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1. The structure of CoNi-piz along different directions

2D layer Pillar

Figure S1. The illustration of assemble process for CoNi-piz, and the structure of

resulted scaffold along different directions. (Ni, purple; Co, yellow; N, green and blue;

C, gray)
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2. Characterization

2.1. Powder X-ray diffraction (PXRD)
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Figure S2. Powder X-ray diffraction (PXRD) patterns of the synthesized CoNi-pyz (a)
and CoNi-piz (b).
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2.2. N, sorption isotherm at 77 K
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Figure S3. N, sorption isotherms and corresponding pore size distribution for the

synthesized CoNi-pyz (a-b) and CoNi-piz (c-d).
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2.3. Scanning Electron Microscopy (SEM)

Figure S4. SEM images of the synthesized CoNi-pyz (a-b) and CoNi-piz (c-d) with
different magnification.
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2.4. EDS mapping of the synthesized CoNi-pyz
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Figure S5. The EDS mapping of the synthesized CoNi-pyz, which showing the almost

same content of Cobalt and Nickel of the structure.
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2.5. EDS mapping of the synthesized CoNi-piz
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Figure S6. The EDS mapping of the synthesized CoNi-piz, which showing the almost

same content of Cobalt and Nickel of the structure.
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3. Adsorption isotherms for C;Hg and C;Hg of CoNi-pyz and CoNi-piz
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Figure S7. Adsorption (solid) and desorption (open) isotherms for C;Hg (blue) and
C3Hg (red) of CoNi-pyz (a) and CoNi-piz (b) at 273 K up to 1 bar.
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4. Fitting curves for C;Hg and C;H; adsorption isotherms

4.1. Fitting curves for CoNi-pyz based on different model
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Figure S8. Fitting curves for CsHg and C5Hg adsorption isotherms at 298 K and 1 bar

based on different adsorption model, and fitting parameters of 1-site Langmuir-

Freundlich model were used to calculate IAST selectivity for CoNi-pyz.
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4.2. Fitting curves for CoNi-piz based on different model
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Figure S9. Fitting curves for CsHg and C5Hg adsorption isotherms at 298 K and 1 bar

based on different adsorption model, and fitting parameters of 1-site Langmuir-
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Freundlich model were used to calculate IAST selectivity for CoNi-piz.
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5. IAST selectivity
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Figure S10. The calculated IAST selectivity for equimolar C;He/CsHg mixture at 273

K up to 1 bar.
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6. Isosteric heat of adsorption

6.1. Virial fitting curves and the calculated adsorption heat for CoNi-pyz
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Figure S11. Virial fitting curves for adsorption isotherms of C;Hg (a) and C;Hg (b) at
298 K and 273 K up to 1 bar, and the adsorption heat for C;Hg (c) on CoNi-pyz is much
higher than that of C;Hg (d) at zero coverage region.
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6.2. Virial fitting curves and the calculated adsorption heat for CoNi-piz

—
Q
N

(b)

- Value Standard Error C3H6 I ®m 298K C3H8
ao* -993.39521 963.09855 m 273K
6 }a1* -187.37265 27.11525 6 virial fitting
’g a2* 2.10294 0.38863 ’g
= | a3* -0.01355 0.00697 s 5t
S a4* 9.32754E-5 6.05896E-5 5>
T a5* -1.36391E-7 1.98053E-7 T
£ B [3 4+ Value Standard Error
£ £ a0*  -4426.25288  132.82268
: 3F : 3 a1* 17.11107 15.91803
< £ a2* -2.51953 0.35859
2} m 298K 2k a3* 0.07992 0.00857
m 273K a4* -9.07219E-4 1.17068E-4
1}k virial fitting 1}k a5* 3.82297E-6 5.60464E-7
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50 60 70 80 90
(C) Gas Uptake (mg/g) (d) Gas Uptake (mg/g)
80 80
C;Hg C;Hg
60 | 60 |
° ©
£ £
S S
2 40 2 40
N— N \
- -
] »
(¢ (<]
20 20}
0 1 1 1 1 1

0.5 1.0 1.5 2.0
Gas Uptake (mmol/g)

25

0.0 0.3 0.6 0.9 1.2 1.5

Gas Uptake (mmol/g)

Figure S12. Virial fitting curves for adsorption isotherms of C;Hg (a) and C;Hg (b) at
298 K and 273 K up to 100 kPa, and the adsorption heat for C;Hg (c) on CoNi-piz is
much lowered compared with that of CoNi-pyz.
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7. Dynamic breakthrough experiment

Dynamic breakthrough experiments were carried out on a homemade instrument,
as illustrated in Figure S13. The activated shaped MOF (40-60 mesh) particle was
loaded into the adsorption column, which was maintained at 298 K by a thermostat.
Then the Helium was used to pump out other gas inside to purify the adsorbents. After
leak detection, the mixed gas of equimolar C;Hg and C3Hg (50/50, v/v) flowed over the
adsorption column at a rate of 2 mL/min and the effluent gas stream from the outlet was
monitored by gas chromatography (GC-2014C) constantly with a thermal conductivity
detector (TCD). For the cycling breakthrough experiment, the adsorption column was
regenerated by purging in situ with Helium at a flow rate of 30 mL/min for 2 h at 298
K, then the breakthrough experiment was conducted. (adsorbent mass: 0.6637 g and
0.4571 g for CoNi-piz and CoNi-pyz; and the corresponding adsorption column

specifications are p4x70 mm and p4x59 mm respectively).

Pressure gauge

Mass Flow DOG —
Controller
PO » Air
A |
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i —

e

- R - <
C;H,/C;H4(50/50, viv) Gas chromatography

Figure S13. The breakthrough experimental apparatus.
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8. Dynamic adsorption and desorption for C;Hg and C;Hj

(@),

1.0

0.8

Mr/Me

(b)

0.6

0.4

0.2

0.0

Mr/Me

0.8

0.6

0.4

0.2

0.0

C;Hg-Adsorption

Mr/Me

= CoNi-pyz
= CoNi-piz

1 1 1 1

10 15 20 25 30
Time (min)

(d)

C;Hg-Adsorption

(]

£

=
= CoNi-pyz
= CoNi-piz

5 10 15 20
Time (min)

1.0

0.8

0.6

0.4

0.2

0.0

1

C;Hg-Desorption

= CoNi-pyz
= CoNi-piz

1 1 1

5 10

15 20 25 30
Time (min)

C;Hg-Desorption

= CoNi-pyz
= CoNi-piz

15 20 25 30 35
Time (min)

Figure S14. Dynamic adsorption for C3Hgs and C5Hg at 298 K and 100 kPa on CoNi-
pyz and CoNi-piz respectively. The slope of the isotherm indicates the adsorption rate
for two components, which demonstrates the faster adsorption rate of C;Hg compared
to C3Hg.
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9. Dynamic breakthrough experiment under water vapor.
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Figure S15. Dynamic breakthrough experiment for equimolar C;Hg/C3Hg mixture
under 16% relative humidity with a gas flow rate of 2 mL/min.
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10. Supplementary tables

Table S1. Comparison for molecular sizes and physical properties of C;Hg and C3Hg

Compounds Ball and Stick model Dimensions (A%) Kinetic Diameter (A) Boiling point (K)

C;Hg 6.80%x4.20%4.60 5.1 231.1

&
C;Hg % 6.44%x4.65%4.16 4.7 225.5
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Table S2. Fitting parameters of single-site Langmuir-Freundlich isotherm model for
C;Hg and C5Hg adsorption on CoNi-pyz at 298 K and 100 kPa.

Gsat, 4 bA 7
R-Square
mmol-g! bar! dimensionless
C;Hg 4.03054 350.0529 1.23859 0.99083
C;Hg 4.01759 24.1528 0.91886 0.99956

Table S3. Fitting parameters of single-site Langmuir-Freundlich isotherm model for
C3Hg and CsHg adsorption on CoNi-piz at 298 K and 100 kPa.

Gsat, 4 bA V4
- - R-Square
mmol-g! bar! dimensionless
C;H; 2.39968 21.54936 0.87328 0.99943
C;Hg 11.16447 0.12445 0.92504 0.99800

Table S4. Fitting parameters of single-site Langmuir-Freundlich isotherm model for
C3Hg and CsHg adsorption on CoNi-pyz at 273 K and 100 kPa.

Gsat, 4 bA V4
- R-Square
mmol-g! bar! dimensionless
C;Hg 5.33157 3.74983 0.11534 0.99907
C;H; 4.03597 93.81032 0.85816 0.99771

Table SS. Fitting parameters of single-site Langmuir-Freundlich isotherm model for
C;Hg and C5Hg adsorption on CoNi-piz at 273 K and 100 kPa.

Gsat, 4 bA 7
R-Square
mmol-g! bar! dimensionless
C;Hg 2.49974 38.57111 0.66881 0.99665
C;Hg 2.23093 6.44072 1.28231 0.99764

10.1. Dynamic capture capacity for C;Hg and C;Hg at mixed gas condition.

To determine the adsorption amount at the mixed gas condition, the dynamic
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saturated adsorption capacity of each component (g;,) is calculated based on the

breakthrough curves by the equation described as follows:

t

0
f (Fi - e)At - Vdead
0
qi,m -
m
(1)

Where the F; is the flow rate of specific gas at the inlet of the adsorption column with

the unit of mL/min, while the F, represent the effluent flow rate of the corresponding

gas species; Vyeqq is the dead volume of the system (cm?); And m represents the mass

of the adsorbent loaded into the adsorption column (g); #, is the retention time interval

for the gas mixture.

Table S6. Dynamic adsorption amount for C;Hg and C;Hg on CoNi-pyz and CoNi-piz
respectively based on the breakthrough experiment for equimolar C;Hy/C5;Hg mixture.

C;H¢/C;Hg mixture
CoNi-pyz CoNi-piz
C3Hg (cm?/g) 77.7 35.6
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Figure S16. Dynamic adsorption calculation for C;Hg and C;Hg at 298 K and 100 kPa
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based on the breakthrough experiment for CoNi-piz.

According to the equation above, here we take the C3H¢/C3Hg (50/50, v/v) mixture as
an example to show the calculation detail. The C;Hg adsorption amount was
demonstrated as the orange area (S)), thus qcsus=F. (t1-to)x0.5=19 cm’/g; While for
C;Hg adsorption, we integrated the area of (S¢+S;), and its capture amount was 35.6

cm?/g.
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Table S7. Comparison among adsorbents for C3H¢/C3;Hg separation at 298 K and 100 kPa.

J C;Hg adsorption C;H; adsorption Qst.can6 Qu:, canis S ot
mmol-g! mmol-g! kJ-mol! kJ-mol! (50/50)

Cu3(BTC), 7.7 (323 K) 6.6 (323 K) 42 28 23.17(323 K) S1
MIL-100(Fe) 1.4 (303 K) 0.6 (303 K) 70¢ 30¢ 28.9 (313 K) S2
MIL-101(Cr) 3.94 313 K) 22 (313K) \ \ 6.0 (313 K) S3
Mg-MOF-74 8.2 7.1 60.5 33.9 18.7 S4
Co-MOF-74 5.9 (296 K) 5.2 (296 K) 53.0 47.0 8.6 (296 K) S5
Mn-MOF-74 6.0 4.5 48.0 34.0 24 S6
Fe-MOF-74 6.8 318 K) 6.0 318 K) 44.0 33.0 13 (318 K) S7
Ni-MOF-74 7.0 318 K) 5.7 (318 K) 46 34 11.0 (318 K) S8

Mn,(m-dobdc) 7.1 5.8 67 38.0 39

Fe,(m-dobdc) 7.2 5.8 73 46 56
Co,(m-dobdc) 7.5 5.9 52 52 39 >

Ni,(m-dobdc) 7.2 6.0 54 45 35
[Zn,(5-aip),(bpy)] 1.9 0.75 46.2 25.5 19.8 S10
ZIF-7 2.0 1.5 \ \ \ S11
ZIF-8 3.2 (0.5 bar, 303 K) 3.3 (0.5 bar, 303 K) 30 34 1254 S12
ZIF-67 4.6 (308 K) 4.8 (308 K) 25 26.4 2004 S13
NJU-Bai8 2.8 2.8 \ \ 4 S14
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ELM-12
DBTO
BTO
Zn(0x)o s(trz)
Zn(0x) 5(atrz)
Co(IPA)(BPY)o s
Y-abtc
HAIM-301
KAUST-7
JNU-3a
Co-gallate

CoNi-pyz
CoNi-piz

1.47
1.5
0.75
2.3 (303K)
1.7 303 K)
1.99
2.0
3.16
1.4
2.6
1.78

4.10
2.32

1.36

2.1
\

3.90
1.23

30

43

41.8
50
40

57.4

29.3¢
41

83
38

[\
e o]

—_ = = = = = =

16.1¢
\

30
36

204¢
11¢
12¢

860 (303 K)*

175 (303 K)*
21

S15

S16

S17

S18
S19
S20
S21
S22
S23

This work

“ Kinetic selectivity; ? Calculated by the Herry constants for C;Hg and C3Hg; © Measured by calorimetry
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