[bookmark: _Toc520613212][bookmark: _Toc520657193][bookmark: _GoBack]True colors - exploring the acid-base properties of household products using a universal indicator
[bookmark: _Toc520613213][bookmark: _Toc520657194][bookmark: _Toc489863939]Adapted from Scientific American (January 2012) and Connections Education (2010) 
Introduction
[bookmark: _Toc489863941][bookmark: _Toc520613216][bookmark: _Toc520657197]From Scientific American: “Bronsted-Lowry acids are species that donate hydrogen ions (H+) and usually taste sour. Some very common household solutions are acids, such as citrus fruit juices and household vinegar. Bronsted-Lowry bases are species that accept hydrogen ions (H+), and usually feel slippery. Bases have many practical uses. For example, antacids like TUMS are used to reduce the acidity in your stomach. Other bases make useful household cleaning products.
“To tell if something is an acid or a base, you can use a chemical called an indicator – indicators change color when they encounter an acid or base. There are many different types of indicators, some that are liquids and others that are concentrated on strips of paper called litmus paper. Indicators can be extracted from many different sources, including the pigment of many plants. For example, red cabbages contain an indicator pigment molecule called flavin, which is a type of molecule called an anthocyanin. Very acidic solutions will turn an anthocyanin red whereas neutral solutions will make it purplish and basic solutions will turn it greenish-yellow. Consequently, the color an anthocyanin solution turns can be used to determine a solution's pH—a measure of how basic or acidic a solution is. In this experiment you will extract an anthocyanin from cabbage leaves then use it to explore the acid-base properties of common household products.”

Tasks for successfully completing the experiment
· Extract an anthocyanin indicator from red cabbage 
· Use the anthocyanin indicator in concert with a pH probe or pH strips to explore the acid-base properties of common household materials
[bookmark: _Toc489863942][bookmark: _Toc520613217][bookmark: _Toc520657198]
Techniques
· Extraction and isolation
· pH measurements
[bookmark: _Toc520613219][bookmark: _Toc520657200]Safety
[bookmark: _Toc489863944][bookmark: _Toc520613220][bookmark: _Toc520657201][bookmark: _Toc489863946][bookmark: _Toc520613222][bookmark: _Toc520657203]Each chemical from this experiment is a nontoxic household chemical. Even so, you should handle all chemicals carefully and immediately notify your instructor of any spills. Be sure to wear gloves and goggles during this entire lab. 

Pre-lab work in your Electronic Lab Notebook
Page 1: Introduction 
· Title
· Today’s date
· Your name
· Objective(s) of the experiment
· Pre-lab questions:
1. Define the term “universal indicator” in your own words. Why are they useful?
2. Define a Bronsted-Lowry acid and base in your own words. 
3. List several household materials that you think may be acids or bases. Based on their properties, hypothesize as to whether each chemical you listed is an acid or base.

Page 2: Protocol
· Consult the Canvas protocol(s) for this lab and briefly summarize the steps in your own words. 

Page 3: Data
· Create an Excel spreadsheet to record your data. Think about what you will measure in the experiment and how you should label your rows and columns.



Materials
· Red cabbage (need ~50 g/student or group); 1 large cabbage/section
· Grater, blender, or knife for chopping
· rubbing alcohol (isopropyl alcohol, 25-50 mL) (use H2O if conducting experiment at home)
· 250 mL beaker (or small pot)
· Hot plate
· Filter paper (or strainer)
· Utensil for stirring
· pH probe
· ~10 small beakers or test tubes (or clear cups/glasses/ice cube tray)
· 125 Erlenmeyer flask (or other container) for storing indicator
· Possible household chemicals:
· lemons or limes
· vinegar
· bleach-based cleaning product (e.g., Ajax with bleach)
· colorless beverage (7up or Sprite)
· baking soda
· washing soda
· borax
· salt
· shampoo
· milk
· sugar
 
Protocols
Extracting red cabbage indicator
1. Grate, blend, or coarsely chop ~100 g red cabbage. Put the grated cabbage into a 500 mL beaker (or a small pot).
**Be really careful heating isopropyl alcohol as it is highly flammable.
If doing the experiment at home use water instead**
2. Pour rubbing alcohol over the cabbage until just covered. Heat the mixture gently under a hood or exhaust fan, for 30 minutes, stirring occasionally.
3. Remove the mixture from the heat, and remove the cabbage pulp from the solution either by filtering it with filter paper or using a strainer. The dark red/purple liquid is your indicator which you will use to test the pH of different liquids. Rinse the cabbage pulp thoroughly with water into the sink, then you can dispose of the cabbage pulp in the trash.
4. Pour your indicator solution into a small Erlenmeyer flask and allow to cool.
 
Creating a pH scale and exploring the pH of household products
1. Using any available household chemicals, create a series of 10-20 mL solutions of each chemical in water in small beakers or test tubes (or clear cups/glasses/ice cube trays). If you're making a solution out of, for example, a white powder, you may need to experiment with how much solid to add to water so that the resulting solution is clear. Keep careful records of how you made each solution.
2. Add several drops of your cabbage indicator to your household chemical solutions. Gently swirl or stir the solutions until the color stabilizes.
3. Use your pH probe or pH strips to determine the pH of each solution.
4. Arrange your solutions in order of increasing pH. Take a picture of the solutions that tracks changing colors and pH values. Make sure the image is well lit and adequately displays the changing colors.

Cleanup
All the solutions from this experiment are nontoxic and can be put directly down the drain with plenty of rinsing. At the end of the lab, please wash all your glassware, dry, and return to the appropriate drawers. Please sanitize your bench and any equipment you used.  Wash your hands before you leave.



Title
Name
Date

I. Background
In your own words, discuss the problem you tried to solve or the phenomenon you explored and define any important terms. List any specific goals.
II. Materials and methods
1. Reagents
List any chemicals you used. For solutions, include concentrations. 
1. Equipment 
Equipment includes things like a Vernier spectrometer or a conductivity probe.
1. Experimental(s)
This section includes brief but detailed descriptions of the experiments you conducted. Think of an experimental paragraph as a recipe in a cookbook—someone should be able to follow your steps to arrive at the same results. Do not copy and paste the protocols from Canvas. Instead summarize in your own words the procedure(s) you followed.

III. Results and discussion
Discuss your experimental results here. Include in your discussion a graph or figure you created from your raw data (do not include raw data), as well as any sources of error. Be sure to assess the validity of your results.
IV. Post-lab questions
Use your chemical knowledge (and whatever internet research you need to do) to answer the following:
1. List the household chemicals you studied and write their molecular formulas.
2. Categorize each of the household chemicals studied as acids, bases, or salts.
3. For each acid and base, write the reaction of each household chemical + water. For substances like shampoo, research the identity of the main acid or base ingredient. 

For example: Vinegar is a solution of acetic acid (CH3COOH) in water: CH3COOH + H2O ⟶ H3O+ + CH3COO-. There is excess H3O+ in solution, which makes it acidic. 
4. For each salt, write a) the equation for the dissociation of the salt in water, then b) explain how the reaction you wrote accounts for why the salt is acidic, basic, or neutral. 
For example: NaCl(aq) ⟶ Na+ + Cl-. Both Na+ + Cl- are ions of strong acids and bases (NaOH and HCl) and therefore will not react with water.
5. Were you surprised by any of your results? Which one(s)?
V. Reference(s) 
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