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Raman Scattering Technique
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Abstract. Cypermethrin is a toxic pesticide in the pyrethroid group. A Surface Enhanced
Raman Scattering (SERS) based sensor has been developed to achieve simple pesticide
sensing. In this work, rapid detection of cypermethrin by using the handheld Raman
spectroscopy coupled with SERS substrate was demonstrated. SERS-active silver nanorods
substrate was used to enhance Raman signals of test samples. The effect of exposure time and
drop volume of sample was studied for cypermethrin measurement. The results found that the
silver nanorods substrate can be used to measure cypermethrin in the range of 10° to 10° M
with a handheld Raman spectrometer. Furthermore, the Raman signal of cypermethrin was
confirmed by measuring solid cypermethrin with the standard Raman spectrometer. SERS
substrate was competent to detect cypermethrin with a limit of detection (LOD) of 10 M.

Introduction

Cypermethrin is a pesticide in the pyrethroid group. It worldwide uses in the agriculture
industry to apply for fruits and vegetables farming and for post-harvest treatments [1]. Pesticide
residue in food and in the environment is harmful to provoke great public concern since it could
pose potential health risks to not only the consumers but also the earth. The cypermethrin has
various analytical methods, including high-performance liquid chromatography (HPLC) [2],
Fourier-Transform Infrared spectroscopy (FTIR) [3], Liquid Chromatography Electrospray
lonization Mass Spectrometry (LC-ESIMS) [4], and pesticide test kit [5]. Currently, pyrethroid
was detected by HPLC technique but the technique required the pure solution due to impurity
solution affected to accurately efficacy. Meanwhile, the test kit has some limitations due to the
ineffective measurement.

Recently, Raman spectroscopy is a spectroscopic technique used to detect chemical
vibration, rotational, and other states in a molecular system, capable of probing the chemical
composition of materials. Raman signals rely on inelastic scattering of photons of the incident
light from the sample, known as Raman scattering. The light interacts with the sample cause
the molecular vibration resulting in the energy of the photon shift up or down. The shift of
frequency or wavelength of the scattering light resulting from the vibrational mode of the
molecule [6]. However, the Raman scattering signal is weak due to one out of million photons
of incident light can undergo Raman scattering then the traditional Raman spectroscopy is
suitable for bulk samples or concentrated solutions [7].



The development and applied of the surface-enhanced Raman scattering (SERS)
spectroscopy for a sensitive method to detect the substance at low level has been interested [1].
SERS substrate was coated with metal nanostructures such as gold nanoparticles, gold
nanorods, silver nanoparticles, and silver nanorods to enhance Raman scattering signal for the
detection of pesticides [1,8]. Surface-enhanced Raman scattering (SERS) spectroscopy has
been applied for trace detection of pesticides [9]. SERS technique provides an advantage in
trace amount analysis with high sensitivity, short time, multi-species, non-destructive and does
not require much sample preparation [6,10].

In this work, the silver (Ag) nanorods coated on the silicon substrate was used as a SERS
substrate to enhance Raman signal for detection of cypermethrin by using the handheld Raman
spectrometer. The time measurement and drop volume of the sample were studied to obtain a
high signal of cypermethrin. The detection limit of cypermethrin was improved to 10° M when
using SERS substrate. This work shows the possibility of using SERS substrate with the
handheld Raman spectrometer for pesticide analyzer that could be developed for fieldwork
application.

Experimental

Material. Onspec© SERS substrate was obtained from SCI INNOVATECH CO., LTD.
SERS substrate made from the nanostructure of silver nanorod coated on the silicon substrate.
Cypermethrin[[cyano(3phenoxyphenyl)methyl]3(2,2dichloroethenyl)2,2dimethylcyclopropan
e-1-carboxylate] was purchased from Sigma-Aldrich. Methanol was obtained from ACI
LABSCAN-CHEMICALS. Dichloromethane (DCM) was obtained from CARLO ERBA.

Sample Preparation. Cypermethrin concentration of 10 M was prepared in methanol for
stock solution. The different concentrations of cypermethrin were diluted from the stock
solution to be 103, 10, 10%and 10 M.

Measurement. The cypermethrin in solid form and cypermethrin solutions were measured
by standard Raman spectrometer (Renishaw Raman Spectroscopy inVia™ Qontor®, 785 nm
kimmon IK Series He-Cd laser source) to find the peak of sample and used to compare with
the signal obtained from handheld Raman spectrometer (Metrohm Raman Mira DS with laser
wavelength 785 nm and power laser 100mW). Cypermethrin sample was dropped with
different volumes on the SERS substrate and waited until dry. The substrate was attached at
the sensing area of the handheld Raman spectrometer for measurement of the Raman signal.
The exposure time and the sample volume were varied to obtain the high spectrum signal.

Results and discussion

The cypermethrin in solid form was measured by using the Renishaw Raman
spectrometer and the spectrum was shown in fig. 1 which was found the strong peak of
cypermethrin at 925, 1001 and 1616 cm™. The cypermethrin at a concentration of 1073, 107,
107, 10 and10" M was measured to see the Raman characteristic peak of cypermethrin in a
solution form which was shown in fig. 2. The cypermethrin solution provided the Raman
spectrum at the same position (925, 1001 and 1616 cm™) with the solid form. The major signal
was shown at 1001 cm™ and the lowest concentration of cypermethrin obtained from standard
Raman spectrometer was 107 M.
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Figure 1. Raman spectrum of cypermethrin (solid form) detected by the Renishaw Raman
Spectrometer with scope 50X, 10s exposure time and 10mW laser power.
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Figure 2. Raman spectrum of cypermethrin at various concentrations (solution from)
detected by the Renishaw Raman Spectroscopy with scope 50X, 10s exposure time and 10mW
laser power.

To apply Raman spectroscopy technique for pesticide detection by using the handheld
Raman spectrometer was our desire. However, it still needs SERS substrate to enhance Raman
signal due to the low concentration of sample and the sensitivity of handheld Raman
spectrometer that lower than standard Raman spectrometer.

The exposure time was varied to find the best signal of cypermethrin when measuring with
handheld Raman spectrometer. SERS substrate contained Ag nanorod structure was used to
measure cypermethrin at a concentration of 103, 104, 10°, and 10°® M by varying the exposure
time at 10s 20s and 30s, the results showed in fig. 3a 3b and 3c, respectively. The Raman
signals were observed at 925, 1001 and 1616 cm™ which were the same position as detected
by standard Raman spectrometer. And it was found that when the concentration of
cypermethrin increased the peak intensity were increased especially at 1001 cm™.

To compare the signal obtained from different exposure time, the ratio of peak intensity at
1001 cm™* and 925 cm™ were plot against concentration of cypermethrin, the results showed in
fig. 3d, 3e and 3f. The signal increased when cypermethrin concentration increased. Although
the ratio of peak intensity at 1001 cm™/925 cm™ seems not different in all case of exposure
times then the researcher chose 30s exposure time for sample measurement. Due to longer
exposure time provided higher peak intensity more than a shorter time. Cypermethrin at 10®
M was the lowest concentration that can be detected by using SERS substrate couple with
handheld Raman spectroscopy.
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Figure 3. Raman spectrum of cypermethrin measured on SERS substrate by using handheld
Raman spectrometer with power laser 100mW and different exposure time a) 10s, b) 20s and
c) 30s. The ratio of peak intensity at 1001 cm™ and 925 cm™ from different exposure time d)
10s, €) 20s and f) 30s.

The volume sample is an important factor when measuring on SERS substrate. Then
cypermethrin at 10°° M was tested with different drop volumes; 2, 5, 10 and 20 pL, to observe
the signal by using laser power 100mW and exposure time 30s. The results showed in fig. 4, it
was found that at 5 pL provided the small peak intensity at 925, 1001 and 1616 cm™. But at a
lower volume, 2 pL, the peak of cypermethrin disappeared while at higher drop volume, 10
and 20 pl, showed a noise signal that can be interfered with the peak of cypermethrin. Then the
optimum condition for cypermethrin detection by handheld Raman spectrometer on SERS
substrate that used in this work was 5 pl of sample volume, laser power 100mW and exposure
time 30s which limit of detection at 10 M of cypermethrin was observed.
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Figure 4. Raman spectrum of cypermethrin on SERS substrate detected by handheld Raman
spectrometer with laser power 100mW and exposure time 30s by varying sample volume.

Conclusion

The handheld Raman spectrometer has potential to be used couple with SERS substrate which
made from silver nanorod structure for pesticide analyzer. The nanorod structure can enhance
the Raman signals and long exposure exhibit high signal intensity. Suitable drop volume of
sample should be optimized to test with the specific laser power. Raman spectra of
cypermethrin were observed at 925, 1001 and 1616 cm™ which concordant to the peak obtained
from standard Raman spectrometer. The small volume of cypermethrin was achieved to detect
with the LOD of 10 M by using the handheld Raman spectrometer with laser power 100mw
and exposure time 30s.
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