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1. Stability constants of coordination ions

Table S1. Stability constants of several coordination ions!

Coordination ions Stability constants Coordination ions Stability constants
[Co(NCS),4]* 1.0x103 [Ni(NH;)]** 5.5%108
[Co(NH3)6]* 1.3x103 [Zn(NH;)4]** 2.9x10°
[Cd(NH3)6]* 1.4x103 [Cu(NH3)4)%" 4.8x1012
[Ag(NH;),]* 1.6x107 [Co(NH3)6]3* 2x10%

2. Theoretical considerations and equations

The experimental data in Table 2 showed that the effects of cations on the capacities of CO,
and NHj are negligible. Therefore, we only included anions in the DFT calculations. Due to the
complexity of the MILs, we calculated the vibrational spectra individually for all the important
species. This simplified treatment allows us to clearly assign every band in the experimental IR
spectra and to understand the absorption mechanism. The absorption mechanism is essentially the
same and is independent on the type of cations. Therefore, only Bmim cation is considered in the
simulated IR spectra.

The final Gibbs energies in solution were calculated from the gas-phase single point
electronic energies plus the gas-phase thermostatistical contributions, and the COSMO-RS

solvation Gibbs free energies (Equation S1).

AG = AE + AGgrron + AdGy (S1)
where AE is the reaction electronic energy, AGgrron 1s the thermostatistical contributions
(Equation S2) and AdGy,, is the solvation Gibbs free energy.

The thermostatistical contributions are computed as follows:

AGrpoy =ZPE+E,, +PV-TxS (S2)

therm
where ZPE is the zero point vibrational energy, Epenm 1 the thermal energy, and P, V, T, and S
denote pressure, volume, temperature and entropy, respectively.

The selectivity of NH; over CO, by conversional ILs is estimated via Equation S3.
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where R= 1.987x103 kcal'-mol"!-K-!. T is the temperature. AG* is the Gibbs activation energy. k;

and 4 are the Boltzmann and Planck constants, respectively.

The reaction Gibbs free energies (AG) are calculated for following reactions:

NH; + SCN~ — NH;-SCN- (S4)
CO, + SCN™ — CO,SCN~ (S5)
Co(NCS),2™ + 6NH; — [Co(NH;)s(NCS),]> (S6)
Co(NCS),+ 4NH;3 — [Co(NH3)4(NCS),] (S7)

3. Optimized structures
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Figure S1. Optimized structures of Co(SCN)42~ and their relative energies. The calculations are
carried at PBE0/def2-TZVPP//TPSS-D3/def2-TZVP level of theory. The energies are given in
kcal'-mol™!. Color legend: Co orange, S yellow, N blue, C black.
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Figure S2. Optimized structures of CO,-SCN and their relative energies. The calculations are
carried at PBE0/def2-TZVPP//TPSS-D3/def2-TZVP level of theory. The energies are given in
kcal-mol™!. Color legend: S yellow, N blue, C black and O red.
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Figure S3. Optimized structures of NH;SCN and their relative energies. The calculations are
carried at PBE0/def2-TZVPP//TPSS-D3/def2-TZVP level of theory. The energies are given in
kcal'-mol™!. Color legend: S yellow, N blue, C black and H white.
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Figure S4. Optimized structures of [Co(NH3)s(SCN)4]?" and their relative energies. The
calculations are carried at PBEQ/def2-TZVPP//TPSS-D3/def2-TZVP level of theory. The energies

are given in kcal'mol™!. Color legend: S yellow, N blue, C black, H white and Co orange.
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Figure S5. Optimized structures and computed Gibbs free energy for the reaction Equation S4.
The selected distances and the energies are given in A and kcal- mol™!, respectively. Color legend:

S yellow, N blue, C black and O red.
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Figure S6. Optimized structures and computed Gibbs free energy for the reaction Equation S5.
The selected distances and the energies are given in A and kcal-mol™!, respectively. Color legend:

S yellow, N blue, C black and H white.

Figure S7. Optimized structures and computed Gibbs free energy for the reaction Equation S6.
The selected distances and the energies are given in A and kcal-mol™!, respectively. Color legend:

S yellow, N blue, C black, H white and Co orange.
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Figure S8. Optimized structures and computed Gibbs free energy for the reaction Equation S7.
The selected distances and the energies are given in A and kcal-mol™!, respectively. Color legend:

S yellow, N blue, C black, H white and Co orange.



4. The recycle of cobalt ILs with saturated water

0.18

0.15+

0.12 1

0.09+

gNH, g IL"

0.06 -

0.03 S

0.00 / : /

Figure S9. NH; absorption and desorption in [Bmim],[Co(NCS),] with saturated water (1.22 wt%).

NHj; absorption: 30°C and 0.10 MPa, and NH; desorption: 80°C under N,.



5. Experimental IR and NMR spectra
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Figure S10. Experimental IR spectra of [Cymim],[Co(NCS),] before/after NH; absorption and

after NH; desorption.
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Figure S11. Experimental IR spectra of [C,mim][SCN] before and after NH; absorption
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Figure S12. Experimental 'H NMR and '3C NMR spectra of [C,mim][SCN] before and after NH;

absorption.



6. Simulated IR spectra
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Figure S13. Simulated IR spectra of free NH;. The calculations are carried at TPSS-D3/def2-
TZVP level of theory and simulated IR spectra of free NHj is unscaled.
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Figure S14. Simulated IR spectra of SCN anion. The calculations are carried at TPSS-D3/def2-
TZVP level of theory and simulated IR spectra of SCN anion is unscaled.
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Figure S15. Simulated IR spectra of Bmim cation. The calculations are carried at TPSS-D3/def2-

TZVP level of theory and simulated IR spectra of Bmim cation is unscaled.
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Figure S16. Simulated IR spectra of [Co(NH3)s]?". The calculations are carried at TPSS-D3/def2-
TZVP level of theory and simulated IR spectra of [Co(NH3)s]?** is unscaled.
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Figure S17. Simulated IR spectra of [Bmim][SCN]. The calculations are carried at TPSS-D3/def2-
TZVP level of theory and simulated IR spectra of [Bmim][SCN] is unscaled.
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7. Cartesian coordinates
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