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Mark Scheme
Answer 1.

a)

i) The carboxylic acid derivative in Fig 1.1is:
e Butanoyl chloride; [1 mark]

[Total: Tmark]

e Figl.lisan acyl chloride / acid chloride
o This meansthatyoui
chainname

-oyl chloride to the

b)

i) The other product formedinthis reactionis:

e Hydrogenchloride fHCI; [1 mark]

ii) This reaction can also be describe condensationreaction because:

EXAMPAPERSPRACTICE

[Total: 2 marks]

Cr::
1 formesters
gﬂsmjugféme rea t%ﬁ\éjﬂ %ﬁy cgamdswnh alcohols

e The only differenceis the other product
o Carboxylic acids form esters and water
o Acylchlorides form esters and hydrogen chloride
* Some students mistake acondensationreaction as one inwhich wateris produced, butitis
one inwhich a smallmolecule is produced

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The equation for this reactionis:

e CHzCOCI + NHs — CHsCONH, + HCI
OR

e CH3COCI + 2NHz — CH3CONHz + NH4CI; [T mark]
[Total: Tmark]
¢ \When ethanoyl chloride and ammonia react, the amide and HCl are formed

C

* The ammoniaisbasicso reactwiththe HClto form the am ium salt NHCl

CH Hs — |

# Eitherequationis accep butthe firsteg swer given by most
students

d) The two reactants are:

EXAM PAPERS PRACTICE

Sulfyr chlondeoxldefSDCIg [Trmark]
Copyright
@0y am Papers Practice

* The equationforthe reactionis:

CH3CH,COOH + SOCl; — CH3CH,COCI + SO, + HCI

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 2.
a) The skeletal formula for propanoyl chloride is:

O

C\

¢ Correctskeletal formula

[Total: Tmark]

e Youmustbeabletodra skeletal ordis y given compound

b)

i) The two products formed when pro ylchloride undergoes hydrolysis are:

EXAMPAPERS PRACTICE

i@ﬁ@ﬂﬁi@hﬁsm by which hydrolysis occursis:
Q 205 EARAmLERRes fractice
[Total: 3 marks]

¢ The hydrolysis of an acyl chloride will form the corresponding carboxylic acid and HCI
e The water molecule acts as a nucleophile and attacks the carbonyl carbon atom

e The HCImoleculeis then eliminated

e Forharderguestions, you must be able to draw the mechanism for this reaction

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) Propanoyl chloride will more readily undergo hydrolysis compared to 2-chloropropane
because:

e |thas aweaker C-Clbond; [1 mark]
e Which canmore easily break; [1 mark]

[Total: 2 marks]

e The guestionis only two marks so a detailed explanation is not required
e Thestrength of the C-Clbond determines the tendency of these compounds toundergo

hydrolysis
» Z-chloropropaneisana , P | chloride
e The C-Clbondisweakerifipropanoyl chlorj nyl carbon atom is

bonded to oxygen - ave
from the carbonyl carbo
susceptible to attack by

lectrondensity away
and therefore

Answer 3.

a) The correct equation is:

EXAM.EAPERS.ERACTICE

becausejtis basic
Copypgit
© iﬁ%@mmﬁapﬂﬁﬁaa&ﬂ%ond product (not hydrogen chloride); [1 mark]

[Total: 2 marks]

* Thestudent'sequationwould have been correct if excess ammonia had not beenused

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

i) The skeletal formula of N-methylethanamide is:

e Correct skeletal forrmul

i) An equation for the formation of N-methylet

CHzC 3N HsCl

e Correctreactants; [ mark]
e Correct products and balancing. ark]

EXAM PAPERS PRACTICE

¢ Remember: The name having the N at the beginning indicates that the methyl group is
Cﬂp}]ﬂ’d@ﬂo the nitrogen rather than a carbon atom in the main carbon chain

(5] %Qﬂfﬁﬁgﬁﬁpﬁprn tellitis a secondary amide as the nitrogen atom

is attached to two carbon atoms

e Secondary amides are formed from the reaction between ethanoyl chloride and a primary
amine

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The structure of the esteris:

e Correctdisplayedform mar E

[Total: 1mark]

* Youshould be able to draw the stru
carboxylic acid / acylchloride / a

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

es of esters forany combination of alcohol and

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

a)

i) The displayed formula of butanoyl chloride is:

H H H
O
N,
H—C—C—C—C
Y
H H H

e Correctdisplayed form

ii) The name and formula of aféagent that prod butanoyl chloride is:

Alternative 1;

s PCls
AND
phosphorus(V) chloride; [1 mark]

Alternative 2:

EXAM PAPERS PRACTICE

Cgﬁwaﬁjusillllchlonde [1 mark]
Ktetidind :-xam Papers Practice

e S0OCI
AND
sulfur dichloride oxide: [1mark]

[Total: 2 marks]

¢ Acylchlorides have the functional group -COCI

¢ Butanoyl chloride has four carbon atoms, the fourth being that in the -COCI group

¢ You might have to write equations for the reaction between a carboxylic acid and a specific
reagent so you must learn the names and formulas for all three

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


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

7

EXAM PAPERS PRACTICE

)
i)Butanoic acid is a weaker acid than 2-chlorobutancic acid because:

e Chlorine atom withdraws electrons from the -COOH group: [1 mark]
¢ \Weakening the -OH bondsoitis easier for 2-chlorobutanoic acid tolose an H* ion; [1 mark]

i) The skeletal formula for 2-chlorobutancic acid is:

Cl

e Correct skeletal formula
[Total: 3 marks]

¢ Acidsloseaproton, H'inagueouss
e The more easilythe H" ionislostt onger the acid
e Butanoic acid contains a carbonyTQroup which draws electron density away from the O-H

ingbe oL OQH g Kirygmi 1 olo n
EXAM - HEARERS - HRACTICE
carbon atom whichis bonded to the carbonyl group)
Cﬂwri@]hlne is also able to withdraw electron density away from the O-Hin the -COOH

8 QUMW@W pienqmvEzker than that of butanoic acid and making it easier to

lose the HY

¢) A chloro-substituted butanoic acid that is a strong acid than 2-chlorobutanoic acid is:

s 2 7-dichlorobutanic acid
OR
2, 3-dichlorobutanoic acid; [1 mark]

[Total: 1mark]

¢ The more chlorine atoms there are in the carboxylic acid, the strongerthe acidis
¢ Thisis because they can draw more electron density away fromthe O-Hbond, weakening
itand causing it to more readily lose H*

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The mechanism for this reactionis:

o 7

CHCHC sé// CHCHCHT G
3 L X

b

—

T
|
QO

e Curly arrow from the lon natom (of the C=Q)

AND
0+ oncarbonatom; [1 mark]
e Curly arrow from C=0 bond to th&¥of the C=0 bond: [1 mark]

EXAM PAPERS PRACTICE

Lone paironthe
GO(Fﬁpﬁghlructure ofion mcludlng the two charges; [1 mark]

B4 ksam Papers Practice

e [tisdefinitely worth learning this addition-elimination mechanism, asit cropsup alot
e Make sure your curly arrows are double headed and you have the 6+ on the carbon atom

For more help visit our website https://www.exampaperspractice.co.uk/
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e)Explain the relative ease of hydrolysis for butanoyl chloride, chlorobenzene and 1-
chorobutane:

e The ease of hydrolysis with that most easily broken downis butanoyl chloride > 1-
chlorobutane > chlorobenzene; [1 mark]

Explanation for order of butanoyl chloride and 1-chlorobutane:

e (Butanoylchloride undergoes hydrolysis more easily than 1-chlorobutane because)
butanoyl chloride has a carbon atom bonded to two electronegative atoms / oxygen as
well as chlorine; [1 mark]

¢ Sothecarbonatomis

-chlorobutane; [1mark]
Explanation for chlorobenze

¢ Alone pairof electrons
benzenering; [1 mark]
e Makingthe C-Clbonds

lised pelectronsinthe

[Total: 5 marks]

e Acylchlorides canbe hydrolysed at room temperature using a neutral water molecule as a

EXAM. PARERS. ZRACTICE

provide a source of :OH ions
GFW@&@H‘ ions are a stronger nucleophile than H,O
I:l!:]} MMI&MMRQ@M@EE&@I‘]@EWE carbon atom bonded to the chlorine atom as
part of the delocalised mbonding system of the benzene ring
o One of the lone pairs of electrons of the Cl atom overlaps with this delocalised system
o The C-Clbond, therefore, has some double-bond character causing it to
become stronger and harder to break

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

The mechanism for the reaction of butan-2-olwith ethanoyl chloride is:

e Nucleophilic addition-elimination; [1 mark]

I 2 @)
H—C—G — > (O, — He?
|
: HEC;_‘(%_CHa
H
e Curly arrow fromthelon ironthe O (of t C=0):[1 mark]

e Curlyarrow fromthe C= ndto the O of

o Ohasalone pairandne
AND
Arrow from the lone pair of the :O-

EXAM PAPERS PRACTICE

Cﬂﬁmﬁpal structure; [1mark]
@ 2024 Exam Papers Practice

[Total: 5 marks]

¢ This mechanismis a standard nucleophilic addition-elimination mechanism - you must
ensure that you know this mechanism
+ Youshould learn how mechanisms work and what the arrows etc. represent, rather than
trying to learn the exact mechanism for each reaction
o If youunderstand what is happening, then you will be able to apply your knowledge
and figure a mechanism out
o Youneedtobe able to apply your knowledge to ANY situation - thiscouldbe a
reactionyou have never seen before

For more help visit our website https://www.exampaperspractice.co.uk/
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The reactants required to make ethanamide are:
Alternative 1.

e Reactant = Ethanoyl chloride; [1 mark]
¢ Reactant = Ammonia; [1 mark]
* Product = Ammonium chloride: [1 mark]

OR

Alternative 2:

s Reactant = Ethanoic anh de;: [1 mark]
¢ Reactant = Ammonia; [l

* Product = Ammonium et
[Total: 3 marks]

¢ One of the simplest way out the product and

EXAM PAPERS, PRACTICE
Copyright

@ 2024 bExam Papers PrthFtice '|_|

o We can see a carbonyl group which would suggest a carboxylic acid, an acid anhydride
oran acyl chloride
o We can also see an amine group which suggests ammonia

For more help visit our website https://www.exampaperspractice.co.uk/
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i) Ethanoyl chloride is quicker to react with ethylamine than phenylamine because:
Alternative 1:

e Ethylamineis a stronger base; [ mark]
e (Because)the alkyl group donates electron density making the N lone pair more available;
[1 mark]

OR

Alternative 2:

e: [1 mark]
withdraws ele

e Phenylamine is aweake
e (Because)the phenylgr
available
OR
(Because) the phenyl gr
pairmore available; [1m

e N lone pairmore

delocalises ele ring, making the N lone

ii) The products of the reactions between ethanoyl chloride and ethylamine or phenylamine are:

EXAM-SAPERS-PRACTICE
e (Thenitrogeninbothamides canbe classified as a) secondary / 2% /11 amine; [T mark

Copyright
Foub2dbpm Papers Practice

e Namingamidesis a tricky skill:
o Name the chain attached to the N-group
o Name the chain thatincludes the carbonyl group
o Addamide to the end of the chemical name

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 6.
a)Areaction scheme, using displayed formulae, that could be used to prepare a sample of
propyl propanoateis:

L1
H—ii‘:—ti‘. =G
H H

e Correctdisplayedform
e Correctdisplayedform

[Total: 2 marks]

e There are seyeralways thereaction scheme can resented butit must show propapal
EXAM-BAPERS SRACTICE
action

Cﬂ%ﬁ@ﬁﬂ must then be shown to form the propyl ethanoate
@ as 2

H?Elﬁtn isu sualéjﬁé:algﬁr%y@ﬁacr%typicallygiven areaction scheme towork withor

dto wr@erﬂ'ue s@e%s, notdrawareaction scheme but this canbe asked asitasan
application of your synthesis knowledge

e Remember: Esters are formed by the reaction of an acid and an alcohol

¢ Propylpropanoate will require propanoic acid and propan-1-ol

e Thisis another aspect that makes this question challenging as you may not think to split the
propanal, reduce one portion and oxidise the other

¢ This means thatyouhave to convert propanal into propanoic acid and propan-1-ol, then
react them bothtogether

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The reagents and conditions required to form this intermediate are:

* (Acidified) potassium dichromate(Vl) solution AND heated underreflux
OR
K-Cra O/ H250,4 AND heated under reflux; [1 mark]

[Total: Tmark]

e Fromyourreaction schemeinpart(a), youshould be able to deduce that the intermediate
with amolecularmassof /4.0 g molis propanoic acid

e This meansthatyouare ' en I
propanoic acid

nvert propanalinto

c) The chemical that will distil

e Propanal; [1mark]

¢ (Because)propan-1-olhashydro onding resulting in a higher boiling point

OR
egause) propanal o asper i -digolei action, resulting. er
EXAM-PAPERS PRACTICE
BRI
(Ce “A8Ithd droparsl #@m@%m@emate with an M, of 60.0) are being distilled, then
you have to consider the intermolecular forces
* Propanal only has permanent dipole interactions
* Propan-1-ol hasthe strongestintermolecular force - hydrogen bonding
* This means that propan-1-olwill have a higher boiling point and propanal will have a lower
boiling point
* Therefore, propanalwill distil first

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 7.
a) Toobtain CHzCH-COOCH>;CH(CHz); the reaction needs to involve:

e Propanoic acid; [1 mark]

e 2-methylpropan-1-ol; [1 mark]
s Heat; [ mark]

s Concentrated H;50.; [1 mark]

The equationis:

CH3CH2COOH +(CH3) )2 +H20

« Correctreactantsandp cts; [1 mark]

[Total: 5 marks]

ed esteryou are given
so that you can deduce

* Youshould be able towr
e Agoodplacetostartist
which alcohol and carbo

quations for th

Acid

EXAM SRS PRACTICE

Copyright “O—CH,CHCH,),
@ 2024 Exam Papers Practice
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b)

i) The structure of the acid anhydride usedis:

O O

e Correct skeletal formula
ii) The equationforthe reacti
CgHs0H + (CH3C0),0—C
» Correctreactants and products; [1

[Total: 2 marks]

EXAM-EAPERS PRACTICE

C car Q[xylic acidisused
Gpﬂrlngh case, the estername ends in ethanoate which means that ethanoic anhydrideis
@ 2024 xam Papers Practice
e Acid anhydrides are formed when two carboxylic acid molecules join together and wateris
eliminated
o Careful: When drawing their structures, make sure the number of carbon atoms on
either side of the single 'bridging’ -O- corresponds to the name of the anhydride
« Remember: The first part of the estername indicates the alcohol that is required
o Inthis case, the estername starts with phenyl which means that phenolis required

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The steps involved in forming phenyl ethanoate from ethanoyl chloride are:

¢ CH3;COOH + SOCly — CH3COCI + SO5 + HCI
OR
CHzCOOH + PCls — CHzCOCI + POCI5 + HC
OR
CH3COOH + PCl; — CH3COCI + HsPO5: [1 mark]
s CH;COCI+ C4H=OH — CH3COOCHs + HCI: [1 mark]

Condition:

e NaOH
OR
Heat: [1 mark]

[Total: 3 marks]

e Anacylchloride mustb
o SOCI,
o PC|3
o PC|5

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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Answer 8.
a) The structures of compounds A, B, C,DandE are:

A C3HgO B (o
acidified
o KLrO7 H H H H
H—flz—é—tlz—o\ ) H—:.'*,—é_cﬁ"n * H_é_é_cﬁo
|!| |-|| |!| H “H Ll o-n
H H H H
lsoc@
D
H H o
Ll;—é—c"’f
e
H H
Copyright g
© 2024 Exam Papers Practice H HECQ"'WDE
AN,
P!I I-|I U—Gf XC—H
KC_C";
H H

For more help visit our website https://www.exampaperspractice.co.uk/
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Correct structure of compound A / propan-1-ol; [1 mark]
Correct structure of compound B / propanal; [1 mark]

Correct structure of compound C / propanoic acid; [l mark]
Correct structure of compound D / propanoyl chloride; [1 mark]
Correct structure of compound E / phenyl propanoate; [1 mark]

[Total: 5 marks]

e Thereaction of Awith acidified potassium dichromate should suggest that the compound
could be a primary alcohol, secondary alcohol or aldehyde
o Only aprimary alcoh ith
possible products
o Remember: Primary
e The questiongivesthem
peaks
o The NMR data sugg
specification)
o Therefore, Ais prop
e Depending onthe conditions, pro
to form propanal or propanoic aci
areful: Compound Chastobe pr ic acid / CHzC OOH for the next step to
MEEABERS BRACTICE
erefore, Bls propanal /f CHzCH-
coﬁiﬂﬁf dareagent that is used to convert carboxylic acids into acyl chlorides
© 202X ERG, ARSI flre et O
e'subsequent reaction with phenolis an esterification reaction
o Careful: Do notbe put off by thering inside phenol and automatically assume thatitis
an electrophilic substitutionreaction
o Remember: Alcohol + acyl chloride — ester + HCI
= Phenol + propanoyl chloride — phenyl propanoate + HCI
» Therefore, Eis phenyl propanoate / CHzCH,COOCgHs5
e Make sure that you draw the structures of allthe compounds as instructed in the question

ichromate to form two

ohol — aldehy
spectrum contains 3

(which are notonthe

1-olwill react with acidified potassium dichromate

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) The mixture can be separated into compounds B and C by:

¢ Distillation
AND
(Because,) Chas ahigher boiling point than B; [1 mark]
e Compound C canform hydrogen bonds which require more energy to overcome; [1 mark]

i) Animprovement to the reaction with acidified potassium dichromate to ensure the
production of compound C i

otassium dichromate); [1 mark]

o Reflux (Awiththe acidif

[Total: 3 marks]

noic acid
ydrogen atom attached

« Frompart(a), compoun
o CompoundChaslo
to the electronegati
» This meansthatitis ablet rogen bond
» Hydrogenbondingis the ngestintermolecular force and requires alarge
amount of energy to overcome, resulting in high boiling points
R

EXAM-APERS PRACTICE

: ﬁzrerccrme hydrogen bonding

Copvrl

@ 5?]% , Eiamt t compounds B and C have different boiling points and can be
4 LxRaln aRREES Fractice
= [tisnot necessary to specify simple or fractional for the mark

* Toensurethat allof the propan-1-ol /Ais oxidised into propanoic acid / C, the reaction
with acidified potassium dichromate should be performed under reflux

propanal and
irsonth

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

i) The mechanism for the formation of compound Efrom compound D and an appropriate
nucleophile is:

e Curly arrow from the lone pairont
AND
Curly arrow from the carbonyl/ C=0 bond to the oxygen atom in propanoyl chloride; [1

EXAM.EARPERS PRACTICE

Cﬂ[ﬁurl:i arf_ﬁw from the lone paironthe O~ on theintermediate to the C-O bond

© Eﬂ%‘}r@% R@Eﬂﬂ%tﬁmgﬁlorine atom; [1mark]

ii) The reaction of compound D with phenolis faster because:

ygen atom of the nucleophile to the &+ carbon

e The partial charge on the carbonyl carbon incompound D is more positive than compound
C
AND
Whichmakes compound D more susceptible to attack from the nucleophile / phenoxide
ion; [1mark]

For more help visit our website https://www.exampaperspractice.co.uk/
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[Total: 4 marks]

e Forpart(i)
o The mechanism for this reactionis a nucleophilic addition-elimination reaction
o Careful: The guestion states that the mechanism should be drawn with an appropriate
nucleophile
» |nthis case, thenucleophileis the phenoxideion/ CgHsO"
= Thisis formed by sodium hydroxide deprotonating phenol :
CgHs0H + NaOH — C4HsO™ + Na* + H;0O
e Forpart (ii)
o Compounds Cand
o Therefore, any diff
compounds C and
s Bothcompou

be due to the structure of

ceinthe speed/rate of reaction

» CompoundC he carbonyl / C an OH group
s CompoundD he carbonyl / C= aClatom
o Oxygen and chlorin
= Forcompound . emaore electronegative than

oxygen
» This results in compoun ave alarger partial positive charge on the carbonyl

EXAM "PAPERS PRACTICE
%ﬂgﬂgﬁﬂgam FPapers Practice
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