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Mark Scheme

Answer 1.

a)
i) The number of electrons in the outer shell of sulfurin SF,is:

e Twelve: [1 mark]

ii) The maximum and minimum electrons possible in the outer shell of sulfur are:

¢ Minimum of 8 (electron
AND
Maximum of 18 (electro

[Total: 2 marks]

e SulfurisinPeriod 3, soit the g j re electrons than the

standard octet,uptoa m of t

EXAM.PAPERS PRACTICE

Cﬂpmégiﬂal; [1mark]
Bl fetam Papers Practice

* There are six electron domains around the sulfur, one single bond with each flucrine, which
means an octahedral shape for the molecule

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The F-S-Fbond angles in SF4 are:
s 90°% [1mark]
[Total: 1T mark]

« Allbond anglesin octahedral molecules are ?0°, as thisis the furthest away from each
other that the electron domains can get before they are getting closer again!

d)

i) Predicting the polarity of th

s (The S-Fbond)is polar; [limark]

ii) Predicting the polarity of SF4:

s SFgisnotpolar/isanon-polarm le: [1mark]

. it has no overall dipole/ the distributi lectronsis evenacross the mol s
EXAM PAPERS PRACTICE
[E?tal: 3 mal'_ll(s]

opyrignt
i@ Eﬂ'@ﬁ_ﬂ%?ﬂﬁl‘l\ﬁlﬁﬁplﬁﬂ(g |ﬁ€ﬁ|ﬁfﬁ|§q§ differencein electronegativity, generally treated
as a difference of 0.5 ormore between the values for the different atoms

* Fluorineis the most electronegative element that can form bonds and forms polar bonds

with all other elements except itself

* Molecules are polar when they have an uneven distribution of electrons across the

molecule inany direction; this can be the result of unsymmetrical polar bonds or non-polar
bonds

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 2.

The bond angleinBHzis 120° as:

+ Boron(B)has 3 bonding pairs of electrons: [1mark]
+ Whichrepel each other equally / as much as possible to take up positions as far apart as
possible; [1mark]

[Total: 2 marks]

+ The shape of a simple molecule can be predicted by the valence-shell electron-pair
repulsion (VSEPR) theory

+ Thistheory states that th
and lone pairs of electro

+ Bonding pairs of electro

* Lone pairs of electrons:
bonding pairs of electro

+ The bonding pairs andlo
that repeleach other

* Theywill arrange themse

+ Lone pair-lone pairrepulsion > lon
pair repulsion

» Boron(B)isg Grqup 3 elemeqt a a refore three tr initg out
EXAM-EA SPRACIICE
* Sincethereare three Hatomsi 3.8 ter shell electfons are bonding pairs o

Cﬂggffgﬂ that will repel each other equally

* Sihce has a planar sha rrangement, the sum of the angles is 360°

@- 2I ﬂ%ﬁ%pegcgr ng%% ':g-:r@pel each other equally, each bond angle willbe
120° (360 + 3)

* Note that the anglesin BHz are 120° due to repulsion between the bonding pairs of
electrons and not due to repulsion between the hydrogen atoms

ber of bonding pairs

lectronsthat a ndi

also called non-

airs of electrons in the outer shell oms are charge clouds

pulsion
r-bonding pair repulsion > bonding pair-bonding

For more help visit our website https://www.exampaperspractice.co.uk/
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The bond angle in NH= will be smaller than the bond angle in BHz; [1 mark]
[Total: 1Tmark]

* Nitrogen(N)is a Group 5 element and so has five outer shell electrons

* Sincethere are three hydrogen (H) atoms in NH=, only three of these outer shell electrons
are usedto form covalent bonds with hydrogen atoms

* There are, therefore:

* Three bonding pairs of electrons

* Onelone pair of electrons

e Therepulsionbetweent
greater than the repulsi

* Thiseffect squeezesth

* InBHztherearenolone
each otherequally

+ Note thatunlike BHs, th s molecule is not planar, but has arrangement so the sum
of the angles canbe mo 60°

ing pairs of electrons is
ctrons with each other
N-Hangles

irs of electrons repel

The bond angle in NHz is different fro bond angle in BHz as:

EXAM-APERS FRACTICE

Cbg@g irs of electrons arrange themselves as far apart as possible to minimise repulsion;
@ EExam FPapers Practice

[Total: 2 marks]

+ Boron(B)has three bonding pairs of electrons
* These bonding pairs of electrons repeleach other equally and arrange themselvesina
planar arrangement to minimise repulsion
* Nitrogenhas:
o Three bonding pairs of electrons
o One lone pair of electrons
» These bonding pairs and lone pair of electrons do not repel each other equally as:
* Lone pair-bonding pair repulsion > bonding pair-bonding pair repulsion
* This effect squeezes the hydrogen atoms together, reducing the N-H angles
» Asaresult, the bond anglesinNHz are smaller than in BHz

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

Answer 3.

a) The main features of the VSEPR theory for predicting the shapes of molecules are:

Pairs of electronsin the valence/ outer shell; [1 mark]
Repel one another; [1 mark]
(And so) take up positions in space to minimise these repulsions; [1 mark]

[Total: 3 marks]

Molecules frequently contain multiple pairs of shared electrons, and these behave as a
single unitinterms of re i th i ther. So abetter, more
inclusive, term than elec
Thisincludes all electro
single, double, or triple
What matters in determi
determined fromthe Le
Non-bonding pairs (lon
because they are not sh
than bonding pairs. The repulsion
o |one pair-lone pair > lone paiy

upied by lone pairs,

domains, and this canbe
structure
irs) have a higher concentration of

rge than a bonding pair
ightly more repulsion
asesinthe following order:

nding pair > bonding pair-bonding pair

* Asaresult, molecules withlone pairs on the central atom have some distortions in their

EXAMPAPERS PRACTICE

Copyright
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b) The bond angle F-O-Fin OF;is:

* (Anybondangle)intherange 97°to 109°; [1 mark]
* Thisangleis dueto fourelectron domains (where two of them are lone pairs)
OR
Atetrahedral arrangement of electron pairs; [1 mark]
+ Thelone pairs repel more than the bonding pairs
AND
The F-O-F bond angle s slightly smaller than 109.5°; [1 mark]

[Total: 3 marks]

* Youneedtolearnthe bo ngles for the thigslRasics main shapes
o 2domains =180°
o 3domains =120°
o 4domains =5°
* Lone pairs of electrons
shared between two at
electrons
o Thisresultsinthe bond ang| ng slightly smaller if lone pairs are present

o The rough rule ofthumb is that theEbond angs reduced iaround 2.5° for everflone

Cr::pyright
@ 2024 Exam Papers Practice

m (since they are not
the bonding pairs of

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Theshape andbond anglesin the following molecules would be:
i) For BF=:

* Trigonal planar
AND
3 electrondomains; [1mark]

e 120° [1Tmark]
i) For NBrz :

» Trigonal pyramid(al)
AND
4 electron domains an

e 107°; [1mark]

[Total: 4 marks]

* |t canoftenbe helpful todraw the structure before attempting to deduce the shape
and bond angle as you could easi sssome lone pairs
* BF3zhas the following Lewis structure:

EXAM PAPERS PRACTICE

Cﬂwpilﬁﬁthe following Lewis structure:
© 2024 ExgoarPapers Practice
.Br.
s The electron domain shape for amoleculeis as follows
o 3 domains = triangular or trigonal planar
o 4 domains = tetrahedral
+ \We donot count the lone pairs when naming the shape of the molecule, so

o 4domains, where 1domainis alone pair = trigonal/triangular pyramid
o 4 domains, where 2 domains are lone pairs = bent linear/ angular/ V-shaped

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 4.
a) The H—C—Hbond angle in ethene and the H—N—H bond angle in hydrazine would be:

(H—C—Hwould be) any angle between 118° and 122°; [1 mark]
(due to) three electron domains; [1 mark]

(H—N—Hwould be) any angle between 104 and 108°; [1 mark]
(due to) four electron domains; [1 mark]

The extrarepulsionis due to the lone electron pairs; [1 mark]

[Total: 5 marks]

* |t canoftenbe helpfulto tr ng to deduce the shape
and bond angle asyouc easily miss so
* The Lewis structure foret is.

* Eachcarbonatomhas 4 bond pairs of electrons but only 3 electron domains due to the

EXAM:SAPERS PRACTICE

C The Lewﬁtstructure forhhydrazine is:

OpyTg
@ 2024 bExam Papers Praatice

=

7
= =

H
7

N—K

* Eachnitrogenatomhas 3 bond pairs and 1lone pair of electrons so has 4 electron domains
o 4 electrondomains give an approx angle of 109°

For more help visit our website https://www.exampaperspractice.co.uk/
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b) Themolecular geometry and the H-N-N bond angle of diimide is:
e Planarmolecule
OR
Bent linear/angular /V shape around each N atom; [1 mark]
¢ The H-N-Nbond angle is between 115 and 120°; [1 mark]

(The answer must be less than 120° to consider the lone pair on the middle N)
[Total: 2 marks]

e The Lewis diagram for dii tom are three electron

domains

* One of the domainsis alone pair, e do not countitin naming the shape
* Theresultis abentlinear/angula shape aroundthe N

EXAM PAPERS PRACTICE
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c) The H-N-Hbond angle in NoH 2+ is:
e 109°: [Tmark]
[Total: 1mark]

* Eachnitrogeninhydrazine accepts a proton similar to ammonia, NHs, forming an

ammonium ion NH,*
s The structure of HoN 2" is:

H—N*—N*—H
4

* Eachnitrogenhas4bo airsin4 electro
o 4electrondomain lone i

EXAM PAPERS PRACTICE
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Answer 5.

=
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b) The bond angles in HCONH, are:
H-C-N:

¢ Anyangle between117°and 120°; [T mark]

* Duetothree bbondedregions/ 2 single bonds and1double bond (and nolone pairs); [1
mark]

* Thatrepeleach otherequally; [1mark]

C-N-H:

e Anyangle between104°
¢ Dueto 3electron/bond
* Greaterrepulsion betwe

unbonded pairs; [1 mark

airs and 1lone pair; [1mark]

he unbonded en)than between

[Total: 6 marks]

*« Remember: Only the at
to have at least two different atoms

* The bondangleisbasedonthenu r of regions of electron density, soincludes lone
pairs, not just the number of bon atoms

legaregedu bygihe ed aj
EXAM-DAPERS CRACTICE
¢ The C-N-Hbond angleis predicted to be 107° as the lone pair present pushes the bonded
Cgpa{ﬁ gﬁh{ectrons closer, reducing the bond angle by 2.5°

©r MHP%I:ﬁpF% @ﬁ%ﬁiﬂf@'e bond and a single bond is assumed to be the

same as the repulsion that occurs between single bonds

¢ Thiswould give the H-C-Nbond angle to be 120°

* |nreality, the multiple bond will provide extra repulsion and reduce this bond angle, hence
any angle between117° and 120° is accepted

e 'central' as they need
chedinordertohave a bond angle

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) The shapes around the Cand N in HCONH3 are:
Around the carbon:

* Trigonal planar; [1mark]
Around the nitrogen:

¢ Pyramidal; [1 mark]

[Total: 2 marks]

* The shape around each ne ions of electron density
around the atomanditi basis for workj
+ Differentbond anglesg i ifferent d angles and shapes that
you need to know are:
o Trigonal planar:120
Linear:180°

Tetrahedral: 109.5°
Pyramidal,107°
Non-linear:104.5°
Octahedral: 90°

EXAM-PAPERS PRACTICE
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