[image: image1.jpg]


Enthalpy Calculations
Basic Calorimetry
1. How much thermal energy is required to raise the temperature of 6.0 mL of water from 25°C to 75°C in a calorimeter or other closed system? (1300 J)

2. A 50% ethylene glycol solution is a radiator has a specific heat capacity of 3.5 J/g°C.  If a 4.0 kg quantity of ethylene glycol absorbs 250 kJ of thermal energy, what was the temperature change of the solution?  Assume the radiator is a closed system. (18°C)

3. When 50.0 mL of dilute hydrochloric acid is neutralized completely by 75.0 mL of dilute sodium hydroxide in a coffee-cup calorimeter, the temperature of the total solution changes from 20.2°C to 25.6°C.  Determine the quantity of energy transferred and state whether the reaction was endothermic or exothermic. (2800 J, exothermic)

Molar Enthalpy

4. The enthalpy change for the chemical reaction CH4 (g) + 2 O2 (g) → CO2 (g) + 2H2O (g) is -891 kJ.  Calculate the enthalpy change for each mole of:

a. Water

b. Carbon dioxide

c. Oxygen
5. Calculate the enthalpy change expected when 50.0 g of water vapourizes, if the molar enthalpy of vaporization of water is 44.0 kJ/mol. (122 kJ)
6. Some hydrates melt when heated and release energy when they solidify.  For example, at 32°C, liquid sodium sulfate decahydrate solidifies and releases 78.0 kJ/mol of energy.  Calculate the enthalpy change when 2.50 kg of sodium sulfate decahydrate enters the solid state. (605 kJ)
7. Calculate the mass of propane that would vaporize as a result of absorbing 100.0 kJ of energy.  The molar enthalpy of vaporization of propane is 15.7 kJ/mol. (281 g)
8. A temperature increase of 10.6°C is observed when 4.00 g of sodium hydroxide is dissolved in 100.0 mL of water.  Calculate the molar enthalpy of dissolution of sodium hydroxide. (-44.3 x 103 J/mol or -44.3 kJ/mol)
9. The molar enthalpy of solution for ammonium chloride is +14.8 kJ/mol.  What is the final temperature observed when 20.0 g of ammonium chloride is added to 125 mL of water with an initial temperature of 20.0°C? (9.4°C)

10. A pellet of potassium hydroxide having a mass of 0.648 g is dissolved in 40.0 mL of water in an insulated cup.  The temperature of the water increases from 22.6°C to 27.8°C.  What is the molar enthalpy of solution for KOH?  Assume that the solution has a density and specific heat capacity equal to that of water. (-75.5 kJ/mol)
11. When 5.022 g of sodium hydrogen carbonate reacts completely with 80.00 mL of acetic acid, the temperature increases from 18.6°C to 28.4°C.  Assume that the acid solution has the same density and specific heat capacity as water and that the mass of the final solution is 80.00 g.  Calculate the molar enthalpy of reaction. (-55.0 kJ/mol)
12. In a simple calorimeter, 250.0 mL of 0.120 mol/L barium chloride is mixed with 150.0 mL of 0.200 mol/L sodium sulfate.  A precipitate of barium sulfate forms.  The initial temperature of the two solutions is 20.00°C.  After mixing, the final temperature of the solutions is 20.49°C.  Calculate the enthalpy of reaction of sodium sulfate. (-27.4 kJ/mol)
13. A neutralization reaction occurs when 100.0 mL of 0.200 mol/L aqueous ammonia and 200.0 mL of 0.200 mol/L hydrochloric acid are mixed in an insulated cup.  What temperature change can be expected after mixing? The molar enthalpy of reaction is -53.6 kJ/mol.  (0.853°C)  *Find the limiting reagent first!*
Thermochemical Enthalpy Changes & Potential Energy Diagrams

14. Assuming gasoline is pure C8H18 (l), predict the sign of qsystem, ΔH, and qsurroundings for the process of burning gasoline into CO2 (g) and H2O (g).

15. The molar enthalpy of combustion of ethyne is -1300 kJ/mol.  Write a thermochemical equation for the combustion of 1 mol of ethyne, and draw a potential energy diagram for this reaction.

16. A cool pack contains ammonium nitrate and water in separate compartments.  When twisted, the two mix together and the ammonium nitrate dissolves.  The energy change in a cool pack is 25.7 kJ/mol.

a. Classify this reaction as endothermic or exothermic.

b. Draw a potential energy diagram for this reaction.  

c. Write a thermochemical equation for this reaction.

17. Draw potential energy diagrams for the following reactions:

a. CO2 (s) + 20.3 kJ → CO2 (g)
b. CaCl2 (s) → CaCl2 (aq) 




ΔHsol = -82.8 kJ

c. 2 Ag (s) + Cl2 (g) → 2 AgCl (s) + 254 kJ

d. Ba2+ (aq) + SO42- (aq) → BaSO4 (s)


ΔH = 26 kJ 
e. C2H6 (g) + 7/2 O2 (g) → 2 CO2 (g) + 3 H2O (g)

ΔHc = -1425 kJ

18. Rewrite each of the following using a thermochemical equation with a ΔH value.

a. The molar enthalpy for the separation of the atoms in the chlorine molecule is 243 kJ/mol of chlorine.

b. The molar enthalpy of the formation of iron (III) oxide from its elements is -824 kJ/mol of iron (III) oxide.

c. The molar enthalpy for the decomposition of hydrogen chloride into its elements is +93 kJ/mol.

d. The standard molar enthalpy of combustion for propane is -2220 kJ/mol.

19. For each of the following, write a thermochemical equation that includes an energy term within the equation:

a. The formation of 1 mol of copper (II) chloride from its elements releases 220.1 kJ of energy.

b. The energy absorbed when graphite is converted to diamond is 2.0 kJ/mol of graphite.

c. The decomposition of silver chloride into its elements requires 127.1 kJ/mol of silver chloride.

