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Section S1. Materials and Instruments

All general reagents and solvents are commercially available and used without further 

purification.

Powder X-ray diffraction (PXRD) patterns were recorded with a Bruker D8 

focusdiffractometer in a reflection mode. The two-theta angle ranges from 5º to 50º 

scanned with a step size of 0.02º. Nitrogen sorption experiment at 77 K was carried out 

using Micromeritics Analyzer (ASAP2460). The surface areas were determined by N2 

adsorption measurements according to BET model. Thermal gravimetric analysis 

(TGA) was carried out in air atmosphere using NETZSCH STA 449 instrument with a 

heating rate of 10 °C/min. X-ray photoelectron spectroscopy (XPS) was used to 

determine the binding energies of N by ESCALAB 250 (Thermo Fisher Scientific). The 

morphologies of the MOFs were characterized using a Hitachi S-4700 scanning 

electron microscope (SEM). The FT-IR spectroscopy was recorded on Nicolet 6700 

FTIR spectrophotometer. The slice was made with powder constituted of KBr and 

sample by a tablet machine and the spectra data were recorded from 4000 to 400 cm-1. 

Elemental analysis was carried out by using Vario EL cube Elemental Analyzer.
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Section S2. Experiment procedures

2.1 Synthesis of Ligands 

The synthetic paths to 3,3’-diamino-1,1’-biphenyl-4,4’-dicarboxylic acid (H2BPDC-o-

(NH2)2) and 2,2’-diamino-1,1’-biphenyl-4,4’-dicarboxylic acid (H2BPDC-m-(NH2)2) 

are shown in Fig. S1.1-3 
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Fig. S1 Synthetic paths to (a) H2BPDC-o-(NH2)2 and (b) H2BPDC-m-(NH2)2.

2.1.1 Synthesis of H2BPDC-o-(NH2)2

3-Amino-4-methoxycarbonyl-phenylboronic acid pinacol ester

Methyl 2-amino-4-bromobenzoate (32.4 g, 150.0 mmol), bis(pinacolato)diboron (32.4 

g, 150.0 mmol), CH3COOK (44.1 g, 450.0 mmol), [1,1’-

bis(diphenylphosphino)ferrocene]dichloridepalladium(II) (Pd(dppf)2Cl2, 0.86 g, 1.0 

mmol) and 1,4-dioxane (600 mL) were added to a round-bottom flask (1000 mL). Then 

the mixture was stirred at 100 ºC for 8 h under an atmosphere of nitrogen. After the 

cool-down, the product was mixed with deionized water (500 mL), and extracted with 

CH2Cl2. The organic layer was dried over Na2SO4 and evaporated to give crude residue. 

The column chromatography of the residue with mixture of hexanes and ethyl acetate 

(v/v = 10:1) as eluent gave 3-amino-4-methoxycarbonyl-phenylboronic acid pinacol 
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ester (28.6 g, yield: 68.6 %).1H NMR (600 MHz, CDCl3; δ, ppm): 7.85 (d, 1H), 7.13 

(s, 1H), 7.05 (dd, 1H), 3.87 (s, 3H), 1.34 (s, 12H).4

Dimethyl 3,3’-diamino-1,1’-biphenyl-4,4’-dicarboxylate

3-Amino-4-methoxycarbonyl-phenylboronic acid pinacol ester (20.0 g, 76.0 mmol), 

methyl 2-amino-4-bromobenzoate (19.6 g, 91.2 mmol), CsF (35.0 g, 228.0 mmol), 

Pd(dppf)2Cl2 (0.30 g, 0.42 mmol), and 1,4-dioxane/H2O (400 mL, v/v = 1:1) were added 

to a round-bottom flask (1000 mL). Then the mixture was stirred at 85 ºC for 24 h under 

an atmosphere of nitrogen. After the cool-down, the product was extracted with CH2Cl2. 

The organic layer was dried over Na2SO4 and evaporated to give crude residue. The 

column chromatography of the residue with mixture of CH2Cl2 and hexanes (v/v = 10:1) 

as eluent gave dimethyl 3,3’-diamino-1,1’-biphenyl-4,4’-dicarboxylate (14.6 g, yield: 

64.6% ). 1H NMR (600 MHz, DMSO-d6; δ, ppm): 7.78 (d, 2H), 7.03 (d, 2H), 6.77 (dd, 

2H), 3.80 (s, 6H).1

H2BPDC-o-(NH2)2

Dimethyl 3,3’-diamino-1,1’-biphenyl-4,4’-dicarboxylate (6.3 g, 21.0 mmol) was 

dissolved in THF/MeOH (40 mL, v/v =1:1). An aqueous solution (60 mL) of KOH (4.6 

g, 81 mmol) was added to the mixture. Then the mixture was refluxed for 24 h. After 

the cool-down, the organic solvent was removed. Deionized water (100 mL) was added. 

Then the filtrate was collected and acidified until pH reachs 5.0. The formed precipitate 

was collected, washed with water, and dried to obtain H2BPDC-o-(NH2)2 (5.3 g, yield: 

94.4%). 1H NMR (600 MHz, DMSO-d6; δ, ppm): 7.77 (d, 2H), 6.99 (d, 2H), 6.75 (dd, 

2H).1
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2.1.2 Synthesis of H2BPDC-m-(NH2)2

Cu powder activation 

Cu powder (100 g) was treated with a 2% solution of iodine (I2) dissolved in acetone 

(1000 mL) at room temperature for 10 min. After filtration, the Cu powder was washed 

thoroughly with acetone/concentrated hydrochloric acid solution (v/v = 1:1, 500 mL). 

The Cu powder was filtered and washed with acetone until pH of the filtrate reachs 7. 

Then, the Cu powder was dried under reduced pressure at 60 ºC for 24 h.

Dimethyl 2,2’-dinitro-[1,1’-biphenyl]-4,4’-dicarboxylate

Methyl 4-iodo-3-nitrobenzoate (24.56 g, 80.0 mmol), activated Cu powder (51.20 g, 

800 mmol), and DMF (40.0 mL) were added to a round-bottom flask (100 mL). The 

mixture was kept at 155 ºC for 10 hours under an atmosphere of nitrogen. Then the hot 

mixture was directly filtered. The obtained filtrate was added into stirred deionized 

water (1000 mL). Then the precipitate was collected and purified with column 

chromatography (silica gel, CH2Cl2/hexanes (v/v = 1:1)) to obtain dimethyl 2,2’-

dinitro-[1,1’-biphenyl]-4,4’-dicarboxylate (10.45 g, yield: 72.5%). 1H NMR (600 MHz, 

CDCl3; δ, ppm): 8.92 (s, 2H), 8.38 (d, 2H), 7.41 (d, 2H), 4.04 (s, 6H).5 

Dimethyl 2,2’-diamino-1,1’-biphenyl-4,4’-dicarboxylate

Dimethyl 2,2’-dinitro-[1,1’-biphenyl]-4,4’-dicarboxylate (10.00 g, 27.80 mmol), tin 

powder (21.60 g, 334.0 mmol), 1 M HCl (300 mL), and methanol (500 mL) were added 

into a round-bottom flask. The mixture was kept at 80 ºC overnight under an 

atmosphere of nitrogen. The mixture was cooled to room temperature and poured onto 
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cold 2 M NaOH (400 mL) to obtain yellow solid. The precipitate was collected and 

dissolved in ethyl acetate (1000 mL) followed by filtration to remove undissolved solid. 

The filtrate was evaporated under vacuum to yield the product as a yellow solid, which 

was recrystallized by isopropanol (3.3 g, yield: 39.5%). 1H NMR (600 MHz, CDCl3; δ, 

ppm): 7.50 (dd, 2H), 7.48 (s, 2H), 7.19 (d, 2H), 3.92 (s, 6H).3

H2BPDC-m-(NH2)2

H2BPDC-m-(NH2)2 was synthesized by hydrolysis of dimethyl 3,3’-diamino-1,1’-

biphenyl-4,4’-dicarboxylate and subsequent acidification. The detail procedure is 

similar to the synthesis of H2BPDC-o-(NH2)2. The yield is 93.1%. 1H NMR (600 MHz, 

DMSO-d6; δ, ppm): 7.42 (s, 2H), 7.22 (d, 2H), 7.06 (d, 2H).2

2.2 Synthesis of MOFs

2.2.1 Synthesis of UiO-67-o-(NH2)2

ZrCl4 (0.233 g, 1.0 mmol) and acetic acid (7.206 g, 120 mmol) were dissolved in DMF 

(40 mL) followed by 10 min of ultrasound. H2BPDC-o-(NH2)2 (0.272 g, 1.0 mmol) was 

added to the solution. After 10 min of ultrasound, the mixture was sealed, heated to 120 

ºC, and held at the temperature for 24 h. After being cooled to room temperature, the 

as-synthesized UiO-67-o-(NH2)2 solid was obtained by centrifugation. Clear mother 

liquid was decanted. 

To activate the UiO-67-o-(NH2)2, the solid was washed by DMF (3 × 60 mL) over 

an eight-hour period. Then the DMF was replaced with methanol (6 × 60 mL) over a 

four-hour period. Finally, the solid was dried at 120 ºC under vacuum overnight to 
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obtain activated UiO-67-o-(NH2)2. EA calculated: C, 43.70%; H: 2.78%; N: 7.28%. 

Found: C, 43.54%; H, 2.83%; N, 7.25%.

2.2.2 Synthesis of UiO-67-m-(NH2)2

The synthesis and activation of UiO-67-m-(NH2)2 are similar to those of UiO-67-o-

(NH2)2 by replacing H2BPDC-o-(NH2)2 with H2BPDC-m-(NH2)2. EA calculated: C, 

43.70%; H: 2.78%; N: 7.28%. Found: C, 43.38%; H, 2.85%; N, 7.24%.

2.2.3 Synthesis of UiO-67

ZrCl4 (0.117 g, 0.5 mmol), 4,4’-biphenyldicarboxylic acid (H2BPDC) (0.121 g, 0.5 

mmol), benzoic acid (1.832 g, 15.0 mmol), and DMF (20 mL) were added to a Teflon 

liner (100 mL). After 10 min of sonication, the reaction mixture was kept at 120 ºC for 

24 h, then cooled to room temperature. The resulting UiO-67 was collected by 

centrifugation, washed with DMF and acetone five times, and dried under vacuum at 

120 ºC for 12 h. EA calculated: C, 47.41%; H: 2.45%. Found: C, 47.50%; H, 2.65%.

2.3 Stability test 

MOFs (0.080 g) were immersed in water, pH = 2 HCl solution, and pH = 12 NaOH 

solution (8 mL) for 24 h. Then the solids were collected by centrifugation, washed with 

H2O three times. Finally, these treated solids were dried at 120 ºC for 12 h.
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Section S3. Calculation method

3.1 Calculation on ligands

All the calculations were carried out with the Gaussian 09 package.6 Geometry 

optimization and energy calculations were performed with the B3LYP method. The 6-

31G(d) basis set was used for all atoms. The configurations with different carboxyl 

group-aromatic ring torsion angle in ligands were obtained. 

The pKa calculations were computed at the B3LYP-D3/Def2TZVP level of the 

theory on gas phase optimized geometries in dimethylsulfoxide with the application of 

the SMD solvation model.7,8

3.2 Calculation on MOFs

Density functional theory (DFT) calculations were performed to calculate the partial 

charges of the framework atoms of UiO-67-o-(NH2)2 and UiO-67-m-(NH2)2 by cleaving 

representative clusters from their respective unit cells, which were saturated with 

hydrogen to minimize the boundary effects. The electrostatic potential (ESP) charges 

obtained by ChelpG method were used as the atomic partial charges. The DFT 

calculations were carried out using the Gaussian 09 suite of quantum mechanical 

program with the Perdew-Burke-Ernzerhof (PBE) exchange and correlation functional. 

Geometry optimizations and the single-point energy calculations were performed at the 

Becke three parameters hybrid exchange-correlation functional (B3LYP) level of 

theory.9 The basis set LANL2DZ was employed for Zr atoms, and 6-31+G* was used 

for the rest of the atoms (C, H, O, N). To account for weak interactions, the dispersion 
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correction schemes for Grimme (denoted as D3) were used.10 

For the geometry optimization procedure, the structures were optimized until the 

forces were < 10-5 hartree/bohr and the energy change was 10-7 hartree. The 

convergence criterion for the energy calculation during the self-consistent-field 

procedure was set for 10-8 hartree. The above methods have been employed widely to 

estimate the atomic partial charges and energies in numbers of MOFs.11,12 The 

configurations with different degree of rotation the ligands in the Zr6 cluster were 

obtained by changing the angle between the carboxylate group and the adjacent 

aromatic ring in the cluster model.
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Section S5. Characterization results

Fig. S2 1H NMR (CDCl3, 600 MHz) spectrum of 3-amino-4-methoxycarbonyl-

phenylboronic acid pinacol ester.

Fig. S3 1H NMR (DMSO-d6, 600 MHz) spectrum of dimethyl 3,3’-diamino-1,1’-

biphenyl-4,4’-dicarboxylate.
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Fig. S4 1H NMR (DMSO-d6, 600 MHz) spectrum of H2BPDC-o-(NH2)2.

Fig. S5 1H NMR (CDCl3, 600 MHz) spectrum of dimethyl 2,2’-dinitro-[1,1’-

biphenyl]-4,4’-dicarboxylate.
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Fig. S6 1H NMR (CDCl3, 600 MHz) spectrum of dimethyl 2,2’-diamino-1,1’-

biphenyl-4,4’-dicarboxylate.

Fig. S7 1H NMR (DMSO-d6, 600 MHz) spectrum of H2BPDC-m-(NH2)2.
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Fig. S8 FT-IR spectrum of UiO-67-o-(NH2)2.

Fig. S9 FT-IR spectrum of UiO-67-m-(NH2)2.
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Fig. S10 XPS spectrum of N1s of UiO-67-o-(NH2)2.
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Fig. S11 XPS spectrum of N1s of UiO-67-m-(NH2)2.



S15

Fig. S12 SEM picture of UiO-67-o-(NH2)2.

Fig. S13 SEM picture of UiO-67-m-(NH2)2.
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Fig. S14 PXRD pattern of UiO-67.

Fig. S15 N2 sorption isotherms of UiO-67 at 77 K.
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Fig. S16 PXRD patterns of UiO-67 treated in H2O, pH = 2 HCl solution, and pH = 12 

NaOH solution.

Fig. S17 N2 sorption isotherms at 77 K of UiO-67 before and after treatment with 

H2O, pH = 2 HCl solution, and pH = 12 NaOH solution.
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Section S5. Calculation results
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Fig. S18 Cluster used for calculating the partial charges for atoms of the UiO-67-o-
(NH2)2. The terminations of the cluster were saturated with hydrogen to minimize the 

boundary effects.

Table S1 Atomic partial charges for the UiO-67-o-(NH2)2 structure.

Atomic type Zr1 O1 O2 C1 N1 H1 H2

Charge (e) 2.471 -0.741 -0.721 0.846 -0.867 0.389 0.361

C

N H

H

O
Zr

Fig. S19 Cluster used for calculating the partial charges for atoms of the UiO-67-m-
(NH2)2. The terminations of the cluster were saturated with hydrogen to minimize the 

boundary effects.
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Table S2 Atomic partial charges for the UiO-67-m-(NH2)2 structure.

Atomic type Zr O C N H

Charge (e) 2.370 -0.725 0.819 -0.858 0.345

Zr
C

O

Fig. S20 Cluster used for calculating the partial charges for atoms of the UiO-67. The 

terminations of the cluster were saturated with hydrogen to minimize the boundary 

effects.

Table S3 Atomic partial charges for the UiO-67 structure.

Atomic type Zr O C

Charge (e) 2.264 -0.691 0.786
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Fig. S21 The pKa values of H2BPDC, H2BPDC-o-(NH2)2, and H2BPDC-

m-(NH2)2.
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