
Ch 9 Practice Problems 

1. One mole of an ideal gas is expanded from a volume of 1.50 L to a volume of 10.18 L against a constant external 

pressure of 1.03 atm.  Calculate the work.  (1 L• atm = 101.3 J) 

A) –8.79  102 J 

B) –8.94  J 

C) –9.06  102 J 

D) –0.0883 J 

E) 9.06 J 

2. Calculate E for a system that releases 24 J of heat while 57 J of work is done on it. 

A) 33 J 

B) 81 J 

C) –81 J 

D) –33 J 

E) 24 J 

3. For a particular process q = -10 kJ and w = 25 kJ. Which of the following statements is true? 

A) Heat flows from the surroundings to the system. 

B) The system does work on the surroundings. 

C) E = -35 kJ 

D) All of these are true. 

E) None of these is true. 

4. Suppose you add 45 J of heat to a system, let it do 10. J of expansion work, and then return the system to its initial 

state by cooling and compression.  Which statement is true for this process? 

A) H < E 

B) The work done in compressing the system must exactly equal the work done by the system in the 

expansion step. 

C) H = 70. J 

D) The change in the internal energy for this process is zero. 

5. Consider the following reaction: 

 2SO2(g) + O2(g)  2SO3(g)  H = –198 kJ 

Calculate the enthalpy change associated with 23.8 g of SO2 reacting with excess O2. 

A) -73.5 kJ 

B) -36.8 kJ 

C) -147 kJ 

D) -4.71  103 kJ 

E) -198 kJ 

6. Which of the following are state functions? 

A) work, heat 

B) work, heat, enthalpy, energy 

C) enthalpy, energy 

D) work, heat, enthalpy 

E) heat, enthalpy, energy 

7. Which of the following statements is(are) true? 

A) Enthalpy is a state function. 

B) In exothermic reactions, the reactants are lower in potential energy than the products. 

C) A chemist takes the point of view of the surroundings when determining the sign for work or heat. 

D) The heat of reaction and change in enthalpy can always be used interchangeably. 

E) At least two of these statements are true. 

 



8. For the reaction H2O(l)  H2O(g) at 298 K, 1.0 atm, H is more positive than E by 2.5 kJ/mol. This quantity of 

energy can be considered to be 

A) the heat flow required to maintain a constant temperature. 

B) the work done in pushing back the atmosphere. 

C) the difference in the H—O bond energy in H2O(l) compared to H2O(g). 

D) the value of H itself. 

E) none of these 

9. Given the equation S(s) + O2(g)  SO2(g), H = –296 kJ, which of the following statements is(are) true? 

I. The reaction is exothermic. 

II. When 0.500 mol of sulfur is reacted, 148 kJ of energy is released. 

III. When 32.0 g of sulfur is burned, 2.96  105 J of energy is released. 

A) All are true. 

B) None is true. 

C) I and II are true. 

D) I and III are true. 

E) Only II is true. 

 

 Use the following to answer questions 10-12: 

Consider a gas in a 1.0-L bulb at STP that is connected via a valve to another bulb that is initally evacuated.  Answer 

the following questions about what occurs when the valve between the two bulbs is opened. 

10. What is true about the value of q? 

A) It is greater than zero. 

B) It is equal to zero. 

C) It is less than zero. 

11. What is true about the value of E? 

A) It is greater than zero. 

B) It is equal to zero. 

C) It is less than zero. 

12. What is true about the value of w? 

A) It is greater than zero. 

B) It is equal to zero. 

C) It is less than zero. 

 

Use the following to answer questions 13-14: 

Two samples of a monatomic ideal gas are in separate containers at the same conditions of pressure, volume, and 

temperature (V = 1.00 L and P = 1.00 atm).  Both samples undergo changes in conditions and finish with V = 2.00 L 

and P = 2.00 atm.  However, in the first sample, the volume is changed to 2.0 L while the pressure is kept constant, 

and then the pressure is increased to 2.00 atm while the volume remains constant.  In the second sample, the 

opposite is done.  The pressure is increased first, with constant volume, and then the volume is increased under 

constant pressure. 

 



13. Calculate the difference in E between the first sample and the second sample. 

A) 0 

B) 1.00 L•atm 

C) 2.00 L•atm 

D) 4.50 L•atm 

E) none of these 

14. Calculate the difference in w between the first sample and the second sample. 

A) -2.00 L•atm 

B) -1.00 L•atm 

C) 1.00 L•atm 

D) 2.00 L•atm 

E) none of these 

 

15. A 22.4-g piece of aluminum (which has a molar heat capacity of 24.03 J/mol°C) is heated to 84.8°C and dropped 

into a calorimeter containing water (the specific heat capacity of water is 4.18 J/g°C) initially at 22.8°C.  The 

final temperature of the water is 27.0°C.  Calculate the mass of water in the calorimeter. 

A) 6.6  101 g 

B) 1.8  103 g 

C) 7.0  101 g 

D) 2.0 g 

E) 0.35 g 

16. Two metals of equal mass with different heat capacities are subjected to the same amount of heat. Which 

undergoes the smaller change in temperature? 

A) The metal with the higher heat capacity. 

B) The metal with the lower heat capacity. 

C) Both undergo the same change in temperature. 

D) To determine this, you need to know the initial temperatures of the metals. 

E) To determine this, you need to know which metals you are talking about. 

17. A calorimeter contains 123 g of water at 27.0°C.  A block of metal with a mass of 28 g is heated to 95.8°C and 

then placed in the water in the calorimeter.  After sufficient time, the temperature of the water is measured and 

found to be 28.8°C.  Calculate the heat capacity per gram of metal.  Assume no heat is lost to the calorimeter 

or the surroundings. 

A) 2.0 J/g°C 

B) 0.12 J/g°C 

C) 6.8  102 J/g°C 

D) 0.49 J/g°C 

E) 0.026 J/g°C 

18.  When 0.157 mol of NH3 is reacted with excess HCl, 6.91 kJ of energy is released as heat. What is H for this 

reaction per mole of NH3 consumed? 

A) –22.7 J 

B) –1.08 kJ 

C) –44.0 kJ 

D) +22.7 J 

E) +44.0 kJ 

19. You take 326 g of a solid (melting point = 57.6°C, heat of fusion = 346 J/g) and let it melt in 757 g of water. The 

water temperature decreases from its initial temperature to 57.6°C.  Calculate the initial temperature of the 

water. 

A) 93.2°C 

B) 100.0°C 

C) 22.0°C 

D) 206.6°C 

E) 249.8°C 



Use the following to answer questions 20-21: 

One mole of a liquid is vaporized at its boiling point, 65°C and 1.00 atm.  Hvap for the liquid is 43.8 kJ/mol at 65° C. 

20. Calculate w. 

A) 27.7 J 

B) –27.7 J 

C) –2.81  103 J 

D) 2.81  103 J 

E) none of these 

21. Calculate E. 

A) 16.1 kJ 

B) 41.0 kJ 

C) 46.6 kJ 

D) 71.5 kJ 

E) none of these 

 

22. The enthalpy of fusion of ice is 6.020 kJ/mol. The heat capacity of liquid water is 75.4 J/mol°C. What is the 

smallest number of ice cubes at 0°C, each containing 1 mol of water, necessary to cool 500. g of liquid water 

initially at 20°C to 0°C? 

A) 1 

B) 7 

C) 14 

D) 15 

E) 126 

23. 75.0 mL of a pure liquid at 245 K is mixed with 100.0 mL of the same pure liquid at 365. K. What is the final 

temperature of the mixture? 

A) 295 K 

B) 305 K 

C) 314 K 

D) 325 K 

E) none of these 

24. A calorimeter contains 142 g of water at 22.5°C.  A 12-g sample of NaCl is added to the water in the 

calorimeter.  After the solid has dissolved, the temperature of the water is 21.4°C.  Calculate the enthalpy of 

solution for dissolving sodium chloride.  Assume that no heat is lost to the calorimeter or the surroundings and 

that the specific heat of the solution is the same as that of pure water. 

A) 0.71 kJ/mol 

B) 0.83 kJ/mol 

C) 3.2 kJ/mol 

D) 3.5 kJ/mol 

E) 0.059 kJ/mol 

 

25. The following exothermic reaction occurs at 25.0 oC and 1.00 atm. 

                 4 NH3(g) + 5 O2(g)  4 NO(g) + 6 H2O(g)     ΔH = –908.0 kJ 

Calculate ΔE for this reaction. 

          A) –908.0 kJ 

          B) –905.5 kJ 

          C) 908.0 kJ 

          D) –910.5 kJ 

          E) 905.5 kJ 

 

 



26. At 25°C, the following heats of reaction are known: 

 H (kJ/mol) 

2ClF + O2  Cl2O + F2O 167.4 

2ClF3 + 2O2  Cl2O + 3F2O 341.4 

2F2 + O2  2F2O –43.4 

At the same temperature, calculate H for the following reaction: 

ClF + F2  ClF3 

 

A) –217.5 kJ/mol 

B) –130.2 kJ/mol 

C) +217.5 kJ/mol 

D) –108.7 kJ/mol 

E) none of these 

 

27. Given:  

Cu2O(s) + (1/2)O2(g)  2CuO(s) H° = –144 kJ 

Cu2O(s)  Cu(s) + CuO(s) H° = +11 kJ 

Calculate the standard enthalpy of formation of CuO(s). 

A) –166 kJ 

B) –299 kJ 

C) +299 kJ 

D) +155 kJ 

E) –155 kJ 

 

28. Given the following two reactions at 298 K and 1 atm, which of the statements is true? 

1. N2(g) + O2(g)  2NO(g)           H1 

2. NO(g) + (1/2)O2(g)  NO2(g)   H2 

 

A) Hf for NO2(g) = H2 

B) Hf for NO(g) = H1 

C) H1 = H2 

D) Hf for NO2(g) = H2 + (1/2)H1 

E) none of these 

 

29. Choose the correct equation for the standard enthalpy of formation of CO(g), where H°f for CO = –110.5 

kJ/mol. 

A) 2Cgraphite(s) + O2(g)  2CO(g),       H° = –110.5 kJ 

B) Cgraphite(s) + O(g)  CO(g),            H° = –110.5 kJ 

C) Cgraphite(s) + 1/2O2(g)  CO(g),      H° = –110.5 kJ 

D) Cgraphite(s) + CO2(g)  2CO(g),      H° = –110.5 kJ 

E) CO(g)  Cgraphite(s) + O(g),            H° = –110.5 kJ 

 



30. Using the information below, calculate H°f for CH3OH(l). 

          2CH3OH(l) + 3O2(g)  2CO2(g) + 4H2O(l),    H° = –1453 kJ 

          H°f for CO2(g) = –393.5 kJ/mol 

          H°f for H2O(l) = –286 kJ/mol 

A) –239 kJ/mol 

B) 774 kJ/mol 

C) –3.38  103 kJ/mol 

D) –774 kJ/mol 

E) 239 kJ/mol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Answers: 

1. C           2. A         3. E        4. D        5. B       6. C         7. A        8. B        9. A        10. B       11. B       12. B 

13. A       14. C        15. A      16.A      17. D      18.C      19. A       20.C       21. B      22. B      23. C        24.C 

25. D        26. D       27. E       28. D     29. C      30. A 


