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S1. Experimental 
S1.1. Adsorption Kinetics  
Pseudo first order kinetic is given by Lagergren equation [S1] Eq.1: log(qୣ −  q୲) = log 𝑞௘ + ୏౗ౚ౩ ୲ଶ.ଷ଴ଷ                                                                     (1) 

qt is the amount of solute sorbed per mass of sorbent (mg/g) at any time, qe is the 

amount of sorption at equilibrium time and Kads (min-1) is the rate constant of pseudo 

first order sorption.  qୣ = (େ౥ିେ౛)୴ଵ଴଴଴୵                                                                                           (2) 

v is the volume of dye solution (mL) and w is the dry weight of the adsorbent (g)  q୲ = (େ౥ିେ౪)୴ଵ଴଴଴୵                                                                                           (3) 

where Ct is the concentration of the dye (mg/L) at different time intervals. 

 A pseudo second order kinetic model is explained by Ho equation [S2], Eq. 4. ୲୯౪ = ଵ୏మ୯౛మ +  ୲୯౛                                                                                   (4) 

where K2 is the pseudo second order rate constant (g mg-1min-1). 
  

S1.2. Isotherm models 

The adsorption isotherm model was required to ascribe the interaction of the 

adsorbed species in the liquid phase and the solid phase. Langmuir and Freundlich 

models were the two famous models which applied. The resulted parameters of the 

previous models possess valuable information about how the adsorption process 

occur, nature and affinity of the adsorbent.  

Langmuir isotherm suggested adsorbent surface with equally energetic 

adsorbing sites. Its mathematical linear form is written as in Eq. 5: 
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Where qe is the amount of solute sorbed per unit weight of adsorbent (mg/g), Ce is 

the equilibrium concentration of the solute in the bulk of solution (mg/L), Qo is the 

monolayer adsorption capacity (mg/g) and b is a constant related to the free energy 

of adsorption. A plot of Ce/qe versus Ce gives a straight line with Qo and b determined 

from the slope and the intercept, respectively. 

Freundlich isotherm is an empirical equation based on an exponential 

distribution of adsorption sites and energies. It is represented as in Eq. 6: 
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Where kf (mg/g) and n are Freundlich constants related to adsorption capacity and 

adsorption intensity, respectively. A linear plot of ln qe versus ln Ce confirms the 

validity of the Freundlich model. 

 Temkin model isotherm contains a factor that explicitly taking into account of 

adsorbent–adsorbate interactions. The linear equation for the model is given as 

qe = B lnA + B ln Ce                                                                              (7) 

where A is the binding constant corresponding to binding energy in L mg−1 and B is 

the heat of adsorption in J mol−1. 

S1.3. Thermodynamic model 
For the calculation of thermodynamic parameters, the following equation was 

used: 

         Kc= Cad/Ce                                        (8) 

        ∆G° = - RT ln Kc                                                                                     (9) 

      𝐿𝑛 𝐾௖ =  ∆ௌ೚ோ −  ∆ு೚ோ்                                                (10) 

Where Kc is the equilibrium constant, Cad is the amount adsorbed on the adsorbent 

(mg/L) at equilibrium and Ce is the equilibrium concentration in solution (mg/L). 

∆G°, ∆H° and ∆S° are changes in Gibbs free energy (kJ/mol), enthalpy change 



(kJ/mol) and entropy change (J.mol/K), respectively. R is the gas concentration 

(8.314 J/mol/K) and T is the absolute temperature (K). 
 
S2. Results and discussion 

  

  
 
 

Figure S1. SEM images of as prepared Si-P nanoparticles 
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Figure S2. The relation between qe vs Ce at different a) P@SiO2 nano-composite doses and b) initial MB 
concentrations. 
(P@SiO2 dose ([MB] = 100 mg/L / 10 mL, pH = 7, T = 25 oC) and b) initial MB concentrations ([P@SiO2] = 25 
mg/10 mL, pH = 7, T = 25 oC). 
 
 

 



 

Figure S3. The color of MB-dye variation as a function of at time 5- 420 sec at different pH values. 
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Figure S4. Thermodynamic plots for MB-dye removal from aqueous media by P@SiO2 nano-composite. 
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Figure S5. Effect of NaCl doses on removal percent of MB-dye onto P@SiO2 nanocomposite. 
([P@SiO2] = 10-25 mg/10 mL, [MB] = 100 ppm, pH =7, T = 25 oC) 

 
 
 
 



 
Figure S6. Color variation as a function of NaCl doses at intervals 0-420 sec. 
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