Double Replacement Reactions (Precipitation Reactions)

Standards Addressed

8.3.11  Explain that no matter how substances within a closed system interact with one another, or how they combine or break apart, the total mass of the system remains the same.  Understand that the atomic theory explains the conservation of matter: if the number of atoms stays the same no matter how they are rearranged, then their total mass stays the same.

8.2.6  Write clear step-by-step instructions (procedural summaries) for conducting investigations, operating something or following a procedure.

Objectives

SSBAT

· Recognize when a chemical reaction has taken place (as opposed to a physical change)

· Observe and recognize when a precipitate has formed

· Recognize a double replacement reaction

· Write the equation for a chemical reaction

Required Materials

For 100 students 100 mL each of :        ( in plastic dropper bottles)

0.1M NaCl (twice as many bottles)
0.1MKNO3

0.1M AgNO3 (twice as many bottles)

0.1 M NaI
0.1 M Cu(NO3)2
3  M NaOH (twice as many bottles)

0.1 M Fe(NO3)3

distilled water

gloves

5 test tubes / pair of students

Lesson Introduction

Begin by cautioning students about safety.  Have the students wear gloves and goggles.  There should be no eating or drinking in lab.  Make sure no students aim test tubes at other students.  Caution students to keep chemicals away from face.  Clean up spills immediately.  The students should wash their hands after the experiment.  No horseplay is allowed.

On day 1:  (This is a 2-day exercise.) Explain to students that a chemical change has taken place when substances are used up and others are formed to take their place.  Substances have changed identity.  In a physical change like melting or boiling, substances don’t change their identity.  Their chemical formula doesn’t change.  In a chemical reaction no substance is lost, but the substance changes by rearrangement of atoms so that the total mass stays the same.

All the compounds in this exercise are inorganic and ionic, meaning that the substance can dissociate in water to form a cation and an anion (species with a  charge).  Table salt can be written NaCl.  In water it is actually Na+(aq) and Cl-(aq).  These ions can recombine with other substances to form a different salt- some soluble and some insoluble.  Insoluble substances that form in solution are called precipitates.  For example NaCl + AgNO3 can dissolve and recombine in water to form NaNO3 + AgCl.  NaNO3 is soluble and will remain dissolved in the water, but AgCl is mostly insoluble and will precipitate out- or form a white solid.  It might be useful also to show the students the list of polyatomic anions on the worksheet so that they can see that NO3- remains in solution in a whole unit as does SO42- and OH-.  Also show the students the list of substances that form precipitates in water.  Explain that these substances have a limited solubility in water so that they fall (precipitate) out of the water as particles.  Work through several examples (several are suggested below) with explanations. Then allow students to do the worksheet.

On day 2 during this exercise students will try in lab five combinations of ionic solutions, decide whether or not a precipitate has formed and write the chemical equation for the reaction.  They will need to practice writing equations on Day 1.  Show students that the prototype double displacement reaction is AB + CD

AD + CB.  Show them examples and discuss:

Example 1:  

NaCl(aq) + AgNO3(aq) 
NaNO3(aq) + AgCl (s)

Or

Na+(aq) + Cl-(aq) + Ag+(aq) + NO3-(aq)

Na+(aq) + NO3-(aq) + AgCl (s)

Example 2:

K2SO4 + NaOH 
no precipitation reaction  (Note that double replacement doesn’t result in an insoluble salt.)

or

2K+(aq) + SO42-(aq) + Na+(aq) + OH-(aq)
2K+(aq) + SO42-(aq) + Na+(aq) + OH- (aq)

Example 3:

Al2(SO4)3 (aq)  +6 KOH (aq)

2 Al(OH)3 (s) + 2K+(aq) + SO42-(aq)

Example 4:

LiCl (aq) + AgNO3 (aq)

AgCl (s) + Li+(aq) +NO3-(aq)

Example 5:

Pb(NO3)2 (aq) + 2 NaI (aq)

PbI2(s) + Na+ (aq) + NO3- (aq)

Example 6:

CaCl2(aq) + Na2CO3
(aq)

CaCO3 (s) + 2 NaCl (aq)

Students should then be allowed to try out what they have learned from the discussion and examples on Worksheet I.  Provide students with the list of polyatomic ions and insoluble salts.  A list follows worksheet 2.

On Day 2:

Procedure

Review lab safety.  Students should mix 10 drops of each of the two solutions that are paired on the worksheet in a test tube.  They should mix well and record observations.  If a reaction occurred they should write a complete and balanced equation.  If no reaction occurred, they should record “no reaction.”  Discard the mixtures from the test tubes in a waste jar.  Students should not pour their solutions in the sink.  All of the waste may be later diluted by the teacher and discarded, except for AgCl and Cu(OH)2.  Consult local authorities for disposal of these two precipitates.

Closure

Explain again that these are called double replacement reactions.  They can be used to identify the presence of various ions in solution.  Often wastewater is studied this way.

Assessment

The worksheet may be graded along with the students’ observations.  An unknown solution containing the ions the students have used may be prepared.  The students may be asked to identify their unknown solution containing a metal by testing with the other solutions KNO3, AgNO3, H2SO4, K2CrO4 or NaOH.

Worksheet 1

Name______________________________







Class Period________________________

Complete the following equations.  Note that precipitates are insoluble and are followed by (s).  Species in solution are followed by (aq).  Note the list of insoluble salts.  These are precipitates.  Note the list of polyatomic ions.  These atoms always stay together as a unit.

1.  Ba(NO3)2 (aq) + K2SO4 (aq)

2.  AgNO3 (aq) + NaBr (aq) 

3.  FeCl3 (aq) + 3 KOH (aq) 

4.  Pb(NO3)2 (aq) + K2SO4 (aq)

5.  Cu(NO3)2 (aq)  + 2 NaOH

Polyatomic Ions 





NH4+ ammonium

OH-  hydroxide

NO3- nitrate

CO32- carbonate

SO42- sulfate

PO43- phosphate

Worksheet 2







Name______________________________







Class Period________________________

Add 10 drops of each reagent in the equation to a test tube.  Mix well.  Record your observations.

Reactions:

1.  _____NaCl(aq)  + _____ KNO3(aq) 



Observations:

2. _____NaCl(aq) + _____AgNO3 (aq)

Observations:

3. _____AgNO3(aq)  +  _____NaI (aq)

Observations:

4.  _____Cu(NO3)2 + ______NaOH

Observations:

5.  _____Fe(NO3)3 (aq)  + _____NaOH(aq)  

Observations:  

List of Insoluble Salts

AgCl  

silver chloride (white)

Ag2CrO4
silver chromate (red)

AgIO3 

silver iodate (white)

AgI

silver iodide (yellow)

BaSO4

barium sulfate (white)

Cu(OH)2
copper(II) hydroxide (blue)

Fe(OH)3
iron(III) hydroxide (red)

PbCrO4
lead(II) chromate (yellow)

PbI2

lead(II) iodide (yellow)

PbSO4

lead (II) sulfate (white)

Polyatomic Ions 





NH4+ ammonium

OH-  hydroxide

NO3- nitrate

CO32- carbonate

SO42- sulfate

PO43- phosphate

Answers to Worksheet 1

1.  Ba(NO3)2 (aq) + K2SO4 (aq) 

BaSO4 (s) + 2 K+ (aq) + 2 NO3- (aq)

2.  AgNO3 (aq) + NaBr (aq) 

AgBr (s) + Na+ (aq) + NO3- (aq)

3. FeCl3 (aq) + 3 KOH (aq)

Fe(OH)3 (s) + 3 K+ (aq) + 3 Cl- (aq)

4.  Pb (NO3)2 (aq) + K2SO4 (aq) 

PbSO4 (s) + 2 K+ (aq) + 2 NO3-(aq)

5.  Cu(NO3)2 (aq) + 2 NaOH 
Cu(OH)2 (s) + 2 Na+ (aq) + 2 NO3- (aq)

 Answers to Worksheet 2

1.  1 NaCl(aq)  + 1 KNO3(aq) 

No reaction

Observations:

No reaction

2.  1 NaCl(aq) + 1 AgNO3 (aq)

AgCl (s) + Na+ (aq) + NO3- (aq)

Observations:

White precipitate

3.  1 AgNO3(aq)  +  1 NaI (aq)

AgI (s) + Na+ (aq) + NO3- (aq)

Observations:

Yellow precipitate

4. 1  Cu(NO3)2 + 2 NaOH

Cu (OH)2 (s) + 2 Na+ (aq) + 2 NO3- (aq)

Observations:

Blue precipitate

5.  1 Fe(NO3)3 (aq)  + 3 NaOH(aq)  

Fe (OH)3 + 3 Na+ (aq) + 3 NO3- (aq)

Observations:  

Red precipitate

This lesson was inspired by Laboratory Experiments for General, Organic, and Biochemistry, 4th edition, by Frederick A. Bettleheim and Joseph M. Langesberg, Harcourt College Publishers, Fort Worth, 2001, pp. 73-79.
