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Answer 1.
a) The general formula of a carboxylic acidis:

s C.H5,1,COOH:; [1mark]

[Total: Tmark]

ar.

e Forevery carboninthe hydrocarbon chain

EXAM-BPAPERS PRACTICE

o Thareis also one hydrogen at the end of the chain
Cﬂp}"ﬁlg eanswe have 2n+1 hydrogen forncarbons
@ zggﬂmpﬁzﬁmrﬁoﬁmygﬁeralformula
¢ Thereis also the COOH at the other end of the chain
o 50, overallwe have C H5,,,COOH

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The carboxylic acid shownin Fig.1.1is:
e 3-methylbutanoic acid; [ mark]
[Total: Tmark]

e Thelongestcarbonchainis 4 carbonslong
o Therefore, butan- stem
e Thereisacarboxylic acid
o Therefore, butanoic acid
o Remember: Youdo
is the priority group
e Thereisamethylgroup
o Therefore, 3-methy

atically carbon-1, as this

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

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


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

7

EXAM PAPERS PRACTICE

c)
i) The equation to show the dissociation of the acid is:

e CH3;CH(CH3)CH,COOH = CH3CH(CHz)CH,COO" + H*
OR
C4HsCOOH = C4HeCOO™ + H*: [1 mark]

ii) The position of the equilibrium lies:

o Totheleft: [1mark]

 (Thistellsusthatitisa) acid: [1 mark]

[Total: 3 marks]

* Allacids dissociate

o Strong acids canfu
theright

o Forsulfuric acid, this is a two-

m Steplisthe fulldissocia

= H,SO,—HSO, +H'

EXAM 2APERSPRACTICE

xyllc acids such as CHzCOOH are weak acids - they do not fully dissociate and

CG[]‘_‘,HT UII|br| liesto the left

@ 2[]2 apers ractice
CHz;COOH=H"+ CHzCOO"

nd the equilibrium lies to

process
of the sulfuric acid to HSO 4

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The balanced symbol equation, including state symbols, for the reaction of propanoic acid
with sodium hydrogen carbonate powder is:

CHzCH,COOH (aq) + NaHC O3 (s) — CH3CH,COONa (aq) + H20 (1) + CO5 (g)

OR
C,HsCOOH (ag) + NaHC O3 () — C;H5COONa (ag) + Ho0 (1) + CO5 (g)

e Correct formulae of reactants; [1 mark]
 Correct formulae of products; [Imark]
¢ Correctstate symbols:

[Total: 3 marks]

* Remember: The reactio arbonate forms the salt

plus water plus carbond
e ‘Youwould be expected now or deduc e and state symbols for all

of the chemicalsinthisr

Answer 2.

EXAM-PAPERS PRACTICE

CHsCH2CO,H + 4[H] — CH3CH,CH-OH + Ho0
Copyright
@ SoEgt Eﬁ%‘?ﬂt%ﬁiﬁ% Practice

s Correct products; [l

[Total: 2 marks]

» Reaction1shows the reduction of propanoic acid
* Thereduction of this alcohol will produce propanol and water

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) Reaction 2 is:
¢ Oxidation; [1 mark]
ii) A suitable reagent and conditions forreaction 2 is:

¢ Acidified potassium dichromate(VI) K;Cr 07/ acidified potassium manganate(VIl) /
KMnOy: [1mark]
o Reflux; [1mark]

[Total: 3 marks]

¢ Youcanseethatoxyge
to propanol

¢ Acidified potassiumdic ate(Vl)and ac . - nganate(VIl) are common
oxidising agents you sh

e Theywillbereducedas

ropanoic acid compared

EXAM PAPERS PRACTICE
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c) An equation for the reaction of propanoic acid with calcium carbonate, CaCOzls:
2CHzCH;CO2H + CaCO3z — (CHzCH,CO3):Ca+H;0 + CO»

e Correct equation; [1mark]
e Correctly balanced; [1 mark]

[Total: 2 marks]

e Propanoic acidreactslike any other acid
o Acid +metal carbon — at
o Thesaltformedisc te

d)
i) Asuitablereagentandco eactio

¢ CHzCOsH; [1mark]

e \Warm /hot /highertem d sulfuric acid; [1 mark]

ii) The other product of reaction 3 is:

EXAM PAPERS PRACTICE

Cﬂ[ﬁ&'ﬂ!ﬂhﬁ shows propanol forming propyl ethanoate, an ester

Che %E#@W@M@ beohol reaets with a carboxylic acid

e The first part of the name comes from the alcohol, and the second part from the carboxylic

acid

e Joform propyl ethanoate, ethanoic acidis therefore the reagent needed

e Esterificationreactions are known as condensation reactions as theylose amolecule of
waterwhenthe esterlinkage forms

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

a)
i) The molecular formula of 2-ethyl-3-methylbutanoic acid is:
L C?H]4Dz; [] mark]

ii) The number of chiral carbon atoms present ina molecule of 2-ethyl-3-methylbutanocic acid
is:

¢ One:[1mark]

[Total: 2 marks]

fatoms
anidentify chiral carbons

¢ Achiralcarbonisone att
e [tisusefultodrawthe di
more clearly:

EXAM ‘bmﬁE‘ﬁS\pRACTmE

Copyright
@ 2024 Exam Papers Practice

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


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

7

EXAM PAPERS PRACTICE

b)
i) The reagents used and the colour change that would be seenis:
Alternative 1.

+ Acidified K5;Cr;05 / acidified potassium dichomate (VII); [1 mark]
e Fromorange; [1 mark]
e Togreen; [Imark]

Alternative 2:

 Acidified KMnO,/ pota
s Frompurple; [1mark]
* Tocolourless; [1 mark]

mmanganate (V1); [1 mark]

ii) The main organic impurity

e Because partial oxidation of alcoh I form an aldehyde; [1 mark]

iii) The apparatus used should be:

EXAM PAPERS PRACTICE

Cﬂﬁ?ﬁﬁﬁfhe alcohol must be fully oxidised; [1 mark]
(Fotdil@datsp Papers Practice

¢ Remember: The oxidising agents used to convert the alcohol to a carboxylic acid, are
themselves reduced which results inthe colour changes

¢ Questions about these colour changes occur frequently so make sure you learn them the
right way around

For more help visit our website https://www.exampaperspractice.co.uk/
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¢) The colour change you would seeif this were heated with the reagents you have givenin (b)(i)
is:

e None/no colour change; [1 mark]
e (Because)the alcoholis tertiary; [1 mark]
¢ Socannot be oxidised: [1 mark]

[Total: 3 marks]

e The -OH groupisbondedto a carbon atom that is bonded to three other alkyl groups so it
is a tertiary alcohol

EXAM PAPERS PRACTICE
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d)

i) The displayed formula of this ethyl ester and chiral carbon atom is:

H H H o
L c//\TT
|L|| 0—C—C—H

¢ Correctstructure:[Ima
* Bonds between all ato own: [1 mark]
¢ Correctchiral C atomid

[Total: 3 marks]

¢ The molecular formula of 2-ethyl-3-methylbutanoic acid is C7H4,05

EXAM:-PAPERS .PRACTICE

roup is CoHs
C-GEW&[I'& four carbons and nine hydrogen atoms
€l Emmaaﬁﬂﬁd?{ﬁﬁli%s should not be straight chained, but branched
¢ Draw achain of three carbon atoms on the left hand side of your ester, and play around
moving the location of the methyl group untilitis in a position that thereis a chiral carbon
e Youcan achieve marking point 1if you have not shown the bonds between all atoms
¢ |f you have made an errorin drawing the structure, you can still score mark 3 for identifying
acorrect chiralcarbon

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

a) The intermediate formed during this oxidation is:
* Propanal; [1 mark]

[Total: Tmark]

* Remember: Primary alcohols partially oxidise to form aldehydes and fully oxidise to form
carboxylic acids

* The differencein oxidation depends onthereaction conditions

b)

i) The colour of the chromiu (W) hasreactedis:

o Green: [1mark]

ii) The conditions used to ensure that pr oic acidis obtained in a high yield are:

s Excess acidified potassiumdich ate(VI); [1 mark]

EXAM PAPERS PRACTICE

Gomaaglah aprimary alcohol to a carboxylic acid, you can reflux the alcohol with excess

© 280 %docersibrapierentirsiilice

e Thereactioncanbe observed as potassium dichromate(VI)will change from orange to
green

For more help visit our website https://www.exampaperspractice.co.uk/
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c) A chemical test and observation to confirm the presence of a carboxyl functional groupis:

e AddaGrouplcarbonate/Na;COsz, etc

OR

Add a Group 1 bicarbonate f NaHCO =, etc; [1 mark]
e Effervescence /fizzing / bubbling; [1 mark]

[Total: 2 marks]

+ [he chemical test fora carboxylic acid is the addition of a carbonate / hydrogen carbonate
¢ The observation for this cti gas, whichis seenas
effervescence /fizzing INg

Answer 5.
a) The white precipitateis:

e Aluminium hydroxide / Al Mlma
[Total: Tmark]
el are ioldghatdithiu dgiclesigf
EXAMLAPERS - PRACTIGE

hydroxide, Al{OH)z
Gﬂlfyn}lﬂ ghﬁEycu should know that aluminium ions form a white precipitate in sodium

8 miﬁé%pﬁﬁﬁﬁgsp@ﬁ%@reci pitate should redissolve

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) The reagents and conditions required for reaction 1 are:

+ Potassiumdichromate (VI); [1 mark]
o Acid(ified)

AND

Heat under reflux; [1 mark]

i) Identify which of Q or Ris 2-hydroxybutanoic acid and explain the difference between
reactions 2 and 3:

e RisZ2-hydroxybutanoic

AND E——
(Because)Onlythe C=0 Lmark]

¢ NaBH,cannotreduceth OH / carboxy iBaGicklbaa
[Total: 4 marks]

¢ Inreactionl, adiolisbeing oxidised
agent

wn by [O]) so the reagent must be an oxidising
e ‘Youwould also score the mark for potassium managanate (V)

EXAM PARERS:PRACITICE

wouldﬁ inhydrogen
GO@EE ompound is reduced using NaBH only the carbonyl group will gain hydrogen

@ A Askimigaria foica bira BHO@BH,

¢ You are expectedtoknow that an aldehyde / ketone can be reduced using both of these
substances, but only LiAlH, is the reducing agent for a carboxylic acid

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The mechanism for the reaction of propanal with the mixture of NaCN and HCN to form S is:

5
Ox*ﬁ*,Csz °
~C A\ > OKC _CHs
FARY
H CN

Presence of :CN7; [1 mark]

Curly arrow from :CN™ lone pair to carbonyl carbon; [1 mark]
Correct dipole AND curl
Correctintermediate dr

Ir—

[Total: 4 marks]

e [fyoushow the bonds wi
score the mark

e NaCNacts as catalystin
reaction

e You will score the marks if yourne e charges are not circled

Kl AR RS- R RACTHICE

Cﬂﬁﬁ?aﬁ H)CN + HCI + 2H;0 — C;H5CH(OH)COOH + NH4CI; [T mark]

[Totaliitatkyam Papers Practice

e The nitrile is hydrolysed using dilute acid to form a carboxylic acid and ammonium salt

# Careful: The questiondoes notindicate two more reactants are needed but both water
AND the acid must be present

e Anitrile could also be hydrolysed using an alkalie ut this would produce a sodium
carboxylate salt and ammonia

iple bond or you will not

ucleophile, :CN~forthe

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 6.
a) The fully displayed structures of the two optical isomers of lactic acid are:

O

C - -0
%/DH H \(_“,/:/

o Correctstructures: [2m
¢ Correctcarbonatomla

[Total: 3 marks]

* The opticalisomers sho
e Make sure you should all the bonds

question asks for the fully display
e Youalsoneedtousesdashes andwedged lines torepresent the molecule as 3D

EXAM PAPERS"PRACTICE

o Thel_| in COOH is not chiral as it only has three groups of atoms attached

Copyrig
@ 2024 Exam Papers Practice

een the atoms in the carboxylic acid group as the

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The reagent(s) and condition(s) for each step are:
Step 1.

» Acidified potassium dichromate (V1) / CrO+2
AND
H* fH2504
OR
acidified potassium permanganate / KMnO4
AND
H* /H2S04; [1mark]

o Distill; [1 mark]

Step 2

e HCNinpresence of CN™
OR
KCN + dilute H;SOy4; [Tm

* Roomtemperature; [l mar

Step 3

EXAM PAPERS PRACTICE

dilute alkali: [1 mark]

QMM rreflux; [1 mark]
© 2024 Exam Papers Practice

[Total: 6 marks]
¢ The pathway shows:
o ethanol — ethanal — Z-hydroxypropanenitrile — 2-hydroxypropanoic acid
o alcohol— aldehyde — nitrile — carboxylic acid
o Higherlevel questions expectyouto know the reagents and conditions for various
multi step reaction pathways
¢ Remember: InStep 1, the potassium dichromate / potassium permanganate act as
oxidising agents but can only do this by being reduced themselves, hence the need forthe
dilute sulfuric acid which provides H* ions (you will get the mark for just giving H*)
o The aldehyde must be distilled off as it is produced otherwise full oxidationto a
carboxylic acid willoccur

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

i) An equation to show this reaction using [H] to represent an atom of hydrogen from the
reducing agentis:

e CHzCH(OH)COOH + 4[H] — CHzCH(OH)CH;0H + H30;[1mark]
ii) The organic produced formed in this reaction is:
e Propane-1,2-diol; [1 mark]

[Total: 2 marks]

dtotheircorre
anOH
nd for

e Carboxylic acids are red
e The COOHgroupisred
e Thestructure of the org

A
EXAM PAPERS PRACTICE

Copyright _
@L 2%%@%@!&5@55&%@%%@ the compound is a diol

¢ Theseareonthe firstand second carbon atoms, with three carbon atoms intotal hence
propane-1,2-diol

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 7.
a) The completed table is:

observation with glycolic
reagent acid 9y does a reaction occur? functional group
Na,CO effervescence [ fizzing / COOH / carboxylic acid
-3 bubbling y
2 4-DNPH no visible reaction no group required
acidified Cry07% orange to green -OH [ alcohol

o 1 mark for each correct o rks

e 1 mark for COOH AND O

[Total: 4 marks]

chemical tests TOr different runctio roups
test f group
[ r will be produced

* You are expected to kno
» Sodium carbonate can b
o When it is added to
o The carbon dioxide can be obs
o 2 4.DNPH is used to test for the pr

EXAM CAPERS -PRACTIGE

orange oxidising agent which will turn green when it is reduced
Cﬂpyrﬂgiﬁtolﬁurs must be present to score the mark

@ 2024 Exam Papers Practice

as bubbles / effervescence
ce of the C=0 functional group found in aldehydes and

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

i) The structure of Xis:

H—?—CEN
OH

¢ Correctstructure; [1mark]

ii) The reagent used forreacti

e Dilute hydrochloric / sul /nitric / phosphoric acid; [1mar
iii) The mechanism forreacti

e Freeradical substitutio
iv) The essential condition f

o UV/sunglight; [Tmark]

v) The diagram for the mechanism forreaction 4.is:

EXAM PAP ERS PRACTICE

Copyright Va
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 LonepaironOH

AND

curly arrow from lone pair to C of C-Br; [1 mark]
s Correctdipole on C-Br

AND

curly arrow from bond to Br; [1 mark]

[Total: 6 marks]

HCN and NaCN

sequence A HCHO

sequence B CH,CO, CH,(OH)CO,H

* |nsequenceA, reaction] onto form the nitrile, 2-

hydroxyethanenitrile
o The 2-hydroxyethanenitrile th dergoes hydrolysis to form glycolic acid
o Dilute acidis needed for this
ramy/eilanepitile geul olysiswsi n gtk alj | gbing
EXAMEAPERS FRACTICE
which would require acidification to convert it to a carboxylic acid
Gmﬁﬁ@alﬂae B, reaction 3, hydrogenis substituted for bromine to form a halogenoalkane
T M) Puk @Qamoﬁmgﬁﬂglﬁ]ﬁgﬂgﬁ nucleophilic substitution to form glycolic acid
o CH3;BrCO;H is a primary halogenoalkane so reacts via the Sy2 mechanism whichisal

step reaction
o Make sure your curly arrows are clear and don't forget the charge on the hydroxide ion

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) Therole of NaBH. in this reactionis:
¢ Reducing agent/reductant; [1 mark]
i) An equation for this reaction using molecular formulae is:
CsH203 + 2[H] — CoH405

o Correct molecular formulae; [1mark]
e Correctly balanced; [l

[Total: 3 marks]

o Careful: The questiona
formula for glycolic aci
CH3(OH)CH2OH would

so writing the structural
(ethane-1,2-diol),

2(OH)COOH
score the marks

EXAM PAPERS PRACTICE
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