
Syllabus: CHM 590‐1	 The Molecular, Physical, and Artistic Bases of Color 
This is a half course, which will be offered in the second half of the semester: Feb. 25 to April 
15, 2014, Tuesday and Thursday 7:45-9:00 PM, French Family Science Center, room 2237 
 
Recent studies show DaVinci painted the Mona Lisa with about thirty layers of paint on the face. 
He did not do this because he was obsessive; rather, from an artist's perspective, he understood 
subtleties of the interaction of visible light with matter that scientists would only explain 
centuries later. The goal of this course is to unify chemical and biophysical perspectives on color 
with the perspective of working artists and art conservators. We will highlight recent 
technological developments which give new insights into working methods, in a variety of 
cultural heritage applications. This course will also be coordinated with visits to the Nasher and 
North Carolina Museum of Art. 
 
Prerequisites: one college-level science class.  

The course is roughly divided into three subtopics (partially interleaved): 
Chemistry of Color (Prof. Warren S. Warren, PhD; warren.warren@duke.edu) 
This section of the course addresses the molecular basis of color, beginning with an introduction 
to quantum mechanics and molecular structure (no prior familiarity is assumed). From there we 
discuss the characteristics of molecular structure which contribute to visual pigmentation 
(conjugated single and double bonds in organic molecules; transition metal complexes in 
inorganic molecules); the role of absorption, reflection, and fluorescence; and the ways in which 
light can alter a pigmented molecule. 
Physics of Color (Prof. Martin Fischer, PhD; martin.fischer@duke.edu) 
This section of the course addresses additional origins of color (including effects such as 
diffraction and scattering, and the differences between ordinary light and laser light) , and how 
color is imaged. The basic principles behind the microscope, the camera, and the laser will be 
discussed, as will the current physical understanding of human vision. 
Perceptions of Color (Prof. Adele DeCruz, Dott.ssa, M.F.A.; a.decruz@duke.edu) 
This section of the course addresses the interaction of color perception on painted surfaces. 
We will explore the nature of pigments and the theories of their use on surfaces and how they 
have been used over the millennium. Topics will include Color vision, color space and 
measurement. Practical uses of color science. Art and color, use of pigments to create effects, 
mixing of colors and lights, color temperature and lighting, psychology of color, color saturation 
the effects of color perception, color matching and color reproduction. Our main strategy will be 
to weave back and forth between science and art of color. 
 
Approximate lecture list:  
February 25  Warren:  overview of the molecular basis of color.   

Fundamentals of light; the interaction of radiation with matter; structures of organic and 
inorganic molecules; properties which make molecules colored. 

February 27  Fischer:  overview of creating, detecting, and imaging light 
Blackbody radiation to lasers; absorption, emission, scattering and refraction; light 
interaction with bulk matter; measuring light intensity 

March 4  de Cruz:  Historical survey of color in art.  
 The class is an overview of the use of color from  prehistoric to modern times  



March 6  Warren: The modern  (quantum mechanical) picture of molecules and light 
Model systems (the particle in a box); discrete energy levels in atoms; conjugated bonds 

 
March 11,13:  break week 
 
March 18  Warren and deCruz:  inorganic molecules and color: rocks, gems and early pigments 
 Warren will handle the molecular component (transition metals, ligand field theory); 
 deCruz will discuss how ancient pigments were formulated 
 
March 20   Warren and deCruz:  organic molecules and color: natural/ artificial dyes, color in 
biology 
 Warren will handle the molecular component (conjugated single and double bonds, 
 aromaticity, designing dyes, photochromic pigments, the visual receptor in the eye); 
 deCruz will discuss how organic pigments (mostly modern) were formulated 
 
March 25  Fischer:  generating and detecting light 
 Characterizing light sources; detection principles; the optics of the eye 
 
March 27  Fischer:  essential optical instruments 
 Principles of the telescope and microscope; resolution limits; color detection 
 
April 1     Fischer:  studying art with light 
 Reflectance and absorption, infrared imaging, X-ray imaging 
 
April 3    de Cruz:  Evolution of techniques and use of color in painting over the centuries.   

The color wheel and colorimetry; pigments and how they are used with binder, varnishes and the 
supports used to create paintings.  An overview of the deterioration of pigments used in paintings 
will be included. 
 

April 8   de Cruz: Visit to North Carolina Museum of Art to study 15th century painting in the 
conservation laboratory of the museum. 
 Possible guest lecture in the evening 
 
April 10  Fischer:  nondestructive high resolution 3d imaging of art 
 Optical 3d imaging techniques, including the work recently published out of Duke 
 
April 15 de Cruz: The use of current solvent and modern laser technology in the cleaning of paintings.  
 Demonstrations will be conducted in the French Family Science laboratory 1207. 
 
 


