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Mark Scheme

Answer 1.

a)The completedtableis:

Structural formula IUPAC name
CgHsCHz methylbenzene; [1 mark]
CHzCH>;CH>CH>CHO pentanal; [1 mark]
CHzNHCHz dimethylamine; [1 mark]
CHzCH( acid; [1mark]

[Total: 4 marks]

. C,f,H5CH3
o CgHstells us that thi benzenering
o The 5hydrogenato
substituted, inthisc
o Thereforeitis methylbenzene
¢ CH3zCH;CH;CH;CHO
o The CHO group at the end of the molecule indicates the compound is an aldehyde

EXAM-PAPERS-PRACTICE

CCI[] atomindicates that thisis an amine
are twgCHs groups bonded to the nitrogen atom, dimethyl- should be in the

@ 2 am?—%pgrs raciice

o Therefore the name is dimethylamine

¢ CH3CH(NH;)CO3H
o This compound is an amino acid
o There are 3 carbon atoms in the chain with a carboxylic acid group, CO;H
» This group takes priority sois named last -propanoic acid

o Thereis also a NH; group, amine group bonded to the second carbon
» Therefore the nameis 2-aminopropanoic acid

atomhas been

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The fully displayed formula for butanoyl chloride is:

H H H
O
Y
H—C—C—C—C
Y
H H H

e Correctdisplayed formula of butanoyl chloride; [1 mark]

[Total: Tmark]

¢ Butanoyl chloride is an a@§ichloride molecyle so willcontain | group at the end of the
chain

¢ Thecarboninthe COCI
ornaming acyl chloride

ote of this whendrawing

eAM-PAPERS PRACTICE

C-E'I ﬁddatch elimination: [Tmark]

@b@ﬂ?ﬂalﬁam FPapers Practice

e Youare asked for the type of mechanism that occurs in this reaction
e Awatermolecule adds across the C=0 bond
e Ahydrochloric acid (HCI) molecule is eliminated
o Therefore the mechanism is addition-elimination
e Thereaction overallis hydrolysis

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


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

7

EXAM PAPERS PRACTICE

Answer 2.

a) The systematic name of compounds K,Land M are:

e compoundK =phenaol; [1mark]
e compound L = ethanoyl chloride; [1 mark]
e compound M = 2-phenylpropylamine; [1 mark]

[Total: 3 marks]

¢ Youshould knowthatc
e CompoundLisanacylc
o These have the suffi

o The carbonchain:
» |s2 carbonslon ans th h-
= Contains only sifigle bonds, which
o Qverall, you have et n + oyl chloride = ethanoyl chlori
 CompoundMismorec
o Thereis aphenylring attached
name contains 2-phenyl
o The carbonchainis 3 carbonslong AND has an amine group at the end, which means

EXAM PAPERS .RRACTICE
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@ 2024 Exam Papers Practice

d
ontains -an-

arbon-2 of a carbon chain, which means that the

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The completed table identifying whethercompounds K, L and M are aliphatic or aromatic is:

Aliphatic Aromatic
compound K X Vv
compoundL v X
compoundM v Vv

« CompoundsLandM identified as aliphatic; [1mark]
« Compounds K and Midenti atigg

[Total: 2 marks]

* Remember: Aromaticc
o Aliphatic compoun

o Aliphatic compoun
sometimesbe cycli

ough they can

EXAM PAPERS PRACTICE
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c)
i) Structuralisomerismis:

* \Where compounds have the same molecular formula but different structural formulae; [1
mark]

Three specific types of structural isomerism are:

e (Branched)Chain
AND
Positional
AND
Functional group: [1 mar

ii) Stereoisomerismis:

* \Where compounds hav samem ral formulaebut a
different arrangement

ins

are.

EXAM PAPERS PRACTICE

Optical; [1Tmark]

%tg[)]%ﬁla%]am FPapers Practice

* Youneed to know the definitions of structural isomerism and stereoisomerism as well as
be able to work with each type of isomer that they describe

Two specific types of structuralisom

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

a) The IUPAC names of the compounds A, Band C are:

e Compound A - butanoyl chloride; [1 mark]
¢ Compound B - propanamide; [1 mark]
¢ Compound C - 4-aminobutanoic acid; [1 mark]

[Total:3 marks]

e Naming compound A:
o Determine the prim
» Suffixof name -
o Determine the prim
» Stemofnameb
o The acylchloride ca ly go on an endi® : needto benumbered
o This gives the name chlog
¢ Naming compoundB
o Determine the primary functio
= Suffix of name -amide
o Determine the primary chain: 3 carbons with only single bonds

EXAM-PAPERS.PRACTICE

CCI %&iﬁ'ves the name propanamide
. | mpound C .
© g 1&%@]3@9&&%£&%E’3&%@wm -NH; and carboxylic acid, -COOH

» Prefix of name, amino-
= Suffix of name -oic acid
o Determine the primary chain: 3 carbons with only single bonds
s Stem of name propan-
o The carboxylic acid canonly go onanend carbon so it does not need to be numbered
but the position of the amino group needs to be giveninrelation to the carboxylic acid
m The carbonof the -COQOH is given position 1, so the -NH; group is on carbon 4
o This gives the name 4-aminobutanoic acid

roup: amide, -CONH»

For more help visit our website https://www.exampaperspractice.co.uk/
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b) Thisis anexample of an addition-elimination reaction because:

¢ Water adds across the C=0 bond: [1 mark]
o HCliseliminated: [1mark]

[Total: 2 marks]

¢ You need tounderstand the terminology associated with various mechanisms:
o free-radical substitution
o electrophilic addition
nucleophilic substituti
nucleophilic additio
electrophilic substit
o addition-eliminatio
e Anaddition-elimination
loss of asmallmolecule,

o o o

s jointogether with the

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

¢) The displayed formula of phenyl butanoate is:

N\

\0

¢ Correctesterlink-CQQ
¢ Restof structure correct

rmark]

[Total: 2 marks]

e 'Butan-'tells youthat the carbon chain has 4 carbon atoms with single bonds between

EXAM.EAPERS .PRACIICE

Co atoms Fe mberingthat thereis a double bondto one oxygenand a single bond to the

@ ﬂ@%ﬂx Eé\’iﬂiﬂtgﬁﬁﬂrcﬁ Jﬁﬁ@l@“‘%ﬂles fromthe alcohol
o Phenylindicates that phenol was used
o The Hinthe OH group of phenolis lost, leaving the O
o Thisisthe O of the C-O of the esterlink, so you need to draw a benzene ring from this O

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Stating whether any of the compounds, A, B or C, can form optical isomers and why:

+» MNoneof the compounds form optical isomers; [1 mark]
* Because none have a chiral centre; [1 mark]

[Total: 2 marks]

« Compoundswith achiral centre exist as two optical isomers which are also known as
enantiomers

e Acarbonatom that has four different atoms or groups of atoms attached to itis called
achiral carbon or chiral

* Noneofthesecompou
atoms or groups of ato

na to four different

Answer 4.

Give the name of compounds W and

¢ Wispropene; [1mark]

EXAM-PAPERS PRACTICE

otal: 2 marks]

opyright
Gt ?ﬂ?ﬂﬁéﬁ{ﬂﬁ&ﬁgﬁqﬁyégﬁgéhe reaction, the chloro group, -Cl, must be on the

middle carbon atom

e The mechanism for Step 1would be electrophilic addition of the alkane and so a primary
and secondary carbocation would be produced

e Secondary carbocations are more stable than primary carbocations so the chloro group, -
Cl, would bond more favourably to this forming 2-chloropropane

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


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

7

EXAM PAPERS PRACTICE

Give asuitable reagent and reaction equation for step 2 giveninFig. 2.1

¢ Ammonia/NHz; [1mark]
e Propanoyl chloride; [1 mark]

[Total: 2 marks]

e Nucleophilic substitution of a haloalkane using ammonia produces a primary amine
e Acyl chlorides will react with amines to form N-substituted amides such as compound Z
o [t must be propanoyl chloride to ensure compound Z contains 6 carbon atoms

i) Calculate the mass of Xin sand give you im@hglace

5 .
. v 01?2 moles; [1Tmar

e OMN%x78.5=9.34q:[l
e 9.34x0.64=60g

OR
9.34x 64
100

EXAM PAPERS PRACTICE
Cﬂmﬂﬂ@;hﬁcts are formed in this reaction; [1mark]
(C» Reatop hasnqtidens te cobpietion:imark]

e Alternative chemical pathways; [ mark]
e Formation of intermediates; [1 mark]

= 6.0 g: [1mark]

[Total: 5 marks]

e Percentage yieldis defined as the actual yield divided by the theoretical yield times 100
e [tisveryrare forareactionto produce 100% yield
e Careful: make sure that you give your answer to the number of decimal places specified in

the question AND that you round correctly!
o Itwould be easy to write 5.9 as your answer to this question by mistake

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

a)The completed tableis:

formula name
2,3-dimethylbutan-2-ol; [1
CHz):C(OH)CH(CH
(CHz)zC(OH)CH(CH3); mark]
CHzCQOCI ethanoyl chloride; [1 mark]

CHsz e [ITmark]

mark]

[Total: 4 marks]

e There are a mix of differe ur time with naming them.

e |tcanhelptodrawoutthe skeleton e structure so you can see the number of carbon
atoms and any functional groups ent

e (CHz)2C(OH)CH(CHz)2

EXAM PAPERS PRACTICE

o There are also 2 methyl groups, one on the 2nd and 3rd carbons (2,3-dimethylbutan-

Cﬂpmglnt
® AzdEixam Papers Practice

o This should be instantly recognisable as a acyl chloride and there are 2 carbon atoms in

the main chain (ethanoyl chloride
e CH3zCONHCH3

o This compound contains the ROMHR so must be an amide

o One of the H atoms on the nitrogen has been substituted by an R group so itis an N-
substituted amide

o Therefore we start the name with N- followed by the substituted R group, in this case
methyl (N-methyl)

o The other group whichis bonded to the C=0 group will give the ending (N-
methylethanamide)

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

e 2, 3-dimethylbut-T-ene; [l mark]

CHy cH,
H,C—C
H CH,

e Correctstructure; [1mark]

¢ Lossof hydrogen atomfr on
[Total: 3 marks]
¢ Theisotopes are formed ationEhtl fferent placeinthe
alcohol

OH

L.,
EXAM PAPERS PRACTICE

Copyright B/
@ 2024 Exam Papers Bfactice \

H,c\ fCHa CH; cH,
H,C CH, H CH 5
2,3-dimethylbut-2-ene 2,3-dimethylbut-1-ene

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) The reactionof CHzCOCI+H;0O is:
¢ CH3COCI+H;0 — CH3zCOOH +HCI; [1 mark]
ii) The formation of CH;CONHCH3z is:
¢ CH3COCI+ CHzNH; — CHzCONHCHz + HCI; [Tmark]

[Total: 2 marks]

* Youneedtoknowsome

e Make sure you know ho

e Theyare highly reactive

steamy fumes of HCI

* Forthe formationof CH NHCHz makes tamine
o It must containamethyl group to form the N-substituted e

dform esters
tionsis they form

EXAM PAPERS PRACTICE
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Answer 6.

a) The displayed formula and 3D representations of the smallest aldehyde that can form optical
isomers are:

H
H\|/H
18T 0
2081
H HHH

e Correctdisplayedform
i
P

HsC) \ CHO

E)SAMMPARE RSWPRACTICE

C Corractﬁ —dimensional structure of the right-hand isomer; [1 mark]

OPyTy
@ 2024 Exam Papers Practice

[Total: 3 marks]

L
L
Ll
L
Ll
L
L]
L
L

e Youneed a carbon with four different atoms or groups of atoms to form opticalisomers
o Therefore, the aldehyde carbon cannot be the chiral carbon

¢ The chiral carbon must have an aldehyde group attached, which leaves 3 bonds for other
atoms or groups of atoms

¢ Tocreate the smallest aldehyde with optical isomer, you should add a hydrogen, methyl
group and ethyl group to the chiral carbon so that you are adding different hydrocarbon
functional groups

e Careful: Do not add other functional groups because the question asks for the smallest
aldehyde

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

i) The displayed formula of the oxidation product of the aldehyde identified in part (a) is:

o Gg Py
. C C C C\ s [Tmark]
ST o

i) A suitable reagent, includi bservations, for the oxidation of thealdehyde identifiedin part

(a)is:
Alternative 1

e Reagent=Fehling'ssolu
AND
Observation = blue solution to bric

precipitate; [l mark]

Alternative 2

EXAM-PAPERS PRACTICE

CCI bsewﬁion = formation of a silver mirror: [1 mark]

Alte Eﬂﬁ%ﬁam FPapers Practice

¢ Reagent = Acidified potassium dichromate(Vl) solution under refiux
AND
Observation = orange solution to green solution; [1 mark]

[Total: 2 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ Remember: Aldehydes oxidise to carboxylic acids

e The wording of this question can be a bit off-putting but it is basically asking "what is
formed when you oxidise an aldehyde?”

e You are expectedto know this along with the reagents and observations as one of the more
basic points of organic chemistry

o Althoughreagents and their associated observations are typically for 2 marks, you may
sometimes see them for one combined mark where you have to get the combined reagent
and observation matching and correct

c)
i) The balanced symbolequa there Id eidentifiedin part (a)is:

e CoH5CH(CH3)CHO + 2[ CzHsCH(CHz)CH;OH; [1 mark]
205 3 25 3 2

i) A suitable reagentis:

e Sodium tetrahydridoborateilll}f sodium borohydride / NaBH
te

EXAM.PAPERS. . PRAGTICE

(roedi S A _
@ 2024 Exam Papers Practice

¢ Remember: Aldehydesreduce to primary alcohols

¢ You are expectedtoknow this along with the reagents required for this reduction as part of
your organic chemistry as well as being able to apply your equation writing skills to
questions such as these

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The organic compound formed by the reaction of the oxidation product in part (b) and the
reduction productinpart(c):

e J-methylbutyl-2-methylbutanoate; [l mark]
[Total: 1mark]

e Inpart(b), youdrew the structure of 2-methylbutanoic acid
e [npart(c), youwrite the structural formula of 2-methylbutan-1-ol
¢ [fyouthink about the reaction of ethanol and ethanoic acid:

o Ethanol +ethanoic agi no
* Thenapply this principle th and acidin this question
o Z2-methylbutanol + 28Methylbutancic aglbu 2-methylbutanoate +
water

Answer 7.

EXAM PAPERS PRACTICE
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a)
i) The name and structure of the product of the reaction between CHzCH>CH>CHO and HCN is:

e Name =2-hydroxypentanenitrile; [1 mark]

H,c—CH, H
* Structures= CH,—C——C==N ;[Imark]
OH

ii) The changesin shape and
hydroxypentanenitrile are:

f the organic product/2-

Shape:

e (The-CHO /aldehydeg )changes fro trahedral (-CHOHCN /
hydroxynitrile group): [1
¢ (Because)) the carbonyl
groups)
AND
This means that the carbon atom is now surrounded by 4 single bonding pairs (resultingina

EXAM'PAPERS PRACTICE

Chirality:

C-r::I H-CHCQ/ butanal has no chiral centres / carbons
© E&% alml Fapers qﬂractlce
The organic product / 2-hydroxypentanenitrile has one chiral centre / carbon; [ mark]
e (Because,)the carbonyl/C=0 bond breaks, forming two single bonds to OHand CN
groups
AND
Which results in the carbon atom having four different atoms or groups of atoms; [1 mark]

onds (to OH and CN

[Total: 6 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e CH3CH;CH;CHO is the aldehyde butanal
o There are no chiral centres because there are no carbons that have four different
atoms or groups of atoms
o The aldehyde carbon has a trigonal planar shape due to the carbonyl double bond /

C=0
O
fpts
CH
e Aldehydesundergoana inatio form hydroxynitrile
compounds

o Thisresultsinachan f shape and chiralit
o Careful: Naming hyd i rrectly because

students forgetthata carbon has been added to the original chain
* The product of thisreactionis 2- xypentanenitrile
o Thereisnow achiral centre / carbon

EXAM . PAPERS PRACIICE

Co y‘y C-OHandaC-CNbond
P ismea that the gmal carbonyl bond now has four bonding pairs aroundit,

@ 2[]24 @ﬁ}% E@QE'%ndatetrahedralshape

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) The mechanisminvolvedin this reactionis:

+ (Nucleophilic) addition-elimination; [1 mark]
Explanation:

e Thelone pairof electrons on CH3zOH / methanol act as a nucleophile attacking the b+
carbonylcarbon
AND
One of the carbonyl/ C
oxygen atom; [1 mark]
¢ Alonepairof electrons
AND
The carbon-chlorine /C
e The OHbond breaks (he
oxygen /O" atom
AND
Resultinginthe lossof H*; [1 mark
o Owerall,aHClmoleculeis lost / eliminated; [1 mark]

K AM--HAPERS-HRACTICE

Cﬂﬁ%ﬁh tanoate; [1 mark]
[TotakMatkxaim Papers Praclice

s othelectrons to the

the O reform ond

ond breaks (h le achloride ion; [1 mark]
lytically) giving both electrons tofilié (electron-deficient)

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ Remember: Alcohol + acylchloride — ester + HCI
o You should know this is a nucleophilic addition-elimination mechanism
¢ The explanation of your answer is actually a description of how the mechanism proceeds
o Thisis more challenging than simply drawing the mechanism because it requires youto
be specific about atoms, lone pairs and charges
o Althoughitis theoretically possible that you could be asked a question like part (i), itis
more likely that you would be asked to draw the mechanism
m S0, if you get full marks on part (i) it suggests that you really know your nucleophilic
addition-elimination mechanism
¢ Remember: The alcohol
chloride forms the surna
o Inthis case:
» Methanol —me
» Butanoyl chlori ate
o Therefore, the over me is methy| bUNNe

arboxylic acid / acyl

EXAM PAPERS PRACTICE
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i) The formula of the reactive intermediateis:
e CHzCH>;CH>CO; [1mark]

ii) The three structural isomers of phenylbutanone are:
CHoCOCH,CHg : [Tmark]

CH2CHoCOCH3 : [ mark]

CHoCHoCHoCHO | [1mark]

oJole

Explanation of which, if any, opticalisom

« Noisomers formoptica
AND
Because there are no chiral centr
different atoms or groups of ato

arbons OR because there are no carbons with four
[1mark]

EXAM PAPERS PRACTICE

e Thereaction of benzene with butanoyl chloride requires an AlCIz / halogen carrier catalyst
GFMMtalyst forms the reactive intermediate / electrophile according to the following
@ 20%4b¥am Papers Practice
CHzCH2CH;COCI + AIClz; — CH3zCH;CH2CO™* + AICI 4~
e The three structuralisomers can be drawn by moving the CO one carbon down the chain

eachtime
o Eachisomer has carbon atoms with either two hydrogens attached OR a double bond

to an oxygen atom

o Therefore, there canbe no opticalisomers

o Careful: Itis easy to decide that 4-phenylbutanal has a chiral centre because it does
not appearto have two of the same atom attached

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