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Fig.S1 Comparison of the preparation process for Zr-MOCs based on sonochemical method and 

traditional solvothermal method.

Fig.S2 PXRD under varying synthesis conditions: (a) 150 W, 30 ℃, 40 kHz; (b) 75 W, 60 ℃, 40 
kHz; (c) 75 W, 30 ℃, 40 kHz.

Fig.S3 FT-IR under varying synthesis conditions: (a) 150 W, 30 ℃, 40 kHz; (b) 75 W, 60 ℃, 40 
kHz; (c) 75 W, 30 ℃, 40 kHz.



Fig.S4 Pore size of ZrT-1(a) and ZrT-1-OH(b)

Fig.S5 SEM images of ZrT-1 (a-d) and ZrT-1-OH (e-h) under a power of 75 W: (a,b) ZrT-1, 60 
℃, 40kHz; (c,d) ZrT-1, 30 ℃, 40kHz; (e,f) ZrT-1-OH, 60 ℃, 40kHz; (g,h) ZrT-1-OH, 30 ℃, 

40kHz



Fig.S6 Color change of TAR solution and Zr-MOCs before and after adsorption.

Table.S1 Comparison of adsorption capacity for TAR between synthesized Zr-MOCs and 
reported materials.

Adsorbent Qmax 
(mg/g) pHoptimun

C
(mg/ 
L)

T
(◦C)

teq
(min)

SBET
(m2 /g)

Kinetic 
model

Isotherm 
model Refs.

Porous chitosan 

sponge 
373.7 6.0 400 25 30 1150.0

PSO

and

Elovich

- 1

Multi-walled 

carbon nanotubes
85.09 3.0 50 25 60 - PSO Langmuir 2

Activated red mud 
136.98 8.0 100 20 30 - PSO Langmuir 3

Cu-DTO MOF 309.2 2.0 25 50 30 119.6 PSO Freundlich 4

Chitosan-grafted 

Polyaniline
584.0 7.2 400 25 120 - PSO Freundlich 5

Double-layered 

hydroxide (ZnCl2, 

AlCl3) 

282.48 6.0 40 25 60 - PSO Langmuir 6

Co3O4 

nanoparticles
204.3 4.0 100 40 90 - PSO Freundlich 7

UiO-66@PVDF 

MOF beads
77.51 2.0 40 50 120 360.74 PSO Langmuir 8

ZrT-1 238.6 3.0 50 25 65 424.2033 PSO Langmuir
This 

work

ZrT-1-OH 225.3 3.0 50 25 65 853.7193 PSO Langmuir
This 

work



Fig.S7 Curves of pseudo-first-order (a) and pseudo-second-order (b) kinetics of TRA for Zr-
MOCs.

Table S2 The equilibrium capacities, pseudo-second-order rate constant, pseudo-second order rate 
constant and R2 values of Zr-MOCs for dyes adsorption.

Adsorbent 
Dye

Pseudo-first-order Pseudo-second-order

qe (exp)(mg/g) K1 qe (cal)(mg/g) R2 K2 qe (cal)(mg/g) R2

ZrT-1 224.31653 -0.0719 40.45 0.868 -0.00442 226.244 0.999
ZrT-1-OH 210.11212 -0.0972 160.29 0.934 -0.00454 220.26 0.996

Fig.S8 ZrT-1 (a) and ZrT-1-OH (b) fitting by Langmuir isotherm model and Freundlich isotherm 
model.

Table S3 Parameter values for different kinetic models

Langmuir isothermal Freundlich isothermal
KL qmax R2 KF 1/n R2

ZrT-1 5.44 241.9 0.96 175.85 0.1057 0.78
ZrT-1-OH 8.2 217.7 0.98 172.37 0.0736 0.82



Fig.S9 Fitting by intra-particle diffusion kinetic models (a) and adsorption thermodynamic models 
(b).

Table S4 Thermodynamic parameters for the adsorption of TAR using ZrT-1 and ZrT-1-OH.

△G/ KJ mol-1 

298K 308K 318K
△H/KJ mol-1 △S/ KJ mol-1k-1 

ZrT-1 -22.7 -22.1 -21.5 -41.1 -0.06

ZrT-1-OH -18.7 -18.5 -18.2 -26.8 -0.03

Fig.S10 The adsorption capacity of Zr-MOCs for four pollutants.

Fig.S11 FT-IR spectra of ZrT-1 (a) and ZrT-1-OH (b) before and after adsorption, along with 
XRD patterns (c) for comparison before and after adsorption.



Fig.S12 Adsorption capacity of ZrT-1 (a) and ZrT-1 (a) ZrT-1-OH (b) under different cycles.
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