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PAPER - 3

2. (5) Iron is a transition element. : (2016/SP/03)

(@) Inthe blast furnace, iron(lll) oxide reacts with carbon monoxide.
Fe203 +3C0O —2Fe+3C0O2

Which substance gels reduced in this reaction? Explain
your answer.

T =Y\ S W 72 VS ——

explanation

3. 7(b) The percentage of oxygen in air can be found using the apparatus shown below. (2016-SP-03)

ai{ copper wire air
E:’I | AShad naten aane LiARA | n‘ T l [‘ [ / l ‘l I v I/ G LA (M mand Mt s J:ﬂ
gas syringe heat

Air is passed backwards and forwards over the heated copper using the syringes.
The copper reacts with oxygen in the air.

copper + oxygen —copper(ll) oxide
Astheexperimentproceeds, suggestwhathappensto

i. the total volume of air in the gas syringes,

................. D170 22 LSS
ii the mass of the wire in the tube.
OO £ n Vo £7 1 LY <5 S (1]

b. State one use of copper.

..........Elcchimi....w‘.ximé..: ........................................................................................... (1]

4. (5 b) The halogens are a group of non-metals in Group VIl of the Periodic Table. (2015-J-31)

(c) lodine reacts with chlorine to form a dark brown liquid, iodine monochloride. .

e
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chlorin
(- e
suppli
ed

@J’»cwstals

I2(s) + Clz2(g) OOD2IC/()
dark brown

When more chlorine is added and the tube is sealed, a reversible reaction occurs and the
reaction comes to equilibrium.

ICI(l) + Cla(g) = ICla(s)
dark brown yellow

(i) Give another example of a reversible reaction.
CLLSOLr+5HQO.<—3— ..... CuSO M0, . 1]

(i) Explain the term equilibrium.

*fmc}ms{nhﬁacc ...... al:..4he. Same yalt .. So..... 2]
theve is ™0 ovenall Chamgl_-

(b) Chlorine is removed from the tube and a new equilibrium is formed.

Explain why there is less of the yellow solid and more dark brown liquid in the new equilibrium

mixture.
o Egpililoviomo. . goes Yo LHS thal-.s... Yeackuo}. side,
. bewanse...... camiembvakion . ob .. Chlovime... detveased.

(c) Asealed tube containing the equilibrium mixture is placed in ice-cold water. There is an increase in the
amount of yellow solid in the equilibrium mixture.

What can you deduce about the forward reaction in this equilibrium?

IC/(l) + Cla(g) = ICI3(s)
Explain your deduction. [Total: 13]

.........E(v).i\;laxi.mm..._... es..Ho...RuS.., ek 5. paoduck...side.:..

.........Eml-l-m.rrn.s'c,..,...Ye.ﬂ.(..H.Q‘S?S.,......Mﬂ..,.....&uo.uwcd.........la ..... {ow....
......... ‘krm‘).mﬂl’wu.f:ormam!mﬂ,cbanlsﬁ‘m DA (C.. ...
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7. (3) Quicklime, which is calcium oxide, is made by heating limestone in a furnace.  (2015-J-33)

CaCO3(s) = CaO(s) + COx(g)

The reaction does not come to equilibrium.

a.  Suggest why the conversion to calcium oxide is complete.

8. (5) The law of constant composition states that all pure samples of a compound contain the same
elements in the same proportion by weight, (2015-J-33)

A typical experiment to test this law is to prepare the same compound by different methods and
then show that the samples have the same composition.

Methods of making copper(ll) oxide include:

g heating copper carbonate,

b heating copper hydroxide,

e heating copper nitrate,

L4 heating copper foil in air.

a.  (b) Copper oxide can be reduced to copper by heating in hydrogen.
i.  What colour change would you observe during the reduction?(1)

............ Bla.. Jo.. byown oo

il. Explain why the copper must be allowed to cool in hydrogen before it is exposed to air.(2)
.,.Ro}....co‘:.pu..‘...‘{U.L(_h..wd—b ..... Q hggvm ..... Cappm oxdle -

‘ F be woled.

— ‘ Co v
iii. Nam}eoanc%hue? Igas wmhscﬁn redLEgégpper(ll) oxide to copper.(1)
......... Cnnxaowfmo'nnx.&ie

iv. Name a solid which can reduce copper(ll) oxide to copper.(1)

o lONbODOY..... q,mg....fmalo,l.....r.mme....xmd.{m...khcm..&ppev‘

9. (3) Ammonia is manufactured by the Haber process. Nitrogen and hydrogen are passed over a catalyst
at a temperature of 450 °C and a pressure of 200 atmospheres.

The equation for the reaction is as follows. (2015-M-32)

Nz +3H; = 2NH,

1286
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The forward reaction is exothermic.

(a) State one use of ammonia.

.............. mméfuhlfws (]

(b) What is the meaning of the symbol =7
e Revexsible.... Yeacham... e [1)
(c)What are the sources of nitrogen and hydrogen used in the Haber process?
nitrogen ... INoma.. ﬂw ..............................................................................................
hydrogen ......... ' adc,una O(l. ...... %anCanLomS .
(d) Name the catalyst in the Haber process.
............... DDt ..o oo SRS o1 ST SRS Svnenes 1]

(e) (i) If a temperature higher than 450 °C was used in the Haber process, what would happen to the rate
of the reaction? Give a reason for your answer.
...........Rok........ImmaEcs.........(....'Icumc,.....“fcn.ak‘an...Qauoc,ws.)........

............. Move.... RSN, OCUUNS 2
....................................................................................................................................... (2]
(i) If a temperature higher than 450 °C was used in the Haber process, what would happen to the
yield of ammonia? Give a reason for your answer.
.......... Yeeld. deexeaseh
. Becouse.... foearand._yeakon (s exolhexomic.......
Ymﬁhovn .............................................................................................................. [2]
() (i) If a pressure higher than 200 atmospheres was used in the Haber process, what would happen to the
yield of ammonia? Give a reason for your answer.
e i) AOUCICOSES
£x.... fm&xu,m ........ ?wms ....... the.yeehoo..jm. the. c!vredbn
......... % Bmwmher4m0\cm\es 2]
(ii)Explain why the rate of reaction would be faster if the pressure was greater than 200
atmospheres.
..... ok b 3L PIEAUR... swoalewslss (e J0sen....amel mote
s NSOGB 1]
(ii) Suggest one reason why a pressure higher than 200 atmospheres is not used in the Haber process
S saFe}é Issues...
....................................................................................................................................... (1]
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10. (7 )The rate of a photochemical reaction is affected by light. (2015-N-31)

a. The decomposition of silver bromide is the basis of film photography.
This is a redox reaction.

2AgBr — 2Ag + Br
cream black

step1 2Br0” — Bry +2e
step2 Ag +e —Ag
{) Which step is reduction? Explain your answer.

5&‘2...&2.-..........G\M.....of.....ckcﬁmn ...... is_ Yeduchan.... yeachoo- (1]

(i) Which ion is the oxidising agent? Explain your answer.

(b) A piece of white paper was coated with silver bromide and exposed to the light. Sections of the paper
were covered as shown in the diagram.

paper coated with
silver bromide

not covered ~

[

covered with

. ~
thin paper ~—— -

covered with

thick card \“\

Predict the appearance of the different sections of the paper after exposure to the light and the
removal of the card. Explain your predictions.

SN Lo S...Q0L ...'..:mducccq.-. ....................................................... 4

(c) Photosynthesis is another example of a photochemical reaction. Green plants can make simple
carbohydrates, such as glucose. These can polymerise to make more complex carbohydrates, such as
starch.

(28
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11. (4,d) A piece of magnesium was added to 100 cm’ of an aqueous acid. The time taken for the metal to
react completely was measured. This experiment was repeated using different agueous acids. The same
volume of acid was used in each experiment and the pleces of magnesium used were Identical. In one
expenment the reaction was carried oul at a different temperature.

2014-J-32)
concentration temperature time
expenment Acid
in mol / dm’ 1'C / minutes
A propanoic 1.0 20 5
B propanoic 1.0 30 3
Cc propanoic 0.5 20 8
D hydrochloric 1.0 20 1

Explain the following in terms of collision rate between reacting particles.

(i) Why is the rate in experiment B faster than the rate in experiment A?

Itmlm_na!c_r.u.u......im.....eqal:.@...,...So....Fan.h‘dca.._muc

Sorten . with . omote. em

Why is the rate in experiment C slower than the rate in experiment A7

-[2]

9
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(b) The effect of temperature on this reaction can be studied by the experiment shown below. Starch and
iodine form a blue-black colour.Glucose and iodine do not form a blue-black colour.

teat pipette to add a few 2
drops of iodine

water at different
temperatures

~————___ aqueous starch and
amylase (enzyme)

The experiment is set up as in the diagram and the time measured for the mixture to change from blue-
black to colourless. The experiment is repeated at different temperatures.
Typical results of this experiment are given in the table below.

time for blue-black
Temperature
experiment colour to disappear
/°C
{ min

A 20 30

B 40 15

Cc 70 remained blue-black

(i Put the experiments in order of reaction rate — slowest first and fastest last.

(iExplain why the reaction rates in experiments A and B are different.

@.0k. ki .\\m.....kmpmu}ma...,panhr,l.cs.....tmm...mom ..... tmage ond

...... mout.. 4 \ﬁﬂl—hgl\m-km‘cunqhmﬂ\mxm.nhe 5Lm

.Xake.of... co!h‘s.i,um...-,..@...mum....gumacd,....m.lh‘s{,o.n;....\(es.um- o0

..... |-u.3)(; ...xolt...oﬁ..;:;.emﬁm?...q....H.unm..:rmd{urn...xaltc...ds;........... (3]
L’Lkl—g IS moe wwmpaudbo  exbbn.

(iii) Suggest tvhy the colour remains blue-black in experiment C.

ZeY0 .
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16. (4)At present the most important method of manufacturing hydrogen is steam reforming of methane. (2013-
J-32)

In the first stage of the process, methane reacts with steam at 800 °C.

CH4(g) + H,0(g) == 3H;(g) + CO(g)

In the second stage of the process, carbon monoxide reacts with steam at 200 °C.
CO(g) + H0(g) = COz(g) + Ha(g)

(9) Explain why the position of equilibrium in the first reaction is affected by pressure but the position of
equilibrium in the second reaction is not.

Numbey....of emolecules. of . yeadamks... amc)pﬂsdud's an
..C\L@(‘fuum.\:......im...Gw‘:...xm&‘om..:.So.p.ne&f)mx. ..... O.m: dtc]Hv. POkad“ of e‘im‘
T Sewmd. Yeadkiom,. mwaber. q.. maleades. ok prveadaxks amd

) sduds au Same - no epfcd Of- rrre;hum an o0
{i) Suggest why a high temperature is needed in the first reaction to get a Hgh yield of products but In

the second reaction a high yield is obtained at a low temperature.

EiSl"YLQ.LhG‘Tl,pD‘uLLﬂMQ ..... veadhown..is..endobhenamic - So t“g\" MP

..imm.c.as.e.n...sf,l‘:,.ld\.s ...... am*nci....y.mihian,.......ﬁJ.v.Luanr&.-- (21 Yeodhon 15
Crothenmic. S0 low lomp inoeatt Yeld -

17. (2)One of the factors which determine the reaction rate of solids is particle size.
(i) A mixture of finely powdered aluminium and air may explode when ignited.

An explosion is a very fast exothermic reaction.
This causes a large and sudden increase in temperature. (2013-J-33)

Explain each of the following in terms of collisions between reacting particles.

Why is the reaction between finely powdered aluminium and air very fast?

..E‘.m\é ...... Powd.mﬂcgﬂ\km . ...mnp.uu...afm.:...Sn..ﬁana eol\liSions
..L;.d—w..wn.....Giml:mba.._amd.._ﬂl...aﬂumg...-...,.So..ij\az]m 'S wé (—’cs}-

(i) Explain why for most reactions the rate of reaction decreases with time.

....... Comwnhq}abm.......oﬂ...xmlrum':;.....&ccxcﬂsen........o*.{........

(iii} Suggest an explanation why the rate of reaction in an explosion could increase rather than decrease
with time.

Work book Page i371-
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19. (4)20.0 g of small lumps of calcium carbonate and 40 cm® of hydrochloric acid, concentration 2.0 mol / dm’,
were placed in a flask on a top pan balance. The mass of the flask and contents was recorded every
minute. (2013-N-31)

cotton wool to prevent drops of acid
spray escaping

flask

40 cm® of hydrochloric acid, 2.0 mol / dm®

20.0 g of small lumps of calcium
carbonate

—— balance

The mass of carbon dioxide given off was plotted against time.
4 2

g = ' .
_ Mard skt O by
mass of ‘ wot o€ slowlﬂa docom behocm Of'g;{n

carbon dioxide chl Plat- Sehon -

BA)

DOU >

Time
CaCOs(s) + 2HC/ (ag)eaCl 5(aq) + H;0(l) + COx(g)

In all the experiments mentioned in this question, the calcium carbonate was in excess,

(i) Explain how you could determine the mass of carbon dioxide given off in the first five minutes.

(ii) Label the graph F where the reaction rate is the fastest, S where it is slowing down and 0 where the
rate is zero. [2]

(i) Explain how the shape of the graph shows where the rate is fastest, where it is slowing down and where
the rate is zero. -

Lotwyve. Jess Slrdcp........frn.tﬂmS......det{o.'n......5,‘0me.f..q

Con - Y
Work book Page {31
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b) Sketch on the same graph the line which would have been obtained |3f 20.0 g of small lumps of
calcium carbonate and 80 cm® of hydrochloric acid, concentration 1.0 mol / dm™,had been used. [2]

G) Explain in terms of collisions between reacting particles each of the following.

N k|
') The reaction rate would be slower if 200 g of larger lumps of calcium carbonate and 40 cm” of

~Lanat.... P.meS ...... Of-m.lm.mn Cﬂn‘acmak ..... lms ........

(ii) The reaction rate would be faster if the experiment was carried out at a higher temperature.

M He hea Lume\a}uM molecules.. gd' SMOSLE.. L0 ,coll-‘ch
5 Hy......mage. Saccepbul... w“lm%
....¥L&d\‘.an.us..£a5.4:e.‘{...-. ........................................ 2]

20. (3,a)Nitric acid is now made by the oxidation of ammonia. It used to be made from air and water. This
process used very large amounts of electricity. (2013-N-32)

Air was blown through an electric arc and heated to 3000 °C.

Na(g) + Oz(g) = 2NO(g) equilibrium 1
nitric oxide

The equilibrium mixture leaving the arc contained 5 % of nitric oxide. This mixture was cooled rapidly. At
lower temperatures, nitric oxide will react with oxygen to form nitrogen dioxide.

2NO(g) + Oz(g) = 2NO, equilibrium 2

Nitrogen dioxide reacts with oxygen and water to form nitric acid.

(iii) Suggest a reason why the yield of nitric oxide in equilibrium 1 increases with temperature.[1]
" lEc,....gxumnA.......xthom aS emJ.oH:mnm G

(iv)What effect, if any, would increasing the pressure have on the percentage of nitric oxide in
equilibrium 17 Explain your answer.[2]

PVOAMCHQMH')C, ..... g 411 3 o 60 TSSO

Deduce why equilibrium 2 is only carried out at lower temperatures.[2)

e m.ﬂ»mm{c.‘,"...Lnu).c.n.......knnp.m.ahm......—.fﬂ.uouw “g:mlﬂ’\d

veathio Coxglbes veacion
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