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Section A
| Answer all questions in the spaces provided.

A dynamic equilibrium is established when gas A

is mixed with gas B at a given
temperature.

—_—

gE——

A(g) + B(g) C(g) + D(g)

Figure 1 shows how the concentrations of reactants and products change with time,

Figure 1
\
\ C(g) + D(9)
Concentration / AN fﬂf i
mol dm=3 N
£ Boti
L TR ]
e S Alg) +B L et
3 wiod || (@) E) ore
r,rl.'r -
Time/s

1 (a) (i) On the appropriate axis of Fi
first established.

gure 1, place an X to show the time when equilibrium 1s

[1 mark]

1 (a) (i} State how the rate of the forward reaction and the rate of the reveise reaction are

,‘4"-&3’5

g

o ’t‘g\;:'«"!(b H‘Dﬁ"{;ﬂ’r p(‘xg_

related to each other at equilibrium.
[1 mark]

..........................................................................................................................................

..........................................................................................................................................

As coutd have bre ocked as “dtfine
o dunamic equbibrivm’. dhe sntwer 15 the
SU\W: bt Qim YR: t_c&'ﬁj $d§il-:m ol z,,;,-w!rs_
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1 (b) Give the meaning of the term dynamic in the context of a dynamic equilibrium.
[1 mark]

....................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------

............................................................................................................................................

1 (e) The total pressure on the system is increased at constant temperature,

1 (c) (i) State and explain the effect, if any, of this change on the position of this equilibrium.
[2 marks]

-------------------------------------------------------------------------------------------------------

...............................................................................................................

of. the equation.

-----------------------------------------------------------------------------------------------------------------------------------------
............................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------

1 (e} (ii) State and explain the effect, if any, of this change, on the time taken to reach this
equilibrium, . carebt here
e cort S~ [3 marks]

Effect /ﬁmdecrmrgg ...................................... o e ................................

Explanation ...!.r.x..c.-.r..c.e.ﬁ%g....ﬁ(.f.mm:....w;.l.l....‘n.o..qsg,{g ..... bath dk.......
(vard cm(i 'aac(cwqm{f feaChgny,

.....................................................................................................................................

.........................................................................................................................................

............................................................................................................................................

Turn over p
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Figure 2 shows the Maxwell-Boltzmann distribution of molecular energies in a
sample of gas at temperature T,
Figure 2
>
&
-3
'
€
S
]
§
N
N
0 Y Energy
2 (a) One of the axes is labelled.
Label the other axis.
[1 mark]
[1 mark]

2 (b) State why the curve starts at the origin,

.................................................................................

......................................................

.......................................................................

2 {c) Which of the following, A, B or C, describes what the value of Y represents in
Figure 27
Write the correct letter, A, B or €, in the box.
[1 mark] i

A The energy needed for a successful collision
B The minimum energy needed for a reaction to oceur

€ The most prabable energy

C
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2 (d) On Figure 2, draw a distribution of molecular energies in this sample of gas at a

higher temperature,

[2 marks]

2 (e) The pressure of the original sample of gas is doubled at temperature T.

State the effect, if any, of this change on the value of Y.

Na c-rfcc(:.

..................................................................................................................

..................................................................................................................

eSSt ol ped cwuse o

inciegie (o CoLAY = Cven -‘“'\M-‘%L‘

R

L 4
b wesld st rade.

Turn over for the next question
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3 Antimony Is a solid element that is used in industry. The method used for the
extraction of antimony depends on the grade of the ore.

3 (a) Antimony can be extracted by reacting scrap iron with low-grade ores that contain
antimony sulfide (Sbh,S3).

3 (a) (i) Write an equation for the reaction of iron with antimony sulfide to form antimony and
iron(l) sulfide. w:{li}sﬁﬁ-i& = fe 5

[1 mark]
St SbeSs. =2 IS 2 JSh

3 (a) (ii} Write a half-equation to show what happens to the iron atoms in this reaction.
[t mark]

..........................................................................................................

3 (b) In the first stage of the extraction of antimony from a high-grade ore, antimony sulfide
is roasted in air to convert it into antimony(lll) oxide (Sb,03) and sutfur dioxide.

3 (b} (i) Write an equation for this reaction.

3 (b) (i) Identify one substance that is manufactured directly from the sulfur dioxide formed in
this reaction.
I1 mark]

............. H 0o

A R onseres awilcble bot
o ’fﬁ”f‘;g‘ﬁw 4 o3t ’g‘ic‘f“?

L
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3 (o) in the second stage of the extraction of antimony from a high-grade ore,
antimony(ll!) oxide is reacted with carbon monoxide at high temperature.
3 {c} (i) Use the standard enthalpies of formation in Table 1 and the equation given
below Table 1 to calculate a value for the standard enthalpy change for this reaction.
Table 1
Sb204(s) CO(g) Sh{l) CO2(9)
AHPIkJ mol | 705 ~111 +20 ~394 /-ﬁ
i
G "’aﬂi»-)
Aﬂqr' L".? R -
SbyOsfs) + 3CO(g) —— 2Sb(l) + 3CO,(g) N

3 {c) (i} Suggest why the value for the standard enthalpy of formation of liquid antimony, given

in Table 1, is not zero.
[1 mark]

.............................................................................

.........................................................................................................................................

3 (c) {iii) State the type of reaction that antimony(lll} oxide has undergone in this reaction.
rk
sb> 4 3¢=—> Sb {1 mark]
Eedoc Eiga, . |

..........................................................................................................................................

3 (d) Deduce one reason why the method of extraction of antimony from a low-grade ore,
described in part 3{a), is a low-cost process. Do not include the cost of the ore.
[1 mark]

......................................................................................................................................

............................................................................................................................................

Turn over p
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4 There are many uses for Group 2 metals and their compounds.
4 (a) State a medical use of barium sulfate.
State why this use of barium sulfate is safe, given that solutions containing barium ions

are poisonous, \ meay 15
\J [2 marks)

LI LT TR R LRt LR Tt o2 T U

............................................................................................................................................

..........................................................................................................................................

4 (b) Magnesium hydroxide is used in antacid preparations to neutralise excess stomach
acid.

Write an equation for the reaction of magnesium hydroxide with hydrochloric acid.

[1 mark]
Moz v 20— ¥ 3.(..!3....1...2..&‘:..@ ..............................
4 (c) Solutions of barium hydroxide are used in the titfa-tion of weak acids.
State why magnesium hydroxide solution could not be used for this purpose.
[1 mark]
/%@H ....... oot dery skl
4 (d) Magnesium metal is used to make titanium from titanium(IV) chicride.
Write an equation for this reaction of magnesium with titanium(iV) chloride. ” "
mar

........................................................

/f.cu»rzmg-—»?/\ngccz + T |

i
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Magnesium burns with a bright white light and is used in flares and fireworks.

Use your knowledge of the reactions of Group 2 metals with water to explain-why
water should not be used to put out a fire in which magnesium metal is burning.

[2 marks]
..... Hgogen. gas. wold. be. celeascd sohich is_bighly.....
.............. Lo
.................................... il 3%2!"7—0""'/‘43(0”)24“%42
[EXIra SPACE] ......cceecurrieciecerecect s e ettt eesstsse s st e ettt s e e
Turn over for the next question
Turn over p

WMP/Jun14/CHEM2

Do not weite
outside the
b




10 s
box
5 Trifluoromethane (CHF3) can be used to make the refrigerant chlorotrifiuoromethane
{CCIF3).
5 (a) Chlorotrifluioromethane is formed when triflucromethane reacts with chlorine.
CHF; + Cl;, —— CCIF; + HCl
The reaction is a free-radical substitution reaction similar to the reaction of methane
with chiorine.
5 (a) (i) Write an equation for each of the following steps in the mechanism for the reaction of
CHF3 with C|-2
[4 marks)
Initiation step
il 2 G
First propagation step
Gl .. CREs — HC( L3 .
) cii"‘“
Second propagation step ;-fﬁ_f'i Ao’
Vs i
o * ’ ":,l‘r\. i A |
+ = + & Z CCl+z 4 rn oY
Termination step to form hexafluoroethane
(dz. 4. Cfz — ( L’{ B s S e
5 (a) {ii) Give one essential condition for this reaction.
[1 mark]
..... LY
Hmmm!)"mll WMPJun14/CHEM?
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5(b) In some refrigeration systems, CHF; has replaced CCIF; because of concerns about
ozone depletion,
5 (b) (i) Identify the species formed from CCIF; that is responsible for the catalytic
decomposition of ozone in the upper atmosphere.
[1 mark]
5 (b) (i) Write an overall equation to represent the decomposition of ozone into oxygen.
[1 mark]
VAL Sl 0 S
|7
Turn over for the next question
b
Turn over p
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There are no questions printed on this page

f
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6 This question is about Group 7 chemistry.
6 (a) Sea water is a major source of iodine.
The iodine extracted from sea water is impure. it is purified in a two-stage process.
Stage 1 b + 2H 0 + SO —— 2HI + Hs304
Stage 2 2H + Cl, —— lo + 2HCI
6 (a) (i} State the initial oxidation state and the final oxidation state of sulfur in Stage 1.
[2 marks]
Oxidation state of $ i $0z -k e
Oxidation state of S i HpSOs wes €
6 (a) (if) State, in terms of electrons, what has happened to chiorine in Stage 2.
[1 mark]
A has been colued, | Cla 42— 207
6 (b) When concentrated sulfuric acid is added to potassium iodide, iodine is formed in the
following redox equations.
b+ FHs0, —s LxHso, + B, + s + Lno
8KI + 9H,804 —— BKHSO, + 4l + H8 + 4H,0
6 (b)(i) Balance the equation for the reaction that forms sulfur,
[1 mark]
6 (b) (ii} Deduce the half-equation for the formation of iodine from iodide ions.
[1 mark]
....... A S {
6 (b) (iii) Deduce the half-equation for the formation of hydrogen sulfide from concentrated
sulfuric acid. 15 15 e sin et form Hhen belme
,’S_-rs 1 Be” =& S"k - fn\u:'% HaHea ! [1 mark]
BH tHoSoe 1. 8¢ — HaS+4H0
Question 6 continues on the next page
Turn over p
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6 (c) A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric acid,
is added to an aqueous solution containing iodide ions.

6 (c) (i) Write the simplest ionic equation for the formation of the yellow precipitate.

- AT et
A&ﬂ* y 1 - 8]: F\\\k\datk"g{‘,’;::.:':tﬂ
--------------- s e s TR T evnrvannasarrrrcannnnnaps e L P R L R aFrEs EEERRrEEaIRESS i

6 {c) {ii) State what is observed when concentrated ammonia soiuti%is agded to this
yellow precipitate. M'ﬁ::p e
Pt

[1 mark]
1 ssdve |
....... he. ppt.swedd Noy, dissage,
6 (c} (jii) State why the silver nitrate solution is acidified when testing for iodide ions.
[1 mark]
ocemore_one 008 et col ioderfere with e |
. |
r - I i ¥
e e 1 /0.0 N S [
{cfl:‘::,'._;*—T"I"_."‘IEJE' ]
.................................................................... i iup{';“ﬁ*r

6 {c) (iv) Explain why dilute hydrochloric acid is not used to acidify the silver nitrate solution in
this test for iodide ions.
[1 mark]

.................................................................................................................................

...........................................................................................................................................

N
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6 (d) Chlorine is toxic to humans. This toxicity does not prevent the large-scale use of
chlorine in water freatment.

6 {d) (i} Give one reason why water is treated with chlorine,

............................................................................................................................................

[1 mark]
S used in verd. low cments <alco the heo| i

........................................... B R T e N A T
........

............................................................................................................................................

kv- \.
6 (d) (iii) Write an equation for the reaction of chlorine with cold water, A:-’ A

e [1 mark]
...... Cla. 4. Ha 0 —= HCQ +HCC

6 (e) Give the formulas of the two different chlorine-containing compounds that are

formed when chlorine reacts with cold, dilute, agueous sodium hydroxide.
[1 mark]
Formula 1 NO‘CLO ....................................................................................................
Formula ZNQCL .........................................................................................................
Turn over for the next question

Turn over b
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7 Table 2 gives the names and structures of some structural isomers with the molecular
formula CsHqg
Table 2
Name of isomer Stfucture
_—
Isomer 1 pent-2-ene _ CH3CH=CHCH,CH,4
Isomer 2 _ cyclopentane Q
Isomer 3 3-methylbut-1-ene ' (CH3),CHCH=CH,
Isomer 4 2-methylbut-2-ene .~ {CH3),C =CHCHj4 I:
Isomer 5 2-methylbut-1-ene H2C =C(CH3)CH,CH;4 ‘
l
| |
7 (a) Isomer 1 exists as E and Z sterecisomers.
7 (a) (i) State the meaning of the term sterecisomers.

[2 marks]
0me. Stuchval fomola but atoms ace
ateoned Gilfeceatly n space,

7 (a) (ii) Draw the structure of the E sterecisomer of Isomer 1, i
i [1 mark} '
crlg
N /7 H
Cc=cC
s \
H CHyCHg

L
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7 (b) A chemical test can be used to distinguish between separate samples of lsomer 1
and Isocmer 2,
Identify a suitable reagent for the test,

State what you would observe with Isomer 1 and with Isomer 2.
[3 marks]

...............................................................................................................................
.................................................................................

............................................................................................................................................

............................................................................................................................................

7 (€) Use Table A on the Data Sheet when answering this question.
Isomer 3 and Isomer 4 have similar structures.

7 (c) () State the infrared absorption range that shows that Isomer 3 and Isomer 4 contain the

same functional group. oS e’
Coets  [1 marig

£

-------------------------------------------------------------------------------

............................................................................................................................................

7 (c) (i) State one way that the infrared spectrum of Isomer 3 is different from the infrared

spectrum of Isomer 4.
[1 mark]

---------------------------------------------------------------------------------
..........................................................................................................................................

............................................................................................................................................

Question 7 continues on the next page

Turn over p
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7 (d) Two alcohols are formed by the hydration of Isomer 4.

Draw the displayed formula for the alcohol formed that is oxidised readily by

acidified potassium dichromate(V1).
(1 mark]
¢
CH2  (cug Lo
| I & o
— H 5 ?"‘5
HQC""C B C : Xg@f‘; 'D\' .
H ] .\a‘fé“, o 7:;,’”' il »
H oH ‘d\‘@’a‘g @ ’.,\.;‘.:( ’3\\
o A -{,“W‘SL“?&;}
‘t "’A\“ ¥
ik @ 4
ol
_ !
7 (e) Isomer 4 reacts with hydrogen bromide to give two structurally isomeric
bromoalkanes.
7 (e) () Name and outline a mechanism for the reaction of Isomer 4 with hydrogen bromide to

give 2-bromo-2-methylbutane as the major product, !

[5 marks] |
(CH3)QC=CHCH3 + HBr — (CH3)2CBI'CHQCH3
Name of mechamsm@(ef'{'m'fhmc*a‘éd“ha’b .........................................
Mechanism
CHa CHz
\ / f i ',4 { (;"'3 |“
= ~CF
c=c o He-C— CmCM B¢ - C- C -t
A !
CHy &‘ CHy C ‘—H 6 H
1B

A
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7 (e} (it} The minor product in this reaction mixture is 2-bromo-3-methylbutane.

Explain why this bromoalkane is formed as a minor product.
{2 marks]

..........................................

IS FRICAL e W

c:"“ o

Ep( ‘“0‘ vf '.:‘,U‘)
................................................................................................................... "('E“&'(it"'r' %
{.(9( R
7(M Name and outline a mechanism for the following reaction to form Isomer 5.

State the role of the hydroxide ion in this reaction.

[5 marks]

(CHa)gCBl’CHzCHa + KOH —— Hzc=C(CH3)CHch3 + KBr + H.O

NEME OF MEBCNANISITE it eieee e ceerreretesr st st esserarsessessnssssmeseeteessseesstoseseessae
Mechanism
H
C| P H oy clsH oy
. 1 \ ] ) \ Y -
HyC —C C—-C-¢ —» C—=¢C—C-C-H + Hz048c
! _K’ I . 7/ ! |
> HH “3 HoH

Q:on"

Lo not wille
Owlsice the
fox

Role of hydroxide ion .-t & C*““jafqbak ...................................... e

Turn over p
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Section B
Answer all questions in the spaces provided,
8 The carboxylic acid 3-methylbutanoic acid is used to make esters for perfumes.

The following scheme shows some of the reactions in the manufacture of this
carboxylic acid.

Reaction 1
{CH3)2CHCH,0H _ (CH3),CHCH,Br
Reaction 2
Reaction 3 _
(CHa)ZcHCHchOH — (CH3)2CHCH20N
3-methylbutanocic acid
8 (a) One of the steps in the mechanism for Reaction 1 involves the replacement of the

functional group by bromine.
8 (a) (i} Use your knowledge of organic reaction mechariisis to complete the mechanism for

this step by drawing two curly arrows on the following equation.
[2 marks]

Br:

I !
CHj CHs

H;,C—CH—CI—IZDE)H2 ~——  HyC—~CH~CH,—Br + H,0

TN
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8 (a) (if) Deduce the name of the mechanism in Question 8 (a){i).
Give the IUPAC name of (CH3);CHCH,Br
{2 marks]
...... Nucleophic Sobstitvbion. .o
..... 1‘bf0m0meU'jlprapqn&
8 (b) Reaction 3 is an acid-catalysed reaction in which water is used to break chemical

bonds when the CN functional group is converted into the COOH functional group.
Infrared spectroscopy can be used to distinguish between the compounds in this
reaction.
Deduce the name of the type of reaction that occurs in Reaction 3.
Identify one bond in (CH3),CHCH,CN and a different bond in {CH3),CHCH,COOH
that can be used with infrared spectroscopy to distinguish between each compound.
For each of these bonds, give the range of wavenumbers at which the bond absorbs.
Use Table A on the Data Sheet when answering this question.

R oo
Hodolysis e e,
WGEN 7222002280 cbpbion,
QzHb)x 2500 - 3000, 1 G e ove cowita

' T pr - '
Question 8 continues on the next page
Turn over p
21 WMP/Jun14/CHEM2




Do nol writer
22 ot sithy the
box

8 {c} When 3-methylbutanoic acid reacts with ethanol in the presence of an acid catalyst, i
an equilibrium is established. The organic product is a pleasant-smelling ester.

{CH3),CHCH,COOH + CH3CH,OH — (CH3)ZCHCHZCOOCHZCH3 + HxO §
© an ester |

The carboxylic acid is very expensive and ethanol is Inexpensive. ‘In the manufacture of
this ester, the mole ratio of carboxylic acid to ethanol used is 1 to 10 rather than 1 to 1.

8 (c) () Use Le Chatelier's principle to explain why a 1 to 10 mole ratio is used. In your
explanation, you should not refer to cost. |
[3 marks] |

i
.:’.['.hﬁ..:m.mﬂ..@ﬁ....e?!.l:.?.".ffl...cf.f.f.\.fr.rﬁ:f..f.c...ﬁers.h.w:‘..‘.’:....?ﬁseés...-(-.e!:f...:s-’. wlibriven . J
-pefiise.de. shifh e cht, coodoy a goter gl of
S S e
L
8 (c) (i) Explain how a catalyst increases the rate of a reaction, §
[2 marks] l

..........................................................

............................................................................................................................................

e e

............................................................................................................................................

0N
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9 Ethanol is an important fuel.

9 (a) A dilute aqueous solution of ethanol can be produced by the fermentation of an
aqueous solution of glucose.
It is claimed that the ethanol obtained from this solution is a carbon-neutral biofuel.
Write an equation for this fermentation reaction.
Give two other essential conditions for this reaction to produce a good yield of
ethanol.
Name a process used to produce a much more concentrated solution of ethanol from
a dilute aqueous solution.
State the meaning of the term carbon-neutral in the context of this biofuel.

[5 marks]

.........................................................
-------------------------------------------------------------------------------------------------------------------------------------------
................................................................................................................................

.....................................................................................................................................

((Odaﬂu"l\“"ﬁ!f‘m““?;m-’) :

R L R R T T T T T P T

"ﬂ(\f*ﬂ*ma‘dmﬁw'ﬂw ..... 15 Fhe proce € g impane concertaction.,

..........................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------------------------
............................................................................................................................................

............................................................................................................................................

Question 9 continues on the next page
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A student carried out a laboratory experiment to determine the enthalpy change
when a sample of ethanol was burned. The heat produced was used to warm some
water in a copper calorimeter The student found that the temperature of 75.0 g of
water increased by 5.50 °C when 2.40 x 10-3 mol of pure ethanol was burned in air

Use the student’s resuits to calculate a value, in kJ mol!, for the enthalpy change
when one mole of ethanol is burned.
(The specific heat capacity of water is 4.18 J k-1 g

Deduce two reasons why the student's value for the standard enthalpy of combustion
of ethanol is different from a Data Book value of —1279 kJ mot1.,
5 marks]

i

______ q.=me O ?

e ettt

: 185418 x 5.50 9=11243

.............................................. B LLET YT T PP e s N e E A b be e AR e amaea

29 Mm‘k.f i:sf :7
‘724 ....... - ...,A.'!S.".‘.'W."r ir
"W ke

2-4wi02 |
.................................................. FortA AN e DT R

e

g ceasons b Ak diffena ¢ heat loss Lrom Celecime fc-

....................
..................................................................................................................................
e e et he ) h st e an s s b emne e eat se e e mot e b bt e sas

--.--..--.-.......--..........-......-.....-..-..q-.....--..--....u. e b e R i ra s e s e raea

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
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9 (c) Mean bond enthalpies can be used fo calculate enthalpies of reaction.

9 (c) () Give the meaning of the term mean bond enthalpy.
[2 marks]

........................................

............................................................................................................................................
............................................................................................................................................

............................................................................................................................................

9 (o) (ii) Consider the mean bond enthalpy data in Table 3.
Table 3

C—H | C—C | C—0 | 0=0 C= O—H

Mean bond enthalpy/ to be
kJ mol™! 412 348 360 | calculated 805 463

Use the data in Table 3 and the equation shown to calculate a value for the bond

enthalpy for the O=0 double bond in an oxygen molecule.
[3 marks]

CHsCH,OH(g) + 305(g) — 2COx(g) + 3H.0(@) AH=-1279 kJ maol™

........ HorovveeereeeesemeeeseassessssessessseessmsosenssnensecesencsQmgenss gpesmseescesees bk soemmnegrocccecrinsnesnonen
i - -.c;, '\O,H
H"'C“C-O'H'\“O“O ..... 3 .%..... I W Hererreriainnenn
¥ ¥ g “ ©"
.................................................. [ T o OOt WHTUTON - SRR
. 14.59 5220 \f’ ¢
545% ................................... LN - TR
....................................................... 8 . .372047778.:.59%8....
on28A8 =323 = 2T E 236+ -1279 5 1488 oo

............ O = = A i e
END OF QUESTIONS
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