14.2 PERIODICITY QUESTIONS 

1.
Which one of the following statements concerning silicon tetrachloride is true?

A
It contains ionic bonds.

B
It has a macromolecular structure.

C
It has a square-planar structure.

D
It is hydrolysed by water.
2.
Which one of the following chlorine compounds is not hydrolysed by water at room temperature?

A
CH3Cl

B
CH3COCl

C
AlCl3

D
PCl5
3.
Write equations to show what happens when each of the following substances is added to water and, in each case, suggest an approximate pH value for the resulting solution.

(a)
sodium

Equation .....................................................................................................................

pH ...............................................................................................................................

(2)

(b)
sodium chloride

Equation .....................................................................................................................

pH ...............................................................................................................................

(2)

(c)
sulphur dioxide

Equation .....................................................................................................................

pH ...............................................................................................................................

(2)

(d)
silicon tetrachloride

Equation .....................................................................................................................

pH ...............................................................................................................................

(2)

(Total 8 marks)

4.
Write equations for the reactions of phosphorus(V) oxide and sulphur dioxide with water.  In each case predict the approximate pH of a 1M aqueous solution of the product.

Phosphorus(V) oxide.............................................................................................................

Approximate pH.....................................................................................................................

Sulphur dioxide......................................................................................................................

Approximate pH ....................................................................................................................

(4)

5.

Write an equation for the reaction of silicon tetrachloride with water and predict an approximate value for the pH of the resulting solution.

Equation. ...................................................................................................................
pH. .............................................................................................................................
(2)
6.

The compounds silicon dioxide, SiO2 and silicon tetrachloride, SiCl4, both contain covalent bonding, but their melting points are very different, being 1610°C and –70°C respectively.

(i)
Give the name of the type of structure present in each of the compounds.

SiO2.................................................................................................................

SiCl4.................................................................................................................

(2)

(ii)
Explain how the melting points of the two compounds are related to their structures.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

(4)

(Total 6 marks)

7.
(a)
(i)
Describe one observation that could be made when silicon tetrachloride is exposed to 




moist air.

...........................................................................................................................

...........................................................................................................................

(1)

(ii)
Write an equation for the reaction between silicon tetrachloride and water.

...........................................................................................................................

(2)

(b)
(i)
Explain what is meant by the term standard molar first electron affinity.
...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(3)

(ii)
State and explain the trend in electron affinity down Group 7 (Cl to I).

Trend .................................................................................................................
Explanation .......................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(3)

(Total 9 marks)

8.
(a)
Explain, with reference to the bonding in sodium oxide, why this compound reacts 



with water to form a solution with a pH of 14.

.....................................................................................................................................

.....................................................................................................................................

.....................................................................................................................................

(3)

(b)
What general type of oxide forms acidic solutions in water? Give the formula of one such oxide.

General type................................................................................................................
Formula.......................................................................................................................
(2)

(Total 5 marks)

9.
(a)
Why are the elements sodium to argon placed in Period 3 of the Periodic Table? Describe and explain the trends in electronegativity and atomic radius across Period 3 from sodium to sulphur.

(7)

(b)
Describe the trend in pH of the solutions formed when the oxides of the Period 3 elements, sodium to sulphur, are added separately to water. Explain this trend by
reference to the structure and bonding in the oxides and by writing equations for the reactions with water.

(19)

(Total 26 marks)

10.
(a)
P and Q are oxides of Period 3 elements.


Oxide P is a solid with a high melting point. It does not conduct electricity when solid but does conduct when molten or when dissolved in water. Oxide P reacts with water forming a solution with a high pH.


Oxide Q is a colourless gas at room temperature. It dissolves in water to give a solution with a low pH.

(i)
Identify P. State the type of bonding present in P and explain its electrical conductivity. Write an equation for the reaction of P with water.

(ii)
Identify Q. State the type of bonding present in Q and explain why it is a gas at room temperature. Write an equation for the reaction of Q with water.

(9)

(b)
R is a hydroxide of a Period 3 element. It is insoluble in water but dissolves in both aqueous sodium hydroxide and aqueous sulphuric acid.

(i)
Give the name used to describe this behaviour of the hydroxide.

(ii)
Write equations for the reactions occurring.

(iii)
Suggest why R is insoluble in water.

(6)

(Total 15 marks)

11.
You are required to plan an experiment to determine the percentage by mass of sulphate ions in some solid waste made up of the three compounds silicon dioxide, sodium carbonate and magnesium sulphate.


You are provided with dilute hydrochloric acid, a solution of barium chloride and simple laboratory equipment. (Hydrochloric acid reacts with carbonate ions and prevents the precipitation of barium and magnesium carbonates.)

(a)
Outline how you would extract the sulphate ions from the solid waste and convert the extracted sulphate ions into a precipitate of barium sulphate.
Write equations for the reactions which occur.

(8)

(b)
Describe how you would separate pure barium sulphate from other reaction products and how you would determine its mass.
Hence, explain how the percentage by mass of sulphate ions in the solid waste would be calculated.

(7)

(Total 15 marks)

12.
(a)
(i)
Write an equation for the reaction of sodium with cold water.

...........................................................................................................................

(1)

(ii)
Write an equation for the reaction of chlorine with cold water. 

...........................................................................................................................

(1)

(iii)
By referring to the bonding and structure of silicon, suggest why silicon does not react with cold water.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(b)
The oxides of elements of Period 3 react to form salts with aqueous sodium hydroxide or with aqueous sulphuric acid or with both of these reagents.  Give the formula of an oxide of an element of Period 3 that reacts with:

(i)
aqueous sodium hydroxide only;
Formula of oxide...............................................................................................

(1)

(ii)
aqueous sulphuric acid only;
Formula of oxide...............................................................................................

(1)

(iii)
aqueous sodium hydroxide and aqueous sulphuric acid.

Formula of oxide...............................................................................................

(1)

(Total 7 marks)

13.
(a)
Explain why magnesium chloride has a high melting point (987 K).

...................................................................................................................................

...................................................................................................................................

(2)

(b)
Explain why the temperature at which aluminium chloride vaporises is relatively low (450 K).

...................................................................................................................................

...................................................................................................................................

(2)

(c)
Write an equation for the preparation of aluminium chloride from its elements.

...................................................................................................................................

(1)

(d)
Write an equation for the reaction of aluminium chloride with water and predict an approximate value for the pH of the resulting solution.

Equation. ..................................................................................................................
pH. ............................................................................................................................

(2)

(e)
Explain why silicon tetrachloride has a low melting point (203 K).

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

(3)

(Total 10 marks)

14.
(a)
The values of ionic radius for the Period 3 elements in the table below are taken from a chemistry data book. One of the elements does not actually form ions. The values given for the other elements are for the most stable ion.

	Symbol of element
	Na
	Mg
	Al
	Si
	P
	S
	Cl

	Ionic radius/pm
	95
	65
	50
	41
	212
	184
	181


(i)
State the number of protons and electrons in a sodium ion.


Number of protons ......................              Number of electrons ......................
(1)

(ii)
Suggest why there is a large increase in ionic radius from silicon to phosphorus.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(b)
Apart from argon, the Period 3 elements all form oxides.

(i)
Write an equation to represent the reaction of aluminium with oxygen.

...........................................................................................................................

(1)

(ii)
The reaction in (b)(i) occurs very readily. Suggest why aluminium saucepans can be safely heated on a gas cooker.

...........................................................................................................................

...........................................................................................................................

(1)

(iii)
Complete the following table to show information about Period 3 oxides.
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(4)

(iv)
Write an equation for the reaction of sodium oxide with water.

...........................................................................................................................

(1)

(v)
Write an equation for the reaction of sulphur dioxide with water.

...........................................................................................................................

(1)

(vi)
Samples of silicon dioxide and phosphorus(V) oxide are added to separate samples of pure water and each mixture is stirred. State the approximate pH value of each sample after the stirring.

pH value with silicon dioxide ...........................................................................

pH value with phosphorus(V) oxide .................................................................

(2)

(Total 13 marks)
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