
Chemistry II-AP

Thermodynamics - H, S, & G - Practice Test
Solution Set

You may use your notes, your textbook, your problem-solving book and any other written reference material. You are not to ask for the assistance from any other person.   PLEASE SHOW ALL WORK!!! 
==========================================================================
DATA TABLE:                                                   R (gas constant) 
=   0.0821 liter-atmosphere/mole-K

                           1 liter-atm.  =  24.2 cal   = 101 J 
                            =   1.99 cal/mole-K    


        1 calorie  =  4.184 J



=   8.314 J/mole-K

==========================================================================      

            

1.   D         Which of the following will always decrease the internal energy of a gaseous system?


A) an endothermic process and a corresponding decrease in volume;


B) an endothermic process and a corresponding increase in volume;


C) an exothermic process and a corresponding decrease in volume;


D) an exothermic process and a corresponding increase in volume.

2.   -1366.8 kJ    What is the standard molar heat of combustion for ethanol (ethyl alcohol)?  


     
  [Ho of formation  for C2H5OH is -277.7 kJ/mole.]



C2H5OH (liq)   +    3 O2 (g)  (   2 CO2 (g)   +   3 H2O (liq)



HRXN  = [2(-393.51 kJ/mol) + 3(-285.83 kJ/mol)] – [(-277.7 kJ/mol) – 3(0)]




=  -1366.81 kJ
3.  25.1 J/mole-oC
When 10.0 grams of solid Fe absorbs 4.50 J of heat energy at 20.0oC, it undergoes a 1.00oC rise in temperature.  What is the molar heat capacity of iron? 




Q = mCt  (     4.50 J  = (10.0 / 55.8 g/mol)C(1.00o)




C = 25.1 J/mole-oC
4.   D           By definition, the heat evolved or absorbed when a compound is formed from its elements, 

all substances being in their standard states is:             


A) heat of combustion;           B) free energy;         C) internal energy;       

D) heat of formation;              E) zero;                    F) heat of synthesis.

5.   B           A substance is said to be in its standard state when it is:


 A) in its most stable state at 0oC and 1 atm.;    B) in its most stable state at 25oC and 1 atm;


 C) in the vapor state at standard conditions;
          D) at absolute zero and 1 atmosphere;


 E) in the solid state at 25oC and 1 atmosphere.

6.   F         The heat content of an element in its standard state is equal to:


 A) its heat of formation;      B) its entropy;     C) its free energy;       D) 100 kcal/mole;    


 E) 100 kJ/mol;       F) zero.

7.   C           The term which describes the amount of disorder or randomness of a system is:              


 A) enthalpy;     B) free energy;     C) entropy;     D) equilibrium;      E) allotropic.
8.   C         When is H approximately equal to E?


A) at constant pressure;         B) when PV is very large;        C) when PV is negligible;    

                  D) when the pressure is very large;     E) at constant temperature.

9.   B             For the combustion of one mole of ethene, C2H4(g) at 25oC, what is the difference between internal energy and enthalpy, H - E ?
          
    A) -7.4 kJ;        B) -5.0 kJ;        C) +4.2 kJ;        D) +8.3 kJ;        E) -2.5 kJ;       F) 12.5 kJ.



C2H4(g)   +    3 O2 (g)  (   2 CO2 (g)   +   2 H2O (liq)

E = H - PV  (    = H - E   = PV  = nRT  =  (-2)(8.314 x 10-3 kJ/mol)(298 K)

                             = -4.955 kJ  
10.   E          How many kJ will be liberated when a 5.60-g sample of metallic iron is oxidized to form ferric oxide at standard-state conditions?


 A) 824;      B) 259;        C) 82.7;       D) 23.0;       E) 41.4;       F) 476;      G) none of these.



      2 Fe(s)   +    3/2 O2 (g)  (    Fe2O3 (s)  

                                5.60 g Fe     1 mole Fe             1 mole cpd.           824.2 kJ 
                    H =                  x  ---------------     x  ---------------   x   -------------    =  41.36 kJ



                                                    55.8 g Fe              2 mol Fe             1 mol cpd.
11.  160. kJ       What is the change in internal energy if a system has 40.5 kcal of heat added 
                              to it, causing it to expand at a constant pressure of 5.00 atm from a volume of 

4.00 liters to a final volume of 22.50 liters?

 
    E = H - PV        40.5 kcal(4.184 kJ / 1 kcal)  = 

                                         (  169 kJ – [5.00 atm (22.50 L – 4.00 L)( 101.3 J / 1 L-atm)]     

=  159.6. kJ
  





12.   -233.3 kJ          In its usual form, cupric nitrate is sold as the hydrated salt, copper (II) nitrate trihydrate.  However, for certain water-sensitive reactions it is necessary to have the water removed, so that pure dry (anhydrous) cupric nitrate remains.  Unfortunately, if the hydrated salt is heated to drive off the water, it decomposes to the oxide.  Thus a more complicated method is used, which consists of the following reactions:


    2 HNO3(aq)                                N2O5(g)     +   H2O(liq)                   Ho  =  +84.6 kJ


     2 N2O5(g)                                  2 N2O4(g)     +   O2(g)                    Ho  =  +96.8 kJ


2 N2O4(g)   +  Cu(s)                         Cu(NO3)2(s)     +   2 NO(g)           Ho  =  -499.3 kJ


Calculate heat of reaction (Ho) for the overall reaction:


Cu(s)   +   4 HNO3(aq)                          Cu(NO3)2(s)     +   2 NO(g)+    O2(g)  +   2  H2O(liq)                   


                            2 N2O4(g)   +  Cu(s) ( Cu(NO3)2(s)     +   2 NO(g)                         Ho  =  -499.3 kJ

                           4 HNO3(aq)         (           2 N2O5(g)     +   2 H2O(liq)                  2( Ho  =  +84.6 kJ)  


     2 N2O5(g)      (             2 N2O4(g)     +   O2(g)                        Ho  =  +96.8 kJ

                                                                                                                         HTOTAL = -233.3 Kj
13.  Explain why enthalpy is considered to be a state function while heat is not.
       Enthalpy is measured at constant pressure so it is an intensive property that is pathway

      independent.  Heat, on the other hand, depends on the reaction pathway.

14.  C        Which one of the following reactions would you expect to be the source of the 

largest amount of heat?


 A) CH4(liq) +  2 O2(g)  (  CO2(g)   +  2 H2O(g) ;     B) CH4(g)   + 2 O2(g)  (  C O2(g)  +  2 H2O(g)


n (gas) = 1  




n (gas) = 0  

C) CH4(g)  + 2 O2(g)  (  CO2(g)  + 2 H2O(liq);      D) CH4(g)  +  3/2 O2(g)   (  CO(g)  +  2 H2O(liq)      
n (gas) = -2  




n (gas) = -1 1/2  

...................................................................................................................................

   Consider the following information:   For the synthesis of ammonia gas from its elemental gases - N2 and H2 - at constant atmospheric pressure and a temperature of 298 K,  Qp  =  -11.02 kcal/mole. 





















     N2   +  3 H2  ( 2 NH3
15.  What is the H for this reaction?



-11.02 kcal /mole of ammonia     

       






or -22.04 kcal for the reaction as written




        


QP and H are the same since the reaction 

                                                                                                  is at constant pressure

16.     -2        What is the n(gas)?     2 - 4
17.   -20.85 kcal      What would be the E for this system if it were enclosed in a movable piston?






E = H – nRT




E = -22.04 kcal – (-2)(1.99 x 10-3 kcal/mol-K)(298 K)

                                                = -20.85 kcal

................................................................................................................................

18.   B  Which of the following quantities is independent of pressure?

     
A)  G;    B)  H;    C) S;    D) W;    E) all are independent of pressure.

19.   0.025 cal / g-oC
What is the specific heat of a metal (in cal/g-oC), given the following information:


65.00 grams of distilled water was placed in a coffee-cup calorimeter.  The temperature of the water initially was 25.0oC.  To the water was added 150.0 g. of metal, initially at a temperature of 95.5oC.  When the metal and water reach an equilibrium temperature, this temperature was found to be 28.8oC.


              (65.00 g)(1.00 cal/g-oC)(3.8oC)



Cmetal  = --------------------------------------   0.02468

                                      


    (150.0 g)(66.7oC)

20.    D
For the following reaction at 25oC  and 1.0 atmosphere:


     CH4(g)    +    2 O2(g)   ----------->   CO2(g)   +   2 H2O(liq)

     which one of the following statements is not true?

     
     A) the reaction is exothermic;          B) the reaction is spontaneous;         C) G<0;      


     D) work has to be done to make the reaction go;          E) all of these are true.

If the statement is false, indicate what is incorrect.

21.  T  -  F   At 25oC and 1 atmosphere pressure, the reaction between nitrogen gas and oxygen gas to form nitric oxide is spontaneous.


[If it were, we’d be breathing that deadly gas as the atmospheric gases spontaneously reacted with each other!  (Also, G for rxn = +86.57 kJ)]
22.  T  -  F   Endothermic reactions always move toward spontaneity as we increase the temperature.


[Depends on the value (sign) of entropy as well.]
23.  T  -  F   Free energies of formation of compounds are positive numbers in most cases.


[Look at table of thermodynamic values.  Most elements tend to combine to become stable – Octet Rule – which means they make compounds.]
24.  T  -  F   If H is positive and S is positive, we expect G to be negative only at high temperatures.

25.  T  -  F   For the process:     CO2(s)   ------->  CO2(g)   we expect both H and S to be positive.

26.  T  -  F   For the process in #25, we would expect  S to decrease with increasing pressure.

27.  T  -  F   For the decomposition of water to the elements at standard conditions, G= +56.7 kcal.  This means that at least 56.7 kcal of work (energy) has to be supplied to make this reaction go.

28.  T  -  F   If G for a reaction is positive, it is impossible to carry out the reaction unless either the temperature or the pressure is increased.

[Requires some type of work – gas expansion/compression – or electrical work.]

===========================================================================







29.   +52.4 kcal      Go of AgCl is -26.2 kcal/mole.  What is the G for the following reaction:





 2 AgCl(s)   --------->    2 Ag(s)    +     Cl2(g)
30.   C      The molar heat of fusion of benzene is 2.55 kcal/mole.  Its melting point is 5.0oC.   
                      S for the melting of benzene, in cal/mole K, is about: 


    A) 0.51;       B) 2.6;      C) 9.2;       D) 13;       E) 6.8;       F) 510.


H = TS  (     +2550 cal  = 278 K(S)  (   S  = +9.17 cal /mol-K
31.   C        For which of the following would you expect S to be nearest zero?

      
   A)  CH4(g)  +  2 O2 (g) -----> CO2 (g) +  2 H2O(liq);         B)  2 SO2 (g)  + O2 (g) ----->  2 SO3 (g)
       
    C) CaSO4(s) + 2 H2O(liq) ---->  CaSO4.2 H2O(s);         D) CO(g) + 1/2 O2 (g)  ---->  CO2 (g)

[Looking for the reaction that has the smallest changes in moles of gas.]
32. .   A          For a certain spontaneous exothermic reaction,  H is -20.0 kcal and 


      G at 25oC is -14.2 kcal.   What is  S, in  cal/mole K ?



A) - 19.5;         B) +19.5;         C) -232;          D) + 232;        E) 6000.


Go = Ho – TSo   (    - 14,200 cal  = -20,000 cal – (298)(S)



S = -19.46 cal
33.   D        For any isolated spontaneous process, which of the following conditions are true:


1) Gsystem  < 0;     2) Gsystem  > 0;     3) Ssystem  < 0; 

    
 4) Ssystem  > 0;      5) Suniverse  < 0;      6) Suniverse  > 0.

     
A) 1, 3, 4;       B) 2, 4, 6;       C) 1, 4, 5;       D) 1, 4, 6;       E) 2,4, 6
Consider the following reaction for the next set of questions:  
Use the table provided at the end of this test.

   2 SO2(g)    +    O2(g)    ---------------->   2SO3 (g)   [at 25oC and 1.0 atm.]

34.    -197.78 kJ    Calculate the Ho (in kJ/mole) for this reaction at 25oC.



Ho = [2(-395.72 kJ/mol)] – [2(-296.83 kJ/mol)]  = -197.78 kJ
35.  + 17.0 J      Calculate the So (in J/mole) for this reaction at 25oC.



So = [2(256.6 J/mol)] – [2(248.1 J/mol)]  = + 17.0 J
36.    -202.8 kJ      Calculate the Go (in kJ/mole) for this reaction at 25oC.



Go =Ho - TSo  (Go = -197.78 kJ – (298)(+0.0170 kJ)




Go = -202.8 kJ 
37.   T   -   F   
In the synthesis reaction above, it would be expected to be nonspontaneous at standard conditions, but would become spontaneous at 500oC.

This reaction would be spontaneous at all conditions because of the signs of enthalpy and entropy.

38.    C           Under what conditions can we absolutely say a system is at equilibrium at constant pressure and temperature?      

     
A) H = 0;       B) H > 0;       C) G = 0;        D) G > 0;   E) S > 0.

39.    E      Which of the following can be used to calculate directly the value of an equilibrium constant at a given temperature?       


A)  H;          B) Ho;           C) S;             D) G;              E)  Go.

40.    D      When KNO3 dissolves in water at room temperature, H is positive for the dissolving process. Given this information, what can we conclude?

     
  A) G > 0  for the dissolution process;               B) G = 0  for the dissolution process;

    
  C) The dissolving process of salts in water is always a spontaneous process;

    
  D) S > 0 for the dissolution process;                 E) S < 0 for the dissolution process.

41.  188 K
Estimate the normal boiling point for HCl(g), given the following information:

         


Hvaporization  = +16.13 kJ/mole and Svaporization  = +85.77 J/mole- K.



H = TS  (     +16.13 kJ  = T()  (     = 188 K
42.     B     Which one of the following statements best describes the relationship between G and temperature?


   A)  G is independent of T;      B)  G varies with T;      C)  G is a linear function of T;      


   D)  G usually decreases with T.

43.     B     
Hydrogen bromide gas and chlorine gas react to produce hydrogen chloride gas and liquid bromine (a single replacement reaction).  If the reaction takes place at 25oC,  what is the value of the equilibrium constant for the reaction?  

     
A) 3.4 x 10-12         B)  4.7 x 1014           C) 0.0045;          D) 450.0;           E) 6.5 x 1010
                       2 HBr(g)   +  Cl2(g)   (   2 HCl(g)  +  Br2(liq)


Go = 2(-95.31 kJ) – 2(-53.43 kJ)  = -83.76 kJ

                       Go  =  -RTlnK  (  -83.76 kJ  = -(8.314 x 10-3 kJ/mol-K)(298 K)(lnK)

                        lnK = 33.81  (   K  = 4.81 x 1014
44.    A      Which of the following statements is FALSE?

    
 A) According to third law of thermodynamics, S = 0 for a perfect solid crystal at 0oC.

     
 B) According to the first law of thermodynamics, energy is conserved.

     
 C) According to the second law of thermodynamics, the total entropy change is positive for a spontaneous process.

     
 D) For reactions involving only condensed phases,  H is approximately equal to E.


 E) PV has the units of energy.    F) both C and D are false;     G) both D and E are false.

45.    -1098 kJ/mol   A certain bomb calorimeter has a heat capacity of 1610.8 J/oC.  A temperature 


rise of 3.77oC is observed when the bomb calorimeter is used in the quantitative combustion of a 1.000-gram sample of powdered tantalum in excess oxygen to produce tantalum (V) oxide.  Find the standard molar heat of formation for 


tantalum (V) oxide at standard temperature (298 K).

2 Ta(s)   +  5/2 O2(g)  (   Ta2O5 (s)


3.77oC x 1.6108 kJ/oC  = -6.0727 kJ         

                                         1.000 g / 180.9  = 0.005528 moles

                                   Ho = -6.0727 kJ / 0.005528 moles  = -1098 kJ/mol
46.    zero           What is the n for the complete combustion of exactly one mole of glacial acetic acid when both reactants and products are at 25oC?   Glacial acetic acid is the concentrated solution, and may be considered to be the pure liquid form of the acid.


HC2H3O2 (liq)   +  2 O2(g)   (   2 CO2(g)  +  2 H2O (liq)


n = 2 – 2  = 0
47.   + 963.1 kJ    
G(reaction) for the formation of ferro-ferric oxide (Fe3O4) from ferric oxide and metallic iron is -79.5 kJ.   What is the free energy of formation (Gf) for ferro-ferric oxide (in kJ/mole)?





Fe(s)   +  4 Fe2O3(s)   (   3 Fe3O4(s)



Grxn = -79.5kJ  = 3 X – 4(-742.2 kJ)  

                                                (  3X  = +2889.3 kJ  (  X = + 963.1 kJ    
48.  9.65 x 1015
Evaporating ammonia and HCl from aqueous ammonia ("ammonium hydroxide") and hydrochloric acid, respectively, produce the white haze often seen on lab windows and glassware:


 NH3(g)     +    HCl(g)                       NH4Cl(s)

 Calculate the equilibrium constant for this reaction at 298 K.


Thermodynamic values for solid NH4Cl:


Gf = -203.0 kJ/mole;      Hf = -314.4 kJ/mole;        S = +94.6 J/mole-K





Go  = -203.0 kJ  - [(-16.5 kJ) + (-95.31 kJ)]   = -91.19 kJ
                       Go  =  -RTlnK  (  -91.19 kJ = -(8.314 x 10-3 kJ/mol-K)(298 K)(lnK)

                        lnK = 36.81  (   K  = 9.65 x 1015
49.
It is desired to produce Sn metal from its ore, cassiterite, SnO2,  at as low a temperature as possible.  The ore might be:   (1) heated by itself (to produce oxygen gas),    (2) heated with hydrogen gas (to produce water vapor),  or   (3) heated with carbon (to produce carbon dioxide gas).  Which would you recommend, based on thermodynamic principles?  Show reasons for your argument.
  
Thermodynamic values for solid SnO2:


Gf = -519.7 kJ/mole;       Hf = -555.2 kJ/mole;          S = +52.3 J/mole-K


