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SUPPLIMENTARY DATA 

Table S1. Equations used for Calculation of Thermodynamic Parameters  

 
 

Table S2. Isothermal Models and Equations Applied on Adsorption of Acid Blue 25 

 
 

Thermodynamics (Equation) Plot Reference 
Δ Go (KJ/mol) Δ Go = -RTln KL 

1/T vs. lnKL 
[1] 

Δ Ho (KJ/mol) Δ Ho = -slope × R 
[1] 

Δ So (J/K*mol) Δ So = intercept × R 

Adsorption Isotherms 
 Linear Form Non-Linear Form Plot Reference 

Freundlich ln (𝑞௘) = 𝑙𝑛𝐾ி + ൬1𝑛൰× ln (𝐶௘) 
𝑞௘ =  𝐾ி𝐶௘ଵ/௡ ln 𝑞௘𝑣𝑠. ln 𝐶௘ [2] 

Langmuir-I 𝑞௘ = 𝑞௠௅. 𝐾௅. 𝐶௘1 + 𝐾௅. 𝐶௘  
𝐶௘𝑞௘ = 1𝑞௠௅ 𝐶௘ + 1𝑞௠௅𝐾௅ 

𝐶௘𝑞௘  𝑣𝑠. 𝐶௘ 

[2] 

Langmuir-II - 
1𝑞௘ = 1𝑞௠௅𝐾௅ ൬ 1𝐶௘൰ + 1𝑞௠௅ 

1𝑞௘ 𝑣𝑠. 1𝐶௘ 

Langmuir-III - 𝑞௘ = 𝑞௠௅ − ൬ 1𝐾௅൰ 𝑞௘𝐶௘ 𝑞௘𝑣𝑠. 𝑞௘𝐶௘ 

Langmuir-IV - 
𝑞௘𝐶௘ = 𝐾௅𝑞௠௅ − 𝐾௅𝑞௘ 

𝑞௘𝐶௘ 𝑣𝑠. 𝑞௘ 

Dubinin– 
Radushkevich 𝑙𝑛𝑞௘ = 𝑙𝑛𝑞௠஽ோ − 𝐾஽ோଶ 

𝑞௘ = 𝑞௠஽ோ𝑒ି௄ವೃఌమ 

 = RTln ൬1 + 1𝐶௘൰ 𝐸 = 1ඥ2𝐾஽ோ 
𝑙𝑛𝑞௘𝑣𝑠. ଶ [3] 

Temkin 𝑞௘ = 𝑅𝑇𝐵் 𝑙𝑛𝐾் + 𝑅𝑇𝐵் 𝑙𝑛𝐶௘ 𝑞௘ = 𝑅𝑇𝐵் 𝑙𝑛𝐾்𝐶௘ 𝑞௘𝑣𝑠. 𝑙𝑛𝐶௘ [4] 



Table S3. Kinetic Models Applied on Adsorption of Acid Blue 25 

Adsorption Kinetic Models 

Pseudo Second Order Equation Plot          
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Type 1 
𝑡𝑞௧ = 

1𝑘ଶ𝑞௘ଶ  + ൬ 1𝑞௘൰  t t/qt vs. t 

[5] 
Type2 

1𝑞௧  =  ( 1𝑘ଶ𝑞௘ଶ) 1𝑡  + ( 1𝑞௘) 1/qt vs. 1/t 

Type 3 
𝑞௧𝑡  = kq௘ଶ - kq௘𝑞௧ qt/t vs. qt 

Type 4 𝑞௧ = q௘- ( 1
kq௘) 𝑞௧𝑡  qt vs. qt/t 

Pseudo Second Order 
(Non-Linear Form) 𝑞௧ = 𝑘ଶ𝑞௘ଶ𝑡

1+ kଶ𝑞௘𝑡 1/qt vs. 1/t [6] 

Pseudo First Order 
(Linear Form) 

ln(𝑞௘-q௧) = ln(𝑞௘)-kଵ𝑡 ln(qe-qt) vs. t [7] 

Pseudo First Order 
(Non-Linear Form) 

𝑞௧= q௘(1-e-kభ௧) qt vs. t [8] 

Intraparticle Diffusion 
Kinetic Model (Linear 
and Non-Linear Form) 

𝑞௧ = 𝐾஽௜௙௙𝑡ଵ/ଶ + 𝐶 𝑞௧𝑣𝑠. 𝑡ଵ/ଶ [5] 

Elovich Kinetic Model 
(Linear Form) 

𝑞௧ = 1𝛽 ln(𝛼𝛽) + 1𝛽 𝑙𝑛𝑡 𝑞௧𝑣𝑠. 𝑙𝑛𝑡 
[9] 

Elovich Kinetic Model 
(Non-Linear Form) 

𝑞௧ = 1𝛽 ln (𝛼𝛽𝑡 + 1) 𝑞௧𝑣𝑠. 𝑡 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



     Table S4. Chemicals and Equipment used for the Work 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Figure S1. Thermodynamics for Acid Blue 25 
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Chemical/Equipment Make 
FeCl3.6H2O Sigma Aldrich, Germany 
NaOH BDH 
Millipore water Sigma Aldrich, Germany 
Acid Blue 25 Sigma Aldrich, Germany 
TGA Schimadzu (model = SDT Q 600 

V8.2 Build 100) 
FTIR Model Shimadzu AIM-8800 
SEM JEOL model 2300 
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