
WELCOME TO A LEVELS!        ;)

Answer all questions. 

Answers are either A, B, C or D.  If you get something else, and think there’s an option E - nope. 
There is no option E. Your answer must be wrong.
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Section A 
 
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 
be correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Which compound contains two different elements with identical oxidation states? 

A HCl O B Mg(OH)2 C Na2SO4 D NH4Cl 
 
 
2 For the element sulfur, which pair of ionisation energies has the largest difference between them? 

A third and fourth ionisation energies 

B fourth and fifth ionisation energies 

C fifth and sixth ionisation energies 

D sixth and seventh ionisation energies 
 
 
3 Which ion has both more electrons than protons and more protons than neutrons? 

[H = 1
1H;  D = 2

1 H;  O = 16
8 O] 

A D– B H3O+ C OD– D OH– 
 
 
4 Which species contains the smallest number of electrons? 

A B3+ B Be2+ C H– D He+ 
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2 In the ideal gas equation, pV = nRT, what are the units of n and T ? 
 

 n T 

A no units °C 

B no units K 

C mol °C 

D mol K 
 
 
3 The reaction between acidified dichromate(VI) ions, Cr2O7

2–, and aqueous Fe2+ ions results in the 
dichromate(VI) ions being reduced to Cr3+ ions. 

 
What is the correct equation for this reaction? 

A Cr2O7
2–  +  Fe2+  +  14H+  →  2Cr3+  +  Fe3+  +  7H2O 

B Cr2O7
2–  +  2Fe2+  +  14H+  →  2Cr3+  +  2Fe3+  +  7H2O 

C Cr2O7
2–  +  3Fe2+  +  14H+  →  2Cr3+  +  3Fe3+  +  7H2O 

D Cr2O7
2–  +  6Fe2+  +  14H+  →  2Cr3+  +  6Fe3+  +  7H2O 

 
 
4 Sodium azide, NaN3 is an explosive used to inflate airbags in cars when they crash. It consists of 

positive sodium ions and negative azide ions. 
 

What are the numbers of electrons in the sodium ion and the azide ion? 
 

 sodium ion azide ion 

A 10 20 

B 10 22 

C 12 20 

D 12 22 
 
 
5 The 68Ge isotope is medically useful because it undergoes a natural radioactive process to give 

an isotope of a different element, 68X, which can be used to detect tumours. This transformation 
of 68Ge occurs when an electron enters the nucleus and changes a proton into a neutron. 

 
Which statement about the composition of an atom of 68X is correct? 

A It has 4 electrons in its outer p orbitals. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?
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3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?
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8
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 
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1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?
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B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)
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2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.
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A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.
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2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?
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3 Which isotope of an element in the third period of the Periodic Table contains the same number of
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�

2

9701/1/M/J/03

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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15 The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room 

temperature.  

 

With NaCl , the products are NaHSO4 and HCl . 
With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S. 

 

What is the best explanation for this difference in products? 

A Chloride ions will displace iodine from solution. 

B Hydrogen chloride is more volatile than hydrogen iodide. 

C Iodide ions are better reducing agents than chloride ions. 

D Sulfuric acid is able to act as a dehydrating agent with NaI. 

 

 

16 In some areas lime, Ca(OH)2, is added to soil to improve crop growth. 

 

Which statement correctly describes a reason why lime improves crop growth? 

A Lime acts as a catalyst which speeds up the release of nitrates into the soil. 

B Lime is an effective pesticide and protects the plants from damage. 

C Lime is used to reduce the acidity of the soil. 

D Lime lowers the pH of the soil. 

 

 

17  A piece of rock has a mass of 2.00 g. It contains calcium carbonate, but no other basic 
substances. It neutralises exactly 36.0 cm3

 of 0.500 mol dm–3

 hydrochloric acid. 

 

What is the percentage of calcium carbonate in the 2.00 g piece of rock? 

A 22.5% B 45.0% C 72.0% D 90.1% 

 

 

18 Which statement about the ammonia molecule and/or the ammonium ion is correct? 

A Ammonia molecules are basic because they can donate H
+

 ions. 

B Ammonium ions are basic because they can accept H
+

 ions. 

C If ammonium ions are heated with NaOH(aq), ammonia molecules are formed. 

D The bond angle in NH4

+

 is 2.5° less than the bond angle in NH3. 

 

 

19  Which reaction does not contribute to the problem of acid rain? 

A the combustion of fossil fuels 

B the oxidation of sulfur dioxide to sulfur trioxide catalysed by nitrogen dioxide 

C the reaction between nitrogen monoxide and carbon monoxide in a catalytic converter 

D the reaction of sulfur trioxide with water 
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3 Elements X and Y are in the same group of the Periodic Table. 

 

The table shows the first six ionisation energies of X and Y in kJ mol–1. 
 

 1st 2nd 3rd 4th 5th 6th 

X 800 1600 2400 4300 5400 10 400 

Y 1000 1800 2700 4800 6000 12 300 
 

What could be the identities of X and Y? 

 

 X Y 

A antimony, Sb arsenic, As 

B arsenic, As antimony, Sb 

C selenium, Se tellurium, Te 

D tellurium, Te selenium, Se 

 

 

4 In China, the concentration of blood glucose, C6H12O6, is measured in mmol / l . In Pakistan, the 
concentration of blood glucose is measured in mg / dl . 

 

The unit l is a litre (1 dm3

). The unit dl is a decilitre (0.1 dm3

). 

 

A blood glucose concentration of 18.5 mmol / l indicates a health problem. 
 

What is 18.5 mmol / l converted to mg / dl ? 

A 33.3 mg / dl B 178 mg / dl C 333 mg / dl D 3330 mg / dl 
 

 

5 Each of the four species in this question are isolated and gaseous. 

 

Which species is not planar? 

A BF3 B CH3

+

 C C2H4 D NH3 

 

 

6 Argon is a gas used to fill electric light bulbs. 

 

Under which conditions of pressure and temperature will argon behave most like an ideal gas? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
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14 A 0.005 mol sample of anhydrous calcium carbonate was completely thermally decomposed to 
give 100 cm3

 of gas measured at a certain temperature and pressure. 

 

In a separate experiment carried out at the same temperature and pressure, a 0.005 mol sample 
of anhydrous calcium nitrate was completely thermally decomposed. The volume of gaseous 

products was measured. 

 

What total volume of gaseous products was produced from the calcium nitrate? 

A 50 cm3

 B 100 cm3

 C 200 cm3

 D 250 cm3

 

 

 

15 Ammonia gas, NH3, and hydrogen sulfide gas, H2S, react together to form the salt ammonium 

sulfide, (NH4)2S. Ammonium sulfide dissolves in water to produce an orange alkaline solution. 

 

(NH4)2S(aq)    NH3(aq)  +  NH4SH(aq) 

 

The addition of NaOH(aq) to this solution produces a gas, X. 

The addition of HCl (aq) to a separate portion of this solution produces a gas, Y. 
 

What are the identities of X and Y? 

 

 X Y 

A H2S H2S 

B H2S NH3 

C NH3 H2S 

D NH3 NH3 

 

 

16 A solid, T, was placed in an excess of the liquid U. 

 

A colourless gas was given off and a white precipitate was seen. The precipitate was not T. 

 

What could be the identities of T and U? 

 

 T U 

A BaCO3 H2O 

B Ca dilute H2SO4 

C Mg dilute H2SO4 

D SrCO3 dilute HCl 
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Enthalpy changes, ∆H, can be positive or negative. 

 

Which row is correct? 

 

 ∆H positive ∆H negative 

A atomisation bond breaking 

B bond breaking neutralisation 

C bond making combustion 

D combustion bond making 

 

 

2 What will make it more likely that a gas will approach ideal behaviour? 

A higher pressure 

B lower temperature 

C more polar molecules 

D weaker intermolecular forces 

 

 

3 Which mass of urea, CO(NH2)2, contains the same mass of nitrogen as 101.1 g of potassium 
nitrate? 

A 22 g B 30 g C 44 g D 60 g 
 

 19
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14 Solutions of Mg(NO3 )2 and Ba(NO3 )2 separately undergo a series of reactions. 

 

Mg(NO3 )2 (aq) M

sodium
carbonate
solution

excess
HCl (aq)

N P
excess

NaOH(aq)

Ba(NO3 )2 (aq) Q

sodium
carbonate
solution

excess
HCl (aq)

R S
excess

NaOH(aq)
 

 

M, N and P are magnesium compounds. 

 

Q, R and S are barium compounds. 

 

How many of M, N, P, Q, R and S are white precipitates? 

A 2 B 3 C 4 D 5 

 

 

15  Anhydrous magnesium nitrate, Mg(NO3 )2 , will decompose when heated, giving a white solid and 

a mixture of two gases X and Y. 

 

Y is oxygen. 

What is the ratio 

released Y of mass

released X of mass
? 

A 

174.0

1
 B 

267.0

1
 C 

348.0

1
 D 

43.3

1
 

 

 

16  Steam is passed over heated magnesium to give compound J and hydrogen. 

 

What is not a property of compound J? 

A It has an Mr of  40.3. 

B It is basic. 

C It is a white solid. 

D It is very soluble in water. 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)

QP

�

2 

 

© UCLES 2005 9701/01/M/J/05 

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

�
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 

 

 

�
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)

QP
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�

2

9701/1/M/J/03

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9

4
 B F

19

9
 C 

23

11
Na

+

 D 
18

8
O

2–
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Use of the Data Booklet is relevant to this question.

Analytical chemists can detect very small amounts of amino acids, down to 3 × 10–21 mol.
How many molecules of an amino acid (Mr = 200) would this be?

A 9 B 200 C 1800 D 360 000

2 Use of the Data Booklet is relevant to this question.

A garden fertiliser is said to have a phosphorus content of 30.0% ‘P2O5 soluble in water’.

What is the percentage by mass of phosphorus in the fertiliser?

A 6.55%           B 13.1 %           C 26.2%           D 30.0%

3 A sample of the hydrocarbon C6H12 is completely burned in dry oxygen and the product gases are
collected as shown.
[Ar : H, 1 ; C, 12 ; O, 16.]

The increases in mass of the collecting vessels P and Q of the apparatus are MP and MQ,
respectively.

What is the ratio MP / MQ?

A 0.41 B 0.82 C 1.2 D 2.4

H2O + CO2 + excess of O2 excess of O2

sodalime
(to absorb CO2)anhydrous calcium

chloride
(to absorb H2O)
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 A pure hydrocarbon is used in bottled gas for cooking and heating. 

 

When 10 cm3

 of the hydrocarbon is burned in 70 cm3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm3

 of carbon dioxide and 20 cm3

 of unreacted oxygen. All gaseous volumes 

were measured under identical conditions. 

 

What is the formula of the hydrocarbon? 

A C2H6 B C3H6 C C3H8 D C4H10 

 

 

2 On collision, airbags in cars inflate rapidly due to the production of nitrogen. 

 

The nitrogen is formed according to the following equations. 

 

 2NaN3 → 2Na + 3N2 

 

 10Na + 2KNO3 → K2O + 5Na2O + N2 

 

How many moles of nitrogen gas are produced from 1 mol of sodium azide, NaN3? 

A 1.5 B 1.6 C 3.2 D 4.0 

 

 

3 The first six ionisation energies of four elements, A to D, are given.  

 

Which element is most likely to be in Group IV of the Periodic Table? 

 

ionisation 

energy / kJ mol−1 
1st 2nd 3rd 4th 5th 6th 

A 494 4560 6940 9540 13400 16600 

B 736 1450 7740 10500 13600 18000 

C 1090 2350 4610 6220 37800 47000 

D 1400 2860 4590 7480 9400 53200 

 

 

4 In which species are the numbers of electrons and neutrons equal? 

A Be
9
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 B F

19
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 The use of the Data Booklet is relevant to this question.

What is the number of molecules in 500 cm3 of oxygen under room conditions?

A 1.25 x 1022

B 1.34 x 1022

C 3.0 x 1022

D 3.0 x 1026

2 In the preparation of soft margarine, glyceryl trieleostearate

is suitably hydrogenated so that, on average, one of its side-chains is converted into the
CH3(CH2)4CH=CHCH2CH=CH(CH2)7CO2 residue and two side-chains are converted into the
CH3(CH2)7CH=CH(CH2)7CO2 residue.

How many moles of hydrogen are required to convert one mole of glyceryl trieleostearate into the
soft margarine?

A 4 B 5 C 6 D 9

3 Which isotope of an element in the third period of the Periodic Table contains the same number of
neutrons as S?

A Na

B Mg

C Si

D P

4 The successive ionisation energies, in kJ mol–1, of an element X are given below.

870       1800       3000       3600       5800       7000       13 200

What is X?

A 33As B 40Zr C 52Te  D 53I

31
15

28
14

24
12

23
11

32
16

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH

CH3(CH2)3CH CHCH CHCH CH(CH2)7CO2CH2

�
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 
 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 Which ion has more electrons than protons and more protons than neutrons? 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 

 

 

�
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7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1
 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 
 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3
 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3
 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3

 

�
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6

 

 

 

�
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6

 

 

 

�

2

! UCLES 2004 9701/01/M/J/04

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3

 

�

2 

© UCLES 2009 9701/01/M/J/09  

Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6

 

 

 

�

2

! UCLES 2004 9701/01/M/J/04

Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Granular urea, CON2H4 , can be used to remove NO2  from the flue gases of power stations, 

converting it into harmless nitrogen. 

 

2CON2H4  + x NO2  → 2CO2  + y H2O + z N2  

 

 What are the values of x, y and z in a balanced equation? 

 

 x y z 

A 1½ 2 1¼ 

B 2 4 3 

C 3 4 3½ 

D 3 4 3 

 

 

2 The diagram shows the mass spectrum of a sample of zinc. Use the data to calculate the relative 

atomic mass of the sample. 

 

relative
abundance / %

100

80

60

40

20

64 65 66 67
Ar

0

 

A 65 B 65.25 C 65.5 D 65.66 

 

 

3 The foul smell that skunks spray is due to a number of thiols, one of which is methanethiol, 

CH3SH, which burns as follows.  

 

CH3SH + 3O2  → CO2  + SO2  + 2H2O 

 

A sample of 10 cm
3

 of methanethiol was exploded with 60 cm
3 

of oxygen. 

 

What would be the final volume of the resultant mixture of gases when cooled to room  

temperature? 

A 20 cm3

 B 30 cm3

 C 50 cm3

 D 70 cm3
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

 In leaded petrol there is an additive composed of lead, carbon and hydrogen only. This 

compound contains 29.7 % carbon and 6.19 % hydrogen by mass. 

 

What is the value of x in the empirical formula PbC8HX
? 

A 5 B 6 C 16 D 20 

 

 

2 A household bleach contains sodium chlorate(I), NaClO, as its active ingredient. The 

concentration of NaClO in the bleach can be determined by reacting a known amount with 

aqueous hydrogen peroxide, H2O2. 

 

NaClO(aq) + H2O2(aq) → NaCl(aq) + O2(g) + H2O(l) 

 

When 25.0 cm3

 of bleach is treated with an excess of aqueous H2O2, 0.0350 mol of oxygen gas is 
given off. 

 

What is the concentration of NaClO in the bleach? 

A 8.75 × 10
–4 mol dm–3

 

B 0.700 mol dm–3

 

C 0.875 mol dm–3

 

D 1.40 mol dm–3

 

 

 

3 The first seven ionisation energies of an element between lithium and neon in the Periodic Table 

are as follows. 

 

1310 3390 5320 7450 11 000 13 300 71 000     kJ mol–1 
 

What is the outer electronic configuration of the element? 

A 2s
2

 B 2s
2

2p
1

 C 2s
2

2p
4

 D 2s
2

2p
6
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Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to

be correct.

1 Which of these samples of gas contains the same number of atoms as 1g of hydrogen             

(Mr : H2 , 2)?

A 22 g of carbon dioxide (Mr : CO2 , 44)

B 8 g of methane (Mr : CH4 , 16)

C 20 g of neon (Mr : Ne, 20)

D 8 g of ozone (Mr : O3 , 48)

2 Self-igniting flares contain Mg3P2 . With water this produces diphosphane, P2H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4

B Mg3P2  + 6H2O ! 3Mg(OH)2  + P2H4  + H2

C 2Mg3P2  + 12H2O ! 6Mg(OH)2  + P2H4  + 2PH3

D 2Mg3P2  + 12H2O ! 6Mg(OH)2  + 3P2H4

3 Use of the Data Booklet is relevant to this question.

Most modern cars are fitted with airbags. These work by decomposing sodium azide to liberate

nitrogen gas, which inflates the bag.

2NaN3  ! 3N2  + 2Na

A typical driver’s airbag contains 50 g of sodium azide.

Calculate the volume of nitrogen this will produce at room temperature.

A 9.2 dm
3

B 13.9 dm
3

C 27.7 dm
3

D 72.0 dm
3

4 What is the order of increasing energy of the listed orbitals in the atom of titanium?

A 3s 3p 3d 4s

B 3s 3p 4s 3d

C 3s 4s 3p 3d

D 4s 3s 3p 3d

�
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 Use of the Data Booklet is relevant to this question. 

 

Titanium(IV) oxide, TiO
2
, is brilliantly white and much of the oxide produced is used in the 

manufacture of paint. 

 

What is the maximum amount of TiO
2 
obtainable from 19.0 tonnes of the ore ilmenite, FeTiO

3
? 

A 10.0 tonnes B 12.7 tonnes C 14.0 tonnes D 17.7 tonnes 

 

 

2 Carbon disulphide vapour burns in oxygen according to the following equation. 

 

CS
2
(g) + 3O

2
(g) → CO

2
(g) + 2SO

2
(g) 

 

A sample of 10 cm3

 of carbon disulphide was burned in 50 cm3

 of oxygen. After measuring the 

volume of gas remaining, the product was treated with an excess of aqueous sodium hydroxide 

and the volume of gas measured again. All measurements were made at the same temperature 

and pressure, under such conditions that carbon disulphide was gaseous. 

 

What were the measured volumes? 

 

 

volume of gas 

after burning / cm3

 

volume of gas after 

adding NaOH(aq) / cm3

 

A 30 0 

B 30 20 

C 50 20 

D 50 40 

 

 

3 In which pair do both atoms have one electron only in an s orbital in their ground states? 

A Ca, Sc B Cu, Be C H, He D Li, Cr 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

Hard water contains calcium ions and hydrogencarbonate ions arising from dissolved calcium 

hydrogencarbonate, Ca(HCO
3
)
2
. 

 

How many electrons are present in the hydrogencarbonate anion? 

A 30 B 31 C 32 D 33 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 N2O4 is a poisonous gas. It can be disposed of safely by reaction with sodium hydroxide. 

 

N2O4(g) + 2NaOH(aq) → NaNO3(aq) + NaNO2(aq) + H2O(l) 

 

What is the minimum volume of 0.5 mol dm–3

 NaOH(aq) needed to dispose of 0.02 mol of N2O4? 

A 8 cm3

 B 12.5 cm3

 C 40 cm3

 D 80 cm3

 

 

 

2 A sample of chlorine containing isotopes of mass numbers 35 and 37 was analysed in a      

mass-spectrometer. 

 

How many peaks corresponding to 
+

2
Cl  were recorded? 

A 2 B 3 C 4 D 5 

 

 

3 Gallium nitride, GaN, could revolutionise the design of electric light bulbs because only a small 

length used as a filament gives excellent light at low cost. 

 

Gallium nitride is an ionic compound containing the Ga
3+

 ion. 

 

What is the electron arrangement of the nitrogen ion in gallium nitride? 

A 1s
2

 2s
2

 

B 1s
2

 2s
2

 2p
3

 

C 1s
2

 2s
2

 2p
4

 

D 1s
2

 2s
2

 2p
6

 

 

 

4 A radioactive isotope of thallium, 
201

81
Tl, is used to assess damage in heart muscles after a heart 

attack. 

 

Which statement about 
201

81
Tl is correct? 

A This isotope has a nucleon number of 120. 

B The number of electrons in one atom of this isotope is 81. 

C The number of neutrons in one atom of this isotope is 201. 

D X

201

82
 is an isotope of 

201

81
Tl. 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct.  

 

 

1 The table gives the successive ionisation energies for an element X. 

 

 1st 2nd 3rd 4th 5th 6th 

ionisation energy / kJ mol–1  950 1800 2700 4800 6000 12 300 
 

What could be the formula of a chloride of X? 

A XCl B XCl 2  C XCl 3  D XCl 4  
 

 

2 Which set of conditions gives the highest yield of ammonia at equilibrium? 

 

N2 (g)  +  3H2 (g)    2NH3 (g) ∆H o  = –92 kJ mol–1  
 

 catalyst pressure temperature 

A absent high low 

B absent low high 

C present high high 

D present low low 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

The compound S2O7  is hydrolysed by water to produce sulfuric acid and oxygen only. 

 

Which volume of oxygen, measured at room temperature and pressure, is evolved when 0.352 g 
of S2O7  is hydrolysed? 

A 12 cm3

 B 24 cm3

 C 48 cm3

 D 96 cm3

 

 

 

4 Nitrogen, N2 , and carbon monoxide, CO, both have Mr = 28. 

 

The boiling point of N2  is 77 K. 
 

The boiling point of CO is 82 K. 
 

What could be responsible for this difference in boiling points?  

A CO molecules have a permanent dipole, the N2  molecules are not polar. 

B N2  has σ and π bonding, CO has σ bonding only. 

C N2  has a strong N≡N bond, CO has a C=O bond. 

D The CO molecule has more electrons than the N2  molecule. 

 

10
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13  Use of the Data Booklet is relevant to this question. 

 

The reaction between aluminium powder and anhydrous barium nitrate is used as the propellant 

in some fireworks. The metal oxides and nitrogen are the only products. 

 

Which volume of nitrogen, measured under room conditions, is produced when 0.783 g of 
anhydrous barium nitrate reacts with an excess of aluminium? 

A 46.8 cm3

 B 72.0 cm3

 C 93.6 cm3

 D 144 cm3

 

 

 

14 Which chloride of a Period 3 element dissolves in water to form a solution with a pH of 7? 

A aluminium chloride 

B phosphorus(V) chloride 

C silicon(IV) chloride 

D sodium chloride 

 

 

15  Use of the Data Booklet is relevant to this question. 

 

Which row correctly compares the electrical conductivity and first ionisation energy of magnesium 

and aluminium? 

 

 
higher electrical 

conductivity 

higher first 

ionisation energy 

A aluminium aluminium 

B aluminium  magnesium 

C magnesium aluminium 

D magnesium magnesium 
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