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Abstract Ionic liquid-modified magnetic polymeric mi-
crospheres (ILMPM) were prepared based on Fe3O4

magnetic nanoparticles (MNPs) and ionic liquids (ILs)
incorporated into a polymer. The composites were char-
acterized using scanning electron microscopy, Fourier
transform infrared analysis, thermogravimetric analysis,
X-ray diffraction, and vibrating magnetometer, which
indicated that ILMPM had a regularly spherical shape
and strong magnetic property. The obtained ILMPM
were successfully applied as a special adsorbent of
magnetic dispersive solid phase extraction (MDSPE)
for the rapid extraction and isolation of sulfamonome-
thoxine sodium and sulfachloropyrazine sodium in
urine. The factors that affected extraction efficiency,
such as adsorption conditions, desorption conditions,
washing and elution solvents, and pH of the sample
solution, were optimized. Under the optimum condition,
good linearity in the range of 0.005–2.0 μg g−1 (r≥
0.9996) was obtained for the two sulfonamides (SAs);
the average recoveries at three spiked levels ranged
from 86.9 to 102.1 %, with relative standard deviations
of ≤4.3 %. The presented ILMPM-MDSPE method
combined the advantages of ILs, MNPs, and MDSPE
and therefore could be potentially applied for rapid
screening of SAs in urine.
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Introduction

Over the past few decades, determination of pharmaceutical
and contaminant residues in complex samples has received a
great deal of attention [1]. Due to the low concentrations and
the complexity of sample matrices, an appropriate pretreat-
ment procedure for both enrichment and purification before
analysis is of great importance in the analytical process prior
to instrumental analysis [2]. In recent years, several sample
pretreatment methods including solid phase extraction [3,4],
solid phase microextraction [5–7], dispersive solid phase ex-
traction [8], matrix solid phase dispersion [9–11], liquid phase
microextraction [12,13], and stir bar sorption extraction [14]
have been reported for the effective pretreatment of complex
samples. Although these pretreatment methods are extensive-
ly applied, they often suffer disadvantages such as being time-
consuming, involving tedious operations, or are relatively
expensive. Therefore, considerable efforts have been exerted
to develop new sample pretreatment methods to overcome
these drawbacks in recent years [15]. Magnetic dispersive
solid phase extraction (MDSPE) has become one of the most
potential strategies for pretreatment procedure as a rapid and
effective extraction method based on the use of magnetic
nanoparticles (MNPs) [16]. An attractive property of MNPs
is that they can be isolated from sample solutions more con-
veniently under an external magnetic field [17]. Consequently,
the time-consuming column transfer process or centrifugation
operation encountered in other methods is avoided. However,
several unavoidable problems are associated withMNPs, such
as their intrinsic instability over long periods due to their
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tendency to aggregate in order to reduce their surface energy,
as well as being easily oxidized in air [18]. Therefore, it is
crucial to develop new strategies to improve their stability, and
surface coating of a shell layer seems to be an efficient strategy.
It can endow MNPs with an easily modifiable surface, which
can be used to graft various desirable functional groups for
effective adsorption. Recently, various materials have been
used as the protective layer for MNPs, such as surfactant,
inorganic metals, and organic polymers [19–22]. Among them,
organic polymers are particularly appealing as they exhibit
high stability in acid or base, low toxicity, and simple prepa-
ration by using different modifier agents such as methacrylic
acid [23], acrylamide [24], and ionic liquids (ILs) [25].

The great interest in ILs is motivated by some unique
properties, such as negligible vapor pressure, thermal stability,
and non-flammability, combined with high ionic conductivity
and electrochemical stability [26]. During the past few years,
ILs have been widely used as an alternative solvent for extrac-
tion and isolation [27–29], running buffer additives in capillary
electrophoresis [30], and mobile phase additives [31]. Recent-
ly, ILs have received a lot of attention as a surface modifier of
polymers or functional monomers to prepare polymers in
analytical chemistry [32,33]. For material applications, ILs
keep the main properties when they are immobilized on silica
surface or organic polymer [34]. Therefore, IL-modified ma-
terials have been successfully used in separation fields due to
their particular characteristics such as hydrophobicity,
dispersibility in inorganic/organic solvents, π–π interactions,
hydrogen bonding, dipole–dipole interactions, electrostatic
attraction between analytes, and functional groups of ILs
[35–37]. ILs had been widely used to prepare various func-
tional polymers [38,39]; however, few of them combined the
advantages of magnetic polymers and ILs together [40].

Sulfonamides (SAs) are a group of synthetic antibiotics
which are administered orally or mixed with animal feed of
meat-producing animals to prevent and control a great variety
of bacterial diseases [41]. However, the widespread use of
SAs in veterinary may lead to SA accumulation in foodstuffs
[42,43], which probably causes a variety of untoward reac-
tions (such as urinary tract disorders, hemopoietic disorders,
and toxicity) to humans after intake of animal-derived food
products [44]. Urine samples are commonly selected in clin-
ical pharmacokinetic studies to research drug excretion, and
determination of SAs in human urine can provide help for
clinical drug monitoring after oral administration and reflect
the influence of animal-derived food products for humans.
Several methods utilizing liquid chromatography with ultra-
violet, fluorescence, electrochemical detector, and mass spec-
trometry have been used for the determination of SAs; mean-
while, a series of sample pretreatment methods including solid
phase extraction [4], solid phase microextraction [5], disper-
sive solid phase extraction [8], and matrix solid phase disper-
sion [9] have been used to remove potential interferences from

the sample matrix. MDSPE has also been applied in the
monitoring of SAs owing to its rapid, efficient, and separation
convenience. The objective of this study was to synthesize
new IL-modified magnetic polymer microspheres (ILMPM)
through aqueous suspension polymerization based on Fe3O4

nanoparticles and ILs and then applying it as a magnetic
adsorbent of MDSPE for the rapid screening of sulfamono-
methoxine (SMM) and sulfachloropyrazine (SPZ) in urine
since they are two widely used representative drugs of SAs.
The obtained ILMPM could be dispersed into the sample
solution directly and separated via external magnetic field,
avoiding the tedious process of making packed columns as
in traditional SPE. Compared with the magnetic polymer
which was synthesized using 4-vinyl pyridine (4-VP),
methacrylic acid (MAA), and acrylamide (AAM) as mono-
mers, ILMPM provided higher purification ability and extrac-
tion recovery to SAs.

Experimental

Chemicals and reagents

Sulfamonomethoxine sodium (SMM) and sulfachloropyrazine
sodium (SPZ) were purchased from Dingxin Pharmaceutical
Co. Ltd. (Shijiazhuang, China). 1-Butyl-3-methylimidazolium
hexafluorophosphate ([Bmim][PF6]) was obtained from
Chengjie Chemical Co., Ltd. (Shanghai, China). Ethylene
glycol dimethacrylate (EGDMA) and 4-VP were obtained
from Sigma-Aldrich (St. Louis, MO, USA). 2,2-
Azobisisobutyronitrile (AIBN), MAA, AAM, polyvinylpyr-
rolidone (PVP), FeCl2⋅4H2O, FeCl3⋅6H2O, NH4OH, oleic acid
(OA), methanol (MeOH), acetonitrile (ACN), acetone, acetic
acid (HAc), and trifluoroacetic acid were obtained from
Kermel Chemical Reagents Center (Tianjin, China). Dichloro-
methane (DCM), ethyl acetate (EA), isopropanol (IPA), and
chloroform were purchased from Huandong Chemical Re-
agent Co. Ltd. (Tianjin, China). Nd–Fe–B magnet (80×60×
17 mm) was purchased from a local market (Baoding, China).
All other reagents used in the experiments were of the highest
grade commercially available. Double deionized water was
filtered through a 0.45-μm filter membrane before use.

Instrumentation and conditions

HPLC analysis was performed using a Shimadzu HPLC sys-
tem equipped with two LC-20AT Solvent Delivery Units, an
SUS-20A gradient controller, and an SPD-20A detector
(Shimadzu, Kyoto, Japan). An N-2000 chromatographic
workstation (Zheda Zhineng Co., Ltd., Hangzhou, China)
was used as a data acquisition system. The analytical column
(C18, 5 μm, 150×4.6-mm ID) was purchased from Agilent
Co., Ltd. (Santa Clara, CA, USA). The mobile phase was
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water (containing 0.5‰ trifluoroacetic acid)–methanol (7:3,
v/v, pH 3.0) with a flow rate of 1.0 mL min−1. The detection
wavelength was set at 270 nm. A KQ3200E ultrasonic oscil-
lator (Kunshan Instrument Co., Jiangsu, China) was set at
40 kHz and 25 °C for Fe3O4@OA emulsification.

Synthesis of the ILMPM

Preparation of Fe3O4@OA

The Fe3O4 nanoparticles were prepared using a modified
coprecipitation method as follows: FeCl2⋅4H2O (3.9 g) and
FeCl3⋅6H2O (8.1 g) were dissolved in deionized (100 mL)
water and OA (2 mL) was added into the solution and then
sonicated 20 min under vigorous stirring of a glass bar until
OA was divided into small oil droplets to form a
microemulsion. Then, NH4OH (15 mL) was added drop by
drop as the temperature elevated to 60 °C, and thenOA (2mL)
was added when the temperature elevated to 80 °C. The
reaction lasted 1 h at 80 °C by stirring at 600 rpm. The
obtained black precipitates were isolated from the solution
with an external magnetic field and washed with deionized
water to pH 7.0, and then it was washed with MeOH three
times and dried in vacuum at 60 °C for 24 h.

Preparation of ILMPM

Fe3O4@OA (1.0 g) was dispersed in chloroform (20 mL) by
ultrasound and then [Bmim][PF6] (8 mmol), EGDMA
(50mmol), and AIBN (1.0mmol) were added into the mixture
and sonicated for 5.0 min to make it fully dissolved. PVP
(3.0 g) as a dispersion agent was dissolved in water (120 mL)
by stirring at 600 rpm and then the organic mixture admitted
into the water solution under a nitrogen stream. Polymeriza-
tion was performed at 60 °C for 24 h in a water bath. After
polymerization, the products were separated with an external
magnetic field and washed successively with MeOH-HAc
(9:1, v/v) under ultrasonic vibration and MeOH to neutral
and then dried in a vacuum oven at 60 °C for 24 h. The
synthetic procedure was illustrated in Fig. 1.

Characterization measurements

A Fourier transform infrared (FTIR) spectrometer (Shimadzu)
was employed to examine the infrared spectra of the obtained
particles. Morphological evaluation of the particles was car-
ried out with scanning electron micrography (SEM, KYKY-
2800B, operating at 25 kV). Magnetic properties were mea-
sured with a LakeShore 7307 (Lakeshore Cryotronic) vibra-
tion magnetometer (VSM) at 300 K. The samples were also
characterized with X-ray diffractometer (XRD, D8 AD-
VANCE) and thermogravimetr ic analysis (TGA,
SDTA851E).

ILMPM-MDSPE-HPLC procedures

Urine samples were collected from healthy volunteers and
adjusted to pH 5.0 using acetic acid. Then, they were centri-
fuged at 4,000 rpmin for 10 min and the upper solutions
filtered through a 0.22-μm membrane and stored at 4 °C
before use.

ILMPM (100 mg) were immersed in urine (10 mL) or spiked
urine (0.005–2.0μg g−1). After vortex shaking for 5min, ILMPM
were magnetically separated and then washed with water (5 mL)
and eluted with 5 % NH4OH–MeOH (4.0 mL). The eluted
solution was dried under nitrogen and then redissolved with
mobile phase (0.5 mL) for further HPLC analysis.

Adsorption capacity experiment

The maximum adsorption capacity of ILMPM to SMM and
SPZ was calculated using static absorption experiment. Of the
ILMPM, 20 mg was suspended in 5.0 mL of water solution
with various concentrations (1–50 μg mL−1) of SMM and
SPZ. After 4 h, the saturated ILMPM were separated by a
magnet and the residual concentration of SAs was determined
with HPLC-UV. The adsorption amounts (Q) of SAs were
calculated as Q=(W0−W1)/W, where W0 and W1 (in milli-
grams) are the initial and residual amounts of SMM and
SPZ at different concentrations, respectively, andW (in grams)
is the amount of ILMPM.

Results and discussion

Characterization of the ILMPM

The SEM image of ILMPM shown in Fig. 2 illustrated that the
diameter of the microspheres was about 30–80 μm. Majority
of the ILMPM had a regular spherical shape with a rough
surface, which was attributed to the interaction of the micro-
spheres and target molecules. Meanwhile, the uniform core–
shell structure will be effective in the mass transport between
the solution and the shell surface of ILMPM. However, it was
worth noticing that ILMPM showed no aggregation, which
may result from the weaker magnetic force after shelling with
organic polymers. Additionally, the results of the static
absorption experiment showed that the maximum ad-
sorption capacities of ILMPM to SMM and SPZ were
77 and 61 μmol g−1, respectively.

The synthesized Fe3O4 (a) and ILMPM (b) were investi-
gated using FTIR spectroscopy (Fig. 3a). The peak at
580 cm−1 was from the characteristic adsorption of Fe–O–Fe
vibrations. The typical adsorption peak at 2,930 cm−1 was
attributed to the C–H vibration of CH3, and the peaks at 2,850
and 1,470 cm−1 were from the C–H vibration of CH2. Ab-
sorption peaks between 1,500 and 1,600 cm−1 corresponded
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to the skeletal vibration of an aromatic ring, and a peak at
1,650 cm−1 corresponded to the C–H vibration of an imidaz-
ole ring. All these adsorption peaks indicated that Fe3O4

nanoparticles and ILs were successfully incorporated into
the polymer under the polymerization procedure.

The amount of Fe3O4 encapsulated in the particles was
measured through TGA. Figure 3b shows the TGA curves
of Fe3O4 (a), Fe3O4@OA (b), and ILMPM (c), respectively.
There was no dramatic weight loss within the initial temper-
ature range (<230 °C), except for a small weight loss of free
water. For Fe3O4, the weight loss of 9.85 % above 230 °C was
attributed to chemical dehydration. The weight loss of
Fe3O4@OA (15.7 %) was more than that of Fe3O4 because
of the modification by OA. Significant mass loss (80.4 %) of

ILMPM from 270 to 340 °C might be attributed to the exis-
tence of ILs and organic compounds. The remaining mass was
assigned to the residue of Fe3O4, and the quantity of Fe3O4 in
the microspheres was 3.98 %.

The XRD patterns for Fe3O4 (a), Fe3O4@OA (b), and
ILMPM (c) were displayed in Fig. 3c. In the 2θ range of
10–90°, six characteristic peaks for Fe3O4 (2θ=30.24°,
36.05°, 43.59°, 53.41°, 57.48°, 62.54°) were observed for
the three samples, respectively, which matched well with the
database of magnetite in the JCPDS–International Center for
Diffraction Data file (JCPDS card no. 19-629) [45]. The
presence of the specific diffraction peaks of the synthesized
particles indicated that ILMPM were crystalline core mate-
rials. However, it was insufficient to exclude the possibility of

Fig. 1 Synthetic procedure of the
ILMPM
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γ-Fe2O3 due to the proximity of the peaks, which probably
formed during the synthesis process [46]. Additionally, the
characteristic peaks have been weakened due to the surface
coating of shell layers.

The magnetic properties of the obtained materials were
analyzed using a VSM at room temperature; the results were
illustrated in Fig. 3d. It is obvious that there was no hysteresis;
both remanence and coercivity were zero, suggesting that the
samples exhibit superparamagnetism. The saturation magne-
tizations (Ms) of Fe3O4 (a), Fe3O4@OA (b), and ILMPM (c)
were about 50.98, 43.59, and 25.83 emu g−1, respectively. The
decrease of the Ms value was due to the coating of the
nonmagnetic shell layer. A shell layer of OA and organic
polymers were grafted onto the surface of Fe3O4, so the Ms

value decreased in sequence. Although the Ms value of
ILMPM was reduced to 25.83 emu g−1, they were very
susceptible to magnetic fields and could easily separate from
a suspension. The picture inserted in the right corner of Fig. 3d
shows the separation and redispersion process of ILMPM. In
the absence of an external magnetic field, a homogeneous
dispersion was demonstrated; the ILMPM particles were
attracted to the wall of the vial in a few seconds when an
external magnetic field (Nd–Fe–B magnet) was applied.

Optimization of the ILMPM-MDSPE-HPLC procedures

In order to optimize the process of ILMPM-MDSPE-HPLC for
isolation of trace levels of SAs in urine, general parameters of
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MDSPE (the amount of ILMPM, pH, kind and volume of
washing and elution solvent, adsorption and desorption time,
etc.) were investigated to achieve rapid isolation and good

selectivity and avoid interference. All the experiments were
performed in triplicate and the concentration of SAs in spiked
samples was 0.05 μg g−1. As shown in Fig. 4a, the recovery of
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SMM and SPZ was increased with the amount of ILMPM.
When the amount of ILMPMwas up to 100 mg, their recoveries
were intended to remain stable. Thus, 100 mg of ILMPM was
employed in further experiments. For SMM and SPZ are am-
photeric compounds with a wide pKa range, therefore, their
extraction efficiency was pH-dependent (Fig. 4b). With the
decrease of pH, the recoveries of the target analytes were in-
creased; however, the impurities of the sample matrix would
increase accordingly. This was due to the fact that under
pH 3.0–5.0, SMM and SPZ existed in neutral forms and a few
in protonated form, which could interact with the polymer and its
acidic pendant groups via hydrophobic and ion exchange inter-
actions, respectively. To obtain comfortable extraction efficiency,
the sample matrix was adjusted to pH 5.0 for the following
experiments. Additionally, the adsorption and desorption times
of ILMPM were also optimized at 1.0, 3.0, 5.0, 10, 15, 30, and
60 min. The results in Fig. 4c indicated that 5.0 min was enough
to achieve adsorption and desorption equilibrium between the
two SAs and the ILMPM sorbent.

The washing solvent should eliminate more interference as
soon as possible with the least loss of analytes. Different
washing solvents were investigated; the results (Fig. 4d) indi-
cated that using water as the washing solvent could obtain
satisfactory recoveries and the chromatogram was obviously
clean. This is mainly due to SMM and SPZ being insoluble
when the pH of urine was adjusted to 5.0, and most of the
water-soluble impurities in urine could be washed by water.

Further investigation (Fig. 4e) showed that the volume of water
had no significant influence on the recovery of the two SAs, but
the impurities could decrease with increasing volume of water.
Considering purification efficiency and occupation time,
5.0 mL of water was employed as the washing solvent.

The elution solvent should ensure all the analytes are eluted
out and help obtain a clean chromatogram. Various elution
systems were studied; the results (Fig. 4f) showed that 15 %
HAc–acetone and 5 % NH4OH–MeOH provide a better re-
covery. Compared with the chromatogram using 15 % HAc–
acetone as elution solvent, the chromatogram of 5%NH4OH–
MeOH eliminated most of the interference, so it was
employed as the elution solvent. The main elution mechanism
was the addition of alkali in favor of ionization of SMM and
SPZ. Furthermore, the effect of elution volume on the recov-
ery (Fig. 4g) was also investigated; after optimization, 5 %
NH4OH–MeOH (4.0 mL) as an eluting solvent was applied
for further work. Additionally, as ILMPM are stable, these
could be repeatedly used six times without obvious effect on
the recovery of SMM and SPZ, which further proved the
practicality of the ILMPM sorbent.

Comparison of different adsorbents

To compare the extraction efficiency of ILMPMwith different
adsorbents which were synthesized using various traditional
monomers, a series of magnetic polymers were synthesized

Table 1 Recoveries of SAs in
spiked urine after ILMPM-
MDSPE (n=5)

Spiked levels 0.01 μg g−1 0.1 μg g−1 1.0 μg g−1

Recoveries (%) RSD (%) Recoveries (%) RSD (%) Recoveries (%) RSD (%)

SMM 86.9 2.0 100.0 4.3 96.4 2.8

SPZ 92.6 3.4 102.1 2.2 100.3 3.7
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using 4-VP, MAA, and AAM as monomers, respectively. The
results (Fig. 5) showed that the recoveries of SAs on ILMPM
were much higher than that of 4-VP and AAM as monomers.
In addition, the purification effect of ILMPMwas much better
than the other adsorbents. The results were mainly attributed
to the π–π, dipole–dipole, and electrostatic attraction interac-
tions between SAs and ILs since there was less interaction
between SAs and traditional monomers.

Validation of the ILMPM-MDSPE-HPLC method

In order to validate the ILMPM-DSPE-HPLC method, linear-
ity, detection limits, precision, and inter-day and intra-day
deviations were tested using spiked urine samples under the
optimized condition. Calibration curves were constructed
using the areas of chromatographic peaks measured at seven
increasing concentrations of spiked urine samples, in the
range of 0.005–2.0 μg g−1. Good linearity was obtained for
all analytes, with regression equations of Y=1.16×103X+
2.70×104 and Y=1.03×103X+1.76×104 for SMM and SPZ
and with correlation coefficient (r)≥0.9996. The limit of de-
tection and limit of quantification calculated at signal-to-noise
ratios of 3 and 10 were 0.0012 and 0.004 μg g−1 for SMM and
0.0019 and 0.005 μg g−1 for SPZ, respectively. Precision was
assessed by performing replicate analyses of the spiked samples
in five replicates in the same day and consecutive 3 days at a
concentration of 0.05 μg g−1. The intra-day precision of the
method was RSD≤2.8 % and the inter-day reproducibility was
below 5.7 % in all cases. The accuracy of the method was
evaluated with a recovery experiment at three different spiking
levels (0.01, 0.1, and 1.0 μg g−1) of SAs in urine samples. The
results in Table 1 showed that the recoveries ranged from 86.9
to 102.1 %, which indicated that the method was reliable and
could be applied to the determination of trace levels of SAs in
urine samples. Moreover, there were no apparent influences on
extraction efficiency after the ILMPMwere used several times.

Analysis of real urine samples

In order to evaluate the proposed ILMPM-MDSPE-HPLC
method, three kinds of urine samples collected from healthy
volunteers were pretreated under the optimized condition. No
residuals of SAs were observed in all urine samples. Then,
urine samples obtained from volunteers after oral administra-
tion of a tablet of SPZ were analyzed; 0.046 μg g−1 of SPZ
was observed in the urine even after 48 h (d in Fig. 6). As
shown in Fig. 6, the chromatogram of the spiked urine (a) was
complex and it was difficult to separate the two SAs from
other interferences due to the complicated matrix effect of the
sample solution. Similarly, SAs could not be easily detected in
spiked urine without a pretreatment and preconcentration
procedure (c); however, the good peak pattern of the two
SAs was obtained after the ILMPM-MDSPE procedure (b).

It demonstrated that the ILMPM adsorbent could remove
potential matrix interferences and preconcentrate SAs rapidly
and effectively.

Conclusion

In this work, new ILMPM were synthesized with aqueous
suspension polymerization and applied as the absorbent of
MDSPE to extract and concentrate two SAs from urine. The
obtained ILMPM combined the advantages of ILs and MNPs,
showed good recognition and affinity to SAs, and could
effectively remove potential matrix interferences and
preconcentrate SAs from urine rapidly. Under the optimum
condition, the ILMPM-MDSPE-HPLC method was success-
fully applied to the determination of SAs in urine.
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