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o

A core-shell structured magnetic nanocomposite (SDMA) modified by one kind of new organic fluorescent probe and selective chelating

groups was prepared for simultaneous detection and removal of low concentration of Cu*. Series of experiments were designed to detect

and adsorb copper ions in aqueous solution by SDMA. The results showed that SDMA could detect Cu®** from copper ion solution

qualitatively and quantificationally with a certain degree of selectivity, and remove Cu®" with a respectable removal efficiency of about

10 80%. Through the contrast adsorption experiments, the adsorption capacity of SDMA was significantly higher than that of other two
common magnetic nano adsorbents (Fe;0,@mSiO,-SH and Fe;04@mSiO,-NH,). The adsorption behavior of SDMA was studied
through equilibrium and kinetic experiments. The adsorption isotherm was well fitted by Freundlich model perfectly and the pseudo-

second-order model could fit the kinetic adsorption. Moreover, SDMA could reach the adsorption equilibrium in only 20 min, which

showed a fast kinetic adsorption to Cu?*. From the results of our completed work, it can be summarized that the prepared SDMA can be
P p prep.

o

Introduction

Copper ion, a metal ion indispensable for human beings, is the
third most abundant transition metal elements in human body.'
While according to the Word Health Organization (WHO),

20 copper ions are indentified as hazardous pollutants in water.”

S

Excessive exposure to copper will lead to the central nervous
system disorders and physical health problems, such as Wilson’s
disease and Menkes’ disease.’ So the separation of copper ions
from wastewater is low

highly valued, especially at

25 concentration.

o

Due to the jeopardy of potentially toxic metal ions in
environment and biological systems, many approaches and
materials have been studied to detect them.*” For selective
sensing and monitoring low concentration of potentially toxic

;0 metal ions, fluorescent probes techniques have been applied
widely in biological samples because of their high sensitivity and
simplicity.* ° Compared with the traditional instrumental

elemental analysis methods, such as atomic absorption
spectroscopy (AAS) and coupled plasma mass spectrometry

35 (ICP-MS), techniques of fluorescent probes are more flexible,
convenient and timely.'®"?

To remove the potentially toxic metal ions from contaminated
water, a wide range of ways are employed, including adsorption,
precipitation, and electrochemical removal, etc.'*!'” Among them,

40 adsorption is the most prevailing beacuse it is a economical,
conventional and efficient way.'"®?° Common adsorbents like
silica, ion exchanger resins and activated carbon have been
utilized in adsorption processes.”’>* However these sorbents are
usually cannot adsorb trace concentration of contaminants, or

45 show poor adsorption capacity, efficiency and adsorption time. In

an effective and potential nano-adsorbent for detecting and removing copper ions from copper ions-containing wastewater.

recent years, selective adsorption materials for heavy metal ions
have gained a growing interest.**?’ According to reports,’
many special magnetic nano-adsorbents for potentially toxic
metal ions removal have been fabricated. But most of these
so magnetic nanomaterials for adsorption have no selectivity to

special metal ions.
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Scheme 1 Illustration of the synthetic procedure of SDMA and removal
property of adsorbent for Cu®*

ss  Herein, a core-shell structured magnetic nanocomposite for
preferential detection and efficient removal of trace copper ions
from water is fabricated as a new nano-adsorbent (SDMA). Fe;0,
nanoparticles were used as the “core” because of its good
magnetic separation manipulability and biocompatibility.>' The

32, 33

o shell of SDMA was mesoporous silica (mSiO,), whose
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surface was functionalized with plenty of amino groups. In
addition, some modification was performed on the active amino
groups. Firstly, a small amount of these amino groups were
grafted by N-(di-2-picolylamine)-4-morpholinyl naphthalimide
(NDPA, Scheme 1) that is an organic fluorescent probe showing
high selectivity to copper ions.>* Secondly, the large numbers of
residual amino groups grafted with
diethylenetriaminepentaacetic (DTPA) that can provide numerous
carboxyl groups and nitrogen atoms to chelate copper ions
effectively.™” Due to the NDPA, DTPA and the abundant
nitrogen atoms of amino groups modified on the surface of
mSiO,, the functionalized magnetic nanocomposite showed high
selectivity and sensitivity in detection of Cu>" and then adsorption
with much improved capacity. Furthermore, it can be separated
from water with chelated Cu** under magnetization. The prepared
magnetic nanoparticles characterized, and selective
detection and adsorption were studied and discussed in detail.

were

were

Experimental Section
Reagents

All the chemical agents used for the synthesis of SDMA in the
experiment were purchased from the National Medicine Group
Chemical Reagents Co., Ltd. Diethylenetriaminepentaacetic acid
dianhydride (DTPA dianhydride) and the reagents used for
synthesis of NDPA were of analytical grade and used without
further purification. Anhydrous cupric sulfate was of analytical
grade and used to provide copper ions in this study. Water used in
the adsorption experiment was double distilled water.

Synthesis of Fe;O,@mSiO, microspheres

The magnetic Fe;04 nanoparticles were prepared according to the
3.38 g FeCl;-6H,0 and 9.00 g sodium
acetate were dissolved in the solution of 1.25 g polyethylene
glycol (PEG10000) in 100 mL ethylene glycol (EG) under
stirring. After stirred for 20 min, the homogeneous yellow

literature.® In brief,

solution was transferred to the stainless-steel autoclave and
heated at 200 [J for 8 h. Then the autoclave was cooled to room
temperature. The black products were washed with ethanol
several times, and dried in vacuum at 60 [] for 8 h.

The Fe;0,@mSiO, microspheres were prepared through the
Stéber method.* Typically, 0.4 g of the prepared Fe;Oy particles
were treated with 0.1 M HCI aqueous solution by ultr-asonication
for 20 min. Then, the Fe;O4 nanoparticles were washed with
deionized water, and dispersed in the mixture of 140mL ethanol,
60 mL deionized water and 1.5mL concentrated ammonia
aqueous solution (28%). After, 0.12 mL tetraethyl orthosilicate
(TEOS) was added dropwise with vigorous stirring at room
temperature. The reaction lasted for 24 h, the obtained spheres
were washed with ethanol and deionized water to remove the
extra reactants, and then re-dispersed in a solution containing 350
mg cetyltrimethylammonium bromide (CTAB), 70 mL ethanol,
70 mL deionized water and 1.2 mL concentrated ammonia
aqueous solution (28%). The mixture was homogenized under
ultrasonication for 15 min, and stirred for another 15 min
afterwards. Then 0.40 mL TEOS was added dropwise into the
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solution under vigorous stirring for 6 h. The product was
collected by magnetic separation and repeatedly washed with
ethanol and deionized water. The structure-directing agent CTAB
was thereafter removed with ethanol reflux at 85 [J. The products
were separated and washed, then dried in vacuum at 60 [J
overnight and placed in a desiccator before use.

Synthesis of Fe;0,@mSiO,-NH, particles

To decorate the silica surface with amino groups, 2.5 mL 3-
(aminopropyl) triethoxysilane (KH550) was added to the mixture
containing 200 mg of Fe;0,@mSiO, and 150 mL toluene. Then
stirred for 24 h, after this reaction, the magnetic nanoparticles
were centrifuged and further washed with ethanol and deionized
The produced microspheres designated as
Fe;0,@mSiO,-NH, magnetic nanoparticles. The contrastive
experiment was carried out with Fe;0,@mSiO,-SH prepared by
the same route but the silane coupling agent was 3-
mercaptopropyl trimethoxysilane (KH590).

water. were

Synthesis of Fe;0,@mSiO,-NDPA spheres

The NDPA was synthetized by the method as the previous
literature,* the detailed process of synthesis in
supplementary information. The prepared magnetic nanoparticles
were dispersed in 100 mL acetonitrile with 60 mg NDPA, 400 mg
anhydrous potassium carbonate and 30 mg potassium iodide were
added to promote the reaction afterwards, the mixture was
agitated and refluxed for 24 h. After that, the mixture was cooled
to room temperature, and the product was separated using a
magnet. Obtained magnetic microspheres were washed with
ethanol and deionized water. Then, these particles were refluxed
by Soxhlet extractor and absolute ethyl alcohol was used as
extractor to wash and remove the residual raw materials. Finally,
the product was dried in a vacuum at 60 (1. These obtained
nanospheres were denoted as Fe;04@mSiO,-NDPA.

Synthesis of SDMA

was

420 mg DTPA dianhydride and 0.15 mL triethylamine were
dissolved in 20 mL dry N,N-dimethylformamide. Subsequently,
the mixture was refluxed at 70 [ under Ar atmosphere. After
that, homogeneous mixture of 200 mg Fe;04,@mSiO,-NDPA
dispersed in 15 mL dry N,N-dimethylformamide was slowly
added from a dropping funnel over 2 h. Then, 5 mL water was
added into the reaction mixture, the reaction was continued for 1
h. The magnetic nanoparticles were separated under magnetic
field and washed with ethanol and deionized water for several
times. Then these black products were dried in vacuum at 60 [J
overnight. Finally, the SDMA nanocomposites were obtained.
The fabrication process of the SDMA nanocomposite and its
detection and removal of copper ions is shown in Scheme 1.

Characterization of nanoparticles

Transmission electron microscopy (TEM, Hitachi H600) was
used to observe the transformation of nano particles in the
synthetic process and the size of nanomaterial, the surface
morphologies of SDMA was examined by scanning electron
microscope (SEM, Hitachi S-4800), fourier transform infrared
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spectroscopy (FT-IR, Nicolet 4700) was employed to represent
the consequence after wrapping SiO,, The chemical composition
of SDMA was determined by X-ray photoelectron spectra (XPS,
Axis Ultra HAS). The magnetism of SDMA was test qualitatively
by the action of an applied magnetic field.

Selective detection of SDMA for Cu®*

Firstly, the fluorescence spectrum characteristic of NDPA was
investigated. 1 mL of NDPA methanol solution (10 mmol/L)
were added into 2 mL solutions of different concentrations of
Cu* (0, 0.05, 0.10, 0.15, 0.25, 0.50, 1.00, 1.50, 2.50, 5.00, 10.00
mg/L) respectively to get the emission spectra of NDPA.
Secondly, study on the selectivity of SDMA. ImL of SDMA
suspension (1mg/mL, in methanol) were added into 2mL
different solutions of metal ions (100pmol/L, Mn**, Fe*, Cr*",
Zn*', Cu®*, Ni**, Hg*, Pb®") respectively to measure the emission
spectra of SDMA. Thirdly, quantitative detection of Cu®*". 1 mL
of SDMA suspension (1 mg/mL, in methanol) were added into 2
mL solutions of different concentrations of Cu®* 0, 1.5,2.5,3.5,
4.5,5.5,6.5,7.5 mg/L) respectively to get the emission spectra of
SDMA.

The studies on selective detection of Cu®* were conducted with
three times respectively and standard deviations were calculated.

Adsorption experiments

Batches of experiments were carried out to investigate the Cu"
adsorption performances. In the static equilibrium adsorption
experiments, 3 mg of different nanoadsorbents (SDMA,
Fe;0,@mSiO,-NH, and Fe;0,@mSiO,-SH) were respectively
added into 10 mL of Cu®" solutions which were prepared in
various initial concentrations (1.5, 3.5, 5.5, 6.5, 7.5, 10.0, 15.0
mg/L). Then, shaken at 20 [J for 5 h. The concentrations of these
final solutions were analyzed by UV-Vis spectrophotometry. The
adsorption capacities (Q.) of adsorbents were determined using
the following equation:
Q=(Cy-Co)V/IW (n

where Q. (mg/g) represents the adsorption capacities of SDMA,
Fe;0,@mSiO,-NH; and Fe;04@mSiO,-SH towards copper ions,
Cy and C, (mg/L) are the initial and equilibrium concentration of
Cu?", V (mL) denoted the volume of solution, W (g) is the weight
of the adsorbents.

In the dynamic adsorption experiments, 10 mL of the copper
ions solutions at different concentrations (2.5 mg/L, 3.5 mg/L and
4.5 mg/L) were poured into bottles severally, then, 3 mg of
SDMA were added respectively. The bottles were then placed in
the shaker bath at 20 ‘C. To measure the Cu®" concentration at
regular intervals until the reactions reach adsorption equilibrium
and the concentrations change no longer. The amounts of Cu®"
adsorbed on SDMA were calculated.

In the selective adsorption experiments, 3 mg of SDMA were
added into 5 mL of various metal ions solution with an initial
concentration of 100 pmol/L. Subsequently, the solutions were
shaken at 20 ‘C for 3 h to reach adsorption equilibrium. At last,
atomic absorption spectroscopy was used to analyze the
concentrations of metal ions.

The pH of the solution strongly affects adsorption capacity of
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adsorption materials. To investigate the influence, 3 mg SDMA
was added into 5.5 mg/L copper ions solutions which at different
pH values (4, 5, 6,7, 8,9, 10). Then, the solutions were placed in
the shaker bath at 20 [J for 3 h to reach equilibrium. The
equilibrium  concentrations analyzed by UV-Vis
spectrophotometer and the amounts of copper ions adsorbed on
SDMA were calculated.

were

Results and discussion
Characterization of SDMA

The micro-structure and morphology of magnetic nanoparticles
were analyzed (Fig. 1). From Fig. 1a, the synthetic Fe;0, with
an average diameter about 400 nm with good dispersity. As
shown in Fig. 1b and Fig. 1lc¢, both Fe;0,@SiO, and
Fe;0,@mSiO, are spherical and mesoporous silica layer was
wrapped on the Fe;0,@SiO, with a thickness of about 100 nm.
As the SEM image of SDMA (Fig.1d) shown, the magnetic
nanocomposites modified by functional groups kept
nanospherical. The FT-IR spectra of Fe;O0, and Fe;0,@mSiO,
are displayed in Fig.le. The peak observed at 580 cm™ was
characteristic of the Fe-O vibration.** After coating reaction, the
peaks of 3425 cm™ and 1089 cm” were found, which were
derived from the stretching vibration of Si-OH and Si-O bonds,
respectively.® The FT-IR spectra results further confirmed the
uniform coating of silica shell. The dispersion and magnetic
separation of SDMA were examined to analyze the magnetism
qualitatively (Fig.1f). SDMA could disperse in water easily and
steadily because of the effect of silica layer. Under the applied
external magnetic field, magnetic microspheres are separated
completely only within 10 seconds. It indicates that SDMA has
favorable dispersibility and superior strong magnetism which are
helpful for practical application.

b
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Fig.1 TEM images of Fe;04 (a), Fe;04@SiO; (b), Fe;04@mSiO; (c); SEM
image of SDMA (d); FT-IR spectra of Fe;04 and Fe;04@mSiO; (e); photo of
the magnetic-redispersion process of SDMA (f).
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Fig. 2 Full range XPS spectra of SDMA (a); Ols XPS spectra of SDMA (b).

The modification of NDPA and DTPA with amino groups on
Fe;0,@mSiO,-NH, were confirmed by XPS spectra analysis.
The XPS spectrum for key elements of SDMA are shown in
Fig.2a. The results showed evidence for the existence of O, C, N
and Si. Because of the graft of —-NH, by silane coupling reaction,
the DTPA and NDPA can be modified on the surface of mSiO,,
Hence, the presence of N in XPS spectrum of SDMA can
indirectly prove that the amino groups are grafted on the surface
of mSiO, successfully. Fig.2b is the Ols XPS spectrum of
SDMA, which can be well fitted to five peaks at about 529.8 eV,
530.4 eV, 531.2 eV, 533.1 eV and 533.3 eV. They can be
attributed to the binding energies of oxygen atoms bonded to Fe,
Si, C in Fe;0,, Si0,, C=0, C-O-C and C-OH, respectively. The
C-O-C was in morpholine of NDPA and the C-OH was in
carboxyl groups of DPTA. These results verified NDPA and
DTPA were decorated on the surface of mSiO, smoothly.

Selective Detection of Copper Ions

a b Wors
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Metal ions
Fig.3 Fluorescence emission spectra of NDPA in the presence of increasing
amounts of Cu”" (a), the intensity was recorded at 550 nm, excitation at 350
nm. Inset: photograph of NDPA (left) and NDPA in the presence of excess
amount of Cu®" (right) under a 365 nm UV light; Fluorescence emission
spectra of SDMA upon addition of different metal ions (b), the intensity was
recorded at 460 nm, excitation at 350 nm; Bar graph of fluorescence intensity
of SDMA at 460nm upon addition of different metal ions (c); The curve of
fluorescence intensity at 460 nm vs. Cu®* concentration (d).

Copper ions could give rise to fluorescence quenching of NDPA.
As Fig.3a shown, NDPA reveals a fluorescence band centered at
550 nm under the excitation wavelength of 350 nm. After the
addition of Cu** to the aqueous solution of NDPA, the
fluorescence emission at 550 nm gradually reduced. Even the
concentration of Cu? is only 0.05 mg/L, the change of
fluorescence intensity is still distinct. it proves the detection limit
is definite lower than 0.05 mg/L and it is extremely low for
detecting Cu®* from water. So NDPA could be used for well
detection of trace amounts of copper ions. Due to the high
recognition performance of NDPA to copper ions,** the selective
detection of copper ions from other metal ions by SDMA was
carried out, as the fluorescence emission spectra shown in Fig.3b.

Keeping the same excitation wavelength at 350 nm, the
fluorescence emission spectra of SDMA had a large blue shift
with a peak at 460 nm due to the black core of Fe;0,.
Furthermore, the addition of metal ions weakened the
fluorescence intensity of SDMA, especially Cu”*. Converted into
a bar graph (Fig. 3c), it is more clear to find that copper ions
could quench fluorescence of SDMA much more drastically than
other metal ions. Based on Fig.3b and Fig. 3¢, it can be
concluded that SDMA could detect copper ions from water with
high selectivity.

In order to further investigate the detection performance of
SDMA for copper ions, fluorescence intensities of SDMA vs
copper ions solutions at different concentrations were studied
(Fig.3d). Combined with the results in Fig.3d, when the copper
ion concentration is low, the fluorescence intensity (A, = 460 nm)
decreases with copper ions concentration in a good linear
relationship (R?= 0.9882). As the obtained results, SDMA could
detect the exact density of low concentration copper ion solution.

w
o

Adsorption of Copper Ions from Water

It is known that Fe;0,@mSiO,-NH; and Fe;0,@mSiO,-SH are
two common nano-adsorbents for removing potentially toxic
metal ions.*'*} For comparing the adsorption capacity of SDMA
with that of the other two adsobents, the adsorption isotherms at
20 °C were investigated. As Fig.4a shown, the Cu*" adsorption
capacity on SDMA reached about 27.5 mg/g, while the
adsorption capacities on Fe;0,@mSiO,-NH, and Fe;0,@mSiO,-
SH are much lower (about 16 mg/g and 22 mg/g, respectively).

a n b1
25 E
K80
20} 2
E, E 60
g) 151 ©
= % 40
o’1or —*=Fe,0,@mSiO;NH, | g
—+—Fe,0,@mSi0,-SH E -
54 —a—SDMA 3]
4
ol . . . . . 0

0 2 4 6 8 15

C, (mglL)
Fig.4 Adsorption isotherms of SDMA, Fe;04@mSiO,-SH and Fe;04@mSiO,-
NH, (a); Removal efficiency of SDMA at different initial Cu®* concentrations

(b).

35 55 65 75 10
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In our present work, the commonly familiar Langmuir and
Freundlich models were used to fit the equilibrium isotherms for
SDMA, the forms can be expressed as the following equations:

Langmuir model : Co/Q,= 1/K;{ Qy +Co/Qpn 2

Freundlich model : LogQ, =logK+1/nlogC, (3)
where C. is the concentration of copper ions in solution at
equilibrium (mg/L); Q. is the adsorption capacity (mg/g); Q. and
K¢ are constants in Langmuir and Freundlich model which are

75

8

S

related to maximum adsorption capacity, repectively; K; is a
constant in Langmuir model which is related to the energy of
adsorption; n is the Freundlich constant related to adsorption
intensity.

Table 1 Langmuir and Freundlich isotherm parameters of copper ions onto

8s SDMA
T(K)

Langmuir Freundlich

4 | Journal Name, [year], [vol], 00—00
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293 K (L/mg) R? Kr n R?

0.36 0.96 9.09 1.68 0.98

Qun(mg/g)
35.71

The fitting isotherm parameters of the two models are listed in
Table 1. Both the Langmuir and Freundlich models are suitable
for describing the copper ions isotherm of SDMA, and the
theoretical adsorbing capacity in Langmuir model is 35.71 mg/g.

s However, the higher value of regression coefficient (R%) confirms
that the Freundlich model could better fit the isotherm than
Langmuir model. From the Freundlich model. It can be indicated
that the adsorption process fitted the characteristics of multilayer
and heterogeneous surface adsorption.* Moreover, the parameter

10 n in Freundlich model is greater than 1, which indicated it was a
favorable adsorption that means the intense adsorption behavior
between adsorbent (SDMA) and adsorbate (Cu*").

Fig.4b reflect the Cu®" removal efficiency of SDMA at
different initial copper ions concentrations. It can be seen clearly

is that SDMA could adsorb trace of copper ions with a high
removal efficiency. Typically, for 1.5 mg/L of copper-containing
solution, the adsorption capacity is 4 mg/g and only 3 mg SDMA
can remove 80% of Cu®" from 10 mL of solution.

12

—=—2.5mg/L
—e— 3.5mg/L I
F—a—4.5mg/

[ -
i
=

1

o

Q, (mg/g)

0 1 1 1 1 1
0 20 40 60 80

Time (min)
20 Fig. 5 Adsorption kinetic study for copper ions onto SDMA.

Adsorption kinetics is an essential parameter for investigating
the removal rate. The adsorption kinetics of Cu®*" at various
concentrations were studied in Fig.5. The adsorption rate at initial
stage was fast and then became slow gradually until the

25 equilibrium after about 20 min. In order to analyze the adsorption
kinetic mechanism, the obtained kinetic data was fitted with
pseudo-first-order and pseudo-second-order kinetic models,
respectively. The two models can be written as the follows:

pseudo-first-order :  g~=qe-(1-exp(-k;t)) 4

30 pseudo-second-order :  t/q=1/(k,qe>)+t/qe (5)
where q, is the amount of Cu”" adsorbed at time t (mg/g), qe is the
amount of Cu*" adsorbed at equilibrium (mg/g); ky(min™") and
ky(g/mg-min) are the rate constants of pseudo-first-order and
pseudo-second-order kinetic models, respectively.

35 The adsorption kinetic parameters were summarized in Table 2
and Table 3. As can be seen, the correlation coefficient (R?) in
pseudo-second-order model was closer to 1.0 than that in pseudo-
first-order model. Consequently, it can be speculated that the
adsorption kinetics fit better to the pseudo-second-order model

40 than the pseudo-first-order model. That means the adsorption rate
is dependent only on the adsorption capacity, but not the Cu*"

concentration, and it also indicates the adsorption of Cu** onto
SDMA is based on the chemisorption controlled rate of the
process.* Moreover, by comparison, the adsorption capacity of
45 pseudo-second-order model is higher than that of pseudo-first-
order model. Hence, SDMA shows a good adsorption capacity.

Removal efficiency (%)
w B (4. D ~ [=-]
o o o o o o

N
o

-
o

NiZ* Fe3* zn?t mMn?t cu2t cft pp2*
Metal ions

Fig. 6 Bar graph of the removal efficiency of 5 mL of 100 pmol/L different
metal ions onto 3 mg SDMA.

so  Fig. 6 is the result of selective adsorption experiments. 3 mg
SDMA can remove 100 pmol/L of 5 mL Cu®" solution with a
efficiency of 79.1%. Under the same molarity, the Cu®" removal
efficiency is distinct higher than others’, especially the Ni**
removal efficiency. So the selectivity of SDMA to Cu®" is
ss manifest.

15

14+

13

\
\

12+

Q, (mg/qg)

1Mt

10

pH
Fig. 7 Effect of pH on the copper ions removal capacities of SDMA

The pH of adsorption medium is one of the most important
parameters affecting metal ions adsorption capacities.* Fig.7
o0 reflected the results of effect of pH values. The adsorption
capacities were gradually increasing with the pH values
increased. When pH values greater than 8, the adsorption
capacities raised slowly and trend to a balanced numerical value.
This reason of the expression owes to the increasingly
65 deprotonated SiO,-DTPA groups and above pH 9, the solubility
product of Cu*" is exceeded (2.2x10%°) and the Cu*" in solution
precipitate as Cu(OH),.

Conclusions

A new core-shell structured spherical magnetic nanocomposite
70 (SDMA) with a diameter of about 400 nm for simultaneous

This journal is © The Royal Society of Chemistry [year]
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detection and removal of low concentration of Cu*" was prepared.
SDMA exhibited super magnetic properties and good
disperibility in water. Selectivity detection and adsorption
experiments indicated that SDMA had high selectivity to detect
and adsorb trace concentration of copper ions from water until
0.05 mg/L. In the equilibrium adsorption experiment, 3 mg
SDMA could adsorb 10 mL 1.5 mg/L copper ions with a high
removal efficiency of 80%. The adsorption capacity is much
higher than that of same mass of Fe;O4@mSiO,-SH and
Fe;04,@mSiO,-NH,. Freundlich model can fit the adsorption

isotherm perfectly and it indicates the adsorption was a multilayer
and heterogeneous surface adsorption process with a strong
adsorption intensity. In addition, SDMA could adsorb copper ions
to reach equilibrium within 20 min, and the adsorption followed

15 pseudo-second-order model well that means the adsorption rate
was controlled by chemisorption. In summary, SDMA can be
envisioned as an effective and potential nano-adsorbent for
detection and removal of copper ions from copper-containing
wastewater.

Table 2 Kinetics parameters of pseudo-first-order model for adsorption of copper ions based on SDMA.

Pseudo-first-order

C, (mg/L) Qexp(mg/g) Quoa(mg/g)  Ky(min™) R’
g~qe (1-exp(-k;°1))
25 q=5.8410- (1-exp(-0.0921-t)) 5.667 5.8410 0.0921 0.982
35 q=8.6342- (1-exp(-0.0925-t)) 8.667 8.6342 0.0925 0.952
45 4=9.3864- (1-exp(-0.2238-)) 9.667 9.3864 0.2238 0.939

Table 3 Kinetics parameters of pseudo-second-order model for adsorption of copper ions based on SDMA.

Pseudo-second-order

Co (mg/ L) > Qexp(mg/ g) Qmod(mg/ g) KZ(g/ mgmln) Rz
t/q=1/(koqe )/ qe
2.5 t/q=0.1549t+1.2479 5.667 6.4558 0.0240 0.988
3.5 t/q,=0.1037t+0.7604 8.667 9.6432 0.0108 0.992
4.5 t/q,=0.099t+0.2605 9.667 10.1010 0.0098 0.999
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A new core-shell structured magnetic nanocomposite (SDMA) modified by one
kind of new organic fluorescent probe and selective chelating groups was successfully
prepared for simultaneous detection and removal of low concentration of Cu”*. In this
facile strategy, the new nanocomposites could detect trace of copper ions by the
fluorescent probe modified on the surface of Fe;04@mSiO,, and adsorb Cu** from
water with high capacity and good removal efficiency. Under the applied external

magnetic field, SDMA could be separated from water very quickly.



