A SEQUENCE OF CHEMICAL REACTIONS WITH COPPER

Introduction

You are about to enter the exciting world of copper chemistry. A small quantity of copper will be carried through the following transformations:

       Cu  →  Cu(NO3)2  →  Cu(OH)2  →  CuO  →  CuCl2  →  Cu3(PO4)2  →  CuSO4  →  Cu

Not only will this lab teach you much about chemistry, it also gives you practice in many of the laboratory skills we have learned during the course of the year. Most of the labs we have done this year have been completed in one or two lab periods. In the real world, a chemist may work on a problem for months or years. This lab will take 4-5 class periods. Choosing the wrong place to stop will extend the time to six class periods, so watch the directions for suggested stopping places.

Preserving a solution

It will be necessary to preserve a solution from one period to the next. To do this, cover the beaker of solution with a piece of filter paper held in place with a watch glass. Be sure to label your beaker with your name. Fine Print: The management is not responsible for lost or stolen beakers. 

How to succeed

The accomplishment of a satisfactory result in this experiment is dependent to a great extent on a well-ordered laboratory technique (for as Teddy Roosevelt once said: “nine-tenths of wisdom is being wise in time.”)  
Are you ready! (or as Buckwheat once said “ready..otay”) (which, by the way, is the way most cheerleader routines start…but that’s another subject).
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A. Preparation of copper nitrate by oxidation with nitric acid

1) Weigh out, to the maximum accuracy of the balance 0.20-0.25 g of copper. Record the mass of copper on the report sheet.

2) Place the copper in the bottom (where else? duh!) of a clean 150 mL or 250 mL beaker. Remember 75% of lab error is the result of dirty glassware. Fine print: I don’t know if this is true because 63 % of all statistics are just made up.

3) This step must be done IN THE HOOD. Concentrated nitric acid is extremely corrosive so take special care not to get it on you! Add about 75-85 drops of concentrated nitric acid to the copper. You should see the formation of an odiferous, poisonous, brown gas called nitrogen dioxide (nitrogen dioxide can be seen in the smog of major cities such as Los Angeles, which explains the strange behavior of Californians).
4) If the reaction appears to have stopped but there is still copper present, add a few more drops of the acid, but don’t get carried away. When all of the copper is used up, add 10 mL of distilled water and save for part B.
Reaction A: On the report sheet write your observations and balanced equation for the reaction in part A. Hints: What two things did you react together (your instructor has little knowledge of the formula for nitric acid…where else could you find the formula)? In addition to the copper compound and the gas given off, another product is water.  
B. Preparation of copper (II) hydroxide from copper (II) nitrate

1) To the blue copper (II) nitrate solution from part A, add 25 mL of 2M NaOH. CAUTION: NaOH is extremely caustic and will burn your skin and eyes! (The “M” on the chemical bottles is a unit of concentration. In other words a 6M solution of NaOH contains 6 moles of NaOH per liter of solution). A blue precipitate of copper (II) hydroxide should form. If the precipitate forms but then fades away add more 6M NaOH, 1 mL at a time, until the precipitate stays. 

2) Dip the end of your stirring rod into the liquid and touch it to red litmus paper. If the paper turns blue (indicating a basic or alkaline solution) then go to the next step. If the red litmus paper does not change, add more 6M NaOH, a drop at a time, until the litmus paper turns blue.

Reaction B: Write your observations and balanced reaction on the report sheet. Hint: This is a double replacement reaction.

C. Preparation of copper(II) oxide from copper (II) hydroxide

1) Add enough distilled water to the beaker containing the copper hydroxide to give a volume of about 100 mL (this step should be done in a 250 mL or 400 mL beaker). Heat gently (which does not mean cook the snot out of it!) until the solution turns black. Stir frequently.  The blue copper (II) hydroxide will decompose into black copper (II) oxide.

2) Before starting this step read “Filtering Hints” below. Carefully pour the CuO solution into the filter paper being careful not to go over the edges of the filter paper. The last trace of CuO should be flushed from the beaker into the filter with a stream of distilled water from a wash bottle (using a wash bottle as a squirt gun will get you a big, fat DT). Keep the filter paper with the CuO and discard the colorless filtrate.

Reaction C: Write the observations and the balanced equation for this reaction. Hint: this is a decomposition reaction.

Filtering Hints: Your instructor will show you how to fold your filter paper. A small amount of water will hold the filter paper in the funnel. Filtering can take a long time. In fact most of the time in this experiment will be taken up with filtering. The only way to speed up filtering is to have a squeaky clean funnel (a clean funnel is a happy funnel). Pouring a small amount of 6M HCl through the funnel to clean the stem may be helpful (be sure to rinse with distilled water after doing this). Do not poke your stirring rod into the wet filter paper. This will only tear the paper and then you will have to start over (not to mention that people will laugh at you).

While you are waiting for the solution to filter consider this brainteaser:

Two boys were born from the same mother on the same day, same year, at about the same time. They look alike and act very much alike but they are not twins, nor are they adopted. Explain. (if you think you have the answer see your instructor).

D. Preparation of Copper (II) chloride from copper (II) oxide

1) Dissolve the CuO with 6M HCl by adding 10 mL of the acid directly to the filter paper containing the CuO precipitate. Allow the green copper chloride to run into a clean beaker. If all the CuO does not react the first time, the liquid that is collected should be poured back through the filter paper. This should be repeated until all of the CuO is reacted.

2) When the CuO is completely dissolved, the filter paper should be washed with distilled water and the washings allowed to run into the beaker containing the green solution of copper chloride.

Reaction D: Write the observations and the balanced equation for this reaction on the report sheet.

E. Preparation of copper (II) phosphate from copper (II) chloride

1) Add 15 mL of 1M Na3PO4 to the copper chloride solution. If nothing happens you messed up your experiment and you have to start over (ha…ha…this is just a joke). Of course nothing will happen because the solution has too much acid to allow the reaction to take place.

2) In order to neutralize the acid, add about 20 mL of the 2M NaOH to the solution. A precipitate of copper phosphate should form. If the precipitate does not form or does not stay, continue to add 2M NaOH in 1 mL portions until the precipitate forms and stays.

3) Allow the precipitate to settle for about 4 ½ minutes. Add a small amount (1-2 mL) of NaOH to the clear liquid at the top. If more precipitate forms in the clear portion add an additional 2-4 mL of NaOH.

4) Note: CRITCAL STEP. Gently warm (baby bottle warm) the solution of copper phosphate stirring frequently. Do not allow the solution to get hot, otherwise the solution will turn back to CuO and you will be back to step C (although I find this extremely funny you may not be as amused).

5) Hint: Do not start this step if there are less than 15 minutes left in the period. Filter the precipitate. Save the precipitate and discard the filtrate. The last bits of precipitate should be flushed from the beaker with a stream of water from your wash bottle. Wash the precipitate several times with distilled water.

Reaction E. Write the observations and the balanced equation for reaction E on your report sheet. Hint: The NaOH is not part of this reaction because it is only used to neutralize the acid.

F. Preparation of copper (II) sulfate from copper (II) phosphate

1) Add 12 mL of 2M H2SO4 to the precipitate of copper phosphate on the filter paper. Collect the blue filtrate in a clean beaker. If all of the precipitate does not dissolve, the liquid that is collected should be poured back through the filter paper. Wash the filter paper twice with distilled water and allow the washing to run into the solution of copper sulfate.

 If at all possible go on to step 1 of part G since that step must sit over night.

Reaction F: Write the observations and balanced equation for reaction F on your report sheet.

G: Preparation of copper from copper (II) sulfate

1) To the solution of copper sulfate add two pieces of zinc. Allow to stand with occasional stirring (this may be a good time to tell your instructor how wonderful he is). This step is best left over night since it will take 30 minutes or more to complete the reaction. When the solution is colorless this is an indication that the reaction is complete. You should see copper forming on the zinc (if you thought this was rust you are a bad chemist…because rust is iron oxide and there is no iron in there so it can’t be rust…get it!).

2) It is possible there is some excess zinc left in the solution that must be removed. Add about 3-5 mL of 2M H2SO4. If you see hydrogen bubbles forming there is excess zinc in the solution. Large pieces of zinc can be fished out with a microspatula. The rest will be dissolved by the H2SO4. Gently warming the solution will speed up the reaction. You will know the zinc is gone when the copper in uniformly colored and no more hydrogen escapes.

3) (Hint: Start boiling water in a 250 mL beaker half full of water for step 4). Carefully pour off the liquid and leave the solid copper behind. Liquid should not be drained off completely to avoid the loss of copper. Wash the copper in the beaker three times with distilled water pouring of the water each time.

4) Flush the copper from the beaker to a clean evaporating dish. Try to get as much of the copper as possible. Pour off excess water from the evaporating dish. Heat the copper to dryness by placing the evaporating dish over a 250 mL beaker of boiling water. The heat of the escaping steam will cause the water in the evaporating dish to evaporate (which, strange as it may seem, is the function of the evaporating dish).

5) After the copper is dry mass the evaporating dish and copper. Be sure the bottom of the evaporating dish is wiped dry. Obtain a test tube or vial from your awesome instructor. Place the copper into the test tube and tape the test tube to the report sheet. Mass the empty, dry evaporating dish and subtract to find the mass of just the copper.

Reaction G: Write your observations and balance equation on your report sheet. Hint: This is a single replacement reaction.

Congratulations!

You are now done
THE COPPER LAB ROCKS!



Goggles and Aprons must be worn at all times in this experiment! (unless you want to take the chance that a freak accident will make you look like elephant man.)


											











