PERIODICITY 
Answers to end-of-chapter questions
	1.
	a)
	2Na(s) + 2H2O(l) ( 2Na+(aq) + 2OH-(aq) + H2(g)

pH = 14
	1

1

	
	b)
	NaCl(s) ( Na+(aq) + Cl-(aq)

pH = 7
	1

1

	
	c)
	SO2(g) + H2O(l) = H+(aq) + HSO3-(aq)

pH = 3
	1

1

	
	d)
	SiCl4(l) + 2H2O(l) ( SiO2(s) + 4HCl(g)

pH = 3
	1

1

	
	
	Total 8


	2.
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Na, Mg and Al are metallic

There is a relatively strong attraction

Between the cations and the electrons

So quite a lot of energy is needed to overcome this

So they have fairly high melting points

From left to right the charge on the cation increases

And the cations are smaller/ there are more delocalised electrons

So the metallic bonding gets stronger

And the melting points increase

Si is giant covalent

So strong covalent bonds between the atoms must be broken

This requires a lot of energy

So Si has the highest melting point

P, S, Cl and Ar are simple molecular

So weak intermolecular forces exist between the molecules

These don’t need that much energy to break

So the melting points are low

Molecular size increases Ar < Cl < P < S

So Van der Waal’s forces become stronger accordingly

And melting points rise accordingly
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	Total 21


	3.
	a)
	Electronegativity is the ability of an atom to attract electrons towards itself

In a covalent bond
	1

1

	
	b)
	Nuclear charge increases

But shielding stays the same

So attraction of electrons to nucleus increases
	1

1

	
	c)
	Li: 1.0 – 1.1

Cl: 2.9 – 3.0
	1

1

	
	d)
	Argon does not form covalent bonds
	1

	
	e)
	The greater the difference in electronegativity, the more likely a bond is to be ionic

If the electronegativity difference is more than 2.0, it will be ionic
	1

1

	
	f)
	i)
	Covalent
	1

	
	
	ii)
	AlCl3(s) + 3H2O(l) ( Al(OH)3(s) + 3HCl(g)
	1

	
	
	iii)
	pH = 2 – 3

Some of the HCl dissolves in the water to give H+ ions
	1

1

	
	g)
	Ionic
	1

	
	h)
	Na2O(s) + H2O(l) ( 2Na+(aq) + 2OH-(aq)

pH = 14
	1

1

	
	i)
	Low melting point
	1

	
	
	
	
	Total 17


	4.
	a)
	They all have three shells

Nuclear charge increases

But shielding stays the same

So attraction of electrons to nucleus increases

And the atoms become more electronegative

And are drawn closer to the nucleus

So atomic radius decreases
	1

1

1

1

1

1

1

	
	b)
	As the oxides of the period 3 elements are added to water, the solutions become more acidic on moving from left to right in the Periodic Table.

So the pH decreases on moving from left to right

Na2O(s) + H2O(l) ( 2Na+(aq) + 2OH-(aq)

pH = 14

MgO(s) + H2O(g) ( Mg(OH)2(s)

pH = 9 as the hydroxide is not very soluble

The oxides or sodium and magnesium are ionic

So the oxide ion reacts with water to form OH- ions

Aluiminium oxide is mostly ionic

But the lattice energy is too high to be overcome by hyration energies

So it is insoluble (pH = 7)

Silicon dioxide is giant covalent

The water cannot attack the silicon due to its giant structure

So it is insoluble (pH = 7)

The oxides of phosphorus and sulphur are simple molecular

The water attacks the electropositive atom and releases H+ ions

P4O10(s) + 6H2O(l) == 4H+(aq) + 4H2PO4-(aq)

SO2(g) + H2O(l) == H+(aq) + HSO3-(aq)

SO3(g) + H2O(l) == H+(aq) + HSO4-(aq)

So the pH values are low
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	Total 27


	5.
	a)
	Trigonal planar

120o
	1

1

	
	b)
	It has an empty orbital

so it can accept a lone pair from the chloride ion

Dative covalent/coordinate
	1

1

1

	
	c)
	AlCl3(s) + 3H2O(l) ( [Al(H2O)6]3+(aq) + 3Cl-(aq)

SiCl4(l) + 2H2O(l) ( SiO2(s) + 4HCl(g)
	1

1

	
	d)
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Bond angle = 109o
	1

1

	
	
	
	
	Total 9


	6.
	a)
	
	A gradual change in physical and chemical properties
Which repeats itself throughout the Periodic Table
	1
1

	
	b)
	
	Nuclear charge increases
But shielding stays the same

So electrons are pulled in more strongly
	1
1

	
	c)
	i)
	Magnesium has a higher charge (and a smaller size)

So attraction to delocalised electrons is stronger
	1
1

	
	
	ii)
	Silicon is giant covalent
So strong covalent bonds need to be broken
	1
1

	
	
	iii)
	The molecules in sulphur are larger than in phosphorus

So the Van der Waal’s forces are stronger in sulphur
	1
1

	
	
	iv)
	Argon is a simple atomic structure
So the Van der Waal’s forces are very weak
	1
1

	
	
	
	
	Total
12


	7.
	a)
	The ability of an atom to attract electrons towards itself

In a covalent bond
	1

1

	
	b)
	The nuclear charge increases

But the shielding stays the same

So the nucleus can exert a relatively larger pull

On the electrons in the covalent bond
	1

1

1

1

	
	c)
	i)
	On moving from left to right the bonding in the oxides becomes less ionic and more covalent
	1

	
	
	ii)
	Oxygen is more electronegative than any of the elements in period 3, so as electronegativity increases across a period it becomes more similar to oxygen, and the electronegativity difference decreases

So the bond becomes more covalent
	1

1

	
	d)
	P4O10(s) + 6H2O(l) == 4H+(aq) + 4H2PO4-(aq)
	2

	
	
	
	
	Total 11


	8.
	a)
	In aluminium the first electron is removed from a 3p orbital

In magnesium the first electron is removed from a 3s orbital

The 3p orbital is more shielded than the 3s orbital
	1

1

1

	
	b)
	There is an extra proton in the silicon nucleus

But the shielding of the outer electrons is the same
	1

1

	
	c)
	The second electron is removed from a species with a positive charge

So the attraction to it is stronger
	1

1

	
	d)
	Al2+(g) ( Al3+(g) + e
	1

	
	e)
	The third electron in Al is removed from a 3s orbital

Which is more shielded than the 2p orbital, from which the third electron in magnesium is removed
	1

1

	
	
	
	
	Total 10


	9.
	a)
	Magnesium has a higher charge than sodium

and a smaller size

So attraction to delocalised electrons is stronger
	1

1

1

	
	b)
	Bonding = covalent

Structure = giant covalent
	1

1

	
	c)
	More than 1200 K
	1

	
	d)
	The molecules in sulphur are larger than in chlorine

So the Van der Waal’s forces are stronger in sulphur
	1

1

	
	e)
	Less than 350 K

Potassium is larger than sodium

So its ions are less attracted to the delocalised electrons
	1

1

	
	
	
	
	Total

10


	10.
	a)
	i)
	Na2O(s) + H2O(l) ( 2Na+(aq) + 2OH-(aq)

pH = 14
	1

1

	
	
	ii)
	SO2(g) + H2O(l) == H+(aq) + HSO3-(aq)

pH = 3
	1

1

	
	b)
	
	The more ionic the oxide, the higher the pH of the solution when the oxide is added to water

The more covalent the oxide, the lower the pH of the solution when the oxide is added to water
	1

1

	
	c)
	
	NaCl(s) ( Na+(aq) + Cl-(aq)

pH = 7
SiCl4(l) + 2H2O(l) ( SiO2(s) + 4HCl(g)

pH = 3
	1

1

1

1

	
	
	
	
	Total 10
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