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Answer all the questions in the spaces provided.
Relevant Data, Formulae and the Periodic Table are provided in the Data Booklet.
1 Strontium, Sr, is a Group II element. It is found in the Earth’s crust as the carbonate and as
the sulfate. The chemistry of strontium is very similar to that of barium.
Fig. 1.1 shows some reactions of strontium and its compounds.

On reaction with oxygen, strontium can form two different oxides, SrO and compound E.

Sr(s)
heat in oxygen
at high r}ﬁegxgem'y
ygen
pressure
E(s) SrO(s) | =
dilute
HQSO4 HZO(I)
B(S) - dilute A(aq)
H,SO,
dilute
HNO3
Na,COgz(aq)
C(aq) = | D(s)
Fig. 1.1
(a) Identify compounds A, B and C.
N L= TR
= 2T T
i ettt et ——————— [2]

(b) Compound D can be converted directly into SrO.

(i) State the main condition needed for this reaction to occur.

(ii) Write a balanced equation for this reaction.
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(c) The strontium oxide, compound E contains 26.76% by mass of oxygen.

Compound E reacts with dilute sulfuric acid in a 1:1 ratio to form compound B plu
other product, X.

(i) Define the term empirical formula.

(ii) Calculate the empirical formula of compound E.

empirical formula of compound E = ... 2]

(iii) Suggest a formula for the soluble product, X.

[Total: 8]
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2  Frictionless motion can be demonstrated using an air track, as shown in Fig. 2.1.

glider A glider B

air track

air pumped in

Fig. 2.1
The gliders float on a cushion of air emerging from the holes in the track.
Glider A has a mass of 0.120kg and a velocity of 0.300ms~" towards B.
Glider B has a mass of 0.450kg and is stationary.
The gliders collide. After the collision glider A has a velocity of -0.160ms™".

(@) The value of the velocity of A after the collision has a negative sign. Explain what this
means.

..................................................................................................................................... [1]
(b) Calculate the velocity of glider B after the collision.
VEIOCIY = v ms~! [2]
(c) Show whether or not the collision is elastic.
3]
[Total: 6]
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3 Thelabel on a bottle of liquid plant food states that the aqueous solution in the bottle

both potassium oxide, K,O, and phosphorus pentoxide, P,O,,. A chemist realises that
two oxides cannot exist in water.

Explain what the bottle does contain, assuming that these two oxides are added to water to
make the plant food.

Use your understanding of the trends across Period 3 and support your explanation with
appropriate equations.

[Total: 5]
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4 Fig. 4.1 shows a uniform beam hinged at one end. The beam is held in position by a
the other end.

string

uniform beam

100N

hinge

Fig. 4.1

(a) State the two conditions required for the beam to be in equilibrium.

(b) The beam weighs 100N and is at an angle of 45° to the horizontal.
The string is at 90° to the beam. The tension in the string is 39N.

(i) On Fig. 4.2, complete the vector triangle to determine the magnitude of the force H
exerted on the beam by the hinge.

fOrCE H = e N

(ii) On Fig. 4.2, use an arrow to mark the direction of force H.
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Scale: Tmm=1N

Fig. 4.2

[Total: 5]
© UCLES 2013 [Turn over



5 (a) State the principle of superposition.

A
I
I
loudspeakers |
I

: ’W c.r.o.

| microphone m
I
signal :
generator |
im :
I
B
Fig. 5.1

The two loudspeakers are attached to the same signal generator. The loudspeakers
both produce sound waves of wavelength 20cm.

(i) Without performing any calculations, state what you would expect to observe on
the c.r.0. as the microphone is moved from A to B.

............................................................................................................................. [1]
(ii) Describe how the observations compare when
1. the frequency of the sound is increased,
2. the loudness of the sound is increased.
[2]
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(c) Two radio transmitters in nearby towns are broadcasting the same programme.

Suggest why they transmit at different frequencies.

[Total: 6]

© UCLES 2013 [Turn over



10

6 Copper is a transition metal with a wide range of uses. It is obtained from its ores b
reduction. The copper extracted this way is impure.

(@) The impure copper is purified by the process of electrolysis.

(i) Inthe space below, draw a fully labelled diagram of this process.

[3]

(ii) Write equations to represent the electrode processes.

(iii) A waste product of the electrolysis process contains valuable elements such as
silver, gold and selenium.

Name this waste product.

© UCLES 2013



Solid sodium chloride is dissolved in this solution. The reaction shown below occurs,

and the solution turns green.

[Cu(H,0)gl?*(aq) + 4Cl~(aq)

blue

[Cu(Cl),I?(aq) + 6H,0()

When this green solution is diluted with water, the colour of the solution turns back to

blue.

When more solid sodium chloride is dissolved in the solution, a green colour is again

seen.

In terms of Le Chatelier’s Principle, suggest an explanation for these observations.

© UCLES 2013
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7  You will need to use the Data Booklet to answer this question.

A beam of electrons travelling at a constant velocity enters a uniform electric field.
electric field is parallel to the direction of the beam.

Fig. 7.1 shows the velocity of an electron as it moves into, through and out of the electric
field.

20
//
velocity 15 v
/ms~'x108 /
/
10 //
/’
Vi
5 /’
//
/.
0
0 1.0 2.0 3.0 4.0 time/ns
Fig. 7.1

(@) (i) Calculate the acceleration of an electron in the electric field.

acceleration = ......ccccveeveeeeeeeee e ms=2 [2]

(i) Calculate the force on this electron in the electric field.
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(b) The electric field strength is increased.

On Fig. 7.1, sketch a possible graph to show the velocity of an electron as it moves in
through, and out of this stronger electric field. [2

(c) Calculate the electric field strength required to produce a force of 5.0 x 107'°N on an
electron.

electric field strength = ..........cccoeeveviiiccieee, NC' [2]

[Total: 8]

© UCLES 2013 [Turn over



14

8 Consider the reaction scheme below.

Br H
concentrated M ~ /CHS reagent | | NH; | |
—_— CcC=cC —— > H—C—C—CH;——=H—C—C—CHj,4
H,SO, N X | |
H CH,4
H CHs H CH;
compound Q compound R compound S
(@) Compound P causes an acidified solution of potassium dichromate(VI) to turn from
orange to green.
(i) Identify compound P by name or by structure.
............................................................................................................................. [1]
(ii) Name the type of reaction involved in the conversion of P into Q.
............................................................................................................................. [1]
(iii) Suggest a reagent, X, suitable for converting Q into R.
............................................................................................................................. 1]
(b) Give the systematic name of compound R.
..................................................................................................................................... [1]
(c¢) Reaction of compound R with ammonia produces compound S.
(i) State the class of compounds to which compound S belongs.
............................................................................................................................. [1]
(ii) Use drawings to show the S\ 2 mechanism for this reaction.
In your mechanism, use curly arrows to show the movement of electrons.
[4]
[Total: 9]
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9 (a) Define potential difference.

Fig. 9.1

Calculate the resistance between points X and Y if R =200Q.

resistanCe = ....ccooovvvviieiiiicce e, Q [1]
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(c) Fig. 9.2 shows a network of three resistors each of resistance 200Q and a th
connected in a circuit. The circuit can be used to measure temperature.

Fig. 9.2

The battery has an emf of 6.0V and negligible internal resistance. A high resistance
voltmeter is connected across AC.

Fig. 9.3 shows the variation of the resistance of the thermistor with temperature.

1000

800

e

resistance
/Q

600

400 NG

200 <

-10 0 10 20 30 40

temperature/°C

Fig. 9.3
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(i) Show that the current in the line DCB = 0.015A.

(ii) Use Figs. 9.2 and 9.3 to deduce the voltmeter reading when the temperature of the
thermistor is 30°C.

voltmeter reading = ....ccooooiiiiies V [1]

(iii) Using Fig. 9.3, show that when the temperature of the thermistor is 5°C, the current
through the thermistor is half the value of the current in DC.

[3]

(iv) Use Kirchhoff’s second law, for the loop CAD, to calculate the voltmeter reading
when the thermistor is at 5°C.

voltmeter reading = ......coeviiiiiiiiii e V [2]

[Total: 9]
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10 Hydrazine, N,H,, is highly reactive and is used as a fuel in rocket engines. For this p
is either reacted with another reagent or catalytically decomposed.

(a) The gas phase reaction between hydrazine and hydrogen peroxide is rapid. The reaction

produces an increase both in the number of moles of gas and in the temperature of the
mixture. The equation for this redox reaction is shown below.

H H
SN—N + 2H—0—0—H —— = N=N + 4H—O—H
H H

(i) Use bond energy data from the Data Booklet to calculate the molar enthalpy
change for this reaction.

enthalpy change =.........cccccceveuveieevcueennnne. kdmol=' [2]

(ii) Identify the element that is reduced and the element that is oxidised in this redox
reaction. Explain your answers in terms of changes in oxidation numbers.

reduced

© UCLES 2013
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(b) Hydrazine undergoes an exothermic decomposition in the presence of a
catalyst. Liquid hydrazine decomposes into its elements. There is a rapid incred
volume and temperature.

(i) The catalytic decomposition of hydrazine can occur by the reaction sequence
shown below.

stage 1 3N,H, — 4NH; +N,
stage 2 4NH; + N,H,  — > 3N, +8H,

Use these equations to show that the overall equation for this decomposition
reaction is

N,H, —— N, +2H,
Show your working.

(ii) In a sealed tank of volume 0.025m3, 400g of hydrazine is decomposed completely
into its elements. After decomposition, the temperature of the gaseous mixture is
950K.

Calculate the pressure of the gaseous mixture in the tank. Show your working.

(A:H, 1.0;N, 14.0; R=8.31JK"mol")

pressure intank = ........ccccceeiiiiiiiiieeee kPa [4]

[Total: 9]
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(a) Outline the a-particle scattering experiment and the results obtained that led to
Rutherford model of the atom.

..................................................................................................................................... [4]
(b) Explain how the results led Rutherford to the conclusion that
(i) there is a positively charged nucleus containing most of the mass of the atom,
(ii) the nucleus is very much smaller than the atom.
[2]
[Total: 6]
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