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1. Synthesis of HidDCBA
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Scheme S1. Synthetic procedures of the HiDCBA ligand.

3,3",5,5"-tetrabromo-[1,1'-biphenyl]-4,4'-diamine

A sample of benzidine (1.0 g, 2.0 mmol) was dissolved in 30 ml of glacial acetic acid at room temperature.
Bromine (1.2 ml) was added slowly with rapid stirring and then the mixture was continue stirred for 4 h.
The brown precipitate was filtered off, washed with water several times, and dried in vacuum (yield:
83%). 'H NMR (400 MHz, CDCls3) 5.31 (s, 4H), 7.53 (s, 4H). Anal. Calcd. for C12HsBraN2 (mw 496): C,
28.84; H, 1.16; N, 5.60. Found: C, 28.80; H, 1.12; N, 5.63.

Dimethyl 4",6'-diamino-5',5""-bis(4-(methoxycarbonyl)phenyl)-[1,1':3",1"":3"",1"""-quarterphenyl]-

4,4 -dicarboxylate

3,3',5,5'-tetrabromo-[1,1'-biphenyl]-4,4'-diamine (1.98 g, 4 mmol), Methyl 4-boronobenzoate (3.14 g,
19.2 mmol), Pd(PPhs)4 (0.30 g, 0.26 mmol) and K3PO4 (3.82 g, 18.0 mmol) were placed in a 500 ml two-
necked round bottom flask under a N2 gas atmosphere. The flask was further charged with a 200 mL of
dry 1,4-dioxane, and the contents were heated for 48 h. After the mixture was cooled to room temperature,
the solvent was removed, water was added. The water phase was washed with CH2Cl>. The mixed organic
phases were dried with MgSOs. After the solvent was removed, the crude product was purified by column
chromatography with CH.Cl as the eluent. *tH NMR (400 MHz, CDCls) 3.95(s, 12H), 5.31(s, 4H), 7.37(d,
8H), 8.13(d, 8H). Anal. Calcd. for C4sH3sN20g (mw 720): C, 73.32; H, 5.03; N, 3.89. Found: C, 73.37; H,
5.01; N, 3.93.

4" .6'-diamino-5',5""-bis(4-carboxyphenyl)-[1,1':3",1"*:3"",1"""-quaterphenyl]-4,4"*"-dicarboxylic acid

Dimethyl 4".6'-diamino-5',5"-bis(4-(methoxycarbonyl)phenyl)-[1,1":3',1":3",1"-quarterphenyl]-4,4™-
dicarboxylate (2.0 g, 2.8 mmol) was dissolved in 50 ml MeOH, 50 ml 2 M NaOH aqueous solution was
added. The mixture was stirred at 50 ‘C overnight. The organic phase was removed, the aqueous phase

was acidified with diluted hydrochloric acid to give yellow precipitate, which was filtered and wased with



water several times. *H NMR (400 MHz, CDCls) 4.46(s, 4H), 7.46(s, 4H), 7.69(d, 8H), 8.03(d, 8H). Anal.
Calcd. for CagH28N20g (mw 664): C, 72.28; H, 4.25; N, 4.21. Found: C, 72.30; H, 4.30; N, 4.15.



2. Crystal data, structure and characterization of UPC-100-In, UPC-101-Al, and UPC-102-Zr.

Table S1. Crystal data and structure refinement of UPC-100-In, UPC-101-Al, and UPC-102-Zr.

Goodness-of-fit on F?

Independent reflections

Data/restraints/parameters

Final R indexes [I>=2c (I)]

Final R indexes [all data]

0.0234, Rsigma

1.341
R1=0.1310,

WR2 = 0.3566

R1=0.1572,

wR2 = 0.3822
Largest diff. peak/hole /e 1.288/-0.875

Rsigma = 0.0727]

1554/0/104
1.402

R1=0.1431,
WR2 = 0.3756

R1=0.1841,
WR2 =0.4190

0.97/-0.75

Identification code UPC-100-In UPC-101-Al UPC-102-Zr
Empirical formula Ca0H24N20slIn Ca0H26N2010Al CsoHeaN4O32Zr6
Formula weight 775.45 748.59 2140.67
Temperature/K 150(10) 293(2) 293(2)
Crystal system monoclinic orthorhombic hexagonal
Space group C2/c Cmmm P6/mmm
alA 12.7988(18) 6.5926(3) 40.9189(8)
b/A 30.8674(10) 29.493(2) 40.9189(8)
c/A 15.6757(9) 15.9919(9) 15.1257(5)
a/° 90 90 90
B/ 112.407(11) 90 90
v/° 90 90 120
Volume/A3 5725.4(10) 3109.4(3) 21932.8(9)
Z 4 2 3
pealc mg/mm3 0.902 0.800 0.486
w/mm 3.590 0.736 1.907
F(000) 1572 772 3204.0
20 range for 4.001 to 70.781° 8.16 to 131.86° 7.26t0 132.1°
Reflections collected 10661 4007 52032
5344 [Rint = 1554 [Rint = 0.0439, 7128 [Rint = 0.2059,

Rsigma = 0.1659]

7128/1/152
1.060

R1=0.0726,
WR2 = 0.1358

R1=0.1187,
WR2 = 0.1446

1.14/-1.05




Table S2. Selected bond lengths (A) and selected bond angles (°) for UPC-100-In.

Atom Atom Length/A Atom Atom Atom Angle/

InlL 01 2282(9) O1f 1Inl Ol  109.1(4)
InlL 01! 2.282(9) O1' Inl 042 139.2(4)
Inl 042 2284(7) Ol Inl 042 91.8(3)
Inl  04% 2284(7) Ol Inl 04 139.2(4)
Inl 02! 2252(9) O1' Inl 04 91.8(3)
InlL 02  2252(9) O4% Inl 042 94.4(5)
Inl 032 2232(8) 02 Inl Ol 548(4)
Inl  03% 2232(8) 02! Inl Ol 80.7(3)
02! Inl 01! 54.8(4)
02 Inl 01! 80.7(3)
02 Inl 04 166.0(4)
02! Inl 042 166.0(4)

Symmetry transformations used to generate equivalent atoms:
Lx+1,y,-z+1/2; 2x+1/2,y-1/2,z; 3-x+1/2,y-1/2,-z+1/2; *-x+1,y,-z+3/2; °x-1/2,y+1/2,z



Table S3. Selected bond lengths (A) and selected bond angles (°) for UPC-101-Al.

Atom Atom Length/A Atom Atom Atom Angle/

All 01! 1.889(3) O01' AIl 01> 92.14(19)
All 01> 1.889(3) 01> AlIl 01° 87.86(19)
All  O1 1.889(3) 01! AI1 01® 180.00(15)
All  01® 1889(3) O01' AIll 01  87.86(19)
All 02 18222 01> AIl 01  180.00(19)
All 02 182222 01 Al 01% 92.14(19)
02 All 01 91.71(16)
02 Al  01° 91.71(16)
022 All 01> 91.71(16)
022 All 01  88.29(16)
02 All 01> 88.29(16)
02 All 01! 88.29(16)
022 All 01! 91.71(16)
022 All 01 88.29(16)
02 All 022 180.0(3)

Symmetry transformations used to generate equivalent atoms:
11/2-X,112-Y +Z; 2112-X,1/2-Y -Z; 3+ X, +Y -Z; “12+X,1/2-Y - Z; °1-X,+Y +Z; 5+ X,+Y,1-Z; "1-X,-Y,1-Z



Table S4. Selected bond lengths (A) and selected bond angles (°) for UPC-102-Zr.

Atom Atom Length/A  Atom Atom Atom Angle/

Zrl  zr2t 3.4995(8) zr2t Zrl  Zr2  60.89(2)
Zrl  Zr2  3.4995(8) Zr2  zZrl  Zr2?>  60.46(3)
Zrl  Zr2?2  3.4995(8) zr2® zZrl  Zr2?>  60.89(2)
Zrl  Zr23  3.4995(8) zr2® zZrl  Zr2  91.17(3)
Zrl  01% 21253) zr2t ozl Zr2?2  91.17(3)
Zrl 01  21253) zr2t  zZrl  Zr2  60.46(3)
Zrl 015 21253) 012 zrl  zr2'  166.47(11)
zr1 0138 2125(3) Ol zrl zr2  75.30(10)
Zrl 03  21404) Ol zrl  Zr2>  110.95(10)
Zrl 03  21404) Ol zrl  zr2* 111.16(10)
Zrl 04  21014) O1* zrl  Zr2  166.47(11)
Zrl 044 2.101(4) o1° 7n Zr2t 75.30(10)
Zr2 Zr1? 3.4995(8) o1* znl Zr2° 111.16(10)
Zr2  zr2*  35235(15) O1* zrl  Zr2'  110.95(10)
Zr2  zr2t 35463(13) O1° zrl  Zr2  111.16(10)
Zr2 025 2201(4) 012 zrl  zr2® 111.16(10)
Zr2 02  2201(4) 012 zr1  zZr22  75.30(10)
Zr2 03 2084(2) Ol zrl  Zr2®  166.47(11)
Zr2 03  2084(2) O° zrl 7Zr2?  166.47(11)
Zr2 04 2107(2) O1° zrl  zr2®  110.95(10)
Zr2 047 2107(2) O1* zrl  zr2®  75.30(10)
Zr2 05 2255(4) 012 zrl  Zr2  110.95(10)
Zr2 06 21285) Ol zrl  O1* 118.2(2)

Symmetry transformations used to generate equivalent atoms:
LY+X,-Y,-Z; 21-X,-Y,-Z; B14Y-XAY 42, XY ,Z 1Y XY, Z BYAX-Y 42 T1-X-Y L+ Z,
BEX +X-Y,+Z; %+ X,+Y,1-Z



Figure S1. The dihedral angles between four sloping pendant benzene groups and the central benzene
ring in DCBA for UPC-100-1n (a and b), UPC-101-Al (c), and UPC-102-Zr (d).

Figure S2. (a) Chemical structure. (b) Three-dimensional open framework along the a-axis. (c and d)
two- fold interpenetrating framework and dia topology of UPC-100-In.



Figure S3. The structure of UPC-101-Al: (a) Chemical structure. (b) Three-dimensional open framework
along the a-axis. (c) Three-dimensional open framework along the b-axis. (d) Three-dimensional open

framework along the c-axis.

NH2-BCDA

Figure S4. The structure of UPC-102-Zr: (a) Chemical structure. (b) and (c) Three-dimensional open
framework along the a-axis. (d) and (e) Three-dimensional open framework along the c-axis.
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Figure S5. The IR of UPC-100-In (a), UPC-101-Al (b), and UPC-102-Zr (c).
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Figure S6. Powder X-ray diffraction (PXRD) of UPC-100-In, UPC-101-Al, and UPC-102-Zr under

different temperatures.
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3. Gas adsorption of UPC-100-In, UPC-101-Al, and UPC-102-Zr.
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Figure S7. N2 sorption isotherms

activation temperatures.
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Figure S8. N sorption isotherms of UPC-100-In, UPC-101-Al, and UPC-102-Zr under the treatment

of water, acid (pH=1) and base (pH=10).
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Figure S9. High-pressure H total and excess uptake for UPC-100-In, UPC-101-Al, and UPC-102-Zr
at 77 K and 20 bar.

—
O
g./
—
)
~—

[l C 71962008~ C27¥6-00% =alem CWA-cls —P— C 21400

SRS CHR S =B CERdr=o-C R aiti=Rp= 00t dve 1“'+cmm+—mm+m+cnw
= - e G2 ey = G0 den == CIEade ~=Cboen | T
: -3200- e CINE-2% meem CING e = CHd-ats = CHEchan | o ‘”_+cm+m+m e CHedes
§ H H
T s — 1204
- G X
§ = = 904
= § 100+ -g
: : 2w
& -
z K £ 34
5 = =
2 = =
= s 0 &
o SO - SRR S o 00 02 04 06 08 10 00 02 04 08 08 10
Relative Pressure (P/Po) Relative Pressure (P/Po) Relative Pressure (P/Po)
(d) g i iR b Sy (e) m e €1 310 4 30: 30|~ C gH )ONy 10.20) (f)m e 1 ) ey 80 50— C 34 CHg TR
e C M O 0 1) el g M ICH g 4290 e € CH g 10 B C g T 10 901 e T g O B 50~ Gy CH 13
R SN0 oLy 1204, e 0}l g 10501 160 e e S
e gy CH30-50) == C g g T4 9230 e gy g 50 80— C g H M 110.561) e C UG 50 807~ C gy TH g 19:90)
:-.250- P C My TH0 20—~ €y MM 4299 2z 90 e gy 4 0 B0 = g g Mg 10 90 2420 - gy T B0 50— Ty Ty 1990}
£ 200 z 3
Z ) 4
3 150 4 i
100+ . »
0

O 20 40 60 8 100 120 0 20 40 60 80 100 120

Pressure (kPa) Pressure (kPa) Pressure (kPa)
(g) 60 UPC108-In () Chd CaMz .. Cated cate (h) 274 urcaoral [ CHé Cinz L. C2ka cae (|) 45 UPCAELr T CHE C2H2 . CIHG - CIHe
55 4 C3ne - Cain Cwe =l 404 Cle | Ca
- 244
50 ul 354
. 29 4o b
% 45 g = = 204 1
£ E 1eqe £ 5l l
g”' 315 . gm.;:.u:u ooooon e
% 304 g 'E‘ﬁ ................. é I
© 2 ] 9] | Tupmasasan: .
zoﬂ"’-‘"f H4060600 AanpAAARRAL odmmpooppoOoocanooCoonon 1040 |
0 2 4 6 8 10 ] 2 8 10 0 2 4 6 8 10

Uptake(mg/g) Uptake(mg/g)

13



Figure S10. (a, b, and c) The CHa, C2Hs, C2H4, C2H2, C3Hg and CsHe adsorption isotherms at 273 K for
UPC-100-In, UPC-101-Al, and UPC-102-Zr; (d, e, and f) The CoHe/CH4, CoHa/CHa, CoH2/CHa,
C3Hg/CHa4, and C3He/CH4 selectivity at 273 K for UPC-100-In, UPC-101-Al, and UPC-102-Zr,
calculated by the ideal adsorbed solution theory (IAST) method (V/V: 50/50 and 10/90). (g, h, and i) The
Qst for CH4, C2Hs, C2H4, C2H2, C3Hg and CsHs for UPC-100-In, UPC-101-Al, and UPC-102-Zr.
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Figure S11. Cycles of C3Hs adsorption for UPC-100-1n (a), UPC-101-Al (b), and UPC-102-Zr (c) at
298 K.

Table S5. Single component gas adsorption Data for UPC-100-In.

Gas T Vads Amount [mmol-g Qst
K] [ecm3gl] 1] [wt%] [KJ-mol?]

CHas 273 23.3 1.04 1.66 18.7
298 11.7 0.52 0.83

CzH2 273 174.9 7.81 20.30 17.2
298 120.2 5.37 13.95

CaHs 273 151.8 6.78 18.97 20.5
298 107.2 4.78 13.40

C2He 273 155.9 6.96 20.88 23.6
298 119.3 5.33 15.98

CsHs 273 152.0 6.75 28.37 51.9
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298 135.0 6.03 25.31

CsHs 273 1335 5.96 23.84 38.1

298 118.9 5.31 23.35

Table S6. UPC-100-1n: adsorption selectivity of hydrocarbon at 1 bar for different molar fraction of

binary mixtures.

binary gas mixtures molar fraction Selectivity Selectivity
(273 K) (298 K)
C2H2/CH4 50:50 15.52 17.75
10:90 11.09 12.44
C2H4/CH4 50:50 16.74 17.40
10:90 13.04 12.83
C2He/CH4 50:50 26.58 26.58
10:90 21.05 17.90
CsHe/CH4 50:50 175.96 200.51
10:90 196.91 115.29
C3Hg/CH4 50:50 123.95 186.46
10:90 157.96 134.39
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Table S7. Single component gas adsorption Data for UPC-101-Al.

Gas T Vads Amount [mmol-g Qst
[K] [cm3g1] 1] [wt%] [KJ-mol?]

CHas 273 34.3 1.53 2.45 9.1
298 24.4 1.09 1.74

CzaH2 273 166.0 741 19.27 18.3
298 132.1 5.90 15.33

CaH4 273 129.8 5.79 16.22 13.3
298 103.2 4.61 12.90

C2Hs 273 136.6 6.10 18.3 14.9
298 111.7 4.99 14.96

CsHs 273 165.6 7.39 31.05 20.7
298 154.5 6.90 28.97

CsHs 273 147.7 6.59 29.00 22.9
298 137.5 6.14 27.01

16



Table S8. UPC-101-Al: adsorption selectivity of hydrocarbon at 1 bar for different molar fraction of

binary mixtures.

binary gas mixtures molar fraction Selectivity Selectivity
(273 K) (298 K)
C2H2/CH4 50:50 10.86 9.24
10:90 11.50 9.08
C2H4/CH4 50:50 7.45 6.88
10:90 7.77 6.85
C2He/CH4 50:50 9.82 8.95
10:90 10.94 9.20
CsHe/CH4 50:50 36.92 32.50
10:90 52.75 36.93
CsHs/CH4 50:50 36.83 37.25
10:90 60.41 51.23
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Table S9. UPC-102-Zr: adsorption selectivity of hydrocarbon at 1 bar for different molar fraction of

binary mixtures.

binary gas mixtures molar fraction Selectivity Selectivity
(273 K) (298 K)
C2H2/CH4 50:50 7.41 12.09
10:90 8.54 15.56
C2H4/CH4 50:50 5.65 8.52
10:90 6.22 9.53
C2He/CH4 50:50 8.09 13.06
10:90 8.55 15.11
CsHe/CH4 50:50 44.14 44.04
10:90 56.23 57.55
CsHs/CH4 50:50 43.59 42.53
10:90 57.57 55.72
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Table S10. Comparison of H> Adsorption Data for Selected MOFs.

MOFs Hz uptake ref MOFs 2 uptake ref
(77 K, 1bar, wt%) (77 K, 1bar, wt%)
UPC-100-In  1.56 Thiswork TUDMOF-1 1.75 18
UPC-101-Al 2.69 This work PMOF-3 2.47 19
UPC-102-Zr 1.92 This work MOF-505 2.47 20
NOTT-400 2.14 1 NOTT-100 2.59 21
NOTT-401 2.31 1 NOTT-101 2.52 21,22
CUK-1 1.6 2 NOTT-102 2.24 21,22
SNU-5 1.83 3 NOTT-103 2.63 22
SNU-6 1.68 4 NOTT-105 2.52 22
ZIF-8 1.27 5 NOTT-106 2.29 22
ZIF-11 1.35 5 NOTT-107 2.26 22
SNU-4 2.07 6 NOTT-109 2.33 22
MOF-646 1.75 7 NOTT-110 2.64 23
MOF-5 1.32 8 NOTT-111 2.56 23
IRMOF-9 1.17 9 PCN-12 3.05 24
IRMOF-2 1.21 9 PCN-14 2.7 25
MOF-177 1.25 8 PCN-16 2.6 26
IRMOF-6 1.48 9 PCN-21 1.6 27
IRMOF-3 1.42 9 PCN-46 1.95 28
IRMOF-11 1.62 8 SNU-5 2.84 29
IRMOF-8 1.50 8 SNU-21S 1.95 30
SNU-1 1.90 10 SNU-21H 1.64 30
IRMOF-13 1.73 9 SNU-50° 2.1 31
SNU-77H 1.79 11 UTSA-20 2.9 32
IRMOF-20 1.35 9 PCN-61 2.25 33
FJI-1 1.02 12 NOTT-119 14 34
MOF-74(Mg) 2.2 13 PCN-69 1.7 35
MOF-74(zn) 1.77 9 PCN-66 1.79 33
PCN-9 1.53 14 PCN-68 1.87 33
PCN-6 1.9 15 NU-100 1.82 36
PCN-6’ 1.35 16 PMOF-2(Cu) 2.29 37
UMCM-150 2.1 17 NOTT-140 2.5 38
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Table S11. Comparison of Light Hydrocarbon Adsorption Data for Selected MOFs.

MOFs T  CHy CoH2 CaHs CoHs  CsHe CgHg  Tef

UPC-100-In 273 23.3 1749 151.8 1559 152.0 133.5 Thiswork
298 11.7 120.2 1072 1193 1350 118.9

UPC-101-Al 273 34.3 166.0 129.8 136.6 1656 147.7  Thiswork
298 24.4 132.1 1032 111.7 1545 1375

UPC-102-Zr 273 21.2 85.7 68.9 89.8 148.8 144.9  This work

298 94 70.6 56.4 74.0 142.0 137.8
UPC-33 273 9.7 65.1 436 51.8 1142 1118 29
298 7.0 44.3 31.1 35.0 94.3 93.6
FJI-C1 273 1359 852 1236 160.9 40
298 9.7 93.8 64.0 87.4 141.9
FJI-C4 273 32.7 82.8 701 734 74.7 41
298 18.4 72.5 61.4 66.3 71.5
UTSA-33a 296 9.2mg/g 97.1 76.2 83.0 42
1-mim 273 14.65 11942 92.37 101.03 102.92 43
297 10.64 76.26 64.95 79.91 96.87
1-eim 273 19.32 117.84 87.30 99.348 97.36 43
297 11.48 73.70 61.29 75.38 86.60
1-pim 273 16.24 101.42 84.54 93.78 97.31 43
297 9.70 65.00 53.72 71.65 83.29
1-buim 273 14.08 0354 73.16 81.77 83.46 43
297 8.86 56.14 48.70 63.00 75.22
UPC-21 273 43.2 1965 123.1 1376 1241 116.2 44
295 25.7 1395 984 1043 1101 103.0
SBMOF-1 298 18.85 30.44 30.0 295 45
SBMOF-2 298 17.3 64.7 50.8 622 45
ZJINU-51 278 22.7 131.5 46

288 185 113.4
298 14.7 97.6

ZJINU-81 278 33.2 250.0 47
298 21.9 184.2

ZJINU-82 278 33.2 248.7 47
298 21.9 195.4

ZJINU-83 278 33.9 241.3 47
298 23.0 196.7

BUT-52 273 13.2 86.7 569 71.6 48
298 7.7 71.6 37.9 40.7

UTSA-10a 296 5.8 43.0 31.0 485 49

M’MOF-20 195 70 268 81 77 39 50
273 95.0 53.0 43.0
298 8.0 81.0 44,0 49.0 47.0
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Figure S12. UPC-100-In: the parameters and optimized adsorption isotherms for calculated Qs of Ha

using a variant of the Clausius-Clapeyron equation.
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Figure S13. UPC-100-In: the parameters and optimized adsorption isotherms for calculated Qst of CH4

using a variant of the Clausius-Clapeyron equation.
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Figure S14. UPC-100-1In: the parameters and optimized adsorption isotherms for calculated Qs of C2H>
using a variant of the Clausius-Clapeyron equation.
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Figure S15. UPC-100-In: the parameters and optimized adsorption isotherms for calculated Qs: of CoHs

using a variant of the Clausius-Clapeyron equation.
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Figure S16. UPC-100-1In: the parameters and optimized adsorption isotherms for calculated Qs of C2He

using a variant of the Clausius-Clapeyron equation.

Ln (P)

ALEEXLR

0 50 100 150 200
Uptake (mg/g)

r

250 300

Figure S17. UPC-100-1In: the parameters and optimized adsorption isotherms for calculated Qs of CsHe

using a variant of the Clausius-Clapeyron equation.
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Figure S18. UPC-100-1In: the parameters and optimized adsorption isotherms for calculated Qs of C3Hs

using a variant of the Clausius-Clapeyron equation.
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Figure S19. UPC-100-In: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S20. UPC-100-In: the parameters and optimized adsorption isotherms of C,H. for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S21. UPC-100-In: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S22. UPC-100-In: the parameters and optimized adsorption isotherms of C,He for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S23. UPC-100-In: the parameters and optimized adsorption isotherms of CsHe for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S24. UPC-100-In: the parameters and optimized adsorption isotherms of CsHg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S25. UPC-100-In: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S26. UPC-100-In: the parameters and optimized adsorption isotherms of C,H. for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.

54
—
D
—
4 4
£
£ 3
Q 4
-
E 24 Equation ATB %A i( 1+b17x0c1 )
a Adj. R-Squar 0396304
: Value Standard Erro
14 8 A 16,0261 012685
5 b1 DO0STE | K TEBEIES
‘ 8 ol 110821 00067
0 PO, - - ==
0 20 40 60 80 100

Pressure (KPa)

Figure S27. UPC-100-In: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S28. UPC-100-In: the parameters and optimized adsorption isotherms of C,He for calculated
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Figure S29. UPC-100-In: the parameters and optimized adsorption isotherms of CsHe for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S30. UPC-100-In: the parameters and optimized adsorption isotherms of CsHg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S31. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qs: of H>
using a variant of the Clausius-Clapeyron equation.
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Figure S32. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qst of CHa
using a variant of the Clausius-Clapeyron equation.
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Figure S33. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qs of CoH>

using a variant of the Clausius-Clapeyron equation.
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Figure S34. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qst of CoHs

using a variant of the Clausius-Clapeyron equation.
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Figure S35. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qst of CoHe
using a variant of the Clausius-Clapeyron equation.



Ln (P)

- \
P e P e e
§
'
ESAALEASA"ESAALEESS

T

0 50 100 150 200 250 300

Uptake (mg/g)

350

Figure S36. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qst of CsHe
using a variant of the Clausius-Clapeyron equation.
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Figure S37. UPC-101-Al: the parameters and optimized adsorption isotherms for calculated Qst of C3Hs

using a variant of the Clausius-Clapeyron equation.
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Figure S38. UPC-101-Al: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S39. UPC-101-Al: the parameters and optimized adsorption isotherms of C,H> for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S40. UPC-101-Al: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S41. UPC-101-Al: the parameters and optimized adsorption isotherms of C,He for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S43. UPC-101-Al: the parameters and optimized adsorption isotherms of CsHg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S44. UPC-101-Al: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S45. UPC-101-Al: the parameters and optimized adsorption isotherms of C,H> for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S46. UPC-101-Al: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S47. UPC-101-Al: the parameters and optimized adsorption isotherms of C,He for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S48. UPC-101-Al: the parameters and optimized adsorption isotherms of CsHe for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S49. UPC-101-Al: the parameters and optimized adsorption isotherms of CsHg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S50. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qst of Ha
using a variant of the Clausius-Clapeyron equation.
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Figure S51. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qst of CH4
using a variant of the Clausius-Clapeyron equation.
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Figure S52. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qst of C2H>
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Figure S53. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qs: of CoHs
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Figure S54. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qst of C2He
using a variant of the Clausius-Clapeyron equation.
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Figure S55. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qs: of C3He

using a variant of the Clausius-Clapeyron equation.
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Figure S56. UPC-102-Zr: the parameters and optimized adsorption isotherms for calculated Qst of CsHs
using a variant of the Clausius-Clapeyron equation.
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Figure S57. UPC-102-Zr: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S58. UPC-102-Zr: the parameters and optimized adsorption isotherms of C,H> for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S59. UPC-102-Zr: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S61. UPC-102-Zr: the parameters and optimized adsorption isotherms of CsHs for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.

45



Uptake (mmol/g)
P

Equatcn A1"D1"%"c 1) 1+01"% 1 |
4
3 . Ad) R-Squasr 095837
4 Vave Stanciad Error
8 Al 10.240%1 0.37761
2 [ b1 0.07368 0.0028
1 B cl 0.75708 002871
1 —
0 L) v 1 - A v L) - 1 - A
0 20 40 60 80 100

Pressure (KPa)

Figure S62. UPC-102-Zr: the parameters and optimized adsorption isotherms of C3Hg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 273 K.
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Figure S63. UPC-102-Zr: the parameters and optimized adsorption isotherms of CH4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S64. UPC-102-Zr: the parameters and optimized adsorption isotherms of C,H> for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S65. UPC-102-Zr: the parameters and optimized adsorption isotherms of C,H4 for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S66. UPC-102-Zr: the parameters and optimized adsorption isotherms of C,Hs for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S67. UPC-102-Zr: the parameters and optimized adsorption isotherms of CsHe for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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Figure S68. UPC-102-Zr: the parameters and optimized adsorption isotherms of C3Hg for calculated
selectivity by using Ideal Adsorbed Solution Theory (IAST) at 298 K.
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4. Dye adsorption of UPC-102-Zr.

Table S12. Molecular weight and dimensions of guest dye molecules with different charges.
Structure O .
oon
@ | @ Br
"-‘.I I.-"
3D
structure
name Rhodamine B Crystal violet Saffron red Isatin Bromophenol Blue
Abbr.” RHB cv SFR IT BPB
z +1 +1 +1 0 0
Mw 480.02 407.98 350.84 147.13 669.96
y(nm) 552 579 530 609 589
x(A) 4.77 4.42 0.9 10.81
y(A) 11.12 6.9 10.05
z(A) 13.15 5.10 7.62
Structure e
S:j
LT
3D
structure
name Xylenol orange Potassium Indigo Carmine Methyl K Chrome Blue K
Abbr.” X0 PTS IC MO CBK
z 0 -3 -2 -1 -3
Mw 672.66 616.72 466.35 327.33 586.41
y(nm) 580 601 608 463 541
x(A) 8.86 4.26 4.25 4.14 4.48
y(A) 10.02 6.23 5.25 5.65 8.6
z(A) 14.17 15.26 15.18 13.65 14.82

50




A typical procedure for the adsorption experiments of dyes

Taking Rhodamine B as an example, UPC-102-Zr (20 mg) was added into a 4 mL aqueous solution of
Rhodamine B (26.3 mg L) at room temperature for 12 h. The solution was centrifugated and the solution
was diluted to the appropriate concentrations and analyzed by UV-Vis absorption spectroscopy. The

amount of adsorbed RHB was calculated from the following mass balance equation:

(CO - ad)V
m

Qua =

where Qa(mg g?) is the amount of adsorbed RHB by adsorbent UPC-102-Zr, Co is the initial
concentration of RHB in the water (mg L), Caq is the concentration of RHB after adsorption (mg LY), V

is the volume of the solution (L), and m is the mass of adsorbent UPC-102-Zr (Q).

Table S13. The Brunauer—Emmett—Teller (BET) surface areas of dyes@UPC-102-Zr.
dyes@UPC- | RHB@UPC- | CV@UPC- SFR@UPC- ITQUPC- BPB@UPC-
102-Zr 102-Zr 102-Zr 102-Zr 102-Zr 102-Zr

Seer [m?g?] | 4.3 15.6 22.1 56.1 16.9
dyes@UPC- | XO@UPC- PTS@UPC- IC@QUPC- MO@UPC- CBK@UPC-
102-Zr 102-Zr 102-Zr 102-Zr 102-Zr 102-Zr

Seer [m?g'] | 131.0 45.2 19.0 8.6 34.3
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Figure S69. The powder X-ray diffraction (PXRD) of RHB@UPC-102-Zr.
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Figure S70. UV-vis spectra changes of RHB solution with the presence of UPC-102-Zr.
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Figure S71. UV-vis spectra changes of CV solution with the presence of UPC-102-Zr.
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Figure S72. UV-vis spectra changes of SFR solution with the presence of UPC-102-Zr.
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Figure S73. UV-vis spectra changes of IT solution with the presence of UPC-102-Zr.
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Figure S74. UV-vis spectra changes of BPB solution with the presence of UPC-102-Zr.
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Figure S75. UV-vis spectra changes of XO solution with the presence of UPC-102-Zr.
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Figure S76. UV-vis spectra changes of PTS solution with the presence of UPC-102-Zr.
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Figure S77. UV-vis spectra changes of I1C solution with the presence of UPC-102-Zr.
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Figure S78. UV-vis spectra changes of MO solution with the presence of UPC-102-Zr.
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Figure S79. UV-vis spectra changes of CBK solution with the presence of UPC-102-Zr.

Naphthol Green B Congo Red Fluorescein sodium Solvent Green 7

Figure S80. Photographs of solution before and after dye adsorption with UPC-102-Zr samples for 24
hours.

We used UPC-102-Zr to adsorb the large dye molecule of Naphthol Green B, Congo Red,
Fluorescein sodium, and Solvent Green 7, and it can be seen from the optical photographs before and
after adsorption that these large dye molecules are almost completely absorbed.
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5. Catalyze Knoevenagel condensation reactions of UPC-100-In, UPC-101-Al, and
UPC-102-Zr.

0 50 100 150 200 250 300
Time (minute)

Figure S81. Evidence of heterogeneous nature of catalysis in Knoevenagel reaction of benzaldehyde.

(m)Continuous reaction; (e)catalyst was removed after 30 minute.
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Figure S82. Catalytic reaction mechanism for the Knoevenagel condensation.
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Figure S83. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-
benzylidenemalononitrile. MS [M+H]": 153.0411.
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Figure S84. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-(4-
fluorobenzylidene)malononitrile. MS [M+H]*: 171.0481.

59



—— UPC-100-In N CN
—— UPC-101-Al | e "
[ HsC
- UPC-102-Zr
- CHO
' AL
8 B
>
. —d
e
Q A
it
£
A
[
0 2 6 8 10

4
R.Time (min)

Figure S85. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-(4-
methylbenzylidene)malononitrile. MS [M+H]*: 167.0518.
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Figure S86. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-(4-
nitrobenzylidene)malononitrile. MS [M+H]": 198.0313.
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Figure S87. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-([1,1'-
biphenyl]-4-ylmethylene)malononitrile. MS [M+H]": 181.0754.
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Figure S88. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-(4-
phenoxybenzylidene)malononitrile. MS [M+H]": 245.0836.
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Figure S89. The GC spectrum for heterogeneous nature of catalysis in Knoevenagel reaction of 2-
(naphthalen-1-ylmethylene)malononitrile. MS [M+H]*: 203.0689.
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