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1. Experimental Section

Materials. All chemicals are used as received without further purification. Zirconyl chloride
octahydrate (ZrOCl,*8H,0, 99.9%), CuCl, (99%), and N, N-dimethylformamide (DMF, 99.9%)
are purchased from Shanghai Macklin Ltd. Trimesic acid (H;BTC, 99%), formic acid (FA, 99%),
and methanol (99.8%) are provided by Beijing J&K Scientific Ltd. Acetone (99%) is purchased

from Beijing Sinopharm Chemical Ltd.

Synthesis of G808. H;BTC (0.68 g, 3.2 mmol) is dissolved in DMF (20 ml) and FA (20 ml),
followed by the addition of ZrOCl,*8H,0 (3.09 g, 9.6 mmol). Once a clear solution is formed, it is
put into an oven and heated at 100 °C for 24 h. After cooling down to room temperature, the
produced MOF-808 gel is washed with DMF, followed by freeze-drying. The white granular
product is subsequently washed with acetone and methanol and then dried overnight under

vacuum at 110 °C to produce MOF-808 xerogel (labeled as G808).

Synthesis of CuCL,@G808. 100 mg of G808 is added to a solution containing CuClz (1200 mg)
dissolved in water (3 mL) and impregnated at 80 °C for 24 h. The product is collected by
removing the supernatant and washed with water. CuCl,@G808 is dried and activated under
vacuum at 110 °C before further use. The loading of Cu in CuClL,@G808 is 1.21%, as

determined by inductively coupled plasma-optical emission spectrometry (ICP-OES).

Characterization. Powder X-ray diffraction (PXRD) patterns are collected using a Rigaku Ultima
IV X-ray diffractometer with Cu-Ka radiation (A = 1.5418 A) from 20=3° to 50°.
Thermogravimetric analyses (TGA) are determined by a Netzsch TG analyzer through heating
from 30 to 800 °C under air with a heating rate of 5 °C/ min. Fourier transform infrared (FT-IR)
spectra are collected with a Thermo Scientific Nicolet iS20 spectrometer. N, adsorption isotherms
are measured on a Micrometer ASAP 2020 analyzer at 77 K. ICP-OES analysis is performed on a
Agilent 5110. The morphology of samples is observed by a ZEISS Gemini 300 field emission
scanning electron microscope. In-situ FTIR spectra are recorded on a Nicolet iS50 (Thermo Fisher

Scientific) spectrometer, and the spectral resolution and the number of spectral sweep cycles are



set to 4 and 32, respectively. The sample is mixed with KBr powder and pressed into a transparent
sheet before use. After the sample is placed into IR cells, it is activated at 120 °C for 2 h and then
cooled to room temperature. Then, NH; mixture (50 ppm NH;/Ar) flows into the IR cell for in-situ
IR measurements. XPS is recorded on a Thermo Scientific K-Alpha electron energy spectrometer
using Al Ka (1486.6 eV) radiation as the X-ray excitation source. NH3, N,, and H, isotherms are
measured using a BSD-PM gas sorption analyzer. The desolvated sample is generated in situ
within the sample holder of the instrument by heating the sample to 393 K under vacuum until the
sample mass has stabilized. For the cycling tests, NH; adsorption experiment on CuCl,@G808 is
conducted at 298 K for five times. After each run, the adsorbent must be heated to 393 K under
vacuum to aid regeneration. Dynamic mixed gas breakthrough experiments are performed using a
multi-constituent adsorption breakthrough curve analyzer (BSD-MAB) under dry condition at 298
K. CuCl,@G808 is placed in a quartz column with inside diameter of 4 mm. The length of packed
bed is 60 mm. The flow rate at the inlet is 13.27 cm/s. The sample mass of MOF in the packed bed
is 0.6235 g. The MOF framework density is 3.8 g/cm3. The dry helium flow (30 mL/min) with
423 K is introduced into the column for 4 h. Upon cooling, the dry gas mixture NH;/N,/H,
(vivivi=3:25:72) is passed through the column. The eluted gas concentration is continuously
monitored by an INFICON mass spectrometer.

Isosteric heat. Heat of adsorption profiles are calculated by fitting the Virial model on adsorption
isotherms of ammonia collected at 273 K and 298 K. The fitted isotherms are analyzed with the
isosteric heat of adsorption defined as Equation 1:
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Where Q, is the isosteric heat (J-mol!); P, and P, are the absolute pressure (kPa or bar)
corresponding to 7 and 7, arriving at the equal saturated adsorption capacity, respectively; 7, and
T, are the system temperature (K); R, is the ideal gas constant (8.314 J-mol!-k'!).

IAST selectivity. The single-component adsorption isotherms of NHj;, N, and H, are fitted with
the dual-site Langmuir Freundlich (DSLF) model (Equation 2). Then the IAST selectivity (Sag)

are calculated as Equation 3 [1, 2].
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Equation 2



Where 7 is adsorption amount; "0, "1 and 2 are the saturated adsorption capacities; & and ¢ are

1 2 .
b2, 4 and ¢ ; P is pressure. The regression parameters for all of the

fitting parameters including bl,
fits are above 0.99, confirming the reliability of the modelling.
Second, selectivity calculations are performed using the Ideal Adsorbed Solution Theory (IAST)

method calculated using pure component isotherm data:

3 x/yy

X)/¥2 Equation 3

Where i is the amount of each component adsorbed and ¥ is the mole fraction of each component

at equilibrium.

2. Figures S1-S15

Figure S1. SEM images of (a) G808 and (b) CuCLL,@G808.
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Figure S2. SEM image of (a) CuCl,@G808 and its corresponding EDX elemental mapping of (b)
C, (¢) O, (d) Zr, (e) Cu, and (Cl).
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Figure S3. BJH pore size distributions of materials.
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Figure S4. NLDFT pore size distributions of materials.
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Figure S5. Sorption isotherms of CuCl,@G808 for N,.
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Figure S6. Sorption isotherms of CuCl,@G808 for H,.
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Figure S7. Isosteric heats of adsorption (Qy) as a function of gas loading of N, in CuCl,@G808.
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Figure S8. Isosteric heats of adsorption (Qy) as a function of gas loading of H; in CuCl,@G808.
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Figure S9. IAST selectivity values for NH3/N, mixtures at gas ratios of 1:999 calculated from
single component isotherms collected at 298 K.
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Figure S10. IAST selectivity values for NH3/H, mixtures at gas ratios of 1:999 calculated from

single component isotherms collected at 298 K.
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Figure S11. Cyclic adsorption-desorption of NHj at 298K between 0 and 1 bar.
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Figure S12. Nitrogen adsorption isotherms of CuCl,@G808 and CuCl,@G808 after five NH;
capture cycles.
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Figure S13. PXRD patterns of CuCl,@G808 and CuCl,@G808 after five NH; capture cycles.
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Figure S14. In situ FTIR spectra of the CuCl,@G808 during NH; uptake.
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Figure S15. The XPS survey spectrum of CuCl,@G808.



3. Table S1-S2

Table S1. BET area (Sggr), total pore volume (Vyy), and median pore width of samples.

Sample Sger (M?/g) Vi (cm?/g)  Median pore width (nm)
G808 1596.30 1.55 22.50
CuCl,@G808 206.22 0.18 0.74

Table S2. Comparison of data for reported typical NH; adsorbents.

(298 K 10 mbar)

(298 K 1bar)

MOF NH; Capacity ( mmol/g) Stabilgﬁfmﬁfs Dy Reference
LlCl@ng}(OH)T (298 Kli?) mbar) (298312? pary ~ Reversible for I5 Cycles [3]
LiCl@G66-OH-35.7 (298 K2 16 mbar) (298212? bar) Loss of Crystallinity [4]
IL@MIL-101(Cr) (298 Igf)gl bar) (29821 llzbar) Reversible for 5 Cycles [5]
Mg,(dobpdc) (298 K%Z; mbar) (298212.? bar) Reversible for 3 Cycles [6]
Ni_acryl TMA (298 11(2331 bar) (298212? bar) Reversible for 5 Cycles [7]
Cu,CLLBBTA (298 IZ'Slzmbar) (29811%719bar) Loss of Crystallinity [8]
MOF-303(Al) (298 11.514mbar) (298112.7 bar) Reversible for 20 Cycles [9]
MOF-253(Al)-NiCl,-2 (298 KS(.)?O3 bar) (298 Il<81 bar) Loss of Crystallinity [10]
MFU-4 (298 Ii6l3mbar) (298 llzz bar) Loss of Crystallinity [11]
Cu(cyhdc) (298 Ig'§9mbar) (29811251 bar) Decrease of Uptake [12]
Co(NA), (298 K (1).22 bar) (29811’(7? bar) Reversible for 3 Cycles [13]
MFM-300(V'Y) (298 K119 mbar) @73 112';’ bar) Reversible for 18 cycles [14]
Cu(BDC) (298 Kl 13 g mbar) (298 113 bar) Reversible for 3 Cycles [15]
Ui0-66-Cu! (298 K%.1653 mbar) (273112.91bar) Reversible for 15 Cycles [16]
DUT-6-(OH), (298 KSI mbar) (298112.1 bar) Loss of Crystallinity [17]
[Mn,C1,BTDD] (298 Ii;zmbar) (298115('51bar) Reversible for 3 Cycles [18]
Fe-soc-MOF (298 K3.18(’)7mbar) (298111.Zbar) Decrease of Uptake [19]
MFM-300(Sc) (298 1(113 (? mbar) (29811?2. llbar) Reversible for 5 Cycles [20]

CuCl,@G808 3.65 8.1 Decrease of Uptake This work
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