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Mark Scheme

Answer 1.

a) To calculate the relative atomic mass of boron:

« AB-= (10 x 20]1-';](11 X 80) [T mark]

o A B=10.8;[1mark]

[Total: 2 marks]

¢ Therelative atomic mas
values using the followin

the relative abundance

N (relative abundance__,_ X mass_, o) efc

* Therelative abundance off the mass spectrum

* Total abundance = 130.6 + 9.4 = 140; [1 mark]

EXAMPAPERS PRACTICE
Ot aTete! |
@ gggﬂl:ﬁﬁaﬂar%ﬁﬁﬁﬁggﬁgﬁﬁg%&centage or the abundance of the atoms

* Since the data can be presented to you in different ways, take your time to make sure you have
the correct values in the correct place in the equation

o In this calculation, you are using information from the mass spectrum which shows the
relative abundance

o Therefore, you need to use 140 as the total abundance, not 100%

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The equation for the formation of the molecular ion of octane and its m /e value are:

e CgH4g — CgHyg™ + &7 [1 mark]
e m/e=(8x12)+ (18 x 1) =114; [1 mark]

[Total: 2 marks]

* The molecular ion is formed by losing one electron
* Since the mass of an electron is negligible, the molecular ion will have the same mass as the
molecule itself

d) There is also a smaller pea utane because of:

¢ Carbon-13/ '3C isotopes;
+ Which adds a mass of 1 the molecular ion / causes an M + ak; [1 mark]

[Total: 2 marks]

+* Nost carbon atoms are carbon-12

EXRAM-EAPERS BRAGTICE

will have a mass of 13 instead of 12

Copyright
e Fat AP Ele b et S i

« Octane
AND
(Because,) it contains more carbon atoms; [1 mark]

[Total: 1 mark]

* The M+1 peak appears due to the presence of carbon-13 atoms
* 5Since octane has more carbon atoms, there is a greater chance of one atom being carbon-13
which results in a larger M+1 peak

For more help visit our website https://www.exampaperspractice.co.uk/
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e) The difference inthe ratio of the M* peak to the [M+2] peak in 1-bromobutane and 1-
chlorobutane would be:

o Inl-chlorobutane, theratioof M*: [M+2] would be 3:1: [1 mark]
o [Inl-bromobutane, the ratio of M*: [M+2] would be 1:1; [Tmark]

[Total: 2 marks]

» Bothchlorine and bromine exist as two isotopes:
o 32Cland ¥ Cl

» F5Clis 3 times

o ’?Brand®Br

n Theirrelative a ances are the
« Compounds containin will h he 3°Clisotope and a
[M+2] peak due to 3/Cl

o The M*peakis 3 tim@8higher than the
o Thisis because the 3l isotope is 3 tj n3'Cl
« Compounds containin he "“Brisotope and a
[M+2] peak due to 8'1Br
o TheM*andthe [M+2] peakh ts arethe same
o Thisis because the abundances of theisotopes are the same

EXAM PAPERS PRACTICE

Answer 2.
Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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a)ltcanbe shownthat compound X contains 6 carbon atoms by:

o n=(100 /11 = (6.5 /100): [ITmark]
e Son=5.91sothereare écarbonatoms; [1mark]

[Total: 2 marks]

e The peaksshowninthe diagram are the 2 which are greater than 100, so the peak atm/e =
102 isthe molecularion peak and the peak at m/e =103 s the [M+1] peak caused by the
carbon-13isotope, whichmakes up for approximately 1.1% of all carbon atoms

e The numberof carbona ' p ' he following formula:

100 x abundance of [M+1]
1.1 = abu

¢ The abundance of [M+1] abun 50!

100 X 6.5
n:—:

e son=>5.9]rounding this gives 6 ca

b) The molecular formula of Xis:

EXAM-#ARERS PRACTICE
R th

@ ﬂﬁ%l&lﬁfﬁﬁﬂl@fﬂuﬁﬁ@ﬁ&&alue that corresponds to the molecular mass of
the compound
* 50,themolecularmass of compound Xis 102
e [thasécarbonswhichhaveamassof6x12=72
e Theremaining mass must be due to hydrogen and oxygen
o 102-72=30
e Oxygenhasamassof 16, so there canonly be 1 oxygen atom within the compound (as 2
oxygen atoms would have a combined mass of 32, whichis too large)
¢ The remaining mass must be due to hydrogen atoms:
o 30-16=14
* Asthemassof ahydrogenatomis], theremustbe 14 carbonatoms

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) The molecular formula of the fragment of Xatm /e = 3lis:
o (CH;OH)*: [1mark]
[Total: 1mark]

¢ Think about some common fragments that could be found within a compound containing
carbon, hydrogen and oxygen, and their m/e values:

o CHz*=15
o CHy*=14
o OH* =17
e Thenthink aboutwhatc es eanm/evalue of 31

e CH;OH"would give a valligof 14 + 17 = 31

d) The functional group prese

* Ahydroxy group because
AND
One oxygen atom is present in the

EXAM PAPERS PRACTICE

¢ The infra-red spectrum shows a broad peak at around 3300 cm~' which corresponds to a
Cﬂ[}'yﬁghhup or carboxyl group
s, g@gqt@{wpé]@m dehtaips &opygen atoms and the hydroxyl group, -OH, contains 1

oxygen atom
« Compound X cannot contain the carboxyl group as it only has 1 oxygen atom, therefore it must

cular formula; [1 mark]

contain a hydroxyl group

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

a) The relative abundance of the isotopes is:

isotope relative
abundance
24Mg 78-79
Mg 10
2Bpg 11-12

s All three values correct: |

[Total: 1 mark]

« Arange is given to allow lues must add up to 100%

to score the mark

siumtotwo decimal placesis:

b) The relative atomicmass, A, of m

EXAM-PAPERS PRACTICE

Copynignt | -
4] Mﬂtﬁ%ﬁﬁﬁ%g@ﬁ?ﬂfﬁ@[% the abundance by the isotopic mass for each

isotope and sumthe
e Don'tforgetyouneedto convert the percentage to a decimal or the answer willneed to be

divided by 100
¢) The full electronic configuration of the magnesium ion, 2°Mg?*,

e 1522522p%: [1 mark]

[Total: Tmark]

¢ Don'tbefooled by the question asking you for the electronic configuration of anisotope -

the isotopic massisirrelevant
¢ Youneed to subtract two electrons from the atom to achieve the configuration of the +2

ion

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Deducing the relative abundance of eachisotope of boron:

10x + 11(100—x)
100

e 10.8=

OR
10x + 1100 - 1x=1080; [1 mark]

e - x=1100-1080=20;[Imark]
s [sotopel /10 relative abundance =20

AND

Isotope 2 / 11 relative abundange = 80 [1 mark]

[Total: 3 marks]

s [ftherelative atomic ma e of the % abundances

and make themequalto
* Thetwoisotopesmust haverespe
massis10.8
+ ‘We knowthat

atomic masses of 10 and 11 as the relative atomic

e Therelative abundances mustaddupto 100
Cﬂpél'ﬂaﬂhten put these numbers into the equation

© R4 eacatt(Papers Practice

100
* Theisotope whichhas amass of 10 has an abundance of 20%, as xis equalto 20

* Theisotope whichhas amass of 11 has anabundance of 80%, as 100-xis equal to 80

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 4.

a) The evidence to support that compound X is a hydrocarbon is:

» Infrared peak at (roughly) 2950 cm™ for C-H bonds; [1mark]
e Noother functional groups presentin the infrared spectrum; [1 mark]

[Total: 2 marks]

¢ Useyourexam technique to help answer this question, two marks suggests:
o Twocomments about the infrared spectrum

o Twocomments abo

o Onecommentabo

* Thisguestionistwoco

o Onecommenttodi
conclusion

n Thepeakat295

o Onecommenttoin
conclusion

= Noother functional grou esent

hAM - ZARERS ERACTICE

Cﬂﬁ?‘?i’ghi} molecularion / M* peak at m/e 58
© ’Zﬂ'?f-l [xam Papers Practice

CaHyp has arelative molecularmass / M, of 58; [1 mark]

chspectrum
nts about thei

owth up s the hydrocarbon

mis for C-H bonds
rts the hydrocarbon

[Total: 1mark]

e Careful: Be sure to state the supporting piece of evidence AND how it supports the
conclusion

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The displayed formulae of two possible isomers for compound X are:

'
oy H-g G4
A=G=G=§¢~6H o
HHHH H—C—H
H

* Bothstructures correct

[Total: 1mark]

tane
whichis meth

e CsHipisthe molecularf
* Butane hasonlyoneiso

d)

i) The fragmentions in the mass spec

EXAM”“PAPERS PRACTICE

s m/z43 = C3H;.r’ [Tmark]

Copynght
IEorpadnEXisim Papers Practice

» Butane
AND
The fragmentions support / prove that compound X/ the hydrocarbonis a straight chain; [1
mark]

[Total: 4 marks]

e Thesefragmentions are some of the more basic ones that you canbe expectedto know
e Careful: Don't forget the + charge or you will lose the mark(s)

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 5.

a) To calculate the molecular formula of compound B:

* Moles of carbon = 5.60
AND
Moles of oxygen =1.16
AND
Moles of hydrogen = 11.7; [1 mark]

» Ratio of carbon : oxygen : hydrogenis 5:1:10
AND
Therefore, the empirical f la 1s CsHqgO; [

« Molecular formula = CsHy4
AND
Because the empirical for
a87; [1 mark]

as a mass of o the M+1 peak at m/z =

[Total: 3 marks]

# This question contains all the little trif&€ that examiners can do:
o Not giving you all of the percentages and expecting you to deduce the missing percentage

EXAM.EARERS.PRALCTICE

C o Notﬂling you the specific mass of the unknown compound - although you should be able
prmg rmine this from the M+1 peak information

© R4 anhRpRkmhactice

. |Element O H
Value from question 69.7 186 1.7
A 12.0 16.0 1.0
69.7 _ 18.6 _ 1.7 _
Moles oo 5.80 5o 1.16 o 17
. 5.80 _ 1.16 _ 1.7 _
Ratio e 5 e 1 T 10.09

* Therefore, the empirical formula is CsH4q0
¢ CsHypOhasamolarmass of (120x5)+(10x10)+16.0=86.0
¢ This means that CsH49O would have an M+1 peak at m /e =87.0

For more help visit our website https://www.exampaperspractice.co.uk/
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b) Two possible structures for compound B are:

* Pentan-2-one
AND
Pentan-3-one; [1 mark]

Explanation:

¢ The (sharp) IR peak at 1705 cm™' corresponds to a carbonyl group / C=0
AND
Which suggests / could b
# The fragment ion peak at e = 28 can only come froma C=0 ment
AND
Pentanal cannot (easily) fi

[Total: 3 marks]

peak at 1705 cm™', you

ntan-2-one and pentan-3-one as the only possible

+ Using a combination of th
should be able to determine pentan
Isomers

EXAM-PAPERS PRACTICE
Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The fragment responsible for the mass spectrum peak at m/ e =29 is:
e CoHs™: [1 mark]
How it can be used to distinguish between the two isomers:

¢ Pentan-2-one can only form one (C,Hs™) fragment
AND
Pentan-3-one can only form two (C,Hs™) fragments; [1 mark]
¢ Therefore, pentan-2-one will have a lower relative abundance of the (CoHs™) fragment
OR
Therefore, pentan-3-one

(CoHs™) fragment: [1 mark]

ave a higher relative abundance o

[Total: 3 marks]

gives m/ eda se identify potential fragment
h there is of each peak

« Remember: A mass spec

ions, but the size of the p

o Pentan-2-one can on

o Due to its symmetry, pentan-3-o

o Therefore, you could expect th
pentan-3-one

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

can also give an indication of how

n essentially form 2 peaks atm/ e = 29
e = 29 peak to be higher (potentially double) for

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


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

7

EXAM PAPERS PRACTICE

Answer 6.

a) To calculate the molecular formula of alcohol E:

* Moles of carbon = 5.68
AND
Moles of hydrogen = 13.6
AND
Moles of oxygen = 1.14; [1 mark]
« Ratio of carbon - hydrogen - oxygenis 512 - 1
AND
Therefore, the empirical
s M, of the empirical formul
AND
Therefore, the molecular

[Total: 3 marks]

Element
Value from question 68.2 136 18.2
» 1‘ ) I = I
) 68.2 13.6 il
Moles o .68 —— =136 =114
_rl IHI Ty 68 ) B ) ~

© 84 Exam PapersFaact®e | 130 - 19 i
# Therefore, the empirical formula is CsHy20

« Careful: Don't assume that the empirical formula is the molecular formula
o Use the molecular ion m [ e value of 88 to determine if the empirical formula is the

molecular formula
o In this instance, the molecular and empirical formulae are the same
o Without this check, you will lose a mark

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The information this tells us about the structure of alcohol E is:
o |tis a primary / 1° alcohol; [1 mark]
[Total: 1 mark]

* Remember:
o Primary alcohols are oxidised to aldehydes and then carboxylic acids
o Secondary alcohols are oxidised to ketones
o Tertiary alcohols can’t be further oxidised

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The fully displayed formulae and names of the four possible structural isomers that could be
alcohol E are:

H
o -G
I
H-C-C-C-C-C-O—H H | HH
I I I I I
HHHHH H-C-C-C-C-O
AND b |-|| |—|| H
Name = Pentan-1- mark] AND
ylbutan-1-ol; [1 mark]
H H,\C,,H
| “H
H— c H < /
H H
XAN fFfAPERs néAéTK:E
Copyright anp
C 2 (Kethd=oametrylsiari o ate e AND
Name = 2 2-dimethylpropan-1-ol; [1 mark]

[Total: 4 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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+ Take your time drawing the four structural isomers and naming them correctly:

o From part (c), you are drawing structural isomers of primary alcohols so don't be tempted

to draw secondary or tertiary structures

o Always double check they are in fact isomers and not the same molecule

o Take care with the naming rules as without a name you will not be awarded the full marks
« Apart from pentan-1-ol, you can also score the mark by giving a name that does not include the

-1-, e.g. 3-methylbutanol
o This is because the alcohol group is fixed at carbon 1
o This means that the molecule is numbered from carbon-1, which is the carbon with the

alcohol group

t could give a major peak atm /e =

d) The structure of the species

H
v O
H C.f "\.H

EXAM PAPERS PRACTICE

AND

CGM’H'&“&@E included in the diagram; [1 mark]
@ 2024 Exam Papers Practice

[Total: 1 mark]

* Take your time deducing the fragment ion
o [t will be linked to one of the iIsomers that you have just drawn so you are best starting with
the CH>OH which is commeon to all of the isomers
This has a mass of 31
This leaves a mass of 14, which is a CH> group
Therefore, the fragment is CH,CH>OH
Remember: The question asks for the fragment ion which is CH,CH,OH”™

o o o o

For more help visit our website https://www.exampaperspractice.co.uk/
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&) The identity of alcohol E is:

s 3-methyl-butan-1-ol
AND
This is the only alcohol with a branched chain that forms CH,OHCH," / C;H4OH™ [ peak at 45.0;
[1 mark]

[Total: 1 mark]

» There are three branched structural isomers:
o J-methylbutan-1-ol
o 2Z2-methylbutan-1-ol
o 2 2-dimethylpropan-1
e Only 3-methylbutan-1-ol gment v of 45.0

Answer 7.

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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a)

1) To determine whether compound F is a carbohydrate according to the previous chemistry
definition:

* Percentage of carbon = 55.81 (%)
AND
Moles of carbon = 4.65; [1 mark]
* Moles of hydrogen = 6.98
AND
Moles of oxygen = 2.34; |
» Ratio of carbon : hydroge
AND
Therefore, the empirical f
« Compound F is not a car
AND
Because the number of h
general formula; [1 mark]

try definition

the H,0 / (H,0),, in the

i) The answer to part (i) cannot be the molecular formula of compound F because:

E XA MR ARERS: WRAGTICE

Cﬂp’!ﬂ'li’@lﬂEIMES possible with two carbon atoms and one oxygen atom have an incorrect number

@ iydiogenaigms’Himerd Fractice

Plus any three of the following:

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

Justification, in terms of
hydrogen atoms

Mot enough hydrogen atoms | ; [1 mark]

ark]

ark]

Cg

pyright H

EXAM BAPERS.-PRACTICE

©

2024 ﬁ(alﬂ Fapers H
I

H—CIZ—CI'.—O—H
H H

Tactice

Too many hydrogen atoms | ; [1 mark]

[Total: 8 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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s For part (i)
o This question gives you the elements out of the standard, and almost expected, order
o You also have to calculate the missing percentage:
m Percentage of hydrogen =100 -6.98 - 37 21 =5581 %
o To calculate the empirical formula:

a |Element C H O
Value from question 55 .81 6.98 3721
A 12.0 1.0 16.0
55.81 _ 6.96 _ 37.21 _
Moles 46 o 2.34
. 4.65 _ : 2.34 _
Ratio S 1.99 . S 1
s Therefore, the e [ lais C
o Itis the H>O portion o formul IS | rtant
s The number of c natoms, m,isi gen and oxygen atoms
s The (H;0), porti that of 2 hydrogen atoms : 1

oxygen atom
= The H;0 portion of the empill@#l formula cannot satisfy this ratio
m Therefore, compound F ¢ t be a carbohydrate according to the previous chemistry

EXAM PAPERS PRACTICE

o This is a challenging variation of determining isomer structures
Cﬂwm@lﬂtra guidance of this question provides a very big clue but is hard to spot

@ 2024 Eﬂﬁﬁqgﬁaﬁ@@t@m@ﬁﬁﬁer in terms of hydrogen atoms, you are able to place

the carbon and oxygen atoms in any position that you wish and then add hydrogen

atoms
» Therefore, you should be drawing three different and complete displayed formulae that

contain two carbon atoms, one oxygen atom and enough hydrogen atoms to satisfy all

the bonds within the molecule
s However you try this, it is not possible to have two carbon atoms, one oxygen

For more help visit our website https://www.exampaperspractice.co.uk/
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b) To deduce the molecular formula of compound F:

o Mi; of the empirical formula of compound F =430
AND

M, of compound F = 86.0; [1 mark]
86.0 _

T

AND

The molecular formula of compound F is C4HgO5; [1 mark]

[Total: 2 marks]

s Thespectrumshowsala ds to the molecularion of
compoundF

o Therefore, the M, of

¢ Theempirical formula of

o The M, of the empiri rmula =

¢ Dividing the M, of comp y th

empirical formula pieces are requir

@ =2, which means thatt

peakatm/e= ' es

is 86.
poundFisCs
(12.0x2) +(1.0x 31 +16.0 .0

ells you how many

getthe molecular formula

are 2 empirical formula pieces in the molecular

EXAM.PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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c) The completed table is:

principal absorptions bond responsible
in infra-red spectrum
2500 - 3000 cm™ Carboxyl OH OR Carboxylic acid
1710 cm™ Carboxyl CO /C=0 OR Carboxylic acid
1620 cm™ C=C OR Alkene

» All bonds responsible correct; [1 mark]

[Total: 1 mark]

* This question just require
¢ Careful: Some of the pea
o For the peak at 2500
carboxylic acid / carb
o Forthe peak at 1710

[ carboxy! CO bond

hol OH bond or a
OH bond

1 you mu ity if it | bond or a carboxylic acid

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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d) The displayed formulae and names of the three possible isomers that could be compound F are:

'H\ /H
/c:C\ /0 AND t f but-3-enoic acid: [1 mark]
L] Cormect name o1 DUl-a3-enoic acid, mar
’ el

cid / Z-but-2-enoic acid; [1

ect name of trans-but-2-enoic acid / E-but-2-enoic acid;

EX’AM‘/\RAPERS PRACTICE

Copytght
o dabgpm Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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« From parts (b) and (c), you should have determined that compound F:
o Has a molecular formula of C4HgO-
o Contains a carbon=carbon double bond / C=C
o Contains a carboxylic acid group / —COOH
« Tip: When building / deducing organic structures, leave the hydrogen atoms to last as they
essentially finish off the molecule
« [f you start with the carboxylic acid group / —COOH
o —COOH
o This leaves you with three carbons
o Attach a second carbon t

© Due to the bonds tha ond must be a carbon-
carbon single bond

o —C-COOH
o This leaves you with

* The question tells you tha
o This means that the
o C-C-C-COOH

* You know that there is a carbon=c

m the carboxylic acid group, this n

carbons

mpound F is a straight-chain mole
ly to the second carbon

double bond / C=C somewhere in the chain
o As previously discussed, it cannot go between carbon-1 and carbon-2

EXA’M”E?A‘EP‘E"RS PRACTICE

|5 forms but-2-enoic acid which exhibits geometrical iIsomerism
Copyrig
erefor this structpre has two possible isomers, cis-but-2-enoic acid and trans-but-
@ 202 @pers ractice

o [t could, alternatwelyi go between carbon-3 and carbon-4
s C=C-C-COOH
m This structure is called but-3-enoic acid and does not exhibit geometrical isomerism

« Remember: When you draw your final answers, make sure that you have all the appropriate
hydrogen atoms in place or you will lose a mark
o Careful: Make sure that all of the carbons, especially the alkene carbons, have the correct
number of bonds
o |t is very common to accidentally add an extra hydrogen atom making 5 bonds around the
alkene carbon atoms

For more help visit our website https://www.exampaperspractice.co.uk/
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e) Compound F is:

e cis-but-2-enoic acid
AND
The arrangement of functional groups around the carbon=carbon double bond / C=C
reduces theintermolecular / van der Waals forces (meaning less energy is required to
overcome the forces): [l mark]

[Total: 1mark]

e Thethreeisomersidenti
o But-3-enoic acid
o cis-but-2-enoic ac
o trans-but-2-enoic

e There aretwotypesofs
o Geometrical (cis-tr
o Opticalisomerism

« CompoundFcannotbe
o The carbon=carbondouble bo C=Chastwo hydrogen atoms attached to one of

the carbons soit cannot sho ometricalisomerism

o There are no chiral centres so it cannot show opticalisomerism

EXAM FPARERS FRACTICE

o Theshapesof the molecules will affect the van der Waals forces
CCI[] ]ngu'nape of the cis-isomer means thatit has a smaller surface area
@ 2024 hxatuddedins @rEHARDIEE van der Waals forces
» Weakervan der Waals forces mean thatless energy is required to overcome the
forces, resulting in a lower boiling point

isomerism

terecisomerism

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