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Abstract: Surface-Enhanced Raman Spectroscopy (SERS) is a specialized spectroscopic technique
based on the enhancement of the Raman scattering signals of molecules adsorbed or in close proximity
to certain rough or nanostructured metal surfaces. It’s an extremely sensitive and powerful analytical
tool for the investigation of biological molecules, revolutionizing the field of bioanalytical chemistry.
The enhancement of Raman signal is due to various effects, the most important is thought to be
the interaction between the electromagnetic wave associated with the laser used and the rough
metal substrate (i.e., silver/copper/gold surfaces) on which the molecule is placed. When substrates
are used, their characteristics are crucial for the reliability and sensitivity of experiments, as well
as the ease of reproducibility of measurements. In the present work, we report on preliminary
measurements to investigate the characteristics of two commercial SERS substrates, which have
different nanostructures and patterns, properly designed to operate at an excitation wavelength of
785 nm. Aspirin C was used as a representative molecule to evaluate their application for SERS study
of biological molecules, thanks to its characteristic fingerprint. Aspirin C is commercially available in
the form of effervescent tablets, with acetylsalicylic acid and ascorbic acid as active principles with
mainly analgesic and anti-inflammatory properties. The results are discussed also considering future
applications for the detection of analytes of environmental interest.
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1. Introduction

Surface-enhanced Raman Spectroscopy (SERS) is a variant of Raman scattering that
has applications in various fields such as biomedicine, chemistry and biology and has
attracted attention because it allows biological molecules of interest with different molecular
weights to be identified rapidly, non-destructively and with a certain degree of sensitivity
and reproducibility [1,2]. It has been shown to be an extremely sensitive and powerful
analytical tool for the investigation of biological molecules [3-5].

The advantage of SERS compared to the Raman technique is the amplification of the
signal by several orders of magnitude (up to 10'°), using metal nanoparticles or directly
using commercial SERS substrates, in which a few microliters of the solutions containing
the analyte of interest are deposited in the active area [6,7]. Signal amplification results
from the interaction between the electromagnetic wave associated with the laser used and
the metal substrate (e.g., silver/copper/gold surfaces) on which the molecule is placed.
The efficacy of this amplification is highly dependent on the metal substrate.
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In this work, we have presented preliminary evaluation measurements of two commer-
cial substrates, namely Q—SERSTM (Nanova Inc., Columbia, SC, USA) and RAM-SERS-AU
(Ocean Insight), that are both optimized to be used with laser excitation at 785 nm and
have different characteristics. Aspirin C was used as a representative molecule to evaluate
their application for the SERS study of biological molecules, thanks to its characteristic
fingerprint. It is commercially available in the form of effervescent tablets with analgesic
and anti-inflammatory properties [8]. Its spectral characteristics, in addition to having
ascorbic acid and acetylsalicylic acid as active principles, make it a target for study.

2. Materials and Methods

The commercial Aspirin C tablets contain 400 mg of acetylsalicylic acid and 240 mg of
ascorbic acid (Vitamin C). To obtain the solution needed for measurements, 100 mg of the
tablet was dissolved in 40 mL of water. An appropriate amount of the solution was placed
on each of the SERS substrates being investigated and on metal and silicon discs. In all the
cases, the solution was left to dry before performing the measurements.

The commercial SERS substrates used were Q-SERS™, supplied by Nanova Inc.,
characterised by gold nanoparticles with a diameter between 15 and 60 nm, placed on
a silicon wafer. The second SERS substrate used was RAM-SERS-AU, manufactured by
Ocean Insight, consisting of a layer of gold nanoparticles placed on borosilicate glass. Little
information is known about their design, except for the Q-SERS™ substrate which we
know is made up of gold nanoparticles of different diameters placed on a silicon layer.

Raman spectra were acquired in the 500-2000 cm ! range using the APE Scanning
MicroRaman system (A.P.E. Research S.r.I., Trieste) and APE Raman Mapping software. The
laser used has a wavelength of 785 nm and a maximum power of 350 mW. The exposure
time was set to 1000 ms for each acquisition.

SERS spectra were analysed using Origin Pro 7.5 software (OriginLab, Northampton,
MA, USA).

3. Results and Discussion

To compare the SERS performance of two commercial SERS substrates, Q—SERSTM
and RAM-SERS-AU, by using Aspirin C as a representative molecule, the Raman spectrum
of Aspirin C was obtained by analysing Aspirin C on a metal disc. A representative
Raman spectrum is shown in Figure 1. In the quite noisy spectrum, some of the peaks
of acetylsalicylic acid that are observed are visible at 1603 cm~! and 1030 em~! [9,10],
associated with the vibration of the carbonyl group and the presence of the aromatic ring,
respectively. Weak signals of aspirin are visible in the region around 840 cm ! (associated
with out-of-plane bending C-H), 900 cm~! and 1419 cm~!. As far as ascorbic acid is
concerned, a band around 960-980 cm ! associated with the C-H and O-H bending is
visible [11].

As stated in the Section 2, the Q—SERSTM is made from nanoparticles on a silicon layer,
and the Raman spectrum of Aspirin C on a silicon substrate was recorded and shown in
Figure 2.

In the spectrum shown in Figure 2, the silicon signals are visible with greater intensity
at 521 cm~! and the band at 1000 cm ™! is associated with the second-order resonance peak
of the silicon. Conversely, the Aspirin C peaks are not evident.

The spectra of Aspirin C placed on the two commercial substrates were detected and
shown in Figure 3.

The two spectra seem to be less noisy than the corresponding ones obtained without
SERS substrates. The spectra of Figure 3 show the same bands at 1603 cm ! and 1030 cm !,
associated with Aspirin C. For the spectrum obtained when the Q-SERS™ substrate is
used (Figure 3, black line) the band around 521 cm~! associated with the silicon substrate
is also visible.

As a first tentative comparison of the enhancement efficacy of the two SERS substrates,
the intensity of the Aspirin C-related 1030 cm~! band, present in all the spectra, was used;
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the ratio between this intensity that was detected when the solution was placed on the
SERS substrate and the corresponding intensity in the Raman spectrum (Isgrs/Iraman) was
calculated for both the substrates. The preliminary results show that the enhancement in
the intensity of the 1030 cm~! band with the RAM-SERS-AU substrate is higher than the

corresponding value obtained for the Q-SERS™ substrate.
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Figure 1. Raman spectrum of Aspirin C solution on a metal disc.
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Figure 2. Raman spectrum of Aspirin C solution on silicon.
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Figure 3. SERS spectra of Aspirin C on Q-SERS™ (black line) and RAM-SERS-AU (red line) substrates
by using excitation with a 785 nm laser and optical objective 50x.

4. Conclusions

The results are promising for future applications for monitoring molecules of environ-
mental interest and for designing sensors with advantages in terms of detection limits.
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