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Rainbow in a Bottle
Description

The following investigation will demonstrate acidic changes in pH with the aid of universal indicator.  It is comprised of one large-scale demonstration designed to create disequilibrium for the students and three “mini-demonstrations” designed to clarify the initial demonstration.  The highlight of this investigation is the unexpected and vivid colour changes within the solutions as the solutions become acidic.  A more detailed examination of how and why the colour changes cause cognitive dissonance can be found below in the “conclusions” section.  

Curriculum
(All SLOs from Manitoba Education (2003-2005).)
· Senior 1 -- Although in Senior 1, acids and bases are not discussed, this investigation
could be applied to SLO S1-2-13: Experiment to determine indicators of chemical change.  

· Senior 2 -- This investigation applies to the following Senior 2 SLOs:



- SLO S2-2-08: Experiment to classify acids and bases using their characteristic
 properties.  
-SLO S2-2-09: Discuss the occurrence of acids and bases in biological systems,
 industrial processes, and domestic applications.

· Senior 4* -- With the appropriate emphasis, the investigation can be applied to the 
following seven Senior 4 SLOs:


- SLO 4.2.1: Identify, by experiment, substances that result in acidic or basic 
solutions when dissolved in water.  
- SLO 4.2.2: Define and compare Arrhenius and Brønsted-Lowry acid/base theories.

- SLO 4.2.4: Define and give an example of a conjugate acid-base pair.
- SLO 4.2.7: Write balanced chemical equations for reactions of acids and bases with water (e.g., CO32- + H2O  HCO3- + OH-).

- SLO 4.3.3: Describe the relative concentrations of hydronium and hydroxide ion in acidic, basic, and neutral solutions (i.e., for an acidic solution, 

[H3O+] > [OH]).

-SLO 4.3.4: Formulate an operational definition of pH.

-SLO 4.3.5: Given any one of the values pH, [H3O+] or [OH-], calculate the remaining values
*Please note that the S4 Chemistry curriculum document is currently available only in transitional form (Manitoba Education, 2003-2005), and is therefore subject to change.  
Materials

· 5 Flasks/Beakers (250 ml recommended but any size is appropriate)
· 1 Straw

· Red and Blue Food Colouring
· Universal Indicator

· Sodium Hydroxide (Caustic Soda)

· Dry Ice

· 7-Up or any other clear, colourless soft drink
· Water
· Vinegar
Safety Considerations


Students and teachers should be informed of the following safety concerns regarding dry ice, sodium hydroxide, and universal indicator:
Dry Ice

Dry ice is carbon dioxide (CO2) in solid form. As the dry ice sublimates, gaseous CO2 will be released into the room.  As a precautionary measure, the teacher should ensure that the room is well-ventilated and large enough for the safe dissipation of the gas. If any participants begin to have trouble breathing, or if their fingernails or lips begin to turn blue, they should exit the room immediately (dryiceinfo.com, 2005).  In addition, because dry ice is approximately 
-78°C, precautions such as wearing insulated gloves should be taken when handling the dry ice.  Skin damage can occur if dry ice is held for a prolonged period of time.  
Sodium hydroxide 

Due to the high pH of sodium hydroxide, care must be taken when handling this chemical.  Sodium hydroxide can cause damage to the eyes and cause burns or ulcerations to the skin.  If inhaled, sodium hydroxide can cause damage to the nasal and respiratory passages and if it is swallowed, it can cause severe damage to mucous membranes and deep tissues (Cornell, 2002).  Sodium hydroxide should not be exposed to drainage systems, surface water or ground water (proscitech.com, 2004).  This chemical should be neutralized using an acid such as hydrochloric acid before it is disposed of (answers.com, 2005).  Consult MSDS sheets for further safety information regarding sodium hydroxide.  
Universal Indicator

Because universal indicator contains isopropanol alcohol, it should be stored away from direct flame, and the bottle should be tightly capped to prevent the release of potentially flammable fumes. 

Procedure


This procedure is designed for a Senior 2 classroom but with a modification of the questions and level of information provided, it can be used in a Senior 1 or Senior 4 classroom as well.
  
Preparation:
1. Before the demonstration, prepare solutions A and B:
-Solution A is a combination of water, universal indicator, and sodium hydroxide.  Fill a beaker with water until it is between ½ and ¾ full.  Add universal indicator to the water.  It should turn green.  Next, add approximately five pellets of sodium hydroxide.  The colour of the solution should now be in the purple to blue range. 
-Solution B is a combination of water and purple food colouring.  Fill a beaker with the same amount of water as contained in beaker A.  Add enough drops of red and blue food colouring to approximate the colour of solution A.

2. Prepare 3 additional beakers:
-Beaker C should be filled between ½ and ¾ with water.  Bubbles will be blown in this beaker, so it should not be too full.  Add universal indicator.  The water should be green.  
-Beaker D should be approximately half-full of water only.  Universal indicator and vinegar will be added to this beaker during the demonstration.  
-Beaker E should be filled half way with water.  Add universal indicator, so the water is green.  7-Up will be added to this beaker during the demonstration.  
3. Ensure that all other materials are hidden from view in the classroom, but easily accessible.  
Demonstration:
4. At the beginning of the demonstration, show the students solutions A and B. Ask them what they think has been added to the water to make the solutions purple.  Do not confirm or refute any responses at this time.  
5. Tell the students that dry ice will be added to both solutions.  Explain to students some features of dry ice, including its temperature (approximately -78°C) and composition (CO2).  This can be done by using questions such as “have you heard of dry ice before?” and “what do you think dry ice is made of?” 

6. Ask the students to predict what will happen when the dry ice is added to both solutions A and B. 

7. Add the dry ice to the solutions.  The solutions will bubble and fog will be released.  Solution A will change in colour from purple to yellow or red, but solution B will remain purple. 

8. When the dry ice in the solutions has dissipated, ask students to describe their observations.  Ask them if they have an explanation for what they have seen.   
9. Let the students know that although similar chemical processes occurred in both beakers, solution B contained only food colouring and water, so the change was not visible as it was in solution A. 
10. Produce beaker C and a straw.  Tell the students that this demonstration uses similar principles to the previous demonstration, but will involve blowing bubbles instead of using dry ice.  Have the students predict the results, then have a volunteer blow bubbles into the water until a colour change is produced.  Ask the students if they have any new ideas to explain the colour change.

11. Tell the students that in order to understand the phenomenon seen in the colour changes they must have knowledge of acids and bases.  This transition will begin an exploration of acids and bases that will eventually conclude in the discovery of why solutions A and C changed colour. 

12. Ask students if they are familiar with acids and bases.  Provide everyday examples of acids and bases such as vinegar, stomach acid, laundry detergent, and baking soda.  Explain that acids and bases fall along a pH scale, with 0 representing the strongest acids, and 14 representing the strongest bases.  Draw and label a diagram of the pH scale and colour changes along the scale.  

13. Acids and bases can be detected using substances called indicators.  (Indicators can be related to swimming pool pH testing equipment; the pH of water in a swimming pool should always be approximately 7.)
14. Provide an example of how indicators work by putting a drop of universal indicator in Beaker D.  Then, add some vinegar to the beaker, having the students observe the two colour changes. 

15. At this point, ask students if they can explain the colour change that was produced in solution A.  Someone will likely say that there is universal indicator in the solution that changed colour.  Prompt the student to state if they think solution A was acidic or basic (both before and after the addition of dry ice).  Solution A was basic before the addition of the dry ice.  As a result of the addition of dry ice, the solution became acidic. 

16. The teacher should now elaborate upon the previous information and explain that the solution began as purple because of the presence of caustic soda, which is basic.  Ask the students what was added to cause a colour change from purple to red (dry ice).  The teacher should then explain that by combining water and carbon dioxide, carbonic acid is produced.  Have students guess whether carbonic acid is an acid or a base.  Students should easily be able identify the word acid and/or describe the colour change to the acid end of the spectrum.  
17. Ask students if they can think of other examples of carbon dioxide and water combining to produce carbonic acid.  Many possibilities may be given, but try to lead students to thinking about products they use in their daily lives, such as soft drinks. 
18. Produce beaker E, and ask the students to predict what is going to happen when 7-Up is added.  Then, add the 7-Up.  Ask the students if they can explain the colour change.  
19. 
20. If the students express difficulty in explaining the colour change, review any important details as needed.  If the students can satisfactorily explain the colour change, ask if there are any additional questions, and wrap up the demonstration.

Theoretical Background

The following theoretical background includes information suitable for the S4 curriculum.  Teachers using this background for a S1 or S2 classroom may want to modify the theory and definitions to best serve the students who are learning this information for the first time.  

Around the turn of the 20th century, a Swedish researcher named Arrhenius defined an acid as a substance that, when added to water, increases the concentration of hydrogen (H+) ions.  He defined a base as a substance that, when added to water, increases the concentration of hydroxide (OH-) ions (Salisbury University, 2005b).  
In 1923, two scientists, Brønsted (from Denmark) and Lowry (from England) independently researched acids and bases and came to define these substances in the same manner (timeline resources, 2005), although their definition differs slightly from that of Arrhenius.  Brønsted and Lowry defined an acid as anything that releases H+ ions and a base as anything that accepts H+ ions (Salisbury University, 2005a).  
The pH (“Potential of Hydrogen”) scale (Fig. 1) measures how strong or weak acids and bases are on a scale of 0 to 14.  Solutions containing a higher concentration of H+ ions are considered acidic and fall between 0 and 6 on the scale.  Solutions with a pH of 0 are the strongest acids.  As the solutions approach 7, the acids become weaker.  Solutions with a pH of 7 are considered neutral.  Solutions containing a higher concentration of OH- ions are basic (alkaline) and fall between 8 and 14 on the scale.  The pH scale is logarithmic; therefore, each number on the scale represents a ten-fold increase or decrease in H+ concentration (Environment Canada, 2002).  
A solution’s pH can be measured using indicators.  Indicators are weak acids or weak bases that have not ionized, or broken up into separate components.  They are one colour when they are ionized, and when they break into separate components, they change colour, depending on if they are in an acidic or a basic solution (The Manitoba Museum, 2002).  Universal indicator is a combination of three indicators: methyl orange, bromothymol blue, and phenolphthalein.  Each of these indicators responds to a different part of the pH scale, with red representing the strongest acids and dark purple representing the strongest bases.  The colour changes for universal indicator can be seen in Figure 1.  
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Fig. 1: The pH Scale 
(image from University of Texas at Austin (1998))

In order to understand the Rainbow in a Bottle investigation and the “mini-demonstrations,” students need to be aware of the following chemical formula:  
CO2 + H2O = H2CO3

In other words, when carbon dioxide is added to water, be it in the form of dry ice, carbonated beverages, or human breath, carbonic acid is formed.  When this reaction occurs in water containing universal indicator, there is a visible colour change towards the acidic end of the pH scale (resulting in yellow or red, depending on the final concentration) as the indicator components ionize.  
Conclusion

It is hoped that through this investigation, students will experience cognitive dissonance, and that the resolution of the dissonance will result in learning.  The sources of disequilibrium for the students will come not only from the startling colour change in the flasks but also from their lack of experience with acids, bases, and indicators.  Students will not understand why one solution (Solution A) changes colour while the other (Solution B) does not.  In other words, because students are not initially told what has been added to the flasks to cause the initial colours of the solutions or an explanation of universal indicator, they are not able to explain the colour change in Solution A.  As well, students may not immediately perceive the role of dry ice in the colour change to yellow and the chemical reaction that occurs between the water and dry ice.  

However, as the “mini-demonstrations” (such as blowing air into water containing the indicator) are conducted, the students will find the reactions less confusing and will be able to explain the colour changes and underlying chemistry in broad terms.  Nevertheless, these “mini-demonstrations” are also discrepant, as the students may not expect a behaviour they have done since childhood (blowing bubbles in water) to result in a chemical change, as this change is visible only when using an indicator.  

The “Rainbow in a Bottle” investigation is one fairly simple way to engage students and address the needs of the Science or Chemistry curriculum.  Students should find the colour changes intriguing and puzzling, and 
by linking the scientific concepts explored in the demonstration to common items, such as 7-Up and human breath, the activity should become more meaningful and memorable for the students.  
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� The following procedures are adapted from McDougall (2003).
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