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Metal activity Symbols of common quantities

K most reactive amount of substance n
Ca mass m
Na molar concentration c
Mg change in enthalpy AH
Al molar mass M
Zn
volume \
Cd
heat energy Q
Co
i specific heat capacity C
i
. temperature T
Bi
Cu
Hg
Ag
Au Y least reactive

Magnitude of physical constants

Avogadro’s number 6.02 x 10 mol™

heat capacity of water 418Jg'K™

Table of Sl prefixes

SI prefix Symbol Value

tera T 10"
giga G 10° Mathematical relationships
mega M 10° n= %
kilo k 10°
n

deci d 107" €=y
centi c 107 Q= mCAT

I -3
milli m 10 A Q
micro U 10° n
nano n 10°° pH = —log [H*J
pico p 107"
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1.

Carbohydrates form an important food group, whose main function is related to energy storage
and production.

(a) Dihydroxyacetone is a simple carbohydrate. Its structural formula is shown below.

CH,OH
c=0

CH,OH

(i) Explain why dihydroxyacetone is a carbohydrate.

(2 marks)

(i) Explain why dihydroxyacetone is soluble in water.

(3 marks)

(i) Compound X is a diol. It has the same molecular formula as dihydroxyacetone, but
contains an aldehyde group.

(1) Draw the structural formula of compound X.

(2 marks)
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(2) (A) Name one chemical reagent that can be used to react with a compound to
indicate the presence of an aldehyde group.

(1 mark)

(B) State the observation during this reaction that would indicate the presence of an
aldehyde group.

(1 mark)

(b) The carbohydrate sucrose is extracted from sugar cane. The structural formula of sucrose is
shown below.

C|3HZOH
CH—O0
e AN
CH CH
I -~ ™\ CHOH CH,0H
OH CH——CH ~_ | o
| | CH
OH OH \ /
clH—(le
OH OH

(i) State whether sucrose is a monosaccharide, a disaccharide, or a polysaccharide.

(1 mark)

(i) Sugar cane also contains the carbohydrate glucose, which is produced in a reaction
between carbon dioxide and water.

(1) Write a balanced equation for this reaction.

(2 marks)
(2) State whether this reaction is exothermic or endothermic.

(1 mark)
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2. Natural and synthetic rubbers have a wide range of uses.

(a) Natural rubber is derived from latex, a milky substance produced by some plants. Latex is an
addition polymer made from isoprene (C.H,), which has the structural formula shown below.

ik
C CH,
H C/ . C/

(i) State the feature of the latex molecule that allows it to undergo addition polymerisation.

(1 mark)

(i) The latex polymer has an average relative molar mass of 750 000.

Determine the average number of isoprene units in the latex polymer.

(2 marks)

(iif) State the number of significant figures to which the answer to part (ii) should be given.

(1 mark)
(iv) Natural rubber deforms easily when heated.
State the term used to describe a polymer that softens when heated.
(1 mark)
(v) The structural formula of the latex polymer is shown below.
—+CH CH,1-
2\ / 2
/C=C\
H,C H
Explain why natural rubber is biodegradable.
(2 marks)
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(b) Natural rubber is made from monomers produced from plants, but synthetic rubber is made
from monomers derived from petroleum.

Describe one advantage to society of producing rubber from plants rather than from petroleum.

(2 marks)

(c) Rubber that is to be used in car tyres is treated with sulfur in a process known as
‘vulcanisation’. This process creates extensive cross-links between individual polymer chains.

(i) Explain how the vulcanisation process changes the flexibility of the rubber.

(2 marks)

(i) Explain why vulcanised rubber is more difficult than non-vulcanised rubber to recycle.

(2 marks)
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3.

Chromatography techniques are commonly used in forensic science to separate organic molecules.

(a) Atablet containing 1-phenylpropan-2-amine was tested for the presence of a contaminant,
1-phenylpropan-2-one, using HPLC. The structures of these two molecules are shown below.

NH,

CH, ¢

1-phenylpropan-2-amine 1-phenylpropan-2-one

HPLC, using a non-polar stationary phase, was used to identify these two molecules.
A section of the chromatogram obtained is shown below.

A
B

T T
4 6 8

Time (min)

(i) State the retention time for peak A.

(1 mark)

(i) State and explain which peak represents 1-phenylpropan-2-one.

(3 marks)
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(b) lon exchange chromatography can be used to identify proteins in body fluids of criminal
suspects. Buffer solutions are used to prepare the proteins for the separation process by
assigning them either a net positive or a net negative charge.

(i) Asection of protein chain in a buffer solution is shown below.
+
CH,CH,CH,CH,NH,
»—N—CH—C—N—CH—C—N—CH,—C—

oL || |
H CH, O H O H O

Explain whether the pH of this protein’s environment has likely been increased or
decreased by the buffer solution.

(2 marks)

(i) Buffer solutions only slightly alter pH.
Explain why pH must not be altered significantly when preparing proteins for separation.

(2 marks)
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(iii) lon exchange resins are used in ion chromatography, and may contain a cation or an
anion exchange surface. A diagram of a column that uses a resin with a cation exchange
surface is shown below.

@ @ T positively charged proteins

@ : @‘“> negatively charged beads of resin

negatively charged proteins

<xe:z

(1) With reference to the diagram, explain the relative positions of positively and
negatively charged proteins as they move through this column.

(3 marks)

(2) Proteins that have a net positive charge can be removed from the surface of the resin
by passing a concentrated solution of NaCl through the column, as shown below.

+
(resin)

+

N
@ T Na

(resin)

protein + Na’,,, === protein

+

Explain how an increase in the concentration of Na' , results in the removal of
proteins that have a net positive charge from the surface of the resin.

(3 marks)
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4. Methanol and ethanol are alcohols that have a variety of uses.

(a) The table below shows some data for methanol and ethanol.

Molar mass Density Energy released
Fuel Formula - Z ~
(g mol’) GL”) (kJg")
methanol CH,OH 32.040 792 22.7
ethanol C,H,OH 46.068 789 29.6

(i) Calculate the amount of heat released when 1 mol of methanol undergoes complete
combustion.

(1 mark)

(i) Ethanol has an enthalpy of combustion of 1345 kJ mol™.
(1) Complete the following thermochemical equation for the complete combustion of
ethanol:
CHOH + O,——> CO, + HO AH=-1345kJ mol"
(2 marks)
(2) Calculate the volume of water that could be heated from 20°C to boiling point (100°C)

if 1 L of ethanol underwent complete combustion and all the heat was absorbed by
the water.

(4 marks)

(3) State one reason why, in practice, 1 L of ethanol will not be sufficient fuel to heat this
volume of water to boiling point.

(1 mark)

(b) ‘Bioethanol’ is ethanol produced by the fermentation of glucose.

Write an equation for the production of bioethanol by the fermentation of glucose.

(2 marks)
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Credit will be given for answers to part (c) that are coherent and contain only relevant information.
(2 marks)

(c) Methanol is a primary alcohol that is used mainly as a feedstock for the manufacture of
chemicals. The industrial production of methanol uses a reaction between carbon monoxide
and hydrogen gases. The equation for the overall reaction is shown below.

Reaction1 CO, + 2H,, <—= CH,0OH,

Manufacturers prefer production methods that will maximise their profits, and so researchers
are trialling different processes for methanol production. One process produces methanol
from the oxidation of methane by certain bacteria, in aqueous conditions. The equation for the
overall reaction is shown below.
Reaction2 2CH

y + Oy, —> CH,0H,

49 2(9

Discuss the factors that manufacturers would need to consider when deciding which of these
two processes will maximise their yield of methanol (and hence their profits).

(8 marks)
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You may write on this page if you need more space to finish your answers to Question Booklet 1.
Make sure to label each answer carefully (e.g. 2(b) continued).
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