Stoichiometric Investigation Using Copper

Small Scale Version

Introduction:  

If someone asks you to give an example of a use for copper, many might come to mind.  These include the use in pennies, electrical wires, and even cookware.  Copper is a very useful substance, but why?


Copper is widely distributed throughout the earth’s crust.  It is commonly found in carbonates, sulfides, and as an uncombined metal.  Its characteristics include being a relatively soft metal, reddish in color, and similar in many ways to silver, another metal in Group 1B.  It is an excellent conductor of electricity and heat, second only to silver.  Like silver, it maintains its integrity through a series of chemical reactions and has the advantage of being relatively inexpensive.  


Throughout this investigation, you will perform a series of chemical reactions involving copper and copper compounds. Beginning with a known mass of copper, you will perform a series of reactions and will eventually recover the copper at the end.  You will analyze your quantitative data to see what percentage of the copper was recovered.

Purpose: 


The purpose of this experiment is to examine various compounds of copper through a series of chemical reactions and to determine the efficiency of the reactions.  

Equipment/Materials:  


goggles



18 X 150 mm test tube
ice


laboratory apron

250mL beaker


copper wire


latex gloves


watch glass


6.0 M HNO3




analytical balance

50mL graduated cylinder
6.0 M NaOH


pH paper 


hot plate


3.0 M H2SO4

stirring rod


test tube clamp


zinc granules


filter flask


Buchner funnel


filter paper

Safety:  

· Always wear goggles and an apron in the lab.  

· Dispose of all samples in the waste container. 

·  Both 6.0M nitric acid and 3.0M sulfuric acid are corrosive and should be handled with care.  

· The 6.0M sodium hydroxide is caustic.  

· If any of these chemicals spill on your skin, wash immediately with plenty of water and notify the instructor.  

· Part A must be performed in a hood.

Procedure:

A. This portion may be done at the end of a class period and allowed to stand overnight to complete the reaction.

1. Clean and mass approximately 0.20 g of copper wire and record it in the data table.  

2. Place the copper wire at the bottom of an 18 X 150 mm test tube.

3. In a fume hood, slowly add 3.0mL of 6.0M nitric acid, HNO3, to the test tube.  Make sure that all of the copper wire is covered in acid.  This reaction produces nitrogen dioxide, NO2.  Caution: Do not inhale NO2 fumes.  

4. Allow this mixture to stand overnight in the fume hood.  Record your observations.  

B.  This portion may be completed in a double lab period.  Perform step 6 in a fume hood if possible.

5. Put some ice and water into a 250mL beaker until the beaker is about half full.  Place the test tube in the ice bath to keep the reaction mixture cool.

6. Obtain 3 mL of 6.0 M sodium hydroxide, NaOH, in a graduated cylinder and test its pH with pH paper.  Slowly add the NaOH to the test tube and test the reaction mixture’s pH until it is basic.  Record your observations.

7. Add 5 mL of distilled water to the test tube.

8. Using a hot water bath, gently heat the mixture in the test tube.  Stir continuously while heating for approximately 5 minutes. Record your observations.

9. Remove the test tube from the hot water bath using a test tube clamp, and allow the solution to cool for 5 minutes.  Turn off the hot plate.

10. After cooling, decant the liquid from the test tube into the sink with the water running.  The liquid may also be removed using a beral pipet.  Do not remove any of the solid.

11. While stirring, add 5mL of distilled water to the precipitate in the test tube, let settle, and decant the liquid.  Repeat this process.  It is important that the precipitate remains in the test tube.

12. To the precipitate from step 11, slowly add 5mL of 3.0 M sulfuric acid, H2SO4, while stirring.  Record your observations.

13. Add approximately 1.0 g of zinc to the solution from step 12.  Gently swirl until all of the blue color disappears from the solution.  Do this for a minimum of 10 minutes.  Record your observations.

14. Since there will be excess zinc remaining in the test tube, add 3 mL of 3.0M sulfuric acid and swirl.  The bubbles indicate the evolution of hydrogen gas from the reaction mixture.  When the evolution of gas ceases, add an additional 2 mL of sulfuric acid.  When no further evidence of the evolution of gas is present, add 5 mL of water and decant the liquid.

15. Set up a filter flask with a Buchner funnel.  Weigh and record the mass of the filter paper to be used in the funnel.  Transfer the contents of the test tube to the funnel and filter.  Wash with two 10 mL portions of alcohol to dry the copper.

16. Let the copper sit overnight to ensure dryness.  Weigh and record the mass of copper obtained.  Calculate the percentage of copper recovered from the original sample.

17. Dispose of the recovered copper as directed by your teacher.  Clean up your work area and wash your hands before leaving the laboratory.

Name ______________________

Name ______________________

Period ______________________

Date _______________________
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Data Table

	Initial mass of copper
	g  

	Mass of filter paper
	g

	Mass of filter paper and copper
	g

	Mass of recovered copper
	g


	Reaction
	Observations

	Cu + HNO3


	

	Cu(NO3)2 + NaOH


	

	Cu(OH)2


	

	CuO + H2SO4


	

	CuSO4 + Zn


	

	Zn + H2SO4


	


Calculations:

1. Calculate the final mass of copper and record it in the data table.

2. Calculate the final number of moles of copper.

3. Calculate the initial number of moles of copper.

4.  Calculate the percentage of copper recovered.

Name ______________________

Period ______________________

Date _______________________
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Questions:

1. Write a balanced equation for each of the reactions in this experiment involving copper.

2. What type of chemical reaction, single replacement, double replacement, decomposition, or direct combination, occurred in each of the equations written in question 1?

3. Account for any differences in mass between the initial amount of Cu used and the amount of Cu reclaimed.  Would you expect this?  Why or why not?

4.  Recovery of metals from industrial processes, both from waste water and from sediments, is an important environmental issue.  How does an investigation like the one just performed relate to such activities?
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