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High efficiency and energy-saving separation of CaHe/CoH, mixtures to product high purity CoHy is vital and
very meaningful industrial task. However, it remains a formidable challenge to fabricate high-performance ad-
sorbents with simultaneous high CyHg uptake and moderate adsorption enthalpy. Here, we reported a micro-
porous MOF (NKU-0821) with suitable aperture size and F atoms functional pore surface, which can capture
efficiently CoHp from CyHe/CoH4 mixture. Single-component adsorption experiments show that NKU-0821a

(activated NKU-0821) exhibits preferred CoHg uptake at the full-pressure region than CoHy. The corresponding
CoHg adsorption enthalpy of NKU-0821a is 27.3 kJ mol~}, which is lower than most famous CyHg-selective
MOFs. The calculation of IAST selectivity and breakthrough experiments have shown NKU-0821a can effectively
separate CoHe/CoHy mixture under simulated industrial conditions. Moreover, GCMC simulations revealed the

key role of fluorous surface.

1. Introduction

Ethylene (CoHjy), as one of the top-drawer chemical feedstocks in the
world with a spectacular annual outputs exceeded 180 million tons in
2019, currently mainly used to produce important commodity chemicals
such as polyethylene [1,2]. In the industry, the formation of CoHy pre-
dominantly from the steam cracking of ethane (CyHg) or naphtha.
However, as a substantial impurity, CoHg will also usually appear in the
above process [3-5]. In order to meet the purity requirements of
polymer-grade CoHy (>99.95%) for industrial production, the effective
elimination of coexisting CoHg becomes imperative. Attribute to their
exceeding similar physical and chemical properties (boiling point:
184.5 K for CaHg; 169.4 K for CyHy) and structural features (molecular
size: 3.81 x 4.08 x 4.82 A® for CoHe, 3.28 x 4.18 x 4.84 A for CoHy),
the separation of CoHg/CoH4 mixture for CoH4 depuration is very chal-
lenging [6-8]. In actual industrial operation, the high-purity CoHy4 can
be obtained with the aide of high-cost and energy-intensive cryogenic
distillation process [9]. Both industry and academia are eager to develop
alternative technologies to accomplish the aim of green and low-budget
separation pathway. Owing to the advantage of energy-saving and
environment-friendly, adsorption separation with porous solid materials
has aroused great interest in the related fields [10,11]. But, upon most
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occasions, already developed traditional porous materials, such as zeo-
lites, clay, and porous carbons, et.al, suffer from the low adsorption
capacity and poor separation selectivity, which mainly be subjected to
their limited structural components and characteristics that are difficult
to functionalize [12,13].

Metal-organic frameworks (MOFs), as one kind of novel crystalline
porous materials, have shown great application potential in many areas,
such as gas adsorption and separation [14-16], heterogeneous catalysis
[17-19], fluorescent sensing [20-22], drug delivery/biomedicine et.al
[23,24]. On account of their large specific surface area, high porosity,
highly controllable pore size and surface microenvironment, MOFs were
also evolved as adsorbents for CoHg/CoH4 separation. The very begin-
ning, a large numbers of CyHs-selective MOFs have been constructed
based on n-complexing or size sieving strategies [25-28], which
demonstrated efficient separation performance. However, there are also
many significant disadvantages for this type of adsorbents. For instance,
additional desorption steps are required to produce pure CyH4, which
usually contains a purge gas and high temperatures or vacuum condi-
tions. By contrast, CoHg-selective adsorbents are considered to be more
efficient, which can directly harvest high-purity CoHy4 in one step. Up to
now, although numerous progress has been made to develop CoHe-se-
lective MOF for CoHg/CoH4 separation [29-31], it is still challenging to
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simultaneously achieve both high CyHg capacity and low adsorption
enthalpy.

Owing to the slightly bigger size and more H atoms, CoHg is expected
to form more and stronger bonds with the high-polarize pore walls
functionalized special sites. Theoretically, polar F atoms with appro-
priate distribution can serve as strong binding sites for CoHg through
hydrogen bonds, resulting in notably improved CaHg/C2Hy selectivity.
The suppose has been confirmed by our recent work and some related
previous reports [32-35]. For further exploration, herein, adopting
terephthalic acid containing fluoride pyridine unit (namely, HoFPTC =
(5-fluoropyridin-3-yl)terephthalic acid), we constructed a unique Zn-
based MOF {[Zn(FPTC)]-(DMF)35-(H20)n} (NKU-0821). NKU-0821
has the fluorinated surface environment with proper pore size, which
exhibit suitable confinement effect and higher affinity for CoHe than
CoHy. Gas adsorption experiments show that NKU-0821a (activated
NKU-0821) exhibits comparatively high adsorption capacity and low
adsorption enthalpy for CoHg. The effective CoHg/CoHy separation
ability of NKU-0821a was verified by breakthrough experiments. And,
the GCMC simulations further reveal the underlying adsorption mech-
anism. All results of experiments and simulations show that NKU-0821a
is a promising CaHe-selective adsorbent for CoHy4 purification under real
working conditions.

2. Materials and methods
2.1. Materials and characterization

All chemicals and reagents were purchased from commercial sup-
pliers and used without further purification. Powder X-ray diffraction
(PXRD) was measured on a Rigaku Miniflex 600 with Cu Ko radiation (A
= 1.5425 A) under air conditions. The simulated PXRD pattern was
calculated using Mercury software from the data of single-crystal X-ray
diffraction structure. Variable-temperature PXRD were performed on a
Rigaku SmartLab diffractometer equipped with a TTK 600 chamber to
control the temperature. Thermogravimetric analysis (TGA) was recor-
ded on a Rigaku standard thermogravimetry—differential thermal anal-
ysis (TG-DTA) analyzer utilizing an empty and clean Al;O3 crucible as
reference (heating rate = 10 °C min~!in Ar atmosphere).

2.2. Preparation of NKU-0821

A solvothermal reaction of mixtures about Zn(NOg3)2-6H20 (29.8 mg,
0.1 mmol) and HoFPTC (24.3 mg, 0.1 mmol) in 4 mL DMF were sealed in
a 20 mL screw-capped vial in an oven at 100 °C for 3 days, and faint
yellow block crystals of NKU-0821 were first time synthesized in 81 %
yield based on the HyFPTC ligand. (Figure S1) Selected IR data (KBr,
cnfl): 416.76(w), 540.50(w), 773.788(m), 886.15(m), 1089.55 (s),
1705.44 (s) (Figure S2).

2.3. Single-crystal X-ray diffraction study

The single crystal intensity data of NKU-0821 was conducted at 100
K on a Bruker-AXS SMART CCD area detector diffractometer under Cu
Ko radiation (A = 0.71073 10\) with o rotation scans at a scan width of
0.3°. The structure was solved with direct methods of SHELXT and
refined using SHELXL on OLEX2 software suite [36-38]. Partial lattice
solvent molecules in the structures of complexes NKU-0821 were
disordered and could not be modeled properly. Therefore, the intensity
contributions from the lattice guests were removed by using the
SQUEEZE operation of PLATON [39]. The formulas were given by
integrating the crystal structure, elemental microanalysis, IR, and TGA.
The details of crystallographic data of NKU-0821 are provided in
Table S1, and the CCDC reference number for NKU-0821 is 2280924.
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2.4. Gas sorption measurement

Before the sorption measurement, the sample of NKU-0821 was
soaked in anhydrous acetone for 3 days to exchange solvent molecules in
the channels. The degas procedure for the acetone-exchanged NKU-0821
was conducted at 120 °C under a high vacuum (<107 Torr) overnight
and led to the formation of a completely activated sample. About 100 mg
of the desolvated sample was used for the entire sorption measurements.
The N sorption isotherm measurement was carried out using a Micro-
metrics ASAP 2460 M volumetric gas adsorption analyzer at 77 K in a
liquid-nitrogen bath. The CoHg and CaHy4 sorption isotherms at 273 and
298 K were recorded by a Micrometrics ASAP 2020 M volumetric gas
adsorption analyzer.

2.5. Breakthrough experiments

The breakthrough experiments of C;Hg/CoHy were performed on a
homemade fixed bed. 3.28 g NKU-0821a Sample was packaged in a
transparent quartz column with 120 mm in length and 10 mm in inner
diameter. The gas flows of CoHg/CoHy mixtures were regulated by a
mass flow controller, and the out-of-column gas flow was detected by
gas chromatography (GC) with a TCD detector. Before breakthrough
experiment, the column was purged with He for 12 h at 100 °C. In
continuous cycling experiments, samples were regenerated by desorp-
tion with He purging at 373 K for 120 min.

2.6. Grand Canonical Monte Carlo (GCMC) simulations

The GCMC simulations were carried out for the adsorption mecha-
nism study on Material Studio. The framework of NKU-0821a and gas
molecules were regarded as rigid bodies. The optimal adsorption sites
were simulated under 298 K and 1.0 bar by the fixed loading task and
Metropolis method. The loading steps, equilibration steps and the pro-
duction steps were all set to 1.0 x 107. The saturation/maximum up-
takes were modeled at 298 K using the fixed pressure task with 1.0 x 107
equilibration steps, followed by 1.0 x 107 production steps for calcu-
lating the ensemble averages. The gas-skeleton interaction and the
gas—gas interaction were characterized by the standard universal force
field (UFF). The atomic partial charges of the host skeleton of NKU-
0821a were used for Q¢q method. The guest gas molecules were opti-
mized using the method of DMol® and adopted the B3LYP fitted charge.
The cut-off radius used for the Lennard-Jones interactions is 18.5 A
[40,41].

3. Results and discussion
3.1. Crystal structural description

Single-crystal X-ray structure analysis revealed that NKU-0821
crystallizes in the monoclinic space group P2;/n. There are three inde-
pendent Zn?" ions and three FPTG?~ ligands in the asymmetric unit
(Figure S2). Two kinds of binuclear Zny secondary building units (SBUs)
can be found in the structure of NKU-0821. One Zn SBU displays a
tetragonal pyramid geometry connected by two Zn ions, four carboxyl
groups of four different FPTC?™ ligands and two N atoms from two
different FPTC?~ ligands, all of which generate a paddle-wheel
[Zny(COO)4N5] cluster. Another dinuclear SBU exhibits distorted
tetragonal pyramid geometries defined by four carboxyl groups and two
N atoms from four six FPTC?~ ligands. The neighboring two SBUs are
connected by FPTC2™ to give an interesting 2D supramolecular layer
(Figure S3, S4). Further, these 2D layers are joined together by pyridine
units to generate a 3D pillared-layer framework. The topological type of
the original 2D supramolecular network has also evolved to a rare 3,6-
connected topology network with a point symbol of
{4%.634{4%},{4".62.8%.10%}{4°.6*.8%}, (Figure S5). As shown in Fig. 1,
there is one class of representative quadrangular 1D channel about 13.5
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Fig. 1. X-ray single crystal structure of NKU-0821, indicating (a) the coordination model of each organic ligand FPTG?~ and (b) the coordination environments of Zn
(ID) ions in two type of binuclear zinc SBUs. The pore structures (c) and Connolly surface void spaces (d) of NKU-0821 view along the c axis.

x 10.3 A? along c axis in NKU-0821. And the pore surface modified by
free F atoms is supposed to afford specific recognition sites for alkane.
Theoretical calculation from PLATON indicates that the total accessible
porosity is 52.0 % in NKU-0821 after ignoring the guest solvent
molecules.

3.2. Crystal purity and stability analysis

Before the adsorption property studies, the phase purity of NKU-
0821 was examined whereby PXRD experiment. As indicated in
Figure S6, the experimental PXRD pattern of as-synthesized NKU-0821
agrees well with the simulated one based on the single crystal data,
indicating the high phase purity of the synthesized sample and frame-
work stability after activating of NKU-0821 (Figure S7). Thermogravi-
metric analysis experiments under an Ar atmosphere were carried out to
study the thermal stability of the activated sample, showing almost no
mass change before 380 °C because the solvent molecules in the lattice
had been completely released in the pores. Then, the curve decreased
sharply from 380 to 560 °C due to the decomposition of framework
(Figure S8). The resuelts of variable temperature XRD showed that NKU-
0821 remained structurally stable up to 400 °C, which is consistent with
the thermogravimetric curve (Figure S9). Concurrently, the PXRD pat-
terns of soaked samples in common solvents manifested its good stability
(Figure S10).

3.3. Gas adsorption properties of NKU-0821a

To assess the pore textural properties of NKU-0821a, the N3 sorption
experiment at 77 K was measured. An apparent type I isotherm of Ny
exhibited a fully reversible behavior, corroborating the permanent
porosity and microporous nature. The adsorption capacity of NKU-
0821a ascends a plateau at around P/Py = 0.01 and the homologous
specific pore volume of 0.52 em® g’1 is calculated when the saturation
uptake reached 337.73 cm® g!. The measured pore size distribution
curves based on the density-functional theory method show the main
pore sizes of 7.3 and 9.3 A, which is consistent with the results obtained
by single-crystal structure analysis. The Brunauer-Emmett-Teller (BET)
and Langmuir surface area reach 962.27 m%/g and 1449.43 m%/g for
NKU-0821a.

Motivated by the excellent stability and special pore structure, the

hydrocarbon gases adsorption and separation behavior of NKU-0821a
was explored. First, single component adsorption isotherms of NKU-
0821a for C3Hg and CyH4 were measured with pressure of up 1 bar at
273 and 298 K, respectively. As exhibited in Fig. 2b and 2c, NKU-0821a
adsorbed more CyHg than CoHy in the full pressure range, and the up-
takes can reach to 122.31/96.07 cm® g ! and 115.39/82.27 cm® g~ ! at
273/298 K and 1 bar, respectively. The results manifested that NKU-
0821a demonstrated great potential for CoHe/CoH4 separation. Further,
the coverage-dependent adsorption enthalpy (Qy) for the NKU-0821a, a
quantitative measurement of the binding affinity, was calculated by
fitting adsorption isotherms at 273 and 298 K using the virial equation.
The fitting parameters are shown in Figures S10 and S11. As depicted in
Fig. 2d, the zero coverage Qg values of CoHg (27.3 kJ mol™) higher than
those of CoHy4 (25.0 kJ mol’l), indicating that NKU-0821a has a
stronger thermodynamic affinity toward CyHg than CpHa. It is lower
than many MOF reported so far, which is conducive to the regeneration
of adsorbent. In short, the adsorption capacity of C;Hg (5.15 mmol g+ at
298 K and 1 bar) and Qg is modest in reported MOFs materials, well than
or comparable to many well-known similar materials, such as UiO-67-
(NH3)2 (4.32 mmol g_1 and 26.5 kJ mol_l) [3], UiO-67-BN (3.9 mmol
g 'and 24.6 kJ mol™1) [29], NUM-7 (2.85 mmol g ! and 35.8 kJ-mol 1)
[42], and Cu(Qc); (1.85 mmol g * and 28.8 kJ mol™!) [7], CAU-11
(1.81 mmol g~! and 31.0 kJ mol™!) [43], BIF-108-Zn (2.8 mmol g}
and 22.5 kJ mol™) [44], NKMOF-8-Me (4.67 mmol g~' and 38.4 kJ
mol 1) [4], Tb-MOF-76 (NH3) (3.03 mmol g~ ! and 32.8 kJ mol 1) [45],
Zr-Me-PDI (3.9 mmol g~* and ~16.5 kJ mol™") [46] and HOF-NBDA
(39.8 mmol g’l and 23.5 kJ mol’l) [47] (Fig. 3a). The results man-
ifested that NKU-0821a demonstrated great potential for CoHg/CoHy
separation.

3.4. Gas separation properties of NKU-0821a

Due to the significant differences in adsorption capacity and heat of
adsorption between CyHg and CoHy, we conclude that NKU-0821a may
be a promising candidate for efficient purification of CoH4 in CoH4/CoHg
mixtures. In order to evaluate the separation ability of NKU-0821a, the
separation performance of binary CyHg/CoHs4 gas mixtures at two
different temperatures was predicted by using the ideal adsorbed solu-
tion theory (IAST). As shown in Fig. 3b, NKU-0821a exhibited moderate
CoHg/CoHy selectivities about 1.791-1.664 or 1.783-1.649 for 10/90 or
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at 273 K and 298 K.

50/50 CoHg/CoHy4 mixture at 273 K. And NKU-0821a exhibited weaker
selectivities with values of 1.616-1.598 (10/90) and 1.621-1.592 (50/
50) at 298 K, respectively.

To test the recycling adsorption performance of NKU-0821a, five
cycles of CoHg and CaHy4 adsorption/desorption were performed at 298 K
and 1 bar. As shown in Fig. 4a and 4b, the ability to adsorb CoHg and
CoHy after the cycling experiment almost on changes, proving excellent
reproducibility of NKU-0821a. The gas separation under dynamic pro-
cess is very important in practical application. To verify the feasibility of

the separation effect of NKU-0821a for CoH4 from CoHg/CoHy mixture,
The transient breakthrough simulation for 50/50 CoHg/CoH4 mixtures
on NKU-0821a was carried out at 298 K and 100 kPa. As shown in
Figure S16, CoHy gas as the effluent firstly flows out and of the fixed bed
and CyHpg passed through some time later. To verify the feasibility of the
separation effect of NKU-0821a for CoHy from CoHg/CoHy mixture, we
conducted breakthrough experiment to simulate the industrial condi-
tions with the feed gas of C;Hg/CaHa, where the gas volume ratio is 1/1
(v/v) flowed over a packed column of activated NKU-0821 with a total
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inlet rate of 5.0 mL min~! at operation temperature of 298 K and
pressure 1 bar. When the mixed gas is passed through a packed bed,
CoHy first flowed through and was detected in the outlet effluent gas.
After that, CoHg reached its breakthrough point. The practical CoHg
capture productivity under dynamic condition, calculated on the basis of
the measured breakthrough curve for the full process, was attained to
28.8 cm® g~ . It worth noting that the purity of ourlet CoHy is only 92 %.
In our viewpoint, it maybe attribuatable to intra-crystalline diffusion
influences. The good match between result of transient breakthrough
simulation and that from experimental confirmed the above inference.
Furthermore, we compared NKU-0821a after breakthrough testing with
synthetic and simulated XRD, which confirmed the good stability of the
NKU-0821a (Figure S17).

3.5. GCMC simulation

In order to probe into the sorption and separation mechanisms of
CoHg-selected performance than CoH4 in NKU-0821a, theoretical GCMC
simulation were further carried out to calculate the preferential inter-
action sites and the density distributions at 298 K and 1 bar. As shown in
Fig. 5, the calculated preferential binding sites of CoHg and CoHy are all
located in the central region of four diagonal positions of rhombic orifice
region. CoHg forms four more powerful C-H---F hydrogen interactions
(C-H---F 3.146—3.740 A) with the —CH units on the CoHg and F atoms
on pyridine rings. At the same time, another C-H---x interaction (3.354
A) originating from the —CH units between one end of CoHg and pyridine
ring is found. Except for the above-mentioned interactions, two C-H:--O
hydrogen bond interactions were also detected between H atoms of CoHg
and coordinated O atoms in carboxylic acid group of benzene ring. The
approaching distance of hydrogen bond interactions for CoHg is 3.204
and 3.745 A. On the contrary, the adsorbed CyH,4 in NKU-0821a is ar-
ranged in the middle of two C-H---F hydrogen interactions (3.055 and
3.158 A) from pyridine rings, one C-H---n interactions (3.199 A) from
benzene ring, and one C-H---O hydrogen bond interactions (2.597 A)
from carboxylic acid O atom. Based on the above analysis, it can be seen
that CoHg has a stronger interaction with the framework of NKU-0821a
than CyH4, which is in good agreement with the calculations of
adsorption and adsorptive separation experiments.

4. Conclusion

In summary, we successfully construct a fluorinated MOF NKU-0821
with highly porous volumes by employing a F group modified pyr-
idyldicarboxylate ligands. The single-component adsorption isotherms
revealed that NKU-0821a could adsorb more CyHg than CoHy in the
whole pressure region. Ascribe to the suitable pore sizes and unique pore
environment, it is clear that NKU-0821a shows comparative advantage
in CoHg adsorption capacity and adsorption enthalpy among the CoHe-
selective MOFs. This work provides valuable insights for construction of
high-performance porous materials which are expected to be applied in
practical industrial processes to address separation challenges.
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General materials and methods

1. Isosteric Heat of Adsorption (Qs) Calculations

The virial-type equation was used to calculate the enthalpies of adsorption for C2Hz,
CoHg at 273 K and 298 K in NKU-0821a. At two temperatures, the data were fitted

using the equation S1:
1 m n
lnP=lnN+?2a,-N"+ijNf (s1)
i=0 j=0

Here, P is the pressure in Torr, N is the amount adsorbed in mmol g!, T is temperature
in K, and a; and b; are virial coefficients which are temperature independent empirical
parameters. Based on the virial coefficients obtained from the fitted isotherms, the

isosteric heat of adsorption (QOs) was calculated using the following equation S2:

m
Qu=-R) aN'  (s2)
i=0

Qs 1s the coverage-dependent isosteric heat of adsorption and R is the universal gas

constant.

2. Calculation of Selectivity via Ideal Adsorption Solution Theory (IAST)

The experimental isotherm data on pure component for C2H2 and C2H4 in NKU-0821a
were measured at temperatures of 273 and 298 K, respectively, which were fitted by
dual-site Langmuir—Freundlich model (equation S3):

pl/nl pl/nz

— qA,satbA + qB,sath
1+ bApl/nl 1+ bel/nz

(S3)

Here, p is the pressure in kPa, ¢ is the adsorbed amount in mmol-g™!, g4.sa: and gs,sar are
the saturation capacities of sites A and B. b4 and bz are the affinity coefficients of sites
A and B in kPa’!, and n; and n: represent the deviations from an ideal homogeneous
surface. The fitted parameters were used to predict multi-component adsorption with
IAST.

The selectivity Sads in a binary mixture of components is defined as equation S4:

_4a 1/92
P1/P2
In which, g: represents the amount of i adsorbed and p: represents the partial pressure

(54)

ads



of i in the mixture.

3. Transient breakthrough simulations

To match the experimental breakthroughs for binary 50/50 C2He/C2H4 mixtures using
NKU-0821a, simulations were conducted using the set of parameters as in the
experiments: inside tube diameter = 10 mm, length of packed tube, L = 120 mm, mass
of adsorbent, = 3.28 g, volumetric flow rate of gas mixture at inlet to tube, = 5 mL min.
The experimental breakthroughs have distended characteristics that can be captured by
introducing diffusional influences in the breakthrough simulations using the
methodology described by Krishna.[1, 2] To get reasonable match with experiments,
the Maxwell-Stefan diffusivities of C2Hg, and C2Hs are taken to be, and , respectively,

where is the radius of the MOF crystals packed in the tube.

The breakthrough data are presented in terms of the dimensionless concentrations at the

exit of the fixed bed, Ci/Cio , as function of the modified time parameter
(time in s) t 1

: =——=sg
(g MOF packed in tube)  m,,




Table S1. Crystal data and structure refinement parameters for NKU-0821

Empirical formula
Formula weight (g mol™")
Crystal system

Space group

CCDC number

a(A)

b (A)

c (&)

o ()

B

v (%)

V(A%

Z

Peale (g cm™)

u (mm™)

F (000)

Radiation (A)

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I > =205 ()]*
Final R indexes [all data]’

Largest diff. peak/hole / e A3

Ci3H6sFNO4Zn

324.56

monoclinic

P2i/n

2280924

16.4981(2)

23.7983(2)

17.6933(2)

90

116.6430(10)

90

6209.23(13)

12

1.042

1.807

1944.0

Cu Ka (A =1.54184)
7.136 to 151.982
20ssh=<18, -25<k=<29, -15<1<<22
33475

12420 [Rine = 0.0323, Rgigma = 0.0360]
12420/0/542

1.076

R;=0.0473, wR2 =0.1367
R =0.0530, wR> =0.1396

0.92/-0.65

Ri=X[[Fo - [Fel/Z[Fo]. "WRa={X[W(Fo’ - )/ Zw(F,)*} 2



Table S2. Comparison of CoHe uptake and Oy for NKU-0821a and other MOFs

C,Hg uptake Q¢ of C2He
MOFs References
(mmol g) (kJ mol™)
Ui0-67-(NHz)2 4.32 26.5 [3]
UiO-67-BN 3.9 24.6 [4]
NUM-7 2.85 35.8 [5]
Cu(Qc)2 1.85 28.8 [6]
Fez(02)(dobdc) 3.03 66.8 [7]
LIFM-63 2.89 26.5 [6]
CAU-11 1.81 31.0 [8]
Zny(oba)(dmimpym) 2.52 26.5 [9]
ZUL-C3 2.30 29.5 [10]
ZUL-C4 2.93 31.6 [10]
BIF-108-Zn 2.8 22.5 [11]
NKMOF-8-Me 4.67 384 [12]
Tb-MOF-76(NH>) 3.04 32.8 [13]
Zr-Me-PDI 3.9 ~16.5 [14]
HOF-NBDA 3.98 23.5 [15]
NKU-0821a 4.3 253 This work
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Figure S1. Optical microscope image of NKU-0821.
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Figure S2. Comparison of FTIR spectra of as-synthesized NKU-0821 and ligand.
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Figure S3. The asymmetric unit for NKU-0821 (hydrogen atoms were omitted).



Figure S5. The topology simplification of NKU-0821.
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Figure S6. The PXRD patterns of the simulated and as-synthesized NKU-0821.
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Figure S7. The PXRD patterns of the as-synthesized, activated, after sorption NKU-0821.
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Figure S8. The PXRD patterns of the as-synthesized and activated NKU-0821.
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Figure S9. The VT-PXRD patterns of the as-synthesized NKU-0821.
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Figure S10. The PXRD patterns for NKU-0821 after exposure in common solvents.
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Figure S11. The details of virial equation (solid lines) fitting to the experimental C;He and CoH4
adsorption data (symbols) for NKU-0821a.

Table S3. The fitting parameter of virial equation.

Fitting parameter C2Hs C2Hs

ao -3254.38753 -2928.40641
al 158.06102 64.58809
a -38.24484 -18.70246
a3 -3.3016 0.12336
a4 0.6622 0.13964
bo 15.06141 14.66017
bi -0.35564 -0.03895
b2 0.15689 0.06646
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Figure S12. The details of dual-Langmuir-Freundlich isotherm (solid lines) fitting to the
experimental CoHs adsorption data (symbols) for NKU-0821a at 273 K.
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Figure S13. The details of dual-Langmuir-Freundlich isotherm (solid lines) fitting to the

experimental C,Hs adsorption data (symbols) for NKU-0821a at 298 K.
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Figure S14. The details of dual-Langmuir-Freundlich isotherm (solid lines) fitting to the
experimental CoH4 adsorption data (symbols) for NKU-0821a at 273 K.
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Figure S15. The details of dual-Langmuir-Freundlich isotherm (solid lines) fitting to the

experimental C,Hy4 adsorption data (symbols) for NKU-0821a at 298 K.
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Figure S16. Experimental breakthroughs vs simulations for NKU-0821a
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Figure S17. PXRD comparison of NKU-0821a after breakthrough test with synthetic and

simulated NKU-0821.
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Figure S18. Isosteric heats of C;Hg and C;Hs in NKU-0821a.
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