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Fig. S1 FTIR spectra of H3BTC and MOF-808(Zr/Ce). 



 
Fig. S2 UV–vis spectra of (a) TMB solution, (b) TMB + MOF-808(Zr) solution, (c) 

TMB + MOF-808(Zr/Ce) solution, (d) TMB + MOF-808(Zr/Ce) solution + phosphate 

solution, (e) TMB + MOF-808(Ce) solution. (Reaction conditions: TMB concentration: 

186 μM; catalyst: 279 mg mL-1; incubation time: 10 min).



Fig. S3 The underlying process for MOF-808(Zr/Ce) catalyze oxidize TMB reaction.



Fig. S4 Effect of the ratio of Zr4+/Ce4+ for phosphate detection. The left Y-axis represent 
A654 of the mixture in the absence and presence of phosphate The right Y-axis represent 
Api-A0 (Api : A654 in the presence of phosphate; A0: A654 in the absence of phosphate.).



Fig. S5 Effect of (a) reaction time, (b) incubate temperature, (c) catalysts concentration, 
and (d) pH for Pi detection. The left Y-axis represent A654 of the mixture in the absence 
and presence of Pi. The right Y-axis represent Api-A0 (Api : A654 in the presence of Pi; 
A0: A654 in the absence of Pi.). Reaction conditions: concentration of TMB is 186 μM.



Fig. S6 EPR spectra of MOF-808(Zr/Ce) (a) in the absence and (b) in the presence of 

phosphate.



 
Fig. S7 Phosphate adsorption plot of lnKϴ versus 1/T for estimation of thermodynamic 
parameters.



 
Fig. S8 Effects of the pH on phosphate adsorption of MOF-808(Zr/Ce). The initial pH 
value is 2.5, 4.2, 6, 7.8, and 10.4. The pH value is 5.1 when the concentration of Pi is 
50 mg L-1.



Fig. S9 XRD spectra of MOF-808(Zr/Ce) and MOF-808(Zr/Ce) +Pi.



Fig. S10 SEM image of MOF-808(Zr/Ce) after phosphate adsorption.



Fig. S11 BET isotherms of MOF-808(Zr/Ce) before and after phosphate adsorption.



Fig. S12 Reusability of MOF-808(Zr/Ce) for P (50 mg·L−1, 10 h) adsorption from water 

after NaOH washing. 



Table S1 EDS elemental analysis of MOF-808(Zr/Ce).
Atomic %Element 1 2 3 Mean %

C 41.49 47.35 45.83 44.89
O 43.47 41.11 41.22 41.93
Zr 8.48 6.33 7.02 7.28
Ce 6.56 5.22 5.92 5.90



Table S2 List of phosphate detection performance by different material and method.

Material Method Linear range 
(μM)

LOD 
(μM) Ref.

MS-Ag nanoplates Colorimetric 6.1-183 2 1

Eu/Ce/UiO-66-(COOH)2 Fluorescent 0.3-20 0.247 2
Mn-ZnS-QDs/Ce3+ 

nanohybrids Fluorescent 8-320 2.71 3

Au NPs-CTAB Luminescence 11.7-750 3.8 4

Reagentless paper-based Electrochemical Up to 300 4 5

Oxidized UiO-66(Ce/Zr) Colorimetric 33.3-666.7 11.1 6

MOF-808(Zr/Ce) Colorimetric 11-581 3.7 This 
work



Table S3 Kinetic model parameters of MOF-808(Zr/Ce) for phosphate adsorption.
Kinetic models parameters
Pseudofirst-order kinetic

qe(mg g-1) 14.9
k1 (min-1) 0.0089

R2 0.974
Pseudosecond-order kinetic

qe (mg g-1) 23.7
k2 (g mg-1 min-1) 0.0017

R2 0.9990
Intraparticle diffusion kinetic

kp,1 (g mg-1 min-1/2) 1.70333
R2 0.95966

kp,2 (g mg-1 min-1/2) 0.56232
R2 0.94611

kp,3 (g mg-1 min-1/2) 0.00888
R2 0.67726



Table S4 Parameters of isotherm models of MOF-808(Zr/Ce) for phosphate adsorption.
Isotherm models parameters 298 K 308 K 318 K

Langmuir 298 K 308 K 318 K
qm (mg g-1) 54.9 65.1 68.5
KL (L mg-1) 0.054 0.062 0.070

R2 0.97966 0.98239 0.98202
Freundlich 298 K 308 K 318 K

KF ((mg·g-1) · (L mg-1)1/n) 9.60 11.42 13.28
1/n 0.35 0.36 0.34
R2 0.95616 0.96441 0.97442

Temkin 298 K 308 K 318 K
BT 10.21 12.18 11.88

KT (L mg-1) 0.89 1.03 1.43

bT (J mol-1) 242.68 211.25 222.56

R2 0.91992 0.92963 0.92836



Table S5 Thermodynamic parameters of phosphate adsorption onto MOF-808(Zr/Ce).

T (K) Kϴ ΔGϴ (kJ mol-1) ΔHϴ (kJ mol-1) ΔSϴ (J mol-

1·K-1)
298 1674 -9.91
308 1922 -10.52
318 2077 -11.14

8.52 61.83



Table S6 Adsorption capacity of phosphate on MOF-808(Zr/Ce) and other adsorbents.

Adsorbent qe (mg P g-1) pH
Temperature

(°C)
Reference

Fe3O4/lignin bio-activated carbons 21.18 7 25 [7]

La/Fe3O4-BC 10.82 6.5 25 [8]

NH2-MIL-100(Fe) 32.14 7 20 [9]

Fe3O4@MgAl-LDH@La(OH)3 66.5 7 25 [10]

UiO-66-NH2 50.5 5.5 40 [11]

MOF-808(Zr/Ce) 54.9 5.1 25 This work
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