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    Fig. S1 Schemes of the (a) Co-Al-LDH3 and (b) MoS26 structures


Adsorption Model and Isotherms
Adsorption isotherms are studied by "adsorption isotherm regional analysis model" that is abbreviated as the ARIAN model.12,13 ARIAN is a Persian word meaning Iranian. This model is used for studying adsorption isotherms up to four regions. In the ARIAN model, the region I obeys the Henry’s law:

                                                                  (S1)
where adsorption capacity increases linearly with concentration and K is the binding constant of adsorbate on the adsorbent surface. Region II starts from the starting second region concentration (abbreviated as ssc) point. In region II, monolayer adsorption occurs and is studied by an appropriate isotherm like the Langmuir and Temkin equations, etc. The linearized form of the Langmuir equation14 is as follows

                                                        (S2)

where K is the Langmuir adsorption equilibrium constant and is the monolayer adsorbent capacity that completely covers surface of adsorbent. The Temkin equation15 is given as

                                                               (S3)


where  is a constant and  is adsorption equilibrium constant.
 In region III, new surface aggregates of molecules. The starting third region concentration (abbreviated as stc) point defines the starting of this region. The bilayer isotherm, Eq. (S4), and the isotherms derived from it, Eqs. (S5) and (S6) are used for studying of data of this region.12,13 In region III, by assuming adsorption occurs mostly in the first and second layers, we have

                                                     (S4)




where and are the equilibrium monolayer and adsorption capacities, respectively.  and are the adsorption equilibrium constants of adsorbate molecules in the first layer surface aggregates and that of adsorbate molecules in the second layer, respectively. If most of adsorbate molecules are adsorbed on the first layer.12,13 Eq. (S5) is written as

                                                  (S5)
which is used for surface low bilayer coverage (abbreviated as LBC isotherm) and if the adsorption process causes the formation of a monolayer.12,13 Equation (S4) is reduced to

                                                          (S6)
where Eq. (S6) is a Langmuir-type equation. The region IV begins where the adsorption capacity reaches the maximum, showing a plateau on the isotherm, or where the isotherm starts to go down. The second situation in region IV is named the reverse desorption and follows the reverse desorption equation.12,13 Depending upon the features of adsorbate and adsorption sites, two or more sub-regions may be observed in each of regions II or III or IV of an adsorption isotherm. Each of these sub-regions are named a section and to discriminate between them, they are denoted by English capital letters and written as IIA, IIB, etc.
Also, in some cases, due to some factors like repulsion interaction between adsorbate molecules which are adsorbed on the surface of adsorbent and free adsorbate molecules, adsorption process is stopped in a certain adsorbate concentration range.16 This adsorbate concentration range is called CRAC. CRAC is an abbreviation for “concentration range of leveling off between two successive adsorption isotherm curves”. In these series of experiments, no CRAK was observed. 1,2 Schematic adsorption isotherms of  on Co-Al-LDH and MoS2 according to the ARIAN model were shown in Fig. S2.
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Fig. S2 Typical adsorption isotherms of  on (a) Co-Al-LDH and (b) MoS2 according to the ARIAN model
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Table S1. Parameters obtained from the Henry and Temkin isotherms of different regions and and  and  and  values
 for adsorption of  on Co-Al-LDH in water, 0.1 M NaCl and acidic and alkaline solutions at 308–328 K1
	
Solvent
	
    T
	
Henry (region I)
	
Temkin (region IIA)
	
Temkin (region IIB)

	
	
(K)
	


	


	

 
	


	


	


	


	


	



	
	
 on ME site
	
 on ME site
	
    on MI site

	
Water
	
308
		
  1.51×106
	
3.97×10−2
	
  63.4
	
7.66×104
	
0.133
	
131.9
	
4.43×104
	
0.457
	
225.0

	
	318
	9.16×106
	1.38×10−2
	126.6
	6.34×105
	0.018
	143.7
	2.28×105
	0.193
	321.9

	
	328
	2.06×107
	6.48×10−3
	133.4
	1.45×106
	0.012
	170.5
	3.93×105
	0.360
	347.9

	0.1 M NaCl
	318
	3.82×107
	3.45×10−3
	136.2
	2.99×108
	0.059
	190.5
	1.96×105
	0.376
	335.4

	pH=2.8
	318
	3.49×106
	3.16×10−2
	110.1
	9.20×104
	0.203
	313.3
	–
	–
	–

	pH=3.8
	318
	7.70×107
	1.79×10−3
	137.7
	1.55×107
	0.385
	327.5
	–
	–
	–

	pH=12
	318
	  1.09	×107
	1.27×10−2
	137.9
	3.71×105
	0.179
	332.2
	–
	–
	–

	pH=13
	308
	6.13×106
	1.14×10−2
	70.0
	2.09×105
	0.309
	295.0
	–
	–
	–

	
	318
	9.64×106
	1.48×10−2
	146.3
	3.25×105
	0.142
	361.9
	–
	–
	–

	
	328
	2.08×107
	7.31×10−3
	152.2
	4.42×106
	0.189
	324.9
	–
	–
	–

	pH=14
	318
	5.97×106
	2.34×10−2
	139.5
	4.82×105
	0.244
	281.6
	–
	–
	–











Units of K and  are in mg g–1 M–1 and M–1. Units of ,, and  are in mM. Units of , , and  




are in mg g-1. At pHs of 2.8, 3.8, 12, 13 and 14, due to lack of region IIB, =  and =.








Table S2. Parameters obtained from the Henry (region I) and Temkin isotherms (region II) and  and  and  and  values for adsorption of  on MoS2 in water, 0.1 M NaCl and acidic and alkaline solutions at 308–328 K2
	
Solvent
	
T
	
   Henry (region I)
	
        Temkin (region II)

	
	
(K)
	


	

	

	
    
	

	


	
Water
	
308
		
 7.88×105
	
7.51×10−2
	
59.1
	
135.5
	
0.301
	
235.9

	
	318
	1.27×106
	0.967
	121.1
	144.5
	0.336
	294.0

	
	328
	1.66×106
	9.67×10−2
	160.6
	171.9
	0.334
	368.3

	0.1 M NaCl
	318
	5.99×104
	0.129
	  74.7
	190.0
	0.514
	301.4

	pH=1
	318
	4.50×106
	2.76×10-2
	128.9
	106.0
	0.339
	380.3

	pH=2
	318
	2.27×106
	6.39×10−2
	143.4
	  77.7
	0.263
	249.2

	pH=11
	318
	1.58×106
	6.04×10−2
	  94.3
	  30.7
	0.453
	154.5

	pH=12
	318
	1.85×106
	–
	–
	–
	0.145
	269.0





               Units of K and  are in mg g–1 M–1 and M–1. Units of  and  are in mM. 


               Units of  and  are in mg g-1.
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Fig. S3 Diagrams of some adsorption kinetic studies obtained from published papers analyzed by the KASRA model and equation. Symbols A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q and R refer to the tests selected from references used under similar names in Table 1
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Fig. S4 Diagrams of some adsorption kinetic studies obtained from published papers analyzed by the NIPPON equation. Symbols A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Q and R refer to the tests selected from references used under similar names in Table 2
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Fig. S5 Non-ideal adsorption kinetic curves of permanganate on Co-Al- analyzed by the NIPPON equation
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Fig. S6 EDX spectra of Co-Al-LDH after (a) 1.5 h and (b) 8 h being in a 1 mM  solution at 328 K and pH=14 (taken by a MIRA3 TESCAN instrument at 15 keV)
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Fig. S7 Non-ideal adsorption kinetic curves of permanganate on MoS2 analyzed by the NIPPON equation
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