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S1. Synthesis of biopolymer—GO hybrid
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Scheme S1. Scheme of the synthesis of Si(k)CRG, by reaction of the hydroxyl groups of «-

carrageenan with isocyanate groups of ICPTES (* target reactive sites for isocyanate groups).



S2. Sorption and equilibrium models
i) Kinetic models

The process of the formation of a molecular layer of the sorbate on the surface
of the sorbent involves several steps with distinct rates: bulk diffusion, film diffusion,
intra-particle diffusion, and finally physical or chemical sorption onto the surface. Two
main classes can be defined for the sorption kinetic models: reaction and diffusion
based models. In the reaction-based models the interaction between the sorbent and the
sorbate, i.e. the last step, is considered to be the slowest process and that the sorbate
uptake on the material is of chemical nature [1]. In the present study, the experimental
kinetic data was adjusted to pseudo-first order (Eg. S1), pseudo-second order (Eq. S2)
and Elovich (Eg. S3) reaction-based models, the ones described by the following

equations [2][3]:

q =q,(L-e™) (S1)
ikt

C 14kt (52)

G = 3In(1+ aBt) (S3)

in which ki (h™) is the pseudo-first order (P1%'O) rate constant, ko (g mg™* h™®) the
pseudo-second order (P2"0) rate constant, o (mg g* h) the initial sorption rate and S
(g mg™?) the desorption constant.

The diffusion-based models presuppose that one or more of the diffusion steps
are the rate-controlling factor. This frequently happens when the surface of the sorbent
is relatively inert and solely physical sites are available for bond formation [2]. Two
diffusional models are currently used: Webber’s intraparticle diffusion (Eq. S4) and
Boyd’s film diffusion (Egs. S5 and S6) [2][4][5]:

q = ki t° (S4)
Bt = —0.4977 — In (1 — F), for F values>0.85, (S5)

2
Bt = <\/E - /n - ’TZTF> , for F values<0.85 (S6)

where kig is the internal diffusion rate constant (mg g™ min?), F(t) is the fractional
attainment of equilibrium at times t and Bt is a function of F. For F>0.85, Equation S5

was used in the determination of Bt and for F<0.85, Equation S6 was applied.



ii) Equilibrium models

The information regarding the affinity or capacity of the sorbent material in a
particular sorption process can be afforded through the construction of the isotherms
[6][2]. In the present work, Langmuir (Eqg. S7), and Freundlich (Eqg. S8) equations were
used to model the equilibrium data. The Langmuir model assumes the formation of a
monolayer coverage and the existence of a finite number of binding sites,
homogeneously distributed along the sorbent surface. As for the Freundlich model, it
assumes adsorption on heterogeneous surfaces with sorption sites of varying energy and

that adsorption can occur based on multiple layers. These models are defined as

followed:
— quaLCe (87)
° 1+a,C,
q. = KFC:/n' (58)

where a; (L mg?) is the Langmuir sorption equilibrium constant, related to the bonding
energy of sorption, and q,,,;, (Mg g 1) is the Langmuir sorption capacity corresponding to
complete monolayer coverage; Kr (mg*'" LY" g) is the Freundlich equilibrium
constant and »” is the sorption intensity constant (usually 1/n’ varies between 0.1 and 1,
indicating favorable sorption) [7][8][9].



S3. Error analysis of the data

The Akaike’s Information Criterion (AIC) and the evidence ratio were calculated

using Eq. (9) and (10), respectively:

_ SSE 2Np(Np+1)
AIC = N in(3F) + 2N, + T ©)
, . 1
Evidence ratio = gy (10)

where N is the number of experimental data points, N, the number of parameters in the
model, SSE is the sum of squared deviations and A is the absolute value of the

difference in AIC between the two models.



S4. Zeta potential measurements

The surface charge of GO and GO-Si(k)CRG nanomaterials was assessed by
zeta potential measurements at variable pH, and the data obtained are depicted in Figure
S1.
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Figure S1. Zeta potential measurements for GO (m) and GO-Si(x)CRG (o).



S5. Boyd’s diffusion model

Figure S2 presents the Boyd’s plot (Bt vs t) in the beginning of the sorption (t<

20 minutes) of Ca?* onto GO-Si()CRG, using different experimental conditions.
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Figure S2. Boyd plots for the initial period of sorption (t< 0.33 h) of Ca?* onto GO-Si(x)CRG
for the following experimental conditions: Ccao=30 mg/L e m/V=1.0 g/L (©) e Cca0=120 mg/L e
m/V=5.0 g/L (e).



S6. Standard free energy change (AG°)

The standard free energy change (AG®) was calculated using the Eq. (11) [10]:

AG® = —RT InK (11)

where K is the equilibrium constant for the sorption interaction, T is the temperature in
Kelvin and R is the gas constant (8.314 J/(mol.K)). The value of K was calculated
following the method suggested by Lima et al. [11]. Accordingly, the Langmuir
equilibrium constant was converted in the dimensionless form by multiplying by the
molecular weight of the adsorbate (Ca). The resulting dimensionless value of K was
employed in the equation 11. The value of AG® obtained for the adsorption of Ca®* on

GO-Si(x)CRG sorbent at 21+2°C was -16.67 kJ mol™.



S7. ATR-FTIR spectra
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Figure S3. ATR-FTIR spectra for GO-Si(x)CRG prior (—) and after (—) the adsorption

experiments with Ca?* .
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