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Specifications Table

Subject Chemistry

Specific subject area Analytical Chemistry: Spectroscopy

Data format Raw data and analysed

Type of data Table and Figure

Data collection A Raman spectroscopy system, the iRaman 785s model from BWTEK, equipped with a

785 nm wavelength excitation laser, was used. Spectra were collected at 50 % power,
with a measurement time of 1 second and an accumulation of 10 spectra across a
spectral range of 150 to 3200 cm~! and resolution of 4 cm~!. Samples of acetylsalicylic
acid, paracetamol, and ibuprofen were acquired by simulating purchases at sales points
such as pharmacies, shopping centres, and informal street vendors. The generated data
are presented without any prior treatment or processing to preserve information
integrity. Each dataset includes a common column representing the Raman shift,
providing details on Raman activation modes, while intensities and labels are recorded
in subsequent columns.

Data source location Data collection was carried out at the Molecular and Elemental Analysis Laboratory
(MOLE), part of the Faculty of Exact and Natural Sciences at the National University of
Asunci6n.

Data accessibility Repository name: Dataset of Raman spectroscopy responses for over-the counter

drugs in Paraguay, including acetylsalicylic acid, paracetamol, and ibuprofen [1]
Data identification number: https://doi.org/10.5281/zenodo.11106420
Direct URL to data: https://zenodo.org/records/11106420

1. Value of the Data

» This dataset provides a comprehensive record of spectroscopic 'fingerprints’ for identifying
drugs such as acetylsalicylic acid, paracetamol, and ibuprofen, which are widely available in
the popular areas of the Central Department of Paraguay. These data serve as an invaluable
tool not only for authorities and organizations regulating drug sales.

Researchers can use this information to develop and apply advanced data processing algo-
rithms, clustering techniques, and multivariate analysis, leveraging Raman spectra for en-
hanced drug quality oversight and control.

The scientific community can utilize these data to feed algorithms, implement new method-
ologies for spectrum enhancement and processing, and apply innovative multivariate analysis
techniques.

2. Background

Raman spectroscopy is a non-destructive vibrational technique based on the inelastic scatter-
ing of monochromatic light, where a photon interacts with a molecule and induces vibrational
transitions in its structure, producing a change in polarizability. When a monochromatic light
beam strikes a material, most photons are scattered elastically (Rayleigh scattering), but a small
fraction undergoes a change in energy due to molecular vibrations, creating characteristic spec-
tral lines. These lines provide a unique “fingerprint” that allows for the identification and study
of molecular structures and their interactions [2].
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It is a versatile technique applied in fields such as biosciences, forensic science, and phar-
macy. In biosciences, it allows for the non-destructive analysis of biological tissues [3]. In foren-
sic science, it is used to identify drugs and explosives at crime scenes without prior sample
preparation. In pharmacy, it is crucial for quality control and the authentication of medications,
identifying active compounds and contaminants [4].

3. Data Description

The Raman spectra of Paracetamol samples are found in the “Paracetamol.xlsx” file, which
includes 50 spectra grouped only by type of pharmaceutical. In this file, the first column com-
mon to all spectra represents the Raman Shift (cm~!), and the subsequent columns contain the
intensities of the vibrational responses. Additionally, the “Paracetamol-trademark.xIsx” file cate-
gorizes the spectra according to brand, using the “Par” coding followed by the letters A, B, and
C for the brands (for example, Par-A for Paracetamol of brand A).

Similarly, the Raman spectra of the acetylsalicylic acid samples are in the “acetylsalicylic-
acid.xIsx” file, with 50 spectra also grouped by type of drug. The column structure is identical
to that of the Paracetamol file. The “acetylsalicylic-acid-trademark.xlsx” file organizes the spectra
by brand, using the “Acid” coding and the letters A, B, and C (for example, Acid-A for acetylsali-
cylic acid of brand A).

For the Ibuprofen samples, the “Ibuprofen.xlsx” file follows the same format with 50 spec-
tra grouped by type of pharmaceutical. The “Ibuprofen-trademark.xlsx” file classifies the spectra
according to brand, using the “Ibu” coding and the letters A, B, and C (for example, Ibu-A for
Ibuprofen of brand A).

It is important to mention that the coding for brands A, B, C, D, and F are consistent across
different drugs, indicating that the same pharmaceutical company may produce various types of
medications.

It is important to note that differentiation by brands is made, as this information is crucial
if the scientific community wishes to implement clustering methods to classify drugs based on
their excipients or binders. Fig. 1 shows the typical vibrational responses of acetylsalicylic acid,
paracetamol, and ibuprofen, where peaks in the spectrum indicate the bands activated by Ra-
man. Differences in intensity and baseline could be due to various factors, such as the excipients
used or the amount of sample.
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Fig. 1. Raman spectrum of acetylsalicylic acid, paracetamol, and ibuprofen.
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4. Experimental Design, Materials and Methods

The registration and monitoring of medications in Latin America, particularly in Paraguay,
are crucial due to local histories of drug adulteration [5]. This issue is especially concerning for
products sold freely, both in specialised establishments and through informal street vendors, a
widespread practice in many countries of the region [6].

The acquisition of over-the-counter medications was carried out in the city of San Lorenzo,
Paraguay. The drugs were purchased at various sales points, including pharmacies, shopping cen-
tres, and street vendors, a common practice in Latin American countries. In total, 26 boxes of
acetylsalicylic acid were acquired from 25 sales points, 15 boxes of paracetamol from 15 sales
points, and 15 boxes of ibuprofen from 15 sales points.

Raman spectra were collected directly from the tablets, meaning no treatments or prepara-
tions were performed on the tablets of the medications acetylsalicylic acid, paracetamol, and
ibuprofen using the acquisition system probe.

The acquisition conditions were identical for all samples: spectra were collected at 50 %
power, with a measurement time of 1 second and an accumulation of 10 spectra across a spec-
tral range of 150 to 3200 cm~1.

The acquisition data were exported using BWSpec® software [7], specifically designed for the
Raman spectroscopy system. The files containing the data were converted to .txt format using
this software. Subsequently, the data were organized into a spreadsheet, where the first column
corresponds to the Raman Shift, common to all samples, and the subsequent columns contain
the codifications and intensities of the responses.

Limitations

Vibrational responses obtained through Raman spectroscopy can be influenced by various
factors. Some substances in the analysed materials may not exhibit a Raman response or might
show a weak response. Additionally, organic components can alter the baseline of the spectra
in each measurement due to fluorescence generated during the acquisition process. The equip-
ment’s resolution of 4 cm~! may be insufficient to distinguish between two close Raman peaks,
potentially resulting in overlap in the spectrum.

Ethics Statement

Not applicable.

Data Availability

Dataset of Raman spectroscopy responses for over-the-counter drugs in Paraguay,
including acetylsalicylic acid, paracetamol, and ibuprofen. (Original data) (Zenodo).
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