WORKSHEET 9
Thermochemistry Review 
MULTIPLE CHOICE:
1. A polystyrene cup, complete with coffee and without the lid, is an example of:
    a) An open system    b) An isolated system  c) A closed system  d) An insulated system
2. How much heat will be released if 95.0 g of sodium reacts with water by the following  

     reaction?
2Na (s) + 2H2O (l) (   H2 (g) + 2NaOH  +  150 kJ
    
a) 155 kJ    b) 246 kJ    c) 310 kJ    d) 620 kJ
3. Calculate the molar heat of reaction for carbon in the following process:
3C (s) + 2Fe2O3 (s) + 466 kJ  (  4Fe (s) + 3CO2 (g)
    a) +466 kJ/mol    b) 155 kJ/mol    c) +177 kJ/mol    d) −466 kJ/mol
4. In which type of process does the enthalpy of a system increase?
    a) Endothermic    b) Exothermic    c) Either of the two
5. The value of ΔH for the following reaction is −126 kJ. How much heat (in kJ) will be evolved when 2.00 mol of NaOH is formed in the reaction given?
2Na2O2 (s) + 2H2O (l)   (   4NaOH (s)   + O2 (s)
    a) 252        b) 63        c) 3.9        d) 7.8
6. The value of ΔH for the following reaction is −790 kJ. How much heat will be evolved in the reaction of 0.95 g of sulfur according to the following equation?
2S (s) + 3O2 (g)   (  2SO3 (g)
    a) 23        b) −23        c) −12        d) 12
7. The value of ΔH for the combustion of C6H6 is −6535 kJ. How many kJ of heat will be evolved during the combustion of 16.0 g of the substance?
    a) 1.34 × 103       b) 5.23 × 104       c) 653    d) 2.68 × 103
8. The value of ΔH for the following reaction is −186 kJ. How many kJ of heat would be evolved from the reaction of 25 g of Cl2?
H2(g)   +    Cl2(g)   (   2HCl
    a) 65        b) 5.3 × 102       c) 33    d) 47
9. When 29 J of heat is transferred to 15 g of lead at 22oC, the temperature of the lead increases to 37oC. What is the heat capacity of lead?
    a) 7.8        b) 1.9    c) 29        d) 0.13
10. What is the resulting temperature when 35 g of water at 75oC is mixed with 15 g of water at 15oC?    
    a) 33oC        b) 48oC        c) 57oC        d) 120oC
11. What is an alternative way to write the following?
 C2H6 (g)  ( C2H2 (g) + 2H2 (g)          ∆H = +3.2 × 102 kJ/mol (for C2H6)
    a) C2H6 (g)  (C2H2 (g) + 2H2 (g) + 3.2 × 102 kJ
    b) C2H6 (g) + 3.2 × 102 kJ ( C2H2 (g) + 2H2 (g) 
    c) 2H2 (g) + C2H2 (g) + 3.2 × 102 kJ (  C2H6 (g)
    d) C2H6 (g) − 3.2 × 102 kJ  (  C2H2 (g) + 2H2 (g)
12. What does a positive molar heat of formation imply?
    a) The heat absorbed when one mole of a compound is formed from its elements
    b) The heat released when one mole of a compound is formed from its elements
    c) The heat absorbed when one mole of elements is formed from the compound
    d) The heat released when one mole of elements is formed from the compound
13. What happens to the water in a calorimeter when an exothermic reaction occurs inside the container?
    a) It absorbs heat and a drop in temperature is observed.
    b) It absorbs heat and a rise in temperature is observed.
    c) It releases heat and a drop in temperature is observed.
    d) It releases heat and a rise in temperature is observed.
14. If 41.2 kJ of energy is needed to raise the temperature of 170 g of a liquid from 18.8oC to 65.2oC, what is the specific heat capacity of the solution? 
    a) 4.19     b) 5.22     c) 11.2    d) 12.9
15. A 300 g piece of aluminum at a temperature of 75oC is dropped into a calorimeter containing 400 mL of water at 5oC. What is the final temperature? The CAl = 0.9 J/goC.
    a) 7.77oC       b) 10.76oC      c) 14.71oC         d) 20.36oC     e) 12.66oC
16. The molar enthalpy of solvation for calcium chloride is −57.72 kJ/mol. Calculate the final temperature when 3.0 g of calcium chloride is added to 550 mL of water. The initial temperature is 5oC.
    a) 5.64oC       b) 5.0oC      c) 5.68oC         d) 4.32oC 
17. Ten (10) grams of urea, NH2CONH2, is dissolved into 150 ml of water. The temperature changes from 20.4oC to 16.7oC. Calculate the molar enthalpy of dissolution  in kJ for urea.
    a) 0.1666       b) 14.88      c) 13.96         d) 930.6     e) 15.57
18. What mass of ammonium nitrate is required to lower the temperature of 400 mL of water from 25oC to 1oC? The ΔHsoln for ammonium nitrate = 34 kJ/mol.
    a) 95 g       b) 76.5 g      c) 141 g         d) 124 g     e) 24 g    f) 66 g
SHORT ANWER

1. Explain how boiling could be considered a cooling process.
2. Why is it that, in general, molecular solids have lower melting points than ionic solids?
3. Calculate the change in enthalpy for each reaction using formation values and bond energy values.
    a. C2H4(g) + 3O2(g) ( 2CO2(g) + 2H2O(l)
    b. C6H6(l) + 9/2O2(g) ( 6CO(g) + 3H2O(l)
4.  Are each of the following exothermic or endothermic processes?
    a. Discharging a battery   b. Photosynthesis   c. Burning alcohol   d. Baking a potato
5. List three possible sources of error when using a styrofoam cup as a calorimeter in experiments.
6. A 50.0 mL sample of a 0.5 mol/L MgSO4 solution at 24.4oC is added to 50.0 mL of a 0.5 mol/L Ba(NO3)2 solution at 24.4oC. The temperature of the mixed solution rises to 26.3oC. The heat capacity of the solution is 335 J/goC. Calculate the heat of the reaction. 
7. The production of iron and carbon dioxide from iron (II) oxide and carbon monoxide is an exothermic reaction. 
Fe2O3(s)    +     3CO(g)    (    2Fe(s)    +    3CO2(g)    +    26.3 kJ
How much energy is produced when 3.4 mol of Fe2O3 react with an excess of CO?
8. A considerable amount of energy is required for the decomposition of aluminum oxide.
2Al2O3(s)     (    4Al(s)    +    3O2(g)      ΔH0 = 3352 kJ
a. What is the enthalpy change for the formation of 1 mol of aluminum oxide from its   elements?

    b. Is this an endothermic or exothermic reaction?
   
9. Identify each enthalpy change by name.
    a. 1 mol C3H8 (l) ( 1 mol C3H8 (g)
    b. 1 mol NaCl (s) ( 1 mol NaCl (aq)   ΔH0soln = 3.88 kJ/mol
    c. 1 mol NaCl (s) ( 1 mol NaCl (l) 
    d. 1 mol NH3 (g) ( 1 mol NH3 (l) 
    e. 1 mol Hg (l) ( 1 mol Hg (s) 
10. Are each of the changes in the previous question endothermic or exothermic?
11. Calculate the enthalpy change for the formation of lead (IV) chloride by the reaction of lead (II) chloride with chlorine.
PbCl2(s) + Cl2(g) ( PbCl4(l)      ΔH0 = ?
Use the following thermochemical equations:
Pb(s) + 2Cl2(g) ( PbCl4(l)      ΔH0 = −329.2 kJ
Pb(s) + Cl2(g) ( PbCl2(s)      ΔH0 = −359.4 kJ
12. List the following compounds in order of increasing stability.
                                NO (g)         SO3 (l)          NaOH (s)          H2O (l)
13. Calculate the change in enthalpy for each reaction.
    a. Br2 (g) ( Br2 (l)
    b. CaCO3 (s) ( CaO (s) + CO2 (g)
    c. 2NO (g) + O2 (g) ( 2NO2 (g)
14. In the dissolution of ammonium nitrate (NH4NO3) in water, is the internal energy of the ammonium nitrate greater in the solid or in the aqueous solution? Explain your reasoning.
15. Use standard heats of formation, ΔH0f, to calculate the change in enthalpy for each reaction.
    a. 2C (s, graphite) + O2 (g) ( 2CO (g)
    b. 2H2O2 (l) ( 2H2O (l) + O2 (g)
    c. 4NH3 (g) + 5O2 (g) ( 4NO(g) + 6H2O (g)
16. How much heat (energy) must be removed from a 45.0 g sample of naphthalene, C10H8, at its freezing point to bring about solidification? The heat of fusion of naphthalene is 191.2 kJ/mol.
17. Using the data below, calculate the amount of energy in kJ required to melt a 16.2 g aluminum pop can. Assume that the initial temperature of the aluminum is 20oC. Give your answer to two decimal places.
· Molar heat of fusion of Al (s) = 10.7 kJ/mol 

· Melting point of aluminum = 660oC 

· Heat capacity of Al (s) = 0.900 J/goC 

18.  Calculate the lattice energy of MgF2

Heat of sublimation of Mg(s)  = +146
First Ionization Energy of Mg(g) =  +738
Second Ionization Energy of Mg(g) =    +1451
Bond dissociation energy of F2(g) =   +159
Electron Affinity of F(g)  = 328
Heat of formation of MgF2(g) = -1124

19.  Calculate the enthalpy of hydration of bromide ions given that the hydration enthalpy of barium ions is -1360 kJmol-1, the lattice enthalpy of formation for BaBr2 is 1937 kJmol-1 and the enthalpy of solution of BaBr2 = -38 kJmol-1.
20) Carbon disulfide has the structure: S = C = S. The energy of the C = S bond is

579 kJmol-1. Use this bond energy and other information the ΔH°f for CS2(g).  

(Hint sulfur elemental state is S8)
21) a) Use ΔH°f values to calculate the Total Bond Energy of ethylene, C2H4(g).

b) The structure of ethylene is H2C = CH2. If the energy of the C - H bond in

ethylene is 200 kJmol-1, calculate the energy of the C = C bond in ethylene.

22) c) The energy of the N - F bond is 278 kJmol -1; of the N - Cl bond is 192 kJmol -1.

Use these values to calculate the ΔH°f values for NF3(g) and NCl3(g). One of these compounds is explosive and one is stable. Which is which?
23) a) Calculate ΔH° for the conversion of methane into chloroform....

            CH4(g) + 3 Cl2(g) ( CHCl3(g) + 3 HCl(g)
          by combining the following equations:

i)    ½ H2(g) + ½ Cl2(g) (  HCl(g)    ΔH°   = - 92.3 kJ

ii)   C (graphite) + 2 H2(g) (  CH4(g)   ΔH° = - 74.5 kJ

iii)  C (graphite) + ½ H2(g) + 3/2 Cl2(g) ( CHCl3(g) ΔH°  = - 135.1 kJ

24)     Suppose you have 125 mL of coffee in a well-insulated cup, but the coffee is at 92oC, 

          which is too hot to drink. What volume of cold milk at 12oC would you have to add to  

          reduce the temperature of the coffee to 72°C? (Assume coffee and milk 
         have the same specific heat and density as water)
25)    a) Balance the equation FeS2(s) + O2(g) Fe2O3(s) + SO2(g)
         b) Given the following standard heat of formation values (in kJ/mol), calculate H° for 

              the balanced reaction in Part a.
         

FeS2(s): 178       Fe2O3(s): 824 
SO2(g): 297

         c) Calculate the enthalpy change that would accompany the reaction of 1.35 g of FeS2          

Multiple Choice: 
1 a  
2 c
3 b
4 a
5 b
6 c 
7 a 
8 a 
9 d
10 c  

11 b
12 a
13 b
14 b
15 c
16 c
17 c
18 a  

Short Answers: 
3 a) -1411 kJ/mol (form) , -1076 kJ/mol (BE)   
b)  -1569 kJ/mol (form), -1386 (BE)   
6.  63.65 kJ  
7.  89.4 kJ  
8 a) -1676 kJ/mol  

11.  30.2 kJ   
12.  NO < H2O < NaOH < SO3   13a) -30.9 kJ/mol  
b)  178.5 kJ/mol   
c)  -114 kJ   
15a) -221 kJ   
b)  -196 kJ  
c)  -906.4 kJ    
16.  67.2 kJ   
17.  15.75 kJ      
18.  -2962 kJ/mol   
19.  307.5 kJ  
20 -2520 kJ

21. Total Bond Energy 817 kJ , C=C is 17 kJ

22 NF3 -125 kJ     NCl3 259 kJ   NCl3 – explosive

23. -337.5 kJ
24.  42 mL

25b) -3312 kJ
c)  -9.32 kJ   
