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carbonated water, water, colour (caramel E 150d),
Looking at the label on a can of fizzy drink tells you pHOSpIOHE acid ieafieine TEHc QRIS Oetive
cp s . . . c flavourings, sweeteners (aspartame)
that it is not a pure liquid. It contains water with
flavourings, sugar, preservatives, colouring and
carbon dioxide gas dissolved in it. Coke is an example
of a solution.
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FORMING SOLUTIONS HoOW PURE IS TAP WATER?
N o~
: watch glass qoq § ’\f
water )
p 'stlr
»
\\/ . tap water
/'/ ' ::7223;’“
/) o
: L boiling water solids left
on watch
glass
sugar e ENI @%vs‘qsolution

Solid sugar disappears into water when it is stirred.

The water dissolves the sugar and is called the
solvent. The sugar 15: Callved the SOIut?‘ The solute can The tap water evaporates leaving pale rings of solids on the watch glass.
not be removed by filtering the solution. These solids had been dissolved in the water.
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Tap water also contains dissolved air and chemicals
— such as chlorine which are added to Kkill germs.

HOW DO SOLIDS GET INTO TAP WATER?
+ — Eagaufad -g] q: YR
< g Ay A5 58
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M AKING SOLUTIONS OF DIFFERENT IR S Y 5‘5 &ag'a'ad qy
CONCENTRATIONS @o‘ RV ’ﬂ = 55 &ad qH& ﬁ’ﬂ *5 = "7 ]

The washing-up liquid is a concentrated solution of U\Iﬁ 2% § 5 ’ﬂGﬂ %: 5 ol U\j% % 8y ] 4’1 ’\ﬂ a R’
detergent in water. When squirted into the bowl of

water a diluté solution is formed. ﬁ‘% & ﬁQ JRA’ q‘i gﬂ 7)( z U\]ﬁ ﬁ% Aoy 4'1’\ £ﬁ %
concentrated §3" gy Z:l(i Sﬂ ﬁ I qﬂ q(ﬁ EN P\ X S E1IN Q(ﬁ QSN si U\]ﬁ o
Coloton ENRS] = dards

- dilute
]:Jetergent
solution NRA'AFRAJK'RA ay Q
ﬁ?\éﬁ% ﬁgﬁﬁ g N&IRKQS
A dilute solution contains less solute dissolved in a %: 2:1@ qs& Sﬁ J\:\] c&}ﬂ
certain volume of solvent than a concentrated

solution.

A saturated solution 8 & S’;\ q‘% A R qq 55 MREE 5’53 MRREA

contains as much solute

dissolved in it as possible @4’1 %R Qﬁ N’ U\Iﬂ UL 5 & na’ Q(i Sﬁ & Qﬁ R’

saturated at that temperature. ,
solution The undissolved solute AN @N ﬁ‘% & ﬂ N & g’\ R § & %W
undissolveq 11 the bottom means the

solute solution is saturated.

Qﬁgﬂgﬂﬁ ﬂq ‘AR’ ﬂﬁ q q 'Qﬁgﬁﬂ: ?)R’ﬂﬁ
The solubility of a solute is the amount of solute

that saturates 100 grams of solvent at a certain qq q qﬁ BN 100g£55 q: :\% a qq al N& g\:\ 55 al

temperature. Different solutes have different aQ 3K & o J'\ N &1 AFR' ARG RRARL’
solubilities. For example, sugar has a higher solubility o q iq ﬁ Si g q ﬁ

than salt at room temperature as more sugar than QGH 5‘1 A U‘HT ﬁq a\ F: qq £5i ‘%: FANG 5 & ’W

salt dissolves in a cup of water. NE'D qq X U‘Ii

s
IMPROPER SOLUTIONS! LR '§ &
Suspensions Susp enSI on ﬁ Sz; qg 04

Muddy water contains some larger particles which dO A i e Qvxr il D ,
not dissolve. Suspensions are opaque (cannot be seen Qﬁ&} @Q K % &' QﬂQ.ﬂN U\}i ~ %&N l:kias& @i

through). When left to stand the solids slowly settle. g &Iﬂ ﬁsﬁ Q@l] gﬁ %&1 &IER & R 4'1: Q q& % Qﬁ
g:QQﬂ&I 5:11 4'1‘74‘77 ﬁg:Q@"JN ﬂﬂﬂﬁ N%%ﬂ%
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Colloids - ~ v o -
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We can find many colloids in the home. They have A :H :“:q vi, i:k’ﬂ i % 3 , qj\\,ﬂ RETEIREANS
tiny gas, liquid or solid particles spread out in a AIVRGHHATA NG F ARG SN A NS

liquid, solid or gas. They do not settle on standing. Aetosols @J'?\R'&Tw'@&'ﬂ‘%‘?’ﬂgﬂ&‘ﬁ:’:ﬁR’ﬂgﬂN'ﬂ:'§:§R'ﬂ§ﬂN'
Aerosols (liquid or solid particles in a gas),

for example, fog, smoke, deodorant sprays. SRAANGNAFHARIN V4] %“1 Al im TRANT IR
Emulsions (insoluble liquid drops in another Foam-a":"/“I é:'sw'@'ﬁ:’?’ﬂgﬂ&'ﬁ:’&/ﬁw1 Q@q'&/m qg’&;:’@ '
liquid), for example, salad cream. R

Foams (gas trapped in liquids or solids), for example, J a 1

sponge, beer froth, expanded polystyrene. Gels_aq%w Eﬁ%‘ﬂgﬂ&’{‘ﬂgq&qq ﬁﬁ'ﬁ'ﬂ&'gaw é’im’%q'
Gels (liquid in solid network), for example, hair gel, aq”

jellies.

Sols-§ NNV AINNER| RFF R g4

Sols (solid particles in liquid), for example, paints,
toothnaste.
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HELPING SOLUTES DISSOLVE MORE QUICKLY

Solids dissolve more quickly if they are crushed
and if the mixture is stirred and warmed.

More of the substance usually dissolves on
heating. The solubility of most solids increases with
temperature.

When a hot saturated sugar solution is cooled some
of the sugar comes out of solution as the solubility
decreases. Crystallisation occurs. The slower the
cooling, the larger the crystals.

cold tea hot tea

saturated
solution

undissolved sugar more sugar dissolves

More sugar dissolves in hot tea!
The solubility of sugar in water increases with temperature.

SOLVENTS OTHER THAN WATER

Try washing a greasy plate in water. The grease does
not dissolve. Other solvents dissolve grease and oil.
They are called organic solvents

¢ ethanol dissolves biro, ink and perfume
e propanone dissolves nail varnish

e white spirit, turps, trichloroethane and
tetrachloromethane dissolve grease, oil,
wet varnish and paint.

| Summary

1 Solutes dissolve in solvents to form solutions.

2 Water dissolves many ionic but not covalent
compounds.

3 Organic solvents dissolve many covalent
compounds.

‘ compounds. ‘
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2. CHROMATOGRAPHY

If you try to get a black ink
spot off a cotton shirt with
only a small amount of water,
the mark spreads out and

makes a mess.

If the black ink contains a
mixture of coloured
compounds, these may

separate out.

A process called chromatography has occurred and

you have obtained a chromatogram on the shirt!
Chromatography is used to separate mixtures of
solids and to identify the substances present.
For example, a deep blue dye often contains a
mixture of different coloured dyes. To find the dves
present, the blue dye is first dissolved in a solvent

such as water.

filter
paper

rings of
different
colours

A spot of the solution of the dye is placed in the
centre of the filter paper and left to dry. Drops of
water are added slowly.

The different dyes present spread out at different
rates. Rings of different colours are formed.

Other ways of carrying out paper chromatography
are shown below.

filter paper

Identifying the dyes present

The chromatogram obtained for a deep blue dye and

for four separate pure dyes is shown.

The results show that the deep blue dye is a mixture

of the dark blue, purple and green dyes.

For mixtures which are insoluble in water, solvents

such as ethanol are used.

spots from
deep blue dye

extent of solvent

° e purple
° edark blue
| @ # green
+ pale blue
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3. USING A MAGNET

Magnets attract

~ iron and steel,

but not metals

such as zinc,

%16‘* copper and
aluminium. They
are therefore used
to extractiron
and steel from
scrap metals and
household

mixtuee of metals rubbish.
FURA RN
How PURE IS THE SOLID?

A pure solid melts at a definite temperature called its
melting point. Impurities lower the melting point.

picture of
metals

0C below 0°C

™ L mixture of ice
pure ice A [j and salt
£ i /

meltin N U i
AN >
pure ice ice mixed with salt
melts at 0°C melts below 0°C
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Separating mixtures of solids

1. MAKING A SOLUTION, FILTRATION
AND EVAPORATION

Whenever we use a tea strainer, chip pan or even a

net for removing insects from the surtace of a pond,

we are separating something solid from a liquid.

In a laboratory this process is called filtration and a
filter funnel and filter paper are used.

Filtration is useful for separating solids from
solutions, for example, in the purification of rock salt.
Rock salt contains salt mixed with sand and other

impurities. Water is added to dissolve the salt: the
impurities which do not dissolve are filtered off.
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PURE WATER FROM DIRTY WATER

In some parts of the world there is little drinking water, but plenty of sea water. Pure water can be obtained-from
the sea water by distillation. But this process needs a lot of fuel for heating. It is therefore only carried out where
oil is cheap, for example, in the Persian Gulf.

In the past, distillation, using the apparatus shown on page 106, was used in laboratories to obtain very pure
water. This is called distilled water.

Cheaper methods using ion exchange columns are now used to obtain pure water. The ions forming the
impurities in the water are exchanged for the hydrogen and hydroxide ions which are on the column.

Pure water is needed for topping up car batteries and in certain industries such as dyeing where impurities in the
water cause problems.

How do detergents work?

The detergent molecule has two parts. The head is
‘water-loving’. The tail is ‘grease-loving’. The tails
of the molecules dissolve in the grease. In water,
the heads of the molecules have a negative charge.
The drops of oil are therefore kept apart as the charges
repel each other.

Soaps are also emulsifying agents.

water-loving
head

grease
loving tail

»
¢
\ cloth
detergent molecule

repulsion between 'heads'



How PURE IS A LIQUID?

A pure liquid boils at a definite temperature called its
boiling point (b. pt.)

f thermometer

distiled O bailing begins
water c
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Distilled water starts to boil at 100°C and remains at
this temperature until the water has boiled away.

BOILING POINTS AND PRESSURE

An increase in pressure raises the boiling point.

In a pressure cooker a heavy weight is placed on the
lid to keep in the steam. The pressure increases and
the boiling point rises, so food cooks more quickly.

A decrease in pressure lowers the boiling point.

high o air molecules stopping
pressure Q\z Qa0 water molecules escaping
° 0050

A

weight on tight fitting
lid keeping steam in

At the top of a mountain the air pressure is lower
than at the bottom. The water boils at a lower
temperature. It takes much longer to hard boil an egg.
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BOILING POINTS AND IMPURITIES

Impurities raise the boiling point.

gthermometer
salty boiling begins

Q
water
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Salty water boils at about 105°C. The boiling point
rises as boiling occurs because the solution becomes
more concentrated as the water boils away.

FRACTIONAL DISTILLATION

A mixture of ethanol and water is difficult to separate
completely by distillation as their boiling points are
very close.

Fractional distillation using the apparatus below
gives a better separation. The process happens in the
following stages:

e the mixture boils when heated ethanol and water

vapour is given off, heating up the column

e the ethanol vapour passes up through the column

as the temperature is above its boiling point of
78°C

o the water vapour condenses to water on the glass

beads of the column as the beads are below 100°C

o the water drips back into the flask

e All the ethanol is removed and only water

remains in the flask. The temperature then rises
to 100°C.

thermometer

to sink
fractionating
—

column condenser

glass beads

ethanol and
water boiling

cold water

pure
ethanol

Fractional distillation is used in industry to separate
liquids with close boiling points, for example, liquid
air is fractionally distilled to obtain nitrogen and
oxygen and crude oil is separated into different
fractions.



