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Figure 3.13: A chlorine atem gains an electron to become a
ablacida faem

The ease with which the atoms of Group I and
Group VII can tose or gain outer electrons results in
these elemnents being strongly reactive.

Note that positive ions are al nd
negative ions are also known 2
relates to 1the movement of thuse wwus m CIRGLIOLYSIS

e p e mmmasee— e e —eme w ~al€18] @Dd & nON-metal
generally involve ionic bonding. This involves the
transfer of electrons from one atorn to another. This
transfer of electrons results in the formation of positive
and negaiive ions. In the case of sodium chloride, the
tons formed are sodium {Na*) and chloride (CI) ions
(Figure 3.16).

Na —»[Na]*
NS
sodium chloride (NaCl)

Figure 3.16: Transfer of electrons from a sodium atom to a

rhlavios mtnen 40 Lo Tmma

‘The sadium ion then has the siable electron arrangement
{2,8) of a neon atom — the element just before it in the
Periodic Tabie. The electron released is transferred

to a chlorine atom (Figure 3.16). The chloride ion
formed {electron arrangement 2,8,8) has the electron
arrangement of an argon atom, The positive and
negative ions in sodium chloride are held together hy the
electrostatic attraction between opposite charges.

The important features of ionic bonding are;

*  The electrons involved in the formation of ions are
those in the outer shell of the atoms

#  Moetal atoms lose their outer efeclrons to become
positive ions (cetions). In doing so, they achieve the
more stable electron atrangement of the nearest
noble gas to them in the Periodic Table.

*  Gegperally, atoms of non-metals gain electrons to
become negative ions (anions). Again, in doing so,
they achieve the stable electron arrangement of the
nearest noble gas to them in the Periodic Table

The type of diagram we have used here is a dot-and-
cross diagram. When drawing such a diagram we usually
only show the outer electrons as these are the ones that
have taken part in the bonding. Similar diagrams can

be drawn for the ionic bonding in other compounds
between Group I metals and Group VII non-metels — the
alkali metals and the halogens Try drawing diagrams like
the one in Figure 3.16 for compounds such as lithiom
fluoride or potassium bromide. You will see that there is
a great similarity in the diagrams.
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CO,* one carbon + three
oxygens, with overall
’ 2 of 2-

2

L d

SOF one sulfur + four
oxygens, with overall
charge of 2-

2-

- -

- -

SeAFILIPA LS LG UL LLLALL BELAPILLD BHLIL JULLS. W NIVILLE,
aname to a compound is a way of classifying the
compound and it is useful to know there are some
rules to naming most compounds. As we commentad
earlier, the name of a compound should then tell you
which atoms or ions are present. There are some hasic
generatisations that are useful:

If there is a metal in the compound, it is named frst.

Where the metal can form more than one ion,
then the name indicates which ion is present, For
example, iron(II) chloride contains the Fe?* iom,
while iron(1Il) chlrride santaine the Fe™ jon.

Compounds con . . . :ements have
names ending in -ide. For examplg, sodium chloride
(NaCl), calcium bromide (CaBr,) and magnesium
nitride (Mg,N,). The important exception to this is
the hydroxides, which contain the

hydroxide (OH-) ion.

NO,” one nitrogen + three
oxygens, with overall

1 charge of 1-

one nitrogen + four
hydrogens, with overall
charge of 1+

-ate. For gxarr;ale, calcium carbonate (CaCOy),
potassium nitrate (KNO,), magnesium sulfate
(Mg380,) and sodium ethanoate {CH,COONa),

The names of some compounds use prefixes to

tell you the number of that particular atom in the
molecule. This is useful if two elements form more
than one compound. For example, carbon monoxide
{CO) and carbon dioxide {CO,), nitrogen dioxide
(NO,) and dimitrogen fefroxide (N,0,), and sulfur
dioxide (8O,) and sulfur ¢rioxide (SO ).

The names for the important mineral acids follow a
logical system but are best simply learnt at this stage,
&.g. sulfuric acid (H,S0,). Some common and important
compounds have historical names that do not fit with
the above rules. Examples of these include water (FL.O),
ammonia (NH,) and methane (CH,).
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During this reaction, the copper{IT) oxide is losing

oxygen. The copper(Il) oxide is undergoing reduction ~
itis losing oxygen and being reduced (Figure 10.3). The
hydrogen is gaining oxygen; hydrogen is being oxidised.

|» oxidation ——l
he

CuO + H2———at—> Cu+HO

l— reduction

It is important that you notice the words we use in
describing these reactions:

¢ if a substance gains oxygen during a reaction,
it is oxidised

+ if a substance loses oxygen during a reaction,
it is rediced.

Notice that the two processes of oxidation and reduction
tzke place together during the same reaction. This is
true for a whole range of smilar reactions. Consider the
following reaction (Figure 10.4):

zinc oxide + carbon — zinc + carbon monoxide

\7 axidation —_l

nD+C — ZIn+ CC

" reduction ——I !

arbon.

Apain, in this reaction, the two processes ocour together.
The zinc oxide has been reduced by the carbon. In

Reduction is very important in industry as it provides

4 way of extracting metals from the metal oxide ores
that occur in the Earth’s crust. A good example is the
blast furnace for extracting iron from hematite {Fe,Q,)
{see Chapter 16}, There are two reduction reactions
taking place in the blast furnace extraction of iron.
First, carbon dioxide formed in the furnace 1s reduced to
carbon monoxide by reaction with carbon:

carbon dioxide + carbon —+ carbon monoxide

The carbon monoxide formed then reduces the iron(1IT)
oxide to iron in the reaction that is central to the process.

iron(IIT} oxide + carban monoxide
= iron + carbon dicxide

Other moderately reactive metals, such as zing, lead and
capper, can be extracted from their ores by reduction
with carbon.

There are two common examples of oxidation reaction
that we might meet in our everyday lives.

. If & metal is reactive, its surface may
wm e wenwn) DY aIF, water of other substances. The
effect is called corrosion. When iron or steel siowly
corrodes in damp air, the product is a brown, flaky
substance we call rnst. Rust is a form of iron(III)
oxide, Rusting weakens structures such as car
bodies, iron railings, ships’ hulls and bridges. The
corrosion of iron and lts prevention are discussed in
detail in Chapter 16.

* Jxidation also has damaging effects on
wou. waen the fats and oils in butter and marparine
are oxidised, they become rancid. Their taste
and smell change and become very unpleasant.
Manufacturers sometimes add antioxidants to fatty
foods and oils to prevent oxidation. Keeping food
in a refrigerator or an airtight containers can slow
down the axidation process.
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AL LU LG 1 GG LEULLD AL LLITEELLD WILLL d1l, 1L 13
important to note that oxygen is by far the most reactive
of the gases present. Many metals rcact directly with
oxygen to form oxides, Magnesium, for example, burns
brightly in air or oxygen to form a white powder of
magnesium oxide,

—  magnesium oxide
O -

Iron only burns In air to give an oxide if' it is in powder
form (Figure 14.5), or as iron wool,

magnesium  +

2Mg(s) +

oxygen

2MpO(s)

However, iron exposed Lo air and water will slowiy form
an oxide layer (rust) on its surface. This layer of rust
(hydrated iron{ITl} oxide) does not stick to the surfacc of
the metal but lakes off. This rusting process dams_es the
iron object.

Aluminivm is normally coated with a thin layer of
aluminium oxide (AlLO.) by reaction with the oxygen
in the air. This oxide layer sticks to the surface of the
aluminium and hides the reactivity of the metal.

Reactive metals such as potassium, sodium and calcium
all react with cold witer to produce the metal hydroxide
and hydrogen gas.

metal + water — metal hydroxide + hydrogen

For example:

. sodium
sodiurm + water  — hydroxide + hydrogen
2Na{s} + 2H,O0) ~— 2NaOH{ugq) + H,(g)
calcium
WETIRTITIVINN & water - hydroxide + hydrogcn_
Ca{s) + 2HOMN = Ca(OH)f(aq)+ H,(g)

Mapnesium only reacts very slowly in cold water.
However, a much more vigorous reaction takes place if
steam is passed over heated magnesiuin. The maguesium
glows brightly to form hydrogen and magnesium oxide.
The hydrogen given oif can be burnt when lit with a
splint (Figure 14.6).

magnesium
oxide

MeO{s) +

magnesium + steam  —

Mg(s)

+ hydropen

+ HO( = H.(g)

Hydragen gas is given off.
This burns when lit with a burning splint.

steam

metal /
mineral i I

wool soaked
in water

LRI~ 1% ras
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alkanes -ane —(|: - fIZ— CH, .,
in=T1)
" cme” ethene
alkenes -ene = CH
s ™ t o 2n (n - 2}
methanol
alcohols -of -0-H CH,,,CH
(n=1)
0 methanoic acid
carboxylic acids -oic acid -C CH, COOH
~ 2l
O-H (n=0)
Table 18.3: Different homolnaoms series
‘I'he alcohols are & homologous series of compounds H H
with the —-OH functional proup and the general formuta H— (-lj_(’:_ O—H
CH,, ., OH. The simplest member of the series is ]
methanol {CH,OH). Methanol has one carbon atom H H
per molecule and its covalent bonding was discussed in All aleohols
Chapter 3 (Figure 18.7). have the >
=OH group.

methanol “
T v

!

H
W

1ne MUt IMPOTIENT MEMDEr O N AlCONnol SEris,
however, is ethano! (C,H,OH). Ethanol is the second
member of the series with two carbon atoms in each
molecule (Figure 18.8).

Figure 18.8: Displayed formula and model of ethanol

Note that the names all © " :0hols have the same
ending {-of}. The early a..v....s of the series are all
neutral, coiourless liquids that do not conduct efectricity.

homologous series

.. des of these acids are
determined by the presence of the -COOH functional
gl " the molecule. The carboxylic acids have the
2 yxmula CH  ©OOH, The first member of the
serses 18 methanoic a JH), which is found in
stinging ants and net.... ... w~.ver, the mest important
¢ #=~~ ~~ids is ethanoic ac** {CH,COOH), which is the
£ in vinegar. The s...ctures of these acids are
$evian e TigUTE 18,9
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accuracy of data 406, 408

acid-base titrations 117-18, 440-1

acid rain 229, 328, 329

acidic oxides 228

acids
carboxylic 3501, 3734
concentration 168-9, 174-5
properties 221 5, 227

reactions with bases and
alkalis 231-2, 248-9

reaclions with carbonates
232-3, 24R 9, 252, 435

reactions with metals 231,
248-9, 281, 283, 299300

strong and weak 234-5
activation energy 156, 176-7

addition polymerisation 38790,
393

addition reactions 349, 368-9
adsorption 176

air, rcactions of metals with 281,
282

air pollution 326, 327 3]
alanine 394
alcohols 350, 371

alkali metals 57, 85, 262, 263,
265-7. 297-8

see also lithium; potassium;
sodium

alkaline earth metals 298-9

sce also calcium; magnesinm
alkalis 222, 224-7, 231-2
alkanes 347-8, 350, 351, 3646
alkenes 348-9, 350, 366-70
alky! groups 354
alkynes 349
alloys 15,278, 286-8

aluminjum
corrosion 317
gxtraction 314 16
reaction with acids 299
uses 285

aluminivm oxide 80, 109, 229, 282,

285, 300
amide links 391, 392
amides 391
amino acids 387, 394
ammonia
displacement from salts 226
molecular structure 50, 54

precipitation with aqueous

432

synthesis (Haber process) 184,

190-3

tests for 439
ammonium chloride 186
ainmonium dichromate 83
ammonium ion 76
ammonivm nitrate 112, 197
emmonium snifate 80-1, 89
amphoteric compounds 229
anhydrous substunces 183, 246
anions 58, 129, 4356
anode reactions 131 2, 134-5
anodes 128
anomalous data 409
antacids 2235, 233
anti-bumping granules 413
argon 42, 269

atmosphere, composition of the
327

atmospheric pressnre §
atom economy 100-101
atornic microscopy 29

459

atomic number 334

atomic theory 38-9

atoms 11, 304

Avogadro’s constant 102-103
Avopadro’s law 114

balanced symbol equations 83-5
barium nitrate 436
barium sulfate 252-3, 436

barrier methods of rust prevention
317-18

bases 222, 225-7, 231-2
basic oxides 228
batteries 139
bauxitc 315
biodepradable substances 337
biofuels 372
biological washing powders 172
blast furnaces 312 14
Bohr, Niels 38 2
boiling 4. 6, 12
beiling point
alkanes 354 -
covalent compounds 56
definition 6
ionic compounds  §9-60
metals 65, 280
non-metals 280
pure substances 7
bond energy 155
bottied water 427
brass 287
bromide ions 435
bromination reactions 368-9
bromine 267-9, 368-9
bromoethanol 369
bronze 286, 287



Buchner funnels 411
burettes 251, 4401
butane 347-8, 353 4,364
butanoic acid 351
butanol 3535, 370

butene 348, 3535, 369
buty! propancate 356

calcinm 228, 282, 209

calcinin carbonate 89, 108, 165 .7,
187, 313

calciun chloride 59, 81
calcium hydroxide 299
calcium oxide 80
caleium silicate 313-14
calcium sulfate 252
calculation triangles 103-104, 116
calibration 407
carbon
covalent bondmg 346 7
isotopes 33
reaction with oxygen 228
in the reactivity serics 311
carbon dioxide
iu the atmosphere 327, 331 3
formula 77
laboratory preparation 233
molecular struciure 35
sublimation 5
tasts for 438
carbon monoxide 330, 365
carbon nanotubes 345
carbonate tons 76, 435
carbonates 232- 3, 248 9, 252, 435
carboxylic acids 350-1, 3734
catalysts 165, 171-2, 176, 185, 150
catalytic converters (74, 330
catalytic cracking 3668, 384- 5
cathode reactions 131-2, 134-5
cathodes 128
cations 38, 129, 428-34
cattie farming 331

chemical bonding 50, 154 .5
chemical changes 1501
chemical equilibria 186-90
chemical fecdstock 382
chemical ‘footbridges’ 108, 115
chemical formulae 50, 104-106
chemical symbols 75
chemiluminescence 150-1
chloride ions 435
chlorine
ion formation 38
isotopes 35, 37
molecular structure 52
as an oxidising agent 208
propertics 267 8
reactivity 268-9
substitution reactions with
alkanes 365-6
tests for 439
chlorophyil 333
chrlorobutane 368
chromatograms 417
chromatography 410, 417-19
chromium plating 139, 318
clean dry air 327
climate change 327, 3324
closed systemns 187
coal 382
cobalt 310
cobalt(ll) cathonate 140
cobali(Il} chloride 110, 186, 247
coilision theory 174 7

combustion 205-206, 330, 364 -5,
368

complete combustion 330
compound fertilisers 197
compound ons 75 6

compounds 30, 49, 75 -6, 85-90
compressed natural gas (CNG) 364

condensation {change of state) 4,
6,13-14

condensation polymerisation 390-3

460

condensation reactions 390
Contact process 169, 189,194 5
coutrolled variables 409
coaling curves 8, 13
copolymers 391-2
copper
oxidation numbers 210
purity 112

reaction with oxygen 205- 206,
207, 228

reaction with silver nitraie 302

uses 285
copper elecirodes 136
copper(II} carbonate 111, 285
copper(Il) chromate(V1) [28-9
copper(1l) oxide I11.203-206, 207
copper(II} suifate

anhydrous 185, 334

crystals 104, 106, 185, 246

solutions 116, 134-3, 136, 208,
302, 304

corrosion 206, 314, 317-19
see also rusting

corrosive substances 221
covalent bonding 51-6
covalent compounds 56, 63-4,

779 .
cracking, catalytic 366-8, 384--5
cryolite 315-16
crystallisation 15,410,411

Dalton, John 31
decomposition rcactions 129
delocalised electrons 65
deoxyribonucleic acid (DNA) 346
dependent variables 409
desalination 405, 413
desulfurisation 194, 329
deuterium 33, 36

deaterium oxide 36
dimmond 634

diatomic molecules 51



dicsel vehicles 331 electroplating 138, 138-9, 318 *footbridge’ calculation method

- diffusion 1617 electrostatic forces 57, 59 108, 115
disinfection of water snpply 337 elements 30, 49, 75 formula unit 88
displacement reactions 208, 211, empirical formulae 78, 105-106, formulac
301-302, 304 357 displaycd 348, 353 4, 357
displayed formulae 348, 3534, 357 end-point 251 empirical 78, 105-106, 357
dissociation 234-5 endothermic changes 14, 151 molecular 78, 105 106, 348,
distillate 413 cndothermic reactions 151-6 337
distillation 405, 41314 energy level diagrams (reaction structural 353-4, 357
distilled water 335 pathway diagrams) 152-3 forward reactions 185
DNA (deoxyribonucleic acid) 346 energy levels {electron shells) 3840 fossit fuels 382
dot-and-cross diagrams 52, 58 enthalpy 154 fractional distillation 367, 382-3,
double bonds 53, 346, 348-9 enthalpy change 154, 156 410,414
drinking water 337, 405 enzymes 172, 381 fractionating columns 383
droughis 332 error, sources of 405—410 fractions, petroleum 3¥3
ductile materials 65 ester links 391, 392 freezing 4, 13-14
ductility 279, 280 esteriication 375 fuel cells 139 40, 209
dynamic cquilibrium 187 esters 189, 355-6, 375 functional groups 349
ethane 78, 347-8, 364
clectrical conductivity ethanoic acid 234-5, 3501, 352, galvanising 318-19
. . 373-4 gas phase reactions 189
covalent compounds 56 ethanol 350, 352, 370, 371-2 gases
s 128 ounds 39-60. 62 cthene 55, 348, 352, 368, 369, 371 diffusion 1617
liquids 127 -9 ethyl ethanoate 3335-6, 375 general charaeteristics 3
metals 63, 279, 280 cvaporation 4, 5,12 molar volume 113-15
non-metals 280 excess reactants 103110 movement of particles in 12
solids 126-7, 129 exothermic changes 14 pressure of reacting 169, 175,
electrical conductors 126 exothermic reactions 151-6, 176-7 189, 190, 191, 194
electrochemical cells 139, 296 experimental design 406-410 solubility 16
clectrodes 128 explosions 165 tests [or 438-9
electrolysis volume changes 12,13 14
definilion 127, 311 fast reactions 164 vaolume measurement 1734,

408
‘gasohol’ 372

molten ionic compounds fermentation 371

130-2 fertilisers 190, 193, 197, 335-0

solutions 132-6, 208-209 filtrate 411 gasoline (petrol} 128
electrolytes 128, 315 filtration 410 giant covalent structures 634
elcctrolytic cells 129, 132, 316 finite resources 382 g?ant ionic laltice% 624
electrolytic conductivity 129 flame tests 428-9 giant metallic Jattices 63, 65-6
electron shells 3840 fluids 3 global warming 327, 331-2
electronic configuration 36, 3842, see ulso gases; liguids glucose 203, 346

2634 fAinorine 268 glycine 394

electrons 31, 32-3, 65, 127 graphene 48, 64, 345

graphite 634,129
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landfli disposal 396

Tatlices 8, 12

law of conservation of mass 83

Le Chatelier’s principle 189

lead iodide 253

lead(15) bromide 128, 130-1, 135-6

lime 108

limestone 108, 166 7,313

limiting reactants 109110

liquefied petroleum gas {LPG) 364

liquids
difTusion in 1&
clectrical conductivity 127 9
general characteristics 3
movement of particles in 12
solubility of gasesin 16
solubility of solids in L5
volume measurement 407 408

lithium 33, 37, 266, 298

litmus 222

locating agents 418-19

magnesium
isotopes 37
reaction with acids 299

reaction with oxygen 84,
89-91, 104-1035, 150, 228,
282

reaclion with steam 282,
298-9

magnesium chloride 79

magnesium oxide 39, 84, §9 91,
104-105

magnesium suifate 89, 113
main-group clements 262, 263
malleability 279, 280
malleable matcrials 65
munganate(V1l) ion 212, 436
manganesc 210
manganese(1V) oxide 171
marble 166-7

margarnine 369-70

mass concentration 115

mass measurement 406407
muss number 334
mass spectrometers 34
matter, states of 3 7
melting 4, 12
melting point
covalent compounds 56
definition 4
ionic compounds 59-60
measurement 415-16
metals 65, 280
non-metals 280
pure substances 7
Mendeleev, Dmitri Jvanovich 260
metal cations 428-34

metal displacement reactions 208,
211, 301-302

metal oxides 227-8, 272, 282, 283
metallic bonding 656
metallic conductivity 129
metatloids 262, 263
metals

corresion 317-19

definition 49

electrical conductivity 65,279,

280
extraction 311-16
melting points 65, 280
in the Periodic Table 262

physical properties 65, 279-81

reactions with acids 231,
248-9, 281, 283, 299-300

reactions with oxygen 281, 282

reactions with water 281,
282-3,297-9

reactivity serigs 297 300, 305,
311-16

uses 284-6
see also alkali metals; alkaline

earih metals; transition metals

463

methane
in the atmosphere 331-2, 334
molecular structure 50, 54,
347-8
reaction with oxygen [53-6,
203, 364-5
methanoic acid 350-1, 373
methanol 53, 350
methyl orange 222, 441
2-methylpropanc 3534
microbcads 397 8
microplastics 337, 397
microscopes 29
mineral water 427
minerals 33
miscible liquids 15
mixtures 14, 50-1, 415
molar concentration 115
molar gas volume 114
molar mass 102-104
mole {funit) 100--105, 108-119
molecular compounds 50

molecular formulae 78, 105-106,
348, 357

molecules 11

molten ionic compounds 130-2 '
monomers 387

moscoviam 74

nanoparticles 363
natural gas 382
neon 35, 42,269
neutral oxides 229

neutralisation reactions 86, 225,
231, 235-6

neutrons 31, 32-3
‘nickel silver’ alloy 139
nihomium 74

nitrate ions 76, 436
nitrate pollution 3335-6
nitric acid 231, 329



nitrogen

*  -in the atmosphere 327
in the Haber process 192-3
molecular structure 33
in plants 197

reaction with oxygen 151, 153

nitrogen dioxide 329-30
nitrogen fixation 190

nitrogen monoxide 131, 153,
329-30

noble gases 42, 51, 264, 269-70
see *' 3y argon; helium; neon

non-electrolytes 128

nor-metals 262, 280

non-rengwable resources 382

NPK fertilisers 197, 335-6

nucleon opnmber 33 4

nncieus, atomic 31

nurdles 397-8

nylon 397 2

ocean pollution by plastics 3967
octane 331
oganesson 74
orgs 311
oxidation 135, 205-206, 207, 211
oxidation mumbers 209-211, 272
oxides, metal 227-9, 272, 282, 283
oxides of nitrogen 329-30
oxidising agents 207, 304
OXygen

dissolved 335

molecular structure 53

reaction with aluminium [09,
282, 300

reaction with calcium 228
reaction with carbon 228

reaction with copper 205-206,

207, 228

reaction with hydrogen 84,
204

reaction with iron 174, 228

reaciion with magnesinm 84,
89-91, 104-105, 150, 228, 282

reaclion with methane 153-6,
208, 364-5

reaction with nitrogen 151,
153

reaction with phosphorus 228
reaction with sodium 228
reaction with sulfur 228

tosts for 438

paper chromatography 417-18
particulates 328, 331
pentane 347-8

peptide links 392

peptides 394

percentage composition 112
percentage punty 111
percentage yield 111

period number (Periodic Table) 42
Periodic Table 41 2, 261-72
periods {Periodic Table) 261
PET (polyester} 392-3, 393
petrol (gasoline) 128
petroleum 382-5

pH measurement 407

pH scale 2234

phosphate pollution 335-6
phosphorus 197, 228
phosphorus oxide 105-106
photochemical reactions 365
photochemical smog 329
photosynthesis 327, 333
physical changes 150
plastic waste 336-7, 395-6
plastics 381, 395-8
pollutants 327

polyamides 390-1
poly(chloroethens) 388, 389
polyesters 3%0-1, 392-3
poly(ethene) 387-8, 389
polymerisation 387-94
polymers 387-94
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poly(phenylethene) 389
poly(propene) 388, 389, 390

polystyrene (poly(phenylethene))
389

poly(tetraQeorocthene) 388, 389

polyvinyl chloride
(poly{chloroethenc)) 388, 389

position isomerism 355
position of equilibrium 188 90
potassium 85, 197, 266, 298
potassium iodide 212

potassium manganate(VII} 212,
436

powders 165, 166

precipitate 430

precipitation reactions 86-7,
252-3, 430-1

precision of data 406, 408

pressuie

effect on gas reactions 169,
175, 189, 190, 191, 194

effeci on gas solubility 16
effect on gas volume 12, 13

products, reaction §3

propane 347-8, 364

propanoic acid 331

propanol 355, 370

propene 78, 348

propy! butanoate 356

proteins 387, 3934

proton number (atomic number)
334

protons 31, 32-3, 236

PTFE {poly{tetrafluoroethene)}
388, 389

pure substances 7,415
purification of water 337
purity measurement 415 16

PVC {poly(chloroethene)) 388, 389

qualitative analysis 428
quantitative analysis 440-1
quartz 64



-

r.t.p. [room temperature and
pressure) 114

R, value 418

radioisotopes 3¢

rancid food 206

random errors 409

rale of reaction
clfect of catalysts 171-2, 176
eflect of pas pressure 175

effect of reactant
concentration 166-9, 174-6

effect of temperature 1701,
176

reactant concentration 166-9
reactants 83, 109-110
reaction pathway diagrams 152-3

reactivity series of metals 297-300,
305, 311-16

recycling of plastic waste 395-6
redox reactions 206, 207-212, 304
reducing agenis 207, 304
reduction 135, 205206, 207, 211
refluxing 374

refrigerators 149

relative atomic mass 34, 36—7, 87-8
relative formula mass 88 92
relative molecular mass 88-92
renewable resources 333
repeatable data 408

reproducible data 408

residus 411

resolution 407

respiration 203, 327

reverse reactions 185

reversible reactions 185 90

room temperature and pressure
(rt.p} 114

row number {Periodic Table} 42
run-off 335-6

rust prevention 317-18

rusting 282, 285, 317

sacrificial protection 319
safety, experimental 410
salt, commen (sodium chioride)
231, 243, 244
salts
in common use 244
electrolysis 133-5
preparation 248-53
solubility 245-7
see also ionic compounds
sand 64
saturated hydrocarbons 347-8
saturated solutions 15

scanning tunneiling microscopes
{8TM) 29

sea level rise 332
‘sea’ of delocalised electrons 65
see sult 244
seawater 7
separation techmques 410-19
sewage 335
shells, clectron 38-44)
significant figures 112
sihicon(I¥) oxide 64, 78-9, 105
silver chloride 253, 435
silver mitrate 302, 435
silver plating 139
simple distillation 410, 413
slag 313-14
soap meking 220
sodiom 57, 228, 2606, 282, 298
sodium carbeonate 80
sodium chloride
as common salf 231, 243, 244
crystal structure 62, 232
electrolysis 133 4
ionic bonding 49 50, 58
relative formula mass 88
solutions 116, 1334, 208

sodium hydroxide 104, 117, 134,
235-6, 430-1

sodium thiosulfate 170-1
solder 287
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solids
arrangement of particles in 12

electrical conductivity 126-7,
129

general characteristics 3
solubility 15
surfacearga 166-8, 174
solubility
gases 16
ionic compounds 60, 62
salts 245 7
solids 13
soluble salts 248 52
soluble substances 15, 246
solutes 14,115
solutions
characteristics 14, 15-16

concentration 115-17, 168-9,
174-5, 176, 189, 190

glectrolysis 132-6, 208-209
solvent front 417
solvents 14,411
sonorous substances 280
soot 331, 363
spectator ions 86, 253
stainless steel 287, 317
standard pressure 6
standard solutions 117
state symbals 86, 429-30
states of matter 3 7

steam, reactions of metals with
282-3, 298-9

steels 286, 314
stoichiometry 100-101
strong acids 234-5
stroctural formulae 353-4, 357
structural isomerism 354-5
subatormnic particles 31,32 3
sublimation 4, 5
substitution reactions 365-6
sugar solution 116

sulfaie ions 76, 436

sulfite ions 436



sulfur 114, 170, 228
sulfur dioxide
in the atmosphere 328-9

in the Contact process 129,
195

conversion into sulfar trioxide
189

relative formula mass §8-9

tests for 439

volume calculations 114
sulfur trioxide 189, 195
sulfuric acid

clouds 2378

electrolysis of 132-3

manufacture {Contact process)
194-5

reaction with metals 231
surface area 166-8, 174
suspensions 14
systermnatic errors 409

temperature
effect on gas solubility 16
efTect on gas volurne 12, 13

effect on position of
equilibrium 189, 190, 192

effect on reaction rate 170-1,
176

measurement 407

lennessing 74

thermal conductivity 279, 280
thymolphthalein: 222, 441
time measurement 406

tin plating 139, 318

titration 117-18, 251-2, 440 -]
titre 440

transition metals 209-210, 262,
263, 271-2

see also cobalt; copper; iron;
manganese

triple bonds 53, 349
teitium 33, 36

ultraviolet light 365
universal indicator 222-3
unsaturated hydrocarbons 349

valency 77

verdigris 285

vinegar 374

volatile liquids 6

volatility 6

‘volcano reaction’ 83

volume measurement 407408
volumetric pipettes 251
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waste disposal 396 7
water

in the action of acids and
bascs 222

boiling 6
bottled 427
detection 186

dissaived substances in natural
335-7

electroiysis 132

in hydration reactions 370,
371

molecular structure 49, 54

reactions of metals with 281,
282-3,297 9
refative molecular mass 58
tests for 334
water of crystallisation @1, 246
water supply 337, 405
weak acids 234-5
word equations 33

yeasts 371

zero error 409
zing
reaction with acids 283, 299

reaction with copper(11) sulfaic
solution 208, 302, 304

reaction with steam 283
us¢ m galvanising 318 19
zine oxide 206, 229
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