Chemistry 11

Unit V

Problem Set 5.6 – Ion Concentrations after precipitation
In the following problems, two solutions are mixed together and a precipitate forms.  The problems tie together a number of ideas including concentrations of individual ions, dilutions, stoichiometry, and limiting reagents.  They are in some ways a connecting of the ideas discovered so far in unit 7.  

Example 5.6-1

When 250 mL of 0.25 M Na2SO4 are mixed with 475 mL of 0.35 M Ba(OH)2, a precipitate of BaSO4 is formed.  What are the concentrations of all of the ions after the precipitation is finished?

To begin with, lets look at what is reacting:



Na2SO4(aq) + Ba(OH)2(aq) ( 2NaOH(aq) + BaSO4(s)


molecular


2Na+(aq) + SO42-(aq) + Ba2+(aq) + 2OH-(aq) ( 2Na+(aq) + 2OH-(aq) + BaSO4(s)

complete ionic




Ba2+(aq) + SO42-(aq) ( BaSO4(s)



net ionic

Since the spectator ions do not precipitate or change in any way, finding their concentration is just like problem set 7.4.  So, for Na+, for example:


Na2SO4(aq) ( 2Na+(aq) + SO4-(aq)


  0.25 M
        0.50 M     0.25 M  (from the 2:1 ratio of Na+ to Na2SO4, the [Na+]=0.50M)


new [Na+] = old [Na+] x (old volume/new volume)


new [Na+] = 0.50 M x (250 mL / 725 mL)  
the new volume is 250 mL + 475 mL = 725 mL


new [Na+] = 0.17 M

for OH-,


new [OH-] = old [OH-] x (old volume/new volume)


new [OH-] = 0.70 M x (475 mL / 725 mL)   (the old OH- concentration is 0.70 because of 2:1 ratio of OH- to Ba(OH)2.)



new [OH-] = 0.46 M

For the precipitating ions, however, we must look at the net ionic equation and see how many moles of each ion we have to see which ion is in excess:



moles Ba2+ = concentration Ba2+ x (volume)


moles Ba2+ = 0.35 M Ba2+ x 0.475 L            [Ba2+] = 0.35 because of 1:1 ratio of Ba2+ to Ba(OH)2 and we have 475 mLs of it.




     = 0.17 moles Ba2+

moles SO42- = 0.25 M SO42- x 0.250 L



      = 0.0625 moles SO42-


Ba2+(aq)       + 
SO42-(aq)      ( 
BaSO4(s)


0.17 mol
  
0.063 mol

clearly, the SO42- will limit how much BaSO4 can be made.  It will all react:
0.063 mol
0.063 mol

leaving:



0.107 mol
0.00 mol

So, the final concentration of SO42- must be 0.00 M because it all precipitates.  Since none is dissolved, there are not any moles in solution and the concentration is zero.

For Ba2+, which was in excess, its final concentration should be the number of moles of Ba2+ divided by the total volume of solution:



0.107 moles Ba2+  =   0.15 M



0.725 L

In summary:
[Na+] = 0.17 M, 
[OH-] = 0.46 M, 
[SO42-] = 0.00 M,    [Ba2+] = 0.15 M




5.39	Find the concentrations of all of the ions when the following solutions are mixed.


	a) 400 mL of 0.45 M potassium chloride is mixed with 200 mL of 0.75 M silver nitrate.


	b) 25 mL of 0.15 M calcium nitrate is mixed with 15 mL of 0.76 M sodium sulphate.


	c) 1.30 L of 0.75 M sodium iodide is mixed with 0.750 L of 2.40 M lead nitrate?


	d) 1.65 L of 1.0 M aluminum chloride is mixed with 1.00 L of 0.750 M  sodium chromate, Na2CrO4. (Al2(CrO4)3 precipitates)


	e) what mass of calcium phosphate is formed when 200.0 mL of 0.632 M calcium nitrate is mixed with 300.0 mL of 0.367 M lithium phosphate?








