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X-ray crystallographic study

Single-crystal X-ray data for Zn-MOF-1 and Co-MOF-2 were collected on a
Siemens Smart CCD diffractometer with graphite-monochromatic Mo Ka radiation (4
= 0.71073 A) at 298 K. The raw data frames were integrated into SHELX-format
reflection files and corrected using SAINT program. Absorption corrections based on
multi-scan were obtained by the SADABS program. The structure was solved with
direct methods (SHELXS) and refined with full-matrix least-squares technique using
the SHELXL-2014/7 programs. Displacement parameters were refined
anisotropically, and the positions of the H-atoms were generated geometrically,
assigned isotropic thermal parameters, and allowed to ride on their parent carbon
atoms before the final cycle of refinement. PLATON/SQUEEZE was employed to
calculate the contribution to the diffraction in the channels and produced a set of
solvent-free diffraction intensities. The final formula was calculated from the
SQUEEZE (A. L. Spek, J. Appl. Crystallogr. 2003, 36, 7) results combined with
elemental analysis data and TGA data.Basic information pertaining to crystal
parameters and structure refinement is summarized in Table S1. Selected bond lengths

and angles are listed in Table S2.
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Table S1. Refined crystal parameters of Zn-MOF-1 and Co-MOF-2.

Compound Zn-MOF-1 Co-MOF-2
CCDC 2301443 2301442
Formula C31H29ZnN;0g C31H29CoN30s

Formula weight
T'[K]
Crystal system
Space group
a[A]
b[A]
¢ [A]
al’]

Bl
[l
VA%

VA
Dealea. [g-em™]
p [mm]

0 range

index ranges

R1; wRy, [ > 20(])]
GOF

637.19
298.15(2)
Orthorhombic
P2,2,2
13.6458(13)
21.7476(19)
10.1293(9)
90
90
90
3006.0(5)
4

1.407
0.872
2.40-25.02
-16<h<8
-25<k<25
-11<i<12

0.0367; 0.0624

0.981

630.71
298.15(2)
Orthorhombic
P2,2,2
13.6420(12)
21.8159(17)
10.0776(9)
90
90
90
2999.2(4)
4
1.396
0.627

2.39-25.02
-16<h<15

-20<k<25
-10<i<11
0.0324; 0.0633
1.054

Ry = Z| |F0|_|Fc| |/ 2|F0|, bWRZ = [EW(FOZ_Fcz)z]/ ZW(Foz)z]l/z
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Table S2. Selected bond lengths [A] and angles [°] for Zn-MOF-1 and Co-MOF-2.

Zn-MOF-1
Zn(1)-0(4) 1.973(3) Zn(1)-0(6) 1.988(3)
Zn(1)-N(1) 2.051(3) Zn(1)-N(2) 2.037(3)
0(4)-Zn(1)-0(6) 98.30(11) 0(4)-Zn(1)-N(1) 111.50(15)
0(4)-Zn(1)-N(2) 112.42(15)  N(2)-Zn(1)-N(1) 111.69(14)
0(6)-Zn(1)-N(1) 114.71(14)  0O(6)-Zn(1)-N(2) 107.53(14)
Co-MOF-2
Co(1)-0(4) 1.988(3) Co(1)-0(6) 1.985(3)
Co(1)-N(1) 2.046(3) Co(1)-N(2) 2.060(4)
0(4)-Co(1)-O(6) 96.02(12) 0(4)-Co(1)-N(1) 107.88(15)
0(4)-Co(1)-N(2) 115.58(15)  N(2)-Co(1)-N(1) 111.70(15)
0(6)-Co(1)-N(1) 112.01(15)  O(6)-Co(1)-N(2) 112.69(15)

Table S3. Time tracing of Zn-MOF-1 catalyzed CO, cycloaddition of epoxide.

Entry Substrate (1I0mmol)  Catalyst Co-Cat. T P t Yield

TBAB °C MPa h %
o)

1 ©/ = 1\4mg 64.4mg 70 0.5 3 22
o)

2 ©/ = 1\4mg 64.4mg 70 0.5 6 57
o)

3 ©/ = 1\4mg 64.4mg 70 0.5 9 88
o)

4 ©/ = 1\4mg 64.4mg 70 0.5 12 96
o)

5 ©/ = 1\4mg 64.4mg 70 0.5 14 98

Table S4. Pressure tracing of Zn-MOF-1 catalyzed CO, cycloaddition of epoxide.

Entry

Substrate

Catalyst

s5
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P

t Yield



10mmol TBAB ¢ MPa h %
Q_o\_YP 1Mmg 644mg 70 01 12 15
Q_o\_YP 1Mmg 644mg 70 03 12 61
Q_o\_YP 1Mmg 644mg 70 05 12 96
Q_o\_YP 1Mmg 644mg 70 07 12 97
Q_OLYP 1Mmg 644mg 70 1 12 99

Table S5. CO, cycloaddition of different epoxides catalyzed by Zn-MOF-1 and

Co-MOF-2.
Substrate 10mmol Catalyst Co-Cat. T P t Yield%
TBAB °C MPa h 1 2
1\4mg
I H—p 644mg 70 05 12 65 53
2\dmg
A PImE amg 70 05 12 87 77
o Am .
d A 2\dmg s
A PIme amg 70 05 12 80 M
A4m .
o 2\dmg s
1\4mg
©/\°N° 644mg 70 05 12 83 79
2\4dmg
& 1\4mg
o~ 644mg 70 05 12 96 92
2\4dmg

Table S6. Investigation of some substrates in the CO,-to-epoxide cycloaddition

reaction (substrate in entry 4 and 5 in Table 1) catalyzed by Zn(NOs),-6H,0O and
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Co(NO3),-:6H,0 in the presence of TBAB as the cocatalyst.

Entry catalyst Substrate Product Yield%
o 0 o °_o
1 Zn(NOs),-6H,0 g v, ()A /\[o>= 65
0 O>:
2 ZH(NO3)26H20 Ej/A ©/[O © 79
o 0 o °_o
3 Co(NOy),6H0 g v ()A /\[o>= 47
O
4 CO(NO3)26HQO 73

-

Reaction conditions: epoxide (10 mmol), catalyst (0.1 mol %), and TBAB (0.2 mmol) under CO,

(0.5 MPa), 70 °C, 12 h.
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Fig. S1 (a) and (b) PXRD spectra of Zn-MOF-1 and Co-MOF-2 soaked in EtOH and
H,0.
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Fig. S2 (a) and (b) PXRD spectra of Zn-MOF-1 and Co-MOF-2: Newly-synthesized

samples, exposed in air for five days, immersed in water for three days.
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Fig. S3. (a) and (b) TG of Zn-MOF-1 and Co-MOF-2, respectively.
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Fig. S4 (a) and (b) EDS mapping of Zn-MOF-1 and Co-MOF-2.
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Fig. S5 (a) and (b) IR of Zn-MOF-1 and Co-MOF-2 before and after activation,

respectively.
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Fig. S6 (a) and (b) PXRD spectra of Zn-MOF-1 and Co-MOF-2 before and after

activation, respectively.
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Fig. S7 Calculation of detection limit of Zn-MOF-1 toward Al3*.
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Fig. S8 PXRD spectra of Zn-MOF-1 after soaking in EtOH solution of AI** for three
days.
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Fig. S9 XPS spectra of Zn-MOF-1 before and after treatment in EtOH solution of

A,
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Fig. S12 (a) The fluorescence spectra of Zn-MOF-1 before and after activation. (b)

The fluorescence titration result of the activated Zn-MOF-1° toward AI*". Insert: S-V

plot.

s12



9 Ln P at 273K
O Calculated LnP at 273K
8 Ln P at 208K
7] ©  Calculated LnP at 298K
6 T o g®
54

(R): 0.999944415484269
(R"2): 0.999888834058176

a0: -3855.33396
a1:993.9477326
a2:-264.088702
a3:50.6181158

b0: 18.57095442
b1:-1.77274088

InP (torr)

InP (torr)

T T T T
1.0 1.5 2.0 2.5

CO, Uptake (mmol/g)

(a)

T
0.5

3.0

84 LnP at 273K
©  Calculated LnP at 273K
74 LnP at 208K
) Cleulated LnP at 298K _
6 5o -

(R): 0.999945680152331
(R"2): 0.899891363255309

a0: -4290.579696
al: 1182.07639
a2: -308.4469156
a3: 66.71600018
b0: 19.71320277
b1:-2.488881201

1:0 1:5 2:0
CO, Uptake (mmol/g)

(b)

0.5

2.5 3.0

Fig. S13 (a) and (b) CO, adsorption isotherms for Zn-MOF-1 and Co-MOF-2 with

fitting by Virial 2 model.

5 eycles

synthesized

simulated

5 cyceles

synthesized

simulated

15 20 25 30 35 40 45
26/degree
(a)

10

50 0

LI L | M 1 M T ol Tl LI LI I v 1 M 1
5 10 15 20 25 30 35 40 45 50 55
28/ degree
(b)

Fig. S14 (a) and (b) The PXRD of Zn-MOF-1 and Co-MOF-2 before and after the

cyclic experiment.
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Fig. S15 (a) and (b) FT-IR of Zn-MOF-1 and Co-MOF-2 after cyclic experiment.
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