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Table S1. The non-linear equations of the tested isotherms. 

Isotherm models Equation 
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where: qm and Qsat represents the maximum absorption capacities; KL, KF, KT and KS repre-
sents the Langmuir, Freundlich, Temkin and Sips isotherms constants; 1/nF represents an 
empirical constant indicating the intensity of adsorption; R represents the universal gas 
constant; T represents the absolute temperature; 𝑏𝑏 represents Temkin constant which re-
lated to the adsorption heat; n represents Sips isotherm exponent. 
 

 
Table S2. The non-linear equations of the tested kinetic models 

 
 
 
 
 
 
 
 
 
 

where: qt represents the dye amount adsorbed at time t; k1, k2 and kn represents the rate con-
stants of pseudo-first-order, pseudo-second-order and general order kinetic models; qe and 
qn represents the theoretical values for the adsorption capacity; a represents the desorption 
constant of Elovich model; b represents the initial velocity; n represents the general order 
exponent. 

 
 
 
 

Table S3. The corresponding equations for the statistical parameters R2, SSE, χ2 and ARE. 
Statistical parameter  Equation 
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Kinetic and isotherm models Equation 
Pseudo-first-order kinetic model )exp(q tk
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where: yi,exp represents the experimental value; yi,mod represents the modeled value; exp,iy rep-
resents the mean values, n represents the total amount of information. 

 
 
Table S4: The equations of specific thermodynamic parameters.  

Thermodynamic parameters Equation 
Standard Gibbs free energy change 

LKlnRT−=∆ 0G  
Standard enthalpy change 
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H

R
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−
∆

=LK ln
 Standard entropy change 

where: R represents the universal gas constant; KL represents the Langmuir constant, T rep-
resents the absolute temperature. 

 

Table S5. The desorption efficiencies of the tested desorption agents. 

Desorption agent  Desorption efficiencies (%) 
HCl 11.56 ± 1.21 

distilled water 4.11 ± 0.76 
NaOH 4.28 ± 0.87 

Desorption efficiencies equation 

100D(%)
am

m
⋅= d  

where: md represents the dye amount liberated by the regenerating agent, ma represents the 
dye amount adsorbed on the adsorbent material. 
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Figure S1. Plot of ln KL vs. 1/T for crystal violet adsorption on adsorbent obtained from motherwort 
biomass 


