Reactions in Solutions

1.  Precipitation Reaction:

Demo:  Mix 0.2 M Pb(NO3)2 + 0.2 M KI.   What ions are involved in this mixture?

The ions in solution are free to move around.  If a reaction occurred, what ion combinations would be possible?

The Chemical reaction:

The above reaction is a Double replacement reaction.  The way the equation is written is called CHEMICAL EQUATION.  

On the product side of the equation we have a yellow solid, PbI2 (we'll figure out how to determine which is the precipitate later) and a solution of KNO3. Rewriting the equation to show what we really have in solution:

This is called an OVERALL IONIC EQUATION and is not used that often because of a number of reasons - not the least of which is that it takes up too much space !!

If we look carefully at the overall ionic equation, we see that there are 2NO3-(aq) ions and 2K+(aq) ions on either side of the equation. If we cancel them out, we get

This is called a NET IONIC EQUATION for the reaction shown above. It shows exactly what is happening in the solution. The NO3-(aq) ions and the K+(aq) ions are actually doing nothing in the reaction. They can be thought of as just watching the lead ions and the iodide ions get together. For this reason, they are referred to as SPECTATOR IONS. Spectator ions are never included in net ionic equations.

Another example :  


CuSO4 +  
NaOH --->  

- assume that the precipitate is Cu(OH)2
overall ionic equation:

net ionic equation:

Example : if we knew we got a precipitate of Ca3(PO4)2 in a reaction, the net ionic equation would be:

Examples:  Write the a) chemical equation, b) overall ionic equation, and c) net ionic equation when the following chemicals are mixed together:

a)  NaOH +  Fe(NO3)3 (solid formed is Fe(OH)3)

b)  CaCl2 +  Na2CO3   (solid formed is CaCO3)

c)  AgNO3 + CaCl2   (solid formed is AgCl)

d)  Na2SO4 + Ba(NO3)    (solid formed is BaSO4)

Formation of precipitates

· We saw in the lab last class, that some compounds are soluble in water and some are not. 

· We will use the qualitative definition here that SOLUBLE means that we can make at least a 0.1 M solution of the compound at 25oC without producing as solid. How can we predict if a precipitate will form ? 

· The answer is not easy. In fact we don't have too many rules that always apply. Chemists have done thousands of experiments similar to the one you did yesterday and have collated the results into pages and pages of data tables. 

· A table showing the solubility trends will be provided at first, but you will eventually need to know the solubility trends.  To use this table, we determine what the product will be in a reaction (remember, the reactions here are double replacement reactions.) From here we must check out both products to see if there is a precipitate formed.

Examples : 

1) Identify the precipitate (if any) when the  following solutions are mixed:


a)  lead (II) nitrate and sodium chloride


b)  ammonium hydroxide and copper (I) sulfate


c)  potassium phosphate and cesium sulfide

2) Write the net ionic equation for the formation of any precipitate when solutions of the  following are mixed. If no precipitate is  formed, write NO REACTION.


a)  barium sulfide and ammonium carbonate


b)  silver nitrate and sodium acetate


c)  iron (III) chloride and copper (II) chloride


d)  lead (II) acetate and lithium phosphate


e) Calcium nitrate and sodium hydroxide


f) lead (II) nitrate and potassium iodide


g) chromium (III) chloride + sodium hydroxide

3.  When the following solutions are mixed together, what precipitate (if any) will form?  If a reaction occurs, write the net ionic equation.

a) barium chloride + sodium sulphate:

b) lead (II) nitrate + potassium chloride:

c) silver nitrate + sodium phosphate:

d) sodium hydroxide + ferric nitrate:

e) ferrous sulphate + potassium chloride:

f) aluminum nitrate + barium hydroxide:

g) calcium chloride + sodium sulphate:

h) potassium sulphide + nickel (II) nitrate:

4.  Are the following compounds soluble or low in solubility?

a) Fe(OH)3



b) Hg2Cl2
c) PbSO4



d) BaCrO4
e) sodium sulphate


f) aluminum hydroxide

g) KNO3




h) NaNO3
i) FeSO4




k) CuCl2
Stoichiometry of Precipitation Reactions.

1.  Identify the species present.

2.  Identify what reacts and write the net ionic equation.

3.  Calculate the moles of reactants.

4.  Determine the limiting reactant.

5.  Calculate the moles of product using the limiting reactant.

6.  Convert to the required units.

Examples:

1.  Calculate the mass of PbI2 produced when 1.0 L of 0.30M Pb(NO3)2 is mixed with 1.5 L of 0.20 M NaI.

2.  What mass of Na2CrO4 is needed to precipitate all of silver ions in a 2.0 L of a 0.30 M solution of AgNO3?

3.  What volume of 0.200 M of K3PO4 is required to precipitate all of the lead ions in 0.50 L solution of 0.30 M Pb(NO3)2?

4.  What mass of CaCO3 is produced when 100.0 mL of a 0.300 M CaCl2 solution is mixed with 100.0 mL of 0.500 M Na2CO3 solution.

* 5. A 25.0 mL of 1.00 M NaCl is mixed with 35.0 mL of2.20 M AgNO3. A precipitate is formed and falls out of solution. Calculate the concentrations of all ions remaining in solution after the precipitation stops.

Reactions in Solutions

2.  Acid Base Reaction:

From the lab, we should be able to identify an acid and a base from its properties and its formula. In short, the chemical properties of solutions of acids and bases are as follows:

Acids :

1) taste sour

2) conduct an electrical current

3) cause certain dyes to change colour (e.g. litmus goes red)

4) liberates hydrogen when it reacts with certain metals

5) loses the above properties when mixed with a base though the resulting solution conducts electricity.

6) INCREASES [H+]

Bases :

1) taste bitter

2) conduct an electrical current

3) cause certain dyes to change colour (e.g. litmus goes blue, phenolphthalein goes pink)

4) feels slippery

5) loses the above properties when mixed with a base though the resulting solution conducts electricity.

6) INCREASES [OH-]


In their respective chemical formula, and more importantly when they dissolve in water, acids have an H+ ion while bases have an OH- ion. (This is an incomplete definition of an acid and a base but will suffice for chemistry 11.)


When an acid and a base react, the result is a salt and water. The type of reaction is called a NEUTRALIZATION reaction because the properties of the acid and the base are neutralized by each other. The net ionic reaction for this reaction is as follows :



H+(aq) + OH-(aq) ---> H2O (l)
We must remember that in any neutralization reaction, the moles of H+ MUST equal the moles of OH-.

Example :  What volume of 6.00 M HCl must be added to 125 mL of  1.59 M NaOH in order to neutralize it ?

Example :  What volume of 0.10 M Ca(OH)2 is needed to neutralize 115.2 mL of 0.55 M H3PO4?

Incomplete Neutralizations:

· When acids and bases are mixed together and the moles of OH- and the moles of H+ are not equal to one another. 

· Moles of OH- or moles of H+  are going to be left over in solution.  

Example:  Calculate the [OH-] and [H+] which results when 50.0 mL of 0.150 M NaOH is added to 50.0 mL of 0.200 M HCl.

Answer:  

[OH-]=0.150Mx0.050L/0.100L=0.0750M



[H+]=0.200Mx0.050L/0.100L=0.100M



[H+]excess=[H+]-[H+]reacted=0.025M

Note that the concentration of OH- is not really equal to zero.  But we will not deal with this concept this year.  

Example:  Find the number of moles of HCl that must be added to 40.0 mL of 0.180M NaOH to produce a solution having [OH-]=0.0316M.

Answer: 

[OH-]excess
=[OH-]-[OH-]reacted




=0.180-0.036





=0.1484M

since we assume no volume change,

[OH-]=[H+] needed 

mole H+= 0.1484M x 0.400L=5.94 x 10-3mol

