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Experimental Section

Materials

Iron oxide (ILIII) nanoparticles (Fe;O4 NPs, 50-300 nm), tannin acid (TA, AR),
Iron(III) chloride (FeCl;, AR, 98%), polyethyleneimine (PEI, Mw = 10,000, 99%),
titanium dioxide nanoparticles (TiO, NPs, anatase, 10-25 nm, 99.8%) were obtained
from Aladdin Reagent Co. (Shanghai, China). Methylene blue (MB, 99%), methyl
violet (MV, 99%), rhodamine B (RhB, 99%), methyl orange (MO, 99%) and amaranth
(AR, 99%) were supplied by Kelong Chemical Reagent Co. Ltd. (China). All the
chemicals were purchased with no further purification before use. Deionized (DI) water

was used throughout the study.
Preparation of the magnetic composite nanoparticles

In this study, magnetic composite nanoparticles were fabricated based on the
polyphenol-inspired polymerization. Firstly, after ultrasound-treating for more than 30
min, Fe304 NPs (1.16g, 5 mmol) were immersed in aqueous TA solution (1.00 mg mL-!,
90 mL) for 5 min with shaking. Then, the nanoparticles were taken out by a magnet and
transferred into aqueous FeCls solution (0.50 mg mL-!, 90 mL), and shook for another
5 min. After that, the obtained nanoparticles were washed with DI water for several
times and named as TA@Fe;04 NPs. The TA@Fe;04 NPs were then immersed into a
PEI (10.00 mg mL -!) phosphate buffer solution (PBS, pH=8.5, 0.01mM, 90 mL). After
shaking overnight, the obtained nanoparticles were washed with DI water for several
times and named as PEI-TA@Fe;0,4 NPs. Subsequently, the PEI-TA@Fe;0, NPs were
put into a suspension of TiO, NPs (0.40g, PBS, pH=8.5, 90mL). After shaking for 12h,
the nanoparticles were collected by a magnet. Then, the nanoparticles were washed
serval times by DI water to remove the unstable TiO,. Finally, the TiO,-PEI-

TA@Fe;04 NPs magnetic composite nanoparticles were obtained.
Adsorption experiments

To investigate the adsorption performance of the magnetic composite nanoparticles,
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batch adsorption experiments were carried out, using Methylene blue (MB) as a model
organic dye. Briefly, about 50 mg nanoparticles were applied in 10 mL of MB solution
at room temperature. The MB concentration in the solution was determined at each
predetermined time, via a UV-vis spectrophotometer (UV-1750, Shimadzu) at 664 nm.
Adsorptions of MV, RhB, MO and AR were studied in the same condition. The
concentrations of MV, RhB, MO and AR in the respective adsorption solutions were
determined via the UV—vis spectrophotometer at 583, 553, 465 and 520nm, respectively.

The pseudo-first-order kinetic model was widely used to analyze adsorption behavior

in liquid-solid system, it could be expressed by the following equation:

(C o~ C e)V
Qac(mg/g) = ——— (1)
(C D_C t)V
qa(mg/g) = ——— )
In (que — qar) = Mque — kit 3)

where g, 1s the MB adsorption amount at equilibrium (mg/g); g4, is the MB adsorption
amount at time t (h); M (g) and V' (L) is the weight of TiO,-PEI-TA@Fe;04 NPs and
the volume of dyes in experiments; k,; is the rate constant of pseudo-first-order
adsorption.

For pseudo-second-order kinetic model, which assumed that the adsorption is a

chemical process. The equation could be expressed as follows:

=t o @

qac kAqu;e qse

where k4, is the rate constant of pseudo-second-order adsorption; the meaning of g,

(mg/g), q4.(mg/g) and ¢ (h) are same to those in the pseudo-first-order equation.
Langmuir and Freundlich isotherm models were used to study the equilibrium data.

Langmuir isotherm model assumes that adsorption process belongs to a monolayer

adsorption process. Linear form of Langmuir model equation is shown as follows:

CA e 1 CA e

qae - Gmax X KL + Qmax (5)

Freundlich isotherm model usually indicates a heterogeneous adsorption process.

The equation of Freundlich isotherm can be expressed as follows:
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Inqge = InKp +  InCye (6)

where, qa.(mg/g) and C.(mg/L) are the adsorption capacity and MB concentration at
equilibrium, respectively. quax(mg/g) is the theoretical maximum adsorption capacity
of Langmuir isotherm model. K; (L/mg) represents Langmuir adsorption equilibrium
constant, while Ky and 1/n are Freundlich constants which can reveal adsorption

capacity of the adsorbent.

Degradation experiments

The mechanism of degradation for organic dyes by TiO, NPs has been reported in
literature ! and here is the mechanism of photocatalytic degradation for MB by TiO,:
(TiO,) + hv — ecg~ +hyp™ (7)

(O2)ags tecg™ — Op ™ (®)

(H,O = H" +OH ) + hyg™ — H™ + OH- 9)
O, +H' — HO» (10)

2 HO;: - H,0,+ O, (11)

H,O0,+e= — OH- + OH™ (12)

MB + OH: — MB'- + H,O (13)

MB + hyg™ — MB™- — degradation products (14)

The initial stage of the mechanism is TiO, absorbing photons and being excited
quickly. Next comes oxygen ionosorption, which means the initiation of the first

oxygen reduction. Then, benefit from the neutralization between the H" and O groups,

HO, is produced. Subsequently two radicals combine to form hydrogen peroxide and

oxygen following by their decomposition which represents the occurrence of a second
reduction of oxygen. In final steps, organic dyes (MB) is either attacked by hydroxyl

radicals, or degraded after being trapped and oxidized by holes directly.
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To investigate the dye degradation behaviors of the magnetic composite
nanoparticles, ultraviolet light (UV-light, 365 nm, 48 W) was chosen to excite TiO,-
PEI-TA@Fe;04 NPs for degrading dyes. The removal ratios including the dyes

adsorption and degradation were calculated by using the following equation:
Co—Cy
Removal ratio (%) = —¢, X 100% (15)

where C, (umol/L) is the solution concentration of the dyes before adsorption and

degradation; C, (umol/L) is the concentration at a certain time (t).
Characterization of the magnetic composite nanoparticles

Multiple techniques were carried out to characterize Fe;04-TA-PEI-TiO,. Fourier
transform infrared (FTIR) spectroscopy was obtained by a Nicolet 560 spectrometer
(Nicolet, iS50, USA). Crystal structure analysis was carried out via an X-ray
diffractometer (XRD, Rigaku, Ultima IV, Japan). X-ray photoelectron spectroscopy
(XPS) was performed with an XSAMS800 electron spectrometer (Kratos Analytical,
U.K.). Energy dispersive spectra (EDS) was gotten by X-MAX50 energy dispersive
spectrometer (Oxford, U.K.). Transmission electron microscopy (TEM, Hitachi, H-
700H, Japan) and scanning electron microscopy (SEM, JEOL, IMS-7500F, Japan) were
used to characterize the morphology of the nanoparticles. Magnetic property was
characterized using a vibrating sample magnetometer (VSM, Lakeshore-730T, USA).
The zeta potentials of the composite nanoparticles’ surfaces were determined by using

a Zetasizer Nano-ZS (Malvern, U.K.).

Results and discussion

Figure S1. SEM images of Fe;04 NPs, PEI-TA@Fe;04NPs and TiO,-PEI-TA@Fe;04
NPs.
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Table S1. Elemental contents determined by XPS analysis.

At. conc (%)

samples
Fe 2p O1s Cls N1s Ti 2p
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Figure S2. Fe 2p XPS spectra of TiO,-PEI-TA@Fe;04NPs
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Figure S3. (a) EDS spectra of Fe;Oy; (b) EDS spectra of PEI-TA@Fe;04 NPs.
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Figure S4. (a-e¢) The degradation of MB, MV, RhB, MO, AR by TiO, NPs; (f) the
degradation for the mixture of MO and MB by the pure TiO, NPs.
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Figure SS. Photographs of treated MB solutions at different reaction stages, No.1-4
correspond to Fe;04, TA@Fe;04, PEI-TA@Fe;04 and TiO,-PEI-TA@Fe;04 NPs,
respectively.

Table S2. Elemental contents of different TiO,-PEI-TA@Fe;0, NPs determined by

EDS analysis.
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content (%)

samples
Fe (o) C N Ti
5:1 41.8 47.0 8.2 1.2 1.8
3:1 32.7 53.8 8.5 0.7 4.3
1:1 18.3 60.9 13.8 0.4 6.6
1:3 13.0 59.0 7.2 0.1 20.7
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Figure S6. (a) The removal ratios to MB by TiO,-PEI-TA@Fe;0O,4 NPs at different
molar ratio (Fe;04:Ti0O;); (b) the removal ratios by TiO,-PEI-TA@Fe;04 (5:1) of five

cycles toward MB (the initial concentrations of MB solutions both are 50 pumol/L).
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Figure S7. Powder XRD pattern of original TiO,-PEI-TA@Fe;O04 NPs and that

obtained after five adsorption-degradation cycles.
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Table S3. The raw material price list.

Materials Reagent supplier Price
Fe;04 NPs, 50-300 nm Aladdin Reagent Co. (Shanghai, China) ¥ 249.00/250¢g
TiO, NPs, 10-25 nm Aladdin Reagent Co. (Shanghai, China) ¥ 298.00/500g
Tannic Acid (TA) Aladdin Reagent Co. (Shanghai, China) ¥ 229.00/250¢g
PEI, Mw = 10,000 Aladdin Reagent Co. (Shanghai, China) ¥316.00/100g
Reference

(1) Houas, A.; Lachheb, H.; Ksibi, M.; Elaloui, E.; Guillard, C.; Herrmann, J.-M.
Photocatalytic degradation pathway of methylene blue in water. Appl. Catal. B-
Environ. 2001, 31, 145-157.
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