6-Bottle Experiment1
Introduction:

In this experiment, the chemical properties of various substances are examined by mixing solutions of compounds and observing any chemical reaction that occurrs.  Recall that chemical properties are defined as characteristics of a substance related to how it changes chemical identity in the presence of other substances.  For example, Zn metal and Mg metal dissolve in HCl (aq) and evolve hydrogen gas, but Cu metal does not react with HCl (aq).

You will use these chemical properties to identify the six solutions that are in your unknown bottles.  You know the possibilities for the six bottles; you simply need to match the compound with the bottle you think it is in.  The six solutions that are in these six bottles are as follows:

1)  0.2 M  AgNO3 (aq)

2)  0.2 M HCl (aq)


3)  0.2 M Na2CO3 (aq)

4)  0.2 M Pb(NO3)2 (aq)

5)  0.2 M KI (aq)


6)  0.2 M NaCl (aq)

Since all of the reactions are double-displacement reactions (also called metathesis reactions), the possible products for each reaction can be predicted.  The resulting molecular equation can be used to determine the precipitate (using solubility rules) and then write the complete ionic equation and net ionic equation.  The net ionic equation describes what is "going on" when the two solutions are mixed.

Consider the molecular, complete ionic, and net ionic equations for the reaction of CaCl2 and AgNO3.  To predict the products for a double displacement reaction, the anion and cation for each of the substances must be identified.  For CaCl2, the cation is Ca2+ and the anion is Cl(.  For AgNO3, the cation is Ag+ and the anion is NO3(. 

One of the products is the result of the cation from the first substance combining with the anion from the second substance; the other product is the result of the cation from the second substance combining with the anion from the first substance.  The first product is Ca(NO3)2.  Remember that for ionic compounds, the charges must balance.  The second product is AgCl.  Be careful to write the correct chemical formula for each product.  Our chemical reaction now looks like this:

CaCl2  +  AgNO3  (  AgCl  +  Ca(NO3)2
The equation now needs to be balanced:

CaCl2  +  2 AgNO3  (  2 AgCl  +  Ca(NO3)2  

We look at the reactants and products to see which of the substances ionize in aqueous solution.  

The following ionic compounds form ions:  soluble salts, strong acids, and strong bases.  All other substances (like H2O, weak acids, weak bases, and insoluble salts) do NOT break up.

Both reactants and Ca(NO3)2 are soluble salts, but AgCl is an insoluble salt; therefore, every substance, except for AgCl, forms ions in water.

Our complete ionic equation is as follows:

Ca2+(aq)  +  2 Cl((aq)  +  2 Ag+(aq)  +  2 NO3- (aq)  (  Ca2+(aq)  +  2 NO3- (aq)  +  2 AgCl(s)

To determine the net ionic equation, cancel any ions that appear on BOTH sides of the chemical equation, in this case, the Ca2+ and NO3( ions cancel.  The net ionic equation is:

2 Cl- (aq)  +  2 Ag+(aq)  (    2 AgCl(s)

Notice that each substance in the equation has a “2” as a coefficient; it is customary to cancel common coefficients in chemical equations.  This results in the final equation:

Cl- (aq)  +  Ag+(aq)  (    AgCl(s)

Procedure:
Use the reaction grid to guide you.   Add three drops of two known reactants in a well plate cavity and record your observations on the grid.  React all possible combinations.  Dispose of your solutions into the waste beaker.  Rinse your reaction well plate with water.  

Now that you understand the reactions that occur, test the unknown reactants labeled A-F.  These are the same solutions tested previously.  Determine which bottle corresponds to which reactant.  Dispose of your solutions into the waste beaker.  Rinse your reaction well plate with water.     
1  Adapted from a 6-Bottle Experiment found at: ‪http://www.valdosta.edu/~ldelagarza/Experiment%208%20bottles,solubility.doc‪.‬
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Name________________________________________ 
Pre-Lab Assignment:

1.  Are the following ionic compounds soluble or insoluble in water?

a.  CaF2     





f.  Cu(NO2)2  

b.  NaMnO4  





g.  AlPO4
c.  Ag(C2H3O2)




h.  FeSO4     

d.  Co(NO3)2 





i.  Bi(NO3)3
e.  Hg2Cl2   





j.  PbI2
2.  When concentrated aqueous solutions of Ba(OH)2 and Li2SO4 are mixed, a precipitate forms.  Write balanced molecular, complete ionic, and net ionic equations for this chemical reaction.



Balanced Molecular:



Complete Ionic:



Net Ionic:

6-Bottle Report Sheet

Name ______________________________

Bottle A contains
_________________________


Bottle B contains
_________________________


Bottle C contains
_________________________


Bottle D contains
_________________________


Bottle E contains
_________________________


Bottle F contains
_________________________

Discussion Questions:

1.
A solution produced a cream colored precipitate when added to a solution of AgNO3 and a white precipitate when added to a solution of Pb(NO3)2.

The unknown solution contains:
   ____________________


2.
A solution is known to contain either NaCl or HCl.

What one solution could be added to distinguish between the two possibilities? 
___________________

What would be observed when this solution is added to a solution of NaCl?

What would be observed when this solution is added to a solution of HCl?

3.
Addition of Na2CO3 solution to an unknown produced no observable reaction.

What might be in the unknown solution?
____________________



Is there a single solution that could be added to the unknown above to 

identify it definitely?  If so, what is the solution that must be added?
____________________
4.   What solution could be used to distinguish between Pb(NO3)2 and AgNO3?  ___________________
What would be observed when this solution is added to Pb(NO3)2?

What would be observed when this solution is added to AgNO3 ?

5.
What two solutions could be used to identify definitely all six of the unknown solutions?

_________________________

_________________________

In answering this question, fill out the table below.  Under the heading “add solution 1", indicate what you would observe when the first solution you have chosen above is added to a solution of each compound at the left.  Under the heading “add solution 2", indicate what you would observe when the other solution you have chosen is added to a fresh solution of the compound at the left. 
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6-Bottle Unknown Grid

