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Examiner's
T
{d) Some metal ions attracted to clays are lithium, sedium and potassium. %
The table shows the ionic radii for the gaseous cations,
ion radius / nm
Li* 0.078
Na* 0.098
Kt 0.133 X
(i) Explain why the lithium ion is smaller than the sodium ion.
e et R e e ettt et [1]
(i) Which of these ions, when in aqueous solution, would you expect to be bound
most strongly to a clay surface? Explain your answaer.
s e OO UU OV UUUTORURTON < 1|
(e} In this question, two marks are available for the quality of use and organisation of
scientific terms.
Aerogels are porous silicate materials, When used as insulators, the pores are often
filled with carbon dioxide.
Describe two ways in which the physical properties of CO, and Si0, differ (at room
temperature). Explain the differences in terms of their structure and bonding.
Quality of Written Communication [2]
{Total; 223
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i i ibi inting in terms
In 1884, Vincent van Gogh wrote a letter to his brother .ﬁ:m.o_ nmmn:a_:m a pain :
of its contrasting blue tones. In the letter, he talks about ‘indigo tones and ‘cobalt tones’.
These refer to two blue pigments indigo and cobalt blue.

{a) Indigo is a blue pigment, used fo dye jeans. It is also used as a pigment for paints. Its
structure is shown below,

O

H
\
N

(i) Name ihree functional groups in indige (not including aromatic rings).

)

{ii) Write down the number of carbon atoms in an indigo molecule.

{ii) Explain why indigo Is described as a trans isomer.

........................... cemmmnrsrresseeenrenel1]

(iv) Why does cis-trans isomerism arise?

e reeeessmmmee e eerereeme e SO £ )|

{b) Cobalt biue has the formula CoO.AL,Q,.

(i How does the position of cobalt in the Periodic Table indicate that it might form
coloured compounds?

...................... e oee e eteee et esee et rer e sass s e st e ensensmsnssssssnssnssnnnssrenrsssnennnss L 1]
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7
(il Explain, in terms of energy levels, why a blue substance looks blue.

() Van Gogh's paints contained pigment and linseed oil.

(i} Linseed oil is a mixture of many different oils whi i
I which are esters of carboxyiic acids
and glycerof (propane-1,2,3-triol). Draw a structural formula for the triester formed
between glycerol and the carboxylic acid RCOOH.

(2]
(i) Linseed oilis described as unsaturated. Explain the meaning of the term unsaturated.

(i) Describe a test and its result which would show that an oil is unsaturated.

[Total: 33]
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3 Methyl Orange is an azo dye that is used as an acid-base indicator. It acts as an indicator *
because of the equilibrium shown.
HiC H H,C
‘ N ! - e it ~ _— -
N N=N SQ, ¥= H" + N N==N 80,
7 + 7
M;C HC
red form yellow form

(a) (i) Methyl Orange is added lo a solution of a strong acid. What colour would the
indicator show? Expiain your answer.

{k) Methyl Orange is a weak acid with pK, = 3.7, K, =2.0x 104 moldm™3,

(i) Whatis meant by a weak acid?

(i) Give the mathematical relationship between pK, and K.

[l

(i) Give the expression for K, in terms of [H*], [vellow form] and red form].

(2]

{(iv) The ‘tid-range pH' of an indicator csours when there are equat concentrations of

the two coloured forms present. Use vour equation in (i) and the data at the start
of (b} to calcuiate the the mid-range pH for Methy! Orange. Show your reasoning.

pH = e S oo [2

28564 Jantd
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(b) The total acidity of wine can be worked out by titrating with aqueous sodium hydroxide.

(i) A 25.0cm® sample of wine was neutralised by 12.0 em?® of 0.100 moldm=2 sodium
hydroxide. Calculate the amount in meles of H* ions in the 25.0cm® sample of

wine.

amount = ....ccvveree e, rensennennOb [2]

(i) Winemakers often describe the acidity of wine in units of ‘grams of tartaric acid in
100cm? wine'. They assume that afl the acidity is caused by tartaric acid.
Calculate the acidity of the wine sample measured in these units.

cmm<ocqm3m<<m_;o?ZcmﬁaEmﬁmoﬁm»:m:m:m;omo_a_w diprotic and has an M. of
150.

acidity = ......... e et e ..g tartaric acid in 100cm?® wine [3]

{¢) Another acid often found in wine is lactic acid.

This can be made in the laboratory by a go,mﬁmv route,

CN COOH
meIO step 1 ﬂIOI step 2 A_UIOI
—_—_— _

CHy CH, CH;,
lactic acid

{i) Name the functional group in the starting compound.

U LY
[1]

(i) Give the formula of the reagent used in step 1.

{iii} Name the type of mechanism for the reaction in step 1.

e ——— RN 124 |
(iv) Use your Data Sheet to write down suitable reagents and conditions for step 2.

For
Examingr’s
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{d) Shown below are the mass spectrum, the infrared spectrum and the proton nm.r
spectrum of another substance which is found in wine,

Use the spectra and the Data Sheet to identify the substance, giving at least two pieces
of evidence from sach spectrum.

100
80 -
60 1
intensity/%

40 +

201

0.0+ _
mass

mass spectrum

._001.

80

{ransmittance/% 60

40
20

¥ T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

wavenumber/cm-1

infrared spectrum
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Use the expressions given below to explain why the exothermic reaction in

equation 5.1 is more likely to occur at low femperature.

AS,

otal

| = AS, .+ A5

yS surr

AS. = AH

In this guestion,
grammar.

one mark is available for the quality of spelling, punctuation and

Another reason why sea-shells dissolve deep in an ocean is that carbon dioxide is much
more soiuble there. This carbon dioxide reacts with the sea-shells to form soluble
products.

Explain, giving details, why it would be useful to mankind to remove carbon dioxide from
the atmosphere and ‘bury’ it deep in the oceans. Suggest why this is not being dene.

......................... ]
Quality of Written Communication [1]

{Total: 18]
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