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Answer 1.
a) The dot-and-cross diagrams for the molecules are:

i) Hydrogen cyanide (HCN):

:[MTmark]

:[Mmark]

[Total: 3 marks]
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» Towork out the dot-and-cross diagrams you need to follow these steps:

o Count the total number of outer electrons

o Use apairof crosses ordot / cross to put an electron pairin each bond between the
atoms

o Addmore electron pairs to complete the octets around the atoms (except Hwhich has
2 electrons)

o |f there are insufficient electrons to complete the octets, form double / triple bonds

o Check the total number of electrons in the finished structure is equal to the total
number of outer electrons

b) The species from part (a) t
* Borontrifluoride (BF3); [1
Explanation:

¢ (Thisisbecause)borons outershell
OR
Boron only has six outer shell (valence) electrons

EXAM. RARERS PRACTICE

Dopiavgrel
@ ggg#’trmm iE@Pﬂ%EJ&@I@G%m ulesin part (a), which has a central atomwith

anincomplete outer shell
* Inhydrogen cyanide and carbon dioxide, the central carbon has a complete outer shell so
cannot accept a pair of electrons from another atom required to form a coordinate bond

pace for two more electrons

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

i) The dot-and-cross diagram for the product of boron trifluoride and ammoniaiis:

ii)The bond between boront damm us

¢ Ammoniahas alone pair
AND
Boron trifluoride has an inee

[Total: 2 marks]

epai ctgpns ega th sgayst useth egym i t
EXAM-PAPERS BRACTICE
. zhas alone pair of electrons whilst BF 3 has space inits outer shell
Co

f
d t
i fortwo more
porigte ,
0 ZQZ%ﬁéﬁ.‘tEﬁﬁgﬁéomﬁ)gﬁigﬁte bond to form between NHz and BFs

one pair of electrons from the Ninammonia is donated to the Bin BFz

For more help visit our website https://www.exampaperspractice.co.uk/
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a) The diagrams to show the arrangement of outer electrons in both compounds are:

Phosphorus tribromide
. aenea  [Tmark]
&)

Sulfurtetrafiuoride

E=XAM PAPERS PRACTICE

roup 15
C[jpﬂj,r[l'igﬂ'have 5 outer /valence electrons
@ POPANAFPPHpers Practice

o Eachwillhave 7 outer / valence electrons
¢ SulfurisinGroup 16
o |t willhave 6 outer/valence electrons
+ Fluorineisin Group17
o Eachwillhave outer /7 valence electrons
+ Students oftenlose marks from missing lone pairs on these questions so always double
check!

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The shape of the phosphorus tribromide molecule is:
¢ Pyramidal; [1mark]
[Total: 1 mark]

s Phosphorous tribromide has 3 bonding and 1lone pair of electrons
o Thelone pair - bonding pair repulsion is greater than bonding pair - bonding pair
repulsion, resultingina pyramidal shape

c) Phosphorus tribromide an Ifur tetrafluori

+ P-BrandS-Fbondsare
OR
Bonds inboth molecule

+ Non-symmetrical distri
OR
Polarbonds / dipoles do not can

EXAM PAPERS PRACTICE

+ Both of the molecules have non-symmetrical shapes having one lone pair of electrons on

Cﬂfﬂyﬂl@hll atom
@ ?@%Eﬂﬁﬂﬁf ﬁﬂpl&[@ﬁﬁ@fmtrons onthe central atom oftenresults in the

molecule being polar

ecause of theirnon-symmetrical shape; [1 mark]

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 3.

a) The equation to show the formation of anammoniumionfrom ammoniais:
e NHz+H"— NH;" [Tmark]
[Total: 1mark]

* Youshould know that the ammoniumionis NH,*
* Thisis formed when ammonia accepts a proton

b) The shapes are:
Ammonia molecule:

¢ Pyramidal; [1 mark]
Ammoniumion:

e Tetrahedral; [1mark]

EXAM PAPERS PRACTICE

* Youneedtoknow the different shapes associated with various chemicals, so take the time

Coposeayirhem
@ 2024 Exam Papers Practice
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a) The dot-and-cross diagram to show the bonding inthe ammoniumionis:

o
G
M)

-

* lcentral nitrogen atom
AND
3 shared pairs of electr
AND
1 pair of electrons donated from t
* Squarebrackets

EXAM PAPERS PRACTICE

pyHant.
@ MIPRPERaARIrar Rt Practice

o This makes it possible for the dative bond to form between NHz and a proton (H*)
o Thelone pair of electrons from the Nin ammonia is donated to the H* ion

rogen atom; [1 mark]

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 4.
a) The dot-and-cross diagram for the NOz " ionis:

* Dotandcrosscorrectar
mark]
s Correctnumber of electrons for each atom
AND
Extra electronforO-; [l

3 coordinate bond; [1

[Total: 2 marks]

» Careful: Read the question, as it explains the three types of covalent bonds that areina

EXAM.PARERS. ERACIICE

Use youy displayed formula to help guide your dot and cross diagram:
c ﬁ h wmg your N atom as normal with 5 electrons in the outer shell
%Eﬁﬁ&[ﬁlgﬁﬁmﬂﬁa time and draw either the single, double or dative

covalent bond with the correct number of electrons

o Thesingle bond willhave one electronfrom the N atom and one from an O atom

= This O atom needs an extra electronto complete the shell and this is the electron
that causes theionto have a1- charge
o The coordinate bond will have two electrons from the N atom
o The double bond will have two electrons from the N atom and two electrons froman O
atom

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The formulae of the ions presentin H4N,Oz are:

*« NH,*:[1mark]
¢« NO3™;[I1mark]

[Total: 2 marks]

e Empirical formula - simplest whole-number ratio of atoms of elements in a compound

* Youneedtolearn all of your polyatomic ion formulae and know them from memory, as they
won't be given in the exam

* Inthisinstance, the empig
make up H4N, O+

+ Don'tforgetthe correct

Isogid g and NH, and NOz~

rgesontheiongd

c) The dot-and-cross structu raCN ionis:

EXAM P PRACTICE

C%}Hgb%ding shown; [1 mark]
REStbithesnurrdrenoreer includiiaeharge: [1 mark]

[Total: 2 marks]

* Todeduce the dot-and-cross diagram forthe CN-ion, you need to consider the number of
outer electrons of each atom and the overall charge of the ion:
o Carbonhas 4 outer electrons
o Nitrogenhas 5 outer electrons
o +]extraouterelectronasitisthe CN-ionwith al- charge
+ Carbonandnitrogen must bond together to form a triple bond for nitrogen to have a full
outer shell of 8 outer electrons
o Asitisa CN-ion, there mustalso be an extra electronin the carbon atoms’ outer shell
for carbon to have a full outer shell of 8 outer electrons
* Don't forget your[]and negative charge on the outside of the brackets

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

i) The average bond enthalpy of the C-N bond in the cyanide ion compared to the C-N bond in
the methylamine molecule:

* Average bond enthalpy for the C-N (triple) bond inthe cyanide ionis greater / average
bond enthalpy of the C-N (single) bond in methylamine is lower: [1 mark]
+ Triple bonds are stronger than single and double bonds so require more energy to break: [1

mark]
ii) The C-N bondlengthinth ide ionis sho, | ine because:
* Thereis alargernegative eharge density / electron density b enthe (carbon and

nitrogen) nuclei; [1mark]
* The greater forces of att
together; [1 mark]

i pull the nuclei closer

[Total: 4 marks]

* Todothis questionyouneedtok . orwork out, the structure of methylamine first and

EXAM BAPERS PRACTICE

Copyright -
@ 2024 bExam Papers Prad¥ic
H

rlq— H

H

* Where the covalent bondis between the same two atoms, in this case carbonand
nitrogen, the single bond is always the weakest and the triple bond is the strongest

* The bondlengthis the internuclear distance between two covalently bonded atoms

* The C-Ntriple bondinthe cyanide ionhas 6 electrons between the carbon and nitrogen
atom, compared with 2 electrons in the C-N single bond in methylamine

* Thereisamuch greater attraction between the negative electrons and the positive nucleiin
the cyanide ion, which pulls the atoms closer, decreasing the bond length
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