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1	 This question is about atomic structure.

	 (a)	 Complete the table below to show the relative charges and relative masses of 
the subatomic particles.

particle relative charge relative mass

proton +1

neutron 1

electron 1
1840

		  			  [3]

	 (b)	 The table below gives information about some atoms and ions.
		  Complete the table by filling in all the blank spaces.

atom/ion mass
number

number of 
protons

number of 
electrons

number of 
neutrons

O 8 10

Cl– 37 18

Al3+ 27 13

		  			  [3]

	 (c)	 The oxygen atom represented in the table (part (b)) is one of the three stable 
forms of oxygen. There are other oxygen atoms which have the same number of 
protons but a different number of neutrons.

		  What name is given to atoms of an element which have the same number of 
protons but a different number of neutrons? 

		  			  [1]
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2	 The diagram below shows the apparatus used to separate ethanol from water.

heat

thermometer

beaker

condenser

water
out

water
in

Source: Principal Examiner

	 (a)	 What name is given to this separation technique? 

		  			  [1]

	 (b)	 Why is the thermometer placed so high in the apparatus? 

		  			  [1]

	 (c)	 Why does cold water circulate in the condenser? 

		  			  [1]

	 (d)	 Ethanol and water are miscible liquids. Explain the meaning of the word 
miscible.

		  			  [1]
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	 (e)	 What general name is given to the liquid which collects in the beaker during this 
separation?

		  			  [1]

	 (f)	 How could you prove that the substance collected is a pure substance? 

		  			

		  			  [1]
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3	 Read the information about atoms of elements X and Y and then answer the 
questions that follow.

 
 	 An atom of X has an electronic configuration of 2,8,2
 	 An atom of Y has an electronic configuration of 2,8,7
 	 X forms an ionic bond with Y 

	 (a)	 (i)	 How many electrons need to be transferred from an atom of element X 
when it bonds with element Y?

			   		  [1]

		  (ii)	 How many electrons does an atom of element Y need to gain in order to 
become stable? 

			   		  [1]
 

		  (iii)	Write a formula, using the symbols X and Y, for the compound formed when 
X and Y bond ionically. 

			   		  [1]

		  (iv)	 Ionic bonding involves cations and anions. 
 			   Write the formula for the cation in the compound formed from X and Y.

			   		  [1]
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	 (b)	 Draw a dot and cross diagram of a molecule of phosphine, PH3. Show outer 
electrons only.

		  			  [3]

	 (c)	 Draw a dot and cross diagram of a molecule of nitrogen, N2. 
		  All electrons should be shown. Label the multiple bond. 

		  			  [3]
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4	 The element carbon exists as allotropes including diamond and graphite.

	 Use your knowledge and understanding of the term allotropes and of the structure 
and bonding of carbon to:

•	 Define what is meant by the term allotrope
•	 Describe the bonding and structure of diamond
•	 Describe ways in which the bonding and structure of graphite is similar to and 

different from that of diamond

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

	 Definition of allotrope:

	 Description of the bonding and structure of diamond:

	 Description of ways in which the bonding and structure of graphite is similar to and 
different from that of diamond:

	 similarities: 

	 differences: 

			   	 [6]
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5	 The graph below shows the approximate melting points and boiling points of the first 
four elements in Group 7 of the Periodic Table.
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	 (a)	 (i)	 What name is given to this group of elements?

		  			  [1]

		  (ii)	 What happens to the melting points as you move down the group?

		  			  [1]

		  (iii)	What is the physical state of chlorine at room temperature?

		  			  [1]
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		  (iv)	Astatine is the fifth member of this group.

			   Give the chemical symbol for astatine and predict its physical state at room 
temperature.

			   chemical symbol: 
 
			   physical state at room temperature: 	  [2] 

	 (b)	 Iodine sublimes on heating. What is meant by the term sublimation? 

		  			  [1]

	 (c)	 The table below gives information on the boiling points of the noble gases.

noble gas symbol relative atomic mass boiling point/°C

helium He 4 –269

neon Ne 20 –246

argon Ar 40 –186

krypton Kr 84 –153

xenon Xe 131 –108

		  (i)	 Use your knowledge of the electronic configuration of the noble gases to 
explain why they are so unreactive and stable.

		  			

		  			  [2]

		  (ii)	 What is the trend in boiling points as the relative atomic mass increases?

		  			

		  			  [1]

		  (iii)	Use the difference between the boiling points of krypton and xenon to 
estimate the boiling point of radon which has a relative atomic mass of 222.

		  			  [1]
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6	 (a)	 Four different solutions labelled A, B, C and D were tested using a pH meter, red 
and blue litmus papers and universal indicator paper. Some of the results are 
given in the table below.

		

test
results

A B C D

pH meter 5.3 13.7 1.4

red litmus paper red blue red red

blue litmus paper red blue blue red

universal indicator paper purple red

		  (All solutions tested had a concentration of 1.0 mol/dm3)

		  (i)	 Which solution A, B, C or D has the highest concentration of hydrogen ions?

		  			  [1]

		  (ii)	 Identify the colour of universal indicator paper with solution A.

		  			  [1]

		  (iii)	Suggest a reading on the pH meter for solution C.

		  			  [1]

		  (iv)	Which of the solutions A, B, C or D is a strong alkali? Explain your answer.

		  			

		  			  [1]
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	 (b)	 The table below gives some information about metal compounds and their 
reactions to produce salts.

 		  Use your knowledge and the Data Leaflet to complete the table by filling in the 
blank spaces.

metal compound metal compound 
soluble in water acid used formula of salt 

produced

potassium carbonate yes sulfuric
acid

copper(II) oxide CuCl2

magnesium oxide no nitric
acid

		  			  [4]
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7	 (a)	 Some properties of four different substances are given in the table below.
		  Complete the table by filling in all the blank spaces. 
 

type of 
structure substance

melting
point/

°C

boiling
point/

°C

solubility
in water

electrical
conductivity

as solid

electrical
conductivity

as liquid

aluminium 660 2470 low good

giant
ionic

potassium
iodide 681 1330 poor

sodium
sulfate 884 1429 good

bromine –7 59 low poor

		  			  [5]

	 (b)	 Explain fully, in terms of particles, why potassium hydroxide can be described as 
both strong and as an alkali.

		  			

		  			

		  			  [2]

 
	 (c)	 Complete the definition of a salt by filling in the missing words.

		  A salt is a  formed when some or all of the 

		  hydrogen ions in an acid are replaced by metal ions or 

		   ions.	 [2]

	 (d)	 Write a balanced symbol equation for the reaction of magnesium carbonate with 
hydrochloric acid.

		  			  [3]
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8	 (a)	 Complete the definition below:

		  Relative atomic mass is

		  			

		  			

		  			  [3]

	 (b)	 	Calculate the relative formula mass (Mr) of each of the following substances.
 		  (relative atomic masses: H = 1, C = 12, O = 16, Al = 27, S = 32, Cu = 64)

		  Copper(ll) sulfate CuSO4

		  			

		  Aluminium hydrogencarbonate Al(HCO3)3

		  			     [2]
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	 (c)	 Sodium sulfate may be prepared by the reaction of sodium hydrogencarbonate 
and magnesium sulfate.

MgSO4  +  2NaHCO3    Na2SO4  +  Mg(OH)2  +  2CO2

		  (relative formula masses (Mr): MgSO4 = 120; NaHCO3 = 84; Na2SO4 = 142; 
Mg(OH)2 = 74; CO2 = 44)

		  (i)	 Calculate the mass of magnesium sulfate needed to react with 0.4 moles of 
sodium hydrogencarbonate.

		  			  mass =  g   [1]

		  (ii)	 What is the maximum mass of carbon dioxide formed when 0.1 moles of 
magnesium sulfate are mixed with excess sodium hydrogencarbonate?

		  			  mass =  g   [2]
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	 (d)	 Cadmium can be formed from the reaction between iron and cadmium (II) 
nitrate.

Fe  +  Cd(NO3)2    Fe(NO3)2  +  Cd

		  (relative atomic masses (Ar): Fe = 56; Cd = 112)
		  (relative formula masses (Mr): Cd(NO3)2 = 236; Fe(NO3)2 = 180)

		  (i)	 Calculate the maximum mass of cadmium formed if 0.15 moles of both 
reactants are used.

		  			  mass =  g   [1]

		  (ii)	 Use your answer from (d)(i) to calculate, to one decimal place, the 
percentage yield if 13.8 g of cadmium was formed from 0.15 moles of both 
reactants.

		  			  Percentage yield =  %   [2]

THIS IS THE END OF THE QUESTION PAPER
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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 C3H7COO-

Carbonate
Dichromate
Ethanoate CH3COO-

Hydrogencarbonate
Hydroxide OH–

Methanoate HCOO–

Nitrate NO
Propanoate C2H5COO–

Sulfate
Sulfi te

Positive ions
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Data Leafl et
Including the Periodic Table of the Elements

For the use of candidates taking
Science: Chemistry,

Science: Double Award
or Science: Single Award
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kind. No other type of data booklet or information
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