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Chemicals

Copper-(II) acetate (Cu(OAc)2), 2,5-dihydroxyterephthalic acid (H4DOBDC), acetonitrile (MeCN), N, N-Dimethylformamide (DMF), 

methanol, ascorbic acid (AA), and hydroquinone (H2Q) were purchased from Sinopharm Chemical Reagent Co., Ltd. All chemicals 

were used without further purification.

Characterization

Morphological images of all samples were characterized by field-emission scanning electron microscopy (SEM, Hitachi SU8010) and 

transmission electron microscope (TEM, FEI Talos F200X). The crystallographic information was obtained by X-ray diffraction (XRD, 

Panalytical, Empyrean) equipped with a Cu Kα radiation source (λ=0.15406 Å). The organic groups of the samples were 

characterized by Fourier transform infrared spectroscopy (FT-IR, Bruker VERTEX 70). Thermogravimetric analysis curves were 

obtained from a TGA thermogravimetric analyzer (PE STA8000) from 25 to 600 °C with a heating rate of 10 °C min-1 in air flow. The 

N2 adsorption−desorption isotherm was collected using a Surface Area and Porosimetry System (Autosorb-IQ-MP-C). The 

absorbance of the reducing solution was monitored by UV-vis spectra (Maya2000 Pro). The element content analysis was detected 

by an inductively coupled plasma spectrometer (ICP, PerkinElmer Avio 500). X-ray photoelectron spectroscopy (XPS) analysis was 

performed using an X-ray photoelectron spectrometer (Thermo Scientific K-Alpha). GC analysis was performed using a BEIFEN 

3420A instrument equipped with a FID (flame ionization detector) and a KB-1701 column (30 m × 0.32 mm × 0.25 μm). 1H and 13C 

NMR spectra were measured on a Bruker 600 MHz NMR spectrometer.

X-ray Absorption Spectroscopy Analysis

The extended X-ray absorption fine structure (EXAFS) measurements were carried out on the sample at 5S1 X-ray absorption 

beamline of Aichi Synchrotron Radiation Center. This beamline adopted a double-bounce channel-cut Si (111) monochromator for 

mono-beam X-ray absorption spectroscopy. The end-station is equipped with three ionization chambers and seven-elements SDD 

detector after the sample position for transmission and fluorescence mode X-ray absorption spectroscopy. The photon flux on the 

sample ranges from 3 x 1010 ~ 4 x 1010 photon/sec for X-ray energy from 5 keV ~ 9 keV in low energy mode. The photon flux on the 

sample ranges from 1 x 1011 ~ 2.2 x 1010 photon/sec for X-ray energy from 7 keV ~ 18 keV in normal energy mode. The photon flux 

on the sample ranges from 2.3 x 1010 ~ 5 x 109 photon/sec for X-ray energy from 17 keV ~ 22 keV in high energy mode.

Synthesis of the metastable CuH2DOBDC MOF

The 70 mM Cu(OAc)2 solution and the 40 mM 2,5-dihydroxyterephthalic acid (H4DOBDC) solution were separately prepared using a 

mixed solvent of DMF and MeCN in a 2:1 volume ratio. Subsequently, 800 μL of the Cu(OAc)2 solution was gradually and dropwise 

into 4 mL of the H4DOBDC solution in a glass culture dish while gently shaking. Following evaporation under conditions of room 

temperature and less than 30% humidity for 24 h, green block crystals were obtained. These crystals were washed with DMF and 

dried at room temperature.

Reduction of CuH2DOBDC with different amounts of ascorbic acid 

The obtained CuH2DOBDC (0.1g, 0.2 mmol) was placed in a glass culture dish. In separate vials, we prepared ascorbic acid solutions 

by dissolving varying amounts of ascorbic acid (0.2, 0.6, 1.0, and 1.4 mmol) in 10 mL of DMF. Once the respective ascorbic acid 

solution was added to the glass culture dish containing CuH2DOBDC, it was placed at room temperature for 24 h. Finally, the 

sample was washed three times with DMF and collected after vacuum freeze-drying.



Reduction of CuH2DOBDC with different amounts of hydroquinone

The obtained CuH2DOBDC (0.1g, 0.2 mmol) was placed in a glass culture dish. In separate vials, we prepared hydroquinone 

solutions by dissolving varying amounts of hydroquinone (1.0, 2.0, 6.0, and 10.0 mmol) in 10 mL of DMF. Once the respective 

hydroquinone solution was added to the glass culture dish containing CuH2DOBDC, it was placed at room temperature for 24 h. 

Finally, the sample was washed three times with DMF and collected after vacuum freeze-drying. 

General Procedure for the CuAAC Reaction

A mixture consisting of azides (1 mmol), alkynes (2 mmol), amyl acetate (1 mmol), catalyst (10 mg), and acetonitrile (4 mL) was 

sealed in a 50 mL sample vial. The resulting mixture was stirred at 80°C. After completion of the reaction, the mixture was 

centrifuged to recover the catalyst. The recovered catalyst was washed with acetonitrile and methanol, dried, and reused in a 

subsequent reaction. Product yields were measured by GC, and the products were further confirmed by 1H NMR and 13C NMR 

spectra on a Bruker 600 MHz spectrometer using CDCl3.

TGA analysis

The residual material was simply CuO under air atmosphere for the TGA test. Both physisorbed water molecules and solvent 

molecules within the pores cannot be precisely quantified stoichiometrically, whereas the loss of ligands can.1 Based on FTIR 

spectroscopy results, it was observed that there is no evidence of DMF participating in the coordination environment of 

Cu2H2DOBDC. Consequently, we propose that the chemical formula of the final products is CuxH2DOBDC (x > 1). Assuming a 

complete reduction of all Cu(II) in CuH2DOBDC to Cu(I), the stoichiometric ratio of Cu to H2DOBDC2- ligand would be 2, in 

accordance with the principle of valence balance. Therefore, we anticipate a weight loss, relative to this final step, of 50.62% based 

on the following equation.

𝑀(𝐶𝑢𝑂)
𝑀(𝐶𝑢2𝐻2

 
𝐷𝑂𝐵𝐷𝐶)

=
160
324

× 100% = 49.38%

The experimental results revealed a relative weight loss of 49.09% (from 93.72% to 44.63% by weight). This experimental value is 

much closer to the theoretical value (50.62%), thus validating our proposed chemical formula.

EA analysis

The EA results revealed that the content of C in Cu2H2DOBDC is 28.6%, thus confirming that the content of the ligand H4DOBDC is 

approximately 58.39%. The result is very close to the theoretical content of ligands (60.49%) in the Cu2H2DOBDC structure. 

The EA results indicate that the N content in Cu2H2DOBDC is less than 0.1%.



Figure S1. Crystal structure of CuH2DOBDC. (a) The fundamental unit of CuH2DOBDC. (b) The 2D layer structure of CuH2DOBDC. All 
hydrogen atoms and DMF molecules are omitted for clarity.

Figure S2. XRD patterns of the prepared metastable CuH2DOBDC MOF and simulated CuH2DOBDC MOF.



Figure S3. XRD patterns of samples synthesized by reduction of CuH2DOBDC with different amounts of ascorbic acid.

Figure S4. The UV-Vis absorption spectrum of CuH2DOBDC in an ascorbic acid reducing solution after 24 h.



Figure S5. DTG curves of CuH2DOBDC and Cu2H2DOBDC. 
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Figure S6. (a) Three coordination modes and corresponding ∆ values for carboxylate ion and metal (M). (b) FTIR spectrum of 
Cu2H2DOBDC and assignment of typical bands.

Consistent with previous studies in the literature,2-5 FTIR bands for Cu2H2DOBDC are observed at 1595, 1508, 1448, 1332, 1254, 

1110, 865, and 794 cm-1. The asymmetric stretch of the carboxylate group is present at 1595 cm-1, while the symmetric stretch is 

observed at 1332 cm-1. The other bands observed in Cu2H2DOBDC are as follows: 1508 cm-1 is assigned to the ring vibrations of 

phenyl groups, 1448 cm-1 corresponds to the in-plane OH deformation modes, 1254 cm-1 is attributed to the C-OH combination 

band of a carboxylic acid, 1110 cm−1 is assigned to the C-H in-plane bending modes, and the bands at 865 and 794 cm−1 coincide 

with the C-C ring out-of-plane bending modes.
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Figure S7. Pore size distributions of CuH2DOBDC and Cu2H2DOBDC.

Figure S8. EXAFS fitting results of FT-EXAFX spectra at the Cu K-edge of (a) CuH2DOBDC, (b) Cu2H2DOBDC at the R spaces.



Figure S9. EXAFS fitting results of FT-EXAFX spectra at the Cu K-edge of (a) CuH2DOBDC, (b) Cu2H2DOBDC at the K spaces.

Figure S10. Speculation on the local structure of Cu2H2DOBDC.



Figure S11. Possible formation process of Cu2H2DOBDC local structure.

Figure S12. Cu2H2DOBDC after five cycles recycle. (a) SEM images. (b) XRD patterns. (c) FTIR spectra. (d) XPS spectra for Cu 2p.



Figure S13. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-phenyl-1H-1,2,3-triazole: δ 7.83 - 7.75 (m, 2H), 7.66 (s, 1H), 7.42 - 7.34 (m, 
5H), 7.33 - 7.28 (m, 3H), 5.55 (s, 2H).

Figure S14. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-phenyl-1H-1,2,3-triazole: δ 148.22, 134.70, 130.55, 129.15, 128.80, 
128.77, 128.16, 128.05, 125.70, 119.53, 54.21.



Figure S15. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(4-chlorophenyl)-1H-1,2,3-triazole: δ 7.70(d, 2H), 7.67 (s, 1H), 7.40 - 7.30 
(m, 5H), 7.30 - 7.26 (m, 2H), 5.52 (s, 2H).

Figure S16. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(4-chlorophenyl)-1H-1,2,3-triazole: δ 147.06, 134.55, 133.80, 129.14, 129.11, 
128.95, 128.80, 128.04, 126.91, 119.69, 54.21. 



Figure S17. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(4-bromophenyl)-1H-1,2,3-triazole: δ 7.67 - 7.63 (m, 3H), 7.48 (d, 2H), 7.38 - 
7.33 (m, 3H), 7.29 - 7.28 (m, 2H), 5.53 (s, 2H).

Figure S18. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(4-bromophenyl)-1H-1,2,3-triazole: δ 147.08, 134.52, 131.89, 129.53, 129.15, 
128.81, 128.05, 127.19, 121.96, 119.68, 54.22.



Figure S19. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(4-fluorophenyl)-1H-1,2,3-triazole: δ 7.75 - 7.72 (m, 2H), 7.68 (s, 1H), 7.33 - 
7.25 (m, 5H), 7.04 - 7.01 (m, 2H), 5.50 (s, 2H).

Figure S20. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(4-fluorophenyl)-1H-1,2,3-triazole: δ 163.39, 161.75, 147.22, 134.72, 129.10, 
128.73, 128.00, 127.44, 127.38, 119.57, 115.78, 115.64, 54.12.



Figure S21. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(p-tolyl)-1H-1,2,3-triazole: δ 7.67 (d, 2H), 7.61 (s, 1H), 7.38 - 7.32 (m, 3H), 7.28 - 
7.27 (m, 2H), 7.18 (d, 2H), 5.52 (s, 2H), 2.34 (s, 3H).

Figure S22. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(p-tolyl)-1H-1,2,3-triazole: δ 148.25, 137.95, 134.79, 129.46, 129.09, 128.69, 
128.01, 127.76, 125.59, 119.22, 54.12, 21.24.



Figure S23. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(4-methoxyphenyl)-1H-1,2,3-triazole: δ 7.74 - 7.66 (m, 2H), 7.58 (s, 1H), 7.36 - 
7.33 (m, 3H), 7.29 - 7.26 (m, 2H), 6.93 - 6.85 (m, 2H), 5.51 (s, 2H), 3.79 (s, 3H).

Figure S24. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(4-methoxyphenyl)-1H-1,2,3-triazole: δ 159.59, 148.03, 134.84, 129.08, 
128.67, 127.99, 126.99, 123.32, 118.80, 114.21, 55.28, 54.10.



Figure S25. 1H NMR (600 MHz, CDCl3) for 1-benzyl-4-(4-nitrophenyl)-1H-1,2,3-triazole: δ 8.25 (d, 2H), 7.99 - 7.92 (m, 2H), 7.83 (s, 
1H), 7.44 - 7.30 (m, 5H), 5.61 (s, 2H).

Figure S26. 13C NMR (151 MHz, CDCl3) for 1-benzyl-4-(4-nitrophenyl)-1H-1,2,3-triazole: δ 147.35, 146.04, 136.84, 134.21, 129.32, 
129.08, 128.21, 126.16, 124.27, 121.01, 54.50.



Figure S27. 1H NMR (600 MHz, CDCl3) for 3-(1-benzyl-1H-1,2,3-triazol-4-yl)pyridine: δ 8.98 (s, 1H), 8.57 (s, 1H), 8.17 (d, 1H), 7.77 (s, 
1H), 7.43 - 7.30 (m, 6H), 5.60 (s, 2H).

Figure S28. 13C NMR (151 MHz, CDCl3) for 3-(1-benzyl-1H-1,2,3-triazol-4-yl)pyridine: δ 149.18, 147.03, 145.15, 134.44, 132.89, 
129.20, 128.89, 128.09, 126.86, 123.82, 119.99, 54.33.



Figure S29. Proposed Catalytic Mechanism for the CuAAC Reaction with Cu2H2DOBDC as a catalyst.

Table S1. ICP results of CuH2DOBDC and Cu2H2DOBDC

Sample Cu%

CuH2DOBDC 13.8

Cu2H2DOBDC 36.1

Table S2. EXAFS fitting parameters at the Cu K-edge of CuH2DOBDC and Cu2H2DOBDC.

Sample Path Na R(Å)b σ2 (Å2)c ΔE0(eV)d R factor

CuH2DOBDC Cu-O 6.21 ± 0.69 1.96 ± 0.012 0.008 ± 0.001 0.43 ± 1.56 0.0036

Cu2H2DOBDC Cu-O 4.01 ± 0.68 1.94 ± 0.015 0.006 ± 0.002 3.58 ± 2.04 0.0047

EXAFS fitting parameters at the Cu K-edge for various samples. (Ѕ0
2 =1.0)

aN : coordination numbers; bR : bond distance; cσ2 : Debye-Waller factors; dΔE0 : the inner potential correction. R factor: goodness 

of fit. Ѕ0
2 was set to 1.0, according to the experimental EXAFS fit of Cu foil reference by fixing CN as the known crystallographic 

value; 

δ: percentage.
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Table S3 Optimization of the reaction conditions for the catalytic reactions of benzyl azide with phenylacetylenea

Entry Catalyst Amount (mg) Temperature(°C) Yield(%)b

1 Cu2H2DOBDC 10 RT 26

2 Cu2H2DOBDC 10 60 74

3 Cu2H2DOBDC 10 80 99

4 Cu2H2DOBDC 5 80 79

5 CuH2DOBDC 10 80 39

6 No catalyst 0 80 19

aReaction conditions: benzyl azide (1 mmol), phenylacetylene (2 mmol), amyl acetate (1 mmol), acetonitrile (4 ml) and reaction 

time (2.5 h). bIsolated yields were calculated by GC and the amyl acetate was employed as the internal standard.

Table S4 Summary of the previously reported Cu-based catalysts and the Cu2H2DOBDC catalyst for the Azide-Alkyne “Click” 
Reaction.

Catalyst Reaction Conditions Yield Reference

Cu2H2DOBDC 80℃, 2.5 h 99% This Work

[CuI
4(SiW12O40)(L)]·6H2O·2DMF 80℃, 24 h 99% 6

DE-CuBTC (CuICuII-BTC) 70℃, 6 h 100% 7

Cu3(Br)3(L) 70℃, 8 h >99% 8

Cu1/NC-800 RT, 12 h >99% 9

[Cu4Cl4L]·CH3OH·1.5H2O 60℃, 8 h 99% 10

Cu4(SiW12O40)(L)2(DMF)2 ]·2EtOH·DMF 80℃, 12 h 99% 11

saCu-2@mpgC3N4 130℃, 0.5 h 45% 12

Cu(I)-containing MONPs 50℃, 24 h >99% 13

Cu(PTZ)(NSA) 0.5·H2O 50℃, 2.5 h 94% 14

[2Cu(L)(A)·3H2O]n 80℃, 24 h >99% 15
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