Gateway 125, 126, 130
Fall 2006
Studio 8b p1
Gateway 125,126, 130
Fall 2005
Week 5, Section  p6

Studio 8b:  10/25/06  Precipitation

1) Case Study:  Chloride determination

2) Precipitation reactions

Group assignments:  A Technician;  B Leader; C Recorder/Reporter
Reading: 5.1  p 165-172.

Well Wishes:

1) Does the Muskov’s well water exceed the MCL for nitrate?

2) Is the nitrate in the Muskov’s water all coming from their septic system and background or is there a significant amount of nitrate in the aquifer?  How would you determine this?

3)  The chloride ion is used as a tracer to determine how much the water (and everything in it) from the drainfield and septic tank are diluted in the aquifer.  At which of these locations do you know the chloride ion concentration?

4)  For which location will you have to determine it?

5)  What assumption are you making in using chloride as a tracer?

You measured the concentrations of nitrate spectroscopically by reacting it with molecules that form highly colored products (three steps to a magenta colored molecule).  An unknown chloride ion concentration is not commonly determined spectroscopically, but rather by precipitation titration.  

A titration uses a chemical reaction between a molecule(or ion) of unknown concentration and a molecule (or ion) of known concentration.  The molecule of known concentration is added until all of the unknown is reacted.  The reaction is set up so that the point when all of the unknown has reacted is very obvious (ex:  a color change).  The unknown concentration can then be calculated from the volume of known concentration and the reaction stoichiometry.

To carry out the chloride precipitation titration, CrO4-2 is added as an end-point indicator.  A solution of known concentration of silver nitrate is then added via buret to the unknown chloride solution resulting in the precipitation of silver chloride as shown:

Ag+(aq)  +  Cl-(aq) ( AgCl(s)
Once the reaction end point is reached, any Ag+ ions that are added are in excess.  They combine with the chromate ions forming an orange-red precipitate as Ag2CrO4
 2 Ag+(aq)   +  CrO4-2(aq) ( Ag2CrO4(s)
Question:  How would you know which salts will precipitate and which are soluble?

2) Precipitation Reactions

Watch the demonstration of the reaction of silver nitrate with sodium chloride so you can see what a precipitation reaction (particularly the formation of AgCl) looks like:  

6) Write a balanced net chemical equation. 
Forming a Model:  The following salts are all soluble in water.  Will they form precipitates when mixed together?

7)  Design a way to logically and efficiently test them. (Try to limit your test to 3 drops at a time.)
NH4NO3
KNO3
Ca(NO3)2
Mg(NO3)2
Al(NO3)3
Fe(NO3)3
NaCl
NaOH

Na2CO3
Na2SO4
Na3PO4
Table 1:  Precipitation Data (nitrate salts in columns; sodium salts in rows)
	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


8)  What can be concluded about compounds containing ammonium ions?  Any exceptions?
9). What can be concluded about compounds containing potassium ions?  Any exceptions?

10) What can be concluded about compounds containing calcium and magnesium ions?

11) What can be concluded about compounds containing aluminum and iron ions?

12) What about the perchlorate ions?


13) What about hydroxides?


14) What about carbonates?


15) What about sulfates?


16) What about phosphates?


17) Separate the ions based on their general trend of being soluble or insoluble.
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18) What do the soluble ions have in common?

19) What do the insoluble ion have in common?

20) Based on these trends, what would be one rule of thumb for determining solubility?

21) What rule would seem to be more important than the rest based on your observations?

22) Can there be exceptions to your trends?

NOTE:  you have discovered some general trends for precipitation reactions.  There are obvious exceptions to these trends such as the precipitation of silver chloride.  Table 5.1 on p 166 of your book has another list of solubility rules.  You will not be expected to know all of these (although you should be able to use the table and should be familiar with the general trends that you discovered today).  The two rules that you should commit to memory are:  1) All group 1A and ammonium salts are soluble; and 2) all nitrates are soluble.  Using these two rules, you can always find a salt that will be soluble in water and be able to provide a cation or anion of interest.

The dividing line between the classification of soluble and insoluble is 0.1-molar at 25 °C.   Any substance that can form at least a 0.1 M aqueous solution is considered soluble.  Any substance that fails to reach 0.1 M is defined to be insoluble. This value was picked with a purpose. VERY FEW substances have their maximum solubility near to 0.1 M. Almost every substance of any importance in chemistry is either much MORE soluble or much LESS soluble. 

Application:

A grandmother lived in a rural area of the country noted for its limestone deposits (limestone is CaCO3). She often commented about the "hard" water" that she got from her well as a result of the limestone (hard water contains Ca2+, Mg2+, and Fe2+.) She suffered from the swollen ankles and would often soak her feet in Epsom salts (Epsom salts contain MgSO4). One day her granddaughter came to visit and her. The grandmother asked the granddaughter to fix a solution of soaking salts so she could soak her swollen feet. The granddaughter was quick to help her grandmother out, but the granddaughter mistakenly poured NaCl in the pan of water assuming that was the "soaking salts" her grandmother requested. After 10 minutes the grandmother was ready for the soaking, but as soon as she saw the solution in the pan she knew her granddaughter had made a mistake. 

16)  Since Epsom salts and table salt are both soluble in water, how did the grandmother know?



Now that you have seen some precipitation reactions, read ahead and plan to determine the chloride concentration for the Aqueous case study.





















































































Outline your experimental procedure:








� Adapted from:  NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)





