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Introduction 

q-Gaussian Tsallis functions are probability 

distributions based on a generalized form of the 

exponential function, characterized by a 

continuous parameter q-index (Tsallis, 1988, 

1995, Umarov et al., 2008, Hanel et al., 2009, 

Sparavigna, 2022). The q-Gaussian function is 

given as 𝑓(𝑥) = 𝐶𝑒𝑞(−𝛽𝑥
2) , where 𝑒𝑞(. ) is the 

q-exponential function and 𝐶 a constant. We 

assume the exponent as 𝛽 = 1 (2𝜎2)⁄ , with 

variance σ. The q-exponential has expression:   

𝑒𝑥𝑝𝑞(𝑢) = [1 + (1 − 𝑞)𝑢]1 (1−𝑞)⁄  .  In the range 

1 < q < 2, the shape of q-Gaussian function is 

intermediate between the Gaussian and the 

Lorentzian profile. For q equal to 2, the q-

Gaussian is the Cauchy-Lorentzian distribution 

(Naudts, 2009). When q is close to 1, we have the 

usual Gaussian form (for q=1.01, q-Gaussian and 

Gaussian are numerically indistinguishable).  

The q-Gaussian behavior turns the function into a 

line-shape suitable for the analysis of Raman 

spectroscopy, where the spectral bands are 

characterized by intermediate profiles between 

Lorentzian and Gaussian outlines (Kirillov, 

2004). Besides these two functions most 

popularly used for fitting Raman spectra, linear 

combinations (pseudo-Voigt distributions) or 

convolutions of them (Voigt distributions) are 

used too (Meier, 2005). Of the reason for using 

Voigtian functions, and consequently their 

pseudo-Voigtian approximations, we discussed 

in the previous works about q-Gaussians fitting 

onto graphite and anatase TiO2 Raman bands 

(ChemRxiv1, ChemRxiv2). We have also shown 

that the q-Gaussian is able of mimicking, besides 

Voigt and pseudo-Voigt, the Egelstaff-Schofield 

line shape. A detailed discussion of the 

deconvolution by means of q-Gaussians of the 

Raman bands in carbonaceous material has been 

also proposed (SSRN). 

Several successful examples show that the 

intermediate shape of q-Gaussians is properly 

fitting onto Raman data. Here we start 

investigating the following problem: can we use 

q-Gaussians also for SERS spectra? In 

Camerlingo et al., 2022, we can find Lorentzian 

functions applied to SERS fitting (Camerlingo 

and coworkers used Gaussian–Lorentzian curves 

"to analyze the infrared spectra, while only 
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Lorentzian functions were used for Raman and 

SERS spectra"). Being a q-Gaussian a Lorentzian 

function when q=2, and considering its successful 

use for Raman bands, we can approach the SERS 

q-Gaussian deconvolution for sure. 

SERS means Surface-Enhanced Raman 

Spectroscopy. It is a Raman spectroscopy based 

on the photons scattering by molecules adsorbed 

on rough metal surfaces or nanostructures. 

It was fifty years ago that the first SERS spectrum 

has been observed by M. Fleischmann, P. J. 

Hendra and A. J. McQuillan, at the University of 

Southampton. The spectrum was that of pyridine 

adsorbed on roughened silver surface. In 1977, 

two research groups published different 

mechanisms for the signal enhancement: D. L. 

Jeanmaire and R. Van Duyne proposed the origin 

in an electromagnetic effect, whereas M. G. 

Albrecht and J. A. Creighton proposed a charge-

transfer effect (Moskovits & Piorek, 2021).  

 

 

 

To answer the question about the use of q-

Gaussians for SERS spectra, we start considering 

the spectrum of L-Cysteine as proposed by 

Sherman et al., 2020, in their “A surface-

enhanced Raman spectroscopy database of 63 

metabolites”. Then, we will consider the 

spectrum of Cysteamine and Homocysteine, as 

given by Sherman and coworkers too. 

 

 

 

In the following plots, data are given in red and 

the best fits in green. The q-Gaussian components 

are shown in blue and magenta colours. The 

misfit is also proposed in the lower part of the 

images.  Data and best fits are given as functions 

of integers n (equally spaced points, see 

Appendix for further discussion), for the x-axis 

which is representing the Raman shift. A 

convenient scale is used for the y-axis (intensity 

axis). Semi log plots are also proposed. 

 

 

 

 

 

Fig. 1: SERS data of L-Cysteine (data courtesy Sherman et al., 2020). On the right, the data with log scale y-

axis (semi log scale). The semi log scale helps us to identify several band ranges. The endpoints of frequency 

ranges are easily determined by their lowest intensities. Negative data are not represented in the semi log scale. 
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L-Cysteine SERS spectrum 

Sameem et al., 2019, in a book about nonvitamin 

and nonmineral nutritional supplements, 

illustrate that L-cysteine “is a proteingenic amino 

acid, which contributes toward a multitude of 

functions in biological systems”. Classified as a 

“semiessential amino acid”, it can be synthesized 

in the liver. “As a building block, L-cysteine 

contributes 2% of the total structural proteins in 

the body in the form of connective tissue, cell 

membranes, and myelin sheaths around neurons” 

(Sameem et al., 2019). An L-cysteine precursor is 

the N-acetyl-L-cysteine (NAC). “Studies have 

revealed that NAC can be helpful in treating 

many health problems like osteoporosis, acute 

respiratory diseases, and acetaminophen 

poisoning” (Sameem et al., 2019). 

The Fig.1 is giving the SERS spectrum from 

Sherman et al., 2020. The researchers “conducted 

preliminary studies to optimize the metabolite 

SERS response while maintaining a method that 

can be used in future high-throughput 

experiments” (Sherman et al., 2020). L-cysteine 

was one of the substances used to evaluate some 

standard SERS substrates. The researchers opted 

for Ag colloids prepared with sodium citrate. The 

reason is in a superior signal enhancement; 

moreover, the presence of some functional 

groups in biological molecules, such as thiols and 

amines, is relevant for their “strong affinity to 

silver” (Sherman et al., 2020, and references 

therein). Also, “the colloid substrate prepared 

with sodium citrate produced a smaller 

background signal” compared to other 

substances.  

Sherman and coworkers are giving, for the SERS 

spectrum of L-cysteine, references to Diaz 

Fleming et al., 2009, and Jing and Fang, 2007. Let 

us add the article by Brolo et al., 2002, where we 

can find a study of the adsorption of L-cysteine 

on a polycrystalline silver electrode. The methods 

of investigation are the surface-enhanced Raman 

scattering (SERS) and surface-enhanced second 

harmonic generation (SESHG), defined as “in 

situ spectroelectrochemical methods”.  

In the Fig.4 of Brolo and coworkers we can find 

the SERS spectra of L-Cys, which has been 

adsorbed on the surface of an electrochemically 

roughened silver electrode, from measurements 

at different applied potentials. “The band at ca. 

665 cm−1 was predominant for potentials more 

positive than -600 mV (Figure 4a-c [of Brolo et 

al., 2002]). This band can be assigned to the C−S 

stretching mode. The frequency of this mode is 

red-shifted from around 690 cm−1 for L-Cys in 

solution”. “This shift indicates that the sulfur 

atom of L-Cys should be directly bonded to the 

surface” (Brolo et al., 2002). When the potential 

becomes “more negative than -600 mV”, we can 

see new SERS bands. “The SERS intensity for 

the C−S stretching mode does not change 

significantly as the potential becomes negative, 

indicating that L-Cys does not leave the Ag 

surface in the potential range studied. … 

Moreover, all spectral features observed at 

potentials more negative than -600 mV (Figure 

4d and 4e [by Brolo and coworkers]) can be 

assigned to L-Cys vibrations” (Brolo et al., 2002, 

see references therein). We can find also 

assignments of the bands. “The shoulder at 630 

cm−1 and the peaks at 799 and 905 cm−1 can be 

related to the COO-wagging, the COO-bending, 

and the C-COO-stretching, respectively. All of 

the new SERS bands involved vibrational modes 

related to the carboxylate group” (Brolo et al., 

2002). 

As we can see from our Fig.1 that the largest 

intensity is at 668.5 cm−1. Let us start fitting 

within its range as in the Figure 2. We will find 

the q-Gaussian shoulder at 630.8 cm−1.  
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Fig. 2: The best fit (green) onto data (red) of L-Cysteine (data courtesy Sherman et al., 2020), for the frequency 

range from 583.3 to 766.5 cm−1 (see Fig.1). For the deconvolution, three q-Gaussians have been used (values of 

the q-parameters are given in the figure). The misfit is proposed in the lower part of the plot. On the right, the 

same fit is shown with log scale for y-axis (semi log scale). Data and q-Gaussians are given as functions of 

integers n (equally spaced points used in fitting), for the x-axis which is representing the Raman shift. A 

convenient scale is used for the y-axis (intensity axis). The fitting calculation is obtained by minimizing the sum 

of the squares of the deviations (sum from n=1 to n=656).  The frequencies of the q-Gaussian centres are also 

given in the image on the left. 

 

 

 

In the Fig.2, we can see the main peak at 668.5 

cm−1. Thanks to the discussion by Brolo et al., 

2002, we can link this peak to the C−S stretching 

mode. In the Figure 2 we can also see the 

shoulder at 630.8 cm−1, related to the 

COO−wagging. In the following Fig.3, we 

consider the fit of the second most relevant peak, 

that at 894 cm−1 (see Fig.1). 
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Fig. 3: Best fit (green) onto data (red) of L-Cysteine (Sherman et al., 2020). The frequency range is from 860.0 

to 1000.5 cm−1 (see Fig.1). Three q-Gaussians are used for deconvolution (values of the q-parameters are given 

in the figure). As in the previous cases, the misfit is proposed in the lower part of the plot. On the right, the 

same fit is shown with the log scale for y-axis (semi log scale).   

 

 

For the Figures 2 and 3, we considered two 

frequency ranges fitted independently from each 

other (see discussion in Appendix). Now, let us 

investigate the frequency range between them. 

Being the fit influenced by the wing of the large 

q-Gaussian with q=1.19 shown in the Figure 3, 

we must consider a larger range as in the 

following Fig.4. 

 

 

 

 

Fig.4: Best fit of the range from 769 to 910 cm−1 with three q-Gaussians (data courtesy Sherman et al., 2020). 

The misfit is proposed in the lower part of the plot. On the right, the same fit is shown with the log scale for y-

axis (semi log scale). Note the peak at 800 cm−1, given by Brolo et al., 2002, at 799 cm−1. 
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Fig. 5: The best fit (green) onto data (red) of L-Cysteine (Sherman et al., 2020) for the frequency range from 

1000.5 to 1174.8 cm−1 (see Fig.1). Three q-Gaussians have been used (values of the q-parameters are given in 

the figure).  On the right, the same fit is shown with the log scale for y-axis (semi log scale).   

 

 

 

 

Fig. 6: q-Gaussian best fit (green) onto data (red) of L-Cysteine (Sherman et al., 2020). Frequency ranges from 

1255 to 1450.5 cm−1 (see Fig.1). Three q-Gaussians are used (values of the q-parameters are given in the figure). 

The fit could be improved by adding further q-Gaussian components. 

 

 

https://doi.org/10.26434/chemrxiv-2023-9swp9-v3 ORCID: https://orcid.org/0000-0003-4502-8974 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2023-9swp9-v3
https://orcid.org/0000-0003-4502-8974
https://creativecommons.org/licenses/by/4.0/


 

 

7 

L-Cysteine bands 

In the previous figures, we have proposed the q-

Gaussian decomposition of some SERS bands, 

the data of which have been given by Sherman et 

al., in 2020. The centers of the q-Gaussian 

components (in cm−1) that we have obtained are 

as follows: 631, 668.5, 728.5, 800, 821, 894, 953, 

1054, 1121, 1295, 1342, and 1397.5. 

Diaz Fleming et al., 2009, provided the Raman 

spectra in solid and solution of L-cysteine and the 

SERS spectra of this substance using colloidal 

silver nanoparticles. In their Table 3, the SERS 

bands (in the same frequency ranges here 

considered) are given at the following 

wavenumbers (in cm−1) (in the Table, vibrational 

assignments are also provided): 667, 778, 815, 

903, 947, 1002, 1058, 1200, 1292, 1347, and 

1402. In the Figure 3 of Diaz Fleming et al., 2009, 

we can see that the band at 667 cm−1 is broad and 

possesses two “shoulders”, as in our Figure 2. 

In the Figure 5 by Jing and Fang, 2007, we can 

find a very interesting SERS spectrum of L-

cysteine and silver colloidal solution with added 

chloride anions. The wavelengths of the peaks, 

which are relevant for our comparison, are given 

at: 663, 725, 908, 1033 1291, 1341, and 1395 

(cm−1). 

In Graff and Bukowska, 2005, the SERS spectra 

of enantiomeric and racemic Cysteine on silver 

electrodes are given. In their Figure 2(a), we can 

see the situ SERS spectrum of L-cysteine; the 

wavelengths of the peaks, which are relevant for 

our comparison, are given at: 670, 725, 890, and 

1395 (cm−1). We can also note the presence of 

three peaks as in our Figure 6 in the Fig.4 by 

Graff and Bukowska, given at: 1279, 1338, and 

1395 (cm−1). 

Let us add the peak frequencies observed by Yao 

and Huang, 2018, of L-Cysteine adsorbed on gold 

nanoparticles. In their Figures 4-6, we can find 

the SERS spectrum. The frequencies relevant for 

us are: 673, 789, 832, 900, 949, 1050, 1125, 1232, 

1292, 1339, and 1391 (cm−1). The “shoulders” of 

the peak at 673 cm−1 are evident in the Figures by 

Yao and Huang. 

 

 

 

 

Table 1: SERS bands (positions in cm−1) of L-Cysteine from literature here mentioned. 

 

 

https://doi.org/10.26434/chemrxiv-2023-9swp9-v3 ORCID: https://orcid.org/0000-0003-4502-8974 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2023-9swp9-v3
https://orcid.org/0000-0003-4502-8974
https://creativecommons.org/licenses/by/4.0/


 

 

8 

 

Fig. 7: SERS data of Cysteamine (data courtesy Sherman et al., 2020). On the right, the data with log scale y-

axis (semi log scale).  

 

 

 

Cysteamine SERS spectrum 

Cysteamine is an aminothiol which can be 

biosynthesized by the degradation of coenzyme 

A (Besouw et al., 2013). This aminothiol 

“presents several biological applications” 

(Atallah et al., 2020). However, it has some 

features which are limiting its efficacy. “The use 

of encapsulation systems is a good methodology 

to overcome these undesirable properties and 

improve the pharmacokinetic behavior of 

cysteamine” (Atallah et al., 2020). Also “the 

conjugation of cysteamine to the surface of 

nanoparticles” can improve its delivery and 

detection (Atallah et al., 2020). Atallah and 

coworkers, in their review, compiled “all the 

data” on methods to detect Cysteamine, as well 

as “an overview of the various biological 

applications of cysteamine focusing on its skin 

application”. 

In the following, we will show the q-Gaussian 

deconvolutions of some Cysteamine SERS 

bands, the data of which have been provided by 

Sherman et al., 2020. The spectrum is shown in 

the Figure 7. The bands considered are given in 

Figs.8-10. 
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Fig. 8: The best fit (green) onto data (red) of Cysteamine (data courtesy Sherman et al., 2020). Frequency ranges 

from 551 to 779 cm−1 (see Fig.7). For the deconvolution, three q-Gaussians are used (values of the q-parameters 

are given in the figure). The misfit is proposed in the lower part of the plot. On the right, the same fit is shown 

with the log scale for y-axis (semi log scale). Data and q-Gaussians are given as functions of integers n (equally 

spaced points used in fitting).  

 

 

 

Fig. 9: Fitting (green) onto data (red) of Cysteamine (data Sherman et al., 2020). Frequency ranges from 781.5 

to 973.5 cm−1 (see Fig.7). For the deconvolution, five q-Gaussians are used (values of the q-parameters are given 

in the figure). The q-Gaussian centre positions are 803.5, 823.5, 865.5, 908 and 936.5 cm−1, from left to right. 
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Fig. 10: Fitting (green) onto data (red) of Cysteamine (data Sherman et al., 2020). Frequency ranges from 977.7 

to 1194.8 cm−1 (see Fig.7). For the deconvolution, five q-Gaussians are used (values of the q-parameters are 

given in the figure). The q-Gaussian centre positions are 1014, 1064, 1094, 1126.5 and 1150 cm−1, from left to 

right. 

 

 

 

Cysteamine bands 

In the previous figures, we proposed the q-

Gaussian deconvolutions of some SERS bands, 

the data of which have been provided by Sherman 

et al., 2020. The centres of the q-Gaussian 

components (in cm−1) are as follows: 613, 633, 

719, 803.5, 823.5, 865.5, 908, 936.5, 1014, 1064, 

1094, 1126.5, and 1150. 

Sherman et al. are providing references about 

SERS and Cysteamine. From Michota et al., 

2001, we can tell that “the band at about 630 cm−1 

is characteristic for the gauche conformer of the 

S−C−C chain, whereas the band at about 712 

cm−1 is typical of the trans conformer” (see 

Michota et al. and reference therein; in the figures 

of Michota et al. work these two bands are 

marked as G and T). Moreover, let us also report 

that the (C−S) bands “are shifted towards lower 

wavenumbers in comparison with those” of 

aqueous solution and the solid Cysteamine 

(Michota et al., 2001, and references therein). 

The reason of the shift is related to “a withdrawal 

of electron density from the C−S bond because of 

bonding of the sulphur to the silver”, and, as 

stressed by Michota and coworkers, “the position 

of these bands is sensitive to the surrounding 

electrolyte”. The bands in the range 930 − 1020 

cm−1 are ascribed to skeletal vibrations, “mainly 

C−C stretching coupled with the C−N 

stretching”. Further SERS experimental data had 

been provided by the same researchers, A. 

Michota, A. Kudelski and J. Bukowska, in 2000. 

In their article of 2002, Figure 3, we can see the 

SERS spectra (range 400− 12 00 cm−1) of 

Cysteamine on roughened silver and gold, with 

the evident presence of G and T bands. “The 

monolayers formed on silver contain 

significantly higher portion of a trans conformer 

than monolayers on gold. Probably monolayers 

on silver are self-assembled in such a way that 

higher portion of the amino groups is unbonded 

to the surface, thus being available for attaching 

other molecules” (Michota et al., 2002). 

In Goto and Watarai, 2010, we can find a SERS 

study of Cysteamine subjected to magnetic 

pulling force. “The SC−CR bond of an 

alkanethiol chain, including cysteamine, can take 

two conformations: gauche and trans” (Goto & 

Watarai, 2010, and references therein). “The two 
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conformations are distinguishable from the 

Raman frequencies of C−S and C−C stretching 

vibrations”. In Figure 3 of Goto and Watarai 

work we can see the G band around 630 cm−1 and 

the T band at around 720 cm−1.  

In the Figure 1 of the article by Jiang et al., 2013, 

we can find the SERS spectra of Cysteamine on 

silver nanoparticle aggregates and of the 

Cysteamine powder. Here the shifts in cm−1 

provided by Jiang et al.: 387, 640, 831, 978, 1047, 

1306, and 1455 (Cys on silver); 510, 661, 793, 

984, 1045, 1327, and 1464  (Cys powder). 

In Kudelski and Hill, 1999, a Raman study of 

cysteamine monolayers on silver had been 

proposed. The monolayers “were spontaneously 

formed on silver surfaces by chemisorption from 

cysteamine and cystamine solutions” (Kudelski 

& Hill, 1999). In their Table 1, we can find data 

regarding solid Cysteamine, that is 758, 938, and 

1012 cm−1, and the aqueous solution, that is 510, 

666, 753, 936, and 1013 cm−1. From the Figures 

1 and 3 provided by Kudelski and Hill we have 

further data about monolayers: 640, 725, 940, 

1013, and 509, 640, 726, 946, 1014 (in cm−1).  

Data here mentioned are given also in the 

following Table. 

 

 

 

 

Table 2: SERS bands (positions in cm−1) of Cysteamine from literature here mentioned. 

 

 

 

Homocysteine SERS spectrum 

As told by Zheng et al., 2023. Homocysteine 

(Hcy) “is a non-protein amino acid synthesized 

from methionine that occurs naturally in all 

human beings” (see Zheng et al. and references 

therein). “A large amount of evidence shows that 

when total Homocysteine (tHcy) is > 15 µM in 

human serum can lead to hyperhomocysteinemia-

HHcy … is associated with occlusive arterial 

disease, especially in the brain, heart, and 

kidneys” (see Zheng et al. and references 

therein). The determination of Hcy level in serum 

is therefore fundamental for detecting the “early 

development of arterial disease”. For this reason, 

“a facile and rapid method for the quantitative 

detection of total Homocysteine in serum can 

benefit all mankind” (Zheng et al., 2023). Zheng 

and coworkers use Ag Nanopolyhedra (Ag 

NPOLY) for the SERS spectroscopy.  

In Zheng et al. we can find mentioned the work 

by Jie et al., 2023, that proposed a sensitive and 

selective SERS method “for the quantitative 

detection of Hcy via an effective chemical 

reaction between Hcy and o-phthalaldehyde 

(OPA)”. Jie and coworkers compare the 

Hcy/OPA spectrum with the SERS signal, as 

shown in their Fig.1B. From the given figure, we 

can appreciate that the sensitivity is strongly 

increased.  

As observed by Xheng et al., the total detection 

time of the Hcy/OPA spectrum needs “more than 

2 h, and it cannot be applied to human serum 

clinical samples” (Zheng et al., 2023). 
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Here in the following we consider the spectrum 

provided by Sherman et al., 2020. 

 

 

 

 

 

Fig. 11: SERS data of Homocysteine (data courtesy Sherman et al., 2020).  

 

 

 

 

Fig. 12: Best fitting (green) onto data (red) of Homocysteine (data Sherman et al., 2020). Frequency ranges 

from 560 to 799 cm−1 (see Fig.11). For the deconvolution, four q-Gaussians are used (values of the q-parameters 

are given in the figure).  
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Fig. 13: Best fitting (green) onto data (red) of Homocysteine (data Sherman et al., 2020). Frequency ranges 

from 815 to 945 cm−1 (see Fig.11). For the deconvolution, four q-Gaussians are used (values of the q-parameters 

are given in the figure).  

 

 

 

 

Fig. 14: Best fitting (green) onto data (red) of Homocysteine (data Sherman et al., 2020). Frequency ranges 

from 945 to 1116 cm−1 (see Fig.11). For the deconvolution, five q-Gaussians are used (values of the q-parameters 

are given in the figure).  
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In the Figs. 14, 15 and 16, we can find the 

following main peaks: 638.8, 707.5, 764, 842.5, 

872, 895, 927, 974, 1009, 1051.5, and 1085.5 (in 

cm−1). 

In Zheng et al., 2023, we can find mentioned the 

Raman peak at 533 cm−1, that we can see in our 

Fig.11, and the peak at 873 cm−1 of the SERS 

spectrum. We can find also the vibration of C––

S, mentioned at 711 cm−1.  

 

Remarks 

Tsallis q-Gaussians can be easily compared with 

Gaussian and Lorentzian functions, and with 

pseudo-Voigtian functions too. For q-parameter 

equal to 2, the q-Gaussian is the Lorentzian 

function, and for q close to 1 the Gaussian 

function. In the deconvolution of L-Cys, Cys and 

Hcy data, we have found that the q-parameters 

are giving functions which have more Gaussian 

than Lorentzian character. Then, the pure 

Lorentzian functions used for SERS by 

Camerlingo et al., 2022, are not suitable for L-

Cysteine, Cysteamine and Homocysteine data. 

Further studies are necessary, to understand the 

character of SERS line-shapes. 

 

 

Appendix 

In the previous works about graphite and anatase 

TiO2 Raman bands (ChemRxiv1, ChemRxiv2), 

we have considered the deconvolution of the 

Raman spectra, subdividing them into several 

frequency ranges. This choice has an evident 

convenience, allowing a greater detail in 

deconvolution. However, there is a further subtle 

reason for this choice, and here it is necessary to 

stress it. The intensity of the spectrum (intensity 

axis, y-axis) is proposed as a function of the 

Raman shift (frequency axis, x-axis). The spacing 

of x-axis can be not constant. This is the case of 

the data provided by Sherman et al. For instance, 

over the range 583.3-766.5 cm−1 of Fig.2 (L-

Cysteine), the x-axis spacing changes of 2%. In 

the case of the range 551-779 cm−1 of Fig.8 

(Cysteamine), the spacing changes of 2.4%. On 

the band of the peak at 633 cm−1, the spacing 

variation is of about 1.2%. If we consider, as we 

did in the fitting approach, the data as equally 

spaced, we induce a slight asymmetric effect of 

about 0.6% which is clearly negligible, when 

compared to the 10.5% asymmetry of this peak at 

its half maximum.  

In ChemRxiv1, ChemRxiv2, we used data from 

RRUFF and ROD databases. In RRUFF, the 

spacing variation onto an equivalent range is of 

about 0.9%, which is quite lower than that here 

observed, and therefore the induced asymmetry is 

furthermore negligible. In the case of ROD 

database, the spacing is constant and the same 

happens for the SOPRANO database, that we 

used in SSRN. References to SOPRANO, 

RRUFF and ROD databases are Fremout & 

Saverwyns, 2012, Lafuente et al., 2015, and El 

Mendili et al., 2019, respectively. Of course, if 

Raman data are obtained from figures proposed 

in publications, no induced asymmetry exist, if 

data are recovered at equally spaced frequencies 

as we did. 
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