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Chapter 17

Carbonyl compounds

17.1 Aldehydes and ketones
1021. 9701_m22 qp_12 Q: 33

Which compound gives both:

e an orange precipitate with 2,4-DNPH reagent

e and a yellow precipitate with alkaline I(aq)?

A ethanol

B methanal
C propanal

D propanone

1022. 9701_m21_qp_12 Q: 24

Which compound produces a ketone when refluxed with an acidified solution of
potassium dichromate(VI)?

A pentan-1-ol

B 2-methylbutan-1-ol
C 2-methylbutan-2-ol
D 3-methylbutan-2-ol
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374 CHAPTER 17. CARBONYL COMPOUNDS

1023. 9701 _m21 qp 12 Q: 27
In this question you can assume that 'H and *H have the same chemical properties.
A sample of ethanal contains only one isotope of hydrogen, 'H.

It is reduced to compound Z, C,HgO, in a nucleophilic addition reaction using NaBH,. All the
hydrogen atoms in the NaBH, are the *H isotope.

NaBH4
CH:,CHO _— CgHsO

compound Z
Compound Z is then oxidised back to ethanal and water.
C:HsO + [0] —» CH;CHO + H,0
Which statement about the final mixture of products is correct?

A Both ethanal and water contain °H atoms.
B FEthanal is the only product containing *H atoms.
C Neither ethanal nor water contain *H atoms.

D Water is the only product containing *H atoms.

1024. 9701_s21 _qp_ 11 Q: 28

Which statement is correct for the reaction of carbonyl compounds with HCN?
A The reaction is catalysed by concentrated H,SO,.

B Pentan-2-one and HCN react to give a chiral product.

C The reaction is a condensation reaction.
D

The reaction is nucleophilic substitution.
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17.1. ALDEHYDES AND KETONES

1025. 9701 _s21 _qp_12 Q: 28

Which reaction mechanism for the formation of C;HsCH(OH)(CN) is correct?
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1026. 9701 _s21_qp_13 Q: 26

The skeletal formulae of three compounds are shown.

R S T
OH o
AO )%O AO

Which compounds will give a positive test with 2,4-dinitrophenylhydrazine reagent?

A Ronly B RandSonly € SandTonly D R,SandT
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376 CHAPTER 17. CARBONYL COMPOUNDS

1027. 9701 _s21_qp_13 Q: 27

The diagram shows the structure of a compound formed by the reaction of HCN with a carbonyl
compound, X.

C4H9
H,C—C—CN
OH

What is the mechanism of this reaction and what is the functional group in X?

mechanism of reaction functional group in X
A electrophilic addition aldehyde
B electrophilic addition ketone
Cc nucleophilic addition aldehyde
D nucleophilic addition ketone

1028. 9701 _w21 gp_11 Q: 26

CH;CH,COCH.CH; reacts with hydrogen cyanide to form an organic product called a
cyanohydrin.

Which statement is correct?

The cyanohydrin product has one chiral centre.

B The cyanohydrin product is formed by electrophilic addition.
C The cyanohydrin product is formed via an intermediate which contains a C—-OH group.
D The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst.

1029. 9701 _ w21 _qp 11 Q: 27

Reduction of compound R with LiAIH, gives the compound 4-methylpentane-2,3-diol.
What could be the identity of compound R?

B Cc D
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1030. 9701_w21 _qgp_ 12 Q: 28

Which compound produces a precipitate with 2 4-dinitrophenylhydrazine reagent and also with
alkaline aqueous iodine?

A butan-2-ol
B butanal
C butanone

D pentan-3-one

1031. 9701 _ w21 qgp_13 Q: 26

CH;CH,COCH,CH; reacts with hydrogen cyanide to form an organic product called a
cyanohydrin.

Which statement is correct?

A The cyanohydrin product has one chiral centre.

B The cyanohydrin product is formed by electrophilic addition.

C The cyanohydrin product is formed via an intermediate which contains a C—OH group.
D

The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst.

1032. 9701_s20_qp_11 Q: 20

The skeletal formula of compound X is shown.

o)
Which row is correct?
molecular observation on
addition of X to
formula of X i
Fehling’s reagent
A C/H440 no change
B C/H440 red precipitate forms
Cc C/H4gO no change
D C7H460 red precipitate forms
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1033. 9701_s20 qp_12 Q: 22

Which row correctly shows the type of mechanism of each of the two reactions?

C;HsBr + KCN CH;COCH; + HCN
A electrophilic substitution electrophilic addition
B electrophilic substitution nucleophilic addition
Cc nucleophilic substitution electrophilic addition
D nucleophilic substitution nucleophilic addition

1034. 9701_s20_qp_13 Q: 24

Which statement about compound T and compound U is correct?

compound T compound U
O 0O
J /
H,C—C H—C
CH,CH,CH, CH(CH,)CH,CH,

T and U are stereoisomers.
T can be distinguished from U by the use of alkaline aqueous iodine.

T can be reduced by LiAIH,4 but not by NaBH,.

o o0 mw >

U can be formed by the oxidation of 3-methylbutan-1-ol.

1035. 9701_ w20 qp_11 Q: 27

Which pair of test results would prove that a substance, X, is a ketone?

A X has no reaction with Tollens’ reagent. X reacts with alkaline aqueous iodine.

B Xis reduced by lithium aluminium hydride. X is oxidised by acidified dichromate(V1).
C Xreacts with 2,4-DNPH reagent. X has no reaction with Fehling’s reagent.

D Xreacts with hydrogen cyanide. X is reduced by lithium aluminium hydride.
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1036. 9701 w20 qp_11 Q: 28

Carvone is found in spearmint oil.

carvone

O

Which product is formed when carvone is reacted with NaBH,?

A B c D

379

1037. 9701_ w20 _qp_ 12 Q: 23

Compound X contains two functional groups.

compound X

)

CH,—C—CHO

Which reagent will react with only one of the functional groups?

A

B
Cc
D

acidified potassium dichromate(VI)
2,4-DNPH reagent

hydrogen cyanide

NaBH,

1038. 9701 _w20_qgp_12 Q: 25

Diols in which both hydroxy groups are bonded to the same carbon atom can spontaneocusly
eliminate a molecule of water to produce a carbonyl compound.

Which compound, after complete hydrolysis, gives a silver mirror with Tollens’ reagent?

A

B
Cc
D

1,1-dibromobutane
1,2-dibromobutane
1,3-dibromobutane

2.2-dibromobutane
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1039. 9701 _s19_qp_ 11 Q: 29

Which reagent may be used to distinguish between propanone and ethanol?
A 2 4-dinitrophenylhydrazine

B bromine water

C Fehling’s reagent
D

Tollens’ reagent

1040. 9701_s19_qp 12 Q: 27

Which reagent could be used to distinguish between ethanal and propanal?
A 2A4-dinitrophenylhydrazine

B I,/NaOH(aq)

C KyCr07/H,S04(aq)

D

Tollens’ reagent

1041. 9701_s19 _qp_13 Q: 28
Structural isomerism only should be considered when answering this question.

A set of isomeric compounds, with molecular formula CsH;qO, all react in a 1:1 ratio with an
excess of HCN by nucleophilic addition.

How many isomeric compounds are in the set?

A 5 B 6 c 7 D 8

1042. 9701 _w19 _gp_ 11 Q: 26

The diagram shows the structure of compound Z.

O O

~ A

What is the product of the reaction between compound Z and an excess of NaBH,?

A B Cc D

OH OH OH OH O O O OH
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1043. 9701_w19_qp_ 11 Q: 27

Compound Q shows the following reactions.
e |t gives an orange precipitate with 2,4-dinitrophenylhydrazine.
e It gives a red-brown precipitate with Fehling’s reagent.

e It gives a pale yellow precipitate with alkaline aqueous iodine.

What could be the identity of Q7

A ethanal
B propan-2-ol
C propanal

D propanone

381

1044. 9701 _ w19 qp_ 12 Q: 26

Compound X has stereoisomers and forms a precipitate when warmed with Fehling’s reagent.

What could be the structure of compound X?

B C D

0]
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1045. 9701 _ w19 qp 12 Q: 27

The diagram shows the structure of Y.

H—C—C—C—C—C—H
I
H O H O H

Two suggestions are made about Y.

1 Y can be oxidised by hot, acidified dichromate(VI) ions.

CARBONYL COMPOUNDS

2 One mole of Y gives one mole of tri-iodomethane when it reacts with an excess of

alkaline aqueous iodine.

Which suggestions are correct?

A both1and?2

B 1only
C 2only
D neither 1 nor2

1046. 9701 _m18 qp 12 Q: 26

Compound X produces a carboxylic acid when heated under reflux with acidified

potassium dichromate(VI). Compound X does not react with sodium metal.

What could be the identity of compound X?
A propanal

B propanone

C propan-1-ol
D

propan-2-ol
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1047. 9701 _s18 qp 11 Q: 25

Compound Q

e contains a chiral centre,

e gives a positive result with Fehling’s reagent,

e gives a positive result with alkaline aqueous iodine.

What could compound Q be?

A

B
o
D

1-hydroxybutanone
2-hydroxybutanal
3-hydroxybutanal

3-hydroxybutanone
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1048. 9701 s18 qp 11 Q: 26

What is the mechanism for the reaction of ethanal, CH;CHO, with hydrogen cyanide, HCN, in the
presence of NaCN?

(0] Hop 0
| S A /
A CH—C—H —» CH3—(|3—H — CH,—C + H
:CN- CN CN
Y
o) -0 ' H—C=N OH
c U
B CH—C—H — CH3—C|3—H —> CH,—C—H + :CN-
CN- CN CN
<”3 H—C=N OH OH
C CH,—C—H — CH,—C—H — CH,—C—H
:CN- CN
D initiation ~ HCN  — H+ + *CN

propagation CH3—C\ + *CN — CH,—C—H

CH,—C—H + H—CN — CH,—C—H + +CN
CN CN
O- OH
terminaton = CH,—C—H + H+ — CH,—C—H

CN CN
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1049. 9701 _s18 qp_12 Q: 27

Which statement about butanone is correct?

A Butanone can be dehydrated by concentrated sulfuric acid to give CH,=CHCH=CH,.
B Butanone gives a positive result with Tollens’ reagent.

C Butanone reacts with HCN by an electrophilic addition mechanism.

D

Butanone reacts with NaBH, to give a chiral product.

1050. 9701 w18 qp_ 11 Q: 27

Which compound shows optical isomerism and gives a positive test with alkaline aqueous iodine?
A CH;COCH(OH)CH;

B CH;COCH,CH,OH

C HOCH,CH(CH;)CHO

D (CHj),C(OH)CHO

1051. 9701 w18 qp_12 Q: 27

Compound X has the empirical formula C,H0.

Compound X reacts with 2,4-dinitrophenylhydrazine reagent to give an orange precipitate and
also decolourises warmed acidified potassium manganate(VII) solution.

What could be the identity of X?

A B
0 H H 0 H O H
N | | 7 Ll I
C—C—C—C H—C—C—C—C—H
/1 TN\ | ||
H H H H H O H
C D
HO ] o H H H H o
N
H ey N
| |/ c—C—C—C—C—C
H—C—C=—C /0 N\
| \ HO H H H H H
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1052. 9701 _m17 qgp_ 12 Q: 25

Diols in which both hydroxy groups are bonded to the same carbon can spontaneously eliminate
a molecule of water to produce a carbonyl compound.

Which compound, after complete hydrolysis, gives a positive reaction with Tollens’ reagent?
A 1,1-dibromobutane
B 1,2-dibromobutane
C 1,3-dibromobutane
D

2,2-dibromobutane

1053. 9701_m17 qp_12 Q: 28

CH3;CH,COCH,CH; reacts with hydrogen cyanide to form an organic product called a
cyanohydrin.

Which statement is correct?
A The cyanohydrin product has one chiral centre.
The cyanohydrin product is formed by electrophilic addition.

B
C The cyanohydrin product is formed via an intermediate which contains a C—OH group.
D

The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst.

1054. 9701 _m17 qgp_ 12 Q: 29

Compound X, CH3;CH(OH)CH(CHO)CHa, is heated under reflux with an excess of acidified
K2Cr,07 to form compound Y.

Both X and Y are separately warmed with Fehling’s solution and the observations noted.

What are the observations?

A Both X and Y give a red precipitate.
B Only X gives a red precipitate.

C OnlyY gives ared precipitate.
D

Neither X nor Y gives a red precipitate.
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17.1. ALDEHYDES AND KETONES

1055. 9701 _s17_qp_11 Q: 20
Structural isomerism and stereoisomerism should be considered when answering this question.

Each of the following carbonyl compounds is reacted with NaBH,. The product of each reaction is
heated with Al,O5; at 600 °C, generating one product or a mixture of isomers.

Which carbonyl compound will produce the most isomers?
A butanal

B butanone

C pentan-3-one
D

propancne

387

1056. 9701 _s17_qp_11 Q: 25

Diols in which both hydroxy groups are bonded to the same carbon atom spontaneously eliminate
a molecule of water to produce a carbonyl compound.

Which compound is hydrolysed to form a product that gives a positive reaction with
2,4-dinitrophenylhydrazine but not with Fehling's reagent?

A 1,1-dibromopropane
B 1,2-dibromopropane
C 1,3-dibromopropane
D

2,2-dibromopropane

1057. 9701 _s17 qp 11 Q: 29

Which compound gives a positive test with alkaline agueous iodine and does not show optical
isomerism?

A CH;COCH,CH,OH
B CH:CH,CH(OH)CHO
C CH;COCH(OH)CH;
D (CHs),C(OH)CHO

1058. 9701 _s17 qp 12 Q: 20

A carbonyl compound X will react with HCN in the presence of NaCN to make a compound with
M, 85. Compound X does not react with Fehling’s reagent.

What is X?

A butanal
B butancne
C propanal
D

propancne
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1059. 9701 s17 qp 12 Q: 27

H2NNHCgH3(NO?); is the structural formula of 2,4-DNPH.
Many, but not all, organic reactions need to be heated before reaction occurs.

Which reaction occurs at a good rate at room temperature (20°C)?

A CiHz — CgHig + CoHs

B CH;CH.CH.Br + NH; — CH3;CH,CH,NH, + HBr

C CHzCHOH + KBr —» CH;CH,Br + KOH

D (CH3)CO + HaNNHCgH5(NOz), — (CHs)2C=NNHCgH3(NO), + H,O

1060. 9701_s17_qp_13 Q: 22
The formulae of three compounds are shown.
CsH;CHO C,HsCOCH; CH>CHCH,CH,OH

Only one of these compounds will decolourise bromine water. Only one of these compounds will
produce a silver mirror with Tollens’ reagent.

Which row shows the correct results?

decolourises forms a silver mirror
bromine water with Tollens’ reagent
A C;H,CHO C,HsCOCH;
B C,HsCOCH; Cs;H;,CHO
c CH,CHCH,CH,OH C,HsCOCH;
D CH,CHCH,CH,OH Cs;H;CHO

1061. 9701 _w17_gp_11 Q: 26

Glucose can be used to prepare sorbitol, a compound used as a sugar substitute.

H OH OH OH OH
OH OH
O —_— HO
OH OH OH OH
glucose sorbitol

Which reagent may be used for this conversion?

A acidified potassium dichromate(VI)
B sodium borohydride

C sodium hydroxide
D

Tollens’ reagent
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1062. 9701 _w17 qgp_ 12 Q: 24

2,3-dimethylpent-2-ene, (CH;3).C=C(CH3)CH,CHs, is treated with cold, dilute KMnO,. The product
of this reaction is treated with an excess of concentrated H,SO, at 180°C, giving a mixture of
isomeric hydrocarbons with molecular formula C;H;5.

What is the name of one of the isomeric hydrocarbons?
A 23-dimethylpenta-1,2-diene

B cis-2,3-dimethylpenta-1,3-diene

C 2,3-dimethylpenta-1,4-diene

D 3,4-dimethylpenta-1,3-diene

1063. 9701_w17_qp_12 Q: 29
Compound G
e has a chiral centre,

e gives a positive result with alkaline aqueous iodine,

e does not give a silver mirror with Tollens’ reagent.

What could compound G be?
A 1-hydroxybutan-2-one

B 2-hydroxybutanal

C 3-hydroxybutanal

D 3-hydroxybutan-2-one
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1064. 9701 _m16 qp_ 12 Q: 20

CHAPTER 17. CARBONYL COMPOUNDS

People who take statin drugs to control their blood cholesterol may also take ‘coenzyme Q'

The diagram shows a simplified structure of one form of this coenzyme.

0
CH,O

CH.O
o)

coenzyme Q,,

Which row describes this structure correctly?

the coenzyme is

number of © bonds
in one molecule

o o0 w »

an aldehyde
an aldehyde
a ketone

a ketone

n+2
n+4
n+2

n+4

1065. 9701_s16_qp_11 Q: 24

Alcohol Y gives product Z after mild oxidation. Z gives a positive result with Tollens’ reagent and
with 2,4-dinitrophenylhydrazine reagent.

What could be the identity of alcohol Y?

A

B
C
D

butan-1-ol
butan-2-ol
butan-2,3-diol

2-methylbutan-2-ol

1066. 9701 _s16 qp 11 Q: 28

Which reagent cannot be used to distinguish between ethanal and propanone?

A

B
Cc
D

acidified sodium dichromate(VI) solution

alkaline aqueous iodine

cold acidified potassium manganate(VII) solution

Fehling’s reagent
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1067. 9701 _s16_qp 12 Q: 26

Which organic compound would not give either a yellow precipitate when treated with alkaline
aqueous iodine or an arange precipitate when treated with 2,4-dinitrophenylhydrazine reagent?

A propanal

B propan-1-ol
C propan-2-ol
D

propanone

1068. 9701 _s16_qp_12 Q: 27

In which reaction is the organic compound oxidised?
A CH;CH,CH,CHO + Tollens’ reagent

B CH;CH.CH,CHO + LiAIH,4

C CH;3;CH,CH,OH + concentrated HsPO,

D CH,;CO,C,Hs + dilute H,SO,

1069. 9701_s16_qp_ 13 Q: 22

An ester with an aroma of pineapples can be synthesised in the laboratory from butanal using this

reaction scheme.
NaBH/ \
conc. H,S0,

CH,(CH,),CHO —— % ester

Cr,0, Z'M

What is the structural formula of the ester?
A CH;(CH.),CO,(CH;),CH3
CH;3(CH3),CO5(CH3);CH3
CH;(CH>)sCO,(CH:),CH3
CHj3(CH3)3CO,(CH3);CH3

o O W
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1070. 9701 _s16_qp 13 Q: 24

Vitamin A contains retinol.

OH

retinol
Under appropriate conditions, acidified KMnQO,4(aq) can be used to break apart C=C bonds.
After these bonds have been broken, further oxidation of the fragments may occur.

Under which conditions is the acidified KMnQOy4(aq) used and what do the final oxidation products

include?

hot, concentrated

o 0O w >

hot, concentrated

conditions final oxidation products
cold, dilute aldehydes and carboxylic acids
cold, dilute ketones and carboxylic acids

aldehydes and carboxylic acids

ketones and carboxylic acids

1071. 9701 _w16_qgp_11 Q: 26

Propancne reacts with an aqueous mixture of HCN and NaCN by a nucleophilic addition
mechanism.

The first stage of the mechanism involves attack by cyanide ions.

Which diagram correctly represents this?

A B

C\H3 C\H3
[S)] 5+ (4 8- e 5+ 3~
N=C:<+——(C=—0 N=C:=——cZ0

/ /

CH, CH,

c D

C\H3 C\H3
S 5+ (8 8- © 5+ N 5
C=N:—">C—=0 N=C:—(0—0
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1072. 9701 _w16_qp 11 Q: 27

P, Q and R are carbonyl compounds.

CH CH CH
o=c/ 2 C=0 o=c/ <C=O o=c/ 2 C=0
\ \ o/ \

H,C H H H H,C  CH,
P Q R

Fehling’s solution can be used to help identify these compounds.

Which compounds form a red-brown precipitate on warming with Fehling’s solution?

A P,QandR B PandQonly C Ponly D Qonly

393

1073. 9701 w16 _qp_ 12 Q: 25

Which compound can be oxidised by acidified potassium manganate(VIl) to give
3-methylpentan-2-one?

A B C D
OH O OH

1074. 9701 _w16_qgp_ 12 Q: 28

Which row correctly describes the reactivity of aldehydes and ketones?

with NaBH, with H*/Cr,0/*"(aq)
A both react both react
B both react only aldehydes react
C only ketones react both react
D only ketones react only aldehydes react

1075. 9701_s15_qp_11 Q: 20
Which reagent will give a different observation with compounds P and Q?
HOCH,CH(OH)CHO HOCH,COCH,0OH
P Q

Bry(aq)
hot acidified KMnO,

silver nitrate in ammonia solution

o 0O w »

warm acidified K,Cr,O-
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1076. 9701 _s15 qp 12 Q: 27

The diagram shows the structure of compound X.

\/(u)\/(u)
X

What is the product of the reaction between compound X and an excess of NaBH,?

A B Cc D

1077. 9701_s15_qp_13 Q: 24

The naturally-occurring molecule civetone is found in a gland of the African civet cat and has
been used in perfumery.

civetone

Which reagent will not react with civetone?
A 2 4-dinitrophenylhydrazine reagent

B Fehling's reagent

C hydrogen bromide

D sodium tetrahydridoborate(I1l), NaBH,
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1078. 9701 w15 qp 11 Q: 26

Which compound cannot be oxidised by acidified potassium dichromate(VI) solution but does
react with sodium metal?

A (CH,);COH
B CH;COCH,CH,

C CH;3CH,CH,CH,OH
D CHyCH,CH(OH)CH;

1079. 9701 _wl5s_qp 11 Q: 27
Butan-2-ol can be made by reducing X with Ha/Ni.
Butan-2-ol can be dehydrated to form Y and Z which are structural isomers of each other.

Which row is correct?

. cis-trans isomerism
Xis ;
is shown by
A an aldehyde both Y and Z
B an aldehyde only one of Y and Z
Cc a ketone both Y and Z
D a ketone only one of Y and Z

1080. 9701 _wl5 gp_11 Q: 28

Tollens’ reagent can be used to help identify compounds P, Q and R.

0 0 TH

!l (ll H,C—C—CH,
HC” H HC CH, J'

P Q R

Which compound(s) form a silver precipitate on warming with Tollens’ reagent?

A PandQ B Ponly C Qonly D Ronly
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1081. 9701 _w15 qgp_ 12 Q: 23
Compound Q can be made from propanone.

O

AN

Q

Which types of reaction will Q undergo?

A nucleophilic addition and electrophilic addition

B nucleophilic addition and nucleophilic substitution
C nucleophilic addition only
D

nucleophilic substitution and electrophilic addition

CHAPTER 17. CARBONYL COMPOUNDS
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1082. 9701 _wl15_qp 12 Q: 27

What is the mechanism for the reaction of ethanal, CH;CHO, with hydrogen cyanide, HCN, in the

presence of a base?

0

0] Hom
] N
A CH—C—H — CH,—C—H — CH,—C + H-
:CN- CN
N
()] 0 "'H—C=N
] U
B CH,—C—H — CH3—C|:—H —
tCN- CN

D

(© YH—c=N OH
RS |

C CH,—C—H

initiation

propagation

termination

— CH,—C—H —»

:CN-
HCN — He + CN
/
CH,C + *CN —= CH,C—H

H CN
O- OH

CN
OH

CH3—(|3—H
CN
OH

CH,—C—H
CN

CH,C—H + H—CN —= CH,C—H + +CN

CN CN
0- OH
CH,C—H + H» — CH,C—H

CN CN

‘CN-
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1083. 9701 w15 qp 12 Q: 28

Menthol and menthone are both found in peppermint oil.

OH o}

menthol menthone

Which statement about these compounds is correct?

A Both compounds can undergo mild oxidation.

B Both compounds will give an orange precipitate with 2,4-dinitrophenylhydrazine reagent.
C Menthol can be formed from menthone by reaction with NaBH,.
D

Menthone gives a positive test when warmed with Tollens’ reagent.
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Paper 1 Multiple Choice Answers: Carbonyl Compounds

Question Paper Q. No. Answer
1021 9701_m22_qgp_12 33 D
1022 9701_m21_qp_12 24 D
1023 9701_m21_qgp_12 27 A
1024 9701_s21_qgp_T 28 B
1025 9701_s21_gp_12 28 D
1026 9701_s21_gp_13 26 A
1027 9701_s21_qgp_13 27 D
1028 9701_w2l_gp_T 26 D
1029 9701_w2l_qgp_T 27 A
1030 9701_w2l_qp_12 28 C
1031 9701_w21_qp_13 26 D
1032 9701_s20_qgp_N 20 A
1033 9701_s20_qgp_12 22 D
1034 9701_s20_qp_13 24 B
1035 9701_w20_qp_N 27 C
1036 9701_w20_qp_N 28 A
1037 9701_w20_qp_12 23 A
1038 9701_w20_qp_12 25 A
1039 9701_s19_qp_T1 29 A
1040 9701_s19_qp_12 27 B
1041 9701_s19_qp_13 28 C
1042 9701_w19_qp_T11 26 A
1043 9701_w19_qp_T1 27 A
1044 9701_w19_qp_12 26 D
1045 9701_w19_qp_12 27 D
1046 9701_m18_qp_12 26 A
1047 9701_s18_qp_1 25 C
1048 9701_s18_qp_T1 26 B
1049 9701_s18_qgp_12 27 D
1050 9701_w18_qp_T1 27 A
1051 9701_w18_qgp_12 27 A
1052 9701_m17_qp_12 25 A
1053 9701_m17_qp_12 28 D
1054 9701_m17_qp_12 29 B
1055 9701_s17_qp_1 20 B
1056 9701_s17_gp_1 25 D
1057 9701_s17_qp_1 29 A
1058 9701_s17_qgp_12 20 D
1059 9701_s17_qp_12 27 D
1060 9701_s17_qp_13 22 D
1061 9701_wl17_qgp_1 26 B
1062 9701_wl17_qp_12 24 B
1063 9701_wl17_qp_12 29 D
1064 9701_m16_qp_12 20 D
1065 9701_s16_qp_1 24 A
1066 9701_s16_qgp_1 28 B
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Paper 1 Multiple Choice Answers: Carbonyl Compounds (continued)

Question Paper Q. No. Answer
1067 9701_s16_qgp_12 26 B
1068 9701_s16_qp_12 27 A
1069 9701_s16_qgp_13 22 B
1070 9701_s16_qgp_13 24 D
1071 9701_wl16_qp_TI 26 D
1072 9701_wl6_qgp_1 27 B
1073 9701_w16_qp_12 25 D
1074 9701_wl6_qgp_12 28 B
1075 9701_s15_qp_1I 20 C
1076 9701_s15_qgp_12 27 A
1077 9701_s15_qgp_13 24 B
1078 9701_w15_qp_TI 26 A
1079 9701_wl15_qgp_T 27 D
1080 9701_wl15_qgp_T 28 B
1081 9701_wl15_qp_12 23 A
1082 9701_wl5_qgp_12 27 B
1083 9701_wlb_qgp_12 28 C
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17.1 Aldehydes and ketones
134. 9701 _m21 qp 22 Q: 4
Hydroxyethanal, HOCH,CHO, has been observed in dust clouds near the centre of our galaxy.

hydroxyethanal

H 0

HO—(|3—C//
|\
H

H

(a) Predict the bond angles labelled x and y in the diagram of hydroxyethanal.

T 0
X
HO—/C—C/>Y
¢
H H
X o et °
Y = e ¢
(2]

(b) Hydroxyethanal reacts separately with 2,4-dinitrophenylhydrazine (2,4-DNPH) and with Tollens’
reagent.

State what you would observe in each reaction.
reaction With 2,4-DNP H e e

reaction with TOlleNS reagent ... et e e e

(c) Hydroxyethanal is converted to ethanedioic acid, (CO,H),, when it reacts with excess acidified
dichromate(VI) ions, Cr,0,*.

(i) State the role of acidified Cr,0.% in this reaction.
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(d) Hydroxyethanal can be reduced to ethane-1,2-diol, (CH,OH),, as shown.

hydroxyethanal ethane-1,2-diol
H 0 H H
/)
HO—C—C — HO—C—C—OH
\
H H H H
(i) Write an equation for the reduction of hydroxyethanal to (CH,OH)..

Use [H] to represent an atom of hydrogen from the reducing agent.

....................................................................................................................................... 1]
(ii) Identify a reagent for this reduction reaction.

....................................................................................................................................... 1]
(iii) _(CH20H)2 also forms when an alkene A reacts with cold, dilute, acidified manganate(VII)

ions.

Name A.

....................................................................................................................................... 1]

[Total: 10]
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135.9701_s21_qp 22 Q: 4

(a) The table shows the structural formulae of four compounds, A, B, C and D, with molecular
formula C,H,.

(i) Complete the table by giving the systematic name of A, B, C and D.

structural formula name
A CH,CH,CH=CH,
H H
B c=C
/
H,C CH,
H,C H
A4
C C=
/ N\
H CH,
D CH,=C(CH,),
[4]
(if) Explain what is meant by stereoisomerism.
....................................................................................................................................... 1]

(b) W is an alkene with formula C,H,. It reacts with HBr to form two possible carbocations,
CH,C*(H)(CH,CH,) and H,C*CH,CH,CH..

(i) Identify W as compound A, B, C or D.
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(ii) Draw the skeletal formula of the major organic product formed when HBr reacts with W.
Explain why this is the major organic product.

(c) Asample of propan-1-ol reacts with concentrated sulfuric acid to form propene.

Identify the role of concentrated sulfuric acid in this reaction.

(d) Alcohol Y reacts completely when warmed with acidified Cr,0,*" to form Z.
Z is distilled from the reaction mixture as soon as it is made.
Tollens’ reagent is added to a sample of Z and warmed. A silver mirrer forms.

(i) Name the type of reaction that occurs when Y reacts to form Z.

(i1) Identify with a tick (v') the functional group(s) present in Z.

functional group present in Z

aldehyde

ketone

carboxylic acid

(1]
[Total: 12]
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136. 9701 _ w21 _qp 21 Q:3

Phosphorus is a reactive Period 3 element.

(a) Phosphorus has several allotropes. Details of two allotropes are given.

allotrope of phosphorus | formula melting point/°C
white P, 44
red P 590

(i) White phosphorus and red phosphorus both have covalent bonding.
Suggest the types of structure shown by white phosphorus (P,) and red phosphorus (P).
Explain why red phosphorus (P) has a higher melting point than white phospherus (P,).
£ (0Tt (= o)
L= (0Tt (= o) S

EXPIANATION oo e et e e e e e e e et aeaee e e nrneaas

3]
(ii) Red phosphorus (P) forms when white phosphorus (P,) is exposed to sunlight.
TP,(s) — P(s) AH =-17.6kJ mol™
white red

Use this information to draw a reaction pathway diagram to show the formation of red
phosphorus (P) from white phosphorus (P,).

A

enthalpy P,

\

progress of reaction

(1]
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(b) Some reactions of P,(s) are shown in the reaction scheme.

excess Cl,(g)

P,(s) = PCl(s)
excess O,(g) H,O(l) | reaction 1
reaction 2
POw(s) ———>= Q

H,0(1)

(i) State the oxidation number of phosphorus in P,O,,.

....................................................................................................................................... [1]
(if) Deduce the identity of Q and hence construct chemical equations for reactions 1 and 2.

reaction1 PCI, + ....... Ho O e

reacton2 PO, + ...... HoO e

(c) Triphenylphosphine is used in a type of reaction known as a Wittig reaction.

triphenylphosphine

where =—CgH;

(i) Give the empirical formula of triphenylphosphine.
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In a Wittig reaction, an aldehyde reacts with a halogenoalkane to form an alkene. The conversion
is shown in the following unbalanced equation.

0 . .
)I\ N Rz/\I triphenylphosphine |
1 strong base
1

R

R2

H

Compound H can be made from propanal, C,H.CHO. Stage 3 in the reaction scheme is a
Wittig reaction.

NaBH,

stage 1 C,H.CHO = G
red phosphorus and I,
stage 2 = C,H.CH,I
triphenylphosphine
stage 3 C,H.CH,I + C,H,CHO > H

(Wittig reaction) strong base

(ii) State the types of reaction that occur in stages 1 and 2.

5] e= Lo =2t KOO RTRORR SO
=] = o =SS
(2]
(iii) Draw the structures of G and H in the boxes provided.
G H
[2]

(d) Identify the organic products formed when compound J, shown below, is heated with hot
concentrated acidified manganate(VII) ions.

J

hot concentrated MnO,~
= H,SO, -

(2]
[Total: 14]
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137. 9701 w21 _qp 22 Q:3

Compound T is an isomer of C,H,..

(a) Name T.

(b) Draw the skeletal formula of a structural isomer of T that shows cis-trans (geometrical)
isomerism.

[1]

(c) Each carbon atom in T forms a sigma (o) bond to at least one other carbon atom, as shown.

H.C.., ~CH,
IIC_C\\

H3C/ \CH3

(i) On the diagram, draw the orbitals that represent the pi (n) bond that is also present in T.

(1]

(ii) State the hybridisation of the two carbon atoms between which the pi (7) bond forms.

(d) A reaction scheme starting with T is shown. Reaction 2 occurs in the presence of a catalyst;
knowledge of the mechanism for this reaction is not required.

T ] \"
reaction 1 HO OH reaction 2
— —_— —_— o)
catalyst

(i) Give the reagent(s) and conditions for reaction 1.
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(if) State and explain how 2,4-dinitrophenylhydrazine (2,4-DNPH) can be used to detect the
presence of V as a product of reaction 2.

(iii) The progress of reaction 2 can be monitored by infrared spectroscopy.

The absorption caused by O-H bonds is always present because water is used as a
solvent.

Identify two absorptions, and the bonds responsible for these absorptions, whose
appearance will change significantly during the reaction.

(e) Vis used in a wide range of organic reactions.
Some reactions of V are shown.
Vv w

reaction 3
—_—. O

alkaline
aqueous I, o-

reaction 4 | NaBH,

reaction 5 reaction 6
OH —— o —_— Z

dehydration addition
polymerisation

(i) Vand W are colourless and soluble in water.

State what you would observe in reaction 3.
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17.1.

(ii)

(iii)

(iv)

(v)

(vi)

vii)

ALDEHYDES AND KETONES

Reaction 3 is a redox reaction.

Identify which of the reactants is reduced in this reaction.

Construct an equation for reaction 4.

Use [H] in the equation to represent an atom of hydrogen from NaBH,.

X is a mixture of two optical isomers.

Draw the two optical isomers in the boxes provided.

Both optical isomers of X can be dehydrated to form a single product, Y.

Give the reagent(s) and conditions required for reaction 5.

Y can form an addition polymer Z.

Draw one repeat unit of Z.

Reaction 6 does not proceed quickly at room temperature.

Suggest why this is the case.

(2]

(1]

[Total: 17]

335
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138. 9701 _m20 qgp 22 Q:3

Glycerol, CH,(OH)CH(OH)CH,OH, is widely used in the food industry and in pharmaceuticals.

(a) A series of reactions starting from glycerol is shown.

P Q
CH,OH HOOC COOH
NaCN and HCN
H—C—OH EEE— Cc=0 - - NC—C—OH
reaction 1 reaction 2
CH,OH HOOC COOH

(i) Suggest the reagent(s) and conditions for reaction 1.

....................................................................................................................................... [2]
(ii) Name the reaction mechanism for reaction 2.

....................................................................................................................................... [1]
(iif) Give the observation you would make when 2,4-dinitrophenylhydrazine is added to P.

....................................................................................................................................... [1]
(iv) Q does not show optical isomerism.

Explain why.

....................................................................................................................................... [1]

(v) When Qs heated with excess aqueous ethanoic acid in the presence of a catalytic amount
of sulfuric acid, two reactions take place to form compound R.

R
COOH

HOOC—C—O0OCOCH,

COOH

Identify the two types of reaction that occur.
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(b) Glycerol can be used as a starting material in the manufacture of nitroglycerine, C,H.N,Q,.
Nitroglycerine decomposes rapidly on heating to form a mixture of gases.
4C,HN,O,() - 12C0O,(g) + 10H,0(g) + 6N,(g) + O,(g)
A sample of nitroglycerine decomposes, releasing 1.06 dm” of O,(g) at 850K and 1.00 x 10°Pa.

(i) Calculate the mass of nitroglycerine that decomposes.

mass of nitroglycerine = .............ccccce e g [3]

(ii) Calculate the total volume of gas released by this decomposition at 850K and 1.00 x 10° Pa.

total volume of gas = .........cc.ccooeeiee. dm?® [1]
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(c) Fats are compounds made from glycerol and unsaturated carboxylic acids.
4-pentenocic acid is an example of an unsaturated carboxylic acid.

4-pentenoic acid
(CH,),COOH

NG y

H

(i) Give the molecular formula of 4-pentenoic acid.

(ii) Draw the repeat unit of the addition polymer that can be formed from 4-pentenoic acid.

(1]
(iii) Unsaturated acids are often brominated before being added to soft drinks.

Complete the mechanism for the addition of Br, to 4-pentenoic acid.

e Include the structures of the intermediate and the product of the reaction.
e Include all charges, partial charges, lone pairs and curly arrows.

In the mechanism, R has been used to represent (CH,),COOH.

R
Hw)\
= H —_— —_—
H
Br

Br
(4]
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(d) Areaction of another unsaturated carboxylic acid, T, is shown.

T U
CeHia CeHia

HOOC\)\ — HOOC\/k
Z Br B

(i) Tis one of a pair of geometrical (cis-trans) isomers.

r

Draw the other geometrical isomer of T and explain why the molecules exhibit this form of
isomerism.

(ii) Identify the reagent used to convert T to U.


https://stemup.co.uk

340 CHAPTER 17. CARBONYL COMPOUNDS

(iii) The C-Br bond has an absorption between 500cm~" and 600 cm™" in an infrared spectrum.

The infrared spectra for both T and U have absorptions between 2850cm™" and 2950cm™.
These correspond to C—H bonds.

Identify:
e two other absorptions that would be seen in the infrared spectra of both T and U
e one other absorption that would only be seen in the infrared spectrum of T.

For each absorption, give the range of the absorption and the bonds that correspond to
these absorptions.

absorption 1 presentin both spectra ...

[Total: 24]
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139. 9701 _s20_qp_21 Q: 5
(a) Below is a list of species which can react with organic compounds.

CN- HCI Cl H,O CO,*~

(i) From the list, identify a species which can react with ethane.

(iii) From the list, identify a species which can be used to distinguish between solutions of
propanoic acid and propan-1-ol. Describe any relevant observations.

....................................................................................................................................... [2]
(b) Ci(g) can be made from Cl,(g).
(i) Describe the conditions required for this process.
....................................................................................................................................... 1]
(ii) Name this process.
....................................................................................................................................... 1]

(c) (i) Name an organic functional group which reacts with a nucleophile in an addition reaction.

(i) Name an organic functional group which tends to react with a nucleophile in an S,1
substitution mechanism.
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(d) But-1-ene reacts with steam in the presence of concentrated phosphoric acid to form two
isomers of molecular formula C,H,,0.

Each reaction occurs via a different intermediate ion.

(i) Draw the structure of both intermediate ions.

(2]
(if) Circle the more stable intermediate ion drawn in (d)(i). Explain your answer.

[Total: 12]
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140. 9701 _w20_qp_ 22 Q: 3

PClL,, PCI, and NCI, are halides of Group 15 elements.

(a) PCIL; can be formed from the reaction of phosphorus with chlorine. PCI. has a melting point of
161°C.

(i) Write an equation for the formation of PC1, from the reaction of phosphorus and chlorine.

(b) A small amount of PCI. is added to excess water. The PCI, reacts vigorously to form a
colourless solution.

(i) Give one other observation you would make when PCI, reacts with excess water.

....................................................................................................................................... [1]
(ii) Write the equation for the reaction of PCI, with excess water.

....................................................................................................................................... [1]
(ifi) Estimate the pH of the resulting solution.

....................................................................................................................................... [1]

(c) PCi,is used to convert alcohols to chloroalkanes, such as compound T.

T

NSO
Cl
A possible synthesis of T is shown.
using PCl,
OH ——™™ Cl
0 Cl

(i) Identify a reagent that could be used in reaction 1.

reaction 1
O —_—
HO H

OH

343
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(ii) T exhibits optical isomerism.

Explain what is meant by the term optical isomer and circle any atom(s) in T that give rise
to optical isomerism.

Draw the structure of the major product of the reaction of S with excess HCL

(1]
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(d) NCL, is a yellow liquid that can be used to bleach flour.

(i)

(ii)

(iif)

Predict the shape of the NCi, molecule and the CI-N-Clbond angle.

] 0= o 1Y

(o] e =1 3T | [= TSP URRPRN
(2]

NC/, reacts with water to form HOCI, a weak Bransted-Lowry acid.

Explain fully what is meant by the term weak Brensted-Lowry acid.

....................................................................................................................................... [2]

NCI,(l) decomposes according to the equation shown.
2NCI1,(l) — Ny(g) + 3CL(9)

A sealed container of volume 250cm® contains an unreactive gas at a pressure of
1.00 x 10° Pa.

0.241g of NCI,(I) was injected into the sealed container.

The sealed container was heated to make the NCI,(l) decompose fully and then cooled to
20°C.

Calculate the final total pressure inside the sealed container at 20 °C after the NCI.(I) has
fully decomposed.

final total pressure = .............cccoceeeien. Pa
[4]

[Total: 17]

345
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141. 9701_s19_qp_21 Q: 4

The structure of compound Y is shown.

Y
Ny
b
LB
| \
H H

.............................................................................................................................................. [1]
(b) Predict the values for the bond angles a and b shown in the diagram.
= R
o TS
(2]
(c) When Y reacts with cold, dilute, acidified manganate(VII) ions, compound Z is produced.
z
OH
Cl\)\/OH
(i) State the molecular formula of Z.
....................................................................................................................................... [1]
(ii) Name the type of reaction occurring when Y is converted into Z.
....................................................................................................................................... [1]

(iii) Alcohols can be classified as primary, secondary or tertiary.

Identify with a tick (v') the alcohol group(s) present in Z.

alcohol group
presentin Z

primary
secondary

tertiary

(1]
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(d) Samples of organic compounds, A, B, C and D, are placed in unlabelled bottles.

A B c D
CH,CH,COCH, CH,(CH,),CHO CH,CH,OH  CH,COH

(i) Identify all of the compound(s), A-D, that contain a carbonyl group.

(ii) A-D are reacted separately with the reagents given in the table.

Complete the table to:
e identify which of the compounds, A-D, reacts with the reagents
e give an appropriate observation when a reaction occurs.

reagent compounds identified observation when a reaction occurs

Tollens’ reagent

alkaline solution of iodine

sodium metal

(8]
[Total: 15]
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142. 9701 _w19_qp 21 Q: 4

(CH,),CCHO is used in the synthesis of some antibiotics.

(a) (i) Give the name of (CH,),CCHO.

....................................................................................................................................... [1]
(ii) State the hybridisation of the carbon atom labelled with an asterisk, *.
(l:Hs @]
/
H3C—C—C{
|\
CH, H
....................................................................................................................................... [1]
(b) Two reaction sequences are shown.
CH, o
/ NaBH,
H,C—C—C —_— S
\ reaction 3
CH, H

[O] | reaction 1

A T O
(CH,),CCO,H -
reaction 2 5

(i) Reaction 1 is an oxidation reaction.

Identify the reagent(s) and conditions for reaction 1.
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(ii) A, (CH,),CCO,H, is a solid at room temperature.
B, CH,CO,(CH,),CH,, is an isomer of A. B is a liquid at room temperature.

Explain the difference in the physical states of A and B, with reference to any intermolecular
forces that may exist.

(iii) Give the balanced equation for the reaction of (CH,),CCHO with NaBH, to form S.
Use [H] to represent an atom of hydrogen provided by NaBH,.

(iv) Draw the structure of the organic molecule T that reacts with A, (CH.),CCO,H, in reaction 2,
to form U.

Suggest a catalyst for reaction 2.

o= = ) P
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(c) X, Y and Z are all isomers of (CH,),CCHO.

A summary of some of the reactions and properties of X, Y and Z is shown in the table.

. . observations with | principal absorptions
compound observations with 2,4-DNPH Fehling’s solution | in infra-red spectrum
X no reaction 1715cm™
Y red precipitate 1730cm™
3200-3600cm™
z no reaction ho reaction 1630cm™
1050cm™

(i) XandY each contains a carbonyl group.

Complete the table with the expected observations for the reactions of X and Y with
2,4-DNPH. [1]

(ii) Identify the functional group present in Y that causes the recorded observation with
Fehling’s solution.

(iii) Y has a chiral centre and exists as a pair of optical isomers.

State what is meant by the term chiral centre.

(iv) Draw the optical isomers of Y using the conventional three-dimensional representation.

[2]
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Z, C.H, O, has a branched carbon chain. It shows geometrical isomerism.

(v) Complete the table with the bond responsible for each of the principal absorptions seen in
the infra-red spectrum of Z.

principal absorptions

in infra-red spectrum bond responsible

3200-3600cm™’

1630cm™

1050cm™

(1]

(vi) Draw the skeletal formula of Z.

(3]

(vii) X contains a carbonyl group. X reacts with HCN, in the presence of a small amount of
NaCN, to form (C,H.),C(OH)CN as shown.

X + HCN — (C,H.),C(OH)CN
Draw the mechanism of the reaction of X with HCN.

e Draw the structure of X and the intermediate.
e Include all charges, partial charges, lone pairs and curly arrows.

3]

(viii) State the role of NaCN in the reaction in (c)(vii).

[Total: 22]
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143. 9701 _ml18 qp 22 Q:3

Calcium and its compounds have a large variety of applications.

(a) Calcium metal reacts readily with most acids.

(i) Write an equaticn for the reaction of calcium with dilute nitric acid. State symbols are not
required.

(i) When calcium metal is placed in dilute sulfuric acid, it reacts vigorously at first.

After a short time, a crust of calcium sulfate forms on the calcium metal and the reaction
stops. Some of the calcium metal and dilute sulfuric acid remain unreacted.

Suggest an explanation for these observations.

(b) Calcium ethanedioate is formed when calcium reacts with ethanedioic acid, (CO,H),. The
compound contains one cation and one anion.

(i) Draw the ‘dot-and-cross’ diagram of the cation present in calcium ethanedioate. Show all
electrons.

[1]

(i) Draw the displayed formula of the anion present in calcium ethanedioate.

(2]
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(c) Calcium chlorate(I), Ca(CiQ),, is used as an alternative to sodium chlorate(1), NaCIO, in some
household products.

(i) Suggest a use for calcium chlorate(T).

(if) The chlorate(I) ion is formed when cold aqueous sodium hydroxide reacts with chlorine.

Write an ionic equation for this reaction. State symbols are not required.

....................................................................................................................................... [1]
(iii) The chlorate(I) ion is unstable and decomposes when heated as shown.
Deduce the oxidation number of chlorine in each species. Complete the boxes.
3CIO — 2Cl + CIO,
oxidation number +1
of chlorine:
(1]
(iv) Interms of electron transfer, state what happens to the chlorine in the reaction in (iii).
....................................................................................................................................... [1]

(d) Calcium lactate is used in some medicines. It forms when lactic acid (2-hydroxypropanoic acid)
reacts with calcium carbonate.

OH
H,C—C—H
CO,H

lactic acid

(i) Identify the two other products of the reaction of lactic acid with calcium carbonate.
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Two possible methods of making lactic acid are shown.

ﬁ OH
/C\ reaction 1 ~ H,C—C—H
H,C H \ reaction 2
CN
OH
H,C —(IZ—H
COH
(|3H (ﬁ lactic acid
reaction 3 i
H,C—C—H i .- /C reaction 4

Hc” CO,H
CH,OH

(ii) State suitable reagents and conditions for reactions 1 and 3.

reaction reagents and conditions
1
3
[4]
(iii) Name the type of reaction that occurs in reaction 2.
....................................................................................................................................... [1]
(iv) Reaction 4 uses NaBH,.
Identify the role of NaBH, in this reaction.
....................................................................................................................................... [1]
(v) Lactic acid has a chiral centre.
State what is meant by the term chiral centre.
....................................................................................................................................... [1]

[Total: 18]
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144. 9701 _s18 qp 22 Q: 4

W is CH,COCH,CH..

(a) The reaction between W and alkaline aqueous iodine produces a yellow precipitate.

(i) Give the name of the compound formed as a yellow precipitate in this reaction.

....................................................................................................................................... [1]
(ii) Give the name of W.
....................................................................................................................................... [1]
(b) There are two structural isomers of W that are also carbonyl compounds.
Draw the structures of these two isomers of W.
[2]
Two reactions of W are shown.
CH,COCH,CH, —221 1 _ i CH(OH)CH,CH,
w
reaction 2
OH
H,C—C—CH,CH,
CN
X
(c) (i) Identify the type of reaction occurring in reaction 1.
....................................................................................................................................... [1]

(ii) Identify the reagent for reaction 1.
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(d) Reaction 2 is carried out by adding a mixture of HCN and NaCN to W.
The product, X, is formed as a mixture of two isomers.

(i) Complete the mechanism for this reaction.

Include the structure of the intermediate formed and all necessary charges, dipoles, lone
pairs and curly arrows.

C"> OH
w C CH —Cc—
oy — — H,C—C—CH,CH
Hc”  ch, ’ e
CN
CN- X
[4]
(ii) State the name of the type of isomerism shown by X.
....................................................................................................................................... [1]
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(e) If X is treated with ammonia and the product hydrolysed, a compound, Y, is obtained that

contains 51.3% C, 9.40% H, 12.0% N and 27.3% O by mass.

(i) Show that the empirical formula of Y is C.H,,NO..

(ii) The empirical formula of Y is C.H,;NO,, and the M, of Y is 117.

Deduce the molecular formula of Y. You must explain your reasoning.

2]

[Total: 16]
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145. 9701 w18 qp 22 Q: 4

The diagram shows a reaction sequence starting from ethanal.

H
i i |
HCN and NaCN H,S0O,(aq) H C
C > = HC—C—H —— ~_.#Z
H C/ \H reaction 1 reaction 2 3 | reaction 3 (|3 CO.H
’ CO,H &
ethanal
Q R
reaction 4
|
C
Hc”  coH
S
(a) (i) Draw the displayed formula of P.
(1]
(ii) Name the type of chemical reaction that occurs in reaction 3.
....................................................................................................................................... [1]
(ifi) Write an equation to represent reaction 4.
Use [Q] to represent the oxidising agent.
....................................................................................................................................... [1]

(iv) State the reagents and conditions for reaction 4.


https://stemup.co.uk

17.1. ALDEHYDES AND KETONES 359

(b) Compound Q is formed as a mixture of two optical isomers.

(i) Explain what is meant by the term optical isomers.

(ii) Draw the two optical isomers of Q, showing clearly their three-dimensional structures.

[2]

(c) R can be used to make a polymer, W, in two steps.

addition intermediate NaOH(aq)

o

Y

polymerisation polymer

Draw one repeat unit of W.

3]
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(d) Compound Z, H,C=CHCH., is produced from R.

Z can be used in a two-step process te produce 2-aminopropane.

(i) In the first step, Z reacts with HBr to form two products. The structure of the product
depends on which intermediate is formed, intermediate | or intermediate Il.

H H H
| \
H,C CH, H H
intermediate | intermediate Il

Explain why intermediate | is more likely to form than intermediate II.

....................................................................................................................................... [2]
(ii) When intermediate | forms, the product of the first step is T.
Complete the diagram to show the mechanism for the conversion of Zto T.
Include all relevant charges, partial charges, curly arrows and lone pairs.
z T
T H H
g, —— A0 e
C CH, N 8 3
| H,C CH, |
H Br
|
Br
[3]

T
H H
| NH,
H,C—C—CH, H,C—C—CH,
| ethanol
Br NH,
2-aminopropane

Name the mechanism for this conversion.
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(e) (i) Compound S, CH,COCO,H, can be reduced by LiAIH,.

Complete the equation using structural formulae to represent this reaction.
Use [H] to represent the reducing agent.

CH,COBOLH # oo oo ee e s e eee e ss e 2]

Other reducing agents containing Group 1 metal cations include LiBH,, NaBH, and KBH,.
The strength of the reducing agent depends on the size of its cation.

(ii) Give the electronic configuration of the Na* cation.

[Total: 20]
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146. 9701 _s17_qp_ 21 Q: 4
P, Q and R all have the molecular formula C,H,0. They are all structural isomers of each other.

P and Q each contain an oxygen atom bonded directly to a carbon atom that is sp? hybridised.
R contains an oxygen atom bonded directly to a carbon atom that is sp® hybridised.

(a) (i) Explain the meaning of the term structural isomers.

....................................................................................................................................... [2]
(ii) Explain how sp? and sp? hybridisation can occur in carbon atoms.
o Rl )Y oo [Tt o ] o USROSt
L= o Rl 017 o] [ == 11 o] o
(2]
(iif) State the bond angles normally associated with each type of hybridisation in carbon atoms.
L= o LSO SRR PSUR USSR
L= o

(b) R contains two different functional groups, one of which is an alkene group.
R reacts with cold, dilute, acidified manganate(VII) ions to form propane-1,2,3-triol.

H H H
Ho— o
bodid
propane-1,2,3-triol

(i) Give the displayed formula of R.

[1]
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(ii) State the type of reaction and what you would observe when R reacts with bromine water.

(iii) Draw the structure of the product formed when R reacts with bromine water.

(1]

(iv) Identify the gaseous product formed when R reacts with hot, concentrated,
acidified manganate(VII) ions.

(c) P and Q (C,H,0) both form an orange precipitate when reacted with 2,4-DNPH. Only Q
produces a yellow precipitate when reacted with alkaline agueous iodine.

(i) Name P and Q.

P e e et et e ee et e et e ene e ea et et e et e eteeneeereeereeeaeeneenneen
O USSP
(2]
(ii) Identify the yellow precipitate formed by the reaction of Q with alkaline aqueous iodine.
....................................................................................................................................... [1]

(d) P and Q each react with hydrogen cyanide to form a single product.
The product formed from P exists as a pair of optical isomers.
The product formed from Q does not exhibit optical isomerism.

(i) Explain the meaning of the term optical isomers.

363
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(if) Ethanal, CH,CHO, also reacts with hydrogen cyanide. The product of this reaction is
CH,CH(OH)CN.

Draw the mechanism of this reaction.
Include all necessary charges, dipoles, lone pairs and curly arrows.

[3]
[Total: 19]
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147.9701_m16_qp 22 Q: 3

Over one million tonnes of hydrogen cyanide, HCN, are produced each year using the
Andrussow process. The overall equation for the reaction is shown.

CH,(g) + NH,(g) + 150,(g) = HCN(g) + 3H,0(g)

(a) (i) Draw a dot-and-cross diagram to represent the bonding in a molecule of ammonia, NH,,
and state the shape of the molecule.

shape Of MOIECUIE ..o e a e e eeaeaea e

(ii)) A molecule of hydrogen cyanide, HCN, is shown.
H—C=N

The bonding between the carbon and nitrogen atoms consists of one sigma () bond and
two pi () bonds.

Sketch the shape of the sigma bond and one of the pi bonds in the space below.
Show clearly the position of the atomic nuclei in each diagram.

sigma (o) pi (7)

[2]
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(b) The reaction exists as a dynamic equilibrium.

(i) Explain what is meant by the term dynamic equilibrium.

(ii) State and explain how the amounts of the chemicals present in the equilibrium mixture will
change when the pressure is increased.

(c) The process uses a platinum catalyst, which increases the rate of reaction.

Sketch a Boltzmann distribution on the axes given below and use your diagram to explain how
the platinum catalyst increases the rate of the reaction.

A

number of
molecules

molecular energy
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(d) The reaction of hydrogen cyanide with propanone is an important first step in many organic
syntheses.

(i) Give the full name of the mechanism of this reaction.

....................................................................................................................................... [1]
(ii) Complete the diagram to show the mechanism of the reaction of hydrogen cyanide with
propanone.
Draw the structure of the intermediate and the product of the reaction.
Include all relevant charges, partial charges, curly arrows and lone pairs.
|
C
H3C/ \CH3 E— —_—
CN
[3]

[Total: 17]



https://stemup.co.uk

368 CHAPTER 17. CARBONYL COMPOUNDS

148. 9701 _s16_qp 22 Q:'5
A reaction sequence based on propan-1-ol is shown.

O

CH,CH,C—OH

T reaction 1

reaction 3 reaction 4
CH,CH=—=CH, *+———— CH,CH,CH,—OH —— CH,CH,CH,—Br

propan-1-ol

l reaction 2

(@) OH
reaction 5
CH,CH,C—H “NaCN/H CH,CH,C—CN
H

(a) Reactions 1 and 2 can both be carried out using the same reagents.

(i) Identify suitable reagents for reactions 1 and 2.

(ii) State and explain how the reaction should be carried out to ensure that reaction 2 rather
than reaction 1 occurs.

(b) Identify the necessary reagents and conditions for each of reactions 3 and 4.

PO  ON B oo e
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(c) (i) Complete the reaction mechanism for reaction 5. Include all relevant lone pairs, curly
arrows, charges and partial charges.

CH,CH, OH
\C=O —_— — CH,CH,—C—CN
i \
NC-
[4]
The product of reaction 5 exhibits sterecisomerism.
(ii) Draw the two sterecisomers in the conventional way.
| 2
(iii) Suggest why a mixture of the two stereoisomers is formed by reaction 5.
....................................................................................................................................... [2]

[Total: 13]
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149. 9701 _w16_qp 21 Q:5
A sequence of reactions is shown starting with an alcohol, C,H,OH.

reaction 1 reaction 2
CH,CH,CO.H <+——— C,H,OH ——— > CH,CH,CHO

reaction 3
P

(a) Draw the skeletal formula of the alcohol C,H,OH.

(1]
(b) State the reagents and conditions needed for reaction 1.
.............................................................................................................................................. [2]
(c) State the reagents and conditions needed for reaction 2
.............................................................................................................................................. [2]
(d) Name P, the organic product of reaction 3.
.............................................................................................................................................. [1]

[Total: 6]
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150. 9701_w16_qp 22 Q: 5
In each section of this question choose the answer or answers from the options listed.
(a) Six particles are listed.
He H* Cle CiI- CH, 'CH,

(i) Identify two particles produced during the reaction of methane and chlorine in the presence

of UV light.

....................................................................................................................................... 1]
(ii) Identify the two particles produced by the heterolytic fission of a bond in chloromethane.

....................................................................................................................................... [1]

(b) Seven reaction types are listed.
addition substitution oxidation elimination
hydrolysis condensation reduction

(i) Name the type of reaction involved when Tollens’ reagent is used to identify an aldehyde.

....................................................................................................................................... [1]
(ii) Name the type of reaction involved in the test for a carbonyl group using 2,4-DNPH.
....................................................................................................................................... [1]
(iii) Name the type of reaction involved in the reaction of a ketone with NaBH,.
....................................................................................................................................... [1]
(iv) Name the type of reaction involved in the reaction of an aldehyde with HCN.
....................................................................................................................................... [1]

[Total: 6]
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151. 9701 _S15 qp 21 Q:3
Ethanal reacts with hydrogen cyanide, in the presence of a small amount of NaCN, as shown.
CH,CHO + HCN — CH,CH(OH)CN

(a) Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction.
Include a sign with your answer.

enthalpy change = ..., kdJmol" [3]

e product of this reaction shows stereoisomerism as it contains a chiral centre. This reaction
b) Th duct of thi tion sh t i i it contai hiral centre. Thi ti
produces an equimolar mixture of two optical isomers.

(i) Explain the meanings of the terms stereoisomerism and chiral centre.

stereoisomerism
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(c) (i) Complete the diagram to show the mechanism of this reaction. Include all necessary
charges, partial charges, lone pairs and curly arrows and show the structure of the

intermediate.
N=C

H CN

/ I

H,C—C —— — HC—C—H +

N\ I

0 OH
H—C=N
[3]
(ii) With reference to your mechanism in (i), explain the role of the NaCN in this reaction.

....................................................................................................................................... [1]

[Total: 12]
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152. 9701_S15_qp_22 Q: 4

There are seven structural isomers with the molecular formula C.H,,0 that are carbonyl
compounds. Four of these are aldehydes.

These four aldehydes, A, B, C and D, have the following properties.
e Aldehyde A has a straight chain while B, C and D are branched.

e Aldehyde B is the cnly one of the four isomers with a chiral centre and it exists as a pair of
optical isomers.

e Aldehyde C has two methyl groups in its structure but D has three.

(a) (i) Give the structure of each of the four isomers.

A B

4]

(ii) Draw the three-dimensional structures of the two optical isomers of B.

(2]
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(b) (i) Describe a chemical test that would allow you to distinguish between any of the four
isomers A to D and any of the other three structural isomers of C.H,,O, that are carbonyl
compounds.

In your answer you should describe any necessary reagents and conditions as well as
explaining what you would see in each case.

[Total: 11]
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153.9701_S15_qp_23 Q: 3

A, B, C, D, E and F are all structural isomers with the molecular formula C,H,0.

(a) A, B and C all give an orange precipitate when treated with 2,4-DNPH but only A and B give a
brick-red precipitate when warmed with Fehling’s solution.

(i) Draw the skeletal formulae of A, B and C.

A B c

3]

(ii) Name the type of structural isomerism shown by A and B.
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(b) D, E and F all decolourise bremine and effervesce slowly with sodium metal.

E shows geometrical isomerism. Only D has a branched chain.

None of these isomers contains an oxygen atom bonded to a carbon atom involved in 7 bonding.

None of these isomers contains a chiral centre.

(i) Give the structures of D, E and F. Show the two stereoisomers of E and label the

stereocisomerism shown.

D

(ii)

(3]

Identify the gas produced during the reaction of each of these isomers with sodium metal.

(c) Another compound, G, C,H,O, contains the same functional group as A.

Give equations for the reactions of G with each of acidified potassium dichromate(VI) and
sodium tetrahydridoborate, NaBH,, using [O] or [H] as appropriate.

(i)

(ii)

reaction with acidified potassium dichromate(VI)

C,HO + e [1]
reaction with NaBH,
C,HO + e TSSOSO U USR SO TPURRPSORUR [1]

[Total: 13]

377
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133.9701_s21_ms_23 Q: 4

Question Answer | Marks

(a)(i) 1,3-dichloropropan(-2-)one 1
(a)(ii) carbonyl/ ketone 1
(a)(iii) | NaBHs OR LiAH, 1
®) reagent observation with Q observation with R 4
2,4-DNPH M1 red/orange / yellow AND | M2 red/orange/ yellow AND
precipitate / solid / crystals precipitate / solid / crystals
Na>COs(aq) | M3 no visible change M4 fizz / effervescence
() step | reagent and conditions type of rxn 5
1 M1 HCN and (trace) KCN/NaCN M3 Addition
2 Hydrolysis
3 M2 KCN/NaCN in ethanol / alcohol M4 Substitution
4 Hydrolysis
M5 type of reaction for step 2 AND step 4
134. 9701_m21 _ms 22 Q: 4
Question Answer Marks
(a) M1: x = 108-110° 2
M2: y = 118-122°
(b) M1: red/orange / yellow ppt/ solid 2
M2: silver mirror OR silver / grey / black / brown ppt/ solid
(e)(i) oxidising agent 1
(c)(ii) M1: (excess dichromate and) heat under reflux 2
M2: to allow full oxidation (of alcohol and aldehyde groups)
(d)(i) CHOHCHO + 2[H] — (CH20H). 1
(d)(ii) NaBH, / LiAlH4 1
(d)(iii) | ethene 1

STEMUP.CO.UK


https://stemup.co.uk

135.9701_s21_ms_22 Q: 4
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Question | Answer Mark
@0 structural formula name 4
A CH3CH2CH=CH> but-1-ene
OR
1-butene
B H H cis / Z but-2-ene
C/ OR
/C: cis/ Z 2-butene
HsC CHs
HiC H trans/ E but-2-ene
c N_ / OR
C_C\ trans/ E 2-butene
H CH3
D CH>=C(CHa)2 (2) methyl prop(-1-)ene
M1 correct identification of but-1-ene (for A)
M2 correct identification of but-2-ene for B and C
M3 identification of cis / trans (Z / E) for B and C (in correct order)
M4 correct name of D
(a)(ii) (molecules with the) same structural formula (and same melecular formula) with different arrangement of atoms / groups in 1
space
)iy |A 1
Question | Answer | Mark
(b)(ii) pr 1
M1 /—< skeletal formula only
M2 explanation in terms of increased/greater stability of intermediate / carbocation 1
intermediate / (secondary) carbocation / CHsC* (H)(CH2CHs) is (more) stable
M3 reason for increased stability of intermediate in terms of greater number of alkyl groups showing largest inductive 1
(electron releasing) effect
greater (positive) inductive effect due to two alkyl groups
OR
greater electron donation of two alkyl groups
(c) dehydrating agent/ cause dehydration 1
(d)(i) oxidation 1
(d)(ii) functional group presentinZ 1
aldehyde v
ketone
carboxylic acid
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136. 9701 w21 ms 21 Q: 3

Question | Answer Marks
(a)(i) M1 simple molecular 3
M2 giant molecular
M3 weak IMFs (overcome) in Ps AND strong (covalent) bonds (broken) in P
(a)(ii) 1
enthalpy
Py
(red / (4)P)
progress of reaction
(b)) | (+)5V 1
(b)(ii) PCL + 4H,O — H3PO4 + 5HCI 2
P4O1p + 6H20 — 4H3PO4
(e)(i) CigH1sP 1
(e)(ii) stage 1 = reduction 2
stage 2 = substitution
Question | Answer Marks
(i) | G= GH:CH,OH ‘ H = C;HsCH=CHC:H; | 2
() | CH;CH,COzH | CH:COCH; | 2

STEMUP.CO.UK
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137. 9701 w2l ms 22 Q: 3

Question Answer Marks
(a) (2,3-)dimethylbut-2-ene 1
PN N R NN !

OR )\/\ OR \/I\/
(©)i) HiC, cH, 1
3 CEC K
7 =N
H,C CH4
(c)ii) | sp? 1
(d)(i) cold dilute acidified potassium manganate(VII) 1
(d)(ii) | M1 (2,4-DNPH will produce a) red / orange / yellow precipitate 2
M2 V has a carbonyl group
(d)(iii) | M1 C—O in range 1040-1300 (cm-") 2
M2 C=0 in range 1670-1740 (cm)
(eXi) yellow precipitate 1
(e)(ii) | lodine/I> 1
(e)iii) 2[H] — CeH1.0 1
Question Answer Marks
(e)(iv) | Draw two optical isomers of X. 1
e C(CHa)s C(CHz)s 1
H«uC CiieH
Ha' \OH oR HO/ oHa

M1 One correct 3-dimensional representation of X
M2 3-d structure which represents the enantiomer of their X

(e)(v) heat AND concentrated H2SO4 / concentrated H3PO4 / concentrated sulfuric [(VI)] acid / concentrated phospheric[(V)] acid 1
(e)vi) H C(CH 1
H G(CHa) | I( a)3
e T
H H OR H H
(e)(vii) | high activation energy 1

STEMUP.CO.UK
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138. 9701 _m20 ms 22 Q: 3

(@)D | M1 acidified /H* Cr.07>/ (potassium/ sodium) dichromate 2
OR manganate(VII)/ MnOs~/ KMnO4

M2 (heat under) reflux

(a)(ii) | nucleophilic addition 1
(a)(iii) | yellow/orange/red ppt/solid 1
(a)(iv) | it does not have four different (groups of) atoms attached to (central) carbon 1

OR it does not have a chiral carbon/ centre
OR it has two identical / COOH groups attached to (central) carbon
OR mirror image is super(im)posable

(a)(v) | M1 hydrolysis 2
M2 esterification / condensation

b)(i 5 -3 3
(b)(i) M1 no. of mol O, = 1.00%10° x1.06x 10
(8.31x850)

M2 no. of mol of nitroglycerine =4 x 0.0150 = 0.0600 (mol)

M3 mass of nitroglycerine =0.0600 x 227 = 13.6(2) (g)

(b)(ii) | 1.06x29=30.7(4)dm? 1
(C)(i) CsHsO2 1
(e)(ii) H  (CHy)2COOH 1
|
_(I';_(_F_
H H
(c)(iii) R R 4
H\)\ H ®
~ "H —_— H
H k H Br
&+
Br
\ <]
Br Br
(e
R
H Br
H
H Br

M1 curly arrow from C=C double bond to Br
M2 correct dipole in Br AND curly arrow from Br—Br to Bro-
M3 correct intermediate AND curly arrow from lone pair on Br-to C*

M4 correct product

(d)(i) M1 3
CgHi

Br
HOOC
M2 (two) different groups on each C atom in the C=C/end of the C=C double bond

M3 no/ restricted rotation about C=C

(d)(ii) Hz / hydrogen 1

(d)Gii) | m1/m2 absorptions seen in both spectra (any two): 3
(same) both show an absorption at 1680—1730 (cm~') because of C=0
(same) both show an absorption at 1040—-1300 (cm™') because of C-O
(same) both show an absorption at 2500-3000 (cm™') because of RCO;—H/ O—H in RCO:H / carboxyl(ic acid)

M3 absorption only seen in spectrum of T:
(different) T shows an absorption at 1500—1680 (cm~') because of C=C
(different) T shows an absorption at 3000-3100 (cm™') because of (C=)C—H

STEMUP.CO.UK
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(a)(i)

CiI

(a)ii)

HCIAND H;O

(a)(iii)

M1 COs*

M2 propanoic acid — effervesce. (Propan-1-ol —

no reaction)

(b)(i)

ultraviolet light / uv

(b)(ii)

homolytic fission (of chlorine (gas)/Ch)

(e)M)

carbonyl / aldehyde / ketone

(c)(i)

tertiary halogenoalkane

(d)(i)

Two structures representing the intermediate
M1 C;HsC*HCH3
M2 CH3CH,CH.C*H>

(d)(ii)

Identify the most stable intermediate
M1 C;HsC*HCH3
explanation

M2 (more / 2 alkyl groups attached so) it has the greater inductive / electron donating effect

STEMUP.CO.UK
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140. 9701 _w20_ms_22 Q: 3

(a)(i) |Ps + 10CL — 4PCk 1
(a)(ii) simple / molecular AND covalent 1
(b)(i) steamy / misty fumes 1
(b)ii) | PCls + 4H,0 — H3POs + 5HCI 1
(b)(iii) |Oto4 1
(c)() LiAH4 OR lithium tetrahydridoaluminate((III)) 1
(c)(ii) M1: molecule with a non super-(im)posable mirror image 2
M2:

M i a
cl

(c)iii) 1

Cl Ci
(d)(i) M1: (trigonal) pyramidal 2
M2: 107
(d)(ii) | M1: proton/H* donor 2

M2: partially dissociates (in solution)

(d)(iii) | method 1 4
M1: show the number of mol gas produced from 0.241 g NCl3
[M{(NCl5) = 120.5 1 mol NCIz produces 2 mol gas]

n=2x0.241/120.5 OR n = 0.0040 (mol gas produced.)

M2: correct conversion of T to Kelvin, V to m? and correct value of R

M3: use of equation P = nRT/V with M2 values for n, R, T and V fo find pressure of mol gas produced

0.0040x8.31x293

increase in p = nRT/V = 5
250%10™

=3.90x 104

M4: = 1.00 x 10° + M3 (Pa)
total pressure =1.00 x 10° + 3.90 x 104
=1.39 x 10° (Pa)

method 2
M1: calculate the produced from 0.241 g NCI;
0.003 (mol) CL AND 0.001 (mol) N2

M2: conversion of T to Kelvin, V to m*® and correct value of R in all PV/RT equations used

M3: use of equation PV /RT= n for both calculations or a combined equation with M2 values for R, T and V to find partial
pressure for each of the gases

ppCh =29217.96 AND ppN, = 9739.32

M4: Use Piota = pp Unreacted gas + ppCh + ppN;
1x10°+2.92 x 10* + 9.74 x 103 = 138 940
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141. 9701_s19_ms_21 Q: 4

555

@) 3-chloroprop-1-ene 1
(b) a =109(.5)° 1
b =120° 1
(e)(i) C3H7CIO: 1
(c)(ii) oxidation 1
(e)iid alcohol group 1
present in Z
primary v
secondary v
tertiary
(i) |AandB 1
(d)(ii) 2
BY silver mirror
OR grey / black / brown / silver precipitate v
3
Av and Cv | (Pale) yellow precipitate /solid v
3
C v and D¥ | Effervescence/ sodium/solid disappears v’

STEMUP.CO.UK
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556 APPENDIX A. ANSWERS

142. 9701 _w19_ms 21 Q: 4

(a)(i) (2,2-)dimethylpropanal 1
(@)i) | sp? 1
(b)(i) acidified potassium dichromate[(VI)] AND heat under reflux 1
(b)(ii) M1: A has H-bonding (between molecules) 3

M2: B only has dipole—dipole / VAW forces (between molecules)

M3: H-bonding is stronger / requires more energy to overcome

(b)(iii) | (CH3)3CCHO + 2[H] — (CH3)3CCH,OH 1
(b)(iv) HO 2
M1: \( { CH3CH(OH)CH3
M2: H2S0O4/ sulfuric acid
(e)(i) + orange/red/yellow precipitate 1
e orange/red/yellow precipitate
(e)ii) | Aldehyde 1
(c)(iii) has a carbon/ atom attached / bonded to four different atoms / groups / groups of atoms / chains 1
(e)iv) CHO CHO 2
H\\\‘C\csz HsCz C":,H
HsC CH3

M1: Correct 3D representation

M2: Correct 3D representation of drawn enantiomer

(€)v) 1

principal absorptions in bond responsible
the infra-red spectrum

3200-3600 cm! RO-H/O-H
1630 cm! Cc=C
1050 cm™! Cc—0

(c)(vi) \:<; /_Q 3
OH or - OH

M1: skeletal alkene group AND C5 structure
M2: one alcohol group

M3: branched chain AND capable of geometrical isomerism

(c)(vii) | M1: Correct structure of X and correct dipole on C=0 3
M2: curly arrow from C=0 bhond to O AND intermediate with CN attached and —ve charge on the O
M3: curly arrow from lone pair on CN-to C(=0) in X

AND

curly arrow from lone pair in the intermediate to H*

5

@
mﬁj GIO:JH

HsCZ 4 ~CaHs &
o HsC3 | ~CaHs
ICN —— = CN

(c)(viii) | catalyst 1
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143. 9701 _m18 ms 22 Q: 3

557

(a)(i) Ca + 2HNO; — Ca(NOs); + H, 1
(a)(ii) CaSQ, does not react (with sulfuric acid) 2
coating / crust/ protective layer/ CaSO, prevents reaction (of sulfuric acid) with calcium
(b)(i) 2+ 1
dot-and-cross diagram AND 2+
(b)(ii) ecl) 2
Je
displayed structure of ethanedioate
two — charges on carboxylates OR 2— charge overall
(e)(i) bleach 1
(c)(ii) Cl, + 20H" — CI +CIO™ + H,0 1
(c)(iii) | —1 AND (+)5 1
(c)(iv) gains AND loses electrons 1
(d)(i) carbon dioxide AND water 1
(d)(ii) reaction reagent(s) and condition(s) 4
1 HCN v
NaCN v
O KzCI’zO‘p
3 0 H,SO,/acid/H*
O (heat under) reflux
(d)(iii) | hydrolysis 1
(d)(iv) reducing agent 1
(d)(v) has a carbon/ C/atom attached to four different groups / atoms / chains 1
OR
has no plane/line of symmetry / has non-superimposable images

STEMUP.CO.UK
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144. 9701_s18 ms_22 Q: 4

APPENDIX A. ANSWERS

(a)i) iodoform / tri-iodomethane 1
(@)ii) butanone 1
(b) CH;CH,CH,CHO 1
(CH3),CHCHO 1
(e)(i) reduction 1
(c)(ii) NaBH, / sodium borohydride 1
OR
LiAMH, / lithium aluminium hydride
(i) (\
g i
5+C. CH, ——> c
H3C/ \CHQ 3 HC™ | \CH2
NC
NC:
lone pair on C of CN™ and curly arrow to C of C=0 1
correct dipole on C=0 and curly arrow from =to O 1
correct intermediate anion 1
curly arrow from lone pair on O to H* 1
(d)(ii) optical 1
(d)(iiiy (X has a) chiral centre / asymmetric carbon atom 1
OR
(X has a) C atom attached to four different groups / atoms / chains
non-super(im)posable mirror images 1
(e)(i) M1 is for the process of taking the % of each element and dividing by its relative atomic mass. 2
C H N
51.3 9.40 12.0
12 1 14
OR
4.28 9.40 0.857
M2 is for dividing the smallest %/A, into each of the remaining values to produce the correct ratio.
428 940 0.857
0.857 0.857 0.857
OR
4.9942 : 10.9685 : 1
(e)ii) CsH11NO; AND because the EFM = RFM 1
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145. 9701 w18 ms 22 Q: 4

(a)i) 1
H
e
H—(ID—(ID—H
H C
111
(a)(ii) dehydration 1
a)(ii OH 1
(a)(iii) | o
HgC—(I:—H +[0] — 1 +H,0
COzH H3C/ ~Co.H
(a)(iv) | Na;Cr,07/K,Cr,O; AND (dilute) H,SO,4 / H'(aq) / acidified 1
(b)(i) (Molecules that are) non-super(im)posable mirror images 1
(b)(ii) C|)H ('I)H 2
C,, \C
(7] W
e AT 4 e,

CO;H HO,C

M1 correct 3-d drawing of one isomer of Q [1]
M2 correct pair of 3-d structures of the optical isomers of Q [1]

(c) H COzNa 3
H H
OR
-CH,CH(CO;Na)-
(d)(i) M1 | experiences a (greater positive) inductive effect due to more alkyl groups 2

OR | contains more electron donating alkyl groups (than I1) [1]

M2 which stabilises the charge / reduces the charge (on the ion/intermediate)
OR

spreads the charge across the ion/ molecule / intermediate [1]

(d)(i) T ’ 3
H C |
~ c/ \CHJ - /%\
H/ E\{Br H3C CH3
fone

.Bre
M1 curly arrow from double bond to H of H—Br [1]
M2 curly arrow from H—Br bond to Br AND correct dipole on H—Br [1]
M3 curly arrow from lone pair on Br to C*[1]

(d)(iii) nucleophilic substitution 1

(e)i) | CHsCOCO.H + B[H] — CH3CHOHCH,OH + H,0 2

M1 correct organic product CH3;CHOHCH,CH [1]
M2 [H] present as reactant with H,O as product and balancing [1]

(e)i) | 1s® 2s? 2p® (38 1

(e)(iii) lons/elements have more shells/ energy levels (as the group is descended) 1
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146. 9701_s17_ms_21 Q: 4

(a)() (molecules / isomers with) the same molecular formula/ same number of atoms of each element 1
different structural / displayed formulae / arrangement of bonds 1
(a)(ii) sp2 overlap of (2)s with two (2)p (atomic) orbitals 1
sp® overlap of (2)s with all three (2)p (atomic) orbitals 1
(a)(iii) sp’=116°—124° 1
sp’=108°-112° 1
(b)) H o H 1
= . &
o e N
o7 | M=
Ry ™
H
(b)(ii) (electrophilic) addition 1
bromine decolourises / turns colourless / fades (from orange / brown) 1
(b)(iii) Blr 1
HOCH,CHBrCH,Br  OR HOS o~ Fn o
TH I
HH HH
(b)(iv) CO,/ carbon dioxide 1
(c)(i) P = propanal 1
Q= propanone 1
ii I
(e)(i) | [ 1
=t L
tr(iiodomethane / CHI,/ I It I
(d)(i) (molecules / isomers with) the same (molecular and) structural formula 1
Any two of: 1
chiral centre / C attached to four different groups / atoms
non-super(im)posable mirror images
different spatial / 3D arrangement of atoms (owite)
different rotation of plane-polarised light
(d)(ii) *H‘
S OI_F Q:\ w, ?H
&l —_— | —
H;,C—C_‘—__\H Hac—ﬁ: —H HyC— L'll‘.—H
) N=C N=C
N=C:—
curly arrow from lone pair on :C=N to C** 1
correct dipole on carbonyl *C=0% AND curly arrow from bond to O 1
correct intermediate, including C-O~ AND curly arrow from lone pair to H" 1
Total: 19
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147. 9701 _m16_ms_22 Q: 3

561

@ s
Hig/ N [gH
[ B3
three bonding pairs &
lone pair AND octet 1]
shape = (trigonal) pyramidal 1
(ii) sigma(c) bond
— [
O +)
OR —
pi(r) bond
— N
(b) (i) forward and backward reactions occurring at same rate [1
OR
the rate of forward and backward reactions are equal
(i) M1 = decreased yield of products/less products formed / ora [1
M2 = left-hand side has fewer moles of gas
OR
equilibrium shifts to the left [1]
(c) —
7N\
'l -\\k
/ \
] / “-,‘__\\ E, with catalyst
.‘r' ‘\i
!’." ‘i\\ T . without catalyst
/ i 1
) N
i
N
/ I
molecular energy
M1 = correct Boltzmann curve [1]
M2, M3 any 2 from: [1]
e line for both E, values or statement in text that catalyst lowers E, [1]
* (catalyst) increases proportion/number of molecules/particles with energy > activation energy
* so more frequent successful collisions
(d) (i) nucleophilic addition [11
(i) ¥o)
(O& (_/:Oe OH
e — "1 — I
H:C “ChHs HC” | SCHy  HaC” | “CHs
CN CN
]
CN
correct dipole on carbonyl [1]
curly arrow from lone pair on CN~ AND from C=0 to O [11
correct intermediate [1]
curly arrow from lone pair on O~ to H* [1]
correct product [1

STEMUP.CO.UK
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148. 9701 _s16_ms_22 Q: 5

(@) (i) |acidified/H"
AND
potassium/sodium dichromate [11
(ii) | distillation (rather than reflux) [11
(ensures aldehyde escapes) to avoid further oxidation/to avoid forming acid/as reflux causes further oxidation 11
(b) reaction 3 — (conc) HoSO4/ (conc) HsPO4 or Al;03/pumice /porcelain/ porous pot/ceramic
AND heat
reaction 4 — KBr/NaBr with (conc) H2SO4 or (red)P and Br2/PBr3 11
AND heat [11
(c) (i) CH,CH, CHSG‘HQ ?H
\%“gﬁg— H—C—0% CHsCHz-(li—CN
ﬂ N ) H
. H
N=C:
M1 = lone pair on C of CN” AND curly arrow from lone pair to carbonyl carbon 11
M2 = dipole on C=0 AND curly arrow to O from = 1]
M3 = intermediate with negative charge [1
M4 = lone pair and curly arrow to H" [1
(i)
(IDH OH
I
Cu., wC
. CN NG ‘/ N [1+1]
CH,CH, H H  CHCH,
(i) | attack/attach from either side/above or below/from two directions because the carbonyl/ molecule is [1
planar/trigonal/flat/ because of the shape of the molecule 11
OR
product is chiral/has a chiral carbon/has a carbon attached to four different groups/has a chiral centre/is
asymmetric
(equal) chance of forming either (of the two optical isomers)/ mechanism doesn’t distinguish between the two
(optical isomers)/able to form either/chance of forming/able to form 50:50
OR
because the carbonyl/ molecule is planar/trigonal/flat OR
because of the shape of the molecule (equal) chance of forming either (of the two optical isomers)/mechanism
doesn'’t distinguish between the two (optical isomers)/able to form either/chance of forming/able to form 50:50

149. 9701 _w16_ms 21 Q: 5

@ T o 1 1

(b) H*/Cr,O7 1 2
(heat under) reflux 1

(c) H*/Cr0% 1 2
(heat and) distil 1

(d) (1-)propyl propanoate 1 1

Total: 6
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150. 9701_w16_ms_22 Q: 5

563

{a)) | Cle and eCH, 1
(@)ii) | Cl™and “CHy/CHy" 1
(b)(i) Oxidation OR reduction 1
(b)ii) Condensation 1
(b)(iii) Reduction OR oxidation OR addition 1
(b)iv) | Addition 1

Total: 6

151. 9701 _S15 ms 21 Q:3

(a) Bond breaking = C=0 =740
C-H =410 =1150kJ 1
Bond forming = C-C =350
C-0 =360
O-H =460 =1170kJ [1]
Enthalpy change= 1150-1170 =-20kJ mol™ [1]
(b) (i) Stereoisomerism = (molecules with the same molecular formula and)
same structural formula but different spatial
arrangements of atoms [1]
Chiral centre = atom with four different atoms/groups attached [1]
(i) (Planar) carbonyl so (equal chance of nucleophile) attacking either side [1]
(c) (i)
Nfro:-"' 'il-N 'f”
\V"H —_— Hyo=C—H —= H.C _fi:—H + MECD
HC=C 8 oM
L {
e HT[_'E"J
M1 = lone pair AND curly arrow from lone pair to carbonyl C [1]
M2 = partial charges on C=0 AND curly arrow from bond (=) to O% (1]
M3 = structure of intermediate including charge (1]
M4 = lone pair AND two correct curly arrows (from lone pair to H AND from (1]
H—C to C)
M5 = CN~ (1]
(i) (CN™ regenerated so) catalyst [1]
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152. 9701_S15_ms_22 Q: 4

B = CH3CH,CH(CH3)CHO (1]
C = (CH3),CHCH,CHO (11
D = (CH;);CCHO [1]

(ii) (|3H3 THB

/C . P C\ [1+1]
H.CCH \\H H’/ CH->CH
312 tHo  oHC 23
(b) (i) | Fehling's/Benedict’'s OR Tollens' OR dichromate OR manganate [1]

Warm/heat 1]
Fehling’s/Benedict's =(Brick)-red ppt
Tollens’ = silver/mirror OR grey/black precipitate
Dichromate = orange to green with the aldehyde/A-D 11
Manganate = purple to colourless

(ii) | (2,4-)DNP(H)/Brady's reagent [1]
Orange/yellow/red-orange / yellow-orange ppt [1]
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153. 9701_S15_ms_23 Q: 3

565

(a) (i)| A/B= \_\; 4<; 1]
—0 —0 (1]
@]
C=
[1]
(ii) | Chain [1]
(iii) | Silver mirror/ppt/solid (black/grey) [1]
(b) (i)
D [1]
CH2=C(CH3)CH20H
E E
HSC /H H3C CH20H [1+1]
cC—C C—C
H CH,OH H/ H [1]
trans OR E cis OR Z [1]
F
H20=CHCHQCH20H
(ii) | Hydrogen [1]
(e) (i)| CsHgO +[O] > C3HsO; [1]
(i) | CsHgO +2[H] > C3Hs0 (]
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1.
A compound R has all of the following properties:
it is neutral;
it gives an crange precipitate with 2, 4-dinitrophenylhydrazine;

it evolves hydrogen chloride when treated with PG/ in the cold.

What could R be?

A COCH, B OCH, c

&
LA
N A
h, W
=0
)
A/
sl 4
*
]\.
-
5
S o

[2002 M/J (28)]

2.

30 The acand mile releases lardolure 1o attract other mites to a host: this chemical can be destroyed
by hydrolysis with acid.

CH,CH,CH,IGHICH;IGH,LCHICH,JO-CH
0

A simplified formula for lardolure may be written as RCH(CH,)O-C-H.
I
(0]
What are the products of its hydralysis?

RCH(CH,)CO,H + CH.OH

B RCH(CH,)COH + HCO,H
€ RCH(CH,)OH + CO,
D RCH(CH,)OH + HCO,H

[2002 M/J (30)]

3.
The Russian composer Borodin was also a research chemist who discovered a reaction in which

two ethanal maolecules combine to form a compound commaonly known as alcol (reaction I). Aldol
forms another compound on heating (reaction IT).

I 2CH,CHO — CH,CH(OH)CH,CHO

Il CH4CH{OH)CH,CHO — CHyCH=CHCHO + H,0

Which of the following best describes reactions 1 and I1?

I I
A addition elimination
B addition reduction
C elimination reduction
D  subsbiution elimination
[2002 O/N (20)]
4.

Oxidation of an alkene Y gives a diol; further oxidation gives a diketone.
What could be ¥?
A CHyCH=C(CH3)
B (CH4),CHCH=CH,
C CgH.CH=CHCgH;
D (CgHs),C=CHCH,
[2002 O/N (26)]

2|Page
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5 8

27 Bunl sugar has @ chargclerislic smell caused parlly by the llowing compound. 1L fias lwo The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic
functional groups indicaled by Q and R. conditions.

R What is the formula of the final product?

Loy’
CHE D) A CH,CH(OH)COH

When this compaunc 1s tested in a labaratory with 2 4-dinitraphenyihydrazine and Fehling's reagent, B CH,CH,CH,COH
which functional groups are responsible tor positive lesis?
C (CH,),CHCONH,
2 A-dinitrophenylhydazine | Fehlings reagent D (CHa)zc(OH)CozH
A QandR Qanc R [2003 M/J (30)]
B R only Qanc R
c QandR R only 9. ‘ _ _
L By Ruckiy CH,CH,COCH,CH, reacts with hydrogen cyanide to form a cyanohydrin.
[2002 O/N (27)] Which features apply to the product?
6 It has one chiral centre.
Ethanal may be converted into a three-carkbon acid in & two-step process. B ltis formed by electrophilic addition.
Which compound is the intermediate? C Itis formed via a C-OH intermediate.
D lts formation requires the use of cyanide ions as a catalyst.

A CH;CO,H B CHyCN C  CH3CH,CN D CH;CH(OHICN

[2002 O/N (28)] [2003 O/N (29)]

7

In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the
reaction mechanism are trua?

1 A new carbon-carbon bond is formed.
2  Inthe intermediate, the oxygen camed a negative charge

3 The last stage invalves the formation of a hydrogen-oxyaen bond.

[2002 O/N (39)]

3|Page
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10. 12.

The compound shown is a hormene produced during pregnancy to suppress cvulation. Compound X
CH, « has the molecular formula C4;H140;
| i * is unreactive towarcs mild oxidising agents.
G—0O
Cy\ What is the structure of the compound formed by dehydration of X?
P
A B
~ CHj S
I N g €>>7CH2—CH2—CH=CH2 <©>7CH2—CH—CH—CH3
P ]
D’A\’///\
Which reagents would give positive resulis with this compound? c D

1 aqueous bromine CH, C|:H3

I
2 2 A4-dinitrophenylhydrazine @CH —CH=CH, <©>—C=CH—CH3

3 Fehling’s reagent s [2004 M/J (28)]
[2003 O/N (39)]

13.
11. For which pair of compounds can the members be distinguished by means of Tollens’ test (the
Compound P displays cis-trans isomerism and gives a red-brown precipitate with Fehling's use of a solution containing Ag(NH,);)?
soluticn.
What is P? A CH3CHO and CH;COCH;
B CH;COCH;and C;HsCOCH;
A B
H CH,CHO H COCH, C CH;COCH;3and CH3CO,CH3
\C=C c=cC D CH,;CO;Hand CH,;CO,CH,
H/ \CI I, cll, }] [2004 M/J (29)]
14.
Compound X changes the colour of acidified sodium dichromate(V1) from orange to green. 1 mo
of X reacts with 2 mol of HCN(g).
[ of D
?
H\ CH, CH3\ /H What could X be?
/C=C /C=C\ A CH3;COCH,COCH;
H CHO H CHO B CHiCH,CH,CHO
[2004 M/J (22)] C H:C=CHCH;CHO
D OHCCH,CH,CHO

[2004 M/J (30)]

4|Page
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15. 17.
Acrolein is produced in photochemical smog. It has a strong smell, iritates eyes and mucous This molecule is responsible for the flavour of spearmint chewing gum.
membranes and is carcinogenic.
CH,
H H
~ / C )
c=C X—»y ’yo Y
7 W F—C C
H /C—O
H I——/C\ /C\—H
acrolein i | i
H
What can be deduced from this structure? H‘*C// \H
|
1 All bond angles are approximately 120°. H

2 Itwill undergo electrophilic addition reactions.

3 Itwill undergo nucleophilic addition reactions.
[2004 M/J (37)]

16.

Which carbonyl compounds could be easily oxidised to carboxylic acids that are readily soluble in

cold water?

1 CH,CH,CHO

[2004 M/J (39)]

Whet is a true statement about the functionzal groups X or Y?

X will undergo nucleophilic addition.

B Y willundergo nucleophilic addition.
C X willundergo electrophilic substitution.
D Y will undergo electrophilic substitution.
[2004 O/N (24)]
18.
The solvent methylisobutylketone, MIBK, can be made from propanone.
H
H—(|3—H
‘ HOH
H—C—(_",—%—(':—H
L
H—C—H
|

Which reagent could distinguish this compound from an aldehyde?

A Bry(aq)

B 24dinitrophenylhydrazine
C NaBH;

D Tollens' reagent

[2004 O/N (29)]

5|Page

STEMUP.CO.UK



https://stemup.co.uk

19.

Lactic acid builds up in muscles when oxygen is in short supply. It can cause muscular pain. Part

of the reaction sequence is shown.

CH;OHCH{OH)CHO —» CH;COCO;H — CH3CH(OH)CO:H

glyceraldehyde pyruvic acid lactic acid

Which statements about the reaction sequence are cormrect?
1 An aldehyde is oxidised to a carboxylic acid.

2 Aketone is reduced to a secondary alcohol.

3 A secondary alcohol is oxidised to a ketone.
[2004 O/N (40)]

20.
Which reagent could be used to distinguish between

CHACH(OH)CH:CHO and CH:COCH.CH,OH ?
acidified potassium dichromate(VI)

dilute sulphuric acid
2 A—dinitrophenylhydrazine

o 0o o >

Fehling’s reagent
[2005 M/J (28)]

21.
which is used in the treatment of breast cancer.

CH, O

CH,

HO
OH

Which statements about this compound are correct?

1 Itreacts with hydrogen cyanide in a nucleophilic addition reaction.

The steroid shown is an intermediate compound obtained during the synthesis of Formestane

2 ltcan be oxidised by warm acidified potassium dichromate(V1) to a carboxylic acid.

3 ltwill react with Fehling’s solution.

[2005 M/J (39)]

22.

Compounds X, Y and Z all react with PCls to release hydrogen chloride, but only one of them

reacts with 2,4-dinitrophenylhydrazine reagent.

Which one of the following combinations could be X, Yand Z7

¥ Y z
CH,0H CHO COH
2 CH,OH (leo COH
CH,OH CH,OH CHO
. CliHQOH (|:Ho (|302H
CH,0H CH,0OH CHO
i (|:Ho clogH (liOZH
CH,OH CHO COH
) COH  COH CO.H

[2005 O/N (25)]

6|Page
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23.

In 1903 Arthur Lapworth became the first chemist to investigate a reaction mechanism. The
reaction he investigated was that of hydrogen cyanide with propanone.

What do we now call the mechanism of this reaction?
A electrophilic addition

B electrophilic substitution

C nucleophilic addition

D nucleophilic substitution
[2005 O/N (26)]

24,
What is formed when propanone is refluxed with an anhydrous solution of NaBH,?

A propanal

B propan-1-ol
C propan-2-ol
D

propane
[2005 O/N (27)]

25.
Which alcohol may be oxidised to a product which reacts with 2 4-dinitrophenylhydrazine reagent
but not with Fehling’s reagent?

A butan-1-ol
B butan-2-ol
C 2-methylpropan-1-ol
D 2-methylpropan-2-ol
[2006 M/J (27)]

26.

The first stage in the synthesis of antipyrine, a drug used in reducing fever, is the reaction
between compound P and phenylhydrazine.

CH,COCH,CO,CH,CH, + @—NHNHz — a

P phenylhydrazine

What is the product Q of this first stage?

A CH3COCH2CONH©

B @NHCH2002CH2CH3

c CH3COCH2CO@NHNH2
- O

CH,CCH,CO,CH,CH,
[2006 M/J (28)]
27.

Aldehydes and kelcnes are carbonyl compounds.

Which of them react both with NaBH; and with Tollens’ reagent?
bath aldehydes anc ketones

2ldehydas only

0O W

ketores only

o

ncither aldehyces ror ketones
[2006 M/J (29)]

7|Page
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28.

How can the rate of reaction between cthanal and aqueous hydrogen cyanide be increased?

1 by iradiation with ultraviolet light
2 by arise in temperature

3 by the addition of a small quantity of aqueous sodium cyanide

[2006 M/J (39)]

29.
Which compound

» is unaffected by hot elkaline potassium manganats (V1I),
» gives hydrogen when treated with sodium?

(CH5),CHCOCH-
(CH;);COH
CH3CH,CH(OH)CH
CH3CO,CH(CH;),

OO0 W >

[2006 O/N (27)]

30.

A common industrial solvent is a mixture of propanone, CH,COCH,, and pentyl ethanoate
CH,CO,(CH,)4CHs.

Which reagent would have no effect on this solvent?
A Na(s)
B NaBH.

C NaOH(aqg)

D 24dinitrophenylhydrazine reagent
[2006 O/N (28)]

31.
Which reagent gives the same visible result with propanal and with propan-2-ol?

A 2 Adinitrophenylhydrazine reagent
B acicified potassium dichromate(VI)
C sodium

D Tollens’ reagent

[2007 M/J (27)]

32.

Compound X will decolourise a warm acidified solution of manganate(VII) ions and forms orange
crystals on reaction with 2 4-dinitrophenylhydrazine.

What is X?
A CH,CH=CHCH,OH
B CH;COCH,CH,
€ CHsCH,CH,CHO
D CHsCH(OH)CH,CO.H
[2007 M/ (28)]

33.
Which compound would undergo nucleophilic addition?

A ethene, CsHs
B bromoethane, C:HsBr
C ethanal, CH;CHO
D ethane, C:Hg
[2007 M/J (29)]
34.
Hept-4-enal is present in cow’s milk.
CH3:CH;CH=CHCH,CH,CHO
hept-4-enal

What is formed when hept-4-enal is reduced with either hydrogen and a nickel catalyst or
sodium borohydride?

A with Hy/Ni  CHg(CHy)sCH,OH
B with Ho/Ni  CHy(CH,)sCHs
C with NaBH; CH4(CH)sCH,OH
D with NaBH; CHs(CH,)sCHO
[2007 O/N (28)]

8|Page
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35.
Which of these reactions is shown by butanone, CH;GOCH2CH3?

A Onwarming with acidified potassium dichromate(VI) the solution turns green.
B On heating with Fehling's reagent a red precipitate is formed.

C With 2 4-dinitrophenylhydrazine reagent an orange precipitate is formed.

D

With hydrogen cyanide an aldehyde is formed.
[2007 O/N (29)]

36.

In the reaction between an aldehyde and HCN catalysed by NaCN, which statements about the
reaction mechanism are true?

1 A new carbon-carbon bond is formed.
2 In the intermediate, the oxygen carries a negative charge.
3 The last stage involves the formation of a hydrogen-oxygen bond.

[2007 O/N (39)]

37.
Compound X

s has the molecular formula CyoH+40;
e is unreactive towards mild oxidising agents.

What is the structure of the compound formed by dehydration of X?

A B
@CH2— CH—CH=CH, @CHQ— CH=CH—CH,
c D
CH CH

3

|
QCH —CH=—CH,

3

|
QC=CH—CH3

[2008 M/J (27)]

38.

Ethanal, CH:CHO, can be reduced using an agueous methanolic solution of NaBH; as the
reducing agent.

This is a nucleophilic addition reaction.

What could be the first step of this mechanism?

A attack of an H" ion at the carbon atom of the carbonyl group
B attack of an H" ion at the oxygen atom of the carbonyl group
C attack of an H™ ion at the carbon atom of the carbonyl group

D attack of an H™ ion at the oxygen atom of the carbonyl group
[2008 M/J (28)]

39.
Compound X, CsH+:0, is oxidised by acidified sodium dichromate(VI) to compound Y.

Compound Y reacts with ethanol in the presence of a little concentrated sulphuric acid to give
liquid Z.

What is the formula of Z7?
A CHa(CH,),CH=CHCO-H
B CHi(CH2)4sCH,COCH,CH3
C CH3(CH;3)sCO;CH;CHa
D CH;CH,CO,(CH,),CH;
[2008 M/J (30)]

40.

The product of the reaction between propanone and hydrogen cyanide is hydrolysed under acidic
conditions.

What is the formula of the final product?

>

CH,CH(OH)CO.H
B CHsCH,CH,CO.H
C  (CH3),CHCONH,
D (CHs),C(OH)COH
[2008 O/N (29)]

9|Page
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41.
Carvone gives the characteristic flavour to caraway and spearmint.
0]
CH,
H,C
\“C
I
CH,

carvone

Prolonged heating of carvone with hot concentrated acidified potassium manganate(VII)
produces carbon dioxide and a compound X.

X contains nine carbon atoms and reacts with 2,4-dinitrophenylhydrazine reagent.

What is the maximum number of molecules of 2,4-dinitrophenylhydrazine that will react with one
molecule of X7?

A 1 B 2 c 3 D 4

[2009 M/J (28)]

42.
How can the rate of reaction between ethanal and aqueous hydrogen cyanide be increased?

1 by irradiation with ultraviolet light
2 by arse in temperature

3 Dby the addition of a small quantity of aqueous sodium cyanide
[2009 M/J (39)]

43.

The naturally-occurring molecule civetone is found in a gland of the African civet cat and has
been used in perfumery.

civetone

With which reagent will civetone not react?
A 2 4dinitrophenylhydrazine reagent
B Fehling's reagent
C hydrogen bromide
D sodium tetrahydridoborate(I1I) (sodium borohydride)
[2009 O/N-11 (27)]

10| Page
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44. 46.

Cyanohydrins can be made from carbonyl compounds by generating CN™ ions from HCN in the

A compound has a relative molecular mass of 88 and its molecule contains only four carbon
presence of a weak base.

atoms.

R R OH What could this compound be?
CN- \ /
/C=O + HCN ——— /C\ 1 a saturated non-cyclic diol
R’ R’ CN 2 asecondary alcohol containing an aldehyde group
In a similar reaction, "CH,CO;CH; ions are generated from CH:CO,CH3 by strong bases. 3 ‘aprimary alconol containing a ketone group

Which compound can be made from an aldehyde and CH;CO,CH; in the presence of a strong [2009 O/N-11 (40)]

base?

CH3CH(OH)CO.CHj4
CH3CO,CH2CH(OH)CHa;
CH3CH,CH(OH)CH,CO,CHs
(CH3),C(OH)CH2CO,CHs

o 0O W

[2009 O/N-11 (28)]

45.

The acarid mite releases lardolure to attract other mites to a host. This chemical can be
destroyed by hydrolysis with acid.

CH,CH,CH,[CH(CH,)CH,],CH(CH,)0O—C—H

A simplified formula for lardolure may be written as follows.

RCH(CHS)(}—(",—H

‘What are the products of its hydrolysis?
RCH(CH3)COzH + CHs0OH
RCH(CH3)CO:H + HCO;H
RCH(CH4)OH + CO,

o 0O m

RCH(CH4)OH + HCO,H

[2009 O/N-11 (30)]
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Carbonyl compounds — 2021 AS

1. Nov/2021/Paper_11/No.24

When an organic compound, Q, is treated with phosphorus pentachloride, fumes of hydrogen
chloride are evolved. When Q is warmed with acidified aqueous potassium dichromate(VI), the
solution turns green.

What is Q7
A CHsCH,CHO

B CH;CH,CO,H
C CHsCH(OH)CHs
D (CHs);COH

2. Nov/2021/Paper_11/No.25

Alcohol Y gives a yellow precipitate with alkaline aqueous iodine. It can he oxidised to give a
mixture of products including substance Z. Substance Z gives a red-brown precipitate with
Fehling’s solution.

Which alcohol could be Y?

A CH;CH(OH)CH(CHs)CH,OH
B CH3C(OH)(CH3)CH,CH.OH
C CH;CH(COH)CH,CH(OH)CH;
D CHy(OH)CH,CH(OH)CH,CHj4

3. Nov/2021/Paper_11/No.26

CH4CH,COCH,CH3 reacts with hydrogen cyanide to form an organic product called a
cyanohydrin.

Which statement is correct?
A The cyanohydrin product has one chiral centre.
The cyanchydrin product is formed by electrophilic addition.

B
C The cyanohydrin product is formed via an intermediate which contains a C-OH group.
D

The formation of the cyanohydrin product requires the use of cyanide ions as a catalyst.
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4. Nov/2021/Paper_11/No.27
Reduction of compound R with LiAlH4 gives the compound 4-methylpentane-2,3-diol.

7.

What could be the identity of compound R?

B Cc D

Nov/2021/Paper_11/No.28
Citric acid is found in lemon juice.

citric acid

HO,CCH,C(OH)(CO,H)CH,CO,H

Which volume of 0.40moldm™ sodium hydroxide solution is required to neutralise a solution
containing 0.0050 mol of citric acid?

A

12.5¢cm?® B 250cm’ C 375cm’ D 50.0cm’

Nov/2021/Paper_11/No.29
The structural formula of an ester is (CH3),CHOCO(CH,),CHs.

This ester is boiled with aqueous hydrochloric acid.

Which two products are formed?

A

B
c
D

propan-1-ol and butanoic acid
propan-2-ol and butanoic acid
propan-1-ol and propanoic acid

propan-2-ol and propanoic acid

Nov/2021/Paper_12/No.28

Which compound produces a precipitate with 2,4-dinitrophenylhydrazine reagent and also with
alkaline aqueous iodine?

A

B
cC
D

butan-2-ol
butanal
butanone

pentan-3-one

2
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Nov/2021/Paper_12/No.29
Organic compound Z has an alcohol group and a carboxylic acid group.

Compound Z reacts with magnesium carbonate to make a salt with a relative formula mass of
230.3.

Compound Z does not react with acidified potassium manganate(VII).

What could be the identity of compound Z7?
A 2-hydroxy-2-methylbutanoic acid

B 2-hydroxy-2-methylpropanocic acid

C 3-hydroxy-2-methylbutanoic acid

D 3-hydroxy-2-methylpropanocic acid

Nov/2021/Paper_12/No0.30
The infra-red spectrum of Y is shown.

100

transmittance /%

50+

UL B L BLELELELE B L
4000 3000 2000 1500 1000 500

wavenumber/cm™
What could Y be?
A CH3CO,CyHs
B CHy(OH)CH=CHCH,OH
C CHs;(CH,),COH
D CHy(OH)(CHz).CHO

3
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10. Nov/2021/Paper_13/N0.30
The infra-red spectra of three organic compounds are shown.

100

transmittance /%

spectrum 1 50
0 LELELELE BLELELELE BLELELELE BLELELELE B L L e |
4000 3000 2000 1500 1000 500
wavenumber/cm™!
100
transmittance /%
spectrum 2 50+
0 +—rr—rr——r——————————————1
4000 3000 2000 1500 1000 500
wavenumber/cm™
100
transmittance /%
spectrum 3 504
0 LELELELE BUELELELES BLELELELE BLELELELE IREL AL L L DL LA B L |
4000 3000 2000 1500 1000 500

What could the three compounds be?

wavenumber/cm™!

spectrum 1 spectrum 2 spectrum 3
A propanoic acid propanone propan-2-ol
B propanone propanoic acid propan-2-ol
C propanone propan-2-ol propanoic acid
D propan-2-ol propanoic acid propanone
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11. Nov/2021/Paper_23/No.4
Compound B is a liquid with a fruity smell.

B
O

/\O)l\/Br

The reaction scheme shows how B can be made from ethanol, C,H.OH.

0 0
C,H,OH reaction 1 )]\ reaction 2 )K/Br
[O] HO HO

C.,H;OH
and H,SO,

reaction 3

B
O

/\O)l\/Br

(a) (i) Reaction 1 is an oxidation reaction.

Give the reagent(s) and conditions required for reaction 1.

== e 1= = R

Lo g Lo [ (=] o [T

(if) Construct an equation to represent reaction 1.

Use [O] to represent an oxygen atom from the oxidising agent in this reaction.

5
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(iv) H,SO, acts as a homogeneous catalyst in reaction 3.

Explain why H,SO, is described as homogeneous.

....................................................................................................................................... ]

If C is present in the reaction mixture of reaction 3, a different compound, compound D, will
also form. Compound D has two identical functional groups.

The infrared spectrum of D shows strong absorptions at 1100cm™ and 1720cm™, but no
absorption due to O—H bonds.

Use the Data Booklet to identify the functional group presentin D.

Explain your answer as fully as you can.

6
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(c) Some other reactions of C are shown.

Cc
0

/JL\,/OH
HO

Na,CO,

E F SOCI, G
(CH,OH), —  ~ (CH).CI),

(i) Draw the structure of E.

(1
(i) Suggest why NaBH, is not a suitable reagent to make F, (CH,OH),, from C.
Explain your answer.
....................................................................................................................................... 1]
(iii) Construct an equation for the reaction of (CH,OH), with SOCI, to form G, (CH.CI),.
....................................................................................................................................... [1]
(d) Explain why C is very soluble in water.
.............................................................................................................................................. 1]

[Total: 12]

7
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12. March/2021/Paper_12/No.24
Which compound produces a ketone when refluxed with an acidified solution of
potassium dichromate(VI)?

A pentan-1-ol

B 2-methylbutan-1-ol
C 2-methylbutan-2-ol
D 3-methylbutan-2-ol

13. March/2021/Paper_12/No.27
In this question you can assume that 'H and *H have the same chemical properties.

A sample of ethanal contains only one isotope of hydrogen, 'H.

It is reduced to compound Z, C;HgO, in a nucleophilic addition reaction using NaBH,. All the
hydrogen atoms in the NaBH, are the *H isotope.

NaBH4
CH:CHO —— C:HsO

compound Z
Compound Z is then oxidised back to ethanal and water.
CzHsO + [O] — CHiCHO + H:0
Which statement about the final mixture of products is correct?

A Both ethanal and water contain *H atoms.

B Ethanal is the only product containing *H atoms.
C Neither ethanal nor water contain °H atoms.
D

Water is the only product containing *H atoms.

14. March/2021/Paper_12/N0.39
Two carbonyl compounds have the molecular formula C5HgO.

Which reagents give different observations with these two compounds?

1 acidified agueous potassium manganate(VII)
2 Fehling’s reagent

3 alkaline aqueous iodine
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15. March/2021/Paper_22/No.4
Hydroxyethanal, HOCH,CHO, has been observed in dust clouds near the centre of our galaxy.

hydroxyethanal

"l' 0
/
HO—C—C/
|\

H H

X
oA,
I
D T, ?
Y = e ¢
[2]

(b) Hydroxyethanal reacts separately with 2,4-dinitrophenylhydrazine (2,4-DNPH) and with Tollens’
reagent.

State what you would observe in each reaction.

FEACHION WIth 2,4 P H o et e e e e e st e e ea s st e e e s s e san s e e aensensesbneann

reaction with Tollens’ reagent ... e eee e e e e aanens

(c) Hydroxyethanal is converted to ethanedioic acid, (CO,H),, when it reacts with excess acidified
dichromate(VI) ions, Cr,0,*.

(i) State the role of acidified Cr,0,* in this reaction.

STEMUP.CO.UK
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(d) Hydroxyethanal can be reduced to ethane-1,2-diol, (CH,OH),, as shown.

hydroxyethanal ethane-1,2-diol
H H H

]
| 7/ ™

HO—C—C — HO—C—C—0OH
|\
H H H H

(i) Write an equation for the reduction of hydroxyethanal to (CH,OH),.

Use [H] to represent an atom of hydrogen from the reducing agent.

....................................................................................................................................... [1]
(i) Identify a reagent for this reduction reaction.

....................................................................................................................................... [1]
(i) !:CH2C)H)2 also forms when an alkene A reacts with cold, dilute, acidified manganate(VII)

ions.

Name A.

....................................................................................................................................... [1]

[Total: 10]
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16.

17.

18.

19.

June/2021/Paper_11/No.28
Which statement is correct for the reaction of carbonyl compounds with HCN?

A The reaction is catalysed by concentrated H2SO..

B Pentan-2-one and HCN react to give a chiral product.
C The reaction is a condensation reaction.
D

The reaction is nucleophilic substitution.

June/2021/Paper_11/No.31
Ethanol combines with ethanoic acid to form ethyl ethanoate according to the following reaction.

CoHsOH(l) + CHsCO.H(l) = CH3CO.CoHs(l) + HO(I)  AH® = —6kJmol™

9.2¢g ethanol, 12g ethanoic acid and 8.8 g ethyl ethanoate are mixed and allowed to stand at
298 K, until equilibrium is reached.
(M- CyHs0H, 46; CH3CO;H, 60; CH3CO,C3Hs5, 88)

The resulting equilibrium mixture is found to contain 4.8 g ethanoic acid.
The experiment is repeated at 323 K.
Which statements are correct?

1 There are 0.22 moles of ethyl ethanoate in the mixture at equilibrium at 298 K.
2 The equilibrium mixture at 323 K will contain more than 4.8 g of ethanoic acid.

3 If a small amount of water is added at the start of either experiment the value of K. would not
be affected.

June/2021/Paper_11/No.38
Which pairs of compounds may be distinguished by testing with alkaline aqueous iodine?

1 butanal and butanone
2 pentan-2-one and pentan-3-ol

3 propanone and propan-2-ol

June/2021/Paper_11/No.39
Which reactions have a coloured organic product?

1 ethanal + 2 4-dinitrophenylhydrazine reagent
2 ethanol + acidified potassium dichromate(VI)

3 ethene + cold dilute acidified potassium manganate(VII)

11
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20. June/2021/Paper_11/No.40

Propanoic acid is reacted with an excess of lithium aluminium hydride. The organic product of this
reaction is reacted with ethanoic acid in the presence of concentrated sulfuric acid, forming
product X.

What are major commercial uses of X?

1 fuel
2 solvent

3 flavouring

21. June/2021/Paper_12/N0.30
The molecular formula of Z is C4HgO.

The infra-red spectrum of Z is shown.

100

transmittance /%
504
O o o B L I S B B B S B S|
4000 3000 2000 1500 1000 500
wavenumber/cm™
What could be Z7?
A B C D

OH

O
\j\ /\)J\OH Z " 0H

12
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22. June/2021/Paper_12/No0.39

Which alcohols can be oxidised to form an organic compound which will give coloured
precipitates with both 2 ,4-dinitrophenylhydrazine reagent and alkaline aqueous iodine?

OH

Q

OH O

23. June/2021/Paper_13/No.21

Two carbon-containing products result from the reaction of alkene Z with a hot, concentrated,
acidified solution of potassium manganate(VII).

One product forms an orange precipitate with 2,4-dinitrophenylhydrazine reagent. The other
product is a gas which gives a white precipitate with aqueous calcium hydroxide.

Which alkene could be alkene Z7
A but-2-ene

B 2-methylpropene

C 2-methylbut-2-ene
D

propene

13
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24. June/2021/Paper_13/No.27

The diagram shows the structure of a compound formed by the reaction of HCN with a carbonyl
compound, X.

C4H9
H,C—C—CN
OH

What is the mechanism of this reaction and what is the functional group in X?

mechanism of reaction functional group in X
A electrophilic addition aldehyde
B electrophilic addition ketone
c nucleophilic addition aldehyde
D nucleophilic addition ketone

25. June/2021/Paper_13/No.28

26.

Compound Y is treated with a single reagent under suitable conditions. 2-methylbutanoic acid is
produced.

What could compound Y be?
A pentan-2-one

B 2-methylbutan-2-ol

C 2-methylbutanenitrile
D

methylpropanenitrile

June/2021/Paper_13/No.29
Two reactions are shown.

LIAIH,
— alcono
(CH,),CHCO,H lcohol P

hydrolysis
CH,CO,CH(CH;), — = alcohol Q + acid R

To which classes of alcohol do P and Q belong?

P Q
A primary primary
B primary secondary
C secondary primary
D secondary secondary

14
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27. June/2021/Paper_13/No.39
Three compounds, X, Y and Z, are shown.

X Y Z
C,HsCOCH; C,HsCHO CH3CO;H

Which statements about X, Y and Z are correct?

1 X reacts with alkaline agueous iodine.
2 Y reacts with Tollens’ reagent.

3 Z does not react with alkaline aqueous iodine.

28.  June/2021/Paper_22/No.4(d)
(d) Alcohol Y reacts completely when warmed with acidified Cr,O,* to form Z.

Z is distilled from the reaction mixture as soon as it is made.
Tollens’ reagent is added to a sample of Z and warmed. A silver mirror forms.

(i) Name the type of reaction that occurs when Y reacts to form Z.

(i) Identify with a tick (v') the functional group(s) present in Z.

functional group present in Z

aldehyde

ketone

carboxylic acid

[1]

15
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29. June/2021/Paper_23/No.4(b)

(b) Separate samples of 1,3-dichloropropan-2-ol and 3-chloropropane-1,2-diol are heated with
excess acidified Cr,O,% until there is no further reaction.

In each reaction, a different organic product, Q or R, is made.

1,3-dichloropropan-2-ol 3-chloropropane-1,2-diol
C C
— Q — R
HO HO
Ci OH

Q and R are tested separately with 2,4-dinitrophenylhydrazine solution, 2,4-DNPH, and
sodium carbonate solution, Na,CO,(aq).

Complete the table to give any relevant observations.

If no reaction occurs, write ‘no visible change’'.

reagent observation with Q observation with R

2,4-DNPH

Na,CO,(aq)

[4]

16
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Carbonyl compounds — 2022 June AS Chemistry 9701

1. June/2022/Paper_11/No.27
Which compound will react with LIAIH, to form two optical isomers?

A CH;CH,COCH;

B CHsCH,CH,CHO

C CH3CH;COCH,CHj3

D CH;CH(CH3)CH,COH

2. June/2022/Paper_11/No0.35
The skeletal formulae of two organic compounds are shown.

Y ~

OH )
Which reagents can be used to distinguish these two compounds?

1 alkaline Ix(aq)
2 acidified K,CroO7
3 2 A4-dinitrophenylhydrazine (2,4-DNPH reagent)

A 1,2and3 B 1and3only € 2and3only D 2only

3. June/2022/Paper_11/No.36

A carbonyl compound, X, reacts with HCN in the presence of NaCN to make a compound with
M; 85. Compound X does not react with Fehling’s reagent.

What is compound X?
A butanal

B butanone
C propanal
D

propanone

4. June/2022/Paper_12/No.34
Which reaction has a product that gives a yellow precipitate when treated with alkaline I>(aq)?

A 2-chloropropane is warmed with a dilute aqueous solution of sodium hydroxide.
B Ethanal is heated under reflux with acidified potassium dichromate(VI).

C Methyl ethanoate is heated under reflux with dilute sulfuric acid.
D

Propanal is reacted with NaBHys, followed by dilute sulfuric acid.
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5. June/2022/Paper_12/N0.36

Which compound forms a precipitate when mixed with 2,4-DNPH reagent and also forms a
precipitate when mixed with Fehling’s reagent?

A B C D
O
o)
Xo )Ol\
.__,-"'
>:/\o
o)
OH
O_

6. June/2022/Paper_12/No.37
Which reaction is a redox reaction?
A ethanenitrile heated under reflux with dilute hydrochloric acid
B ethanoic acid reacted with aqueous sodium hydroxide
C ethanoic acid reacted with sodium
D

ethyl ethanoate heated under reflux with dilute hydrochloric acid

7. June/2022/Paper_13/No0.26
Compound X contains an alcohol group and a carbonyl group.

compound X

/R(
0]
Which row is correct?
type of type of
alcohol group carbonyl group
A primary aldehyde
B primary ketone
c tertiary aldehyde
D tertiary ketone
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8. June/2022/Paper_13/N0.30
Limonene is found in lemon and orange oils.

limonene

What is the major product when limonene reacts with an excess of dry hydrogen chloride?

A B (o D
Cl Cl
Cl Cl
Cl
Cl
9. June/2022/Paper_13/No0.33
Structural isomerism only should be considered when answering this question.

Several compounds with molecular formula CsH3;O; have one carbonyl group and one OH group.

How many of these compounds produce yellow crystals with alkaline I>(aq) at room temperature?

A 2 B 3 Cc 4 D 5

10. June/2022/Paper_13/No0.36
A carbonyl compound has the structural formula CH;COCHO.

Which row is correct for the observations made when this compound is treated with the given

reagents?
2,4-DNPH reagent Fehling's reagent
A silver mirror red precipitate
B silver mirror orange precipitate
c orange precipitate silver mirror
D orange precipitate red precipitate



https://stemup.co.uk

11. June/2022/Paper_21/No.3(c, d)
(c) Fig. 3.2 shows two reactions of T.

/I\/\/l\/\o

reaction 1 reaction 2
S Q R
=
)\/\)\/\OH HOXA)\AO " ©
OH
Fig. 3.2
(i) Identify a suitable reagent for reaction 1.

....................................................................................................................................... [1]
(i) Identify the reagent and conditions needed for reaction 2.

....................................................................................................................................... [2]
(ifi) Suggest which product formed in reaction 2 has a higher yield. Explain your answer.

....................................................................................................................................... [3]

4
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(d) Separate samples of Q and R are added to separate test-tubes containing acidified K,Cr,0,(aq)
and heated.

Q R

></\./I\/\ o~
\O (@]

HO
OH

Fig. 3.3

(i) Predict the observations for each test-tube. Explain your answer in terms of the functional
groups present in Q and R.

(i) When PCI,(s) is added to separate samples of Q and R at room temperature, both react
vigorously.

Complete the equation shown in Fig. 3.4 to describe the reaction that occurs when R
reacts with PCI (s).

R

o + PCL, -
OH

Fig. 3.4
(2]

(iii) Suggest why samples of Q and R must be dried before PCI, is added. Include a relevant
equation to support your answer.
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12. June/2022/Paper_21/No.4(c)
(c) W, Xand Y have the same molecular formula, C.H,,0.

W, X and Y are added separately to different reagents. Observations for these reactions are
described in Table 4.1.

Table 4.1
+ 2,4-dinitrophenylhydrazine + alkaline I,(aq) + Fehling’s reagent and warm
w orange precipitate seen no change orange-red precipitate seen
X orange precipitate seen yellow precipitate seen no change
Y orange precipitate seen

(i) W, Xand Y each contain a common functional group.

Name the functional group that is present in all three compounds.

....................................................................................................................................... [1]
(if) State the formula of the yellow precipitate produced when X is added to alkaline I,(aq).

....................................................................................................................................... [1]
(ifi) W could be one of four structural isomers.

e Draw the skeletal formulae for two possible structural isomers of W.

e Describe the type of structural isomerism shown.

isomer 1 isomer 2
type of structural isomerism
[3]

6
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13. June/2022/Paper_23/No.3(b, c)

(c) K has molecular formula C,H.O.
When K is added to 2, 4-dinitrophenylhydrazine, an orange precipitate forms.
When K is warmed with Tollens’ reagent, a silver mirror forms.

Draw the displayed formula of K.

2]

7
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Carbonyl compounds — 2022 Nov AS Chemistry 9701

1. Nov/2022/Paper_11/No.28
Which pair of reagents react together in a redox reaction?

A CH3CHCH, + Bry

B CHiCH:CHOH + concentrated H3PO4
C CH;COCH; + HCN

D HCO,CyHs + dilute H,SO4

2. Nov/2022/Paper_11/No.29
The structure of santonin is shown.

santonin

CH,

CH, O
0

Santonin is first treated with warm dilute H2S0O4. The product of this reaction is treated with cold
dilute acidified KMnQjs. A final product, Q, is obtained.

How many atoms of hydrogen in each molecule of product Q will react with sodium metal?

A 2 B 4 Cc 5 D 6

3. Nov/2022/Paper_11/No.30
Compound R can be formed from 1-bromopropane using a nucleophilic substitution reaction
followed by an oxidation reaction.

What is the identity of R?
A propanoic acid

B propanone

C propylamine
D

propyl ethanoate


https://stemup.co.uk

4. Nov/2022/Paper_11/No.33
W reacts with alkaline I,(aq) to form a yellow precipitate and CH3CH>CO4 ions.

Which row identifies W and the yellow precipitate?

identity of W yellci:c\f;trittaiig];tate
A butanone CHI;
B butanone CHsl
c propancne CHI;
D propancne CHsI

5. Nov/2022/Paper_12/No0.35
The table shows a student’s predictions for the reactions of three compounds.

A

compound alkaline Fehling's Tollens’
Ix(aq) reagent reagent
key
1 \/O v v v / = reaction occurs
X = no reaction
O
2 )|\ v X X
0]
3 X X X
Which rows show the correct predictions?
1,2and3 B 1and2only € 1and3only D 2and3only

6. Nov/2022/Paper_12/No.36
Which mechanism describes the reaction of aldehydes and ketones with HCN + NaCN?

A

B
cC
D

electrophilic addition
electrophilic substitution
nucleophilic addition

nucleophilic substitution
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7. Nov/2022/Paper_12/No.38
The ester CH3CH2CO,CHj3 is hydrolysed by boiling with aqueous sodium hydroxide.

Which compound is one of the products?
A ethanol

B propan-1-ol

C sodium methanoate

D

sodium propanoate

3
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8. Nov/2022/Paper_21/No.5(a)
Lactones are cyclic esters. Under suitable conditions, lactones form from molecules that have both
an alcohol and a carboxylic acid functional group.
Equation 1 shows an example of the formation of a lactone.

a lactone

Q 0
OH
equation 1 —_— O+ H,O
OH

Fig. 5.1 shows the synthesis of lactone P from compound M.

M 5-hydroxyhexanoic acid

hot concentrated 0 OH
acidified KMnO,(aq) NaBH,
= N = — P
reaction 1 reaction 2 HO reaction 3
Fig. 5.1

(a) (i) M reacts with hot concentrated acidified KMnO,(aq) to form N, C;H,,O,, in reaction 1.

Draw the structure of N.

(11

(ii) N is reduced by NaBH, to form 5-hydroxyhexanoic acid in reaction 2.

Construct an equation for reaction 2 using molecular formulae.

In the equation, use [H] to represent one atom of hydrogen from the reducing agent.

....................................................................................................................................... [1]
(iii) Reaction 2 is a nucleophilic addition.

Suggest why reaction 2 creates a mixture of two organic compounds.

....................................................................................................................................... [2]

4
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(iv) Draw lactone P, the product of reaction 3.

(1]

5
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Carbonyl compounds — 2023 AS Chemistry 9701

1. Nov/2023/Paper_9701/11/No.30
B-carotene is responsible for the orange colour of carrots.

B-carotene

B-carotene is oxidised by hot, concentrated, acidified KMnQO,.

When an individual molecule of B-carotene is oxidised in this way, many product molecules are
formed.

How many of these product molecules contain a ketone functional group?

A 4 B 6 c 9 D M

2. Nov/2023/Paper_9701/11/No.31
1,1-dichloropropane reacts with agueous sodium hydroxide in a series of steps to give propanal.

NaOH(aq)
CH,CH,CHCl, —* CH,CH,CHO

Which term describes the first step of this reaction?

A addition
B elimination
C oxidation

D substitution

3. Nov/2023/Paper_9701/11/No.36
Which compound will produce a yellow-orange precipitate when added to 2,4-dinitrophenylhydrazine?

A B C D
0]

shc oot

1
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4. Nov/2023/Paper_9701/11/No.37
Ethanal, CH,CHO, undergoes an addition reaction with HCN in the presence of CN™ ions.

Which row identifies the type of reaction and the name of the product formed?

type of reaction name of product
A electrophilic addition 2-hydroxypropanenitrile
B electrophilic addition 2-hydroxyethanenitrile
Cc nucleophilic addition 2-hydroxypropanenitrile
D nucleophilic addition 2-hydroxyethanenitrile

5. Nov/2023/Paper_9701/12/No.35

Heating compound X, C,H,,O,, under reflux with an excess of acidified potassium dichromate(VI)
produces compound Y.

Compound Y produces hydrogen gas with sodium metal and forms orange crystals with 2,4-DNPH

reagent.
What could X be?
A B Cc D
CH,OH OH CH, OH (CH,),C(OH)CH,CH,CH,CHO
CH,
CH,OH
OH OH

6. Nov/2023/Paper_9701/12/No.36
Which reaction takes place by a nucleophilic addition mechanism?

A

B
c
D

propene reacting with hydrogen bromide
2-bromopropane reacting with sodium hydroxide in ethanol
propanone reacting with hydrogen cyanide

methane reacting with chlorine

2
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7. June/2023/Paper_9701/11/No.33
Which reagent:

* can confirm the presence of a carbonyl group in an organic compound

*» does not distinguish between aldehydes and ketones?

acidified K,Cr,0;
2,4-DNPH reagent

Fehling’s reagent

o 0o W »r

LIATH,

8. June/2023/Paper_9701/11/No.34

Which compound gives a positive test with alkaline aqueous iodine and does not show optical
isomerism?

A CH,COCH,CH,OH

B CH,CH,CH(OH)CHO
C CH,COCH(OH)CH,
D  (CH,),C(OH)CHO

3
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9. June/2023/Paper_9701/11/No.35

Two samples of compound X were treated separately with different reagents which were added in
excess.

The products of these two reactions are shown.

OH O

reaction 1
OH O / 0
O
compound X OH OH

reaction 2

OH

Which reagents could be used for reaction 1 and reaction 27

reaction 1 reaction 2
A | hot acidified sodium dichromate(VI) Na
B | hot acidified sodium dichromate(VI) NaBH,
C |Tollens’ reagent followed by HCI(aq) Na
D |Tollens’ reagent followed by HCl(aq) NaBH,

10. June/2023/Paper_9701/12/No.34

Compound G gives a pale yellow precipitate with alkaline I,(aq).
What could be compound G?

A pentan-1-ol
B pentan-2-ol
C pentan-3-ol
D 2-methylpentan-2-ol

4
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11. June/2023/Paper_9701/12/No.35
The mechanism for the reaction between ethanal and hydrogen cyanide starts with the step shown.

H
1Y
\
L
CN-

What is the correct structure of the intermediate ion formed, and what is the next step in this
mechanism?

A B C D
||
H—C—C|3—H H—clz—clz—H H—c—c::—H H—c::—c::—H
H C H C H C H C
I | I I
N N N N

12. June/2023/Paper_9701/12/No.36
Which compound reacts with 2 4-dinitrophenylhydrazine reagent but does not react with Tollens’
reagent?

A CH,COCO,H
B CH,CH(OH)CHO
C CH,COCHO

D CH,CH(OH)CH,

13. June/2023/Paper_9701/12/No.37
Compound X has sterecisomers and forms a precipitate when warmed with Fehling’s reagent.

What could be the structure of compound X?

B C D

O

5
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14. June/2023/Paper_9701/13/No.33

T is an organic compound which contains 66.7% by mass of carbon. T also contains one atom of
oxygen per molecule.

T reacts with alkaline I,(aq) to produce a yellow precipitate.
What is T?

A methylpropan-2-ol
B butan-2-ol
C butanal
D

butanone

15. June/2023/Paper_9701/13/No.34

Which statement about butanone is correct?

Butanone can be dehydrated by concentrated sulfuric acid to give CH,=CHCH=CH,.
Butanone gives a positive result with Tollens’ reagent.

Butanone reacts with HCN by an electrophilic addition mechanism.

o O W r

Butanone reacts with NaBH, to give a chiral product.

6
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16. June/2023/Paper_9701/22/No.5(b, c)

(b) A and B are structural isomers with molecular formula C;H,,0.
They are both straight-chained molecules with only one functional group.

Table 5.1 describes observations when separate samples of A and B are added to different
reagents.

Table 5.1

reagent A B

2,4-dinitrophenylhydrazine

(2.4-DNPH reagent) orange precipitate appears | orange precipitate appears

Tollens’ reagent silver mirror appears no reaction

alkaline I,(aq) no reaction no reaction

(i) Name the functional group present in both A and B.

(ii) Draw the structures of A and B in the boxes.

A B

(2]

7
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(c) C is a structural isomer of A and B.
C is straight chained and has two functional groups.
C shows only one type of sterecisomerism.

Table 5.2 describes observations when separate samples of C are added to different

reagents.
Table 5.2
reagent C
2,4-dinitrophenylhydrazine .
(2,4-DNPH reagent) no reaction
Br,(aq) orange to colourless
alkaline I,(aq) yellow precipitate appears

(i) Draw the structure of C in the box.

[2]
(i) Name the type of stereoisomerism shown by molecules of C.

- 1]

8
STEMUP.CO.UK


https://stemup.co.uk

17. June/2023/Paper_9701/23/No.6b(l _iii)
(b) CH,CHO is used in a two-step synthetic route to form W, as shown in Fig. 6.1.
In step 1, CH,CHO is heated with HCN in the presence of KCN.

W
step 1 step 2
CH,CHO ——— CH;CH(OH)CN ————® CH,=CHCN

Fig. 6.1

(i) Name the mechanism for the reaction in step 1 in Fig. 6.1.

(i) Complete Fig. 6.2 to show the mechanism for the reaction in step 1.
Include all products, charges, dipoles, lone pairs of electrons and curly arrows, as

appropriate.

Fig. 6.2
[3]

(ili) Suggest a suitable reagent and conditions for step 2 in Fig. 6.1.

9
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18. March/2023/Paper_9701/12/No.26

Which reagents and conditions would result in the formation of butanenitrile, CH,CH,CH,CN?

A 1-bromobutane heated under pressure with ammeonia in ethanol

B 1-bromopropane heated with potassium cyanide in ethanol
C propanal heated with hydrogen cyanide in the presence of potassium cyanide

D propanone heated with hydrogen cyanide in the presence of potassium cyanide

19. March/2023/Paper_9701/12/No.34
Structural and stereoisomerism should be considered when answering this question.

P has molecular formula C;H,,0.

P produces an orange precipitate with 2,4-dinitrophenylhydrazine (2,4-DNPH reagent)
How many isomeric structures does P have?

A 5 B 6 c 7 D 8

10
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20. March/2023/Paper_9701/22/No.3(b)
(b) A and B show reactions typical of aliphatic aldehydes.

(i) A undergoes a nucleophilic addition reaction with a mixture of HCN and KCN, forming

compound C.
Complete the diagram to show the mechanism for this reaction.

Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate.

Draw the structure of the organic intermediate.

A o
ﬁ OH
o — > — > H—C—C.H
H” NCyH, e
CN

(ii) Table 3.1 shows information about three experiments involving B.

Complete Table 3.1.

Table 3.1
experiment reagents observation with B
1 solution turns from orange to green
5 a silver mirror forms on the sides of

the reaction vessel

3 Br,(aq)

(iii) B, C,HZO, is oxidised by acidified potassium manganate(VII).

(4]

(3]

Complete the equation for this reaction. Use [O] to represent one atom of oxygen from

the oxidising agent.

CuHEO # e

11
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(iv) C is a chiral molecule.

Circle any chiral centres in the structure of C shown in Fig. 3.2.

c

I
o—0—0
I—{L—I
I—{g—I
I—(Ij—I

E

Fig. 3.2

12
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