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Elements, Compounds, and Pigments
[bookmark: _GoBack]
Writer: Deborah Boxall, Chemistry Teacher
Grade Level: 9–12
Related Concepts: Impact, Technology, Change
Subject Areas: Chemistry, Physical Science, Visual Arts, World History
Essential Question: How did advances in technology during the Industrial Revolution affect the development of the new pigments used by painters?
Abstract: Students will understand how the discovery of new elements (such as cobalt, cadmium, and chromium) in the 1700s and early 1800s led to the creation of new artistic materials, which led to the innovations in artistic style made by impressionist painters in the late 1800s. 
Duration: 2–3 90-minute class periods
Focus Works of Art:
[image: http://68.169.57.134/sites/default/files/styles/image_grid_5/public/Monet%2C%20The%20Cliff%2C%20Etretat%2C%20Sunset%2C%2067_24_1%20%28HB%29.jpg]
Claude Monet (French, 1840-1926)
The Cliff, Étretat, Sunset, 1882-1883
Oil on canvas
23 13/16 x 32 3/16 in. (60.5 x 81.8 cm)
www.artnc.org/node/310
[image: http://68.169.57.134/sites/default/files/styles/image_grid_5/public/PEYRON%2C%20The%20Death%20of%20Alcestis%2C%2091_1.jpg]
Pierre Peyron (French, 1744-1814)
The Death of Alcestis, 1794
Oil on canvas
38 1/4 x 37 11/16 in. (97.2 x 95.7 cm)
www.artnc.org/node/336

North Carolina Standards Correlations:
Chemistry: Chm.1.2.4, Chm.1.3
Physical Science: PSc.2.1.1	
Visual Arts: B.CX.1, B.CX.2.1, I.CX.1.3, I.CX.2.2, P.V.3.1, P.CX.1.5
World History: WH.6.1

Student Learning Objectives:
· Students will examine the effect of the Industrial Revolution and scientific discovery on artistic practice and style.

· Students will analyze the properties of elements and compounds used to make artists’ pigments in the 19th century. 

Activities:
1. Show students Peyron’s The Death of Alcestis. Ask students to list the colors the artist used in the painting and describe the selection with a few adjectives. Are they bold, bright, drab, pure, transparent, etc.? Have students compare past and present artists’ materials, sources for materials, and working methods. Ask students to define the term pigment and consider the binders that might be mixed with pigments to make paint. (Linseed oil is a common oil binder; egg yolks are mixed with pigment to make tempera paint.)

2. Show students the traditional artist’s palette (bottom palette in image) and explain that Peyron would have used a similar combination of colors when painting The Death of Alcestis. 
[image: palettessmall]
Ask: Do you notice any missing colors? (There is no true green.) How might the artist have created green? (mixing) Explain to the students that prior to the 1700s, only about 30 pigments were available for the oil painter to use. Of these 30 pigments, only approximately 15 were widely used. The remaining pigments were too expensive, toxic, or difficult to work with, or they faded easily in bright light. The pigments on the traditional palette had been available to the artist for hundreds of years. For example, ochre (a yellow to reddish brown) and black can be found in cave paintings from prehistoric times. Ask: Based on the visible properties of the pigments, what types of materials do you think were used to make these two pigments? (earth; charred wood or coal) What pigments might you be able to make from North Carolina’s natural resources? (Red might be created from North Carolina red clay. Black could be made from charred wood or coal.)
3. Have students compare the colors they see in Claude Monet’s The Cliff, Étretat, Sunset with those of The Death of Alcestis. Ask them to describe Monet’s palette with a few adjectives. Ask the students to compare the impressionist palette to the traditional palette. Share with the students that in the year 1700 about 15 chemical elements were known. By 1850 about 40 additional elements had been discovered. Some of these new elements, such as chromium, cadmium, and cobalt, were particularly useful in creating pigments. The development of these inexpensive pigments was fueled by the need to mass produce colored materials such as clothing, curtains, and wallpaper in the wake of the Industrial Revolution. The dissemination of these pigments in the art market was only a byproduct of this development.
Homework: Have each student complete The Hunt for New Elements activity.
4. Assign or have students choose one of the following pigments to research further (providing each student with a Palette Card to assist them with their research): 
· chrome yellow
· cadmium yellow
· alizarin crimson (synthetic rose madder)
· synthetic ultramarine (French ultramarine)
· cobalt blue
· cobalt yellow
· cobalt green
· cobalt violet
· viridian
· emerald green

Tell students they are the manufacturers of their assigned pigment and must create an advertisement that they will present to the class. The ad should include:
a. Image of pigment
b. Pigment name 
c. Chemical compound from which pigment is made
d. Date of discovery of the pigment
e. Reasons the pigment is better than others of the same color
f. Process for manufacturing the pigment
g. Health hazards associated with the pigment and the elements or compound from which it is made. (To find health hazards, do a Web search for MSDS (Material Safety Data Sheets) followed by the compound name. For example, “MSDS cobalt chloride.”)
h. Drawbacks of the pigment (for example, fading, dries slowly)
i. Persuasive language that demonstrates understanding of target audience

Students may refer to Pigments through the Ages and Revolution in Paint for more information.

Assessments:
· Participation in group discussion will demonstrate students’ understanding of the interrelationship between advances in technology and the discovery of new artistic materials. 
· Completion of The Hunt for New Elements activity will demonstrate students’ understanding of the relationship between the location of an element on the periodic table and its physical and chemical properties.
· Participation in group discussion will demonstrate students’ understanding of the factors that contributed to the evolution of artist palettes and style.
· Completion of the pigment advertisement will demonstrate students’ ability to research a topic, complete a cost/benefit analysis of the pigment, and prepare a persuasive argument in support of the pigment.

Resources:
Vocabulary:
pigment—a substance that gives color to other materials. A pigment is
mixed with a binder to create paint.
binder—a substance causing cohesion of pigment to make paint.
Linseed oil is commonly the binder for oil paint, while egg yolk serves as the binder for tempera paint.
tempera—a fast-drying paint made by combining egg yolks with water, 
	pigment, and sometimes a bonding material such as glue.
palette—the range of colors used by a particular artist.
Industrial Revolution—During the 18th century and early 19th century, a major shift in technology, the economy, and culture occurred, caused by the introduction of power-driven machinery; began in Britain and spread throughout world.
element symbol—a one- or two-letter abbreviation for the name of a 
	chemical element that is generally assigned in relation to the element’s 
	Latin name.
periodic table—an arrangement of chemical elements according to 
	atomic number, rendering elements with similar properties in the same 
	column.
compound—a substance formed by two or more elements.



Links:
An interactive periodic table with historical background
www.webelements.com

Pigments through the Ages
http://www.webexhibits.org/pigments/

Revolution in Paint- Discusses the development of the impressionistic palette
http://ncartmuseum.org/pdf/revolution-supplement.pdf

An element discovery timeline
http://chemistry.about.com/od/elementfacts/a/timeline-element-discovery.htm

A pigment discovery timeline
http://condor.depaul.edu/sjost/gph205/paint-pigments/indust-rev.htm
[bookmark: hunt]
The Hunt for New Elements:
Advances in technology brought on by the Industrial Revolution allowed scientists to discover many new elements in the 19th century. Some of these new elements, such as chromium, cadmium, and cobalt, were particularly useful in creating pigments because they formed many brightly colored compounds.

1) 	Use www.webelements.com to complete the following table.

	
	Cadmium
	Cobalt
	Chromium

	Element symbol
	
	
	

	Atomic number
	
	
	

	Type of element*
	
	
	

	Physical appearance
	
	
	

	Date of discovery
	
	
	

	Discovered by:
	
	
	

	Meaning of the name
	
	
	


*main group metal, transition metal, metalloid (semimetal), or nonmetal

2) 	Describe the process used to isolate each of the following elements:
a) Cadmium



b) Cobalt



c) Chromium

[bookmark: cards]
Palette Cards
Directions: Print out enough color versions of each card for each group or each student. Cut out the cards, fold, and glue the two sides together. Laminate the cards for extra durability.
 (
fold
fold
fold
fold
)
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