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Physical chemistry

1 Atoms, molecules and stoichiometry

This topic illustrates how quantitative relationships can be established when different substances react.
(The term relative formula mass or M, will be used for all compounds including ionic compounds.)

Learning outcomes
Candidates should be able to:

1.1 Relative masses a) define and use the terms relative atomic, isotopic, molecularand  °, #¢
of atoms and formula masses, based on the "°C scale
molecules

1.2 The mole and the a) define and use the term mole in terms of__":;he'@Qpéqdfa-"é’bnstant

Avogadro constant

1.3 The determination a) analyse mass spectra in 'ﬁéi’m's of isotopic abundances

of relative atomic (knowledge of the worklng of the mass spectrometer is not required)
masses, A, b) calculate'the raiatwe Aatomic mass of an element given the relative

_abtifidances of its isotopes, or its mass spectrum

1.4 The calculation/ A\ ‘ a) " define and use the terms empirical and molecular formula
of empmcal and - b) calculate empirical and molecular formulae, using combustion data or
9@3‘[?(’“’“”'39 composition by mass
J 15 Reacting masses a) write and construct balanced equations
and volumes (of b) perform calculations, including use of the mole concept, involving:
solutions and gases) (i) reacting masses (from formulae and equations)

(il volumes of gases (e.g. in the burning of hydrocarbons)
{iii) volumes and concentrations of solutions
When performing calculations, candidates’ answers should reflect the
number of significant figures given or asked for in the question. When
rounding up or down, candidates should ensure that significant figures
are neither lost unnecessarily nor used beyond what is justified (see also
Practical Assessment, Paper 3, Display of calculation and reasoning on
page 51).

¢) deduce stoichiometric relationships from calculations such as those in
1.5(b)
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2 Atomic structure

This topic describes the type, number and distribution of the fundamental particles which make up an
atom and the impact of this on some atomic properties.

Learning outcomes
Candidates should be able to:

2.1 Particles in the atom a) identify and describe protons, neutrons and electrons in terms of their
relative charges and relative masses

b) deduce the behaviour of beams of protons, neutrons and electrons in
electric fields

c) describe the distribution of mass and charge within an atom

d) deduce the numbers of protons, neutrons and electrans present in both

atoms and ions given proton and nucleon numbers (atomic and mass
numbers) and charge

2.2 The nucleus of the a) describe the contribution of protons and neutrons to atomic nuclei in
atom terms of proton (atomic) number and nucleon (mass) number
b) distinguish between isotopes on the basis of different numbers of
neutrons present
¢} recognise and use the symbolism JA for isotopes, where * is the nucleon
(mass) number and | is the proton {atomic) number

2.3 Electrons: energy a) describe the number and relative energies of the s, p and d orbitals for
levels, atomic the principal quantum numbers 1, 2 and 3 and also the 4s and 4p orbitals
orbitals, ionisation ) describe and sketch the shapes of s and p orbitals
energy, electron

3 c) state the electronic configuration of atoms and ions given the proton
affinity

(atomic) number and charge, using the convention 15%2s%2p°, etc.
d) (i} explain and use the term ionisation energy
(i) explain the factors influencing the ionisation energies of elements

i) explain the trends in ionisation energies across a period and down a
group of the Periodic Table {see also Section 9.1)

e} deduce the electronic configurations of elements from successive
ionisation energy data

f) interpret successive ionisation energy data of an element in terms of the
position of that element within the Periodic Table

g) explain and use the term electron affinity
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3 Chemical bonding

This topic introduces the different ways by which chemical bonding occurs and the effect this can have
on physical properties.

Learning outcomes
Candidates should be able to:

3.1 lonic bonding a) describe ionic bonding, using the examples of sodium chloride,
magnesium oxide and calcium fluoride, including the use of ‘dot-and-
cross’ diagrams

3.2 Covalent bonding a) describe, including the use of ‘dot-and-cross' diagrams:
and.co-ordinate (i) covalent bonding, in molecules such as hydrogen, oxygen, chlorine,
(dative covalent) hydrogen chloride, carbon dioxide, methane, ethene

bonding including
shapes of simple
molecules

(i) co-ordinate (dative covalent) bonding, such as in the formation of the
ammonium ion and in the Al,CI, molecule

b) describe covalent bonding in terms of orbital overlap, giving o and =
bonds, including the concept of hybridisation to form sp, sp” and sp®
orbitals (see also Section 14.3)

c) explain the shapes of, and bond angles in, molecules by using the
gualitative model of electron-pair repulsion (including lone pairs), using
as simple examples BF, (trigonal planar), CO, (linear), CH, (tetrahedral),
NH, (pyramidal), H,O (non-linear), SF, (octahedral), PF, (trigonal
bipyramidal)

d} predict the shapes of, and bond angles in, molecules and ions analogous
to those specified in 3.2(c) (see also Section 14.3)

3.3 Intermolecular a) describe hydrogen bonding, using ammeonia and water as simple
forces, examples of molecules containing N-H and O-H groups
electronegativity b) understand, in simple terms, the concept of electronegativity and apply
and bond properties it to explain the properties of molecules such as bond polarity (see

also Section 3.3(c)), the dipole moments of molecules (3.3(d)) and the
behaviour of oxides with water (9.2(c))

¢) explain the terms bond energy, bond length and bond polarity and use
them to compare the reactivities of covalent bonds (see also Section
5.1(b)(ii)

d) describe intermolecular forces (van der Waals' forces), based on
permanent and induced dipoles, as in, for example, CHCL(l); Br,(l) and
the liquid Group 18 elements

3.4 Metallic bonding a) describe metallic bonding in terms of a lattice of positive ions
surrounded by delocalised electrons

3.5 Bonding and a) describe, interpret and predict the effect of different types of bonding
physical properties {ionic bonding, covalent bonding, hydrogen bonding, other intermolecular
interactions, metallic bonding) on the physical properties of substances

b) deduce the type of bonding present from given information

¢} show understanding of chemical reactions in terms of energy transfers
associated with the breaking and making of chemical bonds
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4 States of matter

The study of the particles in solids, liquids and gases and the interactions between them is important in
understanding the physical properties of substances.

Learning outcomes
Candidates should be able to:

4.1 The gaseous state: a) state the basic assumptions of the kinetic theory as applied to an ideal
ideal and real gases gas
and pV=nRT b) explain qualitatively in terms of intermolecular forces and molecular size:

(i) the conditions necessary for a gas to approach ideal behaviour

(i) the limitations of ideality at very high pressures and very low
temperatures

c) state and use the general gas equation pV = nAT in calculations,
including the determination of M,

4.2 The liquid state a) describe, using a kinetic-molecular model, the liquid state, melting,
vaporisation and vapour pressure

4.3 The solid state: a) describe, in simple terms, the lattice structure of a crystalline solid
lattice structures which is:

(i) ionic, as in sodium chloride and magnesium oxide

(i) simple molecular, as in iodine and the fullerene allotropes of carbon
(Cg and nanotubes only)

(i) giant molecular, as in silicon(IV) oxide and the graphite, diamond and
graphene allotropes of carbon

(iv) hydrogen-bonded, as in ice
(v) metallic, as in copper

b) discuss the finite nature of materials as a resource and the importance
of recycling processes

c) outline the importance of hydrogen bonding to the physical properties
of substances, including ice and water (for example, boiling and melting
points, viscosity and surface tension)

d) suggest from quoted physical data the type of structure and bonding
present in a substance
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5 Chemical energetics

Enthalpy changes and entropy changes accompany chemical reactions. This topic demonstrates why
some reactions and processes are spontaneous and others are not.

Learning outcomes
Candidates should be able to:

5.1 Enthalpy change, AH a) explain that chemical reactions are accompanied by energy changes,
principally in the form of heat energy; the energy changes can be
exothermic (AH is negative) or endothermic (AH is positive)

b) explain and use the terms:

(i) enthalpy change of reaction and standard conditions, with
particular reference to: formation, combustion, hydration, solution,
neutralisation, atomisation

(i) bond energy (AH positive, i.e. bond breaking)

(iii) lattice energy (AH negative, i.e. gaseous ions to solid lattice)

¢) calculate enthalpy changes from appropriate experimental results,
including the use of the relationship AH = -mcAT

d) explain, in qualitative terms, the effect of ionic charge and of ionic
radius on the numerical magnitude of a lattice energy

5.2 Hess’ Law, including a) apply Hess’ Law to construct simple energy cycles, and carry out
Born-Haber cycles calculations involving such cycles and relevant energy terms, with
particular reference to:

(i) determining enthalpy changes that cannot be found by direct
experiment, e.g. an enthalpy change of formation from enthalpy
changes of combustion

(i) average bond energies

(iii) the formation of a simple ionic solid and of its aqueous solution

(iv) Born-Haber cycles (including ionisation energy and electron
affinity)

b) construct and interpret a reaction pathway diagram, in terms of the
enthalpy change of the reaction and of the activation energy
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5.3 Entropy change, AS a) explain that entropy is a measure of the ‘disorder’ of a system, and

that a system becomes more stable when its energy is spread out
in a more disordered state

b) explain the entropy changes that occur:
(i) during a change in state e.g. (s) — (I); (I) - (g); (s) > (aq)
(ii) during a temperature change

(iii) during a reaction in which there is a change in the number of
gaseous molecules

c) predict whether the entropy change for a given process is positive
or negative

d) calculate the entropy change for a reaction, AS, given the standard
entropies, S, of the reactants and products

5.4 Gibbs free energy a) define the standard Gibbs free ener
change, AG of the equation AG= AH- TAS

b) calculate AG for a reaction using the equation AG=AH- TAS

c) state whether a reaction or process will be s
using the sign of AG

d) predict the effect of temperature change on the spontaneity/

feasibility of a reaction, given standard enthal
ro, PY and entropy

gy change of reaction by means

pontaneous/feasible by
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6 Electrochemistry

This topic illustrates the relationship between electricity and chemical changes. Chemical reactions can
be investigated by looking at electrode potentials.

Learning outcomes
Candidates should be able to:

6.1 Redox processes: a) calculate oxidation numbers of elements in compounds and ions
electron t.ransfer a_nd b) describe and explain redox processes in terms of electron transfer and
changes in oxidation changes in oxidation number

number (oxidation

state) ¢) use changes in oxidation numbers to help balance chemical equations

6.2 Electrolysis a) state and apply the relationship F= Le between the Faraday
constant, the Avogadro constant and the charge on the electron

b) predict the identity of the substance liberated during electrolysis
from the state of electrolyte (molten or aqueous), position in the
redox series (electrode potential) and concentration

c) calculate:

(i) the quantity of charge passed during electrolysis

(ii) the mass and/or volume of substance liberated during
electrolysis, including those in the electrolysis of H,SO,(aq) and
of Na,SO,(aq)

d) describe the determination of a value of the Avogadro constant by
an electrolytic method
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6.3 Standard electrode
potentials E°;
standard cell
potentials £, and
the Nernst equation

a) define the terms:
(i) standard electrode (reduction) potential
(ii) standard cell potential

b) describe the standard hydrogen electrode

c¢) describe methods used to measure the standard electrode
potentials of:

(i) metals or non-metals in contact with their ions in aqueous
solution

(ii) ions of the same element in different oxidation states

d) calculate a standard cell potential by combining two standard
electrode potentials

e) use standard cell potentials to:
(i) explain/deduce the direction of electron flow in a simple cell
(ii) predict the spontaneity/feasibility of a reaction

f) deduce from E° values the relative reactivity of elements of
Group 17 (the halogens) as oxidising agents

g) construct redox equations using the relevant half-equations (see
also Section 12.2(d))

h) predict qualitatively how the value of an electrode potential varies
with the concentrations of the aqueous ions
[oxidised species]
i) use the Nernst equation, e.g. E= E° + (0.059/2) log [reduced species]

to predict quantitatively how the value of an electrode potential
varies with the concentrations of the aqueous ions; examples
include Cu*(aq) + 2e = Cu(s), Fe**(aq) + e = Fe*(aq),

CL(g) + 2e” = 2CI (aq)

6.4 Batteries and fuel
cells

a) state the possible advantages of developing other types of cell,
e.g. the H,/0, fuel cell and the nickel-metal hydride and lithium-ion
rechargeable batteries

Back to contents pag
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This topic illustrates that many chemical reactions are reversible and involve an equilibrium process.
The consideration of the many factors that can affect an equilibrium is an important aspect of physical

chemistry.

Learning outcomes
Candidates should be able to:

7.1 Chemical equilibria: a)
reversible reactions,
dynamic equilibrium

¢

d)

el
f)

a)

explain, in terms of rates of the forward and reverse reactions, what is
meant by a reversible reaction and dynamic equilibrium

state Le Chatelier’s principle and apply it to deduce qualitatively

{from appropriate information) the effects of changes in temperature,
concentration or pressure on a system at equilibrium

state whether changes in temperature, concentration or pressure or the
presence of a catalyst affect the value of the equilibrium constant for a
reaction

deduce expressions for equilibrium constants in terms of concentrations,
K., and partial pressures, K, (treatment of the relationship between K,
and K_is not required)

calculate the values of equilibrium constants in terms of concentrations
or partial pressures from appropriate data

calculate the quantities present at equilibrium, given appropriate data
{such calculations will not require the solving of quadratic equations)

describe and explain the conditions used in the Haber process and the
Contact process, as examples of the importance of an understanding of
chemical equilibrium in the chemical industry
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7.2 lonic equilibria a) show understanding of, and use, the Brensted-Lowry theory of acids
and bases, including the use of the conjugate acid, conjugate base
{acid-l base-l, acid-ll base-ll) concept

b) explain qualitatively the differences in behaviour between strong and
weak acids and bases and the pH values of their aqueous solutions in
terms of the extent of dissociation

c) explain the terms pH, K,, pK, and K, and use them in calculations

d) calculate [H'(aq)] and pH values for strong and weak acids and
strong bases

e) explain the choice of suitable indicators for acid-base titrations,
given appropriate data

f) describe the changes in pH during acid-base titrations and explain
these changes in terms of the strengths of the acids and bases

g) (i) explain how buffer solutions control pH

{ii} describe and explain the uses of buffer solutions, including the
role of HCO,™ in controlling pH in blood

h) calculate the pH of buffer solutions, given appropriate data
i) show understanding of, and use, the concept of solubility product,

K,

j) calculate K,, from concentrations and vice versa
k) show understanding of the common ion effect

7.3 Partition coefficients a) state what is meant by a partition coefficient K calculate and
use a partition coefficient for a system in which the solute is in the
same physical state in the two solvents

outube.com/megalectur

Back to contents pag M E G A L E c T U R E org.uk/alevel 25

.megalecture.com

MEGA LECTURE - Stuck on this topic? Free 1-on-1 demo class Take a free test WhatsApp a tutor +92 336 7801123


www.youtube.com/megalecture
https://megalecture.com/go/page?d=7355&to=%2F
https://megalecture.com/go/demo?d=7355
https://megalecture.com/go/quiz?d=7355&s=as-chemistry
https://megalecture.com/go/wa?d=7355&t=Physical+Chemistry+As

Cambridge International AS & A Level Chiin : 4
Syllabus for examination in 2019, 2020 and 2021. WWW. voutube com/meqalecture

26

NS AT

@gmail.com

www.megalecture.com

8 Reaction kinetics

The investigation of the factors that affect the rate of a chemical reaction is important in the study of
physical chemistry. The temperature and the addition of a catalyst can both affect the progression of a

chemical reaction.

Learning outcomes
Candidates should be able to:

8.1 Simple rate
equations, orders
of reaction and rate
constants

a) explain and use the term rate of reaction

b) explain qualitatively, in terms of collisions, the effect of concentration
changes on the rate of a reaction

¢) explain and use the terms rate equation, order of reaction, rate
constant, half-life of a reaction, rate-determining step

d) construct and use rate equations of the form rate = k[A]"[B]" (for
which m and n are 0, 1 or 2), including:

(i) deducing the order of a reaction, or the rate equation for a
reaction, from concentration-time graphs or from experimental
data relating to the initial rates method and half-life method

(ii) interpreting experimental data in graphical form, including
concentration-time and rate-concentration graphs
(i) calculating an initial rate using concentration data
(integrated forms of rate equations are not required)

o) (i) show understanding that the half-life of a first-order reaction is
independent of concentration

(ii) use the half-life of a first-order reaction in calculations

f) calculate the numerical value of a rate constant, for example by
using the initial rates or half-life method

g) for a multi-step reaction:

(i) suggest a reaction mechanism that is consistent with the rate
equation and the equation for the overall reaction

(ii) predict the order that would result from a given reaction
mechanism and vice versa

h) devise a suitable experimental technique for studying the rate of a
reaction, from given information

8.2 Effect of
temperature: on
reaction rates and
rate constants and
the concept of
activation energy

a) explain and use the term activation energy, including reference to the
Boltzmann distribution

b) explain qualitatively, in terms both of the Boltzmann distribution and of
collision frequency, the effect of temperature change on the rate of a
reaction

¢) explain qualitatively the effect of temperature change on the rate
constant and hence the rate of a reaction

Www. youtube.com/megalecture

——— MEGA LECTURE back to contonts page

lecture.com

MEGA LECTURE - Stuck on this topic?

Free 1-on-1 demo class Take a free test WhatsApp a tutor +92 336 7801123


www.youtube.com/megalecture
https://megalecture.com/go/page?d=7355&to=%2F
https://megalecture.com/go/demo?d=7355
https://megalecture.com/go/quiz?d=7355&s=as-chemistry
https://megalecture.com/go/wa?d=7355&t=Physical+Chemistry+As

Online Classes : Megalecture@agmail.com

www.youtube.com/megalecture
www.megalecture.com

Lvampnage Intermnational AS & A Level ULhemisIry ¥/uU1 synanus. >Yllabus content
Syllabus for examination in 2019, 2020 and 2021.

8.3 Homogeneous and
heterogeneous
catalysts including
enzymes

a)
b)

d)

e)

explain and use the term catalysis

explain that catalysts can be homogeneous or heterogeneous

(i) explain that, in the presence of a catalyst, a reaction has a different
mechanism, i.e. one of lower activation energy

(i) interpret this catalytic effect in terms of the Boltzmann distribution

describe enzymes as biological catalysts (proteins) which may have

specificity

outline the different characteristics and modes of action of

homogeneous, heterogeneous and enzyme catalysts, including:

(i) the Haber process
(i) the catalytic removal of oxides of nitrogen from the exhaust
gases of car engines (see also Section 15.3(b)(i})

(iii) the catalytic role of atmospheric oxides of nitrogen in the
oxidation of atmospheric sulfur dioxide (see also Section 13.1(f))

(iv) the catalytic role of Fe** or Fe* in the I/S,0," reaction

(v) the catalytic role of enzymes (including the explanation of
specificity using a simple lock and key model but excluding

inhibition)
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Atomic Sfruefuce

Sub atomic particles and their
properties

Particles Relative meas  Relative charge

Proton 1 +1
neutron 1 0
electron of the meas of proton -1

840

Behavior of proton electrons an of ablative
in an ablative field an magnetic field

= P

In an electric or magnetic field electron are

deflected towards positive pole when proton

are deflected towards negative pole while

neutrons do not deflect as they carry no charge
Electronic configuration

a) The arrangement of electrons in different o
shells and sub shells is called of electronic configuration.
b) Electrons are arranged in different shells and sub shells
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