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Text S1. Isotherm models  
Langmuir isotherm model assumes formation of monomolecular layer over adsor-

bent surface without interaction between the adsorbed molecules. Langmuir isotherm 
model [1] in linearized form is expressed as: 1𝑞 = 1𝑞 1𝑞 𝐾 × 1𝐶                                                                                     (S1) 

where qm (mg/g) and KL (L/mg) are the constants for maximum monolayer adsorption ca-
pacity and a constant related to the heat of adsorption, respectively.  

Freundlich isotherm [2] in linearized form is expressed as:                                  ln𝑞 = ln 𝐾 1𝑛  ln𝐶                                                                         (S2) 

where KF ((mg/g) (L/mg)(1/n)) and n are the Freundlich constants related to bonding energy 
and deviation in adsorption from linearity, respectively.  

Text S2. Adsorption kinetic models  
The pseudo-first-order [3], and pseudo-second-order [4] kinetic models in linearized 

forms are expressed as: log(𝑞 − 𝑞 ) = log𝑞 − 𝑘2.303 × 𝑡                                                                      (S3) 𝑡𝑞 =  1𝑘 𝑞 1𝑞 × 𝑡                                                                                                  (S4) 

where qe1, qe2 and qt are the adsorption capacities for pseudo-first order model, pseudo-
second order model at equilibriums, and at time t, respectively, k1 (1/min) and k2 (g/mg-
min) are the pseudo-first-order and pseudo-second-order rate constants, respectively.  
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Text S3. Thermodynamic parameters 
Thermodynamic parameters viz. standard Gibb’s free energy change (ΔG°), entropy 

change (ΔS°), and enthalpy change (ΔH°) were calculated as: ∆𝐺° = −𝑅𝑇 ln 𝐾                                                                                                                        (S5) 

ln 𝐾 =  ∆𝑆°𝑅 −  ∆𝐻°𝑅 × 1𝑇                                                                                                          (S6) 

where R is the universal gas constant (8.314 J/mol-K), T is the absolute temperature (K), 
and Kc is a separation factor. ΔS° and ΔH° were calculated from the intercept and slope of 
the plot of ln Kc versus 1/T. 
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