CHERRY HILL TUITION AQA CHEMISTRY AS PAPER 9

1 (a) (i)

1 (a) (i)

1 (a) (iii)

1 (b)

Oxygen and ozone (O1) both occur a5 gases in the upper atmosphere.

Chlorine atoms catalyse the decomposition of ozone and contribute to the formation
of a hole in the oczone layer.

These chlorine atoms are formed from chlorofluorocarbons (CFCs) such as CRaCl

Give the IUPAC name of CF5CL

Complete the following equation that shows the formation of a chlorine atom from a
maolecule of CFCL

F
|
F—C—Cl —— + Cl-
|
F (1 mark)
State what the = represents in Cl=
............................................................................................................................... { 1mam}

Write two equations that show how chlorine atoms catalyse the decomposition of
0zZone into oxygen.

o 1 T T OO RTETON

B U M 2 oottt et e et ees e et ed s s et e er s s nemna e
{2 marks)
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1(c)

1 (c) ()

1 (c) (ii)

1 (d)

An equilibrium is established between oxygen and ozone molecules as shown below.
I0gy — 2040 AH = +284 kJ mor?

State Le Chatelier's principle.

............................................................................................................................... .|‘ ; mam}

UUse Le Chatelier's principle to explain how an increase in temperature causes an
increase in the equilibrium yield of ozone.

(2 manks}
I = Lo OO T U U OO

Chemists supported the legislation to ban the use of CFCs. Modern refrigerators
use pentane rather than CFCs as refrigerants.

With reference to its formula, state why pentane is a more environmentally acceptable
refrigerant.

{1 mam}
TEXITE BB et ettt ettt e ettt e m e
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The following pairs of compounds can be distinguished by obsarving what happens
2 in test-tube reactions.
For each pair, give a suitable agueous reagent that could be added saparately to
gach compound.
Describe what you would obsarve in each caze.
{a) NaF{ag) and NaCl{aq)
L= T L= SO UUTO
Obsarvathon With MaF (S0 .. e mme s s st e s emmnnnen
ObSErVaton WIth MECLEGD ..o oo eeoeeeeeees oot e eemees e sesesss st sbeesbes st eeemees s stessss semsbemnemeee
{3 marks)
(b)  BaCls{aq) and MgClz(ag)
L= T L= SO UUTO
Obsarvathon With BaClalag ). ..ottt e ee s sesaass srass s emmmnnen
Obsarvation with MOCLa{ag) e e s sssass srass s smmnnnes
{3 marks)
(c) AgClis) and Agl(s)
L= T L= SO UUTO
OBSEIVEEON WITH AGTLISD oo eeceee et eeeeee s s seemees e sesesss s eeeeetes s eeemeen st seees semse s menemeee
Obsarvathon With Al B) < e neme s sesaas e sk smnnnes
{3 marks)
(d) Butan-2-ol(l) and 2-methylpropan-2-ol(l)
L =T T L= USSR
Obsarvation with Butan-2-0l1) ..o e st e s e

Obsarvation with 2-methylpropan-2-ol{l) ... sennens

{3 marks)
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3 Sea water contains large amounts of dissolved magnesium compounds.
Approximately 1kg of magnesium can be extracted from 1000dm?® of sea water

{a) The first step in the extraction procass is to react the magnesium ions in sea water

with hydroxide ions to produce a precipitate of magnesium hydroxide.
Writa the simplest lonic equation for this reaction.

R

(b) The second stap in the extraction process is to react magnesium hydroxide with
hydrochloric acid to give magnasium chlorida. Write an equation for this reaction.

{1 mark)
{c) In the final step, molten magnesium chlorde is electrolysed to form magnesium and
chlorine. This is similar to the method used to extract aluminium.

Deduce an eguation for thae reaction that cccurs at the negative alectrode in the
alectrolysis of magnesium chiloride.

{1mark}
(d}) Magnesium is used in the extraction of titanium.

(d) (i) WWrite an equation for the conversion of titanium(lV) cxide into titanium(lV) chicride.

Ry

(d) (ii} Write an equation for the extraction of titanium from titanium(lV) chloride using
magnesium.

(1 mark)
(d) {iii} State the role of magnesium in this extraction.

R

(a) Use your knowladge of the reactions of Group 2 matals with water to explain why
watar should not be used to put out a fire in which magnesium metal is burning.

fzmﬂm}
[EXITE SIIECE] coicieecccaiiseiasisrsesss semsmms s sessaasas sbsses b e em ammme e 444 a4 4a s S beae s s bk RmmE e e 44 e a et e aessbs smmnns
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-El-a A student used the infrared specira of water vapour and of carbon dioxide to try to
I-I ] find a link between infrared radiation and global warming.

Infrared spacirum of water vapour
100

Transmittanca/% 50 /
D T T T T T T
0 3000

400 2000 1000
Wavanumber/ cm!
Infrared spectrum of carbon dicide
100
Transmittance/% 50
o — T T — T
A000 3000 2000 1000

Wavenumber/ cm-!

(a) (i) Use information from the infrared spectra to deduce one raascn why the studant
concluded that water vapour is a more effective greenhouse gas than carbon dioxide.

(&) {if} Use your knowledge of the bonds in COp to state why the infrared spectrum of

carbon dioxide is not as might be pradicted from the data provided in Table 1 on the
Data Sheat.

(2 marks)

{b) The inifiatives to decrease the carbon dioxide in the atmosphere include the use of
carbon-neutral fusls and the development of carbon capiure.
The mingral serpentine, Mgy Siz0g{0H), has been propesed as a solid for the capiure
of carbon dicxide gas.

(b} (i} Give the meaning of the term carbon-neutral, as applied 1o a fusl.

[EXITE SECA] oo e e e e s emens e e e e em e e ee

(b} (if) Balance the following equation for the reaction of serpantine with carbon dioxide.

MosSiz0slOH)y + | C0p —— _  MgCOs = Si0y + _  HO

(1 mark)
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5[3] Thea reaction of bromine with propane is similar to that of chlorine with methanea.
Threa steps in the machanism for the bromination of propane to form 1-bromopropans

ara shown below

Step 1 Brz e 2Br

Step 2 Br- + CHsCHGHy  ——=  CHyCHCHp» + HBr
Step 3 CHaCH;CHp» + B,  ——  CHaCHCH:Br + Br

{a) (i} Mame the type of mechanism in this reaction.

{a) (if) Give an essential condifion for Step 1 to ocour

" mark)
(a) (iii) Mame the type of stop illustrated by Steps 2 and 3.

" mark)
{(a) (iv) In this mechanism, a different type of step occurs in which free radicals combing.

Marna this type of step.

Write an equation to show how hexane could be formed from twio free radicals in the

miechanism of this reaction.

T OF BB ot s n o

1 L U
(2 marks)

{a) (v) Write an ovarall equafion for the reaction between bromine and propane by the same
mechanism to produce octabromoprapane (CsBrg).
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5 (k) Bromine reacts with alkenes, even though bromine is a non-polar molecula.

{b) (i} Explain why bromina molecules react with the double bonds in alkenes.

(2 marks)
S v B o e
(b} {iiy Mame the type of mechanism inwolved in this reaction.
" mark)
(b) (iii) Draw the siructura of the compound with M. = 387 6 formad whan
penta-1 4-diana {H;C=CHCH;CH=CH;) reacis with an excess of bromine.
(1 mark]

(c) Two products are formed whan propena reacts with hydrogen bromida.
Draw the structura of the intermediate that leads to the formation of the major product
in thie reaction of propane with hydrogen bromide.
Give the mname of this type of intermediate.

Structure of infermediate

Type of INEMMIBAIEIE .o e e e e
{2 marks)
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A student read the following passage on the Intarnet.

Haloalkanas contain a polar covalent bond. The carbon atom of the polar
covalent bond can be attacked by nucleophiles. Mucleophilic attack enablas
haloalkanes to undergo substitution reactions.

A nucleophilic substitution reaction occurs when a haloalkane undergoas
hydrolysis; the rate of hydrolysis of the haloalkane is influenced by the
carbon-halogen bond enthalpy.

(a) Explain the meaning of each of the following terms in the information given above.

{a) (i) nucleaphile

T mark)
{a) (ii}) substiution, as applied to nucleophilic substitution in a haloalkane
T mark)
© (a) (iil) hydrodysis
{1 mark)
{a) (iv) bond enthalpy, as applied to a carbon-halogen bond.
{1 mark)

{b) Cutling a machanism for the nuclecphilic subsfitution reaction in which
2-bromopropans (CH3CHBrCH;) reacts with potassiom hydroxide to form propan-2-ol.

(2 marks)

(c) Haloalkanes also undergo elimination reactions to produce alkenes.

{e) (i} OCutline a mechanism for the elimination reaction in which 2-bromopropane reacts with
potassium hydroxide to form propens.
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(3 marks)

{c) {ii} A student obtained the following infrared spectrum for the product from this
alimination reaction.

00— . .
i I|I r‘/\ I|I| |Iﬂ'|I (-U\\ ||(ﬂl|| I||

Transmittance/ % 50

: h‘l f‘ N | ﬁ‘ri || I'

Wavenumber/cm!

Usa information from the infrared spectrum to state and explain how the student
deduced that the product was an alkene.
You may find it halpful to refer to Table 1 on the Data Sheet.

(2 marks)
VEXEE SBDEOB) oo ee e et e e ne e
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7 A student devised an experiment to investigate the enthalpies of combustion of
some alcohols. The studant chosa tha following series of primary alcohols.
Name Formula
Methanol CH30H
Ethanal CH5CH-0H
Propan-1-ol CH3CH-CHL0H
Butan-1-ol CH3CH-CHACHoOH
Pentan-1-ol CH3CHzCHCHCHOH
Alcohol X CH3CHzCHZCHCHZCHzO0H
Heptan-1-ol CH3CHCHACHCHoCHo CH0H

{a) (i) Mame alcohol X.

{a) {ii) State the general name of the type of seres shown by these primary alcohols.

{a) (iii) Draw the displayed formula of the position isomer of butan-1-ol.

(1 mark)

{a) (iwv) Using [O] to represent the oxidising agent, write an equation for the oxidation of
butan-1-ol to form an aldehydea.

{a) {v) Draw the displayed formula of a functional group isomer of this aldehyde.

(1 mark)

4] The studant carmied out a laboratory experiment to determine the enthalpy change
whan a sample of butan-1-0l was burned.
The student found that the temperature of 175 g of water increased by 8.0°C when
5.00 x 10~ mol of pure butan-1-ol was bumed in air and the heat produced was used
to warm the water.

Use the student's results to calculate a value, in kJ mol™, for the anthalpy change

whan one mole of butan-1-ol is burned.
{The specific heat capacity of wateris 4.18J K- g™")

" (@ marks)

10
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(e} (i) Give the meaning of the term standard enthalpy of combustion.

(3 marks)
[ o L | S

{c) (ii} Use the standard enthalpy of formation data from the table and the equation for
the combustion of butan-1-ol to calculate a value for the standard enthalpy of
combustion of butan-1-ol.

CH3CHZCHzCHZOH{I) Ozlg) COgz{g) Hz0(l}

AR k) mal™ — 327 0 — 304 — 286

CH3CHzCHoCHROH(D) + 802(g) —=  4C0s(g) + 5H00)

(@ marks)
[ o L | S
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(d) The studant repaated the expariment describad in part 9 (b) and obtained an
experimantal value for the enthalpy of combustion for each alcohol in this seres.
These exporimental values wera then compared with calculated values from
standard enthalpies of formation, as shown in the graph below.

Enthalpies of combustion values
for a sanes of primary alcohols

5000+ Calculated
40004
Enthalpy of 3004
combustion
{ kJ mot™! 20004 __xf""ﬂ_;-x Experimental
1000+ w’*ﬁ
':I T T T T T T T
32 46 &0 T4 &8 102 116

M, of alcohol
(d) (i) Interms of bonds broken and bonds formed, axplain why the calculated values of

enthalpies of combustion of these alcohols, when plotied against M, follow a
straight line.

(2 marks)
= e e ) S

(d) {ii) Give two raasons why the exparmental values obtained by the student are lower than
the calculated values using the enthalpy of formation data.

(2 marks)

12



