7
@ nanomaterials ﬂvﬁ:&

Supplementary materials

Magnetic Chitosan for the Removal of Sulfamethoxazole from
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Figure S1. Magnetization curve of the magnetic chitosan.

pH > 6.3 pH <6.3

Figure S2. - Structures of chitosan at various pH values in aqueous solution. These structures contain only deacetylated
glucosamine residues (from: Shchipunov et al., 2010, Green Chem., 12(7), 1187-1195).

Nanomaterials 2024, 14, 406. https://doi.org/10.3390/nan014050406 www.mdpi.com/journal/nanomaterials



Nanomaterials 2024, 14, 406 2 of 5

100
g
87 R-NH," RNH,
™
o
&
[
-g 25 -
0 1 I
2.5 45 6.5 8.5
pH

Figure S3. - Speciation of amine group as a function of pH (from: Navarro et al., 2019, Macromol. Biosci., 3: 552-561).
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Figure S4. - Structures of SMX at various pH values in aqueous solution (form: Avisar et al., 2010, Water Air Soil Pollut.,
209, 439-450).
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Figure S5. - Speciation of SMX as a function of pH (from: Simon et al., 2011, J. Zhejiang Univ. Sci. A 12, 575-582).
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S1. Kinetic models

Four kinetic models were taken into account describe the adsorption ofSMX on
magnetic chitosan:

e pseudo-first-order (PFO)

d
f = kpl(Qe —qt)

where qge and q: are the amount of dye adsorbed (umol-kg!) at equilibrium and at time t,
respectively, kp1 is the rate constant of adsorption (h?) and t is the time (h). The linear form
of the PFO model can be written as:

ke
log(q. — q.) = logq, — F”%t

e pseudo-second-order (PSO)

dgq
¢ = Kp2(de — a0)

where k2 is the rate constant of adsorption (kg pmol-! h) and t is the time (min). The
linear form of the PFO model can be written as:

t _ 1 4 1 ;

@ Vo 4
where:

Vo = kquez

e intraparticle diffusion

The linear form of the intraparticle diffusion model can be written as:

1
qe = Kaipr-t2 t ¢

where Kaif is the rate constant of adsorption (umol-kg! h'/2) and c is amount of dye
adsorbed (mg g?) at t=0.

e Elovich model
1

q: = ’E

where ge (umol-kg') is the amount of SMX adsorbed per unit mass of adsorbent

(adsorption capacity), a (umol-kg!-min) is the Elovich initial adsorption rate, 3 (kg:pmol-
1) is the desorption constant and t (min) is the time.

m(l+a-p-t)
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e = (o

KCy,

1+ KCy,

The estimates of the parameters and the correlation coefficient are reported in the
Table S1.

Table S1. - Fitting parameters for the kinetic models for the SMX adsorption on the magnetic
chitosan.

I order II order
9. Ko R’ 9. K, R’
(pmol-kg) (h?) (umol'kg) (kg umol 1 h)
Co =25 pmol/L 1.8110° 0.101 0.918 1.83 10° 1.04 106 0.966
Co =50 pmol/L 2.81105 0.020 0.947 2.99 105 74108 0.980
Intraparticle diffusion Elovich
Kaigs c R’ a B R’
(umol-kg'h'?)| (umolkgt) (umol-kg-'min-) (kg-umol?)
Co =25 pmol/L 3.77 10 1.01 10 0.978 2.51-107 2.30-10* 0.990
Co =50 pmol/L 6.70 10 9.21 10¢ 0.985 7.08-10° 2.28-10° 0.992

S2. Isotherm models

Two models were taken into account describe the adsorption isotherms of SMX on
magnetic chitosan:

e  Freundlich model

1/n

de = Kr - Ce/

where ge (umol-kg?) is the amount of SMX adsorbed per unit mass of adsorbent (adsorp-
tion capacity), Ce (umol-L?) is the equilibrium concentration of SMX in the solution, Kr
(umol®bin-kg-1-L1m) is the Freundlich constant and 1/n is the heterogeneity factor repre-
senting the nonlinearity of the isotherm.

e Langmuir model

where qe is the adsorption density at equilibrium (umol-kg1), g- is the adsorption capacity
of the adsorbent or the maximum achievable adsorption density (umolkg!), Cae is the
equilibrium adsorbate concentration in the liquid phase (kg/m3), and K is the Langmuir
equilibrium constant (m3/kg).

The estimates of the parameters and the correlation coefficient are reported in the
Table S2.

Table S2. - Fitting parameters for the isotherm models for the SMX adsorption on the magnetic
chitosan.

Freundlich Langmuir
Kf n RZ qe K RZ
(pmol(n-l)/n.kg-l .Ll/n) (-) (pmol.kg-l) (m3/kg)
5.98-104 1.96 0.9978 1.07-106 1.64-102 0.983






