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What to Expect in the Exams

Befare you get cracking with your revision, here's a handy guide to what you'll have to face in the exams
— and the special features of this book that we've included especially to help you. You're welcome.

@ Topics are Covered in Different Papers
For GCSE Chemistry, you'll sit two_exam

" : Paper Time Mo, of marks  Topics Assessed

at the end of your course. :

RSN Ol e 1| 1hr 45 mins 100 1,23 4and 5
= You're expected to know the basic = 2 | 1 hr45 mins 100 6,7, 8 9and 10
= cancepts of chemistry in both papers. =

.;||||||||1||||.||-..'|I-|'||.'||'J'|"7

@ There are Different Question Types

In each exam, you'll be expected to answer a mixture of multiple choice questions, structured questions,
guestions that have short, closed answers as well as open response questions

For some open response questions, yl:ru'“ e Always make sure;
marked on the gverall quality of your answer, You answer the
on the oy ' question fully.
not just its scientific content, So., mmmmse®® | You include detailed, relevant information

* Your answer is glear and has a logical structure,

@ You'll be Tested on your Maths...

At least 20% of the total marks for GCSE Chemistry
will come from questions that test your maths skills.
For these questions, always remember Lo

Lok aut far these worked examples in this book
= they show you maths skills you'll need in the exam.

*  Show your working — you could get marks for this, even if your final answer's wrong
o Check that the units of your answer are the same as the ones they asked for in the guestion,
*  Make sure your answer is given to an appropriate number of significant figures

(4) ...and on your Practical Skills

+  GCSE Chemistry cantains B required practical activities that you'll do during the course.

Wlm."mr ﬂ.”.c.nf Lhtm You can be asked about these, and the practical skills invelved in them, in the exams.
practical acthities crops up in
"::" ook, itz matked up like + Al least 15% of the total marks will be for questions that test your
. understanding of the practical activities and practical skills
PRACTICAL

*  For example, you might be asked to comment on the design of an experiment
T T R e P {the apparatus and method), make predictions, analyse or interpret results..
Practical Skills on pages 107-110 Pretty much anything te do with planning and carrying out the investigations.

@ You’ll need to know about Working Scientifically

Working Scientifically 1s all about how science is applied in the outside world by real scientists.

:'ull||:|J|||||,”||I.“”|_I

For example, you might be asked about ways that scientists communicate an idea to get = Working Scientifically is

their point across without being biased, or about the limitations of a scientific theory. " ::‘I:':‘-:Ti“’] pages 2-11
ALY R N RAETAL:

g

b
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You need to think about the situation that you've been given and use all your scientific sawvy to answer the question.
Always read the question and any data you've been given really carelully before you start writing your answer.



Chemistry revision? CGP has the solution...

No doubt about it, GCSE Chemistry is a tough subject. Luckily, this CGP book
is crammed full of info, from facts and theory to practical skills — and what's mare,
there are practice questions on each page to help you sharpen up your exam skills.

CGP — still the best! ©

Our sole aim here at CGP is to produce the highest quality books —
carefully written, immaculately presented and dangerously close to being funny.

Then we work our socks off to get them out to you
— at the cheapest possible prices.
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2 Working Scientifically

The Scientific Method

This section isn't about how to 'do’ science — but it does show you the way most scientists work.

Scientists Come Up With Hypotheses — Then Test Them

1) Scientists try to explain things. They start by observing something they don't understand.

2) They then come up with a hypothesic — a possible explanation for what they've observed.

3) The next step is to test whether the hypothesis might be right or not. This involves
making a prediction based on the hypothesis and testing it by gathering evidence

About 100 years

ago, soentists

(i.e. dala) from investigations. If evidence from experiments backs up a prediction, hypothesised that
you're a step closer to figuring out if the hypothesis is true. atoms looked like this.

Several Scientists Will Test a Hypothesis

1) Normally, scientists ghare their findings in peer-reviewed journals, or at conferences. :
2) Peer-review is where other scienticts check results and scientific explanations to make
sure they're 'sclentific’ (e.g. that experiments have been done in a sensible way)

balore they're published. It helps to detect lalse claims, but it doesn't mean that .
findings are correct — just that they're not wrong in any obvious way. e e -
3) Once other scientiste have found out about a hypothesis, they'll start basing their was gathered, scientists
own_pradictions on it and carry out their own experiments. They'll also try to changed their
reproduce the original experiments to check the results — and if all the experiments nypothess o thi

in the world back up the hypothesis, then solenfists start to think the hypothesis is true.

4) However, if a svientist does an experiment that doesn't fit with the hypothesis (and other scientists
can reproduce the results) then the hypothesis may need to be modified or serapped altogether.

If All the Evidence Supports a Hypothesis, It's Accepted — For Now

1) Accepted hypotheses are often referred to as theories. Our gurrently
accepted theories are the ones that have survived this 'trial by evidence'

— they've been fested many times over the years and gurvived.

2) However, theories never become totally indisputable fact. If new evidence comes
along that can't be explained using the existing theory, then the hypothesising and

testing is likely o start all over again. Nnr:-:l t:u ﬂlr.
Theories Can Involve Different Types of Models
1) A representational model is a simplified description or picture of what's I T Ty T o—

going on in real life. Like all models, it can be used to explain observations < Scientists test madels by carrying r’.:
and make predictions. E.g. the Bohr model of an atom is a simplified <. P srpmiments Lo, cueck that the. =
way of showing the arrangement of electrons in an atom (see p.19). % happen as expected
It can be used to explain trends down groups in the periodic table. T I

2) Computational models use computers to make simulations of complex real-life processes, such as
climate change. They're used when there are a lot of different variables (factors that change) to
congider, and because you can easily change their design to take into account new data.

3) All models have limitations on what they can explain or predict. E.g. ball and stick models (a type
of gpatial model) can be used to show how ions are arranged in an ionic compound. One of their
limitations iz that they don't show the relative sizes of the ions (see p.30).

predictions made oy the model

frar

I’'m off to the zoo to test my hippo-thesis...

The scientific method has developed over time, and many people have helped to develop it. From Aristotle to
modern day scientisis, lots of people have contributed. And many more are likely to contribute in the future.

Working Scientifically
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Communication & Issues Created by Science

Scientific developments can be great, but they can sometimes raise more questions than they answer...

It’s Important to Communicate Scientific Discoveries to the General Public

Some scientific discoveries show that people should change their habits, or they might provide ideas that
could be developed into new technology. 8o scientists need to tell the world about their discoveries.

Technologies are being developed that make use of fullerenes (see p.34). These include drug delivery
systems for use in medicine. Information about these systems needs to be communicated to doctors

o they can uge them, and to patients, so they can make informed decisions about their treatment.

Scientific Evidence can be Presented in a Biased Way

1) Reports about scientific discoveries in the media (e.g. newspapers or television) aren't peer-reviewed.

2) This means that, even though news stories are often baged on data that has been peer-reviewed, the data
might be presented in a way that is over-gimplified or inaceurate, making it open to misinterpretation.

3) People who want to make a point can sometimes present data in a biaged way. (Sometimes without

knowing they're doing it.) For example, a scientist might overemphasise o relationship in the data, or a
newspaper arficle might describe details of data supporting an idea without giving any evidence against it.

Scientific Developments are Great, but they can Raise Issues
Bcientific knowledge s increased by doing experiments. And this knowledge leads to scientific developments,

e.g. new technologies or new advice. These developments can oreate isgues though. For example:

gonomic issues: Boolety can't always Qocial igsues: Decisions based on scientific evidence affect
afford to do things scientists recommend people — e.g. nhould fossil l-'ualn ha inxa:l more hlghlg?

(e.g. investing in alternative energy sources)
without gutting back elsewhere.

Environmental issues: Human activity often affects the
Pergonal issues: Bome decisions will affect  natural environment. For example, building a dam to

individuals. For example, someone might produce electticity will change the local habitat so some
support alternative energy, but object if a species might be displaced. But it will also reduce our
wind farm is built next to their house, need for foasil fuels, so will help to reduce climate change.

Science Can’t Answer Every Question — Especially Ethical Ones

1) We don't understand everything. We're always finding out more, but we'll never know all the answers.
2) In order to answer scientific questions, scientists need data to provide evidence for their hypotheses.

3) Some questions can't be answered yet because the data can't currently be collected,
or because there's not enough data to support a theory.

4) Eventually, as we get more evidence, we'll answer some of the questions that currently can't be
answered, e.g. what the impact of global warming on sea levels will be., But there will always be the
“Shoul e doing this at all?7"-type questions that experiments can't help us to answer...

Think about new drugs which can be taken to boost your ‘brain power'.
* Some people think they're pood as they could improve concentration or memory.
New drugs could let people think in ways beyond the powers of normal brains.

+  Other people say they're bad — they could give you an unfair advantage in exams. And people —
might be pressured into taking them zo that they could work more effectively, and for longer hﬂur

Tea to milk or milk to tea? — Totally unanswerable by science...

Science can’t tell you whether or not vou should do something. That for vou and society to decide. But there are
lons of questions science might be able to answer, like where life came from and where my superhero socks are.

Working Scientifically
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Risk
By reading thiz page you are agreeing to the risk of a paper cut or severe drowsiness...

Nothing is Completely Risk-Free ‘

1) A hazard is something that could potentially cause harm.
2) All hazards have a rick atached o them — 4his is the chance that the hazard will cause harm,

3) The risks of some things seem pretty obvious, or we've known about them for a while, like the risk of
causing acid rain by polluting the atmosphere, or of having a car accident when you're travelling in a car.

4) New technology arising from scientific advances can bring new risks, e.g. scienfists are unsure whether
nanoparticles that are being used in cosmetics and suncream might be harming the cells in our bodies.
These risks need to be considered alongside the benefite of the technology, e.g. improved sun protection.

6) You can estimate the gize of a risk based on how many times something happens in a big sample (e.g.
100000 people) over a given period (e.g. a year). For example, you could assess the risk of a driver
crashing by recording how many people in a group of 100000 drivers crashed their cars over a year.

6) To make decisions about activities that involve hazards, we need to take into account the chance of
the hazard causing harm, and how gerious the consequences would be if it did. If an activity involves a
hazard that's very likely to cause harm, with gerious congsequences if it does, it's considered high risk.

People Make Their Own Decisions About Risk

1) Not all risks have the same gongequences, e.g. if you chop veg with a sharp knife you risk cutting your
finger, but if you go scuba-diving you risk death. You're much more likely to cut your finger during

half an hour of chopping than to die during half an hour of gguba-diving. But most people are happier
to accept a higher probability of an accident If the gongequences are ghort-lived and fairly minor.

2) People tend to be more willing to accept a risk if they chooge to do something (e.g. go scuba diving),
compared to having the risk jmposed on them (e.g. having a nuclear power station built next door).

3) People's perception of risk (how risky they think something is) lsn't always accurate. They tend to
view familiar activities as low-riek and unfamiliar activities as high-risk — even if that's not the case.
For example, cycling on roads is often high-risk, but many people are happy to do it because it's a
familiar activity. Air travel is actually pretty gafe, but a lot of people perceive it as high-rick.

4) People may over-estimate the risk of things with long-term or invisible effects, e.g. ionising radiation.

Investigations Can be Hazardous P

— . d r——
1) Hazards from science experiments might include: i “_:L":n;'“ )
*  Microorganisms, e.g. some bacteria can make you ill.
* Chemicals, e.g. sulfuric acid can burn your skin and alcohols catch fire easily.
* Fire, e.g. an unattended Bunsen burner is a fire hazard.
*  Electricity, e.g. faulty electrical equipment could give you a shock. % \‘

2) Part of planning an investigation is making sure that it's safe.

3) You should always make sure that you identify all the hazards that you might encounter. Then you
should think of ways of reducing the ricks from the hazards you've identified. For example:

= If you're working with sulfuric acid, always wear gloves and safety gnggles. This will reduce
the risk of the acid coming into contact with your skin and eyes. /' "!vh i,

Ao 1 i about o '
* If you're using a Bunsen burner, stand it on a heat proof mat. Y con find out bout poental hazards
This will reduce the risk of starting a fire.

by looking in textbooks, doin g some
Internet research, o asking your teacher
.IIIII|||II|II|||I|||I|I|I|.|I'-

.__'.lll.'l|
LI TTRNNEE

Not revising — an unacceptable exam hazard...

The world’s a dangerous place, but if yvou can recognise hazards, decide how to reduce their risks, and be happy to
accept some risks, you can still have fun. Just maybe don™ go skydiving with a great white shark on Friday 13th.

Working Scientifically



Designing Investigations

Dig out your lab coat and dust down your badly-scratched safety goggles... it's investigation time.

Investigations Produce Evidence to Support or Disprove a Hypothesis

1) S8cientists observe things and come up with hypotheses to explain them (see p.2).

You need fo be able to do the same. For example:

Ohbservation: People have big feet and spots. Hypothesis: Having big feet causes spots.

2) To determine whether or not a hypothesis is right, you need to do an investigation to gather
evidence. To do thig, you need to use your hypothesis to make a prediction — something you
think will happen that you can test. E.g. people who have bigger feet will have more spots.

3) Investigations are used to see if there are patterns or relationships between fwo variables, e.g. to
see if there's a pattern or relationship between the variables ‘number of spots' and 'size of feet’.

Evidence Needs to be Repeatable, Reproducible and Valid

YA FAARENERR]

1) Repeatable means that if the game pergon does an experiment again using B et
the game methods and equipment, they'll get gimilar results. = include experiments
2) Reproducible means that if gomeone else does the experiment, or a different =, | ,","I‘*_.‘,‘;'I":‘fl il

method or piece of equipment is used, the results will still be gimilar.
3) If data is repeatable and reproducible, it's relinble and scientists are more likely o have confidence in it.

4) Valid resulls are both repeatable and reproducible AND they answer the original question.
They come from experiments that were designed to be a FAIR TEST...

To Make an Investigation a Fair Test You Have to Control the Variables

1) In alab experiment you usually change one variable and measure how it affects another variable.

2) To make it a fair test, everything else that could affect the results should gtay the same
— otherwise you can't tell if the thing you're changing is causing the results or not.

3) The variable you CHANGE is called the INDEPENDENT variable.
4) The variable you MEASURE when you change the independent variable is the DEPENDENT variable.
§) The variables that you KEEP THE BAME are called CONTROL variables.

You could find how temperature affects reaction rate by measuring the volume of gas formed over time.

The independent variable is the temperature. The dependent variable is the volume of gas produced.
Control variables include the concentration and amounts of reactants, the time period you measure, etc.

6) Because you can't always control all the variables, you often need to use a control experiment. This is
an experiment that's kept under the same conditions as the rest of the investigation, but doesn't have
anything done fo it. This is so that you can see what happens when you don't change anything at all.

The Bigger the Sample Size the Better

1) Data based on small samples izn't as good as data based on large samples. A sample should represent
the whole population (i.e. it should share ag many of the characteristics in the population as possible) —

a small sample can't do that as well. 1t's also harder to spot anomalies if your sample size is too small.

2) The bigger the sample size the better, but scientists have to be realistic when choosing how big.
For example, if you were studying the effects of a chemical used to sterilise water on the people drinking
it, it'd be great to study everuone who was drinking the water (a huge sample). but it'd take ages and
cost a bomb. It's more realistic to study a thousand people, with a mixture of ages, gender, and race.

This is no high street survey — it’s a designer investigation...

Not only do vou need o be able to plan your own investigations, you should also be able to look at someone else’s
plan and decide whether or not it needs improving. Those examiners aren’t halF demanding.

Working Scientifically



Collecting Data

You've designed the perfect investigation — now it's time to get your hands mucky and collect some data.

Your Data Should be Repeatable, Reproducible, Accurate and Precise

1) To check repeatability you need to repeat the readings and check that the results are similar.
You need to repeat each reading at least three {imes. o
a

2) To make sure your results are reproducible you can cross check them by taking a
second set of readings with another instrument (or a different observer),

3) Your data aleo needs to be ACCURATE, Really accurate resulte are those

Uk a'd _!

(k%
| v Brian's result

' was A curate

that are really cloge to the frue answer. The accuracy of your results usually

depends on your method — you need to make sure you're measuring the Repest | Owia et | Detasel 2
right thing and that you don't miss anything that should be included in the . L. s
measuremente. E.g. estimating the amount of gas released from a reaction = L. L
by counting the bubbles ien't very accurate because you might miss some of |2 = -
the bubbles and they might have different volumes. It's more acourate to L = -

measure the volume of gas released using a gos syringe (see p.107). Data set 1 is mare precis
Lhdn dats get
4) Your data aleo needs fo be PRECISE. Precise resulte are ones where the data is all g
reilly close to the mean (average) of your repeated results (i.e. not spread out). . J

Your Equipment has to be Right for the Job ‘

1) The measuring equipment you use has to be gensitive enough to measure the changes you're looking for.
For example, if you need to measure changes of 1 em® you need to use a measuring cylinder or burette
that can measure in 1 em” steps — it'd be no good trying with one that only measures 10 om? steps.

2) The gmallest change a measuring instrument can detect is called its RESOLUTION. E.g. some mass
balances have a resolution of 1 g, some have a resolution of 0.1 g, and some are even more sensitive.

3) Also, equipment needs fo be galibrated by measuring a known value. If there's a difference between the
measured and known value, you can use this to correct the inaccuracy of the equipment.

You Need to Look out for Errors and Anomalous Results

1) The results of your experiment will always vary o bil because of RANDOM ERRORS — unpredictable
differences caused by things like human errors in measuring. The errors when you make a reading
from a burette are random. You have to estimate or round the level when it's between two marks
— s0 sometimes your figure will be a bit above the real one, and sometimes it will be a bit below.

2) You can reduce the effect of random errors by taking repeal readings and

finding the mean. This will make your results more precise,
3) If a measurement is wrong by the same amount every time, it's called LT
a SYSTEMATIC ERROR, For example, if you measured from the = If there's no sﬁma'tjl' ;-"r.'«}r“';
very end of your ruler instead of from the O cm mark every time, all your - I”"'I':“ doing repeats and = =
measurements would be a bit small. Repeating the experiment in the exact - ';!:” NG A mean can make =
_—} U Fesuits more Accurate =

same way and calculating a mean won't correct a systematic error,
4) Just to make things more complicated, if a systematic error is caused by using
equipment that isn't zeroed properly, it's called a ZERO ERROR. For example, if a mass balance
always reads 1 gram before you put anything on it, all your measurements will be 1 gram too heavy.
5) You can compensate for some systematic errors if you know about them though, e.g. if your mass
balance always reads 1 gram before you put anything on it you can subtract 1 gram from all your results.
68) Sometimes you get a result that doesn't fit in with the rest at all. This is called an ANOMALOLIS
RESULT. You should investigate it and try to work out what happened. W you can work out what
happened (e.g. you measured something totally wrong) you can ignore it when processing your results.

] i
iy NN TN R ETIL

Watch what you say to that mass balance — it’s very sensitive...

Weirdly, data can be really precise but not very accurate. Uor example, a fancy piece of lab equipment might give
resulis that are really precise, but it its not been calibrated properly those results won't be accurate.

Working Scientifically



Processing and Presenting Data

Processing your data means doing some galculations with it to make it more useful. Once you've done
that, you can present your results in a nice chart or graph to help you spot any patterns in your data.

Data Needs to be Organised

1) Tables are dead useful for organising data.
2) When you draw a table use a ruler and make sure each column has a heading (including the units).

You Might Have to Process Your Data
1) When you've done repeats of an experiment you should always caleulate the mean (average).
To do this add together all the data values and divide by the total number of values in the sample.

2) You might aleo need to calculate the range (how spread out the data is). = R A b
To do this find the largest number and gubtract the gmallest number from it. ..{——:: S A Gl

> zabeulating th
m'ﬁu results of an experiment to find the mass of gas lost from two reactions /111111
are shown below. CFnInulnt: the mean and the range for the mass of gas lost in each reaction.
Test tube | Repeat 1 (g) | Repeat 2 (g) | Repeat 3 ()| Mean (g) “Renge (@

A 28 37 32 (28 +37 +32)+3=32 |37 -28=9
B 47 51 60 (47 +51 + 60) + 3 =53 |60 - 47 =13

Round to the Lowest Number of Significant Figures

The firet significant figure of a number i the firet digit that's not zero. The second and third significant
figures come giraight after (even if they're zeros). You should be aware of significant figures in calculations.
1) In any caleulation, you should round the answer to the lowest number of significant figures (s.f.) given.

2) Remember to write down how many significant figures you've rounded to after your answer.
3) I your calculation has multiple steps, only round the final answer, or it won't be as accurate.

m The volume of one mole of gas is 24.0 dm® at room temperature and pressure.
How many moles are there in 4.6 dm® of gas under the same conditions?
Mo. of moles of gas = 4.6 dm’ + 240 dm’ = 919155 =019 mol (2 sf)— Final answer should
N9 of —_— ke rounded to 2 5F

If Your Data Comes in Categories, Present It in a Bar Chart
1) If the independent variable is categoric (comes in distinet categories,

e.g. alkane chain length, metals) you should use a bar chart to display the data.

2) You also use them if the independent variable iz discrete (the data can be counted in chunks, where
there's no in-between value, e.g. number of protons is discrete because you can't have half a proton).

3) There are some golden rules you need to follow for drawing bar charts:

The scale needs to be
inear [there should
be gqual values for

each dnasion).

Iff'
.

[= R - T - R |
1

If you've got more than one

D Fmggaﬁlahﬂ#-‘:" sel of data inchude 3 ke

T [] Broceoliland

Draw it rice and big {coverng at
Bemember ta

least half a prJ aph paper]
include the units 5
T —— / Chocolate Mint mmwbuww} Leave a gap between different categories
; B |ga cream favour =y
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8
~IfYour Data is Continuous, Plot a Graph

If both variables are continuous (numerical data that can .hEVB any value within a range,
e.g. length, volume, temperature) you should use a graph to display the data.

Here are the rules for plotting points on a graph:

[0 p!ur [aints,

uie a ‘.hlrp | "< x '.'
Llse trr baggest data [ { AT |
Iiisser) pencil and make
--h-n- Lu e qol bo draw a Etﬂﬂh_f_ﬂ_ﬂlm-'ﬁ'—m F"—"J il N -
L = neat fithle crosse FRLE CREAF smudged
#nl Ll OFf yOuUE aKes Formed Aﬂﬂlhﬂl’ Time y b wark ykaiei,
% [don't da kloks) mar wurclear marks
Here, U ||r’r|', amaunl of QE A 3 1 1 1 1l | |
product Tormed s B8 cm!', i
s0 1 makes sense to label £ 5l IF you're asked ko draw a [ing (or curve) of
the y-axss up to 10 em' é ey kst fit, draw a line thrguah or as near to
P as many paints as pegaible, ignoring any
4 [ [ anemalous resubts. Dion't join the crosses up
The dependent vanable |
goes on the ¥ AN / i andamiloun reall )
(Uhe verlica .-::.-:l | Driw it nice and kg (cover g at
east half of the graph paper)
The independent varable goes en ﬂn ir, '
the s=asis (the horizonial one = —_rr Rermemiber bo anelude ey
e s —-*Tlrhu {nj

Graphs Can Give You a Lot of Information About Your Data

1) The gradient (slope) of a graph tells you how g
quickly the dependent variable changes If you gradient = M
change the independent varinhle. e—. change in X

This graph shows the volume of gas produced in a reaction against ﬂm E

The graph is linear (it's a straight line graph), so you can simplu | 4 lr
calculate the gradient of the line to find out the rate of reaction E. ' ;Il"' '3}
1) To caleulate the gradient, pick two points on the line : !
that are easy to read and a good distance apart. 1t
:- 7 S S Y !
2) Draw a line down from one of the points and a line across from the Tirna ()
other to make a friangle. The line drawn down the side of the triangle s VR S,
is the change in y and the line across the bottom is the change in x. = calculate other rates o : ;"
Change iny = 6.8 - 2.0 = 4.8 em* Changeinx =5.2-1.6 = 365 = ik remamt 1€ of o reaction
- B El'lﬁrlgﬂ in Y % 4.8 om?® . i MMiih semething :1 .1|'.= ::_I.l:A -
Rele = gradient = changeinx ~ 3.6s L2 erfs %, 40 X needs 10 be the time =

2
i II|| [RATI

Phi
The units of the aradient are {units tl.‘y:l-"{unit!- of x}, em'fs can also ke written as ¢m's”!

e

2) To find the gradient of a curve at a gertain point, draw a tangent to the curve at that point
and then find the gradient of the tangent. See page 71 for details on how to do this.

3) The intercept of a graph is where the line of best fit crosses one of the axes. The x-intercept is
where the line of best fit crosses the x-axis and the y-intercept is where it crosses the y-axis.

Graphs Show the Relationship Between Two Variables

1) You can get three types of correlation
(relationship) between variables: ==—s-.
2) Just because there's correlation,
it doesn't mean the change in one

F -
variable is causing the change in POSITIVE correlation:  INVERS atiiue) correlation MICY coerelation
the other — there I'I'Ilgl'l'l be as one variable increases as one vanable ingreases mo relationship betweern
other factors involved (cee page 10). the other increases, the other decreases the two variables

I love eating apples — I call it core elation...

Science is all about finding relationships between things., And [ don't mean that chemists gather together in
corners 1o discuss whether or not Devini and Sebastian might be a couple... though they probably do that too.

Working Scientifically



Units and Equations

Graphs and maths skills are all very well, but the numbers don't mean much if you can't get the units right.

S.1. Units Are Used All Round the World
1) It wouldn't be all that useful if | defined volume in terms of bath tubs,

you defined it in terms of egg-cups and my pal Barwat defined it in Quantity 5.1. Base Unit
terms of balloongs — we'd never be able to compare our data, : _mass. | kilogram, kg

2) To stop this happening, scientists have come up with a set of length | merem
standard units, called 8.1. units, that all sclentists use to meﬂ% tirme | second, s
their data. Here are some 8.1. unite you'll see in chemistry: =

amount of a substance mole, mol

Scaling Prefixes Can Be Used for Large and Small Quantities
1) Quantities come in a huge range of sizes. For example, the volume of a swimming pool
might be around 2 000 000 000 em®, while the volume of a cup is around 260 om?.

2) To make the size of numbers more manageable, larger or smaller units are used.
These are the 8.1, bage unit (e.g. metres) with a prefix in front:

tera (T) | giga [5) megd (V1) kile (k) | eeci (d) | centi (¢ | millh {rri) micra () | nang n) ‘

1o 10" 1 000 C0o oM | 1050 (3 o001 [ 0,001 | 0.C0000 (10 [ 107 |

. RN AR AN NN AR NN TY

3) These prefixes tell you how much bigger or smaller a unit ia = The conversion fackor is the number of times =
than the base unit. 8o one kilometre is one thousand metres. = bhe smaller unit goes into the larger unit

TINd L LN R und v ppnnnafadng 1t

4) To gwap from one unit to another, all you need to know is what number you have to divide or )
multiply by to get from the original unit to the new unit — this ie called the conversion factor. <

* To go from a bigger unit (like m) to a gmaller unit (like em), you multiply by the conversion factor.
*  To go from a gmaller unit (like g) to a bigger unit (like kg), you divide by the conversion factor.

5) Here are come conversions that'll be ugeful for GCSE chemistry:

Mass can have Energy can have Volume can have units of Concentration can have units
units of kg and g. | | units of J and k). | | m® dm® and em?, of mol/dm?® and mol/em?.
x 1000 ¥ 1000 11000  «19€0 1000
kfw_ 8 klw m'y__dm'y _ em? maol/dm? E mol/cm?
+ 1000 = 1000 1000 10000 « 1000

Always Check The Values Used in Equations Have the Right Units

1) Formulas and equations show r

relationships between variables | You can find the number of s of something using the
T S — equation: moles = mass + molar mass.
2) To rearrange an equation, make sure that B

You can rearranae this equation to find the mass b
whatever you do to one cide of the equation | e b ; ek 2t y
et each side by molar mass to give: mass = moles x molar mass.
you algo do to the other side. e -

3) To use a formula, you need to know the values of all but one of the variables. Substituie the

values you do know into the formula, and do the calculation to work out the final variable.

4) Always make sure the values you put into an equation or formula have the right unifz. For example, you
might have done a titration experiment to work out the concentration of a solution. The volume of the
solution will probably have been measured in em®, but the equation to find concentration uses volume in
dm®. 8o you'll have to convert your volume from em® to dm?® before you put it into the equation.

Iwasn’t sure I liked units, but now I'm converted...

It's easy to get in a muddle when converting between units, but there’s a handy way to check you've done it right.
If you're moving from a smaller unit to a larger unit (e.g. g to kg) the number should get smaller, and vice versa.

Working Scientifically



10

Drawing Conclusions

Congratulations — you're neatly at the end of a gruelling investigation, time to draw conclusions.

You Can Only Conclude What the Data Shows and NO MORE

1) Drawing conclusions might seem pretty straightforward — you just look at your data and
say what pattern or relationship you see between the dependent and independent variables.

The table on the ﬁgl'lf Catalyst Rate of resction [em®a) MM:

shows the rate of a A 19.5 Catalyst B makes this
reaction in the presence of B 19.6 reaction go faster
two different catalysts: No oatalyst 55 than catalyst A.

2) But you've Efﬂ to be really careful that You gan't conclude that catalyst B increases the
yuu:' conclusion IﬂEﬂ..P.H.Lth.Ldﬂm - rate of any other reaction more than catalyst A
you've got and doegn't go any further. — the resulta might be completely different.

3) You also need to be able to use your resulis
to justify your conclusion (i.e. back up The rate of this reaction was § gm”/s fagter
your conclusion with some specific data). == | using catalyst B compared with catalyst A.

4) When writing a conclugion you need fo refer back to the original hypothesis and say whether the data

supports if or not: | The hypothesis for this experiment might have been that
catalyst B would make the reaction go guicker than
catalyst A, If so, the data supports the hypothesis.

Correlation DOES NOT Mean Cause

If two things are correlated (i.e. there's a relationship between them) it doesn't necessarily mean a change
in one variable is causing the change in the other — this is REALLY IMPORTANT — DON'T FORGET IT.

There are three possible reasong for a correlation:
1) CHANCE: It might seem strange, but two things can show a correlation purely due to chance.

For example, one study might find a correlation between people's hair colour
and how good they are at frisbee. But other scientiste don't get a correlation
when they investigate it — the results of the first study are just a fluke.

2) LINKED BY A 3RD VARIABLE: A lot of the time it may look as if a change in one variable
is causing a change in the other, but it isn't — a third variable links the two things.

For example, there's a correlation between water temperature and shark attacks. -
This isn't because warmer water makes sharks crazy. Instead, they're linked by
a third variable — the number of people swimming (more people swim when the
water's hoHer, and with more people in the water you get more shark attacks).

=

3) CAUSE: Sometimes a change in one variable does cause a change in the
other. You can only conclude that a correlation is due to cause when you've T
controlled all the variables that could, just could, be affecting the result. KRN

For example, there's a correlation between smoking and lung cancer. This is because ™ 3
chemicals in fobacco smoke cause lung cancer. This conclusion was only made
once other variables (such as age and exposure to other things that cause cancer) J
had been confrolled and shown not 4o affect people’s risk of getting lung cancer.

I conclude that this page is a bif dull...

...although, just because I find it dull doesn’t mean that I can conclude it’s dull {you might think it’s the most
interesting thing since that kid got his head stuck in the railings near school). In the exams you could be piven a
conclusion and asked whether some data supports it — so make sure you understand how far conclusions can go.

Working Scientifically
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Uncertainties and Evaluations

Hurrah! The end of another investigation. Well, now you have fo work out all the things you did wrong.

Uncertainty is the Amount of Error Your Measurements Might Have

1) When you repeat a measurement, you often get a sliphtly different figure each time you do it
due to random errar. This means that each result has some uncertainty to i,

2) The measurements you make will also have some uncertainty in them due to The range is the Largest vabue
minus the seeallest value (p.f)

limits in the resolution of the equipment you use (see page 6).

3) Thie all means that the mean of a set of results will also have some uncertainty : range
to it. You can caleulate the uncertainty of a mean result using the equation: uncertainty = —5

4) The |arger the range, the less precise your results are and the more uncertainty

there will be in your results. Uncertainties are shown using the '+ symbol,

m The table below shows the results of a titration experiment to determine the volume of

0.5 mol/dm’ sodium hydroxide solution needed to neutralise 25 cm’ of a solution of
hydrochloric acid with unknown concentration. Calculate the uncertainty of the mean.

Repeat 1 20| mean | 1) First work out the range
Volume of sedium hydroxide (em’) | 20.10 [ 19.80 | 20.00 | 19.97 Range = 20.10 - 19.80
' = 0300 cm’

2} Use the range to find the uncertainly:
Uncertainty = range + 2 = 0300 + 2 = 0150 ecm' So the uncertainty of the mean = 1997 * 015 cm’

6) Measuring a greater amount of something helps to reduce uncertainty. For example, in a rate of
reaction experiment, measuring the amount of product formed over a longer period compared to a

shorter period will reduce the percentage uncertainty in your results.

Evaluations — Describe How it Could be Improved

An evaluation is a eritical analysis of the whole investigation.

1) You should comment on the method — was it valid?
Did you control all the other variables to make it a fair tesl?

2) Comment on the guality of the resulls — was there anough evidence to reach a
valid gonclusion? Were the results repeatable, reproducible, accurate and precise?

3) Were there any anomalous results? If there were none then say so. If there were any, try to explain
them — were they caused by errors in measurement? Were there any other variables that could have
alfected the results? You should comment on the level of uncertainty in your results too.

4) All thie analysie will allow you to say how confident you are that your conclusion ie right.

5) Then you can suggest any changes to the method that would improve the quality of the results,
so that you could have more confidence in your conclusion. For example, you might suggest changing
the way you controlled a variable, or increasing the number of measurements you took. Taking
more measurements at narrower intervals could give you a more accurate result. For example:

Enzymes have an opfimum femperature (a temperature at which they work best). 8ay you do an
experiment to find an enzyme's optimum temperature and take measurements at 10 °C, 20 °C, 30 °C,

40 °C and 50 °C. The results of this experiment tell you the optimum is 40 “C. You could then repeat
the experiment, taking more measurements around 40 °C ‘o a get a more accurate value for the optimum.

6) You could also make more predictions baged 20! LIV ULV ELLETELEEERERELERIRVERERERERRERRERLE DDA,
o R {han g =T = When suggesting improvements to the investigation, akways maks E

h Your conciusion, further expenments - e that you say why you think this would make the results better =

v

could h&ﬂﬁll‘fiﬂd out to test ihum. LR R T N T R A A R RN R AT A R PR T AN N AR RN AN Y

Evaluation — next time, I'll make sure I don’t burn the lab down...

So there you have it — Working Scientifically. Make sure you know this stuft like the back of your hand. It's not
Just in the lab that you’ll need 1o know how to work scientifically, You can be asked about it in the exams as well.

Working Scientifically



12 Topic 1 — Atomic Structure and the Periodic Table

Atoms

All substances are made of atoms. They're really tiny — too small to see, even with your microscope. Atoms
are so tiny that a 50p piece contains about 77400 000000 000000000000 of them. Quite a lot then...

Atoms Contain Protons, Neutrons and Electrons '

Atoms have a radius of about 0.1 nanometers (that's 1 x 107 m). There are a few different
(and equally useful) modern models of the atom — but chemists tend to like the model below best.

MIERERARE LIRRRARARE TRARL!

Phily,

ThE‘ NHEIEHS = A nanameter (rm) is one killie n:‘n =
- dfa meter. Shown in standard. -
; 1) s in the middle of the atom. = form, that's 1 |h+ID+ i *]‘L‘;’ Jl';' =
. =1 w14 used for showing real >
2) It containg protons and peutrons. - l::' rge of ,{r slly small numbers x}
. 3) The nucleus has a radiug of around T AL LU LA L
@ 1 % 10" m (that's around 1/10 000 of the radius of an atom)
;._ 3 -ﬂ_:- It has a positive charge because of the protons.
: ; Almost the whole mass of the atom is concentrated in the nucleus.
o W%\\N
Protons are heavy and positvely charges =7 | Thﬂ' .EI-EC‘I'GIIS
Mewtrans are heavy and peutral
[ .r_.,,\,l,mlu,:. ,,,,: .,_':J ,,,.q_,lr"_.l,.h :I|._-..H.-rj 1)  Move ground the nucleus in electron ghellg.
Partiolo Relative Mage  Charge 2) They're negatively charged and finy, but
—— : 0 they cover g lot of space.
= 8) The volume of their orbite determines the
Neutron ! 0 size of the atom.
Electron Very gmall =L 4) Electrons have virtually no mass.

(Elpetron mass is oRen taken as zego,)

Number of Protons Equals Number of Electrons

1) Atoms are neutral — they have no charge overall (unlike ions). GFLSRTEI LIRIE A K
2) This is because they have the same number of protons as electrons. = group of atoms that has =
3) The charge on the electrons is the same size as the charge on the protons, =, % %' & ,",rlrl,"fl,"t,r”',": &

but opposite — so the charges cancel ouf.
4) In an ion, the number of protons doesn't equal the number of glectrons. This means it has an

overall charge. For example, an ion with a 2 charge, has two more electrons than protons,
Atomic Number and Mass Number Describe an Atom |

1) The nuclear symbol of an atom tells you ite atomic (proton) number and mass number.
2) The alomic number tells you how many protons there are.

8) The mass number tells you the total number of i Nuclear symbol for sodium.
protons and neutrong in the atom. e 3 Element symbol

{see next page
4) To get the number of neutrons, just subtract the i II Naﬁ/ oo

atomic number from the mass number. number symisals)

Let’s be positive about this — unless you’re an electron of course...

So here we are — the very beginning of GCSE Chemistry. This stuff is super important — if vou get to grips with
the basic facts then vou'll have a better chance understanding the rest of chemistry, Crack on.

01 An atom of mitrogen has an atomic number of 7 and a mass number of 14,
Give the number of electrons, protons and neutrons in the atom, [3 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Elements

An element ie a substance made up of atoms that all have the same number of protone in their nucleus.
Elements Consist of Atoms With the Same Atomic Number

1} Atoms can have different numbers of protons, neutrons and electrons.
It's the number of protons in the nucleus that decides what tupe of atom it is.

2) For example, an atom with one proton in ite nucleus is hydrogen and an atom with two protons is helium.
3) If a substance only contains atoms with the game number of protons it's called an element.
There are about 100 different elements

4) 8o all the atoms of a particular element (e.g. nitrogen) have the same number of
protons and different elements have atome with different numbers of protons.

Atoms Can be Represented by Symbols

Atoms of each element can be represented by a one or two letter symbol — it's a type of ghorthand
that saves you the bother of having to write the full name of the element.

Some make perfect sence, e.g. 0 =carbon 0= gx.ugan M'E' - rnagnaﬂium
.L_||||||||.'.||l|-.l.|I'||

Others less so, a.8. Na = godium Fe = iron Pb = lead = Mest of these odd gymbiols act sally come '

fram the Labin names of the élements

You'll see these symbols on the perodic table (see page 22). T I I AL A A LA

|.|||| AR R NRT;

Isotopes are the Same Except for Extra Neutrons
1) lgotopes are different forms of the came element, which have

TR
||III||'\'|"I f

the game number of profons but a different number of neutrons. ! Y numoer of nevtron
2) 8o isotopes have the game atomic number but different mass numbers. s I*“I: :J" sumbet. S
3) A very popular example of a pair of isotopes are garbon-12 and garbon-13. Sk (RN FTIARLLY
Carbon-12 { : “u, Carbon-13 ; ;
12 6 Protons [ ) 13 6 Protons f ( i
6 c 6 Electrons \ Y g o /" 6 c 6 Electrons | @ J/ /
6 Neutrons Sl 7 Neutrons e

4) Because many glements can exist as a number of different isotopes, relative atomic mass (4) is used
instead of mass number when referring to the element as a whole. This is an average mass taking into
account the different magges and abundances (amounts) of all the isotopes that make up the element.

5) You can use this formula
to work out the relative
atomic_mass of an element: .

m Copper has two stable isotopes. Cu-63 has an abundance of 692% and Cu-65 has an

abundance of 30.8%. Calculate the relative atomic mass of copper to 1 decimal place.

. y _ (692 x63)+(30Bx65) 43596+2002 63616 -
Rtlﬂt"ll't atomic mass = 69.2 Hi 30.3 . IDD = 1D'G = 53'516 = 63.5

relative atomic  sum of (isotope abundance X isotope mass number)

mass (4) T sum of abundances of all the isotopes

It’s elemental my dear Watson...
Atoms, elements and isolopes — malke sure yvou know what they are and the differences between them.
Ql A substance consists of atoms which all have the same number of protons and electrons
but different numbers of neutrons. Explain why this substance is an element, [1 mark]

Q2 An isotope of iron, Fe, has a mass number of 56 and atomic number 26.
Give the number of protons and neutrons in an atom of this 1sotope. [2 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Compounds

It would be great if we only had to deal with elements. But unluckily for you, elements can mix and match to
make lots of new substances called compounds. And this makes things a litHe bit more complicated...

Atoms Join Together to Make Compounds

1) When elements react, atoms combine with other atoms to form compounds.

2) Compounds are substances formed from two or more elements, the atoms of each are in
fixed proportions throughout the compound and they're held together by chemical bonds.

8) Making bonds involves atome giving away, taking or sharing electrons. Only the electrons
are involved — the nuclei of the atoms aren't affected at all when a bond is made.

4) It's usually difficull to geparate the original elements of S I T NI TR L

(1 (1 H B . D (1P R o T
a compound out again — a chemical reaction is needed to do this, = "9 4 ehemical reackion, al least
- BNe new substance is made. You can

5) A compound which is formed from a metal and a pon-metal consists = wiully measure 4 o ange inentrgy, =
of inng. The w_LFli atoms h’_}ﬁ electrons to form Eﬂlﬁiji!ﬂ inng -'-", wuch as 4 temperature change, as w-.l =
and the non-metal atoms gain electrons to form negative iong. gt LU LUV CTPTRT T
The opposite charges (positive and negative) of the fons mean that they're strongly attracted to
anch other. This is called jonic bonding, Examples of compounds which are bonded ionically include
sodium chloride, magnesium oxide and caleium oxide,

6) A compound formed from pon-metals consiste of molegules. Each atom ghares an electron with

another atom — this is called govalent bonding. Examples of compounds that are bonded covalently

include hydrogen chloride gas, carbon monoxide, and water. Heat
1 1 —_E-.;'_| = )
7) The properties of a compound are usually totally different from -

the properties of the origingl elements. For example, if iron @ + (8) Fel 9 ) Fel
(@ lustrous magnetic metal) and sulfur (a nice yellow powder) - = vl

react, the compound formed (iron sulfide) ie a dull grey Gl Sl
golid lump, and doesn't behave anything like either iron or sulfur.

A Formula Shows What Atoms are in a Compound
Just as elements can be represented by symbols, compounds can be represented by formulas. The formulas
are made up of elemental symbols in the same proportions that the elements can be found in the compound.

1) For example, carbon dioxide, CO,, is a compound formed from a chemical reaction
between carbon and oxygen. It containg 1 carbon atom and 2 oxygen atoms.

2) Here's another example: the formula of sulfuric acid is H,80,.

Q + {} = {“ 8o, each molecule contains 2 hydrogen atoms, 1 sulfur atom
carbon 4 omygen e=¥ carbon dioxide and 4_oxygen atoms.
L1 £ e!m co,| 3) There might be brackets in a formula, e.g. calcium hydroxide
@ b = is Ca(OH),. The little number outside the bracket applies to
everything inside the brackets. So in Ca(OH), there's
Elemental oxygen qoes arownd 7
i e of abuiia T 15 00 1 caleium atom, 2 oxygen atoms and 2 hydrogen atoms.
Here are some examples of formulas which might come in handy:
1) Carbon dioxide — CO, 4) Sodium chloride — NaCl 7) Calcium chloride — CaCl,
2) Ammonia — NH, B) Carbon monoxide — CO 8) Sodium carbonate — Na CO,
3) Water — H0 6) Hydrochloric acid — HCI 9) Sulfuric acid — H,80,

If you don’t learn this stuff it will only compound your problems...

You know when you were little and taught to share things? Turns out atoms have been doing this since the start of
the universe. Maybe we could all learn a thing or two from those little guys.

Ql How many atoms are in one particle of Na,C0O,? [1 mark]

Q2 A compound has the formula CaCl. Mame the compound and the elements it contains. [2 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Chemical Equations

Chemical equations are fundamental to chemistry. Pretty much like tomato ketchup is to a bacon butty.
Mmm... bacon butties... Sorry, | got distracted. Let's do this.
Chemical Changes are Shown Using Chemical Equations

One way to show a chemical reaction is to write a word equation. I's not as guick as using chemical
symbols and you can't tell straight away what's happened to each of the atoms, but it's dead easy.

Here's an example — you're told that methane burns in oxygen giving carbon dioxide and water:

3 c 5 ol =lan Tl
The molecules on the lefh-hand he maolecules on the

methane + oxygen — carbon dioxide + water tight-hand sde are called the
products (Because they've been

de of the equation are called
1|'||: (L 14 I,.I"l'l" |:1.l|,'{|ll.lful,' ':|'|-":f

react with each other] produced fram the reaclants)

Symbol Equations Show the Atoms on Both Sides
Chemical changes can be shown in & kind of ghorthand

using symbol equations. 8ymbol equations just show magnesium + oxygen magnesium oxide
the gymbolg or formulas of the reactants and products... 2Mg + 0, s 2mMg0o

Yau'll have 1r.-nrrr.l that there's & "2 in Frant af the Wia
ancl the Al The reasan for this is explained below

Symbol Equations Need to be Balanced

1) There must always be the game number of atoms on both sides — they can't just disappear.

2) You balance the equation by putting numbere in front of the formulas where needed. LR
Take this equation for reacting sulfuric acid with sodium hydroxide: '

H,80, + NaOH — Na,80, + H,0

3) The formulag are all correct but the numbers of some atoms don't match up on both sides. E<Tib?
4) You can't change formulas like H,80, to H 80,. You can only put numbets in front of them.

The more you practise, the guicker you get, but all you do is this:

1) Find an element that doesn't balance and pencil in a number to try and sort it out.
2) See where it gets you. It may create another imbalance, but if so, pencil in

another number and see where that gets you.

3) Carry on chasing unbalanced elements and it'll sort itself out pretty quickly.

In the equation above you'll notice we're short of H atoms on the RHS (Right-Hand Side).
1) The only thing you can do about that is make it 25,0 instead of just H,O:

H,SO, + NaOH — NaSO, +2H,0

2) But that now gives too many H atoms and O atoms on the RHS, so to balance that up you could try
putting 2ZMNaOH on the LHS (Left-Hand Side):

HSO, + 2NaOH — MNaSO, +2HO
3) And suddenly there it is! Everything balances. And youll notice the Na just sorted itself out.

Revision is all about getting the balance right...

Balancing equations is all about practice. Onee you have a few goes you'll see it's much less scary than it seemed
before vou took on, challenged and defeated this page. Go grab some chemistry glory,

1 Balance the equation: Fe + Cl, — FeCl, [1 mark]
Q2 Hydrogen and oxvegen molecules are formed in a reaction where water splits apart.
For this reaction: a) State the word equation. by Give a balanced symbol equation. |3 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Mixtures and Chromatography

Mixtures in chemistry are just like mixtures in baking, lote of zeparate things all mixed together. But most of
the time they're considerably less delicious. And you probably shouldn't eat them. Or put them in an oven.

Mixtures are Easily Separated — Not Like Compounds
1) Unlike in a compound, there's no chemical bond between the different parts of a mixture.

2) The parts of a mixture can be either elements or compounds, and they can be ="'/,

A physical methad is one

Thjay

separated out by physical methods such as filtration (p. 17), crystallisation that dogsil .nﬂ-.-',( 2
(p17), simple distillation (p.18), fractional distillation (p.18) = themical reaction, so doesn's
and chromatography (see below). T % form Ay substances =
- e [ERTRET PViREnaidnggn®
3) Air is a mixture of gases, mainly nitrogen, .
oxygen, carbon dioxide and argon, @@ G@ N T
The gases can all be geparated out fairly easily. -‘\ - OF gases
4) Crude oll is a mixture of different length % %
hydrocarbon molecules.
6) The properties of a mbdure are just a mixture of the = il P
propetties of the geparate parte — the chemical propetties - ,r-qf.ﬂ‘:“‘
of a substance aren't affected by it being part of a mixture, gl “\;5 o

For example, a mixture of iron powder and gulfur powder will : a; I\
show the properties of both iron and sulfur. 1t will contain ==L—zp Iron and sulfur miced S22

grey magnetic bits of iron and bright yellow bits of sulfur. AR R e

You Need to Know How to Do Paper Chromatography

One method of separating substances in a mixture is through chromatography.
This technique can be used to separate different dyes in an ink. Here's how you can do it:

1) Draw a line near the bottom of a sheet of filter paper.
(Use a pencil to do this — pencil marks are ingoluble and won't dissolve in the solvent.)

2) Add a gpot of the ink to the line and place the sheet in a beaker of golvent, e.g water,

3) The golvent used depends on what's being tested. Bome compounds digsolve
well in water, but sometimes other solvents, like ethanol, are needed.

4) Make sure the ink isn't touching the solvent

p— lilter paper — you don't want it to diggolve into it
s 5) Place a lid on top of the container to stop the solvent evaporating.
Bt B6) The solvent seeps up the paper, carrying the ink with i,
-~ pape Y
™ pencil e 7) Each different dye in the ink will move up the paper at a different
\ rate so the dyes will separate out. Each dye will form a spot in a
= 3' =5 different place — 1 spot per dye in the ink.
] 8) If any of the dyes in the ink are insoluble (won't dissolve) in the
solvent you've used, they'll stay on the baseline.
. 9) When the solvent has nearly reached the o0\,
: top of the paper, take the paper out of = The paint the sohene 1 =
o —_— the beaket and leave it to dru. % 'p:;EfH |tsh.+ Moves up the =
et - 15 o . =
E\ 10) The end result iz a patern of Iy g i r.:'.','_,r,:
Sl sl ke spots called a chromatogram.

Chemistry and fun are a mixture — easily separated...
Chromatography 1s actually mighty useful in real life, It's used to test athletes” urine samples for performance
enhancing drugs, and also to test unknown substances at crime scenes. Ecck..,

1 Explain why vou shouldn't use a pen to draw a line on the Tiller paper for paper chromatography. [1 mark]

Topic 1 — Atomic Structure and the Periodic Table
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More Separation Techniques

Filtration and erystallisation are methode of geparating mixtures. Chemists use thege techniques all the time to
separate golids from liguids, so it's worth making sure you know how to do them.

Filtration Separates Insoluble Solids from Liquids
1) Filtration can be used if your product is an insoluble solid
that needs to be separated from a liguid reaction mixture.

2) It can be used in purification as well. For example, solid impurities
in the reaction mixture can be separated out using filtration.

\- Filter paper folded

into a cone shape
the salid is left in the

AP rer bRttt I||:"""|'-"||f"'"

= Insoluble means the solid can'l be dissolved in the liquid. =
G R R R TR AR R AR AR R RN AN AT AN NN

Two Ways to Separate Soluble Solids from Solutions

If a solid can be digsolved it's described as being soluble. There are two methods you can use to separate a
soluble galt from a solution — evaporation and grystallisation,.

_\.l'|||'-r (AERRRRARRRFF

= Yeu den't have ta =

Emmﬂm evaporating dish = uie 4 Bunsen bumer, =
1) Pour the solution into an evaporating digh. eyt T o .Lux: wiea =
2) Slowly heat the solution. The golvent will evaporate and the solution z “:f,.I'_L',_::,:_'M -
will get more goncentrated. Eventually, crystals will stert to form. ANt

3) Keep heating the evaporating dish until all you have left are dry crystals. | =

Evaporation is a really quick way of separating a soluble galt from a solution, but you can only use it if the
salt doesn't decompose (break down) when its heated. Otherwise, you'll have to use grystallisation.

ﬂmﬂm‘ I e :'t i ‘r’-.).ll ::rl-,':-ll.:. :l :I_- :l'.u“u.'

1) Pour the solution into an evaporating dish and gently hent the solution. = erystallisation if you
8ome of the solvent will evaporate and the solution will get more pongentrated. - wn! 1o mate e by =

2) Once some of the solvent has evaporated, or when you see crystals start to form Nftver i m
(the poi : tion), remove the dish from the heat and leave the solution to cool.

3) The salt should start o form grystals as it becomes insoluble in the cold, highly concentrated solution.

4) Eilter the crystals out of the solution, and leave them in a warm place ©— ==
to dry. You could also use a drying oven or a desiccator. K agies

s

Salt crystallising

out of solulion

Filtration and Crystallisation can be Used to Separate Rock Salt

1) Rock salt is simply a mixfure of galt and gand (they spread it on the roads in winter).
2) 8alt and sand are both compounds — but galt dissolves in water and gand doesn't.

This vital difference in their physical properties gives a great way to separate 1ham.l IHEII'B'E whﬂ_iI h:.-l dq.l,.
1) Grind the mixture to make sure the salt crystals are small, so will dissolve ensllg.g Yo can If-fellt the e I;_
2) Put the mixture in water and stir. The salt will dissolve, but the sand won't. ﬁ,t,c, tlfl?f',ﬁﬁ!ﬁ .t” :”',, '®
3) FEilter the mixture. The grains of sand won't fit through the tiny holes in the Hilter paper, so they
collect on the paper ingtead. The galt passes through the filter paper as it's part of the solution.
4) Evaporate the water from the salt so that it forms dry crystals. ...._._:_I LLLI‘_':,._,'A ri||s',:,I ._,e L,'_.l,';;l;sl_:::!.:.l,; Eni

< you wanted to make nice, big crystals
E TR AR RN AR TN A R RN AR TN

-
Y

Revise mixtures — just filter out the important bits...

Two out of three pages on separating mixtures done, phew... But before you dash on to the next page (1 know, it’s
Just so exciting), make sure vou know this page to a T. Talking about Tea, | need a cuppa...

Q1 A student needs o produce pure erystals of copper sulfate from an aqueous solution
of copper sulfaie. Describe how the siudent could use erystallisation for this process. [4 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Distillation

Distillation is used to separate mixtures which contain liguids. There are two types that you should know
sbout — simple and frational. Hopefully, this page will ‘distl’ everything you need to know... ho ho.

Simple Distillation is Used to Separate Out Solutions |

1) Simple distillation is used for separating out a liguid LTI I

from a gsolution. T Make sure the water goes in at the bottom
2) The solution is heated. The part of the golution that i ,",F,”'I"IE,':'{"L'lfl"l“:' and out at the top
has the lowest boiling point evaporates first. S L

3) The vapour is then cooled, condenges (turns

AN

Thermaormeter

i quUid] ks M. '"'I':L'I't' Condenser — the vapour
4) The rest of the solution is left behind in the flask. . ﬂ e Bt o
6) You can use simple distillation to get pure water _ | w - here as it :--.i:?ltd by the
from geawater. The water evaporates and is Vi \ "~ .
condensed and collected. Eventually you'll jS 55
| |

end up with just the gall left in the flask. e
6) The problem with simple distillation is that i .
you can only use it to separate things with W v
very different boiling pointe — if the temperature =" "i-l* -‘fu~ fu'- n
goes higher than the boiling point of the substance heat
with the higher boiling point, they will mix again.
7) W you have a mixture of liquids with gimilar boiling points you need e distlled water e=——

another method to separate them — like fractional distillation...

Fractional Distillation is Used to Separate a Mixture of Liquids

1) If you've got a mixture of liquids you can separate it using
- fractional digtillation. Here is a lab demonstration that can be
ik used to model fractional distillation of crude oil at a refinery.

hermometer -

Coolest bit of._ L. f P 2) You put your mixture in a flask and stick a .

column S b fractionating column on top. Then you heat it.
Fractionating cclumn :‘"'_; :?t-x.'f"-i-;,_- 3] The [liﬂﬂ]‘ﬂl_‘ﬂ' ngidﬂ will all have dil’l'areg! hDiril_'IE
filed with glass rods S e, points — so they will evaporate at different

- i"ili: K T temperatures.
Holtest bt of é':: Milaler 4] The IIII!UII:' with the lowest bﬂilin.ﬂ_ point evaporates
the column_ b“‘* e | e first. When the temperature on the thermometer
e T I i matches the boiling point of this liquid, it will reach
" g the top of the column.

5) Liquids with higher boiling points might also start to
evaporate. But the column is cooler fowards the
I top. 8o they will only get part of the way up before
- condenging and running back down towards the flagk.

Crude ol ’ 6) When the first liquid has been collected, you raise the

substitute {r "i\ "'r[‘ Fractions collected at temperature until the next one reaches the top.
heat lower ternperatures

Fractionating — sounds a bit too much like maths to me...

You made it to the end of separation techniques. Congratulations. Mow all you need to do is learn these
technigues. Shouldn't be too tricky. Make sure you scribble all this stulf down — vou’dl be crazy not to.

1 Propan-1-ol, methanol and ethanol have boiling points of 97 *C, 65 °C and 78 °C respectively.
A student uses fractional distillation o separate a mixture of these compounds.
State which liguid will be collected in the second fraction and explain why. [2 marks]

Topic 1 — Atomic Structure and the Periodic Table
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The History of The Atom

You might have thought you were done with the atom after page 12. Unfortunately amigo, you don't get away
that easily — there's more you need to learn. Hold on to your hat, you're going on a journey through fime...

The Theory of Atomic Structure Has Changed Over Time |

1)

2)

3)

At the start of the 19th century John Dalton described atoms as golid spheres, positively charged .\ o0
and said that different spheres made up the different elements. g
In 1897 ) J Thomgon concluded from his experiments that atoms weren't solid spheres.
Hie measurements of charge and mags showed that an atom must contain even smaller,

negatively charged particles — electrons. The 'solid sphere’ idea of atomic structure
had to be changed. The new theory was known ae the ‘plum pudding modal'. delicious pudding

The plum pudding model showed the atom as a ball of positive charge with elecirons stuck in it.

Rutherford Showed that the Plum Pudding Model Was Wrong

2)

3)

In 1909 Ernest Rutherford and his student Ernest Marsden conducted the famous alpha particle
seattering experiments. They fired positively charged alpha particles at an extremely thin sheet of gold.

From the plum pudding model, they were expecting the particles to pass etraight through the sheet or be
alightly deflected at most. This was because the positive charge of each atom was thought to be very
sproaad out through the 'pudding’ of the atom. But, whilst most of the particles did go straight through
the gold sheet, some were deflected more than expected, and a small number were deflected backwards.
8o the plum pudding model gouldn't be right.

o

L ] ¥ + Most of the

Rutherford came up with an idea to explain this new A frw particles e s particles pass
evidence — the nuclear model of the atom. In this, there's ‘;'I'FII‘”IIJ"” =80 " | through empty
a tiny, positively charged nucleus at the centre, where '” 'T:ng M"' : = : S——=F space, but a few

most of the mass is concentrated, A 'cloud’ of negative are deflecled

electrons surrounds this nucleus — so most of the atom is empty space. When nlphu particles came
near the concentrated, positive charge of the nucleus, they were deflacted. If they were fired directly at
the nucleus, they were deflected backwards. Otherwise, they passed through the empty space.

Bohr’s Nuclear Model Explains a Lot

1)

2)

3)

Beientists realised that electrons in a ‘cloud’ around the nucleus of an atom, as Rutherford deseribed,
would be attracted to the nucleus, causing the atom o gollapse. Niels Bohr's nuclear model of

the atom suggested that all the electrons were contained in ghells. nucleuses, . @5 shells

Bohr proposed that electrons orbit the nucleus in fixed shells and aren't y >\:g
anywhere in between. Each shell is a fixed distance from the nucleus. [

Boht's theory of atomic structure was supported by many experiments
and it helped to explain lots of other scientists’ observations at the time.

Ll
- :it
w I
« thectrons

Further Experiments Showed the Existence of Protons |

N

Further experiments by Rutherford and others showed that the nucleus can be divided into smaller
particles, which each have the same charge as a hydrogen nucleus. These parhules were named profons

experiment which prnwded evidence for neutral particles in the nucleu$ whmh are now called neutrons.
The discovery of neutrons resulted in a model of the atom which was pretiy close to the modern day
accepted version, known as the nuclear model (see page 12).

I wanted to be a model — but I ate too much plum pudding...
In science, other people’s work is constantly being built upon — increasing our understanding of a topic.

Q1
Q2

Deseribe the “plum pudding’ model of the atom. |1 mark]

Rutherford devised an experiment where alpha particles were fired through gold foil. Most of
the particles passed through the foil. but some were deflected by different angles, and some were even
deflected backwards. Explain why this disproves the plum pudding model. [2 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Electronic Structure

The fact that electrons oceupy ‘shells' around the nucleus is what causes the whole of chemistry.
Remember that, and watch how it applies to each bit of it. It's ace.

; Electron Shell Rules: - Electron configurations can be shown
1) Electrons always occupy shells as diagrams like this...

(sometimes called energy levels).
2) The lowest energy levels are always filled first
— these are the ones closest to the nucleus.
8) Only a certain number of electrons are
allowed in each shell:
let ghell: 2 2nd shell: 8 3rd shell: 8
4) Atoms are much happier when they have full
electron shells — like the noble gaces

Ird shell still fAlling

in Group O.
6) In most atoms, the outer ghell is not full and ..0r as numbers like this: 2, 8, 1
this makes the atom want to react to fill it. Both of the configurations above are for godium.

Follow the Rules to Work Out Electronic Structures

You can easily work out the glectronic structures for the first 20 elements of the
periodic table (things get a bit more complioated after that).

m What is the electronie structure of nitrogen?

1) Nitrogen's atomic number is 7. This means it has 7 protons.. so it must have 7 electrons.

2) Follow the ‘Electron Shell Rules’ above. The first shell can only take 2 electrons and the
second shell can take a maximum of B electrons,

So the electronic structure for nitrogen must be 2, 5,

m What is the electronic structure of magnesium?

1) Magnesium’s atomic number is 12. This means it has 12 protons.. so it must have 12 electrons.
2) Follow the ‘Electron Shell Rules’ above. The first shell can anly take 2 eleckrons and the second
shell can take a maximum of 8 electrons, so the third shell must also be partially filled.

So the electronic structure for magnesium must be 2, 8, 2.

Here are some more examples of electronic structures:

H Hydrogen He Helium Li wuithium C carbon NE Neon Ca Filflim
@ | @ | @ | @ | @& |
- = | N\

1 2 2.1 2.4 2.8 2882

Proton no. = 1| | Profon no. = 2| |Proton no. = 3| |Proton no. = 6| | Proton no. = 10 | Proton no. = 20

The electronic structure of the fifth element — it’s a bit boron...

Electronic structures may seem a bit complicated at first but once you learn the rules, it's a picee of cake.
And just like cake, you’ll never regret going back for some more. Better get practising.

Q1 Giive the electronic structure of aluminium (atomic number = 13),

Q2 Give the electronic structure of argon (atomic number = 18).

Topic 1 — Atomic Structure and the Periodic Table
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Development of the Periodic Table

We haven't always known as much about chemistry as we do now. No sirree. Early chemists looked to
try and understand patterns in the elements’ properties to get a bit of understanding.

In the Early 1800s Elements Were Arranged By Atomic Mass

Until quite recently, there were two obvious ways to categorise elements:

1) Their physical and chemical properties. 2} Their relative atomic mass.

RIS RARARRERARTI NN

1) Remember, scientists had no_idea of atomie structure or of protons, = Remember —the =
neutrons or electrons, so there was no such thing as gtomic number to them. - t'LhmI‘w':r'm:':’”u: =
(It wae only in the 20th century after protons and electrons were discovered R i i
that it was realiced the elements were best arranged in order of atomic number.)

2) Back then, the only thing they could measure was relative atornic mass, and so the known elements
were arranged in_order of atomic mags. When this was done, a periodic pattern was noticed in

the properfies of the elements. Thie is where the name 'periodic table' comes from — ta da...
3) Early periodic tables were not complete and some elements were placed in the wrong group.

This is because glements were placed in the order of relative atomic mags and did not take into

account their properties,

Dmitri Mendeleev Left Gaps and Predicted New Elements

1) In 1869, Dmitri Mendeleey overcame some of the problems of early periodic tables by taking 50 known
elements and arranging them into his Table of Elements — with various gaps as shown.

(aa | = 2) Mendeleay put the elements mainly in
order of atomic mags but did switch

H that order if the properties meant it
Li Be B CNOF should be changed. An example of this
Na Mg Algip g ¢l can been geen with Te and | — jodine

K Eﬂ * Ti V Cr Ml"l Fe cﬂ Ni Cu Zn* * -ﬁﬂ Qe Br ﬂ{‘-fUH”H has a gmallar relative atomic

mass but is placed after tellurium as it
Rb8r Y ZrNb Mo * RuRh Pd A'g CdIn 8n8bTe | has similar properties to the elements

CsBa®* * TaW * Oslir Pt AuHg Tl Pb Bi in that group.

8) Gaps were left in the table o make sure that elements with similar properties stayed in the same groups.
Some of these gaps indicated the existence of undiscovered elements and allowed Mendeleev to predict
what their properties might be. When they were found and they fitted the pattern it helped confirm
Mendeleev's ideas. For example, Mendeleev made really good predictions about the chemical and
physical propetties of an element he called ekasilicon, which we know today as germanium.

The discovery of isotopes (see page 13) in the early 20th century confirmed
that Mendeleev was correct to not place elements in a strict order of
atomic mass but to also take account of their properties. lsotopes of the
same element have different atomic masses but have the same chemical
propetties so occupy the same position on the periodic table.

You should come back to this page periodically...
Ahh more hisiory... This is science at its best, discoveries building upon discoveries — all leading to the point
where vou have to learn it. Mendeleev would be proud... of himself and vou of course,

Q1 How were clements elassilied in the carly 1800s? [1 mark]

Q2 Describe two changes that Mendeleev made fo early periodic tables. [2 marks]

Topic 1 — Atomic Structure and the Periodic Table
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The Modern Periodic Table

8o, as you've seen it ook a while to get to the periodic table that you will (soon) know and love.,
| present to you a chemist's best friend...

The Periodic Table Helps you to See Patterns in Properties

1) There are 100ish elements, which all materials are made of.

2) In the periodic table the elements are laid out in order of increasing atomic (proton) number.
Arranging the elements like this means there are repeating patterns in the properties of the elements.
(The properties are said to ocour periodically, hence the name periodic table.)

3) I it wasn't for the periodic table organising everything, you'd have a heck of a job remembering all

those properties. It's ace.

4) WW's a handy tool for working out which elements are metals and which are nor-metals.
Metals are found to the left and non-metals to the right.

FHIH"'.‘H Esonip 3 Cirwip & l.'.l|||||| B ddmi p i Orcap ¢

Cempnip 1 v 2

ditomie == T 12 1l 18 10
e
2 "rll‘l:llﬂ"- II?P -::En:u -mr:l;u- -::-9.-:: i v
atomio i) o [ P P
numbar o e [ |2 T
3 ALLSELEL S, [SL
TR (s Yo T 7
(R E O [ e 0 T O o O [T
4 \'-E;- Eihm E? ag MI- Q‘i %D :;Irhrr- |IEI"1‘I‘|'|" A | Heenm Er
A
1 1 112 118 118 'F?B 127
5 N, ulRh LB Ag [ Cd [ In Sn [sbfTe [,
af  lap Isp I8y
18 1 1 201 il 20 AlRit] 1 210
6 '&n & Opon& hun aieum 'E‘H u\l:!.g.- rr]-blm-. I.PH? uELn mF:En Aﬂ'itu
o lre s s Im 78 oo lat lez ley  las
? | . I1“

alkali metals  trangition metals halogans noble ganes (pink lina saparatos metals and non-matals)
(eee page 24)  (ces page 23)  (ces page 26)  (ces page 26)

5) Elements with gimilar propetties form golumns.

6) These vertical columns are called groups.

7) The group number tells you how many electrong there are in the outer ghell. For example, Group 1
elements all have one electron in their outer shell and Group 7 all have geven electrons in their outer
shell. The exception to the rule is group O, for example Helium has two electrons in its outer shell,
Thig is useful as the way atoms react depends upon the number of electrong in their outer shell. 8o all
elements in the same group are likely o react in a similar way.

8) If you know the properfies of one element, you can predict properties of other elements in that group
— and in the exam, you might be asked to do this. For example the Group 1 elements are Li, Na, K, Rb,
Cs and Fr. They're all metals and they react in a similar way (see page 24).

9) You can also make predictions about trends in reactivity. E.g. in Group 1, the elements react more
vigorously as you go down the group. And in Group 7, reactivity decreases as you go down the group.

10) The rows are called periods. Each new period represents another full shell of electrons.

I’'m in a chemistry band — I play the symbols...
Because the periodic table 15 oreanmised into groups and periods, it allows us to see trends in both reactivity
and properties. And this means we can make predictions on how reactions will occur. How neat is that?

Q1 Using a periodic table, state how many electrons beryllium has in its outer shell. [1 mark]
Q2 Chlorine reacts in a similar way 1o bromine., Suggest a reason why, [ 1 mark]
Q3 Sodium readily forms 1+ ions. Suggest what ions potassium forms and explain why. [1 mark]

Topic 1 — Atomic Structure and the Periodic Table
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Metals and Non-IVMletals

I can almost guarantee you'll fouch something metallic today, that's how important metals are to modern life.

The coloured alamants  The white elements
Most Elements are Metals ‘ ate malile el tibnmatals
L] [1

1) Metals are elements which can form positive ions when they react.
2) They're towarde the bottom and to the left of the periodic table.
3) Most elements in the periodic table are metals.

4) Non-metals are at the far right and fop of the periodic table. ———
6) Non-metals don't generally form positive ions when they react. TEIGn M

The Electronic Structure of Atoms Affects How They Will React

1) Atoms generally react to form a full outer shell. They do this via loging, gaining or gharing electrons.

2) Metale to the left of the periodic table don't have many electrons to remove and metals towards the
bottom of the perodic table have outer electrons which are a long way from the nucleus so feel a
weaker attraction. Both these effects means that not much energy is needed to remove the electrons
o it's feagible for the elements to react to form positive iong with a full outer shell.

8) For pon-metalg, forming positive ions Is much more difficult. This is as they are either to the right of
the periodic table — where they have lots of electrons to remove to get a full outer shell, or towards

the top — where the outer electrons are close to the nucleus so feel a girong attraction. I's far more
feasible for them to either ghare or gain electrons to get a full outer shell.

Metals and Non-Metals Have Different Physical Properties
1) Al metals have metallic bonding which causes them to have gimilar basic physical properfies.
*  They're gtrong (hard to break), but can be bent or hammered into different shapes [mﬂaubln]

* They're great at conducting heat and electricity. -9
* They have high boiling and melting points.

2) As non-metals don't have metallic bonding, they don't tend to exhibit the Don't #(Fthie at home. you' die.
same properties as metals. They tend to be dull looking, A e e
more brittle, aren't always solids at room temperature, = different struclures 5o have & wide =
don't generally conduct electricity and often have a lower density. = range of chemical properties =

Transition Metals can be Found Between Group 2 and Group 3

1) Transition metals are in the cenire of the periodic table (see above).

2) Transition metals are typical metals, and have the properties you would expect of a 'proper’ metal —
they're good conductors of heat and electricity, and they're very dense, strong and shiny.

3) Transition metals also have some pretty special properties...

* Transition metals can have more than one ion. For example, copper
forms Cu* and Cu®' ions. Cobalt forms Co*' and Co®' ions.

* Transition metal ions are often coloured, and so compounds that contain them are colourful.
For example, potassium chromate(Vl), which is yellow, potagsium(VIl) manganate is purple.

* Transition metal compounds often make good ecatalysts (things that speed up the rate of a
reaction — see p.68). For example, a nickel based catalyst is used in the hydrogenation of
alkenes (p.79), and an iron catalyst iz used in the Haber process for making ammonia (p.104).

You can ‘rock out’ to metal, you can sway gently to non-mefal...
Metals and non-metals are like chalk and cheese.,. Though I hope there's no metal in your cheese.
ol State three properties of metals. [3 marks]

Topic 1 — Atomic Structure and the Periodic Table
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Group 1 Elements

Group 1 elements are known as the alkali metals. As metals go, they're pretty reactive.

The Group 1 Elements are Reactive, Soft Metals

1) The alkali metals are lithium, sodium, potassium, rubidium, caesium and francium.
2) They all have one electron in their outer shell which makes them
very reactive and gives them gimilar properties.
3) The alkali metals are all soft and have low density.
4) The frends for the alkali metals as you go down Group 1 include:

Sroup | Creap 3

* Increaging reactivity — the outer electron is more easily lost as the
attraction between the nucleus and electron decreases, because the electron
ie further away from the nucleus the further down the group you go.

*  Lower melting and boiling points. v

¢+ Higher relative atomic mass.

Alkali Metals Form Ionic Compounds with Non-Metals | ...,

Lran't worr ¥, hvn.- ma

1) The Group 1 elements don't need much energy to lose thelr one outer = lonic compounds on p W' {’: -
electron to form a full outer chell, so they readily form 14 iong. L L TR R I YA
2) Ws so easy for them to lose their outer electron that they only ever react to form ionic umn_pﬂumls.
These compounds are generally white golide that dissolve in water to form golourl tions.
tion wit = iy
*  When Group 1 metals are put in water, they i Skt o i, T |

sadium F water — sodium hydroxide + I'.}-'d:u-g.'r'-

react vigorously to produce hydrogen gas and
metal hydroxides — galte that digsolve in water to produce alkaline solutions.

*  The more reactive (lower down in the group) an alkali metal is, the more vinl’ani iha reaction. 4

*  The amount of energy given out by the reaction increases down the group - Al the Grou ip AL
— the reaction with potassium releases enough energy to ignite hydrogen, - wth water io a simlar way

U R RN R W™
Reaction with chlorine
1) Group 1 metale react vigorously when heated in

chlorine gas to form white metal chloride salts.
2) As you go down the group, reactivity increases so the reaction with chlorine gets more vigorous.

?N.‘I_I ] - {-:l.':.nl = ?Nat_ih.
sodium + chlonne —  sodium chlonde

'.| LRIy pNgg TriE sl

Reaction with oxugen = The chackiniaits ik I |;| .,
The Group 1 metals can react with oxygen to form a metal oxide. Group 1 P
Different types of oxide will form depending on the Group 1 metal: ;T’r‘; ;‘<T'L'*'c::ﬁ with oxygen in the
* Lithium reacts to form lithium oxide (Li 0). I .[,J.I,r,',” .'I i e -
* Sodium reacts to form a mixture of sodium oxide (Na 0) and godium peroxide (Na,0,).

* Potassium reacts fo form a mixture of potassium peroxide (K,0,) and potassium superoxide (KO,).

.-rw[| ..r,.|r.1|.'h in the _”f 5t :

-

o]

Group I Metals Have Different Properties to Transition Metals

1) Group 1 metale are much more reactive than transition metals — they react
more vigorously with water, oxygen or Group 7 elements, for example.

2) They're also much less densce, sirong and hard than the transition metals, and have
much lower melting points, E.g. manganese melts at 2000 °C, sodium melts at 98 “C.

Back to the drawing board with my lithium swim shorts design...
Reactions of alkali metals need safety precautions, but they fizz in water and might explode. Cool.
Q1 Explain the trend in reactivity as yvou go down Group 1. [2 marks]
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Group 7 Elements

The Group 7 elements are known as the halogens. The whole "trend thing’ happens with the halogens

as well — that shouldn't come as a surprise.

The Halogens are All Non-Metals with Coloured Vapours

is a very reactive, poisonous

Chlorine is a fairly reactive, poisonous w F' 1 % %%’
Bromine is a dense, poisonous, red-brown volatile liquid.

lodine is a dark grey crystalline solid or a purple vapour. ot

They all exist as molecules which are pairs of atoms. ‘ “ && ~

Learn These Trends: e St sa?
As you go DOWN Group 7, the halogens: T s
S Mo o g Ythese trends o
1) become LESS REACTIVE — it's harder fo gain / : \,,r“rk:,..r,.tf of halogens
an extra electron, because the outer shell's £ = For enample, you know that
further from the nucleus. .f'f iodine will have a higher =
' = bailng pomk than cnlonng as
2) have HIGHER MELTING AND BOILING POINTS. II.’ = its Rarther down the group in
3} hﬂ“ HIGH LATI | 3 | - I;}|f|::rr|-:'1|-: ILI.I;':F .
IR RN AR TRRERL i
All the Group 7 elements react in gimilar ways. This is |.

because they all have seven electrons in their outer shell, '

Halogens can Form Molecular Compounds

Halogen atoms can ghare electrons via covalent bonding (see page 31) with other non-metals so as to
achieve a full outer shell. For example HCI, PCI, HF and CCl, contain covalent bonds. The compounds
that form when halogens react with non lar &

Halogens Form Ionic Bonds with Metals |
1) The halogens form |- iong called halides (F-, Cl-, Br- and 1)

when they bond with metals, for example Na*ﬂl' or Fe® Br .
2) The compounds that form have jonic structures.

3) The diagram shows the bonding in sodium chloride, NaCl. il

More Reactive Halogens Will Displace Less Reactive Ones

A displacement reaction can occur between a more reactive halogen and the salt of a less reactive one.

E.g. chlorine can digplace bromine and iodine from an agueous golution of its salt (a bromide or jodide).
Bromine will also displace jodine because of the trend in reactivity. e

Dl EH' | Ql{ﬂl -, gas T Salutian of potassivm
2 (g 2 {aq) — 2 (ag) + (&g odide
Fale green Brown L
odine forming n
Cl,, + 2KBr,, — Br,. + 2KCI .
FPale green Orange

I can see your halo(gen), halo(gen) halo(gen)...
You say ‘halo-gen’ I say ‘ha-logen’, lets call the whole thing off... Apart from revision, let’s call that
whole thing ‘on”. Displacement reactions arc pretty important in chemistry — better learn the facts,
1 Predict whether bromine would displace wdine rom sodium iodide and explain why. [2 marks]
Q2 Why do Group 7 elements get less reactive as you
zo down the group from fluorine to iodine? [3 marks]
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Group 0 Elements

The Group O elements are known as noble gases — stuffed full of every honourable virtue.
They don't react with very much and you can't even see them — making them, well, a bit dull really.

Group 0 Elements are All Inert, Colourless Gases

Genip O

1) Group O elements are called the noble gases and include the elements helium,
neon and argon (plus a few others). |
i3 ||||||||||]||

(] TN e 1

2) They all have eight electrons in their outer energy level, = Helum only has electrons ,,.'.hr,, e ',\'r =
apart from helium which has two, giving them a 'I shell which only needs 2 to be filed =

full outer-shell. As their outer shell is energetically e L L
stable they don't need to give up or Ei electrons to become more stable. }
This means they are more or less inert — they don't react with much at all. f{'

3) They exist as monatomic pases — ningla atoms not bonded to each other. f
4) All elements in Group 0 are golourless gases at room temperature.

6) As the noble gases are inert they're pon-flammable — they won't set on fire. \

,'-\.

There are Patterns in the Properties of the Noble Gases

1) The boiling points of the noble gases ingrease as you move down
the group along with inereasing relative atomic mass.

Noble Gas 2) The increase in boiling point is
helium due to an jngreage in the number
of electrong in each atom leading
L] to ter intermolecular foro T
Ere s anobher
argon b|||||r|'.-|'\1lllg'll between them which need to pattern, You dorit
erPh:'n evibg poim hB OVarcome, Tharﬂ'ﬂ maore on have Lo learn this
intermolecular forces for small one
Xenon
‘ molecules on page 32.
radon \

3) In the exam you may be given the boiling point of one noble gas and asked to
estimate the value for another one. 8o make sure you know the pattern.

m Meon is a gas at 25 “C. Predict what state helium is at this temperature.

Helium has a lower boiling point than neon as it is further up the group.

So, helium must also be a gas at 25 °C.

m Radon and krypton have boiling points of =62 “C and <153 “C respectively.

Predict the boiling point of xenon.
Xenon comes in between radon and krypton in the group so you can predict that its
boiling point would be halfway between their boiling points: (—153) + (—62) = 215
=215 + 2 = -1075 = -108°C

= 1111 S ARRAL TALAR TEPFO T AT v e

So, xenon should have a boiling point of about 108 °C =", . ing paint of xenon is 108 °C =
= — just as predicted, Meat!

"'l' TRl NI r N g p b rraNtnppnny

or this one

&

Arrrgon — the pirate element...

As noble gascs don't really react there isn’t too much to learn about them, If you understand why they arc
unreactive and the trend in boiling points as vou go down the group yvou're sorted.

01 Does xenon or neon have the higher boiling point? [1 mark]

Q2 Argon ig very unreactive. Using vour knowledge of its electronic structure, explain why. [2 marks]
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Revision Questions for Topic 1

Well, that wraps up Tapic 1 — time to put yourself to the test and find out how much you really know.

*  Try these questions and tick off each one when you get it ri
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Atoms. Elements and Compounds (p.12-15) [ ]
1) 8ketch an atom. Label the nucleus and the electrons.
2) What is the charge of a proton?
3) True or False? Elements contain more than one type of atom.
4) Give the formula for:
a) Carbon dioxide b) Sodium carbonate
6) Balance these equations:
a) Mg + 0, > Mg0  b) H,80, + NaOH — Na,80, + H,0
Mixtures and Sepaxation (p.16-18) | |
6) What is the difference between a compound and a mixture?
7) What is the name of the pattern formed from carrying out paper chromatography?
8) Which method of separation is useful to separate an insoluble solid from a liquid?
9) Give the name of a method to separate a soluble solid from a liquid.

10) Which method of distillation would you use to separate liquids with similar boiling points?

Electronic Structure and the History of the Periodic Table (p.19-22) [ |
) Who discovered that the plum pudding model was wrong?
12) Who firgt devised an experiment that proved the existence of the neutron?

13) What ig the electronic structure of sodium?
14) Why did Mendeleev leave gaps in his Table of Elements?

Groups of the Periodic Table (p.23:26) [ ]

15) How are the group number and the number of electrons in the outer shell of an element related?
16) What kind of ions do metals form?

17) Where are non-metals on the periodic table?

18) Give three properties which are specific to transition metals.

19) 8tate three trends as you go down Group 1.

20) State the products of the reaction of sodium and water.
21) State the differences between Group 1 and transition metals for the following properties:

a) Hardness b) Reactivity ¢) Melting Points
22) How do the boiling points of halogens change as you go down the group from fluorine to astatine?
23) What is the charge of the ions that halogens form when they react with metals?
24) Predict whether iodine iz dizplaced by chlorine in a solution of potassium iodide.
25) What is the trend in boiling point as you go down Group 07

Qooodd gooood oodd Oodddo O o 0ooo
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Formation of Ions

lons crop up all over the place in chemistry. You're gonna have to be able o explain how they form and
predict the charges of simple ione formed by elements in Groupe 1, 2, 6 and 7. You'd better get on...

Ions are Made When Electrons are Transferred |
1) lons are charged particles — they can be gingle atoms (e.g. CI') or groups of atoms (e.g. NO,’).

2) When atoms lose or gain electrons to form ions, all they're trying " e et bl Ll ooy
to do is get a full outer shell like a noble gas (also called a = i Besup 0 el the pariedie table, =
“stable electronic structure”). Atoms with full outer shells are very stable. =i ovo oo n®

3) When metals form jong, they lose electrone from their outer shell to form positive ions.
4) When non-metals form ions, they gain electrons into their outer shell to form pepgative jons.

6} The pumber of electrons lost or gained is the same as the charge on the ion. E.g. If 2 electrons are logt
the charge is 2+. If 3 electrons are gained the charge is 3-.

Groups 1 & 2 and 6 & 7 are the Most Likely to Form Ions

1) The elements that most readily form ions are those in Groups 1, 2, 8 and 7.

2) Group | and 2 elements are metals and they lose electrons to form pogitive long (cations).
3) Group 6 and 7 elements are non-metals. They gain electrons to form negalive ions (anions).
4) You don't have to remember what ions most elements form — nope, you just look at the periodic table.

§) Elements in the same group all have the same number of guter electrons. 8o they have to lose or gain
the same number to get a full outer shell. And this means that they form ions with the same charges.

Group 1 elements Group 2 elements Group 6 elements Group 7 elements
form 14 ions. form 2+ lons. form 2- ions. ™ form 1= ions
"'”-\.h_h_r H ‘/ -}{Hn
L | Ba BICIN|O|F (N
N (Mg el elelona
Ca An
Br

Bo| TV ﬂr.Mn Fa|Co|N GuEErul}uﬂn Ba|Be | Kr
¥ | 2r [Nk (Mo To |Ru Ag o | In | Bn|8b| Te | | |Xe
Co|Ba|La |HF [ To | W He 0| Ir | PHAu | Hg [T Ph| Bl | Po]At | Rn
Fr{Ra|Ae | Rf (Db | Bg Bl (Hs (ME Ds | Rg

=
£

* A godium atom (Na) is in Group 1 so it loges 1 electron to form a sodium ion (Na®)
with the same electronic structure as neon: Na — Na' + e~

* A magnesium atom (Mg) is in Group 2 so it loses 2 electrons to form a magnesium
ion (Mg?*) with the same electronic structure as neon: Mg — Mg?* + 2e-.

* A chlorine atom (Cl) is in Group 7 so it gains 1 electron to form a chloride ion (CI)

Llougal was a
with the same electronic structure as argon: Cl + e — CF. few electrons short
* An oxygen atom (0) is in Group 6 =o it gaine 2 electrons to form an oxide ion SR Kt
(0?%) with the same electronic structure as neon: O + 2~ — 0% 1TV ETETEEVERIRTERGLETRVET L

= Have 5 look back at page 20 for
— how to work out electronic structures.
PRV R v PR e RNy

“T5111

I’'ve got my ion you...
Some elements like to gain electrons, some elements like to lose electrons, but they all want to have a
full outer shell. Poor little electron shells, all they want in life is to be full...

Ql Explain why simple ions often have noble gas electronic structures, [2 marks]

Q2 Predict the charges of the ions formed by the following elements:
a) Bromine (Br) by Calcium (Ca) ¢) Potassium (K) [3 marks]

Topic 2 — Bonding, Structure and Properties of Matter
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Ionic Bonding

Time to find out how particles bond together to form compounds (bet you can't wait). There are three
types of bonding you need to know about — jonic, covalent and metallic. First up, it's jonic bonds.

Ionic Bonding — Transfer of Electrons
When a metal and a non-metal react together, the metal atom loges electrons to form a i

ion and the non-metal gains these electrons to form a pegatively charged ion. These oppositely charged ions
are strongly attracted to one another by electrostatic forces. This atraction is called an jonic bond.

Dot and Cross Diagrams Show How Ionic Compounds are Formed

Dot and cross diagrams show the arrangement of electrons in an atom or ion, Each electron is represented
by a dot or a grogs. 8o these diagrame can show which atom the electrong in an jon originally came from.

The godium atom gives up its outer
electron, becoming an Na' ion. = Remember, you

5

Boon ; i’ = gyl ow many electrons =
The chlorine atom picks up the electron,/ M | N T ot how wons £
b I I -J El 1 ! H '|l -" H !’ 5 Ij. = af ALom W Il |:_h'l.|l| oFr 1% .
m ] 3 L Blrk o R ki B . . " st :
ng a Cl" (chloride) sodium atom  chloring atam sodium ion  chloride ion =  from it group nun n‘. =

L R R N RN AN RN NN R ERRAT (NN IETRIR AR RARL AN
= Here, the dots represent the Ma electrons and the crosses = STV LTRTRER I T i i i iy, . .
- represent the Cl electrons (all eleclrons are really identical ; = Hare weve only shown the puter shells of = | Tha M'"‘: ul.

put this i a geod way of fellowing their mavement) . eloctrong on the dot anel crose disgram = it = Janko Bond. =

IR LA R R R R R R R R RN A AN =" makes it much simpler to we what's gaing on :
Q"-'llll.l.|||||||||l|'.|||||-.|||||||.-'.|.I|*—

Magnesium Oxide (MgO) //_—2 r 12+ 0

The magnesium atom gives up ite f"““ai.@ ==p |Mg @

{wo outer electrons, becoming an

+ My o Mg O
Mg?** ion. The oxygen H*[I!m picks up the 28, 2 ) & 2.8 2.8
electrons, h“““r"lnﬂ an 0% M} ion. magnesium atom  oxygen atam magnesium ion  oxide ion
Magnesium Chloride (MgCl,) /—\ =4 -
T+ |
The magnesium atom gives up its L ’ Mg ;
two outer electrons, becoming
T+ 4 ==
an Mg”* ijon. The two chlorine Mg vl 5 Mg =
atoms pick up one electron each, 2,82 287 2,8,8 2,8 28,8
|:l'El‘."|lZII'niI'I£l two EI' [Ehlﬂl‘idﬂ] iong.  magnresium atem chlorine atom chloride ion magnesium on  ehlorde on

Sodium Oxide (Na,0) n
Two gsodium atoms each give /ﬂﬂ_——ﬁ + "
up their single outer electron, r==fp |Na Na
becoming two Na* ions. - 3

2ha i Ma* o Ma®
The oxygen atom picks up the two 381 26 28 ) 8 2.8
electrons, becoming an 0% ion.

sodium atom oxaygen atom sadium 106 cuide lon Sodierm 1o

Dot and cross diagrams are useful for showing how ionic compounds are formed, but they don't show the
structure of the compound, the gize of the ions or how they're arranged. But hey-ho — nothing's perfect.

Any old ion, any old ion — any, any, any old ion...

You need to be able to describe how ionic compounds are formed using both words and dot and cross diagrams.
It gets easier with practice, so here are some questions to get vou started.
Q1 Deseribe, in lerms ol electron transler, how sodium (Na) and chlorme (C1)
react 1o form sodium chloride (NaCl). [3 marks]

Q2 Draw a dot and cross diagram to show how potassium (a Group | metal) and bromine
{a Group 7 non meial) form potassium bromide (KBr). [3 marks]

Topic 2 — Bonding, Structure and Properties of Matter
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Ionic Compounds

I'd take everything on this page with a pinch of zalt if | were you... Ho ho ho — | jest, it's important really.

.\'.III IEFARRFRRYRARN! |'||||J_r,
%
= The electrostatic attraction =

Ionic Compounds Have A Regular Lattice Structure

1) lonic compounds have a structure called a giant ionic lattice. = T i A
2) The ions form a closely packed regular lattice arrangement and there are very /1 Tt
strong electrostatic forces of atiraction between oppositely charged ions, in all directions in the laHice.

A single crystal of godium chloride (table galt) is one giant ionic lattice. The Na* and CI- ions are held

together in a regular lattice. The lattice can be represented in different ways...
This rnd il isheoins they iolis = ALl = This is a ball and stick madel

Skt o -Ube lovie &1 wall kL [t shaws the regular pattern of an ionic
regular patem of an ionic crystal, crystal and shows haw all thr.-:-ns are
but it only lets you see the outer arranged. It also 1'.J|._'|EI_II!5L'I: that the
crystal extencls beyond what's shown in
the diagram, The model sn't to scale
thaugh, so the relabive sizes of the lons

between the appositely

|-!-rr |I+ ||II' III"'IJlIH|I{!

RIES AR A RAR RN AR REF CI* bona

Wil

5 [ o what =
= pAake sure you leam what = altermate

E o the strucbure of s Péa may nob be shown, Alio, in reality,

{_ chlotide looks bike

s
".-||||.||||||I|I'||||I'I

there aren't gaps between the ions

Ionic Compounds All Have Similar Properties
1) They all have high melting pointe and high boiling points due to the many strong

2) When they're golid, the ions are held in place, so the compounds
can't conduct electricity. When ionie compounds melt,
the ions are free to move and they'll carry electric current.

3) Some ionic compounds also diggolve in water. The ions geparate
and are all free to move in the solution, so they'll carry electric current.

Look at Charges to Find the Formula of an Ionic Compound

1) You might have to work out the empirical formula of an ionic compound from a diagram of the compound.

2) Wit's a dot and cross diagram, count up how many atome there are of gach element.
Write this down to give you the empirical formula.

3) W you're given a 3D diagram of the ionic lattice, use it o work out what iong are in the ionic compound.
4) You'll then have to balance the charges of the ions so that the overall charge on the compound is zero.

What's the empirical formula of the ionic compound shown on the right?
1) Look at the diagram to work out what ~ The compound contains potassium
ions are in the compound. and oxide ions.
2) Work out what charges the ions will form. Potassium is in Group 1 so forms 1+ ions.
3) Balance the charges so the charge of the  Oxygen is in Group & seo forms 2— ions.
empinical formula is zero. A potassium ion only has a 1+ charge, so you'll
need two of them to balance out the 2— charge
of an oxide ion. The empirical formula is K,O.

Giant ionic lattices — all over your chips...

Heres where you can get a little practice working out formulas for ionic compounds,

0l The structure of an fonic compound is shown on the right.
a) Predict, with reasoning, whether the compound
has a high or a low melting point. [2 marks]
by Explain why the compound can conduct electricity when molten. [1 mark] @ = chloride ion
¢) Use the diagram to lind the empirical formula ol the compound. [3 marks] ® = cassivm on
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Covalent Bonding

Some elements bond ionically (see page 29) but others form strong covalent bonds.
This is where atoms ghare electrons with each other so that they've got full outer shells.

Covalent Bonds — Sharing Electrons

1) When non-metal atoms bond together, they share pairs of electrons to make covalent bonds.

2) The positively charged nuclei of the bonded atoms are attracted to the shared pair
of electrons by electrostatic forces, making covalent bonds very strong.

3) Atome only share electrons in their puter shells (highest energy levels).
4) Each single covalent bond provides one exira shared electron for each atom.

§) Each atom involved generally makes enough covalent bonds to fill up its outer shell.
Having a full outer shell gives them the electronic structure of a noble gas, which is very stable.

8) Covalent bonding happens in compounds of non-metals (e.g. H,0) and in pon-metal elements (e.g. Cl,).

There are Different Ways of Drawing Covalent Bonds
1) Tuuunnuanﬂgj_anﬂ_qmﬁ_ﬂiﬂmfuf‘ oy SILRL Ittty

ehow the bﬂhdlhﬂ in oovalent numpﬂunda. M“I‘HE’B" has .&'ﬂi ﬂuli?r Elﬁﬂ*mnﬂﬁ- = I‘r::-. -J..l-'-'l -h-.l.».r o
alrong draw the orbitials in 2

2) Electrons drawn in the overlap between covalant bond - these dhagrams. The -
the outer orbitals of two atoms are \ GL_'/’ S~ 1 ® " impartark thing is -
ghared between those atoms. : H® N ® H: S you go all the =

. o . = oty and ¢rgides i S

3) Dot and cross dingrams are useful for | @ ® ® | ¥ X = the nght places

. L
AR RARER RN ANT L

showing which atoms the electrons in a

covalent bond come from, but they 2
don't show the relative sizes of ...80 it needs to form three covalent bonds

the atoms, or how the atoms to make up the extra three electrons needed,
are arranged in space.
rﬁ]“ The displayed formula of ammonia (NH,) shows

:': avalenl
| bond_ H the covalent bonds as single lines between atoms.
| 6) This is a great way of showing how atoms are connected in large
H —N—H molecules. However, they don't show the 3D gtructure of the molecule,

' or which atomsg the electrons in the covalent bond have come from.
8) The 3D model of ammonia shows the atoms, the gcovalent bonds and their :
arrangement in space next to each other. But 3D models can quickly get -

They don't show where the electrons in the bonds have come from, either. Y
7) You can find the molecular formula of a simple molecular compound from any

of these diagrams by counting up how many atoms of each element there are.

confusing for large molecules where there are lots of atoms to include.
. i '_: .l'!\. Tk I,‘I_III.:Ir rl'_;".'lF'l,II.:I "'-F'!Ih'!l WO LA Py
A diagram of the molecule ethane is shown on B abormicof cach clemient:are 5 s niokcule

“liinl

the right "Whse the dingrann to find the G b,
molecular formula of ethane. I

In the diagram, there are two carbon atoms and six H"qr‘]:_ff_H

hydrogen atoms. So the molecular formula is CH_, H H

& . -
Sharing is caring...
Theres a whole page of dot and cross diagrams for other covalent molecules yet to come, but make sure you can
draw the different diagrams that can be used to show the bonding in ammonia on this page first,

1 Draw a dot and cross diagram to show the bonding in a molecule ol ammonia (NH,). [2 marks]

Topic 2 — Bonding, Structure and Properties of Matter



32

Simple Molecular Substances

These molecules might be simple, but you've still gotta know about them. | know, the waorld is a cruel place.

Learn These Examples of Simple Molecular Substances

Qimple molecular substances are made up of molecules containing a few atoms joined together
by covalent bonds. Here are some common examples that you should know...

Hydrogen, H,

Hydrogen atoms have just one electron. They only
need one more to complete the first shell...

...80 they often form gingle
@ P !‘j . covalent bonds, either with

other hydrogen atoms or with
other elements, to achieve this.

Each chlorine atom needs just one more
glectron to nmm:lﬂfa the outer shell...
H

\ ...80 two chlorine atoms
¢ @@
KK -

can share one pair of
electrons and form

a single covalent bond.

Oxygen, 0,
Each oxygen atom needs two more electrong to

complete ite outer shell...

w *s .80 in Dxygen gas two
@ % @ | oxygen atoms share two pairg
© & 5 of electrons with each other
" «* making a double covalent bond.
Methane, CH, ‘®
Carbon has four outer electrons, paryes
which is half a full ghell. ’ .
It can form four covalent bonds | @ ®© L0
with hydrogen atoms to fill up "
ite outer shall, T T
*1” e Il:n:'.l.':'l:: draw the dod :
Wik et o o e 0
Z " which is on the previous page. &

Nk
"r,|||.I.-II'II"""l"""”'I'

Nitrogen, N,
Nitrogen atoma need three more electrons...
-.80 fwo nifrogen atoms
: , share three pairs of elecirons
G @ \ E @ : to fill their outer shells.
This oreates a friple bond.
Water, H.0 o "

In water molecules, the oxygen @
ghares a pair of electrons with [, ™

two H atome to form 2 by
i @

Hydrogen Chloride, HCI

This is very similar fo H, and CI,.
Again, both atoms only need
one more electron to complete

their outer shells.

®: @ :

Properties of Simple Molecular Substances |

Waak intermolecular forces

1) Substances containing covalent bonds usually have
simple molecular structures, like the examples above. ’iﬁm"
2) The atoms within the molecules are held together by L L CDE,E
1 ﬂ
very strong covalent bonds. By contrast, the forces of Elia
attraction between these molecules are very weak, %}D-""m! :
3) To melt or boil a simple molecular compound, you only need to
break these feeble intermolecular forces and not the covalent bonds. 8o the melting and
boiling points are very low, because the molecules are easily parted from each other.
4) Most molecular substances are gases or liquids at room temperature.

5) As molecules get bigger, the strength of the intermolecular forces increases, so
more energy is needed to break them, and the melting and boiling points increase.

Molecular compounds don't conduct electricity, simply because they
aren't charged, so there are no free electrons or ions.

)

May the intermolecular force be with you...
Never forget that it’s the weak forces between molecules that are broken when a simple molecular substance melts.

01
Q2

Explain why oxygen, (3, is a gas at room temperature,
Explain why nitrogen, N_, doesn't conduct electricity.

[1 mark]
[1 mark]
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Polymers and Giant Covalent Structures

Wouldn't it be cimply marvellous if only simple molecular substances had covalent bonds, and it was now time
to put your feet up? Well it's not like that. Polymers and giant covalent substances also have covalent bonds.
Polymers Are Long Chains of Repeating Units |

1) In a polymer, lots of gmall units are linked together to form a long molecule that has repeating sections.
2) All the atoms in a polymer are joined by strong covalent bonds.

3) Instead of drawing out a whole long polymer
molecule (which ean contain thousands or even This polymer is called I8 Buncs; Lireugly e
millions of atoms), you can draw the shortest Ll 'i' 'l'i / m,‘.:ﬁrt: e I::,,'.'”
repeating section, called the repeating unit, like this: g_? e
4) To find the molecular formula of a polymer, _ ll-l H "o is & large number _
write down the molecular formula of the M Ut i i |t.m g
; i In bes i anid [}I..Ii an 'j'_|' —— 15 the repeating unit -?l.l'| T repeated lots of times

6) 8o for poly(ethene), the molecular formula of the polymer is (CH,) . = mag. ™MArE abou oy, ﬂm’ ity
B) The intermolecular forces between polymer molecules are larger than =, " propey,. .
between simple covalent molecules, so more enargy is needed to break them.' ' 1ridi ) P36y <
This means most polymers are golid at room temperature. '

7) The intermolecular forces are shll weaker than lonie or covalent bonds, so they

generally have lower boiling points than jenic or giant molecular compounds.

Giant Covalent Structures Are Macromolecules

1) In giant covalent structures, all the atoms are bonded to each other by strong covalent bonds.
2) They have very high melting and boiling points as lote of energy is

needed to break the covalent bonds between the atoms.

3) They don't contain charged particles, so they don't conduct electricity — not even when
molten (except for a few weird exceplions such as graphite, see next page).

4) The main examples that you need to know about are diamond and graphite,
which are both made from garbon atoms only, and giligon dioxide (silica).

Diamond: Graphite: Bilicon dioxide: I silicon

= = . J"ij

,L.%;&

?%

Each carbon atom forme Each carbon atom forms three Sometimes called silica, this is

four covalent bonds in a very covalent bonds to create layers of what gand ie made of. Each

rigid giant covalent structure. hexagone. Each carbon atom also grain of sand is one giant
LA EEIREA B AR RN E RARLAY s has one delocalized (free) electron.  structure of silicon and oxygen.

There's more about diamond and ?.

araphite, as well as other types of =

carbon structure, on the nest page. = A free electron,
fpnantmn e eyl pha gyt Q-:;._T_._?'

What do you call a vehicle made of sand? Sili-car...

To melt or boil a simple molecular substance or a polymer, only the weakish intermolecular forces need to
be broken. To melt or boil a giant covalent substance, you have to break very strong covalent bonds.

Q1 The repeating unit of poly(chloroethene) is shown on the right. ‘Eu [-I)

‘\-.-..'l.n(

What's the molecular formula of poly{chloroethene)? E: —1: L[] mark]

Q2  Predict, with reasoning, whether diamond or poly(ethene) has a higher melting point.  \H  HJ, [3 marks]
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Allotropes of Carbon

Allotropes are different structural forms of the same element in the game phuysical state. Carbon's got lots...
Diamond is Very Hard

1) Diamond has a giant covalent structure, made up of carbon atoms
that each form four covalent bonds. This makes diamond really hard.
2) Those strong covalent bonds take a lot of energy to break

and give diamond a very high melting point.

3) It doesn't conduct electricity because it has po free electrons or ions.

Graphite Contains Sheets of Hexagons |

1) In graphite, each carbon atom only forms three covalent bonds,
creating sheets of parbon atoms arranged in hexagons.

t : : 4 2) There aren't any covalent bonds between the layers — they're only
- held together weakly, so they're fres to move over each other. This
C ] _ 3 makes graphite goft and glippary, so it's ideal as a lubricaling malterial.
3) Graphite's got a hiph melting point — the covalent bonds in the layers need loads of energy o break.

4) Only three out of each carbon's four outer electrons are used in bonds, so each carbon atom has one
electron that's delogalised (free) and can move., 8o graphite conducts electricity and thermal energy.

Graphene is One Layer of Graphite

Graphene is a gheet of carbon atoms joined together in hexagons.

The sheet is just one atom thick, making it a fwo-dimengional compound. ﬁ{_.
The network of covalent bonds makes it very strong. IW's also incredibly I_igh_

so can be added to composite materials to improve their strength without adding much weight.

Like graphite, it containe delocalised electrons so can gonduct electricity through the
whole structure. Thie means it has the potential to be used in electronios.

‘:

Fullerenes Form Spheres and Tubes

1) Fullerenes are molecules of garbon,
shaped like closed tubes or holl lle.

4 ia."'l.' . Buckminsterfullerene was the first fullerene

i g
!j\]"t to be discovered. It's got the molecular
2) They're mainly made up of carbon atoms “;‘Ff formula C_ and forms a hollow sphere.
arranged in hexagons, but can also contain .

pentagons (rings of five carbon atoms) or heptagons (rings of seven carbon atoms).
8) Fullerenes can be used to 'cage' other molecules. The fullerene structure forms around another
atom or molecule, which is then trapped inside. This could be used to deliver a drug into the body.

4) Fullerenes have a huge surface area, so they could help make great industrial catalysts — individual
catalyst molecules could be attached to the fullerenes. Fullerenes also make great lubricants.

Fullerenes can form nanotubes — tiny carbon culinders.

The ratio between the length and the diameter of nanotubes is very high.
Nanotubes can conduct both electricity and thermal energy (heat). p
They also have a high tensile strength (they don't break when they're sfreit:hed]

Technology that uses very small particles such as nanotubes is called nanotechnology. Nanotubes can be
used in elecironics or to strengthen materials without adding much weight, such as in tennis racket frames.

Greetings in the Caribbean — they’re ‘allo-tropical...
Before you go on, make sure you can explain the propertics of all these allotropes of carbon.
01 Give three uses of fullerenes. [3 marks]
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Metallic Bonding

Ever wondered what makes metals tick? Well, either way, this is the page for you.

Metallic Bonding Involves Delocalised Electrons

1) Metals also consist of a giant structure.

2) The electrons in the outer shell of the metal atoms are delocalised (free to

I don't think he's
P e from round here.
move around). There are strong forces of electrostatic atiraction between -
the positive metal iong and the shared negative electrons.

3) These forces of attraction hold the atoms together in a regular structure U
and are known ag mgiallig bo g;! ing. Metallic bnndlng is very strong.

fetal akams

Delocalised electrons

4) Substances that are hald ingnihnr by metallic bonding include metallic glements and alloys (see below).
6) Ws the delocalised electrons in the metallic bonds which produce all the properties of metals.

Most Metals are Solid at Room Temperature |

The electrostatio forces between the metal atoms and the delocalised
sea of electrons are very strong, so need lofe of energy to be broken.
This means that most compounds with metallic bonds

have very high melting and boiling points, so they're
generally solid at room temperature.

)

Metals are Good Conductors of Electricily and Heat J

The delocalised electrons carry electrical current and thermal (heat) energy through
the whole structure, so metals are good conductors of electricity and heat.

Most Metals are Malleable |

r:r'-_'r'ﬁ'lfrr
EREFEEEEee
s E e e e

The layers of atoms in a metal can glide over each other, making metals malleable
— this means that they can be bent or hammered or rolled into flat sheets. =3

Alloys are Harder Than Pure Metals ‘

1) Pure metals often aren't quite right for certain jobs — they're often too soft
when they're pure so are mixed with other metals to make them harder.
Most of the metals we use everyday are alloys — a mixture of two or more metals
or a metal and another element. Alloys are harder and go more useful than pure metals.
2) Different elements have different sized atoms. 8o when another element is mixed with a
pure metal, the new metal atoms will distort the layers of metal atoms, making it more

I saw a metal on the bus once — he was the conductor...
If your knowledze of metals is still feeling a bit delocalised, the questions below will help...

Ql Copper 1s a metallic element. Describe and explain what property of copper
makes it suitable for using in electrical circuits. [2 marks]
Q2 Suggest why an alloy of copper, rather than pure copper, is used to make hinges for doors [1 mark]
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States of Matter

Better get your thinking hat on, as states of matter really... err.. matter. You'll need to imagine the particles in
a substance as little snooker balls. Sounds strange, but it's useful for explaining lots of stuff in chemistry.

The Three States of Matter — Solid, Liquid and Gas

Materials come in three different forms — golid, liguid and gas. These are the three states of matter.

Which state something is at a certain temperature (golid, liquid or gag) depends on how strong the forces of

attraction are between the particles of the material. How strong the forces are depends on THREE THINGS:
a) the material (the structure of the substance and the type of bonds holding the particles together),

b) the tempetature, :”'H"""Illr-- Ly

- e particles could be =

c) the pressure. '} .m:-rn{dl.zm s ,.i,,:., uhs =

You can use a model called particle theory to explain how the particles in a material """ E
behave in each of the three states of matter by considering each particle as o gmall, golid, inelagtic sphere.

In solids, there are gtrong forces of attraction between particles, which holds
them gloge together in fixed positions to form a very regular lattice arrangement.

The particles don't move from their positions, so all solids keep a definite shape
and volume, and don't flow like liquids.

The particles vibrate about their positions — the hotter the solid becomes,
the maote they vibrate (causing solids to expand slightly when heated).

In liquids, there's a weak force of attraction between the particles. They're randomly
arranged and free to move past each other, but they tend to glick clogely together.
Liguide have a definite volume but don't keep a definite shape,

and will flow to fill the bottom of a container.

The particles are gonstantly moving with random motion. The hotter the liquid gets,
the facter they move. This causes liquids to expand slightly when heated.

o< 1) In gases, the force of atiraction between the particles is very weak — they're
- free to move and are far apart. The particles in gases travel in straight lines.

Gases 2) Gages don't keep a definite ghape or volume and will always fill any container.

It . 83) The particles move constantly with random motion. The hotter the gas gets, the
o =Q faster they move. Gases either expand when heated, or their pressure increases.

Particle theory is a great model for explaining the three states of matter, but it ign't perfect. In reality, the
particles aren't solid or inelastic and they aren't spheres — they're atoms, ions or molecules. Also, the
model doesn't show the forces between the particles, so there's no way of knowing how strong they are.

State Symbols Tell You the State of a Substance in an Equation

You saw on page 15 how a chemical reaction can be shown using a word equation or symbaol equation.
8ymbol equations can also include state sumbols next to each substance —
they tell you what phusical state the reactants and products are in:

[EJ — solid {[} e qud {EJ — gas laq} — agueous ‘Aqueous’ means

For example, aqueous hydrochloric acid reacts with solid calcium carbonate | ‘disselved in water'
to form aqueous calcium chloride, liquid water and carbon dioxide gas:

2HC!  + CaCO,, — CaCl,  + H,0, + CO,

Phew, what a page — particle-ularly gripping stuff...
I think it’s pretiy clever the way you can explain all the differences between solids, liguids and gases with just a
page full of pink snooker balls. Anyway, thats the casy bit. The not-so-casy bit is learning it all.

1 Substance A does not have a delinite shape or volume. What state is it in? [1 mark]

Topic 2 — Bonding, Structure and Properties of Matter



37

Changing State

This page is like a game show. To start, everyone seems nice and solid, but turn up the heat and it all changes.

Substances Can Change from One State to Another
Phusical changes don't change the particles — just their arrangement or their energy.

1) When a solid is heated, its particles 12) At the melting point, so many bonds
gain more energy. et have formed between the particles
* m that they're held in place. The liquid
2) This makes the particles vibrate becomes a golid. This is FREEZING.
mora, which weakens the forces that FEEEEFELA|
hold the solid together. 11} There's not enough energy to overcome
% the attraction between the particles,
3) At a gertain temperature, called melting | | freezing 80 more bonds form between them.
the melting point the particles have
enough energy to break free from their 10) When a liquid gools, the particles have
positions. This is called MELTING and S— legg energy, so move around less.

the golid furns into a liguid.

A

9] At the boiling point, so many bonds

have formed between the gas
particles that the gag becomes a
liquid. This is called CONDENSING.

4) When a liquid is heated, again the
particles get even more energy.

5) This energy makes the particles move

fagter, which weakens and breaks the boiling | |condensing

bonds holding the liquid together. 8) Bonds form between the particles.
6) Ata gertain temperature, called - a . 7) As a gas gools, the particles

the boiling point, the particles have : = no longer have enough energy

enough energy to break their bonds, . ‘i‘is to overcome the forces of

This is BOILING (or evaporating).

The liguid becomes a gas. =
80, the amount of energy needed for a substance to [:hangn Hiaia depends on how strong
the forces between particles are. The glronger the forces, the more energy is needed to
break them, and so the higher the melting and boiling points of the substance.

'If" aHraction between them.

You Have to be Able to Predict the State of a Substance
You might be asked to predict what state a substance is in at QUL R L I,

= The bulk properties such as the melting =

a pertain temperature. If the temperature’s below the melting _

= T material depend on how -
point of substance, it'll be a golid. If it's above the boiling point, = rlntu,tr: niz:fctk : !JELE ; -;: JL: :_1 Ii =
H"" IJE a Eﬁ I'F it'e in IJE"WEET! 'I'hﬂ *Wﬂ Pﬂln'l'ﬂ I'hEn it's a il Igl.lld = owen daesn't have these properties. ::
AR AR A RA N |||I IENEARIRANNANAY
m Which of the molecular substances in the table is a liquid at room temperature (25 °C)?
melting point | boiling point Oxygen and nitrogen have boiling points below
=219 °C 183 °C 25 °C, so will both be gases at room temperature.
nxy‘g.e.n P
nil:m_:_]an =210 *C =196 °C So the answer's bromine. |t melts at —7 *C and boils
bromine 7 e 59 °C at 59 °C. 3o, it'll be a liquid at room temperature.

Some people are worth melting for...
Make sure you can describe whal happens 1o particles, and the Torces between them, as a substance 15
heated and cooled. Then learn all the technical terms, and vou’ll sound like 4 states of matter pro.

] Ethanol melts at =114 *C and boials at 78 *C. Predict the state that ethanol is in at:
a) -150°C by 0°C ¢) 25°( dy 100 °C [4 marks]
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Nanoparticles

Just time to squeeze in something really small before the end of the topic...

Nanoparticles Are Really Really Really Really Tiny . ainalir Wi that:
Particles are put info categories depending on their diameter. For example: T T
Coarse particles (PM, ) have a diameter between % m[,; Y l?o :.i L-,J:”, - __

2500 nm (2.5 X 10 m) and 10 000 nm (1 X 10°* m). They're also called dugt.” 1110 ris
Fine parficles (PM, ) have a diameter between 100 nm (1 x 107 m) and 2500 nm (2.5 x 10 m).
Nanoparticles have a diameter between 1 nm (1 X 10" m) and 100 nm (1 % 107 m). T,
These are particles that contain only a few hundred atoms. A,

G P‘ L
Ay al at
eter of abe ot
There's a whole area of science that investigates the uses = 'I‘“'_: " ol
and properties of nanoparticles, called panoscience. AN

W
i i
i |-.|"'

Nanoparticles Have a Large Surface Area to Volume Ratio
1) The surface area to volume ratio is an important factor as it can affect the way that a particle behaves.

surface area to volume ratio = surface area + volume

2) As parficles decrease in size, the size of their surface area inoreases in ; 'P‘t\l
relation to their volume. This causes the surface area fo volume ratio to increase. é L i
r M anngparticle

3) You can see this happening by using two gubes as an example:

m Find the surface area to volume ratio for each of the cubes below.

. This cube has sides of length 100 nm.

Each face has a surface area of 100 nm % 100 nm = 10000 nm’

The cube has six faces, so the total surface area is 6 x 10 QOO nm’ = 60000 nm’
The volume of the cube is 100 nm x 100 nm = 100 am = 1000000 nm’

100
‘f M The surface area to volume ratio = surface area + volume = 60 000 + 1000000 = 0.06 nm™'
The drawings of

T:.:Il:rub::;;-.:taltlw This cube has sides of length 10 nm. F:F:::: 3':::':::|;:‘-::'

\u:] Each face has a surface area of 10 nm = 10 nm =100 nm? of ten, the surface area to

Th The cube has six faces, so the total surface area is 6 x 100 nm’ = 600 nm’ AVIIVIOR FU0 VW, ey

10 nm = increase by a factor of ten.
The volume of the cube is 10 nm % 10 nm * 10 nm = 1000 nm’

The surface area to volume ratio = surface area + volume = 600 + 1000 = 0.6 nm™

4) Nanoparticles have a very high surface area to volume ratio — this
meang the surface area is very large compared to the volume.

5) This can cause the properties of a material to be different depending on whether it's a
nanoparticle or whether it's in bulk. For example, you'll often need less of a material that's
made up of nanoparticles to work as an effective catalyst compared to a material made
up of 'normal' sized particles (containing billions of atoms rather than a few hundred).

Nano nano nano nano nano nano nano nano — particles...
Manoparticles are between ten and one hundred times larger than atoms and melecules. That's teeny tiny.

ol Roughly what size are the particles studied in nanoscience” [1 mark]

Q2 a) The sides of a cube are 50 wm long. What's its surface to volume ratio? [3 marks]
by Predict how the surface to volume area would change if the

size of the cube was increased so its sides had a length of 500 nm. [2 marks]
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Uses of Nanoparticles

'What's the use of something so small that not even a gnat can see it?" | hear you ery. Well, as you're
about fo find out, scientists have developed sume pretty swanky uses for nanoparticles.

Nanoparticles Can Be Used in Lots of Things

Finding new ways to use nanoparficles is a really important area of scientific research.
Here are some of the uses that have already been developed...
1) They have a huge surface area o volume ratio, so they could help make new catalysts.
2) Nanomedicine is a hot topic. The idea is that tiny particles (such as fullerenes

from page 34) are absorbed more easily by the body than most particles.

This means they could deliver drugs right into the cells where they're needed.
3) Some nanoparticles gonduct electricity, so they can be used

in tiny electric circuits for computer chips.

4) Silver nanoparticles have antibacterial properties. They can be ST TTTTTTTTR
added to polymer fibres that are then used to make gurgical masks s r-lnlu::l:ltj,,'ru Ifw aked about why
and wound dressings and they can also be added to deodorants. S applications fJ. .:er' for ather

Iy " B 1 IWER Eheip e rtiag

6) Nanoparticles are also being used in gosmetics. For example, they're - I;r:"’li‘ii PANIC. Yoy *.r'n.:...';h-!- i

used to improve moisturisers without making them really oily. ) i ;',"'_:’I”I"'Idl"w that youl need =

il "'I'|l|| I

The Effects of Nanoparticles on Health Aren’t Fully Understood

1) Although nanoparticles are useful, the way they affect the bedy isn't fully understood, so it's
important that any new products are tested thoroughly to minimise the risks.

2) Some people are worried that products containing nanoparticles have been made
available before the effects on human health have been investigated properly,
and that we don't know what the long-term impacts on health will be.

3) As the long-term impacts aren't known, many people believe that products containing nanoscale
parficles should be clearly labelled, so that consumers can choose whether or not to use them.

* Nanoparticles are being used in sun creams as they have been shown to be better than 5
the materials in traditional sun creams at protecting skin from harmful UV rays. [ g

*  They also give better gkin coverage than traditional sun creams.

* But it's not yet clear whether the nanoparticles can get into your
body, and, if they do, whether they might damage cells,

* It's also possible that when they are washed away they might damage the environment.

L] - -

Silver nanoparticles — to make jewellery for nanopeople...
If you thought you'd only ever meet nanoparticles in GCSE Chenustry, then think agaim. They’ve got loads of uses
out there in the real world, so you'll be sure to hear more about them in the future, If you're still not sure what all
the fuss is about, and why something so small might ever be any use, then have a go at the questions below
1 Give one potential application ol nanoparticles that can conduct electricity. [1 mark]
Q2 MNanoparticles may have applications in medicine,

State one risk of using nanoparticles in this way. [1 mark]
Q3 Both silver nanoparticles and titanium dioxide nanoparticles can be used to form a transparent laver.

Silver nanoparticles conduct heat, whereas titanium dioxide nanoparticles are thermal insulators.

State which of the nanoparticles could be used for making car windows that can quickly be
defrosted in winter. Explain your answer. [2 marks]
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Revision Questions for Topic 2

And that's the end of Topic 2 — well, nearly the end. You still need to...

+ ..ty these questions and fick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, fick it off.

Ions and Ionic Compounds (p.28-30) [ ]

1)  What type of ion do elements from each of the following groups form?
a) Group 1
b) Group 7

2) Describe how an ionic bond forms.

3) 8ketch dot and cross diagrams to show the formation of:
a) sodium chloride  b) magnesium oxide ©) magnegium chloride  d) sodium oxide

4) Describe the structure of a crystal of sodium chloride.

6) List the main properties of ionic compounds.

Covalent Substances (p.31-34) [ ]
6) Describe how covalent bonds form,

7) Sketch dot and cross diagrams showing the bonding in a molecule of:
a) hydrogen b) water ¢) hydrogen chloride

8) Explain why simple molecular compounds typically have low melting and boiling points.
9) Describe the structure of a polymer,

10) Give three examples of giant covalent substances.

1) Explain why graphite can conduct electricity.

12) Explain how fullerenes could be used to deliver drugs into the body.

Metallic Bonding (p.35) [ ]
13) What is metallic bonding?

14) List three properties of metals and explain how metallic structure causes each property.

18) Explain why alloys are harder than pure metals.

States of Matter (p.36-37) [ |

18) Name the three states of matter.

17) What is the state symbol of an aqueous substance?

18) What iz the name of the temperature at which a liquid becomes a gas?

19) How does the strength of the forces between particles influence the temperature
at which a substance changes state?

Nanoparticles and their Uses (p.38-39) |_

20) What is nanoscience?
21) Give three uses of nanoparticles.

22) Explain why people may be wary of using products that contain nanoparticles.

Topic 2 — Bonding, Structure and Properties of Matter
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Relative Formula Mass

Calculating relative formula mass is straight forward enough, but things can get a bit more confusing when
you start working out the percentage compositions of compounds. Best get cracking, | suppose...

Compounds Have a Relative Formula Mass, M,

If you have a compound like MgCl, then it has a relative formula mass, M,, which is just
the relative atomic masses of all the atoms in the molecular formula added together. .
AUV |_,-f_

= Tou can find the relatve =
m Fiﬂd thl rEIati'q"e Fﬂrmutﬂ mass L'I'FMECI:.. = atomic mass (A) afan =

1) Look up the relative atomic masses of all the elements in the compaund on the = tlement from the periodic =
periodic table. {In the exams, you might be given the A, you need in the question) - .~ "~ "
A, of Mg = 24 and the A, of Cl| = 355, = page 13 for more

2) Add up all the relative atomic masses of the atoms in the compound 111 IR W
Mg+ (2 xCl) =24+ (2 x 355) =95 So M, of MgCl, = 95

= table — .P.-_ the same a

There are two chloring atams in MaCl, so the relative atomic mass of chlanne needs to be multiphed by 2

You Can Calculate the % Mass of an Element in a Compound
This is actually dead easy — so long as you've learnt this formula:

Percentage mass of an _ A, x number of atoms of that element % 100

element in a compound M; of the compound

EXAMPLE S

Find the percentage mass of sodium in sodium carbonate, Na,CO,.
A of sodium = 23, A of carbon =12, A of oxygen = 16

M, of Na,CO, = (2 x 23) + 12 + (3 « 16) = 106

A % number of atoms of that element S E L -
M, of the compound * 100 = T qg * 100 = 43%

Percentage mass of sodium =

You might aleo come across more complicated questions where you need to work out the percentage mass.

A mixture contains 20% iron ions by mass. VWhat mass of iron chleride (FeCl,) would
you need to provide the iron ions in 50 g of the mixture? A, of Fe = 56, A of Cl = 355.

1) Find the mass of iron in the mixture.
20

The mixture contains 20% iron by mass, so in 50 g there will be 50 x joo =10 g of iron.
2) Calculate the gercentage mass of iron in iron chloride.

Percentage A x number of atoms of that element _ 56 N
el e, M, of the compound ® 100 = 56+ (2%355) * 100 = 4409 _%

3) Calculate the mass of iron chlaride that contains 10 g of iren.
Iron chloride contains 44.09% iron by mass, so there will be 10 g of iron in 10 + ﬂgg" =23 4q
Se you need 23 g of iron chloride to provide the iren in 50 g of the mixture.

Relative mass — when you go to church with your parents...
The best way 1o get 1o grips with all this stulT is by practising. Start by having a go at these questions...
0l Calculate the relative formula mass (M) of; a) 1O by LiOH ¢) H.50, [3 marks)

Q2 Calculate the percentage composition by mass of potassium in potassium hydroxide {(KOH). [2 marks]
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The Mole

Moles can be pretty confusing. I's probably the word that puts people off. It's difficult to see the relevance
of the word "mole" to anything but a small burrowing animal.

“The Mole” is Simply the Name Given to an Amount of a Substance |

1) Just like "a million" is this many: 1 000 000; or "a billion" is this many: 1 000 000 000,

so "the Avogadro constant” is this many: 802 000 000 000 000 D00 000 000 or 8.02 x 10%,
And that's all it is. Just a number.

2) One mole of any substance is just an amount of that substance that contains an Avegadro number of
particles — so 6.02 x 10* particles. The particles could be atoms, molecules, ions or electrons.
3) The burning question, of course, is why is it such a silly long number like that, and with a 8 at the front?
4) The answer is that the mass of that number of atoms or molecules of any
substance is exactly the same number of grams as the relative atomic mass
(A,) or relative formula mass (M,) of the element or compound.
5) In other words, one mole of atoms or molecules of any substance will have a_mass in grams equal to
the relative formula mage (A, or M,) for that substance. Here are some examples:

Carbon has an A, of 12, 80 one mole of carbon weighs exactly 12 p.
Nitrogen gag, Ny, has an M, of 28 (2 X 14). 80 one mole of N, weighs exactly 28 g.
Carbon dioxide, CO,, has an M, of 44 (12 + [2 x 18]). 8o one mole of CO, weighs exactly 44 g.

8) This means that 12 g of carbon, or 28 g of Ny, or 44 g of CO,, all contain the same
number of parficles, namely one mole or 6.028 x 10" atoms or molecules.

Nice Formula to Find the Number of Moles in a Given Mass: '

Nurber of moles = 28810 8 (of an element or compound)

M. (of the element or compound)

m How many maoles are there in 66 g of carbon dioxide (CO,)? ‘mal is the

-.:.rl‘ni:n| far the

1) Caleulate the A, of carbon dioxide, M of CO,=12 + (16 = 2) = 44 J/ unit ‘moles
2) Use the formula above to find out No. of moles = Mass (g) + M, = 66 + 44 =15 mol
how many males there are. Easy Peasy.

You can rearrange the equation above using this handy formula triangle. You could
mnas

uge it to find the mass of a known number of moles of a substance, or to find the

M. of a substance from a known mass and number of moles. Just cover up the no. of X M
thing you want to find with your finger and write down what's left showing. moles

W What mass of carbon is there in 4 moles of carbon dioxide?

There are 4 moles of carbon in 4 moles of CO.,.

Cover up ‘mass in the formula triangle. That leaves you with 'no. of males x M
So the mass of 4 moles of carbon = 4 x 12 = 48 g

What do moles have for pudding? Jam moly-poly...

Calculations involving moles can send some people into a spin. Don’t be one of those people — there’s
really no need to freak out about moles. Go back over this page until you've got your head round it all.

Q1 Calculate the number of moles in 90 g of water (11,07, A4,00) = 16, A(H) = 1. [2 marks]
Q2 Calculate the mass of 1020 mol of potassium bromide (KBr). A (K)= 39, 4 (Br) = 80. [2 marks]
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Conservation of Mass

You've probably realiced by now that you can't magic stuff out of thin air, and you ean't make it magieally
disappear, either. This fact is pretty useful for working out the amounts of substances in chemical reactions.

In a Chemical Reaction, Mass is Always Conserved
1) During a chemical reaction no atoms are destroyed and no atoms are created.

2) Thie means there are the gsame number and types of atoms on each side of a reaction equation.
3) Because of this, no mass is lost or gained — we say that mass is gongerved during a reaction.

g 2li + F, — 2LF
In this reaction, there are 2 lithium atoms and 2 fluorine atoms on each side of the equation.

4) By adding up the relative
formula masses of the
substances on each cide f,f\__;__:* Show that mass is conserved in this reaction: 2Li + F, — 2LiF.

a balanged symbol equation, 1) Add up the relative formula masses on the left-hand side of the equation.

you can see that maes is 2 ML)+ 2% M(F) = (2 x7) +(2%19) =14 + 38 = 52
conserved, The total M, of all 2) Add up the relative formula masses on the right-hand side of the equation
the reactants pguals the fotal 2% MLIF) =2 % (T +19) = 2 x 26 = 52

M, of the products. The total M, on the left hand side of the equation is equal

B L PR RN to the total M, on the right hand side, so mass is conserved.

11 |'F|I'| mdare 1|I|Z|J|, |r.1|.ir':|'ri =

symbol equations en plh =
AN R AR AR IR RN ERR T RN

If the Mass Seems to Change, There’s Usually a Gas Involved

In some experiments, you might observe a change of mass of an ungealed reaction vessel during a reaction.
There are usually two explanations for this:

Explanation 1; f the mass increases, it's Explanation 2: If the mass decreases, it's probably
probably because one of the reactants is a because one of the products is a gas and all

gas that's found in air (e.g. oxygen) and all  the reactants are solids, liquids or aqueous.
the products are solids, liquids or aqueous.  +  Before the reaction, all the reactants are

* Before the reaction, the gas is floating contained in the reaction vessel.
Brwnd iI'I ihﬂ Hil'. "lﬂ fhﬂrﬂ. hu* “IE - H:' fh,n. mgnl ien"t Hh!‘lﬂﬁ&d, *han iha gag oan
n'oi' mniﬂinﬂd in 1'hﬁ Fﬁﬂﬂﬁl‘ln 'l'ﬂﬂﬂﬂ'l. QG{‘.HEB fr.nm 'H"IB rgnnﬂon vagunl as H-'g -Fnrmad
so you can't account for its mass. It's no longer contained in the reaction vessel, so
*  When the gas reacts to form part of you can't account for its mass — the total mass
the product, it becomes contained of the stuff inside the reaction vessel decreases.
inside the reaction vessel — so For example, when a metal carbonate thermally
the total mags of the stuff inside decomposes to form a metal oxide and carbon dioxide
the reaction vessel increases. gas, the mass of the reaction vessel will decrease
For example, when a metal reacts if it isn't cealed. But in reality, the mass of the
with oxugen in an unsealed container, metal oxide and the carbon dioxide produced will equal
the mass of the container increases. the mass of the metal carbonate that decomposed.
The mass of the metal oxide produced metal carbonate, — metal oxide,, + carbon dioxide
equale the total masg of the metal and T T
the oxuygen that reacted from the air. = Rernember from the partice model on page 36 that a gas wil expand =

= to fill any container its in 5o if the reaction vessel isn't sealzd, the gas
= expands out framm the vessel, and escapes inko the air around

if|||||||||-.|1|.|I|l'||.|,|||l,|_||||l.|||.'|.'-.-||.l|-.--|'.||-_.|

r.
Uy

metal,, + oxygen, — metal oxide,

Leaving all the potatoes on your plate — that’s mash conservation...
Never, ever forget that, in a reaction, the total mass of reactants is the same as the total mass of products.
Q1 Using the balanced cquation, show that mass is conserved in the following reaction:

H,80,,, + 2NaOH,,, = NaySO,, + 2H,0, A (H) =1, 4(0) = 16, 4,(Na) =23, A(S) =32 [5 marks]

{agh
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The Mole and Equations

This is the moment where the ‘number of moles = mass + M equation from page 42 comes into it's own.

You Can Use Moles to Calculate Masses in Reactions

LT |
Wil L NN YT LRy,

= The liktle numbers tef] =

Remember those balanced equations back on page 167 Well, the big numbers
in front of the chemical formulas of the reactants and products tell you

how many moles of each substance takes part or is formed during the reaction.
For example:

= You how many dloms of -

L gitment h"f(' IFE jr
=ML £ i i
- .

the thi";rJ-n;_g. =

Mﬂ‘l‘l -+ QHCI[,m_}MECIgth + ng "";|||.|Il.'I||I||,_,I.| ™~

In this reaction, | mole of magnesium and 2 moles of hydrochlorie acid react
together to form | mole of magnesium chloride and | mole of hydrogen gas.

You Can Balance Equations Using Reacting Masses
If you know the magses of the reactants and products that took part in a reaction, you can

work out the halanced symbol equation for the reaction. Here are the steps you should take:
1) Divide the masgs of each substance by its relative formula mass to find the pumber of moles.

2) Divide the number of moles of each substance by the gmallest number of moles in the reaction.

3) If any of the numbers aren't whole numberg, multiply all the numbers
by the same amount so that they all hegome whole numbers.

4) Write the balanced symbol equation for the reaction by putting

these numbers in front of the chemical formulas.

m 8.1 g of zinc oxide (ZnO) reacts completely with O.60 g of carbon to form 2.2 g of

carbon dioxide and 6,5 g of zinc. Write a balanced symbeol equation for this reaction.
A(C) =12, A(O) =16, A(Zn) = 65
1) Work out A, for each of the substances in the reaction;
Zn0: 65 + 16 = 81 Ci12 CO;:12 + (2 x16) = 44 Zn: 65

2} Divide the mass of each substance by its M, to calculate how
many moles of each substance reacted or were produced:

ZnO: §] = 010 mol c: 259 = 0,050 mol
cO; 22 = 0050 mol zn €2 = 010
3) Divide by the smallest number of moles, which is ©.050: TI'“_!“ ’}“&Tb"ﬁ give "J";
atig ot the amaounts o
010 0.050 el
Zn === ") C:=—===10 tach substance in the
D'D:ID 0.050 reaction euation
0.050 010
COy o050 - 10 Zn: 0.050 = 2.0

4)  The numbers are all whole numbers, so you can write out the balanced symbol equation straight away:
2Zn0 + C — CO, + 2Zn '

Where do moles live? Edinburrow...

The calculations on this page have lots of steps, so the best way to learn how to do them is by practising,

Luckily, there are some questions below 1o gel you started. Don’t say [ don’t spoil you. Better get cracking. .

Q1 B4 g of N, reacts completely with 18 g of H, to produce 102 g of WH,.
M(N,) =28, M(H,)=2, M(NH,)=17.
a) Calculate how many moles of each substance reacted or was produced. [3 marks]
b) Use your answer 1o part a) lo write a balanced symbol equation for this reaction. [2 marks]
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Limiting Reactants

Reactions don't go on forever — you need stuff in the reaction flask that can react. If one reactant gets
completely used up in a reaction before the rest, then the reaction will siop. That reactant's called limiting.

Reactions Stop When One Reactant is Used Up —
When some magnesium carbonate (MgCO,) is placed into a beaker of hydrochloric acid,
you can tell a reaction is taking place because you see lots of bubbles of gas being given off. @
After a while, the amount of fizzing glows down and the reaction eventually stops... ' .
1) The reaction stops when all of one of the reactants is used up. Any other reactants are in gxcess.

They're usually added in excess to make sure that the other reactant is used up.
2) The reactant that's used up in a reaction is called the limiting reactant
(because it limite the amount of produet that's formed).

3) The amount of product formed is directly proportional to the amount of limiting reactant. For example, if
you halve the amount of limiting reactant the amount of product formed will also halve. If you double the
amount of limiting reactant the amount of product will double (as long as it ie still the limiting reactant).

4) This iz because if you add more reagtant there will be more reactant particles
to take part in the reaction, which means more product particles.

The Amount of Product Depends on the Limiting Reactant

You ean calculate the mags of a product formed in a reaction by using the v\

i
gl VERNE VU rdbig

mags of the limiting reactant and the balanced reactic ation. | Y;I 1 P a0 e (b "WI”’:; i
= Wid Ene mass of o reaclant A ;r.'- y =

I] Write out the hﬂlf_”!.'.i'.""'l_'“l_l_*_'-“iﬂ'ﬂ- =, Procuce & kngwn -11“- 'L"I .-I i:'ll I : :
."I|||l|||.lr||_- RN ||I”I|-':

2) Work out relative formula masses (M,) of the reactant and product you want. | "

3) Find out how many moles there are of the substance you know the mass of.

4) Use the balanced equation to work out how many moles there'll be of the other substance.
In this case, that's how many moles of product will be made of this many moles of reactant.

6) Use the number of moles to calculate the mags.

m Calculate the mass of aluminium oxide formed when 135 g of aluminium is burned in air.

1) Write out the balanced equation: 4A| + 30, — 2AL,0,
2] Calculate the relative formula masses: Al: 27 ALOy: (2 x 27) + (3 = 16) =102

3) Calculate the number of moles of aluminium in 135 g AMoles = 1255 135 _ EH“YM sonll e Ao Wi 4 o

M. S oxygen because it's in excess
4) Look at the ratio of moles in the equation: 4 moles of Al react to produce 2 moles of AlLO,
IF the question asked for the — half the number of moles are produud,
number of males of aluminium So 5 moles of Al will react to P"‘:\“‘:h“:e

2.5 moles of AlLO,
51 Calculate the mass of 2.5 moles of aluminium oxide:.  mass = moles x M, = 25 = 102 = 255 g

oxide formed, you'd stap here

The mase of product (in thie case aluminium oxide) i called the uield of a reaction.
Masses you calculate in this way are called theoretical yields. In practice you never get
100% of the yield, so the amount of product you get will be less than you calculated.

‘A Rush of Mud to the Head’— my favourite album by Moldplay...
I"ve said it before, 'l say it again — practice makes perfect. So before vou get distracted by a cute picture of a
kitten, or wander ofT to have a cup ol tea, have a go at the question below.,

0l The balanced equation for the reaction between chlorine and potassium bromide is:
Cl, + 2KBr — Br, + 2KC1
Calculate the mass of potassium chloride produced when 23 .8 g of potassium bromide
reacts in an excess of chlorine. 4 (K)= 39, 4(Br) = 80, 4 (Cl) = 35.5. [4 marks]
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Gases and Solutions

Time to find out how to ealculate amounts of gases from volumes and amounts of solutes from concentrations.
One Mole of Any Gas Occupies 24 dm’at 20 °C

At the same femperature and pressure, equal numbers of moles of any gas will ocoupy the same volume.

At room temperature and pressure (r.t.p. = 20 °C and 1 atm) one mole of any gas ocoupies 24 dm®.

You can uge this formula to find the volume of
a known mass of any gas at r.4.p.ie=

[ EXAVPLE

: ; _ Mass of gas 2 n g
Volume of gas = Mf of gas x 24

in dm?

What's the volume of 319.5 g of chlorine at rtp? Volume = Mﬂ“ x24 = =55=x24 =108 dm’

3195

You Can Calculate Volumes of Gases in Reactions

For reactions between pooes, you can use the volure of one gas to find the volume of another.

m How much carbon dioxide is formed when 30 dm’ of oxygen

reacts with carbon monoxide? 2CO, + O, — 2C0O,,
1 mole of O, < 2 moles of CO, so 1 volume of O, < 2 volumes of CO,
So030 dm' of O, = (2 x 30 dm') = 60 dm' of CO,

Concentration is a Measure of How Crowded Things Are

1) Lots of reactions in chemisiry take place between substances that are digsolved
in a solution. The amount of a substance (e.g. the mass or the number of
moles) in a certain volume of a solution is called its concentralion.
2) The more golute (the substance that's dissolved) there is in a
given volume, the more concentrated the solution.
3) One way to measure the concentration of a solution is by caleulating the mass of a
substance in a given volume of solution. The units will be units of mass/units of volume.
Here's how to caleulate the concentration of a solution in g/dm®:
4) You can caloulate the mass of a
solute in solution by rearranging this

mass of solute

concentration =
volume of golvent

in gfdm’ formula to: mass = cone. % volume.
5) Concentration can also L ] f solut . |
i i . number c oles Ot solure In mo
be given in mol/dm®: conoehiration = SI2SL0T TNO6s O SOITS,
i mallded? volume of solvent T
m 1) What's the concentration in g/dm® of a solution of sodium chloride
where 30 g of sodium chloride is dissolved in O.2 dm? of water? ST IO T T T
= 1dm? =10mm . 3
= OO em? =

- 30
concentration = 55 = 150 g/dm’

rllll"'r'llll'ln'l.'|_-|"{
2) What's the concentration, in mol/dm?, of a solution with 2 moles of salt in 500 ¢m'2
Convert the volume to dm? by dividing by 1000: 500 cm? + 1000 = 05 dm?

Gavin wasn't great + Mow you've got the number of males and the volume 2
at concentration in the nght units, jLJS‘t stick thern in the formula; Concentration = o5 = 4 mol/dm’

CGP Revision Guides — not from concentrate...
It’s pretty handy that any gas, yes | mean ANY gas, occupics the same volume under the same conditions.
1 Calculate the volume of 3.5 g of nitrogen (N,) gas at room temperature and pressure. [2 marks]
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solution and a couple of volume values? No? Oh well, here's how to do it anyway.

You Might Be Asked to Calculate the Concentration

Titrations are experiments that let you find the volumes needed for two solutions to react together completely
(see p.52). If you know the concentration of one of the solutions, you can use the volumes from the
fitration experiment, along with the reaction equation, to find the concentration of the other solution.

Find the Concentration in mol/dm’

You might remember the formula for working out the concentration
of a substance in mol/dm® from page 46. Well, here it is In 8 s
handy formula triangle. It's dead useful in these calculations.

no. of

moleg

cont. ¥ volume

m A student started with 30.0 em” of sulfuric acid (H,S0,) of unknown concentration in a
flask. She found that it took an average of 25.0 em' of G100 mol/dm’ sodium hydroxide
{(NaOH) to neutralise the sulfuric acid. Find the concentration of the acid in mol/dm’.
The balanced symbol equation for the reaction is: 2NaOH + H,50, — Na,50, + 2H,0
1) Work out how many moles of the "known” substance you have using the farmula; no. of maoles = cone % volume
0100 melfdm' » (25,0 / 1000) dm’ = 0,.00250 moles of MaOH
2) Use the reaction equation to work out how many moles of the "unknown" stuff you must have had

Using the equation, you can see that two moles of sodium hydroxide reacts with one mole of sulfuric acid.
So 0.00250 moles of NaOH must have reacted with 0.00250 + 2 = 0.00125 moles of H,50,.

31 Wark out the concentration of the "unknown” stuff Make sure the Dian't round your answer
i I 41 d I. il F #
Concentration = number of moles + volume e R R _~ until right at the end
= 0.00125 mol + (30.0 + 1000) dm' = 0.0H666... mol/dm’ = 0,047 mol/dm’®
S LT T T A T T T T e e T T e T T e i v v o,
= Remiember — all measurements have game uncertainty to them. Titration experiments will aften be repeated,
and then the average meanh of these repeated measurements will be caleulated The range of the results car
also be found (see p.f), and can be used to give you an idea of how uncertain the mean value i [see pll)
L R N A A A TR R R A R T TN RTA TN LS
Converting mol/dm’ to g/dm?* SOV
'_— You can also convert Fram agfdm’ o -
1) To find the concentration in g/dm®, start by finding the = mel/dm" by reamanging this equation tor 3
" 1 i ¥ - males = mass = M -
concentration in mol/dm® using the steps above, T L YT T

2) Then, convert the concentration in mol/dm® to g/dm® using the equation mass = moles x M,.

m What's the concentration, in g/dm’, of the sulfuric acid solution in the example above?

11 Work aut the relative farmula mass for the acid
M(H,50,) = (2 x 1) +32 + (4 x 16) = 98

2) Convert the concentration in moles (that you've already worked out)
into concentration in grams. So, in 1 dm*

Mass in grams = moles = relative formula mass = 0.041666.. = 98 = 4.08333.. g
So the concentration in g/dm* = 408 g/dm?

Time to convert my concentration from cat videos to chemistry...
These calculations look pretty scary. But if vou get enough practice, then the fear will evaporate and vou can
tackle them with a smile on your Face and a spring in your step. Betler pet cracking.

8] A student found that 22.5 cm® of 0.150 mol/dm® potassium hydroxide (KOH) was needed to neutralise
25.0 em® of nitric acid (HNO;). The balanced equation for the reaction is: HNQO, + KOH — KNO, + H,0
Calculate the concentration of nitric acid in mol/dm’. [3 marks]
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Atom Economy

It's important in industrial reactions that as much of the reactants as possible get turned into useful products.
This depends on the atom economy and the percentage yield (see next page) of the reaction.

“Atom Economy’” — % of Reactants Forming Useful Products

1) Alot of reactions make more than one product. Some of them will be ugeful, but others will be waste.

2) The atom economy (or atom utilisation) of a reaction tells you how much of the mass of the reactants is
wasted when manufacturing a chemical and how much ends up as useful produets. Learn the equation:

relative formula mass of desired products

atom economy = x 100

relative formula mass of all reactants

3) 100% atom economy means that all the atoms in the reactants have been turned into
useful (desired) products. The higher the atom economy the 'greener’ the process.

m Calculate the atom economy of the following reaction to produce hydrogen gas:

CH,lg) + H,0(g) — CO(g) + 3H,(g)
1) Identify the desired product — that's the hydrogen gas.

20 Wark out the M. of all the reactants: MACH,) =12 + (4 x 1) = 16

MIH:O)= (2 x1) +16 =18

16 + 18 = 34
3) Work out the total A, of the desired product: 3 x MAH,) =3 % (2 % 1)= 6 S50 in this reaction, over
4)  Use the formula to calculate the atom economy: 35:‘ 100 =176% — :E:‘f”jﬁtt:::::::ﬂ

High Atom Economy is Better for Profits and the Environment

1) Pretty obviously, if you're making lots of waste, that's a problem.

2) Reactions with low atom economy use up recources very quickly. At the same time, they make
lots of waste materials that have to be disposed of somehow. That tends to make these reactions
unsustainable — the raw materials will run out and the waste has to go somewhere.

3) For the same reasons, low atom economy reactione aren't usually profitable. Raw materiale are
often expensive to buy, and waste producte can be expensive to remove and dispose of responsibly.

4) The best way around the problem is to find a use for the waste products rather than just throwing
them away. There's often more than one way to make the product you want, so the trick is to

come up with a reaction that gives useful "by-products" rather than useless ones.

5) The reactions with the highest atom economy are the ones that only
have one product. Those reactions have an atom economy of 100%.
The more products there are, the lower the atom economy is likely to be.

Atom economy isn't the only factor to be considered when choosing which reaction to use to make a
certain product. Things such as the uield (see next page), the rate of the reaction (see page 87) and
the position of equilibrium for reversible reactions (see page 72) also need to be thought about.

A reaction with a low atom economy, that produces useful by-products, might also be used.

Atom economy class — even less legroom than economy class...
You might get asked about an unfamiliar industrial reaction in the exam. Don’t panic — whatever example they
give vou, the same stuff applics. Have a go at the question below, and you'll see what | mean,..

]! The following two reactions, A and B, both produce NEH,:
A. 2NH,Cl + 2Ca0 — CaCl, + Ca{OH), + 2NH, B. N,+3H,— INH,
AMN) =14, A(H) = 1, A(Cl)=35.5, 4,(Ca) = 40, 4(0) = 16
a) Which reaction, A or B, has the higher atom economy? Explain your answer. [1 mark]
by Calculate the atom economy for the production of NH, by reaction A. [5 marks]
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Percentage Yield

Percentage yield tells you about the overall success of an experiment. 1 compares what you think
you should get (theoretical yield) with what you get in practice (actual yield).

Percentage Yield Compares Actual and Theoretical Yield

The amount of product you get is known as the yicld. The more reactants you start with, the higher the
actunl yield will be — that's pretty obvious. But the percentage yield doesn't depend on the amount of
reactants you started with — it's a percentage.

1) Percentage yield is given by the formula: in g
mass of product actually made
percentage yield = L 10D
maximum theoretical mass of product . -|\\
This 15 j|_451_ the maximum theoretical }'Ir'lr]_ It can be calculated from the balanced reaction equation |:5E|! p45’ I
2) Percentage yield is olwoys somewhere between O and 100%. 100% yield means ;" 'I'r",;'ulLr:_:;"t'h:": E'l',_;:;n;:’-_'
that you got 1/l the product you expected to get. 0% yield means that 1o = yield and the maximum =
reactants were converted into product, i.e. no product at all was nade. = theoretical yield of the

= reachon, YOU CAN Fearrange =

3) Industrial processes should have as high a percentage yield as
possible to reduce wagte and reduce costs.

J s dduatlion T W wh ol L

whal the mass of ;u.ul.l.,L -

adtually rdde would be
EINTE YRR

Yields are Always Less Than 100%

In real life, you never get a 100% yield. Some product or reactant always gets lost along the way —
and that goes for big indusirial provesses as well as school lab experiments. How this happens depends
on what sort of reaction it is and what apparatug is being used. Lots of things can go wrong, but three
common problems are:

1) Not All Reactants React to Make a Product |
In reversible reactions (see page 72), the products can turn back
into reactants, so the yield will never be 100%.

For example, in the Haber process, at the same time ag the reaction N, + 3H, — 2NH,
is taking place, the reverse reaction 2NH, — N, + 3H, is also happening.

This means the reaction N, + 8H; — 2NH, never goes to completion (the reactants don't all get used up).

2) There Might be Side Reactions |

The reactants sometimes react differently to how you expect. They might react with gases in the air, or
impurities in the reaction mixture, so they end up forming exira products other than the ones you want.

3) You Lose Some Product When You Separate It From the Reaction Mixture

When you filter a liquid to remove solid particles, you nearly always lose a bit of liquid or a bit of solid.

*  If you want to keep the liquid, you'll lose the bit that remains with
the solid and filter paper (as they always stay a bit wet).

*  If you want to keep the solid, some of it'll get left behind when you scrape it off the filter paper.

You'll also lose a bit of material when you transfer it from one container to another — even if you
manage not to spill it. Some of it always gets left behind on the inside surface of the old container.

Ayield of 100% in a reaction is pretty much impossible...

.but 100% in an exam 1s nol. You just need luck on your side and (o have learned your stoll really well.

1 A student carries out the following reaction: Zn + 2HCl — ZnCL, + I,. She calculates that her maximum
theoretical vield of zinc chloride is 2.92 g, The actual yield after purification is 2.31 g.
Calculate the perceniage vield of zine chloride. [T mark]
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Revision Questions for Topic 3

That's almost it for Topic 3 — but before you go there are some questions to test how much you really know.

* Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, fick it off.

Moles and Equations (p.41-45) []

1} How do you calculate the relative formula mass, M, of a substance?

2) State the value of the Avogadro constant.

3) What is the formula that relates the number of moles of a substance to ite mass and M,?

4) What does conservation of mass mean?
6) Suggest why the mass of a reaction vessel might decrease during a reaction.

B8) How can you determine the number of moles of each substance that would
react together from the balanced reaction equation?

7) Explain what is meant by the ferm 'limiting reactant'.

Volumes of Gases and Concentrations of Solutions (p.46-47) []
8) What volume does one mole of any gas oceupy at room temperature and pressure?
9) SBtate the values of room temperature and pressure.

10) What is concentration?

1) Give the equation for working out the concentration of a solution in g/dm?,

12) Give the equation for working out the concentration of a solution in mol/dm?",

13) Describe how you would convert a concentration in mol/dm® to g/dm®,

Atom Economy and Percentage Yield (p.48-49) [ ]

14) Give the equation for calculating the atorm economy of a reaction.

16) Give three reasons why it's better to use reactions that have a high atom economy.
18) What's the atom economy of a reaction that only produces one product?

17) What information do you need to find the theoretical yield of a reaction?

18) Give the equation for caleulating the percentage yield of a reaction.

19) Give two reasons why it's better to use reactions with high percentage yields.

20) Give three reasons why percentage yield is always less than 100%.

DOO0000d 000000 0d 0000
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Topic 4 — Chemical Changes 51
Acids and Bases

Testing the pH of a solution means using an indicator — and that means pretty co ours...

The pH Scale Goes From 0 to 14

1) The pH scale iz a measure of how acidic or alkaline a solution is.

2) The lower the pH of a solution, the more acidic it is.
The higher the pH of a solution, the more alkaline it is.

3) A neutral substance (e.g. pure water) has pH 7.

pHO 1 2 3 4 5 6 7 8 9 10 M 12 13 14
< ACIDS | ALKALI S
) T NEUTRAL ) T

car baltery acid wedgat,  acid ran paire waker pancraatic juice bleach cauits sada

ap powdis
slamach acd lernan juice Aarmal Fain wiakhimg-ap laquid {lrain eleaner)

You Can Measure the pH of a Solution ‘

1) An ndicator s a dye that changes colour depending on whether It's above or below a cerfain pH.
Some indicators contain a mixture of dyes that means they gradually change colour over a
broad range of pH. These are called wide range indicators and they're useful for estimating the
pH of a solution. For example, universal indicator gives the colours shown above.

2) A pH probe attached to a pH meter can also be used to measure pH glug;trr;r;ig-glm.q
The probe is placed in the solution you are measuring and the pH is given on a

digital display as 8 numerical value, meaning it's more acourate than an indicator,

Acids and Bases Neutralise Each Other

1) An acid is a substance that forme aqueous solutions with a pH of |ess than 7.
Apide form H* iong in wafter.

2) A base is a substance with a pH greater than 7. C el ma;;;;lj
3) An alkali is a base that dissolves in water to form a solution % *"i'.l';'fi‘" M‘::‘“ D

with a pH greater than 7. Alkalis form OH _ions in water. g b e 2 T
The reaction between acids and bases is called neutralisation: r@E@

. Nl F m""-l
acid + base — salt + water

Neutralizgation between acide and alkalis can be geen in terms of H* and OH ions like this:
prppvpanpp iyl
?I I;_'r-.'-rag|-:rn {H"] ions react with hydroxide

- (H") ions to produce water.
wiSppnnpppennnlld

Fvaikprnpunnl W

=101 1815

ETERERT R EARREAY

When an acid neutralises a base (or vice versa), the products are neutral, i.e. they have a pH of 7.

An indicator can be used to show that a neutralisation reaction is over.

Neutralisation reactions of strong acids and alkalis can be uged to calculate the conceniration of an acid or
alkali by titration — there is more about this technique on the next page.

This page should have all bases covered...

pllew, vou finished the page... This stufT isn't too bad really, and pll is worth knowing about — it's important to
the chemistry in our bodies. For example, here's an interesting(ish) fact — your skin is slightly acidic (pH 5.5).

0l A student uses universal indicator to test the pH of some lemaon juice,
What colour would vou expect the indicator to turn? [1 mark]
Q2 The pH ol an unknown solution is found to be 8. s the solution acidic or alkaline? [1 mark]
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. Titrations

Titrations are a method of analysing the concentrations of solutions. They're pretty important. Some people
don't think they're the most exciting game in town. But | secretly enjoy them, now I've got the hang of them.
Titrations are Used to Find Out Concentrations S

i
ou cam alwo do by itrons :

Titrations allow you to find out exactly how much acid is needed to neutralise = i Bilir warcand -
a quantity of alkali — or vice versa. You can then use this data to work out T adding alkali to aog =
the concentration of the acid or alkali (see page 47). For example: damnl LR 4

1) 8ay you want to find out the concentration of some alkali.
Using a pipette and pipette filler, add a set volume of the alkali to a

Burette

Burettes measure diferent

conical flagk. Add two or three drops of indicator too. @ @ S PR
2) Use a funnel to fill a buretie with Pipeite i the solution drop by drop

gome acid of known concentration. Pipettes measure anly one
Make sure you do this BELOW EYE LEVEL | volume of solution. Fill the ]
— you don't want to be looking up if pipeibe-to. aboul 3 cm above H
some acid spills over. (You should

wear gafety glagses too.) Record the
initial volume of the acid in the burete.

3) Using the burette, add the aoid to the alkali a bit at a time —
giving the conical flask a regular gwirl. Go especially slowly when ];k L] Conical Mask
you think the end-point (colour change) is about to be reached, / / \ \‘/ containing alkali

4) The indicator ghanges colour when all the alkali (/_f \ / and indicator

the line, then carefully drop

the level down 1o the line

These marks down the

side thow e voliene

4.-F I L ||| wed

has been peutralised, e.g. phenolphthalein is pink \'_-‘1” L LLTTITY
in alkaline conditions, but golourless in acidip conditions. S Uting by Eout
| LT =
5) Record the final volume of acid in the burette, and use it, along with the initial e o0 page |ﬂ: .
reading, to calculate the volume of acid used to peutralige the alkali. ST
*  To increase the accuracy of your titration and to spot any ;“l ,'-:,:..'; bH ks LI
anomaloug results, you need geveral consistent readings. = 0nes that dont fit in with l

* The firgt titration you do should be a rough titration to get an ::,, ,'Ihfl e pige ),
approximate idea of where the solution changes colour (the end-point). 2l

*  You then need to repeat the whole thing a few times, making sure you
get (pretty much) the same answer each time (within 0.10 em?).

*  Finally, calculate 8 mean of your results, ignoring any anomalous results.

Use Single Indicators for Titrations |

1) Universal indicator is used to estimate the pH of a PHO_1 2 8 4 5 6 7 8 9 10 1 12 13 1

golution because it can turn a variety of colours.
Each colour indicates a narrow tange of pH values. _— | S g
NEUTRAL
2) Ws made from a mixture of different indicators. The colour gradually
changes from red in acidic solutions to violet in alkaline solutions.

3) But during a fitration between an alkali and an acid, you [ii'rnus malligh arangie  pienolplihaliin

want to see a sudden colour change, at the end-point. |H='H| }Iﬂl

4) 8o you need to use a gingle indicator, such ag litmus \
(blue in alkalie and red in acids), phenolphthalein ‘.{ h: 3 -

(pink in alkalie and colourless in acids), or methyl acid  alkali acid alkali  acid alkali
orange (ye!low in alkalis and red in acids).

How do you get lean molecules? Feed them tight rations...

Titrations aren’t too tricky really — you just need to be as sure as vou can be that your results are accurate,
which means going slowly near the end-point and then repeating the whole process,

Q1 How do you determine when the end-point of a titration has been reached? [1 mark]
Q2 Give two reasons why you should repeat a titration until you have consistent readings. [2 marks]
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Strong Acids and Weak Acids

I like strong acids, and | also like weak acids. But which is better? There's only one way to find out...

Acids Produce Protons in Water

The thing about acids is that they ionise in aqueous solution — they produce hydrogen ions, H*.

FDFBNENPIH‘: SEERENERRERANINNNY (NERR AR R R |||'|'||'
|||,.-,||||||I.II|'_,_ HG| » HY 4 El _} These acids don't produce nj.dr.-_,m,n”m =

A ot =

= rh'.rl 1on |5.I|.lﬁ'.ulr:'_llil I';l"l_ HNDq s H* o Mﬂq- = until they meet water. .|r|ry.,1rr|p|r

.-l: TAYIRIR i i . hyd UHPn ahlalde i tah bl
I TR

FinEN

L
i &

Acids Can be Strong or Weak

1) 8trong acids (e.g. sulfuric, hydrochloric and nitde acids) jonise completely in water.
All acid parficles dissociate to release H' lons.

2) Weak acids (e.g. ethanoie, citric and carbonic acids) do not fully ionise in solution.

Only a gmall proportion of acid particles dissociate to release H' fons. ::“F' IR N
3) The ionisation of a weak acid is o reversible reaction, which sets up an aguilibrium - 'ﬁl_..-k.-...._l.' -

between the undissogioted and dissociated aeid. St to pl2. 3

Bince only a few of the acid particles release H' Strong aoid: HCl — H* + CF "~/ rininng

ions, the position of aquilibrium lies well to the left. | weak acid: CH,COOH — CH,CO00-
4) Reactions of acids involve the H' ions reacting with

other substances. If the concentration of H' ione is higher, the rate of reaction will be

faster, so glrong acids will be more reactive than weak acids of the same concentration.

PH is a Measure of the Concentration of Hydrogen Ions

1) The pH of an acid or alkali is 8 measure of the conceniration of H* fons in the solution.

2) For every decrense of 1 on the pH scale, the concentration of H* lons incresses by a factor of 10,
8o, an acid that has a pH of 4 hae 10 {imes the concentration of H* jons of an acid that has a pH of 5.
For a decrease of 2 on the pH scale, the concentration of H* lons increnses by a factor of 100,
The general rule for this is: s tha dilfaririos T ohl

So if pH Falls from 7 to 4 the

difference is =3, and the factor

3) 8o the pH of a strong acid is always les: than the pH the H' ion concentration has
of a weaker acid if they have the same concentration, increased by is 109 = 10%,

Factor H* ion concentration changes by = 107

Don’t Confuse Strong Acids with Concentrated Acids
1) Acid strength (i.e. strong or weak) tells you what proportion of the acid molecules ionige in water.

2) The concentration of an acid is different. Concentration measures
how much acid there ig in a certain volume of water.
Concentration is basically how watered down your acid Is.

of molecules that zre ionised to produce

3) The larger the amount of acid there is in a certain volume inc i b i aiasy s e
of liquid, the more concentrated the acid is. T e T

4) 8o you can have a dilute (not very concentrated) but strong acid, or a concentrated but weak acid.
5) pH will decrease with increasing acid concentration regardless of whether it's a strong or weak acid.

AL P B R n NN Fn gLy ihinng,,
Concentration describes the total number of
dissoheed acid molzcules — nal the number

AT ERRTREN

Wil II|'|_|_,-

Weak acid or strong acid? I know which goes better with chips...

Acids are acidic because of H' ions. And strong acids are strong because they let go of all their H' ions at the drop
of a hat... Well, at the drop of a drop of water.

Q1 Nume a strong acid, [1 mark]
Q2 A student added strong acid to a wealdy acidic solution of pIl 6. The pll of the new solution
was found to be pll 3. By how many times did the concentration of 1 increase? [1 mark]
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Reactions of Acids

Remember neutralisation from page 517 Well, there's more stuff on neutralication reactions coming up...

Metal Oxides and Metal Hydroxides are Bases

1) Some metal oxides and metal hydroxides dissolve in water. These soluble compounds are alkalis.
As you saw on page 51, alkalis react with acids in neutralisation reactions.

2) Even bases that won't dizssolve in water will still take part in neutralisation reactions with acids.
3) 8o, all metal oxides and metal hydroxides react with acids to form a galt and water.

Acid + Metal Oxide — Salt + Water W Acid + Metal Hydroxide — Salt + Water

The salt that's produced depends upon the acid and the metal ion in the oxide or hydroxide:
hydrochloric acid + copper oxide o copper chloride  + water
2HCI + Cu0 o CuCl, + H,0
sulfuric acid + potassium hydroxide —  potassium sulfate  + water
H,80, 1 2KOH S K.80, + 2H,0

nitric acid + sodium hydroxide — sodium nitrate + water
HNO, + NaOH - NaNO, + H,0

IR RN R N R R R R RN R R R RN R RN NN NN RN AN NN N AR NARTRNEN NN IENNIIIM

= Ter work ouk the formule of an omi ||:||||r|.::-||.-'r|I wilul nedd ba balance the charges af thig piibive and =

negative iona o the overall charge of a cempound is nevtral Fer mere en ionie formulas, see p30,
SO e e b ®

Acids and Metal Carbonates Produce Carbon Dioxide
Metal carbonates are aleo bases. They react with acide to produce a salt, water and garbon dioxide.

Acid + Metal Carbonate — 8alt + Water + Carbon Dioxide

hydrochloric acid +  sodium carbonate  — sodium chloride  + water + carbon dioxide
2HCI + Na,CO, - 2NaCl + HO0 + co,
sulfuric acid + calcium carbonate — caleium sulfate + water + ocarbon dioxide
H,80, + CaCO, — £ag0, + H0 + co,
You can Make Soluble Salts Using an Insoluble Base
1) You need to pick the right acid and ingoluble bage, such as an ingoluble metal oxide,
hydroxide or garbonate. E.g. if you want to make gopper chloride, you could mix o000,

M_ : ide, — sy could albo react
rochloric acid and copper oxid GUD;E; + 2HCl - ﬁuﬂfg o Hgﬂ , You tould alsa

- the acid with a metal =
(Y

E NIRRT

2) Gently warm the dilute acid using a Bunsen burner, then turn off the Bunsen burner.

3) Add the insoluble base to the acid a bit at a time, until no more reacts {i.e. the base A
is in exgess). You'll know when all the acid has been neutralised because, W
even after stirring, the excess solid will just sink to the bottom of the flask. filter paper = =

4) Then filier out the excess solid to get the salt solution (see p.17). o

5) To get pure, zolid crystale of the galt, gently heat the solution using a water bath Diter Fu"""l"'}‘_]"é

or an electric heater to evaporate some of the water (to make it more concentrated)
and then stop heating it and leave the solution to cool. Crystals of the =alt should form,
which can be filtered out of the solution and then dried. This is called crystallization (p.17).

AHHHHH so many reactions...

[n the exam vou could get asked to describe how vou would go about making a pure, dry sample
of a given soluble salt. Make sure vou understand the method and what reactants to use.

Q1 Calcium carbonate is added to hydrochloric acid.
Write a word equation for the reaction that occurs. [2 marks]
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The Reactivity Series
You can place metals in order of reactivity. This can be a lot more useful than it sounds, promise.

The Reactivity Series — How Well a Metal Reacts e SR, ML M

= E_drnurt 'IHJ by | rogen =

1) The reactivity series lists metals in order of their The Reactivily Series = .q "“'r'f:'_r‘c'__,r 'fr'“f':' =
reactivity towards other substances. Rorieana s K <, featilyseies =

2) For metals, their reactivity is determined by how easily Sodium Ha%l " RIRLAVRE T
they lose electrons — forming positive ions. The higher Lithium Li g:h'erg Reactive
up the reactivity series a metal is, the more easily they Caleium Ca
form positive ions. Make sure you learn this list: ==———7"> Magnesium Mg <=

3) When metals react with water or acid, they loge electrons  Carbon C «€=—"Fairly Reactive
and form positive ions. 8o, the hipher a metal is in the Zine Zn ﬁ-f/
reactivity series, the more easily it reacts with water or acid. :“: :“

4) If you compare the relative reactivity of different metals GEP;EM UU‘E: —=Not very Reactive

with either an acid or water and put them in order from
most reactive to the leagt reactive, the order you get is the reactivity series.

How Metals React With Acids Tells You About Their Reactivity
Bome maetale react with acide to ¥ :
neoduce o aall and hadtoden gas. Acid + Metal — Salt + Hydrogen
1) The gpeed of reaction ie indicated by the rate at which the bubbles of hydrogen are given off.

2) The more reactive the metal, the fagter the reaction will go. Very reactive metals like potassium,
sodium, lithium and caloium react explosively, but less reactive metals such as magnesium,
zinc and iron react less violently. In general, copper won't react with cold, dilute acids.

(NIRRT
Both zing and irom react '-l"-"""li' _'UII H |I o ,_ll L.I e
Maanesium reacts vigarausly with dilute acids but more strongly =iy T
with gold dilute acids such if r’lll heat them up ==, = H.eO ; ‘-_r.-._ "2
as HCl, or H;5 i angd . - ey f”'"h S
- = fOrem Sudlate salls
Diluia Pfﬂf’um loads 5'* bbbl Diluha _# Dilute T T
chﬁd Aﬂid Acid
Magnesium }."lrm Iron
Mgy, + 2HCI,,, — MgCl, + Hyy nig *+ 2HClpy = ZClyng + Hayg Fey # 2HCh 5 = FeChyu + Hix
P-r"!u. ; + H_':.'[_Ji = Nl_q'}f,],“h ¥ H:, . ,.;"r|.l ] —|_*; (_:'_"m. — InS( :'-.| ¥ H_. i Frl ¥ H_.'::f ) o =¥ FeSi( }.h_ + H_ ;

3) You can also investigate the reactivity of metals by measuring the temperature change of the reaction
with an acid or water over a set time period. If you use the same mass and surface area of metal
each time, then the more reactive the metal, the greater the temperature change should be.

SULLIE Vb gvrugy gy Phunnnie

Metals Also React with Water
Yau can see mare on the reactions of i

The reactions of metals with water also show the reactivity of metals. 2 B it it L=
=i r on page -

Metal + Water — Metal Hydroxide + Hydrogen

PRI vpabgnsinnnabpynnnic

For example, calcium: |Ca, + 2H,0y — Ca(OH),, + Hy,

1) The metals potassium, godium, lithium and calcium will all react with water.
2) Less reactive metals like zinc, iron and copper won't react with water.

IAVI NOT HIGHLY REACTIVE — OK...

Sce, experiments aren’t just for fun — they can give you a thrilling insight into the relative reactivities of elements.
1 Give the balanced equation, including siate symbols, [or the reaction of sodium and water. [3 marks]
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Separating Metals From Metal Oxides

Most metals are not found in the earth as pure lumps. Instead, you have to exiract them from a
compound meaning more work is required. Thanks for nothing nature...

Metals Often Have to be Separated from their Oxides |

1) Lots of common metals, like iron and aluminium, react with oxygen to form oxides. This process is an
example of oxidation. These oxides are often the ores that the metals need to be extracted from.

2) A reaction that separates a metal from its oxide is called a reduction reaction. .\, /i 000 e
FORMATION OF METAL ORE: EXTRACTION OF METAL: -} :crlilgllr”,"’“‘:
Oxidation = Gain of Oxygen Reduction = Loss of Oxygen
E.g. magnesium is oxidised to E.g. copper oxide is
make magnesium oxide, reduced to copper.
OMg + 0, — 2Mg0 2Cu0 + ¢ — 2Cu + CO,

Some Metals can be Exiracted by Reduction with Carbon

1) 8ome metals can be gxtracted from their ores chemically by reduction using garbon.

2) In this reaction, the ore ie reduced as oxygen is ramoved from i,
and carbon gaing oxygen eo ie oxidised. For example...

2Fe,0, + BC — 4Fe +  3CO,
iron(lll) oxide + ocarbon — iron  + carbon dioxide

3) The position of the metal in the reaclivity series determines
whether it can be extracted by reduction with garbon,

1 Hhink T o B Hlﬂ..|

eactivily Heries

* Metals higher than carbon in the reactivity
series have to be extracted using electrolysis Potagsium Mare

(p.58). which is expensive. Exracted Sodium Reactive
(i1 aad] using Lithium
* Metals below carbon in the reactivity series 1o o o1gis.

can be extracted by reduction using carbon.
For example, iron oxide is reduced in a

blagt furnace to make jron.

Calcium

Magnesium
Carbon

Zine
* This is because carbon can only take the Extracted I::n
oxygen away from metale which are less by reduction s Less
reactive than carbon itgelf is. using carbon. PP Reactive
MEIRREE! | Prand [ l_,-
Some metals are so unreactive they are in the earth as the metal jtself. 51 ke e ,nl b expl sin

Z how and why different metals =
= are extracted in different ways :—
RN RN RN A NERRENLS

For example, gold is mined as ite elemental form.

Are you going to revise this page, ore what?
Metals are great aren’t they? Loads of uses. Shame extracting them’s not always cheap. Make sure yvou know the
difference between reduction and oxidation and why carbon can be used to extract some metals but not others.

Ql Write a balanced equation for the reduction of zine oxide, Zn(, by carbon, C. [2 marks]

Q2 A mining company iried to extract calcium from its ore by reduction with carbon.
The process did not work. Explain why. [1 mark]
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Redox Reactions

In chemistry, oxidation doesn't just mean gain of oxygen. No, that would be far foo easy.

If Electrons are Transferred, It’s a Redox Reaction
1) Oxidation can mean the addition of oxygen (or a reaction with it), and reduction can be
the removal of oxugen, but on this page we're looking at oxidation and reduction in terms of electrons.

2) A loss of electrons is called oxidation. A gain of electrons is called reduction. A handy way
to remember this is by the mnemonic OIL RIG — Oxidation Is Loss, Reduction ls Gain.

3) REDuction and OXidation happen at the same fime — hence the term "REDOX".

* lron atoms are oxidised to Fe?* ions when they react with dilute acid: Fe + 2H*—» Fe?* + H,
*  The iron atoms lose electrons. They're oxidised by the hydrogen ions: Fe - 2~ — Fe?!

* The hydrogen ions gain electrons. They're reduced by the iron atoms: 2H* + 2e- — H,
Fiadludbppdveghpndpnmnt (AR RS
:— All reactions of metals and acds '_
Displacement Reactions are Redox Reactions S Onpa3 ane redex reacions

Agbdvbrr i vuna b

D)

igplagement reactions involve one metal kicking il
another one out of a compound. Here's the rule: =3 A MORE REACTIVE metal will displace a

: LESS REACTIVE metal from ite compound.
2) If you put a reactive metal into the solution of a

digsolved metal compound, the reactive metal will replace the less
reactive metal in the compound (see the reactivity series on p.BB).

If you put lron in a solution of gopper sulfate (CuB0,) the more reactive iron will 'kick out’ the
less reactive copper from the solution. You end up with jron sulfate solution (Fe80,) and gopper metal.

iron + copper sulfate — iron sulfate + copper

Faﬂu:l + GUEU.H.,” y Fﬁgﬂf.[",“ + EU'.]

L

In this reaction the iron loses 2 electrons to become a 24 jon — it's oxidiged.
The copper ion gaine these 2 electrons to become a copper atom — it's reduced.

i
8) In displacement reactions, it's always the metal ion that gains electrons and is Koalas are
reduced. The metal atom always loses electrons and is oxidised. W grtatmisials

than rucksacks

4) In the exam you could be asked to write word or symbaol equations
to show displacement reactions.

Ionic Equations Show Just the Useful Bits of Reactions
1) In an ionic equation only the particles that react 2+ 20
and the products they form are shown. For example: M) + 20 o = ME™ g + 2N
2) This just shows the displacement of zine ions by magnesium metal.

Here's what the full equation of the above reaction would be if you'd started off with zinc chloride:
Mg, + ZnCly,,, — MgCly,., + Zn,
3) I you write out the equations so you can see Tz + 20F MeZ _ + 20 + Z

all the ions, you'll see that the chloride ions Mg * 20" o o) > W8 o ) T N
don't change in the reaction — they're spectator ions. They're of no interest here so can be crossed out.

4) Instead, the ionic equation for this displacement reaction just concentrates
on the substances which are oxidised or reduced.

REDOX — great for bubble baths. Oh no, wait...

lonic equations are hugely important in chemisiry. Betler practice until you can do them in your sleep.

Q1 The equation for the reaction of zinc and iron sulfate is: Zn,,, + FeSO,,, —ZnS50,  + Fe,
a) Write an ionic equation for the reaction. [1 mark]
b) Siate which species is being reduced and which is being oxidised. [2 marks]
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Electrolysis

Electrolysis uses an electrical current to cause a reaction. W's actually pretty cool. No, really...
Electrolysis Means ‘Splitting Up with Electricity’

1) During electrolysis, an electric current is passed through an electrolyte (a molten or dissolved ionic
compound). The ions move towards the electrodes, where they react, and the compound decomposes.

2) The positive ions in the electrolyte will move towards the g 'e'.;L.'tr'j'l;.t'E i'_,‘j;l[ Wl SD:,'D,’_
ﬂl@dﬁ l-'ol'ﬂ HIEE"‘HdB] and Bain electrons UhBH fre thduﬂ_d]. = that can conduct electricity An electrode =

3) The negative iong in the electrolyte will move towards the Bk "'h Lt T”‘ :‘ “'l“t aty ands 2
anode (+ve electrode) and loge electrons (they are oxidiged). T el el ol L R

4) This creates a flow of charge through the electrolyte as ione travel to the electrodes.
6) Asions gain or lose electrons, they form the uncharged element and are discharged from the electrolyte.

Electrolysis of Molten Ionic Solids Forms Elements ! "' '/ 1000
1) An jonie solid can't be electrolysed because = inert ;-:: I'-h-zrl:l-wl react -
the ions are in fixed positions and gan't move. I S P
2) Molten ionic compounds can be electrolysed because the ions can move freely and conduct electricity.

3) Molten ionie liquids, e.g. lead bromide, are always broken up into their elements.
4) Positive metal ions are reduced to the element at the gathoUn: ee——1 Pb** + 2¢~ — Pb

6) Negative non-metal ions are oxidiged to the element at the anoda: .| 281 — Br, + 20

Metals can be Extracted From Their Ores Using Electrolysis

If a metal is too reactive to be reduced with carbon (page 56) or reacts with carbon, then electrolysis
can be used to extract it. Extracting metals via this method is very expensive as lots of energy is
required to melt the ore and produce the required current.

1) Aluminium ie extracted from the ore bauxite by electrolysis. Bauxite contains aluminium oxide, ALO,.

2) Aluminium oxide has a very high melting temperature e e =
so it's mixed with cryolite to lower the melting point. S compound with & lower melling =

3) The molten mixture containg free ions — so it'll condugt electricity. = point ’:I'" L“'~|"|”|": v o I"f
TRV RN i [RRR LI

4) The positive AI** jong are attracted fo the negative electrode where they each pick up three electrons
and turn into neutral aluminium atome. These then gink to the bottom of the electrolysis tank.

5) The negative 0? ions are atiracted to the positive electrode where they each lose two electrons.
The neutral oxygen atoms will then combine to form 0, molecules.

ihe, power supply

i

At the negative electrode: s | M"“”‘ il At the positive electrode:

: J i I eutrunu #

Feduchion — & gan of electrons negative [ =1 positive Chudation — a loss of lectrons

AP* + Ge — Al electrode alectrode
I
Mictals form positave ions, so they're = B 9 Man-metals form pegative ions, 3o they're
altracted to the negative electrode - |- o f attracted to the positoee electrode
T = micdT#En 1 }
Alwrminiurn 15 produced at the = alumihium i Dwygen "f' produced at the
neaative electrode, Ty oxide £ K positive electrode
; molten sluminium metal | === The anode is made of carbon and

" negds to be replaced reqularly as
Overall Equation: aluminium oxide — aluminium + oxygen it reacts with axygen to produce

QAIED:J-;IJ — 4’“1‘] + '305':&' carbon dioxide.

Faster shopping at the supermarket — use Electrolleys...
It might be jolly useful for your exams to learn the products of clectrolysis of molten lead bromide...

Q1 A student carries out electrolysis on molten sodium chloride. What is produced at:
a) the anode? b) the cathode!? [2 marks]
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Electrolysis of Aqueous Solutions

When you electrolyse an aqueous solution, you also have to factor in the ions in the water.

It May be Easier to Discharge Ions from Water than the Solute |

1

2)

3)

In agueous solutions, as well as the ions from the ionic compound, there will be
hydrogen iong (H*) and hydroxide iong (OH") from the water: H, 0, = H*, + OH
At the cathode, if H' ions and metal ions are present, hudrogen pas will be produced

if the metal iong form an elemental metal that is more reactive than hydrogen

(e.g. sodium long). If the metal ione form an elemental metal that is less reactive than
hydrogen (e.g. copper ions), a solid layer of the pure metal will be produced instead.

At the anode, if OH"_and halide ione (ClI-, Br, 17} are present, molecules
of chlorine, bromine or iodine will be formed. If no halide jong are present,
then the OH" ions are discharged and oxygen will be formed.

A golution of

four different iong: Cu®', 80,*, H* and OH".

(CuB0,) contains i power supply

Cathoda

(-ve)
T

Copper metal is less reactive than hydrogen. 8o at the
cathode, gopper metal ie produced and coats the electrode.

Cu?* + 2¢ — Cu

There aren't any halide long present. 8o at the anode oxygen
and water are produced. The oxygen can be seen as bubbles.

40H- — 0, + 2H,0 + 4o

Luipier of |
Cu modul

0
CuB0, solution

Vo iR PPN U RPN RNl fs

A solution of godium chloride (NaCl) contains = IWyoure drawing the =

de. power wipply

e :] ? |.+"‘"1 LmLﬂ_[[ﬂ.rjﬂj_llH Na“, cl OH" and H'. - apparatus for an electrolysn
ﬁ' ; experiement, rermemnbier Lo
#‘ (o1 el - ' m metal is more reactive h“drnﬂ'ﬂh' = include a de power supply
== e i 8o at “'IB ﬂﬂ*hﬂdﬂ, hﬂdﬂlw is Pmduﬂad- = wares and laleels For the arode
- ("_l | - E 1 OHY + Qa8 —» HE = ani the cathode The anode =
"r;hh" EN%"..‘..: 1 = 4 the electrode on the same =
= 0 {'E;- 'I-: -!- r w are Frﬂﬂni IH *ha ﬂﬂiu“uﬂ. = side as the long jer line af the =
@J‘l ,__'}‘:4, =1 8o at l'E'IB ﬂhﬂdﬂ !EI!IEPI!IB HEIE is PPﬁI‘Ju[}Ed. -:_' dc. power supply symbo
Nl solulion ﬂﬂl“—>ﬂlﬂ+2n* SRR IR s
P
You can set up an electrolysis experiment in the lab like the set-up on page 109, RACTICH],

Once the experiment is finished you can test any paseous products to work out what was produced.

* Chlorine bleaches damp litmus paper, turning it white. LR L

i i , = For maore on tests for
* HHd":'E'E“ makes a “squeaky pop" with a lighted splint. = gases, turn to page 88
*  Oxygen will relight a plowing splint. | '

S R RN NN RN

The Half Equations — Make Sure the Electrons Balance

Half equations show the reactions at the electrodes. The important thing to remember when

you're combining half equations is that the number of electrons needs fo be the same for each

half equation. For the electrolysis of aqueous sodium chloride the half equations are:
Negative Electrode: 2H* + 26 — H; == = siie of the halfaquations
Pogitive Electrode: 2C — CIQ + 2 or 20F - 2 — Cl2™ = balance, so they can be
These combine to form the ionic equation: 2H' + 2CF — H, + Cl,

AMUEIIRIV RO Ry

. The electrons an each

= cancelled out in the full

= ionic eguation

't present in the agueous solution, the half equation for the anode ig: " rovmariiine
40H- — 0, + 2H,0 + de- or 40H- - de- — 0, + 2H,0

When a halide izn't

I wrote a poem about my tabby — it was a cat ode...

So 1t% kinda confusing this clectrolysis malarkey — vou need to take it slow and make sure vou get it
Jl An aqueous solution of copper chloride, CulCl., is electrolysed using inert electrodes.
Give the half equations Tor the anode and the cathode. [2 marks]

Topic 4 — Chemical Changes

o

(WAl

AN RARAR R

e



60

Revision Questions for Topic 4

Another topic finished. Time to test your knowledge of chemical changes...

* Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, fick it off.

Acid i their R ti (p.51-54) I:]
1) State whether the following pH values are acidie, alkaline or neutral.
a)9 b)2 o)7 d)6
2) Give the general word equation for the reaction between an acid and a base.
3) What type of reagent could be used to show that an acid or base has been completely neutralised?
4) Describe the steps involved in cartying out a titration.
5) Why should you firet carry out a rough titration when carrying out a titration experiment?
6) Why shouldn't you use Universal indicator as an indicator in a titration?

7) Name two suitable indicatore for a titration between an acid and an alkali,
and state their colours when in acidie and alkaline solution,

8) What is a strong acid?

9) By what factor does the H' concentration increase for a decrease of 1 on the pH scale?

10) Explain the difference between a strong acid and a concentrated one,

1) Write a balanced equation for the reaction between hydrochlorie acid and sodium carbonate.
The R tivity Sexi [55][:,

12) ls zinc more or less reactive than iron?

13) What is the general word equation for the reaction of a metal with an acid?

14) Give the balanced equation for the reaction of calcium with water.

15) Will copper react with water?

Reduction and Oxidation (p.56-57) [ |

16) What product forms in the oxidation of magnesium by oxygen?

17) Explain how you decide whether a metal can be extracted from its oxide by reduction with earbon.
18) Why is gold found as itself in the earth?

19) In terms of electrons, give the definition of oxidation.

20) In a displacement reaction, does the metal atom get reduced or oxidised?

Electrolysis (p.58-59) [ |

21) During electrolysis, which electrode are the positive ions attracted 107

22) Why can ionic solids not undergo electrolysis?

23) Do ions get reduced or oxidised at the anode?

24) During the manufacture of aluminium from bauxite, which electrode is aluminium formed at?

25) In what situation will hydrogen gas be given out during
the electrolysis of an agueous solution of an ionic solid?

26) If halide ions are present in an aqueous solufion of an ionic solid will oxygen pas be released?

o0 Oodo OOooo0o 0OOood . Oo000 - DOooood

27) What test could you use to determine if hydrogen gas has been produced in an electrolysis reaction?

Topic 4 — Chemical Changes



Topic 5 — Energy Changes 61
Exothermic and Endothermic Reactions

Whenever chemical reactions occur, there are changes in energy. This means that when chemicals get
together, things either hot up or cool right off. I'll give you a heads up — this page iz a good 'un.

Energy is Moved Around in Chemical Reactions
1) Chemicals gtore a certain amount of energy — and different chemicals store different amounts.

2) W the products of a reaction store more energy than the original reactants, then they must have taken in

the difference in energy between the products and reactants from the surroundings during the reaction.
3) But if they store less, then the excess energy was transferred to the surroundings during the reaction.
4) The overall amount of energy doesn't change. This is because energy is

congerved in reactions — it can't be created or destroyed, only moved around.
This means the amount of energy in the universe always stays the game.

In an Exothermic Reaction, Heat is Given Out

1) An EXOTHERMIC reaction is one which trangfers energy to the gurroundings,
usually by heating. This is shown by a rige in temperature,

2) The best example of an exothermic reaction is burning fuels — also called
COMBUSTION. This gives out a lot of energy — it's very exothermic.

3) Neutralisation reactions (acid + alkali) are also exothermie.

4) Many oxidation reactiong are exothermic. For example, adding sodium to water ﬂ
relenges energy, so it must be exothermic — see page 24. The reaction releages s—0n"""

energy and the sodium moves about on the surface of the water as it is oxidised, )
8) Exothermic reactions have lots of everyday uses. For example:

*  8ome hand warmers use the exothermic oxidation of iron
in air (with a salt solution catalyst) to release energy.

*  Sell heating cans of hot chocolate and coffee also rely on
exothermic reactions between chemicals in their bases.

|||'|'I
I:II||-|||'|||' Figgg LN
Fdirdpnygy
Wiical progegses an also jzk
ke in

In an Endothermic Reaction, Heat is Taken In

1) An ENDOTHERMIC reaction is one which takes in energy from the - o |.,,,,, s -mem rl,rl freezing is 4
surroundings. This is shown by a fall in temperature. A g s endothermic

Fiigg ||.l.'|.'|||| VNN gy o
2) Endothermic reactions are much less common than exothermic reactions, but they include:
* The reaction between citric acid and sodium hydrogencarbonate.
* Thermal decomposition — e.g. heating caleium carbonate causes it to

decompose into ealcium oxide (also called quicklime) and carbon dioxide: A -

e /T
Calcium —@qC0, (+ HEAT) — €O, + Ca0 — Quickli R 2 b
carbonate E ( : ? el j— -

3) Endothermic reactions also have everyday uses. For example:

Endothermic reactions are used in some gports injury packs — the chemical reaction
allows the pack to become instantly cooler without having to put it in the freezer.

LE S

’
-

Right, so burning gives out heat — really...
Remember, “exo-"= exit, “-thermic” = heat, so an exothermic reaction is one that sives out heat — and
endothermic means just the opposite. To make sure you really undersiand these werms, try this question.

Q1 A student prepares a flask containing ethanoic acid and measures its temperature as 22.5 °C.
He then adds dilute potassium hydroxide solution which is 21 *C. After 2 minutes the
temperature of the reaction mixture is 28.5 "C. s the reaction exothermic or endothermic? [1 mark]

Topic 5§ — Energy Changes
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| More Exothermic and Endothermic Reactions |

Sometimes it's not enough to just know if a reaction is endothermic or exothermic. You may also need to
know how much energy is absorbed or released — you can do experiments to find this out. Fun, fun, fun...

Energy Transfer can be Measured
AL
1) You can measure the amount of gnergy released by a chemical reaction (in solution) by

taking the temperature of the reagents, mixing them in a polystyrene cup and measuring the
temperature of the solution at the end of the reaction. Easy. it ia

2) The biggest problem with energy measurements . gf large beaker
iz the amount of energy lost to the surroundings. I T

3) You can reduce it a bit by putting the polystyrene cup polystyrene cup mmelyl ] reaction
into a beaker of cotton wool to give more insulation, and i :" = .
putting a lid on the cup to reduce energy lost by evaporation. ( ) I:"I_ ) I

4) This method works for neutralisation reactions or reactions between .;"*'I'Hr 2} T
metale and acide, or carbonates and acids. M D L e

6) You can also use this method to investigate what effect different variableg have on the amount of
energy transferred — e.g. the mage or concentration of the reactants used.

6) Here's how you could test the effect of acid concentration on the energy released in a
neutralisation reaction between hydrochlorie acid (HCI) and sodium hydroxide (NaOH):

1) Put 26 cm® of 0.26 mol/dm® of hydrochloric acid and sodium hydroxide in geparate beakers.
2) Place the beakers in a water bath set to 26 °C until they are both at the game temperature (26 °C).
3) Add the HCI followed by the NaOH to a polystyrene cup with a lid — as in the diagram above.

4) Take the temperature of the mixture avery 30 seconds, and record the highest temperature.
&) Repeat steps 1-4 using 0.6 mol/dm? and then 1 mol/dm® of hydrochlorie acid.

_-,'.I||I'||||||'|-||||||||I|-
Feaction profiles are somelimes

Reaction Profiles Show Energy Changes = called energy level diagrams

AL R N RN TR T

Reaction profiles are diagrams that show the relative energies of the reactants and products in a reaction,
and how the energy changes over the course of the reaction, = AN EXOTHERMI

1) This shows an exothermic reaction — the products are at a * I
lower energy than the reactants. The difference in height Wil
represents the overall energy change in the reaction Reactarts B
(the energy given out) per mole. reliaesd

b4

2) The initial rize in energy represents the energy needed to Products .

start the reaction. This is the activation energy (E ). Progress of Reacban =

3) The activation energy is the minimum amount of energy the reactants need to gollide with each other
and react. The greater the activation energy, the more energy needed to start the reaction — this
has to be supplied, e.g. by heating the reaction mixture. S I

EMICOTHERMIC = There's mare gn

SENNRR I

-I|'I||'-

1) Thie shows an endothermic reaction because the acihation ener

products are at a higher energy than the reactants.

= and collsion th tory
o pages 67-68

= gy

Energ

2) The difference in height represents the overall B _“"" bed LTIy S
energy change during the reaction (the energy Reactants
taken in) per mole. R >

Energy transfer — make sure you take it all in...
Don’t get confused by these diagrams. In an exothermie reaction the particles release energy to their surroundings
— even though the reaction mixture gets warmer, the particles themselves have lost energy.
1 Here is the equation for the combustion of methane inair: CH,  +20, = — CO, +2ZH0
Draw a reaction profile for this reaction. - [3 marks]
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Bond Energies

90 you know that chemical reactions can take in or release energy — this page is about what causes these

energy changes. Hint — it's all to do with making and breaking chemical bonds.
:- -II Hr:e{"'l “'I::':'II: I.'II.':. ":_-

Energy Must Always be Supplied to Break Bonds

= me"l"’ tramsfer

1) During a chemical reaction, old bonds are broken and r 2T .P'.J_'f', e
2) Energy must be gupplied to break existing bonde — o bond bmaking is an e ndoiherm:  process.

3) Energy is released when new bonds are formed — so bond formation is an exothermic process.

BOND BREAKING — ENDOTHERMIC BOND FORMING — EXOTHERMIC
Erwrp Ene
@@ > @ + @ @+ — @Q + Rt
ln[l
E{mknn

4) In exothermic reactions the energy released by forming bonds is greater

than the energy used to break them. In endothermic reactions the energy
uged to break bonds is greater than the energy released by forming them.

Bond Energy Calculations — Need to be Practised /f $ 4 Jﬁ
Evaery chemical bond has a particular bond energy associated with it in "4’

This bond energy varies slightly depending on the gompound the bond oceurs in. . O - K “
You can use these known bond energies to caloulate the overall energy change for a -

reaction. The overall energy change is the sum of the energies needed to break bonds ~ “o forming
in the reactante minug the energy relensed when the new bonds are formed in the
products. You need to practise a few of these, but the basic idea is really very simple...

m Using the bond energies given below, calculate the energy o oy H—Ccl

change for the reaction between H, and Cl, forming HCl: __a H—Cl

The bond energies you need are: H-H: +436 k|/mol; CI-Cl: +242 kJ/mol; H-Cl: +431 k}/mol.
1} Find the energy required to break the original bonds:

(1=H-H) + (1= CI-Cl) = 436 kJ/mol + 242 k|/mol = &78 kJ/mol

2) Find the energy released by forming the new bonds,
2x H=-Cl = 2 x 431 kJ/mol = 862 kJ/mol

3) Find the overall energy change for the reaction using this equation:

Overall energy change = energy required to break bonds — energy released by forming bonds
= 678 kJ/mol — 862 kJ/mol = -184 kJ/mol

You Eﬁlﬂ.!.&ﬂ.."!ﬂﬁ!ﬁ his i Chlorine and bromine react with hydrogen in a similar way. Br-Br bonds
i i e are weaker than CI-Cl bonds and H-Br bonds are weaker than H-C! bonds.

reactions unless you know

st e 8o less energy is needed to break the bonds in the reaction with bromine,
les is released t : |
the ond ererdes: / but less energy is released when the new bonds form. 8o unless you know

the exact difference, you can't say which reaction releases more energy.

A student and their bed — a bond that can never be broken...

This stuff might look hard at the moment, but with a bit of practice it's dead casy and it'll win you casy marks if
vou understand all the theory behind it. See how you get on with this question:

0l N, reacts with H, in the following reaction: N, +3H, — 2NH, H-H H H
The bond enuglts for these molecules are: N=N + ﬁ E: e S B
N=N: 941 klfmol; H-H: 436 kl/mol; N-H: 391 klimol. H H H H
Calculate the overall energy change lor this reaction [3 marks]
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Cells and Batteries

Batteries are dead useful for all sorts of things and, great news — now you can find out how they work.
Chemical Reactions in a Cell Produce Electricity
An glectrochemical cell is a basic system made up of two different electrodes in contact with an electrolyte:

1) The two electrodes must be able to conduct electricity and so are usually metals.

2) The electrolute is a liquid that contains lons which react with the electrodes. ., FG\(\folm':t:r

3) The chemical reactions between the electrodes and the electrode | o Zinc
electrolyte set up a charge difference between the electrodes. \ (e electrode

4) If the electrodes are then connected by a wire, the charge is able Beaker | Electrolyte —
to flow and glectricity is produced. A volimeter can also be \I f/‘" eg NaCl
connected to the circuit to measure the voltage of the cell,

The Voltage of a Cell Depends on Many Factors

1) Different metals will react differently with the same electrolyte — this is what causes the charge
difference, or the voltage, of the cell. So the type of slectrodes used will affect the voltage of the cell.

2) The bigger the difference in reactivity of the electrodes, the bigger the voltage of the cell.
3) You can predict what the voltage of a cell might be from information about the voltages of other cells.

The voltages of two simple cells with the same electrolyte
and different electrodes are shown in the table. |f the metal used for Electrade A | Electrode B | Voltage (V)
Electrode A is less reactive than the other metal electrode, the voltage lron Tin =0.30
is positive and vice versa. Calculate the voltage of a cell where lran Lead O
Electrode A is lead and Electrode B is tin,
The voltages of both cells are negative, so iron is more reactive than tin and lead. The voltage for the iron/lead
cell is more negative than the iron/tin cell, so lead is less reactive than tin, The difference in voltage of these
two cells is ©.01 V., So, for a cell where Electrode A is lead and Electrode B is tin, the voltage is +0.01 V.

4) The electrolyte used in a cell will also affect the size of __ (pf==Overall voltage = 2 + 25 + 15
the voltage since different iong in solution will react TN e L Th
differently with the metal electrodes used. = b IF cels are joined

grd-ta-end (ome
6) A battery is formed by connecting two or more cells e

aker another) in a

together in geries. The voltages of the cells in the battery ,}2-5"'" battery, then they are
are combined so there is a bigger voltage overall. indwidual eells connecled in senes

| In Nan-RechargeabIe Batteries the Reactants Get Used Up

1) In some cells, the chemical reactions that happen at the electrodes are irreversible.

2) Over time the reacting particles — the ions in the electrolyte and the metal ions on
the electrode — get used up and turned into the products of the reaction.

3) Once any one of the reactants is used up, the reaction can't happen and so no electricity is produced.
4) The products can't be turned back into the reactants, so the cell can't be recharged.

eable batteries, e.g. alkaline batteries, contain cells which use irreversible reactions. Once
one of the reactants is used up, they don't produce any more charge and you have to replace them.

5) In a rechargeable cell, the reaction can be reversed by connecting it to an external electric current.

I think I need a new battery for my brain after that...

Most so-called *batteries” you use are probably cells. Conlusing, but remember to use the right word in the exams.

Ql The voltages of three cells, where one electrode is zine and the other electrode Metal (1] 213
changes cach time are shown in the table. Zine is less reactive than the other metals, | Vollage (V) | 4 | 2.5 | 3
Write the order of reactivity of the metals used from lowest to highest. Explain vour answer. [3 marks]
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Fuel Cells

We need fuel to move around — and | don't mean the eggs and bacon to get you out of bed on a saturday...

Fuel Cells Use Fuel and Oxygen to Produce Electrical Energy

1) A fuel cell is an electrical cell that's supplied with a fuel and oxygen (or air) and uses
energy from the reaction between them fo produce electrical energy efficiently.

2) When the fuel enters the cell it becomes oxidised and sets up a potential difference within the cell.

3) There are a few different types of fuel cells, using different fuels and different electrolytes.
One important example is the hydrogen-oxygen fuel cell.

4) This fuel cell combines hydrogen and oxygen to produce nice clean water and release energy.

Hydrogen-Oxygen Fuel Cells Involve a Redox Reaction
——_— rz_f@—]v' — 1) The electrolyte iz often a solution of potagsium hydroxide.

— The electrodes are often porous carbon with a catalyst.
HEp> I gmo
1 B 2) Hydrogen goes into the anode compartment
w L and gxygen goes into the gathode compartment.
= = Watkch oul — in clectrolysis the anede is the pesitive electrede and the cathede

is the negative ane, When dealing with fuel cells, they're the ather way round

3) At the -ve electrode (the anoda), hydrogen loses electrons
water and 1o produce H' ions, This is oxidation.

Illlll:ldr'“'"“ “4) H'ions in the electrolyte move to the cathode (+ve).

(ea. phospharic acid) [#ve eleclrode)

5) At the +ve electrode (the gathods), W
from the cathode and reacts with H iong (from the These are the half-equations that show
HIEH'WIH*H] to make water. This is mmﬂ \\ whal's happening al each electrode

6) The electrons flow through an external cireuit from the O 4+ 4H" + 4e- — 2H O
anode to the cathode — this is the electric current. 2 2

7) The overall reaction is hydrogen
plus oxygen, which gives water. g

anode ’;r :

{=we electoode]™

electr |'l|?'t1' -

s AP TR g ig

There's reduction at the cathode

= anid oxidation at the anode, 10 s

= & redos reastion, See page &1 for

Fanninagat

more on recox reaclons

Hydrogen-Oxygen Fuel Cells Could be Used in Vehicles | SRR

Conventional fuels for vehicles (such as petrol) have a finite supply — they won't last forever, and
they're very polluting. 8o vehicles that use electrical energy are becoming more and more popular,
Batferies are one way of getting cleaner energy but hydrogen-oxygen fuel cells might be even better:

" Fuel cell vehicles don't |:r|;|du|:e: as many po |utants as other fuels = no grpenhr}uqe gases, nitrogen oxides sulfur digxide
or carbon moncxide. The only by-products are water and heat  Electric vehicles den't produce many pollutants either —
but their batteries are more pelluting to dispose of than fuel cells because they're made from highly toxic metal compounds
*  Batteries in electnic vehicles are rechargeable but there's a limit to how many times they can be recharged

before they need replacing. And batteries are more expensive to make than fuel cells,

Ba'.tzria‘: éil}.l'.." SLOrE I-'_":b EMErdY I.llEHI rIJE'l \'.'E”S H.ﬂl'.j L4] 'i'-'L:IJlrd rIEEd Lo L'E rer_'har._qzd More qu+:r| o2 Wi’l-l’.h Lan td.kE a long time.

However, there are still some disadvantages of using hydrogen fuel cells:

L] Hydmgen I 3 gas, 50 it takes up loads more space to store than a rechargzaHE I;J.a.tL!rJ\r.

. H_]-‘droger’. 15 explosive when mixed with air so it's hard to store Lfsi;

+  The h}r-'lrngen fuel is often made either fram hypdrocarbons (from fossil fuels), or by elecirolysis of water,
wihich uses electricty {and that electncity has got te be generated semehow — usually from fossil fuels).

Fuel cells — they’re simply electrifying...
Fuels cells could be really important for generating electricity eleanly — but there are some issues to sort out first,

1 Write the half equation lor the reaction of oxygen in a hydrogen-oxygen [uel cell. [2 marks]
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Revision Questions for Topic 5

Right, let's see how much you can remember — don't worry though, you can flick back if you get stuck.
* Try these questions and fick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Exothermic and Endothermic Reactions (5.61:62) []

1) In an exothermic reaction is heat transferred to or from the surroundings?

2) Name two different types of reaction which are exothermic.
3) Define what is meant by an endothermic reaction.
4) Write down the equation for the thermal decomposition of calcium carbonate.

6) What is the purpose of putting the reaction container into a beaker containing coton wool during an
experiment fo invesligate the temperature change of an exothermic reaction?

6) Sketch an energy level diagram for an endothermic reaction.
7) What is the activation energy of a reaction?

8) s the following statement true or false? In an endothermic reaction, the products of the
reaction have more energy than the reactants.

Bond Energies (p.63) [

9) For the following sentences, use either endothermio or exothermic to fill in the blanks:

a) Bond breaking is an process.
b) Bond forming is an process.
¢) Inan reaction, the energy released by forming bonds is

greater than the energy used to break them.

10) What three steps would you use to find the overall energy change in a reaction if you were
given the known bond enthalpies for the bonds present in the reactants and products?

Cells and Batteries (p.64) [
11) What is an electrolyte in an electrochemical cell?
12) Give two factors that affect the voltage produced by an electrochemical cell,

13) What is a battery?
14) Explain why non-rechargeable batteries eventually lose their charge.

Fuel Cells (p.65) [ |
15) What is a fuel cell?

16) Name an electrolyte commonly used in hydrogen-oxygen fuel cells.

17) In a hydrogen-oxygen fuel cell, which molecule becomes oxidised and which becomes reduced?

18) Write down the overall equation for the reaction in hydrogen-oxygen fuel cells.

19) Why is the reaction that takes place in a hydrogen-oxygen fuel cell described as a redox reaction?
20) State 3 advantages of hydrogen-oxygen fuel cell powered cars over battery-powered electrical cars.

Topic § — Energy Changes
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Topic 6 — The Rate and Extent of Chemical Change 67
Rates of Reaction

Rates of reaction are pretty important. In the chemical industry, the faster you make chemicals,
the faster you make money (and the faster everyone gets to go home for tea).

Reactions Can Go at All Sorts of Different Rates
1) The rate of a chemical reaction is how fast the reactants are changed into products.
2) One of the slowest is the rusting of iron (it's not slow enough though — what about my little Mini).

3) Other glow reactions include chemical weathering — like acid rain damage to limestone buildings.

4) An example of a moderate speed reaction would be the metal magnesium
reacting with an acid to produce a gentle stream of bubbles.

5) Burning is a fagt reaction, but explosions are even faster and release
a lot of gas. Explosive reactions are all over in a fraction of a second.

You Need to Understand Graphs for the Rate of Reaction

1) You can find the speed of a reaction by recording the amount of product formed,
or the amount of reactant used up over time (see page 69).

2) The gteeper the line on the graph, the fagter the rate of reaction.
Over time the line becomes |ess sleep as the reactante are used up.

3) The guickest reactions have the gteepest lines and become flat in the leagt time.
4) The plot below uses the amount of produet formed over time to show et i el M g,
how the gpeed of a particular reaction varies under different L"!D'li!i“ﬂﬁ-w that affect tiye PJI"JF' =
s FRachon §
IEF Negt J‘I'.'I'-

-
(AN y
II|.||”:I TN

* Graph | represents the original reaction. “,m _

* Graphs 2 and 3 represent the reaction taking place ..|"F'.rlr'.':'.'|.l.-| (®) faster, a
quicker, but with the game initial amounts of reactants. L
The slopes of the graphe are gteeper than for graph 1.

* Graphs 1, 2 and 3 all converge at the game level,
showing that they all produce the game amount of
product although they take different times to produce i,

* Graph 4 shows more product and a faster reaction. This
can only happen if more reactant(s) are added at the start.

Flat lines show the
reachion bas fnshed

Particles Must Collide with Enough Energy in Order to React
Reaction rates are explained perfectly by collision theory. It's simple really.

The rate of a chemical reaction depends on: L )
1) The gollision frequency of reacting particles (how often they collide), The more collisions

there are the faster the reaction is. E.g. doubling the frequency of collisions doubles the rate.
2) The energy transferred during a collision. Particles have to

i ] i
collide with enough energy for the collision to be successful. SRR
= A successiul collision s 3 collision that ends —
You might remember from page 62 that the minimum amount of = in the particles reacting to form products =

o
[ PLERELv et mvrnning AAFERERIEY L

energy that particles need to react is called the activation energy.
Particles need this much energy to break the bonds in the reactants and start the reaction.

Factors that increase the number of collisions (so that a greater proportion of reacting particles collide) or
the amount of energy particles collide with will increase the rate of the reaction (see next page for more).

Get a fast, furious reaction — tickle your teacher...
Colhsion theory's cssential Tor understanding how different factors affect the rate of reaction —
s0 make sure you understand it before moving on to the rest of Topic 6,

1 What is meani by the term activation energy? [1 mark]

Topic 6 — The Rate and Extent of Chemical Change
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Factors Affecting Rates of Reaction

I'd ask you to guess what this page is about, but the title pretty much says it all really. Read on...

The Rate of Reaction Depends on Four Things

1) Iemperature. 3) Burface area — this changes depending
2) The concentration of a solution on the size of the lumps of a solid.
or the pressure of gas. 4) The presence of a catalyst.

More Collisions Increases the Rate of Reaclion

All four methods of increasing the rate of a reaction can be explained in terms of increasing

the number of succeseful collisions between the reacting particles:

Increasing the Temperature Increases the Rate

c.=1)  When the temperature is increased, the particles all move faster.
Q) If they're moving faster, they're going to collide more fraquently.

3) Algo the faster they move the more energy they have, so more of
the golligions will have enough energy to make the reaction happen.

Increasing the Concentration or Pressure Increases the Rate
1) If a solution is made more concentrated, it means there are more particles

knocking about in the game volume of water (or other solvent). ® D O i@
2) Similarly, when the pressure of a gas is increased, it means that 3 o, @ O r:ﬁ;, {-.-'Ji.r‘:'_'l:'

"‘iﬂ' w ﬂlr Pﬂf"ﬂlﬂﬂ- [}Dﬂup]ﬂﬂ a w' e Low Ll.l:ll.ﬂrl'..l.].l.ll.lrlu'. P;l.njh .'.l.'-":rl;l!r-::'--;:':"
3) This makes golligions between the reactant particles more frequent. presiure pressure

Increasing the Surface Area Increases the Rate

S e ¢ o T, @) 1) If one of ‘ihe ruﬂ.ch.ania is a LEI'J“EI. then breaking it up irrlul
& 5 @ | gt T—_. smaller pieces will increase its surface area to volume rafio.

o “_L)g e o 2) This means that for the game volume of the solid, the
® w & particles around it will have more area to work on —
50 there will be collisions more frequently.

_\'“'Ill-'.l (AR TN R RN IR I RN

This is a reaction profile

Using a Catalyst Increases the Rate | Aneray  There’s me on these on 62,
- ] AR R NN R NN AR PA R LT
1) A catalyst is a substance that speeds up a reaction, Yithout AL S
without hEinE used up in the reaction itself. This means With Activation energy
it's not part of the overall reaction equation. Catalyst i without a catalyst

2) Different catalysts are needed for different reactions, but Reacants
they all work by decteasing the activation energy needed Activation energy

for the reaction to oceur. They do this by providing an ;rY with 2 catalyst — “Producke ' Progress of
alternative reaction pathway with a lower activation energy. BeEticn |

3) Enzymes are biological catalyste — they catalyse reactions in living things.

Increase your concentration — burn through that exam paper...

Catalysis are really uselul — they don’t get used up so you can use them over and over again. Brilliant.

01 For each of the following pairs of reactions, state which one would have the fastest rate (A or B) and why:
a) A: A 2 g solid strip of magnesium with water. B: 2 g of powdered magnesium with water. [2 marks]
b) A: 2 molidm’ KOH with excess ethanoic acid.  B: 4 mol/dm® KOH with excess ethanoic acid. [2 marks]
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Measuring Rates of Reaction

All thie talk about rates of reactions is fine and dandy, but it's no good if you can't measure it.

Here Are Three Ways to Measure the Rale of a Reaction

The rate of a reaction can be observed either by how quickly the reactants are used up or how quickly the
products are formed:

Amount of reactant used or amount of product formed

Tifﬂﬂ _\'\.lll'lllll_.'|l|-| iy,

Tis
5 15 the mean raje of -

= reachon, To fing the rake of 5

Rate of Reaction =

When the product or reactant is a gas you usually measure the amount in cm®. |

& redct |||r at

If it's a solid, then you use grams (g). Time is EIHEI'I measured in geconds (g). = 0w nesd IG‘IPD'! : slar time, i.
This means that the units for rate may be in em®s or in g/s. You can also = find the gradient ut IJ TR B, S
measure the amount of product or reactant in moles — so the unite of rate could = (e g, ) R
also be mol/s. Here are three different ways of measuring the rate of a reaction: ' """/ /by 00
SO AR ENNIRERTARY FE

1) Precipitation and Colour Change =" A posh way of saying =

that the elowdiress

1) You can record the visual change in a reaction if the initial solution is fransparent 2 of a sohation changes

to way that s

and the product is a precipitate which clouds the solution (it becomes opaque), - #'0 ariimbime -

turbiity’ changes

2) You can observe a mark through the solution and measure how long it takes ST
for it to digappear — the fagter the mark disappears, the guicker the reaction. = f?ﬁ

3) If the reactants are coloured and the products are coloutless (or vice versa), ee)
you can time how long it takes for the solution to loge (or gain) its colour. .

4) The results are very subjective — different people might not agree over the 'C_";"_::u!
exact point when the mark “disappears’ or the solution changes colour. g

Algo, if you use this method, you can't plot a rate of reaction graph from the results.

2) Change in Mass (Usually Gas Given Off)

1) Measuring the speed of a reaction that produces a gas
can be carried out using a mass balance.

2) Ag the gas is released, the mass disappearing

is measured on the balance.
3) The quicker the reading on the balance drops, the faster the reaction,
4) If you take measurements at regular intervals, you can plot a rate of
reaction graph and find the rate quite easily (see page 71 for more).

5) This is the most accurate of the three methods described on this page because the mass balance
is very accurate. But it has the disadvantage of releasing the gas straight into the room.

3) The Volume of Gas Given Off |

1) This involves the use of a gas syringe to measure the volume of gas given off.
2) The more gas given off during a given time interval, the faster the reaction.
3) Bas syringes usually give volumes accurate to the nearest cm®, so

they're quite accurate. You can take measurements at regular

ntervals and plot a rate of reaction graph using this method too.

You have to be quite careful though — if the reaction is too vigorous,

you can easily blow the plunger out of the end of the syringe.

OK, have you got your stopwatch ready...*BANG!* — oh...

Make sure you've learnt the three dilTerent methods on this page, then have a po at this guestion:

1 The reaction between solid Na,CO, and aqueous HC1 releases CO, (a pas).
a) Describe an experiment that wuuld allow you to measure the rate of this reaction. [3 marks]
b) Suggest units that would be appropriate Tor expressing the rate of this reaction. [1 mark]

Topic 6 — The Rate and Extent of Chemical Change
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. Two Rates Experiments

Here's a lovely page on practical investigations into the effect of concentration on the rate of a reaction. It's
particularly lovely because it's got two methods that you could use. Bet your safety goggles on and let's go...
Magnesium and HCI React to Produce H, Gas

stopwatcn
conical flask r:I|

1) Start by adding a set volume of dilute hydrochloric acid ) QTR
to a conical flask and carefully place on a mass balance. totton woo —ﬁ

2) Now add some magnesium ribbon to the acid ML Lk \ﬂ ﬂ/
and quickly plug the flask with cotton woal. = Putting catton wool in T i

- the top of the flask e
3) Start the gtopwatch and record the mass = ,L:, ]’“r I,h:ljll, k:,:_,.,_nlr::
on the balance. Take readinge of the mass = the acid spitting out,

n.l EEE!IlgrigiBrvglEi RPNt by -k

Lass in 4) Plot the results in a table and work out the mass lost for

A\ mass (g) most concentrated acid each reading. Now you can plot a graph with time on the

] R R x-axis and loss of mags on the y-axis.

L~ f,.f-"" | 6) Repeat with more concentrated acid solutions.

A Variables such as the amount of magnesium ribbon and
the volume of acid used should be kept the same each

(Oifast|contertfatert aid time — only change the acid's concentration. This

I | is to make your experiment a fair test — see p.5.

| - Tifne/s . 8) The three graphs show that a higher concentration
G e bt ao oo 20 of acid gives o faster rate of reaction.

“ou could alse measure the gas released using a gas syringe, as on the previous page

i

mass balince

ARG RN

70
/?
A LA/

Sodium Thiosulfate and HCI Produce a Cloudy Precipitate
1) These two chemicals are both clear solutions. They react together o form a yellow precipitate of sulfur.

2) Start by adding a set volume of dilute sodium thiosulfate fo a conical flask,

3) Place the flask on a piece of paper with a black cross drawn on it.
Add some dilute HC| to the flask and start the stopwatch.

4) Now watch the black cross disappear through the cloudy sulfur and time how long it takes to go.

5) The reaction can be repeated with T R A N R TN A AN Y P
solutions of either reactant at different = Ths "““IL"E" el ”:‘ silfr dion ILIIL ""r 'Ih" "I’Pr" gt
concentrations. (Only change the e Ilhlll:IIL-I |}|l|L| it |”|l|t Irl B |TFIH M ::u o)
concentration of one reactant at a time m ¢——‘| Q .
though). The depth of the liquid must J—

be kept the same each fime. —

B6) These results show the effect of @ Q é‘
i ing trati f HCI
ﬁﬁr E%ﬂﬂem ':: Concentration af HCI (molfdm?) &5 2.5

excess of sodium thiosulfate, === Time taken for mark to disappear () | 193 | 184 | 178 | 171 | 164
N R R R N N A R NN AR RN N R NN T

7) The higher the concentration, the guicker the reaction and - Athough you could draw & graph of concentration =
therefore the less time it takes for the mark to disappear. ex j‘:-':'f&l“;‘f‘ I-f‘_'“l’l”lT‘*I"I**_'IT"'I:I’:'I*":‘ Yo an .ﬁup.g.rﬁ;r"‘q.{ﬁ 'f't'f' =

8) One sad thing about this reaction is that it doesn't give a set of graphs. Well | think it's sad. All guli)
get is a set of readings of how long it took till the mark disappeared for each concentration. Boring. -

Bubbling acid, sulfurous clouds — proper witchcraft this is...

You should learn the methods involved in these experiments — but remember, other reactions can also be used o
investigate the four Mactors that aflect rate. You might see dilTerent experiments in your exams, or the same ones
but measuring a different factor — so watch out.
1 A student carried out an experiment investigating the eftect of changing the HCI concentration on

the rate of reaction between HCl and Mg. State two [actors that he should have kept constant. |2 marks]

Topic 6 — The Rate and Extent of Chemical Change
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Finding Reaction Rates from Graphs

You might remember a bit about how to interpret graphs on reaction rate from page 67 —
well this page shows you how to use them to calculate rates.

You can Calculate the Mean Reaction Rate from a Graph

1) Remember, a rate of reaction graph shows the amount of product formed
or amount of reactant used up on the y-axis and fime on the x-axis.

2) 8o to find the mean rate for the whole reaction, you just work out the overall change in the
y-value and then divide thie by the total fime taken for the reaction.

3) You can also uge the graph to find the mean rate of reaction between any two points in time:

EXAVPLE

E 457 LR N AN RN IR A NITY)
The graph shows the volume of gas released by a 3 204, EREE e S Iyoure asked to find =
reaction, measured at regular intervals. Find the _E 1 N P the mean rate of reaction
mean rate of reaction between 20 s and 40 s. i, il ' for the whole reaction,
- 104 x| | = remember that the reaction -
] A - | - Dnishes as so0n a4 the lin :
Mean rate of reaction = change in y + change in x b5 | , : 'II_} . "} b
| oF W granh goes Pk
=(19em’=15em’) +20s. T oOf——t————t———ip "«'--.....-.,-f‘-'...l.:-I...
O 10 28 10 40 5O 60 L

= 0.2 cm'/fs Tiime ()

Draw a Tangent to Find the Reaction Rate at a Particular Point

If you want to find the role of the reaction at a particular point in time, you need to find the
grodiont (elope) of the curve at that point. The easiest way to do this is o draw a fongent 1o the
curve — a straight line that fouches the curve at one point and doesn't cross it. You then work
out the gradient of the tangent, W's simpler than it sounds, honest...

The graph below shows the mass of reactant used up measured at regular
intervals during a chemical reaction. VWhat is the rate of reaction at 3 minutes?

1) Position a ruler on the graph at the point where 4) Pick two points on the line that
you want to know the rate — here it's 3 minutes. = are easy to read. Use them to

2) Adjust the ruler until 4 calculate the gradient of the
the space between the :‘i” 25 P S tangent in order to find the rale
ruler and the curve is & 24- T #Fae—X gradient = change in y + change in x
equal on both sides ¢ l gie oEdl = (22 - 14) + (5.0 - 2.0)
of the point. g i ¥ -08 +30

3] Draw a line aleng k17 ')’X: : = 0.27
the ruler to make = /l E So, the rate of reaction at 3 minutes
the tangent. 9 ! was O.27 g/min.
Extend the line right >3 - T ’é ITE E"i—

(i)

across the graph. Tne tmin)

Calculate your reaction to this page. Boredom? How dare you...
There’s only one way to learn this stufT properly — practise, So you'd better get going with this guestion.
1 Calcium carbonate powder was added to a conical flask containing dilute HCL
€O, was produced and collected in a gas syringe.
The volume of gas released was recorded at
10 second intervals in the following table:
a) Plot these results on a graph and draw a line of best fit. [3 marks]
b} Find the raie of the reaction at lime = 23 s, [4 marks]

b
L

Tirre 1z} 10 30 | 40 | SO | 80
Woalume of CO, lomd) 24 12 36 1B 32 140

Topic 6 — The Rate and Extent of Chemical Change
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Reversible Reactions

Qome reactions can go backwards. Honestly, that's all you need...

Al |I||||'|:I||..'|'I

Reversible Reactions Will Reach Equilibrium | - Ih: Ol
= Feactian g4s o

1 "
(SR RE NN

arng

th ways
'|I|||-| L

This equation shows a reversible reaction — the products (C and D) 3
A+B = C+D

can react to form the reactants (A and B) again: ———===

1) As the reactants react, their concentrations fall — " 7
so the forward reaction will glow down (see page 68). "4 Forward 5 .
But as more and more products are made and (_E) i Hoaolon m i
their concentrations rige, the backward reaction will gpeed up. z Bame rate =

2) After a while the forward reaction will be going at exactly the NN
game rate as the backward one — the system is at equilibrium. 1'. h;“,d = .

3) At equilibrium, both reactions are still happening, but there's @ " Roaolion @.

v

no_overall effect (it's a dynamic equilbrium). This means the
concenirations of reactants and products have reached a balance and won't change.

4) Equilibrium is only reached if the reversible reaction takes place in a "closed system'. A closed
system just means that none of the reactants or products can escape and nothing else can get in.

The Position of Equilibrium Can be on the Right or the Left

1) When a reaction’s at equilibrium it doosn't mean the amounts of reactants and products are ogul.
2) If the equilibrium lies to the right, the concentration of products is greater than that of the reactants.
3) If the equilibrium lies o the left, the concentration of reactants is greater than that of the products.
4) The position of equilibrium depends on the following conditions (as well as the reaction itself):

* the ||'||||n'r.:1||||',H"-'Ji
* the pressure (this only affects
equilibria involving gases),
¢+  the concentration of the
reactants and products.

The next page tells you why these things affect equilibrium position.

E.g. ammonium chloride < ammonia + hydrogen chloride

Heoting this reaction moves the equilibrium to the right
{more ammonia and hydrogen chloride) and cooling it
moves it to the loll (more ammonium chloride).

Reversible Reactions Can Be Endothermic and Exothermic

1) In reversible reactions, if the reaction is endothermic in one direction, it will be exothermic in the other.

2) The energy transferred from the surroundings by the endothermic reaction is S,
equal fo the energy transferred o the surroundings during the exothermic reaction, = ~° P3¢ &1 far more

an endothermic and

il
i

3) A good example is the thermal decomposition of hydrated copper sulfate: = exathermic reactions
ahbpivii it ilng endothermic - UL PR TR FANEL
2 Achydrous’ just means = > .
ERE LR EE N  hydrated copper sulfate - — anhydrous copper sulfate + water
= qeans with waler’ = ;
EATEY iKin i HMTTTITITS "> gxothermic <
___ Wyou heat blue hydrated copper(ll) sulfate crystals, it drives the water off
~=L@j¢ and leaves white anhydrous copper(ll) sulfate powder. This is thermic. f’f"?
Q If you then add a couple of drops of water to the white powder é
you get the blue crystals back again. This is exothermic. -

Dynamic equilibrium — lots of activity, but not to any great effect.”
Make sure vou understand evervthing on this page before you move on to the next one. Trust me, it'll help.

1 What does it mean il a sysiem is at equilibrium? [1 mark]

Topic 8 — The Rate and Extent of Chemical Change T R et
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Le Chatelier’s Principle

Reversible reactions don't like being messed around — so if you change something,
the system will recpond to undo the change. Sneaky.

§ Rev_ersﬂffe !_i'g;cfinns Tr]_r to Cqum_?eract C.‘har_lges.._.

1) Le Chatelier's Principle ie the idea that if you change the conditione of a reversible
reaction at equilibrium, the system will try to counteract that change.

2) W can be used to predict the effect of any changes you make to a reaction system.

...ouch as Changes to the Temperature... '

1) All reactions are gxothermic in one direction and endothermic in the other (see previous page).
2) If you decrease the femperature, the equilibrium will

move in the exothermio direction to produce more heat. N, + 8H, = 2NH,

This means you'll get more products for the exothermic

reaction and fewer products for the endothermie reaction,

Here the forward reaclion is

I"\.'IEI'I-rr""I' = l’l'l. Fralie 1ry

3) If you raige the temperature, the equilibrium will move in the andothermie | terperature moves equilBnues

direction o try and decrease it. You'll now get more products for the to the right {more NH,}

endothermic reaction and fewer products for the exothermic reaction.

..Pressure...

1) Changing the pressure only affects an equilibrium involving gages.

2) If you increase the pressure, the equilibrium tries fo reduce it N, + 3H, «— 2NH,
— it moves in the direction where there are fewer molecules of gas. There are 4 meles on the lef
3) If you degrease the pressure, the equilibrium tries 1o increase it [Ilmﬂltl:?l ”"l'l‘: i”: ;’ L:L:‘:Jr:::?
— it moves in the direction where there are more molecules of gas. the F"““E" bhe eaulbbrium shilk
4) You can use the balanced symbol equation for a reaction to the right (more MH,)

to see which side has more molecules of gas.

...or Concentration

1) If you change the concentration of either the reactants or
the products, the system will no longer be at equilibrium.

2) 8o the system responds to bring itself back to equilibrium again. N, + 3H, — 2NH,

3) If you increase the concentration of the reactants the system SE N Ol b R
e the forward reacbion increases
tries to decrease it by making more products.

to produce more MH,
4) If you decrease the concentration of products the system tries to
increase it again by reducing the amount of reactants.

An equilibrium is like a particularly stubborn mule...

Its good science this stulf. You do one thing, and the reaction does the other. On the face of it, that sounds
like it'd be pretty annoving, but in reality its what gives you control of whal happens in a reversible reaction.
And in industry, control 15 what makes the whole shebang profitable. Mmmm... Money.

0l For the following reactions, state the effect of an increase in
pressure on the amount of products at equilibrivm.
a) NO, = E‘JD [1 mark]
b) CNG ey NDI_ = NO, +C]ND [1 mark]
¢) 2C0O, > 0y, T 200, [1 mark]

Topic 6 — The Rate and Extent of Chemical Change
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Revision Questions for Topic 6

We'll you've almost made it — you're just one more page away from a lovely cup of tea and a biscuit...
* Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Rates of Reaction and Factoxs Affecting Them (p.67-68
1) On a rate of reaction graph, what does the line getting steeper show?
2) What does a flat line on a graph of amount of products against time show?

3) What two factors relating to the collisions between particles influence the rate of a reaction?
4) What are the four factors that affect the rate of a chemical reaction?

6) Why does increasing the temperature of a reaction mixture increase the rate of a reaction?

6) Other than increasing the temperature, describe two ways of increasing the
rate of reaction between a solution and a solid.

7) What is a catalyst?

8) How does a catalyst increase the rate of a reaction?

Measuring and Calculating Rates of Reaction (p.69-71) [ |
9) State the equation that could be used to celoulate the mean rate of o reaction,
10) Give three possible units for the rate of a chemical reaction.

1) How would you measure the rate of a reaction between two clear solutions,
in which the product formed was a precipitate?

12) Explain why meaguring a mass change during a reaction is an acourate method of measuring rate.
13) Describe how you could investigate the effect of increasing HCI concentration

on the rate of reaction between HC| and Mg.
14) Describe how you could use a graph to find the mean rate of a reaction between two points in time.
15) What is a tangent?
168) How would you use a tangent to find the gradient of a curve at a particular point?
A= prsible Ked M| L L1 L = L1

17) Which one of the following statements is true?
a) In a reaction at equilibrium, there is the same amount of products as reactants.
b) If the forward reaction in a reversible reaction is exothermie, then the reverse reaction is endothermic.
c) If the equilibrium of a system lies fo the right, then the concentration
of products is less than the concentration of reactants. D

000 0O OO 000 Ooooo

18) What effect will decreasing the temperature have on a reversible reaction
in which the forward reaction is exothermic?

19) How can you predict the effect of changing the pressure of a gaseous reaction?

20) According to Le Chatelier's Principle, what will the effect of decreasing the
concentration of the products for the forward reaction have on a reversible reaction?

OO

Topic 6 — The Rate and Extent of Chemical Change



Topic 7 — Organic Chemistry 75
Hydrocarbons

Organic chemistry is about compounds that contain carbon. Hydrocarbons are the simplest organic
compounds. As you're about to discover, the properties of hydrocarbons make them really useful.
Hydrocarbons Only Contain Hydrogen and Carbon Atoms

A hydrocarbon is any compound that is formed from carbon and hudrogen atoms only.
8o C,H,, (decane, an alkane) is a hydrocarbon, but CH,COOCH, (an ester) is not — it containg oxygen.

Alkanes Have All C-C Single Bonds |

1) Alkanes are the simplest type of hydrocarbon you can get. They have the general formula C H,, ..
2) The alkanes are a homologous seties — a group of organic compounds that react in a similar way.

3) Alkanes are saturated compounds — each carbon atom forms four single covalent bonds.
4) The first four alkanes are methane, ethane, propane and butane. - a0 '_,f_,'.ﬁ':,',,'J '.,;,',;,,',,',J' P i 1
T EH4 Ethane: ﬂg”n PI"DP!]I"I'H-' UHHH Butane: C4Hm E na r.l:-:l.lu:;c!u:rl 5-::1|-|¢|d-. 1 ..:Iizlglnl_,-l._-f r'..::.r:._-!'.lrl - .:'
HOH  H-COH HGOOGH MO0 oM [Nomui
H H H HHH H H H

Hydrocarbon Properties Change as the Chain Gelts Longer

Ag the length of the carbon chain changes, the properties of the hydrocarbon change,

1) The ghorter the carbon chain, the more runny o hydrocarbon is — that is, the legs viscous (gloopy) it is.
2) Hydrocarbons with shorter carbon chaine are also more volatila, i.e. they have lower boiling points.
3) Also, the ghorter the carbon chain, the more flammable (easier to ignite) the hydrocarbon is.

4) The properties of hydrocarbons affect how they're used for fuels. E.g. ghort chain hydrocarbons
with lower boiling points are used as 'bottled gases' — stored under pressure as liquids in bottles.

Complete Combustion Occurs When There’s Plenty of Oxygen

1) The complete combustion of any hydrocarbon in oxygen releases lots of energy. . il
The only waste products are carbon dioxide and water vapour. 3 Onidabion @an -

hydrocarbon + oxygen — carbon dioxide + water FESCHETT)] = gam of 09900,
2) During combustion, both carbon and hydrogen from the hydrocarbon are oxidised.
3) Hydrocarbons are used as fuels due to the amount of energy released when they combust completely.

4) You need to be able to give a balanced symbol equation for the complete combustion of a simple
hydrocarbon fuel when you're given its molecular formula. 1t's pretty easy — here's an example:

AMNTINRrbr PRy
- Se 115 For mar 1
m Write a balanced equation for the complete combustion of methane (CH,).- __,;;”r_mq i .:h;f“

1) On the left hand side, there's one carbon atom, so =R I T
only gne molecule of CO,; is needed to balance this. CH, + 70, — CO, + H,0

=

EEREE

2) On the left hand side, there are four hydrogen atams,
50 bwo water moleculss are needed to balance them,

3) There are four oxygen atoms on the right hand side of the equation.
Two oxygen molecules are needed on the left to balance them,

CH, + ?0, — CO, + 2H,0

'CH_,' + 201 = CDI + leﬂ

The name’s bond — single covalent bond...
S0 hydrocarbons only contain two ingredients — carbon and hydrogen. Jamie Oliver would not be happy.

Q1 A student has two alkanes, C,H,and C,,H,,. Compare the following properties of the alkanes:
a) viscosity b) boiling point ¢} flammability [3 marks]
Q2 Wrile a balanced symbol equation Tor the complete combustion of propane, C,H,. [2 marks]

Topic T — Organic Chemistry
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Fractional Distillation

Crude oil can be used to make loads of ugeful things, such as fuels. But you ean't just put crude oil in your
car. First, the different hydrocarbons have to be separated. That's where fractional distillation comes in.

Crude Oil is Made Over a Long Period of Time

1) Crude oil is a fossil fuel. I's formed from the remains of plants and animals, mainly plankion, that
died millions of years ago and were buried in mud. Over millions of years, with high temperature and
pressure, the remains turn to crude oil, which ean be drilled up from the rocks where it's found.

2) Fossil fuels like coal, oil and gae are called non-renewable fuels as they take

go long to make that they're being used up much fagter than they're being
formed. They're finite resources (see p.99) — one day they'll run out.

Fractional Distillation can be Used to Separate Hydrocarbon Fractions

Crude oil is a mixture of lots of different hydrocarbong, most of which are alkanes. WL g,
The different compounds in crude oil are geparated by fractional digtillation. : I' '-*f"“"”:"'“'* s
IFIEELHES cOontaming anl -
Here's how it works: :  Bydesasn i r__lri_'”_l ¥
1) The oil is healed until most of it has turned into gas. The gases enter a A SRR LR ER TN
fractionating column (and the liquid bit is drained off).

2) In the column there's a femperature gradient (Vs hot ot the bottom and gets gooler as you go up).

3) The longer hydrocarbong have high boiling points. They condense back into liquids and drain out of
the column early on, when they're near the bottom. The ghorter hydrocarbons have lower boiling

pointg. They condense and drain out much later on, near fo the fop of the column where it's cooler.
4) You end up with the crude oil mixture separated out into different fractions. Each fraction containg a
mixture of hydrocarbons that all contain a similar number of carbon atoms, so have similar boiling points.

APPROXIMATE NUMBER OF CARBONS IN THE

HYDROCARBONS IN THAT FRACTION
—|“;- AN N ERR RS
LPG _': LPG contains mastly =
e -3 {Liguefied Fetraleum Gash £ propane and butane. =
AR TR RN TAAT R L

LForL P

Fetral

Yt Flernseme ﬁ
— -
) =
ol bl Dicsel 9.:@

Hleawy fuel oil

= This can pe keating oil, fuel oi
T = or lubmcating oil

A AR R RN AR AN AR

ALini

How much petrol is there in crude 0il? Just a fraction...
Make sure vou understand how fractional distillation works — it might just save vour life... OK, maybe not.

(0] Petrol drains further up a fractionating column than diesel. What does this suggest about
the boiling points of the hydrocarbons which make up petrol compared to those in diesel? [1 mark]
Q2 Describe the temperature gradient in a fractionating column used for fractional distillation, [1 mark]

Topic T — Organic Chemistry
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Uses and Cracking of Crude Oil

Crude oil has fuelled modern civilisation — it would be a very different world if we hadn't discovered oil.

Crude Oil has Various Uses Important in Modern Life

1) 0Oil provides the fuel for most modern fransport — cars, traing, planes, the lot. Diesel oil, kerosene,
heavy fuel oil and LPG (liquid petroleum gas) all come from crude oil. Juet fuel)

2) The petrochemical industry uses some of the hydrocarbong | 'm going o be a ater. |
from crude oil as a feedstock to make new compounds for use e
in things like polymers, solvents, lubricants, and detergents.

3) All the products you get from crude oil are examples of organic compounds
(compounds containing carbon atoms). The reason you get such a large variety of products is

because carbon atoms can bond together to form different groups called homologous series. These
groups contain gimilar compounds with many properties in common, Alkanes, alkenes, as well

as the other families you'll meet in this topic, are all examples of different homologous series.

Cracking Means Splitting Up Long-Chain Hydrocarbons

1)  8horl-chain hydrocarbong are flammable so make good fuels and are in high demand.
However, long-chain hydrocarbong form thick gloopy liquids like tar which aren't all that useful, so...

2) ... lot of the longer alkane molecules produced from fractional distillatio
are furned into gmaller, more ugeful ones by a process called gracking.

3) As well as alkanes, cracking also produces another fype of hydrocarbon
called alkenes. Alkenes are used as a glarting material when making lots of

other compounds and can be used to make polymers (see p.80).
4) Some of the products of cracking are useful as fuels, e.g. petrol for cars and paraffin for jet fuel.

There are Different Methods of Cracking

1) Cracking is a thermal decomposition reaction — breaking molecules down by heating them.

2) The first step is to heat long-chain hydrocarbons to vaporise them (turn them into a gas).

3) Then the vapour is passed over a hot powdered aluminium oxide catalyst.

4) The long-chain molecules eplit apart on the surface of the specks of catalyst — this is catalytic eracking.

6) You can also crack hydrocarbons if you vaporise them, mix them with gteam and then
heat them to a very high temperature. This is known as steam cracking.

You need to be able to balance chemical equations for cracking. For example:
Long-chain hydrocarbon molecule =3~ Shorter alkane molecule + alkene
llilllllllilHHHHHH HHHHI-III-IHI;I H. _H
H-C-C-CCCC-0C-OCCHms>HCCCCLCCCCH +  0C=C
HHHHHHHHHH HHHHNHHHA H i
E.g.  decane (ten C atoms) — octane (eight C atoms) + ethene (two C atoms)
[toe much of this in crude oil) {useful for petral) {for making plastics)
AN R RN AR NN AR R SRR R RN PR R R E—

= Make sure that when writing equations for cracking, there are the same —
= number of carbon and hydrogen atoms on both sides of the equation. =
N R RN R N R RN R NS TN AN PR NN RS ARE NN PRI AR

This page is tough — better get cracking...
We use lots of o1l — we're dependent on it for loads of things., S0 we could be m g proper pickle when it runs out.
Just like you could be in a pickle if yvou don’t revise this page. See what 1 did there? Ahaha. .
Q1 Pentane, C.H,,, can be cracked into ethene, C.11,, and one other hydrocarbon.
Give the formula of the other hydrocarbon, [1 mark]
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Alkenes are unsaturated because they have a double carbon-carbon bond. They're hydrocarbons, and their
names sound like the alkanes on p.75. Don't mix them up, or you'll be the joke of the examiners' tea room...

Alkenes Have a C=C Double Bond

1) Alkenes are hydrocarbons which have a double bond between two of the carbon atoms in their chain.
2) The C=C double bond means that alkenes have two fewer hydrogens compared with
alkanes containing the same number of carbon atoms. This makes them unsaturated.
3) The C=C double bond can open up to make a gingle bond, allowing the two carbon atoms to bond
with other atoms (see the next page). This makes alkenes reactive — far more reactive than alkanes.
4) The first four alkenes are ethene (with two carbon atoms),
propene (three Cs), bulene (four Cs) and pentene (five Cs).
§) Btraight-chain alkenes have twice as many hydrogen atoms as carbon:

General formula for alkenes = C H,,

Ethene: C,H, Propene: CyH, Butene: C,Hg Pantene: C.H,,

H H H H H H H H H HHH
=0’ [Ell | | \ Lo
076, HoC-C=C| HC-0=0-6H | pe6-6-0-Coh

WoRW H HH H H Whuw

This is a double bond Or Or
;o o e sutue bt = 0=0-0-C-H  H-C-C=0-C-C-H
’.:.||L-I::I:D-:I.;I|1-I:r| !rll:-:--c.aldlillﬁl'l\:':11I.|1I|.IJ-'_I|.'IL.IIIlllx_: H H H H H H H H

Alkenes Burn With a Smoky Flame

1) In alarge amount of oxygen, alkenes combust completely to
produce only water and carbon dioxide (see p.75).

2) However, there isn't enough oxygen in the air for this, so when you burn them they tend
to undergo incomplete combustion. Carbon dioxide and water are still produced, but
you can also get carbon and carbon monoxide (CO) which is a poisonous gas.

alkene + oxygen — carbon + carbon monoxide + carbon dioxide + water EESCHELET)]

3) Incomplete combustion results in a smoky yellow flame, and less energy
being released compared to complete combustion of the same compound.

4) Here's an example of an equation for incomplete combustion:

= |-l-'|5 15 Jllst ong [Foss I".'-'ll ':‘ |-|"I-e;! ::'I-.'.l-\':IIJﬂ:ﬁ daﬂsnd L
= | o wich oxygen is present. E.g. you could also

have: CoHy + 30, = 2C + 2C0 + 4H,0
— but the equation has to be balanced

I hope you alkene to learn this page...

Don't get alkenes confused with alkanes — that letier "2’ makes all the difference. Alkenes have a C=C bond,
alkanes don’t. The first part of both their names tells you how many carbon atoms they have.

8] Give the chemical formula for the alkene that contains eight carbon atoms, [1 mark]

Q2 Name two products which are produced during incomplete combustion
which aren’t produced during complete combustion, [2 marks]
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Reactions of Alkenes

Alkenes react with lots of compounds, which is great. Unless you have to learn the reactions that is...
Alkenes React via Addition Reactions |

1) A functional group is a group of atoms in a molecule that determine how that molecule typically reacts.
2) All alkenes have the functional group 'C=C", so they all react in similar ways.

8o you can suggest the products of a reaction based on | p R=Oarbonchein Y. H
your knowledge of how alkenes react in general. \ ).I 4

3) Most of the time, alkenes react via addition reactions. C=C + Xx—Y —p R—C—C—H
The carbon-carbon double bond will gpen up to leave a H"/ H PI'I ;:

ingle bond and a new atom is added to each carbon:= AU g,
= Aleenes are a |'|-l""|'l|.:!|-:.|t WEnes DeCauie f—_

= they all have the same funcbional group -

Addition of Hydrogen is Known as Hydrogenation |
Hydrogen can react with the double-bonded carbons to gpen

and react in similar ways

SINEE AR I|||I.'|I||||.'Ir|||,-|'l\'

up the double bond and form the equivalent, saturated, alkane. R\ ;H }I" il'l
The alkene is reacted with hydrogen = (=C + H,—P» R—-C—C—H
in the presence of a gatalyst: H Wi \ H catalyst i!l

Steam can React with Alkenes to Form Alcohols

1) When alkenes react with gleam, water is added H H H H
across the double bond and an aloohol is formed., / |

2) For example, ethanol can be made by mixing athene C=C + H,0 —p H—C—C—0—H
with steam and then passing it over a gatalyst: H; \H catalyst |!| Fl'l

3) The conversion of ethene to ethanol is one way of
making ethanol industrially. After the reaction has taken place, the reaction mixture is i,
passed from the reactor into o condenser. Ethanol and water have a higher boiling point - 'IJ;.‘ ,';,'c,;'.\:,';t s
than ethene, so both condengse whilst any unreacted ethene gas is recycled back into lha:'_ F”.I ihihak: =
reactor. The alcohol can then be purified from the mixture by fractional digtillation. I

Halogens can React with Alkenes

1) Alkenes will also react in addition reactions with halogens such as bromine, chlorine and iodine.

The molecules formed are saturated, L LR
with the C=C carbons each becoming H‘\ !H I|.I ?I’ y: \ This ”{:"-L'f'_"- s the =
= samqe for Cly ar | =
bonded to a halogen atom. c=C + Br,—p H—C—C—H = encept the halogen =
2) For example, bromine and ethene / B I_l1 Z added is dfferent. =
react together to form dibromoethane: H H th'_' L R A
There are two bromine :llclnu_-‘/ ethene F bromine = romoethane

5o it's called dibramoethane

The addition of bromine o a double bond can be used to test for alkenes: - et BN

1) When orange bromine water is added to a gaturated compound, e SHAKE
like an alkane, no reaction will happen and it'll stay bright orange. | ~ L

2) W it's added to an alkene the bromine will add across the double bond, bromine waler  solulion

+an alkenz  goes colourless

making a colourless dibromo-compound — so the bromine water is decolourised.

Double the carbon bonds, double the fun...

These reactions aren’t too bad to get your head around. They're as easy as saying “dilodoethane”...

1 Propene reacis with hydrogen in the presence ol a nickel catalyst at 60 *C.
Give the displaved formula of the produet of this reaction. [1 mark]
Q2 State what colour change occurs when butene, C,H,, reacts with bromine water, [1 mark]
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Addition Polymers

Polymers are made up of lots of the same molecule joined together in one long chain. They're what make up
plastics. They have lots of weird and wonderful properties which make them darn useful o modern society.

Plastics are Made Up of Long-Chain Molecules Called Polymers
1) Polymers are long molecules formed when lots of small molecules called monomers join together.
This reaction is called polymetisation — and it usually needs high pressure and a catalyst.

2) Plastics are made up of polymers. They're usually carbon based
and their monomers are often alkenes (see page 78).

Addition Polymers are Made From Unsaturated Monomers

1) The monomers that make up addition polymers have a double covalent bond.

2) Lote of ungaturated monomer molecules (alkenes) can open up their double bonds and join together to
form polymer chaing. Thie ie called addition polymerigation. =" f !0/t EETLEVIELETEEERTETERED ) Er

There's another form of polymerisation you need
POty ¥

: lo know about called condensation polymerisation. =

For example, lote of ethene molecules can react

10&3"-.&" *0 rurmmml [ﬂl‘ P.Q.I.'Jih.ﬁﬂﬂl: _:"u ! IE'IIIT:r|r"I'I|:I||I|}|IIIIF| :r|ln::!l|.i||| ||||'|:
g '-c—ﬂ-'H . . Ho Pressure H I'Il
W HL W g Ny === _p_C-
L=0 and Catalyst |
H H H H
The reaction can also be uhnwn like this: .
il -I:I..I.I TN AR AR, H H ..ﬁl""'_"'*. Ihis o5 & repeating vt Ibs the
ﬂ E

Ir-oO-X

YERNTORA VIR YRR RPNy,

I =
= Ibe o pasl means there can e # n ,—ﬂ c c A sbarndard vy of represenibing bhe =

AFY NLITIEREF [II T structure af a :;inl,'rrl-"r |'.|'|.' phebe _l_ﬂ
%,

| .""II||||I|II"-I'--.||'l|'|l"
Il-r Hin b '

J"u"'-ul.ll;r 5 |I_:_IL|¢ elhenes Palylethene]

AR R R TR AN AN N N NN LT

3) When the monomers react in addition polymerieation reactions, the only product ie the polymer, so an
addition polymer containe exactly the game type and pumber of atoms as the monomers that formed it.

You May Need to Draw the Repeating Unit of a Polymer
1) Drawing the displayed formula of an addition polymer from the displayed formula of ite monomer is easy.

*  Start by drawing the two alkene carbons, replace the double bond with a
gingle bond and add an extra single bond to each of the carbons.

*  Then fill in the rest of the groups in the same way that they surrounded the
double bond in the monomer. Finally, stick a pair of brackets around the
repeating bit, and put an 'n' after it (to show that there are lots of munumursjl

2) To get from the digplayed formula of the polymer { [ H H )

to the displayed formula of the menomer, just do
the reverse. Draw out the repeating bit of the polymer,
get rid of the two bonds going out through the brackets P“"J’l“'““"’”h“"‘*] ChiceDstining

and put a double bond between the carbons.

H H
3) The name of the polymer comes from the type of monomer it's n( H‘\c=cfH ) -(E ¢ 4}
made from — you just stick the word 'poly’ in front of it and put the H™  CH, H CH.h
monomer name in brackets. So propene becomes poly(propene). Propene Pnlgi_pmpa?wj

Which polymer is good for making a cuppa? Poly(putthekettleon)...

Which monomer a polymer is made from affects the properties of the plastic — as there are 50 many monomers,
chemists can make all sorts of things. Make sure you can recognise and draw polymers and their monomers.

0l What is a polymer? [1 mark]

Q2 Two different polymers can be formed from butene. This is dependent on whether the double bond
of the butene monomer is located in the middle or at the end of the carbon chain.
Diraw the two possible repeating units of the polymer made from butene molecules. [2 marks]
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Alcohols

Alcohol isn't just the thing your Nan has for special oceasions. In fact, alcohols are yet another homologous
series of organic compounds. They're handy for lots of things, and you need to know how they're used.

Alcohols Have an ‘-OH’ Functional Group and End in ‘-ol’

1) The general formula of an aleohol is C H,, ,,0H. 8o an alcohol with 2 carbons has the formula C,H.OH.
2) Al alcohols contain an -OH group. You need to know the first 4 in the homologous series:

Methanol Ethanal Propanal Butanal )

H H H HHH HHHH Remember — a hamotogous 1eres 15 a

| [ R i | | group of chemicals that react in a similar way
H-?_Q_H H_?_?_D_H H_?-?_?- O=H H"—li:“cl HL.I-:“{IJ- O=H because they have the same functional group

H HH HHH HHHH [in alcohals it's the -OH groug)
CH,OH ,H,0H O,HOH CH,0H

3) The basic naming system is the same as for alkanes — but replace the final "-¢" with '-ol".
4) Don't write CH,0 instead of CH,0H — it doesn't show the -OH functional group.

The First Four Alcohols Have Similar Properties

i P Vi (] [}
_\.'I||||I [ERRY Phili 1,

1) Aleohols are flammable. They undergo complete combustion in alr ¥ Make sure you can wiite =
to produce garbon dioxide and water. For example: : *'-"-_*"_'}-'-" Mpisb for the 2
EGHHDHL“ + SUQE:, _} ﬂﬂﬂguj '+ ngﬂLﬂ] .-'r'l FELRPE R nInryi ..n il |.""-

2) Methanol, ethanol, propanol and butanol are all soluble in water. Their solutions have a neutral pH.
3) They also react with godium. One of the products of this reaction is hydrogen. P s

4) Algoholg can be gxidiged by reacting with oxygen Chain

(e.g. from the air) to produce a garboxylic acid (see the next page):mss=———"T3
5) Different aleohole form different carboxylic acide. For example, methanol R—C_

is oxidised to methanoic acid, while ethanol is oxidised to ethanoie acid. "OH

Alcohols are Used as Solvents and Fuels

1) Aleohols such as methanol and ethanol are used as solvents in industry.
This is because they can dissolve most things water can dissolve, but they can also
dissolve substances that water can't dissolve — e.g. hydrocarbons, oils and fats.

2) The first four alcohols are used as fuels. For example, ethanol is used
ae a fuel in spirit burners — it burne fairly cleanly and it's non-smelly.

Ethanol can be Made by Fermentation

Ethanol iz the alcohol found in alcoholic drinks such as wine or beer. It's usually made using fermentation.
1) Fermentation uses an enzyme in yeast to convert sugars into ethancol. Carbon dioxide is also produced.
The reaction occurs in solution so the ethanol produced is aqueous.

yea

RN AR Y AR ATARA
- Etnanol can alzo be produced

ot oy
> ethanol + carbon dioxide -~ QT S R

FRONUE LN RN BBy

sugar

=L

2) Fermentation happens fastest at a temperature of around 37 °C, ina
slightly acidic solufion and under anaerobic conditions (no oxygen).

3) Under these conditions the enzyme in yeast works best to convert the sugar to aleohol. If the
conditione were different, for example a lower pH/hi her temperature or higher pH/lower temperature,
the enzyme could be denatured (destroyed) or could work at a much slower rate.

Alcohol — drink too much and it’s likely tequila...

For the exams, it might be jolly useful to learn the structures of alecohols... In fact, it might be essential. .

1 Give the balanced equation for the complete combustion of ethanol, C.1HLOH. [2 marks]
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Carboxylic Acids

80 you would have seen a little bit about carboxylic acids on the previous page. Now it's time to dive deeper
into their exciting and wondrous world... (Disclaimer: may not be exciting or wondrous.)

Carboxylic Acids Have the Functional Group -COOH

1) Carboxuylic acids are a homologous series of compounds that all have '-COOH' as a functional group.
2) Their names end in '-anoic acid' (and start with the normal 'meth/eth/prop/but’)

fethanoic Acid
0 H
ya |
H —-ﬂ\ H— Ii:—-ﬁ
OH H
HCODOH

Ethangic Acid
0
Vi
\ﬂH
CH,CO0H

Propangic Acid

11 IS
H—l-—ﬂ—-ﬂ<
H H OH
C,H,COOH

Butanoic Acid

I
H— —ﬂ'—ﬂ—‘ﬂj
.
H H H
(,H,COOH

AN ITANTRY
0 = Make g
= names and
= tha - i

= of these faur carboxyl

=~ Acr :]l:,

LEN IRNITS
Ure you know the =

|h-_" 1!‘f“.-_r”r[|.\ -

You could be asked :'

[=1=15T § trem im the Exiin
&

ey .-
wl AR ATATITIN

Carboxylic Acids React Like Other Acids

1) They react (like any other acid) with garbonates to produce a galt, water and carbon dioxide.
2) The galle formed in these reactions end in -anoate — e.g. methanole acid will
form a methanoate, ethanoie acid an ethancate, ete. For example:

ethanoic acld + sodium carbonate — sodium ethanoate + water + carbon dioxide

3) Carboxylic acide can diggolve in water. When they dissolve, they jonige and release H*

iong resulting in an acidic solution. But, because they don't lonige completely (not all the
acid molecules release their H* jons), they just form weak acidic solutions. This means

that they have a higher pH (are less acidic) than aqueous solutions of strong acids with
the same concentration. There's more about strong and weak acids on page 53.

1) Esters have the functional group '-C0O0-'. :
2) Esters are formed from an alcohol and a carboxylic acid. =

3) An acid catalyst is usually used (e.g. concentrated sulfuric acid).

acid catalyst

\I.|||II|II|III.||'I'.||-'I-I||'II'I|

Esters can be Made from Carboxylic Acids 3

The rames of esters can be a bt
cormpheated and are often tirigjue
bwistars, The ane you reed to make
sure yau learn s ethyl ethanoate — the

- EXAMInNers could ask Yo about this one
-’l'|||l||'|I|.|,'I|||.| I RN RN NE R

alcohol + carboxylic acid ——Jp ester + water

For example, ethyl ethanoate can be made from ethanoic acid and ethanol with an acid catalyst:
H H H 0 H
| F ol I e
H—G—C/ + HO—C—0C—H — H—B—ﬂ/ H H 0
| \\ | | acid | | | \\H
H H H catalyst H = 'la_? —H
H H
CH,COOH C,H.OH CH,CODC,H, H,0
Ethanoic Acid Etharnol Ethyl ethancate Water

What’s a chemist’s favourite chocolate? Ester eggs...

So carboxylic acids react in the same way as normal acids, however they don’t ionise fully in water which means
thev're weak acids. But let’s not judge them on that basis, they can make esters after all.

Q1

Sodium carbonate 15 added 1o an aqueous solution of methanoie acid,

a) Deseribe and explain what vou would see during this reaction.
b) Give the word equation for this reaction.

Topic T — Organic Chemistry
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Condensation Polymezrs

You might remember addition polymerigation from back on page 80, but there is another type of polymerisation
that you could be asked about. This time the monomers need to have TWO functional groups — gasp.

Polymers can be Made by Condensation Polymerisation

1) Condensation polymerisation involves monomers which contain different functional groups.
2) The monomers react together and bonds form between them, making polymer chains.

3) For each new bond that forms, a gmall molecule (for example, water) is lost. 3 Dlﬂn; ;I:::'h
This is why it's called condensation polymetigation. and | endarse

R this message.

4) The simplest types of condensation polymers contain two different types
of monomer, each with two of the same functional groups.

§) For example, here's how a polyester can ST e
be made by condensation polymerisation: =, The boues within the displayed

= formulas represant the carbon chain

ARA RN RRRRL SRRV RN R NN AR NS
0 0 {I:I’I 'ﬁ'
- I I | |
n Hu—{ }—UH + n rl*—{ |—{|: — + }—ﬂ c— —C—04 + 2nH,0
OH OH
A diol Fo " n
r A M dicarpaxylic acid Condersation |:|-|:|r|r|-'| W Ler
£ ethang dl;’l! Eq bexaned sie neld r_.| a polyestsr i
HO-CH-CH,-0OH HOOC-CH,-CH - CH,-CH-CODM W P L i
- I'.l’\"lllr'llr' :Ild' l|'|.l|'.|'|r'|,| it ol [ ] |I-I !fl'!l,l" :-l!.l | .I.In.'.l". ".I Ve -_-

= the ester link and the carbon chain of both monomers
ALRLRdd I edirevipdnbki b i Rbndppdndidbbipdabibibynidi®

Addition and Condensation Polymerisation are Different

Both addition and condensation polymerisation produce polymers.
However, the products and reactants are very different:

Addition Polymerisation Condensation Polymerisation

Two monomer types each containing two
of the same functional groups.
or
One monomer type with two different
functional groups (see next page).
Two types of product — the polymer and
a small molecule (e.g. water).

Number of types Only one monomer type
of monomers containing a C=C bond.

Number of products Only one product formed.

Functional groups .
Fu".cim"&l roups Carbon-carbon double bond in
involved in

polumerigation

Two reactive groups on each monomer.
monomer.

Revision’s like polymers — it’s all about stringing facts together...

So, addition polymers are formed when identical monomers containing C=C bonds are joined together in a
polymer chain. Condensation polymers are made when different monomers, or those with two different reactive
functional groups, react together. Got it7 It'% a bit confusing but that table should help.

0l Suggest what small molecule can be produced during a
polymerisation reaction to form a polyester, [1 mark]
Q2 How many products are Tormed by an addition polymerisation reaction? [1 mark]
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| Naturally Occurring Polymers

Polymers might sound futuristic and artificial but they're actually found throughout the natural world...

Amino Acids have an Amino Group and a Carboxyl Group

1) An amino acid containg two different functional groups —

a basic amino group (NH,) and an acidic carboxul group (COOH). c
2) An example of an amino acid is glycine — - H | OH
the smallest and simplest amino acid possible. 5 H

e " o

amino group  carboxyl growp

Proteins are Polymers of Amino Acids

1) Amino acids can form polymers known as polypeptides via condensation polymerisation.

2) The amino group of an amino acid can react with the acid group of another, and so on, to form a
polymer chain. For every new bond that is formed a molecule of water is lost.

E_i'!rl“lt"
H H H O

He T A° FEE

n fu—c—c\ — H-—(I:~[: + nHO
|

H | OH N

n

3) One or more long-chaing of polypeptides are known as proteing. Proteins have loads of important
uses in the human body. For example, enzymes work as catalysts, haemoglobin transports oxygen,
antibodies form part of the immune system, and the majority of hody tissue is made from proteins.

4) Polypeptides and proteins can contain different amino acids in their polymer chains.

The order of the amino acids is what gives proteins their different properties and shapes.

DNA Molecules are Made From Nucleotide Polymers |

DNA (deoxyribonucleic acid) is found in gvery living thing and many viruses. It contains genelic insiructions

that allow the organism to develop and operate. I's a large molecule that takes a double helix structure,

1) DNA is made of fwo polymer chaing of monomers called A DINA Dauble Helix
'nuclectides'. The nucleotides each contain a small
molecule known as a 'base’. There are four different
bases, known by their initials — A, C, G, T.

2) The bases on the different polymer chains pair up with
each other and form cross links keeping the two strands of
nucleotides {ogether and giving the double helix structure.

3) The order of the bages acts as a code

for an nrganism's genes.

"
* Base on one strand is
Joined to & base on the
other by cross links

Simple Sugars Can Form Polymers

1) SBugars are small molecules that contain carbon, oxygen and hydrogen.

2) Sugars can react together through polymerisation reactions to form larger carbohydrate polymers,
e.g. starch, which living things use o store energy, and gelluloge, which is found in plant cell walls.

Protein — not just for bodybuilders...

Polymers are found everywhere in nature. You can’t get away from them — trust me I've tried. Even the paper on
this page is made of cellulose fibres which are polymers. Like revision, there is no escape.

1 Amino acids can bond 1ogether by condensation polymerisation.
State the type of polymer formed from this reaction. [1 mark]
Q2 Give three examples of naturally occurring polymers. [3 marks]
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Revision Questions for Topic 1

Well, that wraps up Jopic 7 — | think this was my favourite topic so far, along with 1, 2, 3, 4, 5, and 6...
* Try these questions and fick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Hydrocarbons (p.75) [ |

1) What two elements do hydrocarbons contain?

2) What is the general formula for alkanes?

3) Draw the displayed formula of butane.

4) What two waste products form from the complete combustion of hydrocarbons?

Crude Oil (p.76-717) [ |

5) How is crude oil formed?

6) Where are the shortest carbon chaing found in the fractional distillation column?
7) Give three producte that can be made from crude oil,

8) Why is cracking used?

9) Give a product of cracking that is used for making plastics.

Alkenes and Addition Polymexisation (p.78-80) | |

10) What is an alkene?

1) Give the general formula for an alkene,

12) Why do alkenes burn in air with & smoky flame?

13) Name the molecule that ethene reacts with when it is hydrogenated.
14) Draw the product of the reaction of ethene with bromine water.

15) What is used to test for alkenes?

168) What type of compounds are used as the monomers to make addition polymers?
17) Draw the displayed formula for the repeat unit of poly(ethene).
Alcohols and Carboxvlic Acids (9.81:62) [

18) Give the names and formulas of the first four alcohols.

19) Give the balanced equation for the combustion of methanol.

20) Name the gas that is produced when ethanol reacts with sodium.
21) Name the process that converts sugar to ethanol using yeast.

22) Draw the displayed formula of C,H.COOH.

23) Why are carboxylic acids considered weak acids?

24) Give the general word equation for the reaction of an alcohol and a carboxylic acid.

Condensation Polymerisation and Natural Pol ¥s (p.83-84 D
25) How many different products are there in a condensation polymerisation reaction?
26) What are polypeptides?

27) What small molecule iz lost when two amino acids react together to form a new bond?

OO0 0000000 00000000 00000 000
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Purity and Formulations

In an ideal world, every compound a chemist made would be 1007, pure. Unfortunately, in the real world it
doesn't always work out like that — but luckily, there are ways to find out how pure a substance is.

| Purity is Defined Differently in Chemistry to Everyday
1) Usually when you refer to a gubstance as being pure you mean that nothing has been

added to it, so it's in its natural state. For example: pure milk or beeswax.

2) In chemistry, a pure substance is something that only contains
one compound or element throughout — not mixed with anything else.

The Boiling or Melting Point Tells You How Pure a Substance Is

1) A chemically pure substance will melt or boil at a gpecific temperature.

2) You can test the purity of a sample by measuring its melting or builing point and comparing it
with the melting or boiling point of the pure substance (which you can find from a data book).

3) The cloger your measured value is to the actual melting or boiling point, the purer your sample is.

4) Impurities in your sample will lower the melting point and ingrease the melting range of your substance.

6) Impurities in your sample will also ingrease the boiling point and
may result in your sample boiling at a range of temperatures.,

Formulations are Mixtures with Exact Amounts of Components
1)  Formulations are useful mixtures with a precise purpose that are s

'.'|||I||.|.”.|..I |

made by following a 'formula’ (o recipe). Each component in a = Take a look at p16 for =
formulation is present in a measured quantity, and gontributes fo - more on mixtures .
the properties of the formulation so that it meets its required function. i AL G

For example, painte are formulations composed of:

*  Pigment — gives the paint colour, for example titanium oxide is used as a pigment in white paints.
* Solvent — used to dissolve the other components and alter the viscosity.

* Binder (resin) — forms a film that holds the pigment in place after it's been painted on.

* Additives — added to further change the physical and chemical properties of the paint.

Depending on the purpose of the paint, the chemicals used and
their amounts will be changed so the paint produced is right for the job.

2) Formulations are really important in the pharmaceutical industry. For example, by altering the
formulation of a pill, chemists can make sure it delivers the drug to the correct part of the
body at the right concentration, that it's consumable and has a long enough shelf life.

3) In everyday life, formulations can be found in cleaning products, fuels, JPstta ,h
cosmetics, fertilisers (see p.105), metal alloys and even food and drink. of) o rochek
4) When you buy a product, you might find that it has information about its B\

compasition on the packaging. For example, the ratio or percentage of each 1 X7
component. This tells you the product's a formulation. It also lets you %

choose a formulation with the right composition for your particular use.

Cake and tea are key to the revision success formula...

Knowing how pure a product 15 can be vital in industries such as pharmaceuticals and the food industry,
Luckily for us, chemists have lots of different ways 1o make sure they re making exactly what they want.

Q1 The melting point of a sample of aspirin made by a student is measured as being berween 128-132 °C.
The melting point and boiling points of pure aspirin are 136 *C and 140 °C respectively.
a) Give two reasons why the melting point measured shows that the sample is not pure. [2 marks]
b) Suggesi a value for the boiling point of the sample. [1 mark]

Topic 8 — Chemical Analysis



87

Paper Chromatography

You met chromatography on page 18. Now it's time to see how it works. Careful — things might get crazy...

Chromatography uses Two Phases

Chromatography is an analytical method used to separate the substances in a mixture. You can then use it
to identify the substances. There are different types of chromatography, but they all have two ‘phases':

* A mobile phase — where the molecules can move. This is always a liquid or a gas.

* A stationary phage — where the molecules gan't move. This can be a golid or a really thick liquid.

1) During a chromatography experiment, the substances in the sample constantly move between
the mobile and the stationary phases — an equilibrium is formed between the two phases.

2) The mobile phase moves through the stationary phase, and anything dissolved in the mobile
phase moves with it. How quickly a chemical moves depends on how it's 'distributed’ between
the two phases — whether it spends more time in the mobile phase or the stationary phase.

3) The chemicals that spend more fime in the mobile phase than the
gtationary phase will move further through the stationary phase.

4) The components in a mixture will normally separate through the stationary phase, so long as all the
components spend different amounts of time in the mobile phage. The number of spots may change
in different solvents as the digtribution of the chemical will change depending on the solvent. A pure
substance will only ever form one gpot in any solvent as there is only one substance in the sample.

During paper chromatography the stationary phase is the chromatography paper - _‘lv';&'rh glass
(often filter paper) and the mobile phase is the solvent (e.g ethanol or water). = el |
The amount of time the molecules spend in each phase depends on two things: _‘J_
*  How goluble they are in the solvent. Braker s ‘J_____=5_P““ ot
*  How attracted they are to the paper. . Buseline o_| PR s
Molecules with a higher solubility in the solvent, and which _'-5\ “| |I.E b s H e s Sarripe
are legs attracted to the paper, will spend more time in the = rying oy, =Sohen

mobile phase — and they'll be carried further up the paper. 3 " rematagraphy is _

on page 16

||_|,||:|I.III ||||'-.'

You can Calculate the R,Value for Each Chemical
PRACTIC,,
1) The result of chromatography analysis is called a chromatogram.

2) An R, value is the ratio between the distance travelled by the dissolved substance (the solute) and the
distance travelled by the solvent. The further through the stationary phase a substance maoves, the
larger the R, value. You can caleulate R, values using the formula: Etance woved

This is the distance by solvent &=

[solvent Frant)

from the baseline to A

: diﬁﬂiﬂﬂe travelled hH snlveni {A} the centre of the spot. Spot of chemical . J}B
3) Chromatography is often carried out to see if a certain substance is E;T::i {

present in a mixture. To do this, you run a pure sample of that substance .

(a reference) alongside the unknown mixture. If the R; values of the reference and one of the spots in

the mixture match, the substance may be present (although you haven't yet proved they're the same).
4) The R, value is dependent on the solvent — if you change the solvent the R; value

for a substance will change. You can test both the mixture and the reference in a number of

different solvents. If the R; value of the reference compound matches the R; value of one of

the spots in the mixture in all the solvents, then it's likely the reference compound is present

in the mixture. If the spots in the mixture and the spot in the reference only have the same R;

value in some of the solvents, then the reference compound isn't present in the mixture.

Chromatography revision — it’s a phase you have to get through...

You can’t see the chemicals moving between the two phases, but it does happen, You’ll just have to trust me.

5 distance travelled by substance (B)

Q1 Explain how paper chromatography separates mixtures. [4 marks]
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. Tests for Gases and Anions

Ahh... tests, glorious tests. Luckily, these aren't the kind of tests you have to revise for, but you
should probably revise these tests for your exam — it's swings and roundabouts really...

There are Tests for 4 Common Gases

L itewius

W pAper

- Chlorine bleaches damp litmus paper, turning it white. 7,
{) Chlozine (It may turn red for a moment firgt though —

that's because a solution of chlorine ig acidic.) e

Glowing Splist
2) Oxygen If you put a glowing splint inside a test tube containing - \fﬁm /) s
oxygen, the oxygen will relight the glowing splint. : L/
&7\

Claygen
— T E—

3) Carbon Dioxide Bubbling carbon dioxide through (or shaking carbon CO; s
dioxide with) an aqueous solution of calcium hydroxide
(known as limewater) causes the solution to turn cloudy.

ArmEnater

4) Hydrogen If you hold a lit splint at the open end of a test tube containing i
hydrogen, you'll get a "squesky pop”. (The noise comes from POPI- &
the hydrogen burning quickly with the oxygen in the air to form H0.) ' n‘r"{\

\\l\”"'-h d '-:|:l ikl

H_. EL

Tests for Anions Often Give Precipitates

Dilute Acid Can Help Detect Carbonates

Carbonates are substance that contain CO4* ions. You can test whether a mystery solution containe
earbonate iong by putting a sample in a test tube and then using a dropping pipette to add a couple of
drops of dilute acid. You should then connect the test tube to a test tube of limewater. If carbonate
ions are present, carbon dioxide will be released that will turn the limewater cloudy when it bubbles

through it (ae shown above). For example: Na,COy + 2Hﬂ|{.q, 200 ﬂﬂﬂml.m + H0,

Test for Sulfates with HCI and Barium Chloride W,

Hydrochlarne acid is

ERENA

To identify sulfate ions (80,%), use a dropping pipette to add a couple of added to get rid of any
drops of dilute hydrochlotic acid (HCI) followed by a couple of drops of barium - traces of carbonate ions
chloride solution (BaCl,) to a test fube containing your mystery solution. before you do the test

If sulfate ions are present, a white precipitate of barium sulfate will form: a precipitate, o they'd

- |||"II-I|"||‘ ne FF"\'J: L1 g
Bﬂm_luq] n 9042_{“} — Bﬂgod[s] ITINIRNE |r| Ty .r. T

Test for Halides (CI, Br, I') with Nitric Acid and Silver Nitrate

To identify a halide ion, add a couple of drops of dilute nitric acid (HNO;). followed
by a couple of drops of silver nitrate solution, AgNO,, to your mystery solution.

Ag*. + Ck,, — AgCl,, A chloride gives a white precipitate of silver chloride.
Ag” (. + Br,, — AgBr,, A bromide gives a cream precipitate of gilver bromide.
Ag™ g + Iy — Agl, An iodide gives a yellow precipitate of silver iodide.

I-ﬂﬂﬁl' 'l"-'-'.illl:: also I!'fl.lil-lLl! =

"

AT RN RN

L ’ -
Hopefully this page won’t be too testing for you...
How 1o learn this page — don’t stare at the whole thing 611 your eyes swim and you don’t want to see the word
‘precipitate” ever again, Each test has been given its own section, so take them one by one and learn it that way.
Q1 A student adds dilute nitric acid and silver nitrate solution to an agqueous solution of halide ions.
A white precipitate is formed. Suggest what halide may be present in the solution. [1 mark]
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Tests for Cations i

| haven't met a petson who doesn't like flame tests for positive ions — everybody loves ‘em...

Flame Tests Identify Metal Ions |

1) Compounds of some metals burn with a characteristic colour.

2) 8o you can test for various metal ione by heating your substance and seeing whether it burne
with a digtinctive colour flame:

Lithium iong, Li*, burn with a crimson flame. s ke St L '1::;:1_',:_1:';.,",}' e

Sodium long, Na*, burn with a yellow flame.

Potagsium ions, K*, burn with a lilac flame. .H::hl:.ittlljr,f;br:“m: ”': =

Calcium ions, Ca?*, burn with an orange-red flame. 2, maore on this on the next page. 2

Copper iong, Cu?*, burn with a green flame. i B i i -
3) To do the test, you first need to glean a platinum wire loop by dipping it In some dilute HCI and then

holding it in a blue flame from a Bunsen burner until it burns without any colour. Then, dip the loop
into the gample you want to test and put it back in the flame. Record the golour of the flame.

4) You can use these golours to detect and identify different ions. However it only works for samples
that condain a single metal ion. If the sample tested containg a mixiure of metal ions,
the flame colours of some jons may be hidden by the colours of others.

uses the ight emitted by metal

Some Metals Form a Coloured Precipitate with NaOH

1)  Many metal hydroxides are ingoluble and precipitate out of solution when formed.
Qome of these hydroxides have a gharacteristic colour.

2) 8o in this test you add a few drops of godium hydroxide solution to a solution of your
mystery compound — all in the hope of forming an insoluble hydroxide.

3) W you get a coloured insoluble hydroxide you can often tell which metal was in the compound.
Metal long Colour of Precipitate lonic Equation for Precipitate Formation
Caleium, Ca®* White Ca!,, + 20H,, — Ca(OH),
Copper(ll), Cu®* Blue Cu?*,, + 20H, — Cu(OH), ,
Iron(ll), Fe?" Green Fe?",y + 20H,, — Fe(OH);,
Iron(lll), Fe® Brown Fe!,, + 30H,, — Fe(OH),
Aluminium, AR ex::‘::dz:)lf:r::{;':; ;h::|$ﬂ§:: I::Ieu:?nm AP (uy + BOH'yy — Al(OH),

Mﬂgﬂﬂﬂiumf Mgﬂ+ whil’ﬂ ME‘:H"MJ + ﬂﬂH"{m = Mg[ﬂl'“'g (s

LR IR N NN RN N RN R RN NN AR AR AR AR ER RN RENRRRN AN SRR
“fou don't need to know the equation for how the aluminium hydroside precipitate dissolves. =
IR N N N R N N A R R RN AN RN AR R RN AN NN R RNR AR ER N AN I

of | Do

Cations — ions with a pawsitive charge...

Did vou know that compounds containing metal cations are put into fireworks? And that when fireworks explode
it's these metal cations that give fireworks their pretty colours? November Sth will never seem the same again...

Q1 Why can vou use a flame test to identify the metal ion in a compound? [1 mark]
Q2 Sodium hydroxide is added to a solution of an unknown metal ion.
A white precipitate is formed which redissolves following the addition of excess NaOIL.

a) Suggest what the unknown metal ion is. [1 mark]
b} Give the ionic equation [or the [ormation of the precipitate. [1 mark]
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Flame Emission Spectroscopy

As well as producing pretty colours, the science behind flame tests can be used to identify different metal ions
in solution accurately and find their concentrations. Phwoar, colours and science. This is my kind of page...

Every Metal Ion Gives a Characteristic Line Spectrum
1) During flame emission spectroscopy a sample is placed in a flame.

As the ions heat up their electrons become excited. When the electrons
drop back to their original enerpy levels, ihag transter energy as |ighl'.

2) The light passes through a spectroscope, which can detect different
wavelengths of light to produce a line spectrum.

3) The combination of wavelengths emitted by an ion depends on ite charge and its
electron arrangement (see page 20). 8ince no two ions have the same charge

and the same electron arrangement, different iong emit different wavelengths of light.
8o each ion produces a different patlern of wavelengthe, and hag a different line spectrum.

4) The intensity of the spectrum indicates the concentration of that ion in solution.
5) This means that line spectrums can be used to [dentify ions in solution and caloulate their concentrations.

A line gpectrum for an ion could look something like this:

Flame Emission Spectroscopy Works for Mixtures

Flame emission spectroscopy can aleo be used to identify different lons in mixtures. This makes it more
useful than flame tegts, which only work for substances that contain a gingle metal ion.

For example, a solution containing different lons might give the following spectrum:

You can compare this spectrum against reference spectra:

[ _
o o -_

The combination of the spectra for ion X and for ion Y gives the spectra for the
sample tested — this suggests the mixture contains ion X and ion Y.

' Machines can Analyse Unknown Substances

Chemists often use instrumental analusis (i.e tests that use machines), e
such as flame emission spectroscopy, instead of conducting tests. [M”E' Wﬂil
e,

Advantages of Using Machines:
* Very sensitive — they can detect even the tiniest amounts of substances.

* Very fast and tests can be automated.
* Very accurate.

Spectroscopy — it’s a flaming useful technique...
As vou can see, there are nifiv ways ol identifving substances as well as things like your bog standard flame test.

Q1 Why might it be necessary to use flame emission spectroscopy
instead of a flame test to identify metal ions? [2 marks]
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The Evolution of the Atmosphere

Theories for how the Earth's atmosphere evolved have changed a lot over the years — it's hard to gather
evidence from such a long time period and from so long ago (4.6 billion years). Here's one idea we've got:

Phase 1 — Volcanoes Gave Out Gases

1) The first billion years of Earth's history were pretty explosive — the surface was covered in voleanoes
that erupted and released lots of gases. We think this was how the early atmosphere was formed.

2) The early atmosphere was probably mostly garbon dioxide, with virtually
no oxygen. This is quite like the atmospheres of Mars and Venus today.
3) Voleanic activity also released nitrogen, which built up
in the atmosphere over fime, as well as water vapour
and small amounts of methane and ammaonia.

wo

Phase 2 — Oceans, Algae and Green Plants Absorbed Carbon Dioxide

1) When the water vapour in the atmosphere condensed, it formed the ooeans.

2) Lots of carbon dioxide was removed from the early atmosphere as it diseolved in
the oceans. This dissolved carbon dioxide then went through a series of reactions
to form corbonote pracipitalen that formed codiments on the seabiod,

8) UGrovn plants and olgoe evolved and absorbed some of the carbon dioxide so
that they could carry out photosynthesis (see below). Later, marine nnimals
evolved. Their chells and skelelons contained corbonales from the oceans.

4) Some of the carbon these organisms took in from the atmosphere and oceans
became locked up in rocks and [osall fuels after the organisme died.

= When plants, plankton and marine animals die, they fall to the seabed and get
buried hu layere of gediment. Over millions of years, lhﬂg become compresaed
and form sedimentary rocks, oll and gas — trapping the carbon within them
and helping 1o keep carbon dioxide levels in the atmosphere reduced.
*  Things like coal, crude oil and natural gas that are made by this process are called 'fossil fuels'.
*  Crude oil and natural gas are formed from deposits of plankton. These fossil fuels form
reservoirs under the seabed when they get rapped in rocks.

* Coal is a sedimentary rock made from thick plant deposits.

* Limestone is also a sedimentary rock. 1t's mostly made of calcium carbonate
deposits from the shells and skeletons of marine organisms.

 Phase 3 — Green Plants and Algae Produced Oxygen

1) As well as absorbing the carbon dioxide in the atmosphere, green plants and algae produced oxygen by
photosynthesis — this is when plants use light fo convert carbon dioxide and water into sugars: =

2) Algee evolved first — about 2.7 billion carbon dioxide + water — glucose + oxygen

years ago. Then over the next billion light
years or so, green plants also evolved. 6CO, + 6H,0 — CgH,0, + 60,

3) As oxygen levels built up in the atmosphere over time, more complex life (like animals) could evolve.

4) Eventually, about 200 million years ago, the atmosphere reached a composition similar to what it is
today: approximately 80% nitrogen, 20% oxygen and small amounts of other gases (each only makes
up less than 1% of the atmosphere), mainly carbon dioxide, noble gases and water vapour.

The atmosphere’s evolving — shut the window will you...
We've leamnt about the atmosphere from Antarctic ice cores. Each year, a layer of ice forms with bubbles of air
trapped in it. The decper the ice, the older the air, so examining air in different layers shows us how it’s changed.

8] Deseribe how sedimentary rocks are formed. [2 marks]

Topic 9 — Chemistry of the Atmosphere



92

Greenhouse Gases and Climate Change

Greenhouge gases are important but can algo cauge problems — it's all about keeping a delicate balance.

Carbon Dioxide is a Greenhouse Gas Shart wavelength L waberigth
radiation radiabion
Eugnh oLse P

WA VA

1) Greenhouse gases like carbon dioxide, methane and water
vapour aet like an insulating layer in the Earth's atmosphere
— this, amongst other factors, allows the Earth to be warm
enough to support life.

2) All particles absorb certain frequencies of radiation. Greenhouse

pases don't absorb the incoming short wavelength radiation from the sun — but they do absorb
the long wavelength radiation that gete reflected back off the Earth. Then they re-radiate it in all

directions — including back towards the Earth. The longwave radiation is thermal radiation, so it
results in warming of the surface of the Earth. This is the greenhouse effect.

3) Bome forms of human activity affect the amount of greenhouse gases in the atmosphere. E.g:

*  Deforestation: fewer trees means less CO, is removed from the atmosphere via photosynthesis.
*  Burning fossil fuels: carbon that wae 'locked up' in these fuels is released as CO,.
*  Agriculture: more farm animalg produce more methane through their digestive processes.

+  Creating waste: more landfill sites and more waste from agrigulture means
mora €0, and methane released by decomposition of waste.

Increasing Carbon Dioxide is Linked to Climate Change

1) The Earth's temperature varies naturally, but recently the average temperature of the
Earth's surface has been incrensing. Most scientists agree that the extra carbon dioxide

from human activity is causing this increase and that this will lead to glimate change.
2) Evidence for this has been peer-reviewed (see page 2) —
g0 you know that the information out there is reliable.

3) Unfortunately, it's hard to fully understand the Earth’s climate — thie is because it's so complex,
and there are so many variables, that it's very hard to make a model that isn't oversimplified.

4) This has led to speculation, particularly in the media — where LR I
stories may be biased or only some of the information given. ¢ Page 3 for mereon =

sciende in the media
PYRb v je

A

Climate Change Could Have Dangerous Consequences

The Earth's climate is complex, but it's sfill important to make predictions about the
consequences of climate change so that policy-makers can make decisions now. For example:

1) An increase in global temperature could lead to polar ice caps melting — causing a rise in sea
levels, increased flooding in coastal areas and coastal erosion,

2) Changes in rainfall patterns (the amount, timing and distribution) may cause some regions to get
too much or too little water. This, along with changes in femperature, may affect the ability of
certain regions to produce food.

3) The frequency and severity of storms may also increase.

4) Changes in temperature and the amount of water available in a habitat may
affect wild species, leading to differences in their distribution.

Eee, problems, problems — there’s always summat goin’ wrong...
Everyone’s talking about climate change these days — it pretty scary stuff, so make sure you pet it
g1 Describe three potential consequences of climate change. [3 marks]
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7 Carbon Footprints ‘

I's generally accepted that greenhouse gas emissions from human activities is causing climate change.
Knowing what leads o a lot of emissions of carbon dioxide could be useful for stopping it happening.

Carbon Footprints are Tricky to Measure | /

1) Carbon footprints are basically a measure of the amount of carbon dioxide and other greenhouse (" )
gases released over the full life cycle of something. That can be a service (e.g. the school
bus), an event (e.g. the Olympics), a product (e.g. a toastie maker) — almost anything. , )

2) Measuring the total carbon footprint of something can be really hard, though — or even impossible.

3) That's because there are so many different factors to consider — for example, you would have to count
the emissions released as a result of sourcing all the parte of your toastie maker and in making it, not to
mention the emissions produced when you actually use it and finally dispose of it. Eugh, complicated...

4) 8till, a rough caleulation can give a good idea of what the worgt emitters
are — so that people can avoid them in the future. l ,
There are Ways of Reducing Carbon Foolprints \ '\

You can't always measure a carbon foolprint exactly, but there are always methods to try and reduce it.
Anything that reduges the amount of greenhouge pases (e.g. carbon dioxide or methane) given \
-

out by a process will also reduce ite carbon footprint, Here are some things that can be done:

* Renewable energy sources or nuclear energy could be used instead of fossil fuels.
*  Using more efficient progesses could gongerve energy and cut waste. Lots of waste -
decomposes fo release methane, so this will reduce methane emissions. N

*  BGovernments could tax companies or individuals based on the amount of greenhouse gases they
emit — e.g. taxing gars based on the amount of garbon dioxide they emit over a set distance
could mean that people choose to buy ones that are more fuel-efficient and so less polluting.
* Governments can also put a gap on emissions of all greenhouse gases that
companies make — then gell licences for emissions up to that cap.
* There's aleo technology that captures the CO, produced by burning fossil fuels before it's released into
the atmosphere — it can then be gtored deep underground in cracks in the rock such as old oil wells.

But Making Reductions is Still Difficult

1) s easy enough saying that we should cut emissions, but actually doing it — that's a different story.

2) For a start, there's still a lot of work to be done on alternative
technologies that result in lower CO, emissions.

3) A lot of governments are also worried that making these changes will impact on the
economic growth of communities — which could be bad for people's well-being.
Thie ig particularly important for countries that are still developing.

4) Because not everyone is on board, it's hard to make international agreements to reduce emissions. Most
countries don't want to sacrifice their economic development if they think that others won't do the same.

5) I's not just governments, though — individuals in developed countries need to make changes to

their lifestyles. But it might be hard to get people to make changes if they don't want to and if there ‘;
isn't enough education provided about why the changes are necessary and how to make them.

Who has the biggest carbon footprint then? Clowns of course...
Carbon footprints are a game of ‘fortunately/unfortunately®. Unfortunately, carbon emissions can lead to global
warming. Fortunately, there are steps we can take to cut our carbon dioxide emissions, Unfortunately, not
everyone’s on board. Fortunately, as time goes on, people are doing more to reduce their emissions, And so on...
1 State two things governments can do to try to reduce the greenhouse gas emissions of businesses. [2 marks]
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Air Pollution

Increasing carbon dioxide is causing elimate change. But CO, isn't the only gas released when fossil fuels
burn — you also get other nasties like oxides of nitrogen, sulfur dioxide and carbon monoxide.

Combustion of Fossil Fuels Releases Gases and Particles

SEgPTeNguR iR
z TARNRARRRN i ’

1) FEossil fuels, such as crude oil and coal, contain hydrocarbons. : Hydrocarbons are compounds
During combustion, the carbon and hydrogen in these compounds are oxidised - ! onl cottan hydiogens
= and carban {see page 73)

so that carbon dioxide and water vapour are released into the atmosphere, N T W
2) When there's plenty of oxygen, all the fuel burng — this ie called complete combustion.

3) If there's not enough oxygen, some of the fuel doesn't burn — this is called incomplete combustion.
Under these conditions, golid particles (called particulates) of soot (carbon) and unburnt fuel are

released and garbon monoxide can be produced ag well ag carbon dioxide. ST,

4) Particulates in the air can cause all sorts of problems: = There’s more ~"'”'-:"t =
—_ |I|l'llr| ele compuskian e

+ If particulates are inhaled, they can get stuck in the |ungs and 2 on p75 and incomplle 2
cause damage. This can then lead to respiratory problems. A

* They're also bad for the environment — they themselves, or the clouds they help
to produce, reflect sunlight back into space. This means that less light reaches

the Earth — causing global dimming.

6) IW's not just particulates from incomplete combustion that cause problems.

Carbon monoxide is pretty nasty too.

* Carbon monoxide (CO) is really dangerous because it can stop your
blood from doing ite proper job of carrying oxygen around the body.

* It does this by binding to the haemoglobin in your blood that normally
carries 0, — go legg oxygen is able to be transported round your body.

* A lack of oxygen in the blood can lead to fainting, a coma or even death.

* Carbon monoxide doesn't have any colour or gmell, so it's

. This makes it even more dangerous.

Sulfur Dioxide and Oxides of Nitrogen Can be Released |

1) Sulfur dioxide (80,) is released during the combustion
of fossil fuels, such as coal, that contain sulfur impurities

— the sulfur in the fuel becomes oxidised.
2) Nitrogen oxides are created from a reaction between the
nitrogen and oxugen in the air, caused by the heat of the burning.
(This can happen in the internal combustion engines of cars.) : it 1
urn {4 L.Irll'-'l‘r‘u-t IR AL FEs
3) When these gases mix with clouds they form dilute sulfuric I o .l.ful.. ST ookt I
acid or dilute nitric acid. This then falls as acid rain. 1l_.‘-f"‘-ﬁ., P
4) Acid rain kills plants and damages buildings and statues. ﬁ? : .
It also makes metal corrode. It's shocking. i %

YRR IR N AR NN A R AT
50 gas reacts with water to farm

-

sulfuric acid. You can test for sulfur
impurities in a fugl by bubbling the gases
from combpustion through a selution

contairing Universal indicator — of the
fuel cantains sulfur, the gases will contain

“_](_:'_. which will farm sulfurie acd and

A AN RN R E RN RN
FTHEIrnFrenaNepedniy

5) Not only that, but sulfur dioxide and nitrogen oxides can
alzo be bad for human health — they cause respiratory
probleme if they're breathed in.

Revision and pollution — the two bugbears of modern life...
Eece.... cars and lossil fuels — theyre nowl bul trouble. But at least this wpic 1s kind ol interesting, what with s
relevance 1o evervday life and all, Just think... vou could see this kind of stuff on TV

01 Name three potential pollutants that could be released as a result of incomplete combustion
of hvdrocarbons, that wouldn't be released as a result of complete combustion, [3 marks]
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Revision Questions for Topics 8 & 9

That's all for Topice 8 and 9, but before you breathe a sigh of relief, there are some questions to get through.

*  Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Purity, Formulations and Paper Chromatography (p.86-81) |_
1) What is a formulation?
2) What are the two phases called in chromatography?

3) In paper chromatography, how many spots will a pure substance form on the paper?
4) Give the formula for working out the R, value of a substance.

5) Would you expect the R; value of a substance to change if you
changed the solvent used in the chromatography experiment?

Chemical Tests (p.88-89) | |

6) What colour does litmus paper turn in the presence of chlorine?

7) Describe a test you could use to test for the presence of carbonate ions.

8) How do you conduet a flame test?

9) What colour precipitate do iron(ll) compounds form with sodium hydroxide?

10) What ocours on addition of excess sodium hydroxide to a solution containing AP ions?

1) Give the ionic equation for the formation of a precipitate when a solution containing magnesium iong is
reacted with sodium hydroxide.

Flame Emission Spectroscopy (£.90) [ ]
12) Describe how flame emission spectroscopy works.

13) What does the intensity of a flame emission spectrum of a solution relate to?

000 O 00000 0O 0000

14) Give three advantages of using machines to conduct chemical analysis.

The Evolution of the Atmosphere (p.91) [ |

16) How do scientists think the atmosphere was formed
during the first billion years or so of Earth's history?

18) Name five gases that scientists think were present in the early atmosphere.
17) Describe how the levels of carbon dioxide in the atmosphere were reduced.
18) Write the balanced chemical equation for photosynthesis.

19) State the approximate composition of the atmosphere today.

Pollution and Climate Change (p.92-94) [ |

20) Name three greenhouse gages.

21) Explain how the greenhouse effect works to keep the Earth warm.

22) State three ways in which human activity is leading to an increase in carbon dioxide in the atmosphere.
23) What is a carbon footprini?

24) Explain why reducing carbon dioxide emissions can be a difficult issue.

25) Describe how the following air pollutants are produced:
a) parficulates, b) carbon monoxide, ¢) sulfur dioxide, d) nitrogen oxides.

26) Why is carbon monoxide dangerous?
27) Explain how acid rain forms.
28) State two problems caused by acid rain.

000 00000 Oo00o0
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Ceramics, Composites and Polymezrs

We've got very good at using materiale from the earth to produce things we can use to make our lives easier.

Ceramics Come in Many Different Forms

Ceramics are non-metal solids with high melting points that aren't made from carbon-based compounds.
1} 8ome ceramics can be made from clay.

2) Clay is a soft material when it's dug up out of the ground, so can be moulded into different shapes.
8) When it's fired at high temperatures, it hardens to form a clay ceramic.

4) s ability to be moulded when wet and then hardened makes clay ideal for making pottery and bricks.

6) Another example of a ceramic is glags. Glass is generally fransparent,
can be moulded when hot and can be brittle when thin.

6) Most glass made is goda-lime glags, which is made by heating a mixture of limestone, sand and
sodium carbonate (soda) until it melts, When the mixture cools it comes out as glass.

7) Borosilicate glass has a higher melting point than soda-lime glass. 1t's made in the same way
as soda-lime glass, using a mixture of gand and boron trioxide.

Composites are Generally Made of Two Different Materials

Compogites are made of one material embedded in another. FEibreg or fragments of a material

(known as the reinforgement) are surrounded by a malrlx acting as a binder. The properties of
a composite depend on the properties of the materials it is made from. For example:

1) Fibreglass consists of fibres of glags embedded in a matrix made of polymer (plastic). It has a low
densily (like plastic) but is very strong (ke glass). It's used for things like skis, boats and surfboards.
2) Carbon fibre composites also have a polymer matrix, The reinforcement is sither made from long
chaing of carbon atome bonded together (carbon fibres) or from carbon nanotubes (see p.34).
These composites are very strong and light so are used in aerospace and sporte car manufacturing.

83) Concrete is made from aggregate (a mixture of sand and gravel) embedded in cement.
It's very gtrong. This makes it ideal for use as a building material, e.g. in skate parks.

4) Wood is a natural composite of gelluloge fibres held together by an organic polymer matrix.

Polymers Can Have Very Different Properties

Two important things can influence the properties of a polymer — how it's made and what it's made from.

For example, the properties of poly(ethene) depend on the catalyst that was used
and the reaction conditions (the temperature and pressure) that it was made under.

* Low density (LD) poly(ethene) is made from ethene at a moderate temperature under
a high pressure and with a catalyst. I's flexible and is used for bags and bottles.

* High density (HD) poly(ethene) is also made from ethene but at a lower temperature and
pressure with a different catalyst. 's more rigid and is used for water tanks and drainpipes.

The monomers that a polymer is made from determine the type of bonds that form between the polymer
chains. These weak bonds between the different molecule chains determine the properties of the polymer:

* Thermosoftening polymers contain individual polymer chains entwined together with
weak forces between the chains. You can melt these plastics and remould them.

*  Thermosetting polumers contain monomers that can form cross-links between the polymer chains,
holding the chains together in a together in a solid structure. Unlike thermosoftening polymers, these
polymers don't soften when they're heated. Thermosetting polymers are strong, hard and rigid.

People in soda-lime glass houses shouldn’t throw heated objects...
Modern day composites are amazing. [ reckon one will end up running the country — David Carbonron,

(8] Give one difTerence in properties between thermoseiting and thermosoliening polymers. [1 mark]
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Properties of Materials

It's all very well making something, but the material it's made from needs to be fit for purpose.

Different Materials are Suited to Different Jobs

What materials are used for depends on their properties. You need fo be able to interpret information about
the properties of materials and decide how guitable these materials would be for different purposes.

Ceramicg include glass and clay ceramics such Polymers are insulators of heat and electricity, they
ag porcelain and bricks. They're insulators can be flexible (they can be bent without breaking) and
of heat and electricity, brittle (they aren't are gasily moulded. Polymers have many applications
very flexible and break easily) and stiff. including in clothing and insulators in electrical items.
The properties of composites Metals are malleable, good conductors of heat and
depend on the matrix/binder and the electricity, ductile (they can be drawn into wires), shiny
reinforcement used o make them, and gtiff (see p.23). Metals have many uses, including
g0 they have many different uses. in electrical wires, car body-work, and cutlery.
m Sugaest which material would be best for making the hull of a large ship.
Material Brittleness Water resistance 1) Aships hull needs to be non-parous so it

daesn't absork water, and shouldn't corrode,

This rules out clay ceramic — it absorbs

water so the ship could sink,

Low carbon steel corrodes when unprotected, but
o i s tough corrodes I watdn, bt theap to its's cheap to protect so could still be suitable.
prodecl agamst corrosion 2] IF the hull's brittle, it could suddenly break.

: : Rigid PVC is brittle, so not suitable.

ow carbon steel i@ HDH‘FI’.IFHU!I &t rm1g and can

be easily protected against comosion, mmm——————=m. Low carbon steel looks like the best choice.

An unsuitable b ).11

Clay cerama Bittl porois [abanrbs water)

I\:I_‘ :i |'"'p"|:
» brittle ;
[a polymer) corragion resiatant

AR OGS,

AON=Eorous,

Pure Metals Don’t Always Have the Properties Needed

rnaterial % ' # -
1) As you saw on page 35, the regular structure of pure metals g lr’,.\L
makes them goft — often too soft for use in everyday life, ..‘-’
2) Alloys are made by adding another element to TYPE OF STEEL
the metal. This disrupts the structure of the Fair cober e . e
metal, making alloys harder than pure metals. {01-03% carban) easily shaped | L
3) For example, alloys of iron called steels are often used High carbon steel very strong. |
instead of pure iron. Bteels are made by adding small (0.22-2.5% carbon) infexible, brittle | ©' 0
- ¥ ¥ F %
amounts of carbon and sometimes other metals 0 iron. === Stainless steel (chromium | comosion-resistant, e
: 3 - added, and sametimes nickel) hard bz
4) Many other alloys are used in everyday ||fu,#‘_'“}:} S TLTIEI ) VTR T TN Pl
* Bronze = Copper + Tin: Bronze is harder than copper. = F:r']’ bl At ";:F %
I#'e uged to make medalg, decorative ornaments and statues. - b miptieiad e

* Brass = Copper + Zinc: Brass is more malleable than bronze and is used in situations
where lower friction is required, such as in water taps and door fittings.

* Gold alloys are used to make jewellery: Pure gold iz very soft. Metals such as zinc, copper,
and silver are used to harden the gold. Pure gold is described as 24 carat, so 18 carats means
that 18 out of 24 parts of the alloy are pure gold. In other words, 18 carat gold is 75% gold.

*  Aluminium slloys are used to make aircraft: Aluminium has a low density which is an
important property in aircraft manufacture. But pure aluminium is too soft for making
aeroplanes so it's alloyed with small amounts of other metals to make it stronger.

A brass band — harder than Iron Maiden...
Theres a perfect purpose for every material out there — makes me believe in love again,

0l To the nearest percent, what percentage of pure gold is in 14 carat gold? [1 mark]
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Corrosion

Qome metals react with substances in their environment, and this can weaken them.

Iron and Steel Corrode Much More than Aluminium ‘

Corrosion is where metals react with substances in their environment and are gradually destroyed.
I} lron corrodes Bﬂﬂilu. In other \Uﬂrdﬂ, it rugts el The word "rust’ is only used for the corrosion of irom, not other metals
2) In order to rust, iron needs to be in contact with both oxygen and water, which are present in air.

LRI AR EARE RN Y

3) The stulf we call rust is actually the compound hydrated iron(I11) oxide. .
Here's the equation for it's formation:

FOr 5 DX SR

[ g

iton + oxygen + water — hydrated iron(lll) oxide

4) Corrosion only happens on the surface of a material, where it's exposed to the air.

5) Unfortunately, rust is a soft crumbly solid that soon flakes off to leave o) onide L0 fkes suns
maore iron available to rust again. This means that, eventually, all the iron ik :
in an object corrodes away even if it wasn't initially at the surface, =—

‘I‘:i-
6) Aluminium aleo corrodes when exposed fo air, Unlike iron objects, o

thinge made from aluminium aren't completely destroyed by corrosion,

lron exposed to bhe surlice

This is because the aluminium oxide that forms when aluminium corrodes dsltiter ikoante o
loegn' . In fact, it forme a nice profective layer that sticks
firmly to the aluminium below and glops any further reaction taking place. Y

.'l". (TR RIEIT L 4

Both Air and Water are Needed for Iron to Rust |

Experiments can show that both oxygen and water are needed for iron to rust.
1) I you put an iron nail in & boiling tube with just ol

.. 1 Cakium
water, it won't rust. (The water is boiled to remove I F | caehleitds
oxygen and oll is used to stop air getting in.) Boiled water @ . 4’/ _

2) If you put an iron nail in a boiling tube with just air, it won't rust. Wter Alr, no W-“f‘f/"'- Arr and

(Calcium chloride can be used to absorb any water from the air.) i -.rull-.l I.Il-r.l I I1:,_:-'..:
3] “nwwgri if you Pui fn il‘l]ﬂ D;!il iry f : The mass of & ruaty nail will mcrease as the .-_
boiling fube with air and water, it wil rust. = ron atoms in the il have now bonded to -

- Duygen and water molecules, resulling in a =

compaund that is heavier than iron alone
; o
R RN RN R RN RN RN NN RTINS

There are Two Main Ways to Prevent Rusting |

1) The obvious way to prevent rusting is to coat the iron with a
barrier to keep out the water and oxygen. This can be done by:

* Painting/Coating with plastic — ideal for big and small structures alike. It can be decorative too.

* Electroplating — this uses electrolysis to reduce metal ions onto an iron electrode.
It can be used fo coat the iron with a layer of a different metal that won't be corroded away.

*  Oiling/Greasing — this has to be used when moving parts are involved, like on bike chains.
2) Another method is the sacrificial method. This involves placing a more

reactive metal such as zine or magnesium with the iron. Water and oxygen
then react with the sacrificial metal ingtead of with the iron.

3) Some protection techniques employ both the methods above. For example:

An object can be galvaniced by spraying it with a coating of zinc. The zine layer is firstly
protective, but if it's scratched, the zine around the site of the serateh works as a gacrificial metal.

The sacrificial method — chemistry sure is bloodthirsty...
If vou've wondered how Iron Man avoids rusting, he greases himself up and sends out Zinc Man if it's raining.

Q1 Two nails are lefl in a test tube containing water and air for a period of time. One nail is galvanised,
the other is pure iron. Predict which nail will rust and give a reason for your answer. [2 marks]
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Finite and Renewable Resources

There are lots of different resources that humans use o provide energy for things like heating or travelling,
as well as for building materials and food. 8ome of these resources get replaced, some don't.

, Natural Resources Come }‘J_'um the Earth, Sea and Air

1) Natural resources form without human input. They include anything that comes
from the earth, sea or air. For example, cotton for clothing or oil for fuel.

2) Some of these natural products can be replaced by synthetic products or improved upon by man-made
processes. For example, rubber is a natural product that can be extracted from the sap of a tree,
however man-made polymers have now been made which ean replace rubber in uses such as fyres.

3) Agriculture provides conditions where natural regources can be enhanced for our needs.
E.g. the development of fertilicers have meant we can produce a high yield of crops.

Some Natural Resources will Run Out

1) Renewable regources reform at a similar rate to, or faster than, we uge them.

2) For example, timbet is a renewable resource as trees can be planted following a harvest and only
take a few years to regrow. Other exomples of renewable resources include fresh water and food.

3) i n- . aren't formed quickly enough to be considered replaceable.

4) Finite resources include fogsil fuels and nuclear fuels such as wranium and plutonium.
Minerals and metals found in ores in the earth are also non-renewable materials,
6) After they've been extracted, many finite resources undergo
to provide fuels and materials necessary for modern life. For example, fractional
digtillation (see p.76) is used to produce usable products such as petrol from
crude oil and metal ores are reduced to produce a pure metal (see p.56).

Tables, Charts and Graphs can Give You an Insight Into Different Resources
You may be asked to interpret information about resources in the exam.

The table below shows information for two resources, coal and timber,

Identify which resource is which,
fy The time it takes for Resource 1 to reform is 10° times

Energy D‘;‘“"-J" ULCRRE LR shorter than Resource 2 suggesting it is a renewable
(M)/m’) to form resource. Resource 1is also a far less energetic fuel than
Resource 1 760011400 10 years Resource 2, so is more likely to be timber than coal.

Resource 2 | 23000-26000 | 10° years Resource 1 is timber and Resource 2 is coal.

\\'- 10*is a shorthand way of showing 1 000000, This is because

10*=10 % 10 % 10 % 10 % 10 % 10 = 1000 C0OD.

Extracting Finite Resources has Risks
1) Many modern materiale are made from raw, finite resources,
for example most plastics, metals and building materials.
2) People have to balance the zocial, economic and environmental effects of extracting finite resources.

3) For example, mining metal ores is good because useful products can be made. It also provides local
people with jobs and brings money into the area. However, mining ores is bad for the environment as
it uses loads of energy, scars the landscape, produces lots of waste and destroys habitats.

This book is a renewable resource — a gift that keeps on giving...
Unfortunately we can’t just run around using every resource we get our hands on — we have to consider the
impacts of our actions, 1f you ever start a major mining project think... What would David Attenborough do?

Q1 Using examples, state the difference between a finite and renewable resource. [2 marks]
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Reuse and Recycling

Many materials used in the modern world are limited. Once they're finished with, it's usually
far better to recycle them than to use new finite resources which will eventually run out.

Chemistry is Improving Sustainability

1) Sustainable development is an approach to development that takes account of the

needs of present society while not damaging the lives of future generations.
2) As you saw on the lact page, not all resources are renewable go it's unsustainable to keep using them.
3) As well ag using resources, extracling resources can be unsustainable due to the amount of energy

used and waste produced. Processing the resources into useful materials, such as glags or bricks,
can be unsustainable too, as the processes often use energy that's made from finile resources.

4) One way of reducing the use of finite resources is for people to use less.
This doesn't just reduce the use of that resource but also anything needed to produce it.

6) We can't stop using finite resources altogether, but chemists can develop and adapt processes that
use lower amounts of finite resources and reduce damage to the environment. For example, chemists

have developed catalysts that reduce the amount of energy required for certain industrial processes.

Copper-Rich Ores are in Short Supply

1) Copper is a finite resource. One way to improve its sustainability is by extracting it from low-grade
ores (ores without much copper in). Scientists are looking into new ways of doing this:
L] |I,-|||_-|l,|,||”-f

*  Bloleaching — bootorla are used to convert coppat compounds in the ore into soluble coppar =" These methods can =

oompounds, separating oul the copper from the ore In the prooess. The legohate (The solulion = be usey 4, exlract
produced by the prooess) contuing coppar lone, which can be extracted, e.g. by sleolrolyeis = other metals ton =
(seo p.6B) or displocement (seo p.67) with & more reactive metal, o.g. serop lron, AR T

*  Phylemining — this invelves growing plants in goll that conlalng copper. The plonts gan't use or gel rd of the copper so
it grodually bullde up In the lgayes. The plante can be haryested. deied ond burned in o furnace. The ach containe soluble
coppar compounds from which eopper can be sxtracted by electrolysie or displocemant using serap fron.

2) Traditional methods of copper mining are pretty damaging to the environment. These new
methods of extraction have a much gmaller impact, but the disadvantage is that they're slow.
SEETET ATt v b r e e v bnin N g

Recycling Metals is Important | = Recycling is way to reduce our need for copper rich ares. =

AULIS NIV LR IR vt

1) Mining and extracting metals takes lots of energy, most of which comes from burning fossil fuels.

2) Recycling metals often uses much |ess energy than is needed to mine and extract new metal, congerves
the finite amount of each metal in the earth and cuts down on the amount of waste getting sent to landfill.

3) Metals are usually recycled by melting them and then casting them into the shape of the new product.

4) Depending on what the metal will be used for after recycling, the amount of separation required for
recyclable metals can change. For example, waste steel and — oroooco v
iron can be kept together as they can both be added to iron = / blast furnace is used to extract iren from

. = its ore at a high temperature using carbon
in a blast furnace to reduce the amount of iron ore required. C oy CETHE

AV bactvbrket i npvie by bR RN

'-’I||||

Glass can Also be Recycled

Glass recucling can help sustainability by reducing the amount of energy needed to make new glass
products, and also the amount of waste created when used glass is thrown away.

1) Glass bottles can often be reused without rechaping.

2) Other forms of glass can't be reused so they're recycled instead. Usually the glass
is separated by colour and chemical composition before being recycled.

3) The glass is crushed and then melted to be reshaped for use in glass products such as bottles or jars.
It might also be used for a different purpose such as insulating glass wool for wall insulation in homes.

CGP Jokes — 85% recycled since 1996...

Recycling 1s really handy — as well as saving limited finite materials 1t also saves energy.

Q1 Give three positive effects of recyeling metals. [3 marks]
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Life Cycle Assessments

If a company wants to manufacture a new product, they carry out a life cycle assessment (LCA).

Life Cycle Assessments Show Total Environmental Costs ‘

A life cycle assessment (LCA) looks at every stage of a product's life
to assess the impact it would have on the environment.

o Getting the Raw Materials: -

1) Extracting raw materials needed for a product can damage the local anvironment, e.g. mining
metals. Extraction can also result in pollution due to the amount of energy needed,

2) Row maferials offen need to be progessed lo extract the desired materols ond this offen needs™——
large amounts of energy. E.g. extracting metals from ores or fractional distillation of orude oil, z

9 Manufacture and Packaging:

1) Manufugturing products and their packeging can use a lot of gnergy resources and can also
cause a lot of pollution, e.g. haooful fuwines such e corbon monoxide or hydrogen chlorde.

2)  You aleo need to think aboul any wanle producte and how o dipose of tham, The chemical reactions
used o make compounds from thelr rew matedale can produce waste producie. Bome waste can

b turned into other ugelul chemioale, rlduuing thie amount ;I"illf wnitle up pullullng tha srwironmant.

© using the Produt: Produat Disposal:
1) The use of a product con damage the environmant, Products are often dlaposed of in landfill sites.
For example. burning fuels releases greanhouse goses This takes up apace and pollutes land and water,
and other bormful gubstances. Forillisers eon lpagh into a.g. I paint washes off 0 product and gete into rivers.
streame and rivers causing damage fo poosystome. 2)  Energy bs used fo frunsport waste to landfill, which
2)  How long a product s ussd for or how many uges 1t gets is oauges pollutants to be released indo the atmosphere,
lieo i factor — products that need lote of snergy to prodice 8)  Products might be ngineraled (burnt),
bul are used for ages mean less wagte in the long run. ; which causes air pollution,

You Can Compare Life Cycle Assessments for Plastic and Paper Bags

Life Cycle Assessment Stage Plastic Bag Paper Bag

Raw Materials Crude ail Tiember

The compounds needed to make the plasbic are extracted from crude ol
PN ATA TG L W TR N by fractional distillation, followed by cracking and then palymerisation
WWaste 1s reduced as the okher fractions ef crude oil have other uses.

Pulped timber is processed using lots
of energy. Lots of waske 15 made

Can be rewed

Can ke used for other things as well as shopping, For example bin liners

LJ\.in:!_] the Product

I Jsuial ¥ unl:.-’ wied orce

Recyclable but not biodegradable and will take Biodegradable, non-toxic and
up space in landhll and pollute land. can be recycled

Life cycle assessments have shown that even though plastic bags aren't biodegradable, they take less
energy to make and have a longer lifespan than paper bags, so may be less harmful to the environment.

Product Disposal

There are Problems with Life Cycle Assessments

1) The use of enerpy, some natural resources and the amount of certain types of waste
produced by a product over it's lifetime can be easily quantified. But the effect of some
pollutants is harder o give a numerical value to. E.g. it's difficult fo apply a value to the
negative visual effects of plastic bags in the environment compared to paper ones.

2) 8o, producing an LCA is not an objective method as it takes into account the values
of the person carrying out the assessment. This means LCAs can be biased.

3) SBelective LCAs, which only show some of the impacts of a product on the
environment can also be biased as they can be written to deliberately support
the claims of a company, in order to give them positive advertising.

Need exercise? Go life-cycling then...

In the exam you may be asked to evaluate the use of different materials for a particular product, using an LCA.

Q1 What are the four stages that need to be considered to conduct a life cyele assessment? [4 marks]

Topic 10 — Using Resources
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Potable Water

We all need safe drinking water. The way that water's made cafe depends on local conditions.

Potable Water is Water You Can Drink

1) Potable water is water that's been treated or is naturally safe for humans to drink — it's esgential for life.
2) Chemists wouldn't call it pure, though. Pure water only contains H,0 molecules
whereas potable water can contain lote of other dissolved substances.

3) The important thing is that the |levels of dissolved salts aren't too high, that it has a pH between 8.5
and 8.5 and also that there aren't any nasties (like hacteria or other microbes) swimming around in it

The Way that Potable Water is Produced Depends on Where You Are

1) Rainwater is a type of [roch waler, Fresh water is water that doesn't have much dissolved in it.

2) When it rains, water can either collect as surfnce waler (in lakes, rivers and reservoirs)
or as proundwater (in rocks called nquifers that trap water underground).

3) In the UK, the source of fresh water used depends on location. Surface water tends to dry up first, so
in worm arens, e.g. the south-east, most of the domestic water supply comes from groundwater,

4) Even though it only has low levels of dissclved substances, water from these [resh water sources sfill
needs to be [reated fo make it cole before it can be used. This process includes:

* Filtration — & wire mesh screens out large twigs ete, W mesh
and then gravel and gand beds filter out any other golid bits. :
*  Bteriligation — the water is gleriliged to kill any harmful % sand and gravel

bacteria or migrobes. This can be done by bubbling chlorine fittration
gag 'hmu&h it or bH Uﬂing ozone or Hﬂwﬂwﬂht' P Rl f “ aterilication
5} In some very ll”j Eﬂun'l'l'iﬁﬂ, E.g. KI..IWHH, *hﬂra'ﬁ nod '-'““”i.'-h SV N NN RN R AR AR AR
surface or groundwater and instead oo walor must be il Y "I";' e F"":'”' 2 "T poiny ’;F"'I-"
such s fuoricde Lwhich is good for teeth
treated by decolination to provide potable water. = This is controversial, ht”.w ;Jl,jr,h. arerlt gven any =
B} Digtillation can be uged 1o ¢1|1-;:||i|!;|1|- gea water, = choice pver whether they consume them or nat ~

’ Y
RN R NN R RN R R R NN R RNNNRIRNRENL

Here's how you can test and distil water in the lab:

= = : PRACTICH],
First, test the pH of the water using a pH meter. If the pH is too high or too low,
you'll need to neutralige it. You can do this with a titration (see p.52), but use a pH meter to

tell you when the solution's neutral, rather than an indicator, as this won't contaminate the water.

*  You should also test the water for the presence of godium chloride (the main salt in seawater).
To test for sodium ions, do a flame test on a small sample (see p.89). If sodium ions are
present the flame will turn yellow. To test for chloride ions, take another sample of your water
and add a few drops of dilute nitric acid, followed by a few drops of gilver nitrate solufion.

If chloride ions are present, a white precipitate will form.

* To distil the water, pour the salty water into a distillation apparatus, like the one on p.18. Heat the
flack from below. The water will boil and form steam, leaving any dissolved salts in the flask. The
steam will condense back to liquid water in the condenser and can be collected as it runs out.

*+  Then, retest the digtilled water for sodium chloride to check that it has been removed.
Alzo retest the pH of the water with a pH meter to check that it's neutral (has a pH of 7).

7) Sea water can also be treated by processes that use membranes — like reverse csmosis.
The salty water is passed through a membrane that only allows water molecules o pass through.
lons and larger molecules are frapped by the membrane so separated from the water.

8) Both of distillation and reverse osmosis need luads of energy, so they're
really expensive and not practical for producing large quantities of fresh water.

Potable water — nothing to do with gardening...
Distilling salty water could be useful if vou ever end up stranded on a desert island. Oh, and for vour exams too.
1 Describe the sieps you could take o treat water from a groundwater source to make it potable.  [2 marks]
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Waste Water Treatment

It might not be pretty, but dealing with our waste is really important to ensure that we don't pollute the
natural environment — it also means that we can access pice clean water. Super.

~ Waste Water Comes from Lots of Different Sources

1) We use water for lots of things at home — like having a bath,
going to the foilet, doing the waghing-up, ete. When you flush
this water down the drain, it goes into the gsewers and towards
sewage treatment plants.

2) Agricultural systems also produce a lot of waste water including
nutrient run-off from fields and glurry from animal farms. >

3) Sewage from domestic or agricultural sources has to be freated to remove any organic
matter and harmful microbes before it can be put back into freshwater sources like rivers
or lakes, Otherwige it would make them very polluted and would pose health ricks.

4) Induetirial processes such as the Haber Process (see the next page) also
produce a lot of waste water that has to be collected and treated.

6) As well as organic matier, industrial waste water can also contain harmful chemigals — so it has

to undergo additional stages of treatment before it is safe to release it into the environment.

Sewage Treatment Happens in Several Stages |

8ome of the processes involved in treating waste water at sewage treatment plants include:

/—E',

{({) aerabic digestion

(i;]".rl.’l'ﬂlllrj

released back into

1) Before being treated the sewage is
screened — this involves removing |
any large bits of material (like twigs or
plastic bags) as well as any grit. sludga

2) Then it's allowed to gland in a gettlement tank
and undergoes gedimentation — the heavier L‘”‘*”“”“""

suspended solids sink o the bottom to produce ol Lol
sludge while the lighter effluent floats on the fop.
2) The effluent in the settlement tank is removed and treated by bioclogical aerobic
digestion. This is when air is pumped through the water to encourage aerobic bacteria
to break down any organic matter — including other microbes in the water.
4) The gludge from the botom of the setflement tank is also removed and transferred into
large tanks. Here it gets broken down by bacteria in a process called anaerobic digestion.
5) Anaerobic digestion breaks down the organic matter in the sludge, releasing = ... | j,llt'”,';,' Al
methane gas in the process. The methane gas can be used as an energy awygen, whereas anaerabic
source and the remaining digested waste can be used as a fertiliser.

means without c::.-._,c-'l
6) For waste water containing foxic substances, additional stages of treatment mngllm:roh:'; r
adding chemicals (e.g. to precipitate metalg), UV radiation or using membranes.

Sewage treatment requires more processes than treating fresh water but uses less energy than
the desslination of salt water, so could be used as an alternative in areas where there's not
much fresh water. For example, Singapore is freating waste water and recycling it back into
drinking supplies. However, people don't like the idea of drinking water that uzed to be sewage.

L erronment

natural gas

=, fertilser

-._II'|II.'.r

Al

Is it just me, or does this page stink? Phew...
Modern sewage sysiems have done wonders to make life in developed countries much less... well... smelly.
Q1 List three stages of treatment that domestic sewage undergoes at a sewage treatment plant. [3 marks]
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The Haber Process

This is an important industrial process.

Nitrogen and Hydrogen are Needed to Make Ammonia

It produces ammonia (NH,), which is used to make fertilisers.

The Haber process is used to make ammonia from hydrogen and nitrogen using the following reaction:
(+ heat)

N + 3H, = 2NH

V2 g - 4 (g
nitrogen hy drngan ammonia

This reaction is well suited for an industrial scale as the reactants aren't too difficult or expensive to obtain.

1) The pitrogen is obtained easily from the air, which is 78% nitrogen.
2) The hydrogen mainly comes from reacting methane (from patural H,
gag) with steam to form hydrogen and carbon dioxide.

L
3) The reactant gases are passed over an jron catalyst. A high temperature
(450 “C) and a high pressure (200 atmospheres) are used.

LR g

It eventually reaches a dynamic equilibrium.
6) The ammonia is formed as a gag, but as it cools in the
condenser it liquefies and is removed. The unused hydrogen
(H,), and nitrogen, (N,), are recycled, so nothing is wasted.
6) The ammonia produced can then be used to make ammonium nitrate
— 0 very nitrogen-rich fertiliser (see next page).

Ijr

and pitrogen s

Hydragen and nitrogen
mixed in 31 ratie
-

Trays of |'_'.-_-F

Urused ||:(||r|_l!'||'rl

FECYE |'Q'[|

Candensir

4) Because the reaction is revergible (it ocours in STV gy, iren catalyst ool
both directions), some of the ammonia produced 'f]‘”:""‘ 7273 2 ]{
= BF miorp " "
converts back into hydrogen and nitrogen again.  reversibl ”l“ 'rl:'lnl, : ?.:j ;g .Jm‘ =

Reaction

The Reaction is Reversible, So There’s a Compromise to be Made

1) You might remember from page 68 that certain conditions, such
ae the temperature and preseure, can affect the rate of a reaction,

2) Thesge factors can algo affect the position of equilibrium for a reversible reaction — and sometimes
there is a irade-off between ingreasing the rate and maximising the yield (see page 49) of a reaction.

3) For example, the forward reaction in the Haber process is exothermic.
That means that increasing the temperature will move the equilibrium
the wrong way — away from ammonia and towards nitrogen and hydrogen.
8o the yield of ammonia would be greater at lower temperatures.

x""""'I'I|||||
Fl’l Mdee o i ctors
<||l"t”|_r_l|r|-.f||'
= eguilibriim,

(¥

that =

, 3¢ page 73

f-r Iinl |||I|| RENTN 1

4) The trouble is, lower temperatures mean a glower rate of
reaction (and so equilibrium is reached more slowly).

5) The 450 °C is a compromise between maximum yield
and speed of reaction. I's better to wait just

20 seconde for a 10% yield than to have to wait
80 seconds for a 20% yield.

6) Higher pressures move the position of equilibrium
towards the products since there are four molecules of
gas on the left-hand side for every two molecules on
the right. So increasing pressure maximises the
percentage yield. It also increases the rate of reaction.

2

Graph showing the effect of pressure on rate of reaction

\.-"\ b As the pressure increases, the [ine

e ¥

of product qets steeper — so the rake increases
evolbved 100 b

Az the pressure
necreases, the
yield of ammuonia
also increases

me

L
ra

7) So the pressure is set as high as possible, without making the process too expensive to or

dangerous to build and maintain. Hence the 200 atmos

etes operating pressure.

8) And finally, the iron catalyst makes the reaction go faster, but doeen't affect the yield.

You need to learn this stuff — go on, Haber go at it...

The trickicst bit of this page is remembering that temperature is raised not for a better equilibrium, but for speed.

Remember that industries have 1o consider costs -

o1

Topic 10 — Using Resources

What are the industrial conditions used in the Haber process and why?

s0 a higher pressure may give a better yield, but it’s not cheap.
[3 marks]
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NPK Fertilisers

Fertilisers allow us to keep growing crops on the same land every year — thanks to our old friend ammonia.

NPK Fertilisers Provide Plants with the Essential Elements for Growth

1) Farmers used to use manure to fertilise fields. Formulated fertilisers are better as they're more widely
available, easier to use, don't emell and have just enough of each nutrient so more crops can be grown.

2) The three main essential elemends in fertilisers are nitrogen, phosphorus and potassium.

If plants don't get enough of these elements, their growth and life processes are affected.
These elements may be migging from the soil if they've been used up by a previous crop.

3) Fertilicers replace these missing elements or provide more of them. This helps to increase
the grop yield, as the crops can grow fagter and bigger. For example, fertilisers add more

[TNERY!
'\." A

nitrogen to plant proteins, which makes the plants grow fagter — increasing productivity. ="+, o on
4) NPK fertilisers are formulations containing salts of nitrogen (N), phosphorus (P) =

and potassium (K) (hence, "NPK") in the right percentages of the elements. %, NP E"’

AR RENER R W
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Ammonia is Used to Produce Nitrogen-Containing Compounds

1) Ammonia can be reacted with oxygen and water in a series of reactions to make nitric acid.
2) You can aleo react ammonia with acids, including nitric acid, to get ammonium salts.

3) Ammonia and nitrie acid react together to produce ammonium nitrate — this is an especially good
compound to ugse in o fertilicer because it has nitrogen from fwo sources.

NH, ., + HNO, . — NHNO,
Ammonia + Nitrie acid s Ammonium nitrate

4) This reaction is carried out differently in indugtry to how it is done in the lab.

You may be asked fo compare differences between the different methods in your exam:

In_Indugtry In the Lab
The reaction is carried out in giant vats, The reaction is carried out on a much gmaller scale by

at high concentrations resulting in a very  fitration and grystallisation. The reactants are at a much
exothermic reaction. The heat released lower concentration than in industry, so less heat it

is used to evaporate water from the produced by the reaction and it's safer for a person to
mixture to make a very concentrated carry it out. After the fitration, the mixture then needs
ammonium nitrate product. to be crystallised to give pure ammonium nitrate crystals.
g '@'I" 'I'l_:d' i n'! AIL I-Iulrlll.l ! "I"h'{_' e Crystallisation isn't used in industry because it's very slow.
B "“'r,"}' W -CAMTIPAre NeALECHE:IN - e RN RN N R NN NN R AN AN IR
- FRANTE, :.-:.u" b green all the details you need, = = Ear Havhe carry out a titration or crysta lisation have a look at p52 and pi7. =

INRERAEREERNRY IR R REEYRERERERTEER LN T
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Phosphate and Potassium are Sourced from Mined Compounds

1) Potassium chloride and potassium sulphate can be mined and used as a source of potassium.

2) Phosphate rock is also mined. However, because the phosphate
salte in the rock are ingoluble, plants can't use them as nutriente.

3) Reacting phosphate rock with a number of different types of acids produces goluble phosphates:

* Reaction with nitric acid produces phogphoric acid and calcium nitrate.
* Reaction with sulfuric acid produces calcium sulfate and
caleium phosphate (this mixture is known as single superphosphate).

* Reaction with phosphoric acid only produces calcium phosphate
(the product of this reaction can be called triple superphosphate).

There’s nowt wrong wi’ just spreadin’muck on it...
Not the most thrilling of pages, I'm afraid. Just loads of reactions for vou to learn... It’s important stuff, though,
01 Buggest a source ol potassium in an NPE fertiliser, [1 mark]

Topic 10 — Using Resources
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Revision Questions for Topic 10

Topic 10 — done. Now is as good a time as any to have another read back over the section.
* Try these questions and tick off each one when you get it right.
* When you've done all the questions under a heading and are completely happy with it, fick it off.

1) How is soda-lime glass made?

2) Give three examples of composite materials.

8) Describe the differences in the properties of low density poly(ethene) and high density poly(ethene).
4) Name two elemenis that can be added to iron to make stainless steel.

6) What two metals is bronze made of?

B6) OGive two uses of brass,

Coxrosion (p.98) [ ]

7) What two substances does iron react with when it ruste?

8) Aluminium objects can corrode. Why is aluminium not completed destroyed by corrosion?

9) Suggest three ways of making o barrier that can be used to protect an iron object from rustfing.

10) Buggest one metal that can be used in the sacrificial method to prevent rusting.

Chemistry and Sustainability (p.99-101) | |

1) Give two examples of renewnble resources.

12) Buggest one way in which chemistry is improving sustainability.

13) State two methods that can be used to extract copper from low grade ores,

14) Other than recycling, how can glass bottles be used in a sustainable way?

16) What do life cycle assessments (LCA) do?

Potable Water and Waste Watex Treatment (p.102-103) []

16) What is potable water?

17) Suggest a source of fresh water.

18) Describe how you could distil seawater in the lab.

19) What other method could you use for making sea water potable?

20) Name three different sources of waste water.

21) Why is it important to treat waste water before releasing it info the environment?
22) What type of waste water could contain harmful chemicals?

23) What two products can be obtained by the anaerobic digestion of sewage sludge?

The Haber Process (p.104) [ |
24) What iz the balanced symbol equation for the Haber process?

25) From what source is the hudrogen used in the Haber process obtained?
28) What happens to the unused hydrogen and nitrogen in the Haber process?

NPK Fertilisers (p.105) [ |
27) What three elements are present in NPK fertilisers?

28) What substances can be reacted with each other fo produce the following:
a) ammonium nitrate, b} phosphoric acid and calcium nitrate,  ¢) caleium phosphate only?

Topic 10 — Using Resources
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Practical Techniques

Qafety specs out and lab coate on, it's time to find out about the skills you'll need in experiments. Finally time
to look like a real scientist... hurrahl But you also need to know about this stuff in your exams... boooo...

Solids Should Be Measured Using a Balance ‘

1) To weigh a solid, start by putting the container you're weighing your substance into on the balance.
2) SQet the balance to exactly zero and then start weighing out your substance.

3) I's no good carefully weighing out your solid if it's not all transferred to your reaction vessel
— the amount in the reaction vessel won't be the same as your measurement. Here are a couple
of methods you can use to make sure that none gets left in your weighing container...

*  If you're digsolving a solid in a solvent to make a golution,
you could waeh any remaining solid into the new container using the golvent.

*  You could set the balance to zero before you put your weighing container on the balance.
Then reweigh the weighing container after you've transferred the solid.
Use the difference in mass to work out exactly how mueh solid you added to your experiment.

T \ Read volume fram
f 1k lI| here the battom of
Y .j: ’F’/‘,* thi FEnILLIS
\ s

- -

Three Ways to Measure Liquids

There are a few methods you might use to measure the
volume of a liquid. Whichever method you use, always

read the volume from the bottom of the menisous
(the curved upper surface of the liquid) when it's at eye level.

pipetie filler

Pipettes are long, narrow tubes that are used to suck up an ageurate volume of :-L
liquid and transfer it to another container. A pipette filler attached to the end e
of the pipette is used so that you can gafely control the amount of liguid you're Tl
drawing up. Pipettes are often galibrated to allow for the fact that the last drop of E:
liquid stays in the pipette when the liquid is ejected. This reduces fransfer errors. ;;
™ £
il
Burettes measure from top to bottom (so when they're filled to the top H

i of the scale, the scale reads zero). They have a tap at the bottom which
1 ] { you can uge to release the liquid into another container (you can even
] release it drop by drop). To use a burette, take an initial reading, and
J once you've released as much liquid as you want, take a final reading.

LA RN AR NERT RN (R T,
Burettes are used a lot For

o

g p—l
i

titrations.  There's loads more =

The difference between the readings tells you how much liquid you used. 7,, 7" {rtions on page 52

Measuring cylinders are the most common way to measure out a liquid.

They come in all different gizes. Make sure you choose one that's the right size for
the measurement you want 10 make. It's no good using a huge 1000 em? eylinder
to measure out 2 cm? of a liquid — the graduations will be too big, and you'll end
up with magsive errors. 1#'d be much better to use one that measures up to 10 em?®.

gl bbb o da bt prarap b tatarwta ittt bntatwdobi ki |I.'_r_,
IF you only want a couple of drops of liquid, and don't need it to be -
arcurately measured, you can usz a dropping pigette to transfer . For
example, this is how you'd ads a couple of drops of indicator into a mixture
R R R R RN RN RN RN YR NN NN RNV E Y
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Gas Syringes Measure Gas Volumes

Gases can be measured with a gas syringe. They should be measured at room femperature and pressure
as the volume of a gas changes with temperature and pressure. You should also use a gas syringe that's
the right size for the measurement you're making. Before you use the syringe, you should make sure it's
completely sealed and that the plunger moves smoothly.

Practical Skills
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Practical Techniques

Measure Temperature Accurately

You can use a thermometer o measure the temperature of a substance:

1) Make sure the bulb of your thermometer is completely submerged in any mixture you're measuring.
2) I you're taking an initial reading, you should wait for the temperature to stabilize first.

3) Read your measurement off the scale on a thermometer at sye level to make sure it's correct.

You May Have to Measure the Time Taken for a Change

1) You should use a stopwatch to time experiments. These measure to the nearest 0.1 & go are sensitive,
2) Always make sure you ciarl and clop the stopwatch at exactly the right time. For example, if you're
investigating the rate of an experiment, you should start timing at the cxact moment you mix the
reagents and clart the reaction. If you'te measuring the time taken for a precipitate to form,
you should wateh the reaction like a hawk so you ean clop timing the moment it goes cloudy.

Measure pH to Find Out How Acidic or Alkaline a Solution Is

You need 1o be able fo decide the best method for measuring pH, depending on what your experiment is,
1) Indicators are dyes that change colour depending on whether they're in an acid or an alkali.
You use them by adding a couple of drops of the indicator to the solution you're interested in.
They're useful for titration reactions, when you want to find the point at which a solution is neutralised.

2) Univergal indicator is a mixture of indicators that changes colour gradually as pH changes. It doesn't
show a gudden colour change. It's useful for ggtimating the pH of a solution based on its colour.

3) Indicators can be soaked into paper and strips of this paper
can be used for teating pH. If you use a dropping pipette to
spot a small amount of a solution onto some indicator paper,
it will change colour depending on the pH of the solution.~="

Litmus paper turns red in acidic
conditions and blue in basic conditions.

Universal indicator paper can be used
to estimate the pH based on its colour.

4) Indicator paper is useful when you don't want to change the
colour of all of the substance, or if the substance is already coloured so might obscure the colour

of the indicator. You can also hold a piece of damp indicator paper in a gas sample fo test its pH.

5) pH probes are attached to pH meters which have a digital display that gives a pumerical = 7' ks 2
value for the pH of a solution. They're used to give an accurate value of pH. = more about ph| =

on page 51 -

)
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Be Careful When You Handle or Mix Substances

1) There are lots of hazards in chemistry experiments, so before you start any experiment,
you should read any safety precautions to do with your method or the chemicals you're using.

2) The substances used in chemical reactions are often hazardous. For example, they might catch fire
easily (they're flammable), or they might irritate or burn your skin if you come into contact with them.
3) Whenever you're doing an experiment, you should wear a lab _coat, safely goggles and gloves,

4) Always be careful that the chemicals you're using aren't flammable before you go lighting
any Bunsen burners, and make sure you're working in an area that's well ventilated.

5) If you're doing an experiment that might produce nasty gases (such as chlorine), you should carry out
the experiment in a fume hood so that the gas can't escape out into the room you're working in.

6) Never directly touch any chemicals (even if you're wearing gloves). Use a spatula to transfer solids
between containers. Carefully pour liquids between different containers, using a funnel to avoid spillages.

7) Be careful when you're mixing chemicals, as a reaction might oceur. I you're diluting a liquid, add the
concenirated substance to the water (not the other way around) or the mixture could get very hot.

The Tempipettes and MacBurette — Shakespeare for chemists...

It’s no good throwing chemicals around willy nilly and calling it an experiment. To make sure your results are
reproducible, so can be trusied by other scientists, vou have to make sure all your measurements are accurate.

Practical Skills
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Setting Up Equipment
Qetting up the equipment for an experiment correctly is just as important as making accurate measurements.

To Collect Gases, the System Needs to be Sealed = :
[4 l"-"Ef_'l' el - ;

1) There are times when you might want o collect the gas produced tube ) »
by a reaction. For example, to investigate the rate of reaction. “ collected  gas

a SYTINgE
2) The most accurate way to measure the volume of a gas that's >4 reaction | i
.-""" E -
been produced is to collect it in a gas syringe (see page 107). s miture ﬁ»}

3) You could also collect it by dieplacing water from a measuring oylinder. Here's how you do it...

*  Fill a meaguring cylinder with water, and carefully place it upside down in a container of water.
Record the initial level of the water in the measuring cylinder.

«collected aas
r|r'||wi:.- Lukre ’ -

*  Position a delivery tube coming from the reaction vessel so \ measuring cylinder
that it's ingide the measuring cylinder, pointing upwards. & flled with water
Any gas that's produced will pass through the delivery R and upturned in a
tube and into the meagsuring cylinder. As the gas enters mixture beaker of waler
the measuring cylinder, the water ie pushed out. e 2
* Record the level of water in the measuring cylinder and use this value, — T,
ﬂlun& with your i.ﬂj.ﬂ.ﬂl_i'ﬂ.lﬂi o caloulate the mlumﬂ of gaﬂ Fmduﬂﬂd. = |f I:|.- delevery tuibe 5 underneath ...
thie measurirg cylmder rather =
4) This method is less accurate than using a gas syringe to measure the = than inside it then some of the

volume of gas produced. This is because some gases can dissolve in water, - a3 miaht scape ot o the ae =
LI | LR PERD AR
0 less gas ends up in the measuring eylinder than is agtually produged.

6) If you just want to ollect a sample to test (and don’t need to know the volume), you can collect it over
water, as above, using a fest tube. Once the test tube is full of gas, stopper it to store the gas for later.

SUURR P U RV VR

You May Have to Identify the Products of Electrolysis = There's more about
lectralyns on p58-59. =
1) When you electrolyse an aqueous golution, the products of electrolysis will depend = e
on how reactive the ions in the solution are compared to the H' and OH- ions that come from water.
2) At the cathode you'll either get a pure metal coating inverted test tube -~ 94s produced al
the electrode or bubbles of hydrogen gas. lled with solution electrodes collecting

inicle test Lubies

3) At the anode, you'll get bubbles of oxypen gas unless
a halide ion is present, when you'll get the halogen.

clectrodes |
4) You may have to predict and identify what's been made in an  uide et [0 \power supply
electrolysis experiment. To do this, you need to be able to tubes

get up the equipment so that you can collect any gas that's
produced. The easiest way to collect the gas is in a test tube, electolyte

"||IJ||F .. - ‘
5) Here's how o set up the equipment... mmm—————— SO TTTTeT T

2 The tests for gases are

=~ described on page B8 =
; 4 =

Make Sure You Can Draw Diagrams of Your Equipment AN

When you're writing out a method for your experiment, it's always a good idea o draw a
labelled diagram showing how your apparatus will be get up. The easiest way to do this is o use
a scientific drawing, where each piece of apparatus is drawn as if you're looking at its cross-section.

Fﬂrﬂxﬂm IB; AT R bR E gy
P The pieces of glassware are

rJr.-2|er wi:h-:’.\'.l'. '.:ZIF.."i L7a ) Er'r':.r
aren't sealed. IF you want to

neat-proot mat

Lrbinlarnidy

draw a elosed system, remember

Bunses burmer | =  to draw a bung in the top
A N TR NN EY

GAUZE

LN NN AT

beaker test bube tripod

)

I set up my equipment — they had a blind date at the cinema...

Being a dab hand at setting up experiments won't just make your investigations more reliable. You might also be
asked to comment on how an experiment’s been set up in the exam. So best get learning. You'll thank me for it...

Practical Sklls
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Heating Substances

Heating a reaction isn't as simple as wrapping it up in a lumpy wool jumper and a stripy scarf.
There's more than one way to do it, and you need to be able to decide on the best, and the gafest, method.

Bunsen Burners Have a Naked Flame

Bunsen burners are good for heating thinge quickly. You can easily adjust how strongly
they're heating. But you need to be careful not to use them if you're heating flarmmable
compounds as the flame means the substance would be at risk of catching fire.

Here's how to use a Bunsen burner...

* Connect the Bunsen burner to a gas tap, and check that the

hole is glosed. Place it on a heat-proof mat.

splint

* Light a gplint and hold it over the Bunsen burner. Now, turn on Heat-proof
the gas. The Bunsen burner should light with a yellow flame. iy Hale s closed
* The more open the hole is, the more strongly the Bunsen burner e n
will heat your substance. Open the hole to the amount you want. )

As you open the hole more, the flame should turn more blue.

* The hottest part of the flame is just above the blue cone,
s0 you should heat things here.

*  If your Bunsen burner is alight but not heating anything, make sure
you ¢loge the hole so that the flame becomes yellow and glearly vigible. Heat-praaf B Hole is open

* If you're heating something so that the container (e.g. a test tube) ™y
is in the flame, you should hold the vessel at the fop, furthest away
from the substance (and so the flame) using a pair of tongs.

*  If you're heating somaething over the flame (e.g. an evaporating dish), you should
put a tripod and gauze over the Bunsen burner before you light it, and place the vessel on this.

Hatkest part
of the flame

= l0 g

You'd use a Bunsen burner to carry out [lne fects to identify metal ions in a compound (see page 89).
A sample of the compound is placed on a metal wire that you hold just above the cone of a Bunsen burner
with a blue flame. The flame should then change colour depending on what metal jon is in the sample.

The Temperature of Water Baths & Electric Heaters Can Be Set

1) A water bath is a container filled with water that can be heated to a specific temperature.

*  Set the temperature on the water bath, and allow the water to heat up. "Fh'l’:’ *J“G'“
apeona
* Place the vessel containing your substance in the water bath j

reaction vesse

using a pair of tongs. The level of the water outside the vessel " .
should be just above the level of the substance inside temperature -2
the vessel. The substance will then be warmed to control et (O

the zame temperature as the water.

As the substance in the vessel is surrounded by water, the heating is very even.
Water boils at 100 °C though, so you can't use a water bath to heat something
to a higher temperature than this — the water won't get hot enough. Zhii

(LR R AR RN NN ]
Handle any glassware you've

L
-

heated with tongs until you're

sure it's cooled down
PRGN RN R R R R jIn

IR AN

50

2) Electric heaters are often made up of a metal plate that can be heated to a certain temperature.
The vessel containing the substance you want to heat is placed on top of the hot plate. You can heat
substances to higher temperatures than you can in a water bath but, as the vessel is only heated from
below, you'll usually have to stir the substance inside to make sure it's heated evenly.

A bath and an electric heater — how I spend my January nights...

You know, [ used to have a chemistry teacher who'd play power ballads when the Bunsen burners were alight and
sway al the front of the class like he was at a gig. You think | made that up, but it’s irue.

Practical Skills
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p.12 — Aloms

Q1  prodons = atomic number = 7 [T mark]
clectrons = profons = T [T mark]
EUIRONS = MEsS AUmbEr - Alomie numibern
= 14 -7 = T [1 mark]

p.13 — Elements

Q1 E.gq it's the number of prolons i an alom thal
dielermines what lype of alom il is. so il all the
aloms higve the same naeriber of prolons then
fthe subslance s an alement [T mank],

Q2 prodons = 26 [T mark]
neutrons = 56 = 26 = 30 [T mark]

p.14 — Compounds
Q1 (2 =Naj# (1= Ch+ (3 =0 =6 [T mark]
Q2 caleism chlorde [T mark]

Calciom mnd chioning [1 mark],

p.15 — Chemical Equations
Q1 2Fa + ICI, = 2FeCl [1 mark)
Q2 a) waled = hydrogen + oxyppen [T mark]
b) 24,0 < 24, + O,
{1 mark for correct products and reactanis,
1 mark for balrg balanced correciiy]

P16 = Mixiures and Chromatography
Q1 The pen ink mighl dissolye in the solsen and
rise wp the filler paper 1 mark],

p. 17 — More Separation Techniquos

Q1 Pow the coppoer sullate solubien into an
ovaporating dish and slowly hoat Lho solulion
werlil crysbole sion] 1o Toerm oo some of he
watvend s svaporatsd [1 mark], Laave the
dish 1o cool wnlll crystals foom [T mark].  Filter
[T mark] and then dry (v cryslals using a
dosiocaton'drying oven [ mark],

p.18 — Distillation

Q1 Ethanol {1 mark]. Ethanol o the second
Il bodling point and will be callécted once
all the methanal has besn disbiled off amd the
lemporatura incroasod M1 mark],

p.19 — The History of the Atom

Q1 Inthe plum pudding model, the atom 18 &
bl of positres charge with alecirons &pread
throughout it [1 mark].

Q2  Wihe plum pudding modal was comacl you
weonild expect mast of tha alpha paricies (o
havve passed through the Toll o anly b have
peen deflected slighty [1 mark], The aciual
deflections of the partiches suggesis thal aloms
contan @ small nucleus whene the posilive
charge is concontraied [T mark].

p.20 — Electronic Structure

) HMG@ (1 mark]

288 or

@)

p.21 — Development of the Periodic Table
Q1 By relative atomic mass [T mark].
Q2 E.q heleft gaps in order o keep elements with

similis properlies in the same group [T mark],
He swilched the order of slements based on

their propenties, even if their atomic masses
were no longer in order. [T mark].

p.22 —The Modern Periodic Table

Qi 21 mark]

Q2 Bolh chiorine and beoening e in Gioup 7 and
50 have the same number of electrons in thelr
outer shell [T mark].

Q3 E.g potassium forms 1+ ions &6 it's in tha sama
growp as sodium so wil react in a similar way
1 mark].

p.23 — Metals and Non-Metals

Q1 Any three from: e.g. melals tend to be sirong /!
good conductors of heal / good at conducting
eleciricily [ mialloable [ high melling/boiling
temperaiures [1 mark for each].

p.24 — Group | Elements
Q1 As you go furthar down the group the eutar
alaciron is lurdhor away from (he nucheus

I mark], This means the atlraclion belyeen
the nucleus and the slecton deciases &o s

more easlly removad reaulting In an Increass in
raachivity [1 mark).

p.25 — Group 7 Elements

a1 Bromine would dsplace odine in petassium
lodide {1 moerk] because bromine 1S more
raactive than st [T mark]

0 Halogene react by gaming alacirons (o make a
full auter-shell [T mark]. As you go lurther dawn
thi grougs thae ouber alacirans are lrhar aaay
i Bhere s bess atlraction between them and
e mwelmiis [1 meark] This mesans slsciiong
are harder (o gain so ey Decome ees reactive
[1 markj,

P28 = Group 0 Elements

a1 Xanan has o g balling polnl han nson
1 rmarkj.

QI Argon has o full eulershel [T mark] so s
alaciranically Mabla and doos not readily loae o
gain alocirans f1 mark]

28— Formation of lans

Q1 Mobile gos sbscbeomke atosctures aae o full shell
of auter électrong (1 imark], which s a very
wlabda siruciure 1 mark],

Qza) 1= [1 mark]
) 24 1 mark]
€} 14 [T mark]
p.20 — lonic Bonding

1 Each sodium atom koaes an alectron 1o fomm
an Ma® lon [1 mark), Each chlonne atom gains
an aleciron o farm a G don [1 mark]. Tha
oppasilaly charped ons ame atlracled o sach
othor by alecbrostlic atiraction [T mark],

NOO

d

; .
[ mark for arfow showing electron

trafislerred fram polassiuim lo biamine,
1 mark for correct outer shell alectron

configurations (with or without inner akhells),
1 mark for correct charges]

p.30 — lonic Compounds
Q1 a) Howdll have a kigh rmeting poinl 1 eark]
becauss & kot of energy I8 needed 1o break the
strong aliraction between the innsithe strong
ionic bonds [T mark].
b) When melled, the ons are free to move, so they
cian carry an ebsclis current [ mark].
€} The campound conlaing caesium and dhlorde
lons, Caesium & @ GRaup 1 so foims 1 ans
[1 markj, and chiorine is in Group 7 so forms
1—-ions ff mark]. The charges balance wilh
ona of each ion, 5o the ampirical fermula is CsCl
It markj.

p-31 — Covalent Bonding

at
1@.

ST

Q-'\- G" ‘a-.g'

1 mark fari shared pairs of edecirons,

1 mark for correct number of alectrons in
outer shell of cach atom (with or without
inner shells an nitregen)]

p.d3 — Simple Molecular Substances

Q1 The intermalacular forces batwoan moleculios
of O, are weak and don't noed much energy to
hiraak {1 mark]

Q2 N, molecules aren'l chargedThers Sen sy
fraw @locirans or lons {1 aeark].

p.d3 — Polymers and Glant Covalent
Structures

al  (CH.CH, [T mark]

Q2 To medl diamond you have to broak ibe covalom
honds babéaan aloms which are very sirong
{1 mark] bl o mell polylethene) you only have
by briik b ek (banmoleculis fortad wikth
nowds loss energy [T mank]. S0 diamond has o
highar malteg paint [1 mark)

p.d4 — Allatropes of Carbon

Q1 Any thde friam, o9, libdcants / cabaysts / diug
dalivery J 10 atrenglnen matedials [T mark for
each, up to I marks)

P38 — Metallic Bonding

G Copper Is o good electrical conducior [ mark)
an It poniains daloaalined alactions whch sie
able 1o camy an ekecirical currant [7 mark]

Q2 Puro coppor would be oo $0f W0 wio for & door
hinga, but alloys are hardar han puro mataks, 5o
aro sultabde [T mark]

pd8 — States of Matter
Qi The gaseous atale {1 mrark].

p-37 — Changing State
Q1 a) sobd {7 reark]

b} liguid {1 mark]

@) liguid [T smrari]

dj gas [1 mark]

p.38 — Nanoparticles
Q1 Betwean 1 nm and 100 nm [T mark]
Q2 a) Surface wea of one face
= Kl fim = 50 /m = 2500 Am’
Total surface area = 6 x 2500 nm = 15 000 nm®
I1 meark]
‘olume = 50 nm = 50 nm = 50 nm
=125 000 nm* {1 mark]
Surfaco area to volume ratio
=15 000 am® + 125 000 Am®
=012 nm T mark]
b} 11 would decrease [1 mark] by a factor of ten
[1 mark]. [As the length of the sides has
increased by & factor of ten).

p.38 — Uses of Nanoparticles

a1 E.q. v electrical circuils lor compuber chips
[1 meark].

Q2 E.g. they might have long-tenm impacts on
health [1 mark].

Q3  Silver nanoparticles. They form a ransparent
layer, 5o the window will 5till be see-through
[T mark] amd they conduct heat, so will be able
by wanm The window and medl the frost [T mark].
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p-41 — Relative Formula Mass
Qla) AofH=1and 4 of O =16
MofHO= (2= 1)+ 16 = 18 [T mark]
B Aofli=T, AofO=16 and A of H =1
So M ol LOH=7 = 16+ 1= 24 [1 mark]
A ofH=14cf5=32and A of O= 16
MofHS0, =(2=1)+32+(4=16)=93
[T mark]
02 AoclK=39Acl0=16andA ofH=1
M of KOH = 38 + 16 + 1 = 56 [1 mark]

HI =
22 = 100.= 70% [1 mark]

p-42 —The Mole

01 M ofHO=16+(2 = 1)= 18 [f mark]
mumbeor of modos = mass + M,
mumbar of modes = 80 g + 18 = & molos
[t markf

Q2 M of KBr = 39 + 80 = 119 [T mark]
MESE = nuimbes of moles x 1
mass = 0,20 = 110 = 24 g [T mark]

P43 — Conservation of Mass

G Todal mass on the lefl hand side
mAMH S0« 2% M (NaOH)
Mol HSO0, = (2=1)+32=(4%18)= 08
2% ofNaOH =2« (23 + 16+ 1} = B0
5o lolal mass on he loll hand side = 08 + 80
= 178 [2 marks for 178, 1 mark for aither 98
or 8]
Toldal mass on right hand side
8 MNa SO+ 2% M (HO)
Mol MaSQ, = (2m2])+ 32 = (4% 10)= 142
2w H.D“IHIU- 2w [(E= 1)+ 18] =38
142 « 36 = 170 [F marks for 178, 1 mark for
either 147 or 18]
The todal M on the lef-hand side Is equal 1o
e Lolinl A6 cony L righil-Buimmo side, Boomass s
consorvod [T mank]

P44 — The Mole and Equations
ata) N, g; & 3.0 mel [f mark]
H, 1_,!& 0 mol 1 mark]
NH,: !ﬁ? ® 6.0 mal f1 mark]
b) Devide by the smsliest namber of moles (3,00
'E 342-1 Mok =3 N 80=20
3 i 56 i 0 "
mark]

The balanced symbol eguation is;
MW, o+ 3H, —+ 2NH, [T mark]

P45 — Laimiting Reactants

Q1 MKBr) = 119, M(KCIl) = 74.5 [1 mark]
o of moles of KBr = 23,8 + 118 = 0,200 mol
[1 mark]
From the reaction equation, 2 moles of KBr
meact bo form 2 modes of KCl, 5o 0.200 moles of
KBr reacts 1o form 0200 moles of KCTT mark]
Mats KCI= 74,5 = 0,200 = 14.9 g [1 mark)

p-46 — Gases and Solutions
Q1 MM} =2 = 14 = 28 [ mark)

Voksme = ?:,—E-'I’-zd = 3.0 dm"® [T mark]

p.47 — Concentration Calculations

Q1  Modes of KOH: 0,150 = (22.5 + 1000)
= DLO0BITS [T mark]
Froem the reaction equation, 1 mole of KOH
reacts with 1 male of HNO,, so 0.003375 maol
of KOH reacls with 0.003375 medd of HNO,

[1 mark].
T aficn of HNO,;:
(0LOO3ITS) = (25.0 = 1000) = 0.135 molidm?
[T mark]
p-48 — Atom Economy
@1 a) Reaction B, becausze it only has one product |
e anloem estanomy is 100% [T mark],
b} Todal mass of all reaclanis:
MMHCT = 14 # (4 % 1) + 355 = 53.5 {1 mark]
M{Ce0) = 40 + 16 = 56 [T mark]
(2 = 53.5) + (2 = 58} = 219 [T mark]
Tolal mass of desired produc
= 2= MNH) = 34 [1 mark]

Atom sconomy = 5L = 100 = 16% [1 mark]

Answers

P48 — Percentage Yield

1 % x 100 = Bd. &% [1 mark]

p.51 — Acids and Bases
Q1 rediorange [T meerk]
Q2  alkaling {1 mark]

p.52 — Titrations

Q1 The indicator will have just changed colour
[T mark],

Q2  E.g tolncresse he accuracy of yaur resull
[T amark] and [ spod Aoy anomalous reasulls
[T mark].

p.53 — Streng Acids and Weak Acids

Q1 Any one of, &g, sulless acid [ nilde acld !
Pydrochilone: acid 1 mark].
Q2 ChangainpH=3-=6==3
Change In concentration af H' = 10" = 107
= 1000
So, the concontration of H* is 1000 limes grealor

al pH = 3 than at pH = 6 11 mark],

p.54 — Reactions of Acids

Q1 calclum carbanato + hydrochions acid -5
calcium chloride + carbon dioxde # wator
[T maek for calcivm chloride, 1 mark for
carbon dioxide and walor],

p.BE — The Reactivity Berios

Q1 2Na v 2HQ = 2NaOH, + H,
[T mauk for eoreect ropctants and produots,
T mark For tafancieg, 1 mark for siate
symbols]

p.b6 — Separating Metala From Matal

Crxidon

Q1 ZInO + Q- 2Zn+ OO,
[T imark for the correct products, T mark far
thar covrectly Dalanooad aguafion)

Q2  Carbon i less reagtve than calcium and
TR fore will ot radbuam galaium axide § Calaliim
s more reachive han colon, so caloium oxide
wan't b reducad by carbon [1 mark)
.87 — Redox Reaclions
Qlm) Zn o+ F|l|"|_II . Z"",.,.' Fa [T k]
b} Zn, s baing oxidised {7 mark]. Fo® 6 being
veducad [T arark],
p.BE — Eloctrolysis
Q1 &) chlorine gas/Cl, [T mark]
I} sodium atoma™a [T mark]

p.58% — Electrolysis of Aqueocus Sclutions
Q1 anpde; 2C1 - CL + 28 [1 imark]
cathode: Cu™ + 287 —» Cu [1 mark]
p.61 — Exothermic and Endothermic
Reactions
Q1 exathermic [1 mark]

p-62 — More Exothermic and Endothermic
Reactiona

@1 M
B
2
w

CD].__]:"' EHJD".-gl e
Prograss ol Reaclion -

{1 mark for correct axes, 1 mark for corree!
emengy levels of reactants and products, 1
mark for correct shape of curve linking the
raactanis to the products]

p.63 — Bond Energies
Qi Energy required bo break orginal bonds:
{1 % M=M) » (3w H-H)}
= 841 kdimal # 1308 klimeol = 224% ki'mol
1 markj
Energy raleased by forming now bonds:
{6 = W=k}
= 2346 kJimaol {1 mark]
Ovarall energy changa:
= 2340 kdimal — 2346 klimal = -07 kimol
[T mark]

p.64 — Cella and Batteries

al  Malal 2, Medal 3, Metal 1 1 mark].  Zinc is less
reaclive than all 3 metals, so the most reactve
matal will maka tha call with the greatast
woltage, since there will be the biggest differance
in reactivity [1 mark]. So the ordar of reaclivity
I simply the crder of the size of vollage
[ mark].

p.B6 — Fuel Cells

Q1 O =dH v do — 2H,0 [1 mark for correct
raagtanis and products, 1 mark for
balaneing]

p.BT — Hates of Reaction

Q1 The acbvabes anargy for a reaction & the
minimum amaunt af anargy that partclos nood
o react {1 mark]

p.BB — Factora Affecting Rates of Reaction
Q1 a) B [f mark], bocause tho pevwder has o highes
surface arsa bo voluma ralia than tha sold stip
[T markj.
b)) B [1 mark], bocsuso tho 4 molidm® KOM
mialiildn 8 masis concantialad i s
2 mal{dm’ scbution [1 mark].

. B8 — Moasuring Rates of Roaction

Q1 a) Add Mo GO, 1o Rask confaining HC [T mark)
and tike reedings of tha mass of e Pask ol
regular intesvals [ mark] using o mass balance
{1 mark], | Add Na, GG, ko a lask containing
HCI [T mark] and tako regular readings of
thin valuma of gas roleasaéd [T mark] usng a
fas syringe [1 mark]. Maximim of 3 marks
avallabie

b) E.g. em'is [T mark]
p.70 — Two Rates Experiments
Q1 E.p volume of HC addad [1 mark), mass of

magnesam wsad [T mank],

p.71 — Finding Reaction Rates from Graphs
Qia) Eg
i
50

40 1112
30 A
Flog hays

Volume of CO, (em)

]D_III, .....

o ; r r -
O 10 20 30 40 50 &0
Time (s)

[1 mark for eorrectly marking on ail § poinis,
1 mark for choosing a sensible scale for the
axes, T mark for drawing a line of best fit]



O 1 1 T ;
C 10 20 30 40 50 60
Time [s)

p=40-3T =13

¥= 18 -8=32

rale s p4 xm 13+ 328 0.4 cm's

[1 mark for drawing a tangent sl 25 &, T mark
for correctly calcwlating @ change in y from
tha tangant, 1 mark for carracily calculating
a ghange in x from the langent apd T mark
for a rate botween 0.3 comls and 0.5 cm/s]

p.12 — Rovorsible Roactions

Q1 Asystem I8 ol equilibrium whon both thi forwand
wred roverse rosctions aro hsppening at tho
sam ralo [1 mark]

P73 — Le Chatelier's Principle
Q1a) Mok NO,  produced (1 mark],
) Mo effect [1 mark),
€} Mom CO, prodiuced [1 mark],

p. 78 — Hydrocarbons
O1a) G, M, I8 mara visooas than ©H, (1 mank]
B G, M i & hogha bodling point than G M,
1T mark],
¢} C, M is s flammable than CH . [T rvark].
Q2  CH, =00, ICO. = 4H,0 [T mark for correct
reactants and products, 1 mark for coiroctly
balancing)

p. 76 — Fractional Dimillation

Q1 It supposts that tho hydrocarons in patrol
hava o lowar bading point thivn thosa in diesel
[1T mark],

Q2 s hod od the botbom and cooler al the lop
[1 mark)

p.17T — Uses and Cracking of Crude il

Q1 Humberof Catoms=5-2=3
Humbes ol H aloms = 12 -4 =8
Farmula = G H, [1 mark]

p.78 — Alkenes

al  CH, (1 mark]
G2 Carbon monaxide [1 mark],
carbon [T mark],
P79 — Reactions of Alkenes
a1 PI‘I H H
H=C=C—=C=H
H H H [1 mark]

Q2 The solution turms from oramge to colouress
[1 mark].

p-80 — Addition Polymers

a1 Apohymer is a lange moleculs iormed when lots
of monomers join together [1 mark].

Q@2 cum

p-81 — Alcohols

al  CHOH+ 30, = 260, + 3H,0 [1 mark for
correct products and reactants, T mark for
correctly balancing]

p.82 — Carboxylic Acids
1 a} You would see bubblas of gas form [1 mark] as
carbon dicxide is produced [T mank].
b) sodium carbonale + melhancs acid — sodium
melhancale + waler + carbon dioside [T mrark]

p.83 — Condensation Polymers
Q1 E.g. waler [1 mark]
QE  ona [T mark]

p-84 — Maturally Occurring Polymers
1 polypeplides 1 mark]

Qz E.g proteinsfpolypeptides /T mark], starch
celluloss {1 mark], DR& [T mark].

p-86 — Purity and Formulalions
O a) Tho sarmpde madie ower 2 cange of inmpaecaiurns
1 mark]. The mehing poin s bower than that of
pura aagirin 11 mark].
b)) Any range or alngla valua within thie rangs:
141-200 °C [T mark]

P87 — Paper Chromatography

Q1 During pager cheomatography, the molecules
of @aah chamsgal in b sampla mave Defwesn
the slationary phase and the mokile phage
[1 mark]. Tho mabibe phase mavas ERrough
thin slationary phaso over the course of e
axporimant, and arything thal's dissalved in
10wl prvoe w0 amvaik], T distance a
chmpeind mavas thiaugh the slationary phace
dagands an how long | apands disscived b s
mobile phase campaned Lo on he sfaticnanry
phase [ mark], Since difforent compaunds
will imeract dffaranily with tha mohblle phasa
aned [y plalkmaey abimse, eyl mose ddlaral
amounts through the stallonary phase, and so
ey pasgraratod from sach ather 1 mark].

B8 — Taats lor Gases and Anlons
Q1 Chiloride 1 mark]

P88 = Tonis for Cations
Q1 The matal lons burn sith a disginctive colous
1 markj.
QFa) AT wrark]
by A & B0 < ANOH), T imark]

.80 — Flame Emission Spoctroacopy

Q1 Flame omiasion speatiogcopy tan be uwied 1o
Idantify the matal lone In mixluras [1 maek],
whoroas Name tost can only bo used for
substancos that conain & single matal lon
I markj,

P81 —The Evelution of the Atmosphera

Q1  Sedimentary recks are formad whaen organic
malter such as plant deposils ar (e shalls and
skalalong doad of maring animals fall 1o he
seabed 1 mark], These become buried and
comprassed by sedimants over millions of years
forming rocke [1 neark].

p.92 — Greenhouse Gases and Climate
Change

Q1 Any throo from, ¢.g. polar ico caps meling | sea
leremls rising ! coslal mrosion | changing raintall
paflerns [ sorme redions oy have oo mach
of foo litle water /|t rmay be dificult to produce
food ! there may be an increasa in the frequency
and eaverity of storms. [ the distributicn of wid
species may be affacted [T mark for each, up
fo o maxinram of 3 marks],

p-93 — Carbon Footprints

Q1 E.g. gowermments can put & cap o the amount
of graenhouse gasas that a business can emit
and issue Boences for set amounts of emissions
g Lo s eoand [T mark], Thesy can also imposa
Laxes on companies according 1o he amount of
greanhouse gases thal they emil 1o encourage
them o cut down on ernissions 1 mark].

P84 — Ajr Pollution
Q1 E.g pariculates (soob) [T mark], unband Tuels
I1 mark] and carbon manoxide [1 mark].
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p-86— Ceramics, Composites and Polymers
Q1 E.g. thermosetling polymers don'l soflen when
heated wheress themmosofienng polymers do
{1 mark].

p-97 — Properties of Materials
al 14+ 24) =100 = 58.33 = 538% [V mark]

p.98 — Corrosion

Q1 The pure iron nail will rust ff mark]. E.g. the
galvanisad nail won't rust dua to the zinc forming
a profeclive layer [1 mark]

p.9% — Finite and Renewable Resources

Q1 Afinie resource, such as e.g. crude oil, wil
take a long lime to raplanish [ mark]. On the
othes hand, & renewabio mscwrce, such as a.g
timber, ¢an be replaced within a relalively shord
lirra seabe [1 mark]

p-100 — Rouse and Recycling

Q1  E.g saves energy neaded fo extract metals. from
thar marth { conserves limiled supphos of metals
frcam e @arlh J culs down on the amounl of
warsle going o landiil [T mank for each].

p.101 — Life Cyelo Assosamants
Q1  Chaeoo of maberial | manulacbenng and

packaging ! vaing the product J product disposal
{1 mark for wach].

p.108 — Patakle Water

Q1 E.q Niter tha wabor firsl, using & winoe mash
fellwnd by sand and gravel bads 1 mank]
Than winrilise the Hilerod wator using chioring |/
oo | UV radiation [1 mark)

- 103 — Waste Waler Troatment

Q1  Screening [1 mark]. sedimantaton [T mark],
digastion [peercbic | anaoroble) [1 mark]

p.104 = The Habar Process

a1 Atemparaturs of 450 'C s usod becauss this
I8 high encugh to ansuie o laat mte ol feachon
wihout docransing tha yiakd of ammania by
Lo rvech [T vvanek]. A prossung of 200 abm s
L |0 order b0 manimise e rabe and e gaid
of i reaalian. Highet presture would e oo
oxpansive [1 markl. An iron catalysl is used in
arder 1o spood up the rate of reacton [1 mark].

p- 108 — NPK Fartilisera
Q1 E.q polessiom chlonde | polassium sdphate
{1 mark].

Answers
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Index

A
accuracy &
acids 51-55, 82
achivalion energy B2, &7
addition polymers 30, ¥3
aldition reactions 79
alcohols T9, 81, 82
alkali metals 24

alkaline batterics 64
alkalis 51, 52

alkancs 7577

alkencs T7-80

allowopes of carbon 34
allovs 35, 97

amuno acids B4
amonia 104, 105
anbons 18, BK

ancdes 5B, 59, 65
ancmalius resulis @
mtmosphere 9

st coonomy 4K
st numbsers 12, 13, 22
aloamys 12:14, 19
averages (means) T
Avogadro constani 42

B

balancing equations 15, 44
ball and siick models 30
bar chans 7

banum chlenide 88

bascs 51, 54
hattetics 64
biaz 3

bioleaching 100

Bohir madel of the atom 19
boaling 17

bond encrgics 63

baosmnine water 79
buckminster fullerene 34
burcties 52, 107

C
carbon 34
carbon dioxide

i the amesphere 91, 92

pollution 92-94

st for BK
carbon fomprings 3
carbon monoxide TH, ™
carbonates 34, K2, &8
carboxylic acids £2
catalysts 3%, 68, 77
cathadiez 58, 59, &5
cations 2X, H9
cells (electrochemical) 64
ceramics ‘MG, 97
chemical formulas 14, 15
chlorine 88, 102
chromatography 16, 87
climatc change 92
collizion theory 67, 68
combuastion reactions

6l, 75 M4

composites 96, 97
compounds 14
concentrafions 46, 47
conclusions [
condensation polymers 83
condensmmg 37
conscrvation of mass 43
control vansbles §
cormelations 10
commosion 98
covalenl bonds 31
cracking {of hydrocarbons) 77

Index

crade il 76, 77
crvstallisation 17, 54

D

delocalised electrong 33-35
dependent vanables 5, 8
dimend 33, 34
displacemant reactions 25, 57
displayed formulas 31
distillation 18, 102
DNA B4
dot and cross dugnoms

29, 31, 32
double bonds VE-H0

E

electrochemicnl cells 64
elecirodes 38, 59, 64, 65
clecirolysis 58, 58, (04
clectronic stuctures 20, 23, 2K

elecirons 13, 19, 20, 33, K32

shells 12, 1%, 20
elements |3
endollerimle Peieiions

6163, T2, 71
couilibain T2, T3, 104
[T
esters B2
evaluntions 11
evaporution 17, A7
exapthenmic rengtiong

6l-61, T2, T3

falr tesin 5

fermentilion Kl

fertiliscrs 104, 108

filtration 17

fume crnission spectroscopy 0
fame tests HY

formulutions K

fossil fhels 7h, 91, 92, 94, 9
fractionu] disiillation 18, 6
frecany, 37

fuel cells 65

fullerenes 14

functional groups 79, K1, K2

G

gas syringes A9, 107
cus vidumes 44

gases 36, 3T, 46, 107
piant covilent struciures 33
glant ionic lattices 30
gradicnis R, 71
graphene 24

graphite 33, 34

graphs &, &7, 70, Tl
greenhouse gases 92, 93
Cirsup 01 26

Group 1 24

Group 7 25

greaups (of the pericdic table) 22

H

Haber process 104

Tall cquations 59, 45
halides 25, 5%, 4%
halogens 23, 79

hagards 4, 108

heating substances 110
homologees series 75, 81
hydrocarbons 75-78
hwdrogen-oxygeen fuel cells 63
Ivdrogenation 70
hypotheses 2, 5

I

independent variables 5, §
indicators 51, 52
intermnelecular fonces 33, 33
iomic bonds 29

ionic compaounds 50

Ioaie @quations 57

ioms 28-30

islopes 13, 21

L

Le Chatelier’s Principle 73
life cyele nssesaments 10
limting reactonts 43
liguida 36, 37, 107
s 52, 88

M

mass mambera 12, 13
et (iverages) T
TUsUNgE
masa 107
il 108
teimperaiure LO¥
fiime 108
volume 107
melting A7
wetinl oxiles 54, 56
wicknllic bonds 23, A5
metils 23, 24, 15, 55, 5n,
T, UE
bomcling 23, 18
eatroction 56, 58
nixiures b=l H
malen 42, dd-47
monomers Bk, 48

N

nanoparticles 38, 19
manmrulbes 34
neuiralisaniion reaeiions
§h, 52, 84
nelitrons 12, 13, 1%
mitrsgen oxides 94
nasble guses 26
nom-metals 23, 28
non-rechirgeahle Batterica &4
NIPK Tertilisers 105
nulear maslel 19
iweled (ol moms) 12, 19

O
oxidation 56-58, 65
wxigbes of nitrogen

P

particle theory 36, 37
perecniage masses 41
percentige yields 49
pericdic table 21, 22
petioals (of the periadic table)
12
pH 51-5%, 108
phytomining 100
pipettes 52, 107
plum pudding model 19
pulymers
33, B0, §3, B4, Db, 97
podable water 1402
precipitutes 69, 70, X8, B9
precision &
predictions 2, 5
proteins B4
protons 12, 13, 19, 21
punily 26

R
random errors 6
range {of data) 7, 11
rales of resction 6771

graphs 67, 70, 71

measuring rates 69, 70
reaction profiles 62, 6%
reactivity scrics 55, 56
mecycling 100
redox reactions 57
reduction 56-38, 635
relitive atomic mass, A,

13, 21, 41

relitive Formula mass, M 4148
repentability §, 6
repemting unies 33, 20
mepraducibility 5, &
resolunion &
reversible renctions 72, 73, 104
st W8

sivturuted eompounds 75, 79
sewige 101

slgnificont Nigures 7

siliwan divgide 53

sumple molecular subsdtunces 32
soclivm chloride 25, 30
solils 36, 57, 107

stite aymbols 3

stntes of matter Y, AT
slrong aeids 33

sullates KR

sulfur dioxicle 4
sustuinable developmernt 100
syateniatic ermom &

T
tilsles (ol datay 7, 99
Lests T

wlkenes 79

unions 83

cations 49

puses HE

mutal lons B9, 90
thesretical vields 45, 49
thissries 2
thermal decomposition

61, 72, 17

thermometers 18, 108
titrations A7, 51, 52
transition metls 23, 24, 25

u

uncertainty 11

units

universal indicator 51, 52
ungaturated compoimds 78, S0

v

validity 5

variahbles 5, 8
villnges 64
volumes of gases 46

w

water treatment 103
weak acids 53

Y

vields 45, 449
Z

oo ermors 6

CAR45, CHR45
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GCSE Chemistry doesn’t
have to be rock-solid...

...with this brilliant CGP book, the exams will be a lot easier to crack!

* Atoms, bonding, rates of reaction...
Every last topic... explained!

* Required practicals and maths skills...
Yep — they're in here too, ready and waiting!

« Exam practice questions?
What do you know — we've included those too!

When it comes to Chemistry revision, CGP is the elementary choice £
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P.S. Want to make sure yvou're 100% prepared for the final exams?
Pick up CGP's malching Exam Practice Workbook!
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