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S1 General description of 1

According to reported literature, 1 crystallizes in the orthorhombic space group
Fddd and has a 3D anionic framework built with triangle clusters [Cu;(u;-OH)] and 4-
pyrazolecarboxylate, showing ultramicroporous channels with aperture size of 6.3 x 6.8
A (Fig. S1). Because of the negative charge of the framework ([Cus(u3-OH)(pyc)s]),
an extra free dimethylamine cation is needed to counterbalance, yielding a formula of
[Me,NH,][Cus(u3-OH)(pyc)s] for 1. Previous studies showed that the free Me,NH,"
ions can be exchanged by Li* ions to improve the pore volume and H, uptake.
S2 Supplementary methods
1 Ideal Adsorbed Solution Theory Calculations
1.1 Single-site Langmuir-Freundlich (L-F) model
The selectivity was calculated to evaluate the CsH¢/CsHg and C,H4/C,Hg separation
performance based on the IAST method. Single-site Langmuir-Freundlich model was
used to fit the C3Hg or CsHg adsorption isotherms obtained at 273 K and 298 K.

C
1
bix

q=A4—"
1
Where 4 is the quantity adsorbed(mmol/g), and A, is the saturation loadings for

adsorption sites 4 (mmol/g). by represents the constant (kPa), and X represents the

pressure of bulk gas at equilibrium with adsorbed phase (kPa). The €1 represents the

Freundlich exponent.

1.2 TAST calculations



IAST calculations of C3Hgs/CsHg (50/50, v/v) adsorption at 298 K were performed by

dc3me
/ Ac3ns

Pc3ne
/ Pc3us (S2)

abs —

Similarly, the TAST selectivity for C,H4/C,Hg (50/50, v/v) adsorption at 298 K was

defined as

Acons
/qC2H6

Pc2n4
/ Pcane (S3)

where 4 is the uptake quantities in the mixture, and P is the corresponding mole

abs —

fraction used in the feed gas mixture.
2 Isosteric heat of adsorption
At 273 K and 298 K ,the Virial equation comprising of the temperature-independent
parameters a; and b; was employed to calculate the enthalpies of adsorption for C3Hg

and C3Hg in 1 and 1-K.

m n
InP=InN + 1/k2aiNj+ Yo,
i=0 i=0

Here, P is the pressure expressed in kPa, N is the amount absorbed in mmol g/,

(54)

b

k is the temperature in K, % and ”j are Virial coefficients, and M as well as represent

the number of coefficients required to adequately describe the isotherms. The values of

the Virial coefficients %0 through #m were then used to calculate the isosteric heat of
g

absorption using the following expression:

m
Qs =— RZ a;N;
=0 (S5)



Qe represents the coverage-dependent isosteric heat of adsorption (kJ mol-') and
R is the universal gas constant. Based on the adsorption isotherms measured by
Micromeritics 3Flexanalyzer, the heat enthalpy of C;Hg, CsHg, C,H4 and C,Hg for
samples were determined at 273 K and 298 K as well as 0-100 kPa.
3 Breakthrough Experiments
Breakthrough experiments for the C;Hg/C3Hg mixtures and C,H4/C,Hg were performed
in a homemade apparatus at 298 K. In the separation experiment, sample 1 (0.88 g for
cycle test) and 1'K (0.631 g for cycle test) samples were packed into a stainless-steel
column, followed by activating at 373 K for 12 h under the Helium flow of 20 mL min-'.
Then, the adsorption column was dropped to 298 K, followed by introducing the
equimolar Cs;Hy/C;sHg gas mixtures. The raw mixed gas flow rate was maintained at 1
mL min-!. The gas chromatograph monitored the effluent gas by a thermal conductivity

detector (TCD).

The Cs;Hg purity (c) is defined by the peak area of CsHg, we calculated C;Hg purity

according to the following equation:
C(C3Hg)

C =
C(C3Hg) + C(C3Hy)

(S6)

where C; (C3Hg) and C; (C3Hg) represent the peak areas of component C;Hg and CsHg
in a single injection.

S3 Supplementary figures



Fig. S1 Partial Enlarged view of the 1 along the crystallographic c-axis.
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Fig. S2 PXRD patterns for 1 (a) and 1:K (b) under various conditions.
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Fig. S3 TGA curves for 1 and 1'K.
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Fig. S4 SEM images (a,b) ,EDS analysis and elemental mapping (c) of 1.
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Fig. S5 SEM images (a,b) , EDS analysis and elemental mapping (c) of 1'K.
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Fig. S6 Pore size distribution for 1 and 1:K using data measured with N, at 77 K.
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Fig. S7 The BET and Langmuir plots for 1 (a ,b) and 1-K (c ,d) obtained from the N,

adsorption isotherm at 77 K.
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Fig. S8 (a) C3Hg and C;Hg adsorption isotherms for 1 and 1-K at 273 K. (b-c) C,H4 and

C,Hg adsorption isotherms for 1 and 1-K at 273 K and 298 K.
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Fig. S10 Virial fittings (lines) of C;Hg adsorption isotherms (symbols) for 1-K at 273

K and 298 K.
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Fig. S12 Virial fittings (lines) of CsHg adsorption isotherms (symbols) for 1 at 273 K

and 298 K.
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Fig. S13 Virial fittings (lines) of C,H4 adsorption isotherms (symbols) for 1-K at 273

K and 298 K.
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Fig. S16 Virial fittings (lines) of C,Hg adsorption isotherms (symbols) for 1 at 273 K

and 298 K.

40}

o 201

5 :

£ 30t e ——
2 = e

@ \ ===-CH, (1)

-==-C,Hs (1)
—C,H, (1K)
——C,H, (1K)

10

25

O 1

00 05 10 15 20 3.0

Uptake (mmol/g)

Fig. S17 Comparison of O of 1 and 1-K for C,H, and C,Hg.



35 = 1-K@273K C;H, Model LFUser (User)
’ —Fitting curve . Equation A1*b1*x*c1/(1+b1*x*c1)

a 2 8 L = Plot B
% A1 3.28829 *+ 0.04722
£
e 24F b1 1.95531 + 0.12733
E‘-’ c1 0.45531 + 0.02034
© 14+ -
= Reduced Chi-
% I Sqr 0.00464

0.7r R-Square (COD) 0.99222

- " Adj. R-Square 0.99168

20 40 60 80 100
Pressure (kPa)

o

Fig. S18 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1K

at 273 K.
35F = 1 K@298K C3H6 Model LFUser (User)
——Fitting curve Equation  A1*b1*xAct/(1+b1*xAcl)
pw— L [ ]
) 2.8
= Plot D
E 21} A1 3.02635 + 0.03274
Py b1 1.18126 + 0.03951
e
© 14r cl 0.52743 + 0.01662
Q.
> Reduced Chi-Sqr 0.00174
0.7¢ R-Square (COD) 0.99644
" Adj. R-Square 0.99618
O-O 1 1 1 1

20 40 60 80 100
Pressure (kPa)

ol
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Fig. S21 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1K

at 298 K.
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Fig. S22 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1

at 273 K.
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Fig. S23 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1

at 298 K.
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Fig. S24 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1

at 273 K.
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Fig. S25 Single-site Langmuir-Freundlich (L-F) model fitting for C;Hg isotherm of 1

at 298 K.
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Fig. S26 Single-site Langmuir-Freundlich (L-F) model fitting for C,H,4 isotherm of 1K

at 273 K.
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Fig. S27 Single-site Langmuir-Freundlich (L-F) model fitting for C,H,4 isotherm of 1K

at 298 K.
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Fig. S28 Single-site Langmuir-Freundlich (L-F) model fitting for C,Hg isotherm of 1K

at 273 K.
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Fig. S29 Single-site Langmuir-Freundlich (L-F) model fitting for C,Hg¢ isotherm of 1K

at 298 K.
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Fig. S30 Single-site Langmuir-Freundlich (L-F) model fitting for C,H,4 isotherm of 1

at 273 K.
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Fig. S31 Single-site Langmuir-Freundlich (L-F) model fitting for C,H,4 isotherm of 1

at 298 K.
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Fig. S32 Single-site Langmuir-Freundlich (L-F) model fitting for C,Hg isotherm of 1

at 273 K.
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Fig. S33 Single-site Langmuir-Freundlich (L-F) model fitting for C,Hg isotherm of 1

at 298 K.
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Fig. S34 IAST selectivities of 1 and 1-K for equimolar C,H,/C,Hg at 298 K.
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Fig. S35 Outlet C;Hg (red) and C;Hg (blue) compositions of the adsorption-desorption

cycle in the breakthrough experiment for 1 (a) and 1-K (b)
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Fig. S36 The single dynamic breakthrough curves of 1 (a) and 1K (b) with equimolar

C,H4/C,Hg gas mixtures at 298 K and 100 kPa. (c) Cycling stability of 1-K.

S4 Supplementary tables

Table S1 ICP analysis results of 1-K.

Sample

K (ng/mL)

Cu (nug/mL)

Zn (ug/mL)

Cu:K (% at./% at.)

1-‘K

2.62

13.1

3:1

Table S2 Summary of the adsorption capacity of C3Hg and CsHg and C3H¢/C3Hg

(50/50) selectivity in some MOFs.

No MOFs C?I:I;;lgf)ke C}I:;l;lgf?)ke sellé:tSi\Tfity Conditions  Refs
(50/50)
1 CuBTC 179.20 152.32 / 1302031(1%81 !
2 KAUST-7 32.00 1.20 / 12090111221 2
3 Zny(dobdc) 140.90 122.30 3.89 130101%;1 3
4 Meg(dobde) 167.10 134.40 5.55 oo 3
5 NJU-Bai8 60.48 1.34 4.60 ;(9)I§PKE; 4
6 GeFSIX-2-Cu-i 60.26 40.54 4.00 298K, >

100kPa



298K, 5

7 SiFSIX-2-Cu-i 59.36 37.41 4.50 s
8 Ni-NP 79.97 4771 10.5 12090%; 6
9 MAF-23-0 302 2.4 8.80 12090%; 7
10 HIAM-301 70.784 0.67 150 1209011; 8
1 INU-3a 58.60 48.0 513 1300031{11(); 9
12 NTU-85-WNT 10.15 0.06 1570.3 12090%; 10
13 1 338 27.7 220 1209011; VTVES{
14 1K 64.5 53.0 438 12090%; VTVI;IS(
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