Cheers! - Turn Water into Wine, Milk, and Beer.
Thanks to 
Gord Woodhall



Materials (x 2 see Instructional Notes) 

· 2 Drink Glasses

· 1 Wine Glass

· 1 Beer Mug

· Water

· Sodium Bicarbonate (NaHCO3)

· Sodium Carbonate (Na2CO3)

· Phenolphthalein Indicator
· Saturated Barium Chloride Solution (BaCl2)

· Concentrated HCl

· Bromothymol Blue Indicator


Previous Knowledge


Acid & Base Properties: Senior 2 Science



Curriculum Connection 


C30S-4-02
Describe the structure of water in terms of electronegativity and the polarity of its chemical bonds.

C30S-4-03
Explain the solution process of simple ionic and covalent compounds, using visual, particulate representations and chemical equations. 

Include: crystal structure, hydration, dissociation



Procedure
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Preparation: (The following steps should be done without the students knowing).
Demonstration:

1. Hold up the first drinking glass with water and 25 mL of saturated sodium bicarbonate and 20% sodium carbonate solution. 
· Tell the students that you have a glass of water, but that you’re not sure that’s what you’re after. Maybe you feel more like having a glass of wine.
2. Pour contents into the wine glass. The solution turns red because of the indicator.
· That’s better. But on second thought a glass of milk would be healthier. 
3. Pour contents of the wine glass into the second drinking glass with 10 mL BaCl2. White precipitate, BaCO3, forms.
· Ah, but it’s Friday afternoon. A beer would really be the most refreshing thing. 
4. Pour the contents of second drinking glass into the beer mug. The solution will turn yellowish brown and bubbles will form creating the “head” on a beer.
· Perfect.
Safety:

All chemicals must be handled carefully and with respect. The solids and liquids used in this inquiry are safe for you to use with the following precautions:

· It is recommended that safety glasses be worn.

· Acids and Bases are caustic in high concentration; therefore, concentrations being used should be diluted unless otherwise stated.

· If spilled on skin or clothing, rinse with running water.

· Ensure to wash hands and instruments thoroughly when finished.
· Once used, mark the drinking glasses so they will be identified as Chemistry Use Only.



Particulate Understanding


To help the students understand this demonstration have a duplicate demo set up so each step can be repeated while examining the particulate level in each reaction.
The areas to concentrate on in the explanation include:

1. The electronegativity and polarity of water molecules

2. The ability for ionic substances to dissolve in water because of this electronegativity

3. The strength of intermolecular forces vs. the strength of water’s electronegativity and how that determines solubility of ionic compounds

4. The role of OH- ions in a basic solution and H+ ions in an acidic solution

Electronegativity in a water molecule is caused by the unequal sharing of electrons. Even though the charges balance (-2 + 1 + 1 = 0) the oxygen atom with its 6 electrons draws hydrogen’s single electrons to it. This results in a partial negative charge ((-) at the oxygen atom and a partial positive charge ((+) at the hydrogen atoms. Remember that in an ionic substance, such as sodium carbonate, the cation gives its electrons to the anion and this results in a full positive charge on the cation relating to the number of electrons it gave up. The anion, then, has a negative charge relating to the number of electrons it took.  In the reference section a link is provided for a short movie illustrating the polar water molecule dissolving an ionic substance at the particulate level.
Further explanations for each step of the demonstration are included on the particulate drawings. To assist in student understanding have large coloured cutout atoms with their potential charges written on them. Taping them to a large black board as they are needed offers a visible guide to the microscopic interactions. Pairing this with each step of the demonstration will allow students to make sense of what is happening. You could bring students up to the board and have them attempt to work out what happens as BaCl or HCl is added or just for extra hands to assist you. An alternative to cardboard cut outs is to use a felt board and felt cutouts. These may be better suited for reuse. Or if you find it simpler transparencies of the particle drawings are also included. These may also be used to go through the symbolic equations. 


Questions


1. What does “polar molecule” mean and why is water one?
2. Explain using both words and particulate drawings how table salt, NaCl, dissolves in water.
3. Do you think a non-polar molecule would dissolve in water? Why or why not?


References


Water(Wine(Milk(Beer
http://educ.queensu.ca/~science/main/concept/gen/g09/N.%20Puksa/Chemistry%20Website/Water%20to%20Wine%20to%20Milk%20to%20Beer.html
Quicktime Movie showing the ionic compound NaCl dissolving due to polar water molecules:

http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/058_DissolutNaCl.MOV 















When the ionic substance Na2CO3 is placed in an aqueous solution, the attractive interactions with the water molecules overcome the ionic attractions and the ions separate in solution.

The OH- ions create a basic solution, so when we pour it into the wine glass containing phenolphthalein, the indicator detects this basicity and turns the solution pink. 






When the solution is added to BaCl2, the two Cl- ions dissociate immediately into water leaving Ba2+ available to interact with the ions in the solution. HCO3- decides it would be better off (more stable because of equal charge) with the Ba2+ and frees itself up to bond by releasing the H+ back into solution. H+ is gladly taken back by OH- and the solution returns to neutral and the pink wine colour is gone. 
Notice that the BaCO3 molecule has no interaction with the water molecules around it. This is because the attractive force between the Ba2+ and CO32- ions is much greater than the attractive interactions of the polar water molecules. This results in solid BaCO3 particles being suspended in the mixture – accounting for the milky white appearance (remember it is the attractive interactions of the polar water molecule that allows an ionic substance to dissolve in water).







When the solution is added to HCl, the H+ and Cl- ions dissociate and the H+ ions cluster around the solid BaCO3. Not only is the increased charge enough to overcome the attractive force between the Ba2+ and CO32- ions, but it is enough to rip an O2- ion off the CO32-, leaving the stable CO2 which escapes solution as a gas.

The H+ ions create an acidic solution and is detected by the bromothymol blue indicator which turns the solution yellow. 
¾ full with water 





25 mL saturated sodium bicarbonate and 20% sodium carbonate solution (pH 9)





a few drops of phenolphthalein indicator





10mL of saturated barium chloride solution





4 drops bromothymol blue indicator





5 mL concentrated HCl (just before starting demo)
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H2O is polar and has partial charges
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Extra OH- ions detected by the phenolphthalein indicator
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CO2 gas is released





Extra H+ ions are detected by the bromothymol blue indicator
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Na2CO3 + H2O ( 2Na+ + CO32- + H+ + OH –  (ion equation)





2Na+ + CO32- + H+ + OH – ( 2Na+ + HCO3─ + OH – 





2Na+ + HCO3─ + OH – + BaCl2 ( 2Na+ + CO32- + H+ + OH – + Ba2+ + 2Cl – (ion equation)





2Na+ + CO32- + H+ + OH – + Ba2+ + 2Cl – ( 2Na+ + BaCO3 + H2O + 2Cl – –
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2Na+ + BaCO3 + H2O + 2Cl – + 2HCl ( 2Na+ + BaCO3 (s) + 4Cl – + 2H+ + H2O (ion equation)





2Na+ + BaCO3 (s) + 4Cl – + 2H+ + H2O ( 2Na+ + Ba2+ + CO32- + 4Cl – + 2H+ + H2O





2Na+ + Ba2+ + CO32- + 4Cl – + 2H+ + H2O ( 2Na+ + Ba2+ + CO2 (g) + 2H2O + 4Cl –












