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1. General Objectives 

The European Schools have the two objectives of providing formal education and of 
encouraging pupils’ personal development in a wider social and cultural context. Formal 
education involves the acquisition of competences (knowledge, skills and attitudes) across 
a range of domains. Personal development takes place in a variety of spiritual, moral, social 
and cultural contexts. It involves an awareness of appropriate behaviour, an understanding 
of the environment in which pupils live, and a development of their individual identity.  
 
These two objectives are nurtured in the context of an enhanced awareness of the richness 
of European culture. Awareness and experience of a shared European life should lead 
pupils towards a greater respect for the traditions of each individual country and region in 
Europe, while developing and preserving their own national identities.  
 
The pupils of the European Schools are future citizens of Europe and the world. As such, 
they need a range of competences if they are to meet the challenges of a rapidly-changing 
world. In 2006 the European Council and European Parliament adopted a European 
Framework for Key Competences for Lifelong Learning. It identifies eight key competences 
which all individuals need for personal fulfilment and development, for active citizenship, for 
social inclusion and for employment:  
 

1. Literacy competence; 
2. Multilingual competence; 
3. Mathematical competence and competence in science, technology and engineering; 
4. Digital competence; 
5. Personal, social and learning to learn competence; 
6. Civic competence; 
7. Entrepreneurship competence; 
8. Cultural awareness and expression competence. 

The European Schools’ syllabi seek to develop all of these key competences in the pupils. 
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2. Didactical Principles 

The didactical principles of the European Schools are formulated in the teaching standards 
of the European Schools (ref: 2012-09-D-11-en-4). For delivery the teaching standards state 
that the teacher: 
 

 Uses teaching skills and creativity to inspire and motivate pupils 
 Delivers well-structured lessons 
 Makes an effective use of teaching time 
 Employs a variety of teaching and learning methods, including technology, 

appropriate to the content 
 Motivates pupils to be actively involved in their own learning 
 Demonstrates good subject and curriculum knowledge including their national and 

European dimensions 
 
The eight competences for chemistry are knowledge, comprehension, application, analysis, 
experimental work, digital competences, communication and team work.  
 
To teach the competences for chemistry according to the teaching standards of the 
European Schools an inquiry-based approach to teaching and learning is strongly 
recommended in S6-S7. The learning objectives listed in this syllabus, especially the 
competences concerning experimental work, digital and information competency, 
communication and team work cannot be achieved without a large focus on practical work.   
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3. Learning Objectives 

Learning is not just getting more content knowledge. With learning in school, content 
is used to give the pupils competences to be prepared for society and work. Learning 
objectives for student performance therefore arise out of three dimensions: the 
European Framework for Key Competences for Lifelong Learning outlined in section 
1, the academic competences outlined in 3.1 and the Cross-cutting concepts 
(Interdisciplinary Connections) in 3.2. This way we hope that the pupils will become 
prepared to a lifelong learning. 

3.1. Competences 

Competency Key Concepts 

1. Knowledge The student displays a comprehensive knowledge of facts 

2. Comprehension The student displays a thorough command and use of 
concepts and principles in science 

3. Application The student makes connections between different parts of the 
syllabus and applies concepts to a wide variety of unfamiliar 
situations and makes appropriate predictions 

4. Analysis The student is capable of detailed and critical analysis and 
explanations of complex data 

5. Experimental 
work 

The student can formulate hypotheses and plan and carry out 
investigations using a wide range of techniques while being 
aware of ethical issues 
Suggested verbs: evaluate, measure, investigate, design, test, 
prove 

6. Digital and 
information 
Competences 

The student can consistently and independently find and 
assess the reliability of information on scientific subjects, on- 
and offline and can independently use appropriate software for 
science tasks 

7. Communication 
(oral and written) 

The student can communicate logically and concisely using 
correct scientific vocabulary and demonstrates excellent 
presentation skills 

8. Teamwork The student works well in a team 
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4. Content 

4.1. Topics 

Topic S6.1: Electronic structure of the atom and the periodic table (10%)*
S6.1.1, Electronic structure of the atom and the 
periodic table 

Historic perspective 
Line spectrum of an atom
Introduction to the quantic model 
Orbital model and electronic configuration 
Trends in atomic properties 

Topic S6.2: Chemical Bonds (20%) 
S6.2.1, Chemical bonding Covalent bond

Electronegativity and polar covalent bond 
Valence bond theory 
Dative or co-ordinate covalent bond 
Ionic bond
Metallic bond

Topic S6.3: States of matter and cohesion (10%)
S6.3.1, Introduction State of matter 
S6.3.2, Intermolecular forces of attraction Intermolecular attractions 

Hydrogen bonding 
Physical properties

S6.3.3, Ideal gas Basic concepts of behaviour of gases 
Ideal gas laws

Topic S6.4: Thermodynamics (20%) 
S6.4.1, General concepts Concepts of thermodynamic systems 

Conversion and conservation of energy 
Standard conditions

S6.4.2, Enthalpy, H Definition of the enthalpy of a system  
Enthalpy change, H 

S6.4.3, Entropy, S Definition of entropy 
Entropy change, S 

S6.4.4, Gibbs free energy G Spontaneity of a reaction, G 
Topic S6.5: Reaction kinetics (20%) 
S6.5.1, Progress of reaction Rate of reaction 

Monitoring concentration changes 
S6.5.2, Collision theory Collision theory and transition state theory 
S6.5.3 Mechanism of a reaction Order of reaction
S6.5.4, Factors affecting the rate of reaction Kinetic factors 

Catalysis 
Topic S6.6 General concepts in Organic Chemistry (20%) 
S6.6.1, Homologous series  Alkanes and alkenes 

Nomenclature
Physical properties  
Chemical properties

S6.6.2, Isomerism  Structural isomers 
Stereoisomers  

S6.6.3, Aromatic compounds   Structure of benzene
*this is the proposed percentage of the teaching time in S6 
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Topic S7.1: Equilibrium (10%)* 
S7.1.1, Chemical equilibria Reversible reactions

Equilibrium constant
Direction of a reaction 
Composition of a reaction at equilibrium 
Le Châtelier principle 

Topic S7.2: Acids and Bases (20%) 
S7.2.1, Brønsted-Lowry theory   Definition of an acid and a base according to 

Brønsted-Lowry  
Conjugate acid/base pair concept 
Amphoteric substances
Ionisation of water

S7.2.2 pH  Definition of pH and pOH 
S7.2.3 Strength of acids and bases 
 

Strong acids and bases 
Ionisation constant of weak acids and bases 
Strength of acids and bases

S7.2.4 Buffer solutions Composition & chemical properties 
S7.2.5 Acid/Base reactions Titration of acids and bases
Topic S7.3: Electrochemistry (30%) 
S7.3.1 Fundamentals of electrochemistry Oxidation state 

Redox couple 
Equation of redox reaction

S7.3.2 Electrochemical cells (I) Voltaic cells 
Standard reduction potential 
Cell potential 
Relative strength of oxidizing agent and reducing 
agent
Prediction of reaction 

S7.3.3 Electrochemical cells (II) Electrolytic cells 
Stoichiometry of electrolysis 

S7.3.4 Redox titration Titration 
Topic S7.4: Organic Chemistry (40%)
S7.4.1 Fundamental concepts of organic reaction 
mechanisms 

Curly arrow notation
Reactive intermediates 
Electronic effects 
Steric effects
Nucleophiles and electrophiles
Mechanisms of nucleophilic substitution reactions 
(SN1 or SN2) 
Mechanisms of elimination reactions (E1 or E2) 

S7.4.2 Organic compounds containing oxygen  Alcohols
Aldehydes and ketones
Carboxylic acids 
Esters 
Polyesters 
Synthesis of Aspirin
Saturated and unsaturated fats and oils 
Soaps and detergents 

S7.4.3 Nitrogen containing compounds Amines 
Amides 
Amino acids
Polymerisation

*this is the proposed percentage of the teaching time in S7 
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4.2. Tables 
 

The table below contains the contents of the S6/7 chemistry syllabus. 
 Column 1: subtopics 
 Column 2: content 
 Column 3: learning objectives, these are compulsory 
 Column 4: key contexts, phenomena and activities, these are recommendations 

 
Legend:    

 Knowledge and comprehension ,    

 Application ,    

 Analysis and evaluation  
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Topic 6.1: Electronic structure of the atom and the periodic table  
Subtopic 
S6.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

6.1.1 
Electronic 
structure of 
the atom and 
the periodic 
table 

Particles in the atom: 
Historic perspective  

Recall the historic development of modern atomic theory up to the 

Bohr model.  
 
Describe the distribution of mass and charge within an atom. 

 
 
Distinguish between isotopes on the basis of different numbers of 

neutrons present.  
 

Understand that no subatomic particles can be directly 
observed. 
 
 
 
 
 
 
Use the symbolism 𝑋 for isotopes, where A is the nucleon 
(mass) number and Z is the proton (atomic) number.  
 

Line spectrum of an 
atom 
 
 

Recognise continuous and line emission spectra.  
 
 
Carry out an experiment to show that elements have unique line 

emission spectra.  
 
 
 

Relationship between emission and absorption spectra. 
 
Practical to inspect line spectra of different elements using 
spectral lamps and flame test. 
 
Absorption and emission spectra are widely used in 
astronomy to analyse light from stars. 
 

Introduction to the 
quantic model 
 
 

Describe the relation between the Bohr model and the line 

emission spectra of atoms.  
 

Define quantization of the atom (energy levels).  
 
Compare the observed spectral lines of hydrogen with the 
calculation of the energy of emitted or absorbed light using the 

formula:  

   
 

𝑖. 𝑒. 𝐸 . 𝑒𝑉      or      𝐸 . 𝐽 

 

Calculation of wavelength of radiations related to 
transitions between energy levels of one-electron atoms 
(and ions). 
 
 
Interactive simulation project at University of Colorado 
Boulder (PhET simulation): 
https://phet.colorado.edu/en/search?q=emission+spectra 
Comment that the Bohr model works well for the spectral 
lines of the H atom and other one-electron species, but it 
fails to predict the spectrum of any other atom with more 
than one electron. 

En  
RH
n2
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Subtopic 
S6.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

  Use Plank’s equation to illustrate the relationship between energy 

and wavelength (𝐸 ℎ ∙ 𝜈 ; 𝜈   

 

Define first and successive Ionisation energies.  
 
Deduce the electronic configurations of elements from successive 

ionisation energy data.   
 

Relationship between colour, wavelength, frequency and 
energy across the electromagnetic spectrum. 
 
 
 
 
 
 

 Orbital model and 
electronic configuration 

Elucidate that there is a theoretical limit to the precision with 
which we can know the momentum and the position of a particle. 

 
 
Define orbitals as regions of space where there is high probability 

of finding an electron.  
 
Formulate that the location of an electron in an atom is based on 

probability.  
 
Describe the division of the main energy level into s, p, d, and f 
sub-levels, each of them containing a fixed number of orbitals. 

 

 

Recognise and sketch an s and the px, py and pz atomic orbitals. 

 
 
Apply the Aufbau principle, Pauli’s exclusion principle, and Hund’s 
rule to determine the electronic configuration for a particular atom 
or ion. 
Correlate the structure of the periodic table to the electron 

configuration of atoms. Recognize s-, p-, d-, f- blocks.  
 

Heisenberg’s Uncertainty principle: qualitative approach 
only. 
 
 
 
List and understand the meaning of the quantic numbers:. 
𝑛, 𝑙, 𝑚 ., 𝑚 . 
 
 
 
 
Use quantic numbers to define the s, p, d, f orbitals. 
 
 
 
Practical to illustrate the relationship between electron 
configuration and reactivity (e.g. halogens’ reactivity) 
 
Consider and discuss anomalies in electronic configuration 
such as Cr and Cu. 
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Subtopic 
S6.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

Interpret successive ionisation energy data of an element in terms 
of the position of that element within the Periodic Table (electronic 

configuration).  
 
 

 Trends in atomic 
properties 

Describe the effective nuclear charge, Zeff, as the difference 
between atomic number and number of shielding electrons, Zeff = 

Z – S.  
 
Elucidate that all physical and chemical behaviours of elements 
are based on electron configuration and effective nuclear charge. 

 
 
Explain vertical and horizontal trends for atomic radius, ionic 
radius, ionisation energy, electron affinity, and electronegativity. 

 
 
Carry out an experiment to illustrate the relationship between 
electron configuration and reactivity (halogen-halide reactions in 

aqueous solutions).  
 

Trends in metallic behaviour. 
Magnetic properties of transition metal ions. 
 
 
 
Understand that electronegativity is not directly 
measurable. Use Pauling’s scale to determine 
electronegativity difference between elements. 
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Topic 6.2: Chemical Bonds   

 
Subtopic 
S6.2 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

6.2.1 
Chemical 
bonds 

Covalent bond Describe the concept of chemical bonding as the electrostatic 

attraction between protons and electrons.  
 
Describe covalent bonding as sharing of electrons between atoms 

using Lewis’ diagrams.  
 
Name covalent bonds as single, double, or triple covalent bonds 

when two, four, or six electrons are, respectively, shared.  
 
Explain that bond length decreases and bond strength increases 

as the number of shared electrons increases.  
 

Distinguish between lone pairs and bonding pairs.  
 
Apply Lewis’ model to represent molecules and polyatomic ions. 

 
 
Draw resonance structures where more than one structure can be 

drawn.  
 
Calculate formal charge of simple polyatomic molecules where 

more structures can be drawn.  
 
Elucidate that the most likely structure(s) is(are) the one(s) which 
minimise formal charges, and where negative charge(s) is(are) on 

most electronegative atom(s).  
 
Use VSEPR theory to predict shape of simple molecules and ions 

(with and without lone pairs). 

Use a diagram of potential energy change versus 
internuclear distance during covalent bond formation. 
 
 
Sketch and interpret resonance structures of molecules 
and/or ions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Draw Lewis structures for polyatomic molecules, such as, 
but not limited to HCN, CO, CN–, NO3

–, CO3
2–, SO4

2–. 
 
 
Correlate resonance and stability of structure(s) (formal 
charge). 
 
Use AXnEm notation, limited to AX2 ; AX3 ; AX3E ; AX4 ; 
AX3E ; AX2E2. 
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Subtopic 
S6.2 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

Construct the following molecules using molecular models (e.g. 

Molymod®): H2O, CH4, NH3, CO2, C2H4, HCHO.  

Electronegativity and 
polar covalent bond 
 

Define electronegativity as the measure of the force of attraction 

of an atom towards the electrons engaged in a bond.  
 

Define non-polar and polar covalent bond.  
 
 
Predict molecule polarity from bond polarity and molecular 

geometry.  
 

 
 
 
 
 
Use VSEPR theory to predict polarity of molecules. 
 
Demonstration of polarization of water with a charged rod 
and a stream of water compared to a stream of nonpolar 
liquid such as hexane. 
 

Valence bond theory Describe covalent bonding in terms of atomic orbital overlap. 

 
 
Explain sigma () and pi () bonding orbitals as head-to-head or 

side-to-side combination of atomic orbitals.  
 
Explain the concept of hybridization (sp, sp2, sp3 only) by 

examining the shapes of simple molecules.  
 
Describe the structure of benzene as cyclic, planar, and with an 
uninterrupted ring of  electrons (delocalised electrons), with the 

help of two resonance forms.  
 
Predict the shapes of, and bond angles in, molecules and ions 
such as, or similar to: BF3 (trigonal planar), CO2 (linear), CH4 
(tetrahedral), NH3 (pyramidal), H2O (bent), SF6 (octahedral), PF5 

(trigonal bipyramidal)  
 
 

Sketch molecular orbital diagrams of simple diatomic 
molecules (H2, O2, N2, et al.) 
 
 
Sketch atomic orbital overlap of molecules such as H2O, 
NH3, CH4, C2H4, C2H2, C6H6. 
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Subtopic 
S6.2 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

Dative or  
co-ordinate covalent 
bond 
 
 

Illustrate and define dative bond formation in molecules such as 

H3O+, NH4
+.  

 

Construct molecular models of H3O+, NH4
+.  

 
 

 
Reversible reaction of hydrated copper(II) sulfate 
 
 [Ag(NH3)2]+, [Cu(NH3)4]2+: link to S7 syllabus 
[FeSCN]2+: fake blood 
Blueprint photography by the cyanotype process 
 
Practical of a complex ion formation (complexation 
reaction).  

Ionic bond Define ions as charged particles resulting from electron(s) 

transfer.  
 
Illustrate ionic bond as electrostatic attraction between oppositely 

charged ions.  
 

Describe lattice structure of a crystalline solid.  
 
 
Carry out an experiment to compare properties, such as solubility 

and conductivity, of ionic and covalent compounds. 

Use Pauling’s scale to predict type of bond. 
 
 
 
Link properties of salts, such as brittleness, and 
conductivity when molten and in aqueous solution, to their 
structure. 
 

Metallic bond Define metallic bond as metal cations in a ‘sea of electrons’ (free 

electron model). 

Link properties of metals, such as malleability, ductility, 
and conductivity, to the ‘free electron model’. 
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Topic 6.3: States of matter and cohesion  

 
Subtopic S6.3 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
6.3.1 
Introduction 
 

State of matter 
 
 
 

Describe properties of states of matter and interpret 
macroscopic properties on a molecular scale in terms 
of arrangement and motion of the particles in solids, 

liquids, and gases (Kinetic-molecular model). 

 
 
Explain that compounds are liquid, solid or gas by the 
existence of attraction between particles 

(intermolecular forces of attraction, IMF’s).  
  
Explain that when a substance changes from solid  
liquid  gas, the transitions require an input of energy 

to overcome the attraction between particles. 

Use PhET simulation to illustrate the change in state of matter linked 
to microscopic agitation 
http://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-
matter_en.html 
 
 
 
 
Allotropes of carbon (diamond, graphite, graphene, C60 
buckminsterfullerene) and SiO2 should be covered. 
 

6.3.2 
Intermolecular forces 
of attraction 

Intermolecular  
attractions 

Interpret the attraction between particles as the result 
of an electrostatic attraction between opposite 

charges.  
 

Describe the different types of IMF’s :  
‐ Instantaneous dipole-induced dipole 

interaction (a.k.a. London dispersion forces). 
‐ Dipole-induced dipole interaction. 
‐ Dipole-dipole interaction. 
‐ Ion-dipole interaction.  

 
 
Estimate the order of magnitude of the different IMF’s 

and compare them with the covalent bond. 

Use Coulomb’s law to explain electrostatic interaction. 
 
Coulomb’s law simulation: 
https://phet.colorado.edu/en/simulation/coulombs-law 
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Subtopic S6.3 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
 Hydrogen Bonding

  
 
 
 

Explain hydrogen bonding as an extreme case of 
dipole-dipole interaction between molecules 
containing the electronegative atoms O, N, or F 
bound to H and a molecule containing O, N, or F. 

 
 
Identify hydrogen bonding in molecules such as: 

H2O, NH3, alcohols, sugars, amines, and amides.  
 
Being able to draw a schematic representation of 

hydrogen bonding.  

Comment about unexpected boiling points of molecules such as H2O 
and NH3. 
 
Experiments illustrating the surface tension of water.  
 
Ammonia fountain experiment to illustrate the solubility of ammonia in 
water. 
 
Role of H-bonds in protein-DNA interactions. 
 

 Physical properties  Relate physical properties with the type and extent of 

internal molecular forces.  
 

Apply “Like dissolves like” principle.  
 
 
 
  

Carry out experiments of solubility of different compounds both in 
water and in cyclohexane.  
 
Experiment: measure the boiling point of different substances.  
 
Ice cube in water: change in volume and floats on the surface of 
water. Solid cyclohexane cube sinks in liquid cyclohexane. 
 

6.3.3 
Ideal gas  

Basic concepts Define an ideal gas as one in which there are no 
interactions between particles and that such particles 
are so small that their volume is negligible compared 

with the volume occupied by the gas.  
 
Explain that in most usual conditions, for example at 
standard temperature and pressure, most real gases 

behave like an ideal gas.  

The notion of an ideal gas is only applicable when particle size is 
negligible compared to inter-particle distance and collisions are 
elastic. 
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Subtopic S6.3 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
 Ideal gas laws Use ideal gas equation to carry out calculations: PV = 

n RT.  
 
 
 
Define molar volume and use it in stoichiometric 

calculations.   

The experimental laws of Boyle’s Mariotte (PV = constant), Gay-
Lussac (P/T = constant), Charles (V/T =constant), and Avogadro 
(V/n=constant) link together the four variable properties of a gas, n, P, 
V, and T. 
 
Experiment: measure the molar volume of a gas. 
Relationship between density and molar mass of a gas. 
 
Stoichiometric calculations related to chemical reactions involving 
gases. 
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Topic 6.4: Thermodynamics  
 

Subtopic S6.4 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
6.4.1 
General concepts 
 
 
 

Concepts of a 
thermodynamic system 
 
 

Define system and surroundings.  

Classify systems as open, closed, and isolated.  

This definition allows to keep track of where 
energy and matter move during a reaction. 

 Conversion and 
conservation of energy 
 
 
 
 
 

State that energy can neither be created nor destroyed, only transferred 

or converted from one form of energy to another.  
 
Outline that the total amount of internal energy (U) is conserved (U = w 
+ q). Heat (q) is the energy transferred as a result of temperature 
difference. Work (w) involves energy exchange as a result of motion 

against an opposing force.  
 
Link the sign of energy change with the absorption/release of energy by 

the system under study.  
 
 
 
 
Define specific and molar heat capacity, and carry out calculations using 

these values.  
 

First Law of Thermodynamics. 
 
 
 
 
Recognize that for isolated system: U = 0 
U depends only on the initial and final state of 
the system (State function). 
 
Energy gained by a system is positive (heat 
absorbed by or work done on a system) 
Energy lost by a system is negative (heat 
released from or work done by a system). 
 
Measure energy changes using a calorimeter. 

 Standard conditions  Define standard conditions:  
 a pressure of 1.00 x 105 Pa  
 concentrations of 1 mol dm–3 for all solutions 
 all substances in their standard states. 

(Standard state of a substance is the pure form of the substance under 

standard conditions at 298.15 K).  
 

Temperature is not part of the definition of 
standard state, but 298.15 K is usually given 
as the specified temperature. 
 
Discuss the stability and abundance of 
different allotropes (i.e. graphite and diamond) 
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Subtopic S6.4 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
6.4.2 
Enthalpy, H 

Definition of the 
enthalpy of a system 
 

Define enthalpy as a measure of the heat energy contained in a 

substance (H=U+PV).  
 

Enthalpy is an example of state function.  Its 
change in a system is equal to the heat 
brought to the system at constant pressure. 

 Enthalpy change, H 
 

State that only the enthalpy change (H), which is the heat transferred at 
constant pressure by a chemical reaction or process, can be measured. 

 
 
Explain that H depends only on the initial and final state of the system 

(State function).  
 
Sketch and evaluate potential energy profiles to determine whether 
reactants or products are more stable and if the reaction is exothermic or 

endothermic.  
 
Carry out a calorimetric experiment to determine enthalpy change of 

reaction, using the relationship Hrxn= q =m x c x T.  
 
 
 

Determine enthalpy change of reactions from temperature changes.  
 
Calculate enthalpy changes of chemical reactions applying Hess’ law. 

 
 

Define standard enthalpy changes of reaction.  
 
Calculate enthalpy changes of reactions using standard enthalpy of 

formation.  
 
 
 

Calculate enthalpy changes of reactions using bond enthalpies.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
e.g. combustion, formation, hydration (e.g. 
CuSO4 in water), neutralization reactions, et al. 
Heat losses to the environment and the heat 
capacity of the calorimeter in experiments 
should be considered, but the use of a bomb 
calorimeter is not required. 
 
Enthalpy cycles. 
 
 
 
 
Use standard enthalpy of formation and 
combustion to calculate the standard enthalpy 
change of any reaction. 
Experimental lattice enthalpies and the Born-
Haber cycle. 
 
 
 
Average bond enthalpy is the energy needed 
to break one mol of a bond in a gaseous 
molecule averaged over similar compounds. 
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Subtopic S6.4 Content Learning Objectives (and limitations) Key contexts, phenomena and activities
 
Elucidate that bond-forming releases energy and bond-breaking requires 

energy.  

6.4.3 
Entropy, S  
 
 

Definition of entropy 
 

Define entropy as a measure of the molecular disorder, or randomness, 

of a system.  
 
 

Explain that entropy is a state function.  
 
State that the entropy of an isolated system can never decrease over 

time.  

Entropy refers to the distribution of available 
energy among the particles unavailable for 
doing useful work. The more ways the energy 
can be distributed the higher the entropy. 
 
Second law of thermodynamics: spontaneous 
processes are those that increase the total 
entropy of the Universe. 

 Entropy change, S Predict the sign of entropy change based on the comparison of the 
degree of disorder of a system before and after transformation (qualitative 

approach).  
 
Calculate entropy changes of reactions and processes using standard 

entropy values (quantitative approach).   
 

i.e. entropy changes of a system with the 
change of temperature, entropy changes 
during changes of phase, et al. 
 
A perfect ordered system has zero entropy: 
‘The entropy of a perfect crystal at zero kelvin 
is zero’ (Third law of thermodynamics). 
 

6.4.4 
Gibbs free energy, G  
 

Spontaneity of a 
reaction, G 
 

Define Gibbs free energy change as G = H-TS  
 
Calculate the sign of the Gibbs free energy change (G) to determine the 

spontaneity of a reaction.  
 
Evaluate the spontaneity of a process knowing that G must be negative 

at constant T and P. 

Calculate the temperature at which a specific 
reaction is spontaneous. 
 
 
Demonstration of the influence of temperature 
change on equilibrium, e.g. N2O4 ⇋ 2NO2, 
precipitation of PbI2, et al. 
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Topic 6.5: Reaction kinetics  
 

Subtopic S6.5 Content Learning Objectives Key contexts, phenomena and activities
6.5.1 
Progress of 
reaction 

Rate of reaction Explain the concept of rate of reaction,   or r, as the 
rate of change in concentration. For the general 
chemical reaction: 𝑎𝐴 𝑏𝐵 ⋯ ⟶ 𝑝𝑃 𝑞𝑄 ⋯   
the rate of reaction is defined as: 
 

𝜈   ⋯ ⋯   

 
 
Calculate rate of reaction or change in concentration of 
reactants or products in a reaction, using the above-

mentioned relationship  
 
Distinguish between initial, average, and instantaneous 
rate of reaction, using concentration of product or 

reactant vs time graphs, and determine their value. 

 
 
Recognise that the rate of reaction changes with time. 

 
 

Examples of slow reactions (chemical sunset demonstration with 
sodium thiosulfate and hydrochloric acid, et al.) and fast reactions 
(precipitations, ‘blue bottle experiment’, et al.) 
 
 
 
 
 
 
Calculation of reaction rates from tangents of graphs of 
concentration, volume, or mass vs time. 
 

 Monitoring 
concentration changes 

Outline that concentration changes in a reaction cannot 
be measured directly. Instead the concentration of a 
product or reactant is measured at different times by 
monitoring changes in mass, volume, conductivity, pH of 

the solution, transmission of light, etc.  
 
 

‐ Apply the definition of absorbance, A  
‐ Outline that A, at a specific  is a function of: 

concentration of the sample (c), path of 
radiation in the sample (𝑙 , molar absorbance 

coefficient of the sample ()  
 

Monitor reactions using manometer, conductivity probe, change in 
volume/mass, etc. 
 
 
 
 
Practical using UV/visible spectrophotometry.  
 
 
Beer law virtual lab: 
https://phet.colorado.edu/en/simulation/beers-law-lab 
 
Spectrophotometric analysis of KMnO4 solutions. 
 
Reaction between I2 and propanone.  
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Subtopic S6.5 Content Learning Objectives Key contexts, phenomena and activities
  ‐ Draw and use a calibration curve (Beer-

Lambert law: 𝐴 𝜀 ∙ 𝑐 ∙ 𝑙 )  
 
Express the relationship between A and rate of 
reaction, as the absorbance is directly proportional to 

the concentration of the absorbing substance.  
 
Calculate initial, average, and instantaneous rate of 

reaction based on experimental absorbance values.  
 

 
Half-life of reaction can be introduced. 
 

6.5.2 
How reactions 
happen 

Collision theory and 
activation energy Explain the concept of activation energy.  

 
 
Use the collision theory and concept of activation energy 
to explain the effect on the rate of reaction when 
temperature, concentration, pressure, and surface area 
change (only qualitative approach, no Arrhenius 

equation).  
 

Explain why the rate of reaction changes with time. 

Construction of Maxwell–Boltzmann energy distribution curves can 
be used to account for the probability of successful collisions and 
factors affecting these, including the effect of a catalyst. 
 
PhET simulation to illustrate the effects of temperature and 
concentration: 
https://phet.colorado.edu/en/simulation/legacy/reactions-and-rates 
 
 
 

6.5.3 
Mechanism of a 
reaction  
 

Order of reaction Elucidate that a mechanism for a reaction is a collection 

of elementary steps.  
 
State what is the molecularity of a reaction (number of 

reactant molecules involved in the transition state). 

Recognise that most reactions are bimolecular.  
 
Describe the concept of rate-determining step, or rate-
limiting step, as the slowest elementary step that 

determines the rate of a reaction.  
 

An elementary reaction, or elementary step, is assumed to occur in 
a single step and to pass through a single transition state 
 
Rate equations must be determined experimentally. 
 
 
 
 
 
 
 
The idea of rate-determining step explains why it is possible to have 
a rate equation that is zero order for a particular reactant. 
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Formulate the overall rate equation for a general 
reaction, 𝑎𝐴 𝑏𝐵 ⋯ → 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠, as: 

𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑘 𝐴 𝐵 …  
 
Interpret factors affecting efficiency of collision: 

orientation and energy.  
 
 

Note that m, n, … are the individual orders of reaction “with respect” 
to A, B, …, respectively, and (m + n + …) is the overall order of 
reaction. 

6.5.4 
Factors 
affecting the 
rate of reaction 

Kinetic factors Perform practical(s) to study the influence of 
temperature, concentration, pressure, and surface area 

on the rate of a reaction (qualitative approach).  
 
 
 

Students are to research and report on a chemical reaction whose 
increased or decreased rate is of practical importance. 
 
Practical applications: low temperature for food preservation, high 
pressure cooking, shelf life of chlorine bleach, et al.   
 
Experiment: iodine clock reaction. 
 

 Catalysis State that a catalyst is a substance that increases the 
rate of a chemical reaction without being consumed in 

the reaction.  
 
 
Elucidate that catalysts lower the activation energy of 

the reaction.  
 
 
State that the mechanism of a reaction changes when a 

catalyst is used.  
 
Sketch and explain energy profiles with and without 

catalysts.  
 

Possible experiments: Reaction of zinc and sulphuric acid catalysed 
by copper, oxidation of potassium sodium tartrate by H2O2 using a 
cobalt salt as a catalyst, decomposition of H2O2 with MnO2, Fe2O3, 
PbO2, peroxidase enzymes (found in liver and potatoes). 
 
Heterogeneous and homogeneous catalysis. 
 
Example of enzyme-catalysed reactions (‘lock and key’ model)  
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Topic 6.6: General concepts in Organic Chemistry 
Subtopic S6.6 Contents Learning objectives Key context and activities
6.6.1 Homologous 
series  
  
 
 
 
 

Alkanes and alkenes  
 

Recall definitions of homologous series and isomers and recall 

naming of alkanes and alkenes using IUPAC rules.  
 
Use structural, displayed and skeletal (line) formulae for straight-chain 

and branched-chain alkanes and alkenes.  

Use molecular models. 
 
 
 
Distinction between empirical, molecular, 
and structural formulae. 

 Nomenclature  
 

Name and identify typical functional groups in molecules: 

hydroxyl, carbonyl, aldehyde, carboxyl, ester, amine, and amide.  

 
  
Name and draw molecules from C1 to C10 for each class of 
compounds (alkanes, alkenes and arenes, alcohols and phenols, 
aldehydes and ketones, carboxylic acids, esters, amines (primary 

only), amides, and amino acids)   
 
Draw 3-D stereochemical representations to show the relative 

positions of atoms and groups around the carbon atom.  
 

 
 
 
 
 
Leaving out hydrogen atoms (–H), when 
drawing displayed structures is not 
acceptable. 

 Physical properties   
   

Discuss the effects of chain structure, chain length, and functional 
group(s) on boiling point and solubility in water and non-polar solvents. 

  
 

Predict and discuss differences in boiling point between:   
 alcohols and alkanes  
 alcohols and aldehydes/ketones 
 alcohols and carboxylic acids  

 

Demonstration of fractional distillation. 
 
 
 
Explanation of the trends in boiling points of 
members of a homologous series. 
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Subtopic S6.6 Contents Learning objectives Key context and activities
 Chemical properties 

 
Write the balanced equation for the complete combustion of a 

hydrocarbon.  
 
Write the balanced equation for the halogenation and hydrogenation of 

an alkene.  
 
Explain and compare acidic properties of alcohols, phenols, and 

carboxylic acids.  

Explain basic properties of amides and amines.   
 
Elucidate that amides are much less basic than amines because of 
the adjacent C=O group, i.e. delocalization of the nitrogen lone pair 

into the 𝜋 bond of the carbonyl.  
 
Elucidate that the most basic position of an amide is not the nitrogen 
but the oxygen, and that the N–H bonds of amides are much more 

acidic than the N–H bonds of amines.  
 

 
 
 
 
Free radical substitution and addition 
reactions. 
 
Carry out experiments using acid-base 
indicators.   
 
 

6.6.2 Isomers  
  

Structural isomers  
  
  

Describe structural isomers as compounds in which the atoms are 

joined together in a different order.  
 
Differentiate between chain isomers, position isomers, functional 

group isomers.  
  

   

 Stereoisomers  
 

Describe stereoisomers as compounds in which the atoms are joined 
together in the same order but the position of the atoms in space is 

different.  
 
 
Define and draw configurational Z/E isomers for simple alkene 

molecules.  
 

Use molecular models. 
 
 
 
 
 
Note that compounds can contain more than 
one chiral centre, but knowledge of meso 
compounds, or nomenclature such as 
diastereoisomers is not required. 
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  Define chiral molecules and identify asymmetric carbon(s) in chiral 

molecules.    

Draw a schematic representation of a polarimeter.  

Describe the effect of a chiral molecule on polarized light.   
 
Carry out experiments with glucose solutions to show the rotation of 

the plane polarized light.   
 
Define and draw enantiomers with one asymmetric carbon using 

stereochemical formulae.  
 
 

 
 
 
 
 
 
 
 
Note that for the most part, enantiomers 
have identical physical and chemical 
properties. Nevertheless, the difference 
between two enantiomers can have 
enormous impact, particularly in biological 
systems, because many important biological 
molecules are chiral. 
 

6.6.3. Aromatic 
compounds   

Structure of benzene  
  

Explain the structure and stability of benzene using the concept of 
hybridization (all C-C bond length are 
equal, delocalization of  bonding electrons, substitution reactions are 
favoured while addition reactions are not, only one isomer exists of 

compounds such as 1,2-disubstituted benzenes).  
  

Draw benzene (both Kekulé and Robinson representations).  
 
Recognize and draw some derivatives of benzene, such as aniline, 

phenol, and toluene.  
 
Apply curly arrow notation to illustrate the resonance structures and 

the mechanism of substitution reactions on the aromatic ring.  

 
 
 
 
 
 
 
 
 
 
 
 
Describe the mechanism of electrophilic 
substitution in arenes, as exemplified by the 
formation of nitrobenzene and 
bromobenzene. 
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Topic 7.1: Equilibrium 

 
Subtopic 
S7.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

7.1.1. 
Chemical 
equilibrium 

Reversible 
reactions 
 

Elucidate that no chemical reaction proceeds only in one 

direction.  
 
Define equilibrium as a dynamic system in which concentration 

of both reactants and products do not change with time.  
 
Explain that at equilibrium the rate of the forward reaction is 

equal to the rate of the reverse reaction.  
 
Recognise that equilibrium is achieved only in a closed system. 

 
 
Use equilibrium arrow (⇋  to indicate reversibility in a chemical 

reaction.  
 
Illustrate that when the forward and the reverse reaction occur 
at the same rate, concentrations no longer change and the 
system, has reached equilibrium. The equilibrium constant, K, is 
a number based on a particular ratio, at a given T, of product(s) 

and reactant(s) concentrations.  
 

One that very nearly does is the reaction of hydrogen and oxygen 
gases to form water at 25 ºC. 
 
Introduce the concept of equilibrium experimentally using reactions 
such as: 
2NO2(g) ⇋ N2O4(g)  and   
Fe3+(aq) + SCN–(aq) ⇋ [FeSCN]2+(aq) 
 
Practical to show that equilibrium is reached when concentrations of 
reactants and products become constant and understand that 
equilibrium can be reached from either direction.  
 
 
Modelling dynamic equilibrium with coins (J. Chem. Educ. 2006, 83, 1 
48A) 
 
 
 
 
 
 
Recall definition of closed system from S6 syllabus. 
 
 
 
 
Equilibrium symbol must be used when writing equations for 
reactions where the reverse reactions are significant. 
 

At equilibrium 𝑟𝑎𝑡𝑒 𝑟𝑎𝑡𝑒  and 𝐾, where 𝐾 is a measure 

of the reaction extent. 
 
When the value of K is given, the temperature, at which the reaction 
is carried out, must be indicated. 
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Subtopic 
S7.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

Equilibrium 
constant 
 

Elucidate that for a generic reaction: 
𝑎𝐴 𝑏𝐵 ⋯ ⇌ 𝑟𝑅 𝑠𝑆 ⋯the equilibrium composition is 

described by the expression:  𝐾    …   
  … 

 (law of mass 

action)  
 
Elucidate that the magnitude of the equilibrium constant 
indicates the extent of a reaction at equilibrium and is 

temperature dependent.  
 
Recognize that Kc has no units and that the only thing that 
changes the value of Kc for a particular reaction, is the 

temperature.  
 
 
 
 
 
 
 
 
Deduce that the equilibrium constant for a reaction, that is the 
sum of two or more reactions, is equal to the product of the 

individual equilibrium constants.  
 
State the law of mass action for reactions involving pure solids 

and liquids (heterogeneous equilibrium).  
 
 

Please note that only equilibrium constants of concentration, 𝐾 , are 
considered. 
Note that square brackets are used in chemistry in a range of 
contexts: e.g. concentrations, Lewis structures, and complexes.  
 
As equilibrium can be approached from either direction, the 
equilibrium constant expression depends on the form in which the 
chemical reaction is written. 
 
 
 
Strictly speaking, Kc, should be defined as the ratio of the 
thermodynamic activities of the products at equilibrium to those of the 
reactants. As activities have no units, Kc, is also dimensionless. In the 
conditions usually applied, activity of species can be approximated to 
concentration, therefore Kc has no units. 
 
Note that a system comes to equilibrium when it reaches its minimum 
Gibbs free energy. Relationship between G and K (only qualitative 
approach). 
 
 
 
 
 
 
 
The most important consideration for a heterogeneous mixture is that 
solids and pure liquids and solvents have an activity that has a fixed 
value of 1, e.g.: 
2H2O(l) ⇌ H3O+(aq) + OH-(aq),     K=[H3O+] [OH-] 

Direction of a 
reaction 

Elucidate that the reaction quotient of a reaction, Q, is the ratio 
of the concentrations of products and reactants at one moment 

in time.  
 
For a generic reaction:       𝑎𝐴 𝑏𝐵 ⋯  ⇌ 𝑟𝑅 𝑠𝑆 ⋯, 
 
 

Q is the equilibrium expression with non-equilibrium concentrations. 
The position of the equilibrium changes with changes in 
concentration, pressure, and temperature. 
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Subtopic 
S7.1 

Content Learning Objectives (and limitations) Key contexts, phenomena and activities 

the reaction quotient, Q, is described as: 
 

𝑄
𝑅  𝑆  …
𝐴  𝐵  …

 

 

Derive that:  
 if 𝑄 𝐾  reaction is at equilibrium 
 if 𝑄 𝐾  reaction proceeds in favour of products 
 if 𝑄 𝐾  reaction proceeds in favour of reactants 

 
Composition of 
a reaction at 
equilibrium 

Produce an I.C.E. (I: initial, C: change, E: equilibrium) table and 
calculate concentration of products/reactants or the K for a 

reaction at equilibrium.  
 

 

Effect of 
conditions on 
reaction: Le 
Châtelier 
principle 
 
 
 
 
 
 
 
 

State that when a system at equilibrium is disturbed, the system 
will shift its equilibrium position so as to counteract the effect of 

the disturbance.  
 
Predict the effect of the following changes on a reaction at 

equilibrium:  
 concentration of reactant(s) or product(s) 
 temperature changes (for both endothermic and exothermic 

reactions) 
 addition of a catalyst (no effect on equilibrium) 

 

Stressing an equilibrium system by changing the concentration of 
ions in solution:  
http://www.chem.uiuc.edu/chem103/equilibrium/iron.htm 
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Topic 7.2: Acids and Bases 

 
Subtopic S7.2 Contents Learning objectives Key context and activities
7.2.1  
Brønsted- 
Lowry acids and 
bases 
 
 
 
 

Definition of acid and base 
according to Brønsted-
Lowry theory  
 
 

Define an acid as a proton donor and a base as a 

proton acceptor:  
 
HA(aq) + H2O(l) → H3O+

(aq) + A-
(aq) 

B(aq)  + H2O(l) → BH+
(aq)  + OH-

(aq) 

 

Identify an acid-base reaction as one in which a 

proton is transferred from an acid to a base.  
 
Recognise that acids with more than one ionizable 

proton are polyprotic acids.  
 

The writing of the state of matter can be helpful in the writing of the 
equilibrium constant of the reaction but it is not required. 
 
 
 
Students should know the representation of a proton in aqueous solution 
as both H+(aq) and H3O+(aq). 
 

 Conjugate acid/base pair 
 
 

Write the acid/base pair as:  
HA(aq) /A-

(aq)  or  BH+
(aq) / B(aq) 

 

Carry out a practical using acids and bases. 
 

 Amphoteric substances 
 

Identify an amphoteric substance, and define it as a 
species which can act as both a Brønsted-Lowry acid 

and base.  
 
Illustrate amphoteric behaviour with two equations 
taking water, hydrogencarbonate, or 

hydrogenphosphate as example.  
 

 

 Ionisation of water 
Write the dissociation of water into ions:  
H2O(l) + H2O(l)  ⇌  H3O+(aq) + HO–(aq) 
 
Define the self-Ionisation constant of water Kw (and 

pKw).  
 
State that the self-Ionisation constant of water, as any 
other equilibrium constant, depends on the 

temperature. 

 



 

2021-01-51-en-2     31/77 
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7.2.2  
pH  
 

Definition of pH and pOH 
 
 

Use the definition of pH of an aqueous solution as:  
pH = –log10 [H3O+(aq)] , and pOH as: pOH = –log10 

[OH–(aq)]  
 

Explain that pH + pOH = 14 

Note that a logarithmic scale is a convenient way of bringing numbers of 
widely differing magnitudes on to the same scale. Also note that the pH 
scale does not have an upper or lower limit, and even though many 
solutions fall between the 0 and 14 range, it is possible to have values 
below 0 and above 14. 
 

7.2.3 
Strength of acids 
and bases 

Strong acids and bases 
 

 
Define strength as a measure of the extent to which 
an acid can donate a H+, or the extent to which a 
base can accept a H+. Use forward arrow for strong 
acid/base and equilibrium arrow for weak acid/base. 

 
 

Measurements of pH and conductivity of solutions of acids and/or bases 
at different concentrations and strength.  
 

 Ionisation constant of weak 
acids/bases 
 

Elucidate the definition of ionisation constants (Ka 

and Kb) of weak acids and bases.  
 
Use the mathematical relationship between Ka, Kb 

and Kw.  
 
Discuss the strength of an acid/base, in relation to 

the strength of its conjugate base/acid.  

Determination of the acid constant of a weak acid, e.g. ethanoic acid. 
 
Note that Ka or pKa of a base refers to the conjugate acid of the base. 
 
 
 

 Strength of acids and 
bases 

Rank the strength of acids and bases using their Ka 

and Kb value (or pKa and pKb).  
 
Rank the strength of acids and bases, comparing 
reaction rates of acid/base solutions of the same 

concentration.  
 
Explain that polyprotic acids have different Ka for 
each dissociation step and outline that for all 

polyprotic acids: Ka1 >> Ka2 >> Ka3 >> …  
 
Calculate the pH of solutions of strong acids and 

strong bases. 

Measurement of the pH of different acids at the same concentration using 
a pH meter. 
 
See PhET “Acid-base solutions” simulation 
https://phet.colorado.edu/fr/simulation/acid-base-solutions 
 
 
As successive Ka values typically differ by several order of magnitude, 
calculations of polyprotic acids are, usually, simplified by neglecting H3O+ 
generated from subsequent dissociations.  
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  Calculate the pH of aqueous solutions of weak 

monoprotic acids and bases working out [H3O+(aq)] 
from the expression for Ka, and [OH–(aq)] from the 

expression for Kb.  
 
Compare pH and pKa to find the predominant species 

at different pH values.  
 
Determine the position of equilibrium in an acid-base 
reaction by looking at Ka or pKa values of the species 

involved in the reaction.  
 
Calculate the equilibrium constant of an acid-base 
reaction using pKa values (i.e. the pKa value of the 
acid and the pKa value of the conjugate acid of the 

base in the reaction).  
 

pH-pC diagrams for acid-base equilibria (see 
https://www.researchgate.net/publication/282868314_pH-pC-diagrams) 
 
For example:  
CCl3COOH(aq) + CH3COO–(aq) ⇌ CCl3COO–(aq) + CH3COOH(aq) 
 
 
 
 
Recall that the equilibrium constant for a reaction, that is the sum of two 
or more reactions, is equal to the product of the individual equilibrium 
constants. 

7.2.4 
Buffer solutions  
 

Composition and chemical 
properties 
 

Write the balanced chemical equation for the reaction 
of acids with reactive metals, metal oxides, metal 
hydroxides, hydrogen carbonates, and carbonates. 

 
 
Define a buffer solution as a solution that resists large 
changes in pH upon addition of small quantities of 

strong acid or strong base.  
 
Write the equation for the reaction of a buffer solution 

with an acid or a base.  
 
Describe three methods to prepare a buffer solution. 

 
 
Prepare a buffer solution at a given pH given a list of 

acids/bases and their dissociation constants.  
 

Salt and water are produced in exothermic neutralization reactions. 
 
 
 
Note that controlling the pH is important in living systems as many 
reactions must take place within a narrow range of pH values, e.g. blood, 
urine, intracellular fluid, etc. 
 
 
Use buffer solutions to calibrate a pH-meter. 
 
 
 
Methods of preparation for buffers 
Acidic: 

 Weak acid and its salt 
 Weak acid and strong base 
 Salt of weak acid with strong acid 

Basic: 
 Weak base and its salt  
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Calculate the pH of a buffer solution made from a 
monoprotic acid and its conjugate base (acidic buffer) 
or from a monoprotic base and its conjugate acid 

(basic buffer).  
 
Calculate the concentration of the species present in 

a buffer solution.  
 
 
Elucidate that the pH of a buffer solution depends on 

two factors:  
 

1. the value of Ka or Kb (‘coarse tuning’) 

2. the ratio of  
 

 (‘fine tuning’) 

State that a buffer solution is efficient in the pH range 

pKa  1.  

 Weak base and strong acid 
 Salt of weak base with strong base 

 
In the calculation use the Law of mass action (ICE table) or the 

Henderson-Hasselbalch equation, 𝑝𝐻 𝑝𝐾 𝑙𝑜𝑔  
 

 
Note that the H-H equation, for a buffer system HA(aq)/ A–(aq), is based 
on two approximations about the species present at equilibrium:  

1. All the A–(aq) ions come from the salt. 
2. All the HA molecules in the buffer solution are undissociated.  

 
 
 
 
 
 
 
 

7.2.5  
Acid/Base 
reactions 

Titration of acids and 
bases 
 

State that in any titration the known concentration of a 
solution is used to determine the unknown 

concentration of another.  

Draw a diagram of a typical titration apparatus.  
 

Write the equation for a titration reaction.  
 
Perform at least one titration choosing from:  

‐ strong acid with a strong base, 
‐ weak acid with a strong base,  
‐ strong acid with a weak base,  

using a pH meter and an indicator.  

Plot a titration curve, pH = f(Volume added).  
 

Define the equivalence point.  

 
 
 
 
 
 
 
 
 
 
 
Titration of: HCO3

– in mineral water, drain cleaner, ethanoic acid in 
vinegar, lactic acid, etc. 
 
Simulation of acid-base titration w/indicator: 
https://chemdemos.uoregon.edu/demos/Acid-Base-Titration-Computer-
Simulation 
 
Use hand-drawn, computer, or GeoGebra to generate a titration curve. 
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Using titration curves, determine:  

‐ the pH at the equivalence point, 
‐ the half-equivalence point, 
‐ the initial pH,  

 
 
Sketch the profile of the titration curve for the 

titrations listed above.  
 
Calculate the concentration of an acid or a base 

using the titration curve.  
 
Predict and explain the value of the pH at the 

equivalence point (acidic, neutral or basic).  
 

Calculate the pH value at the equivalence point.  
 
Define an indicator as a weak acid/base pair that has 
different colours in its neutral (HIn) and ionic (In–) 
forms, and, therefore, exhibits a colour change within 

a specific pH range.  
 
Elucidate that an indicator is used to determine the 

equivalence point through a colour change.  
 
Outline the difference between equivalence point and 

end point.  
 
State the relationship between the colour change and 
the pKin of the indicator.  
 
State the relationship between the pH at the 

equivalence point and the choice of the indicator.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The indicator is chosen so its colour change, end point, corresponds to the 
equivalence point. 
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Identify the buffer zone in the titration curve of a 
weak acid/strong base and strong acid/weak base 

titration.  
 
State the relationship between the pH at the half-
equivalence point and the pKa of the weak acid and 

the pKb of its conjugate base, or vice-versa.  
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Topic 7.3: Electrochemistry 

 
Subtopic S7.3 Contents Learning objectives Key context and activities
7.3.1 
Fundamentals of 
electrochemistry 
 
 
 

Oxidation state 
 

Describe electrochemistry as the branch of chemistry 
that deals with the interconversion of electrical energy 

and chemical energy.  

Define oxidation and reduction.  
 

Define a redox reaction.  
 

Define oxidation state.  
 
Determine the oxidation state for simple ions, molecules 

and polyatomic ions.  
 
Identify redox reactions from changes in oxidation 

states.  
 

 
 
 
 
Thermite reaction, aluminium or zinc metal in copper sulphate solution, 
etc. 
 
 
 
 
 
 
 
 
 
Practical: displacement reactions of metals. 
(e.g. Zn with Cu2+, Mg with Cu2+, et al.) 
 

Redox couple 
 Define reducing agent and oxidising agent.  

 
Write the oxidising agent and the reducing agent as a 

redox couple.  
 

 

Equation of redox 
reaction 
 

Write the balanced equations for the oxidation half-
reaction and the reduction half-reaction both in acidic and 
basic solutions: 

 Oxidation: Red   ⇌   Ox + ne–                  

 Reduction: Ox + ne–  ⇌   Red    

Identify the reduction and the oxidation processes. 
 
Write the overall balanced equation for a redox reaction 
in acidic or basic conditions using both the half-reaction 

method and the oxidation state method.  

Avoid equal sign for half-equations, ensure equilibrium arrows are used 
instead. 
 
 
 
 
 
 
 
Practical to differentiate between aldehydes and ketones by oxidation. 
Know the outcome of experiments with Fehling’s and Tollens’ reagents. 
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Identify the reducing agent and the oxidizing agent in the 

balanced chemical equation.  
 
Recognize and balance disproportionation reactions. 

  

 
 
 
 
Example: synthesis of bleach. 

7.3.2 
Electrochemical 
cells (I) 
 

Voltaic cells (a.k.a. 
Galvanic cells) 
 

Define voltaic cells as a device based on a spontaneous 

chemical reaction capable of generating electricity.   
 
Assemble some simple electrochemical cells and 

batteries and measure the potential difference.   
 
Draw a diagram to represent a given voltaic cell. Show 
the flow of electrons, state the polarity and the type of 

electrode (anode or cathode).   
 
Illustrate the function of the salt bridge and explain 

movement of ions.   
 
Write and identify balanced half- and overall chemical 
equations for the reactions occurring at the electrodes. 

  
 

 
 
 
 
 
Using metals such as Zn, Cu, Al, Pb, et al. measure voltage and current 
of both cell and a battery made of two or more cells. 
 
Computer simulation: 
https://pages.uoregon.edu/tgreenbo/voltaicCellEMF.html 
 
Use standard cell notation to describe the cell. 
 
 
 
Apply knowledge of voltaic cell to some common types of commercial 
cells, e.g. Carbon-zinc dry cells, Alkaline cells, Zinc chloride cells, 
Mercury cells, Silver oxide cells, Li-ion cells, fuel cells, and others. 
 

Standard reduction 
potential 
 

Define standard conditions as 100 kPa pressure, 1 M for 

all reactants, and 298.15 K temperature.  
 
Describe the standard hydrogen electrode (SHE), and 
state that, by convention, the potential of this half-cell is 

set to 0.00 V (standard reference).  
 
Define the standard redox potential, E°, as the measure 
of the electrode potential in relation to the standard 

hydrogen electrode.  
 

Strictly speaking standard conditions should refer to unit activity rather 
than unit concentrations. 
 
 
Students are not expected to memorise the diagram of the SHE, but 
must be able to understand and explain its functioning. 
 
The Nernst equation is not required. 
 
Explain how a pH-meter probe works and highlight the need for 
calibration using buffer solutions.  
 
Practical to determine the E° of some redox couples.  
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Subtopic S7.3 Contents Learning objectives Key context and activities
 Cell potential Use Standard Electrode Potential tables to calculate cell 

potential (𝐸 𝑜𝑟 𝑒. 𝑚. 𝑓. :  
𝐸 𝐸 𝐸  

 

Justify the use of inert electrodes in voltaic cells.  
 
Calculate quantity of product formed or consumed, 
amount of current generated, and time of operation of the 
cell using Faraday’s law:  

𝑄 𝐼 ⋅ 𝑡 𝑛 𝑒 ⋅ 𝐹.  
 
 

 

 Relative strength of 
oxidizing agent and 
reducing agent 
 

Rank the strength of oxidizing agents and reducing 

agents using their E°.   
 
 
State that the weaker the oxidizing agent, the stronger 

the reducing agent.  
 
Rank the strength of oxidizing agents and reducing 

agents based on their reactions.   
 

 

Spontaneous redox 
reactions State that for a spontaneous reaction 𝐸 0.  

 
Predict whether a redox reaction is spontaneous using 

E° values. 

 

7.3.3 
Electrochemical 
cells (II) 
 

Electrolytic cells 
 

Define electrolytic cell as a device that uses electrical 

energy to drive non-spontaneous reactions.  

Carry out electrolysis of aqueous salt solutions.  
 

Draw a diagram to represent a given electrolytic cell.  

 
 
 
E.g. water, zinc iodide, copper sulphate with different types of 
electrodes, etc. 
 
Consider industrial applications such as: 

‐ Electrolysis of molten and aqueous NaCl  
‐ Extraction of aluminium 
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Subtopic S7.3 Contents Learning objectives Key context and activities
State the polarity of the electrodes, and the type of 

electrode (anode or cathode).  
Describe and discuss the movement of ions and 

electrons in the electrolytic cell.  
 

Predict the products of electrolysis.  
 
Write balanced half- and overall chemical equations for 
the reactions occurring at the electrodes (anode and 

cathode).  
 

‐ Purification of metals 
 
 
 
 
 
 
 
The concept of overvoltage may be introduced, but it is not required. 
 
 
 

Stoichiometry of 
electrolysis 

Calculate the minimum theoretical voltage needed for 

the cell to operate.  
 

Explain the process of electroplating.  
 
Calculate quantity of product formed or consumed, 
amount of current used, and time of operation of the cell 

using Faraday’s law.  
 

Electroplating of iron with copper. 
 
Apply knowledge of voltaic cell and electrolytic cells to some common 
types of secondary cells, 
e.g. Lead-acid battery, Ni-Cd, Ni-Metal-Hydride, Li-ion, and/or others. 

7.3.4 
Redox titration 

Titration  
 

Elucidate that a redox titration is a type of titration based 
on a redox reaction between the titrant (known) and the 

analyte (unknown).  
 
Write the balanced equation for a redox titration reaction. 

 
 
Perform at least one direct titration and one back 

titration.  
 
Carry out calculations applying redox titration data to 
determine purity of substance(s) and 

amount/concentration of reactants and/or products.  

 
 
 
 
 
 
 
 
 
Titration of: Fe2+ with MnO4

–,  I2 with S2O3
2-using starch, vitamin C,  

commercial bleach, oxalic acid with MnO4
–, O2 in water, etc. 
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Subtopic S7.3 Contents Learning objectives Key context and activities
 
State  the colour change occurring at the equivalence 
point when using acidified MnO4

– or iodine in presence of 

starch.  
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Topic 7.4: Organic Chemistry 

 
Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

S7.4.1  
Fundamental 
concepts of 
organic reaction 
mechanisms 
 

Curly arrow notation 
 

Use curly arrow notation to show movement of electrons in chemical 

reactions.  
 

 

Reactive intermediates 
 

Explain stability of intermediates formed in heterolysis of covalent 
bonds in terms of the nature of the atoms, or group of atoms, attached 

to the carbon atom.  

 

Electronic effects 
 

Discuss how the electronic properties of atoms, or groups of atoms, 

help to predict how organic compounds react.  
 
Describe the two factors that influence the electronic properties of 

atoms, or groups of atoms : inductive and mesomeric effects.   
 
Explain the inductive effect in terms of electronegative differences that 
exists between atoms or group of atoms with consequent push and pull 
of electrons in the 𝜎 bonds of molecules (e.g. halogens, alkyls, 

hydroxyl groups, etc.).  

Only carbocations are considered. 
 

Steric effects 
 

Explain the mesomeric effect in terms of delocalisation of electron 

density through 𝜋 bonds.  
 
Elucidate how the size of substituents influences the stability and 

reactivity of ions and neutral molecules.  

 

Nucleophile and electrophiles State that nucleophiles are negatively charged ions or neutral 

molecules that donate a pair of electrons to form a covalent bond.  
 
State that electrophiles are positively charged ions or neutral 

molecules that accept a pair of electrons to form a covalent bond. 

Hyperconjugation is not considered. 
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Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

Mechanisms of nucleophilic 
substitution reactions (SN1 or 
SN2) 

Predict and Draw the mechanisms for a substitution  

reaction (SN1 or SN2) using curly arrows.   
 
Explain the factors influencing whether the SN1 or SN2 mechanism is 

followed: steric hindrance and stability of carbocation.  
 

Write the balanced chemical equation for a substitution reaction.  
 

 

 Mechanisms of elimination 
reactions (E1 or E2) 

Predict and Draw the mechanisms of an elimination reaction (E1 or 

E2) using curly arrows, (limited to the dehydration of alcohols).  

 
 
Explain the factors influencing whether the E1 or E2 mechanism is 

followed: steric hindrance and stability of carbocation.  
 

Write the balanced chemical equation of elimination reactions.  

 

S7.4.2  
Organic 
compounds 
containing 
oxygen 
 

Alcohols  
 Define and recognize primary, secondary and tertiary alcohols. 

 
 
Recall nomenclature for C1 to C10 compounds, and physical properties. 

 
 
Explain that alcohols undergo elimination and substitution reactions. 

 
 

Write balanced chemical equations for:  
● Dehydration (inter-molecular) to form ether (130°C – H2SO4) 
● Dehydration (intra-molecular) to form alkene (170° - Al2O3) 
 

 
Lucas’ test (Zn2+ / HCl) 
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Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

Aldehydes and ketones 
Recall physical properties of aldehydes and ketones.  
 
Explain that the oxidation of primary alcohols produces aldehydes 

(limiting oxidising agent).  
 
Explain that the oxidation of secondary alcohols produces ketones. 

 
 
Write the balanced chemical equation for the oxidation of primary and 

secondary alcohols.  
 
Explain that the oxidation of a tertiary alcohol does not occur under 

normal conditions.  
 
Write the balanced chemical equation for the oxidation, under alkaline 
conditions, of aldehydes with Fehling’s and Tollens’s reagents when 

the reduction half equation is given.  
 
State the outcome of experiments with Fehling’s and Tollens’ reagents.  

 

 
 
Draw the mechanism for the nucleophilic addition of a cyanide ion to a 

carbonyl group, using curly arrows.  
 

Prior knowledge from S6. 
 
 
 
 
 
 
Dehydration of ethanol in a test tube, heat, 
cotton, Al2O3 and characterization with Br2. 
 
Prior knowledge from S6. 
 
 
 
 
 
 
 
Practical to differentiate between aldehydes 
and ketones by oxidation.  
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Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

Carboxylic acids Write the balanced chemical equation for the reaction of aldehydes to 

carboxylic acids.  
 

Recall: nomenclature, C1 to C10, and physical properties.  
 

Explain that carboxylic acids are weak acids.  
 
Discuss the influence of inductive/mesomeric effects of substituents 

on the strength of carboxylic acids.  
 
Elucidate that the key factor in determining acidity is the stability of the 

conjugate base (carboxylate ion).  
 
Compare the strength of carboxylic acids by considering their Ka or 

pKa.  

Prior knowledge from S6 

 Esters Write the balanced chemical equation for the formation of esters from 

carboxylic acids and alcohols.  
 

Carry out the synthesis of an ester.  
 
Discuss the influence of the experimental parameters on the yield of 

the ester (refer to Le Châtelier's principle).  
 

Synthesis of ester using both experimental 
set-ups:  

 Boiling at reflux and then 
subsequent separation (e.g.: 3-
methylbutyl ethanoate)  

 Direct distillation of ester formed 
(e.g.: ethyl methanoate) 

 Polyesters Describe the formation of polyesters by condensation of diols and 

dicarboxylic acids.  
 
Draw the repeating unit and the chemical equation for the formation of 
a polymer comprising few monomer  units (e.g. trimer, tetramer, etc.) 

 
 

Note that polyesters have many uses, 
depending on how they have been produced 
and the resulting orientation of the polymer 
chains. 
(bottles, fibres, films)  
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Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

Synthesis of Aspirin Write the balanced chemical equation for the synthesis of aspirin, 

given the structural formula of salicylic acid.  
 

Practical: synthesis of aspirin.  
Compare purity of synthesized aspirin with 
commercial aspirin (i.e. melting point, 
titration, and spectroscopic assay). 
  

Saturated and unsaturated fats 
and oils 
 

States that fats and oils are esters of propane-1,2,3-triol (a.k.a. 

glycerol) and long chain fatty acids.  
 
Distinguish between saturated and unsaturated fatty acids based on 

their formula.  
Explain the difference in melting points of fats and oils in terms of their 

degree of saturation/unsaturation.  
 

Check health effects of saturated and 
unsaturated, cis- and trans-, fatty acids. 
Sustainability and environmental impact of 
palm oil.  
  
 
 

Soaps and detergents 
 

Write the balanced chemical equation for a saponification reaction. 

 
 
Describe the surfactant character of soaps and detergents in relation 

to the ability to penetrate and wet a variety of materials.  
 
Explain the cleaning properties of soaps by referring  to their chemical 

structure showing both hydrophilic and hydrophobic behaviour.  

Practical: synthesis of a soap. 
 
Practical demonstration of the detergent 
properties of a soap in different conditions. 
 
 
 

7.4.3 Nitrogen 
containing  
compounds 

Amines Recall that amines, like ammonia, are basic compounds due to the 

lone pair present on the nitrogen atom.  
 

Classify amines as primary, secondary, or tertiary.  
 

Name primary amines up to C6.  
 
Discuss basic strength of amines in relation to increased negative 
charge on the nitrogen, which is able to stabilise the positive charge in 

the conjugate acid (+I, and/or +M groups).  

Steric effects with tertiary amines make 
difficult to rank them in terms of strength of 
basicity. 
 
 
 
 
 
Among all accepted IUPAC names 
preference is given to systematic names 
where the -e of the alkane is dropped and the 
suffix -amine is added (e.g. methanamine, 
ethanamine, etc.) 



 

2021-01-51-en-2     46/77 

Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

  Compare the influence of substituents on the basicity of primary, 
secondary, and aromatic amines. Inductive and /or mesomeric effects 

must be considered to explain differences in the Kb (pKb) values.  

Compare basicity of ammonia, primary 
amines, secondary amines, and aromatic 
amines.  
Steric effects present in tertiary amines make 
difficult to rank them in terms of basic 
strength. 
 

 Amides Identify amides as the organic compounds that contain the group –

CO–NH–.  
 
Recall that amides are much less basic than amines because of the –I 
and –M effects of the adjacent C=O group, delocalization of the 

nitrogen lone pair into the pi bond of the carbonyl.  
 

Knowledge from S6 syllabus. 

 Amino acids Identify and name functional groups in the structure of a 2-amino 

acids (-amino acids).  

Name, using IUPAC rules, simple amino acids up to C6.  
 
Write the chemical equation for the reaction of amino acids with water, 

acids and bases to illustrate their amphoteric character.  

Explain formation of zwitterions.  
 
Explain physical properties of amino acids (solubility in polar and non-

polar solvents and melting point).  
 
Define the isoelectric point (pI) of an amino acid as the pH at which the 

amino acid is electrically neutral.  
 
Compare pH and pI to determine which is the dominant species 

present in solution.  

Identify the chirality of an amino acid.  
 

Importance of essential amino acids. 
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Subtopic  
S7.4. 

Content Learning Objectives Key contexts, phenomena and activities 

  Draw the enantiomers of an alpha amino acid using   3-D 

stereochemical representation. 

 

 Polymerisation Write equation for polypeptides formed by condensation of amino 

acids (limited to three amino acids).  
 

Identify the “repeating unit” in a polypeptide.  
 

Identify the peptide bond in a polypeptide.  
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5. Assessment 
 
For each level there are attainment descriptors written next to the competencies. 
These attainment descriptors give an idea of the level that students have to reach. 
They also give an idea of the kind of assessments that can be done. 
 
With the competencies are verbs that give an idea of what kind of assessment can 
be used to assess that goal. In the table with learning objectives these verbs are 
given in bold, so there is a direct link between the competencies and the learning 
objectives. 
 
Pupils should be assessed in a broad variety of ways throughout the year, to give a 
wide-ranging picture of each pupil's attainments, strengths, and areas for further 
work. 
 
Formative assessment should include the following: 

 Lab reports 
 Presentations 
 Tests of subject content 
 Tests of practical skills 
 Auto- and peer evaluation 

 
Assessing content knowledge can be done by written questions where the student 
has to respond on. Partly that can be done by multiple choice but competencies as 
constructing explanations and engaging in argument as well as key competencies as 
communication and mathematical competence need open questions or other ways of 
assessing. 
 
An assignment where students have to use their factual knowledge to make an 
article or poster about a (broader) subject can be used to also judge the ability to 
critically analyse data and use concepts in unfamiliar situations and communicate 
logically and concisely about the subject. 
 
Students have to be able to do an (experimental) inquiry. An (open) inquiry should be 
part of the assessments. Assessing designing and inquiry can be combined with 
other subjects.  
 
Digital competence can be assessed by working with spreadsheets, gathering 
information from internet, measuring data with measuring programs and hardware, 
modelling theory on the computer and comparing the outcomes of a model with 
measured data. Do combine this with other assessments where this competence is 
needed. 
 
In The European Schools system it is important to harmonise teaching and learning 
between language sections. It is recommended to harmonise planning and 
assessment. The summative assessment, the S5 chemistry exam, must always be 
completely harmonised between the language sections.  
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For all assessment the marking scale the European Schools shall be applied, in 
accordance with the “Guidelines for use of the Marking system of the European 
Schools " (ref. 2017-05-D-29-en-8).



 

2021-01-51-en-2  50/77 

5.1. Attainment descriptors – Chemistry 
 

 A 
(9.0-10 - 

Excellent) 

B 
(8.0-8.9 – 
Very good) 

C 
(7.0-7.9 – 

Good) 

D 
(6.0-6.9 – 

Satisfactory) 

E 
(5.0-5.9 – 
Sufficient) 

F 
(3.0-4.9 – 

Failed/Weak) 

FX 
(0-2.9 – 

Failed/Very weak) 

Knowledge and 

Comprehension 

Displays 
comprehensive 
knowledge of facts 
and a thorough 
command and use 
of concepts and 
principles in 
science. 

Displays a very 
broad knowledge 
of facts and a 
good command 
and use of 
concepts and 
principles in 
science. 

Displays a broad 
knowledge of 
facts and good 
understanding of 
main concepts 
and principles in 
science. 

Displays a 
reasonable 
knowledge of 
facts and 
definitions and 
understanding 
of basic 
concepts and 
principles in 
science. 

Recalls main 
terms, facts and 
definitions. 

Understands 
only basic 
concepts and 
principles in 
science. 

Displays little 
recall of factual 
information and 
a limited 
understanding 
of concepts and 
principles in 
science. 

Displays very little 
recall of factual 
information. 

Shows very little 
understanding of 
scientific 
principles and 
concepts. 

Application Makes 
connections  
between different 
parts of the  
syllabus and 
applies concepts 
to a wide variety 
of unfamiliar 
situations and 
makes 
appropriate 
predictions. 

Makes some 
connections 
between different 
parts of the 
syllabus and 
applies concepts 
and principles to 
unfamiliar 
situations. 

Is capable of 
using knowledge 
in an unfamiliar 
situation. 

Is capable of 
using knowledge 
in a familiar 
situation. 

Can use basic 
knowledge in a  
familiar situation. 

/ / 

Analysis and e 
Evaluation 

Is capable of 
detailed and 
critical analysis 
and explanations 
of complex data. 

Analyses, 
evaluates and 
explains complex 
data well. 

Produces good 
analysis and 
explanations of 
simple data. 

Produces basic 
analysis and 
explanations of 
simple data. 

Given a structure 
can analyse and 
explain simple 
data. 

Can use data only 
with significant 
guidance. 

Fails to use data 
adequately. 



 

2021-01-51-en-2  51/77 

 A 
(9.0-10 - 

Excellent) 

B 
(8.0-8.9 – 
Very good) 

C 
(7.0-7.9 – 

Good) 

D 
(6.0-6.9 – 

Satisfactory) 

E 
(5.0-5.9 – 
Sufficient) 

F 
(3.0-4.9 – 

Failed/Weak) 

FX 
(0-2.9 – 

Failed/Very weak) 

Practical 
work and 
use of 
technology 

Formulates 
hypotheses, plans 
and carries out 
investigations 
using a wide range 
of techniques while 
being aware of 
safety and ethical 
issues. 

Plans and carries 
out experiments 
using appropriate 
techniques, being 
aware of safety 
and ethical issues. 

Follows a written 
procedure safely 
and makes and 
records 
observations, 
presenting them 
using different 
techniques. 

Follows a written 
procedure safely 
and records 
observations. 

Follows a written 
procedure safely 
and makes basic 
observations. 

Has difficulty 
following 
instructions 
without 
supervision. 

Is not able to 
safely follow a 
written procedure. 

Communication 
(written and 
oral) including 
use of ICT 

Communicates 
logically and 
concisely using 
scientific 
vocabulary 
correctly. 
Demonstrates 
excellent 
presentation 
skills. 

Communicates 
clearly using 
scientific 
vocabulary 
correctly. 
Demonstrates 
very good 
presentation 
skills. 

Communicates 
clearly most of the 
time using 
scientific 
vocabulary 
correctly. 
Demonstrates 
good presentation 
skills. 

Uses basic 
scientific 
vocabulary, and 
descriptions show 
some structure. 
Demonstrates 
satisfactory 
presentation 
skills. 

Uses basic 
scientific 
vocabulary, but 
descriptions may 
lack 
structure or 
clarity. 
Demonstrates 
satisfactory 
presentation 
skills 

Generally 
produces 
descriptions that 
are insufficient or 
incomplete with a 
poor use of 
scientific 
vocabulary. Lacks 
acceptable 
presentation 
skills. 

Has very poor 
communication 
and presentation 
skills. 

Participation 
and working 
with others 

Shows 
initiative when 
working with 
others. 
Excellent 
contribution in all 
aspects of subject 
work. 

Works 
constructively in a 
team. 
Very good 
contribution in all 
aspects of subject 
work. 

Works well in a 
team. 
Good level of 
participation in 
all areas of 
subject work. 

Works 
satisfactorily in a 
team. 
Participation in 
most areas of 
subject work. 

Participates in 
team work. 
Some 
participation in 
subject work. 

Needs assistance 
when working in a 
team. 
Little participation 
in subject work. 

Does not work in 
a team. 
No participation 
in subject work. 
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6. Annexes 

6.1. Written examination 

 
Contents of the exam 
The European Baccalaureate chemistry exam is a summative assessment of the 
three competencies Knowledge and Comprehension, Application and Analysis and 
Evaluation. The other competencies should be evaluated by class work, specifically 
performing and reporting on experiments.  
 
The exam consists of four questions. Questions A1 and A2 concern inorganic 
chemistry. Questions B1 and B2 concern organic chemistry. Each question covers 
each of the three competencies in approximately an equal amount.  
 
The exam questions are based on the S7 chemistry syllabus. Knowledge of the S6 
syllabus is assumed. To achieve the highest grades students will be asked to apply 
knowledge from the syllabus in situations not specifically named in the syllabus.  
 
General written exam matrix for chemistry 
Question competence Weight in % Weight in 

points
Question A1, 
inorganic 
chemistry 
 

Knowledge and Comprehension ±25% 5-8
Application ±50% 10-15
Analysis and Evaluation ±25% 5-8

Total A1 25
Question A2, 
inorganic 
chemistry 

Knowledge and Comprehension ±25% 5-8
Application ±50% 10-15
Analysis and Evaluation ±25% 5-8

Total A2 25
Question B1, 
organic 
chemistry 

Knowledge and Comprehension ±25% 5-8
Application ±50% 10-15
Analysis and Evaluation ±25% 5-8

Total B1 25
Question B1, 
organic 
chemistry 

Knowledge and Comprehension ±25% 5-8
Application ±50% 10-15
Analysis and Evaluation ±25% 5-8

Total B2 25
Total exam 100

 
Criteria for written exam questions 

 The chemistry exam question should be in the exam template.  
 The chemistry exam question should have a context, a story linking the 

chemistry to a real life situation. 
 The chemistry exam question should cover a broad range of the syllabus. 
 The chemistry exam question should have good clear reproducible diagrams. 
 The chemistry exam question should cover each of the three competencies 

Knowledge and Comprehension, Application and Analysis and Evaluation in 
the ratio 25:50:25. 
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 In the chemistry exam questions should be divided into sub (a, b, c etc.) and 
sub-sub (i, ii, iii etc.) questions. 

 In the chemistry exam marking scheme each sub-sub question (i, ii, iii etc.) is 
allocated to one of the three competencies Knowledge and Comprehension, 
Application and Analysis and Evaluation.  
If more than one point is given these can be distributed over more than one 
competence. 

 The chemistry exam marking scheme should contain only whole marks. 
 The chemistry exam question should be produced in all the vehicular 

languages (English, French and German) for which the school has a language 
section. 
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6.2. Oral examination 
 

Structure and lay-out 
The question should be clear and attractive in structure and lay-out. The information 
given should be relevant. The structure of the question should be helpful to the 
student, not confusing. An arrangement of sub-questions increasing in difficulty gives 
the students confidence and helps them to answer successfully. 
 
Content 
The questions should be based on chemistry material such as an experiment, results 
of an experiment, data, graphs, chemical phenomenon, chemical formulas and so on. 
Avoid writing a long text. An oral exam question should not be the same as a written 
exam question! An oral exam is a discussion. The oral exam question is the starting 
point for the discussion. 
 
Syllabus 
The question must be in accordance with the learning objectives of the syllabus. The 
exam should cover both inorganic and organic aspects of the S7 chemistry syllabus. 
Knowledge of the S6 syllabus can be assumed.  
 
Competencies 
The question should cover the three competencies ‘knowledge and comprehension’, 
‘application’ and ‘analysis and evaluation’ as described in the attainment descriptors.  
 
Grammar 
The questions should not start with “why” or “how” and so on and should not end with 
a question mark. It is better to give clear instructions such as “name”, “describe”, 
“explain” or “discuss”.  If a calculation is required it should be asked for explicitly. 
 
Time 
It must be possible for the student to answer the questions within the given time (20 
minutes). 
 
Grading 
The oral exams will be graded by applying the following four attainment descriptors. 
Attainment descriptor * Percentage of the final mark 
Knowledge & Comprehension 25%
Application 25%
Analysis & evaluation 25%
Communication 25%

*for further description see the attainment descriptors in chapter 5.1 
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6.3. List of mandatory experiments 
 

Experiment 
number 

Topic 
Reference 

Title of Experiment 

1 6.1.1 Line emission spectra (H2, Na, Hg). 
 

2 6.2 Comparison of solubility and conductivity, of ionic and covalent 
compounds. 
 

3 6.4.2 Practical to determine enthalpy change of reaction (Hrxn=Q=m x c x 
T).  
 

4 6.5.4 Practical(s) to study the influence of temperature, concentration, 
(pressure), and surface area on the rate of a reaction (qualitative 
approach). 
 

5 6.6.2 Practical with glucose solutions to show the rotation of the plane 
polarised light. 

6 7.2.4 Preparation of a buffer: testing buffering capacity and the effect of 
dilution. 
 

7 7.2.5 Perform at least two different titrations choosing from:  
 

‐ strong acid with a strong base, 
‐ weak acid with a strong base,  
‐ strong acid with a weak base,  

 
using a pH meter and an indicator.  
 

8 7.3.2 Measuring the potential difference generated by some simple cells and 
batteries. 
 

9 7.3.3 Electrolysis of aqueous salt solutions. 
 

10 7.3.4 Redox titrations: one direct titration and one back titration. 
 

11 7.4.2 Synthesis of an ester (demonstration or student practical). 
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6.4. Sample Baccalaureate examination paper 
 
 

 

 

 

 

DATE: 2 June 2020 

 

 

DURATION OF EXAMINATION: 
3 hours (180 minutes) 
 

 

PERMITTED EQUIPMENT: 

Calculator: TI-Nspire in ‘Press-to-Test’ mode 

 

 

INSTRUCTIONS: 

 Answer both A questions and both B questions 

 Use a different page for each of the four questions 

 All relative atomic mass values are given in the periodic table of 
the elements provided. These values are the same as the molar 

mass values in g mol–1.  
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Question A1 

Page 1/3 Marks 

a) Lactic acid, C3H6O3, is a monoprotic “Brønsted acid”. When exercising, lactic acid 
can be produced in the muscles. 

If a concentration of 3.00 x 10
–3 mol dm

–3 (mol L
–1

) is reached in 
one’s blood, the muscles can hurt and cramp. It is suggested that 
drinking a lot of water helps to reduce the high concentration of 
lactic acid in the body. 

Given: Ka for lactic acid 

 

 i. Define the term “Brønsted acid”.  1 mark

 ii. Give the formula of the conjugate base of the lactic acid molecule.  1 mark

 iii. Write the equation for the reaction of lactic acid with water.  1 mark

 iv. Write the expression for the acid ionisation constant, Ka, of a generic acid AH.  1 mark

 After intense training an athlete’s blood was analysed. The lactic acid mass concentration 

was 1.85 x 10–1 g dm–3 (g L–1).
 

 v. Justify by calculation that the athlete drank enough water to avoid cramps 
caused by lactic acid. 

2 marks 

 More concentrated aqueous solutions of lactic acid are used in a 
research project.  

 

 vi. State the mathematical formula used to calculate the [H+] of a weak acid.  1 mark

 vii. Calculate the pH of a solution of lactic acid with an initial concentration of 1.00 x 10–1 

mol dm–3 (mol L–1) at 25°C. 

2 marks 

 Given: Ka(C3H6O3(aq)) = 1.38 x 10
–4 at 25°C  
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Question A1 

Page 2/3 Marks 

b) The molar concentration of lactic acid in a sample of volume 25.0 cm3 (mL) was 

determined using titration with a 5.00 x 10–2 mol dm–3 (mol L–1) aqueous solution of 
sodium hydroxide, NaOH(aq). 

 
volume of NaOH(aq) added in cm3(mL)

 

 i. Write the equation for this titration reaction.  1 mark

 ii. State two features of the titration curve of a weak acid.  1 mark

 iii. Using  the  titration  curve  above,  find  the  pH  value  at  the equivalence point 
for this titration.  

1 mark 

 iv. Show by calculation, using the equivalence point, that the initial molar 
concentration of the lactic acid was approximately 

5.6 x 10–2 mol dm–3 (mol L–1).  

2 marks 

 v. Show by calculation and with reference to the initial pH value of the lactic acid 
sample from the titration curve, that lactic acid is not a strong acid.  

3 marks 

 vi. Determine the pKa  of lactic acid from the titration curve. Justify your answer 
using the Ka expression.  

2 marks 

 vii. Define what is the pH range of colour change of an indicator. 1 mark

 viii. Justify why phenolphthalein is the most suitable indicator for this titration. 

Indicator pH range of 
colour

Crystal violet 0.0 – 1.8
Methyl orange 3.1 – 4.4

Phenolphthalein 8.2 – 10.0
  

2 marks 
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Question A1 

Page 3/3 Marks 

c) Human blood normally has a pH value of 7.4 at 37 oC. This value is kept constant by a 
buffer solution which contains, amongst other species, carbonic acid, H2CO3(aq), and 

the hydrogen carbonate ion, HCO 
3(aq).

 

 i. Explain how this buffer system works. Include in your answer two relevant 
equations.  

3 marks 

 ii. Assuming that carbonic acid is a monoprotic acid, calculate the ratio:  
[HC03(aq)]   

at pH = 7.4 at 37 oC.  
                 [H2C03(aq)]  

2 marks 

 
Given:  pKa(H2CO3(aq)) = 6.1 at 37 oC 
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Question A2 

Page 1/2 Marks 

a) An electrochemical cell was constructed using the couples:  
  
 I2 (aq), / I-(aq)   Eo   =  +  0.54 V  
 Fe3+

 (aq), /  Fe2+
(aq)  Eo   =  +  0.77 V  

 

 

 i. Write the oxidation half equation.  1 mark

 ii. Write the reduction half equation.   1 mark

 iii. Write the overall balanced equation when the cell is operating.  1 mark

 iv. Calculate the emf that the cell would generate under standard conditions.   1 mark

 v. Draw a clearly labeled diagram of the electrochemical cell.  Indicate on your diagram 
the polarity of the electrodes, the direction of electron flow and of ion flow. 

4 marks 

 vi. List what are ‘standard conditions’ as described in part (iv) above.   2 marks

b) Sodium nitrite, NaNO2, and sodium nitrate, NaNO3, are used to 
preserve meat.  
In order to determine the quantity of sodium nitrite in a preservative, 
5.00 g of the preservative were dissolved in water and the resulting 
solution reacted with a 3.00 x 10-1 mol dm-3 solution of acidified 
potassium dichromate, K2Cr2O7.  
During the reaction, the Cr2O7

2-(aq) ions are converted into Cr3+(aq) 
ions while the NO2-(aq) ions are converted into NO3-(aq) ions.  
10.8 cm3 of the K2Cr2O7 solution are required to react with all the 
sodium nitrite present in the sample.

 

 i. Write the half-equations for the reduction and oxidation processes.  2 marks

 ii. Write the overall balanced equation for the reaction.   2 marks

 iii. Show that  the amount, in moles, of nitrite ions present in the initial solution equals …
   

3 marks 
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Question A2 

Page 2/2 Marks 

c) Given the following standard electrode potentials at 25oC: 
K+ (aq) / K(s)   Eo    =   -  2.92 V  
H2O(aq) / H2(g),  Eo    =   -  0.41 V  
O2 (g),  / H2O(aq)  Eo    =   + 0.81 V  
Br2(aq)  / Br- (aq)  Eo    =    + 1.07 V  

 

 i. Write the chemical equations for the  reactions occurring at the positive and negative 
electrode during the electrolysis of molten potassium bromide. 

2 marks 

 ii. In an experiment, a current of 3.00 A was passed through molten potassium bromide 
for 30 minutes.  Calculate the mass of product formed at the positive electrode. 
Given:  Faraday constant, F  = 9.65 x 104 C mol-1

3 marks 

 iii. State what species you would expect to be formed at each electrode during the 
electrolysis of an aqueous solution of potassium bromide.  Justify your answer by 
referring to the electrode potentials given.   

3 marks 
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Question B1 

Page 1/2 Marks 

Eucalyptus oil and aspirin are often used to treat the symptoms of the common cold.  
Eucalyptus oil has anti-bacterial properties and contains a number of esters, one of which is 3-
methylbutyl butanoate. This ester is formed from 3-methylbutan-1-ol and butanoic acid.  
Aspirin has anti-inflammatory properties and contains the active ingredient acetylsalicylic acid which 
can be formed from salicylic acid.  
The structural formulas of 3-methylbutyl butanoate, 3-methylbutan-1-ol, acetyl salicylic acid and 
salicylic acid are given below: 

 

   
                   3-methylbutyl butanoate 3-methylbutan-1-ol 

 

                 
            acetylsalicylic acid                           salicylic acid 

 

a) A student mixes 3-methylbutyl butanoate with water in the laboratory 
and observes the formation of two layers.

 

 i. Explain the observation. 1 mark

 ii. Write the equation for the formation of 3-methylbutyl butanoate using structural formulas. 2 marks

 iii. State and explain the effect of replacing concentrated sulfuric acid with dilute sulfuric 
acid in the reaction. 

2 marks 

 iv. Describe the role of the sulfuric acid in the esterification reaction. 1 mark

 v. Identify the compound which provides the oxygen labeled X on structure 1. 1 mark

 vi. Explain one piece of experimental evidence for this mechanism. 2 marks

b) 3-methylbutan-1-ol is a primary alcohol.

 i. Draw and name the structural formula of a secondary alcohol and tertiary alcohol 
which are isomers of this primary alcohol. 

4 marks 

 ii. Identify the type of reaction which can be used to distinguish between the secondary 
and tertiary isomers in b) i. Justify your response. 

2 marks 
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Question B1 

Page 2/2 Marks 

 iii. Give the balanced equation for the reaction in b) ii. 2 marks

 In the eucalyptus plant 3-methylbutan-1-ol can be converted to 3-
methylbutanoic acid. 

 

 iv. Give the structural formula of 3-methylbutanoic acid. 1 mark

 The pKa value of butanoic acid is 4.82 and that of 3-methylbutanoic 
acid is 5.01. 

 

 v. Explain the difference in these pKa values and why this 
difference is relatively small.

2 marks 

 Salicylic acid has a pKa value of 2.97.

 vi. With reference to the structure of salicylic acid, explain, why the 
pKa is much lower than that of butanoic acid and 3-
methylbutanoic acid.

2 marks 

c) Aspirin helps to prevent inflammation by reacting with the amino acid serine, HO-Ser530, which 
is part of a particular protein, as shown below (the number 530 refers to the position of serine 
in the protein): 

 

 

 i. Give the structural formula of the reaction product using      O—
Ser530. 

1 mark 

 In the laboratory salicylic acid can be formed from the hydrolysis of 
acetylsalicylic acid. 

 

 ii. Write the equation for the reaction using structural formulas. 2 marks
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Question B2 

Page 1/4 Marks 

a) Lysine and phenylalanine are essential amino acids for humans. 
Glutamic acid and serine can be formed by human cell metabolism. 
Tyrosine can be enzymatically formed from phenylalanine. Glycine can 
be formed from serine. The structural formulas of the six amino acids are given below: 

 

 

 

 

 i. Explain, which of the two amino acids lysine or phenylalanine you 
would expect to be the most water-soluble.

2 marks 

 ii. Copy the structural formula of tyrosine and circle all hydrogen 
atoms which could react with water in an acid-base-reaction. 

2 marks 

 iii. Define the term isoelectric point of an amino acid. 1 mark
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Question B2 

Page 2/4 Marks 

 iv. Give the structural formula of the predominant species of glycine 
at the isoelectric point.

1 mark 

  The isoelectric point for serine is 5.68 at 25 °C.

 v. Give the structural formula of the predominant species of serine in 
an aqueous solution with a pH = 3.0.

1 mark 

  Consider the following table: 
Compound Molar mass in g mol-1 Melting point in 

°C 
Serine 105 246 

Hexan-1-ol 102 -45
 

 

 vi. Explain the significant difference in the melting points of the two 
given compounds. 

2 marks 

 Compound M can be formed when two of the amino acids given in 
question a) react with one another. The structural formula is: 

 

 

 vii. Name the functional group linking the two amino acids. 1 mark

 viii. Identify the two amino acids which reacted to form compound M. 2 marks

 Glycine and phenylalanine can react with one another to form two 
different dipeptides. 

 

 ix. Give the structural formulas of both dipeptides. 2 marks
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Question B2 

Page 3/4 Marks 

b) During the last decades, several substances used as food dyes have been banned in Europe. 
The structural formula of one formerly used as a yellow dye is shown below: 

 

 

 i. Name the functional group linking the two aromatic rings. 1 mark

 ii. Explain why this compound is coloured. 2 marks

 The dye above is hydrogenated under appropriate conditions. The structural formula of the 
product obtained is shown below: 

 

 

 iii. Give the common name of a long chain composed of amino acids. 1 mark

 iv. Explain, whether the compound obtained can be used as a dye or not. 1 mark

 The yellow dye is produced from two aromatic Compounds A and B: 

 

 

 v. Calculate the minimum mass of Compound A required to produce 1.00 x 102 g of the 
dye. 

3 marks 

 Given: Molar masses in g mol-1: Compound A: 110, Compound B: 195 
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Question B2 

Page 4/4 Marks 

c) Kevlar, Poly(p-phenylene terephthalamide) is a very strong material 
used, for example, in puncture resistant tyres and bullet proof clothing. 
It is produced in a polycondensation reaction. The secondary product is 
hydrogen chloride, HCl. 
Kevlar structure: 

 

 

 i. By referring to the structure given above, explain the strength of 
Kevlar fibres. 

2 marks 

 The structural formula of one of the two monomers used to produce 
Kevlar is shown below: 

 

 ii. Name the bond found between the two monomers in Kevlar. 1 mark
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6.5.  Matrix sample Baccalaureate examination paper 

 

Question competence Weight in % Weight in 
points

Question A1, 
inorganic 
chemistry 
 

Knowledge and Comprehension 28% 7
Application 52% 13
Analysis and Evaluation 20% 5

Total A1 25
Question A2, 
inorganic 
chemistry 

Knowledge and Comprehension 24% 6
Application 52% 13
Analysis and Evaluation 24% 6

Total A2 25
Question B1, 
organic 
chemistry 

Knowledge and Comprehension 24% 6
Application 48% 12
Analysis and Evaluation 28% 7

Total B1 25
Question B1, 
organic 
chemistry 

Knowledge and Comprehension 24% 6
Application 52% 13
Analysis and Evaluation 24% 6

Total B2 25
Total exam 100
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6.6. Sample Baccalaureate marking scheme 

 

 

 

 

 

DATE: 2 June 2020 

 

 

 

ANSWERS AND MARK SCHEME 
 

 

 

 

 

The following are the suggested answers together with the mark scheme for 
the correction of the papers. The answers are not necessarily 'model'  answers. 
Where a candidate has given a correct alternative answer or used a different 
correct method to arrive at an answer full credit should be given. 
The use of state symbols (i.e. (aq), (s), (l) and (g)) in the answers is optional. 
Accept either H+ or H3O+ for a proton in water. 
Numerical answers have been given to three significant figures. 
A suggested breakdown showing the minimum needed for each marking point 
has been given.
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Question A1 COMPETENCES

Page 1/2 Marks 

a) i. Proton donor [1] 1 mark 1 

 ii. C3H5O3¯(aq) [1] 1 mark  1

 iii. C3H6O3(aq) + H2O(l)  C3H5O3¯(aq) + H3O+(aq) [1] 1 mark  1  

 iv. Ka(HX(aq)) = [X¯(aq)] x [H3O+(aq)] / [HX(aq)] [1] 1 mark 1 

 v. M(C3H6O3) = 90.1 g mol–1 [1] 
[C3H6O3(aq)] 
= 1.85 x 10–1 / 90.1 = 2.05 x 10–3 mol dm–3 (mol L–1) [1] 
( [C3H6O3(aq)] < 3.00 x 10–3 mol dm–3 (mol L–1) so the athlete 
drank enough water. ) 
() not required 

2 marks   2 

 vi. [H3O+(aq)] = (CaKa)1/2 1 mark 1 

 vii. ( [C3H5O3
¯(aq)] = [H3O+(aq)] 

weak acid: [C3H6O3(aq)] = 1.00 x 10–1 mol dm–3 (mol L–1) ) 
[H3O+(aq)]2 = Ka(C3H6O3(aq)) x [C3H6O3(aq)] 
[H3O+(aq)] = (1.38 x 10–4 x 1.00 X 10–1)1/2 [1] 
 = 3.71 x 10–3 mol dm–3 (mol L–1) 
pH = 2.43 [1] 
() not required 

2 marks  2  

b) i. C3H6O3(aq) + OH¯(aq)  C3H5O3
¯(aq) + H2O(l) [1] 1 mark  1

 ii. presence of a buffer zone and pH at equivalence higher than 7 1 mark 1 

 iii. pH = 8.0 [1] (accept pH between 7.5 and 8.5) 1 mark  1

 iv. n(OH¯(aq)) = ( [OH¯(aq)] x V(OH¯(aq)) ) 
        = 5.00 x 10-2 x 28 x 10-3 

        = 1.4 x 10-3 mol = n(C3H6O3(aq)) [1] 
[C3H6O3(aq)] = ( n(C3H6O3(aq)) / (C3H6O3(aq)) ) 
 = 1.4 x 10-3 / 25 x 10-3 [1] 
 = 5.6 x10-2 mol dm-3 (mol L-1) (given) 
() not required 

2 marks  2  

 v. If C3H6O3(aq) was a strong acid then the initial pH would be pH = -
log (5.6 x10–2) = 1.3 [1], but according to the graph, the initial 
value is pH = 2.6 > 1.3 [1]

2 marks   2 



 

2021-01-51-en-2  71/77 

Question A1 COMPETENCES

Page 2/2 Marks 

 vi. Ka(C3H6O3(aq)) = [C3H5O3
¯(aq)] x 

[H3O
+
(aq)] / [C3H6O3(aq)] 

(answer to question a) v.) 
( so pH = pKa(C3H6O3(aq)) + log( [C3H5O3

¯(aq)] / 
[C3H6O3(aq)] ) ) 
At the half equivalence point of the titration 

curve the pH = 3.9 ± 0.2 and [C3H6O3 (aq)] = 

[C3H5O3
¯(aq)] [1] 

so pH = pKa(C3H6O3(aq)) (or Ka(C3H6O3(aq)) = 
[H3O+ (aq)]) [1] 
() not required 

2 marks  1 1 

 vii. Accurate definition 1 mark 1 

 viii. The pH range of colour change of 
phenolphthalein is on the steepest part of the 
titration curve [1] (or, accept also: … includes 
the pH at equivalence), so phenolphthalein is 
the most suitable indicator. [1]

2 marks 1 1  

c) i. If the concentration of H3O+(aq) increases, the 
following reaction will take place: 
HCO3

¯(aq) + H3O+(aq)  H2CO3(aq) + H2O(l) 
If the concentration of OH¯(aq) increases, the 
following reaction will take place: 
H2CO3(aq) + OH¯(aq)  HCO3

¯(aq) + H2O(l) 
Equations [1] + [1], explanation [1] 

2 marks 1 1  

 ii. pH = pKa(H2CO3(aq)) + log( [HCO3
¯(aq)] / [H2CO3(aq)] ) 

[1] 
so [HCO3

¯(aq)] / [H2CO3(aq)] = 10pH- pKa(H
2
CO

3
  (aq)) 

    = 107.4- 6.1 = 20 [1] 

2 marks  2  



 

2021-01-51-en-2  72/77 

Question A2 COMPETENCES

Page 1/2 Marks 

a) i. 2I–(aq)   I2(aq) + 2e–  1 mark 1 

 ii. Fe3+(aq) + e–  Fe2+(aq) 1 mark 1 

 iii. 2I–(aq) + 2Fe3+(aq)  I2(aq) + 2Fe2+(aq) 1 mark  1

 iv. E.m.f. = +0.77 – 0.54 = +0.23V 1 mark  1

 v. 4 marks 1 3  

  [Assign 1 mark  Knowledge and Comprehension  for the blank 
diagram, 1 mark Application for polarity of electrodes, 1 mark 
Application for direction of electrons, 1 mark Application for ion flow] 

    

 vi. Concentration solutions of 1 mol dm–3 [1]  , pressure of 1 atm (not 
required here), 25 ºC. [1] 

2 marks 2   

b) i. Oxidation:   NO2
–(aq) + H2O(l)  NO3

–(aq) + 2H+(aq) + 2e–  [1] 

Reduction: Cr2O7
2–(aq) + 14H+(aq) + 6e– +  2Cr3+(aq) + 7H2O(l)   

[1] 

2 marks  2  

 ii. Cr2O7
2–(aq) + 3NO2

–(aq) + 8H+(aq)  2Cr3+(aq) + 3NO3
–(aq) + 

4H2O(l) [2] 
2 marks  2  

 iii. Mol Cr2O7
2– : 0.0108 dm–3 x 3.00 x 10-1 mol dm-3 = 3.24 x 10–3 mol   

[1] 
Mol NO2

– : 3.24 x 10–3 mol  x 3 = 9.72 x 10–3 mol   [1 mark 
Analysis/Evaluation, 1 mark Application]   

3 marks  2 1 
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Question A2 COMPETENCES

Page 2/2 Marks 

c) i. K+(l) + e–  K(l) [1 mark AE] 1 mark  1

  2Br – (l)  Br2(l) + 2e– [1] 1 mark  1

 ii. At the positive electrode, formation of Bromine.  

𝑛   
   [1]   

 

𝑛  .  
.  

5.56 10 𝑚𝑜𝑙 𝑒   [1]   

 
Mass of Br2: 5.56 x 10–2 x ½ x 159.8 = 4.47 g [1]   

3 marks 1 2  

 iii. You would expect the formation of O2(g) at the anode, and the 
formation of H2(g) at the cathode. [1] 

The couple H2O/H2 has a less negative Ered than the K+ /K couple 
therefore it would be preferred. [1] 

The oxidation of water to O2(g) would be preferred over the 
oxidation of bromide ion as the couple Br2/Br – has a more positive 
Ered than the O2/H2O couple. [1]

3 marks   3 
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Question B1 COMPETENCES

Page 1/2 Marks 

a) i. Due to the hydrophobic hydrocarbon chains, 3-
methylbutylbutanoate is not miscible to water (or the ester is non-
polar whereas water is polar) [1]

1 mark   1 

 ii. 

Formula of butanoic acid [1]; Stoichiometry (water) [1]

2 marks  2  

 iii. If concentrated H2SO4(aq) is replaced with  diluted H2SO4(aq)  the 
equilibrium is shifted towards the reactants [1]. This is explained by 
the Le Chatelier principle, related to the addition of  H2O (product). 
[1] 

2 marks  1 1 

 iv. H2SO4 catalyzes the reaction. [1] 1 mark 1 

 v. 3-methylbutan-1-ol [1] 1 mark 1 

 vi. By radiolabelling 3-methylbutanol with the 18O radioisotope. [1]. If 
after the reaction with butanoic acid the 18O radioisotope is 
detectable as the bridging oxygen in the ester 3-
methylbutylbutanoate, this proves that the linking oxygen atom 
comes from the alcohol. If it is detectable in the water molecule after 
the reaction then the linking oxygen atom is derived from the 
butanoic acid. [1]  
Or comparable reasoning with 18O in the HO- group [1] of the 
butanoic acid. 

2 marks 1  1 

b) i. 4 marks  4  

 ii. Oxidation [1] which is possible with the secondary 
alcohol but not the tertiary alcohol [1]

2 marks 2   

 iii. Use of KMnO4(aq) (or K2Cr2O7) [1] Correct 
balanced reaction [1] 

2 marks 1 1  
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Question B1 COMPETENCES

Page 2/2 Marks 

 iv. 1 mark  1  

 v. The positive inductive effect of the methyl group in 
3-methylbutanoic acid increases the electron 
density on the carboxyl group thus increasing the 
attraction of the proton. [1] Therefore 3-
methylbutanoic acid is a weaker acid compared to 
butanoic acid. 
However, the difference is relatively small 
because the methyl group is not close to the 
carboxyl group. [1] 

2 marks   2 

 vi. The delocalization of the pi electrons of the phenyl 
group (mesomeric effect) [1] decreases the 
electron density on the carboxyl group thus 
decreasing the attraction of the proton. [1]

2 marks   2 

c) i. 1 mark  1  

 ii. 

 
Salicylic acid [1]  Ethanoic acid [1] 

2 marks  2  
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Question B2 COMPETENCES

Page 1/2 Marks 

a) i. Lysine is the most water soluble as it does not contain a 
hydrophobic benzene ring [1] and it also contains an extra polar 
amino group [1]. 

2 marks   2 

 ii. 2 marks  2  

 iii. The isoelectric point is the pH of an aqueous solution at which the 
amino acid has a neutral charge [1]

1 mark 1   

 iv. 1 mark  1  

 v. 1 mark  1  

 vi. Serine: Strong ionic bonds (between the zwitterions) [1]. 
Hexan-1-ol: Weaker hydrogen bonds (and Van der Waal’s forces) 
[1]. 
() not required 

2 marks   2 

 vii. Ester linkage [1] 1 mark 1 

 viii. Glutamic acid [1] and Serine [1] 2 marks  2
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Question B2 COMPETENCES

Page 2/2 Marks 

 ix. 2 marks  2  

b) i. Azo group. [1] 1 mark 1 

 ii. The molecule contains extensive conjugation or delocalisation of 
electrons across the double bonds and the two benzene rings, [1], 
which makes the absorption of light in the visible region possible. [1] 

2 marks 1 1  

 iii. Protein 1 mark 1 

 iv. No, the hydrogenated molecule can’t be used as a dye because the 
delocalisation is not extended enough anymore. [1] (the double 
bond between the two nitrogen atoms is now a single bond.) 
() not required 

1 mark  1  

 v. (The calculation involves the calculation of the amount of dye, 
which is identical to the amount of A required:) M(dye) = M(A) + 
M(B) + M(N) – 3 M(H)  
= 110 +195 +14.0 –3.03 = 316 g mol–1 [1]  

(From this amount, the mass of A can be calculated:) 
m(A) = n(A) x M(A) = 0.316 x 110 = 34.8 g [1] 
() not required 

3 marks  3  

c) i. The Poly(p-phenylene terephthalamide)-molecule contains 
hydrogen bonding between the chains [1]. Long chain molecules 
stiffened due to conjugation through benzene rings and amide links. 
[1] 
Any correct explanation including the Phenyl group is to be 
accepted. 

2 marks   2 

 ii. Peptide bond [1] 1 mark 1 

 


