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INTRODUCTION

  The General Certificate of Education (Advanced Level) Examination is the 
final certification examination of the Senior Secondary Education in Sri Lanka. 
Though certification of the students' achievement level at the end of Senior Secondary 
Education is the major aim of this examination, it bears a momentous position as an 
achievement test as well as a selection test because the eligible candidates for national 
universities and other higher education and vocational training institutes and also for 
the National Colleges of Education are selected on the results of this examination. 
This has also been accepted as an examination that certifies entry qualifications for 
the tertiary level employments. In the year 2012, 196954 school candidates and 10954 
private candidates sat this examination.  

 Much pains are being taken by students to have a high achievement level at this 
examination and teachers and parents to fulfil their expectations. This evaluation report 
has been prepared by the Department of Examinations to assist the realization of their 
goals. It is certain that the information provided by this evaluation report is equally 
important for candidates, teachers, principals, in-service advisers, subject directors, 
parents and researchers in education. So it is appropriate to tender this report for wider 
reference.

 This evaluation report comprises of three parts. I, II and III. Part I of this report 
consists of information related to aims and achievement of the subject Chemistry in 
G.C.E. (A.L) Examination. Presented under it are the statistical information on subject 
achievement, that is number of candidates sat for the subject, how they have obtained 
grades, how school candidates have obtained grades by district and distribution of marks 
according to class intervals and a comprehensive analysis of the subject achievement 
that reveals how candidates have selected questions in Papers I and II in Chemistry and 
how they have scored marks for the questions in them and the sub parts of each question. 
Part II of this report presents the questions in Paper I and Paper II of Chemistry in the 
G.C.E. (A.L) Examination 2012 and information about the candidates' responses to 
them. It encompasses expected answers for the questions of papers I and II, the mark 
scheme, observations on answers, conclusions and constructive suggestions.

 This evaluation report prepared by the Research and Development Branch of 
the Department of Examinations is based on the information, observations, ideas and 
suggestions provided by chief examiners, additional chief examiners and assistant 
examiners involved in evaluating answer scripts and the information drawn through 
the analysis of candidates' responses using the Classical Test Theory and the Item 
Response Theory.   

 Part III of this report embodies the facts that should be taken into consideration 
by the candidates when answering each question and opinions and suggestions with 
regard to the learning teaching process. I think  that this report is of immense value in 
the organization of the learning teaching process to achieve respective competencies 
and competency levels. You are kindly requested to direct your productive ideas and 
suggestions to us to improve the quality of our future evaluation reports.

 I wish to extend my sincere thanks to the chief examiners, additional chief 
examiners and assistant examiners who provided information to prepare this 
report, the committee members who fervently and actively contributed to the 
task, the officers and the staff of the Department of Examinations who shouldered 
the responsibility, State Printing Co-operation who printed this material and the 
TSEP-WB that provided financial assistance for it.    
    

  W.M.N.J. Pushpakumara
  Commissioner General of Examinations

1st December 2013
Research & Development Branch 
National Evaluation & Testing Service
Department of Examinations. 
Pelawatta, Battaramulla.
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Part I	

1. Subject objectives and information on subject achievements

	 1.1 Subject objectives		
	

After following this course the student will :

* understand the basic concepts in chemistry required to comprehend the 
physical foundation of scientific explanations of natural phenomena. 

* become knowledgeable about the total framework of chemistry including 
its main concepts, unifying themes and patterns enabling to understand the 
structure and changes in matter and lay the foundation for students who 
pursue the study of further chemistry in the future. 

* incline to understand and appreciate the nature of the scientific process 
through direct experiences and inquiring into the historical development of 
chemistry.

* understand the limits of science and how it is applied in relation to technical, 
economics, social and personal development.

* understand the physico - chemical foundation of problems relating to the 
scientific usage and conservation of resources acquiring a general knowledge 
of them with special attention to the conditions prevailing in Sri Lanka.

* acquires knowledge and skills required for the application of basic concepts 
in chemistry for technical, social and economic development with special 
attention to Sri Lanka.

* develops interest for applying the knowledge and skills gained through the 
course for socio - economic development and conservation and utilization of 
natural resources.
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1.2  Statistical information on subject achievement
	
	 	 1.2.1 Number of candidates sat for the subject	
	

Medium School Private Total	

Sinhala 43774 706 44480

Tamil 6450 156 6606

English 2984 147 3131

Total	 53208 1009 54217

	 	 					Table 1		

	 1.2.2 Grades obtained by the candidates	

	Grade
School  Candidates Private  Candidates 	

Total	 Percentage
Number	 Percentage Number Percentage

A 1695 3.19 14 1.39 1709 3.15

B 3641 6.84 39 3.87 3680 6.79

C 10208 19.19 108 10.70 10316 19.03

S 17492 32.87 245 24.28 17737 32.71

F 20172 37.91 603 59.76 20775 38.32

Total	 53208 100.00 1009 100.00 54217 100.00

Table 2		
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1.2.3  Grades obtained by school candidates who sat the examination for the first time -
 Districtwise

District No. Sat	

Distinction 
(A) 	

Very Good 
Pass
 (B) 

Credit 
Pass
(C)  

Ordinary 
Pass
 (S)

Pass	
^A+B+C+S&

Failed     								
(F)																		

N
um

be
r

]

N
um

be
r

]

N
um

be
r

]

N
um

be
r

]

N
um

be
r

]

N
um

be
r

]

1. Colombo 5366 275 5.12 429 7.99 1205 22.46 1707 31.81 3616 67.39 1750 32.61

2. Gampaha 2922 83 2.84 148 5.07 443 15.16 923 31.59 1597 54.65 1325 45.35

3. Kalutara 1859 25 1.34 72 3.87 226 12.16 563 30.29 886 47.66 973 52.34

4. Kandy 2312 74 3.20 142 6.14 394 17.04 697 30.15 1307 56.53 1005 43.47

5. Matale 526 4 0.76 13 2.47 64 12.17 168 31.94 249 47.34 277 52.66

6. Nuwara Eliya 663 4 0.60 10 1.51 78 11.76 224 33.79 316 47.66 347 52.34

7. Galle 2070 64 3.09 102 4.93 300 14.49 644 31.11 1110 53.62 960 46.38

8. Matara 1774 73 4.11 101 5.69 262 14.77 541 30.50 977 55.07 797 44.93

9. Hambantota 1149 33 2.87 38 3.31 161 14.01 392 34.12 624 54.31 525 45.69

10. Jaffna 1142 52 4.55 95 8.32 201 17.60 316 27.67 664 58.14 478 41.86

11. Kilinochchi 84 3 3.57 1 1.19 15 17.86 17 20.24 36 42.86 48 57.14

12. Mannar 123 1 0.81 2 1.63 11 8.94 35 28.46 49 39.84 74 60.16

13. Vavuniya 175 9 5.14 6 3.43 31 17.71 54 30.86 100 57.14 75 42.86

14. Mullativu 89 0 0.00 3 3.37 12 13.48 26 29.21 41 46.07 48 53.93

15. Batticaloa 508 14 2.76 34 6.69 102 20.08 171 33.66 321 63.19 187 36.81

16. Ampara 892 14 1.57 32 3.59 128 14.35 348 39.01 522 58.52 370 41.48

17. Trincomalee 333 4 1.20 18 5.41 53 15.92 101 30.33 176 52.85 157 47.15

18. Kurunegala 2397 45 1.88 74 3.09 317 13.22 747 31.16 1183 49.35 1214 50.65

19. Puttalam 740 12 1.62 29 3.92 137 18.51 222 30.00 400 54.05 340 45.95

20. Anuradhapura 1000 9 0.90 29 2.90 105 10.50 288 28.80 431 43.10 569 56.90

21. Polonnaruwa 406 1 0.25 16 3.94 44 10.84 108 26.60 169 41.63 237 58.37

22. Badulla 1050 34 3.24 43 4.10 197 18.76 342 32.57 616 58.67 434 41.33

23. Monaragala 389 1 0.26 15 3.86 57 14.65 121 31.11 194 49.87 195 50.13

24. Ratnapura 1548 25 1.61 71 4.59 198 12.79 444 28.68 738 47.67 810 52.33

25. Kegalle 1316 7 0.53 40 3.04 162 12.31 469 35.64 678 51.52 638 48.48

All Island 30833 866 2.81 1563 5.07 4903 15.90 9668 31.36 17000 55.14 13833 44.86

Table 3		
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1.2.4  Marks obtained according to class intervals

 

Class Interval Frequency 
Frequency 
Percentage

Cumulative 
Frequency

Cumulative 
Frequency 
Percentage 

91 - 100 4 0.01 54217 100.00

81 - 90 189 0.35 54213 99.99

71 - 80 1790 3.30 54024 99.64

61 - 70 4450 8.21 52234 96.34

51 - 60 6683 12.33 47784 88.13

41 - 50 10139 18.70 41101 75.81

31 - 40 12846 23.69 30962 57.11

21 - 30 13075 24.12 18116 33.41

11 - 20 4964 9.16 5041 9.30

01 - 10 77 0.14 77 0.14

00 - 00 0 0.00 0 0.00
 

Table 4

The following example illustrates how information can be retrieved from the above table.
Ex : (Taking the class interval 21 - 30 for instance)
The number of candidates scoring from 21 - 30 is 13075. As a percentage it is 24.12. The 
number scoring below 30 marks is 18116 and as a percentage it is 33.41.
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1.3  Analysis of Subject Achievement	

1.3.1 Achievement in Paper I
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1.3.4 Achievement in Paper II
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Part II  

2.   Information on questions and answers 

2.1   Question paper I and information on answers to paper I  

     2.1.1   Structure of the paper I

Time is 02 hours. Total mark is 100.

• This question paper consists of 50 multiple choice questions each with five 
options. For each questions, candidates were expected to select the correct or the 
most suitable option from the options (1), (2), (3), (4) and (5).

• Responding to all the questions is expected.
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2.1.3 Expected answers and the marking scheme for Paper I

Marking Scheme - Paper I 

  
 Question Answer Question Answer  
 No.   No.   
 

      01. ''''''''' 26. ''''''''' 

 02. ''''''''' 27. '''''''''  

 03. ''''''''' 28. '''''''''  

  04. ''''''''' 29. '''''''''  

 05. ''''''''' 30. '''''''''  

 06. ''''''''' 31. '''''''''  

 07. ''''''''' 32. '''''''''  

 08. ''''''''' 33. '''''''''  

 09. ''''''''' 34. '''''''''  

 10. ''''''''' 35. ''''''''' 

 11. ''''''''' 36. '''''''''

 12. ''''''''' 37. '''''''''

 13. ''''''''' 38. '''''''''

 14. ''''''''' 39. '''''''''

 15. '''''''''  40. '''''''''

 16. ''''''''' 41. '''''''''

 17. ''''''''' 42. '''''''''

 18. ''''''''' 43. '''''''''

 19. ''''''''' 44. '''''''''

 20. '''''''''  45. '''''''''

 21. '''''''''  46. '''''''''

 22. '''''''''  47. '''''''''

 23. '''''''''  48. '''''''''

 24. '''''''''  49. '''''''''

 25. '''''''''  50. '''''''''

4

All

4

3

4

5

2

5

1, 5

5

4

3

1

4

4

3

1

3

1

5

4

4

All

5

3

2

2

4

3

3

5

1

5

5

1

2

4

4

3

3

2

2

4

All

4 

5

2

3

4

3

      Each correct answer carries 02 marks, amounting the total to 100.
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2.1.5  Responses to the options in Paper I - as a percentage  
Question
Number

Correct 
Answer 

Percentage of students selecting each option
1 2 3 4 5 Missing 

1 2 9% 70% 11% 5% 5% -
2 2 4% 71% 10% 13% 2% -
3 4 19% 16% 10% 39% 16% -
4 3 6% 27% 49% 9% 9% -
5 3 4% 7% 62% 6% 21% -
6 5 14% 12% 11% 6% 57% -
7 1 65% 10% 18% 4% 3% -
8 5 6% 13% 14% 12% 55% -
9 5 9% 9% 7% 9% 66% -
10 1 44% 15% 16% 16% 8% 1%
11 2 8% 58% 18% 7% 9% -
12 4 6% 13% 38% 39% 4% -
13 4 6% 19% 11% 62% 2% -
14 3 11% 26% 49% 8% 6% -
15 3 15% 9% 48% 9% 19% -
16 2 11% 54% 12% 13% 10% -
17 2 9% 34% 23% 14% 20% -
18 4 5% 17% 14% 57% 7% -
19 All 5% 13% 62% 10% 9% 1%
20 4 12% 11% 13% 54% 10% -
21 5 3% 10% 14% 13% 60% -
22 2 16% 50% 20% 9% 5% -
23 3 14% 25% 37% 10% 14% -
24 4 6% 7% 18% 58% 11% -
25 3 5% 12% 40% 17% 26% -
26 4 8% 21% 23% 32% 16% -
27 All 5% 21% 26% 8% 40% -
28 4 8% 21% 27% 33% 10% 1%
29 3 7% 10% 59% 15% 9% -
30 4 11% 11% 12% 50% 16% -
31 5 18% 18% 10% 17% 37% -
32 2 20% 36% 15% 10% 19% -
33 5 5% 14% 7% 18% 56% -
34 1, 5 27% 21% 15% 10% 27% -
35 5 4% 9% 20% 29% 38% -
36 4 11% 9% 15% 39% 26% -
37 3 11% 13% 37% 9% 29% 1%
38 1 50% 15% 8% 6% 21% -
39 4 20% 6% 7% 29% 38% -
40 4 3% 6% 15% 26% 49% 1%
41 3 30% 16% 39% 10% 5% -
42 1 13% 28% 16% 33% 10% -
43 3 9% 10% 63% 7% 11% -
44 1 55% 15% 16% 8% 6% -
45 5 10% 7% 37% 9% 37% -
46 4 12% 8% 7% 61% 12% -
47 4 5% 22% 35% 18% 20% -
48 All 22% 36% 10% 26% 6% -
49 5 35% 6% 10% 12% 37% -
50 3 50% 7% 13% 5% 25% -

* Under each question the student percentage selecting the correct option is shaded.

* 'Missing' indicates the percentage of students selecting more than one option or none. 
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2.1.6 Overall observations, conclusions and suggestions regarding the answers to Paper I :

 Questions 1 - 30 had only a single correct answer while the questions 31 - 40 require the 
selection of correct statement/statements. When responding to the reason - assertion type questions 
from 41 to 50, the truism or falsity of two statements and if both are true whether the second is a correct 
explanation of the first has to be decided.    

 Of the first 30 questions, the number of questions for which less than 35% had responded 
correctly was 3(10%). Of the questions 31 - 40, two questions (20%) had been correctly responded by 
less than 35% whereas of questions 41 - 50, the number of questions getting correct responses by less 
than 35% was 3(30%).

From this it is clear that, in spite of the candidates had knowledge, they have a difficulty 
in selecting the most correct option in questions 31 - 50. The numbers of questions for which the 
percentage of correct responses was less than 35% along with corresponding subject areas are given 
below.

Question number   Subject area
 17 Organic Chemistry 
 26 General Chemistry
 28 General Chemistry (Chemical calculation)
 39 Inorganic/Environmental Chemistry
 40 Inorganic Chemistry
 42 General Chemistry
 47 Physical Chemistry
 50 Environmental Chemistry 

Of the questions 1 -30, the percentage selecting the correct response 2 for the question 17 
was 34%. The percentages selecting options 3 and 5 were 23% and 20% respectively. This question 
relates to Organic Chemistry. The given organic compound consists of two functional groups and the 
question inquires into the products formed by a reagent after reacting with both the functional groups. 
To answer this question, the reactions of the reagent with each of the functional group should be known 
correctly. The basic knowledge on the products of organic compounds with respective reagents needs 
to be improved. 

Question 26 is related to General Chemistry. The correct response, option 4 for this question was 
selected by 32%. To answer this problem, understanding of the principles relevant to the determination 
of the bond length of the N - O bond in several nitrogen containing species is essential. In all these N is 
the central atom. Not achieving the required level with regard to the knowledge of the hybridisation of 
the N atom, the number of possible resonance structures of each species and bond order relevant to the 
bond derived thereof is the reason for low performance in this question. The student should be engaged 
in the exercises on bond order during the learning teaching process.

Question 28 is connected with chemical calculation coming under General Chemistry. The 
percentage selecting the correct option (4) for this question was 33%. Twenty seven percent had taken 
option 3 as the correct response. This differs from the conventional problems given on the calculations 
related to acid - base reactions. Given as datum is the pH of the solution obtained after adding a 
specified amount of an acid to a solution of a base. The competency of determining the concentration 
of a solution using the pH has to be developed in the student. Moreover, the student needs to have an 
understanding about the change in concentration of the components when mixing two solutions. With 
such an understanding, this problem can be solved easily.  
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Of the multiple completion type questions from 31 to 40, question 39 belongs to the area of 
Inorganic Chemistry. Option 4 which is the correct response for this had been selected by 29% while 
38% had selected option 5. When answering this question it is seen that students have taken statement 
(b) as correct. In this question related to the chemistry of ammonia, it should be emphasized that the 
conditions of 250 atm pressure and 400 - 450°C temperature related to the industrial manufacture of 
ammonia are medium conditions.

Question 40 is related to Inorganic Chemistry. It also contains a chemical calculation. The 
correct option 4 for this question had been selected by 26% while 49% had selected option 5. The 
shortcomings noticed in deducing the correct response to this question are due to the weakness in 
determining the correct stoichiometric ratio of the reactants by writing the relevant balanced equation 
for the reaction, flaws in  computing the amounts of reactants in moles and inability to find the limiting 
factor from the reactants provided.  

Question 42 comes under the purview of General Chemistry. Thirteen percent of the candidates 
had succeeded in selecting the correct option, which was 1 for this question. Options 2 and 4 had been 
choosen by 28% and 33% respectively. Though the first statement in this question is true, majority of 
the students had taken it as false. The reason for this is the failure of the student to achieve the expected 
level in relation to the bond order of the bond concerned in the given molecule. 

Question 47 pertains to chemical kinetics coming within the ambit of Physical Chemistry. The 
percentage selecting the correct response (4) for this is as low as 18%. Thirty five percent had choosen 
the option 3. Options 2 and 5 had been selected by 20% and 22% respectively. In order to select 
the correct response, the students must have a correct understanding about the practical application 
of determining the order of a chemical reaction. The understanding about the quantities that can be 
practically used as measures when determining order of a reaction should be developed in students. To 
decide whether the second statement is true or false, the students should be aware of the factors that 
affect the rate of a reaction.   

Question 50 examines the knowledge in the area of Industrial Chemistry. Thirteen percent 
had selected the correct option 3, while 50% had selected option 1. Lack of the correct understanding 
about the depletion of the ozone layer and the relevant reaction mechanisms is the reason for this. So, 
the teachers need to plan their lessons so that the students can apply the knowledge gained through the 
syllabus and the Teacher's Instruction Manual to other similar situations.   
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2.2   Paper II and information on answers

 2.2.1   Structure of  the Paper II

Time is 03 hours. Total mark is 100.

This paper consists of three parts A, B and C.

Part A  − This contains four structured essay questions. All the questions should be 
answered. Each question carries 100 marks, so the total mark is 400. 

Part B − This comprises three essay type questions of which two should be answered. 
Marks allocated for each question is 150. The total mark is 300. 

Part C − This comprises three essay type questions of which two should be answered. 
Marks allocated for each question is 150. The total mark is 300.

Total mark for Paper II is 1000 ÷ 10 = 100
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2.2.2 Expected answers, marking scheme and observations and conclusions related to paper II
Ú The observations related to the answers for Paper II have been presented by the graphs 

2, 3, 4.1, 4.2 and 4.3.

stable (01)
Reason : Negative charge on 
most electronegative oxygen 
atom (01)

No marks for 

(02) (02)

 Cr 3+  or   Co 2+

  (or Both)

     V

     Si

     Mg 

     N 3−

(05 × 6 = 30 marks)
     Al 3+

(06 marks)

(12 marks)

O O O N

: :

: :::: :[ ] 

O O O N

: :

: :::: :

O O O N

: :

: :::: :

: O O O N

: :

: ::: ::+

unstable (01)
Greater charge separation 
or electronegative O    
carries a positive charge 
(02)

unstable (01)
Greater charge separation 
or electronegative O    
carries a positive charge 
(02)

O O O N

: ::::

:+
:

  

Valence electron pairs   = 4 (01 mark)

VSEPR pairs Or sigma bonds and lone pairs = 3 (01 mark)

Lone pairs of electrons = 1 (01 mark)

Shape   = angular or V (01 mark)
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Valence electron pairs   = 4 (01 mark)

VSEPR pairs Or sigma bonds and lone pairs = 4 (01 mark)

Lone pairs of electrons = 2 (01 mark)

Shape   = angular or V (01 mark)

Trigonal planar Tetrahedral 
sp2 sp3

or
O O N:: : : :

::

:

O 
<120°

<109°
O N

:
:

:
:

:
:

:

:

O 
O 

<120°
<109°

sketch (03)
angles (01) × 2 = 05 marks

2p atomic orbital and sp3 hybrid orbital (01 + 01 + 01 + 01  = 04 marks)

* London forces / London dispersion forces / id − id / vander Waals forces

HNO3 (nitric acid)  [nitric(v) acid is acceptable]   (03 marks)

dipole − dipole + London forces *
London forces *
Hydrogen bonding + London forces *

(02 × 05 = 10 marks)

(02 × 4  = 08 marks)

sp3 hybrid orbital and sp3 hybrid orbital (01 + 01 + 01 + 01  = 04 marks)

H2CO 

(05 × 02 = 10 marks)

COS 
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Na2O - strongly basic P2O5  or  P4O10  -    weakly acidic 
MgO  - weakly basic / basic SO3 - strongly acidic / very strongly acidic
Al2O3 - amphoteric Cl2O7 - very strongly acidic
SiO2 - very weakly acidic    (01 × 7 + 01 × 7  = 14 marks)

Na < Mg < Al < Si < P < S < Cl    or  Increases   (03 marks)
Na > Mg > Al > Si > P > S > Cl     or  Decreases   (03 marks)
Na < Mg > Al < Si < P > S < Cl   or  Cl > P > S > Si > Mg > Al > Na    

(03 marks)
Drawing zig-zag variation with correct labelling of elements' zig-zag variation (01) only.  
(03 marks)

                           2M(NO3)2      2 MO + 4NO2 + O2  (03 marks)
If products are correct, but equation is not balanced  (02) 

Increasing thermal stability : Be(NO3)2 <  Mg(NO3)2 <  Ca(NO3)2 <  Sr(NO3)2 <  Ba(NO3)2

   (04 marks)  
anion same (01), cation charge same (01), but size increases, down the group  (01) 
∴ polarizing power Be2+ > Mg2+ > Ca2+ > Sr2+ > Ba2+ (01)
Hence polarization of nitrate by cations becomes difficult down the group (01), Thus thermal 
stability increases down the group. (05 marks)

1s 2  2s 2 2p 6 3s 2  3p 6  3d 5  4s 2  or  .........  4s 2  3d 5 (06 marks)

+2, +4, +7 (+6) (any three) or +II, +IV, +VII, (+VI)  (any three) 
   (02 × 3 = 06 marks)

MnO -  basic (02 + 01 = 03 marks)
MnO2 -  amphoteric (02 + 01 = 03 marks)
Mn2O7 -  acidic              MnO3   -   acidic (any three)   (02 + 01 = 03 marks)
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potassium manganate(VII) (06 marks)

Both 3d and 4s electrons are delocalized to form metalic bonds. (02)
Mn has a half filled 3d sub shell and a completely filled, 4s sub shell (02) making the 
electrons less available for delocalizaion. (02) (06 marks)

beige / pale pink / (white) precipitate  (03)
precipate turns brown / brownish black on exposure to air  (03)  (06 marks)

*  No marks for black precipitate

4MnO4
−  +  4OH −    4MnO4

2−  +  2H2O  +  O2  (04 marks)
3MnO4

2−  +  4H +    2MnO4
−  +  MnO2  +  2H2O

  or

3MnO4
2−  +  2H2O

    2MnO4
−  +  MnO2  +  4OH − (04 marks)

MnO4
− + 8H + + 5e     Mn2+ + 4H2O  (03 marks)

MnO4
− + 2H2O + 3e    MnO2  + 4OH −  or  MnO4

− + e    MnO4
2− 

(03 marks)

disinfectant / germicide / deodorant / self-indicator / identification of anode and cathode 
preparation  O2

  (03 marks)

• cannot be used in the presence of  Cl − or Br −  
• Not a primary standard (aqueous) solutions not stable

• Strongly coloured that it is impossible sometimes to see whether crystals are dissolved

• formation of MnO2 as a brown precipitate when kept in solution
 (any 02a)          (03 × 2 = 06 marks)

(To award marks for any other answers obtain approval from Controlling Chief)

steel / alloys   (03 marks)
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The facility of part (b) (vi) is 24%. Students seem to have little knowledge about the colours of the 
compounds and metal cations in the aqueous medium. It should be stressed that the correct colour 
of MnO2(s) is dark brown.  

The facility of the sub parts (b) (vii) and (b) (ix) (I), (II) are 9% and 25% respectively. The facility of 
the question has gone so low because of the inability to identify the compounds through the colour 
changes associated with a given test. Further, the ability of writing balanced chemical equations for 
changes and reactions in basic media has to be improved. The skill of balancing redox equations in 
basic media should be developed in the learning teaching process. Also, the ability of explaining 
reasons for the changes taking place during practical test should be enhanced. 

The facility of sub part (b) (x)  is as low as 7%. The low value owes to the inability to identify the 
problems encountered when using KMnO4

 as an oxidising agent through practical activities. Hence 
the use of engaging student in practical work is reiterated.
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   density (d) =  mass / volume (03 marks)

 = 
mO2 + mO3

V
 (03 marks)

 = 
n1 M1 + n2 M2

V
 (04 marks)

Note : Award full marks (10) if the last step is correct. (Total 10  marks)

 n  =  n1 +  n2
 (03 marks)

 d = 

n1
n1 +  n2 (n1 +  n2)

[  [  M1 +
n2

n1 +  n2[  [  M2

V
 (03 marks)

  = 
X1 M1 + X2 M2

V
  × n  (04 marks)

Note : Award full marks (10) if the last step is correct. (Total 10  marks)

 X2  =  1 −  X1     or     X1  +  X2  = 1  (04 marks)

 d = 
X1 M1 + (1 −  X1) M2   n

 
V

 (04 marks)

 For the mixture  pV =  nRT     or   n
V

  =   
p 

RT  
(04 marks)

 d = [X1 M1 + (1 −  X1) M2] 
p 

RT  
(04 marks)

  X1 M1 + (1 −  X1) M2 = 
dRT 

p 

Substituting for molar mass,   32 X1 + 48(1 −  X1)   =   
dRT 

p  (04 marks)

 16 X1  =  48 −  
dRT 

p 
    }     (03 + 01 marks)
     X1  =  3 −  

dRT 
16 p 

(Total 24 marks)

Assumptions  :  O2(g)  are O3(g)  do not react with each other,      or
    Mixture of O2(g)  and  O3(g)  behaves ideally. (06 marks)
   (Total 50 marks)
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Br2(l) + 3I −(aq)    2Br −(aq) + I3 
−(aq)  or  Br2(l) + 2I −(aq)    2Br −(aq) + I2 (s)  

 (10 marks)
Note : Do not award marks if the physical states are not given or the equation is not   
 balanced. 
 Award full marks for the balanced equation with K +. 

colourless / Pale yellow solution turns brown.  (05 marks)

2H+(aq) + 2e    H2(g)  or  2H3O
+(aq) + 2e    H2(g) + 2H2O(l) (05 marks)

Note : Do not award marks if the physical states are not given or the equation is not   
 balanced.

Mg(s) / Mg2+(aq) // H+(aq) / H2(g), Pt(s)  (10 marks)
[Mg(s) / Mg2+(aq) // H+(aq) / H2(g) / Pt(s) is also accepted] 
Note : Do not award marks if the physical states are not given. 
 H3O+ is acceptable instead of H+  

Entropy increases (05 marks)

A gaseous product [or H2(g)] is formed from reactants in solid and liquid phases. (05 marks)

∆H − T∆S < 0    or   ∆H < T∆S    or   ∆H / T <  ∆S (10 marks)
 or any other acceptable form (Total 50 marks)
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CH3  C  CH2 CH2  CH3

H

CH2

CH3

CH3  C  CH2 CH  CH2

H

CH2

CH3

CH3  C  CH2 CH2 CH3

H

CH  CH2

CH3  C  CH  CH  CH2

CH2CH3

CH3  C  C  C  CH3

CH2CH3

H

CH3  C  CH2 CH2 CH3

C  CH

H

CH3  C  CH2  C  C  H

CH2CH3

H

(08 × 8 marks)
• If A is incorrect, no marks for E and F; if B is incorrect, no marks for G; if C is incorrect, no marks for H.
• For A and E - Disregard geometrical isomers.
• B and C can be interchanged. If so G and H should also be interchanged.    

Add ammoniacal AgNO3  or ammoniacal CuCl.   (02 marks)
F  -   no precipitate  (02 marks)
G  -  (white) precipitate with  AgNO3  or (chocolate brown) precipitate with CuCl (02 marks)
  • Colour of precipitate is not required (08 × 8 + 02 × 3 = 70 marks)

SE

AN

SN

AE

E

COOH

NO2

CH3  CH  CH3

Br 

CH3  CH  CH  CH3

CH3CH2CN

CH3  C  CN
H

OH

•  Reaction types could be given in words.
•  Award marks independently for reaction type and major product.

(03 × 10 = 30 marks)

CH3  C  CH  CH  CH3

H

CH2

CH3
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5. (a) (i)  2A(g)   B(g) 
   Initially,  a  -- mol
   At eqm., a −  40   

100
 a  20   

100
 a mol

    =  0.6 a  =  0.2 a mol 2 × (02 + 01)

   mole fraction   0.6 a  
0.8 a

 = 3/4  0.2 a  
0.8 a

 = 1/4  (03)
 

    Kp = 
pB  
pA

2
    (03)

    Kp =  
 
1    
4  × (4 × 105 N m−2) 

[ 3    
4  × (4 × 105 N m−2)]2

 
  2 × (02 + 01)

     =  
1    
9  × 10−5 N−1 m2   or   1.1 × 10−6 N−1 m2 (02 + 01)

                Total for  5(a)(i)     21 marks
  (ii)  I. 2A(g)   B(g) (1)
      C(g) + D(g) (2)
            Initial amount of  A(g)  =   a
   At equilibrium, Amount of  C(g)  = 

1    
10 a (03)

    Amount of  D(g) = 
1    
10 a (03) 

    Amount of  A(g)  = 
2    
10 a (03)

    Amount of  A(g) that participates in Eqm. (1)   = 
6    
10 a (03) 

    Amount of  B(g) = 
3    
10 a (03) 

Logical approach for the above calculations    (03)
  Note  : If a symbol other than 'a' has been used to calculate the amounts of C, D and 

A, award only (02) marks for each step. 
        Total for  5(a)(ii)I     15 marks

         II. Total number of mol of A(g), B(g), C(g) and D(g)  = 
2    
10 a + 

3    
10 a + 

1    
10 a + 

1    
10 a

   
      =      

7    
10 a (03)

    Mole fraction of  A  = 2a / 10    
7a / 10

  = 
2    
7  (03) 

    Mole fraction of  B  = 3a / 10    
7a / 10

  = 
3    
7  (03) 

    Mole fraction of  C   = a / 10    
7a / 10

  = 
1    
7  (03) 

    Mole fraction of  D   = a / 10    
7a / 10

  = 
1    
7  (03)
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    Kp = 
pC pD   

pA
2

    (03)

    Kp =  
 
1    
7  P × 

1    
7  P  

[ 2    
7  P ]2

 
    (03)

     =  1/4   or   0.25   (02 + 01)

                Total for  5(a)(ii)II     24 marks

         III. Total mol of gases   T  =   0.6 a + 0.2 a   =   0.8 a

     pV  =   nRT    or      
p    

T
 ∝  n  at constant  V  (03)

    At  T,       
4 × 105 N m−2 

T 
  ∝   0.8 a (1) 

    At  2T,              
p      

2T
     ∝  0.7 a (2)   For both (1) and (2)    (02+01)

    (1)    
(2)

  4 × 105 N m−2 
P / 2   =   0.8 a       

0.7 a       
   (03)

                      P      =  7 × 105 N m−2  (02 + 01) 

   Note : Award full marks (12) for the calculation of total pressure using  pV  =  nRT   

 Partial pressure of  A  = 2    
7

 × (7 × 105 N m−2) = 2 × 105 N m−2 (02+01)

    Partial pressure of  B = 3    
7

 × (7 × 105 N m−2) = 3 × 105 N m−2 (02+01)

     Kp =  
(3 × 105 N m−2)    

(2 × 105 N m−2)2
 02+01)

      =  7.5× 10−6 N−1 m2  (03 + 01)
          Total for  5(a)(ii)III     24 marks

          
Total for  5(a)    85 marks

 (b) (i) Initial amount of mol of  CH3COOH    = 1.0 mol dm−3 ×   40.00   
1000

 dm3

    = 0.040 mol  (02 + 01)

   CH3COOH + NaOH     CH3COONa + H2O
   After partitioning 
   Amount of  CH3COOH  in 10.00 cm3  of the aqueous layer   

 = 0.5 mol dm−3 ×   16.00   
1000

 dm3

    = 0.008 mol  (02 + 01)
 

   Amount of  CH3COOH  in the aqueous layer    

 = 0.008 mol  ×  40.00 cm3 
10.00 cm3  

    = 0.032 mol  (02 + 01)
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   Amount of  CH3COOH  in the butanol layer = 0.040 mol − 0.032 mol
      = 0.008 mol  (02 + 01)
   Amount of  CH3COOH in 10.00 cm3 of the butanol layer

      = 0.008 mol ×  10.00 cm3 
20.00 cm3

      = 0.004 mol   (02 + 01)

   Expected end point (x) = 
0.004 mol 

0.50 mol dm−3

      = 0.008 dm3  or  8.0 cm3  (02 + 01)

              Total for  5(b)(i)    18 marks

  (ii) Amount of CH3COOH in 10.00 cm3 of the aqueous layer = 0.008 mol  
   Amount of CH3COOH in 10.00 cm3 of the butanol layer  = 0.004 mol    

   Partition coefficient =  
[CH3COOH]but 
[CH3COOH]H2O 

   (03)
 

    = 0.004 mol / (10.00 / 1000 cm3) 
0.008 mol / (10.00 / 1000 cm3) 

    =   0.5  (02 + 01)

   Alternative answer for 5(b)(ii)  
   Butanol layer required half the volume of NaOH solution required for the aqueous layer.   

   (03)
    Therefore, Partition coefficient    =  

[CH3COOH]but 
[CH3COOH]H2O 

    =   0.5  (02 + 01)

   Note  : 1. Partition coefficient = 
[CH3COOH]H2O 
[CH3COOH]but 

 =   2  is also accepted for full marks.

    2. The number of moles of acetic acid in 10.00 cm3 of each layer can also be used 
to calculate the partition coefficient.

              Total for  5(b)(ii)    06 marks

  (iii) Before partitioning

   Amount of CH3COOH  = 1.0 mol dm−3  ×   30.00   
1000

 dm3

      = 0.030 mol  

   Volume of  NaOH  required for the total volumes of both phases  (03)
 

    = 
0.030 mol 

0.50 mol dm−3

    = 60.0 cm3   (02 + 01)
 

    4y + 2z = 60.0 (1)   (03)

          
z
y  = 

1
2  (2)  (03)

   By solving (1) and  (2),
   y = 12.00 cm3 (02 + 01)
   z = 6.00 cm3 (02 + 01)
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   Alternative answer for  5(b)(iii)  
    Initial concentration of acetic acid in bottle 1 = 1.0 mol dm−3 

    Initial concentration of acetic acid in bottle 2 = 
3
4   ×  1.0 mol dm−3 (05 + 01)

    Therefore,  y =    
3
4   ×  16.00 cm3 (03)

      =    12.00 cm3 (02 + 01)

     z =    
3
4   ×  8.00 cm3 (03)

      =    6.00 cm3 (02 + 01)

              Total for  5(b)(iii)    18 marks

  (iv) 1. Butanol and aqueous layers do not mix with each other.
   2. Butanol does not vaporize or  the volume of the butanol layer does not change.
   3. Extent of ionization of CH3COOH is negligible. 
   4. Acetic acid does not undergo dimerization in the butanol layer
    or acetic acid remains in the same molecular form.

         Any two correct assumptions    (03 × 2 = 06)

  (v) Phenolphthlein  or  Bromothymol blue   (03)

  (vi) Yes      (02)
   During partitioning CH3COOH molecules are transferred to the butanol layer (03)
   [CH3COOH]aq  decreases    (03)
   [H3O

+]aq  decreases     (03)
   thus, pH increases     (03)
         Total for  5(b)(iv)    14 marks

         
Total for  5(b)    65 marks
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The substitution of the amount of moles by many candidates in places where concentration is the 
necessity, had made their answers unsuccessful. Lack of proper understanding about the practical 
tests and their recording is also a reason for the failure.

Though candidates knew the correct answer for part (iv), they have got low marks because of their 
inability to present it logically to suit the question.

The candidates should develop the skill of writing in brevity containing only the relevant scientific 
facts logically. 
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  (iii) Concentration of the diluted solution = c mol dm−3  ×  
100 cm3

1000 cm3
 

               = c
10

 mol dm−3       (02 + 01)

          pH = −log ( √Ka c/10 )    or  

       pH = − 1
2

 log Ka −  1
2

 log c
10

 (06) 
   Total for 6(a)(iii)      09 marks

  (iv) pH of the diluted solution  −  pH of the initial solution     

             = −log ( √Ka c/10 ) − [−log ( √Ka c )] (03) 

   = − 1
2

 log Ka −  1
2

 log c
10

 − (− 1
2

 log Ka − 1
2

 log c) (03) 

       = − 1
2

 log Ka −  1
2

 log c
10

 +  1
2

 log Ka + 1
2

 log c    

     =    1
2

 log c −  1
2

 log c
10

  (03) 

     =    1
2

 log c
c / 10 (03)

     =    1
2

 log 10 (03)

     =   0.5 (03) 
   Total for 6(a)(iv)     18 marks

  (v) CH3COOH(aq) + NaOH(aq)     CH3COONa(aq) + H2O(l) (03)
    Total volume of solution = 240.0 cm3 

    Concentration of the salt formed  =  20.0 cm3 
240.0 cm3

  ×  c mol dm−3   (02 + 01)

    Concentration of the remaining acid  =  200.0 cm3 
240.0 cm3

  ×  c mol dm−3   (02 + 01)
  

         pH = pKa + log [ salt ] / [ acid ] (06)

   = pKa + log 

20.0 cm3 
240.0 cm3 ×  c mol dm−3

200.0 cm3 
240.0 cm3 ×  c mol dm−3[ ]  (03)

   = pKa + log (1/10) (03)
   = pKa − 1 (03) 

   Total for 6(a)(v)      24 marks
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 (b) (i) Let 's'  (mol dm−3) be the concentration of  Ba2+ in a saturated solution of BaSO4(s). 
                     BaSO4(s)      Ba2+ (aq)  +   SO4

2− (aq)   (03)
   At eqm.,                   -- s s (03)

    Ksp  = [Ba2+ (aq)] [SO4
2− (aq)] (03)

        = s2

     s2 = 1.0 × 10−10 mol2 dm−6 (02 + 01)

     s = 1.0 × 10−5 mol dm−3

     Concentration of  Ba2+ = 1.0 × 10−5 mol dm−3 (02 + 01)
   Note  : Award no marks for the chemical equation and for the expression of  Ksp if physical 

states are not given.  
 Total for 6(b)(i)       15 marks

 (ii)                    BaSO4(s)      Ba2+ (aq) + SO4
2− (aq)   

        At eqm.,               --                5.0 × 10−6 mol dm−3  x (03)
       where x = concentration of SO4

2− (aq) (mol dm−3) in solution at precipitation.

    Ksp  = [Ba2+ (aq)] [SO4
2− (aq)] (03)

        = (5.0 × 10−6 mol dm−3)  x  =  1.0 × 10−10 mol2 dm−6 (02 + 01)

     x = 2.0 × 10−5 mol dm−3 (02 + 01)

   Concentration of SO4
2− (aq) from Na2SO4

      = 2.0 × 10−5 mol dm−3 − 5.0 × 10−6 mol dm−3 (03)

       = 1.5 × 10−5 mol dm−3 (02 + 01)

   Alternative answer for 6(b)(ii) 
                       BaSO4(s)      Ba2+ (aq)           +         SO4

2− (aq)   

        At eqm.,         --            5.0 × 10−6 mol dm−3       5.0 × 10−6 mol dm−3 + y (06)
   where y = concentration of SO4

2− (aq) (mol dm−3) due to Na2SO4 at precipitation  

                                    Ksp  =        [Ba2+ (aq)] [SO4
2− (aq)] (03)

    (5.0 × 10−6 mol dm−3) (y + 5.0 × 10−6 mol dm−3) = 1.0 × 10−10 mol2 dm−6 (02 + 01)

                      y + 5.0 × 10−6 mol dm−3 = 2.0 × 10−5 mol dm−3 (02 + 01) 

                                          y  = 1.5 × 10−5 mol dm−3 (02 + 01) 

    Amount of Na2SO4 to be added = 1.5 × 10−5 mol dm−3 × 1.0 dm3 or 1.5 × 10−5 mol (02 + 01)

   Mass of Na2SO4 to be added = 1.5 × 10−5 mol × 142 g mol−1 (02 + 01)

     = 2.13 × 10−3 g  or  2.13 mg  (02 + 01) 
Assumption  :   Volume of the solution is not changed during the addition of Na2SO4 (03) 
    Total for 6(b)(ii)       27 marks
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  (iii) Let s = solubility of BaSO4(s) (mol dm−3) and s' =  solubility of PbSO4 (mol dm−3).
                     BaSO4(s)      Ba2+ (aq)  +   SO4

2− (aq)   
   At eqm.,                 -- s s + s'  (06)
                     PbSO4(s)      Pb2+ (aq)  +   SO4

2− (aq)   (03)
   At eqm.,                 -- s'  s + s'  (03)
    Ksp (BaSO4) = [Ba2+ (aq)] [SO4

2− (aq)] 

       s (s + s' ) = 1.0 × 10−10 mol2 dm−6     (1) (02 + 01)
     Ksp (PbSO4) = [Pb2+ (aq)] [SO4

2− (aq)] (03)

     s' (s + s' ) = 1.6 × 10−8 mol2 dm−6     (2) (02 + 01)
 

     (2)
(1)

          s' 
s

 = 1.6 × 10−8

1.0 × 10−10
   =  160 (03)

 

             (1)   s (s + 160 s ) = 1.0 × 10−10     (03)

                       s  = 7.9 × 10−7     

   Note   : It can be assumed that 160 + 1 ≈ 160  
    Concentration of Ba2+ = 7.9 × 10−7 mol dm−3      (02 + 01)
    Concentration of Pb2+ = 160 × 7.9 × 10−7 mol dm−3      

     = 1.3 × 10−4 mol dm−3      (02 + 01)

   Alternative answer for 6(b)(iii) 
                       BaSO4(s)      Ba2+ (aq)  + SO4

2− (aq)  
      PbSO4(s)      Pb2+ (aq)  + SO4

2− (aq)  (03)

     Ksp (BaSO4) = [Ba2+ (aq)] [SO4
2− (aq)] = 1.0 × 10−10 mol2 dm−6   (1) 

      Ksp (PbSO4) = [Pb2+ (aq)] [SO4
2− (aq)] = 1.6 × 10−8 mol2 dm−6   (2) (02 + 01)

 

     (2)
(1)

         [Pb2+]
[Ba2+]

 = 1.6 × 10−8

1.0 × 10−10
   =  160 (03)

                      [Ba2+ (aq)] + [Pb2+ (aq)] =    [SO4
2− (aq)]    (3) (09) 

        1 +    [Pb2+]
[Ba2+]

 =   [SO4
2−]

[Ba2+]
 (03) 

        1 +   160 =   [SO4
2−]

[Ba2+]
  

        1 +   160 =   
[Ba2+][SO4

2−]
[Ba2+]2

 (03) 

 
             161 =   

1.0 × 10−10 mol2 dm−6

[Ba2+]2
 (02 + 01)

       [Ba2+] = 7.9 × 10−7 mol dm−3 (02 + 01)
   Note   : It can be assumed that 160 + 1 ≈ 160

    Concentration of Ba2+ = 7.9 × 10−7 mol dm−3      

    Concentration of Pb2+ = 160 × 7.9 × 10−7 mol dm−3      

     = 1.3 × 10−4 mol dm−3      (02 + 01)

       Total for 6(b)(iii)       33 marks

       
Total for 6(b)    75 marks
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Aim of part (b) was to examine the competency of calculating the solubility of a sparingly soluble salt 
in water and applying the concept of common ion effect to determine the relative decrease in solubilities 
of two salts containing the common ion. The facility of part (i) is relatively high (67%). But parts (ii) and 
(iii) declare much lower facilities of 16% and 15% respectively. In parts (ii) and (iii) of this question, 
the students had made an attempt to apply mechanically the assumptions generally made when solving 
problems related to common ion effect irrelevantly. So, in the process of learning and teaching, attention 
must be paid to solve mathematical problems related to Physical Chemistry in different directions.
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7. (a) As soon as the Grignard reagent HOCH2CH2CH2MgBr is formed in the reaction vessel, it 
will react with another molecule of HOCH2CH2CH2Br / HOCH2CH2CH2MgBr (10) to from       
HOCH2CH2CH3 (05)

     (15)
  or
  

             

HOCH2CH2CH2Br   HOCH2CH2CH2MgBr     (05)

HOCH2CH2CH3  +  MgBr  OCH2CH2CH2Br    

Mg/dry ether 

HOCH2CH2CH2Br

(05)

(05)

     (15)

   Therefore Grignard reagent formed is decomposed in the presence of alcohols. (05)
  (The final product will be BrMgOCH2CH2CH3 )

 (Alternative statements indicating that RMgBr will decompose in the presence of active H 
compounds are acceptable)

  Part marks may be awarded as follows :
  Grignard reagents react with alcohols (or any proton donating agents) as given below :  (05)

    ROH + R' MgBr    R' H  + MgBr
   or
    H+ + R' MgBr    R' H 

       
Total for 7(a)   20 marks
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 (b)  
(03)

+ −
Cl  Cl   FeCl3    Cl  Cl  FeCl3    (04)

:

   [Cl2  +   FeCl3    Cl+  FeCl4
− ]          (04) marks only

   

Cl
H

(03)

(03) (04)

−+ −
 Cl  Cl  FeCl3

+ Cl  FeCl3

 (10 marks)

           

Cl
H

(03)

(04)

 Cl+ FeCl4
−

+ FeCl4
−

[ ] (07) marks only

    or 
 

   Cl  Cl   FeCl3    Cl  Cl  FeCl3    (07)
δ+ δ−

    If arrow is drawn deduct 03 marks, otherwise award full marks.
   

   

δ+ δ−

Cl
H

(03)

(03) (04)

 Cl  Cl  FeCl3
+

FeCl4
−

   The intermediate ion is stabilized by resonance.

   

Cl
H

(03)Cl
H+

+
Cl

H

+

     Cl
H

+        only (01) mark

  • Drawing of arrows indicating electron movement is not necessary. 
  • If only two resonance structures are drawn (02) marks only. 
  • If   is not given, no marks.

  Loss of a proton from the intermediate ion restores the stable aromatic sextet.

   
+   HCl +  FeCl3    

Cl 
Cl

H+  Cl  FeCl3 (01) (01)
(03)

(03)
(02) −−−

   
 (05) marks only

Cl 
Cl

H+ (03)
(02)

[ ] 
       

Total for 7(b)    30 marks 
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 (c)  

                   

(CH3)2C = CH2      (CH3)3C  OH      (CH3)3C  Cl    (04)
dil. H2SO4

dil. H2SO4

PCl5

HCHO 

Mg/Ether  (04)

K2Cr2O7 / dil. H2SO4

(04)

(04)

(04)

(04)(04) (04) (04)

(04)(04)

(CH3)3C  CH2OH     (CH3)3C  CH2OMgCl     (CH3)3C  MgCl

(CH3)3C  COOH 

  
(CH3)3C  COOH  +  (CH3)3C  OH      (CH3)3C  C  O  C(CH3)3

conc. H2SO4

(02)

=

O

 
     (04) × 12 + (02) × 1 = 50 marks

   If only the following is given, award (10) marks

   

(CH3)3C  COOH  +  (CH3)3C  OH      (CH3)3C  C  O  C(CH3)3

conc. H2SO4

(02)(04) (04)

=

O

       
Total for 7(c)     50 marks

 (d) 

       

CH3CH2CHO    CH3CH2COOH       (06)
CrO3/H

+       (06)

[or H+/K2Cr2O7, H
+/KMnO4]

PCl5  (06)   [or PCl3 , POCl3 ,SOCl2]

1. LiAlH4   
 (04)

2. H2O  or  H+   (02)

(06)

(06)

(06)

(02)
CH3CH2CH2NH2     CH3CH2  C  NHCH2CH2CH3

NH3

=

O

CH3CH2CONH2   CH3CH2COCl       (06)

     (06) × 8 + (02) × 1 = 50 marks

   This is the most acceptable method. However, marks may be awarded for the following 
alternate methods.
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  Alternate method I :

    

CH3CH2CHO    CH3CH2COOH       (06)
CrO3/H

+       (06)

[or H+/K2Cr2O7, H
+/KMnO4]

PCl5  (06)
[or PCl3 , POCl3 ,SOCl2]

1. NaBH4 (or LiAlH4)   
 (03)

2. H2O  or  H+   (01)

(03)

(06) (02)
CH3CH2CH2NH2     CH3CH2  C  NHCH2CH2CH3

excess  NH3

=

O

CH3CH2COCl       (06)

CH3CH2CH2OH       (04)

PCl5    [or PCl3 , POCl3 ,SOCl2]

CH3CH2CH2Cl      (04)

  Alternate method II :

    

    

CH3CH2CHO    CH3CH2COOH  CH3CH2COCl   (06)
CrO3/H

+    (06)

[or H+/K2Cr2O7,
H+/KMnO4]

1. LiAlH4   
 (04)

2. H2O  or  H+   (02)

(06)

(06)

(06)(06)

(02)(02)

(02)
CH3CH2CH2NH2   CH3CH2  C  NHCH2CH2CH3

aq.  NH3  (02)
=

O

CH3CH2CO2
−  NH4

+      

PCl5

heatCH3CH2CONH2  

   In all three schemes, if the final product is obtained by heating the carboxylic acid with the 
amine (without going through the acid halide), award (14) marks for that step.

 Note : In the conversions, if the product is correct, but the reagent is incorrect, award marks for 
the product. If the product is incorrect, but the reagent is correct, do not award marks for the 
reagent.

       
Total for  7(d)     50 marks
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8. (a) (i)     Test     Inference
     1  absence of CaCO3    (03)
     2 presence of NaOH    (03)
     3 presence of Zn(NO3)2    (03)

   Therefore, the two compounds present in the mixture are NaOH and Zn(NO3)2 (08 + 08)
         Total for  8(a)(i)     25 marks

  (ii) A = FeS B = FeSO4 C = H2S
   D = HNO3 / H2SO4 E = S F = NiSO4

   G = NiS E = Ni(OH)2 I = [Ni(NH3)6]
2+

           
 (05 × 9)

       Total for  8(a)(ii)     45 marks

       
Total for  8(a)    70 marks

 (b) (i) (5 − n) (MnO4
− + 8H+ + 5e      Mn2+ + 4H2O)  (04)

   5 (Mn+ + 2H2O      MO2
+ + 4H+ + (5 − n) e)  (04)

   (5 − n) MnO4
−   ≡   5Mn+    (relationship 1)  (04)

  
   Moles of KMnO4 = 

0.100
1000

  ×  30.0 (04)

   Therefore, Moles of MnO4
−  = 

0.100
1000

  ×  30.0
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   Moles of Mn+  = 5.00  ×  10−3

   From (relationship) (  0.100
1000

  ×  30.0 ×  5
5 − n 

   =  5.00  ×  10−3 (04)

   3 = 5 − n
   n = 2   (05)
       Total for  8(b)(i)     25 marks

  (ii) 1. Procedure I 
    2Cu2+ + 4I 

−      2CuI + I2               (eq.  1) (03)
    I2 + 2S2O3

2−      S4O6
2− + 2I 

−
        (eq.  2) (03)

    Procedure II 
    Cr2O7

2− + 14H+ + 6e      2Cr3+ + 7H2O     

    
3(2I−      I2 + 2e) 

    Cr2O7
2− + 14H+ + 6I−      3I2 + 2Cr3+ + 7H2O       (eq.  3) (03)

    I2 + 2S2O3
2−      S4O6

2− + 2I 
−                                           

       (eq.  4) (03)

   2. METHOD  1
    Considering Procedure II 
    Combining ^eq.  3& + ^3 × eq.  4&  
    Cr2O7

2−   ≡   6S2O3
2− (03)

    Molar mass of  K2Cr2O7 = 294 g mol−1 (02)

    Concentration of  K2Cr2O7 solution = 
1.18
294

  ×  1000
500.0

     = 0.0080 mol dm−3 (03)

    Moles of K2Cr2O7 in 25.0 cm3  = 
0.0080
1000

  ×  25.0 (03)

    Therefore, moles of S2O3
2−  = 

0.0080
1000

  ×  25.0  ×  6 (03)

    [S2O3
2−]   =  

0.0080
1000

  ×  25.0  ×  6  ×  1000
24.0

   

    Concentration of Na2S2O3 solution = 0.050 mol dm−3 (02 + 01)

   Considering Procedure I

    No. of moles of S2O3
2−     = 

0.050
1000

  ×  30.0   (03)
 
    Combining (eq.  1) + (eq.  2) 
    2Cu2+   ≡   2S2O3

2−

    Hence,    Cu2+   ≡   S2O3
2− (03)
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    Therefore, moles of Cu2+ present in 25.0 cm3 = 
0.050
1000

  ×  30.0 (03)

    Moles of Cu2+in 500.0 cm3  = 
0.050
1000

  ×  30.0  ×  500.0
25.0

 (03)

    Therefore, weight of Cu2+  = 
0.050
1000

  ×  30.0 ×  500.0
25.0

  ×  63.5 (03)

     = 1.90 g     

 % Cu in alloy Z    = 
1.90
2.80

  ×  100.0

     = 67.9%    (68% is acceptable) (05)

    METHOD  2

    If the concentration of S2O3
2− is M mol dm−3,     (02)

    Moles of I2 evolved on reaction with Cr2O7
2−   = 

M
1000

  ×  24.0  ×  1
2  (03)

    Moles of Cr2O7
2−  required   = 

M
1000

 × 24.0 × 1
2  × 1

3  (03) 

   

    Moles of Cr2O7
2−  in 500.0 cm3  =  M

1000
 × 24.0 × 1

2  × 1 
3  × 500.0

25.0
 = 1.18

294   
    (06)

     M = 0.050 mol dm−3 (02 + 01)

    Moles of I2 evolved on reaction with Cu2+  = 
0.050
1000

  ×  30.0
2

 (05)

    Moles of Cu2+ in 500.0 cm3  = 
0.050
1000

 × 30.0
2

 × 2 ×  500.0
25.0

 (05)

    Weight of Cu2+ in 500.0 cm3  = 
0.050
1000

 × 30.0
2

 × 2 ×  500.0
25.0

  ×  63.5 

     = 1.90 g   (05)

    % Cu in alloy Z   = 
1.90
2.80

  ×  100

     = 67.9%    (68% is acceptable) (05)

   3. End points

    Procedure I  Blue    colourless    (03)

    Procedure II  Blue    (pale) green   (03)
       Total for  8(b)(ii)     55 marks

       
Total for  8(b)    80 marks
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9. (a) I. NaCl  (04)

  II. CaCl2  (04)

  III. ∼ 600 °C   (04)

  IV. anode - graphite (04)
   cathode - steel (04)

  V. anode - 2Cl−(l)    Cl2(g) + 2e (04)
   cathode - Na+(l) + e    Na(s)  or  Na(l)  (04)
   To award marks, physical states and irreversible arrows should be given.

  VI. to [prevent the reaction of Na with Cl2  (04)

  VII. to prevent Na from reacting with O2 and moisture  (02 + 02)

  VIII. incorrect  (04)

  IX. liquid  (04)

  X. Na
   • In sodium vapour lamps 
   • To dry solvents such as ether and benzene 
   • In organic synthesis 
   • In preparation of NaNH2 

   • As a coolant in nuclear reactors  

(Any two of the above, 04 × 2) (08)

   Cl2

   • In the preparation of HCl 
   • In the preparation of bleach 
   • In the preparation of PVC 

   • As a disinfectant 
   • To produce insecticides, drugs and dyes   

(Any one of the above) (03)

   (To award marks for any other answers obtain approval from the Controlling Chief)
       Total for 9(a)(i)     55 marks
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  (ii) 1. Saponification - involves the boiling of animal fat or vegetable oil with NaOH giving 
glycerol and soap.

               or
    

+   3 NaOH   

R  C  O  CH2

=O

R  C  O  CH
=O

R  C  O  CH2

=
O

3 R  C  O− Na+    +

=O

soap 

CHOH

CH2OH

CH2OH

glycerol

    (R - long chain alkyl group) (08)
    (Balanced equation not required) 
      

   2. Removal of glycerol  (04)

   3. Purification  -  remaining NaOH is neutralized by weak acid and 2/3 removal of water to 
get soap.  (02 + 02)

   4. Finishing  -  mixing additives and shaping into bars. (02 + 02)
    Purification only (01),  Finishing only (01)
       Total for 9(a)(ii)    20 marks

       
Total for 9(a)    75 marks

 (b) (ii) I. A, D, G  

   II. C, H, K   

   III. E, J, M   

   IV. C, L, N

   V. B, F, I    (02 × 15)
       Total for 9(b)(i)    30 marks
  (ii) Scrub the acidic gases using a base (oxides, carbonates or hydroxides of Ca and Mg or 

dolomite) (03)
    SO2(g) + CaO(s)    CaSO3(s)
   or SO2(g) + Ca(OH)2(aq)    CaSO3(s) + H2O(l)
   or SO2(g) + CaCO3(aq)    CaSO3(s) + CO2(g) (02)
       Total for 9(b)(ii)    05 marks

  (iii)  2NO(g) + O2(g)    2NO2(g) (02)
    2NO2(g) + H2O(l)    HNO2(aq) + HNO3(aq) (02)
   or 2NO(g) + O2(g) + H2O(l)    HNO2(aq) + HNO3(aq) (04)
   or 4NO(g) + 3O2(g) + 2H2O(l)    4HNO3(aq) (04)
   and
    2SO2(g) + O2(g)    2SO3(g) (02)
    SO3(g) + H2O(l)    H2SO4(aq) (02)
   or 2SO2(g) + O2(g) + 2H2O(l)    2H2SO4(aq) (04)
     Total for 9(b)(iii)     08 marks
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   Note  : Award full marks for using hydroxyl radical [OH(g)], atomic oxygen [O(g)], hydrogen 
peroxide [HOOH(g)], organic peroxides [ROOH(g)] as the oxidizing agent. Hydroxyl 
radical is the most probable oxidizing agent, peroxides are rare. 

  (iv) I Global warming :  CH3(CH2)4CH3, CFCl3, CF2Cl2, NO    
   II Ozone layer depletion :   CFCl3, CF2Cl2, NO (02 × 7)
       Total for 9(b)(iv)     14 marks

  (v) I Natural formation of ozone  
    O2(g)   hv   2O(g)  (do not penalize for radical on O)  (02)
    O(g) + O2(g) + M    O3(g) + M  (M is the third body to absorb excess energy)
    or   O(g) + O2(g)    O3(g) + energy  (02)

    Natural destruction of ozone  
    O3(g)  hv  O(g) + O2(g)  (do not penalize for radical on O)  (02)
    O(g) + O3(g)    2O2(g)  (do not penalize for radical on O)   (02)

   II Formation of radicals 
    CCl3F   hv   .Cl + .CCl2F  (need to indicate the two radicals)  (02)

   III Catalytic destruction of ozone   
    .Cl + O3    .OCl + O2  (need to indicate the two radicals)  (02)
    O2    2O                     (do not penalize for radical on O) (02)
    .OCl + O    .Cl + O2   (need to indicate the two radicals)  (02)
    
    2O3    3O2 (net)  (02)
    .Cl   serves as a catalyst 

   Note  : Give marks if 9 (b) (v) II is within 9 (b) (v) III
    Award full marks even if physical states are not given in the equations.  

       Total for 9(b)(v)     18 marks 

    
Total for 9(b)    75 marks

https://pastpapers.wiki/


https://pastpapers.wiki/


- 64 -

https://pastpapers.wiki/


- 65 -

10. (a) • Fluorine exhibits only the oxidation states −1 and 0, whereas, others exhibit positive 
oxidation states as well (+1, +3, +5, +7) 

  • F2 has a higher oxidizing power than other halogens. 

  • F2 forms compounds with nobel gases Kr and Xe, whereas others do not. 

  • F has an ionization energy much higher than that of the other halogens. 

  • Boiling point of HF is completely out of line with the other hydrogen halides (HCl, HBr and HI)

  • Electronegativity of F is significantly higher than that of the other halogens. 

  • Fluorine is restricted to covalency of one since easily accessible low energy d - orbitals 
are not available, where as others show covalencies 1, 3 and 5 due to participation of          
d - orbitals. 

  • HF is a weak acid in water whereas others are strong acids. 

  • F forms stronger bonds with other non - metals than other halogens. 

  • F2  oxidizes water whereas the others do not. 

  • AgF  and PbF2 are soluble in water whereas other halides of Ag and Pb are insoluble.

   any four (06 × 4)
   All four answers correct (01)

      (To award marks for any other answers approval should be obtained from Controlling Chief.)

       
Total for 10(a)   25 marks

 (b) (i) Step 1 Na2SO3 + 2HCl    2NaCl + SO2 + H2O   (06)
   Step 2 SO2 + 2H2O + I2    4H+ + SO4

2− + 2I −   (06)
   Step 3 I2 + 2S2O3

2−    S4O6
2− + 2I −   (06)

      Total for 10(b)(i)     18 marks

  (ii) Moles of S2O3
2−  = 

0.100
1000

  ×  26.0 (03)

    Moles of I2 reacted with S2O3
2−    = [  0.100

1000
  ×  26.0 ]  /  2 (03)

   Moles of I2 added  = 
0.050
1000

  ×  40.0 (03)

   Moles of I2 reacted with SO3
2−  

     = 
0.050
1000

  ×  40.0  −  0.100
1000

  ×  26.0
2

 (03)

     = 
1

1000
  [  0.050 ×  40.0  −  0.1  ×  26.0

2 ]
     = 7.0 × 10−4   (03) 

Therefore, moles of SO2  = 7.0 × 10−4 
   Therefore, moles of Na2SO3 present in 1kg of meat  =  7.0 × 10−4 (03)
         Total for 10(b)(ii)       18 marks
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  (iii) Molar mass of  Na2SO3   = 126 g mol−1 (02 + 01)

   Mass of Na2SO3 in 1kg of meat  = 7.0 × 10−4 × 126 g  

   = 0.088 g (02 + 01)

   Amount of Na2SO3 in 106 g meat = 0.088
1000

  ×  106 

       = 88 (ppm) (03) 
     Total for 10(b)(iii)     09 marks

  (iv) Colour change :   blue to colourless    (05) 
     Total for 10(b)(iv)    05 marks

       
Total for 10(b)    50 marks

 (c) (i) I. Rate of production of I2(aq) = 
2.8 × 10−5 mol

1.0 dm3
 ×  1

5 s
  (02 + 01)

       = 5.6 × 10−6 mol dm−3 s−1 (02 + 01)

    II. Rate of consumption of I −(aq)  = 2 × 5.6 × 10−6 mol dm−3 s−1 (02 + 01)
       = 1.12 × 10−5 mol dm−3 s−1 (02 + 01)

    III. Rate of consumption of S2O8
2−(aq) = 5.6 × 10−6 mol dm−3 s−1 (02 + 01) 

     Total for 10(c)(i)    15 marks

  (ii)     Concn. of  I −(aq)  Concn. of  S2O8
2−(aq)

        (mol dm−3) (mol dm−3)   
   Expt 1  0.080 0.020  

Expt 2  0.160 0.020
     Rate ∞ [ I − ]a [ S2O8

2− ]b  (04)
   Expt 1" 5.6 × 10−6 mol dm−3 s−1  ∞  (0.080 mol dm−3)a (0.020 mol dm−3)b       (1) (03 + 01)
   Expt 1" 1.12 × 10−5 mol dm−3 s−1  ∞  (0.160 mol dm−3)a (0.020 mol dm−3)b     (2) (03 + 01)
     (2) / (1) 2 = 2a

       a = 1     or order with respect to  I − = 1  (04)

   Note  : Award only (04) marks for valid qualitative arguments to show that a = 1.  
      Total for 10(c)(ii)    16 marks
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  (iii) I. Rate   ∞ [ I − ] [ S2O8
2− ]   (04)

    II. After dilution,                [ I − ] = 0.080 mol dm−3  

                     [ S2O8
2− ] = 0.010 mol dm−3 

       For both concentrations (03 + 01) 

 Rate  ∞ [ I − ] = (0.080 mol dm−3) (0.010 mol dm−3)  (3) (03 + 01)

     (3)
(2)

  Rate / 1.12 × 10−5 mol dm−3 s−1 = 
(0.080 mol dm−3) (0.010 mol dm−3)
(0.160 mol dm−3) (0.020 mol dm−3)

 (03 + 01)

                         Rate = 
1.12 × 10−5 mol dm−3 s−1

4

       = 2.8 × 10−6 mol dm−3 s−1 (03 + 01) 
     Total for 10(c)(iii)     20 marks

  (iv) Half - life  :   The time taken to decrease the concentration of the reactant to half of the initial 
value    (06)

   The reaction appears to be first order when the concentration of I − is kept constant. (04)
   [Correct X - axis (01), Correct Y - axis (01), Initial point (02),Correct shape (04)]

                

 Explanation :
  As shown in the graph, the time taken to decrease the concentration of S2O8

2− from C0 to C0/2 
is the same as the time taken to decrease the concentration from C0/2 to C0/4.  (06) 

    Total for 10(c)(iv)    24 marks 

    
Total for 10(c)    75 marks
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Part III 

3 Facts to be considered when answering questions and suggestions :

3.1. Facts to be considered when answering  :

 Common instructions :

* The candidates should read and understand well the basic instructions given in the question 
paper. They should be considerate as to the facts such as how many questions be answered 
in each section, which questions are compulsory, what time is affordable and how much 
marks are allocated. They should also read the questions carefully and select the questions 
with a clear mind set.

* When responding to the questions in Paper I, one option which is the most correct needs 
to be selected. Also, one cross must be placed clearly.

* When answering questions in Paper II, every new question should be started in a new page.

* Answers should be written in clear and correct handwriting. 

* The candidates' index number should be written on every page in the relevant box. 

* Numbers of questions, parts and sub parts should be indicated correctly. 

* Long descriptions shouldn't be given when short specific answers are expected. Similarly 
short answers should be avoided in places where descriptive answers are preferred. 

* According to the way the question is posed, facts should be presented logically and 
analytically.

 

* When answering paper II, all the sub parts given under the main question should be read 
carefully and only the target answer relevant to each sub part should be presented. 

* Care should be taken to manage time properly when answering questions.

* Candidates shouldn't use red and green pens to write answers.

 Special instructions :

* In places where the chemical equations should be written, they should be balanced.  

* In relevant occasions, correct units should be used. 

* In chemical calculations, stoichiometric coefficients should be taken into consideration. 

* When writing Lewis structures, lone pairs and charges should be indicated correctly. 

* Correct methods must be followed when presenting organic reaction mechanisms. 

https://pastpapers.wiki/


- 71 -

3.2. Comments and suggestions about the teaching learning process :

* The questions based on practical activities were very poorly answered. Thus the engagement 
of students in practical activities and related exercises is emphasized. 

* Students' attention should also be drawn to the sections newly introduced to the 
syllabus. 

* Chemistry is a practical subject. Chemistry cannot be successfully learnt merely by 
cramming and memorising concepts. So, it is a must that the ability of solving problems 
using concepts learned be developed.

* In chemistry, practical activities and experiments are designed not only to develop the 
behavioural skills but also to develop the capacity of linking the practical observations 
and results with principles learnt in the classroom and arriving at conclusions. Therefore, 
both teachers and students should pay greater attention to the practical work. 

* Attention should be paid to prepare short notes creatively and involve students in 
innovative exercises especially when teaching sections such as organic chemistry that are 
taught according to a systematic sequence.

* The units of the chemistry syllabus are mostly interconnected. Therefore, after studying 
a certain unit the students need to envision a concept of its wholeness in the form of a 
summary.

* It is of commonplace that students become unsuccessful due to weaknesses in mathematical 
simplifications though they have a correct understanding about the subject matter and 
concepts in chemistry. Therefore, a need has emerged to improve the mathematical 
knowledge of even the students with very good ordinary level results. The practice may 
involve mathematical operations, easy and short methods of simplification and the use of 
log tables.

* It is important to present the subject content by way of discussions rather than lectures 
during the learning teaching process. The students should be given a training on how 
subject matter can be applied in practice and used to solve problems related to similar 
situations.

* It is also appropriate to give a training on problem solving through analysis and synthesis 
of subject matter.
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