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Abstract: C2H2/CO2 separation is a highly challenging process
as a consequence of their similar physicochemical properties.
In this work we have explored, by static and dynamic gas
sorption techniques and computational modelling, the suit-
ability of a series of two isoreticular robust Ni(II)pyrazolate-
based MOFs, bearing alkyne moieties on the ligand back-
bones, for C2H2/CO2 separation. The results are consistent
with high adsorption capacity and selectivity of the essayed

systems towards C2H2 molecules. Furthermore, a post-syn-
thetic treatment with KOH ethanolic solution gives rise to
linker vacancy defects and incorporation of extraframework
potassium ions. Creation of defects is responsible for
increased adsorption capacity for both gases, however, strong
interactions of the cluster basic sites and extraframework
potassium cations with CO2 molecules are responsible for a
lowering of C2H2 over CO2 selectivity.

Introduction

Gas separation is one of the major challenging industrial
processes due to high energy consumption of traditional
thermal separation procedures.[1] Despite of the considerable
progress in separation technologies, the development of high-
performance alternatives for gas separation processes with
lower energy penalty, such as adsorption, is regarded as a
serious priority that can help to mitigate global warming.[2]

In recent years, Metal-organic frameworks (MOFs) and
related materials have emerged as a fascinating group of

advanced functional porous materials due to their unprece-
dented modular nature in both chemical composition and pore
properties engineering.[3] Systematic variation of their primary
building blocks, rational design of proper functional sites,
accessible channels, and uniform distribution of their recog-
nition sites as well as post-treatment approaches offer a
plethora of opportunities to overcome the limitations of tradi-
tional adsorptive materials.[4,5] Among the various gas separa-
tion processes, the separation of C2H2/CO2 gas mixtures is one
of the most challenging processes. The difficulty of this
separation is mainly due to the similar physicochemical
characteristics of these two gas molecules.[6] Indeed, the
unavoidable amount of CO2 impurities, generated during the
production of C2H2, need to be efficiently removed from the
product gas, to obtain high quality C2H2. Pure C2H2 is then
mostly used in industry as a valuable fuel gas, as well as, a
major feedstock for the production of various industrial
petrochemicals and electrical materials.[7] The current technolo-
gies for acetylene purification are nowadays the extraction with
organic solvents or the cryogenic distillation processes, which
result both in adverse environmental impacts and high energy
consumption.[8] In this regard, the selective physisorption
process within functionalized MOFs can be regarded as a
promising solution to the all above mentioned problems. To
date, a few numbers of MOFs have been purposefully designed
as suitable platforms for acetylene purification and storage.[9–12]

Various strategies have been applied to provide effective host-
guest interactions within the framework. Among them, func-
tionalization of pore surfaces along with post-modification
treatments can result in a high gas adsorption capacity and
selectivity to a gas molecule.[13] A few systematic investigations
have revealed that alkyne-functionalized MOFs demonstrate
higher adsorption capacity along with desired selectivity for
acetylene gas molecules in comparison to their non-functional-
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ized analogues.[14,15] Along with these observations, as demon-
strated by previous work of some of us, the exploitation of
pyrazolate-based spacers can afford remarkable chemical and
thermal stability to MOFs, often exceeding 400 °C in air.[16,17]

Moreover, the introduction of structural defects in MOFs has
been shown to be a very powerful strategy to enhance and
modulate the adsorption behavior and gas separation perform-
ances of the material.[18–20] A representative example is the
impact of defects on CO2/H2O adsorptive separation on
defective UiO-66.[21] However, to the best of our knowledge the
impact of presence of defects on acetylene adsorption and
separation has not been explored.

Taking into account this background we have selected two
isoreticular robust Ni-bispyrazolate MOFs, namely,
[Ni8(OH)4(H2O)2(L4)6] and [Ni8(OH)4(H2O)2(L5)6], where L4= (4,4’-
buta-1,3-diyne-1,4-diyl)bis-pyrazole, and L5=4,4’-(benzene-1,4-
diyldiethyne-2,1-diyl)bis-pyrazole, previously reported by us,[17]

bearing alkyne functional groups on the linkers’ backbones as
possible preferential adsorption sites for acetylene molecule
(Scheme 1). Moreover, post-synthetic treatment modification
has been applied to the samples, to create additional potential
interaction sites within the frameworks via partial removal of
the bridging linkers to yield defective K[Ni8(OH)6(L)5.5] ([Ni8(L)6]-
@K) systems (Scheme 1). This postsynthetic modification with
KOH is expected to facilitate the diffusion of the gas molecules
into the framework and to increase the number of preferential
adsorption sites. Further, we have studied the impact of these
structural features in the challenging separation of C2H2/CO2

gas mixtures by a combination of static gas sorption techni-
ques, dynamic pulse gas chromatography, breakthrough experi-
ments and computational modelling.

Results and Discussion

[Ni8(OH)4(H2O)2(L)6] MOFs (abbreviated as [Ni8(L)6], where L is a
general bis-pyrazolate linker, are based on octanuclear
Ni8(OH)4(H2O)2(pyrazolate)12 SBUs acting as 12 connected nodes,
leading to 3D fcu networks with highly accessible Td and Oh

voids.[17] The phase purity of the bulk products were examined
by Powder X-ray Diffraction (PXRD) analyses revealing a good
agreement with the simulated diffraction patterns (Figures S1–
S4). Brunauer-Emmett-Teller (BET) surface measurements based
on nitrogen sorption isotherms were obtained from N2

isotherms at 77 K and result to be 1990 m2/g and 2540 m2/g for
[Ni8(L4)6] and [Ni8(L5)6], respectively. The unique features of these
two alkyne-functionalized Ni-MOFs, encouraged us to explore
the separation performance of the challenging C2H2/CO2 gas
mixtures. Moreover, the effect of post-synthetic treatment with
0.35 M KOH ethanolic solution was also investigated. As
previously reported by some of us, postsynthetic modification
treatment of [Ni8(OH)4(H2O)2(1,4-bipyrazolatebenzene)6] with
KOH ethanolic solution leads to the creation of linker vacancy
defects within the MOF structures with a concomitant higher
pore accessibility and adsorption interactions.[19] In this work,
we have studied if this strategy could be extended to the
alkyne functionalized isoreticular systems [Ni8(OH)4(H2O)2(L4)6]
and [Ni8(OH)4(H2O)2(L5)6], where L4= (4,4’-buta-1,3-diyne-1,4-diyl)
bis-pyrazole, and L5=4,4’-(benzene-1,4-diyldiethyne-2,1-diyl)bis-
pyrazole which after KOH treatment yield defective K-
[Ni8(OH)6(L)5.5] ([Ni8(L)6]@K) systems. To evaluate the effect of
this post-synthetic treatment on the materials’ properties, we
firstly measured N2 adsorption isotherms over the pristine
materials. The results are indicative of a diminution of the
specific BET surface upon passing from pristine [Ni8(L)6]
materials to defective [Ni8(L)6]@K systems (Figure 1 and Table 1).
By contrast, DFT analysis of the pore size distribution is

Scheme 1. Schematic representation of post-synthetic treatment of [Ni8(OH)4(H2O)2(L5)6] ([Ni8(L)6]) systems with KOH to yield K[Ni8(OH)6(L5)5.5] ([Ni8(L)6]@K)
defective materials.
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indicative of increased accessibility to the larger pores. Thus,
while for [Ni8(L4)6] the porosity is mainly due to 1.2 nm pore
voids with a small share of the 1.5 nm voids for [Ni8(L4)6]@K the
porosity is equally distributed among 1.1 and 1.5 nm pores
(Figure S5a,b). Similarly, for [Ni8(L5)6], it is also possible to
appreciate an increased accessibility to the 2.3 nm mesopores
in [Ni8(L5)6]@K (Figure S5c, d). In addition, PXRD patterns and
structureless Le Bail refinements revealed that the integrity of
the structures has retained after the post-treatment modifica-
tion due to the significant robustness of the Ni-bispyrazolate
frameworks (Figures S1–S4).

Gas adsorption studies

To investigate the gas separation performance of the as-
synthesized Ni-MOFs as well as to evaluate the impact of the
introduction of linker vacancy defects within the structures,
static gas adsorption isotherms, dynamic breakthrough meas-

urements, along with the pulse gas chromatographic studies
were performed.

Static gas sorption studies

Static gas sorption data for C2H2 and CO2 gas molecules were
collected at 273 and 298 K (Figures 2 and S5–S8). As illustrated
in Figure 2 the uptake capacity of C2H2 molecules in all Ni-MOF
structures is approximately twice of the adsorption amount of
CO2 molecules being indicative of high selectivity towards C2H2

gas molecules (see below). This result can be attributed to the
presence of the alkyne functional group within the framework,
resulting in much more effective interaction with C2H2.

[14,15]

Proper pore size match is another key factor that provides
effective interactions with guest molecules within the struc-
tures. [Ni8(L4)6] with microporous nature (1.26 nm pore size)
demonstrated much higher C2H2 uptake amount than [Ni8(L5)6]
(1.85 nm and 2.2 nm for Td and Oh voids, respectively) due to
proper pore size match of the former material, leading to much
more effective interactions with C2H2 molecules. It is worth to
mention that the C2H2 uptake value of [Ni8(L4)6] (5.0 mmol/g at
298 K) is among the highest on well-known MOFs with specific
interaction sites (see Table 2).

Moreover, the results showed that the introduction of linker
vacancy defects gives rise to higher adsorption capacities.
Indeed, KOH treatment of [Ni8(L5)6] to yield [Ni8(L5)6]@K gives
rise to increments on adsorption capacity of 90% and 63% for
C2H2 and CO2 molecules at 298 K, respectively (Figure 2c,d). The
adsorption capacity for C2H2 at 298 K and 1 bar found for
[Ni8(L4)6]@K and [Ni8(L5)6]@K of 6.0 and 5.7 mmol/g, respectively,
are among the highest reported so far (see Table 2). The
enhancement of adsorption capacity can be regarded as a
result of the increased number of adsorption sites arising from

Figure 1. N2 sorption isotherm at 77 K for non-defective [Ni8(L4)6], [Ni8(L5)6],
and defective, [Ni8(L4)6]@K and [Ni8(L5)6]@K systems.

Table 1. Adsorption data of Ni-MOFs for C2H2 and CO2 gas molecules at
298 K.

αC2H2/

CO2
[f]

C2H2/
CO2

Uptake[e]

IAST
Selectivity[c/
d]

C2H2/CO2

Uptake[b]
Qst

C2H2/
CO2

[a]

SBET Ni-MOF

4.18 1.59/
0.38

3.4/2.3 1.7/0.4 29.5/
23.0

1990 [Ni8(L4)6]

3.13 2/0.64 3.3/2.57 2.6/0.88 29.0/
27.2

1850 [Ni8(L4)6]@K

3.87 1.2/0.31 2.55/1.78 1/0.3 25.6/
11.9

2540 [Ni8(L5)6]

3.35 2.18/
0.65

2.57/1.94 2.0/0.52 27.1/
28.0

2165 [Ni8(L5)6]@K

[a] Calculated from the Clausius-Clapeyron equation at 273 and 298 K (KJ/
mol); [b] Uptake capacity obtained at 0.15 bar and 298 K from single-
component isotherm (mmol/g); [c] Selectivity determined from IAST for an
equimolar mixture of C2H2/CO2 at 0.15 bar and 298 K.; [d] Selectivity
determined from IAST for an equimolar mixture of C2H2/CO2 at 1 bar and
298 K.; [e] Uptake capacity obtained at 298 K from breakthrough measure-
ments (mmol/g); [f] Selectivity determined from breakthrough measure-
ments at 298 K

Table 2. Adsorption data of representative MOFs for C2H2 uptake at 1 bar.

Material SBET
[m2g� 1]

C2H2 uptake
[mmolg� 1]

Tad
[K]

Ref.

[Ni8(L4)6] 1990 5.0 298 This
work

[Ni8(L4)6]@K 1850 6.0 298 This
work

[Ni8(L5)6] 2540 3.0 298 This
work

[Ni8(L5)6]@K 2165 5.7 298 This
work

MFM-137 1749 9.28 273 [15]
UPC-200(Fe)-F-
BIM

2213 6.24 298 [12]

ATC-Cu 600 5.01 298 [26]
MIL-100(Fe) 2300 5.3 293 [27]
UTSA-74 830 4.8 298 [28]
UTSA-300 311 3.41 273 [29]
FJU-22 828 5.1 296 [30]
TIFSIX-2-Cu-i 685 4.1 298 [31]
JCM-1 550 3.3 298 [32]
MUF-17 247 3.01 293 [33]
ZJUT-2 350 3.30 293 [34]
NKMOF-1-Ni 382 2,72 298 [35]
Cu2(pzdc)2(pyz) 571 1.88 300 [36]
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missing linker defects and extraframework K+ cations. Indeed,
charge gradients created by extraframework K+ cations might
be responsible for providing suitable interaction sites with
adsorbates possessing quadruple moments (Scheme 1).[22] In
addition, deprotonation of the coordinated water molecules of
[Ni8(OH)4(H2O)2] to [Ni8(OH)6] metal clusters leads to increased
basicity.[19]

For further investigation, the isosteric heat of adsorption
(Qst) was calculated to evaluate the interaction strength
between the adsorbates and the Ni-MOF pore surface. The
calculation was performed based on the Clausius-Clapeyron
equation (Eq. (1)) derived from the gas sorption isotherms
obtained at 273 and 298 K.

Qst ¼ � R½DðlnPÞ=Dð1=TÞ�N (1)

The calculated Qst values are given in Table 1. The higher Qst

values for C2H2 over CO2 on [Ni8(L4)6] and [Ni8(L5)6] systems can
explain the observed selectivity towards C2H2. As illustrated in
Figures S10 and S11, by increasing the pressure value, the Qst

value decreases, which can be attributed to the weaker
interaction between the adsorbates and the adsorbents as a
consequence of the covering of the most active adsorption sites
on the pore surface.[23,24] Noteworthy, the Qst values for the C2H2

are slightly modified upon the creation of defects with a small

decrease for [Ni8(L4)6]@K and a small increase for [Ni8(L5)6]@K. By
contrast, the Qst values for the CO2 increase significantly upon
the creation of defects (Table 1 and Figures S10, S11). This result
can be attributed to CO2 stronger interactions with extraframe-
work K+ cations and framework basic sites (see below) and can
justify the observed decrease of selectivity of C2H2 over CO2

(Table 1). We here suggest that, the creation of a high density
of basic OH sites and extraframework K+ ions, after post-
treatment modification, provides more effective interaction sites
for CO2 binding (see below), leading to higher Qst values for this
gas molecule in both defective systems.[25]

Further investigation was performed by calculation of the
adsorption selectivity from the pure single-component iso-
therms obtained at 298 K based on IAST Theory.[37] The
experimental results were well fitted to the dual-site Langmuir-
Freundlich equations (Figures S12–S19). The fitting parameters
were used to calculate the adsorption selectivity based on IAST.
The C2H2/CO2 selectivity values for an equimolar gas mixture
(50/50 v/v) at 0.15 and 1 bar are given in Table 1 and
Figure S20. The results obtained at 298 K and 0.15 bar agree
with the observed highest C2H2 selectivity in microporous
[Ni8(L4)6] as a result of a suitable pore size match and presence
of alkyne residues (see below). Moreover, IAST theory calcu-
lations were applied to evaluate the behavior of the separation
process at higher pressures. The results are indicative of a 25–

Figure 2. Gas sorption isotherms of [Ni8(L4)6] (a); [Ni8(L4)6]@K (b); [Ni8(L5)6] (c) and[Ni8(L5)6]@K (d) for C2H2 and CO2 at 298 K.
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32% drop in selectivity values of C2H2 over CO2 upon increasing
the components pressure from 0.15 to 1 bar. This behavior can
be related to a probable covering of the most active adsorption
sites at lower pressures with a concomitant loss of selective
interaction sites.

Dynamic gas sorption studies

Advanced gas sorption studies including dynamic breakthrough
techniques, in addition to pulse gas chromatographic experi-
ments, were also performed to show the behavior of the
pristine and defective materials towards complex gas mixtures.

Breakthrough curves

To evaluate the practical performance of Ni-MOFs for C2H2/CO2

gas separation, measurements of dynamic breakthrough curves
were done at 273 and 298 K. A gas mixture of C2H2, CO2, and N2

with the volumetric composition of 3 :3 : 14 mLmin� 1, respec-
tively was flowed through a fixed-bed column packed with the
desired adsorbent. The breakthrough curves are given in
Figures 3, and S21–S23. As expected [Ni8(L4)6] MOF revealed
higher adsorption capacity towards C2H2 molecules in compar-

ison to [Ni8(L5)6] MOF which can be related to the micropore
size of the former structure leading to more effective
adsorbate-adsorbent interactions.[38] Noteworthy, C2H2 over CO2

selectivity values of 4.18 and 3.87, respectively for [Ni8(L4)6] and
[Ni8(L5)6] systems are higher than the ones calculated from IAST
theory (see above) which points to the difficulty of predicting
the behavior of a complex gas mixture from single component
adsorption isotherms.

The C2H2/CO2 separation performance of [Ni8(L4)6]@K and
[Ni8(L5)6]@K MOFs were also investigated to evaluate the impact
of introduction of missing linker defects within the frameworks.
The results showed that the gas adsorption capacities increase
significantly. An increment of about 26% of adsorption capacity
towards C2H2 gas molecules was observed on passing from
[Ni8(L4)6] to [Ni8(L4)6]@K. In the case of [Ni8(L5)6] the KOH
treatment give rise to 82% increase for [Ni8(L5)6]@K (Figures S22,
S23). Noteworthy, post-synthetic modification with KOH etha-
nolic solution has a higher impact on CO2 adsorption capacity
in both [Ni8(L4)6] and [Ni8(L5)6] systems with 68% and 110%
increments for [Ni8(L4)6]@K and [Ni8(L5)6]@K systems, respec-
tively. The higher enhancement on the CO2 adsorption capacity
in comparison with C2H2 gives rise to a slight decrease of the
selectivity towards C2H2 over CO2 to 3.13 and 3.35 for [Ni8(L4)6]-
@K and [Ni8(L5)6]@K, respectively, agreeing with the observed
lower impact of defects on Qst values for C2H2 in comparison to
CO2. Noteworthy, the obtained uptake capacities for C2H2 and
CO2 molecules from breakthrough measurements are compara-
ble to those obtained from single-component isotherms
confirming the consistency of the results.

Variable-temperature pulse chromatographic studies

To further examine the interaction strength of the adsorbates
with the framework, a gas mixture of equimolecular quantities
of C2H2, CO2, and H2 gas molecules was injected to gas
chromatograph equipped with a fixed-bed column packed with
the desired adsorbent. The experiments were performed at
273–248 K, and He was used as an inert carrier gas with a flow
of 20 mLmin� 1. Qst was calculated by Clausius-Clapeyron
equation (Eq. (1)).

Henry constant values were also calculated by using Vg
(retention volume) as a function of the temperature. The order
of the retention volume was measured to be as follow: C2H2>

CO2>H2 (Figures S23–S26). A negligible interaction was ob-
served for H2 molecules with the structures which could be
considered as a reference for the dead volume of the column.
The results demonstrated that higher interactions are at work in
the defective MOFs [Ni8(L4)6]@K and [Ni8(L5)6]@K, which should
be related to interaction with the most active sites at low
coverage (Table S1).

Molecular simulations

Aiming at unveiling the CO2 and C2H2 adsorption mechanism,
two theoretical models, considering 6 and 54 molecules of

Figure 3. Breakthrough curves of [Ni8(L4)6]@K: a) 273 K, b) 298 K for a gas
mixture of C2H2/CO2/N2 (3 : 3 : 14 mLmin� 1). The observed perturbation in the
shape of the breakthrough curves (17 min (a), 12.5 min (b)) can be regarded
to a roll-up phenomenon of the weaker adsorbate (CO2) being desorbed by
the strongly interacting adsorbate (C2H2).

Chemistry—A European Journal 
Full Paper
doi.org/10.1002/chem.202100821

11841Chem. Eur. J. 2021, 27, 11837–11844 www.chemeurj.org © 2021 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Wiley VCH Freitag, 06.08.2021

2146 / 211207 [S. 11841/11844] 1

 15213765, 2021, 46, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202100821 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [25/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/chem.202100821
https://chemistry-europe.onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fchem.202100821&mode=


adsorbate molecules per unit cell, for the non-defective [Ni8(L4)6]
and [Ni8(L5)6] systems were obtained using the adsorption
locator module of Materials Studio (7.0) on a crystal cell with P1
symmetry.[39] Firstly, the simulation with 6 guest molecules per
unit cell, was used to model the primary binding sites (low
pressure) of guest molecules with the host [Ni8(L4)6] and
[Ni8(L5)6] frameworks. The results are indicative of short side-on
H-bonding contacts between the metal cluster OH groups and
the guest molecules [OH···CCO2=2.79 Å; OH···C�CC2H2=2.77 Å]
(Figure 4a, 4b). The simulations at higher guest loadings are
indicative of a wider variety of interactions taking place
between the guest molecules and the host framework. The
most common interactions for CO2 are between the benzene
[Cbenzene···CCO2=3.4 Å], alkyne [Cethine···OCO2=3.2 Å] and pyrazole
residues [Hpyrazole···OCO2=2.9 Å] (Figure 4c). Similarly, for C2H2 the
most common interactions are between the benzene ring
[Cbenzene···CC2H2=3.5 Å], alkyne [Calkyne···CC2H2=3.5 Å] and pyrazole
residues [Hpyrazole···CC2H2=3.0 Å] (Figure 4d). The results are
indicative of the cooperative impact of basic hydroxide
residues, and unsaturated organic residues in giving rise to
strong interactions of the guest molecules with the host
framework. Additionally, we have also modelled the interaction
of the adsorbate molecules with defective [Ni8(L4)6]@K and
[Ni8(L5)6]@K systems, using a geometry optimized model in
which one of the bipyrazolate linkers in the crystal cell has been
replaced by four hydroxide groups coordinated to two adjacent
metal clusters and two extraframework potassium ions. A
computational modelling of the adsorption process reveals that
the removal of the linkers lead to preferential accommodation
of C2H2 molecules in non-defective cavities as a consequence of
higher confinement effects. On the other hand, it is also

possible to observe significant shorter contacts of the extra-
framework potassium ions with the CO2 adsorbate molecules
[K···OCO2=3.39 Å] in comparison with the C2H2 adsorbate
molecules [K···CC2H2=3.95 Å] (Figure 4a, b). The latter observa-
tion can be explained on the basis of the softer Lewis base
nature of C2H2 in comparison to CO2. These results justify the
observed lower impact of creation of defects on Qst values for
C2H2 and the concomitant lowering of selectivity towards C2H2

over CO2 upon defect creation (see above).

Conclusion

In this work two isoreticular robust nickel(II) pyrazolate MOFs
functionalized with alkyne functional groups were selected and
their gas adsorption performance evaluated. [Ni8(L4)6] and
[[Ni8(L5)6] revealed high adsorption capacity as well as high
selectivity for C2H2 over CO2 gas molecules which can be
attributed to the effective interactions with metal cluster
hydroxide, aromatic and alkyne residues within the structure.
Furthermore, post-modification treatment with ethanolic solu-
tions of KOH was performed leading to linker vacancy defects
and extraframework K+ ions within the structures. Evaluation of
the impact of linker vacancy defects in gas sorption, revealed
that the adsorption capacity increases significantly as a results
of higher pore accessibility, while adsorption selectivity towards
C2H2 slightly decreases, as a result of stronger interactions of
the CO2 molecules with extraframework potassium ions in
comparison to C2H2 molecules. All these results exemplify the
high impact of targeted functionalization of MOFs for specific
adsorption properties, as well as highlight the importance of

Figure 4. Depiction of major interactions observed from the adsorption locator module of Materials Studio (7.0) for CO2 (a and c) and for C2H2 (b and d).
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post-synthetic modification leading to the creation of defects to
further fine tune the adsorptive properties of this class of robust
MOF materials.

Experimental Section

Characterization methods

All the chemicals were commercially available and used without
further purification. Gas sorption studies were performed on a
Micromeritics Triflex instrument. N2 sorption measurements were
done at 77 K and 1 bar, while CO2 and C2H2 gas sorption measure-
ments were carried at 273 and 298 K. Sample activation was
achieved through thermal activation at 393 K for 12 h under
vacuum. PXRD patterns were collected on a PANalytical Empyrean
diffractometer (Bragg-Brentano geometry) using copper radiation
(Cu Kα=1.5418 Å) with an PIXcel detector, operating at 40 mA and
45 kV.

MOF synthesis

The [Ni8(OH)4(H2O)2(L)6] MOFs (abbreviated as [Ni8(L)6] were pre-
pared according to the reported procedure.[17] Post-treatment
modification was carried out by suspending 0.055 mmol of each Ni-
MOF in 5.5 mL of 0.35 M ethanolic solution of KOH under an inert
gas atmosphere for 16 h to yield missing linker defective K-
[Ni8(OH)6(L)5.5] (abbreviated as [Ni8(L)6]@K) systems. The samples
were filtered off and washed thoroughly with absolute ethanol.

Dynamic gas sorption techniques

Breakthrough measurements: A 7 cm stainless steel column with
7 mm of inner diameter was packed with about 1 g of the
adsorbate followed by activation at 423 K for 1 h under 40 mLmin� 1

flow of He as an inert carrier gas. By applying a mass flow controller
desired amount of gas mixtures (C2H2/CO2/N2: 3 : 3 : 14) with a total
flow of 20 mLmin� 1 was prepared. The measurements were
performed at 273 and 298 K. The column output was equipped
with a Pfeiffer OmniStar mass spectrometer gas analysis to detect
the corresponding ion peaks at 4 (He), 28 (N2), 26 (C2H2), and 44
(CO2) m/z value. The desorption process was performed several
times at 393 K without observing a remarkable decrease in
adsorption performance.

Pulse gas chromatography experiments: The same prepared
column described as detailed above, was used for this investigation
after activation under He flow at 423 K for 1 h. 600 μL of an
equimolar mixture of H2, CO2, and C2H2 was injected through the
column with a flow of He of 20 mLmin� 1. The experiments were
carried out at various temperatures (273–248 K) and the column
output was investigated using the mass spectrometer gas analysis.

Computational calculations

A theoretical study on the interaction of CO2 and C2H2 molecules
with non-defective NiL4 and NiL5 systems was performed using
Materials Studio 7.0 (MS7.0) software from Dassault Systemes. The
Adsorption Locator module in MS7.0 software was employed to
construct the simulated systems diminishing the crystal symmetry
to P1 and to perform the MC simulation. The used forcefield was
Universal, the charge was forcefield assigned and the summation
methods were group and atom based. Monte Carlo simulation
yielded several conformations of CO2 and C2H2 molecules in the

non-defective NiL4 and NiL5 systems. The results of the most stable
conformation are presented in this work. A similar study was carried
out on the defective [Ni8(L4)6]@K and [Ni8(L5)6]@K systems. With this
aim a defective MOF material was constructed in which one of the
bipyrazolate linkers in the crystal cell has been replaced by four
hydroxide groups coordinated to two adjacent metal clusters and
two extraframework potassium ions. After geometry optimization,
the interactions of the defective porous framework with C2H2 and
CO2 adsorbate molecules were studied as described above.

Supporting Information: spectroscopic characterization of the
compounds, XRPD patterns, static and dynamic gas adsorption
measurements, IAST fitting, and cif files of computational models.
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