
ELECTRONIC CONFIGURATION WS 1

1 Complete the electronic configurations of atoms of the following elements:Complete the electronic configurations of atoms of the following elements:

a)  Phosphorus: [Ne]................. b)  Cobalt: [Ar].................

2 Fill in the outer electrons of a phosphorus atom in the boxes below:Fill in the outer electrons of a phosphorus atom in the boxes below:

35Questions

Questions
 1 Study the table below.

Species Number of 
protons

Number of 
neutrons

Number of 
electrons

A 19 20 18
B 17 18 17
C 12 12 10
D 17 20 16
E 35 44 36
F 18 22 18

a) Identify the two species from A−F that are 
isotopes of the same element.

b) Identify which of A−F are neutral atoms.
c) Identify which of A−F are cations.
d) Identify which of A−F are anions.
e) Identify which of A−F have the same 

electron configuration.

 2 a)  Explain why the relative atomic mass of 
copper is not an exact whole number.

  b)  The relative atomic mass of copper is 63.5. 
Calculate the relative abundance of the two 
copper isotopes with relative isotopic masses 
of 63.0 and 65.0.

 3 The data about silicon in the table below were 
obtained from a mass spectrometer.

m/z % abundance

28 92.2

29  4.7

30  3.1

  Calculate the relative atomic mass of silicon to 
one decimal place.

 4 Bromine has two isotopes of mass numbers 
79 and 81. The mass spectrum of a sample of 
bromine is shown below.

  158 160 162

Relative
intensity

m/z

a) Identify the particles responsible for the 
peaks.

b) Deduce the relative abundance of the two 
isotopes.

c) Small peaks are also seen at mz  values of 79 
and 81. Write a chemical equation to show 
the formation of the particle that gives the 
peak at mz  = 79.

 5 Complete the electron configurations of atoms 
of the following elements:
a) Phosphorus: [Ne]…
b) Cobalt: [Ar]…

 6 Write the full electron configuration of an 
excited sodium atom.

 7 Fill in the outer electrons of a phosphorus 
atom in the boxes below.

  
3s 3p

 8 Explain, with an example, the meaning of the 
term periodicity.

 9 Consider atoms of boron, magnesium and 
bromine. In which is the effective nuclear charge 
the largest and in which is it the smallest?

 10 List the particles Cl, Cl− and K+ in order of 
increasing radius.

 11 Explain why the first ionisation energies of the 
noble gases decrease from helium to krypton.

 12 The successive ionisation energies of an element, 
X, are given in the table. To which group of the 
periodic table does element X belong?

Ionisation Ionisation energy/kJ mol−1

1st   1 000

2nd   2 260

3rd   3 390

4th   4 540

5th   6 990

6th   8 490

7th 27 100

8th 31 700

9th 36 600

10th 43 100

 13 Discuss the relative advantages and disadvantages 
of ESI and TOF mass spectrometers.

 14 By considering the relative effectiveness of s, p 
and d electrons in shielding the nucleus, suggest 
why the difference between the atomic radii 
of fluorine and chlorine is 50 pm whereas that 
between chlorine and bromine is only 15 pm.
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5 Write down the complete electronic configurations for the following elements:Write down the complete electronic configurations for the following elements:

a) Mn: .........................................................................................a) Mn: .........................................................................................

b) Mn2+: .........................................................................................b) Mn2+: .........................................................................................

c) Cu2+: ..........................................................................................c) Cu2+: ..........................................................................................
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6 a) Explain what you understand by the word ‘orbital’ as applied to electrons. a) Explain what you understand by the word ‘orbital’ as applied to electrons. 

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

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

b) Draw an s- and a p- orbital. b) Draw an s- and a p- orbital. 

c) How does a 1s orbital differ from a 2s orbital? c) How does a 1s orbital differ from a 2s orbital? 

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

d) How many electrons are there in:d) How many electrons are there in:

i. a 3d orbital?  ..........................i. a 3d orbital?  ..........................

ii. orbitals with a principal quantum number of 3?  ..............................ii. orbitals with a principal quantum number of 3?  ..............................
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ELECTRONIC CONFIGURATION WS 2
1 Successive ionisation energies of an element X in kj/mol are as follows:Successive ionisation energies of an element X in kj/mol are as follows:

578 1817 2745 11578 14831 18378578 1817 2745 11578 14831 18378

Which one of the following is X?Which one of the following is X?

A  boron C  aluminium

B  carbon D  silicon

2 Which one of the rows giving information about the fourth period of the periodic table is 
correct?
Which one of the rows giving information about the fourth period of the periodic table is 
correct?

Practice questions

25

Practice questions
Multiple choice questions 1–10

 1 Which one of the following has more neutrons 
than electrons and more electrons than protons?
A 19

9F
–

B 37
17Cl–

C 9
4Be

D 9
4Be2+

 2  Successive ionisation enthalpies of an element 
X in kJ mol–1 are as follows:

  578, 1817, 2745, 11 578, 14 831, 18 378
  Which one of the following is X?

A boron
B carbon
C aluminium
D silicon

 3  Which one of the rows giving information about 
the fourth period of the periodic table is correct?

Total 
number of 
orbitals

The 
number of 
different 
types of 
orbital

Maximum 
number of 
electrons in 
the shell

A 4 2  8
B 9 2 18
C 9 3  8
D 9 3 18

 4  Chlorine exists as two isotopes, 35
17Cl with an 

abundance of 75.5% and 37
17Cl with an abundance 

of 24.5%. 
  Phosphorus has only one isotope, 31

15P.
  The mass spectrum of PCl3 has four lines 

at m/z = 136, 138, 140 and 142.
  Which one these lines will have the smallest height?

A 136
C 140

B 138
D 142

 5  Antimony has two isotopes 121Sb and 123Sb.
  The relative atomic mass of a naturally occurring 

sample of antimony is measured as 121.75.
  Which one of the following is the best 

approximate estimate of the percentage of 121Sb 
present in the naturally occurring sample?
A 20%
C 60%
B 40%
D 80%

 6  When sulfur, 32
16S is bombarded with neutrons 0

1n, 
two particles are formed. 

  One of them is a hydrogen atom, 1
1H and the 

other is an element, X.
32
16S + 1

0n → 1
1H + X

  Which one of the following correctly represents X? 
A 32

15S

B 32
15P

C 33
16S

D 33
15P

 7  Chlorine has two isotopes, 35Cl and 37Cl. Bromine 
has two isotopes, 79Br and 81Br.

  How many lines would you expect to observe on 
the mass spectrum of the molecule ClBr?
A 5
C 7

B 6
D 8

Use the key below to answer Questions 8, 9 and 10.

A B C D
1, 2 & 3 correct 1, 2 correct 2, 3 correct 1 only correct

 8  Which of the following elements have atoms that 
contain only one unpaired p-orbital electron?
1 phosphorus, 15P
2  bromine, 35Br
3  aluminium, 13Al

 9  Which of the following statements is true for 
elements in the third period of the periodic table?
1 They all have electrons in at least six 

different orbitals.
2  They all have some p-orbitals in their 

electron structures.
3  Only two of the elements have electron 

structures with all of their orbitals containing 
pairs of electrons.

 10  Which of the following has the sum of the 
number of neutrons and the number of electrons 
equal to 12?
1 three helium atoms (4

2He)
2  two lithium ions (7

3Li+)
3  six hydrogen molecules (1

1H2)

 11 Give the numbers of protons, neutrons 
and electrons present in each of the 
following atoms.
a) 40

18Ar

d) 79Au

b) 127
53I

e) 79Au+

c) 127
53I

–

f) 52
24Cr3+

 (6)

197 197
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3 What is the order of increasing energy of the orbitals within a single energy level?What is the order of increasing energy of the orbitals within a single energy level?

A  d > s < f < p C  p < s < f < d

B  s < p < d < f D  f < d < p < s

4 What is the condensed electronic configuration for Co3+?What is the condensed electronic configuration for Co3+?

A  [Ar]4s23d5 C  [Ar]3d6

B  [Ar]4s23d4 D  [Ar]4s13d5

5 Which are the values of the successive ionisation energies for an element in Group 14 of the 
periodic table?
Which are the values of the successive ionisation energies for an element in Group 14 of the 
periodic table?

A  496, 738, 578, 789, 1012, 1000 C  1086, 2353, 4621, 6223, 37832, 47278

B 578, 1817, 2745, 11578, 14831, 18378 D 1314, 1000, 941, 869, 812
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6 Which are the values for the first ionisation energies of consecutive elements in the same 
period?
Which are the values for the first ionisation energies of consecutive elements in the same 
period?

A  496, 738, 578, 789, 1012, 1000 C  1086, 2353, 4621, 6223, 37832, 47278

B 578, 1817, 2745, 11578, 14831, 18378 D 1314, 1000, 941, 869, 812
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9701/1/O/N/02

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 mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through aqueous potassium
hydroxide.  

What volume of gas was absorbed by the alkali?

A 15 cm3

B 20 cm3

C 30 cm3

D 40 cm3

2 One of the most important chemical species responsible for the removal of ozone from the
stratosphere is a free radical of chlorine, 35Cl•.

What does 35Cl• contain?

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

In the gas phase, aluminium and a transition element require the same amount of energy to form
one mole of an ion with a 2+ charge.

What is the transition element?

A Co

B Cr

C Cu

D Ni

protons neutrons electrons

A 17 18 16

B 17 18 17

C 18 17 17

D 18 17 18

[W’02 3]
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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

[S’03 4]

9
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! UCLES 2004 9701/01/M/J/04 [Turn over

5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid

[S’04 5]

10

3

9701/1/O/N/03 [Turn over

4 Unnilpentium is an artificial element. One of its isotopes is 262
105Unp.

Which of the following statements is correct?

A 262
105Unp has a nucleon number of 105.

B The atom 260
105X is an isotope of 262

105Unp.

C There are 262 neutrons in 262
105Unp.

D The proton number of 262
105Unp is 262.

5 The table gives the successive ionisation energies for an element X.

What could be the formula of the chloride of X?

A XCl B XCl2 C XCl3 D XCl4

6 Which molecule contains only six bonding electrons?

A C2H4 B C2F6 C H2O D NF3

7 Chemists have been interested in the properties of hydrogen selenide, H2Se, to compare it with
‘bad egg’ gas hydrogen sulphide, H2S.

Which set of data would the hydrogen selenide molecule be expected to have?

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

ionisation energy / kJ mol–1 950 1800 2700 4800 6000 12300

number of lone pairs bond angle
on Se atom

A 1 104°

B 2 104°

C 2 109°

D 2 180°

[W’03 5]
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! 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 Mg3 P2 . With water this produces diphosphane, P2 H4 , which is

spontaneously flammable in air.

Which equation that includes the formation of diphosphane is balanced?

A Mg3 P2  + 6H2 O ! 3Mg(OH)2  + P2 H4

B Mg3 P2  + 6H2 O ! 3Mg(OH)2  + P2 H4  + H2

C 2Mg3 P2  + 12H2 O ! 6Mg(OH)2  + P2 H4  + 2PH3

D 2Mg3 P2  + 12H2 O ! 6Mg(OH)2  + 3P2 H4

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

 

 It is now thought that where an element exists as several isotopes, the stable ones usually 

contain a ‘magic number’ of neutrons. One of these magic numbers is 126. 

 

 Which isotope is unstable? 

A 
209

Bi B 
208

Pb C 
210

Po D 
208 Tl 

 

 

5 An atom has eight electrons. 

 

 Which diagram shows the electronic configuration of this atom in its lowest energy state? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 The gecko, a small lizard, can climb up a smooth glass window. The gecko has millions of 

microscopic hairs on its toes and each hair has thousands of pads at its tip. The result is that the 

molecules in the pads are extremely close to the glass surface on which the gecko is climbing. 

 

What is the attraction between the gecko’s toe pads and the glass surface? 

 A co-ordinate bonds 

 B covalent bonds 

 C ionic bonds 

 D van der Waals’ forces 

 

 

7 What are the bond angles in the PH3 molecule likely to be? 

 A 90 o B 104 o C 109 o D 120 o 
 

 

A

B

C

D
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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 cm
3

 of the hydrocarbon is burned in 70 cm
3

 of oxygen (an excess), the final gaseous 

mixture contains 30 cm
3

 of carbon dioxide and 20 cm
3

 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–

 

 

 

[S’05 3]

14

2 

 

© UCLES 2005 9701/01/O/N/05 

2

1

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 petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 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
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H o
, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1

 B –98 kJ mol –1

 C +98 kJ mol –1

 D +196 kJ mol –1

 

 

 

f

f
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12 One mole of magnesium, aluminium and sulphur are each completely burned in an excess of 

oxygen gas. 

 

Which graph shows the moles of oxygen used in each case? 

 

0

moles of
oxygen

used

Mg Al S

A

0

moles of
oxygen

used

Mg Al S

B

0

moles of
oxygen

used

Mg Al S

C

0

moles of
oxygen

used

Mg Al S

D

 

 

 

13 In 1999, researchers working in the USA believed that they had made a new element and that it 

had the following electronic structure. 

 

[Rn] 5f
14

6d
10

7s
2

7p
6

. 

 

In which group of the Periodic Table would you expect to find this element? 

A II B IV C VI D 0 

 

 

14 Consecutive elements X, Y, Z are in period 3 of the Periodic Table. Element Y has the highest 

first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z ? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulphur 
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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 cm
3

 B 12.5 cm
3

 C 40 cm
3

 D 80 cm
3

 

 

 

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. 

 

 

[S’06 3]

17

3 

 

© UCLES 2006 9701/01/O/N/06 [Turn over 

2 Three successive elements in the Periodic Table have first ionisation energies which have the 

pattern shown in the diagram. 

 

first
ionisation

energy

atomic number

x

x

x

 

 

What could be the first element of this sequence? 

A C B N C F D Na 

 

 

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

 

The electronic structures of calcium, krypton, phosphorus and an element X are shown. 

 

Which electronic structure is that of element X? 

A 1s
2

2s
2

2p
6

3s
2

3p
3

 

B 1s
2

2s
2

2p
6

3s
2

3p
6

4s
2

 

C 1s
2

2s
2

2p
6

3s
2

3p
6

3d
6

4s
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
6

3d
10

4s
2

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

 

When a sports medal with a total surface area of 150 cm
2

 was evenly coated with silver, using 

electrolysis, its mass increased by 0.216 g. 

 

How many atoms of silver were deposited per cm
2

 on the surface of the medal? 

A 8.0 × 10
18

 

B 1.8 × 10
19

 

C 1.2 × 10
21

 

D 4.1 × 10
22

 

 

 

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

 

In forming ionic compounds, elements generally form an ion with the electronic structure of a 

noble gas. 

 

Which ion does not have a noble gas electronic structure? 

A I
–

 B Rb
+

 C Sn
2+

 D Sr
2+

 

 

 

3 The first stage in the manufacture of nitric acid is the oxidation of ammonia by oxygen. 

 

wNH3(g) + xO2(g) → yNO(g) + zH2O(g) 

 

Which values for w, x, y and z are needed to balance the equation? 

 

 w x y z 

A 4 5 4 6 

B 4 6 4 5 

C 5 6 5 4 

D 6 5 6 4 
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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 cm
3

 of carbon disulphide was burned in 50 cm
3

 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 / cm
3

 

volume of gas after 

adding NaOH(aq) / cm
3

 

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 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 cm
3

 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 Use of the Data Booklet is relevant to this question. 

 

Lead(IV) chloride will oxidise bromide ions to bromine. The Pb
4+

 ions are reduced to Pb
2+

 ions in 

this reaction. 

 

If 6.980 g of lead(IV) chloride is added to an excess of sodium bromide solution, what mass of 

bromine would be produced? 

A 0.799 g B 1.598 g C 3.196 g D 6.392 g 

 

 

2 Which element has an equal number of electron pairs and of unpaired electrons within orbitals of 

principal quantum number 2? 

A beryllium 

B carbon 

C nitrogen 

D oxygen 

 

 

3 Three elements, X, Y and Z, have the physical properties shown in the table. 

 

element 

melting point 
/ °C 

boiling point 
/ °C 

density 

/ g cm
-3

 

X –7 59 3.12 

Y 98 883 0.97 

Z 649 1107 1.74 

 

What could be the identities of X, Y and Z? 

 

 X Y Z 

A Br2 Al Si 

B Br2 Na Mg 

C I2 Mg Na 

D I2 Si K 
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4 Use of the Data Booklet is relevant to this question. 

 

Which graph represents the number of unpaired p orbital electrons for atoms with proton 

numbers 13 to 18? 

 

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

A B

C D

proton number proton number

proton number proton number
 

 

 

5 Which statement explains why the boiling point of methane is higher than that of neon? 

[Ar: H, 1; C, 12; Ne, 20] 

A A molecule of methane has a greater mass than a molecule of neon. 

B Molecules of methane form hydrogen bonds, but those of neon do not. 

C Molecules of methane have stronger intermolecular forces than those of neon. 

D The molecule of methane is polar, but that of neon is not. 
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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 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process 

for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al 2O3, and 

cryolite, Na3Al F6. 

 

What is the main purpose of the cryolite? 

A Al 2O3 is covalent, and Al F6

3–

 ions interact with it to produce Al 3+

 ions which can be 

discharged at the cathode. 

B Cryolite is a base, forming NaAl O2 with bauxite, enabling aluminium to be discharged at the 

anode. 

C Cryolite minimises the release of O
2–

 ions at the graphite anodes, which are otherwise burnt 

away to CO. 

D Cryolite reduces the melting point of the bauxite. 

 

 

2 In which reaction does a single nitrogen atom have the greatest change in oxidation number? 

A 4NH3  +  5O2  →  4NO  +  6H2O 

B 3NO2  +  H2O  →  2HNO3  +  NO 

C 2NO  +  O2  →  2NO2 

D 4NH3  +  6NO  →  5N2  +  6H2O 

 

 

3 The following half reactions occur when potassium iodate(V), KIO3, in hydrochloric acid solution 

oxidises iodine to ICl 2–

. 

 

IO3

–

  +  2Cl –  +  6H
+

  +  4e
–

  →  ICl 2–

  +  3H2O 

I2  +  4Cl –  →  2ICl 2–

  +  2e
–

 

 

What is the ratio of IO3

–

 to I2 in the balanced chemical equation for the overall reaction? 

A 1 : 1 B 1 : 2 C 1 : 4 D 2 : 1 

 

 

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

 

In which set do all species contain the same number of electrons? 

A Co
2+

, Co
3+

, Co
4+

 

B F
–

, Br –, Cl
 –

 

C Na
+

, Mg
2+

, Al 3+

 

D K2SO4, K2SeO4, K2TeO4 
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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 Ammonium nitrate, NH4NO3, can decompose explosively when heated. 

 

NH4NO3  →  N2O  +  2H2O 

 

What are the changes in the oxidation numbers of the two nitrogen atoms in NH4NO3 when this 

reaction proceeds? 

A –2, –4 B +2, +6 C +4, –6 D +4, –4 

 

 

2 In the extraction of aluminium by electrolysis, why is it necessary to dissolve aluminium oxide in 

molten cryolite? 

A to reduce the very high melting point of the electrolyte 

B cryolite is a base; aluminium oxide is amphoteric 

C cryolite reacts with the aluminium oxide to form ions 

D molten aluminium oxide alone would not conduct electricity 

 

 

3 A 10 cm
3

 sample of 0.30 mol dm
–3

 Tl +NO3

–

 required 20 cm
3

 of 0.10 mol dm
–3

 acidified NH4VO3 to 

oxidise it to Tl 3+

 in solution. Vanadium is the only element reduced in this reaction. 

 

What is the oxidation number of the vanadium in the reduced form? 

A +1 B +2 C +3 D +4 

 

 

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

 

Element X forms X
–

 ions that can be oxidised to element X by acidified potassium 

manganate(VII). 

 

What could be the values of the first four ionisation energies of X? 

 

 1st 2nd 3rd 4th 

A 418 3070 4600 5860 

B 577 1820 2740 11 600 

C 590 1150 4940 6480 

D 1010 1840 2040 4030 
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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. 
 

Atoms of element X have six unpaired electrons. 

 

What could be element X? 

A carbon 

B chromium 

C iron 

D selenium 

 

 

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

 

Iodine is a black, shiny, non-metallic solid and a member of Group VII. It sublimes easily on 

heating to give a purple vapour. 

 

A sample of iodine vapour of mass 6.35 g has a volume of 1.247 dm
3

 when maintained at 

constant temperature and a pressure of 1.00 × 10
5

 Pa. 

 

If iodine vapour acts as an ideal gas, what is the temperature of the iodine vapour? 

A 300 K B 600 K C 300 000 K D 600 000 K 

 

 

3 Enthalpy changes that are difficult to measure directly can often be determined using Hess’ Law 

to construct an enthalpy cycle. 

 

Which enthalpy change is indicated by X in the enthalpy cycle shown? 

 

C(s)  +  2H2(g)  + 2O2(g)

CH4(g)  +  2O2(g) CO2(g)      +      2H2O(l)

X

 

 

A – 4 × the enthalpy of combustion of hydrogen 

B + 4 × the enthalpy of combustion of hydrogen 

C – 2 × the enthalpy of formation of water 

D + 2 × the enthalpy of formation of 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. 
 
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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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 dm
3

). The unit dl is a decilitre (0.1 dm
3

). 

 

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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4 The relative atomic mass of copper is 63.5. 

 

Which chart is a correct mass spectrum that would lead to this value? 

 

61 62 63 64 65 66
m / e

abundance

A

61 62 63 64 65 66
m / e

abundance

B

61 62 63 64 65 66
m / e

abundance

C

61 62 63 64 65 66
m / e

abundance

D

100%

17%

74% 33%

12%
26% 22%

33%

33%

50%

 

 

 

5 Which isolated gaseous atom has a total of five electrons occupying spherically shaped orbitals? 

 

A boron 

B fluorine 

C sodium 

D potassium 

 

 

6 Carbon and silicon have the same outer electronic structure. 

 

Why is a Si–Si bond weaker than a C–C bond? 

A Silicon atoms have a larger atomic radius than carbon atoms. 

B Silicon has a greater nuclear charge than carbon. 

C Silicon has a smaller first ionisation energy than carbon. 

D Silicon is more metallic than carbon. 
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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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2 The diagram shows the pathways of a reaction, with and without a catalyst. 

 

Which letter represents the overall energy change for the reaction? 

 

energy

extent of reaction

reactants

products

A
B

D

C

 

 

 

3 People are advised to eat less than 6.00 g of salt (sodium chloride) per day for health reasons. 

 

Which mass of sodium is present in 6.00 g of sodium chloride? 

A 0.261 g B 2.36 g C 3.64 g D 3.88 g 

 

 

4 When copper reacts with a 50% solution of nitric acid, nitrogen monoxide is evolved and a blue 

solution results. 

 

The balanced equation for this reaction is shown. 

 

p Cu  +  q HNO3  →  r Cu(NO3)2  +  s H2O  +  t NO 

 

What are the values of the integers p, q, r, s and t ? 

 

 p q r s t 

A 1 4 1 2 2 

B 2 6 2 3 2 

C 2 8 2 4 4 

D 3 8 3 4 2 

 

 

5 What is the electronic configuration of an isolated Ni
2+

 ion? 

 

A 1s
2

2s
2

2p
6

3s
2

3p
6

3d
6

4s
2 

B 1s
2

2s
2

2p
6

3s
2

3p
6

3d
8

4s
2

 

C 1s
2

2s
2

2p
6

3s
2

3p
6

3d
10

4s
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
6

3d
8
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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 ion has the same electronic configuration as Cl –? 

A F
–

 B P
+

 C Sc
3+

 D Si
4+

 

 

 

2 Compounds J and K each contain 40% carbon by mass. 

 

What could J and K be? 

 

 J K 

A a hexose, C6H12O6 starch, (C6H10O5)n 

B a pentose, C5H10O5 a hexose, C6H12O6 

C a pentose, C5H10O5 sucrose, C12H22O11 

D starch, (C6H10O5)n sucrose, C12H22O11 

 

 

3 Two moles of compound P were placed in a sealed container. The container was heated and P 

was partially decomposed to produce Q and R only. A dynamic equilibrium between P, Q and R 

was established. 

At equilibrium x moles of R were present and the total number of moles present was ⎟

⎠

⎞
⎜

⎝

⎛
+

2

  2
x

. 

What is the equation for this reversible reaction? 

A P    2Q  +  R 

B 2P    2Q  +  R 

C 2P    Q  +  R 

D 2P    Q  +  2R 
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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 This question refers to isolated gaseous atoms. 
 

In which atom are all electrons paired? 

A Ba B Br C S D Si 
 
 
2 Which compound has a boiling point that is influenced by hydrogen bonding? 

A CH3CHO B CH3OCH3 C HCO2CH3 D HCO2H 
 
 
3 Which fuel would produce the largest mass of CO2 when 10 kg of the fuel undergo complete 

combustion? 

A biodiesel, C17H34O2 

B ethanol, C2H6O 

C octane, C8H18 

D propane, C3H8 
 
 
4 The diagram shows the Boltzmann distribution of energies in a gas. The gas can take part in a 

reaction with an activation energy, Ea. The gas is maintained at a constant temperature. 
 

proportion of
molecules with
a given energy

molecular energy
Ea

P

0
0

 
 

Which statement is correct? 

A If a catalyst is added, peak P will be lower and Ea will move to the left. 

B If a catalyst is added, peak P will be lower and Ea will move to the right. 

C If a catalyst is added, peak P will be the same and Ea will move to the left. 

D If a catalyst is added, peak P will be the same and Ea will move to the right. 
 

[S’18 1 Q1]
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9 Oxidation numbers should be used to answer this question. 
 

A redox reaction takes place between hydroxylammonium ions, [NH3OH]+, and acidified iron(III) 
ions, Fe3+. The products are iron(II) ions, Fe2+, H+ ions, water and a compound of nitrogen. 

 
The mole ratio of reacting hydroxylammonium ions to reacting iron(III) ions is 1 : 2. 

 
Which nitrogen-containing compound could be formed in the reaction? 

A NH3 B N2O C NO D NO2 
 
 
10 Element X has a higher first ionisation energy than element Y. 
 

Two students state what they believe is one factor that helps to explain this. 
 

student 1 “X has a higher first ionisation energy than Y because an atom of X has more 
protons in its nucleus than an atom of Y.” 

 
student 2 “X has a higher first ionisation energy than Y because X has a smaller atomic 

radius than Y.” 
 

Only one of the two students is correct. 
 

What could X and Y be? 
 

 X Y 

A carbon boron 

B magnesium aluminium 

C oxygen nitrogen 

D oxygen sulfur 
 
 
11 Hydrogen ions catalyse the hydrolysis of esters. 
 

Which statement is correct? 

A The hydrogen ions act as a heterogeneous catalyst. 

B The hydrogen ions are in the same phase as the reactants. 

C The hydrogen ions are used up in the reaction. 

D The hydrogen ions have no effect on the activation energy of the reaction. 
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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 feature is present in both ethene and poly(ethene)? 

A bond angles of 109° 

B  covalent bonds 

C  covalent bonds 

D sp3 orbitals 
 
 
2 The electronic configuration of an atom of sulfur is 1s22s22p63s23p4. 
 

How many valence shell and unpaired electrons are present in one sulfur atom? 
 

 valence shell 
electrons 

unpaired 
electrons 

A 2 1 

B 4 2 

C 6 0 

D 6 2 
 
 
3 In which pair does the second substance have a lower boiling point than the first substance? 

A C2H6 and C2H5Cl 

B CH3OCH3 and C2H5OH 

C Ne and Ar 

D CH3NH2 and C2H6 
 
 
4 Compound J burns in excess oxygen to give carbon dioxide and water only. When a 3.00 g 

sample of compound J is burnt in excess oxygen, 4.40 g of carbon dioxide and 1.80 g of water are 
formed. 

 
What is the empirical formula of J? 

A CH B CHO C CH2 D CH2O 
 
 

[S’18 2 Q2]
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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 Why is the boiling point of ammonia, NH3, higher than the boiling point of phosphine, PH3? 

A Ammonia molecules are polar; phosphine molecules are not. 

B Ammonia molecules have significant hydrogen bonding; phosphine molecules do not. 

C N–H covalent bonds are stronger than P–H covalent bonds. 

D There is one lone pair in each ammonia molecule but no lone pair in each phosphine 
molecule. 

 
 
2 Neutrons are passed through an electric field. The mass of one neutron relative to 12

1  the mass of 
a 12C atom and any deflection in the electric field is recorded. 

 
Which row is correct? 

 

 mass of 
neutron 

behaviour of beam of 
neutrons in an electric field 

A 0 deflected 

B 1 deflected 

C 0 not deflected 

D 1 not deflected 
 
 
3 The table refers to the electron distribution in the second shell of an atom with eight protons. 
 

Which row is correct for this atom? 
 

 
orbital shape  orbital shape  

orbital type number of 
electrons orbital type number of 

electrons 

A p 2 s 4 

B p 4 s 2 

C s 2 p 4 

D s 4 p 2 
 
 

[S’18 3 Q3]
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The diagram illustrates the energy changes of a set of reactions. 

 

R
H = _134 kJ mol

S

T U
H = _75 kJ mol

H = +92 J mol
 1

 1
_

 1
_

 

 

Which of the following statements are correct? 

1 The enthalpy change for the transformation U ⎯→ R is + 42 kJ mol
–1 . 

2 The enthalpy change for the transformation T ⎯→ S is endothermic. 

3 The enthalpy change for the transformation R ⎯→ T is – 33 kJ mol
–1 . 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The diagram illustrates the energy changes of a set of reactions. 

 

R
H = _134 kJ mol

S

T U
H = _75 kJ mol

H = +92 J mol
 1

 1
_

 1
_

 

 

Which of the following statements are correct? 

1 The enthalpy change for the transformation U ⎯→ R is + 42 kJ mol
–1 . 

2 The enthalpy change for the transformation T ⎯→ S is endothermic. 

3 The enthalpy change for the transformation R ⎯→ T is – 33 kJ mol
–1 . 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

where each symbol has its usual meaning. 

 

Which statements are correct? 

1 One mole of an ideal gas occupies the same volume under the same conditions of 

temperature and pressure. 

2  The density of an ideal gas at constant pressure is inversely proportional to the temperature, 

T. 

3 The volume of a given mass of an ideal gas is doubled if its temperature is raised from 25 °C 

to 50 °C at constant pressure. 

 

 

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

In which pairs do both species have the same number of unpaired p electrons? 

1 O and Cl + 

2  F
+

 and Ga
–

 

3 P and Ne
+
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 How may nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 having lost 3 electrons to form an anion 

 

 

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

 

The isotope 
99

Tc is radioactive and has been found in lobsters and seaweed adjacent to nuclear 

fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2 It has 43 protons. 

3 It has 99 nucleons. 

 

 

33 Which of these substances have a giant structure? 

1 silicon(IV) oxide 

2 baked clay found in crockery 

3 phosphorus(V) oxide 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 A space shuttle’s upward thrust came from the following reaction between aluminium and 

ammonium perchlorate. 

 

10Al  +  6NH4Cl O4  →  4Al 2O3  +  2Al Cl 3  +  12H2O  +  3N2 

 

Which statements about this reaction are correct? 

1 Aluminium is oxidised. 

2  Chlorine is reduced. 

3 Nitrogen is oxidised. 

 

 

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

 Which statements are correct when referring to the atoms 
23

Na and 
24

Mg? 

1 They have the same number of full electron orbitals. 

2  They have the same number of neutrons. 

3 They are both reducing agents. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 X is a particle with 18 electrons and 20 neutrons. 

 

What could be the symbol of X? 

1 Ar
38

18
 

2 
+240

20
Ca  

3 
+

K
39

19
 

 

 

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

 

Carbon and nitrogen are adjacent in the Periodic Table. 

 

Which properties do they both have? 

1 There is an empty 2p orbital in one atom of the element. 

2 The principal quantum number of the highest occupied orbital is 2. 

3 They form compounds in which their atoms form bonds with four other atoms. 

 

 

33 What are necessary properties of a dynamic equilibrium? 

1 Equal amounts of reactants and products are present. 

2 Concentrations of reactants and products remain constant. 

3 The rate of the forward reaction is the same as the rate of the reverse reaction. 
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    Answer all the questions.

1 Electrons are arranged in energy levels.

 (a) An orbital is a region in which an electron may be found.

  Draw diagrams to show the shape of an s orbital and of a p orbital.

s orbital p orbital
[2]

 (b) Complete the table below to show how many electrons completely fill each of the following.

number of electrons

a d orbital

a p sub-shell

the third shell (n = 3)

[3]

 (c) The energy diagram below is for the eight electrons in an oxygen atom. The diagram is 
incomplete as it only shows the two electrons in the 1s level.

energy

1s

  Complete the diagram for the oxygen atom by:

  (i) adding labels for the other sub-shell levels, [1]

  (ii) adding arrows to show how the other electrons are arranged. [1]
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 (d) Successive ionisation energies provide evidence for the arrangement of electrons in atoms. 
Table 1.1 shows the eight successive ionisation energies of oxygen.

    Table 1.1

ionisation number 1st 2nd 3rd 4th 5th 6th 7th 8th

ionisation 
energy / kJ mol–1 1314 3388 5301 7469 10 989 13 327 71 337 84 080

  (i) Define the term first ionisation energy.

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

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

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

 .....................................................................................................................................  [3]

  (ii) Write an equation, with state symbols, to represent the third ionisation energy of 
oxygen.

 .....................................................................................................................................  [2]

  (iii) Explain how the information in Table 1.1 provides evidence for two electron shells in 
oxygen.

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

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

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

 .....................................................................................................................................  [2]

[Total: 14]
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Answer all the questions in the spaces provided.

1  In the 19th and 20th centuries, scientists established the atomic theory and showed that 
three sub-atomic particles, electron, neutron and proton, exist. The masses and charges of 
these three particles were subsequently determined.

  When separate beams of electrons, neutrons or protons are passed through an electric field 
in the apparatus below, they behave differently.

+                            –

beam of particles

 (a) (i) Which of these three particles will be deflected the most by the electric field?

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

  (ii) In which direction will this particle be deflected?

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

  (iii) Explain your answer.

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

 ..................................................................................................................................
[4]

 (b)  (i) Define the term proton number.

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

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

  (ii) Why is the proton number of an atom of an element usually different from the 
nucleon number of an atom of the element?

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

 ..................................................................................................................................
[2]
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 (c) Protons and neutrons have been used in nuclear reactions which result in the formation 
of artificial elements. In such processes, protons or neutrons are accelerated to high 
speeds and then fired like ‘bullets’ at the nucleus of an atom of an element.

  Suggest why neutrons are more effective than protons as ‘nuclear bullets’.

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

 .....................................................................................................................................  [2]

 (d) In some cases, when neutrons are fired at atoms of an element, the neutrons become 
part of the nucleus of those atoms.

   What effect does the presence of an extra neutron have on the chemical properties of 
the new atoms formed? Explain your answer.

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

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

 .....................................................................................................................................  [2]

[Total: 10]
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Answer all the questions in the spaces provided.

1 (a)  Explain what is meant by the term ionisation energy.

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

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

  ..............................................................................................................................................   [3]

 (b)  The fi rst seven ionisation energies of an element, A, in kJ mol–1, are

1012    1903    2912    4957    6274    21 269    25 398.

 (i)  State the group of the Periodic Table to which A is most likely to belong. Explain your 
answer.

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

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

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

  .......................................................................................................................................   [2]

 (ii)  Complete the electronic confi guration of the element in Period 2 that is in the same group 
as A.

 1s2  .................................................................................................................................   [1]

 (c)  Another element, Z, in the same period of the Periodic Table as A, reacts with chlorine to 
form a compound with empirical formula ZCl 2. The percentage composition by mass of ZCl 2
is Z, 31.13; Cl , 68.87.

 (i)  Defi ne the term relative atomic mass.

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

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

  .......................................................................................................................................   [2]

 (ii)  Calculate the relative atomic mass, Ar, of Z.
  Give your answer to three signifi cant fi gures.

Ar of Z = .......................  [2]
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Energy required to remove I more of electrons from

t.mn of gaseous
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Element A is in group 5 as there is a big jump between

the 5th and 6th ionisation energies indicating that the
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252ps

The weighted average man of all naturally
occurring isotopes A an element relative to 112 th

the mass of carbon -12 isotope .

I : u

31-13 6887

ZU z
: f- x 100=31.13 Tn

"

-35.5

At 71 I
.

.

2

I × 100=31.13
-

LCL
I × 100=68.77 32.1

LU 2 35.5×4 × 100 68.87

Xt 135.5×2 )

X = 32 .

I
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