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An introduction to the 

chemistry of transition 

elements 

23% 3 1 1 1 3 

10 

14 4 7 3 17 

Reaction Kinetics 19% 3 1 2 - 3 10 3 5 2 13 

Equilibria 29% 4 1 2 1 4 16 5 8 3 20 

Electrochemistry 29% 4 1 2 1 4 16 5 8 3 20 

Total 100% 14 4 7 3 14 56 17 28 11 70 
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Distribution of cognitive domains and marks. 

 

Item Mark Unit 
Cognitive 

domain 
Output 

1 1 
An introduction to the chemistry 

of transition elements 

Knowledge 6.2.a 

2 1 
An introduction to the chemistry 

of transition elements 

Application 6.2.b 

3 1 
An introduction to the chemistry 

of transition elements 

Reasoning 6.2.b, 6.2.d 

4 1 Quantitative Kinetics Application 7.1.a 

5 1 Quantitative Kinetics Application 7.1.j 

6 1 Quantitative Kinetics Knowledge 7.1.f 

7 1 Quantitative Equilibria Knowledge 8.1.c 

8 1 Quantitative Equilibria Application 8.1.m 

9 1 Quantitative Equilibria Application 8.1.j 

10 1 Quantitative Equilibria Reasoning 8.1.f 

11 1 Electrochemistry Knowledge 9.1.d 

12 1 Electrochemistry Application 9.1.d 

13 1 Electrochemistry Application 9.1.m,o 

14 1 Electrochemistry Reasoning 9.1.p 

15a 1 An introduction to the chemistry 

of transition elements 

Knowledge 6.2.a 

15b 1 An introduction to the chemistry 

of transition elements 

Knowledge 6.2.c 

15c 2 An introduction to the chemistry 

of transition elements 

Application 6.2.b, 6.2.d 

16a 
2 

An introduction to the chemistry 

of transition elements 

Application 
6.1.c 

16b 
2 

An introduction to the chemistry 

of transition elements 

Application 
6.2.d 

16c.i 
2 

An introduction to the chemistry 

of transition elements 

Reasoning 
6.1.g 

16.c.ii 
1 

An introduction to the chemistry 

of transition elements 

Reasoning 
6.2.a, 6.2.b 

16d 
1 

An introduction to the chemistry 

of transition elements 

Knowledge 
6.2.f 

16e.i 1 An introduction to the chemistry 

of transition elements 

Application 6.2.e 

16.e.ii 1 An introduction to the chemistry 

of transition elements 

Knowledge 6.2.d 

17.a 1 Reaction kinetics  Knowledge 7.1.a 

17.b 1 Reaction kinetics Knowledge 7.1.a 
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17.c 2 Reaction kinetics Application 7.1.f 

18.a 2 Reaction kinetics 
 

Application 7.1.f 

18.b 1 Reaction kinetics Application 7.1.f 

18.c 2 Reaction kinetics Reasoning 7.1.b, 7.1.j 

18.d 1 Reaction kinetics Application 7.1.k 

19.a 1 Quantitative Equilibria Application 8.1.i 

19.b.i 1 Quantitative Equilibria Application 8.1.e 

19.b.ii 3 Quantitative Equilibria Application 8.1.h 

20.a 2 Quantitative Equilibria Knowledge 8.1.j 

20.b 2 Quantitative Equilibria Knowledge 8.1.j 

20.c 1 Quantitative Equilibria Reasoning 8.1.k 

21.a 2 Quantitative Equilibria Reasoning  8.1.l,m 

21.b.i 1 Quantitative Equilibria Knowledge 8.1.l 

21.b.ii 3 Quantitative Equilibria Application 8.1.n 

22.a 2 Electrochemistry Knowledge 9.1.i 

22.b 1 Electrochemistry Knowledge 9.1.j 

23.a 1 Electrochemistry Knowledge 9.1.f 

23.b 1 Electrochemistry Application 9.1.g 

23.c.i 1 Electrochemistry Knowledge 9.1.f 

23.c.ii 1 Electrochemistry Application 9.1.f 

23.d 1 Electrochemistry Application 9.1.g 

23.e 
2 

Electrochemistry Application/ 

Reasoning 

9.1.m 

23.f 1 Electrochemistry Application 9.1.n 

23.g 1 Electrochemistry Application 9.1.o 

 24.a 2 Electrochemistry Application 9.2.a 

 24.b.i 1 Electrochemistry Reasoning  9.2.a 
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 There are 14 multiple-choice items.  Each correct answer is worth ONE mark. 

 

Item Correct option 
1 C Transition metals display variable oxidation states. 
2 C [Cu(H2O)4(OH)2]

x 

3 D +3 
4 B 1 
5 A 0.00678 

 

6 C 

 
7 B  [H3O

+] and [OH-] are equal 
8 C H+(aq) in the acid combine with OH- to make H2O  
9 B  

 

 

 

 

 
 

10 A A 

11 A  gain electrons         lose electrons 

12 B  HCl      

13 A  increase  decrease 0.19 

14 C  Y2+/Y         X2+/X        Z2+/Z 

 
 

 

 

 

1 

b 

 نموذج إجابة امتحان دبلوم التعليم العام

 م2022/2023 - هـ 1444للعام الدراسي: 

 الثانيالفصل الدراسي:  - الدور: الأول 

 الـمـادة: الكيمياء الثنائي

                ( صفحات                                                          4نموذج الإجابة في ) تنبيه:
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Question Two (56 Marks) 
Part Section The answer The 

mark 

15 a A central transition metal ion surrounded by ligands, bonded to the 

central ion by dative (also called co-ordinate) covalent bonds. 

1 

b Because transition metal ions are relatively small and have a high 

charge density or they have d orbitals of low energy "partially filled 

d orbital'' that can accommodate electrons donated by the ligands. 

1 

 c Oxidation state of cobalt=+3, Co-ordination number= 6    2 

16 a Nickel  ion: 3d8 or d8 or [Ar]3d8 

Cobalt ion: 3d7 or d7  or [Ar]3d7 

2 

b 

Pt

Cl Cl

H2O OH2

Pt

Cl OH2

H2O Cl
cis trans  1 mark for each 

2 

c.i. Bidentate 

Because each ligand is bonded by two bonds to the metal OR Each 

ligand is attached to the metal ion by two coordinate bonds OR each 

ligand contains two lone pairs of electrons OR ligands have two 

donor atoms which allow them to bind to the central metal atom 

2 

c.ii. 12 electrons or 6 pairs of electrons 1 

d Pink 1 

e.i [Co(H2O)6]
2+ + 2OH- → [Co(H2O)4(OH)2] + 2H2O 1 

e.ii Octahedral 1 

17 a An equation showing the relationship between the rate constant and 

the concentrations of the species that affect the rate of the reaction. 

1 

 b The time taken for the amount (or concentration) of the limiting 

reactant in a reaction to decrease to half its initial value. 

1 

 c First order 

Because the reaction has a constant half-life 

2 

18 a. [NO2(g)] = first order reaction 

[O3(g)] = first order reaction 

1 

1  

 b R= k [NO2] [O3] 1 

 c R= k [NO2] [O3]
 

10.9 x 10-6 = k [0.5] [1.25] 

 k= 1.74 x 10-5 mol-1dm3s-1  

If a student gets the final value without writing the rate law or 

substitution 2 marks are given.  

-Units are not necessary.         

- Any final value with different scientific notation is acceptable and a 

full mark is given   

2 

 d constant 1 



 

 

10 

 

 

General Education Diploma, Semester Two, First Session 

Bilingual Private Schools, Chemistry, 2022/2023 
 

 

 

 

 

 
Part Section The answer The mark 

19 a HCN 1 mark 

 b.i 
Ka =

[H+][HCOO−]

[HCOOH]
 

1 mark 

 b.ii 
Ka =

  [H+][HCOO−]

 [HCOOH]
 

1.6 × 10−4 =
  [x][x]

 [0.08]
     OR [H+]= √(Ka × ∁)     (1) 

                   [H+]= 3.577 × 10−3 mol dm-3   (1) 
                     pH= - log [H+] = 2.446      (1)          

3 marks 

 

 
Part Section The answer The 

mark 

20 a -Titration curve A: Strong acid – Strong base (alkali) 

-Titration curve B: Weak acid– Strong base (alkali) 
2  

 b -Titration curve A: 7.0 ± 1 

-Titration curve B: 9.0 ± 1 

2  

 c Because its color change pH range is covered by the steep 

portion of the titration. Or corresponds to the sharp pH 

change.   

1  

21 a B 

 
Solution B shows a small change in pH when a small amount of 

acid or base is added to the solution. 
 

OR 
 
Solution B resists a huge change in pH when a small amount of acid 

or base is added to the solution. 

 

2  

 b.i A solution whose pH remains nearly constant on the addition of 

small quantities of acid or base. 
 

*( any meaning gives similar definition which indicates pH is not 

changing a full mark is given) 

1  

 b.ii 
Ka =

  [H+][𝐴−]

 [HA]
 

After mixing the volume is 2.0 dm3 ,  

so [HA] = 0.10  mol dm-3 and [𝐴 −] = 0.10  mol dm-3 

1.6 × 10−4 =
  [H+](0.10)

 (0.10)
             (1) 

3  
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 [H+]= 1.6 × 10−4 mol dm-3      (1) 

pH= - log [H+] = 3.80               (1) 
 

OR         pH = pKa + log (
  [A−]

 [HA]
) 

                     = - log (1.6 × 10−4) + log (
  (0.10)

 (0.10)
) = 3.80 

 

 
 

Part Section The answer The 

mark 

22 a Temperature of 25 °C (298 K),                            1 mark 

Pressure of 1 atmosphere(101 kPa)                     1 mark 

2 

b H+ 1 

 

 

 

23 

a The salt bridge 1 

b 
Mg(s) →  Mg2+(aq) +2e– 

1 

c.i Platinum Or Pt or an inert electrode 1 

c.ii 1.00 mol dm−3 1 

d The electrons move in the external circuit from the Mg2+ / Mg half-

cell to the Fe3+ / Fe2+ half-cell. 

1 

e The magnesium electrode decreases in mass.      1 mark 

 Because the magnesium goes into a solution as magnesium ions                               

or Mg is oxidized or Mg loses electrons.                                                                                             

1 mark 

2 marks 

f Mg(s) | Mg2+(aq)  Fe3+(aq), Fe2+(aq) | Pt 1 mark 

g 𝐸𝜃
cell = 𝐸𝜃 (Fe3+/ Fe2+) – 𝐸𝜃(Mg2+/ Mg) = +0.77 – (–2.38)=3.15V 1 mark 

 

 

Part Section The answer The 

mark 

 

 

24 

a 
OH− or hydroxide ion 

H+, hydrogen ion 

1 mark 

1 mark 

b 

Oxygen or (O2), which bubbles off at the anode. 

Hydrogen or (H2), which bubbles off at the cathode. 

 

- If the half equations are written a full mark is given. 

1 mark 

1 mark 

 

 

This is the end of the Marking Guide 

 


































































































