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Mark Scheme

Answer 1.

a) The name and structure of the chemical thatis commonly used as a standard inNMR
spectroscopy are:

e Tetramethylsilane; [1 mark]

f
H—C—H
H | H
¢ H—C—S—C—H
Pl
H=C—H
H
OR
—F.II— :[Imark]

EXAM PAPERS PRACTICE

[Total 2imiaki]
@ gﬂ%%@my@cﬁﬁ% EEQIQMQI% used, itis not sufficient for the mark

¢ \When drawing the structure, a partially displayed structure with CHz groups notdisplayed
would be accepted

 You should be aware of TMS as the common reference standard for both >*C NMR and 'H
NMR spectroscopy

e Youshouldbe able to name it, draw it and explain why itis used

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The number of expected peaks in the 'TH-NMR of each compound is:

o A=3 [Tmark]
o B=4: [Tmark]
o C=1:[Tmark]

[Total: 3 marks]

e Tip: Draw out and annotate the compounds as this can help you see the environments
o Youcansometimes make spotting different hydrogen environments easier by using
symmetry - always 11 tNINKl
e Thediagrams below sho

léi
Copyright
@ 2024 Exam PaEers Practice

e Eachpeakonthe NMRspectrum relates to hydrogens in the same environments, i.e. 3
different hydrogen environments would have 3 peaks

CHj
ShE g;ﬂCTICE

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The methyl groups in compounds B and C give a doublet and singlet respectively because:

e Thesplitting patterndepends onthe neighbouring hydrogens/protons; [1 mark]
¢ |somer B gives a doublet as the methyl groups have 1 neighbouring proton
AND

n+1=1+1=2:[1mark]

¢ |somer C gives asinglet as the methyl groups have no neighbouring protons
AND

n+1=0+1=1;[Tmark]

[Total: 3 marks]

e Thesplitting pattern of
* Remember: The numbe
o Wheren=thenumb

o Soif the methylgro

=2

* Thesame functional/ al
shifts

EXAM PAPERS PRACTICE
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ent /the neighbours

howasadoubletasT+1

patterns and chemical
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d) The number of different carbon environments in each of the compounds is:

o A=3:[Tmark]
o B=4:[Tmark]
o C=2:[1mark]

[Total: 3 marks]

¢ Tip: Youcansometimes make spotting different carbon environments easier by not
drawing in all of the hydrogens as well as using symmetry - always double-check your
answer
¢ |nthe diagrambelow th
o Make sureyoudoin
you aren'tmissing c

ntcarbonenvironments
,.9.CHO, to make sure

EXAM®PAPERS CPRACTICE
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Answer 2.

a)
i) To show that the empirical formula of compound Xis CzH,O:

e Dividing the % of each element by the A;:
Carbon =221 AND hydrogen = 193 AND oxygen = 28
12.0 1.0 16.0

OR
Carbon =5.175 AND hydrogen = 10.3 AND oxygen = 1.725; [1 mark]

e Dividing by the smallest

Carbon = i’_}i AND hy

OR
Carbon=3AND hydrog 5.97 AND oxyg

i) The molecular formulaof ¢ o X is;

. C3H5C}
AND
(Because,) the empirical formula mass equals the molecular formula mass; [1 mark]

=XAM PAPERS PRACTICE

C To calcutlr[e anempirical formula:
e the number foreach element (eitherin g or as a percentage) by its relative

@ 2024 kxam Papers Practice

2. Divide those values by the smallest one to get aratio of elements

3. Multiply the values if necessary to get aration with values that are close to whole

numbers

4. \Write the empirical formula as your answer
* Todetermine the molecular formula

o Calculate the mass of the empirical formula

o Work out how many empirical formulas are required to make the M,

o Write the molecular formula
s Careful: Inthis question, the mass of the empirical formula is the same as the M,

o This means that the empirical formula is the molecular formula

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The structures of two isomers of compound X that contain a carbonyl group are:

. /\/0 : [1mark]

)

. )K [Tmark]

[Total: 2 marks]

e Displayed and structural uld b rks
o Thisis because the tiondoes not an rs should be presented
« Remember: The molecularformula of compound X from part [@lls CzH;O
s Thetwo possibleisomer C=0
o This meansthattherearetwoc
o Theycanbe placed consecuty . as a chainto form propanal
o Theycanbe placed on either side of the carbonyl group to form propanone

EXAM PAPERS PRACTICE

Copyright
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c)
i) The number of peaks in the carbon-13 NMR spectrum of cyclopropanol is:
e Two/2:[1Tmark]
i) One change that can be made to the solvent used for the proton NMR is:
e Change /swap the CDClz for D;O; [1 mark]
How this will affect the spectrum produced:
o The OHpeak/peakatar
[Total: 3 marks]

 Forpart(i)

o Thereisaline of symm@try through the that:

m Thetwo CHs;car i

» TheCHOHhas a

* Forpart (ii)

o One common change thatca sily be applied to NMR spectroscopy is to change the
solvent

EXAM PAPERS ERACTICE

. theprotonfromthe OHgroup
Copyrigh]

is means that the peak at 3.5 ppmwill disappear

@ 2024 Exam Papers Practice

Answer 3.

For more help visit our website https://www.exampaperspractice.co.uk/
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a)
1) CDCl5 1s used as a solvent instead of CHCI; because:

s |t/ CDCl; does not give a peak (on the spectrum)
OR
CHCI; does give a peak (on the spectrum); [1 mark]

i) TMS is added to give the small peak at chemical shift & = 0 because:

* |ts chemical shifts can be
OR
It is the reference / stand

[Total: 2 marks]

# The use of TMS as a refi common one-mark

question

b) The proton environment which ca the peak at chemical shift 3.8 ppmis:

EXAM PAPERS PRACTICE
0 A 12
P C? Ice

e The -CHzgroup (in-OCHz); [1 mark]
e [tisasinglet caused by no adjacent / neighbouring hydrogen atoms; [1 mark]
e Apeakareaof 3meansthere are 3 hydrogen atomsin this environment; [1 mark]

[Total: 3 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e Forsplitting patterns remember the following;
Singlet(n+1=1)-noHonadjacent atoms
Doublet(n+1=2) - adjacent CH
Triplet(n+1=3) - adjacent CH;
Quartet (n+1=4) - adjacent CH3
e Table1.1shows that the chemical shift atd 3.8 ppm can be an alkyl group next to an
electronegative atom such as oxygen, CHz-O, -CH;-0O
e Fromthe spectrum, the peakatd 3.8 ppmis asinglet
o The only part of the compound that can produce a singletis a -CHz group onthe end
of the molecule
o This-CHzgroupisn
proton NMR informa
¢ |nyouranswer, you also
are three hydrogen ato
* Remember: The ratio of
protons responsible for

o

o o o

ne ich agrees with the

inTable 6.1
hich tells you that there

he ratio of the number of

EXAM PAPERS PRACTICE

Copyright
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¢) The two esters with formula CgHy2O5 that each have only two peaks, both singlets, in their 'H
MNMR spectra are:

e (CH3);CCOOCH:;

@
¥
CH,

s CH3;COOC(CHs)s
OR

Pe

Q
Eﬁﬁﬁméigsmpmcn&

Copyright
@ 2024 Exam Papers Pr@H%e

[Total: 2 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e The first thing to notice in the questionis that you are asked to draw two esters from the
isomer CgH1205

e -COOCwill feature inyour drawings but make sure you try to focus on the fact that you
needtodraw the correct hydrogen environments as it says in the question therelative peak
areas are 3:1forboth esters

o Thismeansthatthere are 3 CHz groups to 1 CHz groupin the esterisomer and thenin
between themis the esterbond -COOC

¢ [tisthen acase of drawing one ester and then ‘flipping’ the three methyl groups to the
other side of the ester bond

* Remember: Always dou
not lose easy marks

feachcarbon atom and

d)

i) The simplestratio of protonsineach environment is:
o 2:2:2:3:3[1mark]

ii) To describe and explain the splittin ernsofthepeaksatd=35andd=12:

EXAMEARERS PRACTICE

s 01.2 = is fora CHz-CH> ; [1 mark]
Gm]?_ﬂ:lghtriplet because of an adjacent CH; group; [1 mark]

8.2024 Exam Papers Practice

* Remember: Theintegration value tells you the ratio of the relative areas under each peak
¢ Soananswerof 2:2:2:3:3 can be found as the simplest whole number ratio from the
integration value:

For more help visit our website https://www.exampaperspractice.co.uk/
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s i
III i
L L] L]
s - 3 i
e

» \Write the corresponding ratios onto the spectrum so you can rly see how the split
patterns apply tothe pea
* Youneedtoreferenceth ton th
explain what these split

* Theisomeris drawnbelo
theintegrationvalues:

TN Y
EXAM PAPERS PRACTICE
é?&gggmmﬁamsh&@&tma

s B:[1mark]

T
1 ]

is showing as well as

owing the relationship between proton environments and

[Total: 1mark]

* There are four peaks onthe spectra which correspond to four different carbon
environments
o 30 ppm; C-CH3zand there are three equivalent CHz groups
o Justabove 30 ppm; forthe carbon atom with three CHz groups attached
o 50 ppm; C-C=0 forthe CH; group
o 180 ppm; RC=0 forthe COOH group

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

a) The completed table assigning spectra A and B is:

Spectrum Organic compound Explanation
The highest m/e for spectrum A is 62 which matches
A Ethane-1,2-diol the M, of ethanediol, C;Hg0;

The highest m/e for spectrum B is 90 which matches
B Ethanedioic acid the M, of ethanedioic acid,CoH204

 Spectrum A: Correct org
* Spectrum B: Correct org

[Total: 2 marks]

cipally 13C
unlikely to show up unless

* Sometimes tiny peaks ap
« However, the amount of

b) The completed table assigning spectra C and D is:

=AAMAPERS #RACTICE

C h Spectrum C contains a peak at 1700-1750 cm™’
G@WI g 1 Ethanedioic acid which matchesthe C=0in ethanediocic acid

@ 2024 Exam Papers Practice

Inspectrum D, thereis a broad peak at 3200-3600
D Ethane-1,2-diol cm™ whichis characteristic of O-Hin alcohols

# Spectrum C: Correct organic compound and explanation; [1 mark]
* Spectrum D: Correct organic compound and explanation; [1 mark]

[Total: 2 marks]

e Ethanedioic acidis a hydrated solid acid, so there are O-H bonds from the water molecules
aswell asthe carboxylic acid groups, making it alittle hard tointerpret the IR spectrum

* The bestapproachistolook for bonds that are unique to that molecule compared to
ethane-1,2-diol

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The spectrum of ethane-1,2-diol shows:

¢ There are two peaks which indicate there are two unique 'H /proton environments: [1 mark]

e Theintegration peaks show the ratio of the H / proton environments is 2:1; [1 mark]

e This matches the structure of ethane-1,2-diol which has two identical -OH protons and
fouridentical C-H protons; [1 mark]

[
H—O—(|I—(|:—0 —H
H H

[Total: 3 marks]

environments
ment and oneinanother

e Youmust distinguishbe
* [twouldbeincorrectto
environment - itisarati

d) The number of peaks and splitting p n forethanedioic acid:

EXAM-APERS PRACTICE

[Total: 2 marks]
r::pynght
1 Edangdiciessisl [Baf fopmetigabmolecule with only two protonsin a chemically

identical environmen
e Thesingle C-Cis capable of rotating so the most sterically favourable position is with the
two hydroxyl groups opposite each other:

H_O\ /O
2
O 0O—H

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 5.
a) The number of peaksinthe carbon-13 NMR spectrum of lidocaine is:
e Nine/9;[Imark]
[Total: 1mark]

e Careful: Lidocaine has 2 symmetrical sections; one in the aromatic ring and one in the
tertiary amine at the end of the molecule

b) The completed table is:

EXAM RFARPERS:ERACLICE

of proton
L P peak

g
© 2024 ExamMeiperapnedtioe 6 triplet

methyl groups attached to the

2.3 . 6 singlet
aromaticring
3.0 CH next to carbonyl group 1 singlet
71-7.4 attached to the aromaticring 3 overlapping peaks
9.0 amide 1 singlet

o Fachcorrectrow: [1mark]

[Total: 3 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e Theanswerto part(a) can help guide you when assigning peaks

¢ Thefollowing hydrogens
o The hydrogensdirec
o Theterminal methyl
e The 2 methyl groups(gre
neighbouring hydrogens
o This meansthatthey asingletaccounting for 6
hydrogens
o The datatable suggests that appearintherangeof2.3-3.0
e The CH group (blue highlight) adjacent to the carbonyl group has no neighbourin

EXAM.PARERS.PRACIICE

Cop Eg =" . .
0, tatablesuggests that thisshould appearintherange of 2.2- 3.0
@ %Q r 'Jf'ﬁ-ﬁl%%'@u Eﬁlﬁyg@dle of the molecule) is an amide hydrogen with no
neighbouring hydrogens
o This means thatit has no splitting pattern andis seen as a singlet accounting for
hydrogen
o The datatable suggests that this should appearintherange of 5.0 -12.0

and red highlights)

areidentical and have no

For more help visit our website https://www.exampaperspractice.co.uk/
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c) Explaining the splitting pattern for the absorptionatd 1.2 ppm:

e Thereis aneighbouring / adjacent (carbon) atom with has two protons (attached)
OR

There is an adjacent CH; group:; [1 mark]
[Total: Tmark]

e The 2 methyl groups at the end of the molecule are identical and have 2 neighbouring
hydrogens
o This means thatthe i plity ccounting for é
hydrogens
o Thedatatable sugg that they app S 1.7

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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Answer 6.

a) The molecular formula of the compound is:

58.82 9.80  31.38

o MoleratioC:H:O= : :
12.0 1.0 16.0

= 4.90:9.80:1.956; [1mark]

e Empirical formula = CsHygO5 : [1 mark]
« Molecularformula=CsHigOo=(5x12.0)+(10x1.0)+ (2x16.0) =102
AND

Evidenceofm/e=102 tru
ALTERNATIVE
w2 (52
s C:— = 500
12.0
e (2)
e H: —— — —° =10.0
1.0

EXAM-PAPERS PRACTICE

« Molecularformula CsHynO5
Comnpight
© POFRicE /Ay Kpeeakite sheetrum: [l mark]

[Total: 3 marks]

¢ Useallthe available information to solve the problem
o This question gives you two routes to solving the problem if you know the percentage
composition and the relative molecular mass
e Showing your steps not only is good practice but also helps you pick up on errors more
easily
o You canthen still receive some marks even if you make a mistake

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The functional groups in compound P and reasoning are:

¢ Pdoesnotcontain acarboxylic acid
AND
The Na;CO3z (aq) test is negative; [ mark]
¢ Pdoesnotcontain analdehyde orketone
AND
The 2,4-DNP testis negative; [I mark]
e Pdoesnot contain analdehyde group

AND
] E

The Tollens' testis negati
¢ Pcouldbeanester
OR
o Negativeresultscanbejustas| mative as positive results
e Anesterisagood candidate asit wo oxygens and does notrespond to any of the tests
o Althoughesters are polar, they are not very soluble inwater due to aninability to form

EXAM PARERS.PRACIICE

C the sohﬁjity
pr\}gt ut more information, it would be hard to say if it is a diol

@ 2024 Exam Papers Practice

[Total: 4 marks]

e |tiseasiertosaywhatth nal ts of the tests

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The functional group presentincompound P is:
s Ester;[Imark]
Explanation:

e The peakatd=162ppm corresponds to the C=0 of a carboxyl group; [1 mark]
s Thepeakatd=63ppmcorrespondstoaC-0O;[1mark]

[Total: 3 marks]

e Thisissimply acaseofm ninTable1.2
o C-Oisfoundatd=
o C=0Oisfoundatd=1
s Anesterisconsistent wi
o Two oxygens are pr

o |tisafunctional gro atdoesnotre : NPH or Tollens' reagent

EXAM PAPERS PRACTICE

Copyright
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d) The structure of compound P is:

o Correctstructure: [1mark]

0

o CH,——CHj3

Explanation:

Any two from:

e The spectrum shows tw
o Aquartet andtripletint
* The spectrum shows tw

/ CH3zCH> group; [1 mark]

[Total: 3 marks]

* There are several isomeric esters ible with this molecular formula
o ltisthe splitting patterns in the proton NMR that allow you to deduce the specific

EXAM.-PARERS -PRACTICE

protons and hence the structure
Cﬂﬂ?’ﬂgh& you know where characteristic functional groups are foundin the spectrum as

(8] anﬁﬁﬂpﬁqﬁﬁﬁwgeﬁtﬁamiwlar peaksin3C or'HNMR spectra

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 7.

a) The equation, using structural formulae, for the reaction of propan-2-ol and ethanoic
anhydrideis:

s (CH3CO);0 + CH3CH(OH)CHz — CHzCOOCH(CHz); + CHzCOOH:; [1 mark]
[Total: Tmark]

* Remember: Thereaction of an alcohol and an acid anhydride forms an ester and ethanoic

acid
o The most common d roduct, presumable out
of habit of writing "e +water
e Careful: The question as rstructural for etogetthemcorrect

EXAM PAPERS PRACTICE

Copyright
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b)
i) Aliquid stationary phase separates the organic compounds in a mixture by:
e Their/the compounds relative solubility; [1 mark]

i) Predicting the separation of these four compounds using the alkane stationary phase,
including relative retention times:

e Bothesters have the same functional groups
AND
They will have similar ret
¢ Alcohols are not soluble
AND
Alkanes are highly solubl
mark]

alkane stationary phase, so will hgl€ a short retention time

e along retention time; [1

[Total: 3 marks]

« Remember: Separationinchromat phyis due to the solubility of compounds inrelation

to the other compounds inthe mi
o The fourcompounds in the mixture are the two esters and the two contaminants; an

EXAMIPAPERS. ERACTICE

Ophases h1

-polar compounds, such as alkane, are more attracted to the non-polar stationary

© 20%143 ARSI AR R mes

o Polarcompounds, such as esters and alcohols, are less attracted to the non-polar
stationary phaseresulting in shorterretention times
e Without knowing further information, you can only state that the esters will have similar
retention times because they have the same functional groups

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


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

7

EXAM PAPERS PRACTICE

c) To identify and draw the ester:

Empirical / molecular formula calculation:

66.63  11.18 22.19

e MaoleratioC:H: 0= : :
12.0 1.0 16.0

OR

MoleratioC:H:O= 5.55:11.18 : 1.39: [1 mark]
5.55  11.18 1.39

* EmpiricalratioC:H:O= OR= 4:8:1

AND

Empirical formula= Cy4
e Massof empiricalformulas (4x12.0)+(8x1.0)+16.0=72.0

AND

Evidenceofm/e=144

AND

Molecularformula = Cg

135 1.33  1.39

EXAM PAPERS PRACTICE
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Proton NMR data:

* Peakat ~3.8 ppm: -CH>-0 due to the number of protons indicated on the spectrum
AND
Quartet splitting pattern suggests a neighbouring methyl group; [1 mark]
o Peakat~2.2ppm:HC-C=0
AND
Singlet splitting pattern suggests a neighbouring carbon atom with no hydrogens
attached:; [1 mark]
e Peakat ~1.3 ppm: R-CH as a methyl group due to the number of protons indicated on the
spectrum
AND
Triplet splitting patterns
e Peakat~0.9ppm:R-C
AND
Likely to be R-(CHz)z du
AND
Singlet splitting patternsuggestsa
attached; [1 mark]

estsaneighbo

the number of protonsindicated espectrum

hbouring carbon atom with no hydrogens

Structure

EXAM PAPERS PRACTICE

Copyright ’
@Zﬂﬁq‘EITTrpéﬁE@ ractice [Tmark]

O——CH,—CH,4

[Total: 8 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e Use allthe available information to solve the problem
o Percentage composition by mass to determine the empirical formula
o Mass spectrum to determine the molecular formula, in conjunction with your empirical
formula calculation
o NMRdata toidentify fragments / likely structures with the overall structure
¢ ‘Youneed to show yourworking on this type of question asitis relatively easy to make a
mistake without realising
o |fyoudo, youmight still gain marks for some of the other points that you make in your
answer
« NMRdata
o Youknowthatthec

H,C

Ha
Hy

o Fromthe peaksat ~3.8 and ~1.3 ppm, you know that thereis a CH; group attachedto

EXAMPAPERS PRACTICE

CH,

Copyright o
@ 2024 bxam Papers Rractice z

HyC—— —CHQ—G\
l O—4—CH,—CH,
Hgy

For more help visit our website https://www.exampaperspractice.co.uk/
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o Fromthe peak at 2.2 ppm, you know that there is a CH; with a neighbouring C=0 and
that it also has a carbon atom with no attached hydrogens

CH,
0
7
HaC——C—§—CH,—{C
N
O——CH,——CH,
CH,

A=A AW th
hed hydroge

o Fromthe peakat ~0.9
carbon atomwithno a

roups attachedto a

O——CH,—CH,

EXAM PAPERS PRACTICE
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