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Mark Scheme

Answer 1.

a)Benzene only has one peakinits 3C NMR spectrum because:
e Allthe carbons are equivalent; [1 mark]
[Total: Tmark]

e This question highlights the need foryou to be able to identify equivalent carbon
environments
o Thisis particularly re tri
derivatives

b) The number of 'H peaks t ould appearingon

methylbenzeneis:

lly benzene and its

MR spectrum of

e Four/4;[1mark]
[Total: 1 mark]

EXAMPARERS . RRACTICE

* This meansidentifying the 'H nuclei that have different chemical environments
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o The CHsz group (labelled a) has no neighbouring hydrogens - this is one environment
o There are 5 C-H'sinthe methylbenzene ring
» The two C-H groups directly adjacent to the methyl group carbon (labelled b) are
equivalent (by symmetry) having one neighbouring hydrogen - this is a second
chemical environment
» The next two C-H groups around the ring (labelled c) are equivalent (by symmetry)
having two neighbouring hydrogens, one on either side - this is a third chemical
environment
» The final C-H group directly opposite the methyl group carbon (labelled d) has two
neighbouring hy ei urth chemical
environment

e The key to any NMR ques
derivative is spotting any

s asking you to ENUTVINE D peaks onabenzene
the mOBcilcm——
I

c) The number of expected peaksinthe resolution 'H NMR and °C NMR spectra of the three

dimethylbenzene isomers are:

EXAM F’Rﬁﬁﬂ?”ﬁﬂA@TlCE

1.2-dimethylbenzens ‘[Tmark]

i lbenzene 4 5 ‘[Tmark]
ey A [

2 b ERARETS FTacyce 3 [T mark]

[Total: 3 marks]

o Allthree isomers will have at least one more '°C peak due to the carbon with the methyl
group that has no hydrogen attached - due to symmetry in the molecules, this only causes
oneextra peak

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

a)

i) The structural formula of the standard reference chemical used in TH NMR is:
s SI(CH3)4; [1 mark]

i) Tetramethylsilane is used as the standard reference chemical because:

Any two of the following:

Itis volatile / has a low b
It is non-toxic; [1 mark]
Itis inert ; [1 mark]

It produces one single pe
The peak it produces is fi

ark]

mark]
the right / far a

ea mark]

[Total: 3 marks]

* The question is asking you fo sugg
o Remember: Tetramethylsilan

e structural formula
5)is a silicon atom surrounded by four methyl groups

EXAM-WAPERS PRAGCTICE

measured

Cﬂpc}"rll!ﬂkﬂa value of 0 ppm
© 20 dvil-apnper bhazdnthdstaaht ntan NMR spectrum

o |t does not interfere with the other peaks
o |t acts as a reference point to which the NMR spectrometer is tuned

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The number of peaksin the compound 1,3-dichlorobenzene is;
o 4 /Four; [1mark]
[Total: Tmark]

¢ The bestway to determine the number of C-13 peaks / environments for1,3-
dichlorobenzene is to draw the displayed formula:

* Youcanthendetermine erent positions of the

carbon atoms within the

o Carbonatoms that are bonde ifferent atoms or groups of atoms have different
environments and will have di nt chemical shifts

o If two carbon atoms are positioned symmetrically within a molecule, then they are

EXAM. ZAPERS. LRACTICE

* 1.3-dichlorobenzene has four different environments for the carbon atoms
CG[]WIQ&'Huch easierto see this once you have drawn out the structural formula of the

@ 202olengen Papers Practice
Cl
1
z

ndle—adli o |
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c)

i) The number of peaks on the *C NMR of ethylbenzene is:
o 6 /six;[1mark]

ii) The C-13 chemical shift range for the carbon with an * is:
e 0=110-160 ppm; [1mark]

[Total: 2 marks]

¢ The number of environ ula as shown:
o ‘e
s
&

RN EAPERS BRACTICE

nd 5 both show two setso carbon atoms that are eq
Cﬂp?ﬂ Ineans that have the same chemical environment and will give the same chemical

© ?Logkmg at ?n?eplaﬁggagrbagﬁfﬁyé:%ext to it will have a shiftrange of 110 - 160 ppm, for

aromatic carbon atoms within ethylbenzene
o The Kekule structure of benzene has been drawn here, whichis unusual
o If you are drawing benzene, while you will usually be allowed to use the Kekule

structure, it would be better to use the delocalisation model using a circle to represent
the delocalisedring of electrons

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

a) The identity of the molecularions that givesrisetothe peakatm/e=761s:
o CgHa*; [Tmark]
[Total: Tmark]

¢ Remember: The ion must have a positive charge

o Without the positive charge, you could lose an exam mark
e TheM of benzene=[6x12.0)+(6x1.0)]=78

o 50, apeak at 76 wouldbecausedby Cq

b) The three possible dinitrobenzene isomers o ing abenzenering are:

NO,
NO,
02

EXAM PAPERS'>?RACTICE

G%ﬁ'&h&ct structure; [1 mark] )
@ 2024 Exam Papers Practice

[Total: 3 marks]

e The question tells you that you are looking for dinitro isomers
e This means thateachisomer must have two nitro / NO; groups
¢ \Whenyou place one at the top of thering / on carbon-1, the second nitro / NO3 group can
be placed:
o Oncarbon-2
o Oncarbon-3
o Oncarbon-4

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


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

7

EXAM PAPERS PRACTICE

c) The labelled structures are:

o | Z2-dinitrobenzens:

NO

2
1

z@"NO - [1mark]

3 2

s | 3-dinitrobenzens = compound A

NO,
3@: Hi 1
+X7—~NO,
e 1. 4-dinitrobenzene:
NO,
1
2 2 ‘
2 2 :[Imark]

EXAM PAPERS PRACTICE

[Total: 3 marks]

Cﬂg ighit
iddnthe guestion com nd A has four peaks
@ ﬁ—%@gﬁ%ﬁe ﬁﬁﬂﬁé?rff’?e‘?n carbonenvironments

o Thetwo otherisomers have 2 and 3 different carbon environments

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

a) To determine the molecular formula of the unknown alcohol is:

e Percentage of oxygen = 21.6%: [1 mark]
e Molesof carbon=5.41
AND
Moles of hydrogen=13.5
AND
Moles of oxygen =1.35; [1 mark]
e Ratio of carbon: hydrogen : ox
AND
Therefore, the empirical
e Themassof C4H)pOis74
AND
Therefore, the molecular

enisd:10:1

ulais CsH1pO: [1mark]

ulais C4HpO;
[Total: 4 marks]

* Theimportantinformationin this qu nis that the unknown alcohol contains 64.9%

. Ele_rmlant C H O
\editle Fidmidliestion 64.9 13.5 216
@ U4 Bxam Fapersitsaclice 1.0 16.0
64.9 13.5 21.6
Moles 50 =5.4] o =13.5 6.0 =1.35
: 5.41 _ 3.5 _ 1.35 _
Ratio 1.35 =4.00 1.35 =10 1.35 =1

* Therefore, the empirical formulais CsHpO

o CyHipOhasamassof (4x12.0)+(10x1.0)+16.0=74.00

» Thisis almost the same as the 74.12 g mol™! given in the question, which 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)

i) The four possible isomers of the unknown alcohol are:

(Butan-1-ol)
CH— g:H,_—QH,_— 'CH —OH :imark]
(Butan-2-ol)
(|)H
CTH s—CH jCHz_,,
(2-methylpropan-1-ol)

:g:Ha—%H—,(:HL—OH

mark]

3

(2-methylpropan-2-ol)

o
EXAM 'BAPERS PRACTICE

Copyright .
RO AR ST P fice
* Butan-1-ol=4peaks
AND
Butan-2-ol = 4 peaks; [1mark]
e Z2-methylpropan-1-ol = 3 peaks
AND
2-methylpropan-2-ol = 2 peaks: [1 mark]

[Total: 6 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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* Frompart (a), the unknown alcohol has a molecular formula of C4H1gO
e Focussing onthe carbon chain only, there are 2 possibilities:
o Afourcarbonchain backbone
o Athree carbon chainbackbone with a methyl group attached to carbon-2
e Fromhere, youcan consider the alcohol group
o |nbothcarbonchains, the alcohol group can be attached to carbon-1or carbon-2
¢ This givesrise to the four possible isomers; butan-1-ol, butan-2-ol, 2-methylpropan-1-ol
and 2-methylpropan-2-ol
e Butan-1-olandbutan-2-olhaveno symmetry in thewmolecules which means that they
both have four different on theircarbon NMR
spectra
¢ |n2-methylpropan-1-ol,
o Carbon-1withthe al
o Carbon-2
o The remaining carbo
give the same peak
¢ |n2-methylpropan-2-ol!
o Carbon-2withthe alcohol gro tached
o The remaining carbons (meth oups) are all equivalent, which means that they give
the same peak onthe carbon NM Fﬁectrum

EXAM PAPERS PRACTICE

@Wgﬁphat has produced the chemical shift pattern shown is:

€, Adbxamtapaisfpctice

e 0-50ppm=CH3-CHsgroup; [1mark]
e 50-70ppm=C-0OH group; [1 mark]

carbon enviro

hichmeans that they

[Total: 3 marks]

¢ Fordetermining whichisomer produced the chemical shift pattern, you need to have
determined that 2-methylpropan-2-ol forms two peaks (as shownin the spectrum)

e Thenyoucanlook at the data table and see that there willbe 1 peak for 3 carbon atoms (of
the methyl groups)which are all equivalent to one another and one peak for C-OH

¢ Youthenjust needto quote the values for the shift pattern for the different carbon
environments in your answer

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

a) The structuresof L, MandN are:

CH:] CHa CH3
? CHs
CHs;
CHjy
L

¢ Correctstructure ofL: 1 k]
¢ Correctstructure of M: [1
o Correctstructure of N: [1

[Total: 3 marks]

ro@n-1@-hy egat | e hi urgtke C
EXAM.-PAPERS. FRACTICE
» Thatleaves two carbons eithertogether or separately joined on thering
Q@ﬁ?ﬂ@h& two remaining carbons together would leave thering as C¢Hs so the five

@) relnghyarpbha peyid hikgdrlnathyl group side group, -CH;CHs

o This optioncanbe eliminated as it would have &6 unique environments due to symmetry:

For more help visit our website https://www.exampaperspractice.co.uk/
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ring as CgH4, making the two side groups both methyls, -CH3
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o Next, assigntheunigue environments to the remaining structures, which have the

formula CgH4(CHz)o

o Aline of symmmetry through the structures helps to identify which are unique carbon

environments:

]

I

I
CHj

CHg

N

Junigue environments

EXAM PAPERS PRACTICE

Copyright
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5 unique environments

4 unigue environments

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The completed table of protonNMR forL, Mand N is:

Number of peaks | Relative Peak area
L 2 5.2 :[Tmark]
M 4 6:1:2:1 ; [Tmark]
N 3 3:1:1 ; [Tmark]

[Total: 3 marks]

* Having deduced the structures of L, M and Ninpart (a), you can now assign proton
environments to the structures
o The protons have be

themeasierto see:

H H CHs H

EXAM ‘PAPERS PRACTICE

* L hastwounigue proton environments
G[}}"m@l@hg groups which account for 6 protons in one environment
@ 2{]2!43 @(@w E‘ﬂ-pafgjﬁﬁmﬂ gr&tonsinone environment

o This gives an overallratio 6 : 4 which simplifiesto 3: 2

+ Mhas fourunique proton environments
o The CHzgroups which account for 6 protons in one environment
o Thebenzene C-H accounts for4 protonsinthree environments witharatioof1:2:1
o This gives anoverallratioof6:1:2:1

* Nhasthreeunigue proton environments
o The CHz groups which account for 6 protons in one environment
o Thebenzene C-Haccounts for 4 protonsintwo environments with aratioof 2: 2
o This gives anoverallratioof 6:2: 2, which simplifiesto 3:1:1

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


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

7

EXAM PAPERS PRACTICE

c) The isomer with the highest melting point is:
e |somerL; [l mark]
Explanation:

e Linearmolecule packs more easily / closely
AND
Have the strongestintermolecular forces /induced dipole-dipole attractions (as a result of

this packing); [1 mark]

[2 marks]

e Molecularpackingis th in criterion for ' intorder
¢ 1. 4-isomers/para-iso pposite) are symmetrical
and fit more easily into
o Thisis similartothe
compounds.

/non-branched

‘EXAM PAPERS PRACTICE
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a) The molecular formula of the compound Kis:

70.58  5.92  23.50

« MoleratioC:H:O= : :
12.0 1.0 16.0

OR

MoleratioC:H:O= 5.88:5.92:1.47: [ mark]

e EmpiricalratioC:H:0=2>58. 232 . 147 op_ 4.403:
1.47 1.47  1.47
AND

 Empirical formula = C4H4O ; [1mark]
» Massofempirical formulas
AND
Evidenceofm/e=136p
AND
Molecular formula = CgH

%1,

inthe spectru

[Total: 3 marks]

s Use allthe available infor 0s

o Percentage compositionbym

o Massspectrum to determine
formula calculation

EXAM-PAPERS PRACTICE

rnthen still receive some marks even if yvou make a mistake
Copi Y

@ 2024 Exam Papers Practice

o determine the empirical formula
olecular formula, in conjunction with your empirical

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The functional groups presentincompound K are:

* Phenol
AND
pH 5.0 represents aweak acid
AND
There is no reaction with sodium carbonate solution / Na;COz (aq); [1 mark]
e Ketone
AND
Thereactionwith 2,4-DNPH proves the presence of acarbonyl / C=0 group
AND
The negative testwith T s'reagent suggestsitis aketone ot an aldehyde; [1 mark]

[Total: 2 marks]

e (ualitative tests / test-t reactions are j onwith spectroscopic
methods to determine t verall stru
e S50,youneedtoknow all nctj
o Careful: ThepH 5.0 /noreacti
students out

EXAM PAPERS PRACTICE
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ith sodium carbonate solution catches many
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c) The structure of compound Kis:

0

OH ° [1mark]

Explanation:

e There are four peaks bet

[Total: 3 marks]

AND

This means thatthere ar
disubstituted; [1 mark]
The peak at190 - 220 fo
AND

The peak at25- 60 fora
AND

This means that thereis aketone gr

romatic carbo leculeis1,4-

onnextto abenzenearin

attached to the benzenering; [1 mark]

EXAM-PAPERS PRACTICE

olecularformula CgHg O35

Copyri
@23%% } hapers Practice

= Ketone group
o Part(c)
= Aromatic ring with 1,4 substitution
= Ketone group attached to the aromatic ring

e Startwith a phenol group with a carbon attached at the 4-position

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

o This accounts for 7 carbons, one oxygen and 5 hydrogens
o From the molecular formula, this leaves one carbon, one oxygen and three hydrogens
to account for
e Make the carbon attache
addingthe C=0OandaC oup

(c)information) by

o This structure now accounts for all he atoms in the molecular formula

EXAM PAPERS PRACTICE
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