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1- Materials and Methods

1.1 Synthesis of [bis(2,2’-bipyridine,N;,N)( 5,5’-dicarboxy-2,2’-bipyridine-)ruthenium(II)] -

dichloride [Ru(bpy),(dcbpy)]Cl.

[Ru(bpy).(debpy)]Cl, was synthesized according to the published article.! Briefly, [Ru(bpy),Cl,]
(160 mg, 0.33 mmol), (2,2’-bipyridine)-5,5’-dicarboxylic acid (101 mg, 0.42 mmol), EtOH (10
mL), and H,O (10 mL) were mixed and refluxed under N, atmosphere for 12 h. After cooling, the

mixture was concentrated and the solid was recrystallized in MeOH/diethyl ether mixture.
1.2 Adsorption experiments

The Cr(VI) adsorption data over various MOFs was fitted by the pseudo-second-order

equation, which is expressed as:
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where ¢ (min) is adsorption time; g, (mg/g) and g, (mg/g) are the amount of the
adsorbed Cr(VI) species at time ¢ (min) and at equilibrium, respectively; &, (g/(mg
min)) represents the pseudo-second-order adsorption rate constant and can be

calculated from the slope and intercept of plot #/¢, versus ¢.

Based on the pseudo second-order kinetic model, the initial adsorption rate 4 (mg/(g

min)) and half-adsorption time #,, (min) were calculated according to the following

equations:

h= k2Q62 (2)
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1.3 Photocatalytic reduction experiments

The pseudo-first-order kinetics of Langmuir-Hinshelwood was used to evaluate the

reaction kinetics of Cr(VI) reduction, which is expressed as following.
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where Cy and C, (mg g!) are the adsorption capacity of Cr(VI) at 0 and time ¢,
respectively, and k; (min~!) is the rate constant of the pseudo first-order model. Cy and

C; are the concentration of Cr(VI) in reaction solution at initial time #, and ¢,

respectively, and k; is the apparent first-order rate constant.

2- Chracterization
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Figure S1. PXRD patterns of UiO-bpy, Ru-UiO-bpy(0.5), Ru-UiO-bpy(1), and Ru-

UiO-bpy(2), respectively.
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Figure S2. PXRD patterns of UiO-bpy, Ru-UiO-dmbpy(0.5), Ru-UiO-dmbpy(1), and

Ru-UiO-dmbpy(2), respectively.
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Figure S3. FT-IR spectra of UiO-bpy, Ru-UiO-bpy(0.5), Ru-UiO-bpy(1), and Ru-

UiO-bpy(2), respectively.
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Figure S4. FT-IR spectra of UiO-bpy, Ru(bpy), Ru-UiO-bpy(1), Ru-UiO-dmbpy(0.5),
Ru-UiO-dmbpy(1), and Ru-UiO-dmbpy(2), respectively.
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Figure S5. Pore size distributions of UiO-bpy, Ru-UiO-bpy(1), and Ru-UiO-

dmbpy(1), derived from N, sorption isotherms based on the DFT model.
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Figure S6. (a) N, sorption isotherms and (b) Pore size distributions of Ru-UiO-

dmbpy(0.5), Ru-UiO-dmbpy(1), and Ru-UiO-dmbpy(2), respectively.
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Figure S7. Solid state UV-visible diffuse reflectance spectra of Ru-UiO-bpy(0.5), Ru-
UiO-dmbpy(0.5), Ru-UiO-bpy(1), Ru-UiO-dmbpy(1), Ru-UiO-bpy(2), and Ru-UiO-

dmbpy(2), respectively.
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Figure S8. '"H NMR spectrum of [Ru(bpy),(dcbpy)]Cl,.
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Figure S9. 'H NMR spectra of HF-digested Ru-UiO-bpy(1) and Ru-UiO-dmbpy(1).
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Figure S10. 'H NMR spectrum of HF-digested Ru-UiO-dmbpy(1) in d¢-DMSO. Red
pentagons and black tetragons correspond to the signals of H,bpydc and

[Ru(bpy),(dcbpy)]Cl,, respectively.

Table S1. ICP results of Ru-UiO-dmbpy.

Samples Zr (wWt%) Ru (wt%) Cr (wt%) nRW/Nz; nz/NRy
Ru-UiO-dmbpy(0.5) 13.98 0.85 - 0.0548 17.9
Ru-UiO-dmbpy(1) 14.86 0.92 - 0.0558 18.2
Ru-UiO-dmbpy(2) 13.38 1.40 - 0.0943 10.6

Recycled Ru-UiO-dmbpy(1)  15.26 0.927 0.0458 0.0942 21.8
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Figure S11. Effect of the contact time on the Cr,O,* removal over UiO-bpy, Ru-UiO-

bpy(1), and Ru-UiO-dmbpy(1).
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Figure S12. The pseudo-second-order kinetic fitting results of the Cr,O,* adsorption

over UiO-bpy, Ru-UiO-bpy(1), and Ru-UiO-dmbpy(1), respectively.

Table S2. The pseudo-second-order kinetic fitting results of the Cr,0,* adsorption

over UiO-bpy, Ru-UiO-bpy(1), and Ru-UiO-dmbpy(1).

Sample (kp, g/mg min) (g, mg/g) R? h (mg/g min) ¢, (min)
UiO-bpy 2.87x1073 52.1 0.9999 7.79 6.68
Ru-UiO-bpy(1) 2.12x1073 57.2 0.9994 6.93 8.24

Ru-UiO-dmbpy(1) 13.3x1073 102.0 0.9999 138.4 0.74




Table S3. Comparison of the catalytic performance of Ru(bpy), UiO-bpy, Ru-UiO-
bpy(1), and Ru-UiO-dmbpy(1).

Entry Photocatalysts scavenger pH  Cr(VI) Reduction (%) R?]ti?:il;tgm R2
1 Ru(bpy) - 3 30 0.002 0.946
2 UiO-bpy - 3 29 0.003 0.953
3 Ru-UiO-bpy(1) - 3 55 0.007 0.970
4 Ru-UiO-dmbpy(1) - 3 84 0.011 0.965
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Figure S13. Plots of In(Cy/Cy) versus reaction time for Cr(VI) reduction over various

hole scavengers.
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Figure S14. Plots of In(C/Cy) versus time for Cr(VI) reduction over various pH.
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Figure S15. Plots of In(Cy/Cy) versus time for Cr(VI) reduction over Ru-UiO-dmbpy.

Table S4. Comparison of the catalytic performance of Ru-UiO-dmbpy.

Rate constant

Entry Photocatalysts Scavenger pH Cr(VI) removal (%) R?
(ki, min)
1 Ru-UiO-dmbpy(1) BA 3 100 0.128 0.986
2 Ru-UiO-dmbpy(0.5) BA 3 100 0.025 0.994
3 Ru-UiO-dmbpy(2) BA 3 100 0.043 0.933
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Figure S16. Effect of the initial concentration of Cr,0O4% on the photocatalytic process.
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Figure S17. Effect of benzyl alcohol amount (as sacrificial agent) on the

photocatalytic reduction process.

Table S5. The effect of BA amount on the photoreduction preformance of Cr(VI)

over Ru-UiO-dmbpy(1).4

BA BA BA/Cr(VI) Cr(VI) Conversion
Entry Cr,0.* (ppm) Cr,0-,*(mL)
WL)  (pm)  (mol/mol) (%)
1 50 40 50 1300 35 57
2 50 40 100 2600 70 75
3 50 40 150 3900 105 82
4 50 40 200 5200 140 100
5 50 40 400 10400 280 100
@ irradiation by visible light for 60 min.
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Figure S18. XPS plot of Ru-UiO-dmbpy(1) that directly collected by centrifuged

after Cr(VI) reduction.
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Figure S19. PXRD patterns of the pristine and recycled Ru-UiO-dmbpy(1) samples.

Figure S20. SEM image of recycled Ru-UiO-dmbpy(1).
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Figure S21. N, sorption isotherms of the pristine and recycled Ru-UiO-dmbpy(1).
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Figure S22. EDS of the recycled Ru-UiO-dmbpy(1) sample.

Table S6. The concentration of Zr and Ru in the filtrate of reaction solution after

photocatalytic reaction.

Number of cycles Zr (mg/L) Ru (mg/L)

1 0.0146
2 0

3 0

4 0.009
5 0.0087
6 0.021

7 0.021

0.126

0.185

0.137

0.112

0.106

0.146

0.162
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Figure S23. (a) Mott-Schottky spectra, bandgap, and (b) Tauc plot of the Ru(bpy).

Table S7. Fluorescence lifetime of Ru-UiO-bpy(1), Ru-UiO-dmbpy(1), and Cr,0,*
@Ru-UiO-dmbpy(1) suspensions in DMF.

Sample 71 (8) Rel (%) 12(s) Rel (%) 13 (s) Rel (%) 1(s)

Ru-UiO-bpy(1) 4351E-9 190 1.414E-7  19.95 4.682E-7  78.15 3.942E-7
Ru-UiO-dmbpy(1) 2.092E-7 15.29 6.945E-7  84.71 - - 6.203E-7
Cr,07,>@Ru-UiO-dmbpy(1) 1.173E-8  9.90 6.049E-8  33.28 2.930E-7 56.82 1.878E-7

—— Ru-Ui0-dmbpy(1) dark
Ru-UiO-dmbpy(1) light 10 min
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Figure S24. EPR spectra of Ru-UiO-dmbpy(1l) before and after visible light

irradiation for 10 min (420-780 nm).



Table S8. Comparison of the catalytic performance of Ru-UiO-dmbpy(1) with some

MOF composites and some representative inorganic photocatalysts.

Initial Cr(VT) o Cr (V) Rate
Photocatalysts concentration Catalyst h:radlatfon reduction consta.nt Ref.
(mg/L) (g/L) time (min) %) (kl,ll)nm-

OH-TiO, 10 1.0 30 88 0.079 2
Bi,S5/C3Ny 20 1.0 60 90 0.022 3
g-C3N4/BiVO, 20 2.5 40 87 0.063 4
Fe-g-C5N4/MoS, 9.6 0.6 150 91.4 0.021 5
Ag-BiOCl 10 1.0 180 86 0.012 6
SrTiOs 4.8 1.0 240 99 0.028 7
BMO-S1 20 0.4 16 100 0.164 8
CdS-Znln,S, 50 1.0 30 100 0.179 0
NNU-36 10 0.375 60 95.3 0.0471 10
g-C;3N4/SnS,/Sn0O, 20 0.5 60 99 0.0417 1
Ag/AgCl@MIL-53(Fe) 10 0.4 240 99.4 0.0167 12
TiO,@NH,-MIL-88B(Fe) 58 0.5 35 98.6 0.0878 13
MIL-53(Fe) 20 1.0 40 66 0.0286 14
Fe(I)-2M1 23.8 0.1 75 100 0.021 15
MIL-68(In)-NH, 20 1.0 80 97 0.0368 16
H,TCPPc(I')Meim-UiO-66 48.2 0.25 30 100 0.1541 17
g-C3N4/Ui0-66 10 0.5 40 99 0.1102 18
JLU-MOF60 72 0.4 70 98 0.058 19
Pt@MIL-100(Fe) 20 1.0 8 100 0.5618 2

Ru-UiO-dmbpy(1) 24.1 0.25 30 100 0.128 This

work




Table S9. Comparison of photocatalytic reduction of Cr(VI) over reported MOF-

based catalysts.
Cr(VI) solution/Volume Reduction rate
Photocatalyst/amount Time Reduction
(mL)/concentration Sacrificial agent (Mcreviy/eata! Ref.
(mg) (min) efficiency (%)
(ppm)/pH min)
Benzyl alcohol This
Ru-UiO-dmbpy(1)/10 40/48.2/3.0 30 100 6.4
(0.2 mL) work
This
Ru-UiO-dmbpy(1)/10 40/48.2/3.0 No scavenger 30 87 5.6
work
H,TCPPc(I')Meim-UiO-
40/48.2/2.0 I 30 100 6.4 17
66/10
MoO5/ZIF-8/50 100/20 No scavenger 45 100 0.89 2
TiO,@NH,-MIL-88B Ammonium
40/58 35 96.8 1.1 13
(Fe)/20 oxalate
ZCP-5/20 100/20 No scavenger 60 89 1.7 2
g-C3N,/Ui0-66/100 200/10/2 No scavenger 40 99 0.5 18
JLU-MOF60/10 25/72/6 No scavenger 70 98 2.6 19
UiO-66-NH,(Zr/Hf)/20 40/5/2.0 No scavenger 120 98 0.08 B
[Cu,L,(BPEA)](DMF)4/15 40/4.8/3.09 MeOH 10 95 1.28 1
NNU-36/15 40/10/2.17 H,0, (1 M) 60 95.3 0.4 10
Ui0-66(NH,)/20 40/10/2.0 Methanol (0.1 mL) 80 97 0.2 2
Ammonium
MIL-53(Fe)/40 40/20/3.0 40 100 0.5 14

oxalate (5 mg)




Ag/AgCI@MIL-53(Fe)/10

MIL-68(In)-NH,/40

Ui0-66(NH,)/20

NH,-MIL-88B (Fe)/20

NH,-MIL-53(Fe)/20

NH,-MIL-101(Fe)/20

NH,-MIL-125(Ti)/20

NH,-MIL-125(Ti)/20

MIL-125(Ti)/20

NNU-37/25

MIL-101(Cr)@NH,-MIL-

125(Ti)/50

PA@Ui0-66(NH,)/20

Ui0-66(NH,)/20

RGO-Ui0-66(NH,)/20

HPMo@MIL-100(Fe)/20

MIL-100(Fe)/20

MIL-100(Fe)/40

AU@MIL-100(Fe)/40

25/10

40/20/2.0

40/10/2.0

40/8/2.0

40/8/2.0

40/8/2.0

50/48/2.1

50/48/2.1

50/48/2.1

40/10/2.09

50/10/2.1

40/10/2.0

40/10/2.0

40/10/2.0

40/20/4.0

40/20/4.0

40/20/4.0

40/20/4.0

No scavenger

Ethanol (0.2 mL)

Methanol (0.1 mL)

No scavenger

No scavenger

No scavenger

Ethanol (2 mL)

No scavenger

No scavenger

AgNO3 (1 mmol)

No scavenger

No scavenger

No scavenger

No scavenger

Ammonium

oxalate (5 mg)

Ammonium

oxalate (5 mg)

Ammonium

oxalate (5 mg)

Ammonium

oxalate (5 mg)

240

180

100

50

60

60

60

60

60

120

100

100

100

20

24

20

99.4

97

100

100

18

100

97

80

30

91.8

72

100

40

100

100

80

100

100

0.1

0.1

0.2

0.3

0.3

0.6

0.13

0.1

0.2

0.2

0.2

5.0

0.8

28

28

29

29

20




Ammonium

Pd@MIL-100(Fe)/40 40/20/4.0 16 100 1.3 20

oxalate (5 mg)

Ammonium

Pt@MIL-100(Fe)/40 40/20/4.0 8 100 2.5 20

oxalate (5 mg)

Ammonium

MIL-53(Fe)-RGO/40 40/20/4.0 80 100 0.3 3

oxalate (5 mg)

Ammonium

MIL-53(Fe)/40 40/20/4.0 80 80 0.2 3

oxalate (5 mg)
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