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G.C.E. (A/L) Examination - 2021 (2022) 

02 - Chemistry   

Distribution of  Marks 

 

 

      Paper I :  1 X 50    =     50 

 

 Paper II : 

Part  A : 100 X 4   =   400 

Part  B : 150 X 2   =   300 

Part  C : 150 X 2   =    300 

Total     = 1000 

Paper II - Final Marks  =   100 
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Common Techniques of Marking Answer Scripts. 

It is compulsory to adhere to the following standard method in marking answer scripts and entering 

marks into the mark sheets. 

1. Use a red color ball point pen for marking.  (Only Chief/Additional Chief Examiner may use a mauve 

color pen.) 
 

2. Note down Examiner's Code Number and initials on the front page of each answer script. 
 

 

3. Write off any numerals written wrong with a clear single line and authenticate the alterations with 

Examiner's initials. 
 

4. Write down marks of each subsection in a         and write the final marks of each question as a 

rational number in a         with the question number.  Use the column assigned for Examiners to 

write down marks. 

 
 

Example: Question No. 03  

(i) …………………................................... 
……………………................................ 
……………………................................  
 

(ii) ……………………................................ 
……………………............................... 
…………………...............................… 
 

(iii) ……………………............................... 
……………………............................... 
…………………...............................… 
 

 

(i) +      (ii)    +    (iii)           = 

 

MCQ answer scripts: (Template) 

1. Marking templets for G.C.E.(A/L) and GIT examination will be provided by the Department of 

Examinations itself. Marking examiners bear the responsibility of using correctly prepared and 

certified templates.    

 

2. Then, check the answer scripts carefully.  If there are more than one or no answers Marked to a 

certain question write off the options with a line.  Sometimes candidates may have erased an 

option marked previously and selected another option.  In such occasions, if the erasure is not clear 

write off those options too. 

 

3. Place the template on the answer script correctly.  Mark the right answers with a '√' and the wrong 
answers with a 'X' against the options column.  Write down the number of correct answers inside 

the cage given under each column.  Then, add those numbers and write the number of correct 

answers in the relevant cage.   

  

 

 √ 

 √ 

 √ 

4 

5 

3 

5 

3 

5 

 
10 

15 
4 

5 
3 

5 

 3 

 5 
03 
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structured essay type and assay type answer scripts:  
   

1. Cross off any pages left blank by candidates.  Underline wrong or unsuitable answers.  Show areas 

where marks can be offered with check marks.  

  

2. Use the right margin of the overland paper to write down the marks.   

3. Write down the marks given for each question against the question number in the relevant cage 

on the front page in two digits.  Selection of questions should be in accordance with the instructions 

given in the question paper.  Mark all answers and transfer the marks to the front page, and write 

off answers with lower marks if extra questions have been answered against instructions.   

 

4. Add the total carefully and write in the relevant cage on the front page.  Turn pages of answer 

script and add all the marks given for all answers again.  Check whether that total tallies with the 

total marks written on the front page.  

 
 

Preparation of Mark Sheets. 

                           Except for the subjects with a single question paper, final marks of two papers will not be calculated 

within the evaluation board this time. Therefore, add separate mark sheets for each of the question paper. 

Write paper 01 marks in the paper 01 column of the mark sheet and write them in words too. Write paper 

II Marks in the paper II Column and wright the relevant details. 

 

*** 
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YSs% ,xld úNd. fomd¾;fïka;=j 

Department of Examinations – Sri Lanka 

w'fmd'i'^W'fm<&úNd.h$G.C.E. (A/L)- 2021 ^2022& 

 

úIhh wxlh    úIhh 

Subject No         Subject 

        

,l=Kq §fï mámdáh$Marking Scheme  

I m;%h$Paper I  
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Questio
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01' 

02' 

03' 

04' 

05' 

06' 

07' 

08' 

09' 

10' 

 

 

11' 

12' 

13' 

14' 

15' 

16' 

17' 

18' 

19' 

20' 

 

 

21' 

22' 

23' 

24' 

25' 

26' 

27' 

28' 

29' 

30' 

  

31' 

32' 

33' 

34' 

35' 
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37' 
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41' 

42' 

43' 

44' 

45' 

46' 
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48' 

49' 

50' 

 

 

úfYaI Wmfoia$Special Instructions(  

tla ms<s;=rlg ,l=Kq 01 ne.ska$ 01 Mark for each question 

uq̀M ,l=Kq$Total Marks    01  50 } 50  

02 Chemistry 
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           True 

           True 

  

           True 

  

           False 

  

           False 

           False    

(04 marks x 6 = 24 marks) 

 

 

 

 

 

  

  

               +I  (+1)   +VII  (+7)      

 (01 + 01) 

 

 

 

 

 

 

 

 

 

 

 

 

 N1 C2 C3 N4 

I VSEPR pairs around the atom 3 3 2 2 

II electron pair geometry around 
the atom  

trigonal planar trigonal planar linear linear 

III shape around the atom angular/V 
 

trigonal planar linear linear 

IV hybridization of the atom sp2 sp2 sp sp 

1(a): 24 marks 

(01 mark x 16 = 16 marks) 
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     sp2    2p  or  sp3 

  

     sp2    sp2 

  

     sp2    1s  
 

     sp2    sp   

     sp    sp 
  

     sp    2p  or  sp3  

(01 mark x 12 = 12 marks) 

  

     2p    2p 
  

      2p    2p 
 

      2p    2p 
 

(01 mark x 6 = 06 marks) 
  

                (118o  ± 1)         (120o  ± 1)           (180o  ± 1)          (180o  ± 1)  
               (01 mark x 4 = 04 marks) 

   

      C2                C3               N1               N4     (04) 
 

 
  

  Visible region       (02) 

 

  

 Energy of a photon (E)  = h     
     = h c     (01) 

     
 Energy of a mole of photons   = h c ×  NA    (01) 

 NA = Avogadro constant)      

 Therefore, Energy of a mole of photons 
 = 6.63 × 10-34 (J s) × 3.00 × 108 (m s-1) × 6.022 ×1023 (mol-1)         (03+01) 
     695 × 10-9 (m) 
 = 172 kJ mol-1       (02) 

Note: Marks can be awarded for combining steps. 
  h = 6.626 × 10-34 (J s) is accepted. 
 

 
 

 

   T shape,  trigonal pyramidal  (02 + 02) 
   

  trigonal planar     (02) 

 

 
        T shape – ClF3, BrF3, IF3             (any one) (02) 
         trigonal pyramidal – NH3, PH3, NCl3, PCl3  (any one) (02) 
         trigonal planar – BF3, BCl3, BBr3, BI3   (any one) (02) 
 
 

1(b): 54 marks 

1(c): 22 marks 
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       K     (05) 
          

            1s22s22p63s23p64s1 (05) 

  

          Hydrogen   or   H2 (05) 
  

            Lilac (violet) (05) 

 
  

   K + O2          KO2       (05) 

 

  

  Lower          (02) 

  When going down the group, change in effective nuclear charge  
  (or Zeff) for the outer most / last electron is negligible.    (01)                       
  However, atom size increases.       (01)                                  
  Therefore, attraction of outer electron to nucleus decreases.   (01)   
          KCl  (05) 

  Note: (vi) Award marks for reasoning only if ‘lower’ is written. 
 
 

 
         

 

 

      S2O3
2-  (05) 

 

 

 

                       (05) 

 
  

    +4   (05) 

   
  Test   Observation 

1. Add dil. H2SO4 Colourless gas with a pungent smell and colloidal  

    sulfur precipitate (or milky solution) 

2. Add Pb(OAc)2 White precipitate which turns black on heating 

3. Add AgNO3  White precipitate which turns black on standing /  

    heating 

 Any one of the above. Test (02), Observation (03) 
 

 Note: Test must be correct to award marks for observation. 

 

 

  K2S2O3        (05) 

 

 

  
  

       KIO3   (10) 

2(a): 35 marks 

2(b): 25 marks 

2(c): 10 marks 
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    D = KI                                                                             (05) 

  

   IO3
- +  5I- + 6H+                3I2 +  3H2O                                       (10) 

 

  

   I2 +  2S2O3
2-                S4O6

2-  +  2I-                                                                 (05) 

 

  

    Indicator – starch                                                            (05) 
            

         Colour change – blue / dark blue/ blue-violet to colourless (05)                      

 

 

 

 

 

           

         

  

 

     

  

   

 
  

     

 

  X = 60 0C  Y= 120 0C          (02+01)x2 
 

          

  

  80 0C              (02+01) 

  

  100 0C               (02+01) 

2(d): 30 marks 

Q or vapour (02) 

R or vapour + liquid (02) 

(02) 

P or liquid (02) 
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  𝑃𝑋𝑔 = 𝑃𝑋0 𝑥𝑋𝑙         (03) 

  𝑃𝑋𝑔 = 𝑃𝑡𝑜𝑡𝑎𝑙𝑥𝑋𝑔        (03) 

  Therefore, 𝑃𝑋0 = 𝑃𝑡𝑜𝑡𝑎𝑙𝑥𝑋𝑔𝑥𝑋𝑙       (03) 

  𝑃𝑋0 = 1×105 𝑃𝑎 ×6015        (05+01) 

  𝑃𝑋0 = 4.0 × 105 𝑃𝑎       (04+01) 

 

 

  

 

  𝑃𝑋 = 0.1 𝑚𝑜𝑙 ×4.0 × 105 𝑃𝑎0.1 𝑚𝑜𝑙+0.1 𝑚𝑜𝑙        (02+01) 

  𝑃𝑋 = 2.0 × 105𝑃𝑎       (02+01) 

  𝑃𝑌 = 0.1 𝑚𝑜𝑙 ×2.0 × 105 𝑃𝑎0.1 𝑚𝑜𝑙+0.1 𝑚𝑜𝑙        (02+01) 

  𝑃𝑋 = 1.0 × 105𝑃𝑎       (02+01) 

 

 

 

 

   [𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)] = 25.00 𝑐𝑚3×0.05 𝑚𝑜𝑙 𝑑𝑚−312.50 𝑐𝑚3     (02+01) 

     = 0.10 𝑚𝑜𝑙 𝑑𝑚−3     (02+01) 

 

 𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)  ⇌ 𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞) +  𝐻+(𝑎𝑞)      (02) 

Or 

  𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) +  𝐻2𝑂(𝑙)  ⇌ 𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞) +  𝐻3𝑂+(𝑎𝑞) 

 Initial concentration of acetic acid = C 

 Fraction dissociated = α  (or amount dissociated = x) 

 [Physical states are required for Ka] 

 𝐾𝑎 = [𝐻+(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)]  𝑜𝑟 𝐾𝑎 = [𝐻3𝑂+(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)]      (02) 

 𝐾𝑎 = 𝐶𝛼 𝐶𝛼𝐶(1−𝛼) or   𝐾𝑎 = 𝑥2𝐶−𝑥       (02) 

 [if the equation, 𝐾𝑎 = 𝐶𝛼 𝐶𝛼𝐶(1−𝛼) or 𝐾𝑎 = 𝑥2𝐶−𝑥 is not written  

but the calculation is done correctly, award 02 marks for the calculation] 
 
 Since  α<<1 or x << c        (02) 

  

 

 

3(a): 50 marks 
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 pH calculation 

 (Do not deduct marks if physical states are not given) 

 

 [𝐻+(𝑎𝑞)] = √𝐾𝑎𝐶 

 [𝐻+(𝑎𝑞)] = √1.80 × 10−5 𝑚𝑜𝑙 𝑑𝑚−3  × 0.1 𝑚𝑜𝑙 𝑑𝑚−3    (02) 

 [𝐻+(𝑎𝑞)] = 0.00134 𝑚𝑜𝑙 𝑑𝑚−3      (02) 

 𝑝𝐻 = − log [ 𝐻3𝑂+(𝑎𝑞)1.0 𝑚𝑜𝑙 𝑑𝑚−3]  𝑜𝑟 𝑝𝐻 = −log [ 𝐻+(𝑎𝑞)1.0 𝑚𝑜𝑙 𝑑𝑚−3]    (02) 

 𝑝𝐻 = 2.87         (02) 

  

 

 

 

 

 

 

 

 

 Amount of CH3COOH in 100.00 cm3 of solution = 1.0 x 10-2 mol   (02) 

 Amount of NaOH added = 0.005 mol       (02) 

 Amount of CH3COOH left in the medium (after reacting with NaOH) = 5.00 x 10-3 mol 
            (02) 
 Therefore, in solution, 
 (Do not deduct marks if physical states are not given) 

 [CH3COOH(aq)] = 0.05 mol dm-3       (02) 

 [CH3COONa(aq)] = 0.05 mol dm-3       (02) 

 ----------------------------------------- 

 pH calculation 

 (Do not deduct marks if physical states are not given) 
 

 [𝐻+(𝑎𝑞)] = 𝐾𝑎 [𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞)]         (02) 

 [𝐻+(𝑎𝑞)] = 1.80×105𝑚𝑜𝑙 𝑑𝑚−3×0.050 𝑚𝑜𝑙 𝑑𝑚−30.050 𝑚𝑜𝑙 𝑑𝑚−3       (02) 

 [𝐻+(𝑎𝑞)] = 1.80 × 10−5 𝑚𝑜𝑙 𝑑𝑚−3 

 𝑝𝐻 = 4.74          (02) 

 ----------------------------------------- 

Alternate answer for pH  calculation 

Using Henderson equation, 

(Do not deduct marks if physical states are not given) − log[𝐻+(𝑎𝑞)] = 1/2(− log(𝐾𝑎𝑐))     (02) 𝑝𝐻 = 1/2(−log (1.8 × 10−5  × 0.1)     (04) 𝑝𝐻 = 2.87        (02) 
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 The solution in (iii) above behaves as a buffer solution.      (02) 

 The solution contains a weak acid and the sodium salt of its conjugate base     (02+02) 

   

 The amount of CH3COOH in 100.00 cm3 = 0.01 mol  
  

 The amount of NaOH added = 0.02 mol       (02) 

 Solution does not contain CH3COOH (or CH3COOH has reacted completely)  (02) 

            Solution does not behave as a buffer solution       (02) 

         

  

 

 

 

 

 

 

 

 

 

 

 

 

Alternate answer for pH calculation 

(Do not deduct marks if physical states are not given) 𝑝𝐻 = 𝑝𝐾𝑎 + log [[𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞)][𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)]      (02) 

𝑝𝐻 = −log (1.8 × 10−5 ) + log [[0.05][0.05]     (02) 𝑝𝐻 = 4.74        (02) 

3(b): 50 marks 
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4(a):  07 × 8 = 56 
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    For the polarization of Br2 
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4(b):  06 × 4 = 24 marks 

4(c):  20 marks 
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 Using pV=nRT,          (05) 

 At 400K, 𝑛1 = 4.8×106𝑃𝑎 8.314×10−3𝑚38.314 𝐽 𝑚𝑜𝑙−1𝐾−1 400𝐾            (04+01) 

 𝑛1 = 12.0 𝑚𝑜𝑙              (04+01) 

 

 

 

 

 

  At 800K, 𝑛2 = 1.0×107𝑃𝑎 8.314×10−3𝑚38.314 𝐽 𝑚𝑜𝑙−1𝐾−1 800𝐾             (04+01) 

 𝑛1 = 12.5 𝑚𝑜𝑙                (04+01) 

 

 

 

 

 

  CH4(g) + 2 O2(g)  CO2(g) + 2 H2O(g)     (05) 

  2 C2H6 (g)+ 7 O2(g)   4 CO2(g) + 6 H2O(g)     (05) 

 

 

 

   

Hydrocarbon that contributes to the change of the number of moles before and  

 after the combustion is C2H6       (05) 

  No. of moles increased after combustion = 0.5 mol 

  The amount of C2H6 introduced initially    = 0.5 mol x 2 = 1.0 mol       (04+01) 

 

 

 

  Amount (moles) of gases after removing water, 

  𝑛3 = 2.1×106 𝑃𝑎 8.314×10−3𝑚38.314 𝐽 𝑚𝑜𝑙−1𝐾−1 300𝐾           (04+01) 

  𝑛3 = 7.0 𝑚𝑜𝑙            (04+01) 

 

 

 The amount of water formed = (12.7 – 7.0) mol = 5.5 mol     (04+01) 

 

 

The amount of water generated from the combustion of C2H6 = 
6.0 𝑚𝑜𝑙 ×3.0 𝑚𝑜𝑙2.0 𝑚𝑜𝑙  

           = 3.0 mol     (04+01) 
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The amount of water generated from the combustion of CH4 = (5.5 – 3.0 ) mol 

          = 2.5 mol  (04+01) 

 

 

 

The amount of O2 introduced initially = 12.0 mol – (1.0 mol + amount of CH4 introduced) 

     = 12.0 mol – (1.0 + 2.5/2) mol 

     = 9.75 mol    (04+01) 

                 

 

 

Alternate answer for (iv) and (v) 

 

(iv) Hydrocarbon that contributes to the change of the number of moles before and after the combustion      

      is C2H6.           (05) 

Let the number of moles of the species as follows 

Initially, 

CH4 = n1  C2H6 = n2  and O2 = 2n1 + 7/2n2 +nexcess 

After combustion, 

CO2 = n1 + 2n2 , H2O=2n1+3n2 and O2 = 2n1 + 7/2n2 +nexcess 

Before combustion the number of moles in the container => 12.0 mol = n1 + n2 + 2n1 + 7/2n2 +nexcess --(1) 

After combustion the number of moles in the container   =>  12.5 mol = n1 + 2n2 + 2n1  + 3n2 + nexcess-- (2) 

(2)-(1) => 0.5 = 1/2n2  

Amount of C2H6 introduced = n2 = 1.0 mol           (04+01) 

 

(v) The total amount of water formed = 2n1 +3n2 

Amount (moles) of gases after removing water, 𝑛1 + 2𝑛2 + 𝑛𝑒𝑥𝑐𝑒𝑠𝑠 = 2.1×106 𝑃𝑎 8.314×10−3𝑚38.314 𝐽 𝑚𝑜𝑙−1𝐾−1 300𝐾             (04+01) 𝑛1 + 2𝑛2 + 𝑛𝑒𝑥𝑐𝑒𝑠𝑠 = 7.0 𝑚𝑜𝑙             (04+01) 

Therefore, from part (iv) equation (2),  

n1 = ½(12.5- (n1 + 2n2 +3n2 + nexcess)) = ½(12.5-10.0)mol = 1.25 mol 

(I) The total amount of water formed = 2n1 + 3n2 = (2x1.25+3x1.0)mol = 5.5 mol       (04+01) 

(II) The amount of water formed from C2H6 combustion = 3n2 = 3.0 mol        (04+01) 

(III) The amount of water formed from CH4 combustion = 2n1 = 2.5 mol        (04+01) 

(IV) The amount of O2 introduced initially = (12.0 –(1.25+1.0))mol = 9.75 mol        (04+01) 

 

 

 

 

 

 

 

 

5(a) : 75 marks 
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For the thermochemical cycle: 

For the correct species, correct stoichiometry and correct physical state     

          (02 marks x 7  = 14) 

ΔH0
2 = ΔH0

1 - ΔH0
3        (03) 

Or  Δ𝐻20 = ∑ Δ𝐻0(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠) − ∑ Δ𝐻0(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠) 

 

 (06)    (06)  (06)      (02) 

 Δ𝐻20=[-84.7x2  -  214.8x2 - (-74.8x4)]  kJ mol-1  

   

       = -299.8 kJ mol-1        (03+01) 

 

 

 

Alternate thermodynamic cycle   

   
For the thermochemical cycle: 

For the correct species, correct stoichiometry and correct physical state     

            (02 marks x 7  = 14) 

   (02)       (02)   (02)        (02)             

ΔH0
1= (-393.5 x 4 -214.8 x 8 – (-74.8 x 4 + 0 x 8)) kJ mol-1 

 = -2993.2 kJ mol-1              

   (02)      (02)         (02)            (02)          (02)       (02) 
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ΔH0
3 = ((-393.5 x 4 -214.8 x 8) – (-84.7 x 2 – 214.8 x 2 – 0 x 7)) kJ mol-1 

          = -2693.4 kJ mol-1        

ΔH0
2  = ΔH0

1 - ΔH0
3        (03) 

         = (-2993.2-(-2693.4)) kJ mol-1     

                  = -299.8 kJ mol-1       (03+01) 

 

    

 

 

 Δ𝑆0 = ∑ 𝑆0(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠) − ∑ 𝑆0(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠)      (04) 

 

 (02)        (02)  (02)   (02)     (01) 

ΔS0  = ( (229.6x2 + 188.8x2 – (186.2x4 + 205.1x1)) J mol-1 K-1 

 = -113.5 J mol-1 K-1        (02+01) 

 

 

 

ΔG0 = ΔH0 – T ΔS0         (04) 

       = -299.8 kJ mol-1 – (500 K x (-113.5 x10-3 ) kJ mol-1 K-1)   (04+01) 

       = -243.05 kJ mol-1        (02+01) 

 

 

 

 

Increasing temperature does not favour the forward reaction.   (03) 

(Or increasing temperature makes Gibbs energy change less negative) 

Because the reaction has a negative change in entropy.    (03) 

[If the sign of entropy change is incorrect, but prediction agrees with the sign of the entropy 

change award 06 marks) 

           

          

 

 

 

 R1 = k1 [A(aq)]a         (05+01) 

 R2 = k2 [B(aq)]b [C(aq)]c        (05+01) 

[expression 05 marks, physical states 01 mark] 

 

 

At equilibrium, R1 = R2            (05) 

 

5(b) : 75 marks 
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 𝐾𝑐 = [𝐵(𝑎𝑞)]𝑏[𝐶(𝑎𝑞)]𝑐[𝐴(𝑎𝑞)]𝑎         (05+01) 

[expression 05 marks, physical states 01 mark] 𝐾𝐶 = 𝑘1𝑘2          (05) 

 

 

 

 

 

 

 

 

  𝐾𝑐 = (1.0×10−2)𝑏 (1.0×10−3)𝑐(1.0×10−1)𝑎  --(1)      (06) 

 𝐾𝑐 = (1.0×10−3)𝑏 (1.0×10−3)𝑐(1.0×10−2)𝑎  --(2)      (06) 

 𝐾𝑐 = (1.0×10−2)𝑏 (1.0×10−5)𝑐(1.0×10−2)𝑎  --(3)      (06) 

 

 

 From (1)/(2)=>  1 = 10𝑏10𝑎       (05) 

 10a = 10b 

 a=b          (05) 

 From (2)/(3) => 1 = 102𝑐10𝑏        (05) 

 10b = 102c 

 b = 2c          (05) 

 Therefore, a = b = 2c 
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 Alternate answer 1 for (iv) (II) 

 Using equation (1), (2) and (3) in (iv)(I) 

 𝐾𝐶 = 10−2𝑏−3𝑐+𝑎  ----------(4)    (04)     

  

 𝐾𝐶 = 10−3𝑏−3𝑐+2𝑎 ---------(5)    (04)    

 𝐾𝐶 = 10−2𝑏−5𝑐+2𝑎 ---------(6)    (04)    

 Log Kc = -2b-3c+a    ---------(7)       

 Log Kc = -3b-3c+2a  ---------(8)       

 Log Kc = -2b-5c+2a ----------(9)       

 (4)/(5) or (7)-(8)   a = b    (04) 

 (5)/(6) or (8)-(9)   a = 2c    (04) 

 Therefore, a = b = 2c     

  

Alternate answer 2 for (iv) (II) 

 Using equation (1), (2) and (3) in (iv)(I) 

 𝐾𝐶 = (0.01)𝑏(0. 001)𝑐(0. 1)−𝑎 ----------(4)  

 

 𝐾𝐶 = (0.001)𝑏(0.001)𝑐(0.01)−𝑎 --------(5)  

 

 𝐾𝐶 = (0.01)𝑏(0.00001)𝑐(0.01)−𝑎 ------(6)  

 (1)/(2)    1 = 10b x 10-a    (05) 

        10a = 10b 

            a=b     (05) 

 

 (1)/(3)     1 = 102c x10-a    (05)   

           10a = 102c 

               a = 2c     (05)   

 Therefore, a = b = 2c        
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 Using the smallest set of integers, 

 a = 2,  b=2, c=1      

 Calculation of KC 

 𝐾𝐶 = (1.0×10−2𝑚𝑜𝑙 𝑑𝑚−3)2(1.0×10−3𝑚𝑜𝑙 𝑑𝑚−3)1(1.0×10−1𝑚𝑜𝑙 𝑑𝑚−3)2    ((02+01)x3=09) 

 𝐾𝐶 = 1. 0 × 10−5𝑚𝑜𝑙 𝑑𝑚−3      (04+01) 

         

  

 

 

 

 

 

 

 

 

 

 Activation energy of the reaction = Ea 

 Ea = (90.0 – 50.0) kJ mol-1    (05+01) 

           = 40.0 kJ mol-1     (04+01] 

 

 

 When the temperature is increased, the equilibrium constant is increased (05)  

because the reaction has a positive change in enthalpy (05) 

 When the temperature is increased, the rate constant of the forward reaction is 

 increased more than the rate constant of the reverse reaction. (05) 

 

 

 

  (I) Increases the rate of forward reaction (05)  

and the rate of the reverse reaction (05)  

by the same factor (extent). (05) 

 

(II) The value of the equilibrium constant is not changed. (05) 

 

6(a) : 80 marks 
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 N(s) + M2+(aq)  N2+(aq) + M  is spontaneous 

 Reducing ability N > M or [E0
N2+/N <E0

M2+/M]    (05) 

 N(s) + L2+(aq)  N2+(aq) + L   not spontaneous 

 Reducing ability of L >N or [E0
L2+/L < E0

N2+/N]    (05) 

 Increasing order of reducing ability M<N<L     (05) 

 (Or increasing order of oxidizing ability L<N<M) 

 

 

 

 Out of the two cells one has Ecell = 0.30 V and the other has Ecell = 1.10 V 

 Highest Ecell  is between L2+(aq)/L electrode and M2+(aq)/M electrode. 

 The lowest Ecell  is between L2+(aq)/L electrode and N2+(aq)/N electrode. 

 E0
M2+(aq)/M – E0

L2+(aq)/L = 1.10 V       (05) 

 E0
M2+(aq)/M = 1.10 V – 0.80 V = 0.30 V      (05) 

 And  

 E0
N2+(aq)/N – E0

L2+(aq)/L = 0.30 V        (05) 

 E0
N2+(aq)/N = 0.30 V + (-0.80V) = - 0.50 V     (05) 

 

Alternate answer 

(iv) Addition of a catalyst, 

(I) It provides a new pathway for the reaction with higher rate constants for forward 

and reverse reactions (05).  The ratio between the two rate constants does not 

change (05). Rate constants of the forward and reverse reactions are increased by 

the same factor (extent). (05) 

(II) The value of the equilibrium constant is not changed. (05) 

 

6(b) : 70 marks 
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Potentiometer reading (P), 

P = E0
cell(1) + E0

cell(2)       (05) 

     = (E0
M2+(aq)/M – E0

L2+(aq)/L) + (E0
N2+(aq)/N – E0

M2+(aq)/M)   (05) 

   = E0
N2+(aq)/N - E0

L2+(aq)/L      (05) 

   = -0.50 V – (-0.80 V)        

   = 0.30 V        (05) 

 

 

Electrode reactions when a current is drawn. 

Electrode (A)  L(s)  L2+(aq) + 2e     (05) 

Electrode (B)  M2+(aq) + 2e  M(s)     (05) 

Electrode (C)  M(s)  M2+(aq) + 2e     (05) 

Electrode (D)  N2+(aq) + 2e  N(s)     (05) 

 

 

 

Alternate answer 

Based on the order of reducing ability, L2+/L should be the anode in 

both the cells. 

E0
cathode –E0

L2+/L = 1.10 V 

Therefore E0
cathode = 1.10 V – 0.80 V = 0.3 V   (05) 

E0
cathode –E0

L2+/L = 0.3 V 

Therefore E0
cathode = 0.3 V – 0.80 V = -0.5 V   (05) 

Therefore, 

E0
M2+/M = 0.3 V       (05) 

E0
N2+/N = -0.5 V      (05) 

7(a) : 75 marks 
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    1s22s22p63s23p63d54s2           (03) 

 
 
  +2,   +3,   +4,   +7   (any three)        (02 x 3) 
 
 
 
 
 

I. very pale pink/ pale pink/ colourless       (03) 

II. [Mn(H2O)6]2+(aq)           (03) 

    hexaaquamanganese(II) ion        (03) 
 
 
 
 
 

I. white/cream precipitate        (03)    
II. brown precipitate or blackish-brown precipitate  (03) 
III. Yellow / greenish-yellow solution       (03) 

 
 
 
 
  MnO  +2  basic        (02 x 3) 
  Mn2O3  +3  weakly basic       (02 x 3) 
  MnO2  +4  amphoteric       (02 x 3) 
  MnO3  +6  weakly acidic       (02 x 3) 
  Mn2O7  +7  acidic        (02 x 3) 
 
 
 

MnO4
-         (03) 

 
 
 

Acidic    
MnO4

-(aq) +  8H+(aq)  + 5e               Mn2+(aq) +  4H2O(l)      (06) 
 
Alkaline 
MnO4

-(aq) +  2H2O(l)   + 3e               MnO2(s)  +  4OH-(aq)   (06) 
         

 
   
Determination of dissolved O2 in water samples   (03) 

 
 
 
 

7(b) : 75 marks 
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(i) 

 

 

(a)(i): 60 marks 

*In Step 4 the student may have misinterpreted the instruction given in the note in the 

question and written HCHO and H+/H2O without showing the sequence 1 and 2. 

Award the 11 Marks. 
(ii)   

      (a) (ii): 05 marks 

08 11 11 

11 

11 08 

05 

8(a): 65 marks 
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(b)(i): 34 marks 

 

 

 

(b) (ii): 31 marks 

 

 

 

 

 

10 14 

10 

03 

05 

04 

05 

03 

04 

8(b): 65 marks 

03 

04 04 04 

02 
01 
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(c)  Standard enthalpy of hydrogenation of cyclohexene   = -120 kJ mol-1  

 Expected enthalpy of hydrogenation of hypothetical “cyclohexatriene” = -120 × 3 kJ mol-1 

            = -360 kJ mol-1 

  Standard enthalpy of hydrogenation of benzene    = -208 kJ mol-1 

 Stabilization energy of benzene      = - 152 kJ mol-1 

 OR 

 

NB.  10 marks for calculating the expected enthalpy of hydrogenation of “cyclohexatriene”  
 10 Marks for stating or indicating the stabilization of benzene. This 10 marks can be awarded even if 

the stabilization energy is not calculated but indicating by a statement such as following. 

Hydrogenation of both benzene and “cyclohexatriene” (with 3H2) give cyclohexane. However, benzene 

evolves less energy than “cyclohexatriene” in this process. Therefore, it is more stable. 

 

 

 

 

 

8(c):20 marks 

10 

10 

10 

10 
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A1 
 

PbCl2 

A2 
 

PbI2 

A3 
 

PbS 

B1 
 

Al(OH)3 

B2 
 

NaAlO2    or   AlO2
-   or  [Al(OH)4]- or Na[Al(OH)4] 

C1 
 

ZnS 

C2 
 

Zn(OH)2 

D1 
 

SrCO3 

         (08 marks x 8 = 64 marks) 
 
 
 
       
       NH4OH is added to precipitate the Group III ions (Fe3+, Al3+ and Cr3+)       (02) 

as hydroxides.                 
Then, the hydroxides of Group IV metal ions (Zn2+, Mn2+, Co2+ and Ni2+)  (02)      
may also precipitate together with the hydroxides of Group III metal ions. 
NH4Cl is added to reduce the concentration of OH- (common ion effect).  (02) 
or 
Addition of NH4Cl shifts the equilibrium position of NH4OH 
NH4OH(aq)          NH4

+(aq)  +  OH-(aq)   and the concentration of  
OH- is reduced 
The Ksp of hydroxides of Group IV metal ions is greater than                    (02) 
those of the Group III metal ions. 
This allows Fe3+, Al3+ and Cr3+ hydroxides to be precipitated while           (03) 
the hydroxides of Zn2+, Mn2+, Co2+ and Ni2+ remain in solution. 
                          (11 marks) 
 

Alternate Answer  
NH4OH is added to precipitate Al3+ as the hydroxide.               (02)    
However, then both Zn2+ and Al3+ can be precipitated as                              (02) 
their hydroxides.                       
NH4Cl is added to reduce the concentration of OH- (common ion effect).     (02) 
or 
Addition of NH4Cl shifts the equilibrium position of NH4OH 

NH4OH(aq)          NH4
+(aq)  +  OH-(aq)   and the concentration of  

OH- is reduced 

Ksp of Zn(OH)2 >  Al(OH)3                     (02) 
Therefore, precipitation of Zn(OH)2  can be prevented by using                   (03) 
NH4Cl /  NH4OH              
                              (11 marks) 
 
    
 

9(a): 75 marks 
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   Fe2S3    +   3H2      2Fe   +   3H2S     (04) 

 

SO2    +   H2O2     H2SO4      (04) 

 

       2Al2S3   +9O2    2Al2O3  +  6SO2            or    Al2S3 : SO2   =   1 : 3  (03) 

       2Fe2S3   +9O2    2Fe2O3  +  6SO2           or     Fe2S3 : SO2   =   1 : 3  (03) 

       H2SO4  + 2NaOH    Na2SO4  +  2H2O   or  H2SO4 : NaOH  =  1 : 2  (03) 

Molar mass of Al2S3 = (27x2)+(32x3) = 150     (02) 

Molar mass of Fe2S3 = (56x2)+(32x3)  = 218     (02) 

 Assume mass of Al2S3    to be m1 and Fe2S3    to be m2 

Mass of Fe from  Fe2S3    after heating under H2 

256
208

2 
m

          (04) 

Total mass after heating under H2                                                                                                                        

g
m

m 824.0256
208

2
1                          [1]     (08] 

From heating under air 

Mols of H2SO4 from Al2S3   3
150

1 
m

      (04) 

Mols of H2SO4 from Fe2S3   3
208

2 
m

      (04) 

Total mols from both   Fe2S3  and  Al2S3    3
208

3
150

21 
mm

   (04) 

Mols of NaOH  for titration                                      (02)           36
1000

1

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Mols of H2SO4     from  titration                 
31018

2

36

1000

1     (02) 

 

  21018
208

3

150

3 321   g
mm

       (08) 

 1824.0112
208

2
1  g

m
m  

 21018
208

3

150

3 321   g
mm

 

Solving equations [1] and [2] for m1 and m2 

 3018.0
208

3

50

21 
mm

 

 3018.0
208

3

50

21 
mm

 

[3] x 50  

 4018.050
208

150 2
1 

m
m  

[4] - [1] 

824.0900.0
208

112

208

150 22 
mm

 

 m2 =    0.416 g         (02) 

m2 =    0.416 g in eq [1] 

824.0
208

112416.0
1 


m  

m1 =    0.600 g          (02)    

%06.59%100
600.0416.0

600.0
% 1 


m  or  59 %    (04)                                      %𝑚2 = 100 − 59.06 = 40.94%  or  41 %    (04) 
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Alternate answer 01  for (iii) 

2Al2S3   +9O2    2Al2O3  +  6SO2             or    Al2S3 : SO2   =   1 : 3  (03) 

2Fe2S3   +9O2    2Fe2O3  +  6SO2           or     Fe2S3 : SO2   =   1 : 3  (03) 

 H2SO4  + 2NaOH    Na2SO4  +  2H2O    or  H2SO4 : NaOH  =  1 : 2  (03) 

 

Molar mass of Al2S3 = (27x2)+(32x3) = 150      (02) 

Molar mass of Fe2S3 = (56x2)+(32x3)  = 218      (02) 

Assuming mols of Al2S3 is n1 and mols of Fe2S3 as n2 

Mols of Fe from Fe2S3 

                                    (04)      

Total mass after heating under H2                                                                                                                        

]1[824.0112150 21  nn          (08) 

Mols of NaOH  for titration                           (02)                                

Mols of H2SO4     from  titration      
31018

2

36

1000

1      (02) 

Mols of H2SO4     from  Al2S3     =       3n1      (04) 

Mols of H2SO4     from Fe2S3      =     3n2      (04) 

Total mols of H2SO4         =            3n1 + 3n2      (04) 

Therefore,                   

          (08) 

Solving equation [1]and [2] for n1 and n2 

[2 ] x 50    

[3] –[1]   

                                                   mol      (02) 

Substituting n2 in [2] 

 

                        n1 = 0.004 mol        (02) 

 

2562 n

 2018.033 21  nn

 39.0150150 21  nn

076.038 2 n
3

2 102 n

018.0002.033 1 n

36
1000

1

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Mass of Al2S3    =  0.004 mols x 150 gmol-1 =  0.600 g 

Mass of Fe2S3    =  0.002 mols x 208 gmol-1  = 0.416 g 

% mass of   Al2S3                                                   or 59 %   (04) 

% mass of   Fe2S3                                     or 41 %    (04) 

 

Alternate answer 02  for (iii) 

2Al2S3   +9O2    2Al2O3  +  6SO2             or    Al2S3 : SO2   =   1 : 3  (03) 

2Fe2S3   +9O2    2Fe2O3  +  6SO2           or     Fe2S3 : SO2   =   1 : 3  (03) 

 H2SO4  + 2NaOH    Na2SO4  +  2H2O   or  H2SO4 : NaOH  =  1 : 2  (03) 

Molar mass of Al2S3 = (27x2)+(32x3) = 150 g mol-1     (02) 

Molar mass of Fe2S3 = (56x2)+(32x3)  = 218 g mol-1     (02) 

Assume mass of Al2S3 in the mass of 0.824 g is as m 

 
mol

m
nFe

56

824.0 
         (06) 

 
mol

m
n SFe

56

824.0

2

1
32


                                     [1]     (06) 

 
mol

mm
nSO

56

824.0

2

1
3

150
3

2


       (10) 

Mols of NaOH  for titration                                              (02) 

Mols of H2SO4     from  titration                 mol31018
2

36

1000

1    (02)   

Therefore,                molnSO 018.0
2
                  

                                                                                   [2]  (10) 

Solving equation [2] for m 

 

 

06.59%100
416.0600.0

600.0





94.4006.59100 

 
018.0

56

824.0

2

1
3

150
3

2





mm
nSO

 
006.0

112

824.0

150





mm

  112150006.0824.0150112  mm

mol36
1000

1

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        (02) 

Substituting m= 0.60 g in equation [1] 

 
molmoln SFe 002.0

56

60.0824.0

2

1
32




  

                                                                                                     (02) 

Therefore  

% mass of   Al2S3                                                            or  59 %   (04) 

% mass of   Fe2S3                                                  or  41%    (04) 

 

 

No          (02) 

Because this is a strong acid- strong base titration     (02) 

So the color change pH interval of methyl orange and phenolphthalein both falls into 

vertical region of the titration curve.      (02) 

 

 

 

 

 

 

 

 

 

 

8.2238 m

gmm SAl 60.0
32


%94.40%06.59%100 

%06.59%100
416.0600.0

600.0





ggmolm SFe 416.0208002.0 1

32
 

9(b): 75 marks 
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 M2 - Manufacture of NH3 by Haber Process    (02) 

  M3 – Manufacture of HNO3 by Ostwald Process   (02) 

 

  M1 – extraction of Fe       (02) 

  N2 gas         (02) 

 

  R1 – coke        (02) 

  R2 – iron ore / hematite      (02) 

  R3 – limestone        (02) 

 

 

  As a reducing agent: FeO(s) + C(s)   Fe(l) + CO(g)  (02) 

     Or  

    CO2(g) + C(s)    2CO(g)   

     Or 

   2FeO(s) + C(s)    2Fe(l) + CO2(g)    

  

 

 R4 – N2(g)        (02) 

  R5 – H2(g)        (02) 
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 M1: 3Fe2O3 + CO   Fe3O4 + CO2    (02) 

   Fe3O4(s) + CO    3FeO(s) + CO2(g)    (02) 

   FeO(s) + CO(s)   Fe(l) + CO2(g)     -----(A) 

  2FeO(s) + C(s)    2Fe(l) + CO2(g) -----(B)  

       Either (A) or (B) (02) 

  M2:               

N2(s) + 3H2(g)     2NH3(s)   (02) 

                                                                                        
 
   

  (Any pressure between 200 – 300 atm and any temperature between 400 – 500 C accepted) 

 M3:  

   4NH3(g) + 5O2    4NO + 6H2O(g) (02) 

   2NO(g) + O2  2NO2     (02) 

   4NO2(g) + 2H2O(l) + O2(g)    4HNO3   (02) 

 

 

 P1 – to make alloy steel / construction industry to provide strength  

  to structures / in machinery and tool manufacture         (01 x 2) 

P2 – production of fertilizers / production of nylon /  

in petroleum industry to neurtralize acide in crude oil constituents /  

water and waste water treatment / as refrigerant / to prevent  

coagulation of rubber            (01 x 2) 

P3 – manufacture of fertilizer / in industries which require nitrates  

such as KNO3 in explosive manufacture and AgNO3 in  

photography / to clean surfaces when welding metals /  

aqua regia            (01 x 2) 

           

 

 Reaction is exothermic. H is (-ve)       

 No of gaseous moles decrease. S decreases (-ve)    (01) 

 According to G = H – TS        

 When S is negative, –TS term is +ve.     (01) 

 As temperature increases, +ve term overrides -ve term, making G +ve.  (01) 

 Therefore not favoured at high temperature.     (01) 

 
10(a): 50 marks 

D
ep

ar
tm

en
t o

f E
xa

m
in
at

io
ns

 - 
Sri 

La
nk

a



Department of Examinations - Sri Lanka  Confidential 

 

02 - Chemistry (Marking Scheme)   l  G.C.E. (A/L) Examination 2021 (2022)  l   Amendments to be included.  44 

 

 

 

NOx (NO or NO2), Volatile hydrocarbon (VOC), sunlight/solar radiation,  

     temperature above 15 C                                                                       (02 x 4) 

 

 

 The intensity of solar radiation is low during morning and evening.   (03)  

 Therefore photochemical smog is weak in the morning and evening. 

 

 

  2NO(g) +O2(g)      2NO2(g) 

      NO2(g)        NO(g)  +  O(g) 

       O(g) +  O2(g)     O3(g) 

                   (03 x 3)            

                                                                                                                                                        

   

PAN (peroxy acetyl nitrate) 

       PBN (peroxy benzoyl nitrate) 

      Short chain(volatile) aldehydes 

       Particles (particulate matter) 

 (02 x 4) 

 

OH˙ (hydroxyl radical), ROO˙(peroxy radical), R˙ (alkyl radical), RO˙ (Alkoxy radical), 

 O˙ (oxygen radical), NO         

               (02 x 3) 
 

 

Electric vehicles do not release ingredients for photochemical smog.  (02)   

Therefore, electric vehicles contribute for the reduction of photochemical smog/ no 

contribution for photochemical smog.      (02) 
 

 

 

Global warming/acid rain                 (03) 
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PO4
3-, NO3

-, Reduction of dissolved oxygen level. 
         HNO3 Increases the acidity/decreases pH 
         Pb2+ -Increases the heavy metal level of sea water /Increases the lead level of water 

(03 x 3) 

 

 

 

           (10)  

 

  

 

 NH3 solution        (04) 

 

 

 Acids such as acetic/formic acid.     (04) 
 

H+ can neutralize the COO- groups, making the surface of  
rubber particles   neutral. Particles can then combine together and  
become as a mass.       (02 x 4 = 08) 
 

 

 rubber is heated with 1-3%  sulfur     (03 x 3 = 09) 

 

 

 Organic catalysts  

Catalyst promoters or ZnO      (03 x 2 = 06) 
  

 

 Increase flexibility 

 Decrease flammability 

 Prevent damage by UV rays  

 Increase mechanical and/or physical strength           (Any three) (03 x 3 = 09) 

 

10(b): 50 marks 

10(c): 50 marks 
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