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1	 The Periodic Table contains metals and non-metals.

	 (a)	 The symbols of the elements in Group 3 of the Periodic Table are shown below 
with some of their atomic numbers. 

Symbol Atomic number

B

Al 13

Ga 31

In

Tl 81

		  (i) 	 Complete the table by filling in the missing atomic numbers. 	 [1]

		  (ii)	 What is meant by the term atomic number?

			    		

			   		  [1]

		  (iii)	Name the non-metal in Group 3.

			   		  [1]

	 (b)	 An isotope of gallium, atomic number 31, has 38 neutrons.

		  (i) 	 What is the mass number of this isotope of gallium?

			   		  [1]

		  (ii)	 How many electrons are present in a Ga3+ ion?

			   		  [1]
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	 (c)	 Complete the table below giving information about ions of different elements.

Ion
Number 

of protons
Number of 
electrons

Number of 
neutrons

Atomic 
number

Mass 
number

Al3+ 10 13 27

8 10 8 8

Br – 35 46 81

		  			  [3]
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2	 Calcium reacts with chlorine to form calcium chloride.

	 (a)	 Complete the diagrams below to show the arrangement of all of the electrons in 
an atom of calcium and in an atom of chlorine. 

atom of calcium atom of chlorine
			   	 [2]
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	 (b)	 A flame test can be used to identify the calcium ion in calcium chloride. 
Complete the passage below about this flame test by circling the correct 
answers.

		  A nichrome wire is cleaned by dipping it in 

water

concentrated hydrochloric acid 

dilute hydrochloric acid

 

		  and is then dipped in calcium chloride.  

		  A Bunsen burner is adjusted to give a 

blue

yellow

orange

 

flame.

		  When the nichrome wire is now placed in the Bunsen burner flame it should 

		  produce a  

crimson

lilac

brick red

 

colour.	 [3]
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	 (c)	 The electronic configuration of a sodium atom is 2,8,1. The electronic 
configuration of an oxygen atom is 2,6.

		  Describe in words: 

		  •	 how the electronic configurations of both atoms change in order to form 
sodium oxide including the charges of the ions formed and the formula of 
the compound.

		  •	 at least two physical properties you would expect sodium oxide to have. 

		  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

		  How the electronic configurations of both atoms change in order to form sodium 
oxide including the charges of the ions formed and the formula of the compound.

				  

				  

				  

				  

				  

				  

				  

				  

		  At least two physical properties you would expect sodium oxide to have. 

				  

				  

				  

				    [6]
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3	 Copper(II) sulfate solution may be prepared by reacting copper(II) carbonate with 
sulfuric acid.

	 (a)	 Write a balanced symbol equation for this reaction.

				    [2]

	 (b)	 Using only the words given in the list below, answer the questions which follow. 
Each word may be used once, more than once or not at all.

colourless                 black                 blue                 green

 orange                 purple                 red                 white

		  What colour is copper(II) carbonate?

				  

		  What colour is sulfuric acid?

				  

		  What colour is copper(II) sulfate solution?

				     [3]
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	 (c)	 A sample of copper(II) carbonate was added to 25 cm3 of sulfuric acid and the 
temperature was recorded every 20 seconds. The results were plotted on the 
axes below.
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		  (i)	 What was the temperature at the start of the reaction?

				  

			   What was the highest temperature recorded during the reaction?

				  

			   Calculate the maximum temperature change observed.

				     [3]

		  (ii)	 Suggest why the temperature started to fall after 120 seconds.

			    		

			   		  [1]

*20GDW2209*

*20GDW2209*



12676

4	 Many food substances contain coloured dyes which can be separated using paper 
chromatography.

	 (a) 	X is a dye that contains a banned substance and is not safe to use in food. A, B, 
C and D are four other dyes. The results of a chromatography experiment are 
shown below.



A


B


C


D


X

		  Explain fully which of the dye(s) (A, B, C, D) may not be safe to use in food, 
based on these results and on what you have been told about dye X.

				  

				  

				  

				    [2]
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	 (b)	 The chromatogram below shows the results of an investigation using five food 
colourings P, Q, R, S and T.
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		  Use the ruler shown in the diagram above to help calculate the R
f
 value for T. 

Give your answer to 2 decimal places. 

		  Show your working out.
	 		

	 		

			   	 R
f
 =    [3]
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5	 This question is about the alkali metals and their reactions.

	 (a)	 Potassium is a soft metal that can be cut with a knife. It reacts vigorously with 
water.

		  (i)	 Complete the table below which is part of a risk assessment for adding 
potassium to water.

Risk Safety precaution

Use tweezers to lift a piece of potassium

Corrosive solution splashing out

			   	 [2]

		  (ii)	 Complete and balance the symbol equation for the reaction of potassium 
with water. Include state symbols for all reactants and products.

			   K         +         H
2
O         →	 [3]

		  (iii)	Write a half equation for the formation of a potassium ion from a potassium 
atom.

			   		  [1]

	 (b)	 The alkali metals get more reactive as you move down the Group. 
Explain this trend.

 
				  

				  

				  

				  

				    [3]
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	 (c)	 The alkali metals react vigorously with water. Explain why this Group of 
elements show similar reactions with water.

				  

				  

				  

				    [2]
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6	 Potassium reacts with sulfur according to the balanced symbol equation:

2K(s)   +   S(s)      K
2
S(s)

	 (a)	 Name the product in this reaction.

				    [1]

	 (b)	 1.17 g of potassium are reacted with excess sulfur. 

		  (Relative atomic masses: S = 32; K = 39)

		  (i)	 Calculate the number of moles in 1.17 g of potassium.
	 		

	 		

			   	     [1]

		  (ii)	 Using the balanced symbol equation, calculate the number of moles of K
2
S 

formed.
	 		

	 		

			   	     [1]

		  (iii)	Calculate the mass, in grams, of K
2
S formed.

	 		

	 		

			   	   g   [2]
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		  (iv)	1.32 g of K
2
S were formed when this reaction was carried out. Calculate the 

percentage yield using your answer to part (b)(iii) opposite.
	 		

	 		

			   	 percentage yield =  %   [2]

		  (v)	 Suggest one reason why the percentage yield of K
2
S was not 100 %.

			    		

			   		  [1]
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7	 (a) 	Some properties of five substances (A, B, C, D, E) are given in the table below.

Substance
Melting point 

/°C
Boiling point 

/°C

Conduction of 
electricity as 

a solid

Conduction of 
electricity as 

liquid

A 801 1465 No Yes

B –39 357 Yes Yes

C 1085 2562 Yes Yes

D –102 –34 No No

E 1710 2950 No No

		  (i)	 Which substance (A, B, C, D or E) is a liquid at room temperature (20 °C)?

			   		  [1]

		  (ii)	 Which substance (A, B, C, D or E) is most likely to have a molecular 
covalent structure?

			   		  [1]

		  (iii)	Which substance (A, B, C, D or E) is most likely to be an ionic compound?

			   		  [1]

		  (iv)	Which substance (A, B, C, D or E) is most likely to be copper? Explain your 
answer.

			    		

			    		

			   		  [3]
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	 (b)	 Zinc is a typical metal. 

		  (i)	 Draw a labelled diagram to show the structure of a metal such as zinc.

			   	 [4]

		  (ii)	 Explain why metals such as zinc are malleable.

			    		

			    		

			   		  [2]
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8	 The table below gives information about some reactions of the halogens with 
solutions of halides. 

halogen
with

lithium chloride
solution

with
lithium bromide

solution

with
lithium iodide

solution

bromine no reaction
colourless to
dark brown

iodine no reaction no reaction

chlorine
colourless to

orange

	 (a)	 (i) 	 Complete the table by filling in the last box in the bottom row.	  [1] 

		  (ii)	 If sodium fluoride solution had also been available, which, if any, of the 
halogens would have reacted with it?

			   		  [1]

	 (b)	 When bromine is mixed with lithium iodide solution a displacement reaction  
occurs. 

		  (i)	 Write a balanced symbol equation for the reaction of bromine with lithium 
iodide.

			   		  [3]

 		  (ii)	 In this displacement reaction which substance is being displaced?

			   		  [1]

		

THIS IS THE END OF THE QUESTION PAPER
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SYMBOLS OF SELECTED IONS

SOLUBILITY IN COLD WATER OF COMMON SALTS, 

HYDROXIDES AND OXIDES

Negative ions

Soluble

All sodium, potassium and ammonium salts

All nitrates

Most chlorides, bromides and iodides

EXCEPT silver and lead chlorides, bromides and iodides

Most sulfates EXCEPT lead and barium sulfates

Calcium sulfate is slightly soluble

Insoluble

Most carbonates 

EXCEPT sodium, potassium and ammonium carbonates

Most hydroxides

EXCEPT sodium, potassium and ammonium hydroxides

Most oxides

EXCEPT sodium, potassium and calcium oxides which react with water

Name Symbol

Ammonium

Chromium(III) Cr3+

Copper(II) Cu2+

Iron(II) Fe2+

Iron(III) Fe3+

Lead(II) Pb2+

Silver Ag+

Zinc Zn2+

Name Symbol

Butanoate C
3
H

7
COO-

Carbonate

Dichromate

Ethanoate CH
3
COO-

Hydrogencarbonate

Hydroxide OH–

Methanoate HCOO–

Nitrate NO

Propanoate C
2
H

5
COO–

Sulfate

Sul� te

N
ew

S
pe

ci
Þ c

at
io
n

Positive ions
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* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

THE PERIODIC TABLE OF ELEMENTS

Group

a

b
x

*

†
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11 2 3 4 5 6 7

0
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(approx)


