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Table S1. The physical parameters of C, hydrocarbon molecules!'-3

3 fillin Kinetic Boiling
Compounds parfleo del £ Dimensions (A3) diameter point
(A) XK)
Carbon
dioxide “ 3.19 x 3.34 x 5.36 33 194.7
(COy)
Acetylene @
3.32 x 3.34 x 5.70 33 189.3
(CHy)
Ethylene o
3.28 x 4.18 x 4.84 4.2 169.5
o | 8
thane '
3.81 x 4.08 x 4.82 4.4 184.6

Experimental section

All reagents were purchased directly and used as received.

Synthesis of Zn,(Atz),0x

Zn,(Atz),0Ox was synthesized and activated based on the previously reported
procedures with minor modification.* A mixture of zinc acetate (0.079 g, 0.36 mmol),
amino-triazole (0.040 g, 0.44 mmol), oxalic acid (0.16 g, 1.90 mmol), deionized water
(20 mL), and butyl alcohol (4 mL) was placed in a Teflonlined stainless steel vessel
(70 mL) and stirred for 30 min to get homogeneous substance. The reaction system
was then heated at a rate of 5 °C min™! to 180 °C and kept at that temperature for 60 h,
and then it was cooled to room temperature at a rate of 1 °C min~!. Shortly after that,
the colorless microcrystal was obtained. The resulting sample was washed several

times with fresh deionized water so as to remove the unreacted substance.

Powder X-ray diffraction (PXRD) experiments
Powder X-ray diffraction (PXRD) experiments were carried out to verify the structure
and purity of Zny(Atz),Ox. Each PXRD pattern was recorded using a Rigaku

SmartLab3 diffractometer (Cu Ko radiation, A = 1.54178 A) with a scan rate of



10°/min. The simulated powder pattern was obtained from Mercury 1.4.2 software.’
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Fig. S1. PXRD patterns of as-synthesized Zn,(Atz),0x (blue) and after-adsorption
(orange) along with the simulated (green) pattern from the single-crystal X-ray

structure.

Static adsorption measurements

As-synthesized samples of Zn,(Atz),0x were dipped in fresh deionized water for 72 h,
then degassed at 150 °C for 10 h under vacuum. By using a Micromeritics ASAP
2020 volumetric adsorption apparatus, the single component adsorption isotherms of
C,H,, C,H,4 and C,Hg on Zny(Atz),0x were recorded at 273, 298, 313, and 323 K.
Bath temperatures of 298, 313, and 323 K were precisely controlled with a
recirculating control system containing a mixture of ethylene glycol and water. The

lower temperature (273 K) was controlled by a Dewar filled ice-water mixture.
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Fig. S2. Adsorption-desorption isotherms of (a, d) C,H,, (b, ¢) C;H4 and (c, f) C,Hg at
273 (red), 298 (green), 313 (purple), and 323 K (orange).
We noted that the Zn,(Atz),0x exhibits large hysteresis loops for C, hydrocarbons,
but not for CO,.% According to the classification of hysteresis loops, the hysteresis
loops of C, hydrocarbons in Zn,(Atz),0x could be defined as type H1 loop, indicating
that this process occurred in the pores corresponding to cylindrical shape channel
model. In general, the adsorption hysteresis behavior can be attributed to the capillary
condensation mechanism, which highly related with the characteristics of the
adsorbate (kinetic size, saturated vapor pressure) and pore structure (size and shape).
Interestingly, with the temperature increased to 313 and 323 K, the gate-opening and
adsorption hysteresis behaviors of C,H,; disappeared in the range of measured
pressures. This suggests that the final structure of Zn,(Atz),Ox after phase transition
and the guest-framework interactions also play a vital role in triggering hysteresis
phenomenon. Concretely, C, hydrocarbons possess slightly larger molecular size and
stronger binding affinity compared with CO,, resulting in higher desorption resistance.
Meanwhile, C, hydrocarbons and CO, might show different packing states within the
final pore structures due to different molecular geometries. As a linear molecule, CO,
has a larger diffusion rate or higher desorption efficiency, which means that the

structural basis for hysteresis will not be retained during desorption process.
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Fig. S3. Three cycles of (a) C,H, and (b) C,H, adsorption isotherms for Zn,(Atz),0Ox
at 298 K.

Calculation of isosteric heat of adsorption

In order to evaluate the bonding energy between C, hydrocarbons and Zn,(Atz),0x,

the isosteric heat of adsorption was calculated according to the following equation:’

Qu=-RY aN (1
=0

1 m . n .
In P=In N+—TZa,-N’+ijN/ )

=0 /=0
Here, P is the pressure (mmHg), T is the temperature (K), N is the adsorption amount
in mg/g, a; and b; are Virial coefficients and m, n represent the number of coefficients
used to adequately describe the adsorption curves. The values of a, through a,, were
used to calculate the isosteric heat of adsorption using equation (1). O is the

coverage-dependent enthalpy of adsorption and R is the universal gas constant.
Calculation procedures of selectivity from IAST

Fitting details: The adsorption data was fitted with the single-site Langmuir-

Freundlich equation at 298 K.



bP*
1+bP° (3)

N=Ax

Here, N is the adsorption amount in cm?/g, P is the pressure of the bulk gas at
equilibrium with the adsorbed phase (bar), A is the saturation loading of site A
(cm?/g), b is the affinity coefficients of site A (1/bar), ¢ represents the deviations from
an ideal homogeneous surface.

IAST selectivity calculation: Ideal adsorbed solution theory (IAST) enables
prediction of adsorption equilibriums of the binary gas mixtures from the related
single-component adsorption isotherms.® The selectivity for preferential adsorption of
C,H; over component C,Hy is defined as:

e2m2/ Gy

ads

ycsz/yCZH4 (4)
In the equation (4), gconz and gceong are the equilibrated adsorption molar loading

of component C,H, and C,Hy; yeom, and yeons = 1-yeom, represent the mole fractions

of C,H; and C,H, in bulk gas phase.
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Fig. S4. Virial fitting of (a) C,H,, (¢) C,H,4 and (e) C,Hg adsorption isotherms (points)
at different temperatures. The related fitting parameters for (b) C,H,, (d) C,H, and (f)

C,Hg adsorption isotherms.
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Fig. S5. Isosteric heats of adsorption of (a) C,H,, (b) C,H,4 and (c¢) C,Hg at 298 K.
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Fig. S6. Single-site Langmuir-Freundlich fitting (lines) of (a) C,H, and (b) C,H,4

adsorption isotherms (points) (298 K).
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Fig. S7. The IAST selectivities of Zn,(Atz),0x for C,H, and C,H, (1:99, purple;

10:90, green; 50:50, red) mixtures.

Column breakthrough measurements

Breakthrough experiments were executed by applying the separation column packed
with 0.2 g activated Zn,(Atz),0x. The length of the column was 8 cm with an external
diameter of 6 mm and an internal diameter of 4 mm. Before the breakthrough
measurements, the sample was heated at 423 K for 8 h while the helium with a rate of
5 mL (STP) min™! kept flowing. The feed gases, binary C,H,/C,H4 (50/50, v/v) and
C,H4/C,Hg (50/50, v/v) mixtures, were supplied to this measurement with a flow rate
of 4 mL (STP) min™! under 298, 313, 323 K, and atmospheric pressure. The gas
compositions at the outlet determined continuously by mass spectrometry (MS,

Hiden,HPR-20). Other details of experimental devices were provided in Fig. S9.

i

Fig. S8. Photograph of the packing column.
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Fig. S9. Breakthrough experiment apparatus.
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Fig. S10. Three cycles of dynamic column breakthrough curves of an equimolar

C,H,/C,H4 mixture on Zn,(Atz),0x at 298 K.
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Fig. S11. Column breakthrough curves for an equimolar C,H4/C,H¢ mixture carried

out on Zn,(Atz),0x at 298 K.



Clearly, the column breakthrough results for C,H,/C,H, and C,H4/C,Hg mixtures
carried out on Zny(Atz),0x are totally different. For the C,H,/C,H, mixture, C,H,
molecule possesses several “advantages”, including lower gate-opening pressure,
smaller kinetic size and stronger binding affinity when compared to C,H4, which
might synergistically promote the efficient separation of C,H,/C,H,. Particularly,
although the IAST adsorption selectivity toward C,H,/C,Hy (50/50) was relatively
low, the Zn,(Atz),0Ox reserves its C,H, uptake and partial separation ability during
separation even when operated at 313 and 323 K. Furthermore, the breakthrough
curves exhibit stepwise equilibrium and “roll-up” features, corresponding to the
flexible responsive behaviors. Thus, the gate-opening effects might contribute more to
breakthrough under 298 K in the case of C,H,/C,H, mixture.

Besides, when we attempted to investigate the feasibility of the ternary
C,H,/C,H4/C,Hg mixture separation in the Zn,(Atz),0Ox under various conditions, the
breakthrough experiments with multiple components (e.g.,
C,H4/C,H¢/He: 10/90/0, 20/20/60) have been performed. The final results are very
similar to that of C,H4/C,Hg (50/50) (partial C,H, was captured by the column while
C,Hg was detected in the outlet flow). This is consistent with the adsorption trend of
C,H,4/C,H¢ before gate-opening and against the speculation based on critical pressures,
which indicated that the guest-framework interactions or dynamic diffusion process
might be the main influence factor of the breakthrough results for C,H,/C,Hg mixture

under 298 K.
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