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Melting, boiling and dissolving are
all’'exariples of physical changes. In these, adding
or taking away energy simply rearranges the
particles of a substance

Chemical changes always produce new substances.

ppear and are replaced by

* entirelyhew substancéswith their own properties,
2

physical char , chemical ch are hard

Divide the photographs into two groups.

Decide which show physical changes and
which show chemical changes. Make an accurate
record of what changes you think are happening in
each photograph. Draw up a table to show where:

® new substances are being formed;

® energy changes are taking place;

@ the changes can easily be reversed;

@ chemical changes are taking place; or
o physical changes are occurring.

B Imagine you could see particles with the
naked eye. Discuss with a friend what is
happening in two of the physical changes. Draw
accurate particle diagrams of what you think is

going on.

Talk about two of the chemical changes. For
one of them identify and write down:

@ the reactants and products;

® the formulae of each substance;

® a word or symbol equation which describes the
change.

. Visual stimulus
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S *Respiration <Fermentation <+Corrosion <Combustion -Mixture
[N - N

*Pure <+Endothermic .

" On the reaction trail

*Photosynth
sutiag1oxd

- Look around you! You can often see evidence of
change. Reactions occur everywhere, but you have

" to train yourself to spot what is going on. .
Sometimes the evidence suggests'that change has.
already taken place. R

*Salt
nuohg.

“Work in teams and look carefully at each part of the; e
drawing in turn; use the surrounding key words to' *
p your thinking. Discuss what chemical changes~ -

*Alcohol
2[qDIS. spuog.

DY

1541910

[nm:{.

uonypnbg. siznporde

What chemical changes can you spot

happening in the picture? Make a list of these.
Brainstorm some other chemical changes that occur
in everyday life and add these to your list.

Share out the key words which surround the

illustration among the class. Make Factfile
boxes around the words. Then organize them to
make a wall display.

Visual stimulus @

Discuss each chemical change in more detail.
Draw up a table of facts about the changes.
Use some of these headings to get you started.

® Reactants
@ Reaction conditions
® Speed of reaction

® Reaction
® Products
® Energy changes

What evidence is there in the illustration that

some chemical changes have already taken
place? Make a list of your observations.
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@ Simple chemical reactions

Chemical changes

Chemical changeé (reactions) produce new chemical substances. During a reaction an input of energy helps
to break apart the particles in the reactants. Energy is released when the particles are re-combined and
rearranged to make the products of the reaction.

20!

%s}

x M2

Reactants move closer together.

Old bonds are broken — new bonds are made.

New substances (products) are formed

Raw materials

Many useful substances occur in nature. Raw materials from a variety of sources can be converted into new
and useful products by chemical changes.

Coal can be burnt to
make heat. It also con-
tains a variety of useful
raw materials. Chemical
changes convert these
into soap, dyes, per-
fumes, paint, and a
range of other chemical
products.

e

TARS

Rocks and minerals
from the Earth are a rich
source of raw materials.
Many metals can be
extracted from ores
found in rock. Rocks
and minerals also pro-
vide other useful mater-
ials such as lime,
ceramics, and sand.

@ Factfile

Air might not seem
very useful. However, it
provides oxygen for you
to breathe. Oxygen,
argon, nitrogen and car-
bon dioxide can also be
separated from air by
cooling it down.

6

Rt

-113-

Crude oil is a mixture
of very useful chemi-
cals. These are separated
in an oil refinery. Some
can be used as they are.
Others are chemically
changed into new pro-
ducts such as plastics,
paints, and drugs.
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Simple chemical reactions ‘\@

Patterns in chemical reactions

There are millions of different chemical reactions. Chemists like to group together (classify) reactions which
have similar changes taking place within them.

THERMAL

DECOMPOSITION:

carbon dioxide.

Reactions in which a single substance breaks up
when heated into two or more new substances.

CaC0,(s)—Ca0(s) +C0,(g)

Calcmm carbonate proéuces calcium oxide and

Reactions.imwhich twosahshm(someﬂm 3.
more) combine: to-mak
2Mg(s)+0,(gF—2MgO(sks." - L
Malgnslum plus: oxygurpmduos.maqpesl'
oxide:. s

Simple balanced equations

® A chemical equation tells you more about the
substances which take part in the reaction. Equa-

tons may be written in words or symbols.

Word equation

Sulphur plus oxygen produces sulphur dioxide.

Symbol equation
$+0,—50,

® A balanced equation is written in symbols and
always has the same number of atoms of each

element on both sides of the equation.

Unbalanced equation
CH-0 > CO-+H O

Balanced equation
CH,+70,~5C0O,+4H0

solid (s)
gas (g)

@ State symbols show whether a substance is

liquid (1)
dissolved in water (aq)

State symbols are used in equations.

S(s) +0,(g)—S0,(g)

Rusting — a simple but unwanted reaction!

Most metals corrode when left in the atmosphere. Rusting is the special name given to the corrosion of
iron. This occurs when iron is left in moist air. The presence in the air of dissolved ions such as those in salt

seem to speed up rusting.

4Fe(s) +30,(g) + 6H,0()) »4Fe(OH),(s) Iron rusts more quickly in some conditions than in others.

Constants: Room temperature Kind of nail Time
1
Cotton Paraffin i
wool seal | Open to the
1 atmosphere
Tube full of | | Calcium Boiled f
inert argon chloride to (air free) Tap water 1 Brine
gas dry the air water 4 with air |
Air 5 Air v Air 3¢ Air v l Air v
Water  x Water x Water v Water | Water v
Salt x Salt X Salt X Salt x ! Salts
No rust No rust No rust Rust | Rust
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Testing, testing!

Rajinda and Paul work for BAL (Bedton Analytical
Laboratories). They have worked there since they
left school. They applied for the job because they
liked chemistry at school. They really put their
knowledge of science to good use.

Many firms and organizations send substances to
BAL for testing, so that they can find out what the
substances are. BAL answers each query quickly and
sends a written report.

@ Simpie chemicai reactions

When a substance comes in for identification it is
given a number of chemical tests. Each one gives a
clue to its identity. A single test is usually not good
enough as it does not provide enough facts to
identify the substance. A number of tests give more
information and help pinpoint its correct identity.

Most, but not all substances Rajinda and Paul test
are compounds. Sometimes they use special
machines to help them identify chemicals quickly
and accurately. But often the substances that come
in can be identified using simple chemical tests.

Tests that can be carried out

® Appearance Looking at a compound will often
give clues about the element(s) it contains. For
example, blue compounds often contain copper.

@ Analysis of physical properties This provides
information about a substance’s possible structure,
e.g. covalent compounds do not conduct electricity.

® Melting point Every substance has a unique melt-
ing point. The :nelting points of unknown com-
pounds can be compared with those of compounds
that have aiready been identified.

o Flame test This identifies metal (positive) ions.
Compounds which contain a metal ion burn in a
hot bunsen flame with characteristic colours, e.g.
sodium compounds burn yellow.

® Chemical tests for negative ions Simple chemi-
cal reactions can test to see if a compound contains
chloride (C1-), sulphate (SO, 1‘) or carbonate
(CO,*7) ioms.

® Solubility in water Some compounds are soluble
in water, others are not. A compound’s solubility
can give information as to the ions it might contain.

® Other tests are used when required to provide extra information.

i Bedton Analytical Laboratories JL

Test

How to test/What to look for

What to look for and expect

Flame tests

.| straight away,

T
Clean a nichrome wire in a hot bunsen burner flame. Dip the wire in some |
ii dilute hydrochioric acid to clean it. then add s smail amount of the substance !
to be treatad. Put the wire in the hot bunsen flame and look for any colour :

BO0000

Potsssium Sodium Calcium Copper  Bsrium  Strontium

Solubility tests

solubis} or does not dissoive at ail (insoiuble)

Put 100g of water into a clean beaker. Add a few grams of the substance.
. Dacide whether it dissolves (soluble), only dissolves when heated {slightly

A compound will be scluble it it containe:
it ® sodium ions (Na”) e potassium ions (K*)
® nitrste jons {NO,? ")
+ chloride ions - except if it is sitver or lead chloride
¢ suiphate ian ~ except if it is caicium, barium or iead sulphate
A compound will be insaluble if it contains:

. onde iong (077} * hvamxld- ions {[OM™) ) (unless it contains

ions (€042~ K* orNe~)

Tests for negative
ions (anions)

Tast tor chioride ions (C17): Dissolve a littie substance in water. If water will
not work use dilute nitric acid instesd. Add one or two drops of dilute sitver
nitrate solution.

“Test for suiphate ions (SO,*"): Dissolve a little substance in water. If water -
will not work use dilute hydrochioric acid instead. Add one or two drops of ¢

bariurn chioride solution.
Test for carbonate ions (CO3?°}: Add one or two drops of dilute hydro-

i chioric acid to the substance. if a gas is produced, bubble it through lime :

i_water and look to sae what happens.

"Chioride” - “
silvar nitrate dilute
solution h

All in a day’s work!

One day Rajinda and Paul were asked to test a number of unlabelled bottles
which had come in from Bedton school. They had to be identified before they
could be safely disposed of.

@ Background reading
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Simpie chemical reactions \@

1 Rajinda looked at the first compound. She knew only three substances which
were black. Tests showed that it did not conduct electricity and had a very high
melting point. When she did the flame test it gave a blue colour. Rajinda‘tried a
test of her own: when hydrogen was passed over the heated compound a pink

powder was formed.

2 Paul’s first substance looked trickier. He tested its melting point: 419K

(146 °C). When he heated the substance strongly it liquified and turned brown.
It was very soluble in water. Paul thought it contained covalent molecules. One
of his testing machines told kim it contained carbon, hydrogen and oxygen.

3 These crystals easily dissolved in water forming an alkaline solution (pH

10 +). Rajinda found that the flame test gave a yellow colour. The crystals gave
off water when heated but the white solid which formed seemed stable to
further heating. This basic compound reacted with hydrochloric acid to produce

carbon dioxide gas.

4 Yet another white compound. Paul quickly found out that it was insoluble and
had a very high melting point. He deduced that it must be ionic and probably
contained a group II metal. Its flame colour was a bright crimson. The
compound dissolved in dilute hydrochloric acid. Adding barium chloride sol- s
ution to this gave a white precipitate. st

(s

5 Rajinda looked forward to testing these beautiful crystals. She knew that
brightly-coloured compounds usually contain a transition metal. The crystals
were very soluble in water and decomposed on heating, producing water and a
blue powder. A white precipitate formed when dilute silver nitrate was added to

a solution of the compound.

6 The last substance was obviously very different. Its appearance indicated that it
was a metal. But which one? Paul tested it and found that it was not magnetic.
He took a small piece and it burnt fiercely in air. It seemed to combine with
oxygen. He did another test and found that 2.4 g of this material burnt to give

4.0 g of a white ash.

Jackground reading G@
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@ Simple chemical reactions

Questions and activities

Collect the labels from a range of household

products and /or cuttings from magazines
which show everyday chemicals being used. For
each chemical decide on

® the raw materials which are used to make it;
e the kind of chemical change used to produce it.

Put your answers together in a table with these
headings:

Substance Raw materials Chemical change

needed

- Use an atlas to help you draw a map of the
world showing the major sources of these
valuable raw materials. Use different colours for the

different materials on your map.

e Oil e Coal ® Wood
e Sulphur o Natural gas @ Bauxite
® Wheat ® Malachite ® Haematite

Brainstorm all the useful new chemicals that can be
made from these raw materials.

C Study the following reactions.

C,H,,0,(s)—2C,H,0H() +2CO,(g)
2FeO(s) + C(s)— 2Fe(s) +CO,(g)
2AgCl(s)—2Ag(s) +CL(g)

CuO(s) +H,S0,(aq)—CuSO, (aq) +H,0())
2Na(s) +Cl,(g)— 2NaCl(s)

S(s) +0,(g)—S0,(g)

a Classify (sort) each reaction into one of the fol-
lowing groups:

e Combination e Decomposition® Oxidation

@ Reduction e Fermentation e Neutralization

b Explain why each reaction fits into the group it
does.

Research how fermentation reactions are used
to make beer, wine, spirits and bread. Make
an interesting poster out of your findings.

\g Questions and activities

What kind of chemical change might happen
when:

a petrol (C;H,,) burns in a car;

b milk of magnesia (MgO) neutralizes stomach
acid;

c iron rusts;

d yeast and sugar makes bread rise;

e lead ore (PbS) is heated strongly?

Write down a balanced word or symbol equation to
explain what is going on.

Put together words which go with the one in
the centre and you have a word burr! This one
has been started for you. Copy it out and add some

more words. (Mg heat
Cquatign : particles

Choose some other words from this section and
make some word burrs of your own. Try to connect
them to make a spider diagram.

Bert owns a small garage. He tells his cus-

tomers that in the old days the best way to
protect cars from rusting was to cover all the
exposed parts with grease. Some people do not
believe him. They think that paint, rust inhibitor,
chromium plating or something else must be better.
Plan an investigation to prove Bert right or wrong.

Remember to think about:

e what you will keep the same;
e what you will change;
® what you expect to see changing.

Design and make a database for the different
kinds of chemical reaction you will come
across in this book. You could follow the design of
the one below or make one of your own. Add to
your database as you go through each section of

this book.
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At the flicks

Miss Flavell, a science teacher at Bedton school,
likes to get her class involved in practical activity.
Some of her class were having difficulty in coming
to grips with how reactants change to products in
chemical reactions. What really does happen to the
particles? Watching a TV cartoon gave Miss Flavell

an idea. She knew that the moving cartoon was
made up of lots of individual images, flashed on the
screen for just a fraction of a second. Then she
remembered making flick book cartoons when she
was at school. Why not make ‘reaction’ flick books,
to show chemical changes in action? Try some out
for yourself.

Rules for making your flick book
Read these carefully before you start.

1 Make 15 blank pages.

2 On pages | to 5 draw particle pictures of the
reactants coming closer until they touch.

3 On pages 6 to 10 draw the particles in the
reactants rearranging to form the products.

4 On pages 11 to 15 draw the particles in the
products gradually moving further apart.

§ Arrange the pages of the flick book in order with
number 1 on top. Then staple the book together.

6 Test your flick book to see if it works! Think
about ways in which you could improve it. What
happens if you add more pages?

Here are some ideas to get you started. Later you
can think of some of your own.

® Hydrogen (H,) and oxygen (O,) molecules react-
ing to make water (H O) molecules.

o Nitrogen (N,) and hydrogen (H,) molecules
reacting to make ammonia (NH,) molecules.

@ Carbon (C) reacting with iron oxide (Fe,0,) to
form iron and carbon dioxide molecules (CO,).

® Methane molecules (CH,) reacting with oxygen
molecules (O,) to form water and carbon dioxide.

G.estions and activities {'9
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