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Answer all questions in the spaces provided.

-]

This question is about the reactions of alkanes.

1] Alkanes can be used as fuels. hydcaton b Oryden ¥ (afore dixgde b \Welees

-

Give an equation for the combustion of heptane (C7Hi6) in an excess of oxygen.

c,He +110, 37C0, +Q K0

g

0 . Heptane can be obtained from the catalytic cracking of hexadecane (CisHz4) at a high
temperature.

Identify a suitable catalyst for this process.
Give one condition other than high temperature.

Give an equation for the catalytic cracking of one molecule of hexadecane to produce
one molecule of heptane, one molecule of cyclohexane and one other product.

Catalyst Zeslive (,Awmszw.b
Condition Mm\.@ld«, Rlessese ("S b‘fﬂb
\

Calen
Equaton (g \‘\'5"\ b / C7 H‘g NN wt C3 He

0]1 . Alkanes can be used in free-radical substitution reactions to produce
halogenoalkanes.

Give equations for the propagation steps in the reaction of butane to form
2-chlorobutane.

CL' 1 CHy i, A M, = (M, 0(A*\ W, + HA

L OAOL G, ¥ (L, P CRaCACL O, Gy & (L
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01 . Chlorofluorocarbons (CFCs) are a group of halogenoalkanes currently banned in
many countries. They cannot be used as solvents or refrigerants because of their
effect on the environment.

The structure of a CFC is shown.

ClL Cl
-
F—C—C—F
Cl F
Identify the radical produced from this CFC that is responsible for the depletion of
ozone in the atmosphere.

Explain, with the aid of equations, why a single radical can cause the decomposition
of many molecules of ozone.

Radical L -0
epanaion CU 4 0, > CLO: ¥ O, -®
- +0, 220, + (L--O
(O (esmdoh.\,)'ww ae on o (oo (ol -0

10
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0|2] Halogenoalkanes are useful compounds in synthesis. A reaction pathway is shown.
Reaction 1
CH2(OH)CH(CH3)CH-Br _ CHo(OH)CH(CH3)CH:OH
NaOH
l Reaction 2
Reaction 3
Compound Z «— Compound Y
C4Hs0;
W " "
[0]2].[1] Give the IUPAC name for CHx(OH)CH(CH3)CH:Br up<— < ==~ %¢
y "
b My

3- L(omo -’)_vmcﬂitp(orm -1~ ol

Reaction 1 occurs via a nucleophilic substitution mechanism.

‘ Explain why the halogenoalkane is attacked by the nucleophile in this reaction.

Emme, VS ety dak(m%.kwo Vo (olbon

The Glon sacn @ IPAY%{“%N@

The (one l‘hw( on bhe (\w.kcgfme W odtared, \as Une Goshon adom.
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0]2 . The infrared spectrum of Compound Y shows a significant absorption in the range

“¢z0
Draw the displayed formula of Compound Y. o
r' ‘ ra
| M- C -H
b C -H
n
' | ? 0\‘ ! -0
- -
Ww-¢ -¢ - C -ov ? ,C "(j C\H
.‘4 ",‘ :4 (eobion 7— g M
0|2 iri
.[4] Compound Z has the empirical formula CsHsNO "
Give the structure of Compound Z. w-¢-Y
Suggest the reagent for Reaction 3. S («/’o
Totened Tom WL Th
Structure
H
n
)
w h-¢-V
N /“
L
N:(,-(,~Cvc-6§\\/
) | (
h h M

Reagent for Reaction 3 KLN 0"(\5“ (h/'\'lvke M'\,J"

Turn over »
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0]3] The oxidation of propan-1-ol can form propanal and propanoic acid.
The boiling points of these compounds are shown in Table 1.
Table 1
Compound Boiling point/°C
propan-1-ol 97
propanal 49
propanoic acid 141

In a preparation of propanal, propan-1-ol is added dropwise to the oxidising agent and
the aldehyde is separated from the reaction mixture by distillation.

0 ‘ 3 . Explain, with reference to intermolecular forces, why distillation allows propanal to be
separated from the other organic compounds in this reaction mixture.

A1

The Wf\« wnbespilenl o orees un \P(ogol\a’v g(e L’»fduvxvgdu
Corees,

9oL i acl e bookieg .
The  Wn\eqpulepdad &M\n\amk ot Weaknd 50 Uk eapocabes
Gico\
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0 ‘ 3 . Give two ways of maximising the yield of propanal obtained by distillation of the

reaction mixture.

1 Coa\bua bhe Clegdon Vesseh

2 M Whe ‘«mgu’ok»w o 47°C

0 ‘ 3 . Describe how you would carry out a simple test-tube reaction to confirm that the

sample of propanal obtained by distillation does not contain any propanoic acid.

A&L S«llm ‘\3&%%%& o bhe %umi"(e
EM@M Goakam e ("M@«m (o O &

Question 3 continues on the next page
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0]3 . A student carried out an experiment to determine the enthalpy of combustion of
ethanol.

Combustion of ._. _ of ethanol increased the temperature of ! f water from

Calculate a value, in kJ mol™, for the enthalpy of combustion of ethanol in this
experiment.
Give your answer to the appropriate number of significant figures.

(The specific heat capacity of wateris ~ _ )
0\'-—«\ AT
AT-UOL - 5.1 150°C= 15K

9, 150 x 4% x 154 < 4461.7 )
-q.qc778 O

M 0 Us7 -3
N T a6 0

Le -qy\-(?? ,
O Ane T AR At

1
(1) + (1) <16 2-453 kdaul”

[0

Enthalpy of combustion__— q 53 kJ mol=
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0|3 . A mixture of isomeric alkenes is produced when pentan-2-ol is dehydrated in the
presence of hot concentrated sulfuric acid. Pent-1-ene is one of the isomers
produced.

Name and outline a mechanism for the reaction producing pent-1-ene.

Name of mechanism EUm'snaKw(\

Mechanism vl
now now

' ' _ \4;&/'“
M MM, = C- R R RZ N/ NEEARRLE Y UL CR&

)

<
v | W W
o " Gy

W - H’O‘w V40

0/3|.[6] Apair of sterecisomers is also formed in the reaction in Question 03.5.

. 2
Name the less polar sterecisomer formed. N /!

Explain how this type of sterecisomerism arises. C

¢!

v

( -
\E

Name E- ?m\r.;-mg

Explanation C=€ bend G tokeke ot \heq ot w\hvrb
Subtraeds On eadh (odwn n Ve (=C

16
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0|4 Compounds A and B react together to form an equilibrium mixture containing
compounds C and D according to the equation

2A + B = 3C + D

04 . A beaker contained ofa’ "~ aqueous solution of A.
of B and mol of C were added to the beaker and the mixture
was left to reach equilibrium.
The equilibrium mixture formed contained ' of A.

Calculate the amounts, in moles, of B, C and D in the equilibrium mixture.

NCwV N /@
-0.16 x0.04 - M k= a P Ll

3 Y 7 Moles (eochel ke b a he
3‘(1 Y'd - 6«"')(‘6 - L3¢ Cqpration D
)

v > *3
s 200 - R = LS el
2 . @
oB =45yl = L2500 e 825 el -
ol =260 43 (Jm,g W) = 0.6318 mb~@

aD = 0 & 1AS™ o \asHT el ()

-
Amount of B & "7—5 ‘(‘0 mol
Amount of C 0. 0%] %

-
Amount of D ‘.-7-5\/"5 mol

mol

3 .
|:<.']3 o) ( Mol AeS) X e’
Ke = ry —_— »
CA1 L8] (eratda™) y o™
ekl ~204D
(ooans LAY A<=

o
Units matelm

0 ‘ 4 . Give the expression for the equilibrium constant (Kc) for this equilibrium and its units.
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0|4 A different equilibrium mixture of these four compounds, at a different temperature,

ontalned , of B, of Cand! of D in a total volume of
of solution.
At this temperature the numerical value of K. was _ 'Z' g P S' .

Calculate the concentration of A, in mol dm=3, in this equilibrium mixture.
Give your answer to the appropriate number of significant figures.

L3
Cc3 o) o
K < g(/}/ C:V E]‘Luvo,“llmk
< o ced s iitem \zss
SR VRY Prg s B PR R PE

C o) \u6d |
O O PRI

Concentration of A 0 ’ )7 mol dm=

0 ‘ 4 . Justify the statement that adding more water to the equilibrium mixture in
Question 04.3 will lower the amount of A in the mixture.

eiyedr - Wm-' Cerbs
7 The Lontenknkions n he Mrdore Wil decrecre.

%X)_Q?f&e_@dm%g‘ QJ’\M‘M

(v’ﬂm
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0 \ 5 Bromate(V) ions and bromide ions react in acid conditions according to the equation
BrO; (aq) + 5Br (aq) + 6H (ag) — 3Brz(aq) + 3H0())

m . A series of experiments was carried out at a given temperature. The results were
used to deduce the rate equation for the reaction.

- + 2

Table 2 shows an incomplete set of results.

Table 2
. Initial [BrOs] | Initial [Br] | Initial [H'] Initial rate of
Experlment / mol dm=3 / | dm=3 /mol dm=3 reaction
0 mol dm / mol dm=—3s™
1 0.10 0.20 0.30 2.4 x 1072
2 0.8 0.20 0.30 3.6 x 10
3 0.20 0.40 0.50 O 16
4 0.10 0.10 0 4€ 2.7 x 1072

Use the data from Experiment 1 to calculate a value for the rate constant, k, at this
temperature and give its units.

Give your answer to an appropriate number of significant figures.

K= foke - TMyer -
=39 N

;1B 01 X02x03 s ‘
it LA, Mob’soLm”‘ 5

D e” )
MOL AJ"\ L T - “A N
- ; D - b\l Lh
othe Dx il (e ) ™

{

P -
k \% Units MQ\ M‘\S \

0[5 [2] Complete Table 2.

Space for working

_ - [3 Y b=
R DI ISP A 1®AWT Oid- | y:y[_sw"]Lpd
O TwAC J[Hﬂ W3 % 0. x0-1 ¥0.5% 1,7~,\:”‘
. + i /
%X 1334 s@-‘v‘e
=65

Question 5 continues on the next page
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0]5 . A second series of experiments was carried out to investigate how the rate of the
reaction varies with temperature.
The results were used to obtain a value for the activation energy of the reaction, Ea

Identical amounts of reagents were mixed at different temperatures.
The time taken, t, for a fixed amount of bromine to be formed was measured at
different temperatures.

The results are shown in Table 3.

Table 3
Temperature, T | 1, Time, t 1,4 1
/K T 'K I's P /s In %
286 3.50 x 1073 54 1.85x 1072 -3.99
295 3.39x 10 27 3.70 x 1072 43 30
302 ?}\Y\&} 15 6.67 x 107 -2.71
312 3.21x 1078 8 1.25x 10 -2.08

Complete Table 3.

0[5 [4] The Arrhenius equation can be written as

E,[1
= - = +
In k R<T> Cq

: . . . 1
In this experiment, the rate constant, k, is directly proportional to _
t

Therefore

1 E. /1
In—=-=282(_) +C
"3 R<T> 2

where C; and C, are constants.

1 , . 1 .
Use values from Table 3 to plot a graph of In _ (y axis) against _on the grid.
t T

Use your graph to calculate a value for the activation energy, in kJ mol, for this
reaction.

The value of the gas constant, R = 8.31 J K™ mol™

IB/M/Jun18/7405/2
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1?”@
3.20 x 3.30 3.40 3.50 x
107 1073 10°3 10~
“20 ' ! | -
4
Al
L(\t —7..‘%
30 A
2.6
BTN T e e e e e e el S B e e e R
! 1
Lng ¢ - & (;\ Y, -Fﬁ
R R
(3 = Mmoo YC M=z ‘3\ '\3‘2_'”3-46-«‘2,,1
/ g

> =34 3*\'“5%'6‘3- 3.1'15)'53

2w

E = - Cf“\ €)= = (650 x %310 2511882 el
/ ) -
LS

Activation energy kJ mol™?
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Data about the hydrogenation of cyclohexene and of benzene are given.

e _ 1
@ R Q e
9—

, Explain the bonding in and the shape of a benzene molecule.
Compare the stability of benzene with that of the hypothetical cyclohexa-1,3,5-triene
molecule.

Use the data in your answer. h)hll;ﬂb / 3"“"2’) %Vé’o’bv\)(: L
Edn (osbon pgum in benzene fums bhre wwhenk bundls,
The (omaiatny P«odw«»k hekwes ovo(w —Xwis is
Yeaiubisokion.

%%Z%C/ Y P\Mo/( WL ‘\US wkfb(u\anokﬂwwfg The (-C
boods ace oAl the, Same lengl:

The Vxpevkek bHS chl(oqmnhm w («\\(kl"**ﬁ«"mf‘° Would be
-360 k) mol™ \aM/ \K.n?ld\b 5 VS \Cn'\z) Less Uxolhesmic,

Thetonge ﬁoq\mo W mote Salle
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0|6 - The enthalpy of hydrogenation of cyclohexa-1,3-diene is not exactly double that of
cyclohexene. -0 k) MV'
Suggest a value for the enthalpy of hydrogenation of cyclohexa-1,3-diene and justify

your value.
-0 \WBM)V. - —L% b}r&‘ 12 mar!
=164 Wy pot™

“The Ao»ble/‘cm& 6K¢ &PMJ’JV L\ a $w|(g,\wm’v This

aMows Some LMMM _\ANW)’V Mﬂb \Q\L nilewnte mare
S\eble,
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0 \ 7 Acyl chlorides are useful reagents in synthesis. They react with aromatic compounds
and also with alcohols.

i‘i_ CH3sCH2COCl reacts with benzene in the presence of AlCls in an electrophilic
substitution reaction.

Give an equation for the reaction of CH;CH,COCI with ALCl;to form the electrophile.
Outline a mechanism for the reaction of this electrophile with benzene.

+ -
Equation C”;CHICOCL 4 AL CL; 2 CH;CH;CO -} A(/arq

Mechanism

n

o

A\ ' _“ @ M
C=-¢~-¢ PiY) __7 -\'H
Yo " =7 @ ’\m /""’

/\\4
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0 \ 7 . The organic product in Question 07.1 can be converted into the alcohol shown.
H\ CH-»CH
2%M3 -
c” 0®
A W
OH C g
7=\

Give the IUPAC name of the alcohol.
Give the reagent needed for this reaction and name the mechanism.

IUPAC name - ﬂ\mq(, Dcofos\ - - ol
A B i

Reagent N aBH, L~ALH 9

Name of mechanism We o)

0|7 . The alcohol shown in Question 07.2 reacts with ethanoyl chloride to form an ester.

Describe what would be observed when the alcohol reacts with ethanoyl chloride.
Name the mechanism for the reaction to form the ester.
Draw the structure of the ester.

Observation Mn»'b\'j S’ wmes

Name of mechanism NM\MP‘\WW aAl‘xk'm ’C\M'M@n

AN, o1

Structure of ester W,/ ¢ Nl
C
/ 2% o\\
¢ C
\ / N /\’\
0 ¢
SN

Turn over for the next question

Turn over »
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0|8 Use the Data Booklet to help you answer this question about amino acids.
Figure 1 shows parts of two polypeptide chains in a beta-pleated sheet of a protein.

Figure 1

0[8|[1] The polypeptide chains are held together by hydrogen bonding as shown in
Figure 1.

Explain how these hydrogen bonds form.

[D mnt-—1

The l\a}ﬁam \ooc\lcl\(u e (\\k(oéu\ » e dekoen
This ot Vhe lone Pl on e OYB%M

0|8 . A different type of bond can form between two polypeptide chains when the chains
each contain the amino acid cysteine.

Complete the structure to show the bond that forms between the side chains of two
cysteine molecules.

/ \
o:c\ M " N—H
HC—¢ ~$——— § ~ C —CH
| '

H—N W C=0

\ H

03
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The type of bond in Question 08.2 between two polypeptide chains influences the
three-dimensional structure of the protein.

o
(o]
]

Name this type of protein structure.

1E(K@QS

0|8 .[4] Draw the structure of the zwitterion of a dipeptide formed by alanine and serine.

rn .__

L AP’
A‘m&nb . N vo"(,/\ Setine . N —-¢ ¢
W o -H W v, No-m
U-C-M -
\ \
H o
i
w O |
H
L 2 W ) o
w-WN - L-c-u..o-o”\ R
W Woaecow
n-f-" = ¢
1] o\“

Turn over for the next question
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Use the Data Booklet to help you answer this question about DNA.

Figure 2 shows a fragment of a DNA double helix.

The letters A, C, G and T represent the four bases in one strand.

The numbers 1, 2, 3, 4 and 5 represent the bases in the complementary strand.

ofo

Figure 2

. Complete Table 4 to show the correct sequence of bases in the complementary
strand represented by the numbers 1 to 5 A 1

-G

Table 4

1

2

3

4

5

T

G

C

A

G

Deduce the total number of hydrogen bonds formed between the five bases in each

strand. A~T -2 kw (-G 2 3 W bunds
(N YL T S

15

0[9][2]

Tick (v') one box.

13

v~

10 12
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0|9 .[3] BaseAis part of a nucleotide in the DNA strand shown in Figure 2.

A nucleotide contains a 2-deoxyribose molecule.
An incomplete 2-deoxyribose molecule is shown.

Complete the structure to show the nucleotide that contains base A.

You should represent base A by the letter A.

%L .0
e/
/ \
0~ ¢ A
-
n-¢=" o
i f
“ 7
0 M

Turn over for the next question
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10| This question is about amines.

1/0 . The infrared spectra A, B and C are those of a primary amine, a tertiary amine and a
nitrile, but not necessarily in that order.

A 100
Transmittance
[ % 501
0 I | | I |
4000 3000 2000 1500 1000 500
Wavenumber/cm -1
B 100
Transmittance
[ % 501
o777
4000 3000 2000 1500 1000 500
Wavenumber/cm 1
C 100
Transmittance
! % 50-
77"
4000 3000 2000 1500 1000 500

Wavenumber/cm 1

Give the letter of each compound in the correct box.

primary amine | tertiary amine nitrile

C B A

Do not write
outside the
box
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1]0 . There are three secondary amines that contain four carbon atoms per molecule.

Draw the skeletal formulas of these three secondary amines.

An/\

110 . Primary amines can be prepared by the reaction of halogenoalkanes with ammonia or
by the reduction of nitriles.

Justify the statement that it is better to prepare primary amines from nitriles rather
than from halogenoalkanes.

RM ndes Yoo (Wb Leod o oy busc\her (ertuns.

Mw&:\) Miyihes i‘>foA»w» ~ S‘iva(o eM so Mes o Gl

6 e,conom:s .

Draw the structure of a primary amine with four carbon atoms that cannot be
formed from a nitrile.

ra __

H W n o wn
[] \ \ \
) \ Vool
12 N u H

Turn over »
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110 . A student dissolves a few drops of propylamine in 1 cm? of water in a test tube.

10 [6]

Give an equation for the reaction that occurs.
Describe what is observed when Universal Indicator is added to this solution.

Equation CWy Mz (K NW2 + 1) & C\A}L\'\;(Mﬁ‘“; toU~
Observation ~ Selwkuon \cudns L\»g,

Phenylamine can be prepared by a process involving the reduction of nitrobenzene
using tin and an excess of hydrochloric acid.

Give an equation for the reduction of nitrobenzene to form phenylamine. Use [H] to
represent the reducing agent.

Explain why an aqueous solution is obtained in this reduction even though
phenylamine is insoluble in water.

Equaton CqHgNd2 G M\ 2 (eHs Nua + 2nd
Explanation MW@ U plitakr &b &N (i Selie CQHSN“;
C ‘ | :

03
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There are several isomers with the molecular formula CgH1isN>

1|1][1] Oneisomerisshown.

Give the number of peaks in the *3C NMR spectrum of this isomer.

State and explain the splitting pattern of the peak for the hydrogens labelled a in its
H NMR spectrum.

re~

Number of 13C peaks L\

Splitting pattern 3

Explanation The ‘A‘L;M C@JAMA M\ T ka‘)'«%w anams
bonded \w W Se nid <D

1 ‘ 1 . Draw the structure of the isomer of CsH16N2 used to make nylon 6,6

H W Yoy
\ i t t ‘;' \;‘ ‘i‘ /\'l
N-c-¢c-¢c-¢-c=—c=-N
s ‘ ' ‘ \ N \‘|
" M omowopronh

Question 11 continues on the next page
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111 , Draw the structure of the isomer of CgHisN2 that contains two primary amine groups
and has only two peaks in its 3C NMR spectrum.
My (My
H \ \ -V
N N - - C - \
vl
w’/ -
¢
vy, o
1|11
Draw the structure of the isomer of C¢HigN2 that contains two tertiary amine groups
and has only two peaks in its *C NMR spectrum.
N\ ' \
N-C-¢~-N
/ Y owm O
w ¥y My
Ny ¢
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