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Unit 1: Chemical Changes and Structure

Key Area: Periodicity
Course Notes

	Name
	

	Class
	


The Modern Periodic Table

The modern Periodic Table is arranged in order of increasing atomic n_________. 

When elements are arranged in order of increasing atomic number, each new period starts when a new layer of e__________ in the atom starts to fill. Going from left to right across a period, the number of outer electrons __________ which changes the p__________ of the elements. 

Arranging the elements in order of increasing atomic number also means that each vertical ________ contains elements with the same number of electrons in the o_______ s_____, which explains why elements in the same group have similar c_________ properties.
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The Periodic Table is an excellent starting point for the journey through Higher Chemistry. When you understand the trends in the Periodic Table, it makes learning about Chemistry much easier. 

What do you know about the periodic table?
Write down 5 points summarising what you know…..

Periodic Trends
The properties of the elements vary in a regular pattern as you move a_______ a period or down a group in the Periodic Table. These variations are called Periodic trends.
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Trends in Atomic Size
The covalent radius (Pg 7 of databook) of an element is used to give an indication of it’s a________ s______. Covalent radius is half the distance between the nuclei of two covalently bonded atoms.
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On crossing a period, from left to right, the covalent radius d_________. This is due to an increase on the number of _________ in the nucleus i.e. an increase in nuclear charge, as electrons are being added to the same energy level. The electrons in the outer energy level are therefore attracted ________ strongly to the nucleus; the covalent radius decreases.
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As you move _______ a group on the Periodic Table, the covalent radius increases. This is due to the increase in the number of occupied electron e________ levels. 
The attraction between the nucleus and the outer electrons _________ as a result and so the covalent radius increases. 
Key area check test - Atomic Size
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1. a) Which arrow (A) or (B) indicates correctly a decrease in atomic size?
b)  Label the arrows to show the correct trends in atomic size
2. Atomic radius tends to fall as you go across a period, provided you ignore the noble gas at the end of it. 
a) Why is it necessary to ignore the noble gas at the end of the period if you are making this generalisation?  

b) Explain why the atomic radius increases as you down from fluorine to bromine in Period 7.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

3. The elements lithium to neon make up the second period of the Periodic Table. 
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Why does the covalent radius decrease going from lithium to neon?
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

4. How does the atomic size of lithium compare with that of fluorine?  Explain.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

5. How does the atomic size of lithium compare with that of caesium?  Explain.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

Trends in Ionisation Energy
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Ionisation is an endothermic process.

More than one electron can be removed from an atom so we have first, s_________, third and fourth ionisation energies.

A list of ionisation energies can be found in the data booklet on page 11. 

The following equation shows the first ionisation for an element, E. 
                  E(g) ( E+(g) + e-
When writing equations to show ionisation you must show state symbols!
Example: The first, second and third ionisation energies of magnesium

First Ionisation

Second Ionisation

Third Ionisation
Mg(g) ( Mg+(g) + e-
         Mg+(g) ( Mg2+(g) + e-
             Mg2+(g) ( Mg3+(g) + e-
ΔH = +744 kJ mol-1

ΔH = +1460 kJ mol-1

ΔH = +7750 kJ mol-1
The total energy required to remove the three electrons above is 744 + 1460 +7750 = +9954 kJ mol-1.

The second ionisation energy of Mg is larger than the first, because it takes more energy to remove an electron from a p____________ charged ion than from a neutral atom. The third ionisation energy of magnesium is massive, because the Mg2+ ion has a full electron shell of __ and the electrons are closer to the n__________ so there is an even greater attraction between the protons of the nucleus and the outer shell electrons; therefore requiring more energy to remove that electron.
Metals and non-metals both undergo ionisation to form positively charged ions. 

First ionisation energy of chlorine 
 Cl(g) ( Cl+(g) + e-

ΔH = +1260 kJ mol-1
Third ionisation energy of aluminium
Al2+(g)  (  Al3+(g) + e-          ΔH = +2760 kJ mol-1
Ionisation Energy – Across a Period

On crossing a period in the Periodic Table the first ionisation energy increases.
This is because on crossing a period, more p_______ are being added to the n________ of the atoms. This results in an i_________ in nuclear charge. The electrons in the outer energy levels will be more tightly held, and more difficult to r__________.

Ionisation Energy - Down a Group

On d___________ a group in the Periodic Table the first ionisation energy decreases.

This is because the e__________ to be removed from the outer energy level is increasingly distant from the n_________, as a result of the atoms getting bigger.
The attraction of the nucleus for the electron becomes _________, and it becomes easier to pull it away.

Electrons in the inner energy levels also produce a screening effect. These inner electrons reduce the attraction of the nucleus for the outer electrons. The screening effect will increase as the number of inner energy levels ____________.
Key area check test - Ionisation Energy


1. a) Which arrow (A) or (B) indicates correctly a decrease in ionization energy?

b) Label the arrows to show the correct trends in ionisation energy
2. The first ionisation energy of an element is the energy required to remove one mole of electrons from one mole of atoms in the gaseous state.
i.e.

Mg(g)
(
Mg+(g)
+     
The ………. ionisation energy of an element is the energy required to remove the ………mole of electrons.

i.e.

Mg+(g)
( 

The ………ionisation energy of an element is the energy required to remove the ……….mole of electrons.

i.e.

Mg2+(g)
( 

a) Explain why the second ionisation energy of an element is always greater than the first ionisation energy.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
b) Explain why the second ionisation energy of K is much greater than the second ionisation energy of Mg. Remember to show how the electron arrangement alters.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
3. a) Which two elements (in the first 20 elements) have the highest first ionisation 


energy?
__________________________________________________________________________


    b)
(i)
In which group are these elements?
__________________________________________________________________________


        (ii)
Explain why they have the highest first ionisation energy.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
     4    a) Which elements show the greatest difference between their first ionisation 



energies and their second ionisation energies?
__________________________________________________________________________

    b)
Explain your answer.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
5. (a) Explain why the second ionisation energy of each alkali metal is much greater than that of the halogen in the same period.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
(b) Explain why the third ionisation energy of magnesium is greater than that for aluminium.                   
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
Trends in Electronegativity

Atoms of different elements have different attractions for bonding electrons. This is called ____________________.



Electronegativity values are based on the Pauling Scale, devised by Linus Pauling an American Chemist. 

Values on the Pauling Scale range from 0 to 4. A list of these values can be found in the data booklet on page 11.

The higher the number on the Pauling scale, the ___________ the attraction an atom has for the bonding electrons. 

Electronegativity values can be useful in predicting which type of bonding is most likely between two elements.


On crossing any period electronegativity values increase.
This is caused by an increase in nuclear c________ as you move across a period from left to right.
As you go down a group, electronegativity values decrease.
This is caused by the additions of another energy level of electrons as you go down a group which shields the bonded electrons from the nucleus; therefore, they are not attracted as strongly.
Electronegativity - The Monatomic Gases
There are no electronegativity values for the m__________ gases. This is due to their electrical stability.

Key area check test – Electronegativity
1. a) Copy and complete the following statements.
i)  Electronegativity is a measure of the ............................... an atom in a     covalent bond has for the ...................... electrons of the bond.



ii) In the Periodic table electronegativity .............................. across a period and 



    .............................. down a group.



b)  In each of the following pairs identify the element with the greater electronegativity.


     i)  phosphorus or carbon        

ii) silicon or nitrogen
2. a) Explain why the electronegativity values increase across a period using the terms nuclear charge, covalent radius and screening.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
b) Explain why the electronegativity values decrease down a group using the terms    nuclear charge, covalent radius and screening.
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
3. On descending Group 1 from lithium to caesium, the electronegativity of the elements decreases. 

Explain clearly why the electronegativity of elements decreases as you go down the group. 
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
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Ionisation Energy:


This is the energy required to remove one electron from each atom in one mole of gaseous atoms of the element.
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Electronegativity: 


This is a measure of the attraction an atom involved in a bond has for the electrons of the bond.
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