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Preparation of Fe;0,@SiO,@IDA

3.5 g IDA was dissolved in 50 mL high purity water and then the solution was adjusted to pH
11 with 10 mol L™' NaOH. After magnetic stirring for 10 min in an ice-bath, 1.5 mL GLYMO was
dropwise added with magnetic stirring for about 0.5 h. The reaction system was then heated to
65 °C, maintained for 6 h and cooled down to ambient temperature. Finally, the obtained
IDA-derived silane coupling agent solution GLYMO-IDA was adjusted to pH 6 with concentrated
HCl.

The Fe;0, nanoparticles were prepared by the conventional co-precipitation method™. 2 g of
prepared Fe;O4 nanoparticles were homogeneously dispersed in the mixture of ethanol (160 mL)
and deionized water (40 mL) under ultrasonic vibration for 30 min. Then 5 mL concentrated
ammonia aqueous solution was added into the dispersion under vigorous stirring at ambient
temperature. After stirring for 1 h, 4 mL TEOS was added into the above prepared dispersion and
the mixture was stirred for 12 h at room temperature. After the obtained Fe;04@SiO,
microspheres were separated from the solution and washed with ethanol and water sequentially,
they were redispersed in a mixed solution containing 150 mL high purity deionized water, 1.0 mL
concentrated ammonia aqueous solution and 50 mL ethanol. The mixture was homogenized for
0.5 h to form a uniform dispersion. Then, 50 mL of GLYMO-IDA solution was added dropwise to
the dispersion with continuous stirring. After reaction for 12 h, the product of Fe;0,@SiO,@IDA
was collected with a magnet, washed repeatedly with ethanol and water and finally dried in
vacuum at 60 °C.

Effect of elution volume and elution time

The elution volume and time affect the elution efficiency significantly. To study the effect of
elution volume on the desorption, three portions of 0.5 mL 10 mmol L Na,S,0; or 0.15 mol L™
NH;-H,O were used as eluent to elute Au ions or AuNPs from the F6304@Si02@IDA-Al3+,
respectively. The results in Fig. S2 indicate that 0.5 mL of elution solution was sufficient to elute
quantitatively Au ions or AuNPs, respectively. The influence of elution time on the recovery of the
Au ions and AuNPs was also investigated, respectively. The results in Fig. S3a and S3b show that
the Au ions could be quantitatively recovered when the elution time was above 10 min and AuNPs
could be quantitatively recovered when the elution time was in 1 min, which indicates the

prepared Fe;0,@SiO-@IDA-AI’" has fast desorption kinetics for AuNPs and Au ions. In this
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work, the elution time of 15 min for MSA-Au ions and 2 min for MSA-AuNPs was selected for
quantitative and sequential desorption. Finally, 0.5 mL 10 mmol L™ Na,S,0; with elution time of
15 min for Au ionsand 0.5 mL 0.15 mol L™' NH;-H,O with elution time of 2 min for AuNPs was
employed as the optimized elution conditions.

Effect of adsorption time and Sedimentation Time

The adsorption time should be optimized to ensure quantitative retention along with minimal
time required for sample processing. To study the effect of adsorption time, 25 mL of sample
solution containing 2 ng mL™' AuNPs and Au ions was ultrasonicated for several minutes and
eluted sequentially. The experimental results in Fig. S4 show that quantitative recoveries could be
obtained for the AuNPs and Au ions in 2 min, which indicates the prepared
Fe;04@SiO,@IDA-AI’" had fast adsorption kinetics for AuNPs and Au ions. In this work, 5 min
was selected for quantitative adsorption.

In this study, the adsorbent could be separated rapidly from the sample solution using an
external magnetic field instead of filtration or centrifugation, due to the superparamagnetism of
Fe304@Si02@IDA—A13+. Therefore, the effect of sedimentation time on the recovery was
investigated in the range of 2-20 min. It can be found from Fig. S5 that the
Fe;04@SiO,@IDA-AI’" could be completely sedimented with a recovery for AuNPs and Au ions
higher than 92% in the whole tested time range. In subsequent experiments, a sedimentation time

of 2 min was employed.
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Fig. S1 Magnetic hysteresis loops of Fe;04 and Fe;04@SiO,@IDA
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Fig. S2 Effect of the elution volume on the recovery of the Au ions (a) and AuNPs (b) (10 ng
mL™). Conditions: sample volume: 5 mL; adsorption time: 20 min; eluent for Au ions: 10 mmol

L! Na,S,03; eluent for Au NPs: 0.15 mmol L! NH;-H,0.
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Fig. S3 Effect of the elution time on the recovery of the Au ions (a) and AuNPs (b) (10 ng mL™).
Conditions: sample volume: 5 mL; adsorption time: 20 min; elution volume: 0.5 mL; eluent for Au

jons: 10 mmol L Na,S,05; eluent for Au NPs: 0.15 mmol L! NH;-H,O0.
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Fig. S4 Effect of the adsorption time on the recovery of the AuNPs and Au ions. Conditions:

sample volume: 25 mL; concentration: 2 ng mL'l; elution volume: 0.5 mL; eluent for Au ions: 10

mmol L™ Na,S,03; eluent for Au NPs: 0.15 mmol L! NH;-H,O0.
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Fig. S5 Effect of the sedimentation time on the recovery of the AuNPs and Au ions. Conditions:

sample volume: 25 mL; concentration: 2 ng mL™; elution volume: 0.5 mL; eluent for Au ions: 10

mmol L™ Na,S,03; eluent for Au NPs: 0.15 mmol L! NH;-H,0.
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Fig. S6 Effect of the ratio of Au ions and AuNPs. Conditions: sample volume: 25 mL; elution
volume: 0.5 mL; eluent for Au ions: 10 mmol Lt Na,S,03; eluent for Au NPs: 0.15 mmol L

NH3 HzO
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Fig. S7 Effect of the concentration of humic acid on the recovery of the AuNPs and Au ions
without (a) and with (b) addition of 10 mg L' AP". Conditions: sample volume: 25 mL;
concentration: 2 ng mL'l; elution volume: 0.5 mL; eluent for Au ions: 10 mmol L! Na,S,03;

eluent for Au NPs: 0.15 mmol L™ NH;-H,O0.
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Table S1 Tolerance Limit of Interfering lons

Coexisting ions Tolerance limit of ions (mg L™)
K 5000
Na® 5000*10000°
Ca* 2000
Mg** 2000
Zn* 10
Fe*', cu?', Cd*', Pb** 1
Hg** 0.1
Cl 7500° /15000°
NO5 8000
SO4* 1000

* Au ions, "AuNPs.
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