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Abstract: Acetylene separation is a very important but chal-

lenging industrial separation task. Here, through the solvo-
thermal reaction of CuI and 5-triazole isophthalic acid in dif-

ferent solvents, two metal–organic frameworks (MOFs, FJU-
21 and FJU-22) with open O donor sites and controllable ro-
bustness have been obtained for acetylene separation. They

contain the same paddle-wheel {Cu2(COO2)4} nodes and
metal–ligand connection modes, but with different helical

chains as secondary building units (SBUs), leading to differ-
ent structural robustness for the MOFs. FJU-21 and FJU-22
are the first examples in which the MOFs’ robustness is con-
trolled by adjusting the helical chain SBUs. Good robustness

gives the activated FJU-22 a, which has higher surface area

and gas uptakes than the flexible FJU-21 a. Importantly, FJU-

22 a shows extraordinary separation of acetylene mixtures
under ambient conditions. The separation capacity of FJU-
22 a for 50:50 C2H2/CO2 mixtures is about twice that of the
high-capacity HOF-3, and its actual separation selectivity for
C2H2/C2H4 mixtures containing 1 % acetylene is the highest

among reported porous materials. Based on first-principles
calculations, the extraordinary separation performance of

C2H2 for FJU-22 a was attributed to hydrogen-bonding inter-
actions between the C2H2 molecules with the open O

donors on the wall, which provide better recognition ability
for C2H2 than other functional sites, including open metal

sites and amino groups.

Introduction

Removal of acetylene from C2H2/C2H4 mixtures is an important
and highly challenging industrial process.[1–5] Ethylene, the larg-
est volume organic chemical, is widely used for the production

of polymers. Ethylene produced in steam crackers typically
contains on the order of 1 % of acetylene,[6] which should be
reduced to an accepted level in the ethylene feed before poly-
merization, because acetylene can poison Ziegler–Natta cata-
lysts and also lower the resulting product quality.[7] Current ap-

proaches to remove acetylene include partial hydrogenation
over a noble metal catalyst[8] and the solvent extraction of

cracked olefins,[9] but both of these are cost and energy con-
sumptive.

The emerging microporous metal–organic frameworks

(MOFs)[10–13] based on physical adsorption are promising as
cost-effective and efficient materials for gas separation, which

has been a topic of interest because the ability to rationally
design and chemically tune their architecture of the MOFs
allows chemists to establish various methods to achieve highly

selective gas adsorption.[10–29] Since the pioneered work of Kita-
gawa and co-workers,[14] some MOFs with high acetylene stor-

age have been realized by using immobilized open metal sites
(OMS).[30, 31] For C2H2/C2H4 separation, after the first work realiz-

ed by using the flexible MOFs on the basis of metalloligands in
2011,[2] the series of MOF-74[3] with high densities of open
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metal sites and NOTT-300[4] with multiple weak supramolecular
interactions were also employed. However, these three kinds

of MOFs are not the ideal materials ; the former exhibit very
low acetylene uptake and the latter two show very low selec-

tivity toward acetylene. A recent MOF, UTSA-100, containing
amino groups[5] is a unique example for actual column break-
through experiments of C2H2/C2H4 mixtures, giving moderate
selectivity and moderate acetylene uptake. Additionally, owing
to the similar fluid properties of acetylene and CO2, the effi-

cient separation of C2H2/CO2 mixture is another technologically
interesting issue.[14, 28] A few MOFs and zeolites with relevant
differences in capacity for C2H2/CO2 have been developed,
mainly through tuning the cross-section size of the pore.[32] To

date, no MOFs or other porous materials have been found
with actual C2H2/CO2 breakthrough experiments, except one

hydrogen-bonded organic framework (HOF-3),[33] however, this

has low separation capacity. The MOFs for the separation of
C2H2 mixtures have not been fully explored. It is still desirable

to explore new ways to construct the MOFs with excellent per-
formance for the challenging separations of C2H2/CO2 and

C2H2/C2H4 mixtures.
In this work, through solvothermal reactions of 5-triazole iso-

phthalic acid (H2L), CuI, and various solvents, two MOFs

{[Cu(L)](DMF)(H2O)1.5}n (FJU-21, DMF = N,N’-dimethylformamide)
and {[Cu(L)]·(DMA)(H2O)1.5}n (FJU-22, DMA = N,N’-dimethylacet-

amide) with open O donor sites and controllable robustness
have been obtained for the highly selective separation of both

C2H2/CO2 and C2H2/C2H4 mixtures. This was done on the base
of the following considerations. (1) The remarkable difference

between C2H2 and other gases including CO2 and ethylene is

the acidic hydrogen atoms at both ends of acetylene. Thus,
the different framework flexibilities, different OMS and amino

groups, and the open O donors can endow the MOFs with ex-
clusive recognition ability for C2H2 through extra hydrogen-

bonding interactions. (2) The use of 5-triazole isophthalic acid
(H2L) containing one heterocyclic and two carboxylate groups

to construct the MOFs may generate rich open O donor sites

(without H riding) standing on the framework wall to recog-
nize acetylene. (3) Solvent-induced structure diversity with con-
trollable robustness may be observed to further control the
acetylene separation capacity. As expected, the open O donors

can provide the MOFs better recognition ability for C2H2 than
other functional sites, including the OMS and amino groups.

The activated FJU-22 a with open O donors and good robust-
ness exhibits extraordinary separation performances for both
C2H2/CO2 and C2H2/C2H4 mixtures at ambient conditions as

demonstrated by gas adsorption, breakthrough simulations,
actual column breakthrough experiments, and first-principles

calculations.

Results and Discussion

Solvent-induced structure diversity

Green needle-like crystals of FJU-21 could be obtained in

DMF/H2O (3:2, v/v) mixed solvent at 85 8C for 1 day, and bulk
crystals of FJU-22 could be obtained by the same method

except that DMF was replaced by DMA. Single-crystal X-ray dif-
fraction analyses reveal that FJU-21 and FJU-22 have the same

metal nodes and metal–ligand connection modes (Figure 1). In
each crystallographically independent unit, there is one CuII

ion and one ligand. The CuII ion is fivefold coordinated by four

oxygen atoms and one triazolyl N donor from five ligands and
has a square-pyramidal coordination environment. Two CuII

ions are bridged by four carboxylate groups to give a paddle-
wheel node (PWN). The axial site of the PWN is occupied by tri-

azolyl N donors. The ligand L employs its one triazole N and

four carboxylate O atoms to link three PWNs. In FJU-22, the
twist angle between the triazole ring and the plane of the ben-

zene ring of the ligand L (46.98) is higher than that of FJU-21
(41.38), as shown in Figure 1 i and b. The non-planarity of

ligand L with various twist angles endows the two MOFs with
various helical chains that act as secondary building units

Figure 1. The structures of FJU-21 (a–g) and FJU-22 (h–m) showing: the co-
ordination environment of FJU-21 (a) and FJU-22 (h) ; the twist angle be-
tween the triazole ring and the plane of the benzene ring of the ligand in
FJU-21 (b) and FJU-22 (i) ; the two kinds of helical chain SBUs of FJU-21 (c
and d) along the b axis ; the unique kind of helical chain SBUs with various
pitches along the a and c axes in FJU-22 (j and k); the triazole-pillared
[Cu2(isophthalate)4] bilayers in the orientation of the (200) plane of FJU-
21 (e) ; the [Cu2(isophthalate)4] monolayers in the orientation of the (100)
plane of FJU-21 (f) ; 3D framework of FJU-21 along the b axis (g); and 3D
framework of FJU-22 view along the a and c axes (l and m). Color code: Cu,
green; C, gray; O, red; N, blue.
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(SBUs). FJU-22 has a unique type of helical chain SBU with dif-
ferent pitches composed of the PWNs and N-benzene triazole

linkers along the a and c axes (Figure 1 j and k). The linkage
between adjacent SBUs sharing the PWNs results in a three-di-

mensional (3D) skeleton (Figure 1 l and m). FJU-21 has two
types of helical chain SBUs along the b axis. One has the

same composites as that in FJU-22 (Figure 1 c), which connects
with the neighboring SBUs to give triazole-pillared

[Cu2(isophthalate)4] bilayers in the orientation of the (200)

plane (Figure 1 e), whereas the other is made up of the PWNs
and isophthalate linkers (Figure 1 d), and connects with the ad-
jacent SBUs to produce [Cu2(isophthalate)4] monolayers orient-
ed at the (100) plane (Figure 1 f). The bilayers and monolayers

stack on each other by layer-sharing along the a axis to form
the 3D framework (Figure 1 g). By considering the PWN as

a six-connected octahedral node and the ligand as a three-con-

nected trigonal linker, the whole frameworks of FJU-21 and
FJU-22 can be simplified to a (3,6)-connected net with rutile

(rtl) and a-PbO2 (apo) topology, respectively. FJU-21 shows
a 1D channel along the a axis (5.00 Õ 9.60 æ2), whereas FJU-22
also has a 1D channel, but along the c axis (7.10 Õ 7.10 æ2 ; Fig-
ure S1 in the Supporting Information). PLATON calculations[34, 35]

of FJU-21 and FJU-22 indicate their void volumes are 923.7 æ3

(52.1 % of the unit cell volume of 1773.3 æ3) and 1908 æ3

(52.8 % of the unit cell volume of 3614.2 æ3), respectively.

Owing to the same metal node and metal–ligand connec-
tion mode, FJU-21 and FJU-22 have similar pore surface struc-

tures. Nevertheless, it is worth noting that the solvent-induced
structural diversity gives the two MOFs distinct robustness

properties. The two as-synthesized MOFs were exchanged with

CH3OH and CH2Cl2, respectively, several times, then heated to
60 8C, and evacuated under high vacuum to obtain the desol-

vated frameworks FJU-21 a and FJU-22 a. FJU-21 a is flexible,
whereas FJU-22 a shows good robustness, as proved by

powder X-ray diffraction experiments (PXRD; Figure S2 in the
Supporting Information). For FJU-22, with the one unique type

of helical chain SBU, the 2q values are not shifted for the acti-

vated sample compared to the as-synthesized sample pattern.
However, for FJU-21, which contains one more type of helical

chain SBU, the values of 2q for the (100) and (002) planes are
shifted to higher angles for the activated sample, and no shift
for the (020) plane is seen, indicating that the dynamic fea-
tures are down to the [Cu2(isophthalate)4] monolayers oriented

at the (100) plane and constructed from the helical chains ex-
clusively in FJU-21 and not observed in FJU-22. In addition, if
exposed to air or water vapor, the values of 2q for FJU-21 are

shifted, whereas for FJU-22 there is no obvious change under
the same conditions, further indicating that FJU-22 has better

stability than FJU-21. Although several methods including
those using high-valent metal ions,[36] modulated synthesis,[37]

N-donor ligands,[38] and superhydrophobic ligands[39] have

been proposed to enhance MOF stability, FJU-21 and FJU-22
are the first examples to demonstrate control of MOF stability

and robustness by adjusting the helical chain SBUs.

Gas adsorption

To assess the permanent porosity, the N2 sorption isotherms of
the activated FJU-21 a and FJU-22 a materials were examined

at 77 K (Figure 2), which yielded a reversible type I isotherm for
the microporous nature of the samples with Brunauer–

Emmett–Teller (BET) surface areas of 369.10 and 828.19 m2g¢1,
respectively. FJU-21 a shows a bimodal pore size distribution
centered at 5.2 and 8.7 æ, and FJU-22 a has a distribution cen-

tered at 8.0 æ, as calculated by the non-local (NL)-DFT method;
these values are close to the pore sizes determined from the

crystal structures (Figure S1 in the Supporting Information). Al-
though their void volumes from the Platon calculations are
close, the BET surface area for FJU-21 a, with the dynamic
framework, is only about half that for FJU-22 a. The flexible

character of FJU-21 is further confirmed by a hysteresis loop in
the N2 adsorption isotherm at 77 K.

The unique pore structures encouraged us to examine the

capacities of the two MOFs for gas adsorption. The low-pres-
sure sorption isotherms of CO2, C2H2, and C2H4 were collected

at 273 and 296 K (Figure 2 and Figure S3 in the Supporting In-
formation). At 296 K and 1 bar, FJU-22 a can adsorb 111.3,

114.8, and 85.8 cm3g¢1 of CO2, C2H2, and C2H4, respectively. The

adsorption isotherms for C2H2, CO2, and C2H4 on FJU-21 a are
very similar to those for FJU-22 a and the adsorption capacity

follows the same hierarchy: C2H2>CO2>C2H4. This phenomen-
on may be attributed to the same pore surface structure re-

sulting from the same metal node and ligand connection
mode. However, the halved BET surface area for FJU-21 a
makes its various gas uptakes fall to half the corresponding

values of FJU-22 a. Furthermore, it is worth noting that the
acetylene uptake isotherms for FJU-21 a and FJU-22 a at 296 K

show a very sharp uptake at low pressure, whereas carbon di-
oxide uptake is much lower at this pressure. This discovery

motivated us to examine their feasibility for the industrially im-
portant C2H2/CO2 separation.

C2H2/CO2 column breakthrough experiments

We first performed breakthrough simulations for a 50:50 (v/v)
C2H2/CO2 mixture on FJU-21 a and FJU-22 a by using the estab-
lished methodology.[40] As shown in Figure S4 (in the Support-
ing Information), FJU-21 a and FJU-22 a are able to separate

C2H2 from the C2H2/CO2 mixture at room temperature. Clearly,
FJU-22 a, with good robustness, is more effective than FJU-
21 a for the C2H2/CO2 separation. Thus, we only studied the

actual performance of FJU-22 a in the experimental column
breakthrough.

In the actual column breakthrough experiment, an equimo-
lar C2H2/CO2 mixture was flowed over a packed column of the

FJU-22 a solid with a total flow of 5 cm3 min¢1 at 296 K

(Figure 3). CO2 was detected after the gas mixture has been in-
troduced into the column for about 12 min, whereas C2H2 was

not detected until a breakthrough time of 23 min was reached.
Thus, the separation of C2H2/CO2 mixture gases through

a column packed with FJU-22 a solid can be achieved efficient-
ly. The breakthrough times of CO2 and C2H2 on the unique
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pore material HOF-3 were 5.5 and 9 min, respectively.[33] From

the breakthrough curve, the separation selectivity, a = (q1y2)/
(y1q2), for FJU-22 a is 1.9, and close to 2.0 for HOF-3. However,

FJU-22 a has a separation capacity of 44.13 cm3g¢1, which is
much higher than the value of 25.54 cm3g¢1 for HOF-3. At the

same separation conditions, FJU-22 a, with the open O donors,

shows better performance than HOF-3, containing functional
amino groups. FJU-22 a is the first example of a MOF whose

separation of a C2H2/CO2 mixture has been clearly established
by column breakthrough experiments.

First-principles calculations

To further understand the C2H2 and CO2 adsorption on FJU-
22 a, detailed computational investigations were performed.
We first optimized the bare FJU-22 a structure by first-princi-

ples DFT-D (dispersion-corrected density-functional theory) cal-

culations,[41] and then carried out Grand Canonical Monte Carlo
(GCMC) simulations by using the classical force-field method.

Based on the probability distribution of adsorbed gas mole-
cules generated from the GCMC simulations, we introduced

C2H2/CO2 accordingly into the FJU-22 a channel pore, and fur-
ther optimized the structures by using DFT-D. We found that

the guest molecules are associated with particular adsorption
sites. Upon adsorption, both C2H2 and CO2 sit right at the small

cage connecting the two adjacent channel pores (Figure 4 and
Figure S5 in the Supporting Information). Although the linker
triazole ring has van der Waals (vdW) interactions with C2H2,

the relatively strong binding between C2H2 and FJU-22 a clear-
ly comes from the hydrogen-bonding interactions between

the C2H2 and the framework O (d[O(-CO2)···H(C2H2)] = 2.290 æ);
this interaction does not exist between CO2 and FJU-22 a and

CO2 adsorption in the structure is mainly vdW-type in nature.

The static C2H2 and CO2 binding energies for FJU-22 a, derived
from the DFT-D calculations, are 33.3 and 22.6 kJ mol¢1, respec-

tively. This difference in the gas/MOF framework interaction
strength is likely the reason why the performance of separa-

tion for C2H2/CO2 is outstanding in FJU-22 a at room tempera-
ture.

Figure 2. N2 sorption isotherm and pore-size distributions at 77 K of FJU-
21 a (a) and FJU-22 a (b). Adsorption isotherms for C2H2, CO2, and C2H4 on
FJU-21 a (c) and FJU-22 a (d) at 296 K (solid symbols: adsorption; open sym-
bols: desorption).

Figure 3. Experimental column breakthrough curve for an equimolar C2H2/
CO2 mixture in an adsorber bed packed with FJU-22 a (c) or HOF-3 a
(a) at ambient conditions (296 K, 1 bar). The total flow is of 5 cm3 min¢1.
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C2H2/C2H4 breakthrough experiments

The performance of FJU-22 a for the removal of acetylene

from C2H2/C2H4 mixtures containing 1 % acetylene was exam-
ined through experimental column breakthrough in which

a C2H2/C2H4 (1:99, v/v) mixture was flowed over a packed
column of the FJU-22 a solid with a total flow of 1.8 cm3 min¢1

at 296 K. As shown in Figure 5, the separation of the C2H2/C2H4

mixture gases through a column packed with FJU-22 a solid
can be efficiently achieved, and the separation selectivity, a,

for C2H2/C2H4 is 25.8. The adsorption and separation data for

C2H2 and C2H4 gases on FJU-22 a and some representative
MOFs are given in Figure 6 and Table S4 (in the Supporting In-

formation). M’MOF-3 a, with a flexible framework, exhibits rela-
tive high separation selectivity (24.0), but very low acetylene

uptakes, because of narrow pores and high sieving effects.[2]

High densities of open metal sites can significantly endow the

series of MOF-74 with high acetylene uptakes, but their selec-

tivities for C2H2/C2H4 separation are systemically quite low[3] as
the open metal sites have quite strong interactions toward

both ethylene and acetylene molecules. NOTT-300 has multiple
weak supramolecular interactions aligned within the host to

form an optimal geometry for the selective binding of hydro-

carbons, but the selectivity toward C2H2/C2H4 is still very low.[4]

The multiple supramolecular interactions in NOTT-300 include

the hydrogen-bonding interactions between C(C2H2 or C2H4)
and H-O(framework), which are clearly distinct from those be-

tween O(framework) and H-C(C2H2) in FJU-22 a. The former
cannot recognize acetylene and ethylene very well, whereas

the latter endows FJU-22 a with exceptionally high selectivity.

UTSA-100 a,[5] containing amino groups with dual functionali-
ties to simultaneously bind acetylene and sieve ethylene, has

a relative high selectivity, about five times that for MOFs con-
taining OMS. It is worth noting that FJU-22 is isostructural

with UTSA-100. The enthalpies of acetylene adsorption on
both MOFs are almost same, but the separation selectivity, a,

of FJU-22 a is more than twice that for UTSA-100 a, indicating

that even in UTSA-100 a (Figure S6 in the Supporting Informa-
tion), the main contribution for its high selectivity toward acet-

ylene may also come from the open O donor sites on the
framework wall, rather than the amino groups. Conversely, the

extra amino groups of UTSA-100 a, to a certain extent, de-
crease its static C2H2 uptake. Despite its moderate static acety-

lene uptake, FJU-22 a has the highest separation selectivity for
the C2H2/C2H4 mixture among the reported porous materials.
Based on the discussion above, open O donors on the pore

wall can provide MOFs with better recognition for C2H2/C2H4

mixtures than the OMS and amino groups. FJU-22 a is thus su-

perior to the other MOFs, exhibiting highly efficient removal of
acetylene from ethylene/acetylene mixtures containing 1 %

acetylene.

Conclusions

We have observed solvent-induced topological diversity ena-

bling controllable robustness in two metal–organic frameworks
(FJU-21 and FJU-22) and have demonstrated that microporous

Figure 4. The C2H2 (a) and CO2 (b) molecules sit right at the small cage con-
necting the two adjacent channel pores. Multiple-point interactions of the
C2H2 with framework: d[O(-CO2)···H(C2H2)] = 2.290 æ, d[center(-triazolyl)-
···C(C2H2)] = 3.563 æ; multiple-point interactions between CO2 molecule and
the framework: d[O(-CO2)···C(CO2)] = 3.316 æ, d[C(-benzene)-
···O(CO2)] = 3.389 æ. Color code: Cu, green; C, gray; H, yellow; O, red; N, blue.

Figure 5. Experimental column breakthrough curve for an C2H2/C2H4 (1:99,
v/v) mixture in an adsorber bed packed with FJU-22 a (c) and UTSA-100a
(a) at ambient conditions (296 K, 1 bar). The total flows are 1.8 cm3 min¢1

for FJU-22 a and 2 cm3 min¢1 for UTSA-100 a.

Figure 6. Selectivity for C2H2/C2H4 mixtures of some representative MOFs.
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MOFs with open O sites are highly selective for the separation
of C2H2/CO2 and C2H2/C2H4 at ambient conditions. Control of

the MOFs’ robustness through tuning the helical chain SBUs is
shown to be an efficient design approach for the first time.

The good robustness of the activated FJU-22 a, with open O
donors, results in the extraordinary separation performance for

mixtures of C2H2/CO2 and C2H2/C2H4 ; this performance is supe-
rior to all the reported MOFs including the flexible FJU-21 a.
The separation capacity of FJU-22 a for 50:50 C2H2/CO2 mix-

tures is about twice that of HOF-3, the unique example for
separation before our experiments. The actual selectivity of
FJU-22 a for C2H2/C2H4 mixtures containing 1 % C2H2 is highest
among the reported porous materials. Such preferential ad-

sorption for C2H2 by FJU-22 a rather than CO2 and C2H4 is at-
tributed to the open O donor sites on its framework wall.

Open O donors can provide MOFs with better recognition abil-

ity for C2H2 than other functional sites, including open metal
sites (OMS) and amino groups. It is expected that extensive re-

search endeavors on porous MOFs will facilitate the discoveries
of better C2H2 separation materials.

Experimental Section

General

All reagents and solvents were used as received from commercial
suppliers without further purification. Thermogravimetric analyses
(TGA) were performed with a Mettler Toledo TGA/SDTA851e ana-
lyzer with a nitrogen flow and a heating rate of 10 K min¢1 from
30 8C to 600 8C. Elemental analysis was collected with a Vario EL III
elemental analyzer to give a ratio of C/H/N. Powder X-ray diffrac-
tion (PXRD) was carried out with a PANalytical X’Pert3 powder dif-
fractometer equipped with a Cu sealed tube (l= 1.54178 æ) at
40 kV and 40 mA over the 2q range 5–258.

Synthesis

N,N-Dimethylformamide azine dihydrochloride (DMAz): The
DMAz used in this study was synthesized by a modified version of
the method in refs. [42, 43] . Thionyl chloride (SOCl2, 28.6 mL,
0.4 mol) was added with stirring to DMF (150 mL) at 5 8C. After ad-
dition, this mixture was kept at 5 8C for 24 h and then aqueous hy-
drazine hydrate (5 mL, 0.1 mol) in DMF (20 mL) was added slowly.
After addition, the mixture was stirred at room temperature for
48 h and the white precipitate of N,N-dimethylformamide azine di-
hydrochloride was collected by filtration and washed with DMF
and diethyl ether. Yield: 19.1 g; m.p. : 251 8C.

5-Triazole isophthalic acid (H2L): A mixture of N,N-dimethylform-
amide azine dihydrochloride (4.0 g, 18.66 mmol) and 5-amino iso-
phthalic acid (3.38 g, 18.66 mmol) was heated at reflux in 1,2-dime-
thylbenzene (50 mL) for 16 h to obtain a white solid. The solid was
filtered and washed with ethanol (2 Õ 15 mL) and diethyl ether (1 Õ
17 mL). Yield: 1.62 g, 37.3 %.

{[Cu(L)](DMF)(H2O)1.5}n (FJU-21): A mixture of CuI (0.1 mmol,
0.0191 g), H2L (0.1 mmol, 0.0223 g), DMF (3 mL), and H2O (2 mL)
was stirred for 10 min. Then, the solution was transferred to
a 23 mL glass reactor and heated to 85 8C. After 24 h, the system
was cooled to room temperature and green needle-like crystals
were obtained (32 % yield with regard to H2L). Elemental analysis
calcd (%) for FJU-21: C 39.49, H 3.80, N 14.18; found: C 40.23, H
3.87, N 14.42.

{[Cu(L)]·(DMA)(H2O)1.5}n (FJU-22): FJU-22 was obtained by the
same procedure used for preparation of FJU-21 except that the
DMF was replaced with DMA. Green bulk crystals of FJU-22 were
obtained (37 % yield with regard to H2L). Elemental analysis calcd
(%) for FJU-22 : C 41.08, H 4.16, N 13.69; found: C 41.78, H 4.21, N
14.05.

Single-crystal X-ray structure determination

Data collection and structural analysis of the crystals were collect-
ed on an Agilent Technologies SuperNova Single Crystal Diffrac-
tometer equipped with graphite monochromatic Cu Ka radiation
(l= 1.54184 æ). The crystal was kept at 293(10) K during data col-
lection. Using Olex2,[44] the structure was solved with the Superflip
structure solution program by using charge flipping and refined
with the ShelXL refinement package by using least-squares minimi-
zation. The hydrogen atoms on the ligands were placed in ideal-
ized positions and refined by using a riding model. We employed
PLATON[34]/SQUEEZE[35] to calculate the diffraction contribution of
the solvent molecules in FJU-21 and FJU-22 and thereby produce
a set of solvent-free diffraction intensities. The formulae of the
crystals were calculated by elemental analysis. The detailed crystal-
lographic data and structure refinement parameters for these com-
pounds are summarized in the Supporting Information, Table S1.
CCDC 1421052 (FJU-21) and 1421054 (FJU-22) contain the supple-
mentary crystallographic data for this paper. These data are provid-
ed free of charge by The Cambridge Crystallographic Data Centre.

Gas adsorption measurements

A Micromeritics ASAP 2020 surface area analyzer was used to mea-
sure the gas adsorption. The sorption measurements were per-
formed at 77 K with liquid nitrogen and at 273 K with an ice/water
bath (slush). A water bath was used for adsorption isotherms at
296 K. DFT pore size distributions and pore sizes were calculated
from the N2 adsorption at 77 K.

Transient breakthrough simulations

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 performed transient
breakthrough simulations by using the simulation methodology.[40]

For the breakthrough simulations, the following parameter values
were used: length of packed bed, L = 0.3 m; voidage of packed
bed = 0.4; superficial gas velocity at inlet, u = 0.04 m s¢1. The frame-
work density of FJU-21 is 1104 kg m¢3 and for FJU-22 it is
1083 kg m¢3.

Column breakthrough test set-up, procedures, and measure-
ments

The mixed-gas breakthrough separation experiment was conduct-
ed at 296 K by using a laboratory-scale fix-bed reactor. In a typical
breakthrough experiment (Figure S7 in the Supporting Informa-
tion) for the C2H2/CO2 mixture, FJU-22 powder (1.2 g) was packed
into a quartz column (5.8 mm I.D. Õ 150 mm) with silica wool filling
the void space. The sorbent was activated in situ in the column
with a vacuum pump at 333 K for 24 h. A helium flow
(5 cm3 min¢1) was introduced after the activation process to purge
the adsorbent. The flow of He was then turned off while a gas mix-
ture of C2H2/CO2 (50:50, v/v) at 5 cm3 min¢1 was allowed to flow
into the column. The effluent from the column was monitored by
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using a mass spectrometer (MS). The absolute adsorbed amount of
gas i (qi) is calculated from the breakthrough curve by Equation (1):

qi ¼
F i xt0¢Vdead¢

Rt0

0

FeDt

m

ð1Þ

in which Fi is the influent flow rate of the specific gas (cm3 min¢1),
t0 is the adsorption time (min), Vdead is the dead volume of the
system (cm3), Fe is the effluent flow rate of the specific gas
(cm3 min¢1), and m is the mass of the sorbent (g). The separation
factor (a) of the breakthrough experiment is determined as:

a ¼ q1y2

y1q2
ð2Þ

in which yi is the molar fraction of gas i in the gas mixture. The
column breakthrough measurement for C2H2/C2H4 (1:99, v/v) mix-
tures was similar to the measurements for the C2H2/CO2 mixture,
except that the helium flow was changed to 1.8 cm3 min¢1.

Details of DFT-D calculations and GCMC simulations

First-principles calculations based on density-functional theory
were performed by using the PWSCF package.[41] A semiempirical
addition of dispersive forces to conventional DFT[45] was included
in the calculation to account for van der Waals interactions. We
used Vanderbilt-type ultrasoft pseudopotentials and the general-
ized gradient approximation (GGA) with the Perdew–Burke–Ernzer-
hof (PBE) exchange correlation. A cutoff energy of 544 eV and a 2 Õ
2 Õ 2 k sampling were sufficient for the total energy to converge
within 0.5 meV per atom. We first optimized the bare FJU-22 struc-
ture. The optimized structure is fairly close to the experimental
structure determined from XRD. C2H2 or CO2 molecules were then
introduced to the optimized HOF structure (guided by the GCMC
result), followed by a full structural relaxation. To obtain the gas
binding energies, a free gas molecule placed in a supercell with
the same cell dimensions was also relaxed as a reference. The
static binding energy was then calculated by using: EB = [E(MOF) +
nE(gas)¢E(MOF + ngas)]/n. Grand Canonical Monte Carlo (GCMC)
simulations[46] were performed for C2H2/CO2 adsorption on FJU-22,
with the gas molecules and the MOF frameworks both treated as
rigid bodies. A 2 Õ 2 Õ 2 supercell was used as the simulation box to
ensure the simulation accuracy. A total of 2 Õ 107 steps were used
for equilibration and an additional 2 Õ 107 steps were used to calcu-
late the ensemble average of gas adsorption sites and thermody-
namic properties. We used the standard universal force field
(UFF)[47] to describe the gas–framework interaction and the gas–
gas interaction. Atomic partial charges derived from first-principles
calculations were included in the simulation to account for electro-
static interactions. The cut-off radius used for the Lennard–Jones
interactions is 12.8 æ. The long-range electrostatic interactions
were treated by using the Ewald summation technique with tin-foil
boundary condition. Simulations were performed at various tem-
peratures and pressures. The probability distributions of adsorbed
C2H2 and CO2 were generated from the simulation after the equilib-
rium stage.
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Figure S1. Pore size of FJU-21a (a) and FJU-22a (b). 
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Figure S2. a & c) PXRD patterns of FJU-21 from simulated or in various conditions. The top 

presents the enlarged parts oriented at (100), (002) and (020) planes; b & d) PXRD pattern of 

FJU-22 from simulated or in various conditions. The test samples were exposed to air over 3 

months or to water vapor for 12 hours.  
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Figure S3. Adsorption isotherms of C2H2, CO2 and C2H4 on FJU-21a (a) and FJU-22a (b) at 

273 K (solid symbols: adsorption; open symbols: desorption) 
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Figure S4. Transient breakthrough simulations for separation of equimolar C2H2/CO2 mixture 

using FJU-21a (up) and FJU-22a (bottom) at 296 K, with partial pressures of 50 kPa each. 
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Figure S5. Probability distribution of the C2H2 (left) and CO2 (right) center of mass in 

FJU-22 framework, obtained from GCMC simulation at 296 K, and 1 bar. 
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Figure S6. The interactions between C2H2 and UTSA-100a. (Multiple-point interactions of 

the C2H2 with framework: d [O (-CO2) 
… H (C2H2)] = 2.252 Å, d [H (-NH2) … (C2H2)] = 

2.856Å), d [Center (tetrazole rings) … C26 (C2H2)] = 3.531 Å, d [Center (tetrazole rings) … 

C27 (C2H2)] = 3.210 Å. Color code: Cu, green; C, gray; H, yellow; O, red; N, blue. 
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Figure S7. The illustration of Column breakthrough for C2H2/CO2 mixtures. 
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Figure S8. Adsorption isotherms of C2H6, CH4 and N2 on FJU-21a at (a) 296 K and (c) 273 K 

and FJU-22a at (b) 296 K and (d) 273 K (solid symbols: adsorption; open symbols: 

desorption) 
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Figure S9. Comparison of absolute component loadings for C2H2, C2H4, C2H6, CH4, CO2, and 

N2 at (a) 273 K, and (b) 296 K in FJU-21a with the isotherm fits. The plots are presented both 

with linear axes or logarithmic axes. 

The experimentally measured excess loadings for C2H2, C2H4, C2H6, and CO2 in 

FJU-21a and FJU-22a at temperatures of 273 K, and 296 K in FJU-21a and FJU-22a were 

fitted with the Dual-site Langmuir model  
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The parameters are provided in Table S5 and S7. 

The isotherm data for CH4, and N2 in FJU-21a and FJU-22a were fitted with the 

single-site Langmuir model  
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The parameters are provided in Table S6 and S8. 
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Figure S10. Comparison of absolute component loadings for C2H2, C2H4, C2H6, CH4, CO2, 

and N2 at (a) 273 K, and (b) 296 K in FJU-22a with the isotherm fits. The plots are presented 

both with linear axes or logarithmic axes. 

As illustration of the goodness of the fits, Figure S9 and Figure S10 present a 

comparison of absolute component loadings for C2H2, C2H4, C2H6, CH4, CO2, and N2 at 273 

K, and 296 K in FJU-21 and FJU-22 with the isotherm fits. The fits are good for all 

components over the entire pressure range. 

  



S13 
 

 

Figure S11. Heats of adsorption of gases on FJU-21a (a) and FJU-22a (b). 

The binding energies of C2H2, C2H4, C2H6, CH4, CO2, and N2 in FJU-21 and FJU-22 are 

reflected in the isosteric heat of adsorption, Qst, defined as 

q

st
T

p
RTQ 














ln2                                    (5) 

These values were determined using the pure component isotherm fits. Figure S11 present 

data on the loading dependence of Qst for C2H2, C2H4, C2H6, CH4, CO2, and N2 in FJU-21a 

and FJU-22a. At loadings below 3 mol/kg, the values of Qst of FJU-21a and FJU-22a follow 

the hierarchy C2H2 > C2H4 > CO2 > C2H6 > N2  CH4. 
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Figure S12. The TGA of FJU-21 (up) and FJU-22 (bottom). 
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Table S1. Crystal data and structure refinement for FJU-21 and FJU-22. 

Identification code FJU-21 FJU-22 

Empirical formula Cu(C10H5O4N3) Cu(C10H5O4N3) 

Formula weight 294.71 294.71 

Temperature/K 291.87(13) 291.74(13) 

Crystal system monoclinic orthorhombic 

Space group P21/c Pbcn 

a/Å 10.9121(3) 12.1311(5) 

b/Å 11.8420(3) 14.5924(7) 

c/Å 14.5557(5) 20.4168(10) 

α/° 90 90 

β/° 109.471(3) 90 

γ/° 90 90 

Volume/Å3 1773.35(10) 3614.2(3) 

Z 4 8 

ρcalcg/cm3 1.104 1.083 

μ/mm-1 1.829 1.795 

F(000) 588.0 1176.0 

Crystal size/mm3 0.01 × 0.02 × 0.1 0.1 × 0.1 × 0.12 

Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 

2θ range for data 

collection/° 
8.594 to 134.09 8.662 to 134.122 

Index ranges 
-13 ≤ h ≤ 13, -14 ≤ k ≤ 10,  

-17 ≤ l ≤ 18 

-14 ≤ h ≤ 10, -17 ≤ k ≤ 12, 

-25 ≤ l ≤ 23 

Reflections collected 10630 11549 

Independent reflections 
3153 [Rint = 0.0480, 

Rsigma = 0.0482] 

3225 [Rint = 0.0686, 

Rsigma = 0.0675] 

Data/restraints/parameters 3153/0/163 3225/0/163 

Goodness-of-fit on F2 1.048 0.949 

Final R indexes [I>=2σ (I)] 
R1 = 0.0472, 

wR2 = 0.1313 

R1= 0.0570, 

wR2= 0.1529 

Final R indexes [all data] 
R1= 0.0576, 

wR2= 0.1381 

R1= 0.0732, 

wR2= 0.1633 

Largest diff. peak/hole / Å-3 0.95/-0.49 0.97/-0.69 
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Table S2. Selected Bond Lengths (Å) and Bond Angles (°) for FJU-21. 

Bond Dist Bond Dist 

Cu(1)-O(1) 1.971(2) Cu(1)-O(3)#3 1.969(2) 

Cu(1)-O(4)#2 1.969(2) Cu(1)-N(2) 2.160(2) 

Cu(1)-O(2) #1 1.967(2)   

Angle (°) Angle (°) 

O(1)-Cu(1)-N(2) 92.24(11) O(2)#1-Cu(1)-O(1) 166.38(11) 

O(4)#2-Cu(1)-O(1) 86.91(12) O(2)#1-Cu(1)-O(4)#2 89.49(12) 

O(4)#2-Cu(1)-O(3)#3 166.64(10) O(2)#1-Cu(1)-O(3)#3 90.52(11) 

O(4)#2-Cu(1)-N(2) 91.57(10) O(2)#1-Cu(1)-N(2) 100.99(10) 

O(3)#3-Cu(1)-N(2) 101.53(10) O(3)#3-Cu(1)-O(1) 89.97(11) 

Symmetry transformations used to generate equivalent atoms: 

#1 -X,1-Y,-Z; #2 1-X,1-Y,-Z; #3 -1+X,+Y,+Z; 

#4 1+X,+Y,+Z; #5 1-X,1/2+Y,1/2-Z; #6 1-X,-1/2+Y,1/2-Z 
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Table S3. Selected Bond Lengths (Å) and Bond Angles (°) for FJU-22. 

Bond Dist Bond Dist 

Cu(1)-O(1)#1 1.969(3) Cu(1)-O(4) 1.967(3) 

Cu(1)-O(3)#1 1.985(3) Cu(1)-N(1) 2.150(3) 

Cu(1)-O(2) 1.979(3)   

Angle (°) Angle (°) 

O(1)#1-Cu(1)-O(3)#1 166.00(12) O(4)-Cu(1)-O(2) 167.34(11) 

O(1)#1-Cu(1)-O(2) 90.17(13) O(4)-Cu(1)-N(1) 92.88(12) 

O(1)#1-Cu(1)-N(1) 95.13(12) O(3)#1-Cu(1)-N(1) 98.45(12) 

O(4)-Cu(1)-O(1)#1 86.64(13) O(2)-Cu(1)-O(3)#1 90.93(13) 

O(4)-Cu(1)-O(3)#1 89.26(13) O(2)-Cu(1)-N(1) 99.61(12) 

Symmetry transformations used to generate equivalent atoms: 

#1 -X,+Y,1/2-Z; #2 1/2-X,1/2-Y,1/2+Z; #3 1-X,1-Y,-Z; #4 1/2-X,1/2-Y, -1/2+Z 
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Table S4. Adsorption data for some representative MOFs at 296K.[1-4] 

 M’MOF-3a MgMOF-74 CoMOF-74 FeMOF-74 NOTT-300 UTSA-100a FJU-22 

Functional 

groups 

framework 

flexibility 

open metal 

sites 

open metal 

sites 

open metal 

sites 

phenyl rings, 
aromatic C–H 

groups, O-H groups 

amino groups, 

tetrazole ring, metal 

center O 

open O 

donors, 

triazole 

rings 

Surface area 

(m2/g; BET) 
110 927 1018 1350 1370 970 828 

Selectivity for 

C2H2/C2H4 

24.0a 2.2a 1.7a 2.1a 2.2a (10.7)a/(13.8)b 25.8b 

Static C2H2 

uptake at 1.0 bar 

(mmol/g) 

1.90  8.37 8.17 6.80 c 6.34 d 4.27 5.12 

Static C2H4 

uptake at 1.0 bar 

(mmol/g) 

0.40  7.45 7.02 6.10 c 4.28 d 1.66 3.83 

Qst (C2H2, 

kJ/mol)e 
25 41 45 46 32 22 23 

a IAST analysis for ethylene/acetylene mixtures containing 1% acetylene at 100 kPa. 

b Selectivity for ethylene/acetylene mixtures containing 1% acetylene at 100 kPa calculated from 

breakthrough experiment. 

c At 318 K. 

d At 293 K. 

e Qst values are the enthalpy at zero coverage. 
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Table S5. T- dependent Dual-Langmuir parameter fits for C2H2, C2H4, C2H6, and CO2 in 

FJU-21. 

 Site A Site B 

 

qA,sat 

mol kg-1
 

bA0 

1Pa   

EA 

kJ mol-1 

qB,sat 

mol kg-1 

bB0 

1Pa   

EB 

kJ mol-1 

C2H2 2.3 4.2910-8 22.6 1.4 5.4510-9 16.7 

C2H4 1.8 5.6510-8 19.1 3 1.7610-7 4.2 

C2H6 1.7 3.0710-8 20.8 5 1.2310-8 8.3 

CO2 5.7 1.8310-8 8.2 2.7 9.1710-8 16 
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Table S6. T- dependent Langmuir parameter fits for CH4, and N2 in FJU-21. 

 

qA,sat 

mol kg-1
 

bA0 

1Pa   

EB 

kJ mol-1 

 

CH4 

 

2.3 6.6410-8 10.3 

 

N2 

 

1.3 1.3910-8 11.6 
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Table S7. T- dependent Dual-Langmuir parameter fits for C2H2, C2H4, C2H6, and CO2 in 

FJU-22. 

 Site A Site B 

 

qA,sat 

mol kg-1
 

bA0 

1Pa   

EA 

kJ mol-1 

qB,sat 

mol kg-1 

bB0 

 

EB 

kJ mol-1 

C2H2 4.6 3.5710-8 23 2.3 1.410-9 19.4 

C2H4 3.8 1.8710-8 21.5 6.5 5.4910-10 16.7 

C2H6 3.7 5.4910-8 19 6 3.7710-11 20.8 

CO2 3.0 2.0910-9 14.7 5.7 1.5710-8 19.6 

 

1Pa 
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Table S8. T- dependent Langmuir parameter fits for CH4, and N2 in FJU-22. 

 

qA,sat 

mol kg-1
 

bA0 

 

EB 

kJ mol-1 

 

CH4 

 

5.2 1.7610-8 13 

 

N2 

 

3.6 4.3510-9 13.4 

 

  

1Pa 
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Table S9. Data for the adsorption of C2H2 in FJU-21a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.018 0.094 320.648 58.802 635.831 64.959 

0.035 0.198 360.452 59.684 596.071 64.674 

0.061 0.366 400.596 60.481 542.585 64.204 

0.125 0.788 439.729 61.176 488.352 63.628 

0.255 1.645 479.454 61.817 434.635 62.937 

0.506 3.313 519.442 62.422 380.116 62.098 

0.994 6.630 559.992 62.986 325.167 61.061 

13.653 34.064 599.062 63.477 270.998 59.798 

22.573 38.026 638.867 63.949 217.131 58.188 

40.515 42.449 679.096 64.399 163.411 56.041 

90.545 48.821 718.565 64.807 109.752 52.913 

130.822 51.791 758.428 65.195 56.855 47.579 

158.059 53.316 779.776 65.468 28.518 42.168 

199.498 55.148 801.616 65.732 13.410 36.198 

239.471 56.572 738.132 65.513 
  

280.469 57.772 689.772 65.302 
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Table S10. Data for the adsorption of C2H4 in FJU-21a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.053 0.078 320.678 39.864 689.839 45.117 

0.104 0.147 360.712 40.633 636.095 44.654 

0.147 0.202 400.696 41.326 596.764 44.279 

0.241 0.324 439.758 41.930 542.607 43.728 

0.516 0.680 479.610 42.493 488.881 43.103 

0.968 1.247 519.685 43.017 434.327 42.395 

10.965 11.108 559.629 43.512 379.111 41.545 

21.744 17.748 599.420 43.969 326.215 40.604 

38.974 23.763 638.962 44.399 271.243 39.426 

76.827 29.805 679.141 44.796 217.258 37.980 

129.812 33.743 718.425 45.158 163.432 36.073 

172.290 35.710 758.537 45.521 109.716 33.268 

198.568 36.688 779.825 45.719 57.261 28.086 

240.778 37.976 801.375 45.926 24.991 19.892 

281.086 38.993 738.896 45.500 15.094 14.645 
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Table S11. Data for the adsorption of CO2 in FJU-21a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.086 0.060 359.903 53.972 636.574 62.177 

0.160 0.120 399.801 55.297 596.101 61.472 

0.263 0.203 439.674 56.490 542.467 60.433 

0.517 0.410 479.534 57.597 488.192 59.242 

0.955 0.764 519.451 58.609 433.135 57.847 

10.948 8.339 559.220 59.559 379.023 56.270 

21.392 15.137 598.925 60.452 325.262 54.420 

42.388 24.715 638.900 61.300 271.236 52.172 

81.376 34.274 678.693 62.102 217.273 49.353 

132.479 41.006 718.449 62.877 163.609 45.663 

170.823 44.399 758.163 63.625 110.188 40.368 

198.477 46.383 779.806 64.078 51.762 29.549 

240.269 48.848 801.271 64.505 28.413 20.635 

280.022 50.806 739.013 63.721 13.788 11.730 

319.172 52.459 690.316 63.033 
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Table S12. Data for the adsorption of C2H2 in FJU-21a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.036 0.082 320.092 54.173 690.242 60.492 

0.068 0.167 359.831 55.117 636.403 60.284 

0.149 0.403 399.655 55.953 596.681 60.068 

0.262 0.715 439.529 56.686 543.071 59.674 

0.490 1.359 479.201 57.326 488.615 59.140 

1.016 2.837 519.691 57.912 434.854 58.459 

11.199 24.027 558.894 58.412 380.688 57.603 

26.383 33.238 598.675 58.866 325.344 56.488 

40.783 37.021 638.498 59.271 271.344 55.138 

83.926 42.928 678.243 59.629 217.283 53.393 

129.831 46.544 718.180 59.944 163.518 51.088 

171.916 48.919 757.987 60.218 109.877 47.782 

198.989 50.191 779.435 60.425 56.788 42.348 

239.374 51.753 801.433 60.612 29.083 36.632 

279.353 53.042 738.627 60.586 13.514 28.847 
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Table S13. Data for the adsorption of C2H4 in FJU-21a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.085 0.056 359.965 37.964 636.179 42.246 

0.164 0.111 399.015 38.699 596.270 41.848 

0.261 0.176 440.179 39.386 542.692 41.264 

0.521 0.355 478.554 39.982 488.530 40.587 

1.012 0.690 519.805 40.554 434.227 39.808 

10.691 6.406 559.429 41.064 380.669 38.917 

21.215 11.260 599.333 41.537 325.155 37.812 

40.881 17.795 638.862 41.971 271.038 36.494 

81.481 25.306 678.864 42.394 217.056 34.811 

116.992 28.878 718.458 42.784 163.459 32.520 

157.096 31.523 758.521 43.164 110.021 28.976 

198.900 33.486 779.773 43.369 57.800 22.299 

240.468 34.977 801.295 43.585 29.167 14.827 

280.468 36.151 738.689 43.138 13.437 8.217 

320.570 37.129 690.160 42.738 
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Table S14. Data for the adsorption of CO2 in FJU-21a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.107 0.045 359.878 47.729 636.623 56.403 

0.211 0.092 399.834 49.198 596.279 55.631 

0.316 0.141 439.400 50.507 542.276 54.467 

0.499 0.225 479.468 51.729 488.074 53.137 

1.010 0.463 519.399 52.843 434.155 51.644 

11.144 4.951 559.231 53.884 379.321 49.876 

21.120 8.966 598.912 54.845 325.094 47.815 

40.667 15.863 638.644 55.748 271.008 45.335 

81.246 25.839 678.520 56.603 217.439 42.247 

119.533 31.739 718.516 57.405 163.734 38.132 

157.880 35.912 758.483 58.162 110.235 32.225 

198.746 39.299 779.473 58.591 51.270 20.677 

239.134 41.957 801.599 59.024 26.912 12.570 

279.161 44.162 739.312 58.137 15.114 7.679 

319.149 46.049 690.516 57.348 
  

 

  



S29 
 

Table S15. Data for the adsorption of C2H2 in FJU-22a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.026 0.284 319.096 112.875 635.993 122.211 

0.039 0.418 360.274 114.418 596.097 121.616 

0.061 0.693 400.551 115.750 542.665 120.706 

0.131 1.551 439.719 116.885 488.183 119.621 

0.245 3.064 480.190 117.954 434.646 118.349 

0.525 6.681 519.401 118.902 380.268 116.829 

0.982 12.736 559.639 119.789 325.037 114.960 

11.093 64.591 599.100 120.573 271.096 112.717 

20.357 74.017 638.836 121.317 217.259 109.863 

43.885 85.028 678.717 122.004 163.434 106.074 

82.307 94.120 718.678 122.652 110.027 100.564 

132.744 100.974 759.010 123.267 57.292 91.244 

170.802 104.515 779.897 123.631 29.085 81.562 

198.750 106.631 801.318 123.994 13.342 70.076 

239.453 109.137 738.832 123.447   

280.192 111.202 690.049 122.915   
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Table S16. Data for the adsorption of C2H4 in FJU-22a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.038 0.113 320.829 82.417 690.247 92.209 

0.080 0.222 360.440 83.915 636.688 91.271 

0.125 0.337 400.760 85.258 596.619 90.508 

0.255 0.665 440.287 86.436 542.228 89.380 

0.506 1.289 480.506 87.534 488.782 88.132 

1.005 2.499 519.425 88.515 434.663 86.725 

11.357 22.775 559.368 89.420 380.407 85.084 

21.872 36.059 599.441 90.277 326.246 83.174 

38.950 48.655 638.929 91.055 271.043 80.801 

89.442 64.202 678.870 91.805 217.143 77.873 

128.958 69.938 718.883 92.517 163.457 73.963 

170.492 73.968 758.522 93.186 110.139 68.141 

198.356 76.055 779.930 93.539 52.086 55.209 

239.268 78.584 801.431 93.904 28.909 42.887 

281.069 80.707 739.269 93.005 13.781 26.977 
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Table S17. Data for the adsorption of CO2 in FJU-22a at 273K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.070 0.093 359.924 105.791 637.270 120.315 

0.134 0.189 399.676 108.378 596.109 118.890 

0.271 0.390 439.668 110.715 542.472 116.838 

0.491 0.715 479.487 112.824 488.331 114.482 

1.010 1.482 519.216 114.730 434.259 111.775 

10.833 15.165 559.129 116.502 379.461 108.574 

21.331 28.122 598.781 118.133 325.080 104.844 

42.709 47.076 638.891 119.654 271.367 100.360 

82.055 66.276 678.624 121.061 217.540 94.728 

130.450 79.284 718.494 122.385 163.869 87.307 

167.577 86.067 758.287 123.647 110.646 76.620 

198.188 90.525 779.782 124.338 51.887 54.762 

239.238 95.420 801.410 125.017 25.768 34.391 

279.251 99.400 739.861 123.424 14.019 20.358 

320.043 102.843 690.933 122.010   
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Table S18. Data for the adsorption of C2H2 in FJU-22a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.026 0.117 320.945 104.124 636.440 113.510 

0.049 0.242 360.624 105.728 596.361 113.007 

0.073 0.376 400.273 107.095 542.955 112.171 

0.120 0.638 439.808 108.297 488.766 111.116 

0.252 1.378 479.541 109.386 434.663 109.816 

0.504 2.798 520.106 110.345 380.572 108.225 

1.004 5.595 559.143 111.177 325.105 106.188 

11.227 48.294 599.019 111.936 271.129 103.742 

28.702 67.556 638.927 112.596 217.122 100.607 

40.538 73.226 678.734 113.191 163.421 96.472 

80.647 83.713 718.526 113.716 109.886 90.622 

116.205 89.188 758.198 114.191 57.372 80.938 

157.388 93.745 779.819 114.487 24.980 67.666 

199.004 97.240 801.387 114.754 13.316 55.211 

239.147 99.943 738.888 114.435 
  

280.305 102.225 690.311 114.078 
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Table S19. Data for the adsorption of C2H4 in FJU-22a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.070 0.087 360.403 75.349 636.825 83.183 

0.141 0.175 400.649 76.832 596.256 82.391 

0.276 0.344 439.723 78.097 542.639 81.219 

0.496 0.617 478.923 79.246 488.822 79.884 

1.008 1.242 519.598 80.322 434.670 78.347 

11.073 12.201 559.731 81.288 380.301 76.541 

21.323 21.323 599.111 82.164 325.218 74.350 

41.309 34.439 639.319 82.988 271.153 71.694 

82.307 49.686 678.954 83.749 217.285 68.276 

132.675 59.239 718.697 84.457 163.672 63.570 

169.935 63.663 758.407 85.127 110.475 56.312 

197.996 66.244 779.727 85.490 51.686 40.014 

239.271 69.277 801.472 85.857 29.105 27.493 

279.276 71.637 739.067 84.933 13.868 15.017 

320.527 73.670 690.691 84.138   
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Table S20. Data for the adsorption of CO2 in FJU-22a at 296K 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

Pressure 

(mmHg) 

Adsorption 

(cm3/g) 

0.100 0.068 359.776 89.313 637.605 105.681 

0.169 0.117 399.743 92.246 596.204 103.985 

0.260 0.181 439.447 94.855 542.235 101.538 

0.527 0.379 479.461 97.243 488.190 98.787 

0.976 0.711 519.296 99.436 434.050 95.653 

10.651 7.697 559.174 101.453 380.237 92.076 

21.120 14.827 598.717 103.310 325.159 87.771 

39.881 26.393 638.811 105.067 271.095 82.675 

79.386 44.884 678.725 106.709 217.518 76.392 

121.293 57.679 718.389 108.255 163.874 68.128 

157.177 65.460 758.307 109.712 110.685 56.370 

198.957 72.416 779.617 110.508 51.107 33.935 

238.975 77.723 801.476 111.283 29.085 21.168 

279.848 82.243 739.893 109.375 14.364 11.234 

319.943 86.038 691.256 107.703 
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