Honors Chemistry II
Stoichiometry Problem Set

Solution Set

1.   What mass of carbon dioxide is produced by the complete combustion of 52.0 grams of ethane?



2 C2H4   +   7 O2                   4 CO2    +    6 H2O


52.0 g ethane     1 mole C2H4        4 mole CO2          44.0 g CO2
                               x  ---------------  x  -----------------  x  ------------------   =    153 g CO2



           30.0 g. C2H4         2 mole C2H4       1 mole CO2    

2.
The compound NH4V3O8 is to be prepared from the following stepwise reactions:


Step 1:

               N2    +   3 H2                             2 NH3

Step 2:
    2 NH3   +   V2O5   +   H2O    

    2 NH4VO3   


Step 3:
           3 NH4VO3   + 2 HCl                                   NH4V3O8    +   2 NH4Cl    +   H2O     

   
Assuming an abundance of the other reagents, what is the maximum number of moles of  NH4V3O8 that could be prepared from exactly one mole of nitrogen gas and one mole of hydrogen gas?


Hydrogen is the L.R.

1 mole H​2      2 mol NH3    2 mol NH4VO3       1 mol NH4V3O8
                         x  ---------------  x  -------------------  x  ------------------   =    0.222 moles



         3 mol H2       2 mol NH3            3 mol NH4VO3    

3.
For the thermite reaction between chromium(III) oxide and aluminum metal, producing chromium metal and aluminum oxide, what is the maximum weight of metallic chromium that can be produced by reacting 38.0 grams of  Cr2O3 with 9.00 grams of metallic aluminum?



   Cr2O3      +   2 Al                            2 Cr    +     Al2O3

     38.0 g              27.0 g.
   

       = 0.250 mol     = 0.333 mol (LR)

          0.333 mol LR  ( 2 mole Cr / 2 mole Al)( 52.0 g Cr / 1 mole Cr)  = 17.3 g. Cr

Consider the reaction between solutions of barium hydroxide and phosphoric acid, which forms water and quantitatively precipitates barium phosphate.  A student mixes 500.0 mL of 0.0400 M H3PO4 with 240.0 mL of 0.100 M Ba(OH)2 and collects 4.66 grams of a white precipitate.

4.
How many moles of each reactant were present initially?


Acid:  (0.500 L)(0.0400 M)  = 0.0200 moles

Base:  (0.2400 L)(0.100 M)  = 0.0240 moles

5. 
Which reactant was the limiting reagent?


0.0240 moles Base x (2 moles acid / 3 moles Base)  = 0.0160 moles acid needed

have more than enough - an excess - so the base is the L.R.

6.
What was the concentration of each of the four ions in the final solution?


Poor choice of reactants since the water molecule is formed!

[Ba+2]  = 0.0 M since it is the L.R.


[PO4-3]  = (0.0200 moles - 0.0160 moles) / 0.740 L   = 0.0054 M
       [H+1]  =  (0.0200 mole x 3) / 0.740 L   = 0.0811 M
       [OH-1]  =  (0.0240 mole x 2) / 0.740 L   = 0.0649 M
7.
What was the theoretical amount of precipitate that should have been formed?


0.0240 mole LR (1 mol ppt. / 3 mole base)( 601.9 g. ppt / 1 mol ppt.)  = 4.82 g. ppt.
8.
What is the percent yield for this experiment?



(4.66 g. / 4.82 g. ppt.)  x 100  = 96.7%
