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Abstract 11 

Raman spectroscopy is a rapid, nondestructive analysis technique that is used in various 12 

scientific disciplines, including chemistry, materials science, and biology. The analysis 13 

of Raman spectra and the identification of specific substances in unknown samples can 14 

be complex and time-consuming tasks due to the large database of Raman spectra. The 15 

Raman Match application was developed to simplify and automate the sample 16 

identification process through a search and match method. The application integrates 17 

the well-established RRUFF Raman database with the Python programming language 18 

and provides a user-friendly graphical interface to load Raman spectra, identify and fit 19 

peaks, match peaks to the reference libraries, visualize the results, and generate 20 

publication-ready figures. The application offers a swift and automated method for 21 

mineral identification using Raman spectroscopy in both laboratory and field settings, 22 

as well as during planetary exploration missions to extraterrestrial environments with 23 

constraints on time and resources. 24 
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Introduction  29 

Raman spectroscopy, discovered experimentally by C. V. Raman in 1928 30 

(Raman & Krishnan, 1928), is a powerful vibrational spectroscopy technique for 31 

mineralogical analysis commonly used in terrestrial laboratories. Vibrational 32 

spectroscopies, Raman and infrared, have the ability of positively identifying a 33 

chemical. In Earth and planetary science, Raman spectroscopy serves as an invaluable 34 

nondestructive tool for characterizing the chemical and mineralogical composition of 35 

planetary bodies remotely and for studying phase transitions in controlled laboratory 36 

environments (Angel et al., 2012; Beyssac, 2020; Caracas et al., 2023; Chou & Wang, 37 

2017; Goncharov, 2012; Jehlička & Culka, 2022; Klein et al., 2004; Marshall et al., 38 

2010; Mattioda et al., 2023; Qi et al., 2023; Sharma et al., 2003; Tu & Chang, 2012; 39 

Yamamoto & Hagiwara, 2022). This analytical tool is also widely used in other fields 40 

such as oncology and chemistry. (Das & Agrawal, 2011; Fenn et al., 2011; Jermyn et 41 

al., 2016; Shvalya et al., 2020). Raman spectroscopy yields insights into the chemical 42 

composition, crystal structure, and molecular vibrations of minerals, allowing for the 43 

detection and monitoring of phase transitions by analyzing shifts or alterations in 44 

Raman peaks (Caracas et al., 2023; Goncharov, 2012). 45 

Raman spectroscopy entails the examination of vibrational and rotational modes 46 

of molecules present in a specimen. When photons interact with a molecule, two distinct 47 

scattering processes occur: Rayleigh scattering, which preserves the initial photon 48 
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characteristics, and Raman scattering, causing changes in photon properties due to 49 

altered energy levels (Cialla-May et al., 2019). These energy shifts are reflected as 50 

alterations in wavelength (λ), inversely related to energy, and are typically represented 51 

as wavenumber (σ = 1/λ) in Raman spectra. This visualization facilitates an 52 

understanding of the relationship between energy and wavelength, driven by Planck's 53 

constant and the speed of light. By measuring Δσ, Raman spectrometers reveal the 54 

wavelength of inelastically scattered photons, unraveling vibrational modes, chemical 55 

composition, and crystal structures within the sample (Pelletier, 2003). The vibrational 56 

modes of a molecule depend on the molecular structure, masses of atoms involved in 57 

the vibration, and the chemical bonds between various atoms (Ferraro et al., 2003). This 58 

results in a unique spectrum for each chemical, which can distinguish polymorphs of 59 

isochemical materials. Raman analysis has several advantages over passive 60 

spectroscopy, most notable being the sharpness of the spectral features. This allows the 61 

precise detection of specific species, especially in the presence of mineral mixtures. 62 

The Raman spectra of samples contain a wealth of molecular fingerprint information 63 

that can be used to identify inorganic and organic chemicals, biomarkers, biominerals, 64 

hydrous and anhydrous minerals, and new chemical phases based on the vibrational 65 

frequencies, relative intensities, and number of Raman lines in the spectra (Degen & 66 

Newman, 1993; Durben et al., 1991; Kawamoto et al., 2004; Wang et al., 1995). It can 67 

also be used to characterize polymorphs of minerals and organics (Gauldie et al., 1997; 68 

Girlando et al., 2016; Marckmann & Whalley, 2004).  69 

Effective preparation of samples is an essential aspect of Raman spectroscopy 70 

measurements, and considerations must be made regarding the nature and physical state 71 

of the sample. Solid samples may require grinding to obtain representative portions, 72 
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while geological or mineralogical specimens might require thin sections or polished 73 

surfaces. Liquids can be directly analyzed, but container material selection is essential 74 

to prevent interference. The handling of gaseous samples can be complex, often 75 

requiring specialized cells. To mitigate the fluorescence that can obscure Raman 76 

signals, careful attention must be paid, although reducing laser power and employing 77 

suitable filters usually help to resolve this problem (Wei et al., 2015). Additionally, it 78 

is worth noting that a time-gated system can be used to further address fluorescence-79 

related issues and enhance the quality of Raman spectroscopy data. Time-gating allows 80 

for the selective detection of Raman signals at specific time intervals, effectively 81 

separating them from background fluorescence, and thus improving the accuracy and 82 

reliability of the measurements. This approach demonstrated its value in samples 83 

susceptible to in fluorescence, making it a potent method in Raman spectroscopy (Misra 84 

et al., 2005). 85 

Within a Raman spectrum, peaks correspond to specific vibrational modes of 86 

molecules, with their characteristics extending beyond the molecular vibrational modes. 87 

The features of the peaks, including the full-width at half-maximum (FWHM), conveys 88 

valuable information (Conner et al., 2023; Hong et al., 2022; Obraztsova et al., 1998; 89 

Schiferl et al., 1997). A narrow FWHM indicates a well-defined and distinct peak, 90 

implying a relatively pure molecular vibration unaffected by external factors. 91 

Conversely, a broad FWHM suggests influences from multiple factors, such as 92 

molecular interactions, impurities, or variations in molecular environments. The 93 

vibrational modes present in Raman spectra reflect not only the molecular vibrations 94 

within the mineral or material but also the broader structural components and 95 

arrangements inherent to the crystal lattice. Minerals possess complex and unique 96 
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crystalline structures composed of atoms or ions arranged in specific patterns and 97 

orientations. These crystallographic arrangements lead to characteristic lattice 98 

dynamics, influencing the propagation of vibrations throughout the mineral. As 99 

vibrations travel through the crystal lattice, they interact with the structural components, 100 

lattice defects, and boundaries, inducing distinct spectral features. The interplay among 101 

these factors dictates the observed peaks in Raman spectra. For instance, variations in 102 

lattice parameters, crystal symmetry, or the presence of defects within the mineral can 103 

results in shifts, splitting, or broadening of Raman peaks, providing valuable insights 104 

into the structural integrity and properties of the mineral.  105 

Analyzing peak properties employing various models (e.g., Gaussian, 106 

Lorentzian, Voight, Pseudo-Voight) and accounting for baseline correction aids in 107 

comparing spectra with reference Raman spectra (Ciris, 2023; Ida et al., 2000; 108 

Sparavigna, 2023; Young & Wiles, 1982). In essence, the Gaussian distribution (Eq. 109 

1), often referred to as the bell curve, takes parameters such as amplitude (A), mean (𝜇), 110 

and standard deviation (𝜎) to represent data that follows a normal distribution. The 111 

Gaussian function is widely employed because of its bell-shaped curve, which 112 

resembles many natural distributions. It is particularly useful for modeling symmetric 113 

peaks and is computationally efficient. Gaussian functions help to describe peaks 114 

characterized by Gaussian broadening, representing well-defined and symmetrical 115 

peaks. 116 

𝑓(𝑥)!"#$$%"& = 𝐴 ∙ 𝑒'
()'*)!
,-!  (1) 

The Lorentzian distribution (Eq. 2), also known as the Cauchy distribution, is 117 

characterized by its sharp peak and long tails. Relevant parameters include amplitude, 118 

mean, and gamma (𝛾 ), which controls the width and shape of the distribution. 119 
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Lorentzian functions are employed to describing peaks with tails that extend further 120 

from the central peak, making them suitable for modeling asymmetric peaks and 121 

handling broader line shapes. These functions are beneficial for capturing spectral lines 122 

affected by Lorentzian broadening, prevalent in various spectroscopic techniques. 123 

𝑓(𝑥)./01&23%"& =
𝐴 ∙ 𝛾,

(𝑥 − 𝜇), + 𝛾, (2) 

The Voigt function (Eq. 3) combines the characteristics of both Gaussian and 124 

Lorentzian distributions. It is often used to fit complex spectral data especially in 125 

spectroscopy, and considers the amplitude, mean, standard deviation, and gamma via 126 

the Faddeeva function wofz(z), where z is )'*4%5
-√,

 . Voigt functions are particularly 127 

useful in scenarios where a peak exhibits a combination of both broadening types. 128 

𝑓(𝑥)7/%82 = 𝑅𝑒 /
𝐴 ∙ 𝑤𝑜𝑓𝑧(𝑧)
𝜎√2𝜋

6 (3) 

Finally, the Pseudo-Voigt function (Eq. 4) is a mixture model that blends both Gaussian 129 

and Lorentzian profiles, where the fraction parameter (𝜂) determines the contribution 130 

of each model. 131 

𝑓(𝑥)9$1#:/'7/%82 = 𝜂 ∙ 𝑓(𝑥)./01&23%"& + (1 − 𝜂) ∙ 𝑓(𝑥)!"#$$%"& (4) 
A fraction of 0 corresponds to a pure Gaussian, while a fraction of 1 corresponds to a 132 

pure Lorentzian. The weighted combination allows for flexibility in adjusting the shape 133 

of the fitted peak, providing a more adaptable model for a broad range of line shapes 134 

encountered in experimental data. It offers a good approximation to complex spectral 135 

lines and is widely used for peak fitting due to its flexibility and ability to describe a 136 

variety of peak shapes. 137 
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The baseline correction in the peak fitting process follows the Asymmetrically 138 

Reweighted Penalized Least Squares (arPLS), see the Python function arpls(y) in Eq.5 139 

(Baek et al., 2015).  140 

arPLS(𝑦) = argmin3{‖𝑊 ∙ (𝑦 − 𝑧)‖,, + 𝜆‖𝐷 ∙ 𝑧‖,,} (5) 

where 𝑾 is a diagonal matrix with elements w, representing the weight of each data 141 

point signal in y.  D is a finite difference matrix that approximates the second derivative, 142 

and 𝝀 is a tuning parameter. The algorithm iteratively updates the weights w using a 143 

sigmoidal weighting scheme until convergence, where argminz denotes the argument 144 

that minimizes the expression. The sigmoidal weighting scheme is defined as 𝒘𝒊 =145 

𝟏

𝟏+𝐞𝐱𝐩"𝟐∗𝒅𝒊−(𝟐𝒔−𝒎)𝒔 #
, for each data point i, using the standard deviation (s), the negative 146 

residuals (d), and their mean (m). This weighting scheme assigns smaller weights to 147 

data points with larger negative residuals, effectively downweighting outliers. The 148 

output of the arPLS function is z, representing the baseline correction signal. The 149 

method takes three parameters as input: lam, ratio, and itermax. The first parameter 150 

controls the regularization strength. It is a hyperparameter that balances the smoothness 151 

of the baseline estimate. The second parameter determines the convergence criterion. 152 

If the change in the weighting factor between iterations is below this ratio, the algorithm 153 

stops. The third parameter specifies the maximum number of iterations. The user may 154 

modify the default parameters of the background subtract, or baseline correction, along 155 

with the default parameters for the peak fitting models. 156 

Reference Raman spectra are consolidated within the well-established 157 

RRUFF™ Project database (Lafuente et al., 2015), encompassing high-quality spectral 158 

data from well-characterized minerals. These serve as standards for mineralogists, 159 
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geoscientists, and gemologists, facilitating mineral identification on Earth and aiding 160 

planetary exploration efforts. However, interpreting Raman spectra and extracting 161 

meaningful information can be challenging due to the complexity of the data and the 162 

various databases available. In addition, visualization tools available in the literature 163 

are typically limited to the associated spectrometers. For example, Horiba LabSpec is 164 

a widely used Raman analysis software that accompanies Horiba Raman spectrometers 165 

(HORIBA Scientific, n.d.). It offers comprehensive tools for data acquisition, 166 

processing, and visualization, although there is no matching process available. 167 

Similarly, Thermo Fisher Scientific Raman spectrometers are accompanied by the 168 

OMNIC software (Thermo Fisher Scientific Raman, n.d.). The software provides 169 

various features for spectral data processing, including spectral subtraction, spectral 170 

search from a limited database, and quantitative analysis. Another common software is 171 

OPUS, used with Bruker Raman spectrometers (Bruker, n.d.). Similar to the previously 172 

mentioned software, users can apply different data treatments, such as a baseline 173 

correction, and perform spectral fitting. Other software such as WiRE, Renishaw's 174 

Raman spectroscopy software, enables data acquisition, processing, and analysis 175 

(Renishaw, n.d.). It includes features such as baseline correction, peak identification, 176 

and chemometric analysis. Finally, the software called CrystalSleuth leverages the 177 

extensive RRUFF database to provide a list of potential mineral matches based on the 178 

full Raman spectrum analysis of a sample. The software displays the top three matches, 179 

ranking them according to their percentage match with the sample spectrum, thereby 180 

offering a comparative view of the closest mineralogical matches. This method 181 

primarily focuses on the overall spectral pattern, considering the collective features of 182 

the spectrum for comparison and match ranking. To our knowledge, only the Renishaw 183 
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Empty Modelling tools and CrystalSleuth (Laetsch & Downs, 2006) integrate the 184 

RRUFF database, while the other software programs have unique sample mapping 185 

capabilities. To address the challenges in analysis and to account for home-built Raman 186 

spectroscopy systems which do not work well with commercial software programs, the 187 

Raman Match application developed in this study provides a comprehensive set of tools 188 

which include baseline correction, peak fitting, and peak matching for Raman 189 

spectroscopy analysis, along with automated mineral identification capability from 190 

Raman data. The Raman Match application adopts a distinct approach from previous 191 

software tools by examining individual peaks within the Raman spectrum. This is 192 

beneficial for samples with complex compositions or composite minerals. It can be used 193 

to identify potential matches by analyzing individual peaks and synthesize the results 194 

to determine the top three most probable mineral matches. This approach improves the 195 

ability to discern and identify a wider range of mineral compositions from a given 196 

spectrum, offering a more nuanced analysis, especially for samples with mixed 197 

mineralogical content. Raman Match represents a departure from traditional 198 

methodologies used in mineral identification via Raman spectroscopy, which heavily 199 

rely on manual and time-consuming literature reviews of expected minerals.  200 

 201 

Method and Approach 202 

Raman Match is a Python-based application which transforms complex 203 

spectroscopic data into actionable insights. Users are provided with instructions in the 204 

Instruction tab, tools to manually identify the experimental data in the “Manual” tab, 205 

and tools to automatically match with reference Raman spectra in the “Auto” tab. The 206 

application enables users to identify substances, understand molecular structures, and 207 
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make informed decisions based on their research findings. The architecture of the 208 

application is summarized in the Supplementary Materials. Raman Match is designed 209 

with a user-friendly graphical interface to facilitate easy data analysis. It is built on the 210 

foundation of several key components including user-friendly graphical interface, 211 

customization options, data import and export, data processing and analysis tools, 212 

automation, compatibility, documentation and support, version control and updates, 213 

collaboration and sharing, and speed, which work harmoniously to provide users with 214 

a seamless experience. Users can load Raman spectroscopy data files (i.e., .txt or .csv 215 

files), typically containing information about the intensity of Raman scattering at 216 

various wavelengths. Once the data file is loaded, the application employs various 217 

mathematical and analytical techniques to process it. For example, it can identify the 218 

peaks in the data using an intensity threshold value and the standard deviation on peak 219 

positions. In the Manual tab (see Figure 1), users may use any of the fitting models and 220 

corresponding parameters to analyze the peaks identified, after accounting for the 221 

baseline correction if necessary. The best peak fitting parameters, along with the 222 

FWHM method results, are dynamically added to the table in the Manual tab. The user 223 

may save the results with the “Save Table” button. One of the primary functions of the 224 

application is to match the obtained peaks with known molecular signatures stored in a 225 

Structured Query Language (SQL) for Light database. This database, based on the 226 

RRUFF project database, acts as a vast library of known molecular signatures, enabling 227 

the application to make rapid and accurate identifications. In the “Manual” tab, the user 228 

may select files from the database via the search bar to be displayed in the bottom figure 229 

for reference. In the Auto tab (see Figure 2), the application looks for similarities 230 

between individual peak positions in the experimental data and the RRUFF database. 231 
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The user may guide the accuracy of the matching process by specifying keywords (e.g., 232 

Si, O, Quartz) to look for or to avoid in the database. Following Eq.6, the matching 233 

algorithm loops through the entries of the database looking for elements to “Look for” 234 

or “Avoid” according to the user entries. The first condition of the loop identifies the 235 

minerals for which there is a match with the peak position. The second condition 236 

verifies if the identified mineral remains an option after keeping any of the elements to 237 

look for but removing all those to avoid.  238 

𝐹𝑜𝑟	𝑎𝑛𝑦	𝑝𝑒𝑎𝑘	𝑖𝑛	𝑑𝑎𝑡𝑎:	 
 

𝑐𝑜𝑛𝑑𝑖𝑡𝑜𝑛!: 0
𝑇𝑟𝑢𝑒
𝐹𝑎𝑙𝑠𝑒

				𝑖𝑓	𝑝𝑒𝑎𝑘"#$# = 𝑝𝑒𝑎𝑘%&'()#*	&'	"#$#,#-(
						𝑖𝑓	𝑝𝑒𝑎𝑘"#$# ≠ 𝑝𝑒𝑎𝑘%&'()#*	&'	"#$#,#-( 	

 

 

𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛.: 0
𝑇𝑟𝑢𝑒
𝐹𝑎𝑙𝑠𝑒

				𝑖𝑓	𝑤𝑎𝑛𝑡𝑒𝑑\𝑎𝑣𝑜𝑖𝑑	 ≠ ∅
		𝑖𝑓	𝑤𝑎𝑛𝑡𝑒𝑑\𝑎𝑣𝑜𝑖𝑑 = ∅

 

 

𝑚𝑖𝑛𝑒𝑟𝑎𝑙	𝑐𝑜𝑢𝑛𝑡 = 	 0
𝑡𝑜𝑡𝑎𝑙 + 1
𝑡𝑜𝑡𝑎𝑙								

				𝑖𝑓	𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛! ∧ 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛.	
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒																														

 

(6) 

The insights derived from the data analysis are presented in a clear and visual manner: 239 

The bottom figure in the “Auto” tab displays the top three files with the highest 240 

matching score across the complete experimental data, while the right figure displays 241 

the top three files with the highest matching score at each identified peak. This 242 

interactivity empowers users to tailor the analysis to their specific needs (i.e., via the 243 

peak dentification threshold, standard deviation, peaks to be removed, and elements to 244 

look for or avoid). The application allows users to save and manage their analysis 245 

results, ensuring that valuable findings are not lost.  246 

 247 

Results and Discussion 248 

Ensuring the reliability and accuracy of the automated mineral identification 249 

process of the application is essential for producing credible and reproducible research 250 
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results. Raman Match employs several quality control measures to validate and enhance 251 

its performance. One of the key quality control aspects is the accurate identification of 252 

Raman peaks in the experimental data. The software uses peak-finding algorithms to 253 

locate spectral features. Users may modify the peak identification intensity threshold to 254 

ensure that the algorithms reliably detect peaks corresponding to mineral vibrations, 255 

rather than noise in the experimental data. Unknown peaks may also be ignored by 256 

interacting with the peak removal feature in both the Manual and Auto tabs. To account 257 

for variations in data acquisition, the software incorporates spectrum normalization and 258 

baseline subtraction techniques. These techniques ensure that the identified peaks are 259 

not influenced by variations in signal intensity, laser power, or other experimental 260 

factors.  261 

Quality control involves testing the software with a diverse set of Raman spectra 262 

from known mineral samples. A known mineral sample, unoriented forsterite crystal, 263 

is included in the package of the software. The experimental data for this crystal is 264 

automatically matched correctly to forsterite files from the RRUFF database in a few 265 

seconds, without the guidance from the user. The validation process confirms the 266 

software's ability to correctly identify minerals. The software is also tested on a sample 267 

of Hawaiian vesicular basalt collected on the island of Oahu (Figure 3). Basalt is a 268 

volcanic rock primarily composed of plagioclase feldspar, pyroxene, olivine, and 269 

sometimes magnetite. The automated analysis of the sample suggests a strong presence 270 

of forsterite and possibly inderite and scolecite. Olivine minerals such as forsterite, and 271 

zeolite minerals like scolecite, which can form in vesicles within basalt, are valid results 272 

for the sample. To interpret the matching results, it is important to take into the laser 273 

beam size, which is controlled by the objective lens magnification, and the measured 274 
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grain size. While the peak at 422 cm-1 matches well with many minerals, forsterite is 275 

not listed among the top 3 matches. However, the Raman Match allows a closer 276 

examination of  the Forsterite reference data, and the output results spreadsheet suggests 277 

that forsterite could be a better match, as the sample spectrum also matches other 278 

characteristic peaks of forsterite. Similarly, the peak at 605 cm-1 is labelled as Titanite, 279 

but the bar graphs also show a match to Scolecite as well, which in more appropriate 280 

considering the common minerals found in Hawai’i (De Carlo & Swoboda, 2017). The 281 

other minerals are not expected in pure basalt and may be traces of the surrounding 282 

laboratory materials at the University of Hawai’i. In Figures 4 & 5, examples of guided 283 

and unguided matching are showcased for unoriented crystals of calcite and quartz, 284 

respectively. Figure 4 shows accurate matching of the calcite reference files with the 285 

two selected peaks. Figure 5 shows that quartz is 100% match for each of the selected 286 

peaks, as it was included in the user’s input of elements to “Look for”. 287 

Users can easily review the identified minerals, peak locations, and associated 288 

information, which allows verification of the software's performance. The software also 289 

includes error handling mechanisms to deal with unexpected scenarios and if any issues 290 

or anomalies are encountered during the analysis, the software generates informative 291 

error messages. This feature ensures that users are alerted to potential problems, such 292 

as incorrect file format loaded or no available matches. In case errors occur during the 293 

matching process, the process is terminated, and the “Match” button becomes available 294 

to use. Finally, the software is accompanied by detailed documentation, in the 295 

Instruction tab and in the application package, that explains its functionality, usage, and 296 

potential troubleshooting steps. Users can reach out to the corresponding author for 297 
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support to address any questions or concerns. A flowchart summarizing the tools 298 

available for the user is illustrated in Figure 6. 299 

 300 

Implications 301 

The Raman Match application represents a significant advancement in the realm 302 

of Raman data analysis, offering a versatile open-source platform that streamlines the 303 

intricate tasks of data processing, peak identification, and mineral and chemical 304 

recognition. Based by the flexibility and robustness of Python and its associated 305 

libraries, this software introduces a user-friendly interface, ensuring that researchers 306 

can navigate and interpret Raman spectra with remarkable ease and efficiency. Beyond 307 

its intuitive interface, the application boasts interactive features, synchronization 308 

capabilities, and visually informative representations that not only simplify the 309 

analytical process but also enrich the user experience. 310 

This software holds promise as a valuable tool beyond the laboratory setting, 311 

such as in space missions, where the instantaneous analysis of Raman data can 312 

significantly enhance mission efficiency. Raman spectroscopy may be utilized to 313 

identify mineral compositions on distant celestial bodies or to assess the composition 314 

of materials encountered during space exploration (Cho et al., 2021; Edwards et al., 315 

2021; Hickman-Lewis et al., 2022; Rull et al., 2017, 2022). In such missions, time is 316 

often of the essence, and the ability to analyze Raman data rapidly and accurately can 317 

be critical. The compatibility of Raman Match with rover-based instrumentation or 318 

handheld Raman spectrometers, as a simple Python-based code, can empower 319 

astronauts or researchers on-site to rapidly analyze encountered materials and make 320 

informed decisions without the delay of sending samples back to Earth for analysis. 321 
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Raman Match's capacity to automate and expedite the analysis process positions it as 322 

an indispensable asset for real-time decision-making. In addition, Raman Match has the 323 

capability to catalyze breakthroughs in various scientific fields heavily reliant on home-324 

built Raman spectroscopy systems, including materials science, chemistry, and 325 

pharmaceutical analysis. By simplifying the analysis workflow and offering automated 326 

chemical and mineral identification features, this software empowers researchers to 327 

delve deeper into the intricacies of their studies. For instance, Raman Match's ability to 328 

automate analysis processes aligns with the increasing need for autonomous exploration 329 

tools in remote and challenging environments. Modifications and improvements are 330 

continuously monitored by the corresponding author, such as implementation of the 331 

recently published NASA Raman database (Mattioda et al., 2023). The source code for 332 

Raman Match is made available, and users are encouraged to implement their own 333 

preferences and contribute to the software's development. 334 
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RamanMatch.exe may be operated on Windows without additional system 345 

requirements, while the source code may be operated across platforms including 346 

macOS and Linux. The source code relies on various Python libraries and packages, 347 

including NumPy, SciPy, Matplotlib, Pandas, Tkinter, OpenPyXL, and Wofz. Users 348 

running the source code, instead of the executable file, should have these dependencies 349 

installed to run the software successfully. The source code programming language is 350 

Python, written in English, and published under the GNU GENERAL PUBLIC 351 

LICENSE by Meryem Berrada. All relevant documents are available from September 352 

26th, 2023, on GitHub: https://github.com/meryemberradauwo/RamanMatch.  353 
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LIST OF FIGURE CAPTIONS 537 

Figure 1: Manual tab - Example of experimental data analysis on an unoriented 538 
forsterite crystal. The top figure displays the experimental data. The bottom 539 
figure displays the reference file taken from the search bar linked to the 540 
RRUFF database. The table on the right-hand-side dynamically displays the 541 
fitting results. Each figure is equipped with a toolbox allowing the user to 542 
interact with the figure. The area at the bottom of the software dynamically 543 
displays error messages or updates. 544 

Figure 2: Auto tab - Example of experimental data analysis on an unoriented forsterite 545 
crystal. The top figure displays the experimental data. The bottom figure 546 
displays the top three reference files from the RRUFF database. The figure 547 
on the right-hand-side displays the matching results for each identified peak. 548 
Each figure is equipped with a toolbox allowing the user to interact with the 549 
figure. The area at the bottom of the software dynamically displays error 550 
message or updates. 551 

Figure 3: Example of automated analysis on a Hawaiian vesicular basalt collected in 552 
Oahu showing strong forsterite peaks, with traces of possibly inderite and 553 
scolecite.  554 

Figure 4: Example of automated analysis without guidance by the user on a calcite 555 
crystal. The matching process identified calcite as the best match.  556 

Figure 5: Example of automated analysis with guidance by the user on a quartz crystal. 557 
The matching process identified quartz as the best match as expected.  558 

Figure 6: Summary of the interactive tools available for the user in the “Manual” and 559 
“Auto” tab. The instruction tab provides the user with a similar description 560 
of events. 561 
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