Mark scheme (Ionic bonding)- past paper questions
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« Sodiumloses electrons; [1 mark]
« Oxygengains electrons; [1mark]
« Sodiumloses1electron AND Oxygen gains 2 electrons
OR
Both atoms become ions with the configuration of 2.8; [1 mark]

[Total: 3marks]

« Tip: Be specific when describing the changes that occur during ionic bonding, for
example:
o Eachsodium atomloses one electron to become a T+ ionwith the electronic
configuration of 2.8
o Each oxygen atom gains two electrons to become a 2- ion with the electronic
configuration of 2.8
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Any two from:

« (Sodium oxide has)ions / (giant) ionic structure: [1mark]
o lons/electrons cannot flow / move; [1 mark]
« Nodelocalised electrons; [1mark]

[Total: 2 marks]

« Itisamore commonly asked question as towhich states conduct electricity for differently
bonded substances, but this questionis asking for why, and in detail, so make sure that
multiple distinct points are made

« Whethera substance conducts electricity comes down toif charged particles canmove
through the structure:

o Forionic substances, this isions
o Formetals and some giant covalent structures such as graphite, this is electrons
o Donot mix these examples up!
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The formula of potassium sulfateis:
o (C) KzSO4: N mark]
[Total: 1mark]

« Potassiumis in Group1sowill lose one electron to become al+ion

« Asulfateionhasa2- charge

« Inordertoproduce aneutral compound, two potassium ions are needed for every one
sulfateion

o K;SO4is the formula for potassium sulfate
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o A:llmark]
[Total: 1mark]

o Lithiumis a Group 1 metal so has one electroniniits outer shell
o Itwilllose one outer electron to another atom to gain a full outer shell of electrons

o Apositive lithium ion with the charge 1+ is formed
o Itnow has 2 electronsinits outer shell whichis complete as the shell closest to the

nucleus can hold amaximum of 2 electrons
* Sulfuris a Group 6 non-metal so will need to gain two electrons to have a full outer shell of

electrons
o One electron will be transferred from the outer shell of alithium atom to the outer shell

of the sulfur atom
o Asecond electron will be transferred from the outer shell of another lithium atom to the

outer shell of the sulfur atom
o Asulfur atom will gain two electrons to form anegatively charged sulfide ion with a

charge of 2-
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The statement not correct about the changes in electronic configuration that occur when
lithium and oxygen react to form lithium oxide, Li,O is:

« (D) Anoxide ion has an electronic configuration of 2.6; [1mark]
[Total: 1mark]

« Anoxygen atom has the electronic configuration of 2.6
« Oxygen gains two electrons to form the oxide ion
« Anoxide ion willhave the electronic configuration 2.8
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Potassium bromide is anionic compound.
Draw diagrams to show the outer electrons in a potassium ion and in a bromide ion.

Include the charges ontheions.

c) Diagrams to show the outer electrons in a potassiumion and in a bromide ion:
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« Correctstructure of potassiumion; [1 mark]

» Correctstructure of bromide ion; [1 mark]

« Charges onbothions correct (with or without square brackets); [1 mark]
Accept any combination of dots and crosses
Ignore inner shells evenif incorrect

[Total: 3marks]

* Potassiumisin Group 1, so willhave 1outer electron whichit loses forming anionwitha 1+

charge
« Bromineisin Group7, sohas 7 electronsinits outer shell and will gain1 electron to forma'l-
ion
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When sodium sulfide is formedin this reaction:

» Electron transfer occurs; [1mark]
» Sodium loses electrons and sulfur gains electrons; [ mark]
» Sodiumloses]electron, sulfur gains 2 electrons; [1 mark]

otal: 3 marks]

» The metal atom, in this case sodium, will lose electrons to achieve a full outer shell

» Sodium atoms need to lose 1 electron

» The non-metal atom, in this case sulfur, will gain electrons to achieve a full outer shell
» Sulfur atoms need to gain 2 electrons

» You need to specify the number of electrons transferredin order to gain all the marks
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Aluminium has the electronic configuration 2,8,3

AND

Chlorinehas2,8,7; [1mark]

Aluminium loses three electrons; [1mark]

Each chlorine atom gains one electron; [1 mark]

APP* and CIform: [1 mark]

There s an electrostatic attraction between the ions / ionic bond forms; [1 mark]
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@)

o

(i)

M1 NaCl
M2 Zn0

M3 (NHq):50,

zinc sulfate

ACCEPT Na'Cl™/ CiNa
ACCEPT Zn**0% / OZn

ACCEPT (NH,(");0~
1504(NHa),

REJECT any incorrect
charges

Penalise once only for
incorrect case or

subscripts / superscripts
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(b)

U]

(i)

M1 2 bonding electrons

M2 rest of the molecule correct
.

M1 magnesium fon

M2 chloride ion

M3 Mg and CI-

ALLOW dots, crosses or
any combination

M2 dep on M1

ALLOW dots, crosses or
any combination

Only 1 mark max in M1
and M2 if they only
show the outer
electrons, as the
question requires the
electronic
configurations
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An explanation that links any 5 of the following
points

M1 hydrogen chloride is simple molecular / simple
covalent

M2 magnesium chloride is giant ionic / fonic lattice

M3 strong electrostatic attraction between
(oppositely charged) ions

M4 in hydrogen chloride there are weak
intermolecular forces / weak forces between
molecules

M5 (much) more energy is required to break the
(fonic) bonds in MgCl, than to overcome the
(intermolecular) forces in HCL

ALLOW molecular
covalent

ALLOW giant structure
if fons are mentioned

ALLOW strong fonic
bonds

No M3 if any mention of
covalent bonds or
intermolecular forces in
magnesium chloride

REJECT weak forces
between bonds

REJECT any reference
to breaking covalent
bonds in HCL or MgCly
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The onic compound s:
o (B)Substance X:[1mark]
[Total: 1mark]

« lonic substances have high melting and boiling points due to the presence
of strong electrostatic forces acting between the oppositely charged ions

o These forces actinall directions and alot of energy is required to overcome them

« lonic compounds can conduct electricity in the molten state as they have ions that can
move and carry charge

« They cannot conduct electricity in the solid state as the ions are in fixed positions within the
lattice and are unable to move
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a)The substance thatis asolid at 3000 °Cis:
o A/substance P; [1mark]
[Total: 1mark]

* The melting point of substance Ais above 3000 °C (3410 °C), therefore substance P will
stillbe solid at this temperature
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b)The substance that s a liquid at 25 °Cs:
« C/Substance R:[1mark]
[Total: 1mark]

* Allthe other substances have amelting point that is above 25 °C, so substance C willbe the
only liquid at this temperature, the other substances will remain solids
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©) Theionic compoundiis:
* B/Substance Q: [1mark]
[Total: 1mark]

o The telltale sign that asubstance isionic, is that it will only conduct electricity when molten
orinsolution
o Theyalso have a high melting point as well
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d)The substance thatis ametalis:
« A/SubstanceP; [1mark]
[Total: 1mark]

* Metals will conduct electricity inboth a solid and liquid state
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Sodium fluoride can only conduct electricity when molten orin solution because:

Electrons canmove and carry a charge

lons canmove and carry acharge v:lmark]

Electrons can flow throughout the ionic lattice

stal: 1mark]

 Whenionic compounds are in solution or molten the ions become free and able to move

. Inthe solid state, the ions are fixed in position so cannot move or carry a charge

 Many students make the error of stating electrons can move and carry a charge, this occurs
inmetallic lattices, not molten or aqueous ionic compounds




