
HAL Id: hal-04905431
https://hal.science/hal-04905431v1

Submitted on 29 Jan 2025

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Impact of harsh grinding on the structure and color of
LiCoPO4 and LiNiPO4 pigments

Hugo Ravet, Nicolas Penin, Anthony Chiron, Cyril Brochon, Fabrice Brunel,
Mathieu Duttine, Elodie Bourgeat-Lami, Manuel Gaudon

To cite this version:
Hugo Ravet, Nicolas Penin, Anthony Chiron, Cyril Brochon, Fabrice Brunel, et al.. Impact of harsh grinding
on the structure and color of LiCoPO4 and LiNiPO4 pigments. Inorganic Chemistry, 2025, 64 (1), pp.166-180.
⟨10.1021/acs.inorgchem.4c04406⟩. ⟨hal-04905431⟩

https://hal.science/hal-04905431v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


1 
 

From the few main colors to their spectra: discussion on 

robustness or mutability of a material’s color. 

 

Hugo Ravet, Nicolas Penin, Anthony Chiron, Manuel Gaudon* 

 

CNRS, Univ. Bordeaux, Bordeaux INP, ICMCB, UMR 5026, F-33600 Pessac, 

France 

* Corresponding author: manuel.gaudon@u-bordeaux.fr,  Orcid : 0000-0002-

6918-2004 

 

KEYWORDS:  Color; CMJ; RVB; Metamerism; Chromogenism 

 

Abstract 

The present work intends to bring a new approach for the creation of target 

colorations in pigment research and development. Rather than proposing a 

"chemist's" approach, i.e. based on knowledge of the accessible energy levels of 

the electrons in matter whose transfer will produce absorption phenomena, we 

propose here, "without any compositional guide", to establish the spectra 

corresponding to the 6 main colors (red-green-blue-cyan-magenta-yellow): the 

created spectra for the modelling are created without trying to correspond to any 

specific composition. Hence, we propose herein a “process” which can be directly 

transferred to experimental spectra associated to experimental compounds, 

whatever their nature: organic or inorganic, metallic, semi-conducting or 

insulating, etc. Since "out of all compositional guide" does not mean "unrealistic", 

we have first shown that inorganic pigments, which are made up of absorption 

phenomena associated with the three main types of electronic transfer, can be 

robustly simulated in absorbance space by a linear combination of Gaussian 

functions.  
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Briefly, this work led us to show several interesting conclusions in successive 

stages:  

- A single phenomenon can already create yellow, magenta and blue colors with 

very good agreement,  

- All colors can be created with two-Gaussian spectra,  

- Very different spectra can lead to exactly the same coloration (metamerism, which 

is already largely documented in literature). We showed that these “metameric” 

spectra then have properties of robustness (maintenance of coloration) with respect 

to a change of the illuminant or a shift in the energy position of the absorption 

bands, which can be highly variable. Some colorations are intrinsically more robust 

than others to these environmental changes. 

 

1. Introduction 

The two main reference books focusing their attention on the ways in which colour 

can be produced in materials are probably the K. Nassau “The Physics and 

Chemistry of Color” [1] and the R.J. Tilley “Colour and the Optical Properties of 

Materials” [2]. Considering both the chemical and the physical origins of the 

coloration of materials, K. Nassau detailed 15 causes of color. For R.D. Tilley, 9 

classes of phenomena can be distinguished. In this article, the choice is made to 

only focus on chemical coloration whose origin is always an electronic transfer 

(from the inelastic collision of photons within the matter). Chemical colors are the 

working object of dyes and pigments manufacturers or researchers, and in a way, 

the kick-off of the occidental industrial chemistry could be marked by the mauveine 

discovery (synthetic purple dye) by W.H. Perkin [3]. As claimed by the famous 

citation of Leigh Hunt: “colors are the smiles of Nature” [4], limiting to chemical 

origin of materials coloration, we would say: “the electrons’ travels inside the 

matter produced by light irradiation let traces, whose colour makes the beauty”.  

In this article we propose a simplified approach to relating chemical coloration 

based on electron transfer to color. This is achieved using a simple fitting relation, 

first with three basis shapes for absorption spectra and using finally only Gaussian 

functions. Secondly, this simplification allows easy modelling of various colours 

with Gaussian-based spectra and we will demonstrate than 2-Gaussian spectra are 

enough to produce the six “main” colours, i.e. the three primary colours in additive 

and subtractive “color models”: Red, Green, Blue, Cyan, Magenta and Yellow, 
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respectively [5]. These 2-Gaussian based spectra are textbook cases to illustrate 

that a surjective function (onto function [6]) is linking a “single” color and various 

associated spectra (third part). Hence, it will be shown in a last part that from this 

“surjection” a color can be robust or on the contrary mutable versus energy shift of 

the absorbance phenomena which can be linked to chemical modification, 

temperature impact (as in thermochromic effect [7-11]) or pressure impact (as in 

piezochromic effect [12-14]). Also, from this “surjection”, leading to the chromatic 

adaptation transform by the human brain [15], a color can be in a same way robust 

or on the contrary mutable versus illuminant changes (“metamerism” [16-18]), but 

this time, with interesting redundancies of the robustness or the mutable behaviour 

depending on the color itself.      

 

2. Results and discussion 

2.1.  Prerequisites for color modelling 

Briefly, the color of solid matter can be classified in 4 main origins: physical 

subtractive systems, chemical subtractive systems, physical emissive systems and 

chemical emissive systems [19]. The non-luminescent pigments or dyes, on which 

we limit our discussion, are among the chemical non-emissive systems. Indeed, it 

can be distinguished emissive systems, which radiate visible wavelengths, from 

subtractive systems, which deviate and/or absorb a part of the wavelength issued 

from a source (an emissive system). In the first cases: emissive systems, the origin 

can be a physical parameter as temperature (incandescence/black body radiation) 

or from electron transfer created, for illustration, from light/matter interactions 

(photoluminescence). In second cases also, the light matter/interaction can be 

qualified from two case categories. (i) From “a physical interaction” in which only 

the description of light as an electromagnetic wave is sufficient (with an elastic 

deviation of the light by the matter whatever the phenomenon is interference, 

diffraction, scattering, refraction, etc.).  (ii) From a “chemical interaction” involves 

electron transfers (associated to an absorption phenomenon) from photon 

“impacting” the matter (corpuscular light description). Importantly, the 3 main 

(primary) colors are red/green/blue in emissive (additive) “color model” since an 

elementary mixing of these three primary colors allow the obtaining of all 

colorations (combining red, green and blue gives white). In subtractive “color 

model”, the three primary colors are yellow/magenta/cyan (their addition leads to 



4 
 

black). In pigments (subtractive chemical systems), it can be distinguished multiple 

causes (phenomena) leading to absorption bands but actually, it can be considered 

only three main kinds of spectral signature. For illustration, this could be 

schematized considering co-doped Co2+/Ga3+-ZnO, as shown in Figure 1. This 

example is chosen because the three main kinds of spectral signatures all occur; it 

does not mean the work proposed in this article is limited to doped-inorganic oxides 

with semiconducting properties. In zinc oxide, well-known as one of the most 

effective UV shielding agents [20,21], the semi-conducting properties are coming 

from the band gap of about 3 eV (at the frontier between UV and visible ranges) 

separating the valence band (VB: issued from the “anionic atomic orbitals”) and 

the conductive band (CB: issued from the “cationic metal orbitals”) (Figure 1a). 

Thus, the UV light is with enough energy to promote electrons transfer from VB to 

CB and is absorbed. The spectral signature is a sigmoid curve quickly decreasing 

from a near total absorption in UV to a near total reflection in visible range. The 

doping with a cationic chromophore (3d7 electronic configuration Co2+ ion) 

inserted into a tetrahedral crystal field (Figure 1b) leads to a visible absorption 

(Gaussian envelop) in the orange region. Taking for treatment the d3 Tanabe-

Sugano (TS) diagram for octahedral field: equivalent to d7 TS diagram in 

tetrahedral field (as well known, dn TS diagram in tetrahedral field are equivalent 

to d10-n diagram in octahedral field), it corresponds to the 4A2 fundamental state up 

to the 4T1 second excited state transition) [22,23]. Thirdly (Figure 1c), the aliovalent 

doping with Ga3+ is supported by the creation of free electrons (for electroneutrality 

conservation) into the CB. The free electron gas, which can be described using 

Drude theory [24], acts as a barrier for radiation frequencies below plasmon 

frequency. Then a reverse sigmoid curve (with respect to the band gap sigmoid) is 

obtained with absorption of all low energy wavelengths, typically with a position 

at the frontier in between infrared and visible ranges.  

In general, the skills of researchers working on the elaboration of new pigments 

can be quickly sum-up as moving in a predictable way these three signature 

positions: (i) band gap tuning, which is achieved mainly acting on the 

ionic/covalent balance of the metal-ligand bonds, (ii) Gaussian position which can 

be tuned taking into account the crystal field splitting (coordination and geometry 

of the interstitial sites) and or crystal field intensity (also depending on the 

ionic/covalent balance of the metal – ligand bonds), (iii) the plasmon frequency, 
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which is firstly depending on the free carriers concentration into the CB. These 

different manipulations are already well referenced, for illustration, on doped ZnO 

pigments [25].  

As the aim of the article is not to enable the construction of pigments associated 

with desired spectra, whose color would be calculated by the methods proposed 

here. On the contrary, with this latter example, it can be shown that a single material 

can present a very complex spectrum with different types of absorption bands: for 

example, Co2+/Ga3+-ZnO is combining absorption bands of intra-atomic, inter-

atomic and plasmonic origin, that would be more than pretentious to predict “ab-

initio” its spectrum from a chemical composition. Indeed, in archetypal fashion, the 

pigment combines three major types of electronic transfer, from the most local 

(intra-atomic electron transition on the 3d orbitals of the chromophore cobalt ion), 

through the interatomic transition between oxygen anions and zinc +II cations, and 

finally toward to the most complex: plasmonic effect due to the free electrons (in 

the conductive band of such semiconducting oxide) due to the n-type doping (Ga3+-

Zn2+ substitution). 

 

Figure 1: On a single oxide (Ga-Co co-doped ZnO), the three kind of electronic 

transfers responsible from the three kinds of absorption signatures: (a) inter-

atomic e- transfers: BV→ BC transfers (high-to-low sigmoid), (b) intra-atomic e- 

transfers: Co2+ d-d transitions (Gaussian band), (c) delocalized electron gas: 

plasmon effect (low-to-high sigmoid).  

 

2.2. Color modelling methodology 

The Gaussian bands are created with a use of Excel spreadsheet or equivalent. It 

has been considered that the materials are 100% white out of the regions impacted 
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by the Gaussian absorbed bands. Thus, a spectrum can be created just depending 

on the number of Gaussian bands we created, with three parameters for each 

Gaussian can to consider: the width, the intensity and the position (in 

energy/wavelength) of the band. To each spectrum it can be associated a color. We 

have used to calculate the color associated with each spectrum, the x (l), y(l) and 

z(l) trichromatic functions which are defined by the CIE with the 1964 illuminant, 

based on a 10° stimulus. The colors are then expressed in L*, a*, b* trichromatic 

system which is largely the most commonly used trichromatic space in pigment 

industry.  

The Gaussian’s position, intensity and width parameters could then be adjusted to 

minimize the color deviation of a calculated color besides a color target. It has to 

be understood that the work is not only a fit but the creation (by a least-square 

methods) of spectra in order to match a target color. This deviation between the 

calculated color (CC) associated to the created spectra (with L*CC, a*CC and b*CC 

parameters) and the target colors (with L*TC, a*TC and b*TC parameters), is treated 

by the minimization thanks to excel solver of the optical contrast, DE such as:   

DE = [(L*CC-L*TC)2 + (a*CC-a*TC)2 + (b*CC-b*TC)2]0.5.  

Intensity, position and width of the Gaussian bands are let to be adjusted during the 

DE minimizing iterations. Excel solver was used to minimize the DE. 

As the Gaussian shapes for absorption bands are obtained in energy axis not in 

wavelength axis, all the spectra in the article are exhibited versus energy (eV). 

 

2.3.  Colors associated with a single phenomenon 

As an introduction of the modelling operations proposed in the article, we looked 

for the literature for accessible color models with a single phenomenon (sigmoid 1, 

sigmoid 2 or Gaussian) without success. Only basic models are available, such as 

the presentation of the color scale from white to black, passing through yellows and 

then reds for semiconductor colors [1-2]. A sigmoid has four variable settings: 

slope sharpness, maximum absorption intensity: upper plateau, minimum 

absorption intensity: bottom plateau and inflection point position.  Similarly, a 

Gaussian has four variable settings: width, maximum absorption (height of the 

curve’s peak), minimum absorption (background noise), and position. Here, we 

illustrate for sigmoids of fixed sharpness, fixed absorption intensities (from 0 to 

100 in the Kubelka-Munk absorbance scale: K/S) and variable positions, and in the 
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same way for Gaussian: fixed width and absorption (from 0 to 100) and variable 

positions. It can be noted that sigmoid and Gaussian curves are defined in 

absorbance space (K/S coordinates), but that we make the choice to depict diffuse 

reflection spectra, thanks to the basic relation: K/S = (1-R)2/2R [26]. All modelled 

spectra can easily lead to the colorimetric parameter calculation using the x, y z, 

trichromatic functions as defined by the CIE (International Commission of 

Illumination [27]). Then, pathway matrix was used to transform x, y z as-obtained 

coordinates in L, a*, b* colorimetric space, which is commonly used in pigments 

and dyes field [28]. Colors associated to each Gaussian or sigmoids positions, for 

the three kinds of phenomena which can be encountered in solid state pigments, are 

illustrated in Figure 2. We can observe that a limited color scale is reached for the 

two sigmoidal signatures (from pale yellow to deep red for band-gap semi-

conductors and from deep blue to light cyan for plasmon gas).   

 

Figure 2: The archetypical colorations which are accessible for pigments with only 

one of the three kinds of absorption signatures: (a) high-to-low sigmoid, (b) 

Gaussian band, (c) low-to-high sigmoid. 

 

With the aim of simplifying more complex modelling and helping chemists choose 

chemical substitutions or doping to improve pigment colors, it appears that the 

addition of sigmoidal curves is clearly not necessary. Indeed, it can be shown that 

a sigmoid can be fitted by a half-Gaussian (or similarly, a Gaussian of large width 

whose central position is outside the visible range). As shown by the sigmoid tests 

with different degrees of sharpness (with shallow slopes at the inflexion point), the 

colorimetric parameters derived from sigmoids or half-Gaussian best-fit sigmoids 

are very close (Figure 3). They are very similar for sigmoids with shallow slopes, 

and slightly different for sigmoids with smooth slopes. The fit of the Gaussians to 

the sigmoids was carried out using a method that will be repeated throughout this 

article: with a use of Excel spreadsheet or equivalent, the Gaussian’s position and 

width parameters were adjusted to minimize the color deviation, also known as 
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optical contrast, DE between the colorimetric parameters obtained with the sigmoid 

and the Gaussian curves: DE = [(LG-LS)2 + (aG
*-aS

*)2 + (bG
*G-b S

*)2]0.5. 

 

 

Figure 3: Comparison of the La*b* colours obtained from a high-to-low sigmoid 

and a Gaussian half curve fitting the sigmoid for (a) a sharp signature to (c) a 

smooth signature. 

 

2.4.  Colors associated with a single phenomenon 

Thanks to our ability to easily simulate an optical spectrum as a linear combination 

of Gaussians (in K/S absorption space) and then obtain equivalent diffuse reflection 

spectra, the proposal of diffuse reflection spectra associated with each of the 6 

"primary" colors (Red, Green Blue and Cyan, Magenta, Yellow) was considered. 

First of all, these colors are combined with the best possible solutions in the 

simplest spectral space conceivable: spectra comprising a single intense absorbance 

phenomenon (a single Gaussian of maximum intensity fixed at saturation: K/S = 

100 set against a continuous background of zero: none other absorbance). Only the 

width and the position of the single Gaussian absorption band were left free to be 

adjusted to target the six series of La*b* parameters corresponding to the six 

primary colors. The plots of the reflectance spectra with targeted La*b* and 

calculated La*b* are reported in Figure 4.  

A perfect magenta was obtained with an absorption band centred in the green part 

of the spectrum, just in the middle of the visible range (the DE optical contrast error 

obtained by difference between theoretical and calculated magenta are equals to 

1.10-3). This very good result is without any doubt obtained thanks to the maximal 

sensitivity of human vision on the green part of the light spectrum, green being the 

just complementary color of magenta. In opposite way, no wavelength range is 

associated with magenta coloring and consequently it is not possible to propose a 
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single-Gaussian reflection spectrum that can be associated with green coloring. 

Average quality fits are achieved for blue, yellow, cyan. For red colors, a poor 

matching is reached. The distribution of the eye sensitivity for the reddish 

component in the two extreme parts of the spectrum (low wavelengths below 450 

nm and high wavelengths beyond 600 nm) combined with a poor sensitivity of 

human vision in these two regions may explain the most important difficulty to 

achieve a red coloration with a single-Gaussian spectrum.   

 

Figure 4: The best single Gaussian signals targeting the 6 main colours (Cyan, 

Magenta, Yellow, Red, Blue and Green).   

 

To pursue this idea, a new series of spectra with, this time, two Gaussian absorption 

phenomena (still with intensities fixed at K/S =100 and on a non-absorbing 

background) were proposed in order to try to obtain the six primary colors. The 

results are shown in Figure 5. With the combination of two Gaussians, all six 

primary colors can be well fitted. However, the green and especially the red color 

remain (DE about 5) with a truly significant optical contrast between calculated and 

target color. Nonetheless, DE contrast equal to about 4 (depending the authors) is 

considered to be the critical value enabling the human eye to distinguish between 

two colors [30-32]; it can be therefore be said that the six primary colors are indeed 

characterized by two-Gaussian spectra. 
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Figure 5: Some double Gaussian signals targeting the 6 main colours (Cyan, 

Magenta, Yellow, Red, Blue and Green).   
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these last decades. These pigments are developed for their sensing applications, as 

thermochromic pigments can be employed in order to mark a thermal history [37-

40] or piezochromic pigments can be used to detect shocks [12-13,41-43]. Good 

chromogenic pigments are the ones with a large change of their coloration versus 

the external stimulus. Thus, a good way to propose optimized chromogenic 

pigments is to focus on pigments with adequate diffuse reflection spectra, whose 

corresponding color is very sensitive to slight energy shift of the absorption bands. 

It can be noted, that a contrario, robust pigments with color stable despite some 

possible pollutions or environmental variation can be also required. So, this very 

important property for a pigment to be drastically tuned, or on the contrary not, 

from a modification of the absorption band energy is a fundamental aspect to 

consider for pigments and dyes production.  Empirical approach seems always 

dominating. However, a first questioning of the possibilities of color variation from 

a spectrum obtained seems crucial.  

 

Figure 6: Various double Gaussian signals targeting the Cyan and Yellow with 

same result qualities.   
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can lead to different color variation results as shown in Figure 7 for yellow color, 

and in Figure 8 for cyan color. Here, into a first approximation, the choice was 

made to “simulate” a chemical doping impact by shifting the two absorbance bands 

in the same direction (moving both the bands toward lower energy: -0.1 eV was 

applied, or both the bands toward higher energy:  +0.1 eV was applied). Obviously, 

0

20

40

60

80

100

1.5 2 2.5 3 3.5

D
if

fu
se

 R
ef

le
ct

io
n

(%
)

Energy (eV)

0

20

40

60

80

100

1.5 2 2.5 3 3.5
Energy (eV)

L* = 65.900

a* = -20.170

b* = -44.170

L* = 65.900

a* = -20.170

b* = -44.170

0

20

40

60

80

100

1.5 2 2.5 3 3.5
Energy (eV)

L* = 65.901

a* = -20.170

b* = -44.170

0

20

40

60

80

100

1.5 2 2.5 3 3.5
Energy (eV)

L* = 94.019

a* = -9.360

b* = 90.630

0

20

40

60

80

100

1.5 2 2.5 3 3.5

D
if

fu
se

 R
ef

le
ct

io
n

(%
)

Energy (eV)

L* = 94.022

a* = -9.359

b* = 90.630

0

20

40

60

80

100

1.5 2 2.5 3 3.5
Energy (eV)

L* = 94.019

a* = -9.360

b* = 90.630



12 
 

depending on the origin of the absorption phenomena, opposite energetic 

displacements can be observed: typically increasing the covalency of metal-ligand 

bonds can increase not only the band-gap but also the Racah parameter, leading to 

a shift toward low-energy in intra-atomic electron transitions. It can be also note 

that d-d intra-atomic transitions can be can be proportional to the crystal field, 

doubly proportional to the crystal field, or even inversely proportional to the crystal 

field (as respectively for the 4T1 → 4T2, 4T1 → 4A2, 4T1 → 2E, three first transitions 

of the d7 configuration TS diagram). 

 

Figure 7: Sensitivity of different the “yellow” double Gaussian signals to an energy 

shift of the absorbance phenomena. 

 

 

Figure 8: Sensitivity of different the “Cyan” double Gaussian signals to a Dx0 

energy shift (in eV) of the absorbance phenomena. 
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Clearly, for both yellow and cyan colors, some spectra lead to a color robustness 

versus band shift: the first yellow spectrum, the second cyan spectrum) whereas 

other spectra are really sensitive to absorption shifts: with a change from a green 

coloration (energy shift Dx0 = -0.1 eV) to pink salmon coloration (Dx0 = +0.1 eV) 

for the second yellow spectrum, for instance.  

We learned that a color is not associated with a robust or mutable behaviour besides 

chemical modification and/or temperature effect. Regarding the controversy 

surrounding the origin of the drastic temperature-dependent color change in Cr-

doped Al2O3 [44-47] (ruby solid solution with temperature-dependent change from 

pink to green), based on our calculations, it can be clearly stated that this notable 

thermochromism stems from the shape of the diffuse reflection spectrum (with two 

sharp bands associated with the two visible d-d transitions of the chromophore 

cation Cr3+ (3d3 electronic configuration) and not from the special colorimetric 

situation of pink and green coloration (complementary colors) as is sometimes 

proposed in the literature. Further tests, using triple or quadruple Gaussian signals 

tend to show that spectra made up of multiple narrow transitions offer greater 

versatility than absorption band energy shifts.    

Last part is devoted to metamerism: dependency of the perception of a color versus 

spectral power distribution, namely the illuminant. The different double-Gaussian 

signals leading to a single yellow or cyan color were also used to study the 

robustness/versatility of the color perceived under irradiation with various 

illuminants (taking blackbody radiation corresponding to various temperatures : 

3000, 65000 and 10000 K, corresponding to the twilight, standard daylight and 

zenithal summer illumination). For this last series of models, due to the mandatory 

normalization of the maximum intensity of the illuminant (at 100%), the luminosity 

parameter (L) becomes physically meaningless. Consequently, only the chromatic 

parameters a* and b* need to be examined. The spectra obtained under different 

illuminants are plotted in Figure 9 for the yellow plots and Figure 10 for the cyan 

plots.   
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Figure 9: Sensitivity of different the “yellow” double Gaussian signals to the 

illuminant spectra (taken as pure black body radiation with various Wien 

temperatures) 

 

 

Figure 10: Sensitivity of different the “cyan” double Gaussian signals to the 

illuminant spectra (taken as pure black body radiation with various Wien 

temperatures) 
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associated with no absorption phenomenon in the visible range, evolves in a unique 

way as a function of the illuminant, and can always be used by the human brain to 

process the panel of colors perceived in a colored landscape, in order to rectify 

chromatic distortions caused by illuminant instabilities. Our experiments tend to 

show that the color light yellow also appears to be a robust color in relation to the 

illuminant (low metamerism). Despite the construction of three very different 

spectra to establish the single yellow color, the metamerism of the three spectra is 

very similar, i.e. with the same tendency to evolve slowly from yellow to orange to 

brown as the temperature of the illuminant decreases. 

 

3. Conclusion 

Firstly, it has been reminded that pigments (whatever their composition, or their 

insulating or semiconducting properties) exhibit three absorbance signature 

positions: (i) band gap due to interatomic transfers, (ii) Gaussian absorption band 

form intra-atomic transfers within chromophore cation’s orbitals, (iii) the plasmon 

absorbance beyond the plasma frequency, which is firstly depending on the free 

carriers’ concentration into the CB. Even if band gap and plasmon phenomena are 

associated with sigmoidal curves, it was shown that each of the three main 

signatures can be approximated using only Gaussian functions. Hence, diffuse 

reflectance spectra were created to fit as the best the 6 main colors: Red/Green/Blue 

and Cyan/Magenta/Yellow, firstly considering spectra with a single Gaussian 

absorption phenomenon and then, in a second time, considering spectra with two 

Gaussian absorption phenomena. The six primary colors are shown to be very well 

created from two-Gaussian spectra. In this first work step, the proposed process 

(easy to implement from a basic spreadsheet) to create various spectra can be used 

to help the pigments creator to optimize pigments composition in order to produce 

the energy shift of the absorbance bands (from crystal filed or iono-covalency 

balance modification) is the good direction for achieving the target coloration. 

Obviously, since several chemical principles can alter the position, width and 

intensity of absorption bands in different ways, it could appear a trcky issue to 

predict the evolution of these absorption band parameters. However, our proposal 

is no less useful, as the experimenter making pigment cannot avoid to manipulate 

this complex framework. When the experimenter obtains an orange pigment when 

he wanted it to be red, he has already to act chemically (on the compound 
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composition) to produce the displacement, widening or variation in intensity of the 

absorption bands involved. Typically, the chromophore concentration, the iono-

covalence of the bonds to vary the crystalline field or the gap, the introduction of a 

second chromophore to introduce new corrective absorption bands, etc., can all be 

manipulated. This is precisely what our model is all about with the proposition that 

before moving on to the experiment (compound modification), our model will 

enable him to see much more clearly the spectral modifications to be made to 

achieve the desired color (the red pigment) from what he has previously obtained 

(the orange pigment). 

Also, interestingly, as it is well known, different spectra can lead to a same color 

and the two-Gaussian spectra constitute school-example of the surjection operating 

from color space to spectra space. This behaviour can be exploited to create more 

robust (or more mutable) coloration versus external modification acting on color 

(as the illuminant: metamerism or as the temperature: thermochromism, for 

illustration). Indeed, the development of chromogenic pigments mutable color 

pigments able to change significantly their coloration versus an external stimulus 

has been receiving growing attention during these last decades for their sensing 

applications. We have shown that, associated to a perfectly same color, some 

different spectra lead to a color robustness whereas other spectra are sensitive to 

absorption shifts. On the other hand, some colors (yellow) seem inherently less 

prone to strong metamerism than others (cyan). The fundamental work proposed 

would constitute an important brick for who wants to develop new pigments basing 

on spectral strategies for the elaboration of efficient color control.  
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