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How to use this book

Welcome to your OCR A level Chemistry A student
book. In this book you will find a number of features
designed to support your learning.

Chapter openers

Each chapter starts by setting the context for that
chapter’s learning.

« Links to other areas of Chermnistry are shown,
including previous knowledge that is built on in the
chapter and future learning that you will cover later in
your course.

« The All the maths you need checklist helps you to
know what maths skills will be required.

Main content

The main part of the chapter covers all of the points
from the specification you need to learn. The text is
supported by diagrams and photos that will help you
understand the concepts.

Within each topic, you will find the following features:

» Learning objectives at the beginning of each topic
highlight what you need to know and understand.

« Key terms are shown in bold and defined within the
relevant topic for easy reference.

» Worked examples show you how to work through
questions, and how your calculations should be set
out.

« Investigations provide a summary of practical
experiments that explore key concepts.

» Learning tips help you focus your learning and
avoid common errors.

« Did you know? hoxes feature interesting facts to
help you remember the key concepts.

At the end of each topic, you will find questions
that cover what you have just learned. You can use
these questions to help you check whether you have
understood what you have just read, and to identify
anything that you need to look at again. Answers to all
questions in this student book are available at http://
www pearsonschoolsandfecolleges.couk/Secondary/
Science/16Biology/OCR-A-level-Science-2015/
FreeResources/FreeResources.aspx.




Thinking Bigger

At the end of each chapter there is an opportunity
to read and work with real-life research and
writing about science. These sections will help you
to expand your knowledge and develop your own
research and writing techniques. The questions
and tasks will help you to apply your knowledge
to new contexts and to bring together different
aspects of your learning from across the whole
course, The timeline at the bottorn of the spread
highlights which other chapters of your book the
material relates to.

These spreads will give you opportunities to:

« read real-life material that's relevant to your course

« analyse how scientists write

« think critically and consider relevant issues

+ develop your own writing

« understand how different aspects of your learning piece

Practice questions
At the end of each chapter, there are practice questions
to test how fully you have understood the learning,

Answers to all questions in this student book are
available at http://www pearsonschoolsandfecolleges.
co.uk/Secondary/Science/ 16Biology/OCR-A-level-
Science-2015/FreeResources/FreeResources.aspx.

Maths Skills

At the end of the book there is 2 Maths Skills section
that focuses on key mathematical concepts to provide
greater depth of explanation and enhance your
understanding through worked examples.

Preparing for your exams
The book concludes with a section that offers some
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practical advice about preparing for your exams, including sample questions and answers that allow
you to see where common mistakes are made and how you can improve your responses.

Getting the most from your ActiveBook

Your ActiveBook is the perfect way to personalise your learning as you progress through your OCR A

level Chemistry course. You can:

+ access your content online, anytime, anywhere

« use the inbuilt highlighting and annotation tools to personalise the content and make it really

relevant to you

« search the content quickly.

Highlight tool

Use this to pick out key terms or topics so you are ready and prepared for revision.

Annotations tool

Use this to add your own notes, for example, links to your wider reading, such as websites or other
files. Or make a note to remind yourself about work that you need to do.




Physical chemistry and

transition elements

RATES, EQUILIBRIUM
AND pH

Introduction

Why do some reactions happen guickly and others slowly? How do we find out which reactants will change the
speed of a reaction? How do we know how many steps are involved in a chemical reaction? Why are some acids
weak and others strong? Do all reactions go to completion, and can we affect this?

If we can find out exactly how a reaction occurs and what factors affect it, we can manipulate it to make it as
effective and efficient as possible. This is why chemists study reaction kinetics, including rates and equilibrium.

Acids and bases have been known about for many years, but it has taken a lot of research to find out exactly
what it is that makes an acid an acid and a base a base. Acid and base reactions are some of the most important
processes in many chemical and biological systems, so it is helpful to study these reactions in some detail.

In this chapter, you will learn about rates of reactions and the ways in which reactions are influenced by
temperature. You will also learn about the information (about reactants and reaction mechanisms) that can be
obtained from rate equations, rate constants and rate graphs.

You will learn about how to use an equilibrium expression to determine the extent of an equilibrium reaction,
and you will find out about the role of the equilibrium constant in controlling the position of equilibrium. You
will also learn what acids and bases are, how to calculate their pH and why their strength all comes down to
equilibrium.

All the maths you need

To unlock the puzzles of this chapter you need the following maths:

« Recognise and make use of appropriate units in calculations (e.g. determining the units for equilibrium
constants)

Recognise and use expressions in decimal and ordinary form (e.g. quoting equilibrium amounts)

Use an appropriate number of significant figures (e.g. quoting pH values)

« Change the subject of an equation (e.g. finding equilibrium amounts using equilibrium constants)

Use exponential and logarithm functions {e.g. calculating pH)

Use logarithmic scales (e.g. calculating pK, values)

Plot and translate graphical information, including gradients, intercepts, and tangents {e.g. rate graphs)




How collision theory can be used to predict how
changes in conditions influence rates of reactions

How to calculate a rate using a graph of a physical
quantity changing over time

The effect of catalysts on rates of reactions and
how catalysts lower the activation barrier
Dynamic equilibrium

How an equilibrium expression is written

What the magnitude of K_ can tell you about the
position of equilibrium

Acids and bases
Le Chatelier's principle

How titrations and indicators can be used to
determine concentrations of ions such as Fe®*
The acidic behaviour of some organic compounds,
including phenaol and carboxylic acids

The basic behaviour of amines

The acid-base behaviour of amino acids

Orders of reactions: what they are and how they
are determined

How to interpret rate graphs, including how
to determine the rate constant for first order
reactions

What a rate-determining step is, and how to
predict rate eqguations that are consistent with the
rate-determining step

How to calculate further rate constants, including
K. K, and K,

Equilibrium and equilibrium constants

Acids and bases, including how to determine
their pH

Titration curves and how they can be used to
choose suitable indicators
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Orders, rate equations and rate

constants

By the end of this topic, you should be able to demonstrate and apply your knowledge and
understanding of:

use of the terms: rate of reaction, order, overall order, rate constant

explanation and deduction of:
(i) orders from experimental data
(i) a rate equation from orders of the form: rate = kKlA|™B|", where mand nare 0, 1 or 2

calculation of the rate constant, k, and related quantities, from a rate equation including
determination of units

4 ¥ L D[\
Rate of reaction is the change in concentration of a reactant or a product per unit time.
The order with respect to a reactant is the power to which the concentration of the reactant is raised in the rate

eqguation.

The rate constant, k, is the constant that links the rate of reaction with the concentrations of the reactants
raised to the powers of their orders in the rate equation.

The rate equation for a reaction A + B — C is given by: rate = kIA]™[B]"

where m s the order of reaction with respect to A and n is the order of reaction with respect to B.

The overall order of a reaction is the sum of the individual orders, m + n

You learnt about collision theory in Book 1, topic 3.2.7. You will recall that reactions only proceed
when successful collisions occur — that is, particles must collide with the correct orientation and with
enough energy to overcome the activation barrier (i.e. the activation energy). How frequently these
successful collisions occur will determine the rate of a reaction.

Rate of reaction

The amount of reactant that is used up, or the amount of product that is made, over a given time is
known as the rate of reaction.

change in concentration of reactant or product

rate of reaction = -
time

Rates are usually measured in moldm™s~" {mol per dm?® per s), but other units may sometimes be more
appropriate. If a reaction is very slow; a larger timescale (such as minutes) may be used. In this case,
the units would be mol dm™ min~. If it is difficult to measure the concentration, you may use another
measuremnent which allows you to monitor the amount of a product or reactant. For example, if a gas is
produced in a reaction, you could measure the volume of gas produced over a time period. In this case,
the units would be cm?s™.

Orders of reactions

If more than one reactant is involved in a reaction, each reactant can affect the rate of the reaction
differently. The effect of the individual reactants is described by stating an order with respect to each
reactant.

Consider a reactant, A. Its concentration affects the rate of a reaction. This can be expressed
mathematically as:

rate = [A]*



Rates, equilibrium and pH

Square brackets are used to show a concentration.
The x denotes any power to which the concentration of A is raised.
= means ‘is proportional to".

You would read the expression rate = [Al* as ‘rate is proportional to the concentration of A, raised to the power x".

The order is always specific to each of the reactants present. There are three main types of order

If the order is 0 with respect to a reactant A, then: rate = [A]°
+ The rate is unaffected by changing the concentration of A.

+ Note that any number to the power 0 is equal to 1.

If the order is 1 with respect to a reactant B, then: rate = [B]'
The rate is directly proportional to the concentration.
» If [B] increases by 2 times, the rate also increases by 2 times.

» If [B] increases by 3 times, the rate also increases by 3 times.

If the order is 2 with respect to a reactant C, then: rate = [C)?
The change in rate will be equal to the change in concentration squared.
« If [C]increases by 2 times, the rate increases by 2¢ = 4 times.

« If [C]increases by 3 times, the rate increases by 3% = 9 times.

Chemists use rate equations to mathematically express the influence each reactant has on a reaction.
Take the reaction A + B + C — products

If the orders for A, B and C were ¥, y and z respectively, you could write the following expression for
the rate;
rate = [AF[BP|CF

The sign for proportional can be removed if' a constant is added into the equation. Chemists use the
rate constant, k. The rate constant links the concentrations and orders of reactants to the rate. The
expression then becomes a rate equation:

rate = f[AP[BPICF

You do not need to explain why k can be used to replace the sign for proportional in the rate equation.

Notice that the rate constant is a lower-case k. Do not use an upper-case K, as this is a different constant that
you will encounter later in the course. K is also the chemical symbol for potassium, so if potassium appears in a
chemical equation, the use of a capital K for the rate constant would generate confusion.

If any reactant is zero order then it will not appear in the rate equation. This is because it does not
affect the rate. For instance, in our example above, where the orders are 0, 1 and 2 with respect to A,
B and C, the rate equation would be:

rate = K A]"B]YC)
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However, because any number raised to the power zero = 1, that reactant can be removed. Powers
of 1 can also be omitted from outside the brackets. Do not remove the reactant from the rate
equation though! Therefore this rate equation would become:

rate = k[B)[C)*

Overall order
The overall order of a reaction is the sum of the individual orders.

In the example above, rate = A[B]'[C)* and the overall order is 1 + 2, which is 3.

The rate equation can be determined only from experimental results. Note that the orders are not the
same as the numbers used to balance an equation.

Remember, dm? mol= s is the same as dm®/mol/s or dm? per mol persecond. This is because if a quantity x is
divided by a quantity y, the division x/y, can be replaced by multiplying x by y raised to the power —1: x y .

Calculating the value and units for rate constants
The rate constant is calculated by substituting values for concentration and rates into the rate
equation and rearranging to find k.

The units of & depend on the overall order of the rate reaction. The units of k are determined by
substituting units for rate and concentration into the rate equation.

Zeroorderrate = A=k k= raTte units of & = moldm=*s! =moldm s
moldar¥s™!
First order, rate = KA k= % units of k= Li ] m} =gl
- 2 - Hae i = _[mnl-dﬁ’f‘*?s“:l = Adm? -1 -1
Second order, rate = A{A] k AP units of & (ol dm—F dm*mol™'s
: B : _ rate : B (rnetem™s ™) o B
Third order, rate = A{A]Y[B] &= (A (B] units of k= (mol am=" (m = dm®mol 25!

WORKED EXAMPLE 1

The following experimental results were obtained for the reaction A + B + C — products

Experiment Concentration of reactants/mol dm3 5 o
dliber A B C ate/moldm~s
1 1.0 x 10° 1.0 x 10° 1.0 x 10° 3.0 % 10°

2 2.0 x 10° 1.0 x 107 1.0 % 10° 6.0 x 10°

3 1.0 x 102 2.0 x 10? 1.0 x 102 3.0 x 104

4 1.0 x 102 1.0 x 102 2.0 x 10? 12.0 x 10%

Use these results to determine the order with respect to each reactant and the overall order.

Write a rate equation for the reaction.

« Between experiment 1 and experiment 2, the concentration of A has doubled. The rate has also doubled.
The order with respect to reactant A is first order.

« Between experiment 1 and experiment 3, the concentration of B has doubled. The rate has remained
unchanged. The order with respect to reactant B is zero order.

« Between experiment 1 and experiment 4, the concentration of C has doubled. The rate has increased by 4,
i.e. 2% This is equal to the change in concentration squared. The order with respect to C is second order.

The rate equation can be written as:
rate = k [AI[BI"[C]?
This can be simplified to:
rate = KIAIIC*
The overall order of the reaction is third orderas 1 + 2 = 3.





