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A novel zinc(n) metal—organic framework UTSA-67a with narrow
one-dimensional (1D) pore channels and inner cages of moderate
size has been developed for highly selective separation of C,H,/
C,H,4 mixtures at room temperature.

The removal of acetylene from acetylene/ethylene mixtures
(1/99) is an industrially important task given the fact that
pure ethylene has been widely utilized for the production of
polymers and other useful chemicals. During steam cracking
of ethane to produce ethylene in industry, a small amount of
acetylene (typically 1%) is unavoidably generated as one of
the by-products. Because acetylene has a deleterious effect on
end-products of ethylene such as polyethene, it is necessary to
remove acetylene from crude ethylene to the acceptable level of
no more than 40 ppm of impurity. The commercial technologies
for the removal of acetylene include partial hydrogenation and
solvent extraction, which are high cost and energy-intensive.
One alternative energy-efficient strategy is the adsorptive separation
technology which is based on the selective adsorption of porous
materials for acetylene and ethylene. The development of new
porous materials is the key to implement this adsorptive
technology for this important industrial separation.

The last two decades have witnessed the emergence of
porous metal-organic frameworks (MOFs), which can be straight-
forwardly self-assembled from metal ions/clusters and organic
linkers. They have become very promising candidates for gas
storage and separation.>” The richness of metal ions/clusters and
organic linkers has enabled us to rationally tune and predesign
their structures, pore/window sizes, and functionalities for
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the separation of some specific gas molecules.® Recently,
microporous MOFs have been of great interest as promising
candidates for the separation of light hydrocarbons.>”® Among
the diverse gas separations, MOFs for the separation of C,H,/
C,H, have been very challenging and not fully explored because
of their similar sizes, volatilities, and electronic structures of
C,H,/C,H,.> Nowadays two types of MOFs have been realized
for this important separation: (a) those with small pore windows
and thus sieving effects as exemplified in mixed MOFs
(M'MOFs) series'>"" and (b) those with specific open metal
sites as indicated in MOF-74 series.'>"* Despite high selectivities
for C,H,/C,H, separation, those M’'MOFs exhibit extraordinarily
low C,H, uptake capacities due to their narrow pore windows.
In contrast, high densities of open metal sites within the
MOF-74 series can notably enhance their C,H, uptake capacities;
however, their large pores lead to quite low selectivities.'>
Furthermore, the high densities of open metal sites also result
in a strong binding energy for C,H, molecules and thus
significantly high regeneration energy costs. Therefore, an ideal
MOF for this challenging separation should not only have
narrow pore channels to maximize the sieving effects for
achieving high separation selectivity, but also have inner cages
of moderate size to improve C,H, uptake capacity. Very recently,
our group has realized a very promising MOF UTSA-100, whose
pore structures almost meet the above criteria, which exhibits
the best performance so far for the removal of acetylene from
1% acetylene/ethylene mixtures." This encourages us to seek
new MOF materials that have similar structures for highly
efficient C,H,/C,H, separation.

With this goal in our mind, we reported herein the synthesis
of a novel porous MOF (termed as UTSA-67) by making use of a
new tetracarboxylate ligand whose structural features indeed
meet the above-mentioned criteria: narrow 1D pore channels
with 3.3 A diameter for their high C,H,/C,H, sieving effects,
moderate inner cages of 7 A for high C,H, uptake capacity, and
low binding energy due to the absence of open metal sites. As
expected, the C,H,/C,H, separation selectivity of UTSA-67a is
comparable to that of UTSA-100a, and three times higher than

This journal is © The Royal Society of Chemistry 2016
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Scheme 1 Schematic structure of the new organic ligand (H4l) that
serves as a linker in UTSA-67.

those of the MOF-74 series. The inner cages of moderate size
within UTSA-67a can notably improve the C,H, uptake capacity.'®
Most importantly, the absence of open metal sites within
UTSA-67a results in the very low binding energy and thus low
regeneration energy costs, which are much lower than those of
most of the examined MOFs. Taking these results together,
UTSA-67a is indeed among the best materials for the selective
removal of acetylene from ethylene/acetylene mixtures.

The organic linker (H,L, Scheme 1) was simply prepared through
the Suzuki cross-coupling reaction of 3,3',5,5"-tetrabromo-benzidine
with 4 equiv. of 4-methoxycarbonylphenylboronic acid, followed by
hydrolysis and acidification. Reactions of the organic linker and
Zn(NO3),-6H,0 in DMF-EtOH at 80 °C for 24 h afforded yellow
block crystals. Based on single-crystal XRD studies, TGA and
elemental analysis, the as-synthesized UTSA-67 can be formulated
as [Zn,L]-2DMF-4H,0. The phase purity of the bulk material was
independently confirmed by powder X-ray diffraction (Fig. S3, ESI).

Single-crystal X-ray diffraction analysis reveals that UTSA-67
adopts a three-dimensional network that crystallizes in a hexagonal
space group P6522. As shown in Fig. S5 (ESIt), each organic linker
contains two bridging carboxylates, two monodentate carboxylates
and two coordinated amino groups. The secondary building unit
(SBU) is a binuclear zinc cluster in which two equivalent Zn1 atoms
are coordinated by two amino groups and four carboxylate groups
from six different ligands with a Zn1---Zn1 distance of 3.702(1) A
(Fig. 1a). Topologically, each binuclear zinc cluster and each organic
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Fig. 1 X-ray single crystal structure of UTSA-67 indicating (a) the binuc-
lear zinc—carboxylate unit linked by six organic ligands; (b) the pore
channels viewed along the ¢ axes; (c) viewed along the a and b axes; (d)
the inner cages of about 7 A in diameter along the c axes. All hydrogen
atoms have been omitted for clarity. Cyan, blue, red, and gray spheres
represent Zn, N, O, and C atoms, respectively.
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linker can be regarded as 6-connected nodes, which are linked
with each other to form a (6,6)-connected network with the
nia topology. There exist one-dimensional open channels of
about 3.3 A in diameter along the ¢ axis (Fig. 1b), while no
channels along the a and b axes (Fig. 1c). To our surprise, there
are a lot of inner cages of moderate size around the 1D pore
channels (Fig. 1d), which can be used to improve the high C,H,
uptake. These unique pore structures of UTSA-67 suggest its
great potential for selective adsorptive separation of C,H,-C,H,
mixtures.

Prior to gas adsorption measurements, the as-synthesized
UTSA-67 was solvent-exchanged with dry acetone, and then
evacuated at 273 K for 36 h and at room temperature for
an additional 24 h under high vacuum to yield the activated
UTSA-67a. As shown in Fig. S6 (ESI), the permanent porosity of
UTSA-67a was unambiguously established by nitrogen sorption
at 77 K. The N, sorption isotherm at 77 K exhibits a typical
Type-1 sorption behaviour, characteristic of a microporous
material, with an N, uptake of 302.68 cm® g~'. The Brunauer-
Emmett-Teller (BET) surface area and pore volume were estimated
to be 1137 m”> g ! and 0.47 ecm® g™, respectively.

The unique pore structure and permanent microporosity in
UTSA-67a motivated us to examine its potential applications
for the industrially important C,H,/C,H, separation. We first
collected the single-component adsorption isotherms for
acetylene and ethylene up to 1 atm at 296 K, respectively. Due
to the large cages around the 1D pore channels, UTSA-67a can
take up a high amount of C,H, (116 cm® g~ ") at 1 atm and 296 K
(Fig. 2), which is much higher than that of some of the promising
MOFs, such as M’'MOF-3a, UTSA-100a, and UTSA-60a’® (Table 1).
However, a much lower C,H, uptake (63 cm® g™, at 296 K and
1 bar) was observed for UTSA-67a, attributable to the extremely
small 1D pore channels of 3.3 A'® The C,H,/C,H, uptake
ratio of UTSA-67a was estimated to be 1.84 (Table 1), which
is notably higher than the MOF-74 series (1.11-1.16) and
NOTT-300 (1.48). Both the relatively high C,H, uptake and
C,H,/C,H, uptake ratio of UTSA-67a further prompted us to
investigate its feasibility to selectively separate C,H, from binary
C,H,/C,H, mixtures.
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Fig. 2 Single-component adsorption isotherms for C,H, (black) and CoH4
(red) of UTSA-67a at 296 K.
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Table 1 Comparison of some microporous MOFs for C,H,/C,H,4 separation at room temperature

UTSA-67a M’MOF-3a FeMOF-74 NOTT-300 UTSA-100a
Surface area” (m* g~ ) 1137 110 1350 1370 970
Pore volume (cm® g~ ") 0.47 0.165 0.626 0.433 0.399
Size of pore window (A 3.3 x 3.3 3.4 x 4.8 11 x 11 6.5 X 6.5 43 x 4.3
C,H, uptake (mmol g™ ") 5.13 1.90 6.80 6.34° 4.27
C,H, uptake (mmol g™ ') 2.81 0.40 6.10 4.28° 1.66
C,H,/C,H, uptake ratio 1.84 4.75 1.11 1.48 2.57
Selectivity” 5-6 24.03 2.08 2.17 5-10.7
Ref. This work 13 13 14 14
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Fig. 3 (a) IAST calculations of C,H,/C,H4 adsorption selectivities for
UTSA-67a and other examined MOFs at 296 K. (b) Transient breakthrough
of C,H,/CaH4 mixture containing 1% C,H, mixture in an adsorber bed
packed with UTSA-67a. The total bulk gas phase is at 296 K and 100 kPa.
The partial pressures of C,H, and CyHy4 in the inlet feed gas mixture are,
respectively, p; = 1 kPa and p, = 99 kPa. For the breakthrough simulations,
the following parameter values were used, as before, L = 0.12 m; ¢ = 0.75;
and u = 0.00225 m s™%,

We utilized Ideal Adsorbed Solution Theory (IAST) to
calculate the adsorption selectivity of UTSA-67a for the binary
C,H,/C,H, mixture containing 1% C,H,. Fig. 3a makes a
comparison of the adsorption selectivity of the C,H,/C,H,
mixture (1:99, v/v) as a function of total bulk gas phase
pressure between UTSA-67a and other well-known porous
MOFs at 296 K. It can be seen that the initial adsorption
selectivity of UTSA-67a lies in the range of 5-6 at room
temperature. This value is comparable to that of UTSA-100a
(the best reported MOF so far for C,H,/C,H, separation
through a breakthrough and/or fixed bed) and almost three
times higher than those obtained for the MOF-74 series and
NOTT-300. This is really remarkable, making UTSA-67a one of
the promising MOFs with high adsorption selectivities for
C,H,/C,H, separation. Fig. S9 (ESI{) compares the gravimetric
uptake capacities of C,H, for adsorption from mixtures containing
1% C,H,. At a total gas phase pressure of 100 kPa, UTSA-67a shows
a comparatively high uptake capacity, which is comparable to
FeMOF-74 and CoMOF-74, but higher than NOTT-300 and
M’MOF-3a." As a result, the combined features of high adsorption
selectivity and C,H, uptake capacity for UTSA-67a once again
highlight its promising potential for highly selective adsorptive
separation of C,H,-C,H, mixtures.

In order to further prove the feasibility, we performed
transient breakthrough simulations using the methodology
described in previous literature (ESIT)."” Fig. 3b shows the
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concentrations of C,H,/C,H, exiting the adsorber packed with
UTSA-67a as a function of the dimensionless time, 7, at a total
pressure of 1 bar and a temperature of 296 K. We found that the
ethylene gas broke through first due to its lower adsorptivity
relative to acetylene. There was a significant time interval
between the breakthrough of C,H, and C,H,, indicating that
UTSA-67a can efficiently separate C,H, from the C,H,/C,H,
(1/99) mixture at room temperature. The breakthrough time,
Threak Of UTSA-67a, corresponding to the exit gas containing
40 ppm C,H,, can be determined from Fig. S10 (ESIt). During
the time interval 0—tpear, pure C,H, can be collected, which can
satisfy the feedstock requirements of polymerization reactors in
the polymer industry. Table S4 (ESIt) presents a comparison of
the amount of C,H, captured plotted as a function of the time
interval break, where the C,H, capture capacity of UTSA-67a is
comparable to the MOF-74 series, but higher than M’MOF-3,
NOTT-300, and UTSA-60a.

During industrial practice, when the impurity level exceeds
the desired purity level of no more than 40 ppm (indicated by
the dashed line in Fig. S10, ESI}) after a certain time, Tpreal, the
adsorption cycle needs to be terminated, so the regeneration
process can be initiated. As a result, the regeneration energy
cost of a fixed bed is another very important factor that needs to
be considered. Fig. 4 presents a comparison of the heats of
adsorption (Qy) of C,H, in UTSA-67a with other examined
MOFs. Based on the Clausius-Clapeyron equation, the initial
Qs of UTSA-67a was calculated to be 32 KJ mol™*, which was
rapidly decreased to 20 KJ mol ' with the increasing C,H,
loading. We found that the values of Qg in MOFs without open
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Fig. 4 Comparison of the heats of adsorption (Qg) of C,H, in various MOFs.
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metal sites, like UTSA-67a, UTSA-100a and M’MOF-3a, are
significantly lower than that for MOF-74 series and UTSA-60a""
with high densities of open metal sites. It is worth noting that
the value of Qg for UTSA-67a is also lower than the best MOF
UTSA-100a after the C,H, loading exceeded 2.6 mol kg™ *. These
results indicate that the energy required for the regeneration
of UTSA-67a will be lower than that of MOF-74 series and
UTSA-100a, resulting in a significant energy saving. Such
exceptionally low binding energy for UTSA-67a was mainly
attributed to the absence of both open metal sites and free -NH,
groups within this framework. Thus, only the large aromatic sites
of UTSA-67a afford the binding energy to guest molecules.
Although M’MOF-3 shows the lowest Qg for C,H,, the extremely
low C,H, uptake capacity limits its overall performance in
C,H,/C,H, separation.

In conclusion, we have realized a new porous zinc(i) MOF
UTSA-67a with narrow 1D pore channels and inner cages of
moderate size for highly selective separation of C,H,/C,H,
mixtures at room temperature. This material exhibits not only
high C,H,/C,H, separation selectivity but also significantly
high C,H, uptake capacity. Such a high separation capacity of
UTSA-67a was mainly attributed to extremely narrow pore
channels for an extensive sieving effect and inner cages of
moderate size to take up the high C,H, amount. The break-
through simulations further demonstrate the feasibility of
UTSA-67a in the removal of acetylene from acetylene/ethylene
mixtures containing 1% acetylene. Most importantly, the
absence of both open metal sites and free -NH, groups within
UTSA-67a results in its exceptionally low binding energy for
C,H, adsorption, thus leading to a significant energy saving.

This work was supported by an award AX-1730 from the
Welch Foundation (BC).
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1. General Procedures and Materials. All reagents and solvents were commercially
available and used without further purification. 4,4’-diaminobiphenyl -3,3',5,5'-tetrabromide
was prepared according to the literature procedure.! 'H NMR spectra were recorded on a
Varian Mercury 500 MHz spectrometer using tetramethylsilane (TMS) as internal standards.
The coupling constants reported in Hertz. FTIR spectra were performed on a Bruker Vector
22 spectrometer at room temperature. The elemental analyses were performed with Perkin—
Elmer 240 CHN analyzers. Thermogravimetric analyses (TGA) were carried out using a
Shimadzu TGA-50 analyzer under a nitrogen atmosphere with a heating rate of 5 °C min’!.
Powder X-ray diffraction (PXRD) patterns were measured by a Rigaku Ultima IV

diffractometer operated at 40 kV and 44 mA with a scan rate of 1.0 deg min-!.

2. Gas sorption Measurements. A Micromeritics ASAP 2020 surface area analyzer was
used to measure gas adsorption isotherms. To remove all the guest solvents in the framework,
the fresh sample of UTSA-67 was guest—exchanged with dry acetone at least 10 times,
filtered and degassed at 273 K for 36 h, and then at 296 K for another 24 hours until the
outgas rate was 5 pumHg min! prior to measurements. The sorption measurement was
maintained at 77 K with liquid nitrogen. An ice-water bath (slush) and water bath were used
for adsorption isotherms at 273 and 296 K, respectively.

3. Single-crystal X-ray crystallography. The crystal data were collected on an Agilent
Supernova CCD diffractometer equipped with a graphite-monochromatic enhanced Cu Ka
radiation (A = 1.54184 A) at 293 K. The datasets were corrected by empirical absorption
correction using spherical harmonics, implemented in the SCALE3 ABSPACK scaling
algorithm. The structure was solved by direct methods and refined by full matrix least-
squares methods with the SHELX-97 program package.”? The solvent molecules in the
compound are highly disordered. The SQUEEZE subroutine of the PLATON software suit
was used to remove the scattering from the highly disordered guest molecules.? The resulting
new files were used to further refine the structures. The H atoms on C atoms were generated

geometrically.
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4. Fitting of pure component isotherms
Experimental data on pure component isotherms for C,H,, and C,H; in UTSA-67a were
measured at temperatures of 273 K and 296 K. The pure component isotherm data for C,H,,

and C,H, were fitted with the dual-Langmuir-Freundlich isotherm model

b,p" byp™
q qA,sat 1 + bApVA qB,sal 1 + beyB ( )
with 7-dependent parameters ba, and bg
E E
b,=b, eXp(R_;j; by = by, eXp(R_;J ()

The fitted parameter values are presented in Table S2. The fits are excellent for both

components over the entire pressure range.

S. Isosteric heat of adsorption

The isosteric heat of C,H, adsorption, Qy, defined as

o2 Olnp
Qst =RT ( 6T jq (3)

was determined using the Clausius-Clapeyron equation by fitting the adsorption isotherms
taken at 273 and 296 K to a Langmuir expression. Figure 4 presents a comparison of the
heats of adsorption of C,H, in UTSA-67a with five other representative MOFs. We note that
values of Oy in UTSA-67a, UTSA-100a and M’MOF-3a are significantly lower than that for
MOFs with coordinately unsaturated metal atoms UTSA-60a,* FeMOF-74, CoMOF-74, and
MgMOF-74. This implies that the regeneration energy requirement of M’MOF-3a, UTSA-
67a, and UTSA-100a will be significantly lower than that of UTSA-60, FeMOF-74, CoOMOF-

74, and MgMOF-74.

6. IAST calculations of adsorption selectivities
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The selectivity of preferential adsorption of component / over component 2 in a mixture
containing / and 2, can be formally defined as

Sads = ql /qz (4)
pl/Pz

In equation (4), ¢, and g, are the absolute component loadings of the adsorbed phase in
the mixture. These component loadings are also termed the uptake capacities. We calculate
the values of ¢; and ¢, using the Ideal Adsorbed Solution Theory (IAST) of Myers and

Prausnitz.’

Based on the IAST calculations for C,H,/C,H,4 adsorption selectivities, at a total pressure
of 100 kPa, the value of S, for UTSA-67a is in the range of 5-6, which is comparable to
UTSA-100a and UTSA-60a,* but much higher than that for NOTT-300 (2.17)° and MMOF-

74 (in the range of 1.6 to 2.2).

7. Transient breakthrough of C,H,/C,H, mixtures in fixed bed adsorbers

The performance of industrial fixed bed adsorbers is dictated by a combination of
adsorption selectivity and uptake capacity. For a proper comparison of various MOFs, we
perform transient breakthrough simulations using the simulation methodology described in
the literature.5-® For the breakthrough simulations, the following parameter values were used:
framework density, p= 1057 kg m?, length of packed bed, L = 0.12 m; voidage of packed
bed, & = 0.75; superficial gas velocity at inlet, # = 0.00225 m/s. The transient breakthrough

simulation results are presented in terms of a dimensionless time, 7, defined by dividing the

. N Le
actual time, 7, by the characteristic time, — .
u

The transient breakthrough simulations in Figure 3b show the concentrations of C,H,/C,H,
exiting the adsorber packed with UTSA-67a as a function of the dimensionless time, 7.
Analogous breakthrough simulations were performed for UTSA-100a, MgMOF-74, FeMOF-
74, CoOMOF-74, and M’MOF-3a using the isotherm fits parameters that are provided in our

earlier work.® On the basis of the gas phase concentrations, we can calculate the impurity
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level of C,H; in the gas mixture exiting the fixed bed packed with five different MOFs.
Figure S10 shows the ppm C,H,; in the outlet gas mixture exiting an adsorber packed with
UTSA-67a, UTSA-100a, MgMOF-74, FeMOF-74, CoMOF-74, and M’MOF-3a. At a certain
time, Tyreak, the impurity level will exceed the desired purity level of 40 ppm (indicated by the
dashed line), that corresponds to the purity requirement of the feed to the polymerization
reactor. The adsorption cycle needs to be terminated at that time 7., and the regeneration
process needs to be initiated. From a material balance on the adsorber, the amount of C,H,
captured during the time interval 0—7,.,x can be determined. Table 2 provides a summary of
the breakthrough times, 7. for various MOFs and the amount of C,H, captured, expressed
in mmol per L adsorbent in fixed bed

Figure S11 presents a plot of the amount of C,H, captured plotted as a function of the time
interval 7y, The hierarchy of C,H, capture capacities is UTSA-100a > MMOF-74 >

UTSA-67a> M’MOF-3a > NOTT-300 > UTSA-60a (Table S4).

Notation

ba dual-Langmuir-Freundlich constant for species i at adsorption site A, Pa™"
bg dual-Langmuir-Freundlich constant for species i at adsorption site B, Pa™
L length of packed bed adsorber, m

Di partial pressure of species i in mixture, Pa

Dt total system pressure, Pa

qi component molar loading of species i, mol kg'!

4t total molar loading in mixture, mol kg"!

Gsat saturation loading, mol kg'!

O« isosteric heat of adsorption, J kmol-!

t time, s

T absolute temperature, K

u superficial gas velocity in packed bed, m s°!
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Greek letters

£ voidage of packed bed, dimensionless

1% exponent in dual-Langmuir-Freundlich isotherm, dimensionless
Yo, framework density, kg m-

T time, dimensionless

Subscripts

i referring to component i

t referring to total mixture

Scheme S1. Synthetic routes to the organic linker HyL.

COOMe

MeOOC NH, COOMe HOOC NH, COOH
NH2
Br: Br O O
O B(OH), i: NaOH
_— > _—

Pd(PPh3)4, K3PO4 O ii: HCI O
O 1,4-dioxane, 80°C
sl () 1.0 O 1.0
NH; = COOMe HooC Wiz COOH
1

MeOOC
H,L

Synthesis of 4,4’-diaminobiphenyl-3,3',5,5'-tetra-(phenyl-4-carboxylic acid) (H4L): A
mixture of 4,4'-diaminobiphenyl -3,3',5,5'-tetrabromide (2.48 g, 5 mmol) and 4-
methoxycarbonylphenylboronic acid (3.96 g, 22 mmol) were dissolved in dry 1,4-dioxane
(80 mL), which was deoxygenated by three freeze-pump-thaw cycles and then protected
under N, atmosphere. After that, K;PO,4 (2.55g, 12 mmol) and [Pd(PPh;),] (0.3 g, 0.26 mmol)
were quickly added to the reaction mixture with stirring and the mixture was heated to 85 °C
for two days. After cooling down to room temperature, compound 1 was isolated by
conventional extraction and procedures. The final product H4L was obtained by hydrolysis of

compound 1 with 2M aqueous NaOH, followed by acidification with concentrated HCI.
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Yield: 1.5 g (46%). '"H NMR (500 MHz, d®>-DMSO, ppm): 6 = 8.04 (d, J= 8.10 Hz, 8H), 8.01
(d, J = 8.0 Hz, 8H), 7.64 (s, 4H), 6.61 (s, 4H). 13C NMR (d®-DMSO, ppm): & = 167.61,
143.13, 131.66, 130.46, 130.28, 130.21, 128.92.

Synthesis of UTSA-67. A mixture of the organic linker H4L (10.0 mg, 0.015 mmol) and
Zn(NO3),"6H,O (25.0 mg, 0.084 mmol) was dissolved into a 2.4 mL mixed solvent
(DMF/EtOH, 2 mL/0.4 mL) in a screw-capped vial (20 mL). The vial was capped and heated
in an oven at 80 °C for 24 h. Dark yellow crystals were obtained by filtration and washed
with DMF several times to afford UTSA-67 in 60% yield. UTSA-67 has a best formula as
[Zn,L]-2DMF-4H,0, which was obtained based on the basis of single-crystal X-ray structure
determination, elemental analysis and TGA. Anal. Calcd for CygHs50N4O14Zn;,: C, 55.56; H,
4.86; N, 5.40; found: C, 55.37; H, 4.88; N, 5.45. TGA data for loss of 2DMF and 4H,0:

caled: 23.80%, found: 23.75%.

83 82 81 80 79 78 77 76 75 T4

=
;

N

794
4.00-1
434

o o 8071

7 6 5 4 3
Chemical shift (ppm)

Figure S1. 'H (DMSO-ds, 500MHz) spectra of the ligand HyL.
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Figure S2. 3C (DMSO-dg, 500MHz) spectra of the ligand HyL.

— Simulated
—— As-synthesized
— Activated

Intensity

ll n.ll.l..l AALA A =

20/°

Figure S3. PXRD patterns of as-synthesized UTSA-67 (red) and activated UTSA-67a (blue)

along with the simulated XRD pattern from the single-crystal X-ray structure (black).
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Figure S4. TGA curves of as—synthesized UTSA-67.

Figure S5. X-ray single crystal structure of UTSA-67: (a) coordination modes of carboxylate
and amino groups in the organic linker; (b) the coordination environment of the binuclear
zinc cluster; (¢) the pore channels viewed along the ¢ axes. The symbols of * represent the 6-

fold screw axes. (d) the one-dimensional channel along the ¢ axes.
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Figure S6. N, sorption isotherms of UTSA-67a at 77 K. Closed symbols, adsorption; open

symbols, desorption.
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Figure S7. Single-component adsorption isotherms for C,H, (black) and C,H, (red) of

UTSA-67a at 273 K.
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Figure S8. Comparison of component loadings for C,H,, and C,H, at 296 K in UTSA-67a

with the dual-Langmuir-Freundlich isotherm fits.
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- CoMOF-74 C,H,/C,H, mixture;
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Figure S9. IAST calculations of the uptake capacity of C,H, for adsorption from C,H,/C,H,4

mixtures containing 1% C,H,.

The partial pressures of C,H,, and C,H, are, respectively, p; =

1 kPa, p, =99 kPa at T =296 K. The data for FeMOF-74 is at a temperature of 318 K; this is

the lowest temperature used in

the isotherm measurements of Bloch et al.?
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Figure S10. Ppm C,H, in the outlet gas of an adsorber bed packed with UTSA-67a,
MgMOF-74, COMOF-74, FeMOF-74, M’MOF-3a, and UTSA-100a. The total bulk gas phase
is 100 kPa; the partial pressures of C,H,, and C,H, in the inlet feed gas mixture are,
respectively, p; = 1 kPa, p, = 99 kPa. The temperature is 296 K for all MOFs except FeMOF-

74 for which the chosen temperature is 318 K.?

C,H,/C,H, mixture;
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Figure S11. Plot of C,H, captured per L of adsorbent, during the time interval 0—7eq,
plotted as a function of the time interval 7. The temperature is 296 K for all MOFs except

for FeMOF-74 for which the chosen temperature is 318 K.
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Table S1. Crystallographic data and structure refinement results for UTSA-67 (from single-

crystal X-ray diffraction analysis on the as-synthesized sample).

UTSA-67
Formula C40H24N>Zn,014
Formula weight 839.39
Temperature/K 293.00(19)
Crystal system hexagonal
Space group P6522
a(A) 15.9684(5)
b (A) 15.9684(5)
c(A) 33.649(4)
a(°) 90.00
£ 90.00
7 (°) 120.00
Vv (A3) 7430.6(9)
VA 12
Deaieq (g em™) 1.0572
w1 (mm) 1.017
F(000) 2556.0
Crystal size/mm? 0.30 x 0.20 x 0.20
GOF 1.070
Rine 0.0816

R], WRz [I>:2(5 (I)]

R], WR2 [all data]

Largest diff. peak and hole (e A-)

0.1139, 0.2978
0.1616, 0.3341
0.874, -0.675

Table S2. Dual-Langmuir-Freundlich parameter fits for UTSA-67a.

Site A Site B
g A sat bao Ex VA qB,sat bro Ep B
dimensionless
mol kg! Pa™" kJ mol! | dimensionless | mol kg | Pa™" kJ mol!
1
CH, | 1.7 3.07x1010 | 33 1.25 52 5.46x10°11 | 25 1
CH, |5 2.56x10°10 | 26.8 1
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Table S3. Comparison of some microporous MOFs for C,H,/C,H,; separation at room

temperature.

UTSA- M’MO CoMOF- MgMOF FeMOF- NOTT- UTSA- UTSA-
67a F-3a 74 -74 74 300 100a 60a
Surface area
1136.7 110 1018 927 1350 1370 970 484
(m? g™ H)*
Pore volume
0.47 0.165 0.515 0.607 0.626 0.433 0.399 0.189
(cm? g™h)
Size of pore
3.3x3.3 3.4x4.8 11x11 11x11 11x11  6.5x6.5 4.3x43 4.8x4.0
window (A)
C,H, uptake
5.13 1.90 8.17 8.37 6.80° 6.34¢ 4.27 3.12
(mmol g™
C,H, uptake
2.81 0.40 7.02 7.45 6.10° 4.28¢ 1.66 2.05
(mmol g™
C,H,/C,Hy4
1.84 4.75 1.16 1.12 1.11 1.48 2.57 1.52
uptake ratio
Selectivity? 5-6 24.03 1.70 2.18 2.08 2.17 5-10.7 5.5-16
QSt (C2H27 kJ
32 25 45 41 46 32 22 36
mol-1)®
This
Ref. 8 8 8 9 5 5 4
work

@« BET. » At temperature of 318 K. ¢ At temperature of 293 K. ¢ TAST analysis for

C,H,/C,H,4 mixtures containing 1% acetylene at 100 kPa. ¢ The initial Qy values.
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Table 4. Breakthrough calculations for separation of C,H,/C,H4 mixture containing 1 mol%
C,H, at 296 K. The data for FeMOF-74 is at a temperature of 318 K; this is the lowest
temperature used in the isotherm measurements of Bloch et al.” The product gas stream

contains less than 40 ppm C,H,.

MOFs Dimensionless C,H, adsorbed during 0 -7 Ref.
breakthrough time 7 pea | break mmol L7
CoMOF-74 77.4 93.3 8
MgMOF-74 84 101.3 8
FeMOF-74 89.6 100.7 8
UTSA-100a 112 135.5 5
M’MOF-3a 60.2 72.3 8
NOTT-300 56.2 68.3 5
UTSA-60a 55 52
UTSA-67a 70.9 85.7 This work
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