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QUESTION ONE (30 MARKS) 

   a.  (i) For silver, /(J/K mol) = 23.43 + 0.00628T. Calculate ∆H if 3 mol of silver are raised  𝐶
𝑃

            from 25 °C to the melting point, 961 °C, under 1 atm pressure.                             (2marks) 

     (ii) Derive the relationship between Cp and Cv. ​ ​ ​ ​ ​         (2 marks) 

    (iii) An ideal gas,  = R, is expanded adiabatically against a constant pressure of 1 atm until         𝐶
𝑣

5
2

          it doubles in volume. If the initial temperature is 25 °C, and the initial pressure is 5 atm,                   

          calculate  ; then calculate Q, W, ∆U, and ∆H per mole of gas for the transformation. 𝑇
2

​       ​                                                                                                                     (2 marks) 
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 (iv) Compute the heat of reaction at 1000 °C = 1273 K for 

½ H2 (g) + ½ Cl2 (g) → HCI (g) 

Given ∆Ho 
298 = - 92.312 kJ/mol and the data for Cp from Table 7. 1     (2 Marks) 

 

 

(v) Some texts define work  as positive when a weight is lowered in the surroundings; that is, 𝑊'

     When the surroundings do work on the system. How can the first law be expressed in terms of 

      and ? (Justify the sign in front of .) ​ ​ ​ ​ ​ (1 mark)​  𝑄 𝑊’ 𝑊'

 

​ ​ ​ ​ ​    
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b. 

     (i) One mole of solid gold is raised from 25 °C to 100 °C at constant pressure. / (J/K mol) =   𝐶
𝑃

          23.7 + 0.00519T. Calculate ∆S for the transformation. ​ ​ ​ (1 mark) 

     (ii) For the reaction 

                                    N2 (g) + H2 (g) ⇌ NH3 (g), the equilibrium constant is 6.59 x 10 - 3 at   1
2

3
2

           450 °C. Compute the standard reaction Gibbs energy at 450 °C. .                   (1 mark) 

     (iii) Under standard conditions, 1 g of LiCl powder is dissolved in 50 ml of water (Fig. 4.3). 

       I. As the solution is stirred, the temperature increases from 298 to 302.2K. The constant     

          pressure molar heat capacity of water is 75.3 JK-1 mol-1. Estimate the molar standard heat 

of   

          solvation of LiCl. You may ignore the contribution of the dissolved LiCl to the heat 

capacity  

          of the solution. The density of water is 1 gml-1. ​ ​ ​ ​ (2 marks)​

​ ​ ​  

    II.  In another experiment, 1 g KCl(s) is dissolved in the same amount of water under the same   

          conditions. A temperature reduction of 1.1K was measured. Determine the molar standard       
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          heat of solvation of KCl and calculate the standard heat of formation of K+ (aq) relative to  

 

       the value of Li+, if the standard heats of formation for KCl and LiCl are -436.7 and -408.7   

       kJmol-1 respectively. ​ ​ ​ ​ ​ ​ ​ ​ (1 marks) 

(iv) Consider a sealed reaction vessel containing graphite (C(s)), nickel oxide (NiO(s)), and 

noble   

       gas. The vessel may be heated to a high temperature. 

  

(I) Use the thermochemical data in Table 4.1 to determine the temperature above which 

nickel oxide is reduced to nickel according to the following reactions:  

 

 

You may assume that reaction enthalpies and entropies are constant over the whole 

temperature range. ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

(II)  Plot the Gibbs free energy of reaction as a function of temperature for each of the   

       following reactions: 
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Interpret this Ellingham diagram and use it to determine the temperature above which 

nickel oxide is reduced by carbon. ​ ​ ​ ​ ​ ​ (2 marks) 

c. 

     (i)  Dimethyl ether (CH3–O–CH3) is a possible replacement for diesel fuel. Dimethyl ether is       

           produced from methanol using a suitable catalyst: 

 

Measurements of the equilibrium K constant as a function of temperature yield the   

     following empirical law: 

I. Determine the molar heat of reaction ∆hr and the reaction enthalpy ∆sr of the reaction.    

   You may assume that both ∆hr and ∆sr are constant within the temperature range 498 to  

    623K. ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

           II. 2 g methanol are filled in a vessel with a volume of 1 dm3. The vessel, containing a  

               catalyst, is sealed and heated to 250o C and the chemical equilibrium is established   

               according to Eq. (5.99). Calculate the equilibrium partial pressures of the gases 

assuming  

               ideal behavior. ​ ​ ​ ​ ​ ​ ​ ​   (2 marks) 

     (ii) Take z= xy and show that the three partial derivatives conform to the cycle rule.  

  (1 mark) 
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     (iii) Calculate the work done on a closed system consisting of 50.00 g of argon, assumed  

            ideal, when it expands isothermally and reversibly from a volume of 5.000 L to a volume     

            of 10.00 L at a temperature of 298.15 K. Calculate the integral of dP for the same   

            process.​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

    (iv) Consider a reversible process with the same initial and final states as the process  

           with a different path. Calculate the work done on the ideal gas system. if it is reversibly  

           cooled at constant volume of 5.000 L from 298.15 K to 200.00 K, then reversibly 

expanded  

           from 5.000 L to 10.00 L at a constant temperature of 200.0 K, and then reversibly heated 

at  

           a constant volume of 10.00 L from 200.0K to 298.15 K.​ ​ ​ (1 mark) 

d.  (i) Find a formula for ΔH for the heating of a sample of a gas from temperature T1 to  

          temperature T2 at constant pressure if Cpm is represented by Cpm - a + bT + cT−2 

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (1 mark) 

     (ii) Find ΔH and q for the heating of 2.000 mol of oxygen gas from 25.00◦C to 100.00◦C at 

           a constant pressure of 1.000 atm. ​ ​ ​ ​ ​ ​ (1 mark) 

   (iii)  Calculate ΔH for the change of state of 1.000 mol of helium from a volume of 5.000 L 

and  

            a temperature of 298.15 K to a volume of 10.000 L and a temperature of 373.15 K. 

Assume  

            that CP,m = 5R/2 and assume that the gas is ideal.                                            (1 mark) 

 

 

QUESTION TWO (20 marks) 

a.  (i) Two moles of an ideal gas are allowed to expand reversibly and  

Isothermally   

          at 300 K from a pressure of 1 atm to a pressure of 0.1 atm. What is 

the  

            change   in Gibbs free energy?.​ ​ ​ ​             ​ ​ (3 

marks) 
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    (ii) Distinguish the following 

(I) reversible and irreversible processes                  ​ ​ ​ ​ (2 marks) 

(II) a diabetic and isothermal processes                              ​ ​ ​ (2 marks) 

(iii)  One mole of nitrogen at 300k and 20 atmosphere expands to 2 atmospheres. Calculate   

        assuming ideal behavior W, Q, ∆E,and ∆H if the expansion were 

                      (I) isothermal and reversible                                                           ​ (2 marks) 

                      (II) Isothermal and irreversible                                  ​ ​ ​ (2 marks) 

                        (III) Adiabatic reversible                            ​ ​ ​ ​ (2 marks) 

                        (IV) Adiabatic reversible                            ​ ​ ​ ​ (2 marks) 

          Also calculate the final volume of the gas in each case. Given Cvm = 20.8116 jk-1mol-1 and cpm =   

          29.13  jk-1mol-1 

b.  

     (i) Write short notes complete differential and homogenous functions ​ ​ (4 marks) 

    (ii) Calculate the entropy change of the system, the surroundings, and the universe for the  

           Process of Example 2.28. Assume that the surroundings remain at equilibrium at 

−15.00◦C.  

 ​ (1 marks) 

 

QUESTION THREE (20 marks) 

a.   (i) Write short notes on trouton’s rule and it’s modification​ ​ ​     (2 marks) 

     (ii) Use Trouton’s rule to estimate ΔvapH for methane from its normal boiling temperature, 

           −164◦C. Compare with the correct value in Table A.7 of the Appendix​      (1 mark) 

    (iii) Without doing any detailed calculations, specify for each process whether each of the  

           following quantities is positive, negative, or equal to zero: q, w, ΔU, ΔS, and ΔSsurr.  

I. The system consisting of two large objects and a small bar between them is allowed to   

come to equilibrium from an initial state in which the two objects are at different   

temperatures. Assume that the objects have fixed volume. ​ ​      (1 mark) 

            II. A sample of water is boiled at 100◦C and 1.00 atm.​ ​ ​      (1 marks) 

     (iv)   

I. Find an expression for (∂S/∂V)T ,n for n moles of a gas obeying the truncated virial 

                equation of state 

Page 8 of 13 
 



​ CHEM 322 

                                    = 1 +  
𝑃𝑉

𝑚

𝑅𝑇
𝐵₂
𝑉

𝑚

 

                where B2 is a function of T and where Vm is the molar volume.       ​       (1 mark)           

             

            II. Evaluate the expression for (∂S/∂V) T,n for 1.000 mol of argon in 25.00 L 

                 at 298.15 K. At this temperature, B2 = −15.8 cm3 mol−1 and dB2/dT = 0.25 × 

                 10−6 m3 mol−1 K−1.​ ​ ​ ​ ​ ​ ​                   (1 mark) 

            III. Find an expression for ΔS for an isothermal volume change for n moles of a gas    

                  Obeying the truncated virial equation of state in part I. Compare your result with the   

                  Corresponding equation for an ideal gas.​​ ​ ​ ​       (1 mark) 

             IV. Find the value of ΔS for expanding 1.000 mol of argon isothermally at 298.15K from 

                   25.00 L to 50.00 L. Compare the result with the result assuming argon to be an ideal  

                   gas.​ ​ ​ ​ ​ ​ ​ ​ ​       (1 mark) 

b.  (i) Write short notes on the important properties of a refrigerant                               (3 marks) 

     (ii) A refrigeration machine operating at a condenser temperature of 290 K needs 1 kW 

of power per ton of refrigeration. Determine the following: 

          I. The coefficient of performance​ ​ ​ ​ ​ ​       (1 mark) 

         II.The heat rejected to the condenser ​ ​ ​ ​ ​ ​       (1 mark) 

         III. The lowest temperature that can be maintained                                                (1 mark) 

        (ii) Calculate ΔS, ΔS surr, and ΔS univ if 2.000 mol of argon (assume ideal) expands      

       Isothermally and irreversibly at 298.15K from a volume of 10.00 L to a volume of 40.00 L 

at  

       a constant external pressure of 1.000 atm. Assume that P(transferred) _ Pext and that the  

       surrounding remain at equilibrium at 298.15 K.      ​ ​ ​ ​         (2 marks) 

c) ) i) Derive formulas for  the critical temperature and critical molar volume for gas obeying the 

Van der Waals equation of state.                                                                                           (2 

marks) 

ii) Show that for a reversible adiabatic process the van der Waals gas obeys                    (1 mark) 
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QUESTION FOUR (20 marks) 

(a) (i) A valve on a well-insulated steam pipe carrying saturated steam at 1000 kPa is found 

          Leaking. The temperature of the steam escaping from the leak is measured to be 398 K.  

          Determine the quality of steam flowing through the pipe. The following data are taken 

from  

          the steam tables: Enthalpy of saturated vapour at 1000 pKa = 2778kJ/kg; Enthalpy of  

          saturated liquid at 1000 pKa = 763 kJ/kg; Enthalpy of superheated steam at 398 K 101.3  

          pKa = 2726 kJ/kg.​ ​ ​ ​ ​ ​ ​ ​  (2 marks) 

    (ii) Write a note on “Carnot’s Cycle”. ​ ​ ​ ​ ​ ​  (3marks) 

   (iii)  An ideal gas (molecular weight = 29, g =1.4) is contained in a tank of volume 1 m3 

           at 10 MPa and 400 K. The gas is discharged into the surrounding atmosphere by opening 

a         

          valve. The valve is closed when the pressure inside the tank falls to 5 MPa. If the 

surrounding     

          atmosphere is at 101.3 pKa, determine the temperature of the gas in the tank and the mass  

          of gas discharged.           ​ ​ ​ ​ ​ ​ ​ (3 marks). 

 

 

(b) (i) Show that (∆E/∆V )T = 0. ​​ ​ ​ ​ ​ ​ (3marks) 

     (ii) Calculate the difference in molar entropy and molar free energy  

              (I) between liquid water at -5oc and ice at -5 oc ​ ​ ​   ​ (3 marks) 

             (II) Between liquid water and water vapour at 95oC and 1 atm. distinguish between 

∆SSystem   

                   and ∆S surrounding. ​ ​ ​ ​ ​ ​   ​ (3 marks) 

   (iii)  One mole of an ideal gas originally at volume of 5 liters at 500k is allowed to expand         
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          adiabatically until the final volume is 15litres. For gas Cv = R. Calculate final 3
2

temperature    

          and ∆S when 

                        (I) the expansion take place reversibly. ​ ​ ​ ​ (1 mark) 

                       (II) The expansion takes place against a constant pressure of 3atm.  (1 mark) 

                       (III) The change in volume is due to a free expansion. ​ ​ (1 mark) 
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………………………………………………………………………………………………………………

…………………………………………… 
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