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May/June 2010 (21)

1 Inthe 19th and 20th centuries, experimental resulls showed scienlists that atoms consist of
a positive, heavy nucleus which is surrounded by electrons.

Then in the 20th century, theoretical scientists explained how electrons are arranged in
orbitals around atoms.

{(a) The diagram below represents the energy levels of the orbitals present in atoms of the
second period (Li to Ne).

{i) Label the energy levels to indicate the principal quantum number and the type of
orbital at each energy level.

)

energy

(ii) On the axes below, draw a sketch diagram of one of each different type (shape)
of orbital that is occupied by the electrons in a second-period element.

Label each type.
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(ili) Complete the electronic configurations of nitrogen atoms and oxygen atoms on the
energy level diagrams below.
Use arrows to represent electrons.
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nitrogen
A
:
d _t .I
oxygen
[6]
(b) (I} Usethe Dala Bookletto state the value of the first ionisation energy of nitrogen and
of oxygen.
N S N kd mol™! 5 ey o
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(ii) Explain, with reference to your answer to (a)(iii), the relative values of these two
lonisation enargies.
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Oct/Nov 2011 (23)
1 Sulfur, S, and polonium, Po, are both elements in Group VI of the Periodic Table.

Sulfur has three isotopes.

(a) Explain the meaning of the term isotope.

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

D T

...................................................................................................................................... (2]
(b) A sample of sulfur has the following isotopic composition by mass.
isotope mass 32 33 34
% by mass 95.00 | 0.77 4.23
Calculate the relative atomic mass, A, of sulfur to two decimal places.
A B iarensnioss
(2]
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(c) Isotopes of polonium, proton number 84, are produced by the radiocaclive decay of
several elements including thorium, Th, proton number 90.

The isotope '*Po is produced from the thorium isotope #¥2Th.

Complete the table below to show the atomic structures of the isotopes 2'3Pg and “3Th.

number of

isolope | protons neutrons | electrons
Empu
232Th

[3]
Radiochemical reactions, such as nuclear fission and radioactive decay of isotopes, can be

represented by equations in which the nucleon (mass) numbers must balance and the proton
numbers must also balance.

For example, the nuclear fission of uranium-235, 2932U. by collision with a neutron, 30

produces strontium-90, xenon-143 and three neutrons.
50 + n—> BVsr+ 'Exe + 340
In this equation, the nucleon (mass) numbers balance because: 235 + 1 = 90 + 143 + (3x1).

The proton numbers also balance because: 92 + 0 = 38 + 54 + (3x0).
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(d) In the first stage of the radioactive decay of z‘g%Th. the products are an isotope of
element E and an alpha-particle, 3 He.

(i) By considering nucleon and proton numbers only, construct a balanced equation
for the formation of the isotope of E in this reaction.

Show clearly the nucleon number and proton number of the isotope of E.
nucleon number of the isotope of E ...........

proton number of the isotope of E .............

(if) Hence state the symbol of the element E.
............ (3]
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(b) The halogens form many interhalogen compounds in which two different halogens are
combined. One such compound is bromine monochloride, BrCL

(i) Complete the electronic configurations of chlorine and bromine.

chlorine | 1s?2s%2p°®

bromine | 1s?2s*2p®

(i) Draw a 'dot-and-cross' diagram of the BrCl! molecule.
Show outermost electrons only.

(2]
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May/June 2014 (21)
1 (a) Explain what is meant by the term ionisation energy.

(b) The first seven ionisation energies of an element, A, in kJmol™', are
1012 1903 2912 4957 6274 21269 25398

(i) State the group of the Periodic Table to which A is most likely to belong. Explain your
answer.

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

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

.............................................. B o TN . <o eoiopssnshenenssnaomonesesspisn sustusspmonaonspessssssess )
(ii) Complete the electronic configuration of the element in Period 2 that is in the same group
as A.
F82 .....coeseesesslinnensesiins oo mansssbhs ssssssssatesssan sese iosams ade s ssessssam et seeREES BRSSO RS R SR AR SRS [1]
Oct/Nov 2014 (21)
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1 (a) Successive ionisation energies for the elements magnesium to barium are given in the table.

element | |Stionisation | 2nd ionisation | 3rd ionisation
energy/kJmol~' | energy/kJmol" | energy /kJ mol™'
Mg 736 1450 7740
Ca 590 1150 4940
Sr 548 1060 4120 |

(i) Explain why the first ionisation energies decrease down the group.
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(if) Explain why, for each element. thers is a large increase between the 2nd and 3rd lonisation
energies.,
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{b) A sample of strontium, atomic number 38, gave the mass spectrum shown. The percentage

abundances are given above each peak.

1005

82.58

=1

percentage
abundance

9.86 700

0.56
0 T T T | T ! ! T 1

B0 81 82 83 B84 B85 686 87 88 89 90
alomic mass units

(i) Complete the full electronic configuration of strontium.
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1 Neonis a noble gas.
(a) Complete the full electronic configuration of neon.
L R e o DURMPR -~ DPNEIL . BOOR — S e e e e 1]
(b) (i) Explain what is meant by the term first ionisation energy.
............................................................................................................................. (3]
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1 (a) Fill the gaps in the table for each of the given particles.
name type electron
of isotope of particle charge SyFmitol configuration
carbon-13 1522¢%2p*
-1 wer
sulfur-34 atom 0
iron-54 cation 18"25%2p"35"3p"3d*

151
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