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4-vinyl-benzyl-meglumine (VbMEG) characterization
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Figure S1: 'H-NMR e spectra of (4-vinylbenzyl) -meglumine (VDMEG) in ds-DMSO-D,0

The purified VDMEG monomer was characterized by '"H-NMR and FT-IR spectroscopy as reported
in Figure S1 and Figure S2, respectively. By NMR spectrum, the presence of the para-disubstituted
aromatic ring linked to the meglumine moiety was observed at 7.5 ppm. Additionally, typical segnals
distribution related to C=C bond and the overlapped aliphatic hydrogen signals deraived from
meglumic group were observed in the region ranging from 5.0 to 7.0 ppm and from 2.5 to 3.8 ppm,
respectively. Moreover, the absence of the signals realted to the starting reagents confirmed that

efficient purification had taken place.
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Figure S2: Infrared spectra of (4-vinylbenzyl) -meglumine (VBMEG)
By FT-IR spectra of MEG monomer diagnostic bands at 3400—3100, 3000—2780, and 1100 cm™!
related to the stretching vibrations of O—H, C—H, and C—O groups, respectively were observed.

Moreover, the characteristic peaks at 1630 and 1390 cm™! indicate the presence of the C=C aromatic

stretching and the tertiary C—N stretching modes.

Poly-(4-vinyl-benzyl)-meglumine (p-VbMEG) characterization
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Figure S3: 'H-NMR spectra of poly-(4-vinylbenzyl) -meglumine (pVbMEG) in D,0
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Poly-(4-vinylbenzyl)-meglumine synthesized was characterized by NMR and FT-IR spectroscopy as
reported in Figure S3 and S4, respectively. Although, by "TH-NMR spectra a little amount of starting
monomer not reacted can be observed, the presence of wide signals confirmed the polymerization

reaction. Moreover, the distribution related to the presence of meglumine groups was observed in the

range from 4-2 ppm.

In Figure S4 FT-IR spectrum of pVbMEG was reported to confirm the polymerization reaction. The
spectrum presents characteristic diagnostic bands at 3400—3100, 3000—2780, 1650, and 1100 cm™!
related to the stretching vibrations of O—H, C—H, C=0, and C—O group, respectively. In addition, the
characteristic peaks in the regions 1600-1475 cm™! and 1450-1390 cm™! evidenced the typical C=C

aromatic stretching and the tertiary and secondary C—N stretching modes.
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Figure §4: Infrared spectra of poly-(4~vinylbenzyl)-MEG (pVbMEG)

Figure S5 shows the termogram of pVbMEG. In agreement with the previous data !, the sample
exhibits two dinstinct thermal degradation steps. The first around to 310 °C can derive from the
decomposition of meglumine moieties. Instead, at higher temperatures, the thermal degradation of

the polymeric chains took place in the range of 412435 °C.
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Weight (%)

The presence of aromatic rings bring to the formation of char, the value of the residue is nearly 20 %.

Fe;04 nanostructured materials characterization
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Figure S5:TGA and dTGA profiles of poly-(4-vinyl-benzyl) -meglumine (p-VOMEG)

The TGA analysis were widely discussed in 3.2.3 paragraph in the main text. Despite, the complexity

of nanostructured materials is possible observed the degradation steps related to the inorganic phase

like the degradation temperatures of the organic coatings, in this way it’s can be possible to confirmed

the correct functionalization of SPIONs nanoparticles. Moreover, by TGA carried out in oxidative

atmosphere the amount of organic coating has been observed and calculated.
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Figure S6: TGA and dTGA profiles in N, atmosphere for MEG loaded on Fe304,; VDMEG loaded on Fe304 and poly-VBMEG
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Figure S7 : TGA and dTGA profiles in oxidative atmosphere for the bare magnetite nanoparticles;, MEG loaded on Fe304; VPMEG

loaded on Fe304 and poly-VBMEG loaded on Fe304
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Figure S8: TGA and dTGA profiles in N, atmosphere for the PEO and VbMEG loaded on Fe304

Universal V4 5A TA

Thermogravimetric analysis (TGA) in nitrogen atmosphere was carried out to evaluate the ligands

exchange reaction in PEO-Fe;0O4 nanostructured materials. For the PEO functionalized material

typical degradation step at 290 °C related to poly-ethylene oxide decomposition was observed

accordingly with the temperature reported in literature.? After the exchange with the MEG monomer,

different degradative steps were observed in the range from 250-350 °C due to the thermal

decomposition of meglumine moiety.
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Scanning Electron Microscopy (SEM)

Figure S9: SEM images related to bare Fe304 (left) and pVbMEG loaded on Fe304 (right)
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Figure S10: DLS diameter (nm) distributions related to bare Fe304 (a); MEG loaded on Fe304 (b); VDMEG loaded
on Fe304 (c) and pVbMEG loaded on Fe304 (d)

S6



Adsorption test

Different kinetic models were applied to investigate the adsorption process of the synthesized
nanostructured materials. In particular pseudo-first order, pseudo-second order and intraparticle
diffusion models have been used.> Firstly, the adsorption equilibrium capacity (Q.) was calculated
by the following equation:

(Co_ Ce) 4
Q=" @

where C, (mg/L) is the metal initial concentration, C, (mg/L) is its concentration at the equilibrium,
V (L) is the volume of water used and W (g) is the weight of adsorbent nanomaterials used during
the experiments. The pseudo-first order model for heterogeneous solid-liquid systems is formulated

as follows:

In( Q. — Q) = InQ, — kqt (2)

where Q. and Q; (mg/g) are the amounts of metal ions adsorbed at equilibrium and time t (min)
respectively, by using as initial conditions Q. at t=0. The constant rate k; (min!) is obtained by
plotting In(Q.-Qy) versus time (min).

In addition, the pseudo-second order kinetic model is used to investigate the kinetic behaviour by the

following equation:

t 1 t

Qt= szg +@

(3)

By plotting the experimental data t/Q, versus time, Q. and k, were assessed from both the slope and
intercept, respectively.
The last model used to evaluate the adsorption process is the intraparticle diffusion one described

with the following equation:

Qe =kn/t+C  (4)

where k; is the intraparticle diffusion rate constant (mg g-'h™0). By plotting the amount of metal ions
adsorbed against the square root of the contact time, it can be possible to evaluate the influence of the

interparticle diffusion into the rate limiting-step.’

Moreover, adsorption models were used to rationalize the equilibrium adsorption by the isotherms
and therefore investigate the adsorption information, such as the adsorption mechanisms, the

maximum adsorption capacity of the synthesized adsorbent nanomaterials.®
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Information about the ideal adsorbate/adsorbent interaction are obtain by the following non-linear

Langmuir equation:

QobC,
%=1vpc,

where ¢, (mg g') is the content of metal ions adsorbed per unit weight of adsorbate, C, (mg L!) is
the metal concentration at the equilibrium, Qy (mg g!) is the monolayer capacity and b (mg™! L)
represents the constant associated to adsorption heat (K; ). From the K; parameter it is also possible
to calculate the separation factor (Rp) by the equation (6), useful to describe the efficiency of the

adsorption process.
1

&=1+Km0

(6)

where K is the Langmuir constant and C, corresponds to the adsorbate initial concentration (mg L-
. When the R;=1 a linear adsorption occurs. Ry greater than 1 is associated with unfavourable
adsorption, 0 <Ry <1 to favourable adsorption, and R; =0 is referred to irreversible adsorption.

The empirical Freundlich sorption model is usually used to describe non ideal sorption on
heterogeneous surfaces as well as multilayer sorption and thus can be applied to fit the adsorption of

As(V), Cr(VI) and B(III) onto Fe;04-pVBNMDG following the linear equation (7) here reported:
1

4e=Kr(C)"  (7)

where Ky (mg g!) is the Freundlich constant associated with the adsorption capacity and 1/nF is a
parameter that allows obtaining indications about the heterogeneity of the system, and thus the
intensity of the adsorption.

Temkin equation is a logarithmic isotherm model that takes into account the adsorbate/adsorption
interaction on solid surface. It assumes that the heat of adsorption (AH,q4s) of all interacting molecules
linearly decreases by increasing the surface coverage. The linear form of Temkin equation is given
by:

go=Brln (K1Co)  (8)
where Kt represents the equilibrium binding constant (L mol™!) that corresponds to the maximum

binding energy.Bris a parameter associated to the heat of adsorption and is defined by

RT
Br = by 9)

with R the ideal gas constant (8.314 J mol ™! K™!), T the temperature in Kelvin and by is the parameters

related to the variation of adsorption energy (kJ mol™).
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A more general equation than the Langmuir model is the Dubinin-Radushkevich semiempirical

equation used to describe sorption curve related to the porous structure of the sorbent. This isotherm

model is usually applied to distinguish the physical and chemical adsorption of adsorbate ions onto

heterogenous surface. The linear form of the equation is expressed as follows:

qe = qmexp[ _BRZTZ

o2} oo

where f is the Dubinin-Radushkevich constant, R the ideal gas constant (8.314 J mol™! K™"), T is the

absolute temperature. From equation (10) it is possible to calculate the Polanyi potential (¢) and the

adsorption energy (Ep.r) that are given by:

£= RTln(l — l) (11)

Ep_p=2B"""

Co

(12)

The Epr value can be used to determine the type of adsorption observed. If is below 8 kJ mol ™!,

typically physical adsorption occurs. Instead, a value between 8 and 16 kJ mol™! indicate the ion-

exchange process. Finally, value of Epg higher than 16 kJ mol™! represented a chemisorption

process.”10

As(V), Cr(VI) and B(I1I) adsorption kinetic profiles
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Figure S11:Adsorption kinetic models of As(V) for poly-VbMEG loaded on Fe;0, fitted with (a) the pseudo-first order,
(b) the pseudo-second order and (c) the intraparticle diffusion models
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Figure S12:Adsorption kinetic models of Cr(IV) for poly-VbMEG loaded on Fe;0, fitted with (a) the pseudo-first order,
(b) the pseudo-second order and (c) the intraparticle diffusion models
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Figure S13:Adsorption kinetic models of B(IIl) for poly-VBMEG loaded on Fe;0, fitted with (a) the pseudo-first order,
(b) the pseudo-second order and (c) the intraparticle diffusion models
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