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Experimental Section

Materials and General Methods

2, 6-bis(2, 4-dicarboxylphenyl)-4-(4-carboxylphenyl) pyridine (HsBDCP) is offered by Jinan Henghua Sci. &
Tec. Co. Ltd without any further refinement. The infrared (IR) spectrum is measured by TENSOR27 spectrometer
in the range of 600-4000 cm™!. Thermogravimetric analysis (TGA) is carried out by a TG-209F3 thermal analyzer
at a heating rate of 10 °C /min under Ar stream. The powder X-ray (PXRD) diffraction analyses of the frameworks
are measured on a Rigaku Smartlab (9 kW) diffractometer with Cu-Ka radiation at room temperature, and the
scanning speed is 10°/min. The micro-structure of the frameworks was observed by JSM-7200F FE-SEM and the
accelerating voltage is 10kV. The cryogenic N, adsorption and adsorption-desorption isotherms of CO, at 273K
and 298K are measured on an ASAP 2020 Plus instrument.
Preparation of NUC-28

A homogenous solution of Tm,05 (0.03 g, 0.04 mmol), HsBDCP (0.034 g, 0.06 mmol), 8 mL DMF, 4 mL
HNO; (1.8 M), ImL stannous chloride solution (0.1mmol/L), and 1mL calcium chloride solution (0.1mmol/L) in
25 mL autoclave was heated at 130 °C for 2 days and then gradually cooled to room temperature. Yellowish
crystals of NUC-28 were collected by filtration and washed by DMF/H,O0. (Yield: 81 % based on HsBDCP). Anal.
Calcd. for NUC-28 (CsH2N703,Tms): C, 40.90(%); H, 3.10 (%); N, 4.91(%). Found: C, 41.12(%); H, 3.06(%);
N, 4.94(%). As shown in Figure S2, IR (KBr pellet, cm™): 3425 (vs), 2935(w), 1660 (vs), 1398 (vs), 1250 (w),
1106 (w), 840 (w), 791 (s), 701(w), 661(w).
X-Ray Crystallography

The diffraction intensity data for NUC-28 was obtained at 296(2) K using a Bruker Smart-APEX II CCD area
detector (Mo-Ka radiation, A = 0.071073 nm) with graphite-monochromated radiation. The reflection data were
also corrected for empirical absorption corrections and Lorentz and polarization effects. The structures were solved
by direct methods and refined by full-matrix least-squares using the SHELXL package. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms except those on water molecules were generated geometrically with fixed
isotropic thermal parameters, and included in the structure factor calculations. The block of SQUEEZE in
PLATON was employed to eliminate the highly disordered solvent molecular. The solvent content of NUC-28 was
determined by the thermogravimetric analysis (Figure S3) and elemental analysis. Crystallographic data and
refinement parameter for NUC-28 are given in Table S1. Selected bond lengths and angles for NUC-28 are listed in
Table S2. Further details on the crystal structure investigations may be obtained from the Cambridge

Crystallographic Data Centre, with the depository number CCDC-2052343 for NUC-28.
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Table S1. Crystallographic data and refinement parameters of NUC-28.

Complex NUC-28
Formula C56H30N3026Tm3
M, 1667.62
Crystal system triclinic
Space group P-1

a(A) 9.2560(8)
b (A) 15.8648(15)
c(A) 28.250(3)
a(®) 96.574(4)
B 90.095(3)
vy (®) 104.682(3)
V(A3) 3984.5(6)
Z 2
Dcalcd(g-cm™) 1.390
p(mmT) 3.376
GOF 1.099

R [I>26(D)]? 0.0437
wR, [1>20(D)]P 0.1162
R,?(all data) 0.0517
WR," (all data) 0.1197
Rin 0.0620

R=YVEHEI VYR »wr, =13 wdr, P -lE P S w1
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Table S2. Selected bond lengths and angles of NUC-28.

O1W-Tml 2.329(4) 01-Tml 2.240(4) 02-Tm2#4 2.244(4)
03-Tml 2.240(4) 04-Tm2#4 2.229(4) 05-Tm3#2 2.211(6)
08-Tm3#4 2.241(4) 09-Tm1#1 2.378(4) 010-Tm1#1 2.349(4)
O11-Tml 2.234(4) 012-Tm2 2.210(4) 013-Tml 2.226(4)
014-Tm2 2.249(4) 015-Tm3 2.237(4) 017-Tm2# 2.371(4)
018-Tm2#3 2.360(4) 019-Tm3#2 2.361(5) 020-Tm3#2 2.426(5)
02W-Tm2 2.341(4) 022-Tm3 2.409(7) Tm3-023 2.431(7)
Tm3-03W 2.367(7)

O1W-Tm1-09#1 150.24(16) | O1W-Tm1-O1041 150.49(14) | O1-Tm1-O1W 84.67(15)
01-Tm1-09#1 74.11(14) 01-Tm1-O10#1 124.82(14) | 03-Tm1-O1W 92.26(15)
03-Tm1-01 82.94(15) 03-Tm1-09%#1 105.27(16) | 03-Tm1-O10#1 90.66(16)
010#1-Tm1-0941 54.94(14) 011-Tm1-01W 78.43(14) 011-Tm1-01 108.56(16)
011-Tm1-03 164.18(15) | O11-Tm1-09#1 88.65(15) 011-Tm1-010#1 91.34(15)
013-Tm1-01W 77.92(15) 013-Tm1-01 156.69(14) | 013-Tm1-03 82.39(15)
013-Tm1-0941 127.44(14) | O13-Tm1-010#1 73.38(14) 013-Tm1-011 83.15(15)
02#5-Tm2-01743 129.53(15) | O2#5-Tm2-018#3 75.00(14) 02#5-Tm2-02W 79.06(14)
O4#5-Tm2-025 86.48(15) O4#5-Tm2-014 106.47(15) | O4#5-Tm2-017#3 85.07(15)
O4#5-Tm2-018#3 88.88(15) O4#5-Tm2-02W 78.83(14) 012-Tm2-0245 82.83(15)
012-Tm2-04#5 168.81(14) | 012-Tm2-014 82.49(15) 012-Tm2-01743 104.30(16)
012-Tm2-01843 91.52(16) 012-Tm2-02W 95.85(15) 014-Tm2-01743 72.69(14)
014-Tm2-01843 124.18(13) | 014-Tm2-02W 83.74(14) 018#3-Tm2-01743 55.19(13)
02W-Tm2-017#3 146.32(15) | 02W-Tm2-O18#3 151.90(13) | O5#6-Tm3-08#5 100.74(19)
05#6-Tm3-015 79.67(18) 05#6-Tm3-01946 86.8(2) O5#6-Tm3-020#6 83.6(2)
05#6-Tm3-022 78.2(3) 05#6-Tm3-023 133.6(2) 05#6-Tm3-03W 158.8(2)
084#5-Tm3-01946 147.60(17) | 085-Tm3-0206 157.66(17) | O8#5-Tm3-022 77.5(2)
08#5-Tm3-023 79.8(2) 08#5-Tm3-03W 86.4(2) 015-Tm3-085 81.63(16)
015-Tm3-01946 130.77(17) | O15-Tm3-020#6 77.60(16) 015-Tm3-022 145.9(3)
015-Tm3-023 144.4(2) 015-Tm3-03W 81.7(2) O19#6-Tm3-020#6 | 53.84(17)
019#6-Tm3-022 733(2) 019#6-Tm3-023 72.6(2) 019%#6-Tm3-03W 97.9(2)
020#6-Tm3-023 113.23) 022-Tm3-02046 124.7(2) 022-Tm3-023 56.3(3)
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O3W-Tm3-020#6

82.6(3)

O3W-Tm3-022

123.0(3)

O3W-Tm3-023

67.2(3)

#1: -X,1-Y,1-Z; #2: 1+X,1+Y +Z; #3: -1-X,1-Y,-Z; #4: 1+X +Y,+Z; #5: -1+X,+Y,+Z; #6: -1+X,-1+Y +Z
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Table S3. CO, cycloaddition reaction with various catalyst.”

O

(o)
Catalyst
» O /(
CO,, 1 atm )\/0

Entry Catalyst Epoxide pro(;luct Yield (%)*

0 0

1 Tm(NOs)s —<] \ﬁ;f 38

2 Tm(NO;);+n-BusNBr {T \CYO 57

(0]

o 0o

3 H;DBCP —<] \%;f 22
0 0

4 HsDBCP-+1-Bu,NBr _<| \%T 24
0 0

s <

“Reaction conditions: Substrates (20 mmol), BuyNBr (5 mol %), NUC-28 (0.5 mol %, based on the Tm(III) center), CO, (1 atm),
60 °C, 6 h. *Determined by GC/MS with n-dodecane as the internal standard.
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Table S4. Comparison of the catalytic performance of NUC-28 catalyst with selected previously reported

MOFs.

MOF

[Lay(HL),(H,L)(NO;)(CH,0H)
(H,0)]
NH,-MIL-101(Al)
Hf-Nu-1000
Cr-MIL-101
Sm/Gd-BTB
Tb-BDC
Tbh-NDC
{[TbZn(BPDC),(n,-H,0)CI(H,0);]
‘5H,0-0.5DMA},

NUC-28

Catalyst (mol

%)
0.05
0.17
4.0
1.2
1.0

0.05
0.05

1.0

25

Temperature

©)
120

120
55
RT
80
60
60

70

60

S8

Pressure

(MPa)
0.8

1.8
0.1
0.8
0.1
1.0
1.0

0.1

0.1

Time (h)

2

6
12
24
15
12
12

12

6

Yield

(%)
94

95
95
82
100
89
87

>99

Ref.

S1

S2
S3
S4
S5
S6
S6

S7

This
work



Table S5. The molecular sizes of various epoxides.

Entry

Epoxides

Molecular Size” (A3)

A

4.843%6.355%5.027

[us]
=
Ao

4.773*4.982%6.484

A

Br

5.907%7.545*%5.159

A

7.305*5.167%5.470

)
-3
$o

7.186%4.899*9.403
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Table S6. Comparison of the Knoevenagel condensation catalytic performance of NUC-28 catalyst with

selected previously reported MOFs.
MOFs

UiO-66-NH,
UPC-102-Zr
Z1F8-A61-SO;H
UiO-66-NH-RNH,
[Zn,(L)(H;0),]-(DMF)s*(H,0)4]
Yb-BDC-NH,
Dy-BDC-NH,
Sm-BDC-NH,
{{[Eu(TATMA)(H,0)-2H,0},
NUC-28

Solvent

Ethanol
CH,Cl,
H,0
Toluene
CH,Cl,
DMSO-d;
DMSO-dj
DMSO-d;
Toluene
Ethanol

Temperature

S10

0)
80
RT
90
RT
RT
50
50
50
80
50

Time (h)

Yield (%)

94
88.9
98
97
90
97
82
76
98
97

Ref.

S8
S9
S10
S11
S12
S13
S13
S13
S14
This work



Table S7. The molecular sizes of various benzaldehyde derivatives.

Enrty Substrate Molecular Size” (A3)
1 QCHO 7.133*8.656%2.400
2 FOCHO 6.996%9.137%2.900
3 Br QCHO 6.897%10.064%2.456
4 OZNO CHO 6.929%9.857%2.400
5 GCHO 6.999%9.477%4,218
6 \OOCHO 10.945%6.996%4.244




/o\\\

Figure S1. The [Tmy(CO,)3(OH,),], chainlike cluster (a); the coordination mode of BDCP? ligand of
NUC-28 (b); the novel 3,4,5-connected network with the Schlifli symbol of {3.64.7},{32.62.7%} (c).
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Figure S2. The IR spectrum of NUC-28.
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Figure S3. TGA Curve of as-synthesized (black) and activated (red) sample of NUC-28.
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Figure S4. PXRD patterns of NUC-28 under water treatment.
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Figure S5. PXRD pattern after activation.
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0Oy Calculation.

The Qg value is a parameter that describes the average enthalpy of adsorption for an adsorbing gas mole Cole at a
specific surface coverage and is usually evaluated using two or more adsorption isotherms collected at similar
temperatures. The zero-coverage isosteric heat of adsorption is evaluated by first fitting the temperature-dependent

isotherm data to a virial-type expression, which can be written as:

1 m n
InP = InN +¥Z a; N' + Z b; N*
i=0 i=0

Qst = _Rzai N
i=0

(Equation 1)

(Equation 2)
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Figure S6. N, absorption and desorption isotherms of NUC-28 at 77 K (Insert: the pore size distribution).
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Figure S9. The '"H NMR spectrum of 4-methyl-1,3-dioxolan-2-one (Table 2, entry 1).

L

T T T T T T T
11 10 ] H 7 5 5 3

£l (ooo!

T T T T T
18 15 14 13 12

Le ]
L
Lo
aurg
Lag

T T T
10.0

Figure S10. The 'H NMR spectrum of 4-bromomethyl-1,3-dioxolan-2-one (Table 2, entry 2).
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Figure S11. The 'H NMR spectrum of 4-(bromomethyl)-1,3-dioxolan-2-one (Table 2, entry 3).
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Figure S12. The 'H NMR spectrum of 4-ethyl-1,3-dioxolan-2-one (Table 2, entry 4).

Q

—

° |

JJJ\ J‘ J‘ _JLJJ\- )
3 L

Figure S13. The 'H NMR spectrum of 4-phenyl-1,3-dioxolan-2-one (Table 2, entry 5).
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after recycled cycloaddition reaction
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Figure S14. The PXRD pattern of NUC-28 after recycled cycloaddition reaction.
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Figure S15. The IR spectrum of NUC-28 after recycled cycloaddition reaction.
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Figure S16. The FE-SEM images of NUC-28 before (a) and after (b) recycled cycloaddition reaction.
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Figure S17. The recycled cycloaddition reaction of CO, with styrene oxide.
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Figure S19. 'TH NMR spectrum of 2-(4-fluorobenzylidene)malononitrile (Table 4, entry 2).
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Figure S20. '"H NMR spectrum of 2-(4-bromobenzylidene)malononitrile (Table 4, entry 3).

CN
S
cN
o;N

I T T
2 B =]
= = =
T T T T T T T T
5 2.0 85 &0 5 7.0 65 6.0
£1 fzom

Figure S21. '"H NMR spectrum of 2-(4-nitrobenzylidene)malononitrile (Table 4, entry 4).

CN

A

CN

Figure S22. 'TH NMR spectrum of 2-(4-methylbenzylidene)malononitrile (Table 4, entry 5).
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Figure S23. 'TH NMR spectrum of 2-(4-methoxybenzylidene)malononitrile (Table 4, entry 6).
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Figure S24. The recycled Knoevenagel reaction using NUC-28 as catalyst.
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after recycled Knoevenagel condensation reaction
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Figure S25. The PXRD pattern of NUC-28 after recycled Knoevenagel reaction.
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after recycled Knoevenagel condensation reaction
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Figure S26. The IR spectrum of NUC-28 after recycled Knoevenagel reaction.
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Figure S27. The FE-SEM images of NUC-28 before (a) and after (b) recycled Knoevenagel reaction.
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