St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 13 (Chemistry) 6/10 lessons Lead teacher

This is the plan for the taught curriculum during achievement period: Term 2  (January to April)

	Brief summary of the topic/work being covered during this period	

	Students are taught the following topics 'Polyester and polyamides’, ‘Carbon – carbon formation’ and ‘Organic synthesis – practical skills’.
Students are taught the topics so that they can gain a full understanding of the core principles of Chemistry and enable them to achieve their full potential at A level.


	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in Y12
MODULE 5: Physical chemistry and Transition elements
- Students will have been taught the topics below which are built upon in Y13:
· Rates of reactions
· Equilibrium
· Acids, bases and pH

Practical Skills Covered in Y12
- Students should be able to work safely and handle chemicals with care.


	Rationale for students studying this unit/topic 

	Rationale for studying this topic
Module 5: Physical chemistry and Transition elements 
The content within this module assumes knowledge
and understanding of the chemical concepts developed
in Module 2: Foundations in chemistry and Module 3:
Periodic table and energy.
This module extends the study of energy, reaction
rates and equilibria, and the periodic table.
The main areas of physical chemistry studied include:
•• rate equations, orders of reaction, the ratedetermining
step
•• equilibrium constants, Kc and Kp
•• acid–base equilibria including pH, Ka and buffer
solutions
•• lattice enthalpy and Born–Haber cycles
•• entropy and free energy
•• electrochemical cells.
The main areas of inorganic chemistry studied include:
•• redox chemistry
•• transition elements.
Synoptic assessment
This module provides a context for synoptic
assessment and the subject content links strongly with
the content encountered in Module 2: Foundations in
chemistry and Module 3: Periodic table and energy.
•• Atoms, moles and stoichiometry
•• Acid and redox reactions
•• Bonding and structure
•• Periodicity, Group 2 and the halogens
•• Enthalpy changes
•• Reaction rates
•• Chemical equilibrium
Knowledge and understanding of Module 2 and
Module 3 will be assumed and examination questions
will be set that link their content with this module and
other areas of chemistry.

	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	Module 5: Physical chemistry and transition elements
5.1 Rates, equilibrium and pH
The largely qualitative treatment of reaction rates and equilibria encountered in Module 3 is developed within a quantitative and graphical context. This section also allows learners to develop practical quantitative techniques involved in the determination of reaction rates and pH. There are many opportunities for developing mathematical skills, including use of logarithms and exponents, when studying the content of this section and when carrying out quantitative practical work.
5.1.1 How fast?

Orders, rate equations and rate constants 
(a) explanation and use of the terms: rate of
reaction, order, overall order, rate constant, halflife,
rate-determining step
(b) deduction of:
(i) orders from experimental data
(ii) a rate equation from orders of the form:
rate = k[A]m[B]n, where m and n are 0, 1 or 2
(c) calculation of the rate constant, k, and related
quantities, from a rate equation including
determination of units
Rate graphs and orders
(d) from a concentration–time graph:
(i) deduction of the order (0 or 1) with respect
to a reactant from the shape of the graph
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(ii) calculation of reaction rates from the
measurement of gradients (see also 3.2.2 b)
(e) from a concentration–time graph of a first order
reaction, measurement of constant half-life, t1/2
(f) for a first order reaction, determination of the
rate constant, k, from the constant half-life, t1/2,
using the relationship: k = ln 2/t1/2
(g) from a rate–concentration graph:
(i) deduction of the order (0, 1 or 2) with
respect to a reactant from the shape of the
graph
(ii) determination of rate constant for a first
order reaction from the gradient
(h) the techniques and procedures used to
investigate reaction rates by the initial rates
method and by continuous monitoring, including
use of colorimetry (see also 3.2.2 e)
Effect of temperature on rate constants
(j) a qualitative explanation of the effect of
temperature change on the rate of a reaction and
hence the rate constant (see 3.2.2 f–g)
(k) the Arrhenius equation:
(i) the exponential relationship between the
rate constant, k and temperature, T given by
the Arrhenius equation, k = Ae–Ea/RT
(ii) determination of Ea and A graphically
using: ln k = –Ea/RT + ln A derived from the
Arrhenius equation.
Equilibrium
(a) use of the terms mole fraction and partial
Pressure
(b) calculation of quantities present at equilibrium,
given appropriate data
(c) the techniques and procedures used to
determine quantities present at equilibrium
(d) expressions for Kc and Kp for homogeneous and
heterogeneous equilibria (see also 3.2.3 f)
(e) calculations of Kc and Kp, or related quantities,
including determination of units (see also 3.2.3 f)
(f) (i) the qualitative effect on equilibrium
constants of changing temperature for
exothermic and endothermic reactions
(ii) the constancy of equilibrium constants with
changes in concentration, pressure or in the
presence of a catalyst
(g) explanation of how an equilibrium constant
controls the position of equilibrium on changing
concentration, pressure and temperature
(h) application of the above principles in 5.1.2 How
far? for Kc, Kp to other equilibrium constants,
where appropriate (see also 5.1.3 c etc.).

5.1.3 Acids, bases and buffers
Brønsted–Lowry acids and bases
(a) (i) a Brønsted–Lowry acid as a species that
donates a proton and a Brønsted–Lowry
base as a species that accepts a proton
(see also 2.1.4 Acids)
(ii) use of the term conjugate acid–base pairs
(iii) monobasic, dibasic and tribasic acids
(b) the role of H+ in the reactions of acids with
metals and bases (including carbonates, metal
oxides and alkalis), using ionic equations
(see also 2.1.4 c, 2.1.5 e)
(c) (i) the acid dissociation constant, Ka, for the
extent of acid dissociation (see also 2.1.4 b)
(ii) the relationship between Ka and pKa
pH and [H+(aq)] 
(d) use of the expression for pH as:
pH = –log[H+]
[H+] = 10–pH
(e) use of the expression for the ionic product of
water, Kw
(f) calculations of pH, or related quantities, for:
(i) strong monobasic acids
(ii) strong bases, using Kw
(g) calculations of pH, Ka or related quantities, for a
weak monobasic acid using approximations
(h) limitations of using approximations to Ka related
calculations for ‘stronger’ weak acids

Buffers: action, uses and calculations
(i) a buffer solution as a system that minimises pH
changes on addition of small amounts of an acid
or a base
(j) formation of a buffer solution from:
(i) a weak acid and a salt of the weak acid,
e.g. CH3COOH/CH3COONa
(ii) excess of a weak acid and a strong alkali,
e.g. excess CH3COOH/NaOH
(k) explanation of the role of the conjugate
acid–base pair in an acid buffer solution,
e.g. CH3COOH/CH3COO–, in the control of pH
(l) calculation of the pH of a buffer solution, from
the Ka value of a weak acid and the equilibrium
concentrations of the conjugate acid–base pair;
calculations of related quantities
(m) explanation of the control of blood pH by the
carbonic acid–hydrogencarbonate buffer system
The H2CO3/HCO3
– buffer is present in blood plasma,
maintaining a pH between 7.35 and 7.45.

Neutralisation
(n) pH titration curves for combinations of strong
and weak acids with strong and weak bases,
including:
(i) sketch and interpretation of their shapes
(ii) explanation of the choice of suitable
indicators, given the pH range of the
indicator
(iii) explanation of indicator colour changes in
terms of equilibrium shift between the HA
and A– forms of the indicator
(o) the techniques and procedures used when
measuring pH with a pH meter.
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Anticipated Gaps
- Students will find the rates of reaction calculations and using rate determining step to help construct a mechanism difficult. The students will be encouraged to think for themselves and share their mechanisms with the rest of the class at the front on the whiteboard. They will be encouraged to think their mechanisms through, with positive feedback from the rest of the class/teacher to boost their confidence in this difficult skill. Their development will be aided by many tasks/topic tests that will be used during classwork/homework exercises.



	New key terminology students will be taught during this topic/unit

	Module 5 - Physical Chemistry & Transition Elements
5.1.1 - How Fast?
Arrhenius Equation: k = Ae -Ea/RT where k is the rate constant, A is the pre-exponential factor,
E a is the activation energy, R is the gas constant and T is the temperature.
Clock Reaction: a reaction in which the time taken for an abrupt visible change to occur is
measured. The abrupt change typically indicates the formation of the product.
Colorimetry: a technique used to measure the amount of light absorbed by a solution, used
to determine the rate of a reaction. Typically, a calibration curve is plotted and used to relate
the absorbance recorded by the colorimeter to the concentration of the solution.
Concentration-time Graph: a graph in which concentration is plotted on the y axis and time
on the x axis. The gradient of the line is equal to the rate of reaction.
Continuous Monitoring: during a rate experiment, continuous measurements are taken as
the reaction progresses. The results can then be plotted on a concentration-time graph.
First Order Reactant: doubling the concentration of a first order reactant will double the rate
(if all other conditions remain the same).
Gradient: change in y ÷ change in x.
Half-life (t 1/2 ): the time taken for the concentration of a reactant to half.
Initial Rate: the rate of a reaction at t=0.
Order: a number that relates the rate of a reaction to the concentrations of each reactant.
Overall Order: the sum of the orders with respect to each reactant.
Rate Constant (k): a constant value that relates the rate of a reaction at a given temperature
to the concentrations of the reactants. For a first order reaction, this can be determined using
the relationship k = ln 2/t 1/2 .
Rate-concentration Graph: a graph that has concentration plotted on the x axis and rate on
the y axis.
Rate-determining Step: the slowest step of a reaction.
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Rate equation: relates rate to the concentrations of the reactants multiplied by the rate
constant. Each concentration is raised to the power of the order with respect to that reactant.
Rate of Reaction: a measure of how quickly a reactant is used up / a product is formed.
Reaction Mechanism: a step-by-step sequence of the individual reactions that make up the
overall reaction.
Second Order Reactant: doubling the concentration of a first order reactant will quadruple
the rate (if all other conditions remain the same).
Zero Order Reactant: doubling the concentration of a first order reactant will have no impact
on the rate (if all other conditions remain the same).
5.1.2 - How Far?
Catalyst: a substance which speeds up the rate of a reaction without being used up.
Concentration: the amount of a substance that is dissolved per unit volume of solution.
Endothermic: a reaction that takes in energy from the surroundings. The energy of the
products is higher than the reactants.
Equilibrium: the forward and reverse reactions of a process occur at exactly the same rate
meaning there is no overall change.
Equilibrium Constant (K): a value that relates the amount of products and reactants at
equilibrium in a reversible reaction at a specific temperature. K is unaffected by pressure and
presence of a catalyst but is affected by temperature.
Exothermic: a reaction that gives out energy into the surroundings. The energy of the
reactants is higher than the products.
Heterogeneous Equilibrium: an equilibrium reaction that involves substances in different
states (solid, liquid gaseous or aqueous).
Homogeneous Equilibrium: an equilibrium reaction that involves substances all in the
same state (solid, liquid gaseous or aqueous).
K c : the equilibrium constant that is equal to the concentration of products raised to their
stoichiometric coefficients divided by the concentration of reactants to the power of their
stoichiometric coefficients. Liquids and solids are not included in heterogeneous K C
expressions as their concentrations effectively remain constant.
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K p : the equilibrium constant that is equal to the partial pressures of the products raised to the
power of their stoichiometric coefficients divided by the partial pressures of the reactants
raised to the power of their stoichiometric coefficients.
Mole Fraction: X A = n A /n where X A is the mole fraction of A, n A is the number of moles of A
and n is the total number of moles.
Partial Pressure: the pressure that would be exerted by one gas in a mixture if it occupied
the container alone. P A = PX A where P A is the partial pressure of A, P is the total pressure
and X A is the mole fraction of A.
5.1.3 - Acids, Bases and Buffers
Acid Dissociation Constant (K a ): the extent of acid dissociation. pK a = -log(K a ) and K a = 10-pKa.
Bronsted-Lowry Acid: a proton donor.
Bronsted-Lowry Base: a proton acceptor.
Buffer Solution: a system that minimises pH change on addition of small amounts of an acid
or base. A buffer solution can be formed from a weak acid and a salt of the weak acid or from
excess weak acid and a strong alkali.
Carbonic Acid-Hydrogencarbonate Buffer: the buffer system present in blood plasma,
used to maintain blood pH between 7.35 and 7.45.
Conjugate Acid-Base Pair: a pair of compounds that transform into each other by the
transfer of a proton. Conjugate acid-base pairs are important in the formation of buffers to
control pH.
Dibasic Acid: an acid that can donate 2 hydrogen atoms per molecule of the acid.
End Point: the point during a titration when the indicator changes colour. A suitable indicator
should change colour near the equivalence point (it should have a pH range within the
vertical section of the titration curve).
Equivalence Point: the point during a titration when the amount of acid is exactly equal to
the amount of base (full neutralisation occurs). When titrating an acid with a base, [H+ ] is
equal to [OH− ] at this point.
Indicator: a weak acid that changes colour with changing pH due to an equilibrium shift
between HA and A - . For an indicator to be suitable, its pH range must be within the vertical
section of the titration curve (there is no suitable indicator for weak acid-weak base titration
as the titration curve does not have a vertical section).
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Ionic Equation: a chemical equation that involves dissociated ions.
Ionic Product of Water (K w ): the temperature dependent constant that represents the
dissociation of water into H + and OH - .
Monobasic Acid: an acid that can donate 1 hydrogen atom per molecule of acid.
pH: a way of communicating the concentration of hydrogen ions. pH = -log[H + ] and [H + ] =
10 -pH .
pH Meter: an instrument used to measure the pH of a solution.
Strength of Acids and Bases: a measure of the relative degree of dissociation of an acid or
base (where strong means complete dissociation and weak means partial dissociation).
Titration: a technique used to determine the amount of one solution of a known
concentration required to completely react with a known volume of another solution of
unknown concentration.
Titration Curves: a graph which shows the change in pH over the course of a titration.
Tribasic Acid: an acid that can donate 3 hydrogen atoms per molecule of acid.
Vertical Section: the vertical part of a titration curve which contains the equivalence point for
the titration. During this section, there is a very large change in pH but a small change in the
volume of acid or alkali added.

	Plan for Assessment 

	All A level assessments are constructed using real exam styles questions, from the latest specification. Papers include a variety of assessment objectives and styles of questions. Initially assessments will cover fewer types of questions due to the smaller amount content covered. However, in Year 13 and in mock exams all assessment objectives and question styles are covered. Students will sit end of topic assessments in class; however mocks will be based on the realistic times and demands of the exams. Students will also be assessed on homework, class work and independent work as well.







