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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 0
| X
H H
X
0 2
(b) Hydroxyethanal reacts separately with 2,4-dinitro razine (2,4-DNPH) and with Tollens’

reagent.

State what you would observe in each re Q

reaction with 2,4-DNPH ................. é ............................................................................
reaction with Tollens’ reageqntoQ[z]
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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
VAR
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.
(ii) Identify a reagent for this reduction reaction.
(iii)

ions.

Name A.

z ....... 1]
(CH,OH), also forms when an alkene A reacts with cold, dilute, acbb ganate(VII)

[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
N _/
B c=C
/
H,C CH,
H,C H
N /
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.,.
CH,C*(H)(CH,CH,) and H,C*CH,C

(i) Identify W as compound

?‘]'PapaCambridge
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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.

(d) Alcohol Y reacts completely when warmed with acidified Cr,O,% &}Z.
Z is distilled from the reaction mixture as soon as it is ma
Tollens’ reagent is added to a sample of Z and war ver mirror forms.

(i) Name the type of reaction that occurs w@és to form Z.
(1]

(i1) Identify with a tick (v') the functic yroup(s) present in Z.

present in Z

arboxylic 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.

(i)

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,).
structure of P, oo e

Structure Of P

eXPlanation ... (\

e phosphc oru
(s Q
@ red

tion pathway diagram to show the formation of red
rus (P,).

Red phosphorus (P) forms when whit

(P,) is exposed to sunlight.
1P, AH =-17.6kJ mol™

Use this information to dr
phosphorus (P) from

\

progress of reaction

(1]

T"i'.’PapaCambridge
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(b) Some reactions of P,(s) are shown in the reaction scheme.

excess Cl,(g)

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

(i) State the oxidation number of phosphorus in P,O,,.
(if) Deduce the identity of Q and hence construct chemical equations for re
reaction1 PCI, +

reacton2 PO, +

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

triphenylphosphi®

(i) Give the empiri of triphenylphosphine.

331
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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 R®

triphenylphosphine
)I\ + Rz/\I ipheny’phosphine |
strong base
1

R

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. I\

(iii) Draw the structures of G and H in the )@
G

oducts formed when compound J, shown below, is heated with hot
ed manganate(VII) ions.

(2]

L 2
(d) |<£a'mﬁ?9the

concéntrated

hot concentrated MnO,~
P H,SO, i

(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 (a) b o@st one other carbon atom, as shown.
HSC"I,, \ 3
Hsc/ a "CH,

(i) On the diagram, draw at represent the pi (1) bond that is also present in T.

(1]
(ii) State the hybri he two carbon atoms between which the pi (1) bond forms.
‘:g ....................................................................................................... [1]
4;0

(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 U \'

\_/ reaction 1_‘ HQ OH reaction 2_‘ |
/ \ ] M catalyst B /\fo

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

?"t.’PapaCambridge
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CHAPTER 17. CARBONYL COMPOUNDS

(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 0

Some reactions of V are shown.

0‘?%

reaction 4

Y
reaction 5 reaction 6
OH —— —_—
dehydration addition
polymerisation

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

State what you would observe in reaction 3.

“,.’PapaCambridge
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(ii) Reaction 3 is a redox reaction.

Identify which of the reactants is reduced in this reaction.

(iii) Construct an equation for reaction 4.

335

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

(iv) Xis a mixture of two optical isomers.

Draw the two optical isomers in the boxes provided.

(v) Both optical isomers of X can be dehydrated to form
Give the reagent(s) and conditions required for re

(vi) Y can form an addition polymer Z. o

Draw one repeat unit of Z.

Q°Q0

ii) Reaction® d
vii eacygao

Suggest \'Nhy thi e case.

ed quickly at room temperature.

(2]

(1]

[Total: 17]
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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 —» 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-dinit@l drazine is added to P.

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

Explain why.

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

(v) W xcess aqueous ethanoic acid in the presence of a catalytic amount

actions take place to form compound R.

R
COOH

HOOC—C—O0OCOCH,

COOH

Identify the two types of reaction that occur.

T"i'.’PapaCambridge
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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.

s:@oglycerine TS g [3]

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

Q"’Q

total volume of gas = .........cc.ccooeeiee. dm?® [1]

?‘]'PapaCambridge
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CHAPTER 17. CARBONYL COMPOUNDS

(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

H
~Z H
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 befo added to soft drinks.

Complete the mechanism for the ad 0 4-pentenoic acid.

o Include the structures of the Qe and the product of the reaction.

e Include all charges, partlal lone pairs and curly arrows.

In the mechanism, R has b d to represent (CH,),COOH.

Br
(4]

E‘,.’PapaCambridge
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(d) Areaction of another unsaturated carboxylic acid, T, is shown.

T u
CeHis CeHyg

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)

?’Q'PapaCambridge
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(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.

(b) Ci(g) can be made from Cl,(g). 0(

(i) Describe the conditions required for this process.

(ii)

(c) ()

(ii)

T"i'.’PapaCambridge
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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.

(i) Circle the more stable intermediate ion drawn in (d)(i). Explain y

[Total: 12]

?’Q'PapaCambridge



“1PPapagambridgs,.

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 wi

(ii) Write the equation for the reaction of PCI, with excess wat*\

(ifi) Estimate the pH of the resulting solution.

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

.

hown.

using PCl,
OH ———™ Cli
HO Cl

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

A possible synth
D 4
o &
*® o
HO
OH

“,.’PapaCambridge
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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.

o (2]
(iii) T is a minor product in the reaction of compound S with excess HCL q
S ‘\
AN A
Draw the structure of the major product of the reacti with excess HCL.
[1]

?‘j_']'PapaCambridge
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(d) NCL, is a yellow liquid that can be used to bleach flour.

(i) Predict the shape of the NCI, molecule and the CI-N-Cibond angle.

] 0= o 1Y
(o] e =1 3T | [= TSP URRPRN
(2]
(ii) NCI, reacts with water to form HOCI, a weak Brgnsted-Lowry acid.
Explain fully what is meant by the term weak Brensted-Lowry acid.
...................................................................................................................... @ - [2]
(iif) NCI,(l) decomposes according to the equation shown. Q
2NCI(l) — N,(g) + 3CL(g) @ b

A sealed container of volume 250cm?® contains an un e gas at a pressure of
1.00 x 10° Pa. 0

0.241g of NCIi,(I) was injected into the sealed con r.

The sealed container was heated to make decompose fully and then cooled to
20°C.
Calculate the final total pressure insj aled container at 20 °C after the NCI,(I) has

fully decomposed.

Q""'Q

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

[Total: 17]
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141. 9701_s19_qp_21 Q: 4

The structure of compound Y is shown.

H H

H
N | B/

Cl—C—C==C

(a) Give the systematic name for Y.

.............................................................................................................................................. [1]
(b) Predict the values for the bond angles a and b shown in the diagram. 0
= SRR q
B oo P b
*\ 2]
(c) When Y reacts with cold, dilute, acidified manganate(VI Qmpound Z is produced.
z
O
Cl ;
(i) State the molecular formula of 0
......................................... @ S PSP RROURRRRRURRURR it I
(ii) Name the type occurring when Y is converted into Z.
...................................................................................................................... [1]
(i) Alcﬁ@ls ied as primary, secondary or tertiary.
L o4 o
Identify with 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 0

alkaline solution of iodine

‘eﬂ

sodium metal

(8]

0 [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.

.................................................................................................................... 0 [11
(b) Two reaction sequences are shown. Q
CH, o ‘\
|/ NaBH,
H,C—C—C _— S
| \  reaction3 0
CH, H

[O] | reaction 1

o’a’ u

?‘]'PapaCambridge
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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.

....................................................................................................................................... [3]
(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,. 0
........................................................................................................... q [1]

(iv) Draw the structure of the organic molecule T that reacts with A,
to form U.

Suggest a catalyst for reaction 2. 0

O,H, in reaction 2,

catalyst

(2]

?‘]’PapaCambridge
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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 @nd Y with
2,4-DNPH. [1]

(ii) Identify the functional group present in Y that causes the r servation with
Fehling’s solution. L J

....................................................................................... N, \ [1]
(ifi) Y has a chiral centre and exists as a pair of optic Q

State what is meant by the term chiral centre:

(iv) Draw the optical isomers of @e conventional three-dimensional representation.

Q

\b 4
R

[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.

Q( i
(vii) X contains a carbonyl group. X reacts with HCN, i sence of a small amount of

NaCN, to form (C,H.),C(OH)CN as shown.

X + HCN — (Cza@N

Draw the mechanism of the reaction o

e Draw the structure of X and
e Include all charges, parti

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 re h 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

Q""'Q

D 4
* 0
g 1
(i) Draw the displayed formula of the anion present in calcium ethanedioate.
(2]

T"i'.’PapaCambridge
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(c) Calcium chlorate(I), Ca(Ci0Q),, is used as an alternative to sodium chlorate(I), NaC!O, 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.

(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- —» 2CI + CIO,

oxidation number +1
of chlorine:
* [1]

(iv) Interms of electron transfer, state what happens to the chlo@e reaction in (iii).

(d) Calcium lactate is used in some medicines. It form
reacts with calcium carbonate.

ctic acid (2-hydroxypropanoic acid)

H H

CO,H
lactic acid

ucts of the reaction of lactic acid with calcium carbonate.

(i) Identify the two

T"i'.’PapaCambridge
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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 —(|3—H
COH
OH (I? / lactic acid
reaction 3 i
H,C—C—H i . /C\ reaction 4
H,C CO,H

CHZOH 0

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

reaction reagents and conditions |$
3 (}
[4]

(iii)
.................................................................................. [1]
(iv)
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,.

355

(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.

(b) There are two structural isomers of W that are also carbonyl compounds.

Draw the structures of these two isomers of W.

Two reactions of W are shown.

CH,COCH,CH, —22°t2

Q’b

(c) (i)

(ii) Identify the reagent for reaction 1.

Identify the type of reaction occurring in reaction 1.

.................................................................. [1]
.................................................................. [1]
O\i >

(2]

CH,CH(OH)CH,CH,
.................................................................. [1]
.................................................................. [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.

(ﬁ OH
w /C\ /CH3 —_— e HSC_C_CHZCHS
H,C CH,
CN
CN- X
[4]
(ii) State the name of the type of isomerism shown by X. Q

?‘]'PapaCambridge
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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. q
Deduce the molecular formula of Y. You must explain your re$30
[1]
[Total: 16]
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145. 9701 w18 qp 22 Q: 4

The diagram shows a reaction sequence starting from ethanal.

H
] 7" |
HCN and NaCN H,S0O,(aq) H C
C > = HC—C—H ——— . F
H C/ \H reaction 1 reaction 2 3 | reaction 3 (|3 CO,H
’ CO,H &
ethanal
Q R
lreaction 4
|
C
Hc” CcoH z
S
(a) (i) Draw the displayed formula of P. ‘\

00 (1]

(ii) Name the type of chemical rea@at occurs in reaction 3.

(ifi) Write an equatiol @nt eaction 4.

Use [O] to e oxidising agent.

?‘]'PapaCambridge
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(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.

<
.\&")
O

addition intermedi aOH(aq)

o

polymerisation poly

Draw one repeat unit of W. :50

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

Y

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
| \
C®\ ®/C —C—CH,
e
H,C CH, H H
intermediate | intermediate Il

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

(ii) When intermediate | forms, the product of the first ste

Complete the diagram to show the mechanism fi nversion of Zto T.
Include all relevant charges, partial charges, CE s and lone pairs.

z CI T
H @ y
——» H,C—C—CH,

~ —_—
CH3 Q \CH3 |
Q‘a Br

(3]
S ¢
(iii) 'I‘cfan’&en b ed to 2-aminopropane.
®
T
H H
NH,
H,C—C—CH, H,C—C—CH,
ethanol
Br NH,
2-aminopropane
Name the mechanism for this conversion.
....................................................................................................................................... [1]
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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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CHAPTER 17. CARBONYL COMPOUNDS

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.

(iii)

(b) R contains two differ
R reacts with cold,

na: groups, one of which is an alkene group.

ified manganate(VII) ions to form propane-1,2,3-triol.

H H H
P 5 |
A g HO—C—C—C—OH

H OH H

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.

................................................................................................................. 2. .
O

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

(i) Name P and Q. O

(ii) Identify the yellow precipitate forme eaction of Q with alkaline aqueous iodine.

........................................... lp (1]

(d) P and Q each react wi anide to form a single product.
The product formed f ts as a pair of optical isomers.
The product formed es not exhibit optical isomerism.

Iai?the
® 0‘
@

e term optical isomers.

(i) Exg
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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.

0 [3]

[Total: 19]
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Over one million tonnes of hydrogen cyanide, HCN, are produced each year using the
Andrussow process. The overall equation for the reaction is shown.

(@ (i)

(ii)

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

Draw a dot-and-cross diagram to represent the bonding in a molecule of ammenia, NH,,
and state the shape of the molecule.

shape of molecule ...

p O
\ [3]

A molecule of hydrogen cyanide, HCN, is shown. 0&

H—C=N

The bonding between the carbon and nitr: @\ consists of one sigma (o) bond and
two pi () bonds.

Sketch the shape of the sigma bon of the pi bonds in the space below.
Show clearly the position of the clei in each diagram.

Q’a'

sigma (o) pi (7)

[2]

365

?‘]’PapaCambridge



"
] o
-"P :er acambrldge CHAPTER 17. CARBONYL COMPOUNDS

(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.

....................................................................................................................................... 2]

(c) The process uses a platinum catalyst, which increases the rate of reactio 0
am to explain how

Sketch a Boltzmann distribution on the axes given below and use oﬁ

the platinum catalyst increases the rate of the reaction. \

A

number of o
molecules

molecular energy

?‘]’PapaCambridge
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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.

(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
H,C - \CH s — E——
“CN
[3]
[Total: 17]

?‘j_']'PapaCambridge



"
] o
-"P :%p acambrldge 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

1 reaction 1

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

propan-1-ol
J reaction 2

O OH

CH.CH.C—H reaction 5 CH
—_ -
=2 NaCN/H*

0\
(a) Reactions 1 and 2 can both be carried out using the same rei&.

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

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

(b) Identify the nece8sary 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.

(:Hﬁ,(:q2 OH
C=0 — —— CH,CH,—C—CN
/ |
H H
NC"

[4]
The product of reaction 5 exhibits sterecisomerism.

(ii) Draw the two sterecisomers in the conventional way.

0* (2]

(iii) Suggest why a mixture of the two stereoisom% med by reaction 5.

[Total: 13]
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A sequence of reactions is shown starting with an alcohol, C,H,OH.

reaction 1 reaction 2
CH3CHZCOZH - C3H7OH e CH3CHZCHO

reaction 3
P

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

(b) State the reagents and conditions needed for reaction 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 Cl-  oCH, “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. 0

addition substitution oxidation eliminatign b

hydrolysis condensation reduction \

(i) Name the type of reaction involved when Tollens’ reag@ed to identify an aldehyde.
................................................ [1]
(ii) arbonyl group using 2,4-DNPH.

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

(iii)
.............................................................................. [1]

(iv)
.............................................................................................. [1]
[Total: 6]
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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 = ...........cccccco..... al mol~" [3]

(b) The product of this reaction shows sterecisomerism as it contains& cé

produces an equimolar mixture of two optical isomers.
(i) Explain the meanings of the terms sterecisomerism &entr’e
stereoisomerism Y

?‘]’PapaCambridge
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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
H,C—C —_— —_— Hac—('l.:—H +
OH

H—C=N

[3]

(ii) With reference to your mechanism in (i), explain the role of the NaCN in this reaction.

[Total: 12]
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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

b <
N\
0&

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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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

Q B3]
(ii) Name the type of structural isomerism shown by A and B. Q
........................................................................................... ®,. AR |
(ili) State what you would see when a sample of A is warl &}ollens’ reagent.
............................................................................ 6 [1]
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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 stereocisomers of E and label the
stereoisomerism shown.

D

[3]
(ii) Identify the gas produced durin@acﬁon of each of these isomers with sodium metal.

(c) Ancther compound contains the same functional group as A.
Give eglh%ns

ions of G with each of acidified potassium dichromate(VI) and
sodium t%thydri
®

NaBH,, using [O] or [H] as appropriate.

(i) reaction with"acidified potassium dichromate(V1)

CHO + e B TSRS [1]

(ii) reaction with NaBH,
CHO + e, B TSRS USSR [1]
[Total: 13]
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