F.7 Chemistry Test 5

Physical Chemistry (Section 1 – 7)

1.  Give a complete nuclear equation for each of the following reactions

      (a) the loss of an -particle by radium-226,

      (b) the loss of a -particle by potassium-43,

      (c) the loss of an -particle by the product if (b). 

      (d) 14N  +  4He          17O + _________

      (e) 2H  +   2H          3He + ___________                         

    (Given: Symbols for elements with atomic numbers 86-Rn; 87-Fr; 88-Ra; 89-Ac; 90-Th)

                                                                      (5 marks)

2.
Potassium-40 is radioactive and decays to give the stable isotope, argon-40. The half-life of the

   decay is 1.27x109 years.

(a)
Explain the term half-life.

(b)
Give a nuclear equation for the decay of K-40.

(c)
In a rock sample, the ratio of K-40 to Ar-40 is 1 to 9. Estimate the age of the rock sample.

(d)
The above method of estimation is based on several assumptions. One of the assumptions is that all Ar-40 present in the rock sample is derived from the decay of K-40. Give one other assumption relate to Ar-40.

(8 marks)

3.
When 30 cm3 of a gaseous hydrocarbon B were exploded with 350 cm3 of oxygen, the volume 

of gas remaining was 290 cm3(after cooling to room temperature). This was reduced to 80 cm3 

by addition of aqueous sodium hydroxide.

    Assume that all volumes are recorded at the same temperature and pressure.

     (a) What volume of carbon dioxide is produced in the explosion?

     (b) What volume of oxygen reacts with the hydrocarbon B?

     (c) Give a balance equation for the explosion reaction of B. (Use CxHy to represent B)

     (d) What is the molecular formula of B?                                   (5 marks)

4. A piece of impure iron wire weighs 0.25g. When it is dissolved in excess of hydrochloric acid, it is oxidized to Fe2+ ion. The solution requires 35.0 cm3 of 0.02M acidified potassium permanganate for complete reaction. What is the percentage purity of the iron wire?

(Given: Fe=55.8)

                                                                     (5 marks)
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5.
A solution of copper(II) sulphate is electrolysed between copper electrodes by a current of 

   0.5 A for exactly 1 hour.

(a)
Give a diagram for the above set-up of apparatus.

(b)
Give the equations for the reactions at the two electrodes.

   (c) What are the theoretical changes in mass occurred at the electrodes and in the solution? 

   (Given:  Cu = 63.5,  1 faraday = 96500 coulombs)

                                                                        (7 marks)

6. (a) The following diagram shows the Lyman series, a part of the atomic emission spectrum of 

     hydrogen.

     (i) Explain why it consists of a series of sharp lines        increasing frequency

       and is not a continuous spectrum.

    .(ii) Label the line of lowest energy in the

       figure with the letter X.

    (iii) Explain why the lines become closer together

 .      at the high frequency end of the spectrum.

    (iv) State the connection between the line of        Energy

       highest frequency in the diagram and the

       ionization enthalpy of the hydrogen atom.

  (b) (i) Explain what is meant by the term 

       quantization of energy.

.    (ii) State one item of experimental evidence

       that energies of electrons in atoms are

       quantized and explain how this evidence

       support quantization.

  (c) The diagram on the right shows the electronic 

     energy levels for the hydrogen atom. Draw

     in this diagram and clearly label

     (i) the first three transitions corresponding

       to visible (Balmer) spectral lines.

.    (ii) one transitions corresponding to an

       absorption spectral line in UV-region,

(iii) the transition corresponds to the spectral

   line X, the line with the lowest energy in

   the Lyman series.

(iv) the transition corresponding to the

       ionization of the hydrogen atom.

                           (12 marks)

Test 6.....p.2

7. The atomic radii and common ionic radii for S, Cl, K and Ca are as follows:

   
     S
    Cl
    K
   Ca 

  Atomic radii (nm)
   0.104
   0.099
  0.203
  0.174

 Common ionic radii (nm)
   0.184
   0.181
  0.133
  0.099

    (a) Explain why atomic radius of chlorine is smaller than sulphur but potassium is larger than

       chlorine.

    (b) Explain why the sizes of sulphur and chlorine ions are larger than their parent atoms, but

       potassium and calcium are not.                                       (4 marks)

8. (a) Define the term standard enthalpy of reaction.

  (b) The standard enthalpy change 
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reaction

DH

 for the following reaction is difficult to determine  

     experimentally in a single step.

                 Na2CO3.10H2O(s)         Na2CO3. H2O (s) + 9 H2O(l)

(i) Outline a series of experiments which would allow 
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DH

 for the above reaction to be determined.

(ii) Show how the results from your experiments could be used to determine 
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DH

 for the 

   reaction given above.

  (c) The following reaction was used in the Apollo II lunar module as a source of energy.

            4 CH3NHNH2(l)+ 5 N2O4(l)          4 CO2(g) + 12 H2O(l) + 9 N2(g)

     The following standard enthalpies of formation are shown below:
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(kJ.mol-1)
                CH3NHNH2(l)        +53

                   N2O4(l)           -20

                   CO2(g)           -393

                   H2O(l)           -286 

(i)
 Why is no standard enthalpy of formation given for nitrogen?

(ii) Draw an enthalpy cycle for the reaction and use it to calculate the standard enthalpy  

   change for the reaction

(iii)
Use your answer to part (ii) to explain why this reaction was used in the lunar module.

(10 marks)

9. Consider the hydrides of three Period 3 elements:

       SiH4 , PH3 , H2S

(a)
For each hydride, draw a three-dimensional structure showing the bond electron pairs and lone electron pair(s), if any, of the central atom.

(b)
Arrange the bond angles  HSiH ,  HPH ,  HSH  in ascending order.

(c)
State, with explanation, whether SiH4 or H2S has a higher boiling point.

(8 marks)
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10. (a) Draw and label carefully a Born-Haber cycle for the formation of calcium oxide.

   (b) Use the data below to calculate the value of the lattice energies of calcium oxide and iron(II) 

      oxide.

     Standard enthalpy change of formation       (CaO): -635;     (FeO): -278 kJ.mol-1 .

     Standard enthalpy change of atomization      (Ca): +178;       (Fe):+416 kJ.mol-1 .

     Standard molar 1st + 2nd ionization energy    (Ca): +1735;      (Fe):+2320 kJ.mol-1 .

     Standard enthalpy change of atomization       (O): +249  kJ.mol-1 .

     Standard molar  1st + 2nd electron affinity      (O): +657  kJ.mol-1 .

  (c) Suggest why the order of lattice energies is as given by your calculation.

  (d) Calculate the enthalpy change for the reaction FeO + Ca 
[image: image5.wmf]®

 CaO + Fe.

     Do you think this might be a feasible method of making Fe on an industrial scale?  

     Explain your answer.

  (e) A student heats a mixture of calcium and iron(II) oxide in a teat tube, under an inert 

     atmosphere, but no reaction occurs. Suggest a reason for this.

  (f) Calcium(III) oxide has never been formed, and its enthalpy of formation is thought to be 

     positive.

     (i). Which terms in the Born-Haber cycle for calcium(III) oxide would be most different from 

        those in the cycle for calcium(II) oxide, and how would they differ?

     (ii) What is the largest factor causing calcium(III) oxide to be endothermic?

  (g) Iron(II) oxide can be oxidized readily to iron(III) oxide by warming it in oxygen.

     Explain why iron differs from calcium in this reaction.                                    

                                                                      (18 marks)

11.(a) A liquid mixture consists of 70.0 mol % of methanol and 30.0 mol % of ethanol. Suppose          

      that the mixture is an ideal solution. Caculate, at 298 K,

    (i) the vapour pressure of the mixture, and

     (ii) the concentration of methanol, in mol %, in the vapour phase at equilibrium.

  (At 298 K, the vapour pressures of methanol and ethanol are 12.5 kPa and 9.9 kPa respectively.)

(b) (i) At 1 atm pressure, the boiling points of pure nitric(V) acid and water are 395Kand 373K 

       respectively. At this pressure, nitric(V) acid and water from an azeotrope which boils at   

       394K. The azeotrope consists of 35.3 mol % of HNO3.

   Sketch a labelled phase diagram for the nitric(V) acid-water system at 1 atm pressure 

   showing

(1)  the boiling point—liquid composition relationship, and

(2)  the boiling point—vapour composition relationship.

(ii) Describe all changes in the fractional distillation of an aqueous solution of 20 mol % of  

   HNO3
 (8 marks)
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12. Calculate the pH of the following solutions:

(a)  0.0005 M HCl; 

(b)  0.001 M Ba(OH)2;

(c)  0.05 M propanoic acid (Ka = 1.45 x 10-5 mol.dm-3 );

(d)  2.0 M Ammonia (Kb = 1.7 x  10-5 mol.dm-3) 

(6 marks)

13. (a) Define the terms: ‘Bronsted-Lowry Acid’ and ‘Bronsted-Lowry Base’.

   (b) A solution Y is formed by mixing 0.5 dm3 , 0.2M CH3COOH(aq) and  0.5 dm3 , 0.2M 

      CH3COONa(aq) 

(i)  Identify all ‘Bronsted-Lowry Acid’ and ‘Bronsted-Lowry Base’ in the solution.

(ii)  Calculate the concentration of each chemical species (except water), present in the solution at 298 K. (Ka of CH3COOH = 1.76 x 10-5 mol.dm-3 at 298K)`

(iii)  Calculate the pH solution Y.

(iv)  Calculate the change in pH that occurs when 0.01 mole of NaOH is added to 1 dm3 of solution Y. Compare this pH change to that which occurs when 0.01 mole of NaOH is added to 1 dm3 of pure water.

(v)  Solution Y is a buffer, explain the meaning of the term ‘buffer solution’.

(vi)  Give an example of where a buffer solution would be of practical value.

 (15 marks)

14. The table below lists the rate constants, k, at different temperatures, T, for the first order 

   decomposition of a dicarboxylic acid, CO(CH2COOH)2, in aqueous solution:
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  T(K)
    273
    293
    313
    33
    353

  k (s-1)
  2.46x10-5
  4.75 x10-4 
   5.76 x10-3
   5.48 x10-2
     ?

(a) Determine the activation energy for the reaction by plotting an appropriate graph.

(b) Estimate the rate constant of the reaction at 353 K and hence calculate the half-life of the reaction at the same temperature.

(c) Suggest a method to monitor the progress of the reaction.

(9 marks)
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