Mark scheme for past paper questions( covalent bonding)
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Carbon has 4 electrons inits outermost shell, therefore it requires 4 more to have a full
outer shell (8 electrons)
There are 4 hydrogen atoms, each containing only 1 electron
o These 4 hydrogen atoms overlap with 1 carbon atom and a pair of electrons are shared
betweenboth atoms
Hydrogen now has 2 electrons which gives it a full shell
Carbon now has eight electrons
Do not add extra electrons, there should only be 8 in your answer
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Methane is a gas at room temperature because:

» Intermolecular forces; [1mark]
» Are weak: [1mark]
» Little energyis required to overcome; [1 mark]

otal: 3 marks]

» The covalent bonds themselves are strong and therefore do not break

» Itis the forces between the molecules that are weak

» Therefore atroom temperature there is enough energy to overcome the weak
intermolecular forces and the molecules will move away from one another
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d)The correct statement is:

|A double bond contains two electrons

|A double bond contains two pairs of electrons v :[Imark]

[Total: 1mark]

* Asingle covalent bond contains 1pair of electrons
* Adouble covalent bond contains 2 pairs of electrons
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Silicon dioxide has a high melting point because:

o Ithaslots /many /strong (covalent) bonds; [1 mark]
Accept strong (electrostatic) forces of attraction between the nuclei of atoms and the
bonding electrons

» (Therefore ) alarge amount of (heat / thermal) energy is needed to break the bonds
OR
(Therefore,) alarge amount of (heat / thermal) energy is needed to overcome the forces; [1
mark]
Mentioning metallic bonding, ionic bonding /ions, intermolecular forces scores zero marks

otal: 2 marks]

e The melting and boiling points of most covalent compounds are related to the
intermolecular forces of attraction

e However, the melting point of diamond and silicon dioxide is dependent on the strength
and large number of covalent bonds

» Careful: You will automatically lose all marks if you talk about metals and metallic bonding,
ions and ionic bonding or intermolecular forces
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b) Graphite conducts electricity because:

o Ithas delocalised electrons; [1mark]
Free electrons and sea of electrons are ignored
o Thatare mobile / able to move / able to flow; [1 mark]
Electrons must be mnetioned to score the second mark
Ideas about carrying charge / current are ignored
Any mention of ions in graphite scores an automatic zero marks

[Total: 2 marks]

o The main structure of graphite has only 3 covalent bonds
o The remaining electrons from the "missing” fourth bond are delocalised between the layers
of carbon atoms
o These electrons are able to move and therefore conduct electricity
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c) Diamond s hard but graphite is soft because:

« Diamondhas a3D/rigid /tetrahedral lattice
Acceptstructure in place of the word lattice
OR
Every carboniis bonded to 4 other carbons; [1mark]
Talking about intermolecular forces in diamond automatically loses the mark
« Graphite haslayers that can slide over each other; [1 mark]
Talking about intermolecular forces between the layers of graphite is ignored

[Total: 2 marks]
« Itisvery common for exams to ask about one (or more) of these three covalent compounds

and their properties
o Diamond
o Silicon dioxide
o Graphite and other graph- chemicals, e.g. graphene
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* Four shared pairs of electrons between the central carbon atom and four other atoms; [1
mark]
* 3lone pairs on the chlorine atom

AND
The rest of the molecule correctly labelled; [1 mark]
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Diamond has a high melting point because:

e Covalentbonds are strong; [1 mark]

» Many (covalent) bonds (need to be broken); [1 mark]

* Alarge amount of (thermal / heat) energy is needed to break the bonds: [ mark]
Any mention of intermolecular forces / forces between molecules orions / ionic bonding /
metallic bonding scores O out of 3

otal: 3marks]

» Always refer to covalent bonds as being strong when explaining the properties of covalent
compounds

» Youwouldbe given credit for stating that there are strong forces of attraction between the
nuclei of atoms and the bonding electrons for this first mark

» Giantstructures, such as diamond, only have strong covalent bonds which all need to be
brokenin order for the atoms to separate

» Be careful with terminology when referring to structure and bonding, itis important to use
the correct terms
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* Fourelectrons between the carbon and each oxygen; [1mark]
« Restofmolecule correct: [1 mark]
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i) Graphite conducts electricity as:

* Graphite has delocalised electrons; [1 mark]
* (Delocalised electron(s)) can move or flow (throughout the structure); [1 mark]

Ignore sea of electrons / free electrons / number of electrons
The second mark depends on mentioning electrons first

Any mention of ions scores 0, mentioning intermolecular bonds for diamond scores 0 and
mentioning breaking covalent bonds for Ceo scores O

ii) Diamond has a much higher melting point than C fullerene as:

« (Diamond) giant covalent / macromolecular; [1mark]

« (Inmelting diamond) covalent bonds are broken: [1 mark]

e (Cyo)has a(simple) molecular structure; [1mark]

« (Inmelting o) intermolecular forces (of attraction) are overcome; [ mark]

« More energy is needed to break covalent bonds (in diamond) than intermolecular forces (in
Cyo)/ covalent bonds are stronger than intermolecular forces; [1 mark]
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M1

M2

M1

M2

H—O—H with both bonds represented by 2
shared electrons

8 electrons in outer shell of O
AND

2 electrons in outer shell of both H

(strong electrostatic) attraction between
bonding/shared pair of electrons
and nuclei (of hydrogen and oxygen)

Accept 2 dots, 2 crosses or 1 of each
Atoms do not have to be labelled
with H or O

If wrongly labelled, only M1 can be
awarded

Ignore inner shell of O

Reject if H has 2 shells

M2 dependent on M1

Must refer to pair or two electrons

Accept word nucleus instead of nuclei
if clear reference to 2 atoms

0/2 if any mention of ions / electron
transfer

M2 dependent on mention of both
attraction and electrons in M1
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4 electrons shared between 2 (carbon)
atoms

4 electron pairs between 2C and 4H atoms

Ignore inner electrons
even if wrong Ignore
number of hydrogen
atoms

Accept all permutations of
dots and crosses

Ignore intersecting circles
Accept H atoms at all
angles

At least one C or one H
atom must be labelled -
max 1 if not

Max 1 if more than 2 C
atoms

Max 1 if wrong number of
electrons in outer shell of
any atom
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The statement which explains a physical property of copperis:
« C/Copperis malleable as the layers of ions can slide over each other; [1mark]
[Total: 1mark]

« Cisthe correct answer because being malleable allows a metal to be hammeredinto
shape
o Thisis because when force is applied, the layers of positive copperions are able to
slide over each other
« Aisincorrect as copperions are fixed in position and do not carry charge through the
structure. The delocalised electrons are free to move and carry charge through the
structure
« Bisincorrect as the high melting point is due to the strength of the metallic bonds which
are aresult of the attraction between the positive metal ions and the negatively charged
delocalised electrons
« Disincorrect aswhen the layers of positive ions slide over each other, metallic bonding is
not disrupted.
o Thisis because the electrons do not belong to any particular atom so the delocalised
electrons move with them.
o The metallic bonds do not break
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0

(i

M1 (positive) fon/cation

M2 (delocalised) electron

M1 Layers (of atoms / fons)

M2 (atoms /fons) can slide over one another

ALLOW atom
REJECT proton for M1

ALLOW particles

REJECT references to
intermolecular forces
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(ay M1 electronic configuration / 2.1, 2.8.1, 2.8.8.1 electronic structure /
arrangement of electrons

M2 same number of electrons in outer shell / one
electron in outer shell

OR

the number of electrons in the outer shell determines
the chemical properties

®) melting point / melting temperature
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(a)

M1 two lithium atoms each lose one electron /give
one electron to oxygen

M2 oxygen gains two electrons

M3 lithium (ion) has an electron configuration of 2
and oxide (ion) is 2,8

ALLOW lithium loses one
electron /gives one
electron to oxygen

ALLOW oxygen becomes
28

AU 3 marks can be scored
from diagrams showing
the electron

configurations of the ions

0 marks if reference to
sharing electrons.
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Theincorrect explanation for the property of asubstance is:
o A:llmark]
[Total: 1mark]

« Each carbon atomin graphite is bonded to three other carbon atoms, leaving one free
electron per carbon atom
o These free electrons migrate along the layers and are free to move and carry charge, hence
graphite can conduct electricity
o Itisimportant that you talk about the electrons for graphite conducting electricity
o Talking aboutions for graphite conducting electricity willnot gain you any marks
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o C/Shared pair of electrons between two non-metal atoms; [1 mark]
[Total: Tmark]

* Acovalentbondis a shared pair of electrons between two non-metals
o Theirshells overlap to share electrons
o The attractionis between the nuclei of both atoms and the pair of electrons

Shosed eleckonS
Attrockion

Nucleus
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« Options A, Band Dareincorrect because:
o OptionA - Seaof delocalised electrons and positive metal ions is a description of
metallic bonding
o OptionB - Attraction between positive and negative ions is a description of ionic
bonding
o OptionD - Weakintermolecular forces occur between simple molecules
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b)The covalently bonded substance is:
« D/oxygen:[Imark]
[Total: 1mark]

* Sodium oxide and sodium bromide are ionic compounds as they are formed from a metal
andanon-metal
* Sodiumis a metal, so bonds via metallic bonding
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) The completed dot-and-cross diagram for hydrogenis:

* 2electronsin the segment/ overlap between two hydrogen atoms; [1mark]
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a) The diagram should be:

* Dotand crossineach overlap of carbon and hydrogen atom:; [1 mark]
* Restof molecule correct; [1 mark]




