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For each group of 2 students:

· Micro-well plate (24 wells)

· Forceps

· 5 dropper bottles or 5 beakers and 5 labeled pipettes (These may be shared by 2 or 3 lab groups working at the same table)

· Small pieces (5-10 mm squares cut from sheets or strips) of copper, zinc, and magnesium (5 each)

· Approx. 2 mL of each 0.20 M solution: 

· copper (II) nitrate

· magnesium nitrate 

· silver nitrate

· zinc nitrate

· Approx. 2 mL of 3.0 M hydrochloric acid solution


Supplies to be made available to all students/class

Waste beakers for solids, acid, and silver solutions

· Preparation
· Make sure the pieces of copper, zinc, and magnesium are small enough to fit into the wells of the micro-well plate.
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To prepare 200 mL of each 0.50M solution, dissolve the amount of compound listed below in enough distilled water to make 200 mL of solution.      
· CuCl2……….....dissolve 13.45g

· AlCl2…………...dissolve 13.33g
· To prepare 200 mL of each 0.20M solution, dissolve the amount of compound listed below in enough distilled water to make 200 mL of solution.      
· Cu(NO3)2……….....dissolve 7.05g

· Mg(NO3)2………....dissolve 5.93g
· AgNO3……………….dissolve 6.79g

· Zn(NO3)2……………dissolve 7.58g
· To prepare 3M HCl, add 50ml of concentrated 12M HCL to 150mL of distilled water.
· Place the solutions in labeled dropper bottles (at least 3 bottles of each solution, distributed around the lab) or in labeled beakers.  If using beakers, then label dropper pipettes (one pipette per solution, per lab group) by wrapping masking tape or labeling tape around the neck of the pipette to make a flag, as shown at right.  Write the solution’s formula on the flag with permanent marker.  This is to prevent cross-contamination of solutions.  Dropper bottles reduce the risk of cross-contamination.
Before students arrive, prepare the demonstration for students to view.  Pour 50 mL of CuCl2 solution into a beaker and place a crumpled ball of aluminum foil in the solution.  The aluminum will quickly begin to react and copper metal will be visible on the foil.  Place 50 mL of AlCl3 solution into another beaker and place a piece of copper wire into the solution.  No reaction will occur.  Place these beakers on a table near the door where students will enter.  So that students can see how the reactants started, place beakers of the two solutions beside the reaction beakers, but leave the aluminum foil and copper wire beside the beakers.  Write on the board: 

CuCl2(aq)  +  Al(s)               Cu(s)   +    AlCl3(aq)

AlCl3(aq)     +  Cu(s)                No Reaction

“Why is there no change occurring in the beaker containing copper wire and aluminum chloride solution?”

Single Replacement Reaction

Laboratory Investigation

One important category of reactions is the single replacement reaction.  These reactions have an element and a compound as reactants.  After the reaction, the original element has become part of a new compound while one of the elements in the original compound is present in the elemental state.  The equation may look something like this:


  A (S)     +
     C3B (aq)                  A2B (aq)     +     C (S)

The reactivity of a substance depends on its ability to gain or lose electrons.  It is possible to arrange the elements into a series based upon their reactivity.  This is called an activity series.

While there are many types of replacement reactions, in this lab we will investigate two different types of reaction.  In one type, a more active metal replaces a less active metal from solution.  Consider the reaction between iron (Fe) and copper (II) sulfate (CuSO4)

                                      Fe (S)      +      CuSO4 (aq)                           FeSO4  (aq)       +     Cu (S)

In this reaction, the more active iron (Fe) replaces the less active copper (Cu) from solution.  The reaction is evident because the blue color of the copper (II) sulfate (CuSO4) solution slowly turns colorless and a deposit of copper can be seen to form on the strip of iron.


Fe (S)      +      HCl (aq)                                    FeCl2  (aq)          +       H2 (g)
A second type of replacement reaction involves the replacement of hydrogen from acid by a metal.  Consider the reaction between iron (Fe) and hydrochloric acid (HCl).   Bubbles of hydrogen gas can be seen rising to the surface and the piece iron (Fe) is consumed.  On the other hand, if the less active metal, copper (Cu), is placed into a hydrochloric acid (HCl) solution, no reaction will take place.

In this lab, you will try several combinations of elements with compounds to observe evidence of reaction.  You will then determine the activity series for the metals you use and write the balanced equation for the reactions that occur.

Since you will be working with acid and other solutions (notably silver nitrate, which can cause skin burns with a single drop), you must wear lab goggles and follow the lab safety guidelines very carefully.

Single Replacement Reaction

Laboratory Investigation Procedures

Name: _______________________________________________  Period: __________

Materials:

· Micro-well plate

· 5 Dropper pipets

· Five (5) pieces of:

· Copper (Cu)

· Magnesium (Mg)

· Zinc (Zn)
· Silver (Ag)
· 2 ml of the following solutions

· copper (II) nitrate (Cu(NO3)2)

· magnesium nitrate (Mg(NO3)2)

· zinc nitrate (Zn(NO3)2)

· silver nitrate (AgNO3)

Procedure:

· Place the micro-well plate on top of a white piece of paper and label each row and column as example provided above.
· Add about 10 drops, enough to fill the well half way, of each aqueous solution to the appropriate wells.  Be very careful not to mix up the pipettes, or the solutions will become contaminated and you won’t know what is or is not reacting!
· Place a small piece of each metal into the labeled wells.
· Observe and record any indication of a chemical reaction.  If no sign is noticeable immediately, wait 10 minutes and then reexamine the test tube.  Record any changes.
Clean up:  

· Use forceps to remove any remaining pieces of solid metal from the wells.  Place the solids in the beaker labeled “Waste solids.”

· Pour the all the solutions containing SILVER ions into the beaker labeled  “Waste AgNO3”

· Pour the all the solutions containing HCl into the beaker labeled “Waste acid”

· The remaining solutions may be rinsed down the drain with plenty of water.

Write up:

· Using your observations of which combinations produced reactions and which did not, construct an activity series that includes all of the metals (and hydrogen) that you used in lab today.  The most reactive metal should be at the top of the list.

· Write the chemical equation for each reaction, if no reaction was observed write no reaction for the product.  Be sure that you have written the correct formula for each of the compounds formed in the reactions.  Then balance the equation. 

· If zinc does react with a solution of Co(NO3)2, will a reaction occur when cobalt is mixed with a Zn(NO3)2 solution?  Explain your reasoning.

Name: _______________________________________________  Period: __________
On the table below indicate your observations.  If a chemical reaction is observed, write Reaction, if a chemical reaction is not observed, write No Reaction. 

 

                Single Replacement Data Table

      
	
	Cu
	Mg
	Zn

	Cu(NO3)2
	
	
	

	Mg(NO3)2
	
	
	

	Zn(NO3)2
	
	
	

	AgNO3
	
	
	

	HCl
	
	
	


  




Using the data collected; complete and balance each of the following equations.  If no reaction was observed, write no reaction.
1.   
___
Cu (S)
+
____ Cu(NO3)2 (aq)              
____________________________________

2.

___
Cu (S)     +  

____ 
Mg(NO3)2 (aq)        
____________________________________

3.
___ 
Cu (S)     +

____ 
Zn(NO3)2 (aq)         
____________________________________

4.

___ 
Cu (S)     +  
____
AgNO3 (aq)         
____________________________________

5. 

___ 
Cu (S)     +    
____ HCl (aq)         
____________________________________

6.

___ 
Mg (S)    +   
____ Cu(NO3)2 (aq)              
____________________________________

7.

___ 
Mg (S)    +  
____ 
Mg(NO3)2 (aq)        
____________________________________

8.

___ 
Mg (S)    +   
 ____ Zn(NO3)2 (aq)       
____________________________________

9.

___ 
Mg (S)    +   
 ____ AgNO3 (aq)         
____________________________________

10.

___ 
Mg (S)    +    
____ HCl (aq)        
____________________________________

11.

___ 
Zn (S)     +    
____ Cu(NO3)2 (aq)              
____________________________________

12.

___ 
Zn (S)     +  
____ Mg(NO3)2 (aq)        
____________________________________

13.

___ 
Zn (S)     +    
____ Zn(NO3)2 (aq)         
____________________________________

14.

___ 
Zn (S)     +   
____ AgNO3 (aq)         
____________________________________

15. 

___
 Zn (S)     +   ____ HCl (aq)         
____________________________________
Name: _______________________________________________  Period: __________
On the table below indicate your observations.  If a chemical reaction is observed, write Reaction, if a chemical reaction is not observed, write No Reaction. 

 

                Single Replacement Data Table

      
	
	Cu
	Mg
	Zn

	Cu(NO3)2
	No Reaction
	Reaction
	Reaction 

	Mg(NO3)2
	No Reaction
	No Reaction
	No Reaction

	Zn(NO3)2
	No Reaction
	Reaction
	No Reaction

	AgNO3
	Reaction
	Reaction
	Reaction

	HCl
	No Reaction
	Reaction
	Reaction


  




Using the data collected; complete and balance each of the following equations.  If no reaction was observed, write no reaction.
1.   
___
Cu (S)
+
____ Cu(NO3)2 (aq)              
No Reaction

2.

___
Cu (S)     +  
____ 
Mg(NO3)2 (aq)        
No Reaction
3.
___ 
Cu (S)     +
____ Zn(NO3)2 (aq)         
No Reaction 

4.

___ 
Cu (S)     +  
____
AgNO3 (aq)         
Cu(NO3)2(aq) + Ag(S)
5. 
___ 
Cu (S)     +    
____ HCl (aq)      
No Reaction
6.

___ 
Mg (S)    +   
____ Cu(NO3)2 (aq)              
Mg(NO3)2(aq)  + Cu(S)
7.

___ 
Mg (S)    +  
____ 
Mg(NO3)2 (aq)        
No Reaction
8.

___ 
Mg (S)    +   
 ____ Zn(NO3)2 (aq)       
Mg(NO3)2(aq)  +  Zn(S)
9.

___ 
Mg (S)    +    
____ AgNO3 (aq)         
Mg(NO3)2(aq)  +  Ag(S)
10.

___ 
Mg (S)    +    
____ HCl (aq)        
MgCl2(aq)  + H2(g)
11.

___ 
Zn (S)     +    
____ Cu(NO3)2 (aq)              
Zn(NO3)2(aq)  +  Cu(S)
12.

___ 
Zn (S)     +  
____ Mg(NO3)2 (aq)        
No Reaction

13.

___ 
Zn (S)     +    
____ Zn(NO3)2 (aq)         
No Reaction 

14.

___ 
Zn (S)     +  
 ____ AgNO3 (aq)         
Zn(NO3)2(aq) + Ag(S)
15.  
___
 Zn (S)     +   
____ HCl (aq)         
ZnCl2(aq)  + H2(g)[image: image1.png]
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for Cu, Mg, Zn, Ag, and H
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