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CHEM 322: PHYSICAL CHEMISTRY III 

QUESTION ONE (30 marks) 

1. a.i) Find the difference in the work done when 500  ml of a gas at a pressure of 2 atmospheres 

is compressed to 100 ml reversibly and (a) isothermally (b) adiabatically (ᵧ for the gas is 1.35)       

[3 marks] 

ii) the coefficient of thermal expansion,α is defined as α=
1

𝑉
(

𝑑𝑉

𝑑𝑇
)

𝑃
 while the compressibility k is 

defined as k=
−1

𝑉
(

𝑑𝑉

𝑑𝑇
)

𝑇
. Evaluate them for an ideal gas and prove that (

𝑑𝑃

𝑑𝑇
)

𝑉
=

𝛼

𝐾
. (3marks) 

 

iii) Show that (
𝜕𝛼

𝜕𝑃
)

𝑇
+ (

𝜕𝐾

𝜕𝑇
)

𝑃
= 0                                                                        [3 marks] 

iv)  (
𝜕𝐸

𝜕𝑉
)

𝑇
= 0,   Show that       (

𝜕𝐸

𝜕𝑃
)

𝑇
= 0                                                                [2 marks] 

v) A sample of gas changes in volume from 4.00 L to 6.00 L against an external pressure of 1.50 

atm, and simultaneously absorbs 1000 J of heat. What is the change in the internal energy of the 

system?          [2 marks] 

b.i) 16 gm of O2 at 270C and 10 atm undergoes reversible adiabatic expansion to 1 atm.  

I)Calculate the final temperature, work done,∆U, and ∆H. If the same expansion takes 

place reversibly against a constant pressure of 1 atm,     [2 marks] 

II) What will be the final temperature, W,∆U, and ∆H    [2 marks] 

 III) if the same expansion takes place against a constant pressure of 1 atm but till the 

volume is trebled (then pressure is raised to match the internal pressure), what will be the final 

temperature, W,∆U and ∆H        [2 marks] 

  ii) If 1 mol of an ideal gas undergoes a reversible polytropic expansion, PVn=C holds where n 

and c are constants with n> 1. 

a) Calculate the work done if the gas expands from V1 to V2 litres with T1 = 300K and 

T2 = 200K with n=2       [2 marks] 

b) If Cv= 5𝑅/2, calculate Q, ∆U and ∆H     [2 marks] 

iii) One mole of oxygen expands adiabatically against a constant external pressure of 1 

atmosphere until the pressure balances. The initial temperature and Volume are 2000C and 20L 

respectively. 

a) Explain whether the process is reversible or not.   [1 mark] 
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b) Calculate the final temperature, Work done and the change in entropy. [2 marks] 

c) Will the quantities be different if n moles of oxygen were taken. Give a 

reason.Assume ideal behavior      [1 mark] 

d) Calculate ∆U and ∆H       [2 marks] 

c) A compressor designed to compress air is used instead to compress helium. It is found that the 

Compressor Overheats. Explain this effect, assuming that the compression is approximately 

adiabatic and starting pressure is the same for both gases    [1 mark] 

 

QUESTION TWO (20 marks)  

2 a. i) Explain how on the basis of the efficiency of reversible heat engine, the thermodynamic 

scale of temperature was developed by Lord kelvin     [3 mark] 

ii)Calculate the amount of heat supplied to carnot’s cycle working between 368K and 288K if 

the maximum work obtained is 895 joules       [0.5 mark] 

iii)predict in which of the following processes entropy increases or decreases 

a) A liquid crystallizes into a solid      [1 mark] 

b) The temperature of a crystalline solid is raised from 0K to 115K   

 1mark     

c) The following reactions are carried out 

i)2NAHCO3 ⟶ NA2CO3+ CO2+ H20   [1 mark] 

ii) H2(g)  ⟶      2H (g)     [1 mark] 

b. i) the Joule –thomson coefficient for van der Waals is given by  

  𝜇𝐽𝑇 =
1

𝐶𝑃,𝑀
[

2𝑎

𝑅𝑇
− 𝑏] = (

𝜕𝑇

𝜕𝑃
)

𝐻
 

Calculate the value for the isothermal compression of 1mole of nitrogen from 1 to 500 

atmospheres at 300K, a=0.1353nm4mol-2, b= 0.039 x 10-3 m3mol-1.   [3 marks] 

    ii) One mole of air at 750 K is expanded reversibly and adiabatically from 1 dm3 to 10 dm3. 

Taking Cv,m for air as 20.92JK-1mol-1 and assuming ideal behavior, calculate the final 

temperature, ∆E, ∆H, and ∆W        (2 marks) 

   iii) Calculate the molar entropy change of mixing 0.2 mole of oxygen and 0.6 mole of nitrogen 

at 250c assuming that they are gases       [1.5 marks] 

    iv) To what pressure must a certain ideal gas (𝛾=1.4) at 373K and 1-atmosphere pressure be 

compressed adiabatically in order to raise its temperature to 773K?                   (1mark) 
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c A mole of an ideal monoatomic gas at 20 atm. And 300k is expanded adiabatically against a 

constant pressure of 10 atm. Calculate the entropy change for the gas.  [5 marks] 

 

QUESTION THREE (20 marks) 

3 a. i) the equilibrium constant kP for a reaction A+B  ⇋  C+D is 10-12 at 3270C and 10-7 at 

427oC. Calculate the enthalpy of the reaction. (R=8.314JK-1mol-1)   [2 marks] 

      ii) Briefly describe the importance of the third law    [3 marks] 

      iii) Cv for a metal is 3.04 JKT-1mol-1 at 20K. Calculate the absolute entropy in JK -1mol-1at        

20K            [2 marks] 

(iv) Calculate the vapor pressure of water at 90.00c if its value at 100.00c is 76.0 cm. The mean 

heat of vaporization of water in the temperature range 900 and 1000c is 542 calories per gram.           

(1 mark) 

(v)      Prove that entropy change for 1 mole of an ideal gas is given by 

                              ∆s=2.303Cv log 
𝑇2

𝑇1
+ 2.303 Rlog 

𝑉2

𝑉1
            [1.5marks] 

   b.i) Explain how the Validity of the third law of thermodynamics can be tested [2 marks] 

      ii) Calculate the entropy change that takes place during the conversion of 1 mol of ice at 

273.1K and one atm, pressure into steam at 373.1K and one atm pressure given that the molar 

fusion of ice ∆Hf is 6.00 KJmol-1 at 273.1K and molar heat of vaporization of water, ∆Hv at 

373.1K IS 40.60 kJmol-1. Assume that the molar heat capacity Cp in this temperature range is 

constant at 75.2 JK-1mol-1        [2 marks] 

             

       iii) The following reaction N2 (g) + 3H2 (g) ⇌  2NH3 (g) the free energy changes at 250c and 

350c are -33.089 and -28.018 KJ respectively. Calculate the heat of the reaction.  [1.5 marks] 

      iv) The ClBrO3 molecule can have four possible arrangements with nearly the same energy. 

calculate the residual entropy of the ClBrO3 molecule.    [1 mark] 

c. show that the efficiency of a reversible Carnot cycle is T2-T1/T2 where T2 and are temperature 

of the source and the sink        [4 marks] 
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QUESTION FOUR (20 MARKS)    

4.a)    In biological cells that have a plentiful supply of O2, glucose is oxidized completely to 

CO2 and H2O by a process called aerobic oxidation. Muscle cells may be deprived of O2 during 

vigorous exercise and, in that case, one molecule of glucose is converted to two molecules of 

lactic acid (CH3CH(OH)COOH) by a process called anaerobic glycolysis  

 (i) When 0.3212 g of glucose was burned in a bomb calorimeter of calorimeter constant 641 J 

K−1 the temperature rose by 7.793 K. Calculate     [1.5marks] 

(I) the standard molar enthalpy of combustion,  

(II) The standard internal energy of combustion,  

 (III) The standard enthalpy of the formation of glucose. 

(b) (i)  What is the biological advantage (in kilojoules per mole of energy released as heat) of 

complete aerobic oxidation compared with anaerobic glycolysis to lactic acid?      [1mark]       

ii) Concerns over the harmful effects of chlorofluorocarbons on stratospheric ozone have 

motivated a search for new refrigerants. One such alternative refrigerant is 1,1,1,2- 

tetrafluoroethane (refrigerant HFC-134a). Tillner-Roth and Baehr published a compendium of 

thermophysical properties of this substance (J. Phys. Chem. Ref. Data 23, 657 (1994)), from which 

properties such as the Joule–Thomson coefficient μ can be computed. 

 (I) Compute μ at 0.100 MPa and 300 K from the following data (all referring to 300 K):   

(2.5marks) 

      p/MPa         0.080   0.100   0.12 

  Specific enthalpy/(kJ kg−1)   426.48  426.12   425.76 

(The specific constant-pressure heat capacity is 0.7649 kJ K−1 kg−1.) 

(II) Compute μ at 1.00 MPa and 350 K from the following data (all referring to 350 K):   

           (2 marks) 

p/MPa                                          0.80             1.00            1.2 

Specific enthalpy/(kJ kg−1)         461.93       459.12       456.15 

(The specific constant-pressure heat capacity is 1.0392 kJ K−1 kg−1.) 

 

c) (i)Nitric acid hydrates have received much attention as possible catalysts for heterogeneous 

reactions that bring about the Antarctic ozone hole. Worsnop et al. investigated the 

thermodynamic stability of these hydrae under conditions typical of the polar winter stratosphere 
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(Science 259, 71 (1993).). They report thermodynamic data for the sublimation of mono-, di-, 

and trihydrates to nitric acid and water vapors, HNO3 · nH2O(s)→HNO3(g) + nH2O(g), for n = 1, 

2, and 3. Given ΔrG7 and ΔrH7 for these reactions at 220 K, use the Gibbs–Helmholtz equation 

to compute ΔrG7 at 190 K.        [3 marks] 

    n             1      2   3 

   ΔrG7/(kJ mol−1) 46.2  69.4  93.2  

   ΔrH7/(kJ mol−1) 127   188   237 

ii) To calculate the work required to lower the temperature of an object, we need to consider how 

the coefficient of performance changes with the temperature of the object.  

(I) Find an expression for the work of cooling an object from Ti to Tf when the refrigerator is in a 

room at a temperature Th. Hint. Write dw = dq/c(T), relate dq to dT through the heat capacity Cp, 

and integrate the resulting expression. Assume that the heat capacity is independent of 

temperature in the range of interest.       [1 mark] 

(II) Use the result in part (I) to calculate the work needed to freeze 250 g of water in a 

refrigerator at 293 K. How long will it take when the refrigerator operates at 100 W? [3 mark] 

 

d i) The vapor pressure, p, of nitric acid varies with temperature as follows: 

 θ /°C 0  20  40  50  70  80  90  100 

 p/kPa 1.92  6.38  17.7  27.7  62.3  89.3  124.9  170.9 

What are (I) the normal boiling point and (II) the enthalpy of vaporization of nitric acid?  

           [3 marks] 

   ii) The change in enthalpy is given by dH = CpdT + Vdp. The Clapeyron equation relates dp 

and dT at equilibrium, and so in combination, the two equations can be used to find how the 

enthalpy changes along a phase boundary as the temperature changes and the two phases remain 

in equilibrium. Show that d(ΔH/T) = ΔCpd ln T.     [3 marks] 
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