THE BLUE BOTTLE EXPERIMENT
An activity for use of or introduction to the scientific method

LEARNING OBJECTIVES
NYS Science Standard 1:  Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.


Key Idea 1:  The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing and creative process.


Key Idea 2:  Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity.


Key Idea 3:  The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into natural phenomena.

MATERIALS

FOR STUDENTS



2 50 mL Erlenmeyer flasks per group


2 no. 0 stoppers per group



Masking tape and marker for labeling



Lab handout (optional)



Any other reagents or laboratory supplies that students request


FOR INSTRUCTOR PREPERATION
1,000 mL distilled water



10 g NaOH


10 g C6H12O6


0.1 g methylene blue


10 mL Ethanol



1,000 mL Erlenmeyer flask


Graduated pipette with bulb



Balance



Weighing paper



10 mL Graduated Cylinder
SAFETY CONSIDERATIONS

1. Sodium Hydroxide is a base and will destroy human tissues.  The dissolution of sodium hydroxide is exothermic.  The amount dissolved here will not create excessive heat, but the flask may become warm to the touch.  Scaling up the protocol may require an ice bath to cool the vessel.
2. Be sure that the stoppers are securely placed in the flasks.  Instruct students to hold the stoppers in with their thumbs when shaking them.  
3. Students should rinse their hands if any of the solutions are spilled, and should rinse their hands after the lab.

4. Methylene blue powder or solution will stain almost anything.  
5. The solutions will work for many shakes, but the change to blue will not be as quick or as deep after a few classes.  Make the solutions fresh, as they may yellow overnight or throughout the day.

PROCEDURES

1. Fill a 1,000 mL flask about half way with distilled water.
2. Dissolve 10 g of NaOH in the water.
3. Dissolve 10 g of C6H12O6 in the water.

4. Dissolve .1 g of methylene blue in 10 mL of Ethanol.

5. Add the methylene blue solution to the large flask and swirl to mix.  The solution will be blue initially, and then will become clear.  N.B. – I like to perform this step in a study hall, or in a free period where students are around.  I pour the solutions together, and then tell a student to watch them to make sure nothing happens while I walk away.  They are mildly amused or sometimes worried when the blue color disappears.
6. Dilute to 1,000 mL final volume.

7. Decant the stock solution into the individual flasks, two per group.  Fill flask A completely full, with no air between the liquid and the stopper.  Flask B should only be half full.

ANALYSIS
[image: image1.png]N
LI
H3C\N S KI/CH3

CHs Cl CHs




The basis of this experiment is the oxidation of glucose and the reduction of oxygen.  The agent in both situations is the methylene blue.  Methylene blue, under basic conditions, will oxidize (strip an electron from) glucose.  Adding oxygen to the solution by shaking the flask causes methlene blue to reduce the oxygen by transferring the electron that it received from glucose to oxygen.  In its reduced form (after it has oxidized glucose), methylene blue is colorless.  When oxidized (electron transferred to oxygen), it is a deep blue.
Figure 1.  Molecular structure of methylene blue cation, shown in the dissociated from with the chloride anion.
VARIATIONS

1. Adding yellow food coloring can make the change from yellow to green, instead of colorless to blue.

2. Adding red food coloring can make the change from red to purple.

3. I often use the lab without the handout, and just ask students to figure out what is going on.  They can decant the liquids into other vessels, add other chemicals, or otherwise experiment (pH paper, heating, etc.).

4. This is also a good lab to demonstrate oxidation and reduction, electron carriers in cellular respiration, or other redox concepts.  
QUESTIONS FOR DISCUSSION

1. What is the very fist thing that you did?

2. Why did you do what you did first?

3. Would adding another chemical interfere with the reaction going on in the flask?
4. How does this demonstration relate to the electron transport chain, NADH, or photosynthesis?
5. Why is oxygen so good at taking electrons (oxidizing) from things?

6. Is oxygen used up in this reaction?  How could you tell?
7. Why does the solution fail to change, or change more slowly after some time?
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