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Answer ALL questions.

Some questions must be answered with a cross in a box [X.

If you change your mind about an answer, put a line through the box 54

and then mark your new answer with a cross [X.

1 Thisis a question about polymers.

(@) An addition polymer is formed from 2-methylpent-2-ene.

>J

What is the repeat unit for poly(2-methylpent-2-ene)?

N

(|
(|

{_WD/C\/_} {—\D(D\/—}

(b) Which is not a use of waste poly(alkenes)?

o N w >

feedstock for cracking
generation of biodegradable materials
incineration to release energy

make new materials by recycling
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(c) A condensation polymer can be made from ethane-1,2-diol and butanedioic acid.

(d) Which approach used by chemists would not contribute to a more sustainable

O0mm

Which is the repeat unit for this polymer?

10 ]

LI A X B

Ll cC LJD

{O—(CH )2 —O—C— CH,) —C—O} ~|EO— (CH,) —O—C— CH,),

use of materials over the life cycle of a polymer?

O

O O

X

A make more efficient use of energy
B make more efficient use of resources
C use catalysts for a faster reaction rate

D use a higher temperature for a faster reaction rate

I
C

_?

I
—C

g

(Total for Question 1 = 4 marks)

P 6 7 0 9 4 R A 0 3 2 4

3

Turn over


https://stemup.co.uk

2 This is a question about hydrocarbons.

(a) State what is meant by the term hydrocarbon.

(b) Explain why 2,2-dimethylpropane has a much lower boiling temperature than its
isomer pentane.
Detailed descriptions of the forces involved are not required.

(c) The heterolytic bond fission of a sigma (o) bond in an alkane would produce

[J A onlycarbocations

[ B onlyfree radicals
[ € freeradicalsandions
D ions

(Total for Question 2 = 4 marks)
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3 This is a question about dihalogenoalkanes.
(a) Dihalogenoalkanes are formed when alkenes react with halogens.

(i) Complete the mechanism for the production of a dihalogenoalkane
from 2-methylbut-1-ene and chlorine.
Include curly arrows and any relevant lone pairs.

s G

i) o

(i) Give the name of the dihalogenoalkane produced.

(b) What is the classification of the dihalogenoalkane shown?

Cl
L

X

(0 O I O
O N w »

primary
secondary
tertiary

primary and secondary

(Total for Question 3 = 5 marks)
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4 This question is about nitrogen and some nitrogen compounds.

(@) A study of one brand of crisps found that each packet contained
0.42049 of nitrogen gas at a pressure of 120 kPa and a temperature of 20°C.

(i) Calculate the volume of nitrogen gas, in em?, in one packet of crisps.

[R=8.31Jmol K]

n(N,) = 0.420 + 28.0 = 0.0150 mol

p =120 kPa = 120 000 Pa T =20+ 273 =293 K
pvV = nkRT so V =nRkRT +p

V = (0.0150 x 8.3 x 293) <+ 120 000

V = 3.04 x 104 m?

V=304 x 10 x 10° em?

volume = 304 cm?

(ii) Give a possible reason why nitrogen gas and not air is used in packets
of crisps.

(b) Draw dot-and-cross diagrams for a molecule of nitrogen gas and for the
nitride ion, N>, in sodium nitride, Na;N.

Use dots (®) for nitrogen electrons and crosses (X) for electrons from sodium.

Nitrogen molecule Nitride ion

3—

|
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() Ammonia accepts a proton to form an ammonium ion.
NH; + H* — NH;

Explain why the ammonia molecule and the ammonium ion have different shapes
and different bond angles.

_ 4 -
.o | 109.5°
107° / \
H H H H
H H
pyramidal tetrahedral

(d) Butylamine, C;HyNH,, reacts with ethanoyl chloride.
2C,HsNH, + CH;COCl —» C,H,NHCOCH; + C,H/NH;Cl

Explain how this equation illustrates that butylamine acts as a nucleophile and as
a base.

(Total for Question 4 = 15 marks)
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5 Ice has a density of 0.92gcm™ and water has a density of 1.00gcm™.

(a) About 200cm’ of water and 200 cm’ of cooking oil were placed in a large beaker
and two layers formed. The cooking oil formed the upper layer.

An ice cube made from water with a water-soluble blue food dye was added.

Initially the ice cube floated on top of the cooking oil but on melting the
blue-coloured water sank into the bottom layer of water.

Give a possible value for the density of the cooking oil. Justify your answer.

(b) Calculate how many more molecules there are in 5.00 cm’ of water compared to
5.00cm? of ice.

mass of water = §.00 x 1.00 = 5.00 g mass of ice = 5,00 x 0.92 = 4.60 g
n(water) = 5.00 = 13.0 = 0.27778 mol

n(ice) = 4.60 + 18.0 = 0.25556 mol

difference = 0.27778 — 0.25556 = 0.022222 mol

extra molecules = 0.022222 x 6.02 x 103

= 1.34 x 10°? more molecules

(Total for Question 5 = 5 marks)
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6 Aldehydes and ketones are carbonyl compounds.

(a)

(b) Which of these compounds has both an aldehyde functional group and a ketone

Which of these compounds does not contain a ketone functional group?

L] A L]B
)
@)
OH
HO
0]
)
Ll C X D
) )
@)
@)
OH OH

functional group?

(1)

(1)
A 0B
o)
\/\H)‘\ o) 0
@) \)J\/H\
C L] D
o)
O o) ‘
L \
o)
L J
9
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(c) Propanal can be produced from the oxidation of propan-1-ol.

(i) A student assembled the apparatus shown for this oxidation.

\
water out <—_—
Liebig
" condenser

—<— waterin

JV

pear-shaped
flask

reaction mixture

anti-bumping
granules

heat

Explain why the use of this apparatus would give a very low yield of propanal.

(i) The oxidising agent is acidified Na,Cr,O, .

State the oxidation number of chromium in Na,Cr,0O, .

(iii) Complete the ionic half-equation for the oxidation of propan-1-ol.

CH;CH,CH,0H — CH,CH,CHO + .2 H' + 2. .¢e
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(iv) State how the use of anti-bumping granules gives smoother boiling.

(v) Another student used the correct apparatus for this oxidation.
1.509 of propan-1-ol produced 0.609 g of propanal.

Calculate the percentage yield of propanal by mass.

n(propan-1-ol) = 1.50 <+ 60.0 = 0.0250 mol
| : | ratio, so maximum n(propanal) = 0.0250 mol
maximum mass of propanal = 0.0250 x §8.0 = 1.4 g

percentage yield = (0.609 < 1.45) x 100

percentage yield = 42.0 %

1
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(d) The table contains data on propanone and ethanoic acid.

Substance  Molar mass / gmol™  Boiling temperature / °C = Solubility in water
Propanone 58 56 completely miscible
Ethanoic acid 60 118 completely miscible

(i) Explain, by reference to the data and any intermolecular forces involved, the
difference in the boiling temperatures.
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(i) Explain, with the aid of a diagram, why propanone is completely miscible
with water.

HsC

(Total for Question 6 = 16 marks)
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7 Organic compounds containing nitrogen include amides, amines, amino acids

and nitriles.

(@) Propylamine, CH;CH,CH,NH,, may be formed from either a nitrile or a
halogenoalkane.

(i) Give the reagent and essential condition for the formation of propylamine
from a nitrile.
Include an equation for the reaction.

Reagent and condition: LiAlH, in dry ether (then dilute acid)

CH;CHch + Q[HJ - CH;CHchzNHZ

(i) Give the reagent and essential conditions for the formation of propylamine
from a halogenoalkane.
Include an equation for the reaction.

Reagent: excess ammonia dissolved in ethanol (ethanolic NH3)
Conditions: heat, in a sealed tube (under pressure)

CH;CHchzBY + 2NH3 - CH;CHchzNHZ + NHQBV

(b) A compound produced a peak due to an N—H stretching vibration in its infrared
spectrum with a wavenumber of 3220cm™.

This compound could be

A anamide

[J B anamine

[0 € either an amide or an amine
[J D neither an amide nor an amine
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*(c) Alanine and glycine are amino acids.

Amino acid Structure
H CH3 O
N7
alanine N—C—C
/ | AN
H H O—H
H H o
lyci \N é C//
glycine —C—
/ | AN

Compare and contrast the structures, optical activity and reactions with acids and
bases of alanine and glycine.

Include diagrams, structures and equations to illustrate your answer.

The two enantiomers of alanine (non-superimposable mirror images):

[}
CH; i CH;
| | |
L C i 5
H,N WY |\COOH i HOOC/T "11NH,
H i H
!
mirror

15
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(d) Lysine and serine are two more amino acids.

Amino acid Structure of amino acid
il
H (CH2)4 e
lysine N\ |
N—C—C
/ | AN
H H O—H
(|)H
H CH2 O
serine N\ | Va
N—C—C
/ | AN

Explain the difference in the volumes of 0.010 moldm™ hydrochloric acid required
to completely react with separate 10.0 cm’ samples of aqueous lysine and of
aqueous serine, both of concentration 0.010 moldm™.

(Total for Question 7 = 14 marks)

17
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8 Esters have many uses due to their characteristic aromas and often have common

names. For example, isoamyl acetate is referred to as banana oil and amyl acetate has

a scent similar to apples.

0] 0]
)J\O/\/K )J\O/\/\/
isoamyl acetate amyl acetate

(@) What is the number of peaks in a >C NMR spectrum of isoamyl acetate and of
amyl acetate?

isoamyl acetate amyl acetate

o A 5 6
[0 B 6 6
X c 6 7
0 D 7 7

(b) State the molecular formula of amyl acetate.

(c) Deduce the structural formula of the carboxylic acid that could be used to form
both isoamyl acetate and amyl acetate.

CH3COOH

(d) Deduce the name of the alcohol that forms isoamyl acetate.
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(f) The carboxylic acid used to make isoamyl acetate and amyl acetate can also be

used to make six further ester isomers. The structures of two of these esters,

A and B, are shown.

(i) Complete the skeletal formulae of three of the remaining esters.

Names are not required.

(3)
@) O
)L /VK )L i
0 O/\/\/ )J\ /E/
O
isoamyl acetate amyl acetate
@)
)L )\/\ [
o Ps
O/\/\
ester A
@)
PN |
> PR ~L
O
ester B
(i) Write an equation to show the formation of ester A from an acyl chloride and
an alcohol.
(2)
CH3COC| + CH3;CH(OH)CH,CHCH;
- CH3CO0CH(CH3)CH,CHLCH; + HCI
. J
19
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(g) Esters can be hydrolysed by heating under reflux with aqueous acid or alkali.

Compare and contrast these two methods of hydrolysis for amyl acetate.

(Total for Question 8 = 14 marks)
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9 At high temperatures, ethanal decomposes to form methane and carbon monoxide.
The reaction is second order with respect to ethanal and second order overall.

CH;CHO — CH, + CO

(@) Write the rate equation for this reaction.

rate = k[CH;CHOJ?
(b) Deduce the units of the rate constant given that the units of rate are moldm™s™.
units of k = mol dm=3 s + (mol dm3)?
= dm? mol” s
(c) The table shows the concentration of ethanal in a sample at different times.

Time/s = Concentration of ethanal / moldm™

0 0.72
420 0.36
1260 0.18

Calculate average values for the rate of reaction between 0 and 420 seconds and
between 420 and 1260 seconds.
Give your answers to an appropriate number of significant figures.

rate = (0.72 — 0.36) =~ (420 — 0) = 8.57 x 107

21
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(d) Explain why the data given and your answers in (c) show that the reaction is
neither zero order nor first order.

Not zero order, because the rate is not constant: the rate between 420 and 1260 s js

(e) The rate constant for the reaction was determined at five temperatures.
The results are given in the table.

Temperature (T) 1/ Temperature (1/T) = Rate constant (k)

/K /K / units in (b) nk

700 143 %107 0.011 —4.51
730 1.37x 107 0.035 -3.35
760 1.32x 107 0.105 -2.25
790 .27 x 1073 0.343 -1.07
810 1.23x 107 0.787 -0.24

Determine the activation energy, E,, in kJmol™, by completing the data in the table
and plotting a graph of Ink against 1/T.

You should include the value of the gradient of the line and its units.

E, 1
The Arrhenius equation can be expressed as lnk = ) X T + constant

gradient = —4.00 + (0.187 x 102) = =2.19 x 10° K (graph opposite)
gradient = —E, + R so E, = —gradient x R

E, = 219 x 10° x 8.3] = 1.78 x 10° T mol”

E, = +178 kJ mol”

22

R0 0O N0 0 ormm
P 6 7 0 94 R A0 2 2 2 4

YISV SIHENEILIEM TON O VIdY SIHLNIEILIIM LONOG

YISV SIHLENEILIIM 1ON-OC


https://stemup.co.uk

OO
&&f& pfogetetetetetess
v ) s

o
J

+96%%
-
U

X

6% %
e

020205 %% %%

2%

%
0.:
CE

%%
:96%%%
oot

A

$9%%

OO
OROBIEIEILIAKK
DO N \/
LIRI PN

0L

oee%ee%

0
%5
N 9
20

%%
196%%
096%%
10 %
'.0,0.0 ,:

oS %
%%
QL
posess
0%%
o%

o%

O
Le%%

XXX
0’0.0
3%
bte!

e
ZRRRRK

TR
KRR

o2

bo:e

o6

O
KKK
I
X XX]
XX
%
R

X
2

0950595
0505050505058
000
%!

%
XX

%5

%5

5
3

00

K

%%

000

o2

o

o
<

5

XX

000

o2

%
QK

o%%
XX
o%
%

XX
XX

%

000

X
<
XA

55

05

0

3%

K
K

%S

KL

XX

00

%%
K

o2
%%
%

S

%

<5

020!

%
XX
ol

000

55

%5

%5

<
55

000

55

55

000

0
%
RS

posetetetetototet

XK
KK

XK
5

000

%
50555

00
000

RRRKR

255

S
s
0

%5

X

2620505000 %e%
X

K RIKRRKIKK
O

9%

otodesotetetotetotetel
2
oS
55
$ototete!
QKR

:0000000000

R
)
X

>
A
XL

2.0
E
o%
&

D

ba%s!

2

2ol

<
%

ool

2%
0
Yol

oo’

%
%

A
A
XX

<}
XX

<

>

<)
X
bets

096%6%6%%%
N
miR
e % %%
SRR

0902690090090 099
X

5

%9

[

o
J
8
X

%
%%
KX
‘E:
. >
o9 %
0%

X

2
£
s
X!
o
SRR

\
%
X

0
%
LS
5.0
9.9,
RRS

<3
<

|
X

K
%

o%%
0.9

““
%
q
2

4R,

X
s

o%
&

%
<
.)

2]
o%

%
1k
N
Yol
XX

K
XXX
XX
‘SQ
R
XX
s

>

O

bote

/1
o

)

%%

o%
b
o%

RRRKR

¢
oo
XX

%%

e

%%
X
<
T
Oo%0%e%

XX
8
0D

ol

KKK
X
NI¢
NP
MK
KK
060%%%

In k

o
W

%

0
<8
oo

000

K

\

X

6
bote}
@
boctd

bodeds

XX
<y

N
o

0%

<
)

020

%%

<

<J

4
e

X X
[

5%

o%%
XX

s

<J
ey §
o

X
<3

K
O

000

XX
:0
XL
&

O

%

XK KK
<X
3RS
2K
XX
KRS

X
X

KK
%5
255

25558

X

000
<

oo’

o

0008

Rotete%st

000

X
oot

%

35
XS
%

o%%

%
o%

5%

%
XX

<
b9
5
RS

%%
5%
bods
e

X
O
O
XL

&

%
&

oo

35S

35S

o

O0mm

P

w

7N\

2
\\¢)

7

X

S

N
N

7

T/ 107 k!

Total for Question 9 = 13 marks)
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