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 UNIVERSITY EXAMINATIONS 

EXAMINATION FOR THE AWARD OF DEGREE OF BACHELOR OF SCIENCE IN 

CHEMISTRY 

CHEM 120: PHYSICAL CHEMISTRY 1 

STREAMS:​ ​ ​ ​ ​ ​ ​ ​ ​ TIME: 2 HOURS 

DAY/DATE: FRIDAY 20/12/2024​ ​ ​       ​        ​          2.30 P.M – 4.30 P.M 

INSTRUCTIONS: 

ANSWER QUESTION ONE AND ANY OTHER TWO QUESTIONS 
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 QUESTION ONE (30MARKS) 

a)​  (i)  A 0.5122g sample of naphthalene (C10H8) was burned in a constant volume bomb 

calorimeter.  

      Consequently, the temperature of the water in the inner jacket rose from 20.17 OC to 24.08 
OC.  

      If the effective heat capacity (Cv) of the bomb calorimeter plus water is 5267.8JK-1, calculate   

      ΔU and ΔH for the combustion of naphthalene in Kj mol-1. ​​ ​ ​ (2marks)  

(ii) The standard heats of formation at 298K for CCl4 (g), H2O(g), CO2 (g) are -25.5, -57.8,-94.1  

      and -22.1kcal mol-1 respectively. Calculate ΔH0
298 for the reaction 
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      CCl4 (g) +2H2O (g)  → CO2 (g) +4HCl (g)                                  ​ ​ ​ (2marks) 

 

(iii) Outline four conclusions which can be experimentally verified based on Hess’s law and six  

        applications of Hess’s law  ​ ​ ​ ​ ​ ​ ​  (4 marks) 

(iv) Determine Kc for the reaction  ½ N2 (g) + ½ O2 (g) + ½ Br2  (g⇌  NOBr (g)  

    From the following data at 298K; The equilibrium constants for the following reactions,     

                2NO(g) ⇌ N2(g) +O2 (g) and NO (g) + ½ Br2 (g) ⇌ NOBr (g) are 2.4 x 1030 and 1.4  

                respectively.                    ​ ​ ​ ​ ​ ​ ​ ​ (3marks) 

(b)​  (i)    Explain how the perfect gas equation of state arises by combination of Boyle’s law, 

Charles’s                  

         law, and Avogadro’s principle. ​ ​ ​ ​ ​ ​ ​ (3marks) 

        (ii)  Explain the term ‘partial pressure’ and explain why Dalton’s law is a limiting law (2marks) 

        (iii) Explain how the compression factor varies with pressure and temperature and describe how 

               it reveals information about intermolecular interactions in real gases. ​ ​ (2marks) 

        (iv) Given that the standard enthalpy of combustion of graphite is −393.51 kJ mol−1 and that of  

               diamond is −395.41 kJ mol−1, calculate the enthalpy of the graphite-to-diamond transition. 

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (3marks) 

(c) (i)  Discuss indicator errors in determination of end point of a titration using visual indicator.   

(3marks) 

     (ii) Describe the preparation of buffer solution having pH of 10. ​ ​ ​ (2marks) 

    (A student prepared 1L of an acetic acid/sodium acetate buffer that included 1M HC2H302 and  

    1.5M NaC2H3O2. The entire solution was intended for an experiment in which 0.25mole of 

OH-  

    was expected to be generated by a reaction without changing the volume of the solution. Is 

there     

    enough buffer capacity to neutralize this much strong acid without letting the pH change by  

    more than 0.1unit? ​ ​ ​ ​ ​ ​ ​ ​ ​ (3 marks) 

     (ii) Calculate the pH of a solution prepared by adding 20ml of 0.1m HOAc to 20ml of 0.1M 

NaOH ​​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (1 mark) 

 

 

Page 3 of 9 
 



CHEM 120 
 

 

 

 

 

 

QUESTION TWO (20 MARKS) 

a.  (i)  Explain the following observation, Methy orange is a suitable indicator for the titration of  

     strong acid and weak base ​​ ​ ​ ​ ​ ​ ​ (1 mark) 

     (ii) Calculate the pH at 0, 10.0, 25.0, 50.0 and 60.0 mL of 0.100 M acetic acid with 0.100 M  

            NaOH​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (3 marks) 

     (ii) Calculate the pH at the equilibrium point when a solution of 0. 1 M acetic acid is titrated  

                 with a solution of 0. 1 M NaOH. Ka for acid = 1.9 × 10–5  ​ ​ ​ (2marks) 

(b)​(i) Define order of reaction.    ​ ​ ​ ​ ​ ​ ​ (1mark) 

(ii) Rates of reaction double with every 10º rise in temperature. If this generalization holds 

for   

      a reaction in the temperature ranges 298 K to308 K, what would be the value of 

activation  

      energy for their reaction? R = 8.314 J K-1 mol-1 ​ ​ ​ ​ ​ (3marks) 

(c)​ (i) The standard enthalpy of formation of the metallocene bis(benzene)chromium was  

           measured in a calorimeter. It was found for the reaction Cr(C6H6)2(s) → Cr(s) + 2 C6H6(g)  

           that ∆rUθ(583 K) = +8.0 kJ mol−1. Find the corresponding reaction enthalpy and estimate   

           the standard enthalpy of formation of the compound at 583 K. The constant-pressure 

molar  

           heat capacity of benzene is 136.1 J K−1 mol−1 in its liquid range and 81.67 J K−1 mol−1 as a  

           gas.         ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (3marks) 

(ii)   In the reaction N2 + 3H2  ⇌  2NH3     at equilibrium, helium gas is injected into the 

vessel   

        without disturbing the overall pressure of the system. What will be the effect on the  

        equilibrium? ​ ​ ​ ​ ​ ​ ​ ​ ​ (1marks) 

(iii)  At 7000C and total pressure of one atmosphere the partial pressure at equilibrium for  

        sulphur dioxide and oxygen are 0.27 and 0.41 atmospheres respectively. Sulphur dioxide  
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        is oxidized to sulphur trioxide according to the following equation  

                2SO2(g) + O2(g) ⇌   2SO3(g)  

         Calculate the equilibrium constant, kp , for the reaction ​ ​ ​ (2marks) 

 

(iv) State the Dalton law of partial pressures ​​ ​ ​ ​ ​ (1marks) 

 (v) Calculate the total pressure exerted by a mixture of 8 g of O2, and 4g of H2 enclosed in a  

                  vessel of 1 dm3 at 270 C. R = 0.083 bar dm3 K -1 mol-I ​ ​ ​ ​ (3marks) 
 

 

QUESTION THREE (20MARKS) 

a. (i) Discuss the following using suitable examples  

​ ​ (I) Hess law of Constant heat summation​ ​ ​ ​          (2 marks) 

​ ​ (II) Bond enthalpies​ ​ ​ ​ ​ ​ ​          (2 marks) 

    (ii) Calculate the enthalpy of the reaction ​​ ​ ​ ​ ​ ​  

​ C2H4(g) + HCL(g) → C2H5Cl(g) from the following reactions​ ​ ​          (1.5 marks) 

I.​ 2C(s) +  H2(g) +  Cl2(g) → C2H5Cl(g)​ ​ ​ ​ ∆H0 = -112.10 kJ 5
2

1
2

II.​   H2(g) +  Cl2(g) → HCl(g)​ ​ ​ ​ ​        ​ ∆H0 = -92.35 kJ 1
2

1
2

III.​ 2C(s) + 2H2(g) → C2H4(g)​ ​ ​ ​ ​ ​ ∆H0 = + 52.30 kJ 

    (iii) Calculate the bond enthalpy for a C-O bond in methanol from the following data:  (2 marks) 

I.​ C(s) + 2H2(g) +  O2(g) → CH2OH(g) ​ ​ ​ ​ ∆H0 = -200.0 kJ mol-1 1
2

II.​ C(s) → C(g)​ ​ ​ ​ ​ ​ ​ ∆H0 = 716.8 kJ mol-1 

III.​  2H2 → 4H(g) ​​ ​ ​ ​ ​ ​ ∆H0 = 872.0 kJ mol-1 

IV.​   O2(g) → O(g)​​ ​ ​ ​ ​ ​ ∆H0 = 249.0 kJ mol-1 1
2

      (iv) Define on what is meant by chemical equilibrium being a dynamic equilibrium`  (1 mark) 

      (v) State Le Chatelier-Braun principle and discuss its application to the following reactions:  

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​           (3 marks) 

​  ​ (I)  PCl5 ⇌ PCl3 + Cl2 + Q joules 

​ ​ (II) 3H2 + N2 ⇌ 2NH3 - Q joules  
    (vi)  The equilibrium constant for the formation of ammonia according to the equation   
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​ ​       ​  N2 + 3H2  ⇌ 2 NH3   
            At 500  is 1.5 × 10-5 atm-2. If a start be made with N2 and H2 in the stoichiometric ratio,   ℃

            calculate what fraction of the reactants will be converted to ammonia at total pressures of 1  

            atmosphere and 500 atmospheres respectively, maintained throught.​          (4 marks) 

 

 

 

 

 

(vii) Real gases do not obey ideal gas equation under all conditions. Explain.         ​(1 mark) 

 (viii)What are reversible and irreversible cells? Explain with a suitable example    ​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.5 mark) 

(ix) Manganese sulphate reacts with acids according to the following equation 

 MnS(s) + 2H3O + (aq) ⇌  Mn2+(aq) + 2H2O(l) + H2S(aq)  

       State, giving a reason, what would happen to the equilibrium if  

I.​ Water is added to the equilibrium mixture ​ ​  ​ (1mark)  

II.​  Hydrogen chloride is bubbled into the equilibrium mixture ​(1mark) 

III.​  pH of equilibrium mixture is increased. ​ ​ ​ (1mark) 

 

QUESTION FOUR (20 MARKS) 

(a)​ The following kinetic data (v0 is the initial rate) were obtained for the reaction  

        2 ICl(g) + H2(g) → I2(g) + 2HCl(g): 

Experiment    ​[ICl]0/(mmol dm-3)      [H2]0/(mmol dm-3)                 v0/(mol dm-3 s-1) 

1         ​​ 1.5                               1.5                                 3.7 × 10-7 

2         ​​ 3.0                               1.5                                 7.4 × 10-7 

3         ​​ 3.0                               4.5                                  22 × 10-7 

4         ​​ 4.7                               2.7                                    ? 

I.​ Write the rate law for the reaction.  ​ ​ ​ ​ ​ ​  (3 marks) 

II.​ From the data, determine the value of the rate constant.​ ​ ​  (3 marks) 

III.​ Use the data to predict the reaction rate for experiment 4. ​ ​ ​  (2 marks) 
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a)​ Define the terms in ln k = ln A -   and discuss the conditions under which the expression is 𝐸𝑎
𝑅𝑇

valid. ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (2 marks) 

b)​ Distinguish between galvanic and electrolytic cells. ​​ ​ ​ ​ (3 marks) 

c)​ Calculate the final pressure of O2 in the following experiment: a collapsed polythene bag of 

30 L capacity is partially blown up by the addition of 10 L of N2 at 0.965 atm at 298 K. 

Subsequently, enough O2 is pumped into the bag so that at the temperature of 298 K and 

external pressure of 0.990 atm, the bag contains a volume of 30 L. (2marks) 
d)​ Consider the cell Pt(s)|H2(g,p⦵)|HCl(aq)|AgCl(s)|Ag(s), for which the cell reaction is 

 2 AgCl(s) + H2(g) → 2 Ag(s) + 2 HCl(aq). At 25°C and​

a molality of HCl of 0.010 mol kg−1, Ecell = + 0.4658 V.  

(i)​ Write the Nernst equation for the cell reaction. ​ ​ ​ ​ (1 mark) 

(ii)​ Calculate ΔrG for the cell reaction. ​ ​ ​ ​ ​ ​ (3 marks) 

(iii)​ Assuming that the Debye–Hückel limiting law holds at this concentration,​

calculate E⦵(AgCl/Ag,Cl−).​ ​ ​ ​ ​ ​ ​  (3 marks) 
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