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Section S1

1. Kinetic studies

For the kinetic studies, 25 ml of MR dye solution was placed in a flask, followed by the addition of 25 mg of MgAl 

LDH/Zn-MOF adsorbent. The mixture was continuously stirred for 4 h, and samples were collected at 20-min 

intervals to measure the concentration of the dye solution. To study the adsorption kinetics, the experimental data 

was fitted to various kinetic models, including pseudo-first-order kinetics, Eq. 11, 2, pseudo-second-order kinetics, Eq. 

22, 3, liquid-film diffusion model, Eq. 34, and intra-particle diffusion model, Eq. 44 as follows:

K1 = lnqe – ln(qe-qt)/t (1)

Where t is the adsorption time, qe is the adsorption capacity at equilibrium (mg/g), qt is the adsorption capacity at 

time t (mg/g), K1 is the rate constant for pseudo-first-order kinetics (h-1). The data can be plotted as ln (qe-qt) vs time.

K2 = qt/t (1/qe2 + t/qe) (2)

K2 is the rate constant for the pseudo-second-order kinetics (g mg-1 h-1). For this model, the data can be plotted as 

t/qt vs time.

Kf = A – ln(1- qt/qe)/t (3)

Kf is the rate constant for the liquid-film diffusion model (h-1). The data can be plotted as ln (1– qe/qt) vs time. 

Kd = qt – C/t0.5 (4)
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Kd is the rate constant for the intra-particle diffusion model (g.mg-1h-0.5). For this, data can be plotted as qt/t0.5 for 

this model.

2. Isotherm Models

After analysis of the kinetics mechanisms, various isothermal models were applied to the data, including the 

Langmuir (Eq. 5)4, Freundlich (Eq. 6)5, and Temkin (Eq. 7)6 models.

The Langmuir model describes the adsorption process of a monolayer of molecules onto a surface with a limited 

number of identical sites. This model assumes that the adsorption occurs at specific homogeneous sites within the 

absorbent and that there is no transmigration of the adsorbate in the plane of the surface. The Langmuir equation 

is given by:

Ce/qe = Ce/qmax + 1/qmax KL (5)

Here, Ce is the equilibrium concentration of adsorbate (mg/l), qe is the equilibrium adsorption capacity (mg/g), qmax 

is the maximum adsorption capacity (mg/g), and KL is the Langmuir adsorption constant (l/mg). A plot of Ce/qe vs Ce 

is used to evaluate the Langmuir model.

The Freundlich model is a semi-empirical isotherm model that describes the adsorption process onto heterogeneous 

surfaces. The Freundlich equation is given as follows:

ln qe = 1/n ln Ce + ln KF (6)

Here, KF is the Freundlich adsorption constant, and n is the Freundlich exponent, which characterizes the 

heterogeneity of the adsorbent surface. A plot of ln qe vs ln Ce is used to evaluate the Freundlich model.

The Temkin model assumes that the heat of adsorption of all the molecules in the layer decreases linearly with 

coverage due to adsorbent-adsorbate interactions. The Temkin equation is given as follows:

qe = KT ln Ce + KT lnf (7)

Here, KT is the Temkin binding constant (l/mg), and f is the Temkin isotherm constant related to the heat of 

adsorption. A qe vs ln Ce plot is used to evaluate the Temkin model.

3. Thermodynamic Study

The thermodynamic study was conducted at different temperatures (303 K, 313 K, 323 K, 333 K and 343 K) by adding 

25 mg of adsorbent to 25 ml of MR dye solution (5×10-5 M) and stirring continuously for 3 h. Various thermodynamic 

parameters were calculated using the following equations (8-10).

∆Go = – RT lnKL (8)

∆Ho = – slope × R (9)

∆So = – intercept × R (10)

Here, ∆Go represents the change in Gibbs free energy (kJ/mol), R is the universal gas constant with a value of 8.314 

J/mol.K, T is the absolute temperature (K), KL is the equilibrium constant, ∆So represents the change in entropy 

(kJ/mol.K), and ∆Ho represents the change in enthalpy (kJ/mol)



Figures:

Figure S1: (a) FTIR spectra of the prepared (i) MgAl LDH and (ii) MgAl-LDH/Zn-MOF samples, (b) UV-vis 
spectra of the prepared (i) MgAl LDH and (ii) MgAl-LDH/Zn-MOF samples.

Figure S2: (a) PXRD spectrum (b) UV-vis spectrum (c) SEM image, and (d) FTIR spectrum of Zn-MOF.



Figure S3: Comparative graphs for adsorption of MR dye at different (a) pH, (b) adsorbent dose, (c) concentration of 

dye, and (d) time.

Figure S4: Effect of co-existing ions in the removal of MR dye.



Figure S5: Kinetic models for the adsorption of MR dye on MgAl LDH/Zn-MOF (a) pseudo-first order kinetics, (b) 

pseudo-second-order kinetics, (c) liquid-film diffusion model, and (d) intra-particle diffusion model.

Figure S6: Adsorption isotherms for MR dye on MgAl LDH/Zn-MOF (a) Langmuir, (b) Freundlich, and (c) Temkin 

models.



Figure S7: (a) Plot between ln K and 1/T for the thermodynamic study of adsorption (b) Reusability of MgAl LDH/Zn-

MOF in the cyclic removal of MR dye under adsorption conditions: pH = 8, Co = 5×10-5 M, T = 25 °C, and t = 150 min, 

(c) VSM analysis of the MgAl LDH/Zn-MOF.

Figure S8:. (a) Cyclic adsorption isotherms up to 1 bar at 25 °C and (b) the cyclic CO2 uptake of MgAl LDH/Zn-MOF at high 
pressure of 40 bar.



Tables

Table S1: Comparison of the hydrogen production rate of MgAl LDH/Zn-MOF with other MOFs in the literature.

Photocatalyst Sacrificial reagent Irradiation source H2 production rate Reference
MgAl LDH/Zn-MOF 10 vol% triethanolamine direct solar irradiation 23000 µmol g-1 h-1 Present 

study
MOF-199/Ni --- 300 W Xe lamp 24 400 μmol h−1 g−1 7

MgAl-LDH 
coupled with CoSx

10 vol% triethanolamine simulated sunlight 
irradiation

263 µmol g-1 h-1 8

ZIF-67@NiAl LDH 15 vol% triethanolamine 5W LED 2900 µmol g-1 h-1 9

CoAl LDH@ 
Ni-MOF-74

15 vol% triethanolamine 5W LED 213 µmol g-1 h-1 10

Co-Ru@MOF --- --- 15,144 ml min-1 g-1 11

MIL-167/MIL-125-NH2 10 ml triethylamine visible light 455 µmol g-1 h-1 12

Pt(4.38 wt%)/CuII-MOF 5 ml
triethylamine 

300 W Xe lamp 2.51 µmol g-1 h-1 13

Cu-MOF/CeO2 --- electrochemical 97.9 µg ml-1 14

Pt/PCN-777 benzylamine light irradiation 568 µmol g-1 h-1 15

g-C3N4/ZIF-67 lactic acid visible light 3329 µmol g-1 h-1 16

Ni/Cu-BTC methanol visible light 200 mmol.h-1 17

Table S2. Comparative study for adsorption of MR dye on different adsorbents.

Nanocomposites Preparation Method Dye Removal Rate References
MgAl LDH/Zn-MOF Co-precipitation followed by 

hydrothermal
MR 97% Current Study

NaAlg-g-CHIT/nZVI Co-precipitation MR 66% 18

bentonite / chitosan Precipitation MR 96% 19

NiO@HT-derived C Precipitation MR 94% 20

MgFe2O4/polyaniline Co-precipitation MR 90% 21

Ag@Fe nanocomposite Co-precipitation MR 93% 22

α-MnO2/PANI hybrid Polymerization MR 95% 23

CuO-HNT Calcination MR 98% 24

Table S3. Kinetic values for pseudo-first-order kinetics, pseudo-second-order kinetics, liquid-film diffusion, and intra-particle 

diffusion models.

Parameters Pseudo-First Order 
Kinetics

Pseudo-Second Order 
Kinetics

Liquid Film Diffusion 
Model

Intra particle Diffusion 
Model

R2 0.988 0.987 0.979 0.996
Kinetic Constant K1=0.7 K2=330.99 Kf=9.80 Kd=84.88



Table S4. Isothermal parameters for Langmuir, Freundlich, and Temkin models.

Parameters Langmuir Model Freundlich Model Temkin Model
R2 0.998 0.957 0.952
Kinetic Constant KL=1.05 KF=0.71 KT=1746.75

Table S5. Thermodynamic parameters for adsorption of MR dye on MgAl LDH/Zn-MOF.

Dye Temperature 
(K)

KL 

(L mg-1)
∆G
(kJmol-1K)

∆H
(kJmol-1)

∆S
(kJmol-1K)

R2

303 69.24
313 71.61
323 74.28
333 76.78

MR

343 89.03

-11286.16 4893.97 50.88 0.8438

Table S6. Comparison of CO2 uptake of MgAl LDH/Zn-MOF with other MOFs in the literature

Material BET surface area (m2 g-1) CO2 uptake References
MgAl LDH/Zn-MOF 60 129 mgg-1 Current study
[BMPyr][Cl]/AlTp 578.35 68.27 mgg-1 25

Zn-MOF --- 145 mgg-1 26

MgCl2-MOF-74 928 7.8 mmolg-1 27

Cu-TDPAT 1938 132 cm3g-1 28

MOP-(Cu II) -- 121 mmolg-1 29

Mg/DOBDC -- 250 mgg-1 30

Ni/DOBDC -- 2.4 mmolg-1 31

ZIF-8/PAN-90 888 130 mgg-1 32

IRMOF-74 2440 3.2 mmolg-1 33

Mg-MOF-74 -TEPA 1628 26.9 wt% 34

GO@MOF-505 1279 3.94 mmolg-1 35

GrO@Cu-BTC 1677 8.19 mmolg-1 36
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