The “Magic Blue Bottle” Experiment!

Target Audience:

This experiment can be used with younger children (e.g. grades 3-5 or so) to simply show the dissolution of gases into liquids. Generally they are more familiar with say, sugar or salt dissolving in water – this demonstrates that gases can be dissolved in liquids, just like solids can.

Alternatively, the reaction’s thermodynamics can be discussed – i.e., the reversibility of the reaction can be used to introduce concepts of reaction pathways and energy of reaction to older, more advanced students.

Safety Considerations:

Methylene blue is a dye used to stain DNA and bacteria in laboratories. First of all, it is light-sensitive, so should be stored in the dark (you can wrap your solutions, or your stock powder in tin foil). Second, it is not something you want to get on your skin – when making up a solution, or handling methylene blue, you should be wearing gloves – it is a known mutagen.

0.1 M NaOH is a strong base which is very corrosive – again, use caution when handling this solution!

The Experiment:

Putting together a reaction system in which a reversible chemical reaction takes place

Background Information and Discussion:

•
What is a reversible chemical reaction? A reaction in which the energy required to transform starting reagents into products is approximately equal to the energy required to transform the products back into their starting reagents. You can demonstrate the energy diagram. (i.e., ΔG ≈ 0)

•
Describe the reagents. You may have to make up a solution of 0.1 M NaOH if it is not available. You can discuss the calculation of molarity using the formula C1V1=C2V2. Fructose is a simple sugar (i.e., carbohydrate) that is naturally occurring. Methylene blue is an indicator, specifically a molecule which has different absorbances (colours) in different states. In the case of methylene blue, one form is blue and the other is pale yellow.

•
Why study reversible chemical reactions and indicators? There are huge numbers of reversible chemical reactions that are important to understanding the basic principles of reaction kinetics. Indicators are often used in many areas of science, including medicine and environmental pollution. In this case, methylene blue is a redox indicator (this can lead to another discussion! In the blue form, it is oxidized – has fewer electrons…..but in the colourless form, it is reduced – it has more electrons – this difference is what leads to the different colours.

 •
Safety Issues: Emphasize wearing the gloves and glasses.

Materials:

· 0.1 M NaOH solution

· fructose (a.k.a. β-D-fructopyranose)

· methylene blue indicator/dye (a.k.a. methylthionine chloride) – either solid or 

· gloves and safety glasses 

· 150 ml graduated cylinder for measuring 

· balance for measuring mass

· metal scoopula

· some empty plastic or glass bottles, or flasks with stoppers

Preparation:

If you only have the powdered methylene blue, make up a solution of the dye  – 1 gram in 100 mL (since MW of methylene blue = 319.85 g/mole, this is 3.13*10-3 moles in 100 mL, which is a 0.03 M solution) This is the concentration I used, but a more dilute one would probably work as well.

Similarly, make a 0.1 M solution of NaOH

1. Add approximately 150 ml of 0.1 M sodium hydroxide (NaOH) to the Erlenmeyer flask or bottle. 

2. Carefully add only 1-2 drops of methylene blue indicator to the flask containing the 0.1 M NaOH solution. The addition of excess indicator may cause the experiment to fail. 

3. Measure 1-2 grams of fructose into a weighing boat. Add the fructose to the flask. 

4. Place the stopper on the flask and gently swirl to dissolve the fructose. 

5. Allow the solution to stand for one minute. The solution should be clear. 

6. Now, shake the solution for a few seconds. The solution should become blue as oxygen is added. 

7. Again, allow the solution to stand for one minute. It should revert to its clear form as the reverse reaction proceeds.

Prepared by Lauren Scott, UBC Partnership Programme

With some information adapted from S. David Pullara, SFU Partnership Program. 

A Full Reference: Engerer, Stephen and Cook, A. Gilbert. Journal of Chemical Education, 1999, 11, 1519-1520. *note – in this procedure, glucose, which is sometimes easier to find, is used as the reducing sugar. A more detailed kinetics discussion is also given!

