
Moles and Chemical Equation Co-efficients
Thanks to Shane Van Veen

C11-3-13
Materials
· 100mL beakers

· large waste beakers

· graduated cylinders

· stirring rod

· watch glass or something to put massed material into, 
· CuSO4
· Fe filings

· weigh scales

· Bunsen burners

· ring stands

· distilled water

· scoopulas

· something to label beakers 
Pre-Laboratory Exercise
1. Write a balanced chemical equation for the reaction of iron filings with copper sulfate solution. Explain what this reaction means in terms of chemical reactions at the molecular level.  That is, what is actually happening at the molecular level in this reaction?
Students ideas.
2.   The reaction for this experiment is Fe(s) + CuSO4(aq) 

FeSO4(aq) + Cu(s). 
In this reaction we will be  reacting 2.24 g of Fe with 8.00 g of CuSO4 to form Cu. 

3. Using the above information, name 2 ways of finding a mole ratio for Fe and Cu.

a. Use the co-efficients.
b. Use the mass and figure out moles.
4. Rewrite the equation for the reaction between iron and copper sulfate. What is the mole   ratio between iron and copper sulfate in this reaction? At the molecular level what does this mole ratio mean?
5. If 2.24 g of Fe reacts completely in this reaction, what mass of Cu should be produced?

Mass of Cu: _2.55_  g

Laboratory Method

1.   Put on your safety goggles.
2. Place a label with your name on the beaker. Measure the mass of a 100 mL beaker and then measure 8.00 g of CuSO4 into the beaker.

a. Mass of beaker (and a label with your names):            g

3. Measure out 2.24 g of Fe filings onto a watch glass (Remember to take into account the mass of the watch glass or tare the balance).

4. Add 50.0 mL of distilled water to the CuSO4.

5. Gently heat the solution in the beaker, using a ring stand and Bunsen Burner, until all the CuSO4 is dissolved. Stir gently as the solution is being heated.

Observations: The water in the beaker turns quite blue. The CuSO4 slowly 
dissociates into ions
6. Describe what is happening at the molecular level when the water and CuSO4 is heated.

The water is not strong enough to pull apart all of the CuSO4. However, when heat

is added to the equation, the CuSO4 is so energetic from the extra energy that it

separates into ions, in the water. This forces a full dissociation of the CuSO4.
7. Remove the heat once the solid is in solution.

8. Add the Fe filings in small amounts to the hot CuSO4 while stirring continuously. What evidence is there of a chemical reaction occurring?
Observations: Be careful because the Fe reacts quite rapidly when all the iron is

added straight into the hot CuSO4. As the CuSO4 is added the solution changes

from blue to clear and then goes to a brownish colour. The iron solid appears to be more copperly in colour. There may be bubbles that occur when the Fe is added, and also frothing.
9. Allow the beaker and water to cool overnight. While it is cooling, clean up your work station and surrounding area.

10. Decant the liquid from the solid Cu into a separate waste container/beaker. Wash the liquid several times using distilled water and decant the waste off. 

11. Spread the solid out on the bottom of the beaker and allow it to dry over night.

12. Measure the mass of the dry Cu:

a. Mass of Beaker & Cu: 
g

b. Mass of Cu:

 ~2.55  g

13. Describe in terms of the chemical reaction occurring why the water changes colour? Draw a representation of the two stages, the water with CuSO4 and the water with the CuSO4 and Fe filings.

The water is blue because of the high concentration of Cu ions. As the copper ions
are reacting to form Cu solid, the Cu ions are decreasing and there is a colour 

change from blue to clear. The water starts turning again, towards brownish, 

when Fe ions start to be formed and the Fe ion concentration increases.
14. Describe what is going on in the reaction: Fe(s) + CuSO4(aq) 

FeSO4(aq) + Cu(s), using the particulate level.

There are 4 particles to mention, water, Fe, Cu ions, and SO4 and they are mixing
in the solution. The Fe becomes an ion as it interacts in the water and the Cu
steals the electrons to become a solid (stable). The SO4 is a spectator species. The Fe is then suspended by the water in the solution and can be run off with the SO4 ions and the Cu remains.
15. Calculate the number of moles of Fe reacting and moles ofCu actually produced using the mass determined above?

a. Moles of Fe reacting: 
b. Moles of Cu produced:

16. What is the mole ratio of Fe used to Cu produced?

a. Fe
              mole
Cu
   
  mole

17. Is this what might have been expected considering the balanced equation for this reaction? Are the two mole ratios the same? Should they be? If different, explain why?

The 2 ratios in step 2 are the same, a one to one ratio. The students should notice

that the mole ratio from the reaction is different and should say it is due to 

experimental error. Their reasons may differ, but they should mention something

about some processes and complete interaction of molecules
19.  In a laboratory experiment 4.00 g of iron completely reacts in a solution of copper sulfate. What mass of copper might be expected to be produced?

18. If only 80% of the copper was actually produced, what amount was produced?

19. Explain why 2.54 g of iron does not produce 2.54 g of copper in a reaction between iron and copper sulfate solution.

20. In stoichiometry explain why we convert mass to moles; then use the balanced equation to compare mole amounts; and then finally convert moles to mass? In other words, why do we need to be concerned with the molar ratio as expressed in the equation?
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