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Table S1 : Central composite design for the adsorption of indigo carmine, rhodamin B and 
orange 2.

N° Time
(min)

Concentration
(mg/L) pH Masse

(mg)
1. 30 20 2 20
2. 120 20 2 20
3. 30 200 2 20
4. 120 200 2 20
5. 30 20 10 20
6. 120 20 10 20
7. 30 200 10 20
8. 120 200 10 20
9. 30 20 2 80
10. 120 20 2 80
11. 30 200 2 80
12. 120 200 2 80
13. 30 20 10 80
14. 120 20 10 80
15. 30 200 10 80
16. 120 200 10 80
17. 30 110 6 50
18. 120 110 6 50
19. 75 20 6 50
20. 75 200 6 50
21. 75 110 2 50
22. 75 110 10 50
23. 75 110 6 20
24. 75 110 6 80
25. 75 110 6 50
26. 75 110 6 50
27. 75 110 6 50
28. 75 110 6 50

Table S2: Kinetic models in nonlinear forms

Kinetic models Non-linear forms Reference

Pseudo-first order 𝑄𝑡 = 𝑄𝑒[1 ‒ 𝑒𝑥𝑝( ‒ 𝐾1𝑡)] 1
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Table S3: Non-linear isotherms models forms 

Parameters Isotherms Non-linear forms References
Langmuir
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Langmuir separation factor (RL) :                                                                        Eq.S1 4
𝑅𝐿 =

1
1 + 𝐾𝐿𝐶𝑂

Table S4: Equations for error functions
Error function Abbreviation formula References
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Where N  is the number of experimental data points, Qecal (mg/g) is the theoretically 
calculated adsorption capacity at equilibrium, Qeexp (mg/g) is the experimental adsorption 
capacity at equilibrium, p denotes the number of parameter

ΔEgap = E LUMO - E HOMO                                                                                   Eq.S2 6                                                                                                                   
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Table S5: Summary of N2 adsorption-desorption analyses of NH2-UiO-66

Samples BET 
surface 
(m2.g-1)

Total pore 
volume 
(cm³.g-1)   

External 
surface area 
(m2.g-1)

Micropore 
area (m2.g-1)

Micropore 
volume 
(cm3.g-1)

NH2-UiO-66 1156.62 0.66884 305.58 851.03 0.440253

Table S6: Central composite design for the adsorption (residual) of Indigo carmine, 
Rhodamin B and Orange 2.

Y1: Adsorption 
of Indigo 

carmine (mg/g)

Y2: Adsorption 
of Rhodamin B 

(mg/g)

Y3: Adsorption of 
Orange II (mg/g)

N° Time
(min)

Concentrati
on

(mg/L)
pH Masse

(mg) Residual Residual Residual

1. -1 -1 -1 -1 1.94 0.83 11.7
2. +1 -1 -1 -1 -1.1 0.84 -2.05
3. -1 +1 -1 -1 1.33 3.07 -10.9
4. +1 +1 -1 -1 0.43 -6.24 3.96
5. -1 -1 +1 -1 -7.66 -1.79 1.21
6. +1 -1 +1 -1 6.32 1.17 -11.36
7. -1 +1 +1 -1 -2.1 0.77 9.94
8. +1 +1 +1 -1 9.51 -0.35 16
9. -1 -1 -1 +1 -11.68 -2.32 -15.353
10. +1 -1 -1 +1 3.2 1.61 -6.67
11. -1 +1 -1 +1 -5.22 1.21 14.62
12. +1 +1 -1 +1 5.49 -0.88 -0.56
13. -1 -1 +1 +1 0.67 8.62 -0.69
14. +1 -1 +1 +1 -3.5 -5.74 11.55
15. -1 +1 +1 +1 -1.07 -3.51 2.71
16. +1 +1 +1 +1 -0.83 1.55 -8.44
17. -1 0 0 0 23.79 -6.88 -13.24
18. +1 0 0 0 -19.52 8.04 -2.43
19. 0 -1 0 0 11.81 -3.22 11.67
20. 0 +1 0 0 -7.55 4.38 -27.34
21. 0 0 -1 0 5.6 1.87 5.25
22. 0 0 +1 0 -1.33 -0.71 -20.92
23. 0 0 0 -1 -8.67 1.71 -18.5
24. 0 0 0 +1 12.94 -0.55 2.84
25. 0 0 0 0 11.93 -0.92 9.83
26. 0 0 0 0 -28.25 -0.97 8.42
27. 0 0 0 0 -8.29 -0.94 9.36
28. 0 0 0 0 11.8 -0.64 19.4

Residual = Predicted value - Observed values

Table S7: Optimal conditions for the adsorption and predicted and experimental values.

Conditions Adsorption (mg/g)
 Concentration pH  Mass Predicted Experimental Error 
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Responses Time
(min)

(g/mL)  (%)  
(mg) value value percentage

Indigo Carmine 60 100 10 22 265.48 264.81 0.67
Rhodamin B 120 90 5.28 26 95.98 91.62 4.35
Orange 2 88.90 100 7.16 23 230.67 229.89 0.78

Table S8: Parameters of the isotherm models for adsorption of dyes

Dyes Isotherm Parameters REQM HYBRID SEA ERM R2 χ
KL = 0.04071
qmL= 433640.982

Langmuir

RL = 0.19719

17.732 17.732 5.069 0.108 0.510 1.350

KF= 6.627Freundlich
nF =0.708

17.689 33.597 1.377 0.036 0.766 1.343

qmT= 17.229
aT = 147.494

IC

Toth

n T = 0.0001

4.990 10.493 2.970 0.178 0.982 0.629

KL = 0.092
qmL= 558.919

Langmuir

RL = 0.09803

16.901 31.941 37.419 0.836 0.977 1.217

KF= 6.919Freundlich
nF =0.092

16.901 31.941 37.419 0.836 0.826 1.077

qmT= 135.688
aT = 0.106

O2

Toth

n T = 2.880

3.472 5.392 -4.916 -0.314 0.991 0.323

KL = 0.00425
qmL=1417330.000

Langmuir

RL = 0.723327

7.093 35.733 7.921 1.125 0.894 1.429

KF= 0.055Freundlich
nF = 0.761

6.437 29.435 2.273 0.403 0.722 1.177

qmT= 33.437
aT = 93.204

RhB

Toth

n T = 0.0001

0.259 0.971 0.299 0.614 0.852 0.058

Table S9: Parameters of the kinetic models for adsorption of dyes

Dyes  Kinetic Parameters REQM HYBRID SEA ERM R2 χ²

Qe = 93.795Pseudo-first 
order K= 0.0602

11.1194 18.6205 -67.7395 -1.0202 0.9827 1.4896

Qe =106.4678Pseudo-second 
order K=7.48E-04

4.1589 1.7366 3.5674 0.0358 0.9976 0.1607

α=22.0978Elovich
Β=0.0493

4.2617 2.1882 -9.3670 -0.1026 0.9975 0.1969

Kp=7.5716

IC

Intraparticular 
diffusion C=21.8299

10.4022 13.0366 -0.0003 -3.02E-
06 0.9824 1.4340

Qe=91.8919Pseudo-first 
order K= 0.1338

2.8136 1.0742 -2.0685 -0.0281 0.9990 0.0859

Qe =98.4952Pseudo-second 
order K=0.0023

2.0103 0.3656 -0.1717 -0.0016 0.9995 0.0439

α=393.1846Elovich
Β=0.0848

5.8570 3.7242 -0.1201 -0.0012 0.9961 0.3352

O2

Intraparticular Kp=5.9323 16.7199 30.3495 -5.533E- -5.46E- 0.9594 3.3384
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diffusion C=39.6709 05 07
Qe=15.6020Pseudo-first 

order K=0.1189
1.5755 2.0085 -0.8326 -0.067 0.9896 0.1607

Qe =17.1640Pseudo-second 
order K=0.0099

0.9912 0.5299 0.2474 0.0133 0.9959 0.0636

α=17.8994Elovich
Β=0.3958

0.6118 0.2423 -0.1857 -0.0109 0.9985 0.0218

Kp=1.1682

RhB

Intraparticle 
diffusion C=5.5708

2.1926 3.1120 4.98E-06 2.93E-
07

0.9761 0.3423

Table S10: Thermodynamiques parameters

∆G° (kJ/mol)Dyes ∆H°(kJ/mol) ∆S°(J/mol.K)
298 K 308 K 318 K

IC -81.18 -243.22 -8.70 -6.27 -3.83
RhB -17.05 -70.08 3.82 4.53 5.23
O2 -64.60 -196.05 -6.19 -4.23 -2.27

Table S11: Comparison of adsorption capacities of different dyes 

Adsorbent Adsorbate Capacity/(mg/g) Ref

α-Fe2O3/NiS Alizarin R S 91 7

activated carbon doped with Mn 
oxide (Bio-MnOx-C)

Indigo carmine 45.95 7

Methylene Blue 97.97
Rhodamine B 82.69 

8NH2-UiO-66

Safranin dye 390 9

Methylene Blue 90.59 
Rhodamine B 77.47 

8

Methylene Blue 83.9
Methyl Orange 175.4

7

Rhodamine 75.85 10

UiO-66

Indigo carmine 75.89 11

UiO-66-0.5ATA Indigo carmine 69.55 11

UiO-66-0.75ATA Indigo carmine 84.26 11

UiO-66-ATA Indigo carmine 66.67 11

NH2-UiO-66 Indigo carmine 265.8 Present study
NH2-UiO-66 Orange 2 229.8 Present study
NH2-UiO-66 Rhodamine B 91.6 Present study
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0 3 6 9 12 15
Standardized effect

CC
BC

C:pH
DD
AA
AD
AB
BB
CD
AC

A:Time
D:Mass

BD
B:Concentration

+
-

NH2-UiO-66 @IC

(a)

Standardized Pareto Chart for Quantity adsorbed

0 2 4 6 8 10 12
Standardized effect

AC
DD
AA

D:Mass
BB
BC

C:pH
BD
AD
CD
CC

B:Concentration
AB

A:Time

+
-

NH2-UiO-66 @RhB

(b)

Standardized Pareto Chart for Quantity adsorbed

0 4 8 12 16 20
Standardized effect

AD
AA
DD
CD
AC
BC

C:pH
CC

A:Time
AB
BB
BD

D:Mass
B:Concentration

+
-

NH2-UiO-66@O2

(c)

Fig. S1. Pareto diagrams of the effects of factors A, B, C and D for organic dyes IC (a), RhB 
(b) and O2 (c) adsorption
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Fig. S2. Normal probability plot for the quantity of IC (a), RhB (b) and O2 (c) adsorbed
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Fig. S3. Response surface plots of the central composite design showing the effect of time (min), pH 
and mass (mg) on the adsorption of the indigo carmine (mg/g)
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Fig. S4. Response surface plots of the central composite design showing the effect of time 
(min), concentration (mg/L) and mass (mg) on the adsorption of the rhodamin B (mg/g)
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Fig. S5. Response surface plots of the central composite design showing the effect of time 
(min), pH and mass (mg) on the adsorption of the orange 2 (mg/g).

Isotherm
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(c)

Fig. S6. Impact of concentration on the adsorption of indigo carmine (a), rhodamine B (b) and 
orange 2 (c) using NH2-UiO-66
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NH2-UiO-66@IC NH2-UiO-66@O2

NH2-UiO-66@RhB

Fig. S7. SEM images of NH2-UiO-66 after indigo carmine (IC) (a), rhodamine B (RhB) (b) 
and orange 2 (O2) (c) adsorption

Fig. S8. Experimental and theoretical XRD pattern of NH2-UiO-66

Molecular dynamic simulation
Total, adsorption and interaction energies were evaluated as follows 12:

                                                                                                                                                                                           Eq.S3𝐸𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 𝐸𝑇𝑜𝑡 ‒ (𝐸𝑆𝑢𝑟𝑓𝑎𝑐𝑒 + 𝐸𝑃𝑜𝑙𝑙𝑢𝑎𝑛𝑡)
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Among them,  represents the total adsorption energy of the studied species on the NH2-𝐸𝑇𝑜𝑡

UiO-66 surface, and Esurface and Epollutant are respectively the total energy of clean NH2-UiO-66 
plate and isolated molecules. The binding energy is the absolute value of the interaction energy.

                                                                                                                                                                                                            Eq.S4𝐸𝐿𝑖𝑎𝑖𝑠𝑜𝑛 =‒ 𝐸𝐼𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛

Table S12: Energies EHOMO, ELUMO and Egap of IC, RhB and O2 studied

Energies (eV) IC O2 RhB
EHOMO -0.197 -0.217 - 0.177
ELUMO -0.154 -0.134 -0.122
ΔEgap 0.043 0.086 0.055
ΔN 4.119 2.097 2.707

Fig. S9. Front views of the most stable low-energy configuration for adsorption of IC, O2 and RhB 
molecules on the NH2-UiO-66 surface at 298 K.
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