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Exam II
CHM 3410, Dr. Mebel, Fall 2013

(Each problem is 20 pts.)

1. Carbon tetrachloride melts at 250 K. The vapor pressure of the liquid is 10539 Pa at
290 K and 74518 Pa at 340 K. The vapor pressure of the solid is 270 Pa at 232 K and
1092 Pa at 250 K.

(a) Calculate ΔHvaporization and ΔHsublimation.
(b) Calculate ΔHfusion.
(c) Calculate the normal boiling point and ΔSvaporization at the boiling point.

2. The average human with a body weight of 70 kg has a blood volume of 5.00 L. The
Henry’s law constant for the solubility of N2 in water is 9.04×104 bar at 298 K. Assume
that this is also the value of the Henry’s law constant for blood and that the density of
blood is 1.00 kg L-1.

(a) Calculate the number of moles of N2 absorbed in this amount of blood in air of
composition of 80% N2 at sea level, where the pressure is 1 bar, and at a pressure
of 50 bar.

(b) Assume that a diver was breathing compressed air at a pressure of 50 bar and then
was suddenly brought to the sea level. What volume of N2 gas was released as
bubbles in the diver’s bloodstream?

3. A sample of glucose (C6H12O6) of mass 4.55 g is placed in a test tube of radius r = 2.50
cm. The bottom of the test tube is a membrane that is semipermeable to water. The tube
is partially immersed in a beaker of water at 298 K so that the bottom is only slightly
below the level of the water in the beaker. The density of water at this temperature is 997
kg m-3. After equilibrium is reached, how high is the water level of the water in the tube
above that in the beaker. What is the value of the osmotic pressure? Assume that the test
tube is cylindrical and the volume of the solution in the tube can be calculated as V = πr2h
and that the density of the solution in the tube is equal (approximately) to the density of
water.

4. The phase diagram for two metals A and B contains one eutectic and no compound
between A and B forms. The freezing points of solutions of A and B are found to vary
linearly with the mole fraction of B in the solution. The melting points of pure A and B
are 650 K and 600 K, respectively. The cooling curve for a mixture containing 40% mole
fraction of B exhibits a single flat region (eutectic halt) at 400 K. Using this information,
sketch the A-B phase diagram and indicate the phases present in each region.
5. Describe how Le Chatelier’s principle is manifested in changes of equilibrium constant
(or equilibrium composition of a reaction mixture) with temperature and pressure.
Support your explanation with formal equations showing the described changes.
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Exam II 

CHM 3410, Dr. Mebel, Fall 2014 

(Each problem is 20 pts.) 

 

1. For water, Hvaporization is 40.656 kJ mol
-1

, and the normal boiling point is 373.12 K. 

Calculate the boiling point for water on the top of Mt. Rainier (elevation 4392 m), where 

the barometric pressure is 461 Torr. 

 

2. At 39C, a solution of ethanol (xA = 0.9006, pA* = 130.4 Torr) and isooctane (pB* = 

43.9 Torr) forms a vapor phase with the mole fraction of ethanol yA = 0.6667 at a total 

pressure of 185.9 Torr. 

(a) Calculate the activity and activity coefficient for each component. 

(b) Calculate the total pressure that the solution would have if it were ideal. 

 

3. 3 g of a nonvolatile solute whose molar mass is 344.2 g mol
-1

 are dissolved in 1 kg of 

H2O at 298.15 K. The solution is placed in an osmotic pressure apparatus with semi-

permeable membrane that permits the flow of H2O, but not the solute, between 

compartments. Compute the osmotic pressure of this solution. How high will be the 

liquid in the column when the equilibrium is established?  

 

4. Please, see below the liquid-vapor phase diagram of the acetone/chloroform mixture at 

p = 1 atm. Mark each area of the phase diagram with the number of phases present and 

variance (P and F’). What phases will be present in each area of the diagram? What is the 

azeotrope composition of this mixture? At what temperatures the mixtures of the 

following compositions will boil (here, xA is the mole fraction of acetone in the liquid 

mixture): (i) pure chloroform; (ii) xA = 0.15; (iii) azeotrope; (iv) xA = 0.80; (v) pure 

chloroform? What will be the compositions of the vapor phase produced when boiling 

takes place in each case?  
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5. Derive expressions for 
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). For an isothermal expansion, for which kind of gas will S be 

greater? Explain your conclusion.  
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Exam II 

CHM 3410, Dr. Mebel, Fall 2017 

(Each problem is 20 pts.) 

 

1. The vapor pressure of liquid ethanol is 7615 Pa at 298.15 K and vapH =38.56 kJ mol
-1

. 

Calculate the normal and standard boiling points of ethanol. 

 

2. At 39C, a solution of ethanol (xA = 0.9006, pA* = 130.4 Torr) and isooctane (pB* = 

43.9 Torr) forms a vapor phase with the mole fraction of ethanol yA = 0.6667 at a total 

pressure of 185.9 Torr. 

(a) Calculate the activity and activity coefficient for each component. 

(b) Calculate the total vapor pressure that the solution would have if it were ideal. 

(c) Is mixing of liquid ethanol and isooctane exothermic or endothermic? Justify 

your answer both qualitatively and quantitatively (based on Margules equations 

assuming that the solution is approximately regular). Is the assumption that the 

solution is regular accurate in this case? 

 

3. 4.55 g of glucose (C6H12O6) are dissolved in 1 kg of H2O at 298.15 K. The density of 

water at this temperature is 997 kg m
-3

.The solution is placed in an osmotic pressure 

apparatus with semi-permeable membrane that permits the flow of H2O, but not the 

solute, between compartments. Compute the osmotic pressure of this solution. How high 

will be the liquid in the column when the equilibrium is established?  

 

4. Please, see below the liquid-vapor phase diagram of the ethanol/water mixture at p = 1 

atm. Mark each area of the phase diagram with the number of phases present and 

variance (P and F’). What phases will be present in each area of the diagram? What is the 

azeotrope composition of this mixture? At what temperatures the mixtures of the 

following compositions will boil (here, xA is the mole fraction of ethanol in the liquid 

mixture): (i) pure water; (ii) xA = 0.21; (iii) xA = 0.62; (iv) azeotrope; (v) pure ethanol? 

What will be the compositions of the vapor phase produced when boiling takes place in 

each case?  
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5. Derive expressions for 
TV
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  for the perfect gas and a real gas described by the 

virial equation of state, 
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, assuming here for simplicity that the 

virial coefficient B is independent of temperature.   For an isothermal expansion, for 

which kind of gas will the change in entropy S be greater? Explain your conclusion. 

How your answer depends on the sign of the virial coefficient B? 


































