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DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�ĐŚĞŵŝƐƚƌǇ

This module acts as an important bridge into AS and 
A Level Chemistry from the study of chemistry within 
ƐĐŝĞŶĐĞ�ĐŽƵƌƐĞƐ�Ăƚ�'�^��ůĞǀĞů͘

This module provides learners with a knowledge and 
understanding of the important chemical ideas that 
underpin the study of A Level Chemistry:

 � atomic structure

 � ƋƵĂŶƟƚĂƟǀĞ�ĐŚĞŵŝƐƚƌǇ͗�ĨŽƌŵƵůĂĞ͕�ĞƋƵĂƟŽŶƐ͕�
amount of substance and the mole

 � ƌĞĂĐƟŽŶƐ�ŽĨ�ĂĐŝĚƐ

 � ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ�ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ

 � bonding and structure.

The importance of these basic chemical concepts 
is seen as a prerequisite for all further chemistry 
modules, and it is recommended that this module 
ƐŚŽƵůĚ�ďĞ�ƐƚƵĚŝĞĚ�ĮƌƐƚ�ĚƵƌŝŶŐ�ƚŚŝƐ�ĐŽƵƌƐĞ͘

This module allows learners to develop important 
ƋƵĂŶƟƚĂƟǀĞ�ƚĞĐŚŶŝƋƵĞƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ŵĞĂƐƵƌŝŶŐ�ŵĂƐƐĞƐ͕�
ŐĂƐ�ĂŶĚ�ƐŽůƵƟŽŶ�ǀŽůƵŵĞƐ͕�ŝŶĐůƵĚŝŶŐ�ƵƐĞ�ŽĨ�ǀŽůƵŵĞƚƌŝĐ�
apparatus.

>ĞĂƌŶĞƌƐ�ĂƌĞ�ĂůƐŽ�ĂďůĞ�ƚŽ�ĚĞǀĞůŽƉ�ƚŚĞŝƌ�ŵĂƚŚĞŵĂƟĐĂů�
skills during their study of amount of substance and 
ǁŚĞŶ�ĐĂƌƌǇŝŶŐ�ŽƵƚ�ƋƵĂŶƟƚĂƟǀĞ�ƉƌĂĐƟĐĂů�ǁŽƌŬ͘

Ϯ͘ϭ��ƚŽŵƐ�ĂŶĚ�ƌĞĂĐƟŽŶƐ

dŚŝƐ�ƐĞĐƟŽŶ�ďƵŝůĚƐ�ĚŝƌĞĐƚůǇ�ĨƌŽŵ�'�^��^ĐŝĞŶĐĞ͕�ƐƚĂƌƟŶŐ�
with basic atomic structure and isotopes. 

/ŵƉŽƌƚĂŶƚ�ďĂƐŝĐ�ĐŚĞŵŝĐĂů�ƐŬŝůůƐ�ĂƌĞ�ĚĞǀĞůŽƉĞĚ͗�ǁƌŝƟŶŐ�
ĐŚĞŵŝĐĂů�ĨŽƌŵƵůĂĞ͕�ĐŽŶƐƚƌƵĐƟŶŐ�ĞƋƵĂƟŽŶƐ�ĂŶĚ�
ĐĂůĐƵůĂƟŶŐ�ĐŚĞŵŝĐĂů�ƋƵĂŶƟƟĞƐ�ƵƐŝŶŐ�ƚŚĞ�ĐŽŶĐĞƉƚ�ŽĨ�
amount of substance. 

The role of acids, bases and salts in chemistry is 
ĚĞǀĞůŽƉĞĚ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ŶĞƵƚƌĂůŝƐĂƟŽŶ�ƌĞĂĐƟŽŶƐ͘�

&ŝŶĂůůǇ͕ �ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ĂƌĞ�ƐƚƵĚŝĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�
ŽĨ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ�ĂŶĚ�ĞůĞĐƚƌŽŶ�ƚƌĂŶƐĨĞƌ͘

Ϯ͘ϭ͘ϭ��ƚŽŵŝĐ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ŝƐŽƚŽƉĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ƚŽŵŝĐ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ŝƐŽƚŽƉĞƐ

(a) isotopes as atoms of the same element with 
ĚŝīĞƌĞŶƚ�ŶƵŵďĞƌƐ�ŽĨ�ŶĞƵƚƌŽŶƐ�ĂŶĚ�ĚŝīĞƌĞŶƚ�
masses

(b) atomic structure in terms of the numbers of 
protons, neutrons and electrons for atoms and 
ions, given the atomic number, mass number and 
any ionic charge

,^tϭ��ŝīĞƌĞŶƚ�ŵŽĚĞůƐ�ĨŽƌ�ĂƚŽŵŝĐ�ƐƚƌƵĐƚƵƌĞ�ĐĂŶ�ďĞ�
ƵƐĞĚ�ƚŽ�ĞǆƉůĂŝŶ�ĚŝīĞƌĞŶƚ�ƉŚĞŶŽŵĞŶĂ͕�Ğ͘Ő͘�ƚŚĞ��ŽŚƌ�
ŵŽĚĞů�ĞǆƉůĂŝŶƐ�ƉĞƌŝŽĚŝĐ�ƉƌŽƉĞƌƟĞƐ͘

HSW7 The changing accepted models of atomic 
ƐƚƌƵĐƚƵƌĞ�ŽǀĞƌ�ƟŵĞ͘�dŚĞ�ƵƐĞ�ŽĨ�ĞǀŝĚĞŶĐĞ�ƚŽ�ĂĐĐĞƉƚ�
Žƌ�ƌĞũĞĐƚ�ƉĂƌƟĐƵůĂƌ�ŵŽĚĞůƐ͘
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ZĞůĂƟǀĞ�ŵĂƐƐ

(c) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ�ƌĞůĂƟǀĞ�ŝƐŽƚŽƉŝĐ�ŵĂƐƐ 
(mass compared with 1/12th mass of carbon-12) 
and ƌĞůĂƟǀĞ�ĂƚŽŵŝĐ�ŵĂƐƐ (weighted mean mass 
compared with 1/12th mass of carbon-12), based 
on the mass of a 12C atom, the standard for 
atomic masses

�ĞĮŶŝƟŽŶƐ�ƌĞƋƵŝƌĞĚ͘

(d) use of mass spectrometry in: 
(i) ƚŚĞ�ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƌĞůĂƟǀĞ�ŝƐŽƚŽƉŝĐ�

ŵĂƐƐĞƐ�ĂŶĚ�ƌĞůĂƟǀĞ�ĂďƵŶĚĂŶĐĞƐ�ŽĨ�ƚŚĞ�
isotope,

(ii) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ƌĞůĂƟǀĞ�ĂƚŽŵŝĐ�ŵĂƐƐ�ŽĨ�ĂŶ�
ĞůĞŵĞŶƚ�ĨƌŽŵ�ƚŚĞ�ƌĞůĂƟǀĞ�ĂďƵŶĚĂŶĐĞƐ�ŽĨ�ŝƚƐ�
isotopes

M0.2, M1.2, M3.1

Knowledge of the mass spectrometer not required.

Limited to ions with single charges.

(e) use of the terms ƌĞůĂƟǀĞ�ŵŽůĞĐƵůĂƌ�ŵĂƐƐ, Mr, and 
ƌĞůĂƟǀĞ�ĨŽƌŵƵůĂ�ŵĂƐƐ�ĂŶĚ�ƚŚĞŝƌ�ĐĂůĐƵůĂƟŽŶ�ĨƌŽŵ�
ƌĞůĂƟǀĞ�ĂƚŽŵŝĐ�ŵĂƐƐĞƐ͘

For simple molecules, the term ƌĞůĂƟǀĞ�ŵŽůĞĐƵůĂƌ�
mass will be used.

For compounds with giant structures, the term 
ƌĞůĂƟǀĞ�ĨŽƌŵƵůĂ�ŵĂƐƐ will be used.

�ĞĮŶŝƟŽŶƐ�ŽĨ�ƌĞůĂƟǀĞ�ŵŽůĞĐƵůĂƌ�ŵĂƐƐ�ĂŶĚ�ƌĞůĂƟǀĞ�
formula mass will not be required.

Ϯ͘ϭ͘Ϯ��ŽŵƉŽƵŶĚƐ͕�ĨŽƌŵƵůĂĞ�ĂŶĚ�ĞƋƵĂƟŽŶƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

&ŽƌŵƵůĂĞ�ĂŶĚ�ĞƋƵĂƟŽŶƐ

(a) ƚŚĞ�ǁƌŝƟŶŐ�ŽĨ�ĨŽƌŵƵůĂĞ�ŽĨ�ŝŽŶŝĐ�ĐŽŵƉŽƵŶĚƐ�ĨƌŽŵ�
ionic charges, including:
(i) ƉƌĞĚŝĐƟŽŶ�ŽĨ�ŝŽŶŝĐ�ĐŚĂƌŐĞ�ĨƌŽŵ�ƚŚĞ�ƉŽƐŝƟŽŶ�

of an element in the periodic table
(ii) recall of the names and formulae for the 

ĨŽůůŽǁŝŶŐ�ŝŽŶƐ͗�EK3
–, CO3

2–, SO4
2–, OH–, 

E,4
+, Zn2+ and Ag+

EŽƚĞ�ƚŚĂƚ�͚ŶŝƚƌĂƚĞ͛�ĂŶĚ�͚ƐƵůĨĂƚĞ͛�ƐŚŽƵůĚ�ďĞ�ĂƐƐƵŵĞĚ�
ƚŽ�ďĞ�EK3

– and SO4
2–. 

Charges on ions other than in (i) and (ii) will be 
provided.

(b) ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�ďĂůĂŶĐĞĚ�ĐŚĞŵŝĐĂů�ĞƋƵĂƟŽŶƐ�
;ŝŶĐůƵĚŝŶŐ�ŝŽŶŝĐ�ĞƋƵĂƟŽŶƐͿ͕�ŝŶĐůƵĚŝŶŐ�ƐƚĂƚĞ�
ƐǇŵďŽůƐ͕�ĨŽƌ�ƌĞĂĐƟŽŶƐ�ƐƚƵĚŝĞĚ�ĂŶĚ�ĨŽƌ�ƵŶĨĂŵŝůŝĂƌ�
ƌĞĂĐƟŽŶƐ�ŐŝǀĞŶ�ĂƉƉƌŽƉƌŝĂƚĞ�ŝŶĨŽƌŵĂƟŽŶ͘

M0.2
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Ϯ͘ϭ͘ϯ��ŵŽƵŶƚ�ŽĨ�ƐƵďƐƚĂŶĐĞ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

The mole

(a) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗
(i) amount of substance
(ii) mole (symbol ‘mol’), as the unit for amount 

of substance
(iii) the Avogadro constant, NA (the number of 

ƉĂƌƟĐůĞƐ�ƉĞƌ�ŵŽůĞ͕�ϲ͘ϬϮ�п�ϭϬ23 mol–1)
(iv) molar mass (mass per mole, units g mol–1),
(v) molar gas volume (gas volume per mole, 

units dm3 mol–1)

M0.0, M0.1, M0.2, M0.4

Amount of substance will be used in exams using the 
formula of the substance,  
Ğ͘Ő͘�ĂŵŽƵŶƚ�ŽĨ�EĂ�l; amount of O2.

The value for NA and the molar gas volume at RTP 
are provided on the Data Sheet.

�ĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ĨŽƌŵƵůĂĞ

(b) use of the terms:
(i) empirical formula (the simplest whole 

ŶƵŵďĞƌ�ƌĂƟŽ�ŽĨ�ĂƚŽŵƐ�ŽĨ�ĞĂĐŚ�ĞůĞŵĞŶƚ�
present in a compound)

(ii) molecular formula (the number and type of 
atoms of each element in a molecule)

�ĞĮŶŝƟŽŶƐ not required.

(c) ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�ĞŵƉŝƌŝĐĂů�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ĨŽƌŵƵůĂĞ͕�
ĨƌŽŵ�ĐŽŵƉŽƐŝƟŽŶ�ďǇ�ŵĂƐƐ�Žƌ�ƉĞƌĐĞŶƚĂŐĞ�
ĐŽŵƉŽƐŝƟŽŶƐ�ďǇ�ŵĂƐƐ�ĂŶĚ�ƌĞůĂƟǀĞ�ŵŽůĞĐƵůĂƌ�
mass

M0.2, M2.2, M2.3, M2.4

dŽ�ŝŶĐůƵĚĞ�ĐĂůĐƵůĂƟŶŐ�ĞŵƉŝƌŝĐĂů�ĨŽƌŵƵůĂĞ�ĨƌŽŵ�
elemental analysis data (see also 6.3.2 e). 

(d) the terms anhydrous, hydrated and water of 
ĐƌǇƐƚĂůůŝƐĂƟŽŶ�ĂŶĚ�ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ĨŽƌŵƵůĂ�
of a hydrated salt from given percentage 
ĐŽŵƉŽƐŝƟŽŶ͕�ŵĂƐƐ�ĐŽŵƉŽƐŝƟŽŶ�Žƌ�ďĂƐĞĚ�ŽŶ�
experimental results

M0.2, M2.2, M2.3, M2.4

PAG1

�ĂůĐƵůĂƟŽŶ�ŽĨ�ƌĞĂĐƟŶŐ�ŵĂƐƐĞƐ͕�ŐĂƐ�ǀŽůƵŵĞƐ�ĂŶĚ�ŵŽůĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�

(e) ĐĂůĐƵůĂƟŽŶƐ͕�ƵƐŝŶŐ�ĂŵŽƵŶƚ�ŽĨ�ƐƵďƐƚĂŶĐĞ�ŝŶ�ŵŽů͕�
involving:
(i) mass
(ii) gas volume
(iii) ƐŽůƵƟŽŶ�ǀŽůƵŵĞ�ĂŶĚ�ĐŽŶĐĞŶƚƌĂƟŽŶ

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4

>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ĞǆƉƌĞƐƐ�ĐŽŶĐĞŶƚƌĂƟŽŶ�
in mol dm–3 and g dm–3.

(f) ƚŚĞ�ŝĚĞĂů�ŐĂƐ�ĞƋƵĂƟŽŶ͗ 
 pV = nRT

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4

The value for R is provided on the Data Sheet. 
>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ĞǆƉƌĞƐƐ�ƋƵĂŶƟƟĞƐ�ŝŶ� 
SI units.

;ŐͿ ƵƐĞ�ŽĨ�ƐƚŽŝĐŚŝŽŵĞƚƌŝĐ�ƌĞůĂƟŽŶƐŚŝƉƐ�ŝŶ�ĐĂůĐƵůĂƟŽŶƐ M0.2
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WĞƌĐĞŶƚĂŐĞ�ǇŝĞůĚƐ�ĂŶĚ�ĂƚŽŵ�ĞĐŽŶŽŵǇ�

(h) ĐĂůĐƵůĂƟŽŶƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ͗
(i) ƚŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ǇŝĞůĚ�ŽĨ�Ă�ƌĞĂĐƟŽŶ�Žƌ�ƌĞůĂƚĞĚ�

ƋƵĂŶƟƟĞƐ
(ii) ƚŚĞ�ĂƚŽŵ�ĞĐŽŶŽŵǇ�ŽĨ�Ă�ƌĞĂĐƟŽŶ

M0.2, M1.1, M2.2, M2.3, M2.4

(i) the techniques and procedures required during 
experiments requiring the measurement of mass, 
ǀŽůƵŵĞƐ�ŽĨ�ƐŽůƵƟŽŶƐ�ĂŶĚ�ŐĂƐ�ǀŽůƵŵĞƐ

PAG1 
,^tϰ�DĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�
ĂŶĚ�ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(j) ƚŚĞ�ďĞŶĞĮƚƐ�ĨŽƌ�ƐƵƐƚĂŝŶĂďŝůŝƚǇ�ŽĨ�ĚĞǀĞůŽƉŝŶŐ�
chemical processes with a high atom economy.

HSW10 Use of processes with high atom economy in 
chemical industry and other areas.

2.1.4 Acids
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ĐŝĚƐ͕�ďĂƐĞƐ͕�ĂůŬĂůŝƐ�ĂŶĚ�ŶĞƵƚƌĂůŝƐĂƟŽŶ

(a) the formulae of the common acids (HCl, H2SO4, 
,EK3 and CH3COOH) and the common alkalis 
;EĂK,͕�<K,�ĂŶĚ�E,3Ϳ�ĂŶĚ�ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�ĂĐŝĚƐ�
release H+�ŝŽŶƐ�ŝŶ�ĂƋƵĞŽƵƐ�ƐŽůƵƟŽŶ�ĂŶĚ�ĂůŬĂůŝƐ�
release OH–�ŝŽŶƐ�ŝŶ�ĂƋƵĞŽƵƐ�ƐŽůƵƟŽŶ

(b) ƋƵĂůŝƚĂƟǀĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƐƚƌŽŶŐ�ĂŶĚ�ǁĞĂŬ�ĂĐŝĚƐ�
ŝŶ�ƚĞƌŵƐ�ŽĨ�ƌĞůĂƟǀĞ�ĚŝƐƐŽĐŝĂƟŽŶƐ

(c) ŶĞƵƚƌĂůŝƐĂƟŽŶ�ĂƐ�ƚŚĞ�ƌĞĂĐƟŽŶ�ŽĨ͗
(i) H+ and OH– to form H2O
(ii) acids with bases, including carbonates, 

metal oxides and alkalis (water-soluble 
ďĂƐĞƐͿ͕�ƚŽ�ĨŽƌŵ�ƐĂůƚƐ͕�ŝŶĐůƵĚŝŶŐ�ĨƵůů�ĞƋƵĂƟŽŶƐ

�ĐŝĚʹďĂƐĞ�ƟƚƌĂƟŽŶƐ

(d) the techniques and procedures used when 
ƉƌĞƉĂƌŝŶŐ�Ă�ƐƚĂŶĚĂƌĚ�ƐŽůƵƟŽŶ�ŽĨ�ƌĞƋƵŝƌĞĚ�
ĐŽŶĐĞŶƚƌĂƟŽŶ�ĂŶĚ�ĐĂƌƌǇŝŶŐ�ŽƵƚ�ĂĐŝĚʹďĂƐĞ�
ƟƚƌĂƟŽŶƐ

PAG2 
,^tϰ�DĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�
ĂŶĚ�ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(e) ƐƚƌƵĐƚƵƌĞĚ�ĂŶĚ�ŶŽŶͲƐƚƌƵĐƚƵƌĞĚ�ƟƚƌĂƟŽŶ�
ĐĂůĐƵůĂƟŽŶƐ͕�ďĂƐĞĚ�ŽŶ�ĞǆƉĞƌŝŵĞŶƚĂů�ƌĞƐƵůƚƐ�ŽĨ�
familiar and non-familiar acids and bases.

M0.1, M0.2, M1.1, M1.2, M2.2, M2.3, M2.4
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2.1.5 Redox
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

KǆŝĚĂƟŽŶ�ŶƵŵďĞƌ

(a) ƌƵůĞƐ�ĨŽƌ�ĂƐƐŝŐŶŝŶŐ�ĂŶĚ�ĐĂůĐƵůĂƟŶŐ�ŽǆŝĚĂƟŽŶ�
number for atoms in elements, compounds and 

ions

>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŬŶŽǁ�ŽǆŝĚĂƟŽŶ�
numbers of O in peroxides and H in metal hydrides.

(b) ǁƌŝƟŶŐ�ĨŽƌŵƵůĂĞ�ƵƐŝŶŐ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ ,^tϴ��ƉƉƌŽƉƌŝĂƚĞ�ƵƐĞ�ŽĨ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ�ŝŶ�
ǁƌŝƩĞŶ�ĐŽŵŵƵŶŝĐĂƟŽŶ͘

(c) use of a Roman numeral to indicate the 

ŵĂŐŶŝƚƵĚĞ�ŽĨ�ƚŚĞ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ�ǁŚĞŶ�
an element may have compounds/ions with 

ĚŝīĞƌĞŶƚ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ

Examples should include, but not be limited to, 

iron(II) and iron(III). 
Learners will be expected to write formulae from 

names such as chlorate(I) and chlorate(III) and vice 
versa. 

EŽƚĞ�ƚŚĂƚ�ΖŶŝƚƌĂƚĞ͛�ĂŶĚ�͚ƐƵůĨĂƚĞ͕͛ �ǁŝƚŚ�ŶŽ�ƐŚŽǁŶ�
ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ͕ �ĂƌĞ�ĂƐƐƵŵĞĚ�ƚŽ�ďĞ�EK

3

– and 

SO
4

2–.

,^tϴ�^ǇƐƚĞŵĂƟĐ�ĂŶĚ�ƵŶĂŵďŝŐƵŽƵƐ�ŶŽŵĞŶĐůĂƚƵƌĞ͘

ZĞĚŽǆ�ƌĞĂĐƟŽŶƐ

(d) ŽǆŝĚĂƟŽŶ�ĂŶĚ�ƌĞĚƵĐƟŽŶ�ŝŶ�ƚĞƌŵƐ�ŽĨ͗
(i) electron transfer

(ii) ĐŚĂŶŐĞƐ�ŝŶ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ

Should include examples of s-, p- and d-block 

elements.

(e) ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ŽĨ�ŵĞƚĂůƐ�ǁŝƚŚ�ĂĐŝĚƐ�ƚŽ�ĨŽƌŵ�
ƐĂůƚƐ͕�ŝŶĐůƵĚŝŶŐ�ĨƵůů�ĞƋƵĂƟŽŶƐ�(see also 2.1.4 c)

Metals should be from s-, p- and d-blocks  

e.g. Mg, Al, Fe, Zn. 

/ŽŶŝĐ�ĞƋƵĂƟŽŶƐ�not required. 

In (e)͕�ƌĞĂĐƟŽŶƐ�ǁŝƚŚ�ĂĐŝĚƐ�ǁŝůů�ďĞ�ůŝŵŝƚĞĚ�ƚŽ�ƚŚŽƐĞ�
ƉƌŽĚƵĐŝŶŐ�Ă�ƐĂůƚ�ĂŶĚ�ŚǇĚƌŽŐĞŶ͘�ZĞĂĐƟŽŶƐ�ŝŶǀŽůǀŝŶŐ�
nitric acid or concentrated sulfuric acid could be 

assessed in the context of (f). 

(f) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƌĞĚŽǆ�ĞƋƵĂƟŽŶƐ�ŝŶ�(e), and 

ƵŶĨĂŵŝůŝĂƌ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ͕�ƚŽ�ŵĂŬĞ�ƉƌĞĚŝĐƟŽŶƐ�
ŝŶ�ƚĞƌŵƐ�ŽĨ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ�ĂŶĚ�ĞůĞĐƚƌŽŶ�ůŽƐƐͬ
gain.

M0.2



© OCR 2016
A Level in Chemistry A18

2

Ϯ͘Ϯ��ůĞĐƚƌŽŶƐ͕�ďŽŶĚŝŶŐ�ĂŶĚ�ƐƚƌƵĐƚƵƌĞ

dŚŝƐ�ƐĞĐƟŽŶ�ŝŶƚƌŽĚƵĐĞƐ�ƚŚĞ�ĐŽŶĐĞƉƚ�ŽĨ�ĂƚŽŵŝĐ�ŽƌďŝƚĂůƐ�
and develops a deeper understanding of electron 
ĐŽŶĮŐƵƌĂƟŽŶƐ�ůŝŶŬĞĚ�ƚŽ�ƚŚĞ�ƉĞƌŝŽĚŝĐ�ƚĂďůĞ͘

The central role of electrons in ionic and covalent 
bonding is then studied. The important role of 

ŵŽůĞĐƵůĞƐ�ŝƐ�ƐƚƵĚŝĞĚ͕�ŝŶĐůƵĚŝŶŐ�ĂŶ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�
ƉŽůĂƌŝƚǇ�ĂŶĚ�ŝŶƚĞƌŵŽůĞĐƵůĂƌ�ĨŽƌĐĞƐ͘�&ŝŶĂůůǇ͕ �ƚŚŝƐ�ƐĞĐƟŽŶ�
looks at how bonding and structure contribute to 
ƉƌŽƉĞƌƟĞƐ�ŽĨ�ƐƵďƐƚĂŶĐĞƐ͘

Ϯ͘Ϯ͘ϭ��ůĞĐƚƌŽŶ�ƐƚƌƵĐƚƵƌĞ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ŶĞƌŐǇ�ůĞǀĞůƐ͕�ƐŚĞůůƐ͕�ƐƵďͲƐŚĞůůƐ͕�ĂƚŽŵŝĐ�ŽƌďŝƚĂůƐ͕�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶ

(a) ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ĞůĞĐƚƌŽŶƐ�ƚŚĂƚ�ĐĂŶ�Įůů�ƚŚĞ�ĮƌƐƚ�ĨŽƵƌ�
shells

(b) atomic orbitals, including: 
(i) as a region around the nucleus that can hold 

up to two electrons, with opposite spins
(ii) the shapes of s- and p-orbitals
(iii) the number of orbitals making up s-, p- and      

d-sub-shells, and the number of electrons 
ƚŚĂƚ�ĐĂŶ�Įůů�ƐͲ͕�ƉͲ�ĂŶĚ�ĚͲƐƵďͲƐŚĞůůƐ

HSW1,7 Development of models to explain electron 
structure.

(c) ĮůůŝŶŐ�ŽĨ�ŽƌďŝƚĂůƐ͗
(i) ĨŽƌ�ƚŚĞ�ĮƌƐƚ�ƚŚƌĞĞ�ƐŚĞůůƐ�ĂŶĚ�ƚŚĞ�ϰƐ�ĂŶĚ�ϰƉ�

orbitals in order of increasing energy
(ii) for orbitals with the same energy, 

ŽĐĐƵƉĂƟŽŶ�ƐŝŶŐůǇ�ďĞĨŽƌĞ�ƉĂŝƌŝŶŐ

Learners are expected to be familiar with the 
ΖĞůĞĐƚƌŽŶƐ�ŝŶ�ďŽǆΖ�ƌĞƉƌĞƐĞŶƚĂƟŽŶƐ͘

,^tϭ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƌĞĮŶĞĚ�ŵŽĚĞůƐ�ĨŽƌ�ĞůĞĐƚƌŽŶ�
structure.

(d) ĚĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶƐ�ŽĨ͗

(i) atoms, given the atomic number, up to  
Z = 36

(ii) ions, given the atomic number and ionic 
charge, limited to s- and p-blocks up to  
Z = 36.

>ĞĂƌŶĞƌƐ�ƐŚŽƵůĚ�ƵƐĞ�ƐƵďͲƐŚĞůů�ŶŽƚĂƟŽŶ͕�ŝ͘Ğ͘�ĨŽƌ�
oxygen: 1s22s22p4. 
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Ϯ͘Ϯ͘Ϯ��ŽŶĚŝŶŐ�ĂŶĚ�ƐƚƌƵĐƚƵƌĞ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

/ŽŶŝĐ�ďŽŶĚŝŶŐ

(a) ŝŽŶŝĐ�ďŽŶĚŝŶŐ�ĂƐ�ĞůĞĐƚƌŽƐƚĂƟĐ�ĂƩƌĂĐƟŽŶ�ďĞƚǁĞĞŶ�
ƉŽƐŝƟǀĞ�ĂŶĚ�ŶĞŐĂƟǀĞ�ŝŽŶƐ͕�ĂŶĚ�ƚŚĞ�ĐŽŶƐƚƌƵĐƟŽŶ�
ŽĨ�Ζdot-and-crossΖ�ĚŝĂŐƌĂŵƐ

(b) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƐŽůŝĚ�ƐƚƌƵĐƚƵƌĞƐ�ŽĨ�ŐŝĂŶƚ�ŝŽŶŝĐ�
ůĂƫĐĞƐ͕�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ŽƉƉŽƐŝƚĞůǇ�ĐŚĂƌŐĞĚ�ŝŽŶƐ�
ƐƚƌŽŶŐůǇ�ĂƩƌĂĐƚĞĚ�ŝŶ�Ăůů�ĚŝƌĞĐƟŽŶƐ�Ğ͘Ő͘�EĂ�l

(c) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�
ďŽŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŝŽŶŝĐ�
ĐŽŵƉŽƵŶĚƐ͕�ŝŶĐůƵĚŝŶŐ�ŵĞůƟŶŐ�ĂŶĚ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ͕�
ƐŽůƵďŝůŝƚǇ�ĂŶĚ�ĞůĞĐƚƌŝĐĂů�ĐŽŶĚƵĐƟǀŝƚǇ�ŝŶ�ƐŽůŝĚ͕�
liquid and aqueous states

HSW1 Use of ideas about ionic bonding to explain 

ŵĂĐƌŽƐĐŽƉŝĐ�ƉƌŽƉĞƌƟĞƐ͘

�ŽǀĂůĞŶƚ�ďŽŶĚŝŶŐ

(d) ĐŽǀĂůĞŶƚ�ďŽŶĚ�ĂƐ�ƚŚĞ�ƐƚƌŽŶŐ�ĞůĞĐƚƌŽƐƚĂƟĐ�
ĂƩƌĂĐƟŽŶ�ďĞƚǁĞĞŶ�Ă�ƐŚĂƌĞĚ�ƉĂŝƌ�ŽĨ�ĞůĞĐƚƌŽŶƐ�ĂŶĚ�
the nuclei of the bonded atoms

(e) ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�͚dot-and-cross’ diagrams of 

molecules and ions to describe:

(i) single covalent bonding

(ii) ŵƵůƟƉůĞ�ĐŽǀĂůĞŶƚ�ďŽŶĚŝŶŐ
(iii) ĚĂƟǀĞ�ĐŽǀĂůĞŶƚ�;ĐŽŽƌĚŝŶĂƚĞͿ�ďŽŶĚŝŶŐ

‘Dot-and-cross’ diagrams of up to six electron pairs 

(including lone pairs) surrounding a central atom.

(f) use of the term average bond enthalpy as a 

measurement of covalent bond strength

Learners should appreciate that the larger the value 

of the average bond enthalpy, the stronger the 

covalent bond.  

�ĞĮŶŝƟŽŶ�ĂŶĚ�ĐĂůĐƵůĂƟŽŶƐ�not required. 

�ǀĞƌĂŐĞ�ďŽŶĚ�ĞŶƚŚĂůƉŝĞƐ�ĂŶĚ�ƌĞůĂƚĞĚ�ĐĂůĐƵůĂƟŽŶƐ�
are covered in detail in 3.2.1 f. 

dŚĞ�ƐŚĂƉĞƐ�ŽĨ�ƐŝŵƉůĞ�ŵŽůĞĐƵůĞƐ�ĂŶĚ�ŝŽŶƐ

;ŐͿ the shapes of, and bond angles in, molecules and 

ions with up to six electron pairs (including lone 

pairs) surrounding the central atom as predicted 

ďǇ�ĞůĞĐƚƌŽŶ�ƉĂŝƌ�ƌĞƉƵůƐŝŽŶ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ƌĞůĂƟǀĞ�
repulsive strengths of bonded pairs and lone 

pairs of electrons 

M4.1, M4.2

Learners should be able to draw 3-D diagrams to 

illustrate shapes of molecules and ions.

HSW1,2 Using electron pair repulsion theory to 

predict molecular shapes.

(h) electron pair repulsion to explain the following 

shapes of molecules and ions: linear, non-linear, 

trigonal planar, pyramidal, tetrahedral and 

octahedral

Learners are expected to know that lone pairs repel 

more than bonded pairs and the bond angles for 

common examples of each shape including  

CH
4
�;ϭϬϵ͘ϱΣͿ͕�E,

3
 (107°) and H

2
O (104.5°).
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�ůĞĐƚƌŽŶĞŐĂƟǀŝƚǇ�ĂŶĚ�ďŽŶĚ�ƉŽůĂƌŝƚǇ

(i) ĞůĞĐƚƌŽŶĞŐĂƟǀŝƚǇ�ĂƐ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�ĂŶ�ĂƚŽŵ�ƚŽ�
ĂƩƌĂĐƚ�ƚŚĞ�ďŽŶĚŝŶŐ�ĞůĞĐƚƌŽŶƐ�ŝŶ�Ă�ĐŽǀĂůĞŶƚ�ďŽŶĚ͖�
ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�WĂƵůŝŶŐ�ĞůĞĐƚƌŽŶĞŐĂƟǀŝƚǇ�ǀĂůƵĞƐ

>ĞĂƌŶĞƌƐ�ƐŚŽƵůĚ�ďĞ�ĂǁĂƌĞ�ƚŚĂƚ�ĞůĞĐƚƌŽŶĞŐĂƟǀŝƚǇ�
increases towards F in the periodic table. 

,^tϭ͕Ϯ�hƐŝŶŐ�ŝĚĞĂƐ�ĂďŽƵƚ�ĞůĞĐƚƌŽŶĞŐĂƟǀŝƚǇ�ƚŽ�
predict chemical bond type.

(j) ĞǆƉůĂŶĂƟŽŶ�ŽĨ͗
(i) a polar bond and permanent dipole within 

molecules containing covalently-bonded 
ĂƚŽŵƐ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�ĞůĞĐƚƌŽŶĞŐĂƟǀŝƟĞƐ

(ii) a polar molecule and overall dipole in terms 
of permanent dipole(s) and molecular shape

A polar molecule requires polar bonds with dipoles 
ƚŚĂƚ�ĚŽ�ŶŽƚ�ĐĂŶĐĞů�ĚƵĞ�ƚŽ�ƚŚĞŝƌ�ĚŝƌĞĐƟŽŶ͘��͘Ő͘�,2O 
and CO2 both have polar bonds but only H2O has an 
overall dipole. 

/ŶƚĞƌŵŽůĞĐƵůĂƌ�ĨŽƌĐĞƐ

;ŬͿ intermolecular forces based on permanent 
ĚŝƉŽůĞʹĚŝƉŽůĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ĂŶĚ�ŝŶĚƵĐĞĚ�ĚŝƉŽůĞʹ
ĚŝƉŽůĞ�ŝŶƚĞƌĂĐƟŽŶƐ

Permanent dipole–dipole and induced dipole–dipole 
ŝŶƚĞƌĂĐƟŽŶƐ�ĐĂŶ�both be referred to as van der 
Waals’ forces.

/ŶĚƵĐĞĚ�ĚŝƉŽůĞʹĚŝƉŽůĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ĐĂŶ�ĂůƐŽ�ďĞ�
referred to as London (dispersion) forces.

,^tϭ͕Ϯ��ŝƉŽůĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ĂƐ�Ă�ŵŽĚĞů�ƚŽ�ĞǆƉůĂŝŶ�
intermolecular bonding.

(l) hydrogen bonding as intermolecular bonding 
ďĞƚǁĞĞŶ�ŵŽůĞĐƵůĞƐ�ĐŽŶƚĂŝŶŝŶŐ�E͕�K�Žƌ�&�ĂŶĚ�ƚŚĞ�
,�ĂƚŽŵ�ŽĨ�ʹE,͕�ʹK,�Žƌ�,&

Including the role of lone pairs.

(m) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ĂŶŽŵĂůŽƵƐ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�,2O 
ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ŚǇĚƌŽŐĞŶ�ďŽŶĚŝŶŐ͕�Ğ͘Ő͗͘
(i) the density of ice compared with water
(ii) ŝƚƐ�ƌĞůĂƟǀĞůǇ�ŚŝŐŚ�ŵĞůƟŶŐ�ĂŶĚ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ

HSW1 Use of ideas about hydrogen bonding to 
ĞǆƉůĂŝŶ�ŵĂĐƌŽƐĐŽƉŝĐ�ƉƌŽƉĞƌƟĞƐ͘

(n) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƐŽůŝĚ�ƐƚƌƵĐƚƵƌĞƐ�ŽĨ�ƐŝŵƉůĞ�
ŵŽůĞĐƵůĂƌ�ůĂƫĐĞƐ͕�ĂƐ�ĐŽǀĂůĞŶƚůǇ�ďŽŶĚĞĚ�
ŵŽůĞĐƵůĞƐ�ĂƩƌĂĐƚĞĚ�ďǇ�ŝŶƚĞƌŵŽůĞĐƵůĂƌ�ĨŽƌĐĞƐ͕� 
e.g. I2, ice

(o) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�
ďŽŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ĐŽǀĂůĞŶƚ�
ĐŽŵƉŽƵŶĚƐ�ǁŝƚŚ�ƐŝŵƉůĞ�ŵŽůĞĐƵůĂƌ�ůĂƫĐĞ�
ƐƚƌƵĐƚƵƌĞƐ�ŝŶĐůƵĚŝŶŐ�ŵĞůƟŶŐ�ĂŶĚ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ͕�
ƐŽůƵďŝůŝƚǇ�ĂŶĚ�ĞůĞĐƚƌŝĐĂů�ĐŽŶĚƵĐƟǀŝƚǇ͘
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DŽĚƵůĞ�ϯ͗�WĞƌŝŽĚŝĐ�ƚĂďůĞ�ĂŶĚ�ĞŶĞƌŐǇ

The focus of this module is inorganic and physical 
ĐŚĞŵŝƐƚƌǇ͕ �ƚŚĞ�ĂƉƉůŝĐĂƟŽŶƐ�ŽĨ�ĞŶĞƌŐǇ�ƵƐĞ�ƚŽ�
everyday life and industrial processes, and current 
environmental concerns associated with sustainability. 

The content within this module assumes knowledge 
and understanding of the chemical concepts developed 
ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�ĐŚĞŵŝƐƚƌǇ͘

This module provides learners with a knowledge and 
understanding of the important chemical ideas that 
underpin the study of inorganic and physical chemistry: 

 � ƚŚĞ�ƉĞƌŝŽĚŝĐ�ƚĂďůĞ͗�ƉĞƌŝŽĚŝĐ�ĂŶĚ�ŐƌŽƵƉ�ƉƌŽƉĞƌƟĞƐ

 � ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ĂŶĚ�ƚŚĞŝƌ�ĚĞƚĞƌŵŝŶĂƟŽŶ

 � ƌĂƚĞƐ�ŽĨ�ƌĞĂĐƟŽŶ

 � ƌĞǀĞƌƐŝďůĞ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ĐŚĞŵŝĐĂů�ĞƋƵŝůŝďƌŝƵŵ

 � ĐŽŶƐŝĚĞƌĂƟŽŶ�ŽĨ�ĞŶĞƌŐǇ�ĂŶĚ�ǇŝĞůĚ�ŝŶ�ŝŵƉƌŽǀŝŶŐ�
sustainability.

This module allows learners to develop important 
ƋƵĂůŝƚĂƟǀĞ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ͕�ĞƐƉĞĐŝĂůůǇ�ŽďƐĞƌǀĂƟŽŶĂů�
ƐŬŝůůƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĂŶĂůǇƐŝƐ͕�ĂŶĚ�ĂĐĐƵƌĂƚĞ�ƋƵĂŶƟƚĂƟǀĞ�

ƚĞĐŚŶŝƋƵĞƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ĞŶĞƌŐǇ�
ĐŚĂŶŐĞƐ�ĂŶĚ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ͘

dŚĞƌĞ�ĂƌĞ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�ĚĞǀĞůŽƉŝŶŐ�ŵĂƚŚĞŵĂƟĐĂů�
ƐŬŝůůƐ�ǁŚĞŶ�ƐƚƵĚǇŝŶŐ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ĂŶĚ�ƌĞĂĐƟŽŶ�
ƌĂƚĞƐ�ĂŶĚ�ǁŚĞŶ�ĐĂƌƌǇŝŶŐ�ŽƵƚ�ƋƵĂŶƟƚĂƟǀĞ�ƉƌĂĐƟĐĂů�
work.

^ǇŶŽƉƟĐ�ĂƐƐĞƐƐŵĞŶƚ

dŚŝƐ�ŵŽĚƵůĞ�ƉƌŽǀŝĚĞƐ�Ă�ĐŽŶƚĞǆƚ�ĨŽƌ�ƐǇŶŽƉƟĐ�
assessment and the subject content links strongly with 
ĐŽŶƚĞŶƚ�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�
chemistry.

 � Atoms, moles and stoichiometry

 � �ĐŝĚ�ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ

 � Bonding and structure

Knowledge and understanding of Module 2 will be 
ĂƐƐƵŵĞĚ�ĂŶĚ�ĞǆĂŵŝŶĂƟŽŶ�ƋƵĞƐƟŽŶƐ�ǁŝůů�ďĞ�ƐĞƚ�ƚŚĂƚ�
link its content with this module and other areas of 
chemistry. 

3.1 The periodic table

WĞƌŝŽĚŝĐ�ƚƌĞŶĚƐ�ĂƌĞ�ĮƌƐƚ�ƐƚƵĚŝĞĚ�ƚŽ�ĞǆƚĞŶĚ�ƚŚĞ�
ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ďŽŶĚŝŶŐ͘�'ƌŽƵƉ�
ƉƌŽƉĞƌƟĞƐ�ĂƌĞ�ƚŚĞŶ�ƐƚƵĚŝĞĚ�ƵƐŝŶŐ�'ƌŽƵƉ�Ϯ�ĂŶĚ�ƚŚĞ�
halogens as typical metal and non-metal groups 
ƌĞƐƉĞĐƟǀĞůǇ͕ �ĂůůŽǁŝŶŐ�ĂŶ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƌĞĚŽǆ�
ƌĞĂĐƟŽŶƐ�ƚŽ�ďĞ�ĚĞǀĞůŽƉĞĚ�ĨƵƌƚŚĞƌ͘ �

&ŝŶĂůůǇ͕ �ƚŚŝƐ�ƐĞĐƟŽŶ�ůŽŽŬƐ�Ăƚ�ŚŽǁ�ƵŶŬŶŽǁŶ�ŝŽŶŝĐ�
ĐŽŵƉŽƵŶĚƐ�ĐĂŶ�ďĞ�ĂŶĂůǇƐĞĚ�ĂŶĚ�ŝĚĞŶƟĮĞĚ�ƵƐŝŶŐ�
simple test-tube tests. 
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3.1.1 Periodicity
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

dŚĞ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ƚŚĞ�ƉĞƌŝŽĚŝĐ�ƚĂďůĞ

(a) the periodic table as the arrangement of 
elements:
(i) by increasing atomic (proton) number
(ii) ŝŶ�ƉĞƌŝŽĚƐ�ƐŚŽǁŝŶŐ�ƌĞƉĞĂƟŶŐ�ƚƌĞŶĚƐ�

ŝŶ�ƉŚǇƐŝĐĂů�ĂŶĚ�ĐŚĞŵŝĐĂů�ƉƌŽƉĞƌƟĞƐ�
(periodicity)

(iii) ŝŶ�ŐƌŽƵƉƐ�ŚĂǀŝŶŐ�ƐŝŵŝůĂƌ�ĐŚĞŵŝĐĂů�ƉƌŽƉĞƌƟĞƐ

HSW1,7,11 The development of the Periodic Law 
ĂŶĚ�ĂĐĐĞƉƚĂŶĐĞ�ďǇ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ͘

HSW7,11 The extension of the periodic table 
ƚŚƌŽƵŐŚ�ĚŝƐĐŽǀĞƌǇ�ĂŶĚ�ĐŽŶĮƌŵĂƟŽŶ�ŽĨ�ŶĞǁ�
elements.

WĞƌŝŽĚŝĐ�ƚƌĞŶĚ�ŝŶ�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶ�ĂŶĚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ

(b) (i) ƚŚĞ�ƉĞƌŝŽĚŝĐ�ƚƌĞŶĚ�ŝŶ�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶƐ�
across Periods 2 and 3 (see also 2.2.1 d)

(ii) ĐůĂƐƐŝĮĐĂƟŽŶ�ŽĨ�ĞůĞŵĞŶƚƐ�ŝŶƚŽ�ƐͲ͕�ƉͲ�ĂŶĚ�
d-blocks

(c) ĮƌƐƚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ�;ƌĞŵŽǀĂů�ŽĨ�ϭ�ŵŽů�ŽĨ�
electrons from 1 mol of gaseous atoms) and 
ƐƵĐĐĞƐƐŝǀĞ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ͕ �ĂŶĚ͗
(i) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ĮƌƐƚ�ŝŽŶŝƐĂƟŽŶ�

energies across Periods 2 and 3, and down a 
ŐƌŽƵƉ͕�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĂƩƌĂĐƟŽŶ͕�ŶƵĐůĞĂƌ�ĐŚĂƌŐĞ�
and atomic radius

(ii) ƉƌĞĚŝĐƟŽŶ�ĨƌŽŵ�ƐƵĐĐĞƐƐŝǀĞ�ŝŽŶŝƐĂƟŽŶ�
energies of the number of electrons in 
each shell of an atom and the group of an 
element

M3.1

�ĞĮŶŝƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĮƌƐƚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ�ŽŶůǇ͘ 
�ǆƉůĂŶĂƟŽŶ�ƚŽ�ŝŶĐůƵĚĞ�ƚŚĞ�ƐŵĂůů�ĚĞĐƌĞĂƐĞƐ�ĂƐ�Ă�
result of s- and p-sub-shell energies (e.g. between 
�Ğ�ĂŶĚ��Ϳ�ĂŶĚ�ƉͲŽƌďŝƚĂů�ƌĞƉƵůƐŝŽŶ�;Ğ͘Ő͘�ďĞƚǁĞĞŶ�E�
and O).

,^tϭ͕Ϯ�dƌĞŶĚƐ�ŝŶ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ�ƐƵƉƉŽƌƚ�ƚŚĞ�
Bohr model of the atom.

WĞƌŝŽĚŝĐ�ƚƌĞŶĚ�ŝŶ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ŵĞůƟŶŐ�ƉŽŝŶƚ

(d) ĞǆƉůĂŶĂƟŽŶ�ŽĨ͗
(i) ŵĞƚĂůůŝĐ�ďŽŶĚŝŶŐ�ĂƐ�ƐƚƌŽŶŐ�ĞůĞĐƚƌŽƐƚĂƟĐ�

ĂƩƌĂĐƟŽŶ�ďĞƚǁĞĞŶ�ĐĂƟŽŶƐ�;ƉŽƐŝƟǀĞ�ŝŽŶƐͿ�
and delocalised electrons

(ii) Ă�ŐŝĂŶƚ�ŵĞƚĂůůŝĐ�ůĂƫĐĞ�ƐƚƌƵĐƚƵƌĞ͕�Ğ͘Ő͘�Ăůů�
metals

EŽ�ĚĞƚĂŝůƐ�ŽĨ�ĐƵďŝĐ�Žƌ�ŚĞǆĂŐŽŶĂů�ƉĂĐŬŝŶŐ�ƌĞƋƵŝƌĞĚ͘

(e) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƐŽůŝĚ�ŐŝĂŶƚ�ĐŽǀĂůĞŶƚ�ůĂƫĐĞƐ�ŽĨ�
carbon (diamond, graphite and graphene) and 
silicon as networks of atoms bonded by strong 
covalent bonds

HSW1,9 Use of ideas about bonding to explain the 
ƐƚƌĞŶŐƚŚ�ĂŶĚ�ĐŽŶĚƵĐƟǀĞ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŐƌĂƉŚĞŶĞ͕�ĂŶĚ�
ŝƚƐ�ƉŽƚĞŶƟĂů�ĂƉƉůŝĐĂƟŽŶƐ�ĂŶĚ�ďĞŶĞĮƚƐ͘�
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(f) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŐŝĂŶƚ�
ŵĞƚĂůůŝĐ�ĂŶĚ�ŐŝĂŶƚ�ĐŽǀĂůĞŶƚ�ůĂƫĐĞƐ͕�ŝŶĐůƵĚŝŶŐ�
ŵĞůƟŶŐ�ĂŶĚ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ͕�ƐŽůƵďŝůŝƚǇ�ĂŶĚ�
ĞůĞĐƚƌŝĐĂů�ĐŽŶĚƵĐƟǀŝƚǇ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�
bonding

�ǆƉůĂŶĂƟŽŶƐ�ƐŚŽƵůĚ�ďĞ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ƚǇƉĞƐ�ŽĨ�
ƉĂƌƟĐůĞ�ƉƌĞƐĞŶƚ�ŝŶ�Ă�ůĂƫĐĞ͕�ƚŚĞ�ƌĞůĂƟǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�
ĨŽƌĐĞƐ�ĂŶĚ�ďŽŶĚƐ͕�ĂŶĚ�ƚŚĞ�ŵŽďŝůŝƚǇ�ŽĨ�ƚŚĞ�ƉĂƌƟĐůĞƐ�
involved, as appropriate.

HSW1 Use of ideas about bonding to explain 
ŵĂĐƌŽƐĐŽƉŝĐ�ƉƌŽƉĞƌƟĞƐ͘

;ŐͿ ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ǀĂƌŝĂƟŽŶ�ŝŶ�ŵĞůƟŶŐ�ƉŽŝŶƚƐ�
across Periods 2 and 3 in terms of structure and 
bonding (see also 2.2.2 o).

M3.1

Trend in structure from giant metallic to giant 
ĐŽǀĂůĞŶƚ�ƚŽ�ƐŝŵƉůĞ�ŵŽůĞĐƵůĂƌ�ůĂƫĐĞ͘

ϯ͘ϭ͘Ϯ�'ƌŽƵƉ�Ϯ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

ZĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ƌĞĂĐƟǀŝƚǇ�ŽĨ�'ƌŽƵƉ�Ϯ�ŵĞƚĂůƐ

(a) the outer shell s2�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶ�ĂŶĚ�ƚŚĞ�
ůŽƐƐ�ŽĨ�ƚŚĞƐĞ�ĞůĞĐƚƌŽŶƐ�ŝŶ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ƚŽ�ĨŽƌŵ�
2+ ions

(b) ƚŚĞ�ƌĞůĂƟǀĞ�ƌĞĂĐƟǀŝƟĞƐ�ŽĨ�ƚŚĞ�'ƌŽƵƉ�Ϯ�ĞůĞŵĞŶƚƐ� 
Mg ĺ��Ă�ƐŚŽǁŶ�ďǇ�ƚŚĞŝƌ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ǁŝƚŚ͗
(i) oxygen
(ii) water
(iii) dilute acids

ZĞĂĐƟŽŶƐ�ǁŝƚŚ�ĂĐŝĚƐ�ǁŝůů�ďĞ�ůŝŵŝƚĞĚ�ƚŽ�ƚŚŽƐĞ�
producing a salt and hydrogen.

(c) ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ƌĞĂĐƟǀŝƚǇ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ĮƌƐƚ�ĂŶĚ�
ƐĞĐŽŶĚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐŝĞƐ�ŽĨ�'ƌŽƵƉ�Ϯ�ĞůĞŵĞŶƚƐ�
down the group (see also 3.1.1 c)

M3.1

�ĞĮŶŝƟŽŶ�ŽĨ�ƐĞĐŽŶĚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ�ŝƐ�not 
required, but learners should be able to write an 
ĞƋƵĂƟŽŶ�ĨŽƌ�ƚŚĞ�ĐŚĂŶŐĞ�ŝŶǀŽůǀĞĚ͘

ZĞĂĐƟŽŶƐ�ŽĨ�'ƌŽƵƉ�Ϯ�ĐŽŵƉŽƵŶĚƐ

(d) ƚŚĞ�ĂĐƟŽŶ�ŽĨ�ǁĂƚĞƌ�ŽŶ�'ƌŽƵƉ�Ϯ�ŽǆŝĚĞƐ�ĂŶĚ�ƚŚĞ�
ĂƉƉƌŽǆŝŵĂƚĞ�Ɖ,�ŽĨ�ĂŶǇ�ƌĞƐƵůƟŶŐ�ƐŽůƵƟŽŶƐ͕�
including the trend of increasing alkalinity

(e) ƵƐĞƐ�ŽĨ�ƐŽŵĞ�'ƌŽƵƉ�Ϯ�ĐŽŵƉŽƵŶĚƐ�ĂƐ�ďĂƐĞƐ͕�
ŝŶĐůƵĚŝŶŐ�ĞƋƵĂƟŽŶƐ͕�ĨŽƌ�ĞǆĂŵƉůĞ�;ďƵƚ�ŶŽƚ�ůŝŵŝƚĞĚ�
to):
(i) Ca(OH)2 in agriculture to neutralise acid 

soils
(ii) Mg(OH)2 and CaCO3�ĂƐ�͚ĂŶƚĂĐŝĚƐ͛�ŝŶ�ƚƌĞĂƟŶŐ�

ŝŶĚŝŐĞƐƟŽŶ͘
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ϯ͘ϭ͘ϯ�dŚĞ�ŚĂůŽŐĞŶƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ŚĂƌĂĐƚĞƌŝƐƟĐ�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ

(a) existence of halogens as diatomic molecules and 
ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ƚŚĞ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ�ŽĨ�
Cl 2, Br2 and I2, in terms of induced dipole–dipole 
ŝŶƚĞƌĂĐƟŽŶƐ�;>ŽŶĚŽŶ�ĨŽƌĐĞƐͿ�;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ŬͿ

ZĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ƌĞĂĐƟǀŝƚǇ�ŽĨ�ŚĂůŽŐĞŶƐ�ĂŶĚ�ƚŚĞŝƌ�ĐŽŵƉŽƵŶĚƐ

(b) the outer shell s2p5�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶ�
and the gaining of one electron in many redox 
ƌĞĂĐƟŽŶƐ�ƚŽ�ĨŽƌŵ�ϭʹ�ŝŽŶƐ

dŚƌŽƵŐŚŽƵƚ�ƚŚŝƐ�ƐĞĐƟŽŶ͕�ĞǆƉůĂŶĂƟŽŶƐ�ŽĨ�ƌĞĚŽǆ�
ƌĞĂĐƟŽŶƐ�ƐŚŽƵůĚ�ĞŵƉŚĂƐŝƐĞ�ĞůĞĐƚƌŽŶ�ƚƌĂŶƐĨĞƌ�ĂŶĚ�
ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌ�ĐŚĂŶŐĞƐ�ĂŶĚ�ŝŶĐůƵĚĞ�ĨƵůů�ĂŶĚ�ŝŽŶŝĐ�
ĞƋƵĂƟŽŶƐ�(see also 2.1.5 Redox).

(c) ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ƌĞĂĐƟǀŝƚǇ�ŽĨ�ƚŚĞ�ŚĂůŽŐĞŶƐ��l 2, Br2 
and I2͕�ŝůůƵƐƚƌĂƚĞĚ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ŽƚŚĞƌ�ŚĂůŝĚĞ�
ions

Including colour change in aqueous and organic 
ƐŽůƵƟŽŶƐ͘

(d) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ƌĞĂĐƟǀŝƚǇ�ƐŚŽǁŶ�ŝŶ�
(c), from the decreasing ease of forming 1– ions, 
ŝŶ�ƚĞƌŵƐ�ŽĨ�ĂƩƌĂĐƟŽŶ͕�ĂƚŽŵŝĐ�ƌĂĚŝƵƐ�ĂŶĚ�ĞůĞĐƚƌŽŶ�
shielding 

(e) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵ�ĚŝƐƉƌŽƉŽƌƟŽŶĂƟŽŶ as 
ŽǆŝĚĂƟŽŶ�ĂŶĚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ƐĂŵĞ�ĞůĞŵĞŶƚ͕�
illustrated by:
(i) ƚŚĞ�ƌĞĂĐƟŽŶ�ŽĨ�ĐŚůŽƌŝŶĞ�ǁŝƚŚ�ǁĂƚĞƌ�ĂƐ�ƵƐĞĚ�

in water treatment
(ii) ƚŚĞ�ƌĞĂĐƟŽŶ�ŽĨ�ĐŚůŽƌŝŶĞ�ǁŝƚŚ�ĐŽůĚ͕�ĚŝůƵƚĞ�

aqueous sodium hydroxide, as used to form 
bleach

(iii) ƌĞĂĐƟŽŶƐ�ĂŶĂůŽŐŽƵƐ�ƚŽ�ƚŚŽƐĞ�ƐƉĞĐŝĮĞĚ�ŝŶ�(i)    
and (ii)

(f) ƚŚĞ�ďĞŶĞĮƚƐ�ŽĨ�ĐŚůŽƌŝŶĞ�ƵƐĞ�ŝŶ�ǁĂƚĞƌ�ƚƌĞĂƚŵĞŶƚ�
(killing bacteria) contrasted with associated 
risks (e.g. hazards of toxic chlorine gas and 
ƉŽƐƐŝďůĞ�ƌŝƐŬƐ�ĨƌŽŵ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐŚůŽƌŝŶĂƚĞĚ�
hydrocarbons)

HSW9,10,12 Decisions on whether or not to 
ĐŚůŽƌŝŶĂƚĞ�ǁĂƚĞƌ�ĚĞƉĞŶĚ�ŽŶ�ďĂůĂŶĐĞ�ŽĨ�ďĞŶĞĮƚƐ�ĂŶĚ�
ƌŝƐŬƐ͕�ĂŶĚ�ĞƚŚŝĐĂů�ĐŽŶƐŝĚĞƌĂƟŽŶƐ�ŽĨ�ƉĞŽƉůĞ Ɛ͛�ƌŝŐŚƚ�ƚŽ�
ĐŚŽŽƐĞ͘��ŽŶƐŝĚĞƌĂƟŽŶ�ŽĨ�ŽƚŚĞƌ�ŵĞƚŚŽĚƐ�ŽĨ�ƉƵƌŝĨǇŝŶŐ�
drinking water.

�ŚĂƌĂĐƚĞƌŝƐƟĐ�ƌĞĂĐƟŽŶƐ�ŽĨ�ŚĂůŝĚĞ�ŝŽŶƐ�

;ŐͿ ƚŚĞ�ƉƌĞĐŝƉŝƚĂƟŽŶ�ƌĞĂĐƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ŝŽŶŝĐ�
ĞƋƵĂƟŽŶƐ͕�ŽĨ�ƚŚĞ�ĂƋƵĞŽƵƐ�ĂŶŝŽŶƐ��l  –, Br– and 
I– with aqueous silver ions, followed by aqueous 
ĂŵŵŽŶŝĂ͕�ĂŶĚ�ƚŚĞŝƌ�ƵƐĞ�ĂƐ�Ă�ƚĞƐƚ�ĨŽƌ�ĚŝīĞƌĞŶƚ�
halide ions.

Complexes with ammonia are not required other 
ƚŚĂŶ�ŽďƐĞƌǀĂƟŽŶƐ͘

PAG4 (see also 3.1.4 a) 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘
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ϯ͘ϭ͘ϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Tests for ions

(a) ƋƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŽŶƐ�ŽŶ�Ă�ƚĞƐƚͲƚƵďĞ�ƐĐĂůĞ͖ 
ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�ƚĞĐŚŶŝƋƵĞƐ�ŶĞĞĚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�
following ions in an unknown compound:
(i) anions: 
 ͻ� ��K3

2–͕�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�,+(aq) forming 
CO2(g) (see 2.1.4 c)

 ͻ� ^K4
2–͕�ďǇ�ƉƌĞĐŝƉŝƚĂƟŽŶ�ǁŝƚŚ��Ă2+(aq)

 ͻ� �l  –, Br–, I– ;ƐĞĞ�ϯ͘ϭ͘ϯ�ŐͿ
(ii) ĐĂƟŽŶƐ͗�E,4

+, ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ǁĂƌŵ�
EĂK,;ĂƋͿ�ĨŽƌŵŝŶŐ�E,3.

 
 

Sequence of tests required is carbonate, sulfate then 
halide. (BaCO3 and Ag2SO4 are both insoluble.)

PAG4 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘

3.2 Physical chemistry

dŚŝƐ�ƐĞĐƟŽŶ�ŝŶƚƌŽĚƵĐĞƐ�ƉŚǇƐŝĐĂů�ĐŚĞŵŝƐƚƌǇ�ǁŝƚŚŝŶ�ƚŚĞ�
general theme of energy. 

>ĞĂƌŶĞƌƐ�ĮƌƐƚ�ůĞĂƌŶ�ĂďŽƵƚ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�
ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ͕�ƚŚĞŝƌ�ƵƐĞƐ�ĂŶĚ�ĚĞƚĞƌŵŝŶĂƟŽŶ�ĨƌŽŵ�
experimental results including enthalpy cycles. 

dŚŝƐ�ƐĞĐƟŽŶ�ƚŚĞŶ�ŝŶǀĞƐƟŐĂƚĞƐ�ƚŚĞ�ǁĂǇƐ�ŝŶ�ǁŚŝĐŚ�Ă�
ĐŚĂŶŐĞ�ŝŶ�ĐŽŶĚŝƟŽŶƐ�ĐĂŶ�ĂīĞĐƚ�ƚŚĞ�ƌĂƚĞ�ŽĨ�Ă�ĐŚĞŵŝĐĂů�
ƌĞĂĐƟŽŶ͕�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĂĐƟǀĂƟŽŶ�ĞŶĞƌŐǇ͕ �ƚŚĞ��ŽůƚǌŵĂŶŶ�
ĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�ĐĂƚĂůǇƐŝƐ͘

ZĞǀĞƌƐŝďůĞ�ƌĞĂĐƟŽŶƐ�ĂƌĞ�ƚŚĞŶ�ƐƚƵĚŝĞĚ͕�ŝŶĐůƵĚŝŶŐ�
the dynamic nature of chemical equilibrium and 
ƚŚĞ�ŝŶŇƵĞŶĐĞ�ŽĨ�ĐŽŶĚŝƟŽŶƐ�ƵƉŽŶ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�
equilibrium.

Finally, the integrated roles of enthalpy changes, 
rates, catalysts and equilibria are considered as a 
way of increasing yield and reducing energy demand, 
improving the sustainability of industrial processes.

ϯ͘Ϯ͘ϭ��ŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ͗�6H�ŽĨ�ƌĞĂĐƟŽŶ͕�ĨŽƌŵĂƟŽŶ͕�ĐŽŵďƵƐƟŽŶ�ĂŶĚ�ŶĞƵƚƌĂůŝƐĂƟŽŶ

(a) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�ƐŽŵĞ�ĐŚĞŵŝĐĂů�ƌĞĂĐƟŽŶƐ�ĂƌĞ�
accompanied by enthalpy changes that are 
exothermic (6H͕�ŶĞŐĂƟǀĞͿ�Žƌ�ĞŶĚŽƚŚĞƌŵŝĐ� 
(6H͕�ƉŽƐŝƟǀĞͿ

(b) ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�ĞŶƚŚĂůƉǇ�ƉƌŽĮůĞ�ĚŝĂŐƌĂŵƐ�ƚŽ�
ƐŚŽǁ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ƚŚĞ�ĞŶƚŚĂůƉǇ�ŽĨ�ƌĞĂĐƚĂŶƚƐ�
compared with products

M3.1
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(c) ƋƵĂůŝƚĂƟǀĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵ�ĂĐƟǀĂƟŽŶ�
energy͕�ŝŶĐůƵĚŝŶŐ�ƵƐĞ�ŽĨ�ĞŶƚŚĂůƉǇ�ƉƌŽĮůĞ�
diagrams

M3.1
�ĐƟǀĂƟŽŶ�ĞŶĞƌŐǇ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ŵŝŶŝŵƵŵ�ĞŶĞƌŐǇ�
ƌĞƋƵŝƌĞĚ�ĨŽƌ�Ă�ƌĞĂĐƟŽŶ�ƚŽ�ƚĂŬĞ�ƉůĂĐĞ͘

(d) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗
(i)� ƐƚĂŶĚĂƌĚ�ĐŽŶĚŝƟŽŶƐ�and standard states 

;ƉŚǇƐŝĐĂů�ƐƚĂƚĞƐ�ƵŶĚĞƌ�ƐƚĂŶĚĂƌĚ�ĐŽŶĚŝƟŽŶƐͿ
(ii)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ƌĞĂĐƟŽŶ (enthalpy 

ĐŚĂŶŐĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�Ă�ƐƚĂƚĞĚ�ĞƋƵĂƟŽŶ͕�
6rH) 

(iii)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ĨŽƌŵĂƟŽŶ�;ĨŽƌŵĂƟŽŶ�
of 1 mol of a compound from its elements, 
6fH)

(iv)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ĐŽŵďƵƐƟŽŶ�(complete 
ĐŽŵďƵƐƟŽŶ�ŽĨ�ϭ�ŵŽů�ŽĨ�Ă�ƐƵďƐƚĂŶĐĞ͕�6cH)

(v)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ŶĞƵƚƌĂůŝƐĂƟŽŶ�
;ĨŽƌŵĂƟŽŶ�ŽĨ�ϭ�ŵŽů�ŽĨ�ǁĂƚĞƌ�ĨƌŽŵ�
ŶĞƵƚƌĂůŝƐĂƟŽŶ͕�6neutH)

�ĞĮŶŝƟŽŶƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ŽĨ�
ĨŽƌŵĂƟŽŶ͕�ĐŽŵďƵƐƟŽŶ�ĂŶĚ�ŶĞƵƚƌĂůŝƐĂƟŽŶ�ŽŶůǇ͘�

^ƚĂŶĚĂƌĚ�ĐŽŶĚŝƟŽŶƐ�ĐĂŶ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ�ĂƐ�ϭϬϬ�ŬWĂ�
and a stated temperature, 298 K.

(e) ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ĚŝƌĞĐƚůǇ�ĨƌŽŵ�
appropriate experimental results, including use 
ŽĨ�ƚŚĞ�ƌĞůĂƟŽŶƐŚŝƉ͗�q = mc6T

M0.0, M0.2, M2.2, M2.3, M2.4

PAG3

Bond enthalpies

(f) (i) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵ�average bond 
enthalpy (breaking of 1 mol of bonds in 
gaseous molecules)

(ii) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ĞǆŽƚŚĞƌŵŝĐ�ĂŶĚ�ĞŶĚŽƚŚĞƌŵŝĐ�
ƌĞĂĐƟŽŶƐ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�
associated with the breaking and making of 
chemical bonds

(iii) use of average bond enthalpies to calculate 
ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ĂŶĚ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ�
(see also 2.2.2 f)

M0.0, M0.2, M2.2, M2.3, M2.4

�ĞĮŶŝƟŽŶ�ŽĨ�ĂǀĞƌĂŐĞ�ďŽŶĚ�ĞŶƚŚĂůƉǇ�not required.

Learners are expected to understand that an actual 
ďŽŶĚ�ĞŶƚŚĂůƉǇ�ŵĂǇ�ĚŝīĞƌ�ĨƌŽŵ�ƚŚĞ�ĂǀĞƌĂŐĞ�ǀĂůƵĞ͘

,ĞƐƐ͛�ůĂǁ�ĂŶĚ�ĞŶƚŚĂůƉǇ�ĐǇĐůĞƐ

;ŐͿ ,ĞƐƐ͛�ůĂǁ�ĨŽƌ�ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�ĞŶƚŚĂůƉǇ�ĐǇĐůĞƐ�ĂŶĚ�
ĐĂůĐƵůĂƟŽŶƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝŶĚŝƌĞĐƚůǇ͗
(i) ĂŶ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ĨƌŽŵ�

ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ŽĨ�ĐŽŵďƵƐƟŽŶ
(ii) ĂŶ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ĨƌŽŵ�

ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞƐ�ŽĨ�ĨŽƌŵĂƟŽŶ
(iii) enthalpy changes from unfamiliar enthalpy 

cycles

M0.0, M0.2, M1.1, M2.2, M2.3, M2.4, M3.1

�ĞĮŶŝƟŽŶ�ŽĨ�,ĞƐƐ͛�ůĂǁ�not required. 
Unfamiliar enthalpy cycles will be provided.

,^tϮ��ƉƉůŝĐĂƟŽŶ�ŽĨ�ƚŚĞ�ƉƌŝŶĐŝƉůĞ�ŽĨ�ĐŽŶƐĞƌǀĂƟŽŶ�ŽĨ�
energy to determine enthalpy changes.

(h) the techniques and procedures used to 
determine enthalpy changes directly and 
indirectly.

M3.1, M3.2

To include the enthalpy changes covered in 5.2.1 c.

PAG3 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�ĐĂƌƌǇŝŶŐ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�
ĂŶĚ�ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘
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ϯ͘Ϯ͘Ϯ�ZĞĂĐƟŽŶ�ƌĂƚĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Simple collision theory

(a) ƚŚĞ�ĞīĞĐƚ�ŽĨ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�
ƉƌĞƐƐƵƌĞ�ŽĨ�ŐĂƐĞƐ͕�ŽŶ�ƚŚĞ�ƌĂƚĞ�ŽĨ�Ă�ƌĞĂĐƟŽŶ͕�ŝŶ�
terms of frequency of collisions

(b) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƌĞĂĐƟŽŶ�ƌĂƚĞ�ĨƌŽŵ�ƚŚĞ�ŐƌĂĚŝĞŶƚƐ�
ŽĨ�ŐƌĂƉŚƐ�ŵĞĂƐƵƌŝŶŐ�ŚŽǁ�Ă�ƉŚǇƐŝĐĂů�ƋƵĂŶƟƚǇ�
ĐŚĂŶŐĞƐ�ǁŝƚŚ�ƟŵĞ

M3.1, M3.2, M3.5

^ƵŝƚĂďůĞ�ƉŚǇƐŝĐĂů�ƋƵĂŶƟƟĞƐ�ƚŽ�ŵŽŶŝƚŽƌ�ĐŽƵůĚ�ŝŶĐůƵĚĞ�
ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ŐĂƐ�ǀŽůƵŵĞ͕�ŵĂƐƐ͕�ĞƚĐ͘�

Catalysts

(c) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƌŽůĞ�ŽĨ�Ă�ĐĂƚĂůǇƐƚ͗
(i) ŝŶ�ŝŶĐƌĞĂƐŝŶŐ�ƌĞĂĐƟŽŶ�ƌĂƚĞ�ǁŝƚŚŽƵƚ�ďĞŝŶŐ�

ƵƐĞĚ�ƵƉ�ďǇ�ƚŚĞ�ŽǀĞƌĂůů�ƌĞĂĐƟŽŶ
(ii) ŝŶ�ĂůůŽǁŝŶŐ�Ă�ƌĞĂĐƟŽŶ�ƚŽ�ƉƌŽĐĞĞĚ�ǀŝĂ�Ă�

ĚŝīĞƌĞŶƚ�ƌŽƵƚĞ�ǁŝƚŚ�ůŽǁĞƌ�ĂĐƟǀĂƟŽŶ�ĞŶĞƌŐǇ͕ �
ĂƐ�ƐŚŽǁŶ�ďǇ�ĞŶƚŚĂůƉǇ�ƉƌŽĮůĞ�ĚŝĂŐƌĂŵƐ

Details of processes are not required.

(d) (i) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ�homogeneous and 
heterogeneous catalysts

(ii) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�ĐĂƚĂůǇƐƚƐ�ŚĂǀĞ�ŐƌĞĂƚ�
ĞĐŽŶŽŵŝĐ�ŝŵƉŽƌƚĂŶĐĞ�ĂŶĚ�ďĞŶĞĮƚƐ�ĨŽƌ�
increased sustainability by lowering 
temperatures and reducing energy demand 
ĨƌŽŵ�ĐŽŵďƵƐƟŽŶ�ŽĨ�ĨŽƐƐŝů�ĨƵĞůƐ�ǁŝƚŚ�
ƌĞƐƵůƟŶŐ�ƌĞĚƵĐƟŽŶ�ŝŶ��K2 emissions

,^tϵ͕ϭϬ��ĞŶĞĮƚƐ�ƚŽ�ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚ�ŽĨ�ŝŵƉƌŽǀĞĚ�
sustainability weighed against toxicity of some 
catalysts.

(e) the techniques and procedures used to 
ŝŶǀĞƐƟŐĂƚĞ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�
ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ŵĂƐƐ͕�ŐĂƐ�ǀŽůƵŵĞƐ�ĂŶĚ�ƟŵĞ

PAG9 
,^tϰ�DĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�
ĂŶĚ�ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

dŚĞ��ŽůƚǌŵĂŶŶ�ĚŝƐƚƌŝďƵƟŽŶ

(f) ƋƵĂůŝƚĂƟǀĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ��ŽůƚǌŵĂŶŶ�
ĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�ŝƚƐ�ƌĞůĂƟŽŶƐŚŝƉ�ǁŝƚŚ�ĂĐƟǀĂƟŽŶ�
energy (see also 3.2.1 c)

M3.1

;ŐͿ ĞǆƉůĂŶĂƟŽŶ͕�ƵƐŝŶŐ��ŽůƚǌŵĂŶŶ�ĚŝƐƚƌŝďƵƟŽŶƐ͕�
ŽĨ�ƚŚĞ�ƋƵĂůŝƚĂƟǀĞ�ĞīĞĐƚ�ŽŶ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�
ŵŽůĞĐƵůĞƐ�ĞǆĐĞĞĚŝŶŐ�ƚŚĞ�ĂĐƟǀĂƟŽŶ�ĞŶĞƌŐǇ�ĂŶĚ�
ŚĞŶĐĞ�ƚŚĞ�ƌĞĂĐƟŽŶ�ƌĂƚĞ͕�ĨŽƌ͗
(i) temperature changes
(ii) ĐĂƚĂůǇƟĐ�ďĞŚĂǀŝŽƵƌ�(see also 3.2.2 c).

M3.1

,^tϭ͕Ϯ͕ϱ�hƐĞ�ŽĨ��ŽůƚǌŵĂŶŶ�ĚŝƐƚƌŝďƵƟŽŶ�ŵŽĚĞů�ƚŽ�
ĞǆƉůĂŝŶ�ĞīĞĐƚ�ŽŶ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ͘
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ϯ͘Ϯ͘ϯ��ŚĞŵŝĐĂů�ĞƋƵŝůŝďƌŝƵŵ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ǇŶĂŵŝĐ�ĞƋƵŝůŝďƌŝƵŵ�ĂŶĚ�ůĞ��ŚĂƚĞůŝĞƌ͛Ɛ�ƉƌŝŶĐŝƉůĞ

(a) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�Ă�ĚǇŶĂŵŝĐ�ĞƋƵŝůŝďƌŝƵŵ�ĞǆŝƐƚƐ�
in a closed system when the rate of the forward 
ƌĞĂĐƟŽŶ�ŝƐ�ĞƋƵĂů�ƚŽ�ƚŚĞ�ƌĂƚĞ�ŽĨ�ƚŚĞ�ƌĞǀĞƌƐĞ�
ƌĞĂĐƟŽŶ�ĂŶĚ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ƌĞĂĐƚĂŶƚƐ�ĂŶĚ�
products do not change

(b) ůĞ��ŚĂƚĞůŝĞƌ Ɛ͛�ƉƌŝŶĐŝƉůĞ�ĂŶĚ�ŝƚƐ�ĂƉƉůŝĐĂƟŽŶ�ĨŽƌ�
ŚŽŵŽŐĞŶĞŽƵƐ�ĞƋƵŝůŝďƌŝĂ�ƚŽ�ĚĞĚƵĐĞ�ƋƵĂůŝƚĂƟǀĞůǇ�
ƚŚĞ�ĞīĞĐƚ�ŽĨ�Ă�ĐŚĂŶŐĞ�ŝŶ�ƚĞŵƉĞƌĂƚƵƌĞ͕�ƉƌĞƐƐƵƌĞ�
Žƌ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽŶ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ

�ĞĮŶŝƟŽŶ�ĨŽƌ�ůĞ��ŚĂƚĞůŝĞƌΖƐ�ƉƌŝŶĐŝƉůĞ�not required.

HSW1,2,5 Use of le Chatelier’s principle to explain 
ĞīĞĐƚ�ŽĨ�ĨĂĐƚŽƌƐ�ŽŶ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ͘

(c) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�Ă�ĐĂƚĂůǇƐƚ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ƌĂƚĞ�
ŽĨ�ďŽƚŚ�ĨŽƌǁĂƌĚ�ĂŶĚ�ƌĞǀĞƌƐĞ�ƌĞĂĐƟŽŶƐ�ŝŶ�ĂŶ�
ĞƋƵŝůŝďƌŝƵŵ�ďǇ�ƚŚĞ�ƐĂŵĞ�ĂŵŽƵŶƚ�ƌĞƐƵůƟŶŐ�ŝŶ�ĂŶ�
ƵŶĐŚĂŶŐĞĚ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ

(d) the techniques and procedures used to 
ŝŶǀĞƐƟŐĂƚĞ�ĐŚĂŶŐĞƐ�ƚŽ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ�
ĨŽƌ�ĐŚĂŶŐĞƐ�ŝŶ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ĂŶĚ�ƚĞŵƉĞƌĂƚƵƌĞ͘

YƵĂůŝƚĂƟǀĞ�ĞīĞĐƚƐ�ŽŶůǇ͘

,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(e) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ƚŽ�ƚŚĞ�ĐŚĞŵŝĐĂů�
industry of a compromise between chemical 
ĞƋƵŝůŝďƌŝƵŵ�ĂŶĚ�ƌĞĂĐƟŽŶ�ƌĂƚĞ�ŝŶ�ĚĞĐŝĚŝŶŐ�ƚŚĞ�
ŽƉĞƌĂƟŽŶĂů�ĐŽŶĚŝƟŽŶƐ

,^tϲ��ĂůĂŶĐŝŶŐ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ͕�ƌĂƚĞ͕�
ƐĂĨĞƚǇ�ĂŶĚ�ĞĐŽŶŽŵŝĐƐ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ĐŽŶĚŝƟŽŶƐ�
ƵƐĞĚ�ŝŶ�ŝŶĚƵƐƚƌŝĂů�ƌĞĂĐƟŽŶƐ�Ğ͘Ő͘�,ĂďĞƌ�ƉƌŽĐĞƐƐ͘

dŚĞ�ĞƋƵŝůŝďƌŝƵŵ�ĐŽŶƐƚĂŶƚ͕ Kc

(f) expressions for the equilibrium constant, Kcറ͕�
ĨŽƌ�ŚŽŵŽŐĞŶĞŽƵƐ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ĐĂůĐƵůĂƟŽŶƐ�
of the equilibrium constant, Kcറ͕�ĨƌŽŵ�ƉƌŽǀŝĚĞĚ�
ĞƋƵŝůŝďƌŝƵŵ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ

M0.2, M1.1, M2.3, M2.4

Learners will not need to determine the units for Kc.

;ŐͿ ĞƐƟŵĂƟŽŶ�ŽĨ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ�ĨƌŽŵ�
the magnitude of Kc.

M0.3

��ƋƵĂůŝƚĂƟǀĞ�ĞƐƟŵĂƟŽŶ�ŽŶůǇ�ŝƐ�ƌĞƋƵŝƌĞĚ͘
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DŽĚƵůĞ�ϰ͗��ŽƌĞ�ŽƌŐĂŶŝĐ�ĐŚĞŵŝƐƚƌǇ

This module introduces organic chemistry and its 
ŝŵƉŽƌƚĂŶƚ�ĂƉƉůŝĐĂƟŽŶƐ�ƚŽ�ĞǀĞƌǇĚĂǇ�ůŝĨĞ͕�ŝŶĐůƵĚŝŶŐ�
current environmental concerns associated with 
sustainability.

The module assumes knowledge and understanding 
of the chemical concepts developed in Module 2: 
&ŽƵŶĚĂƟŽŶƐ�ŝŶ�ĐŚĞŵŝƐƚƌǇ͘

The module provides learners with a knowledge and 
understanding of the important chemical ideas that 
underpin the study of organic chemistry:

 � ŶŽŵĞŶĐůĂƚƵƌĞ�ĂŶĚ�ĨŽƌŵƵůĂ�ƌĞƉƌĞƐĞŶƚĂƟŽŶ͕�
ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ͕�ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�
isomerism

 � ĂůŝƉŚĂƟĐ�ŚǇĚƌŽĐĂƌďŽŶƐ

 � alcohols and haloalkanes

 � ŽƌŐĂŶŝĐ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ�ĂŶĚ�ŽƌŐĂŶŝĐ�ƐǇŶƚŚĞƐŝƐ

 � ŝŶƐƚƌƵŵĞŶƚĂů�ĂŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐ�ƚŽ�ƉƌŽǀŝĚĞ�
evidence of structural features in molecules.

This module also provides learners with an opportunity 
ƚŽ�ĚĞǀĞůŽƉ�ŝŵƉŽƌƚĂŶƚ�ŽƌŐĂŶŝĐ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ͕�ŝŶĐůƵĚŝŶŐ�
ƵƐĞ�ŽĨ�YƵŝĐŬĮƚ�ĂƉƉĂƌĂƚƵƐ�ĨŽƌ�ĚŝƐƟůůĂƟŽŶ͕�ŚĞĂƟŶŐ�ƵŶĚĞƌ�
ƌĞŇƵǆ�ĂŶĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ŽƌŐĂŶŝĐ�ůŝƋƵŝĚƐ͘

In the context of this module, it is important that 
learners should appreciate the need to consider 
responsible use of organic chemicals in the 
environment. Current trends in this context include 
reducing demand for hydrocarbon fuels, processing 
ƉůĂƐƟĐ�ǁĂƐƚĞ�ƉƌŽĚƵĐƟǀĞůǇ͕ �ĂŶĚ�ƉƌĞǀĞŶƟŶŐ�ƵƐĞ�ŽĨ�
ŽǌŽŶĞͲĚĞƉůĞƟŶŐ�ĐŚĞŵŝĐĂůƐ͘�

^ǇŶŽƉƟĐ�ĂƐƐĞƐƐŵĞŶƚ

dŚŝƐ�ŵŽĚƵůĞ�ƉƌŽǀŝĚĞƐ�Ă�ĐŽŶƚĞǆƚ�ĨŽƌ�ƐǇŶŽƉƟĐ�
assessment and the subject content links strongly with 
ƚŚĞ�ĐŽŶƚĞŶƚ�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�
chemistry.

 � Atoms, moles and stoichiometry

 � �ĐŝĚ�ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ

 � Bonding and structure

Knowledge and understanding of Module 2 will be 
ĂƐƐƵŵĞĚ�ĂŶĚ�ĞǆĂŵŝŶĂƟŽŶ�ƋƵĞƐƟŽŶƐ�ǁŝůů�ďĞ�ƐĞƚ�ƚŚĂƚ�
link its content with this module and other areas of 
chemistry. 

4.1 Basic concepts and hydrocarbons

dŚŝƐ�ƐĞĐƟŽŶ�ŝƐ�ĨƵŶĚĂŵĞŶƚĂů�ƚŽ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ŽƌŐĂŶŝĐ�
chemistry. 

dŚŝƐ�ƐĞĐƟŽŶ�ŝŶƚƌŽĚƵĐĞƐ�ƚŚĞ�ǀĂƌŝŽƵƐ�ƚǇƉĞƐ�ŽĨ�ƐƚƌƵĐƚƵƌĞƐ�
ƵƐĞĚ�ƌŽƵƟŶĞůǇ�ŝŶ�ŽƌŐĂŶŝĐ�ĐŚĞŵŝƐƚƌǇ͕ �ŶŽŵĞŶĐůĂƚƵƌĞ͕�
and the important concepts of homologous series, 

ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ͕�ŝƐŽŵĞƌŝƐŵ�ĂŶĚ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�
using curly arrows. 

dŚĞ�ŝŶŝƟĂů�ŝĚĞĂƐ�ĂƌĞ�ƚŚĞŶ�ĚĞǀĞůŽƉĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�
of the hydrocarbons: alkanes and alkenes.
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ϰ͘ϭ͘ϭ��ĂƐŝĐ�ĐŽŶĐĞƉƚƐ�ŽĨ�ŽƌŐĂŶŝĐ�ĐŚĞŵŝƐƚƌǇ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

EĂŵŝŶŐ�ĂŶĚ�ƌĞƉƌĞƐĞŶƟŶŐ�ƚŚĞ�ĨŽƌŵƵůĂĞ�ŽĨ�ŽƌŐĂŶŝĐ�ĐŽŵƉŽƵŶĚƐ

(a) ĂƉƉůŝĐĂƟŽŶ�ŽĨ�/hW���ƌƵůĞƐ�ŽĨ�ŶŽŵĞŶĐůĂƚƵƌĞ�ĨŽƌ�
ƐǇƐƚĞŵĂƟĐĂůůǇ�ŶĂŵŝŶŐ�ŽƌŐĂŶŝĐ�ĐŽŵƉŽƵŶĚƐ

EŽŵĞŶĐůĂƚƵƌĞ�ǁŝůů�ďĞ�ůŝŵŝƚĞĚ�ƚŽ�ƚŚĞ�ĨƵŶĐƟŽŶĂů�
ŐƌŽƵƉƐ�ǁŝƚŚŝŶ�ƚŚŝƐ�ƐƉĞĐŝĮĐĂƟŽŶ͘ 
E.g. CH3CH2CH(CH3)CH2K,�ŚĂƐ�ƚŚĞ�ƐǇƐƚĞŵĂƟĐ�ŶĂŵĞ͗� 
2-methylbutan-1-ol. 
Learners will be expected to know the names of the 
ĮƌƐƚ�ƚĞŶ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�ĂůŬĂŶĞƐ�ŚŽŵŽůŽŐŽƵƐ�ƐĞƌŝĞƐ�
and their corresponding alkyl groups.

,^tϴ�hƐĞ�ŽĨ�ƐǇƐƚĞŵĂƟĐ�ŶŽŵĞŶĐůĂƚƵƌĞ�ƚŽ�ĂǀŽŝĚ�
ambiguity.

,^tϭϭ�dŚĞ�ƌŽůĞ�ŽĨ�/hW���ŝŶ�ĚĞǀĞůŽƉŝŶŐ�Ă�ƐǇƐƚĞŵĂƟĐ�
framework for chemical nomenclature.

(b) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗�
(i) general formula (the simplest algebraic 

formula of a member of a homologous 
series) e.g. for an alkane: CnH2n+2

(ii) structural formula (the minimal detail 
that shows the arrangement of atoms in a 
molecule) e.g. for butane: CH3CH2CH2CH3 or 
CH3(CH2)2CH3

(iii) displayed formula�;ƚŚĞ�ƌĞůĂƟǀĞ�ƉŽƐŝƟŽŶŝŶŐ�
of atoms and the bonds between them) e.g. 
for ethanol:

 

H

C

H

H

C

H

H O H

(iv) skeletal formula ;ƚŚĞ�ƐŝŵƉůŝĮĞĚ�ŽƌŐĂŶŝĐ�
formula, shown by removing hydrogen 
atoms from alkyl chains, leaving just a 
ĐĂƌďŽŶ�ƐŬĞůĞƚŽŶ�ĂŶĚ�ĂƐƐŽĐŝĂƚĞĚ�ĨƵŶĐƟŽŶĂů�
groups) e.g. for butan-2-ol:

 

OH

M4.2

See also 2.1.3 b for empirical formula and molecular 
formula.

�ĞĮŶŝƟŽŶƐ�not required. 

In structural formulae, the carboxyl group will be 
represented as COOH and the ester group as COO.

The symbols below will be used for cyclohexane and 
benzene:

,^tϴ��ŽŵŵƵŶŝĐĂƟŽŶ�ƵƐŝŶŐ�ŽƌŐĂŶŝĐ�ĐŚĞŵŝĐĂů�
ƐƚƌƵĐƚƵƌĞƐ͖�ƐĞůĞĐƟŶŐ�ƚŚĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ƚǇƉĞ�ŽĨ�ĨŽƌŵƵůĂ�
for the context.
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&ƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ

(c) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗�
(i) homologous series (a series of organic 

ĐŽŵƉŽƵŶĚƐ�ŚĂǀŝŶŐ�ƚŚĞ�ƐĂŵĞ�ĨƵŶĐƟŽŶĂů�
group but with each successive member 
ĚŝīĞƌŝŶŐ�ďǇ��,2)

(ii)� ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉ�(a group of atoms 
ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌŝƐƟĐ�ƌĞĂĐƟŽŶƐ�
of a compound)

(iii) alkyl group (of formula CnH2n+1)
(iv)� ĂůŝƉŚĂƟĐ (a compound containing carbon 

and hydrogen joined together in straight 
ĐŚĂŝŶƐ͕�ďƌĂŶĐŚĞĚ�ĐŚĂŝŶƐ�Žƌ�ŶŽŶͲĂƌŽŵĂƟĐ�
rings)

(v) alicyclic�;ĂŶ�ĂůŝƉŚĂƟĐ�ĐŽŵƉŽƵŶĚ�ĂƌƌĂŶŐĞĚ�
ŝŶ�ŶŽŶͲĂƌŽŵĂƟĐ�ƌŝŶŐƐ�ǁŝƚŚ�Žƌ�ǁŝƚŚŽƵƚ�ƐŝĚĞ�
chains)

(vi)� ĂƌŽŵĂƟĐ (a compound containing a 
benzene ring)

(vii) saturated (single carbon–carbon bonds 
only) and unsaturated (the presence of 
ŵƵůƟƉůĞ�ĐĂƌďŽŶʹĐĂƌďŽŶ�ďŽŶĚƐ͕�ŝŶĐůƵĚŝŶŐ�
C=C, C C/ �ĂŶĚ�ĂƌŽŵĂƟĐ�ƌŝŶŐƐͿ

�ĞĮŶŝƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ŚŽŵŽůŽŐŽƵƐ�ƐĞƌŝĞƐ�ŽŶůǇ͘

R may be used to represent alkyl groups, but also 
other fragments of organic compounds not involved 
ŝŶ�ƌĞĂĐƟŽŶƐ͘

The terms saturated and unsaturated will be used 
ƚŽ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŵƵůƟƉůĞ�ĐĂƌďŽŶʹĐĂƌďŽŶ�
ďŽŶĚƐ�ĂƐ�ĚŝƐƟŶĐƚ�ĨƌŽŵ�ƚŚĞ�ǁŝĚĞƌ�ƚĞƌŵ�͚ĚĞŐƌĞĞ�ŽĨ�
ƐĂƚƵƌĂƟŽŶ͛�ƵƐĞĚ�ĂůƐŽ�ĨŽƌ�ĂŶǇ�ŵƵůƟƉůĞ�ďŽŶĚƐ�ĂŶĚ�
cyclic compounds.

(d) use of the general formula of a homologous 
series to predict the formula of any member of 
the series

Isomerism

(e) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵ�structural isomers 
(compounds with the same molecular 
ĨŽƌŵƵůĂ�ďƵƚ�ĚŝīĞƌĞŶƚ�ƐƚƌƵĐƚƵƌĂů�ĨŽƌŵƵůĂĞͿ�ĂŶĚ�
ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƉŽƐƐŝďůĞ�ƐƚƌƵĐƚƵƌĂů�ĨŽƌŵƵůĂĞ�ŽĨ�
an organic molecule, given its molecular formula

M4.2

ZĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ

(f) ƚŚĞ�ĚŝīĞƌĞŶƚ�ƚǇƉĞƐ�ŽĨ�ĐŽǀĂůĞŶƚ�ďŽŶĚ�ĮƐƐŝŽŶ͗
(i) ŚŽŵŽůǇƟĐ�ĮƐƐŝŽŶ�;ŝŶ�ƚĞƌŵƐ�ŽĨ�ĞĂĐŚ�ďŽŶĚŝŶŐ�

atom receiving one electron from the 
bonded pair, forming two radicals)

(ii) ŚĞƚĞƌŽůǇƟĐ�ĮƐƐŝŽŶ�;ŝŶ�ƚĞƌŵƐ�ŽĨ�ŽŶĞ�ďŽŶĚŝŶŐ�
atom receiving both electrons from the 
bonded pair)
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;ŐͿ the term radical (a species with an unpaired 
electron) and use of ‘dots’ to represent species 
that are radicals in mechanisms

Radical mechanisms will be represented by a 
ƐĞƋƵĞŶĐĞ�ŽĨ�ĞƋƵĂƟŽŶƐ͘� 
�ŽƚƐ͕�ͻ͕�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ŝŶ�Ăůů�ŝŶƐƚĂŶĐĞƐ�ǁŚĞƌĞ�ƚŚĞƌĞ�ŝƐ�
a single unpaired electron (e.g. Cl ͻ�ĂŶĚ��,3ͻͿ͘��ŽƚƐ�
are not required for species that are diradicals  
(e.g. O).

(h) a ‘curly arrow’ described as the movement of an 
ĞůĞĐƚƌŽŶ�ƉĂŝƌ͕ �ƐŚŽǁŝŶŐ�ĞŝƚŚĞƌ�ŚĞƚĞƌŽůǇƟĐ�ĮƐƐŝŽŶ�
Žƌ�ĨŽƌŵĂƟŽŶ�ŽĨ�Ă�ĐŽǀĂůĞŶƚ�ďŽŶĚ

‘Half curly arrows’ are not required, see 4.1.2 f.

HSW1,8 Use of the ‘curly arrow’ model to 
ĚĞŵŽŶƐƚƌĂƚĞ�ĞůĞĐƚƌŽŶ�ŇŽǁ�ŝŶ�ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

(i) ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ͕�ƵƐŝŶŐ�ĚŝĂŐƌĂŵƐ͕�ƚŽ�ƐŚŽǁ�
clearly the movement of an electron pair with 
‘curly arrows’ and relevant dipoles.

Any relevant dipoles should be included. 
Curly arrows should start from a bond, a lone pair of 
ĞůĞĐƚƌŽŶƐ�Žƌ�Ă�ŶĞŐĂƟǀĞ�ĐŚĂƌŐĞ͘

,^tϭ͕Ϯ͕ϴ�hƐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ĞǆƉůĂŝŶ�
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘
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ϰ͘ϭ͘Ϯ��ůŬĂŶĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌŽƉĞƌƟĞƐ�ŽĨ�ĂůŬĂŶĞƐ

(a) alkanes as saturated hydrocarbons containing 
ƐŝŶŐůĞ��ʹ��ĂŶĚ��ʹ,�ďŽŶĚƐ�ĂƐ�ʍͲďŽŶĚƐ�;ŽǀĞƌůĂƉ�
of orbitals directly between the bonding atoms); 
ĨƌĞĞ�ƌŽƚĂƟŽŶ�ŽĨ�ƚŚĞ�ʍͲďŽŶĚ

,ǇďƌŝĚŝƐĂƟŽŶ�not required.

HSW1 Use of model of orbital overlap to explain 
covalent bonding in organic compounds.

(b) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƚƌĂŚĞĚƌĂů�ƐŚĂƉĞ�ĂŶĚ�ďŽŶĚ�
angle around each carbon atom in alkanes in 
terms of electron pair repulsion  
;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ŐʹŚͿ

M4.1, M4.2

Learners should be able to draw 3-D diagrams.

(c) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ǀĂƌŝĂƟŽŶƐ�ŝŶ�ďŽŝůŝŶŐ�ƉŽŝŶƚƐ�ŽĨ�
ĂůŬĂŶĞƐ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�ĐĂƌďŽŶͲĐŚĂŝŶ�ůĞŶŐƚŚ�ĂŶĚ�
branching, in terms of induced dipole–dipole 
ŝŶƚĞƌĂĐƟŽŶƐ�;>ŽŶĚŽŶ�ĨŽƌĐĞƐͿ�;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ŬͿ

M3.1

ZĞĂĐƟŽŶƐ�ŽĨ�ĂůŬĂŶĞƐ

(d) ƚŚĞ�ůŽǁ�ƌĞĂĐƟǀŝƚǇ�ŽĨ�ĂůŬĂŶĞƐ�ǁŝƚŚ�ŵĂŶǇ�ƌĞĂŐĞŶƚƐ�
in terms of the high bond enthalpy and very low 
ƉŽůĂƌŝƚǇ�ŽĨ�ƚŚĞ�ʍͲďŽŶĚƐ�ƉƌĞƐĞŶƚ�(see also 2.2.2 j)

HSW1 Use of ideas about enthalpy and polarity to 
ĞǆƉůĂŝŶ�ŵĂĐƌŽƐĐŽƉŝĐ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ĂůŬĂŶĞƐ͘

(e) ĐŽŵƉůĞƚĞ�ĐŽŵďƵƐƟŽŶ�ŽĨ�ĂůŬĂŶĞƐ͕�ĂƐ�ƵƐĞĚ�ŝŶ�ĨƵĞůƐ͕�
ĂŶĚ�ƚŚĞ�ŝŶĐŽŵƉůĞƚĞ�ĐŽŵďƵƐƟŽŶ�ŽĨ�ĂůŬĂŶĞ�ĨƵĞůƐ�
ŝŶ�Ă�ůŝŵŝƚĞĚ�ƐƵƉƉůǇ�ŽĨ�ŽǆǇŐĞŶ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƟŶŐ�
ƉŽƚĞŶƟĂů�ĚĂŶŐĞƌƐ�ĨƌŽŵ��K

(f) ƚŚĞ�ƌĞĂĐƟŽŶ�ŽĨ�ĂůŬĂŶĞƐ�ǁŝƚŚ�ĐŚůŽƌŝŶĞ�ĂŶĚ�
ďƌŽŵŝŶĞ�ďǇ�ƌĂĚŝĐĂů�ƐƵďƐƟƚƵƟŽŶ�ƵƐŝŶŐ�ƵůƚƌĂǀŝŽůĞƚ�
ƌĂĚŝĂƟŽŶ͕�ŝŶĐůƵĚŝŶŐ�Ă�ŵĞĐŚĂŶŝƐŵ�ŝŶǀŽůǀŝŶŐ�
ŚŽŵŽůǇƟĐ�ĮƐƐŝŽŶ�ĂŶĚ�ƌĂĚŝĐĂů�ƌĞĂĐƟŽŶƐ�ŝŶ�ƚĞƌŵƐ�
ŽĨ�ŝŶŝƟĂƟŽŶ͕�ƉƌŽƉĂŐĂƟŽŶ�ĂŶĚ�ƚĞƌŵŝŶĂƟŽŶ� 
;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϭ�ĨʹŐͿ

Learners are not required to use ‘half curly arrows’ 
in this mechanism.  
�ƋƵĂƟŽŶƐ�ƐŚŽƵůĚ�ƐŚŽǁ�ǁŚŝĐŚ�ƐƉĞĐŝĞƐ�ĂƌĞ�ƌĂĚŝĐĂůƐ�
ƵƐŝŶŐ�Ă�ƐŝŶŐůĞ�͚ĚŽƚ͕͛ �ͻ͕�ƚŽ�ƌĞƉƌĞƐĞŶƚ�ƚŚĞ�ƵŶƉĂŝƌĞĚ�
electron.

;ŐͿ ƚŚĞ�ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ƌĂĚŝĐĂů�ƐƵďƐƟƚƵƟŽŶ�ŝŶ�ƐǇŶƚŚĞƐŝƐ�
ďǇ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�Ă�ŵŝǆƚƵƌĞ�ŽĨ�ŽƌŐĂŶŝĐ�
ƉƌŽĚƵĐƚƐ͕�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĨƵƌƚŚĞƌ�ƐƵďƐƟƚƵƟŽŶ�ĂŶĚ�
ƌĞĂĐƟŽŶƐ�Ăƚ�ĚŝīĞƌĞŶƚ�ƉŽƐŝƟŽŶƐ�ŝŶ�Ă�ĐĂƌďŽŶ�ĐŚĂŝŶ͘
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ϰ͘ϭ͘ϯ��ůŬĞŶĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌŽƉĞƌƟĞƐ�ŽĨ�ĂůŬĞŶĞƐ

(a) alkenes as unsaturated hydrocarbons containing 
Ă��с��ďŽŶĚ�ĐŽŵƉƌŝƐŝŶŐ�Ă�ʋͲďŽŶĚ�;ƐŝĚĞǁĂǇƐ�
overlap of adjacent p-orbitals above and below 
ƚŚĞ�ďŽŶĚŝŶŐ���ĂƚŽŵƐͿ�ĂŶĚ�Ă�ʍͲďŽŶĚ�;ŽǀĞƌůĂƉ�ŽĨ�
orbitals directly between the bonding atoms) 
(see also 4.1.2 a)͖�ƌĞƐƚƌŝĐƚĞĚ�ƌŽƚĂƟŽŶ�ŽĨ�ƚŚĞ� 
ʋͲďŽŶĚ

,ǇďƌŝĚŝƐĂƟŽŶ�ŝƐ�not required.

HSW1 Use of model of orbital overlap to explain 
covalent bonding in organic compounds.

(b) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚƌŝŐŽŶĂů�ƉůĂŶĂƌ�ƐŚĂƉĞ�ĂŶĚ�
bond angle around each carbon in the C=C of 
alkenes in terms of electron pair repulsion  
;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ŐʹŚ͕�ϰ͘ϭ͘Ϯ�ďͿ

M4.1, M4.2

^ƚĞƌĞŽŝƐŽŵĞƌŝƐŵ�ŝŶ�ĂůŬĞŶĞƐ

(c) (i) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗
� ͻ� �ƐƚĞƌĞŽŝƐŽŵĞƌƐ (compounds with the 

same structural formula but with a 
ĚŝīĞƌĞŶƚ�ĂƌƌĂŶŐĞŵĞŶƚ�ŝŶ�ƐƉĂĐĞͿ

� ͻ� ��/Z isomerism (an example of 
stereoisomerism, in terms of restricted 
ƌŽƚĂƟŽŶ�ĂďŽƵƚ�Ă�ĚŽƵďůĞ�ďŽŶĚ�ĂŶĚ�ƚŚĞ�
ƌĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�ƚǁŽ�ĚŝīĞƌĞŶƚ�ŐƌŽƵƉƐ�ƚŽ�
ďĞ�ĂƩĂĐŚĞĚ�ƚŽ�ĞĂĐŚ�ĐĂƌďŽŶ�ĂƚŽŵ�ŽĨ�ƚŚĞ�
C=C group)

� ͻ� �ĐŝƐ–trans isomerism (a special case 
of �/Z isomerism in which two of the 
ƐƵďƐƟƚƵĞŶƚ�ŐƌŽƵƉƐ�ĂƩĂĐŚĞĚ�ƚŽ�ĞĂĐŚ�
carbon atom of the C=C group are the 
same)

(ii) use of Cahn–Ingold–Prelog (CIP) priority 
ƌƵůĞƐ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�� and Z stereoisomers

M4.2, M4.3

C C

H

H
E-but-2-ene

(trans)

M4.2, M4.3

Z-but-2-ene
(cis)

CH3

H3C

H3C

C C

H

CH3

H

Use of � as equivalent to trans and Z as equivalent 
to cis is only consistently correct when there is an H 
on each carbon atom of the C=C bond.

�ƐƐŝŐŶŝŶŐ��/W�ƉƌŝŽƌŝƟĞƐ�ƚŽ�ĚŽƵďůĞ�Žƌ�ƚƌŝƉůĞ�ďŽŶĚƐ�
within R groups is not required: 

C C

R"

R'

M4.2, M4.3

R'''

R

(d) ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƉŽƐƐŝďůĞ��/Z or cis–trans 
stereoisomers of an organic molecule, given its 
structural formula

M4.2, M4.3
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�ĚĚŝƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ĂůŬĞŶĞƐ

(e) ƚŚĞ�ƌĞĂĐƟǀŝƚǇ�ŽĨ�ĂůŬĞŶĞƐ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ƌĞůĂƟǀĞůǇ�
ůŽǁ�ďŽŶĚ�ĞŶƚŚĂůƉǇ�ŽĨ�ƚŚĞ�ʋͲďŽŶĚ

(f) ĂĚĚŝƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ĂůŬĞŶĞƐ�ǁŝƚŚ͗
(i) hydrogen in the presence of a suitable 

ĐĂƚĂůǇƐƚ͕�Ğ͘Ő͘�Eŝ͕�ƚŽ�ĨŽƌŵ�ĂůŬĂŶĞƐ
(ii) halogens to form dihaloalkanes, including 

the use of bromine to detect the presence 
of a double C=C bond as a test for 
ƵŶƐĂƚƵƌĂƟŽŶ�ŝŶ�Ă�ĐĂƌďŽŶ�ĐŚĂŝŶ

(iii) hydrogen halides to form haloalkanes
(iv) steam in the presence of an acid catalyst, 

e.g. H3PO4, to form alcohols

PAG7 (see also 6.3.1 c)

;ŐͿ ĚĞĮŶŝƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵ�electrophile (an 
electron pair acceptor)

(h) ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ĞůĞĐƚƌŽƉŚŝůŝĐ�ĂĚĚŝƟŽŶ�ŝŶ�
ĂůŬĞŶĞƐ�ďǇ�ŚĞƚĞƌŽůǇƟĐ�ĮƐƐŝŽŶ�;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϭ�ŚʹŝͿ

&Žƌ�ƚŚĞ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ŚĂůŽŐĞŶƐ͕�ĞŝƚŚĞƌ�Ă�ĐĂƌďŽĐĂƟŽŶ�
or a halonium ion intermediate is acceptable.

,^tϭ͕Ϯ͕ϴ�hƐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ĞǆƉůĂŝŶ�
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

(i) ƵƐĞ�ŽĨ�DĂƌŬŽǁŶŝŬŽī Ɛ͛�ƌƵůĞ�ƚŽ�ƉƌĞĚŝĐƚ�ĨŽƌŵĂƟŽŶ�
ŽĨ�Ă�ŵĂũŽƌ�ŽƌŐĂŶŝĐ�ƉƌŽĚƵĐƚ�ŝŶ�ĂĚĚŝƟŽŶ�ƌĞĂĐƟŽŶƐ�
of H–X to unsymmetrical alkenes, e.g. H–Br to 
ƉƌŽƉĞŶĞ͕�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ƌĞůĂƟǀĞ�ƐƚĂďŝůŝƟĞƐ�ŽĨ�
ĐĂƌďŽĐĂƟŽŶ�ŝŶƚĞƌŵĞĚŝĂƚĞƐ�ŝŶ�ƚŚĞ�ŵĞĐŚĂŶŝƐŵ

>ŝŵŝƚĞĚ�ƚŽ�ƐƚĂďŝůŝƟĞƐ�ŽĨ�ƉƌŝŵĂƌǇ͕ �ƐĞĐŽŶĚĂƌǇ�ĂŶĚ�
ƚĞƌƟĂƌǇ�ĐĂƌďŽĐĂƟŽŶƐ͘

�ǆƉůĂŶĂƟŽŶ�ĨŽƌ�ƌĞůĂƟǀĞ�ƐƚĂďŝůŝƟĞƐ�ŽĨ�ĐĂƌďŽĐĂƟŽŶƐ�
not required. 

HSW1,2,5 Use of stability to explain products of 
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

WŽůǇŵĞƌƐ�ĨƌŽŵ�ĂůŬĞŶĞƐ

(j) ĂĚĚŝƟŽŶ�ƉŽůǇŵĞƌŝƐĂƟŽŶ�ŽĨ�ĂůŬĞŶĞƐ�ĂŶĚ�
ƐƵďƐƟƚƵƚĞĚ�ĂůŬĞŶĞƐ͕�ŝŶĐůƵĚŝŶŐ͗
(i) ƚŚĞ�ƌĞƉĞĂƚ�ƵŶŝƚ�ŽĨ�ĂŶ�ĂĚĚŝƟŽŶ�ƉŽůǇŵĞƌ�

deduced from a given monomer
(ii) ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ƚŚĞ�ŵŽŶŽŵĞƌ�ƚŚĂƚ�ǁŽƵůĚ�

ƉƌŽĚƵĐĞ�Ă�ŐŝǀĞŶ�ƐĞĐƟŽŶ�ŽĨ�ĂŶ�ĂĚĚŝƟŽŶ�
polymer
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tĂƐƚĞ�ƉŽůǇŵĞƌƐ�ĂŶĚ�ĂůƚĞƌŶĂƟǀĞƐ

;ŬͿ ƚŚĞ�ďĞŶĞĮƚƐ�ĨŽƌ�ƐƵƐƚĂŝŶĂďŝůŝƚǇ�ŽĨ�ƉƌŽĐĞƐƐŝŶŐ�ǁĂƐƚĞ�
polymers by:
(i) ĐŽŵďƵƐƟŽŶ�ĨŽƌ�ĞŶĞƌŐǇ�ƉƌŽĚƵĐƟŽŶ
(ii) use as an organic feedstock for the 

ƉƌŽĚƵĐƟŽŶ�ŽĨ�ƉůĂƐƟĐƐ�ĂŶĚ�ŽƚŚĞƌ�ŽƌŐĂŶŝĐ�
chemicals

(iii) removal of toxic waste products, e.g. 
removal of HCl formed during disposal by 
ĐŽŵďƵƐƟŽŶ�ŽĨ�ŚĂůŽŐĞŶĂƚĞĚ�ƉůĂƐƟĐƐ� 
(e.g. PVC)

,^tϵ͕ϭϬ��ĞŶĞĮƚƐ�ŽĨ�ĐŚĞĂƉ�ŽŝůͲĚĞƌŝǀĞĚ�ƉůĂƐƟĐƐ�
counteracted by problems for environment of 
ůĂŶĚĮůů͖�ƚŚĞ�ŵŽǀĞ�ƚŽ�ƌĞͲƵƐŝŶŐ�ǁĂƐƚĞ͕�ŝŵƉƌŽǀŝŶŐ�ƵƐĞ�
of resources.

(l) ƚŚĞ�ďĞŶĞĮƚƐ�ƚŽ�ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚ�ŽĨ�ĚĞǀĞůŽƉŵĞŶƚ�
of biodegradable and photodegradable polymers.

,^tϵ͕ϭϬ��ĞŶĞĮƚƐ�ŽĨ�ƌĞĚƵĐĞĚ�ĚĞƉĞŶĚĞŶĐǇ�ŽŶ�ĮŶŝƚĞ�
ƌĞƐŽƵƌĐĞƐ�ĂŶĚ�ĂůůĞǀŝĂƟŶŐ�ƉƌŽďůĞŵƐ�ĨƌŽŵ�ĚŝƐƉŽƐĂů�ŽĨ�
ƉĞƌƐŝƐƚĞŶƚ�ƉůĂƐƟĐ�ǁĂƐƚĞ͘

ϰ͘Ϯ��ůĐŽŚŽůƐ͕�ŚĂůŽĂůŬĂŶĞƐ�ĂŶĚ�ĂŶĂůǇƐŝƐ

dŚŝƐ�ƐĞĐƟŽŶ�ŝŶƚƌŽĚƵĐĞƐ�ƚǁŽ�ĨƵƌƚŚĞƌ�ĨƵŶĐƟŽŶĂů�
groups: alcohols and haloalkanes, and considers the 
importance of polarity and bond enthalpy to organic 
ƌĞĂĐƟŽŶƐ͘�

dŚƌŽƵŐŚŽƵƚ�ƚŚŝƐ�ƐĞĐƟŽŶ͕�ƚŚĞƌĞ�ĂƌĞ�ŵĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�
ĨŽƌ�ĚĞǀĞůŽƉŝŶŐ�ŽƌŐĂŶŝĐ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ͕�ŝŶĐůƵĚŝŶŐ�
ƉƌĞƉĂƌĂƟŽŶ�ĂŶĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ŽƌŐĂŶŝĐ�ůŝƋƵŝĚƐ͘

Finally, the important techniques of infrared 
spectroscopy and mass spectrometry are used to 
illustrate instrumental analysis as a valuable tool for 
ŝĚĞŶƟĨǇŝŶŐ�ŽƌŐĂŶŝĐ�ĐŽŵƉŽƵŶĚƐ͘

4.2.1 Alcohols
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌŽƉĞƌƟĞƐ�ŽĨ�ĂůĐŽŚŽůƐ

(a) (i) ƚŚĞ�ƉŽůĂƌŝƚǇ�ŽĨ�ĂůĐŽŚŽůƐ�ĂŶĚ�ĂŶ�ĞǆƉůĂŶĂƟŽŶ͕�
in terms of hydrogen bonding, of the water 
ƐŽůƵďŝůŝƚǇ�ĂŶĚ�ƚŚĞ�ƌĞůĂƟǀĞůǇ�ůŽǁ�ǀŽůĂƟůŝƚǇ�ŽĨ�
alcohols compared with alkanes (see also 
2.2.2 l and 4.1.2 c)

(ii) ĐůĂƐƐŝĮĐĂƟŽŶ�ŽĨ�ĂůĐŽŚŽůƐ�ŝŶƚŽ�ƉƌŝŵĂƌǇ͕ �
ƐĞĐŽŶĚĂƌǇ�ĂŶĚ�ƚĞƌƟĂƌǇ�ĂůĐŽŚŽůƐ

ZĞĂĐƟŽŶƐ�ŽĨ�ĂůĐŽŚŽůƐ

(b) ĐŽŵďƵƐƟŽŶ�ŽĨ�ĂůĐŽŚŽůƐ
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(c) ŽǆŝĚĂƟŽŶ�ŽĨ�ĂůĐŽŚŽůƐ�ďǇ�ĂŶ�ŽǆŝĚŝƐŝŶŐ�ĂŐĞŶƚ͕�Ğ͘Ő͘�
Cr2O7

2–/H+ (i.e. K2Cr2O7/H2SO4), including:

(i) ƚŚĞ�ŽǆŝĚĂƟŽŶ�ŽĨ�ƉƌŝŵĂƌǇ�ĂůĐŽŚŽůƐ�ƚŽ�ĨŽƌŵ�
aldehydes and carboxylic acids; the control 
ŽĨ�ƚŚĞ�ŽǆŝĚĂƟŽŶ�ƉƌŽĚƵĐƚ�ƵƐŝŶŐ�ĚŝīĞƌĞŶƚ�
ƌĞĂĐƟŽŶ�ĐŽŶĚŝƟŽŶƐ

(ii) ƚŚĞ�ŽǆŝĚĂƟŽŶ�ŽĨ�ƐĞĐŽŶĚĂƌǇ�ĂůĐŽŚŽůƐ�ƚŽ�ĨŽƌŵ�
ketones

(iii) ƚŚĞ�ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ŽǆŝĚĂƟŽŶ�ŽĨ�ƚĞƌƟĂƌǇ�
alcohols 

�ƋƵĂƟŽŶƐ�ƐŚŽƵůĚ�ƵƐĞ�΀K΁�ƚŽ�ƌĞƉƌĞƐĞŶƚ�ƚŚĞ�ŽǆŝĚŝƐŝŶŐ�
agent.

PAG7 (see also 6.3.1 c)

(d) ĞůŝŵŝŶĂƟŽŶ�ŽĨ�,2O from alcohols in the presence 
of an acid catalyst (e.g. H3PO4 or H2SO4) and heat 
to form alkenes

Mechanism not required.

(e) ƐƵďƐƟƚƵƟŽŶ�ǁŝƚŚ�ŚĂůŝĚĞ�ŝŽŶƐ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�
ĂĐŝĚ�;Ğ͘Ő͘�EĂ�ƌͬ,2SO4) to form haloalkanes.

Mechanism not required.

ϰ͘Ϯ͘Ϯ�,ĂůŽĂůŬĂŶĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

^ƵďƐƟƚƵƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ŚĂůŽĂůŬĂŶĞƐ

(a) ŚǇĚƌŽůǇƐŝƐ�ŽĨ�ŚĂůŽĂůŬĂŶĞƐ�ŝŶ�Ă�ƐƵďƐƟƚƵƟŽŶ�
ƌĞĂĐƟŽŶ͗
(i) by aqueous alkali
(ii) ďǇ�ǁĂƚĞƌ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ��ŐEK3 and 

ethanol to compare experimentally the 
ƌĂƚĞƐ�ŽĨ�ŚǇĚƌŽůǇƐŝƐ�ŽĨ�ĚŝīĞƌĞŶƚ�ĐĂƌďŽŶʹ
halogen bonds

PAG7 (see also 6.3.1 c)

(b) ĚĞĮŶŝƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵ�nucleophile (an 
electron pair donor)

(c) ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ŶƵĐůĞŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ŝŶ�ƚŚĞ�
hydrolysis of primary haloalkanes with aqueous 
alkali ;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϭ�ŚʹŝͿ

,^tϭ͕Ϯ�hƐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ĞǆƉůĂŝŶ�
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

(d) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚƌĞŶĚ�ŝŶ�ƚŚĞ�ƌĂƚĞƐ�ŽĨ�ŚǇĚƌŽůǇƐŝƐ�
of primary haloalkanes in terms of the bond 
enthalpies of carbon–halogen bonds (C–F, C–Cl, 
C–Br and C–I)
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�ŶǀŝƌŽŶŵĞŶƚĂů�ĐŽŶĐĞƌŶƐ�ĨƌŽŵ�ƵƐĞ�ŽĨ�ŽƌŐĂŶŽŚĂůŽŐĞŶ�ĐŽŵƉŽƵŶĚƐ

(e) ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŚĂůŽŐĞŶ�ƌĂĚŝĐĂůƐ�ďǇ�ƚŚĞ�ĂĐƟŽŶ�
ŽĨ�ƵůƚƌĂǀŝŽůĞƚ�;hsͿ�ƌĂĚŝĂƟŽŶ�ŽŶ��&�Ɛ�ŝŶ�ƚŚĞ�
ƵƉƉĞƌ�ĂƚŵŽƐƉŚĞƌĞ�ĂŶĚ�ƚŚĞ�ƌĞƐƵůƟŶŐ�ĐĂƚĂůǇƐĞĚ�
ďƌĞĂŬĚŽǁŶ�ŽĨ�ƚŚĞ��ĂƌƚŚ Ɛ͛�ƉƌŽƚĞĐƟǀĞ�ŽǌŽŶĞ�ůĂǇĞƌ͕ �
ŝŶĐůƵĚŝŶŐ�ĞƋƵĂƟŽŶƐ�ƚŽ�ƌĞƉƌĞƐĞŶƚ͗
(i) ƚŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ŚĂůŽŐĞŶ�ƌĂĚŝĐĂůƐ
(ii) the catalysed breakdown of ozone by Cl ͻ�

ĂŶĚ�ŽƚŚĞƌ�ƌĂĚŝĐĂůƐ�Ğ͘Ő͘�ͻEK͘

^ŝŵƉůĞ�ĞƋƵĂƟŽŶƐ�ŽĨ�ƚŚĞ�ďƌĞĂŬĚŽǁŶ�ƉƌŽĐĞƐƐ�ĂƌĞ�
required, e.g.

CF2Cl 2  ĺ  CF2Cl ͻ�н�ͻ�l 

ͻ�l + O3  ĺ��ͻ�l O + O2

ͻ�l O + O  ĺ��ͻ�l + O2

Learners could be expected to construct similar 
ĞƋƵĂƟŽŶƐ�ĨŽƌ�ŽƚŚĞƌ�ƐƚĂƚĞĚ�ƌĂĚŝĐĂůƐ͘

,^tϵ͕ϭϬ͕ϭϭ͕ϭϮ��ĞŶĞĮƚƐ�ŽĨ��&�Ɛ͖�ĂĐĐĞƉƚĂŶĐĞ�ŽĨ�
ƐĐŝĞŶƟĮĐ�ĞǀŝĚĞŶĐĞ�ĞǆƉůĂŝŶŝŶŐ�ŽǌŽŶĞ�ĚĞƉůĞƟŽŶ�
ůĞĂĚŝŶŐ�ƚŽ�ŐŽǀĞƌŶŵĞŶƚ�ůĞŐŝƐůĂƟŽŶ�ĂŐĂŝŶƐƚ��&��ƵƐĞ͘

ϰ͘Ϯ͘ϯ�KƌŐĂŶŝĐ�ƐǇŶƚŚĞƐŝƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌĂĐƟĐĂů�ƐŬŝůůƐ

(a) the techniques and procedures for:
(i) ƵƐĞ�ŽĨ�YƵŝĐŬĮƚ�ĂƉƉĂƌĂƚƵƐ�ŝŶĐůƵĚŝŶŐ�ĨŽƌ�

ĚŝƐƟůůĂƟŽŶ�ĂŶĚ�ŚĞĂƟŶŐ�ƵŶĚĞƌ�ƌĞŇƵǆ
(ii) ƉƌĞƉĂƌĂƟŽŶ�ĂŶĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ĂŶ�ŽƌŐĂŶŝĐ�

liquid including:
 ͻ� �ƵƐĞ�ŽĨ�Ă�ƐĞƉĂƌĂƟŶŐ�ĨƵŶŶĞů�ƚŽ�ƌĞŵŽǀĞ�ĂŶ�

organic layer from an aqueous layer
 ͻ� �ĚƌǇŝŶŐ�ǁŝƚŚ�ĂŶ�ĂŶŚǇĚƌŽƵƐ�ƐĂůƚ�;Ğ͘Ő͘�

MgSO4, CaCl 2)
 ͻ� ƌĞĚŝƐƟůůĂƟŽŶ

PAG5 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

^ǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ

(b) for an organic molecule containing several 
ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ͗
(i) ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ
(ii) ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�ƌĞĂĐƟŽŶƐ

>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�ĨƵŶĐƟŽŶĂů�
groups encountered in Module 4.

,^tϯ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ͘

(c) ƚǁŽͲƐƚĂŐĞ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ�ĨŽƌ�ƉƌĞƉĂƌŝŶŐ�ŽƌŐĂŶŝĐ�
compounds.

Learners will be expected to be able to devise two-
ƐƚĂŐĞ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ�ďǇ�ĂƉƉůǇŝŶŐ�ƚƌĂŶƐĨŽƌŵĂƟŽŶƐ�
ďĞƚǁĞĞŶ�Ăůů�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ĞŶĐŽƵŶƚĞƌĞĚ�ƵƉ�ƚŽ�
ƚŚŝƐ�ƉŽŝŶƚ�ŽĨ�ƚŚĞ�ƐƉĞĐŝĮĐĂƟŽŶ͘� 
�ǆƚƌĂ�ŝŶĨŽƌŵĂƟŽŶ�ŵĂǇ�ďĞ�ƉƌŽǀŝĚĞĚ�ŽŶ�ĞǆĂŵ�ƉĂƉĞƌƐ�
ƚŽ�ĞǆƚĞŶĚ�ƚŚĞ�ůĞĂƌŶĞƌ Ɛ͛�ƚŽŽůŬŝƚ�ŽĨ�ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

,^tϯ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ͘
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ϰ͘Ϯ͘ϰ��ŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Infrared spectroscopy

(a) ŝŶĨƌĂƌĞĚ�;/ZͿ�ƌĂĚŝĂƟŽŶ�ĐĂƵƐĞƐ�ĐŽǀĂůĞŶƚ�ďŽŶĚƐ�ƚŽ�
vibrate more and absorb energy

(b) ĂďƐŽƌƉƟŽŶ�ŽĨ�ŝŶĨƌĂƌĞĚ�ƌĂĚŝĂƟŽŶ�ďǇ�ĂƚŵŽƐƉŚĞƌŝĐ�
gases containing C=O, O–H and C–H bonds  
(e.g. H2O, CO2 and CH4), the suspected link to 
ŐůŽďĂů�ǁĂƌŵŝŶŐ�ĂŶĚ�ƌĞƐƵůƟŶŐ�ĐŚĂŶŐĞƐ�ƚŽ�ĞŶĞƌŐǇ�
usage

,^tϵ͕ϭϬ͕ϭϭ͕ϭϮ��ĐĐĞƉƚĂŶĐĞ�ŽĨ�ƐĐŝĞŶƟĮĐ�ĞǀŝĚĞŶĐĞ�
explaining global warming has prompted 
governments towards policies to use renewable 
energy supplies.

(c) use of an infrared spectrum of an organic 
ĐŽŵƉŽƵŶĚ�ƚŽ�ŝĚĞŶƟĨǇ͗
(i) ĂŶ�ĂůĐŽŚŽů�ĨƌŽŵ�ĂŶ�ĂďƐŽƌƉƟŽŶ�ƉĞĂŬ�ŽĨ�ƚŚĞ�

O–H bond
(ii) ĂŶ�ĂůĚĞŚǇĚĞ�Žƌ�ŬĞƚŽŶĞ�ĨƌŽŵ�ĂŶ�ĂďƐŽƌƉƟŽŶ�

peak of the C=O bond
(iii) Ă�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚ�ĨƌŽŵ�ĂŶ�ĂďƐŽƌƉƟŽŶ�ƉĞĂŬ�ŽĨ�

ƚŚĞ��сK�ďŽŶĚ�ĂŶĚ�Ă�ďƌŽĂĚ�ĂďƐŽƌƉƟŽŶ�ƉĞĂŬ�
of the O–H bond

M3.1 

/Ŷ�ĞǆĂŵŝŶĂƟŽŶƐ͕�ŝŶĨƌĂƌĞĚ�ĂďƐŽƌƉƟŽŶ�ĚĂƚĂ�ǁŝůů�ďĞ�
provided on the Data Sheet. 
Learners should be aware that most organic 
compounds produce a peak at approximately  
3000 cm–1�ĚƵĞ�ƚŽ�ĂďƐŽƌƉƟŽŶ�ďǇ��ʹ,�ďŽŶĚƐ͘

(d) ŝŶƚĞƌƉƌĞƚĂƟŽŶƐ�ĂŶĚ�ƉƌĞĚŝĐƟŽŶƐ�ŽĨ�ĂŶ�ŝŶĨƌĂƌĞĚ�
spectrum of familiar or unfamiliar substances 
using supplied data

M3.1 

ZĞƐƚƌŝĐƚĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚŝƐ�
ƐƉĞĐŝĮĐĂƟŽŶ�(see also 6.3.2 e).

,^tϯ͕ϱ��ŶĂůǇƐŝƐ�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƐƉĞĐƚƌĂ͘

(e) use of infrared spectroscopy to monitor gases 
ĐĂƵƐŝŶŐ�Ăŝƌ�ƉŽůůƵƟŽŶ�;Ğ͘Ő͘��K�ĂŶĚ�EK�ĨƌŽŵ�ĐĂƌ�
emissions) and in modern breathalysers to 
measure ethanol in the breath

,^tϭϮ�hƐĞ�ŽĨ�ĂŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐ�ƚŽ�ƉƌŽǀŝĚĞ�
evidence for law courts, e.g. drink driving.

Mass spectrometry

(f) use of a mass spectrum of an organic compound 
ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�ŵŽůĞĐƵůĂƌ�ŝŽŶ�ƉĞĂŬ�ĂŶĚ�ŚĞŶĐĞ�ƚŽ�
determine molecular mass

M3.1

Limited to ions with single charges. 
Learners will not be expected to interpret mass 
spectra of organic halogen compounds. 

Limited to organic compounds encountered in this 
ƐƉĞĐŝĮĐĂƟŽŶ�(see also 6.3.2 e).

Learners should be aware that mass spectra may 
ĐŽŶƚĂŝŶ�Ă�ƐŵĂůů�Dнϭ�ƉĞĂŬ�ĨƌŽŵ�ƚŚĞ�ƐŵĂůů�ƉƌŽƉŽƌƟŽŶ�
of carbon-13.

,^tϯ͕ϱ��ŶĂůǇƐŝƐ�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƐƉĞĐƚƌĂ͘
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;ŐͿ ĂŶĂůǇƐŝƐ�ŽĨ�ĨƌĂŐŵĞŶƚĂƟŽŶ�ƉĞĂŬƐ�ŝŶ�Ă�ŵĂƐƐ�
ƐƉĞĐƚƌƵŵ�ƚŽ�ŝĚĞŶƟĨǇ�ƉĂƌƚƐ�ŽĨ�ƐƚƌƵĐƚƵƌĞƐ͘

M3.1

Learners should be able to suggest the structures of 
fragment ions.

,^tϯ͕ϱ��ŶĂůǇƐŝƐ�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƐƉĞĐƚƌĂ͘

�ŽŵďŝŶĞĚ�ƚĞĐŚŶŝƋƵĞƐ

(h) ĚĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞƐ�ŽĨ�ŽƌŐĂŶŝĐ�
ĐŽŵƉŽƵŶĚƐ�ĨƌŽŵ�ĚŝīĞƌĞŶƚ�ĂŶĂůǇƟĐĂů�ĚĂƚĂ�
including:

(i) elemental analysis (see also 2.1.3c)
(ii) mass spectra
(iii) IR spectra.

M3.1 

>ŝŵŝƚĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�ƚŚŝƐ�
ƐƉĞĐŝĮĐĂƟŽŶ͘

Learners will not be expected to interpret mass 
spectra of organic halogen compounds.

,^tϯ͕ϱ͕ϲ��ŶĂůǇƐŝƐ�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�
ĂŶĂůǇƟĐĂů�ĚĂƚĂ͘
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DŽĚƵůĞ�ϱ͗�WŚǇƐŝĐĂů�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�ƚƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ

The content within this module assumes knowledge 
and understanding of the chemical concepts developed 
ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�DŽĚƵůĞ�ϯ͗�
Periodic table and energy.

dŚŝƐ�ŵŽĚƵůĞ�ĞǆƚĞŶĚƐ�ƚŚĞ�ƐƚƵĚǇ�ŽĨ�ĞŶĞƌŐǇ͕ �ƌĞĂĐƟŽŶ�
rates and equilibria, and the periodic table.

The main areas of physical chemistry studied include:

 � ƌĂƚĞ�ĞƋƵĂƟŽŶƐ͕�ŽƌĚĞƌƐ�ŽĨ�ƌĞĂĐƟŽŶ͕�ƚŚĞ�ƌĂƚĞͲ
determining step

 � equilibrium constants, Kc and Kp
 � acid–base equilibria including pH, Ka�ĂŶĚ�ďƵīĞƌ�

ƐŽůƵƟŽŶƐ

 � ůĂƫĐĞ�ĞŶƚŚĂůƉǇ�ĂŶĚ��ŽƌŶʹ,ĂďĞƌ�ĐǇĐůĞƐ

 � entropy and free energy

 � electrochemical cells.

The main areas of inorganic chemistry studied include:

 � redox chemistry

 � ƚƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ͘

^ǇŶŽƉƟĐ�ĂƐƐĞƐƐŵĞŶƚ

dŚŝƐ�ŵŽĚƵůĞ�ƉƌŽǀŝĚĞƐ�Ă�ĐŽŶƚĞǆƚ�ĨŽƌ�ƐǇŶŽƉƟĐ�
assessment and the subject content links strongly with 
ƚŚĞ�ĐŽŶƚĞŶƚ�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�
chemistry and Module 3: Periodic table and energy.

 � Atoms, moles and stoichiometry

 � �ĐŝĚ�ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ

 � Bonding and structure

 � WĞƌŝŽĚŝĐŝƚǇ͕ �'ƌŽƵƉ�Ϯ�ĂŶĚ�ƚŚĞ�ŚĂůŽŐĞŶƐ

 � Enthalpy changes

 � ZĞĂĐƟŽŶ�ƌĂƚĞƐ

 � Chemical equilibrium

Knowledge and understanding of Module 2 and 
DŽĚƵůĞ�ϯ�ǁŝůů�ďĞ�ĂƐƐƵŵĞĚ�ĂŶĚ�ĞǆĂŵŝŶĂƟŽŶ�ƋƵĞƐƟŽŶƐ�
will be set that link their content with this module and 
other areas of chemistry. 

ϱ͘ϭ�ZĂƚĞƐ͕�ĞƋƵŝůŝďƌŝƵŵ�ĂŶĚ�Ɖ,

dŚĞ�ůĂƌŐĞůǇ�ƋƵĂůŝƚĂƟǀĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ�
and equilibria encountered in Module 3 is developed 
ǁŝƚŚŝŶ�Ă�ƋƵĂŶƟƚĂƟǀĞ�ĂŶĚ�ŐƌĂƉŚŝĐĂů�ĐŽŶƚĞǆƚ͘�

dŚŝƐ�ƐĞĐƟŽŶ�ĂůƐŽ�ĂůůŽǁƐ�ůĞĂƌŶĞƌƐ�ƚŽ�ĚĞǀĞůŽƉ�ƉƌĂĐƟĐĂů�
ƋƵĂŶƟƚĂƟǀĞ�ƚĞĐŚŶŝƋƵĞƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ĚĞƚĞƌŵŝŶĂƟŽŶ�
ŽĨ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ�ĂŶĚ�Ɖ,͘�

dŚĞƌĞ�ĂƌĞ�ŵĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�ĚĞǀĞůŽƉŝŶŐ�
ŵĂƚŚĞŵĂƟĐĂů�ƐŬŝůůƐ͕�ŝŶĐůƵĚŝŶŐ�ƵƐĞ�ŽĨ�ůŽŐĂƌŝƚŚŵƐ�ĂŶĚ�
ĞǆƉŽŶĞŶƚƐ͕�ǁŚĞŶ�ƐƚƵĚǇŝŶŐ�ƚŚĞ�ĐŽŶƚĞŶƚ�ŽĨ�ƚŚŝƐ�ƐĞĐƟŽŶ�
ĂŶĚ�ǁŚĞŶ�ĐĂƌƌǇŝŶŐ�ŽƵƚ�ƋƵĂŶƟƚĂƟǀĞ�ƉƌĂĐƟĐĂů�ǁŽƌŬ͘
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ϱ͘ϭ͘ϭ�,Žǁ�ĨĂƐƚ͍
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

KƌĚĞƌƐ͕�ƌĂƚĞ�ĞƋƵĂƟŽŶƐ�ĂŶĚ�ƌĂƚĞ�ĐŽŶƐƚĂŶƚƐ

(a) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗�rate of 
ƌĞĂĐƟŽŶ, order, overall order, rate constant, half-
life, rate-determining step

(b) ĚĞĚƵĐƟŽŶ�ŽĨ͗
(i) orders from experimental data
(ii) Ă�ƌĂƚĞ�ĞƋƵĂƟŽŶ�ĨƌŽŵ�ŽƌĚĞƌƐ�ŽĨ�ƚŚĞ�ĨŽƌŵ͗�

rate = k΀�΁m΀�΁n, where m and n are 0, 1 or 2

M0.2

>ĞĂƌŶĞƌƐ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŝŶƚĞƌƉƌĞƚ�ŝŶŝƟĂů�ƌĂƚĞƐ�ĚĂƚĂ�
to determine orders with respect to reactants. 
/ŶƚĞŐƌĂƚĞĚ�ĨŽƌŵƐ�ŽĨ�ƌĂƚĞ�ĞƋƵĂƟŽŶƐ�ĂƌĞ�not required.

PAG10 
,^tϴ�hƐĞ�ŽĨ�ƌĂƚĞ�ĞƋƵĂƟŽŶƐ͘

(c) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ƌĂƚĞ�ĐŽŶƐƚĂŶƚ͕�k, and related 
ƋƵĂŶƟƟĞƐ͕�ĨƌŽŵ�Ă�ƌĂƚĞ�ĞƋƵĂƟŽŶ�ŝŶĐůƵĚŝŶŐ�
ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƵŶŝƚƐ

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4

ZĂƚĞ�ŐƌĂƉŚƐ�ĂŶĚ�ŽƌĚĞƌƐ

(d) ĨƌŽŵ�Ă�ĐŽŶĐĞŶƚƌĂƟŽŶʹƟŵĞ�ŐƌĂƉŚ͗�
(i) ĚĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ŽƌĚĞƌ�;Ϭ�Žƌ�ϭͿ�ǁŝƚŚ�ƌĞƐƉĞĐƚ�

to a reactant from the shape of the graph
(ii) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ�ĨƌŽŵ�ƚŚĞ�

measurement of gradients (see also 3.2.2 b)

M0.1, M0.4, M1.1, M3.1, M3.2, M3.3, M3.4, M3.5

�ŽŶĐĞŶƚƌĂƟŽŶʹƟŵĞ�ŐƌĂƉŚƐ�ĐĂŶ�ďĞ�ƉůŽƩĞĚ�ĨƌŽŵ�
ĐŽŶƟŶƵŽƵƐ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ƚĂŬĞŶ�ĚƵƌŝŶŐ�ƚŚĞ�ĐŽƵƌƐĞ�
ŽĨ�Ă�ƌĞĂĐƟŽŶ�;ĐŽŶƟŶƵŽƵƐ�ŵŽŶŝƚŽƌŝŶŐͿ͘

(e) ĨƌŽŵ�Ă�ĐŽŶĐĞŶƚƌĂƟŽŶʹƟŵĞ�ŐƌĂƉŚ�ŽĨ�Ă�ĮƌƐƚ�ŽƌĚĞƌ�
ƌĞĂĐƟŽŶ͕�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ĐŽŶƐƚĂŶƚ�ŚĂůĨͲůŝĨĞ͕ t1/2

M3.1, M3.2

Learners should be aware of the constancy of half-
ůŝĨĞ�ĨŽƌ�Ă�ĮƌƐƚ�ŽƌĚĞƌ�ƌĞĂĐƟŽŶ͘

(f) ĨŽƌ�Ă�ĮƌƐƚ�ŽƌĚĞƌ�ƌĞĂĐƟŽŶ͕�ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƚŚĞ�
rate constant, k, from the constant half-life, t1/2, 
ƵƐŝŶŐ�ƚŚĞ�ƌĞůĂƟŽŶƐŚŝƉ͗�k = ln 2/t1/2

M0.1, M0.4, M1.1, M2.3, M2.4, M2.5

Learners will not�ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ĚĞƌŝǀĞ�ƚŚŝƐ�ĞƋƵĂƟŽŶ�
ĨƌŽŵ�ƚŚĞ�ĞǆƉŽŶĞŶƟĂů�ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�
ĐŽŶĐĞŶƚƌĂƟŽŶ�ĂŶĚ�ƟŵĞ͕�΀�΁�с�΀�0΁Ğ

–kt.

;ŐͿ ĨƌŽŵ�Ă�ƌĂƚĞʹĐŽŶĐĞŶƚƌĂƟŽŶ�ŐƌĂƉŚ͗
(i) ĚĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ŽƌĚĞƌ�;Ϭ͕�ϭ�Žƌ�ϮͿ�ǁŝƚŚ�

respect to a reactant from the shape of the 
graph

(ii) ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƌĂƚĞ�ĐŽŶƐƚĂŶƚ�ĨŽƌ�Ă�ĮƌƐƚ�
ŽƌĚĞƌ�ƌĞĂĐƟŽŶ�ĨƌŽŵ�ƚŚĞ�ŐƌĂĚŝĞŶƚ

M0.1, M0.4, M1.1, M3.1, M3.2, M3.3, M3.4, M3.5

ZĂƚĞʹĐŽŶĐĞŶƚƌĂƟŽŶ�ĚĂƚĂ�ĐĂŶ�ďĞ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ŝŶŝƟĂů�
ƌĂƚĞƐ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽĨ�ƐĞƉĂƌĂƚĞ�ĞǆƉĞƌŝŵĞŶƚƐ�ƵƐŝŶŐ�
ĚŝīĞƌĞŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ŽŶĞ�ŽĨ�ƚŚĞ�ƌĞĂĐƚĂŶƚƐ͘�
�ůŽĐŬ�ƌĞĂĐƟŽŶƐ�ĂƌĞ�ĂŶ�ĂƉƉƌŽǆŝŵĂƟŽŶ�ŽĨ�ƚŚŝƐ�ŵĞƚŚŽĚ�
ǁŚĞƌĞ�ƚŚĞ�ƟŵĞ�ŵĞĂƐƵƌĞĚ�ŝƐ�ƐƵĐŚ�ƚŚĂƚ�ƚŚĞ�ƌĞĂĐƟŽŶ�
has not proceeded too far.

HSW5 Link between order and rate.
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(h) the techniques and procedures used to 

ŝŶǀĞƐƟŐĂƚĞ�ƌĞĂĐƟŽŶ�ƌĂƚĞƐ�ďǇ�ƚŚĞ�ŝŶŝƟĂů�ƌĂƚĞƐ�
ŵĞƚŚŽĚ�ĂŶĚ�ďǇ�ĐŽŶƟŶƵŽƵƐ�ŵŽŶŝƚŽƌŝŶŐ͕�ŝŶĐůƵĚŝŶŐ�
use of colorimetry (see also 3.2.2 e)

W�'ϵ͕ϭϬ 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

ZĂƚĞͲĚĞƚĞƌŵŝŶŝŶŐ�ƐƚĞƉ

(i) ĨŽƌ�Ă�ŵƵůƟͲƐƚĞƉ�ƌĞĂĐƟŽŶ͕�ƉƌĞĚŝĐƟŽŶ�ŽĨ͕
(i) Ă�ƌĂƚĞ�ĞƋƵĂƟŽŶ�ƚŚĂƚ�ŝƐ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ƚŚĞ�

rate-determining step

(ii) ƉŽƐƐŝďůĞ�ƐƚĞƉƐ�ŝŶ�Ă�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵ�
ĨƌŽŵ�ƚŚĞ�ƌĂƚĞ�ĞƋƵĂƟŽŶ�ĂŶĚ�ƚŚĞ�ďĂůĂŶĐĞĚ�
ĞƋƵĂƟŽŶ�ĨŽƌ�ƚŚĞ�ŽǀĞƌĂůů�ƌĞĂĐƟŽŶ

HSW1 Use of experimental evidence for the 

ƉƌŽƉŽƐĂů�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ͘

�īĞĐƚ�ŽĨ�ƚĞŵƉĞƌĂƚƵƌĞ�ŽŶ�ƌĂƚĞ�ĐŽŶƐƚĂŶƚƐ

(j) Ă�ƋƵĂůŝƚĂƟǀĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�
ƚĞŵƉĞƌĂƚƵƌĞ�ĐŚĂŶŐĞ�ŽŶ�ƚŚĞ�ƌĂƚĞ�ŽĨ�Ă�ƌĞĂĐƟŽŶ�ĂŶĚ�
hence the rate constant ;ƐĞĞ�ϯ͘Ϯ͘Ϯ�ĨʹŐͿ

M0.3

;ŬͿ ƚŚĞ��ƌƌŚĞŶŝƵƐ�ĞƋƵĂƟŽŶ͗
(i) ƚŚĞ�ĞǆƉŽŶĞŶƟĂů�ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ƚŚĞ�

rate constant, k and temperature, T given by 

ƚŚĞ��ƌƌŚĞŶŝƵƐ�ĞƋƵĂƟŽŶ͕�k = Ae–�a/RT 

(ii) ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ��a and A graphically 

using: ln k = –�a/RT + ln A derived from the 

�ƌƌŚĞŶŝƵƐ�ĞƋƵĂƟŽŶ͘

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5, M3.1, M3.2, 
M3.3, M3.4

�a�с�ĂĐƟǀĂƟŽŶ�ĞŶĞƌŐǇ͕  
A�с�ƉƌĞͲĞǆƉŽŶĞŶƟĂů�ĨĂĐƚŽƌ͕  

R = gas constant (provided on the Data Sheet) 
�ǆƉůĂŶĂƟŽŶ�ŽĨ�A is not required. 

�ƋƵĂƟŽŶƐ�ƉƌŽǀŝĚĞĚ�ŽŶ�ƚŚĞ�Data Sheet.

HSW5 Link between k and T.
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ϱ͘ϭ͘Ϯ�,Žǁ�ĨĂƌ͍
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ƋƵŝůŝďƌŝƵŵ

(a) use of the terms ŵŽůĞ�ĨƌĂĐƟŽŶ and ƉĂƌƟĂů�
pressure

^ĞĞ�ĂůƐŽ�ϯ͘Ϯ͘ϯ��ŚĞŵŝĐĂů��ƋƵŝůŝďƌŝƵŵ.

(b) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƋƵĂŶƟƟĞƐ�ƉƌĞƐĞŶƚ�Ăƚ�ĞƋƵŝůŝďƌŝƵŵ͕�
given appropriate data

M0.2

(c) the techniques and procedures used to 
ĚĞƚĞƌŵŝŶĞ�ƋƵĂŶƟƟĞƐ�ƉƌĞƐĞŶƚ�Ăƚ�ĞƋƵŝůŝďƌŝƵŵ

Not for Kp.

,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(d) expressions for Kc and Kp for homogeneous and 
heterogeneous equilibria (see also 3.2.3 f)

M0.2

EŽƚĞ͗�ůŝƋƵŝĚ�ĂŶĚ�ƐŽůŝĚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĂƌĞ�ĐŽŶƐƚĂŶƚ�
ĂŶĚ�ĂƌĞ�ŽŵŝƩĞĚ�ŝŶ�ŚĞƚĞƌŽŐĞŶĞŽƵƐ�Kc and Kp 
expressions.

(e) ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�Kc and Kp͕�Žƌ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ͕�
ŝŶĐůƵĚŝŶŐ�ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ƵŶŝƚƐ (see also 3.2.3 f)

M0.0, M0.1, M0.2, M0.4, M2.2, M2.3, M2.4 

Learners will not�ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƐŽůǀĞ�ƋƵĂĚƌĂƟĐ�
ĞƋƵĂƟŽŶƐ͘

(f) (i) ƚŚĞ�ƋƵĂůŝƚĂƟǀĞ�ĞīĞĐƚ�ŽŶ�ĞƋƵŝůŝďƌŝƵŵ�
constants of changing temperature for 
ĞǆŽƚŚĞƌŵŝĐ�ĂŶĚ�ĞŶĚŽƚŚĞƌŵŝĐ�ƌĞĂĐƟŽŶƐ

(ii) the constancy of equilibrium constants with 
ĐŚĂŶŐĞƐ�ŝŶ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ƉƌĞƐƐƵƌĞ�Žƌ�ŝŶ�ƚŚĞ�
presence of a catalyst

M0.3

;ŐͿ ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ŚŽǁ�ĂŶ�ĞƋƵŝůŝďƌŝƵŵ�ĐŽŶƐƚĂŶƚ�
ĐŽŶƚƌŽůƐ�ƚŚĞ�ƉŽƐŝƟŽŶ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ�ŽŶ�ĐŚĂŶŐŝŶŐ�
ĐŽŶĐĞŶƚƌĂƟŽŶ͕�ƉƌĞƐƐƵƌĞ�ĂŶĚ�ƚĞŵƉĞƌĂƚƵƌĞ

M0.3

(h) ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƚŚĞ�ĂďŽǀĞ�ƉƌŝŶĐŝƉůĞƐ�ŝŶ�ϱ͘ϭ͘Ϯ�,Žǁ�
far? for Kc, Kp to other equilibrium constants, 
where appropriate (see also 5.1.3 c etc.).
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ϱ͘ϭ͘ϯ��ĐŝĚƐ͕�ďĂƐĞƐ�ĂŶĚ�ďƵīĞƌƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ƌƆŶƐƚĞĚʹ>ŽǁƌǇ�ĂĐŝĚƐ�ĂŶĚ�ďĂƐĞƐ

(a) (i) a Brønsted–Lowry acid as a species that 
donates a proton and a Brønsted–Lowry 
base as a species that accepts a proton  
(see also 2.1.4 Acids)

(ii) use of the term conjugate acid–base pairs
(iii) monobasic, dibasic and tribasic acids

>ĞĂƌŶĞƌƐ�ƐŚŽƵůĚ�ďĞ�ĂďůĞ�ƚŽ�ŝĚĞŶƟĨǇ�ĂĐŝĚʹďĂƐĞ�ƉĂŝƌƐ�
ŝŶ�ĞƋƵĂƟŽŶƐ�ĨŽƌ�ĂĐŝĚʹďĂƐĞ�ĞƋƵŝůŝďƌŝĂ͘

,^tϭ͕ϳ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ĚŝīĞƌĞŶƚ�ŵŽĚĞůƐ�ŽǀĞƌ�ƟŵĞ�
to explain acid–base behaviour.

(b) the role of H+�ŝŶ�ƚŚĞ�ƌĞĂĐƟŽŶƐ�ŽĨ�ĂĐŝĚƐ�ǁŝƚŚ�
metals and bases (including carbonates, metal 
ŽǆŝĚĞƐ�ĂŶĚ�ĂůŬĂůŝƐͿ͕�ƵƐŝŶŐ�ŝŽŶŝĐ�ĞƋƵĂƟŽŶƐ� 
;ƐĞĞ�ĂůƐŽ�Ϯ͘ϭ͘ϰ�Đ͕�Ϯ͘ϭ͘ϱ�ĞͿ

(c) (i) ƚŚĞ�ĂĐŝĚ�ĚŝƐƐŽĐŝĂƟŽŶ�ĐŽŶƐƚĂŶƚ, Ka, for the 
ĞǆƚĞŶƚ�ŽĨ�ĂĐŝĚ�ĚŝƐƐŽĐŝĂƟŽŶ�(see also 2.1.4 b)

(ii) ƚŚĞ�ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�Ka and pKa

M0.1, M0.2, M0.4, M2.3, M2.4, M2.5

pH and [H+(aq)]

(d) use of the expression for pH as:

 Ɖ,�с�ʹůŽŐ΀,+΁

 ΀,+΁�с�ϭϬ–pH

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5

HSW8 pH as convenient terminology for 
ĐŽŵŵƵŶŝĐĂƟŶŐ�΀,+΁͘

(e) use of the expression for the ionic product of 
water, Kw

M0.1, M0.4, M2.2, M2.3, M2.4

(f) ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�Ɖ,͕�Žƌ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ͕�ĨŽƌ͗
(i) strong monobasic acids

(ii) strong bases, using Kw

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5

;ŐͿ ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�Ɖ,͕�Ka�Žƌ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ͕�ĨŽƌ�Ă�
ǁĞĂŬ�ŵŽŶŽďĂƐŝĐ�ĂĐŝĚ�ƵƐŝŶŐ�ĂƉƉƌŽǆŝŵĂƟŽŶƐ

M0.1, M0.4, M2.1, M2.2, M2.3, M2.4, M2.5

�ƉƉƌŽǆŝŵĂƟŽŶƐ�ĨŽƌ�ǁĞĂŬ�ĂĐŝĚ�ĐĂůĐƵůĂƟŽŶƐ͗�

΀,�΁equilibrium ~�΀,�΁undissociated

ŝ͘Ğ͘�΀,�΁�хх�΀,+΁ 
 
΀,+΁�equilibrium ~�΀�–΁�equilibrium

ŝ͘Ğ͘�ŶĞŐůŝŐŝďůĞ�ĚŝƐƐŽĐŝĂƟŽŶ�ŽĨ�,2O.

Learners will not�ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƐŽůǀĞ�ƋƵĂĚƌĂƟĐ�
ĞƋƵĂƟŽŶƐ͘
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(h) ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ƵƐŝŶŐ�ĂƉƉƌŽǆŝŵĂƟŽŶƐ�ƚŽ�Ka related 
ĐĂůĐƵůĂƟŽŶƐ�ĨŽƌ�͚ƐƚƌŽŶŐĞƌ͛�ǁĞĂŬ�ĂĐŝĚƐ

M0.3

Including reasons why 

΀,�΁equilibrium ~�΀,�΁undissociated may no longer be 
valid.

HSW6 Understanding of the circumstances under 
which Ka�ĂƉƉƌŽǆŝŵĂƟŽŶƐ�ďƌĞĂŬ�ĚŽǁŶ͘

�ƵīĞƌƐ͗�ĂĐƟŽŶ͕�ƵƐĞƐ�ĂŶĚ�ĐĂůĐƵůĂƟŽŶƐ

(i) Ă�ďƵīĞƌ�ƐŽůƵƟŽŶ�ĂƐ�Ă�ƐǇƐƚĞŵ�ƚŚĂƚ�ŵŝŶŝŵŝƐĞƐ�Ɖ,�
ĐŚĂŶŐĞƐ�ŽŶ�ĂĚĚŝƟŽŶ�ŽĨ�ƐŵĂůů�ĂŵŽƵŶƚƐ�ŽĨ�ĂŶ�ĂĐŝĚ�
or a base

(j) ĨŽƌŵĂƟŽŶ�ŽĨ�Ă�ďƵīĞƌ�ƐŽůƵƟŽŶ�ĨƌŽŵ͗
(i) a weak acid and a salt of the weak acid,        

e.g. CH3COOH/CH3�KKEĂ
(ii) excess of a weak acid and a strong alkali,      

e.g. excess CH3�KK,ͬEĂK,

;ŬͿ ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƌŽůĞ�ŽĨ�ƚŚĞ�ĐŽŶũƵŐĂƚĞ� 
ĂĐŝĚʹďĂƐĞ�ƉĂŝƌ�ŝŶ�ĂŶ�ĂĐŝĚ�ďƵīĞƌ�ƐŽůƵƟŽŶ͕� 
e.g. CH3COOH/CH3COO–, in the control of pH

(l) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�Ɖ,�ŽĨ�Ă�ďƵīĞƌ�ƐŽůƵƟŽŶ͕�ĨƌŽŵ�
the Ka value of a weak acid and the equilibrium 
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ƚŚĞ�ĐŽŶũƵŐĂƚĞ�ĂĐŝĚʹďĂƐĞ�ƉĂŝƌ͖�
ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5

(m) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĐŽŶƚƌŽů�ŽĨ�ďůŽŽĚ�Ɖ,�ďǇ�ƚŚĞ�
ĐĂƌďŽŶŝĐ�ĂĐŝĚʹŚǇĚƌŽŐĞŶĐĂƌďŽŶĂƚĞ�ďƵīĞƌ�ƐǇƐƚĞŵ

The H2CO3/HCO3
–�ďƵīĞƌ�ŝƐ�ƉƌĞƐĞŶƚ�ŝŶ�ďůŽŽĚ�ƉůĂƐŵĂ͕�

maintaining a pH between 7.35 and 7.45.

EĞƵƚƌĂůŝƐĂƟŽŶ

(n) Ɖ,�ƟƚƌĂƟŽŶ�ĐƵƌǀĞƐ�ĨŽƌ�ĐŽŵďŝŶĂƟŽŶƐ�ŽĨ�ƐƚƌŽŶŐ�
and weak acids with strong and weak bases, 
including:
(i) ƐŬĞƚĐŚ�ĂŶĚ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƚŚĞŝƌ�ƐŚĂƉĞƐ
(ii) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĐŚŽŝĐĞ�ŽĨ�ƐƵŝƚĂďůĞ�

indicators, given the pH range of the 
indicator

(iii) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ŝŶĚŝĐĂƚŽƌ�ĐŽůŽƵƌ�ĐŚĂŶŐĞƐ�ŝŶ�
ƚĞƌŵƐ�ŽĨ�ĞƋƵŝůŝďƌŝƵŵ�ƐŚŝŌ�ďĞƚǁĞĞŶ�ƚŚĞ�,��
and A– forms of the indicator

M3.1 
 

EŽ�ŝŶĚŝĐĂƚŽƌ�ŝƐ�ƐƵŝƚĂďůĞ�ĨŽƌ�Ă�ǁĞĂŬ�ĂĐŝĚͬǁĞĂŬ�ďĂƐĞ�
ƟƚƌĂƟŽŶ͘ 
The indicator should be considered as a weak acid, 
HA.

(o) the techniques and procedures used when 
measuring pH with a pH meter.

PAG11 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘
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ϱ͘Ϯ��ŶĞƌŐǇ

�ŽƌŶʹ,ĂďĞƌ�ĐǇĐůĞƐ�ĂƌĞ�ƵƐĞĚ�ĂƐ�Ă�ƚŚĞŽƌĞƟĐĂů�ŵŽĚĞů�
to illustrate the energy changes associated with ionic 
bonding. 

Entropy and free energy are then introduced as 
ĐŽŶĐĞƉƚƐ�ƵƐĞĚ�ƚŽ�ƉƌĞĚŝĐƚ�ƋƵĂŶƟƚĂƟǀĞůǇ�ƚŚĞ�ĨĞĂƐŝďŝůŝƚǇ�
of chemical change.

Redox chemistry permeates chemistry and the 
introductory work in Module 2 is developed further 
ǁŝƚŚŝŶ�ƚŚŝƐ�ƐĞĐƟŽŶ͕�ŝŶĐůƵĚŝŶŐ�ƵƐĞ�ŽĨ�ǀŽůƵŵĞƚƌŝĐ�
ĂŶĂůǇƐŝƐ�ĨŽƌ�ƌĞĚŽǆ�ƟƚƌĂƟŽŶƐ�ĂŶĚ�ĂŶ�ŝŶƚƌŽĚƵĐƟŽŶ�ŽĨ�
ĞůĞĐƚƌŽĐŚĞŵŝƐƚƌǇ�ŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ͘

ϱ͘Ϯ͘ϭ�>ĂƫĐĞ�ĞŶƚŚĂůƉǇ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

>ĂƫĐĞ�ĞŶƚŚĂůƉǇ

(a) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƚĞƌŵ�ůĂƫĐĞ�ĞŶƚŚĂůƉǇ 
;ĨŽƌŵĂƟŽŶ�ŽĨ�ϭ�ŵŽů�ŽĨ�ŝŽŶŝĐ�ůĂƫĐĞ�ĨƌŽŵ�ŐĂƐĞŽƵƐ�
ions, 6LEH) and use as a measure of the strength 
ŽĨ�ŝŽŶŝĐ�ďŽŶĚŝŶŐ�ŝŶ�Ă�ŐŝĂŶƚ�ŝŽŶŝĐ�ůĂƫĐĞ  
;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ďʹĐͿ

�ĞĮŶŝƟŽŶ�ƌĞƋƵŝƌĞĚ͘

�ŽƌŶʹ,ĂďĞƌ�ĂŶĚ�ƌĞůĂƚĞĚ�ĞŶƚŚĂůƉǇ�ĐǇĐůĞƐ

(b) ƵƐĞ�ŽĨ�ƚŚĞ�ůĂƫĐĞ�ĞŶƚŚĂůƉǇ�ŽĨ�Ă�ƐŝŵƉůĞ�ŝŽŶŝĐ�ƐŽůŝĚ�
;Ğ͘Ő͘�EĂ�l, MgCl 2) and relevant energy terms for:
(i) ƚŚĞ�ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ��ŽƌŶʹ,ĂďĞƌ�ĐǇĐůĞƐ
(ii) ƌĞůĂƚĞĚ�ĐĂůĐƵůĂƟŽŶƐ

M2.2, M2.3, M2.4, M3.1

Relevant energy terms: enthalpy change of 
ĨŽƌŵĂƟŽŶ͕�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ͕�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�
ĂƚŽŵŝƐĂƟŽŶ�and ĞůĞĐƚƌŽŶ�ĂĸŶŝƚǇ͘ 
�ĞĮŶŝƟŽŶ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĮƌƐƚ�ŝŽŶŝƐĂƟŽŶ�ĞŶĞƌŐǇ� 
(see also 3.1.1 c) ĂŶĚ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ĨŽƌŵĂƟŽŶ�
(see also 3.2.1 d) only.

,^tϮ��ƉƉůŝĐĂƟŽŶ�ŽĨ�ĐŽŶƐĞƌǀĂƟŽŶ�ŽĨ�ĞŶĞƌŐǇ�ƚŽ�
determine enthalpy changes.

(c) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ͗
(i)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ƐŽůƵƟŽŶ (dissolving of 1 

mol of solute, 6solH)
(ii)� ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ŚǇĚƌĂƟŽŶ (dissolving of  

1 mol of gaseous ions in water, 6hydH)

�ĞĮŶŝƟŽŶƐ�ƌĞƋƵŝƌĞĚ͘ 
�ĞƚĂŝůƐ�ŽĨ�ŝŶĮŶŝƚĞ�ĚŝůƵƟŽŶ�not required.

(d) ƵƐĞ�ŽĨ�ƚŚĞ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ƐŽůƵƟŽŶ�ŽĨ�Ă�
ƐŝŵƉůĞ�ŝŽŶŝĐ�ƐŽůŝĚ�;Ğ͘Ő͘�EĂ�l, MgCl 2) and relevant 
energy terms (ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�ŚǇĚƌĂƟŽŶ and 
ůĂƫĐĞ�ĞŶƚŚĂůƉǇ) for:
(i) ƚŚĞ�ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�ĞŶƚŚĂůƉǇ�ĐǇĐůĞƐ
(ii) ƌĞůĂƚĞĚ�ĐĂůĐƵůĂƟŽŶƐ

M2.2, M2.3, M2.4, M3.1 

,^tϮ��ƉƉůŝĐĂƟŽŶ�ŽĨ�ĐŽŶƐĞƌǀĂƟŽŶ�ŽĨ�ĞŶĞƌŐǇ�ƚŽ�
determine enthalpy changes.



© OCR 2016
A Level in Chemistry A48

2

(e) ƋƵĂůŝƚĂƟǀĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĞīĞĐƚ�ŽĨ�ŝŽŶŝĐ�
charge and ionic radius on the exothermic value 
ŽĨ�Ă�ůĂƫĐĞ�ĞŶƚŚĂůƉǇ�ĂŶĚ�ĞŶƚŚĂůƉǇ�ĐŚĂŶŐĞ�ŽĨ�
ŚǇĚƌĂƟŽŶ͘

5.2.2 Enthalpy and entropy
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Entropy

(a) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�ĞŶƚƌŽƉǇ�ŝƐ�Ă�ŵĞĂƐƵƌĞ�ŽĨ�ƚŚĞ�
dispersal of energy in a system which is greater, 
the more disordered a system

HSW1 The model of entropy to explain 
thermodynamic stability.

(b) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ŵĂŐŶŝƚƵĚĞ�ŽĨ�ƚŚĞ�
entropy of a system:
(i) of solids, liquids and gases
(ii) ĨŽƌ�Ă�ƌĞĂĐƟŽŶ�ŝŶ�ǁŚŝĐŚ�ƚŚĞƌĞ�ŝƐ�Ă�ĐŚĂŶŐĞ�ŝŶ�

the number of gaseous molecules

(c) ĐĂůĐƵůĂƟŽŶ�ŽĨ�ƚŚĞ�ĞŶƚƌŽƉǇ�ĐŚĂŶŐĞ�ŽĨ�Ă�ƐǇƐƚĞŵ͕�
6S͕�ĂŶĚ�ƌĞůĂƚĞĚ�ƋƵĂŶƟƟĞƐ�ĨŽƌ�Ă�ƌĞĂĐƟŽŶ�ŐŝǀĞŶ�ƚŚĞ�
entropies of the reactants and products

M2.2, M2.3, M2.4

&ƌĞĞ�ĞŶĞƌŐǇ

(d) ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�ƚŚĞ�ĨĞĂƐŝďŝůŝƚǇ�ŽĨ�Ă�ƉƌŽĐĞƐƐ�
depends upon the entropy change and 
temperature in the system, T6S, and the 
enthalpy change of the system, 6H

HSW1,5,6 Use of entropy, enthalpy and temperature 
ĨŽƌ�ƉƌĞĚŝĐƟŶŐ�ĨĞĂƐŝďŝůŝƚǇ͘

(e) ĞǆƉůĂŶĂƟŽŶ͕�ĂŶĚ�ƌĞůĂƚĞĚ�ĐĂůĐƵůĂƟŽŶƐ͕�ŽĨ�ƚŚĞ�ĨƌĞĞ�
energy change, 6G, as: 6G = 6H – T6S ;ƚŚĞ�'ŝďďƐ͛�
ĞƋƵĂƟŽŶͿ�ĂŶĚ�ƚŚĂƚ�Ă�ƉƌŽĐĞƐƐ�ŝƐ�ĨĞĂƐŝďůĞ�ǁŚĞŶ�6G 
ŚĂƐ�Ă�ŶĞŐĂƟǀĞ�ǀĂůƵĞ

M0.0, M2.2, M2.3, M2.4

HSW5 Link between 6G and feasibility. 

(f) ƚŚĞ�ůŝŵŝƚĂƟŽŶƐ�ŽĨ�ƉƌĞĚŝĐƟŽŶƐ�ŵĂĚĞ�ďǇ�6G about 
ĨĞĂƐŝďŝůŝƚǇ͕ �ŝŶ�ƚĞƌŵƐ�ŽĨ�ŬŝŶĞƟĐƐ͘

M0.3

,^tϲ�dŚĞ�ƌĞůĂƟǀĞ�ĞīĞĐƚƐ�ŽĨ�ĞŶƚƌŽƉǇ�ĂŶĚ�ƌĂƚĞ�ŝŶ�
determining feasibility of processes.
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ϱ͘Ϯ͘ϯ�ZĞĚŽǆ�ĂŶĚ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Redox

(a) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵƐ�oxidising agent 
and reducing agent (see also 2.1.5 Redox)

(b) ĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�ƌĞĚŽǆ�ĞƋƵĂƟŽŶƐ�ƵƐŝŶŐ�ŚĂůĨͲ
ĞƋƵĂƟŽŶƐ�ĂŶĚ�ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ

M0.2

(c) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ĂŶĚ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƌĞĂĐƟŽŶƐ�
involving electron transfer

ZĞĚŽǆ�ƟƚƌĂƟŽŶƐ

(d) the techniques and procedures used when 
ĐĂƌƌǇŝŶŐ�ŽƵƚ�ƌĞĚŽǆ�ƟƚƌĂƟŽŶƐ�ŝŶĐůƵĚŝŶŐ�ƚŚŽƐĞ�
involving Fe2+/MnO4

– and I2/S2O3
Ϯо  

;ƐĞĞ�ĂůƐŽ�Ϯ͘ϭ͘ϱ�ĞʹĨͿ

,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(e) ƐƚƌƵĐƚƵƌĞĚ�ĂŶĚ�ŶŽŶͲƐƚƌƵĐƚƵƌĞĚ�ƟƚƌĂƟŽŶ�
ĐĂůĐƵůĂƟŽŶƐ͕�ďĂƐĞĚ�ŽŶ�ĞǆƉĞƌŝŵĞŶƚĂů�ƌĞƐƵůƚƐ�ŽĨ�
ƌĞĚŽǆ�ƟƚƌĂƟŽŶƐ�ŝŶǀŽůǀŝŶŐ͗
(i) Fe2+/MnO4

– and I2/S2O3
Ϯо

(ii) non-familiar redox systems

M0.1, M0.2, M0.4, M1.1, M1.2, M2.2, M2.3, M2.4

EŽŶͲƐƚƌƵĐƚƵƌĞĚ�ƟƚƌĂƟŽŶ�ĐĂůĐƵůĂƟŽŶƐ�ĐŽƵůĚ�ďĞ�
examined in the context of both acid–base and 
ƌĞĚŽǆ�ƟƚƌĂƟŽŶƐ�;ƐĞĞ�ĂůƐŽ�Ϯ͘ϭ͘ϰ�ĚʹĞͿ.

�ůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ�

(f) use of the term ƐƚĂŶĚĂƌĚ�ĞůĞĐƚƌŽĚĞ�;ƌĞĚŽǆͿ�
ƉŽƚĞŶƟĂů, �൶o including its measurement using a 
hydrogen electrode

�൶o ĚĂƚĂ�ǁŝůů�ďĞ�ƉƌŽǀŝĚĞĚ�ŽŶ�ĞǆĂŵŝŶĂƟŽŶ�ƉĂƉĞƌƐ͘

;ŐͿ the techniques and procedures used for the 
ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ĐĞůů�ƉŽƚĞŶƟĂůƐ�ŽĨ͗
(i) metals or non-metals in contact with their 

ŝŽŶƐ�ŝŶ�ĂƋƵĞŽƵƐ�ƐŽůƵƟŽŶ
(ii) ŝŽŶƐ�ŽĨ�ƚŚĞ�ƐĂŵĞ�ĞůĞŵĞŶƚ�ŝŶ�ĚŝīĞƌĞŶƚ�

ŽǆŝĚĂƟŽŶ�ƐƚĂƚĞƐ�ŝŶ�ĐŽŶƚĂĐƚ�ǁŝƚŚ�Ă�Wƚ�
electrode

&Žƌ�ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ƐƚĂŶĚĂƌĚ�ĐĞůů�ƉŽƚĞŶƟĂůƐ͕�ŝŽŶƐ� 
ŽĨ�ƚŚĞ�ƐĂŵĞ�ĞůĞŵĞŶƚ�ĐĂŶ�ŚĂǀĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ� 
1 mol dm–3 or be equimolar.

PAG8 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

(h) ĐĂůĐƵůĂƟŽŶ�ŽĨ�Ă�ƐƚĂŶĚĂƌĚ�ĐĞůů�ƉŽƚĞŶƟĂů�ďǇ�
ĐŽŵďŝŶŝŶŐ�ƚǁŽ�ƐƚĂŶĚĂƌĚ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ

(i) ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƚŚĞ�ĨĞĂƐŝďŝůŝƚǇ�ŽĨ�Ă�ƌĞĂĐƟŽŶ�ƵƐŝŶŐ�
ƐƚĂŶĚĂƌĚ�ĐĞůů�ƉŽƚĞŶƟĂůƐ�ĂŶĚ�ƚŚĞ�ůŝŵŝƚĂƟŽŶƐ�
ŽĨ�ƐƵĐŚ�ƉƌĞĚŝĐƟŽŶƐ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ŬŝŶĞƟĐƐ�ĂŶĚ�
ĐŽŶĐĞŶƚƌĂƟŽŶ

M0.3

,^tϲ�dŚĞ�ƌĞůĂƟǀĞ�ĞīĞĐƚƐ�ŽĨ�ƐƚĂŶĚĂƌĚ�ĞůĞĐƚƌŽĚĞ�
ƉŽƚĞŶƟĂů͕�ƌĂƚĞ�ĂŶĚ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝŶ�ĚĞƚĞƌŵŝŶŝŶŐ�
feasibility of processes.
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^ƚŽƌĂŐĞ�ĂŶĚ�ĨƵĞů�ĐĞůůƐ

(j) ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƉƌŝŶĐŝƉůĞƐ�ŽĨ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ�
to modern storage cells

�ĞƚĂŝůƐ�ŽĨ�ƐƚŽƌĂŐĞ�ĐĞůůƐ�ĂŶĚ�ƌĞƋƵŝƌĞĚ�ĞƋƵĂƟŽŶƐ�ǁŝůů�
ďĞ�ƉƌŽǀŝĚĞĚ͘�ZĞůĞǀĂŶƚ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ�ĂŶĚ�
other data will be supplied.

,^tϵ��ĞŶĞĮƚƐ�ŽĨ�ĞůĞĐƚƌŽĐŚĞŵŝĐĂů�ĐĞůůƐ�ĐŽƵŶƚĞƌĂĐƚĞĚ�
ďǇ�ƌŝƐŬƐ�ĨƌŽŵ�ƚŽǆŝĐŝƚǇ�ĂŶĚ�ĮƌĞ�ĨƌŽŵ�>ŝͲďĂƐĞĚ�ĐĞůůƐ͘

;ŬͿ ĞǆƉůĂŶĂƟŽŶ�ƚŚĂƚ�Ă�ĨƵĞů�ĐĞůů�ƵƐĞƐ�ƚŚĞ�ĞŶĞƌŐǇ�ĨƌŽŵ�
ƚŚĞ�ƌĞĂĐƟŽŶ�ŽĨ�Ă�ĨƵĞů�ǁŝƚŚ�ŽǆǇŐĞŶ�ƚŽ�ĐƌĞĂƚĞ�Ă�
voltage and the changes that take place at each 
electrode.

ZĞĐĂůů�ŽĨ�ĨƵĞů�ĐĞůůƐ�ĂŶĚ�ĞƋƵĂƟŽŶƐ�ǁŝůů�not be 
ƌĞƋƵŝƌĞĚ͘�ZĞůĞǀĂŶƚ�ĞůĞĐƚƌŽĚĞ�ƉŽƚĞŶƟĂůƐ�ĂŶĚ�ŽƚŚĞƌ�
data will be supplied.

ϱ͘ϯ�dƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ

dŚŝƐ�ƐĞĐƟŽŶ�ƉƌŽǀŝĚĞƐ�ůĞĂƌŶĞƌƐ�ǁŝƚŚ�Ă�ĚĞĞƉĞƌ�
knowledge and understanding of the periodic table 
ǁŝƚŚŝŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ƚŚĞ�ƚƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ͘�

dŚŝƐ�ƐĞĐƟŽŶ�ŝŶĐůƵĚĞƐ�ƚŚĞ�ƌŽůĞ�ŽĨ�ůŝŐĂŶĚƐ�ŝŶ�ĐŽŵƉůĞǆ�
ŝŽŶƐ͕�ƐƚĞƌĞŽĐŚĞŵŝƐƚƌǇ͕ �ƉƌĞĐŝƉŝƚĂƟŽŶ͕�ůŝŐĂŶĚ�ƐƵďƐƟƚƵƟŽŶ�
ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ͘�dŚĞ�ĐŽůŽƵƌ�ĐŚĂŶŐĞƐ�ĂŶĚ�
ŽďƐĞƌǀĂƟŽŶƐ�ŝŶ�ƚŚĞƐĞ�ƌĞĂĐƟŽŶƐ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ƚŽŽůŬŝƚ�
ŽĨ�ƋƵĂůŝƚĂƟǀĞ�ŝŶŽƌŐĂŶŝĐ�ƚĞƐƚƐ�ĨŽƌ�ŝĚĞŶƟĨǇŝŶŐ�ƵŶŬŶŽǁŶ�
ionic compounds.

ϱ͘ϯ͘ϭ�dƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌŽƉĞƌƟĞƐ

(a) ƚŚĞ�ĞůĞĐƚƌŽŶ�ĐŽŶĮŐƵƌĂƟŽŶ�ŽĨ�ĂƚŽŵƐ�ĂŶĚ�ŝŽŶƐ�ŽĨ�
the d-block elements of Period 4 (Sc–Zn), given 
the atomic number and charge (see also 2.2.1 d)

>ĞĂƌŶĞƌƐ�ƐŚŽƵůĚ�ƵƐĞ�ƐƵďͲƐŚĞůů�ŶŽƚĂƟŽŶ�Ğ͘Ő͘�ĨŽƌ�&Ğ͗�
1s22s22p63s23p63d64s2.

(b) ƚŚĞ�ĞůĞŵĞŶƚƐ�dŝʹ�Ƶ�ĂƐ�ƚƌĂŶƐŝƟŽŶ�ĞůĞŵĞŶƚƐ�ŝ͘Ğ͘� 
d-block elements that have an ion with an 
incomplete d-sub-shell

(c) ŝůůƵƐƚƌĂƟŽŶ͕�ƵƐŝŶŐ�Ăƚ�ůĞĂƐƚ�ƚǁŽ�ƚƌĂŶƐŝƟŽŶ�
elements, of:
(i) ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ŵŽƌĞ�ƚŚĂŶ�ŽŶĞ�ŽǆŝĚĂƟŽŶ�

state for each element in its compounds 
;ƐĞĞ�ĂůƐŽ�ϱ͘ϯ͘ϭ�ŬͿ

(ii) ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐŽůŽƵƌĞĚ�ŝŽŶƐ�(see also  
ϱ͘ϯ͘ϭ�Ś͕�ũʹŬͿ

(iii) ƚŚĞ�ĐĂƚĂůǇƟĐ�ďĞŚĂǀŝŽƵƌ�ŽĨ�ƚŚĞ�ĞůĞŵĞŶƚƐ�ĂŶĚ�
their compounds and their importance in 
the manufacture of chemicals by industry  
(see 3.2.2 d)

EŽ�ĚĞƚĂŝů�ŽĨ�ŚŽǁ�ĐŽůŽƵƌ�ĂƌŝƐĞƐ�ƌĞƋƵŝƌĞĚ͘

WƌĂĐƟĐĂů�ĞǆĂŵƉůĞƐ�ŽĨ�ĐĂƚĂůǇƟĐ�ďĞŚĂǀŝŽƵƌ�ŝŶĐůƵĚĞ͗� 
Cu2+�ĨŽƌ�ƌĞĂĐƟŽŶ�ŽĨ��Ŷ�ǁŝƚŚ�ĂĐŝĚƐ͖ 
MnO2�ĨŽƌ�ĚĞĐŽŵƉŽƐŝƟŽŶ�ŽĨ�,2O2. 

EŽ�ĚĞƚĂŝů�ŽĨ�ĐĂƚĂůǇƟĐ�ƉƌŽĐĞƐƐĞƐ�ƌĞƋƵŝƌĞĚ͘

,^tϵ��ĞŶĞĮƚƐ�ŽĨ�ƌĞĚƵĐĞĚ�ĞŶĞƌŐǇ�ƵƐĂŐĞ͖�ƌŝƐŬƐ�ĨƌŽŵ�
ƚŽǆŝĐŝƚǇ�ŽĨ�ŵĂŶǇ�ƚƌĂŶƐŝƟŽŶ�ŵĞƚĂůƐ͘
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>ŝŐĂŶĚƐ�ĂŶĚ�ĐŽŵƉůĞǆ�ŝŽŶƐ

(d) ĞǆƉůĂŶĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵ�ligand in terms 
ŽĨ�ĐŽŽƌĚŝŶĂƚĞ�;ĚĂƟǀĞ�ĐŽǀĂůĞŶƚͿ�ďŽŶĚŝŶŐ�ƚŽ�Ă�
metal ion or metal, including bidentate ligands

Examples should include: 
monodentate: H2O, Cl  

–�ĂŶĚ�E,3 
ďŝĚĞŶƚĂƚĞ͗�E,2CH2CH2E,2 (‘en’).

In exams, other ligands could be introduced.

(e) use of the terms complex ion and ĐŽŽƌĚŝŶĂƟŽŶ�
number and examples of complexes with:
(i) ƐŝǆͲĨŽůĚ�ĐŽŽƌĚŝŶĂƟŽŶ�ǁŝƚŚ�ĂŶ�ŽĐƚĂŚĞĚƌĂů�

shape
(ii) ĨŽƵƌͲĨŽůĚ�ĐŽŽƌĚŝŶĂƟŽŶ�ǁŝƚŚ�ĞŝƚŚĞƌ�Ă�ƉůĂŶĂƌ�

or tetrahedral shape ;ƐĞĞ�ĂůƐŽ�Ϯ͘Ϯ͘Ϯ�ŐʹŚͿ

M4.1, M4.2

Examples: 
Octahedral: many hexaaqua complexes, e.g. 
΀�Ƶ;,2O)6΁

2+͕�΀&Ğ;,2O)6΁
3+ 

Tetrahedral: many tetrachloro complexes, e.g. 
CuCl 4

2– and CoCl 4
2– 

^ƋƵĂƌĞ�ƉůĂŶĂƌ͗�ĐŽŵƉůĞǆĞƐ�ŽĨ�Wƚ͕�Ğ͘Ő͘�ƉůĂƟŶ͗�
Wƚ;E,3)2Cl 2 ;ƐĞĞ�ĂůƐŽ�ϱ͘ϯ͘ϭ�ŐͿ.

(f) types of stereoisomerism shown by complexes, 
including those associated with bidentate and 
ŵƵůƟĚĞŶƚĂƚĞ�ůŝŐĂŶĚƐ͗
(i) cis–trans�ŝƐŽŵĞƌŝƐŵ�Ğ͘Ő͘�Wƚ;E,3)2Cl 2  

;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϯ�ĐʹĚͿ
(ii) ŽƉƟĐĂů�ŝƐŽŵĞƌŝƐŵ�Ğ͘Ő͘�

΀Eŝ;E,2CH2CH2E,2)3΁
2+ (see also 6.2.2 c)

M4.1, M4.2, M4.3

Learners should be able to draw 3-D diagrams to 
illustrate stereoisomerism.

HSW8

;ŐͿ use of cisͲƉůĂƟŶ�ĂƐ�ĂŶ�ĂŶƟͲĐĂŶĐĞƌ�ĚƌƵŐ�ĂŶĚ�ŝƚƐ�
ĂĐƟŽŶ�ďǇ�ďŝŶĚŝŶŐ�ƚŽ��E��ƉƌĞǀĞŶƟŶŐ�ĐĞůů�ĚŝǀŝƐŝŽŶ

,^tϵ��ĞŶĞĮƚƐ�ŽĨ�ĐŚĞŵŽƚŚĞƌĂƉǇ͖�ƌŝƐŬƐ�ĨƌŽŵ�
ƵŶƉůĞĂƐĂŶƚ�ƐŝĚĞ�ĞīĞĐƚƐ͘

>ŝŐĂŶĚ�ƐƵďƐƟƚƵƟŽŶ

(h) ůŝŐĂŶĚ�ƐƵďƐƟƚƵƟŽŶ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ƚŚĞ�
ĂĐĐŽŵƉĂŶǇŝŶŐ�ĐŽůŽƵƌ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�
of:
(i) ΀�Ƶ;E,3)4(H2O)2΁

2+�ĂŶĚ�΀�Ƶ�l 4΁
2– from 

΀�Ƶ;,2O)6΁
2+

(ii) ΀�ƌ;E,3)6΁
3+�ĨƌŽŵ�΀�ƌ;,2O)6΁

3+  
(see also 5.3.1 j)

Complexed formulae should be used in ligand 
ƐƵďƐƟƚƵƟŽŶ�ĞƋƵĂƟŽŶƐ͘

(i) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ďŝŽĐŚĞŵŝĐĂů�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�
ŝƌŽŶ�ŝŶ�ŚĂĞŵŽŐůŽďŝŶ͕�ŝŶĐůƵĚŝŶŐ�ůŝŐĂŶĚ�ƐƵďƐƟƚƵƟŽŶ�
involving O2 and CO

WƌĞĐŝƉŝƚĂƟŽŶ�ƌĞĂĐƟŽŶƐ

(j) ƌĞĂĐƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ŝŽŶŝĐ�ĞƋƵĂƟŽŶƐ͕�ĂŶĚ�ƚŚĞ�
accompanying colour changes of aqueous Cu2+, 
Fe2+, Fe3+, Mn2+ and Cr3+ with aqueous sodium 
hydroxide and aqueous ammonia, including:
(i) ƉƌĞĐŝƉŝƚĂƟŽŶ�ƌĞĂĐƟŽŶƐ
(ii) ĐŽŵƉůĞǆ�ĨŽƌŵĂƟŽŶ�ǁŝƚŚ�ĞǆĐĞƐƐ�ĂƋƵĞŽƵƐ�

sodium hydroxide and aqueous ammonia

&Žƌ�ƉƌĞĐŝƉŝƚĂƟŽŶ͕�ŶŽŶͲĐŽŵƉůĞǆĞĚ�ĨŽƌŵƵůĂĞ�Žƌ�
complexed formulae, are acceptable e.g. Cu2+(aq) or 
΀�Ƶ;,2O)6΁

2+; Cu(OH)2(s) or Cu(OH)2(H2O)4. 
tŝƚŚ�ĞǆĐĞƐƐ�EĂK,͕�ŽŶůǇ��ƌ;K,Ϳ3 reacts further 
ĨŽƌŵŝŶŐ�΀�ƌ;K,Ϳ6΁

3–. 
tŝƚŚ�ĞǆĐĞƐƐ�E,3, only Cr(OH)3 and Cu(OH)2 react 
ĨŽƌŵŝŶŐ�΀�ƌ;E,3)6΁

3+�ĂŶĚ�΀�Ƶ;E,3)4(H2O)2΁
2+ 

ƌĞƐƉĞĐƟǀĞůǇ�(see also 5.3.1 h). 
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ZĞĚŽǆ�ƌĞĂĐƟŽŶƐ

;ŬͿ ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ�ĂŶĚ�ĂĐĐŽŵƉĂŶǇŝŶŐ�ĐŽůŽƵƌ�
changes for:
(i) interconversions between Fe2+ and Fe3+

(ii) interconversions between Cr3+ and Cr2O7
2–

(iii) ƌĞĚƵĐƟŽŶ�ŽĨ��Ƶ2+ to Cu+ and 
ĚŝƐƉƌŽƉŽƌƟŽŶĂƟŽŶ�ŽĨ��Ƶ+ to Cu2+ and Cu

Fe2+ can be oxidised with H+/MnO4
– and Fe3+ 

reduced with I–, Cr3+ can be oxidised with H2O2/
OH– and Cr2O7

2– reduced with Zn/H+, Cu2+ can be 
reduced with I–͘�/Ŷ�ĂƋƵĞŽƵƐ�ĐŽŶĚŝƟŽŶƐ͕��Ƶ+ readily 
ĚŝƐƉƌŽƉŽƌƟŽŶĂƚĞƐ͘��

Learners will not�ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƌĞĐĂůů�ĞƋƵĂƟŽŶƐ�
but may be required to construct and interpret 
ƌĞĚŽǆ�ĞƋƵĂƟŽŶƐ�ƵƐŝŶŐ�ƌĞůĞǀĂŶƚ�ŚĂůĨͲĞƋƵĂƟŽŶƐ�ĂŶĚ�
ŽǆŝĚĂƟŽŶ�ŶƵŵďĞƌƐ�;ƐĞĞ�ϱ͘Ϯ͘ϯ�ďʹĐͿ.

(l) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ĂŶĚ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƵŶĨĂŵŝůŝĂƌ�
ƌĞĂĐƟŽŶƐ�ŝŶĐůƵĚŝŶŐ�ůŝŐĂŶĚ�ƐƵďƐƟƚƵƟŽŶ͕�
ƉƌĞĐŝƉŝƚĂƟŽŶ͕�ƌĞĚŽǆ͘

ϱ͘ϯ͘Ϯ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

Tests for ions

(a) ƋƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŽŶƐ�ŽŶ�Ă�ƚĞƐƚͲƚƵďĞ�ƐĐĂůĞ͗ 
ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�ƚĞĐŚŶŝƋƵĞƐ�ŶĞĞĚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ƚŚĞ�
following ions in an unknown compound:

(i) anions: CO3
2–, Cl  

–, Br–, I–, SO4
2–  

(see 3.1.4 a)
(ii) ĐĂƟŽŶƐ͗�E,4

+; Cu2+, Fe2+, Fe3+, Mn2+, Cr3+ 
;ƐĞĞ�ϯ͘ϭ͘ϰ�Ă͕�ϱ͘ϯ͘ϭ�ũͿ.

PAG4 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘
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DŽĚƵůĞ�ϲ͗�KƌŐĂŶŝĐ�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�ĂŶĂůǇƐŝƐ

The content within this module assumes knowledge 
and understanding of the chemical concepts developed 
ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�DŽĚƵůĞ�ϰ͗�
Core organic chemistry.

dŚŝƐ�ŵŽĚƵůĞ�ŝŶƚƌŽĚƵĐĞƐ�ƐĞǀĞƌĂů�ŶĞǁ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�
and emphasises the importance of organic synthesis. 
dŚŝƐ�ŵŽĚƵůĞ�ĂůƐŽ�ĂĚĚƐ�EDZ�ƐƉĞĐƚƌŽƐĐŽƉǇ�ƚŽ�ƚŚĞ�
ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ�ƵƐĞĚ�ŝŶ�ŽƌŐĂŶŝĐ�ĂŶĚ�
forensic analysis.

The main areas of organic chemistry studied include:

 � ĂƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ

 � carboxylic acids and esters

 � organic nitrogen compounds: amines and amino 
acids

 � ƉŽůǇŵĞƌŝƐĂƟŽŶ͗�ĂĚĚŝƟŽŶ�ƉŽůǇŵĞƌƐ�ĂŶĚ�
ĐŽŶĚĞŶƐĂƟŽŶ�ƉŽůǇŵĞƌƐ

 � ƐǇŶƚŚĞƟĐ�ŽƌŐĂŶŝĐ�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�ĨƵƌƚŚĞƌ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ

 � ƚŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ŵŽĚĞƌŶ�ĂŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐ�
in organic analysis. 

^ǇŶŽƉƟĐ�ĂƐƐĞƐƐŵĞŶƚ

dŚŝƐ�ŵŽĚƵůĞ�ƉƌŽǀŝĚĞƐ�Ă�ĐŽŶƚĞǆƚ�ĨŽƌ�ƐǇŶŽƉƟĐ�
assessment and the subject content links strongly with 
ƚŚĞ�ĐŽŶƚĞŶƚ�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�DŽĚƵůĞ�Ϯ͗�&ŽƵŶĚĂƟŽŶƐ�ŝŶ�
chemistry and Module 4: Core organic chemistry.

 � Atoms, moles and stoichiometry

 � �ĐŝĚ�ĂŶĚ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ

 � Bonding and structure

 � Organic nomenclature and structures

 � Hydrocarbons

 � Alcohols and haloalkanes

 � Synthesis and analysis

Knowledge and understanding of Module 2 and 
DŽĚƵůĞ�ϰ�ǁŝůů�ďĞ�ĂƐƐƵŵĞĚ�ĂŶĚ�ĞǆĂŵŝŶĂƟŽŶ�ƋƵĞƐƟŽŶƐ�
will be set that link their content with this module and 
other areas of chemistry. 

ϲ͘ϭ��ƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ͕�ĐĂƌďŽŶǇůƐ�ĂŶĚ�ĂĐŝĚƐ

dŚŝƐ�ƐĞĐƟŽŶ�ĞǆƚĞŶĚƐ�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�
encountered in Module 4.

�ƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ�ĂƌĞ�ĮƌƐƚ�ŝŶƚƌŽĚƵĐĞĚ͕�ŝŶĐůƵĚŝŶŐ�
ƚŚĞ�ĐĞŶƚƌĂů�ƌŽůĞ�ŽĨ�ĚĞůŽĐĂůŝƐĂƟŽŶ�ǁŝƚŚŝŶ�ƚŚĞ�ĐŚĞŵŝƐƚƌǇ�
ŽĨ�ĂƌĞŶĞƐ�ĂŶĚ�ƉŚĞŶŽůƐ͘��ŝƌĞĐƟŶŐ�ŐƌŽƵƉƐ�ĂƌĞ�ĂůƐŽ�
introduced, including their importance to organic 
synthesis. 

The important carbonyl compounds, aldehydes and 
ketones, are then studied.

&ŝŶĂůůǇ͕ �ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ�ĂŶĚ�ƚŚĞŝƌ�ƌĞůĂƚĞĚ�ĨƵŶĐƟŽŶĂů�
groups, acyl chlorides and esters, are studied. The 
importance of acyl chlorides in organic synthesis is 
emphasised.
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ϲ͘ϭ͘ϭ��ƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ĞŶǌĞŶĞ�ĂŶĚ�ĂƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ

(a) the comparison of the Kekulé model of benzene 
with the subsequent delocalised models for 
benzene in terms of p-orbital overlap forming a 
ĚĞůŽĐĂůŝƐĞĚ�ʋͲƐǇƐƚĞŵ

Learners may represent the structure of benzene in 
ĞƋƵĂƟŽŶƐ�ĂŶĚ�ŵĞĐŚĂŶŝƐŵƐ�ĂƐ͗

or

HSW1,7 Development of the model for benzene 
ŽǀĞƌ�ƟŵĞ͘

(b) the experimental evidence for a delocalised, 
rather than Kekulé, model for benzene in 
terms of bond lengths, enthalpy change of 
ŚǇĚƌŽŐĞŶĂƟŽŶ�ĂŶĚ�ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�ƌĞĂĐƟŽŶ� 
(see also 6.1.1 f)

HSW11 Acceptance of the delocalised benzene 
ŵŽĚĞů�ďǇ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ�ŝŶ�ůŝŐŚƚ�ŽĨ�
ƐƵƉƉŽƌƟŶŐ�ĞǆƉĞƌŝŵĞŶƚĂů�ĞǀŝĚĞŶĐĞ͘

(c) use of IUPAC rules of nomenclature for 
ƐǇƐƚĞŵĂƟĐĂůůǇ�ŶĂŵŝŶŐ�ƐƵďƐƟƚƵƚĞĚ�ĂƌŽŵĂƟĐ�
compounds

hƐĞ�ŽĨ�ůŽĐĂŶƚ�ŶƵŵďĞƌƐ�ƚŽ�ŝĚĞŶƟĨǇ�ƉŽƐŝƟŽŶƐ�ŽĨ�
ƐƵďƐƟƚƵƟŽŶ�Ğ͘Ő͘�Ϯ͕ϰͲĚŝŶŝƚƌŽŵĞƚŚǇůďĞŶǌĞŶĞ͘

,^tϴ�/ŶƚƌŽĚƵĐƟŽŶ�ŽĨ�ƐǇƐƚĞŵĂƟĐ�ŶŽŵĞŶĐůĂƚƵƌĞ͘

�ůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ

(d) ƚŚĞ�ĞůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ŽĨ�ĂƌŽŵĂƟĐ�
compounds with:
(i) concentrated nitric acid in the presence of 

concentrated sulfuric acid
(ii) a halogen in the presence of a halogen 

carrier 
(iii) a haloalkane or acyl chloride in the 

ƉƌĞƐĞŶĐĞ�ŽĨ�Ă�ŚĂůŽŐĞŶ�ĐĂƌƌŝĞƌ�;&ƌŝĞĚĞůʹ�ƌĂŌƐ�
ƌĞĂĐƟŽŶͿ�ĂŶĚ�ŝƚƐ�ŝŵƉŽƌƚĂŶĐĞ�ƚŽ�ƐǇŶƚŚĞƐŝƐ�ďǇ�
ĨŽƌŵĂƟŽŶ�ŽĨ�Ă��ʹ��ďŽŶĚ�ƚŽ�ĂŶ�ĂƌŽŵĂƟĐ�ƌŝŶŐ�
(see also 6.2.4 d)

Halogen carriers include iron, iron halides and 
aluminium halides.

(e) ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ŽĨ�ĞůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ŝŶ�
ĂƌĞŶĞƐ�ĨŽƌ�ŶŝƚƌĂƟŽŶ�ĂŶĚ�ŚĂůŽŐĞŶĂƟŽŶ� 
;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϭ�ŚʹŝͿ

&Žƌ�ŶŝƚƌĂƟŽŶ�ŵĞĐŚĂŶŝƐŵ͕�ůĞĂƌŶĞƌƐ�ƐŚŽƵůĚ�ŝŶĐůƵĚĞ�
ĞƋƵĂƟŽŶƐ�ĨŽƌ�ĨŽƌŵĂƟŽŶ�ŽĨ�EK2

+. 
Halogen carriers include iron, iron halides and 
aluminium halides. 
&Žƌ�ƚŚĞ�ŚĂůŽŐĞŶĂƟŽŶ�ŵĞĐŚĂŶŝƐŵ͕�ƚŚĞ�ĞůĞĐƚƌŽƉŚŝůĞ�
can be assumed to be X+.

,^tϭ͕Ϯ͕ϴ�hƐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ĞǆƉůĂŝŶ�
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘



© OCR 2016
A Level in Chemistry A 55

2

(f) ƚŚĞ�ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ƌĞůĂƟǀĞ�ƌĞƐŝƐƚĂŶĐĞ�ƚŽ�
ďƌŽŵŝŶĂƟŽŶ�ŽĨ�ďĞŶǌĞŶĞ͕�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ĂůŬĞŶĞƐ͕�
in terms of the delocalised electron density 
ŽĨ�ƚŚĞ�ʋͲƐǇƐƚĞŵ�ŝŶ�ďĞŶǌĞŶĞ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�
ƚŚĞ�ůŽĐĂůŝƐĞĚ�ĞůĞĐƚƌŽŶ�ĚĞŶƐŝƚǇ�ŽĨ�ƚŚĞ�ʋͲďŽŶĚ�ŝŶ�
alkenes ;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϯ�Ă͕�ϲ͘ϭ͘ϭ�ĂͿ

HSW2,5 Use of delocalised benzene model to 
ĞǆƉůĂŝŶ�ƌĞĂĐƟǀŝƚǇ͘

;ŐͿ ƚŚĞ�ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƵŶĨĂŵŝůŝĂƌ�ĞůĞĐƚƌŽƉŚŝůŝĐ�
ƐƵďƐƟƚƵƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ĂƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ͕�
ŝŶĐůƵĚŝŶŐ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�ŵĞĐŚĂŶŝƐŵƐ

�ǆƚƌĂ�ŝŶĨŽƌŵĂƟŽŶ�ŵĂǇ�ďĞ�ƉƌŽǀŝĚĞĚ�ŽŶ�ĞǆĂŵ�ƉĂƉĞƌƐ͘

Phenols

(h) the weak acidity of phenols shown by the 
ŶĞƵƚƌĂůŝƐĂƟŽŶ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�EĂK,�ďƵƚ�ĂďƐĞŶĐĞ�ŽĨ�
ƌĞĂĐƟŽŶ�ǁŝƚŚ�ĐĂƌďŽŶĂƚĞƐ�(see also 5.1.3 b)

PAG7 (see also 6.3.1 c)

(i) ƚŚĞ�ĞůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ƉŚĞŶŽů͗��
(i) with bromine to form 2,4,6-tribromophenol
(ii) with dilute nitric acid to form 2-nitrophenol

 EŽƚĞ�ƚŚĂƚ�ŶŝƚƌĂƟŽŶ�ǁŝƚŚ�ƉŚĞŶŽů�ĚŽĞƐ�ŶŽƚ�
ƌĞƋƵŝƌĞ�ĐŽŶĐĞŶƚƌĂƚĞĚ�,EK3 or the presence of a 
concentrated H2SO4 catalyst.

(j) ƚŚĞ�ƌĞůĂƟǀĞ�ĞĂƐĞ�ŽĨ�ĞůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�
of phenol compared with benzene, in terms of 
ĞůĞĐƚƌŽŶ�ƉĂŝƌ�ĚŽŶĂƟŽŶ�ƚŽ�ƚŚĞ�ʋͲƐǇƐƚĞŵ�ĨƌŽŵ�ĂŶ�
oxygen p-orbital in phenol (see also 4.1.3 a)

/ůůƵƐƚƌĂƚĞĚ�ďǇ�ƌĞĂĐƟŽŶƐ�ǁŝƚŚ�ďƌŽŵŝŶĞ�ĂŶĚ�ǁŝƚŚ�ŶŝƚƌŝĐ�
acid.  
�ǆƉůĂŶĂƟŽŶ�ŝƐ�ŽŶůǇ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƐƵƐĐĞƉƟďŝůŝƚǇ�ŽĨ�
ƌŝŶŐ�ƚŽ�ΖĂƩĂĐŬΖ�ĂŶĚ�ŶŽƚ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƐƚĂďŝůŝƚǇ�ŽĨ�
intermediate. 

HSW2,5 Use of delocalised benzene model to 
ĞǆƉůĂŝŶ�ƌĞĂĐƟǀŝƚǇ͘

;ŬͿ ƚŚĞ�ϮͲ�ĂŶĚ�ϰͲĚŝƌĞĐƟŶŐ�ĞīĞĐƚ�ŽĨ�ĞůĞĐƚƌŽŶͲ
ĚŽŶĂƟŶŐ�ŐƌŽƵƉƐ�;K,͕�E,2Ϳ�ĂŶĚ�ƚŚĞ�ϯͲĚŝƌĞĐƟŶŐ�
ĞīĞĐƚ�ŽĨ�ĞůĞĐƚƌŽŶͲǁŝƚŚĚƌĂǁŝŶŐ�ŐƌŽƵƉƐ�;EK2) in 
ĞůĞĐƚƌŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ŽĨ�ĂƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ

Learners will not be expected to know further 
ĞůĞĐƚƌŽŶͲĚŽŶĂƟŶŐ�Žƌ�ĞůĞĐƚƌŽŶͲǁŝƚŚĚƌĂǁŝŶŐ�
ŐƌŽƵƉƐ͖�ƌĞůĞǀĂŶƚ�ĂĚĚŝƟŽŶĂů�ĚĂƚĂ�ǁŝůů�ďĞ�ƐƵƉƉůŝĞĚ�ŝŶ�
ĞǆĂŵŝŶĂƟŽŶƐ͘�

,^tϱ��ŽƌƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�ƐƵďƐƟƚƵƚĞĚ�ŐƌŽƵƉ�ĂŶĚ�
ƉŽƐŝƟŽŶ�ŽĨ�ƌĞĂĐƟŽŶ͘

(l) ƚŚĞ�ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƐƵďƐƟƚƵƟŽŶ�ƉƌŽĚƵĐƚƐ�ŽĨ�
ĂƌŽŵĂƟĐ�ĐŽŵƉŽƵŶĚƐ�ďǇ�ĚŝƌĞĐƟŶŐ�ĞīĞĐƚƐ�ĂŶĚ�ƚŚĞ�
importance to organic synthesis (see also 6.2.5 
KƌŐĂŶŝĐ�^ǇŶƚŚĞƐŝƐͿ.

ϲ͘ϭ͘Ϯ��ĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

ZĞĂĐƟŽŶƐ�ŽĨ�ĐĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚƐ

(a) ŽǆŝĚĂƟŽŶ�ŽĨ�ĂůĚĞŚǇĚĞƐ�ƵƐŝŶŐ��ƌ2O7
2–/H+  

(i.e. K2Cr2O7/H2SO4) to form carboxylic acids
/Ŷ�ĞƋƵĂƟŽŶƐ�ĨŽƌ�ŽƌŐĂŶŝĐ�ƌĞĚŽǆ�ƌĞĂĐƟŽŶƐ͕�΀K΁�ĂŶĚ�΀,΁�
should be used.

PAG7 (see also 6.3.1 c)
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(b) ŶƵĐůĞŽƉŚŝůŝĐ�ĂĚĚŝƟŽŶ�ƌĞĂĐƟŽŶƐ�ŽĨ�ĐĂƌďŽŶǇů�
compounds with:
(i) EĂ�,4 to form alcohols
(ii) ,�E�΀ŝ͘Ğ͘�EĂ�E;ĂƋͿͬ,+;ĂƋͿ΁͕�ƚŽ�ĨŽƌŵ�

hydroxynitriles (see also 6.2.4 b)

 

(c) ƚŚĞ�ŵĞĐŚĂŶŝƐŵ�ĨŽƌ�ŶƵĐůĞŽƉŚŝůŝĐ�ĂĚĚŝƟŽŶ�
ƌĞĂĐƟŽŶƐ�ŽĨ�ĂůĚĞŚǇĚĞƐ�ĂŶĚ�ŬĞƚŽŶĞƐ�ǁŝƚŚ�EĂ�,4 
ĂŶĚ�,�E

&Žƌ�EĂ�,4, the nucleophile can be considered 
as being the hydride ion, H–, with subsequent 
ƉƌŽƚŽŶĂƟŽŶ�ŽĨ�ƚŚĞ�ŽƌŐĂŶŝĐ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ĨƌŽŵ�,2O.

&Žƌ�,�E͕�ŝŶŝƟĂů�ŶƵĐůĞŽƉŚŝůŝĐ�ĂƩĂĐŬ�ŝƐ�ĨƌŽŵ��E– ions; 
ƐƵďƐĞƋƵĞŶƚ�ƉƌŽƚŽŶĂƟŽŶ�ƐƚĂŐĞ�ĐĂŶ�ďĞ�ƐŚŽǁŶ�ƵƐŝŶŐ�
H2O or H+.

,^tϭ͕Ϯ͕ϴ�hƐĞ�ŽĨ�ƌĞĂĐƟŽŶ�ŵĞĐŚĂŶŝƐŵƐ�ƚŽ�ĞǆƉůĂŝŶ�
ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘

�ŚĂƌĂĐƚĞƌŝƐƟĐ�ƚĞƐƚƐ�ĨŽƌ�ĐĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚƐ�

(d) use of 2,4-dinitrophenylhydrazine to:
(i) detect the presence of a carbonyl group in 

an organic compound
(ii) ŝĚĞŶƟĨǇ�Ă�ĐĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚ�ĨƌŽŵ�ƚŚĞ�

ŵĞůƟŶŐ�ƉŽŝŶƚ�ŽĨ�ƚŚĞ�ĚĞƌŝǀĂƟǀĞ

dŚĞ�ĞƋƵĂƟŽŶ�ĨŽƌ�ƚŚŝƐ�ƌĞĂĐƟŽŶ�ŝƐ�not required. 
^ƚƌƵĐƚƵƌĞ�ŽĨ�ĚĞƌŝǀĂƟǀĞ�not required.

PAG7 (see also 6.3.1 c) 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘

(e) use of Tollens’ reagent (ammoniacal silver 
nitrate) to:
(i) detect the presence of an aldehyde group
(ii) ĚŝƐƟŶŐƵŝƐŚ�ďĞƚǁĞĞŶ�ĂůĚĞŚǇĚĞƐ�ĂŶĚ�ŬĞƚŽŶĞƐ͕�

ĞǆƉůĂŝŶĞĚ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƚŚĞ�ŽǆŝĚĂƟŽŶ�ŽĨ�
ĂůĚĞŚǇĚĞƐ�ƚŽ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ�ǁŝƚŚ�ƌĞĚƵĐƟŽŶ�
of silver ions to silver.

/Ŷ�ĞƋƵĂƟŽŶƐ�ŝŶǀŽůǀŝŶŐ�dŽůůĞŶƐ͛�ƌĞĂŐĞŶƚ͕�΀K΁�ŝƐ�
acceptable.

PAG7 (see also 6.3.1 c) 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘

6.1.3 Carboxylic acids and esters
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌŽƉĞƌƟĞƐ�ŽĨ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ

(a) ĞǆƉůĂŶĂƟŽŶ�ŽĨ�ƚŚĞ�ǁĂƚĞƌ�ƐŽůƵďŝůŝƚǇ�ŽĨ�ĐĂƌďŽǆǇůŝĐ�
acids in terms of hydrogen bonding

(b) ƌĞĂĐƟŽŶƐ�ŝŶ�ĂƋƵĞŽƵƐ�ĐŽŶĚŝƟŽŶƐ�ŽĨ�ĐĂƌďŽǆǇůŝĐ�
acids with metals and bases (including 
carbonates, metal oxides and alkalis)

�ŽŵƉĂƌŝƐŽŶ�ŽĨ�ĂĐŝĚŝƚǇ�ŽĨ�ĚŝīĞƌĞŶƚ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ�
not required.

PAG7 (see 6.3.1 c)
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Esters

(c) ĞƐƚĞƌŝĮĐĂƟŽŶ�ŽĨ͗�
(i) carboxylic acids with alcohols in the 

presence of an acid catalyst (e.g. 
concentrated H2SO4)

(ii) acid anhydrides with alcohols

(d) hydrolysis of esters:
(i) in hot aqueous acid to form carboxylic acids 

and alcohols
(ii) in hot aqueous alkali to form carboxylate 

salts and alcohols

Acyl chlorides

(e) ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĂĐǇů�ĐŚůŽƌŝĚĞƐ�ĨƌŽŵ�ĐĂƌďŽǆǇůŝĐ�
acids using SOCl  2

(f) ƵƐĞ�ŽĨ�ĂĐǇů�ĐŚůŽƌŝĚĞƐ�ŝŶ�ƐǇŶƚŚĞƐŝƐ�ŝŶ�ĨŽƌŵĂƟŽŶ�
of esters, carboxylic acids and primary and 
secondary amides.

/ŶĐůƵĚŝŶŐ�ĞƐƚĞƌŝĮĐĂƟŽŶ�ŽĨ�ƉŚĞŶŽů͕�ǁŚŝĐŚ�ŝƐ�ŶŽƚ�
ƌĞĂĚŝůǇ�ĞƐƚĞƌŝĮĞĚ�ďǇ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ͘

ϲ͘Ϯ�EŝƚƌŽŐĞŶ�ĐŽŵƉŽƵŶĚƐ͕�ƉŽůǇŵĞƌƐ�ĂŶĚ�ƐǇŶƚŚĞƐŝƐ

dŚŝƐ�ƐĞĐƟŽŶ�ĨŽĐƵƐĞƐ�ŽŶ�ŽƌŐĂŶŝĐ�ŶŝƚƌŽŐĞŶ�ĐŽŵƉŽƵŶĚƐ͕�
including amines, amides and amino acids. Chirality 
ĂŶĚ�ŽƉƟĐĂů�ŝƐŽŵĞƌŝƐŵ�ŝƐ�ĂůƐŽ�ŝŶƚƌŽĚƵĐĞĚ͘

�ŽŶĚĞŶƐĂƟŽŶ�ƉŽůǇŵĞƌŝƐĂƟŽŶ�ŝƐ�ĂůƐŽ�ŝŶƚƌŽĚƵĐĞĚ�ĂŶĚ�
ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ĂĚĚŝƟŽŶ�ƉŽůǇŵĞƌŝƐĂƟŽŶ͘

dŚĞ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ĐĂƌďŽŶʹĐĂƌďŽŶ�ďŽŶĚ�ĨŽƌŵĂƟŽŶ�ŝŶ�
organic synthesis is stressed. Learners are also able 

ƚŽ�ĐŽŶƐŝĚĞƌ�ŵƵůƟͲƐƚĂŐĞ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ�ƚŽǁĂƌĚƐ�ĂŶ�
organic product.

dŚŝƐ�ŵŽĚƵůĞ�ĂůůŽǁƐ�ůĞĂƌŶĞƌƐ�ŵĂŶǇ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�
ĨƵƌƚŚĞƌ�ĚĞǀĞůŽƉ�ƚŚĞŝƌ�ŽƌŐĂŶŝĐ�ƉƌĂĐƟĐĂů�ƐŬŝůůƐ͕�ĞƐƉĞĐŝĂůůǇ�
in preparing and purifying organic solids, including 
ƌĞĐƌǇƐƚĂůůŝƐĂƟŽŶ�ĂŶĚ�ĚĞƚĞƌŵŝŶĂƟŽŶ�ŽĨ�ŵĞůƟŶŐ�ƉŽŝŶƚƐ͘�

6.2.1 Amines
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ĂƐŝĐŝƚǇ�ĂŶĚ�ƉƌĞƉĂƌĂƟŽŶ�ŽĨ�ĂŵŝŶĞƐ

(a) the basicity of amines in terms of proton 
acceptance by the nitrogen lone pair and the 
ƌĞĂĐƟŽŶƐ�ŽĨ�ĂŵŝŶĞƐ�ǁŝƚŚ�ĚŝůƵƚĞ�ĂĐŝĚƐ͕�Ğ͘Ő͘� 
HCl (aq), to form salts

�ŽŵƉĂƌŝƐŽŶ�ŽĨ�ďĂƐŝĐŝƚǇ�ŽĨ�ĚŝīĞƌĞŶƚ�ĂŵŝŶĞƐ�not 
required. 
Restricted to inorganic acids.
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(b) ƚŚĞ�ƉƌĞƉĂƌĂƟŽŶ�ŽĨ͗
(i) ĂůŝƉŚĂƟĐ�ĂŵŝŶĞƐ�ďǇ�ƐƵďƐƟƚƵƟŽŶ�ŽĨ�

haloalkanes with excess ethanolic ammonia 
and amines

(ii) ĂƌŽŵĂƟĐ�ĂŵŝŶĞƐ�ďǇ�ƌĞĚƵĐƟŽŶ�ŽĨ�ŶŝƚƌŽĂƌĞŶĞƐ�
ƵƐŝŶŐ�ƟŶ�ĂŶĚ�ĐŽŶĐĞŶƚƌĂƚĞĚ�ŚǇĚƌŽĐŚůŽƌŝĐ�
acid.

/ŶĐůƵĚŝŶŐ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƉƌŝŵĂƌǇ�ĂŵŝŶĞƐ�ĨƌŽŵ�
ĂŵŵŽŶŝĂ�ĂŶĚ�ƐĞĐŽŶĚĂƌǇͬƚĞƌƟĂƌǇ�ĂŵŝŶĞƐ�ĨƌŽŵ�
amines. 
^ĞĞ�ĂůƐŽ�ƌĞĚƵĐƟŽŶ�ŽĨ�ŶŝƚƌŝůĞƐ�(see 6.2.4 c).

ϲ͘Ϯ͘Ϯ��ŵŝŶŽ�ĂĐŝĚƐ͕�ĂŵŝĚĞƐ�ĂŶĚ�ĐŚŝƌĂůŝƚǇ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

ZĞĂĐƟŽŶƐ�ŽĨ�ĂŵŝŶŽ�ĂĐŝĚƐ

(a) ƚŚĞ�ŐĞŶĞƌĂů�ĨŽƌŵƵůĂ�ĨŽƌ�ĂŶ�ɲͲĂŵŝŶŽ�ĂĐŝĚ�ĂƐ�
Z�,;E,2Ϳ�KK,�ĂŶĚ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƌĞĂĐƟŽŶƐ�ŽĨ�
amino acids:
(i) ƌĞĂĐƟŽŶ�ŽĨ�ƚŚĞ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚ�ŐƌŽƵƉ�ǁŝƚŚ�

ĂůŬĂůŝƐ�ĂŶĚ�ŝŶ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĞƐƚĞƌƐ�(see 
also 6.1.3 c)

(ii) ƌĞĂĐƟŽŶ�ŽĨ�ƚŚĞ�ĂŵŝŶĞ�ŐƌŽƵƉ�ǁŝƚŚ�ĂĐŝĚƐ

Amides

(b) structures of primary and secondary amides  
;ƐĞĞ�ĂůƐŽ�ϲ͘ϭ͘ϯ�Ĩ͕ �ϲ͘Ϯ͘ϯ�ĂʹďͿ

Chirality

(c) ŽƉƟĐĂů�ŝƐŽŵĞƌŝƐŵ�;ĂŶ�ĞǆĂŵƉůĞ�ŽĨ�
stereoisomerism, in terms of non-
superimposable mirror images about a chiral 
centre) ;ƐĞĞ�ĂůƐŽ�ϰ͘ϭ͘ϯ�ĐʹĚͿ

M4.2, M4.3

Learners should be able to draw 3-D diagrams to 
illustrate stereoisomerism.

HSW1,8

(d) ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ĐŚŝƌĂů�ĐĞŶƚƌĞƐ�ŝŶ�Ă�ŵŽůĞĐƵůĞ�ŽĨ�
any organic compound.

M4.2, M4.3
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6.2.3 Polyesters and polyamides
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ŽŶĚĞŶƐĂƟŽŶ�ƉŽůǇŵĞƌƐ

(a) ĐŽŶĚĞŶƐĂƟŽŶ�ƉŽůǇŵĞƌŝƐĂƟŽŶ�ƚŽ�ĨŽƌŵ͗
(i) polyesters
(ii) polyamides

&ŽƌŵĂƟŽŶ�ĨƌŽŵ�ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐͬĚŝĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ�
;Žƌ�ƌĞƐƉĞĐƟǀĞ�ĂĐǇů�ĐŚůŽƌŝĚĞƐͿ�ĂŶĚ�ĨƌŽŵ�ĂůĐŽŚŽůƐͬĚŝŽůƐ�
or amines/diamines. 
Learners will not be expected to recall the structures 
ŽĨ�ƐǇŶƚŚĞƟĐ�ƉŽůǇĞƐƚĞƌƐ�ĂŶĚ�ƉŽůǇĂŵŝĚĞƐ�Žƌ�ƚŚĞŝƌ�
monomers.

(b) the acid and base hydrolysis of:
(i) the ester groups in polyesters
(ii) the amide groups in polyamides

(c) ƉƌĞĚŝĐƟŽŶ�ĨƌŽŵ�ĂĚĚŝƟŽŶ�ĂŶĚ�ĐŽŶĚĞŶƐĂƟŽŶ�
ƉŽůǇŵĞƌŝƐĂƟŽŶ�ŽĨ͗
(i) the repeat unit from a given monomer(s)
(ii) ƚŚĞ�ŵŽŶŽŵĞƌ;ƐͿ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�Ă�ŐŝǀĞŶ�ƐĞĐƟŽŶ�

of a polymer molecule
(iii) ƚŚĞ�ƚǇƉĞ�ŽĨ�ƉŽůǇŵĞƌŝƐĂƟŽŶ͘

See also 4.1.3 j.

ϲ͘Ϯ͘ϰ��ĂƌďŽŶʹĐĂƌďŽŶ�ďŽŶĚ�ĨŽƌŵĂƟŽŶ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

�ǆƚĞŶĚŝŶŐ�ĐĂƌďŽŶ�ĐŚĂŝŶ�ůĞŶŐƚŚ

(a) ƚŚĞ�ƵƐĞ�ŽĨ��ʹ��ďŽŶĚ�ĨŽƌŵĂƟŽŶ�ŝŶ�ƐǇŶƚŚĞƐŝƐ�ƚŽ�
increase the length of a carbon chain  
;ƐĞĞ�ĂůƐŽ�ϲ͘ϭ͘ϭ�Ě͕�ϲ͘ϭ͘Ϯ�ďͿ

(b) ĨŽƌŵĂƟŽŶ�ŽĨ�C C N– / �ďǇ�ƌĞĂĐƟŽŶ�ŽĨ͗
(i) ŚĂůŽĂůŬĂŶĞƐ�ǁŝƚŚ��E– and ethanol, including 

ŶƵĐůĞŽƉŚŝůŝĐ�ƐƵďƐƟƚƵƟŽŶ�ŵĞĐŚĂŶŝƐŵ� 
(see also 4.2.2 c)

(ii) ĐĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚƐ�ǁŝƚŚ�,�E͕�ŝŶĐůƵĚŝŶŐ�
ŶƵĐůĞŽƉŚŝůŝĐ�ĂĚĚŝƟŽŶ�ŵĞĐŚĂŶŝƐŵ� 
;ƐĞĞ�ĂůƐŽ�ϲ͘ϭ͘Ϯ�ďʹĐͿ

(c) ƌĞĂĐƟŽŶ�ŽĨ�ŶŝƚƌŝůĞƐ�ĨƌŽŵ�(b):
(i) ďǇ�ƌĞĚƵĐƟŽŶ�;Ğ͘Ő͘�ǁŝƚŚ�,2ͬEŝͿ�ƚŽ�ĨŽƌŵ�

amines
(ii) by acid hydrolysis to form carboxylic acids
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(d) ĨŽƌŵĂƟŽŶ�ŽĨ�Ă�ƐƵďƐƟƚƵƚĞĚ�ĂƌŽŵĂƟĐ��ʹ��ďǇ�
ĂůŬǇůĂƟŽŶ�;ƵƐŝŶŐ�Ă�ŚĂůŽĂůŬĂŶĞͿ�ĂŶĚ�ĂĐǇůĂƟŽŶ�
(using an acyl chloride) in the presence of a 
ŚĂůŽŐĞŶ�ĐĂƌƌŝĞƌ�;&ƌŝĞĚĞůʹ�ƌĂŌƐ�ƌĞĂĐƟŽŶͿ� 
(see also 6.1.1 d).

ϲ͘Ϯ͘ϱ�KƌŐĂŶŝĐ�ƐǇŶƚŚĞƐŝƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

WƌĂĐƟĐĂů�ƐŬŝůůƐ

(a) the techniques and procedures used for the 
ƉƌĞƉĂƌĂƟŽŶ�ĂŶĚ�ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ŽƌŐĂŶŝĐ�ƐŽůŝĚƐ�
involving use of a range of techniques  
(see also 4.2.3 a) including:
(i) ŽƌŐĂŶŝĐ�ƉƌĞƉĂƌĂƟŽŶ�
 ͻ� ƵƐĞ�ŽĨ�YƵŝĐŬĮƚ�ĂƉƉĂƌĂƚƵƐ
 ͻ� ĚŝƐƟůůĂƟŽŶ�ĂŶĚ�ŚĞĂƟŶŐ�ƵŶĚĞƌ�ƌĞŇƵǆ
(ii) ƉƵƌŝĮĐĂƟŽŶ�ŽĨ�ĂŶ�ŽƌŐĂŶŝĐ�ƐŽůŝĚ
 ͻ� ĮůƚƌĂƟŽŶ�ƵŶĚĞƌ�ƌĞĚƵĐĞĚ�ƉƌĞƐƐƵƌĞ
 ͻ� ƌĞĐƌǇƐƚĂůůŝƐĂƟŽŶ
 ͻ� ŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�ŵĞůƟŶŐ�ƉŽŝŶƚƐ

 PAG6 
,^tϰ�KƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĐĂƌƌǇ�ŽƵƚ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�
ŝŶǀĞƐƟŐĂƟǀĞ�ǁŽƌŬ͘

^ǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ

(b) for an organic molecule containing several 
ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ͗
(i) ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ
(ii) ƉƌĞĚŝĐƟŽŶ�ŽĨ�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�ƌĞĂĐƟŽŶƐ

>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ĨƵŶĐƟŽŶĂů�
groups encountered in Module 6 (see also 4.2.3 b).

,^tϯ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ͘

(c) ŵƵůƟͲƐƚĂŐĞ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ�ĨŽƌ�ƉƌĞƉĂƌŝŶŐ�ŽƌŐĂŶŝĐ�
compounds.

>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ďĞ�ĂďůĞ�ƚŽ�ĚĞǀŝƐĞ�ŵƵůƟͲ
ƐƚĂŐĞ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ�ďǇ�ĂƉƉůǇŝŶŐ�ƚƌĂŶƐĨŽƌŵĂƟŽŶƐ�
ďĞƚǁĞĞŶ�Ăůů�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ƐƚƵĚŝĞĚ�ƚŚƌŽƵŐŚŽƵƚ�
ƚŚĞ�ƐƉĞĐŝĮĐĂƟŽŶ͘� 
�ǆƚƌĂ�ŝŶĨŽƌŵĂƟŽŶ�ŵĂǇ�ďĞ�ƉƌŽǀŝĚĞĚ�ŽŶ�ĞǆĂŵ�ƉĂƉĞƌƐ�
ƚŽ�ĞǆƚĞŶĚ�ƚŚĞ�ůĞĂƌŶĞƌ Ɛ͛�ƚŽŽůŬŝƚ�ŽĨ�ŽƌŐĂŶŝĐ�ƌĞĂĐƟŽŶƐ͘�

,^tϯ��ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐǇŶƚŚĞƟĐ�ƌŽƵƚĞƐ͘
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6.3 Analysis

dŚŝƐ�ƐĞĐƟŽŶ�ĚĞǀĞůŽƉƐ�ĂŶĚ�ĐŽŵƉůĞŵĞŶƚƐ�ƚŚĞ�
spectroscopic areas of organic chemistry previously 
encountered (see Module 4: Core organic chemistry; 
ϰ͘Ϯ͘ϰ��ŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐͿ͘�

dŚŝƐ�ƐĞĐƟŽŶ�ĚĞŵŽŶƐƚƌĂƚĞƐ�ŚŽǁ�ĂŶĂůǇƟĐĂů�ƚĞĐŚŶŝƋƵĞƐ�
introduced in Module 4 (infrared spectroscopy, mass 
spectrometry and elemental analysis) may be used 
ŝŶ�ĐŽŵďŝŶĂƟŽŶ�ǁŝƚŚ�EDZ�ƐƉĞĐƚƌŽƐĐŽƉǇ�ƚŽ�ƉƌŽǀŝĚĞ�
evidence of structural features in molecules. 

dŚĞ�ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ŵĞƚŚŽĚƐ�ŽĨ�ĂŶĂůǇƐŝƐ�ƐƚƵĚŝĞĚ�
during the A level course provide learners with an 
important base of knowledge, understanding and 
ĂǁĂƌĞŶĞƐƐ�ĨŽƌ�ĨƵƌƚŚĞƌ�ƐƚƵĚǇ�ŝŶ�,ŝŐŚĞƌ��ĚƵĐĂƟŽŶ�ĂŶĚ�ŝŶ�
ŵĂŶǇ�ĂƌĞĂƐ�ŽĨ�ĞŵƉůŽǇŵĞŶƚ�ŝŶ�ƚŚĞ�ďƌŽĂĚ�ƐĐŝĞŶƟĮĐ�ĮĞůĚ͘�

dŚŝƐ�ƐĞĐƟŽŶ�ĂůƐŽ�ůŽŽŬƐ�Ăƚ�ŚŽǁ�ƵŶŬŶŽǁŶ�ŽƌŐĂŶŝĐ�
ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ĐĂŶ�ďĞ�ĂŶĂůǇƐĞĚ�ĂŶĚ�ŝĚĞŶƟĮĞĚ�ƵƐŝŶŐ�
simple test-tube tests. 

ϲ͘ϯ͘ϭ��ŚƌŽŵĂƚŽŐƌĂƉŚǇ�ĂŶĚ�ƋƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

dǇƉĞƐ�ŽĨ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ

(a) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ŽŶĞͲǁĂǇ�d>��ĐŚƌŽŵĂƚŽŐƌĂŵƐ�ŝŶ�
terms of Rf values

M3.1 

PAG6 
,^tϯ�/ŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�d>��ƚŽ�ĂŶĂůǇƐĞ�ŽƌŐĂŶŝĐ�
compounds.

(b) ŝŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ŐĂƐ�ĐŚƌŽŵĂƚŽŐƌĂŵƐ�ŝŶ�ƚĞƌŵƐ�ŽĨ͗�
(i) ƌĞƚĞŶƟŽŶ�ƟŵĞƐ�
(ii) ƚŚĞ�ĂŵŽƵŶƚƐ�ĂŶĚ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƚŚĞ�

components in a mixture.

M3.1, M3.2

dŽ�ŝŶĐůƵĚĞ�ĐƌĞĂƟŽŶ�ĂŶĚ�ƵƐĞ�ŽĨ�ĞǆƚĞƌŶĂů�ĐĂůŝďƌĂƟŽŶ�
ĐƵƌǀĞƐ�ƚŽ�ĐŽŶĮƌŵ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�ĐŽŵƉŽŶĞŶƚƐ͘�
WĞĂŬ�ŝŶƚĞŐƌĂƟŽŶ�ǀĂůƵĞƐ�ǁŝůů�ďĞ�ƐƵƉƉůŝĞĚ͘

,^tϯ�/ŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�'��ƚŽ�ĂŶĂůǇƐĞ�ŽƌŐĂŶŝĐ�
compounds.

dĞƐƚƐ�ĨŽƌ�ŽƌŐĂŶŝĐ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ

(c) ƋƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŽƌŐĂŶŝĐ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�
on a test-tube scale; 
ƉƌŽĐĞƐƐĞƐ�ĂŶĚ�ƚĞĐŚŶŝƋƵĞƐ�ŶĞĞĚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�
ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ŝŶ�ĂŶ�ƵŶŬŶŽǁŶ�
compound:
(i) ĂůŬĞŶĞƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ďƌŽŵŝŶĞ� 

(see also 4.1.3 f)
(ii) ŚĂůŽĂůŬĂŶĞƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ĂƋƵĞŽƵƐ�ƐŝůǀĞƌ�

nitrate in ethanol (see also 4.2.2 a)
(iii) ƉŚĞŶŽůƐ�ďǇ�ǁĞĂŬ�ĂĐŝĚŝƚǇ�ďƵƚ�ŶŽ�ƌĞĂĐƟŽŶ�

with CO3
2– (see also 6.1.1 h)

(iv) ĐĂƌďŽŶǇů�ĐŽŵƉŽƵŶĚƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�Ϯ͕ϰͲ
�EW�(see also 6.1.2 d)

(v) ĂůĚĞŚǇĚĞƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�dŽůůĞŶƐ͛�ƌĞĂŐĞŶƚ�
(see also 6.1.2 e)

 
 
PAG7 
,^tϰ�YƵĂůŝƚĂƟǀĞ�ĂŶĂůǇƐŝƐ͘
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(vi) primary and secondary alcohols and 
ĂůĚĞŚǇĚĞƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ĂĐŝĚŝĮĞĚ�
dichromate ;ƐĞĞ�ĂůƐŽ�ϰ͘Ϯ͘ϭ�Đ͕�ϲ͘ϭ͘ϮĂͿ

(vii) ĐĂƌďŽǆǇůŝĐ�ĂĐŝĚƐ�ďǇ�ƌĞĂĐƟŽŶ�ǁŝƚŚ��K3
2–  

(see also 6.1.3 b).

6.3.2 Spectroscopy
>ĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ �ĚĚŝƟŽŶĂů�ŐƵŝĚĂŶĐĞ

Learners should be able to demonstrate and 
apply their knowledge and understanding of:

NMR Spectroscopy

(a) ĂŶĂůǇƐŝƐ�ŽĨ�Ă�ĐĂƌďŽŶͲϭϯ�EDZ�ƐƉĞĐƚƌƵŵ�ŽĨ�ĂŶ�
ŽƌŐĂŶŝĐ�ŵŽůĞĐƵůĞ�ƚŽ�ŵĂŬĞ�ƉƌĞĚŝĐƟŽŶƐ�ĂďŽƵƚ͗
(i) the number of carbon environments in the 

molecule
(ii) ƚŚĞ�ĚŝīĞƌĞŶƚ�ƚǇƉĞƐ�ŽĨ�ĐĂƌďŽŶ�ĞŶǀŝƌŽŶŵĞŶƚ�

ƉƌĞƐĞŶƚ͕�ĨƌŽŵ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ǀĂůƵĞƐ
(iii) possible structures for the molecule

M3.1

�ůů�ĐĂƌďŽŶͲϭϯ�EDZ�ƐƉĞĐƚƌĂ�ƚŚĂƚ�ĂƌĞ�ĂƐƐĞƐƐĞĚ�ǁŝůů�ďĞ�
proton decoupled. 
/Ŷ�ĞǆĂŵŝŶĂƟŽŶƐ͕�EDZ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ǀĂůƵĞƐ�ǁŝůů�ďĞ�
provided on the Data Sheet.  
ZĞƐƚƌŝĐƚĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚĞ���ůĞǀĞů�
ƐƉĞĐŝĮĐĂƟŽŶ͘

,^tϯ͕ϱ�/ŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƐƉĞĐƚƌĂ�ƚŽ�ĂŶĂůǇƐĞ�ŽƌŐĂŶŝĐ�
compounds.

(b) ĂŶĂůǇƐŝƐ�ŽĨ�Ă�ŚŝŐŚ�ƌĞƐŽůƵƟŽŶ�ƉƌŽƚŽŶ�EDZ�
spectrum of an organic molecule to make 
ƉƌĞĚŝĐƟŽŶƐ�ĂďŽƵƚ͗
(i) the number of proton environments in the 

molecule
(ii) ƚŚĞ�ĚŝīĞƌĞŶƚ�ƚǇƉĞƐ�ŽĨ�ƉƌŽƚŽŶ�ĞŶǀŝƌŽŶŵĞŶƚ�

ƉƌĞƐĞŶƚ͕�ĨƌŽŵ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ǀĂůƵĞƐ
(iii) ƚŚĞ�ƌĞůĂƟǀĞ�ŶƵŵďĞƌƐ�ŽĨ�ĞĂĐŚ�ƚǇƉĞ�ŽĨ�ƉƌŽƚŽŶ�

ƉƌĞƐĞŶƚ�ĨƌŽŵ�ƌĞůĂƟǀĞ�ƉĞĂŬ�ĂƌĞĂƐ͕�ƵƐŝŶŐ�
ŝŶƚĞŐƌĂƟŽŶ�ƚƌĂĐĞƐ�Žƌ�ƌĂƟŽ�ŶƵŵďĞƌƐ͕�ǁŚĞŶ�
required

(iv) the number of non-equivalent protons 
adjacent to a given proton from the spin–
ƐƉŝŶ�ƐƉůŝƫŶŐ�ƉĂƩĞƌŶ͕�ƵƐŝŶŐ�ƚŚĞ�n + 1 rule

(v) possible structures for the molecule

M3.1 
 

/Ŷ�ĞǆĂŵŝŶĂƟŽŶƐ͕�EDZ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ǀĂůƵĞƐ�ǁŝůů�ďĞ�
provided on the Data Sheet. 
ZĞƐƚƌŝĐƚĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚĞ���ůĞǀĞů�
ƐƉĞĐŝĮĐĂƟŽŶ͘ 
>ĞĂƌŶĞƌƐ�ǁŝůů�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ŝĚĞŶƟĨǇ�ĂƌŽŵĂƟĐ�
ƉƌŽƚŽŶƐ�ĨƌŽŵ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ǀĂůƵĞƐ�ďƵƚ�ǁŝůů�not be 
ĞǆƉĞĐƚĞĚ�ƚŽ�ĂŶĂůǇƐĞ�ƚŚĞŝƌ�ƐƉůŝƫŶŐ�ƉĂƩĞƌŶƐ͘

,^tϯ͕ϱ�/ŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�ƐƉĞĐƚƌĂ�ƚŽ�ĂŶĂůǇƐĞ�ŽƌŐĂŶŝĐ�
compounds.

(c) ƉƌĞĚŝĐƟŽŶ�ŽĨ�Ă�ĐĂƌďŽŶͲϭϯ�Žƌ�ƉƌŽƚŽŶ�EDZ�
spectrum for a given molecule

M3.1

(d) (i) the use of tetramethylsilane, TMS, as the 
ƐƚĂŶĚĂƌĚ�ĨŽƌ�ĐŚĞŵŝĐĂů�ƐŚŝŌ�ŵĞĂƐƵƌĞŵĞŶƚƐ

(ii) the need for deuterated solvents,  
e.g. CDCl  3͕�ǁŚĞŶ�ƌƵŶŶŝŶŐ�ĂŶ�EDZ�ƐƉĞĐƚƌƵŵ

(iii) ƚŚĞ�ŝĚĞŶƟĮĐĂƟŽŶ�ŽĨ�Kʹ,�ĂŶĚ�Eʹ,�ƉƌŽƚŽŶƐ�
by proton exchange using D2O
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�ŽŵďŝŶĞĚ�ƚĞĐŚŶŝƋƵĞƐ

(e) ĚĞĚƵĐƟŽŶ�ŽĨ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞƐ�ŽĨ�ŽƌŐĂŶŝĐ�
ĐŽŵƉŽƵŶĚƐ�ĨƌŽŵ�ĚŝīĞƌĞŶƚ�ĂŶĂůǇƟĐĂů�ĚĂƚĂ�
including:

(i) elemental analysis (see also 2.1.3 c)
(ii) mass spectra�;ƐĞĞ�ĂůƐŽ�ϰ͘Ϯ͘ϰ�ĨʹŐͿ
(iii) IR spectra ;ƐĞĞ�ĂůƐŽ�ϰ͘Ϯ͘ϰ�ĚʹĞͿ
(iv) EDZ�ƐƉĞĐƚƌĂ͘

M3.1

Spectral reference data will be provided on the Data 
Sheet.

ZĞƐƚƌŝĐƚĞĚ�ƚŽ�ĨƵŶĐƟŽŶĂů�ŐƌŽƵƉƐ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚĞ���ůĞǀĞů�
ƐƉĞĐŝĮĐĂƟŽŶ͘

Learners will not be expected to interpret mass 
spectra of organic halogen compounds.

,^tϯ͕ϱ͕ϲ�/ŶƚĞƌƉƌĞƚĂƟŽŶ�ŽĨ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ĚŝīĞƌĞŶƚ�
evidence to analyse organic compounds.


