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Q1.
This question is about compounds containing chlorine.

(a) A precipitate of silver chloride is formed when silver nitrate solution reacts with sodium
chloride solution.

A student wrote an ionic equation for the reaction.
Ag®*(l) + 2CI(I) = AgCly(s)

Explain why this equation is incorrect, even though it is balanced.

(b) A sample of a compound is analysed and found to contain only 3.09 g carbon, 0.26 g
hydrogen and 9.15 g chlorine.

The molar mass of the compound is 97.0 g mol™.
Calculate the molecular formula of this compound.

You must show your working.

(c) Nitrogen trichloride has the formula NCls.

(i) A sample of nitrogen trichloride contained only nitrogen atoms with mass number 14, and
chlorine atoms with mass numbers 35 and 37.

Give the formula and mass/charge ratio for each of the four ions responsible for the molecular
ion peaks in the mass spectrum of nitrogen trichloride.

(ii) Complete the table to predict the shape and CI—N—CI bond angle in nitrogen trichloride.
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Number of bonding pairs of electrons on nitrogen
Number of lone pairs of electrons on nitrogen
Shape of molecule

Cl—N—Cl bond angle

(d) Aluminium chloride exists as an ionic lattice in the solid state and as a covalent dimer, Al,Clg,
in the gas phase, just above its boiling temperature.

(i) Explain why aluminium chloride in the solid state has significant covalent character.

(ii) Describe how two AICI; molecules are joined together in the dimer.

Include a diagram in your answer.

(Total for question = 14 marks)

Q2.
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This question is about iron and some of its compounds.

(a) Complete the table to show the numbers of subatomic particles in >°Fe?*.

Number of protons Number of neutrons Number of electrons

(b) A sample of iron contains the following isotopes.

Isotope Percentage abundance
*Fe 5.84
*Fe 91.68
“'Fe 2.17
*Fe 0.31

Calculate the relative atomic mass of this sample of iron.
Give your answer to three significant figures.

(c) Magnesium reacts with aqueous iron(ll) sulfate in a displacement reaction.

Write the ionic equation for this reaction.
Include state symbols.

(d) 25.00 g of a compound contains 6.98 g of iron and 6.03 g of sulfur.
The remaining mass is oxygen.
Calculate the empirical formula of this compound.

[A; values: O = 16.0S = 32.1 Fe = 55.8]

(e) When 6.95 g of FeS0O,.xH,0 is heated, 2.00 g of iron(lll) oxide, 0.80 g of sulfur dioxide and
1.00 g of sulfur trioxide

are produced.

The only other product is water.

Deduce the overall equation for the reaction using these data.
State symbols are not required.

You must show your working.
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[A; values:H=1.00 =16.0S = 32.1 Fe = 55.8]

(Total for question = 13 marks)

Q3.
This question is about nitrogen.

(a) The table shows the successive ionisation energies of nitrogen.

lonisation energy

lonisation number log (ionisation energy)

/ kJmol™
1 1402 3.15
2 2856 3.46
3 4578 3.66
4 7475 3.87
5 9445 3.98
6 53268
7 64362

(i) Complete the table.

(ii) Plot a graph of log (ionisation energy) against ionisation number.
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(iii) Give a reason why the logarithm of the ionisation energy, rather than just the ionisation
energy, is used to plot this graph.

(1)
(iv) Explain what can be deduced from the graph about the electronic structure of nitrogen.

(3)
(v) Explain why the first ionisation energy of oxygen is lower than that of nitrogen.

(3)

STEMUP.CO.UK
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(b) Nitrogen gas consists of nitrogen molecules.

(i) Draw a dot-and-cross diagram to show the bonding in a molecule of nitrogen.

(ii) Calculate the number of nitrogen atoms in 5.60 g of nitrogen gas.

[Avogadro constant = 6.02 x 10,5 mol™]

(iii) A sample of nitrogen gas occupied 108 cm? at a temperature of 25 °C and a pressure of
1.36 x 10° Pa.

Using the ideal gas equation, calculate the number of moles of nitrogen gas in this sample.

[pV =nRT R =8.31) molt K]

(Total for question = 18 marks)

Q4.

This question is about the elements in Period 3 of the Periodic Table, and some of their
compounds.

(a) The atomic radii of six of the elements are given.
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Na Mg Al Si P S Ccl Ar
11 12 13 14 15 16 17 18
0.191 0.160 0.130 0.102 0.099 0.095

(i) Plot a graph of atomic radius against atomic number.

(2)
(ii) Use the graph to estimate the atomic radius of silicon, Si.

(1)
(iii) Suggest an explanation for the decrease in atomic radius as atomic number increases
across a period.

(3)

STEMUP.CO.UK
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(b) The melting temperatures of sodium, sodium chloride and chlorine are given in the table.

Complete the table to show the type of structure, the type of bond or force broken on melting
and the particles involved.

Substance Sodium Sodium chloride Chlorine
Melting
temperature / °C %8 801 101
: simple
Type of structure giant molecular
Type of bond or force

broken on melting

chlorine

Particles involved
molecules

(c) Solid phosphorus(V) chloride contains PCL} jons.
(i) Draw a dot-and-cross diagram of a PCL; ijon.
Show only outer shell electrons.

(i) Predict the shape of a PCL jon.

Justify your answer.
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(Total for question = 16 marks)

Q5.
This question is about atomic structure and gases.
(a) Chlorine exists as two isotopes with mass numbers 35 and 37.

(i) State the number and type of each of the particles in the nucleus of a chlorine-35 atom.

(iii) A sample of chlorine contains 75.53 % of chlorine-35 atoms.

Calculate the relative atomic mass of this sample of chlorine.
Give your answer to two decimal places.

(b) Fluorine has one naturally occurring isotope with mass number 19.
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Chlorine and fluorine react to form chlorine trifluoride, CIF5 .
(i) Draw a dot-and-cross diagram to show the bonding in a molecule of chlorine trifluoride.

Show the outer shell electrons only.

(ii) State, in terms of electrons, what is unusual about the dot-and-cross diagram you have
drawn.

(iii) Complete the mass spectrum to show the peaks you would expect for the molecular ion
CIF;* .

100
90
80+
70+
60

Relative 50

abundance

30+
20+
10+

0-—A\— , | —

91 92 93 94 95

m/z

(iv) Calculate, using the ideal gas equation, the volume in em® occupied by 0.0200 mol of CIF;
gas at a temperature of 60 °C and a pressure of 1.28 x 10° Pa.

Give your answer to an appropriate number of significant figures.

[pV=nRT R =8.31)mol ' K]

(Total for question = 15 marks)
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Q6.
This question is about barium and barium compounds.

(a) The graph shows the first eight ionisation energies of barium.
12000
10000

lonisation 89007

energy

/Kmol?  ©9907]

4000

2000

0 T T T
0 2 4 6 8 10

Electron removed

(i) Write an equation, including state symbols, for the third ionisation energy of barium.

(ii) State how the graph confirms that barium is in Group 2 in the Periodic Table.

(b) An acidified aqueous solution of barium chloride, BaCl,, is used to test for sulfate ions.
(i) Draw a dot-and-cross diagram for barium chloride.

Show the outer electrons only.

(i) Calculate the mass of barium chloride needed to form 150 cm?® of BaCl,(aq) with a
concentration of 0.200 mol dm™3.

Give your answer to an appropriate number of significant figures.

(iii) The barium chloride solution is acidified to prevent carbonate ions giving a false positive
result.
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Write the ionic equation for the reaction of hydrochloric acid with carbonate ions. State symbols
are not required.

(c) Give a reason why solid barium chloride does not conduct electricity.

(Total for question = 8 marks)

Q7.
This question is about the bonding in the elements of Period 3 in the Periodic Table.

The melting temperatures of the Period 3 elements are shown in the table.

Element Na Mg Al Si P S Cl Ar

Melting

- 98 650 660 1423 44 120 -101 -189
temperature / “C

(a) Sodium, magnesium and aluminium are metals.

(i) State what is meant by metallic bonding.

(ii) Melting temperature depends on the strength of metallic bonding.

Explain why the metallic bonding in magnesium is much stronger than that in sodium.
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(b) (i) In the elements silicon, phosphorus, sulfur and chlorine, the atoms are joined by covalent
bonds.

Describe the attraction between the atoms in a covalent bond.

(ii) Explain why the melting temperature of silicon is much higher than that of phosphorus, by
referring to their structures.

(c) Sulfur reacts with chlorine to form sulfur dichloride, SCl,.

(i) Complete the dot-and-cross diagram of a molecule of sulfur dichloride. Use dots () for the
chlorine electrons and crosses (x) for the sulfur electrons. Show the outer shell electrons only.
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sl

(ii) Suggest a value for the CI—S—CI bond angle. Justify your answer.

(Total for question = 13 marks)

Q8.
Naturally occurring bromine has two isotopes: bromine-79 and bromine-81.

(a) State what is meant by the term isotopes.

(b) Complete the table to show the numbers of subatomic particles in the two isotopes of
bromine.
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Isotope Protons Neutrons Electrons
bromine-79

bromine-81

(c) The mass spectrum of a sample of bromine is obtained.
(i) Draw a dot-and-cross diagram to show the bonding in a molecule of bromine.

Only the outer electrons should be shown.

(ii) Describe the formation of the molecular ion of bromine in the mass spectrometer. Include an
equation.

State symbols are not required.

(iii) On the mass spectrum grid, draw the peaks for the bromine molecular ions, showing the
relative peak heights.

The bromine isotopes in this sample have the same relative abundance.
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100 —

90 -

80

70 -

60 —

Relative

abundance >0

40 -

30+

20 -

10 1

0 T T T T | T T 1
156 157 158 159 160 161 162 163 164

m/lz

(d) The percentage abundances of the isotopes in a different sample of bromine are shown.

Isotope Percentage abundance
bromine-79 56.38%
bromine-81 43.62%

Calculate the relative molecular mass of this sample of bromine, giving your answer to two
decimal places.

(Total for question = 12 marks)

Q9.
This question is about bromine.

(a) Complete the electronic configuration for a bromine atom, using the s, p, d notation.
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(b) Bromine exists as two isotopes with mass numbers 79 and 81.

(i) Complete the table to show the numbers of subatomic particles in a °Br atom and a 8'Br~
ion.

Species Protons Neutrons Electrons
?‘}Br

1By~

(ii) A sample of bromine contained equal amounts of the two isotopes.

Complete the mass spectrum to show the peaks you would expect for Br,* from this sample of
bromine gas.

100
90
80
70

_ 60
Relative

abundance
40

30
20
10

o L4,

157 158 159 160 161 162 163

m/z

(iii) Calculate the number of bromine molecules in 2.00 g of Br,.

[Avogadro constant = 6.02 x 103 mol™!]

NUMber of MOIECUIES = ... e eens

(c) A sample of bromine gas occupied 200 cm® at a temperature of 77 °C and a pressure of 1.51
x 10’ Pa.

Calculate, using the ideal gas equation, the amount in moles of bromine molecules in this
sample.

[pV = nRT R =8.31) mol™t K]

Amount of bromine MOIECUIES = ...viviniieii e mol
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(Total for question = 11 marks)

Q10.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

What is the total number of orbitals in a sulfur atom which contain at least one electron?

LA 3
I B 5
LI ¢ 8
LI b 9
(Total for question = 1 mark)
Q11.

This question is about copper and its compounds.

(a) Complete the electronic configurations of Cu and Cu?".

(b) A sample of copper contains the isotopes ®3Cu and °>Cu.

(i) Complete the table to show the numbers of subatomic particles in the atoms of these two
isotopes of copper.
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Isotope Protons Neutrons Electrons

63Cu

GSCU

(ii) Explain the term isotopes, using the information in the table.

(iv) The relative atomic mass of copper in this sample is 63.4.

Calculate the percentage abundances of the isotopes ®3Cu and ®>Cu in this sample.
You must show your working.

(c) Copper(ll) sulfate, CuS04, can be made by reacting solid copper(ll) carbonate with dilute
sulfuric acid.

(i) Write an equation for the reaction that occurs.

State symbols are not required.

(ii) An experiment was carried out to produce pure, dry crystals of hydrated copper(ll) sulfate,
CuS0,4°5H,0.

Copper(ll) carbonate was mixed with 50.0 cm?® of 1.00 mol dm™ sulfuric acid until no more
reacted.
The mass of CuS0O,*5H,0 obtained was 10.87 g.

Calculate the percentage yield for this reaction, giving your answer to an appropriate number of
significant figures.
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[Molar mass of CuSO,*5H,0 = 249.6 g mol™!]

(Total for question = 14 marks)

Q1l2.
Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross X.
Isotopes are atoms of an element that have different
[ A electronic structures

B numbers of electrons

X
[ € numbers of protons
L]

D numbers of neutrons

(Total for question = 1 mark)

Q13.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross X.

Which is the electronic configuration of the Sc3* ion?

[0 A 1s?2s?2p®3s? 3p°

[0 B 1s?2s®2p°®3s? 3p° 3d*

[0 € 1s°2s”2p°®3s?3p® 3d* 452
]

D 1s?2s%2p®3s?3p°3d*4s?
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(Total for question = 1 mark)

Q14.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

Which ion does not have the electronic configuration shown?

1s 2s 2p 3s 3p
0 A K*
0 B ca*t
O c 1%t
O D sSc*
(Total for question = 1 mark)
Q15.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross .

What is the electronic configuration of the nitride ion, N3 ?

O A 1s?2s?

0 B 1s?2s%2p°

O c 1s%2s?2p*
E3

D 1s”2s%2p°
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(Total for question = 1 mark)

Q1l6.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

What is the electronic configuration of a nitrogen atom?

oAttt

2p

oo ([T I T

2p

oot (M T

2s 2p

= B I R N I A

1s 2s 2p

(Total for question = 1 mark)

Q17.

Which is the electronic configuration of nitrogen?
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1s 2s 2p

oe [N 1] (NN
oc N (N N
Oo [N (N (T

(Total for question = 1 mark)

Q18.
This question is about the chlorides of beryllium and calcium.

(a) Complete the electronic configurations of the atoms of beryllium and calcium using the s, p,
d notation.

(b) In the gaseous state, beryllium chloride is molecular.

Draw a dot-and-cross diagram to show the bonding in a molecule of beryllium chloride, BeCls.

(c) In the solid state, beryllium chloride forms a polymeric structure.

The diagram shows part of this structure.

\/\/\/\/
/\/\/\/\

The diagram uses lines and arrows to represent the two different types of covalent bond.

Describe how each type of bond is formed.


https://stemup.co.uk

(d) The Cl—Be—Cl bond angle is different in the two forms of beryllium chloride.

Predict the two bond angles, justifying your answers by referring to electron-pair repulsion
theory.

(e) Anhydrous calcium chloride is a crystalline, ionic solid which melts at 772 °C.

Draw a dot-and-cross diagram for calcium chloride.
Show the outer electrons only.

(f) Explain why gaseous beryllium chloride and solid calcium chloride have different types of
bonding.
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(Total for question = 15 marks)

Q1l19.

What are the maximum numbers of electrons in a 2p orbital and in the third quantum shell?

Maximum number of = Maximum number of electrons

electrons in a 2p orbital in the third quantum shell
A 2 8
[l B 2 18
L cC 6 8
1 D 6 18
(Total for question = 1 mark)
Q20.

Which element is in the d-block of the Periodic Table?

[ A argon
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[0 B chlorine
0 € iron

[0 D sodium

(Total for question = 1 mark)

Q21.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.

Which is the equation for the second ionisation energy of an element, A?

O A A(g) - A*"(g) + 2e”

00 B A*(g) -»A’*(g) +e”

[0 € A%*(g) =» A%*(g) + e

0 D A’*(g) -» A*(g) + 2e”

(Total for question = 1 mark)

Q22.
Which equation represents the first ionisation energy of iodine?

A 1,(s) - 2I7(g) + 2e”

0 B 1,(g) - 21 (g) + 2e”
0 € Yly(s) = 1*(g) +e”
0 D I(g) »1"(g) +e”

Use this space for any rough working. Anything you write in this space will gain no
credit.
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(Total for question = 1 mark)

Q23.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

The mass spectrum of a sample of silicon is shown.

Relative
abundance

| | ~
28 29 30
m/z

What is the best estimate for the relative atomic mass of silicon in this sample?

0 A 28.0
[0 B 282
[l ¢ 28.8
L1 D 29.0

(Total for question = 1 mark)
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Q24.

Answer the questions with a cross in the boxes you think are correct [X. If you change
your mind about an answer, put a line through the box & and then mark your new

answer with a cross X.

The graph shows the first ionisation energies of some consecutive elements from Periods 2 and 3
of the Periodic Table.

The letters used to label the elements are not their chemical symbols.

i

First
ionisation
energy

Atomic number

(a) Which element has only one p orbital containing a pair of electrons?

[l A elementU
[l B elementV
[l € elementW
[l D elementX
(b) Which element is the least reactive?
L1 A elementS
[l B element X
[1 € elementY
[l D elementZz

(c) Which element has the greatest second ionisation energy?

[0 A elementS
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[l B elementT
0 € elementX

[0 D elementY

(Total for question = 3 marks)

Q25.
This question is about the Group 4 element germanium and some of its compounds.
(a) Naturally-occurring germanium consists of five stable isotopes.

Explain what is meant by the term isotopes.

(b) The mass spectrum of a sample of germanium is shown.

407 36.7
30 27.4
Percentage 20.6
abundance N
10 7.7 7.6
0 ! T 1 T 1 |
0 71 72 73 74 75 76 77
m/z

Calculate the relative atomic mass of this sample of germanium.

(c) Give the electronic configuration of a germanium atom.
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(d) Germane is a compound with the formula GeH,.
It can be formed by the reaction shown.

Na,GeO; + NaBH, + H,O0 -» GeH, + 2NaOH + NaBO,
(i) Calculate the atom economy, by mass, for the formation of germane.

Use A, of Ge = 72.6

(i) Germane can donate a proton to ammonia, forming the ion GeHs,
NH. + GeH, — NH; + GeH;

Draw a dot-and-cross diagram of the ion GeHs, Show the outer electrons only.

(iii) Use your answer to (d)(ii) and electron-pair repulsion theory to predict the name of the
shape and bond angle of the ion GeH;

Name of the shape

(iv) Germane is toxic and the maximum permitted concentration is 0.640 mg m™3 in air.
p g

Calculate the maximum number of germane molecules permitted in a laboratory with a volume
of 231 m°>.

[Avogadro constant (L) = 6.02 x 10%> mol™]

(e) A halide of germanium, GeX,, reacts with water as shown.
GeX; + 2H,0 - GeO, + 4HX

1.50 g of GeX, was added to excess water.

The insoluble GeO, was removed by filtration.

The solution of hydrogen halide formed was then added to

excess magnesium carbonate, forming 335.5 cm? of carbon dioxide
at room temperature and pressure (r.t.p.).
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[Molar volume of a gas at r.t.p. = 24 000 cm? mol™]

(i) Calculate the number of moles of carbon dioxide formed.

(ii) Deduce the number of moles of HX formed when GeX, reacted with the excess water.

(iii) Deduce the number of moles of GeX, that reacted with the excess water.

(iv) Calculate the molar mass of GeX, and hence identify X.

(Total for question = 20 marks)

Q26.

This question is about the structure and bonding of Group 5 chlorides.
(a) Nitrogen trichloride, NCl5 , has a molecular structure.

The displayed formula of a molecule of NCls is shown.

Cl—N——-ocCl

cl

Complete the table for this molecule.

Number of bond pairs around N atom
Number of lone pairs around N atom
CI-N-Cl bond angle

Name of shape of molecule

(b) Under standard conditions, phosphorus(V) chloride (PCls) is a solid made up of PCL; cations
and PCl; anijons.
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Antimony(V) chloride (SbCls) is a liquid made up of SbCls molecules.

(i) Explain why PCls has a higher melting temperature than SbCls .

(ii) Draw a dot-and-cross diagram to show the bonding in a molecule of SbCls.

Use dots (*) to represent the Sb electrons, and crosses (x) to represent the Cl electrons. Show
outer electrons only.

(c) At low temperatures, SbCls; converts to Sb,Cl;o which contains dative covalent bonds.

(i) State what is meant by the term dative covalent bond.

(ii) Complete the diagram to show the dative covalent bonds in Sb,Cl,, .

Cl Cl

Cle..... b .__..-Cl

Cl Cl

(d) Arsenic also forms a pentachloride with the formula AsCls .

Give one possible reason why nitrogen is the only Group 5 element that does not form a
pentachloride.
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(Total for question = 10 marks)

Q27.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.

Which ion has the electronic configuration 1s® 2s® 2p® 3s? 3p® in its ground state?

O A AP
I B CI”
O € N°°
[0 D Na*
(Total for question = 1 mark)
Q28.

The diagram shows the first ionisation energy for the elements from sodium to silicon.
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1100

1000

900

First 800

lonisation 700
energy

/kKmol™ 600

500

400

300

11 12 13 14 15

Atomic number

What is the approximate first ionisation energy, in k] mol™*, of phosphorus (atomic number 15)?

0 A 400
1 B 500
[J € 700
0 D 1000
(Total for question = 1 mark)
Q209.

Which is the electronic configuration of a carbon atom in its ground state?

1s 2s 2p
oa 1] 1] [WIT
Se 7 M BT
oc[N] [N] [N
oo [N] [N] [T

(Total for question = 1 mark)
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Q30.
The first six ionisation energies of an element, in k] mol™, are shown.
578 1817 2745 11578 14831 18378
Which group of the Periodic Table includes this element?
LI A Group?2
[ B Group3
LI € Group4

[l D Group5

(Total for question = 1 mark)

Q31.

What is the maximum number of electrons in the 3p subshell, and in the third quantum shell of
an atom?

Maximum number of Maximum number

electrons in the of electrons in the

3p subshell third quantum shell
LA 2 8
B 2 18
c 6 8
D 6 18

(Total for question = 1 mark)

Q32.

The hydroxide ion, OH", has a total of 9 protons.
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How many neutrons and electrons are there in this ion?

Number of neutrons = Number of electrons

O A 8 8
] 8 10
9 8
0 D 9 9
(Total for question = 1 mark)
Q33.

A sample of silicon contains the following isotopes.

Isotope Percentage abundance
#si 81.21
=i 14.10
*Si 469

What is the relative atomic mass of silicon, to one decimal place, in this sample?

0 A 28.0
1 B 28.2
[J € 29.0
0 D 29.8
(Total for question = 1 mark)
Q34.

Answer the questions with a cross in the boxes you think are correct X. If you change
your mind about an answer, put a line through the box ¢ and then mark your new
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answer with a cross X.

The mass spectrum of a sample of an element is shown.

50+

40

30

Relative
abundance

20 4

10

m/z

(a) What is the A, of the element?

LI A 420

[l B 48.0

[l € 63.6

[0 D 64.0

(b) Which species could be responsible for the peak at m/z = 32.57?
O A 325+

0B Scu?t

|:| C 65Cu2+

|:| D 98TC3+

(Total for question = 2 marks)
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Q35.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross X.

Which equation represents the second ionisation energy of magnesium?

O A Mg(g) - Mg®*(g) + 2e”

[0 B Mg*(g) » Mg®*(g) + e

[0 € Mg(s) - Mg?*(s) + 2e”

0 D Mg*(s) » Mg?*(s) + e~

Use this space for any rough working. Anything you write in this space will gain no
credit.

(Total for question = 1 mark)

Q36.

The graph shows the first ionisation energies for the elements with atomic numbers from 3 to 12.

2500 —
2000 —
First 1500 +
ionisation energy
/ kJ mol™ 1000
500
0 I I I I I |

2 4 6 8 10 12 14
Atomic number

(a) Write the equation for the first ionisation energy of nitrogen. Include state symbols.
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(b) Explain the changes in first ionisation energy for the elements with atomic numbers from 3
to 10.

(Total for question = 8 marks)

Q37.
This question is about the ionisation energies of the elements in Period 2 of the Periodic Table.

(a) The first ionisation energies of the Period 2 elements are shown.
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T 2500
(a]
E
2 2000
e
=
= 1500
=
@
5 1000+
3
§ 500
i 0
Li Be B C N 0] F Ne
Element

(i) Give an equation that represents the first ionisation energy of lithium. Include state symbols.

(ii) Explain why there is a general increase in the first ionisation energy across the period.

(b) All the successive ionisation energies of nitrogen are shown in the table.
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lonisation number 1 2 3 4 5 6 7

'?:J'Sr?]té?_’,‘ energy 1402 | 2856 | 4578 | 7475 | 9445 | 53267 | 64360

Explain the trend in the successive ionisation energies of nitrogen.

(Total for question = 7 marks)

Q38.

The decrease in first ionisation energy down Group 1 in the Periodic Table is caused by the
increase in

[0 A force of attraction between the nucleus and outer electron
1 B number of neutrons in the nucleus
[l € number of protons in the nucleus

[1 D shielding of the outer electron from the nuclear charge

(Total for question = 1 mark)
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Q39.

What is the equation for the third ionisation energy of aluminium?

O 0O 0O O
0

Al(g) -» AP (g) + 3e”

Al(s) = AIP*(s) + 3e”

Al’*(g) =» AP*(g) + e~

AlI’*(s) » APPY(s) + e~

Mark Scheme

Q1.

(Total for question = 1 mark)

Question | Answer Additional guidance Mark
number
24(a) An explanation that makes reference to the (2)

following points:

* (I} is incorrect because the solutions are
aqueous

or
ions are (in the) agueous (state)

the state symbols should be (aq) instead of

(1)

« silver ions should have one positive charge /

Ag*
or
silver chlonde is AgCl

Allow silver nitrate and
sodium chloride are aqueous

Do not award if incorrect
state symbal for one of the
species in the equation e.g.
Agis(s)/ AgClis (aq)

Ignore just the charge on
the silver ion is incorrect /
the formula of silver chlonde
is incorrect
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Question| Answer Additional guidance Mark
number
(b} Example of calculation: (3)

calculation of mol of C, Hand
Cl(1)

calculation of empirical formula|

(1)

calculation of molecular
formula (1)

c : H - Cl
mol 309 - 026 : 9.15
12 1 w5
= 02575 1026 : 02577
(ratio 1 o1 X 1)

Empincal formula is CHCI

molar mass CHCl =12 + 1+ 355 =485

molar mass (CHCl), =97 =2
malar mass CHCI 485

Molecular formula is C,H-Cl,
Allow symbols in any order
Do not award 2CHCI

Ignore 5F in mol and ratio

Correct molecular formula with some working
scores (3)

Alternative method scores (3)
no. Catoms=3.09x 97 =2 /199382
126x12

no. H atoms = 0.26 x 97 = 2(.0176)
125 x 1

no. Clatoms =9.15x 97 =2
125x 355
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Question
number

Answer

Additional guidance

Mark

(e)(i)

« all 4 ion formulae

« all 4 (coresponding) m/ z values

Example of answer:
ions miz
N(*CI)s* 119
NEECTCr 121
N3CI(FCl 123
N(FCI)s* 125

Allow any other unambiguous way
of representing the formulae e g. in

words

Allow (1) for any two
m | z values with
comesponding ion
formulae

Ignare missing /

incorrect charge on ion
Ignore mass number on N
lgnore bonds or + between Cl

atoms / order of atoms
e.g. N*CI5CI-*Cl

(2)

Question
number

Answer

Additional guidance

Mark

(e)ii)

* number of bonding pairs
and
number of lone pairs

+ shape

+ bond angle

Example of table:

MNumber of
bonding pairs
of electrons on

nitrogen

Number of lone
pairs on
electrons on

nitrogen

Shape of
molecule

trigonal

pyramid
al

Bond angle

107°

Shape:
N.
NGl
cl \Cl

for 3-d
Allow just ‘pyramidal’

Bond angle:

range 106-108° Ignore
missing ©

Allow 3-dimensional drawing e.g.

There must be at least 1
dotted/dashed line or wedge

Allow pyramid for pyramidal
Do not award tetrahedral

Allow any number in the

(3)
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Question| Answer Additional guidance Mark
number
24(d)(i) | An explanation that makes reference to one of Marks must come from the (2)

the following pairs of points:

Polarisation route
* an aluminium lon / cation is (very) small and highly
charged

or
A has a small ionic radius /is small

+ so it polanses / distorts the chloride ion / CI” / anion

Allow Electronegativity route

« there is a (relatively) small difference in
electronegativity between aluminium and
chlorine

+ sothe electrons are (partially) shared

same route

— maximum 1 mark if one
point from one route and
one point from the other
route

Allow the aluminium
ion has a high charge
density

Allow a description of
polarisation Allow
chlorine anion / ion
Ignore the

aluminium chloride

is polarised

Ignore size of chloride ion
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Question
number

Answer

Additional guidance

Mark

24(d)(ii)

A description including the following points:

« diagram showing two AICl: molecules joined
through two chlorine atoms

= dative (covalent) bonds
or
coordinate bonds

Example of diagram:

Cl | |
~, C-mmfc
o Tl T

Allow dot-and-cross diagram

Ignore missing arrow
heads and lone pairs
from diagram

Do not award diagram
with Al-Al / CI-Cl bond(s)

Allow dative covalent
bonds labelled on diagram
/ shown as arrows from Cl
to Al

Allow description of dative
bonds

Allow M2 even if only 1
dative bond shown /
mentioned

Do not award M2 if
dative bonds
starting from
aluminium

Do not award M2 for any
answer that mentions
ions / ionic bonds

(2)

Q2.

Answer Additional guidance

Mark

(a)

Example of table:

* allthree Number of
numbers correct protons

Number of Number of
neutrons electrons

26

30 24
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Mark

(b)

Answer Additional guidance
Example of calculation:
™ expreggj_gn to (54 x5.84) +(56x91.68)+(57x 217+ (58 x 0.31)
calculate relative 100
atomic mass (1)
s correct answer Relative atomic mass (= 55.911) =55.9
to3SF (1) TE on incorrect numbers in correct expression

Ignore units of g mol™! or g mol~
Do not award other incorrect units e.g. g or %

Correct answer with some working scores (2)

Q Answer

Additional guidance

Mark

(c)

e ionic equation (1)

e all state symbols (1)

Example of equation:
Mg(s) + Fel*(aq) — Fe(s) + Mg2*(aq)
Allow multiples

State symbols conditional on correct equation

Allow state symbols 1f equation includes correct

metals combined with ions with incorrect charges e.g.

3Mg(s) + 2Fe**(aq) — 2Fe(s) + 3Mg2(aq)
Or

2Mg(s) + Fel'(aq) — Fe(s) + 2Mg™(aq)
Allow state symbols for balanced non-ionic equation

Mg(s) + FeSOs — Fe(s) + MgSOas(aq)
or multiples
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Q | Answer Additional guidance Mark
(d) Example of calculation: 3
mass of oxygen = 25.00 - 6.98 - 6.03=11.99 (g)
¢ calculation of mass Fe s : 0
of oxygen mol  6.98 6.03 11.99
and (1) 55.8 32.1 16.0
working to find mol
¢ caleulation of mol (]) = 0.12509 : 0.18785: 0.7493§
of Fe, S and O Ignore SF except 1 SF in M2

¢ calculation of simplest
whole number ratio
and

deduction of
empirical formula

(1)

ratio 1 : :
= 2 : 3 12
and

empirical formula 1s FeaS3012
TE on mol Fe, S and O

Allow symbols in any order

Correct empirical formula with no working scores (3)

Penalise incorrect rounding / truncation of numbers

once only in M2 e.g. 0.12/0.18 / 0.74

Note

Allow (3) for correct working with Fea(SO4)s
but

Fea(S04)3 with no working scores (0)
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Q | Answer Additional guidance Mark
(e) Example of calculation: 5
e calculation of mol (1) mol FexO3 =2.00=0.012531/1.2531 x 1072
of iron(IIT) oxide 159.6
e calculation of mol mol SOz = 0.80 = 0.0124805 / 1.24805 x 1072
of sulfur dioxide 64.1
and (1) | and
mol of sulfur trioxide mol SO3=1.00=0.012484 /1.2484 x 1072
80.1
e calculation of mass
and mass of H20 =6.95 — (2.00 + 0.80 + 1.00)
mol of H20 (1) =3.15(2)
and
mol of H20 = 3.15 =0.175 (mol)
18
. Cﬂlcu].ati.'ﬂﬂ Of"\-"-ﬂluﬂ (1} Ratic- SDZ . 803 . HEO =1:1:14
of x There must be 2FeSO4 to produce SOz and S03
Sox=7
TE on M1, M2, and M3
This mark may be awarded in M5
 balanced equation (1) Example of cquation:

2FeS04.7TH20 — FeaOs3 + S02 + 803 + 14H20
Stand alone mark

Allow multiples
Allow fractions for numbers of moles
TE on value of x in M4 provided equation is balanced

Ignore state symbols even if incorrect

See next page for alternative methods
Alternative methods for M3 and M4:
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Q | Answer

Additional guidance

Mark

Method 1

mol FeSO4=2x1.2531x 1072=0.025062 (1)
M; of hydrate = 6.95 / 0.025062 = 277.305

and

mass of water = 265.34 — 151.9=125.405 (g)
and

mol water = 125.405/18 = 6.9669 =7 (1)

Method 2

mass of water =6.95 — (2.00 + 0.80 + 1.00) = 3.15 (g)
and

mass of FeS04=3.8(0) (g) (1)

FeS04 H:0
mol FeSQO4 and water 3.80 3.15
151.9 18
=0.025 0.175
simplest ratio 1 7(1)

(Total for Question = 13 marks)

Q3.

Question
number

Answer

Additional guidance

Mark

(a)(i)

+« two correct values

(1)

(6) |(53268) |473

7) |(64362) |481

2d.p.

Both numbers correct and must be to
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Question | Answer

number

Additional guidance

Mark

(a)(ii)

* axes correct way round
and
linear scale
points covering at least half
the grid horizontally

(1)

« both axes labelled (1)

« points plotted correctly (1)

Example of graph:

Allow

Labels:
Allow log(IE / kJ mol™)

Do not award log(IE) / kJ maol™

Points:
TE on values in table for 67
and 7" log(IE)

Allow +1 small square

Allow points joined by lines /
bar chart

Ignore lines drawn from x axis to each point

Do not award a best fit straight line

Do not award lines joined to the ongin

(3)

Question | Answer

number

Additional guidance

Mark

(a)iii)

following:

An answer that makes reference to the

Allow:

A (very) long y axis would be
needed

« the range of numbers / 1402 to 64362
is too large (to fit on a graph / axis)

ar

logarithms make it easier to plot the
numbers

The difference between the
ionisation energies is too large
So the numbers will fit on the graph

Allow logs give smaller (range of)
numbers

(1)
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Question
number

Answer Additional guidance Mark

(a)(iv)

An explanation that makes
reference to the following points:

« the (large) jump (between
ionisations 5 and 6) shows the start

of a new (quantum) shell (1) shells

shells

« there are two electrons that are
harder to remove and they are
closer to the nucleus (1)

« there are five electrons that are
easier to remove and they are
further from the nucleus {1}

Allow any answer relating the jump /
large increase to two (quantum)

Allow jump linked to 1s and 2s sub-

Do not award jump between incorrect
numbers

Allow there are two electrons in the
inner (quantum) shell

Allow there are five electrons in the
outer (quantum) shell / five valence
electrons

Penalise use of arbitals instead of (3)
shells once only

reference to the following points:

Oxygen
* oxygen (atom) loses a paired
electron (from a
2p orbital / 2p sub-shell)
or
electron is lost from a full {2p) orbital

(1)

Nitrogen
* nitrogen (atom) loses an
electron from a singly-
occupied arbital
or
loses an electron from a half-filled
subshell

(1)

Repulsion

» there is (more) repulsion between
paired electrons (than between
electrons in different orbitals so
less energy is required to remove
the electron in oxygen) (1)

orbital e.g. 3p once only

Ignore any reference to nuclear
charge / numbers of protons /
shielding / atomic radius

Allow M1 and M2 from diagrams
showing electrons in boxes

Allow oxygen has a pair of electrons in
a (2)p orbital

or

there is spin pairing in oxygen in a (2)p
orbital

Allow nitrogen has no paired
electrons in the (2)p sub-shell /

(2)p orbitals

or

nitrogen only has 1 electron in each
(2)p orbital / has 3 unpaired (2)p
electrons / has a half-filled (2)p sub-
shell / has half-filled (2)p orbitals

Do not award just ‘nitrogen has a half-
filled p orbital

Question Answer Additional guidance Mark
number
(a)(v) An explanation that makes Penalise mention of incorrect (3)
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Question
number

Answer

Additional guidance

Mark

(B)(i)

* dot-and-cross diagram

Example of dot-and-cross diagram:

AN

L R P
4 v

Allow overlapping circles Allow
all dots / all crosses

Allow dots and crosses in any
order in the triple bond

Allow the dots and crosses side-by-
side in the triple bond e.g.

Xo

X0

Xo

Allow the non-bonded electrons on
each N shown separately

Ignore inner shell electrons,
even if incorrect

Ignore lines as bonds e.g.

XXX

000

(1)

Question
number

Answer

Additional guidance

Mark

(b)(ii)

» calculation of moles of nitrogen

atoms

» calculation of number of nitrogen

atoms

Example of calculation:

mol N2=5.60=0.20
28
and
maol N atoms =020 x2 =040

or
.60 =0.40

1

TE on moles of nitrogen

Ignore SF except 15F

number of N atoms = 0.40 x .02 x 105
=2 408 x 107/ 2.41 x 10%/2.4 x 107

Correct answer with no working scores (2)

(2)
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conversion of volume
to m? (1)

s conversion of
temperature to K (1)

= rearrangement of
ideal gas equation

(1)

= evaluation to give n

(1)

volume of N2 = 108 = 1.08 x 1074 m?
1 x 106

temperature = 25 + 273

=208 Kn=pV
RT
or
n=136x109x 1.08 x 10~
8.31 x 298

TE on volume and temperature

n=>59312 x 1073/ 0.0059312 (mol)
Conditional on correctly rearranged

equation in M3 Ignore SF except 1SF

Correct answer with no working scores full
marks

Question | Answer Additional guidance Mark
number
(b)(iii) Example of calculation: (4)

Q4.
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Q Answer Additional guidance Mark
(a)(i) Example of graph: 2
&
o [N
Aot
ke s
[+ ™ 1
S L R Tm = 7 A e
Atcamic  Avmblr
* axes correct and | Allow y axis with 191 etc and label as pm or x 102 nm
labelled with Ignore symbols on x axis
atomic radius | Do not award M1 if x axis scale starts at 0
/nm and
atomic number
1)
* points The points for 81/ atomic number 14 and P / atomic number
plotted 15 do not need to be marked
correctly
1) Accept graph with or without line drawn
Comment
If atomic radius is plotted on the x axis, allow (1)
for correct graph
Q Answer Additional guidance Mark
(a)(ii) 1

¢ value in allowed range

Allow 0.112 to 0.118 (nm)
Allow walue written in table

Ignore any value given for phosphorus
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Q

Answer

Additional guidance

Mark

(a)(iii)

An explanation that makes reference to the following
points:
s (as the atomic number increases /
across the period) the
nuclear charge increases / the number of protons
(in the nucleus) increases 1)
Any two from:
o this is only partially offset by the increased electron
(-electron) repulsion as the number of electrons
in the (outer)shell increases (1)

» the clectrons are all the same (quantum)
shell / experience similar shielding (1)

® 50 there is an increase in attractive force between the
nucleus and (outer) electrons 1))

Allow effective
nuclear charge
increases

Allow the same

amount of shielding
Allow same number of
(occupied quantum) shells

Do not award electrons in
the same subshell / orbital
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Answer

Additional guidance

Mark

(b)

s giant for structure of
sodium chloride (1)

» metallic bonding for sodium

(1)

* ionic bonding for

sodium chloride (1)

s intermolecular (forces)
for chlorine (1)

e Na  and electrons /
cations and electrons
(particles in sodium) (1)

e Na" and Cl /cations and
anions (particles in

sodium chloride) (1)

Ignore metal

Ignore ion(s)
Ignore electrostatic attractions in M2 and M3

Ignore just sodium ions

and chloride 10ons

Penalise incorrect charge on
an ion once only e.g. Na2*

Allow giant ionic / (giant) lattice

Accept London / dispersion (forces)
Allow van der Waals® (forces)
Ignore weak (forces)

Allow positive 1ons and electrons
Allow sodium atoms / ions and electrons

Allow positive (sodium) ion and
negative (chloride / chlorine) 10n

Example of table:

Substance Sodmum Sodium chloride Chlorine
Melting -
mpassture °C (98) (801) (-101)
Type (giant) giant (simple
of structure molecular)
Type of bond or metallic lonic mtermolecular
force broken on forces
melting
Particles Na* and Na*and CI~ )
mnvolved electrons / /cations and (chlorine
cations and anions molecules)
electrons
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Answer

Additional guidance Mark

()(D)

s correct

dot-and-cross

diagram

-

€.g X

Example of dot-and-cross diagram: 1

5 - F O .

* LY © _

S T =l
x o ’*1_,.__

Allow any combination of dots and crosses, including
all dots or all crosses

Allow overlapping circles
Allow electrons in bonds along the axis of the bond
Ignore missing bracket and charge

Ignore lines representing covalent bonds

wo r
e
¥
2 et

E A S

e

o ~
% C.-L- “
~ k

Q Answer

Additional guidance Mark

(c)(ii)

Shape — (1)
tetrahedral

Justification— (1)
(four) bonding
pairs /pairs of

electrons (around P)

(electron pairs) (1)
arranged to

minimise repulsion

Stand alone

No TE on (c)(i) for shape

Allow the number of electron pairs shown 1n (c)(1)
Allow regions of electron density for electron pairs
Ignore reference to lone pair-lone pair / lone pair-

bond pair repulsion

Allow (electron pairs) arranged for maximum
separation / as far apart as possible

Ignore electron pairs repel equally

Penalise use of bonds for electron pairs once only in
M2 and M3

(Total for Question = 16 marks)
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Q5.

Questlon | Answer Additional guldance Mark
number
(a)n (2)
* 17 protons (1 Any reference to electrons scores (1) for an answer
that includes 17 protons and 18 neutrons
* 18 neutrons (1)
Questlon | Answer Additlonal guldance Mark
number
(a){ity e pm aa (1)
* (159)25°2p"3s°3p° Allow 2p,°2py°2p;” andfor 3p. 3py"3p;
Allow numbers of electrons written as subscripts or
large numbers
Ignore repeated 157
Questlon | Answer Additlonal guldance Mark
number
{a){1iny Example of calculation: (2)
* correctworking n + (= 35.4894)
100
or
(35 x 0.7553) + (37 x 0.2447) (= 35.4894)
* answer given to 2 dp (n 35.49
TE on working involving two different species
Correct answer to 2 dp with no working
scores (2}
35.50 with no working scores ()
Ignore units, even if incorrect
Questlon | Answer Additional guldance Mark
number
(b)Y Example of dot-and-cross diagram: (2)

* dot-and-cross diagram showing three pairs of electrons
between one Cl and three F atoms n

* restof diaggram correct conditional on M1 (1)

8
F'i
e,
g

¥ a
a

Allow overlapping circles
Allow all dots / &ll crosses

Allow 4 non-bonded electrons on Cl shown as:

2 lone pairs together or

2 lone pairs between any two of the bonded pairs
or

1 lone pair and 2 unpaired electrons or

3 electrons and 1 electron

Ignore inner shell electrons [ lines for bonds

Penalise a charged species in M2 only
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Questlon
number

Answer

Additional guldance

Mark

(b))

» there are 10 electrons / 5 pairs of electrons in the outer /
valence shell of chlorine

Allow there are more than 8 electrons in the outer
! valence shell of chlorine

Allow there are 3 bond pairs and 2 lone pairs (in
the outer shell of chlorine)

Allow chlorine has expanded its octet

Allow chlorine does not have a noble gas electronic
structure / does not have 8 electrons in the outer /
valence shell

Allow just ‘chlorine has 10 electrons’ / ‘more than 8
glectrons’

Ignore chlorine is the central atom
Ignore just ‘chlorine has 2 lone pairs’

Do not award incorrect numbers of electrons /
orbitals

(1

Question
number

Answer

Additlonal guldance

Mark

(bjhn)

* 5 peakatmiz=92
* gpeakatmiz =94

* peaks at 92 and 94 are in the ratio 3:1
approximately

(1
(1

1

Example of mass spectrum:

100
90
80
70
G0
50
40
30
20
10

Relative
abundance

ol
mir

Allow any 3:1 ratio for the peaks
eg 100:33, 30:10

lgnore any labels on the peaks

M3 is a stand alone mark for peaks at 92 and 94 only

(3)

Question
number

Answer

Additlonal guldance

Mark

(b){iv)

* conversion of temperature to K

* rearrangement of ldeal Gas Equation

+ evaluation to give volume

+ conversion of volume to cm®
and
answer given to 2 or 3 5F

m

(1)

(1}

m

Example of calculation:

temperature =60 + 273 =333 K

V=nAT
P

ar
V=0.0200 x 8.31 x 333
1.28x10°

V= 43238107 (m?)
TE on temperature

volume =4.3238 x 10 ¥ x 1 x 10¢
= (432.38)
=432/430/4.32x10°/ 43 x 10° (cm?)
TE on volume in M3

Penalise rounding to 15F once only in M1, M2 and M3

Correct answer with no working scores full marks

4
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Q6.

Question Correct Answers Additional Guidance Mark
Numbhber
(a)(i) Ba(g) — Ba’(g) + &7 Allow e(g) / 1 1
OR Do not award multiples
Ba(g) — 7 — Ba''(g) Allow 1ons shown as
Ba™(g) and Ba™(g)
Allow Ba™ /Ba™
Comment — allow lower
case “ba’" etc
Question Correct Answers Additional Guidance Mark
Number
(a)(i1) An answer that makes reference to the following: 1

* there 1s alarge increase (in iomisation
energy)

and

¢ between the 2™ and 3™ iomisations

Note — there must be
some indication of a
significant increase
Allow just there 1s a
jump

Allow “after 2 electrons
are removed’ / between
the 2™ and 3" electrons
Ignore comments
related to first ionisation
energy
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Question
Number

Acceptable Answers

Additional Guidance | Mark

(L)@

An answer that makes reference to one of the
followmng points:

¢ barium ion shown correctly

(1

¢ one chlonide 1on shown correctly and an
indication of two chlornde ions present

1)

example of dot-and-cross diagram

(5]

Allow barium ion with
no electrons shown
Allow lower case ‘ba’
Ignore any mnner shells
shown for Ba®*

If inner shells shown
for CI” they must be
correct

Allow all dots or all

CIOSEES

Ignore absence of
square brackets

Ignore any working

Do not award covalent
diagrams

Comment

If all charges are
omitted, we assume the
bonding 1s covalent so
SCOrEes ZEro

Question
Numbher

Acceptable Answers

Additional Guidance

Mark

(b)(ii)

¢ calculation of moles of barium chloride

D

¢ calculation of mass of barmum chloride
to2or35F (1)

Example of calculation

0200 = (150 = 1000) =
0.03 (mol)

Ignore units 1n M1 even 1f
incorrect

0.03 x208.3=06.249
=6.2/6.25(g)

Do not award 6.3

Ignore absence of umts but
if given must be correct in

M2

Correct answer with no
working scores 2 marks

Allow 003 x 208 =624/
6.2 for M2

Allow TE from M1 to M2

[ ]
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Question Acceptable Answers Additional Guidance Mark
Numher
(b)(iii) 2H™ + CO:~ — H0 + CO: Accept 2H:0® + CO:*~ — 1
3HO + COn
Allow H2COs3
Allow multiples
Ignore state symbols even 1f
incorrect
Do not award uncancelled chloride
10N5
Question Acceptable Answers Additional Guidance Mark
Numbher
(c) An answer that makes reference to the following 1
point:
* (the) ions are not free to move (and carry Do not award eler:tr‘ons
charge) / (the) ions are in a fixed position | 4re 0ot free to move
(so cannot carry charge) Do not award if any _
statement that BaCl; 1s
covalent
Q7.
Question Answer Additional Guidance Mark
Number
(@) (1)

the attraction between | Wword attraction.

delocalised electrons
delocalised electrons

Ignore just "ions’

e (metallic bonding is) | Can be shown as a labelled diagram including the

positive ions/cations | Allow electrostatic forces as an alternative to
and delocalised attraction
electrons Allow attraction between metal ions and

Allow attraction between (positive) nuclei and

Ignore free moving electrons/ sea of electrons
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silicon (S1) giant

structure

forces are broken
and when silicon

bonds are broken

simple molecular

(covalent/molecular)

when phosphorus
melts weak London

melts strong covalent

(1
Allow lattice mnstead of giant
Ignore macromolecular

Do not award giant metallic/ionic

(1
dipole-induced dipole/intermolecular forces

silicon.

(1)

Allow / dispersion /van der Waals forces/ mnstantaneous

Do not award 1f any mention of intermolecular forces for

Question Answer Additional Guidance Mark
Number
(a)(ii) | An explanation that makes (3)
reference to three of the
tollowing points
e M1 Mg has more Allow Mg loses two electrons and Na one to form
delocalised clectrons delocalised electrons
(1) Ignore free moving electrons
e M2 j\-[g3+ is Allow Mg 10n 1s smaller (than Na™)
smaller (than Na™) Allow Mg smaller ionic radius
(1) | Do not award atomic radius
o M3 Mg** has a higher | Allow Mg ion has a higher charge (than Na™)
charge (than Na—}h (1) Ignore the number of protons
Tust Mg”" “has a greater charge density” scores (1)
for M2 & M3
e M4 Greater attraction | Allow greater attraction between the delocalised
between the delocalised | clectrons and _Mg
electrons and the Mg?™ | Ignore attraction to the protons
ions/ Me*" muclei Ignore outer shell electrons
) (1)
Allow reverse argument for all points
Question Answer Additional Mark
Number Guidance
(b)(i) (1)
¢ (the electrostatic attraction between) the shared (pair of)
electrons and the (two) nucle1 (of the bonded atoms) Allow single
nucleus
Question Answer Additional Guidance Mark
Number
(b)(ii) | An explanation that makes (3)
reference to the following
points:
Allow (small) molecules/ P4/ just ‘molecular’/simple
* phosphorus (P) covalent
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to the following points:
¢ bond angle 104.5(%) (1)

» four pairs of electrons/
2 bonding pairs 1)
and 2 lone pairs
oecupy a position of
minimum repulsion

* (2)lone pairs repel more than

bonding pairs (so the angle
is reduced from 109.5 (%)) (1)

Allow 102-105 (actual answer 103%)

Allow just electron pairs occupying a position of
mimmum repulsion and do not penalise for an
mcorrect number of electron pairs if quoted.
Allow maximum separation

Ignore bonds/ areas of electron density/atoms

Ignore any reference to shapes e_g. angular,
V-shaped

Question Answer Additional Gudance Mark
Number
(c)(i) | An explanation that Example of dot-and-cross diagram (2)
makes reference to
the following points:
e dot-and-cross (1)
diagram showing
two shared paurs of
electrons between
S and Cls
e rest of diagram Allow all dots/all crosses/dots crosses the wrong way
correct (1) round
Allow the non-bonded pairs of electrons on S and C1
anywhere and allow non-bonding electrons unpaired.
Ignore mner shells
Charged species/ions scores 0
Question Answer Additional Gmidance Mark
Number
(c)(ii) | An answer that makes reference (3

Q8.



https://stemup.co.uk

= one shared pair

of electrons

* six non-bonding

(1)

electrons on both (1)

atoms in the
molecule

POaCN

Accept shared electrons on circles between the atoms
Accept omission of circles or chemical symbols

Allow any symbols for the electrons or elements (even if
incorrect)

Allow non-bonding electrons to be unpaired

Allow horizontal sharing of bond pair

lgnore horizontal line representing the bond

Question | Answer Additional guidance Mark
number
(a) An answer that 1
makes reference to
 (atoms with the) Accept
same atomic proton number for atomic number
number and or
diﬁe';—'”t mass same number of protons but different
numbers numbers of neutrons
Allow
bromine-79 has 35 protons & 44
neutrons
and
bromine-81 has 35 protons & 46
neutrons
Allow “an atom"” or “element”
Do not award molecule
Ignore same number of electrons
Question | Answer Additional guidance Mark
number
(b) An answer that 2
makes reference to:
. . Protons | Neutrons | Electrons
« all subatomic particles (1)
correct for bromine-79 35 44 35
» all subatomic particles (1) 35 46 35
correct for bromine-81
Any four correct scores
Question| Answer Additional guidance Mark
number
(c)(i) | A diagram showing: Example of diagram: 2
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Question | Answer Additional guidance Mark
number
(e)(ii) An answer that Both marks may be scored with a correct 2
makes reference to: equation and any indication the
bombarding electrons are high energy
(a beam of) high (1)
energy electrons Allow *high speed electrons'
striking the Allow electron gun
(gaseous) bromine Allow “fast moving"
(molecule) Allow bromine atoms
equation for the (1) Br: + e Bry¥ + 2eb
formation of the Allow
molecular ion Bro»Bry” + e
Br2 - e Brs"
Allow ¥'Br¥'Br (etc) instead of Br. on
either side of the equation
Ignore state symbols even if incorrect
Do not award Br, — 2Br™ + 2eH or
%Br> — Br’ + e
Question | Answer Additional guidance Mark
number
(c)(iii) | An answer on Example of grid: 2
the grid showing: 100 -
a0 -
B
o
50
0
201
201
10
Dl:o 157 158 159 160 161 162 163 164

» three peaks: at

mfz =158,
mifz =160 and
miz=162

» peak heightsin
the ratio 1:2:1

(1)

(1)

(for 158: 160: 162)

miz
Allow bars or “X" at the top of any lines
Allow bars shown around the m/z values
Do not award if a line is drawn from peak to peak
Do not award if more than three peaks

Allow any abundance values

Mo TE on incorrect m/z values
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Question | Answer Additional guidance Mark
number
(d) Example of calculation: 3
weighted mean (n A= 22 55'3812081 a3.e2
mass expression
evaluation of relative (1) =79.87
atomic mass for Br
calculation of relative (1) 2x79.87=159.74=159.74
molecular mass for
Brz corrected to 2 d.p. Allow TE to M2 for values between 79 and
81
Allow TE for M3 of double M2 value
Ignore units even if incorrect
Penalise rounding errors once only
Correct answer to 2 d.p. scores (3)
A final answer of 79.9 or 79.872 only
scores 1 mark
Q9.
Question | Answer Additional guidance Mark
number
s [Ar]3d"™4s4p® Allow 4s°3d"4p” 1
lgnore 1s*2s%2p®3s3p*® for
(Ar) written out but do not
allow incorrect electronic
configuration for Ar
Question | Answer Additional guidance | Mark
number
(b)(i) 1 mark for each row 2
correct
Species | Protons | Neutrons | Electrons
Br 35 44 35 (1)
“Br- 35 46 36 (1
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Question | Answer

Additional guidance | Mark

number
(b)(ii) 2
100
L]
a0
To
Relative 50
5 I
abundance ag
30
20
10 ¢
O N7 s 1ss 1s0 te1 162 1es
« lines at 158 and 160 and 162 {]}
» relative abundances 50:100:30 (1) | Allow relative
abundances in any
ratio 1:2:1,
e.g. 29:50:25
Question | Answer Additional guidance Mark
number
(b)(iii) Example of calculation: 2
+ calculation of amount (1) | Amount of Br,= 2.00 =0.0125 (mol)
(mol) of Br, 160
o calculation of molecules of (1) | Molecules of Br, = 0.0125 = 6.02 x 10®

Br,

= 7.525 = 10
or

Amount of Br, = 2.00 =0.012516 (mol)
(2=79.9)

Molecules of Br, = 0.012516 = 6.02 = 107
= 7.5344 = 107

TE on amount Br,

Correct answer with no working scores both
marks

lgnore SF except 1 5F
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Question | Answer Additional guidance Mark
number
(c) Example of calculation: 4
» conversion of volume to m? (1) | Volume of bromine = 200 = 2.00 = 10~* m’
1= 10°
« conversion of temperature (1) | 77+273 = 350
to K
 rearrangement of (1) | 1.51 % 10° x 2.00 = 107* = n = 8.31 = 350
expression TE on volume bromine
« evaluation to give n (1) | n=1.51x10° x 2.00 = 10~*
8.31 =350
n=1.03834 x 107"
lgnore SF except 15F
Correct answer with no working scores full
marks
Q10.

Question | Correct Answer
Number

Mark

orbital is occupied

The only correct answer is D (9)

A is incorrect because it is the number of occupied quantum shells

B is incorrect because it is the number of occupied subshells

C'is incorrect because the electrons in the 3p subshell have been paired before each

Q11.
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Question Answer Additional Mark
Number Guidance
(a) An answer that makes reference (2)
to the following points
e Cu ([Ar]) 3d%° 45! (1) |ALLOW 4s!34d10
e Cu™” ([Ar]) 3d° (1) | ALLOW 4s"3d°
Ignore 1s% 2s% 2p® 357 3p°
in both cases
Question Answer Additional Mark
Number Guidance
(b)(i) (2)
Isotope | Protons | Neutrons | Electrons One mark for each
Scu 29 34 20 |(1) | correct row
“Cu 29 36 20 |

Four or five correct
scores one mark
Ignore working

Question Answer Additional Guidance Mark

Number

(b)(ii) | An answer that (2)

makes reference

to the following
points:

e (atoms/elements

that have)
same number of

pl‘DTOIlE same proton

number/ quoted same

number of protons
evenif wrong (1)

o (but) different
numbers of

neutrons/neutron

number (1)

Ignore any reference to electrons
but do not award if
different to the number of protons

Ignore if they state the wrong number of neutrons
in the 2 1sotopes.

If they fail to mention numbers of
protons and neutrons

‘same atomic number but different mass
number’ scores (1)

Do not award atomic mass for mass number
Do not award molecules but penalise once only
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Question Answer Additional Guidance Mark
Number
(b) i) )
¢ (isotopes have) Allow same electron arrangement/electron(ic)
the same structure
clectronic Allow the same number of electrons
configuration Ignore the same number of protons
) Ignore the same number of electrons in the
outer shell/same number of valence electrons
Ignore same period/same group
Ignore any given electronic
configurations/number of electrons even if
wrong
Ignore any reference to neutrons
Question Answer Additional Guidance Mark
Number
(b)(iv) | An explanation that makes reference Example of calculation (2)
to the following points:
e expression relating isotopic 63.4=(1-X) x 65) + (X x 63)

masses 4r and X (1) 1

63.4=065-65X+ 063X

63.4=065-2X
—1.6=-23
e abundance of (Cu) 63 = X/63=08
0.8 or 80% (1)
abundance of (Cu) 65 = OR
0.2 or 20%
= —2 W —+ 3 5
Alternative method 63.4=(1-X) 165} (X x 65)
03-634=1.6 63.4=63 — 63X + 65X
63.4-63=04 (1) 634=63 + X
0.4=2X

04/2.0 = 100=20% 065

1.6/2.0 = 100=280% 63 (1) X/ 65=0.2
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OR

63.4=(100—X) = 65) + (X = 63)
100

6340 = 6500 — 65X + 63X
6340 = 6500 - 2X

—160 =-12X

X /063 =280%

OR

63.4 = (100 —X) x 63) + (X x 65)
100

6340 = 6300 — 63X + 65X
6340 = 0300 + 2X
40=2X

X /65 =20%

Correct answer with or without
working scores (2)

Question Answer Additional Guidance Mark
Number
() (1)
s acorrect CuCO:; + H2S804 » CuS0Oy + COr + H20
balanced or i
equation CuCO; + 2H" — Cu~ + CO» + H:O

Allow multiples
Ignore state symbols even if incorrect
Do not award H2CO; as a product
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Question Answer Additional Guidance Mark
Number
(c)(ii) Example of calculation 4)
M1moles of sulfuric | 50 * 1.00 + 1000 = 0.05 (mol) / 5 = 107 % (mol)
acid (1)
M2 maximum 0.05 (mol) = 249.6=12.48 (g)
mass of
copper(I) sulfate (1)| Allow TE on M1
M3 percentage yield | 100 > 10.87 ~ 12.48 = 87.099
calculation (1)
Allow TE on M2 unless over 100%
e M4 answerto 2 87(%) / 87.1(%0)
or 3 SF (1) _
Alternative method
e Milmoles of sulfuric | 30 * 1.00 +~ 1000 = 0.05 (mol) / 5 ~ 1072 (mol)
acid (1) s
e M2 moles of copper | 10-87 (2)/ 249.6 (2) = 0.04355 (mol) /4.355 = 1077
sulfate (1) (mol)
55 -2 -2=g7
e M3 percentage (1) 100 % 4,355 =107/ 5 = 10 87.099
yield calculation Allow TE on M1 and M2 unless over 100%
o M4 answerto 2 or s e
P @ |37C4)/87.1(%)
Correct answer M4 dependent on a sensible calculation that
with some involves either a mass or moles that has been
working scores (4) calculated.
Ignore incorrect rounding by truncating
mtermediate figures eg 0.435 (mol)
Q12.
Question Answer Mark
Number
The only correct answer is D (number of neutrons ) (1)

A is not correct because one atom would be in an excited state
B is not correct because one would be an ion
C is not correct because these would be different elements
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Q13.

Q14.

Q15.

Ql6.

Question Answer Mark
MNumber
The only correct answer is A (15° 2s* 2p® 3s? 3p?) (§h)]
B is not correct because the wrong electron has been removed
C is not correct because this is the electronic structure of the atom
D s not correct because this is the electronic configuration of a 5c° ion
Question | Answer Mark
number
The only correct answer is C (Ti¥) (1)
A is incorrect because K* has the electronic structure shown
B is incorrect because Ca®* has the electronic structure shown
D isincorrect because S5ci* has the electronic structure shown
Question | Answer Mark
number
(1)

The only eorrect answer is D (1s® 25° 2p®)

A is incorrect because this would be for losing three electrons
B  isincorrect because this would be for the nitrogen atom

C  isincorrect because this would be for gaining one electron
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number

Question | Answer

Mark

The only correct answer is C

i e o s
1s

25

.

A is not correct because the paired 1s and 2s electrons have parallel spin
B is not correct because the paired electrons have parallel spin and the 2p
electrons do not have parallel spin

D is not correct because the unpaired 2p electrons do not have parallel spin

Q17.

Question
number

Answer

Mark

N

T

Q18.

Question
Number

Answer

Additional Guidance

Mark

(a)

. 257

s 257 2p® 35%3pfas?

(1

(1)

lgnore extra 1s*for both Be and Ca

Accept p,” p,” p.- for p®

(2)
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Question Answer Additional Guidance Mark
Number
(b) Answer that shows ..... Example of correct dot-and-cross (2)

+ 2 single covalent bonds

+ B non-bonding electrons
shown on chlorine

(m

m

diagram:

S B> ) -

e

Allow non-bonding electrons unpaired
Allow all dots or all crosses

Allow shared electrons on the axis of
the bond
If Ca in place of Be Max 1

Ignore line showing covalent bond
lgnore overlapping circles

lonic bond scores 0 overall

Reject incorrect total number of
electrons for M2

[

Question Answer Additional Guidance Mark
Number
(c) + alinefcovalent bond is when lgnore references to attraction (2)
electron(s) come from (1) | between bonding pair and nucleus.
both/each atomis)
+ arrow / dative covalent/ co- Do not award any statement stating
ordinate bond which is (a (1) | that the donation comes from
lone pair of) electrons Beryllium
donated from chlarine/ (only)
one atom
Question Answer Additional Guidance Mark
Number
(d) (4)

+ bond angle in BeCla(g)linearis (1)

180°

+ bondangle in
BeClz(s)/polymeric is 109.5°

+ electron pairs/bonds repel
each other to minimise
repulsion

+ 4 electron pairs/bonds in solid
or 2 bonding pairs/2 bonds
(no lone pairs) in gas

(m

(m

(1)

Ignore references to shape

ALLOW any bond angle between
110% and 95°.

[98° actual value]

Ignore references to shape

Allow to a maximum separation
Do not award repulsion between
atoms/elements or between lone
pairs

Ignore references to |p-lp/lp-bp
repulsion
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Question Answer Additional Guidance Mark
Number
(e) Example of correct dot-and-cross (2)
+ correct charges shown (1) | diagram
and two chloride ions
(1) i L
+ electronic configuration | Ko
of all ions | - U Ca s LA .
- *
Accept Ca with 8 electrons
Allow all dots or all crosses aor any
combination
Ignore inner electron shells
Question Answer Additional Guidance Mark
Number
(f) ¢ Beryllium is smaller /has (3)
fewer electron shells/
has a higher charge
density (than calcium)
OR (1
beryllium is more
electronegative (than
calcium) Allow beryllium is more polarising than
calcium
» Beryllium ion/ Be™is
more polarising (than
calcium fion Ca™)
OR
calcium loses (outer)
electrons (1
more easily (than
beryllium)
OR
difference in Accept bonding in beryllium chloride is
electronegativity (1) | (more) covalent/ bonding in calcium
between calcium and chloride is (more) ionic.
chlorine is greater (than M3 is dependent on either M1 or M2
between beryllium and being scored
chlorine) Allow reverse arguments throughout
+ beryllium-chlorine bond
has a higher degree of
covalency (than calcium-
chlorine bond)
Q19.
Question | Answer Mark
number
B 2 electrons in a 2p orbital, 18 electrons in the third quantum shell 1
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Q20.

Q21.

Q22.

Q23.

Questlon

Answer

Mark
number
The only correct answer Is C {iron) (M
A isincarrect because argan is in the p-biock
B isincarrect because chiorine is in the p-block
D s incorrect becouse sodium is in the s-block
Question | Answer Mark
Number
The only correct answer is B (A*(g) — A% (g) + e7) (1)
A s not correct because this shows the first plus the second (onisation
C is not correct because this shows the third ionisation
D is not correct because this shows the third plus the fourth ionisation
Question | Answer Mark
number
The only correct answer is D (l(g) — I"(g) + e7) 1

A is not correct because the iodine is molecular and in the solid state and
forms 2 mol of ions

B is not correct because the iodine is molecular and forms 2 mol of ions

C is not correct because the iodine is molecular and in the solid state
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Question Answer Mark
Number
The only correct answer is B (28.2) (1)
A is not correct because 25.0 s the mode of these values
C is not correct because the relative abundance at 28 has not been properly taken
into account
D is not correct because 29.0 (s the median of these values
Q24.
Question | Correct Answer Mark
Number
(a) The only correct answer is B (element V) 1
A is incorrect because in element U each p orbital contains a single electron
C is incorrect because in element W two p orbitals contain electron pairs
D is incorrect because in element X three p orbitals contain electron pairs
Question | Correct Answer Mark
Numbher
(b) The only correct answer is B (element X) 1
A 15 incorrect because element S is in Group 3
C is incorrect because element ¥ is in Group 1
D is incorrect because element Z is in Group 2
Question | Correct Answer Mark
Number
(c) The only correct answer is D (element Y) 1
A is incorrect because in element S the second electron is not removed from an
inner shell
B is incorrect because in element T the second electron is not removed from an
inner shell
C is incorrect because in element X the second electron is not removed from an
inner shell

Q25.
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Question Acceptable Answers Additional Guidance Mark
Numher
(a) An explanation that makes reference to the 2
following points:
* atoms (of the same element) with the

same number of protons / atoms with

same atomic number / atoms with

same proton number NOTE answers with no

oY)

o with a different number of neutrons /
neutron number / mass number

0y

reference to atoms can
score 1 max for correct
statements about the
number of protons and
neutrons or atomic number
and mass number

e g ‘elements with same
number of protons but
different number of
neutrons’ scores 1 mark

e.g. “isotopes have the same
atomic number and
different mass number’
scores | mark

Ignore references to same
number of electrons

Ignore references to relative
atomic mass

before 347

superscripts

Allow 4s” immediately

Allow ipxjip};szE
Allow numbers of
electrons not shown as

Allow upper case letters
for ‘S, 'P" and "I

Question | Acceptable Answers| Additional Guidance Mark
Number
(b) Example of calculation 2
* numerator of (T0=200)+(T2=27TH)+ (T3 =T N+({74 =367+ ({76 = 7.6)
weighted mean
expression (1)
e calculationof |(70x208)+ (72 =274+ (73 =7+ (74=36.7)+(76 = 7.6)
relative atomic 100
mass (1) =T72703 /72707727
TE on one transcription error
Final answer must be to at least 1 decunal place
Correct answer with no working scores 2
Ignore units
Question Acceptable Answers Additional Guidance Mark
Number
(© o 1522522p53523p83d104574 7 Allow [Ar] 3d"%4s4p’ 1



https://stemup.co.uk

Question Acceptable Answers Additional Guidance Mark
Numbher
(d)(1) Example of calculation 2
calculation of ¥ M; (all reactants) 46+72.6 +48+23+10 8+4+18 =
{ ¥ M; (all products) (1) 2224
/72 .6+4+80+23+10.8+32)=2224
(76.6 =222 4) =« 100 = 34 442%
Allow TE in M2 from M1 provided
calculation of atom economy as | atom economy 1s less than 100%
a percentage (1) Allow use of Ar=72.7 for Ge
calculated in (b) which gives the
answer 34.472%
Ignore SF except 1 SF
Question Acceptable Answers Additional Guidance Mark
Number
(d) (ii) An explanation that makes reference to 2
the following points:
* 3 bond pairs between Ge atom
and three H atoms (1)
* lone pair on Ge atom (and
charge on 10n) (1)
Allow any combination of tsalnd /or
CTOSSES
Ignore missing charge on ion
Ignore lines showing covalent bonds
Question Acceptable Answers Additional Guidance Mark
Number
(d)(1i1) An answer that makes reference to the 2
following ponts:
* trigonal pyramid(al) Allow pyramidal
1)
e angle between 106 and 108° Comment — the correct shape
(1) and angle are standalone
marks. However allow
trigonal planar and 120°
for 2 marks 1f (d)(11)
shows only 3 bond pairs.

STEMUP.CO.UK
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Question

Acceptable Answers Additional Guidance Mark
Numher
(d)(1v) Example of calculation 4
::alculariqn ofmaxjmmp mass of 0.640 » 231 = 14784 (mg)
germane in laboratory in
mg
(1)
conversion of mass frommg to g 14784 =1000=0.14784 (g)
(1) Allow TE from M1 to M2
calculation of moles of germane =0.14784 =+ 76.6 = 1.9300 x
1) 10~ (mol)
Allow TE from M2 to M3
calculation of maximum number of 1.9300 = 107 x 6.02 = 107
germane molecules in =1.1619 = 10! (molecules)
laboratory
(1)
NOTE - do not award M1 and M2 if there 1s Allow TE from M3 to M4
evidence that candidates believe the values Allow use of 76.7 for 76.6
147 84 / 0.14784 are moles. Such answers are | giving
likely to only be able to access M4 1.1604 = 10%
Correct answer with no
working scores 4 marks
Ignore SF except 1 SF
Question | Acceptahle Answers Additional Guidance Mark
Number
(e)(®) 1
¢ calculation of moles (335.5 = 24000)
of carbon dioxide =0.013979 / 1.3979 = 10~ (mol)
Ignore SF except 1 SF
Question | Acceptable Answers Additional Guidance Mark
Number
(e)(i1) 1
* answerto (1) x 2 (0.013979 = 2)
=0.027958 / 2.7958 = 107 (mol)
Ignore SF except 1 SF
Allow TE from (1)
Question Acceptable Answers Additional Guidance Mark
Number
(e)(iii) 1

¢ answer to (1) +4

(0.027958 = 4)
=0.0069896 /6.9896 =
10~ (mol)

Ignore SF except 1 SF
Allow TE from (11)
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Question Acceptable Answers Additional Guidance Mark
Number
(e)(iv) 2
* 150+ (answer to (m1)) 1.50 = 69897 x 107 =
(1) 214.6 (g mol™)
¢ identification of X 214.6-72.6=142.01
(1) 14201 =4=35501 ;50X
=Cl1
Allow TE from (111) Must be
some correct working to
score M2
Q26.
Question ... )
Answer Additional guidance Mark
Number
(a) A completed table | Mark all points independently 3

showing:

s correct number of
bond pairs and
lone pairs (1)

» correct Cl-N-Cl
bond angle (1)

e correct name
of shape (1)

Mumber of bond pairs around N atom 3
Mumber of lone pairs around M atom 1
107"

CHM-Cl bond angle

Allow 106" — 108

Mame of shape of molecule

(Trigonal) pyramidal

Allow pyramid
lgnore tetrahedral
Do not award
bipyramidal
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Question Answer Additional guidance Mark
Number
(b)(i) An explanation that makes Mark M1 and M2 independently 2
reference to the Ignore reference to solid/liquid
following points:
e strongler) (electrostatic) Allow strong ionic bonds / strong ionic lattice
) Allow strong attraction between positive and
attraction between .
. . negative charges
fons (in PClz) (1) Allow strong attraction between cations and
anions / PCl:" and PCle
lgnore just PCls is (giant) ionic
Do not award reference to PCls molecules/
intermolecular forces
Do not award reference to breaking of covalent
bonds
* (than)weak Accept just London/van der Waals/dispersion/
intermolecular forces temporary-induced dipole/instantaneous-
(in SbCls) (1) induced dipole forces
Ignore just SbCls is (simple) molecular
Do not award reference to breaking of
covalent/ionic bonds
lonic bonding is stronger than intermolecular
forces scores (2)
Question - -
Answer Additional guidance Mark
Number
(b)(ii) Dot-and-cross diagram Mark M1 and M2 independently 2

showing the following:

» central Sb with five
bond pairs and
no lone pairs (1)

« five Cl atoms each
with one bond pair

and three lone pairs
(n

Example of dot-and-cross diagram:

KA
+_ e Sb+' =
CL o= T CL

+ o x F
xCl3
XX

TE on M1 for three or four Cl atoms

dots

Allow circles to indicate outer shells
Ignore inner shells

Allow any combination of crosses and

Ignore lines showing the covalent bonds
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Question

Number Answer

Additional guidance

Mark

(e)i)
= suitable
description
of a dative
covalent bond

For credit to be awarded, it must be clear that:
i) a pair of / two electrons are involved

i) these electrons are shared/bonding
iii) these electrons come from the same atom

eg shared electrons in which both electrons come from the same
atom

eg lone pair/full orbital from one atom overlaps with empty
orbital of another

Allow element for atom

Allow just both electrons in the bond come from the same
element

Allow one element donates/gives/shares both electrons to the
bond

Allow one atom shares both electrons

Do not award just one atom donates/gives both electrons (or any
reference to ions being formed)
Do not award ion/molecule/species for atom

Question

Number Answer

Additional guidance

(c)(ii)

s two correct
dative covalent Cl...., e Cl— el

bonds shown Cl" ‘ :""‘Cl"'" | ~(
as arrows cl cl

Marld

Cl Cl

lgnore lone pairs shown en Cl

Do not award dative bonds from any other Cl atoms
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uestion e .
R Answer Additional guidance Mark
Number
(d) An answer that makes Accept reverse arguments 1
reference to one
of the following
points:
Allow no d orbitals as only two (quantum) shells
« no 2d orbitals Allow no d orbitals (accessible)
or Allow (nitrogen) cannot have more than eight electrons
i | ‘ in its outer shell
(ni mgj’j canno lgnore just cannot expand its outer/valence shell
expand its octet lgnore just nitrogen obeys the octet rule
or
 (nitrogen is) too lgnore just (nitrogen has a) very small/smallest atomic
small (to bond radius
to 5 atoms) lgnore Cl atoms too large
lgnore nitrogen has fewest/only two shells
or
* repulsion between
electron pairs lgnore just repulsion between electron pairs
would be too lgnore repulsion between Cl atoms
great lgnore not enough room for 5 electron pairs
Q27.
Q Answer Mark

The only correct answer is B

(C)

is incorrect because AP~ has electronic configuration 15°25°2p®

C is incorrect because N°~ has electronic configuration 1s°2s?2p®

D is incorrect because Na* has electronic configuration 1s2s°2p®

Q28.
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Question Answer Mark
number
The only correct answeris D (1000) ()
A s incorrect because this is less than the first ionisation energy of sodium and
phosphorus has 4 more protons
B isincorrect because this is less than the first ionisation energy of aluminium
and phosphorus has 2 more protons
C isincorrect because this is less than the first ionisation energy of silicon and
phosphorus has 1 more proton
Q209.
Question| Answer Mark
number
(1)
The only correct answer is D [ ml/ T\L T 1
A s incorrect because the 1s and 2s electrons should be paired
B is incorrect because the 2s electrons should be paired
€ s incorrect because the 2p electrons should not be paired
Q30.
Question Answer Mark
number
The only correct answer is B (Group 3) )

after the second

A s incorrect because the biggest jump is after the third ionisation energy naot

C isincorrect because the biggest jump is not after the fourth ionisation energy

D s incorrect because the biggest jump is not after the fifth ionisation energy

Q31.
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Question Answer Mark
number

The only correct answeris D (3p subshell &, third quantum shell 18) (1)

A isincorrect because 2 is the number of electrons in a 3p orbital and the 3d
electrons have been omitted from the third quantum shell

B isincorrect because 2 is the number of electrons in a 3p orbital

C s incorrect because the 3d elecfrons have been omitted from the third
guantum shell

Q32.
Question | Answer Mark
number
The only correct answer is B (8 neutrons and 10 electrons) (1)
A s incorrect because in a negative ion the number of electrons should be more
than the number of protons
C s incorrect because the numbers of neutrons and electrons are incorrect
D s incorrect because oxygen has 8 neutrons and hydrogen has 0
Q33.
Question | Answer Mark
number
The only correct answer is B (28.2) (1)

A isincorrect because this is the mass number of the most abundant isofope

C s incorrect because this is the average of the mass numbers without
considering their abundances

D s incorrect because the percentages have been mixed up

Q34.
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Question | Answer Mark
number
(a) The only correct answer is C (63.6) (1)
A isincorrect as this is the answer when the abundance of the single
charge peaks are used but are divided by 100
B isincorrect because this is the average of the mass of all the ions with
the abundancies not considered
D is incorrect because this is the Ar when the mass of the two single charge
peaks are averaged with the abundancies not considered
Question | Answer Mark
number
(b) The only correct answer is C (%Cu®) (1)
A isincorrect because sulphur would not produce the rest of the peaks
B isincorrect because this is the peak at 31.5
D isincorrect because this would give a peak at 32.7
Q35.
Q Answer Mark
The only correct answer is B (Mg'(g) — Mg(g) + ) 1
A is incorrect because this represents the first and second ionisations
C  is incorrect because this represents the first and second ionisations
and the state symbols are incorrect
D is incorrect because the state symbols are incorrect
Q36.
Question | Answer Additional guidance Mark
number
(a) Examples of equation: 2
» correct species in equation (1) | M(g) > H*(g) + e
or
» correct state symbols (1) | N(g) - e — N¥(g)
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Question | Answer Additional guidance Mark
number
(b) An explanation that makes reference to the 4
following points:
(1) | Allow increase in effective
« general increase across a period/atomic nuclear charge
numbers 3-10 due to increase in nuclear
charge
» the (outer) electrons are added to the (1)
same quantum shell or the shielding is the
same.
Irregularities:
« atom with atomic number 5 has lower IE l:“l:l Accept reverse arguments
than atom with atomic number 4 as the Accept names for atomic
(2)p electron is better shielded than the numbers
{2)s electron (so requires less energy to be
removed)
+ atom with atomic number 8 has lower |E (1) | Allow the 2p sub-shell is
than atom with atomic number 7 as there further from the nucleus
is repulsion between the pair of electrons than the 2s orbital
in the 2(p) orbital (so less energy is Allow a half-filled p sub
required to remove one of them). shell is more stable
Question | Answer Additional guidance Mark
number
(c) An explanation that makes reference to the 2
following points:
» (decrease down a group due to) (there is (1
an increase in nuclear charge from 3 to 11
but this is offset by) the outer electron is
in a higher quantum shell/higher energy
level
= therefore further from the nucleus/better (1)
shielded.
Q37.
Question Answer Additional Guidance Mark
Number
(a)(@) (1)

e Li(g) »Li(g)+e®

Both species and states must be correct

Allow

Li(g) —e® » Li(g)

Ignore state symbol on e~
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Question Answer Additional Mark
Number Guidance
(a)(ii) | An explanation that makes reference (2)

to the followmg points:

* (on moving across the period) there 1s an increase m the
number of protons/atomic number/nuclear charge

® (The electrons are in the same shell so there 1s a) greater

Allow effective
nuclear charge

Allow smaller
atomic radius

(1)

Allow same/

reference to the

followmg pomnts:

Oxygen (even though 1t has
one more proton)

* M1 the electron 1s
bemg removed from
a (2)p orbital

that 1s paired / full (1)

e M2 less energy 15 needed
to remove a paired
electron / there 15
repulsion between the
paired electrons

1)

OR

Nitrogen (even though it has
one fewer proton)

e M1 the electron 15 being
removed from a (2)
p orbital that 1s

unpaired

(I

* M2 more energy

1s needed to
Temove a

unpaired electron

(1)

attraction between the nucleus and electron(s) (1) | similar shielding
Allow attraction
between protons
and electrons
Question Answer Additional Guidance Mark|
Number
(a)(iii) | An explanation that makes (2)

Allow the electron 15 being removed from the pair of
electrons 1n the (2)p sub-shell

Allow the p orbital contains two electrons
Do not award p shell
Do not award 3p

Allow there is spin-pair repulsion

Allow easier to remove a paired electron

Allow there is repulsion between the electrons if pairing
or 2 electrons of full orbital 15 mentioned in M1

Allow the electron 1s being removed from a half-filled
(2)p sub-shell

Allow the electron 15 being removed from a (2)p orbital
that only contains one electron.

Do not award p shell

Do not award 3p

Allow more energy 1s required to remove this electron if
unpaired 1s mentioned in M1

Allow this arrangement is stable, so more energy is
needed to remove the electron

M1 can be scored with a diagram

Ignore reference to shielding/lone pairs
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Question Answer Additional Guidance Mark
Number
(b) (2)
An answer that makes reference to two of the
following points:
o M1 (General increase because there is the same
positive charge) but fewer electrons/ less
repulsion between elections/ electrons getting
closer to the nucleus/ 1on becoming mcreasingly
more posifive/increase i effective nuclear
charge (1)
o M2 there is a big jump between 56 jonisation | Allow there is a big jump
energies as the 6™ electron is removed from a between 56 ionisation
new shell/ quantum shell/ energy level (closer to | energies as nitrogen has 5
the nucleus) (1) | electrons in its outer shell
Ignore 1t 1s 11 group 5
Allow there is a big
Jump between
5% 6™ jonisation
o 0w energies as the mner
o M3 there 1s a jump between 3™ - 4™ 1omsation electrons have no shielding
energies as the 4% electron is removed from a
new sub shell/2s (closer to the nuclens) (1)
Q38.
Question | Answer Mark
number
The only correct answer Is D (shielding of the outer electron from the nuclear charge) 1
A s incarrect becouse the force of attraction between the nucleus and outer electron decreases
B isincarrect because neutrons do nat affect ionisation energy
L isincorrect because if this were the only reason, the lonisation energies would increase
Q39.
Questlon | Answer Marlk
number
The only correct answer s C (AF(g) — AF(g) + €7) (n

lost ot a time

D is incarrect becouse the state symbols are incorrect

A isincarrect because Jonisation energies are successive so anly one electron is lost at o time

B is incarrect because the state symbols are incorrect and ianisation energies are successive so only  one electron is
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Q1.

The first three ionisation energies of carbon are shown.

1st 2nd 3rd
lonisation energy / kJ mol™ 1086 2353 4621

Which is the approximate fourth ionisation energy, in kJ mol™!, of carbon?

0 A 3500
L1 B 6200
[J € 11000
0 D 38000
(Total for question = 1 mark)
Q2.

Aluminium is an abundant metal with many uses.

(@) The first four ionisation energies of aluminium are shown.

lonisation number Energy/kJmol™
1 578
2 1820
3 2750
4 11600

Explain how this information shows that aluminium is in Group 3 of the Periodic Table.
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(b) The graph shows the first ionisation energies for the elements in Period 3.
1600
1200

lonisation energy ]
/K mol” 800

400

0 T T T T T T T T
Na Mg Al Si P S Cl Ar

Element

(i) Explain the general increase in the first ionisation energy from sodium to argon.

(ii) Explain why the first ionisation energy of aluminium is less than the first ionisation energy of
magnesium.
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(ii) Give two possible reasons why aluminium is used for overhead power cables.

(d) New uses for waste aluminium cans are being investigated. One possible use is to make
nanoparticle alloys to produce hydrogen for fuel.

(i) Aluminium nanoparticles react with water to produce aluminium oxide and hydrogen.

Complete the following equation. State symbols are not required.

(ii) Give two possible reasons for producing hydrogen from aluminium rather than from fossil
fuels.

(Total for question = 13 marks)

Q3.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer

with a cross X.

The numbers of subatomic particles present in four species W, X, Y and Z are given in the table.
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Number of Mumber of

Species Number of protons neutrons electrons
w 19 20 18
X 19 20 19
Y 20 20 18
7 20 22 20

Which of these species are isotopic?
[0 A WandX
[l B WandY
[l € XandZz

0 D YandZz

(Total for question = 1 mark)

Q4.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

The graph shows log (ionisation energy) against ionisation number for the successive ionisations
of an element.

log (ionisation
energy)

0 2 - (] 3 10 12 14 16
lonisation number

In this element, how many quantum shells contain electrons, and how many electrons are in the
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outer quantum shell?

Number of quantum shells Number of electrons in the

containing electrons outer quantum shell
L1 A 3 2
] B 3 5
0O c 5 2
1 D 5 5
(Total for question = 1 mark)
Q5.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

lodine exists as one isotope with mass number 127.

Chlorine exists as two isotopes with mass numbers 35 and 37.

How many molecular ion (ICL3) peaks are there in the mass spectrum of ICl3?

0 A 2
I B 3
I ¢ 4
LI b 5
(Total for question = 1 mark)
Q6.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box # and then mark your new
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answer with a cross X .

The diagram shows a mass spectrometer.

to vacuum pump

detector

(@) Which process occurs in region R?

LI A the sample is vaporised using a heater
[ B electrons are removed from molecules or atoms and positive ions are formed
[1 € electrons are added to the molecules or atoms and negative ions are formed
[l D ions are accelerated by an electric field
(b) Which statement is correct for region T?
[ A ions with a greater mass have a smaller deflection
[J B ions with a greater mass have a greater deflection
[0 € ions with a greater charge have a smaller deflection
LI D ions are speeded up by a magnetic field
(Total for question = 2 marks)
Q7.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
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with a cross X.
Mass spectrometers are used in chemical analysis.

(a) In which region of this mass spectrometer are the ions accelerated?

P Q electromagnet

\
A
A\
Y /
\
A\

S A
vaporised [ i .8 E——

Pt M|
sample H

to vacuum

/1 pump

S/
amplifier
I
chart
recorder
[l A regionP
[l B regionQ
[0 € regionR

[l D regionS

(b) Fouriron ions are present in a stream of ions in a mass spectrometer. The paths of these
ions are shown.

path 4

stream of —

ions _

path 3

path 1
path 2

Which of these ions will follow path 1 through the mass spectrometer?

O A S%Fe’
B 54Fe2+
C “°Fe’

D 56Fe2+
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(c) Naturally-occurring chlorine has two isotopes, *>Cl and *’Cl.

How many peaks due to the singly-charged molecular ions are seen in the mass spectrum of
chlorine, CI,?

0A 1
0B 2
0 c 3
L1 D 4

(Total for question = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no
credit.

Q8.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer

with a cross X.

The mass spectrum of a sample of an element has only two peaks.

80
70
60
50
40
30
20
10

Relative
abundance

0
190 191 192 193 194

m/z

What is the approximate relative atomic mass of the element in this sample?
1 A 1915

0 B 192.0
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0 ¢ 1925

0 D 193.0

(Total for question = 1 mark)

Q9.

Data from the mass spectrum of a sample of pure iron is given in the table.

m/z Relative peak height
28 0.1
54 6.3
56 100.0
57 2.4
58 0.3

Which species is most likely to cause the peak at m/z = 287

O A *Fe?
O B °>°Fe?*
O ¢ 28si*
0 p ®sr3t
(Total for question = 1 mark)
Q10.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box ¢ and then mark your new
answer with a cross X .
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The Period 2 element with the highest melting temperature is

L1 A aluminium

[J B boron
[1 € carbon
[0 D silicon
(Total for question = 1 mark)
Q1l11.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box #¢ and then mark your new
answer with a cross X .

Which of these atoms has the most neutrons?
LI A '&EIn

[0 B '4Sn
O € '§Sb
[0 D

'iTe

(Total for question = 1 mark)

Q1l2.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross .

The element manganese has the atomic number Z = 25.

What are the numbers of s, p and d electrons in an atom of manganese?
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s electrons p electrons = d electrons

O A 6 12 7
O B 8 12 5
0 c 6 18 1
O D 8 17 0

Use this space for any rough working. Anything you write in this space will gain no
credit.

(Total for question = 1 mark)

Q13.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box ¢ and then mark your new
answer with a cross X .

A p-block element in Period 3 of the Periodic Table reacts to form an ionic compound.

What could be the electronic configuration of the ion formed by this element?

0 A 1s?2s%2p°3s?

0 B 1s%2s5%2p®3s23p°

0 € 1s°25%2p®3s23p°3d?°

L]

D 1s522522p®3s23p®3di%4s24p®

(Total for question = 1 mark)

Q14.

An outline of part of the Periodic Table is shown.
The letters are not the usual symbols of the elements.
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(a) Which elements are in the s-block of the Periodic Table?

L1 A RandU
1 B TandY
0 € VandWw
[l D XandZ

\SJ

Which element has four occupied quantum shells, with six electrons in the outermost shell?

1 A V

0 B X

0 c vy

LI b Z

(c) In which pair do the ions have the same electronic configuration?
[0 A R*YandT?"

[0 B T? andY?*"

O ¢ Ut and T~

O b U*andWw-

(Total for question = 3 marks)
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Q15.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

The two stable isotopes of bromine have relative masses of 79 and 81.

Which is the correct pattern of peaks in the mass spectrum of molecular bromine?

L1 A

1 B

LI C

[1 D

Relative
abundance

Relative
abundance

Relative
abundance

Relative
abundance

80

160
m/z

80

160
m/z

80

160
m/z

(Total for question = 1 mark)


https://stemup.co.uk

Q1l6.
This question is about phosphorus and some of its compounds.
(a) The atomic number of phosphorus is 15.

(i) Complete the electronic configuration of a phosphorus atom using the electrons-in-boxes
notation.

[Ne]

3s 3p

(ii) Explain why the first ionisation energy of phosphorus is greater than that of sulfur.

(b) Phosphorus has a melting temperature of 44 °C.
Silicon has a melting temperature of 1410 °C.

Explain why the melting temperature of phosphorus is much lower than that of silicon.
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(c) Phosphorus(V) chloride, PCls , exists as covalent molecules in the gaseous state.

(i) Complete the table for a PCls molecule.

Number of bonding pairs
of electrons on phosphorus

Number of lone pairs of
electrons on phosphorus

Shape of molecule

Cl—P—Cl bond angles

(ii) In the solid state, phosphorus(V) chloride is ionic.
The cation and anion each have one phosphorus atom but a different number of chlorine atoms.
The cation is tetrahedral and the anion is octahedral.

Predict the formula of each ion. Include the charge on each ion.

(d) In an experiment, 8.00 cm? of 0.250 mol dm™2 sodium hydroxide, NaOH, reacted completely
with 10.0 cm?® of 0.100 mol dm™3 phosphoric acid, H;PO, .

Use these data to deduce the balanced equation for this reaction.
You must show your working.

(e) Hydrated magnesium phosphate has the formula Mgs(PQO,),.yH,0 .

A sample of this compound contains 78.5% by mass of anhydrous magnesium phosphate.
Deduce the value of y.

You must show your working.

[Molar mass of anhydrous magnesium phosphate, Mg5(PO,), = 262.9 g mol™}]
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(Total for question = 16 marks)

Q17.
This question is about phosphorus and sulfur.

Which species contains 15 protons, 16 neutrons and 18 electrons?

O A P~
0O B P*
0 ¢ s*
0 b s°*
(Total for question = 1 mark)
Q18.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.

A stable ion, M3*, contains 18 electrons.

In which block of the Periodic Table is element M found?

A s
LI B p
0 c d
[0 b f

(Total for question = 1 mark)
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Q19.

A sample of neon contains the following isotopes.

Isotope Percentage abundance
Ne 90.92
INe 0.26
“Ne 8.82

What is the relative atomic mass of neon to two decimal places?

LI A 20.00
1 B 20.09
[l ¢ 20.18
[l D 21.00
(Total for question = 1 mark)
Q20.

This question is about silicon and carbon.
(a) Silicon is a semiconductor.

(i) Data obtained using the mass spectrum of silicon are shown.

Isotope mass number Relative abundance
28 9217
29 4.71

30 3.12
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Calculate the relative atomic mass of silicon to two decimal places.

(ii) Suggest a reason why there is a small peak in the mass spectrum of silicon at m/z = 14

(iii) Complete the table to show the number of protons and neutrons in each isotope of silicon.

Number of Number of
Isotope
protons neutrons
ZBSi
JQSi
3-CISi

(b) Silicon dioxide, SiO,, is the main constituent of sand and has a giant lattice structure similar
to that of diamond.

Key
@ Ssilicon atom

O Oxygen atom

Crystalline silicon dioxide is used on the surface of semiconductor devices to provide a
heat-resistant, electrically insulating layer.

Explain how the structure and bonding of silicon dioxide make it useful for this application.
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(c) Calcium silicate is formed in the removal of silicon dioxide impurities in the extraction of iron
from its ores. A sample of calcium silicate composed of calcium, silicon and oxygen was found to
contain 12.0 g of calcium, 8.43 g of silicon and 14.47 g of oxygen.

Determine the empirical formula of calcium silicate.
You must show your working.

(d) Carbon dioxide is a gas at room temperature. A fizzy drink is canned at 5.0 °C and 1.3 x 10°
Pa and contains approximately 3 g of carbon dioxide.

Calculate the volume, in cm?, occupied by 3.00 g of carbon dioxide gas at 5.0 °C and 1.3 x 10°
Pa.

[poV=nRT R =28.31)mol ' K]

(Total for question = 14 marks)

Q21.

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box 2 and then mark your new answer
with a cross X.

The atomic number of the element scandium is 21 and the mass number of its only isotope is 45.

(a) What is the number of electrons in a scandium ion, Sc* ?

OO A 20
0 B 21
Ll ¢ 22
0 b 23

(b) In a mass spectrometer, scandium forms Sc* and Sc?* ions.

What is the m / z value for the mass spectrum peak due to the Sc** ions?
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LI A 225
LI B 33.0
[0 € 45.0
[l D 90.0
(Total for question = 2 marks)
Q22.

Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box #¢ and then mark your new
answer with a cross X .

Which equation represents the second ionisation energy of chlorine?

0 A Cli(g + e — Cl*(g)

O B Clig + 2 — C(Cl*(g)
0 C 2Cllg —» 2C(g) + 2e
O D Cl'lg) — C*(g) + e
(Total for question = 1 mark)
Q23.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

Which statement about subatomic particles is correct?

[0 A neutral atoms always contain the same number of protons and electrons

[l B neutral atoms always contain the same number of protons and neutrons
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[J € electrons have a relative mass of 1 and a charge of —1

[l D protons have a relative mass of 1 and no charge

(Total for question = 1 mark)

Q24.
This question is about the element sulfur.
(a) Complete the diagram to show the electronic configuration for a sulfur atom in the ground

state.
Include labels for each subshell.

Energy

I

1s

(b) Write an equation for the first ionisation energy of sulfur.
Include state symbols.
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(c) Explain why the first ionisation energy of sulfur is less than the first ionisation energies of
both phosphorus and chlorine.

(d) A sample of sulfur contains four isotopes.

Isotope S *S S *S

Percentage abundance 94.88 0.83 4.27 0.02

(i) State what is meant by the term isotopes, in terms of subatomic particles.

(ii) Calculate the relative atomic mass of sulfur in this sample.

Give your answer to two decimal places.

(e) The mass spectrum of a sample of sulfur with 3?S as the only isotope is shown.
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100 —

90

80

70

60 —

50

40 -

Relative abundance

30

20

10

0 l I I | : I
0 32 64 96 128 160 192 224 256
miz

(i) Calculate the number of sulfur atoms in the molecular ion.

You must show your working.

(ii) Suggest the formula of the most stable ion shown by this spectrum.

(Total for question = 14 marks)

Q25.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

The bar chart shows the melting temperatures of the first twenty elements.
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4000

3500
3000
2500
Melting
temperature 2000
/K
1500
1000
500 I I I
1234567891 3141516171819 20

Atomic number

The bar chart shows that melting temperatures

[1 A of giant covalent structures are the highest in Period 2 and in Period 3
[l B of metals are always higher than non-metals

[J € increase going down each group
L]

D increase across Period 2 and Period 3

(Total for question = 1 mark)

Q26.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box # and then mark your new answer
with a cross X.

An atom of N forms a nitride ion, N3~

What are the numbers of protons, neutrons and electrons in this ion?
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Protons Meutrons Electrons

I A 7 8 7
O B 7 8 4
O ¢ 7 8 10
0 D 8 7 10

(Total for question = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no
credit.

Q27.
This question is about the structure of atoms.

(a) State what is meant by the term orbital.

(c) Describe what can be deduced about the electronic structure of sodium from its successive
ionisation energies.
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(d) (i) The log of the fourth ionisation energy for six elements is shown in the table.

O 3.87
F 3.92
Ne 3.97
Na
Mg 4.02
Al 4.06

Plot a graph of these data.

(3)

STEMUP.CO.UK
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(ii) Use your graph to estimate the fourth ionisation energy for sodium, in kj mol™.

(iii) Suggest why the fourth ionisation energies of neon and sodium are similar in magnitude
even though the elements are in different periods of the Periodic Table.

(Total for question = 11 marks)

Q28.
Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 2 and then mark your new answer
with a cross .
Which equation represents the third ionisation energy for element J?
O A J*(g) - *(9) + e

B J3+(g) _>J4+(g) + e

]
O c J(g) - )P +e
]

(Total for question = 1 mark)

Q29.


https://stemup.co.uk

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross X.

Which sketch graph shows the trend in first ionisation energy values going down Group 1 in the
Periodic Table?

h
First
ionisation

LA enerqgy

Atomic number

I

First
ionisation
OB eneray /\/\/

Atomic number

h
First
ionisation

b energy

Atomic number

M
First
ionisation
LD energy

Atomic number

(Total for question = 1 mark)

Q30.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.
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In which series are the elements in order of increasing melting temperature?
O AIL < B, <« C, < F

[1 B L < Be <« B < C

[1 €L < Na < K < Rb

0 DSi « P < S < d

(Total for question = 1 mark)

Mark Scheme

Ql.
Question | Answer Mark
number
The only correct answer Is B (6200) (1
A s incarrect becouse successive ionisation energies always increase
is incarrect because this is too big an increase
is incarrect becouse this very large value indicates a new quantum shell
Q2.
Question Answer Additional Guidance Mark
Number
(a) + thereis a “jump“/much (2)
bigger increase between (1)

the third and fourth
ionisation energies
(1) | Accept fourth electron is removed
+ (First) 3 electrons in cuter from a different (quantum) shell
shell {which is closer to the nucleus)
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Question Answer Additional Guidance Mark
MNumber
(b)(i) + the number of protons (2)
increases /nuclear charge (1)
increases
Allow “same shielding”
+ the additional electrons Ignore references to atomic radius
are in the same (1) | even if incorrect
shell/same energy level/ Ignore electron repulsion
little additional shielding
from electrons
Question Answer Additional Guidance Mark
Number
(b)(ii) + the first electron is Do not award 2p/2s (2)
removed from a (3)p
orbital/subshell in (1)
aluminium/ (3)s
orbital/subshell from
magnesium (1)
* pelectron(s) shielded by
the s electrons (so reguires
less energy)/ p energy level
is higher than s energy level
Question Answer Additional Guidance Mark
Number
(c)(i) An answer that makes reference to (2)
+ delocalised /free (to move) (1
electrons /sea of electrons
+ affracted to (a lattice of) (1) | Allow charges up to 3+
metal/aluminium/positive Correct fully labelled diagram
ions/cations scores 2 marks
Ignore attraction of electrons to
nuclei
Question Answer Additional Guidance Mark
Number
(c)(ii) An answer that makes (2)
reference to two of the
following:
(1) | Allow good conductor of
+ (delocalised) electrons electricity
can move/carry charge
(1)
+ aluminium has low
density/light (weight) (1)
+ aluminium is ductile/can
be drawn into wires (1)
Ignore malleable, strong, heat
+ aluminium forms an resistant, high melting
inert/oxide layer temperature.
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Question Answer Additional Guidance Mark
MNumber
(d)i) 2Al + 3H:0 = ARLO: + 3H: Allow multiples 1
Ignore state symbols even if
incorrect
Question Answer Additional Guidance Mark
Number
(d)ii) An answer that makes reference (2)
to two of the following:

+ reduces greenhouse gas Allow reduces sulfur dioxide
emissions / carbon emissions and which reduces acid
dioxide and which affects (1) | rain
climate change / global Do not award references to ozone
warming (1) | depletion,

carbon neutral

+ the production of (1)
hydrogen is portable

+ fossil fuels are non- (1
renewable (unlike water)

Ignore renewable

+ aluminium can be

recycled Ignore landfill, atom economy,
references to cost
Q3.
Q) | Answer Mark
1

different elements

different elements

The only correct answerisD (Y and Z)

A is incorrect because W and X both have the same number of neutrons

B isincorrect because W and ¥ have different numbers of protons so are

C s incorrect because X and ¥ have different numbers of protons so are

Q4.
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Answer

Mark

The only correct answer is B
(3 quantum shells and 5 electrons in the outer shell)

A

is incorrect because the outer five electrons require the least amount
of energy to remove

is tncorrect because there are two large jumps between the 3 quantum
shells and the outer five electrons require the

least amount of energy to remove

is incorrect because there are two large jumps between the 3 quantum shells

Q5.

Q6.

Answer

Mark

The only correct answer is C  (4)

A is incorrect because the ICIs™ ion can have

3x3CL 2xPCI+1x7CL 1 x3Cl+2xClor 3x3CI
B is incorrect because the ICI3™ ion can have

3xHICL 2x3FCL+ 1 x¥CL I x3PCL+ 2x3Clor 3x77CI
D is incorrect because the ICIs™ ion can have

3x3Cl 2x3PCl+1x%Cl I1x3Cl+2x3Clor 3x77CI

Question | Answer
Number

Mark

(a) The only correct answer is B (electrons are removed from molecules or atoms

and positive ions are formed)

A is incorrect because the sample has been vaporised previously

D is incorrect because acceleration occurs in region §

C is incorrect because electrons are not added to atoms (in this mass spectrometer)

m
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Question | Answer Mark
Number
(b) The only correct answer is A (ions with a greater mass have a smaller (1)
deflection)
B is incorrect because ions with a greater mass have a smaller deflection
C is incorrect because ions with a greater charge have a greater deflection
D is incorrect because ions are not speeded up in a magnetic field
Q7.
Question | Correct Answer Mark
Numher
(a) The only correct answer 1s B (region Q) 1
A is incorrect because region P denotes where ionisation takes place
C is incorrect because region R denotes where deflection takes place
D is incorrect because region § denotes where detection takes place
Question | Correct Answer Mark
Number
« 3+
(b) The only correct answer is B (’4}3'9 7 1
A is incorrect because it has the same mass but a smaller charge than **Fe *~
C is incorrect because it has a larger mass and a smaller charge than **Fe®”
D is incorrect because it has a larger mass than **Fe >~
Question | Correct Answer Mark
Number
(c) The only correct answer is C (3) 1
A is incorrect because it assumes that all chiorine molecular ions have the same
mass
B is mcorrect because it assumes that all chlorine molecules only form between
atems of the same mass
D is incorrect because it assumes that > C1 ="CI and *"C1 = CI are not identical

Q8.
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Answer

Mark

The only correct answer is C  (192.5)

A is incorrect because this is the velative atomic mass with the
abundances reversed

B s incorrect because this would be the relative atomic mass if there
were equal amounts of the two isotopes

D is incorrect because this is the relative atomic mass of the most
abundant isotope

Q9.

Q10.

Q11.

Question Answer
number

Mark

B “Fe"

Question| Answer
number

Mark

The only correct answer is C (carbon)

A s incorrect because Al is in Period 3

D  isincorrect because Siis in Period 3

B  isincorrect because the element with the highest melting temperature is in Group 4
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Question | Answer Mark
number
The only correct answer is B (*ZjSn) 1
A isincorrect because *33In has 66 neutrons
C s incorrect because 23Sb has 72neutrons
D  isincorrect because '23Te has 72neutrons
Q1l2.
Question| Answer Mark
number
The only correct answer is B (8, 12, 5) 1
A is not correct because the 4s electrons have been placed in the 3d subshell
C is not correct because the 4p subshell has been filled and 1 electron placed
in 3d and 0 electron in 4s
D is not correct because the 4p subshell has been occupied before the 3d
Q13.
Question| Answer Mark
humber
The only correct answer is B (15°25°2p®35°3p®) 1
A is incorrect because this is the electronic configuration of an s-block element
C isincorrect because this could not be the electronic
configuration of the ion of a p-block element
D is incorrect because this could not be the electronic
confisuration of the ion of a Period 3 element
Q14.
Question | Answer Mark
number
(a) A RandU 1
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Question | Answer Mark
number
() cC Y 1
Question | Answer Mark
number
(c) C U¥andT* 1
Q15.
Question Answer Mark
Number
(1)
The only correct answeris D | 80 160 )
A is not carrect because this shows only one molecular ion peak
B (s not correct because this shows only one molecular ion peak
C 5 not correct because this shows three molecular ion peaks in the wrong relative
abundances
Q1l6.
Questlon | Answer Additlonal guldance Mark
number
[a)(1) Example of electronic configuration: (1)

* correct electronic configuration

] [T

3s 3p

Allow half-arrow heads

Allow three arrows pointing downwards in 3p
orbitals

Ignore numbers in the boxes e.g. 2
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Questlon | Answer Additional guldance Mark
number
(a)(ll) An explanation that makes reference to the followin| Both marks must come from the same palr (2)
points:
Allow “electrons-in-boxes' / 3p.3py3p: to show electronic
configurations
Allow “‘box’ for orbital as this is in (i)
Ignore references to shielding / nuclear charge f lone pairs
Penalise 3 or more electrons in & p orbital once only
Phaosphorus . .
Allow {electron removed is from) a half-filled p orbital
* phosphorus has a half-filled p (sub)shell / one Do not award just 3p*
electron in each p orbital / the p orbitals are
singly occupied 1) . .
Allow a half-filled subshell is (more) stable
*  more energy is required to remove an
unpaired electron (than a paired electron)
or
an unpaired electron / electron removed
has a lower energy n
OR
Sulfur Allow sulfur is 3p*
* the outermost/ 3p electron or the electron Allow sulfur forms a half-filled p (sub)shell when it loses 1
being removed in sulfur is paired (1) slactron
* less energy is required to remove a paired Note - paired only needs to be mentioned once in M1 or M2
electron (than an unpaired electron)
or Do not award M2 if answer states more energy needed
repulsion between paired electrons (reduces remove electron in sulfur
the ionisation energy needed to remaove it)
or
the paired electron has a higher energy (1)
Questlon | Answer Additlonal guldance Mark
number
(b} An explanation that makes reference to the following (3)
points:
» there are intermolecular forces between Ps / Allow London / dispersion / van der Waals' forces
phosphorus (malecules) for intermolecular forces
or
phosphorus is made up of small molecules / discrete
molecules f is simple molecular n
» there are covalent bonds between the silicon atoms Allow macromaolecular /£ giant molecule
or
silicon is a giant (covalent) structure / giant lattice Do not award ionic / metallic
1
+ (much) more energy is needed to break the (covalent) Do not award breaking bonds between
bonds in silicon than overcome the intermolecular phosphorus atoms
forces in phosphorus
or
the (covalent) bonds in silicon are (much) stronger
than the (intermaolecular) forces in phosphorus {1}
Questlon | Answer Additional guldance Mark
number
{c)l) Example of table: {3
* number of bonding pairs
and Mumber of bonding pairs 5
number of lone pairs (1 || of electrons on
phosphorus
Mumber of lone pairs on 0
* shape {1
electrons on phosphorus
* both bond angles ) Shape of molecule trigonal bipyramidal
CI-P-Cl bond angles El | 1200
Mark independently
Allow bond angles in either order
Ignore 180°
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Questlon | Answer Additlonal guldance Marl
number
{cyi) lons can be in any order (2)
+ PCL (1
If no charges are shown or charges are incorrect,
s PCls (1) | allow (1) for PClaand PCls
Questlon | Answer Additional guldance Mark
number
{d) Example of calculation: (3)
+ calculation of mol of HzPOy mol HaPO4 =100 x0.100 =0.00100/1.00 x 10
and 1000
calculation of mol of MaOH (1) and
mol MaOH = 8.0 x 0.250 = 0.00200 / 2.00 x 107
1000
+  mol ratio (1) mol ratio HzPOs - NaOH=1:2
Mol ratio mark can be awarded from equation
TE on mol HzPO. and MaOH
Do not award M2 if the mol ratio in the balanced equation
contradicts the mol ratio from the mol calculations
HzPO: + 2Na0OH — Na;HPOs + 2H:0
+ balanced equation n Allow HNazPO.
Allow
H:PO: + 20H" — HPOQs + 2H:0
Allow multiples
Ignore state symbols, even if incorrect
Equation TE on mol ratio provided itis 1:1 or 1:3
HzPO: + NaOH — MaH:PO: + H:D
HzPO: + 3NaOH — MazPO: + 3H:0
Questlon | Answer Additional guldance Mark
number
(e} Examples of calculation: (2)
Method 1
* calculation of molar mass of hydrated molar mass = 262.9x 100 =334.9 (g)
magnesium phosphate (1) 785
* calculation of y 1) mass of water = 3349 -2629=72

moles of water=72=4 soy=4

18
Allow alternative methods, for example
Method 2
in 100 g of salt:
mol Mgs{PO4): = 78.5 = 0.29859 (mol)

2629
and
mol H:0 = 21.5 = 1.1944{mol) (1)

18
ratio Mgs(POs): : H:O
= 0.29859 :1.1944
= 1 - 4 soy=4(1)
This could also be done using 0.785 gand 0.215 g
Method 3
26259 = 0785 or 2629 x100=785(1)

262.9 + 18y 2629+ 18y

2629=2064+1413ysoy=4 (1)

Correct answer with no working or working that does not
involve A; or M: or moles scores (0)

Allow TE for y from correct working but an incorrect
number used for one of the values
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Q17.

Q1s.

Q19.

Q20.

Question | Answer Mark
number
A P 1
Question | Answer Mark
Number
The only correct answer is C (d) (1)
A is incorrect because the s block elements don‘t form stable 3+ jons
B is incorrect because the elements which form stable 3+ ions do not have 21
electrons
D is incarrect because elements in the f block have more than 21 electrons
Question | Answer Mark
number
C 20.18 1
Question Answer Additional Guidance Mark
Number
(a)(i) Example of calculation: (2)

s expression for
calculation of RAM of
silicon

+ answer to two decimal
places

(1

(1

(28x92.17) +{209x4. 711+ 30x3.12)
100
=28.1095
=28.11
Allow units g mol '/a.m.u only
Correct answer scores 2
Allow TE from incorrect expression if
answer lies between 28 and 30.
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Question Answer Additional Guidance Mark
Number
{a)(ii) Some silicon atoms (of Allow (formation of ) si** (1)
mass 28) lose two Do not award "atoms of mass 14"
electrons/have a charge of
2+
Question Answer Additional Guidance Mark
Number
(a)(iii) (1)
2EGj 14 14
235 14 15
305 14 16
Question Answer Additional Guidance Mark
Number
(b) + all atoms are joined together Allow correct description of (2)
by covalent bonds/giant (1) | covalent bond
covalent(structure) Do not award intermolecular
forces/ ionic bonds/ double
+ these arestrong /take alotof (1) | covalent bonds. Ignore
energy to break (so melting stoichiometry even if incorrect.
temperature is very high)
(1) | Ignore high boiling temperature
+ no electrons are free (to
move)/ mobile/delocalised/ (so lgnore no free moving ions
charge cannot be carried)
Question Answer Additional Guidance Mark
Number
(c) + calculation of number of (1) | Example of calculation (3)
moles 12 8.43 14.47
40.1 28.1 16
OR 0.299 : 030 : 0904
(1) 1 1 : 3
+ calculation of whole
number mole ratio (1 CaSios
« empirical formula Correct formula with no working
scores 1 mark only
TE on use of atomic numbers
Incorrect symbol(s) in formula loses M3
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Question Answer Additional Guidance Mark
Number
(d) Example of calculation: (4)
+ calculation of moles (1) | 3+44=0.06818
carbon dioxide
(1) | 273+5=278
+ conversion of temperature
to K (1) | v=0.06818 x 8.31 x 278
1.3x 10°
s rearrangement of (=1.2116 x 10°m?)
expression
(1) | =1211.6/1212/1210/1200 (cm?)
TE throughout but do not award M4
for negative volume
+ evaluation of answer in Ignore SF except 1 5F
cm? Correct answer with no working scores
4 marks
Q21.
Question | Answer Mark
number
(a) The only correct answer is A (20) 1
B is not correct because this is the number of electrons in a Sc atom
C is not correct because this is the number of electrons in a Sc ion
D is not correct because this is calculated by taking Z =45 - 21 and
then removing an electron.
Question | Answer Mark
number
(b) The only correct answer is A (22.5) 1

B is not correct because this is 0.5 x (mass number + atomic number)
C is not correct because this is the m/z value for an Sc* ion
D is not correct because this is mass number x2

Q22.
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Number

Question | Answer Mark

A is incorrect because the equation represents an electron is added to an ion rather
than being removed

B is incorrect because the equation represents electrons being added to an atom

C is incorrect because one electron is being removed from each of two atoms

The only correct answeris D (CI (g) — CI (g + e ) (1)

Q23.

Question
Number

Answer

Mark

The only correct answer is A (atoms always contain the same number of protons
and electrons )

B is not correct because many atoms have different numbers of protons and neutrons
C (s not correct because electrons do not have a relative mass of 1
D is not correct because protons have a charge of +1

(1)

Q24.
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B Answer Additional guidance Mark
Number
(a) A completed diagram showing: 2
= correctly labelled subshells | Allow p subshell labelled as orbitals eg 2p., 2py, 2p:
(1) lgnore specified number of electrons, even if
incorrect eg 3p°
» correctly filled boxes/orbitals
(1 Allow paired 3p electrons in any 3p orbital

Allow unpaired 3p electrons as spin down

Allow half-headed arrows

Do not award vertical lines for arrows

Do not award paired electrons with parallel spin

Example of completed diagram:

Energy

Hgiigil
3p
35
2p
s
1s
Question . .
Answer Additional guidance Mark
Number
(b) Example of equation: 2

» species and
balancing (1)

» correct state
symbols 1)

Sg)— S'(g) + e
ar
S(g)—e-' — S'(g)

Do not award multiples

M2 dependent on $/5: on one side of equation and charged

S°/5:°/5/5: on the other (does not need to be balanced)

lgnore (g) state symbol on electron

S{g) + e — S(g) + 2" scores (1)
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uestion .. ;
Q Answer Additional guidance Mark
Number
(c) An explanation that 3
makes reference to
the following points:
« outermost electrons| Accept similar/same (electron) shielding
: Allow same number of shells
in same subshell / , ,
Allow correct reference to full or partial electronic
(quantum) shell , .
configurations for two/three elements
(m Do not award incorrect electronic configurations
Accept Cl has the greatest nuclear charge
» (lcontains the lgnore Cl has the greatest nuclear attraction
greatest number lgnore Cl has the greatest atomic number
of protons / more Do not award just Cl has the greatest charge
Do not award S has the smallest nuclear charge
protons than S , .
Allow Cl has the smallest atomic radius / smaller
(1) atomic radius than S
Do not award S had the greatest atomic radius
Do not award same/similar atomic radius
Do not award outer electron same/similar distance
from nucleus
Do not award ionic/molecular radius
There must be a mention of p (orbital)
« repulsion between | Allow subshell for orbital
, Do not award shell for orbital
(paired) electrons . . . .
Allow spin-spin repulsion in p orbital/subshell
in (3)p orbitalinS | Allow correct reference to stable half-full p subshell:
eg stable half-full p subshell in P
(1) ez removing electron from S gives stable half-full
) g g P
subshell
Do not award reference to bonding electrons
uestion .. .
Q Answer Additional guidance Mark
Number
(d)m) Penalise use of species/particles/molecules for 2

(1)

of neutrons

(M

» (atoms with the) same
number of protons

+ (and) different number

atoms once only

Allow same atomic number

Allow amount for number

lgnore atoms of the same element
lgnore electrons

lgnore different mass number

Do not award different number of electrons
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points:

(1

(M

reference to the following

* (species containing)
two sulfur atoms

* (ionwith) 1+ charge

eg 52 /5—5
Allow 557/5,5
lgnore incorrect charge, including negative charge

M2 dependent on an ion containing sulfur only

So"/[S—S]7/S57 /5,5 scores (2)

S::*:" [51—5:]:+ / 5'_-5:1_ ! 5:*'5:* ! S:*,Sf scores [1}

Question Answer Additional guidance Mark
Number
(d)(ii) Example of calculation: 2
« Expressionfor |(Ar=)32x94.88+33x0.83+34x4.27 +36 x 0.02
. , 100
relative atomic
mass (1)
(Ar =) 32.09
e Calculation and | TE on transcription errors only (ie no TE on incorrect
answer totwo | EXPression)
, Ignore units of amu / g/ gmol '
decimal places .
M Do not award any other unit
32.09 scores (2) provided there is evidence of all four isotopes
having been used in the calculation
32.09 with no working scores (1)
32.10 with no working scores (0)
33.75 scores (0)
Question " .
Answer Additional guidance Mark
Number
(e)i) |+ 256=8(atoms)| Allow working shown on mass spectrum 1
32 lgnore calculations involving the Avogadro constant, even if
incorrect
Do not award just 8 (with no working)
Question " .
Answer Additional guidance Mark
Number
(e)(ii) | Ananswer that makes Penalise isotopes other than *S once only 2

Q25.
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Question Answer Mark
Number

The only correct answer is A (of giant covalent structures are the highest in (1)
Period 2 and Period 3 )

B is not carrect because the giant covalent structures have the highest melting
temperatures

C is not correct because there is not a reqular pattern in each group

D is not correct because melting temperatures increase then decrease within each

Period
Q26.
Question | Correct Answer Mark
Number
The only carrect answer is C (7.8.10) 1
A is incorrect because this is the number of protons, electrons and neutrons in the
15N atom
B is incorrect because this 1s the number of protons, electrons and neutrons in the
15N 3 ion
D is incorrect because it the numbers af protons and neutrons have been reversed
Q27.
uestion - :
&umber Answer Additional guidance Mark
(a) A statement that makes reference to the (2)
following points: Allow A region around the
*+ arogion within an atom (1) nucleus
Allow area/place/space for
region

lgnore path/track/orbiting
Do not award in the nuclous

+ can hold {up to) two olactrons Allow a percentage between
(with opposing spins) %0 and 95
or Allow a greater chance of

finding / most likely to find

where there is a high probability of Do not award just likely

finding an electron (1)

Marks are standalong
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Question
Number

Answer

Additional guidance Mark

(b)

* s-orbitals are spherical / ball
shaped
and

p-orbitals are dumbbell shaped

IGHORE the words circular or (1)
figure of aight or pear shaped

Accopt labelled diagrams o.g.

O OO

s-orbital p-orbital

Accopt a p-orbital on any axis
Allow correct unlabelled diagrams
or descriptions in the correct
order

Allow 3 p-orbitals overlapping if
thoey are spacifically labelled as 3
p-orbitals

lgnore references to numbers of
electrons

lgnore has two lobes for p-orbital

Question

Answer
Number

Additional guidance

Mark

(<) A description that makes reference to:
¢ throo (guantum) shells

« 2,81

+ |ndication of which electrons
are in which (quantum) shell

(1) | Accept enorgy lovals

(1) | Accept the numbers in the roverse
order

Allow descriptions of the large
jumps between IE1 & IE2 and IE9
& IE10

o.g.
(1) | *It has one electron in its
outarmost sholl

or

# First electron removed is in the
third shall / 3s
or

« 8 electrons in 2™ quantum shell
or

* Two eloectrons aro on the
innermaost shell

Allow one electron in valence shell

lgnore one valence olectron

lgnore spd notation

(3)
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shell

from the same / second (quantum) | ©rbitals / the 2p subshell

Allow same energy lovel

Do not award same electronic structura /
same orbital in place of same shell

lgnore shiolding

lgnore nuclear charge

lenore references to electron pairs repelling

&:;sbt:}rn Answer Additional guidance Mark
(d)(i) Example of a graph: (3)
PN
&
o
e
o
o
qo = et
’ T i a n (k3 s
¢ axes correct way round and Do not award log as an axis label
both suitably labelled (1 Ignore units and brackets on the y-axis
) Accopt atomic numbers on the x-axis
Allow element symbals Al to O
* suitable choice of linear
scale so that the points
cover at least 50% of the
orid in both directions (1)
. Allow MP3 for bar charts
* all 5 points plotted correctly (1) | Allow half square tolerance on plotted
points
lgnore any lines joining the points
Question .. .
Answer Additional guidance Mark
Number
(d)(ii) o (100-990=) 9772 (kJ mol1) Accopt answors givon in standard form (1)
Accopt answors given in the grid for (d)(i)
Allow 9544 — 10000 (kJ mol™)
TE from graph in 18(d)(i)
Allow any SF
lgnore units even if incorrect
B Answer Additional guidance Mark
Number
(d)(iii) The fourth electron is removed Allow both electrons are removed from 2p (1

Q28.
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Question
number

Answer

Mark

B isincorrect because this is the fourth ionisation energy

C  isincorrect because the equation is unbalanced and begins with the
uncharged atom

D isincorrect because it begins with the uncharged atom

The only correct answer is A (J¥(g) — J*(g) + &) (1)

Q29.

Question

Number

Answer

Mark

The only correct answer is A |

B is not carrect because first lonisation energies decrease down Group 1

C is not carrect because first lonisation energies decrease more quickly at the start

D is not correct because first lonisation energies decrease down Group 1, with no
increases

(1)

Q30.

Question
NMumber

Answer

Mark

The only correct answer is B (Li<= Be<B= ()

A is incorrect because the melting temperatures of Group 7 elements increase going
down the group

C is incorrect because the melting temperatures of Group 1 elements decrease
going down the group

D is incorrect because silicon has the highest melting temperature in Period 3

m
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