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In this section you will extend the work you did in Section 2, Atoms,
elements and compounds, and focus in detail on the structure of the
Periodic Table and the characteristic properties of particular groups
of elements. If you look at the Periodic Table in the back of this
book (page 688), you will see that it includes 118 elements. The
good news is that you will not have to study the properties of all
these elements! Because of the way elements have been arranged in
the Periodic Table, learning about one element often provides a very
good idea about how other elements may behave. You will study in
some detail a group of metals and a group of non-metals, followed
by elements known as ‘transition elements’and a group known as
the noble gases.

STARTING POINTS

1. What is an element — how would you define the term?

2. What does the proton number of an atom tell you about its
structure?

3. In terms of electronic configuration what is the main difference
between a metal and a non-metal?

4. Helium is a common noble gas. Do you know a use of helium?

SYLLABUS SECTIONS COVERED

C8.1 Arrangement of elements
C8.2 Group [ properties

C8.3 Group VII properties
C8.4 Transition elements
C8.5 Noble gases

> Many batteries contain lithium, which is a Group | metal.







THE PERIODIC TABLE

Arrangement of
elements

INTRODUCTION

With over 100 different elements in
existence, it is very important to have some
way of ordering them. The Periodic Table
puts elements with similar properties into
columns, with a gradual change in properties
moving from left to right along the rows.
This topic looks at some of the basic features
of the Periodic Table. Later topics will look

. . . , in more detail at particular groups and
A Fig. C8.1 This ordering of elements was first

published in 1871 by the Russian chemist Dmitri arrangements of the elements.
Mendeleev.

KNOWLEDGE CHECK

v All matter is made up of elements.

v The proton number of an element gives the number of protons (and the number of electrons) in an atom
of the element.

v Electrons are arranged in shells around the nucleus of the atom.

LEARNING OBJECTIVES

v Describe the Periodic Table as an arrangement of elements in periods and groups and in order of
increasing proton number / atomic number.

v Describe the change from metallic to non-metallic character across a period.

v SUPPLEMENT Identify trends in groups, given information about the elements.

ARRANGEMENT OF ELEMENTS IN THE PERIODIC TABLE

An element is a substance that cannot be broken down into other substances by
chemical means. As new elements were discovered in the 19th century, chemists tried
to organise them into patterns based on the similarities in their properties. John
Newlands classified elements according to their properties and Dmitri Mendeleev
produced the classification system which is considered to be the basis of the modern
Periodic Table. When the structure of the atom was better known, elements were
arranged in order of increasing proton number, and then the patterns started to make
more sense. (Proton/ atomic number is the number of protons in an atom.)

How are elements classified in the modern Periodic Table?

More than 110 elements have now been identified, and each has its own properties and
reactions. In the Periodic Table, elements with similar properties and reactions are
shown close together.



The modern Periodic Table arranges the elements in order of increasing proton
number. They are then arranged in periods and groups so that elements with similar
properties and reactions are shown close together. The complete Periodic Table on
page 688 lists all the known elements. The simplified Periodic Table in Fig C8.2
shows the first 86 elements and the main groups and their names. The number below
each element is the atomic number (proton number).
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A Fig. C8.2 The Periodic Table.

Periods

Horizontal rows of elements are arranged in increasing proton number from left to
right. Rows correspond to periods, which are numbered from 1 to 7.

Moving across a period, each successive atom of the elements gains one proton and
one electron (in the same outer shell).

In Fig. C8.3 you can see how the number of electrons in the outer shell increases
across a period, for the elements in Period 3.

Group | Group Il Group Il Group IV Group V Group VI Group VI Group VI

sodium magnesium aluminium silicon phosphorus sulfur chlorine argon

A Fig. C8.3 Moving across a period shows the electronic configuration of each element.

Moving across a period like Period 3 (sodium to argon), the following trends take
place:

® Metals on the left going to non-metals on the right.

e Group I elements are the most reactive metal group, and as you go to the right the
reactivity of the groups decreases. Group IV elements are the least reactive.

® Continuing right from Group IV, the reactivity increases until Group VII, the most
reactive of the non-metal groups.
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Groups

Vertical columns contain elements with the proton number increasing down the
column — they are called groups. They are numbered from I to VIII (Group VIII is
sometimes referred to as Group 0).

Groups are referred to as ‘families’ of elements because they have similar
characteristics, just like families — the alkali metals (Group 1), the alkaline earth
metals (Group I1) and the halogens (Group VII).

Elements in the same group do not have identical physical and chemical properties.
For example, within a group there will be a trend (a gradual change between elements
as you move down the group) in physical properties, such as melting point and
density, and a trend in chemical reactivity. These group characteristics will be covered
in more detail in the topics on Group 1 and Group VII elements.

REMEMBER

[t is important to understand the relationship between group number, number of
outer electrons, and metallic and non-metallic character across periods.

QUESTIONS

1. Find the element calcium in the Periodic Table. Answer these questions about
calcium:

a) What is its proton number?

b) Describe what information the proton number gives about the structure
of a calcium atom.

¢) Which group of the Periodic Table is calcium in?
d) Which period of the Periodic Table is calcium in?
e) Is calcium a metal or a non-metal?
2. What is the family name for the Group VIl elements?
3. Are the Group VIl elements metals or non-metals?

4. SUPPLEMENT The table provides information about the melting points and
reactivity with cold water of three elements in Group 2.

element melting point /°C | reactivity with cold water

calcium 842 reacts to form bubbles of gas

strontium 777 reacts rapidly to form bubbles of gas

barium 727 reacts very vigorously producing
bubbles of gas

a) What trend is there in the melting points of the three Group 2 elements?

b) What trend is there in the reactivity with cold water of the three Group 2
elements?’
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Reactivities of elements

Going from the top to the bottom of a group in the Periodic Table, metals become
more reactive, but non-metals become less reactive.

Group VIII elements, known as the noble gases, are very unreactive. They already
have full outer electron shells and so rarely react with other elements to form
compounds.
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A Fig. C8.4 The Group VIl elements (non-metals) become A Fig. C8.5 Group | elements (metals) become more
more reactive further up the group. reactive further down the group.

THE FIRST PERIODIC TABLE

In 1871 the Russian chemist Dmitri Mendeleev published his work on the Periodic
Table. It included the 66 elements that were known at the time. Interestingly, Men-
deleev left gaps in his arrangement when the next element in his order did not seem
to fit. He predicted that there should be elements in the gaps but that they had yet to
be discovered. One such element is gallium (discovered in 1875), which Mendeleev
predicted would be between aluminium and indium.

In 2022 there were 118 known elements, but only 98 of these occurred naturally —
the remaining 24 have been made artificially. Some elements are radioactive — for
example the element americium (Am, proton number 95), which is used in smoke
detectors.

ORI The element americium can be represented as *2Am.

Calculate how many protons, neutrons and electrons this atom has.
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End of topic checklist

Key terms

element, group, period, Periodic Table, proton number (atomic number)

During your study of this topic you should have learned:

(O How to describe the Periodic Table as a method of classifying elements into groups
and periods.

(O How to describe the change from metallic to non-metallic character across a
period.

(O SUPPLEMENT How to identify trends in groups from information about the
elements.




End of topic questions

1. Look at the diagram representing the simplified Periodic Table. The letters stand
for elements.

a) State which element is in Group IV:
A ¢
B c
Ch
D d
b) State which element is in the second period.
c) State which element is a noble gas.
d) State which element is a transition metal.
e) State which elements are non-metals.
f) State which element is most likely to be a gas.

. Determine the electron configuration in the following atoms:

a) sodium (proton number = 11)
b) silicon (proton number = 14)
¢) fluorine (proton number = 9).

. Describe how the metallic and non-metallic nature of the elements changes across
Period 3 of the Periodic Table.

. SUPPLEMENT In the Periodic Table, state what is the trend in reactivity:

a) down a group of metals.

b) down a group of non-metals.
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