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A facile and efficient way to decontaminate mercury(II) polluted water with the aid of 

magnetic, highly stable and recyclable carbon coated cobalt (Co/C) nanoparticles is reported. 

Comparing non-functionalised Co/C nanomagnets with particles that were functionalised with 

amino moieties, the latter one proved to be more effective for scavenging mercury with respect 

to extraction capacity and recyclability. A novel nanoparticle-poly(ethyleneimine) hybride 

(Co/C-PEI) prepared by direct ring opening polymerization of aziridine initiated by an amine 

functionalised nanoparticle surface led to a high capacity material (10 mmol amino groups/g 

nanomaterial) and thus proved to be the best material for scavenging toxic mercury at relevant 

concentrations (mg•L-1/µg•L-1) for at least 6 consecutive cycles. On large-scale, 20 L of 

drinking water with an initial Hg2+ concentration of 30 µg•L-1 can be decontaminated to the 

level acceptable for drinking water (≤ 2 µg•L-1) with just 60 mg of Co/C-PEI particles. 

 

Introduction  

Removal of organic and inorganic waste from water has 

become an issue of major interest for the last few decades. In 

particular, the decontamination of toxic metals is still a matter 

of great concern, since these harmful substances can cause 

severe threats to human health. In this context, mercury is 

considered one of the most problematic pollutants to the 

environment and public health, being involved in several 

disasters of food poisoning in different countries around the 

world.1,2 The cumulative character of this metal leads to an 

enrichment in the environment and the food chain,3,4 which in 

turn may cause permanent adverse effects in the liver, lung, 

brain or kidney of living organisms, even at very low dose.1,4 

Furthermore, the solubility of mercury(II) ions in water brings 

along additional problems concerning the toxicity, especially 

for the aquatic system.5 Indeed, its divalent form is often found 

in fresh water, seawater, ground water and soil in considerable 

amounts.1,4 Therefore, mercury and its derivatives are 

considered as priority hazardous substances (PHSs)1,6 by 

several environmental associations that have started mercury 

monitoring programs worldwide.1  

Facing the above-mentioned harms, different methodologies 

have been used for water treatment such as centrifugation, 

ultrafiltration, crystallisation, sedimentation, solid-phase 

extraction and chemical precipitation.1,2 Usually, the extraction 

of particular heavy metals is performed by using insoluble 

adsorbents.7 However, this method requires further filtration 

which involves energy-intensive pumping and tedious recovery 

of the materials.8 

In an attempt to develop more sensitive, simple and cost-

effective materials, nanotechnology has attracted much 

attention in this field.2,5 Magnetic nanoparticles in particular 

might contribute to such applications due to their distinct 

advantages like high surface area-to-volume ratio and therefore 

higher extraction capacity compared to micrometer-sized 

particles. The most important benefits are the facile and 

convenient separation by applying an external magnetic field 

enabling an easy recovery and recycling of the scavenger,1,4,6 

potentially even in the open environment.  

Additionally, materials that selectively bind Hg2+ in the 

presence of other metals are needed in order to prove feasibility 

in a real water decontamination situation. For instance, studies 

with 1‐naphthylthiourea–methyl isobutyl ketone9 and meso-

porous crystalline material functionalised with mercapto-

propyl10 showed that these selectively extract Hg(II) from 

aqueous samples. Nevertheless, recovery and regeneration of 

the chelating agent is not practical. Considering this, a selective 

magnetic mercury scavenger would make the entire process 

much easier and faster as well as enhance the reusability of the 

chelating agent. 

Indeed, functionally modified magnetic nanobeads have already 

been used for the extraction of different metal ions from 

aqueous solution based on cadmium,11,12 copper,11,13 lead,11,12 

zinc,13 mercury12,14,15 cobalt16,17 and nickel16 under various 

conditions. However, concerning mercury limitations related to 

selectivity in the presence of other metals and reusability of the 

scavengers are being encountered. Iron oxide nanoparticles 

were primarily considered as an attractive solution for magnetic 

separation. Recently, Pang et al.15 reported the synthesis of 

functionalised iron oxide nanoparticles which efficiently 

remove mercury(II) from water samples (380 mg Hg2+ 

extracted/ mol adsorbent) but selectivity in combination with 

other metals or recyclability of this scavenger material was not 

studied. On the other hand, Khani et al.14 have developed 

magnetite nanoparticles functionalised with triazene groups 

showing selectivity towards mercury in binary systems, which 

could be used in 2 cycles with an extraction capacity of 
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10.26 mg Hg2+ per gram nanomaterial. Mandel et al. have 

reported that thiol-modified magnetic microparticles are 

capable of extracting mercury(II) preferentially over other 

metal ions. However, coadsorption of copper(II) and 

cadmium(II) was also observed in some cases. The release of 

adsorbed mercury(II) in order to recycle the scavenger was 

possible to an extent of about 30%, and the estimated extraction 

capacity was around 74 mg Hg2+ / g microparticles.18 Magnetic 

Co/C nanoparticles, which exhibit excellent thermal and 

chemical stability as well as higher magnetization, recently 

appeared as a promising alternative11,19 for improving the 

extraction capacity and reusability of scavengers. Such 

nanoparticles provide an additional carbon surface that 

stabilizes the metal core and allows for functionalisation using 

established diazonium chemistry.20,21  

Herein, we report the potential of Co/C nanomagnets to be used 

as magnetic scavengers for mercury extraction from water. In 

addition, we studied the influence of amino functionalities on 

the nanoparticles to improve the extraction efficiency and 

selectivity, arriving at functional nanomagnets that show an 

extraction capacity for Hg2+ of up to 550 mg/g NP. 

 

Results and discussion 

Carbon-coated nanobeads have proved their effectiveness in a 

variety of applications such as supports for scavengers, reagents 

or catalysts.22,23,24,25,26,27,28 Relevant for this study, this type of 

nanoparticles was previously used for complexation/extraction 

of cadmium, copper, lead11, arsenic29 ions as well as noble 

metal ions based on gold19,30 and platinum30. However, no 

studies for the removal of mercury(II) from contaminated water 

were reported. 

In order to remove Hg2+ ions from contaminated water, firstly 

pristine Co/C NPs 1, being commercially available20, were 

initially investigated as a possible scavenger. Two mercury 

solutions with different concentrations were prepared (15 and 

30 mg•L-1) and the progress of extraction was monitored by 

ICP-OES during 10 minutes, aiming at practical decontami-

nation times in real case scenarios and to study the adsorption 

kinetics and estimate the maximum extraction capacity of the 

nanobeads. From these results, using 5 mg of NPs to 

decontaminate 5 mL HgCl2 solution, it was concluded that 

approximately 13 mg Hg2+ can be scavenged using 1 g of 

nanoparticles within 10 minutes, even at low initial mercury 

concentrations of 15 mg•L-1. However, also considerable 

leaching of Co ions from the nanoparticle core was observed. 

The adsorption of Hg2+ onto the carbon layer of the 

nanoparticles was confirmed by x-ray photoelectron 

spectroscopy (XPS) analysis (see SI) and is in agreement with 

the results obtained for multi-walled carbon nanotubes 

(MWCNTs).31 

Although the extraction of mercury(II) ions using unmodified 

Co/C nanoparticles 1 proved to be efficient to some extent, 

there are three major limitations: (1) the occurring cobalt 

leaching leads to an undesired contamination that needs to be 

prevented. (2) The extraction capacity (13 mg Hg2+/ g NPs) is 

relatively low requiring a high amount of nanoparticles to 

remove Hg2+ on large scale. (3) An efficient release of mercury 

from the particles, thus allowing their recycling was not 

possible under various conditions tried (aqua regia; heating at 

150 °C; aqua regia combined with high temperature).  

Therefore, the surface of the nanomagnets was functionalised to 

improve the extraction capacity, also aiming to avoid cobalt 

leaching and ensuring recyclability. Non-magnetic amino-

functionalised materials have been reported for their extraction 

capability towards mercury(II), and especially Masri and 

Friedman have demonstrated the high affinity of polyamine 

derivatives towards Hg2+ ions in aqueous solutions.32 

Furthermore, amino-functionalised carbon nanotubes have been 

successfully applied for extracting mercury(II) from water 

samples.33 However, selectivity studies with these materials 

were either not performed or limited to binary systems. Taken 

these precedents as a lead, we aimed on developing high 

capacity amino-polymers, such as poly(ethyleneimine) (PEI) 

and poly(amidoamine) (PAMAM), supported on readily 

recyclable magnetic nanobeads for selective Hg2+ removal. 

 

 

Scheme 1. Covalent immobilization of PAMAM dendron G2 on Co/C 

nanoparticles via click chemistry. Reagents and conditions: i) CuSO4•5H2O 

(10 mol%), Na ascorbate (30 mol%), THF-H2O (3 : 1), 24 h, RT. 

 

Thus, propargylated PAMAM dendrimer G2 having four 

terminal amino groups was connected in two different ways to 

the surface of the NPs (Scheme 1): benzylazide functionalised 

Co/C nanoparticles 2 21,26 (0.1 mmol azide / g nanomaterial) or 

a Wang type resin having azide end groups covalently attached 

to Co/C nanoparticles 324,25,34 (2.4 mmol azide/g nanomaterial), 

were found to be suitable platforms to accommodate PAMAM 

dendrimers via ligation by a copper catalyzed azide/alkyne 

cycloaddition using conditions previously described by us.21,26 

The reaction was conveniently followed by monitoring the 

characteristic azide peak at 2100 cm-1 with attenuated total 

reflection infrared spectroscopy (ATR-IR) spectroscopy (see 

Figure S1, SI), to give rise to 4 (0.02 mmol PAMAM/ g 

nanomaterial) and 5 (0.57 mmol PAMAM/ g nanomaterial), 

respectively (see Figure S2, SI). Higher magnetization values 

(Figure S3, SI) were observed for Co/C-PAMAM G2 4 (106 

emu/g) when compared to higher loaded Co/C-PS-PAMAM G2 

5 (50 emu/g), reflecting the different amounts of non-magnetic 

material attached to the nanobeads. 

PEI-functionalised Co/C nanobeads were prepared starting 

from 620 (0.15 mmol amine/ g nanomaterial) following a 

procedure for the functionalization of carbon nanotubes 
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described elsewhere (Scheme 2).35 Using 1000 equivalents of 

aziridine, high loadings of approximately 10 mmol amine/g 

nanomaterial 7 were obtained by growing the PEI polymer on 

the nanoparticle surface. These nanoparticles form stable 

dispersions in water,36 thus avoiding agglomeration (see Figure 

S6B and S7, SI), which is a general problem for unmodified 

Co/C nanoparticles. The saturation magnetization of this 

material was found to be still high (39 emu/g, Figure S6A, SI), 

rivaling that of low-loading magnetite particles.37 Therefore, an 

easy and effective recovery by magnetic separation is still 

possible within seconds. 

 

 

Scheme 2. Synthesis of poly(ethyleneimine) functionalised nanoparticles 7.36  

 

A comparison of the extraction efficiency of all nanobeads 

(Figure 1) using 5 mL of an aqueous solution of HgCl2 (30 

mg•L-1) and 5 mg of nanomaterial during 10 minutes for 

benchmarking purposes showed that Co/C-PAMAM G2 4 was 

found to extract mercury (50%) comparable to unmodified 

Co/C NPs, which is attributed to the low loadings obtained 

during the functionalization. Improved extraction capacity 

(73%) was found for Co/C-PS-PAMAM G2 5, which can be 

ascribed to increased loadings of terminal amino groups made 

possible through the additional polystyrene layer on the surface 

of the NPs24,25,29,34,38. For both materials no significant cobalt 

leaching was detected. The Hg(II) removal efficiency was 

found to be even better (≥98%, reaching the detection limit 

[100 µg•L-1] of the inductively coupled plasma optical emission 

spectrometry (ICP-OES) measurement) for Co/C-PEI 7, while 

still avoiding cobalt leaching from the nanoparticles into the 

solution. The maximum extraction capacity of Co/C-PEI 7 was 

subsequently estimated by extracting solutions of higher 

mercury concentration: the scavenging of Hg2+ from 5 mL of a 

2.9 mM solution with 5 mg nanomaterial was still possible 

within 10 minutes to an extent of 95%, corresponding to 550 

mg Hg2+ extracted per g nanomaterial 7, which compares 

favourably to the results obtained for Co/C 1 (15 mg Hg2+ 

extracted/g NPs) and for previously reported magnetic mercury 

scavengers (5.6 – 152 mg Hg2+ extracted / g nanomaterial)4,14,39.  

 

Mercury(II) could also be efficiently removed from much more 

diluted solutions using 7: Starting from 100 mL of an aqueous 

solution containing 1.64 mg•L-1 mercury(II) chloride, just 3 mg 

Co/C-PEI nanoparticles 7 are sufficient to bring down again the 

mercury concentration to the detection limit (100 µg•L-1) of the 

ICP-OES analysis within 10 minutes (Figure 2). 

To validate that the mercury(II) uptake occurs due to a comple-

xation of the metal ions by the amino groups we tested the 

extraction capacity of the PEI-polymer itself. A commercially 

available PEG-resin with terminal amino groups 8 was 

functionalised with PEI in the same manner (Scheme 3) as for 

the Co/C-phenylethylamine particles 6 described above. 

 

Figure 1. Comparison of the extraction capacity from the different 

nanobeads (cf Scheme 1, 2). Reaction conditions: 5 mg of NPs, 5 mL of Hg2+ 
solution (30 mg•L-1), 10 min extraction time, solution pH 6.53. 

  
Figure 2. Mercury(II) extraction over time. 100 mL of an aqueous 
solution (1.64 mg•L-1, solution pH 6.71), 3 mg Co/C-PEI nanoparticles 

7. The dashed curve represents the exponential decay fit of the data set 

(decay constant: 1.8 ± 1.2 min-1). After 10 min, the detection limit (100 
µg•L-1) of the ICP-OES analysis was reached.  

 

 

Scheme 3. Synthesis of PEI functionalised PEG resin 9. 

The so obtained PEI-resin 9 (10.9 mmol N / g resin) was used 

for extraction, applying identical conditions as in the previous 

experiments. A similar extraction capacity for the PEI-

functionalised resin 9 when compared to the Co/C-PEI 
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nanobeads 7 was determined, while the PEG-amino resin 8 

itself showed nearly no ability to extract mercury. These 

findings suggest that indeed the amino functionalities on the 

surface of the NPs are responsible for the removal of 

mercury(II), which is in agreement with literature reports for 

amino functionalised multi-wall carbon nanotubes33 or chitosan 

based absorbents39 as well as polyamine derivatives32. 

It is known that PEI can also chelate metal ions such as Ni2+, 

Cu2+, Zn2+, Cd2+ and Pb2+.42,43 However, to the best of our 

knowledge no selectivity studies using PEI for extracting 

mercury in the presence of other metal ions are reported. 

Testing the extraction of Hg2+ against other competitive metals 

when they are in solution at the same time, indeed we found 

that Co/C-PEI nanomagnets 7 show a high preference for 

mercury(II) (Figure 3). Experiments were done with an 

extraction time of 10 minutes and 3 hours in a pH range of 5.6–

6.2, representing the range that is obtained upon dissolving the 

metal salts in pure water. No significant differences were 

observed between these two time points indicating that under 

the conditions employed, after 10 minutes of extraction the 

equilibrium time for all metals tested has been reached. This 

result is supported by the selective extraction of mercury(II) 

shown also for the PEI-resin 9 (Figure S9, SI). Moreover, x-ray 

photoelectron spectroscopy (XPS) analysis on the NPs used to 

obtain the results in Figure 3A confirmed the preferential 

uptake of mercury against the other metals (see SI).  

 

 

 

 
Figure 3. Selective extraction of Hg2+ using Co/C-PEI 7 in the presence of 
competitive metal ions. A) 3 mg of NPs were used to decontaminate a 

100 mL solution containing Hg2+, Cu2+, Pb2+, Ni2+, Ba2+ and Cr3+ in equimolar 

amounts (10 µM), solution pH 5.59; B) 3 mg of NPs were used to 
decontaminate an aqueous 100 mL solution containing Hg, Pb, Ni, Zn and 

Cd, solution pH 6.16. 

In addition, an experiment at basic pH 8.3 was performed to 

evaluate the influence of the pH on the adsorption of the metals. 

Again, a preferential uptake of mercury was detected (68%), 

however absorption of copper(II) (51%) and lead(II) (17%) 

(Figure S10, SI) occurred to a significant extent as well.  

Having developed a scavenger that combines the advantages of 

using a selective adsorbent with the magnetic properties of a 

solid support, we tested the performance of nanobeads 7 in tap 

water samples. For these experiments water from the facilities 

of the University of Regensburg was used and artificially conta-

minated with Hg2+ (2 mg•L-1). Especially, the water sample was 

analyzed with respect to the content of mercury, magnesium 

and iron before and after treatment with nanobeads 7. The 

concentration of Ca2+ was also measured to be around 100 

mg•L-1, thus being present in large excess with respect to the 

extraction capacity of 7 used in this experiment. However, the 

values obtained from ICP measurements for calcium before and 

after extraction were somewhat erratic, which might be due to 

aging of the samples caused by carbon dioxide absorption. 

Despite the presence of those other ions that are naturally 

occurring in drinking water mercury was still efficiently 

removed (Table 1, Sample 1). 

As iron can occur in higher concentrations in water of different 

areas40 an additional experiment was performed in the presence 

of an excess of iron. Still 90% Hg2+ is successfully extracted 

even if the content of iron is approximately 20 times higher 

than that of mercury (Table 1, Sample 2). 

 

Table 1. Extraction results in tap water. 

 Metal ions before / after 

extraction ( mg•L-1) 

Hg[a] Fe[b] Mg[b] 

Sample 1 - Regensburg drinking 

water spiked with Hg2+ 

2.2 / 

0.3 

≤0.1 / 

≤0.1 

19.1 / 

19.1 

Sample 2 - Regensburg drinking 

water spiked with Fe2+ and Hg2+ 

2.2 / 

0.2 

35 / 

32.5 

- 

Sample 1 - [a] Artificially added to the tap water samples (the 

source of mercury used is HgCl2). [b] Values determined for 

tap water samples from the University of Regensburg. 

Extraction conditions: 3 mg Co/C-PEI NPs 7 were used to 

decontaminate 100 mL aqueous solution (pH 6.71) within 10 

minutes. In addition, the sample contained approx. 100 mg•L-1 

Ca2+ (see text). 

Sample 2 - [a] and [b] Artificially added to the tap water 

samples (the source of iron used is FeCl2•4H2O). Extraction 

conditions: 3 mg Co/C-PEI NPs 7 were used to decontaminate 

100 mL aqueous solution (pH 6.45 ) within 10 minutes. 

 

Having proven the feasibility of the nanomagnets for extracting 

mercury in real water samples, a simple recycling methodology 

of the magnetic scavenger had to be established. More 

specifically mercury has to be released after extraction in order 

to regenerate the nanomaterial and reuse it. Considering the fact 

that the amino groups in 7 are responsible for scavenging the 

mercury ions, a logical approach is the protonation of these 

groups using acidic conditions to reverse their complexation 

ability. For the release the following procedure was established: 

after the extraction time, the nanobeads were collected with a 

magnet and the aqueous decontaminated solution was 

completely decanted, followed by the addition of 20 mL of the 

corresponding acid. In the course of determining the conditions 

for the release of mercury different acids (0.01 M) were tested. 

These experiments showed that strong acids like H2SO4, HCl 

and HNO3 are suitable for achieving high mercury release, 
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while weak acids like acetic acid are less effective. Further 

optimizations were performed with H2SO4 solutions differing in 

molarity and thus in the pH. The best conditions were found to 

be 0.5 M H2SO4, corresponding to a pH value of approximately 

0.4. Noteworthy, ICP measurements revealed that no significant 

cobalt leaching from the core of the nanomaterial is detected 

during the release of mercury. 

Thus, a multicycle extraction/recycling protocol was 

established (Figure 4) for aqueous solutions (tap water) 

containing mercury. Briefly, the mercury(II) contaminated 

water containing the nanomagnets 7 is shaken for 10 minutes 

and then the NPs are recovered applying an external magnet. 

The decontaminated water is then decanted and the NPs 7 are 

subsequently treated with H2SO4 (20 mL, 0.5 M, 20 minutes) in 

order to release the mercury. Finally, a magnet is used once 

more to collect the NPs and decant the acidic solution which is 

followed by washing with a 0.5 M potassium carbonate solution 

and water to regenerate the amino groups of 7, and the 

nanobeads are used in the next cycle. 

 

 

Figure 4. Recycling protocol for the extraction of mercury in tap water 

samples. 

 

 

Figure 5. Reusability of Co/C-PEI 7 in six consecutive runs (extraction 

and subsequent release). Extraction: Co/C-PEI 7 (3 mg) were shaken in 
100 mL of 2 mg•L-1 Hg(II) containing aqueous sample (pH 6.7) for 10 

min. Release: 20 mL 0.5 M H2SO4 within 20 min. 

 

Following the scheme in Figure 4, we demonstrate that in six 

consecutive cycles more than 90% of the mercury could be 

extracted from tap water samples (6 x 100 mL spiked with 2 

mg•L-1 Hg2+ each) within 10 minutes (Figure 5). Even though 

the release step was not complete each time, the extraction 

capacity remained nearly unchanged during the six runs. In 

some cases the release is higher than 100% as mercury from a 

previous incomplete release step was apparently set free in the 

next cycle. In addition, TEM analysis (Figure S11, SI) proved 

that there are no significant changes or damage in the 

appearance of the nanoparticles after the recycling process. 

These results have encouraged us to study the applicability of 

these magnetic scavengers in a large-scale experiment aiming 

to prove their use in a realistic industrial application. For this 

purpose a 20 L reactor was used (see Figure 6) and filled with 

normal Zurich drinking water artificially contaminated with 

30 µg•L-1 Hg(II). An even lower concentration of particles than 

in the previous recycling experiments was employed (3 mg/L), 

gratifyingly, after one hour reaction time the water was 

detoxified from mercury to 93%, leaving behind a mercury 

content of 2 µg•L-1 as determined by atomic fluorescence 

spectroscopy (AFS), which is within the limit for drinking 

water according to World Health Organization.40 Thus, the 

simple and efficient scavenger developed here has proved its 

potential to decontaminate water samples from mercury(II) 

poisoning, which also might be applicable in the open 

environment due to the facile recovery of the magnetic support. 

 

 

Figure 6. Large-scale experiment was performed in a reactor containing 20 L 
of an aqueous mercury solution (30 µg•L-1). The extraction was done at RT 

during one hour using 0.3 mg NPs 7 per liter, which were recovered by an 

external neodymium magnet (magnification, right picture). 

 

Experimental 

Full information on the materials and the equipment used as 

well as the detailed syntheses and characterization is provided 

in the Supporting Information (SI). The extraction capacity of 

the nanomaterials described is expressed as mg mercury / g 

nanomaterial. 
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The nomenclature of the nanoparticles is as follows: Co/C for 

magnetic nanoparticles with cobalt core and carbon shell. Co/C-R 

for functionalised Co/C NPs where R indicates the functional groups 

on the graphene-like layers: PAMAM G2 for the dendrimeric 

poly(amidoamine) coating of the second generation and PEI for the 

poly(ethyleneimine) coating. Co/C-PS-PAMAM G2 for polystyrene 

coated cobalt nanoparticles with an additional dendrimeric 

functionalization. 

Adsorption of Mercury from Aqueous Solutions 

A given amount of the magnetic nanoparticles was added to an 

aqueous mercury solution with a defined concentration of the heavy 

metal. The experiment was carried out at room temperature and the 

pH of the solutions specified at the results section. The metal salts 

used are HgCl2, BaCl2•2H2O, CuCl2, CrCl3•6H2O, PbCl2, 

Ni(C5H7O2)2, Zn(ClO4)2•6H2O, FeCl2•4H2O and CdCl2•H2O. 

First, the nanobeads in solution were dispersed for one minute in the 

ultrasonic bath and then the dispersion was agitated in a mechanical 

shaker for the rest of the extraction time. Afterwards the nanobeads 

were collected with the help of a magnet and the remaining solution 

was decanted. The remaining mercury in solution was determined by 

inductively coupled plasma optical emission spectrometry analysis 

(ICP-OES, detection limit: 0.1 mg•L-1). For the large scale 

experiment the remaining solution was analysed by atomic 

fluorescence spectroscopy (AFS) with a detection limit of 1 µg•L-1. 

 

Desorption of Mercury and Re-usability of the Nanomagnets 

The release of mercury from the magnetic support was performed in 

acidic medium. The amount of nanoparticles used for the extraction 

(3 mg) was dispersed in 20 mL of the specified acid and then 

sonicated for 3 min followed by 5 min of mechanical shaking. The 

nanobeads were collected using an external magnet, washed with a 

0.5 M potassium carbonate solution and water and re-used for the 

next adsorption experiment. This procedure was repeated 6 times to 

study the materials’ recyclability and reused for the next cycle.  

To determine the amount of mercury desorbed, the acid solution 

used above was diluted with aqua regia 32% (v/v), filtered and 

analyzed by ICP-OES. 

 

Conclusions 

Unfunctionalised carbon-coated nanobeads 1 proved to have 

potential for mercury removal from water, however, with some 

major limitations. A significant improvement was achieved 

with PEI-functionalised nanomagnets 7, which showed a very 

high capacity for extracting toxic Hg2+ in a multimetal 

environment from drinking water samples at relevant 

concentrations. The extraction occurs through the complexation 

of Hg2+ ions by the amino groups of the functionalised 

nanoparticles 7. 

The recyclability of the nanoparticles was ensured for at least 6 

consecutive cycles with no loss of extraction capacity. The 

particles 7 showed as well the ability of extracting from a 20 L 

reactor, which proved the potential of 7 for the detoxification of 

drinking water in realistic applications. 

In summary, we have developed a simple and efficient 

scavenger to decontaminate water samples from mercury(II) 

poisoning, which might also be applicable in the open 

environment due to the facile recovery of the magnetic support. 
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