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Abstract: The detection of specific pesticides on food products is essential as these substances pose
health risks due to their toxicity. The use of surface-enhanced Raman spectroscopy (SERS) takes
advantage of the straightforward technique to obtain fingerprint spectra of target analytes. In this
study, SERS-active substrates are made using Au nanoparticles (NPs) coated with a layer of polymer
and followed by imprinting with a pesticide–Cypermethrin, as a molecularly imprinted polymer
(MIP). Cypermethrin was eventually removed and formed as template cavities, then denoted as
Au NP/MIP, to capture the analogous molecules. The captured molecules situated in-between
the areas of high electromagnetic field formed by plasmonic Au NPs result in an effect of SERS.
The formation of Au NP/MIP was, respectively, studied through morphological analysis using
transmission electron microscopy (TEM) and compositional analysis using X-ray photoelectron
spectroscopy (XPS). Two relatively similar pesticides, Cypermethrin and Permethrin, were used as
analytes. The results showed that Au NP/MIP was competent to detect both similar molecules despite
the imprint being made only by Cypermethrin. Nevertheless, Au NP/MIP has a limited number of
imprinted cavities that result in sensing only low concentrations of a pesticide solution. Au NP/MIP
is thus a specific design for detecting analogous molecules similar to its template structure.

Keywords: surface-enhanced Raman spectroscopy; gold nanoparticles; molecularly imprinted
polymer; Cypermethrin; Permethrin

1. Introduction

Techniques to detect chemicals in food, biological, and environmental samples are continuously
being studied as there is a need for rapid and accurate methods to efficiently perform analyte detection
under urgent cases. [1,2] The main drawback of conventional methods such as chromatography and
mass spectroscopy is the long processing times due to the involvement of sample collection and
preparation, which most often require multiple steps, even destroying the samples if needed as a result
of combustion and/or ionization. [3,4] Nondestructive detection methods such as surface-enhanced
Raman spectroscopy (SERS) has been a topic of interest through minimal to no sample preparation in
addition to its fast analyte detection capability [5]. Most importantly, it could even detect analytes at
trace levels of concentration [6].
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The enhancement of Raman-active signals in a target species through the SERS technique is quite
based on the use of a SERS-active substrate, which is preferably composed of plasmonic nanostructures
and usually made by noble metals such as Au and Ag [7,8]. When the custom-made nanostructure is
ignited by a Raman laser, the electrons oscillate with the incident light; this phenomenon is referred to
as localized surface plasmon resonance (LSPR) [9–11]. This leads to an enhancement of the electric field
that is localized around the nanostructures, consequently enhancing the resulting Raman signals [12].
Varying the geometrical properties of nanostructures could tune the resulting LSPR so that signal
enhancement could be optimized. Besides this, efficiently capturing analyte molecules within the
nanostructures are equally important. [13].

Applications that call for selectivity and specificity in detecting particular analyte/s have utilized
antibodies [14] and aptamers [15] that could be functionalized onto the surface of SERS-active
substrate [16,17], resulting in sensitive detection with an ability to detect analytes such as pesticides
at low concentrations. In fact, a study was able to combine immunochromatographic assay with
SERS, utilizing pesticide immunoprobes to selectively capture specific pesticides and was able to
demonstrate sensitive detection with good reproducibility [18]. The said study was able to create a
strip with the immunoprobes, which would be suitable in applications calling for multiplex detection.
Such functional surface is mainly to capture the analytes, or to introduce non-SERS-active components
such as particular oxides, which exhibit strong affinities to the target analyte/s [19]. Alternatively, the
use of molecularly imprinted polymers (MIP) coupled with SERS-active substrate, commonly referred
to as MIP-SERS [20] has shown promising results in specific analyte detection by combining the
sensitivity brought by SERS and selectivity through specific molecule recognition ability of MIP [21–23].
Template molecules, which in the case of MIP-SERS are the target analytes, are imprinted on a polymer
matrix that is integrated onto surfaces of plasmonic nanostructures [17,24,25]. As a result, template
molecules are then removed, leaving behind complementary sites wherein analytes could rebind,
triggering a vibrational change in the system. The reintegrated system reflects in the resulting SERS
spectra and realizes the characteristic peaks of the target analyte. MIPs basically serve as gates for
selected analytes to go through the polymer layer to reach the inner plasmonic core for SERS, and to
take an effect [26].

The most common MIP-SERS structure is the core–shell as it maximizes the use of the surface of
plasmonic nanostructures where binding sites are distributed on the said surfaces [27,28]. It has also
been found that the SERS effects brought by this structure can be tuned by varying the shell thickness
so that strong SERS signals could be observed only up to a limit. Beyond this limit, the intensities of
peaks tend to be significantly weakened as the analytes get farther away from the plasmonic core [26].
One major advantage of the core–shell structures is the formation of over-irregular structures, especially
for those involving bulk MIPs, whereas MIP layers on core–shell structures are evenly coated on the
surface of the plasmonic nanostructures, making it easier to extract the template molecules [29,30].
Unlike in the irregular MIPs, the templates are deeply embedded into the crosslinked bulk material
that makes it hard to remove. The fabrication process for this type of MIPs is straightforward wherein
synthesized colloidal nanoparticles are coated with a layer of polymer together with the template
molecules, which are removed after the polymerization process [20,31,32].

To be able to recognize analyte molecules through MIP-SERS substrates, it is important to consider
that this selectivity is highly dependent on the spatial configuration. It is important to note that the
imprints exhibit a variety of orientations as a result of the varying configurations of the template
molecules as they are integrated into the polymer network. Therefore, to obtain intense SERS signals by
maximizing the target molecule-capturing ability of the imprint, the captured target molecule should
preferably enter the imprint with its exact same orientation [22]. Another instance to be considered is
the possibility of the MIP cavities not to maintain their size and shape owing to the swelling of the
polymer when it is prepared in solvent [26]. In addition, MIPs are highly crosslinked so their polymer
chains could hinder the analytes that try to enter the cavities. On another note, there could be cases
wherein some template molecules are still retained on the polymeric matrix even after the removal
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process. Small template molecules such as pesticides are also easier to remove compared to larger ones,
that is also why the detection of small molecules are more effective when MIP-SERS platform is used.

In this study, core–shell MIP-SERS nanostructures are synthesized to be utilized as a SERS substrate
in the selective detection of a common pesticide. The aim is to combine the effect of SERS brought
by the core of Au NP with a layer of MIP imprinted with pesticide molecules. This integration is
anticipated to create a selective detection wherein only the specific pesticide can be captured by the
MIP imprints, bringing the analyte molecules closer to the plasmonic core resulting in enhanced SERS
signals. In summary, an illustration of the reaction mechanism will then be proposed.

2. Experimental Section

2.1. Au NP/MIPs Synthesis and Preparation

Au NPs ranging at 12–20 nm in diameter were first synthesized through the citrate reduction
method [33]. Diluted gold tetrachloride (HAuCl4, 1 wt %, 1.2 mL diluted in 50 mL DI H2O) was
placed in a double-necked flask attached with a glass condenser; it was then brought to a rapid boil
under a silicone oil bath. Upon boiling of HAuCl4, trisodium citrate (Na3C6H5O7, 1 wt %, 2.5 mL) was
immediately added; after 5–10 min when the solution achieved a deep red color, it was left to cool
down at room temperature. The resulting solution was centrifuged to collect Au NPs. The collected Au
NPs were functionalized with (3-mercaptopropyl)trimethoxysilane (MPTMS) under constant stirring
in a nitrogen-rich environment at 40 ◦C for 24 h in a two-necked flat-bottom flask. Note that the
MPTMS layer is necessary as it provides the sites for grafting the polymer onto Au NP. Centrifugation
(9000 rpm) was then carried out to collect the MPTMS-functionalized Au NPs which were then dried
under vacuum; the samples are denoted as Au NP-MPTMS. A layer of Cypermethrin-imprinted
polymer on Au NP-MPTMS was then formed through the polymerization of methacrylic acid (MAA)
with ethylene glycol dimethacrylate (EGDMA) and azobisisobutyronitrile (AIBN) as the functional
monomer, crosslinker, and initiator, respectively. In addition, the polymeric precursors were mixed
with Cypermethrin template molecules (2.5 mL 0.001 M Cypermethrin, 0.81 µL MAA, 7.51 mL EGDMA,
and 0.03 mg AIBN) to fix the template onto the polymeric matrix while polymerization was done in a
nitrogen-rich environment at 65 ◦C for 12 h (a thin polymer layer) and 24 h (a thick polymer layer),
respectively. The resulting polymer-coated Au NPs, denoted as Au NP/Polymer, were centrifuged
with ethanol to wash away the unreacted reagents during polymerization and were then mixed with
methanol and formic acid under a Soxhlet extractor to remove the Cypermethrin template molecules
on the polymer layer; the as-formed sample is then referred to as Au NP/MIP. Afterwards, a subsequent
process to rebind Cypermethrin and its similar molecule, Permethrin, to Au NP/MIP is denoted as Au
NP/MIP (R). In the following sections, Au NP/MIPs represents the collection of Au NP/Polymer (thin
or thick) and Au NP/MIP. The fabrication process is shown in Figure 1.
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Figure 1. Schematic illustration of the synthesis of Au nanoparticles (NPs)/ molecularly
imprinted polymers (MIPs): (a) Synthesis of Au NPs through the reduction of HAuCl4 by citrate;
(b) functionalization of Au NPs by 3-mercaptopropyl)trimethoxysilane (MPTMS) to prepare the surface
for polymerization; (c) fabrication of Au NP/MIPs by polymerization on the MPTMS-grafted Au NPs
together with the template pesticide molecules which was then followed by their removal through
Soxhlet extraction; (d) detection of the analyte solution of pesticide through SERS using the fabricated
Au NP/MIPs deposited onto a glass substrate.

2.2. Physical Characterization of Au NP/MIPs

Morphologies of the synthesized Au NP-MPTMS and Au NP/MIPs were analyzed with a
high-resolution field-emission scanning electron microscope (FE-SEM, JSM-7000, JEOL, Tokyo, Japan)
and transmission electron microscope (TEM, JEM-1400, JEOL, Tokyo, Japan). FE-SEM images were
taken using secondary electron imaging mode at an accelerating voltage of 10 kV. The removal degree
of template molecule was thereafter estimated by ultraviolet–visible spectroscopy (UV–Vis, U-2010,
Hitachi, Tokyo, Japan).

2.3. Compositional Analysis of Au NP/MIPs

X-ray photoelectron spectroscopy (XPS, PHI 5000 VersaProbe, Chigasaki, Japan) was used to
determine the presence of elements on Au NP/MIPs as well as to confirm the formation of a thin or
thick MIP layer. The resulting XPS spectra were then curve-fitted through Origin 8.0 to identify the
elements and functional groups presenting on Au NP/MIPs.

2.4. SERS Property of Au NP/MIPs

Au NP/MIPs and subsequent Au NP/MIP (R) were evaluated for the performance of SERS property
using a Raman spectrometer (Renishaw, Wotton-under-Edge, UK). An air-cooled charge-coupled
device (CCD) was equipped as a detector with an incident power of 3 mW. Raman measurements were
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carried with pesticides: Cypermethrin and Permethrin (Sigma Aldrich; pesticides in powder form,
St. Louis, MO, USA) as the target analytes. A fixed amount of these pesticide solutions at varying
concentrations (10−2 to 10−5 M) was dropped onto Au NP/MIPs that were dip-coated upon a clean
silicon substrate. The solutions were left to dry on the substrate before acquiring the SERS spectra
of the pesticides. The optical microscope of the spectrometer was set at 50× magnification and the
He-Ne Raman lasers used have a diameter of 1 µm; the laser excitation wavelengths of 633 and 785 nm
with gratings, respectively, at 1800 and 1200 lines/nm were used. Spectrum calibration using a silicon
standard was done prior to spectra acquisition.

The resulting SERS spectra were then processed for background removal, baseline correction,
and smoothing. Au NP/MIPs were applied to detect trace amounts of pesticides on various types of
green tea spiked with the said target analytes. SERS signal collection was performed directly on the
as-prepared substrates.

3. Results and Discussion

3.1. Integration of Au NP/MIPs

In Figure 2a, Au NPs before surface modification were well scattered with only a low occurrence
of particle agglomeration. In Figure 2b, after MPTMS modification, it appears as though Au NPs
agglomerated with the introduction of the MPTMS. Note that MPTMS acts only as an intermediate
layer between Au NP core and polymer or MIP shell, its presence on the surface of Au NP is invisible
under a microscope. In Figure 2c, the size of Au NPs was estimated by TEM in the range of 12–20 nm,
while upon a closer look, an ultra-thin MPTMS layer was observable and estimated around 2.5 nm, as
shown in Figure 2d.
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Figure 2. (a) Morphology of the Au NPs before modification with MPTMS appeared to be scattered
throughout the substrate while (b) after grafting the MPTMS onto the surface of the Au NPs, the
particles became more agglomerated; (c) Au NPs appear to be in a range of 12–20 nm in diameter, with
the (d) MTPMS layer with 2.5 nm in thickness.

Agglomeration of Au NP/MIPs is a natural process, which tends to alter the collected quality
and quantity of the as-designed particles. To increase the accumulated quantity, Au NP/MIPs would
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simultaneously augment surface area available for the subsequent adsorption of rebinding molecules;
on the contrary, clustered Au/MIPs might result in reducing the effect of SERS as the imprinted sites
for entering the target molecules are presumably restricted by other Au NP/MIPs [33]. Therefore,
the study of, e.g., enhancement factor (EF) is relatively unsuitable for interpreting the mechanism of
capturing rebinding template molecules.

3.2. Chemical Analyses on the As-Prepared Au NP/MIPs

In Figure 3, the compositions of Au, Au NP-MPTMS, Au NP/Polymer (thin or thick), Au NP/MIP
were analyzed step by step along the fabrication process. In Figure 3a, the characteristic binding energy
(BE) corresponding to Au 4f (at ~83.0 and ~87.0 eV) was shown. As designed, the intensity of Au
NPs drastically decreased with the introduction of MPTMS and completely disappeared as polymer
or MIP layer was formed upon MPTMS, regardless of thickness. In Figure 3b, the characteristic BE
corresponding to N 1s (at ~399.5 eV) was shown. The presence of N 1s signal is attributed to the
N component of Cypermethrin. The N 1s intensities at ~399.5 eV for MIP (Cypermethrin), thin or
thick layer were weak owing to very few amounts of the template molecules or subsequent residues
remained in the MIP layer.
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Figure 3. XPS spectra of the Au and Au NP/MIPs to analyze the present elements and groups in each
step along the fabrication process. (a) spectra of the substrates corresponding to Au; (b) spectra of the
substrates corresponding to N; (c,d) comparisons of the spectra of the Au NP/MIPs with thick and thin
layer with respect to functional groups of C and O.

Figure 3c,d, respectively, shows the comparison of resulting C 1s and O 1s spectra of Au NP/MIP
with a thin or thick MIP layer. The peaks corresponding to C–O and O=C–OH as exhibited by the Au
NP/MIP with a thicker MIP layer are shown to be higher than that of the Au NP/MIP with a thinner
MIP layer which on the other hand, exhibits a higher C-C peak. While maintaining the peak ratios of
thick MIP (i.e., the peak ratio for 1:2:3 is 4.0:1.5:1.0 and the peak ratio for 4:5 is 2.2:1.0), its spectrum was
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superimposed onto the spectrum of the thin one to see the differences in the peak intensities. For the
thick MIP layer, the time for polymerization was double than that for the thin one, it is very likely
that the residual Cypermethrin molecules and the degree of polymerization may alter the chemical
compositions on Au NP/MIP. In Figure 3c,d, taking C 1s and O 1s spectra for the thick MIP layer as
the reference, it is assumed that some residual Cypermethrin molecules in the highly polymerized
matrix are anticipated. On the other hand, by keeping the same peaks’ ratios, less Cypermethrin
molecules and more C, O-containing group, shown as the shaded regions of Peaks 1 and 4, in the less
polymerized, thin MIP layer resulted.

Furthermore, there could be two factors behind the differences of C 1s and O 1s spectra—chemical
and dimensional ones. The chemical factor is much related to the fabrication process of a thin or thick
MIP layer, which varies in the required time for polymerization to be completed. To form the thick
MIP layer, a longer polymerization time of 24 h was needed, compared to that of 12 h for the thin MIP
layer; this gave the MIP to grow longer and thus most of the template Cypermethrin molecules tended
to be situated within the polymer matrix instead of the surface, which is the case for the thin MIP.
In addition, since the polymerization time for the thin MIP layer is half of that of the thick one, it is
most likely that the thin MIP layer would have more unreacted precursors (MAA, EDGMA, AIBN)
which are reflected as the differences in the C–C and C–O peak intensities of the thick and thin MIP
layers. These factors are anticipated to alter the peaks’ intensities at marks 1 and 4 as indicated by the
shaded areas.

For the dimensional factor, the chances for Cypermethrin residues to be retained and exposed on
the surface of a thin MIP layer are relatively higher as compared with that of a thick MIP layer. In the
case of a thick MIP, template molecules are most likely trapped within the polymer and these trapped
molecules could not form imprints (i.e., left cavities) on the surface; in the case of a thin MIP layer,
more imprints could be formed on the surface.

In summary, a thin-layer Au NP/MIP layer tends to remove the template pesticide molecules easily
and to form imprints with a high surface area. Therefore, from XPS C 1s and O 1s spectra, fewer pesticide
residues and higher C, O-containing groups attributed to the unreacted polymerization precursors from
the thin-layered MIP, as compared to a thick-layered one, can be found. Chemical and dimensional
factors as a consequence of the fabrication process are suggested by the resulting Au NP/MIPs.

3.3. Integration of Pesticides into Au NPs/MIPs

It is anticipated that MIPs are imprinted specifically with Cypermethrin molecules, thereafter,
only Cypermethrin or molecule/s with an almost similar structure may enter into the imprints of
Au NPs/MIPs to be detectable. Both Cypermethrin and Permethrin were used for the verification.
Noted that both molecules are classified under the group of pyrethroids, thus they may exhibit almost
the same chemical structure.

In Figure 4a,b, the SERS spectra of both pesticides at different concentrations were shown.
The peaks at 662, 1002, 1165, 1208, 1615, 1740, and 2253 cm−1 corresponding to Cypermethrin, and
those to Permethrin were similarly present, except for the peak at 2253 cm−1, which Permethrin does
not have. Peak intensities of both pesticides exhibited a similar trend with respect to the analyte
concentration. However, as shown in the figure, SERS spectra of Cypermethrin at 10−3 M and lower
did not show the specific peak at 2253 cm−1, making it similar to the SERS spectra of Permethrin.
In this case, the particular use of Au NP/MIPs as a SERS-active substrate is presumably not limited
only to the detection of Cypermethrin but also to Permethrin, which makes Au NP/MIPs partially
selective to the group of pyrethroids. Moreover, as observed in SERS spectra, the peak intensities of
both pesticides at 10−4 M and lower exhibited the same as the normal Raman spectra, indicating that
Au/MIPs are incapable of detecting ultra-low concentrations of target analytes. In addition, to compare
the performance of Au NP/MIPs with bare AuNPs in the detection of pesticides, Figure S1, as shown
in the Supplementary Data, demonstrated the SERS spectrum of Cypermethrin at a concentration
of 10−3 M using bare Au NPs as the substrate; similar peaks were found. The main peak around
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1002 cm−1 is however sharper for the bare Au NPs than that for Au NP/MIP, most likely because of the
presence of the polymer coating in the MIP layer that weakens the electromagnetic fields surrounding
Au NP. Despite the bare Au NPs producing a stronger enhancement, the advantage of having a MIP
layer coated upon Au NP is that it would only allow specific molecule/s to be detected.Coatings 2020, 10, x FOR PEER REVIEW 8 of 12 
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Figure 4. SERS spectra of (a) Cypermethrin and (b) Permethrin at varying concentrations taken with a
633 nm-wavelength laser.

3.4. SERS Mechanisms of Pesticides Detection in Au NPs/MIPs

SERS mechanism of Au NPs/MIPs through two means for detecting both pesticides is proposed.
A physical means through electromagnetic mechanism (EM) is driven by the formation of areas of
enhancement from overlapping electromagnetic fields surrounding the plasmonic nanostructures as
a result of LSPR induced by the incident laser. It is thus dependent on the physical attributes of the
nanostructures’ shape, size, interstructure distance, among others. However, areas of enhancement are
formed only when nanostructures are within a distance of around ~10 nm; analyte molecules should
then fall within this range for them to be detected effectively to produce SERS signals.

In the case of MIPs, the highest signal enhancement of the analytes would come from those that
are captured into the imprints–this way, the analyte molecules are brought closer to the surface of
the plasmonic Au NPs and then, the captured analyte is situated in the region between the Au NPs
thus the signal enhancing capability of the SERS substrate could be maximized as the analytes are
subjected to regions of high electromagnetic fields, which is necessary in the enhancement through



Coatings 2020, 10, 751 9 of 12

EM, as in the case in the study by Chen and others, wherein analytes enter into the imprint through a
“gate effect” [24]. On the other hand, analytes that are not captured inside the imprints are not able to
provide signal enhancement as strong as the ones that are captured inside the imprints. For chemical
means, although the working principles behind have not been totally understood yet, is based on
the modified electronic properties as a result of the formation of a metal–analyte complex. However,
the Au NP/MIPs do not exhibit strong affinities to any of the pesticides used in the study and so the
chemical enhancement would be almost negligible in the overall enhancement.

Shown in Figure 5, as described in the materials and methods, the Au NPs were subjected to
coating with MPTMS first before proceeding to the polymerization to form the MIP layer; template
molecules were mixed along with the MIP precursors and in this way, upon the formation of crosslinks
within the polymer network, the template molecules would have been immobilized. Template elution
was performed to remove the template molecules (outlined shapes), leaving behind imprints on the
MIP layer. However, a residual amount of template molecules (solid shapes) still remain on the MIP as
Soxhlet extraction is unable to completely remove the template molecules. This would cause errors
when used for quantitative applications as the presence of the unremoved template molecules could
be interpreted as a false positive—i.e., once the substrate is used for the quantitative detection of
the same molecule, results from Raman spectroscopy would recognize both the residual template
molecules (solid shapes) and the rebound molecules (dashed shapes) from the sample leading to
having a value of the number of molecules detected to be more than the actual value. Thus, there is a
need for calibration such that after template elution, the Au NP/MIPs should be subjected to SERS
analysis to see if unremoved residual molecules are present on the MIP; if these molecules are present,
then it should be taken into account once the substrates are used for further application/s.
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Figure 5. Schematic diagram of the stepwise procedures in the fabrication of Au NP/MIPs—Au NP
functionalization with MPTMS followed by polymerization together with template molecules and
subsequently, template elution to form molecular imprints wherein rebound molecules would enter
during the detection process.

In addition, during analyte detection through the MIP-based system, analyte molecules rebind
in the cavities imprinted after template elution; MIPs basically serve as tools to effectively capture
the molecules to be detected rather than directly providing a SERS effect. With the involvement of
a polymer layer, MIPs often exhibit drawbacks such as unnecessary background signals and noise.
Moreover, a study by Wang and others demonstrated that with the increasing thickness of the polymer
shell, the contact between the analyte and plasmonic material which is necessary to produce the
SERS effect, is retarded, decreasing the charge transfer effect, negatively affecting the resulting SERS
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signals [29]. Therefore, in designing a MIP-based system for SERS application, it is important to find
an optimal condition to maintain the effect of SERS that generates through a physical means of SERS
mechanism even with possible interferences brought by the layer of MIPs.

4. Conclusions

Plasmonic Au nanoparticles were synthesized and combined with the concept of molecular
imprinting to create a SERS-active substrate that is able to detect specific target molecule/s.
Polymer precursors were mixed with template molecules of Cypermethrin pesticide and polymerization
was carried out on the surface of Au NPs. The resulting Au NP/MIPs were able to detect not only
Cypermethrin but also Permethrin thus the imprints were able to accommodate molecules with
an almost similar structure to the template. The areas of strong electromagnetic fields are located
in-between the cavities created by the template molecule imprints as this is where the surfaces of the Au
NPs are exposed while electromagnetic fields that are formed in areas aside from the cavity–cavity area
are weaker. The probability of having a precise cavity–cavity-formed area of high electromagnetic field
enhancement is low thus the Au NP/MIPs are not capable of detecting analytes at low concentrations
(<10−4). Moreover, it was demonstrated that regardless of the thickness of the MIP layer on Au
NP/MIPs, there would somehow be drawbacks—a thin MIP layer would most likely result to having
unreacted polymerization precursors while with a thick MIP layer, there is a higher tendency for
template molecules to be trapped into the polymer matrix, making them harder to be removed.
These drawbacks should be taken into consideration when designing a SERS substrate with MIP.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-6412/10/8/751/s1,
Figure S1: SERS spectrum of Cypermethrin at a concentration of 10−3 M, taken with a 633 nm-wavelength laser.
The peaks at 662, 1002, 1165, 1208, 1615, 1740, and 2253 cm−1 corresponds to Cypermethrin.
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