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ABSTRACT

Raman spectroscopy is a rapid, nondestructive analysis technique used in various scientific disciplines,
includingmineralogy, chemistry, materials science, and biology. The analysis of Raman spectra and the
identification of specific substances in unknown samples can be complex and time-consuming due to
the large database of Raman spectra. The Raman Match application was developed to simplify and
automate the sample identification process through a search and match method. The application inte-
grates the well-established RRUFF Raman database with the Python programming language. It pro-
vides a user-friendly graphical interface to load Raman spectra, identify and fit peaks, match peaks
to the reference libraries, visualize the results, and generate publication-ready figures. The application
offers a swift and automated method for mineral identification using Raman spectroscopy in laboratory
and field settings and during planetary exploration missions to extraterrestrial environments with con-
straints on time and resources.
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INTRODUCTION

Raman spectroscopy, discovered experimentally by C.V.
Raman in 1928 (Raman and Krishnan 1928), is a powerful vibra-
tional spectroscopy technique for mineralogical analysis com-
monly used in terrestrial laboratories. Vibrational spectroscopies,
Raman and infrared, can positively identify a chemical. In Earth
and planetary science, Raman spectroscopy serves as an invaluable
nondestructive tool for characterizing the chemical and mineralog-
ical composition of planetary bodies remotely and for studying
phase transitions in controlled laboratory environments (Sharma
et al. 2003; Klein et al. 2004; Marshall et al. 2010; Angel et al.
2012; Goncharov 2012; Tu and Chang 2012; Chou and Wang
2017; Beyssac 2020; Jehlička and Culka 2022; Yamamoto and
Hagiwara 2022; Caracas et al. 2023; Mattioda et al. 2023; Qi
et al. 2023). This analytical tool is also widely used in other
fields, such as oncology and chemistry (Das and Agrawal 2011;
Fenn et al. 2011; Jermyn et al. 2016; Shvalya et al. 2020). Raman
spectroscopy yields insights into the chemical composition, crystal
structure, andmolecular vibrations ofminerals, allowing for detect-
ing and monitoring phase transitions by analyzing shifts or altera-
tions in Raman peaks (Goncharov 2012; Caracas et al. 2023).

Raman spectroscopy examines the vibrational and rotational
modes of molecules present in a specimen. When photons inter-
act with a molecule, two distinct scattering processes occur:
Rayleigh scattering, which preserves the initial photon charac-
teristics, and Raman scattering, causing changes in photon prop-
erties due to altered energy levels (Cialla-May et al. 2019).
These energy shifts are reflected as alterations in wavelength
(λ), inversely related to energy, and are typically represented
as wavenumber (σ = 1/λ) in Raman spectra. This visualization

facilitates an understanding of the relationship between energy
and wavelength, driven by Planck’s constant and the speed of
light. By measuring Δσ, Raman spectrometers reveal the wave-
length of inelastically scattered photons, unraveling vibrational
modes, chemical composition, and crystal structures within the
sample (Pelletier 2003). The vibrational modes of a molecule
depend on the molecular structure, masses of atoms involved
in the vibration, and the chemical bonds between various atoms
(Ferraro et al. 2003). This results in a unique spectrum for each
chemical, which can distinguish polymorphs of isochemical
materials. Raman analysis has several advantages over passive
spectroscopy, the most notable being the sharpness of the
spectral features. This allows the precise detection of specific
species, especially in mineral mixtures. Raman spectra of sam-
ples contain a wealth of molecular fingerprint information that
can be used to identify inorganic and organic chemicals, biomar-
kers, biominerals, hydrous and anhydrous minerals, and new
chemical phases based on the vibrational frequencies, relative
intensities, and number of Raman lines in the spectra (Durben
et al. 1991; Degen and Newman 1993; Wang et al. 1995; Kawa-
moto et al. 2004). Raman spectroscopy can also characterize
polymorphs of minerals and organics (Marckmann andWhalley
1964; Gauldie et al. 1997; Girlando et al. 2016).

Effective preparation of samples is an essential aspect of
Raman spectroscopic measurements, and considerations must
be made regarding the nature and physical state of the sample.
Solid samples may require grinding to obtain representative por-
tions, while geological or mineralogical specimens might
require thin sections or polished surfaces. Liquids can be directly
analyzed, but container material selection is essential to prevent
interference. The handling of gaseous samples can be complex,
often requiring specialized cells. Careful attention must be paid
to mitigate the fluorescence that can obscure Raman signals,
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