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CHAPTER 2. ATOMIC STRUCTURE
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2.1 Particles in the atom
5.9701 s17 qp_22 Q:1

The composition of atoms and ions can be determined from knowledge of atomic number, nucleon
number and charge.

(a) Complete the table.

atomic nucleon number of number of number of
symbol
number number electrons protons neutrons
3 2 oLi*
23 26 32

[2]

: @ative isotopic

(b) Boron occurs naturally as a mixture of two stable isotopes, '°B and !
masses and percentage abundances are shown.

L J
isotope relative isotopic mass abund
108 10.0129
"B to be calculated 22

(i) Define the term relative isotopic mass.

(ii) Calculate the relative isotopi

Give your answe th@n figures. Show your working.

.0
o4 ;‘

*

(2]
[Total: 6]
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2.2 Electrons: energy levels, orbitals, ionisation, electron affinity
6.9701_s20 qp 23 Q: 2

(a) Explain what is meant by the term relative isotopic mass.

(b) A sample of copper contains two isotopes, “*Cu and %*Cu. The relative atomic mass of the
copper in this sample is 63.55.

Calculate the percentage abundance of each of these isotopes. Show your working.

perce e@dance of BCu= ... %

pe abundance of *Cu=............ccccceeen. %

[2]

(c) (i) Name the type of bondi mple of solid copper.

......................................................................................................................... [1]
show the banding within a sample of solid copper.
(2]
(iii) State the electronic configuration of a copper atom.
LSS [1]
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(d) A student is provided with a sample of hydrated copper(1l) sulfate, CuSO,*xH,O, and is asked
to determine the value of x.
The student dissolves a sample of the hydrated copper(II) sulfate in water and adds it to an
excess of agueous potassium iodide to make a total volume of 250.0 cm?® of solution.

CHAPTER 2. ATOMIC STRUCTURE

2CuSO, + 4KI — 2Cul + I, + K,SO,

The amount of iodine produced during this reaction is found by titrating a sample of this solution
with sodium thiosulfate solution.

25.0cm? of the iodine-containing solution requires 20.0 cm?® of 0.10 mol dm~ sodium thiosulfate
solution.

I, + 25,0, — S,02 + 2I

(i) Calculate the amount, in mol, of copper(ll) sulfate present in the original sample of
hydrated copper(1l) sulfate.

Show your working. g@

am prer(ll} sulfate= ... mol [2]

(ii) Atotal of 7.98g of CuSO, is p, 10.68g of CuSO,*xH,0.

Complete each row o alculate the value of x, where x is an integer.

[M,: CuSO,,159

amodht o
10%68g.ef Cu
¢ WP | mol
amount of H,O in
10.68g of CuSO,+xH,0
.............................. mol
value of x
X = e
(3]
[Total: 13]
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7.9701 _w20_qp_ 22 Q:1

Atoms contain the subatomic particles electrons, protons and neutrons. Protons and electrons
were discovered by observations of their behaviours in electric fields.

(a) The diagram shows the behaviour of separate beams of electrons and protons in an electric
field.

protons

charge on plate | ||&lectrons charge on plate

source q
(i) Complete the diagram with the relative charge of each of thecle arged plates.
(1]

(ii) On the diagram, draw a line to show how a separat eutrons from the same
source behaves in the same electric field. [1]

(b) Electrons in atoms up to ,Kr are distributed in s, rbitals.

(i) State the number of occupied orbitals i ed atom of ,;Kr.

type of orbital p d

number of orbitals

3]
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(i) Complete the diagram to show the number and relative energies of the electrons in an
isolated atom of ,,Si.
4s |:|

| [ ||
3s I:l
| | | |
2s I:'
1s

[2]

(iif) The diagram shows a type of orbital.

OO <

State the total number of electrons that exist in all orbitals of thisb tom of F.

............................................................................................. g\ 1]
(iv) The first ionisation energies of elements in the first d block (,,Sc to ,,Cu) are

very similar. For all these elements, it is a 4s electroj ost during the first ionisation.

Suggest why the first ionisation energies of the lements are very similar.

(c) Hydron is a gener: to represent the ions JH*, 2H* and $H".

State, interm particles in the nucleus, what is the same about each of these ions

[Total: 12]
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8.9701 s19 qp 23 Q: 1
(a) A sample contains three different types of atom: 9Ar, 49K and #3Ca.

(i) State fully, in terms of the numbers of subatomic particles, what these three atoms have in
common.

(ii) State fully, in terms of the numbers of all subatomic particles, how these three atoms
differ from each other.

sample is 32.09.

(b) A sample of sulfur contains only two isotopes, **S and *S. The relatie ass of this

®
isotope isotopic mass (\
=8 32.0
*S 34.0

Calculate the percentage abundance of the isoto;% nt in this sample.

% abundance #S = ...

% abundance ¥*S = ...
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(c) The electronic configuration of a sulfur atom is 1s?2s22p53s?3p*.

(i) Identify which orbital in a sulfur atom has the lowest energy.

(if) Sketch the shape of a p orbital.

(1]

(iii) During the process of ionisation a sulfur atom loses an electron.

S(@) —» S(@) + e AH=1000kJ mol‘10

Identify the orbital from which this electron is removed. Explain ye

(d) (i) Complete the diagram to show the a@% of electrons within the third shell of a

phospherus atom.

3s 3p
(1]
(i) Explain why t ation energy of sulfur is less than that of phosphorus.
*

I P N

» &

®

....................................................................................................................................... [2]

[Total: 12]
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(a) Complete the table to show the composition and identity of some atoms and ions.

name of nucleon atomic number of | number of | number of overall
element number humber protons heutrons electrons charge
Ilthlum 6 3 ....................................... +1
oxygen ....................................... 9 10 .............
............. 54 26 26 24
....................................... 17 18 0

differing properties.

L/

[4]

(b) Beams of protons, neutrons and electrons behave differently in an eEt due to their

The diagram shows the path of a heam of electrons in an electri

*?s

Add and label lines to represent the paths of beams of proto @ 1 neutrons in the same field.

?‘]’PapaCambridge
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(c) The fifth to eighth ionisation energies of three elements in the third period of the Periodic Table
are given. The symbols used for reference are not the actual symbols of the elements.

ionisation energies, kJ mol
fifth sixth seventh eighth
X 6274 21269 25398 29855
Y 7012 8496 27107 31671
z 6542 9362 11018 33606

(i) State and explain the group number of element Y.
group NUMDBEr ......ccoeevieviiiiieeeeen,

EXPIANALION e e e e e ee e e e ae e ae e e e aarnnraaeaeeaeanns

(1]
(ii) State and explain the general trend in first ionisation energies aéh third period.

..................................................... [2]
(iii) Y is less than that of element X.
................................................................................................ [2]
(iv) Complete th
..................................................................................................... [1]
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(d) A sample of strontium exists as a mixture of four isctopes. Information about three of these

isotopes is given in the table.

mass number

86

87

88

abundance

9.86%

7.00%

82.58%

(i) Calculate the abundance of the fourth isotope.

abundance = ...........ccciieeeenn. % [1]

(if) The relative atomic mass of this sample of strontium is 87.71. o

Calculate the mass number of the fourth isotope.

[Total: 18]
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CHAPTER 2. ATOMIC STRUCTURE

(a) Complete the table to show the composition and identity of some atoms and ions.

name of nucleon atomic number of | number of | number of overall
element humber number protons neutrons electrons charge
boron 10 5 0
nitrogen 8 10
208 82 82 80
3 3 +1
e
(b) The fifth to eighth ionisation energies of three elements in the third p eriodic Tahle
are given. The symbols used for reference are not the actual symb e€lements.
ionisation energies, kd mol-!
fifth sixth seventh
X 7012 8496 27
Y 6542 9362
Y4 7238 8781 9

(i) State and explain the group numb

group number ...........ccccceeee,
explanation ......... £, . R

(1]
(i) St@ba eneral trend in first ionisation energies across the third period.
| o4 :‘
...... . A
....................................................................................................................................... 2]
(iii) Complete the electronic configuration of element X.
T8 ettt ettt et eteee e teeeateeeeaeeeeeeeeasteeenteeeeeeeateeeanseeanasneeaneeeesaeannreeeannes 1]
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(c) A sample of oxygen exists as a mixture of three isotopes. Information about two of these
isotopes is given in the table.

mass number 16 17
abundance 99.76% 0.04%

(i) Calculate the abundance of the third isotope.

abundance = ... % [1]
(ii) The relative atomic mass of this sample of oxygen is 16.0044.

Calculate the mass number of the third isotope. You must show your

L/

SSNUMber = ... ...coccoeiiinnne. [2]

oo [Total: 11]
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