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3

Use your understanding of Le Chateliet's Principle to explain why it is an advantage
to use a lower temperature for methanol synthesis.

eeeeeeeere e S (3]

Wrile an expression, in terms of partial pressures, for the equilibrium constant,
_.Au‘ for equation 1.2.

(2]

Suggest two advaniages of the old high pressure (200 atmospheres) process for
methianol synthesis over the modern low pressure process {100 atmospheres).

e 2]

Suggest one reason why a low pressure plant costs less to operate than a high
pressure plant.
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(d} Ammonia and methanoi are often manufactured on the same site. Surpius hydrogen

from methanecl manufacture can be used o make ammonia.

(i) Write an equation for the production of ammonia by the Haber process. Include
state symbols.

.12

(ii) State the essential conditions of temperature, pressure and catalyst used in the
manufacture of ammonia by the Haber process.

o eeee e e EA s tR e A oA et r e et ettt reenere e 3]

(e} In the Haber process, carbon dioxide is often removed from the feedstock gases by

reaction with an inorganic base, usually a solution of potassium carbonate.

K,CO5(aq) + Hy0() + CO,{g) — 2KHCO(aq) equation 1.3
The potassium hydrogencarbonate solution, KHCO,{aq), is then heated to regenerate
potassium carbonate. The carbon dioxide escapes into the atmosphere or is sold for
usa in other processes.

Write the equation for the thermal decomposition of potassium bydrogencarbenate
descrihed above.

oot eeee e 2]

[Fotal: 20]
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(iif) Use your understanding of energy levels to explain why the cis and trans isomers
have different coleurs. Explain how the energy levels in cis- and frans-poly(ethyne)
differ to cause one to be red and the other blue. You may find it helpful to include a
diagram in your answer.

e e PO PUNUUUPRPRPOR | <

{c) In 1989, conjugated polymers that emit light were discovered. The first polymer to be
studied was PPV, PPV emits graen light when a voltage is applied.

PPV

Suggest how the structure of the polymer could be adapted so that it emits a different
colour when a voltage is applisd.

e 2]

[Total: 16]
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Plant scientists study the structure of soil so they can find out how plants remove nutrients
from the soil. Soil contains clay minerals and organic matter {humus). Clay minerals have
negatively charged surfaces which atiract positive ions from solution.

The positive ions held by the clay or humus are in equilibrium with free, hydrated ions in the
soil solution. Plant roots withdraw nutrients from this pool of exchangeable ions.

(a) Positive ions, such as calcium, Ca2*, and ammonium, NH3, exist in the soil solution as
hydrated jons. Draw a diagram to show a hydrated calcium ion.

(4]

(b) Anisolated calcium ion, Ca?*, has a radius of 0.100 nm whereas an isolated ammonium
jon, NH*, has a radius of 0.150 nm.

Calcium ions are more sirongly hydrated in water than ammonium icns.

Aquecus calcium ions are less strongly adserbed onto clay minerals in the soil than are
agqueous ammonium ions.

(i} Explain why calcium ions are more strongly hydrated.
................................... e et emeeem e e s s s e reseeee e [2]

(i} Explain why aqueous calcium ions are less strongly adsorbed by the clay.
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Diseases and pests can reduce crop yields worldwide by 30 — 40%. The development of new v
insecticides is an important area of research.
Many of the insecticides used today are organophosphates. Malathion is a widely used
insecticide, begause it is efiective at killing insects but is non-toxic to mammals. Mammals
have enzymes which can hydrolyse the aster groups in Malathion.
S
CHy—O._l H O
P bl .
O_._m!o\ mfn_uioioio_._mlof_u
H—C-—C-—0—CH, —CH,
bl
H O
Malathion
{a) (i) The ester groups in Malatiion are hydrolysed to give two products, compound A
and compound B. Complete the structure of compound A below and write the
formula of compound B.
S
CH,— Ol H
_U
~Sg o
CHs—0~  ® w
H—C—
f
H
compound A compound B
(3]
(i) Give the systematic name for compound B.
OO RURRPO oo e [1]
(iii) Suggest the reagents and conditions which could be used to hydrolyse the ester
groups in Malathion in the laboratory.
b e n Ao b e e e b £ £ e e F eSSt f S mnen e Rt et e oAt 1R st s eeeneseeeaeeeenenenn [2]
2854 Jun03 {Turn over
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{b) In this question, one mark is availabie for the quality of written communication.

Scientists test insecticides in several ways. One test is to compare the solubility of an
insecticide in water and in octan-1-al,

Explain, in terms of intermolecular forces, why the two liquids octan-1-of and water do
not mix.

..................................................................................... vt ase b bessssensersans [T

Quality of Written Communication [f]

{c) Farathion is an crganophosphate insecticide that is rarely used because it is toxic. its
toxicity arises because it is more soluble in fats than in water.

s
CHz~— CH, —O~_l
_U

CHy—CH,— 0~

o} NG,
Parathion

The difference in solubility in two solvents can be measured as a partition coefficient.
This difference in solubility is shown by the partition coefficient, K DEtWEEN octan-t-cl
and water.

artition coefficient. K Parathion concentration in octan-1-ol
r = - e
P Toow Parathion concentration in water

2854 Jund3
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Vanillin is the fragrant constituent of the extract of vanilla bean. It is one of the most common e
flavouring ingredients found in foods.
OH
O—CH,
C vanillin
HT g
In the 1950s, chemists discovered methads for synthesising vanittin from the waste products
of the wood pulp industry. This synthetic vanillin is chemically identical to natural vanillin but
is much cheaper to produce.
Two synthetic routes are shown below.
0
I
C—CH
OH o ?
0— CHy route A O—CH; isoeugenot
— acetate
stage 1
CH, —CH = CH, CH= CH—CHj,
eugenol
route A
stage 2
OH OH
O— CH, rouie B O — CHj,4
————
vanilfin
guaiacol C
HT o
{a) (1} WName three functionat groups found in isoeugenol acetate.
{ii) .Dmm.ozcm and explain how a simple chemical test could be usad to show i eugencl
is stilf present in the reaction mixture produced by stage 1.
SO v [3]
2854 Jun03 [Turn over
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{iif) Suggest the reagents and conditions needed to achigve the following CONversion.
O
% CH
- 3
OH o~
g
SO OO OO U USSP e e s [2}
{iv) Classify the type of reaction described in {iii).
JS v i1l

{b) In this question, one mark is available for the quality of written communication.

Variliin is a white solid at room temperature. It is slightly soluble in water (1 g per 1009
of water at 25°C) and solubility increases with increasing temperature. Vanillin is very
soluble in ethancl ai 25°C.

Explain why water, rather than ethanol, is a better solvent to use when recrystallising
vanitlin. ’

.............................................. OO ONOOOOON [

Quality of Written Communication [1]
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In this question, ane mark is available for the quality of written communication.

Explain how the spectra can be used to show that the guaiacol has been converied
into vanillin. Use the Data Sheet pravided. (Remember that the values on the Data
Sheet give an average range for sach absorption. Atoms or groups attached to a
benzene ring often absorb slightly outside these ranges.)

B

Quality of Written Communication [1]
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Give the molecuiar formula of vanillin.

OH
O—CH,

vanhillin

100

80 -

75 100

mass

mass spectrum of vanitlin

How does the mass spectrum support your answer to (ii)

i
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[Total: 29]
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