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Unit 1 States of Matter 1

Unit 1 States of Matter

Goals

After completing this unit, you will be able to:

® describe the states of matter and explain their interconversion

® describe methods of purification by use of a suitable solvent

® suggest suitable purification techniques, given information about

the substances involved

New words and expressions

melting point & &
boiling point & &
freezing point ¥ ¥E5
sublimation F4&
evaporation 7&K
condensation ¥ ¥
filtration i

filter paper JE4K
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residue JE#&

filtrate JER

centrifuge Z.LHL
suspension EFR
crystallization 45 &
distillation Z&1%
miscible 5 iR A
fractional distillation 4318
decant {5l

Warming up

Everything you can touch is made of matter. Everything you
will learn in Chemistry will all be based on how matter reacts and
combines. Matter is the stuff around you.

(a) What are the three states of matter?

(b) What are the differences between the three states?

(c) Please describe the changes of the three states.

Reading
1. The states of matter

All substances are matter. This includes the air, sea, Earth,
all living creatures and even the sun and stars. Matter is anything
that has mass and takes up space. There are three main states of

matter; solid, liquid and gas. These three forms are called the
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states of matter.

Table 1.1 Differences in the properties of the three states of matter

Physical

State

Volume Density Shape Fluidity

Solid | has a fixed volume| high |has a definite shape | does not flow

no definite shape—
o ) moderate generally flows
Liquid | has a fixed volume ) takes the shape o .
to high ) easily
the container

no fixed volume— no definite shape—
Gas |expands to fill low takes the shape of| flows easily”
the container the container

* Liquids and gases are called fluids. (fluid: a substance which flows and

is not solid)
2. Changes in physical state

Y¢ Melting and freezing

a. melting point

The temperature at which a pure substance turns to a liquid is
called the melting point (m.p. ). This always happens at one
particular temperature for each pure substance.

b. freezing point

The process is reversed at precisely the same temperature if a
liquid is cooled down. It is then called the freezing point (f. p.).

The melting point and freezing point of any given substance
are both the same temperature. For example, the melting and

freezing point of pure water take place at 0°C,
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Y% Sublimation

A few solids—carbon dioxide (dry ice) and iodine, for
example—do not melt when they are heated. Instead they turn
directly into gas. This change of state is called sublimation: the
solid sublimes. Like melting, this also happens at one particular
temperature for each ‘pure solid.

¥ Evaporation, boiling and condensation

If a liquid is left with its surface exposed to the air, it
evaporates, When liquids change into gases over a range of
temperature, the process is called evaporation. Evaporation takes
place from the surface of the liquid. The larger the surface area,
the faster the liquid evaporates.

The warmer the liquid is, the faster it evaporates.
Eventually. at a certain temperature, it becomes hot enough for
gas to form within the liquid and not just at the surface. Bubbles
of gas appear inside the liquid. This process is known as boiling.
It takes place at a specific temperature, known as the boiling point
(b. p. ) for each pure liquid.

The reverse of evaporation is condensation. This is usually
brought about by cooling. However, we saw earlier that the gas
state is the one most affected by changes in pressure. It is
possible, at normal temperatures, to condense a gas into a liquid
by increasing the pressure, without cooling. Sometimes the word
vapour is used for a gas that can be compressed into a liquid

without cooling.
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Pre-reading

(a) What does a pure substance mean?
(b) In real life, very few substances are 100% pure. How

can you tell if a substance is pure?

Reading
Separating and Purifying Substances

Many mixtures contain useful substances. The useful
substances can be separated from the non-useful (unwanted)
ones. In order to obtain these useful substances, chemists often
have to separate from the impurities. The methods they use
depend on what is in the mixture and the properties of the
substances present. It also depends on whether the substances to
be separated are solids, liquids or gases.

(1) Separating solid/liquid mixtures

If a solid substance is added to a liquid it may dissolve to form
a solution. In this case the solid is said to be soluble and is called
the solute. The liquid it has dissolved in is called the solvent.

® Filtration

Filtration is a common separation technique used in chemistry
laboratories throughout the world. It is used when a solid needs to
be separated from a liquid. The mixture is poured into a piece of
folded filter paper. The filter paper has very small holes. The

holes allow water and dissolved particles to pass through but not
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the larger insoluble particles. The solid that remains in the filter
paper is called the residue. The liquid that passes through is called
the filtrate. For example, the sand can be separated from a

mixture with water by filtering through filter paper as shown in

Figure 1. 1.

The filter paper contains holes that,
although too small to be seen, are large
enough to allow the molecules of water
through but not the sand particles. The
sand gets trapped in the filter paper and the

water passes through it. The sand is called

the residue and the water is called the

filtrate. It is important when filtering not to Figure 1.1 Filtration
overfill the filter paper.

® Centrifuging

Another way to separate a solid from a liquid is to use a
centrifuge. It is usually used when solid particles are so small that
they spread out throughout the liquid and remain in suspension.
They do not settle to the bottom of a container, as heavier
particles would do, under the force of
gravity. The technique of centrifuging or

centrifugation involves the suspension

being spun round very fast in a centrifuge

so that the solid gets flung to the bottom

ofthe tibe Figure 1.2 Centrifuge
The pure liquid can be decanted after the solid has been forced

to the bottom of the tubes. For example, this method of

separation is used extensively to separate blood cells from blood

plasma. In this case, the solid particles (the blood cells) are
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flung to the bottom of the tube, allowing the liquid plasma to be
decanted.

® Evaporation

A solid dissolves in a liquid to produce a
solution. The solid that dissolves is called a
solute. The liquid is called a solvent.

Therefore: solution=solute+solvent

If the solid has dissolved in the liquid it
cannot separated by filtering or centrifuging.

Instead, the solution can be heated so that

the liquid evaporates completely and leaves
the solid behind. The simplest way to obtain
salt from its solution is by slow evaporating.

® Crystallization

Crystallization separates a solid from a solution. When no
more solute can dissolve, the solution is said to be saturated.
Extra solid remains undissolved at the bottom of the container.
When a solution is heated, most of the solvent evaporates off.
The hot solution is then allowed to cool. Because a hot solution
can dissolve a large amount of a substance than a cool solution, the
solution contains more solute than it can dissolve as it cools.
Therefore the solution becomes saturated and the dissolved solid
now appears as pure crystals. The impurities remain in the
solution.

® Simple distillation

Simple distillation separates a pure liquid from a solution.
When a solution is heated, the solvent evaporates. When the hot
vapour condenses, a pure liquid is obtained. The liquid collected is

called distillate. The solute does not evaporate but remains in the
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original solution.

(2) Separating liquid/liquid mixtures

® Liquids which are immiscible

If two liquids are immiscible they can
be separated using a separating funnel (or
separation funnel, separatory funnel).
The mixture is poured into the funnel and
the layers allowed to separate. The lower

layer can then be run off by opening

the tap.
Figure 1.4 a separating funnel
® Liquids which are miscible
If miscible liquids are to be separated, then this can be done
by fractional distillation. Fractional distillation separates mixtures
of miscible liquids. Some liquids mix together well to form a single
solution. The liquids are said to be miscible. For example,
ethanol and water are miscible. The mixture can be separated by
fractional distillation if the boiling points of the liquids are
different. The separated liquids are fractions.
Figure 1.5 shows the mixture
is placed in the flask and small
pieces of anti-bumping granules are

put into flask to make the boiling

smooth.  For example: the
separation of water and ethanol by Figure 1.5 fractional distillation
fractional distillation. The boiling
point of ethanol and water are 78°C and 100°C respectively. A
liquid with a low boiling point evaporates easily. Therefore ethanol
evaporates more readily than water.

This difference makes the separation possible. The flask is
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heated slowly and the mixture boils. The vapour from the boiling
mixture moves up the fractionating column. In the fractionating
column, the glass beads provide a large surface area for the vapour
to condense. Water vapour condenses more easily., Most of the
water vapour condenses on the glass beads and drops back into the
flask. Therefore, ethanol in the vapour gradually separates from
the water in the vapour. By the time the vapour reaches the top of
the fractionating column, it is almost pure ethanol. The vapour
passes into the condenser and condenses into liquid ethanol. The
thermometer reads 78°C while the ethanol is being distilled.

When most of the ethanol has boiled off, the escaping vapour
consists of almost pure water. As water has a higher boiling point
than ethanol, the temperature is being distilled. In fractional
distillation, a complete separation of the miscible liquids is difficult.

Thus the ethanol in fact, still contains small amounts of water.

Grammar and expressions

1. Mixture: A system of two or more substances that can be
separated by physical means. E. g. sea water.

2. Pure substance: consist of one substance only—it has no
contaminating impurities.

3. The filter paper has very small holes. The holes allow
water and dissolved particles to pass through but not the larger
insoluble particles.

IR AR R A BN AT AR @, T R B AR K A [ AokL
FUAREE .
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4. Small pieces of anti-bumping granules (glass beads or

broken china) are put into the flask to make the boiling smooth.

AR P AR . BB

Post-reading

1. Write down two properties of a solid, two of a liquid, and
two of a gas.
2. Which has a higher boiling point, oxygen or ethanol?
3. When seawater is filtered, the filtrate is salty. Why?
4. How is fractional distillation:
(a) similar to, and (b) different from simple distillation?
5. Describe how you would crystallize potassium nitrate from

its aqueous solution.

Integrating skills

1. Devise a method for obtaining salt from sea water in the
school laboratory.

2. Explain how fractional distillation works.

3. Name the method which is most suitable for separating the
following:

A. oxygen from liquid air

B. red blood cells from plasma

C. petrol and kerosene from crude oil

D

coffer grains from coffee solution



