Name: __________________


LAB: Limiting Reagents
Background

When you are making a ham and cheese sandwich, you need two slices of bread and one piece of ham and cheese. How many complete sandwiches could you make if you had eight slices of ham, seven slices of cheese and eighteen slices of bread?  Obviously, there is not enough cheese to make use of all of the ham available. There is some cheese to make some sandwiches but not enough cheese to use up all of the ham. If there was more cheese, you would get more sandwiches. Since you would run out of cheese for the sandwiches, the cheese becomes your limiting reagent and the ham and bread becomes your excess reagents. 

Two slices of bread + 1 piece of cheese + 1 piece of ham = 1 ham and cheese sandwich
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Similarly, in many reactions, one reactant becomes entirely consumed and the other reactant is left over. The reactant that becomes consumed is called the limiting reagent. When the limiting reagent is all consumed, no more product can be formed (reaction complete). The reactant limits the amount of product that can be formed
In this experiment, you will predict and observe a limiting reactant during the copper (II) chloride oxidation. 

Purpose
Write an appropriate purpose for this experiment. 

Pre-Lab Questions

1) Use another analogy to explain the meaning of a limiting and excess reagent. 

2) For the aluminum and copper chloride reaction, write out the balanced equation and the colour and state of each reactant and product. Thus, what changes should be occurring to tell you this reaction is occurring?
3) Describe in terms of atoms and ions what changes are occurring in this reaction at the molecular level.

4) Consider cellular respiration, one of the most common chemical reactions on earth.
C6H12O6+6O2→6CO2+6H2O+energy
What mass of carbon dioxide forms in the reaction of 25 grams of glucose with 40 grams of oxygen?

Materials

· 250 ml beaker

· Stirring rod

· Balance and weighing dish

· Copper (II) chloride

· Aluminum foil

· Distilled water

· 50 ml graduated cylinder

· Filter paper

· Rubber policeman

· Oven

Safety

· Place the beakers flat on a surface as the reaction proceeds because it may become hot.

· Dispose of the substances in a waste container as directed by your teacher

Procedure
1. Using a balance, weigh an empty 250mL beaker.

2. Place some CuCl2 into the beaker and record the mass.  Add about 20 mL of distilled water and stir until dissolved.  Record the properties.
3. Obtain and mass a piece of aluminum foil.  Record the properties of the aluminum foil. 
4. By looking at the amount of reactants, what do you think the excess reactant is? What do you think the limiting reagent is? (fill out predictions in data table)
Excess Reactant: ___________________
Limiting Reagent: ____________________

5. Add the aluminum foil to the copper (II) chloride solution.  Record the colour of substances and any other observations (smell, bubbling, heat formation, etc.) that are visible at the beginning of the reaction in the data table. 

6. Stir the substances in the beakers occasionally with the rubber policeman.  

7. Record any colour changes or any other observations as the reaction proceeds in the data table. 

8. Wait 10-15 minutes.  Record the colour of all substances and any other observations at the end of the reaction in the data table. 
9. When the reaction is complete, gently shake the copper crystals from the aluminum foil. Using a wash bottle, rinse the foil into beaker to ensure you have all of the copper pieces. 

10. Mass the remaining aluminum foil.

11. Set up a filtration apparatus using filter paper.  Mass and put your name on (in pencil) a filter paper circle.

12. Filter your mixture through the filter paper. Rinse the beaker well with distilled water, to be sure that all of the copper ends up on the filter paper.  Allow the paper to drip dry for a few minutes. 

13. Place the filter paper in the oven to dry.

14. When dry, find the mass of the copper and filter paper

Data

Record information below. Ensure to make note of any differences in the reactions.

	Data Table 1: Mass of reactants & products

	Mass of empty beaker

	

	Mass of beaker + 
Copper (II) Chloride
	

	Mass of 
Copper (II) Chloride
	

	Mass of Aluminum (before)

	

	Mass of Aluminum (after)

	

	Mass of filter paper

	

	Mass of filter paper + copper

	

	Mass of copper

	


	Data Table 2: Observations

	
	Observations (Colour, Bubbles, Heat, Smell, etc.)

	Copper (II) Chloride Solution

	

	Aluminum Foil


	

	Beginning of reaction
	

	During the reaction
	

	End of reaction
	


Conclusion & Analysis

All questions should include necessary formulas, work shown, and be reported to the correct number of significant figures.  Each question should include a sentence answer. 
1.
Determine the number of moles of aluminum that was present at the beginning of the experiment.

2.
Determine the number of moles of copper (II) chloride that was present at the beginning of the experiment.
3. 
Using your balanced equation, what was the limiting reagent in this experiment? 
4. 
Which reactant was in excess, and by how many grams? 
5.
Determine the number of moles of copper obtained.

6. 
Determine the mass of copper obtained.

7.
Calculate the theoretical mass of copper that should have been produced from your copper (II) chloride.  This is the theoretical yield of the experiment.  (mass of copper in copper (II) chloride, using percent composition, should be the same as the mass copper recovered).

8.
Calculate the percentage yield of the experiment.  This is the ratio of the actual yield to the theoretical yield expressed as a percentage. (actual/theoretical x 100%)

9.
Which of the following are conserved in a chemical reaction?  mass?  atoms?  moles?

12.
Are these three conserved in every reaction?

13.
Using the balanced chemical equation, how many moles of copper should be produced from 2.5 moles of aluminum?

14.
How many moles of copper should be produced from 2.5 g of aluminum?

15.
How many grams of aluminum would be needed to react with 3.400 g of copper (II) chloride?
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