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Utilizing porous adsorbents to capture CO, from flue gas or removal of COy impurity from other high-value
chemicals is an effective way for alleviating the greenhouse effect, but selective and reversible capture of CO5
is still a challenge. In this study, we report a moisture stable metal-organic framework (Zn-dmtrz-mip) that
combines high CO, uptake with a low affinity for other gases for highly efficient CO, capture and separation
performance. Zn-dmtrz-mip displays a high CO, uptake of 65.4 cm® g1 as well as ultrahigh CO2/N; (11974 and
681 for 50/50 and 15/85 mixtures, respectively), CO2/CO (110.0 and 50.8 for 50/50 and 10/90 mixtures,
respectively), which superior to many reported MOFs. Breakthrough experiments visualized that Zn-dmtrz-mip is
not only capable of directly obtaining high-purity (99.9 %) N2, CH4 and CO, but also achieving high-purity (99.5
%) COq recovery. The stability experiments showed that Zn-dmtrz-mip maintained its structure and CO,
adsorption uptake after exposure in air and moisture environments (RH = 65 %) as well as in acidic (pH = 3) and
basic (pH = 11) solutions and water. Importantly, low CO adsorption heat (26.5 kJ mol ') makes Zn-dmtrz-mip
can be easily regenerated by inert gas purging and maintain its separation performance over five repeat process
cycles. Molecule simulation revealed the crucial role of methyl groups through multiple C-H---O interactions for
such high CO, uptake capacity and separation selectivity.

1. Introduction

The increasing demand of fossil fuel-based global energy will un-
doubtedly exacerbate emissions of carbon dioxide (CO2) which is a
major greenhouse gas causing a series of environmental issues, such as
climate deterioration, glacier melting, extreme weather and so on [1].
About 60 % of the total CO5 emission is contributed to the coal-fired
power plants [2,3], which is mainly comprised of ~15 % COy and
~75 % nitrogen (N3) [4]. Accordingly, the separation of CO, and Ny
from the flue gas are pivotal for post-combustion CO; capture. Besides,
natural gas, which is mainly consists of methane (CHy) is regarded clean
and renewable energy [5]. The utilization of natural gas relies heavily on
pipeline transportation; unfortunately, the unnecessary CO5 impurity in
the natural gas would severely damage gas pipelines and significantly
reduce its energy density especially in the presence of humid environ-
ment [6-8]. Therefore, the removal of CO; from the natural gas is of
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great significance to CH4 upgradation. The separation of CO and carbon
monoxide (CO) is another important separation task that is closely
related to reducing greenhouse gas emissions, in which CO is not only a
crucial raw material for the manufacture of many chemicals but also in
high demand for the calibration of semiconductor devices and medical
instruments [9].

In addition to research and development of renewable energy sour-
ces for achieving net zero emission goals, new technologies and mate-
rials are needed to the cost-efficient capture and separate of CO, for
reducing energy consumption. Currently, the established technology for
trapping CO5 involves aqueous amine adsorption or cryogenic distilla-
tion, which are known to be high energy penalties and environmentally
unfriendly [10-12]. Adsorbent-based physical separation avoids these
drawbacks and involves the advantages of low energy consumption and
equipment investment than conventionally cryogenic distillation or
amine scrubbing process [13-16]. Adsorbents are the core of adsorption
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separation technology, and therefore the invention of more advanced
adsorbents is required to potentially replace the traditional purification
processes. For this purpose, various porous adsorbents, e.g., carbon
materials [17], molecular sieves [18], porous polymers [19], zeolites
[20], and metal-organic frameworks (MOFs) [21] have been developed
for CO, capture or separation.

Amongst these developed adsorbents, microporous MOFs are
considered to be one of the most hopeful materials for broad application,
especially CO; capture or separation owing to their facile regulation of
pore environment and flexible interior functionalities [22-26]. It has
been proved that many strategies such as grafting polar amino groups
and incorporating open metal sites (OMSs) were proposed through
reinforcing the affinity between MOF host and CO, molecules to
improve adsorption capacity or separation selectivity [12,27-29].
Nevertheless, the omnipresent water molecules tend to coordinate and
compete with the OMSs, which would lead to the collapse of frameworks
to greatly reduce the CO, adsorption capacity [30]. On the other hand,
grafting polar amino groups can greatly increase the CO5 interaction
intensity, but it has the disadvantage of high energy input for regener-
ation and is not conducive to the recycling of adsorbents. While recent
research produced several outstanding MOFs achieve the great CO2/CHg4
or COy/Nj separation with great stability and decent affinity, the high
cost of those MOFs remains impeding to their implementation [3,31].
Additionally, renewability and recyclability are also important in-
dicators of high performance adsorbents, which requires adsorbents
maintain their separation performance over multiple adsorp-
tion-desorption cycles. Hence, sustained efforts are needed to develop
moisture stable MOFs with targeted uptake capacity, excellent selec-
tivity and easy regenerability for cost-effective industrially COy-rela-
ted separation tasks.

Obviously, the high demand for efficient physical adsorbents moti-
vates the exploration of the structure and adsorption capacity of novel
porous materials. Herein, we present a novel ultra-microporous MOF Zn-
dmtrz-mip from 3,5-dimethyl-1,2,4-triazolate (Hdmtrz) and inexpensive
5-methylisophthalic acid (Homip) ligand for efficient COy separation.
Attributed to the methyl-functionalized pore environment, Zn-dmtrz-
mip displays high moisture stability and competitive CO, adsorption
capacity of 65.4 cm?® g’1 as well as ultra-high CO5/N; (681), CO/CHy4
(17.8), and CO2/CO (11 0) selectivity, which is comparable with most of
the highest performing MOFs. The actual separation performance of
binary CO2/N3, CO2/CHg4, and CO2/CO mixtures and ternary CO2/CHy/
Ny mixtures were investigated by dynamic breakthrough experiments.
Zn-dmtrz-mip can be easily regenerated and maintains its performance
over five adsorption and breakthrough cycles. The adsorption behavior
and separation mechanism are explored by the grand canonical Monte
Carlo (GCMC) simulations.

2. Experimental
2.1. Materials and general methods

These contents were provided in Supporting Information.

2.2. Synthesis of [Zng(dmtrz),(Hmip)(mip)i.s5]-4H20-2DMF (Zn-dmtrz-
mip)

The solution of 0.028 g 3,5-dimethyl-1,2,4-triazolate (Hdmtrz) (0.3
mmol) and 0.049 g isophthalic acid (Hzipa) (0.3 mmol) in 5 mL of N, N-
dimethylformamide (DMF) was added to the solution 5 mL DMF con-
taining 0.089 g Zn(OAc)2-2H50 (0.45 mmol). An additional 0.2 mL of
HNO; (7.2 mol L) was added to the mixture solution, and then sol-
vothermal reactions of the mixed solvents at 140 °C for 70 h to yield
colorless cuboid of crystals (yield: 51 %, based on Zn(OAc)y-2H20).
Anal. Caled for C46H49N7015Zns: C, 41.63; H,4.78; N, 10.64 %. Found:
C, 41.57; H, 4.81; N, 10.61 %.
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3. Results and discussion
3.1. Crystal structure of Zn-dmtrz-mip

Zn-dmtrz-mip crystallized in tetragonal P432;2 space group. As
shown in Figure S1, its asymmetric unit includes three Zn?" ions, two
dmtrz ligands, one Hmip” ligands and one and a half deprotonated mip?
ligands. Each Zn?* ion adopts tetrahedron coordination configuration
by coordinating with two N atoms of different dmtrz linkers and two O
atoms of different Hmip or mip? ligands. Adjacent Zn>* ions coordinate
with dmtrz linkers to form infinite one-dimensional [Zn3Ngl, chains
(Fig. 1a), these [Zn3Ngl, chains are further connected with adjacent
mipz' ligands to form a three-dimensional (3D) framework with 1D
quadrilateral channels. Most of all, the surface of pore channels is
decorated by abundant methyl groups and aromatic rings derived from
organic ligands. Such nonpolar pore surface modified by abundant
methyl groups and aromatic rings can provide multiple binding sites,
thus preferentially interacting with COy rather than other molecules
(Figurelb and c). In Zn-dmtrz-mip, the aperture sizes is about 5.7 A x
5.8 A, and the solvent-accessible void appraised by PLATON is approx-
imately 41.7 % (Fig. 1d). Topologically, Zn-dmtrz-mip can be simplified
as a new 3,3,3,4,4,4-c topology with the point symbol of
{4-8%13{43.82.9},{8' 4.9} (Fig. 1e).

3.2. Characterization

The PXRD patterns of synthesized Zn-dmtrz-mip displayed a good
match with the simulated results from crystal data, confirming that the
phase purity of bulk samples (Figure S2). The thermal stability of the Zn-
dmtrz-mip was evaluated by thermogravimetric analysis (TGA), which
shows the two steps weight loss of about 7 % (ca. 6.8 %) before 120 °C
and 12.5 % (ca. 13.5 %) at about 120-150 °C, corresponding to the loss
of lattice H,0O molecules and DMF molecules, respectively (Figure S3).
The activated Zn-dmtrz-mip can be got through by heating the the
CHyCly-exchanged samples at 393 K for 4 h under vacuum.

3.3. CO2 adsorption behavior

The porosity of the activated Zn-dmtrz-mip was determined by the
COq sorption experiments at 195 K. As depicted in Fig. 2a, Zn-dmtrz-mip
showed a reversible microporous isotherm with the saturated uptake of
146.2 cm® g~ ! up to 100 kPa, which corresponds to a BET surface area of
463.9 m? g~ ! (Figure S4). Furthermore, the pore size distributions were
calculated to be 3.3-10.0 A on the basis of density functional theory
model (Figure S5). The accessible pore surfaces of Zn-dmtrz-mip are
modified by methyl groups from dmtrz” and mip? ligands, resulting in
hydrophobic pore environment. Thus, we measured the water vapor
adsorption isotherms of Zn-dmtrz-mip, reflecting the hydrophobic
nonpolar pore environment (Figure S6). In addition, Zn-dmtrz-mip can
maintain the crystallinity and integrity after the water adsorption, as
demonstrated by PXRD patterns in Figure S2.

Inspired by the abundant methyl groups of microporous structure,
CO4, CO, Ny, CH4 adsorption isotherms were tested to study the per-
formance of Zn-dmtrz-mip for CO, capture and separation. As provided
in Fig. 2b-2c, at 273/298 K under 100 kPa, the adsorption amounts of
Zn-dmtrz-mip for CO5, CO, N5, and CH4 were 77.5/65.4,14.1/9.2, 3.34/
3.29, and 28.6/19.1 ecm® g7, respectively. A comparative literature
survey displays that the adsorbed amount of CO; is comparable with or
higher than those of reported MOFs, e.g., MAF-23 (56 cm® g1) [32],
ZnF(daTZ) (40 em® g1 [27], ZJNU-26 (68.6 cm® g~!) [33],
[Cd3(TCA),L] (28.4 cm® g~1) [34], MUF-16 (47.8 cm® g~1) [35] and
MOF-801-Hf (45.7 cm® g 1) [36]. Notably, Zn-dmtrz-mip shows a high
CO9/N; uptake ratio of 19.9 at 298 K and 100 kPa, which is much higher
than many top-performing MOFs including TIFSIX-3-Ni (12.1) [37],
WOFOUR-1-Ni (14.8) [38], Ni(3-ain), (5.83) [39], Cu-PSB (14.6) [40],
Fe-dbai (16) [3] and CuBDC-NO»-a (12.6) [41]. The isosteric heat (Qst)
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Fig. 1. Crystal structure of Zn-dmtrz-mip: a) 1D chains composed of [Zn3Ng], unit; b) and c) 3D structure of Zn-dmtrz-mip; d) accessible surface representation of
pores in Zn-dmtrz-mip viewed along the c axis; e) topology network (Zn, turquiose; O, red; N, blue; C, gray). (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)

of CO4 was calculated the virial method to evaluate the adsorption af-
finity and the energy penalty for regeneration (Figure S7). The zero
coverage Qg for CO, was determined to be a moderate value of 26.5 kJ
mol !, which indicate a facile regeneration treatment and low regen-
eration energy in multicyclic adsorption (Fig. 2d). In fact, five contin-
uous adsorption-desorption cycles without reactivation by heating prior
to each cycle for CO; revealed remarkable sorption recurrence
(Figure S8).

3.4. COq selectivity

The significant uptake difference between CO, and CO, Ny, CHy
motivated us to estimate the separations behavior of the CO/CHg4, CO2/
Ny and CO,/CO mixtures based on the ideal adsorbed solution theory
(IAST) model (Figure S9-S12). The IAST selectivity of Zn-dmtrz-mip
toward CO5/N> are 26,190 and 2617 for 50/50 and 15/85 mixtures at
273 K, whereas these values at 298 K are 11,974 and 681, respectively
(Fig. 3a). The remarkable value at 298 K for 15/85 CO2/N5 mixture was
significantly superior to the majority of established promising adsor-
bents, such as MUF-16 (631) [35], NbOFFIVE-Cu-TPA (471.9) [16],
IISERP-MOF16 (600) [42], MOF-11 (150) [43], NKU-521a (51) [44],
PCN-222 (30) [45] (Table S3). We note that both adsorption uptake and
selectivity are of equal importance for the final separation performance.
Thus, Fig. 2b presents a comprehensively comparison of Zn-dmtrz-mip
with top-performing MOFs when we set CO, uptake and CO2/N selec-
tivity as concurrent objectives. For most of reported MOFs, there is an
obvious trade-off between high CO2/N selectivity and CO, adsorption

capacity. For example, MIP-202 indicates significantly higher CO5/Ny
selectivity of 2129, however, it exhibits very low CO4 uptake (12.44 cm®
gfl) [46], while PCN-26 [47], MOF-74-Ni [28] and NKU-521a [44]
exhibit high CO, uptake, the CO2/Nj selectivity are quite limited. Zn-
dmtrz-mip displays a well balance in selectivity and adsorption capac-
ity, which is among the benchmark value for this important separation.

Besides great CO2/N3 adsorption selectivity, Zn-dmtrz-mip achieves
a high selectivity for CO5 over CH4 and CO. As presented in Fig. 3c, the
corresponding values for the CO,/CH4 are 21.3/17.8 and 20.8/16.2 of
50/50 and 10/90 mixtures at 273/298 K, surpassing many well-known
some reported materials like [Cu(SiFg)(sdi)2] (10.4) [48], [Ni(dpip)]
(7.5) [49], SNNU-5-Fe (9.0) [50], SNNU-325 (4.0) [51], MIL-160 (16.0)
[71, 1-CA-ClO4 (5) [52], MFM-128 (4.53) [53], and CSMCRI-9a (5.39)
[54]. For the 50/50 and 10/90 CO5/CO mixtures, the selectivity values
are 101.3/110.0 and 64.8/50.8 at 273/298 K (Fig. 3d), which are still
higher than most benchmark porous materials for CO5/CO separation
including 8.7 of ZJU-HOF-1 [9], 5.0 of HKUST-1 [55], 55 of DMOF [56]
and 43 of ZIF-70 [57].

3.5. Breakthrough separation

To further investigate the practical COy-related separation perfor-
mance, breakthrough experiments were conducted in packed bed of Zn-
dmtrz-mip at 273 and 298 K, where COy/N> (v/v, 3/17 or 5/5) under Ar
as the carrier gas (vol %, 80 % or 90 %), CO2/CH4 (v/v, 1/9 or 5/5)
under Ar as the carrier gas (vol %, 90 %) and CO5/CO (v/v, 1/9 or 5/5)
under Ar as the carrier gas (vol %, 90 %) mixtures were used as feed.
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Visible separation of CO5/N3, CO2/CH4 and CO5/CO can be observed in determined to be 22.34,9.94 and 13.56 L kg’l. In addition, the absorbed
Fig. 4, wherein Ny, CHy4 or CO eluted the outlet immediately, while CO5 CO3 amount for 5/5 CO3/Nj3, CO3/CH4 and CO2/CO mixtures were
retained in the column for longer time. During these processes, high calculated to be 9.9, 9.6 and 9.1 cm® g™, nearly 66.9 %, 64.8 % and
purity (>99.9 %) Ny, CH4 and CO with the productivities of 6.15, 5.81 61.5 % of the saturated uptake (14.8 cm® g~! for CO, at 298 K under 5
and 8.70 L kg_l can be directly collected from the 5/5 CO3/N3, CO2/CHy kPa) from the single-component adsorption isotherms. Additionally, Zn-
and CO,/CO mixtures at the adsorption stage, while the productivities dmtrz-mip also achieved effective separation for CO2/N> (v/v, 3/17 or
for 3/17 CO5/Nsy, 1/9 CO,/CH4 and 1/9 CO,/CO mixtures were 5/5), CO5/CH4 (v/v, 1/9 or 5/5) and CO5/CO (v/v, 1/9 or 5/5) mixtures
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desorption curves under Ar (7 mL min ') purging at 323 K.

at 273 K (Figure S13), which indicate promising CO,-related separation
without precisely controlling temperature in practical working
conditions.
To verify actual capability of Zn-dmtrz-mip for the recovery of COo,
the desorption experiments were performed at 323 K after reaching
saturation of adsorbents through sweeping with Ar gas (7 mL min ™). A
positive finding is that almost all of the adsorbed N3, CH4 and CO could
be removed immediately after purging of Ar, while CO, can be easily
desorbed from the column within 30 min under Ar flow to obtain the
high-purity CO2 (>99.5 %) since Zn-dmtrz-mip displayed relatively high
affinity towards COy compared to other gases. Thus, as an emerging
example, Zn-dmtrz-mip can deliver both pure N, (CH4 and CO) and CO,
in single adsorption-desorption cycle.
Although Zn-dmtrz-mip achieved efficient binary CO»/CH4 and CO»/
Ny separation, there are tremendous current impediments and chal-
lenges for CO5/Ny/CHy ternary mixtures separation, which are impor-
tant in several fields related to new renewable sources of energy. Fig. 5

a)1s

cic,

15

curves under Ar (7 mL min~1) purging at 323 K.

b)2.s

shows breakthrough curves for CO3/CH4/N3 (5/5/5, v/v/v) under Ar as
the carrier gas (vol %, 85 %) on Zn-dmtrz-mip at 298 and 273 K. The
results show that Ny and CHy4 flow out sequentially from the outlet, while
CO,, retained in the packed column as long as 19.4 and 45.1 min g~ at
298 and 273 K, respectively. The breakthrough time of various gases for
Zn-dmtrz-mip is consistent with the uptake from single component
adsorption curves. The captured amounts of CO, from CO5/CH4/Ng
ternary mixtures are determined to be 7.95 and 16.29 cm® g~! at 298

and 273 K. Furthermore, the similar desorption experiments were per-
formed at 323 K after reaching saturation of adsorbents through
sweeping with Ar gas (7 mL min™1), which N, and CH4 sequentially

desorbed through the packed bed at beginning, then high purity (>99.5
%) CO, was recovered.

3.6. GCMC simulations

In-situ gas-loaded crystal experiment is one of the most effective
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Fig. 5. Experimental breakthrough curves for the equimolar ternary mixture of CO5/CH4/N5 on Zn-dmtrz-mip at a) 298 K and b) 273 K; followed by desorption
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methods to reveal the separation mechanism. However, we were not
able to obtain high-quality single-crystal data of activated Zn-dmtrz-mip
with CO45 gas molecules even after extensive attempts. To gain better
insight into the high CO; storage and excellent COy-relevant mixtures
separation performance of Zn-dmtrz-mip, the GCMC simulations were
implemented to determine the preferential binding site of CO». It found
that the preferential adsorption site for CO5 was located in the nonpolar
pockets between two metal-triazolate chains. As provided in Fig. 6a, the
CO, molecule was found to interact with methyl H atoms of dmtrz and
mip? ligands through multiple C-H---O (H---O distances: 2.669-3.215 A)
hydrogen bonds. Additionally, the different framework-CO; interaction
sites in Zn-dmtrz-mip at 100 kPa under 298 K were studied by simula-
tions to gain insight into the adsorption behaviours. There are two in-
dependent CO2 (CO3-I and CO»-II) binding sites in framework were
found. CO»-I is vertically arranged between two metal-triazolate chains,
in which the one electronegative O atom of CO»-I interacts with two
electropositive carbon atom of dmtrz (O---C = 3.140-3.393 [o\), one Zn
atom (O---Zn = 3.569 [D\) and methyl H atoms of dmtrz (H---C =
2.667-2.908 [D\), another O atom of CO4-I interacts with three H atoms of
mip? and one methyl H atoms of dmtrz' to form C-H---O hydrogen
bonds (O---H = 2.615-3.317 A) (Fig. 6b). COy-II was located at the
corners near two mip> ligands, in which two O atoms of CO4-II form C-
H--O hydrogen bonds with the O--H distances of 2.650-3.472 A
(Fig. 6¢). Above simulation results reveal that the strong host-guest
interactions for CO, are ascribed to the methyl groups of ligands.

3.7. Cyclability and stability

Good reusability and structural stability of porous adsorbents are
essential indices for practical applications. Thus, the multiple equimolar
mixed-gas (CO2/Ng, CO2/CHy, CO2/CO and CO2/Ny/CH4) breakthrough
test of Zn-dmtrz-mip to evaluate the preservation of the separation
performance. As depicted in Fig. 7a-7d, the breakthrough curves for
these gas mixtures can be recycled at least five cycles, demonstrating the
regeneration and reusability of Zn-dmtrz-mip. Furthermore, Zn-dmtrz-
mip can keep its structure after multiple separation experiments as
proved by the PXRD results. The COj-relevant separation tasks are
typically implemented under humidity or water vapor conditions in real-
world applications, which demands materials with high humidity and
long-term stabilities. Thus, we evaluated the moisture stability of Zn-
dmtrz-mip by exposing the samples to 65 % humidity and air

a) '.',

b)

2
 }
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environments for 30 days and immersing in acidic (pH = 3) and basic
(pH = 11) solutions and water for 1 day, estimated by CO, sorption
curves and PXRD measurements. As divulged in Fig. 7e, the PXRD
measurements suggest that Zn-dmtrz-mip can retain its crystallinity and
structure after exposing to these harsh environments. Additionally, CO4
adsorption curves collected at 298 K after above treatment are close to
those of the desolvated samples, demonstrating remarkable moisture
stability of Zn-dmtrz-mip (Fig. 7f). In addition, the breakthrough
experiment for 50/50 CO./N; mixtures without Ar under different
humid conditions (dry, 30 % and 50 % RH) in Fig. 7g indicate that Zn-
dmtrz-mip exhibited almost consistent breakthrough behavior under the
dry and humid conditions (the absorbed CO, amount from dry, 30 % and
50 % RH were calculated to be 43.6, 45.9 and 44.9 cm® g™}, nearly 83.5
%, 87.9 % and 86.0 % of the saturated uptake of 52.2 em® g_1 at 50 kPa),
thereby well confirming that Zn-dmtrz-mip is a promising adsorptive
separation material for CO; separation.

4. Conclusions

In conclusion, in the development for highly stable porous adsor-
bents for the adsorptive separation with economic regeneration in a
durable manner, this work reports a novel moisture stable metal-
—organic framework (Zn-dmtrz-mip) for highly efficient separation of
CO2/Njy, COy/CH4 and CO2/CO mixtures. The methyl-functionalized
pore environment and suitable pore size of Zn-dmtrz-mip enable a
high CO, uptake of 65.4 cm® g ! and ultrahigh CO,/N; (11974 and 681
for 50/50 and 15/85 mixtures, respectively), CO2/CO (110.0 and 50.8
for 50/50 and 10/90 mixtures, respectively) selectivity at 298 K and
100 kPa. Breakthrough experiments visualized that Zn-dmtrz-mip could
effectively separate CO2/N5, CO2/CH4 and CO5/CO binary mixtures as
well as COy/Ny/CHy ternary mixtures under different conditions to
simultaneously improve purity of CHg (99.9 %), N3 (99.9 %), CO (99.9
%) as well as CO3 (99.5 %). Advantageously, thanks to the relative low
isosteric heat of 26.5 kJ mol !, Zn-dmtrz-mip can be easily regenerated
by inert gas purging and maintain its separation performance over five
repeat process cycles. Furthermore, Zn-dmtrz-mip can maintain its
intact structure and initial CO, adsorption uptake after exposure in air
and moisture air environments (RH = 65 %) as well as in acidic (pH = 3)
and basic (pH = 11) solutions and water. This work not only provides a
stable MOF for separating CO»/Ng, CO2/CH4 and CO2/CO mixtures, but
also reveals important guidance to facilitate the design methyl-

Fig. 6. a) CO, preferential adsorption sites, b) and c) simulated CO, adsorption sites in Zn-dmtrz-mip at 298 K and 100 kPa (Zn, turquiose; H, green; O, red; N, blue;
C, gray). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Five cycles of breakthrough curves of Zn-dmtrz-mip for equimolar mixture: a) CO5/Na; b) CO5/CHy, ¢) CO2/CO and d) CO,/CH4/N, at 298 K; e) PXRD
patterns and f) CO, adsorption curves at 298 K of Zn-dmtrz-mip treated under different conditions; h) breakthrough experiments for CO,/N, mixtures (50/50, v/v) on

Zn-dmtrz-mip under dry and humid (30 % and 50 % RH) conditions at 298 K.

functionalized MOFs for CO5 capture and separation.
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