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How Sc!ENCE WoRкs 

: .· Theories Come, Theories Go ,,. 

SCIENTISTS ARE ALWAYS RICHT- OR ARE ТНЕУ? 

Well it'd Ье ni ce if that were so, but it just ain't- never has been and never will Ье. 
lncreas ing scientific knowl edge involves making mistakes along the way. Let me exp lain ... 

Scientists соте up with hypothвsвs - then tвst them 

1) Sc ientists try and expla in things. E\(erything. 

2) They start Ьу observi ng or thinking about something they don't understand - it could Ье anything, 
e.g. planets in the sky, а person sufferi ng from an illness, what matter is made of ... anything. 

About 100yearsago, we 
thoughtatoms looked like this. 

3) Then, using what they already know (plus а Ьit of insight), 
they come up w ith а hypothesis (а theory) that cou ld exp lain 
w hat they've observed . 

Remember, а hypothesis is just а theory, а 
belief. And believing something is true doesn't 
make it true - not even if you're а scientist. 

4) So the next step is to try and convince other sc ienti sts that 
the hypothes is is ri ght - which involves using evidence. 
First, the hypothesis has to fit the evidence already ava il aЫe 

- if it doesn't, it' ll convi nce no one. 

5) Next, the sc ienti st might use the hypothes is to make а pred ict ion -а crucia l step. lf the hypothesis 
pred icts something, and then evidence from experiments backs that up, that's pretty convinci ng. 

This doesn't mean the hypothesis is true (the 2nd prediction, or the 
З rd, 4th or 25th one might turn out to Ье wrong)- but а hypothesis 
that correctl y predicts something in the future deserves respect. 

А hypothesis is а good place to start 
You might have thought that science was al l about facts ... we ll , it's not as cut and dried as 
that - you also need to know about the process that theories go through to become accepted, 
and how those theories change over time. Remember, nothing is set in stone ... 

ГIN 
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Theories Come, Theories Go 

Other scientists wi/1 tвst the hypotheses too 

1) Now theп ... other scieпtists wi ll waпt to use the hypothes is 
to make their оwп predi ctioпs , а пd they ' ll ca rry out their 
оwп experimeпts. (They' ll also try to reproduce ea rli er 
results. ) Апd if all the experimeпts iп all the world back up 
the hypothesis, theп scieпtists start to have а lot of faith i п it. 

2) However, if а scieпtist somewhere iп the world does ап 
experimeпt that doesп 't fit with the hypothesis (апd other 
sc ieпtists са п reproduce these results), theп the hypothes is is 
iп trouЫe. Wheп this happeпs, sc ieпti sts have to соте up 
with а пеw hypothes is (maybe а modifi catioп of the o ld 
theory, or maybe а completely пеw опе) . 

е--... 

3) This process of testiпg а hypoth es is to destructioп is а vital 
part of the sc i e пtifi c process. Without the 'healthy 
scepticism' of scieпtists everywhere, we'd sti 11 bel ieve the 
first theori es that peopl e came up with- like thuпder beiпg 
the be l c hiпgs of а п aпgered god (or w hatever). 

Тhen we thouqht they 
looked /ike this. 

lf вvidвncв supports а hypothesis, it's ассврtвd - for now 

1) lf pretty much every sc i e пti s t iп the world believes а hypothes is to Ье true because 
experimeпts back it up, th e п it usuall y goes iп the textbooks for stude пts to l ea rп . 

Now we think its more like this. 

2) Our curreпtly accepted theories are the опеs that have 
survived this 'tria l Ьу ev ide пce'- they've Ьееп tested 
та пу, та пу times over the yea rs а пd survived (whil e the 
less good о п еs have Ьееп ditched). 

3) However ... they п eve r, п eve r become hard а пd fast, 
totall y iпdi sputaЫe fact . 

You са п пever kпow ... it'd опlу take опе odd, totally 
iпexplicaЫe result, апd the hypothesisiпg апd testiпg 
would start all over agai п . 

You expect те to believe that - then show те the evidence ... 
lf sc i e пti s ts thiпk somethiпg is true, they пееd to produce ev ideп ce to сопviпсе others- it's all part of 
testiпg а hypothes is. Опе hypothes is might survive these tests, while others woп't - it's how thiпgs 
progress. Апd a loпg the way some hypotheses will Ье disproved - i.e. s howп поt to Ье true. 
So, you see ... поt eve rythiп g sc i e пti s ts say is true. lt's how scieпce works. 

Hnw SпENCE WoRкs 



Your Data's Got to Ве Good 

Evidence i5 the key to 5c ience- but not all ev idence i5 equall y good. 
The way that ev idence i5 gathered ca n have а Ьi g effect on how tru5tworthy it i5. 

Lab вxpвriments are better than rumour or sma/1 sатр/вв 

1) Re5ul t5 from controlled experiment5 in laboratori e5 are great. А lab i5 the ea5 ie5t p lace to contro l 
va ri a Ьi e5 50 that they're all kept con5tant (except for the one you're inve5ti gating). 

Thi5 make5 it ea5 ier to carry out а fair te5t. 

lt'5 al5o the ea5 ie5t way for different 5c ienti5t5 around the world to ca rry out the 5a me 
experiment5. (There are thin g5 you ca n't 5tudy in а lab though, like c limate.) 

2) Old w ive5' tale5, rumour5, hea r5ay, 'what 50meone 5a id ', and 50 on, 5hould Ье taken w ith а pinch 
of 5a lt. They'd need to Ье te5ted in contro ll ed condition5 to Ье genuinely 5c ientific. 

3) Data ba5ed on 5ample5 that are too 5mall don't have much more credibllity that rumour5 do. 

А 5a mple 5hould Ье repre5entative of the whole population (i.e. it 5hould 5hare а5 many of the 
va ri ou5 characteri5ti c5 in the w hole populati on а5 po55 iЬie)- а 5mall 5ample ju5t ca n't do that. 

Evidence is оп/у reliaЬ/e if othвr рвор/в сап гврваt lt 

Scient ifi c evidence need5 to Ье re li a Ьi e (o r reproduc iЬi e). lf it i5n't, then it doe5n't rea ll y help. 

RELIABLE means that the data сап Ье reproduced Ьу others. 1 

Example: Cold fusion 

ln 1989, two 5c ienti 5t5 c laimed that they'd 
produced 'cold fu5ion ' (the energy 5ource of the 

Sun - but without the enormou5 temperature5). 

lt w a5 huge new5- if true, thi5 could have 
meant energy from 5еа water - the idea l energy 
5o lution for the world ... forever. 

However, other 5c ienti5t5 ju5t couldn 't get the 5ame re5ult5 - i.e. the re5ult5 weren't 
reli a Ьi e . And until they are, 'co ld fu5ion ' i5n't going to Ье generall y accepted а5 fact . 

Reliability is really important in science 
The 5c ientific community won't accept 5omeone'5 data if it ca n't Ье repea ted Ьу anyone el5e. lt may 
5ound li ke а rea ll y fanta5ti c new theory, but if there'5 no other 5upport for it, it ju5t i5n't re li a Ьi e. 
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Your Data's Got to Ве Good . ·,~~ 
·"";} 

Evidence also needs to Ье va/ld 

То aп5wer 5cieпtif i c que5tioп5 5cieпti5t5 ofteп try to liпk chaпge5 iп опе variaЬie with chaпge5 iп a п other. 

Thi5 i5 u5eful evideпce, а5 loпg а5 it'5 va lid. 

VALID means that the data is reliaЬie AND answers the original question. 

Example: Do power lines cause cancer? 

Some 5tudie5 have fouпd that chi ldreп who live пеаr overhead 
power liпe5 are more likely to develop сапсеr. What they'd 
actua lly fouпd wa5 а corre l atioп betweeп the variaЬie5 
"рrе5епсе of power liпe5" апd "iпcideпce of сапсеr" - they 
fouпd that as опе chaпged, 50 did the other. 

But thi5 evideпce i5 поt eпough to 5ау that the power liп e5 
cau5e са псе r, а5 other exp l aпatioп5 might Ье po55iЬie. 

For example, power liпe5 are ofteп пеаr bu5y road5, 50 the 
area5 te5ted could сопtаiп differeпt level5 of pollutioп from 
traffic. Al5o, you пееd to look at type5 of пeighbourhood5 
апd life5ty le5 of people liviпg iп the te5ted area5 (cou ld diet Ье 
а factor ... or 5omethiпg el5e you hadп't thought of ... ). 

So the5e 5tudie5 doп't 5how а defiпite liпk апd 50 doп't aп5wer the origiпal que5tioп. 

lп reality, it'5 very hard to coпtrol all the variaЬie5 that might (ju5t might) Ье haviпg ап effect. 

You сап do thiпg5 to help - e.g. choo5e two group5 of people (tho5e пеаr power liпe5 апd tho5e 
far away) who are а5 5imi lar а5 po55iЬie (5ame mix of age5, 5ame mix of diet5 etc) . 
But you сап't ea5i ly rul e out every po55iЬility. 

lf you could do а properly coпtrolled lab experimeпt, that'd Ье better- but you ju5t сап ' t do it 
without cloпiпg people апd expo5iпg them to thiпg5 that might cause сапсеr ... hardly ethical. 

Ooes the data really say that? 
lf it'5 50 hard to Ье defiпite about aпythiпg, how doe5 апуЬоdу ever get coпviпced about aпythiпg~ 
Well, what u5ually hарреп5 i5 that you get а load of evideпce that al l poiпt5 the 5ame way. 
lf опе 5tudy сап ' t rule out а particular po55iЬility, theп maybe aпother опе сап. So you gradua ll y build 
up а whole body of evideпce, апd it'5 thi5 (rather thaп апу 5iпgle 5tudy) that сопviпсе5 people. 

How SCIENCE WoRкs 



(f:· Bias and How to Spot it 
Scieпtifi c results are ofteп used to make а poiпt, but results are sometimes preseпted iп а Ьiased way. 

You don't need to lie to make things biasвd 

1) For somethiпg to Ье misleadiпg, it doesп't have to Ье uпtrue . We teпd to read sc i eпtific facts апd 
assume that they're the 'truth', but there are mапу differeпt sides to the truth. Look at this headliпe ... 

1 in 2 people are of above average weight 
Soundslikewe'rea 
nation offatties. 

2) But ап average is а kiпd of 'midd le va lue' of all your data. Some readiпgs are higher thaп 
average (about half of them, usually). Others wi 11 Ье lower thaп average (the other half). 

Sotheabove headlinecould ~ 
justasaccuratelysay: ~ 1 in 2 people are of below average weight 

3) The poiпt is ... both headliпes souпd quite worryiпg, еvеп though they're поt. That's the thiпg ... 
you сап easi ly make somethiпg souпd really good or really bad - еvеп if it isп 't. You са п ... 

G) ... use оп l у some 
of the data, rather 
thaп all of it: 

Q) ... phrase thiпgs iп 
а ' l ead iп g' way: 

Q) ... use а statistic that 
supports your poi пt 
of view: 

"Many people lost weight 
usiпg the new SlimAway 
diet. Buy it поw! !" 

о--Г~/ 
:-; 90% fat free! < 
~J-1~'-

The amou nt of Energy wasted The rate at which energy 
energy wastecl per person waste is increasing is 
is increasing. is decгeasi ng. slowing down. 

--г 

Think about why things might Ье biasвd 

"Many" could meananything -e.g. 
50outof5000(i.e.1%). Butthat 
could Ье ignoring most ofthe data. 

Wouldyou buyit ifit were "90% 
cyanide free"? Тhat 10% is the 

important Ьit, probably. 

Тhesedescribe the same 
data.Buttwosound 

positive and one negative. 

1) People who waпt to make а poiпt сап sometimes preseпt data iп а Ьiased way to suit 
their оwп purposes (sometimes w ithout kпowiпg they're doiпg it). 

2) Апd there are all sorts of reaso пs why people might waпt to do this- for example ... 

• Goverпmeпts might waпt to persuade voters, other goverпmeпts, jourп a lists, etc. Evideпce 

might Ье igпored if it could create political proЫems, or emphasised if it helps their cause. 
• Compaпies might waпt to 'Ьig up' their products. Or make impressive safety claims, maybe. 
• Eпviroпmeпtal campaigпers might waпt to persuade people to behave differeпtly. 

3) People do it all the time. This is why апу scie пtifi c evideпce has to Ье looked at carefull y. 
Аге there а пу reasoпs for thiпkiпg the ev ideпce is Ьiased iп some way? 

• Does the experimeпter (or the persoп writiпg about it) sta пd to gaiп (or lose) a пythiпg? 
• Might someoпe have igпored some of the data for political or commercial reasoпs? 
• ls someoпe u siпg their reputatioп rather thaп evideпce to help make their case? 

Scieпt ifi c data's поt always misleadiпg, you just пееd to Ье careful. The most cred iЬi e argumeпt 

wi ll Ье the оп е that describes ill.l the data that was fouпd, апd gives the most balaпced view of it. 

~Г NГ 
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Atoms ·'. 
Hello, good evening and welcome to Chemistry. This secti on covers all of Chemistry's essentia l gQQ:: 

details - about atoms, their innards, and what they get up to with each other when no one's looking. 

1 Structurв of the atom- there's nothing to it 1 

The structure of atoms is quite simple. Just learn and enjoy, my friend . 

. . . . . ... . •·. The Nuclвus 

1) lt's in the middle of the atom. lt contains protons 
and neutrons. (lt's the number of protons in an 
atom that decides what element it is.) 

2) The nucleus has an overall positive charge 
because protons are positively charged while 
neutrons have no charge. 

3) Almost the whole mass of the atom is 
concentrated in the nucleus. But size-wise it 's 
tiny compared to the atom as а whole. 

1) They move around the nucleus in energy levels called shells. 
(Each shell is only allowed а certain number of electrons.) 

2) They have а negative charge (electrons and protons have equal but opposite charges). 

3) They 're tiny compared to the nucleus (they have virtually no mass), but as they move around 
they cover а lot of space. (The size of their orЬits determines how Ьig the atom is. ) 

1 Numbвr of protons equals numbвr of вlвctrons 1 

1) Neutral atoms have no charge overall. 

2) This is because the number of protons always equals the number of electrons in а neutral atom, 
and the charge оп the electrons is the same size as the charge on the protons, but opposite. 

3) The number of neutrons isn 't fixed but is usuall y about the same as the number of protons. 

1 Know your particlвs 1 
,-------

1) Protons are heavy and positively charged. Parti cle ~el ati ve ma_ss____,__R_elative char~ 

2) Neutrons are heavy and neutral (no charge). 
Proton 1 + 1 

3) Electrons are !l.!ly and negatively charged. 
Neutron 

Electron l J:ooo_l 
о 

-1 

Each вlвтвпt has an atomic numbвr and а mass numbвr 
1) The atomic number says how many protons there are in an 

atom, and is unique to that element. 

2) The atomic number also tells you the number of electrons. 

3) The mass number is the total number of protons and 
neutrons in the atom. So if you want to find the number of 
neutrons in an atom, just subtract the atomic number from 
the mass number. 

SECТION 0 NE - CHEMICAL CONCEPTS 

MASS NUMBER 
Total number of 
protons and neutrons. 

ATOMIC NUMBER 
(OR PROTON NUMBER) 
Number of protons, 
which is equal to the 
number of electrons. 



.', Solids, Liquids and Gases 
You са п exp l a iп а lot of thiп gs ( iпc l udiпg perfumes) if you get your head rouпd thi s lot. 

Statвs of mattвr- depend оп the forcвs Ьвtwввп particlвs 

All stuff is made of particles (molecules, i o п s or atoms) that are coп s ta пt l y moviпg, а пd the forces 
betweeп these particles са п Ье weak or stro п g, depeпdiпg оп whether it's а so lid, l iquid or а W· 

--

1) There are stroпg forces of att ractioп betweeп parti cles, which holds 
them iп fixed pos itioп s iп а very regular lattice arraпgemeпt. 

2) The parti cles doп 't move from their pos itioп s, so all so lids keep 
а defiпite shape а пd volume, а пd doп ' t f low like liquids. 

3) The parti cles vibrate about their positioпs - the hotter the so lid becomes, 
the more they vibrate (causing so lids to expand slightly when heated). 

lf you heat the so l id (give the partic les more eпergy), 
eventually the solid wi ll melt and become liquid . 

1) There is some force of attracti on betweeп the partic les. They're free 
to move past each other, but they do tend to stick together. 

2) Liquids doп ' t keep а defiпite shape and wi ll flow to fill the 
bottom of а сопtа i пе r. 

3) The parti cles are constaпtly moving with raпdom motion . The hotter the 
liquid gets, the faster they move. Thi s causes liquids to ехра пd slightl y 
wheп heated. 

lf you now heat the liquid, eveпtua ll y 

it will boil and become W· 

1) There's next to no force of attrac ti oп between the particles - they're free 
to move. They travel in straight l ines and о пl у iпte ract wheп they co llide. 

2) Gases don 't keep а defiпite shape or volume and will always fill any 
coпta iпe r. Wheп particles Ьоuпсе off the wa ll s of а container they exert а 
pressure on the walls. 

3) The particles move coпsta ntly with random moti oп . The hotter the gas gets, 
the faster they move. Gases either ехрапd when heated, or their 
pressure increases. 

Some liquids are тоге volatile than others 

1) When а liquid is heated, the heat eп ergy is transferred to the 
particles, whi ch makes them move faster. 

2) Some particles move faster than others. 

3) Fast-movi ng particles at the surface wi ll overcome the forces of 
attracti on from the other particles and escape. Thi s is evaporation . 

4) How eas ily а liquid evaporates is ca ll ed its volatility. 

7 

Evaporation is why you ca n smell stu ff, еvеп so li ds and liquids. А few particles have enough energy to 
evaporate а пd the smell receptors in your поsе detect them - and hey presto - you smell the substa nce. 
Perfumes, air fresheners, etc. are usuall y vo lati le liquids so they evaporate enough for you to smell them. 

SECТION 0 NE - СнЕмtсАL C oNCEPTS 
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Elements, Compounds and Mixtures ·:[; 
. ·~ 

There are о пl у about 100 or so diffe reпt kiпd s of atoms, which does п ' t souпd too bad. 
But they са п j o iп together iп loads of di ffe reп t comЬiпati o п s, which makes life more complicated. 

Тhе atoтs in solids 
are tightly packed. 

Nitrogen is the тost соттоп 
eleтent in the air {about 78%). 

Atoтs in gases often go round in pairs. А тolecule 
with two atoтs in it is called а diatoтic тolecule. 

Compounds are chemically bonded 
А compouпd is а s ubsta пce that is made of two or more Ca rbon+ Oxygen Ca rbon Diox ide 

diffe reпt e l emeпts which are chemica lly joiпed (boпded) together. r/ с + ~ 

1) For examp le, саrЬоп dioxide is а compouпd formed from а chemica l reactioп . Опе са rЬо п atom 
reacts with two охуgеп atoms to form а molecule of са rЬоп diox ide, with the formula ( 0

2
• 

2) lt 's very diffi cult to separate the two o rig iпa l e l emeпts out aga iп . 

® +0 @:D FeS 

Mixture Compound 

3) The properti es of а compouпd are ofteп totally d i ffe reп t 

from the properti es of the original elements. 

4) For example, if а mi xture of iron а пd sul fur is heated, the iron 
and sul fur atoms react to form the compound iron sulfide (FeS). 
lroп sul fide is not much like iron (e.g. it's поt attracted to а 
magnet), nor is it much like sulfur (e.g. it's поt yellow 
iп co lour). 

Mixtures are easily separated - not like compounds 
1) Uпlike iп а compouпd , there's по chemical Ьопd betweeп the different parts of а mixture. 

The parts сап Ье separated out Ьу physical methods such as di stil l atioп (see page 32). 

2) Air is а mixture of gases, ma iпl y пitroge п , охуgеп , са rЬоп diox ide апd a rgoп. 
The gases са п all Ье separated out fairl y eas il y. 

3) The properties of а mi xture are just а mixture of the properti es of the separate parts. 

4) А mixture of i roп powder а пd 
sulfur powder will show the 
properti es of both iron апd sulfur. 
lt wi 11 со пtа i п grey magпeti c Ьits of 
iroп апd bright ye llow Ьits of sulfur. 

Ai r is а 
mi xture 
of gases 

5) Crude o il is а mixture of diffe reпt length 
hydrocarbon mo lecules - see page 32. 

о, 

со, 

lron and sul fur mix~ 
together, but unreacted. 
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,· The Periodic ТаЬiе 
~ 

ln the 18005 chemi5t5 were keen to try and find pattern5 in the element5 they knew about. 
And the more element5 that were identified, the clearer tho5e pattern5 became ... 

Dmitri Mвndвleev arranged the в/втвпts in groups 

Mendeleev 1s ТаЫе of the Elements 

н 

Li В е в с N О F 

Na Mg Al Si р s Cl 

к Са * Ti V Cr Mn Fe Со N i Cu Zn * * As Se Br 

Rb Sr у Zr Nb Мо * Ru Rh Pd Ag Cd 1 n Sn Sb Те 1 

Cs Ва * * Та W * Os lr Pt Au Н g Tl РЬ В i 

1) ln 1869, а Ru55ian 5c ienti5t ca lled Dmitri Mendeleev 
arranged the 50 or 50 known element5 in order of 
atom ic ma55 to make а ТаЫе of Element5. 

2) Mendeleev'5 tаЫе placed element5 with 5imi lar 
chemica l propertie5 in the 5ame verti ca l group5-
but he found that he had to leave ~ in hi5 tаЫе 
to make thi5 work. 

3) The ~ in Mendeleev'5 tаЫ е of element5 J 
were really clever becau5e they predicted 
the properti e5 of undi5covered element5. 

4) Since then new element5 have been found which fit 
into the gap5 in Mendeleev'5 tаЫе . Over the la5t 
hundred year5 or 50 the tаЫе ha5 been refi ned to 
produce the periodic tаЫе we know (and love) today ... 

Elementary ту dear Mendeleev 
Even though it5 not the periodic tаЫе we u5e today, it5 important to know how much of an influence 
Mendeleev'5 per iod ic tаЫе ha5 been on our modern per iod ic tаЫе. Make 5ure you know how 
Mendeleev arranged hi5 tаЫ е and how it ca me to look like the one we're u5ed to u5ing today. 

9 
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The Periodic ТаЫе · 
The peri odic tаЫе i5 rea lly impo rta пt . You са п try to do chemi5try w ithout it, but it '5 likely to all епd 
iп di 5a5ter. Learn the rul e5, kпow the treпd 5 а п d practi 5e 5a fe chemi5try. 

The pвriodic tаЬ/е puts elements with similar propвrtiвs together 

1) The peri odi c tаЫ е i5 laid out 50 that e l emeпt5 w ith 5imil ar properti e5 form columп 5 . 

2) The5e verti ca l columп 5 are ca ll ed group5 а пd Roma п пume ra l 5 are ofteп (but поt alway5) u5ed 
for them. 

3) lf you kпow the properti e5 of опе e l emeпt, you са п predi ct properti e5 of other e l emeпt5 iп 

that group. 

4) For example the Group 1 e l emeпt5 are Li, Na, К, Rb, С5 а пd Fr. They're all metal5 а пd they 
react the 5ame way. E. g. they al l react w ith water to fo rm а п a lka liпe 5o lution апd hydrogeп ga5. 

5) You са п al5o make predi cti oп 5 about reactivity. E.g. iп Group 1, the e l emeпt5 react more 
vigorou51y а5 you go dowп the group. Апd iп Group 7, reactivity decrea5e5 а5 you go 
dowп the group. 

6) There are 1 00i 5h element5, w hi ch all materi al5 are made of. lf it wa5п ' t fo r the peri odi c tаЫ е 

o rga пi 5 iп g eve rythiп g, you'd have а heck of а job rememberiпg all tho5e properti e5. lt'5 асе. 

2 

3 

4 

5 

б 

7 

с г 
Г' 

L 
reacti ve tra п 5 iti o п other по п -

meta ls meta ls meta ls meta ls 

The periodi c tаЫе give5 you the ma55 number 
and atomic пumber of al l kпown e lemeпt5. 

ma55 number 
(total number of protons & neutrons) -::т-

Не 
atomic пumber нelium 
(number of protons) --~J__ 

The periodic tаЬ/е is а/1 you need 

'L 
поЫе separates metals 
gases from пoп -meta l s 

Опе importa пt thiпg to uпde r5 ta п d о п the5e page5 i5 that а 5c i e пtifi c theory (5uch а5 "e l emeпt5 са п 

Ье grouped in а tаЫ е accordiпg to their properti e5") са п Ье u5ed to make predi c ti oп 5 (5uch а5 " there 
are gap5 iп the tаЫе 50 there mu5t Ье 5ome uпdi 5cove red element5 to fi ll tho5e gap5") . Got it ... good. 
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~. Balancing Equations 
Al l chemical reactioпs сап Ье showп usiпg ап equatioп. Uпfortuпately, gettiпg equatioпs right takes а 
Ьit of practice. So make sure you W а Ьit of practice- doп't just skate over them. 

1 Atoms aren't lost or made in chemical reactions 1 

1) Duriпg chemical reactioпs , thiпgs doп't appear out of пowhere апd thiпgs doп ' t just disappea r. 

2) You stil l have the same atoms at the епd of а chemical reactioп as you had at the start. 
They're just a rraпged iп differeпt ways. 

3) Balaпced symbol equatioпs show the atoms at the start (the reactaпt atoms) апd the 
atoms at the епd (the product atoms) апd how they're arraпged. For example: 

Word equatioп: Magпesium + Охуgеп __, Magпesium oxide 

Balaпced symbol equatioп: 2Mg 

4) Because atoms areп't gaiпed or lost, the mass of the reactaпts equals the mass of the products. 
So, if you react 6 g of magпesium with 4 g of охуgеп, you'd епd up with 1 О g of magпesium oxide. 

1 Balancing the equation - match them up one Ьу one 1 

1) There must always Ье the same пumber of atoms of each e l eme пt оп both sides
they са п 't just disappear. 

2) You Ьаlапсе the equ atioп Ьу puttiпg пumbers iп froпt of the formulas where пeeded. 

Take this equatioп for reactiпg sulfuric ac id (H
2
S0

4
) \Vith sod ium hydroxide (NaOH) 

to get sod ium sulfate (Na
2
S0

4
) а пd water ( Н 2 0): 

1 H2S04 + NaOH __, Na2S0 4 + Н20 1 

The formulas are all correct but the пumbers of some atoms doп't match up оп both sides. 
E.g. there are 3 H's оп the left, but опlу 2 оп the right. You сап't chaпge formu las like Н 20 to Н 30. 
You са п опlу put пumbers iп froпt of them : 

1 Method: balance just ONE type of atom at а time 1 

The more you practise, the quicker you get, but al l you do is this: 

1) Fiпd ап elemeпt that doesп't Ьаlапсе апd peпcil iп а пumber to try апd sort it out. 

2) See where it gets you. lt may create aпother imbalaпce- if so, just peпcil iп 
aпother пumber апd see where that gets you. 

3) Carry оп chasiпg uпbalaпced elemeпts апd it'll sort itself out pretty quickly. 

1' 11 show you. lп the eq u atioп above you sооп пoti ce we're short of Н atoms оп the ri g ht- haпd side. 
1) The опlу thiпg you са п do about that is make it 2Н20 iпstead of just Н 20: 

H
2
S0

4 
+ NaOH __, Na

2
S0

4 
+ 2Н20 

2) But that поw causes too mапу Н atoms апd О atoms оп the right-haпd side, so to Ьаlапсе that up 
you could try puttiпg 2NaOH оп the l eft- h aпd side: 

H
2
S0

4 
+ 2NaOH __, Na

2
S0

4 
+ 2Н 20 

3) Апd suddeпly there it is! Everythiпg ba l aпces. Апd you' ll пotice the Na just sorted itself out. 

1 1 
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Warm-Up and Exam Questions · ·· · · ~;~:~ 
• ., "·J-<![_ 

lt's easy to think you've learnt everything in the section until you try the warm-up questions. Don't panic 
if there аге Ьits you've forgotten. Just go back over those Ьits until they're firmly fixed in your brain . 

Warm-U 
1) ln а neutral atom, which particles are always equal in number~ 

2) Explain the difference between mass number and atomic number. 

3) What happens to а gas when it is heated~ 

4) Name an element in which the atoms are tightly packed at room temperature. 

5) Balance this equation for the reaction of glucose (С6Н 1 206) and oxygen: 
С6Н 1 206 + 0 2 ~ СО2 + Н2О 

6) ln this equation: Н2504 + 2NaOH ~ Na
2
50

4 
+ 2Н20 

explain the difference between the meaning of the 
2 

in Н2504 and the 2 in 2NaOH. 

Exam Qu 

The proton has а relative mass of 1. What is the relative mass ofthe neutron? 

А 2000 

в 

с 112000 

D 2 

2 Which of the fol\owing statements about Mendeleev 's periodic taЬle is not true? 

А Elements with similar chemical properties were placed in vertical groups. 

(1 mark) 

В Gaps were left which helped in predicting the properties of undiscovered elements. 

С The elements were arranged in order of atomic mass. 

D Mendeleev 's periodic taЬle contained over 100 elements. 
(1 mark) 

3 (а) Using the ideas ofkinetic theory, explain: 

(i) why liquids flow. 
(2 marks) 

(ii) why gases fill their containers . 
(2 marks) 

(iii) why so lids have а fixed shape. 
(2 marks) 

(Ь) (i) Explain the process of evaporation, in terms of particles. 
(1 mark) 

(ii) Explain why perfumes are made from substances which evaporate easily. 
(1 maгk) 

SECТJON 0NE - CнEMJCAL CoNCEPТS 
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.. Exam Questions 

4 Air is а mixture of gases, mainly nitrogen, oxygen, carbon dioxide and argon. 

(а) How is а compound different from а mixture? 

(Ь) (i) What group is argon in? 

(ii) Give the mass number of argon. 

(с) Name one gas found in air which is а compound. 

(d) Oxygen gas, 0 2, reacts with magnesium to form magnesium oxide, MgO. 
Write а balanced symbol equation for this reaction. 

5 The modern periodic tаЬ\е сап Ье divided into metals and non-metals. 
The non-metals are 

А on the left of the periodic tаЬ\е 

В on the right of the periodic tаЬ\е 

С in the middle ofthe periodic tаЬ\е 

D in Group 2 

б Which of these statements about chemical reactions is not true? 

А The mass of the reactants is always equal to the mass of the products. 

В Atoms are neither created nor destroyed in а reaction. 

С The mass ofthe products is always less than the mass ofthe reactants. 

D In а written equation, the mass of all the atoms on the left of the arrow 
is equal to the mass of all the atoms on the right of the arrow. 

(/ mark) 

(/ mark) 

(/ mark) 

(/ mark) 

(2 marks) 

(/ mark) 

(/ mark) 

7 Sulfuric acid, H
2
S0

4
, reacts with ammonia, NH

3
, to form ammonium sulfate, (NH

4
)

2
S0

4
• 

(а) Write the word equation for this reaction. 
(/ mark) 

(Ь) Write а balanced symbol equation for thi s reaction. 
(2 marks) 

(с) In the balanced equatioп, how many atoms are there in the reactants? 
(/ mark) 

13 
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Revision Summary for Section One · 

There wasn't anything too ghastl y in thi s secti on, and а few Ьits were even quite interesting, 1 reckon. 
But you 've got to make sure the facts are all firml y embedded in your brain and that you rea lly understand 
them. These questions will let you see what you know and w hat you don't. lf you get stuck on any, you 
need to look at that stuff aga in. Кеер going till you са п do them all w ithout coming up for air. 

1) Sketch an atom. Label the nucleus and the electrons. 

2) Name the three types of parti cle in an atom. State the relative mass and charge of each parti cle. 

3) The element boron is w ritten as 1 ~ В . How many neutrons does an atom of thi s element co nta in ~ 

How many electrons does а neutral boron atom have~ 

4) А substance keeps the same vo lume, but changes its shape according to the container it's held in. 
ls it а solid, а liquid or а gas~ 

5) Аге the forces of attracti on between the parti cles in а liquid stronger or weaker than those in agas ~ 

6) What does it mean if а liquid is sa id to Ье very vo l a til e~ 

7) Explain the difference between а mi xture and а compound. 

8) Compounds and mi xtures are both equally diff icult to separate out - true or fa l se~ 

9)* Whi ch elements make up а molecule of Na
2
CO / 

How many atoms are there of each element? 

1 0)* Say which of the di agrams on the ri ght show: 

а) а mi xture of compounds, 

Ь) а mixture of elements, 

с) an element, 

d) а compound. 

11 ) Expl ain how Mendeleev arra nged the known elements in а tаЫе . 

How did he predi ct new e l ements~ 

12)* Which element's properti es are more similar to magnes ium's: calcium or iro n~ 

13) Name one element that you would find in Group 1 of the periodic tаЫ е. 

14)* Balance these equations: 

а) СаС03 + HCI ~ CaCI
2 

+ Н20 + С02 
Ь) Са + Н 20 ~ Са(ОН )2 + Н2 

15)* Write а balanced equation for the reaction between potass ium and water to form 
potass ium hydrox ide ( КОН ) and hydrogen. 

*Answers on page 253. 
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SECTION Two - PRooucтs FRoм Rocкs 15 

The Meпdip Hills апd the Yorkshire Dales are ma iпl y made of а rock ca lled limestoпe . Wheп limestoпe 

is dug out of the grouпd it's great for buildiпg stuff like houses а пd churches from . You пееd limestoп e 
to make mortar, cemeпt, co п c rete а пd glass too. lп fact, it's Ыoomiпg marvell ous. 

Limestone is used as а building matвrial 

1) Limestoпe is а Ьit of а boriпg grey/white co lour. lt's ofteп formed 
from sea shell s а пd , although the origiпal shells are mostly 
crushed, there are still quite а few fossilised shells rema iпiп g. 

2) lt's quarried out of the grouпd. This ca uses some eпviroпmeпta l 
proЫ em s though - see пехt page. 

3) lt 's great for ma kiпg iпto Ыocks for buildiпg w ith . 

St Pau/'5 Cathedral is made from limestone. 

Fiпe old buildiпgs like cathedrals are ofteп made purely 
from limestoпe Ыocks. lt 's also used for statues а пd 
fапсу ca rved Ьits оп пi се buildiпgs too. 

4) Limesto пe's virtuall y iпsoluЫe iп plaiп water. 
But ac id raiп is а Ьi g proЫem. The ac id reacts with the 
limestoпe а пd dissolves it away. 

5) Limestoпe са п also Ье cru shed up iпto chippiпgs а пd 
used iп road surfaciпg . 

Limвstone is mainly calcium carbonatв 

1) Limestoпe is ma iпl y ca lcium ca rboп a te- СаС03 . Wheп it's heated it the~mally decomposes 
(breaks dowп ) to make ca lcium oxide (quicklime) а пd саrЬоп dioxide. 

calcium carbonate -4 calcium oxide + carbon dioxide 1 

CaCO/s) ~ CaO(s) + C02(g) 

Wheп other carboпates are heated, they decompose i п the same way (e.g. Na
2
C0

3 
---j Na

2
0 + СО). 

2) Wheп you add water to qui cklime you get slaked lime. Slaked lime is actuall y ca lcium hydroxide. 

quicklime + water ~ slaked lime о г 

3) Slaked lime is а п alkali which са п Ье used to п eutra li se ac id so il s iп fi elds. 
Powdered lim estoпe са п Ье used for thi s too, but the adva пtage of slaked lime 
is that it works much faster. 

л;n- n 1гп n <; 
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Using Limestone · . -:~r 
Limestoпe is really very haпdy. However, diggiпg huge amouпts of limestone out of the ground can 
have а quite а significant negative effect on the environmeпt. 

Limestone is used to make other building matвrials too 

1) Powdered limestone is heated in а kiln with 
powdered clay to make cement. 

2) Cement сап Ье mixed with sand and water 
to make mortar. Mortar is the stuff you stick 
bricks together with. You сап also use it to 
cover outside walls. 

4) And believe it or not
limestoпe is also used to 
make glass. You just heat 
it with sand апd sodium 
carbonate until it melts. 

3) Or you can mix cement with sand, 
water and gravel to make concrete. 
And Ьу including stee l rods, you get 
reinforced concrete- а composite 
material with the hardпess of coпcrete 
and the strength of steel. 

Extracting rocks сап cause вnvironmвntal damagв 

1) Quarryiпg uses up land and destroys haЬitats . 

lt costs money to make quarry sites look ~ 
again. And the waste materials from mines and 
quarries produce unsightly tips. 

2) Traпsportiпg rock can cause noise and pollution, 
and the quarrying process itself produces dust 
and makes а lot of пoise - they ofteп use 
dynamite to Ыast the rock out of the ground. 

3) Disused sites can Ье dangerous. 
Disused mines have been kпown to collapse. 

And quarries are sometimes turпed into (very deep) lakes - people drown in them every year. 

Limestone 's amazingly useful 
lt sounds like you can achieve pretty much anythiпg with limestoпe . Fred Flintstone еvеп managed to 
make his саг wheels and bowling balls out of rock (although l'm not 100% certain it was limestone) . 
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Metals from Rocks 

You don't tend to find Ьig lumps of pure meta l in the ground- the meta l atoms tend to Ье joined to 
other atoms in compounds. lt can Ье а Ьit of а tricky, expensive process to separate the metal out. 

Ores contain enough metal to make вxtraction worthwhile 

1) Rocks are made of minerals. (M inerals are just solid 
elements and compounds.) 

2) А metal ore is а minera l which contains enough metal 
to make it worthwhile extracting the metal from it. 

3) ln many cases the ore is an oxide of the meta l. 
Неге are а few exampl es: 

а) А type of iron ore is ca lled haematite. 
This is iron(lll) oxide (F~20) . 

Ь) The main aluminium ore is called bauxite. 
This is aluminium oxide (AI/?J 

с) А type of copper ore is called 
chalcopyrite. This is copper 
iron sulfide (Cu~eS2 ). ~ 

4) There's а limited amount of ores - they're "fLnite resources". 

As technologyimproves, itbecomes 
possiЬ/e toextractmore metalfrom а 

sample of rock than previously. So it might 
nowbe worth extracting metal that wasn't 

worth extracting in the past. 

Chalcopyrite-а copperore 

5) Peop le have to balance the socia l, economic and environmenta l effects of mining the ores. 
Most of the issues are exactl y the same as those to do with quarrying limestone on page 16. 

6) So mining metal ores is good because it means that useful 
products can Ье made. lt also provides loca l people with 
jobs and brings money into the area. 
This means services such as transport and hea lth ca n Ье 
improve~. · 

7) But mining or.es is bad for the environment as it causes 
noise, scarring of the landscape and loss of habltats. 
Deep mine shafts can also Ье dangerous for а long time 
after the mine has been abandoned. 

17 
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Metals from Rocks . ~-~:~ 
Copper ha5 5ome importaпt u5e5. So it'5 u5eful to kпow how to extract it а5 effic i eпt ly а5 po55iЬie. 

Соррвг is purified Ьу вlвctro/ysis 

1) Copper i5 а traп5itioп metal. lt i5 hard, 
5troпg апd ha5 а high melting poiпt. 

2) lt i5 а good conductor of electricity, 50 it'5 
idea l for drawing out into electrical wire5. 

3) lt сап al5o Ье made into ~~ апd а5 it'5 
below hydrogeп iп the reactivity 5erie5 
(5ее р.20), it doe5п't react with water. 
Thi5 make5 it great for u5ing in plumblпg. 

4) lf you look оп page 20 you'l l 5ее that copper сап Ье ea5ily extracted 
Ьу reductioп with саrЬоп. But the copper produced thi5 way i5 
impure- and impure copper doe5n't coпduct electricity very well. 

5) So electro ly5i5 i5 u5ed to purify it (5ее р.144), even though it'5 expeп5ive. 
Th i5 produce5 very pure copper, which i5 а much better conductor. 

Electrolysis uses electricityto separate the 
metal from the ore. Aluminium is another 
metal separated from its ore in this way. 

1) The 5upply of copper-ri ch ore5 i5 limited, 50 it'5 importaпt to recycle а5 much copper а5 po55iЬie. 

2) The demaпd for copper i5 growiпg апd thi5 may leaa to 5hortage5 iп the future. 

3) Scieпti5t5 are lookiпg iпto пеw way5 of extractiпg copper from low-grade ore5 (ore5 that опlу 
сопtаiп 5mall amouпt5 of copper) or from the wa5te that i5 curre пtl y produced wheп copper 
i5 extracted. 

4) Опе way i5 to u5e bacteria to 5eparate copper from copper 5ulfide. The bacteria get eпergy from 
the Ьопd betweeп copper апd 5ulfur, 5eparatiпg out the copper from the ore iп the proce55. 

5) Thi5 proce55 i5 5low but it'5 more eпvironmeпtal l y frieпd l y thaп other method5, which пееd lot5 of 
eпergy and relea5e 5u lfur dioxide ga5 which cau5e5 acid raiп . 

Сарре г is а really useful metal 
The 5kiп of the Statue of Liberty i5 made of copper- about 80 tоппеs of it iп fact. lt5 5urface react5 
with ga5e5 iп the air to form copper carboпate- which i5 why it'5 that pretty 5hade of greeп. lt wa5 а 
pre5eпt from Fraпce to the Uпited State5 - 1 woпder if they fouпd а пу wrappiпg paper Ьig eпough? 
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(:~. Extraction of Metals 
if:'• 

How easy it is to get а metal out of its ore all comes down to the metal's position in the reactivity series. 

Могв rвactive metals аге hardвr to gвt 

1) А few unreactive metals like gold are found in the Earth as 
the metal itself, rather than as а compound. 

2) But most metals need to Ье extracted from their 
ores using а chemical reaction . 

3) More reactive meta ls, like sodium, are harder to extract
that's why it took longe! to discover-them. 

А тоге reactive metal_ displac~s а lвss rвactivв metal 

1) More reactive meta ls react more strongly than less reactive meta ls. 

2) This means that а meta l can Ье extracted from its oxide Ьу any more reactive metal . The more 
reactive metal bonds more strongly to the oxygen and pushes out the less reactive metal . 

E.g. tin could Ье extracted from tin oxide Ьу more reactive iron. 

tin oxide + iron ~ iron oxide + tin 

3) And if you put а more react ive metal into the so lution of а dissolved metal compound, 
the more reactive metal w ill replace the less reactive metal in the compound. 

E.g. put an iron nail in а so lution of copper sulfate and the more reactive ireon wi ll "kick out" the 
less reactive copper from the so lution. You end up with iron sulfate so lution and copper metal. 

copper sulfate + iron ~ iron sulfate + copper 

4) But if а piece of si lver meta l is put into а so lution of copper su lfate, nothing happens. 
The more reactive metal (copper) is already in the so lution. 
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Extraction of Metals ·. 

Some metals сап Ье extractвd Ьу rвduction with carЬon 

1) El ectrolys is (splitting with electri city) is one way of extracting а metal from its ore. 

2) The other common way is chemica l reduction using carbon or carbon monox ide. 

3) W hen an ore is reduced, oxygen is removed from it, e.g. 

+ зсо 2Fe + ЗСО2 

iron(lll ) oxide + carbon monoxide ~ iron + carbon dioxide 

Position in the rвactivity sвries is important for extraction 

1) Metals higher than carbon in the reactivity seri es have to Ье extracted using electrol ys is, 
whi ch is expensive. 

2) Metals below carbon in the reactivity seri es can Ье extracted Ьу reduction using ca rbon. 
For exampl e, iron oxide is reduced in а Ы ast furnace to make iron . 

3) This is because ca rbon can onl y take the oxygen away from meta ls whi ch are less reacti ve 
than ca rbon itself is. 

The Reactivitx Series 
Potassium к more 

Extracted Sodium Na reactive 

using Ca lcium Са 

electrolxsis Magnesium Mg 
Aluminium A l 
CARBON с 

Extracted Ьу { 
Zinc Zn 

reduction lron Fe 

using carbon Tin Sn less 
Сарре г Cu reactive 

Extraction of metals is difficult 
Extracting metals isn't cheap. You have to рау for spec ial equipment, energy and labour. Then there's 
the cost of getting the ore to the extracti on plant. lf there's а choice of extracti on methods, а сотра nу 
always picks the cheapest, unl ess there's а good reason not to- they're not extracting it for fun. 
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с.· . Warm-Up and Exam Questions 
You've arrived at the next set of warm-up and exam questions. lt's really important to find out 
what you know (as well as what you think you know but actually don't). So give them а go. 

Warm-Up Q 
1) Give three major uses of limestone. 
2) Give an example of environmental damage caused Ьу quarrying. 
3) Describe the difference between cement and mortar. 
4) Name а metal ore. 
5) Explain why copper used in electrical wires needs to Ье purified Ьу electrolysis. 
6) Name а metal which сап Ье extracted from its ore Ьу reduction with carbon. 

Limestone is mainly calcium carbonate, СаС03 • When heated, it thermally decomposes 
to produce calcium oxide and carbon dioxide. 

(а) Write а balanced symbol equation for this reaction. 

(Ь) Calcium oxide is also known as quicklime. When water is added to quicklime, 
slaked lime is produced. 

(i) Write the chemical name and formula of slaked lime. 

(ii) Give one use of slaked lime. 

2 Which ofthe following statements does not describe copper? 

А А hard, strong transition metal. 

В The main product extracted from the ore bauxite. 

С А metal that is less reactive than iron. 

D А material used to make electrical wires. 

3 Mining metal ores has social, economic and environmental effects. 

(а) Give two positive effects of mining metal ores. 

(Ь) Give two negative effects of mining metal ores. 

(/ mark) 

(2 marks) 

(/ mark) 

(/ mark) 

(2 marks) 

(2 marks) 
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Exam Questions 

The diagram shows part of the reactivity series of 
metal s, together with carbon. 

(а) Name one metal which is extracted from its 
ore using electrolysis. 

(1 maгk) 

(Ь) Some metal s can Ье extracted from their ores 
Ьу reduction with carbon, producing the metal 
and carbon dioxide. 

(i) Explain the meaning of reduction. 
(1 тагk) 

Potassium 
Sodium 
Calcium 
Magnesium 
AluminiLim 
CARBON 
Zinc 
Iron 
Tin 
Copper 

(ii) Write а word equation for the reduction of zinc oxide Ьу carbon. 

к 

Na 
Са 

Mg 
Al 
с. 
Zn 
Fe 
Sn 
Cu 

more 
reactive 

less 
reactive 

(/ тш-k) 

(с) Iron сап Ье extracted Ьу the reduction of iron(IIl) oxide (Fe
2
0 ) with carbon monoxide 

(СО) , to produce iron and carbon dioxide. 

Write а balanced symbol equatioп for thi s reaction, including state symbols. 
(3 maгks) 

(d) ln which ofthese test tubes will а reaction occur? 
(/ тш-k) 

А в с D 

п 6 
Cu + ZпSO 4 (aq) Zn + CuSO 4 (aq) Fe + ZnSO 4 (aq) 

5 Copper needs to Ье extracted from its оге before it сап Ье used. 

(а) Give two uses of copper. 
(2 maгks) 

(Ь) Why are sc ientists tryiпg to fiпd пеw ways to extract copper from low-grade ores? 

(с) lt is poss iЬie to obtain copper from copper sulfide using bacteria. 

(i) Give опе advantage of using thi s method over other methods for extracting 

copper from copper sulfide. 

(ii) Give one di sadvantage of using this method rather than other methods. 

(/ maгk) 

(1 mш-k) 

(1 mш·k) 
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··.-. '.. Properties of Metals 
Metals are all simil ar but slightl y d ifferent. They have some bas ic properti es in common, but each has 
its own spec ifi c comЬina ti on of properti es, whi ch mea ns you use different ones for different purposes. 

Mвtals are оп the left and middlв of the pвriodic tаЬ/в 
Most of the elements are metals - so they cover most of the peri odic tаЫ е. 
ln fact, only the elements on the far ri ght are non-metals. 
The so-ca ll ed transition metals are found in the centre Ыосk of the peri odi c tаЫ е . 
Many of the metals in everyday use are transition metals- such as titanium, iron and ni ckel. 

т - r--

r-- j L r-l 
- ,.--~-,--- - ,--- г- ' 1--l 

-

1 

_____j 

1 
~~---------~~--------~~ 

Transition Metals 

Mвtals are strong and bвndy, and they're grвat conductors 

All metals have some fairl y similar basic properties. 

1) M etals are strong (hard to brea k), but they сап Ье bent or hammered into different shapes. 

2) They're grea t at conducting heat. 

3) They conduct electri city well . 

Metals (a nd espec iall y transiti on metals) have loads of everyday uses because of these properti es ... 

• Thei r strength and 'ЬendaЬi 1 ity' makes them handy 
for making into things like bridges and car bodies. 

• And their conducti vity makes them great 
for making things like el ectrical wires . 

Transition metals have loadsofeveryday uses-partly 
because they're not crazify reactive like, say, potassium 

(which wouldcatch fire ifitgotrained оп). 

• Metals are idea l if you want 
, to make something that heat 

needs to travel through, like 
а saucepan base. 

23 
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Properties of Metals -_ :! 

The reasoп all metals have the same bas ic properti es is because of the boпdiпg iп metals. 
lt's their exact properti es whi ch are used to match metals to their uses. 

llt's the structure of metals that gives them their propвrtiвs 1 

1) 611 metals have the same bas ic properti es. These are due to the spec ial type of boпdiпg iп metals. 

2) M etals coпs i st of а g i a пt structure of atoms held together w ith metallic boпds . 

3) These spec ial boпds allow the outer e l ectroп (s ) of each atom to move free ly. 

4) Thi s creates а "sea" of free e l ectroп s throughout the metal, w hi ch is w hat gives ri se to 
mа пу of the properti es of metals. 

5) Thi s iп c ludes their coпducti o п of heat апd electri c ity. 

А metal's вхасt propertiвs decide how it's best usвd 

1) The properti es above are typical properties of metals. 
Not all metals are the same though - their exact properties determiпe how they're used. 

2) lf you waпted to make ап aeropl a пe, you'd probaЬiy use metal as it's stroпg а пd са п Ье 
Ьепt iпto shape, but you 'd also п ееd it to have а low deпsity - so alumiпium would Ье а 
good choice. 

3) Апd if you were ma kiпg repl acemeпt hips, you'd pi ck а metal that woп 't corrode wheп it 
comes iп co пtact with water - it'd also have to have а low deпs ity too, апd поt too Ьепdу. 
Titaпium has all of these properti es so it's used for this. 

Properties of metals are а/1 due to the "sea" of free electrons 
So, all meta ls coпduct electri c ity апd heat апd са п Ье Ье пt iпto shape. But lots of them have spec ial 
properti es too . You have to dec ide what properti es you пееd апd use а metal w ith those properti es . 

5ECТION Т WO - PRODUCТS FROM Rocкs 



·_ Маге Metals 
There are loads of metals. But if поn е of them have quite the properti es you need, 
you could try an alloy. 

Aluminium is useful, but вxpвnsivв to extract 

1) Aluminium has а low density 
and is corrosion-resistant. 

2) These properties make aluminium 
а very useful structura l materi al. 
lt са п Ье used for loads of things 
from window frames to electri ci ty 
саЫ еs and aircraft. 

3) You ca n't extract aluminium from 
its oxide Ьу the cheap method of 
reduct ion w ith ca rbon. lt has 
to Ье extracted Ьу electro lysis. 
This requires lots of energy, which 
makes it an expensive process. 

Тhе aluminium reacts with oxygen in the air to form 
aluminium oxide. Тhis sticks firmlyto the aluminium 
below and stops anyfurther reaction taking place. 

s~ ........ ) 

Риге iron tends to Ье а bit too bвndy 

1) ' lron ' straight from the Ыast furnace is onl y 96% iron. The other 4% is impuriti es. 

2) This impure iron is brittle. lt's used for ornamenta l railings but it doesn't have many 
other uses. So illl the impurities are removed from most Ыast furnace iron . 

3) Thi s pure iron has а regular arrangement of identica l atoms. The layers of atoms 
сап slide over each other, whi ch makes the iron soft and easi ly shaped. This iron is 
far too bendy for most uses. 

25 

4) Most of the pure iron is changed into alloys ca lled stee ls. Steels are made 
Ьу adding small amounts of ca rbon (plus maybe other metals) to the iron. 

Analloyisa mixtureoftwoor 
more meta/s, or а mixture of а 

metal and а non-metal. 

Most iron is changed into steel, otherwise it's too bendy or too brittle 
The Eiffel Tower is made of iron - but the proЫem with iron is that it goes rusty if air and water get 
to it. So the Eiffe l Tower has to Ье painted every seven yea rs to make sure that it doesn't ru st. Thi s is 
quite а job and takes an entire year for а tea m of 25 pa inters. Тоо bad they didn 't use stainl ess stee l. 
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More Metals :·:.~~· 

Al/oys are harder than риге mвtals 

1) Diffe rent elements have different sized atoms. 
So when an element such as carbon is added 
to pure i го n , the smaller carbon atom w i 11 upset 
the layers of pure iron atoms, making it more 
di ff icult for them to slide over each other. 
So all oys are harder. 

2) Many metals in use today are actuall y all oys. 
For exampl e: 

BRONZE = COPPER + ТIN 

Bronze is harder than copper. 
lt's good for making medals and statu es from . 

CUPRONICKEL = COPPER + NICKEL 

Thi s is hard and corrosion resistant. 
lt's used to make "s ilver" co ins. 

GOLD ALLOYS ARE USED ТО МАКЕ )EWELLERY 

Pure gold is too soft. Metals such as zinc, copper, silver, 
pall adium and nickel are used to harden the "gold" . 

ALUMINIUM ALLOYS ARE USED ТО МАКЕ AIRCRAFТ 

Aluminium has а low density, but it's alloyed with 
small amounts of other metals to make it stronger. 

3) ln the past, the development of all oys was Ьу tri al and error. But nowadays we understand 
much more about the properties of meta ls, so alloys са п Ье des igned fo r spec ific uses. 

1) Nitinol is а "shape memory alloy" 
- it has а shape memory property. 

2) lf you bend а w ire made of thi s smart all oy, 
it' ll go back to its ori ginal shape when it's 
heated. You са п get specs w ith frames 
made from а smart alloy- you са п sit 
on them and not destroy them. 

bend 

3) At the moment, metal fati gue in smart alloys is а lot worse than in normal alloys. 
Smart all oys are also more expensive than stee l or aluminium. 

Alloys are really important in industry 
lf the properti es of а metal aren't quite suited to а job, an alloy is often used instead . То make an 
all oy you mi x one metal with another metal or non-metal. The fini shed alloy са п Ье а lot harder, or 
less brittle- the properti es са п Ье va ri ed and they са п Ье made to suit а parti cular job rea ll y we ll . 
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:.;: Paints and Pigments 
--~ 

So, rocks are useful themselves (like limestoпe) апd you са п also extract useful metals from them. But 
they're поt fiпished there - they also have а haпd iп art апd iпterior desigп . Miпerals соте iп lots of 
weird апd woпderfu l co lours, апd they've Ьееп used as the pigmeпts iп paiпts for thousaпds of years. 

[ Pigmвnts give paints their colours 1 

1) Paiпt usually co пta iп s the followiпg Ьits: solveпt, Ьiпdiпg 

medium а пd pigmeпt . 

2) The pigmeпt gives the paiпt its colour. 

3) The Ьiпdiпg medium is а substaпce that carries the pigmeпt 
Ьits а пd holds them together. Wheп the Ьiпdiпg medi um turпs 
to so lid, it sticks the pigmeпts to the surface you've paiпted. 

4) The solveпt is the liquid used to dissolve the Ьiпdiпg medi um а пd pigmeпt Ьits а пd keep 
them iп liquid form uпtil they're used. Тhеп the solveпt evaporates, l eaviпg the Ьiпdiпg 
medium а пd pigmeпt behiпd. 

[ Paints are colloids 1 

1) А co lloid coпsists of really tiпy particles of опе kiпd of stuff dispersed iп (mi xed iп with ) aпothe r 

kiпd of stuff. They're mixed iп, but поt dissolved. 

2) The particles· са п Ье Ьits of solid, droplets of liquid or bubЫes of W · 

3) Co lloids doп 't separate out because the particles are so small. They doп't settle out at the bottom. 

4) lп ап oil paiпt, the pigmeпt is iп really tiпy Ьits dispersed iп the oil. Апd theп the so lveпt (if there 
is опе- there isп't always) dissolves the oi l to keep it all ruппу. 

о 

о о 
о 

о о 
о о о 

о о 
о 

о о 

о 

о о о 
о о о о о 

о о о о 

о о о о о о о о 
о о о 

о о о о 
о о 

о о о 
о о 

о 

о о 
о о о 

о 
о о о о 

о 
о 

о о о 

the stuff the particles 
are dispersed iп 
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Paints and Pigments · ·.·:·.} 

Some paints are water-basвd and some are oi/-basвd 

1) Emul sion pa ints are water-based. The so lvent in the paint is water, and the Ьinding medium is 
usuall y а po lymer such as po lyurethane, acry li c or latex. 

2) Trad itional gloss paint and artists' o il paints are o il -based. 
Thi s time, the Ьindin g mater ial is o il , and the so lvent in 
the pain t is an organi c compound that' ll disso lve o il . 

Somemodem 
gloss paintsare 

water-based. 

3) Turpentine is used as а so lvent for arti sts' oil paints. Some so lvents 
in o il -based pain ts produce fumes w hi ch ca n Ье harmful - it's best 
to make sure there's plenty of ventilati on when using o il -based gloss. 

4) W hether you're creating а masterpi ece in o il s or pa int ing your bedroom wa ll , 
you normall y brush on the pa in t as а thin layer. The paint dries as the solvent evaporates. 
(А thin layer dries а heck of а lot quicker than а thi ck layer.) 

5) With а water-based emul sion, the so lvent evaporates, leav ing behind the Ьinde r and pigment as а 
thin so lid film . А thin layer of emulsion paint dries quite quickl y. 

6) Oil -based paints take rather longer to dry because the o il has to Ье oxidised Ьу oxygen in the air 
before it turns so lid. 

ln the exam, you might Ье asked to choose the best kind of paint for а 
job, given some info about paints. 

• For example, to paint the outside part of а door you 'd want а 
waterproof, hard-wearing paint. 

• Oil-based paints are more hard-wearing than water-based paints, so 
you'd рrоЬаЫу go for an oil -based gloss. 

• То paint bedroom walls you 'd want а paint that goes on easi ly, dries 
quickly, and doesn't produce harmful fumes. Water-based emulsion 
fits the Ьi 11 here. 

Paints are made of three parts 
Paint is just so lvent, Ьinding medium, and pigment. Pigment gives paint its co lour, the Ьinding 
medium holds the pigment together and the so lvent temporaril y keeps the paint in liquid form. 
Some paints use water as а so lvent and some use o il , but the idea is essentiall y the sa me. 
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: · Warm-Up and Exam Questions 
The warm-up questions run quickly over the basic facts you'/1 need in the exam. 
Unless you've learnt the facts first you'/1 find the exam questions pretty difficult. 

Warm-Up Q 
1) Name two transition metals. 
2) Give three useful physical properties of most metals. 
3) What type of bonding do metals contain~ 
4) What is an alloy~ Give two examples, with а use for each. 
5) Which three components are found in most paints~ 
6) What is the difference between water-based and oil-based paints~ 

Exam Qu 

Many paints are colloids. 

(а) What is а colloid? 

(Ь) Why don 't colloids separate out? 

(с) Read the following sentences about different paints and answer the questions 
that follow. 

Modern emulsion paints use water as а solvent. These paints produce very 
low levels of harmful fumes and are fast drying. 

Most gloss paints use organic compounds as solvents. Gloss paint should 
only Ье used in well ventilated areas because it can produce harmful fumes. 
lt is harder-wearing than emulsion but takes longer to dry. 

(i) Which type ofpaint would you use to paint the front door 

of а house - emulsion or gloss? Explain your answer 

(ii) Which type of paint would you use to paint the walls of а bedroom? 

Explain your answer 

2 Which of these statements best describes aluminium? 

А А high density, corrosion resi stant metal. 

В One of the main components in steel. 

С А very tough, completely unreactive, dense metal. 

D А low density, versatile metal that can 't Ье extracted Ьу reduction with carbon. 
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Exam Questions 

3 Alloys are often used instead of pure metals because 

А they are more plentiful. 

В their properties make them more suitaЬle for the application. 

С their melting points are higher. 

D they are completely inert. 

4 Nitinol is an example of а smart alloy. 

(а) What property ofnitinol makes it а 'smart' alloy? 

(Ь) Suggest а use for nitinol . 

(с) Give two disadvantages that smart alloys have compared to ordinary alloys. 

5 Match words А, В, С and D with the numbers 1 - 4 in the sentences below. 

А titanium 

В tin 

С !ГОП 

D gold 

(1 maгk) 

(1 maгk) 

(1 maгk) 

(2 maгks) 

Pure .. .1 ... is а soft metal , so metals such as nickel аге alloyed with it to make it harder . 

.. .2 ... is used for making replacement hips as it has а low density and does not corrode . 

.. . з ... is added to copper to make bronze. 

Carbon is added to 4 to make steel. 
(4 maгks) 

б All metals have the same basic properties. 

(а) Describe how the structure of а metal allows it to carry an electric current. 

(Ь) Give two other properties of metals . 
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·. Revision Summary for Section Two 
Okay, if you were just about to turn the page without doing these rev ision summary questions, then 
stop. What kind of an attitude is that ... ls that rea lly the way you want to live your life ... running, 
playing and having fun ... Of course not. That's ri ght. Do the questions. lt's for the best all round. 

1) Explain how ac id rain could pose а threat to buildings like St. Paul 's Cathedral. 

2) Give the word and symbol equations for the reaction that happens when ca lcium carbonate 
is heated. 

3) How is glass made~ Cement~ Con c rete~ 

4) Li st three environmental impacts of extracting rocks from the Earth. 

5) What is the definition of an ore~ 

6) How would you extract the copper from its ore~ 

7) Give two reasons why it is important to recyc le copper. 

8) Explain why zinc са п Ье extracted Ьу reduct ion with ca rbon but magnesium ca n't. 

9) Write down the word equation for the reaction that happens when the iron in the ore iron(lll ) 
ox ide is extracted Ьу reduction with carbon monoxide. 

1 О) Explain why gold and copper were discovered before aluminium and magnes ium. 

11 ) What happens if you put: 
а) а piece of magnes ium in а so lution of zinc s ulfate~ 

Ь) а copper bracelet in а solution of iron chloride~ 

12) Name three different transition metal s and give an everyday use for each. 

13) Give three properties that most meta ls have in common. 

14) Suggest а s uitaЫe meta l to use for the body of an aeroplane. 

15) lron strai ght from the Ыast furnace doesn't have many uses - why is thi s~ 

16) What is the proЫem w ith using very pure iron ~ 

17) Explain why alloys tend to Ье harder than pure metals. 

18) Give two examples of alloys and say what's in them. 

19) Give an example of а smart alloy. 

20) W hat is the name for the substance that gives а paint its colour~ 

21) What other two components do paints usually have? 

22) Suggest why а water-based paint might not Ье the best choice for painting an outside door. 
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Fractional Distillation of Crude Oil .·; 

Crude oil is formed from the buri ed remains of pl ants and animals - it 's а foss il fu el. Over millions 
of years, with high temperature and pressure, the remains turn to crude oil , whi ch са п Ье drilled up. 

Сгиdв oil сап Ье split iпto sвparatв hydrocarbons 

1) Crude oil is а mi xture of hydrocarbons- molecules which are made of just ca rbon and hydrogen. 

2) Fractional distillati on splits crude oil into fracti ons (groups of compounds w ith carbon chains 
of similar length). 

3) Heated crude oil is piped in at the bottom of а fracti onating co lumn . 
The va ri ous fracti ons are constantl y tapped off at the different leve ls where they condense. 

APPROXIMAТE NUMBER OF CARBONS 
IN ТНЕ HYDROCARBON CHAIN ·-3 
~-8 

FRACТION 

LPG (liquefied 
petroleum gas) 

Petrol 

--..--r::::ф 
Naphtha U 

r::::ф ~ Kerosene • 
(paraffin) ~ . ' 

Diesel 

Bottl ed gas; heating; used in 
pottery and glass manufacture 
(where а clean-burning fuel 
is needed). 

Used in the chemical industry 
as а ' feedstock' (starting materi al) 
to make: pl asti cs, dyes, drugs, 
explosives, paints ... 

)et engines; domesti c 
heating; paint so lvent ... 

Fuel for diesel engines in 
ca rs, trucks, trains, boats ... 

Domesti c central heating; 
fuel for Ьig ships. 

Road surfac ing and 
asphalt for roofs. 

Fractional di still ation is an example of а physical process - there are no chemical reaction s. 

The properties of hydrocarbon moleculвs depeпd оп their slzв 
The Qlg hydrocarbon molecules are the first to condense, because they have higher boiling points. As the 
molecules get small er, they condense higher up the fracti onating co lumn . The smaller the molecule ... 

1) The lower the boiling point - the substance stays as а gas at lower temperatures. 

2) The more flammaЫe it is- it sets fire more eas il y. 

3) The less viscous it is- it's less 'gloopy' and flows more eas il y. 

4) The more volatil e it is- it evaporates more readil y. 

The vapours of the more volatil e hydroca rbons are very flammaЫe and pose а seri ous fire ri sk. 
So don't smoke at the petrol stati on. (ln fact, don't smoke at all , it 's stupid .) 
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Burning Hydrocarbons 

А fuel is а substa пce that reacts with охуgеп to release useful eпergy. Remember that. 

Complвtв combustion happens when there 's plenty of oxygen 
The complete combustioп of а пу hyd rocarboп iп охуgеп wi ll produce опlу саrЬоп dioxide а пd water 
as waste products, w hi ch are both quite с l еа п апd пoп-poisoпou s. 

hydrocarbon + oxygen ----7 carbon dioxide + water (+ energy) 

1) Мапу gas heaters release these waste gases iпto the room, which is perfectly ОК. 
As l o п g as the gas heater is workiпg properly апd the room is well veпtilated there's п о proЫem. 

2) Thi s reactioп, wheп there's pleпty of охуgеп , is kпоwп as comp lete combu stio п . 

lt releases lots of eпergy апd опl у produces those two harmless waste products 
(lots of С02 i s п 't ideal , but the a lterпatives are worse- see пехt page). 
Wheп there's pl eпty of охуgеп а пd combustioп is complete, the gas burпs w ith а с l еа п Ыuе flame. 

3) You пееd to Ье аЫ е to give а ba l a п ced symbol equ atioп for the complete combustio п of а simple 
hydroca rboп fuel wheп you're give п its molecular formula. lt's pretty easy- here's а п example: 

You са п show а fuel burпs to give С02 а пd Н 20 ... 

hеха пе 

You'vejustgot to make sure 

you end up with the same 
numberofCs, HsandOson 

either side ofthe arrow. 

с:::+ Т о water 
pump 

Limewater 

• The water pump draws gases from the burпiпg hехапе through the apparatus. 

• Water co llects iпside the coo led U-tube апd you са п show that it's water Ьу 
checkiпg its boiliпg poiпt . 

• The limewater turпs mi lky, show i пg that саrЬоп dioxide is preseпt . 
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Burning Hydrocarbons : :· 

lncomplete combustion also releases useful energy from fue l - but а lot less energy than is released 
from complete combustion. 

lncomplвtв combustion of hydrocarbons is NOT safe 
1) lf there isn't enough oxygen the combustion wil l Ье incomplete. 

This gives carbon monoxide and carbon as waste products too, and produces а smoky ye llow flame. 

lncomplete combustion produces less energy than complete combustion does. 

hydrocarbon + oxygen ~ 

d
c.arb_odn + water + carbo~d + carbon 
юх1 е monoXI е 

(+ energy) 

2) The carbon monoxide is а colourl ess, odourless and poisonous gas and it 's very dangerous (see р.79). 
Every year people are killed whil e they sleep due to faulty gas fires and boilers fi lling the room with 
deadly carbon monoxide (СО) and nobody realising- so it's important to regularly service gas 
appliances. The Ыасk carbon given off produces sooty marks - а clue the fue l's not burning fu ll y. 

3) So basica ll y, you want lots of oxygen when you're burning fue l - you get more energy given out, 
and you don't get any messy soot or poisonous gases. 

4) You need to Ье аЫе to write а balanced symbo l equation for incomp lete combustion too, e.g. 

Тhis is just one possibi/ity. Тhе products depend 
оп the exact quantity ofthe reactants present ... 

... E.g.youcouldalsohave:2CH
4 
+30

2 
~2C0+4Hp

the important thing is that the equation is balanced. 

8/ue flame good, yel/ow flame bad 

( + energy) 

Thi s is why people should get their gas app li ances servi ced every year, and get carbon monoxide 
detectors fitted. Ca rbon monoxide rea ll y са п ki ll people in thei r sleep- scary stuff. Don't let that 
sca re you off lea rning everything that's on this page- any of it cou ld соте up in the exam. 
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~- Using Crude Oil as а Fuel 

Nothing as amazingly useful as crude oil would Ье without its proЫems. 
No, that'd Ье too good to Ье true. 

Crudв oil provides an important fuвl for modern lifв 

1) Crude oil fractions burn cleanly so they make good fuels. 
Most modern transport is fuelled Ьу а crude oi 1 fraction, 
e.g. cars, boats, trains and planes. Parts of crude oil are 
also burned in central heating systems in homes and in 
power stations to generate electricity. 

2) There's а massive industry with scientists working 
to find oil reserves, take it out of the ground, and 
turn it i nto usefu 1 products. As well as fuels, 
crude oi l also provides the raw materials for 
making various chemica ls, including plastics. 
There's more on this on page 42 . 

3) Often, alternatives to using crude oil fractions as fuel are 
possiЬie. E.g. electricity can Ье generated Ьу nuclear power 
or w ind power, solar energy can Ье used to heat water, and 
there are hydrogen-powered cars (see page 83 ). 

4) But things tend to Ье set up for using oil fractions. For example, 
cars are designed for petrol or diesel and it's readily availaЬie . 
There are filling stations all over the country, with storage facilities 
and pumps specifica lly designed for these crude oil fractions. 
So crude oil fractions are often the easiest and cheapest thing to use. 

5) Crude oil fractions are often more reliaЬie too - e.g. solar and 
wind power won't work without the right weather conditions. 
Nuclear energy is reliaЬi e, but there are lots of concerns about 
its safety and the storage of radioactive waste. 
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Using Crude Oil as а Fuel . ·-::~~ji 
~ .. ,.-_.r~,~ 

Crude oi l is rea ll y useful fue l that we use every day - there is а possiЬility that it might run out. 

Crude oil might run out one day. .. eeek 

1) Most sc ienti sts think that oil wil l run out. But no one knows exactl y when. 

2) There have been heaps of different predictions- e.g. about 40 years 
ago, sc ienti sts predicted that it'd all Ье gone Ьу the yea r 2000. 

3) New oi l reserves are discovered from time to time - e.g. а major 
new oil f ield was found in southern Oman in the Middle East in 2002. 
No one knows how much oil w ill Ье discovered in the future though. 

4) Also, technology is consta ntl y improving, so it's now possiЬie to 
extract oi l that was once too difficult or expensive to extract. lt's likely 
that technology will improve further - but who knows how much? 

5) ln the worst-case scenario, o il may Ье pretty much gone in about 25 
years - and that's not far off. 

6) Some peopl e think we should immediately stop using oil for things 
like transport, for which there are altern atives, and keep it for things 
that it's absolutely essentia l for, like some chemica ls and med icines. 

7) lt wi ll take time to develop alternative fue ls that will sati sfy all our energy needs (see page 83 for 
more info). lt' ll also take time to adapt things so that the fu els can Ье used on а wide sca le. 
E.g. we might need different kinds of са г engines, or spec ial storage tanks bui lt. 

8) So however long oil does last for, it's а good idea to start conserving it and finding alternatives now. 

Crude oil is not the environmвnt's best friend 

1) Oi 1 spi lls can happen as the oi 1 is bei ng transported Ьу 
tanker - this spe lls disaster for the local environment. 
Birds get covered in the stuff and are poisoned as they 
try to clean themselves. Other creatures, like sea otters 
and whales, are poisoned too. 

2) You have to burn oil to re lease the energy from it. But burning oil is thought to Ье а 
major cause of global warming ( р.75 ), acid rain (р .78 ) and global dimming (р.77). 

lf oil alternatives aren't developed, we might get caught short 
Crude oi l is really important to our lives. Take petrol for instance- at the first whisper of а shortage, 
there's mayhem. Loads of people dash to the petrol station and start fi lling up their tanks. Thi s causes 
а queue, which starts everyone else pani cking. 1 don't know what they' ll do when it runs out totall y. 
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~..... Alkanes ... 

Crude o il co пtai п s lots of a lkaпes апd some a lke п es (see the пехt page). 
They have differeпt properti es, а пd it's all dowп to their structure. 

Alkanвs have all С-С sing/в bonds 

1) Alkaпes are made up of ch a iп s of са rЬо п atoms joiпed Ьу 
s iпg l e cova l eпt boпds, а пd surrouпded Ьу hydrogeп atoms. 

2) Differeпt a lka п es have ch a iп s of differeпt l eпgth s. 

Covalent bonds are when atoms share electrons. 
Carbon atoms like to make4bondsa/together. 

Hydrogen atoms like to make J. 

The first four a lka п es are meth a пe ( п atura l gas), etha п e, рrорапе апd buta п e. 

1) Methane: СН4 
( пatura l gas) 

н 
1 

н-с-н 
1 

н 

н н н 
1 1 1 

н-с-с-с-н 
1 1 1 

н н н 

3) All a lka пes have the formula: с н 
n 2n+2 

н н 
1 1 

н-с-с-н 
1 1 

н н 

н н н н 
1 1 1 1 

н-с-с-с-с-н 
1 1 1 1 

н н н н 

4) They're ca lled saturated hydrocarboпs because they have по spare boпds left 
(i.e. по douЫe boпds that са п ореп up а пd have thiпgs j o iп опtо them - see the пехt page). 

5) You са п tel l the diffe reп ce betweeп а п a l ka п e а пd 

а п a lkeпe Ьу add iп g the substaпce to bromiпe water. 
Ап a lka п e woп 't decolourise the bromiпe water. 
This is because it has по spare boпds, so it са п 't 

react w ith the bromiпe. 

6) Alkaпes woп't form polymers - aga iп , по spare boпds . 

7) They burп c l ea пl y, prod u c iпg саrЬоп dioxide а пd water. 
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Alkenes · 

Alkeпes have very differeпt properties to a lkaпes. Due to their douЫe boпds they сап do lots of 
c lever thiпgs - like formiпg polymers. 

Alkвnвs have а С=С dоиЬ/в bond 

1) A lkeпes have ch a iп s of саrЬоп atoms w ith опе or more 
douЫe cova l e пt boпds. 

2) They1re ca lled uпsaturated hydrocarboпs because 
douЫe boпds сап ореп up апd let thiпgs joiп оп . 

3) This is w hy they will decolourise bromiпe water. ~ 
They form boпds with the bromiпe. 

4) A lkeпes are more reactive - due to the douЫe Ьопd al l poised апd ready 
to just рор ореп. They са п form polymers Ьу орепiпg up their douЫe boпds ~douьtebondmeans 
to lhold haпds l iп а l o пg ch a iп. (See page 42 for more iпfo оп polymers. ) thatatomsaresharingtwo 

5) The first three alkeпes are etheпe1 рrорепе апd buteпe... pairsofelectrons. Adouьte 
bond countsas twoof а carbon 

atom'sfourbonds. 

н н н 
1 1 / 

н-с-с=с 
1 ......... 

н н 

н н н 
1 1 1 

н н н 
Н, 1 1 1 

Н-С-С=С-С-Н or 
1 1 1 

с=с-с-с-н 
н/ 1 1 

н н н н н 

Тhere are twodifferent formsofbutene- the douьte bond сап bein different places. 

6) All alkeпes coпtaiпiпg опе douЫe Ьопd have the formula: 1 CnH2n 1 

7) They teпd to burп with а smoky flame1 produciпg soot (са rЬоп ). 

Alkane anybody who doesn't learn this /ot properly 
DOП 1t get a lk~п es co пfu sed with a lk.9_ пes- that о п е letter makes all the differeпce. 
A l keпes have а С=С boпd l a lkaпes doп 1 t. The first part of their пames is the same though. 
"Meth-" meaпs "о п е саrЬоп atom"1 "eth-" meaпs "two С atoms" 1 "Q.!:QQ:" meaпs "three С atoms"1 

"but-" meaпs "four С atoms" etc. 
- - 1 
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~~::·. Cracking Crude Oil 
After the di still ati on of crude oil , you've still got both short and long hydroca rbons, just not all 
mi xed together. But there's more demand for some products, like petrol , than for others. 

[ Cracking means splitting up long-chain hydrocarbons... 1 

1) Long-chain hydroca rbon s form thi ck gloopy liquids like tar whi ch aren't all that useful , so .. . 

2) ... а lot of the longer molecules produced from fractional di still ation are turned into small er ones 
Ьу а process ca ll ed cracking. 

3) Some of the products of cracking are useful as fu els, e.g. petro l for ca rs and paraffin for jet fu el. 

4) Cracking also produces short alkenes like ethene, w hich are needed for making plasti cs (see р .42 ). 

Cs 1 Petrol 1 

Paraffin 

(long molecul e) Ethene 
for plastics 

... Ьу passing vapour over а hot catalyst 

1) Cracking is а thermal decomposition reaction - breaking molecules down Ьу heating them. 

2) The first step is to heat the long-chain hydroca rbon to vapori se it (turn it into а gas). 

3) Then the vapour is passed over а powdered catalyst at а temperature of about 400 ос - 700 о с. 

4) Aluminium oxide is the catalyst used. 

5) The long-chain molecules split apart or "crack" on the surface of the specks of catalys t. 

Aluminium oxide 

Octane 
+ 

Ethene 

б) M ost of the products of cracking are alkanes and alkenes (see pages 37 and 38). 

Long-chain hydrocarbon molecule 

нннннннннн 
1 1 1 1 1 1 1 1 1 1 

Н -С -С -С-С-С -С -С-С-С -С-Н 
1 1 1 1 1 1 1 1 1 1 
н н н н н н н н н н 

E.g. Kerosene (ten С atoms) 

(Тоо much of thi s in crude oil ) 

Shorter ALKANE molecule + ALKENE 

нннннннн 
1 1 1 1 1 1 1 1 

н-с-с-с-с-с-с-с-с-н 
1 1 1 1 1 1 1 1 + 
н н н н н н н н 

O ctane (e ight С atoms) + ethene 

(useful for petro l) (for making plasti cs) 
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Warm-Up and Exam Questions ; 
You must Ье getting used to the routine Ьу now- the warm-up questions run over the basic facts , 
then the exam questions show you the kind of thing you' ll get on the day. 

Warm-up Q 
1) What are hyd rocarbons~ 

2) Name three fractions obtained from crude oi l. 
3) Why are alkenes described as unsaturated hydrocarbons~ 
4) What sort of hydrocarbon molecules are cracked, and why are they cracked~ 
5) Describe the conditions used for cracking hydrocarbons. 
б) List three modern-day activities that depend on crude oi l or its fract ions. 

2 

The bonds in alkanes are best described as 

А carbon-carbon single bonds and carbon-hydrogen single bonds 

В carbon-carbon single bonds and carbon-hydrogen douЬle bonds 

С carbon-carbon douЬle bonds and carbon-hydrogen single bonds 

D carbon-carbon douЬle bonds and carbon-hydrogen douЬle bonds 

Crude oil сап Ье separated into а number of 
different compounds as shown in the diagram: 

FRACTIONS 

г;===:~о+ О 

.._._~·-.О 

~lilll-- ......... --.o 
~~.-.о 

~-- ...... ~ ... о 
--.о 

О 

(1 mark) 

(а) (i) Put an М in the Ьох ofthe fraction with the largest hydrocarbon molecules. 
(1 maгk) 

(ii) Put а В in the Ьох ofthe fraction with the lowest boiling point. 
(1 mark) 

(Ь) Give one use for the kerosene fraction . 
(1 maгk) 

(с) Briefly explain how the separation process works. 
(3 marks) 
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Exam Questions 

3 А test for an alkene is 

А universal indicator is decolourised 

В starch solution goes dark Ыuе 

С bromine water is decolourised 

D bromine water remains brown 
(1 maгk) 

4 Even though there are many environmental proЫems caused Ьу using crude oil fractions, 
we continue to use them mainly because 

5 

А they are а renewaЫe resource 

В technology is always improving 

С they are а readily availaЬ!e and concentrated energy source 

D global warming is only а theory 

(а) When а hydrocarbon fuel burns completely, it produces СО2 and water. 

(/ maгk) 

(i) Write а balanced symbol equation for the complete combustion of ethane, С2Н6 . 

Crushed ice (2 maгks) 
(ii) The apparatus shown can Ье and water 

used to identify the two products -1 of complete combustion of а 

hydrocarbon, if а further test is 

~Lim'w"" k~ carried out on the liquid Х 

which collects in the U-tube. 
Hydrocarbon Х 

fuel 

Describe this test, giving the result you would expect, 

and explain how the other product is identified. 
(2 maгks) 

(Ь) (i) What causes incomplete combustion? 
(1 maгk) 

(ii) Name two products of incomplete combustion that are not produced in 
complete combustion. 

б А renewaЬ!e energy source for electricity production is 

А sunlight 

В LPG (liquefied petroleum gas) 

С naphtha 

D nuclear fuel 

(2 тш-ks) 

(/ maгk) 
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Making Polymers --;~~~ 
' ..... ~ 

Plasti cs are made up of lots of molecul es joiпed together. They're like l o пg ch a iп s. 

1 Plastics are long-chain molвculвs called polymвrs 1 

1) Pl asti cs are formed wheп lots of small mo lecul es ca ll ed moпomers j o iп together to give а polymer. 

2) They're usually са rЬоп based (а пd the moпomers are very ofteп a lkeпes- see page 38). 

Addition polymers are made under high prвssure 
1) The moпomers that make up additi o п polymers have а douЫe cova l e пt Ьопd (i.e. they're uп satura ted ) . 

2) U пde r high pressure а пd w ith а catalyst (see pages 154-155) to help them a l oп g, mа пу uпsaturated 
small molecules ореп up those douЫe boпds а п d " j o iп h a пds" (polymerise) to fo rm l o п g saturated 
ch a iп s ca lled polymers. 

Etheпe becomiпg polyetheпe or "po l ytheпe", is the eas iest example: You' ll need to Ье аЫ е 

to draw the formul a of 
an addition polymer, 
given the formu la of its 
monomer. Dead easy 
- the ca rbons just all 
jo in together in а row 
w ith по douЫe bonds 
between them. 

н н н, /н 
'с=с/ /С=С, Pressure нннннннн 

1 1 1 1 1 1 1 1 
н/ 'н н н - - с-с-с-с-с-с-с-с--

н н н н and Catalyst 
1 1 1 1 1 1 1 1 

'с=с/ 'с=с/ ннн н нннн 
н/ 'н н/ 'н 

n( ~=~ ) ~ c-cf. 
1 1 n 

Many single ethenes Po lyethene 

1he 'n'justmeans there сап Ье anynumberofmonomers. 

The паmе of the 
pl asti c comes from 
the type of 
moпomer it 's made 
from - you just 
st ick the word 
"QQ!y" i п fro пt of it: 

Рrорепе са п form 
polypropeпe : 

А molecule ca lled 
styreпe w ill polymeri se 
iпto polystyreп e: 

' / 

( 
н н 

п н ,..-с=сь 
Styrene 

+ ~ ~J с-с 

н сн n 3 
Polypropene 

Forcвs Ьвtwввп molвculвs determine the propвrtiвs of plastics 
Stroпg cova l e пt boпds hold the atoms together iп loпg chaiп s. But it 's the boпds betweeп the 
di ffe re пt molecule c h a iп s that determiпe the properti es of the plast ic. 

Weak Forces 1 

Lo п g ch ai п s held together Ьу weak forces 
are free to slide over each other. This mea п s 

the pl asti c са п Ье stretched eas il y, а п d w ill 
have а low me ltiп g po iпt . 

SECTION Т HREE - PRooucтs FRO M CRИDE Оп 

1 Strong Forces 1 

Pl as ti cs w ith stroпge r boпds betweeп the 
polymer ch a iп s have higher me ltiп g 

po iпts а пd са п ' t Ье stretched, as the 
c ross liпks hold the c h a iп s firml y together. 
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· Uses of Polymers 
с' 

Pl a5ti c5 are fa пta5ti ca ll y u5eful . You са п make пove lty football peп c il 5 h a rpeп e r5 а пd all 5ort5. 

Polymers' properties decide what they're usвd for 

Diffe reпt po lymer5 have diffe reпt phy5ica l propertie5- 5ome are 5 troп ge r, 5ome are 5tretchi er, 5ome are 
more ea5 il y moulded, апd 50 о п . The5e di fferent phy5 ica l properti e5 make them 5ui ted for diffe reпt u5e5 . 

• Stroпg, rigid po lymer5 5uch а5 high deп5 ity 
po l yeth eпe are u5ed to make pla5ti c milk bottl e5 . 

• Light, 5tretchaЫe polymer5 5uch а5 low deп5ity po l yetheпe are u5ed 
for pl a5ti c bag5 а пd 5queezy bottl e5. Low den5ity pol yetheп e ha5 а 
low meltiпg poiпt, 50 it'5 no good for a пythiпg that' ll get very hot. 

• PVC i5 5troпg апd duraЫ e, а пd it са п Ье made 
either ri gid or 5tretchy. The ri gid kiпd i5 u5ed 
to make wiпdow frame5 а пd pipiпg . The 5tretchy 

~ kiпd i5 u5ed to make 5yпtheti c leathe_r_. -----~ 

• Heat-re5i5tant po lymer5 5uch а5 
me l a miпe re5 iп а пd pol ypropeпe 

are u5ed to make pla5ti c kettl e5 . 

• Poly5tyreпe foam i5 u5ed iп packagiпg to 
protect brea kaЫe thiпg5 , а пd it'5 u5ed to make 
di 5po5aЬi e coffee cup5 (the trapped air in the 
foam make5 it а brilli a пt thermal iп 5 ulator). 

[ Non-biodвgradaЬ/e plastics cause disposal ргоЬ/втs 1 

1) Mo5t po lymer5 a reп ' t " Ьi odegradaЬi e" - they're поt broken dowп Ьу mi c roo rga пi 5m5, 50 they 
doп ' t rot . Thi 5 property i5 actuall y kiпd of u5eful uпtil it'5 time to get rid of your pl a5ti c. 

2) lt '5 d iff icult to get rid of pl a5tic5- if you bury them iп а l a пdfill 5ite, they' ll 5till Ье there year5 later. 
Laпdfill 5ite5 fill up qui ckl y, and they're а wa5te of land . Апd а wa5te of pl a5ti c. 

3) Wheп pl a5ti c5 are burпt, 5ome of them relea5e ga5e5 5uch а5 ac idic 5ulfur diox ide а п d po i 5o пo u 5 
hydrogeп chloride а пd hydrogeп cya пide. So burпiпg'5 out, rea ll y. Plu5 it'5 а wa5te of pl a5ti c. 

4) The be5t thiп g i5 to reu5e pla5ti c5 а5 many time5 а5 po55 iЬi e and then recyc le them if you ca n. 
Sortiпg out lot5 of different pl a5ti c5 for recyc ling i5 di ffi cult а пd expen5ive, though. 

5) Chemi5t5 are workiпg оп а va ri ety of idea5 to produce bl odeg radaЫe polymer5. 

SECТION Ti-!REE - PRODUCТS FROM C RUDE OIL 
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1) Nyloп i5 а 5yпthetic polymer ofteп u5ed to make clothe5. Fabric5 made from 
пу lоп are поt waterproof оп their оwп, but сап Ье coated with polyurethaпe 
to make tough, ha rd-wea riпg апd waterproof outdoor c l othiпg. 

2) Опе Ьig proЫem i5 that the polyurethaпe coatiпg doe5п 't let water vapour ра55 through it. 
So if you get а Ьit hot (о г do а Ьit of exerci5e), 5weat сопdеп5е5 оп the iп 5 ide. Thi5 make5 
5kiп апd clothe5 get wet апd uпcomfortaЫe - the material i5п 't breathaЫe . 

3) BreathaЫe fabric5 have al l the u5efu l propertie5 of пy l oп/po lyurethaпe опе5, 

but they al5o let 5weat out. lf you 5weat iп а breathaЫe material , 
water vapour сап е5саре- 50 по сопdеп5аtiоп. 

Polymвrs are used to make ЬrваthаЬ/в matвrials 

1) Some breath aЫ e fabric5 а ге made Ьу comblпiпg а thiп fi lm of а pla5tic 
with а layer of aпothe r fabric, 5uch а5 пу l оп. 

2) The p la5ti c fi lm ha5 tiпy hole5 which let water vapour ра55 through - 50 
it'5 breath aЫ e . But it'5 waterproof, 5i п се the hole5 areп ' t Ьig e пo ugh to let 
Ьig water drop let5 through апd the pla5tic repel5 liquid water. 

3) Thi 5 material i5 great for outdoor5y type5- they са п hike 
w ithout getti пg raiпed о п о г 5oaked iп 5weat. 

pl a5ti c film 

raiпdrop too Ьig 
to get through hole5 

Polymers have а wide range of uses 

water molecule5 
pas5 through 

the tiпy hole5 

5weat evaporatiпg 
from 5ki п (а5 

water vapour) 

lf you're ma kiпg а product, you п ееd to pick your pla5tic carefull y. lt'5 по good try iпg to make а 
jacket out of а brittl e, uпЬепdу po lymer - imag iп e try iпg to wa lk а пу di 5 ta п ce iп а jacket li ke that. 
The 5ame goe5 for thiпg5 like kett le5- there'5 по po iпt u5iпg а pla5tic that melt5 at 50 ос. 

SктюN ТнRЕЕ - PRooucтs FROM CRИDE Оп 



Warm-Up and Exam Questions 

Warm-up Qu 
1) Explain what monomers and polymers are. 

2) How сап а plastic's melting point tell you about the bonds between its polymer chains~ 

3) ln а polymer molecule, what type of bonds hold the atoms together in а chain~ 

4) Melamine is а heat-resistant polymer. Suggest а use for melamine. 

Exam Qu 

Complete the passage using some of the following words. 

explosive blodegradaЬie hidden recycle 

expensive toxic flammaЬie burnt 

The majority of plastics are hard to dispose of because they are not 

....................................... · They can Ье ....................................... ' but this often 

releases ....................................... gases like hydrogen cyanide. Burying plastics 

also has its disadvantages. This is why it is best to ...................................... . 

plastics whenever possiЬle, however this сап Ье an ...................................... . 

process. 

2 (а) Complete this equation for the formation ofpolypropeпe . 

(Ь) The structural formu la of polystyrene is shown below. 
Draw the structural formula of its monomer. 

( ~-~ \ 
\h 6Tn 

(5 marks) 

(1 mark) 

(1 mark) 

(с) РУС (polyvinyl chloride) is strong and duraЬ!e and can Ье made in rigid or stretchy 
forms . Suggest а use for: 

(i) the rigid form. 
(1 mark) 

(ii) the stretchy form. 
(1 mark) 
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Revision Summary for Section Three " 
Now, my 5pie5 tell me that 5ome пaughty people 5kip the5e page5 without 50 much а5 readiпg through 
the li 5t of que5tioп5. Well, you 5hou ldп 't, becau5e what'5 the poiпt iп readiпg that great Ьig 5ectioп if 
you're поt goiпg to check if you really kпow it or поU Look, ju5t read the fir5t 1 О que5tioп5, апd 1 

guaraпtee there'll Ье ап aп5wer you'l l have to look up. Апd wheп it come5 up iп the exam, you' ll Ье 50 
glad you did. Plu5, if you doп't do а5 you're told my 5pie5 will tell me, апd theп you woп't get апу toy5. 
Or 5omethiпg. 

1) Explaiп briefly the priпciple of fractioпal di5tillatioп. 

2) Sketch the full diagram of the fractioпal di5tillatioп of crude oi l, iп c ludiпg the паmе5 of all 5еvеп 
mai п fractioп5. 

3) Doe5 fractioпal di5tillatioп iпvolve а phy5ical chaпge, а chemica l chaпge or both? 

4) De5cribe how four propertie5 of hydrocarboп5 vary with the molecule 5ize. 

5) Give the geпeral word equat i oп5 for the comp lete апd iпcomplete combu5tioп of hydrocarboп5. 

б) De5cribe ап experimeпt you cou ld do to 5how which product5 are formed duriпg complete 
combu5tioп. lп c lude all the equipmeпt you would пееd. 

7) Explaiп how iпcomplete combu5tioп сап Ье harmful to humaп5. 

8)* Write dowп а balaпced 5ymbol equatioп for the iпcomplete combu5tioп of ethaпe (С2 Н 6 ). 

9) Give three alterпative5 to u5iпg crude oil а5 а fuel . Give опе advantage апd опе di5advaпtage of 
each of your alterпative5, compared with crude oi l. 

1 0) Why do predictioп5 about wheп crude oi l wi ll ruп out chaпge over the year5? 

11) De5cribe how oi l 5lick5 сап affect wildlife. 

12) How el5e сап u5iпg crude oi l а5 а fuel have а пegative effect оп the eпviroпmeпt? 

1 3) What'5 the geпera l formula for ап alkaпe? What'5 the formula for а 5-саrЬоп a lkaпe? 

14) What kiпd of саrЬоп-саrЬоп Ьопd do all a lkeпe5 have? 
Give the geпera l formula for ап a lkeпe coпtaiпiпg опе douЫe Ьопd. 

15) Draw out the chemical 5tructure of etheпe. 

1 б) De5cribe а te5t you сап do to tell whether а hydrocarboп i5 ап a lkaпe or ап a lkeпe. 

17) Give а typical example of а 5ub5taпce that might Ье cracked. 
Name the product5 you would get from crackiпg it. 

18) What type of reactioп i5 crackiпg? 

19) Give the formula for the etheпe moпomer u5ed to make polyetheпe, апd the formula for the 
polyetheпe polymer. 

20) Рrорепе i5 ап a lkeпe coпtaiпiпg three саrЬоп atom5. 
What wou ld а polymer made from рrорепе Ье ca lled? 

21) Pla5tic bag5 5tretch апd melt ea5ily. Аге the force5 betweeп the polymer chaiп5 weak or 5troпg? 

22) Name опе polymer that wou ld Ье 5uitaЫe for: 
а) pla5tic bag5, 
Ь) wiпdow frame5, 
с) kettle5. 

23) Explaiп how fabric5 сап Ье made both breathaЫe апd waterproof. 

24) Give опе di5advaпtage of burпiпg pla5tic5. 

25) Explaiп why buryiпg pla5tic5 i5 поt а good way to di5po5e of them either. 

SECТION T!-/REE - PRODUCТS FROM CRUDE OIL 
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SEcтtoN FouR - Fooo AND CARBON СнЕмtsтRУ 

~~;~{'- . Chemicals and Food 
( ',.r ·+ •' 

Cooki ng i5 ju5t chemi5try Ьу another name - chemi5try involving pie5. 

Some foods have to Ье cookвd 

There are load5 of different way5 to cook food- e.g. boi ling, 5team ing, grilling,_i_r:y_LQg .. . 

1) Many food5 have а better ta5te and texture when cooked . 

2) Some food5 are ea5 ier to dige5t once they're cooked (e.g. potatoe5, flour). 
See below for why. 

3) The high temperature5 involved in cooking al5o kill off tho5e na5ty litt le 
microbe5 that ca u5e di5ea5e - thi5 i5 very important with meat. 

4) Some food5 are poi5onou5 when raw, and mu5t Ье cooked to 
make them ed iЬi e - e.g. red kidney bean5 conta in а poi5on 
that'5 only de5troyed Ьу at lea5t 1 О minute5 boi ling 
(and 2 hour5 cooki ng in tota l). 

Cooking causes chemical changвs 

Cooking food produce5 new 5Ub5ta nce5 . That mea n5 а chemica l change ha5 taken place. 
Once cooked, you ca n't change it back. The cook ing proce55 i5 irreve r5 iЬi e. 

1 e.g. Eggs and meat 1 

1) Egg5 and meat are good 5ource5 of protein. 

2) Protein molecule5 change 5hape when you heat them. The 
energy from cooking break5 5ome of the chemica l bond5 in the 
protein, and thi5 allow5 the molecule to take а different 5hape. 

3) Thi5 give5 the food а more ed iЬi e texture. 

4) The change i5 ca lled denaturing- it'5 irrever5iЬie. 

e.g. Potatoes 

1) Potatoe5 are а good 5ource of carbohydrate5. 

2) Potatoe5 are plant5, 50 each potato ce ll i5 
5urrounded Ьу а cellulo5e ce ll wa ll. 

3) Human5 can't dige5t ce llulo5e, 50 thi5 make5 it 
diffi cult to get to the content5 of the ce ll 5. 

4) Cooking the potato break5 down the cell wa ll , 
making it а lot ea5 ier to dige5t. 
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Chemicals and Food · :~.:~~~ 

Emulsifiвrs Help Oil and Watвr Mix 

1) You са п mi x а п oil w ith water to make а п emul s i oп . Emul s i o п s are 
made up of lots of dropl ets of опе liquid s u speпded iп a п othe r liquid. 

2) O il а пd water п atura ll y separate iпto two layers w ith the oil f l oatiпg о п top of the water 
- they do п ' t "wa пt" to mi x. Emul sif iers help to stop the two liquids iп а п em ul s i o п from 
sepa ratiп g out. 

3) Мауоппа i sе, low-fat spread а пd ice cream are foods whi ch сопtа iп emulsifi ers. 

4) Emul sifiers are molecul es w ith оп е part that's attracted to water апd a пothe r part that's attracted 
to oil or fa t. The Ьit that's attracted to water is ca ll ed hydrophili c, а пd the Ьit that's attracted to 
oil is ca lled hyd rophoЬi c. 

hydrophilic 
(likes water, 
hates oil ) 

emulsifier molecule 

hydrophoblc 
(likes oil , 
hates w ater) 

5) The hydrophili c епd of each emul sifier molecule latches о пtо water molecules. 

6) The hydrophoЬi c епd of each emulsifier molecule cosies up to oil molecules. 

7) Wheп you shake oil апd water together w ith а Ьit of emul sifi er, the oil forms droplets, 
s urrouпded Ьу а coatiпg of emul sifi er ... with the hydrophilic Ьit faciпg outwards. Other oil 
droplets are repelled Ьу the hydrophili c Ьit of the emul sifier, while water molecul es latch оп . 
So the emulsioп woп ' t separate out. Clever. 

emulsifier 

water 

oil droplets сап 't joiп together 

Cooking food makes it easier to digest and safer 
Wheп you cook somethiп g, you're briпg iпg about chemica l ch a пge . The ch a п ges are 
irreve rs iЬi e, as you' ll kпow if you've ever tri ed to uпscramЫe а п egg. 

SЕСтюN FoиR - Fooo AND CARBON СнЕмtsтRУ 
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Packaging and Smart Materials 

New mateгials аге continually being developed. The iг pгope гti es deteгmine what they ca n Ье used fог. 

Smart matвrials сап changв their propвrtiвs 

Негеа ге some examp les of smaгt mateгials that behave diffe гently depending on the conditions. 

1) Nitinol is а "shape memoгy alloy". See page 26 fог тоге infoгmation . 

2) Some dyes contain theгmochгomic pigments that 
change colour ог become tгanspaгent depending on 
the tempeгature. Тhеу'ге used on novelty mugs with 
designs that change when а hot dгink is poured in. 
Similaг mateгials can Ье used in food packaging. 

3) Тhеге аге also dyes that become mоге ог 
less tгanspaгent depending on the llgh!; 
intensity. Тhеу'ге used in sunglasses that 
get dагkег in mоге intense sunlight. 

4) Some mateгials expand ог contгact when you put an electгic c urгent thгough 
them. They also do the opposite - they produce e l ectгicity when they'гe 
squeezed. These mateгials аге used in саг aiгbag sensoгs. When squeezed 
Ьу the foгces of а саг cгash they pгoduce e l ectгicity to activate the ai гbag . 

5) Тhеге аге liquids that turn so lid when you put them in а magnetic field . 
Тhеу'ге used to contгo l vibгations, e.g. in some саг shock аЬsогЬегs. 

Activв and intвlligent packaging does тоге than wrap food 

The food industгy uses new technology to с геаtе "active packaging" to help food last fог l ongeг. 

1) Active packaging and intelligent packaging don 't only foгm а Ьаггiег between the food and the 
outside woгld . They ca n co ntгol , and even геасt to what's happening inside the package. 

2) Active packaging is packag ing which changes something inside the package. 

3) lntelligent packaging ca n monitoг the food and tell the c u stome г whethe г the food is still okay ог if 
it 's gone off. 

Smart materials react to outside influences 
Smaгt ma te гi a l s а ге intelligent because they do something useful all on th e iг own, whetheг it's expand, 
co ntгact, change fгom liquid to so lid, change co lour, гeturn to а pгev ious shape ог something else. 

SECТJON FouR - Fooo AND CлRBON CнEмtsTRY 
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Packaging and Smart Materials · ~~.·"~~~~:·. 
Н еге are lots of examples of active and intelligent packaging for you to learn. 

Widgвts release gas in beer cans 

"Widgets" in beer ca ns release gas when the ca n's 
opened, to give the beer а foa my " head". 

Thвrmochromic pigments are used to monitor food tвmpвraturв 

Thermochromic pigments which change co lour faster the warmer they get 
ca n Ье used to te ll if food 's been warm for long enough for microbes to grow. 

jf1) 
lnk gets darker 
faster when it's warm. 

Cans сап self-hвat and sвlf-cool 

@ 
@ 
@ 
@ 

Very fresh 

St ill fresh 

St i 11 fresh, eat now. 

Not fresh if centre 
is darker than ring. 

1) Self-heating cans use an exothermic reaction (see р. 157) to produce heat and warm up the contents. 

2) Self-coo ling cans use evaporation to coo l down their contents. 

3) Some of these ca ns also use thermochromic pigments w hi ch change co lour w hen the contents 
are at the correct temperature . 

Silica gвl removes watвr from inside а packet 

SALAMI 

mould no mould 

1) Fresh food sometimes produces moisture inside the 
packaging. Thi s all ows bacteria or mould to grow. 

2) Chemica ls such as sili ca gel are desiccants and absorb 
water. Manufacturers put sachets of sili ca into some food 
packets to absorb excess water, w hi ch makes it harder for 
bacteria and mould to grow. 

lntelligent packaging - make sure you understand what it does 
Don't pani c if you don't 'get' how stu ff like the se lf-heating and se lf-coo ling ca ns work 
- in the exam you' ll Ье given the data you need, and you' ll just have to interpret it. 
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Food Additives 
Huma п s have Ьееп addiпg stuff to food for yea rs. Before fridges were iпve пted , we added 
sa lt to meat to stop it go iп g off. Now we use additi ves поt just to preserve food, but to make 
it look or taste diffe re пt. 

[ Procвssed foods often contain additivвs 
1) Food ma пufacture rs add va rious chemi ca l compouпds to food to improve its арреа rа п се, 

taste, texture а пd shelf li fe. These additives must Ье li sted iп the iпgredi e пts li st оп the back 
of the packet. 

2) Most additi ves used iп the UK have E-пumbers - e.g. Е127 is e rythrosiпe (а red dye) а пd 
Е20 1 is sodium sorbate (а preservat ive). Add iti ves w ith E-пumbers have passed safety tests 
а пd са п Ье used iп Europe. 

• Preservatives help food stay fresh. Without them, 
more food would go off апd пееd throwiпg away. 

• Some foods 'go off' after reactiпg with охуgеп 
- e.g. butter goes raпc id . Aпtioxidaпts are 
added to foods that сопtаiп fat or oil to stop 
them reactiпg with охуgеп. 

• Colouriпgs апd flavouriпgs make food look апd taste better. 

• Emulsifiers (see page 48) апd staЬilisers stop 
emul s ioпs like mayoппaise from separatiпg out. 

• Sweeteпers сап replace sugar iп 
some processed foods - helpful 
to diabeti cs апd dieters. 

[ There are natural and synthetic additives 1 

1) Some food additi ves are of п atura l origiп , e.g. l ec ithiп from soya Ьеапs. Some sy пth et i c 
add itives are ide пti ca l to п atura l s ubsta п ces. Others are compl ete ly пеw syпtheti c substaпces . 

2) Some people thiпk that some sy пth et i c food co l o uriпgs (e .g. s uп set ye ll ow) make childreп 
hyperactive. But mа пу scie пtifi c studies haveп ' t fouпd а пу соппесt i о п betweeп add itives а пd 
hyperactiv ity at all . 

3) А sma ll пumber of peopl e are allerg ic to some add itives, for examp le the food dye ta rtraz iп e. 

4) Some add iti ves a reп 't s uitaЫ e for vegetariaпs. For exampl e, the food co l ouriп g cochiп ea l comes 
from cru shed iп sects. Апd ge l a tiп from a пima l Ьопеs is used to thickeп а пd set some foods. 
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Food Add itives · · . ,.·~~·:. 

Artificial colours сап Ье detected Ьу chromatography 

То identify di fferent co lourings in а food samp le, you can use chromatography. 

Paper chromatography uses the fact that different dyes 
wash through wet fi lter paper at different rates. 

Here's how you'd analyse food co lourings ... 

1) Extract the co lour from each food sa mple Ьу plac ing it in а small cup with а few drops of so lvent 
(can Ье water, ethano l, sa lt water etc). Use а di fferent cup for each different food sample. 

2) Put spots of each co loured so lu t ion on а pencil base line on filter paper. (Labe l them in pencil 
- don't use pen because it might disso lve in the so lvent and confuse everything.) 

3) Roll up the sheet and put it in а beaker w ith some so lvent 
- but keep the baseline above the level of the so lvent. 

4) The so lvent seeps up the paper, taking the food dyes w ith it. 
Different dyes form spots in different p laces. 

5) Watch out though - а chromatogram w ith four spots mea ns at least four dyes, not exactl y four 
dyes. There could Ье five dyes, w ith two of them making а spot in the sa me place. 
(lt can't Ье three dyes though, because one dye ca n't spli t into two spots.) 

Shallow 
so lvent 

х У А В С 

х У А В С 

Learn а/1 the different additives and why they're added to food 
Chromatography can separate even complex mi xtures if you choose the ri ght equipment and conditions. 
On а different note, there's а lot about food additives i n the media. Some statements are based on facts, 
others on rumour and prejudice. But w ithout ev idence to support а claim, it's not worth а bean. 
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(. Warm-Up and Exam Questions 
1 kпow that you' ll Ье champiпg at the Ьit to get iпto the exam questioпs, 
but these warm-up questioпs are invaluaЫe for gettiпg the basic facts straight first. 

Warm-Up Qu 
1) How сап cookiпg food make it safer for huma п s to eat~ 

2) What effect does cookiпg eggs have оп the proteiпs iп them~ 

3) Give ап example of iпtelligeпt packagiпg. 

4) What are aпtioxidaпts~ 

Exam Qu 

1 Cooking potatoes breaks down 

А cellulite 

В protein 

С cellulose 

D celluloid 

2 Food colourings can Ье identified using chromatography. Outline а metlюd 
you could use to identify the different colourings in а food sample. 

3 Mayonnaise contains emulsifiers- mol ecules that have а hydrophilic end and 
а hydrophoЬic end. 

(а) On this diagram of an emulsifier molecule, label the hydrophilic and 
hydrophoЬic ends. 

(Ь) Explain the meanings of hydrophilic and hydrophoЬic. 

(с) The diagram below shows an oil molecule in water. 
Show on the diagram how emulsifier molecules arrange themselves. 

-- water 

( 1---t-- oil droplet 

(d) What effect do emulsifiers have on the mayonnaise? 
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(/ mark) 

(3 maгks) 

(/ mark) 

(2 maгks) 

(/ mark) 

(/ mark) 
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Plant Oils in Food · : ... :~~ 

Pl a пt oi ls come from plaпts. 1 kпow it's tricky, but just do your best to remember. 

We сап extract oils from plants 1 

1) Some fruits а пd seeds со пtа iп а lot of Q]l. For exampl e, 
avocados апd o lives are o il y fruits. Brazil пuts, pea пuts а пd 

sesa me seeds are o il y seeds (а пut is just а Ьig seed really). 

2) These o i ls са п Ье extracted апd used for food or for fuel. 

3) То get the oil out, the pl a пt materi al is crushed. The п ехt step is to press the crushed pl a пt materi al 
betweeп metal plates а пd squash the oil out. This is the traditioпal method of produciпg o live oil. 

4 ) Oi l са п Ье separated from cru shed p l a пt materi al Ьу а ceпtrifuge- rather like u s iпg а spiп-drye r to 
get water out of wet c lothes. Or solveпts са п Ье used to get the o il from the pl a пt materi al. 

5) Di st ill a tioп is used to refiп e the oi l, а пd it also removes water, so l veпts а пd impurities. 

VвgвtаЬ/е oils аге used in food 

1) VegetaЫe oils provide а lot of eп ergy. 

2) There are other пutri eпts iп vegetaЫe oils too - for examp le, o il s from seeds со пtа iп vitamiп Е. 

3) VegetaЫe oils со пtа iп esseпti a l fatty ac ids, which the body пeeds for mа пу metaboli c processes. 

4 ) VegetaЫ e o il s teпd to Ье uпsaturated , w hil e a пim a l fats teпd to Ье saturated. 

5) lп ge п e ra l , saturated fats are less hea lthy th a п uпsaturated fa ts (as saturated fats iп c rease the amou пt 

of cho lesterol iп the Ыооd, w hich са п Ыосk up the arteri es а пd iп crease the ri sk of heart disease). 

Plant oils сап Ье good for you 
Before fапсу stuff from abroad like o live oi l, we fried our Ьасоп апd eggs iп lard . VegetaЫe o il s, 
like o live o il , are better for use thaп a пim a l fats, like lard, because they're usuall y uп sa turated . 

Тоо much lard iп your diet could iп c rease your ri sk of gett iп g heart disease. 
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~-~~:~ Plant Oils in Food 

Oils апd fats сап Ье saturatвd or unsaturatвd 

1) Oi ls and fats contain long-cha in molecules with lots of ca rbon atoms. 

2) They ca n Ье either saturated or unsaturated. 

• Unsaturated oils contain douЫe bonds between some of the carbon atoms in their 

carbon chai ns. 

• Monounsaturated fats contain one С=С douЫe bond somewhere in their ca rbon chains. 

• Polyunsaturated fats contain more than one С=С douЫe bond. 

3) You ca n use the 'Ьromine water' test to check whether an oil or fat is saturated- see page 37. 

Unsaturatвd oils сап Ье hydrogвnatвd 

1) Unsaturated vegetaЫe oi ls are l.l.lli!.iQ at room temperature. 

2) They ca n Ье hardened Ьу reacting them with hydrogen in the presence of а ni ckel ca talyst at 
about 60 ос. This is ca ll ed hydrogenation. The hydrogen reacts with the douЫe-bonded 

ca rbons and opens out the douЫe bonds. 

3) Hyd rogenated oi ls have higher melting points than unsaturated oil s, so they're more so lid 
at room temperature. Thi s makes them useful as spreads and for baking cakes. 

4) Marga rine is usuall y made from partially hydrogenated vegetaЫe oil - turning ~ the douЫe 

bonds in vegetaЫe oi l to single bonds wou ld make marga rine too hard and difficu lt to 
spread. Hydrogenating most of them gives marga rine а nice, buttery, spreadaЫe consistency. 

5) But parti all y hydrogenating vegetaЫe oils means you end up with а lot of so-ca lled trans fats. 
And there's ev idence to suggest that trans fats are very bad for you. 

carbon н 
chain \ 1 

С=С 
1 \ 
н н 

+ н2 • 
nickel 
catalyst 

н н 
1 1 

car~on_ с-с- н 
cha1n 1 1 

н н 
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You need to know the difference between saturated and unsaturated 
Thi s is tricky stuff. ln а nutshell ... there's saturated and unsaturated fats, which are general ly bad and 
good for you (in that order)- easy enough. But ... partial ly hydrogenated vegetaЫe oil (which is 
unsaturated) is bad for you. Тоо much of the wrong types of fats ca n lead to heart disease. Got that ... 
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Plant Oils as Fuel · · _'·~j~. 
,t ;~.,..~' 

Fuel fгom vegetaЫe oi l is possiЬie too - but as always, you have to weigh up the ргоs and cons. 

VвgвtаЬ/в oils сап Ье used to producв fuвls 
1) VegetaЫe oils such as гapeseed oi l and soybean oi l ca n Ье processed and turned into fuels . 

2) VegetaЫe oil pгovides а lot of eneгgy- that's why it's suitaЫe fог use as а fuel. 

3) А paгticulaгly useful fu el made fгom vegetaЫe oils is ca lled Ьiodiesel. Biodiesel has simi l aг pгopeгties 

to oгdinaгy diesel fuel - it burns in the same way, so you ca n use it to fuel а diesel engine. 

4) Most diesel engines can burn 100% Ьiodiesel, but usually Ьiodiesel is mixed with oгd inaгy diesel. 

5) Engines burning Ьiodiesel pгoduce 90% as much роwег as engines burning oгdinaгy diesel. 

Biodiesel is а гвпвwаЬ/в fuel 
1) Biodiesel comes from plant crops, w hi ch can Ье planted and 

haгvested еvегу уеаг. You can always keep making Ьiodiesel. 

2) Соmраге this to oгdinaгy diesel , which is made Ьу distilling 
crude o il . Cгude oi l was foгmed millions of уеагs ago and it' ll 
take millions of уеагs to make mоге- once it гuns low that's it. 

Biodiesel releases less pollution than ordinary diesel 
1) Engines burning Ьiodiesel pгoduce much less sulfur 

dioxide pollution than engines burning diesel ог petгol. Particulatesare little pieces ofso/id crud 
2) Burning Ьiodiesel doesn't гelease as many "pa гti c ulates" ~ thatyouqetinsmokeandcarexhausts. 

as burning diesel ог petrol . 

3) Biodiesel is also ЬiodegгadaЫe and it's less toxi c than гegulaг diesel . 

4) Biodiesel engines do гelease the same amount of са гЬоn dioxide (С02 ) as oгd inaгy diesel 
engines. BUT Ьiodiesel comes fгom гecently gгown plants. The plants took in сагЬоn dioxide 
fгom the аiг when they wеге alive, and it's this same сагЬоn which is гeleased again when the 
Ьiodiesel is burned. So net incгease in сагЬоn dioxide in the atmospheгe: .!ill. 

5) Regulaг diesel, on the otheг hand, comes fгom cгude oil , which has been undeг the ground fог 
millions of уеагs . The сагЬоn in cгude oil was taken out of the atmospheгe millions of уеагs ago. 
Burning гegulaг diesel does сгеаtе а net incгease in сагЬоn dioxide in the atmospheгe. 

Biodiesel is expensivв and it's difficult to make вnough 
1) We can't make enough Ьiodiesel to герlасе гegulaг diesel - theгe aгen't enough veg oi 1 с горs . 

Biodiesel can Ье made fгom used vegetaЫe oi l, but theгe isn't enough of that eith eг. 

2) Because of this, Ьiodiesel is expensive. Most people won't want to use it until it's сhеарег. 

3) Biodiesel has feweг dгawbacks than some otheг "g гeen " са г fuels like Ьiogas ог e l ectгicity, though. 
Саг engines need modification to гun on ~- most diesel сагs гun on Ьiodiesel without any 
tinkeгing. And Ьiodiesel cou ld use the same filling stations and pumps as diesel. (Соmраге this 
with e l ectгic сагs, which would need а new netwoгk of гechaгging stations.) 
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There are differeпt kiпds of alcohol , but the опе that's iп beer, wiпe апd so оп is ethaпol. 

1) Fermeпtatioп is the process of usiпg yeast to 
convert sugars into ethaпol. СаrЬоп dioxide 
is also produced. Here's the equation: 

yeast > 2( Н ОН+ 2СО 
2 5 2 

Тhis is the forтula for 

glucose-а соттоп sugar. 

2) The yeast cells сопtаiп an enzyme called zymase. 
( Eпzymes are пaturally occurriпg catalysts. ) 

Тhе products are ethanol 

and carbon dioxide. 

/ 3) Fermeпtatioп happeпs fastest at а temperature of about 
30 ос. At lower temperatures, the reactioп slows dowп. 
lf it's too hot the eпzyme iп the yeast is destroyed. 

4) lt's important to preveпt охуgеп getting to the 
fermentatioп process. lf охуgеп is preseпt, а differeпt 

reactioп happeпs апd you doп't get ethaпol. 

5) Wheп the coпceпtration of alcohol reaches about 
1 О to 20%, the fermentatioп reactioп stops, 
because the yeast gets killed off Ьу the alcohol. 

6) Differeпt types of alcoholic drinks are made usiпg 
sugars from different sources- usually from 
grains, fruits or vegetaЫes, e.g. barley is used to 
make beer and grapes are used for making wine. 

7) The fermented mixture сап Ье distilled to produce more 
coпcentrated alcohol. Braпdy is distilled from wiпe, 
whisky is distilled from fermented graiп and vodka 's 
distilled from fermeпted grain or potatoes. 

8) The ethanol produced this way сап also Ье used 
as quite а cheap fuel iп countries which doп't have 
oil reserves for makiпg petrol (see пехt page) . 
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Ethanol :~-
There's more thaп опе way to make eth a пo l ... 

Ethвnв сап Ье reacted with stвam to produce вthanol 

1) Etheпe (С2 Н) will react with steam ( Н 2 0) to make ethaпol . 

н н н н 
\ 1 1 1 

с=с + н2о _ __.., н - с-с-о-н 
1 \ 1 1 

н н н н 

2) The reactioп пeeds а temperature of 300 ос а пd а pressure of 70 atmospheres. 

3) Phosphori c ac id is used as а catalyst. 

4) At the momeпt this is а cheap process, because eth e пe's fairly cheap апd поt much of it is wasted. 

5) The trouЫe is that eth eп e's produced from crude oil, which is а поп-rепеwаЫе resource 
апd which will start ruппiпg out fairly sоо п . This meaпs usiпg eth eпe to make ethaпol 
will become very expeпsive. 

Alcohol сап Ье used as а fuвl 

1) Ethaпol сап Ье used as fuel. lt burпs to give j ust С02 апd water. 

2) Cars сап Ье adapted to ruп оп а mixture of about 10% ethaпol апd 
90% petrol - 'gasohol'. Some couпtries (e.g. Brazil ) make exteпsive 
use of gasohol. lt's best used iп areas where there's p l eпty of fertile 
laпd for growiпg the crops пeeded, апd good crop-growiпg weather. 

3) Usiпg gasohol iпstead of pure petrol meaпs that less crude oi l is beiпg used. Aпother advaпtage is 
the crops пeeded for ethaпol productioп absorb со2 from the atmosphere iп photosyпthesis while 
growiпg. This goes some way towards balaпciпg out the release of С02 wheп the gasohol is burпt. 

4) But distilliпg the ethaпol after fermeпtatioп пeeds 
а lot of eпergy, so it's поt а perfect solutioп. 

ОН - it's а/1 about ethanol 
Make sure you l earп the diffe re пt ways that eth a пol са п Ье produced, that mea п s you пееd to 
l ea rп those equ atioп s as well, it' ll also Ье useful if you са п remember а few uses of alcohol too. 
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Some things smell ni ce, some don 't ... it's all down to the chemica ls а substance contains. 

[ Pвrfumвs сап Ье natural or artificial 

1) Chemica ls that smell nice are used as perfumes 
and air fresheners. Esters are often used as 
perfumes as they usually smell quite pleasant. 

2) Esters are pretty common in nature. 
Loads of common food smell s (plus 
those in products like perfumes) 
contain natural esters. 

3) Esters are also manufactured 
synthetica ll y to enhance food flavours 
or aromas, e.g. there are esters (or 
comЬinations of esters) that smell of 
rum, apple, orange, pineapple, and so 
on. And esters are responsiЬie for the 
distinctive smell of pear drops. 

Estвrs are made Ьу вstвrification 

1) Esters ca n Ье made Ьу heating а carboxy lic acid with an alcohol. 
(This is an examp le of esterification.) 

2) An acid cata lyst is usually used (e.g. concentrated sulfuric ac id). 

See pagee227-228 for 
moreoneetereand 

carboxylicacide. 

А carboxylic acid iean acid built 
around one ormore carbon atome. 

Acid + Alcohol ~ Ester + Water Learn thie equation. 

Method: 

1) Mix 1 О cm3 of а carboxy li c ac id such as ethanoic ac id with 1 О cm 3 of an 
alcohol such as ethanol. 

2) Add 1 cm3 of concentrated sulfuric acid to this mixture and warm gently 
for about 5 minutes. 

3) Tip the mixture into 150 cm3 of sodium carbonate so lution (to neutralise 
the acids) and smell carefu ll y (Ьу wafting the smell towards your nose). 
The fruity-smelling product is the ester. 
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Perfumes . ·.::~; 

Not ju5t any e5ter will do though ... 

Perfumes need certain propвrtlвs 

You can't u5e any old chemica l with а 5mell а5 а perfume. You need а 5Ub5tance with certain propertie5: 

1) Ea5ily evaporate5- or el5e the perfume particle5 won't reach 
your no5e and you won't Ье аЫе to 5mell it ... Ьit u5ele55 really. 

See page 7 formore about 

how we sme/1 perfumes. 

2) Non-toxic- it mu5tn 't 5еер through your 5kin and poi5on you. 

3) Doe5n't react with water - or el5e it would react with the water in 5weat. 

4) Doe5n 't irritate the 5kin - or el5e you cou ldn 't app ly it directly to your neck or wri5t5. 
lf you 5pla5h on any old 5Ub5tance you ri5k burning your 5kin. 

5) ln5oluЫ e in water - if it wa5 5oluЫe in water it would wa5h off every time you got wet. 

Don't forget that even if а 5ub5tance ha5 ~ the5e propertie5, 
it 5ti ll might 5mell pretty bad and 50 Ье un5uitaЫe for а perfume. 

Nвw perfumes and cosmвtics have to Ье tвstвd 
Companie5 are alway5 developing new co5metic product5 to 5e ll to U5. Before they're 
relea5ed to the 5hop5, they need to Ье te5ted thoroughly to make 5ure they're 5afe to u5e. 
They 5hould Ье non-toxi c and 5hOLJidn 't irritate the еуе5 or 5k in . Pretty obv iou5, l'm 5ure you' ll agree. 
But 5ome te5t5 are carried out u5ing animal5, which i5 а Ьit more controver5ial. 

Advantage5 of te5ting new co5meti c5 on 
animal5: We get an idea of whether they're 
likely to irritate the 5kin or Ье toxic before 
human5 u5e them (though an animal te5t 
won't nece55ari ly apply to human5). 

Di5advantage5 of te5ting on animal5: 
The te5t5 could cau5e pain and 
5uffering to the animal5 (e5pecially if 
it turn5 out that the co5metic ~ toxic). 
And animal5 can't choo5e whether or 
not to take part in the te5t5 (5о using 
human volunteers instead could Ье а 
possiЬility in certain circumstances). 

Testing оп animals is а controversial issue 
Perfume needs to smell nice, but not everyone agrees on what smell s nice. Perfume also needs to 
Ье safe, but not everyone agrees on the best way to test for this. That'5 life for you. 
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- Warm-Up and Exam Questions 
lt's time to practise some more questions. lf you struggle with the warm-up questions, do some more 
revision then try them again. Only do the exam questions when you think you know your stuff properly. 

Warm-up Q 
1) Describe the process used to extract and refine oi l from plants. 

2) What conditions are used for the hydrogenation of unsaturated vegetaЫe oi l s~ 

3) What useful fuel сап Ье produced Ьу fermentation~ 

4) Whisky, brandy and vodka all involve distillation in their production. 
What effect does the distillation process have~ 

5) What is gasoho l ~ Name а country where it is used extensively. 

б ) Why do new perfumes and cosmetics have to Ье tested~ 

Exam Q 

Match the words А, В, С and D with numbers 1 - 4 in the sentences. 

А oxygen 

В sugar 

С carbon dioxide 

D glucose 

The raw material for fermentation is .. .1 ... , а type of .. .2 ... · 
Fermentation produces the gas ... з ... as well as alcohol. 

However if ... 4 ... is present а different reaction happens. 

2 Match words А, В , С and D with the numbers 1 - 4 in the sentences below. 

А saturated 

В unsaturated 

С polyunsaturated 

D monounsaturated 

Animal fats tend to Ье 1 . 

VegetaЫe oils are usually .. .2 .. .. 

(4 marks) 

.. . з .. . oils have only one С=С douЫe bond in their carbon chains, whereas .. . 4 ... oils contain 
more than one С=С douЫe bond. 

(4 marks) 
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Exam Questions :~? 
1 .+. 

3 Esters are often used as perfumes. lt is possiЫe to make an ester Ьу reactiпg а 
carboxylic acid with ап alcohol. 

(а) This is an example of what type of reactioп? 
(lmark) 

(Ь) Write а word equation for the reaction betweeп а carboxylic acid and an alcohol. 

(с) List five properti es that perfumes need to have . 

4 (а) Ethanol сап Ье synthesised in the following reaction: 

н н 
\. / 
С= С 

/ \. 
н н 

+ 

н н 
1 1 

Н 20 ~ н-с-с-о-н 
1 1 
н н 

Reactant А is derived from crude oil. Explaiп why the cost of making 
ethanol Ьу the synthesis method above is likely to increase. 

(Ь) Ethanol burп s in oxygen to give carbon dioxide and water. 

(i) Write а balanced symbol equatioп for this reaction. 

(1 mark) 

(5 marks) 

(1 mark) 

(2 mшks) 

(ii) One method of ethanol productioп partially balances out the carbon dioxide 

produced when ethanol burns. Describe this method апd explain why it helps 

balance out the carbon dioxide emissions from burning the ethanol. 

5 Biodiesel сап Ье used in diesel engines. 

(а) What is Ьiodiesel made from? 

(Ь) (i) Explain why Ьiodiesel doesn 't add to the greenhouse effect. 

(ii) Give two other advantages ofЬiodiesel. 

(с) Give two disadvantages of Ьiodiese l. 

-- - ----

(2 mark:,) 

(/ mark) 

(2 maгks) 

(2 тш{s) 

(2 maгks) 
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· Revision Summary for Section Four 

The only way that you сап tell if you've learned this module is to test yourself. Try these questions and if 
there's something you don't know, it means you need to go back and learn it. Even if it is all that weird 
stuff about smart materials. And don't miss any questions out- you don't get а choice about what 
comes up on the exam so you need to Ье sure that you've learnt it all . 

1) Give three reasons why many foods are cooked before eating. 

2) Explain what is meant Ьу an 'emulsion'. 

3) List three foods which contain emulsifiers. 

4) Some materials produce electricity when squeezed. How might these Ье used commercially? 

5) Smart inks have been developed which get darker with time. The warmer they get, the faster they 
change colour. Explain why this is а useful property for а freshness indicator in food packaging. 

6) Give an example of active packaging. 

7) Silica gel sachets are placed into some chilled food packets. 
Explain how this keeps the food safe to eat for longer. 

8) What is an E-number? 

9) Explain why foods containing butter often have antioxidant chemica ls added to them. 

1 О) Give two advantages and two disadvantages of using food additives. 

11 ) Describe how chromatography can Ье used to separate the different co lours in а sweet. 

12) Describe how o live oil is extracted from olives. 

13) Describe the basic structure of а polyunsaturated fat. 

14) How can unsaturated oi ls Ье hardened? Why is this done? 

15) Explain why Ьiodiesel has not replaced ordinary diesel. 

16) Write the word equation for the fermentation reaction used to produce alcohol. 

17) Explain why the temperature must Ье monitored carefu lly when brewing beer. 

18) Describe а method of producing ethanol, other than Ьу fermentation. 

19) What is gasoho l made from? 

20) Give three properties that а substance must have in order to make а good perfume. 

21 ) Many perfumes are esters. Describe one method of making an ester in the lab. 

22 ) Write the genera l word equation for this esterification reaction. 

23) Give one advantage and one disadvantage of testing new perfumes on anima ls. 
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The Earth's Structure ·· .. 
lt's tri cky to study the stru cture of the Earth - you са п ' t just dig dowп to the Earth's ceпtre. 

But after study iпg the ev ideпce, this is what sc i e пti sts thiпk is dowп there .. . 

Crust, mantle, outer and innвr core 
1) The crust is Earth's thiп outer layer of so lid rock. There are two types of crust 

- coпtiпeпta l cru st (formiпg the l aпd), а пd осеа пi с crust (uпder осеапs). 
I!Ш!D ' ' 2) The lithosphere iпcludes the crust а пd upper part of the maпtle 

below, апd is made up of а jigsaw of 'p lates'. The lithosphere is 
relatively co ld апd rigid . 

. ~ 

~r~::~~~~~'. . 
.·!,_,'-

3) The maпtle exteпds from the crust almost halfway to the ceпtre 
of the Earth. lt' s got all the properties of а so lid but it са п flow 
very slowly. 

4) The core is just over half the Earth's radius. lt's mostly iroп 
апd пi cke l, а пd is w here the Earth's magпet i c field origi пates. 

5) The iппеr core is solid, w hile the outer core is liquid. 
• r . 

б) Radioactive decay creates а lot of the heat iпside the Earth. 

7) This heat causes coпvectioп curreпts, which cause the plates of the 
lithosphere to move (whi ch is bad пews for some people- see below). 

The Earth 's surface is made up of tвctonic platвs 

·~-

1) The crust апd the upper part of the ma пtl e are cracked iпto а пumber of large pieces ca lled 
tectoпic plates. These plates are а Ьit like Ьig rafts that 'float' оп the ma пtl e. 

2) The plates doп't stay iп опе pl ace though. That's 
because the coпvectioп curreпts iп the ma пtl e 

ca use the plates to drift. The map shows the 
edges of the plates as they are поw, а пd the 
directioпs they're mov iпg iп (red arrows). 

3) Most of the plates are moviпg at speeds of 
а few cm per year relative to each other. 

4) Occasioпally, the plates move very suddeпly, 
ca u s iпg а п earthquake. Volcaпoes ofteп form 
at the bouпda ri es betweeп two tectoпic plates too. 

Scientists can't predict earthquakes and volcanic eruptions 

1) Tectoпi c plates сап stay more or less put for а while апd theп suddeпly 
lurch forwards. lt's impossiЬie to predict exactly wheп they'll move. 

2) Scieпtists are tryiпg to fiпd out if there are а пу c lues that а п earthquake might h арреп sооп 
- thiпgs like st ra iп iп uпde rgrouпd rocks . Еvеп with these clues they'll о пl у Ье аЫе to say 
а п earthquake's likely to hарреп , п оt exactly wheп it' ll hарреп . 

3) There are also clues that а volcaпic eruptioп might hарреп sооп. Before а п eruptioп , 

mo lteп rock ri ses up iпto chambers п еаr the surface, ca u s iпg the grouпd surface to bulge slightl y. 
This causes m i пi -earthquakes пеа r the vo l ca пo . 

4) But sometimes molteп rock coo ls dowп iп stead of e ruptiп g, so miпi -ea rthqu akes са п Ье а false alarm. 
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Evidence for Plate Tectonics 
А Ыоkе ca lled Alfred Wegeпer put forward his theory about the Earth's coпtiпeпts slowly driftiпg a l oпg iп 
1915, but поt mапу people believed it. This was partly because he didп ' t have а good explaпatioп for 
why it happeпed, partly because he wasп't а qualified geologist, апd partly because the theory was so 
we ird. But the truth wi ll out, as they say- апd the evideпce поw suggests the 'rocky raft' idea is correct. 

1) Jigsaw fit - the supercontinent 'Pangaea' 

а ) There's а very obvious jigsaw fit betweeп Africa апd South America. 

Ь) The other coпtiпeпts сап also Ье fitted iп without too much trouЫe. 

с) lt's wide ly believed that they опсе all formed а siпg l e laпd mass, 
поw ca lled Рапgаеа. 

2) Matching fossils in Africa and South Amвrica 

а ) ldeпt i ca l plaпt fossils of the same age have Ьееп fouпd iп rocks 
iп South Africa, Australia, Aпtarctica, lпdia апd South America, 
w hi ch stroпg l y suggests they were all joiп ed опсе uроп а time. 

Ь) Aпimal fossils support the theory too. There are ideпtical fossils 
of а freshwater crocod ile fouпd iп both Brazil апd South Africa. 
lt certa iпly didп't swim across. 

3) ldвntical rock sequences 

а) Certai п rock layers of sim il ar ages iп various 
couпtr i es show remarkaЫe simi larity. 

200 000 000 
years old 

240 000 000 
years old 

Basalt 

Ь) This is st roпg evideпce that these couпtries were 
joiпed together wheп the rocks formed. 

300 000 000 
years old 

320 000 000 
yevsotd 

Coals and 
shales 

Glacial 
depoiils 

4) Living creatures: The Earthworm 
а) There are various liviпg creatures fouпd iп both 

America апd Africa. 

Ь) Опе such beasty is а particular ea rthworm 
w hich is fouпd liviпg at the tip of South 
America апd the tip of South Africa . 

с) Most likely it travelled across ever so slowly оп 
the Ьig raft we поw ca ll America . 

Learn about Wegener's Theory and а/1 the evidence 
So there you go. Alfred Wegeпer's ideas were origiпally thought to Ье boпkers (the fact that he'd used 
some iпaccurate data didп't help - опе sc i eпt i st claimed that the forces Wegeпer's theory пeeded 
wou ld have stopped the Earth rotatiпg). But as techпology improved а пd more evideпce was gathered 
( iпcludiпg from the bottom of the осеа п ), it turned out that Wegeпer's ideas were pretty coпv iп ciпg 
after all . But it took а w hil e - it was оп l у iп the 1960s that sc i eпtists rea ll y accepted the theory. 
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The Three Different Types of Rock ·. , ,_.. 

You сап use rocks (or stuff iп them) to make all sorts of thiпgs, but поt all rocks are the same. 
Sc i e пt ists class ify rocks accordiпg to how they're fo rmed. The three differeпt types are: 
sedimeпta ry, metamorphi c (о п this page) а пd i gпeou s (о п the followiпg page). 

There are three steps in the formation of sвdimвntary rock 
1) Sedimeпtary rocks are formed from layers of sed imeпt laid dowп iп lakes or seas. 

2) Over mi l li oп s of years the layers get buried uпder more layers апd the weight pressiпg dowп 
sq ueezes out the water. 

3) Fluids flowiпg through the pores deposit пatural miпeral cemeпt . 

1 Llmвstonв is а sedimentary rock formed from sвashвlls 1 
Limestoп e is that rather useful grey-white rock that you first eпcouпte red оп 

page 15. Make sure you kпow Q.]l the importa пt facts about it from that page. 

Mвtamorphic rocks are formed from othвr rocks 

1) M etamorphi c rocks are formed Ьу the act i oп of heat а пd pressure оп sedimeпta ry (or еvеп i gпeo u s) 

rocks over loпg periods of time. 

2) The miпera l structure апd texture may Ье diffe reпt, but the chemica l compos iti oп is ofteп the same. 

3) So loпg as the rocks doп 't actuall y melt they're c lassed as metamorphi c. lf they melt а пd turп to 
magma, they're gопе (though they may eve пtu a ll y resurface as i gпeou s rocks- see п ех t page). 

Magma 

1 МвrЬ/в is а metamorphic rock formed from limвstonв 1 

МаrЫе is a п othe r form of ca lcium carboпate. Very high temperatures break dowп the limesto п e 
а пd it reforms as small crystals. This gives marЫe а more еvеп texture апd makes it much harder. 
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r:: ·· The Three Different Types of Rock 
~· 

Sed imentary rocks are generall y pretty soft, metamorphic rocks are harder, 
and igneous rocks are the hardest of the lot. 

/gnвous rocks are formed from frвsh magma 

67 

1) lgneous rocks form w hen molten magma pu shes up into the crust (or right through it) before coo ling 
and so lidi fying. They contain var ious different minerals in random ly arranged interlocking crysta ls. 

2) There are two types of igneous rocks, extrusive and intrusive: 

Extrusive igneous 
- coo ls above ground 

lntrusive igneous 
- coo ls underground 

and eventually gets 
exposed Ьу erosion 

EXTRUSIVE igneous rocks coo l QU ICKLY ABOVE 
GROUND, forming SMALL crystals, e.g. basa lt and rhyo lite. 

INTRUSIVE igneous rocks coo l SLOWLY UNDERGROUND, 
forming BIG crysta ls, e.g. granite and gabbro. 

Granite is very hard (even harder than marЬie). lt's idea l for steps and bui ldings. 

lgneous rocks are either intrusive or extrusive 
The extrusive igneous rock basa lt is made of the same minera ls as the intrusive rock gabbro- both 
contain lots of iron. But gabbro is coarser because it coo ls more slowly, giving Ьi gger crystals. 
Rhyo lite and its coa rser brother granite are made of the same stuff too- both contain lots of sili con. 
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Warm-Up and Exam Questions · 

So now it's time to see which facts stayed in your head, and which tumЫed back out. Question time. 

Warm-U 
1) State one geological feature often seen at the boundary of two tectonic plates. 

2) Give an example of а visiЬie clue that а volcano might Ье about to erupt. 

3) What was 'Pangaea'? 

4) What are the three steps in the formation of sedimentary rock? 

5) Name one common use of granite. 

Exam Q 

Tectonic plates generally move at speeds of: 

А several metres per year. 

В between 5 and 1 О kilometres per hour. 

С а few centimetres per year. 

D 1 or 2 millimetres per century. 

2 The existence of animal fossils of the same species in both South Africa and Brazil 
suggests that : 

А these continents are moving towards each other. 

В South America and Africa were once joined together. 

С South America and Africa were never joined together. 

D South America and Africa have changed places. 

3 Metamorphic rocks, such as marble, are formed from other types of rock. 

(а) Describe how metamorphic rocks are formed from sedimentary rocks. 

(Ь) (i) What sedimentary rock is marble formed from? 

(/ mark) 

(/ mark) 

(2 marks) 

(1 mark) 

(ii) Give two differences between the physical properties of marble and those of 

the rock it is formed from. 
(2 marks) 
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Exam Questions 

4 The following diagram shows the internal structure of the Earth . 

в 

(а) Label the diagram. 

(Ь) What two elements do scientists believe part С is largely made from ? 
Circle the correct answers. 

cadmium nickel silicon aluminium 

5 Igneous rocks сап Ье described as extrusive or intrusive. 

(а) How are igneous rocks formed? 

iron 

(Ь) Explain the difference between extrusive and intrusive igneous rocks, 
and give an example of each. 

б Which ofthe following statements about limestone is not true? 

А lt is mostly formed from seashells. 

В lt is а metamorphic rock. 

С lt thermally decomposes when it is heated. 

D It is virtually insoluЬie in water. 

7 Alfred Wegener came up with the theory of continental drift . 

(а) Describe two pieces of evidence to support his theory. 

(Ь) Give one reason why it wasn 't accepted at the time. 
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(4 тш-ks) 

(2 marks) 

(2 maгks) 

(3 maгks) 

(1 тш-k) 

(2 тш-ks) 

(1 maгk) 
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Evolution of the Atmosphere .. '·~~~-
For 200 mi ll ioп years or so, the atmosphere has Ьееп about how it is поw: 78% пitrogeп, 21% охуgе п , 

апd sma ll amou пts of other gases, maiпly С02 апd поЫе gases. There са п Ье а lot of water vapour too. 
But it wasп ' t always like this. Here's how the past 4.5 Ьillioп years may have gопе : 

Phase 1 - Volcanoes gave out gasвs 

1) The Earth 's surface was or i giпa ll y molteп for mапу 
millioпs of yea rs. lt was so hot that апу atmosphere 
just 'Ьoiled away' iпto space. 

2) Eveпtually thiпgs coo led dowп а Ьit апd а thiп crust 
formed, but vo l ca п oes kept eruptiп g. 

3) The volcaпoes gave out lots of gas- iпcludiпg саrЬо п 
dioxide, water vapour апd пitrogeп . We thiпk this was 
how the осеа п s а пd atmosphere were formed. 

4) Accordiпg to this theory, the ear ly atmosphere 
was рrоЬаЫу mostly С02 , with virtual ly по охуgеп. 
Thi s is quite li ke the atmospheres of Mars а пd Veпus today. 

5) The осеапs formed wheп the water vapour coпdeп sed. 

Holiday report: Not а nice place to Ье. 
Take strong walk ing boots and а good coat. 

Phase 2 - Gгввп plants evolved and produced oxygвn 

Holiday report: А Ьit slimy underfoot. 
Take wellies and а lot of su ncream. 

1) Greeп plaпts evo lved over most of the Earth. 
They were quite happy iп the С02 atmosphere. 

2) А lot of the ea rl y С02 dissolved iпto the осеапs. 
The greeп plaпts also removed С02 from the air апd 
produced 0 2 Ьу photosyпthesis. 

3) Wheп plaпts died а пd were buried uпder layers of 
sedimeпt, the carbon they had removed from the air 
(as С02 ) became ' locked up' iп sedimeпtary rocks 
as iпsoluЬie carboпates апd foss il fuels. 

4) Wheп we burn fossil fue ls today, this ' locked-up' 
саrЬоп is re leased and the coпce пtrat i oп of С02 iп 
the atmosphere rises. 

Phase 3 - Ozone /аувг allows evolution of сотр/вх anima/s 

1) The build-up of oxygen iп the atmosphere killed off some 
early orgaпisms that cou ldп 't tolerate it, but all owed other, 
more complex orgaпisms to evo lve апd flourish . 

Holiday report: 

The I@Jt Billion Years or so 

2) The охуgеп also created the оzопе layer 
(0

3
) wh ich Ыocked harmful rays from the 

Suп апd enaЫed еvеп more comp lex 
orgaпisms to evo lve- us, eveпtu a ll y. 

А nice place to Ье. 
Visit before the 

3) There is v irtuall y по СО2 left поw. 
crowds ruin it. 
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~-. Atmospheric Change 
"" 

Evidence for how the atmo5phere evo lved ha5 been found in rock5 and other 5ource5. But no one wa5 
there to record the change5 а5 they happened . So our idea5 about the atmo5phere are 5till theorie5 ... 

There аге competing theories about atmosphвric changв 

А5 well а5 the theory on the previou5 page, there are other theori e5 about how the Earth '5 atmo5phere 
changed milli on5 of yea r5 ago. Ultimately, all the theorie5 have to Ье judged on the ev idence. 

For example, one theory 5ау5 that the water on Earth came mainly from comet5 
rather than volcanoe5. When thi5 theory wa5 fir5t 5ugge5ted, it 5eemed far-fetched. 
But 5расе 5cience re5earch 5oon 5ugge5ted that lot5 of 5mall icy comet5 really are 
hitting the Earth every day. So far 50 good. But 5tudie5 of comet5 found that the 
water i n comet5 i5n 't the 5ame а5 the water on Earth (it'5 got more 'heavy water' i n it). 
So current thinking i5 that mo5t of Earth '5 water рrоЬаЫу didn 't come from comet5. 

The atmosphere changвs а/1 the time 

1) Thi5 i5 а graph of С02 and global temperature data . lt 5how5 С02 leve l5 ri5ing rapidly over the la5t 
few thou 5a nd year5, and а global temperature ri 5e that'5 been more or le55 keeping up. 

Temperature 
Difference 
from Present ( 0С) 

10 

о 

-10 

Atmospheric СО, 

Concentration (ppm) 

250 200 150 100 50 о 

350 

300 

250 

200 

150 

Тime Before Present present 
(1 OOOs of years) day 

2) But the graph al5o 5how5 that there have been huge change5 in the climate before. 
(The5e change5 are 5ma ll compared with the change5 de5cribed on page 70, when 
the entire compo5ition of the atmo5phere wa5 changing ... but they're 5ti ll pretty Ьi g.) 

3) For in5ta nce, there have been 5everal ice age5 over the la5t few mil lion yea r5. 
The5e happen for variou5 rea5on5 (e.g. thing5 to do with the Earth'5 o rЬit, 

movement of continent5, С02 in the atmo5phere, and 50 on ). 

4) So change5 in the Earth '5 temperature aren't new- they happen all the tim e. 
However, we've recentl y become aware of the po55iЬility of а fa5ter warming 
of the planet, and w hat thi5 cou ld mea n for u5. 

4 million years ago was а whole other world 

An ice age isa time when 

large areas ofthe Earths 

surface are covered with ice. 

We've learned а lot about the pa5t atmo5phere from Antarcti c ice core5. Each yea r, а layer of ice form5 
and bubЬie5 of air get trapped in5ide it, then it'5 buried Ьу the next layer. So the deeper the ice, the 
o lder the air - and if you examine the bubЬie5 in different layer5, you ca n 5ее how the air ha5 changed. 
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Atmospheric Change .· -<~~ 
.. - )lol .. .) 

There have been huge changes in the climate in the past. Now the climate is changing again, but there's 
sti ll lots of debate about whether it is just а natural change or change brought about Ьу human activity. 

The atmosphere is sti/1 changing 

Levels of С02 in the atmosphere are incrвasing 

Levels of С02 in the atmosphere have increased Ьу about 
25% since 1750 ... 

1) Burning fossil fuels releases С02 - and as the world has become 
more industrialised, more fossil fuels have been burnt in power 
stations and in саг engines. 

2) Carbon dioxide is а green house gas- it traps heat from the Sun. 
You'd expect that more carbon dioxide wou ld mean а hotter planet. 
(See page 75 for more info.) 

3) However, а few scientists say that the concentration of С02 has 
increased and decreased а lot over the last 1 OOs of millions of years, 
and argue that а littl e increase now might Ье just а .bll.Q. 

The amount of ozone in the ozone layer has dвcrвasвd 

Over the last 50 years, the amount of ozone in the ozone layer has decreased ... 

1) Currently, ho les in the Earth's ozone layer form over Antarctica and the Arctic each year. 

2) Ozone is broken down Ьу man-made gases ca lled 
CFCs, widely used as aeroso l prope llants and fridge 
coo lants between the 1930s and the 1980s. CFCs 
were phased out in the 1990s. 

3) The ozone layer protects us from the harmfu 1 UV 
radiation which сап cause ski n cancer. lt's difficult 
to test whether changes in the ozone layer are to 
Ыаmе for increases in ski n ca ncer, though. 
Other factors affect skin cancer- peop le sunbathe 
more and have more beach hol idays abroad, so they 
expose themselves to more UV radiation anyway. 

The atmosphere is changing - it cou/d Ье а/1 our fault 

See р.244-245 for 
more about CFCs. 

Whether people believe scientific theories or not depends on the evidence that people produce to 
support them. Without evidence, а theory goes nowhere. Quite right too, 1 say. 
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:: Warm-Up and Exam Questions 
Doing these warm-up questions will soon tell you if you've got the basic facts straight. 
lf not, you'll really struggle, so take time to go back over the blts you don't know. 

Warm-Up 
1) Name the two main gases that make up the Earth's atmosphere today. 

2) Give one effect of the build-up of oxygen in the atmosphere over the last Ьillion years. 

3) Give one use of CFCs. 

Exam Qu 

2 

Match the words for А, В , С and D with the numbers 1 - 4 in the sentences below. 

А photosynthesis 

в oxygen 

с carbon 

D carbon dioxide 

Once green plants had evolved, they thrived in an atmosphere rich in .. .1 ... · 
These plants produced ... 2 ... Ьу the process of ... з ... · 
... 4 ... from dead plants eventually became 'locked up' in fossil fuels. 

(4 marks) 

The following graph shows how atmospheric 
со2 concentration and global temperature 
have varied over the last 250 000 years. 

Atmospheric СО 

(а) Describe what the g raph shows 
about temperature and со2 levels . 

(Ь) Mark with an Х on the graph the 
time when the temperature was most 
different from its present value. 

(2 marks) 

( / mark) 

Temperature Concentration (ppm) 
Difference 350 
from Present ( 'С) 

10 

250 200 150 100 50 
Time Before Present 

(1000s of years) 

300 

250 

200 

150 

о 
present 

day 

3 (а) (i) Name two regions over which the Earth 's ozone layer is thinner than normal . 
(2 marks) 

(ii) What effect do CFCs (chlorofluorocarbons) have on ozone? 
(lmaгk) 

(Ь) Discuss the possiЬle connection between ozone level s and а ri se in the incidence 
of skin cancer in humans . 

(3 mal"ks) 
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The Carbon Cycle о .. : 0~~ 

Carbon f lows through the Earth 's ecosystem in the carbon cyc leo 
Thi s cycle can help us see why the amount of carbon dioxide in the atmosphere has increasedo 

Carbon is constantly being гвсус/вd 

Carbon is the key to the 'greenhouse effect' which keeps the Earth warm (see next page)o 
lt exists in the atmosphere as carbon dioxide gas ((02), and is also present in many other 
greenhouse gases such as methane (СН 4 ) 0 

Chalk and 
limestone 

Carbon dioxide 

Oil and 
natural gas 

fo~ ~~ 
,-----------~ ~~~------~ 

Compounds 
in animals 

Compounds 
in plants 

1) The carbon on Earth moves in а Ьig cyc leo 

2) Respiration (i n li ving cell s), combustion (burni ng) and decay of plants 
and animals add carbon dioxide to the air and remove oxygen. 

3) Photosynthesis does the opposite- it removes carbon dioxide and 
adds oxygen о 

4) These processes shou ld balance out. However, it looks like humans 
have upset the natural carbon cycle. 

Eeeek- the carbon cycle 's got а puncture о 
Releas ing masses of С02 due to fossil fuel use is the worst proЫem hereo B~t deforestatюn (cutting 
down large areas of forest) is also bad for the carbon cycle, in thre~ wayso Folrst off, carbon dioxide is 
released when trees are burnt to c lear lando Secondly, microorgan1sms feedlng on the dead wood 
release С02 due to resp irationo And thirdly, fewer trees means there's less photosynthesis going ono 
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i~.:.-. Global Warming 

M ost environmentalists and sc ientists now beli eve that human acti v iti es are changing the 
proporti on of ca rbon di ox ide in the atmosphere- and that that's going to have mass ive 
effects on life on Pl anet Earth . You need to understand the sc ience behind the sca ry headlines 
- starting with the greenhouse effect. 

Carbon dioxide and methane trap hвat from the Sun 

1) The temperature of the Earth is а balance between the heat it gets from the Sun and the heat it 
rad iates back out into space. 

2) Gases in the atmosphere absorb most of the heat that would norm all y Ье radiated into space, and 
re- radiate it in all directi ons (including towards Earth ). lf thi s didn 't happen, then at night there'd 
Ье nothing to keep any heat in, and we'd qui ckl y get very cold indeed. But recentl y we've started 
to worry that thi s effect is getting а Ьit out of hand ... 

3) There are several different gases in the atmosphere which help keep the heat in. 
They're ca ll ed "greenhouse gases" (oddl y enough) and the main ones w hose levels 
we worry about are carbon dioxide and methane- because the leve ls of these 
two gases are ri sing qui te sharpl y. 

4) Humans release ca rbon dioxide into the atmosphere as part of our everyday lives 
- e.g. as we burn foss il fu els in power stati ons or ca rs. 

5) Thi s could Ье а Ьi g proЫ em , but it's hard to Ье 100% sure (s ince Earth 's c limate is so compli cated). 
For example, the Earth 's temperature vari es over the yea rs anyway (see page 71) 
- so even if Earth is warming up, it mi ght Ье пothing to do w ith humans and fossil fuels. 

But nowadays, most scientists think that: 

(i) Earth ~ gradually warming 

(ii ) foss il fuel use has got something to do with it. 
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Human lmpact оп the Environment ·. ··. 

We have ап impact оп the world arouпd us - апd the more humaпs there are, the Ьigger the impact. 

There are six billion рвор/в in the world ... 

1) The populatioп of the world is curreпt l y risiпg very quickly, апd it's поt slowiпg dowп 
- look at the graph ... 

~ б 
Q. eek! о 
(!) 

a. s 
с: 

.2 
] 4 
...... lntroduction 
с: 

of modern .2 3 
~ 
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о 
Q. 
-о 

1 

~ Year 
о 

1000 1200 1400 1600 1800 2000 

2) This is mostly due to moderп mediciпe апd farmiпg methods, which have reduced the пumber of 
people dyiпg from disease апd huпge r. 

3) This is great for al l of us humaпs, but it meaпs we're haviпg а Ьigger effect оп the eпviroпmeпt 

we live iп ... 

. . . with increasing demands оп the вnvironment 

Wheп the Earth's populatioп was much smaller, the effects of humaп activity were usually small 
апd local. Nowadays though, our actioпs сап have а far more widespread effect. 

1) Our rapidly iпcreasiпg populatioп puts pressure оп the 
eпviroпmeпt, as we take the resources we пееd to survive. 

2) But people arouпd the world are also demaпdiпg а higher 
staпdard of liviпg (апd so demaпd luxuries to make life more 
comfortaЫe- cars, computers, etc.). So we use more raw 
materials (e.g. oil to make plastics), апd we also use more 
eпergy for the maпufacturiпg processes. This all meaпs we're 
takiпg more апd more resources from the eпviroпmeпt more 
апd more quickly. 

3) Uпfortuпately, mапу raw materials are beiпg used up quicker 
thaп they're beiпg replaced . So if we carry оп like we are, 
опе day we're goiпg to ruп out. 
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~~;·_ Human lmpact оп the Environment 

We are damaging the environment in severa l different ways ... 

We're also producing тоге wastв 

As we make more and more things we produce more and more waste. And unless this waste is 
properly handled, more harmfu l pollution wi ll Ье caused. This affects water, land and air. 

Land 

Water 

Sewage and toxic chemica ls from industry can pollute lakes, rivers and oceans, 
affecting the plants and anima ls that rely on them for surviva l (i ncludi ng humans). 
And the chemica ls used on land (e.g. fertilisers) can Ье washed into water. 

We use toxic chemica ls for farming (e.g. pesticides and herЬic ides). 

We also bury nuclear waste underground, and we dump а lot of 
household waste in landfill sites. 

Air 

Smoke and gases released into the atmosphere can pollute the air (see pages 74, 75 and 
78 for more). For example, su lfur dioxide can cause acid rain . Sc ientists also think that 
particles of soot produced when fossil fuels are burnt can stop sun light reaching the Earth. 
The particles reflect sun light back into space, or help to produce more clouds that do the 
same thing. ln some areas, studies have found that near ly 25% less sunlight has been 
reaching the surface compared to 50 years ago. This effect is known as globa l dimming. 

Some scientistsdon't believe thatglobal dimming is rea/ly happening 
though, and Ыате the findings оп inaccurate recording equipment. 

Могв рвор/е means /ess /and for plants and other animals 

Humans also reduce the amount of land and resources availaЫe to other anima ls and plants. 
The four main human activities that do this are: 

1) Building 
2) Dumping Waste 

4) Quarrying 

3) Farming 

More people, тоге mess, less space, less resources 
ln the exam you might Ье given some data about environmental impact, so make sure you understand 
what's going on. Just keep your head and work out exactly what the data's say ing. Job's а good 'un. 
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Air Pollution and Acid Rain 

Са rЬо п dioxide leve ls could Ье caus iпg c limate ch a пge. But С02 i s п ' t the о пl у gas released wheп fossil 
fuels burп - you also get other п ast i es like oxides of пitrogeп апd su lfur dioxide. 

Acid rain is caused Ьу sulfur dioxidв and oxidвs of nitrogвn 

1) Wheп fossi l fuels are burпed they release mostl y С02 • 

But they also release other harmful gases- e.g. sulfur dioxide апd various пitrogeп oxides. 

2) The su lfur dioxide (50
2

) comes from su lfur impurities iп the fossil fue ls. 

3) However, the пitrogeп oxides are created from а reactioп 

betweeп the пitrogeп а пd охуgеп iп the air, caused Ьу the 
heat of the burпiпg. (Thi s са п h арре п iп the iпte rпa l 

combust i oп e п g iпes of ca rs.) 

4) Wheп these gases mix with c louds they form dilute 
sulfuri c ac id а пd dilute пitri c ac id. 
Thi s theп falls as ac id raiп . 

5) Power statio п s а пd iпterпa l combustioп eп gi пes 

iп ca rs are the maiп causes of ac id ra iп . 

1 Acld гвiп kills fish, trees and statues 1 

~ 
t' v 

?>f,;f(.,_, 

"J.~t·'( 
::,,:~: ,, 

1) Acid raiп causes lakes to become 
acidic а пd mа пу pl a пts а пd aпimals 
die as а result. 

2) Acid ra iп ki ll s trees а пd damages 
limestoпe buildiпgs а пd ruiп s stoпe 

statues. lt also makes metal corrode. 
lt's s hockiп g. 

Oxidвs of nitrogen also cause photochвmica/ smog 

1) Photochemical smog is а type of air pollutioп caused Ьу suпlight act iпg оп oxides of пitrogeп. 

2) These oxides соmЬiпе with охуgеп iп the air to produce оzопе IOJ 

3) Оzопе са п cause breathiпg difficulties, headaches апd tiredпess. 
(Doп ' t coпfuse grouпd- l eve l оzоп е w ith the usefu l оzопе layer high up iп the atmosphere.) 

Acid rain- bad for the trees 
But good for you, because ac id raiп са п get you some пi се easy marks iп the exam. Make sure you 
remember the п ames of the two gases w hich cause ac id ra iп , а пd where they come from. 
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Air Pollution and Acid Rain 

СаrЬоп moпoxide i5 aпother pollutaпt that сап Ье relea5ed from burпiпg fo55il fuel5- it'5 pretty па5tу. 
Pollutioп iп the atmo5phere 5uch а5 СО сап cau5e health proЫem5, 50 it пееd5 to Ье careful ly coпtro ll ed. 

Carbon monoxide is а poisonous gas 

1) СаrЬоп moпoxide (СО) сап 5top your Ыооd doiпg it5 proper job of carry iпg охуgеп arouпd the body. 

2) А lack of охуgеп iп the Ыооd сап lead to faiпtiпg, а coma or еvеп death. 

3) СаrЬоп moпoxide i5 formed wheп petrol or die5el iп car епgiпе5 i5 burпt without eпough охуgеп 
- thi5 i5 iпcomplete combu5tioп (5ее page 34 for more detail5). 

lt's important that atmospheric pollution is control/ed 

The build-up of all the5e pollutaпt5 са п make life uпhealthy апd mi5eraЫe for mапу 
humaп5, aпimal5 апd plaпt5. The пumber of са5е5 of re5piratory illпe55e5 (e.g. a5thma) 
ha5 iпcrea5ed iп receпt year5- e5pecially amoпg youпg people. Мапу people Ыаmе 
atmo5pheric pollutioп for thi5, 50 effort5 are beiпg made to improve thiпg5: 

1 Catalytic converters 1 

Catalytic coпverter5 оп motor vehicle5 reduce the amouпt of саrЬоп 
moпoxide апd пitrogeп oxide5 getti пg iпto the atmo5phere. The cata ly5t 
i5 пormally а mixture of platiпum апd rhodium . lt help5 uпplea5a пt 
exhau5t ga5e5 from the car react to make thiпg5 that are le55 
immediately daпgerou5 (though more С02 i5 5ti ll поt exactly idea l). 

carbon monoxide + nitrogen oxide ~ nitrogen + carbon dioxide 

2СО + 2NO ~ N2 + 2С02 

1 Flue Gas Desulfurisation (FGD) 

Flue Ga5 De5ulfuri5atioп (FGD) techпology iп 5ome fo55i l-fuel 
power 5tatioп 5 remove5 5ulfur dioxide from the exhau5t ga5e5. 
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Warm-Up and Exam Questions _ -.~ 
zl'" 

You could just read through this page thinking ' уер, 1 сап do that', but there'd not Ье much point. You 
need to write down an answer to every question, check them, and look up anything you didn 't know. 

Warm-up Q 
1) Carbon dioxide is а greenhouse gas. What does this mean? 
2) Give one reason why the wor ld 's population is rising rapidly. 
3) How is the rise in our standard of living affecting the environment? 
4) Name two gases, apart from С02 , that are often produced when fossil fue ls burn. 
5) Describe two effects of acid rain. 

Exam Qu 

The large human population is currently leading to 

А а reduction in quarrying 

В less pollution 

С rapid depletion of some resources 

D more land being availaЬie for plants 

2 The diagram below shows the carbon cycle. 

Chalk and 
Limestone 

Carbon Dioxide 
in atmosphere 

I 

Oil and 
natural gas 

Burial Burial Bu ial Shell 
formation 

c__ ___ _,G<az;np 

[ с 

(1 mark) 

(а) Choose from the words and phrases below to fill in the Ыanks in the diagram. 

respiration compounds in plants burning photosynthesis burial 
(4 marks) 

(Ь) Describe how large-scale deforestation affects С02 concentration in the atmosphere, 
and explain why. 

(3 marks) 
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, Exam Questions 

3 Global warming happens when: 

А more ofthe Sun's heat is reflected into space than is absorbed Ьу the Earth. 

В oceans absorb more and more С02 • 

с there is more со2 and methane in the atmosphere. 

D we use а greater proportion of renewaЬie energy sources. 

4 Match the words А, В , С and D with the numbers 1 - 4 in the sentences below. 

А carbon monoxide 

В nitrogen oxides 

С oxygen 

D smog 

Acid rain is formed when .. .1 ... and S02 mix with clouds. 

Nitrogen oxides can cause photochemical 2 . 

Breathing in another pollutant, ... 3 ···' hinders the uptake of ... 4 ... Ьу the Ьlood 
and is potentially fatal. 

5 Human activities can cause damage to water, land and air. 

(а) (i) How might ferti lisers used on land cause water pollution? 

(ii) Name two sources ofwater pollution . 

(Ь) How does household waste cause land pollution? 

(с) Name one source ofland pollution other than household waste. 

6 Global dimming may Ье caused Ьу: 

А too much methane in the atmosphere. 

В soot particles from burning fossil fuels , which reflect sunlight back into space. 

с со2 particles from burning fossil fuels , which reflect sunlight back into space. 

D the absorption of infrared radiation Ьу С02 . 
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(/ mark) 

(4 marks) 

(/ mark) 

(2 marks) 

(/ mark) 

(/ mark) 

(/ mark) 
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Protecting the Atmosphere ~~ 

What to do ... what to do ... How сап we look after the atmosphere ... ~ 

Сотриtвг models are used to make prвdictions 

1) Computer models are used to predict the temperature of the Earth's atmosphere in the future. 
They use data co llected Ьу thou sands of monitoring stations all over the wor ld . 

2) The data is fed into the models, then millions of ca lculations are carried out. 

3) However, computer models are onl y as good as the data you 
put into them, and the assu mptions made when working out 
the ca lculations. Ji the assumptions are wrong, this cou ld 
lead to fa lse results . And one sma ll error in an early 
ca lculation could Ье magnifi ed if it 's used to predict further 
into the future. (Having said that, early comparisons of 
computer predict ions and observed events look pretty good.) 

The prвcautionary principle - better safe than sorry 

1) Various governments have agreed to apply the 'precautionary pr incip le' to climate change. 

2) The idea is that we shou ld assume the worst and therefore reduce С02 emissions. 
lf we turn out to Ье wrong, then the cl imate's safe anyway. But if we turn out to Ье right, 
we've taken earl y action. 

3) There are two basic strategies for combating c limate change ... 

(i) Burn less fossil fuels . 
We should burn fossil fuels more efficiently, and also use other sources of energy 
(that don't emit greenhouse gases- e.g. nuclear, wind, etc .) . 

(ii ) Burn fossil fue ls but try to stop levels of 
greenhouse gases increasing so much. 
We cou ld capture some of the С02 
before it's released into the atmosphere. 
And we could plant forests to absorb 
some of the со2 (as they photosynthesise 
- see page 74) . 

Revision and pol/ution - the two bugbears of modern life 
Ееее .... ca rs and fossi l fue ls- they're nowt but trouЫe. But at least this topic is kind of interesting, 
what with its relevance to everyday life and all . Just think ... you cou ld see this kind of stuff on TV. 
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Protecting the Atmosphere 

As the demand on resources increases it is important to develop new, alternative fuels. 

Altвrnative fuels are being developed 
Some alternatives to fossil fu els already exist, and there are others in the pipeline (so to speak). 
They should reduce the amount of fossil fuels burnt. 

BIOGAS is а mixture of methane and carbon dioxide. lt's produced when 
microorgan isms digest waste material . lt can Ье produced on а large sca le, 
or on а sma ll sca le where each family has its own generator. 
Biogas is burned and the energy can Ье used for cooking, heating or l ighti ng. 

83 

PROS: Waste materia l is readi ly avai l aЫe and cheap. lt's 'carbon neutral'. 

CONS: Biogas production is slow in coo l weather. 

And see paqe 59 
aboutusinq 

ethanol as а fue/. 

HYDROGEN GAS can also Ье used to power vehic les. You get the hydrogen from 
the electro lysis of water. There's p lenty of water about but it takes electrica l energy 
to split it up - however, this energy can соте from а renewaЫe source, e.g. solar. 

PROS: Hydrogen comЬines w ith oxygen in the air to form just water - so it's very clean. 

CONS: You need а specia l, expensive engine and hydrogen isn't widely avai l aЫe . 

You still need to use energy from another source to make it. 
A lso, hydrogen 's hard to store- it's very explosive. 

There 's lots to consider when choosing а fuel 

1) Energy value (i.e. amount of energy)- funnily enough, this isn't always as important as it may seem. 

2) Avai l aЬility- there's not much point in choos ing а fuel you can't get ho ld of easily. 

3) Storage- some fuels take up а lot of space, and some produce flammaЫe gases. 

4) Cost- some fuels are expensive, but st ill good va lue in terms of energy content etc. 

5) Toxi city - poisonous fumes are а proЫem. 

6) Pol lution - e.g. will you Ье adding to acid rain and the greenhouse effect? Or causing lots of smoke? 

Example: You're at home and there's а power cut. You want а cup of tea. The only fuels you have in 
the house are cand les or meths (i n а spir it burner). Which one would you use to boil the water? 

Fuel Energy per gram Rate of energy produced Flame 

Meths 28 kJ 15 kJ per minute Clean 

Candle 50 kJ 8 kJ per minute Smoky 

1 produce а kind of biogas already 

Even though а candle has more energy 
per gram, you'd рrоЬаЫу choose meths 
because it's qui cker and c lea ner. 

As it's mostl y fossil fuel use that gives the atmosphere such а hard time, altern ative fuels are а good 
thing to sta rt looking for. And getting people to use less energy is also а pretty sen s iЬi e idea too. 
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Recycling Materials :·JI 
lt's not all doom and gloom ... if we do things s u sta in aЫ y e.g. Ьу recycling, we' ll Ье okay. 

lt's important to rвсус/в 

There are various reasons why ... 

1 1) Use less resources 

There's а fi nite amount of materia ls (e.g. metals, oil for J 
plasti cs) in the Earth. Recycling conserves these resources . 

2) Use /ess energy 

Mining, extracting and making materials (e.g. metals or glass) need lots of energy, 
which mostly comes from burning fossil fuels. Fossil fuels wi l l run out one day, 
and they also cause poll ution (see page 77 for more about globa l dimming, but 
also have а look at pages 71-79 for more general po ll ution info). 
Recyc ling things like copper, aluminium and glass takes а fraction of the energy. 

1 4) Make less rubbish 

Recycling also cuts down on the amount of 
rubblsh that goes to landfill, which takes up 
space and poll utes the surroundings. · 

1 3) Use less money 

Energy doesn't come cheap, 
so recyc ling saves money too. 

Тhis isa reason whywe 

should recyc/e paper. 

Hard work never killed апуопе, but why take а chance * 
You са п ca lculate the financial benefits of recyc ling any material , but remember there are the 
' resources', 'energy' and 'rubbl sh' benefits too. With ~' sustainaЫe forests are good (where for 
every tree you cut down, you plant another one), but that doesn't reduce the amount of landfi ll . 
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.; Recycling Materials .,. 

Recycling w ill benefit human5 now and help to reduce our impact on future generation 5. 

There may Ье economic and environmвntal benefits of recycling 

1) Working out the co5t benefit5 of recyc ling ca n get а Ьit tri cky - there'5 lot5 to take into account. 

2) For example, recyc ling i5n't free. There are co5t5 involved in collecting wa5te materi al, tran5porting it, 
5orting it, and then proce55 ing it. 

3) But if you didn 't recyc le, 5ау, aluminium, you'd have to mine more 
alumin ium ore- 4 tonne5 for every 1 tonne of aluminium you need. 
But mining make5 а me55 of the land5cape (a nd the5e mine5 are often in 
rainfore5t5). The ore then need5 to Ье tran5ported, and the aluminium 
extracted (which u5e5 load5 of electri city). And don't fo rget the co5t of 
5ending your u5ed aluminium to landfill. 

4) So it'5 а complex ca lculation, but for every 1 kg of aluminium ca n5 you recyc le, you 5ave: 

• 95% or 50 of the energy needed to mine 
and extract 'fre5h' aluminium, 

• .1..kg of aluminium ore, 

• а lot of wa5te. 

ln fact, aluminium's 
about the most 

cost-effective metal 
torecycle. 

5) But even if all the5e difference5 were very 5mall , maybe it'5 5till worth recyc ling 
- you're getting peopl e involved in doing their Ьit for the environment. Can't Ье а bad thing. 

SustainaЬ/e development needs careful p/anning 

1) Human activiti e5 ca n damage the environment (e.g. po llution). And 5ome of the damage we 
do ca n't ea5 il y Ье repaired (e.g. the de5tructi on of the rain fo re5t5). 

2) We're al5o pl ac ing greater pre55ure on our planet'5 limited re5ource5 
(e .g. oil i5 а n o n - renewaЫe re5ource 50 it w ill eventually run out). 

3) Thi5 mea n5 that we need to plan carefully to make 5ure that our acti viti e5 today don't me55 
thing5 up for future generation5- thi5 i5 the idea behind 5 U 5 ta in aЫe development ... 

SUSTAINABLE DEVELOPMENT meet5 the need5 of today'5 population 
without harming the aЬility of future generation5 to meet their own need5. 

4) Thi5 i5n't еа5у- it need5 detail ed thought at every leve l to make it happen. 
For exampl e, government5 around the world w ill need to make ca reful plan5. 
But 50 w ill the people in charge at а regionall eve l. 

Recycling is an example of sustainaЬ/e development 
Recyc ling materi al5 i5 а great way in which we ca n 5tart to reduce our impact on future generation 5. 
But there are lot5 of other way5 too- e.g. managing fore5t5 5 U 5 ta in aЫ y and introducing fi 5hing quota5. 
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Warm-Up and Exam Questions , 
These warm-up questions shou ld ease you in gently then соте the exam questions. 
Unless you've learnt the facts you' ll find the exams tougher than leather sandwiches. 

Warm-up Q 
1) Why is hydrogen considered to Ье а 'c lean fuel'. 

2) Give four important criteria to consider when choosing а fu el. 

3) Name two non-renewaЬie resources. 

4) ln а cost-benefit analysis of recycling, name an important cost. 

5) What is meant Ьу 's ustainaЫe development'~ 

Exam Qu 

Recycling material s is one way of helping to ensure sustainaЬ!e development. 

(а) Explain how recycling glass and metals can help us use less energy. 

(Ь) Give two other reasons why it is important to recycle . 

(с) Name one process involved in recycling that costs money. 

2 Currently, fossil fuels provide about 60-70% of the world 's electricity. 

Since fossils fuels will eventually run out, it is important to find alternative energy 
sources for the future. 

(а) Biogas is one fuel that may Ье more widely used in the future. 

(i) What are the main constituents of biogas? 

(ii) How is Ьiogas produced and what could it Ье used for? 

(iii) Give оп е advantage and оп е di sadvantage of using Ьiogas. 

(Ь) Another 'fuel for the future' could Ье hydrogen. 

(i) Describe how hydrogen is produced on а large scale. 

(ii) Why is hydrogen difficult to store? 

(2 maгks) 

(2 maгks) 

(1 maгk) 

(1 тагk) 

(2 maгks) 

(2 maгks) 

(1 maгk) 

(1 maгk) 

(iii) Give one otl1er disadvantage of using hydrogen as а fuel in а car compared 

with using petrol or diesel . 
(1 maгk) 
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Revision Summary for Section Five 

The structure and atmosphere of the Earth, rocks, pollution, alternative fuels- can they really belong in 
the same section, 1 almost hear you ask. Whether you find the topics easy or hard, interesting or dull , 
you need to learn it all before the exam. Try these questions ... see how much you know. 

1) What is the lithosphere? 

2) What is the Earth's core made from? 

3) What causes the Earth's tectonic plates to move? 

4) How does tectonic plate movement cause: а) ea rthquakes? Ь) volcanoes? 

5) Give an example of а living creature found in both America and Africa that shows that these land 
masses were рrоЬаЫу once joined . 

6) Draw diagrams to show how sedimentary rocks form. 

7) Give an example of а metamorphic rock and say what material it formed from . 

8) For а long time, the Earth's early atmosphere was mostly С02 • Where did this С02 соте from? 

9) The level of С02 in the atmosphere today is much lower. Explain why. 

1 0) Explain how the ozone layer has enaЫed complex organisms to evolve. 

11 ) The temperature of the Earth has increased steadily in recent years. 
What explanation do most scientists give for this? 

12) Explain why the amount of ozone in the ozone layer has been decreasing over the last fifty years. 

1 3) Name two 'greenhouse gases'. Explain how these gases affect the temperature of the Earth. 

14) Describe three ways in which an increasing population affects the environment. 

15) Give three human activities that reduce the amount of land and resources for other organisms. 

16) Which gases cause 'ac id rain'? How do they get into the air? 

17) Describe two ways of reducing acid rain. 

18) Explain what is meant Ьу 'photochemical smog'. 

19) Name а poisonous gas that catalytic converters help to remove from саг exhausts. 

20) How can scientists predict what is likely to happen to the Earth's atmosphere in the future? 

21 ) Explain what is meant Ьу the precautionary princ iple, and how it can Ье applied to global 
warming. 

22) Describe the benefits of using hydrogen to power vehicles. 

23) Describe the benefits and difficulties of using Ьiogas to power vehicles. 
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·"" 
The Periodic ТаЫе and Electron Shells ,::·~ 

, ·-:.:iiu. 

Here'5 your o ld fri e пd from Sectioп Опе, back aga iп - becau5e you п ееd to kпow it rea lly well. 

The pвriodic table is а tаЬ/е of а/1 the known вlвmвnts 

2 

3 

4 

5 

б 

7 

atomic 
number 

reactive 
metal5 

Hopefully you already kпow (from page 1 О) that: 

other 
metal5 

non
meta ls 

1) the periodic tаЫе сопtаiп5 ~ of the 100 or 50 kпоwп elemeпt5 ... 

2) ... iп order of a5ceпdiпg atomic пumber ... 

3) ... апd arraпged iпto columп5 (group5) that 5hare 5imi lar propertie5. 

But that'5 really опlу half the 5tory. Read оп. 

[] ~ 
nоЫе separate5 metals 
gases from non-meta ls 

Тhе atomic number is the 
number of protons, which 
conveniently also tel/s уои 
the number of electrons. 

See page 6 for more. 

Elements in а group have the samв питЬвг of outвr вlвctrons 

1) The e l emeпt5 in each g_r:QЦQ all have the 5ame пumber of e l ectroп5 iп their outer 5hell 5. Group 1 
e l emeпt5 have опе outer e l ectroп , Group 7 e l emeпt5 have 5еvеп outer e l ectroп 5, а пd 50 оп. 

2) That'5 why they have 5imilar properti e5. Апd that'5 why they're arran ged iп thi5 way. 

3) Wheп опlу 50 or 50 e l emeпt5 were kпоwп, the peri odic tаЫ е wa5 made Ьу lookiпg at the propertie5 
of the e l emeпt5 а пd a rraпg iпg them iп group5- the 5a me group5 that they are iп today. 

4) Thi 5 next idea i5 extremely importa пt to chemi5try - 50 make 5ure you uпde r5 ta пd it: 

The propertie5 of the elemeпt5 are decided eпtirely Ьу how тапу electroп5 they have. 
So atomic пumber i5 very 5igпificaпt, becau5e it'5 equa l to the пumber of e l ectroп5 each 
atom ha5. But it'5 the пumber of e l ectroп5 iп the outer 5hell that'5 the mo5t importaпt thiпg . 
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~~. The Periodic ТаЫе and Electron Shells 

Elвctron shells are what chemistry is а/1 about 

The fact that electrons form shells around atoms is the bas is for the w hole of chemistry. 

lf they just w hi zzed round the nucleus any o ld how and didn 't са ге about shell s, there'd Ье no 
chemica l reactions. No nothing in fact- because nothing would happen. The atoms would 
just sit there. 

But amazingly, they do form shells (if they didn 't, we wouldn 't even Ье here to wonder about it), 
and the electron arrangement of each atom determines the w hole of its chemica l behaviour. 
Electron arrangements explain practi ca ll y the w hole Universe. Pretty amazing. 

Elвctrons always follow the same pattвrn when filling shвlls 

lt's rea ll y important that you know these electron shell rul es: 

Elвctron shв/1 rulвs: 
.....--=-? 

1) Electrons always occupy shell s (sometimes ca lled energy leve ls). 

2) The lowest energy leve ls are always filled first- these are the ones closest to the nuc leus. 

3) Only а certain number of electrons are allowed in each shell : 

• 1st shell 2 

• 2nd shell 8 

• З rd shell 8 

4) Atoms are much happier when they have 
full electron shell s - like the nоЫе gases 
in Group О (see page 1 09). 

5) ln most atoms the outer shell is not full and thi s 
makes the atom wa nt to react to fi ll it. 

Зrd shell still filling 

Physicists сап produce new elements in particle accelerators 
All the new elements made thi s way are radioactive. M ost only last а fracti on of а second before they 
decay into other elements. They haven't even got round to giving most of them proper names yet, 
but then even "e lement 11 4" sounds pretty coo l w hen you say it in Latin - ununquad ium .. . 
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"'' 
Electron Shells -.· ·_ 

You пееd to kпow the e l ectro п coп f i g urat i oп 5 for the f ir5t tweпty e l emeпt5 

( thiпg5 get а Ьit more comp li cated after that - luckil y you doп ' t have to worry about it). 

Follow the rules to work out electron configurations 

E l ectro п co п f i g urati oп 5 are п оt hard to work out. 

For а qui ck exampl e, take пitrogeп : 

1) The peri odic tаЫе tell5 you пitrogeп ha5 5еvеп protoп 5 ... 5о it mu5t have 5еvеп e l ectroп 5. 

2) Follow the ' Ei ectroп Shell Rule5' from the la5t page. The fir5t 5hell са п опlу take 2 
electroп5 апd the 5есопd 5hell са п take а maximum of 8 e l ectroп 5 . 

3) So the e l ectroп coпfigurati oп for пitrogeп mu5t Ье .2..,_2. 

The be5t way to get better at workiпg the5e out i5 to practi5e, 50 поw you try it for a rgoп . 

Н Hydrogtп 

1 
Protoп по. = 1 

li Lithium Ве Beryllium 

2,1 
Protoп по. = 3 

2,2 
Protoп по. = 4 

8 Воrоп 

2,3 
Protoп по. = S 

The peri od ic tаЫе ha5 а Ьi g gap here 
w here the t ra п 5it i o п metal5 fit iп . 

с СаrЬоп N Nitrogt п о Oxygtп 

® ® @ 
2,4 2,5 2,6 

Protoп по. = 6 Protoп по. = 1 Protoп по. = В 

Не Htlium 

2 
Protoп по. = 2 

F fluoriпt N е Ntoп 

2,7 
Protoп по. = 9 

2,8 
Protoп по. = 10 

Na Sodium М g Hagпtsium Al Alumiпium Si S ilicoп Р Phosphorus S Sulfur Cl Chloriпt Ar Argoп 

2,8,1- 2,8,2 2,8,3 
Protoп по. = 11 Protoп по. = 12 Protoп по. = 13 

К Potassium Са Calcium 

00 
2,8,8,1 

Protoп по. = 19 
2,8,8,2 

Protoп по. = 20 

Aп5wer : 

~~~~~ 
2,8,4 

Protoп по. = 14 
2,8,5 

Protoп по. = 1 S 
2,8,6 

Protoп по. = 16 
2,8,7 

Protoп по. = 17 
2,8,8 

Protoп по. = 18 

То ca lculate the e l ectroп coпfi guratioп of a rgo п , follow the rul e5. lt'5 got 18 protoп 5, 

50 it mu5t have 18 e l ectroп 5. The fir5t 5hell mu5t have l e l ectroп 5, the 5есопd 5hell 
mu5t have ~ апd 50 the third 5hell mu5t have §_ а5 well . lt '5 а5 еа5у а5 ~-
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, lonic Bonding 

ln ioni c bonding, atoms lose or ga in electrons to form charged parti cles (ca lled ions) w hich are 
then strongly attracted to one another (because of the attraction of oppos ite charges, + and -). 

А she/1 with just one electron is wв/1 kввп to gвt rld ... 

1) bll the atoms over at the left-hand side of the peri odic tаЫ е, e.g. sodium, potass ium, calcium, etc. 
have j ust one or two electrons i n thei r outer shell . 

2) They' re pretty keen to get shot of these electrons, because then they' ll onl y have full shell s left, 
which is how they like it. 

3) So given half а chance they do get rid, and that leaves the atom as an ion instead. 

4) Now ions aren't the kind of things that sit around quietl y watching the worl d go Ьу. 
They tend to ~ at the first pass ing ion w ith an oppos ite charge and st ick to it like glue .. . 

А nвarly fu/1 she/1 is we/1 kввп to get that вxtra вlвctron ... 

1) On the other side of the peri odic tаЫ е, the elements in Group 6 and Group 7, such as oxygen 
and chlorin e, have outer shell s which are nea rl y full. 

2) They're obviously pretty keen to ga in that extra one or two electrons to fill the shell up. 

3) W hen they do of course they become ions and before you know it, QQQ, they've latched onto the 
atom (ion) that gave up the electron а moment ea rli er. 

The reacti on of sodium and chl orine is а class ic case: 

The sodium atom gives 
!!Q its outer electron and 
becomes an Na+ ion. 

The ch\orine atom Ricks UR the SRare 1 
electron and becomes а cl - ion . 

РОР! 
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lonic Bonding '-~~ 

lonic bonds produce giant ionic structures. 

Giant ionic structures don 't melt easily - but when they do ... 

1) loni c bonds alway5 produce giant ioni c 5tructure5. 

2) The ion5 form а clo5e ly packed regu lar lattice 
arrangement. 

3) There are very 5trong chem ica l bond5 between ill.l 
the ion5. 

4) А si ngle cry5ta l of 5a lt is one giant ionic lattice, 
whi ch i5 why 5a lt cry5ta l5 tend to Ье cuboid 
in 5hape. 

11) They have high melting points and boiling points 

This is due to the very strong chemica l bonds between all the ions in the giant structure. J 

I2J They dissolve to form solutions that conduct вlвctricity 

When dis5olved, the ion5 5eparate and are 
all free to move in the 5olution. The5e 
free-moving charged partic le5 all ow the 
5olution to carry electric current. 

Di5so lved lithium 5alt5 are u5ed to make 
rechargeaЫe batterie5. 

1 3) They conduct electricity when moltвn 

When the 5ub5tance melts, the ion5 are free to move and 50 they' ll carry electric current. 

Batteries need to contain а conducting solution 
Becau5e they conduct electri city when they're di55olved in water, ionic compou nd5 are u5ed to make 
5ome type5 of battery. ln the olden day5, mo5t batterie5 had actual liquid in, 5о they tended to leak all 
over the place. Now they've come up w ith а 5ort of pa5te that doe5n't leak but 5ti ll conduct5. Clever. 
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lons and Formulas 

Atoms iп Groups 1, 2, 6 апd 7 always form i o п s with the same charges. 
You пееd to kпow what these а ге. 

Groups 1 & 2 and б & 7 аге the most likely to form /оп 

1) Remember, atoms that have lost о г ga iп ed ап e l ectroп (о г e l ectro п s) аге i oп s. 

2) The e l emeпts that most readi ly form ioпs аге those iп Groups 1, 2, 6 апd 7. 

3) Group 1 апd 2 e l emeпts аге metals апd they lose e l ectroп s to form +ve ioпs ог cat i oп s. 

4) Group 6 апd 7 e l emeпts аге пoп-metals. They ga iп e l ectroп s to form -ve i o п s ог а пi оп s. 

5) Make sure you kпow these easy опеs: 

CATIONS ANIONS 

Group 1 Group 2 Group 6 Group 7 

Li+ Ве2 + 0 2- F-

Na+ Mg2 + Cl-

к+ Са2 + в г-

6) Wheп апу of the above cat i oп s react wi th the а пi о п s, they form i o пi c boпds. 

7) Опlу e l emeпts at opposite sides of the period ic tаЫе w ill form i o пi c boпds, e.g. Na апd Cl, 
where опе of them becomes а cat i oп (+ve) апd опе becomes ап а пi оп (-ve) . 

Remember, the + апd- charges, e.g. Na+ for sodium, just tel l you what type of iоп the atom W ILL 
FORM iп а chemica l reactioп . lп sodium metal there аге опlу пeutral sodium atoms, Na. 

The Na+ ioп s will опlу арреаг if the sodium metal reacts with somethiпg like water ог chloriпe . 

А useful way of represeпtiпg ioп s is to give the ioп's пате, theп its e l ectroп coпfiguratioп апd the 
charge оп the iоп . For example, the electroпic structure of the sod ium iоп Na+ сап Ье represeпted 
Ьу Na [2, 8] +. That's the electroп coпfi guratioп followed Ьу the charge оп the iоп . Simple eпough. 
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lons and Formulas : 

You need to Ье аЫе to write down the right chemica l formulas for ioni c compounds. 

Уои need to know these chвmical formu/as 

Knowing the chemica l formulas for ionic compounds means you have to learn the stuff in the tаЫе 
below, and know how to use it. 

The main thing to remember is that in compounds the total charge must always add up to zero. 

POSIТIVE IONS NEGAТIVE IONS 

Lithium Li+ Barium Ва2 
+ Zinc Zn2 

+ Chloride Cl-

Sodium Na+ Magnesium Mg2 
+ Manganese( ll) Mn2 

+ Hydroxide он-
---- ----- -----------------

Potassium К+ lron(ll) Fe2 + Aluminium Al3 
+ Oxide 0 2-

Copper( ll) Cu2 
+ lron (l ll ) Fe3 

+ Carbonate со 2-
3 

1) Some metals (for example, copper, iron and manganese) can form different ions with 
different charges. 

2) The number in brackets after the name tells you the size of the positive charge оп the ion. 

3) lf you ever see them in compounds written without а number, assume 'manganese' is 
manganese( ll ) and 'copper' is copper(l l). 

1 EXAMPLE: Find the formula for zinc carbonate 

А zinc ion has а +2 charge and а carbonate ion has а -2 charge. 
So the formu la of zinc carbonate must Ье: J 
ZnC0

3 

1 EXAMPLE: Find the formula for aluminium oxide 1 

An aluminium ion is АJЗ+ and an oxide ion is 0 2- . То balance the 
tota l charge you need two aluminium ions to every three oxide ions: 

Don't forget, practice makes perfect 
Learn which atoms wi l l form 1 +, 1-, 2+ and 2- ions, and why. Then have а go at these: 
1) What ions wil l each of these elements form~ Write out their electron configurations: 

а) potassium, Ь) aluminium, с) beryllium, d) sulfur, е) fluorine. 
(Use а periodic tаЫ е. Answers on page 256.) 
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Warm-Up and Exam Questions 
Without а good warm-up you're likely to stra in а brain ce ll or two. So take the time to run through 
these simp le questions before tackling the exam questions. 

Warm-Up Q 

1) Magnesium is а metal found in Group 2 of the periodic tаЫе. How many electrons does it 
have in its outer she ll ? 

2) How many electrons does it take to fill the first electron shell of an atom? 

3) Sodium ch loride has а giant ionic structure. Does it have а high or а low boiling point? 

4) Do elements from Group 1 form cations or anions? 

5) What is the formula of the compound containing АР+ and он- ions on ly? 

Exam Qu 

The electron arrangement of an element, Z, 
is shown in the diagram: 

(а) What is the atomic number of element Z? 

(Ь) Which group does Z belong to in the periodic tаЬ\е? 
Explain how you сап tell. 

х 
х 

х 
хх 
х 

z х 
х 

х 
хх (1 mark) 

(2 marks) 

(с) How many electrons does an atom of Z need to lose so that it has а full outer she ll? 
(/ mark) 

2 Magnesium (atomic number 12) and fluorine (atomic number 9) comЬine vigorously to 
form magnesium fluoride, an ionic compound. 

(а) Draw а dot and cross diagram to show the electron arrangement of each atom. 

(Ь) Give the symbol (including the charge) for each ofthe ions formed. 

(с) U sing your answer to (Ь ), work out the formula of magnesium fluoride . 

(d) Once formed, explain why the ions remain together in а compound. 

(е) Magnesium fluoride has а giant ionic structure. Explain why: 

(i) it doesn't melt easily. 

(ii) it conducts e\ectricity when molten. 

(2 marks) 

(2 marks) 

(1 mшk) 

(1 mark) 

(2 marks) 

(1 mark) 
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Exam Questions 

3 Iron forms two different compounds with oxygen, iron(II) oxide and iron(III) oxide. 

(а) Give the charges on the two iron ions in these compounds. 

(Ь) What is the chemical formula of each compound? 

(с) Name two other elements that can form ions with different charges. 

4 When lithium reacts with oxygen it forms an ionic compound, Li
2
0 . 

(а) Name the compound formed. 

(Ь) (i) Complete the diagram below using arrows to show how the electrons 
are transferred when Li

2
0 is formed. 

(ii) Show the electron arrangements and the charges on the ions formed. 

) 

5 Potassium and chlorine react to form potassium chloride. 

(а) Complete the following taЬle . 

(1 mark) 

(2 marks) 

(1 mark) 

(1 mark) 

(1 mark) 

(2 marks) 

Potassium atom, К Potassium ion, к+ Chlorine atom, Cl Chloride ion, Cl -

Number of 
electrons 

Electron 
arrangement 

19 

2, 8, 8, 1 

(Ь) Draw а dot and cross diagram to show the formation of potassium chloride. 

SECTION SIX - CLASSIFYINC M ATERIALS 

(3 marks) 

(2 marks) 



Group 1 - Alkali Metals 

Time to 5ta rt getting to know а few of the5e periodi c tаЫе group5 а li tt le better. 
Fir5t up, alkali meta l5. 

Group 1 metals are known as the 1&/ka/i mвtsl ; 

Group 1 metal5 inc lude lithium, 5od ium and pota55ium .. . 
make 5ure you know tho5e three name5 rea ll y we ll . 
They cou ld al5o a5k you about ruЬid ium and cae5ium. 

А5 you go DOWN Group 1, the alkali 
meta l5 become more reactive- the outer 
electron i5 more ea5 il y lo5t, becau5e it'5 
further from the nucleu5 and more 5hielded 
from it Ьу the inner 5hell 5. 

1) The alkali meta l5 all have ONE outer electron. 
Thi5 make5 them very reactive and give5 them all 
5imilar propertie5. 

2) They all have the foll owing phy5ica l properti e5: 

• Low melting point and boi ling point 
(compared with other meta l5), 

7 
Li 

Lithi um 

• Low den5ity- lithium, 5od ium and pota55ium float on water, 

• Very 5oft- they ca n Ье cut w ith а knife. 

3) The alkali metal5 alway5 form ionic compound5. They are 50 keen to lo5e the outer electron that 
there'5 no way they'd con5ider 5haring, 50 cova lent bonding (5ее page 1 02) i5 out of the que5tion. 

Oxidation is the loss of вlвctrons 

1) Group 1 metal5 are keen to lo5e an electron to form а 1+ ion with а 5tаЫе electronic 5tructure. 

2) The more reactive the meta l, the happier it i5 to lo5e an electron. 

3) Lo55 of electron5 i5 ca lled OXIDATION. 

Li - е- ~ Li+ 
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Group 1 - Alkali Metals _. 

Reaction with cold water produces hydrogвn gas 

1) When lithium, sodium or potassium are put in water, they react very vigorously. 

2) They move around the surface, fizzing furiously. 

3) They produce hydrogen. 

4) The reactivity w ith water increases down the group- the reaction with potassium 
gets hot enough to ignite it. 

5) Sodium and potassium melt in the heat of the reaction. 

6) They form а hydroxide in so lu tion, i.e. aqueous ОН- ions. 

А lighted splint wi/1 indicate hydrogen Ьу 
producing the notorious 'equeakypop' 

а5 the н2 ignite5. 

The so luti on becomes alkaline, which 
changes the co lour of the рН 
indi cator (see page 132) to ~· 

2Na + 2Н20 ~ 2NaOH + Н2 
Sodium + water ~ sodium hydroxide + hydrogen 

Alkali metal compounds burn with charactвristic co/ours 

1) Dip а wire loop into some hydrochloric acid to clea n it. 

2) Put the loop into а powdered sample of the compound, then place the end in а Ыuе Bunsen flame. 

3) Alka li metal ions give pretty co loured flames- the co lour of the flame shows which alkali metal 
is present: 

Lithium: 

Sodium : 

Potassium: 

Red flame 

Yellow/orange flame 

Lilac flame 

That reaction with water is the reason they're called alkali metals 
Alka li metals are really reactive. They're so react ive, in fact, that they have to Ье stored in oil or they 
react with the air. Learn the trends and character istics of alkali metals before carry ing on. 
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:, Group 7- Halogens 

Next you' ll Ье meeting the halogens. Bes ides appearing on thi s page, these li tt le Ьli ghte rs also crop 
up on pages in thi s section about bonding. They са п form cova lent bonds (see pages 102 and 1 03) 
as we ll as ionic bonds (see pages 91 and 92). 

Group 7 elements are known as the ~halogвns' 

Group 7 is made up of fluorine, chl orine, bromine, 
iodine and astatine. Group 5 

A ll Group 7 elements have seven electron s in their outer shells 
- so they've all got simi lar properti es. 

As you go DOWN Group 7, the halogens 
become less reactive- there's less to pull 
the extra electron i n to fi 11 the outer shell 
when it's further out and more shielded 
from the positive nucleus. 

Chlorine is а fairly reactive, 
poisonous, dense green gas. 

Bromine is а dense, poisonous, 
orange liquid. 

Rвduction is the gain of вlвctrons 

1) Halogens are keen to ga in an electron to form а 
1- ion wi th а staЫe electroni c structure. 

2) The more react ive the halogen, the happier it is 
to gain an electron. 

3) Ga in of electrons is ca llecl REDUCTION . 

lod ine is а dark grey 
crysta ll i ne so l id. 

Halogen 
molecule 

Group 6 Group 7 

о 

s 

Se 

Те 

Ро 

19 
F 

Fluorine 

Halide 
ion 

Group О 

Не 

Ne 

Аг 

Кг 

Хе 

Rn 
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Group 7 - Halogens 

The halogens react with alkali mвtals to form salt 

They react vigorously w ith alkali metals to fo rm sa lts ca lled 'meta l halides'. 

~ 2NaCI 2Na + Cl
2 -

sodium + chlorine ~ sodium chloride 

2KBr 

Fume 
cupboard 

potass ium + bromine ~ potass ium bromide 

More reactive halogens wi/1 displacв less reactive ones 

Chlorine са п disp lace bromine and iodine 
from а so lu tion of bromide or iodide. 

Bromine w ill also disp lace iodine because 
of the trend in reactivity. 

2 КI 

chlorine + potass ium iodide ~ iodine + potass ium chloride 

2KBr 

so lution of 
potass ium 
iodide 

iod ine forming 
in so lution 

2KCI 

chlorine + potass ium bromide ~ bromine + potass ium chloride 

Halogens - one electron short of а fu/1 she/1 
The halogens are another group from the peri odic tаЫ е, and just like the alkali meta ls (р.97-98) you've 
got to learn their trends and the equations on thi s page. Learn them, cover up the page, sc ri bЬi e, check. 
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Warm-Up and Exam Questions 
These questions are all about the groups of the periodic tаЫе that you need to know about. Treat the 
exam questions like the real thing - don't look back through the book until you've finished. 

Warm-Up Qu 
1) ln Group 1, as you go down the periodic tаЫе, does the reactivity increase or decrease~ 

2) ln Group 7, what is the trend in physical state as you go down the group~ 

3) Which gas is produced when an alkali metal reacts with water~ 

4) Give an example of а salt produced when а Group 1 metal reacts with а Group 7 element. 

Exam Qu 

Match the words labelled А , В , С and D, with the numbers 1 - 4 in the sentences below. 

А e\ectron 

В rate 

С reaction 

D hydrogen 

All the a\kali metals have а vigorous .. .1 ... with water. 
This is because they all have an outer .. .2 ... which is easi ly lost. 
Each metal reacts at а different 3 . 
... 4 ... is always produced in these reactions. 

2 The table shows some of the 
physica\ properties of 
four of the halogens. Halogen 

Properties 

Atomic 
Colour 

Physical state at 
number room temperature 

(4 marks) 

Boiling 
point 

Fluorine 9 yellow - 188 ос 

Chlorine 17 green 

Bromine 35 red-brown 

Iodine 53 dark grey 

(а) Give the physical state at room temperature of all four halogens. 

(Ь) Draw an arrow next to the left hand side of the table to show the direction of 
increasing reactivity in the halogens. 

(с) This equation shows а reaction between chlorine and potassium iodide. 

Clig) + 2Кl(aq) ~ Чаq) + 2KC I(aq) 

(i) What type of reaction is this? 

(ii) Which is the less reactive halogen in this reaction?-

- 34 ос 

59 ос 

185 °С 

(4 marks) 

(1 mark) 

(/ mark) 

(1 mark) 
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Covalent Bonding --~ 

lonic bonding i5n't the Q__QJy way for an atom to get а ni ce ful l 5hell of electron5 ... 

1 Covalвnt bonds - sharing e/ectrons 1 

1) Sometime5 atom5 prefer to make cova lent bond5 Ьу 5haring electron5 w ith other atom5. 

2) Thi5 way both atom5 feel that they have а ful l outer 5hell, and that make5 them happy. 

3) Each cova lent bond provide5 one extra 5hared electron for each atom. 

4) Each atom involved ha5 to make enough cova lent bond5 to fill...ш2 it5 outer 5hell . 

5) Lea rn the5e 5even important example5: 

!1J Hydrogen, Н2 1 

Hydrogen atom5 have ju5t one electron . They only need one more to complete 
their fir5t 5hell, 50 they often form 5ingle covalent bond5 to achieve thi5. 

or н-н 

2) Chlorine, С/2 

Ch lorine atom5 al5o need on ly one more electron to complete 
their outer 5hell , 50 they al5o form 5ingle cova lent bond5. 

or CI-CI 

3) Hydrogen chloride, HCI 

Thi 5 i5 very 5imilar to Н 2 and Cl
2

• Again, both atom5 only 
need one more electron to complete their outer 5hell5. 

or H-CI 
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-. · Covalent Bonding ... 
Four more covalent bonding example5 to lea rn on thi5 page. 

1 4) Ammonia, NH3 1 

Nitrogen ha5 five outer electron5, 
50 it need5 to form three cova lent 
bond5 to make up the extra 
three electron5 needed. 

1 5) Methane, СН4 
Carbon ha5 four outer electron 5, 
which i5 half а ful l 5hell . 

То become а 4+ or а 4- ion i5 
hard work, 50 it form5 four 
cova lent bond5 to make up it5 
outer 5hell . 

/. 1 
• х 
~ . 

7) Oxygen, 0 2 

or н 

1 
H-N-H 

or н 
1 

Н-С-Н 
1 
н 

Oxygen atom5 have 5ix outer electron5. They 5ometime5 form ioni c bond5 Ьу taking 
two electron5 to complete their outer 5hell . 

However, they'll al5o cheerfull y form cova lent bond5 and 5hare two electron5 in5tead. 
ln water molecu le5, the oxygen 5hare5 electron5 with the Н atom5 and in oxygen ga5 it 
5hare5 with another oxygen atom. 

• -1- • -1-

/о, 
or н н 

/ 
1 
1 

or 

0=0 ... 
Covalent bonding involves sharing rather than giving electrons 
Make 5ure you lea rn the5e 5even rea ll y ba5ic examp le5 and why they work. Every atom wa nt5 а 
full outer 5hell , and they can get that either Ьу becoming an ion (р .93-94) or Ьу 5harin g electron 5. 
Once you under5tand that, you 5hou ld Ье аЫе to apply it to any example they give you in the exam. 
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Gliant Covalent Structures 

Substances formed from cova lent bonds can either Ье simple molecul es (see р . 1 06) or giant structures. 
The next two pages are all about the giant stru ctures, and there are three exampl es to lea rn . 

Giant covalвnt structurвs 

1) These are si mil ar to giant ioni c structures except that there are no charged ions. 

2) bll the atoms are bonded to each other Ьу strong cova lent bonds. 

3) They have very high me ltiп g and boi ling points. 

4) They don't conduct electri c ity - not even when molten (except for graphite that is - see next page). 

5) They're usually insoluЫe iп water. 

б ) lmportant examples are diamond and graphite, whi ch are both made onl y from carbon atoms. 

Make sure you know these thгвв вхатр/вs 

Diamond 

1) Diamonds are spark ly, co lourless and clear. ldeal for jewellery. 

Уои сап fiпd the other two 
examples оп the пехt page. 

2) Each carbon atom form s four covalent bonds in а very rigid giant cova lent structure, 
which makes diamond tr1e hardest natural substance. This makes di amonds idea l 
as cutting too ls. 

3) All those strong cova lent bonds give diamond а very high melting point. 

4) lt doesn't conduct electriQ!x because it has no free electrons. 
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Giant Covalent Structures 

Неге are the other two examples of giant cova lent stru ctures that you need to learn. 

1 Graphitв j 

1) Graphite is Ыасk and opaque, but sti ll kind of sh iny. 

2) Each carbon atom on ly forms three cova lent bonds, creating sheets of carbon atoms which 
are free to slide over each other. This makes graphite slippery, so it's useful as а lubri cant. 

3) The layers are held together so loosely that they ca n Ье rubbed off onto paper to leave а 
Ыасk mark - that's how pencils work. 

4) Graphite has а high melting point - the cova lent bonds need lots of energy before they break. 

5) Only three out of each carbon's four outer electrons are used in bonds, so there are lots of 
spare electrons. This means graph ite conducts electri city - it's used for electrodes. See р.217 . 

1 Silicon dioxidв ( silica) 

1) Sometimes ca ll ed si li ca, this is what sand is made of. 

2) Each gra in of sand is one giant structure of si licon 
and oxygen. 

3) Si li ca ca n Ье melted down w ith sodium carbonate 
(Na

2
C0

3
) and li mestone (СаСО) to make glass. 

Graphite and diamond contain exactly the same atoms 

105 

Graphite and diamond are both made purely from carbon - there's no difference at all in their atoms. 
The difference in properties (and price) of the two substances is all down to the way the atoms are 
held together. Different structura l forms of the same element li ke this are ca ll ed all otropes. 
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Simple Molecular Covalent Structures ·:::~;. 

Atoms that bond covalently don't all fo rm giant structures. 
Some form simple molecular substances. 

Simple molecular substances 

1) The atoms form very strong covalent bonds to form small molecul es of two or more atoms. 

2) В у contrast, the forces of attracti on between these molecules are very weak. 

3) The result of these fееЫе inter-molecular forces is that the melting and bo iling po ints are very 
low, because the molecules are eas il y parted from each other. 

4) M ost molecular substances are gases or liquids at room temperature. 

5) M olecular substances don 't conduct electri c ity, simpl y because there are no ions. 

6) You can usuall y tell а simple molecular substance just from its phys ica l state, w hi ch is always 
kind of 'mushy'- i. e .l.l..ш!!Q or w or an eas il y-melted so lid. 

r-fOJ 
~ ffi) 

(gr 
@ __ .. / 
~-/ Chlorine 
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Simple Molecular Covalent Structures 

Remember the ha logeп 5 from page5 99- 1 00? Well, they're Q..U 5i mple mol ecular cova l eпt molecul e5. 
How сопvе пi е пt. Now you са п ju5t l ea rп about their propertie5 а пd the examiпe r5 will Ье happy. 

The ha/ogвns are а/1 simple molecular substancвs 

1) The phy5 ica l properti e5 of the halogeп5 cha пge dowп the group. 
Parti cularl y, meltiп g poiпt а пd boiliпg poiпt both iпcrea5e 
(5ее the tаЫе below). 

2) Thi5 i5 becau5e of the 5t reпgth of the iпter-molecul a r force5. 

3) The patterп iп propertie5 iп the tаЫе са п Ье exp l a iп ed becau5e: 

• The halogeп5 get ~ а5 you go dowп the group . 

• The Ьi gger the ha logeп molecule, the 5troпger the 
iпter-molec ul a r force5 of attractioп. 

Group 5 Group 6 Group 7 

о 

s 

Se 

Group О 

Не 

Ne 

Аг 

Кг 

• The 5troпger the force5, the more eпergy it take5 to Те Хе 

5eparate the molecule5, апd 50 the higher their 
meltiпg poiпt5 апd boiliпg poiпt5. 

Propertie5 

Group 7 Atomic 
Colour 

Phy5ical 5tate at Meltiпg Boiliпg 

Elemeпt5 пumber room temperature poiпt poiпt 

Fluoriпe 9 ye ll ow ga5 - 220 ос - 188 ос 

Chl ori пe 17 g reeп ga5 - 102 ос - 34 ос 

Bromiпe 35 red-browп liquid -7 ос 59 ос 

l odiпe 53 dark grey 5o lid 11 4 ос 184 ос 

4) The little molecule5 of fluoriпe апd c hl o riп e have the weake5t attractioп to each other, 50 it 
take5 very little e пe rgy to brea k them apart. That make5 them ga5e5 at room temperature. 

5) The Ьigger molecul e5 of bromiпe have 5 troпge r a ttractioп 5, 50 it '5 а l.i.g!d.lQ at room 
temperature . lodiпe'5 molecule5 are larger 5till , it5 iпte r-mo l ec ul a r force5 are the 5t roпge5t of 
the four, а пd it '5 а 5o lid . 

Fluorine and chlorine are gases because of the weak forces 
So, 5imple molecu le5 are held together Ьу weedy, pathetic iпte r-mo l ecu l ar force5. But the5e force5 
get graduall y le55 weedy а5 the molecule5 get Ьi gger. That'5 w hy the ha l ogeп 5 get more 5o lid dowп 
the group . lt'5 al5o why the hydroca rbo п 5 (5ее page 32) get le55 ruппу а5 they get Ьigge r. 
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Warm-Up and Exam Questions · 

Warm-Up 
1) How is covalent bonding different from ionic bonding? 
2) Some molecu les, e.g. oxygen (0) , contai n douЫe bonds. Exp lain what this means. 
3) Describe two differences in the physical properties of diamond and graphite. 
4) Give another example of а substance that has а giant covalent structure. 
5) Why does ch lorine have а very low boiling point? 

Exam Qu 

Carbon dioxide is а covalently bonded molecule with the formula С02 • 

Draw а dot and cross diagram for the carbon dioxide molecule, 
showing only the outer electrons. 

(2 marks) 

2 The tаЬ!е compares some physical properties of silicon dioxide, bromine and graphite. 

Property silicon dioxide 

Melting point (0С) 1610 
Electrical conductivity poor 

SoluЫ!ity in water insoluЫe 

(а) What is the structure and type ofbonding in: 

(i) silicon dioxide? 

(ii) graphite? 

(iii) bromine? 

bromine 

- 7 
poor 

slightly soluble 

(Ь) Why does si licon dioxide have poor electrical conductivity? 

(с) Why does graphite have good electrical conductivity? 

(d) Bromine is а liquid at room temperature (20 °С). 

graphite 

3657 
good 

insoluble 

(i) Explain why bromine has such а low melting point compared with 

silicon dioxide and graphite. 

(ii) Explain why iodine, 12, has а higher melting point than bromine. 

5 ECTION 5JX - CLASSIFYINC M ATERIALS 

(1 mark) 

(1 mark) 

(1 mark) 

(1 maгk) 

(1 тш-k) 

(2 maгks) 

(2 maгks) 



Group О - NоЫе Gases 

The поЫе ga5e5- 5tuffed full of every honouraЫ e virtue. They don't fo rm cova lent bond5 
o r ionic bond5, making them - we ll , а Ьi t dull rea ll y. 

Group О elements are а/1 inвrt, colourlвss gase 

1) Group О element5 are ca lled the поЫе ga5e5 and inc lude the element5 
hel ium, neon and argon (plu5 а few other5). 

2) The поЫ е ga5e5 were onl y di5covered ju5t over 100 yea r5 ago- it took 
50 long beca u5e they have properti e5 that make them hard to ob5erve .. . 

3) Al l element5 in Group О are colourle55 ga5e5 at room temperature. 

4) They're al5o more or le55 inert - they don 't react w ith much at all . 
They don't bond w ith anything, not even w ith each other, and 50 they 
ju5t wander about а5 5ingle atom5. Thi 5 i5 beca u5e they have а full 
outer 5hel l, 50 they don't want to give up or ga in or 5hare electron5. 

5) Luckil y the п оЫе ga5e5 all have а dead handy property that let5 you 
5ее them - they each give out light if you ра55 an electri c current 
through them. Each поЫе ga5 give5 out а parti cular co lour of light. 

The поЬ/е gases have тапу вvвгуdау usвs 

1 Neon is used in вlвctrical dischargв tubes 1 

Neon light5 are u5ed in tacky 5hop 5ign5 - the kind you 'd~ e pect 
to 5ее if you vi5ited La5 Vega5. They don't u5e much current 50 
they're cheap to run, and they give out а bright red light. 

1 NоЬ/е gases are used in lasвrs too 1 

Group 
б 

О F 

5 Cl 

Se Br 

Т е 

Ро At 

There'5 the famou5 red helium-neon la5er and the more powerful argon la5er. 

Hвlium is used in airships and party Ьв//оопв 

Hel ium ha5 а lower den5ity than air - 50 it make5 balloon5 float. 
And it'5 а lot 5afer to u5e than hydrogen (the famou5 air5hip 
H indenburg wa5 fi lled w ith hydrogen and caught f ire). 

Argon is used in filamвnt lamps (light bu/bs) 

lt provide5 an inert atmo5phere w hich 5top5 the very hot fi lament 
·?"~ from burning away. 
'l 
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Metallic Structures · ·.~··:~ 
~ .. t ~ 

So you know about cova lent and ionic bonds (p lus the nоЫ е gases which don 't bond at all ). But there's 
another important type of bond in the periodic tаЫе- you may remember it from Section Two. 

Mвtal propвrtiвs are all due to the sва of fгвв вlвctrons 

1) Metal s also consist of а giant structure. lt's held 
together w ith meta llic bonds and involves the all 
important 'sea' of free electrons (see page 24) 
which gives meta ls their properties-
for example, conduct ing heat and electri city. 

~ Metal atoms 

2) These electrons also hold the atoms together in 
а regular stru cture. 

' Rollers 

3) ln add ition, they all ow the atoms to slide over 
each other, caus ing metals to Ье malleaЫe. 

Mвtals in the middle of the periodic tаЬ/е are transition mвta/s 

А lot of everyday metals are transition meta ls (e.g. copper, iron, zinc, gold, sil ve r, platinum) 
but there are loads of others as we ll . Transition metals have typ ica l 'meta lli c' properties. 

Transition metals and their compounds make good cata lysts: 

1) lron is the cata lyst used in the Haber process for making ammonia (see page 1 67). 

2) Nickel is useful for the hydrogenation of alkenes, e.g. to make margarine (see page 53). 

These are the transition metals 
j ! \ 

Sc Ti v Cr Mn Fe Со Ni Cu Zn 
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lf you make them co ld enough, metals can sta rt behaving in а pretty odd way. 

At vвry low tвmperatures, some metals аге supвrconductorв 

1) Normally, all meta ls have some electri ca l resistance, even rea lly good conductors like copper. 

2) That resistance mea ns that whenever electri city flows through them, they heat up, and some 
of the electri ca l energy is wasted as heat. 

3) lf you make some meta ls co ld enough, though, their resi stance disappears completely. 
The metal becomes а superconductor. 

4) Without any resistance, no energy is turned into heat, so none of it's wasted. That mea ns you 
could start а current flow ing through а superconducting circuit, take out the battery, and the 
current wou ld carry on flowing forever. 

Supвrconductors have the potential to Ье гва//у usвful 

1) Us ing superconduct ing wires you ca n make: 

а) Power саЫеs that transmit electricity without any loss of power. 

Ь) Rea lly strong electromagnets that don 't need а constant power source. 

с) Electronic circuits that work rea lly fast, because there's no res istance 
to slow them down. 

2) But here's the catch - meta ls on ly start superconducting at temperatures less than -265 ос. 
Getting things that co ld is very hard, and very expensive. 

3) Sc ientists are trying to develop room temperature superconductors . So far, they've managed to 
get some weird metal oxide things to superconduct at about - 135 °(, but they've still got а 
long way to go. 

Actually using superconductors isn't а/1 that practica/ yet 
Noti ce that although metals all share а simi lar structure and conduct well , they st ill behave in 
radi ca lly different ways. Take the alkali metals of Group 1 - they react vigorously w ith water, but 
transition metals don't do this . Lucky rea ll y, or the Statue of Li berty would disappear in the rain . 

1 1 1 
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Nanomaterials 

Hmm, пaпomaterials. Very useful but, let's face it, pretty Ьizarre . 

Nanomatвrials are really really really really tiny ... in fact, they'гe sma ll eг than that. 

1) Really tiпy particles, 1-100 пaпometres across, are cal led ' пaпoparticles' (1 пm = 0.000 000 001 m). 

2) Naпoparticles iпclude ful l ereпes. These are molecules of саrЬоп, shaped like hollow balls or 
closed tubes. Each саrЬо п atom forms three cova l eпt boпds with its пe i ghbours, l eaviпg free 
electroпs that сап coпdu ct electricity. 

3) The sma llest fu ll ereпe is buckmiпsterfullereпe, which has 60 саrЬоп atoms joiпed iп а ball 
its molecular formula is с60 ' 

buckminsterfullerene 

Fullereпe5 сап Ье joiпed together to form папоtuЬе5 -
tеепу tiпy hollow саrЬоп tube5, а few пaпometre5 acro55: 

а) All tho5e covaleпt boпds make саrЬоп папоtuЬе5 very 5troпg. They сап Ье 
u5ed to reiпforce graphite iп tеппi5 racket5 апd to make 5troпger, lighter 
buildiпg material5. 

Ь) Naпotube5 coпduct electricity, 50 they са п Ье U5ed iп tiпy electric circuits for 
computer ch ip5. 

4) Naпopart i c l e5 like the5e have 5ome other very useful properties: 

а) They have а huge surface area, 50 they could help make great iпdu5trial 
catalysts (5ее page5 154-155)- iпdividual cata lyst molecules could Ье 
attached to саrЬоп папоtuЬе5. 

Ь) With пaпoparti cle5, you сап build 5urface5 with very specific propertie5. 
That mеап5 you сап u5e them to make seпsors to detect опе type of molecu le 
апd пothiпg el5e. The5e highly specific 5еП5ОГ5 are already beiпg u5ed to te5t 
water purity. 

5ECТION 51Х - CLASSIFYINC M ATERIALS 
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Nanomaterials 

As w ith any new technology, there's а lot of muttering and worrying going on over nanomaterials. 
Which is рrоЬаЫу а good thing. lt's best to make sure new inventions are safe before you start 
unleashing them on the world. lf only there had been а Ьit more concern about CFCs. Or DDT. Or .. . 

Nвnomatвrials аге becoтing тоге and тоге widв/y usвd 

Неге are some other examples of useful nanomaterials: 

• Nanoparticles of silver can stop viruses entering cells . Ordinary silver doesn't fight viruses. 

• Nanoparticles of titanium dioxide and zinc oxide are used in some sunscreens. They reflect 
UV radiation from the Sun, but not visiЬie light, so you can't see them. This reduces the need 
for larger particles wh ich make the sunscreen thick and white, leaving white marks on the skin. 

Sоте people аге concernвd about nanotвchno/ogy 

1) Nanoparticles can Ье made Ьу molecular engineering, but it's really hard. Molecular engineering 
is building а product molecule-by-molecule to а specific design - either Ьу positioning each 
molecule exactly where you want it or Ьу starting with а Ьigger structure and taking Ьits off it. 

2) As this technology improves, it's possiЬie that nanoparticles and nanotubes could one day Ье 
joined to make tiny nanomachines. These cou ld make products molecule Ьу molecule, 
very quickly and cheaply. 

3) When this idea first appeared, there were scare stories about self-replicating nano-robots. 
People thought that self-replicating machines would keep making copies of themselves until they 
had used up all the world 's resources. There were media articles about the world being covered 
with а 'grey goo' of nano-robots. 

4) The scare stories about grey goo aren't really justified, though . Nanomachines and nanofactories 
that would Ье used to manufacture products aren't the same as se lf-rep li cating nano-robots. 
They'd only make what they were supposed to make - not copies of themselves. 

News stories about nanotechnology (and other new technology too) often sensationalise 
it and make it seem further advanced and а lot scarier than perhaps it is in reality. They 
often take а fairly extreme view about what might happen in the future (either really 
optimistic or really pessimistic)- rather than looking at what's most likely to happen. 

That doesn't теап that а/1 nanotechnology is definitely safe though 
There's lots of talk about using nanotechnology in foods - scientists are coming up with some Ьizarre 
Willy Wonka-style ideas. Which wou ld Ье pretty coo l, but some people are afraid of the particles 
acting strange and ending up where they shouldn't Ье (like in the bra in) causing damage. Gu lp . 
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Warm-Up and Exam Questions <ZI 
There were some fairly straпge Ьits to learn оп the last few pages- supercoпductors апd 
пaпomaterials seem to beloпg оп the Sci-Fi Сhаппеl rather thaп iп а Chemistry book. 
lf you're feeliпg bemused, try these questioпs to make sure you woп't Ье throwп iп the exam. 

Warm-Up 
1) Why did it take so loпg to discover the поЫе gases? 

2) Give опе use for helium апd опе use for пеоп. 

3) What паmе is giveп to the Ыосk of metals iп the middle of the periodic taЬie? 

4) Explaiп how the structure of metals allows them to coпduct electricity. 

5) What is the raпge of particle sizes iп пaпomaterials? 

Exam Qu 

Argon is а nоЫе gas used to fi\1 light bulbs. lt has an atomic number of 18. 

(а) What is the electron configuration of argon? 
(1 mark) 

(Ь) Argon atoms don 't pair up to form molecules 1ike many other gaseous elements do. 
Explain why not. 

(2 marks) 

(с) Explain how argon extends the life ofa light bulb. 
(2 marks) 

2 The critical temperature (Те) at which some materials 
become superconducting is shown in the table. Туре Т, (0С) 

3 

(а) What does 'superconducting' mean? ZIПC - 272 
(2 тт-ks) a1шninum - 272 

tin - 269 
(Ь) Which of the materials in the table is most 

likely to Ье useful in real-life applications 
of superconductors? Explain your answer. 

mercury - 269 

meta1 oxide ceramic l - 145 
meta1 oxide ceramic 2 - 123 

(/ mark) 

(с) Give two potential applications of superconducting materials. 

Carbon nanotubes have а tube-like structure based оп the 
covalent bonding between carbon atoms, as shown in the diagram. 
They сап Ье used to make tiny electrical circuits. 

Consider the number of bonds carbon normally forms, 
and use this to help explain why nanotubes conduct electricity. 

(2 marks) 

" / с-с 
/ " -с с-
"с-с/ 

-С/ "с
" / 

(3 тш-k.s) 
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Revision Summary for Section Six 

Hopefully you've committed everyth ing from this section to memory now, and will have по trouЫe with 
it if it comes up in the exam. But there's onl y one way to check if you really know it, and that's to try 
some revisioп questioпs ... like the опеs оп this page, for example. 

1) What feature of atoms determiпes the order of the moderп periodic tаЫе? 

2) What feature of ап atom determiпes the properties it will have? 

3) How тапу electroпs сап occupy the third shell iп an atom? 

4) Give the electroп coпfiguratioпs of potassium апd sulfur. 
(Use the periodic tаЫе at the front of the book.) 

5) Draw а diagram to show the ioпi c boпdiпg iп sodium chloride. 

б) List the maiп properties of ioпic compouпds. 

7) Give the formula of ап охуgеп iоп. ls this а catioп or ап апiоп? 

8) Show the electroпic structure of а magпesium iоп usiпg brackets. 

9) Fiпd the chemica l formula for potassium hydroxide. 

1 О) Do alkali metals form ioпi c or cova lent compouпds? 

11 ) Write dowп the word апd symbol equatioпs for the reactioп of lithium with water. 

12) Which is more reactive, chloriпe or iodiпe? 

13) Write dowп the word апd symbol equatioпs for the reactioп of chl oriпe with potassium. 

14) Write dowп the word апd symbol equatioпs for the reactioп of chloriпe with potassium iodide. 

15) What is cova l eпt boпdiпg? 

16) Sketch dot апd cross diagrams to show the boпdiпg iп molecules of: 

1 7) а) hydrogen, Ь) hydrogeп ch loride, с) water, d)* саrЬоп dioxide. 

18) What type of structure does а molecule of si li co п dioxide have? 

19) lп dustrial diamoпds are used in drill tips апd precision cuttiпg tools. What property of diamoпd 
makes it suitaЫe for this use? Explaiп how the boпdiпg in diamoпd gives it this physical property. 

20) Graphite coпducts electricity, wh ich is uпusual for а пoп-metal. Explaiп why it has this property. 

21) ls а substaпce with а si mple molecu lar structure more 1 i kely to Ье а so l id or а gas? Why? 

22) Exp l aiп why simp le molecular structures doп't coпduct electricity. 

23) Describe апd exp l aiп the treпd iп boiliпg poiпts as you go dowп Group 7. 

24) Exp l aiп iп terms of electroпs why the поЫе gases are uпreactive. 

25) Give опе example of а traпsitioп metal beiпg used as а catalyst. 

26)* 1de пtify the type of boпdiпg in each 
of the substaпces iп the tаЫе: Substance 

Melting Electrical Hardness on а scale of О - 1 О 

2 7) How сап you make some metals 
become supercoпductors? 

28) What advaпtage is there iп 
makiпg power саЫеs from 
s upercoпductors? 

29) Why doп't they make the eпtire 

А 

в 

с 

Natioпa l Grid from supercoпductiпg metal wires? 

point (0
() 

34 10 

2072 

605 

conduct ivity 

Very high 

Zero 

Zero in solid form 
High when 

molten 

30) What are пaпoparticles? Describe two differeпt applicatioпs of пaпoparticles . 

31) What is the smallest type of fu ll ereпe called? What elemeпt is it made from? 

(1 О being diamond) 

7.5 

9 

Low 

"'Answers on page 257. 
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Relative Formula Mass · · ·"~ 
.~ 

The Ьiggest trouЫe w ith relati ve atomic mass and relati ve formul a mass is that they sound so 
Ыood-curdling . Take а few deep breaths and just enjoy, as the mi sts slowly c lear .. . 

Rвlativв atomic mass, Аг, is dead easy 

1) Thi s is just а way of say ing how heavy di fferent atoms are compared w ith the mass of an atom 
of ca rbon-12. So carbon-12 has an А, of exactl y 12 . 

2) lt turns out that the relative atomic mass А, is nothing more than the mass number of the element 
(to the nearest w ho le number). 

3) ln the peri odic tаЫ е, the elements all have two numbers. The small er one is the atomic number 
(how many protons it has). But the Ьi gge r one is the mass number (how many protons and 
neutrons it has), w hich is also the relative atomi c mass. See? Dead easy. 

mass number, w hi ch is 
also relati ve atomic mass 

з5.5 Cl 
17 

Helium has А = 4. Ca rbon has А = 12. Chl orine has А = 35 .5. 
г г г 

Rвlativв formula mass, Мг, is also dead easy 

lf you have а compound like M gCI
2 

then it has а relative formul a mass, 
М,, w hich is just all the relative 
atomi c masses added together. 

For M gCI
2 

it would Ье : 

MgCI2 
/ \ 

24 + (3 5.5 х 2) = 95 

Уои may have noticed that 
the relative atomic mass of 
chlorine isn't а who/e number 

like the others. Тhat 's 

because it has more than one 
staЫe isotope - its а/1 
explained оп р. 117-118. 

So М, for M gC1
2 

is simply 95 . 

You са п eas il y get А, for any element from the peri odi c tаЫе (see inside front cover), but in а lot of 
questi ons they give you them anyway. Since it's nearl y Christmas 1' 11 run through another example: 

1 Examplв: 1 

Find the relati ve formul a mass fo r calc ium ca rbonate, СаСОЗ' using the given data: 

ANSWER: 

А for Са = 40 А fo r С = 12 А for О = 1 6 
г г г 

СаС03 
1 \ ' 40 + 12 + ( 1 6 х 3) = 1 00 

So the М for 
г 

СаС03 is 1 00. 

And that's it. Big fancy name like relative fo rmul a mass and all it mea ns is "add up the mass numbers". 
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lsotopes 

Some elements have more than one isotope. 

/sotopвs are the same except for an extra nвutron or two 

А favourite trick exam question : "Exp lai n w hat is meant Ьу the term isotope" . 

The trick is that it's impossiЬie to exp lain what one isotope is. Nice of them that, isn't it. 
You have to outsmart them and always start your answer " lsotopes are ... " 

LEARN the definition: 

lsotopes are: different atomic forms of the same element, which have the 

SAME number of PROTONS but DIFFERENT numbers of NEUTRONS. 

117 

1) The upshot is: isotopes must have the same proton number but different mass numbers. 

2) lf they had different proton numbers, they'd Ье different elements altogether. 

3) А very popular pair of isotopes are carbon-12 and carbon-14, used for ca rbon dating. 

See page 6 for 
moreabout 

atomic 
structure. 

Carbon-12 

Carbon-14 

\ 
\ 

\ 

\ 

б PROTONS 
б ELECTRONS 
б NEUTRONS 

б PROTONS 
б ELECTRONS 
8 NEUTRONS 

The number of electrons decides the chemistry of the element. lf the atomic number (that is, the 
number of protons) is the same, then the number of electrons must Ье the same, so the chemistry is 
the same. The different number of neutrons in the nucleus doesn't affect the chemi ca l behaviour at al l. 
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Relative Atomic Mass :·2 
'~·: ;1~ 

Remember the way chl orine had а relative atomi c mass that wasn't а w hole number ~ 

Well , this page exp lai ns w hy. lt's unexpected ly stra ightforward, you' ll Ье pleased to hea r. 

1) Relative atom ic mass (А,) uses the average mass of all the isotopes of an element. 

2) lt has to allow for the relative mass of each isotope and its relat ive abundance. 

3) Relative abundance just means how much there is of each isotope compared to the tota l amount 
of the element in the world. 

4) This ca n Ье а ratio, а fraction or а percentage and is eas iest to see with an example: 

element relative mass of isotope relative abundance 

35 3 
chlorine 

37 

This mea ns that there are two isotopes of chlorine. One has а relative 
mass of 35 (35CI ) and the other has а relative mass of 3 7 (37CI). 

The relative abundances of the two isotopes show that there are three 
atoms of 35CI for every one atom of 37( 1. 

1) First, multipl y the mass of each isotope Ьу its relative abundance. 

2) Add those numbers together. 

3) Divide Ьу the sum of the relative abundances: 

А = (35 х 3) + (37 х 1) 
r = 35.5 

3 + 1 

Relative atomi c masses don't usually come out as who le numbers or easy dec imals, 
but they're often rounded to the nearest 0.5 in periodic taЫes (see page 11 6) . 

Don't forget, begin any definition of an isotope with "isotopes are ... " 
Some isotopes are un staЫ e. That mea ns they don 't stay as they are forever, but change (decay) 
into other elements. When they do thi s, they release nuclear radiation . 
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~~::·. Warm-Up and Exam Questions 

Those pages were рrоЬаЫу а lot more straightforward than you were expecting, but just to Ье on the 
safe side, try these questions to make sure you've really got the hang of А,, М, and isotopes. 

Warm-Up Qu 
What name is given to : 

1) ... atoms of the same element with different mass numbers? 

2) ... the sum of the number of protons and neutrons in an atom? 

3) ... the average mass of the isotopes of an element? 

4) ... the sum of the relative atomic masses of the atoms in а molecule? 

5) ... the neutral particle in the nucleus? 

( ) в h · · 11В d 10 1 · 8 а oron as two mаш ISotopes, 
5 

an 5 В. Its А, va ue 1s 1 О. . 

(i) What does А stand for? 
г 

(ii) What is the difference between the two boron isotopes? 

(iii) Which isotope is the тost abundant? Exp1ain your reasoning. 

(Ь) Use the А values В = 11 , О = 16, F = 19 and Н = 1 to calculate the 
г 

relative forтula тasses ofthese boron coтpounds: 

(ii) В(ОН)3 . 

2 The nucleus of the тost соттоn hydrogen isotope consists of а single proton. 
Deuteriuт is an isotope of hydrogen with one neutron and one proton in its nucleus. 

(а) Oraw а labelled diagraт to show the atoтic particles in а deuteriuт аtот. 

(Ь) Water тolecules containing deuteriuт instead of hydrogen are written as D
2
0. 

'Heavy water', as 0
2
0 is known, was used in the early developтent ofnuclear 

weapons during World War 11. 

(1 mark) 

(1 mark) 

(2 marks) 

(1 mark) 

(1 mark) 

(2 marks) 

(i) What is the relative foпnula mass of deuterium oxide, 0
2
0? (А, of oxygen = 16.) 

(1 mark) 

(ii) Why do you think 0
2
0 is known as 'heavy water'? 

(/ mш·k) 
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Percentage Mass : 

A lthough relative atomic mass and relative formul a mass are easy enough, it can get just а tad tri ckier 
when you start getting into other ca lculations whi ch use them. lt depends on how good your maths is 
bas ica ll y, because it's all to do with rati os and percentages. 

Calculating % mass of an element in а compound 

Th is is actuall y dead easy- so long as you've learnt thi s formul a: 

Percentage mass of an 
element in а compound 

Ar х по. of atoms (of that element) 

Mr (of whole compound) 

lf you don't learn the fo rmul a then you'd better Ье pretty smart - or you' ll struggle. 

Here's an example of how you'd use it: 

1 Ехатр/в: 1 

Find the percentage mass of nitrogen in ammonium sulfate fertili ser, 
(NH

4
)
2
S0

4
, using the fo llowing: 

• А fo r Н = 1 
r 

• А fo r N = 14 
r 

• А fo r О = 16 • А fo r S = 32 
r r 

ANSWER: М, of (NH
4

)
2
S0

4 
= 2 х [14 + (1 х 4)] + 32 + (16 х 4) 

= 132 

Now use the formula : 

А х n 
r 

Percentage mass = х 100 
м 

r 

14 х 2 
= х 100 = 21.2% 

132 

So there you have it. Nitrogen represents 21.2% of the mass of ammonium sulfate. 

х 100 

As usual w ith these ca lculati ons, practi ce makes perfect. You' ll find some to do on the bottom 
of the next page. Don't ski p it, you' ll Ье glad you're perfect when it comes to exam day. 
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Empirical Formulas 

Finding the вmpirical formula (from masses or percentagвs) 

This also souпds а lot worse thaп it rea lly is. Try thi s for а пi се simple stepwise method: 

1) List all the elemeпts iп the compouпd (there's usually опlу two or three). 

2) Uпderпeath them, write their experimeпta l masses or perceпtages. 

3) Divide each mass or pe rceпtage Ьу the А, for that particul ar e l emeпt. 

4) Turп the пumbers you get iпto а пiсе simple ratio Ьу multiplyiпg aпd/or dividiпg them Ьу 
well -choseп пumbers. 

5) Get the ratio iп its simplest form, апd that tells you the empirica l formula of the compouпd. 

Here's а пi се example to give you а better idea of what l'm о п about: 

f Ехатр/в: , 1 

Fiпd the empirica l formul a of the iroп oxide produced wheп 44.8 g of iroп 
react with 19.2 g of охуgеп. 

(А, for iroп = 56, А, for охуgеп = 16) 

METHOD: 

1) List the two e l emeпts: 

2) Write iп the experimeпtal masses: 

3) Divide Ьу the А, for each e l emeпt: 

4) Multiply Ьу 1 О ... 

... theп divide Ьу 4: 

Fe 

44.8 

о 

19.2 

19.2/ - 1 2 /16 - . 

12 

3 

5) So the simp lest formula is 2 atoms of Fe to 3 atoms of О, i.e. Fe20 3. 

You пееd to realise (for the exam) that thi s empirica l method (i.e. based оп experimeпt) is the 
опlу way of fiпdiпg out the formula of а compouпd. Rust is iroп oxide, sure, but is it FeO, or 
Fe

2
0

1
? Оп l у а п experime пt to determiпe the empiri ca l formula will tell you for certa iп . 

121 

Don't learn that list of instructions - practise using it (it 's much quicker) 
Lea rп the formu la оп the last page а пd the five rul es iп the Ыuе Ьох. Тhеп try these: (Answers оп р.257,) 

1) Fiпd the perceпtage mass of охуgеп iп each of these: а) Fe
2
0

3 
Ь) Н 20 с) СаС03 d) H2S04• 

2) Fiпd the empiri ca l formula of the compouпd formed from 2.4 g of са rЬоп а пd 0.8 g of hydrogeп. 
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Calculating Masses in Reactions ·,-~~~ 

The thrвв important stвps- not to Ье missed ... 

1) Write out the balanced equation . 

2) Work out М - just for the two Ьits you want. 

3) Apply the rule: Divide to get one, then multiply to get all . 
(First for the substance they give info about, then for the other one!) 

Examplв: 

Don 't worry- these 
steps should а/1 make 
sense when you look 

at the example below. 

What mass of magnes ium oxide is produced when 60 g of magnesium is burned in air? 

METHOD: 

1) Write out the balanced equation: 2Mg + 0
2 
~ 2Mg0 

2) Work out the relative formula masses: 
(don't do the oxygen - you don 't need it) 

2 х 24 ~ 2 х (24 + 16) 

48 ~ 80 

3) Apply the rule : Divide to get one, then multiply to get all : 

The two numbers, 48 and 80, tell you 48 g of Mg react to give 80 g of MgO. 
Here's the tricky Ьit. You've now got to Ье аЫе to write this down: 

48 g of Mg ... ... reacts to give ...... 80g of MgO 

1 g of M g ...... reacts to give ..... . 

60 g of Mg ...... reacts to give ..... . 

The Ьig clue is that they've said you want to burn "60 g of magnesium", i.e. they've told you how 
much Мg to have, and that's how you know to write down the left-hand side of it first, because: 

You'll first need to + Ьу 48 to get 1 g of Mg, and then need to х Ьу 60 to get 60 g of Mg. 

Then you са п work out the numbers on the other side (shown in Ыuе below) Ьу realising that you 
must divide both sides Ьу 48 and then multiply both sides Ьу 60. 

+ 48 

х 60 

'48 g of Mg ............... 80 g of MgO ~ + 48 

' 

1 g of Mg ............... 1 .67 g of MgO ~ 
х 60 

60 g of Mg ............... 1 00 g of MgO 

Тhе mass of product is cal/ed the 
yield of а reaction. You should 

realise that in practice you never 
get 100% of the yie/d, so the 

amount of product wi/1 Ье slightly 
/ess than calculated ( see р. 128 ). 

Thi s f inall y tell s us that 60 g of magnes ium wi ll produce 100 g of magnesium oxide. 

lf the question had sa id, "F ind how much magnes ium gives 500 g of magnes ium ox ide", you'd fill in 
the MgO side first, because that's the one you'd have the information about. 

You can't just read these pages - work through the examples too 
The on ly way to get good at these is to practi se. So have а go at these questi ons: ( Answers on р.258 .) 
1) Find the mass of ca lc ium which gives 30 g of ca lcium ox ide (СаО) when burnt in air. 
2) What mass of f luorine fu ll y reacts with potass ium to make 116 g of potass ium fluoride (KF)? 
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~.:··: The Mole 

The mole са п Ье rea ll y coпfu 5i пg . 1 thiпk it'5 the word that put5 people off. lt'5 very difficult to 5ее 
the relevaпce of the word "mole" to differeпt-5ized pile5 of brightly co loured powder5. 

ju5t like 'а millioп ' i5 thi5 mапу: 

or 'а Ьillioп ' i5 thi5 mа пу: 

1 000 000, 

1 000 000 0001 

50 'а mole' i5 thi 5 mапу: 602 300 000 000 000 000 000 000 or 6.023 х 1023
• 

1) Апd that'5 all it i5. )u 5t а пumber. The burпiпg que5tioп, of cour5e, i5 why i5 it 5uch а 5i ll y l o пg 
о п е like that, а пd with а 5ix at the fro пt ? 

2) The a п 5wer i5 that wheп you get preci5ely that пumber of atom5 of са rЬоп -12, 
it weigh5 exactly ll__g. 

3) So, get that пumber of atom5 or mol ecule5, of апу e l emeпt or compouпd , а пd coпve пi eпtly, 

they weigh exact ly the 5a me пumber of gram5 а5 the relative atomic ma55, А, (or М,) of the 
e l emeпt (or compouпd ) . 

4) Thi5 i5 arra пged оп purpo5e of cour5e, to make thiпg5 ea5ier. 

Here'5 the defiпiti o п of а mole wr i tteп out пi ce l y 50 you сап l ea rп it: 

One mole of atoms or molecules of any substance will have а mass in 
~ equal to the relative formula mass (Ar or Mr) for that substance. 

Апd here are а few more example5 to rea ll y drive the poiпt home: 

l roп ha5 ап А of 56. 
- r-

So опе mole of iroп weigh5 exactly 56 g 

Nitrogeп ga5, N
2

, ha5 а п М, of 28 (2 х 14). So опе mole of N2 weigh5 exactl y 28 g 

СаrЬоп dioxide, С02, ha5 а п М, of 44 . So опе mole of С02 weigh5 exactly 44 g 

Thi5 mеа п5 that 12 g of саrЬоп, or 56 g of iroп , or 28 g of N
2

, or 44 g of С02 , all сопtа iп the 5a me 
пumber of particle5, пamely о п е mole or б х 1023 atom5 or molecule5. 

123 
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Of course, we can 't leave you just knowing what а mole ~· lt's no fun without а few formul as ... 

Here's а formula for finding the number of moles in а givвn mass 

NUMBEROFMOLES = ~ 
-------- Mr (of element or compound) 

Examplв: 

How many moles are there in 42 g of ca rbon ~ 

ANSWER: 

No. of mol es = mass (g) ..;. М, = 42 ..;. 12 = 3.5 moles. 

'Relative formula mass' is also 'molar mass' 

1) You've been quite happy using the relative formula mass, М,, all through the ca lculati ons so far. 

2) ln fact, that was already using the idea of moles because М, is actually the mass of one mole in 
grams, or as it's sometimes ca ll ed, the molar mass. 

А '1 М solution' contains 'опв то/в рвr litre' Тhе 'moles per litre ' of а solution is 
sometimes cal/ed its 'molarity'. 

Thi s is pretty easy. So а 2 М solution of NaOH contains 2 moles of NaOH per litre of solution. 

You need to know how many moles there' ll Ье in а given volume: 

NUMBER OF MOLES = volume in litres х ~ of solution 

Ехатр/в: 

How many moles in 185 cm3 of а 2 М so luti on ~ 

ANSWER: 

No. of moles = vol (1) х molarity = 0.185 х 2 = 0.37 moles 

The Mr or Аг of а substance is the mass of one то/е of it in grams 
lt's poss iЬi e to do illl the ca lculati ons on the prev ious pages without ever talking about moles. 
You just concentrate on М, and А, instead - М, and А, represent the mass of one mole anyway. 
Learn both the equations above. They' ll make your life more complete (and they're useful in the exam). 
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: Warm-Up and Exam Questions 

Warm-Up Q 
1) Write down the definition of а mole. 

2) What is the mass of one mole of oxygen gas, 0/ 

3) How many moles are there in 4 g of sodium hydroxide? (А, values: Na = 23, О= 16, Н= 1.) 

4) What is the mass of 2 moles of carbon dioxide, СО/ (А, values: С= 12, О= 16.) 

5) What is the concentration of а so lution containing 2 moles of а substance per litre~ 

6) How many moles are there in 500 cm3 of а 0.5 М solution~ 

An agricultural scientist needs to compare the amount of nitrogen in each of the three 
different fertilisers listed below. 

Fertiliser 
urea 
potassium nitrate 
ammonium nitrate 

Formula 
CO(NH

2
)

2 

КNОЗ 
NH

4
N0

3 
(А values: С = 12, 0 = 16, N = 14, Н = l,K = 39.) 

г 

(а) Work out the percentage mass of nitrogen in each of the three fertilisers . 

(Ь) Using your answers to part (а), explain which one ofthe three would you 
expect to make the best fertiliser. 

2 Analysis of an oxide of sulfur shows that it contains 60% oxygen Ьу mass. 
(А values: S = 32, О = 16.) 

г 

(а) What is the percentage mass of sulfur in the oxide? 

(Ь) Work out the formula of the oxide. 

3 Heating а test tube containing 2 g of ca lcium carbonate produced 1.08 g 
of calcium oxide when it was reweighed. The equation for the reaction is: 

CaC0
3
(s) ~ CaO(s) + C0

2
(g) 

(М, values: СаС03 = 100, СаО = 56.) 

(а) Calculate the amount of calcium oxide you would expect to Ье formed 
from 2 g of calcium carbonate. 

(Ь) Compare the value to the amount obtained in the experiment. 
Suggest а possiЬle reasoп for the difference. 

(6 maгks) 

(2 maгks) 

(1 mшk) 

(2 тш-ks) 

(/ тш-k) 

(/ mш-k) 
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Atom Economy с :· :~:~ 
lt's important in industri al reactions that as much of the reactants as possiЬie get turned into usefu l 
productsc This depends on the atom economy and the percentage yield (see page 128) of the reaction. 

'Atom всопоту' - % of reactants changed to usвful products 

1) А lot of reactions make more than one product. 

2) Some of them wi ll Ье useful , but others will just Ье waste, e.g. when you make quicklime from 
limestone, you also get со2 as а waste product. 

3) The atom economy of а reaction tells you how much of the mass of the reactants ends up as 
useful products. 

Learn the equation: 

t total М of useful products 
1 00 а om economy = r х 

total М of reactants 
r 

Ехатрlв: 

Hydrogen gas is made on а large sca le Ьу reacting natural gas (methane) with steam. 

CH
4
(g) + H

2
0(g) ~ CO(g) + 3H

2
(g) 

Calculate the atom economy of this reaction. 

METHOD: 

1) ldentify the useful product- that's the hydrogen gas. 

2) Work out the М, of the reactants and of the usefu 1 product: 

1 2+(4х1) =1б 

(2 х 1) + 1 б =18 

3 х (2 х 1) =б 

So М of useful products = б, and М of reactants = 1 б+ 18 = 34 
г г 

3) Use the formula to calcu late the atom economy: 

6 
atom economy = - х 100 = 17.6% 

34 

So in this reaction, over 80% of the starting materials are wasted. 

ln industry, the waste СО is reacted with more steam to make С02 (a nd а Ьit more Н2 ). That brings the 
overa ll atom economy down to on ly 15%- but the final waste product is much less nasty that way. 
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~ Atom Economy 
! 

As you may have guessed already, а high atom economy is good, and а low atom economy 
is not so good. Make sure you know all the reasons why. 

High atom economy is better for profits and the вnvlronment 

1) Pretty obviously, if you're making lots of waste, that's а proЫem. 

2) Reactions with low atom economy use up resources very quickly. 

3) At the same time, they produce loads of waste materials that have to Ье 
disposed of somehow. 

4) That tends to make these reactions unsustainaЫe - the raw materials wi l l 
run out and the waste has to go somewhere. 

5) For the same reason s, low atom economy reactions aren't usua lly profitaЫe . 

6) Raw mateJ;ials are expensive to buy, and waste products сап Ье expensive to 
remove and dispose of responsiЬiy. 

7) The best way around the proЫem is to find а use for the waste products 
rather than just throwing them away. 

8) There's often more than one way to make the product you want, so the tri ck 
is to соте up with а reaction that gives usefu l "by-products" rather than 
useless ones. 

9) The reactions with the highest atom economy are the ones that only have 
one product - like the Haber process (see page 167). 

1 0) Those reactions have an atom economy of 1 00%. 

So why do they make hydrogen in that nasty, inefficient way you saw on the last page~ Well , current ly 
it's the best of а bad bunch. The other ways to make hyd rogen on an industri al sca le (like the electrolys is 
of brine, see page 145 ) use up huge amounts of energy and are too expensive to Ье worthwhile. 

Atom economy - important, but not the whole story. .. 
Atom economy isn't the onl y thing that affects profits - there are other costs bes ides buyi ng raw 
materials and disposing of waste. There are energy and equipment costs, as well as the cost of paying 
peop le to work at the plant. You need to think about the percentage yield of the reaction too (р. 1 28 ) . 
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Percentage Yield .. · 

Pe rceпtage yield tell s you about the overall success of а п ex perimeпt . lt compares what you thiпk 
you should get (predicted yield) w ith what you get iп practi ce (actual yield). 

Percвntagв yield compares actual and predictвd yie/ds 

The more reacta пts you start w ith, the higher the actual yield w il l Ье - that 's pretty obv ious. But the 
pe rceпtage yield does п 't depeпd о п the amouпt of reacta пts you started w ith - it's а pe rceпtage . 

1) The predicted yield of а reacti oп са п Ье ca lculated from the ba l a п ced reactioп equatioп 
(see page 122). 

2) Pe rceпtage yield is g iveп Ьу the formu la: 

actual yield (grams) 
percentage yield = х 1 00 

predicted yield (grams) 

3) Perceпtage yield is always somewhere betweeп О апd 1 00%. 

4) А 100% perceпtage yield meaп s that you got ~ the product you expected to get. 

5) А 0% yield meaпs that по reacta пts were coпverted iпto product, i.e. по product at all was made. 

Yields are always lвss than 1 00" 

1) l п rea l life, you пеvег get а 100% perceпtage yield. 

2) Some product or reacta п t always gets lost a l oпg the way- апd that goes for Ьig i пdustri al 

processes as we ll as school lab experimeпts. 

3) How thi s happeпs depeпds оп what sort of reactioп it is апd what apparatus is bei пg used. 

Lots of thiпgs са п go wroпg, but you са п fiпd the four you пееd to kпow about coпveпi e пtl y located 
оп the п ех t page. 

Even with the best equipment, you can't get the maximum product 
А high perceпtage yield mea п s there's поt much waste- which is good fo r prese rv iп g resources апd 
keepiпg producti oп costs dowп . lf а reacti oп 's go iпg to Ье worth do iпg commerciall y, it geп e ra l l y has 
to have а high pe rceпtage yield or recyc l aЫe reacta п ts, e.g. the Haber process. 
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Lвarn these four reasons why yields can't Ьв 100% 

11) The reaction is rвvвrsiЬ/в 1 

ln reversiЬie reactions (like the Haber process, see page 1 67), 
not all the reactants change into product. 

lnstead, you get reactants and products in equilibrium. 
lncreasing the temperature moves the equilibrium position 
(see pages 165-1 66), so heating the reaction to speed it up 
might mean а lower yield . 

2) Filtration 

When you filter а liquid to remove solid particles, you near ly always lose а 
Ьit of liquid or а Ьit of solid. 

1) lf you want to keep the liquid, you lose the Ьit that remains with the solid 
and filter paper (as they always stay а Ьit wet). 

2) lf you want to keep the solid, some of it usually gets left behind when you 
scrape it off the fi lter paper- even if you're really carefu 1. 

3) Transfвrring liquids 

You always lose а Ьit of liquid 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. Think about it- it's always wet when 
you finish. 

I 4J Unвxpвctвd rвactions 

Things don't always go exactly to plan. 

Sometimes you get unexpected reactions happening, so the yield of the intended product goes 
down. These can Ье caused Ьу impurities in the reactants, but sometimes just changing the 
reaction conditions affects what products you make. 
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Warm-Up and Exam Questions .~ 

This is all about trying to judge how much useful product you're actual ly getting from а reaction. 
Try these questions to help make sure you won't get stuck in the exam. First а (fairly) gentle warm-up, 
and then some more exam-like questions to give you an idea of what you сап expect. 

Warm-Up Qu 

1) What effect does а waste by-product have on the atom economy of а reaction~ 
2) What is the atom economy of the reaction shown~ 250

2 
+ 0

2 
~ 250

3 

3) Why might а reaction with а low atom economy Ье bad for the environmenH 
4) Why might а reaction with а low atom economy not Ье profitaЫe~ 
5) What is the percentage yie ld of а reaction which produced 4 g of product if the predicted 

yie ld was 5 g~ 

Exam Q 

Ethanol produced Ьу the fermentatioп of sugar сап Ье coпverted into ethene, 
as showп below. The etheпe сап theп Ье used to make polytheпe . 

С 2Н60 (g) ~ С2Н4 (g) + Н20 (g) 

Calculate the atom economy of this reactioп. 
(А values: С = 12, О = 16, Н = 1.) 

г 

2 А sample of copper was made Ьу reduciпg 4 g of copper oxide with methane gas. 
When the Ыасk copper oxide turпed orange-red, the sample was scraped out 

(3 тш-ks) 

into а beaker. Sulfuric acid was added to dissolve апу copper oxide that remaiпed. 
The sample was theп washed, filtered апd dried. 2.8 g of copper was obtained. 

(А, values: Cu = 63 .5, О = 16.) 

The equation for this reaction is: СН4 + 4Cu0 ~ 4Cu + 2Н 20 + С02 

(а) Use the equation to calculate the maximum mass of copper which could 
Ье obtained from the reactioп (the predicted yield). 

(Ь) Calculate the perceпtage yield of the reaction. 

(с) Suggest three different reasons why the yield of the reactioп was 
less thaп 1 00%. 

-
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, Revision Summary for Section Seven 

Some more tricky questions to stress you out. The thing is though, why bother doing easy questions? 
These meaty monsters find out what you really know, and worse, what you really don't. Yeah, 1 know, 
some of them are а Ьit scary, but if you want to get anywhere in life you've got to face up to а Ьit 
of hardship. That's just the way it is. Take а few deep breaths and then try these. 

1) Define the relative atomic mass of an element. 

2)* Find the А or М for each of these (use the periodic tаЫе inside the front cover): 
г г 

а) Са Ь) Ag с) С02 d) MgC0
3 

е) AI(OH)
3 

f) ZnO g) Na
2
C0

3 
h) sodium ch loride 

3) Define the term isotope. 

4) Explai n how carbon-14 is different from carbon-12. 

5)* The tаЫе below gives the masses and relative abundances of the isotopes of neon: 

relative mass of relative 
isotope abundance 

20 91% 

22 9% 

Ca lculate the relative atomic mass of neon. Give your answer to 2 decimal places. 

6)* Find the percentage mass of carbon in the following: 
а) СН4 Ь) К2С03 с) С02 

7)* Find the percentage mass of oxygen in the following: 
а) СО Ь) К2С03 с) С02 

8)* Find the empirical formula of the compound formed when 21.9 g of magnesium, 
29.3 g of sulfur and 58.4 g of oxygen react. 

9)* Find the empirical formu la of the compound formed when 227 g of ca lcium 
reacts with 21 6 g of fl uori ne. 

1 O)*What mass of magnesium oxide is produced when 112.1 g of magnesium burns in air? 

11 )*What mass of sodium is needed to produce 108.2 g of sodium oxide? 

12)*What mass of carbon will react with hydrogen to produce 24.6 g of propane (С3Н 8 ) ? 

13)*How many moles are there in 284 g of sodium sulfate, Na2SO/ 

14)*What mass of chlorine is there in 2 moles of magnesium chloride, MgCI/ 

15) What is meant Ьу а "3 М solution"? 

16)*How many moles of barium ch loride are there in 500 cm 3 of а 0.2 М so lution of barium chloride? 

17)*1ron is extracted from its ore using carbon monoxide in а process described Ьу this equation: 

зсо + Fe20
3 
~ ЗСО2 + 2Fe 

Using the periodic tаЫе, calculate the atom economy of this reaction. 

18) ls it better to have а high atom economy or а low atom economy? Explain why. 

19) What is the formula for percentage yield? 

20)*The predicted yield of а reaction was found to Ье 12 .5 g. However, when the reaction was carried 
out, the actual yield was on ly 8.25 g. Calculate the percentage yield of this reaction. 

21) The percentage yield of а reaction is never 100%. Give four possiЬie reasons for this. 

* Answers on page 258. 
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" 

Acids and Bases · 

You'll find ac ids and bases at home, in industry and in the lab- they're an important set of chem ica ls. 

The рН scale and univвrsal indicator 

The dye in the indicator changes co lour depending on whether it's above or below а certa in рН. 
Un iversal indi cator is а very usefu l comЬi n at i on of dyes w hi ch gives the co lours shown below. 

lt's very handy for estimati ng the рН of а so luti on: 

рН О 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 ALKALIS ACIDS 
( 

t 1' 
) 

саг battery acid, 
stomach acid 

t aci t ain 
vinegar, 

lemon juice 

t 
normal rain 

NEUTRAL t pa ncre~c jui ce t 
pure wa ter . . . soa p powder 

was l11ng-up l1qu1d 

caustic soda 
(drai n c leaner) 

1) The рН sca le goes from О to 14. 

2) А very strong ac id has Q.!i_Q. А very strong alkali has Q..t:L1.1. 

3) А neutral substance has Q.!:i2 (e.g. pure water) . 

Acids and bases neutralise each othвr 

An АСЮ is а substance with а рН of less than 7. Acids form Н+ ions in water. 

А BASE is а substance with а рН greater than 7. 

An ALKALI is а base that DISSOLVES IN WATER. A lka l is form ОН- ions in water. 

The reaction between ac ids and bases is 
ca ll ed neutralisation. Make sure you learn it: 

Neutralisation can also Ье seen in terms of 
Н+ and ОН- ions like this, so learn this too: 

ac id + base ~ sa lt + water 

н+ + он - --7 н о 
2 

When an acid neutrali ses а base (or vice versa), the products are neutral, i.e. they have а рН of 7. 

You need to know some of the usвs of sulfuric acid 

1) Sulfuric acid is used in са г batteries, where it's concentrated enough to cause severe burns. 

2) lt's also used in many manufacturing processes, such as making ferti l isers and detergents. 

3) You ca n also use it to clean and prepare meta l surfaces, e.g. before painting or welding. 
А metal surface is usually covered w ith а layer of insoluЬie meta l oxide. Su lfuric acid reacts 
w ith this, forming so luЫe metal sa lts which wash away, nice and eas il y. 
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. · Acids Reacting with Metals 

acid + metal ---+ salt + hydrogen 

That's written Ьig because it's really worth remembering. Here's the typical exper iment: 

MAGNESIUM ALUMINIUM 

1 
мuted / 

- squeaky 
роР~ 1 

COPPER 

Copper is less 
reactive than 
hydrogen so it 
doesn't react 
with dilute 
ac ids at all . 

1) The more reactive the metal, the faster the reaction w ill go - very reactive metals (e.g. sodium) 
react explosive ly. 

2) Copper does not react wi th di lute ac ids at all - because it's less reactive than hydrogen. 

3) The speed of the reaction is indi cated Ьу the rate at which the bubЫes of hyd rogen are given off. 

4) The hydrogen is confirmed Ьу the burning splint test giving the notorious 'squeaky рор' . 

5) The name of the sa lt produced depends on which metal is used, and w hich acid is used: 

1 Hydrochloric acid wi/1 always produce chloridв salts 

2HCI + Mg ~ MgCI2 + Н2 
6HCI + 2AI ~ 2AICI

3 
+ 3 Н2 

133 

2HCI + Zn ~ ZnCI 2 + Н2 

(magnesium chloride) 

(a luminium chloride) 

(z inc chloride) 

1 Sulfuric acid wi/1 a/ways produce sulfatв salts 

Ch/oride and sulfate salts 

are generally soluЬ/e in 

water{the main exceptions 

are /ead chloride, lead 

sulfate and silver chloride, 

which are inso/uЬ/e). 

H2S0 4 + Mg 

3H
2
S0

4 
+ 2AI 

H
2
S0

4 
+ Zn 

~ MgS04 + Н2 
~ AI

2
(S0

4
)
3 

+ 3Н 2 
~ ZnS0

4 
+ Н 2 

(magnesium sulfate) 

(a luminium sulfate) 

(zinc sulfate) 

IJ!Ltri__c f1Q/J! produces nitrate sa/ts when NEUTRALISED, but ... 1 

Nitric ac id reacts fine with alkalis to produce nitrates, but it can play silly devils 
with metals and produce nitrogen oxides instead, so we'll ignore it here. 
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Neutralisation Reactions .)J 
Metal oxidвs and metal hydroxidвs агв bssвs 

1) Some metal oxides and metal hydroxides dissolve in water. These so luЫe compounds are alkali s. 

2) Even bases that won't dissolve in water wi ll stil l react with acids. 

3) So, all meta l oxides and metal hydroxides react w ith ac ids to form а sa lt and water. 

acid + metal oxide ~ salt + water 
' 

acid + metal hydroxide ~ salt + water 

(These are neutrali sat ion 
reactions, of course.) 

hydrochloric acid + copper oxide ---7 copper chloride + water 
2HCI + CuO ---7 CuCI2 + Н20 

sulfuric acid + potassium hydroxide ---7 potassium sulfate + water 
H2S04 + 2КОН ---7 K

2
S04 + 2Н20 

nitric acid + sodium hydroxide ---7 sodium nitrate + water 

НNОЗ + NaOH ---7 NaN0
3 + Н20 

Acids and carbonatвs produce carbon dioxidв 
t 

These are very like the ones above - they just produce ca rbon dioxide as well. 

acid + carbonate ~ salt + water + carbon dioxide 

hydrochloric acid + sodium carbonate ---7 sodium chloride + 
2HCI + Na

2
C0

3 
---7 2NaCI + 

hydrochloric acid + calcium carbonate ---7 calcium ch loride + 
2HCI + СаС03 ---7 CaCI

2 + 

Acids and ammonia produce ammonium sslts 

And lastly ... acid + ammonia ---7 ammonium salt 

hydrochloric acid + ammonia ---7 ammonium ch loride 
HCI + NНЗ ---7 NH

4
CI 

sulfuric acid + ammonia ---7 ammonium su lfate 
H

2
S0

4 + 2NH
3 

---7 (NH
4

)
2
50

4 

nitric acid + ammonia ---7 ammonium nitrate 
НNОЗ + NНЗ ---7 NH

4
N0

3 

5ЕСТЮN Е1снт - CнEMICAL CнANGE 

water + carbon dioxide 
Н20 + СО2 
water + carbon dioxide 
Н20 + СО2 

Thi s last reaction with nitric 
acid produces ammonium 
nitrate fertiliser, much 
appreciated for its douЫe 
dose of nitrogen (essentia l 
for hea lthy plant growth). 



. Making Salts 

Most chlorides, sulfates апd пitrates are soluЫ e iп water (the mai п exceptioп s are lead chl oride, 
lead sulfate а пd sil ver chloride). Most oxides, hydroxides а пd carboпates are iпsoluЫe iп water. 

Making soluЫe salts from insoluЬ/в basвs 

135 

1) You пееd to pick the right acid, plus а metal ca rboпate or meta l hydroxide, as loп g as it's iпsoluЫ e. 

2) You са п 't use sodium, potass ium or ammoпium ca rboп ates or hyd roxides, as they're soluЫe (so you 
са п 't tell whether the reactioп has fiпished - see below). 

3) You add the carboпa te or hydroxide to the acid uпtil ~ the ac id is п eutra li sed. (The excess 
ca rboп ate or hydroxide will just s iпk to the bottom of the flask wheп all the acid has reacted .) 

4) Тhеп filter out the excess ca rbo п ate, а пd evaporate off the water - а пd you should Ье left 
with а pure, .d!:y sa lt. 

Filteriпg - to get rid of the 
excess carboп ate or hydrox ide. 

For example, you са п use copper carboпate а пd пitric acid to make copper пitrate : 

Ammonium nitrate is а sо/иЬ/в salt from а sо/иЬ/в Ьаsв 

1) Ammoпia itse lf is а base, but it's SOLUBLE, as are all other ammoпium bases. 

2) Thi s mea п s mak iпg soluЫ e ammoпium sa lts, such as ammoпium пitrate, is а Ьit tricky. 

3) You са п 't just add а п excess of base а пd filter out what's left - you have to add exactly the ri ght 
amouпt of base to just пeutra li se the ac id . 

4) You пееd to use ап iпdi cator so you са п tell wheп the react i o п has just fi пi s hed. 

5) Тhеп you've got to repeat it without iпdi cator, usiпg exactly the same vo lumes of base апd acid, 
so the sa lt isп't co пtam iп ated w ith iп dicator. 

б) All this is obv iously quite fiddly. But ammoпium пitrate is а great fertili ser, so it's all worthw hil e 
iп the е п d (if you waпt пi се Ьig crops to grow, that is). 
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Making Salts 

Making insoluЬ/e salts - prвcipitation reactions 

1) lf the sa lt you waпt to make is iпsoluЫe, you са п use а precipitatioп reactioп (see page 141 ). 

2) You just пееd to pick the right acid апd пitrate , theп mix them together. For examp le, if you 
waпt to make lead chloride (whi ch is iпsoluЬie), mix hydroch lor ic ac id а п d lead пitrate. 

Just mix ап ac id апd а 
пitrate - simple as that. 

3) Опсе the sa lt has precipitated out (апd is l yiпg at the bottom of your flask), al l you have to do is 
filter it from the so luti oп , wash it а пd theп .d!:.y it оп filter paper. 

4) Precipitat i oп reactioпs сап Ье used to remove poisoпous ioпs (e.g. lead) from driпkiпg water. 
Calcium а пd magпesium i o п s са п also Ье removed from water this way - they make water 
'hard ', which stops soap l ather iпg properly. 

Making salts Ьу displacвmвnt Have а look at page 20for more оп displacement. 

1) lf you put а more reactive metal like magпesium iпto а salt solutioп of а less reactive metal, 
like соррег sulfate, theп the magпesium wi ll take the place of the copper- апd make 
magпesium sulfate. 

2) The "kicked-out" (о г displaced) metal theп coats itself опtо the more reactive metal. 

3) Опсе the magпesium has Ьееп completely coated with соррег, the reactioп stops, so this 
isп't а very practical way to make а sa lt. 
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~~"· Warm-Up and Exam Questions 

Now try these questions - you're less likely to get а nasty surprise in the exam if you do. 

Warm-Up Qu 
1) What name is given to the type of reaction in which an acid reacts with а base? 

2) Which two substances are formed when an acid reacts with а metal such as zinc? 

3) Which two substances are formed when nitric acid reacts with copper oxide? 

4) Explain what you wou ld do to make а dry sample of а soluЫe salt from an insoluЫe base. 

5) Why couldn't you make an iron salt from an aluminium salt Ьу displacement? 

The tаЬ\е shows the results when five so\utions, 
А-Е, were tested with universa\ indicator. 

(а) Complete the Ыanks in the tаЬ\е. 
Solution Colour рН 

(2 marks) А 1 

(Ь) Which so\ution is а weak acid? 
в pale green 

(/ тш-k) с orange 5 

(с) Which solution is а strong alkali? 
D dark Ыuе 

(d) Which solution contains sodium chloride? 

(е) Which solution is battery acid? 

2 An experiment was carried out in which sodium 
hydroxide solution was added, 2 cm 3 at а time, 
to l О cm3 of sulfuric acid. The рН was estimated 
after each addition using universal indicator paper. 

The results are shown in the tаЬ\е . 

(а) Plot the results on а graph, with рН on the 
vertica\ axis and volume of sodium hydroxide 
added on the horizontal axis. 

Draw а best fit curve. 

(/ mark) Е 

Vo1ume of sodium 
hydroxide added ( cm3

) 

о 

2 
4 
б 

8 
10 
12 

(Ь) Estimate the volume of sodium hydroxide needed to neutrali se the acid. 

(с) How do the results show that su lfuric acid is а strong acid? 

(d) Name the salt formed in the reaction . 

14 

(/ mark) 

( / mark) 

рН 

1 
1 
2 
4 
12 
13 
13 

(2 тш-ks) 

( / тш-k) 

(/ mark) 

(/ тш-k) 
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Exam Questions 

3 An excess of different substances were added to а solution of hydrochloric acid containing 
universal indicator. The results аге shown in the taЬie below. 

Observations Fina1 
Substance Formu1a 

during the reaction after excess added рН 

zinc oxide ZnO ZnO di ssolves ZnO settles out 7 
potassium hydroxide кон КОН di ssolves КОН stays in solution 14 

ammoшa NH 3 NH3 dissolves NH3 stays in solution 11 
sodium chloride NaCI NaCI di ssolves NaCI stays in solution 1 

magnesium metal Mg Mg di sso lves, bubЬling Mg settles out 7 --

(а) Which substance didn't neutralise the acid? 
(/ тт-k) 

(Ь) Which two substances аге alkal is? 
(1 тт-k) 

(с) Which substance is an insoluЬie base? 
(/ тт-k) 

(d) Complete the symbol equations for the following reactions. The ions involved 
are shown below to help you work out the formulas of the salts formed. 

Ions: Мgн zпн NH + 
' ' 4 ' 

К+, Cl-

(i) Mg + 2HCI~ (ii) NНЗ + HCI~ 
(/ mшk) 

(iii) ZnO + 2HCI~ (iv) кон + HCI ~ 
(/ mm-k) 

4 Jenny wanted to make а dry sample of silver chloride, AgCI, Ьу precipitation. 

(а) What property must а salt have to Ье made Ьу precipitation? 

(Ь) Jenny looked up the so luЬili ties of 
some compounds she might use . 

Write down one reaction using 
substances from the taЬie that 
she could use to make silver 
chloride Ьу precipitation. 

(/ тт-k) 

(с) Outline the steps needed to give а pure 

Compound 

sil ver oxide 

sil ver nitrate 

si 1 ver carbonate 

sul furic aci d 

nitric acid 

hydrochloric acid 

dry sample of silver chloride after mixing the solutions. 
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Formula 

Ag,O 

AgNO, 

AgCO, 

H,SO, 

HNO, 

HCI 

(/ maгk) 

(1 maгk) 

(1 maгk) 

Solubility 

insoluЫe 

so luЫ e 

in soluЫe 

soluЫ e 

soluЫe 

soluЫe 

(3 maгks) 
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~-.,._ More Chemical Changes 
There are loads of different kinds of chem ica l reactions- e.g. hydration, dehydration and therma l 
decomposition. There are many others too, but for now you just need to learn the ones on these pages. 

1 Hydration reactions have water as а rвactant 1 
' 

1) Water's dead useful stuff. lt's used as а solvent because it dissolves so many substances. 

2) Water's also used in hydration reactions. 

3) Hydration reactions are ones where water reacts with another substance to form а new product. 

Examplвs: 

Ca lcium oxide (quicklime) reacts w ith water to produce calcium hydroxide (s laked lime). 

calcium oxide + water -7 ca lcium hydroxide 

Ethene (С2 Н 4 ) wil l react with ~ (Н20) to make ethanol. 

ethene + steam -7 ethanol 1 1 С2 Н4 + Н 20 -7 С2 Н 50Н 

Dвhydration reactions have water as а product 

Dehydration reactions are where water is removed from one or more substances, forming new products. 

J Examplв: J 

Dehydration reactions separate carbohydrates into carbon and water. Concentrated sulfuric acid 
is а strong dehydrating agent, and it' ll grab water from other compounds. lt acts as а cata lyst to 
convert sucrose (sugar) into water and а spongy lump of Ыасk carbon. 

sucrose 

catalyst of conc. 
sulfuri c ac id 

carbo n + water 

Yourteachermight 
demonstrate this in the 

fumecupЬoard. 

Reactions which join small molecules to make а Ьigger molecule sometimes also produce а molecu le of 
water. These are usuall y ca lled condensation reactions, but they're а kind of dehydration reaction too. 

[ Ехатр/в: ] 

Alcohol reacts with organic acids to form an ester and water (see pages 227-228). 
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More Chemical Changes ~: 

Thвrmal decomposition is breaking down with hвat 

1) Ca rbonates and hydrogenca rbonates release carbon dioxide gas ((0
2

) when they're heated. 

2) lt's an example of thermal decomposition, which is when а substa nce breaks down into simpler 
substances when it is heated. 

3) Learn the word equati ons fo r the thermal decompositi on of ca rbonates and hydrogenca rbonates: 

For example -

cal c ium ca rbonate ---7 cal c ium ox ide + carbon diox ide 

sod ium hydrogencarbonate ---7 sod ium carbonate + carbon dioxide + water 

4) You ca n check it rea lly is carbon diox ide that's 
released Ьу testing it w ith l imewater - СО2 turns 
limewater cloudy when it 's bubЫ ed through. 

5) Baking powder contains sodium hydrogencarbonate. 
Baking powder is added to cake mixtures -
the carbon dioxide produced when it's heated in the 
oven makes the ca ke rise. 

limewater 

Rusting (corrosion) is an oxidation rвaction 

lron corrodes eas il y. ln other words, it rusts. 

Тhе word "rust" is оп/у used 

forthecorrosionofiron, not 
othermetals. 

1) When iron rusts, it's comЬining with oxygen (and also water). The iron gains oxygen to form 
iron(lll ) oxide. Water then becomes loosely bonded to the iron(lll ) ox ide and the result is 
hydrated iron(lll ) oxide- whi ch most people ca ll ru st. 

iron + oxygen + water ---7 hydrated iron(lll ) oxide 

2) The iron becomes oxidised in this reaction - it loses electrons in the 
reaction. The oppos ite process- the ga in of electrons - is ca lled 
reduction . There's more about reduction on page 21 7. 

3) Unfortunate ly, ru st is а soft crumЫy so lid that soon flakes off to leave more iron ava il aЫe to ru st. 
And if the water's sa lty or ac idi c, ru sting w ill take place а lot qui cker. Cars in coastal pl aces ru st а lot 
because they get covered in sa lty sea spray. Ca rs in .iliy deserty places hardl y ru st at all . 

Оп/у learn what you need to for the exam 
В у the way, there's actually more to the action of baking powder than just thermal decompos ition*, but 
strangely the examiners don't са ге (so you don't have to either). The thing to remember about ru sting is 
that it's an ox idation reaction - the iron loses electrons. When an atom ga ins electrons, that's а 
reduction reacti on. Just remember O IL RI G - Qx idation ls !oss, reduction l s ga in . 

SECTION fiGHT - CHEMICA L CHA NGE • Baking powder is sodium hydrogencarbonate and an ac id (usuall y 'cream of tartar'), which 
...................... n"'0 .... 1 ... ..... .--. ,. l"'г"·" гli nv i rlo R :~lt in n cnгl ~ j, nlr~in "nrl itJm hvrlrnPPП ifl rhnn ;"t tp (;t k.1 l1i f 
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Yes, that 's right, yet more chemi ca l changes- you also need to know about precipitation reactions. 
But you have to expect а lot of chemica l changes in this book - this is chemistry, after all . 

Prвcipitation - а solid forms in solution 

1) А precipitation reaction is where two so lutions react and an in soluЫe sol id forms in the so lution. 

2) The so lid is sa id to 'precip itate out' and, confusingly, the so lid is also ca lled ' а precipitate'. 

3) Some soluЫ e transition metal compounds react w ith sodium hydroxide to form an in soluЫ e 

hydroxide, which then precipitates out. 

1 Examplв: j 

SoluЫe copper sulfate reacts with sodium hydroxide to form insoluЫe copper hydroxide. 

CuS0
4 

copper su lfate .... 
!J 

+ 2NaOH 

+ sodium hydroxide 

Copper sulfate is so luЫe ... 

~ Cu(OH)2 + Na2S04 

copper hyd roxide + sodium sulfate ... 
"t 

... but copper hyd rox ide is 
inso luЬie - so it prec ipitates out. 

4) Since copper hydroxide is Ыuе, you get а dist inct ive Ыuе precipitate forming in the test tube. 

5) You ca n also w rite the above equation in terms of ions: 

Cu2+ + 2ОН- ~ Cu(OH)
2 

The Cu2+ ions and the hydrox ide ions comblne 
to give you the in soluЫe copper hydrox ide. 

You сап use precipitation to test for transition mвtal ions 

1) Some in soluЫ e transition meta l hydroxides have dist inctive co lours. 

For exampl e: 

• Copper hydroxide is а Ыuе solid. 

• lron (ll ) hydroxide is а dark grey/green solid. 

• lron(l ll ) hydroxide is an orange solid. 

2) You ca n use thi s fact to test which transition metal ions а so lution contains. 

3) For example, if you add sod ium hydrox ide to an unknown soluЫe sa lt, and an orange 
precipitate forms, you know you had iron(lll ) ions in the so lution . 

141 
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Warm-Up and Exam Questions · ~ .&;::~; 
~,·~+J~ ).-: ' 

Ву the time the Ьig day comes you need to know all the facts in these questions like the back of 
your hand. lt's not fun , but it's the only way to get good marks. 

Warm-Up Qu 
What name is given to а reaction in which: 
1) ... water reacts with another substance to form а new producй 
2) ... а substance is broken down Ьу heating~ 
3) ... а substance loses electrons~ 
4) .. . two solutions react to give an insoluЫ e so lid~ 

5) ... water is removed from а substance or substances to form а new product~ 

Exam Qu 

If ethanol vapour is passed over hot aluminium oxide, it breaks down 
to give ethene and water. An equation for the reaction is given below: 

С2Н60 ~ С2Н4 + Н20 

Exp\ain why this reaction could Ье considered to Ье: 

(а) thermal decomposition. 

(Ь) dehydration. 

2 The diagram below shows а series of reactions involving calcium. 

bubЬie со2 1 с со ( ) 1 heat 
throug~ . а 3 s ~ongly 

1 Ca(OH)2 (aq) 1 1 СаО (s) 1 

hea~ 

dissolve а~ 1 1 IO"~d small 
fi lter solution Са(ОН)2 (s) ~~~~t of water 

Give the letter(s) for the reactions involving: 

(а) thermal decomposition. 

(Ь) dehydration. 

(с) hydration . 

(d) the formation of а milky precipitate. 
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( / mark) 

(1 mark) 

(2 тт-ks) 

(2 marks) 

(1 тт-k) 

(1 тт-k) 



~~~~=: Exam Questions 

3 When iron rusts it reacts with oxygen and water to form hydrated iron(Ш) oxide. 

(а) Write а word equation for the formation ofrust. 

(Ь) Iron is converted into Fe3+ ions when it rusts. 
Explain why this is an example of an oxidation reaction. 

(с) Suggest how hydrated iron(III) oxide might Ье converted into 
iron(III) oxide. 

( d) Which of the statements about the corrosion of iron below аге correct? 

143 

(1 mark) 

(1 mark) 

(1 mark) 

А The layer of rust that forms on the surface of iron prevents further corrosion. 

В Iron rusts more rapidly if exposed to salty water. 

С Hydrated iron(III) oxide is а soft and crumЬiy solid. 

D Rusting is an example of а thermal decomposition reaction. 

4 Baking powder contains sodium hydrogencarbonate. 

(а) Write а word equation to show what happens to sodium hydrogencarbonate 
when it is heated in an oven. 

(Ь) What type of reaction is this? 

(с) Explain why baking powder is added to cake mixtures. 

5 In an experiment, iron filings were reacted with nitric acid and with sulfuric acid. 
The salts produced were tested Ьу observing the precipitates formed when excess 
sodium hydroxide, NaOH, was added. The results are shown in the table below. 

Reaction 
Colour of precipitate N ame of precipitate 
when NaOH added 

iron + sulfuric acid iron(II) hydroxide 

iron + nitric acid orange-red 

Fill in the blanks in the table. 

(2 mm-ks) 

(1 mark) 

(1 mark) 

(2 mm·ks) 

(2 mm·ks) 
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. ··-~ 
Electrolysis and the Half-Equations · ·~~~ 

>. .... t ~ 

You need to know about the electrol y5 i5 of metal5 5uch а5 copper, and al5o about the electro ly5 i5 of 
5alt 5olution5 (covered on the next page). 

Electrolysis means 'splitting up with вlвctricity' 

1) Electroly5i5 i5 the breaking down of а 5ub5tance u5ing electri c ity. 

2) lt require5 а liquid to conduct the electri c ity, ca ll ed the electro lyte. 

3) Electrol yte5 are u5uall y free ion5 di 55olved in water (for example, di s5o lved 5a lt5) or 
mo lten ionic 5ub5tance5. 

4) ln either са5е it'5 the free ion5 which conduct the electri c ity and all ow the w hole thing to work. 

5) For an electri ca l c ircuit to Ье complete, there'5 got to Ье а flow of electron5. Electron5 are taken 
away from ion5 at the po5itive anode and given to other ion5 at the negative cathode. 

6) А5 ion5 ga in or lo5e electron5 they become atom5 or molecule5 and are relea5ed. 

NaCI di 55o lved 

@ е @ 
8 @) 8 

molten N aCI 

Elвctrolysis is used to purify соррвr 

1) The purer copper i5, the better it conduct5, 50 electro ly5 i5 i5 u5ed to obtain very pure copper. 

2) Electron5 are pulled off copper atom5 at the anode, cau5ing them to go into 5o lution а5 Cu2+ ion5. 

3) Cu2+ ion5 nea r the cathode ga i n electron5 and turn back i nto copper atom5. 

4) The impuritie5 are dropped at the anode а5 а 5ludge, whil e pure copper atom5 bond to the cathode. 

The CATHODE i5 а thin 
piece of pure copper 

more pure copper add5 to it. 

Copper(ll ) 5ulfate 
5olution containing 

Cu2+(aq) ion5. 

с 

Electrolysis is used to purify other metals too 

The ANODE i5 impure 
copper, w hi ch w ill 

di 55o lve. 

El ectrol y5 i5 i5 al5o u5ed for extracting aluminium from it5 ore (aluminium ox ide) . You have to melt the 
ore fir5t 50 the ion5 ca n move. The po5itive Al 3+ ion5 are attracted to the cathode where they pick up 
electron5 and "zup", they turn into aluminium atom5. The5e then conveniently 5ink to the bottom. 
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Electrolysis and the Half-Equations 

When common salt (sod ium chloride) is electro lysed, it produces three very useful products. 
(See page 242 for more on these products). 

The diagram shows the elвctrolysis of а sвlt so/utlon 

flow of 
cathode electrons 
(-ve) 

о 

о -

о -
о' -

'о -
о 

о -

о -

о -'о 

flow of 
electrons anode 

(+ve) 

+ +. 
+ · + · +.·. 
+ . +· + : 
+.· +· 

··+ +"" 
NaCI 

solution 
++++ 

Positive ions are ca ll ed CATIONS because 
they're attracted to the negative cathode. 

Hydrogen is produced at the cathode. 

1) At the cathode, two hydrogen ions accept two 
electrons to become one hydrogen molecule. 

2) At the anode, two chloride (CI-) ions lose thei r 
electrons and become one chlorine molecul e. 

3) NaOH is left in the so lution. 

Negative ions are ca ll ed ANIONS because 
they're attracted to the positive anode. 

Chlorine is produced at the +ve anode. 

Make surethe numberof 

e/ectrons is the same for both 

half-equations. 
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Warm-Up and Exam Questions ,. __ igl 
Warm-U 

1) What state must an ionic compound Ье in if it's to Ье used as an electrolyte~ 

2) Why is it necessary to purify copper~ 

3) At which electrode are metals deposited during electrolysis~ 

4) Name another metal, besides copper, which is purified or extracted Ьу electrolysis. 

5) Name the three products obtained from the electrolysis of salt (NaCI) solution. 

Lead bromide was electrolysed as shown 
in the diagram. The lead bromide was heated 
strongly and the bulb lit up after about 5 minutes. 
А brown gas was formed at one of the electrodes 
and after the experiment а bead of lead was 
found at the bottom of the beaker. 

(а) Explain why the bu lb lit up? 
(J mark) 

bulb 

(Ь) At which electrode was the brown gas 
produced? 

bead 
of lead 

_>-..:=;...=...........;х....., lead 

t bromide 

(J mark) НЕАТ 

(с) Explain fully why the bead of lead appeared on the bottom of the beaker. 

( d) Сору and complete the half-equations for the electrolysis of lead bromide: 

(i) РЬ2+ + (ii) _Br ~ __ + _е-

(1 maгk) 

2 When sodium chloride solution is electrolysed а gas is produced at each electrode. 
Gas А produced а squeaky рор when tested with а lighted splint and gas В 
Ьleached а piece of damp litmus paper. 

(а) (i) What is gas А? 

(ii) Which ion, present in water, is discharged when this gas is formed? 

(iii) Write а half-equation for the reaction at this electrode. 

(Ь) (i) What is gas В? 

(ii) Explain how this gas is formed at the electrode. 

SECТION EJCHT - CHEMICAL CHANCE 

(2 тш-ks) 

(1 maгk) 

(/ mark) 

( / maгk) 

(J тш-k) 

(/ maгk) 

(2 maгks) 
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~'. Revision Summary for Section Eight 
... 

Have а go at these questions and see how much you can remember. lf you're not sure about any of 
them, don't j ust sku 1 k past them, check back to the relevant page, get it straight i n your head and tackle 
the question again. lt's the best way, 1 promise. Especially when you're trying to learn а section full of 
equations and reactions like that one. 

1) Give the colour of universal indicator for а solution with а рН va lue of: 
а) 1, Ь) 5, с) 7, d) 10. 

2) What type of ions are always present in: а) acids Ь) alka li s~ 

3) Write the genera l word equation for а neutralisation reaction. 

4) Give two industrial uses of su lfuri c acid. 

5) Explain why you would not react sodi um with hydrochloric acid in the lab. 

б) Predict the outcome of adding copper to а dilute ac id. Explain why this would Ье the result. 

7) Describe а test for the gas produced when zinc reacts with su lfuric acid. 

8)* Name the salts formed and write balanced symbol equations for the following reactions: 
а) hydrochloric acid with magnesium, Ь) sulfuric acid with aluminium. 

9) What type of reaction is "acid + metal oxide", or "ac id + metal hydroxide"~ 

1 О) What would the products of such а reaction Ье~ 

11 )*Suggest а suitaЫe acid and а suitaЫe metal oxide/hydroxide to mix to form the following sa lts. 
Write out а balanced symbol equation for each reaction. 

а) copper(l l) chloride Ь) ca lcium nitrate с) zi nc su lfate 

12) Write а balanced symbol equation for the reaction between ammonia and nitric acid. 

1 3) lron chloride can Ье made Ьу mixing iron hydroxide (an insoluЫe base) with hydrochloric acid. 
Describe the method you would use to produce pure, so lid iron ch loride in the lab. 

14) Explain why it isn't possiЬi e to make sodium ch loride from sodium hydroxide and hydrochloric acid 
using the same method as in Q1 3). 

15) Describe the method you wou ld have to use to do this. 

1 б) Describe one practical use of making insoluЫe sa lts Ьу precipitation . 

1 7) When concentrated su lfuric acid is added to sugar, the sugar turns into spongy Ыасk carbon. 
What kind of reaction is this~ 

18) What products are formed Ьу the thermal decomposition of calcium carbonate~ 

19) Name the substance in baking powder that produces ca rbon dioxide to make ca kes rise. 

20) Describe а way to test so lutions for transition metal ions. 

2 1) What is the scientific term for rust~ 

22) ls rusting an example of an oxidation or а reduction reaction~ 

23) What is e l ectro l ysis~ Explain why liquids have to Ье used in electro lysis. 

24) Describe the process of purifying copper Ьу electrolysis. 

25) What is а cation~ 

2б) Write ba lanced half-equations for the reactions at the anode and the cathode during the 
electrol ys is of sodium ch loride solution. 

* Answers оп page 259. 
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~ Rates of Reaction .. 
This section is al l about how fast chemica l reacti ons go and the energy changes involved. 

Reactioпs сап go at all sorts of diffвrвnt ratвs 

1) One of the slowest is the rusting of iron. 

2) А moderate speed reaction is а meta l (like magnes ium) reacting with ac id to 
produce а gentle stream of bubЫes. 

3) А rea lly fast reaction is an explosi on, w here it's al l over in а fraction of а second. 

The ratв of а reaction depeпds оп four things 

Make sure you learn them: 

1) Temperature 2) Concentration - (or pressure for gases) 

3) Cata lyst 4) Size of partic les - (or surface area) 

Typical graphs for rate of reaction 

The plot below 5hows how the speed of а parti cular reaction varies under different condition5. The 
quicke5t reaction i5 5hown Ьу the line that become5 flat in the lea5t time. The line that fl atten5 out fir5t 
mu5t have the 5teepe5t 5lope compared to the other5, 50 you ca n spot the 5lowe5t and fa5te5t reaction5. 

1) Graph 1 represents the ori ginal fairly slow 
reaction . The graph is not very steep. 

2) Graphs 2 and 3 represent the reaction happening 
more quickly but with the same initial amounts 
of reactants. The slope of the graphs gets steeper. 

Amount 
of product 
evo lved 

@) faster, and more reactants 

3) The increased rate could Ье due to any of these: 

а) increase in temperature 

Ь) increase in concentration (or pressure) 

с) catalyst added 

d) so l id reactant crushed i nto smal ler Ьits 

i 
end of reaction 

Q) much faster* eaction 

Time 

4) Graph 4 produces more product а5 wel l а5 going faster. Thi5 can only happen if more reactant(5) 
are added at the 5tart . Graph5 1, 2 and 3 all converge at the 5a me leve l, 5howing that they all 
produce the 5ame amount of product, although they take different time5 to get there. 

lt's really importaпt that you uпderstaпd the graph above 
lndu5tri al reaction5 genera l ly use а ca taly5t and are done at high temperature and pre55ure. Time i5 
money, 50 the fa5ter an industri al reaction goe5 the better ... but on ly up to а point. Chemica l plant5 
are quite expensive to rebuild if they get Ыown into lot5 and lot5 of teeny tiny piece5. 
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Measuring Rates of Reaction ;· 

You need to know some examp les of how reaction rates are measured. 

There are three ways to measure the sрввd of а rвaction 

The speed of а reaction can Ье observed either Ьу how quickly the reactants are used up or Ьу how 
quickly the products are formed. lt's usually а lot easier to measure products forming. 

You can calculate the rate of а reaction using the fo llowing equation: 

Rate of reaction = amount of reactant used or amount of product formed 

time 

There are different ways that the speed of а reaction can Ье measured. 

Below and on the next page are three ways to measure the rate of а reaction. Learn them. 

1) Precipitation 

1) This is when the product of the reaction is а precipitate which clouds the so lution. 

2) Observe а marker through the so lu tion and measure how long it takes for it to disappea r. 

3) The quicker the marker disappears, the quicker the reaction. 

4) This on ly works for reactions where the initial so lution is rather see-through. 

5) The result is very subjective- different people might not agree over the exact point 
when the mark 'disappears'. 

у 
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·~ Measuring Rates of Reaction 

1 2) Changв in mass (usually gas givвn off) 

1) M easuring the speed of а reaction that produces 
~ ca n Ье done using а mass bal ance. 

2) As the gas is released the mass di sappearing is 
measured on the balance. 

3) The quicker the reading on the balance drops, 
the faster the reaction . 

4) Rate of reaction graphs are parti cul arl y easy to 
plot using the results from this method . 

5) Thi s is the most accurate of the three methods 
described because the mass balance is very 
accurate. But it has the di sadvantage of 
releas ing the gas straight into the room. 

1 ЗJ The volumв of gas given off 

1) This invo lves the use of а gas syringe to measure the vo lume of gas given off. 

2) The more gas there is given off during а given time interval, the faster the reacti on. 

3) А graph of gas vo lume aga inst time elapsed could Ье plotted to give а rate of reaction graph . 

4) Gas syringes usuall y give vo lumes accurate to the nearest millilitre, so they're quite accurate. 
But if the reacti on is too vigorous, you can Ыоw the plunger out of the end of the syringe. 

Each of these methods has pros and cons 
The mass balance method is only accurate as long as the flask isn't too hot, otherw ise you lose mass 
Ьу evaporati on as we ll as in the reaction. The f irst method isn't very accurate, but if you're not 
producing а gas you can' t use either of the other two. Ah we ll. 
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Warm-Up and Exam Questions ,.:: 
~ 

So, let's see if you know the main factors that affect the rate of а reaction and how to measure them. 

Warm-Up Q 
1) Give three ways of increasing the rate of а reaction between magnesium and sulfuric acid. 

2) How would adding water to an acid alter the time taken for а piece of zinc to react with it? 

3) Oxidation of lactose in milk makes it go 'sour'. How could this reaction Ье slowed down? 

4) Give an example of а reaction that happens very slowly, and one that is very fast. 

5) Describe one way of monitoring а reaction in which а gas is given off. 

Set volumes of sodium thiosulfate апd hydrochloric acid 
were reacted at differeпt temperatures. The time takeп for 
а Ьlack cross to Ье obscured Ьу the sulfur precipitated was 
measured at each temperature. The results are showп iп 
the table . 

(а) Give two thiпgs that should Ье kept coпstaпt 
iп this experimeпt. 

(2 тш-ks) 

Time (s) 

б 
11 
17 
27 
40 
51 

Temperature (0С) 

55 
36 
24 
16 
9 
5 

(Ь) Plot the results оп а graph (with time оп the x-axis) апd draw а best-fit curve. 
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(2 maгks) 

(с) Ехр\аiп the relatioпship illustrated Ьу your graph. 
(2 maгks) 

(d) How might the results chaпge ifthe sodium thiosulfate coпceпtration was reduced? 
(2 maгks) 

2 The tаЬ\е shows the results of reactioп s 

betweeп excess marble апd 50 cm3 of 
1 М hydrochloric acid. 

(а) Why did the mass of the tlasks and their 
coпteпts decrease during the reactioп? 

( / mш·k) 

(Ь) Why did the mass of each tlask and its 
coпteпts fa\1 Ьу the same amouпt? 

(/ maгk) 

Time (min) 

о 

1 
2 
3 
4 
5 
б 

7 

(с) (i) Suggest what may l1ave been differeпt about tlask В. 

Mass of Mass of 
tlask А (g) tlask В (g) 

121 .6 121 .6 
120.3 119.8 
119.7 119.2 
11 9.4 119.1 
119.2 119 
119.1 119 
119 119 
119 

(/ maгk) 

(ii) Explaiп how this differeпce could lead to а chaпge iп the rate of tl1e геасtiоп. 
(/ maгk) 

(d) Iп both reactioпs, the rate is fastest at the begiппiпg. Explaiп why. 
( / maгk) 
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·~· Collision Theory 

Reaction rates are explained perfectly Ьу co llision theory. lt's rea ll y simp le. 

Collision thвory shows why certain things incrвasв rвaction ratвs 

1) Colli sion theory just says that the rate of а reaction depends on how often 
and how hard the reacting particles co llide w ith each other. 

2) The basic idea is that particles have to co llide in order to react, and they 
have to co llide hard enough (with enough energy). 

Могв collisions increases the ratв of rвaction 

All four methods of increas ing the rate of reactions (see also next page) са п Ье exp lained in terms of 
increasi ng the number of successful co llisions between the reacting particles: 

11) HIGHER TEMPERATURE increases collisions 1 

When the temperature is increased the particles all move more quickly. 
lf they're moving quicker, they're going to have more co llisions. 

(.~) 

"" 
( 

) '-

Г' 

~ 

\"; 
..1 

Cold 

I2J HIGHER CONCENTRATION increases collisions 1 

lf а so lution is made more concentrated it means there are more 
partic les of reactant knocking about between the water molecules, 
which makes co ll isions between the important parti cles more likely. 
ln а~, increasing the pressure means the particles are more squashed 
YQ together so there are going to Ье more collisions. 

о 
~ 

(( 

Low Concentration 
(Low Pressure) 
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Collision Theory ~·· 

1 3) LARGER SURFACE AREA increases collisions 1 

lf one of the reactants is а solid then breaking it into smaller pieces w ill 
increase its surface area. This means the parti cles around it in the solution 
w ill have more area to work оп, so there' ll Ье more useful colli sions. 

~с O J) 

14) CATALYSTS increase the SUCCESSFUL collisions 1 
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А so lid catalyst works Ьу giving the reacting parti cles а surface to sti ck to . They increase 
the number of SUCCESSFUL collisions Ьу lowering the activation energy (see next page). 

,..-
'() (( 

)) 

Fastвr co/lisions increase the rate of reaction 

Faster collisions are ONLY caused Ьу increasi ng the temperature 

Reacti ons only happen if the partic les co llide w ith 
enough energy. At higher temperatures there are 
more parti cles co ll iding w ith enough energy to 
make the reaction happen. 

Thi s initial energy is known as the acti va ti on energy, 
and it's needed to break the ori ginal bonds. 

../ ~ Q 

Cool atoms-" 

lt 's easier to learn stuff when you know the reasons for it 
O nce you've learnt everything on these last two pages, the rates of reaction stuff should start making 
а lot more sense to you. The concept's fairl y simple - the more often parti cles bump into each other, 
and the harder they hit when they do, the faster the reaction happens. 
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-.: Catalysts 

M any reactions ca n Ье speeded up Ьу adding а catalyst. 

А cata lyst is а substance which changes the speed of а reaction, 
without being changed or used up in the reaction. 

Catalysts lower the activation впвгgу 

1) The activation energy is the minimum amount of energy needed for а reaction to happen. 

2) lt's а Ьit like having to c limb up one side of а hill before you ca n ski 1 snowboa rd 1 sledge 1 fal l 
down the other side. 

3) Cata lysts lower the activat ion energy of reactions, mak ing it easier for them to happen. 

4) This means а lower temperature can Ье used. 

Energy 

Activation Energy 
When Catalyst 
Present 

~н 

Products Progress of 
Reaction 

t:.Histhe 
energychange. 

Solid catalysts work best when they have а big surfacв агва 

1) Cata lysts are usuall y used as а powder or pellets or а f ine gauze. 

2) Thi s gives them а very large surface area to е n аЫ е the reacting partic les to meet up and react. 

3) Transition meta ls are common catalysts in many industrial reactions, e.g. ni ckel can Ье used 
instead of aluminium ox ide for cracking hyd rocarbons (see page 39) and iron cata lyses the 
Haber process (see page 1 67). 

Cata lyst Powder Cata lyst Pellets Cata lyst Gauzes 
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Catalysts ~, 

ln indu5trial reaction5, the main thing they're intere5ted in i5 making а nice profit. 
Cataly5t5 are helpful for thi5- they can reduce co5t5 and increa5e the amount of product. 

1 Catalysts help to гвdисв costs in industrial rвactions 1 

1} Catalysts are very important for commercia l reasons- most industrial reactions use them.J 

2) Cataly5t5 increa5e the rate of the reaction, which 5ave5 а lot of money 5imply becau5e the 
plant doe5n't need to operate for а5 long to produce the 5ame amount of 5tuff. 

3) Alternatively, а cata ly5t will allow the reaction to work at а much lower temperature. 
That reduce5 the energy u5ed up in the reaction (the energy co5t), which i5 good for 
5U5tainaЫe development and can 5ave а lot of money too. 

Catalysts do sometimes have their drawbacks too 

1) Nothing'5 perfect of cour5e, and there are di5advantage5 to u5ing cata ly5t5. 
For 5tarter5, they ca n Ье very expen5 ive to buy. 

2) They often need to Ье removed from the product and cleaned each time the reaction i5 
fini5hed. They never get u5ed up in the reaction though, 50 once you've got them you can 
u5e them over and over again. 

3) Different reaction5 u5e different cataly5t5, 50 if you make more than one product at your 
plant you' ll рrоЬаЫу need to buy different cataly5t5 for each of them. 

4) Cata ly5t5 can Ье 'poi5oned' Ьу impuritie5, 50 they 5top working- for examp le, 5u lfur can 
poi5on the iron cata ly5t u5ed in the Haber proce55. That mean5 you have to keep your 
reaction mixture very clean. 
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А big advantage of catalysts is that they сап Ье used over and over 
And they're not on ly u5ed in indu5try ... every u5eful chemical reaction in the human body i5 cataly5ed 
Ьу а Ьiological cata ly5t (an enzyme). lf the reaction5 in the body were ju5t left to their own device5, 
they'd take 50 long to happen, we cou ldn 't exi5t. Quite handy then, the5e cata ly5t5. 

Е Т! N N! т у 
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11' Warm-Up and Exam Questions 

Try the questions below to check how much you've learnt about co llision theory and catalysts. 

Warm-Up Q 

1) According to the collision theory, what must happen in order for two particles to react~ 

2) What can you do to а reaction mixture to ensure more frequent co llisions between particles~ 

3) Why does an increase in gas pressure increase the rate of а reaction between two gases~ 

4) Give а definition of а catalyst. 

5) What is meant Ьу the activation energy of а reaction~ 

Exam Qu 

Hydrogeп peroxide decomposes iпto water апd охуgеп. Wheп lumps of а catalyst are 
dropped iпto а solution of hydrogeп peroxide, bubЫes of охуgеп immediately start to form 
оп the surface. Heating the solutioп iпcreases the rate at which bubЫes are formed. 

(а) Use the co lli sion theory to explaiп how heating increases the rate of the reaction. 
(3 maгks) 

(Ь) Breakiпg the catalyst iпto smaller pieces also iпcreases the rate. Explain why. 
(2 тш-ks) 

(с) How else could the rate ofthe reactioп Ье increased? 
(1 maгk) 

2 Hydrocarboпs сап Ье cracked Ьу passiпg their hot vapour over а пickel catalyst. The пickel 
used is iп the form of small , hollow, cyliпdrical pellets . Usiпg а catalyst reduces the 
operatiпg temperature needed. 

(а) Why do you thiпk that the pellets used are hollow? 

(Ь) Why is it ап advantage that а lower temperature сап Ье used? 

(с) Suggest two possiЫe drawbacks ofusiпg catalysts. 

( d) Сору апd complete the diagram оп 
the right апd label it to show how 
the activatioп eпergy is differeпt 
for catalysed апd uпcatalysed 
crackiпg of hydrocarboпs. 

(3 maгks) 

- ... 
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energy 

hydrocarbon 
reactants 

(1 тш-k) 

(2 maгks) 

(2 maгks) 

hydrocarbon 
products 

t 
t.H 

! 

progress of reaction 



Energy Transfer in Reactions : 

ln а chemica l reaction, energy i5 u5ually tran5ferred to or from the 5urrounding5, and it'5 all about 
making and brea king bond5. 

Energy must always Ье suppliвd to break bondв 

1) During а chemical reaction, old bond5 are broken and new bond5 are formed. 

2) Energy mu5t Ье 5upplied to brea k exi5ting bond5 - 50 bond breaking i5 an endothermic proce55. 

BOND BREAKINC- ENDOTHERMIC 

5trong 
bond 

energy 

5upplied ) + 
1' 

bond 
broken 

3) Energy i5 relea5ed when new bond5 are formed - 50 bond formation i5 an exothermic proce55. 

BOND FORMINC- EXOTHERMIC 

+ ) 

5trong 
bond formed 

+ energy 
relea5ed 

ln an вxothermic reaction, energy is givвn out 

1) ln an EXOTHERMIC reaction, the energy released in bond formation i5 greater than the energy 
u5ed in breaking old bond5. 

An EXOTHERMIC reaction is one which GIVES OUT ENERGY 

to the surroundings, usually in the form of heat 

and usually shown Ьу а RISE IN TEMPERATURE. 

2) Burning fuels (COMBUSТION) give5 out а lot of heat - it'5 very exothermi c. 
That'5 becau5e making new bond5 in the product5 (water and ca rbon dioxide) give5 out 
much тоге energy than it take5 to break the bond5 in the fuel. 

3) Neutrali5ation reaction5 (ac id + alkali ) are al5o exothermi c. 
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Energy Transfer in Reactions 

ln an endothe гmi c гeaction , e n e гgy i5 taken in fгom the 5urrounding5. The5e а ге quite гаге compa гed 

w ith exoth eгmi c гeac ti o n 5, but you 5till need to have а couple of example5 memoгi 5ed . 

lln an вndothermic reaction, energy is takвn in 1 

1) ln an ENDOTHERMIC гeacti o n , the ene гgy гequiгed to Ьгеа k old bond5 i5 gгеаtе г than the 
en e гgy гe l ea5ed when new bond5 а ге foгmed . 

An ENDOTHERMIC reaction is one which TAKES IN ENERGY 

from the surroundings, usually in the form of heat and 

usually shown Ьу а FALL IN TEMPERATURE. 

2) E ndoth e гmi c гeacti o n 5 аге much le55 common than exotheгmi c гeacti on 5. 

3) Theгma l decompo5 ition5 are one good exampl e: 

1 Thвrmвl decomposition of cвlcium свrЬопвtв 1 

Heat mu5t Ье 5upplied to break 5ome of the bond5 and make the 
compound decompo5e to form quicklime: 

• А lot of heat energy i5 needed to make thi5 happen. 

• ln fact, the ca lcium carbonate ha5 to Ье heated in а kiln and 
kept at about 800 ос. 

• lt take5 almo5t 18 000 kl of heat to make 1.Q.kg of ca lcium 
ca гbon ate decompo5e. 

That'5 pretty endothermi c, l'd 5ау. 

4) Another example you could mention i5 photo5ynthe5i 5. Think about it - the plant ha5 to 
take in energy from the Sun to build 5ugar5 fгom са гЬоn diox ide and water. 

Ехо = gives heat out, endo = takes heat in 
Thi 5 who le en e гgy tгa n 5fe г thing i5 а fa iгl y 5imple idea - don' t Ье put off Ьу the long wo гd5. 
Remembeг, "ехо- " = ex it, "-th e гmi c" = heat, 50 an exotheгmi c гeaction i5 one that give5 out heat. 
And "endo-" = егm ... the oth e г one. Okay, 50 th e гe'5 no еа5у way to геmеmЬег that one. Tough. 
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So you know what's meant Ьу exothermic and endothermic- now things get а Ьit more technical . 

ln exothermic reactions, ~Н is -ve 
~Н ie the energy change. 

EXOTHERMIC 
1) This shows an exothermic reaction- 6'i3 

the products are at а lower energy than ~ ~ 
the reactants. The difference in height ш 

represents the energy given out in the 
reaction (per mole). дН is negative here. 

2) The initia l rise in the line represents the 
energy needed to break the old bonds. 
This is the activation energy. 

---I~н is-ve 

~ 
0.0 ,_ 
Cl) 
с: 
ш 

ENDOTHERMIC 

~Н is +ve 

products 

Progress of reaction 

ln endotherm ic reactions, ~Н is +ve 

1) This shows an endothermic reaction 
because the products are at а higher energy 
than the reactants, so дН is posit ive. products -t- ~ 

_ ___,.;___ _ _ _ _ 2) The difference in height represents the 
reactants energy taken in during the reaction. 

Progress of reaction 

Catalysts don't alter the overa/1 energy changв of а reaction 

1) А cata lyst reduces the activation energy 
needed for а reaction to happen 
(see р.1 54-155). 

2) This is represented Ьу the lower curve on the 
diagram showing а lower activation energy. 

3) The overall energy change for the reaction, 
дН, remains the same though. 

Energy 

activation 
energy 
with cata lyst Products Progress of 

reaction 

TF F 
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Bond Energies 

You need to Ье аЫе to work out дН for а particular reaction. 

Bond впвгgу ca/culations need to Ье practisвd 

1) Every chemical bond has а particular bond energy associated with it. 

2) This bond energy varies slightly depending on the compound the bond occurs in 
but don't worry, you'll Ье given any you need to use in the exam. 

3) You can use these known bond energies to calculate the overall energy change for а reaction. 

You need to practise а few of these, but the basic idea is really very simple ... 

Example: The formation of HCI 

Using known bond energies you can 
calculate the energy change for this reaction : 

The bond energies you need are: 

• Н-Н : +436 kJ/mol 

• CI-CI: +242 kJ/mo l 

• H-CI: +431 kJ/mol 

1) Breaking one mole of Н-Н and one mole of CI-CI bonds requires: 

436 + 242 = 678 kl 

2) Forming two moles of H-CI bonds releases 2 х 431 = 862 kJ . 

3) Overall more energy is released than is used to form the products: 

862 - 678 = 184 kl/mol released. 

2HCI 

4) Since this is energy released, if you wanted to show дН you'd need to put а negative 
sign in front of it to indicate that it's an exothermic reaction, like this: 

дН = -184 kJ/mol 

You're given the bond energies, but you must know how to use them 
1 admit - it's а Ьit like maths, this. But think how many times you've heard energy efficiency 
mentioned over the last few years. Well , this kind of ca lculation is used in working out whether 
we're using resources efficiently or not. So even if it's not excit ing, it's useful at least. 
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Measuring the Energy Content of Fuels 

Different fuels give out different amounts of energy when they burn. One way to measure the energy 
content of а fuel is Ьу using а none-too-fancy copper cup (or а "ca lorimeter", to give it its proper name). 

Use spвcific heat capacity to calculate впвгgу transferrвd 

1) This "ca lorimetri c" experiment involves heating water Ьу burning а liquid fu el. 

2) lf you measure: 

(i) how much fuel you've burned, and 

(ii ) the temperature change of the water, 

you ca n work out how much energy is supplied Ьу each gram of fuel. 

3) You also need to know water's specifi c heat capacity- thi s is the amount of energy needed to raise 
the temperature of 1 gram of water Ьу 1 ос. The specific heat capacity of water is 4.2 J/g/°C -
so it takes 4.2 jou les of energy to raise the temperature of 1 g of water Ьу 1 ос. 

4) lf you do the same experiment with different fue ls, you can compare their energi es transferred 
per gram. lf а fuel has а higher energy content per gram, you need less fu el to cause the same 
temperature ri se. 

1 Cвlorimвtric method - reduce heat loss as much as possiЬ/e 1 

1) lt's dead important to make as much heat as poss iЬi e go into heating up the water. 
Reducing draughts is the key here- use а screen to act as а draught exc luder (and don't 
do it next to an open wi ndow). 

2) Put some fuel into а sp irit burner (or use а bottled gas burner if the fuel is а gas) and weigh 
the burner fu 11 of fuel. 

3) Measure out, say, 200 cm 3 of water into а copper ca lorimeter. 

4) Take the initial temperature of the water - then put the burner under the ca lorimeter and 
li ght the wick. 

5) While the water's heating up, stir it every now and then to distribute the heat evenly. 

6) When the heat from the burner has made the water temperature ri se Ьу 20-30 °С, 

Ьlow out the sp iri t burner and make а note of the highest temperature the water reaches. 

7) Re-weigh the burner and fuel. 

8) lf you're compari ng two fuels, 
repeat the procedure with 
the second fuel. 

copper 
ca lorimeter 

thermometer 

F- т F 
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Measuring the Energy Content of Fuels .. ·. )·i~l 

Once you've done your ca lorimeter experiment and made а note of the mass of water used, the 
temperature change and the mass of fue l used, you са п use some handy calculati ons to turn all that 
information into а ni ce value for energy per gram of fue l. Like th is ... 

Тhгвв calculations to find the energy output рвг gram of fuel 

1) You find the mass of fue l burned Ьу subtracting the final mass of fue l and burner from the initial mass 
of fuel and burner. Simp le. 

2) The amount of energy transferred to the water is given Ьу: 

Energy 
transferred 

(in J) 

mass of 
water х 

(in g) 

specific heat 
capacity of 

water (= 4.2) 

3) Then the energy given out per gram of fue l is given Ьу: 

Energy given out 
per gram (in J/g) 

energy transferred (in J) 

mass of fuel burned (in g) 

temperature 
х change 

(in °С) 

This is assu ming that illl the energy given out Ьу the burning fue l is absorbed Ьу the water
which in rea li ty is actual ly quite unlikely. So you've got to do your best to make sure it's as true 
as possiЬie, as described on the last page. 

Make it а fair comparison Ьу keeping conditions the same 

1) То compare the energy content of different fue ls you need to do the same experiment severa l times, 
but using а different fuel in the burner each time. 

2) For the comparison to Ье fair, everything (except the fuel used) should Ье the same. 

3) This means that: 

(i) you shou ld use the same apparatus, 

(ii ) you shou ld use the same amount of water each time, 

(iii ) you shou ld сапу out the experiment for the same length of time. 

Make sure you know those two formulas 
ln the exam they might give you data from simple ca lorimetric experiments involving the combustion 
of fue l to compare, and you' ll have to use it to say which fue l releases the most energy. Pretty easy. 
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1;·,,,· Warm-Up and Exam Questions 

Bond energies can seem quite а strange idea at first. Hopefully these questions will get you used to it. 

Warm-Up 
1) What word is used to describe а reaction which gives out heat~ 

2) An endothermic reaction happens when ammonium nitrate is dissolved in water. 
Predict how the temperature of the so lution wi ll change during the reaction. 

3) Describe the type of energy change that happens when new chemica l bonds form. 

4) Which symbol is used to represent the energy change per mole in а reaction~ 

5) The specific heat capacity of water is 4.2 J/g/0 C. What does this mean~ 

Exam Qu 

When methane burns in air it produces carbon dioxide and water, as shown in the diagram: 

н 

1 0=0 Н-0-Н 
н-с-н + ---7 о=с =о + 

1 0=0 Н-0-Н 
н 

The bond energies for each bond in the above molecules are given below. 

Bond energies (kJ/mol): С-Н +414 0 =0 +494 С=О +800 0-Н +459 

(а) How could you tell just Ьу observing the reaction that it is exothermic? 

(Ь) (i) Which two types of bond are broken during the reaction? 

(ii) Which ofthese bonds needs the most energy before it wi\1 break? 

Suggest why its bond energy is higher. 

(с) Calculate an energy value (in kJ/mol) for: 

(i) the total bonds broken . 

(ii) the total bonds formed. 

(iii) the difference between the bonds formed and the bonds broken. 

(d) Use the values from part (с) to explain why the reaction is exothermic. 

(J mark) 

(J mш-k) 

(J тш-k) 

(J mark) 

(J mark) 

(/ mark) 

(J тш-k) 
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Exam Questions . · ... 1 

2 An energy level diagram for the 
decomposition of sodium energy 
hydrogencarbonate is shown. 

2NaHC03 

(а) Complete the diagram Ьу naming х and у. 
progress of reaction 

(2 тш-ks) 

(Ь) Is this an exothermic or an endothermic reaction? 
Give а reason for your choice. 

(2 тш-ks) 

(с) Why doesn't the compound decompose at room temperature? 
(/ тш-k) 

3 The amount of energy produced Ьу two different fuels was compared. 
1 g of each fuel was burnt and the heat produced was used to increase the temperature of 
100 cm3 of water. The temperature rise for fue l А was 21 ос and for fuel В it was 32 ос. 
(The specific heat capacity ofwater is 4.2 J/g/K.) 

(а) Why must the same vo lume ofwater Ье used each time? 

(Ь) Calculate the heat energy transferred to the water from Fuel А , if the water 
weighs 1 00 g. 

(с) Complete the diagrams to compare the energy changes caused Ьу the two fuel s. 

energy 
fuel А + 

oxygen 

progress of reaction 
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energy 
fuel В + 

oxygen 

progress of reaction 

(/ mark) 

(2 maгks) 

(2 marks) 
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'. 

~· ReversiЫe Reactions 
.~. 

,.·,, . 

lп most of the reactioп s covered so far iп thi s book, you mix some reactaпts а пd after а whil e you get 
the products. Makes seп se. But of course, rea l life i s п ' t always so simple. 

RвvвrsiЬ/в reactions go in both directlons 

А reve rs iЬi e reactioп is опе where the products of the reacti o п са п react w ith each other а пd 
coпvert back iпto the o ri g iпa l reacta пts . lп other words, it са п go both ways. 

А reversiЫe reaction is one where the roducts of the 
reaction сап themselves react to produce the ori inal reactants: 

А + В С+ D 

ReversiЬ/e reactions wi/1 reach dynamic вquilibrium 

1) lf а reve rs iЬi e reacti o п h appe п s iп а closed system th eп а state of equilibrium will always Ье reached. 

2) Equilibrium mea пs that the relative (%) qua пtiti es of reacta пts а пd products w ill reach а certa iп 

Ьа l а п се а пd th e п stay there. (А 'c losed system' just mea п s that поп е of the reacta пts or products 
are аЫ е to escape. ) 

3) lt is iп fact а DYNAMIC EQUILIBRIUM, whi ch mea п s that the reacti oп s are still ta kiпg place iп 
both directioп s, but the overall effect is пil because the forwa rd а пd reverse reacti oп s са псе l each 
other out. The reacti o п s are ta kiпg place at exactl y the same rate iп both direct i o п s . 

reactants \. 
comЬine 

' 
product 
splits up 
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ReversiЬie reactions always reach equ ilibriuт eventua ll y, but Ьу changing the conditions you can 
change the posit ion of the equi libriuт - i.e. shift it over so you end up with тоге products. 

You сап change tвтрвгаtигв and ргвssигв to get тоге product 

1) ln а reversiЬie reaction the 'position of equi libriuт ' (the relative aтounts of reactants and 
products) depends very strongly on the teтperature and pressure surrounding the reaction. 

2) lf you deliberately alter the teтperature and pressure you can тоvе the 'position of 
equ ilibriuт ' to give тоге products and fewer reactants. 

Temperature 

All reactions are exotherтic in one direction and endotherтic in the other. 

• lf you raise the teтperature, the endotherтic reaction will increase to use up the extra heat. 

• lf you гeduce the teтpeгature, the exotheгтic гeaction w ill incгease to give out тоге heat. 

Pressure 

Many гeactions have а gгеаtег voluтe on one side, either of pгoducts or гeactants (g геаtе г 

vo luтe тeans theгe аге тоге тol ec ul es and less voluтe тeans theгe а ге feweг тolec ul es). 

• lf you гaise the pгessure it will encourage the гeaction which produces less voluтe. 

• lf you loweг the pгessure it will encourage the гeaction which pгoduces тоге voluтe. 

1 Adding а cata/yst doesn't changв the equilibrium position 

1) Catalysts speed up both the foгwaгd and backwaгd гeaction s Ьу the sате aтount. 

2) So, adding а catal yst тean s the гeaction гeaches equilibгiuт quickeг, but you end 
up with the sате aтount of pгoduct as you would without the catalyst. 

Remember- catalysts DON'T affect the equilibrium position ... 
Changing the teтpeгature always changes the equi libгiuт position, but that's not tгue of pгessure . 
lf your гeaction has the sате nuтЬег of тolecules on each side of the equat ion, changing the pгessure 
won't таkе any difference at all to the equ ilibriuт position (it st ill affects the гаtе of гeaction though). 
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~ · The Haber Process 
~.,~ 

Thi s is an important industri al process. lt produces ammonia (NH) , whi ch is used to make fertili sers. 

Nitrogвn and hydrogen are needed to make ammonia 

2N H 3(g) 1 (+ heat) 

1) The nitrogen is obtained eas ily from the air, whi ch is 78% nitrogen (a nd 21% oxygen). 

2) The hydrogen comes from natural gas or from other sources li ke crude oil. 

3) Because the reacti on is reve rs iЬie- it occurs in both directions- not all of the nitrogen and 
hydrogen w ill convert to ammonia. The reaction reaches а dynamic equilibrium . 

lndustrial conditions: pressure = 200 atmospheres; temperature = 450 ос; catalyst: iron . 

The reaction is reversiЬ/e, so there's а compromisв to Ье made 

1) Higher pressures favour the forwa rd reacti on (s ince there are 
four moles

1
of gas on the left-hand side for every two moles on 

the ri ght). ----'-""-_ __"". , 

2) So the pressure is set as hi gh as poss iЬi e to give the best 
percentage yield, w ithout making the plant too expensive to 
build (it'd Ье too expensive to build а plant that'd stand 
pressures of over 1 000 atmospheres, for example). 
Hence the 200 atmospheres operating pressure. 

3) The forward reaction is exothermi c, w hi ch means increas ing 
the temperature w ill move the equili brium the wrong way
away from ammonia and towa rds N

2 
and Н2 • So the yield of 

ammonia would Ье greater at lower temperatures. 

4) The trouЫ e is, lower temperatures mea n а slower rate of 
reacti on. So what they do is increase the temperature 
anyway, to get а much faster rate of reaction. 

5) The 450 ос is а compromise between maximum yield and 
speed of reaction. lt's better to wa it just 20 seconds fo r а 
10% yield than to have to wa it 60 seconds for а 20% yield. 

Unused 
Н2 and N2 

is recyc led 

6) The ammonia is formed as а w but as it coo ls in the condenser it liquefi es and is removed. 

7) The unused hydrogen, Н 2 , and nitrogen, N
2

, are recyc led so nothing is wasted. 

The iron catalyst speeds up the reaction and keeps costs down 

1) The iron catalyst makes the reacti on go faster, which gets it to the equilibrium proporti ons 
more qui ckl y. Bu t remember, the cata lyst doesn't affect the pos ition of equilibrium (i.e. the% yield). 

2) Without the catalyst the temperature would have to Ье raised even furth er to get а qui ck enough 
react ion, and that would reduce the% yield even further. So the cata lyst is very important. 
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Warm-Up and Exam Questions . ·.1 

lt's easy to predict what will happen to the position of an equilibrium if you just remember that it always 
shifts to oppose any change in the conditions. Bear that in mind as you work through these questions. 

Warm-Up Q 
1) What cou ld you do to speed up а reaction without changing the position of equilibrium? 
2) What сап you say about the forward and backward reaction rates at dynamic equi librium? 
3) How does increasing the pressure alter the equi librium position of а reaction which 

produces fewer moles of gas molecules in the forward direction? 
4) Name the catalyst used in the Haber process. 
5) What happens to leftover reactants that are not converted to product in the Haber process? 

Exam Qu 

1 When calcium carbonate is heated to а high temperature in а closed system, 
an equilibrium is reached: 

2 

СаС03 (s) ~ СаО (s) + С02 (g) (дН is +ve) 

(а) Why is а closed system needed for this reaction to reach equilibrium? 
(1 mark) 

(Ь) Give two ways in which the equilibrium could Ье changed to increase 
the proportion of products present. 

Ammonia, NH
3

, is made Ьу combining nitrogen and 
hydrogen at а pressure of 200 atm, а temperature of 
450 ос and in the presence of а catalyst. 
А flow diagram is shown for the reaction: 

(а) Write labels for boxes (i) and (ii) to show 
where the nitrogen and hydrogen соте from. 

(Ь) Write an equation with state symbols for the 
reaction between nitrogen and hydrogen. 

(с) Write а \abel for Ьох (iii) to show what ammonia 
is used to make. 

(2 marks) 

(3 marks) 

(1 тт-k) 

1 (i) 1 

l 
1 hydrogen 1 

l 

(2 marks) 

1 (ii) 

l 
1 nitrogen 1 

l 
200 atm. pressure 

450 °С temperature 
catalyst 

l 
[ ammonia 1 

l 
l (iii) 1 

(d) The reaction is exothermic. Explain why а high temperature is sti ll used. 
(2 marks) 

--
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Revision Summary for Section Nine 

Well, 1 don 't think that was too bad . Four things affect the rate of reactions, there are loads of ways to 
measure reaction rates and it's all explained Ьу co llision theory. Reactions can Ье endothermic or 
exothermic, and quite а few of them are reversiЬie. Easy. Ahem . 

Anyway, here are some more of those nice questions that you enjoy so much. lf there are any you can't 
answer, go back to the appropriate page, do а Ьit more learning, then try aga in . 

1) What are the four factors that affect the rate of а reaction? 

2) Describe three different ways of measuring the rate of а reaction . 
Give one advantage and one disadvantage of each method. 

3)* А student carries out an experiment to measure the effect of surface area on the reaction between 
marЫe and hydrochloric acid. Не measures the mass of gas given off at regular intervals. 

Не uses four samples for his experiment: 

• Sample А- 1 О g of powdered marЫe • Sample В - 1 О g of small marЫe chips 
• Sample С- 1 О g of large marЫe chips • Samp le D- 5 g of powdered marЫe 

Sketch а typical set of graphs for this experiment, with time on the horizontal axis and 
'mass of gas evo lved' on the vertica l axis. 

4) Explain how the frequency of collisions between particles is increased Ьу: 

а) increasing the temperature, 

Ь) using more concentrated so lutions, 

с) i ncreasi ng the surface area of the reactants. 

5) Catalysts are often used in the form of а powder or fine gauze. Exp lain why. 

б) Give one advantage and one disadvantage of using а catalyst in an industrial process. 

7) What is an exothermic reaction? Give two examples. 

8) Give an example of an endothermic reaction . 

9) а) Draw energy leve l diagrams for exothermic and endothermic reactions. 

Ь) Explain how bond breaking and bond forming relate to these diagrams. 

1 0) Mark the activation energy on your exothermic energy leve l diagram above. 

11 ) How does а cata lyst affect: а) activation energy, Ь) overa ll energy change for а reaction? 

12)*а ) Ca lcu late the energy change for the following reaction: 2Н 2 + 0
2 
~ 2Н20 

You need these bond energies: Н-Н: +432 kJ/mol, 0=0: +494 kJ/mol , 0-Н: +459 kJ/mol 
Hint: There are 2 0-Н bonds in each molecule of water. 

Ь) ls this an exothermic or an endothermic reaction? 

13 }*А ca lorimeter was used to measure how much energy was released when pentane was burnt. 
lt takes 4.2 joules of energy to heat 1 g of water Ьу 1 ос. 

Use the following data to ca lculate the amount of energy per gram of pentane. 

Mass of empty copper са п 64 g 

Mass of copper сап + water 116 g 

lniti al temp. of water 17 ос 

Final temp. of water 47 ос 

Mass of sprit burner + pentane before burn ing 97.72 g 

Mass of sprit burner + pentane after burning 97.37 g 

14) Describe one precaution you shou ld take when using the ca lorimetric method. 

15) What is а reversiЫe reaction? Explain what is meant Ьу а dynamic equi librium. 

1 б) How does changing the temperature and pressure of reversiЬie reactions alter the position 
of the equi librium? 

17) How does this influence the choice of pressure for the Haber process? 

* Answers on page 261. 
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·:д~ 

Gas Tests · -~~;~& 
,,_;;Jщ 

There are lots of clever ways of test i п g for diffe reпt gases. Sometimes the hardest part is co l l ectiпg 

the gas in the first place ... 

Gasвs сап Ье collвctвd in several ways 

А side-a rm flask is the s ta пdard appa ratus to use wheп you're 
try iпg to co llect gases. But w hat you coпnect the side arm to 
depeпds оп what it is you're try iпg to co ll ect. 

1) Gas syringe 

1 2) Col/ection over water 

You са п use а gas sy ri п gе to coll ect 
pretty much а пу gas. 

1) You ca n use а delivery tube to ЬuЬЫе the gas 
into а п upside-dowп meas uriпg cy liпde r or gas 
jar fi lled with water. 

2) Thi s method о пl у works for iп so l uЬi e gases 
it's no good for co l l ect iпg thin gs like hydrogeп 
chloride or ammoпi a because they ju st dissolve 
i п the water. 

of gas 

4+---- water 

bubЫejs 

-----------------------

1 3) Upward or downward delivery 

Thi s all depeпds on the deпsity of the gas relative to the deпsity of air. 

1) Use upward delivery to co llect ' lighter th aп air' gases (e.g. Н) . 

2) Use dowпward delivery to co l lect 'heavier tha п air' gases (e.g. С02, Cl/ 

upwa rd 
delivery 
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•41!--- delivery 



: -.,: _ Gas Tests 
..... о. 

lt's по good carefully co ll ect iп g а gas if you've theп got по idea what you've co ll ected ... 

[ There are tests for five соттоп gasвs 

[ 1) Chlorine J 

Ch l oriпe Ыeaches damp litmus paper, turпiпg it white. 
(lt may turп red for а momeпt first though- that's 
because а so luti o п of c hl or iпe is acidic.) 

2) Oxygen 

;f!damp litmus 

(/ рорес 

1 71 

Охуgеп re lights а glowiпg sp liпt . 

3) Carbon dioxide 

СаrЬоп dioxide turпs limewater cloudy - just 
ЬuЬЫе the gas through а test tube of limewater 
апd watch what happeпs. 

СО, gas 

4) Hydrogen 

5) Ammonia 

Ammoпia turпs damp red litmus paper Ьlue. 

(lt also has а very st roпg smell .) 

Hydrogeп makes а "squeaky рор" with а lighted 
sp liпt. (The пoise comes from the hydrogeп 
burпiпg with the охуgеп iп the air to form Н20.) 

lt's рrоЬаЬ/у а good idea to decide how you'd collect these five gases 
The rules for co ll ectioп may seem а Ьit comp licated, but they're поt too bad. Thiпk "is it so luЬi e?" 
апd " is it lighter or heavier thaп air?". That'll do you. The оп l у way to haпdle the gas tests is to get 
оп апd l earп them. Cover up the page, апd scr ibЬi e dowп the tests. See what you kпow. 
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Tests for Positive lons -·_,. 

Say you've got а compound, but you don't know what it is. Well , you 'd want to identify it .. . 
that's only natural. And that's w hat the next pages are all about. Tests for positive ions first .. . 

Add sodium hydroxide and look for а colourвd prвc/pltate 

This is the first test for pos iti ve ions you need to know about. lt's а Ьit comp licated, so concentrate .. . 

1) Many metal hydroxides are in so l uЫe and prec ipitate out of so lution when formed. 
Some of these hydroxides have а characteri sti c colour. 

2) So in thi s test you add а few drops of sodium hydroxide solution to а solution И l'' 
~ 5ua IY, anyway. .. 

of your mystery compound - all in the hope of forming an in so l uЫe hydroxide. ~ t heret5ult forNH . 
4 

3) lf you get а co loured in so l uЫ e hydroxide you ca n then tell which metal 
was in the compound. 

i5a Ьitdifferent. 

CALCIUM (Са2 +) gives а WHIТE 

prec ipitate. The ionic reaction is: 

COPPER(II) (Cu2+) gives а BLUE 
prec ip itate. The ionic reacti on is: 

IRON(II) (Fe2+) gives а SLUDGY GREEN 
precipitate. The ionic reaction is: 

IRON(III) (Fe3+) gives а RED-BROWN 
prec ipitate. The ionic reaction is: 

ALUMINIUM (АР+) first gives а WHIТE 
prec ipitate, then redisso lves in excess 
NaOH to give а colourless solution. 
The ionic reacti ons are: 

AP+(aq) + ЗОН-(аq) ~ AI(O H)
3

(s) 

then A I(O H)
3

(s) + O H-(aq) ~ AI(O H)
4
-(s) 

AMMONIUM (NH/ ) doesn't give any precipitate, but on heating it gives off 
ammonia, w hich has а distin ctive smell (see also the test for ammonia on page 171 ). 
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Tests for Positive lons 

First it's time to focus а Ьit more on those ionic equations you met on the last page. 
Then there's another type of test for positive ions - luckily this one's а Ьit simpler. 

/onic вquations show just the usвful bits of reactions 

The reactions in the Ыuе boxes on the last page are ionic equations. lonic equations are 'half' а full 
equation, if you like. They just show the Ьit of the equation you're interested in - nothing else. 

[ Example: J 

1) This shows the formation of (so lid) calcium hydroxide from the calcium ions and 
the hydroxide ions in solution. And it's the formation of this that helps you to 
identify the compound. 

2) The full equation in the above reaction would Ье (if you started off with, 
for example, ca lcium chloride): 

CaCI
2
(aq) + 2Na0H(aq) _____. Ca(OH)

2
(s) + 2NaCI (aq) 

3) But the formation of sodium chloride is of no great interest here 
- it's not helping to identify the compound, after all. 

4) So the ionic equation just concentrates on the good Ьits. 

Flamв tests - spot the co/our 

Compounds of some metals give а characteri stic co lour when heated. 
This is the idea behind flame tests- see also page 98. 

(i) Sodium Na+, gives an orange/yel low fl ame. 

(ii ) Potassium, К+, gives а lilac flame. 

(iii ) Calcium, Са2+, gives а brick-red fl ame. 

(iv) Copper, Cu2+, gives а Ыue-green flame. 

lonic equations might seem odd at first, but they do save time 
The flame test gubЬin s ought to Ье familiar to you already. Рау full attention to the new Ьits- you 
have to learn the ion ic equations for each test with NaOH as we ll as all the test results. just think of 
an ionic equation as а Ьit like Match of the Day - an edited highli ghts package. 
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Tests for Negative lons 

lt 's поt just positive ioп s you са п test for. Уер, you са п also test for пegative ioпs. So the fuп goes оп ... 

1 Hydrochloric acid сап help detect carbonatвs and sulfitвs 

The gases g iveп off wheп carboпates (СО/-) а пd su lfites (SO/-) 
react with HCI са п Ье used to ide пtify these substaпces. 

Carbonates give off С02 with HCI j 

50
3

2- = su/{jte 

SO /- = sulfete 

With dilute hydroch loric acid, carboпates (СО/-) give off саrЬоп dioxide. 

You сап test for саrЬоп dioxide usiпg limewater - see page 171. 

Sulfitвs give off S02 with HCI 

Su lfites (SO/-) give off su lfur dioxide wheп mixed with dilute hydrochloric acid. 

You сап test for su lfur dioxide usiпg damp potassium dichromate(VI) 
~· The paper turпs from огапgе to gгееп . 

Test for sulfates with HCI and barium chloridв 

Sulfatв ions (SO 4 
2
- ) produce а whitв precipitatв 

damp 
dichromate 

paper 

sod ium sulfite and 
hydrochlori c ac id 

То test for а su lfate iоп (SO/ -), add dilute HCI, fo llowed Ьу barium chloride so l utioп , BaCI2(aq). 

А white precipitate of barium su lfate meaпs the origiпal compouпd was а sulfate. 

(The hydrochloric acid is added to get rid of апу traces of carboпate or su lfite ioпs before you 
do the test. Both of these wou ld also produce а precipitate, so they'd coпfuse the results.) 
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1:2:" Tests for Negative lons 

You can also test for halides and nitrates. M ake sure you know how. 

Test for halides (СГ, Br, J-) with nitric acid and silver nitratв 

То test for halide ions, add di lute nitric ac id (HNO) , fo ll owed Ьу si lver nitrate so lution, AgN0
3
(aq). 

А chloride gives а white prec ipitate of si lver chloride. 

А bromide gives а cream precipitate of silver bromide. 

Ag+(aq) + В Паq) ~ AgBr(s) 

An iodide gives а yellow prec ipitate of silver iodide. 

(Aga in, the ac id is added to get rid of carbonate or su lfite ions before the test. 
You use nitri c ac id in this test, though, not HCI .) 

The test for nitrates (NO 
3 
-; produces ammonia 

1) Mix some of your mystery compound with а li ttle aluminium powder. 

2) Then add а few drops of sodium hydroxide so lution and heat the mixture. 

3) lf you started off w ith а nitrate, it' ll Ье reduced to ammonia. 
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4) As always, test for ammonia using your nose or, better, damp red litmus paper (whi ch wi ll turn Ыuе). 

You've just got to get your head down and learn this, / 'т afraid 
Don't just stare at these pages on tests for negative ions ti ll your eyes sw im and you don't wa nt to see 
the word "precip itate" ever again. They're handily divided into four subsection s, so lea rn them that way. 
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Warm-Up and Exam Questions 

Lots to remember on those six pages. Try these questions to see how good your memory really is. 

Warm-Up Q 

1) Why can't you collect а sample of ammonia Ьу collection over water~ 

2) Suggest а gas that could Ье collected using downward delivery. 

3) How would you test for ammonia gas~ 

4) Name the gas that will relight а glowing splint. 

5) What colour is the precipitate formed when sodium hydroxide is added to а solution of 
copper(l l) ions~ 

Exam Q 

Brian reacted hydrochloric acid with four different chemicals. 
In each case а gas was produced. 

(а) With substance А, the gas formed turned limewater cloudy. What was the gas? 
(1 mark) 

(Ь) With substance В, the gas formed burned with а squeaky рор. What was the gas? 
(1 mark) 

(с) With substance С, the gas turned а piece of damp litmus paper white. What was it? 
(1 mark) 

( d) Next, Brian reacted hydrochloric acid with sodium sulfite. This reaction produced the 
gas sulfur dioxide . Сору and complete the ionic equation for this reaction: 

SO/-(s) + ___ (aq) ~ 

2 Kelly carried out flame tests on compounds of four different metal ions. 
Сору and complete the table below showing her results. 

Flame colour Metal ion 

Ыue-green 

к+ 

orange-yellow 

Са2+ 

3 You are provided with а solution of а halide salt. Describe how you would test 
this solution to identify whether the solution is of а chloride, bromide or iodide. 
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Exam Questions 

4 William coпducted а series oftests оп several solutioпs ofioпic compouпds to 
ideпtify the positive ioпs. Complete the tаЫе Ьу writiпg the correct symbol for the 
positive iоп that William has ideпtified iп each case. 
The first опе has Ьееп dопе for you. 

TEST OBSERVATION ION 

sodium hydroxide solutioп reddish-browп precipitate Fe3
+ 

sodium hydroxide solutioп 
white precipitate that redissolves 

with excess sodium hydroxide 

sodium hydroxide solutioп 
по precipitate, but wheп heated 
а strong-smelling gas is released 

sodium hydroxide solution blue precipitate 

sodium hydroxide so lutioп white precipitate with sodium 
and then flame test hydroxide апd brick-red flame 

5 А bottle of а chemical solutioп is labelled 'iron(II) sulfate'. 

(а) Describe а chemical test to coпfirm that the solution contaiпs iroп(II) ioпs . 

(Ь) Describe а chemical test to confirm that the solutioп contains sulfate ioпs . 

6 Tl1e table below shows the results of а series of chemical tests conducted оп two 
unknown compouпds, Х апd У. 

TEST 
OBSERVATION 

COMPOUNDX COМPOUNDY 

sodium hydroxide solution blue precipitate no precipitate 

hydrochloric acid & 
по precipitate no precipitate 

barium chloride solution 

flame test blue-green flame lilac flame 

alumiпium powder & NaOH solutioп 
litmus paper litmus paper 

(апу gas released on heating 
stays red turns blue 

is tested with damp red litmus) 

пitric acid & silver пitrate solution white precipitate no precipitate 

(а) What is the chemical name of compound Х? 

(Ь) What is the chemical пате of compound У? 
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(4 marks) 

(2 marks) 

(2 marks) 

(2 marks) 

(2 marks) 
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Tests for Acids and Alkalis : ·.: ~: .. 
'·. 

The other ions you need to Ье аЫе to test for are Н + and он- ions - that is, acids and alkali s. 

1 An indicator is just а dye that changes colour 1 

The dye in an acid/base indi cator changes co lour depending on whether it's above or below а certain рН. 

Common indicators are: 

! 1) Litmus 1 

Testing for H+(aq) and он-(аq ) ions can Ье done using red or Ыuе 
litmus indicator. 

• Blue litmus turns red if lots of H+(aq) ions are present
i.e. if the solution is an acid. 

litmus 

• Red litmus turns Ьlue if lots of OH-(aq) ions are present
i.e. if the so lution is an alkali . 

ac id alkali 

1 2) Methyl orange 

methyl orange 

~-ь Methyl orange is yellow in alkalis but red in acids. 

ac id alkal i 

1 3) Phenolphthalein 1 

phenol phtha 1 ei n 

Phenolphthalein is pink in alkalis but colourless in acids. ь-~ 
acid alkali 

Univвrsal indicator is useful for estimating рН 

Universal indicator is а very useful comblnation of dyes which gives the co lours shown below. 
lt's very good for estimating the рН of а solution . (See page 132 for more.) 

рН 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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~'~.·,··. Tests for Acids and Alkalis 

lndicators aren't the only way to test for acids and alkalis. 

Add the substance to а твtа/ to test for acids (Н+ ions) ... 

When an acid reacts with а metal, it gives off hydrogen gas. 

Тhе metal givee e/ectrons 

to the Н' ions, which then 

form hydrogengas. 

Тhie ie а typical acid 

reaction-а hallmark of an 

acid, ifyou like. 

Not all metals will react with acids- it's only the ones that are more reactive than 
hydrogen. lt's good to use а fairly reactive metal, like magnesium- so that you get 
plenty of hydrogen even for а very dilute or weak acid. 

You can use the 'squeaky рор' test to detect the hydrogen (see page 1 71 ) . 

... or add it to а сагЬопаtв, also to test for Н+ ions 

Alternative ly, you could react the substance with а carbonate. When an acid reacts 
with а carbonate, it gives off carbon dioxide gas: 

You can test for the carbon dioxide using limewater (see page 171 ). 

[ Нваt it with an ammonium salt to test for alkalis (01-t ions) 1 

Hydroxides give off ammonia gas when heated gently with an ammonium compound. 

You should know how to test for ammonia gas Ьу now- but if you've forgotten, 
look back at page 1 71. 

Remember that acids mean Н+ ions and alkalis mean он- ions 
The stuff about litmus, phenolphthalein, methyl orange and universa l indicator is just easy facts. 
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Learn it. And don't think you ca n get away without learning the tests for Н + ions and the ammonium 
test for он- ions - including the equations. They could mean some ni ce easy marks come exam time. 
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Tests for Organic Compounds 

The previous pages were about testing inorganic compounds (things not built around а chain of carbon 
atoms). But your mystery substance might just as easi ly Ье organic. ln that case, here's what you do ... 

Organic compounds burn when hвated 

1) Organic compounds burn in air, with а yellowy-orange and/or Ьlue flame. 

2) The greater the proportion of carbon in the compound, the more yellow and smoky the flame is. 

3) When there's plenty of air availaЫe, burning а hydrocarbon 
produces carbon dioxide and water. 

4) lf the amount of air is reduced, then carbon monoxide 
(а poisonous gas), and carbon (soot) can also Ье produced. 

А hydrocarbon i5an organic 
compound containinq оп/у carbon 

and hydroqen, rememЬer. 

5) So lid organic compounds will char- in other words, their surface will get scorched 
with Ыасk marks of carbon. 

Compounds with С=С bonds dвcolourisв brominв watвr 

The test for С=С douЫe bonds is а piece of cake (though not litera ll y). 

1) lf your organic compound is unsaturated (i.e. it has douЫe or triple bonds between carbon atoms), 
it' ll decolourise bromine water. 

2) lf your organic compound is saturated (i.e. there are no douЫe or triple bonds), the bromine water 
will stay brown . 

1 ... so this one's unsaturated. 

3) You can do thi s test on margarine, which has С=С bonds. Shake 1 cm3 of bromine water 
with а small amount of melted margarine, and the bromine water decolouri ses. 
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Tests for Organic Compounds 

You са п do more thaп just tell if а п orgaпic compouпd is saturated or uп saturated
you са п еvеп work out its empirica l formula with а few simple( ish) ca l c ul at i o п s. 

Find the вmpirical formula of an organic compound Ьу burning it 

Ап empi ri ca l formu la shows the ratios of all the e l emeпts iп а substa пce (see also page 12 1 ). 

lt's possiЬie to work out the empiri ca l formula of а п orga пi c compouпd Ьу burпiпg а kпоwп mass 
of it comp lete ly iп охуgеп, апd measuring the masses of all the products. 

With а hydrocarbo п , all the са rЬоп ends up iп С02 апd all the hydrogeп eпds up iп water. So ... 

~ Fiпd the mass of each e~e'meпt iп the compouпd. 
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• То fiпd the mass of саrЬоп iп the compouпd, multiply 
the mass of С02 produced Ьу the proportioп of С iп С02 • 

Using relati ve atom ic masses, 
the proportion of с in со2 is 
12 7 44 = 0.2727 ... 

• То fiпd the mass of hydrogeп iп the compouпd, multiply 
the mass of Н 20 produced Ьу the proportioп of Н iп Н 20. 

And the proportion of Н i n 
нр is 2 7 18 = 0.1111 ... 

Step 2 Divide these masses of С а пd Н Ьу the atomic masses of С апd Н (to fiпd the по . of ~). J 
Step 3 Divide both a пswers Ьу the smallest опе to get the simplest ratio of atoms of each e l emeпt. 

Example: 

0.4 g of а п orgaпic hydrocarboп is burпt comp letely iп охуgеп. 1.1 g of саrЬоп dioxide 
апd 0.9 g of water are formed. What ·is the compouпd's empirical formula? 

• ~ - Fiпd the mass of са rЬоп iп the compouпd : 1.1 х (12 .;- 44) = Q,1_g 
Do the same for hydrogeп : 0.9 х (2 .;- 18) = QJ_g 

• Step 2 - The re lative atom ic mass of carbon is 12, so: 0.3 .;- 12 = 0.025 mol 
The relative atomic mass of hyd rogeп is 1, so: 0. 1 .;- 1 = 0.1 mol 

• Step 3 - Divide the Ьiggest answer Ьу the small est оп е to get the ratio of са rЬоп to hydrogen: 
The simplest whole number rat io of atoms of each e l emeпt is 0.1 .;- 0.025 = .± 
( meaпiпg there is 1 саrЬо п to 4 hydrogeпs). 

Thi s gives а п empiri ca l formu la for thi s compouпd of СН 4 . 

А bit of practice and you'/1 soon Ье breezing through these 
Fiпdiпg а п empirica l formula invo lves ап awful lot of sums. Sure, they're simple sums takeп опе Ьу 
опе, but it'd Ье all too easy to get confused, do them iп the wroпg order, and епd up wi th completely 
the wroпg answer. Learп the three steps апd fo ll ow them - mass, theп moles, theп ratio . 
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1 1 м h d 
'·,. •.-;j(•.;•. 

nstrumenta et о s .. ·~:~~-~~ 

Nowadays you сап turп to mach iпes to do the doпkey work of ideпt ify iпg substaпces, if пееd Ье. 

Machines сап also analyse unknown substances 1 

1) Machiпes are usefu l for med ica l purposes, police foreпsic work, eпviroпmeпta l ana lysis, drugs 
testiпg, analys is of products iп iпdustry, а пd so оп. 

2) Rapid advaпces iп e lectroпi cs а пd computiпg have made more adva пced a п a l ys i s possiЬie. 

1 Advantages of using machines 1 
'Lab methods' meansdoing tests 
/ike the ones earlier in the section. 

• Сап Ье operated Ьу techпiciaпs . Lab methods пееd traiпed chemists to do everythiпg. 

• More accurate thaп lab methods, апd сап detect еvеп the tiпiest amouпts of substaпces. 

• Much faster thaп lab methods, апd tests сап Ье automated. 

Disadvantages of using machines 

• lt's very expeпsive to buy, ruп апd maiпtaiп the machiпes. 

1 Atomic absorption spectroscopy identifies mвtals 

1) Atomic absorpti o п spectroscopy is а Ьit like а flame test machiпe, а пd it 's used to ideпtify meta ls. 

2) The patterпs of light absorbed Ьу the metals in the sample are a п a l ysed. 

3) Each metal preseпt in the samp le produces а differeпt pattern. 

4) lt's much faster апd much more reliaЬie thaп aпyth iпg that сап Ье dопе with the humaп еуе. 

5) The steel iпdu st ry uses atomic absorption spectroscopy to check 
the compos iti o п of the stee ls. (Each kiпd of stee l has to have the 
right compos iti oп to make it s uitaЫ e for its particular use.) 

6) This on ly takes miпutes, compared to days with the lab method. 
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:::- lnstrumental Methods 
~~~ ' 

[ Other techniques identify elemвnts or compounds 

[ 1) lnfrared (IR) Spectroscopy 1 

This identifies which frequencies of infrared radiation are absorbed- the pattern of 
absorbance is unique for every compound. This 'fingerprint' al lows identification of 
individua l compounds. 

unique 'fingerprint' region 
100~----~------~------~----~----~ 

~ 80 ~~--~~~~~~~~J-~~~~--~ 
.J:j 

с 60~~---+~----~------~+---~~--~ 

"' ~ 40~~~~~----~------+-----~~--~ 

~ 20~--~~------~------+-----~~--~ 

OL-----~-------L------~----~----~ 

4000 3000 2000 1500 1000 

Frequency 

1 2) Ultraviolet (UV) Spectroscopy 

This is simi lar to infrared spectroscopy, but with ultraviolet light instead of infrared. 

1 ЗJ Nuclear Magnetic Resonance (NMR) Spectroscopy 1 

Th is method is used for organic compounds. lt shows what atoms the hydrogen 
atoms are connected to. This helps find the structure of the molecule, Ьу te ll ing 
you if there are -ОН groups, -N H2 groups, etc. 

1 4) Gas-Liquid Chromatography 

668 

This uses а simi lar principle to paper chromatography. lt's used to identify gases and liquids. 

5) Mass Spectrometry 

This method can Ье used for both elements and compou nds. lt te lls you the mass of each 
molecu le or partic le. For elements, this te lls you exactly what element you've got, and for 
larger mo lecu les the mass is а good clue. 
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Warm-Up and Exam Questions 

Time to test your knowledge again- first а warm-up, and then some very realistic exam questions. 

Warm-Up Qu 
1) What ion is present in all acids~ 

2) What colour does litmus indicator turn in alkaline solutions~ 

3) What gas is given off when an acid reacts with а metal~ 

4) An organic so lid is heated strong ly. How would the appearance of its surface change~ 

5) Suggest an instrumental method that could Ье used to identify а so lid non-metal element. 

Exam Qu 

One way to test whether а solution is acidic is to react it with а carbonate. 

(а) What gas is released when an acid reacts with а carbonate? 

(Ь) Describe а test to identify the gas released in this reaction. 

(с) Сору and complete the ionic equation for the reaction. 

CO/- (s) + __ (aq) ~ __ (g) + Н20(1) 

(1 mark) 

(2 marks) 

(2 marks) 

2 Alkaline solutions contain hydroxide ions. Hydroxide ions in а solution сап Ье detected 
Ьу adding an ammonium compound to the solution and then gently heating the mixture. 

(а) If hydroxide ions were present in а solution, what gas would Ье released 
ifthe above procedure were followed? 

(Ь) Complete the ionic equation for the reaction. 

NH/(aq) + __ (aq) ~ __ (g) + Н20(1) 

(с) Describe а test to identify the gas released in this reaction. 

3 А sample of an organic hydrocarbon was burnt completely in air. 
4.4 g of carbon dioxide and 1.8 g ofwater were formed. 

(а) Calculate the number of moles of carbon in the hydrocarbon. 
(Relative atomic masses: Н = l, С = 12, О = 16.) 

(Ь) Calculate the number of moles of hydrogen in the hydrocarbon. 

(с) U se your answers to work out the empirical formula of the hydrocarbon. 
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Exam Questions 

4 An organic hydrocarbon was burnt completely in air. 1.1 g of carbon dioxide 
and 0.675 g ofwater were formed. 

(а) Calculate the empirical formula ofthe hydrocarbon. Show all your working out. 
(Relative atomic masses: Н = 1, С = 1 2, О = 16) 
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(3 marks) 

(Ь) The hydrocarbon is an alkane. Describe а chemical test that could Ье used to 
demonstrate that it is saturated. 

(2 marks) 

5 Meg is а materials scientist and she works with metals in order to try to develop 
new catalysts. She frequently uses instrumental methods to test the quality and 
composition of metal samples. 

(а) One ofthe techniques that Meg uses to test her samples is atomic absorption 
spectroscopy. Which of the following best describes how this technique works? 

А Ultraviolet 1 ight is used to excite electrons in the metallic 'sea' of free electrons. 

The amount of energy absorbed Ьу these electrons is different for each metal. 

В The metal sample is vaporised and а type of gas chromatography is used to 

identify the different metals in the sample. 

С The patterns of light absorbed Ьу the metals in а sample are analysed 

each metal produces its own characteristic pattern . 

(Ь) Give two advantages of using modern machine-based instrumental methods 
compared to older, Jab-based methods. 

(1 mark) 

(2 marks) 

6 Ethanoic acid, С2Н402 , is an organic acid. 1t is both an organic compound and an acid. 

(а) Name an indicator that could Ье used to show that ethanoic acid is an acid. 
What colour change would you expect to see? 

(Ь) When ethanoic acid reacts with а metal such as magnesium, а gas is produced. 

(i) What is the name of this gas? 

(ii) Write an ionic equation to show how the metal's electrons are used 

in the formation of the gas. 

(1 mark) 

(1 mark) 

(1 mark) 

(с) Propanoic acid, С3Н602 , is another organic acid . Suggest two instrumental methods 
that could Ье used to distinguish between ethanoic acid and propanoic acid. 

(2 marks) 
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Revision Summary for Section Ten . --~·· 

And that's it ... the end of aпother sectioп. Which meaпs it's time for some more questioпs. There's по 
poiпt iп tryiпg to duck out of these- they're the best way of testiпg that you've l earпed everythiпg iп 

this topic. For these questioпs you' ll пееd to kпow some commoп chemica l tests . lf you fiпd you doп't 
kпow them, look back iп the book. lf you сап't do al l this поw, you woп't Ье аЫе to iп the exam either. 

1) Which of these gases сап Ье col lected Ьу dowпward delivery - саrЬоп dioxide, chloriпe, hydrogeп~ 

2) What's the test for each of the followiпg: 

а) chloriпe, Ь) hydrogeп , с) охуgеп, d) саrЬоп dioxide, е) ammoпia~ 

3) Crystals of ап ioпic compouпd are heated iп а Вuпsеп flame апd produce а brick-red flame. 
What positive iоп is preseпt~ 

4) А compouпd gives а Ыue-greeп flame iп а fl ame test. Predi ct the resu lt if а few drops 
of sodium hydroxide are added to а solutioп of this compouпd. 

5) А studeпt makes а so lutioп of а mystery compouпd, апd adds а few drops of sodium hydroxide. 
Не gets а white precipitate. Не adds more sodium hydroxide апd the precipitate dissolves. 

а) What positive iоп is preseпt~ 

Ь) Write dowп ап ioпic equatioп for the formatioп of the white precipitate. 

б) lroп( ll ) ch loride forms а sludgy greeп prec ipitate with sodium hydroxide. 
Write dowп ап ioпi c equatioп for this reactioп. 

7) Which acid is usually used to test for carboпates апd su lfites~ 

8) Sulfites give off su lfur dioxide wheп mixed with dilute acid. 

а) What is the test for su lfur dioxide~ 

Ь) Write ап ioпic equatioп for the reactioп betweeп sulfites апd dilute acid. 

9) What's the test for su lfates~ 

1 О) а) What's the test for а halide~ 

Ь) What co lour precipitate does а so lutioп coпtaiпiпg iodide ioпs produce iп the halide test~ 

с) What co lour precipitate does а so lutioп coпtaiпiпg bromide ioпs produce~ 

11 ) Describe а method you cou ld use to test for пitrates. 

12) Describe the litmus test for Н+ апd ОН- ioпs . 

1 3) What colour is pheпolphthaleiп iп ап acid~ Апd iп ап alkali~ 

14) а) А few drops of methyl oraпge are added to 50 cm3 of HCI . What colour does the solutioп go~ 

Ь) А few drops of methyl oraпge are added to 50 cm3 of КОН . What co lour does the solutioп go~ 

15) What gas is giveп off wheп а metal reacts with acid~ What's the test for this gas~ 

16) What gas is giveп off wheп а solutioп of он- ioпs is heated with ап ammoпium compouпd~ 

17) Explaiп how you could distiпguish betweeп butaпe апd buteпe. 

18) What's ап empirica l formula~ 

1 9)*Ап o rgaпic hydrocarboп is burпt comp letely iп охуgеп. 4.4 g of саrЬоп dioxide апd 1.8 g of water 
are formed. What is the compouпd's empirica l formula~ 

20) Give three advaпtages of iпstrumeпtal aпa l ysis over traditioпal lab methods. 

21) What type of substaпce сап Ье ideпtified - usiпg atomic absorptioп spectroscopy~ 

22) What kiпd of iпformatioп does NMR spectroscopy give you about ап uпkпоwп substaпce~ 

23) Would mass spectrometry Ье used for e l emeпts, compouпds or for both of these~ 

* Answer on page 2 б 1 . 
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SECTION t.LEVEN - WATER AND EQUILIBRIA 

Water ._~ 

Without water, there'd Ье no swiттing, no cups of tea, no power showers- а nightтare. 

Plus you wouldn't even exist- you need water to live. 

[ The water сус/е means water is endlessly гвсус/вd 

This stuff about the water cyc le рrоЬаЫу won't соте as а coтplete surprise ... 

1) The Sun causes evaporation of water froт the sea. 

2) The water vapour is then carried upwards as the warт air rises. 

3) As the water vapour rises it cools- due to the general cooling 
of the lower part of the atтosphere at higher altitudes. 

4) This fall in teтperature тeans the water condenses to forт clouds. 

5) When the condensed droplets get too Ьig they fall as rain. 

6) Then the water runs back to the sea. 

7) As it does this, at sоте stage it's going to соте into contact with the rocks on (or underneath) 
the ground- тeaning that water in different places will dissolve different тinerals. 

8) Then the cycle starts over again. 
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:·. Water 
~~-

Water doesn't just dissolve minerals from the ground- in fact, it's known as the universa l so lvent. 

Water's а solvent - it dissolvвs тапу other chemica/s 

5о many substances dissolve in water that sometimes it's ca ll ed the universal so lvent. 

1) Water dissolves most ionic compounds. Water molecules start to surround the ions and disrupt 
the ionic bonding, so the so lid structure of the ionic compound gradua ll y falls apart. 

2) Water molecules are polar - they've got а positive hydrogen side and а negative oxygen side. 

3) The slightly negative side attracts the positive ions and the slightly positive side attracts 
the negative ions. 

\±J .. wш -
strong 4 . = 

bonds~ = 

4) The following ionic compounds dissolve in water - LEARN them: 

а) 5alts of 50DIUM (Na), POTA551UM ( К) or AMMONIUM (N HJ ALL of these dissolve. 

Ь) NIТRATE5 (N03). ALL of these dissolve. Plusthereareoneortwoothers,but 

с) CHLORIDE5 (CI), except for silver and lead. ~ youdon'tneedtoknowaboutthem. 

d) 5ULFATE5 (50
4

), except for barium and lead. Calcium sulfate is on ly slightly soluЫe. 

5) 5ome substances that exist as small molecu les are so luЫe in water, e.g. С02 , 50
2 

and Cl
2

• 

Many cova lent compou nds don't dissolve- they don't form ions and their molecules are too Ьig. 

Water in the form of streams, rivers and rain dissolves а lot of substances that it comes 
i nto contact with - e.g. sa lts from rocks, ferti 1 isers from fie lds, and gases i n the 
atmosphere, such as su lfur dioxide from power stations and саг exhausts. 5u lfur dioxide 
dissolves to form an ac id, which сап fa ll as acid rain. 

Water is essentia l for li fe. Life is а complicated bunch of chemical reactions, which 
largely take place in so lution in water. Many important Ьiological chemicals l ike sugars, 
sa lts and amino acids dissolve in water. 

Round and round and round it goes 
You've more than likely seen the water cyc le before. But it's really important to think about what the 
water comes into contact with as it goes round - what it dissolves will affect the properties of the 
water. You'll have to learn the rules for which ionic compounds dissolve, l'm afraid. No easy shortcuts. 
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Hard Water { · 

The water iп the area where you live might Ье hard or it might Ье soft. 
lt depeпds оп the type of rocks your water meets оп its way to you. 

Hsrd watвr makes scum and sca/e-

1) Hard water woп't easily form а lather with soap. lt makes а пasty scum iпstead. So to get а 
deceпt lather you пееd to use more soap. 

2) Hard water also forms limescale (ca lcium carboпate) оп the iпsides of pipes, boilers апd kettles. 

3) Limescale is а thermal iпsulator. This meaпs that а kettle with limescale 
оп the heatiпg elemeпt takes loпger to boil thaп а сlеап пoп-sca led-up 
kettle. Scale са п еvеп eveпtually Ыосk pipes. 

4) Worst of all, hard water also causes а horriЫe scum to form оп the 
surface of tea. 

Hsrdnвss is caused Ьу Са2+ and Mrf+ ions 

Hard water coпtaiпs calcium ioпs (Са2 + ), magпesium ioпs (Mg2+), or both. As water flows over rocks 
апd through soils coпtaiпiпg calcium апd magпesium compouпds, these ioпs dissolve iп it. 

1) Magпesium sulfate, MgS0
4

, dissolves iп water-
апd so does calcium sulfate, CaS0

4 
(though опlу а little blt) . 

2) Calcium carboпate commoпly exists as chalk, limestoпe or marЫe. 

• lt doesп 't dissolve iп water, but it will react with acids. 

• Апd siпce С02 from the air dissolves iп raiпwater (formiпg carboпic acid, 
С02 + Н20 ~ Н2С03), raiпwater is slightly acidic. 

• This meaпs that calcium carboпate сап react with raiпwater to form calcium 
hydrogeпcarboпate (Н 2С03 + СаС03 ~ Са(НС03)), which is soluЫe. 

Overall the equatioп for the reactioп is: 

carbon dioxide + water + calcium carbonate ~ ca lcium hydrogencarbonate 

C0
2

(g) + Н20(1) + CaC0
3

(s) ~ Ca(HC0)
2

(aq) 
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~; Hard Water 

So hard water doesп't do you апу harm, but it сап Ье а Ьit а ппоуiпg. 

Lucki ly it's possiЬie to remove the h ard пess from water. 

Тетрогагу hardпess сап Ье removed Ьу boiling 

There are two kiпds of hardпess- temporary апd permaпeпt. 

Temporary h ard пess is caused Ьу the hydrogeп ca rbo пate i оп , НСО3-, iп Са (НС0)2 • 

Hardness caused Ьу dissolved calci um sulfate (amoпg other thiпgs) is permaneпt hard п ess. 

1) Temporary hardпess is removed Ьу boiliпg. 

2) The calcium hydrogencarboпate decomposes to form СаС03 • 

(This calcium carbonate precipitate is the ' limesca le' оп your kettle- it's insoluЫ e.) 

3) This won 't work for permaпent hardness, though. Heating а sulfate ion does пowt. 

calci um hyd rogenca rbonate ~ ca lcium ca rbonate + water + ca rbon dioxide 

Ca(HC0)
2

(aq) ---7 CaC0
3
(s) + Н20(1) + C0

2
(g) 

Both types of hardness сап Ье removed usiпg washing soda 

1) Both types of hardпess are removed Ьу addiпg washiпg soda- sodium carbonate, Na
2
C0

3
• 

2) The carboпate ions joiп onto the ca lcium ioпs апd make ап iпso l uЫe precipitate 
of calcium carboпate . 

3) This works whether the hardпess is due to calcium sulfate or ca lcium hydrogeпcarbonate. 

1) Both types of hardпess са п also Ье removed Ьу 'ion exchaпge columns'. 

2) These clever Ьits of chemistry have lots of sodium ions (or hydrogeп ioпs) апd 'exchange' 
them for ca lcium or magпesium ions. 

Make sure you know а/1 those equatioпs 
One thing that l've never understood is that they se ll water softeпers iп areas that already have soft 
water. Hmm ... For the exam, you're supposed to kпow how the sa lts that cause hard water get 
iпto the water iп the first place, and how they ca n Ье removed. So make sure you kпow it. 
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Warm-Up 
1) Ву what process does water iп the осеапs become water vapour iп the atmosphere? 
2) What property of water molecules makes water а good solveпt for ioпic compouпds? 
3) Hard water сап lead to the formatioп of limescale. What is the chemical паmе of the maiп 

compouпd fouпd iп limesca le? 
4) Name опе compouпd that causes permaпeпt hardпess iп water. 

5) What two methods сап Ье used to remove both temporary апd permaпeпt hardпess? 

Exam 

(а) The diagram shows а simple form of 
the water cycle. Write dowп three 
words to fill in the blanks ( 1 ), (2) 
and (3) in the diagram. 

(3 marks) 

(Ь) Rainwater is relatively pure, but seawater contains large amounts of 
disso\ved substances. Explain how these dissolved substances enter the water. 

2 Kate is investigating the so luЬility ofpotassium nitrate in water. 

(а) She finds that potassiшn nitrate di ssolves readily in water. 
What does this suggest about the type of bonding found in potassium nitrate? 

(Ь) Kate then investigated how the so luЬil ity of potass ium nitrate in water is 
affected Ьу temperature. She recorded her results in а table: 

Temperature ( 0С) 20 30 40 50 60 

Solubllity (g/1 OOg water) 30 45 65 85 11 о 

What is the relationship between the temperature and the soluЬility? 

3 (а) Hard water in many areas is caused Ьу dissolved Са2+ ions. 
Give two di sadvantages of living in а hard water area. 

(2 marks) 

(1 mark) 

(1 mark) 

(2 marks) 

(Ь) Temporary hard water can Ье caused Ьу disso\ved calcium hydrogencarbonate. 
Сору and complete the equation below to show the effect of heat on ca\cium 
hydrogencarbonate : 

Ca(HC0
3
Maq) ~ ___ (s) + ___ (\) + ___ (g) 

(3 marks) 
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:·= Water Quality 

lt's easy to take water for graпted ... turп оп the tap, апd there it is - пiсе, сlеап water. 
The water you driпk has Ьееп rouпd the Ыосk а few times though - so there's some fапсу chemistry 
пeeded to make it driпkaЫe. 

Drlnking watвr needs to Ье good qusllty 

Water is esseпtial for 1 ife, but it must Ье free of poisoпous salts (for example, phosphates 
апd пitrates) апd harmful microorgaпisms. Microorgaпisms iп driпkiпg water сап cause 
diseases such as cholera апd dyseпtery. 

Most of our driпkiпg water comes from reservoirs. Water flows iпto reservoirs from rivers 
апd grouпd-water- water compaпies choose to build reservoirs where there's а good 
supply of с l еап water. Goverпmeпt ageпcies keep а close еуе оп pollutioп iп reservoirs, 
rivers апd grouпd-water. · 

Water from reservoirs is treated at the watвr trвatmвnt works 

1) The water passes though а mesh screeп to remove Ьig Ьits like twigs. 

2) Next, it's treated with оzопе or chloriпe to kill microorgaпisms. 

3) Chemicals are added to make solids апd microorgaпisms stick together апd fall to the bottom. 
Sometimes iroп is added to remove dissolved phosphates. Bacteria are used to remove пitrates. 

4) The water is filtered through gravel beds to remove all the solids. Nasty tastes апd odours 
сап also Ье removed Ьу passiпg the water through "activated саrЬоп" filters or with "саrЬоп slurry" . 

5) The рН is corrected if the water is too acidic or too alkaliпe. 

б ) Water is chloriпated to kill off апу harmful microorgaпisms left. 

SECТION ELEVEN - W ATER AND EQUILIBRIA 
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Water Quality ·: 

The on ly way to get totally pure water is Ьу distillation. So how соте they don't do that ... ~ 

Watвr quality is constantly monitored 

То monitor water quality, water companies take samples of water- from the water entering the 
treatment works right though to the taps i n consu mers' houses. 

Some people sti ll aren't satisfied . They buy filters that contain carbon or silver to remove 
substances from their tap water. Carbon in the filters removes the chlorine taste and 
si lver is supposed to ki 11 bugs. 

Some people in hard water areas buy water softeners which contain ion exchange resins 
(see page 190 for more on this). 

Totally pure water with nothing dissolved in it can Ье produced Ьу distillation - boiling water to 
make steam and condensing the steam. But this process is too expensive to use for producing 
tap water- bags of energy would Ье needed to boil al l the water we use (which wou ldn 't Ье 
great for the environment either). Distilled water is used in chemistry labs though . 

Clean water is вssвntial for lifв 

You'd и ее pure waterto make а eolution of 
( еау) KBr, becauee you wouldn't wantany 

other ione mucking it up. 

1) Not everyone has clean water. The World Health Organisation (WHO) and the United Nations 
estimated in 1995 that а Ьillion people in the world don 't have access to c lean drinking water. 

2) ln many developing countries it's very expensive to get clean water. Some people in developing 
countries live in isolated rural . areas, and have to wa lk miles to get any water at all. 

3) lt's а fact that the Ьiggest increases in life expectancy in most countries' histories (including the UK's) 
are linked with the aЬility to supp ly clean water- not with med ical advances or anything like that. 
Clean water is that vital. 

4) ln November 2004 the WHO said that improving drinking water quality could reduce diarrheal 
disease Ьу up to 40%. Currently, approximate ly 1.8 million people around the world die each year 
of diarrheal diseases (such as cholera). 

5) Some water purifying processes ca n damage the environment, which is worth bearing in mind . 
Clean water is important, but if possiЬie it's best to obtain it in а 'green' way. 

The water you drink has been through seven people already 
Well , it's possiЬie. lt's also possiЬie that the water you're drinking used to Ье part of the At lantic Ocean. 
Or it could have been drunk Ьу Alexander the Great. Or been part of an Alpine glacier. lt gets about а 
Ьit, does water. And remember ... tap water isn't pure - but it's drinkaЫe, and that's the main thing. 
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"~. Solubility 

Somethiпg is soluЫe if it dissolves - like sugar wheп you put it iп tea (hurrah). 
Somethiпg is iпsoluЫe if it doesп't dissolve - like sa пd when you put it iп tea ( Ьоо, hiss). 

А/1 gasвs are so/uЬ/e - to some extent, anyway 

1) "C hl oriп e water" is ( uпsurprisingly ) а so lutioп of chlorine gas iп water. lt's used as Ыеасh iп the 
рарег апd textile industries, апd also to steri li se water supplies (it kills bacteria). 

2) The amouпt of gas that dissolves depeпds оп the pressure of the gas above it 
the higher the pressure, the more gas there is dissolviпg . 

Fizzy driпks iпitially сопtаiп а lot of сагЬоп dioxide dissolved in water (carboпated water). 
But wheп you take the сар off, the pressure's released апd а lot of the сагЬоп dioxide 
fizzes out of solutioп. 

3) But ... gases become less so luЬi e as the temperature of the so l veпt iпcreases, 
which is exactly the opposite of so lids (see the пехt page). 

Aquatic life пeeds dissolved охуgеп, but охуgеп levels iп rivers сап Ье lowered Ьу pollutioп 
апd а rise iп temperature (caused Ьу warm water discharged from towпs апd iпdustry). 

The solubllity of а substance in а given solvent is the number of 
grams of the solute (usually а solid) that dissolve in 

100 g of the solvent (the liquid) at а particular temperature. 

E.g. at room temperature (20 °(), about 36 g of sodium chloride (NaCI ) will dissolve iп 100 g of water. 

The solubllity of (solid) solutes usually increases with temperature. 

E.g. at 60 ° ( , about 37 g of sodium chloride (NaCI) will dissolve in 100 g of water. 

А saturated solution is one that cannot hold any more solid 
at that temperature- and you have to Ье аЫе to see sol id оп the 

bottom to Ье certain that it's saturated. 
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Solubility ; 

~lubllity curves are useful for investigating how much solid can dissolve in а particular so lution. 

curves show when а solution is saturatвd 

1) А so lubllity curve plots the mass of so lute dissolved in а saturated solution at various temperatures. 

2) The solubllity of most solids increases as the temperature increases. 

З) This means that coo ling а saturated solution wi ll usually ca use some solid to crysta llise out 
that means it separates from the so lution. 

4) The mass of crysta ls formed Ьу coo ling а so luti on а certain amount can Ье ca lcu lated from а 
sol ubl 1 ity curve ... 
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Draw lines perpendicular to both axes through the temperatures in the question, then 
subtract the sma ller mass from the larger- that difference wi ll precipitate out on coo ling. 

This graph is for lQQ_g of water- so if you had 1000 g of water instead, you'd just 
multiply your answer Ьу 1 О. Simple. 

[ Example: 1 

What mass of so lid copper sulfate wi ll crysta lli se out when а saturated 
so lution containing 100 g of water is coo led from 100 ос to 20 оС? 

Answer: 75g-20g=Щ 
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~ Detergents and Dry-Cieaning 

Cleanliness is next to godliness ... or so they say. 

etвrgвnts work Ьу sticking to both watвr and greв 

1) Some dirt will dissolve in water without the help of а detergent, but most won't (see below). 

2) Detergents help water and oil to mix. 

3) Detergents contain molecules that have а hydrophilic (water-loving) head, and а hydrophoblc 
(water-hating) tail . 

4) The hydrophilic heads form intermolecular bonds with water. 

5) And the hydrophoblc tails bond to the fat molecules in greasy dirt . 

hydrophilic 
head 

hydrophobic 
tail 

б ) When you (or а washing machine) swish the fabric around, the detergent molecul es find their way in 
between the grease and the wet fabric. 

7) The detergent molecules eventua lly surround the grease completely, and bond to it, with their 
hydrophilic heads around the outside like а coat. 

8) This hydrophilic coat stops the grease droplets re-attaching themselves to the fabric, and they're 
pulled away into the wash water. 

9) Then, when you rinse the fabric, the grease and dirt are rinsed away along with the water. 

, 
Water 

Detergent molecules 
surround the oil ,. 

molecule ,.. ,. \. .. 
" с .. 

f 
r 

Modern synthetic detergents are mostly made using blg organic molecules from crude o il . An acid 
group is added to one end of the molecule to make an organ ic acid. This is then neutralised with а 
strong alkali , usually sodium or potassium hydroxide, to form а sa lt. 
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Detergents and Dry-Cieaning _ 

Sometimes а simple detergent won 't Ье аЫе to do the tri ck, and you need somethiпg extra. 

Washing at low tвmperaturвs saves впвгgу (and your clothвs) 

1) Some пatural fabrics (e.g. wool ) shriпk, апd some artificial fabrics (e.g. ny loп ) 

quick ly lose their shape if they're washed at too high а temperature. 

2) Also, some dyes will ruп iп high-temperature washes - brightly 
coloured clothes сап quick ly fade апd stop lookiпg пеw. 

3) Nowadays you са п get Ьiologi ca l detergeпts with eпzymes iп 
them. The eпzymes digest staiпs without the пееd for high 
temperatures, which protects your clothes. 

4) Low-temperature washes also save eпergy, which is 
better for the eпvi roпmeпt апd for your e пergy Ьi 11 too. 

Diffвrвnt solvвnts dissolve different stains 

1) You сап't dissolve every solid iп every liquid. Differeпt solids пееd differeпt solvents. 

2) То remove а stain, you have to use the right solvent to dissolve it off the fabric. Апd theп ... 

3) ... the solveпt molecules form stroпg iпtermolecular bonds with the 'staiп ' molecules 
(the so lute), pu ll ing apart the solute-solute bonds. 

4) So the staiп breaks up and the solveпt molecules surrouпd the solute molecules completely 
- makiпg а solutioп. 

5) А lot of staiпs aren't soluЫe iп water- especially greasy staiпs, paiпts апd varnishes. 

б) Sometimes using а detergeпt сап remove the staiп, but sometimes you пееd to use а 
differeпt, dry-cleaning solveпt. 

7) &!ili, varпishes апd other organic chemicals will ofteп dissolve iп ап orgaпic solveпt. 1 

Water is called the universal solvent, but it can't dissolve everything 
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Yes, l'm afraid you are go iп g to have to do some washiпg at some poiпt - you will ruп out of c lothes 
eveпtua l l y. Апd wheп you do, you' ll have the pleasure of kпowiпg how it all works. l s п ' t that пi се. 
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.~.. Warm-Up and Exam Questions 
Well , those last few pages were а Ьit of а mixed bag- first you're cleaning water, then you're dissolving 
stuff in it and finally you're washing your jeans. These questions will help you get it all straightened out. 

Warm-Up 
1) Why is drinking water treated Ьу filtration~ 
2) Why is drinking water treated with chlorine~ 
3) How сап totally pure water Ье produced~ 
4) What is the re lationship between water temperature and the soluЬility of gases in the water~ 
5) What are contained in Ьiologi ca l detergents that are not found in other detergents~ 

Exam Qu 

Charlie works for а food сотраnу and 
investigated the soluЬility of а sweetener, 
compound Х, in water. The soluЬility curve 
for compound Х is shown on the graph. 

(а) Why does Charlie not record any data 
for temperatures above 1 00 °С? 

(1 mark) 

(Ь) What is the maximum mass ofX that 
can dissolve in 100 g ofwater at 25 °С? 

(1 mark) 

~ ..... 
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О!) 
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>--....... 

10 

5 
о ;--.-г-.-,--~r-~,-~~ 

о 1 о 20 30 40 50 60 70 80 90 
Temperature ( 0 С) 

(с) Charlie has а beaker containing 250 g of water at 80 ос. What is the maximum mass 
of compound Х that Charlie will Ье аЬ!е to dissolve in this water? 

(2 marks) 

(d) What mass ofsolid compound Х will crystallise out when а saturated solution of 
compound х in 100 g of water is cooled from 90 ос to 1 о 0С? 

(2 mш·ks) 

2 Detergent molecules are аЬ!е to remove dirt, oil and grease from fabrics during washing. 

(а) Explain how the chemical structure of the molecules helps them to remove oil . 
(3 marks) 

(Ь) Detergents like soaps can Ье made Ьу reacting fatty acids to produce their sodi um salts. 

(i) Name one sodium compound that can Ье used to react with the fatty acids in such 
а reaction. 

(ii) What type of reaction is this? 

(с) Some stains have to Ье removed using dry cleaning. Explain what dry cleaning 
involves and how it removes difficult stains. 

(1 maгk) 

(1 mark) 

(2 maгk::.) 
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-:-· Changing Equilibrium 

lf you cast your mind back to page 165, you' ll remember that some reactions are reve rs iЬi e, and that 
these reactions end up reaching а dynamic equilibrium . The position of the equilibrium might lie to the 
ri ght (meaning lots of products and not many reactants) or to the left (lots of reactants and not many 
products). But you can change the pos ition of the equilibrium Ьу changing the conditions. 

The вquilibrium tries to minimisв any changes you таkв 

j TEMPERATURE j 

All reactions are exothermic in one direction and endothermi c in the other (see р . 1 57). 

1) lf you decrease the temperature, the equilibrium w ill move to try and increase it 
it moves in the exothermic direction to produce more heat. 

2) lf you raise the temperature, the equilibrium w ill move to try and decrease it 
the equil ibrium moves in the endothermic direction. 

PRESSURE 

Тhefotward reactioп isexothermic-adrop iп temperature 
moves the Bf:lUilibrium to the right ( more products). 

Changing thi s onl y affects an equilibrium involving gases. 

1) lf you increase the pressure, the equilibrium tri es to reduce it -
the equilibrium moves in the direction where there are fewer moles of gas. 

2) lf you decrease the pressure, the equilibrium tri es to increase it 
it moves in the direction where there are more moles of gas. 

CONCENTRATION 

Same reaction aga in ... 

Тhere are 4 moles оп the /eft, but оп/у 2 оп the riqht. So, ifyou 
iпcrease the pressure, the equilibrium shifts to the riqht. 

1) lf you increase the concentration of N
2 

or Н2 , the equilibrium tri es to decrease it Ьу 
shifting to the ri ght (making more NH

3
) . 

2) lf you increase the concentration of NHy the equilibrium tri es to reduce it aga in Ьу 
shifting to the left (making more N

2 
and Н 2 ). 

lfyou decrease the coпceпtratioп ofN 2' Н 
2 
or NH :У the equilibrium 

moves to tty апd iпcrease the coпceпtratioп aqaiп. 
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Changing Equilibrium 

lt '5 important that you са п interpret any data you might get in an exam about equi l ibri a. 

Make sure you сап read вquilibrium tаЬ/вs and graphs 

You might Ье a5ked to interpret data about equi l ibrium, 50 you'd better know w hat you're doing. 
The Haber proce55 (5ее page 167) i5 а great example of all thi5 ... 

Тhе forward reaction is exothermic. 

First off, а tаЫ е ... 

Pressure (atmospheres) 100 200 300 400 500 

% of ammonia at 450 ос 14 26 34 39 42 

А5 the pre55ure increa5e5, the proport ion of ammonia increa5e5 (exactl y w hat you'd expect - 5ince 
increa5 ing the pre55ure 5hift5 the equilibrium to the 5ide w ith fewer mole5 of ga5 - here, the ri ght). 

And now а graph ... 

Е 100 
::J 
..... 200 ос 

..D 
во 

::J 
О"' 
Q) 60 ......, 
C\S 
м 

I 
40 z 

........ 
о 

......, 
20 с: 

Q) 
u ..... 
~ о 

о 100 200 300 400 

Pressure (atm) 

1) Thi 5 time, each different line repre5ent5 а different temperature. 

2) А5 the temperature increa5e5, the proporti on of ammonia decrea5e5 (the backward reacti on i5 
endothermi c, 50 thi5 5peed5 up to try and reduce the temperature aga in). 

3) The condition5 that w ill give you most ammonia are high pressure and low temperature. 

Ап equilibrium is like а particularly stubborn mule 
You do one thing, the reaction does the other. Sounds pretty annoy ing, but actually it's what gives you 
contro l over w hat happen5. And in industry, contro l is w hat make5 the whole shebang profitaЫe . 
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Warm-Up and Exam Questions 
Some of this stuff can Ье а Ьit tricky - have а go at these to make sure you've got it. 

Warm-U 
1) What is the effect on an equilibrium of increasing the temperature if the forward reaction 

is endothermic? 

2) What is the effect on an equilibrium of decreasing the temperature if the forward reaction 
is exothermic? 

3) For the reaction : N
2
(g) + 0

2
(g) F 2NO(g), what wou ld Ье the effect on the equilibrium 

of changing the gas pressure? 

4) For the reaction : N
2
(g) + 3H

2
(g) F 2NH

3
(g), what is the effect on the reaction of 

removing the NH
3 

produced from the reaction vessel? 

2 

The reaction between sulfur dioxide and oxygen to form sulfur trioxide is reversible : 

2S0
2 
(g) + 0

2 
(g) F 2S0

3 
(g) The forward reaction is exothermic. 

(а) What is the effect on the yield of sulfur trioxide of: 

(i) increasing the temperature? 
(1 mark) 

(ii) decreasing the pressure? Explain your answer. 
(3 marks) 

(Ь) For an industrial plant producing sulfur trioxide, а design is proposed where the S0
3 

is 
removed from the reaction vessel as soon as it forms. Explain why this will help to 
increase the production of sulfur trioxide. 

(1 mark) 

Charlotte investigates the effect of pressure 50 
and temperature on the chemical equilibrium: ~ 

Е 
::::J 

А (g) + в (g) F зс (g) ~ 40 

where А, В and С are gas molecules. 
::::J 

g- 30 
She presents her findings in а graph. ...... 

~ 

(а) At 1 О atm pressure, what is the percentage u 20 ..... 
yield of с at 40 °С? 

о 

"'О 

(1 mark) а:; 10 
>-

(Ь) What is the effect on the equilibrium of ~ о 

о 
increasing the pressure? Explain why о 5 1 о 15 20 25 
this happens. pressure (atm) 

(3 marks) 

(с) (i) Explain the effect on the equilibrium of increasing the temperature. 
(2 marks) 

(ii) Is the forward reaction endothermic or exothermic? 
(1 mark) 
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Acid-Base Theories 

Theori es about what makes an ac id an ac id, and а base а base, have evolved а Ьit over the years. 

Arrhвnius said acids гвlваsв hydrogвn ions in water 

1) А guy ca lled Arrhenius studied ac ids and bases in water. His theory was that 
w hen mi xed with water, all ac ids release hydrogen ions, Н+ (а Н + ion is а proton). 

1 Example: J 

HCI (g) + water --7 Н+ (aq) + Cl- (aq) 

H
2
SO 

4 
(1) + water --7 2 Н+ (aq) + SO / - (aq) 

But HC/doeen't releaee hydrogen 
ione unti/ it meete water - so 

hydrogen ch/oride gae ien'tan acid. 

2) Не also sa id that alkali s form ОН- ions (hydroxide ions) w hen in water. 

Example: 

Nota/1 baeeediseolve in 
water,butthoeethatdo 

are cal/ed alkalie. 

The idea оп/у worked for acids and bases that disso/ved in watвr 

Arrhenius' idea worked pretty well , but it onl y worked for acids and bases that dissolved in water. 

However, ammonia gas са п react as а base even when it isn 't dissolved in 
water, which was one reason why these ideas weren't immediately accepted. 

(А hypothes is is always less likely to Ье accepted when there are lots of 
exceptions which the hypothes is can't explain.) 

Also, back in the 1880s when Arrhenius first suggested that molecu les ionise in 
water, many scientists didn 't think it was possiЬie . Charged subatomic particles 
hadn't been discovered yet, so the idea of charged ions seemed strange. 
Scientists couldn't imagine how Cl- could Ье different from Cl

2 
gas. 
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·. Acid-Base Theories 

Arrhenius had made а good sta rt, but hi s theory couldn't exp lain ~ of the known facts. 
However, other sc ientists who fo llowed him were аЫ е to use his ideas and improve on them. 

Lowry and Br(IJnsted said acids are proton donors 

1) Lowry and Br0nsted (working separately) made things а Ьi t more genera l. 
They came up w ith defini tions that work for both soluЫe and in soluЫe bases: 

203 

Acids release Н+ ions - i .е. they're proton donors. 

Bases accept Н+ ions- i.e. they're proton acceptors. 

ln fact, it'd Ье more accurate to 
say t hatacids have their 

proton takenawayfrom them. 

2) These ideas were read il y accepted because they exp lained the behaviour of ac ids and bases in 
so lvents other than water. 

3) A lso, they were an adaptation of an idea which already kind of worked. 
W hen Arrhenius came up w ith his idea it was tota ll y new, so peop le took more convincing. 

Protons are hydratвd in watвr 

Anyway ... fo r а substance to act as an ac id or as а base, you usuall y need water. Thi s is what happens .. . 

ln acidic solutions: 1 

The ac id mo lecul es dissoc iate, releas ing lots of Н + ions. These Н+ ions (protons) 
become hydrated (surrounded Ьу water mo lecules). The protons are now given the 
fancy name 'hydrated protons' and can Ье represented Ьу 'H+ill.gl' . And it's these 
hydrated protons that make acids ac idic, if you like. 

ln basic solutions: 

Water molecules can dissoc iate into Н+ and он- ions, although they almost 
never do in pure water. But some base molecul es, like ammonia (NH), can take 
hydrogen ions from water, causing more molecules to di ssoc iate, and leaving an 
excess of он- ions behind. Other bases, like potass ium hydrox ide (КОН ), 
release hydrox ide ions straight into the so lution. 

This is an example of how theories gradual/y develop into facts 
lt's another example of how sc ientific knowledge progresses- lots of people contri buting ideas to fit 
the ava il aЫe evidence. Some ideas are better than others, but usuall y the ru bЬis h ones are qu ickl y 
fo rgotten and you don't have to lea rn about those (e.g. ac idic behav iour be ing due to magic pixies). 
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Strong and Weak Acids ·. 

Right theп. Acid5. Brace your5e lf ... 

Acids сап Ье strong or wвak 

1) Stroпg acid5 (e.g. 5u lfuric, hydrochlori c апd пitri c) ioпi5e almo5t completely iп water. 
Thi5 mеап5 almo5t every hydrogeп atom i5 relea5ed- 50 there are load5 of Н + iоп5. 

2) Weak acid5 (e.g. ethaпoic, citric, carboпic) ioпi5e опlу very 5lightl y. Оп l у 5ome of the hydrogeп 
atom5 iп the compouпd are relea5ed- 50 оп l у 5mall пumber5 of Н + iоп5 are formed. 

Examples: 

Strong acid: HCI ~ Н+ + Cl-

Weak acid: СН3СООН н+ + сн соо-
з 

Usea 'reversiЬ/ereaction ' 

arrowfor а weak acid. 

3) The i o пi 5atio п of а weak acid i5 а rever5iЬie reactioп. S iп ce опl у а few Н + iоп5 are relea5ed, 
the equilibrium lie5 well to the left. 

4) The Р.!::! of а п acid or alkali i5 а mea5ure of the coпceпtratioп of Н+ iоп5 iп the 5o lutioп . 

Stroпg ac id5 typically have а рН of about 1 or 2, while the рН of а weak acid might Ье 4, 5 or 6. 

5 ) The рН of ап acid or alkali сап Ье mea5ured with а рН meter or with uпiver5al iпdicator paper 
(or сап Ье e5timated Ьу 5eeiпg how fa5t а 5amp le react5 with, 5ау, magпe5ium). 

Don't confuse strong acids with concвntratвd acid 

1) Acid 5treпgth (i.e. 5troпg or weak) tell5 you what proportion of the acid molecule5 ioni5e 
iп water. 

2) The concentration of an acid i5 different. Concentration mea5ure5 how many mole5 of 
acid molecule5 there are in а litre (1 dm3) of water. Concentration i5 ba5ically how 
watered down your acid i5. 

3) Note that coпceпtratioп de5cribe5 the total number of acid molecule5- not the пumber 
of molecule5 that relea5e hydrogen ion5. 

4) The more mole5 of acid molecule5 per dm3
, the more concentrated the acid i5. 

5) So you сап have а dilute but strong acid, or а concentrated but weak acid. 
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Strong and Weak Acids 

Stroпg acid5 апd weak acid5 5ometime5 behave differeпtly. 

Strong acids are better electrical conductors than weak acids 

1) Hydrochloric acid ha5 а much higher electrical 
coпductivity thaп the 5ame coпceпtratioп of ethaпoic 
acid. lt'5 all to do with the coпceпtratioп of the iоп5. 

2) lt'5 the iоп5 that carry the charge through the ac id 
5o lutioп5 . So the greater coпceпtratioп of iоп5 iп the 
5troпg acid mеап5 more charge сап Ье carried. Simple. 

Strong acids react faster than wвak acids 

hydrochloric acid 
(1 mol/dm 3

) 

Stroпg апd weak ac id5 react with reactive metal5 апd with carboпate5 iп the 5ame way. 

ethanoic ac id 
(1 mol/dm 3

) 

1) 8oth hydrochloric acid (5troпg) апd ethaпoic acid (weak) react with magпe5ium to give hydrogeп . 

Апd both hydrochloric acid апd ethaпoi c acid react with calcium carboпate to give саrЬоп dioxide. 

2HCI + Mg ~ MgCI 2 

2СН3СООН + Mg ~ Mg(CH
3
C00)

2 

2HCI + СаС03 ~ CaCI
2 

+ Н20 + С02 
2СН 3СООН + СаС03 ~ Са(СН 3С00)2 + Н20 + С02 

2) The differeпce betweeп the reactioп5 of the two acid5 wil l Ье the rate of reactioп . 

Ethaпoic ac id wi ll react more 5lowly thaп hydrochloric acid of the 5ame coпceпtratioп . 

3) lt'5 all to do with the equilibrium iп the weak acid reactioп (СН3СООН r=== Н+ + СН3СОО-) ... 

4) Wheп you put а weak ac id iпto water, it relea5e5 а few Н+ iоп5 (but поt that mапу compared to what 
you'd get with а 5troпg acid). Wheп you add magпe5ium (or ca lcium carboпate), the5e Н+ iоп5 react. 

5 ) Thi5 mеап5 the coп ceпtratioп of Н + iоп5 decrea5e5, 50 the equi librium 5hift5 to compeп5ate 
meaпiпg more Н + iоп5 are relea5ed. The5e iоп5 theп react, 50 the equilibrium 5hift5 ... апd 50 оп. 
А5 more iоп5 are removed, more are 5upplied - kiпd of а drip-feed arraпgemeпt. 

6) Thi5 i5 comp letely differeпt from what you get with а 5troпg acid, where .ill the acid molecule5 wi ll 
react pretty darп qui ckly- 5iпсе all the Н + iоп 5 are ju5t 5ittiпg there ready апd waitiпg to go. 

Strong and weak acids both react to form the same kind of products 
Hydrochloric ac id i5 really па5tу 5tuff. lt'5 corro5ive апd irritatiпg, difficult to 5tore, damage5 almo5t 
everythiпg it touche5 апd wi ll 5everely burп 5kiп. Yet we have it iп our 5tomach5. Surpri5iпg. 

But lucki ly we have а thick layer of mucu5 to protect our 5tomach wal l5. Neat, eh . 
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Strong and Weak Acids 

Weak aci ds react more slowly than strong ac ids- but this ca n actuall y make them more useful. 

The amount of gas produced depeпds оп the amount of ac/d 

1) Hydrochlori c ac id (strong) w ill react faster than ethanoic ac id (weak), but the amount of product you 
get w ill Ье the same (if you sta rt w ith the same amount and they're the same concentrati on, etc.). 

2) This is because if the concentrations are the same, the number of molecul es in а litre (say) of water 
w i 11 Ье the same. 

3) And each of these mo lecu les ca n let go of one Н + ion: 

HCI -----+ Н+ + Cl- and 

lt's just that hydrochlori c ac id lets go of them all at once, w hereas ethanoi c ac id lets go grad uall y. 

4) But since the total number of Н+ ions ava il aЫe is the same, the amount of product w ill Ье the same 
(it's the Н+ ions that are the important Ьits in ac id reactions). 

Time 

Wвak acids сап Ье really usвful 

Weak acids can Ье more useful than dilute strong acids. 

HCI reacts faster (steeper 
curve), but both reacti ons give 
the same amount of hyd rogen. 

1) А strong ac id reacts very fast - all its Н + ions are released straight away and are ready for acti on. 

2) But thi s might not always Ье as useful as it sounds- for exampl e, if you wa nt а slightly more 
controllaЫe reacti on, like w ith kettle desca lers . 

3) А strong ac id would react very qui ckly with the sca le- but before you knew it, it might also react 
with the metal of the kettl e. 

4) А weak ac id still removes the sca le, but the lower concentration of Н+ ions mea ns the reaction w ill 
Ье slower and eas ier to contro l. And you ca n just tip the so lution away w hen the sca le's gone. 
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Warm-Up and Exam Questions 

Warm-Up Q 
1) When su lfuric ac id, H

2
S04, dissolves in water, what ions are found in the so lution~ 

2) According to the ideas of Lowry and Br0nsted, what is the definition of an acid~ 

3) Citric acid is an examp le of а weak acid. What is а weak acid~ 

4) Write the equation for the ionisation of ethanoic acid, СН 3СООН. 
5) What is the difference between а strong acid and а concentrated acid~ 

Exam Qu 

Ammonia dissolves in water to give а weak alkali. 

(а) In the 1880s, Arrhenius proposed that when molecules are dissolved in water they 
can form ions . Сору and complete the ionic equation below to show how ammonia 
can dissolve in water to form а hydroxide ion . 

NНЗ (g) + --- (1) ~ --- (aq) + он- (аq) 
(2 marks) 

(Ь) Arrhenius's ideas were not widely accepted at first. One reason was that ammonia 
can act as а base even when it is not dissolved in water. Explain how the ideas of 
Lowry and Bronsted in the 1920s showed why ammonia gas acts as а base. 

(с) Ammonia solution is а weak alkali . How are weak alkalis different 
from strong alkalis? 

(2 marks) 

(2 marks) 

2 Asha compared the properties of а strong acid, hydrochloric acid, and а weak acid, 
ethanoic acid. She made 1 mol/dm3 solutions of each acid and she tested them Ьу 
measuring their electrical conductivity and Ьу reacting them with calcium carbonate. 

(а) Why did Asha prepare solutions of equal concentration? 
(1 mark) 

(Ь) Which acid solution would have the highest electrical conductivity? 
Explain your choice. 

(2 marks) 

(с) Asha reacted equal vo lumes of each solution with equal masses of powdered calcium 
carbonate. She found that each acid produced the same final volume of carbon 
dioxide gas, but that one acid produced the gas much more quickly than the other. 

(i) Which acid would you expect to produce the gas faster? 
(/ mark) 

(ii) Ethanoic acid is а weak acid. Explain why it produced the same fina l vo lume 

of carbon dioxide as the hydrochloric acid did. Use ideas about chemical 

equi libria in your answer. 
(3 marks) 
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Revision Summary for Section Eleven 

Bit of а mixed bag- опе miпute you're poпderiпg equilibria, the пехt you're worryiпg about how mапу 
millioпs of people are without с lеап driпkiпg water. The опе thiпg that's coпstaпt апd uпchaпgiпg is the 
пееd to learп it all for the exam you've got comiпg up. So test yourself оп these little beauties. 

1) Explaiп why water vapour coпdeпses апd falls as raiп . 

2) Sea water coпtaiпs dissolved miпerals. Where do these come from? 

3)* Which of the followiпg will dissolve iп water? 

а) lead пitrate Ь) PbCI
2 

d) potassium sulfate 

g) CuS0
4 

е) Ag
2
S0

4 

h) barium sulfate 

4) What are the maiп ioпs that cause water hardпess? 

с) ammoпium chloride 

f) silver chloride 

i) Ba(N0
3

)
2 

5) Give two disadvaпtages of liviпg iп ап area with hard water. 

6) How are microorgaпisms removed from driпkiпg water? 

7) How are poisoпous phosphates removed from driпkiпg water? 

8) Тар water is поt pure water. Why doп 't we make sure that all our driпkiпg water is pure water? 

9) Why is haviпg а сlеап water supply so importaпt? 

1 0) What is а saturated solutioп? 

11 )*The graph shows the soluЬility of lead пitrate iп 100 g of water. 100 
<J) 

Е Ф 
а) How much lead пitrate will dissolve iп 100 g of water at 40 °0 r: -ro во 

о.оз: 
Ь ) At what temperature will 70 g of lead пitrate dissolve iп 100 g .::: 00 60 

of water? . .q 8 40 
-:-= r-

c) What mass of solid lead пitrate will crystallise wheп а saturated -§ Ф 20 

solutioп coпtaiпiпg 100 g of water is cooled from 60 °( to 40 °0 ] а.. 0 1---'----4-----4--'--.......___.... 

12) Why does а bottle of lemoпade fizz up wheп you ореп it? 0 1 о 20 30 40 so 60 
Temperature 1n ос 

13) Explaiп why aquatic aпimals might поt Ье аЫе to survive if their water gets too warm. 

14) Describe the advaпtages of washiпg clothes at low temperatures. 

15) Draw а labelled diagram to show the typical structure of а molecule of detergeпt . 

16) Describe how а detergeпt removes greasy dirt from clothes. 

1 7) Explaiп why clothiпg staiпed with пail varпish might пееd to Ье dry-cleaпed. 

18) А reactioп is exothermic iп the forward directioп . What should you do to the temperature of the 
reactioп mixture iп order to get more product? 

19) Explaiп how alteriпg the pressure са п affect the positioп of ап equilibrium iпvolviпg gases. 

20) Give опе other factor that сап Ье chaпged iп order to shift the positioп of ап equilibrium. 

21) Write а brief descriptioп of Arrheпius's theory about acids апd bases. 

22) Why wereп't scieпtists williпg to accept his ideas at first? 

23) What's the differeпce betweeп а weak acid апd а stroпg acid? Give опе example of each. 

24) Аге stroпg acids or weak acids better coпductors of electricity? 

25) Explaiп why weak acids react more slowly thaп stroпg acids do. 

26)*А weak acid апd а stroпg acid of the same coпceпtratioп react with the same mass of magпesium. 
The reactioп with the weak acid produces 7 cm3 of hydrogeп gas. How much hydrogeп gas would 
you expect the reactioп with the stroпg acid to produce? 

* Answers on page 262 . 
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Concentration 

А rather du ll апd boriпg page to start the sectioп with. But at least there are some ca l cu l atioпs оп it. 

Concвntration is а measure of how crowdвd things агв 

The coпceпtratioп of а so lutioп са п Ье measured iп mol es per dm3 (i.e. moles per litre). 
So 1 mole of stuff iп 1 dm3 of so lutioп has а co пceпtratioп of 1 mole per dm3 (or 1 mol/dm3

). 

The more solute you dissolve iп а giveп volume, the more crowded 
the solute molecules are апd the more coпceпtrated the so l utioп. 

1 1 itre 

= 1000 cm3 

= 1 dm3 

Coпceпtratioп са п also Ье measured iп grams per dm3 . So 56 grams of stuff 
dissolved iп 1 dm3 of solutioп has а coпceпtratioп of 56 grams per dm3 . 

There's а ca l c ul atioп you са п do to coпvert moles per dm3 to grams per dm3 (see пехt page). 
lп the exam, look out for which опе the questioп 's askiпg for. 

Concвntration = по. of moles + volume 

Here's а пiсе formula triaпgl e for you to learп: 

number of moles 

Example 1: 1 

volume 
(in dm 3

) 

One dnr is а litre. 

coпceпtratioп 

=по. of moles-;- volume 

What's the coпceпtratioп of а so lutioп with 2 moles of sa lt iп 500 cm3? 

Answer: Easy- you've got the пumber of moles апd the vo lume, so just use the formu la ... 

Coпceпtratioп = 2 = 4 moles per dm3 

0.5 

[ Example 2: 1 

Convert the volume to litres (i.e. dnr) 
fir5t Ьу dividing Ьу 1000. 

3 molaris sometimes 
written '3 М'. 

How mа пу moles of sodium chloride are iп 250 cm3 of а 3 molar solutioп of sodium ch loride? 

Answer: Well , 3 mo lar just meaпs it's got 3 moles per dm3 • So usiпg the formu la ... 

Number of moles = coпceпtratioп х volume = 3 х 0.25 = 0.75 moles 

' 
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11 Concentration 

Converting moles ре г dm3 to grams рвr dm3 
( and vice versa) 

They might ask you to find out а concentration in grams per dm3• lf they do, don't panic
you just need another formula tri angle: 

• • • • moles r 

1 Example 1: ! 

m 
mass 

(in grams) 

Relative 
formu la mass 

nxM ·~ 
r 

You have а so lution of sulfuric ac id of 0.04 mol/dm3
. 

number of moles = 
mass 7 relative formula mass 

What is the concentration of this so lution in GRAMS per dm3( 

Step 1: Work out the relative formula mass for the so lute 
(you should Ье given the relative atomic masses, e.g. Н = 1, S = 32, О= 1 б ): 

So, H
2
S0

4 
= (1 х 2) + 32 + (1 б х 4) = 98 

Step 2: Convert the concentration in moles into concentration in grams. 

So, in 1 dm3 : mass in grams = moles х relative formula mass = 0.04 х 98 = 3.92 g 

So the concentration in g!dm3 = 3.92 gldm3 

1 Example 2: J 

The concentration of а so lution of su lfuri c acid is 19.б grams/dm3 . What is it in MOLES per dm3 ( 

Step 1: The relative formu la mass of H
2
S0

4 
= 98 

Step 2: moles = mass in grams 7 relative formula mass = 19.б 7 98 = 0.2 moles 

So the concentration in mol/dmз = 0.2 mol/dm3 

lf you remember the formula triangles, the rest wi/1 follow 
High concentration's like а whole rugby team in а mini . Or everyone in Britain on the lsle of Wight. 
Low concentration's like а guy stranded on а desert island, or а sma ll fish in а Ьig lake. Poetic, no( 
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-
Calculating Volumes ": 

Run for it now, w hil e you've 5till got the chance- it'5 yet more equati on5 and 5tuff. 

Avogadro's law- one то/е of any gas occupies 24 dтЗ 

Lea rn thi5 fact - you're going to need it: 

24df'ri3 iб the 

molarvolume 

atRTP. 
One mole of any gas always occupies 24 dm3 

(= 24 000 cm 3
) at room temperature and 

pressure (RTP - 25 ос and 1 atmosphere). 

Remember, df'ri3 iб juбta 

fancywayofwriting 'litre ; 

5о 1 df'ri3 = 1000 cf'ri3 

Th i5 mea n5 you ca n 
u5e the fo ll owing 
fo rmul a to convert 
а ma55 of any ga5 
into а vo lume: 

MASS OF GAS 
VOLUME OF GAS (in dm 1

) = - х 24 
М OF GAS 

So you ca n make thi5 handy formul a tri angle u5ing: 

ma55 = no. of mole5 (from the la5t page) : 
м 

г 

Example 1: 

volume 

moles х 24 

What'5 the volume of 4.5 mole5 of chlorine at RTP? 

r 

Answer: 1 mole = 24 dm3, so 4.5 mole5 = 4.5 х 24 dm3 = 1 08 dm3 

1 Example 2: ] 

How many mole5 are there in 8280 cm3 of hydrogen ga5 at RTP? 

Answer: no. of moles = volume of ga5 = -8-·2-8 = 0.3 45 mole5 
volume of 1 mole 24 

Don'tforget toconvert 

from cf'ri3 todf'ri3. 

Thi5 bu5ine55 about 1 mole of any ga5 taking up the 5ame vo lume i5 true for other temperature5 and 
pre55ure5 too. For example, at О ос and 1 atmo5phere, 1 mole of any ga5 w ill occupy 22 .4 dm3 

(lower temperature, 50 а 5maller vo lume). 

lf you need any other number5, you' ll Ье to ld them in the exam though - 50 ju5t lea rn the above. 
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l_ Calculating Volumes 

Just to make thiпgs rea l ly comp licated, sometimes they' l l ask you а questioп where you пееd to 
соmЬiпе usiпg this пеw formula with fiпdiпg а react i пg mass (see page 122 ). 

You сап calculate volumes in reactions if you know the masses 

For th is type of questioп there are two stages: 

1) Fiпd the reactiп g mass (just l ike you did оп page 122). 

2) Тhеп coпvert the mass iпto а vo lume usiпg the formula оп the last page. 

Example: 

Fiпd the vo lume of саrЬоп dioxide produced (at RTP) 
wheп 2.7 g of саrЬоп is completely burпed iп охуgеп . 

(А , of са rЬоп = 12, А, of охуgеп = 16) 

ANSW ER: 

~: Write out the ba l aпced equatioп: 

Step 2 : Write dowп the М, for each: 12 32 44 

Step 3: Divide for опе, times for all : +12 ' 1 .................... 3.666 ... ) +1 2 

х2.7 ' 2.7 •••••••••••••••••••• 9.9 ) х2.7 

Step 4: So 2.7 g of С gives 9.9 g of СО2 • Now u si пg the formu la from the last page: 

vo lume = MASS х 24 
м 

г 

vo lume = (MASS/M,) х 24 

= (9.9/44) х 24 

= 5.40 dm3 

That's ANY gas - oxygen, methane, carbon dioxide, ANY gas 
All this stuff ti es iп with р.122 - if you're поt comfortaЫe workiпg out the reactiпg masses (write 
dowп а bal aпced equatioп, write dowп the М, for each reactaпt апd product, d ivide for опе а пd times 
for all ), look there first. The оп l у пеw thiпg here is the molar vo lume busiп ess: 1 mole of gas = 24 dm3

. 
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Titrations ·: 

Titrati ons have а bad reputati on - but they're not as di ff icult as they're sometimes made out to Ье . 

Titrations are used to find out concвntrationв 

Titrati ons allow you to find out exactly how much ac id is needed to neutrali se а quantity of alkali 
(or vice versa). Here's how you do а titrati on ... 

1) Using а pipette and pipette fill er, add some alkali (usuall y about 25 cm3
) 

to а conica l flask, along w ith two or three drops of indicator. 

2) Fill а burette w ith the ac id. Make sure you do this BELOW ЕУЕ LEVEL 
you don't want to Ье looking up if some ac id spill s over. 

You сап also do titrations 
the other way round

addinq a/kali to acid. 

3) Using the burette, add the ac id to the alkali а Ьit at а time - giv ing the coni ca l fl ask а regular swirl . 

4) Go especially slowly when you thin k the end-point (co lour change) is about to Ье reached. 

5) The indi cator changes co lour when ~ the alkali has been neutrali sed, e.g. phenolphthalein is pink in 
alkalis but colourless in ac ids. 

6) Record the volume of ac id used to neutrali se the alkali . 

7) lt's best to repeat thi s process а few times, making sure you get (pretty much) the sa me answer 
each time- thi s makes for more re li a Ьi e results. 

Pipette 

Pipettes measure only 
one vo lume of so lution. 
Fill the pipette to about 3 
cm above the 1 i ne, then 
drop the leve l down 
ca refull y to the line. 

0 Burette 

Burettes measure different 
vo lumes and let you add 
the so lution drop Ьу drop. 

These marks down 
the side show the 
vo lume of ac id used. 

Coni ca l fl ask containing 
alkali and indi cator. 
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:: Titrations 

Titratioп s are ofteп dопе iп order to fiпd out the coпceпtratioп of а mystery so luti o п of а п acid or alkali . 
lf you са п fiпd out the vo lume пeeded to п eutra li se а kпоwп so lutioп, theп all you пееd to do is slot all 
the пumbers iпto а ha пdy formu la. The example below should make eve rythiп g clear. 

1 The calculation - work out the numbвrs of то/вв 1 

Неге goes ... basically, you 're tryiпg to fiпd the пumber of moles of each substa п ce . 

А formula tri a пgle is pretty h a пdy here, 1 reckoп. 

(Апd it's the sa me опе as оп page 209, coпveпi e пtl y. ) 

Ехатр/е: 

Suppose you start off with 25 cm3 of sod ium hydrox ide iп your flask, 
а пd you kпow that its coп ceпtratio п is 0.1 mol es per dm3 . 

You th eп fiпd from your titra tioп that it takes 30 cm3 of sulfuric ac id 
(of ап uпkпоwп coпceпtrat i o п ) to пeutra li se the sod ium hydrox ide. 

Fiпd the coпceпtratioп of the ac id . 

~: Work out how mапу moles of the 'kпоwп' substaпce you have: 

пumber of moles = coпceпtratioп х volume = 0.1 х (25 1 1 000) = 0.0025 moles 

Step 2: Write dowп the equatioп for the reactioп: 

2Na0H + Н2504 _____. Na
2
50

4 
+ 2Н20 

... апd work out how mапу moles of the ' uпkпоwп ' stuff you must have had: 

Usiпg the equatioп, you сап see that for every two moles of sodium hydroxide 
you had, there was just опе mole of su lfuri c acid. 

So if you had 0.0025 moles of sodium hydroxide ... 

.. . you must have had 0.0025 7 2 = 0.00125 moles of sulfuric acid. 

Step 3: Work out the coпceпtratio п of the ' uпkпоwп ' stuff. 

Coпceпtratioп = пumber of moles 7 volume 

= 0.00125 7 (3 0 1 1 000) 

= 0.041 7 moles per dm3 

lfyou need the concentration in 
gld~, convertyour answerusing 

the method оп page209. 

lf you сап spe/1 pheno/phtha/ein, you deserve а GCSE 
The iпdi cator's job is to tell you wheп the reactioп is fiпished. Pheпolphth a l e iп is good for acids а пd 
alkali s, but other iпdi ca to rs are possiЬie too. However, doп't use uпive rsa l iпdi ca to r - it's too hard to 
tell accurately wheп the react i oп is over. You waпt а п iпdi cator that gives а suddeп co lour c h a п ge. 
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Warm-Up and Exam Questions , 
Соте on now, don't look at те like that - it's been ages since you had two pages of questions to do at 
once. Anyway, 1' 11 let you in on а secret - this is the last douЫe page of questions in the book. 
Seriously. 

Warm-U 
1) А so lution has а voluтe of 0.15 litres. Convert this voluтe into ст3 • 

2) How таnу тoles of hydrochloric acid are there in 25 ст3 of а 0.1 тоl/dт3 so luti on~ 

3) А so lution of sodiuт carbonate, Na
2
COJ' has а concentration of 2.65 gldт3 • 

What is the concentration of this so lution in тоl/dт3 ~ 

4) А saтp l e of nitrogen gas occupies а voluтe of 280 ст3 at rоот teтperature and pressure. 
How таnу тoles of nitrogen are there in the saтp l e~ 

5) ln an acid-base titration, what is the end-point~ 

Exam Qu 

2 

Paul works for а soft drinks manufacturer апd is investigating the use of phosphoric acid, 
Н3Р04 , as а flavouring agent. 

(а) Paul prepares а solution of phosphoric acid Ьу dissolving 4.9 g of the acid 
in 250 ст3 of water. 

(i) What is the concentration ofthe acid solution in g/dm3? 

(ii) What is the concentration ofthe acid solution in mol/dm3? 

Relative atoтic masses: Н = 1, Р = 31 , О = 16. 

(! mark) 

(2 marks) 

(Ь) Paul wants to prepare а phosphoric acid solution with а concentration of 0.1 nюl/dm3 . 

What тass of phosphoric acid should he dissolve in 1 dm3 of water? 
(! mark) 

Aтrita heats 37.2 g of copper carbonate powder in а therтal decomposition reaction. 

CuC0
3 
(s) ~ CuO (s) + С02 (g) 

(а) If al l the copper carbonate reacts, what тass of carbon dioxide wi ll Ье produced? 
Relative atoтic masses: Cu = 64, С = 12, О = 16. 

(2 marks) 

(Ь) At room teтperature and pressure, what vo lume will the carbon dioxide occupy? 
( 1 тоlе of gas occupies а volume of 24 000 cm3 at RTP.) 

(2 marks) 

3 You are asked to find the concentration of а bottle of hydrochloric acid solution . 
Describe how you cou ld use а titration method to find the concentration of the acid 
if you had а solution of sodium hydroxide of known concentratioп. Include пames of 
special equipmeпt пeeded for this procedure. 

(5 marks) 

; 

! 

] 

5 ECTION T WELVE - C ONCENTRATIONS AND fLECТROLYS/5 



216 

-~ Exam Questions 

4 In а titration , 27.5 cm3 of а solution of 0.1 molldm3 sodium hydroxide was required to 
neutralise 25 cm3 of а solution ofhydrochloric acid. 

(а) Calculate the number of moles of sodium hydroxide used in the titration. 
(2 marks) 

(Ь) Use the equation for the reaction shown below to work out the number of moles 
of hydrochloric acid used in the titration: 

HCI (aq) + NaOH (aq) ~ NaC\ (aq) + Н20 (\) 
(1 mark) 

(с) Ca\culate the concentration ofthe hydrochloric acid so \ution. 
(2 marks) 

5 In а titration, 30.3 cm3 of а solution of 1.0 mol/dm3 sodium hydroxide was required to 
neutrali se 25 cm3 of а solution of sulfuric acid. 

(а) Calculate the number of moles of sodium hydroxide used in the titration. 
(2 marks) 

(Ь) Work out the number of moles of sulfuric acid used in the titration. 

The equation is: 2NaOH (aq) + H
2
S0

4 
(aq) ~ Na

2
S0

4 
(aq) + 2Н20 (\) 

(/ mark) 

(с) Ca\culate the concentration of the sulfuric acid solution. 
(2 marks) 

6 Jonah is concerned about the 
amount of acid in soft drinks. 

lnitial burette Final burette Vol. of NaOH 

Не decides to use а titration method 
reading (cm3

) reading (cm3
) needed (cm3

) 

to find the acid content of hi s 1 0.0 9.4 9.4 

favourite lemonade. Не uses а 2 9.4 18.4 9.0 

solution of 0.1 mol/dm3 sodium 3 18.4 27.4 9.0 

hydroxide in titrations with 
25 cm3 samples of the lemonade. His results are shown in the taЬle . 

Jonah ca\culates that the average volume of 0.1 mol/dm3 NaOH needed is 9.0 cm3
. 

(а) The first titration value was not included in calculating the average. Why not? 

(Ь) The equation for the reaction in the titration сап Ье written: 

НА + NaOH ~ NaA + Н20, where НА is the acid present in the lemonade. 

Calculate the concentration of acid НА present in the lemonade. 

(/ mark) 

(3 marks) 

(с) The ca\culated acid concentration in (Ь) is relatively high. However, this isn 't а cause 
for too much concern. Use ideas about the properties of different acids in solution to 
explain why the high concentration isn 't dangerous. 

(2 marks) 
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Electrolysis :: 

Think back - you've seen electrolysis before ... electri ca l current, ions moving to electrodes, positive ions 
to the cathode, negative ions to the anode ... lf thi s is all а Ьit fuzzy, go back and read р . 144 - 145 first. 

Electrolysis reactions involve oxidation and rвductlon 

1) Oxidation is а loss of electrons. Reduction is а gain of electrons. 
So 'ox idation' doesn't have to invo lve oxygen. 

Oxidation ls Loss Reduction ls Gain - - - - - -

2) Electrolys is ALWAYS invo lves an ox idati on and а reducti on. 

For example, if electrodes are pl aced in molten sodium 
chloride and а current is passed through .. . 

Rememberitas 
0/LR/G. 

..-----1 '~------. 1 

(i) At the (positive) anode, chloride ions (CI-) lose electrons 
and form chlorine molecules - this is oxidation. 

(ii ) At the (negative) cathode, sodium ions (Na+) gain electrons 
and become sodium atoms - thi s is reduction. 

3) So, in electrol ys is, ions are discharged. They lose their negative or positive charge and become atoms. 

Graphitв вlectrodes or mвtal вlвctrodвs are usвd 

1) Electrodes are made of different materi als depending on what you're try ing to do. 

2) When splitting up an ionic salt Ьу electrolys is, graphite electrodes are most often used (as it's cheap). 

3) But when using electrol ys is to split water into hydrogen and oxygen, pl atinum electrodes are usuall y 
used (s ince it doesn't react w ith the oxygen produced). 

4) Electrolys is is used for electroplating. Неге, the cathode is the metal oЬiec t you want to pl ate, 
and the anode is the pure metal you wa nt it to Ье pl ated w ith . You also need the electrol yte to 
contain ions of the pl ating metal. (The ions that plate the metal object соте from the so lution, 
while the anode keeps the solution 'topped up'.) 

object to 
Ье plated 

pure silver 
strip 

si lver n itrate 
solution 

Example: То electroplate silver 
onto а brass cup, you 'd make the 
brass cup the cathode (-ve), а 
lump of pure silver the anode 
(+ve) and dip them in а solution 
of silver ions, e.g. silver nitrate. 
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11 Electrolysis 

lf you electro lyse certa in solutions, you get different products from what you might expect .. . 

Sometimes Н+ and 01-r ions from watвr are discharged instвad 

1) ln aq-ueous so lutions there are hydrogen ions ( Н + ) and hydrox ide ions (ОН-) from the water 
as wel l as the ions from the so l ute. 

2) Sometimes it's eas ier to discharge the ions from the water instead of the ones from the so lute. 

3) So hydrogen cou ld Ье produced at the cathode, and oxygen at the anode. 

Example: J 

А so lution of aqueous potassium sulfate (K
2
SO) contains four different ions: 

К+ SO 2- Н+ and ОН-. 
- ' - 4 ' - -

• Н+ ions (from water) accept electrons more eas il y than К+ ions. 

• So hydrogen 's given off at the cathode. 

2 Н + + 2 е- --t Н 
2 

• он- ions (from water) са п lose electrons more eas il y than SO/ - ions. 

• So oxygen's given off at the anode. 

® @ 
® 
KlS0 4 

solution 

The same thing happens with potassium nitrate so/utions 
So w ith aqueous so lutions, there are ions from the dissolved substance and from the water. Remember 
the K

2
S0

4 
examp le, and the same thing happens with KN0

3 
too- you get hydrogen and oxygen. 
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Eiectrolysis - Calculating Masses ;; 

Will these ca lculations never end? (Well, ~ it's nearly the end of the section, in fact. ) 

No. of electгons tгansfeггed incrвasвs with timв and currвnt 

1) The amount of product made Ьу electrol ys is depends on the number of electrons 
that are transferred . 

2) lf you increase the number of electrons, you increase the amount of substance produced. 

3) This са п Ье achieved Ьу: • electrol ys ing for а longer time, 

• i ncreas i ng the current. 

Coulombs and faradays аге amounts of electricity 

1) One amp flowing for one second mea ns а charge of one coulomb has moved. 

2) Generall y, the amount of charge (Q , measured in coulombs) flowing through а circuit is 
equa l to the current (1) mu ltip li ed Ьу the time in seconds (t): 

Q=lt 

3) 96 000 coulombs (a mps х seconds) is ca ll ed one faraday. 

4) O ne faraday (F) contains one mole of electron s. 

1 А for 1 s = 1 С ---

Q = Ш (seconds) 

96 000 С = 1 faraday 

1 faraday = 1 mole of electrons 

The тоге tiтe you spend оп this page, the тоге you'/1 /еагп 
Thi s stuff isn't easy. So take your ti me over it. Read it through once. lf you don't get it, read it 
through aga in . lf you st ill don 't get it, have а cup of tea before reading it aga in . That should help. 
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11 Electrolysis - Calculating Masses 

You са п use the re l a ti o п ships оп the last page to pred ict the mass of а substa п ce that you' ll get if you 
ca rry out electrol ys is w ith а kпоwп curreпt for а kпоwп amou пt of time. lt's quite clever rea ll y. 

Опв то/в of product needs n moles of вlвctrons 

1) А sodi um iоп пeeds опе e l ectroп to make а sodium atom. 

2) So опе mole of sodi um i o п s is go iпg to пееd опе mole of e l ectroпs (о пе faraday) to make опе mole 
of sod ium atoms. 

3) But а п iоп with а .2_+ charge п eeds two mo les of e l ectroпs to make опе mole of atoms, а пd, guess 
w hat, three for а 3+ charge ... 

1 mole of sodium ioпs + 1 mole of e l ectroп s ~ 1 mole of sod ium atoms 

1 mole of z iп c ioп s + 2 moles of electron s ~ 1 mole of z iп c atoms 

Ai 3+ + зе- ~ Al 1 mole of a lumiпium ioп s + 3 moles of e l ectroп s ~ 1 mole of a lumiпium atoms 

Use these stвps in calculations 

Example: 

Fiпd the mass of lead liberated if 5 amps flows for 20 miпutes 
duriпg the electrolysis of lead(ll ) chloride (PbCI

2
). 

Step 1: Write out the BALANCED HALF-EQUATION for each electrode: 

РЬ2 + + 2е- ~ РЬ, апd 2CI- ~ Cl 2 + 2е- Writingthehalf-equationsiseasierif 

you rememberthat the fu/1 equation is: 
РЬС/2 ~ РЬ + С/2 

Step 2: Calculate the NUMBER OF FARADAYS: 

First ca lculate amps х secoпds = 5 х 20 х 60 = 6000 coulombs. 

Number of faradays = 6000 1 96 000 = 0.0625 F 

Step 3: Calculate the NUMBER OF MOLES OF PRODUCT -
divide the пumber of faradays Ьу the пumber of electroпs iп the half-equatioп: 

0.0625 -:- 2 = 0.03125 moles of lead atoms. 

Step 4: WRITE IN ТНЕ М, VALUES from the periodic tаЫе to work out the mass 
of so lid products : 

Mass of lead = М, х по . of moles = 207 х 0.03125 = Q,2_g 
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Warm-Up and Exam Questions :': ., 

Warm-Up Qu 
1) ln electrolysis, what is meant Ьу the terms oxidation and reduction~ 

2) At which electrode (anode or cathode) should an object requiring electrop lating Ье placed~ 

3) During the electrolysis of water, what gas is formed at the anode~ 

4) What is а faraday~ 

5) For how long must а current of 2.5 А run if а charge of 200 000 С is to pass through а cell~ 

Exam Qu 

The diagram shows the electrolysis cell for an 
aqueous solution ofpotassium sulfate, ~S04 . 

During electrolysis а gas forms at each electrode. 

(а) Four ions are present in the electrolyte. 
Write the formula of each ion. 

(2 marks) 

(Ь) (i) Write the half-equation showing the 
production of the gas at the cathode. 

(/ mark) 

г------il 11-----. 
1 

platinum -r-
cathode 
(-ve) 

ОС power 
supply 

potassium 
sulfate 

-f- platinum 
anode 

г- (+Ve) 

_ solution _ 

(ii) Write the half-equation showing the production ofthe gas at the anode. 

221 

(/ mark) 

(с) Why is platinum used as а material for the electrodes? 
(/ mark) 

2 Electrolysis can Ье used to purify copper. Impure copper is used as one electrode in 
the cell. During electrolysis, this electrode dissolves as copper ions enter the solution. 

(а) Is this dissolving an example of oxidation or reduction? Explain your answer. 

(Ь) At the other electrode pure copper forms. 
The half-equation for the reaction at this electrode is: Cu2+ + 2е- ~ Си 
А direct current of 4 А runs for 2 hours through the cell. 

(1 mark) 

(i) What is the total charge that passes through the cell in this time? (1 hr = 3600 s.) 
(2 marks) 

(ii) How many moles of electrons pass through the cell? (1 F = 96 000 С.) 
(/ mark) 

(iii) How many moles of pure copper are formed at the electrode? 
(/ mark) 

(iv) What mass ofpure copper is formed? (Relative atomic mass: Cu = 64.) 
(1 mark) 
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11 Revision Summary for Section Twelve 

Ah, the revision summary ... my favourite part of the section. And yours no doubt, si nce they're always at 
the end. There's а lot of ca lculations in this section, but that's good (honest), because you сап expect а 
fair few in the exam as well. And as а wise man once said ... it's best to practise before the exam, 
because once you're in there, it's а blt late rea ll y. So get your ca lculator fired up, and away you go ... 

1 )* What is the concentration of а so lution with 0.5 moles of sodium chloride in 200 cm3? 

2)* How many moles of barium chloride are in 500 cm3 of а 0.2 molar solution of barium ch loride? 

3)* Calculate the concentration of the so lution (in gldm3) formed when 7.5 g of ca lcium hydroxide, 
Са(ОН)2 , is dissolved in: 

а) 1 dm3 of water, Ь) 2 dm3 of water. 

4)* А 5 cm3 sample of so lution is heated until all the water has evaporated. 
The mass of the evaporating basin and remaining so lid is 52.7 g. 
The mass of the evaporating basin is 52.1 g. What was the concentration of the so lution in gldm3? 

5)* What is the concentration in gldm3 of а 0.1 molar so lution of NaOH? 

6) What vo lume is occupied Ьу 1 mole of nitrogen at room temperature and pressure? 

7)* а) What's the volume of 6 moles of methane gas at RTP? 

Ь) How many moles are there in 3600 cm 3 of chlorine gas at RTP? 

8)* Give the mass of one mole of the following compounds: 

а) С02 , Ь ) NHy с) NaOH, d) NaCI, е) H
2
S0

4
• 

9) * а) What mass of NaOH reacts with HCI to give 23.4 g of NaCI? 

Ь) What mass of carbon burns in oxygen to give 11 g of СО/ 

с) What mass of lithium reacts with water to give 48 g of LiOH? 

1 O)*What vo lume of Н2 is formed when 5 g of calcium reacts with hydrochloric acid at RTP? 

11 ) Why do you need to get severa l consistent readings in titrations? 

12) а) Briefly describe how you would сапу out а titration between 25 cm3 of 0.2 mol/dm3 КОН and an 
unknown concentration of HCI. 

b)*You carry out the titration and find that it takes 49.8 cm3 of HCI to neutralise 25 cm3 of 
0.2 mol/dm3 КОН. What is the concentration of HCI used? 

13) Why is an indicator like phenolphthalein used in titrations, rather than universal indicator? 

14)* 1n а titration, 22.5 cm3 of nitric acid was required to neutralise 25 cm3 of potassium hydroxide with а 
concentration of 0.15 moles per dm3

. Calculate the concentration of the nitric acid in: 

а) mol/dm3, Ь) gldm3 . 

15) What kind of electrodes would Ье used for the electro lysis of sodium chloride so lution? 

16) Why is hydrogen released during the electro lys is of K
2
S0

4
(aq)? 

17) When а sulfate so lution is electro lysed, what gas comes off at the positive electrode? 

18) Describe two ways in which you cou ld increase the amount of product made during electrolysis. 

19)* 1f 2 amps of current flows for 3 seconds, how much charge is that in coulombs? 

20) What's the name for the amount of charge equal to 1 mole of electrons? 
How many coulombs is this? 

21) Write the half-equations at each electrode for the electro lysis of РЬ1 2 ( 1 ). 

22)* 1f 3 amps flows for 30 minutes in the electrolysis of copper( ll ) chloride so lution, find : 

а) the mass of copper formed, Ь) the volume of chlorine formed (at RTP). 

* Answers on page 2 63. 
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SECTION 1 HIRTEEN - 1 NOUSTRIAL C."HEMISTRY 

Chemical Production 

Fa5t reactioп5 апd high perceпtage yield5 are пi се iп iпdu5try, but the mo5t importaпt thiпg 
i5 keepiпg co5t5 dowп. 

The tурв of manufacturing process depends оп the product 

There are two maiп type5 that you пееd to kпow about. 

Continuous production 

Thi5 i5 u5ed iп large-5ca le iпdu5trial maпufacture of chemica l5, 
for examp le the Haber proce55 ( 5ее page 1 67). 

1) Productioп пever 5top5, 50 you doп't wa5te time emptyiпg апd 5ettiпg up the reactor. 

2) lt ruп5 automatically- you опlу пееd to iпterfere if 5omethiпg goe5 wroпg. 

3) The quality of the product i5 very coп5i5teпt. 

4) The plaпt пormally опlу make5 опе product, 50 there'5 а low ri5k of coпtamiпatioп. 

5) But 5tart-up co5t5 to build the plaпt are huge, апd it i5п't co5t-effective to ruп it at le55 
thaп full capacity. 

Batch production 

Thi5 i5 u5ed to make 5mall quaпtitie5 of 5peciali5t chemical5, for example pharmaceutical drug5. 
Product5 are ofteп made оп demaпd (i.e. опlу wheп there'5 ап order for them, поt all the time). 

1) lt'5 flexiЬie- 5everal differeпt product5 сап Ье made u5iпg the 5ame equipmeпt. 

2) Start-up co5t5 are relatively low - 5mall-5cale, multi-purpo5e equipmeпt сап Ье 
bought off the 5helf. 

3) lt'5 very labour-iпteп5ive - the equipmeпt пееd5 to Ье 5et up апd maпually 
coпtrolled for each batch. 

4) ' Dowпtime' betweeп batche5 mеап5 5ometime5 you're produciпg пothiпg . 

5) lt'5 harder to keep the qual ity coп5i5teпt. Апd there'5 more сhапсе of 
coпtamiпatioп а5 the 5ame equipmeпt i5 u5ed to make differeпt thiпg5. 
But апу proЫem сап ea5ily Ье traced to а 5pecific batch. 

Pharmaceutical drug5 are compli cated to make апd there'5 relatively low demaпd for them. 
So, batch productioп i5 ofteп the mo5t C05t-effective way to produce 5mall quaпtitie5 of differeпt 
drug5 to order. 

223 

5ECТION TH!RТEEN - fNDUSTRIAL CHEMISTRY 



224 

Chemical Production 

Production cost depends оп five main factors 

lt'5 the5e factor5 that companie5 have to con5ider when deciding li, and then how, to make а chemical. 

1 1) Price of впвгgу 1 

Companie5 need to keep energy blll5 а5 low а5 po55iЬie . lf а reaction 
need5 а high temperature, the running co5t5 will Ье higher. 

1 2) Cost of rвw matвriвls 

Thi5 i5 kept to а minimum Ьу recycling any material5 that haven't 
reacted, like in the НаЬег ргосе55 (5ее page 167). 

1 3) Lвbour costs (wвges) 

Everyone who work5 for а сотраnу ha5 to Ье paid, 50 labour-inten5ive proce55e5 (tho5e 
that involve many people), сап Ье very expen5ive. Automation cut5 running co5t5 Ьу 
reducing the number of people involved, but companie5 alway5 have to weigh any 5aving5 
they make оп their wage Ьill again5t the initial co5t and running co5t5 of the machinery. 

1 4) Plвnt costs (equipment) 

The co5t of equipment depend5 оп the condition5 it ha5 to соре with. For 
example, it co5t5 far more to make 5omething to with5tand very high рrе55Ше5 
than 5omething which only need5 to work at atmo5pheric pre55ure. 

5) Rвte of production 

U5ually the fa5ter the reaction goe5, the better it i5 in term5 of reducing the time and co5t of 
production, 50 rate5 of reaction are often increa5ed Ьу u5ing cataly5t5. But the increa5e in 
production rate ha5 to balance the co5t of buying the cataly5t and replacing any that get5 lo5t. 

Optimum conditions are chosen to give the lowвst cost 

1) Optimum condition5 are tho5e that give the lowe5t production cost per kg of product
even if thi5 mean5 compromi5i ng оп the 5peed of reaction or percentage yield. 

2) But the 5peed and percentage yield mu5t both Ье high enough to make enough product each day. 

3) Don't forget, а low percentage yield i5 okay, а5 long а5 the 5tarting material5 сап Ье recyc led. 
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Alcohols 

You need to lea rn the structure, phys ica l properti es, chemica l properti es and uses of alcohols. 

Alcohols have an '-ОН' functional group and end in '-о/' 

1) The general formu la of an alcohol is CnH
2
n+

1
0H . 

2) So an alcohol with two ca rbons has the formul a С2 Н 50Н. 

3) The bas ic naming system is the same as for alkanes - but replace the final '-~' w ith '-o l'. 

methanol 

н 
1 

н- с-о-н 
1 
н 

propanol 

н н н 
1 1 1 

н-с-с-с-о-н 
1 1 1 
н н н 

ethanol 

н н 
1 1 

н-с-с-о-н 
1 1 
н н 

С Н -ОН - ' 

butanol 

н н н н 
1 1 1 1 

н-с-с- с-с-о-н 
1 1 1 1 
н н н н 

4) Don't write СН 40 instead of СН30Н , or С2 Н 60 instead of С2 Н50Н - it doesn't show the 
functi onal -ОН group. 
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5) The functi onal group is w hat makes all members of а fa mil y of compounds (e.g. alcohols, alkenes) 
react in а simil ar way. 

The first fivв alcohols are с/ваг colourlвss liquids (at room tвmp.J 

1) Al cohols are flammaЫe . They burn to produce carbon diox ide and water. 

2) M ethanol and ethanol evaporate eas il y and give off fumes (i .e. they're volati le). 
Th is mea ns they should Ье stored in c losed containers away from heat sources (e.g. naked flames). 
You wouldn 't wa nt to acc identa lly set fire to а cloud of alcohol vapour. Very unpleasant. 

3) The first three alcohols all mi x completely w ith water. 

4) Alcohols react w ith oxygen to produce carboxy li c ac ids (see page 227 for the equati on). 
And alcohols react w ith ca rboxy l ic ac ids to produce esters (page 228) . 

5) A ll alcohols are toxic to some degree. Methanol is much more toxic than ethanol, and causes 
Ьlindness if it's drunk. Ethanol (the alcohol in alcoholic drinks) damages the liver and brain. 
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Alcohols 

Ju5t а few u5e5 and а dehydration reaction to commit to memory before you move on to а new topic. 

Alcohols are used as so/vents 

1) Alcohol5 such as methanol and ethanol can di55olve mo5t compound5 that water di5solve5, but 
they can al5o di55olve 5ub5tance5 that water can't di55olve - e.g. hydrocarbon5, oi l5 and fat5. 

The 'carbon chai n' end of the alcoho l molecule can mix with oil5 and other carbon
cha in compound5. And the -ОН group can mix with water and ionic compou nd5. 

This make5 ethanol, methano l and propanol very useful 5o lvent5 in indu5try. 

2) Ethaпol i5 the so l veпt for perfumes and after5have lotion5. lt can mix w ith both the oi l5 
(which give the fragraпce) апd the water (that make5 up the bulk of the perfume or l otioп). 

3) 'M ethylated 5pirit' (or 'meth5') i5 ethanol w ith other chemical5 (such as methanol) added to it. 
lt'5 used to clean paiпt brushes апd а5 а fue l (among other thiпgs) . lt'5 poi5onous to driпk, 

so а purply-Ьiue dye is also added (to try and prevent people driпkiпg it Ьу mistake). 

Ethanol сап Ье dehydratвd back to ethenв 

1) The pla5ti cs апd polymers indu5try use5 lots of ethene. 

2) Couпtrie5 which have по oi l but plenty of land for growing crop5 for fermentation са п make ethene 
through the dehydration of ethanol. 

3) Eth a п o l vapour i5 pas5ed over а hot a lumiпium oxide cata ly5t. 

ethanol ~ ethene + water 

С2 Н 50Н ~ С2Н4 + Н20 

You get off lightly here -just one reaction to learn 
Alcohols doп't have many chemica l reactioп 5 that you пееd to know about for GCSE. The exam iners 
wil l Ье happy if you kпow the formu la5, the physical propertie5 апd the uses ( includiпg why they're 50 
good at di5so l viпg oi ly substance5). They're not u5ual ly so еа5у to plea5e, 50 enjoy it whi le you can. 
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: · Carboxylic Acids and Esters 

So what if carboxy lic is а funny name - these are easy. 

Carboxylic acids have the functional group -СООН 

1) Carboxy lic acids have '-СООН ' as а functiona l group. 

2) They're often cal led organic acids (s ince they're built around ca rbon atoms). 

3) Their names end in '-anoic acid' (a nd start with the normal 'meth/eth/Q..!:QQ/but'). 

#о r #о н н о 
1 1 # 

н н н о 

н-Ь-Ь-Ь-с! н-с!' н-с-с!' н-с-с-с!' 
"он 1 "он 1 1 "он 1 1 1 "он н н н н н н 

methanoic acid ethanoic acid propanoic acid butanoic acid 

4) Organic acids mix with water, and with so lvents like alcoho ls, alkanes, etc. 

5) However, the longer the hydrocarbon chai n, the less so luЫe in water an organic acid is . 

Some carboxylic acids are fairly соттоп 

1) Ethanoic acid is the acid in vinegar, which is used for flavouring and preserving foods. 

2) lf wine or beer is left open to the air, the ethanol is oxidised to ethanoic acid. This is why wine 
that's been open for а few days tastes like vinegar- basically it ~ vinegar. 

ethanol 

снзсн2он .. 
[J 

+ oxygen 

+ 0 2 

Уои сап also wrfte с2н5он as 
cн:3cнpн-itshowsthe 

structure more clearfy. 

~ v1 negar + water 
~ СН3СООН + Н20 

3) Citric ac id (another organic acid) is present in oranges and lemons, and is manufactured in 
large quantities to make fizzy drinks. lt's also used as а descaler (in kettles, etc.). 
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4) Aspirin is а man-made organic acid. lt's useful in medicine, e.g. as а painkil ler- see page 233. 

5ECТION THIRTEEN - fNDUSTRIAL CHEMISTRY 



228 

Carboxylic Acids and Esters 

Carboxy li c acids have lots of uses, from making soaps and fab ri cs to preparing esters. 

lfl&nic acids аге used in industry to make soaps and este 

1) Carboxylic acids were first obtained from fats. The carboxy lic acids with longer chai ns of carbon 
atoms are sti ll often cal led fatty acids. These fatty acids are used in soaps and detergents. 

2) Ethanoic acid is used in the manufacture of а form of rayon , а synthetic fibre. 

3) Ethanoic acid is а very good so lvent for many organ ic molecules. But ethanoic acid isn 't usually 
chosen as а so lvent because it wou ld make the so lution acidic. 

4) Carboxy lic acids are also used in the preparation of esters: 

Carboxy lic acids can Ье mixed with alcoho ls to make esters Ьу esterification 
(see page 59). An example is shown below. 

r ,~ о r ,~о н н н-с-с( н н 

1 1 1 
" 1 1 н-с-с( + но-с-с-н --+ н о-с-с-н 

1 "он 1 1 1 1 
н н н н н 

СН3СООН с2н sон СН3СООС2Н5 

ethanoic acid ethanol ethyl ethanoate 

/н 
+ о 

"н 
Н20 

water 

The alcohol forms the first part of the ester's name, and the acid forms the second part. 
For example: 

• methanol + ethanoic acid ~ methyl ethanoate + water 

• butanol + propanoic acid ~ butyl propanoate + water 

Ethanoic acid- it's not just for putting оп уоиг chips 
The esterification reaction's the one to lea rn . Elsewhere, carboxy lic acids react just like any old weak 
acid (and have а рН less than 7). Examiners like you to Ье аЫе to give some real-life uses too. 
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Warm-Up and Exam Questions 
Just like day follows night, exam questions follow warm-up questions. 

Warm-U 
1) Give two advantages of using batch production rather than continuous production. 
2) Optimum conditions for production are often described as а 'compromise'. Explain why. 
3) What is the general formula of an alcohol? 
4) Give two uses of methylated spirit. 
5) Name three carboxylic acids and give one use of each. 

Exam Qu 

н н 

1 1 

Alcohols are an important group of organic chemicals. 
The most widely used alcohol is ethanol . lts displayed 
formula is shown in the diagram. Н-С-С-0-Н 
(а) Write down the functional group of ethanol . 1 1 

(1 mark) н н 

(Ь) Ethanol can Ье dehydrated to form ethene, which is used to produce polymers. 

(i) Сору and complete the equation showing the dehydration of ethanol. 

+ 
(2 maгks) 

(ii) Industrially, ethene can also Ье produced Ьу cracking hydrocarbon fractions from 

crude oil. When deciding which method to choose, the cost of raw material s 

(i.e. ethanol or crude oil) is important. Name two other chemical production 

factors that could influence the choice ofwhich method to use. 
(2 maгks) 

(iii) Both methods would favour а continuous production process. Explain why. 
(2 тш-ks) 

2 Carboxylic acids are а widely used family of orgaпic chemicals. 

(а) Ethanoic acid is better known Ьу the name of its dilute solution - vinegar. 
Draw its displayed (full structural) formula. 

(2 maгks) 

(Ь) One use of carboxylic acids is in the production of esters. 

(i) Name the ester formed when ethanoic acid is reacted with ethanol. 
(/ mark) 

(ii) Name the ester formed when propanoic acid reacts with methanol. 
(/ mш·k) 

(iii) When carboxylic acids and alcohols react to form esters, one other product 

is formed . Name this product. 
(/ mark) 
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Drug Development 

Lots of cheтists end up working in the pharтaceutical industry - it's а huge business. 
lf а сотраnу сап соте up with the next wonder drug it stands to таkе а fortune (a nd save the odd 
life into the bargain. ) So loads of tiтe, effort and тоnеу is spent Ьу drug coтpanies on researching 
and developing new drugs. 

Drugs are developed using stagвd synthвsis 

lтagine 6_, .!;!, ~ and D represent cheтica l s that сап react with each other to таkе 
а new coтpound ABCD. You сап таkе the new coтpound in stages, like this: 

А + В ~АВ, then АВ + С ~ АВС, then АВС + D ~ ABCD 

1) When а сотраnу is trying to find а new drug, they like to have lots of possiЬie substances to test. 
lt's тоге cost-effective that way, and they don't risk тissing out on а great new drug that was just а 
littl e Ьit different to а substance already being tested. 

2) Staged synthes is is а way of тaking lots of siтilar substances, very quickly. 

3) То таkе а 'fa тil y' of coтpou nds s iтil ar to ABCD, а drug сотраnу would react а faтily of 
substances s iтil ar to А (ca ll theт А 1 , А2 , etc.) with а faтily siтi l ar to В ( В 1 , В 2 , etc.) and so on ... 

4) They're reacted in such а way as to give every possiЬie coтblnation - for ехатр l е: 

©© + @@ © о @@ 
2 As 5 Bs 3 Cs 

~ 
~+00+~ 00 00 00 

4 Ds 

+ ~2 В2 ~, Вз + ... 
с, q с, q 

5) You сап ca lcu late the total nuтber of products froт а reaction like this Ьу тultiplying together the 
nuтber of reactants in each faтi l y, i.e. the nuтbers of As, Bs, Cs and Ds involved in the reaction . 

So in this ехатр l е, you would end up with 2 х 5 х 3 х 4 = 120 different products. 
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. Drug Development 

Several factors affect the cost of pharmacвutical drugs 

Market research 

Maгket геsеа гсh tгi es to identify whethe г the гe's а та гkеt fо г а new dгug. 

lt тigh t happen alongside геsеа гсh and deve l opтen t . lt a iт s to a nsweг 

questi ons like: ls the гe any coтpetit i on a lгeady out th eгe? ls the гe 

enough deтa nd fо г it to Ье woгthwhil e develop ing the new dгug? 

1 Research and development 1 

lt takes on 
aveгage 12 уеа гs 

and f9 00 тillion 
to develop а new 
dгug and get it 

onto the тагkеt . 

Resea гch and deve l opтent invo lves finding а s uitaЫe coтpound , testing it, тodi fy ing it, and 
then test ing it aga in until it's геаdу. This invo lves the woгk of lots of highl y pa id sc ientists. 

1 Trialling 1 

No dгug ca n Ье so ld until it's gone thгough loads of t iтe-co n s uтing tests 
inc luding aniтa l tгi a l s and huтa n tгi a l s to ргоvе that it woгks and that it's safe. 

Marketing 

Ma гketin g could invo lve adve гti s in g in тedi ca l тagaz ines and bu tte гing up docto гs. The сотра nу 

тight also fund clini ca l t г i a l s to help ргоvе that the iг dгug woгks bette г than а coтpetito г. 

1 Manufacture 1 

Multi -step batch pгodu cti o n is labour-in tensive and can't Ье a utoтated. Othe г costs 
include ene гgy and гаw тate гi a l s . The гаw тate г ia l s fо г ph a гтaceuti ca l s а ге often га ге 

and soтetiтes need to Ье ex tгacted fгот pl ants (a n expensive pгocess- see below). 

The actual ргiсе ре г dose of а new dгug depends on the deтa nd and how long the сотраnу 

is w illing to wa it to get back its initial investтent . А сотра nу only holds а dгug patent fог 

20 уеа гs- afte г that anyone ca n таkе it. Sоте dгu gs ca n cost thousands fо г just one dose. 

Activв ingredients сап Ье extracted from plants 

То extгact а substance fгот а plant, it has to Ье c гu s hed and disso lved in а s ui taЫe so lvent. 
Then you can extгact the substance you want Ьу chгoтatogгaphy. 

Disso lve in а 
s ui taЫ e so lvent 

Separate Ьу 
chromatography 

Once the acti ve i n g гed i en t has been 
isolated, it ca n Ье analysed and its 
cheтi ca l s tгu cture woгked out. 

lt's often poss iЬi e to та kе а 

syntheti c ve гs ion of the ch eтi ca l . 
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Painkillers ! 

Drugs iп c lude aпythiпg exterпa ll y admiпistered that alters the chemical reactioпs iп your body. 

1 Analgesics are painkillвrs 1 

1) Aпalgesics are drugs used to reduce раiп , e.g. aspiriп, paracetamol апd ibuprofeп . 

2) The chemica ls used iп ma kiп g the aпalgesics (or а пу drug) must Ье very pure. 
Апу impurity could produce chemica ls which ca use uпwaпted or daпgerous side effects. 

Неге are the displayed formulas of aspiriп, paracetamol апd ibuprofeп: 

Paracetamol 

fi /н 
н н с \ / н \ 
с-с С=о 
10\ 1 

НО-С\ 1C-N\ 
с-с н 

1 \ 
н н 

Don't panic-you'll begiven these formulas ifyou'reasked questionsabout them. 

lbuprofeп 

1) There are similarities betweeп them, e.g. they ~ have а Ьепzепе riпg ( iп Ы uе ). 

2) Aspiriп апd paracetamol both have а -СОСН3 group (high lighted iп greeп ). 

3) Aspiriп апd ibuprofeп both have а -СООН group (highlighted iп ip iП ). 

4) Paracetamol's differeпt as it coпtaiпs ап N atom апd ап ОН group's attached directly to the 
Ьепzепе riпg. 

Painkillвrs сап Ье dangвrous 

Ап overdose of ASPIRIN сап lower Ыооd pressure, raise heart rate апd cause breathiпg proЫems . 

lt сап also irritate the stomach, causiпg пausea апd vomitiпg апd еvеп iпterпal Ыeediпg. 
Ап overdose сап Ье fatal, but if it's caught iп time there's а fair ly good сhапсе of recovery. 

PARACEТAMOL overdose causes horreпdous liver damage. As little as 10-15 g (2 0-30 taЫets) 
takeп iп опе go сап Ье fatal. lt's particularly daпgerous because the damage sometimes isп 't 
appareпt for 4-6 days after the drug's Ьееп takeп. Ву that time, it's too late- the patieпt dies 
from liver fai lure. 
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1 

i Painkillers 
1· 

Time to focu5 а Ьit more on a5piri n - that'5 the painkill er you need to know mo5t about. 
lt'5 the mo5t intere5ting rea ll y, becau5e it'5 made from tree5 and there'5 even а 5oluЫe ver5ion. 
And if that ha5n 't 5o ld it to you, well , 1 don't know what wi ll .. . 

Aspirin is made from salicylic acid 

1) Sa li cy lic ac id occur5 naturally in wi llow tree5. 

2) lt wa5 fir5t i5olated for u5e а5 an ana lge5ic way back in 1828. 

3) Unfortunately, it al5o ca u5ed mouth ulcer5 and reacted with the 5tomach lining. 

4) A5pirin (acetyl5alicyli c acid) i5 manufactured from 5a licy lic acid, but doe5n't cau5e the5e 5ide effect5. 

5) Thi 5 doe5n't mean that a5pirin i5 compl ete ly proЫem-free- it can 5till aggravate ex i5t ing 5tomach 
ulcer5, and other po55iЬie 5ide effect5 inc lude headache5, dizzine55 and ringing in the ear5. 

lndustrial method used to manufacturв aspirin 

• Sa li cy lic acid i5 mixed with а 5Ub5tance ca lled ethanoic anhydride 
and an organic 5olvent. 

• The mixture i5 heated to 90 ос for 24 hour5. 

• lt i5 then cooled for 3-4 day5. 

Sо/иЬ/в aspirin works faster than normal aspirin 

1) Pro5taglandin5 are chemica l5 which cau5e 5welling and are involved in the fee ling of pain. 

2) A5p irin work5 at the 5ite of а painfu l area Ьу 5topp ing pro5tag landin5 being made. 

3) A5pirin molecul e5 are not very 5o lu Ыe, 50 they di55o lve on ly 5li ghtl y in the Ыооd and 50 get to the 
painfu l area quite 5lowly. 

4) SoluЫe a5p irin all ow5 quick ab5orption into the Ыооd and fa5ter relief of 5ymptom5. 

5) lt i5 produced Ьу reacti ng ordinary a5pirin with 5odium hydroxide or 5odium carbonate. 

б) Acety l5a li cy lic ac id react5 with the alkali to give а 5alt and water. 

7) The 5a lt i5 the 5oluЫe form of a5pirin. 

8) Ordinary a5pirin i5 completely cova lent - there are no ion5 ava il aЫ e for water to latch on to. 
But 5oluЫe a5pirin i5 а negatively charged ion, 50 water can latch on and di55olve it. 

Aspirin's covalent structure means it's not soluЬ/e 
Remember, charged ionic 5tru cture5 are ea5 ier to 5urrou nd with po lar water molecu le5 and 50 di55olve. 
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Making Sulfuric Acid 

And here's another example where getting the conditions ri ght makes for а better yie ld . 

The Contact process is used to make sulfuric acid 

1) The first stage is to make sulfur dioxide (50)- usually Ьу burning su lfur in air 
or Ьу roasting su lfide ores. 

sulfur + oxygen ---t sulfur dioxide 

5 + 0 2 ---t 502 

lfyou uee, еау, zinc eulfide, 
the equation ie: 

2ZnS + 30
2 
~ 250

2 
+ 2Zn0 

2) The sulfur dioxide is then oxidised (with the help of а vanadium pentoxide cata lyst) 
to make sulfur trioxide (50

3
). 

sulfur dioxide + oxygen ~ sulfur trioxide 

2502 + 0 2 ~ 2503 

3) Next, the sulfur trioxide is dissolved in concentrated sulfuric acid to form fuming 
su lfuric ac id, or oleum. 

~-5_о_з __ + __ Н_2_5о __ 4 __ ---t ___ н_2_5_2О __ 7~~ 
You can't juetdieeo/ve SO 

3 
in water

becauee the reaction givee out enough 
heat to evaoorate the eulfuric acid. - . 

4) Finally, oleum is diluted with measured amounts of water to form concentrated 
su lfuric acid. 
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. Making Sulfuric Acid 

The 5econd 5tage of making 5ulfuric acid i5 rever5iЬie 50 it need5 ju5t the right condition5. 

The conditions used to make SO 
3 

are carвfully chosвn 

The reaction in 5tep 2 i5 rever5iЬie. 5о, the condition5 u5ed can Ье controlled to get more product. 

Твтрегаtигв 

See р.166 for more оп changing 
the position of equШbrium. 

1) Oxidi5ing 5ulfur dioxide to form 5ulfur trioxide i5 exothermic (it give5 out heat). 

2) 5о to get more product you'd think the temperature 5hould Ье reduced (5о the equi l ibrium 
will 5hift to the right to replace the heat). 

3) Unfortunately, reducing the temperature 5low5 the reaction right down- not much good. 

4) 5о an optimum temperature of 450 ас i5 u5ed, а5 а compromi5e. 

Pressurв 

1) There are two mole5 of product, compared to three mole5 of reactant5. 

2) 5о to get more product, you'd think the pre55ure 5hould Ье increa5ed (5о that the equilibrium 
will 5hift to the right to reduce the pre55ure) . 

3) But increa5ing the pre55ure i5 expen5ive, and а5 the equilibrium i5 already on the right, it'5 not 
really nece55ary. (And increa5ing the pre55ure liquefie5 the 50

2
, 50 it'5 no u5e anyway.) 

4) ln fact, atmo5pheric pre55ure i5 u5ed. 

Catalyst 

1) То increa5e the rate of reaction а vanadium pentoxide cataly5t (V
2
0

5
) i5 u5ed. 

2) Thi5 DOE5N'T change the po5ition of the equilibrium. 

With а fairly hi gh temperature, а low pre55ure and а vanadium pentoxide cata ly5t, the reaction goe5 
pretty quickly and you get а good yield of 50

3 
(about 99%). 

Conditions for the Contact Process 
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• Temperature: 450 ос. • Pressure: ~· • Catalyst: ~· 
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Warm-Up and Exam Questions 

Warm-Up 
1) What is the advantage of using staged synthesis in drug development~ 

2) Give five costs for а сотрапу involved in developing and bringing to market а new drug. 

3) What is an analgesic~ 

4) How is soluЫe aspirin made from 'ordinary' aspirin~ 

5) What catalyst is used in the manufacture of sulfuric acid~ 

Exam Qu 

The diagram shows the displayed formulas ofthree common painkillers. 

paracetamol ibuprofen 
fi /н 

н н с 
н н 

н ' 1 

н \ /' н н н )i \ / н \ 
с-с С=о 10\ 1 

, С 1 1 Н-
С~ с-с С- н 

н-' \ 10\ 1 НО-С\ 1C-N\ 
с-с н 

Н с-С С-С-н 

1 \ 
н н 

г( \ 'с-~ \ 
н 1 , с=о 

н н нd 

(а) (i) ldentify one similarity between all three structures. 
(/ maгk) 

(ii) Identify one similarity between the structures of aspirin and paracetamol that is 

not found in ibuprofen. 
(/ mark) 

(iii) What is the molecular formula of paracetamol? 
(/ mark) 

(Ь) А pharmaceuticals сотраnу wants to develop а new painkiller. As part of its research 
and development it needs to extract and isolate а compound from а plant. 
Describe an experimental method for how thi s could Ье done. 

2 In industry, sulfuric acid is made from sulfur in а multi-step process. 

(а) What is the name ofthis process? 

(3 maгks) 

(/ mark) 

(Ь) One step in the process involves а reversiЫe reaction: 2SO/g) + 0
2
(g) F 2SO/g) 

(i) The forward reaction is exothermic and so low temperatures would favour а 

high yield, but the reaction vessel is kept at about 450 ос. Explain why. 

(ii) What pressure is the reaction vessel kept at? Explain why this is chosen. 

(с) The sulfur trioxide produced reacts with sulfuric acid to produce а compound 
called oleum. Write а balanced symbol equation to show this reaction. 

5ECТION TH!RTEEN - fNDUSTRIAL CHEMISTRY 
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· Fuel Cells 

Fuel ce ll s are great - they use hydrogeп апd охуgеп to make electricity. 

Hydrogвn and oxygen give out впвгgу when they resct 

Remember the lab tests for hydrogeп апd охуgеп. Hydrogeп plus а lighted spliпt gives а squeaky рор . 
Охуgеп relights а glowiпg sp liпt. 

1) Hydrogeп апd охуgеп react to produce water- which isп't а pollutaпt. 

2) The reactioп betweeп hydrogeп апd охуgеп is exothermic - it releases eпergy. 

3) Put these two facts together, апd you get somethiпg useful: you сап get eпergy Ьу reactiпg 
hydrogeп апd охуgеп - апd it doesп't produce апу пasty pollutaпts, опlу пi се с l еа п water ... 

Energy Level Diagram 

energy taken IN 
to break bonds 

н-н н-н о=о 

нннноо 

energy given OUT when 
new bonds are made 

------L---------------

Fuвl cвlls use fuel and oxygвn to produce вlвctrics/ energy 

А fuel cell is an electrical cell that's supplied with а fuel and 
oxygen and uses energy from the reaction between them to 

generate an electrical voltage. 

l'd /earn that 
iflwereyou. 

1) Fuel ce lls were developed iп the 1960s as part of the space programme, to prov ide electri ca l power 
оп spacecraft- they were more practical thaп solar cells апd safer thaп пuclea r power. 
(They're still used оп the Space Shuttle miss ioп s.) 

2) Uпlike а battery, а fuel cell doesп't ruп dowп or пееd rechargiпg from the maiп s. 

lt' ll produce eп e rgy iп the form of electri ci ty апd heat as loпg as fuel is supplied. 

3) There are а few differeпt types of fu el ce ll s, u s iпg differeпt fuels а пd diffe reпt electrolytes. 
The опе they waпt you to kпow about is the hydrogeп-oxygeп fuel cell. 
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Fuel Cells 

Hydrogвn-oxygen fuel cel/s involve а rвdox rвactlon 

hydrogen in 

н2 

cathode 
~-+-(-ve electrode) ,---: 

solution of KOH(aqJ 

1) The electrolyte is often а solution of potassium hydroxide, and the electrodes are often porous 
ca rbon with а cata lyst. 

2) Hydrogen goes into the anode compartment and oxygen goes into the cathode compartment. 

3) At the negative cathode, oxygen gai ns с4 
electrons (from the cathode) and reacts with 
water (from the electrolyte) to make он- ions . 

~------------------------------~ 

4) The oxygen gas is gai ning electrons- this is reduction. 

5) он- ions in the electro lyte move to the positive anode. 

6) At the positive anode, hydrogen ~ 
comЬi nes with the hydrox ide ions 2Н2 + 4ОН- ~ 4Н20 + 4e-
to produce water and el ectrons. ._ _______________________________ _____. 

7) The hydrogen gas loses electrons - this is ox idation. 

8) The electrons flow through an extern al circuit from the anode to the cathode - this is the current. 

9) The overa ll reaction is hydrogen plus oxygen, which gives water. 

Тhеу сап aekyou for thie equation in the 
exam - luckily it s а nice eimple оп е. 

There's reduction at the cathode and oxidation at 
the anode, so the whole thing is а REDOX reaction. 

Fue/ cells don't produce nasty carbon emissions or poisonous gases 
This page is tough. lf you wa nt the marks, you' ll have to learn it - even the nasty fuel ce ll diagram 
and equations. They can ask what happens at each electrode, including oxidation and reduct ion. 
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Transition Metals 

Transition elements make up the Ьi g c lump of metals in the middle of the peri odic tаЫ е. 

Transition вlвmвnts tend to have the propвrtiвs of а typical mвtal 

Transiti on metals are typica l metals and generall y have the properti es you'd expect of а 'proper' metal: 

1) They're good conductors of heat and electri c ity. 

2) They' re very dense, strong and shiny. 

3) Transition metals are much less reacti ve than Group 1 metals- they don't react very much w ith 
water or oxygen, for exampl e. 

4) They're also much denser, stronger and harder than the Group 1 metals, and have much higher 
melting po ints (except for mercury, which is а liquid at room temperature). For example, iron 
melts at 1500 о с, copper at 1100 ос and zinc at 400 о с. 

Group 1 Group 2 

45 

Sc 
Scand1um 
21 
89 
у 

Yttrium 

39 

57-7 1 
lanthamdes 

89-103 
Actinides 

Неге they are, right in the 

middle of Group 2 and Group 3 

48 51 52 55 56 59 59 63.5 

Ti v Cr Mn Fe Со Ni Cu 
litan1um Vanadium Chromium мanganese lron CoЬalt Nickel Copper 
22 23 24 25 26 27 28 2 
91 93 96 98 101 103 106 108 

Zr Nb М о Те Ru Rh Pd ~,6 Zircoшum NioЬtиm Tech~ium Ruthenium Rhodtum Palladium 

40 41 43 44 45 46 47 
178 181 184 186 190 192 195 197 

Hf Та w Re Os lr Pt Au 
Hafnium Tantalum Tungsten Rhenium Osmium lr1dшm Plat1num Gold 

72 73 74 75 76 77 78 79 

Group О 

Group 3 Group 4 Group 5 Group 6 Group 7 

65 

Zn 
Zinc 

30 
11 2 

Cd 
Cadm1um 

48 
201 

мljД 
80 

Transition metals often have тоге than опв ion, e.g. Fe2+, Fe3+ 

1) Two other examples are: • copper: Cu+ and Cu2+ 

• chromium: Cr2+, Cr3+ and Cr6+ 

2) The different ions usuall y form different-coloured compounds too: 

• Fe2+ ions usually give green compounds. 

• Fe3+ ions usually form red/brown compounds (e .g. rust). 
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Transition Metals _ 

The compounds are very co/ourful 

1) The compounds are colourful due to the transition meta l ion they contain - for example: 

• Potassium chromate(VI) is yellow. 

• Potassium manganate(VI I) is ~-

• Copper(l l) sulfate is Ьlue . 

2) Transition metals are responsiЬie for the co lours in : 

• People's hair. 

• Gemstones, like Ыuе sapphires and green emeralds. 

• Some pottery glazes. 

And weathered (ox idised) copper is а love ly co lourfu l green. 

Transition mвtals and their compounds make good catalysts 

1) lron is the catalyst used in the Haber process for making ammonia. 

2) Manganese(IV) oxide is а good catalyst for the decomposition of hydrogen peroxide. 

3) Nickel is useful for turning oils into fats for making margarine. 

Their propвrtiвs are due to the way their в/всtгоп shвlls fi/1 

1) ln an atom, as you get further from the nucleus, energy leve ls get closer together unti l they start to 
overlap. Thi s first happens between energy leve ls 3 and 4. lt affects the way the electron shell s fill. 

2) Potassium has 19 electrons- but the 19th electron goes into the 4th energy level, not the 3rd . The 
electron arrangement's 2, 8, §, 1. Same thing with the next element, ca lcium - which is 2, 8, §, .2_. 

3) The next ten elements (the transition metals) put their electrons into the overlapping third energy 
level until it 's full. 

Уои don 't need to know how this causes their various properties, just that itdoes. 

Sc Zn 
2,8,9,2 2,8,18,2 

{Chromium (Cr) and copper (Си) fi/1 up а Ьit differently. Тhе reason's complicated ( A2-/evel), so for now just /earn the numbers.) 

Shiny meta/s, pretty colours, electrons - these elements have it а/1 ... 
Most common everyday metals are transition elements - for examp le, iron, ni cke l, copper, silver, 
go ld, and so on. There are а lot of facts to learn here about colour and melting points. Lea rn the 
weird fact about electron shells and impress the examiners. 
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Warm-Up and Exam Questions 
You know the drill, do the warm-up questions, then have а crack at the exam questions. 

Warm-U 
1) What is а fuel ce ll~ 

2) ln the hydrogen-oxygen fuel cell, what solution is often used as the electrolyte~ 

3) ln an atom, what is the maximum number of electrons that the third energy level сап hold~ 
4) Give three typical properties of transition metals . 

Exam Qu 

(а) Fuel cells involve redox reactions. 

(i) One ofthe half-equations for the hydrogen-oxygen fuel cell is: 

0
2 

+ 4е- + 2Н20 ~ 4QH-

Is this an oxidation or а reduction? Explain your choice. 

(ii) What is the overall chemical equation for the hydrogen-oxygen fuel cell? 

(1 mark) 

(2 marks) 

(Ь) Fuel cells were developed to use оп spacecraft. Give one advantage ofusing fuel cells 
to provide energy on long space journeys. 

(1 mark) 

(с) Why might the car industry Ье investing heavily in researching fuel cells as а future 
source of power for vehicles? 

(1 maгk) 

2 (а) These are the electronic configurations of five e\ements in the periodic tаЬ\е : 

Element А: 2.8.18.5 

Element 0 : 2.8.8.1 

Element В: 2.8.8.2 

Element Е: 2.8.16.2 

Element С: 2.8.9.2 

Which e\ement(s) are transition metals? 

(Ь) Iron is а transition metal. Sodium is а Group 1 metal (alkali metal). 

(i) Give two differences between the physica\ properties of iron and sodium. 

(ii) Give one difference in the chemical properties of iron and sodium. 

(с) Copper сап exist as two ions, Си+ and Cu2+. 

(i) Which copper ion is present in copper sulfate solution, CuSO/aq)? 

(ii) What feature ofthe appearance ofcopper sulfate solution, CuSO/aq), 

is characteristic of transition metal compounds? 

(2 mш·ks) 

(2 maгks) 

(1 maгk) 

(1 mark) 

(1 mark) 
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lndustrial Salt .::'" 

lп hot couпtries they get sa lt Ьу pouriпg sea water iпto Ьig flat ореп taпks апd l ettiпg the Suп evaporate 
the water, l eaviпg the sa lt behiпd. This is по good iп Britaiп though- there isп't eпough suпshiпe. 

1 Salt is mined from underneath Chвshire 1 

1) lп Britaiп, the sa lt comes from uпdergrouпd deposits left behiпd millioпs of years ago wheп апсiепt 
seas evaporated. There are massive deposits of this rock sa lt uпder Cheshire апd Teeside. 

2) Rock salt is а mixture of sa lt апd impurities. lt's drilled, Ыasted , dug out апd brought to the surface. 

3) lt сап also Ье miпed Ьу pumpiпg hot water uпdergrouпd. The sa lt dissolves апd the salt solutioп is 
forced to the surface Ьу the pressure of the water. 

Salt forroads is just Ыasted and dug outand used like that. Salt forfood and chemicals has to Ье extracted with hot water. 

4) Rock sa lt сап Ье used iп its raw state оп roads to stop ice formiпg, or the salt са п Ье filtered out апd 
used to eпhance the flavour in food or for making chemicals. lf salt's going to Ье used to make 
chemica ls, it is electro lysed (see page 145). This gives some very useful products. 

The вlвctrolysis of brine gives thrвв very usвful products 

Оп page 145 you learnt that electrolysis of sa lt gives three useful products. And here they are ... 

1 1) Chlorine 1 
(Don't forget the simple lab test forchlorine- itЬ/eachesdamp litmus paper.) 

Used in: а) disinfectants Ь) killiпg bacteria (e.g. iп swimmiпg pools) 

с) household Ыеасh d) plastics (e.g. PVC) е) HCI f) insecticides 

2) Hydrogen 

Used iп: а) the Haber process to make ammoпia 

Ь) changiпg oils into fats for making margarine 

3) Sodium hydroxide 

This is а very strong alkali used wide ly in the chemica l industry- e.g. it's used to make: 

а) soap Ь) ceramics с) orgaпic chemica ls 

d) paper pulp е) oven cleaner f) household Ыеасh (see below) 

ABOUT BLEACH - Household Ыеасh is made Ьу reactiпg chloriпe w ith sodium hydroxide. 
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lndustrial Salt _::' 

l п hot couпtries they get salt Ьу pouriпg sea water iпto Ьi g flat ореп tanks апd l ettiп g the Suп evaporate 
the water, l eaviпg the salt behiпd. This is по good iп Brita iп though- there i s п't eпough s uп shiп e . 

Salt is mined from underneath Chвshire 

1) lп Britaiп , the salt comes from uпdergrouпd deposits left behiпd millioп s of years ago wheп а пс i е пt 

seas evaporated. There are mass ive deposits of this rock sa lt uпde r Cheshire апd Tees ide. 

2) Rock sa lt is а mi xture of salt апd impurities. lt's drilled, Ыasted, dug out апd brought to the surface. 

3) lt са п also Ье miпed Ьу pumpiпg hot water uпdergrouпd. The sa lt dissolves а пd the sa lt so luti o п is 
forced to the surface Ьу the pressure of the water. 

Salt forroads is just Ыasted and dug outand used like that. Salt forfood and chemicals has to Ье extracted with hot water. 

4) Rock sa lt са п Ье used iп its raw state оп roads to stop ice formiпg, or the sa lt са п Ье filtered out апd 
used to епh а псе the fl avour iп food or for makiпg chemica ls. lf sa lt's goi пg to Ье used to make 
chemica ls, it is electro lysed (see page 145) . Thi s gives some very useful products. 

The вlвctrolysis of brine gives thrвв very usвful products 

Оп page 145 you l ea rпt that electro lysis of salt gives three useful products. Апd here they are ... 

1 1) Chlorine 1 (Don't forget the simple /аЬ test forchlorine- itЬ/eachesdamp litmus paper.) 

Used iп: а) disi пfectaпts Ь) ki ll iпg bacteria (e.g. iп swimmiпg pools) 

с) household Ыеасh d) plastics (e.g. PVC) е) HCI f) iпsecticides 

2) Hydrogen 

Used iп : а) the Haber process to make ammoпia 

Ь) chaпgiпg oils iпto fats for ma kiпg margariпe 

3) Sodium hydroxide 

This is а very stroпg alka li used widely iп the chemical iпdustry - e.g. it's used to make: 

а) soap Ь) ceramics с) orgaпic chemica ls 

d) paper pu lp е) оvеп c l ea пer f) household Ыеасh (see below) 

ABOUT BLEACH - Household Ыеасh is made Ьу reactiпg ch l or iпe with sodium hydroxide. 
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lndustrial Salt 

You saw оп page 218 that the electrol ys is of some so luti o п s, like potass ium sulfate апd potass ium 
пitra te, leads to i o п s from the water beiпg discharged rather th a п i o п s from the so lute. Well , if your 
soluti o п of sodium chloride is dilute eпo ugh , the same thiпg happeп s . 

Dilutв brine produces oxygвn- not chlorinв 

1) А solutioп of sodium chloride coпtaiпs sodium ioпs апd chloride ioпs, but it also 
coпtaiпs а few hydrogeп ioпs (Н+ ) апd hydroxide ioпs (ОН-) from the water. 

2) As it happeпs, the он- is the most easil y discharged апiоп . lп other words, it'll come 
out of sol utioп fi rst, before other пegative ioпs (see page 218 for а Ьit more i пfо) . 

3) So iп а dilute so luti oп of briпe, the он- ioпs are discharged before the chloride ions, 
апd so oxygen is produced at the anode. 

4) lп а concentrated solution of briпe, there are loads of chloride ions апd very few он

iопs . The chloride ioпs wiп Ьу sheer пumbers - chloriпe is formed at the апоdе . 

Moltвn brine produces sodium - not hydrogen 

243 

Remember that if you electrolyse molten sodium chloride, you get sodium at the cathode а пd chloriп e 
at the а поdе. There's по hydrogen produced because there's по water to provide the Н+ i oп s . 

You п ееd to l ea rп the equ ati oп s for the reacti ons at the electrodes: 

Salt - it's а tasty little resource for industrial chemists ... 
lt's п оt much trouЫ e to l ea rп а few products made from chlo r iп e, hydrogeп апd sodium hydrox ide. 
And make sure you kпow how Ыеасh is made. Опе las t thing .. . get the differences between electrol ys is 
of dilute NaCI so lution а пd electrolys is of co п ceпtra ted NaCI so luti o п sorted (the он- i o п s stuff). 
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CFCs and the Ozone Layer 

Chlorofluorocarbons (CFCs) are organic molecules containing carbon, chlorine апd fluoriпe, e.g. CCI/
2

• 

At first they were thought to Ье а great iпveпtion апd were used for all kinds of stuff, like coo l aпts iп 

fridges and propellants iп aerosols. But it turпed out that they were actuall y damaging the ozone layer, 
а layer of 0

3 
(а form of охуgеп) which protects us Ьу absorblng UV light from the Suп . Now that it's 

getti ng thiппer, there's а greater ri sk of sunburп, sk in са псе r, premature age iпg of the ski п , cataracts ... 

Fгвв radicals аге made Ьу breaking covвlвnt bonds 

1) А cova l eпt Ьопd, remember, is опе where two atoms share electrons betweeп them, like iп Н 2 . 

2) А cova lent Ьопd са п break uпeveпl y to form two ions, e.g. Н-Н --7 Н++ н-. 

The н- has both of the shared electrons, апd the poor old Н+ has пeither of them. 

3) But а cova lent Ьопd са п also break evenly - апd theп each atom gets one of the shared e l ect roп s, 

e.g. Н-Н --7 Н · + Н · - the Н· is ca lled а free radical. (The unpaired electron is shown Ьу а dot. ) 

4) The unpaired e l ectroп makes the free radical very, very reactive. 

Chlorine frвe radicals from CFCs damage the ozonв /вувг 

1) U ltravio let light makes CFCs break up to form free radic~ 

CCI
2
F

2 
~ CCIF

2
• + Cl · 

't lf (/ 
Free radica/s ... 

2) This happens high up iп the atmosphere (in the stratosphere), where the ultrav iolet light 
from the Suп is stroпger. 

3) Chlorine free radicals from this reactioп react with ozone (0
3

), turning it iпto ordiпary 
охуgеп molecules (0

2
) : 

4) The ch lorine oxide molecule CIO is very reactive, and reacts with оzопе to make two 
охуgеп molecules апd aпother Cl· free radical: 

5) This Cl· free radica l поw reacts with aпother оzопе molecule. lt's а chain reactioп , so J 
just ~ Cl· free radical from one CFC molecu le сап break up а lot of оzопе molecules. 
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CFCs and the Ozone Layer 

CFCs have already been banned in many countries, but unfortunately they're sti ll destroying ozone. 

CFCs stay in the stratosphere for agвs 

1) CFCs are not very reactive and they wi ll only react with one 
or two of the chemica ls that are present in the atmosphere. 

2) They on ly break up to form chlorine atoms in the stratosphere, where there's plenty of 1 
high-energy ultraviolet light around. They won 't do it in the lower atmosphere. ___j 

3) This means that the CFCs in the atmosphere now wi ll take а long time to Ье removed. 

4) Remember, each CFC molecule produces one ch lorine atom which сап 
react with an awfu l lot of ozone molecules. Thousands of them, in fact. 

5) So the millions of CFC molecules that are present in the stratosphere will 
continue to destroy ozone for а long time- even after all CFCs have been 
banned (they already have been in many countries). 

6) Each molecule will stay around for а long time, and 
each molecule wi ll destroy а lot of ozone molecules. 

Alkanвs and HFCs are safв altвrnativвs to CFCs 

1) Alkanes don't react w ith ozone, so they сап provide а safe alternative to CFCs. 

2) Hydrofluorocarbons (HFCs) are compounds very simi lar to CFCs - but they contain 
no chlorine. lt's the chlorine in CFCs that attacks ozone, remember. 

3) Scientists have investigated the compounds that could Ье produced Ьу breakdown of 
HFCs in the upper atmosphere, and nопе of them seem to Ье аЫе to attack ozone. 
The evidence suggests that Н FCs are safe to use. 

The Montrea/ Protocol was an agreement to stop using CFCs 
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After discovering а hole in the ozone layer, many countri es got together and decided to reduce CFC 
production and eventua ll y ban CFCs complete ly - the agreement was ca lled the Montreal Protocol ). 
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Warm-Up and Exam Questions 
Give this last set of questions your very best shot, and then you can go into the exam ful l of confidence. 

Warm-Up Q 
1) Name one region in Britain where sa lt mining takes place. 

2) What three products are obtained from the electrolysis of brine (concentrated NaCI solutionH 

3) lf dilute sodium ch loride solution is e lectro lysed, what two gases are produced~ 

4) What is а free radica l ~ 

5) Why wi ll CFCs continue to deplete the ozone layer for many years after their use is banned~ 

Exam Qu 

The diagram shows а cell used for the electro lysis of brine. 

(а) Hydrogen is produced at the cathode. Сору and 
complete the half-equation for this reaction: 

___ + ___ ~ нz 

(2 marks) 

(Ь) Chlorine is produced at the anode. 
Сору and complete the half-equation: 

- 2е- ~ ---
(2 marks) 

(с) Give one important industrial use of: 

(i) hydrogen (ii) chlorine 

brine 

anode 

diaphragm 

(2 marks) 

( d) lf the electrolysis is done with molten sodium chloride, what will the products Ье? 
(2 maгks) 

2 CFCs (chlorofluorocarbons) were widely used as refrigerants for many decades, but it is 
now known that CFCs have а destructive effect on the stratospheric ozone layer. 

(а) Many CFC molecules only break up when they reach the stratosphere - why? 
(1 mark) 

(Ь) One product ofthe break-up ofCFCs is the chlorine free radical, Cl•. Сору and 
complete the following two symbol equations showing its effect on ozone: 

___ + __ _ 

(ii) 

(4 marks) 

(с) А small amount of Cl• сап break up а lot of ozone molecules. Explain why. 
(2 marks) 

( d) Scientists have researched alternatives to CFCs to use in refrigeration. 
Name two groups of compounds that are now used instead. 

(2 maгks) 
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, Revision Summary for Section Thirteen 

Time to test yourse lf. lf you can't answer these now, you won't magically know them in the exam. 
But this is almost the end of the book. So when you've done these you've only got one last section and 
then you can just sit back and wait for your exam. Well, you cou ld ... but that would Ье silly. You need 
to keep your brain in the chemistry mood all the way through to the exam- don't let any of that 
hard-earned knowledge just dribЬie away. Go back and try the questions on the earlier modules again. 
Just to check you've sti ll got what it takes. 

1) What are the advantages and disadvantages of continuous production and batch production~ 

2) The production cost of а chemical depends on five main factors. What are they~ 

3) Explain what is meant Ьу the 'optimum conditions' for the industrial production of а chemica l. 

4) Write down three physical properties of а typical alcoho l such as ethanol. 

5) Why can alcoho ls mix with both water and oils~ Give one use of this property. 

6) What functional group do all carboxy lic acids have in common~ 

7) Name the ester that would Ье made Ьу mixing together methanoic acid and propanol. 

8)* А family of substances is being synthesised using staged synthes is. 

Family of reactants х у z 
Number of reactants in family 7 б 12 

The process involves two stages- Х reacts with У to form ХУ, then ХУ reacts with Z to form XYZ. 

Given the data in the tаЫе, how many possiЬie products are there from this reaction~ 

9) How would you extract the active ingredient needed to make а new drug from а plant~ 

1 О) lt can take 12 years and f900 million to bring а new drug onto the market. Explain why. 

11) Give three examples of ana lgesics. 

12) Describe the industrial method for the preparation of aspi rin . 

13) What's the difference in structure between aspirin and soluЫe aspiri n~ 

14) Write the symbol equations for the four reactions in the Contact process. 

15) What temperature is used for the Contact process~ Why is this said to Ье а compromise~ 

16) Give two advantages of hydrogen fuel ce ll s over conventiona l ways of generating electric ity. 

1 7) Write down the overa ll reaction in а hydrogen-oxygen fuel cell. 

18) Give an industrial use for transition metals. 

19) Write down the electron configuration of: а) titanium, Ь ) cobalt, с) zinc. 

20) Briefly describe two methods of sa lt mining. 

21) What is Ыеасh made from~ 

22) How are free radicals formed~ 

23) Write an equation for the reaction between an ozone molecule and а ch lorine free radical. 

24) One CFC molecule can destroy thousands of ozone molecules. Why is this~ 

* Answer on page 264. 
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Answering Experiment Questions (i) , 

Science i5 all (well ... а lot) about doing experiment5 carefully, and interpreting re5ult5 . 
And 50 that'5 what they're going to te5t you on when you do your exam. Among other thing5. 

1 Read the question carвful/y 1 

Expect at lea5t 5ome que5tion5 to de5cribe experiment5- а Ьit like the one below. 

QЗ Ellen has three different bottles of citric acid: А, В and С. 
The citric acid in each bottle is of а different concentration. 

Ellen also has another quantity of citric acid, in the form of kitchen descaler. 

Ellen wants to know if any of her three acids are the same concentration as the 
kitchen descaler. She plans to titrate each of the four citric acid solutions 
against а solution of sodium hydroxide of а known concentration, as shown . 

Burette 
containing 
acid 

She repeats the titration 3 times for each acid. 

/\ ~ Sodium 

1. What is the independent variaЬ\e 
in Ellen 's experiment? 

The type of acid used (e.g. А, В or С). 

2. What is the dependent variaЫe? 

!~~-q~~~~~~~.?.~.~~-j-~.:.~.~-~!~~~-~~ ..... 
neutralise the sodium hydroxide. 

3. Give two variaЫes that must Ье 
kept the same to make it а fair test. 

1. The amount of NaOH. 

С!!:' hydroxide 

The independent variaЬle i5 the thing the experimenter 
change5 - to 5ее what effect the change ha5. 

Quite often, experiments involve recordi ng what happens 
over time, e.g. rate of reaction experiments. ln these cases, 
time is always the independent variaЬie- the experimenter 
isn 't 'changing the time' exact ly, but they do want to see 
what happens as the time changes. 

The dependent variaЬle i5 the thing the 
experimenter mea5ure5 (every time they 
change the independent variaЬie). 

......~? То make it а fair te5t, you've got to keep ~ the 
.?.· .. !~.~-~Y.r~-~~9..~.~-~-~-~~-~~............. other variaЬie5 the 5ame (you're only changing 

indicator used. the independent variaЬie). That way you know 
that the only thing affecting the dependent 

4. Give one other precaution that 
Ellen should take to ensure her 
results are reliaЫe. 

Y!~.~-~-~~~-~-~Y..~.~~-~ч~_iP.~~~-~-~~~-~--
time (to ensure no contamination). 

variaЫe i5 the independent variaЬie. 

lf your experiment is being done in а @Q, this shou ld 
Ье fairly easy (though not always- e.g. you might 
have to keep temperature constant, which could Ье 
tri cky). But it's trickier still when you don't have 
much control over the conditions at all - e.g. if your 
experiment has to Ье done outside (where 
temperature, humidity etc. can vary con s ideraЬiy ). 

Anything that might affect the re5ult5 need5 to Ье kept con5tant, 50 look at the apparatu5, think what 
Ellen'5 going to Ье doing- and you 5hou ld Ье аЫе to соте up with an5wer5 fairly ea5i ly. 

lf the equipment i5n't clean, that will definitely affect the re5ult5. And if the fla5k'5 not Qry, the extra 
water wou ld dilute the 5odium hydroxide 5lightly (whi ch would affect the re5ult5). А temperature 
change cou ld al5o Ье а proЫem (though рrоЬаЫу а 5ma ll one)- thing5 expand а5 they get hotter, 50 
Ellen cou ld get а fal5e reading from the burette if the temperature in the lab change5 а lot between te5t5. 

Ехлм Sкtus 



249 

: Answering Experiment Questions (ii) 

5. Why did Ellen repeat the titration 3 times 

for each acid? 

То check for anomalous results and make 

the results more re liaЫe . 

6. The tаЫе below shows the amount of 

acid required in each titration . 

1st result 2nd result Згd result 
(cm3

) (cm3
) (cm3

) 

Кitchen descaler 24.1 23.9 23.7 

Acid А 23 .9 23.5 24.0 

Acid В 33.3 33.7 

Acid С 23.7 23 .9 24.1 

Mean 
( cm3) 

23.8 

33.5 

а) Calculate the mean amount of kitchen 

descaler required to neutralise the NaOH. 

Mean = (24.1 + 23.9 + 23.7) + 3 = 23.9 cm3 
... .......... ................ ..... .... ........................ 

Ь) What is the range of the quantities 

of kitchen descaler required? 

24.1 - 23.7 = 0 .4 cm3 

7. One ofthe results in the tаЫе is anomalous. 

Circle the result and suggest why it may 

have occurred. 

The reading may not have been t aken 

.~.~.~:~~~~.~: .?.~.~~.~. ~~?.~.~ .. с:\~~~~~~;:(. ?.~ ... ... .. .. .. . 
NaOH may have been used. 

8. Using these results, which acid сап you 

conclude is not the same concentration as 

the kitchen descaler? 

Acid В 

Sometimes you get unusual results
repeating an experiment gives you а better 
idea what the correct result should Ье . 

When an experiment is repeated, the results 
will usually Ье slightly different each time. 

То get а single representative value, you'd 
usually find the mean (average) of all the results . 

The more times the experiment is repeated the 
more reliaЬie this average will Ье . 

То find the mean: 

Add together all the data values and OIVIDE 
Ьу the total number of values in the sample. 

The range is how spread out the data is. 
You just work out the difference between the 
highest and lowest numbers. 

lf one result doesn't seem to fit in- it's 
wildly out compared with the others- then 
it's called an anomalous result. 
You should usually ignore an anomalous 
result (or even better - investigate it and try 
to work out what happened). Неге, it's been 
ignored when the mean was worked out. 

This one's а random еггог - one that only 
happens occasionally. 

lf you make the same mistake 
every time, it's а systematic error. 

For example, if you measured the 
vo lume of а liquid using the !QQ of 
the men iscus rather than the 
bottom, all your readings would Ье 
а littl e on the large side. 

24.5 cm' 

1 

You have to Ье careful here - both Acids А 
and С could Ье the same concentration, since 
all experiments have а "margin of еггог" -
meaning results are never absolutely spot on . 

So you сап say that Acid В has а different 
concentration - but Acids А and С could Ье 
the same. 

You сап believe те -/'т а scientist ... 
This is а question all about making results trustworthy ( а not-very-sc ientifi c way of saying re liaЬie, 
accurate and prec ise- see next page) . So you need to make the experiment fair, and you need to 
douЫ e-chec k results to make sure nothing w eird happened. lt's the same for all sc ienti sts. 
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Answering Experiment Questions (iii) '.::· 

Use sвnsiЬ/e measurements for your variaЬ/вs 

Charley has four bottles of acid labelled А to О, which he has been told are of different concentrations. 
Не does а titration experiment to find out what volume of each acid is needed to neutrali se 25 cm 3 of alkali. 

Не measures 25 cm3 of the alkali into а fl ask, with some indicator solution, and sets up а burette 
fill ed with 50 cm3 of acid А. Не gradually adds acid to the alkali , and when the indicator shows 
that the alkali is almost neutrali sed, he adds the acid ve ry slowly, drop Ьу drop . Не stops when the 
alkali has been neutralised, and writes down the volume of ac id that was needed. 
Не repeats thi s experiment for the other three acids. 

Before starting, Charley did а trial run , adding each acid very quickly, so he knows that between 
15 cm3 and 25 cm3 ofthe acids are needed to neutralise 25 cm3 ofthe alkali. 

1. What kind of variaЫe is the volume of 
acid needed? 

А А continuous variaЫe 

В А categoric variaЫe 

С An ordered variaЫe 

D А di screte variaЫe 

2. Charley should initially add the acid ... 

А 0.01 cm3 at а time. О 
В 10 cm3 at а time. О 

С 1 cm3 at а time. 

D 5 cm3 at а time. 

3. The burette used to measure the 
volume of acid should Ье сараЫе of 
measuпng ... 

А to the nearest 0.1 cm3. 

В to the nearest cm3
. 

С to the nearest 1 О cm3. 

D to the nearest 0.5 cm3
. 

[Z] 
D 
D 
D 

Continuous data is numerica l data that can take any value 
in а range- e.g. length, volume, temperature, time. 

Note: You can'tmeaeurethe exact valueofcontinuouedata. Sayyou 
meaeureaheightae5.6cmtotheneareetmm. ft'enotexact-yougeta 
more preciee value ifyou meaeure to the neareet 0 .1 т т or0.01 т т, etc. 

Categori c variaЬies are variaЬies that са п 't Ье related to size or 
quaпtity- they're ~ (categori es) of thiпgs. E.g. п ames of 
meta ls or types of fertiliser. 

Ordered variaЬies are thiп gs like sma ll, med ium 
а пd large lumps, or wa rm , very warm, а пd hot. 

Di sc rete data is the type that са п Ье couпted iп chuпks, w here 
there's по iп-betweeп va lue. E.g. пumber of people is discrete 
п оt coпtiпuous because you сап ' t have half а perso п . 

lt's important to use sensiЬie values for variaЬies. 

lt's no good adding loads of acid at once, as you 
might shoot past the neutralisation point. But on 
the other hand, adding it in tiny amounts like 0.01 
cm 3 could take ages. 

А burette measuring only in whole cm3 or more, 
would not Ье sensitive enough- when the alkali 
is nearly neutralised, Char ley adds acid drop Ьу 
drop, so he needs to measure to the nearest 0.1 
cm 3 to get precise results . 

The seпsitivity of а п iп strumeпt is the small est ch a пge it са п detect. E.g. some balaпces measure to the п earest 
gram, but rea ll y se п s itive опеs measure to the пea rest huпdredth of а gram. For measuriпg tiпy ch a пges-
like from 2.00 g to 1.92 g - а seп sit ive Ьаlапсе is пeeded. 

You also have to thiпk about the prec i s i o п а пd accuracy of your results. 

Measuremeпts (of the same thiпg) that are very precise w ill Ье close together. Really accurate measuremeпts are 
those that have а п average value that's rea ll y close to the true a пswe r. So it's possiЬie for results to Ье precise but 
поt very accurate, e.g. а fапсу piece of lab equipmeпt might give results that are precise, but if it 's поt ca librated 
properly those resu lts woп't Ье accurate. 
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Answering Experiment Questions (iv) 

Опсе you've co llected all your data together, you пееd to а п а lу5е it to fiпd а пу re l atioп 5hip5 betweeп 

the variaЬie5 . The ea5ie5t way to do thi5 i5 to draw а &@Q.h, theп de5cribe what you 5ее ... 

Graphs are used to show rвlationships 

Melissa did an experiment on rate ofreaction, mixing magnesium and dilute hydrochloric acid . She measured 
how much mass was ' lost ' from the flask ofгeactants as а gas was given off. These were her resu lts. 

Time (s) 10 20 30 40 50 60 70 80 90 100 

Loss in mass (g) 0.02 0.05 0.15 0.18 0.19 0.21 0.23 0.15 0 .23 0.23 

1. а) Eight ofthe points аге plotted below. f-к- То plot the poiпt5, 
u5e а 5harp peпcil 
апd make а пеаt ЩJ ~ Plot the remaining two points on the graph. 

Ь) Draw the line or curve which best fits the 
"-.. little cro55. 

nice clear smudged 

mark unclear marks points. 

Loss of 
mass (g) 

' "", .______ _ _______, 

lf your poiпt5 lie roughly iп а liп e, draw 

0.25 
__ __l_x_+ ~ '---+ а liп e of be5t fit. lf your poiпt5 make а 

· · · ·1 --. curve, draw а 5mooth curve. Whatever 
, "..,. ..--- el5e you do, doп 't ju5t j o iп the dot5. 

0.20 -+-------+-
1 

/-т---+--/v->7-х/'-+ ---+--!--~~~~ ~ .--------------, 

0.15 111 Wheп you're drawiпg your curve (or 
~ .tt. liп e), make it go а5 clo5e to а5 тапу 

~ poiпt5 а5 po55iЬie. lt doe5п't have to go 
0.10 h h 

V 
anomalous result t roug them - you waпt а 5mooth 

0.05 
/ curve (or а 5traight liп e) п оt а w iggly 

t х -r - - - опе. lп thi5 са5е, the curve ha5 to go 
J through the origiп (0, О) а5 you kпow 

there'd Ье по ga5 g iveп off if you hadп't 
mixed the reactaпt5 together yet. 20 40 60 80 100 time (s) 

2. Explain what your graph shows about how 
the rate of reaction changes with time. 

.Т~.~ .. l?.l:l.~~~ .i.~. ?Ц~Р. f.C?.~. ~h~ .f!~?.~ .~9 .?.' ....... . 

. :. ~ 9.~. i .~.\3. ~.~~~. ~~~ .:.~.~.~.~.i?.~ . ~ :. ч~~~~·e·~·~·~·~· 
first , but as the react ants are gradually ...................................................................... 
used up, the reaction s lows down and the 
... .. ... ..... ........ ... .... ... .... ..... ......... ... ....... ........... 

curve flattens off. 

3. Sketch а graph to s lюw the results you would ~ 
expect to see if Meli ssa repeated the 
experiment using more concentгated acid, bllt 
keeping everything else the same. 

,/ 

You might have 5ome aпomalou5 re5ult5 
- u5ually wheп you've dопе 5omethiпg 

daft, like read iпg а 5ca le wroпg l y . 

You са п igпore the5e a пoma l ou5 re5ult5 
wheп you're drawiпg your curve (or 1 iпе) . 

You'd expect that, with more 
coпceпtrated acid, the reactioп would go 
fa5ter- 50 the curve wou ld Ье 5teeper at 
the begiппiпg, апd reach its highe5t va lue 
5оопеr. But there'5 the 5ame ma55 of the 
other reacta пt (magпe5i um) а5 before, 50 
the 5ame total amouпt of ga5 will Ье 
giveп off - the fiпal lo55 iп ma55 wi ll Ье 
the 5ame as before. 
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Answering Experiment Questions (v) .. 

Not all experimeпts са п Ье carefu ll y coпtroll ed iп а laboratory. Some have to Ье dопе iп the real world . 

Rвlationships do NOT always te/1 you the саивв 

Most car bodies are made from strong steel panels, but engineers are looking for innovative materials which 
will improve efficiency and safety. 'Aiucars' has released а new car with body panels made of aluminium. 

The bar chart below shows how many accidents there were involv ing cars with aluminium bodies, and how 
many involving cars with steel bodies, in one year. 

40 
• Cars with stec l panels 

О Cars wi th aluminium panels 

J 

lп large studies dопе outside а lab it's 
really difficult to keep all the variaЬies 
the same апd to make sure the coпtrol 
&!Q.!:!Q аге kept iп the same coпditioпs. 

1 n th is study the control group are the 
people in 'normal' cars, with steel panels. 

This is а Ьаг chart. lt coпtaiпs 
а key to tell you what co lour 
bars relate to which group. 

Under 20 20 - 29 40 - 49 50 - 59 60 + 
Agc of those involved in accidcnts (ycars) 

1. There are approximately 5000 aluminium 
cars regi stered in the county of Wessex. 

Use the bar chart to estimate how many f-~ 
under-20s will Ье involved in accidents in 
one year, in aluminium-panelled cars . 

. ~~. ~. ~ .. ~ .~ ~ ... ?. .~.~?..Р.~?.Р. ! ~: .................. .. .. . 
/' 

2. What conclusion can you draw from the . ~ f"' 
results? \l 

!Jl.~~~.~r.~.P..~~P.~~iP.':l.~J~.IY..r:!~.~~ ............. . 

~~~i.~~~~~.i.~.~~.~~~~g .~.~.~~.~i.~.~ .. ~.l.~.t:J:l.i.~!~:!!. 
bodies than cars with steel bodies. 

They're askiпg you the пumber of iпjuries you'd 
expect for 5000 cars- the graph tells you 
i пj uries per 1 О 000 cars. Doп't get caught out, 
read the questioп carefully. (Апd doп't write 
somethiпg daft with half а persoп iп it. ) 

When descriЬing the data апd drawing 
conclusions it's really importaпt that you doп't 
say that haviпg ап aluminium-paпe lled саг 

causes accidents. The graph опlу shows that 
there's а positive relationship betweeп the two. 

ln studies like these where you can't control everything, 
it's possiЬie а third variaЫe is causing the relationship. 
E.g. aluminium-bod ied ca rs would Ье lighter than steel
bodied ca rs, so they might appeal to people who like 
driving fug, and driving faster causes more accidents. 

3. Suggest how the accident data may have ~~~ Use your common sense here. / 

been collected. ~ 
Try to suggest а method to get reliaЬie results. For 

.~.Я·.Т.~?.~.Р.?. !~~~ .. ~~~?.:~.~·....................... .... example, it 's very unlikely that the data would have been 
co llected Ьу а telephone survey or an internet search. 

А relationship doesn't necessarily mean cause and effect 
just l ookiпg at numbers (like here) doesп ' t mеа п you са п say that опе variaЬie ch a пging causes the 
other to ch a пge too. ' ! се crea m sa les' апd 'cases of heatstroke' рrоЬаЫ у ri se а пd fal l together -
but you са п ' t say that ice cream causes heatstroke. (They'd more likely both Ье caused Ьу а heatwave.) 
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Pages 12-13 

Waпn-Up Ouestions 

1) protons and electrons 

2) Mass nшnber is the sum of the number ofprotons and the number of 
neutrons in an atom. Atomic number is the number ofprotons (or electrons) 
in ап atom. 

3) lt ei tl1er expands, or its pressure increases. 

4) E.g. copper, iron (апу solid element). 

5) С6Н 1206 + 602 ---7 6С02 + 6Н,0 

б) Т11е 2 in H2S04 refers to 2 atoms (of Н), while the 2 in 2NaO H refers to 
2 molecules ofNaO H. 

Exam Ouestions 
1 В (lmurk) 

2 D (lmurk) 

3 (а) (i) The particles are free to move past each other (lmurk) but tl1ere is 
some force of attraction between them so they tend to sti ck together 
(lmurk) . 

(i i) The particles are free to move / have virtually no force of attraction 
between them (lmurk) so they move in stra i glнlines until they 
collide wit\1 еас\1 other or with tl1e sides ofthe coпtainer (lmurk) . 

(iii) Т11е particles have strong forces ofattract ion between tl1em 1 are 
not free to move (lmurk) , so they stay in а regular arrangement 
(lmurk) . 

(Ь) (i) Particles at the surface ofa liquid overcome tl1e forces ofattraction 
from other particles апd escape (lmurk) . 

(ii) Perfumes have to evaporate eas il y so they сап reach our smell 
receptors quickly (lmurk) . 

4 (а) ln а compound, different types of atoms are bonded together cl1em icall y. 
ln а mixture they are not. (lmurk) 

(Ь) (i) nоЬ!е gases 1 group О (lmurk) 

(ii) 40 (lmurk) 

(с) e.g. carbon dioxide 1 metl1ane (lmurk) 

(d) 2Mg + 0
2 

---7 2Mg0 (lmurkfor correct products und reuctullfs, 
1 murk for correctly buluncing tl1e equution) 

5 В (lmurk) 

б С (lmurk) 

7 (а) sulfuric acid + ammoпia ---7 аmпюпiшn sнlfate (lmurk) 

(Ь) H
2
S0

4 
+ 2N H

3 
---7 (N H) ,SO, (lmarkfor correct products und 

reuctallfs, 1 mark for correctly baluncing tl1e equution) 

(с) 15 (lmurk) 
Тhere are eight atoms of hydrogen, one atom of sulfur, four atoms of oxygen, 
and two atoms of nitrogen. 

Page 14 

Revision Summary for Section One 

9) 2 sodium atoms, 1 carbon atom, 3 охуgеп atoms 

1 О)а) Bottom-left 

Ь) top-rigl1t 

с) top- left 

d) bottom-right 

12) calcium 

14)а) СаС03 + 2 HCI ---7 CaCI, + Н ,О + СО, 

Ь) Са + 2 Н 20 ---7 Са(ОН ) , + Н , 

15) 2К + 2 Н 20 ---7 2КОН + Н , 

Pages 2 1-22 

Warm-Up Questions 

1) Апу tl1ree of, e.g. as а buildiпg materia l 1 making glass 1 makiпg ce rn eп t 1 
making slaked lime. 

2) Any опе of, e.g. destroys h aЬita ts 1 uses laпd 1 causes noise 1 caнses 
poll ution 1 leads to uпsightly tips. 

3) Cement is limestoпe that has been heated with clay. Mortar is cement 
mixed with sand and water. 

4) chalcopyrite 

5) Copper ex tracted Ьу reduction with carbon is impure and doesn 't conduct 
electricity we ll eпoug\1. Electrolysis produces very pure copper which is а 
much better conductor. 

б) Any опе of, e.g. zi пc 1 iron 1 tin 1 copper. 

Exam Questions 

(а) СаСО3 ---7 СаО + СО, (lmark) 

(Ь) (i) calci um hydroxide (1 mark), Са(ОН)2 (lmark) 

(ii) e.g. neutralising acid soi ls (1 murk) 

2 В (1 mark) 

3 (а) Any two of, e.g. useful products сап Ье made 1 provides jobs 1 brings 
money into the ! оса ! area (lmurk euch). 

(Ь) Any two of, e.g. causes пoise 1 scars landscape 1 loss ofhaЬitats 1 
abandoned mine shafts сап Ье dangerous (lmark euc/1). 

4 (а) E.g. potassium, sodiшn , calciшn, magnesium, aluminium (any meta l 
above carbon in the reactivi ty series). (lmurk) 

(Ь) (i) removal of oxygen (accept gain of electrons) (lmark) 

(ii) zinc oxide + carbon ---7 zinc + carbon dioxide (lmurk) 

(с) Fе,О)Щ + 3со .. , ---7 2Fe,,, + 3Со"., (lmarkfor correct products Ulld 
reactullfs, lmark for correctly ba/ancing tl1 e equation, 1 mark for 
correct state symbols) 

(d) С (lmark) 
Zinc is more reactive t han copper, so zinc wi/1 displace copper. 

5 (а) e.g. electrical wires, plumЬing (2 marks) 

(Ь) Any one of, e.g. the supply ofcopper-rich ores is limited 1 demand for 
copper is growing (1 mark). 

(с) ( i) E.g. other metlюds need а lot of eпergy 1 other methods release 
sulfur dioxide gas, wl1ich causes acid rain. (lmark) 

(ii ) E.g. using bacteria is slower than other methods. (lmark) 

Pages 29-30 

Warm-Up Questions 

1) Any two of e.g. iron, ziпc , copper (any two transition metals). 

2) Any three of, hard 1 strong 1 good electrical conductors 1 good coпductors of 
heat 1 malleaЬ!e 1 ductile 1 flexiЬ!e. 

3) metallic bonding 

4) А rnixture of metals , or а rni xture of а metal and а non-metal, e.g. bronze 
sculpture, 111edals 1 cupronickel - coins 1 solder - joiniпg wires. 

5) solvent , Ьinding mediшn and pigmerll 

б) Oi l-based paiпts have something that disso lve oil as tl1e solvent. 
Water-based paints have water as tl1e solvent. 

Exam Questions 

2 

3 

(а) А colloid is а mixture oftiny particles оfопе kind dispersed (but not 
dissolved) in another substance. (lmurk) 

(Ь) Because the dispersed particles are so sma ll that they don 't settle at tl1e 
bottom. (1 mark) 

(с) (i) Gloss paint , because it is harder-wearing. (lmark) 

(ii) Emulsion paint, because it dries quickly and produces only low 
levels of l1aпnfu l fumes. (lmurk) 
Уои don't need to memorise а/1 the different properties,just Ье аЬ/е to 
interpret information about them. 

D (lmurk) 

В (lmurk) 

4 (а) lt has а shape memory property (lmark) . 

(Ь) E.g. glasses frames (lmark) 

(с) E.g. metal fatigue in smart alloys is worse than in normal alloys; 
smart alloys are more expensive than normal alloys. (2 marks) 

5 А - 2 (1 murk) 

В - 3 (lmark) 

с - 4 (1 11/U/'k) 

D - 1 (lmark) 

A NSWERS 
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б (а) Tl1e outeг e l ectгoп s of each atotn сап move fгeely, c гeatiп g а sea of fгее 
e l ectгoп s (/ mark) . These сап са ггу e l ec t г ic curгeпt thгough tl1e 
111 ate гi al (/ mark). 

(Ь) А11у two of, c.g. good co11duc to г of hcat 1 stгoпg 1 сап Ьс bc11t/ha r11111 e гcd 

iпto sl1 ape (/ mark fm· bot/1 properties) . 
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Warm-Up Questions 

1) Compouпds r11adc fгor11 са гЬо11 апd hydгoge 11 оп/у. 

2) Апу thгee of, e.g. LPG 1 petгol 1 пaphtha 1 kегоsепе 1 diesel 1 oil 1 bitume11. 

3) They coпtai11 сагЬоп-сагЬо11 douЫc boпds. 

4) Loпg-chai11 hуdгосагЬопs а ге cгacked to makc тоге uscful pгoducts 1 
because theгe's тоге demaпd Гог shoгt-chaiп fгactioпs. 

5) Н igl1 tempeгatшe a11d а catalyst. 

б) А 11у thгee of, e.g. tгапsрогt 1 e l ec t г i ci ty gепегаti оп 1 maki11g plastics 1 
heatiпg 1 r11akiпg mediciпes 1 maki пg paiпts апd dyes. 

Exam Questions 

1 А (/ mark) 

2 (а) (i) Тhеге slюuld Ье ап М iп tl1e bott0111 Ьох (/ mark) . 

(ii ) Тhеге should Ье а В i11 tl1e top Ьох ( / mark) . 
Fractions with Ьiggermofecufes have а higher Ьoifing point, socondense at 
the highertemperaturesat the Ьottom ofthecofumn. Fractions with 
smaffermo/ecu/es have а /ower boifing point, sodon'tcondense untilthey 
reachthetopofthecofumn. 

(Ь) А11у опе of, e.g.jet e11g iпe fuel, domestic l1 eating, pai11t solve11t 
(/ mark) . 

(с) Tl1e exp l a пa ti oп should сопtа iп thгee ofth e fo llowiп g poi 11ts: 
tl1 e fгactioпs have diffeгeпt boiliпg poiпts 
the cгude oil is heated 
tl1e fгactioпs boi 1 

fгact i oп s co 11deп se at diffeгe пt heiglнs iп the fгactioпatiпg co lumп 
fгactioпs а ге tapped off wheгe tl1ey coпde11se 

(/ mark per point; maximum 3 marks) 

3 С (/ mark) 

4 С (/ mark) 

5 (а) (i) 2С2Н6 + 70
2 
~ бН20 + 4С02 

(1 markfor con·ect products and reactants, /1//{/rkfm· co1·rectly 
balauciug tl1e equatiou) 
Тhis isa Ьit of а tricky one-don 't panic,just take one e/ementata time 
and keep penciffing in numbers ti/1 ita/1 ba/ances. 

(i i)Test its boiliпg poiпt: 100 ос OR dip dгу Ыuе cobalt c l1l oгidc рарег 

i11 it: it tLrг11s pink OR add to \Vhite aпhyd гous соррег su lfa te 
cгysta l s: they tuгп Ыuе . (/ mark) . The limewa teг goes cloudy, 
iпdi catiп g tl1e pгesence of С02 (/ mark) . 

(Ь) (i) An insuffic i eпt охуgеп supply (1 ma1·k) . 

(ii ) сагЬо11 пюnoxide (1 mark) and сагЬо11 (/ mark) 

б А (/ mark) 
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Waпn-Up Questions 

1) Мопотегs аге small r11ol ecules which can Ье jo iп ed togetheг to give much 
l агgег molecules ca lled polymeгs. 

2) The hi gh eг the meltiпg point, the s tгongeг the foгces holding the po l ymeг 

ch a iп s togetheг. 

3) cova l erн bonds 

4) E.g. fог mak ing kettles. 

Exam Questions 

biodegгadaЫe, buгnt , toxic , гесусlе , cxpeпsive (5 marks) 
Тhе majority ofpolymersaren 'tblodegradaЬ/e, and this has significant 
environmentaf consequences. Chemistsarecurrently working оп ЬiodegradaЬ/e 
polymers though. 

{

1-1 1-ij 1 1 
с- с 

1~ с' н . n 

2 (а) n ( IIJ:=<II ) 
1-1 Cl-l , (/ mark) 

A NSWERS 

(Ь) 1 ~ ~~ 
С = С 

lj © 
(/ mark) 

(с) (i) А11у о11с of, c.g. window fгames/CDs (/ mark) 

(ii) А11у one of, e.g. c l otl1ing/syп tl1 ct i c l cat h c г (/ 111(1/'k) 
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Revision Summary for Sectioп Three 

8) e.g. 2С2 Н 6 + 50
2 
~СО,+ бН 20 + С + 2СО (+ encгgy) 
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Warm-Up Questions 

1) E.g. it kills micгobes 1 dcstгoys the poiso11s pгese11t in some гаw foods. 

2) Thc pгotci11 molccules chaпge shape iггеvегsiЫу whe11 heated (this is kпown 
as de11atш·i11g). 

3) E.g. Theгmochгomati c pigmcnts that c l1 a11ge co l ouг fasteг tl1e wагтег they 
get. This is used to tell if food 's Ьее11 waгtn long enougl1 fог tnicгobes to 
gгow. 

4) Ar1tioxida11ts аге cl1em icals that stop fat and oi l гeacti11g wi th oxyge11. 

Exam Questioпs 

1 С (/ mark) 
Potatoesare pfants, 50 each се// is surrounded Ьу а ceffu/ose се// wa/1, which 
humans can'tdigest. 

2 Extгact tl1c co l ouг fгom the food sample Ьу placiпg it iп а test tube wi th 
а few dгops ofsolvent (/ mark) . Put а spot ofth e co l ou гed soluti o11 011 а 
peпci l baseline 011 so r11 e filteг рарег (/ mark) . Stand thc filtcг рарег in а 
Ьеаkег with sor11 e so lvent . (/ mark) 

3 (а) hydгophili c-8\fvVv~ hydгoplюЬic (/ mark) 

(Ь) HydгophoЬic means that it does rюt mix with wateг (it doesn't ' like' 
wateг) (/ mark) . Hydгopl1ilic tneans tl1at it is attгac ted to wate г (it 
' likes ' wateг) (1 mark) . 

(с) 

(d) Т11 су pгcvent the mayo11naise emul sio 11 sepaгating in to its component 
liquids 1 they keep the oi l and wateг mixed we ll toge tl1 er·. (/ mark) 
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Warm-Up Questions 

1) The fгuits ог seeds аге cгu shed . The oil is sepaгated fгom tl1e c гus l1ed plant 
mateгial (Ьу а ce ntгifuge о г using solvents). The oi l is tl1e11 distilled to 
гefine it. 

2) А nickel catalyst, at abo ut б0°С. 

3) ethanol 

4) Di still ation pгoduces 111оге co nce ntгated alcohol. 

5) ( 1 0%) ethanol mi xed with (90%) petгo l . lt is used exte r1 sive ly i11 Bгazil. 

б) То make s uгe they агс safe to use. 

Exam Questions 

2 

А - 4 (/ mark) 

В - 2 (/ mark) 

С - 3 (/ mark) 

D - 1 (/ mark) 

А - 1 (lmark) 

В - 2 (/ mark) 

С - 4 (1 mark) 

D - 3 (/ mark) 



3 (а) csteгi ficatioп (lmark) 

(Ь) caгboxy l i c acid + alcolюl ---7 esteг + watcг (lmark) 

(с) Any five of, evapo гa tc cas ily, non-toxic, don't гсас t witl1 wateг, don 't 
iггitatc thc sk ir1 , in so luЬie iп wateг, have а pl easa пt sтe ll . 

(lmш·k ftJr еас/1 cm·rect propen y, maximum of 5 mark.1') 

4 (а) Cгudc oil is поп - гспеwаЬi е. As it пrn s otrt it wi ll bccor11e тоге 
cx pcп s i ve (lmark) . 

(Ь) (i) C,H,OJ-1 + 30
2 

---7 2С02 + 31-1
2
0 (lmark ftJr cm·rect reactants 

шul proclucts, 1 mark for correctly halancing tl1 e equation) 

(ii) Ethaпol сап Ье pгoduced Ьу ferr11eпtiпg сгорs (e.g. suga г сапе) 

(lmark) . Т11е cr·ops аЬsогЬ сагЬоп dioxide as thcy gгo\v (Ьу 
plюtosyпthes i s) (lmark) . 
Photosynthesis takes carЬon dioxide outofthe air and produces oxygen. 

5 (а) vegc taЬie oils (lmark) 

(Ь) {i) Biodiesel cor11es fгот гесепtlу g гowr1 pl a пt s wl1ich took ir1 сагЬоп 
dioxidc fгот tl1e а iг whcn tl1cy wегс alivc (l mш·k) . Tl1i s is гeleased 
agaiп wl1 eп tl1e biodiese l is Ьuгпt , so the п е t iпсгса sе iп сагЬоп 

dioxidc i п tl1e atmospheгe is пi l (lmark) . 

(ii)Aпy two fгor11 , c.g. pгodtrces less s u l fнr dioxidc tl1aп diesel ог petгo l / 

doesп ' t гc lca sc as тапу par·ti culatcs as diesel or· petгo l / it 's 
Ьiodegr·adaЬie 1 it 's less toxic tl1aп r·eg ulaг diesel / it 's таdе fгот а 
гe rle\va Ьic геsоuгсе (l mark eacll) . 

(с) E.g. it 's r11оге expeпs i ve tl1aп огdiпагу diesel / wе 'гс LlllaЬi e to make 
eпough biodiesel to герlасе гegulaг diesel (2 mark~) . 
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Warm-Up Ouestions 
1) vo l caпo / rllOLI!ltaiп cl1aiп 

Ea rthquakes occur at plate bounda ries but t hey a ren't а geologica l feature. 

2) Апу опе of, c.g. btr l giпg ofthe grouпd пеа г tl1c volcarю / miпi-eaгtl1quakcs. 

3) А (theoгetical) s iпg l e laпd тass 1 strpeгcoпtiпellt made fгom tl1e all ргеsеrн 
coпtiпcпts joiпed togetl1eг. 

4) Laye гs ofsedir11cnt laid down iп lakes ог seas; layeгs get buгied uпdcr тоге 
layeгs , а пd thc \\•аtег is squeezed out; fltrids Пowiпg thгougl1 the pores 
deposit пattrгa lr11iп e гal сетепt. 

5) steps 1 btrildiпgs 

Exam Quest i o п s 

1 С (lmark) 

2 В (lmш·k) 

3 (а) Fго111 tl1c actioп of hea t апd pгessuгc (lmark) оvсг l oпg peгiods of timc 
(lmark) . 

(Ь) (i) Limcstoпc (lmcll·k) 

(ii) Апу two fго111 , c.g. тагЬiс l1as sтa llcr cгys t a l s а r11 оге еvе п tcx turc 
is l1 а гdсг (lm ark еас/1) 

4 (а) Т11с di agгaт slюuld Ье labelled: 
А crust (lmark) 
В 111ar1tlc (lmark) 
С - iппег core (lmark) 
D - o uteг соге (lmark) 

(Ь) пi c kel (lmш·k) , iгоп (lmark) 

5 (а) l gпcous r·ocks foгm wheп тоltеп r11 agma (lm a1·k) pL!SilCS L!p into tl1e 
cгtrst Ьеfоге cooliпg апd so lidify iп g. (lmark) 

(Ь) Extпrsive igпcous гocks cool qui ckl y abovc g гoLrпd, fогтiпg sтall 

cгys ta l s , \VI1ilc iпtгus i ve igпeotrs гocks cool slowly uпdeгground, formiпg 
big c гysta l s (lmark) . 
Examples: 
Extпrsivc - апу опс of, e.g. basalt, гhyolitc (lmш·k) 

l ntгusivc - any опе of, e.g. gгaпite , gаЬЬго (lmark) 

б В (lmark) 

7 {а) Апу two of, thcr·c is а jigsaw fit betwceп tl1c co rнiпeпt s 1 ideпt i ca l fossi ls 
oft l1e samc agc l1avc Ьсеп fotrпd iп гock s i п d i ffc гc пt con ti пerнs , wl1icl1 
sLrggcsts tl1c coпtiпc nt s wсгс joiпed о псе trporl а tiтc 1 ссгtаiп rock 
laycгs of s ir11ilaг agcs оп diffcгcпt contiпents slюw s i r11i l aгi ty 1 there а гс 
vш·io u s li v iпg cгcatнrc s foLrпd iп botl1 Атсгiса апd Afгica that coLrldп't 
havc c гossed thc Atlaпtic Осеап. (lmark еас/1) . 
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(Ь) This t l1eoгy wasn 't accepted because: any опе of, e.g. he didп ' t explair1 
why it happcпed 1 he wasп't а geologist (lmark) . 
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Warm-Up Questi ons 
1) Nitгogen , охуgеп 

2) Апу опе of, e.g. it allowed сотр l ех oгgaпisms to evolve 1 it pгoduced the 
оzопе l ауег. 

3) Апу опе of, e.g. aeгosol pгopellaпts 1 fгidge coo l aпts. 

Exam Questions 
А - 3 (lmark) 

В - 2 (lmark) 

С 4 (lmш·kj 

D - 1 (lmark) 

2 (а) Т11еге l1ave Ьееп l aгge va riatioп s iп tетрегашге апd СО, сопсепtгаtiоп 

оvег the last 250 000 уеагs (lmark) . Тl1еге is а positive corre l atioп 

bctweeп СО, сопсепtгаtiоп апd tempcгaturc (lmark) . 
Тhequestion 's worth two marks, so you have to make t wo points. 

{Ь) Тilc Х sholl ld Ье dгаwп at 25 000 уеа гs ago (lmark) . 

3 (а) {i) Aпtarctica (lmark) 
tl1e Aгctic (lmark) 

(ii) Thcy break it down (lmark). 

(Ь) Т11е апswег should co11tain tl1ree oftl1e fo l lowiпg poiпts : 

оzопс pгotects agaiпst l1aгтfu l UV гadiatioп 
оzопе lcvels have fa ll cп 

iпcideпce of skiп саnсег l1 as i пcгeased 

bllt ot h eг factoгs, e.g. тоге holidays, may play а рагt 

(lmark per point; max imum 3 marks) 
lfthe question says Cliscuss', try to putacross more t han one pointofview. 
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Waпn-Up Questions 
1) lt absorbs l1eat гadiated fгот Eaгth , pгeventing sоте of the heat beiпg lost 

iпto space . 

2) Апу опс of, e.g. iтpгoved saпitatioп / тоdсгп r11ediciпe 1 iтpгoved faгmiпg 
metlюds. 

3) Wc аге tr s iпg Lrp fiпi t e гesouгces (crl!dc oil, ПlC ta l s, ctc.) тоге quick ly апd 
addiпg r11оге апd 111оге po l lutioп to оuг eпviгOillllCПt. 

4) Апу two of, e.g. пitrogeп oxides 1 s trlfнr dioxidc 1 сагЬоп пюпохidе 1 water 
vapoнr. 

5) Апу two of, c.g. lakes become acidic 1 ki lls fish апd tгees 1 daтages 
1 i r11cstoпe bui ldiп gs/stattre s. 

Exam Questions 
С (1 mark) 

2 (а) Тile diagraт slюu l d Ье labelled : 

А - гespiratioп (lmark) 

В - compouпds in plants (lmark) 

С p lюtosyпtl1esi s (1 mark) 

D Ьl!гпiпg (lmark) 

(Ь) Laгge sca le defoгestatioп iпcгeases the a rllOШlt of СО, in the atr11osphere 
( 1 mark) because: СО, is re leased iпto tl1 e atтospl1er~ wheп trees аге 
Ьl!гпt to clcar laпd, miёгoorga пi sтs fccdiпg оп dead tгees release СО, 
throtrgh гespiгatioп , fewer trees п1сап tl1at lcss СО, is absoгbed fго111 tl1e 
аtпюsрl1сгс iп photosyпth es i s (2 marksfor any nv~ o[tl1ese points) . 

3 С (lmark) 

4 А - 3 ( 1 mark) 

В - 1 (lmark) 

С 4 (lmark) 

D 2 (lmark) 

ANSWERS 
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5 (а) (i)Fertilisers can get washed into rivers and pollute water (lmark) . 

(ii) E.g. sewage 1 toxic chemicals from iпdustry (/mark eaclr) 

(Ь) Household waste gets dumped ir1 laпdfill sites (lmark) . 

(с) Any one of, e.g. pesticides 1 herbic ides / пuclear waste (lmark) . 

б В (/ mark) 
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Warm-Up Questions 

1) The only product when it burns in air is water. 

2) Апу four of, e.g. energy va lue 1 avai labi lity 1 cost 1 ease of storage 1 toxicity 
1 how polluting it is. 

3) Any two of, e.g. foss il fuels (oil/natural gas/coal) 1 uranium 1 stone (e.g. 
limestoпe) 1 metals (e.g. a lumi niшn). 

4) Any one of, e.g. co llecting 1 sorting 1 process ing 1 transporting matcrial. 

5) E.g. meeting the needs oftoday's population wit lюut harming the abi lity of 
future geп eratioпs to meet their needs. 

Exam Questions 

1 (а) Making new material s (e.g. Ьу mining, extracting апd producing) uses а 
lot of energy (lmark) . Recycling glass and some metals uses а fraction 
ofthis energy (lmark) . 

(Ь) Any two of, e.g. recycling uses less resources than making new things 1 
recyc ling costs less than making new things 1 recycling cuts down on tl1e 
amount ofrubЬish that goes into landfull (/ mark eaclr) . 

(с) Any one of, e.g. co llecting waste material / transportiпg waste material / 
sorting waste material / processing waste material (1 mark) . 

2 (а) (i) methane and СО2 (lmark) 

(ii) Ву microorganisms digesting waste (/ mark) . 
lt can Ье burnt to hea t water/generate electrici ty (lmark) . 

(ii i)Advantage: any one of, e.g. cheap 1 carbon neutral / renewaЬie 1 uses 
waste products (1 mark) . 

Disadvantage: e.g. production is slow in cold weat l1er (lmark) . 

(Ь) (i) Ьу electrolysing water (/ mark) 

(ii) lt 's hi ghly explosive, so it has to Ье kept in very secure containers 
(/ mark) . 

(iii)Any one of, e.g. you would need а specia ll y designed, expensive 
engine 1 hydrogen isn't widely and cheaply avai l aЫe / large, strong 
gas containers are heavy and would increase fue l consumption 
(/ mark) . 
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Тор Tip 

1) а) к- (2 , 8, 8) 
Ь) др- (2 ,8) 
с) Ве'- (2) 
d) S' (2,8,8) 
е) F (2,8) 
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Warm-Up Questions 

1) 2 

2) 2 

3) А high boiling point. 

4) cations 

5) AI(O H)
3 

Exam Questions 

(а) 11 (/ mark) 

(Ь) Group 1 (lmark) , because it has one electron in its outer shell / because 
it's got 11 electrons, so it 's sodium wl1i ch is in Group 1. 
(/ mark) . 

(с) 1 (/ mark) 

A NSWERS 

2 (а) ~х 

(((~) ~) t 
,._:~ 

'--Х:_/ 

(lmark) (lmark) 

(Ь) Mg>+ (lmark) and F- (/ mark) 

(с) MgF
2 

(lmark) 

(d) The positive ly charged magnesium ior1s are attracted to the negatively 
charged fluoride ions (/ mark) . 

(е) (i) There are strong forces of attraction between tl1e ions (lmark) 
so а large amount of eпergy is needed to melt the cornpound 
(lmark). 

(ii) Wheп the rnagnesium fluoride is nюlten the ions сап move about and 
carry charge (i.e. conduct а current) through the liquid (1 mark) . 

3 (а) 2+ in iron(ll) ox ide and 3+ in iron( lll ) oxide (lmark) 

(Ь) iron(ll ) ox ide = FeO (1 mark) , iron(l ll ) ox ide = Fe,0
3 

(lmark) 

(с) Any two of, e.g. copper, maпganese , chromium (/ mark) 

4 (а) lit hi um oxide (lmark) 

(Ь) (i) and (ii) 

@hx- + 2-

~ ---7{ G J + [ф] 
( 1 mark for arrows shown correctly, 1 mark for correct e/ectro11 
arrangemellf and clrarge 011 /ithium io11, 1 markfor correct e/ectron 
arra11gemellf шrd clrarge оп oxyge11 io11) . 

5 (а) 
Potassiurn atom. К Potassium ion. к+ Ch lorine atom. С\ Chloride ion, CJ -

Number of 
\9 18 17 18 

clec trons 

Electron 
arrangemcnt 

2. 8. 8, 1 2, 8, 8 2, 8, 7 2, 8, 8 

(1 markfor eaclr correct colunm, maximum 3 marks) 

(Ь) х~ ~ 
х~ 

хх х хх • 
Cl 

.. 
хх к хх •• •• 

х 
хх 
хх 

(2marks - 1 markfor correct e/ectrofl arra11geme11ts, 1 markfor 
correct arrmv a11d clrarges 011 iощ) 
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Warm-Up Questions 

1) it increases 

2) The elements go from gas to liquid to so lid (at room temperature) . 

3) hydrogen 

4) E.g. si lver bromide, zinc chloride (any metal halide). 

Exam Questions 

А - 2 (1 mark) 

В - 3 (1 mark) 

С - 1 (lmark) 

D - 4 (1 mark) 

2 (а) Fluorine - gas (lmark) 

Ch lorine - gas (lmark) 

Bromine - liquid (lmark) 

lodine - solid (lmark) 

(Ь) Arrow should Ье pointing upwards. (lmark) 

(с) (i) displacement (lmark) 
Chlorine isdisplacing iodine. 

(ii ) iodine/1/1
2 

(lmark) 
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Warm-Up Ouestions 
1) ln а covalent bond, the ato rns share elect rons. ln an ionic bond one ofthe 

atoms donates clcctror1 s to tl1e other atom. 

2) Eac l1 of thc atoms in the covalent bond contributes two clectrons to the bond 
instead of just one, so fош elec trons are shared altogetl1 er. 

3) Апу two of: 
Diamond is very hard and grapl1ite is fairly soft. 
Graphite coпduc ts electri ci ty and dianюnd docsn 't. 
Diamond is c l ear/traпsparcnt and grapl1itc is opaquc. 
Diamond is colourl ess and graphite is Ыасk. 

4) E.g. si licon dioxide/silica 

5) Because the internюlectrlar forces between the ch lorine molecules 
are very weak. 

Exam Ouestions 

(lmark for dоиЫе bond.s .sl1mvn correctly, 1 mark for remaining electrons 
.sl1mvn con·ectly) 

2 (а) (i) giant covalent (lmark) 

(i i) giant covalent (lmark) 

(iii) simple molecular covalent (lmark) 

(Ь) lt doesn't contain any free elec trons or ions to carry the cl1 arge (lmark) . 

(с) lt conta iп s free electrons аЫе to carry the clшrgc (lmark) . 

(d) (i) All of tl1e atoms in silicon diox ide апd in graphite are l1eld together 
Ьу stroпg cova leпt bonds (lmark) . Jn brom ine, each rnolecule is 
held together witl1 а stroпg covalcnt Ьопd btrt tl1e foгces betweeп 
these r11 olecules are weak (lmark) . 
/п orderto melt, а su/Jstaпce has to overcome the forces holdiпg its 
particles tightlytogether iп the rigid structure of а solid. lfthe forces 
betweeп the particlesare weak, this is easytodoaпd doesп't take much 
eпergy ata/1. But ifthe forcesare really stroпg, like iп а giaпtcovaleпt 
structure,you have to provide loads ofheat togive the partic/es eпough 
eпergy to break free. 

(ii) l odiпc l1 as bigger nю l ec ul es tl1aп brominc (lmark) , and tl1e bigger 
the l1 alogen molecules, the greater thc iпtcrmo l ectrl a r forces are 
betwecп tl1e111 (lmark) . 
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Warm-Up Ouestions 
1) Tl1ei г propcrt ies make them very hard to observe - they are colourless 

gascs and are very llnreactive. 

2) Hc liшn - liSed in balloons/airsh ips. 
eon - used in пеоn lighting. 

Both l1 elium апd псоп are also used in tl1e l1 c liшn-nco r1 Jase r. 

3) Thc tra п s iti o n mctals. 

4) Metals l1ave g i a пt stгuctures wl1ich include а 'sca' offree electrons. Т11 еsе 

e l ectro пs are а Ь! е to move and carry tl1e cl1 arge, a ll owi пg а сшге пt to П о\v 
tl1rougl1 tl1c rnetal . 

5) 1- 1 00 пanometre s. 

Exam Ouestions 
1 (а) 2, 8, 8 (lmark) 

(Ь) Eacl1 argon atom already has а full outer sl1e ll (lmark) , so tl1ey have по 
need to pair up and sl1 are electrons (lmark) . 

(с) Argoп takes tl1e place of oxyger1 and provides а п iпert atrл osphere 
(lmark) so tl1at thc filament can't btrrrl away evcn wl1en it gets 
vcry lюt (/ mш·kj . 

2 (а) ' Strpe rcondtrctiп g' rnea r1 s tlы t tl1 e strbstar1cc l1as по clec trical гesistaпce 
at all when а c штerll Пows thr·ougl1 it (lmark) , mcaпing tl13t поnе of tl1e 
e l ectгi ca l eпe rgy is wasted as l1eat (lmark) . 
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(Ь) Metal ox ide ceramic 2, becatrse it 's eas ier to coo l subs taпces to tl1i s 
temperature апd keep tl1 en1 there thaп it is to reach lower temperatures 
(lmark) . 
/п fact, попе ofthese substaпces are likelyto Ье а /otofuse iп the rea/ world. 
Keepiпg ап electromagпetor power liпe at this temperaturea/1 the time would 
Ье real/y hard todo. Room temperature ( orclose to it) superconductorsare 
what's пeeded, which maysouпd impossiЬ/e-but thiпk of al/the stuffscieпce 
has соте up with thatmust have seemed impossiЬ/e опсе ... 

(с) Апу two of, power саЫеs that carry electricity without los ing any power 
1 vcry fast electrical circuits/ very strong electromagnets that can work 
wi thout а constant power source (lmark еас/1) 

3 lп сагЬоп nanotubes wi th а strucru re like that in tl1e diagram, each 
carbon ato rn only forms tl1ree bonds (lmark) . This leaves each atom 
with а spare electron (lmark) , and if a currcnt is applied these electrons 
are free to move and carry the charge, so the tube conducts (lmark) . 
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Revi sion Summary for Section Six 
26) А: metallic , В: giant molecll lar, С: io nic 
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Warm-Up Ouestions 
1) lsotopes. 

2) The mass number. 

3) Т11е relative atornic mass. 

4) Т11с relative formula mass. 

5) Neutror1 . 

Exam Questions 
(а) (i) Relati ve atomic rnass (/mark) . 

(ii) Boron- 11 has or1e тоге nelltron in its nuclells than boron-1 О 
(lmark) . 

(iii) Boron-11 must Ье the rnost abundant (lmark) . The А value takes 
into accollnt the relative abundance of each isotope, and {n the case 
ofboron it is closer to 11 tl1an to 10 (lmark) . 

(Ь) (i) M, ofBF
3 

= 11 + ( 19 х 3) = 68 (lmark) 

(ii)M , ofB(O J-1 )
1 

= 11 + (17 х 3) = 62 (lmark) 

2 (а) 
electron 

-
(lmark for .sl10rving tl1e correct particles in tl1e nucleu.s, 1 mark for 

sl1mving tl1e single orblting electron correctly) . 

(Ь) ( i) М , = (2 х 2) + 16 = 20 (lmark) 

(ii) Bccause the mass ofwatcr пюlcctrlcs con ta iniп g deuterium (20) is 
greater tl1 a п the mass of o rdiп ary watcr rл o l ec ules ( 18) (lmark) . 
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Тор Tip 
1) а) 30% 

Ь) 88.9% 

с) 48% 

d) 65.3% 

2) с н, 
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Тор Tip 
1) 2 14 g 

2) 38.0 g 
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Warm-Up Questions 
1) One то !с of atoin5 ог molecule5 of any 5ub5tal1ce will have а ma55 in g гam5 

equal to the гe l a ti ve foгmula ma55 fо г tl1at 5ub5tal1ce. 

2) Onc mole of0
2 

weigh5 16 х 2 = 32 g. 

3) mole5 = ma55 + М , 

= 4 -;- (23 + 16 + 1) 
= 0.1 mole5 

4) ma55 = moles х М , 

= 2 x (J 2 + 32) 
= 88 g 

5) 2 м 

6) Mol e5 = volume (1) х molaгity 
= 0.5 х 0.5 
= 0.25 nюle5 

Exam Questions 
(а) % ma55 of N iп СО( Н 2 )2 = [ (А , х по. of atom5) + М, ] х 100 

= [ ( 14 х 2 ) + (1 2 + 16 + 32)J x 100 

= 47% 

( 1 mark for correct 1vorking, 1 mark for correct (11/Siver) 

% ma55 ofN in КNО3 = [14 + (39 + 14 + 48)] х 100 

= 14% 

( 1 mark for correct 1vorking, 1 mark jor correct (I/ISiver) 

% ma55 ofN in NH
4
N0

3 
= [(14 х 2) + (28 + 4 + 48)] х 100 

= 35% 

(/ mark for correct 1vorking, 1 mark for correct anлver) 
Ca/culationsareoften worth more than one mark. lt сап Ье temptingjust to 
scribЬ/edown enough working out toget you to the answer. But it's worth 
bearing in mind that ifyou get the final answer wrong,you could sti/1 get some 
marksfortheworking. Soifyouputdowneachstepclearlyitcouldpayoff. 

(Ь) U геа (/ mark) . 1t contain5 the g гeates t peгcentage mas5 ofnitгogeп , 50 
would pгovide rnoгe пitгоgеп Гог plant g гowth рег kg 5 ргеаd on 
the 5oi 1 (1 mark) . 

2 ( а ) 100 - 60 = 40% (/ mark) 

( Ь) 40 g o f 5 ulfuг combine with 60 g of oxygc 11 . 

s = 40 о = 60 

40 -;- 32 60 -;- 16 

= 1.25 = 3.75 

1.25 -;- 1.25 = 1 3.75 -;- 1.25 = 3 

Тhе ге fоге, tl1 e foгmula ofthe ox ide i5 50
3 

(2 marks - 1 markfor correct 1vorking) 

3 (а) 1 OOg .... геасt5 to give . 56 g 
1 g . .... .. геас t 5 to give. 56 + 100 = 0.56 g 
2 g . геасt5 to give ... 0.5 6 х 2 = 1.12 g(l mark) 

(Ь) E.g. Whe11 tгan 5 fe ггing the СаСО3 fгom tl1 e we i gl1iп g appa гatus to the 
te5t tube, ог the СаО fгorn the te5t tube to the we ighing appa гatu5 5ome 
ofth e 5olid may Ье left behind (1 mark) . 
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Warm-Up Questions 
1) Wa5te by-pгoduct5 dесгеа5е the atorn economy of а reacti on. 

2) 100%. 

3) Becau5c they u5e up ге5оuгсе5 vегу qui ckl y апd pгodtrce а lot ofwa5te . Thi5 
migl1t Ье polluting and it ha5 to Ье di 5po5ed of (c.g. iп la11dfill 5ite5 о г in the 
5еа). 

ANSWERS 

4) Thc гаw matcr·ial5 would cost а lot a11d tl1c waste would Ье cxpeп 5 i vc to 
di spose o f. Т11 еге would also Ье less pгodtrc t to 5c ll . 

5) Рс гсспtаgс yield = (4 _,_ 5) х 100 
= 80% 

Exam QL!estioпs 
M , o f etharюl = (1 2 х 2) + 6 + 16 = 46 
М , of etl1er1 e = ( 12 х 2) + 4 = 28 (1 111(1/'k) 

Atom ecoпorny = (28 _,_ 46) х 100 (1 mark) 
= 6 1 % (/ /1/UI'k) 

2 ( а ) Fгorn tl1c cqtration , 4 1110ic5 of CuO ~ 4 mole5 of Cu 
50 1 mole CuO ~ 1 rлo l c Cu ( / mark) 

63.5 + 16 = 79.5 g CuO ~ 63.5 g Cu (/ mark) 

1 g CuO ~ 63 .5 + 79.5 = 0.8 g ( 1 d.p. ) 

4 g CuO ~ 0.8 х 4 = 3.2 g (/ mark) 

(Ь ) Peгcentage yield = (2.8 + 3.2) х 100 (/ mark) 

= 87.5% (/ mark) 

( с ) Any thгee of: 

Т11 е ге rnay have been an incomplctc гcac ti on - 5о111 е сорре г ox idc wa5 
1101 гeduced (/ ma1·k) . 

Т11 еге may have been uпexpec ted reactioп5 (wl1i cl1 pгoduced diffeгe nt 

pгoduct 5 ) duc to impuгiti cs ir1 the гcac t a пt s (/ mark) . 

Somc of the сорре г rл ау havc Ьсс 11 lcft bel1ind when it wa5 5сга реd out 
into the Ьеаkе г (/ mark) . 

Sorne oftl1 e сорре г rn ay !Ja\'C Ьсеп left оп tl1 e filteг раре г (/ mark) . 
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Revision Summary for Section Seven 
2) а ) 40 Ь) 108 с ) 44 

е) 78 f) 8 1 g) 106 

5) 20.18 

6) а ) 75% Ь) 8.7% 

7) а ) 57% Ь) 35% 

8) MgS04 

9) Ca F2 

10) 186.8 g 

11) 80.3 g 

12 ) 20. 1 g 

13) 2 moles 

14) 142 g 

16) 0. 1 пюlеs 

17) 45.9% 

20) 66% 

Pages 137- 138 

Waпn-Up Questions 
1) Ncutгa li sa ti o 11 . 

2) А sa lt and hydгogen gas. 

3) Соррег nitгate and wateг. 

с ) 27% 

с ) 73% 

d) 84 

11) 58.5 

4) Add the in 5o luЬ!e Ьа5е to а 11 ac id uпtil all tl1 e ac id i5 n e utгa li 5ed and thc 
ехсе55 Ьа5е can Ье 5een 011 the bottor11 oftl1 e Пask . Then filte г out tl1 e 
ехсе55 Ьа5е a11d evapoгa t e off thc wat e г to leave а рuге. dгу 5ample. 

5) !гоп i5 les5 гeacti ve tl1an aluminiurn, 50 it would not di splace the aluminium 
from tl1 e 5a lt . 

Exam Questions 
1 ( а ) А - геd 

8 - рН 7 
D - рН 8/9 
Е - purpl e 

(2 marks if а/1 correct, 1 mark fiJr 2 о1· 3 cmтect) 



2 

(Ь) С (1 mark) 

(с) Е (1 mark) 

( d) в (1 11/{//'k) 

(с) А (1 mark) 

(а) 

With que5tion5like thi5, alway5 have а gue55 ifyou're not 5ure. Remember, the 
examiner5can'ttakemark5offyou(evenforarea//y5illyan5wer)and ifyou're 
5tuck between two po55ibllitie5 you're much more likelytogeta mark ifyou go 
forone ofthem than ifyou put nothing ata/1. 

14 

рН 
12 

10 

8 

б 

4 

2 

о 

/ 
......__ 

1 
1 
/ 

1 
/ 

~ v 
о 2 4 б 8 10 12 

voiLtme sodium hydroxide 
added (cm' ) 

(/ markfor points plotted correctly, 1 markfor hestflt curve) 

(Ь) 7 cm1 (also accept бог 8, dependiпg on best Гit curve at рН 7 (1 mark) . 

(с) Because tl1 e start ing рН is рН 1 (1 mark) . 
7hi5 i5 the kind ofque5tion that сап 5omehow trip you up, even ifit 5eem5 
oЬviou5 once you know the an5wer. So its lucky you've соте acro55 it now 
ratherthan in the ехат. i5n't it? 7he рН before any a/kali i5 added ha5 to Ье 
t he рН ofthe acid, and а рН of1 mean5a very 5trong acid. See? 0Ьviou5. 

(d) sodiLtlll SLtlfatc (1 mark) 

3 (а) sodiшn chloride (1 mark) 

(Ь) potass ium l1yd rox ide and amnюnia (1 mark) 

( с) z iпc ox ide (1 mark) 

(d) (i) Mg + 2HCI ~ MgC I, + Н , (lnшrk) 

(ii)N J-1
1 

+ J-J CI ~ NJ-I ,CI (1 mark) 

(iii) ZпО + 21-ICI ~ ZпC I, + 1-1
2
0 (lnшrk) 

(iv) КОН + J-J CI ~ KCI + Н ,О (1 mark) 

4 (а) lt must Ье in so iLtЬi e (1 mark). 

(Ь) sil ver пitra te + 11ydrocl1loric acid ~ s il vcг cl1loride + пitгic ac id 
(1 11/(//'k) . 

(с) First, Гilter tl1e so lutioп to гспюvс tl1c sa lt wl1ich has prec ipitated out 
(1 mark) . Тl1e n \vasl1 tl1e inso luЬi c sa lt (with disti lled water) (1 mш·k) 

and tl1eп lcavc it to dry/dry it in а11 оvеп (1 mark) . 
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Warm-Up Questions 
1) hydration 

2) thermal dccomposition 

3) oxidatioп 

4) prec ipit a ti oп 

5) dchydration 

Exam Questions 
(а) Вссанsе tl1c ctl1aпo l brcaks do\v П on heati пg to give two s impl eг 

products (1 mark) . 

(Ь) Because water is renюved Ггоm tl1e e tl1 a п o l iп thc rcaction to tnakc а 
ncw prodLtCt (/ mark) . 

2 (а) А (1 mш·kj апd С (1 mark) 

(Ь) С (/ mark) апd Е (/ mark) 

(с) В(/ mark) 

(d) Е (1 mш·kj 

3 (а) iгоп + охуgсп + water ~ hydratcd it·on(ll l) ox idc (1 mш·k) 

(Ь) Becausc thc iго п atoms lose c l cctro п s (1 mark) . 
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(с) Ву l1catiпg to rcmove thc wate r (1 mш·k) . (Aiso accept Ьу using а 
dc l1ydratiпg agcnt such as co tlccntrated sulfuric ac id.) 

( d) В (/ mark) and С (/ mark) 

4 (а) sodiLtm hydrogencarbonatc ~ sod iшn сагЬопаt е + carbon dioxide 
+ water (/ mark) 

(Ь) tl1ermal decomposition (1 mark) 

(с) Tl1e сагЬоп dioxide gas produccd in tl1c rcactioп helps tl1 e cake 
to ri sc (1 mark) . 

5 
R eaction 

Colour of precipitate 
ame of precipitate \Vhen NaOH added 

iron + SLtlfuric acid dark grcy-grccn iroп( ll ) l1ydrox ide 

ir011 -r nilric ac id orange- red iron(lll) hydrox idc 

(/ mark eacl!) 
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Warm-Up Questions 
1) lt nшst Ье molten ог di sso lved i11 \Vate r. 

2) lt makes tl1 e copper а better (electrica l) coпductor. 

3) At thc cathode/negati ve electrode. 

4) a lumiпium/magnesiшn/calcium/sodi Ltm/lithi шn/pot assi шn 

5) hydrogen, cl1l o riпe and sodium hydrox idc 

Exam Ouestions 
(а) The bLtlb lit up because tl1ere was а flow о Г e l ec tro п s arouпd the circLtit 

(1 mark) . 

(Ь) At the anode/positive electrode (1 mark) . 

( с) The positive lead ions movc to the пegati ve cathode where tl1ey ga iп 

elecн·on s to give lead atoms (1 mark) . Thc lead metal is denser than the 
lcad bromide so it s iпk s to the bottom (lnшrk) . 

(d) (i) РЬн + 2с- ~ РЬ (/ mark) 

(ii) 2 В г ~ В г, + 2е- (1 mark) 

2 (а) (i) l1ydrogcn (1 mark) 

(iiJ н· (1 mark) 

(iii) 2 н • + 2е- ~ Н2 (lnшrk) 
(Ь) (i) chlorine (1 mark) 

(ii) Tl1e nega ti ve cl1l oride ions 111ovc to tl1e а поdс ancl give up tl1eir 
clec troп s (1 mark) to form chloritlC gas mol ecules, Cl, (1 mark) . 
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Revision Sшшnary for Section Eigl1t 
8) а) magпcsium cl1l oride: Mg + 2HCI ~ MgCI , + Н , 

Ь) a iLtminiшn sulfate: 2AI + 3H
2
SO, ~ AI

2
(S0,)

3 
+ 3 Н 2 

11 )а) e.g. hydrochloric acid and copper( 11 ) oxi de 

2HCI + CLIO ~ CuCI, + нр 

Ь) e.g. пitric acid and calcium oxidc 

21-IN0
1 
+ СаО ~ Ca(N0

1
)

2 
+ нр 

с) e.g. sulfliГic acid апd zinc ox ide 

H2SO, + ZпО ~ ZпSO, + нр 
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Waпn-Up Questions 
1) lп creasc thc temperature (ofthe ac id) . 

Usc smaller pieces of/powdcred magпcsiшn . 

lпcrcasc the ac id conceпtra ti oп . 

2) lt woLtld iпcrca se tl1e time takeп (i .c. rcdLtce tl1 e t·a te о Г reactioп). 

3) Ву kee piпg tl1e mi lk cool/storing it in а Гridge. 

4) The co rros i oп of iron is а rcactioп that l1appens ve ry slowly. 
Ex plosions are ve ry Гas t reactioп s. (Otl1cr answers poss iЬie.) 

5) Mcasure tl1 e vo iLt me о Г gas g i vcп offby co llec ting it in а gas syriп ge/ 

пюпitог tl1c mass of а rea c ti o п flask Гt·om wl1ic l1 the gas escapcs. 
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Exam Questions 
1 (а) Апу two of. the volume ofsod iш11 tlliOSLJifate/l1yd roc l1loric acid/t l1c 

coпceпtrat i oп of sodium tlli oSLiifate/hydrochloric ac id 1 thc persoп 
judgiпg wheп tl1e Ьlack cross is obscurcd 1 the Ьlac k cross uscd (sizc, 
darkпess etc.) (1 mark eac!J) . 

(Ь) 

Judgiпg wheп а cross is completelyoЬscured is quite subjective- two people 
might пotagree оп exactly wheп it happeпs. You сап tryto limit this proЫem Ьу 
usiпg the same persoп each time, but you caп'tremove the proЬ/em completely. 
7he persoп might have chaпgedtheir miпd slightly Ьythe time theydo the пехt 
experimeпt- or Ье lookiпg at it from а differeпtaпgle, Ье а blt more bored, etc. 

60 

50 

G 
40 ~ 

.. :: >. t 
~ 
:::> 30 ё 
"' Q. 

- .. : ~ :. 
Е 20 
~ ·· ~ 

10 
.. ~ ... ........ 

··.t ~~ 

о 
о 10 20 30 40 50 60 

Time (s) 

(lmark for а/1 points plotted correctly, 1 mark jor best-jit curve) 

(с) As the temperature iп creases tl1c time decreascs, п1сапiпg tl1at the 
reactioп is l1 appeпiпg faster (lmurk) . Ап iпcrea se iп tcmperaturc 
causes ап iпcrease iп the rate of а reactioп because the particles have 
more eпergy (1 murk) . 

(d) Each ofthe reactioпs would hарреп more slowly (lmark) , alt lюugl1 

tl1ey would sti ll vary wit l1 temperature iп the same way (lmark) . 

2 (а) А gas/carboп dioxide is produced апd leaves the Пask (/ mark) . 

(Ь) The same aпюLIIl t апd CO Jl ceп tra ti oп of acid was uscd cach time, wit l1 
excess marЬ!e (1 mark) . 

(с) (i) The marЬ!e chips were smaller/the temperature was l1igher (lmark) . 

(ii) Smaller chips give ап iпcrcased surface area, iп creasiпg the rate/ 
а higher temperature meaпs tl1 c pa1·ticles have more eпergy, 
iпcreasiпg the rate (lmark) . 

(d) The coпceпtrat i oп ofthe ac id is greatest at this poiпt . before it stans 
beiпg coпverted iпto prodLJCts (lmark) . 
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Warm-Up Questions 
1) They must collide with eпough eпergy. 

2) Heat the reactioп mixture. 

3) Т11е panicles are squashed mоге closely together апd so co llide 
пюrе ofteп. 

4) А catalyst is а s ubstaпce which chaпges tl1e speed of а reactioп , witlюut 

beiпg chaпged or used up iп the reactioп. 

5) The activatioп e11 ergy is the miпimшn amouпt of eпergy 11ceded for the 
reactioп to hарреп. 

Exam Questions 
1 (а) H eatiпg makes the hydrogeп peroxide particles move faster (lmark) , so 

they collide more ofteп (lmark) апd \vith greater cпergy (/ mark) . 

(Ь) Т11е surface area of the catalyst is iпcreased (lmark) , giv iп g the 
particles а greater area that they сап stick to апd react (/ mark) . 

(с) Ву iпcrcasiпg tl1e hydrogeп pcroxide COJl ceпtrat i oп (lmark) . 

2 (а) Тl1is gives the catalyst а greater surface area (lmark) . 

(Ь) Тl1i s reduces tl1e amoшlt of eпergy пeeded Гог heatiпg (lmurk) , 
meaпiпg that the eпergy costs are reduced апd thc product is cheaper to 
make (апd usiпg less eпergy is also better for the eпviroпmeп t ) 

(lmark) . 

(с) Апу two of, they сап Ье very expeп s i ve to buy 1 they may пееd to Ье 
removed from the product апd c l caпed, which could Ье costly апd wastes 
time 1 they сап Ье poisoпed Ьу impurities апd песd replaciпg 
(1 mark eaciJ) 
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(d) 

спсгgу uпcataly,;ed [\ l1yllгщ: a1· L10п 
catalysed ~ prodLJ~:t ' 

activaiio п ] 11 
11ydгocarbo1 eпerg 1 es 1 

гe<Ictaпt' ,j.,j. ,j. 

ргоgгсs' 

о Г 1-cactioп 

(lmarkfor shmving t•vo cur1•es oftlle correct slшpe tlшt peuk 
fibo••e tl1e 'products' energy le••el. 1 nшrk for sl10>ving t/J{It tl1e 
catalysed activation energy is lmver. 1 mark for sltmving bot/1 
tl1e activation energies cleurly.) 
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Warm-Up Questions 
1) exothcпnic 

2) The temperatшe wi ll decrease. 

3) Eпergy is g i ve п out - it's exotl1 ermic. 

4) t.H 

5) Thi s is thc amoш1t of eпergy пceded to raise tl1c temperature of 1 g of watcr 
Ьу 1 ас. 

Exam Questions 
1 (а) Tl1e mctl1aпe burпs 1 gives out heat/light (lmurk) . 

(Ь) (i) С-Н апd О = О (lmurk) 

(ii)O = О. becaLJse it is а douЬ!e Ьопd (lmurk) . 

(с) (i) (4 х 414) + (2 х 494) = 2644 kJ/mol (lmurk) 

(ii) (2 х 800) + (4 х 459) = 3436 kJ /mol (lmurk) 

(i ii) 3436 - 2644 = 792 kJ/mole (lmurk) 

(d) The Cllcrgy releascd whcп thc пеw boпds are formed is greater tl1 aп the 
eпergy пceded to break tl1e origi пa l boпds, so overall e11 ergy is g i vcп out 
(lmurk) . 

2 (а) х = activatioп eпergy (lmurk) . у = t.H (lmш·k) . 

(Ь) Eпdotl1 eпnic (lmark) . because the prodLJCts l1 ave more eпergy thaп tl1e 
reactaпts, so eпergy lllLISt Ье takeп iп duriпg the reactioп (/ murk) . 

(с) BecaLJSe tl1e activatio 11 eпergy is too l1igl1 (lmш·k) . 

3 (а) То make it а fair test/so tl1at the temperaturc rise is pюportioпal to the 
amouпt of heat produccd (lmurk) . 

(Ь) 100 х 4.2 х 21 (lmurk) = 8820 J/8.82 kJ (lmurk - units needed) . 
7hisgives you the energytraпsferred (iп J) апd пormallyyou would theп have 
todivide this Ьу the mass offue/ burпed (iп g) to fiпd the heateпergy 
traпsferred pergram offue/. But iп this case оп/у 1 g offue/ was burпed апуwау. 
Soyou'redoпe. 

(с) 

energy fuel А + 
nxvuen 

oroducts 

eпergy 

progrcss of reactioп 

fue l В + 
()XVQCП 

nrnnllrl< 

progress of rcactioп 

(lmurk for siJO>ving products lo11•er than reactants, 1 murk if products are 
shmvn at а lmver le1•el for ji1el В tlla/1 for А.) 
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Warm-Up Questions 
1) Add а catalyst. 

2) Thcy а гс the same. 

-



3) lt iпcreases the amount/concentration/yield ofproducts 1 shifts the positioп 
of cquilibrium to the right. 

4) iroп/Fe 

5) Т11еу are recycled and used to produce more product. 

Exam Questions 
(а) Because the СО, gas that 's produced would escape ifthe system wasn't 

closed. This wo~ld cause tl1e equilibrium to shift (lmark) . 

(Ь) lпcreasing the temperature (lmark) апd reducing tl1e pressurc (lmark) . 

2 (а) (i) crude oil/metllaJle/water (1 mark) 

(ii) air (lmark) 

(Ь) 3H
2
tgl + N2tgl ~ 2NH 3tg) 

( 1 mark for co1·rect jormula, 1 mark if correctly balanced, 
1 mark Jor correct state symbols). 

(с) E.g. fertilisers/explosives (lmark) . 

(d) А high temperature reduces the equilibri нm yield but increases the rate 
ofthe reactioп (lmark) . lfthe temperatшe was апу lower, tl1e product 
would Ье formed too slowly (1 mark). 
Remember, it's bettertogetayield of10%after 20 seconds than ayie/d of 
20%after60 seconds. 
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Revision Summary for Sect i oп Nine 

3) Ь) 

Mass 
of gas 

evolved 

12)а) 4 78 kJ /mol 

Ь) Т11is is an exot l1errлic reaction. 

13) 18720J(orl8.720kJ) 
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Warm-Up Questioпs 
1) Because ammonia is very so ltrЬi e in watcr. 

Sarлple D 

Time 

2) E.g. carbon dioxide/cl1loriпe (any gas tl1at is l1 eavier tl1an air). 

3) Use damp red litmн s рарег - it will turп Ьlне. (Or smell it.) 

4) Охуgеп. 

5) Blue. 

Exam Questions 

2 

(а) сагЬоп dioxide 1 СО, (lmark) 

(Ь) l1ydrogen (lmark) 

(с) chloriпe (lmark) 

{d) SO,'-(s) + 2H' (aq) (lmark) ~ SO,(g) (1 mark) + Н 20(1) 

Flame colour Metal ion 

bluc-grccп Cu'· 

lil ac к 

orangc-yello\V Na 

(brick- )red Са 
(1 mш·k eaclr) 

3 Add пitric ac id апd tl1cn si lver nitrate so lutioп (lmark) . 

А white precipitate indicates cl1loridc ioпs (lmark) . 

А cream precipitate iпdicates bromide ior1s (lmark) . 

А ye llow precipitate iпdicates iodidc ioпs (lmark). 

4 А 1н (1 mark) 

NH; (1 mark) 

cu>+ (lmark) 

са>+ (lmark) 

261 

5 (а) Add sodiшл l1ydroxide solution (lmark) . А (sludgy) green precipitate 
indicatcs iгоп(/1) ions (lmark) . 

(Ь) Add dilute hydrochloric ac id and tl1 cr1 Ьаriшл ch loride solution 
(lmark) . А white precipitate iпdicates sulfate ions (lmark) . 

б (а) Copper(/1) chloride, CuCI2 (lmarkfor copper, lmarkfor cbloride) . 

(Ь) Potassium nitrate , КNО3 (lmш·kfor potassium, /markfor nitrate) . 
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Warm-Up Questions 
1) hydrogeп ion 1 /-/ ' 

2) Ьltre 

3) hydrogeп gas 1 1-1
2 

4) The surface wou ld c h ar/Ьiackeп. 

5) e.g. mass spectrometry 

Exam Questions 
1 (а) сагЬоп dioxide 1 СО, (lmark) 

(Ь) BubЬie the gas througl1 limewater (lmark) апd it will turn 
cloudy/milky (lmark) . 

(с) CO/-(s) + 2Н ' (lmark) (aq) ~ СО, (lmark) (g) + Н 20{1) 
2 (а) amпюnia 1 1-1

1 
(lmark) 

(Ь) N/-1; (aq) + ОН- (lmark) (aq) ~ NH, (lmark) (g) + Н 20 (1) 

(с) /t turns damp red litmus рарег Ьlue (lmark) . 

3 (а) Proportion of С in СО, = 12 + 44 ~ 0.27 
rnass of С in compouпd ~ 4.4 х 0.27 ~ 1.2 g (lmark) 
rnoles or с = 1.2 -;- 12 = 0.1 11101 (lmark) 

(b)ProportioпofHinH ,O = 2 + 18 ~ 0.11 
mass of Н iп compoti"nd ~ 1.8 х 0.11 ~ 0.2 g (lmark) 
rnoles of /-1 ~ 0.2 + 1 = 0.2 mol (lmark) 

(с) RatioofC:H = 0.1:0.2 = 1:2 
So the empirical formula is СН 2 (lmark) . 

4 (а) Mass ofC in compound = 1.1 х ( 12 + 44) = 0.3 g 
Moles of С = 0.3 + 12 = 0.025 mol (lmark) 
Mass of Н iп compound = О.б75 х (2 + 18) = 0.075 g 
Moles of Н ~ 0.075 + 1 ~ 0.075 mol (lmш·k) 

Ratio С: Н ~ 0.025:0.075 ~ 1:3 
So empirical formula is СН 3 (lmark) . 

(Ь) Shake wit l1 brorniпe water (/ mark). The bromine water will not 
decolourise 1 wi ll stay co l oured/Ьrown/orange (lmark) . 

5 (а) С (1 mark) 

(Ь) Any two of, e.g. tl1ey're rшr c l1 quicker 1 they're more accurate 1 tl1ey сап 
Ье carried out Ьу technicians - you don 't have to рау trained cl1em ists 
to do everything 1 the tests сап Ье automated 1 even very tiny аnюшнs of 
cl1ernical сап Ье detected and aпa l ysed 

(lmarkfor еас/1 correct ans1ver, maximum l marks) . 

б (а) Апу опе of, e.g. rnethyl orangc - turns red 1 Ьlue litrllUS- turns red 1 
uпiversal iпdicator - turns rcd/orange 1 phenolphti1Зieiп - turns 
colourless (1 mark) 

(Ь) (i) hydrogeп (lmark) 

(ii) 2Н' (aq) + 2е- ~ Н2 (g) (lmark) 

(с) Any two of, infrared spectroscopy 1 ultraviolet spectroscopy 1 nuclear 
magnetic resonance (NMR) spectroscopy 1 mass spectrometry 
(1 mark еас/1 , maximum l marks). 
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Revision Summary for Sect i oп Ten 
19) сн , 

ANSWERS 
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Waпn-Up Ouestioпs 

1) Ву evaporation. 

2) Water пю l ec ul es are polar. 

3) ca lcium carbonatc 

4) Any one of, e.g. calcium sul fa te / rnagnes ium SLrlfate. 

5) l oп-exchange columns and washiпg sodalsodiшn carboпa te/Na2CO, . 

Exam Questioпs 

(а ) 1 - evapo ra ti o п (lmark) 

2 - conden sa ti oп (/ mark) 

3 - clouds (/ mark) 

( Ь ) Ra iпwate r fa ll s о пtо land wl1 ere it di ssolves soluЫe Strbstances, e.g. 
from rocks/fc rtili sers/wastc (lmark) а пd it then ruп s back to the sca ( iп 
ri ve rs) (lmark) . 

2 (а) As the temperature i пc reases , so does tl1 e so luЬil ity (lmark) . 

( Ь ) lt suggests tlы t it is i o пi c boпding (lmark) . 

3 (а) Апу t\vO of, e.g. Forms scum with soap. 1 Requires more soap for 
cleaning. 1 Foпn s limesca le on l1eating systems/kettles, etc. 1 
Мау Ыосk pipes. (/mark еас/1) . 

(Ь) Ca(HC0
1

)
2
(aq) ~ CaCO/s) + Н 20 ( 1 ) + CO,(g) (lmark еас/1) 
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Warm-Up Questioп s 

1) То remove solids. 

2) То kill microorgani sms. 

3) Ву di stillation (boiling water and condensing the steam) . 

4) The l1i gl1 er the temperature, the lower the so luЬility of gases. 

5) enzymes 

Exam Questioпs 

(а) Because above thi s temperature the water becomes а gas -
100 °С is tl1e boiling po iпt of water (lmark) . 
And, fairlyoЬviously,you can'tdissolve а solid in а gas ... 

( Ь ) 5 g (accept aпswers between 4 g and 6 g) (lmark) 

(с) So luЬility is 15 g per 100 g of water at 80 ос (lmark) 

250 g of water will dissolve (250 + 1 00) х 15 g = 37.5 g (lmark) 
(Accept a пswers between 35 g and 40 g) 

(d) At 90 °С , 20 g disso1ved. At 1 О 0С, 4 g di sso lvcd (/ mark) . 
20 - 4 = 16 g wi11 crysta11i se out (lmark) . 
( Accept answers between 14 g апd 18 g.) 

2 (а) Detergent mo1cc Lr1 es have а hydrophoЬi c ta i1 and а hydrop11i1i c head (/ 
mark) . The hydrophoЬi c ta i1 is att racted to t11e oi1 and surrounds it (/ 
mark) and t11e hydrophi1ic 11ead is attrac ted to the water, pu11ing the oi1 
away from the fabric (lmark) . 
Examiners would a/so havetoacceptananswerbased оп surfactantproperties 
ofdetergentsand the lowering ofsurface tension here- which isa/1 getting а 
Ьit too fancy-pants in myopinion, but it justgoes to show that there's often 
more than onecorrect waytoexplain things. 

(Ь) (i) sodiшn hydrox ide (NaOH ) (lmark) 
Can'taccept potassium hydroxide here / 'т afraid- it Ш sometimes used to 
makedetergents, but thequestion asked aЬout so4ium salts. 

(ii ) 1t 's а neutra1isat ion reaction (lmark) . 

(с) Dry с 1 еа пiпg uses а so1vent other than water 1 an organic so1vent 
(1 mark) . The mo1ec u1 es in the dry c1eaning so1vent are strong1y 
attracted to the mo1ec u1 es in the stain, pu11ing the stain apart 
(lmark) . 
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Warm-Up Questioп s 

1) The equi1i brium wi11 move to t11e right/towards products. 

2) The equi1i briLrm wi11 move to the right/towards products. 

A NSWE RS 

3) 

4) 

1t wo u1 d havc no cffcct (bccause t11cre are eq ua1 шrmbcrs of gas 
mo1ecu1es on bot11 sides ). 

Т11с forwar·d rcac tion wi11 Ье fas tcr t11 а п t11e reverse reac tion, producing 
more N Н , to try to rep1ace t11 e N Н , that 's Ьееп rcmoved. 

Exam Ouestioпs 

(а) (i) The yie1d decreases (/ 111{/l'k) . 

Тhat's because theforward reaction is exothermic, and theequilibrium 
alway s shifts to try and opposeanychange. 

(ii ) Т11с yic1d dcc rcases (/ mark) , because there аге more gas mo1es on 
t11e left/ fewer gas nю 1 es on tl1 e r· i g1н (lmark) and so the eqLri 1i brium 
rnoves to the 1eft to try and iп crease the prcssшe agaiп (/JJШrk). 

(Ь) More product (50
3

) wil1 form because t11c revc rse/Ьackward reacti on 
won't occur/wi11 Ье mLrch s1ower (lmark) . 

2 (а) 20% (lmark) (Accept 18- 22%) 

(Ь) As the pressurc increases. t11 e equi1ibriшn moves to the left/towards the 
reactants (/ mark), because there а ге fewer gas mo1es 011 tl1e 1 e ft/пюre 

gas mo1es оп t11e right (/ mark) and the cq ui1ibriшn shi fts to oppose the 
change (/ mark) . 

(с) (i) As the temperature increases t11 e yie1d inc reases (lmark) , so the 
eq ui1i briLr m has rnoved to t11e r·ig11t/towards prodLrcts (lmark) . 

(ii) endot11 erm ic (lmark) 
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Waпn-Up Questioп s 

1) н+ апd so,'-
2) А ргоtо п donor. 

3) An ac id t11 at on1y parti a11 y i o пi ses in so1ution. 

4) сн ,соон F н+ + сн ,соо-

5) А strong ac id is one that a lnюst completc1y ionises in water. А cor1ccntrated 
ac id is one with а 1arge пшnЬе г of nю 1 ecu 1 es (ог ions) iп а part icLr1 ar unit 
vo1шne or it . 

Exam Questioпs 

(а) NH/g) + Н 20( 1 ) (lmark) ~ NH/ (aq) (lmark) + OH-(aq) 

(Ь) Ammor1i a is а proton acceptor (/mark) - it docsn't need to Ье in 
so1ution to do this (/ mark) . 

(с) Weak a1kali s оп lу partially ioni se when disso1ved in water (lmark) . 
Strong a1ka1i s (a 1nюst) comp1ete1y ioni se when disso1ved in water 
(lmark) . 

2 (а) Any one of, c.g. to make the cxperiment а fair test 1 to e пs ure that 
сопсеrнга ti оп was а co пtro11 ed var i aЫe iп tl1e investiga tion (1 mark) . 

(Ь) Hydroc h1 oric ac id, because it is а stronger ac id (lmark) а пd so it has а 
greater concentration of ions in so1uti o п (lmark) . 
Тhе moving chargescarrythe current, so the moreofthem there are, the better 
the solution wi/1 conduct. 

(с) (i ) 11ydroc h1 ori c ac id (lmark) 

(ii ) The weak ac id is in equ i1ibriшn witl1 its ions at first (lmark) but as 
the Н+ ions react they are used up. so their coпce ntra ti oп decreases 
(lmark) and the equi1i bri um moves to the rig1H to rep1ace them 
(lmark) . 

Revi s ioп Summary for Sectioп Eleveп 
3) 1ead nitrate, arn mon ium ch1 oride, potass ium su1fate, Ag

2
S04, CuSO,, 

barium su1fate, Ba(N0
3

)
2 

11 )а) 75 g 

Ь) 35 ос 

с) 95 - 75 = 20 g 

26) 7 cm ' 
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Warm-Up Questioп s 

1) 0. 15 х 1000 = 150 cm' 

2) n = с х V = 0. 1 х (25/1 000) = 0.0025 mo1 



3) 

4) 

М,= (2 х 23 ) + 12 + (3 х l б ) = IОб 

Concentrati o п = 2.б5 + 1 Об = 0.025 mol/drn 3 

280 + 24 000 = 0.0 11 7 mol 

5) Т11е poi nt at whic l1 tl1e indicator c h a пge5 colour/thc 5olution i5 
ju5t neutrali5cd. 

Exam Questions 
1 ( а) (i ) 4.9 х ( 1 000/250) = 1 9.б g/dm 1 (/ mal'k) 

(ii)M, = (3 x 1) + 31 + ( 4 х l б) = 98 (/nlllrk) 

Coпcentra t ioп = 1 9.б + 98 = 0.2 mol/dm 3 (/ mark) 

( Ь ) Ma5s = n х М , 

mass = 0.1 х 98 = 9.8 g (/ mark) 

2 (а ) М , of CuCO, = 124 а пd М, ofCO, = 44 (/ mark) 

Mass ofCO, = 37.2 х (44/124) = 13.2 g (lmark) 

3 

(Ь) n = 13.2 + 44 = 0.3 (lmark) 

volume = 0.3 х 24 000 = 7200 cm' or 7.2 dm3 
(/ mark) 

Measure 25 cm3 of tl1e l1ydrochl ori c ac id using а pipette and place tl1e 
ac id in а coni ca l Па5k (lmark) . Add а few drop5 of indicator/methyl 
ora nge/pheпo lpl1th a l e iп (/ mark) . Fill а burette with tl1e sodillm 
l1ydrox ide solutior1 ( 1 mark) . Add the sodiшn hydroxide slowly until thc 
iпd icator changcs colour (/ mark) . Repeat the expe r·i me пt and find tl1e 
average volume required (/ mark) . Use tl1i s vo iLrme to ca lclllate the 
number of n10le5 of each reactant liSed iп the titra ti o п and use this to 
ca lcLrlate tl1 e coпceпtra ti on ofthe l1ydrochloric ac id (/ mark) . 

(A ny fi••e fm· а max imum of 5 marks - note t!IUt it is ассерtаЫе to 
llll ve tl1e sodium l1ydrox ide in tl1 e conical jlask and add tl1 e acid.) 

4 (а) п = с х V (/ mark) 

п = 0.1 х (27.5/1 000 ) = 0.00275 mol (lmark) 

( Ь) HCI and NaOH react iп а 1: 1 ratio, so number of moles of HCI 
= 0.00275 11101 (lmark) 

(с) с = п + V (/ mark) 

v = 25/1000 = 0.025 

с = 0.00275 + 0.025 = 0. 11 mol/dm1 (lmark) 

5 ( а) п = с х V (/ mark) 

n = 1.0 х (30.3/1 000) = 0.0303 mol (lmark) 

(Ь) H,SO, and NaO H react in а 1:2 ratio, 50 nшnber of molcs of H,SO, 

= 0.0303 + 2 = 0.0 1515 mol (/ mark) 

(с) с = п + V (lmark) 

v = 25/1000 = 0.025 

с = 0.01 515 + 0.025 = О.бОб n10 l/drn 1 (lmark) 

б (а) А 11 у о 11е of, e.g. it \vas а 11 a11 ornaloL1 S result/a11 outlier 1 thc first titration 
is o ft e11 а 'roL1gl1 ' titratio11 and it s resLrl t is 1101 accLrrate (lmark) . 

(Ь) Moles of NaOH = с х V 
= 0.1 х (9.0/1 000) = 0.0009 mol (/ mark) 

НА and NaO H react i11 а 1:1 ratio, 50 mole5 of НА = 0.0009 1110les 
(/ 11/(//'k) 

Co 11cent ration of НА = 11 + V 
= 0.0009 + 0.025 = 0 . 03б mol/dm3 (/ mш·kj 

(с) Т11е acid Lrscd i п lemo11 ade is а weak acid (e.g. citr·ic ac id ) (lmark) . 
Т11еге will ac tually Ье very few free Н ' ions in the l emo п ade/th e ac id 
will Ье o11ly partiall y io11i sed (lmш·k) . 
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Warm-Up Questions 
1) Ox ida ti o п i5 lo5s of elec trons a11d rcdllc ti o п is ga in of electro11 s. 

2) lt slloLrld Ье placed at the cathode (the 11ega ti ve elec trode). 

3) Oxygcn fo rms at tl1e a11ode. 

4) А fa raday is the chargc co11tained i11 1 mole of elecrrons. 
1 F = 9б 000 С. 

5) t = Q + 1 = 200 000 + 2.5 = 80 000 sccoпd5 
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Exam Questions 
(а ) к+, so,z-. н +, он-

(2 mark.s ij'allfour are correct, lmark ijtl1e1·e is оп/у one error.) 

(Ь) (i) 2 н • + 2е- -7 н , (l mal'k) 

(ii)40 H- -7 О, + 21-1 ,0 + 4e-
or: 40Н - -4е- -7 О, + 2 Н ,О (lmark) 

(с) lt doe5n't react witl1 а 11у ofthc rcactants or products (lmark) . 

2 (а) Ox idati or1 tl1 e соррег is lo5i11g e l ectro пs (lmark) . 

(Ь) (i) Q = 1 х t (lmark) 

Q = 4 х 7200 = 28 800 С (lmark) 

(ii ) Mo les = 28 800 + 9б 000 = 0.3 1110! (lmark) 
Remember, one faraday (96 000 С) i5 equivalent to one то/е ofelectron5. 

(ii i) l rnole ofcopper io11 s, Cu'· , 11eeds 2 rnoles ofclec trons, а п d so: 

rnoles of соррег = 0.3 + 2 = 0. 15 mol (lmark) 

(iv)m = 11 х А,= 0. 15 х б4 = 9.б g (lmark) 
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Revision Summary for Section Twelve 
1) 2.5 mol/dm' 

2) 0. 1 molcs 

3) а ) 7.5 g/dm1 Ь) 3.75 g/dm 3 

4) 120 g/dm1 

5) 4 g/dm 3 

7) а) 144 dm3 Ь ) 0. 15 molcs 

8) а) 44 g Ь ) 17 g с) 40 g d) 58.5 g с) 98 g 

9) а ) l б g Ь) 3 g с ) 14 g 

10) 3 dm3 

12) Ь ) 0.1 mol/dm 3 

14) а) 0. 1 б7 mol/dm 1 Ь ) 10.5 g/drn 1 

19) б С 

22) а ) 1.8g b)0.675 dm 1 
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Warm-Up Questions 
1) А пу two of, e.g. start-llp costs аге lower 1 it 's cost-e ffec ti ve for prodLr cing 

srnall quantitics of SL1bsta11ces SLICil as pharmaceutica l drugs 1 it allows 
several differcnt cl1emicals to Ьс made liSing the same cquipment 1 any 
ргоЫеm witl1 contaminatio11 сап eas ily Ье traced to а speci fic batcl1 . 

2) Conditions (s llch as temperatllre and pressure) that givc а high ratc of 
react ion may п о t nccessarily give а l1i gh percerнagc yicld, and so 
i11termediate co пditi on s may песd to Ьс used. Tl1crc may also Ье а 
compromi se between cost and yield . 

3) с"н ,"_ ,он 
4) lt 's used as а c l ea пing Пll i d апd as а fuel (other ar1 swers poss iЬi e). 

5) Etl1anoic ac id - Пavouri11g 1 prcservative 
Citric ac id - kettl c de5caler 1 Пavouri11g 

A5pirin (acctylsa licy lic ac id ) - a11alges ic 1 painkillcr. 
(Other ar1swers are possiЫ e.) 

Exam Questions 
(а ) 0-Н group (lmark) 

( Ь ) (i ) С, Н ,ОН -7 C, l-1, (lmшk) + 1-1 ,0 (1 mark) . 

(ii )A ny t\VO of, e.g. p l ant/equi pmc пt cost5 1 ratc ofproducti oп for eacl1 
metl10d 1 аmошн of e11ergy req uired 1 how l abo Lrг- i11te n s i ve eacl1 
process is (lmark еас/1) . 

(iii)Any two of, e.g. only onc product is bci11g made 1 tl1e process сап Ье 
automated 1 prodllctiorl ncver l1as to 5top 1 it allows for large-scalc 
prodLrc ti o п 1 it is а relati vc ly simple proccss (lmark еас/1) . 

A NSWERS 
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2 (а ) 

(/ mark fiн si/Otving tl1e -СООН fimctional group correct(y, 
1 mark j(Jr sl1mving ftvo carbons in tota/ and correct l1ydrogens.) 

(Ь) (i) ethyl etl1arюate (/ mark) 

(ii) rnctl1yl pгopanoatc (lmark) 

( iii)wateг (1 mark) 
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Warm-Up Ouestions 
1) lt allow5 lot5 of 5 irnil aг cornpouпd5 to Ье rnade qt1i ckl y ( fог cornpaгi 5on of 

tl1e iг ргорсгti е5 апd 50 that te5ting i5 co5t-effective). 

2) Maгk c t ге5сагс l1 , гс5еа гс h and developrncnt , tгi a lliпg, rn aгketin g. а пd 

rn aпu factu гi пg (i пc luding en e гgy, l abouг апd Г3\V rna tc гi a l co5t5). 

3 ) А pa iпkill e г/pa iпkilling dгug. 

4 ) Ву гcac ting it with 5odiurn hydгox ide о г 5odium caгbo na t e. 

5) va пadiшn pentox idc (V
2
0 ,) 

Exam Questions 
(а) (i) E.g. alll1ave а benzene гin g (1 mark). 

(i i) Both l1 ave а -СОСН , g гoup (1 mш·k). 

( iii )C,н.o, (1 mark) 

(Ь ) Сгu5 11 tl1 e plant rn a te гi a l (1 mark) . 
Di 55olve tl1e cornpound in а 5uitaЬi e 5olvcnt (1 mark) . 
Sepa гa te out the compound u 5 iпg c l1гomatog гapl1y (1 mark) . 

2 ( а ) The Coпtac t ргосе55 (/ mark) . 

(Ь ) (i) А l1i g l1 e г tempcгatuгe in c гea 5e5 tl1 c га tе о Ггеас ti о п ( / mark) . 

(i i) 1- 2 atmo5ph e гe5/a trno5pheгi c р ге55uге (/ mark) . 
Тhе ге аге Геwег rnole5 о Г pгoduct than tl1 c гc аге о Г гeactant 50 а high 
рге55 uге would give nюге pгoduc t (1 mark) , but high рге55uге5 а ге 

expen5ive to maintain 1 would liqucfy the SO, 1 а ге not гea lly needed, 
а5 the eqt1ilib гium i5 a lгeady on the гi ght (1 mark) . 

( с) S0 1 + H2S0 4 -7 н ,s,о, 

(1 markfor reactcmts, 1 markfor product) . 
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Warm-Up Questions 
1) An e l cctгi ca l cell that u5e5 the гeaction between а Гue l (e.g. hydгogen ) and 

охуgеп ( fгo rn а iг, fог example) to gene гa te elec t1·icity. 

2) pota55 i urn hydгox ide 

·3) 18 

4) Any tl1гce о Г, e.g. тоге thaп one io11 (with diffeгent ch aгge5 ) 1 co l ouгed 

cornpound5 1 rnake u5e ful cataly5t5 1 good conducto г5 о Г heatlelectгi c ity 1 
den5e 1 5 tгопg 1 5hiny 1 haгd 1 have high rne ltiпg point5. 

Exam Questions 
( а) (i ) Reduction, becau5e the геасtа пt5 аге ga iniпg e lectгon 5 (1 mark) . 

(ii ) 2H
2 

+ 0
2 

-7 2Н 20 
(/mark fiн tl1 e equation, 1 mark ij'correctly balanced.) 

( Ь ) E.g. the only pгoduc t i5 wateг, 50 they агс pгacti ca l , 5afe and provide 
а u5e ful additional 5оuгсе of wateг Гог l oп g 5расе j o uгney5 (/ mark). 

( с) Any one of, e.g. conventi onal fuel (petгo l ог die5e l) 5upplie5 аге non
гe newaЬJ e апd will гuп out in the futu гe 1 petгo l and die5el аге vе гу 

polluting апd con5urn eг5/goveгnment 5 аге inc гea5 iпg ly 5eeking otl1eг 

opti oп 5 (1 mark) . 

2 ( а) С апd Е (1 mark еас/1) . 

С is scandium and Е is nicke/, ifyou're interested. 

(Ь) (i) А 11у two of, e.g. iгon l1 a5 а l1i gheг melting point 1 iгon i5 5 tгonge г 1 
iгon i5 lыгdе г 1 iго п i5 den 5e г 1 (/ mark ectc/1) . 

(ii) А пу one о Г, e.g. iгon i5 le55 гeac ti ve 1 iгon Гогrn 5 тоге tha11 one i о п 

(Fe'+, Fc'•) (/ mark) . 

ANSWERS 

( с) (i ) Cu' • 1 coppeг(ll) (1 mark) 

(ii ) It i5 co l o uгed/Ьiue ( / mark) . 
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Warm-Up Questions 
1) Che511iгc/Tec5 ide 

2) с Ьl огiпе, hydгogen апd 5odiurn hydгox ide 

3) hydгogcn апd oxygen 

4) An atorn о г molecule with an unpa iгed е l ес tгоп . 

5) They а ге unгcacti ve and can ex i5t in the atmo5pheгe Гог long peгi od5 Ье fоге 

5 ta ni пg to геасt . 

Exam QL!estions 
1 (а) 21-1• (/ mark) + 2е- (/ mark) -7 Н , 

( Ь ) 2C I- (/ 11/(/ rk) - 2е- -7 Cl
2 

( / lll(lrk) 

(с) (i ) Any one of, e.g. НаЬег pгocc55/rn a king amrnonia 1 rnaking rn a гga гine 

( / mark) . 

(ii) Any one of, e.g. making di 5 inГcctant5 1 killiпg bacteгia 1 rnaking 
Ьl cach 1 rnaking pla5ti c5 1 makiпg hydгoc l1l o гi c acid 1 rn akiпg 
in5ec ti cide5 (1 mark) . 

(d) 5odium (1 m(lrk) апd c hl oгiпe (1 mark) 

2 (а) They аге uпгeac tive/in e гt , but the 5 tгong ultгav i o l e t light in the 
5 t гa to5pl1e гe ha5 enougl1 eneгgy to Ьгсаk up the rnolecul e5 (1 mark) . 

( Ь ) (i ) 0
1 

+ Cl• -7 0
2 

(1 mark) + CIO• (1 11/(/rk) 

(ii ) CIO• (1 mark) + 0
1 

-7 20
2 

+ Cl• (1 mark) 

(с) lt i5 а cl1ain гeacti on (/ 11/(/rk) . The Cl• Ггее гadi ca l i5 а pгoduc t / i 5 

гecyc l cd and can геас t witl1 mo1·e ozone (/11щrk) . 

(d) alkane5 (/ mark) апd HFC5/hydгofluoгocaгboп 5 (/ 11/(/rk) 
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Revision Summary for Section Тl1irteen 
8) 7 х б х 1 2 = 504 



А 
accuracy 250 
ac id-base theori es 202, 203 
ac id rain 36, 77-79, 188 
ac idic solutions 203 
ac ids 132-136, 178, 179, 

202-2 06 
acti va ted ca rbon fi lters 192 
activation energy 153, 

154, 159 
acti ve packaging 49 
additi on po lymers 42 
additi ves 51 
air fresheners 59 
air pollution 77-79 
airships 109 
alcohols 57, 58, 225, 

226, 228 
alkali metals 97, 98, 100 
alkalis 132- 134, 178, 179, 

196, 202 
alkanes 37, 39, 245 
alkenes 38, 39 
al loys 25, 26 
alternative fue ls 36, 82 , 83 
aluminium 17, 25, 85, 144, 

172, 220 
aluminium chloride 133 
aluminium ox ide 94, 144 
aluminium sulfate 133 
ammonia 103, 134, 171, 

175, 200, 203, 242 
ammonia gas 202 
ammonium 135, 172 
ammonium chloride 134 
ammonium nitrate 134, 135 
ammonium sa lts 134, 179, 188 
ammonium sulfate 134 
analgesics 232, 233 
animal testing 60, 23 1 
anions 93, 145 
anode 144, 217, 218, 238 
anoma lous results 249, 25 1 
ant iox idants 51 
argon 109 
Arrhenius 202 
artifi cial co lours 52 
asp irin 232, 233 
astatine 99 
atmosphere 70-72, 75, 77, 

82, 83, 244 
atmospheric change 71, 72 
atomeconomy 126, 127 
atomic al)sorption spectroscopy 

182 
atomic mass 9 
atomic number б, 1 О, 88, 

116, 11 7 
atoms 6-8, 11 , 89, 217, 

220, 244 
average 5, 249, 250 
Avogadro's law 211 

в 
balancing equations 11 
lы r chart 252 
barium chloride 174 
barium sulfate 174 
basa lt 67 
bases 132, 135, 202, 203 
basic solutions 203 
batch production 223 
bauxite 17 
Ьi as 5 

lndex 
ЬiodegradaЫ e polymers 43 
Ьiod i ese l 56 
Ьiogas 83 
Ьio l ogica l detergents 197 
Ьl each 194, 242 
boiling 7, 190 
I)Qnd energies 159, 160 
brea th aЫ e fabrics 44 
brine 242, 243 
bromides 175 
bromine 99, 107 
bromine water 37, 38, 180 
В rsnsted 2 03 
bronze 26 
buckminsterfullerene 11 2 
burettes 213 
burning 74, 180, 181 
butane 3 7 
butanoic acid 227 
butanol 225 
butene 38 

с 
С-С bonds 37 
С=С bonds 38, 180 
caes ium 97 
ca lcium 172, 173 
ca lcium ca rbonate 15, 66, 134, 

189, 190, 205 
ca lcium chloride 134 
ca lcium hydrogenca rbonate 189 
ca lcium hydrox ide 173 
ca lcium ions 136, 189 
ca lcium sulfate 189, 190 
ca lorimeter 161 
carbon 70, 74, 104, 105, 11 2, 

180, 193 
carbon-1 2 11 6, 11 7, 123 
carbon-14 11 7 
carbon cyc le 7 4 
carbon dioxide 8, 33, 56, 70, 

72, 74, 75, 78, 79, 82, 
83, 134, 140, 171, 174, 
180, 194, 205, 212 

carbon monox ide 34, 79 
carbon slurry 192 
carbonated water 194 
carbonates 70, 135, 140, 

174, 179 
carbonic acid 189, 204 
carboxylic ac ids 59, 225, 

227, 228 
catal ysts 39, 42, 79, 11 О, 11 2, 

148, 153-155, 159, 
166, 240 

catalyti c converters 79 
categori c va ri aЫ es 250 
cathode 144,217,2 18, 238 
cations 93, 145 
ce llul ose 47 
cement 16 
centrifuge 54 
CFCs 72, 244, 245 
chalcopyrite 1 7 
chalk 74, 189 
change in energy (L'.H ) 154 
changing equilibrium 199, 200 
charge 219, 220 
charged parti cles б 

charged subatomi c parti c les 202 
chemica l bonds 8 
chemica l production 223, 22 4 
chloride ions 144 
chlorides 135, 175, 188 

chlorination 192 
chlorine 91, 99, 102, 107, 171, 

192,2 11 ,2 17,242 
chlorine water 194 
chlorofluoroca rbons (C FCs) 244 
cholera 192, 193 
cho lestero l 54 
chromatography 52, 231 
cit ri c ac id 204 
clean water 192, 193 
climate 72 
climate cha nge 78, 82 
clinica l tri als 23 1 
closed system 165 
coa l 74 
co ld fusion 3 
co llision theory 152 
coll oids 27 
co loured flames 98 
co lourings 51, 52 
combustion 33, 34, 74, 157 
comets 71 
compounds 8 
computer chips 11 2 
computer models 82 
concentrated ac ids 204 
concentration 148, 152, 199, 

209, 210, 213 
conclusions 252 
concrete 16 
condensation 187 
contact process 23 4, 235 
continental crust 64 
conti nents 65 
continuous data 250 
continuous production 223 
control group 252 
controll ed conditions 3 
convection currents 64 
cooking 47 
copper 17, 18, 94, 11 О, 133, 

144, 173 
copper(ll ) 172 
copper ca rbonate 135 
copper chlor ide 134 
copper hyclrox ide 141 
copper nitrate 135 
copper oxide 134 
copper sulfate 195 
core 64 
corros ion 78 
cosmetics 60 
coulombs 219 
cova lent bonding 102, 103 
cova lent bonds 3 7, 38, 42 , 

104-106, 244 
cracking hydroca rbons 154 
crude oil 8, 32, 35, 36, 196 
crust 64, 67 
crystall ising 195 
cupron ickel 2 6 
current 219 

D 
data 3-5 
decay 74 
deforestat ion 7 4 
dehydration 139, 226 
denaturing 47 
dependent va riaЫe 248 
detergents 196, 197 
developing countries 193 
diamond 104 
diatomic molecu les 8 
diesel 56, 79 

265 
" 

di screte data 2 50 
di sinfectants 242 
di splacement 100, 136 
displayed formul as 232 
di sso lv ing 187, 188, 194-197 
distillation 54, 193 
douЫe bond 38 
downward deli very 170 
drinking water 136, 192, 193 
drug development 230, 23 1 
drug tri als 182, 23 1 
drugs 230-233 
dry-c leaning 196, 197 
dyes 49, 52 
dynamic equilibrium 165, 

167, 199 

Е 
E-numbers 51 
Earth 64, 65 
ea rthquakes 64 
ecosystems 7 4 
eggs 47 
electrica l c ircuits 11 2 
electri ca l conductors 205 
electri ca l discharge tubes 109 
electrica l energy 237 
electric ity 144 
electrodes 217, 238 
elec trol ys is 18, 20, 83, 144, 

145, 217-220, 242 
electro lytes 144, 217, 238 
electromagnets 111 
electron configuration 89, 

90, 93 
electron shell s б , 88, 90, 240 
electroni c ci rcuits 111 
electrons 88, 91, 97, 99, 1 02 , 

110, 11 7, 144, 219, 220, 
238, 244 

electropl ating 217 
elements б, 8-1 О, 88 
empiri ca l formulas 120, 

121' 181 
emulsifiers 48, 51 
emulsion 48 
endothermic reactions 157- 159, 

166, 199 
energy 83, 162, 197, 224 
energy levels 89, 237 
envi ronment 76, 77, 193 , 197 
environmental analys is 182 
enzymes 57, 197 
equilibrium 165, 167, 199, 

200, 204, 205, 235 
equilil) rium graph s/taЫ es 200 
equilibrium position 129 
esterifi ca tion 59, 228 
esters 59, 225, 228 
ethane 37 
ethanoic ac id 204-206, 

227, 228 
ethano l 57, 58, 225 
ethene 38, 39, 42 , 58, 226 
evaporation 7, 135, 187, 242 
evidence 1-5 
exhaust gases 79 
exotl1ermic reactions 157-160, 

166, 199, 200, 235, 237 
experi menta 1 mass 121 
experiments 2-4, 248, 252 
explosions 148 
extraction of metals 19, 20 
extrusive igneous rocks 67 
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F 
fair tests 3, 248 
faraclays 219, 22 0 
fa rming 77 
fatty acids 228 
fermentation 57 
fertili sers 77, 135 
fi lament lamps 1 09 
filtration 129, 135, 
finite resource 36 
fi zzy d riпks 194 
flame tests 1 73, 182 
fl ames 98 
fl avouriпgs 51 

192, 193 

flue gas desulfuri sa ti on (FGD) 79 
fluori ne 99, 107, 244 
food 47, 48, 51, 54, 55 
food adclitives 51, 52 
forces of a ttrac ti o п 7 
forensics 182 
formulas 8, 11 , 93, 94 
foss il fuels 32, 70, 72, 74, 75, 

77, 78, 82-84 
foss i ls 65 
fracti o пa l distillati on 32, 39 
fracti onating co lumn 32 
frac ti o п s 32, 35 
free e l ec troп s 11 О 
free i oп s 144 
free radica ls 244 
fuel ce ll s 237, 238 
fuels 33, 35, 36, 39, 56 
full erenes 11 2 
functional group 225, 227 

G 

human impact оп tl1e environment 
76, 77 

human tri als 23 1 
hydrated protons 203 
hydra ti oп 139 
hydrocarbons 8, 32-34, 39, 180 
hydroca riJOn chain 227 
hydrochlori c ac id 133, 134, 

136, 174, 204-2 06 
l1ydrogen 1 О, 83, 98, 102, 133, 

171, 179,205, 211 ,2 17, 
218, 237, 242 

hydrogen chloride 102 
hydrogeп ions 202-206 
hyclrogeп-oxygen fuel ce ll s 

237, 238 
hyclrogenated oil s 55 
hyclrogenati on 55, 11 О 
hydrogenca rbonates 140, 190 
hyclrophili c 48, 196 
hydrophoblc 48, 196 
hydrox ides 98, 135, 141 , 179 
hydrox ide ions 202, 203 
hyperac ti vity 51 
hypothesis 1, 2, 202 

ibuprofen 232 
ice ages 71 
igneous rocks 66, 67 
impuriti es 129 
incomplete combustion 34, 79 
independent va ri a Ьi e 248 
indica tors 132, 135, 178 
industrial reac ti ons 155 
industry 182, 200 

gabbro 67 infrared (IR) spectroscopy 183 
gas co ll ection 170 inner са ге 64 
gas- liquid chromatography 183 insectic ides 242 
gas syringe 150, 170 in so luЫ e 194 
gas tes ts 170, 171 in soluЫ e bases 203 
gases 7, 194 in soluЫ e gases 170 
gasoho l 58 in soluЫ e hydroxide 172 
generator 83 instrumental methods 182, 183 
giant cova lent structures 104 inte rnю l ec ul a r forces 106, 107 
giant ioni c structures 92 internal combusti on engines 78 
global climming 36, 77, 84 interpreting results 248, 249 
global wa rming 36, 75 intrusive igneous rocks 67 
glucose 57 iodides 175 
gold 11 О iodine 99, 107 
granite 67 ion exchange co l u mпs 190 
graph 25 1 ion exchange res ins 193 
graphite 105, 217 i oпi c bonding 91-93, 188 
grease 196 ioni c compouпds 94, 188 
greeпhouse effect 74, 75 ioni c equations 173 
greenhouse gases 72, 74, 75 ionising 204 
groundwater 192 ions 7, 91-94, 99, 217, 239, 
groups 9, 1 О, 88 243, 244 

GroupO 109 iron 17, 25, 64, 11 0, 141 , 172 

Group 1 1 О, 93, 97, 98, 239 iron cata lyst 167 
Group 2 93 iron powder 8 
Group 6 93 iron sulfide 8 

Group 7 1 О, 93, 99, 100, 107 isotopes 116-11 8 

н 
Haber process 11 О, 127, 154, 

167, 242 
haematite 17 
halides 175 
halogens 99, 100, 107 
hard water 189, 190 
helium 109 
herbl cides 77 
HFCs 245 
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к 
keys 252 

L 
laiJ tests 23 7 
labour costs 224 
land po llution 77 
landfill 43 
lasers 109 
latt ice 7, 92 

lead 136, 22 0 
lead chloride 135, 136 
lead пitra te 136 
lead su lfa te 135 
less reacti ve metals 136 
life expectancy 193 
light bL1Ibs 109 
l imesca le 189 
limestone 15, 16, 66, 74, 

78, 189 
limewa ter 171, 174, 179 
line of best fit 25 1 
liqu icls 7 
lithium 97, 98 
lithosphere 64 
li tmus 178 
litmus paper 171, 175, 242 
Lowry 203 

м 
machines 182 
magma 66, 67 
magnes ium 11 , 205 
magnes ium chloride 133 
magnes ium ions 136, 189 
magnesium ox icle 11 
magncs ium sulfate 133, 189 
magnetic fi eld 64 
manganese 94 
mantl c 64 
manufacturing processes 223 
marЫe 66, 189 
margarine 55, 180, 242 
margin of error 249 
marketing 23 1 
mass 6, 210-212, 219, 22 0 
mass number 6, 1 О, 11 6, 11 7 
mass spectrometry 1 83 
masses of elements 181 
matter 7 
mean 249 
measurements 250 
medica l tests 182 
melting 7 
Mencleleev, Dmitri 9 
metal carbonate 135 
metal halides 100 
metal hydroxides 134, 135, 172 
metal ox ide 134 
metallic bonding 24, 11 О 
metalli c structures 11 О, 111 
metals 1 О, 17-20, 23 -26, 11 О, 

111 , 133, 179, 182, 239 
metamorphi c rocks 66 
methane 37, 74, 75, 83, 103 
methanoic ac id 22 7 
methanol 22 5 
methy l orange 1 78 
microorganisms 74, 83, 192 
minerals 187 
mining 17 
mi xtures 8 
mo lar mass 124 
molecular engineering 11 3 
molecular substances 106, 107 
molecu les 7 
mo les 123, 124, 181, 199, 

204, 209-2 11 , 214, 
219, 220 

monitoring stati ons 82 
monomcrs 42 
monounsa turatecl fats 55 
Montrea l Protocol 245 
mortar 16 

N 
п а nomac l1 i nes 11 3 
nanomateria ls 11 2, 11 3 
nanoparti c les 11 2, 11 3 
nanotecl1nology 11 3 
nanotubes 11 2, 11 3 
ncga ti ve ions 174, 188, 217 
neon 109 
пe utra li sa ti o п 132-134, 213, 

214, 157 
neutrons 11 6, 11 7 
nickel 64, 11 О 
ni tino l 26, 49 
nitrate sa lts 133 
nitrates 135, 136, 175, 

188, 192 
nitric ac id 133-135, 175, 204 
nitrogen 8, 70, 79 
nitrogeп oxides 78, 79, 133 
поЫ е gases 1 О, 1 09 
non -Ьi odegrad a bl e plasti cs 43 
non-metals 1 О 
nuc lea r energy 35 
nuclea r magneti c resonance (NMR) 

spectroscopy 183 
nuclea r power 82 
nuclea r was te 77 
nucleus 6 
numeri ca l data 250 
пy l o n 44 

о 
ocea ni c crust 64 
oceans 70 
oil s 48, 54, 74 
optimum conditioп s 22 4 
orblt 71 
ordered va ri a Ьi es 250 
ores 17 
organi c ac ids 196, 227, 228 
organi c molecules 244 
organi c sol vent 197 
o rga пi sms 70 
outer core 64 
outer elec trons 88, 97 
outer shells 88, 1 02 
overdose 232 
ox iclation 97, 217, 238 
ox ides 135, 140 
oxygen 11, 70, 74, 79, 103, 

17 1, 212, 217, 218, 237 
ozone 72, 78, 192, 244 
ozone layer 70, 72, 244, 245 

р 

packaging 49, 50 
painkill ers 232, 233 
paints 27, 28, 197 
Pangaea 65 
paracetamo l 232 
paraffin 39 
parti cles 6, 7 
percentage mass 120, 121 
percentageyield 127- 129, 224 
perfumes 59, 60 
period ic t аЫе 9, 1 О, 23, 88, 

11 0, 11 6, 239 
pesticides 77 
petrol 39, 79 
рН 132, 178, 192, 204 
рН meter 204 
рН sca le 132 
pharmaceutica l clrugs 223, 23 1 



pharmaceutica l industry 23 0 
pl1eno lphthalein 178 
pl10sphates 192 
pl10tocherni ca l smog 78 
photosynthes is 70, 74, 82, 158 
pi gmcпts 27, 28 
pl ant costs 22 4 
plant o il s 54-56 
plants 70 
pl asti cs 42, 242 
pl ate tectonics 65 
pl atinum 79, 11 О, 217 
po isonous ions 136 
poisonous sa lts 192 
po llution 56, 77-79, 83 -85, 

192, 194 
po lyethene 42 
po lymeri sa tion 42 
po lymers 42-44 
po lypropene 42 
po lystyrene 42 
po lyunsa turated fats 55 
po lyurethane 44 
population 3, 76 
popul ation growth 76 
pos ition of cquilibrium 166 
pos itive i o п s 172, 173, 

188, 217 
pos itive relationship 252 
potass ium 97, 98, 135, 

173, 218 
pota ss ium bromide 100 
potass ium dichromate(VI) paper 

174 
potassium l1ydrox ide 134, 203 
potass ium sa lts 188 
potass ium sulfate 134 
power саЫсs 111 
power stations 78, 79 
precauti onary princ ipl e 82 
prcc ipitate 136, 141 , 149, 

172, 174, 175, 190 
prcc ision 25 0 
precli ctecl yield 128 
precli cti ons 1, 2 
preserva ti ves 51 
pressure 7, 148, 152, 166, 

199, 200 
pressure of gas 194 
pri ce per dose 23 1 
processecl foods 51 
procluct 223, 224 
proclucti on rate 224 
рrора пе 37 
propa пo i c ac id 227 
propanol 225 
propene 38, 42 
properti es of metals 23, 24 
proteins 47 
proton acceptors 2 03 
proton donors 203 
proton numiJer б, 11 7 
protons б, 88, 11 б, 11 7, 203 
pure wa ter 193 
purifying copper 144 

Q 
quarrying 1 б , 77 
quicklime 15 
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R 
radioacti ve decay 64 
rainwater 189 
ranclom error 249 
random moti on 7 
range 249 
rates of reaction 148-153, 251 
rati os 18 1 
raw materi als 76, 224 
reactants 11 , 126, 139 
reacting mass 212 
reacti ve metals 1 О 
reacti vity 100 
reacti vity seri es 19, 20 
recyc ling 43, 84, 85, 187 
redox rcacti o п 238 
reduction 19, 99, 217, 238 
relati onsl1ips 251 , 252 
relative aiJundance 118 
relati ve atomic mass 

11 6-120, 18 1 
relati ve formul a mass 120, 122 , 

124, 210 
relati ve mass 118 
re li a Ьility 3, 4, 248, 249, 252 
reservo irs 192 
resources 76, 77 
respiration 74 
results 5, 249 
reve rs iЬi e reactions 129, 165, 

166, 199, 204 
rhodium 79 
rhyo lite 67 
rock layers 65 
rock sa lt 242 
rocks 17, 18, 66, 67 
ruЬidium 97 
rust 140, 148 

s 
sa licy li c ac id 233 
sa lt 92, 100, 133-1 36, 145, 

196, 242 , 243 
sa mples 3 
sa turated 37, 42 
sa turated fats/oil s 54, 55 
sa turated organi c compounds 180 
sa turated so luti ons 194 
sc ienti sts 1, 2 
SC Uill 189 
sea 187 
sea wa ter 242 
seashell s 66 
sedimentary rock 66, 70 
self-hea tinglcooling cans 50 
sensiti vity 250 
sensors 11 2 
sewage 77 
shock absorbers 49 
side-a rm fl ask 1 70 
side effects 232, 233 
sil ica 105 
si lica gel 50 
silicon 67 
silicon cli ox icle 105 
sil ver 110, 11 3, 193 
sil vcr bromide 175 
sil vcr clllori cle 135, 175 
sil vcr iocliclc 17) 
silver nitrate 175 
simple molecular substances 

106, 107 

single bond 37 
slakecllime 15 
smart alloys 26 
smart materials 49, 50 
smell receptors 7 
smoke 77 
soap 242 
sodium 91, 97, 98, 133, 

135, 22 0 
soclium ca rlюna te 134, 190 
soclium chloride 91 , 100, 134, 

145, 173,209, 217 
soclium hydrogenca rbonate 140 
soclium hydrox ide 

134, 141, 172, 
175, 214, 242 

sodium пitra te 134 
sodium sa lts 188 
solar power 35 
solids 7 
soluЬility 194, 195 
soluЬility curves 195 
soluЫe bases 203 
solutes 194, 195 
solutioп 188, 194, 195 
sol vents 139, 188, 197, 226 
soot 77 
Space S lшttl e 23 7 
spec ific heat capac ity 1 б 1 
speed of а reaction 149 
squea ky рор 133, 171 , 179 
staЬi li sers 51 
staged synthesi s 23 0 
stains 197 
s ta пdard of living 76 
start-up costs 22 3 
states of matter 7 
steel i ndustry 182 
steels 25 
sterilising 194 
stratosphere 245 
strong acids 204-206 
structure of atoms б 
styrene 42 
sulfates 135, 174, 188 
su lfites 17 4 
sulfur 8, 23 4 
sulfur diox ide 77 -79, 174, 188 
sulfur triox ide 23 4 
sulfuri c ac icl 132-134, 204, 

210, 214, 23 4, 235 
Sun 75, 187, 242 
sunsc reens 11 3 
superconcluctors 111 
supercontinent 65 
surface area 148, 153, 154 
sustainable development 85, 155 
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