Chapter 6 Problem Set




     Name _____________________________
Thermochemistry








Circle/Box all final answers to calculation based problems unless they are already boxed!!!

Potential and Kinetic Energy
1.  Calculate the kinetic energy of a 1.0 x 10-5 gram object that has a velocity of 2.0 x 105 cm/s.
2.  Which has the greater kinetic energy, an object with a mass of 2.0 kg and a velocity of 1.0 m/s  or an object with a mass of 1.0 kg and a velocity of 2.0 m/s?  Show your calculations for kinetic energy.

Heat and Work
3.  A system undergoes a process consisting of the following two steps:



Step 1:  The system absorbs 72 J of heat while 35 J of work is done on it.



Step 2:  The system absorbs 35 J of heat while performing 72 J of work.

      Calculate ΔE for the overall process.

4.  Calculate the internal energy change for each of the following.


a) One hundred (100.) joules of work are required to compress a gas.  At the same time, the gas releases 23 J of heat.


b) A piston is compressed from a volume of 8.30 L to 2.80 L against a constant pressure of 1.90 atm.  In the process, there is a heat gain by the system of 350. J.

c) A piston expands against 1.00 atm of pressure from 11.2 L to 29.1 L.  In the process, 1037 J of heat is absorbed.

5.  A piston performs work of 210. L atm on the surroundings, while the cylinder in which it is placed expands from 10. L to 25 L.  At the same time, 45 J of heat is transferred from the surroundings to the system.  Against what pressure was the piston working?

6.  As a system expands its volume, it absorbs 52.5 J of energy in the form of heat from the surroundings.  The piston is working against a pressure of 0.500 atm.  The final volume of the system is 58.0 L.  What was the initial volume of the system if the internal energy of the system decreased by 102.5 J?

7.  One mole of H2O (g) at 1.00 atm and 100.°C occupies a volume of 30.6 L.  When one mole of H2O (g) is condensed to one mole of H2O (l) at 1.00 atm and 100.°C, 40.66 kJ of heat is released.  If the density of H2O (l) at this temperature and pressure is 0.996 g/cm3, calculate ΔE for the condensation of one mole of water at 1.00 atm and 100.°C.

Properties of Enthalpy
8.  Are the following processes exothermic or endothermic?

a)  the combustion of  gasoline in a car engine


e)  water condensing on a cold pipe


b)  CO2 (s) ( CO2 (g)





f)   F2 (g)  (  2F (g)
 
c)  Water is boiled in a teakettle.



g)  Natural gas (CH4) is burned in a furnace.


d)  When solid KBr is dissolved in water, the solution

h)  When concentrated H2SO4 is added to water, the 



gets colder.






solution gets very hot.
9.  Consider the following reaction:
2 H2 (g)  +  O2 (g)  (  2H2O (l)           ΔH = -572 kJ

a) How much heat is evolved for the production of 1.00 mol of H2O (l)?


b) How much heat is evolved when 4.03 g of hydrogen is reacted with excess oxygen?


c) How much heat is evolved when 186 g of oxygen is reacted with excess hydrogen?


d) The total volume of hydrogen gas need to fill the Hindenburg was 2.0 x 108 L at 1.0 atm and 25°C.  How much heat was evolved when the Hindenburg exploded, assuming all of the hydrogen reacted?

10.  Consider the following reaction:

CH4 (g)  +  2 O2 (g)  (  CO2 (g)  +  2 H2O (l)        ΔH = -891 kJ


Calculate the enthalpy change for each of the following cases:


a)  1.00 g methane is burned in excess oxygen.


b)  1.00 x 103 L methane gas at 740. Torr and 25°C is burned in excess oxygen.

11.  For the following reactions at constant pressure, predict if   ΔH > ΔE,    ΔH < ΔE,    or ΔH = ΔE.  (At constant pressure you can think of the coefficients in a balanced equation as volume ratios between the reactants and products).

a)  2 HF (g)  (  H2 (g)  +  F2 (g)




c) 4 NH3 (g)  +  5 O2 (g)  (  4 NO (g)  +  6 H2O(g)

b)  N2 (g)  +  3 H2 (g)  (  2 NH3 (g)
Calorimetry and Heat Capacity
12.  The specific heat capacity of silver is 0.24 J/g °C.


a) Calculate the energy required to raise the temperature of 150.0 g of Ag from 273K to 298 K.

b) Calculate the energy required to raise the temperature of 1.0 mol Ag by 1.0°C (called the molar heat capacity of 

             silver).


c)  It takes 1.25 kJ of energy to heat a sample of pure silver from 12.0°C to 15.2°C.  Calculate the mass of the sample of 

             silver.

13.  It takes 585 J of energy to raise the temperature of 125.6 g mercury from 20.0°C to 53.5°C.  Calculate the specific heat capacity and the molar heat capacity of mercury.

14.  A biology experiment requires the preparation of a water bath at 37.0°C (body temperature).   This bath must be prepared by combining appropriate amounts of cold and hot water to reach the desired temperature. The temperature of the cold tap water is 22.0°C, and the temperature of the hot tap water is 55.0°C.  If a student starts with 90.0 g of cold water, what mass of hot water must be added to reach 37.0°C?
15.  A 110. g sample of copper (specific heat capacity = 0.20 J/g °C) is heated to 82.4°C and then placed in a container of water at 22.3°C.  The final temperature of the water and copper is 24.9°C.  What is the mass of the water in the container, assuming that all the heat lost by the copper is gained by the water?
16.  A 5.00g sample of aluminum pellets (specific heat capacity = 0.89 J/g°C) and a 10.00 g sample of iron pellets (specific heat capacity = 0.45 J/g°C) are heated to 100.0°C.  The mixture of hot iron and aluminum is then dropped into 97.3 g of water at 22.0°C. Calculate the final temperature of the metal and water mixture, assuming no heat loss to the surroundings.

17.  Hydrogen gives off 120. J/g of energy when burned in oxygen, and methane gives off 50. J/g under the same circumstances.  If a mixture of 5.0 g of hydrogen and 10. g of methane is burned, and the heat released is transferred to 50.0 g of water at 25.0°C, what final temperature will be reached by the water?

18.  In a coffee-cup calorimeter, 1.60 g of NH4NO3 is mixed with 75.0 g of water at an initial temperature of 25.00°C.  After dissolution of the salt, the final temperature of the calorimeter contents is 23.34°C.  Assuming the solution has a heat capacity of 4.18 J/g°C and assuming no heat loss to the calorimeter, calculate the enthalpy change for the dissolution of NH4NO3 in units of kJ/mol.
19.  Consider the reaction:

2 HCl (aq)  +  Ba(OH)2 (aq)  (  BaCl2 (aq)  +  2H2O (l)        ΔH = -118 kJ


Calculate the heat when 100.0 mL of 0.500 M HCl is mixed with 300.0 mL of 0.100 M Ba(OH)2.  Assuming that the temperature of both solutions was initially 25.0°C and that the final mixture has a mass of 400.0 g and a specific heat capacity of 4.18 J/g°C, calculate the final temperature of the mixture.
20. The heat capacity of a bomb calorimeter was determined by burning 6.79 g of methane (energy of combustion = -802 kJ/mol CH4) in the bomb.  The temperature changed by 10.8°C.  What is the heat capacity of the bomb?

21.  A 0.1964 g sample of quinine (C6H4O2) is burned in a bomb calorimeter that has a heat capacity of 1.56 kJ/°C.  The temperature of the calorimeter increases by 3.2°C.  

a)  Calculate the enthalpy of combustion of quinine per gram.
b)  Calculate the enthalpy of combustion of quinine per mole.

Hess’s Law
22.  Combustion reactions involve reacting a substance with oxygen.  When compounds containing carbon and hydrogen are combusted, carbon dioxide and water are the products.


a) Write the chemical equations for the combustion of each of the following:  C4H4, C4H8, H2

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

b) Using the enthalpies of combustion for C4H4 (-2341 kJ/mol), C4H8 (-2755 kJ/mol), and H2 (-286 kJ/mol), calculate ΔH for the reaction:

C4H4 (g)  +  2 H2 (g)  (  C4H8 (g)
23.  Given the following data, calculate ΔH for the reaction ClF (g)  +  F2 (g)  ( ClF3 (g).

2 ClF (g)  +  O2 (g)  (  Cl2O (g)  +  F2O (g)              

ΔH = 167.4 kJ

2 ClF3 (g)  +  2 O2 (g)  (  Cl2O (g)  +  3 F2O (g)              
ΔH = 341.4 kJ

2 F2 (g)  +  O2 (g)   (  2 F2O (g)             


ΔH = -43.4 kJ

24.  The bombardier beetle uses an explosive discharge as a defensive measure.  The chemical reaction involved is the oxidation of hydroquinone by hydrogen peroxide to produce quinine and water:

C6H4(OH)2 (aq)  +  H2O2 (aq)  (  C6H4O2 (aq)  +  2 H2O (l)
[image: image1.jpg]



Calculate ΔH for this reaction from the following data:

C6H4(OH)2 (aq)  (  C6H4O2 (aq)  +   H2 (g)


ΔH = +177.4 kJ

H2 (g)  +   O2 (g)  (  H2O2 (aq)



ΔH = -191.2 kJ

H2 (g)  +  ½ O2 (g)  (  H2O (g)



ΔH = -241.8 kJ

H2O (g)  (  H2O (l)




ΔH = -43.8 kJ
25.  Given the following data, calculate ΔH for the reaction:     P4O10 (s)  +  6 PCl5 (g)  (  10 Cl3PO (g)


P4 (s)  +  6 Cl2 (g)   (  4 PCl3 (g)  


ΔH = -1225.6 kJ



P4 (s)  +  5 O2 (g)   (   P4O10 (g)  


ΔH = -2967.3 kJ



PCl3 (g)  + Cl2 (g)   (  PCl5 (g) 


ΔH = -84.2 kJ


PCl3 (g)  + ½ O2 (g)   (  Cl3PO (g) 


ΔH = -285.7 kJ

Standard Enthalpies of Formation
26.  Write chemical equations for reactions for which the enthalpy change will be 

a) ΔHf° for solid aluminum oxide (recall that the reactants must be in their standard states)


______________________________________________________________________


b) The standard enthalpy of combustion of liquid ethanol (C2H5OH) (recall that enthalpy of combustion is always 



per 1 mole of the hydrocarbon compound)


______________________________________________________________________


c) The standard enthalpy of neutralization of sodium hydroxide solution and hydrochloric acid (not a trick 



question)

______________________________________________________________________


d) ΔHf° for gaseous vinyl chloride (C2H3Cl)

______________________________________________________________________


e) The enthalpy of combustion of liquid benzene (C6H6 (l)).


_______________________________________________________________________


f) The enthalpy of solution of solid ammonium bromide.


_______________________________________________________________________

27. a)  Calculate ΔH° for each of the following reactions using the data in Appendix 4 from the textbook (pg. A20-A21):
4 Na (s)  +  O2 (g)  (  2 Na2O (s)
2 Na (s)  +  2 H2O (l)  (  2 NaOH (aq)  +  H2 (g)
2 Na (s)  +  CO2 (g)  (  Na2O (s)  +  CO (g)


b) Explain why a water or carbon dioxide fire extinguisher might not be effective in putting out a sodium fire.

28.  The space shuttle orbiter utilizes the oxidation of methylhydrazine by dinitrogen tetroxide for propulsion.  Calculate ΔH° for this reaction.

4 N2H3CH3 (l)  +  5 N2O4 (l)  (  12 H2O (g)  +  9 N2 (g)  +  4 CO2 (g)
29.  The standard enthalpy of combustion of ethene gas, C2H4 (g) , is -1411.1 kJ/mol at 298 K.  Given the following enthalpies of formation, calculate ΔHf° for C2H4 (g).  CO2 (g) = -393.5 kJ/mol; H2O (l) = -285.8 kJ/mol  


(Start by writing a chemical equation that would represent the enthalpy of combustion of ethane.
30.  Consider the following changes:

I)      N2 (g)  (  N2 (l)

II)    CO (g)  +  H2O (g)  (  H2 (g)  +  CO2 (g)

III)  CasP2 (s)  +  6 H2O (l)  (  3 Ca(OH)2 (s)  +  2 PH3 (g)
IV)   2 CH3OH (l)  +  3 O2 (g)  (  2 CO2 (g)  +  4 H2O (l)

V)     I2 (s)  (  I2 (g)
a) At constant temperature and pressure, in which of these changes is work done by the system on the surroundings?

b)  In which is work done by the surroundings on the system?

c)  In which of them is no work done?

Answers to Selected Problems
1) 0.020 J

3) 70. J

4) a. 77 J;  b. 1410 J;  c.-773 J

5)  14 atm

6)  54.9 L

7)  -37.56 kJ

9)  a. 286 kJ;  b.  571 kJ;  c.  3320 kJ;  d. 2.3 x 109 kJ

10)  a.  -55.5 kJ;  b. -35500 kJ

12)  a. 9.0 x 102 J;  b. 26 J/mol °C;  c. 1600 g Ag

13)  Csp = 0.139 J/g °C; Cmol = 27.9 J/mol °C

14)  75.0 g

15) 120 g H2O

16)  23.7°C

17)  30.3 °C

18)  26.6 kJ/mol

19)  26.8 °C

20)  a. 31.4 kJ/°C;  b. -1.10 x 103 kJ/mol

21)  a.  -25 kJ/g;  b. -2700 kJ/mol

22)  b. -158 kJ

23)  -108.7 kJ

24)  -202.6 kJ

25)  -610.1 kJ

27)  -832 kJ; -368 kJ; -133 kJ

28)  -4594 kJ

29)  52.5 kJ/mol


















































































