
CHEM 16 
PROBLEM SET 4A 
 
CHEMICAL REACTIONS AND STOICHIOMETRY 
 
1. Balance the following equations by inspection. 

a. Li (s) + O2(g)      Li2O (s) 
b. Sb(s) + O2(g)      Sb2O4 (s) 

c. MgO (s) + Fe(s)      Fe2O3 (s) + Mg(s) 

d. Al4C3(s) + H2O(l)   Al(OH)3(s) + CH4(g) 
e. Sb4O6(s) + NaOH (aq)   Na3SbO3 (aq)+ H2O(l) 
f. Ca3(PO4)2 (s) + C (s)   Ca3P2 (s) +  CO(g) 

 
2. Classify the following as combination, combustion or decomposition reactions. 

a. Mg(s) + SO3(g)                    MgSO3(s) 
b. 2C6H14(g) + 19O2(g)      12CO2  + 14H2O(g) 

c. 2NaHCO3(s)                          Na2CO3(s)     +  CO2(g)  +  H2O (g) 
d. SbCl3 (s)+ Cl2(g)                                    SbCl5 (s)  
e. (NH4)2PdCl4 (s)                                        2NH4Cl(s)    + Pd(s)  +  2Cl2(g)  

 
3. Give the balanced equation for the combustion of each of the following: 

a. Mg(s)  c. CH3SH (g) e. CH3OH(g) 

b. C4H10 (g)  d. CO (g) f. NH3(g) 

 

4. Write the balance equation for each of the reactions described 
a. Carburo or calcium carbide and carbon monoxide are formed when calcium oxide and carbon 

react in an electric surface. 
b. Carborundum or silicon carbide is used extensively to nake knife sharpeners and grinding stones 

because of its hardness. The reaction in a furnace between silicon dioxide and carbon produces 
carborundum and carbon dioxide. 

c. The chemical industry produces sodium hydroxide, hydrogen gas and chlorine gas by electrolysis 
of concentrated aqueous sodium chloride. 

d. When steam is passed over hot carbon, a mixture of carbon monoxide and hydrogen gas, called 
water gas is formed. 
 

5. Hydrogen fluoride is used in the manufacture of Freons(which destroy ozone in the stratosphere) and 

in the production of aluminium metal. It is prepared by the reaction: 
CaF2     +   H2SO4                     CaSO4    +   2HF 

In one process 6.00 kg of CaF2 are treated with an excess H2SO4 and yield 2.86 kg of HF. Calculate 
percent yield of HF. 
 

6. The Haber process for the production of ammonia is represented by  
3H2(g)  + N2(g)                              2NH3(g) 

a. How many moles of Hydrogen is required to react with 0.564 mole of nitrogen gas? 
b. If 50.0 g of Nitrogen was reacted with enough hydrogen gas, how much in grams of ammonia is 

produced? 
 

7. Copper is obtained from copper ores by roasting and smelting. The process may be represented by 
the overall equation: 

2CuFeS2(s)   +   5O2(g)                               2Cu(s)  +  2FeO(s)  +  4SO2(g) 

 
a. What mass of copper may be obtained from 100 kilograms of CuFeS2? 
b. How many moles of O2 would be required for the reaction in (a)? 



c. Calculate the number of molecules of SO2 that would be produced from the reaction. 
 
8. Fermentation is a complex chemical process of wine making in which glucose is converted into 

ethanol and carbon dioxide: 
C6H12O6                      2C2H5OH  +  2CO2 

    (glucose)    (ethanol) 
What is the maximum amount of ethanol in grams and in liters that can be obtained by this process 
if 500.4 g of glucose was used. (density of ethanol=0.789g/mL) 

 
9. Nitrous oxide (N2O) is also called “laughing gas”. It can be prepared by the thermal decomposition 

of ammonium nitrate (NH4NO3). The other product is water. 
a. Write a balanced equation for this reaction. 
b. How many grams of N2O are formed if 0.46 mole of NH4NO3 is used in the reaction? 

 
10. The depletion of ozone (O3) in the stratosphere has been a matter of great concern among scientists 

in recent years. It is believed that ozone react with nitric oxide (NO) that is discharged from the high 

altitude jet plane, the SST. The reaction is 
O3(g) + NO(g)                   O2(g) + NO2(g) 

 

a. If 0.740g of O3 reacts with 0.670 g NO, how many grams of NO2 will be produced?  
b. Which compound is the limiting reagent? 
c. Calculate the number of moles of the excess reagent remaining at the end of the reaction. 

 

11. Aspirin is prepared from the reaction of salicylic acid (C7H6O3) and acetic anhydride (C4H6O3). The 
equation for the reaction is: 

C7H6O3   +   C4H6O3                          C9H6O4  + C2H4O2 

                 Aspirin 
If 140 grams of salicylic acid and 10 grams of acetic anhydride are allowed to react. 
a. What mass of aspirin would be produced. 
b. Which is the limiting reactant? Which is the reactant present in excess? 
c. What mass of the reactant in excess remains unreacted. 

 
12. Calculate the molarity of the following solutions: 

a. 1.25 mol KOH in 2.5 L of solution  c. 2.6g NaOH in 80mL of solution 
b. 0.025 g NaCl in 150 mL solution  d. 0.2760 g CH3COOH in 250 mL of solution 
 

13. Calculate the moles of solute present in 
a. 250 mL 0.25M HNO3    c. 5.0 mL of 0.10M HCOOH 
b. 6.00 L 0.05 M KCl    d. 0.095 L 0.15 M NaOH 
 

14. What mass of NaHCO3 is dissolved in 500 mL of a 0.75 M solution? 
 

15. How many grams of NH4Cl are required to prepare 250 mL 0.10 M NH4Cl solution? 
 

16. Glacial acetic acid has a density of 1.05 g/mL. What is the molar concentration? 
 

17. What volume of 0.25 M Na2SO4 solution would be required to precipitate all of the Pb in 50.0 mL 0.1 
M Pb(NO3)2 as PbSO4? 

 

18. A solution contains 0.085 g AgNO3. How many mL of a 0.01 M HCl solution would be required to 
precipitate all Ag as AgCl from this solution? 

 



19. Calculate the volumes of 0.25 M K2C2O4 and 0.40 M Ca(NO3)2 that must be mixed to precipitate   
4.49 g CaC2O4. 

 

20. What mass of PbSO4 may be produced when excess Na2SO4 is added to 25 mL 0.500 M Pb(NO3)2? 
 

21. The leavening agent in baking soda is sodium bicarbonate, NaHCO3, What is the molar 
concentration of an HCl solution if 26.67 mL of this solution is required to titrate a solution 
containing 0.288g of NaHCO3. 

 

22. Tartaric acid C4H6O is a diprotic acid found in fruits like sampalok. What mass  of the acid would be 

completely neutralizedby 25.0 mL 0.2 M KOH. 
 

23. Calculate the volume of 0.925 M NaOH required to completely neutralize 15.0 mL of 0.500M H2SO4 
solution. 

 

24. A mass of 0.325 g of an unknown diprotic acid required 20.0 mL of 0.200 M NaOH solution for 
complete neutralization. What is the molecular mass of the acid? 

 

25. A 10.0 mL sample of HNO3 solution was completely neutralized by 27.5 mL of a 0.25 M Ca(OH)2 

solution. What is the molarity of the HNO3 solution? 
 

THERMOCHEMISTRY  
 

26. Are the following processes exothermic or endothermic 
a. When NH4NO3 is dissolved in water, the solution gets cold 
b. Water evaporates even at room temperature 
c. Firewood is burned during a bonfire. 
d. Br2(g) + HCl(g)                         2BrCl(g)      ΔH = +29.4Kj 

e. NH3(g)  + HCl(g)               NH4Cl(s)  + 176 KJ 
 

27. Hydrazine, N2H4, is used in rocket fuels. The equation for the combustion of hydrazine is given 
below. What quantity of heat is liberated from the combustion of 1.00 Kg of N2H4? 

N2H4(l)    +   O2(g)                  N2(g) + 2H2O    ΔH = -622.4 Kj 
  

28. Given the thermochemical equation: 
 2NaN3(g)                2Na(s)+ 3N2(g)    ΔH = +42.7 Kj 

a. What is the value of ΔH for the preparation of 1.50 kg of N2? 
b. How many grams of NaN3 would be decomposed by 124 kj heat? 

 

29. The reaction of quicklime, CaO, with water produces slaked lime, Ca(OH)2, a substance widely used 
in the construction industry. 

CaO(s)    +    H2O(l)               Ca(OH)2(s)       ΔH = -350  Kj/mol 
a. Is the reaction exothermic or endothermic? 
b. If two moles of CaO reac, what is the ΔH? 
c. Calculate the amount of heat involved in the preparation of one metric ton Ca(OH)2 

 

30. One can cool a hot drink slightly by immersing a cold spoon into it. A silver spoon (heat capacity:   
0.23 J/goC) weighing 150 grams at temperature 20oC is placed in a cup of coffee weighing 250g 
with a temperature of 75oC. The coffee has a heat capacity close to that of pure water (4.184J/goC). 
Assuming that the cup is a good insulator, what will be the final temperature of the coffee? 

 



31. A 1.5 gram sample of NH4NO3 is added to 35.0 g of H2O in a Styrofoam cup calorimeter and stirred 
until it dissolves. The temperature of the solution drops from 22.7 to 19.4oC. What is the heat of 
solution in Kj/mol NH4NO3? For approximate results, treat the solution as if it was pure water with 
heat capacity of 4.184J/goC. The calorimeter constant is 22 j/oC 

 

32. Calculate the ΔH for the following reactions from the given standard heats of formation below. 
 

a. 2H2O2(l)                                    2H2O(g)  + O2(g)      
b. MgO(s) +  CO2                     MgCO3(s) 
c. 4 NH3(g) + 5O2(g)                        4NO(g)  + 6H2O(g) 

 
 

 

 

33. From the ΔHo formation for CO2(g) and H2O(l) and the following thermochemical equation for the 
combustion of glucose. C6H12O6, estimate the ΔHo of formation of glucose. 
 

 C6H12O6    +  6O2(g)                         6CO2(g)+ 6 H2O(l)       ΔHo= -2815.8 kJ 

 

34. Using the following reaction and Hess’ Law, 
 
½ H2 + N2 + 5/2  O2                    HNO3  + NO2      ΔHo= -101 kJ 
2NH  +  H2                      N2H4    ΔHo= -567 kJ 
2N2O5                    2N2 + 5O2    ΔHo= +22.3kJ 

 

Calculate the ΔH for the reaction: 

N2H4    +   2N2O5                      2HNO3   + 2NO2 + 2NH 

 

35. CCl4, an important commercial solvent, is prepared by the reaction of Cl2 gas with carbon disulfide 
CS2(l)   +  3Cl2(g)                            CCl4(l) +  S2Cl2(l) 

Determine ΔH for the above reaction using Hess’ Law and the thermochemical equations given 
below: 
CS2(l) + 3O2(g)                          CO2(g) + 2SO2(g)     ΔHo= -1077 kJ 
2S(S) + Cl2(g)                                         S2Cl2(g)  ΔHo= -60.2 KJ 
C(s) +2Cl2(g)                            CCl4(l)  ΔHo= -135.4 kJ 
S(s) + O2(g)                            SO2(g)  ΔHo= -296.9 kJ 
C(s)  O2(g)                           CO2(g)   ΔHo= -393.5 kJ 

 

36. What is the basic postulate of the collision theory? What factors affet the effectiveness  of molecular 
collisions in producing chemical change? 
 

37. What is the major factor that affects the rate of reactions in the solid state? 
 

38. Define catalyst. 
 

39. How does the following factors affect the rate of reaction? 
a. Concentration of reactants b. temperature c. addition of catalyst 

 

40. Draw a potential energy diagram for an endothermic reaction. Indicate the activation energy and 
the ΔH of reaction. How would the diagram differ from a reaction carried out in the presence  of a 
catalyst. 

ΔHo formation at 25oC (Kj/mol) 

 H2O2(l)  -187.8  MgCO3(s)  -1096 

 H2O(l)  -285.8  NH3(s)  -46.19 

 H2O(g)  -241.8  NO(s)  +90.37 

 MgO(s)  -601.7  CO2(g)  -393.5 


