(BTB)H,0,"" Zn,(NH,—BTB)—1-im,”* Co(TZB)-
(INT),”* UTSA-36a,”° UTSA-38,”> QMOF-1a,’° and Cu-
(BDC—-OH).”’

Based on the pure component adsorption isotherms at 273
and 298 K, the experimental isosteric heats of adsorption (Q,,)
were determined for C,H, C,H,, C,H,, and CH, using the
virial method. As shown in Figure 6 and Table S, the Q,; values
at zero coverages are 25.02, 18.14, 21.24, and 16.97 kJ mol ™},
respectively, for C,H,, C,H,, C,H,, and CH,. The
experimental isosteric heat of adsorption (Qy) of MOF
materials typically varies with the gas loading (i.e., the amount
of gas adsorbed).”® Most materials feature different adsorption
sites with different surface energies, and therefore the Q, value
depends on the surface coverage of the adsorbent. Addition-
ally, the energetic heterogeneity of a solid surface could be
explained while Q,, is plotted against the adsorbed amount (gas
loading).78 For C,Hj loading in UNT-14a, Q, remains almost
constant throughout the entire loading range. For C,H, and
CH,, Q, increases rapidly with the increase in loading,
meaning that the lateral interactions between C,H, and CH,
molecules are stronger than those of the adsorbate—adsorbent
interactions.”””*" For C,H,, Q, decreases with the increase in
uptake to up to 0.3 mmol g, indicating energetic
inhomogeneities on the adsorbent surface. A steep increase
in Q, is observed after 0.3 mmol g~' of C,H, uptake,
demonstrating that lateral interactions between C,H, mole-
cules are stron%er than those of the adsorbate—adsorbent
interactions.”””*

Apparently, the interaction between C2 hydrocarbons and
the framework is stronger than that of CH,, indicating that
open metal sites also play an important role in the high
selectivity separation of C2 hydrocarbons from C1 methane at
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Figure 4. Graphical representation of the interaction of (a) C,Hg, (b) C,H,, (c) C,H,, and (d) CH, with the Cu,(OOC-Ph), cluster based on
DFT (B97D/CEP-31G) quantum mechanical computations.
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Figure 5. IAST adsorption selectivities for (a) C,H,/CH, (50:50) at 298 K and (b) C,H,/CH, (50:50) at 273 K.

values are higher than those of the experimental values. The
experimental Q,, value of UTSA-60 was ~19 kJ mol™" for
C,H,. The simulated Q, values of UTSA-60"" were 23.34,

Table 4. IAST Adsorption Selectivities for Binary C,H,/
CH, Gas Mixtures

gas mixture temperature (K) mol iy RS ke 22.31, 19.62, and 16.26 kJ mol™", respectively, for C,H, C,H,,
C,He/CH, 298 50:50 311 C,H,, and CH, It is relevant to note that both the
C,H,/CH, 298 50:50 119 experimental and simulated Q,, values of UNT-14a are higher
C,H,/CH, 298 50:50 14.8 than those of UTSA-60, which is consistent with the
C,H,/CH, 273 50:50 264 simulation for the binding energy.

C,H,/CH, 273 50:50 13.6 Besides isosteric heats of adsorption (Q,), Henry’s
C,H,/CH, 273 50:50 12.6

coefficients (Ky) were simulated for both UNT-14a and
UTSA-60 (Table 6) at 298 K. It is observed that Ky values are
higher for UNT-14a compared to UTSA-60, indicating the
stronger interaction of the hydrocarbon molecules with the
framework material.

room temperature. The experimental Q, values for UNT-14a
are higher or comgarable to a number of MOFs, for instance,
UTSA-60a-Cu,”” ZJNU-61(Ho),** IITKGP-20,'*
Cu,(PMTD),(H,0),"* and SNNU-22.**

The isosteric heats of adsorption (Q,) were simulated as

well for both UNT-14a and UTSA-60. The simulated Q,
values of UNT-14a were 29.82, 28.27, 24.84, and 20.37 kJ
mol™!, respectively, for C,Hy, C,H,, C,H,, and CH,. These
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B CONCLUSIONS

In summary, we have successfully synthesized a new metal—
organic framework, UNT-14, and structurally characterized it.
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Figure 6. Isosteric heats of adsorption (Q,,) for C,H,, C,H,, C,H,,
and CH, in UNT-14a.

Table S. Isosteric Heats of Adsorption (Q,;) for C2 and C1
Hydrocarbons

Q. (k] mol™") for UNT-14a  Q,, (kJ mol™") for UTSA-60

hydrocarbon experimental simulated experimental simulated
C,H, 25.02 29.82 2334
C,H, 18.14 2827 2231
CH, 2124 24.84 ~19.00 19.62
CH, 16.97 20.37 16.26

Table 6. Henry’s Coefficient (Ky) for UNT-14a and UTSA-
60 at 298 K

Ky (mol g™! Pa™) for Ky (mol g™! Pa™) for

hydrocarbon UNT-14a UTSA-60
C,Hg 1.85233 x 107° 2.01318 x 1077
C,H, 1.15279 x 107¢ 1.51871 x 1077
C,H, 1.98091 x 1077 3.77208 x 107°
CH, 493086 x 107* 1.50739 x 107%

UNT-14 is a two-dimensional (2D) framework having a sq!
topology and rhombic pores. The crystallinity of the MOF
material remains intact after activation, as determined by the
PXRD study. A type II sorption profile was observed for UNT-
14a indicating the presence of larger pores inside the material.
Activated UNT-14a takes up a higher amount of C2
hydrocarbons than CH, at room temperature and 273 K,
and within them, a greater preference for ethane adsorption,
both of which findings are preferred technologically for natural
gas purification. GCMC and DFT simulations show that the
binding energy (BE), heats of adsorption (Q,), and Henry’s
coefficients (Ky) are higher for linker a and the MOF UNT-
14a than those of their closest literature analogues. We explain
the preferential adsorption of ethane to be due to its greatest
number of agostic/other dispersion C—H bond interactions
(6) vs 4 or 2 for ethylene or acetylene (or 4 for methane).
IAST selectivity calculations demonstrate that UNT-14a could
be a promising material for the selective separation of C,H,/
CH, under ambient conditions.
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