Physical and chemical
change

Introduction B3 ESADS

Matter is all around us. The desks we sit at, the air we breathe and the water we drink are
all examples of matter. But matter doesn’t always stay the same. It can change in many
different ways. In this chapter, we are going to take a closer look at physical and chemical
changes that occur in matter.

See introductory video: (® Video: VPber at www.everythingscience.co.za)

Physical changes in matter g3 ESADT

A physical change is one where the particles of the substances that are involved in the
change are not broken up in any way. When water is heated for example, the temperature
and energy of the water molecules increases and the liquid water evaporates to form water
vapour. When this happens, some kind of change has taken place, but the molecular
structure of the water has not changed. This is an example of a physical change. All
changes in state are physical changes.

H2O () — H20 (g)

Conduction (the transfer of energy through a material) is another example of a physical
change. As energy is transferred from one material to another, the energy of each material
is changed, but not its chemical makeup. Dissolving one substance in another is also a
physical change.

DEFINITION: Physical change

A change that can be seen or felt, but that doesn’t involve the break up of
the particles in the reaction. During a physical change, the form of matter
may change, but not its identity.
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There are some important things to remember about physical changes in matter:

1. Arrangement of particles When a physical change occurs, the compounds may re-

FACT

The bonding of hy-
drogen and oxygen to
form water is explo-
sive and if the wa-
ter molecule broke
apart every time water
boiled, life on Earth
would not exist for
very long!

arrange themselves, but the bonds in between the atoms will not break. For example
when liquid water boils, the molecules will move apart but the molecule will stay
intact. In other words water will not break up into hydrogen and oxygen atoms.

Figure 13.1 shows this phase change. Note that the water molecules themselves stay

o
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the same, but their arrangement changed.
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liquid

&

Figure 13.1: The arrangement of water molecules in the liquid and gas phase

. Conservation of mass

In a physical change, the total mass, the number of atoms and the number of molecules
will always stay the same. In other words you will always have the same number of
molecules or atoms at the end of the change as you had at the beginning.

. Energy changes

Energy changes may take place when there is a physical change in matter, but these
energy changes are normally smaller than the energy changes that take place during
a chemical change.

. Reversibility

Physical changes in matter are usually easier to reverse than chemical changes. Meth-
ods such as filtration and distillation can be used to reverse the change. Changing
the temperature is another way to reverse a physical change. For example, a mixture
of salt dissolved in water can be separated by filtration, ice can be changed to liquid

water and back again by changing the temperature.

Activity:

Physical change

Use plastic pellets or marbles to represent water in the solid state. What do you
need to do to the pellets to represent the change from solid to liquid?
Make a mixture of sand and water. Filter this mixture. What do you observe?
Make a mixture of iron filings and sulphur. Can you separate the mixture with a

magnet?
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General experiment: The synthesis of iron sulphide

Aim: To demonstrate the synthesis of iron sulphide from iron and sulphur.
Apparatus: 5,6 g iron filings and 3,2 g powdered sulphur; porcelain dish; test

1. Measure the quantity of iron and sulphur that you need and mix them in a

tube; Bunsen burner

Method:

porcelain dish.

2. Take some of this mixture and place it in the test tube. The test tube should
be about one third full.

3. Heat the test tube containing the mixture over the Bunsen burner. Increase
the heat if no reaction takes place. Once the reaction begins, you will need
to remove the test tube from the flame. Record your observations.

4. Wait for the product to cool before breaking the test tube with a hammer.
Make sure that the test tube is rolled in paper before you do this, otherwise
the glass will shatter everywhere and you may be hurt.

5. What does the product look like? Does it look anything like the original reac-
tants? Does it have any of the properties of the reactants (e.g. the magnetism
of iron)?

Warning:

When working with a Bunsen burner, work in a well ventilated space and

ensure that there are no flammable substances close by. Always tuck

loose clothing in and ensure that long hair is tied back.

Results: After you removed the test tube from the flame, the mixture glowed a
bright red colour. The reaction is exothermic and produces heats. The product,
iron sulphide, is a dark colour and does not share any of the properties of the
original reactants. It is an entirely new product.

Conclusions: A synthesis reaction has taken place. The equation for the reaction
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Fe (s) + S (s) — FeS (s)

Chemical Changes in Matter B3 ESADU

When a chemical change takes place, new substances are formed in a chemical reaction.
These new products may have very different properties from the substances that were there
at the start of the reaction.

® See video: VPbfo at www.everythingscience.co.za

DEFINITION: Chemical change

The formation of new substances in a chemical reaction. One type of matter
is changed into something different.

We will consider two examples of chemical change: the decomposition (breaking down)
of hydrogen peroxide and the synthesis (forming) of water.

Decomposition of hydrogen peroxide

The decomposition (breakdown) of hydrogen peroxide (HyO5) to form water (H,O) and
oxygen gas (O-) is an example of chemical change. A simplified diagram of this reaction is
shown in Figure 13.2. The chemical bonds between O and H in HyO are broken and new
bonds between H and O (to form H,O) and between O and O (to form O,) are formed. A

chemical change has taken place.
() () ORQ,
O OF — 99 - @O
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Figure 13.2: The decomposition of HyO5 to form H,O and O,
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General experiment: The decomposition of hydrogen

peroxide

Aim: To observe the decomposition of hydrogen peroxide when it is heated.

Apparatus: Dilute hydrogen peroxide (about 3%); manganese dioxide; test tubes;
a water bowl; stopper and delivery tube, Bunsen burner

Warning:

Hydrogen peroxide can cause chemical burns. Work carefully with it.

Method:

1. Put a small amount (about 5 ml) of hydrogen peroxide in a test tube.

2. Set up the apparatus as shown above.

3. Very carefully add a small amount (about 0,5 g) of manganese dioxide to the
test tube containing hydrogen peroxide.

Results: You should observe a gas bubbling up into the second test tube. This
reaction happens quite rapidly.
Conclusions: When hydrogen peroxide is added to manganese dioxide it decom-
poses to form oxygen and water. The chemical decomposition reaction that takes
place can be written as follows:

Note that the manganese dioxide is a catalyst and does not take part in the reac-
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Note

This experiment used
the downward dis-
placement of water to
collect a gas. This is a
very common way to
collect a gas in chem-
istry. The oxygen
that is evolved in this
reaction moves along
the delivery tube and
then collects in the
top of the test tube. It
does this because it is
less dense than water
and does not dissolve
in water, so the wa-
ter is displaced down-

wards.

FACT

This reaction is often
performed  without
collecting the oxygen
gas and is commonly
known as the ele-
phant’'s  toothpaste

reaction.

13.1 CHAPTER 13. PHYSICAL AND CHEMICAL CHANGE

tion, so we do not show it in the balanced equation. (A catalyst helps speed up a
chemical reaction.)

® See video: VPbfq at www.everythingscience.co.za

The above experiment can be very vigorous and produce a lot of oxygen very rapidly. For
this reason you should use dilute hydrogen peroxide and only a small amount of manganese
dioxide.

The synthesis of water

The synthesis (forming) of water (H,O) from hydrogen gas (Hs) and oxygen gas (Os) is
another example of chemical change. A simplified diagram of this reaction is shown in
figure 13.3. The chemical bonds between O in O, and between H in Hy are broken and
new bonds between H and O (to form H,O) are formed. A chemical change has taken
place.

-
CONOOR —
Figure 13.3: The synthesis of H,O from Hy and O,

® See video: VPbhy at www.everythingscience.co.za

General experiment: The synthesis of water

Aim:
To observe the synthesis of water.

Apparatus:
Hydrogen gas; balloon; string; candle; long stick: ear plugs; safety glasses
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photos by argonnenationallaboratory on Flickr.com
Method:

1. Half fill a balloon with hydrogen gas.

2. Fill the remainder of the balloon with oxygen gas. (You can also just use your
breath to fill the balloon.)

3. Tie the balloon to one end of the string. Tie down the other end of the string
so that the balloon is positioned in mid air, away from any people, objects,
walls, ceilings etc.

4. Attach the candle tightly to the stick and light the candle.

5. Standing away from the balloon, carefully hold the candle to the balloon.

Warning:

This reaction can be highly explosive, for this reason it is best done
outdoors. Always ensure that you wear ear protection or block your ears.

Always have more oxygen than hydrogen in the balloon.

Results:
When you bring the candle close to the balloon you should see a flame and hear a
loud bang.

Conclusions:
When a mixture of hydrogen and oxygen gas is set alight with a candle a chemical
change occurs. Water is made according to the following equation:

2H5(g) + Oa(g) — 2H,0(¥) ACT

A mixture of hydro-

gen and oxygen gas is
There are some important things to remember about chemical changes: used as a fuel to get

rockets into space.

1. Arrangement of particles
During a chemical change, the particles themselves are changed in some way. In
the example of hydrogen peroxide that was used earlier, the H,O, molecules were
split up into their component atoms. The number of particles will change because
each HyO, molecule breaks down into two water molecules (H2O) and one oxygen
molecule (O5).

2. Energy changes
The energy changes that take place during a chemical reaction are much greater than
those that take place during a physical change in matter. During a chemical reaction,
energy is used up in order to break bonds and then energy is released when the new
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product is formed.

3. Reversibility

Chemical changes are far more difficult to reverse than physical changes. When

hydrogen peroxide decomposes into water and oxygen, it is almost impossible to get

back to hydrogen peroxide.

4. Mass conservation

Mass is conserved during a chemical change, but the number of molecules may

change. In the example of the decomposition of hydrogen peroxide, for every two

molecules of hydrogen peroxide that decomposes, three molecules are formed (two

water and one oxygen).

Table 13.1 highlights these concepts for the decomposition of hydrogen peroxide.

2H505 — 2H20 + Oy

54

)2

Molecules

two molecules

three molecules

Energy changes

energy taken in when bonds are
broken

energy given off when bonds are
formed

Mass is conserved

4(1,01) + 4(16,0) = 68,04

2(18,02) + 2(16,0) = 68, 04

Atoms are conserved

4 oxygen atoms, 4 hydrogen

atoms

4 oxygen atoms, 4 hydrogen

atoms

Table 13.1: Important concepts in chemical change

Exercise 13 -1

For each of the following say whether a chemical or a physical change occurs.

1. Melting candle wax.

2. Mixing sodium chloride (NaCl) and silver nitrate (AgNO,) to form silver
chloride (AgClI).
3. Mixing hydrochloric acid (HCI) and magnesium ribbon (Mg) to form mag-

nesium chloride (MgCl,).

4. Dissolving salt in water.

5. Tearing a piece of magnesium ribbon.

More practice @ video solutions @ or help at www.everythingscience.co.za
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(1. -5.) 0057

Conservation of atoms £ ESADV
and mass in reactions

In a chemical reaction the total mass of all the substances taking part in the reaction remains
the same. Also, the number of atoms in a reaction remains the same. Mass cannot be
created or destroyed in a chemical reaction.

® See video: VPbkj at www.everythingscience.co.za

DEFINITION: Law of conservation of mass

The law of conservation of mass states that the total mass of substances

taking part in a chemical reaction is conserved during the reaction.

Table 13.1 illustrates this law for the decomposition of hydrogen peroxide.

Activity: The conservation of atoms in chemical reactions

We will use the reaction of hydrogen and oxygen to form water in this activity.
Materials: Coloured modelling clay rolled into balls or marbles and prestik to
represent atoms. Each colour will represent a different element.
Method:

1. Build your reactants. Use marbles and prestik or modelling clay to represent
the reactants and put these on one side of your table. Make at least ten (Hs)
units and at least five (O5) units.

2. Place the Hy and O units on a table. The table represents the “test tube”
where the reaction is going to take place.

3. Now count the number of atoms (H and O) you have in your “test tube”. Fill
in the reactants column in the table below. Refer to table 13.1 to help you fill
in the mass row.

4. Let the reaction take place. Each person can now take the H and O unit and
use them to make water units. Break the H and O units apart and build H,O
units with the parts. These are the products. Place the products on the table.
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5. When the “reaction” has finished (i.e. when all the H and O units have been
used) count the number of atoms (H and O) and complete the table.

6. What do you notice about the number of atoms for the reactants, compared to
the products?

7. Write a balanced equation for this reaction and use your models to build this
equation.

Reactants Products

(&N
F— e | TR

Number of molecules

Mass

Number of atoms

Discussion: You should have noticed that the number of atoms in the reactants
is the same as the number of atoms in the product. The number of atoms is con-
served during the reaction. However, you will also see that the number of molecules
in the reactants and products are not the same. The number of molecules is not con-
served during the reaction.

Informal experiment: Conservation of matter

Aim: To prove the law of conservation of matter experimentally.

Materials:

Reaction 1:

3 beakers; silver nitrate; sodium iodide; mass meter

Reaction 2:

hydrochloric acid; bromothymol blue; sodium hydroxide solution; mass meter
Reaction 3:

any effervescent tablet (e.g. Cal-C-Vita tablet), balloon; rubber band; mass meter;
test tube; beaker
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13.2

Warning:

Always be careful when handling chemicals (particularly strong acids like
hydrochloric acid) as you can burn yourself badly.

Method:
Reaction 1

1.

5.
6.

7

Solution 1: In one of the beakers dissolve 5 g of silver
nitrate in 100 ml of water.

. Solution 2: In a second beaker, dissolve 4.5 g of

sodium iodide in 100 ml of water.

Determine the mass of each of the reactants.

Add solution 1 to solution 2. What do you observe?
Has a chemical reaction taken place?

Determine the mass of the products.

What do you notice about the masses?

Write a balanced equation for this reaction.

Reaction 2:

1.

Solution 1: Dissolve 0.4 g of sodium hydroxide in
100 ml of water. Add a few drops of bromothymol
blue indicator to the solution.

Solution 2: Measure 100 ml of 0,1 M hydrochloric
acid solution into a second beaker.

Determine the mass of the reactants.

Add small quantities of solution 2 to solution 1
(you can use a plastic pipette for this) until a colour
change has taken place. Has a chemical reaction
taken place?

Determine the mass of hydrochloric acid added.
(You do this by weighing the remaining solution and
subtracting this from the starting mass)

Compare the mass before the reaction to the total
mass after the reaction. What do you notice?

Write a balanced equation for this reaction.

NaOH

HCI

Chemistry: Chemical change
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Reaction 3

1. Half fill a large test tube with water.

2. Determine the mass of the test tube and water.

3. Break an effervescent tablet in two or three pieces
and place them in a balloon.

4. Determine the mass of the balloon and tablet.

5. Fit the balloon tightly to the test tube, being care-
ful to not drop the contents into the water. You can
stand the test tube in a beaker to help you do this.

6. Determine the total mass of the test tube and bal-

loon.

7. Lift the balloon so that the tablet goes into the wa-
ter. What do you observe? Has a chemical reaction
taken place?

8. Determine the mass of the test tube balloon combi-
nation.

9. What do you observe about the masses before and

after the reaction?

Results: Fill in the following table for the total mass of reactants (starting materials)
and products (ending materials).

Reaction 1 | Reaction 2 | Reaction 3

Reactants

Products

Add the masses for the reactants for each reaction. Do the same for the products.
For each reaction compare the mass of the reactants to the mass of the products.
What do you notice? Is the mass conserved?

In the experiment above you should have found that the total mass at the start of the reaction
is the same as the mass at the end of the reaction. Mass does not appear or disappear in
chemical reactions. Mass is conserved, in other words, the total mass you start with is the

total mass you will end with.

Exercise 13 -2

Complete the following chemical reactions to show that atoms and mass are
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conserved. For each reaction give the total molecular mass of the reactants and
the products.

1. Hydrogen gas combines with nitrogen gas to form ammonia.

Ioe)
o9
o ¢
63%8

2. Hydrogen peroxide decomposes (breaks down) to form hydrogen and oxy-
gen.

bl 2B
L

3. Calcium and oxygen gas react to form calcium oxide.

e ©
d)—b

® o
%‘Q

More practice @ video solutions @ or help at www.everythingscience.co.za

(1.) 0058 (2.) 0059 (3.) 005a

[Law of constant
O, ESADW
composition =

In any given chemical compound, the elements always combine in the same proportion
with each other. This is the law of constant composition.

The law of constant composition says that, in any particular chemical compound, all sam-
ples of that compound will be made up of the same elements in the same proportion or
ratio. For example, any water molecule is always made up of two hydrogen atoms and one
oxygen atom in a 2 : 1 ratio. If we look at the relative masses of oxygen and hydrogen in
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a water molecule, we see that 94% of the mass of a water molecule is accounted for by
oxygen and the remaining 6% is the mass of hydrogen. This mass proportion will be the

same for any water molecule.

This does not mean that hydrogen and oxygen always combine in a 2 : 1 ratio to form
HoO. Multiple proportions are possible. For example, hydrogen and oxygen may combine
in different proportions to form Hy O, rather than HyO. In HyO,, the H : O ratiois 1 : 1
and the mass ratio of hydrogen to oxygen is 1 : 16. This will be the same for any molecule

of hydrogen peroxide.

Investigation: Law of constant composition

Aim: To investigate the ratio in which compounds combine.

Apparatus:
e 0,1 M silver nitrate
(AgNO,)
e 0,1 M sodium chloride
(NaCl)

e 0,1 M lead nitrate (PbNO3)
e 0,1 M sodium iodide (Nal)

e 0,1 M iron (lll) chloride
(FeCls)

e 0,1 M sodium hydroxide
(NaOH)

9 large test tubes

3 propettes
Method:

Reaction 1: Prepare three test tubes with 5 ml, 10 ml and 15 ml of
silver nitrate respectively. Using a clean propette add 5 ml of sodium
chloride to each one and observe what happens.

Reaction 2: Prepare three test tubes with 5 ml, 10 ml and 15 ml of
lead nitrate respectively. Using a clean propette add 5 ml of sodium io-
dide to each one and observe what happens. Write a balanced equation
for this reaction.

Reaction 3: Prepare three test tubes with 5 ml, 10 ml and 15 ml of
sodium hydroxide respectively. Add 5 ml of iron(lll) chloride to each
one and observe what happens.

Discussion and conclusion: Regardless of the amount of reactants
added, the same products, with the same compositions, are formed (i.e.
the precipitate observed in the reactions). However, if the reactants are
not added in the correct ratios, there will be unreacted reactants that
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will remain in the final solution, together with the products formed.

Volume relationships in gases B3 ESADX

In a chemical reaction between gases, the relative volumes of the gases in the reaction are
present in a ratio of small whole numbers if all the gases are at the same temperature and
pressure. This relationship is also known as Gay-Lussac’s Law.

For example, in the reaction between hydrogen and oxygen to produce water, two volumes
of Hy react with 1 volume of O, to produce 2 volumes of HyO.

2H3(g) + Oa(g) — 2H20(¥)

In the reaction to produce ammonia, one volume of nitrogen gas reacts with three volumes
of hydrogen gas to produce two volumes of ammonia gas.

Na(g) + 3Ha(g) — 2NH3(g)

Chapter 13 | Summary

See the summary presentation (® Presentation: VPdwh at www.everythingscience.co.za)

e Matter does not stay the same. It may undergo physical or chemical changes.

e A physical change is a change that can be seen or felt, but that does not involve the
break up of the particles in the reaction. During a physical change, the form of matter
may change, but not its identity.

e During a physical change, the arrangement of particles may change but the mass,
number of atoms and number of molecules will stay the same.

e Physical changes involve small changes in energy and are easily reversible.

e A chemical change occurs when one or more substances change into other mate-
rials. A chemical reaction involves the formation of new substances with different
properties. For example, hydrogen and oxygen react to form water

e A chemical change may involve a decomposition or synthesis reaction. During a
chemical change, the mass and number of atoms is conserved, but the number of
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molecules is not always the same.

Chemical reactions involve large changes in energy. Chemical reactions are not easily
reversible.

The law of conservation of mass states that the total mass of all the substances taking
part in a chemical reaction is conserved and the number of atoms of each element in
the reaction does not change when a new product is formed.

The law of constant composition states that in any particular compound, all samples
of that compound will be made up of the same elements in the same proportion or
ratio.

Gay-Lussac’s Law states that in a chemical reaction between gases, the relative vol-
umes of the gases in the reaction are present in a ratio of small whole numbers if all
the gases are at the same temperature and pressure.

Chapter 13 End of chapter exercises

1. For each of the following definitions give one word or term:
a. A change that can be seen or felt, where the particles involved are
not broken up in any way
b. The formation of new substances in a chemical reaction
c. A reaction where a new product is formed from elements or smaller
compounds
2. Explain how a chemical change differs from a physical change.
3. Complete the following table by saying whether each of the descriptions
is an example of a physical or chemical change:

Description Physical or chemical

hot and cold water mix together

milk turns sour

a car starts to rust

food digests in the stomach

alcohol disappears when it is placed on your skin

warming food in a microwave

separating sand and gravel

fireworks exploding

4. For each of the following reactions, say whether it is an example of a
synthesis or decomposition reaction:

228
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a. (NHy), CO3 — NHj + CO, + Hy0
b. N2 (g) + 3H2 (8) — 2NHs(g)
c. CaCO3 — CaO + COq
5. For the following equation: CaCOj (s) — CaO + CO; show that the law
of conservation of mass applies. Draw sub-microscopic diagrams to rep-
resent this reaction.

More practice @videosolutions @orhelpatWww.everythingscience.co.za
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