
Problem Set #4 Ð Chemistry 102 Ð 2008 
Solutions 
 
Whitten: 
13.71. 
The following data are given for ethanol: 
 Melting point: -117ûC 
 Boiling point: 78.0 ûC 
 Critical Temp: 243 atm 
 Critical pressure: 63 atm 
 
Assume that the triple point is slightly lower in temp than the melting point and that the 

vapor pressure at the triple point is 10-5 torr. 
(a) sketch the phase diagram 

 
(b) Ethanol at 1 atm is compressed to 70 atm at 140ûC, is there a phase change? 
As can be seen from the plot above, the sample will go from the gas phase to the liquid 

phase. 
(c) Ethanol at 1 atm is compressed to 70 atm at 270ûC, is there a phase change? 
In this instance, NO.  This temperature is higher than the critical temperature, so there is 

no distinction between gases and liquids. 
 



33.    
 
From the following enthalpies of reaction,  

         
   -178.1  

  -65.3 

  -16.2 
 
find the enthalpy of reaction for 
 

 

 
 
51.  
 Estimate ! H for the burning of one mole of butane, using bond energies. 
 

 
 
79.  
Assuming that the gases are ideal, calculate the amount of work done (in joules) in each 

of the following reactions.  In each case, is the work done on or by the system?  
(a)  A reaction in the Mond process for purifying nickel that involves the 
formation of the gas nickel(0) tetracarbonyl at 50-100¡C.  Assume one mole of 
nickel and is used and a constant temperature of 75¡C is maintained. 

 
Ni(s) + 4CO(g) "   Ni(CO)4(g) 

 
(b)  The conversion of one mole of brown nitrogen dioxide into colorless dinitrogen 

tetroxide at 8.0¡C. 
 

2NO2(g) "  N2O4(g) 
 



 
87.   
a. Two equal sized flasks, A&B, are connected via a tube.  Suppose you put one molecule 

inside, what is the probability that it will be in either flask A or in flask B. 
b.  What is the most likely distribution of 100 molecules between the two flasks?  What is 

the arrangement with the highest entropy? 
c.  What is the probability that all molecules will be in flask A? 

 
 



1.       Reminiscent of lab? 
a. The specific heat capacity of aluminum is 0.900 J/gûC at 25ûC.  When a 20.0 g 
chunk of aluminum heated to 100ûC is added to a water-filled calorimeter at 25ûC, the 
temperature of the calorimeter rises by 3.0ûC.  What is the heat capacity of the 
calorimeter? (Note that that the calorimeter can be considered the combination of water 
and container in this problem). 
 
qcalorimeter = -qaluminum = -csm! T = -(0.900 J/gûC)(20.0 g)(28ûC Ð 100ûC) = 1300 J 
 
Ccalorimeter = qcalorimeter/! T = (1300 J)/(+3.0 ûC) = 430 J/˚C. 
 
 
b. A 6.00 sample of ammonium nitrate (NH4NO3) is added to the same calorimeter 
described in ÒaÓ.  The temperature decreases from 25.0ûC to 20.5ûC.  What is the molar 
enthalpy of solution of ammonium nitrate? 
 
qcalorimeter = Ccalorimeter! T = (430 J/ûC)(20.5-25.0û) = -1900 J 
qreaction = -qcalorimeter = 1900 J 
! Hsol = (+1900 J)/(6.00 g/96 g/mol) = +30,000 J/mol  
 
 
2. a. A rigid 22.4 L flask containing 1.00 mol of He is raised in temperature 

from 273 K to 298 K.   
 (i) How much work is done by the system?  
 w = -P! V = 0 (the flask does not change volume) 
 
 (ii) How much does the internal energy of the helium sample change?   
 Because itÕs an ideal gas, there are no interactions Ð the internal energy is the 

kinetic energy. 
 ! E = 3/2nR! T = 1.5(1.00 mol)(8.3145 J/molK)(25 K) = +312 J 
 
 (iii) How much heat must be transferred to the flask?   
 ! E = q + w = q = +312 J 
 
 (iv) What is the molar heat capacity of helium at constant volume. 
 q = n.c.! T = (1.00 mol)c(25 K) = 312 J 
 c = 12.5 J/molK 
 
 b. Consider the same system, except that the 1.00 mol of He is now in a 

cylinder that may expand against a constant external pressure of 1.00 atm.  The 
sample is heated from 273 K to 298 K.  (i)  How much work is done by the 
system?  

 w = -P! V = -P(nR! T/P) = -nR! T = -(1.00 mol)(8.3145 J/molK)(+25 K) = -208 J 
 
  (ii)  How much does the internal energy of the sample change?   



 ! E = 3/2nR! T = 1.5(1.00 mol)(8.3145 J/molK)(25 K) = +312 J 
 
 (iii)  How much heat must be transferred to the flask? 
 q = ! E - w = 312 J - (-208 J) = 520 J 
 
   (iv) What is the molar heat capacity of helium at constant pressure. 
 q = n.c.! T = (1.00 mol)c(25 K) = 520 J 
 c = 20.8 J/molK 
 
3. Briefly, in a single sentence each, explain why each of the following processes are 
enthalpically favorable, unfavorable or neutral (you should not need any thermodynamic 
tables). 
a. Water freezing 
Due to the formation of stronger intermolecular forces between molecules in the solid, 
this is an enthalpically favorable process (note that it requires heat to reverse the process). 
b. Splitting water to make H2 and O2. 
H2 and O2 release an enormous amount of heat when the react (think Hindenberg), thus 
the bonds in H2O are stronger than those in H2 and O2.  This is an enthalpically 
unfavorable reaction. 
c. Converting Cl2 to two atoms of Cl. 
Breaking bonds requires energy- enthalpically unfavorable. 
d. Mixing cold and hot water together. 
Tricky question, but if you think of it, the heat is simply conserved within the two 
samples, so this is neutral. 
e. The conversion of double-stranded DNA into single-stranded DNA. 
DNA is held together by intermolecular forces Ð so this is enthalpically unfavorable. 


