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Experimental Section

Chemicals

Bis(cyclopentadienyl)zirconium  dichloride  (Cp2ZrCly;  Aldrich, 98%), N, N-
dimethylformamide (DMF; Aldrich, 99.8%)), tetrahydrofuran (THF; 99.8%, Aldrich), methanol
(MeOH; Aldrich, 99.5%). Other chemicals were purchased from Adamas-Beta and used
directly without further purification. Deionized water was generated by a Milli-Q integral pure

and ultrapure water purification system and used in all experiments in this work.

Materials synthesis

Synthesis of NUT-102

NUT-102 was synthesized by the solvothermal method. Cp2ZrCl, (30 mg) and azo-H.BDC (15
mg) were dissolved in a mixed solution of DMF (1 mL) and THF (0.5 mL) followed by the
addition of deionized water (0.2 mL). The mixture was treated ultrasonically until all solids
dissolved completely and kept at room temperature until the appearance of crystals. After that,
the mother liquid was decanted and the resultant orange crystals were filtered and sequentially
washed with DMF, THF, and dichloromethane. Finally, NUT-102 was obtained after vacuum

drying at room temperature.

Characterizations
Single-crystal X-ray data was collected on a Bruker Smart APEX II CCD single-crystal
diffractometer. The structure was solved by direct methods and refined by full-matrix least-

squares on F2 with anisotropic displacement using the SHELXTL software package'~. The
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diffused electron densities resulting from these residual solvent molecules were removed from
the data set using the SQUEEZE routine of PLATON and refined further using the data
generated®’. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF-MS) were performed on an AB SCIEX 5800 instrument, and the regent of 2-
cyano-3-(4-hydroxyphenyl)acrylic acid (CHCA) as the matrix during the experiments. Powder
X-ray diffraction (PXRD) patterns of the materials were recorded with an X-ray diffractometer
(Japan Rigaku D/MAX-yA) using Cu Ka radiation at 40 kV and 100 mA. Scanning electron
microscopy (SEM) and corresponding elemental mapping analysis were performed using a
Hitachi TM 3000 electron microscope operated at 2 kV. Fourier transform infrared (FT-IR)
spectra of the samples diluted with KBr were carried out on a ThermoFisher Nicolet iS10
spectrometer with KBr wafer. UV/vis spectra were collected on the PerkinElmer Lambda 35
instrument. To study the light switchable property, the sample was dissolved in a solvent of
ethylene glycol at a concentration 1 mg/5 mL. A xenon lamp (CEL-HXUV300) equipped with
a filter was used as the UV/Vis source. X-ray photoelectron spectroscopy (XPS) was tested
through a Thermo Scientific ESCALAB 250Xi spectrometer. Thermogravimetric analysis
(TGA) curve was obtained by use of a thermobalance (STA-499C, NETZSCH). The sample
was heated from room temperature to 1000 °C with the heating rate 10 °C-min! under a flow

of nitrogen (10 mL-min™).

Adsorption tests
All adsorption isotherms were measured using an ASAP 2020 analyzer. Highly pure gases CO>
(99.999%), CHs (99.999%), and N2 (99.999%) were employed for the measurements. The
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sample was degassed at 60 °C under vacuum for 12 h prior to adsorption analysis. A xenon
lamp was used as the light source to generate lights with different wavelength. To investigate
the adsorption selectivity of CO2 over CH4 or N2 on the sample of NUT-102, the selectivity is

defined as:

where x1 and y1 (x2 and y») are the molar fractions of component 1 (component 2) in the
adsorbed and bulk phases, respectively. The ideal adsorption solution theory (IAST) of Myers*
has been reported to predict binary gas mixture adsorption in porous materials accurately, and
the single-site Langmuir-Freundlich equation (LF) model was chosen to fit the adsorption
isotherms, and then IAST was utilized to estimate CO2/CH4 or CO2/N> selectivity of adsorbent.
The isosteric adsorption heats (QOs) of CO2 was calculated from the adsorption isotherms at

temperatures of 273 and 298 K, the data were simulated with Virial expression as below.

] m . n .
InP =InN + ?ZNl + ZbiNl
=0 =0

where P is pressure, N is amount adsorbed, 7 is temperature, and m and n represent the

number of parameters a and b (m<5 and n<2)
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Figure S1. A unit cell of NUT-102.
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Figure S2. PXRD patterns of the simulated and as-synthesized of NUT-102.
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Figure S3. TGA curve of NUT-102. The high residue as observed in the TGA curve is the

ZrO; that formed after the thermogravimetric experiment.
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Figure S4. FTIR spectra of azo-H,BDC and NUT-102.
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Figure S5. XPS survey spectrum of NUT-102.
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Figure S6. EDS spectrum of NUT-102.
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Figure S7. CO; adsorption isotherms of Zr-MC-1 under UV and visible light irradiation.
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Figure S8. CO,, CHa, and N> adsorption isotherms of NUT-102 upon (a) trans isomerization
and (b) cis isomerization with fitting by LF model.
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Figure S9. Global Virial fitting curves of CO2 on NUT-102 upon (a) trans isomerization and

(b) cis isomerization at different temperatures.
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Table S1. Summary of crystal data and structure refinement parameters of NUT-102

Compound NUT-102
CCDC number 2261675
Chemical formula C72Hs52C12N6O20Zr6
Formula weight 1939.41
T (K) 296.15(10)
Wavelength 0.71073
Crystal system Monoclinic
Space group Cl12/cl
a(A) 45.169(3)
b (A) 14.4416(4)
c(A) 23.9491(19)
L (©) 132.928(14)
V(A3 11439(2)
Z 4
Dcalc (mg m™>) 1.126
u (mm) 0.623
F (000) 3840
0 range 1.915-25.027
Reflections collected 39149
Independent reflections 10065
Rint 0.1573
Completeness 0.995
Reflections observed [/ > 26(1)] 5298
Goodness of fit on F> 1.044
Final R indices [/ > 20(])] R1=0.1041, wR>=0.2917
R indices (all data) R1=0.1495, wR>=0.3234
Data/restrains/parameters 10065/1042/554
Apmax, Apmin (€ A7) 1.469, —0.886

Ri=3|IFo |- [F V2 |Fo | wRy = [Ew(Fo? - F2)2/Ew(Fo?)*]2
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Table S2. The CO; adsorption capacity of different MOCs

MOCs COz capacity (mmol/g) Ref.
M;sLi2(A) 1.003 (273 K) 5
M;L12(B) 1.005 (273 K) 5
CI1(BF4)4 2.9 (298 K) 6
C1(PF¢)4 1.56 (298 K) 6
C2(BF4)4 1.12 (298 K) 6
C2(PF¢)4 0.85 (298 K) 6
C3(BF4)4 1.02 (298 K) 6
Zn3(gtsp)s 1.3 (298 K) 7

Cu-MOP-1 6.16 (195 K) 8
Cu-MOP-2 5.55 (195 K) 8
Cu-MOP-3 1.25 (195 K) 8
Cus(pdb)4 3.8 (195 K) 9
Cus(‘bu-bdb)4 3.5(195K) 9
Cuy(tdb)4 5.2 (195 K) 9
Cra(tdb)4 3.8 (195K) 9
Moa(tdb)4 4.3 (195 K) 9
NUT-101 0.66 (273 K) 10
UMOP-NH> 1.4 (298 K) 11
Zr-DBDA 0.54 (298 K) 12
b-MOP-OH 1.9 273 K) 13
NicsREos 2.2 (273 K) 14
TCPB-1 0.88 (298 K) 15
NUT-102 1.47 (273 K) This work

S15



Table S3. Fitting parameters for the CO2, CH4, and N> adsorption isotherms of NUT-102

Sample Gas 0 K N R?
CO, 6.89847 0.01037 0.70419 0.9995
trans-NUT-102 CHy4 0.67391 0.00721 1.10382 0.9990
N> 0.17917 0.00607 1.09471 0.9997
CO, 1.14306 0.02889 1.06624 0.9985
cis-NUT-102 CH4 0.60921 0.00783 1.03535 0.9999
N2 0.16502 0.00647 1.10189 0.9991
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