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 GVC-UA: team 

 Color: human visual system – matter – light interaction 
 Physic-chemical causes of color 

 CIE system (measurement and color encoding) 

 Multi-scale approach (top – down vs. bottom – up) 
 Impact of the color science & technology 

 Inter and multi-disciplinary prospective of color 

 Challenges for the Faculty and UA 

 Conclusions 

OUTLINE 



 Website: http://web.ua.es/en/gvc  

TEAM 

 5 Doctors 
 4 Physics 
 1 Industrial Eng. 

 3 PhD students 
 1 Textile Eng. (UPV) 
 1 Materials Eng.

 (UdA-Colombia) 
 1 Materials Eng. 

http://web.ua.es/gvc
http://goo.gl/maps/APLqE


 Visual System – Matter – Matter interaction  
 (structural) nano/micro scales ⇒ macroscopic 
 It is a brain “invention” 

COLOR COMING FROM 



15 PHYSIC-CHEMICAL CAUSES 
ATOMIC EXCITATIONS AND VIBRATIONS TRANSITIONS AMONG ENERGY BANDS 

1. Incandescence: Sun, lamps, C-arc, fireworks* 8. Metals: copper, gold, iron, silver 

2. Gaseous excitations: lighting, fireworks*, 
aurora borealis, lasers* 

9. Pure semiconductors: silica, galena, 
diamond, cadmium 

3. Vibrations & rotations: water, ice, iodine, 
chlorine 

10. Doped semiconductors: diamond, LED, 
TV phosphors 

CRYSTALLINE NET TRANSITIONS 11. Color centers: amethyst, smoky quartz 

4. Metal compounds: pigments, lasers* PHYSICAL / GEOMETRIC OPTICS 

5. Metal impurities: ruby, emerald, colorants 12. Refraction & polarization: rainbow, halo 

TRANSITIONS AMONG  
MOLECULAR ORBITALS 

13. Scattering: sky-blue, sunrise/set, bluish 
feathers*, bluish eyes in nenonates 

6. Organic compounds: dyes, biological 
coloration* 

14. Interferences: oil-water, soap bubbles, 
butterfly wings 

7. Charge transfer: sapphire, magnetite, lapis 15. Diffraction: opal, LCD, diffraction grid 



15 PHYSIC-CHEMICAL CAUSES 

Color Science – OCW – UA (2009) 

http://www.webexhibits.org/causesofcolor/index.html
http://ocw.ua.es/es/ciencias-de-la-salud/ciencia-del-color-2009.html


Light manipulation 
refraction, laser, non-linear optics, etc. 

Stimulated color change 
Thermo-chromism, ion-, etc. 

Absorption & 
reflection 

dyes & pigments 

Absorption & emission 
luminiscence, etc. 

Absorption & energy 
transfer 

Photo-thermal, electric, etc. 

15 PHYSIC-CHEMICAL CAUSES 

Color phenomena 



 Color Science & Technology: 
 Study of theories and techniques used for design, 
produce and measure colored objects 
 Can we describe numerically a color? Yes 

• There are maths in Color Science 
• There are some color languages and dictionaries among them 
• Colors can be ordered, compared, … 

• If 2 colors are not exactly equal, how we can match 
them? 
• Which colorant type (primary colors) and how amount 
of them we should mix for obtaining a concrete color 
applied on many substrates or materials? 

COLOR SCIENCE & TECHNOLOGY 



COLOR SCIENCE EVOLUTION 

2000   AUDI2000 

Visual appearance of materials 

∆T = f(∆E, ∆G, ∆S, ...) is the “GOAL” 

http://www.xdreflect.eu/


MATERIALS APPEARANCE: IMPACT 

• Growing demand nowadays for 
managing the visual appearance 
of materials 

• $700 B (in 1999) is the estimated value 
of shipments in industries for which 
unacceptable appearance may result in 
“NO SALE” 

• Update from last decade? 
• Prospect for next 10 years? 

• Automotive sector? Others? 



MSc Color Technology - Automotive 

http://www.enegocios.ua.es/curso.asp?curso=coltas-eng&edicion=616


MSc Color Technology - Automotive 

http://www.uwe-braun.com/color_matching?currentPage=farbabmusterung/


MSc Color Technology - Automotive 

https://www.youtube.com/watch?feature=player_detailpage&list=UUM52Q2Ykggj11ZWADJKac6g&v=yfVbk7StMzA


MSc Color Technology - Automotive 



BOTTOM-UP vs. TOP-DOWN APPROACHES 

Visual 
appearance 

Multi-flux 
matter-light 

Particles 
interaction 

Light – matter 
interaction 

particle models 

Light sources tech., 
geometries, 
pigments, 
color, gloss,  
sparkle, haze, etc. 

Emission SPD(λ) 
Reflection ρ(λ) 
Transmission τ(λ) 

Coefficients: 
Absorption K 
Scattering S 

Cross 
sections: 
QA(D, λ) 
QS(D, λ) 
D size 

Phys. + Chem. particles: 
size (D), shape, 
refraction index, 
extinction index, 
polarizability, etc. 
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 Nobel Physics Prize 2014: white LEDs (wLED) 
 Isamu Akasaki, Hiroshi Amano & Shuji Nakamura 

RECENT IMPACT: 2014 NOBEL 



 New tecnologies for light production 
 Solid State Lighting (SSL): 
 Pulsed OLEDs, free-phosphors, flexible, etc. 
 3D nano-structures, etc. 
 BASF campaign: “invisible contribution, visible effect/success” 
visible” 

 

RECENT IMPACT: 2014 NOBEL 

https://www.youtube.com/watch?v=FcQokMdS2zg
http://www.eng62-mesail.eu/


 GVC-UA: synergies 
 develops applied & theoretical projects where 
human vision, coming from the eye-matter-light 
interaction, performs an important role in 
metrology control and visual quality of some 
industries 
 Inter-disciplinary: 
 Needs cooperation from other disciplines 
 Physics (Optics), Chemistry, Biology, Materials, etc. 

 Multi-disciplinary: 
 Applicable to some technological-scientific fields 

Mid-term Balance 1 



 Structural colors 
 synthetic vs. natural 

 Nanostructured hybrid pigments 

 Functional pigments 
 thermochromic, electrochromic, etc. 

 Colored metamaterials 

Prospective 



• Solid: 
• light absorption and reflection in 
all directions (scattering) 
 

• Metallic: 
• micro-mirrors with adjusted 
reflection 
 

• Interference (pearlescent): 
• selective refraction and 
reflection 

Structural colors 



 Special-effect pigments 

Structural colors 

SUBSTRATE 
Mica 
Silicium Oxide (synthetic) 
Aluminium 
Aluminium Oxide (synthetic) 
plated Iron Oxide (synthetic) 

METAL OXIDE 
TiO2 (Rutil) 
FeTiO3 
CoTiO3 
Fe2O3 
Cr2O3 
multiple layer 

METAL OXIDE 

SUBSTRATE 



• Iriodin/Afflair Merck: 
• natural mica coated with high 
refractive metal oxide like TiO2 or 
Fe2O3  

• Xirallic Merck: 
• Al2O3-platelets coated with high 
refractive metal oxide 

• Colorstream Merck: 
• SiO2-platelets coated with high 
refractive metal oxide 

• Pyrisma Merck: 
• special mica coated with high 
refractive metal oxide 

Structural colors 



• Variocrom BASF: 
• Optical Variable Pigments 
(OVP) chemical vapor 
deposition 

•ChromaFlair Flex: 
• 5-layers with opaque 
reflector, dielectrical and 
semi-transparent layers 

• SpectraFlair Flex: 
• microstructure surface and 
opaque reflector layer 

 

Structural colors 



Structural colors 



Structural colors 



Structural colors 

Cortex effect Thickness effect Absorp. vs. Scatt. 



• 1-D structure: interference 
• 2-D structure: interference + diffraction 
• 3-D: structure: crystalline diffraction 
• Amorphous structures: scattering 

NATURAL STRUCTURAL COLOR 

https://www.google.es/search?rlz=1C2CHMA_esES360&biw=1366&bih=657&tbm=isch&sa=1&q=German+fossils+colored&oq=&gs_l=


 

NATURAL STRUCTURAL COLOR 



 

NATURAL STRUCTURAL COLOR 



 

NATURAL STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

NATURAL STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

NATURAL STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

NATURAL STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

SYNTHETIC STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

SYNTHETIC STRUCTURAL COLOR 



• Biomimetics using nanophotonic structures 

NANOESTRUCTURES  



• Nanobiotechnology and nanomedicine 

NANOESTRUCTURES  



• Inorganic 1 + (inor 2) or organic 2 

HYBRID NANOMATERIALS  



• Nanostructured hybrid pigments in the GVC-UA 
• natural dye + hydrotalcite / montmorillonite / laponite 
• natural dye + halloysite 
• metal salt (inorganic 1) + nanoclay (inorganic 2) 

HYBRID NANOMATERIALS  



HYBRID NANOMATERIALS  

• Colored nano-bio-composites with bioresin and natural 
nanopigments varying synthesis factors with fixed 
concentration 
• UV-VIS lightfastness of the Natural Red dye as 
nanopigment  
• Nano-bio-composite based on bioresin and beetroot 
natural dye with two different nanoclays and mordant 
modifier (bottom) 
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 Chemical substance (colorant) suffering a color 
change when an external stimulus is activated: 

 
 reversible  vs. irreversible change 
 
 contactless measurement 

 
 stimulation phenomena: 

 UV radiation ⇒ VIS, Temperature,  
 electricity, pressure,  
 by aggregation (excitons, etc.),  
 plasmonic coupling, 
 chronochromism, 
 biochromism, 
 etc. 

FUNCTIONAL PIGMENTS 



Light manipulation 
refraction, laser, non-linear optics, etc. 

Stimulated color change 
Thermo-chromism, ion-, etc. 

Absorption & 
reflection 

dyes & pigments 

Absorption & emission 
luminiscence, etc. 

Absorption & energy 
transfer 

Photo-thermal, electric, etc. 

FUNCTIONAL PIGMENTS 

Color phenomena 



Light manipulation 
photonics, displays, quantum optics, etc. 

Stimulated color 
change 

security, buildings, etc. 

Absorption & 
reflection 

textiles, plastics, coatings, 
cosmetics, printing, etc  

Absorption & emission 
displays, lighting, genomics, 

protenomics, etc 

Absorption & energy 
transfer 

Photosynthesis, photo 
medicine, etc. 

FUNCTIONAL PIGMENTS 

Color Technologies 



 Metamaterials with negative refraction index: 
 very few in Nature 

COLORED METAMATERIALS 

http://upload.wikimedia.org/wikipedia/commons/transcoded/c/c7/Negative_refraction.ogg/Negative_refraction.ogg.360p.webm


 Metamaterials with negative refraction index: 

COLORED METAMATERIALS 



 Limit down? Far? 
 Frontiers up (macro-perceptual)? 
 Visual neuroscience: 
 color – hearing, color – smell, etc.  

 FOR WHAT? 
 Health, sustainability (energy, food, etc.), 
security, economical and ethic value, etc. 
 Taleb: black vs. gray swan 
 Taleb: anti-fragile 

 

 Disruptive innovation? GVC-UA? 
 

MID-TERM BALANCE 2 



BALANCE INTERMEDIO 2 

http://blogs.ua.es/verduset70/2014/11/07/analisis-prospectivo-de-la-universidad-de-alicante/


 Disruptive innovations from UA? 

 From the Faculty of Sciences? 

 University rankings 
 CALTECH no. 1 

 Ranking < 200 for Chemistry-UA 

 How we can keep or improve? 

 Are we ready? how we do it? 

ALLEGORICAL REFLECTION 



 Research Technical Services: 
 XPS, WDX, FRX, SEM, FT-IR, ATR, Raman, etc. 

 
 Pending advanced instrumentation 
 multi-angle spectroscopic ellipsometry 

 spectral constants of absorption (K) and scattering to different 
measurement geometries (irradiation / observation) 
 multi-angle micro-spectrophotometer 

 X-CT (tomography) 
 (3D) transversal scanning of nanomaterials, etc. 

 interferometric microscopy using white light 
 3D surface contactless profilometer 

 

INSTRUMENTAL RESOURCES 

http://sstti.ua.es/es/instrumentacion-cientifica/area-de-instrumentacion-cientifica.html


 Hybridization (knowledge exchange) in 
organizations stimulates disruptive innovation 

HUMAN RESOURCES 

http://blogs.ua.es/verduset70/2014/11/07/analisis-prospectivo-de-la-universidad-de-alicante/


HUMAN RESOURCES 

MSc Thesis, PhD, projects 

 Motivation circle + knowledge spirals 
 Time to reflect, talent to find out, etc. 
 Optimal cognitive performance zone  

http://innovacioneducativa.wordpress.com/2008/12/10/espirales-de-conocimiento-como-mejorar-el-trabajo-en-equipo-y-la-competitividad/


HUMAN RESOURCES 
Situational 
leadership 

Informal 
learning 

Knowledge spirals Optimal cognitive 
performance zone 

Evolution of high 
performance teams 



HUMAN RESOURCES 

http://www.iprofesional.com/notas/181489-Ser-o-no-ser-Knowmad-esa-es-la-cuestin-quines-y-cmo-son-estos-trabajadores-que-ya-pisan-fuerte-en-las-empresas?page_y=0


 UA: company of knowledge & talent 
training / education 
 leaders, entrepreneurs, future of work, etc. 

 Science vs. Technol. vs. Challenges 
 Relative value of the challenges (finan., etc.) 
 Multi-scale approach (color phys. & chem.) 

 New HR management: hybridization 
 Flexible normative framework and necessary 
for adaptation to the new XXI age challenges 

 The Time is against us 

CONCLUSIONS 



CONCLUSIONS 

Knowledge Talent 
entrepreneurship, etc. 

R+D+i 
challenges & 

priorities 

Multi-scale 
approaches 

welfare, sustainability 

HR 
hybridization, knowmad, 

team work, etc. 



CONCLUSIONS 

Gandalf to Frodo 
in Moria  
(2 times) 
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