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Chemistry 217/Quiz I 
November 24, 11 

75 minutes 
 

KEY 
 
 
 
Name:__________________________ 
 
 
 
ID#:____________________________ 
 
 
 
Signature:_____________________________ 
 
 
 
 
 
 
 
 
 
Useful Information 
R = 8.314 J mol-1 K-1 = 0.08206 L atm mol-1 K-1 
1 atm = 101325 Pa 
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1. (15%) A 1.000 g sample of octane (C8H18) is burned in a bomb calorimeter containing 1200 
grams of water at an initial temperature of 25.00oC. After the reaction, the final temperature of 
the water is 33.20oC. The heat capacity of the calorimeter (also known as the “calorimeter 
constant”) is 837 J/oC. The specific heat of water is 4.184 J/g oC. Calculate ∆E and ∆H of 
combustion of octane in kJ/mol. 
  

ΔH = ΔE + Δ(PV) = ΔE + RΤΔ(n_gas) 
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2. (15%) For a gas following  
( ) RTbVp =−  

a. Derive the expression for the Joule-Thomson coefficient JTµ . 
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b. When the pressure drops in a Joule-Thomson expansion for such a gas, what is the sign 
of ∆T? 

 
 
 
 
 
 
 
 
 
 
 
 
 
Expansion ⇒  ΔP〈0 ⇒ΔT 〈0 ⇒  gas will cool down as it expands  
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3. (20%) Consider the cooling of 1.00 mol of O2 (g) from 298K to O2 (l) at 90.19K. Given: 
∆vapH (90.19K) = 6820 Jmol-1 and Cp = 7R/2. 
 
a. What are ∆Ssys, ∆Ssur, and ∆Suniverse if the process is done reversibly? 
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b. What are ∆Ssys, ∆Ssur, and ∆Suniverse if the process is done irreversibly by placing the sample in 
liquid hydrogen at 13.96K? 
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4.  (15%) Show that: 
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5. (15%) Describe the technique of adiabatic demagnetization by a graph and how this 
experiment can be linked to the third law of thermodynamics. 

In 1926 Giauque and Debye independently showed that low temperature can be achieved 
by adiabatic demagnetization. In this technique a para- magnetic salt (gadolinium sulfate, 
for example) is repeatedly magnetized and then demagnetized. Demagnetization is 
accompanied by a decrease in temperature and it is found possible to reach 0.0014 Kby 
the procedure.  
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Fig. 6.1 Cooling by the Debye-Giauque adiabatic demagnetization method.

In 1926 Giauque and Debye independently showed that low temperature
can be achieved by adiabatic demagnetization. In this technique a para-
magnetic salt (gadolinium sulfate, for example) is repeatedly magnetized
and then demagnetized. Demagnetization is accompanied by a decrease in
temperature and it is found possible to reach 0.0014 N by the procedure.
The thermodynamic basis of this method is described in Chapter 18.
As a magnetic field K is turned on a paramagnetic salt, the entropy

decreases from its value at K = 0 because of the paramagnetic ordering
e�ect of the magnetic field. Let us set

V0 = lim
W$0

V (K = 0)

and assume that V0 6= 0 contrary to the third law. Then it would be
possible to attain W = 0 in a single step of adiabatic demagnetization by
starting the procedure at an appropriate temperature. This then would
allow the system to reach W = 0 in a finite number of steps. But since
V0 = 0, it is practically impossible to attain W = 0 by a finite number of
steps of adiabatic demagnetization since the temperature decrease achieved
in each step gets smaller and smaller as the absolute zero is approached.
As a corollary to this theorem, we may state that it is practically im-

possible to attain the unit e!ciency for reversible Carnot cycles. Since by
the Carnot theorem and equivalently the second law of thermodynamics
the e!ciency of reversible cycles is always larger than those of irreversible
cycles the present corollary may be regarded as a consequence of the sec-
ond law of thermodynamics. Indeed, this should be so since the second law
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6. (20%) Water vapor can be maintained at 100°C and 2 atm pressure for a time, but it is in a 
state of metastable equilibrium and is said to be supersaturated. Such a system will undergo 
spontaneous condensation; the process is: 

 
                               H2O (g, 100° C, 2 atm) → H2O (l, 100° C, 2 atm) 
 
Calculate ∆Gm for this process by devising suitable reversible paths. The molar enthalpy of 
vaporization ∆vapHm is 40.60 kJ/mol; the density of water is 1.0 g/cm3; assume the vapor to 
behave ideally and liquid water is incompressible. 
 

 

H2O (g, 100° C, 2 atm) ⎯→⎯ΔG H2O (l, 100° C, 2 atm) 

∆GI ↓  ↑∆GIII 
 
H2O (g, 100° C, 1 atm) ⎯⎯→⎯Δ IIG H2O (l, 100° C, 1 atm) 
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