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e Answer every question in the space provided on this paper.

Write in black or dark blue ink. Pencil may be used for diagrams and graphs.
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Show your working: a correct method can earn marks even if the answer is wrong.
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e This paper has 10 questions worth 66 marks in total.
e The marks for each question or part are shown in brackets, for example [3].

Advice

e Read every question through once before you write anything.
e Use the marks in brackets to judge how long to spend on each part.
e If you finish early, go back and check your working.
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This booklet has 11 pages, including this cover.

Print at 100% (Actual size) so diagrams keep their real measurements.



1 Fig. 12.1 is a very simple representation of the structure of an atom.

nucleus

Fig. 12.1

The broken circle indicates the nucleus, and the particles inside this broken circle are the particles
in the nucleus.

Charged particles are marked + or —. Uncharged particles are shown as empty circles.
(a) State the number of neutrons inthisatom. ..., [1]
(b) State

(i) the nucleon number of the atOM, .....cooiiiiii i

(ii) the proton number of the atom. ...,

(c) What name is given to the negatively-charged particles? .........cccoveeeieeiiiicccieee e [1]
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2 (a) Atoms are composed of protons, neutrons and electrons.

(i) Which of these particles has the smallest mass?

............................................................. AN
[2]
(b) Naturally-occurring chlorine gas contains two types of atom.
These are $3Cl and J;CL
(i) What does the number 17 tell us about the nuclei of chlorine atoms?
.............................................................................................................................. [1]
(i) Which particle does an atom of $7CI contain more of than an atom of 35C1?
.............................................................................................................................. [1]
(iii) State the number of electrons in a neutral atom of
e 330, e
2. FTCL Rt
[2]
[Total: 6]
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3 (a) The charges on the particles in an atom may be represented by
0 or +1 or -1.
The masses of the particles in an atom may be represented by
0O or m or 2000m.

Using these choices, complete the table below.

particle charge mass
electron -1 m
neutron
proton
[4]
(b) How many of each of these particles are there in a neutral atom of 2SSU?
number of electrons = ...
number of NEULIONS = ..........uuviiiiiiiiiiiiiiieeeeeeeenees
number Of ProtoNs = ..........ccccuvvvveiviiiiiiiiieeeaes
[3]
[Total: 7]
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4 (a) An atom of carbon contains protons, neutrons and electrons.

Indicate where each patrticle is found in the atom. Place a tick in the appropriate box.

particle in the orbiting the
nucleus nucleus
electron
neutron
proton
[3]
(b) An atom of carbon contains 6 protons, 7 neutrons and 6 electrons.
(i) State the proton number of the carbon.
...................................................................................................................................... [1]
(i) State the nucleon number of the carbon.
...................................................................................................................................... [1]
(c) Carbon has many different isotopes.
(i) Explain the meaning of the term isotope.
...................................................................................................................................... [2]
(i) The nuclide notation for the carbon in (b) is '3C.
Suggest the nuclide notation for another possible isotope of carbon.
...................................................................................................................................... [1]
[Total: 8]
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5 The most abundant stable isotope of strontium is strontium-88. Its nucleon number is 88 and its
proton number is 38. In nuclide notation it is written ;Sr.

(@) Write down

(i) the values of x and y for strontium-88, X = trereeeeeeeennnrnereeaaaens
Y = e

(ii) the number of neutrons in a nucleus of strontium-88,
(iii) the number of electrons in a neutral atom of strontium-88. .

(b) Strontium-90 is a radioactive isotope produced by nuclear reactions. State how the structure
of this isotope differs from that of strontium-88.

[Total: 5]
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6 (a) Fig. 11.1 shows the paths of three a-particles moving towards a thin gold foil. Four gold nuclei
are shown.

gold nuclei
paths of
a-particles
o
(®)
Fig. 11.1 (not to scale)
(i) On Fig. 11.1, complete the paths of the three a-particles. [3]

(ii) State the sign of the charge on the a-particles.

.......................................................... [1]
(b) The nuclide notation for a nucleus of gold-198 is 1?SAU.
State the numbers of electrons, neutrons and protons in a neutral atom of gold-198.
number of electrons = .............ccccoiiinen.
number of neutrons = ...
number of protons = ........cccccvviiiiieiiennen.
3]
[Total: 7]
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7 In alaboratory experiment, the isotope uranium-238 is used as a source of a-particles.

(a) State

(i) one feature of uranium-238 nuclei that is the same for the nuclei of other uranium
isotopes,

(i) one feature of uranium-238 nuclei that is different for the nuclei of other uranium
isotopes.

(b) Fig. 9.1 shows the a-particles from the uranium source being directed at a very thin gold
foil, in a vacuum.

thin gold foil

moveable
a-particle
detector

uranium source

vacuum
a-particles
Fig. 9.1

To investigate the scattering of a-particles, a detector is moved to different positions
around the very thin gold foil and measurements are recorded.

Describe the results from this scattering experiment and explain what they show about
the structure of atoms.

[Total: 6]
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8 (a) A radioactive source emits a-, $- and y-radiation.
Which of these radiations
(i) hasthe shortestrange inair,
(ii) has anegativecharge,
(iii) is not deflected in a magnetic field?
(b) In afamous experiment, carried out in a vacuum, a very thin sheet of gold was placed in
the path of alpha particles.
It was found that a large number of the alpha particles passed through the sheet with
little or no deflection from their original path. A very small number of the alpha particles

were reflected back towards the source.

(i) Explain, in terms of the force acting, why the direction of motion of an alpha particle
changes when it comes close to the nucleus of a gold atom.

(ii) State two conclusions, about the nuclei of atoms, that were made from the results
of this experiment.

[Total: 6]
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9 Two of the isotopes of hydrogen are hydrogen-2 (%H ) and hydrogen-3 (13H ).

(@) (i) State one similarity in the composition of their nuclei.

(b) In a nuclear fusion reactor, a nucleus of hydrogen-2 fuses with a nucleus of hydrogen-3 at
an extremely high temperature. This fusion reaction produces an isotope of element X and
releases a neutron.

(i) Explain why an extremely high temperature is needed when forcing these two nuclei
together.

(ii) Using nuclide notation, complete the equation for this reaction.

2H + 3H >
(2]

[Total: 8]
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10 Uranium-235 (zggU) is a radioactive isotope of uranium that occurs naturally on Earth.

(a) Describe the composition and structure of a neutral atom of uranium-235.

(b) Another isotope of uranium is uranium-238.

Describe how an atom of uranium-238 differs from an atom of uranium-235.

(c) In the reactor in a nuclear power station, a nucleus of uranium-235 absorbs a slow-moving
neutron and then undergoes nuclear fission.

Two neutrons, a nucleus of xenon-140 (122Xe) and a nucleus of an element represented by E

are produced.

Complete the equation for this fission reaction.

n+ U > e v E + 2n
(2]
(d) Xenon-140 ('3%Xe) is radioactive. It decays by p-emission to isotope Q.
Determine:
(i) the proton NUMDEr Of QU .....ooiiiii e [1
(i) the nucleon numMber of Q. ... 1

[Total: 9]
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