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Fabrication of Surface-Enhanced Raman Scattering Sensors ...

1. INTRODUTION

Nowadays, food pollutants have become a serious concern for food specialists,
consumers, and regulatory agencies. One example is the use of veterinary drugs,
particularly antibiotics, in livestock and poultry farming. If these drugs are not
completely eliminated within the appropriate timeframe, their residues can
remain in the meat and pose a health risk to consumers. Surface-enhanced
Raman spectroscopy (SERS) is a highly effective method for detecting trace
amounts of chemical residues. In this method, a laser is directed onto the surface
of a substrate containing metal nanoparticles such as gold, silver, or copper. This
creates a strong electromagnetic field by enhancing surface plasmons, leading to
an increase in the intensity of inelastic scattering ( Figure 1).

Laser SERS

Fig. 1. Scheme of SERS using the gold nanoparticles substrate

The mass shape of gold is a natural element chemically, while its nanometer-
scale particles are very active and able to perform a variety of complexes by
forming bonds between the gold nanoparticles and other materials such as
thiolate compounds (figure 2). In many of these compounds, the thiol group (-
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SH) acts as an interface between metal molecules. Alkyl thiolates and aryl
thiolates are among these compounds.
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Fig. 2. Schematic shapes of the bonds between the thiolates and the gold nanoparticles;
a) Self-arranged single layers b) Gold clusters protected with a single layer of gold c)
Gold-Thiolate complex [1,2]

The SERS as a promising technology for the rapid and sensitive detection of
biological samples [3], environmental pollutants [4], food contaminants ,
and even single molecule/particle [7], has attracted great interest (Figure 3).
SERS can provide highly specific information about chemical and biochemical
species with “fingerprint-like” spectrum patterns to detect, identify, and quantify
chemicals within a complex biological matrix
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Fig. 1. The SERS is a rapid method to detect trace amounts of food contaminants such

as the antibiotic florfenicol residues in animal source foods. The samples are extracted,
and their SERS spectrums are investigated to find index peaks of antibiotic fingerprints.

In general, two mechanisms have been identified in Raman amplification: the
electromagnetic (EM) effect and the chemical (CM) effect [9]. The dominant
mechanism of SERS is characterized by locally enhanced electromagnetic (EM)
fields occurring in the vicinity of the metal nanostructures owing to the localized
surface Plasmon resonances (LSPRs) . The spectrum positions of the
LSPRs are functions of the dielectric constants of the surrounding media and
structural information of the metal nanostructures, such as size, shape, and
material . According to theoretical calculations, the maximum enhancement
factor (EF) using LSPR is around 10*. Another mechanism for SERS is a
chemical enhancement (EF of 10%-10%), which occurs via chemical interactions
between the molecules and metal nanostructures . Generally, the SERS
enhancement is less than eight orders of magnitude

Metals such as gold (Au) or silver (Ag) in colloidal forms and substrates are
used to increase the Raman signal in the SERS. An active SERS substrate is a
key component in SERS detection [15]. The performance of SERS noble metal
nanomaterials depends largely on their size, morphology, composition, and
structure. Noble metal nanomaterials with different morphologies, such as gold
nanostars [16], silver nanodendrites [17], flower-like gold nanoparticles [18],
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and bipyramidal gold nanoparticles [19] have been prepared as active SERS
substrates. At present, much attention has been paid to metal nanoparticles due
to surface energy, the surface-to-volume ratio, and many other properties [20]
[21]. The widespread use of metal nanoparticles in biology, the pharmaceutical
industry, and other research fields has led to an increase in demand for these
nanoparticles and therefore there is a basic need for further production of such
nanoparticles. Much research on gold nanoparticles has been used in the
fabrication of SERS substrates [22-26]. Gold nanoparticles, like silver
nanoparticles, have antimicrobial properties. The shape and size of gold
nanoparticles play an important role in the antibacterial activity and its
interaction with bacterial cells [27].

The synthesis of gold nanoparticles generally involves the reduction of ionic
gold to atomic. One of the common methods involves dissolving gold
tetrachloride in an aqueous solution and using reducing agents such as sodium
citrate or borohydroxide, which is called the Turkevich method [28]. Among the
factors affecting the particle size in the reduction system are the reduction rate
and the amount of stabilizing agent. The higher reduction rate and the amount of
stabilizing agent, the smaller the particle size. Biological, chemical, and physical
approaches can be used to synthesize gold nanoparticles. [29-33].

Generally, a superior SERS- active substrate requires high- density hot spots
over a large area with good uniformity, signal reproducibility, high enhancement
factors, and low fabrication cost. Fabrication of pre-prepared substrates on
smooth surfaces can be a way to reach this purpose. For the fabrication of cost-
effective pre-made substrates, facile efficient approaches should be exploited to
prepare a homogeneous plasmonic layer of nanoparticles with intensive SERS
signals. Furthermore, reusable substrates can increasingly help to reduce costs.
The development of recyclable SERS substrates is also an alternative strategy to
realize cost- effective practical applications. Because of their self- cleaning
characteristics, the SERS substrates are capable of being reused multiple times

. This study employed a simple and economical method to fabricate a SERS
sensor by placing gold colloidal nanoparticles on smooth surfaces such as glass
slides and fixing them with sulfur compounds.
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2. MATERIAL AND METHOD
2.1. Chemicals and instruments

- Florfenicol with purity > 98% as the sample, made by Henan CoreyChem
Co., Ltd. (CAS No.: 76639-94-6. Formula: C12H14C2FNO,S).

- Tetrachloroauric acid made by Alfa Aesar with purity 99.9% (CAS No.:
277988-77-8, formula: HAUCI. (I11) [hydrogen tetrachloroaurate (I11)], as
the precursor of gold nanoparticles.

- Ultra-pure deionized distilled water for preparation of the solutions.

- Sulfur compounds to stabilize nanoparticles, all with analytical laboratory
purities and without additional purification.

- Raman Confocal Microscope (model: X Plora Plus, made by Horiba
Company, equipped with 532 and 785 nm laser sources, wavelength range:
0 — 4000 cm ) due to collect Raman spectrums.

2.2. Preparation of solutions
To prepare the test solutions, we followed a three-category approach.

I. Pure extract (EX): the breast meat was homogenized using a
homogenizer. To extract the chicken meat, two solvents were used: ethyl
acetate and deionized ultrapure water. The extraction process was carried
out in three replications, and the resulting extracts were combined. In the
ethyl acetate extraction, the following steps were followed: 20 g of sample
was mixed with 10 ml of ethyl acetate and 40 ml of distilled water in a 100
ml test tube. The mixture was then mixed for 3 minutes using a mixer. After
that, the test tube was placed in ice water and sonicated for 3 minutes using
an ultrasonic homogenizer and catheter (with 10 seconds of work followed
by 10 seconds of stopping). The next step involved centrifuging the mixture
twice at high speed (16000 gr = 12085 rpm) for 10 minutes. The
supernatants were separated and combined, and the volume of the extracted
portion with distilled water was adjusted to 100 ml (20 g of meat per 100 ml
of extract). For the extraction using ultrapure deionized distilled water, the
same steps were repeated, except that only distilled water was used instead
of ethyl acetate.
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Il. Aqueous solution of florfenicol (FF): we created a standard solution
with a concentration of 1000 mg/L (2.8 mM) by dissolving pure FF powder
in deionized distilled water at a temperature of approximately 40 °C. This
solution was used to prepare other dilutions.

I11. Spiked extract (FF + EX): we dissolved FF powder in the extract
instead of water to obtain a standard spiked extract with a concentration of
1000 mg/L. This spiked extract was also used to prepare other dilutions.

2.3. Preparation of standard gold nanoparticles

The Turkevich - Frans method [35] was used to prepare a standard solution
containing gold colloidal nanoparticles. A 10-fold coefficient was used to
prepare the solutions To achieve the proper amount of nanoparticles. At first,
HAUCI4 solution (0.1% by weight = solution I) and Na3-Citrate solution (1% by
weight = solution 1) were prepared using the ultrapure deionized distilled water.
Then, the solution (1) was heated up to boiling point using a heater equipped
with a mixer (500 rpm), and the solution (1) was added to it in desired values.
The color of the solution changed to purple after about 25 seconds showing to
form of the gold nanoparticles.

2.4. Preparation of SERS substrate
2.4.1. The gold layer
Two approaches were considered for this purpose:

i) Formation of a thin gold layer through the sputter coating method.

In this method, a very thin gold layer was coated on the surface of a glass slide
using the “Desk Sputter Coater”. The gold particles are separated from the gold
mass placed in the device reservoir, and If a barrier such as a glass slide is
placed in the passage route, the particles will be placed on its surface. According
to this method, a glass slide was placed in the designated place of the device,
coating a layer of gold particles on the entire surface of the glass slide (Sputter
Time = 200 s, Power = 200 Ma).
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if) Deposition of the colloidal gold nanoparticles

In the second method, the direct precipitation method of colloidal nanoparticles
was employed. First, a droplet of the solution containing the colloidal gold
nanoparticles was placed on the slide. After the evaporation of water, the solid
content of the water droplet is deposited on the glass slide. Then the next droplet
was gently dripped onto the previous deposit allowing the water to evaporate
and dry again. This action was repeated 15-20 times. Spinning or vacuuming
can speed up the drying process. By repeating the deposition and drying process,
a thin, rough, and uniform layer of the gold nanoparticles formed on the slide
surface provided the necessary platform for the SERS.

2.5. Method of stabilization of gold nanoparticles

Three groups of sulfur compounds were used to stabilize the formed layer.
Among the aryl thiolates category, the compound of "2- Mercapto
benzimidazole" was selected, and after dissolving it in distilled water was tested
on the substrate. From the dithiols group, the "1, 3-Propanedithiol” was
considered, and finally, from the alkyl thiolates group, the “1-Dodecanthiol
was investigated (Figure 4).
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Fig. 4. The applied thiol Compounds; a) 2-Mercapto benzimidazole b) 1,3-
Propanedithiol ¢) 1-Dodecanthiol

The high capability of sulfur compounds to form covalent bonds with the gold
particles in nanometer dimensions causes the binding of the nanoparticles to
each other and leads to stabilizing the formed gold layers on the smooth
surfaces.
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2.6. Raman spectrum acquisition

In general, two methods were used to collect Raman spectra. In the first method,
without using the gold nanoparticles, normal Raman scattering spectrums were
collected by direct laser irradiation to the sample’s surface (laser wavelength
785 nm, collection radius 500 pum, acquisition time 2 s).

In the second method, the spectrums of the samples were collected through
SERS, and three ways of using the gold nanoparticles, including; direct use of
colloidal nanoparticles, gold sputter coating, and deposition and stabilization of
nanoparticles on the glass slides, were compared.

3. RESULT AND DISCUSSION
3.1. Normal Raman spectroscopy

In this procedure, the spectrums of solid florfenicol, and 1000 mgr/L florfenicol
solution, were obtained without using the gold nanoparticles by the normal
Raman spectroscopy method. In the case of the solid florfenicol spectrum, the
index peaks were clearly visible and had high intensities, while the florfenicol
solution’s index peaks were very weak and few (Figure 5). Therefore, the need
to strengthen the peak intensities, using some methods like the SERS, was
revealed.
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Fig. 5. The normal Raman spectrums of florfenicol; a) the solid powder b) the 1000
mgr/L solution

49 Journal of Optoelectronical Nanostructures. 2023; 8 (3): 41- 66



Mehran Behvarmanesh et al DOI: 10.30495/JOPN.2023.31777.1287

3.2. SERS
3.2.1. Comparison of the gold nanopatrticles application methods

In order to appear the peaks and strengthen their intensities, the SERS technique
was performed using the gold nanoparticles. In each stage of the experiments,
the SERS spectrums of the sample were collected and compared with each other
to determine their intensities and number of the peaks. The results of three
different methods, applying the gold nanoparticles, to perform a suitable SERS
substrate were as follows:

a) Direct use of the colloidal gold nanoparticles

The spectrums of three aqueous solutions of florfenicol with concentrations of 1,
10, and 100 mg/L, containing 0.05 ppm of the colloidal gold nanoparticles, were
obtained; however, no significant peak was observed. Even when the
concentrations of the gold nanoparticles were increased to 0.5, 5, and 25 ppm,
no desirable peak was observed again. Therefore, probably the concentration of
the gold nanoparticles had not been enough for the SERS, While increasing the
concentration of nanoparticles to more than this amount did not seem
economical.

b) Using gold sputtering

In order to spectroscopy, a standard florfenicol solution was placed on the
substrate, but the substrate did not remain stable during the test, and the gold
layer was washed from the slide’s surface. Attempts to stabilize the gold layer
with the sulfur compounds were unsuccessful. In addition, the gold particles
sputtered over the entire surface of the slide without any control over the
covered area, wasting a large amount of the gold. So this method did not seem
cost-effective.

¢) Using the colloidal gold nanoparticles in the substrate
This method effectively increased the number and intensity of peaks in the
Raman spectrums. In the next step, this method was used simultaneously with
the direct use of colloidal nanoparticles in the sample (method a), resulting in
the maximum intensity and number of peaks, and used for the spectrum
acquisition of other samples.
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3.2.2 arrangement of the substrate layers

The main problem with this method was the instability of the deposited gold
nanoparticles because the liquid sample resolved and washed up the substrate
from the smooth glass slide's surface. In the case of drying the mixture of the
gold nanoparticles and sample, quantitative measurements were no longer
possible, so the performed layer had to be stabilized somehow.

Among the aryl thiolate categories, the compound "2- Mercapto benzimidazole"
was selected, but it did not have desired stability. Among the dithiols group, the
"1, 3-Propanedithiol” was tested on the glass slide, which due to its hydrophobic
properties, after adding to the substrate, it could not dry to create the necessary
adhesion and consistency, so it was not easy to place water-soluble samples on
the substrat. In addition, a very unpleasant smell limited its use in laboratories.
On the other hand, another sulfurous compound from the alkyl thiolates group,
“1-Dodecanthiol “, with polar and non-polar properties, was a suitable choice.
Generally, in alkyl thiols, by prolonging the alkyl chain and increasing the
hydrophobic property, the material becomes oily and vice versa. This compound
was used to fix nanoparticles, and after a few days of exposure to the air, it was
turned into a semi-dried form and stabilized the layer completely.

Different arrangments were tested using four categories of materials including
the gold nanoparticles, thiol compounds, silica (as a support material), and
solvents (toluene and ethanol) to create the substrate on the surface of the glass
slide (Figure 6), which they could be classified into two groups:

i) In the first group of methods, firstly, the thiol compounds were fixed on the
glass slide, and then the gold nanoparticles were placed on it. In some methods,
silica is used as a support (methods 1 to 6 in Figure 6).

ii) In the second group of methods, the gold nanoparticles were first deposited
on the glass slide, and then thiol compounds were applied to cover them as a top
layer. In some methods, silica is used as the support (methods 7 to 12 in Figure
6).

51 Journal of Optoelectronical Nanostructures. 2023; 8 (3): 41- 66



Mehran Behvarmanesh et al DOI: 10.30495/JOPN.2023.31777.1287
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Fig. 6. Different methods were used to precipitate and stabilize the colloidal gold
nanoparticles on the glass slides using silica and sulfur compounds. Method number 10
was selected as the optimal method.

Finally, method number 10 had the best performance and was selected as the
best method to precipitate and stabilize the gold nanoparticles on the glass
surface.

In the case of water-soluble samples, when the sample was placed on the
substrate surface, the low hydrophobic property of the thiol compound made its
behave like a liquid drop having a suitable surface tension with a wide contact
angle (CA) that kept its spherical shape and didn't let the sample to flow. Thus it
would be possible to adjust and focus the incident laser in the desired depth to
get a good spectrum. Figure 7 shows the contact angle, under area, and the
smooth edges of the sample droplet schematically.
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l
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Sample extract
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Fig. 7. The effects of using thiol stabilizer coating on the gold nanoparticles substrate
include; a) the substrate containing a layer of deposited gold nanoparticles alone. After
putting the drop on the substrate, the droplet spread on the surface without forming any

significant contact angle. b) the substrate containing the gold nanoparticles stabilized by

thiol compounds, the drop maintained its spherical shape leading to the formation of a

detectable contact angle that facilitated spectrum acquisition.

The required numbers of pre-prepared glass slides were fabricated by employing
the gold nanoparticle solution deposited and stabilized by the thiol compound on
the glass surface (Figure 8), and the spectroscopy was performed by the SERS
method.

Fig. 8. A prefabricated SERS sensor
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Table 1. Dimensions and colors of the colloidal gold nanoparticles in the different
mixing ratios of solutions (1) and (11) by the Turkevich-Frans method

volume of solution | Volume of Dimensions of Color of
(ml) solution Il (ml) | nanoparticles (nm) | Colloidal solution

50 1 16 Orange
50 0.75 245 Red
50 0.5 41 Red
50 0.4 50 Red to dark red
50 0.3** 71.5* Red to dark red
50 0.21 97.5 Purple
50 0.16 147 Purple

* Approximately dimensions of the gold nanoparticles

** The required volume of solution 11 to prepare nanoparticles with a size of 70-80 nm

3.2.3. Optimization of the gold nanoparticles dimensions

In order to optimize the gold nanoparticles w in the dimensions of 50-80 nm in
the Turkevich method, the proper mixing ratio of solutions (I) and (II) were
determined (table 1), and the concentration of the colloidal gold nanoparticles
solution was brought to 2.54 M (500 ppm for the gold nanoparticles). The DLS
curve of the solution containing the colloidal gold nanoparticles was obtained
and the average gold nanoparticles size was 78.5 nm (Figure 9).

Journal of Optoelectronical Nanostructures. 2023; 8 (3): 41- 66 54



Fabrication of Surface-Enhanced Raman Scattering Sensors ...

Cumulant Operations

Z-Average : 78.5 nm
Pl : 0.274
251 —100
1 -90
B i M _—80 _
1 70 =
> 157 L
5 ] T50
(/1] = n
u J -30 £
B - =1
5 TZD
1 ~10
0_ 1 1 IIIIH‘ I I I\I\H| 1 () 1 \‘ 1 I \IIHI‘ I I III\II’—
0.1 1 10 100 1000 10000
Diameter (nm)

Fig. 9. The dynamic light scattering curve (DLS) of the monodisperse colloidal gold
nanoparticles solution, the average size was 78.5 nm.

3.2.4. Calculation of the number of the gold nanoparticles

Based on the calculations, the weight of the gold nanoparticles in each circular
spot on slides (with an average diameter of 8 mm) was equal to 1.10 * 10 mg
/mm?, which considering the approximate weight of each gold nanoparticle
(with an average diameter of 80 nanometers) is 5.176 * 10> mg, the number of
the gold nanoparticles in circular spots was equal to 2.125 * 10° Au NPs / mm2.

3.2.5. SERS spectrum acquisition

For this purpose, a drop of florfenicol solution with a concentration of 1 gr/L
was put on the substrate, and spectrum acquisition was done. As seen in Figure
10, the SERS spectrum quality is much better than the normal Raman spectrum
(without using the gold nanoparticles), and the peaks had more numbers and
greater intensity.
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Fig. 10. The SERS spectrum of florfenicol solution with a concentration of 1000 mgr/L,
using a substrate of the gold nanoparticles deposited on the glass slide and stabilized by
thiol compound

3.2.6. Evaluation of the SERS substrate sensitivity.

In order to evaluate the fabricated substrates, the limit of detection (LOD) of FF
was calculated and compared with its Maximum Residue Level (MRL) in
chiken breast meat. The breast meats of organic chikens were extracted and
spiked with different ratios of FF, and then their spectrums were collected by
the SERS method. In spiked extract spectrums, FF index peaks (at 865, 1085,
and 1175 +3 cm™ 1) were observed down to a concentration of 0.00025 mg/L
(LOD = 0.25 pg/L) which was much lower than the permitted level of FF
residue in chiken breast meat (MRL = 20 pg/L), showing an appropriate
sensivity of fabricated substrates to detect trace amounts of FF residues.

3.2.7. The SERS enhancement factor (EF) Calculation

The SERS Enhancement (EF) is determined as

Journal of Optoelectronical Nanostructures. 2023; 8 (3): 41- 66 56



Fabrication of Surface-Enhanced Raman Scattering Sensors ...

EF = Isers " Viormal " Cxormal (1)

Tyvormai  Vsers Csers

Isers and Inormar are the peak intensities of FF-Au NPs and FF, respectively;
Vsers and Vnormar are probe volumes for the FF Au NPs and FF measurements,
respectively; and Csers and Cnormal are FF concentrations contributing to SERS
(Isers) and normal Raman intensity (I normal) respectively [36].

In normal Raman spectra of a 1% aqueous solution of FF, the intensity of the
index peak at 1170 cm-1 is about 2 a.u., which increases to 1560 a.u. in the
SERS spectra. The increase in the intensity of the Au NPs can be considered as
the reason.

(In)1170 = 2 (a.u.)

US‘ERS‘)ll?{] = 1560 (a.u.)

The EF coefficient For the index peak at 1170 cm™ equals:

EF = l{S‘ERS' . VNor‘maI . Cwormai _ 1560 . E . 1 — 780
INor'maI VSERS CSERS 2 10 1

The intensity of SERS signals increases up to 780 times.

3.2.8. Investigating the uniformity of substrates, similarity (or consistency) of
the results, and reliability of experiments

The substrate used for SERS should be as uniform, rough, and fully coated on
the glass as possible and free of empty spots. In this study, the residual amount
of the florfenicol antibiotic in the chicken breast extract was investigated.
Firstly, in order to investigate substrate uniformity in a single glass slide, the
spectrums of different points of the glass slide (in the covered parts) were
collected, and the intensity ratio of the index peaks (11170 / 11365) was
calculated to perform spectroscopy (Figure 11), the (11170) is the intensity of
index peak in the florfenicol solution ( in the concentration of 1000 mg/L) as the
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analyte, whereas the (11365) is the intensity of index peak in the pure extract of
chicken meat; and then the results were compared with each other (RSD =
8.44%).

a b RSD = 8.49%
1 Lsrtem !
\ aur il ‘
Sample ewvact diop /; ““‘ i ’v:‘ ‘\"\ 2 a4
2 VA'A A E
¥ e — E
poets -
GO nanoparticies Layer / : .
(Glass side )
20000 1 2

Points No

® 15t replicatior B 2nd replicatior

Fig. 11. a) Due to evaluate the uniformity of the substrate, the SERS spectrum
acquisitions were performed at different points of a single slide. b) Comparison of the
ratio of the florfenicol peak intensity to the extract peak intensity (Y= li170/ l13gs) in the
spectrums obtained from 12 points of the substrate of a single slide

Secondly, to check the similarity (or consistency) of the results on several
different slides (Figure 12), the sample drops were placed on four slides
separately, and their spectrums were obtained to compare the results (RSD =
7.90 %).
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Fig. 12. a) Four pre-prepared SERS sensors were randomly selected, and their
spectrums were plotted. b) statistical comparison showed acceptable similarity (or
consistency) of the results in the slides.
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Fig. 13. a) The spectrums obtained at the time of sample placement, and also after 1, 3,
5,9, 13, and 17 minutes on the slide. b) The statistical analysis showed acceptable
reliability of the results.

Thirdly, to check the reliability of the results of the fabricated slide, the
spectrum acquisitions were repeated at different times, and subsequently, the
collected spectrums after 1, 3, 5, 9, 13, and 17 minutes were compared and
analyzed statistically (Figure 13). The changes in the peak intensities ratio were
calculated as a percentage showing an acceptable decrease/increase in the results
(RSD =1.26 %).
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4. CONCLUTION

Today, nanotechnology has made significant advancements, leading to increased
utilization of Raman spectroscopy and the SERS technique in various scientific
fields. Raman spectroscopy involves the interaction of light with molecular
vibrations, resulting in the scattering of photons. The physical principles of the
SERS technique are based on enhancing the Raman signal by utilizing
plasmonic nanostructures, such as gold or silver nanoparticles, which
significantly amplify the Raman signal of molecules adsorbed on their surfaces.
This enhancement is attributed to the excitation of localized surface plasmons,
leading to an increased electric field at the molecule's vicinity. By exploiting this
phenomenon, SERS enables highly sensitive and selective detection of analytes,
making it a valuable tool for various applications, including chemical analysis
and biomedical research.

These techniques are employed for qualitative and quantitative analyses of trace
amounts of materials and for determining their molecular structures. The
methods offer several advantages, including improved speed and accuracy of
tests, the ability to analyze small sample sizes, and the potential use of portable
devices. Prefabricated kits containing metal nanoparticles have a positive impact
on experiment speed and ease, as well as reducing analysis time and cost. This
study proposes using prepared Kits that involve depositing gold nanoparticles on
glass slides and stabilizing them with sulfur compounds. This method is
advantageous due to the easy availability of necessary materials, cost-
effectiveness, and simplicity in fabricating and using sensors as SERS
substrates. Additionally, thiol compounds effectively stabilize the layers on
slides, allowing for long-term storage of sensors and enabling multiple
experiments to be conducted within a short period.

In this study, we investigated the use of depositing and stabilizing colloidal gold
nanoparticles on the surface of a glass slide. The main objective was to create a
cost-effective SERS sensor that is easily manufacturable and provides accurate
and high-quality amplification of Raman signals using metal nanoparticles.
Currently, the production of these sensors is monopolized by a few advanced
countries, resulting in high prices that make the method uneconomical.

Journal of Optoelectronical Nanostructures. 2023; 8 (3): 41- 66 60



Fabrication of Surface-Enhanced Raman Scattering Sensors ...

In our research, we first optimized the size of gold colloidal nanoparticles to be
in the range of 50-80 nm and deposited them onto the glass slide surface. We
tested various sulfur compounds to stabilize the gold nanoparticles on the glass
surface, and found that the compound 1-dodecanethiol, which has both
hydrophilic and hydrophobic properties, yielded the best results.

We used florfenicol as the analyte in our tests. This compound is a commonly
used antibiotic in veterinary medicine, and its presence as residue in livestock
and poultry meat, particularly chicken breast meat, poses health risks for
consumers in Iran. By using pre-made sensors that amplify Raman signals in the
SERS spectrum of florfenicol, we can quickly detect it at a low cost due to the
affordability of the sensors. In contrast, conventional methods such as LC are
expensive and time-consuming for antibiotic detection, while our method can be
easily implemented in slaughterhouses and livestock and poultry supply centers
due to its simplicity and speed.

Statistical tests conducted on the sensors, including uniformity of substrate
surface, similarity of the results across different sensors, and similarity of the
results over different time intervals, confirmed the optimal quality of the
sensors.The deposition and stabilization method for gold nanoparticles on
smooth surfaces can serve as a simple yet effective approach for fabricating pre-
prepared sensors for SERS. This technique can be extended to other smooth
surfaces as well. It is recommended to further enhance SERS quality through
additional studies on different substrates, stabilizers, and their related
parameters.
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