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1. Chemical kinetic models (Pseudo-second-order)
The kinetics of MD adsorption on PbO@MgZnO was investigated by the Ho and McKay model;
it is common used model that describes kinetics of dye adsorption on solid nanoparticles. The
pseudo-second order model, proposed by Ho and McKay, can be represented in the following
linear form [1].

In this model, graph was plotted in between t/qt and t and experimental data was
determined which show its appropriateness for explanation of whole adsorption process [2]. It

was found that the plot of t/qt versus t is a linear straight line.
The pseudo—second—order kinetic model is described by the formula

t/qe =1/kaa q&* + t/qe Eq. S1




The results showed that the adsorption system followed the Ho and McKay equations for the

entire adsorption.

2. Adsorption isotherms

The adsorption isotherms play an important role in determining the adsorption skill of
MD onto PbO@MgZnO nanoparticles. Langmuir isotherm does not take into depiction the
variation in adsorption energy, but it is the easiest explanation of the adsorption process [4]. It is
used for the description of monolayer adsorption with interaction between adsorbed molecules
[5, 6].

The general equation of the Langmuir isotherm [3] is:

ge o/Kr =K Ce/(1+K1 Ce) Eq. S2

After linearization of the Langmuir isotherm, Eq. (S3), we obtain

Ce/qe = Cear /Ky +1/KL Eq. S3

where Ce is the equilibrium concentration and ge is the amount of MD dye adsorbed in
the solution (mg/L), per unit mass of adsorbent (mg/g), at equilibrium concentration, Ce, oL
(Lmg ') and Ki. (L g ') are the Langmuir constants with oL related to the adsorption energy and
qmax [=Kr/0L] signifies the maximum adsorption capacity (mg/g), which depends on the number
of adsorption sites. The Freundlich equilibrium isotherm equation was also used to describe
experimental adsorption data [7].

The linearized form of the Freundlich adsorption isotherm equation is

In ge = In K¢+ InCe/nf - Eq. S4




where Ce is the equilibrium concentration (mg/L), ge is the amount of dye adsorbed at
equilibrium (mg/g), Kf (mg!™ L" g!) and 1/n are Freundlich constants depending on the
temperature and the given adsorbent—adsorbate couple [8]. The values of Kf and 1/n calculated

from the intercept and slope of the plot of In ge Vs. In Ce.

3. Separation Factor
The Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor

(Ryp) given by the following equation:

Rr =1/ (1+ar Co) Eq. S5

Rr values within the range 0 < Ry < 1 indicate favorable adsorption [9,10]. In this study, Rr
value of PbO@MgZnO for the initial MD concentration of 2650 mg/L, obtained as 0.583,

indicate favorable adsorption of MD onto them.

4. Adsorption Thermodynamic parameters
Thermodynamic parameters can offer further comprehensively information concerning the
intrinsic energetic changes in adsorption process [11]. The G value indicates the nature of the

reaction whether the reaction is spontaneous or nonspontaneous [12].

AG°=RT In KrL Eq. S6
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