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Chemistry 342 
Third Exam 

April 22, 2005 
2:00 PM in C6 Lecture Center 

 
Write all work you want graded in the spaces provided. Both the logical solution to the 
problem and the answer to the question are required. What is required is an answer in 
terms of the original numerical data, including all numerical values and units of 
conversion factors. Use no intermediate calculated numbers, except where such 
numbers arise from answers to previous parts. The solution has to be worked out in the 
form of complete equations, with justification or basis for the use in the specific problem. 
Final numerical values must include the correct units.  
In other words, the instructions are the same as for Exam 1. 
 
POSSIBLY USEFUL INFO:       1 J = 1 kg m-2 s-2    1 atm = 101325 Pa 
      (p  + n2a/V 2)(V-nb) = nRT    ∆fusH = 6003 J mol-1 for water 
 R = 8.31441 J mol-1 K-1 =1.98718 cal mol-1 K-1 = 0.082057 L atm mol-1 K-1   
(∂U/∂V)T = T(∂p/∂T)V – p   (∂H/∂p)T = -T(∂V/∂T)p + V    µJT ≡ (∂T/∂p)H    (∂H/∂p)T = -CpµJT 
Cp - CV = {p + (∂U/∂V)T }(∂V/∂T)p     
special case : [Tf /Ti]Cv/R } = [Vi /Vf ] only for ideal gas undergoing reversible adiabatic process 
 (∂S/∂V)T  = (∂p/∂T)V  
(∂S/∂p)T = - (∂V/∂T)p    
Cp  - CV = { p + (∂U/∂V)T }(∂V /∂T)p       
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2.  From the graph on the next page determine the following and place your answers in the table 
below: 
(a) The mole fraction of B in the vapor at 35°C and a pressure of 65 mm Hg for a system having over 
all 20 mole % B 
(b) The mole fraction of A in the liquid at 35°C and a pressure of 65 mm Hg for a system having over 
all 20 mole % B 
(c) The relative amounts of liquid and vapor for a system having over all 20 mole % B at 35°C and a 
pressure of 65 mm Hg 
(d) Are the A-B intermolecular interactions stronger or weaker (which one?) than the A-A and B-B 
interactions?  
(e) What is the vapor pressure of pure A at 35°C? 
(f) What is the vapor pressure of pure B at 35°C? 
(g) If an azeotrope is formed by this system, what is the approximate composition of the azeotropic 
mixture? 
(h) If an azeotrope is formed by this system, would it boil at a higher or lower temperature (which one) 
than both A and B? 
 (i) Would the activity coefficient of B in a liquid solution of A+B be smaller or greater (which one?) 
than 1.0? 
(j) Would the activity coefficient of A in a liquid solution of A+B be smaller or greater (which one?) 
than 1.0? 

 

(a) (b) (c) (d) (e) 
 
 

    

(f) (g) (h) (i) (j) 
 
 

    

Show your calculations here, if calculations are required to answer above. 
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4.  The activity of pure liquid water at 1 atm is 1, according to the definition of the standard state as a 
pure liquid at 1 atm. Calculate the activity of pure liquid water at 50°C and 104 atm, given that the 
integral ∫ Vm dp between 1 atm and 104 atm is = 161.450 L atm for liquid water at 50°C.  
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5. For the state points labeled (a) through (k) describe the system as explicitly as you can in terms of  
 (1) the phases present 
 (2) the composition of each phase 
 (3) where possible, the relative amounts of each phase 
      Place your answers in the table below 

 

•(a) 

•(b) •(c)
•(e)

•(g) 

•(f) 
•(d) 

state 
point 

phases present composition of each phase relative amounts of each phase 

(a)  

 

  

(b)  

 

  

(c)  

 

  

(d)  

 

  

(e)  

 

  

(f)  

 

  

(g)  
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7. When equilibrium is reached in the following systems, which of the following conditions apply? 
Choose as many as apply and place only the letters in the Ans. column in the table below. 
A. µB(liquid) =µ° B(gas) + RTln pB*  
B. µB(liquid solution) = µ° B(gas) + RTln pB(liquid solution) 
C. ln (1/xB) = VmB ph/RT 
D. xB = exp{-∆fusHB[(1/Tf) – (1/Tf*)]} 
E. fB(liquid solution) = fB(solid) 
F. µB(solid) =µ° B(gas) + RTln fB(liquid solution) 
G. Gfinal = nA[µ° A+ RTln fA(liquid solution)] + nB[µ° B+ RTln fB(liquid solution)] 
H. pB = XB pB* 
I.  pB = KH,B XB 
J. µB(solid) =µB(liquid solution) 
K. µA(liquid solution) =µ°A(gas) + RTln fA(liquid solution) 
L. µA(solid) =µA(liquid solution) 
M. xA = exp{-∆fusHB[(1/Tf) – (1/Tf*)]} 
N. yA = xAp*A /[ xA(p*A - p*B) + p*B ] 
O. p2/p1 = exp{-[∆vapH/R ][(1/T2) – (1/T1)]} 
P. ln aB = ln[p/1 atm] + [∆vapHB/R ][(1/Tb) – (1/T*b)] 
Q. (∂µB(liquid solution)/∂ph)T = (∂µ°B(liquid solution)/∂ph)T +RT(∂ln aB/∂ph)T = Vm,B(liquid) 
R. ln XA = - πVB(liquid)/RT 
S. ln aB = -∆fusHB[(1/Tf) – (1/Tf*)] 
T. ln aB =  ∆vapHB[(1/Tb) – (1/Tb*)] 
U. ln aB = pB/p*B 
V. aB = pB/p*B 
W. aA =  -  πVB(liquid)/RT 
X. dµA =  dµB  
Y. aB = pB/ KH,B 
Z. (m±

s ) = (m+)p(m-)q 
 
 system process Ans 
1 pure solid B and liquid solution of B with 

a non-volatile solute are present in a 
container  

B melting or B freezing out  

2 compartment 1 has pure liquid B, compart 
ment 2 has a liquid solution of A in B, 
they are separated by a molecular sieve 
permeable to B only 

osmosis  

3 a small quantity of dry ice is introduced 
into a bottle containing liquid water and 
the bottle is sealed off.  
 

CO2 goes into solution  

4 nA moles of liquid A and nB moles of 
liquid B are in two bulbs at temperature T 
separated by a partition 

partition is removed   

5 sufficient solid B is placed into a liquid A 
in a container   
 

most solid B dissolves, a small amount 
remains in solid phase 
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8. Draw a cooling curve for a solution starting at the state point ⊗  . The abscissa is in mole fraction of 
B. 
 

 
Describe what would be observed through the clear wall in the apparatus in which heat is 
systematically withdrawn from the system at a constant rate, 
(1) along each line on the cooling curve 
(2) at each point where the cooling curve exhibits a change in slope dT/dt 
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10. The following information is obtained on cooling curve data on the system Sn-Mg. Sketch the 
simplest melting point diagram consistent with these data. Label the phase regions and give the 
compositions of any compounds formed. 
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