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Materials and methods. 

All chemicals were used as purchased. H2bpydc1, UiO-67-bpy2, UiO-67-MQ3 and EDT4 were 

synthesized according to literature procedures. General physical methods are described in the 

supporting information. 

Physical methods. 1H NMR spectra were recorded on a Bruker Advance 400 MHz 

spectrometer. The FT-IR spectra were recorded in the range 500-4000 cm-1 using KBr pellets 

on a Nicolet NEXUS 670 spectrophotometer. Powder X-ray diffraction (PXRD) at ambient 

pressure was recorded on a Rigaku D/Max-2500 diffractometer at 35kV, 25mA for a 

Cu-target tube and a graphite monochromator. UV-vis diffuse reflectance spectra were 

measured using a SHIMADZU UV-2700 spectrophotometer, with BaSO4 plates as references 

(100% reflection). Fluorescence spectra were recorded on a Hitachi F-4500 

spectrofluorometer. Scanning electron microscopy (SEM) was performed on a Hitachi S-4800 

microscope. Nitrogen adsorption and desorption isotherm measurements were performed on a 

Micromeritics ASAP2020 analyzer at 77K. Thermogravimetric analysis (TGA) experiments 

were performed on a NETZSCH STA 449 F3. Room-temperature X-band electron spin 

resonance (ESR) spectroscopy was performed using a Bruker Elexsys580 spectrometer with a 

100 kHz magnetic field. 

Electrochemical methods. Cyclic voltammetry (CV) was carried out with a CHI 604E 

workstation (Shanghai CH Instrument Company, China) with a three-electrode system, where 

the counter, reference and working electrodes are a platinum wire, an Ag/AgCl electrode and 

a modified glassy carbon electrode (GCE), respectively. For preparation of the modified GCE, 

a bare GCE (3mm) was polished with slurry alumina (1.0, 0.3 and 0.05 mm, respectively), 

sonicated and washed thoroughly with ethanol and double deionized water. 1 mg of a MOF 

was dispersed in the mixture of 0.1mL deionized water and 10 μL Nafion (5%) by 

ultrasonication to form a suspension. Then 2.5 L suspension was drop-coated onto the GCE 

and then the electrode was dried in air. 

Preparation of anion test papers. The filter paper was cut into strips of 0.5 × 2 cm2. The 

strips were dipped into a dispersion of UiO-67-DQ-TfO in water (10 mg/mL, uniformly 

dispersed by ultrasonication) for a few seconds and then left to dry at room temperature. The 

dip-coating and drying procedure was repeated for three times. No indication of falling off 

was observed during the use of the test paper. 
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Table S1 Formal potentials, onset potentials of the first reduction peaks, HOMO and LUMO 

energies and band gaps of UiO-67-DQ-X and UiO-67-MQ-X. a 

 

 E1 

[V] 

E2 

[V] 

ERed
Onset 

[V]  

Eg 

[eV] b 

LUMO 

[eV] c 

HOMO 

[eV] d 

UIO-67-DQ-Cl- 

UIO-67-DQ-Br- 

UIO-67-DQ-SCN- 

UIO-67-DQ-I- 

UIO-67-DQ-TfO- 

UIO-67-MQ-Cl- 

-0.335 

-0.345 

-0.347 

-0.349 

-0.363 

-0.670 

-0.718 

-0.721 

-0.710 

-0.706 

-0.711 

-1.017 

-0.231 

-0.245 

-0.246 

-0.251 

-0.260 

-0.546 

3.30 

2.94 

2.36 

2.19 

3.47 

3.48 

-4.47 

-4.46 

-4.45 

-4.45 

-4.44 

-4.15 

-7.77 

-7.40 

-6.81 

-6.64 

-7.91 

-7.63 

UIO-67-MQ-Br- -0.666 -1.040 -0.518 3.38 -4.18 -7.56 

UIO-67-MQ-SCN- -0.662 -1.037 -0.559 2.93 -4.14 -7.07 

UIO-67-MQ-I- -0.654 -1.010 -0.542 2.65 -4.16 -6.81 

UIO-67-MQ-TfO- -0.651 -1.028 -0.463 3.51 -4.24 -7.75 

a Potentials are reported vs Ag/AgCl. b Band gap calculated from the onset wavelength (onset, 

nm) of the UV-vis spectrum using Eg = 1240/onset.
5 For the compounds with appreciable  

CT absorption, Eg is assumed to be the CT transition energy (CT), which is used in Figures 4 

and S10. c Calculated using ELOMO = -( ERed
Onset + 4.70)(eV)6. d HOMO = LUMO - Eg. 

  



S-4 

 

 

Figure S1. IR spectra of the MOFs before and after modification. 

 

 

 

 

 

 
Fig S2. 1H NMR spectra of UiO-67-bpy and UiO-67-DQ. The spectra were recorded with the 

solutions obtained by digesting the solids with HF (aq.)/d6-DMSO (1/40, v/v). 
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Figure S3. SEM pictures of UiO-67-DQ in different resolutions. 

 

 

 

Figure S4. Top: Thermogravimetric plot of UiO-67-DQ. Bottom: PXRD profiles for 

UiO-67-DQ (as synthesized and after annealling at 300C for 30 min).  
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Figure S5. IR spectra of (a) UiO-67-DQ and (b) UiO-67-MQ before and after ion-exchange. 
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Figure S6. PXRD patterns of UiO-67-MQ-X. 

 

 

 

Figure S7. PXRD patterns of UiO-67-DQ after consecutive exchange cycles between 

CF3SO3
- and I-. 
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Figure S8. The color change of UiO-67-MQ-X before and after illuminated under a xenon 

lamp. 

 

 

 

Figure S9. UV-vis spectra of UiO-67-MQ-X. 
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Figure S10. Milliken plots including both UiO-67-DQ-X and UiO-67-MQ-X (X = 

(pseudo)halides). CT is the CT transition energy, E = E(X-/X) - E(Q2+/Q-) with Q = MQ 

and DQ. 

 

 

 

 

 

Figure S11. UV-vis spectra of UiO-67-MQ-X after illuminated under a xenon lamp. 
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Figure S12 (a) Fluorescence spectra of different MOFs and their ligands. H2bpydc = 

2,2’-bipyridyl-5,5’-dicarboxylic acid, [H2MQdc]Cl2 = 1,1’-dimethyl-5,5’-dicarboxy-2,2’- 

bipyridinium dichloride, [H2DQdc]Cl2 = 1,1’-ethylene-5,5’-dicarboxy-2,2’-bipyridinium 

dichloride. (b) Fluorescence spectra of MQ(TfO)2 and DQ(TfO)2. 

 

 

 

 

Figure S13 Fluorescence spectra of UiO-67-MQ-X before (a) and after (b) irradiation. 
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Figure S14. Cyclic voltammograms of UiO-67-MQ-X in corresponding salt solution (0.1 M, 

KCl, KBr, KI, KSCN and NaOTf). Scan rate  = 100 mV s-1. 

 

 

 

 

 

 

Figure S15. Left: PXRD pattern of the solid centrifuged from the UiO-67-DQ/water 

suspension. Right: Fluorescence spectra of the UiO-67-DQ/water suspension (a) and the 

superantant after centrifugation (b). 
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Figure S16. Color response of UiO-67-DQ/EtOH suspensions to different anions. 

 

 

 

Figure S17. (a) Color response of UiO-67-MQ/EtOH suspensions to anions. (b) Fluorescence 

intensity (423 nm) of UiO-67-MQ/EtOH dispersions in response to anions (4 x 10-3 M). 
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Figure S18. Fluorescence spectra of the UiO-67-DQ/H2O (a) and UiO-67-MQ/H2O (c) 

dispersions in response to KI. The variation of I0 /I (at 423 nm) of UiO-67-DQ/H2O (b) and 

UiO-67-MQ/H2O ( d) with the concentration of iodide. 

 

 

 

Figure S19. Fluorescence spectra of UiO-67-DQ for different input combinations of the NOR 

gate. 
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Figure S20. Fluorescence spectra of UiO-67-DQ for INHIBIT and IMPLICATION gates. 

 

 

 

 

 

Figure S21. UiO-67-MQ-based 3-input operation integrating INHIBIT and OR/NOR logic 

gates based with BA (BA = butylamine), H+ and I- as inputs. (a) UV-Vis spectra measured 

with test papers for different input combinations. (b) Fluorescence spectra for different input 

combinations. (c) Truth table, pictures of the test papers and column plots for different 

outputs. (d) Logic circuits. 
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Figure S22. Fluorescence spectra of UiO-67-MQ for different input combinations of the 

5-input logic circuit successively integrating OR, INHIBIT and NOR gates. 
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