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O everything tn the world is made from elements

tr elements cannot be broken down into simpler substances

O there are Just over one hundred different elements in total

D each element has a narne and a symbol

A for some elements, the symbol is just the first letter of its
name; thts is always a capital letter,

e.g.C (carbon), H (hgdrqenJ, S (sulphur)

O for some elements, the symbol is from two letters of the
narne; with two letter symbols only the first letter is a
capltal,

e.g. Ca (calcilun), He ftrelium), Si fsilrbonJ

A for some elements, the symbol is from the l,atin n€une,

e.g. Na (sodium from natrburl, Ag (siluer from argenfttm)

B elements can be solid, liquid or gas; bromine and mercury
are the two liquids at room temperature

O chemists have classified elements by arranging them in
the Perlodlc Table

Group I 2

Unit 1

l. sttBsrANcEsr

Elencnts

Building Blocks

Group O
noble gascs

Group I
atlalt netals

Group 7
halogcns

B

tr

elements can be metals or non-metals; the metals €rre on
the left-hand side of the Periodlc Table

elements can be naturally occurring or made by
sclentlsts: the elements made by scientists come after
uranium at the bottom of the Periodic Table
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a row of elements in the Periodic Table is called a perlod

a column of elements ln the Periodic Table is called a
grouP

elements in the one group show similar chemical
properties

the noble gascs is a group of very unreactive elements

the alkall metale is a group of very reactive metals: as a
result these metals are stored under oil

the halogens is a group of very reactive non-metals

the transltlon mctak are between Group 2 and Group 3

Compounds

tr compounds are formed when elements react together,

e.g. sodium reacts with chlorine toforrn sodium chloride
(salt), hgdrqen reacts with oxggen toforrn hgdrqen
oxide ftnater)

D since the elements in a compound are chemicallyJoined,
energ/ is required to break up a compound,

e.g. heat energA to break up siluer oxide
electrical energV to beak up copper chloride ftn soluttbnl

tr -IDE compounds usually contain only the two named
elements.

e.g. sodium sulphide contains only sodium and sulphur

O metal hydroxides are exceptions; these compounds
contain a metal as well as hydrogen and oxygen

O -ITE and -ATE compounds contain o;ygen as well as the
two named elements,

e.g. both sdium sulphite and sodium sulphate contain
sadium" suLphur antd oxggen

Chcmtcal rcactlons

O chemical reactlons always produce new substances

A chemical reactlons can identifled by changes in
appearance,

e.g. alour change, solid.formed, gas giaenolf

O chemical reactions which do not involve a change trt
appe€rr€ulce can be detected by energr changes,

e.g. a change in temperature
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o chemical reactions are taking place all around us in

everyday llfe,

e.g. bumhg petrol, digestittgJood, sfiktng amstch' grcrs

growtttg, iron rusting, eWxA ghrc setting

Erothcrmlc and cndothermlc rcactlons

tr an erothcrmlc reactlon releases energS/, usually in the

form of heat, to the surroundings

tr ttre surroundings include the container in which the

reacuon takes p"lace, the air round about and the reaction

mixture itself

tr if heat energy is released there will be a temperature rlse

in the surroindings since the latter absorbs the energl

liberated bY the reaction,

e.g. the reaction between methane (CH4) and oxggen (O2)

(bumaq oJmethane)

A a reaction in which energ/ is absorbed from the

surroundings is called an endotherurlc reaction'

e. g. the re action betw e en barium hg droxide peVtahg dr-qt9-.- e 
FaIOH)2.5HzO) and ammonium thiocyanate INHaCNS)

D if heat eners/ is absorbed there will be a temperature fall

in the surroundings

Mlrturcs

tr mlrdures are formed when substances come together
without reacting,

e.g. air is a mixtttre of gases, mninly nitrogen and oxggen

tr the test for orygen is that it relights a glouring spltnt

B there is not enough o)qygen in the air for the test to be

posltive

D heat or electrical energl is not required to separate the

elements ln a mixture,

e.g. iron cant be separatedfrom o mixture of iron and
e 

sulphur usittg amagnet, butnotJromiron sulphide'

the comPund
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Dtecolvlng

D a coluble substance dlssolves ln a liquid

O an lnsolublc substance does not dlssolve ire a liquid

O the solvent ts the liqutd in which the substance dissolves

O the golute is the substance which dissolves in a liquid

O a solute can be a solid, a liquid or a gas,

e.g. sugar (solid), alcottol (ltquid), sulphur dioxide (gas)

O a eolutlon is formed when a solute dissolves in a solvent

tr in an aqucous solution water ls the solvent,

e,g, rn an oqueous sltgar solutfon, sugar f.s the solute and.
water is the soluent

O a saturated solution is one in which no more substance
can be dissolved

O a dllutc solution has a lower concentration of dissolved
substance than a conccntrated solutlon

dllutc
solutlon

I I
l6::t- i conccntrated

lffil solutlon

O a solution ts diluted by adding more solvent

Statc e5rmbols

O sufflxes can be used after the name or formula to show
the chemical state of the substances

Sufrr Mcanlng

(s)

0)
(s)

(tq)

solid

liquid

gas

dissolved ln
water
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2. REACTION RATES

Rntee of reactlon

O the rate of reaction may be expressed in terms of the
changes in concentration(s) of reactant(s) or product(s)
unit time

Concentratlon(e)
of rcactant(s)

the reaction rate is most rapid at the start of a reaction
and decreases as the reaction proceeds

when a change in concentration is measured in a given
time expressed in seconds, the abbreviated unit of rate is
mol l-l 

"-l 
(moles per litre per second)

change in concentration(s) of

average rate of reactlon = reactant(s) or product(s)

time taken for the change

Example

Concentratlon O.75
ofreactant /
mol l-r o.5o

o.25

20 Tlme / s

The average rate of reaction over the first 20 s

I'
t \
t \

Tlme

since it is not always practicable to measure changes in
concentration, changes in mass, in grams, and volume, in
cubic centimetres, c€rn also be used to measure rates of
reactions; when these changes are measured in a given
time errcpressed in seconds, the abbreviated units are g s-l
and cm3 s-l respectively

Concentratton(e)
of product(s)

I
l . -
t /
V

Tlme

o

tr

o

is O.75 - O.25
20

= O.O25 mol l-r s-r
o.5=
20

tr
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Etcample

Volume of gas
produced I cms

Time / s

The average rate of reaction over the first l0 s

25

lo

is 2!J
lo

= 2.5 cms s-r

a the rate of reaction is inversely proportional to time
taken, i.e. the rate is proportional to "l/time taken";
this means that, for a fixed change in concentration, the
shorter the time taken, the faster the rate of reaction

Succegsful colllslons

O for a chemical reaction to occur, reactant particles must
collide; this is the basis for the colllslon theory

A not all collisions are successful,

e.g. nitrqen and oxggen molecules are constantly colliding
in the air utthout a reaction takirq place

A this is because energ/ is required to break all bonds in
the reactant molecules before new bonds can be formed.
e.g. the reaction oJ hydrqen with oxUgen

H-H .t O:O>
eDcrgy needed
to break bonds

+ 
,o.

HH

f-o
,

*
encrgy released ln
maftlng new bonds
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Factors whlch afiect reactlon rate

(a) Concentratlon

O as the concentration of a reactant increases the rate of
collisions increases

as the particle

V
eolld partlcle

o

collisions can occur on the new surfaces;
tiris leads to an increase in the rate of successful
collisions and hence reaction rate

(c) Tenperature

the rate of reaction increases as the temperature of the
reactants increases

the effect of temperature on reaction rate cannot just be
explained on the basis of an increase in the rate of
collisions with a rise in temperature

Everyday 6anrnples

O there is a risk of explosions in flour mills and coal mines
since the dust particles are very small (large surface area)

O bacterial action on food in a freezer is slower than in a
fridge and hence it can be kept longer

tr Ern oxyacetylene flame burns at a very high temperature
due to the concentration of oxygen

low conccntratlon
of reactnnts

htgh concentratlon
of reactants

tr this leads to an increase in the rate of successful
collisions and hence reaction rate

(b) Parttcle slze

size decreases the surface area increases

4n-+ (11 t
cut lntotwo 

r  I  \  t

Pleces 
,r")K."

exposed
tr

tr

D
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Catalysts

tr a catalyet speeds up a chemical reaction

tr a catalyst takes part in the reaction but is not used up by
the reaction

D a hetcrogeneous catalyst is one in which the reactants
are in a dlfferent physical state from the catalyst

D reactions of gases often involve the use of a solid catalyst,
e.g. iron in ttv reaction oJ nitrqen u:ith hgdrqen, platinum

in the reaction of ammonia with oxVgen, uanudium
pentoxide in the reaction oJ sulphur dioxide with
oxagen

D reactant particles are adsorbed on to sites at the surface
of the catalyst

weqkened bond

&

tr

o

o

D

o

sltes at catalyst surface

the bonds in the reactant particles are weakened and the
particles are in favourable positions

a collision is likely to be more successful than it would
have been without a catalyst

a reaction takes place and the product particles leave the
catalyst surface

catalyst polsonlng can occur if impurities are adsorbed
on to the surface of the catalyst taking up sites which
could otherwise have been occupied by reactant particles

industrial catalysts have to be renewed due to poisoning
of the catalysts by impurities in the reactant:
when the catalyst is renewed the'spent'catalyst is
removed and replaced by fresh catalyst

some industrial catalysts which have been poisoned can
be rcgcncrated; this involves'cleaning'the catalyst by
removlng impurity from the active sites, usually by
heating with a gas which reacts with the impurity,
e.g. in catalgtic crackirE, air us used to burn otf carbonfrom

the catalgst

tr
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Addltlon polSrmers

tr plastlcs are made of very long chain molecules:
the large molecule is called a pol5rmer

tr polymers are made by theJointng together of small
molecules; the small molecule is called a monomer

B polymers made from unsaturated monomer units by the
opening of carbon to carbon double bonds are called
addltlon pol5rmers: the process is called addltlon
pol5rmersatlon

O the name of the polymer is derived from the n€une of the
monomer

Monomer I Polymer

ethene I poly(ethene)
propene I poly(propene)
st5rrene I polystyrene
vinyl chloride I polyvinylchloride (pVC)

when thinking about addition polymerisation, it is useful
to draw the alkene monomer in the shape of an I I
with the double bond in the middle. F1
e.g.

HH
t f
c-c
t l

HH

molecules of ethene (a monomer) can join together by the
breaking of the carbon to carbon double bonds to form

where n is a large number
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for ethene, CH.2=CH2

for propene, CH3-CH-CHz

poly(ethene) (a polymer)

HHHF.IHHHHHHHH
. l  - t  _t  I  I  !  L f - r  t - t - l
Q:Q + Q:C .r-  C:C + - i - i - i - i - i - i
. I - . I . I - I - 'LI I I I ITT
HHHHHHHHHHHH

O the polymerisation of ethene can be represented as:

CH^ H
|  " l
c-c
l l
HH

HH
ll- .A

n C:C
l l

HH

H 
' \i-i-)

H n./n



H
I

c-
I

H

H
I
c
I

H

o

HHHH
l l t l

C-C + C:C
t l t l

c lHclH

vtnyl chlorlde

is called the repeating unit

other polymers can be formed in a similar way,

e.g.

HH
t l

+C:C -' l l
clH

the processes lnvolved in the production of plastics from
crude oil are shown in the following flow diagram

l-cRUDE orr, | -, @!"g!'gl!P| ------ -- | t [i"i*i-J 
t I NaPhtha I

J
catalgtic cracking

J
Monomers

(small unsaturated molecules)

J
addition p oly me ris ation
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Condensatlon polymerlsatlon

O condensatlon polymere are made from monomers with
two functional groups in each molecule; the long chain is
built up since condensation can occur at both ends of the
molecule

O in condensatlon polymertsatlon the monomers usually
link together by the loss of the elements to make water;
a hydrogen atom from one monomer combines with a
hydroryl group from another,
e.g.

Ftg - Flffi.,Fj,_-jeffi{: _ },
J

OH

Hro

Polyesters

O polyesters are long chain molecules with many ester
linkages

o -o o
-8+6-+o-6

+
and represent different arr€rngements of

carbon and hydrogen atoms

polyesters are formed from alcohols with two -OH groups,
orf at either end of the molecules and acids with two
-C-OH

groups, one at either end of the molecules; this

Te?ng the polyester molecules cqy corglinue to grow in
both direcHSlb-oH no-E+E-on

alcohol acld

HroHro Hro

+

o

tr the acid and the alcohol group can join together with the
loss o$the qfements to form watgr o

_ :*8 *8 1e-' p +q'-'bi I + I d:- p-o "q

-"*o1ilffiFoffi"ffi
Hro

ooooo
+6 -o+o- I +J -o +o J -+J -o#o-

J condensatlon polymertsatlon

oooo
-8+8-o-a-o-8+8- o+o-
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Amlnes

tr the nrrrlnes are a homologous series of carbon
compounds all containing nitrogen atoms

tr the functional group in amines is the q'rrlne (or nrnlno)
group (-NHz)

O each member of the series has a narne which ends in
-qtnlne and a prefix which indicates the number of

I
methylamine

H
I

H-C-NHo
l '
H

CH3NH2

CH5N

KEY
Number of carbon atoms
Name
Full stmctural formula
Shortened structural formula
Molecular formula

2
ethylamine

HH
tl

H-C-C-NHo
l l '
HH

CH3-CH2NH2

C2H7N

3
propylamine

HH H
tt l

H-C-C-C-NHo
l l l '
HH H

CH3-CH2-CH2NH2

C3H9N

Polyamldes

tr polyamtdes are formed from molecules with amine
groups and carbo:gllic acid groups

rr -O")ru*c(
H' 'oH

amlne group carboxyllc acld group

D the acidic and the amino groups can join together with
the loss of the elements to form water

;"*1*:--t,,*4-:I;i**G
condensatlon
polymertsatlon

H OH OH

-J+8-^l+8-^l+
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OH
I l

-c-N-
A the link is called an amlde link and the polymer

is called a polyamide

tr nylon is a polyamide that can be made from two different
monomer units: one is a diacid and the other is a
diamine

_-- l>+_1o 
H\ F o'  'o H F

,__19 te-:_ti-c.t: li*ft _ rr,-ot_- -
dtacld dlsrnlne

J condensatlon pol5rmerlsatlon

OOHHOOHH

-81+ -,i, *il,-81+ -,l,+'i -

tr in practice, nylon is made from the chloride of the acid
rather than the acid .y+"('

cl cl

tr the condensation involves the elimination of hydrogen
chlq]de molecslqg !r o. -o H n

---} 
+ "(, - - )+.C. -.} -+ "3 - - -1+-i -cl) 'rc_l_li \t g,!) ,..c]_1, E-Ua"rU 

chloride dlamlne

J condensatlon polymcrlsatlon

OOHHOOHH

-8f+-il,+il-8t+-.|'+,t-
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