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ABSTRACT

Mesostructured iron oxide/ethylene glycol (FeOx/EG) nanosheets with
an oval shape were created and employed as a magnetic solid-phase
extraction (MSPE) sorbent to extract herbicide chloridazon. Iron oxide
layers are intercalated with deprotonated ethylene glycol molecules to
provide an interlayer gap of 10.6 A. Using scanning electron microscopy
(SEM), Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction
(XRD), thermal gravimetric analysis (TGA), and a vibrating sample
magnetometer (VSM), the size, shape, content, and characteristics of
the produced nanocomposite were determined. The key influencing
factors for extracting chloridazon, such as the volume of the sample, the
amount of sorbent, and the desorption solvent, were optimized. High-
performance liquid chromatography with UV detection was the subject
of analyses. The approach demonstrated strong linearity in the range
of 0.01-100 pg.mL-1, reasonable repeatability (RSD 3.017%, n = 3), and
limits of detection (0.001 pg.mL?) under the ideal extraction conditions.
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INTRODUCTION

Metal nanoparticles have a high magnetic
resistance to their oxide counterparts. However,
their high reactivity and toxicity make them
unsuitable for direct applications in biotechnology
and separation of environmental pollutants.
Therefore, metal nanoparticles usually need to
be protected with an insulating shell against
the surrounding environment [1-4]. For this
purpose, they are often used with polymer or
silica coating. In the case of silica-coated magnetic
nanoparticles, it is impossible to achieve a porous
and completely dense silica coating, making it
difficult to keep the top of these nanoparticles
stable under adverse conditions, especially in
play environments. Therefore, modern synthesis
methods are still needed to ensure the stability of
magnetic nanoparticles at high temperatures and
under acidic and alkaline conditions. Carbon-
* Corresponding Author Email: m.piriyaei@maragheh.ac.ir

coated magnetic nanoparticles are remarkably
stable under adverse conditions; however, it is
very difficult to keep carbon-coated particles in
an isolated and scattered state. The protective shell
not only prevents magnetic nanoparticles from
being damaged but can also be used to further
agents with specific components such as active
catalytic samples, various compounds, special
bonding parts, or other functional groups. Easy
separation and controlled replacement of these
magnetic nanoparticles operated by an external
magnetic field make possible their use as a catalyst
base in enzyme stabilization processes and
separation of environmental pollutants. Coating
thickness can be adjusted by changing the ratio
of tetraethyl orthosilicate (TEOS) in water. The
surface of magnetic nanoparticles coated with
silica is hydrophilic and easily modified with other
functional groups. The advantage of this method
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is that the silica coating is oxidized at the surface,
which is easily attached to the silica by OH surface
groups [5-8].

Chloridazon or pyramin herbicide is a selective
and systemic herbicide of the pyridazone group
which is specifically used to control broadleaf
weeds, especially in beet and lip crops. This
herbicide acts as a barrier to plant photosynthesis
and disrupts animal metabolism. These toxins
and other intermediates used to produce them
cannot be broken down by microorganisms. The
chemical formula of this herbicide is C, H,CIN,O,
and its IUPAC name is 5-amino- 4- chloro- 2-
phenylpyridazin- 3- one [9-16].

In  this work, FeO\EG  (Ethylene
glycol) magnetic nanosheets were synthesized
with a bottom-up protocol. The surface of these
nanosheets was then coated with a cell-gel method
with tetracycline orthosilicate (TEOS) and reacted
with (amino-propyl) triethoxysilane (APTES) to
modify the surface of this nanocomposite with
amine-acting groups. Finally, nanocomposite\
SiO,\NH, FeO \EG prepared by magnetic solid-
phase extraction method (MSPE) was employed
to separate chloridazon herbicide. Factors affecting
separation efficiency such as adsorption value,
sample solution volume, solvent type and volume,
extraction and adsorption time, ionic strength, and
pH of the solution were investigated.

EXPERIMENTAL
Materials and methods
Materials used

Ammonium bicarbonate, Iron(III) Chloride-6-
Water, ethylene glycol, TEOS, APTES, chloridazon
toxin, methanol, ammonia 25%, and toluene
produces by Sigma Aldrich and Merck.
Apparatus

In this study, data from a high-performance
liquid chromatographic instrument of the German
KNAUER Smartline model, fitted with a four-
solvent pump, manual injection with a loop volume
of 20 uL, and a column filled with polymer C18
(240 x 0.6 mm), were analyzed. Additionally, a UV-
Vis detector with an adjustable wavelength range of
200 to 400 nm was utilized, namely the SV-2600U V.
Starting at 0.2 mL/min to wash the column, the
flow rate increased steadily to 0.5 mL/min, then to
0.7 mL/min, and finally was set at 1 mL/min.

A mixed mobile water phase (0.05% by volume
of acetic acid)/acetonitrile with a volume ratio of
50:50 V/V and a flow rate of 1 mL per minute was

used to run samples extracted in the same volume
through the C18 column. The UV-Vis detector
detected them at 240 nm at a temperature of 20
°C. The injection volume was 20 pL, and the peak
appearance time was 5 minutes. The chromatogram
and theregion beneath the peak were both measured
using the Cromgate software. Using a LEO 1430
VP scanning electron microscope, material
morphology was documented. German-made
Bruker Tensor model 27 infrared spectroscopy was
utilized to further demonstrate the production and
analysis of the chemical structure of the drug.

Synthesis of FeOx\EG nanosheets

The composition of FeOx\EG was synthesized
according to the method reported by Zhao et al
[17]. In this way, we added 1 g of six-water chloride
iron salt and 4 g of ammonium bicarbonate to 60
mL of ethylene glycol, then stirred it for half an
hour. The mixture was then transferred to a Teflon
autoclave and placed at 185 © C for 40 hours. After
the reaction was complete, the resulting product
was filtered, distilled twice with water and washed
with methanol, and finally dried at 60 ° C.
Covering  FeOx\EG  nanosheets  with  silica
(Nanocomposite\SiO, FeOx\EG)

The coating of FeOx\EG nanosheets with silica
was performed with a solvothermal reaction.
Nanosheets (0.15 g) were dispersed in a solution
of ethanol (80 mL), deionized water (20 mL) and
aqueous ammonia solution (25%). The mixture was
subjected to ultrasonic for 15 minutes, followed by
0.35 mL of TEOS and dried under vacuum.

Surface modification (nanocomposite\SiO, FeOx\
EG) with nitrogenous functional groups

About 0.1 g of nanocomposite\SiO, FeOx\EG
was poured into 15 mL of dry toluene, the resulting
suspension was subjected to ultrasonic for 30 min.
After adding APTES (1 mL), the mixture was
subjected to a nitrogen gas atmosphere at 120 ° C for
24 hours. The resulting product was washed with
dry toluene and acetone and dried under vacuum,
respectively, and the resulting nanocomposite was
named NH.\SiO, FeOx\EG.

Preparation of standard solutions

The mother solution was created by dissolving
0.01 g of chloridazon toxin in 10 mL of methanol
to create a solution with a concentration of 1000
pug.mL'. The working solutions were created
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Fig. 1. Schematic representation of synthesis FeOx\EG\SiO,\NH, nanocomposite for extraction of Chloridazon.

by daily adding the required amounts of water.
Analyses were performed on the prepared mother
solution with a final concentration of 1 ug.mL™" in
the solution (water). To keep the chloridazon from
degrading, it was stored in a dark area at 4 °C.

Magnetic solid-phase extraction process (MSPE)

In this method, 2 mg of the adsorbent was
poured into a 15 mL laboratory tube, and then the
adsorbent was activated by 0.3 mL of methanol
and 2 mL of deionized distilled water, respectively.
The activated adsorbent was transferred to a 250
mL beaker and 50 mL of the sample solution
was added to it. After shaking for 5 minutes, the
adsorbent was collected by a magnet at the bottom
of the beaker and the upper solution was discarded.
Finally, by collecting the adsorbent at the bottom
of the container by a magnet, the analyte washing
solution was separated from the container and
injected into the HPLC-UV device and the analysis
data were obtained.

The schematic representation of the synthesis of
FeOx\EG\SiO2\NH2 nanocomposite for extraction
of Chloridazon is shown in Fig. 1.

RESULT AND DISCUSSION
The identification of the synthesized sample
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was performed by FT-IR, SEM, XRD, TGA, and
VSM techniques.

Study of the structure and morphology of
nanocomposite\NH\SiO, FeOx\EG using SEM
images

Figs. 2a and 2b show the scanning electron
microscopy images of FeOx\EG and nanocomposite
FeOx\EG\SiO,\NH,, respectively.

Investigation of FT-IR spectrum related to FeOx\EG
and FeOx\EG\SiO,\NH, nanocomposite

Fig. 3 illustrates the FT-IR peaks associated
with the FeOx\EG pure nanocomposite observed
in the 1629 cm™ peak associated with the vibration
of water-absorbing mesoporous-OH groups
and hydroxyl groups of the synthesized material
structure. In addition, the peaks of 1094 cm™ are
related to the asymmetric tensile vibrations of Si-
O-Si and the peaks of 806 cm™ are attributed to the
symmetrical stretching of Si-O-Si. Si-O-Si bending
vibrations are also observed in 461 cm™ area [18].

Investigation of VSM spectrum of nanocomposite
FeOx\EG and FeOx\EG\SiO,\NH,

Fig. 4 shows the magnetic properties of the
nanocomposite. As can be seen from this figure,
the S-shaped magnetic waste ring indicates the
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Fig. 3. FT-IR spectrum of the synthesized FeO \EG\SiO,\NH, nanocomposite.

magnetic property of the composition, which is
equal to Ms = 20 emus/g. The residual or residual
magnetism in the absence of an external magnetic
field is close to zero, so the composite exhibits the
behavior of a super-para-magnet [18,19].

Optimization of MSPE solid phase extraction method
To evaluate the ability and efficiency of FeO \
EG\SiO,\NH, nanocomposite, it was used as a test
solution in the process of extraction with a solid
magnetic phase of chloridazon toxin. In this work,
several parameters such as adsorbent value, sample
solution volume, solvent, and adsorbent volume,
solvent type adsorbent, ionic strength, extraction
time, adsorbent time, and pH of the solution
for synthesized adsorbent were investigated and
optimized. The parameters were analyzed in each
experiment with 100 mg / L of chloridazon toxin
solution in twice distilled water. The subunit of
chromatograms was measured to assess the factors
affecting the efliciency of analyte extraction.

The amount of adsorbent

To study the effect of the adsorbent on
chloridazon herbicide extraction, different values
of the adsorbent (10, 20, 30, 40, and 50 mg) were
investigated. First, 50 mL of the sample solution
was transferred to the beaker and 10 mg of the
adsorbent was added to the sample solution after
activation, and the mixture was shaken for 5 min.
After completing the extraction process, by placing
the beaker on the magnet, the adsorbent was
separated from the sample solution in less than
one minute. After separating the topical solution,
chloridazon was dissolved with 1 mL of methanol
solvent and adsorbent from the adsorbent surface,
and 20 pL of the final solution was injected into the
high-performance liquid chromatography machine
for analysis. Higher adsorbent values were similarly
investigated. As can be seen from Fig. 5, as the
adsorbent value increases, more adsorption, and
pre-condensation absorption is evident. However,
beyond 30 mg, a small increase in the area under
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Fig. 6. Diagram of changes in analyte peak area in terms of
sample solution volume changes.

the peak is not observed. Thus, 30 mg was chosen
as the optimal amount.

Sample volume solution

To achieve more reliable and effective pre-
concentration extraction with low operating time,
the effect of sample solution volume with a series
of different water volumes (50, 75, 100, 125, 150,
175, and 200 mL) was examined. As can be seen
from Fig. 6, the extraction efficiency is observed by
decreasing the area under the peak at higher values.
Therefore, the volume of 50 mL was selected as the
optimal volume.

Extraction time

To study the effect of extraction time on
the yield of chloridazon toxin extraction, the
extraction time was changed within the range of 1
to 20 min. Between the 1st to 10" minute, the curve
is almost upward, indicating that the absorption of
the analyte was high during these times. However,
after 10 minutes, the extraction efficiency began to
decrease. Thus, a 5-minute duration was chosen as
the optimal time (Fig. 7).
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extraction time.

Elution time

The time-absorbing time graph was obtained by
increasing the time period from 1 to 5 minutes. The
results demonstrated that time has no significant
effect on the yield of poison extraction, and the
amount of extracted toxin remained almost
constant with increasing the absorption time. Fig. 8
illustrates that 1 minute is sufficient for adsorption
to remove chloridazon toxin from the adsorbent.

Type of solvent and adsorbent

Choosing the right type of solvent and adsorbent
is one of the most important factors in the mineral
analysis. An appropriate solvent can effectively
and adsorb the adsorbed analyte. Therefore,
for this purpose, five solvents of strontium,
methanol, chloroform, and acetone were used in
this experiment. Among these solvents, methanol
was utilized as the optimal solvent for subsequent
experiments (Fig. 9).

Soluble and absorbable volume

To achieve high concentration factors, it is
important to find the minimum required volume
of solvent and adsorbent from the surface of
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Table.1: Data from extraction Chloridazon with FeOx\EG\ SiO2\ NH: in optimum condition.

Current method

Compound
DLR* (R)*® LOD¢ %RSD?

Chloridazon 0.01-100 0.998 0.001 3.017

*Dynamic Linear Rang (ugml™).
"Regression coefficient

Limit of detection calculated as three times the baseline noise (pugml™).

dRelative Standard Deviation

magnetic nanoparticles. For this purpose, the
volume of methanol was investigated as soluble and
absorbable with the volumes of 1, 1.5, 2, and 2.5
mL. According to the results shown in Fig. 10, the
volume of solvent and adsorbent volume does not
have a significant effect on analytical extraction;
therefore, the amount of volume of 1 mL was
selected as the optimal solvent and adsorbent.

Ionic power
To investigate the effect of salt effect on
extraction efliciency, chloridazon solutions

containing NaCl salt with a concentration of
0-0.5% by weight-volume were prepared. Fig. 11
shows that the extraction efficiency increases with
increasing NaCl concentration to 1% but then
decreases to 5% salt concentration in the sub-peak
surface curve. The best extraction was obtained
when the sample solution containing 1% salt.
Therefore, further studies were performed with 1%
NaCl concentration.

pH

The pH of the sample solution is one of the
important factors in the transfer of analytes from
the sample solution to the adsorbent and plays
an important role in the pre-concentration of
chloridazon herbicide. By examining the pH

of the solution, Therefore, the effect of pH was
investigated by adding HCI or NaOH in the range
of 2-8. As can be seen, the area under the peak has
the highest value at pH = 5, and as the pH increases,
the area under the peak declines. Therefore, pH =
5 was considered the optimal pH in subsequent
experiments (Fig. 12).

Quantitative studies and analysis of real samples
Under optimal conditions, the magnetic phase
extraction method was evaluated by testing the
analytical parameters of chloridazon toxin in
the sample. The results of the study are given in
Table 1. For the toxin in question, by absorbing
the nanocomposite FeOx\EG\SiO,\NH,, the
detection limit was calculated based on the signal-
to-noise ratio = 3, which was 0.001 ugml* (Table
1). The linear range of this method was tested by
extracting different water standards by increasing
the concentration. With the desired adsorbent,
this method obtained a good linear range with a
correlation coefficient of 0.998. The accuracy of the
method was determined by repeating the extraction
to 3 times of aqueous solutions with a concentration
of 1 pgml' under optimal conditions which
illustrates its valid repeatability. Relative standard
deviation using FeO \EG\SiO,\NH, nanocomposite
adsorbent (RSD%) 3.017% obtained shows that the
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absorbent has good reproducibility.

In comparison to other methods in literature
data for extraction and determination  of
chloridazon, the proposed method demonstrates
a better limit of detection (Table 1).

CONCLUSION

The prepared nanocomposite was successfully
used in the pre-condensation process of chloridazon
toxin in water. The method used has a valid linear
range, repeatability, and high sensitivity. This
proposed method can be applied to other studies
of low-concentration water-soil molecular mold
polymers. The results indicate that the prepared
nanocomposite adsorbent has a high extraction
power. Advanced adsorption properties due to its
composite properties include high surface area and
uniform dispersion of FeOx\EG\SiO,\NH.,.
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