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Section A

Answar all guestions in this section.

m This question is about emissions of oxides of nitrogen from petrol and diesel engines.

[0]1].[1] Exptain how oxides of nitragen are formed in engines.
[2 marks]
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[E Slate why it is desirable to decrease emissions of oxides of nitrogen from vehicles,
[1 mark]

(7 Pﬁ:a,xh:tﬂ}t khe Iarwdim o
CLC A Nearvy

[0]1].[3] Modern diesel venicles use diesel exhaust fiuids, such as AdBlue, to decrease
emissions of oxides of nitrogen.

AdBlue reacts with water in the hot exhaust gases lo form ammonia.
In the presence of a catalyst the ammonia reacts with oxides of nitrogen to form
nitrogen and water.

Give the oxidaticn state of nitrogen In each of NOz, NHa and N3

Complete the equation for the reaction between NO; and NH;
[2 marks]

Oxldation state of nitrogen in

NO: 4+ NHy =3 N O

Equation

.._.-’_1"" NO: + ﬁﬁ_ NHy — ‘%"2_ Nz +
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- I_T_J Petrol vehicles have a calalytic converter which decreases emissions of oxides of e
;m in the catalytic converter acts as a heterogeneous catalysl,
Stale the meaning of the term helerogeneaus catalyst.
[2 marks]
_ovcakalpst Yak & in o didtecenk
Elese e dhe puckenke, x| Lpeods
g..g.p e (e Ao, Lidioulr J;E.n—m e b
EI Some carbon particulates are also formed In both diesel and petrol vehicles,
Explain why carbon particulates are formed.
[1 mark]
| inCowflete Copu buskion.. B
a8
Turn over for the next question
| o - - _Turn over b
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[o]2][2]

[o]2][3]
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This question 15 aboul oxides.

Sodium oxide forms a solution with a higher pH than magnesium oxide when equal
amounts, in moles, of each oxide are added separately to equal volumes of water,

State why both oxides form alkaline sclulions,

Suggest why sodium oxide forms a solution with a higher pH than the solution formed
from magnesium oxide.
[2 marks]

7he oade oy oS3l Ceack wadh
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Give an equation for the reaction between phosphorus{V) oxide and water.
[1 mark])

E"@fb s 'IE)H‘L'C} e ql{jpﬂbﬁ

In the Contact process, sulfur{lV) oxide is converted into sulfur{Vl) oxide using
vanadium{V) oxide as a calalystL

Give two equations to show how the vanadium(V) oxide acts as a catalyst in this

process,
[2 marks]

Egquation 1 \J'E_ E}T—:- ¥ 'bﬂ = UEC}—E— J'*_-E"c:,rl

¥
it

Equation 2
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m.m Explain why complexes formed from transition metal ions are colourad,
[3 marks)
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The iron content of iren tablets can be determined by colarimetry.

Method:

» Dissolve a lablet in sulfuric acid,

* Oxidise all the iron from the tablet to Fe*{aq).

* Convert the Fe"'{aq) into a complex that absorbs light of wavelength 490 nm
= Make the solution up to 250 em’

* Measura the absorbance of light at 490 nm with a colorimeter. I
+ Use a calibration graph to find the concentration of the iron{) complex,

[1]_3__]@ Calculate the energy, in J, gained by each excited electron in the absorption at 490 nm

Speed of light, c= 3.00 x 10° m s*
Planck constant, h=663 x 10 J 5

z [3 marks]
A= hC  — 663628 " 2
: &4 b x| 57
= .66 o i
Energy gained by each electron bl__mé k’f‘l"}‘_ o J

n"ﬁ 1B Lin20rracd
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E Describe how a calibration graph is produced and used to find the concentration of the
iran{lll) complex.
[3 marks]

Tlaa Gul'!bsdh.}'m-%'lﬂ— IS Meosviel .|-,:_.,r
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the Calbrlian Lucua -:!Jr e m:‘a_p_ wied ke
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El The concentration of iron{lll) in the solution is 4.66 x 1072 mol dorr™
Calculate the mass, in mg, of iron in the tablet used to make the 250 cm? of zolution,

[2 marks]
nhe = B pls™ o 250
o = | cOO = 0.0V 4,

fe = ST -
ke “ 66 ) x!mxﬁ—ﬂfﬁzg,%a

EE
TES
3

bS5

Massg of iron In the tablat mg

Turn over »
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Cisplatin, [Pt{NH1)=Clz), is used as an anti-cancer drug.
[0]4].[1] Cisplatin works by causing the death of rapidly dividing calls.

Mame the process thal is prevented by cisplatin during cell division,

[1 mark]

After cisplatin enters a cell, one of the chloride gands is replaced by a water
molecule to form a complex ion, B.

[0]4].[2] Give the equation for this reaction.

[2 marks]

_(’P% [h}'ljl:b U%‘% W0 — &’F{M ), Ch QH?_&?
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' E| When the complex lon B reacts with DNA, the water maolecule is replaced as a bond fras
forms between platinum and a nitrogen atom in a guanine nuclectide.
The remaining chloride ligand Is also replaced as a bond forms between platinum and
a nitrogen atom in another guanine nucleotida.
|

Figure 1 represants two adjacent guanine nuclactides in DNA,
Complete Figure 1 to show how the platinum complex forms a cross-link belween the

guanine nuclectides.
[2 marks]

Y-, R

Question 4 continues on the next page

Turn over &
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An experiment is done to investigate the rate of reaction in Question 04,2,

El During the experimant the concentration of cispiatin is measured at one-minute
intervals.

Explain how graphical methods can be used o process the measured results, o
confirm thal the reaction is first order.

[3 marks)

‘ On o r::xrﬂplh pleb Concepkrabnn en
o u-ﬁm“c. @6&311,5._5;‘ 1;1,&';-?_ (S8 ‘L‘LE S - AMK
Tﬁn.klﬂf !\;u_nz;,p A Yo Hee lucug Yo (uleulate
e weaks ok cads  Contentrafhon,
plde These aml.miﬁ aarst Conlenbedim.
A falrramki- e o C He cyin Con oy
sk :::—'-‘M

In another experiment, the effect of temperature on the rate of the reaction in
Question 04.2 iz investigated.

Tabie 1 shows the results.

Table 1
| Tamp;_jr:lum 1 = Hatatnﬂ]?tant In k
283 0.00341 1.87 x 10 -17.7
303 | 0.00330 8.61 x 104 -16.3
313 ) 0.00318 343 =107 -14.9
] 318 O OPY L 6.63 x 107 - e
323 0.00310 1.26 x 10-% -13.68

IE Complete Table 1.

[2 marks]

1 i) PR L 20U T 08
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[ £ 2
m. The Arrhenius equation can be written in the form By
—£5
Ink= ﬁ +InA
Use the data in Table 1 to plot a graph of In k against % on the grid in Figure 2.
Calculate the activation energy, E,. in kJ mol '
The gas constant, A = 831 J K" mal™
[5 marks]
Figure 2
A
T 1K
0.00310 0.00320 000330 000340 000350
! ] T T
[ [
I
Ink |
—1$
- |'|1- A =
!
_IZ ‘
C::?Etbtlekdﬂ_ﬁ ~ T§, 28 = E::___"::,_
' T
Ta= 13 L5x &l -
=1 & oA kJ mol-’ 18
=R L] J, =Y g wmad
Turm over &
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A bomb calorimeter can be used for accurate determination of the haat change during o0

combustion of a fuel.

A bomb calorimeter is a container of fixed volume that withstands the change in
pressure during the reaction.

The fugl is mixed with pure oxygen in tha calordmeter, ignited and the temperalure
change Is recorded.

The total heat capacity (Ce) of the calorimeter is calculated using & fusl far which the
heat change is known.

In an experiment to calculate Gua, 2.00 g of hexane (M, = 86.0) is ignited.
A temperature change (AT) of 12.4 "C s recorded.

Under the conditions of the expenment, 1.00 mol of hexane releases 4154 kd of
energy when combusted,

. El The heat energy released in the calorimeter, g = et T

Calculate the heat capacity (Cea) in kJ K-
[3 marks])

", }'LE:-{'-—-"-""“E-— — %E = O . ORI pdlesg
9 = 4154 x 0.3 = A6 -6

Lok = qﬁ% =339 kil A
_ Gea i B kJ K

I___r_ﬂ@ When the experiment is repeated with 2.00 g of actane (M, = 114.0) the
lemperalure change recorded is 12.2 °C

=

Calculate the heat change, in kJ mel™, for octane in this combustion reaction.

If you were unable to calculate a value for Coa in Question 051, use £.52 kJ K- (this
ls not the correct value).

. _ [2 marks]
9 = CaBY =X Foaxiee= 95 kX
nDE}l‘mfhE - {i;(_t_ — O, 0ME a~theg
-
v 0= 51}'?}25“'51* B
M el G'ﬂ”pHﬂ-ﬂtEthﬂE o o e kJ mol!
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| [0]5].[3] State why the heat change calculated from the bomb ealorimeter experiment is notan | ™

enthalpy change.

[1 mark]

7!«-’- Cre SaAE VI A 1:::;M L _{;.L[QFLWEM
by Condkent
E The thermometer used to measure the temperature change of 12.2 °C In

Cluestion 05.2 has an uncerlainty of £ 0.1 "C in each reading.
Calculate the percentage uncertainty in this use of the thermometer,
Suggest one change to this axperiment that decreases the percentage unceriainty
while using the same thermometer.

[2 marks]

-2
= — (OO0 = | 6%/
e
Percentage uncerlainly l _E"q'
Change A L:ﬂ_g;.rzr inag f-@r ;—uﬂL
B
Turn over for the next question
- Turn over &
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Standard electrode potentials are measured by comparison with the
standard hydrogen electrode.

L_ﬂ State the substances and conditions neaded in a standard hydrogen electrode.
I [2 marks]

1 ki ML

Pladrinaann clechode
T8 %

It is difficull to ensure consistency with the selup of & standard hydrogen elecirode.
A Cu**(aq)/Cu(s) elecirode (E® = +0.34 V) can be used as a secondary standard.

standard.
A sultable solution containing the acidified TiD*{aq) lon is formed when

50 cm?® of solution.

potential far the TIO®* tag)/ Ti(s) glectrode is -0.88 V

The student is provided with:
« the Cu®*(aq)/Cuis) electrode sel up ready o use

« solid titanium{IV) oxysulfate {M: = 159.8)
0.50 mol dm sulfuric acid

a strip of ttankum

labaratory apparatus and chamicals,

your answer should include cetails of:

» how to prepara the solution of acidified TiD*'{aq)
= how to connect the glectrodes

« measurements taken

for the TiC**{aq)/ Ti(s) electrode.

A student does an axpariment o Measurs the standard elactrode potential for the
Tio*(aq)/ Ti(s) electrode using the Cu**(aq)/ Cu{s) electrode as a secondary

titanlum(lV) oxysulfale (TIOSOW) Is dissolved in (.50 mol dm? sulfuric acid to make

Lo | ﬂ@ Describe an experiment the student does to show that the standard electrode

« how the measurements should be used to calculate the standard electrode potential

[6 marks]

-:1:.154_3_@ o Lolabien o acdalsed
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! i it ple
E Give Ihe hall-equation for the electrode reaction In the TiO*(aq)/Ti(s) electrode in -
acldic conditions.
[1 mark]
e e A M e e e
EI_T_lEl Table 2 shows soma electrode potential data,
Table 2
Electrode reaction E IV |
Z2H'(ag) + 2e —H:{g) 0.00
Cu®{ag) + 2e- —Cu(s) +0.34
NO:{aq) + 4 H'{ag) + e —NO(g) + 2H20() +0.96
Use the data in Table 2 to explain why copper does not react with most acids bul
does react with nilric acid.
Give an equation for the reaction between copper and nitric acid.
& [3 marks]
Explanation 7L@-— E e lu e \]-g o 'LHF\_E_ C -::1"5;:- e
kuﬁl} 3 | S 2.0yen Wue  atbk. oot
oohds (=), M?'FT'IL. otih” & Iﬂf—{,ﬂ:‘ B
CLDK Vel Y I oweunss Mﬁrﬂ_Pﬂl;Li—hL Laly
bhan Cq}f‘i[ri A Ses fx"}'\ﬂt:" Conn, leod
Equation
PAN S . A VN I\ VR N Y
Turn over for Section B
Turn over »
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‘ Section B

| Answer all questions In this section.

o
l//'E!Iral;l.r one answer per question is allowed. \\
i For each question completely fill in the circle alongside the appropriale answer,
l.‘-ml'.:lﬂi:ECDl - | WRERIG NETHORS | ) I & Iﬁ | "E' [

If you want (o change your answer you musl cross out your original answer as show, JE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown, @

You may do your working in the blank space around each guestion but this will not be marked.
Do not use additional sheels Tor this waorking.

e

When heated, a sample of potassium chiorate(V) (KCUOy) produced 67.2 om” of
oxygen, measured al 298K and 110kPa

2KClOy(s) —+ 2ZKCl{s) + 30:{g)
What is the amount, in moles, of potassium chlorate(V) that has decomposed?

The gas constant, § = 8.31JK" mol!

[1 mark]
A 8.95 x 10~ [=]
B 1.99 x 107 [ =]
C 299 x10° E
D 4.48 x 107 [=]

1 a EANun 30T

| - o et i
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Which has a bond angle of 108.5%?

[1 mark]
A C (diamond) [=]
B C (graphita) IE'
G NHy [=]
D NH; (=]
EE] Which reaction has an enthalpy change equal to the standard enthalpy of formation of
silver lodide? .
[1 mark]
A Aglg) + 1 lig) — Aglis)
B Ag(s) + £ bis) — Agl(s) [=]
C Ag'lg)+ I(g) —+ Aglis) [=]
D Ag'{aq) + F(ag) — Agl(s)
| Some bond enthalpies ara given.
Bond C-H O-H 0=0 C=0
Bond enthalpy/
i 412 463 496 743
Which is ihe enthalpy change of this reaction in kJ mal'?
CHilg) + 20u(g) — COufg) + 2H:O(g)
[1 mark]
A +698
B +228
C -228
D -698 El
Turn over I|r
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I which conversion is the metal reduced?

A Cr0x* — CrO*
B Mny*™ — MnOy
C TiDy = TiOy™

D VO — VO™

o] [o] [o] o]

The rate axpression for the reaction between X and Y is
rafe = k [X]*[Y]
Which stalemen! is comect?

A Tha rate constant has units mol ' dm® 5 | = |

B The rate of the reaclion is halved il the concentration of X is halved [ =
and the concenteation of ¥ s doublad,

C The rate increases by a factor of 16 If the concentration of X is I'.:-.|
tripled and the concentration of ¥ Is doubled.

D The rate constant is independent of temperatura. | = |

Which slatement about pH is cormect?

A The pH of & weak base is independent of temperature, [=]
B Al lemperatures above 298 K, the pH of pure water is less than 7, | - |
C The pH of 2.0 mol dm nitric acid Is approximately 0.30

D The pH of 0.10 mol dm™ sulfuric acid is greater than thal of El
0.10 mal dm hydrochloric acid.

[1 mark]

[1 mark]

A un B TA GG
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A 0,10 mol dm aqueous solution of an acid 15 added slowly to 25em” of a e
0.10 mol dm agqueous solutlon of a basea,
Which acid-base pair has the highest pH at the equivalence point?

[1 mark]
A CHiCOOH and NaOH | =]
B CHyCOOH and NH; [=]
€ HCl and NaOH
D HCI and NH, =]
In the lest for a halide ion in agueous solution, dilite nitric acid is added before the
addition of silvar nitrate solution.
Why ig nitric acsd added? |

[1 mark]
A It increases the concantration of nitrate (ons, El
B It prevents the precipitation of silver compounds other than halides. | - |
€ It prevants the silver nitrate being precipitated.
D It provides the acidic solution required for precipitation. [=]
Which shows the major product(s) formed when chlorine reacts with
cold, dilute, agueous sodium hydroxide? |

[1 mark]
A NaCl only I_|?
B NaClO only =
C NaCt and NaClO [e=]
D NaCl and NaClO, [=]

Turn over »
B undarracas
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EE' Which shows the electran configuration of an atomn of a transition metal? ok
[1 mark]
A [Ar] 42340
B [Ar] 453" =]
G [Ar] 4s3d" [=]
D [Ar] 4s%3d"4p’
Which will not act as a ligand in the formation of & complex ion?
[1 mark]
A CH, (=]
B CO | = |
€ HiO [=]
D NH; E'
Which shows the caorrect oxidation state and co-ordination number of cobalt in
[ColMH:)sCHCL?
[1 mark]
oxidation co-ordination
state number
A +2 5
B +2 B [=]
[ +3 5
D +3 B E|
i .
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m Which statement is not corract? | boe
[1 mark]
I
|
i A CuCly* is square planar. | - f
| B NH,' Is tatrahedral. | = |
C [Co{H:NCHCHNH: ) Is octahedral, [=]
D [Fe(H.0)]*" is octahedral. | — |
EEJ Which compound decolourises acidified potassium manganate(VIl) solution?
[1 mark]
A AL(SOL) [=]
B CuSQOy |_=:.~. |
i C FeSO, [=]
‘ D Feu(SOuh I_C"_l
@E Which has £-Z isomers?
[1 mark]
A CeH:Brz E|
B C:H\Br
C CaHiBrz Dﬁ:’
D CyHsBr EI
Turn over for the next question
|
I
I
Turn over =
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Which Iz the machanism far this conversionT?
_,-"":F_ GH:!
I()/ — O
&_\u e

A Addition-slimination

CH,CL

B Electrophilic substitution

C Free-radical substitution

o] [o] [o] [¢]

D Nucleophilic substitution

Which compound decolounises bromine waler in the absence of sunlight?

A CHsCHiCHBr (=]
iy

B\ [=]
“"»-.__\__f-’*
S

c [=]
v

D CHyCHsCHCH:

Which compound reacts to form a ketone when warmed with an

acidified solution of potassium dichromate (V)7

A CHiCH:CH.OH

B (CH:}CHOH [=]

C CHiCH:CHO [=]

D (CHsLGHCOOH

[1 mark]

[1 mark]

[1 mark]

BV TA RS
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Which doos not contain an asymmettc carbon atom’?

A CHaCH{CH3)CH:CHs
B CHsCHzCH{CH1)CH:CH:CHa
€ CHyCH{OHCHOH

D CH:CHCHCICH,

Which reaction involves addilion-elimination?

A {I:Hq};rGHBr + KOH — CH;CH=CH: + KBr + H:O
B CHiCOCl + CyHsOH — CH.CO0CgHs + HCI
C CHiCH=CHz + Clz — CH:CHCICHCI

D CHiCH:;CH:Br + NaOH -+ CH:CH;CH:OH + NaBr

Which compound reacis with hydrogen bromide to give 2-bromo-3-methyibutlane as

tha major product?

A ﬂ:H&sz::c:HEH:]
B CHs{CHa):CH=CH;
C CHACH:C{CH3)=CH;

D (CHECHOH=CH;

Turn over for the next question

[1 mark]

o] [o] [o] [#]

[1 mark]

o] [o] [o] ]

[1 mark)

o] [o] [o] [o]

Turn over &
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Which forms a polymer with CIOC({CH:RCOCLT

A NHCH:CH:NH;
B (CHiCO):0
C CH:CHCOMNH;

D NHCHCOOH

Which structure shows the swilterion of an amino acld?

HsN — CH — GO0~
A | .\
HsC— CHy —CHy —CHy —NH3

1.
HsN — CH — COOQ~
B I
HiC—Co0™

HaM— GH — 00~
c |
HoC — OH;

+
HaN — CH — COQ™
D I
HaC — SH

What is the minimum wvolume, in cm?, of 0.02 ma dr® KM, solution needed o

oxldise 0.01 mol of VO**?
BVWO* + MOy + Hz0 — 5V0;* + Mp™ + ZH'

A 10
B 50
C 100

D 200

iy e v
i i

[1 mark]

oiofolic

[1 mark]

]

B

o

0

[1 mark]

o] [o] [o] [
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[3]2] Which Is the concentration of NaGH(ag), in mal dm, that has pH = 14.307 -
| Ko = 1.00 2 10~ mol* dm® al 25 °C (1 mariq |
A -1.16 [=]
B 5.01x 10-" [=]
G 2.00x 10" [=]
D 200 (=]
| What are the units of the rate constant for a third order reaction?
[1 mark]
A mol dm™ 57
B mol' dm® g~
C moP dm=2 g E
D mof? dm" s |-
[3]4] What is the pH of 0.015 maldm™ sulfuric acid?
[1 mark]
A -1.82
B 152
C 1.52
D 182
Turn over for the next question
|
Turn over »
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Which eompaound is formed whan phenyl benzenecarboxylate is hydrolysed under box
acidic conditions? '

[1 mark]
A CyH:CH:OH
B CiHsCHO El
G CeHsCOCH; I:':' |
D CeHsCOCH [=]
A studant rinsad the apparatus before starting an acid-basea titration,
The results of the itration showed that the volume of acid added from the burette was
largar than expeciad.
Which is a possible reason for this?

[1 mark]
A The conical flask was rinsed with water before the litration,

The walls of the conical flask wers rinsed with water during the
B titration,
C The pipelle was rinsed only with water. I = |
D The burette was rinsed only with watar. E| 30
END OF QUESTIONS
ML T4



