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Science as invention
Making paint!

Teacher Note and background: This activity is a Project Based Learning concept and could be applied to any experimentation with a product that you would like for your students to try. 
There is considerable prep work on the part of the teacher involved with this lab activity but once it is done you can truly become a facilitator of learning with your students as they experiment. Beyond Benign has many teachers using this activity in the regular classroom as well as in science clubs, as an end of year project, science fair project or an activity for students to do after they complete AP testing. Beyond Benign believes this type of experimentation has been lost in the sciences and activities such as this one go a long way to reminding students that chemistry is not a fixed discipline – we don’t know everything yet and that scientists should, by nature, be inventors. 

In this activity your students will be challenged to formulate car paint.
Today’s paints are a combination of components specifically blended to optimize performance.  There are three primary components in modern paints:

· Pigment -- Pigments impart such qualities as color and opacity (sometimes inappropriately called 'hiding'), and influences properties such as gloss, film flow, and protective abilities. 

· Binder -- The binder, or resin, is the actual film-forming component of paint. It imparts adhesion, binds the pigments together, and strongly influences such properties as gloss potential, exterior durability, flexibility, and toughness.

· Vehicle, or solvent -- The main purpose of the vehicle is to adjust the viscosity of the paint. It is volatile and does not become part of the paint film. It can also control flow and application properties

· Additives -- Besides the three main categories of ingredients, paint can have a wide variety of miscellaneous additives, usually added in very small amounts. Some examples include additives to improve wet edge, to impart antifreeze properties, control foaming, control skinning, fight bacterial growth, or improve pigment stability.
You will provide stations with different materials from each of these categories and students will also experiment with processes to formulate their paint. It is important that students have a full understanding of the 12 principles of Green Chemistry prior to embarking on this project as the important take-away is that the 12 principles can be used in scientific invention to provide a guideline for sustainability in the scientific endeavor. Please refer to the Beyond Benign Website for lessons you can use with your students to introduce and instill the 12 principles.
After the R & D portion of this project, a critical chemistry piece that you may want to add to this activity is the tests that students can run on their product formula. Natural pigments can be affected by many variables; some pre and/or post labs to consider that would offer students the chance to quantify some of the properties.  These labs could include: pH, chromatography and absorbance. Use your favorite tools or labs to facilitate this stage of the activity.

Remember this activity has been designed for you, the teacher, to add your teaching style and to respond to the nature of your students. This document is not meant to be a comprehensive guide to implementing this project. The ideas here are supposed to be a jumping off point to a new way of teaching some of the required elements of chemistry and to adding innovation concepts into your teaching. This document has been provided to you in Microsoft Word so that you may freely change any o the content to fit your classroom situation and impact your students in the way that you know best. 

On the Beyond Benign website you will find information on how to run this activity where students make shampoo and crayons as an alternative. Please be cautious and do diligent research if you are going to stray from the recommended materials here so that all experimentation you are encouraging your students to do is safe.  

Goal: To understand that chemistry is creative and that we can fundamentally impact the environment and the human condition by considering the chemistry we use at the very first level of product design.
Objectives:  Students will understand how to…

· Experiment safely with chemistry while adhering to the 12 principles of green chemistry
Materials: Remember that all materials are simply a guide and can be modified by the teacher depending on budget and availability of materials. We have tried to keep everything low cost and low tech.
· Non-latex gloves
· Safety  goggles
· Buchner funnels
· filter paper or coffee filter 

· 250ml beakers

· 50 ml beakers
· Distilled water

· Stirring rods
· paint brushes
· Model cars

· Acrylic Resin
· Chemplates

· Guar Gum

· Egg whites

· Casein Egg yolk

· Hibiscus tea 
· Spinach 
· Freeze dried coffee 

· Beet juice 
· Water

· Ethanol

· Isopropyl alcohol

· Acetone****Eliminate Acetone if a fume hood is not available******

· 50g Powdered Mica
· 50g Pumice
· 50g Chalk

· 50g Titanium Dioxide
· Microwave
· Hot plate – 1 or 2 depending on the size of the class.

· Centrifuge

· Centrifuge tubes

· Aluminum pie pans (disposable from the grocery store)

· White metal primer

· Erlenmeyer flasks

Standards Met: S1 – S7
Green Chemistry Principles Addressed:  1-10
PREP:
· Set up stations around the room according to the following guidelines:

· Possible binder materials

· Possible Pigments

· Possible Solvents

· Possible additives

· Processing station

Make the following materials available at each station:

Binder
· Egg whites 
· Casein, powdered
· Guar Gum powdered

· Acrylic Resin

Pigments
· Egg yolk

· Hibiscus tea 
· Spinach 
· Freeze dried coffee - Combine 1g freeze-dried coffee and 30 ml of distilled/deionized in 50 ml beaker and stir.
· Beet juice – from a can of beets
Solvents

· Water

· Ethanol

· Isopropyl alcohol

· Acetone****Eliminate Acetone if a fume hood is not available******

Additives
· 50g Powdered Mica
· 50g Pumice
· 50g Chalk

· 50g Titanium Dioxide
Processing Station – this station must be near an electrical outlet. Items that use power may be plugged into a 'Watts Up' meter to reflect the cost of the energy in the process if you want. 
· Buchner flask with instructions that read: “Pour liquid pigment into funnel.  Using the hand pump, create a vacuum in the flask to pull the liquid through the filter paper into the Buchner flask; what remains on the filter paper is the concentrated pigment.”
· Centrifuge with instructions that read: “Pour the liquid pigment into the 2 centrifuge tubes making sure that the amount of liquid within each tube is as equal as possible (unequal amounts of liquid will cause the centrifuge to unbalance itself when it is spinning).  Stopper the tubes and place them into the centrifuge at opposite sides. Turn the centrifuge on and allow it to spin for 30 seconds (both groups at the lab station can do this at the same time if there are at least four slots in the centrifuge).  Turn the centrifuge off and allow it to stop spinning before trying to remove the tubes. After removing the tubes, decant the liquid at the top of the tubes into a 250 ml beaker; what remains at the bottom of the tubes is the concentrated pigment. 

· Microwave with instructions that read: “Pour the liquid pigment from the 50 ml beaker into the boiling flask.  Place the boiling flask into the microwave. Close the door on the microwave securely. Turn on the microwave and heat the liquid in the flask until about 1/2 of the original liquid has been heated off.  Do not allow all the liquid to boil off completely.  It will be very difficult to remove the remaining pigment if that happens. The liquid remaining in the flask is about twice as concentrated as the original solution. 

· Hotplate with instructions that read: “Turn the hotplate on medium heat and bring the liquid in the flask to a slow boil or until about 1/2 of the original liquid has been heated off.  Do not allow all the liquid to boil off completely.  It will be very difficult to remove the remaining pigment if that happens. The liquid remaining in the flask is about twice as concentrated as the original solution.” 
Procedure: 

· Explain to the students that they are going to be chemistry inventors and formulate their own car paint – you can make this into a competition by using the web page here which is a simulated TV challenge http://www.beyondbenign.org/trick_wheels/vtv.htm
· Ask students to get into research groups 
· Review the stations that you have created. Explain to the students that all paints are made up of four basic ingredients: A pigment, a binder, a solvent and additives. Explain that you have also created a station that students can use to process their paints through a variety of ways. * You may want to have students research paints and how they are made in more depth before they start this project.
· Explain that there is background information about all of their choices in the student packet. Tell students that you expect them to keep thorough notes in this packet and they will be graded on their recording and methodology.
· In order to keep classroom order and so that you are able to keep track of how your students are progressing we suggest that you have areas on the board where each group has to keep tabs on where they are in the experimentation process.
· Explain that all formulation will take place on a chemplate (spot plate) in order to minimize waste and that the challenge is to make the greenest paint. 

· Review any safety procedures that apply to your classroom and define any additional rules you would like to put in place.
OPTIONAL: If you want you can have students research groups collect all of their waste during the project both liquid and solid and use this to have them analyze their process for waste. See optional waste log sheet at the end of this lesson.
Student Packet
Car Paint Challenge

You must develop a car paint with the materials made available to you by your teacher. Your group will be in competition with the other groups in the room to develop the best car paint using chemistry techniques and the 12 principles of green chemistry. Your paint must adhere as closely as possible to the principles as well as retain efficacy. All chemical testing will be conducted on a chemplate so as to minimize waste and you will be given background information to help in the process of your research and development.
You will follow the process below:
· Familiarize yourselves with the main components of paint – pigment, solvent, binders and additives.

· Develop three formulas and make them
· Test those formulas

· Evaluate those formulas for sustainability and against the 12 principles of green chemistry.

· Make a second batch of paint
· Determine which paint you would like to produce.

· Make that final formula and paint your prototype car with it.
· Make a poster to advertise your car paint detailing all of your findings in the research and development phase.

Paint Making Background information

Read this background information carefully and consider how these components might behave in a difference of temperature and over time. Perform additional research if you wish.
Paint Components

· Pigment -- Pigments impart such qualities as color and opacity (sometimes inappropriately called 'hiding'), and influences properties such as gloss, film flow, and protective abilities. 

· Binder -- The binder, or resin, is the actual film-forming component of paint. It imparts adhesion, binds the pigments together, and strongly influences such properties as gloss potential, exterior durability, flexibility, and toughness.

· Vehicle, or solvent -- The main purpose of the vehicle is to adjust the viscosity of the paint. It is volatile and does not become part of the paint film. It can also control flow and application properties

· Additives -- Besides the three main categories of ingredients, paint can have a wide variety of miscellaneous additives, usually added in very small amounts. Some examples include additives to improve wet edge, to impart antifreeze properties, control foaming, control skinning, fight bacterial growth, or improve pigment stability.
Binders 
Egg whites: Egg whites contain Albumin. Albumin is an umbrella term for a type of protein which is water soluble. Numerous types of albumin can be found all over the natural world, and one of the most familiar examples of albumin can be found in egg whites. A protein classified as albumin is globular, meaning that it is soluble in water. Globular proteins also have a roughly spherical structure. When combined with water, albumin and other globular proteins form a colloid, a solution which appears homogeneous although it actually contains multiple substances. When heated, albumin tends to coagulate. This property proves very useful in cooking, and is one of the reasons why eggs are so frequently used in baking. The albumin in the egg whites helps baked goods hold their structure. The albumin in egg whites is also used for purification, as it tends to trap and store impurities. 

Technically, the albumin found in egg whites is more formally known as ovalbumin. When it is cooked, the proteins begin to unfold, recombining in a new configuration. As it is cooked, the albumin in egg whites also turns white and opaque. 
Casein: Casein is a protein that is found in milk and used independently as a binding agent. Technically, it is part of a group called phosphoproteins, collections of proteins bound to something containing phosphoric acid. Casein is a salt, meaning it has no net ionic charge, of the element calcium. Denaturing occurs when a protein loses its inherent structure, due to high heat or acid for example, at which point it no longer acts in the ordinary manner. Casein, because of its structure, is not susceptible to denaturing.
Casein can be found in two main types: edible and technical. Edible casein is widely used in both medicine and food, both for nutritional value and as a binder. Technical casein is used in an enormous range of products, including paints, cosmetics, and many types of adhesives.

Guar Gum: Guar gum can best be described as a natural thickener. Guar gum is said to have significantly more thickening ability than cornstarch, at a fraction of the cost. This has made guar gum a popular additive in products such as puddings and ice creams. The guar plant, also known as a cluster plant, grows primarily in Pakistan and the northern regions of India. It thrives on the drought/monsoon cycles present in those areas. The plants are harvested after the monsoon season and the seeds are allowed to dry in the sun. The seeds are then manually or mechanically separated and processed into a flour or sold as split seeds. Guar gum is an important cash crop for the Indian and Pakistani economies.
Guar gum is not just a thickening agent, but a binder and plasticizer as well. When untreated ice cream melts and refreezes, grainy ice crystals often form. Guar gum has the natural ability to bind with water molecules, preventing them from forming the unwanted crystals.

Acrylic Resin: Acrylic resin is a general term for any one of the plastics (resin) generated through chemical reaction by applying polymerization initiator and heat to a monomer.Acrylic resin refers to a group of thermoplastic materials derived from compounds such as acrylic acid or methacrylic acid. The acrylic derivatives are added to heated plastic to create a material that can be used for many purposes. The material that is created from the thermoplastic acrylic mixture has high heat and impact resistance, as well as good clarity and UV resistance. Not only are the various range of products containing acrylic resins diverse, they are outstanding in terms of durability. Acrylic Resin is a derivative of petroleum.
Pigments 
Hibiscus tea:  

Spinach 

Freeze dried coffee 

Beet juice – from a can of beets

Egg Yolk: Egg yolk is an emulsifier as well as containing lutien which makes up the yellow pigment in the yolk. Egg yolks can vary in color intensity based upon the diet of the hen.
 All of the pigments below except egg yolk are derived from plants. Plant pigments include a variety of different kinds of molecules, including porphyrins, carotenoids, anthocyanins and betalains. All biological pigments selectively absorb certain wavelengths of light while reflecting others. The light that is absorbed may be used by the plant to power chemical reactions, while the reflected wavelengths of light determine the color the pigment will appear to the eye.

Chlorophyll is the primary pigment in plants; it is a porphyrin that absorbs yellow and blue wavelengths of light while reflecting green. It is the presence and relative abundance of chlorophyll that gives plants their green color. 

Carotenoids are red, orange, or yellow tetraterpenoids. They function as accessory pigments in plants, helping to fuel photosynthesis by gathering wavelengths of light not readily absorbed by chlorophyll. The most familiar carotenoids are carotene (an orange pigment found in carrots), lutein (a yellow pigment found in fruits and vegetables), and lycopene (the red pigment responsible for the color of tomatoes). 

Anthocyanins (literally "flower blue") are water-soluble flavonoid pigments that appear red to blue, according to pH. They occur in all tissues of higher plants, providing color in leaves, plant stem, roots, flowers, and fruits, though not always in sufficient quantities to be noticeable. Anthocyanins are most visible in the petals of flowers, where they may make up as much as 30% of the dry weight of the tissue.

Betalains are red or yellow pigments. Like anthocyanins they are water-soluble, but unlike anthocyanins they are indole-derived compounds synthesized from tyrosine. This class of pigments is found only in the Caryophyllales (including cactus and amaranth), and never co-occur in plants with anthocyanins. Betalains are responsible for the deep red color of beets, and are used commercially as food-coloring agents

Solvents

Water: A water molecule is formed when two atoms of hydrogen bond covalently with an atom of oxygen. In a covalent bond electrons are shared between atoms. In water the sharing is not equal. The oxygen atom attracts the electrons more strongly than the hydrogen. This gives water an asymmetrical distribution of charge. Molecules that have ends with partial negative and positive charges are known as polar molecules. It is this polar property that allows water to separate polar solute molecules and explains why water can dissolve so many substances. 

Water is a good solvent due to its polarity. The solvent properties of water are vital in biology, because many biochemical reactions take place only within aqueous solutions. When an ionic or polar compound enters water, it is surrounded by water molecules. The relatively small size of water molecules typically allows many water molecules to surround one molecule of solute. The partially negative dipoles of the water are attracted to positively charged components of the solute, and vice versa for the positive dipoles. 

Isopropyl alcohol: Isopropyl alcohol is a common name for isopropanol, a colorless, flammable chemical compound with a strong odor. It has the molecular formula C3H7OH and is the simplest example of a secondary alcohol, where the alcohol carbon is attached to two other carbons. It is an isomer of propanol. 
Isopropyl alcohol is cheaply available. Like acetone, it dissolves a wide range of nonpolar compounds. It is also relatively nontoxic and dries (evaporates) quickly. Thus it is used widely as a solvent and as a cleaning fluid, especially for dissolving lipophilic contaminants such as oil. Examples of this use include cleaning electronic devices such as contact pins (like those on ROM cartridges), magnetic tape and disk heads (such as those in audio and video tape recorders and floppy disk drives), the lenses of lasers in optical disc drives (e.g. CD, DVD) and removing thermal paste from IC packages.
Ethanol:Ethanol, also called ethyl alcohol, pure alcohol, grain alcohol, or drinking alcohol, is a volatile, flammable, colorless liquid. It is a psychoactive drug, best known as the type of alcohol found in alcoholic beverages and in modern thermometers.
The fermentation of sugar into ethanol is one of the earliest organic reactions employed by humanity. The intoxicating effects of ethanol consumption have been known since ancient times. In modern times, ethanol intended for industrial use is also produced from by-products of petroleum refining.

Ethanol has widespread use as a solvent of substances intended for human contact or consumption, including scents, flavorings, colorings, and medicines. In chemistry, it is both an essential solvent and a feedstock for the synthesis of other products. It has a long history as a fuel for heat and light and also as a fuel for internal combustion engines.

Acetone: Acetone is the organic compound with the formula OC(CH3)2. This colorless, mobile, flammable liquid is the simplest example of the ketones. Familiar household uses of acetone are as the active ingredient in nail polish remover and as paint thinner and sanitary cleaner/ nail polish remover base. It is a common building block in organic chemistry. In addition to being manufactured, acetone also occurs naturally, even being biosynthesized in small amounts in the human body.
Additives
Mica Powder – Mica may give your paint a fine pearlescence to the color when you look at it.
Mica Flakes - Mica may give your paint a pearlescence to the color when you look at it but with bigger flakes.
Chalk – Chalk acts as an extender and thickener for your paint. An extender will mean that you can get more pigment paint from the pigment you have created and the thickener may help with making your paint easier to apply to the metal.
Dextrin – Dextrin acts as a thickener for your paint. It may help your paint to be easier to apply. (How to make Dextrin. Dissolve 2 T white wheat starch in 1 T boiling water. Remove from heat and stir until smooth.) 

Pumice – Is an additive that may help your paint adhere to the surface of the metal or car. 

Titanium Dioxide – Titanium dioxide is a brightener due to its reflective qualities.
Alcohol – Can shorten the drying time of your paint in certain conditions.

Testing
Every product that goes on the market needs to be tested. 
Take a moment to decide what you like and what you don’t like about your paint.  Record the thoughts of your group here:
Now consider the use of a car paint and what tests you might want to perform to determine if your paint will perform. 

Here are some ideas:

Smoothness – someone doesn’t want to snag their clothing when resting on the side of the car.
Hardness – you don’t want the car to dent easily say in a rain or hail storm
Impact resistance – will the paint shatter on the metal if it is impacted?
Ease of cleaning – you want to be able to wash your car and not have the paint perish
Appearance – do you like the way the color or sheen looks?
What other tests would you like to perform to help you prove and improve your paint? Record your ideas here:

Devise tests to collect data on these considerations. Make sure to consider

· Controls

· Dependent variables

· Independent variables

· Constant

Questions for Thought:
1. What was the most frustrating part of this activity?

2. What was the easiest part of this activity?

3. How much waste did you generate during this process? If you don’t know the actual amount can you guesstimate? How might this look on an industrial scale where the average paint company manufactures 50,000 gallons of paint per month?

4. Considering cost: Make an analysis of the relevant costs of your paint. Might the ingredients you have chosen make your paint more costly? How does this concept apply to the 12 principles of green chemistry?
5. What do you think is the most difficult part of developing products and processes using the 12 principles of green chemistry?

6. Consider the concept of using food sources in a manufacturing process. In what other sector is this being used currently?

Waste disposal log sheet

Record your waste in the chart below:

IMPORTANT INFORMATION: Your hazardous waste must be stored with your teacher in a specially designated space in the classroom. Measure this waste and record it below and then bring the waste to your teacher.

	Date
	Describe the waste
	Mass in grams
	Cost to dispose

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Possible tests: Optional
Pigments, the natural colorings found in plants and flowers, can be widely affected by many factors: pH, temperature, exposure to light, concentration, location in the cell, interactions with metals and other intracellular compounds. Some pigments are water soluble, others hydrophobic because they are embedded in the lipid portion of cellular or organelle membranes.

A common pigment used in the food industry is found in beet root. Known as betalains, the pigments from beets are commercially used in sweets, ice creams, and other confectionaries that are not heated. They are cheap, and have no known allergic side effects. Unlike another red pigment, anthocyanin, commonly found in Red Cabbage, Beet Juice is not a good indicator of pH, as its color remains stable over a wide range of pH. ( Madsci.org)

pH

· Test pH of each pigment

· Change the pH of each pigment using a vinegar, baking soda solution. 

· Use a pH meter whenever possible, pH papers can be stained by the pigments and become difficult to read

· Determine the color change, change in texture of material, color stability and other observations by altering pH

Chromatography

· Perform a simple chromatography using the material provided by your teacher

· Observe the separation of colors and the intricate nature of pigment combinations 

· If you are able to do a TLC test use the following key. Pigment separation from the top of the TLC plate downward should be:

· Carotene(golden)

· Pheophytin(olive-green)

· Chlorophyll a(blue-green)

· Chlorophyll b (yellow green)

· Lutein (yellow)

· Xanthophyllis (yellow)

· Anthocyanins ( red)

Absorbance

· Using a spectrophotometer allows students to quantify their pigments and to create standards by which all other paints can be made.

Chemical tests
Name _______________________________________ Date __________________

1. What is the pH of your formula?(see back ground information for more details about pH)

a. Write a paragraph explaining what impact the pH has on your paint from the viewpoint of Environment, Economics, Social Equity and Efficacy.
2. Explain the chromatography experiments you were able to perform 0on your paint. Write a paragraph explaining what impact the chromatography information you got may have on your paint from the viewpoint of Environment, Economics, Social Equity and Efficacy.
3. Explain the absorbency tests you ran. Write a paragraph explaining what impact the absorbency information you got may have on your paint from the viewpoint of Environment, Economics, Social Equity and Efficacy.
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