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Figure S1: O 1S, C 1S, N 1S regions of the XPS spectra of the Ce-UiO-66-X series (X=NH,, OH, H,
NO,, COOH).
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Figure S2: Pseudo-second order kinetic fits for adsorption by UiO-66-X(OH. NO,, COOH, H,

NH>), a)MB, b)RhB, ¢) CR, d) AR.
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Table S2: Kinetic parameters of adsorption of cationic and anionic dyes by Ce-UiO-66-X.

Pseudo-first order Pseudo-second order

MOFs Dye ki (minl) ge(mgg?) R? k2 (gmg'minl)  Qe(mg.gl) R

Ce-Ui0-66-OH MB 4.4x102 50.46 0.996 1.1 x 1072 18.05 0.960
Ce-Ui0O-66-NO- MB 7.5x102 60.78 0.994 7.7 %107 3.92 0.992
Ce-Ui0-66-COOH MB 4.0x 102 16.66 0.997 1.6 x 102 14.28 0.980
Ce-UiO-66-H MB 4.7x10% 16.43 0.996 2.1x10% 149.25  0.994
Ce-Ui0O-66-NH: MB 5.6x102 950 0.999 2.5x 107 10.75 0.984
Ce-Ui0-66-OH RhB 5.4x102 36.79 0.988 79x103 126.58  0.993
Ce-Ui0-66-NO- RhB 4.3 x102% 97.07 0.981 1.8 x 1073 61.72 0.896
Ce-Ui0-66-COOH RhB 5.3 x102 4295 0.995 4.0 x 102 325 0.922
Ce-Ui0O-66-H RhB 5.6 X102 91.26 0.996 6.7 x 102 3.82 0.774
Ce-Ui0O-66-NH: RhB 3.3x102 38.64 0.991 1.0 x 1072 29.49 0.985
Ce-Ui0O-66-OH CR 6.6x10% 82.65 0.996 6.7 x 102 28.75 0.951
Ce-Ui0-66-NO- CR 14x10?% 68.58 0.998 8.0x 103 12.74 0.934
Ce-Ui0-66-COOH CR 3.2x102 98.80 0.995 6.9 x 103 13.60 0.770
Ce-Ui0O-66-H CR 80x102 77.44 0.999 3.0 x 102 7.93 0.828
Ce-Ui0O-66-NH: CR 46x102 146.58 0.997 7.0 x 102 3.324 0.780
Ce-Ui0O-66-OH AR 57x10?% 5437 0.995 9.5x 103 18.72 0.957
Ce-Ui0-66-NO- AR 45x102% 5413 0.992 1.0 x 1072 10.78 0.868
Ce-Ui0-66-COOH AR 26x102 73.75 0.977 4.2 x 103 6.64 0.862
Ce-Ui0O-66-H AR 3.7x102% 99.59 0.999 4.6 x 102 4.47 0.834

Ce-Ui0O-66-NH: AR 42x10?% 74.16 0.996 3.7 x 102 4.79 0.865
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Figure S3: Nitrogen adsorption—desorption isotherms of Ce-UiO-66-X (X=COOH, OH, NH,, NO2, H).
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Figure S4a-t: Photocatalytic activities of Ce-UiO-66-X (NHz, OH, H, NO2, COOH) measured
in UV, visible, and dark by two cationic (MB, RhB) and two anionic dyes (CR, AR) in 60 min.
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Figure S8: Recyclability measurements of Ce-UiO-66-X (X=NH, OH, H) over 5 cycles in AR and CR, under UV and visible light irradiation at room
temperature, a) Ce-UiO-66-NH; in CR under UV light, b) Ce-UiO-66-OH in CR under UV light, ¢) Ce-UiO-66-H in CR uner UV light, d) Ce-UiO-66-NH; in
CR under visible light, e) Ce-UiO-66-OH in CR under visible light, f) Ce-UiO-66-H in CR under visible light, g) Ce-UiO-66-NH; in AR under UV light, h) UiO-
66-OH in AR under UV light, i) Ce-UiO-66-H in AR under UV light, j) Ce-UiO-66 in AR under visible light, k) Ce-UiO-66-OH in AR under visible light, I) Ce-
UiO-66-H in AR under visible light.
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Table S3: Photocatalysis properties of MOFs reported in previous studies showing the method of synthesis, band gap, dyes, source of light, time, degradation

rates, recyclability, and stability. The missing entries are not reported in the original literature.

Material syntw:;ir;(/)t?rr?; h) Band gap (eV) Dye(s) lIrradiation  Time (min) Iﬁer%gd(aoz)o Recz/rﬁlsglllty Stability (h) Ref
Cu(Il)-pyrazole MOF  Solvothermal/72 2.031 MB-MO uv 120 90 - 1.5 2
g-CsN4/MIL-125 Solvothermal/48 3.1 RhB Visible 60 100 5 5 8
g-CsN4/MIL-53(Al) Stirring/12 2.64 RhB Visible 75 100 5 6.2 4
Agl/Ui0-66(Zr) - 2.83 RhB Visible 60 100 5 5 5
Ag/AgCl/ZIF-8 Stirring/13 0.5 RhB Sun 16 100 6 1.4 6
TiO; Microwave 2.05 RhB Visible 300 60 - - !
g-CsN4/Ui0O-66 (Zr) Solvothermal/24 3.74 RhB Visible 180 100 4 12 8
TiO./GO (7/11) Stirring/12 - MB Visible 20 90 3 1 o
UiO-66(Ce/Ti) Reflux/3 2.84 TC Visible 60 80 3 3 1o
NNU-15(Ce) Solvothermal/72 2.11 RhB Visible 12 95 5 1 1
UiO-66 Solvothermal/24 3.91 RhB-CR Vis 120 10 - - 12
UiO-66(NH>) Solvothermal/24 2.83 RhB-CR Vis 120 10 - - 12
UiO-66(0OH); Solvothermal/24 2.69 RhB-CR Vis 120 70 - - 12
UiO-66(SH). Solvothermal/24 2.75 RhB-CR Vis 120 70 - - 12
UiO-66(Br) Solvothermal/24 3.69 RhB-CR Vis 120 70 - - 12
UiO-66(NH>) Solvothermal/24 2.90 Cr(1Vv) Vis 120 100 20 38 13
NH,-MIL-101(Fe) Solvothermal/48 1.32 RhB Vis 180 100 4 16 14
UiO-66(NH>) Solvothermal/24 2.83 MB uv 120 97.7 - - 15
BiOBr@UiO-66 Solvothermal/24 2.9 RhB Vis 30 100 6 - 16

TC= tetracycline
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Figure S9: Thermogravimetric analysis of Ce-UiO-66-X materials measured in air (heating
rate 10 °C min™)

The chemical formula of the materials can be written as:
Ces04(0OH)4(BDC-X)s-n(OH)2n(H20)2n- (solvent)x

Where solvent = DMF and water, and the ligand defects are charge balanced by hydroxide
ions with additional water to complete the coordination sphere of Ce.

This can be written as:

Ces04(OH)4(BDC-X)n(OH)2(n-6)(H20)2(n-6)-(S0lVent)x

The UiO-66 mass loss to ~ 350°C is the elimination of the water and other solvent trapped in
the pores and dehydroxylation of the clusters.

Ces04(OH)4(BDC-X)n(OH)2(n-6)(H20)2(n-6)-(S0lvent)x = CegOs(BDC-X)n(O)e-n + solvent +
H20

This assumes the charge is balanced by some retained oxide taking the place of linker defects,
and the other oxygen sites are vacant. Upon continued heating the remaining hydroxide and
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the ligand is lost to yield CeO> above 500 °C. Note that continued heating gives further loss
of oxygen to yield CeO2.y.

Thus, irrespective of the amount of solvent present initially the unknown value n can be
determined from the mass losses at each step: the results are shown in Table 4 of the main text.
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90 A 90
X -y ———— = &
S 807x,=83.48| Ces0,(BDC-NH,),(O)g,, 2%
= = £
£ 70 formulg mass= M, s 70
DE: Ce-UiO-66-NH, nE:
o 601 » 60
7] (9]
® O
= 50 = 50
TR R B S g =
401 x,=42.15 CeO, 40
30 T T T T r T T T T
100 200 300 400 500 600 700 800 900 1000
Temperature (°C)
Pt s ool sl Uoshla e i) bl iagat B I o JTAL
90 1 90 4
B o g i i i i i =
D go Ces0,(BDC-H),(O)s., £ 801
£ formula mass= M £
© _ 2 g 704
nE: 70 Ce-Ui0-66-H I
® ® 60 -
© 60 g
=
50 -
50 4
 X,=4614 CeO 407
40| Xz=46.14 >

100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

Ce0,(OH),(BDC-OH),(H,0)(DMF)(H,0), formula mass= M,

Ce0,(BDC-OH)(O)q.,
formula mass= M,
Ce-UiO-66-OH

1

CeO,

100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

Ce0,(0OH),(BDC-NO,),(H,0)(DMF)(H,0), formula mass= M,

Ceg0,(BDC-NO,),(0O)g.
formula mass= M,
Ce-Ui0-66-NO,

X,= 96.05

CeO,

100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

e 100 - Cez0,4(OH),(BDC-COOH),(H,0)(DMF)(H,0), formula mass= M,

©
o
1

©
o

Mass Rmaining/%
3 o

[9)]
o
1

N
o

Cez0,(BDC-COOH),(O)g.p,
formula mass= M,
Ce-Ui0-66-COOH

w
o

CeO,

100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

Figure S10: Thermogravimetric analysis of Ce-UiO-66-X materials measured in air (heating

rate 10 °C min'!) with observed % mass losses indicated. The results of analysis are shown in
Table 4 of the main paper.
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TOC analysis was performed using a Shimadzu analyzer. The clear solution remaining after
photocatalytic degradation of 15 mg of Congo Red in 200 mL water using 25 mg of the material
Ce-UiO-66-NH was analysed.

The initial carbon content of the Congo Red solution was equivalent to 8.27 mg in 200 mL (CR
contains 55 % carbon by mass).

160 mL of the product solution was diluted with 800 mL deionised water for TOC analysis,
and this gave a result of 1.66 ppm.

The maximum carbon content possible in the diluted solution is (160/200)*8.27 mg in 960 mL
=6.89 mg L = 6.89 ppm.

Therefore around 25 % of the original carbon is present in solution as soluble carbon species.
The remainder may have been lost as CO, or have been adsorbed by the MOF.
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