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Topic 7 : Properties of Substances Revi sed April 1995

Most properties can be related to the type of bonding. In
el ectroval ent substances the ions are held together by the attraction
of unlike charges e.g. Sodiumchloride

Na+ G- Na*+ O -
d- Na+t d- Nat
Na+ G- Na*+ O -

d- Na+t d- Nat

El ectroval ent bonds are VERY STRONG This has two nmjor
consequences :

1. Wien a solid nelts the attractive forces between its particles
nust be overcone to allow these particles to nove. Melting
poi nts of el ectroval ent substances are therefore very high

(Sodi um chloride MP = 801 0C). The nelting points of
el ectroval ent substances are always very nmuch hi gher than room

tenperature (200C) so el ectroval ent substances are all solids at
room t enperat ure.

2. When a substance dissolves in a solvent the particles in the
substance are pulled apart by the sol vent nol ecul es. Mst
solvents are unable to dissolve el ectroval ent substances. The
exception is Water which dissolves all but the nost strongly
bonded.

e.g. Sodiumchloride dissolves in Water

Na+(:|' —_— Na+ C"
d - Nat a - Na+

I n coval ent substances the nol ecul es are hel d together by very
weak forces called van der Waal s bonds e.g. d ucose

%% van der \Waal s bonds

The strength of van der Waal s bonds depends on the surface areas
in contact. In general, the bigger the nol ecul es the stronger
the attraction between them
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The weakness of these van der Waal s bonds has two naj or
consequences :

1. Mel ting points of coval ent conpounds are |ow, increasing with
nmol ecul ar size : small nolecules tend to be gases or liquids ;
| arger nolecules tend to be solids at roomtenperature. The M

of A ucose is 146 OC

2. Most coval ent substances dissolve in a wide variety of solvents
i ncl udi ng Water.
e.g. Lubricating oil dissolves in Hexane and ot her hydrocarbons
; 1t does not dissolve in Water.

Sone coval ent substances are networks hel d together by the coval ent
bonds t hensel ves.

e.g. Carbon (Diamond) :

Coval ent bonds are nuch stronger than van der Waal s bonds so nelting
and boiling points are high. These substances are therefore solids at

roomtenperat ure.

The Electrical Conductivity of Substances

An electric current is a flow of charged particles. It can be either
a flow of electrons or a flow of ions.

1. Electrovalent Substances (e.g. NatCl -)
These conduct when di ssolved in Water or when nolten. The
current is due to a novenent of ions between the two el ectrodes.
In the solid state the ions cannot nove and so the solid does
not conduct.
Conductivity is a useful way of showi ng that a solution contains
i ons.
Positive ions nove towards the negative el ectrode ; negative
ions nove towards the positive el ectrode. Wiat happens to the
i ons when they reach the el ectrodes ?
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Exanple 1 : Copper(ll) chloride dissolved in Water.

|6V DC
]
- +

Car bon
el ectrodes

a —

2+, -
—— Qi (d )2 (aq)
- ot
\_ _J

At the negative el ectrode (Cathode) Copper ions GAIN el ectrons
(2 to cancel the charge) becom ng Copper netal

Cu2+ + 2e -> Cu

Gain of electrons is called REDUCTION (Reduction Is Gain

RI G . The Copper ion is reduced.

W see a brown deposit of Copper at the cathode.

At the positive electrode (Anode) Chloride ions LOSE el ectrons
(1 to cancel the charge) becom ng Chlorine atons. They do so in
pairs so that they can formthe diatom c Chlorine nol ecul e :

24 - -> a, + 2e

Loss of electrons is called OXIDATION (Oxidation |s Loss :

QO L). The Chloride ion is oxidised.

W can see (and snell !) the Chlorine, a greenish yellow gas,
bubbling off at the anode.

Passing an electric current through a solution or a nelt

containing ions is called ELECTROLYSIS and | eads to chem cal
change. The solution containing ions is called the

el ectrolyte. The process is only applicable to el ectroval ent
conpounds ; other conpounds do not contain ions.

A DC current is always used in electrolysis. The battery punps
el ectrons on to one el ectrode naking it negative and away from
the other making it positive. This is called a Direct Current
(DO : it always flows in the sane direction.

In an Alternating Current (AC) the electron flow changes
direction 50 tines a second. The el ectrodes woul d change their
charge 50 tinmes a second ! lon discharge would be inpossible !



714
Exanple 2 : Electrolysis of nolten Sodi um chloride

/| 6V DC
'

+

Car bon
el ectrodes

Mblten Na O~

T

Heat
At the negative el ectrode Sodiumions gain el ectrons (Reduction)
becom ng Sodi um net al

Na+* + e -> Na

Fl ashes of yellow light are seen as the Sodium catches fire in
the air.

At the positive electrode, Chloride ions |ose el ectrons
(Oxidation) becomng Chlorine gas :

20_ -> 02 + 26

Coloured lons

Fact : Potassium sul phate (K*),S042- is colourless

Conclusion : both K+ and SO42- nmust be col ourl ess

Fact : Copper(I1) sul phate Cu2+SQ,2- is blue

Concl usion : since SO42- is colourless, Cu2+ nust be bl ue

Fact : Potassiumchromate (K*),CrQ,2- is yellow

Conclusion : since K+ is colourless, CrQ,2- nust be yellow
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Movement of Coloured lons Towards Charged Electrodes

Copper (1) chromate is green being conposed of a blue ion Cu2+

and a yellow ion O Q2.

Wien the current is passed, a blue colour (due to the Copper
ion) is seen noving towards the negative el ectrode and a yel | ow
colour (due to the chromate ion) is seen noving towards the
positive el ectrode.

||20V DC
||
0912- OJ2+
[FN —=> e @— [\

Covalent Substances (e.g. CgHy,)

They do not contain ions and so do not conduct in any state.
There are exceptions :

Carbon (Graphite)

G aphite conducts (renenber Carbon el ectrodes!) because each

Car bon atom has one unpaired el ectron not used in bonding. These
unpaired el ectrons 'swarmi across the |layers and are responsi bl e
for the current.

WAt er

Water is a very poor conductor. This is because it is slightly
i oni sed :

H,O = H* + OH
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Metals (e.g. Silver)

Al metals conduct electricity in the solid or liquid states.
Metal s have a | ow EAP. El ectrons are therefore easily detached
fromthe atons and 'swarm through the structure. The current is
due to this novenent of el ectrons.

Bonding is due to the attraction of the negative electrons for
the positive nmetal ions |eft behind:

(Non-netal s are non-conductors mainly because of their high
EAP.)



