AP & IB Chemistry (HL) Laboratory

Activity Series

Lab #23
Topics 9 & 19
Hours 2.0

Date: 2/04/09
Part One : Metals

Introduction

An activity series of metals is a list of metals arranged in order of decreasing chemical activity (i.e., from most to least reactive).  To experimentally determine which of two metals is more reactive, prepare two solutions.  First, place a piece of one metal in an aqueous solution of a compound of the other metal.  Next, place a piece of the other metal in an aqueous solution of a compound of the first metal.  The more reactive metal will replace the less reactive metal in its compound.  This is called a single replacement reaction.  For example, to see if lead or copper metal is more reactive, place some lead in a copper (II) nitrate solution and some copper in a lead (II) nitrate solution.  Only one reaction will take place.  In this case, the lead will react with the copper (II) nitrate.  Copper and lead (II) nitrate are formed.  This indicates that the lead is more reactive than the copper.  The reaction is written as follows:


Pb (s) + Cu(NO3)2 (aq) ( Cu (s) + Pb(NO3)2 (aq)

Alternatively, since the aqueous nitrate ions are spectator ions, you could omit them from the equation and use the net ionic equation:


Pb (s) + Cu2+ (aq) ( Cu (s) + Pb2+ (aq)

The purpose of this lab is to perform a series of single replacement reactions, write the equations for the reactions that take place, and empirically determine the activity series for the metals tested.

Saftey:

All of the nitrate solutions are moderately toxic if ingested and a body tissue irritants. High levels of lead can be especially dangerous and may also be carcinogenic. The magnesium ribbon is flammable.

Supplies Needed:
4 small pieces each of magnesium, copper, silver, lead and zinc

1 dropper bottle each of 0.1M solutions of copper (II) nitrate, magnesium nitrate, zinc nitrate, lead (II) 
nitrate and silver nitrate

2- 3x4 well plates
safety aprons and glasses

Procedure:

1) Set the well plate on a piece of paper. Label the rows and columns of the well plate according to the 5X5 diagram shown below. 



   Cu2+  Ag+    Zn2+   Mg2+   Pb2+
	Cu
	X
	(6)
	(11)
	(16)
	(21)

	Ag
	(2)
	X
	(12)


	(17)
	(22)

	Zn
	(3)
	(8)
	X
	(18)
	(23)

	Mg
	(4)
	(9)
	(14)
	X
	(24)

	Pb
	(5)
	(10)
	(15)
	(20)
	X


2) 
Place about 10 drops of Cu(NO3)2 in wells 2, 3, 4 & 5 of Column 1

Place about 10 drops of AgNO3 in wells 6, 8, 9 & 10 of Column 2

Place about 10 drops of Zn(NO3)2 in wells 11, 12, 14 & 15 of Column 3

Place about 10 drops of Mg(NO3)2 in wells 16, 17, 18 & 20 of Column 4

Place about 10 drops of Pb(NO3)2 in wells 21, 22, 23 & 24 of Column 5

3)
Place a small piece of copper metal in each of the wells of row 1.

Place a small piece of silver metal in each of the wells of row 2.

Place a small piece of zinc metal in each of the wells of row 3.

Place a small piece of magnesium metal in each of the wells of row 4.

Place a small piece of lead metal in each of the wells of row 5.

4) Use forceps to submerge the metal, taking care not to contaminate the solutions. Allow the plate to stand for about 5 minutes. 

5) Draw a large data table like the one above in your data book. (Table 1) Make it large enough (One whole page) to record your observations and write equations.
6) Determine if a reaction has occurred in the wells by looking for a chemical deposit on the metal or a precipitate on the bottom of the well or a color change of the solution. Record your data in your data table. Write “NR” if no reaction occurred. Describe any changes for the reactions that did occur and write the balanced reaction equation.
7) Before you clean up, double check that one-half of the reactions were spontaneous, and the corresponding reverse reactions of those reactions were non-spontaneous.

8) Clean up your station and wash your hands. Discard all solids in the specially marked disposal container. Do not allow them into the sink! Then scrub the well plates and return all supplies.
Part One Analysis:
1) In your data table, write the reaction for each reaction that did occur. (AP: Write net ionic equations.) Organize your reactions in a table according to the metal involved.

2) List the metals in order of decreasing reactivity. (List from most reactive to least reactive.) This is your “activity series.”

3) Compare your activity series to the one in the text (p. 151). Comment on any similarities and differences.

4) Write reduction half-reactions for each of the metal ions. Arrange these in order of ease of reduction. Look up the reduction potentials for each half-reaction in a Table of Standard Reduction Potentials, and record the values for each. Write a sentence comparing your data with that in the table. Do the lists correlate?

Part Two : Non-metals (Halogens)

Introduction

Fluorine is such a reactive element, that it is difficult to use in the laboratory. Astatine is extremely rare, so this experiment will use the other 3 halogens, Chlorine, Cl2, Bromine, Br2, and Iodine, I2.

Substances that easily gain electrons are good oxidizing agents. They have a strong tendency to be reduced. The halogens are non-polar gases, but they do have a low solubility in water. They have a higher solubility in non-polar solvents, such as mineral oil or hexanes. Each halogen has a characteristic color which it can impart to the non-polar solvent. The first test of these solutions is to identify the characteristic color of each halogen in the oil and to verify that neither the halogen nor the halide ion will color  water.

Once you know which color represents which halogen, you can mix each halogen (X2) with a halide ion (Y-). Then you add oil and shake. The halogen will be extracted into the oil layer, and the color (or lack of color) of the oil layer will let you know which halogen is present. If it is the halogen you added (X2) , then no reaction has taken place. If it is the color of  the other halogen (Y2), then a reaction did take place.
For example: Cl2 + 2 Br- ( Br2 + 2 Cl- If the oil is the color of Cl2, then no reaction occurred. If it is the color of Br2, then a reaction did occur.
The more reactive the halogen, the more likely it is will be reduced, and the more likely it will oxidize the halide ion.
Prelab questions:

1. What is meant by “like dissolves like”?

2. In the Qualitative Analysis of Anions experiment, a confirming test was done to distinguish between the halide ions. The halide ion was oxidized in an acidic solution of potassium permanganate and mixed with hexanes. What was the color of the hexanes layer for each halide ion?

3. Which substance is least dense, oil or  water? 
Which substance floats on which?

4. Draw the dot diagrams of the 3 halogens. Are they polar or non-polar? Support your answer.

5. Draw the dot diagrams of the 3 halide ions. Are they more soluble in polar or non-polar solvents? Support your answer.

Safety Precautions:

All of Part 2 must be performed in a fume hood. The chlorine, bromine and iodine solutions are all highly toxic by ingestion and inhalation and they have strong odors (swimming pools). All are irritating to the eyes, mucus membranes and skin. Mineral oil is combustible. Safety splash goggles and aprons are required. Keep the fume hood window as low as reasonably possible to promote ventilation. Wash hand with soap and water after cleaning up.
Supplies Needed:
Cl2 water, 3 mL
Br2 water, 3 ml.

I2water, 3 mL
Mineral oil, 12 mL
0.1 M NaCl (aq), 3 mL

0.1 M NaBr (aq), 3 mL

0.1 M KI (aq), 3 mL

7 Beral-type pipets

12 test tubes, 13x100 mm

12 cork stoppers

Test tube rack

Procedure:

1. To see what color develops when each halogen is dissolved in mineral oil, add 1 dropper-full of chlorine water, one dropper-full of bromine water, and one dropper-full of iodine water to 3 separate test tubes. Add a dropperful of mineral oil to each test tube, cork, and shake for 10 s. The oil will extract the nonpolar solutes out of the water layer as it rises to the top of the tube. Record the color of each halogen in the oil in a copy of Table 2 in your data book.
2. To see if the halide ion imparts a color to the oil layer, place one dropper-full of NaCl, one dropper-full of NaBr, and one dropper-full of KI into 3 separate test tubes. Add one dropper-full of mineral oil to each test tube, cap and shake. Allow the oil to form a layer, then observe the color (or lack thereof.) Record the data.
3. Set up 6 test tubes in the rack. Label them #1-#6. 

4. To test tube #1, add one dropperfull of NaBr, one dropperful of chlorine water and one dropper-full of mineral oil. Stopper, shake and allow to settle. Record the colors, if any.

5. To test tube #2, add one dropperful of KI, one dropper-full of chlorine water and one dropper-full of mineral oil. Stopper, shake and allow to settle. Record the colors, if any, in a copy of Table 3 in your data book.
6. To test tube #3, add one dropperful of NaCl, one dropperful of bromine water and one dropper-full of mineral oil. Stopper, shake and allow to settle. Record the colors, if any.

7. To test tube #4, add one dropperful of KI, one dropperful of bromine water and one dropper-full of mineral oil. Stopper, shake and allow to settle. Record the colors, if any.

8. To test tube #5, add one dropper-full of NaCl, one dropperful of iodine water and one dropperful of mineral oil. Stopper, shake and allow to settle. Record the colors, if any.

9. To test tube #6, add one dropper-full of NaBr, one dropperful of iodine water and one dropperful of mineral oil. Stopper, shake and allow to settle. Record the colors, if any.

10. Before you clean up, verify your results. Half of your combinations should have reacted, and the reverse reactions of those reactions were non-spontaneous.

11. Empty the test tubes in the specially marked disposal container for the halogens. Do not mix the halogen waste with the metal waste.
Data Table 2: Characteristic colors in Mineral Oil

	Reactant
	Cl2
	Br2
	I2 
	Cl-
	Br-
	I-

	Mineral Oil Color
	
	
	
	
	
	


Data Table 3: Halogen Reaction Data
	Reactants
	Cl2
	Br2
	I2

	Cl- 
	x
	
	

	Br-
	
	x
	

	I-
	
	
	x


Part 2 Data Analysis: Halogens
1. From the color or lack of color observed, determine whether a reaction occurred. Record this analysis in the data table. Write NR if no reaction occurred.
2. Write balanced equations for all 3 reactions that did occur. (AP write net ionic.) 

3. List the halogens in order of decreasing reactivity. Compare this list with an activity series of non-metals. Write a sentence which states whether your data agrees with the published data. Predict where fluorine would fall in this activity series, and support your prediction.
4. Write reduction half-reactions for each of the halogens. Arrange in order of decreasing ease of reduction. Look up the reduction potentials of each half-reaction in a Table of Standard Reduction Potentials. Write a statement that shows the pattern.
Conclusion


What conclusions can you draw from this experiment? 

Comment on any sources of error. Make suggestions for improvement.
Teacher Comments:

Reference: 2003 FlinnScientific, Inc.

