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Results and discussion — Supplementary Results

52.1. Structural and morphological characterization of IONPs.

With the objective of choosing an iron oxide nanoparticle (IONP) with

suitable properties for magnetic composite preparation, four IONP samples

were synthesized under different experimental conditions. These conditions

involved varying the preparation temperature and concentration of the

applied NaOH solution, as detailed in Table S1, which also presents the

corresponding sample names based on their synthesis parameters.



Table S1. Overview of properties of IONPs synthesized in various conditions.

NaOH Synthesis Primary Crystallinity
Sample . .
name concentration temperature crystallite degree
M] [°C] size [nm] [%]
IONP_0.4_25 0.4 25 33.3 68.23%
IONP_0.4_75 0.4 75 43.7 71.47%
IONP_0.8_25 0.8 25 23.2 87.98%
IONP_0.8_75 0.8 75 46.4 76.45%

The selection was preceded by a series of structural and morphological
characterizations of the IONPs.

First of all, to learn about the success of the synthesis, the crystal phase
composition and crystal structure of the samples had to be investigated.
Hence, the XRD patterns of the four IONPs were recorded and presented in
Figure S1. All four samples displayed the same reflections on their
diffractogram, with occasional shifts of less than 0.1 (20)° from each other:
thirteen reflections attributed to the cubic crystal phase of magnetite (FesOs-
JCPDS card no. 19-0629). The reflections identified as belonging to FesOsin
case of IONP_0.4_75 were observed at 20: 18.44°, 30.30°, 35.62°, 37.30°, 43.32°,
53.74°, 57.26°, 62.90°, 65.98°, 71.32°, 74.28°, 75.40° and 79.40° and can be
attributed to the crystallographic planes (111), (220), (311), (222), (400), (422),
(511), (440), (531), (620), (533), (622) and (444), respectively, of cubic FesOs
[49,62].

Since the control of iron oxide nanoparticle synthesis is challenging,
another possible reaction product of this synthesis method could be
maghemite (y-Fe20s - JCPDS card no. 39-1346). Maghemite from magnetite is
typically differentiated in diffractometry through two characteristic
reflections at 23.77° and 26.10° with very weak intensity corresponding to
planes (210) and (211); and through the position of the reflection attributed to
the crystallographic plane (511) [63]. In the present study, the planes (210)
and (211) were not observable within the limit of experimental errors. The
reflection attributed to the crystallographic plane (511) is located at 57.26°,
showing the predominant presence of the magnetite phase (Figure S1).
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Figure S1. XRD patterns of IONPs synthesized using various NaOH concentrations

and temperatures.

The XRD measurements also provided information about the primary
crystallite size and the crystallinity degrees of the samples, both
characteristics having important roles in the applicability of the IONP.
Comparing the primary crystallite size of the samples (Table S1), it can be
observed that a higher synthesis temperature allows the formation of larger
nanoparticles. The concentration of the used NaOH solution cannot be
considered a parameter that unequivocally influences the primary crystallite
size. However, a correlation is observable with the crystallinity degree of the
IONPs: employing a NaOH solution with higher concentration results in a
more crystalline nanomaterial at both 25 °C and 75 °C (Table S1).

Among the four samples, IONP_0.8_25 exhibits the highest crystallinity
but also the smallest primary crystallite size. A more crystalline sample
typically corresponds to fewer structural defects, which can indirectly lead to
improved magnetic properties. Nonetheless, previous studies have shown
that nanoparticles with a smaller mean crystallite size are generally more
prone to recrystallization [64]. Therefore, going forward, it already seems
preferable to choose IONP_0.8_75, the IONP with the largest crystallite size
and second-highest crystallinity degree for incorporation in composites, as it
promises greater structural stability besides favorable magnetic properties.

To verify the possible presence of maghemite that stems from the
diffractograms, the phase composition of the four IONPs was further
investigated. Given that the synthesis of magnetite can result in various by-



products, as mentioned earlier, this is a good opportunity to exclude any
other iron oxide or oxide-hydroxide from the composition. For this purpose,
Raman spectroscopy measurements were carried out on the four samples.
The characteristics of the recorded spectra validated the presence of both
magnetite (FesOs) and maghemite (y-Fe20s) (Figure S2). The intense
characteristic vibrational band of magnetite appears around 674 cm,
together with two other bands around 307 and 548 cm. The bands of
maghemite are distinguishable around 714 cm, as a shoulder of the
previously mentioned magnetite peak, and around 370 cm™ as a broader band
[65,66]. Based on the Raman spectra, the vibrational bands of magnetite are
the most dominant in sample IONP_0.8_75. The other extreme of the
magnetite-maghemite ratio variation is the sample IONP_0.8_25, in which
the features of maghemite vibrational modes are the most prominent among
the IONPs. Besides magnetite and maghemite, no other components were
observable from the Raman spectra.
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Figure S2. Raman spectra of the IONP samples.



Diffuse reflectance spectra of the IONP samples were also measured to
investigate their optical properties; however, the low reflectance values
(<10%) limited the reliable estimation of their band gap (Figure S3).
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Figure S3. UV-Vis reflectance spectra of IONP samples.

As a last addition to the assessment of material properties, the samples’
morphology was investigated via SEM (Figure S54). One of the objectives was
to determine if the particles exhibited any specific morphology or hierarchical
crystal structure, which, considering the lack of a shape-tailoring agent and
the precipitation synthesis method, was not expected. The micrographs
corroborated this assumption: all samples are polycrystalline and do not take
any special, uniform shape. The polygonal grains are organized in aggregates
in the case of each sample, with various levels of aggregation from 10 to 100
pum, but a pattern that can be correlated with the variations in the synthesis
conditions was not observed. The aggregation of the particles on their own
cannot be correlated with the applicability of the IONPs in suspensions, such
as in the case of heterogeneous photocatalysis, due to the different mediums.
In regard to applicability and choice of suitable IONP for the composite, the
findings of the SEM investigations were of no consequence.
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Figure S4. SEM images of iron oxide nanoparticles prepared under various experimental conditions: IONP_0.4_25 —
NaOH 0.4 M and 25 °C, IONP_0.4_75 - NaOH 0.4 M and 75 °C, IONP_0.8_25 - NaOH 0.8 M and 25 °C, IONP_0.8_75 —

NaOH 0.8 M and 75 °C.
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Figure S5. FT-IR spectra of pristine IONP, TiO2, and their composites.
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Figure S6. TEM micrographs of pristine TiO2TH, P25 and their composites.
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Figure S7. (a) UV-Vis spectra of synthesized TH TiOz, (b) band gap energy calculation of synthesized TH TiO, (c)
UV-Vis spectra of P25 TiOz, (d) band gap energy calculation of P25 TiO2.
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Figure S8. Adsorption properties and photocatalytic activity of the sample TH after the first two photocatalytic runs

(repeated experimental set).
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Figure S9. XRD pattern of P25 (a) and TH (b) after synthesis, after 1%, 24, and 4" photocatalytic runs.



Table S2. Comparison of the performance of the composite photocatalysts of the present study with the findings of

the literature on related catalytic systems

talyst Effici
Catalys Pollutant Degradation Degradation Recycling clency
Photocatalyst conc. Pollutant . . X . after Ref.
concentration efficiency time (min) rounds i
(g/L) recycling
TiO2- FesO4 1 Metronidazole 20 mg/L 90% 180 N.A. N.A. [29]
Fe205-TiO2 1.25 Paracetamol 30 mg/L 98.85% 180 N.A. N.A. [67]
FesO4/TiO: 05 RhB 10 mg/L 91% 120 5 88% [30]
Fe;0.@TiO2  0.33 Methylene Blue 16 mg/L 97.56% 90 5 89.9% [57]
TiO2/Fe3O4 2 RhB 5 mg/L 90% 90 4 53.6% [28]
P t
P25/FesOs 1 Paracetamol  15.12 mg/L 98.9% 120 4 95.7% Sremsjn
y
TiO2/Fes04 Present
1 P t 1 15.12 L 69.4% 120 4 44.8%
(TH/IONP) aracetamo mg/ % % study
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