AQA/  Mark scheme

ASSESSMENT and
QUALIFICATIONS un‘

ALLIANCE

Unit CHM3/W

Copyright © 2002 AQA and its licensors. All rights reserved.

The Assessment and Qualifications' Alliance (AQA) is a company limited by guarantee registered in England and Wales 3644723 and a registered charity number 1073334
Registered address: Addleshaw Booth & Co., Sovereign House, PO Box 8, Sovereign Street, Leeds LS11HQ
Kathleen Tattersail: Director.General



6T g wmall wuléads.

SECTION A

Answer all questions in the spaces provided.

' ,' 1 (a) Crude oil is separated into fractions by fractmna] distillation. Outline how different

_fractions are obtained by this prooess.
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‘(b) The table below gives details of the supply of, and demand for, some crude oil fractions.

Approximate %
Fractions Typical supply Global
' from crede oil demand
Gases ' 2 .4
Petrol and naphtha 16 27
Kerosine : 13 8
Gas oil ' 19 . 23
Fuel oil and bitumen . 30 38

(i) Use the data given above to explain why catalytic cracking of ¢rude oil fractions is
commercially important.
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(i) Give the two main types of product obtained by catalytic cracking.
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_Conditions

Name a catalyst used in catalytic cracking. State the type of mechanism involved and

outline the industrial conditions used in the process.
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2 (a) . In the presence of lﬂt.raviblct light, methane and chlorine react to form a ,number‘ef
_chlorine-containing products, including CH,C}, and CHCly s .

(i) Write an equation for the initiation step in the mechanism for this reaction.
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- (ii)‘ Write the overall eq‘uétion for the formation of CHCl; from CH,Cl; and Ch
CHaO, + O ——3 CHug + HA 0)

(i) Write equations for the two propagation steps by whictke CH,Cl, is converted

into CHCl3 |
Con vevese  Equationl . CHaGat Qv —n cHAy: t HU O
dar
W Equation 2 CHqge ¢ Gy, 2 Cﬁd& + U ()]

(iv) Suggest what effect increasing the intensity of the ultraviolet light would have on
~ the rate of the reaction between methane and chlorine. Explain your answer.

*j’ docrense 3'1‘@-“ Effect on rate Incremses ()
e ovid . "
C&. woem Explanation Mete Q: ceady cols gﬁ ‘“23 0

more CL atoms . more CA-C1 or Ci, bonds brehan

oooooooooooooo

More C—ll have Ea ) \’\CFQ“&Q‘;& ae o}. Cls Pdawmayks)

(b) Mahy hydrocarbon compounds burn readily in air.

(i) Write an equation to show the complete combustion of CysHyp
CQ;S' H;; + 230, —% 'gm\," ‘6*‘,“,@ FfQJMd’S (ﬁ)
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(i) - One of the gaseous products of the incomplete combustion of methane in gas fires
. is known to be poisonous. Identify this product and write an equation for the
reaction in which it is formed from methane.

Identity of product <o &t CN@@& mOmax ,‘Jg o)
Equation CHQ + %; 0, = Lo * 2H2 0 )
| (4 marks)
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.3 The reaction scheme below shows the conversion of compound A, 2-methylbut-1-ene, into
compound B and then into compound C. - - R S

CH, "
3 Step 1 o ?ﬁ Step 2 ?Hs
CH,=C—CH;CH3 ——3 CH3—C—CH,CH3 —> CH;—C—CH,CH3;
concentrated |
A HoS04 0S0,0H : OH
B . : C .
(a) The structure of A is shown below. Circle those carbon atoms which must lie in-the same
plane. ' .
o~ ) may anle b Cs
' ; ‘ we .Szparq.\e-\—n
(1 mark)

(b) Outline a mechanism for the reaction in Step 1.
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(c) State the reagent and condition used in Step 2. Name compound C.
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{d) When compound A is converied into cbmpcimd C, a second alcobol, D, is also formed.
Alcobol D is isomeric with C but is formed as a minos product. Identify alcohol D and
explain why it is formed as the minor product. '
2- Mim"ﬁbwi;%agwaﬁ . or b Shuchure. {’}
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4 (2) Analcohol cotsining carbon, hydrogen and oxygen only has 64.9% carbon and 13.5%

hydrogen by mass. Using these data, show that the empirical formula of the alcohol is '

CaH10 -
W noeage O 87& 0 = 2/ b ‘70 : ")
colemared i Y CET TV
™~ 2. K : . ® - ° .
CWL'U ' 4 9 /l‘;, H i / ¢ . /, L .Q |x
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(b) The structural formulae of two of the four possible alcohols of molecular formula
C4HjO are shown below. - g
'(l)H .
CH;;—-?-——CH;; o CH;CH,CH,CH,OH
CH;
Isomer 1 | Isomer 2

(i) What type of alcohol is Isomer 17 Suggest a reason why this type of alcohol is not

easily oxidised. )
Type of alcohol TatHas A ' 0)
Reason N hgaha hp otom on ('Q'“M.L

' orlogn ’ 0y

......

(i) ‘Draw the structural formulae of the two remaining alcohols of molecular formula

C4HyoO
A B * f“t
CUCHg-c-en ey CHym (R on
o @
Isomer 3 Isomer 4

(4 marks)
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(¢) Isomer 2 was oxidised by adding it dropwise to acidified potassium dichromate(VI)
solution and immediately distilling off the product. When this product was treated with
Fehling’s solution, a red precipitate was formed.

(i) State the type of product distilled off during the oxidation by acidified potassium
dichromate(VI) solution.
ﬂ‘dak &Q' gnore Nomed uAsl\.aa.gg oy thaur S%

................................ e RIS 0TGN AR, Conapaund........

(i) 'Write an equation for the oxidation by potassium dichromate(VI), showing clearly
the structure of the organic product. Use [O] to represent the oxidising agent.
i use €3 ol '—';*P“A .
wo madn 0 CH ER CH,CH, OH 4 [0] =7  CHyCHL CH CHo + Hio
C-E. weng Cotigl w ok o 0y
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(i) Name and ‘draw a structure for the organic product formed by the reaction with

Fehling’s solution.
v M‘k . L2 ® .
ek ooy Name ... Buracie owidh )
'
Structure ....QRSCH"CH”QQQH ( 7

(5 marks)

(d) State one advantage and one disadvantage of the production of ethanol by the hydration
of ethene compared to the fermentation of glucose. high yietd, 1evye alechal
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(¢) Outline a mechanism for the dehydration of ethanol to form ethene in the presence of
an acid catalyst.
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SECTION B

~

Answer both the qﬁestion_s below in the s;iace; pfovided on pages 9 to 12 of this bookiet.

5 Epoxyethane is produced commercially by the oxidation of ethene.

State the reagent and the catalyst required for this process and identify two different types of
hazard associated with the production of epoxyethane. Write an equation for the reaction of
epoxyethane with water in a 1:1 mole ratio and give 4 use for the prodict obtained. Write an -
equation for the reaction of an excess of epoxyethane with ethanol and give a use for the
product obtained. (8 marks) _

6 Reaction of 2-bromobutane with potassium hydroxide can produce two types of product
depending on the solvent used. In aqueous solution, the formation of an alcohol, E, is more
likely but in ethanolic solution the formation of alkenes is more likely.

(a) For each type of product, name the type of feactigm occurring and state the role of the
potassiumr hydroxide. ~ (4 marks)

(b) Name alcohol E and draw its structural formula. By reference to the structure of the
halogenoalkane, explain why the initial step in the mechanism of the reaction producing
the alcohol occurs. . ‘ ‘ R 6 marks)

(c) When 2-bromobutane reacts with ethanolic potassium hydroxide, two_structurally
* jsomeric alkenes are produced, one of which shows sterecisomerism.

Outline the mechanism for the formation of one of the structurally isomeric alkenes.
Explain why two structurally isomeric alkenes are formed and draw the structure of the
second structural isomer. Draw the structural formulae of the two stereoisomers.

) M - T . ' - . . (8. rh )

END OF QUESTIONS
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SECTIONB
Question §

Oxygenorair - (ow %oe fom eguaken
Silver catalyst

- Linked to process: e.g. Consequence of leaks etc.
Hazard 1 = flammable or explosive
Hazard 2 = toxic or causes respiratory failure or neurological effects
KLaite |
)0 wwwq (CHCH)O + H0 - HOCH.CH,0H
dpen, © [ Perelue Uses include antifreeze or polyester formation / kery\enc
RO onte ‘“lj WeT plashics, pelymes, darws _s._ms-ngm.u—s
n(CH,CH)O0 + CH,CH,OH - CH,CH,0(CH,CH,0) H
Uses include brake fluids or plasticisers ' ov surlnctant

o dal ek

Chq ok, { OCH,CH o+
seval 2 ) Ok, wm last egn.
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Question 6
1R H'B-' o M-UJ—\'QC’PLLI\N»
(a) Alcohol: Reaction = substitution / hydrelysis =~ bwr slectvophalic subst—20. )
Alcohol: Role = riucleophile | 1 ke pasr denor (1
Alkene: Reaction = elimination - Gnoe wf bo mucteophulic o e.\echcplulu(l)
Alkene: Role =base [ probon acceplon _ 1 4
(b Alcohol = butan-2-0l - ner 2 hydioyy bulous w & bur-l -ol (1) * Pandlise oag
Appropriate structure for CH,CH(OH)CH,CH;  brackeh net egernal ) par paper
+ 5 -Sw2 version : Syl version
\. com be scomed  C-Br bond is polar : C-Br bond is polar (1)
jrom a dregum  Lone pair on OH C-Br bond breaks 1)
2u M3 whtien Agtacks the C™ forming carbocation | tarbmiwm ton 1 5
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different ‘
Com SCore H ‘ost from adiseent carbon atoms {1)
R J«M\ o H removes from C' and C® 10 give two isomers N 1)
g Draws clear Cis and trans isomers for but-2-ene ' “ (1) 8
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