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{b) Lactic acid can be made industrially by the following route, using ethene as a

feedstock,
PACL/CUC A
stage 1 CH,=CH, + 1,0, BlCu Nmﬁmﬁvv OImliO/
_I_
ethanal
/° .
stage 2 OIQIO/ + HCN ———————> compound A
H
reflux /dilute HC iag) A_u_._ 7
stage 3 compound A — e CHy— m |O/
H OH
lactic acid
(i) What is meant by the term feedstock?
s e [1]
(i) Name a raw material from which ethere can be obtained.
PP e e et e [1]
(c) (i) Draw a dot—cross diagram for an ethanal molecule. {Show outer shell electrons
only.)
O
) | J [3]
(if) Explain why the IO/V bond angte in ethanal is 120°.
H
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{iii) Sketch the low resclution n.m.r. {'H} spectrum of eihanal, showing the relative
intensities. Use the Daia Sheet provided.

e
CHy—C
H

ethanal

absorption

| [ | | | ! I
10 8 8 7 '8 5 4 3 2 1 0

chemical shift

3]

(d) In stage 2 of the industrial manufacture of lactic acid, ethanal reacts with hydrogen
cyanide to form a nitrile compound, compound A.

C
4

N

o

CH;—C + HCN e ——3 - compound A

{i) Draw the structure of compeund A.

1
(it} Name the type of mechanism for the reaction that produces compound A.
.................. s [2]
(it} Draw a diagram to show the first step of this mechanism, the attack of CN™ ions
on ethanal.
(3]
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7
%quosca_ox_.n_m,,m much more soluble in water than nitrogen and oxygen. Explain why
b arbon a,ox_n.m molecula 835. stronger inter-molecular forces with water molecules
oxygen or nitrcgen do. Use diagrams where appropriate to illustrate your answer.

(in this question, 1 mark is available for the quality of writlen communication.)
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{d) One source of carbon dioxide is the cement manufacturing industry. A mixture of

limestone and clay is heated in kilns. The limestone decomposes to form calcium
oxide and carbon dioxide.

CaCO,(s) — €aO(s) + CO4{g) AH?® =+ 180 kJ mot=!

In this reaction the entropy changes are significant.

(i) Use the foliowing data to caleulate the change in entropy for this system, AS
as the limestone decomposes.

5° [CaCO,(e)l = +93Jmor K™ ’
5° [CaO(s)} = 438 Jmol 'K
5% 1CO,a) = +214 Jmol T K™
ANSWET oo eveerssecrnceas e J QU [2]

(i) Use the expression AS,, = ~AH/T 10 calculate AS,,, for the decomposition of
limestone at 1300 K.

ANSWET .o.ooveeenne T ceeererennes Jmol ' K™ [3]

{iii) Use your answers to (d)(i) and {)(ii} to calculate AS,

Answer ..

(iv) Use your answer 1o (d)(iii) to explain whether you expect limestone to decompose
at 1300 K.
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(c) Some crop pest insects have develo i
ped a resistance {o DDT. They produce e
that catalyse the conversion of DDT to DDE which is non-toxic. vP neymes

ci
Ci
Ci
_ C!
Ci— O_ —C—H /OI I .

o] 9\

Gl Ct
DDT DDE
(/) What simple molecule is eliminated from DDT to form DDE?
. e e verreeenenesernenenee [1]

(i) By considering the shapes of DDT and DDE, su is bi i
. . ’ & n
inactive as an insecticide. Sqest why DDE is blologically

e et . [3
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{d) More recently chemists have synthesised insecticides which are more active and which
are rapidly hydrolysed on contact with soil. Two such insecticides are hiocypermethrin

and CYM2:
G CN O Ci
S o C 0
= g O ] (0]
Gi Cl biocypermethrin Bf Br CYm2

{i) Name two functicnal groups common 10 both biocypermethrin and CYM2.

(iii} Draw the structures for the two hydrolysis products of biocypermethrin.

a CN

o]l Cl biocypermethrin

(2]
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(b) Inindustry, a :_m: .Sm_a of hydrogen is obtained from the reaction between natural gas
and steam. ,:.:m is done by maintaining the reactor at 1100K and 25atm in the
presence of a finely divided nickel catalyst. Suggest why these conditions are chosen.

{In this question, 1 mark is available for the quality of writlen communication, J

e, e e ettt s [6]

(e} In the UK, nitrogen is usually ‘fixed' by the Haber Process in which nitrogen and
hydrogen react together to make ammonia.

(i) mﬁmﬁ Em. reaction conditions {of temperature, pressure and the catalyst used)
required in the Haber Process to synthesise ammonia.

(ii} Give the oxidation states of N in N, and NH,,.

g e e [2]
[Total : 18]
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The 19th century was a time of great innovation in the production of dyes for cloth. The
deveiopment of azo compounds provided chemists with the opportunity to create a vast
range of azo dyes. A whole rainbow of colours is now available although most azo dyes are
vellow, orange or red with relatively few blues and greens.

Around 1858 a young German student, called Peter Griess, unknowingly produced the first
of the azo dyes, Aniline Yellow.

OO~

Aniline Yellow

Aniline Yellow had little commarcial value since it was sensitive fo acids. Cne of the first
successful azo dyes 1o be marketed was Orange Il

OH
N=N @\ S0, Na*

Orange Il

Pan of the reaction sequence for the preparation of Orange i is shown below.

stage 1 stage 2
e NO, ——— NH,

NaNQO,(s)/HCi(aq)
compound X

{a) Use your understanding of bonding o explain the significance of the ‘circle’ drawn
insiie the benzene ring in the above formulae.

S RN e (4]
i 2854 502
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(i) The coupling agent used to form Orange Il is shown below. ] : = %&;Wmﬁ
o Basatie
iww@%

OH - .

Describe a simple chemical test which can be used to indicate the presence of the =
~QH group in this compound. , -

:

(iii) Name the functional group in Crange Il which is responsibie for its solubility in poee e e iy
N . e e
water. Explain why this group makes the dye molecule water soluble. e

Rt
s

OH

A

N=N S0, Na* S

kit

L
R ShinmnRa ST

e S

L

[Fotal - 22] | Sie -

To

e a
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it
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