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Figure S1 Schematic illustration of our one-pot rapid MW-assisted synthesis

compared to conventional MW-assisted synthesis methods (i.e., autogenous temperature vs.

autogenous pressure).



Table S1. Comparison of MW-assisted synthesis methods for UiO-66 with literature.

Metal Radiation power | Radiation time | Reaction temperature | Pressure |[BET surface area| Yield
Ref.
precursor W) (mins) (°O) (atm) (m?/g) (%)
Z1(OC;3H7)4 50 -200W 1.5 - 1 ~ 1731 25 -64 | This work
80
18 - ~ 1206 78 !
- 200 (two step)
- 92 180 ~ 1789 - 2
> 1
350 5-30 80 —120 ~ 1320 45-91 3
ZrCly (autogenous
130 3 110 ) - 88 4
- 120 100 ~ 1661 80-90 3
- 360 80 ~318 - 6




Table S2. Detailed conditions of precursor solutions for synthesizing UiO-66.

70wt%
Zx(OC;H,), Zr Linker DMF Acetic acid
solution
TA, 0.20g 28 ml 16 ml
0.60 g 1.28 mmol
(1.20 mmol) (440 mmol) (230 mmol)
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Figure S2 Photographs of the synthesis process for UiO-66 under microwave

irradiation (T;: temperature before MW radiation and T,,4: temperature after MW radiation).
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Figure S3 Photographs of UiO-66 synthesis solutions: (a) before MW radiation and

(b) after MW radiation at 200 W.
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Figure S4 Photographs of time-dependent UiO-66 synthesis solution without MW radiation.
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Figure S5 Synthesis yields of MW-assisted synthesized UiO-66 in this work.
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Figure S6 PXRD patterns of UiO-66 synthesized by the thermal method at different

synthesis temperatures.
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Figure S7 Particle size of UiO-66 synthesized as a function of MW power.
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(©) 1. At Tpjyeq the sample is assumed to be ZrgOg.(TA)s, (ideal: ZrsO4(TA)s) after

desolvation (25-100°C), dehydroxylation (200-325°C), and removal of acetate
ligand (~390°C) occur (Hence, x presents linker deficiencies per Zrg unit (i.e.,
defectivity))

2. A very large weight loss over a temperature range of ca. 390-525 °C due to the
collapse of the MOF framework (via combustion of the TA linkers).

3. At 800°C, the sample is assumed to become fully decomposed into 6ZrO,

4. Based on the assumptions above,

Wt MWz o, (linker)s—y
plateau —
6 X MWpyq,

X 100

where, MW, presents the molecular weight of species x, and Wt,,e,, presents the

normalized weight percent of a sample at Tjjyeq, relative to the mass of ZrO, in the
TGA results.

Figure S8 (a) TGA and (b) DTG curves of UiO-66 synthesized at varying MW-

radiation power, and (¢) a method to calculate linker deficiencies per Zrg unit (defectivity).
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Figure S9 N, isotherms at 77K of UiO-66 synthesized at varying MW-radiation

power.



Table S3. Textural properties of UiO-66 synthesized at varying MW-radiation power.

Defectivity SBET Vmic Vt
MW Power
(d) (m%/g) (cm?/g) (cm?/g)
50 W 1.8 1731 0.638 0.850
100 W 1.1 1419 0.538 0.618
150 W 0.83 1344 0.517 0.592
200 W 0.73 1148 0.444 0.508

(Sger: BET surface area, V.: micropore volume, V: total pore volume). Defectivity (d) is

defined as linker deficiencies per Zrg unit (see Fig. S7))
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Figure S10 (a) Defectivity (d) of thermally (TH)-synthesized UiO-66 as a function of
synthesis temperature, (b) CO, and N, pure gas isotherms at 30°C of UiO-66 synthesized by
the TH method at varying synthesis temperature, (¢) IAST CO, uptake at 0.15 bar and CO,/N,
selectivity as a function of synthesis temperature (line: CO, uptake (left axis), bar: CO,/N,
selectivity (right axis)), and (d) CO, isosteric heat of adsorption of UiO-66 by the TH method

at varying synthesis temperature.
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Figure S11 CO, adsorption isotherms of UiO-66 synthesized at varying MW power at
30 and 40°C and their fits with virial equations: (a) 50 W, (b) 100 W, (¢) 150 W and (d) 200

W (points: experimental, dashed lines: virial fitting).
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Figure S12 CO, adsorption isotherms of UiO-66 by the TH method at varying

synthesis temperature at 30 and 40°C and their fits with virial equations: (a) 20 °C (b) 50 °C

and (c¢) 100 °C (points: experimental, dashed lines: virial fitting).



Table S4. Comparison of CO, capacity and CO,/N; selectivity of UiO-66 with those in literatures.

CO; capacity CO,/N, selectivity CO,/N; selectivity Temperature
Synthesis method Ref
(at 0.15 bar, mmol/g) (ideal) (IAST) (°O)

MW -assisted 0.26 24.5 412 30 This work
0.55 - 22.82 25 7
0.50 - 200 25 8

Solvothermal
0.40 18 - 25 0
0.44 - 25b 25 10

(& at 0.15 bar CO, / 0.85 bar N, and at 0.5 bar CO, / 0.5 bar

N)



Table S5. Computational largest cavity parameter (LCD) and pore limiting diameter
(LPD) for pristine UiO-66 and defective structures. The three values in each in LCD and PLD

in every row provide the values for each crystallographic direction.

Linker deficiency
LCD (A) PLD (A)
(per Zrg node)
0 8.452 3.785

0.25 8.550 8.413 8.432 3.785 3.790 3.791

0.5 8.550 8.432 8.432 3.785 3.840 4.900

0.75 8.550 8.430 8.432 6.253 3.840 4.900

1 8.550 8.432 8.432 6.253 3.840 4.899

1.25 8.550 8.432 8.432 6.681 3.840 4.928

1.5 8.550 8.432 8.433 6.952 3.840 4.786

1.75 8.550 8.432 8.428 6.952 3.840 4.874

2 8.550 8.432 8.408 6.952 3.842 5.191
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