
Una farfalla nella filiera tessile 
 
 
 
 
 
 
 
 

A butterfly in the textile pipeline 
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COLOUR 

COLORE 

That characteristic of the visual sensation which enables the 
eye to distinguish differences in its quality, such as may be 
caused by differences in the spectral distribution of the light 
rather than by differences in spatial distribution or 
fluctuation with time. 

Quella caratteristica della sensazione visiva che rende 
capaci di distinguere differenze nella sua qualità, quali 
possono essere causate da differenze nella distribuzione 
spettrale della luce piuttosto che da differenze nella 
distribuzione spaziale o fluttuazioni nel tempo. 
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The Paleolithic painters 
Caverns of Chauvet (35000-30000 b.c.) 

Carbon (C)           Iron oxides (Fe2O3) 
                                     (Yellow earth)  4 
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The Paleolithic painters 
Caverns of Lascaux (16000 b.c) 

Carbon 

Iron oxide hematite (Fe2O3) + Carbon (C) 
+  manganese oxides (traces) 5 



Gioanvetura Rosetti 
 

(Gioanventura Rossetti) 
 Venezia 1548 

 
 
Italian-English Edition  M.I.T. 
(Massachusetts Institute of 
Technology), 1962. 
 
 
�Raccolta dell�arte dei tintori 
che insegna a tingere panni, tele, 
cotone e seta, sia secondo l�arte 
maggiore che quella comune� 
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William Henry Perkin (1838-1907) 
Discoverer of the first synthetic dye,  Mauveine, in 1856 9 



Mauveine 

 fenazine moiety 
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With regard to brews…. 
Primuline 

Benzothiazole 
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Light is the totality of electromagnetic radiations travelling, in the 
vacuum, at ca. 300.000 km/sec, different in their wavelength and 
energy. 

nanometers (nm) centimeters (cm) meters (m) 

 γ rays X rays U.V. Vis. IR Radar Radio 
(Herzian Waves) 

0.001              0.1           10       400  750    0.001     1   10   1    10               10.000   

The electromagnetic spectrum 

12 



 E =  energy 
 h =  Plank constant 
 ν =  frequency 
 c =  speed of light 
 λ =  wavelength 

 
The energy of the photon (quantum of light) referred to a given 
radiation is in inverse relation to the wavelength of the luminous 
beam. The energy of an ultraviolet photon (λ = 250 nm) is 114.4 
kcal (photodegradation of organic molecules).  

ν⋅= hE

λ
chE ⋅

=  EINSTEIN-BOHR EQUATION 
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Dispersion shows an angle as higher as the energy of the radiation is higher. 
White light (solar light) is the balanced sum (equal energy) of all spectral 
colours. 
Spectral means extended to the whole visible spectrum (400-700 nm).  14 
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If, on a black screen, three lights  (primary colour sources, self luminous), blue, 
green and red are projected in a suitably balanced amount (equal energy), at their 
intersection white will appear. At the intersection of pair of lights will appear the 
three  complementary colours,  yellow, magenta and cyan, respectively. 

 Additive mixtures 

16 



If three transparent coloured sheets (equal energy), yellow, magenta and cyan, are 
interposed between a source of white light and the eye, at their intersection black 
will appear (white light is completely absorbed). At the binary intersections, the 
three complementary colours, blue, green and red will appear.  

 Subtractive mixtures 
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Reflectance 

If an object is not self luminous 
(i.e. it is not a light) we must 
resort to an illuminant for being 
able to see it. If we illuminate 
with white light, the constituents 
(molecules) of the object can 
absorb selected portions of the 
white light, thus the object will 
reflect the not absorbed portions 
which, in turn, will give rise to 
the colour of the object.  

The reflectance curve is the portion of a radiation, for each wavelength (λ) 
(spectral), reflected by the surface of the object (Rλ). 18 



Lavoisier's law 
(Conservation of matter) 

 
"Nothing is created nor destroyed"  

Kirchhoff's Law 
(Radiant energy conservation) 

 
"The intensity of the incident radiation is 
equal to the sum of the intensity of light 

reflected, absorbed, transmitted"  
Gustav Robert Kirchhoff (1824 – 1887) 

Antoine-Laurent de Lavoisier (1743 – 1794) 
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The cones (in green) are responsible for day vision and capture details and accurate 
colors. The rods (in brown) instead convey a less sharp image, but compared to the 
cones are more sensitive to light and allow the eye to see at night in low light 
conditions. In purple, the outer layer of the retina. 

Micrograph of rods and cones 
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Goes to bed … with hens 

It�s a nocturnal animal  
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Her Majesty the Queen suggested the 
lookout of her flagship to burrow in the 
dark of a tavern, shortly after sunset and 
one hour before sailing, to allow the 
rods to enter the prime of their function. 
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The eye is not able to distinguish whether a light is monochromatic 
or polychromatic. 

yellow 
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Eye defects 

yellow 



Absorption spectrophotometer 

Eye defects 
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Baccanale degli Andrii 
Tiziano, 1522 – 1524 

 
Oil on canvas, 175 × 193 cm 

Madrid, Museo del Prado 
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The old see red 



Paolo III e i nipoti 
Alessandro e Ottavio Farnese 

Tiziano, 1546 
 

Oil on canvas, 210 × 176 cm 
Napoli, Galleria di 

Capodimonte 

The old see red 
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Boston 1858 - Brookline 1918 

Albert Henry Munsell  
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Nigel Ernest James Mansell 
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Please dye a 20m long 

polyester roll 
5Y7/10 
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Relationships purchaser/dyer (stage 1)  



I won’t pay you because 
the colour is different from 

the colour agreed. 
Let’s meet us in Prato on 

Wednesday at 10 a.m. 
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Relationships purchaser/dyer (stage 2)  



Prato, Wednesday 10 a.m. 

No! It�s 
dimmer!! 

 

It is the 

same! 

Relationships purchaser/dyer (stage 3)  
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For coloured objects, which are not lights, we have, to express colour, to 
multiply the energy of the illuminant for the reflection curve of the object  
for tristimulus coefficients and extend the integration to the whole visible 
spectrum. 

Colorimetry 
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Ulbricht’s 
sphere 



We get TRISTIMULUS VALUES  X, Y, Z 

TWO COLOURED OBJECTS HAVE THE SAME COLOUR IF THEY 
HAVE THE SAME VALUES OF X, Y, Z 
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Colorimetry 



Colour scientists have expressed different color spaces, all of them coming 
from more or less complex elaborations of tristimulus values.  

Among them, the most successful space is the one proposed by the CIE in 
1976 (CIELAB). 
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Colour spaces 



Wines adulteration 
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Advantages of tristimulus colorimetry 



Forensic 
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Advantages of tristimulus colorimetry 



Cultural heritage 

Vezzolano Abbey (AT), Italy 
X century 
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Advantages of tristimulus colorimetry 
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Vezzolano Abbey (AT), Italy 
X century 



Diagnostics (skin cancer) 
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Advantages of tristimulus colorimetry 



§  SPINNING 

§  PRELIMINARY TREATMENTS 

§  DYEING 

§  PRINTING 

§  SURFACE APPLICATIONS 
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AUXILIARIES 



Amphiphatic structure:   
(or anphiphilic) due to the contemporary presence of two components of different 
nature, hydrophilic and hydrophobic. 46 

Mermaids and schizophrenic 
molecules 
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Micelle formations 



SURFace ACTive AgeNTS  

SURFACTANTS 

Surface Active Agents  
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Surface tension is the force (express in dine or Newton) that normally acts to each 
unit of length (in cm or m) on the surface. 
 
It opposes the formation of new surface, ie the increase of the very surface. 
 
It follows that the surface of a liquid tends to contract in the smallest drop to contain 
a given small volume of liquid. 
 
That’s the reason why drops are spherical. 

The addition of surfactants changes the wetting properties of water. The drop placed 
on a poorly wettable solid support is initially spherical. It spreads to completely wet 
the solid, when a sufficient amount of surfactant is added. 49 

Surface tension 
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Surfactants and bad sharks 



Surfactants and sharks 
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cmc and properties changes  

The properties of a surfactant solution 
vary linearly with the increase of the 
concentration up to the cmc, where 
curves change their trend in more or 
less clean ways. 
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Tuttoscienze 1989 53 



Tuttoscienze 1989 54 



Structures 

normal double tailed bolaform gemini 
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Crocetine 

YELLOW HUES 

Crocus sativus L.  

Extraction from: flowers (stigma) 

Natural Yellow 6. C.I. 75100 

Wool, silk, cotton 
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VEGETABLE ORIGIN 



Alizarine 

RED HUES 

Rubia tinctorum L. 

Extraction from: roots 

Natural Red 8 C.I. 75330 

Wool, silk, mordant cotton 
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VEGETABLE ORIGIN 



Indigo 

BLUE HUES VEGETABLE ORIGIN 
Indigofera tinctoria L. 

Extraction from: leaves 

Natural Blue 1 C.I. 75780 

Wool, silk, vat cotton  
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Chermesic acid 

RED HUES ANIMAL ORIGIN 

Coccus ilici L. 

Extraction from: body steam 

Natural Red 3 C.I. 75460 

Wool, silk, mordant cotton 
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Cotton textile samples dyed by natural 
colorants 
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←

 FLUORESCENT MOLECULE 

 
 

FUNCTIONAL GROUP 
OF THE MARKER 

 
FUNCTIONAL GROUP  

OF THE BIOMOLECULE 

 

 

 BIOMOLECULE 

→ 
 

 

→ 
 

→ 

 
→ 

RESULTING MOLECULE WITH: 

•  BIOLOGICAL ACTIVITY                    
•  DETECTABILITY 

Bioconjugation 
Based on the formation of a bond between a biomolecule and another 
molecule, appropriately functionalised, and with a great detectability.  
The new resulting molecule must be able to express the same 
properties of its single components: biological activity and 
detectability.  
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FTO
 

TiO2 

Banda di 
Conduzione 

FTO
 

S+/S* 

S0  / S+ 

Elettrolita 

I3
-
I- Mediatore 

Pt 

e 

FTO
 

e 
Anodo Catodo 

DSSC 
Dye Sensitised Solar Cells 
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E = mc2 


