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Error functions analysis 

In addition to the regression coefficient (R2), the nonlinear forms of kinetic and isotherms 

models were evaluated against the experimental data using the error functions to test the 

adequate model for the adsorption system. For this purpose, the average relative error (ARE), 

the sum of square error (SSE), normalized standard deviation, Δq (%), Chi-square test (χ2), 

the sum of absolute error (EABS), and root mean square error (RMSE) were calculated using 

the equations 9, 10, 11, 12, 13, and 14, respectively. These error functions were the most used 

in the literature [17]. 

𝐴𝑅𝐸 = ෍ 1𝑁 ห(𝑞௘,௘௫௣ − 𝑞௘,௖௔௟ห𝑞௘,௘௫௣
௡

௜ୀଵ ∗ 100                    (𝐸𝑞. 9) 

 𝑆𝑆𝐸 =  ∑ (𝑞௘,௘௫௣ − 𝑞௘,௖௔௟)ଶ௡௜ୀଵ                            (𝐸𝑞. 10)   
 

∆𝑞(%) = 100 ඩ 1𝑁 − 1 ෍(𝑞௘,௘௫௣ − 𝑞௘,௖௔௟𝑞௘,௘௫௣ )ଶ  ௡
௜ୀଵ      (𝐸𝑞. 11) 

 ଶ = ෍ (𝑞௘,௘௫௣ − 𝑞௘,௖௔௟)ଶ𝑞௘,௖௔௟
௡

௜ୀଵ                                     (𝐸𝑞. 12) 

𝐸𝐴𝐵𝑆 = ෍ ቚ(𝑞𝑒,𝑒𝑥𝑝 − 𝑞𝑒,𝑐𝑎𝑙ቚ௡
௜ୀଵ                             (𝐸𝑞. 13) 

𝑅𝑀𝑆𝐸 = 100 ඩ 1𝑁 − 2 ෍(𝑞௘,௘௫௣ − 𝑞௘,௖௔௟)ଶ  ௡
௜ୀଵ      (𝐸𝑞. 14) 

where qe,exp (mg/g) is the experimental adsorption capacity obtained from the Eq. (1) and qe,cal 

(mg/g) is the calculated adsorption capacity obtained from the nonlinear kinetic models 

(Pseudo-first order and pseudo-second order) or isotherm models (Langmuir and Freundlich), 

n is the number of experimental data points. 

 


