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A B S T R A C T   

One of the emerging problems plaguing the chemical industry today is the selective capture and separation of 
gases from their mixtures in an efficient and cost-effective manner. MOFs are new-age physisorbent materials 
extensively investigated for various gas mixture separations (such as biogas, flue gas, olefin/paraffin etc.); 
however, face the challenge of separations in a realistic environment. Here, we have investigated one of the 
Prussian blue analogues (Cu-PSB) to explore its potential as energy-efficient gas separation material. Cu-PSB can 
easily be scaled up at room temperature from water and is highly robust under harsh acidic, basic environments 
(pH = 1–11, 6 M HCl, 18 M H2SO4), exhibiting excellent separation of C2H2/C2H4, biogas (CO2:CH4 = 50:50), 
and flue gas (CO2:N2 = 15:85) mixtures. The IAST selectivity at ambient conditions (295 K, 50:50 mixture) could 
reach up to 5.2 for C2H2/C2H4, 14.7 for CO2/CH4, and 60.5 for the CO2/N2 (15:85 mixture). Such high C2H2 and 
CO2 uptake capacity and separation selectivity could be attributed to the synergistic effect of open CuII sites and 
the multiple H-bonding interactions within the functional pore channels of optimal pore size. Further, break
through simulation confirmed the complete separations from their binary mixtures, thus proving to be highly 
useful for the C2H2/C2H4 separation and CO2 capture from the bio and post-combustion flue gas mixtures. Cu- 
PSB was found to be even a more robust framework than ZIF-8 and UiO-66 MOFs.   

1. Introduction 

In the past decade, classical porous materials, such as zeolites, silica, 
and activated carbon molecular sieves, have been extensively investi
gated as adsorbents for capturing and/or separating CO2 and lighter 
hydrocarbon mixtures as an alternative technology to traditional 
energy-intensive amine absorption and cryogenic distillation processes 
[1–3]. By comparison, the physisorbent could offer much-reduced en
ergy footprints for the efficient separation and purification of gas mix
tures [4,5]. Thus, much effort has been devoted in exploring the 
physisorbent materials with precisely controllable structures and 
tunable chemical pore environments for the targeted gas separations. In 
particular, the versatile functionality and high structural tunability 
through the modulation of the building units in Metal-organic frame
works (MOFs) render these materials to serve as promising adsorbent/ 
separation materials in recent decades for different gas mixtures [6–21]. 
Generally, the gas mixture separations in MOFs can be divided into two 
broad categories non-equilibrium and equilibrium types [6]. The former 
cases mainly involve kinetic separation and molecular sieving through 

fine-tuning the pore window and the framework’s flexibility [6]. 
Although material that can selectively sieving out a particular gas 
molecule from a mixture while maintaining high adsorption capacity is 
highly desirable for practical application, they are scarce in the litera
ture [6,7]. In the latter case, the thermodynamic affinity difference be
tween the host and the guest plays a crucial role in the separation 
process which can be further controlled through pore wall functionali
zation by installing targeted functional groups (–NH2, –OH, -F etc.) and/ 
or incorporating open metal sites [6,8,10]. The well-known MOF-74 
family bearing high-density of open metal sites could enhance high 
adsorption capacity, however, suffers from poor stability under 
moisture-containing environments [22,23]. Recently, the SIFSIX family 
has shown great promise in balancing the high adsorption capacity and 
selectivity. Although, the grand challenge of high adsorption capacity 
and selectivity with lower regeneration energy has significantly been 
improved through preferential binding of C2H2 molecules in SIFSIX 
materials by cooperative host − guest and/or guest − guest interactions 
[24], in general, the poor stability of these anion-pillared hybrid porous 
materials limits their practical implementation under industrial 

* Corresponding authors. 
E-mail addresses: r.krishna@contact.uva.nl (R. Krishna), mcdas@chem.iitkgp.ac.in (M.C. Das).  

Contents lists available at ScienceDirect 

Chemical Engineering Journal 

journal homepage: www.elsevier.com/locate/cej 

https://doi.org/10.1016/j.cej.2023.141795 
Received 8 December 2022; Received in revised form 25 January 2023; Accepted 6 February 2023   

mailto:r.krishna@contact.uva.nl
mailto:mcdas@chem.iitkgp.ac.in
www.sciencedirect.com/science/journal/13858947
https://www.elsevier.com/locate/cej
https://doi.org/10.1016/j.cej.2023.141795
https://doi.org/10.1016/j.cej.2023.141795
https://doi.org/10.1016/j.cej.2023.141795
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cej.2023.141795&domain=pdf


Chemical Engineering Journal 460 (2023) 141795

2

conditions (high RH and ppm of SO2, and NO2) [25–27]. Also, the 
organic linker used to construct those MOFs is costly; subsequently, the 
production cost of MOFs is also high, making them hardly economical 
for large-scale industrial applications [28]. Having said that in-general 
highly porous MOFs adsorbents are expensive because of costly 
organic linkers coupled with tedious synthesis processes and usage of 
non-aqueous solvents together with solvothermal set up and overall the 
practical concern of poor hydrolytic stability (most of the classical MOFs 
are prone to degrade in water), the development of highly scalable MOFs 
through cost-effective easily available struts through simple room tem
perature crystallization from aqueous medium could pave the way for 
their plausible industrialization. Such simple crystallization has already 
been adopted in industry to produce a large number of chemicals at the 
required scales [5]. Therefore, significant efforts are required to develop 
highly scalable robust MOFs with high chemical stability (water and 
pH), excellent selectivity, and targeted uptake capacity with easy 
regenerability for cost-effective industrially relevant gas mixture 
separations. 

Ethylene (C2H4) is a key feedstock in the chemical and petrochemical 
industry, containing traces amount of acetylene (C2H2) as an impurity 
during the cracking of heavier hydrocarbons [29]. The trace C2H2 can 
poison Ziegler–Natta catalysts and lower the quality of the end product 
obtained from C2H4 polymerization. Thus trace C2H2 should be removed 
to extremely low thresholds (less than 40 ppm) to protect the catalyst 
from poisoning [29]. Meanwhile, C2H2 is used as fuel and an important 
building block for several other derivatives [30]. Notably, the elimina
tion of C2H2 from C2H4 is one of the most demanding tasks due to the 
similar physical properties (molecular sizes: 3.32 × 3.34 × 5.70 Å3 for 
C2H2 versus 3.28 × 4.18 × 4.84 Å3 for C2H4) which consumes a 
considerable amount of energy through the traditional distillation pro
cess [4]. On the other hand, CO2 is a greenhouse gas, and its capture and 
separations from localized emission sources and several industrially 
relevant gas mixtures are essential industrial processes [31]. Flue gas 
from coal-fired power plants, a primary CO2 emission source, contains 
13–15 % of CO2 diluted mostly with N2, water (8–10 %), and acidic 
gases [31]. On the other hand, biogas is a source of bio-methane, which 
contains a variable amount of CO2, and thus requires the removal of CO2 
and other impurities [31]. The capture of CO2 from these sources allows 
it to produce a range of chemicals, products, and materials that mini
mize the effects of CO2 emission into the atmosphere [31]. The currently 
used bio and flue gas separation techniques are energy-intensive cryo
genic distillations and amine-based chemisorbents [32]. Although 
chemisorbents are effective in CO2 removal, they typically require high 
regeneration energy of about 30 % of the output of the power plants, and 
chemical decomposition often takes place [32]. Thus, the demand for 
energy-saving methods such as non-thermal physical adsorption using 
porous adsorbents for the purifications of C2H4 from C2H2 and capturing 
of CO2 from bio and flue gas mixtures has driven a significant devel
opment of adsorption-based technology as it can offer a potential solu
tion to the selectively capture and more facile regeneration. 

Prussian blue (PSB) is one of the oldest compounds, arguably the first 
one, reported in the history of coordination chemistry, a well-known 
Hofmann-type compound composed of a very short cyanide ligand 
[33]. PSB analogues have been explored for diverse applications, 
including gas storage [34,35], energy storage [36], electrocatalysis 
[37], and spin-crossover materials [38]. Like the aromatic linker in 
MOFs, the cyanide bridges in these materials create well-defined 
microporous channels decorated with polarizable π-electron that are 
expected to have different affinities for guest molecules [33]. Moreover, 
PSB analogues possess open coordination sites on the MII arising upon 
removing the bound water molecules, which may selectively interact 
with the guest molecules. Here, we have selected an ultra-microporous 
Cu-PSB to investigate its C2H2/C2H4, CO2/CH4, and CO2/N2 gas sepa
ration performance under ambient conditions, as these separations are 
yet to be explored with these types of frameworks [33]. Although the N2 
and H2 adsorption properties could be found in the literature with the 

dehydrated Prussian blue analogues of the type M3[Co(CN)6]2, their gas 
separations remain unexplored till date [33–35]. Single-component gas 
adsorption experiments revealed a high C2H2 and CO2 uptake of 79.9, 
and 84 cm3 g− 1 at 295 K under 1 bar and an excellent selectivity of 4.5, 
and 5.2 (1:99 and 50:50 mixture of C2H2/C2H4), 14.7 for CO2/CH4 
(50:50), and 60.5 for the CO2/N2 (15:85 mixture) with moderate heat of 
adsorption for C2H2 (20–42 kJ mol− 1) and CO2 (19 kJ mol− 1) compared 
to the benchmark MOFs. The optimal pore size in Cu-PSB and the 
functional pore channels containing the cyanide ligands and open CuII 

sites could collaboratively enforce the stronger interaction (H-bonding 
with cyanide ligands and electrostatic interaction with open CuII sites) 
with the acidic C2H2 and CO2 molecules. Thus high separation selec
tivity for the C2H2/C2H4 mixture, and high uptake capacity of CO2 from 
bio, and post-combustion flue gas mixture under ambient conditions 
could be achieved as evident from transient breakthrough simulations. 
Our findings show that Cu-PSB is highly scalable through simple room 
temperature crystallization from water and highly robust under harsh 
acidic, basic environments (pH = 1–11). Cu-PSB was found to be even a 
more robust framework than ZIF-8 and UiO-66. 

2. Results and Discussion: 

Cu-PSB was easily scaled up as fine crystalline powder by mixing Cu 
(II) salt with K3[Co(CN)6] in water under ambient conditions [34,35]. 
Cu-PSB possesses a simple three-dimensional cubic (α-Po) structure type 
consisting of open CuII sites due to the vacancies at [Co(CN)6]3– sites 
within the cubic framework (Fig. 1). The coordinated and guest water 
molecules inside the pores located in crystallographically distinct posi
tions fill these CuII surrounding vacancies and can be removed without 
destroying the framework (Fig. 1b, c). X-ray powder diffraction patterns 
(PXRD) of the microcrystalline powder of Cu-PSB were fully consistent 
with the usual PSB structure type and showed sharp, intense peaks 
(Figure S1). The resultant Cu-PSB was further validated by elemental 
analysis, thermogravimetric analysis (TGA), and FT-IR analysis 
(Figures S2 and S3). The chemical composition of Cu-PSB has been 
confirmed from the TGA and elemental analysis, indicating the presence 
of less than 0.1 equivalent potassium per formula unit (Figure S4). 

Furthermore, bulk samples of PSB can be easily scaled up in gram 
scale from commercially available and inexpensive reagents using a fast 
and direct mixing in water at room temperature, as inferred from the 
PXRD (Figure S5). The solvent stability in different laboratory organic 
solvent (DMF, DMA, CHCl3, MeOH, EtOH, THF, and ACN) checked for 7 
days, suggesting good chemical stability (Figure S6). The fast and facile 
synthesis method at room temperature from a green aqueous medium, 
excellent chemical stability (discussed in a subsequent section), and the 
microporous nature indicates the promise of Cu-PSB as a gas separation 
material. 

The well-dried sample of Cu-PSB was activated under a dynamic 
vacuum at 100 ◦C for 24 h before the gas adsorption measurements. The 
structural stability after activation was further confirmed from powder 
X-ray diffraction, and a consistent pattern with the as-synthesized Cu- 
PSB was noticed (Figure S7). The permanent microporosity in Cu-PSB 
was determined from the N2 adsorption isotherm at 77 K as depicted 
in Fig. 2a. The BET surface area (Langmuir) was calculated to be 651 
(1003) m2 g− 1

, and the total pore volume of 0.30 cm3 g− 1 (Figure S8). 
The one-dimensional channels with a suitable window size of (~4.4 

× 4.4 Å2) decorated with polarizable π-electron clouds of the cyanide 
bridges and the presence of unsaturated CuII sites are expected to show 
different interactions with the guest molecules (Fig. 1b, c). The single- 
component gas adsorption of C2H2, C2H4, CO2, CH4, and N2 were thus 
measured at 273 and 295 K up to 1 bar pressure (Fig. 2b, c). It is to be 
noted that the adsorption and desorption points at both temperatures 
almost coincide with each other indicating reversible sorption processes. 
As depicted in Fig. 2b, and c, Cu-PSB exhibited a sharp uptake for C2H2, 
at both temperatures reaching a value of 97 (4.33 mmol g− 1), and 79 
(3.52 mmol g− 1), cm3 g− 1, whereas for the C2H4 the uptakes were 61 
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(2.72 mmol g− 1), and 53 (2.36 mmol g− 1), at 273 and 295 K respectively 
under 1 bar pressure. Such high C2H2 uptake of Cu-PSB at 295 K is 
comparable to the other Hofmann-type frameworks, such as ZJU-74 
(3.82 mmol g− 1) [39], FeNi-M′MOF (4.29 mmol g− 1) [40] and Cu 
(bpy)NP (2.26 mmol g− 1) [41] and some of the benchmark MOF ad
sorbents, UTSA-200a (3.65 mmol g− 1) [25], SIFSIX-2-Cu-I (4.02 mmol 
g− 1) [24] SOFOUR-1-Zn (3.1 mmol g− 1) [42], ZNU-1 (3.4 mmol g− 1) 
[43], [Ni2(L-mal)2(bpy)] (3.04 mmol g− 1) [44], BSF-3 (3.56 mmol g− 1) 
[45] JCM-1 (3.55 mmol g− 1) (Table S1) [46]. Further, the uptake ratio 
of C2H2/C2H4 for the Cu-PSB was compared with those reported MOFs 
having the separation performance solely rely on the thermodynamic 
affinity between the host and guest (Fig. 2d). The high C2H2/C2H4 up
take ratio of 1.49 is similar to the well-known high performing MOF 
based adsorbents relying on the thermodynamic separation such as Mg- 
MOF-74 (1.12) [22,23], NOTT − 300 (1.48) [47], CPL-5 (1.64) [48], 
SIFSIX-2-Cu-i (1.84) [24], UTSA-100a (2.57) [49]. 

On the other hand, Cu-PSB also exhibited selective uptake of CO2, 
with respect to CH4 and N2, and the corresponding uptake values are 108 
(4.82 mmol g− 1), 24 (1.07 mmol g− 1), and 7.5 (0.33 mmol g− 1) cm3 g− 1 

at 273 K and 84 (3.75 mmol g− 1) 18 (0.80 mmol g− 1), 4.9 (0.21 mmol 
g− 1) cm3 g− 1 at 295 K (Fig. 2b, Table S2). The low-pressure CO2 
adsorption (0.15 bar) is an important parameter to determine the po
tential of flue gas separation of any material. Cu-PSB exhibits high CO2 
uptake of 1.25 mmol at 295 K (0.15 bar), similar to SIFSIX-14-Cu-I (1.42 
mmol) and higher than Qc-5-Cu-sql (0.73 mmol) [50,51]. Moreover, 
CO2 uptake at 1 bar is comparable to many well-known MOFs such as 
MFM-130 (109 cm3/g at 273 K and 59 cm3/g at 298 K) [52], MAF-23 
(74.2 cm3/g at 273 K and 56.1 cm3/g at 298 K) [53], ZIF-69 (70 cm3/ 
g at 273 K) [54], and BIF-41 (77.0 cm3/g at 273 K and 63.5 cm3/g at 294 

K) [55]. 
The difference in uptake values of these gas molecules by Cu-PSB was 

validated by the isosteric heat of adsorption (Qst) calculated from the 
single component adsorption isotherm collected at different tempera
tures (Fig. 2e). The Qst value for C2H2 is in the range of 20–42 kJ mol− 1, 
whereas, for C2H4, the value is 6.4–23 kJ mol− 1. Interestingly, at near- 
zero coverage, Qst values for C2H4 are significantly lower than C2H2. 
However, with the increasing loading of the gas molecules, the Qst value 
for both C2H2 and C2H4 increases and reaches a maximum at equilib
rium, suggesting a cooperative interaction between the guests. The 
maximum Qst value for C2H2 (42 kJ mol− 1) is lower than NKMOF-1-Ni 
(60.3 kJ mol− 1) [56], and ZJU-74 (45–65 kJ mol− 1) [39] with a high 
density of OMSs, however comparable with Cu(bpy)NP (40.8 kJ mol− 1) 
[41], and FeNi-M′MOF (27–32.8 kJ mol− 1) [40] (Fig. 2f and Table S1). 
As expected from the uptake capacity, the Qst values for CO2, CH4, and 
N2 are 19, 11.8, and 13 kJ mol− 1 and remain almost unchanged in the 
whole pressure range. Noticeably, the Qst value for CO2 is significantly 
lower, thus suggesting facile and cost-effective regeneration. 

The significant uptake difference obtained from single component 
adsorption data between C2H2 and C2H4 in Cu-PSB motivated us to 
explore the separations of C2H2/C2H4 (1:99 and 50:50), because of their 
practical relevance, as discussed in the introduction section. The dual- 
site Langmuir model was employed to fit the single-component gas 
sorption data measured at different temperatures, and the correspond
ing fitting parameters (Table S3) were used for selectivity calculation 
through the IAST method. The IAST selectivity of Cu-PSB toward C2H2/ 
C2H4 mixture is 9.4 and 14.3 at 273 K, (Figures S9 and S10) whereas 
these values at 295 K are 4.5 and 5.2 for the 1:99 and 50:50 mixture 
(Fig. 3a and 3b) respectively. The selectivity values at 295 K are 

Fig. 1. Structural representation of Cu-PSB. (a) Individual precursor and the three-dimensional network structure. (b) A portion of Cu-PSB showing the single pore 
channel with the distance between the two oppositely metal centers. (c) Pore window of (~4.4 × 4.4 Å2) along the crystallographic ‘a’ axis. Color code, Dark orange, 
Cu; light blue, Co; grey, C; and royal blue, N. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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comparable (Table S1) to some of the well-known literature reports 
based on thermodynamic separation, such as SIFSIX-1-Cu (7.1 to 10.6; 
1:99) [24], CPL-5 (5.99; 1:99) [48], FeMOF-74 (2.1; 1:99) [22] and 
NOTT-300 (2.2 to 2.5; 1:99) [47], SIFSIX-3-Zn (8.8; 1:99) [24] and 
SIFSIX-3-Ni (5.0; 1:99) [24], MUF-17 (7; 1:99) [57], UTSA-100a (10; 
1:99) [49] and lower than Cu(bpy)NP (28.5;1:99) [41] (Fig. 3e). Simi
larly for the equimolar C2H2/C2H4 selectivity at 295 K is comparable to 
Fe-MOF-74 (1.87) [22], M′MOF-2a (1.93) [58], NOTT-300 (2.3) [47], 
but lower than that of SIFSIX-2-Cu-I (41.01) [24]. 

Besides excellent C2H2/C2H4 separation selectivity, Cu-PSB exhibi
ted excellent biogas (CO2:CH4 = 50:50) and flue gas (CO2:N2 = 15:85) 
separation performance (Fig. 3c-3d and Figures S11-S12). The corre
sponding IAST selectivity values for the biogas are 26.5 (273 K) and 14.7 

(295 K), which is higher than many well-known MOFs (Table S4) such as 
HKUST-1(7.5) [59], MIL-53(Al) (2.3) [60], SIFSIX-2-Cu (5.3) [61] ZIF- 
100 (5.9) [62] IITKGP-12 (12) [63] and Zeolite 13X (3.6) [64] 
(Fig. 3f). For the flue gas mixture, the separation selectivity values are 
95.2 (273 K) and 60.5 (295 K), respectively (Table S4). The IAST sep
aration selectivity is comparable to LIFM-11 (68.9 at 298 K) [65] and is 
higher than UTSA-72 (35.6) [66], PCN-88 (15.2) [67], and BUT-11 
(31.5) [68] at 298 K (Fig. 3f, and Table S4) and thus suggesting the 
prospective of Cu-PSB toward such important gas separations. 

It is well known that PSB analogues possess open coordination sites 
on the MII arising upon removing the bound water molecules [33–35]. 
The high separation selectivity of Cu-PSB toward the C2H2/C2H4 
mixture could be attributed to the presence of strong host–guest 

Fig. 2. Gas adsorption performance of Cu-PSB. (a) N2 adsorption isotherm at 77 K. (b) C2H2 and C2H4; (c) CO2, CH4, and N2 sorption isotherms at different tem
peratures. (d) C2H2/C2H4 uptake ratio comparison of Cu-PSB with some of best performing C2H2/C2H4 separating MOFs. (e) Qst of different gases for Cu-PSB. (f) 
Comparison of Qst and C2H2 uptake with some well-known MOFs (Qst in bar diagram, C2H2 uptakes in blue triangle). The filled and open circles represent the 
adsorption and desorption points. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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interactions with the OMSs as well as multiple weak hydrogen bonding 
interactions within the functional pore channels containing the polar
izable π electron cloud of the cyanide building block (Fig. 1b and c). 
Although C2H2 and C2H4 could get inside the pores because of the very 
similar empirical kinetic diameters, C2H2 is better able to interact with 
the unsaturated metal centers electrostatically due to higher acidity (pKa 
values of C2H2, 25, and C2H4, 44) thus enforce the high C2H2 uptake and 
selectivity. In contrast, such interactions were weak for the C2H4 mol
ecules. Further, C2H2 molecules are densely packed within the pores 
through cooperative interaction, as can be seen from the Qst value, 
which increases with increasing the loading (C2H2, 20–42 kJ mol− 1). 
Although such type of cooperative behaviour for CO2 was not observed, 
CO2 possesses quadruple moments through which it can strongly binds 
with the polar channels and open metal sites. CH4 and N2 do not possess 
any such type of quadruple moments and thus exhibited the lowest Qst 
among the others. 

Apart from separation selectivity, the quantity of uptake of any 
adsorbent from the mixed phase is another determining factor in a 
pressure swing adsorption (PSA) unit for its practical deployment in 
industrial gas separations [69]. Thus, we have determined the C2H2 and 
CO2 loading within the porous structure for the mixtures of C2H2/C2H4 
(1:99 & 50:50) CO2/CH4 (50:50), and CO2/N2 (15:85) at 273 and 295 K 
under 100 kPa pressure using IAST method. As shown in Fig. 3b and 
Figure S10, C2H2 loadings from the simulated binary gas mixtures 
(C2H2/C2H4 = 50:50) at 273 and 295 K under 100 kPa are considerably 
higher compared to the C2H4. The corresponding uptake values of C2H2 
are 3.62 and 2.72 mol kg− 1 at 273 and 295 K (Fig. 3b and Figure S10), 
respectively. The captured amount of CO2 from simulated CO2/CH4 
(50:50 mixture) is 3.65 (273 K) and 2.56 (295 K) mol kg− 1, and for the 
CO2/N2 (15:85) mixture, 1.94 (273 K) and 1.20 (295 K) mol kg− 1 

(Fig. 3c and 3d), which is similar to the previously observed MOFs 
[63,70,71]. 

Fig. 3. Predicted IAST selectivity and mixed gas isotherm of Cu-PSB at 295 K for (a) C2H2/C2H4 (1:99) (b) C2H2/C2H4 (50:50) (c) CO2 /CH4 (50:50) and CO2 /N2 
(15:85) mixture. (e) Comparison of C2H2 uptake and C2H2/ C2H4 IAST adsorption selectivity of Cu-PSB with other porous MOFs at 295 K under 1 bar. (f) Comparison 
of IAST adsorption selectivity of CO2/CH4 and CO2/CH4 of Cu-PSB with MOF materials at 295 K under 1 bar. 
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In PSA unit, the potential of the physisorbent is determined from the 
selectivity and uptake capacity which can be obtained from the break
through analysis [69]. Transient breakthrough thus has been performed 
to check further the feasibility of Cu-PSB for the following gas mixtures 
separations C2H2/C2H4 (1:99 and 50:50), CO2/CH4 (50:50), and CO2/N2 
(50:50) at temperatures of 273 K and 295 K (Fig. 4 and Figures S13-S16). 
Fig. 4a and 4b revealed the dimensionless concentrations of C2H2/C2H4 
exiting the adsorbed packed with Cu-PSB as a function of the corrected 
time (Q0 t/mads), at 1 bar and 295 K. Complete separation could be 
accomplished by Cu-PSB, whereby C2H4 breakthrough occurred first. 
The corresponding productivity of polymer-grade C2H4 is 5.25 mol kg− 1. 
Although the productivity is lower than UTSA-200 and SIFSIX-2-Cu-i, it 
is considerably higher than SIFSIX-3-Zn, SIFSIX-1-Cu, UTSA-100a, SIF
SIX-3-Ni, FeMOF-74, NOTT-300 (Table S5). The corresponding amount 
of C2H2 captured by Cu-PSB amounts to 98 mmol kg− 1. The comparisons 
of Cu-PSB with other benchmark materials are presented in Table S5. 
Such a high value is almost similar to that of SIFSIX-2-Cu-i, and 
considerably upper side of SIFSIX-3-Zn, SIFSIX-1-Cu, UTSA-100a, SIF
SIX-3-Ni, FeMOF-74, NOTT-300. A similar observation was also found 
for the biogas and flue gas mixtures, whereby CH4 and N2 were eluted 
first, followed by CO2 after some time. 

It is remarkable that Cu-PSB takes up 2489.1 mmol kg− 1 (2538.9 
mmol/L) of CO2 from the CO2/CH4 (50:50) mixture (Fig. 4c) at 295 K (at 
273 K these values are 3338.8 mmol kg− 1 or 3405.6 mmol/L). The 
amount of CO2 captured just before exiting the adsorbed packed is very 
important for post-combustion CO2 capture as it is directly associated 
with the operational cost of a PSA unit. Cu-PSB takes 1100.2 mmol kg− 1 

(1122.2 mmol/L) of CO2 from 15/85 CO2/N2 mixture (Fig. 4d) at 295 K 
(at 273 K CO2 captured amount is 1781.0 mmol kg− 1 or 1816.7 mmol/ 
L), which further re-emphasized the high potential of Cu-PSB as an 

exceptional candidate for the C2H2/C2H4 separation, and CO2 capture 
from the bio and post-combustion flue gas mixtures. 

The industrial-relevant gas separations (such as CO2 and C2H2) are 
typically carried out under more harsh conditions. For example, in the 
cases of C2H2/C2H4 gas mixture, the C2H2 raw streams, produced from 
the combustion of natural gas or the cracking of hydrocarbons, typically 
contain a small amount of water and acidic gases [12]. On the other 
hand in biogas and flue gas, CO2 is diluted with CH4, N2, water vapour, 
and many other acidic toxic gases [31]. Despite these complexities in 
realistic mixtures, the separation process mostly focused on ideal mix
tures. Thus to meet this gap, researchers should use well-defined 
exemplar mixtures to urgently act in this regard [72]. However, work
ing with such mixtures is extremely challenging compared to binary gas 
mixture separations and needs a much more sophisticated setup. Thus 
before going for such realistic and process stream exploration, the 
chemical stability of the materials should be confirmed [72]. In general, 
classical MOFs are infamous for their poor chemical stability, especially 
in water and pH mediums and thus, a whole lot of efforts are now being 
made in developing water and pH-stable MOFs to make them potential 
in practical environments, especially for applications in water- 
containing media [73–76]. Although, quite a few MOFs could be 
found in literature where they are stable in water and under dry acid 
gases such as SO2, the performance is drastically reduced, and/or the 
framework collapses in the presence of wet conditions containing ppm 
levels of SO2 [74]. Thus, the structural stability of Cu-PSB has been 
explored in different chemical environments such as, in water, boiling 
water, and an aqueous solution of pH = 1–11 for minimum of 7 days. 
The PXRD measurement revealed that all the peaks are retained and 
matched well with pristine Cu-PSB, strongly indicating the structural 
retention in those media (Fig. 5a and Figure S17). The framework is even 

Fig. 4. Transient breakthrough simulations of Cu-PSB in a fixed bed operating at 100 kPa, and 295 K. (a, b) C2H2/C2H4 (1:99 & 50:50); (c) CO2/CH4 (50:50) and (d) 
CO2/N2 (15:85) mixtures. x-axis represents Q0 t

mads 
as modified time parameter. 
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stable in 6 M HCl (7 Days) and 18 M H2SO4 (Figure S17). Some MOFs 
show kinetic stability in some cases and subsequently transform to a 
thermodynamically stable phase after prolonged exposure. No such 
observation was found for Cu-PSB, as the PXRD pattern after 40 days of 
water treatment matched with the as-synthesized Cu-PSB (Fig. 5a). The 
high structural stability of Cu-PSB exhibited the best chemical stability 
among the benchmark acetylene selective MOFs such as UTSA-74, Zn- 
MOF-74, bio-MOF-1, TIFSIX-2-Cu-i, UTSA-300, UiO-66, ZIF-8, and 
NKMOF-1-Ni as shown in Table S6 [39]. Classical ZIF-8 and UiO-66 are 
arguably the best chemically robust MOFs and thus have been exten
sively investigated for numerous purposes, while Cu-PSB is even a more 
robust framework than ZIF-8 and UiO-66. It could be noted that ZIF-8 is 
stable in basic medium and unstable in acidic medium (Table S6). On the 
other hand, UiO-66 is stable over a wide range in pH medium (pH 1-12), 
however, collapses in potent acidic mediums such as in 6 M HCl and 18 
M H2SO4 (Table S6). Although the PXRD gives an indication about the 
structural stability, the loss of porosity and the surface area still becomes 
undetected. Thus, surface area analysis after exposure to different 
chemical environments is an important follow-up method to more thor
oughly determine if the MOF is stable or not [73]. The BET surface area 
was thus investigated from N2 absorption at 77 K after treating the Cu- 
PSB samples in water, pH = 1, and pH = 10 for 24 h. Fig. 5b showing the 
N2 adsorption isotherm after exposure to respective medias, the N2 up
takes were 216, 216, and 222 cm3 g− 1, little lower to pristine Cu-PSB 
(279 cm3 g− 1). The corresponding BET surface area was calculated as 
567, 576, and 595 m2 g− 1, respectively, which were close to the as- 
prepared Cu-PSB (654 m2 g− 1), further confirming the ultra-stable na
ture of the framework. Thus, Cu-PSB is an excellent candidate, having 
ultrahigh stability, high uptake capacity, and moderate regeneration 
energies for C2H2 and CO2, which deserves further exploration in the 
presence of realistic and process stream gas mixtures. 

Besides the high scalability, high gas uptake capacity, targeted 
selectivity, and chemical stability of a porous adsorbent, the ability to 
regenerate the parent material over multiple cycles is an important 
metrics for evaluating a porous adsorbent’s economical and efficient 
separation potential. Thus, the cyclic adsorption performance of Cu-PSB 
for CO2 at 273 K was also investigated (Figure S19). As observed, Cu-PSB 
can be easily regenerated at 295 K under in situ vacuum for 1 h without 
any loss in CO2 capture ability minimum of up to five cycles. 

3. Conclusion 

Overall, in the search for a highly scalable and highly robust porous 
MOF-based adsorbent for the capture/separation with economic 
regeneration in a durable manner, we realized the highly efficient sep
aration of three different gas mixtures C2H2/C2H4, biogas, and flue gas 
mixtures in a single ultra-microporous metal cyanide-based framework, 

namely Cu-PSB, an age-old coordination complex. Till now, such sepa
rations have been unexplored with this types of frameworks. The 
excellent selectivity for C2H2/C2H4, biogas, and flue gas separations 
under ambient conditions could be attributed to the dual effect of pore 
windows with functionalized pore channels containing open metal sites 
and π electron density. The ease of scale-up crystallization from the 
green medium at room temperature makes this MOF high potential for 
industrial usage. Additionally, the excellent water and chemical stability 
demonstrate Cu-PSB as an exceptional candidate having a high prospect 
of being tested for complex mixtures such as realistic and process streams. 
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1. Synthetic Procedure 

I. Materials.  

 All starting chemicals and solvents were commercially available and could be directly 

used without further purification. Cu(NO3)2ꞏ3H2O was purchased from Merck, and Potassium 

hexacyanocobaltate (III) was purchased from Sigma-Aldrich. 

II. Synthesis of KaCub[Co(CN)6]2[H2O]6ꞏxH2O, (Cu-PSB) 

 Cu-PSB was synthesized by following the already reported procedure.1,2 K3[Co(CN)6] 

(664 mg, 2 mmol) in 15 mL water was added dropwise to an aqueous solution of 

Cu(NO3)ꞏ3H2O (1047 mg, 3.6 mmol) and stirred at room temperature overnight. The resulting 

precipitate was obtained as a sea blue microcrystalline powder, which was isolated by filtration 

after 24 h from the mother liquor and washed with a copious amount of water. The product was 

then dried in the desiccator. The formula was determined with the help of EDX and TGA 

analysis. From EDX, the ratio of the metals (K: Co: Cu) was found to be 0.04, 3.95, and 5.32. 

TGA showed a weight loss of 19.57% at 155 °C. The composition of Cu-PSB is, therefore, 

K0.02 Cu2.7[Co(CN)6]2[H2O]6ꞏ2H2O, which is consistent with the elemental analysis. It is to be 

noted that the degree of hydration varies upon the variations in humidity and sample storage 

conditions.   

 

2. Physical Measurements.  

 The FT-IR spectra were recorded in the 400-4000 cm-1 on a Perkin-Elmer RX1 

spectrophotometer. PXRD patterns were recorded using Cu-Kα radiation (1.5418 Å) on a 

Bruker D8 Advance diffractometer. Thermogravimetric analysis (TGA) was performed using 

a TG 209 F3 Tarsus (Netzsch), and the sample was heated from room temperature to 800 °C 

at a rate of 5 °C min-1 under an N2 atmosphere. Gas sorption experiments were tested on a 

Micromeritics 3-Flex Surface Characterization Analyzer at different temperatures. All the 

guest water molecules in the framework were removed by degassing the sample at 373 K for 

24 h until the outgassing rate was five µmHg/min prior to measurements. The sorption 

measurement was maintained at 77K K by using a liquefied N2, and a chiller was used for 

adsorption isotherms at 273 and 295 K, respectively. 
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3. Fitting of pure component isotherms 

The unary isotherms for C2H2, C2H4, C2H6, and CO2 measured at two different temperatures 

273 K, and 295 K in Cu-PSB were fitted with excellent accuracy using either the dual-site 

Langmuir model, where we distinguish two distinct adsorption sites A and B:  

, ,

1 1
sat A A sat B B

A B

q b p q b p
q

b p b p
 

 
  (S1) 

In eq (S1), the Langmuir parameters ,A Bb b  are both temperature dependent 

0 0exp ; expA B
A A b B

E E
b b b b

RT RT
       
   

  (S2) 

In eq (S2), ,A BE E  are the energy parameters associated with sites A, and B, respectively.  

The unary isotherms for CH4, and N2 measured at two different temperatures 273 K, and 295 

K in Cu-PSB were fitted with excellent accuracy using the single-site Langmuir model. 

The unary isotherm fit parameters are provided in Error! Reference source not found..  

 

4. Isosteric heat of adsorption 

The isosteric heat of adsorption, Qst, is defined as 

2 ln
st

q

p
Q RT

T

     
  (S3) 

where, the derivative in the right member of eq (S3) is determined at constant adsorbate 

loading, q. the derivative was determined by analytic differentiation of the combination of eq 

(S1), eq (S2), and  eq (S3).   

 

5. IAST calculations of adsorption selectivities 

For separation of binary mixtures of components 1 and 2, the adsorption selectivity, adsS , is 

defined by 

 
1 2

10 20
ads

q q
S

y y
   (S4) 
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In eq (S4), 10 20,y y  are the mole fractions of the bulk gas phase mixture.  

The molar loadings 1 2,q q  of the two components are determined using the Ideal Adsorbed 

Solution Theory (IAST) of Myers and Prausnitz3 using the unary isotherm fits as data inputs. 

IAST calculations were carried out for C2H2/C2H4 (1:99 & 50:50); CO2/CH4 (50:50) and 

CO2/N2 (15:85) mixtures at 273 K and 295 K. 

 

6. Transient breakthrough simulations 

Transient breakthrough simulations for C2H2/C2H4 (1:99 & 50:50); CO2/CH4 (50:50) and 

CO2/N2 (15:85) mixtures were carried out for the adsorption cycle in a fixed bed operating at 

a total pressure of 100 kPa, and temperatures of 273 K and 295 K. The simulation methodology 

is described in earlier publications.4-8 In these simulations, intra-crystalline diffusion influences 

are ignored. For these simulations we specify: length of packed bed, L = 0.3 m; cross-sectional 

area, A = 1 m2; volumetric flow rate at the entrance to the bed, 0 40Q   L s-1; voidage of the 

packed bed,   = 0.4. The volume of MOF used in the simulations is  1adsV LA   . It is 

important to note that the volume of adsorbent, adsV , includes the pore volume of the adsorbent 

material. If   is the framework density, the mass of the adsorbent in the bed is  

     2 -3(1 )  m  m  kg madsm L A       kg.  

It is to be noted that the dimensions of the breakthrough tube used in the simulations is 

different from those used in previous works.9,10 The C2H4 productivity values and C2H2 capture 

capacities are not influenced by the dimensions of the tube, because these are expressed per kg 

of adsorbent in tube.  

For presentation of the results of the breakthrough simulations, the dimensionless 

concentrations at the exit, 0i ic c  are plotted as a function of the parameters 
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   
 

-1
0 -10
= flow rate L s time in s

L kg
kg MOF packed in tube ads

Q Q t

m


  . It is also to be noted that we use the 

modified time parameter 0

ads

Qt

m
 instead of the dimensionless breakthrough time,  , used in earlier 

works of Cui et al and Das et al.9,10  

 

7. Notation 

 

b    Langmuir constant, 
1Pa    

ci    molar concentration of species i, mol m-3 

ci0    molar concentration of species i in fluid mixture at inlet, mol m-3 

q    component molar loading of species i, mol kg-1 

qsat    saturation loading, mol kg-1 

Q0    volumetric flow rate of gas mixture at inlet, L s-1 

L    length of packed bed adsorber, m   

mads    mass of adsorbent in packed bed, kg  

t    time, s  

T    absolute temperature, K  

 

Greek letters   



    voidage of packed bed, dimensionless 

    framework density, kg m-3 

    time, dimensionless 
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Figure S1: Rietveld Refinement of powder X-ray diffraction pattern of Cu-PSB (R(obs) = 
9.65, and wR (obs)=8.77) and GOF=1.31.2 
 
 

 

Figure S2: Thermogravimetric analysis (TGA) profile for Cu-PSB.  
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Figure S3: ATR-IR spectra of as-synthesized and activated sample of Cu-PSB. 

 

Figure S4: EDS spectra of Cu-PSB. The atomic molar ratio of Cu/Co is 1.34. 
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Figure S5: PXRD patterns of G-scale and as-synthesized Cu-PSB. 

 

 

Figure S6: Chemical stability test of Cu-PSB after exposure to different common organic 
solvents for 7 days. 
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Figure S7: Activated and as-synthesized PXRD patterns of Cu-PSB. 
 

 

Figure S8: BET surface area of Cu-PSB determined from N2 adsorption at 77K.  
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Figure S9: C2H2/C2H4 (1:99) separation selectivity and loading amounts in mixed gas phase 
predicated from IAST at 273 K of Cu-PSB. 

 

 

Figure S10: C2H2/C2H4 (50:50) separation selectivity and loading amounts in mixed gas phase 
predicated by IAST at 273 K of Cu-PSB. 
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Figure S11: CO2/CH4 (50:50) separation selectivity and loading amounts in mixed gas phase 
predicated from IAST at 273 K of Cu-PSB. 

 

 

Figure S12: CO2/N2 (15:85) separation selectivity and loading amounts in mixed gas phase 
predicated from IAST at 273 K of Cu-PSB. 
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Figure S13: Breakthrough simulation result for Cu-PSB for the separation of C2H2/C2H4 
(1:99) mixture in a fixed bed operating at a total pressure of 100 kPa, and temperature of 273 

K. The x-axis represents 0

ads

Qt

m
 as modified time parameter. 

 

Figure S14: Breakthrough simulation result for Cu-PSB for the separation of C2H2/C2H4 
(50:50) mixture in a fixed bed operating at a total pressure of 100 kPa, and temperature of 273 

K. The x-axis represents 0

ads

Qt

m
 as modified time parameter. 
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Figure S15: Breakthrough simulation result for Cu-PSB for separation of CO2/CH4 (50:50) 
mixture in a fixed bed operating at a total pressure of 100 kPa, and temperature of 273 K. The 

x-axis represents 0

ads

Qt

m
 as modified time parameter. 

 

Figure S16: Breakthrough simulation result for Cu-PSB for separation of CO2/N2 (15:85) 
mixture in a fixed bed operating at a total pressure of 100 kPa, and temperature of 273 K. The 

x-axis represents 0

ads

Qt

m
 as modified time parameter. 
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Figure S17: PXRD patterns of Cu-PSB after exposure to different pH (aqueous HCl and 
aqueous NaOH was used for different pH) and in 6M HCl for 7 days, 18M H2SO4 for 24 h. At 
pH=12 the solutions became black after one hour, indicating degradation of the framework. 
 

 

 

Figure S18: BET surface area determined from 77K N2 adsorption of Cu-PSB after exposure 
to different chemical environments for 24 h (a) water (b) aqueous solution of pH=1, and (c) 
aqueous solution of pH=10. 



S15 
 

 
 
Figure S19: Cyclic adsorption test for CO2 at 273K. 
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Table S1. Comparison of C2H2 uptake, C2H2/C2H4 uptake ratio and heat of adsorption data of 
Cu-PSB with some of the C2H2 selective MOFs at 298K. 

MOFs 

Surface 
area 
BET 

 (m2 g-1)# 

Pore 
(Å) 

C2H2 
uptake 
(mmol/
g) at 1 

bar 

C2H4 
uptake 

(mmol/g) 
at 1 bar 

C2H2/C2H4 
uptake 
ratio 

 

C2H2/C2H4 

IAST 
Selectivity 

(1:99) 

-Qst of 
C2H2 

(kJ/mol) 
Ref 

Cu-PSB 651 ~4.4×4.4$ 3.52b 2.36b 1.49 4.5b 20-42 This work 
Mg-MOF-74 927 11×11 8.37c 7.45c 1.12 2.18 41 S11 
NOTT300 1370 6.5×6.5 6.34d 4.28d 1.48 2.3 32 S12 

SIFSIX-2Cu-i 503 5.2×5.2 4.02 2.19 1.84 44.54 41.9 

S9 
SIFSIX-2-Cu  1881 10.5×10.5 5.38  

 

2.02 2.66 6.0 26.3 
SIFSIX-1-Cu  1178  

 

8.0×8.0  8.50  4.11 2.06 10.63 30/37k 
SIFSIX-3-Zn  250 4.2×4.2 3.64 2.24 1.62 8.82 21/31k 
SIFSIX-3-Ni 368 4.2×4.2 3.30 1.75 1.88 5.03 30.5 

CPL-5 523a 11.0×6.0 3.01 1.84 1.64 5.99 31.3 S13 

NUC-2 1072 
11.1×11.1 
12.6×12.6 

2.99 0.60 4.98 8.1 39.8 S14 

ZUL-100 548 
3.6×4.1 
3.1×4.4 

5.31 2.76 1.92 175 65.3 
S15 

ZUL-200 471 
3.6×4.1 
3.3×4.4 

4.69 1.99 2.35 114 57.6 

NKMOF-1-Ni 380 5.75×5.75 2.72 2.11 1.28 51.65 18.8/54f S16 

Zu-33 424 3.0 3.21 0.59 6.08 1100 43.6 S17 
CPL-1 414a 4.0×6.0 2.07 0.31 6.68 26.75 40.2 S13 

UTSA-100a 970 4.3×4.3 4.27h 1.66h 2.57 10.72h 22 S18 
UTSA-200a 612a 3.4×3.4 3.65 0.63 5.79 6320 40 S19 
UTSA-300a 311 3.4×3.3 3.08 0.04 77 ˃10000e 57.6 S20 
M′MOF-3a 110.1 3.4×4.8 1.9h 0.4h 4.75 24.03 27.1 S21 

ZJU-74 694 3.6 3.82h - - 24.2 45–65 S22 
Cu(bpy)NP 459a 6.0 × 7.0 2.26 1.82 1.24 28.5 40.8 S23 

{[Mn3(bipy)3(H2O)4]- 
[Mn(CN)6]2‧2(bipy)‧4H2O}n 

362g 5.5×4.0 2.65d 0.24c - 16d 32.4 S24 

Nbu-1 368.2 4×4 2.67 2.0 1.33 5.9 (50:50) 38.3 S25 
Zn-atz-oba 710.7 - 2.77 2.03 1.36 1.43 (50:50) 27.49 S26 

MUF-17 247 - 3.01d 2.15d 1.4 8.73 (50:50) 49.5 S27 

MECS-5 964g 
4.5 × 5.3 
3.4 × 4.5 
1.8 × 3.9 

3.85 1.14 3.37 12.6 26.09 S28 

UTSA-60a 484 
4.8×4.0 
3.6×2.8 
3.7×10.5 

3.12 2.05 1.52 ~5.5 36 S29 

JCM-1 550 3.9 3.41 1.59 2.14 13.2 36.9 S30 
TIFSIX-2-Cu-i 685 9.6, 11.5^ 4.1 2.5 1.64 55 46.3 S31 

# BET surface area from 77K N2 adsorption. a BET surface area from 195K CO2 adsorption. 
b At temperature of 295K c At temperature of 273K 
d At temperature of 293K eSimulated selectivity 
f –Qst at various surface area coverage gLangmuir Surface area at 195K CO2 adsorption 
hAt temperature of 296K  
$ pore window measured from the Diamond by fitting a dummy sphere of appropriate radius. 
^Two oppositely F‧‧‧F distance  

 

 



S17 
 

Tables S2: Comparison of CO2 loading in some well-known MOFs. 

MOF 
Surface area 

BET (m2 g-1) and 
Langmuir 

CO2 loading 
(cm3 g-1) 

(273 K, 1.0 bar) 

CO2 loading 
(cm3 g-1) (298 K, 1.0 

bar) 
Ref. 

Cu-PSB 
651 (BET) 

1,003 (Langmuir) 
108 84 This work 

MFM-130 2173 (BET) 109 59 S32 
MAF-23 387 (BET) 74.2 56.1 S33 
ZIF-69 1070(Langmuir) 70  40.6 S34 

Zn(ain)2ꞏ(DMF) - 66.4 51.3 S35 
BIF-41 - 77 63.5 (294) S36 

HKUST-1 1571(BET) 78.2 67.2  S37 
MIL-101Cr 3237(BET) 78.6 53.3(293K) S38 

CPM-200s-In 888/1244 109.6 61.7 S39 
NENU-520 387(BET) 80.4 60.7 S40 
UTSA-120 638(BET) - 112 (296K) 

S41 
SIFSIX - 2 - Cu - i 735 (BET) - 121.2 

 

Table S3. Dual-site Langmuir parameter fits for C2H2, C2H4, CO2, CH4, and N2 in Cu-PSB.  

 Site A Site B 

 
,

mol/kg
A satq

 

0
-1Pa

Ab

 
-1kJ mol

AE

 

,

mol/kg
B satq

 

0
-1Pa

Bb

 
-1kJ mol

BE

 

C2H2 3.1 1.14E-12 42.5 1.2 1.99E-06 20.0 

C2H4 1.4 1.06E-09 23.5 1.6 5.42E-05 6.0 

CO2 5.1 4.80E-10 24.4 1.4 1.25E-07 14.6 

CH4 2.85 3.13E-08 11.8  

N2 1.95 6.34E-09 13.0  

 

Table S4: Thoroughly studied developed MOFs for both flue gas (15:85 binary mixture of 
CO2/N2) and biogas (50:50 binary mixture of CO2/CH4) separation selectivity at 1 bar pressure. 

MOFs 
Surface area 
BET (m2 g-1) 

IAST selectivity 
Temp 

(K) 
Ref CO2/N2 

(15:85) 

 

CO2/CH4 

(50:50) 

Cu-PSB 651 60.5 14.7 295 
This 
work 

IITKGP-5 366 147.8 23.8 295 S42 
IITKGP-6 279 42.8 5.1 295 S43 
IITKGP-7 141 121.4 8.8 295 S44 
 IITKGP-8 224 43.7 17.1 295 S45 
IITKGP-11 253 149.07 7.91 295 S46 
UTSA -16 628 314.7  29.8  296 S47 
UTSA -120 638 ~600 100 296 

S41 
SIFSIX - 2 - Cu - i 735 140 33 296 

ZJNU -44 2314 ~15 5.5 296 S48 
Qc - 5 -Cu -sql - β 222 40000 3300 293 S49 
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CSMCRI - 3 1814 128 11.7 273 S50 
CSMCRI - 9 469 43 5.39 273 S51 

MAF -66 1014 185# 5.8# 298 S52 
MFM -137 1749 15.7 4.08 298 

S53 
MFM -136 1634 23.2 3.35 298 
NJU -Bai52 1908 581 13.5 298 S54 
PCN -222 1371 32.8 4.3 298 S55 

IISERP - MOF26 210.6 145 15 298 S56 
HKUST - 1 1317 29.1 10 273 S57 

MIP-202 278.6 72.9 1.95 ×106 298 S58 
NKU -521 1100 56 22 298 S59 
MFM-126 1004 39.6 11.7 298 S60 
MUF-16 214 631 - 293 S61 

IISERP-MOF2 470 1853 - 313 S62 
UTSA-90 2273 21.7 5.3 295 S63 
UTSA-93 523 28 7.4 298 S64 
ZJNU-26 1182 37.3 4.3 298 S65 
ZJNU-44 2314 15 5.5 296 S48 

Qc-5-Ni-dia 664 36 7 293 
S49 

Qc-5-Cu-dia 488 19 3 293 
Ni-4PyC 1076 51 6 298 S66 

NJU-Bai33 884.8 40.3 8.9 298 S67 
NJU-Bai50 2015 30.5 4.4 298 S68 

PCN-88 3308 15.2 7 296 S69 
MOF-505 1104 27.8 7.6 298 S70 

#Henry’s Law selectivity 

 

Table S5. Comparison of the dimensionless breakthrough time for separation of C2H2/C2H4 
mixture (1/99). The product gas stream contains less than 40 ppm C2H2. 
 
MOFs C2H4 productivity 

mol kg-1  
C2H2 captured 

mmol kg-1 
Temp 

(K) 
Ref 

Cu-PSB 5.25 98.04 295 This work 

UTSA-200 25.52 258.04 298 S19 

SIFSIX-2-Cu-i 10.07 104.25 298 

SIFSIX-1-Cu 4.44 51.18 298 

SIFSIX-3-Zn 1.88 22.34 298 

UTSA-100a 1.72 19.68 298 

SIFSIX-3-Ni 0.94 12.91 298 

FeMOF-74 0.53 14.90 318 

M'MOF-3a 1.06 11.35 298 

NOTT-300 0.41 10.72 293 
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Table S6. Comparison of the chemical stability of Cu-PSB with some C2H2 selective stable 
porous materials after treatment under various chemical environments.S22 
 

MOFs Water Boiling 
water 

pH=1 pH=12 6M 
HCl 

18M 
H2SO4 

Ref 

Cu-PSB    b   This 
work 

ZJU-74       S22 
UiO-66       S71 

bio-MOF-1       S72 
ZIF-8       S73 

UTSA-74 ×      S74 
Zn-MOF-74       S75 

TIFSIX-2-Cu-i       
S76 

SIFSIX-3-Ni       
UTSA-300       S20 

HOF-3       S77 
NKMOF-1-Ni  a   a a S16 

JCM-1       S30 
FJU-90       S78 
JNU-1  a   a a S79 

HOF-21  a a a a a S80 
ZUL-100  a     

S14 
ZUL-200  a   a a 

        
. a The stability in the corresponding conditions was not reported in the literatures. 
bStable upto pH=11 
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