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1. EXPERIMENTAL SECTION

1.1 Synthesis of ZIF-8

ZIF-8 was prepared according to previous report with some modifications. ' In a
typical procedure, ZIF-8 was synthesized by mixing two separate solutions of zinc acetate
dehydrate (0.3 g) (Solution A) and 2-methylimidazole (mim, 1.56 g with 2.0 mg CTAB)
(Solution B), which are dissolved in 5 mL DI water, respectively. The reaction was carried
out by rapidly pouring mim Solution B into Solution A with stirring for 15 s, followed by
setting for 2 h at room temperature. The ZIF-8 white precipitates were acquired by
centrifugation and rinsed with MeOH. These purification steps were repeated 3 times. The
obtained ZIF-8 resultants were stored in MeOH for future use.
1.2 Synthesis of ZIF-8-NH,

A post-synthetic modification (PSM) method was used for the synthesis of ZIF-8-NH,. 3
The ZIF-8 (0.2 g) was firstly well dispersed in 100 mL MeOH. Then, Atz (0.585 g) was
added to the ZIF-8 suspension. The PSM reaction was performed at room temperature for 15
min. For purification, we repeated centrifugation and rinsing steps three times with toluene.
The obtained ZIF-8-NH, resultants were stored in toluene for future use.
1.3 Preparation of ZIF-8-NH, PLs

To begin with, ZIF-8-NH, (0.2 g) was dispersed in 20 mL toluene solution and sonicated
for 10 min. Then, PDMS-epoxy (2.0 g) was added to the ZIF-8-NH, suspension under
stirring at 100°C for 5 h to form a stable solution. The resulting solution was dried on a hot

plate at 80°C and was kept at 80°C under vacuum to get ZIF-8-NH, PLs for use.
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1.4 Gas Breakthrough Experiments

The apparatus of breakthrough testing was shown in Figure S1 and Figure S2. In the
separation experiments, samples (ca. 2.0 g) were added into a special testing cavity for PLs
(Figure S3), in which He used as carrier gas to flush the adsorption bed for more than 30 min
as pretreatment prior to each test. Then the mixture gas flow (CO,/N,=15/85 Vol%) at a rate
of 100 mL-min-! was continuously passed through the testing cavity. The obtained data were
collected and analyzed via a on-line CO, detector (Figure S2), which is a high-precision
infrared CO, concentration detector (PN-2000-CO,-IR). Meanwhile, the real-time changes of

CO, concentration was collected by a computer and shown on the screen.

2. MOLECULAR SIMULATION

The molecular simulation was performed using Material Studio (7.0) package (Accelrys
Software Inc). The purpose is to verify the permanent porosity in UiO-66-liquid via analyzing
Fractional accessible volume (FAV) and the gas adsorption density filed distribution by
Grand Canonical Monte Carlo (GCMC) simulation. 4
2.1 Molecular Models Construction

In the beginning, molecular models of oligomer species, UiO-66-OH and UiO-66-liquid
were constructed using Amorphous Cell module. Then, the constructed UiO-66-liquid were
subjected to geometry optimization and following structural relaxation via annealing process.
Finally, the obtained low-energy configurations were further optimized by 500-ps NVT
molecular dynamics (MD) and 200-ps NPT MD to monitor the fluctuation of density.
Afterward, the obtained optimum structure was used to construct models in the following

procedures.
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Next, the UiO-66-liquid model was constructed using Amorphous Cell module. All these
cells with cubic form were built with 5 output frames and the initial density was set on 0.2
g/cm? at 298 K. 3 Then, all of amorphous cells were optimized via geometry optimization.
The local energy was minimized by the smart minimizer method. During the minimization,
the convergence level was set to 0.001 kcal/mol/A. Subsequently, the obtained lowest energy
configurations were all subjected to annealing process, in which temperature was increased
from 298 K to 600 K. The highest temperature was well above the glass transition
temperature (7,) of oligomer species. And then it was cooled back at intervals of 5 K at each
step in which 200 ps-NVT dynamics was carried out. Thereafter, a 500-ps MD simulation in
an NVT ensemble was done to relax the structure, in which time step was 1 fs and Nose
thermostat were utilized. ¢ The equations of motion were integrated by velocity Verlet
algorithm with a time step of 1 fs for all simulation runs. The electrostatic interactions were
calculated by the Atom Based method with accuracy of 0.001 kcal/mol.

2.2 Force Fields

Force field parameters of oligomer species were based on COMPASS. UiO-66-OH were
treated as a rigid framework and the Lennard-Jones parameters were adopted using the
universal force field. 7 Atomic charges for UiO-66-OH were obtained using the
Rappe-Goddard charge equilibration method (QEq).? In our calculations, the van der Waals
and Coulombic interactions were subject to a 14 A cutoff.

2.3 Simulation and Analysis Details
2.3.1 Fractional Accessible Volume (FAV) Analysis
The fractional accessible volume (FAV) is the locus of the probe centre as the probe
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freely rolls over the framework. ® A gas molecule probe is randomly inserted into simulation
box and the insertion is considered to be successful if the probe does not overlap with any
polymer atom. In the calculation process, N, molecule was chosen as the molecule probe.
The ratio of successful insertion to the total number of insertion gives FAV. Therefore, it is a
reasonable method to determine the changes of free accessible volume. In this study, FAV for
constructed cells were obtained using the “connolly surface” from the Visualizer module. '°
2.3.2 Grand Canonical Monte Carlo (GCMC) Simulation

The GCMC simulation is a powerful method to analyze the loading-dependent gas
adsorption or transport. 12 In this ensemble, temperature 7, volume ¥ and chemical
potential 4 were fixed, while the number of particles N was allowed to be determined. To be
specific, the related algorithm generates a serious of ‘moves’ that are accepted or rejected

according to the following probabilities:

P=exp| - E ) Vo (creation) (1)
k,T )(N+1)k,T
Probability = exp| — E_\Nk,T (deletion) )
kBT box
Probability = exp [_%J (displacement or rotation) (3)

where E is the potential energy, f'is the fugacity, and kz is the Boltzmann constant.

In present simulation process, the well-known Metropolis algorithm is used to accept or
reject a configurational move of gas molecules. The Berendsen thermostat was used for
temperature monitoring. 1000000 steps of GCMC calculations were carried out with the
initial equilibration period of 100000 steps. To simulate the sorption in the process of gas
penetration into porous liquids, tasks of adsorption isotherm and fixed pressure were
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performed, respectively. The adsorption density filed distribution of CO, in porous liquids

were analyzed according to adsorption behavior at 10.0 bar.
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3. DATA ANALYSIS
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Figure S1. The synthesis of oligomer species of KH560-M2070.
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Figure S2. Synthesis of UiO-66-liquid and the illustration of surface changes of UiO-66-OH.
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Figure S4. The synthesis of ZIF-8-NH, PLs.
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Figure S5. Schematic diagram of installation for breakthrough curve experiments.
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Figure S6. The actual pictures of breakthrough curve experiments, (a) The operation panel; (b)

The on-line CO, detector; (c) Real time control and displaying module.
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Figure S7. Schematic representation of the breakthrough column loading with PLs.
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Figure S9. SEM images of UiO-66-OH (a, b, ¢) and UiO-66-liquid (d, e, f), respectively.
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Figure S10. EDS mapping (C, N, Zr) of (a) UiO-66-OH and (b) UiO-66-liquid, respectively.
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Figure S11. Photos of the pristine UiO-66-OH (a;) and UiO-66-liquid (b;) in various common
solvents at a concentration of 20 mg-mL-! as well as after setting for one week (a,, by). The
solvents in every photos from left to right are as following: ethanol, DMF, pyridine,
chloroform, acetone and tetrahydrofuran (THF).

It can be seen that the agglomeration is serious for pristine UiO-66-OH particles in
various solvent after two weeks, while for the UiO-66-liquid, the dispersion ability in most of

the above solvents are excellent after two weeks, indicating its good processability in
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practical industries.
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Figure S12. Photos of UiO-66-liquid and the fluidity of UiO-66-liquid after setting for eight

months at room temperature.
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Figure S13. Photos of UiO-66-liquid-M1000.

Figure S14. The photo of UiO-66-liquid-T5000.
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Figure S16. Photos of ZIF-8-NH; PLs.
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Figure S17. CO, adsorption-desorption isotherms of UiO-66-liquid under high pressure
(0~30000 mbar) at 25°C. Closed and open symbols represent to adsorption and desorption,

respectively.
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Figure S18. CO, adsorption-desorption isotherms of UiO-66-liquid-M 1000 under low testing
pressure (0~10000 mbar) at 25°C. Closed and open symbols represent to adsorption and

desorption, respectively.
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Figure S19. N, adsorption isotherms of UiO-66-liquid-M1000 under low testing pressure

(0~10000 mbar) at 25°C.
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Table S1 Comparison of CO, uptake performance between UiO-66 PLs in present study and

reported PLs in previous studies.

CO, uptake/

Testing

Sample names (mmol/g) conditions Ref.
ZIF-8 PLs ~1.6 mmol/g 298K, 10 bar 13
Hollow silica PLs 0.9 mmol/g 298K, 10 bar 14
15-C-5-PL 0.375 mmol/g 298K, 10 bar 15
18-C-6-PL 0.429 mmol/g 298K, 5 bar 15
Por;z;ﬁ‘;g“:;fsgiﬁe& ok 072mmollg 298K, S bar 16
Al(fum)(OH)/PDMS PLs 0.95 mmol/g 298K, 5 bar 16
Scrambled cage
CC3-R/Hexachloropropene 55 ummol/g 298K, 10 bar 17
(HCP)
UIO-66 PLs 1.66 mmol/g 298K, 10 bar 18
H-ZSM-5 PLs 0.46 mmol/g 298K, 10 bar 19
Porous carbons liquids 0.56 mmol/g 298K, 10 bar 20
Ui0O-66-liquid 0.86 mmol/g 298K, 30 bar This study
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