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Question 1.

(@) This question is about the NMR analysis of various organic compounds.

Name and draw the structure of the chemical that is commonly used as a standard in
NMR spectroscopy.

(2 marks)

(b) Fig. 1.1 shows the struct

EXAM pApER§ PRACTICE
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Fig. 1.1

Compound A is pentane, with the chemical formula CsH5. Compound B is 2-

methylbutane and compound C is 2,2-dimethylpropane, which are both isomers of
pentane.

State the number of hydrogen peaks that would be expected in low resolution "H-NMR
spectrum of each isomer.
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(3 marks)

(c) More structural details can be deduced using high resolution TH NMR.

Explain why the methyl groups in 2-methylbutane, compound B, give a doublet splitting
pattern while the methyl groups in 2,2-dimethylpropane, compound C, give a singlet

splitting pattern.

to distinguish chemicals.

(3 marks)

(d) Carbon-13 NMR is also commonly
Predict the number of peaks in the carbon-13 NMR spectra of compounds A, B and C.

EXAM PAPERS PRACTICE
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(3 marks)
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Question 2.

(a) Compound X is a carbohydrate.

Compound X contains 62.1% C, 10.3% H and 27.6% O by mass.

i) Show that the empirical formula of compound X is C3HgO.

[2]

ii)  The empirical form s 58.0.

Deduce the molec xplain your reasoning.

molecular formula Lo e

=EXAM - PAPERS PRACTICE
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(3 marks)
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(b) There are several possible isomers of compound X.

Draw the structures of twe isomers of compound X that contain a carbonyl group.

isomer 1 isomer 2

(2 marks)

EXAM PAPERS PRACTICE
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(c) A sample of a different isomer of compound X is cyclopropanol, which was analysed by
NMR spectroscopy.

i) Predict the number of peaks in the carbon-13 NMR spectrum of cyclopropanol.

[1]

ii)  Cyclopropanol was dissolved in CDCl3 and the proton NMR spectrum of this
solution was recorded as shown in Fig. 2.1.

cyclopropanal

OH

Wy

]
EXAM PAPERS PRACTICE
Cr::pyrl gh1 Fig. 2.1
@ 202&@% Ewaﬁg[ﬁtli::}{raﬁtﬁﬁe to the solvent used for the proton NMR and

how this will affect the spectrum produced.

[2]

(3 marks)
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Question 3.

(a) Methyl cinnamate, Cy3H,p0-, 1s a white crystalline solid used in the perfume industry.

The proton NMR spectrum of methyl cinnamate in the solvent CDCl; is shown in Fig_ 1.1.

relative peak area 3

relative peak ar

2 0

10

Fig. 1.1

EXAMPAPERS-P RACTICE
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1)  Explamn why TMS is added to give the small peak at chemical shift 6 = 0.

[1]

(2 marks)

(b) The structure of methyl cinnamate is shown in Fig. 1.2.

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

The data in Table 1.1 s

Identify the proton environme at gives rise to the peak at a chemical shift of 3.8 ppm

EXAM PAPERS PRACTICE

Cgpynght Table 1.1
@ 2024 Exam Papers Practice
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) chemcial shift range, 5/
Environment of proton Example
ppm
alkane -CH5, -CH5-, =CH- 09-1.7
CH3-C=0,-CH>-C=0, >CH-
alkyl next to C=0 22-30
=0
alkyl next to aromatic ring | CHs-Ar, -CHy-Ar, >CH-Ar 23-3.0
alkyl next to
_ CH5-0,-CH,-0, -CH-Cl 32-40

electronegative a

attached to alken 45-6.0

attached to arom 6.0-9.0

aldehyde 9.3-105

alcohol 0.5-6.0

phenol 45-7.0

carboxylic acid 9.0-13.0

alkyl amine R-NH- 1.0-5.0

aryl amine Ar-NH> 3.0-6.0
EXAM PAPERS PRACTICE
Copyright
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(3 marks)
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(c) Proton NMR spectroscopy can be used to distinguish between isomers of CgH4,05.

Draw the two esters with formula CgH,,0, that each have only two peaks, both singlets,
in their 'H NMR spectra. The relative peak areas are 3:1 for both esters.

(2 marks)

(d) The proton NMR spectrum of another isom shewn in Fig. 1.3.

EXAM PAPERS PRACTICE
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F

The integration values for th€ peaks in the proton NMR spectrum of this isomer are
given in Table 1.2.

EXAM PAPERS:PRACTICE

CopyrighT chemical shift,
.8 3.5 26 2.2 1.2
@ 2024 xansiemers Practice
Integration value 0.6 0.6 0.6 0.9 0.9
Splitting pattern triplet quartet triplet singlet triplet
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i) Deduce the simplest ratio of the relative numbers of protons in each environment
in the isomer.

(1]
ii)  The datain Table 1.1 should be used in answering this question.

Describe and explain the splitting patterns of the peaks at §=3.5and 6§ = 1.2.

splitting pattern

reason for splitti

splitting pattern

reason for splitti

[4]

EXAM-PAPERS-PRACHCE

Copyright
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(5 marks)
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(e) Fourisomers of CgH4,0,, A, B, C and D, are shown in Fig. 6.4.

CH
3 0
0 | Vi
I CHy—C—CH,—C
CHy— C—0— CH,— CH,— CH,— CH, | OH
CH,
A B
CH,
0
| 7
c tIZ—C\
cH,  O%Hs
D

Fig. 1.4

The C-13 NMR spectrum of one of the four isomers of CgH4205 is shown in Fi

EXAM PAPERS PRACTICE
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Fig. 1.5

E)@AME FAPERSPRACTICE

Cr::p

whlch th four I'ﬁl’ = ilé‘ﬂ C or D of CgH¢505 produced the C-13 NMR

EI’
spe rum nwn n |g1

Table 1.3
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Copyright

Hybridisation of the| Environment of Chemical shift range
Example
carbon atom carbon atom &/ppm
CHs-, CHz-, -CH<,
sp? alkyl 3 ’ 0-50
=C=
3 next to alkene /
sp -C-C=C, -C-Ar 25-50
arene
5 next to carbonyl /
sp C-COR, C-0O3R 30-65
carboxyl
sp? 30 - 60
sp? 50 - 70
sp? 110 - 160
sp? R-COOH, R-COOR 160 - 185
sp? R-CHO, R-CO-R 190 - 220
sp nitrile R-C=N 100-125
@ 2024 EXam Papers Praclice (1 mark)
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Question 4.

(a) Ethane-12-diol, C;HgO5, can be distinguished from ethanedioic acid, C;H504, by a number of analytic
technigues including MS, IR and NMR.

Fig. 2.1 (spectrum A) and Fig. 2.2 (spectrum B) show the mass spectra of ethane-1,2-diol and
ethanedioic acid.

EXAM PAPERS PRACTICE

Cr::pyrigh% 4“':

@ 2024 Examy Papers Practice
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10 20 30 40 50 60 70

Fig. 2.1 (spectrum A)
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Mass spectrum

Rel. Intensity

40

miz

EXAM PAPERS PRACTICE

Complete Table 2.1 to suggest which compound is responsible for each spectrum? Explain your answer.
Copyright
@ 2024 Exam Papers Practice

Table 2.1

Spectrum Organic compound Explanation
A
B

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) The IR spectra of ethane-1,2-diol, C2HgO2, and ethanedioic acid dihydrate, C2H204.2H30, are shown
mn Fig. 2.3 (Spectrum C) and Fig. 2.4 (Spectrum D).

100

Transmittance %
8
1

n1||||

Fig. 2.3 (spectrum C)

EXAI
Copyright :F\
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Fig. 2.4 (spectrum D)
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The data in Table 2.3 should be used in answering this question.

Complete Table 2.2 to suggest which compound is responsible for each spectrum? Explain your answer.

Table 2.2
Spectrum Organic compound Explanation
C
D
racteristic infrared
Bond absorption

range (in wavenumber) / cm™

hydroxy, ester 1040 - 1300

e ™ EA0 a9

i C=0 icarbonyl, carboxyl 1670 - 1740
Copyright ester 1710 - 1750
@ 2024 EXamdfaperaFciice 3200 - 2250
C-H alkane 2850 - 2950

N-H amine, amide 3300 - 3500

O-H carboxyl 2500 - 3000

[hydroxy 3200 - 3600

(2 marks)
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(€) The proton NMR spectrum of ethane-1,2-diol is shown in Fig. 2.5.

Describe and explain the splitting patterns of the spectrum.

EXAM’ PAPERS PRACTICE
%ﬂgﬂgﬁﬂgam FPapers Practice

Fig. 2.5

(3 marks)

(d) Suggest the number of proton NMR peaks and splitting pattern for ethanedioic acid.

(2 marks)
For more help visit our website https://www.exampaperspractice.co.uk/
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Question 5.

(a) Lidocaine is used as a local anaesthetic. The structure of lidocaine is shown in Fig. 3.1.

N~
Y

Fi
A sample of lidocaine was analysed by carb ctr pYy.
Predict the number of p rbun-Em docaine.

(b) Lidocaine was dissolved in CDCl; and the proton NMR spectrum of this solution was

EXAM'PAPERS PRACTICE

Cﬂpwigh[idamine )
@ 2024 Exam Papers Practice

(1 mark)

T

i 9 8 7 6 5 4 3 2 1 0
O/ ppm

Fig. 3.2
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Using Table 3.2 to complete Table 3.1 for the chemical shifts § 1.2 ppm, 3.5ppm and 5.5

ppm.
Table 3.1
number of 'H
5 /oom environment atoms solitting pattern
PP of proton responsible for P p
the peak
term
1.2 triplet
2.3
3.0
7.1-7.4 atta - overlapping peaks
9.0

EXAM PAPERS PRACTICE
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Table 3.2
chemical shift range, &/
Environment of proton Example
ppm
alkane -CH4, -CH3-, >CH- 09-1.7
alkyl next to C=0 CH3-C=0,-CH,-C=0, >CH- 22-30
C=0
alkyl next to aromatic ring CHs-Ar, -CH>-Ar, >CH-Ar 23-3.0
alkyl next to electrone
3.2-40
atom
attached to alkene 45-6.0
attached to aromatic 6.0-9.0
aldehyde 9.3-10.5
alcohol 0.5-6.0
|phenol 45-7.0
carboxylic acid 9.0-13.0
alkyl amine R-NH- 1.0-5.0
E | i : "

amite - .

Copyright

@ 2024 BxXam Papers Praclice

(3 marks)
(c) Explain the splitting pattern for the absorption at 6 1.2 ppm.
(1 mark)

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 6.

(a) Compound P is a naturally occurring chemical found in strawberries, apples and
Parmesan cheese.

The percentage by mass is carbon 58.82%, hydrogen 9.80% and oxygen 31.38%.

The mass spectrum of compound P is recorded in Fig. 1.1.

1007

801

relative
abundance 604

-

404

EXAM“:PAH'-'EBS PRACTICE

Copyright O rrrerrrerprrerg I,' TEME—— |:,.,.
© 2024 Exam PHperdPradficet0 S50 60 70 80 90 100

m/e

Fig. 1.1

Determine the molecular formula of compound P. Show your working,.

(3 marks)

(b) Table 1.1 shows the results of qualitative tests performed on compound P.

For more help visit our website https://www.exampaperspractice.co.uk/
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Table 1.1
Test Observation
Addition of H,0 Forms separate layers
Na,COs(aq) No visible change
2,4-DNPH No visible change
Tollens' reagent No visible change

Analyse the potential fuagtional groups in our answers.

EXAMFPAPERS FRACTICE

Copyright | o
1@ g’ffiﬂ”ﬁﬂéﬁﬂ ﬁh%@)wél&ﬁg%ﬂmpﬂund P is shown in Fig. 1.2.

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


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

7

EXAM PAPERS PRACTICE

EXAM PAPERS PRACTICE
Copyright Table 1.2
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. . Chemical shift
Hybridisation of | Environment of
Example range
the carbon atom | carbon atom
&5/ ppm
CHs-, CHz-, -CH<,
3 -
sp alkyl >C< 0-50
xt to alkene /
sp3 nEXEroalene s 1 _c-c=c, -c-ar 25-50
drene
3 next to carbonyl /
sp 30-65
sp? next to halogen 30-60
sp? next to oxyg 50-70
sp? 110 - 160
p
5p2 boxyl R-COOH, R-COOR 160 - 185
ca rbﬂnyl R— CHD R-CO-R 190 - 220

Copyr
@ zﬂglﬂnil_fi ﬁ?ﬁg nt in compound P using your answer in (b) and

informatio rc:m .2. Explain your answer.

(3 marks)

(d) The high-resolution proton NMR spectrum of compound P was recorded as shown in Fig.
1.3.

For more help visit our website https://www.exampaperspractice.co.uk/
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Fig. 1.3
Table 1.3
) chemical shift range, 6/
Environment of proton Example
ppm
alkane -CH3, -CH5-, >CH- 09-1.7
CH;-C=0,-CH,-C=0,

alkyl next to C=0 ? 22-30

a_lkyl next to aro 23-30

ring

alkyl next to

) 3.2-40

electronegative

attached to alke 45-6.0

attached to aro 6.0-9.0

aldehyde 9.3-10.5

alcohol 0.5-6.0

phenol

%, YA TICE

alkyl amine . :
Cgpy‘rigﬂﬂyl amine Ar-NH, 3.0-6.0
@ 2024 |emigen Papers Pradiice RCONHR 5.0-12.0

Suggest the structure of compound P using your answers to (a), (b) and (c) and
information from Fig. 1.3 and Table 1.3. Explain your answer.

(3 marks)

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

(a) A chemist prepares and analyses some esters.
The chemist prepares an ester by reacting propan-2-ol with ethanoic anhydride.

Using structural formulae, write an equation for the reaction of propan-2-ol and ethanoic
anhydride.

(1 mark)

(b) A sample contains a mi alkane and an alcohol.

The chemist attempts to separate the four organic compound8ilfl the mixture using gas

chromatography. The sta has column is a liquid
alkane.

How does a liquid stationa ase separate the organic compounds in a mixture?

EXAM PAPERS PRACTIGE

Cmpyrnghict the separation of these four compounds using the alkane stationary phase,

@ 202 tcudingirelatiyp eatentigmtines £Explain your answer.

[2]

(3 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(c) Gas chromatography is often used in conjunction with other techniques such as mass
spectrometry and NMR spectroscopy.

An ester is isolated from a perfume by gas chromatography and then analysed.
The percentage by mass is carbon 66.63%, hydrogen 11.18% and oxygen 22.19%.

The mass spectrum and high-resolution proton NMR spectrum of the ester are recorded
in Fig. 2.1 and Fig. 2.2 re

100+

fas]
=
|

relative
intensity

EXAN

Copyright
@ 2024 Exam Papers Practice Fig. 2.1
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chemical shift range, 5/

Environment of proton Example
pPpm
alkane -CH5, -CH5-, =CH- 09-1.7
CHs-C=0,-CH>-C=0,
alkyl next to C=0 22-30
=>CH-C=0

alkyl next to aromatic

. CHs-Ar, -CHz-Ar, =CH-Ar 23-3.0
ring
alkyl next to _ 39-40
electronegati
attached to al 45-6.0
attached to a 6.0-9.0
aldehyde 9.3-105
alcohol 0.5-6.0
phenol 45-70
carboxylic aci 9.0-13.0
alkyl amine R-NH- 1.0-5.0
aryl amine Ar-NH, 3.0-6.0

@ 2024 Exam Papers Practice
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Use all of the information to draw the structure of the ester. Explain your answer.

(8 marks)
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