
Science Curriculum Plan Year 13 (A-Levels) 
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Biology 
Substantive Knowledge 

Unit 5 Energy Transfers and Unit 6 Organisms 
Respond to Changes in their Internal and 

External Environments 

Pupils will:  

• Know the light dependent and 

light independent reactions 

involved in photosynthesis. 

• Identify environmental factors 

that limit the rate of 

photosynthesis. 

• Know the 3 stages of respiration  

and explain the differences 

between aerobic and anaerobic 

respiration. 

• Know that stimuli both internal 

and external are detected and 

may lead to a response, including 

the Pacinian corpuscle as an 

example of a receptor, how heart 

rate is controlled and how rods 

and cone cells can explain 

differences in vision. 

• Know how nerve impulses are 

generated and transmitted. 

• Know the structure and function 

of synapses. 

• Know how skeletal muscles are 

stimulated to contract by nerves 

and act as effectors. 

Procedural Knowledge:  

• Using chromatography to 

investigate pigments from plants. 

• Investigate a named factor on the 

rate of dehydrogenase activity in 

extracts of chloroplasts. 

• Investigate a variable on the rate of 

respiration of cultures of single 

celled organisms. 

• Investigate the effect of a variable 

on the movement of an animal 

using a choice chamber 

  

Mathematical Skills  

• Statistics including: standard 

deviation, correlation coefficient, 

chi squared, t test 

• Calculate % yield from given data 

  

Assessment  

•  Synoptic assessment  

Biology 
Substantive Knowledge 

Unit 5 Energy Transfers and Unit 6 Organisms 

Respond to Changes in their internal and 

External Environments 

 Pupils will:  

• Know the difference between 

Gross primary productivity and 

Net primary productivity. 

• Know how to simplify food webs 

to reduce energy losses. 

• Know the nitrogen and 

phosphorus cycles  including the 

roles played by microorganisms. 

• Explain the use of and 

environmental problems 

associated with the use of 

fertilisers. 

• Know the principles of 

homeostasis and negative 

feedback. 

• Understand the control of blood 

glucose concentration  including 

the role of hormones and second 

messengers. 

• Describe the structure and 

function of the different regions 

of the nephron and how they act 

to control the water potential of 

blood. 

• Describe and explain the roles of 

the hypothalamus, posterior 

pituitary and ADH in 

osmoregulation. 

  

Procedural Knowledge:  

• Produce a dilution series of a 

glucose solution and use to 

identify the concentration of 

glucose in an unknown sample. 

• Interpret information relating to 

examples of negative and positive 

feedback 

Mathematical Skills  

• Calculate the net production of 

consumers. 

  

Assessment  

• Synoptic assessment 

Biology 
Substantive Knowledge 

Unit 7 Genetics, populations and ecosystems 

and Unit 8 The control of gene expression   

Pupils will:  

• Use labelled genetic diagrams to 

make predictions involving 

dominant, recessive and 

codominant alleles. 

• Perform crosses involving sex 

linkage, autosomal linkage and 

epistasis. 

• Know about the concepts of gene 

pool and allele frequency. 

• Describe the causes and effects 

of mutations. 

• Recall that most of a cell’s DNA is 

not translated. 

• Describe how the transcription of 

target genes can be stimulated or 

inhibited. 

• Evaluate the use of different 

types of stem cells in treating 

human disorders. 

• Explain the effect of epigenetics 

particularly with reference to the 

development and treatment of 

cancer. 

  

Procedural Knowledge:  

• Evaluate data showing 

correlations between genetic and 

environmental factors and 

various forms of cancer 

• Biological synoptic essay writing 

technique. 

  

Mathematical Skills  

• Use chi squared to compare 

expected and observed 

phenotypic ratios 

• Use phenotypic ratios and 

probability to make predictions 

• Calculate the frequency of alleles, 

genotypes and phenotypes in a 

population using the Hardy-

Weinberg equation. 

  

Assessment  

•  Synoptic assessment 

Biology 
Substantive Knowledge 

Unit 7 Genetics, populations and ecosystems 

and Unit 8 The control of gene expression   

Pupils will:  

• Explain the mechanisms that lead 

to evolution including allopatric 

and sympatric speciation. 

• Explain why individuals in a 

population show a wide range of 

phenotypic variation. 

• Describe the uses and limitation s 

of genome projects. 

• Describe the processes involved 

in recombinant DNA technology. 

• Describe and explain the stages in 

PCR and gel electrophoresis. 

• Describe the process of genetic 

finger printing and explain the 

principles that underpin its uses 

in different fields. 

  

Procedural Knowledge:  

• Evaluate the ethical, financial and 

social issues associated with 

recombinant DNA technology. 

• Evaluate information relating to 

screening individuals for 

genetically determined 

conditions. 

  

Mathematical Skills  

•    

  

Assessment  

•  Synoptic assessment 

 
Exam Preparation 
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3.1.9 Rate Equations 

Substantive Knowledge 
Pupils will:  
• define the terms order of reaction and rate 

constant 

• perform calculations using the rate equation 

• explain the qualitative effect of changes in 

temperature on the rate constant k 

• perform calculations using the equation k = Ae–

Ea/RT and how to rearrange it and use it to plot 

graphs. 

• use concentration–time graphs to deduce the rate 

of a reaction 

• use initial concentration–time and rate-

concentration data to deduce the initial rate of a 

reaction or order 

• derive the rate equation for a reaction from the 

orders with respect to each of the reactants 

• use the orders with respect to reactants to provide 

information about the rate determining/limiting 

step of a reaction. 

 

Mathematical Skills  

• Students use given rate data and deduce a rate 

equation, then use some of the data to calculate 

the rate constant including units. 

• Students use a graph of concentration–time and 

calculate the rate constant of a zero-order reaction 

by determination of the gradient. 

 

Procedural Knowledge: 

• RP7 Measuring the rate of reaction: 

• by an initial rate method 

• by a continuous monitoring method. 

 

3.1.8 Thermodynamics 

Substantive Knowledge 
Pupils will:  
• construct Born–Haber cycles to calculate lattice 

enthalpies using  enthalpy changes and to calculate 

one of the other enthalpy changes 

• compare lattice enthalpies from Born–Haber cycles 

with those from calculations 

• Perform calculations of an enthalpy change using 

these cycles. 

• calculate entropy changes from absolute entropy 

values 

• use the relationship ∆G = ∆H – T∆S to determine 

how ∆G varies with temperature 

• use the relationship ∆G = ∆H – T∆S to determine 

the temperature at which a reaction becomes 

feasible. 

 

Mathematical Skills  

• Students rearrange the equation ∆G = ∆H – T∆S to 

find unknown values. 

• Students determine ∆S and ∆H from a graph of ∆G 

versus T. 

 

3.3.7 Optical Isomerism 

Substantive Knowledge 
Pupils will:  

• draw the structural formulas and displayed 

formulas of enantiomers 

• understand how racemic mixtures (racemates) are 

formed and why they are optically inactive. 

 

3.1.12 Acids & Bases 

Substantive Knowledge 
Pupils will:  

• convert concentration of hydrogen 

ions into pH and vice versa 

• calculate the pH of a solution of a 

strong acid from its concentration. 

• use Kw to calculate the pH of a 

strong base from its concentration. 

• construct an expression for Ka 

• perform calculations relating the pH 

of a weak acid to the concentration 

of the acid and the dissociation 

constant, Ka 

• convert Ka into pKa and vice versa. 

• perform calculations for these 

titrations based on experimental 

results. 

• sketch and explain the shapes of 

typical pH curves 

• use pH curves to select an 

appropriate indicator. 

• explain qualitatively the action of 

acidic and basic buffers 

• calculate the pH of acidic buffer 

solutions. 

 

Mathematical Skills  

• Students carry out pH calculations. 

• Students use Kw = [H+][OH–] to find 

the pH of strong bases. 

• Students carry out pKa calculations 

and give appropriate units. 

 

Procedural Knowledge: 

• RP 9 Investigate how pH changes 

when a weak acid reacts with a 

strong base and when a strong acid 

reacts with a weak base. 

  

 

3.3.16 Chromatography 

Substantive Knowledge 
Pupils will:  

• calculate Rf values from a 

chromatogram 

• compare retention times and Rf 

values with standards to identify 

different substances. 

 

Procedural Knowledge: 

3.1.11 Electrochemistry 

Substantive Knowledge 
Pupils will:  

• use EƟ values to predict the direction 

of simple redox reactions 

• calculate the EMF of a cell 

• write and apply the conventional 

representation of a cell. 

• use given electrode data to deduce 

the reactions occurring in non-

rechargeable and rechargeable cells 

• deduce the EMF of a cell 

• explain how the electrode reactions 

can be used to generate an electric 

current. 

•  

Procedural Knowledge: 

• RP8 Measuring the EMF of an 

electrochemical cell. 

 

3.3.11 Amines 

Pupils will:  

• Know how aliphatic and aromatic 

amines are prepared  

• explain the difference in base 

strength in terms of the availability of 

the lone pair of electrons on the N 

atom. 

• outline the mechanism of 

nucleophilic substitution reactions 

• outline the mechanism the 

nucleophilic addition–elimination 

reactions of ammonia and primary 

amines with acyl chlorides. 

 

3.3.12 Polymers 

Substantive Knowledge 
Pupils will:  

• draw the repeating unit from 

monomer structure(s) 

• draw the repeating unit from a 

section of the polymer chain 

• draw the structure(s) of the 

monomer(s) from a section of the 

polymer 

• explain the nature of the 

intermolecular forces between 

molecules of condensation polymers. 

• explain why polyesters and 

polyamides can be hydrolysed but 

polyalkenes cannot. 

 

3.2.5 Transition Metals 

Substantive Knowledge 
Pupils will:  

• Know the properties of transition 

metals including complex formation, 

formation of coloured ions, variable 

oxidation states, and catalytic activity 

• explain the chelate effect, in terms of 

the balance between the entropy 

and enthalpy change in these 

reactions. 

• perform calculations for redox 

titrations and similar redox reactions. 

• explain the importance of variable 

oxidation states in catalysis 

• explain, with the aid of equations, 

how V2O5 acts as a catalyst in the 

Contact process 

• explain, with the aid of equations, 

how Fe2+ ions catalyse the reaction 

between I− and S2O82– 

• explain, with the aid of equations, 

how Mn2+ ions autocatalyse the 

reaction between C2O42– and 

MnO4– 

 

3.2.6 Reactions of aqueous ions 

Pupils will:  

• explain, in terms of the charge/size 

ratio of the metal ion, why the acidity 

of [M(H2O)6]3+ is greater than that 

of [M(H2O)6]2+ 

• describe and explain the simple test-

tube reactions of: M2+(aq) ions, 

limited to M = Fe and Cu, and of 

M3+(aq) ions, limited to M = Al and 

Fe, with the bases OH–, NH3 and 

CO32– 

 

Procedural Knowledge: 

• RP11 Carry out simple test-tube 

reactions to identify transition metal 

ions in aqueous solution. 

 

3.3.15 NMR 

Substantive Knowledge 
Pupils will:  

• explain why TMS is a suitable 

substance to use as a standard 

• use 1H NMR and 13C NMR spectra 

and chemical shift data from the 

Chemistry Data Booklet to suggest 

 



Mathematical Skills  

• draw the 3D representation of chiral centres in 

various species. 

 

3.3.8 Aldehydes & Ketones 

Substantive Knowledge 
Pupils will:  
• write overall equations for reduction 

reactions using [H] as the reductant 

• outline the nucleophilic addition 

mechanism for reduction reactions with 

NaBH4 (the nucleophile should be shown 

as H–) 

• write overall equations for the formation 

of hydroxynitriles using HCN 

• outline the nucleophilic addition 

mechanism for the reaction with KCN 

followed by dilute acid 

• explain why nucleophilic addition reactions 

of KCN, followed by dilute acid, can 

produce a mixture of enantiomers. 

•  

Procedural Knowledge: 

• Students could carry out test-tube 

reactions of Tollens’ reagent and Fehling’s 

solution to distinguish aldehydes and 

ketones. 

 

3.3.9 Carbonyl Chemistry  

Substantive Knowledge 

Pupils will:  
• Know Carboxylic acids and alcohols react, 

in the presence of an acid catalyst, to give 

esters. 

• Know Vegetable oils and animal fats can be 

hydrolysed in alkaline conditions to give 

soap (salts of long-chain carboxylic acids) 

and glycerol. 

• Know Biodiesel is produced by reacting 

vegetable oils with methanol in the 

presence of a catalyst. 

• outline the mechanism of nucleophilic 

addition–elimination reactions of acyl 

chlorides with water, alcohols, ammonia 

and primary amines. 

Procedural Knowledge: 

• RP10 Preparation of: 

• a pure organic solid and test of its purity 

• a pure organic liquid. 

 

 

Assessment  

 Synoptic Assessment  

 

 

 

 

• RP 12 Separation of species by thin-

layer chromatography. 

 

3.3.10 Aromatic Chemistry 

Substantive Knowledge 
Pupils will:  

• use thermochemical evidence from 

enthalpies of hydrogenation to 

account for this extra stability 

• explain why substitution reactions 

occur in preference to addition 

reactions. 

• outline the electrophilic substitution 

mechanism of nitration, including the 

generation of the nitronium ion 

• outline the electrophilic substitution 

mechanism acylation using AlCl3 as a 

catalyst. 

 

Assessment  

Synoptic Assessment 

3.3.13 Biochemistry 

Substantive Knowledge 
Pupils will:  

• draw the structures of amino acids as 

zwitterions and the ions formed from 

amino acids 

• draw the structure of a peptide 

formed from up to three amino acids 

• draw the structure of the amino 

acids formed by hydrolysis of a 

peptide 

• identify primary, secondary and 

tertiary structures in diagrams 

• explain how these structures are 

maintained by hydrogen bonding and 

S–S bonds 

• calculate Rf values from a 

chromatogram. 

• explain why a stereospecific active 

site can only bond to one 

enantiomeric form of a substrate or 

drug. 

• explain how hydrogen bonding 

between base pairs leads to the two 

complementary strands of DNA. 

• explain why cisplatin prevents DNA 

replication 

• explain why such drugs can have 

adverse effects. 

 

Assessment  

• Y13 Mock Exams 

 

possible structures or part structures 

for molecules 

• use integration data from 1H NMR 

spectra to determine the relative 

numbers of equivalent protons in the 

molecule 

• use the n+1 rule to deduce the spin–

spin splitting patterns of adjacent, 

non-equivalent protons, limited to 

doublet, triplet and quartet 

formation in aliphatic compounds. 

 

3.3.14 Organic Synthesis 

Substantive Knowledge 
Pupils will:  

• explain why chemists aim to design 

processes that do not require a 

solvent and that use non-hazardous 

starting materials 

• explain why chemists aim to design 

production methods with fewer 

steps that have a high percentage 

atom economy 

• use reactions in this specification to 

devise a synthesis, with up to four 

steps, for an organic compound. 

 

Assessment  

•  Synoptic assessment 
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Periodic motion: 

Substantive Knowledge 
The earlier study of mechanics is further 

advanced through a consideration of 

circular motion and simple harmonic 

motion (the harmonic oscillator). 

Fields and their consequences 

The concept of a field is one of the great 

unifying ideas in physics. The ideas of 

gravitation, electrostatics and magnetic 

field theory are developed within the topic 

to emphasise this unification. Many ideas 

from mechanics and electricity from earlier 

in the course support this and are further 

developed. Practical applications 

considered include: planetary and satellite 

orbits, capacitance and capacitors, their 

charge and discharge through resistors, 

and electromagnetic induction. These 

topics have considerable impact on modern 

society. 

 

Procedural Knowledge:  

• Use of data loggers. 

• Investigative skills 

• 2D and 3D visualisation 

• Modelling 

• Development of scientific method 

 

Assessment  

• Synoptic assessment 7 

• Gravitational fields formative 

assessment 

Circular motion formative assessment 

Fields and their consequences (cont.) 

Substantive Knowledge 
The concept of field is one of the great 

unifying ideas in physics. The ideas of 

gravitation, electrostatics and magnetic 

field theory are developed within the topic 

to emphasise this unification. Many ideas 

from mechanics and electricity from earlier 

in the course support this and are further 

developed. Practical applications 

considered include: planetary and satellite 

orbits, capacitance and capacitors, their 

charge and discharge through resistors, 

and electromagnetic induction. These 

topics have considerable impact on modern 

society. 

 

Procedural Knowledge:  

• Use of data loggers. 

• Investigative skills 

• 2D and 3D visualisation 

• Modelling 

• Development of scientific method 

 

Assessment  

• Synoptic assessment 8 

• SHM formative assessment 

• Electric fields formative 

assessment 

• Magnetic fields formative 

assessment 1 

• Magnetric fields formative 

assessment 2 

 

Nuclear physics 

Substantive Knowledge 
This section builds on the work of Particles 

and radiation to link the properties of the 

nucleus to the production of nuclear power 

through the characteristics of the nucleus, 

the properties of unstable nuclei, and the 

link between energy and mass. Students 

should become aware of the physics that 

underpins nuclear energy production and 

also of the impact that it can have on 

society. 

Thermal physics 

Understanding of the thermal properties of 

materials, the properties and nature of 

ideal gases, and the molecular kinetic 

theory to be studied in depth. 

 

Procedural Knowledge:  

• Use of data loggers. 

• Investigative skills 

• 2D and 3D visualisation 

• Modelling 

• Development of scientific method 

 

Assessment  

• Synoptic assessment 9 – January 

mock 

• Capacitors formative assessment 

• Nuclear physics formative 

assessment 1 

Thermal physics formative assessment 

Nuclear physics (cont.) 

Substantive Knowledge 
This section builds on the work of Particles 

and radiation to link the properties of the 

nucleus to the production of nuclear power 

through the characteristics of the nucleus, 

the properties of unstable nuclei, and the 

link between energy and mass. Students 

should become aware of the physics that 

underpins nuclear energy production and 

also of the impact that it can have on 

society. 

Astrophysics 

Fundamental physical principles are 

applied to the study and interpretation of 

the Universe. Students gain deeper insight 

into the behaviour of objects at great 

distances from Earth and discover the ways 

in which information from these objects 

can be gathered. The underlying physical 

principles of the devices used are covered 

and some indication is given of the new 

information gained by the use of radio 

astronomy. The discovery of exoplanets is 

an example of the way in which new 

information is gained by astronomers. 

 

Procedural Knowledge:  

• Use of data loggers. 

• Investigative skills 

• 2D and 3D visualisation 

• Modelling 

• Development of scientific method 

• and translate from one to the other 

 

Assessment  

• Synoptic assessment 10 

• Nuclear physics formative 

assessment 2 

• Astrophysics formative 

assessment 

 

Mathematical Skills* span the full Physics course and are used throughout 

• Recognise and make use of appropriate units in calculations  

• Recognise and use expressions in decimal and standard form 

• Use ratios, fractions and percentages 

• Estimate results 

• Use calculators to find and use power, exponential and logarithmic functions 

• Use calculators to handle sin x, cos x, tan x when x is expressed in degrees or radians 

• Use an appropriate number of significant figures 

• Find arithmetic means  

• Understand simple probability  

• Make order of magnitude calculations 

• Identify uncertainties in measurements and use simple techniques to determine uncertainty 

when data are combined by addition, subtraction, multiplication, division and raising to 

powers 

• Understand and use the symbols: =, <, <<, >>, >, ∝, ≈, ∆ 

• Change the subject of an equation, including non-linear equations 

• Substitute numerical values into algebraic equations using appropriate units for physical 

quantities 

• Solve algebraic equations, including quadratic equations 

• Use logarithms in relation to quantities that range over several orders of magnitude 

• Translate information between graphical, numerical and algebraic forms 

• Plot two variables from experimental or other data 

• Understand that y = mx + c represents a linear relationship 

• Determine the slope and intercept of a linear graph 

• Calculate rate of change from a graph showing a linear relationship 

• Draw and use the slope of a tangent to a curve as a measure of rate of change 

• Distinguish between instantaneous rate of change and average rate of change 

• Understand the possible physical significance of the area between a curve and the x axis and 

be able to calculate it or estimate it by graphical methods as appropriate 

 

 

• Apply the concepts underlying calculus (but without requiring the explicit use of derivatives 

or integrals) by solving equations involving rates of change 

• Interpret logarithmic plots  

• Use logarithmic plots to test exponential and power law variations 

• Sketch relationships which are modelled by y = k/x, y = kx2, y = k/x2, y = kx, y = sin x, y = cos x, 

y = e±x, and y = sin2x, y = cos2x as applied to physical relationships 

• Use angles in regular 2D and 3D structures 

• Visualise and represent 2D and 3D forms including two-dimensional representations of 3D 

objects 

• Calculate areas of triangles, circumferences and areas of circles, surface areas and volumes of 

rectangular blocks, cylinders and spheres 

• Use Pythagoras’ theorem, and the angle sum of a triangle 

• Use sin, cos and tan in physical problems 

• Use of small angle approximations including sinθ ≈ θ, tanθ ≈ θ, cosθ ≈ 1 for small θ where 

appropriate 

 


