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MODULE 4

UNIT 1

PERIODIC CLASSIFICATION OF THE ELEMENTS

Introduction 

In Module 2, we came across atoms, elements and compounds. With the discovery of many elements in the 19th century, attempts were made to compare the newly discovered elements with those already known.

Various scientists suggested ways of doing so by grouping them according to some common features and behaviour. This gave rise to a table known as the Periodic Table nowadays. 

Module 2 of the Physics components also addresses issues raised here. You can study both together. 

In this Unit we are going to consider elements in relation to their positions in the Periodic Table.  We are also going to have a closer look at the structure of atoms.  

Objectives 

After completing the module, you’ll be able to:

· state the chemical symbol of the first twenty elements

· write symbols for the first twenty elements

· explain the meaning of the periodic table

· describe the trends in physical properties down group 1

· describe the trends in chemical properties down group 2

· describe an atom

· describe the arrangement of sub-atomic particles

· explain the meaning of electronic configuration

· state the properties of each sub-atomic particles

· write the electronic configuration of the first twenty elements

· draw an electron diagram of an atom of the first twenty elements

1.0
Chemical Symbols

We normally use a symbol as a shorthand method to represent one atom of an element. The symbols in use nowadays are internationally recognised. For a number of elements, their symbols are represented by the first letter of their names. Since there are only 26 letters in the alphabet and more than 100 elements, it is not possible for us to attribute one letter to each element. The symbols of most elements consist of two letters. The first letter is always a capital letter and the second a small letter. The symbols of certain elements have been derived from their Latin names.


Note:
 You can also refer to Physics - Module 2, 2.4.

	(   Before proceeding further, complete the following activity.

	Activity 1

Complete the blanks below:

(i)
A symbol is an abbreviation used to represent………………………..


………………………………………………………………………………

(ii)
The symbols are standard and are recognised ……………………….


………………………………………………………………………………




You will find the answer at the end of the Module.

1.1
Symbols of elements

The Swedish Chemist Jöns Berzelius pioneered a system to derive symbols for the elements. This is still currently used. A symbol should be the first letter of the element’s name e.g. O for Oxygen.

· First letter and another letter e.g. He for Helium.

· First letter and another letter in the Latin name e.g. Pb from Plumbum, Latin name for Lead.

	The Pictorial Periodic Table
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 Lanthanides *
 Ce 
 Pr 
 Nd 
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 Actinides **
 Th 
 Pa 
 U 
 Np 
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No
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	(   Before proceeding further, complete the following activity.

	Activity 2

The symbol for Hydrogen is H; that of Helium is He.

Complete the table below by writing down the symbol attributed to each element.

Element

Symbol

Hydrogen

H

Helium

He

Carbon

Magnesium

Argon

Calcium

Silicon

Boron

Aluminium

Phosphorus

Potassium

Oxygen

Beryllium

Nitrogen

li

F

Neon

Ci

Sodium

S




You will find the answer at the end of the Module.

Some elements have names ending in IUM. They are generally metals. There are exceptions of course e.g. Helium and Selenium are non-metals.

Elements ending in INE or ON are non-metals. But again iron ends in ON. It is a metal though.

	(   Before proceeding further, complete the following activity.

	Activity 3

Here is a list of symbols for a few elements (other than those considered so far).  Write the name of the corresponding element.

Name of Element

Symbol

Ag

Au

Hg

Br

I

U

Sn

Pb

Zn

Cu




You will find the answer at the end of the Module.

1.2
Periodic Table

The Periodic Table is a way of classifying and arranging elements. The elements are arranged in a definite pattern. The Periodic Table is divided into:

1. groups 

2. periods.

1.2.1
Group

A group is a vertical column of elements. There are eight groups in the Periodic Table.  Elements in the same group (of the P.T) have similar chemical properties

1.2.2
Period

A period is a horizontal row of elements. Period 1 contains only two elements: hydrogen and helium. Periods 2 and 3 each contains eight elements.

The ‘Periodic Table’ in blank form is 

	I
	II
	III
	IV
	V
	VI
	VII
	VIII

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Note:
Please refer to Physics - Module 2, 2.5.7.

	(   Before proceeding further, complete the following activity.

	Activity 4

(a)
What is the Periodic Table?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)       What do the Roman numerals represent?

………………………………………………………………………………………
……………………………………………………………………………………….

(c)
Now insert the first 20 elements in the blank spaces to show their 
positions in the Periodic Table.




You will find the answer at the end of the Module.

Elements found in the same group (of the Periodic Table) have similar chemical properties. Remember the group means the same vertical column.

	(   Before proceeding further, complete the following activity.

	Activity 5

Give an example of an element with similar chemical properties:

(a)
Sodium resembles  ………………………………………

(b)
Chlorine resembles ……………………………………….

(c)
Magnesium resembles ………………………………….

(d)
Argon resembles  ………………………………………..



You will find the answer at the end of the Module.

1.2.3
Group I

Group I elements are also known as alkali metals. They are relatively soft metals and can easily be cut with a blade. Alkali metals are good conductors for electricity. Compared to other metals, they have a low density. Lithium is the lightest alkali metal. Moving down the group, there is a gradual change in melting point .The metals also become more reactive down the group.

	(   Before proceeding further, complete the following activity.

	Activity 6

(a)
Lithium is in group I of the Periodic Table.


Its co-members are ………………………..  ,………………………….    .

(b)
Delete the words, which are incorrect in each. 


As we go from lithium to potassium.

(i)
The atoms become larger/smaller.

(ii)
Melting points increase/decrease.

(iii)       Reactivity increases/decreases.




You will find the answer at the end of the Module.

1.2.4
Group II

The members of group II elements are all metals .As in group I, they show trends in chemical properties. On moving down the group, the reactivity of the metals increases.

	(   Before proceeding further, complete the following activity.

	Activity 7

(a)
The first member of group II of the Periodic Table is Beryllium.


(i)
The second member is  ……………………………………..

(ii)
The third member is ……………………………………….

(b)
As we go down the list of elements in group II we note that


(i)
chemical reactivity ………………………………………….


(ii)
atoms of the element become …………………………..


You will find the answer at the end of the Module.

1.2.5
Group VII

In group VII the elements are the halogens.  They are non-metals.  The members are: fluorine, chlorine, bromine and iodine.

Reactivity decreases down the group of halogens.  These non-metals have affinity for metals.  They react together e.g. sodium and chlorine form sodium chloride.

We can now proceed with the following investigation.  
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      Investigation 1: Showing reactivity down a group
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Test tubes in a rack

· Samples of magnesium, calcium

· Dilute hydrochloric acid

Method:  

Place 2 test tubes side by side in a test tube rack.

Pour about 5 cm3 of dilute hydrochloric acid in each.

Label them as X and Y.

Drop a piece of magnesium ribbon in X and a few granules of calcium in Y.

Record your observations

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

What can you conclude?

………………………………………………………………………………………………………………………………………………………………….………………………………………………………………………





I am sure that you noted bubbles of gas (hydrogen) in both X and Y. In Y bubbles occur more rapidly than in X.

I am sure that you are able to draw the right conclusion. Calcium is more reactive than magnesium.

On moving down the group, the compounds of group II elements become more stable towards heat. They must be heated for a longer time and at a higher temperature for decomposition to take place.

	(   Before proceeding further, complete the following activity.

	Activity 8 

Consider the two compounds, magnesium carbonate and calcium carbonate

(a)
Which one is expected to be more stable towards heat?

…………………………………………………………………………………..

(b) ……………… is more easily decomposed by heat than …………………




You will find the answer at the end of the Module.

1.3
Atoms - Components

As we have seen earlier, atoms are the building blocks of all substances. All atoms contain three fundamental particles: 

(i) protons

(ii) electrons 

(iii) neutrons. 

This doesn’t mean to say that all atoms are similar in nature. For example, an iron atom is different from a zinc atom. This is because they have different numbers of protons, neutrons and electrons. 

Protons are positively charged whereas electrons are negatively charged. Neutrons do not carry any charge.

A proton has the same mass as a neutron .An electron is about 2000 times lighter than a proton or neutron.

We can represent an atom as follows:
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Note:
Please refer to Physics - Module 2, 2.5 and 2.51.

	(   Before proceeding further, complete the following activity.

	Activity 9

(a)
Define an atom

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)
The atom generally consists of 3 types of sub-atomic particles.   


What are they?

(i) ………………………….

(ii) ………………………….

(iii) ………………………….



You will find the answer at the end of the Module.

	(   Before proceeding further, complete the following activity.

	Activity 10

Complete the table below about the 3 types of sub-atomic particles.

Name of 

Sub-atomic particle

Relative mass (on atomic mass scale)

Charge (if any)

1.  

Proton

2.  

Neutron

3.  

Electron





You will find the answer at the end of the Module.

1.4
Atomic Structure

An atom consists of a dense tiny core called the nucleus .It is found at the centre of the atom. The nucleus contains protons and neutrons tightly packed together. The electrons are found in electron shells outside the nucleus. They move around the nucleus in orbits at high speeds. An atom can be visualised as a miniature solar system with the nucleus at the centre. An atom contains the same number of electrons and protons. The overall charge of any atom is zero.







	(   Before proceeding further, complete the following activity.

	Activity 11

(a)
Write ‘True’ or ‘False’ for each of the statements about the nucleus 
of an atom.

(i)
It is located centrally in the atom.
----------------

(ii)
It contains protons and electrons.
-----------------

(iii)
It contains protons and neutrons.
-----------------

(iv)
It is massive.
-----------------

(v)
It carries no charge.
---------------

(vi)
It is negatively charged.
---------------

(vii)
It is surrounded by shell(s) of electrons.
---------------------

(b)
Write ‘True’ or ‘False’ for statements concerning the shells in an atom.

(i)
They occur around the nucleus.-------------------

(ii)
They contain only electrons.
----------------------

(iii)
They contain the same number of electrons as the number of protons in the nucleus.------------------------

(iv)
The shell nearest to the nucleus is the last shell. --------------

(v)
The outermost shell is furthest from the nucleus.
------------

(vi)       All atoms of the same element have the same number of shells.  

-------------



You will find the answer at the end of the Module.

1.5
ELECTRonic Configuration

Electron shells are found at different distances from the nucleus. They are numbered 1,2.3…. outwards from the nucleus. The first electron shell is found closest to the nucleus. It can hold a maximum of two electrons. The second shell can accommodate a maximum of eight electrons. The third shell can have up to eighteen electrons. The electron shell found furthest from the nucleus is called the outermost shell. Electrons in the outermost shell are known as valency electrons.


The electronic configuration of an atom shows the arrangement of electrons in the different shells. Sodium has an electronic configuration of 2,8,1. This means that an atom of sodium contains two electrons in the first shell, eight electrons in the second shell and one electron in the third shell. This third shell is the valency shell.



	(   Before proceeding further, complete the following activity.

	Activity 12

Complete the blanks below.

(a)
In an atom the first shell cannot contain more than ------------ electrons.

(b)
The second shell in an atom cannot hold more than ----------- electrons.

(c)
In an atom of carbon there are -------------------- electrons in the first shell and -------- electrons in the second shell.

(d)
We describe the electronic configuration of the carbon atom as ---------.




You will find the answer at the end of the Module.

	(   Before proceeding further, complete the following activity.

	Activity 13

In the space below draw a diagram to show the distribution of electrons in a carbon atom. 




You will find the answer at the end of the Module.

	(   Before proceeding further, complete the following activity.

	Activity 14 

For the first 20 elements in the Periodic Table, indicate the distribution of electrons in an atom of each. Fill in the table below. 

Electrons in

Element

(Symbol)

1st shell

2nd shell

3rd shell

4th shell

H

He

Li

Be

B

C

N

O

F

Ne

Na

Mg

Al

Si

P

S

Cl

Ar

K

Ca




You will find the answer at the end of the Module.


POINTS TO REMEMBER

· Elements have symbols.  Each of these usually consists of 2 letters or a single letter.

· Elements are arranged in a systematic manner in the Periodic Table.

· Reactivity increases down Group I elements.

· There is a decrease in reactivity down group VII elements.

· Atoms of noble gases have complete shells of electrons.

· The atom consists of a central nucleus surrounded by shells (of electrons)

· The atom contains protons, neutrons and electrons.

Nucleus





Shells (or orbits)





1st Shell





NUCLEUS





3rd  Shell





2nd  Shell








An atom of Sodium








An atom of Argon
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