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HKAL Chemistry 
Essay type questions with answers 

AL85C1 Explain how values of lattice energy may be derived from suitable thermochemical data; 
comment on any differences between experimentally derived and theoretical values.  
Show how lattice energies may be used to obtain values for the enthalpy of solvation of 
ions.  Note: You may make use of the following information: 
Lattice energy (kJ mol−1) NaBr AgBr 
Theoretical 
Experimental 

730.5 
735.9 

758.5 
907.9 

 
 Chemical knowledge :             (10) 
 - Construction of Born-Haber cycle          1 
 - Name each heat term            1 
 - Methods to find heat terms : 
  (heat of formation by calorimetry)          1 
 - Apply Hess’s law to find lattice energy         1 
 - Assumptions for theoretical model 
  •  spherical ions            1 
  •  point charge            1 
  •  perfectly ionic            1 
 - Arise of derivation between experimental & theoretical model     2 
 - Relation between lattice energy and hydration energies 
  (Apply Hess’s law to find hydration energy)        1 

Organization              (6) 
Presentation  (including proper use of English)       (4) 

 
AL85C3 Discuss the main synthetic methods available for the preparation of the different classes of 

alkanols (aliphatic alcohols). 
 
 Chemical knowledge (10 marks) 
 

 Summary of Methods primary secondary tertiary  

1. Hydrolysis of alkyl halides with aqueous alkali 
RX  +  OH−  →  ROH  +  X− 
 

√ √ poor 
 

2 

2. Hydrolysis of esters with alkali 
RCOOR’  +  KOH  →  RCOO−K+  +  R’OH 
 

√ √ √ 
 

2 

3. Reduction by NaBH4 or LiAlH4 

Aldehydes   RCHO  →  RCH2OH 

Ketones      R2C=O  →  R2CHOH 

Reduction by LiAlH4  

Esters       RCOOR’  →  RCH2OH  +  R’OH 

Acids        RCOOH  →  RCH2OH 
 

 

√ 

 

 

√ 

√ 

 

 

√ 

 

√ 

 

 

 

 

√ 
 

 
 
 
 

3 

4. Hydration by conc.H2SO4 

Ethene      CH2=CH2  →  CH3CH2OH 

Others      R2C=CH2  →  R2C(OH)CH3 
                              (follows Markownikoff’s rule) 
 

 

√ 

 

 

√ 

 

 

√ 

 
 
 

2 

5. Fermentation of carbohydrates 

C6H12O6  →  2CH3CH2OH  +  2CO2  
 

 

√ 
 

   

1 
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 Answers should include: 

- equations or reaction mechanism for 1o/ 2o/ 3o alcohols respectively 

- different methods and for EACH method, shows different reacting conditions for 1o/ 2o/ 3o 
alcohols separately 

- the formula and distinction between 1o/ 2o/ 3o alcohols respectively 
 

 

 Organization (max. 6 marks) 
- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 
 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 

AL86C2 With reference to the elements and their compounds in Group I (Li, Na, K, Rb and Cs) and 
Group IV (C, Si, Ge, Sn and Pb) of the Periodic Table, give an account of the similarities and 
differences between the s-block and the p-block. [OUT] 

  
 
AL86C3 Write an essay on the interpretation of reactions in organic chemistry. 
 Your answer should include an outline of fundamental electronic theory, and a 

classification of reagents (reactive species) leading to the various types of reaction.  
Illustrate your answer with any FOUR different reaction types, together with the general 
principles of operation for each type. 

 
Sample essay: 
Organic chemistry is a study of chemistry of carbon.  In order to understand the existence of 
various types of reaction in organic chemistry, the nature of bonding of carbon in organic 
compounds should be mentioned at the beginning. 
 
The electronic configuration of carbon is 1s22s22p2. 

 1s  2s   2p  
C (ground state)        
        
C* (excited state)        
 
One of the electron is 2s subshell can be promoted to the empty 2p subshell so that the excited 
carbon atom has four unpair electrons.  As a result, using one s orbital and 1, 2 or 3p orbitals, 
carbon can undergo sp, sp2 or sp3 hybridization giving rise to linear, trigonal planar or tetrahedral 
arrangement of bonds around this carbon atom respectively.  When carbon is sp, sp2 hybridized, 
the remaining p electrons can overlap with that of adjacent similar carbon atoms to form 
π-electrons.  This introduces unsaturation in the corresponding compounds. 

e.g.  C≡C, C=C,      , C=O, COX 
 

When carbon is sp3 hybridized, there is no π-bond formation, the corresponding compounds are 
saturated, e.g.      ,      ,        . 
 
In these compounds, the type of reaction depends on the electron density on the carbon atom 

C C X C OH
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which relates on the degree of unsaturation and the electronegativity of the attached group.  In 
other words, the type of reaction depends on whether the carbon atom is electron rich or electron 
deficiency.  An electron rich carbon is susceptible to attack by an electrophile.  An electron 
deficiency carbon site is susceptible to attack by a nucleophile.  The different types of reagent 
should be mentioned. 
 
There are basically four types of reagent, they are free radical, electrophile, nucleophile and base.  
A free radical which is generated by homolytic fission contains an unpaired electron and starts a 
reaction. 

       RO⋅  +  ⋅OR 
RO⋅ is a free radical.  A nucleophile is an electron-rich species which seeks an 
electron-deficiency carbon site in reaction.  H2O, ROH, OH−, Cl− are examples of nucleophile.  
An electrophile is an electron-deficiency species which seeks an electron-rich carbon site in 
reaction, NO2

+, Cl+, Br+ are typical electrophiles.  A base is also electron-rich species which 
attacks hydrogen instead of carbon in reaction.  RO−, OH− are examples of bases.  According to 
the nature of attacking species and products of reaction, there are different types of organic 
reaction. 
 
(1) Electrophilic addition 

Alkene and alkyne, due to possession of π-electrons, are electron rich and thus attacked by 
an electrophile.  Bromination of ethene is a typical example. 

 
 
 
 
 
 
 The electrophile is polarized Br2.  The two bromine groups are added to the double bond of 

ethene to give a saturated compound, therefore, this is an electrophilic addition. 
 
(2) Electrophilic substitution 

Aromatic compound contains a delocalized π-electrons above and below a hexagonally 
planar ring of six carbon atoms.  This electron-rich π-system favours attack by an 
electrophile.  A typical example is nitration of benzene. 

2H2SO4  +  HNO3  →  2HSO4
−  +  H2O  +  NO2

+ 
 
 
 
 
 
 
 
 
 
 
 
 
 
The electrophile is NO2

+.  The aromaticity can be retained after removal of a proton from the 
transition state in which the positive charge can be dispersed by resonance.  A substituted 
product is obtained instead of an addition product.  This reaction is an electrophilic 
substitution. 

 
 (3) Nucleophilic substitution 

  Alkyl halide reacts in this way.  Due to the more electronegative halogen group, the 
carbon-halogen bond is polarized.  δ+CXδ− 

  The carbon is thus electron deficiency and susceptible to attack by a nucleophile.  
Hydrolysis of an alkyl bromide is an example. 
RBr  +  OH−  →  ROH  +  Br− 

RO OR

H
C

H
C

H

H
Br Br

C C

H H

HH

Br
+

Br C C

H H

HH

H H
δ− δ+ 

NO2
+

H

NO2

H

NO2

H

NO2

 

+

+ +

H
+

-

NO2
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OH− acts as a nucleophile.  The bromine group is replaced by OH group and a substituted 
product is obtained.  This reaction may be SN1 or SN2 which depends on the groups around 
the carbon atom.  A tertiary alkyl halide, due to steric hindrance around the carbon atom and 
greater stability of a tertiary carbonium ion, undergoes SN1, primary one undergoes SN2, and 
secondary one may react in a combination of both. 
SN1: 

C Br
C3H7

C2H5

CH3 HO
_

C3H7

C
CH3 C2H5

+

C OH
C3H7

C2H5

CH3

OH C
C3H7

CH3C2H5

 
SN2: 

C Br
H

C2H5

HHO
_

H

C

H C2H5

BrOH C

 

_

OH C
H

H
C2H5

+ Br

 
 
 (4) Elimination 
  Alkyl halides can also undergo elimination to give an alkene if the electron-rich species 

attacks hydrogen instead of carbon.  When alcoholic potassium hydroxide is added to alkyl 
bromide, elimination occurs.  Similarly, due to the greater stability of tertiary carbonium ion, 
a tertiary alkyl halide proceeds via E1.  On the other hand, a primary one proceeds via E2. 
E1: 

 
 
 
 
 
 
 E2: 
 
 
 
 
 
 
 
 
 
 
 (5) Nucleophilic addition 

  In carbonyl compound, due to −M effect of oxygen, the C=O is polarized and is vulnerable to 
subsequent attack by a nucleophile.  For example, ethanal reacts with HCN to give 
cyanohydrin. 

CN
..

C O
CH3

H

_ H
+

C

CH3

O

H

NC C

CH3

OH

H

NC

 
  The nucleophile is CN− and cyanohydrin is an addition product. 
 

(6) Free radical substitution 

Alkane, in the presence of sunlight, reacts with chlorine via a free radical substitution 
mechanism which involves three steps: initiation, propagation and termination.  Initiation 
involves generation of free radical by homolytic fission.  Propagation involves the attack of 
a molecule by free radical to regenerate one or more free radical.  Termination takes place 

CH3 C

CH3

CH

CH3
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H
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when two free radicals collide to give back a molecule.  The product will be a mixture of 
substituted saturated compounds.  Chlorination of methane is a typical example. 
 
 

 Initiation: 
 
 
 Propagation: 
 
 
 
 
 Termination: 
 
 
 
 
 
AL87C1 Discuss the origin of different forces of attraction between molecules (intermolecular 

forces) and also comment on the relative strength of these forces. 
 
 Chemical knowledge : (10)  
 (1) Dipole - dipole  attraction 
  • Arise  of  polarity 
   -  difference  in  electronegativity  between  bonding  atoms 1 
  • Description  of  dipole - dipole  attraction 2 

 (2) van  der  Waals‘  force 
  • Arise  of  temporary  dipole 1 
  • Factors  affecting  the  strength 
   -  molecular  size 1 
   -  molecular  surface  area 1 

 (3) H - bond 
  • Presence  of  H - atom  bonded  to  an  electronegative  atom 1 
  • Presence  of  lone - pair  on  another  electronegative  atom 1 

 (4) Relative  strength  of  intermolecular  force 
  • H - bond  >  dipole - dipole  attraction  >  van  der  Waals‘  force 1 
  • Relative  order  of  strength  compared  with  a  single  covalent  bond 1 
 
AL87C2 Compare and contrast the chemistry of the elements in the s-block with those in the 

d-block of the Periodic Table. 
 (Your answer should include explanations based on electronic structures.) 
 

 Chemical knowledge (10 marks)      10 

 Similarities 

Elements The s-block and d-block metals form 
metallic bond by attraction between 
the delocalized valence electrons and 
the +ve core of the atoms,  (1) 

They are all good conductors of 
heat and electricity due to the 
stability of the valence electrons. 
(1)   
They are solids at room temperature 
as metallic bonds are fairly strong 
bond.  (1) 

Max.2 

 Differences 

Atomic level s-block elements have 1 or 2 
valence electrons in the outermost 
orbitals.  (0.5) 

d-block metals are denser than 
s-block because smaller atomic 
radius occupying less volume. (1) 

Max.3 

Cl Cl UV 2 Cl.

H CH3Cl. + HClCH3
.

CH3
. Cl Cl CH3Cl + Cl.

Cl.CCl3. CCl4
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d-block metals have 3 to 12 valence 
electrons in the penultimate d-orbitals 
and the outermost s-orbitals.  (0.5) 

d-block metals have higher m.p. and 
b.p. because d-block metals have 
more valence electrons in the metallic 
bonds. (1) 

s-block metals form compounds with 
fixed oxidation states of +1 or +2. 
(0.5) 

d-block metals form compounds with 
variable oxidation states of +1 to +7. 
(0.5) 

Reactivity s-block metals have low I.E. than 
d-block metals because ns 
orbitals are lower than the 
(n-1)d orbitals.  (0.5) 

s-block metals are more reactive / 
stronger reducing agents than 
d-block metals.  (0.5) 

1 

Bonding in 
compounds  

s-block metals form ionic bonds only. (0.5) 
d-block metals can form cations of +1 to +3 charge, but also form 

covalent bonds with oxygen when in the higher oxidation states. 
(0.5) 

1 

Characteristics 
of d-block 
metals 

d-block metals form complexes (0.5) because of the availability of vacant 
d-orbitals of comparable energy. (0.5) 

d-block metals with incomplete d-orbitals can accept pairs of electrons 
from ligands (0.5) so they can form coloured ions while the s-block 
metals cannot. (0.5) 

d-block metals show catalytic activity (0.5) because they have variable 
oxidation states and can form bonds with reactant molecules using 
3d, 4s electrons. (0.5) 

3 

 
 Organization and Presentation (6 + 4) marks   10 
 
 
 

 Organization (max. 6 marks) 
- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 
AL87C3 Discuss the chemistry of aldehydes and ketones. 
 (About two thirds of your answer should cover the reactions of aldehydes and ketones, 

which should be compared in each case and any differences noted.) 
 
 Chemical knowledge (10 marks): 
 
 3

2  of the essay (maximum 7 marks) 

 Some examples of reaction types: 

 1. Reduction: H− from LiAlH4 or NaBH4 1 

 2. Nucleophilic: Addition of HCN  



 AL Chemistry – Essay – page 7 

   Addition of NaHSO4 (distinction between aldehydes & bulky ketones) 1.5 

 3. Condensation: with 2,4-dinitrophenylhydrazine, PhNH-NH2 2 

 Special reactions: 

4. Haloform reactions (I2/NaOH to gives CHI3) 1 

5. Oxidation (Ag mirror, Fehling’s, KMnO4) 1.5 
 

3
1  of the essay (maximum 4 marks) 

 Other chemistry: 

 1. mechanism 1 
  Reactivity of these carbonyl compounds is due to the fact δ+C=Oδ− is polarized resulting in 

mainly nucleophilic attack on the electron deficient C atom. 
  In marking (chemical knowledge), look out for correct use of  → arrows. 

2. Differences in reactivity in between aldehydes and ketones is due to steric and electronic (−I 
effect) influences.   1 

3. Preparation of aldehydes and ketones 1 

4. Methods to distinguish aldehydes and ketones 1 
 

Remarks: 

1. One equation is not worth 1 mark. An equation only worth maximum 0.5 mark, especially for simple 
reactions (e.g. HCN, NaHSO4) 

2. 2 equations of the same reactions: 1 for aldehyde and 1 for ketone.  No difference commended on, 
gives 0.5 mark. 

3. 3 reactions of the same type 
e.g.  Nu addition with HCN, NaHSO4 ;  oxidation with Ag mirror, Fehling’s, KMnO4 
gives maximum 2 marks, if not detailed, 1.5 marks only. 

4. Statements on reactions without equation (maximum 0.5 mark) 

5. 3 equations for reactions of the same type without explanation (max. 1, not 3 × 0.5) 

6. Mechanism: 
Simply  with only brief statement (0.5 mark) 
 detailed explanation (1 mark) 

 
 Organization (max. 6 marks) 

- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 
AL88C2 With reference to the chlorides of the elements in the 2nd and 3rd periods of the Periodic 

Table (from Li to O and from Na to S), give an account of their state and structure, their 
solubility in organic solvents, their reaction with water and their behaviour on strong 
heating. 

 
Sample essay: 
The following two tables show some properties of the chlorides of the elements in the 2nd and 3rd 

periods of the Periodic Table. 
Period 2 Li Be B C N O 

C O
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Formula LiCl BeCl2 BCl3 CCl4 NCl3 OCl2 

State at 25oC solid solid gas liquid liquid Gas 

Structure Giant ionic Covalent 
polymeric                Simple molecular 

Solubility in 
organic solvent                            All soluble 

Reaction with 
water 

No 
hydrolysis 

Hydrolysis Hydrolysis Insoluble no 
reaction 

Hydrolysis Hydrolysis 

Behaviour on 
strong heating Stable Stable Stable; boil Stable; boil Stable; boil decompose 

 
Period 2 Na Mg Al Si P S 

Formula NaCl MgCl2 AlCl3 SiCl4 PCl3 (PCl5) SCl2 

State at 25oC solid solid solid liquid liquid (solid) liquid 

Structure Giant ionic Giant ionic Covalent 
polymeric 

        Simple molecular 

Solubility in 
organic solvent insoluble insoluble soluble soluble soluble soluble 

Reaction with 
water Soluble; no hydrolysis Hydrolysis 

Behaviour on 
strong heating Stable Stable Stable; 

sublime Stable; boil Stable; 
dissociation Dissociation 

 Firstly, let’s discuss the state and structure together.  The states of the chlorides depend on the 
the forces holding the particles.  In the second period, LiCl and BeCl2 form giant ionic and 
covalent polymeric structure respectively.  There exists a strong electrostatic force of attraction 
between ions in LiCl while a strong covalent bond is present in entire structure of BeCl2.  So, 
LiCl and BeCl2 are expected to be high melting point solid.  BCl3, CCl4, NCl3 and Cl2O consist of 
discrete molecules and their melting point is low because of the existence of the weak van der 
Waals’ forces between the molecules.  They are volatile liquids or even gas at ordinary 
condition.  Similarly, in the third period, NaCl and MgCl2 form giant ionic structure and they exist 
as a high melting solid.  AlCl3 are solid because it forms covalently polymeric structure.  SiCl4, 
PCl3 and SCl2 are simple molecular compounds and they are all liquids.  Exceptionally, PCl5 is a 
solid because it is ionic in nature.  It consists PCl4+ and PCl6− ions. 

 
 Secondly, what are the solubilities of these chlorides in organic solvent?  Basically, the 

solubilities depend on the forces between solute-solute, solute-solvent and solvent-solvent, the 
chloride will dissolve in the solvent that gives the ‘Like-dissolve-like Principle’.  Hence, we 
expect a molecular compounds would be soluble in organic solvents.  In the second period, all 
chlorides expect LiCl are expected to be soluble in organic solvents because they form covalent 
or molecular compounds.  LiCl should be insoluble in organic solvent, but, actually, LiCl is 
soluble because it possesses appreciable covalent character in it due to the small size of Li+ ion.  
In the third period, the ionic chlorides such as NaCl and MgCl2 are insoluble but all the covalent 
or molecular chlorides are soluble in organic solvent. 

 
 Thirdly, what happens when these chlorides are mixed with water separately?  There are two 

possible groups: ionic chlorides usually dissolve in water without hydrolysis because the ions 
can be solvated by water molecule resulting in a release of energy sufficient to cause the 
detachment of ions from the lattice.  LiCl, NaCl and MgCl2 are expected to be soluble in water 
because they are ionic in nature.  Covalent or molecular chlorides are usually hydrolysed by 
water because they have incomplete filled shell such as BCl3, lone pair electrons in the molecule 
such as NCl3 or 3d orbital allowed for expansion of octet such as PCl3.  These permit the attack 
of water molecule to initialize the hydrolysis.  BCl3, NCl3, Cl2O, AlCl3, SiCl4, PCl3, PCl5 and SCl2 
undergo hydrolysis in water. 

 
 BCl3  +  3H2O  →  3H3BO3  +  3HCl 
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 NCl3  +  3H2O  →  NH3  +  3HOCl 

 Cl2O  +  H2O   →  2HOCl 

 AlCl3  +  3H2O  →  Al(OH)3  +  3HCl 

 SiCl4  +  2H2O  →  SiO2  +  4HCl 

 PCl3  +   3H2O  →  H3PO3  +  3HCl 

 PCl5  +   4H2O  →  H3PO4  +  5HCl 

 SCl2  +  H2O           H2SO3  +  S  +  HCl 

 CCl4 is an exception.  It will not be hydrolysed by water because there is no 2d orbital in C 
allowed for expansion of octet. 

 
 Finally, we consider the thermal stability of the chlorides.  Ionic chlorides are stable upon 

heating.  For instances, LiCl, NaCl and MgCl2 cannot be decomposed by heat.  Some covalent 
or molecular chlorides are thermally stable and they just boil upon strong heating.  AlCl3 will 
sublime when it is heated.  However, some molecular chlorides such as Cl2O, PCl5 and SCl2 are 
thermally unstable.  Cl2O decomposes explosively.  PCl5 will dissociate to give PCl3 and Cl2. 

  PCl5  PCl3  +  Cl2 

 SCl2 will also dissociate to give S2Cl2 and Cl2. 

    2SCl2  S2Cl2  +  Cl2 
 
 
 Organization (max. 6 marks) 

- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 
AL88C3  
 
 
 
 Discuss the chemical reactions of D in which X = C2H5, Y = H, and also comment on how the 

acidic and physical properties of D may be modified by different substituents X and Y. 

 Several examples of D (with appropriate substituents) are of great benefit to man.  
Illustrate this with two examples containing nitrogen, one of which occurs in nature, and 
the other, a man-made example of great industrial importance for making large molecules.  
For each of your specific examples indicate their use, and outline the chemical reactions 
involved in obtaining each compound. 

 
 Sample essay: 
 If X is an ethyl group and Y is a hydrogen atom, D has the structure: C2H5−CH2−COOH Butanoic 

acid is a typical carboxylic acid.  Its chemical reactions are shown as follows: 
 
 (a) To act as an acid 1 

  Butanoic acid behaves as a weak acid to react with metal, carbonate and alkali to form a 
salt. 

  2C3H7COOH  +  Mg   →  (C3H7COO−)2Mg2+  +  H2 
  2C3H7COOH  +  Na2CO3  →  2C3H7COO−Na+  +  H2O  +  CO2 
  C3H7COOH   +  NaOH   →  C3H7COO−Na+  +  H2O   
 

X
CH

Y
CO2H

D
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 (b) Esterification 1 

  Butanoic acid, in the presence of concentration sulphuric acid, can react reversibly with an 
alcohol to form an ester. 

  C3H7COOH  +  CH3OH   C3H7COOCH3  +  H2O 
 
 
 
 (c) Conversion into an acid chloride 1 

  Butanoic acid undergoes replacement of the hydroxyl group on reacting with PCl3, PCl5 or 
SOCl2 to yield an acid chloride. 

  C3H7COOH  +  SOCl2 →  C3H7COCl  +  SO2  +  HCl 
 
 
 (d) Reduction  1 

  Strong reducing agent such as LiAlH4 can reduce it to butan-1-ol. 
  C3H7COOH   → 4LiAlH   C3H7CH2OH 

  The acid strength of a carboxylic acid depends on the stability of its conjugate base. 
 
 
 
 

 A more stable conjugate base favours the ionization of the corresponding acid to give proton 
and, thus, the acid is a stronger one.  If X and Y are electron-withdrawing groups, such as 
chlorine, the negative charge on its conjugate base can be dispersed so as to enhance the 
stability of the base.  The acid strength becomes greater.  On the other hand, if X and Y 
are electron-donating groups, such as alkyl groups, the negative charge becomes more 
localized and hence the corresponding conjugate base is less stable.  The acid strength 
becomes weaker.  Let’s look at the following three acids and their relative acidities: 2 

 
 
 
 Consider the two acids below: 
 
 
 
  
 M is a typical acid.  The boiling point of M increases with the usual pattern of increasing 

molecular masses.  The solubility in water decreases in a similar pattern.  It can be 
dissolved in suitable organic solvents.  N is an α-amino acid.  Its physical properties are 
quite different from those of M.  It is a high melting point crystalline solid.  It is readily 
soluble in water but insoluble in organic solvents.  This is because it exists as Zwitter ions. 2 

 
 
 
 Moreover, M is optically inactive while N exhibits optical isomerism.  The diagram shows 

the two optical isomers of N: 
  
 
 
  1 

 Alanine is one of the examples which are benefit to man.  It is a naturally occurring α-amino 
acid.  Its structure is 

 
 
 It can be polymerized itself or with other amino acids to give different proteins which are vital 

to all living things. 
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  1 
 
   amino acid                        protein 
 
 Organization (max. 6 marks) 

- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 

AL89C1 Write  an  essay  on  catalysis. 
 (Your answer should include a discussion of the characteristics of catalysts with  

appropriate examples.) 
 
Chemical  knowledge 10 marks 
 Nature  of  catalyst 
 - alter  the  reaction  rate 1 
 - remains  unchanged  at  the  end  of  reaction 1 
 - negative / positive  catalyst 1 
 Principle  of  catalyst 
 - provide  a  new  mechanism 1 
 - reaction  profile  of  a  catalysed  and  uncatalysed  reaction 1 
 Characteristics  of  catalyst 
 - catalytic  activity  affected  by  state  of  subdivision 1 
 - highly  specific  nature  of  catalyst 1 
 - affect  the  rate  but  not  the  composition  of  equilibrium  mixture 1 
 Types  of  catalyst 
 - homogeneous  catalyst 1 
 - heterogeneous  catalyst 1   
 
Organization 6 marks 
Presentation  (including  proper  use  of  English)                                 4 marks 
 
 
AL89C2 ‘The formation of oxides of non-metals can be both beneficial and harmful to man.’  Write 

an essay on the above statement with particular reference to the oxides of C, N and S. 
 
Sample essay: 
The oxides of non−metals that to be discussed are CO, CO2, NO, NO2, SO2 and SO3.  Also, the 
formation of these oxides can be divided into several categories. 
(a) formation by nature, 
(b) synthetic preparation especially in industry, and 
(c) by-products from other chemical processes. 
 

(i) Oxides of carbon 

Carbon monoxide is manufactured as a constituent of town gas, which is a useful 
domestic fuel in a modern city.  The feedstock is naphtha.  Town gas is produced by 
heating naphtha and steam with nickel as catalyst. 

 C5H12  +  5H2O  →  5CO  +  11H2 

Although town gas is an important fuel, precautions must be made to the proper 
handling of the gas and to prevent leakage.  Carbon monoxide is a very poisonous 
gas as, once it is inhaled by us, it forms a strong complex molecule with haemoglobin 
to cause lack of oxygen.  Death may occur if the condition is severe.  So, town gas 
must be used in a well-ventilated place. 
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In industry, carbon monoxide is also a good reducing agent for the extraction for some 
metals. 

 NiO  +  CO  →  Ni  +  CO2 

Obviously, CO will burn to give CO2, and, in fact, CO2 is always the product of 
combustion of common fuel. 

 2CO  +  O2  →  2CO2 
 C  +  O2  →  CO2 
 CxHy  +  (x+ 4

y )O2  →  xCO2  +  2
y H2O 

Moreover, in nature, it is the product of respiration of all living things for providing 
energy for them.  This formation of CO2 is important because this can maintain the 
balance of carbon cycle.  Plants will take in CO2, together will water and sunlight, for 
photosynthesis to produce starch. 

Industrially, CO2 is formed as a by-product during manufacture of quicklime to 
neutralize acidity in soil and in fermentation processes to make alcoholic drinks. 

 CaCO3  →  CaO  +  CO2 
 C6H12O6  →  2C2H5OH  +  2CO2 

 
 (ii) Oxides of nitrogen 

  In a modern city, nitrogen oxides chiefly come from motor car exhaust and burning of 
wastes in incinerator.  In an internal combustion engine of a car, some atmospheric 
nitrogen reacts with oxygen at high temperature to form NO, which forms NO2 on 
contact with air. 

   N2  +  O2  →  2NO 

   2NO  +  O2  →  2NO2 

  These nitrogen oxides are air pollutants because they are poisonous gases.  They 
damage our respiratory systems.  In some cities, smog will be formed as a result of 
temperature−inversion.  NO2 may even dissolve in rain to cause acid rain.  This acid 
rain can corrode metals and buildings. 

   Fe   +   2H+   →  Fe2+  +  H2 
   CaCO3  +  2H+  →  Ca2+  +  H2O  +  CO2 

  It also damages the crops by increasing the acidity of soil. 
  In industry, NO and NO2 are the intermediate products for the production of nitric acid 

in Ostwald Process.  Ammonia is catalytically oxidized by Platinum to form NO which 
is the oxidized to NO2. 

   4NH3  +  5O2  →  4NO  +  6H2O 
   2NO  +  O2  →  2NO2 

  Finally, NO2, mixed with more O2, is dissolved in water to form nitric acid which is an 
important acid.  It can be used to produce explosives, fertilizers such as NH4NO3, 
and dyes. 

 
 (iii) Oxides of sulphur 

  SO2 and SO3 are also air pollutants.  They are found in motor car exhaust and 
produced by electric power station.  In some cities, coal, which contains sulphur as 
impurity, is used in the electric power station.  The burning of coal will release 
sulphur dioxide as pollutant.  Like nitrogen oxides, oxides of sulphur are bad for 
human respiratory system and form acid rain.  On the other hand, they are useful 
intermediate products for the production of sulphuric acid in Contact Process.  
Sulphur or sulphide ore is first roasted in air to form SO2. 

   S  +  O2  →  SO2 
   4FeS  +  11O2  →  2Fe2O3  +  8SO2 

  SO2 is converted to SO3 in the presence of V2O5 catalyst. 
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   2SO2  +  O2  →  2SO3 

  SO3 is dissolved in concentrated sulphuric acid to form oleum, which is finally diluted 
with water to give 98% sulphuric acid. 

   SO3  +  H2SO4  →  H2S2O7 

   H2S2O7  +  H2O  →  2H2SO4 

  Sulphuric acid can be used to produce fertilizers such as (NH4)2SO4, detergents, 
explosives. 

  Finally, when iron pyrites is roasted in air, Fe2O3 is formed as a by-product.  
Industrially, Fe2O3 is a raw-material in the production of steel. 

 
 
 

 Organization (max. 6 marks) 
- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
 
AL89C3 Write an essay on the preparation, and chemical properties of R-NH2, where R = alkyl, aryl, 

or other organic groups. 
 (Your answer should also include comments on the influence of R on the properties of 

R-NH2.) 
 
Chemical knowledge (10 marks) 
 
 Preparation: (4 marks) 

 Alkyl R 

 R-Cl   +  NH3 excess  →  RNH2 1* 
 RC≡N   → 4LiAlH   RCH2NH2 1* 
 RCONH2   → NaOH/Br2   RNH2 (1) 

 RCONHR’   →
−+ OH/OH3   R’NH2 (1) 

 
 Aryl R 

  
  1* 
 
 
 For other organic groups 

 To form an amino acids (by Strecker synthesis):  [OUT] 
 RCHO   → ClNH/CN 4

-

  RCH(CN)NH2   → OH2  RCH(COOH)NH2 (1) 

 To form amides: 
 RCOOH   → 2SOCl   RCOCl   → 3NH   RCONH2 1* 
 
 * For a simple reaction, A → B with reagent (0.5 mark)  More detailed with precise conditions or 

method of separation, or preparation of starting materials (1 mark) 
 
 
 

NO2 NH2

Sn/HCl
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N N+ NN
OH

NH2
HNO2

0-5oC

OH

 General Chemical Properties of RNH2 (3 marks) 

 Acylation RNH2  +  R’COX  →  R’CONHR 1 

 Alkylation RNH2  +  R’X  →  RNHR’  → XR'   RNR’2  → XR'    1 
 
 Salt formation RNH2  +  HCl  →  RNH3

+Cl− 1 
 
 
 Properties dependent on R ( maximum 3 marks) 

 Alkyl R : RNH2   →
+H/NaNO2   ROH  +  N2 1 

 Aryl R :  
      
    1       
   

 (A full explanation for difference in reacting conditions for alkyl amine and aryl amine is expected.) 

 Optically active if R is chiral. (with suitable examples) 1 

 Zwitter ion can form if R has COOH group. e.g.  α-amino acids (1) 

 Basicity: Phenylamine is less basic than RNH2.  RCONH2 is non-basic. (1) 
 
 
 Organization (max. 6 marks) 

 Presentation (max. 4 marks) 
 

AL90C1 Write an essay on thermochemistry.  Your essay should include experimental and 
theoretical considerations, together with the application of thermochemical data. 

 

Essential points  

1. What is thermochemistry .In terms of energy change giving rise to heat change 
both exo & endothermic giving at least 1 example. 

2. Types of thermochemical reaction by neutralization(at least 2 mentioned) 

3. practical measurement of ∆H (essential steps of expts. Clear) 

4. indirect measurement of ∆H based on Hess’s Law (steps clear) 

5. why measure therochemical data (1 application) 

6. Standard conditions and notations for comparison (details of standard ) 

Optional points 

1. Expressing ∆H as ∆U +P∆V and explaining 

2. Additional practical methods of measuring ∆H(Max.2) 

3. Experimental precautions spelt out. 

4. Additional examples of using Hess’s law to determine ∆h indirectly 

5. Description of Hess’s law(definition) 

6. Calculation details using Hess’s Law 

7. Additional examples of applications of thermochemical data.(max.2) 
 
 
AL90C3 Write an essay on the chemistry of hydroxyl compounds (R-OH), where R can be phenyl 

(C6H5) or alkyl (CnH2n-1) group. 
 

R'

N
R

R'
R'

 

+

X
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Chemical Knowledge 
At some point the type of compound involved should be clarified: 

With R=Ph->Phenols 

With R=CnH2n+1->alcohols (

OH

 is tert.  CHOH  is sec. And  
CH2OH

 is 
primary                                                               )0.5 

 

In an introduction, but not necessarily. Since Chemistry involves PREPARATION and REACTION these are 

expected as major sub-heading . 

 I suggest the following guidelines for the award of C.K: 

Description(usually intro.)… .(0.5) 

Preparation: phenols--------(1.5) 

          Alcohols---------(2.5) 

Reactions: phenols--------------(6) 

         Alcohols------------- 

Other Chemistry---------(1.5) 

 

Note: (a) Sliding scale (10-12) for Maximum. 

     (b) Always RECONSIDER FINAL C>K mark with IMPRESSION. 

     (c) Roughly give 1 marks per complete reaction. 

One mark to be given for 4 isolated facts 

  e.g.  reactant, reagents / condition (simple)… … … (0.5) 

  e.g.  above+detailed mechanism… … (1) 

PEPARATION  
Phenols: 

       Lab Methods: 

 

1.H2SO4

2. NaOH

SO3Na

NaOH

fuse

ONa

ClH

OH

or

PHNH2
NaNO2

H2SO4

N N .HSO4 steam

distill

OH

 

 

       Industrial Method: 
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Cl
dil NaOH

C

OH

 
     Other methods also exist e.g. Gignard reag. +O2 

(Maximum(1.5)) 

 

ALCOHOLS 
 By SUBSTITUTION 

 e.g. 

 

RCH2Cl
OH-

RCH2OH

RCH2NH2
NaNO2/HCl

N2 + RCH2OH  
By ADDITION: 

Hydration of alkenes 

 

1.H2SO4

2. H2O

H OH

 

By reduction : 

     Ketone->sec.alcohols 

     Aldehydes->prim.alcohols 

 Methods/reagents: 

LiAlH4 H attacks the O

H

Na + EtOH (Bouveault-blanc)

H2 + catalyst  
 

By GRIGNARD REAGENTS(not in syllabus but must be marked) 

 
RM8Br + CH2O or epoxide primary alcohols

RM8Br + any other aldehyde secondary alcohols
RMgBr + ester or ketone tertiary alcohols  
Other methods also exist, but are generally less attractive(less marks) 

Hydrolysis of esters-> 

Oxo. Process-> 

(Max:2.5) 
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REACTIONS 
Some common OH reactions for phenols and alcohols: 

ACYLATION to give  esters: 

R-OH + RCOCl → R-O-CO-R 

 

ALKOXIDE FORMATION : 

PhOH + Na or NaOH →PhONa 

R-OH + Na→ R-ONa 

 

Both are useful intermediates  e.g to give 

ALKYLATION(ether formation): 

R-O-Na+ + RI → R-O-R 

 

URETHANE FORMATION : 

R-OH + R-NCO → R-NH-CO-O-R 

 

PHENOL ONLY REACTIONS: 

     Ring substitution: 

 
PhOH + Br2(aq)

Br

Br

Br

OH

 
 

Many other examples exists   e.g nitration  

Always O-  and P- substitution – ELECTROPHILIC  

PhOH + CO2

OH
CO2H

 

Polymerisation with CH2O resin: 

 
OH

OH

OH

OH

OH OH

 
 

ALCOHOL ONLY REACTIONS: 

OH substitution: 
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ROH + PCl5 RCl
 

OH Oxidation: 
ROH R CHO RCOOH RCOR  

           Tert alcohols do not oxidize. 

 Reagents: chromic acid (   
H2CrO4, KMnO4  ) 

OH ELIMINATION: 

C
H

COH

 
 

Ease of dehydration :t>s>p 

Reagents:(   heat ( ca 400℃),  H2SO4, Al2O3                                  ) 

Mechanism :  (     E1 ( via carbonium ion) stepwise 

E2 (via concerted process)                                                                                    

(max 6 marks) 

 

Other aspects of the chemistry of OH compounds 

1. Reason for the acidic nature of phenols : 
 

O

-

O

etc
 

 

Resonance stabilizes phenoxide ion 

Not possible in the case of alcohols 

 

2. How to distinguish between phenols and alcohols:  (             FeCl3 colour                ) 

How to separate between phenols and alcohols :  (                         alkali + 

ether                             ) 

3. How to distinguish between tertiary., secondary., and  primary. Alcohols:   

4. Physical chemical properties: strength of acid (phenols) 

(Max1.5) 

 

Note :  1.Other reactions are also correct … .if in doubt check … … … . 

       2. One marks is for a very complete reaction-may include s… ..mechanism , a comparison ,or in fact 2 

reaction (reduction of both aldehydes and ketones for example) 
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AL91C1 Write an essay on chemical bonding (intermolecular interactions not required). 
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AL91C2 Write an essay on the oxides and oxoacids of EITHER nitrogen OR sulphur. 
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AL91C3 Write an essay on the stereoisomerism shown by carbon compounds.  (Your answer 
should include some relevant chemistry of your examples.) 
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AL92C1 Organic reactions involve reactive species such as electrophiles and nucleophiles.  Write 

an essay on the general classification of organic reaction types involving such species. 
 

Some important aspects have not been explained in the question, but should not be assumed in the answer 

consequently an introduction will be required before the essay on classification can proceed. 

INTRODUCTION: 

As the question obviously involves the electronic aspects of reactions suitable definitions or descriptions of 

the following are called for: 

i. ORGANIC REACTIONS involve the making and breaking of BONDS. 

ii. BONDS between carbons involve 2 electrons (sigma bonds). homo- (giving radicals) or 

hetero-lytical (giving charged species). 

iii. Definition of Nu – (Electron rich reagent which attacks CARBON) 1/2 marks 
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iv. Definition of E also v. radicals 1/2 marks 

A good essay should includes 75% of the above. The candidate’s ability to explain what is involved in a 

reaction and explain the meaning of all the terms is very important.             CORE MARKS 1 

 

CLASSIFICATION INTO REACTION TYPES: 

This may not necessarily be done in the way shown below. A student may discuss all Nu reactions first then E 

reactions. This in itself should not be penalized, provided it fits in with all other criteria. 

 

Reaction Types: 

Substitution 

   Nu e.g. SN1 (C+), SN2 (and rear side displ.) 

   E found in Aromatic Substance. e.g. using   and NO2 from conc. H2SO4 and conc. HNO3 

Addition 

   Electrophilic (to alkene) 

   Nucleophilic (carbonyl chemistry) 

   Free Radical (to alkenes) 

Elimination 

   E1 and E2 

Each reaction type should be accompanied by an example or even a diagram as in case in the of SN 1 and 2 

reaction. 

Though the RADICAL reactive species is not mentioned in the question, it should not the necessary or 

excluded since only some examiners were given in the question… …   “… .such as E and Nu” 

Core marks (2 or above) and FOR “(subst type with example, add type with example, elimination with 

example) 

Each with an indication of its meaning- perhaps shown in the equation or example 

Marking: 

Give 1.5 marks for full name(e.g. Subst.) and description to each Reaction Type shown below – this would 

include a detailed example of substrate, reactive species (clearly indicated as a Nu, E, or Rad.) correct arrows 

(
or NO2+  including direction, note  for radicals) and a 

product  for each reaction. (No matter how much is written 1.5 marks max per reaction type) 

Some indication of the exact nature of E or Nu in the lab. 

Should also be included in these examples if general cases of equations are given. In Nu addition to 

carbonyls some indication that carbonyls can be said ketones and that Nu can be 
NH2OH

 for example. 

Suggest that a correct reaction type with the general example showing no real-lab reagents etc is worth only 1 

mark. 

There are 8 reaction types listed above marking the total no. of the marks that can be earned 14/10. 

If no addition reaction type for example is given , the max mark is 9/10, no matter how many other 1.5 marks 

are earned. 
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Similarly  if no definitions are provided in any form, anywhere then max mark is 8/10. note: definitions can be 

correctly given outside of an introduction. Consequently even with no introduction as such, 10/10 can still be 

earned. 

Examples for mark earning: 

R
O

R

Nu- R

R
O

Nu
R

R
OH

Nu

 

1/2 marks: 

typical Nu’s are CN-(in cyanohydrin formation from HCN) 

              H-(in hydride e.g. LiAlH4 reductions) 

              
NH2OH

(in oxime formation and followed by –
OH2 ) 

Reactions are common for aldehydes and ketones) 

Elimination E2: 

The mechanisms in the original marking scheme are out of syllabus. 

What you need to know that is the reaction. 

Note: O is an Classification of Reaction types. Answer of a specific nature. 

E.g. 
CH2 CH2 BrH+  for electro . Must also include a generalization for  full even another specific 

example can help. 
 

AL92C2 Write an essay on electrode potentials. 
 
Chemical knowledge (10 marks) 
 

A. What are electrode potential?  (Any 5 points, maximum 5 marks) 
1. Associated with equilibria of redox system, e.g. metal/ metal ion, and extended to 

non-metal/ion (such as the hydrogen electrode) and ion/ion half-cells 

2. Measures tendency for the reaction to occur (the reduction reaction by convention – the 
more positive the value, the more likely the reaction) 

3. Cannot be measured alone, but must be measured relative to another reference half-cell. 

4. Electrode potential as e.m.f. of a cell in which the electrode on the left is a hydrogen 
electrode for which Eθ = 0V, and the electrode on the right is the electrode in question 

5. Concentration, temperature and pressure affect cell e.m.f. 

6. Standard electrode potentials are obtained under conditions of 298K, one atm pressure, 
and concentrations of 1M 

7. Compare standard electrode potentials to get E.C.S. – metals high in the series are 
strong reducing agents 

 
 

B. How are electrode potentials measured?  (Any 3 points, maximum 3 marks) 
8. Set up cell with reference electrode, such as the hydrogen electrode, with a salt bridge of 

strong electrolyte 

9. For cells other than metal/ metal ion, inert electrodes such as Pt may be used 

10. Cell e.m.f. (max. potential difference) to be measured when no current is taken from the 
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cell, i.e. when a potentiometer or high resistance voltmeter is used 

11. Sign of cell e.m.f. = polarity of the right hand electrode 
 

C. How are electrode potentials used?  (Any 2 points, maximum 2 marks) 
12. Predicting feasibility of reactions/ order of discharge 

13. Calculating cell e.m.f. 

14. Measuring concentrations, equilibrium constants (including pH and solubility products) 

15. Conducting potentiometric titrations 

16. Understanding and controlling metal corrosion 
 
 Organization (max. 6 marks) 

- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 

 1. Structural framework (introduction, elaboration and conclusion) 

2. Coherence of ideas (paragraphing, possibly with titling) 

3. Sequencing (elementary to complex, linking of paragraphs) 

4. Proportion (elaboration of important details, but only brief mention of the more trivial, 

relevant points) 
 
 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

1. Use of language, style, layout (1.5 marks maximum; penalize note form, and errors of 
grammar or spelling) 

2. Selection of examples and media of presentation (2.5 marks maximum; merit for 
chemical terminology, formulae, equations, tables, labeled diagrams, drawings, 
graphs) 

 
AL92C3 Write an essay to describe the typical reactions of halogens and the uses of halides. 
 
1. Chemical knowledge 

A. Typical reactions of halogens 

(Description of reactions must include the products formed.) 

Introduction 

Mentioning the typical reactions of halogens are due to their oxidizing powers/ their positions as Group 

VII elements making them readily accept an electron.(1) 

 

Mentioning that the chemistry of fluorine is anomalous when compared to the other halogens, so it does 

not carry out many of the typical reactions (e.g. reactions with water/alkali, reactions with carbon/inert 

gases.)(1) 

Reactions 

a. Reactions as an oxidizing agents              (max 5) 



 AL Chemistry – Essay – page 31 

1. Reactions with metals   nX2 + 2M→2MXn                (1) 

2. Reactions with non-metals (P or S)                 (1) 

3. Reactions with hydrogen   H2 + X2 → 2HX        (1) 

4. Reactions with another halogens                   (1) 

5. Reactions with other reducing agents                (1) 

(e.g., H2S, Fe2+, SO2, NH3, hydrocarbons, thiosulphate) 

6. Displacement reactions of halides                   (1) 

Y2 + 2X-
→ 2Y- + X2  

b.Disproportionation reactions (except for fluorine) (max 1) 

Either 

1.Reaction with water 

X2 + H2O →H+ + X+ + HXO                        (1) 

2.Raction with alkalis                              (1) 

X2 + 2OH-
→X- + XO- + H2O 

3X2 + 6OH-
→5X- + XO3 + 3H2O 

C reactions with organic compounds                  (1) 

e.g. 1.reaction with alkanes (free radical substitution) 

    2. Reactions with alkenes (electrophilic addition) 

    3. Reaction with benzenes (electrophilic substitution) 

B. Uses of halides (max 3) 

Fluorides: (1/2 for each) 

-Fluorides are used in toothpastes to prevent tooth decay by strengthening the tooth enamel 

-Uranium hexafluorides (UF6) are used to separate uranium isotopes 

-Organic fluorides (fluorocarbons) are used as refrigerants, aerosol propellants, anesthetics and 

fire-extinguisher fluids 

-Poly (tetrafluoroethene)(PTFE) is a plastic used for values, seals and wire coverings. 

-BF3 as a catalyst in organic synthesis. 

-HF solution for the etching of glass 

Chlorides(1/2 for each) 

-Hydrogen chloride dissolves in water to give hydrochloric acid, which is the cheapest industrial acid 

-Group I and II chlorides are used for electrolysis to produce the corresponding metals or their compounds. 

-Anhydrous calcium chloride is used as a drying agent in laboratories. 

-Organic chlorides (chloro-hydrocarbons) are used as solvents, as plastics, as disinfectants, antiseptics and 

pesticides. 

-AlCl3 as a catalyst in organic synthesis. 

-NaCl as table salt/ brine for salting out of soap. 

Bromides( 1/2 for each) 

-Silver bromide as a basis for photographic plates/films. 

-Potassium bromide is used medicinally. 

-Organic bromo-compounds, e.g., 1.2-dibromoethane is added to tetraethyllead used in anti-lock petrol to 
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prevent any accumulated of lead in petrol engines. 

-bromo-hydrocarbons can be used as flame retardants. 

Iodides(1/2 for each) 

-Silver ioidie as a basis for photographic plates/films 

-Medicinal use, e.g., iodoform is an antiseptic agent: tincture of iodine consists of iodine dissolved in KI 

solution with 90% ethanol. 
 
AL93C2 Write an essay on the chemistry of the transition elements from titanium to copper in the 

Periodic Table. 
 
1.Chemical knowledge 

Core marks(max 6) 

-Emission spectrum of hydrogen consists of series of discrete lines which converge in different parts of the 

electromagnetic radiation(1) 

-e- in an atom can exist in certain ‘allowed’ orbits i.e., energy of e- is quantised.(1) 

- Upon absorption of energy, an e- moves from a lower energy orbit to a higher energy orbit. When falls 

from a higher energy orbit to a lower energy orbit, it emit energy in form of a photon, the energy of which 

corresponds to a line in the emission spectrum.(1) 

- The energy of photon emitted equals to the energy difference between two orbitals..(1) 

- The convergence limit corresponds to the ionization of hydrogen 

- Relationship between emission spectrum and electronic structure.(1) 

Optional marks(max 4) 

- Formation of the H emission spectrum: the discharge tube(1) 

- Names and position of the different series of spectrum lines.(1) 

e.g. Lyman series: UV region 

   Balmer series: Visible region 

-Mathematical relationship concerning the wavelengths of the spectral lines(1) 

(out of syllabus) 

-Meaning of ground state and excited state(1) 

-Definition of principal quantum number(1) 

-E=hv or E= hc/λ     to calculate energy of a photon(1) 

-Zeeman effect (1) 
 

AL93C3 Write any essay on polymerization and polymers.   
 Your answer should include details of the various types of polymers, mechanisms for their 

polymerization, and sources of raw materials. 
 
Introduction: 

A good will begin with a definition of what a polymer is  

Basically: a very large molecule obtained from monomers. 

Types pf polymers 

This essays requires that some kind of classification be given. There are many ways of doing this. This part 

also be accompnmied by examples of each types. 
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Addition polymers 

General reaction: 

G *
*

G G G G
n
 

characterized by repeating sub-units  
G=H, polyethylene 

G=Cl, PVC 

G=CN, orlon 

G=CO2Me Perspex, others Teflon(from 
CF2 CF2 ), Natural Rubber (from= ) 

CO Polymers\ 

Similar to above but with 2 different monomers. 

Condensation polymers 

Formed from intermolecular reactions in which sub-units joined through elimination of small molecules e.g. 

H2O, ROH 

Examples: Polyamides 

Though some examples given in the original marking scheme are out of the syllabus. 

Thus the following will just include the name of it.(they are in syllabus) 

1. Equations of Nylon 

2. equations of formation of terylene 

Mechanisms of their formation 

Addition polymers: Mechanisms are generally 

Chain reaction involving initiation, propagation, termination. 

Addition may occur via the following 

1. Radical polymerization 

 

2. Cationic polymerization 

 

3. Anionic polymerization 

 

Condensation Polymer mechanisms: nucleophilic addition followed Elimination 

Sources: 
CH2 CH2 - cracking of petroleum 

        
CH2CHCl

 - addition of HCl to HC CH  from petroleum source 
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Aromatic compound- 

OH OH

Nylon

terephthalic

 

All from petroleum sources 

This could be elaborated with reactions 

Suggested allocations of marks 

Definition/Introduction     max0.5 

Well explained types   -up to 1.5 for each    max3.5 

Mechanisms              max3.5 

Sources                  max1 

Examples(with 2 formula, name 2 for 1/2)                 
 
AL9405 Write an essay to account for the fact that at 750K and 200 atmosphere pressure, the 

energetically favourable formation of ammonia 
 N2(g)  +  3H2(g)    2NH3(g)  
 proceeds very slowly, but in the presence of an iron surface it proceeds at a much faster 

rate. 
 

Chemical Knowledge (10 marks) 

Core marks (7) 

Discussion on the rate in the absence of an Fe surface 

 

－ Probability of a simultaneous collision of (4 or gaseous) molecules in the gas phase is 

extremely small. (1) 

－ Breaking of the strong N ≡ N bond imposes high activation energy (E  a) on the process. (1) 

－ Collision of molecules having high velocities should, in principle, provide the necessary Ea.

 (1) 

－ According to the (Boltzmann) distribution at moderate temperatures the number of such 

high-velocity molecules is (very) small. (1) 

 

 (Looking for the graph, good organization of points) 

 

Discussion of the rate in the presence of an Fe surface 

 

－ The NN ≡  bond is significantly weakened in the Fe surface, and therefore providing a 

different reaction path with smaller E  a. 

OR Gaseous molecules covalent bond weakened. (1) 



 AL Chemistry – Essay – page 35 

－ All the gases involved are only weakly adsorbed on the Fe surface. Thus N2 and H2 

molecules are quite mobile on the Fe surface, (and may encounter each other on this 

2-dimensional plane or higher concentration of reactants on the surface, therefore surface 

becomes better meeting place) (1) 

－ Instead of a 4-body collision in a 3-dimensional space in the gas phase, the presence of the 

Fe surface requires only that the adsorbed species be higher than the former event. 

OR 3-dimensional collision à 2-dimensional collision à higher frequency collision. (1)__ 

  (7) 

Optional Mark (3; any 3 of the following) 

－ As a result of weak interaction of the product with the surface, NH2 desorbs easily. (1) 

－ Fe has (numerous) 3-d electrons and many vacant 3-d orbitals, and is therefore capable of 

temporarily donating or accepting electrons from adsorbed species, making it (one of the best 

catalyst in heterogeneous catalysis.) 

OR Variable oxidation state (1) 

－ (Steric effect) is more important in the gas phase: the (4) colliding molecules have to be in the 

correct orientations to yield the product. 

  (1) 

－ The gas phase reaction may be speeded up by raising the temperature, but at high 

temperatures decomposition of NH2 is favoured, thus lowered the yield. (1) 

－ Specifically, N2 dissociates into (weakly adsorbed/ absorbed) N atoms at around (500 C° ) and 

H2 dissociates at temperatures as low as (-196 C° ) as weakly adsorbed H atoms. These 

atoms are highly reactive, and they form NH3 readily. (1) 

－ Breaking of the strong ( NN ≡  triple bond or resist breaking) (1)__ 

  (3) 

 

 (Looking for the adsorbed model, good organization of points) 

 

The following diagrams are expected: 

 

Diagram for Boltzmann distribution, change of reaction path in the presence of the catalyst, (pictorial 

illustration of gas phase collision and formation of ammonia on the Fe surface.) 

 

Organization (6marks) 
 
 
AL94C6 Write an essay to discuss and compare the chemistry of the chlorides of the elements from 

sodium to chlorine in the Periodic Table. 
 
6.     Chemical knowledge (10 marks) 

(Note: Emphasis on chemistry , e.g. preparation, reactions; not physical properties.) 

Core Area 

A. Composition (formulae), (natural abundances), (uses) [1m] 
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B. Bonding in chlorides, structures, (relative stabilities), (states) [2m] 

C. Preparation, relation to chemical behaviour and bonding [3m] 

D. Hydrolysis (mechanisms), (reactions with other species) [4m] 

(Area in brackets: may be included to score up to 1m towards the area total) 

 

A more detailed break down of the marks for each of the core areas: 

Area A (Max. 1m) 

- Composition: Must give 1 formula for each element 

  NaCl     MgCl2     AlCl3     SiCl4     PCl3(l)     S2Cl2(l)          Cl2 [1m] 

                                                  (or PCl5(s))  (SCl2 or SCl4) 

 

(One formula incorrect or missing, only 1/2m) 

(For each chloride, if giving natural abundance / use è 1/2m; e.g. if the natural abundance / uses of 

NaCl & Cl2 are discussed è 1m) 

 

Area B (Max. 2m) 

- State: 

  NaCl     MgCl2     AlCl3     SiCl4     PCl3(l)     S2Cl2(l)          Cl2 

                                                  (or PCl5(s))  (SCl2 or SCl4) 

  (---------- solid -------------------) (---------------- liquid*---------------------)   gas [1m] 

  * state must be matched with the formula 

     or 2 examples of trend in states, melting points 

- Structure/bonding (transformation from giant ionic to discrete covalent molecules) [1m] 

(- amplifications of structures / bonding 2 x 1/2m = 1m) 

- drawing of outer e- diagram / structure for NaCl & Cl2. 2 x 1/2m [1m] 

 

Area C (Max. 3m) 

(1/2m for general method + 1/2m for equation, up to 3m. Equation need not be balanced or complete) 

- Covalent chlorides: from elements by direct reaction with Cl2 

  e.g. Si(s) + 2Cl2(g) à SiCl4 

  P4(s) à PCl3(l) à PCl5(s) 

  2S(s) + Cl2(g) à S2Cl2(l) etc. 

  (or halogen exchange) [1m] 

- Ionic chlorides: by reaction of HCl(aq) with oxides, carbonates, hydroxides 

  e.g. Na2CO3(s) + 2HCl(aq) à 2NaCl(aq) + H2O(l) + CO2(g) 

         AlCl3: 2Al(s) + 6HCl(g) à 2AlC3(s) + H2(g) [1m] 

- Chlorine: HCl (conc) on oxidation by strong oxidizing agents 

   (KMnO4 or MnO2, NOT K2Cr2O7) gives Cl2(g) 

e.g. MnO2(s) + 4HCl(aq) à MnCl2(aq) + Cl2(g) + 2H2O(l) 

       2KMnO4(s) + 16HCl(aq) à 2MnCl2(aq) + 5Cl2(g) + 2KCl(aq) + 8H2O(l) 
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or action of dil. acids on bleaching power 

or 2NaCl + MnO2 + 2H2SO4 à 2NaHSO4 + 2H2O + Cl2 [1m] 

Accept electrolysis of brine 

 

Area D (Max. 4m) 

(Name  + arrow equation for each hydrolysis = 1m; or full equation. Reaction with OH- accepted for 

AlCl3, MgCl2 or covalent chlorides.) 

- Ionic chlorides form solvated ions in water which do not hydrolyse: 

  NaCl(s) + aq --> Na+(aq) + Cl-(aq) 

With increasing polarization of cation undergoes slight hydrolysis: 

  MgCl2(s) + 2H2O(l)  Mg(OH)2(aq) + 2HCl(aq) 

Reversible hydrolysis of highly polarizing cation: 

  AlCl3(s) + 6H2O(l)  [Al(H2O)6]3+(aq) + 3Cl-(aq) 

then [Al(H2O)6]3+(aq) + H2O(l)  H3O+(aq) + [Al(H2O)5(OH)]2+ 

        à ... 

[1m for statement, equation not necessary, up to 2m] 

- For covalent chlorides SCl2, SiCl4, PCl3, PCl5, (XCln), the hydrolysis proceeds by nucleophilic attack 

by a lone pair of e- on O in H2O: upon X, which if less electronegative than Cl. 

e.g. PCl3(l) + 3H2O(l) à P(OH)3(aq) + 3HCl(aq) 

       2S2Cl2(l) + 2H2O(l) à 3S(s) + SO2(aq) + 4HCl(aq) 

- Hydrolysis of chlorine 

  Cl2(g) + H2O(l)  HCl(aq) + HOCl(aq) 

[1m for each example & equation, up to 2m] 

- Trend: 

  Pure ionic chloride - neutral / not hydrolysed; 

  Covalently bonded - acidic / hydrolysed [1m] 

- Mechanisms of hydrolysis for one example [1m] 

- Reaction of the chlorides IF THEY ARE OF COMPARATIVE NATURE 

  [1m each for 2 comparative chlorides, e.g. PCl3 + PCl5] 

 
Organization ( 6 marks )(1/2 mark awarded) 
NOTE: The marks should be related to chemical knowledge 
General guidelines for Organization: 

Mark for chemical knowledge Maximum for organization 
10 - 9 6 
9 - 7 5 
7 - 5 4 
5 - 4 3 
3 - 2 2 
2 - 1 1 

0 0 
(i) The essay should be clearly ORGANIZED, with suitable DIVISION, PARAGRAPHS AND 

SUB-HEADINGS. [2m] 
These should be clear to the reader. [2m] 

(ii) Terms must be clearly defined. (not relevant here) [0m] 
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(iii) The essay should be LOGICALLY organized. It must not be a list of facts. [2m] 
(iv) No irrelevant / wrong material. [1m] (2 errors = -1) 
(v) No error in labels of diagrams, spelling etc. [1m] 

 
Presentation ( 4 marks ) 
This mark is awarded for the ability to PRESENT the organized Chemical Knowledge in a suitable, 
meaningful and readable form. 
NOTE: Marks awarded should be related to Chemical Knowledge. 

Marks for chemical knowledge Max. for presentation 
10 – 8 4 
7 – 6 3 
5 – 4 2 
 < 3 1 

The followings are looked for: 
EQUATIONS, DIAGRAMS AND EXAMPLES. [1 – 2m] 
ENGLISH This mark is for the ability to express clearly in English [2 – 3 m] 

 

AL94C7 Write an essay on the chemistry of benzene and its derivatives. 
 Your essay should emphasize, with explanation, the unique chemical properties of the 

benzene ring and how the benzene ring affects the reactions of certain functional groups 
attached to it.  Your essay should also include reference to the source of aromatic 
hydrocarbons and an outline of a synthetic route to aminobenzene (phenylamine) from 
benzene. 

 
Chemical Knowledge (10 marks) 

Unique properties of benzene ring (3) 
－ the benzene ring with 3 double bonds is electron rich. The usual reactions are not 

electrophilic addition (like alkenes) because of the unusual stability of the ring- seen in the 

difference between calculated and measured heats of hydrogenation and combustion which 

is the resonance energy (approx. 154 KJ mol-1) 

 (Definition and formulae to explain resonance using correct arrows are expected.) 

－ Electrophilic substitution reactions being the common reactions. 

 Examples: with electrophiles 

  E.g. nitration, bromination, sulphonation. 

 This part should include 

 Unique chemical properties: 

 Reaction expected of C=C – Electrophilic Addition (1/2) 

 Reaction Found for C6H6 – examples (some detail req.) 

  – Ar Electrophilic substitution (1) 

 Explanation – resonance 

 Evidence (Energy: Difference between experimental and theoretical, bond length, heat of 

hydrogenation, heat of combustion) (1/2) 

 

Effective of benzene ring on Reaction o Functional groups max 4 

Some answers may refer to the benzene ring as a SINK for electrons. The following examples are 

due to the interaction of lose pairs of electrons on a hetero-atom with the benzene ring. The ring 

appears to the attract electrons: 

 Example: (max 11/2 mark for each example) 
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 Ph-NH2: less basic than NH2 or RNH2 (1/2) due to interaction of lone pair with ring. 

  Resonance structures: 

NH2 NH2+- ...
 

 Ph-OH: acidic (1/2) due to stability of Ph-O- ion (due to resonance; explain (1/2)), ROH 

is not acidic (1/2). 

 Ph-Cl: The Cl is very unreactive compared to HCl and won’t react with AgNO2 (due to 

stronger C-Cl bond – by lone pair interaction). 

 Other examples indicate the opposite: 

 The unusual stability of the Phenyldiazoniun ion NNPh ≡− + (1/2) compared with unstable 
alkyl type. These results in a coupling reaction (1/2) – only observed with aryl case: 

 

OH

PhNH2

OH
N N Ph

+
 

 

 

Accept other possible examples. 

[This part of the question requires more ability as the details required are not stated specifically like 

the other parts of the Q.hence 4 marks] 

 

Source: from crude oil (1/2) following by refining (distillation (1/2)). 

 OR destructive distillation of coal (1/2). 

 

Synthetic route of amino benzene 

 C6H6 conc.H  2SO  4/ conc.HNO  3 (1/2) PhNO2 (1/2) Sn/HCl (1/2) PhNH2 

 Remaining (1/2) marks given to more detailed answer to any of the above 4 sections (1/2).

 __________ 

  (10) 

 Chemistry of benzene derivatives (21/2 marks) 

 Phenol- substitution (1) max 

 Nitrobenzene- substitution and others (1) max 
 
AL95C5 Write an essay on hydrogen bonding. 
 
AL95C6 Write an essay on transition metal complexes, covering their stability, stereochemistry and 

the quantitative investigation of their stoichiometry. 
 
AL95C7 Write an essay on the synthesis and the uses of poly(alkenes). 
 Your essay should include a mechanism for the formation of poly(ethene) and the reasons 

why poly(alkenes) are widely used. 
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1995 AL Chemistry section C answers: 
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AL96C5 Write an essay on the structures of different types of solid, and the relationship between 
structure and physical properties of solids. 

 
5. Chemical Knowledge is divided into 6 core areas : (10 marks) 

  

Core area Description Max. Mark 

A Metals 3 

B Ionic lattices 3 

C Giant covalent structure 3 

D Molecule/atomic crystals 3 

E Other types of structure 2 

F Coordination number 1 

 

Breakdown of core areas 

 

A Metals 

(max. 3 marks) 

Describe metallic lattice structure (½ )  

Describe packing – cubic (½ ) 

                hexagonal (½ ) 

                bcc (½ ) 

                simple cubic (½ ) 

oct./tetrahedral hole description (½ ) 

3 properties related + explanation 3x½  = (1½ ) 

B Ionic 

(max. 3 marks) 

Describe ionic lattice structure (½ ) 

Describe packing – NaCl (½ ) 

                CsCl (½ ) or other 

3 properties related + explanation 3x½  = (1½ ) 

C Covalent giant 

(max. 3 marks) 

Describe structure (½ ) 

Examples – 2D (graphite) (½ ) 

          3D (diamond) (½ ) 

3 properties related + explanation 3x½  = (1½ ) 

D Atomic/Molecular/ 

Hydrogen-bonded 

Structure 

(max. 3 marks) 

Describe structure (½ ) 

Atomic/Molecular 

Examples e.g. I2/naphthalene/ice/Ar (½ ) up to (1½ ) 

Name and describe H-bonded structure (½ ) 

3 properties related + explanation 3x½  = (1½ ) 

E     Other Types of structure, such as: 

(max. 2 marks)  

 

Semiconductors         Describe structure (½ ) 

                      Give example (½ ) 

                      Relate to electrical properties (½ ) 
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 Superconductor        Describe structure (½ ) 

                      Give example (½ ) 

                                Relate to electrical properties (½ ) 

Disordered/defect structures      Describe structure (½ ) 

                      Give example (½ ) 

                          Relate to electrical properties (½ ) 

F Coordination number 

(max. 1 marks) 

Can be illustrated in A-E. Each correct description (½ ) 

Alternatively, could be related to properties. 

 

Notes on properties 

 

Nature of property must be explained in order to get ½  mark : 

 

e.g.     Why are molecular solids soft? 

        Ionic solids hard? 

        Ionic solids nonconductors? 

 

Physical properties include: 

 

(i) m.p. /b.p./ latent heat – these count as one 

(ii) hardness 

(iii) density 

(iv) electrical conductivity 

(v) magnetic properties (paramagnetic/diamagnetic) 

(vi) colour 
 
AL96C6 Write an essay on the group of elements carbon to lead, covering the trends in their 

physical properties as well as the trends in properties of their hydrides and oxides. 
 [OUT] 
 
6. Chemical Knowledge (10 marks) 
 
Introduction 
 
- elements in Group IV: carbon, silicon, germanium, tin, lead  

(Full name, allow only 1 spelling mistake) 
- outermost electronic configuration of elements ns2np2 
 
Trends in physical properties (should include 5 properties with elaboration/4 properties with elaboration + 2 
properties stated / 3 properties with elaboration + 4 properties stated) 
 
- effective nuclear charge on outermost electron increases down the group 
- atomic radius increases down the group 
- first ionization energy decreases down the group 
- metallic character increases down the group 
- hardness decreases down the group [reduced bond strength as size of atom (atomic volume) increases 

down the group] 
- discussion of the trend in electronegativity/ electropositivity 
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- discussion of the trend in boiling point and/ or melting point 
- discussion of the trend in enthalpies of fusion and/or atomization 
- discussion of the trend in density of element 
- discussion of the electrical conductivity of element [graphite: good, diamond: insulator; Si, Ge: 

semi-conducting; Sn: grey semi-conducting, white good; Pb: good] 
- effect of d-block and f-block contraction on the properties of Ge and Pb 
 
(Answers should include at least TWO cases of similarity and TWO cases of dissimilarity of the Group IV 
elements. Award ½  marks for each property mentioned and 1/2 marks for an 
explanation/elaboration/appropriate illustration.) 
 
Hydrides (should include 2 properties with elaboration/1property with elaboration + 2 properties stated) 
 
- general formulae : MnH2n+2 ( alkane, silane, germane, stannane, plumbane); for Si, Ge, n up to about 10, 

for Sn, n up to 2; for Pb, only PbH4 ( examples should include hydrides of 2 elements) 
- tendency to catenate decreases down the group (M-M bond energy decreases down the group)  
- alkanes thermodynamically unstable with respect to oxidation but stable w.r.t. dissociation and hydrolysis; 

silanes and others thermodybamically unstable w.r.t. dissociation, oxidation and hydrolysis (M-M bond 
energy decreases down the group more rapidly than the others such M-O) 

 
e.g.   Si2H6 → 2Si + 3H2    dissociation 
  2Si2H6 +7O2 → 4SiO2 + 6H2O  oxidation 
  Si2H6 + 4H2O →  2SiO2 + 7H2    hydrolysis 
 
- tendency to form M-M multiple bond decreases down the group 
 
(½  marks for each property mentioned and ½  marks for an explanation/elaboration/appropriate examples) 
 
Oxides (should include 2 properties with elaboration/1 property with elaboration + 2 properties stated) 
 
- C can form CO, CO2, C3O2 (carbon suboxide); Si forms only SiO2; Ge, Sn, Pb can form both MO and MO2 

(GeO is very unstable) 
- oxides of carbon are molecular (∴ has low m.p. and b.p.); SiO2 exists as covalent network,(4:2 

coordination) GeO2 can exist in both as covalent network (4:2 coordination) or ionic structure (6:3 
coordination); SnO2 and PbO2 are ionic (6:3 coordination)  

(i.e. ionic character of oxide increases) 
- stability of tetravalent oxides decreases down the group (PbO2 is a strong oxidizing agent; SnO2 a mild 

oxidizing agent; GeO2, SiO2 do not exhibit any oxidizing properties) 
           

heat 
PbO2              PbO + ½  O2 

- Descending the group, the basic property of the oxides increases 
e.g. CO2, SiO2, GeO2 are acidic 
    SnO2, PbO2 are amphoteric 

- The ionic and basic properties of the divalent oxides are more significant than those of the tetravalent 
oxides 
e.g. PbO and PbO2 

 
(½  marks for each property mentioned and ½  marks for an explanation/elaboration/appropriate examples) 
 

AL96C7 Write an essay on amino acids, polypeptides and proteins. 
 Your essay should include the properties of amino acids in aqueous solutions and a 

method of separation for a mixture of amino acids, as well as the constitution of 
polypeptides and proteins and their hydrolysis. 

 
7. A. Introduction 

structure of amino acid  

–structure of natural occurring amino acid: a-amino acid (0.5)/example(0.50 

-polypeptides/proteins are formed by (condensation of ) 20+ different amino acids (0.5) 
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-optical properties of amino acids(0.5) 

-acidic basic and neutral amino acids(0.5) 

B. Properties of amino acids/in aqueous solutions (4m) 

Acid-base properties(max.2 marks) 

-Formation of Zwitterion(0.5); a result of amino acids possessing both acidic and basic properties 

                         + 

H2NCHCOOH  H3N-CHCOO-   (1/2) 

   ｜                   ｜ 

   R                    R 

-meaning of isoelectric point (0.5) 

-cationic and anionic forms of amino acids + effect of pH on the relative concentrations of the two forms 

(0.5+0.5) 

Physical properties (max.1 mark) 

-reactions of NH2 group: reaction with HNO2 (0.5) 

-reactions of COOH group: esterification  (0.5) 

-formation of peptide linkage (0.5) 

C. Method of separation for a mixture of amino acids (2m) 

Separation of amino acids by paper chromatography/TLC (0.5) 

-outline of the experiment (0.5) 

-use of an appropriate solvent (0.5) 

-development of the spots using ninhydrin (0.5) 

-identification of amino acids by comparing Rf values (0.5) 

Separation of amino acids by electrophoresis (0.5) 

-using an electric field (0.5) 

-mention ion mobility (0.5) 

-use of ninhydrin (0.5) 

-pH adjustment (0.5) 

D. Constitution of polypeptides and proteins + their hydrolysis (3m) 

Constitution of proteins (2 marks) 

-polypeptides and proteins: condensation polymers of amino acids (0.5) 

-the peptide linkage (0.5) 

-relative molecular mass of polypeptide and protein (0.5) /distinction between amino acid/polypepetide/protein 

(0.5) 

-a-helix and β-sheet (0.5 +0.5) 

-secondary and tertiary structures of protein and their relationship with H bond (0.5+0.5) 

-fibrous and globular proteins + example (0.5+0.5) 

Hydrolysis of proteins (1 mark) 

-hydrolysis of proteins by H+ /enzyme + cleavage of peptide linkage (0.5+0.5)  

Organization (6 marks) (0.5 mark awarded) 

NOTE: the mark should be related to chemical knowledge. 
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Mark for C.K. Max. for Orgn 

10-9 

9-7 

7-5 

5-4 

3-2 

2-1 

0 

6 

5 

4 

3 

2 

1 

0 

General Guidelines for Organization  

(i) The essay should be clearly ORANIZED, with suitable DIVISIONS, PARAGRAPHS SND SUB-HEADINGS. 

These should be clear to the reader. 2 

(ii) terms must be clearly defined 1 

(iii) The essay should be LOGICALLY organized. It must not be a list of facts. 1 

(iv) No irrelevant/wrong material. 1 

(v) No error in labels of diagrams, spelling etc. 1 

Presentation (4 marks) 

This mark is awarded for the ability to PRESENT the organized Chemical Knowledge in a suitable, meaningful 

and readable form. 

NOTE: Marks awarded should be related to Chemical Knowledge. 

Mark for C.K. Max. for presentation 

10-8 

7-6 

5-4 

<3 

4 

3 

2 

1 

The followings are looked for : 

EQUATIOS, DIAGRAMS AND EXAMPLES ENGLISH  1-2 

this mark is for the ability to express clearly in English  2-3 
 
AL97C9 Write an essay on the variation in properties of the Group II elements and their compounds. 
 
A. Introduction max.1 

 - Group II elements: beryllium, magnesium, calcium, strontium, barium (0.5) 

 - Outermost electronic configuration of elements: ns 2 (0.5) 

 

B. Variation in atomic/physical properties of elements max.4 

 - Atomic (ionic) radius increases down the group 

 - First ionization energy/sum of 1st and 2nd I.E. decreases down the group 

 - Enthalpy change of fusion/enthalpy change of atomization decrease down the group 

 - Metallic character increases down the group 

 - Hardness decreases down the group 
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 - Electronegativity decrease down the group/Eelectropositivity increases down the group 

 - Electrical conductivity increases down the group 

 - Variation of melting point/boiling boiling point down the group 

 - Variation of density down the group 

 - Variation of standard reduction potential of metals 

 - Variation in solid state structure of the elements 

(Award 1/2 marks for each property mentioned and 1/2 marks for an explanation / elaboration / appropriate 

illustration) 

 

C. Variation in chemical properties of elements max.2 

 - Tendency to form dipositive cation/ lose electron increases down the group 

 - Reactivity with water /non-metals e.g. H2, Cl2, O2 increases down the group 

 - Tendency of cation to form complex decreases down the group (excluding Be2+) 

 - Anion stabilization increases down the group 

 - tendency to form covalent bond decreases down the group/tendency to form ionic bond  

   increases down the group 

 - Only Mg can form ionic nitrides 

 - Anomalous behavior of first element (Be) 

 - Be (OH)2 / BeO is amphoteric 

(Award 1/2 marks for each property mentioned and 1/2 marks for an explanation / elaboration / appropriate 

illustration) 

 

D. Variation in properties of compounds (the metallic cations) max.2 

- For a given anion e.g. Cl- , lattice enthalpy increases (magnitude decreases) down the group 

 - Hydration enthalpy of cation increases (magnitude decreases) down the group 

 - Thermal stability of ionic compounds 

 For small anions e.g., F- , OH- , thermal stability decreases down the group 

 For large anions e.g., CO3
2- , NO3- thermal stability increases down the group 

 - Solubility of compounds in water 

 For small anions e.g., F- , OH- , solubility increase down the group 

 For large anions e.g., CrO4
2- , SO4

2- , PO4
3-, solubility decreases down the group 

 - Hydrolysis of cations: only small cations e.g., Be2+ will undergo hydrolysis 

 - Tendency to form hydrates decrease down the group (excluding Be) 

 - Basic properties of oxides/ hydroxides increase down the group 

 - Compounds of Group II elements in flame test 

 - Tendency to form peroxide/superoxide increases down the group 

(Award 1/2 marks for each property mentioned and 1/2 marks for an explanation / elaboration / appropriate 

illustration) 

 

E. Others max.1 
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 - Extraction of metals: by electrolysis, except Mg by carbon reduction pf oxide 

   MgO + C à Mg + CO 
 
AL97C10 Write an essay on the chemistry of amines 
 
A. Introduction 

 Primary amine RNH2 

 Secondary amine

R
N-H

R  

 Tertiary amine

NR
R"

R'

 

 Quaternary ammonium compound

N
R

R
R"

R'

 

X

+

 

  

 (This section could also include items listed under area D, such as nomenclature, uses etc. In such case, 

the item will carry some of the D marks) 

 

For areas B and C, i.e., preparation and reaction, award 1 mark for every complete reaction. A complete 

reaction should be more than “A+BàC” and include one of precise conditions, mechanism, uses, generality 

or some additional information. Repeated reaction should be marked only once.. 

 

B. Preparation 

 - From alkyl halides 

 (. . . 
R-Br R-NH2 + R2NH

 . . . . . . .) 

 - Reduction of nitro compounds 

 e.g. ( . . 

PhNO2
H2,Pt

PhNH2

PhNO2
Sn

CONC HCl
PhNH2

 . . . .. ) 

 - From amides 

 ( . . 
RCONH2

Br2/OH-
RNH2 . . . .) 

 - From nitriles 
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 ( . 
R-C N

LiAlH4 RCH2NH2 . . . . . ) 

 

C. Reaction 

 - Alkylation 

 

R-NH2
R'Br

N
R

H

R'

BrH+
 

(mechanism of nucleophilic substitution) 

 

-Acylation(reaction with acyl halide/ acid anhydride) 

R-NH2
CH3COCl

R-NH-C-CH3  
-condensation with ketone and aldehyde 

R-NH2 O
NHR OH2+ +

 
salt formation with acids 

 

R-NH2 + H+ R-NH3+  

-special reactions of aromatic amines 

e.g with nitric acid / diazocoupling 

PhNH2 HNO2

<5
PhN2+

OH OH
N

N Ph

 
 

D. Others (max. mark for each item = 1.5; normally 1 marks is expected.) 

 - Production of useful compounds to man (dyes, amino acids, proteins) 

 - Drugs based on amines 

 - Strength of bases 

 - Nomenclature 

 - Solubility 

 - Hydrogen bond, m.p. & b.p. 

 - Separation 
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AL98C9 Write an essay on the possible boiling point-composition relationships of a mixture of two 
miscible liquids. 

 
9. Chemical knowledge (10 marks) 

A. Ideal solutions / Solutions closed to ideal behaviour max. 3m 
l B.p.- composition curve (1m) 

 
l Attraction force between A & B is the same as the average between A & A and B & B (1/2m) 
l Example: hexane / cyclohexane (1/2m) 
l Brief discussion of Raoult’s law (1/2m + 1/2m) 
l The mixture can be separated by fractional distillation (1/2m) 

B. Non-ideal solutions max. 5m 
I. Positive deviation from Raoult’s Law 
l B.p. – composition curve ( below is an extreme case ) (1/2m) 

l Attraction force between A & B is weaker than the average between A & A and B & B ∴molecules in the 
mixture have a greater chance to escape as compared to the pure liquids, hence higher vapour 
pressure (1/2m + 1/2m) 

l Example: hexane and ethanol (1/2m + 1/2m) 
( Explanation of the b.p.-composition relationship of the mixture. In this case, attraction between 
ethanol molecules is strong H-bond, attraction between hexane is weak van der Waal’s forces. Mixing 
of the two liquids involves breaking of strong H-bond ∴b.p. of mixture is lower than that expected from 
the Raoult’s law) 

l For mixture with minimum b.p., complete separation of A and B from the mixture using fractional 
distillation is not possible. 
( Explanation of the occurrence of azeotrope using the boiling point-composition curve.) (1/2m + 
1/2m ) 
e.g. absolute (100%) ethanol cannot be isolated by fractional distillation of aqueous ethanol ( an 
azeotrope is obtained instead ) 
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II. Negative deviation from Raoult’s law 

l B.p. – composition curve ( below is an extreme case ) (1/2m) 
 
l Attraction force between A & B is stronger than the average between A & A and B & B ∴molecules in the 

mixture have a smaller chance to escape as compared to the pure liquids, hence lower vapour 
pressure (1/2m + 1/2m) 

l  Example: CHCl3 and CH3CO2C2H5 (1/2m + 1/2m) 
( Explanation of the b.p.-composition relationship of the mixture. In this case, attraction between 
CHCl3 and CH3CO2C2H5 molecules is strong H-bond which is stronger than that between 
CH3CO2C2H5 (dipole-dipole attraction).∴b.p. of mixture is higher than that expected from the Raoult’s 
law) 

 
 

l For mixture with maximum b.p., complete separation of A and B from the mixture using 
fractional distillation of the mixture is not possible.(1/2m + 1/2m) 
( Explanation of the occurrence of azeotrope using the boiling point-composition curve.) 

 
C. Others max 3m 
l Experimental determination of the b.p.-composition relationship of miscible liquid (2m) 
 

 
l B.p.-composition curve are obtained under constant pressure (1/2m) 
l Discussion of tie-lines in the curves / theoretical plates in fractional distillation. (1/2m + 1/2m) 
l Industrial application of the technique of fractional distillation, e.g. fractional distillation of air / oil refinery 

(1/2m) 
 
Organization ( 6 marks ) 
NOTE: The mark should be related to chemical knowledge. 
General guidelines for Organization: 

Mark for chemical knowledge Maximum for organization 
10 – 9 6 
9 – 7 5 
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7 – 5 4 
5 – 4 3 
3 – 2 2 
2 – 1 1 

0 0 
(vi) The essay should be clearly ORGANIZED, with suitable DIVISION, PARAGRAPHS AND 

SUB-HEADINGS. 
These should be clear to the reader 

(vii) Terms must be clearly defined. 
(viii) The essay should be LOGICALLY organized. It must not be a list of facts. 
(ix) The essay should be not contained a lot of irrelevant / superfluous material. 
 
Presentation ( 4 marks ) 
This mark is awarded for the ability to PRESENT the organized Chemical Knowledge in a suitable, meaningful 
and readable form. 
NOTE: Marks awarded should be related to Chemical Knowledge. 

Marks for chemical knowledge Max. for presentation 
10 – 8 4 
7 – 6 3 
5 – 4 2 
< 3 1 

The followings are looked for: 
EQUATIONS, DIAGRAMS AND EXAMPLES. [1 – 2m] 
ENGLISH This mark is for the ability to express clearly in English [2 – 3 m] 
 
AL98C10 Write an essay on the compound, CH3CH(NH2)CO2H. 
 Your essay should include such topics as it expected chemical reactions and physical 

properties, and how the compound may be obtained from natural sources. 
 
10. Chemical knowledge ( 10 mark ) 

A. Introduction max. 1m 
l Name of the compound : alanine or 2-aminopropanoic acid 
l Comments about the functional groups present : amino group and a carboxylic acid group 
B. Chemical reactions max. 4m 
(Award 1/2m for each simple reaction or statement for a reaction and 1m for a complete reaction which 
should include one of : precise conditions , mechanism, uses, stereochemistry etc.) 
 

Reactions of –CO  2H (max. 2.5m) R =  
l With NaOH, Na2CO3 etc.: salt formation for RCO2

-Na+ 
l With SOCl2 or PCl5: formation of RCOCl 
l With CH3OH / H+ : formation of ester e.g. RCO2CH3 
l Amide formation, e.g. RCO2NH2 or RCO2NHCH3 

   Reaction of –NH  2 ( max. 2.5m) R’ =  
l With HCl etc. : salt formation R’-NH3

+Cl- 
l With NaNO2 / HCl at 0OC : formation of CH3CH(OH)CO2H 
l Amide formation : reaction with RCOCl or (RCO)2O to form 

 
l Reaction with CH3I : formation of R’-NHCH3, etc. 

  Physical Properties and structures max. 2.5m 
l Optical activity possibility; racemate possibility (1m) 
l Exists in the form in Zwitterion – an internal salt ( high m.p.) (1m) 
l Colourless (1/2m) 
l Correctly drawn 3D structure (1/2m) 
l Solubility (1/2m) 
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C. Isolation from proteins etc. max. 2.5m 
l Natural form:  

 
l Hydrolysis produces a mixture of α-amino acids + some mechanisms (1m) 
l Separation by paper chromatography / electrophoresis to give CH3CH(NH2)CO2H + 

description of the experiment (1m) 
 
D. Others max 2m 
l Synthesis: (a) Ammonolysis of 2-chloropropanoic acid (1m) 

               (b) Strecker synthesis (1m) 
l Uses : Pharmaceutical industry (1/2m) 
         Food additive (1/2m) 

 
AL99C9 Write an essay on nitric(V) acid. 
 
 Chemical knowledge (10 marks) 
 A. Introduction  Max. 1 
  Structure: (max. 1 mark) 
 
  
 - bonding in HNO3, bond lengths, bond angle, resonance 

 or Physical properties (max. 1 mark) 
  - Pure HNO3 is a colourless liquid 
  - Brown colour of conc. HNO3 is due to the presence of dissolved NO2 
  - Usually stored in brown bottles to prevent photodecomposition 
  - Corrosive nature and other hazards associated with HNO3 
 
 
 B. Manufacture/ preparation of HNO3 Max. 3 
  Manufacture of HNO3 (max. 2.5 marks) 

  4NH3  +  5O2   → C900Pt/Rh  0

  4NO  +  6H2O 
  2NO  +  O2  →  2NO2 
  4NO2  +  O2  +  2H2O  →  4HNO3 

  (1.5 marks for giving 3 correct equations;  1 mark for giving further details about the process, 
e.g. temperature, pressure, catalyst, absorption of NO2, treatment of waste gases; 0.5 mark 
can be awarded for giving the starting material for the manufacture of HNO3, i.e. synthesis of 
NH3 from N2 and H2 using the Haber process.) 

  Laboratory preparation (max. 1 mark) 
  - warming inorganic nitrate with conc. H2SO4 
   NO3

−  +  H2SO4  →  HSO4
−  +  HNO3 

  Others (max. 1 mark) 
  - HNO3 forms a constant boiling mixture with H2O (containing 68% by mass of HNO3).  

Pure HNO3 cannot be obtained by fractional distillation. 
  - Pure HNO3 can be obtained by distillation of constant boiling HNO3 with P2O5. 
 
 
 C. Chemical properties of HNO3 
  As an acid (max. 1 mark) 
  - Dilute HNO3 acts as an acid, e.g. reaction with alkalis, carbonates, hydrogencarbonates 

and metals. 

  As an oxidizing agent (max. 3 marks) 
  - reaction with metals; with dilute HNO3, NO is the predominate product; with conc. HNO3, 

it is NO2 
   e.g.  3Cu  +  8HNO3(50%)   →  3Cu2+  +  6NO3

−  +  4H2O  +  2NO 

O
N O

O

H
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    Cu   +   4HNO3(conc.)  →  Cu2+  +  2NO3
−  +  2H2O  +  2NO2 

   (N2O can be produced with very dilute HNO3 
   e.g. 4Zn  +  10HNO3   →  4Zn2+  +  8NO3

−  +  5H2O  +  N2O 

  - reaction with non-metals: S & P are oxidized to their highest oxidation state 
   e.g. S  +  6HNO3  →  H2SO4  +  6NO2  +  2H2O 
     P  +  5HNO3  →  H3PO4  +  5NO2  +  H2O 

  - reaction with compounds 
   e.g 3H2S  +  2HNO3  →  4H2O  +  2NO  +   3S 
     3HCl  +  HNO3   →  Cl2  +  NOCl  +  2H2O 

  Others:  Aqua regia (HCl & HNO3 in 3 : 1 ratio) is capable of dissolving Au & Pt. 

  (Award 1.5 marks for the reaction of HNO3 with 3 types of substances and 1 mark for 
elaboration, e.g. change in oxidation state) 

  Other reactions (max. 1 mark) 
  - nitration mixture (mixture of c.HNO3 & c.H2SO4) 
 
 
 
 
   (NO2

+ ion as the electrophile) 
 
 
 D. Other aspects of HNO3 Max. 3 
  Application (max. 2 marks) 
  - manufacture of nitrogenous fertilizer, e.g. NaNO3 & NH4NO3… etc. 
  - manufacture of explosives, e.g. glyceryl trinitrate, TNT, etc. 
  - manufacture of dyes 
  - treatment of metals (e.g. Fe) can produce a film of oxide which makes the metal passive. 
  (Award 0.5 mark for each application, 0.5 mark for a description of the application.) 
 
  HNO3 and acid rain (max. 1 mark) 
  (0.5 mark for a description of the formation of acid rain related to HNO3 and 0.5 mark for 

damages caused by acid rain.) 
 
 Organization (max. 6 marks) 

- logically organized 
- proper paragraphs with headings / sub-headings 
- no irrelevant material 
- no contradicting concepts 
 

 Presentation (max. 4 marks) 
- with proper equations (−1 if insufficient equations) 
- proper English / spelling  (−1 for poor English / frequent wrong spelling) 
- essay not in note form (−1 if in note form) 

 
AL9910 Write an essay on the principles and techniques of food preservation. 
 
Chemical Knowledge (10 marks) 

A. Food spoilage (max. 2) 

Causes of food spoilage 

- micro-organisms (e.g. clostridium botulinum) may cause food poisoning 

- enzymatic reactions (e.g. browning of apples) 

- chemical reactions (e.g. hydrolytic and oxidative rancidity of fats and oils) 

(For each points; award 1/2 marks for the cause; 1/2 marks for the elaboration. A bonus mark of 1/2 can be 

NO2
conc.HNO3
conc.H2SO4
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awarded to a correct chemical equation to illustrate spoilage of food) 

B. Principles and Techniques of food preservation (max. 8) 

(3 marks for core areas; 5 for options.) 

 

Core marks (3) 

Use of chemical additives: adding chemicals/substances which have antimicrobial properties (1/2) 

- use of nitrate(NO2
-) or nitrate(NO3

-) in metal/ benzoic acid in bread (1/2) 

- addition of BHT/BHA to prevent oxidative rancidity of oils (1/2) 

(Bonus marks: 1/2 for a chemical equation to show the action of BHT/BHA, 1/2 for a description in 

terms of the provision of H-atom to free hydroperoxide radical to stop the chain reaction.) 

- addition of SO2 to prevent oxidation of wine (1/2 + 1/2) 

 

Options (max.5)  

- removal of moisture: micro-organisms die in the absence of water(1/2); 

- increase temperature to kill bacteria e.g. UHT treatment of milk (1/2 for the method + 1/2 for example); 

- lower temperature: to slow down the rate of reaction which causes food spoilage e.g. freezing of 

meat (1/2 for the method + 1/2 for example) 

- changing in pH: micro-organisms cannot survive/enzymes denature e.g. prickling of vegetables (1/2 

for the method + 1/2 for example) 

- use of osmotic process: removal of water from microbial cells e.g. salting fish (1/2 for the method + 1/2 

for example) 

- irradiating food to ionizing radiation e.g. expose fruits (peaches, strawberries) fast electrons from a 

high voltage or γ-rays form a cobalt-60 source (1/2 for the method + 1/2 for example) 

- canning to keep away from oxygen + appropriate example (1/2 for the method + 1/2 for example) 

C. Others (max. 11/2) 

- importance of food preservation: health and economic reasons (1/2 + 1/2) 
- adverse side-effect of the use of food additives, e.g. NaNO2 as a potential carcinogen, change in 

texture of food due to freezing/heat treatment/dehydration 
 
 
AL00C9 Write an essay on catalysis and catalytic reactions. 
 

 Chemical Knowldege (10 marks): 
B. Catalysis  

• Meaning of positive and negative catalysis(0.5+0.5) 

• Meaning of homogeneous and heterogeneous catalysts(0.5+0.5)energy profile of a catalytic 

reaction with indication of a reaction pathway with lower activation energy(1) 

• A small amount of catalyst  can increase the rate of reaction to a great extent(0.5) 

• Regeneration of catalyst at the end of reaction 

• Catalyst has no effect on the position of equilibrium of reversible reactions(0.5) 

• Specificity of catalyst(0.5) 

• Catalyst promoter/catalyst poison(0.5) 



 AL Chemistry – Essay – page 61 

C. Heterogeneous 

• Two examples of heterogenous catalysts+elaboration(2)[equation and a brief description of a 

reaction involved.] 

• Action of heterogeneous catalyst :the catalyst provides an alternative pathway with a lower 

activation energy (1)/catalyst can provide a low lying vacant orbital to form bonds with 

reactants(0.5) 

• Effectiveness of catalyst depends on the surface area /active sites/adsorption theory(0.5) 

D. Homogeneous 

• One example of homogeneous catalysis +elaboration(1)[Equation and a brief description of 

the reaction involved] 

• Transition metal ions as homogeneous catalysis(Variable oxidation states) 

E. Other 

• Autocatalysis: definition+examples(0.5+0.5) 

• Enzymatic reactions in biological systems: example +description of the 

process(0.5+0.5)/enzymes in detergents(0.5) 

• Economic implications: reduce cost +shorten time (0.5+0.5) 

• Catalytic converter: reactants and products+one of the catalysts 
 
AL0010 Write an essay on the chemistry of aromatic hydrocarbons. 

 
 Chemical Knowledge (10 marks): 

B. Introduction 

• Meaning of aromaticity : fragrant,4n+2 rule(0.5) 

• One examples of aromatic hydrocarbons :toluene, naphtalene .xylenes, anthracene etc.[0.5 

for the correct structure+0.5 for the correct name] 

• Uses: nitration in the manufacture of drugs and dyes/sulphonation in the manufacture of 

drugs and detergents(0.5) 

C. Structure of benzene and evidence of aromaticity  

• Enthalpy change of hydrogenation :that of benzene(-209Kjper mole)is less negative than that of 

non-conjugates trienes(-363KJ per mole )+suitable energy level diagram (1) 

• Bond length :C-C in benzene(0.139nm) is between that of single C-C bond(0.154nm) and that of C=C 

(0.314nm)/all C-C lengths in benzene are equal /bond order if C_C bond in benzene=1.5(0.5) 

• Seldom undergoes addition reactions,e.g does not react with Br2(0.5) 

• Structure of benzene :sp2hydridization of carbon atoms, a planar six-membered ring,delocalized 

π-electron cloud, bond angle between C-C-C =120,resonance structures of benzene(1.5) 

D. Electrophilic substitution 

• Electrophilic substitution:nitration,halogenation,sulphonation,Friedel-Crafts alkylation and acylation(at 

least two reactions should be given). (1.5+1.5)[for each reaction :award0.5 marks for the name of the 

reaction and 1 mark for a balanced equation with correct reagents and reaction conditions] 

E. Other reaction 

• Oxidation of aliphatic side chain 
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e.g. 

MnO4-

H3O+

CO2H

 

Or, oxidation of p-xylene to give benzene-1,4-dicarboxylic acid 

• Substitution of aliphatic side chains 

e.g

Cl2
CH2Cl

 

• Polymerization of styrene to poly(styrene) 

• Reaction of benzene with Raney Ni to give cyclohexane[For each reaction :award 0.5marks for the 

name of the reaction and 0.5 marks for the equation] 

F. Other 

• Historical development of the structure of benzene: the Kekule story, the Dewar structures(0.5) 

• Isomerism of polysubstituted aromatic hydrocarbons(0.5) 

• Toxicity/carcinogenic nature of aromatic hydrocarbons(0.5) 

• Sources of aromatic hydrocarbons: fractional distillation of coal tar/reforming of petroleum fractions 

• π-electron cloud in benzene ring acts as a source of electron(0.5) 


