Chemistry II-AP
Thermodynamics Problem Set

Solution Set

1.   A 200.0-gram metal bar requires 1.200 kcal to change its temperature from 0.0oC to 100.0oC.  


What is the specific heat of the metal, in J/g-oC?

      C  = 1200 cal /[(200.0 g)(100.0oC)] = 0.0600 cal x 4.184 J/cal  = 0.2510 J/g-oC
2.
Experimentally it is found that 163 kJ of thermal energy (heat) are evolved when 10.0 grams of aluminum oxide are formed from the elements.  To what final temperature would 1.00 gallon of water at 20.0oC be heated by absorbing this quantity of heat?

      1.00 gallon       4 qt         946 mL         1.0 gram

                           x --------  x ----------  x  -----------    = 3784 grams

                              1 gal.        1 qt.            1 mL

      163 x 103 joules = mCt  (  (3784 g)(4.184 J / g-oC)(t  )   t    =  10.295

           Tfinal    =  20.0oC  + 10.3oC  = 30.3oC
3.
A 10.0-kg. piece of iron is placed into 1.00 liter of water at 10.0oC.  The iron and water will come to the same temperature.  What is that final temperature, assuming that no heat is lost to the outside?  (The specific heat of iron is 0.481 J/g-oC)

     [Needed an initial temperature of the metal – let’s make it 90.0oC]
      mCt  = mCt   (   (10,000g)(0.481)(90.0 – X)  = (1000 g)(4.184)(X – 10.0)

         432900  – 4810 X   = 4184 X – 41840  (    474,740  =  8994 X         

        X  = Tfinal   = 52.8oC
4.
A student adds 200.0 grams of copper metal shot at 25.0oC to 200.0 mL of water at 80.0oC.  The final temperature of the mixture is 75.3oC.  Assuming that the specific heat of water is 1.00 cal/g-oC and that no heat is lost to or gained from the surroundings, what is the specific heat of copper, in cal/g-oC?

        Cmetal  =  mCt / mt   =  [(200.0 g)(4.184 J/g-oC)(4.7oC)] / [(200.0 g)(50.3oC)]
         Cmetal  =   0.391 J/g-oC
5.
At constant pressure, q equals:

A) H;    B) E;      C) T;     D) PV;        E) w

6.
The term adiabatic refers to a process in which there is no heat transfer between the system and the surroundings.  For such a process, it follows that:


A) q = w;      B) q = 0;      C) E = q;       D) E = w;        E) PV = 0

7.
Calculate E for a system that does 300. J of work on the surroundings when 200. J of heat are lost by the system.

        E  = q – w  (   E  = -200. J – (+300. J)  = +100. Joules
8.
Given the reaction @ 25oC     4 Ag(s)  +  2 H2S(g)  +  O2(g)  (  2 Ag2S(s)  +  2 H2O(liq)

E = -Z kJ; then H equals:


A) -Z - 3(8.31)(298) kJ

B) -Z + (101)(298) kJ

C) -Z - 3(8.31 x 10-3)(298) kJ

D) +Z + 3(8.31 x 10-3)(298) kJ

D) +Z - 3(8.31 x 10-3)(298) kJ
    n = 0 – 3  = -3   (     E = H – nRT  (   H  = E + nRT
      H = - Z + (-3)(8.314 x10-3 kJ/mol-K)(298 K)  

9.
When 2.00 moles of an ideal gas expands at room temperature from 5.00 L to 10.00 L against a constant pressure of 1.00 atm., what is value of the work done by the gas, in joules?
       W  = PV   =  1.00 atm(10.00 L – 5.00 L) x 101.3 joule / 1.0 L-atm    = +507 Joules 
10.
When one mole of solid iron (III) oxide is formed by combustion of iron in oxygen, H = -824.2 kJ.


How many kJ will be released if 0.20 grams of iron are completely converted to Fe2O3?

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

        0.20 g Fe       1 mole Fe       2 moles Fe2O3         824.2 kJ
                          x  -------------  x   -----------------   x  ---------------   =   1.48 kJ released
                               55.8 g Fe          4 moles Fe          1 mole Fe2O3
11.
The combustion of 0.100 gram of ethane causes a temperature rise of 2.00oC in a bomb calorimeter that has a heat capacity of 2.510 kJ/oC.  What is the internal energy change, per mole, of ethane for the combustion reaction?

          2 C2H6(g)    +   8 O2(g)    (     4 CO2(g)    +   6 H2O(liq)
       Q = 2.00oC x 2.510 kJ/oC  = 5.02 kJ  for 0.100 gram

        (5.02 kJ / 0.100 gram)(30.0 g /  1mol)  = 1506 kJ/mol  = 1.50 x 103kJ
12.
Given the following two reactions:



2 Na(s)  +  2 HCl(g)    (    2 NaCl(s)   +  H2(g)                 Ho   =  -152.34 kcal



    H2(g)  +   Cl2(g)       (    2 HCl(g)                                  Ho  =    -44.12 kcal


What is the Hof, in kcal/mole, for NaCl(s)?

       Need to use Hess’s Law:

           
Na(s)  +   HCl(g)    (     NaCl(s)   +  ½ H2(g)          Ho   =  -152.34 kcal / 2  =  -76.17 kcal



    ½ H2(g)  +   ½ Cl2(g)       (     HCl(g)                Ho  =    -44.12 kcal / 2 =    -22.06 kcal

         ---------------------------------------------------------------------------------

Hototal  =  -98.23 kcal  

13.
It is found that Go = -394 kJ/mole at a given temperature for the reaction:






C(s)   +   O2(g)  (( CO2(g)

At this temperature, which statement is TRUE for the reaction?


A) The system is at equilibrium.            B) The process, as written, is not possible.


C) Gaseous carbon dioxide will be formed spontaneously.


D) Gaseous carbon dioxide will decompose spontaneously.


E)  The process will proceed very rapidly.

[Since Go is negative the reaction will proceed spontaneously.]

14.
For which of the following reaction systems would Ssystem < 0?


 A) 2 H2O(g) (  2 H2(g)  +  O2(g) ;     B) CH4(g)   + 2 O2(g)  (  CO2(g)  +  2 H2O(g)
n  = 3 - 2  = +1                   n  = 3 - 3  = 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  = 1 – 3  = -2n  = 1 – 2 1/2  = - 1 1/2

[If  Ssystem < 0, a negative value means the system is becoming more ordered.]
