Chemistry with a Conscience:
the science of shampoo
Beyond Benign is a non-profit organization working in green chemistry and sustainability through workforce development, trainings and curriculum development in academia, community outreach and K-12 education. 

Beyond Benign’s Chemistry with a Conscience program is designed to capture the imagination for all students of science. This unit is intended to demonstrate science in the world connections, facilitated by the concepts of sustainability and green chemistry.  Through this unit, all students will see how science relates to their lives in and out of school. For teachers who are striving to facilitate STEM (Science, Technology, Engineering and Math), this unit brings together each of those variables.

With these materials, the goal is to increase awareness of sustainability issues in a non-biased way where hands-on experiences help students investigate the world around them. Students use science skills to solve problems, reach conclusions and come to new understandings; therefore answering the age old question, “Why do I have to know this?” and placing science at the forefront of critical and innovative thinking.
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The Twelve Principles of Green Chemistry
John Warner and Paul Anastas have developed the Twelve Principles of Green Chemistry to aid in assessing how green a chemical, reaction or a process is. 

1. It is better to prevent waste than to treat or clean up waste after it is formed. 

2. Synthetic methods should be designed to maximize the incorporation of all materials used in the process into the final product. 

3. Wherever practicable, synthetic methodologies should be designed to use and generate substances that possess little or no toxicity to human health and the environment. 

4. Chemical products should be designed to preserve efficacy of function while reducing toxicity. 

5. The use of auxiliary substances (e.g. solvents, separation agents, etc.) should be made unnecessary whenever possible and, innocuous when used. 

6. Energy requirements should be recognized for their environmental and economic impacts and should be minimized.  Synthetic methods should be conducted at ambient temperature and pressure. 

7. A raw material feedstock should be renewable rather than depleting whenever technically and economically practical. 

8. Unnecessary derivatization (blocking group protection/deprotection, temporary modification of physical/chemical processes) should be avoided whenever possible. 

9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 

10. Chemical products should be designed so that at the end of their function they do not persist in the environment and break down into innocuous degradation products. 

11. Analytical methodologies need to be further developed to allow for real-time in-process monitoring and control prior to the formation of hazardous substances. 

12. Substances and the form of a substance used in a chemical process should be chosen so as to minimize the potential for chemical accidents, including releases, explosions, and fires.
 Chemistry with a Conscience Lesson Sequence
	Lesson number
	Lesson Name
	Lesson Description

	01
	GC Aus Stage 4
	Teacher reference.  Shows the Stage 4 Focus Areas and Domain Outcomes that are relevant in this curriculum unit.

	02
	Writing the Principles
	Lab activity.  Students create glue and evaluate the process to deduce the 12 Principles of Green Chemistry.

	03
	The Story of Cosmetics Assessment
	Using the video, The Story of Cosmetics, students analyze fact, opinion, & bias.  They also are inspired to become more informed consumers.

	04
	Is It Easy Being Green
	Introduction to students’ green chemistry challenge.

	05
	Cookie Equations
	Students use cookies to help them understand that chemical equations must be balanced.  They manipulate elements and form compounds represented by cookie parts.

	06
	The Heat Is On
	Lab activity.  While using sodium hydroxide to create the base of their shampoos, students observe an exothermic reaction, measure the amount of heat, create a temperature over time graph showing their results, and determine ambient temperature strategies to use in the lab

	07
	pH Neutral
	Lab activity.  Students observe, measure, and record what happens as varying amounts of an acidic solution is added to a basic solution to obtain neutralization. The goal is to create a pH balanced shampoo.

	08
	Orb-It
	Using GoodGuide.com as a basis for data, students use a graphic organizer, the orb, to make determine which shampoo is the “greenest”.   

	09
	Solvent Snapshot
	Using International Safety cards, students analyze the toxicity of a variety of solvents they could use in the shampoo making process



	10
	Shampoozled
	Lab activity.  Students create a basic soap.  During this process, they must monitor and maintain a set temperature range.


	11
	Shampoozled 2
	Lab activity.  Reviewing the pH Neutral lesson, students strive to create a pH balanced shampoo and experiment with green emulsifiers.



	12
	In A Lather
	Lab activity.  Students test different variables to see if they impact the effectiveness of the shampoo.  And, they answer the question, “Does the lather matter?”

	13
	SLS Today
	After viewing a Today Show segment, students evaluate the safety of sodium lauryl sulfate in their shampoos.  They analyze the toxicity of SLS.

	13.1
	PPM
	In this optional lab activity from VWR Education, students practice standard serial dilution to better understand parts per million.

	14
	SLS Toxicology
	Lab activity.  Students use lettuce or radish seeds to determine the toxicology of sodium lauryl sulfate.

	15
	Breaking the Tension
	Lab activity.  Students observe the effect of surface tension in water, and the dispersive force of detergents to understand how shampoos work.

	16
	Product Test
	Lab activity.  Students conduct and experiment to determine if the shampoo they created is effective in cleaning hair.

	17
	E-factor
	In this activity from Irv Levy, students manipulate m&ms to calculate e-factor and relate it to chemistry production.

	18
	In Your Bathroom
	Students collect data on ingredients found in products brought from home and investigate the substances used to make these products.  They use this data to practice choosing data display methods.

	19
	Puzzler
	Students create puzzles analyzing their research on renewable and non-renewable packaging materials.

	20
	Packed Up Properties
	Lab activity.  Students use the properties of matter & the 12 Principles of Green chemistry to test various packaging materials and determine the most green & effective choice for their shampoo.

	21
	Water Waste
	Lab activity.  Students test various waste streams likely to come from household products and evaluate the environmental impacts of those wastes.

	22
	The Green Zine
	Culminating activity.  Students create a magazine test, Goodguide.com web page, and an art campaign to analyze their use of the 12 Principles of Green Chemistry and to promote their implementation.
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