Carbon Tower


Materials

For the Carbon Tower:
· 100 mL beaker

· 50 g table sugar (sucrose)
· 20 mL Sulfuric Acid H2SO4 

· 2 rose petals or potassium dichromate paper to test for the presence of SO2 (optional)
· cobalt chloride paper to test for the presence of water (optional)
· Wash bottle (optional) 
· Stirring rod

· Disposable gloves

· Fume hood

For the Disposal:
· Spatula

· 1 L beaker 

· Sodium bicarbonate NaHCO3 – used to neutralize any acid left in the tower
For the Copper Sulfate Dehydration:
· Watch glass

· 3 g Copper (II) Sulfate Hydrate CuSO4(5H2O (blue crystals)

· 2 mL Sulfuric Acid H2SO4​
· Water



Safety 


· Wear safety goggles, H2SO4 and water produce an exothermic reaction capable of boiling and spitting
· Wear gloves, sulfuric acid is corrosive to skin
· Use a fume hood, sulfur dioxide is produced and is a toxic gas


Curriculum Connection 



C30S-3-05
Write and classify balanced chemical equations from written descriptions of reactions. 



Include: polyatomic ions

C30S-3-06
Predict the products of chemical reactions given the reactants and type of reaction. 


Include: polyatomic ions



Teacher Background


Sulfuric acid is a very strong acid and is considered a drying agent because the H3SO4+ and HSO4- ions found at equilibrium essentially suck the hydrogen and oxygen atoms right out of compounds. This can cause the molecule to simply fall apart as the carbohydrate sucrose (table sugar) does, or to dehydrate as is the case with the hydrate copper sulfate. Once the hydrogen and oxygen atoms are out of the original molecule, the H2O they form reacts with sulfuric acid creating enough heat to vapourize the water and produce SO2 ​. 
Decomposition of Sucrose (table sugar) C12H22O11
This is a complex decomposition reaction and for the purposes of this demonstration it might be best to focus on the decomposition of sugar into carbon and water using the slightly incorrect but simplified equation:  
H2SO4
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 C12H22O11 (s)                    12 C (s) + 11 H2O (g)
Cobalt chloride paper can be used to test for the presence of water in the vapour that is produced.
If you choose to include the full reaction you can test for the presence of SO2 (g) using a rose petal (SO2 (g) bleaches the colour from it) or potassium dichromate paper. 
C12H22O11 (s) + 2 H2SO4 (l)  ( 11 C (s) + 2 SO2 (g) + 13 H2O (g) + CO2 (g) 
Decomposition of Copper (II) Sulfate Hydrate CuSO4(5H2O

Copper (II) Sulfate Hydrate CuSO4(5H2O has water molecules within the crystal structure itself that are held there by hydrogen bonding. Five water molecules surround each CuSO4 molecule and account for the bright blue colour. Again, the decomposition reaction is slightly complicated because of the two reactants and three products. It might be more beneficial for the students if a simplified version is used: 
 H2SO4 
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CuSO4(5H2O                CuSO4+ 5 H​2O (g)
The actual full reaction is:

CuSO4(5H2O + 2 H2SO4 (l)  ( CuSO4 + SO2 (g) + 7 H​2O
Synthesis of Dehydrated Copper (II) Sulfate CuSO4 and Water H2O
The really neat thing about CuSO4 is that it can be hydrated simply by adding water. The synthesis reaction is accompanied by the colour change from white to blue as CuSO4​ becomes CuSO4(5H2O: 

CuSO4+ 5 H​2O (g) ( CuSO4(5H2O


Instructional Sequence


Prepare the demonstration materials in advance, putting the 50 g of sugar into the 100 mL beaker. Have your students complete the Chemical Reactions Word Cycle before performing the demonstration. They should be familiar with the reaction types from earlier science courses so this activity is meant only as a refresher. 
Observe

Have your students gather around the fume hood where you will be performing the demonstration. 
· Tell your students to watch for any indications of a chemical reaction, ask them to identify some common indicators (colour change, release of heat, creation of a new substance, etc.). Let them know that you have sugar in the beaker and that it is made up of carbon, hydrogen and oxygen atoms. Pour the 20 mL of H2SO4 onto the sugar.
The sugar will go from yellow to brown to black, finally creating a large column of carbon two or three times the height of the beaker. Steam will also be produced and if you squirt a drop of water from the wash bottle onto the outside of the beaker the drop will steam showing how hot the beaker is. 
Predict

· Remind the students about the composition of sugar and ask them to predict what the steam is made of. Why do they think that? Explain to your students that you are going to test for water using a paper indicator. Place the paper in the steam

The cobalt chloride paper will turn from blue to pink if placed in the steam, indicating the presence of water. 

· Ask them what water molecules are made up of then ask them what they think the column is. Refer them to the Chemical Reactions Word Cycle and have them try to identify the reaction type.
Explain

The sulfuric acid weakens the bonds in the sugar molecule and eventually pulls the H and O’s out causing the molecule to break apart leaving only the C atoms. The heat produced by the reaction vapourizes the water and the steam gets trapped within the column giving it its height. If you tap the column the steam will be released
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Predict

Show the students the 3 g of blue Copper (II) Sulfate Hydrate and write the name and chemical formula CuSO4(5H2O on the board for reference along with a particulate drawing. 
· Ask your students to predict what will happen when you pour the 2 mL of H2SO4 onto the CuSO4(5H2O. What do they expect to see? Why? What do they suspect the products will be?

Observe

When the sulfuric acid is poured onto the Copper (II) Sulfate Hydrate it dries, or dehydrates, the compound and the colour changes from blue to white after about 3 minutes. 

Explain Observe
Again, the sulfuric acid removes the water from the compound and the heat produced creates the steam. Draw your students’ attention to the number of water molecules on both sides of the equation, showing how they balance. Then show them how the number of Cu, O, and S atoms are also equal. 
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· Ask them to identify the reaction type, they should say it is decomposition, and for the purposes of this demonstration it is. 
Predict/Observe/Explain

· Do they think you can get the original blue substance back? How? They might mention that you could add water to the white CuSO4. How many molecules of water would you need to add to each molecule of CuSO4? They should come up with the answer 5. 
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Pour water onto the CuSO4. The Copper (II) Sulfate is hydrated and returns to its original blue colour. Have your students complete the particulate drawing (question 1) on the Carbon Tower question sheet.  Ask them to share their answer about the reaction type. They should say it was a synthesis reaction.
Extension
From here a correlation can be drawn between the balancing of CuSO4 to H2O molecules in the synthesis reaction to the ionic charge balancing required to predict the products in other synthesis, single and double displacement reactions. 
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1. Draw the reaction between water, H2O, and copper (II) sulfate, CuSO4, when copper (II) sulfate went from white back to blue and became copper (II) sulfate hydrate, CuSO4(5H2O.  How many of each molecule is needed? 

	____ H2O
	+
	____ CuSO4
	(
	___ CuSO4(5H2O

	
	+
	
	(
	


This is an example of a _______________________ reaction. Briefly explain what happens in this type of reaction: 
2. Below is a single sugar molecule shown 3-dimensionally and 2-dimensionally. Write its chemical formula in the space provided:

Sucrose (table sugar): C___ H___ O___
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When we add sulphuric acid, H2SO4, the sugar breaks down into carbon and water. How many atoms of carbon are produced and how many water molecules are produced for every molecule of sugar? Make sure you have the same number (count them!) of C, H, and O on both sides of the equation:

	
	REACTANT
	(
	PRODUCTS

	Word Equation
	Sucrose

(table sugar)
	(
	Carbon
	+
	Water

	Chemical Equation
	C___ H___ O___
	(
	
	+
	

	Picture Drawing

make sure every 

C, H, and O of the sugar molecule is accounted for in the products
	Provided above
	(
	
	+
	

	Balanced Chemical Equation
	1 C___ H___ O___
	(
	
	+
	


This is an example of a _______________________ reaction. Briefly explain what happens in this type of reaction: 
3. Explain using your own words what happens in each of the following reaction types:

a. Single Displacement Reaction

b. Double Displacement Reaction

c. Combustion Reaction
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