Cet started

This unit will help you to learn more about the changes in the structure of atomic nuclei that
happen during radioactive decay. It will also help you to learn about the patterns that occur
during the random decay.

In the exam, you will be asked to answer questions such as the one below.

(Exam-style question) -

1 A research scientist measured the count rate _ 1800 Srrrr i
produced by a radiation detector for two @f 1500 ___\ . |_ 7 H
different radicactive isotopes of the same = —\i M mEmNENMHEAEAEREEEEREEEEES
element over a period of time. g 1200 *\%Ouﬂt P s~ ma
The results are shown in Figure 1. § 900 +— ;-‘SOF?PE’AU T =
(a) Explain how an element can have different 9 cooAH l EEE R
isotopes. (2 marks) E EEmE— : ?:unt _fa*i_!ff fﬁr—
S 3004+ aE d |=.n_i_'_rp€’.5, 1]
.................................................................................................. 8 5 w[ et |
T T 1
O 2 4 = 5 10 12 14 16
(b) State which isctope was most active at Time:tnzlaye
the start of the experiment. (1 mark) Figure 1
(c) State which isotope had the longest half-lite. (1 mark)
(d) Use the graph to determine the hali-life of isotope B. (1 mark)

A sample of a different radioactive isotope (iodine-53) is known to decay by B~ (beta minus)
particle emission.

(e) Complete the decay equation to show the three missing values.

131 0
5 Bi ; X c 6 (3 marks)

You will already have done some work on atomic structure, radioactivity and radioactive
decay. Before starting the skills boosts, rate your confidence in each area. Colour in

the bars.

How do I describe How do I write How can I use a
the changes that decay equations? half-life graph to
happen during analyse radioactive

nuclear decay? decay?
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Get started

Atoms are the building blocks of all molecules and materials. Each atom is built from only three types
of subatomic particles, protons, neutrons and electrons, in different numbers and arrangements.

@ Circle the correct answers in the table to leave the correct charges and locations
of protons, neutrons and electrons.

Component Electric charge Location
proton positive / negative / neutral | in the nucleus / in orbit arcund the nucleus
m;:eutron positive / negative / neutral | in the nucleus / in orbit around the nucleus
electron positive / negative / neutral |in the nucleus / in orbit around the nucleus
Nuclear notation is used to describe a nucleus. This notation contains the element  ™M9%%
symbol, the atomic number (proton number) and the mass number (nuclecn number): fumeer @
@ Complete these statements about the use of nuclear notation. Use _ ®Na
words from the box. Each word can be used once or more than once. :z;:; —/
L atomic number mass number protons neuvtrons electrons nucleus !
@ The atomic number is the numMber of ... in the nucleus.
® The mass number is the total NUMBEr OF .. AN e in the nucleus.
© The number of neutrons is €qual to the s MAUS EHE o
@ In an atom, the nUMbEr OF ..o 1 €qUal O the number of protons in the

All carbon atoms have 6 protons but the number of neutrons can vary. We say that there are different
isotopes of carbon. There are also different isotopes of every other element.

@ Here are three different isotopes of chlorine: ?? Cl ?76(] ?77 C|

@ write a sentence to describe what is the same for these isotopes. Answer in terms
of subatomic particles.

© write a sentence to describe what is different about  Try to use the terms protons and
these isotopes. Answer in terms of subatomic particles. neutrons in your descriptions.

@ Use the information in question 2 to complete this table for some isctopes of atoms.

Isotope and Protons Neutrons Electrons Atomic
chemical symbol | (from atomic number) |  (mass number — | (same as protons) | notation
atomic number)
carbon-14, C 6 14-6=28 6 eC
carbon-12, C 6 6 -
uranivm-2386, U 146
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Skills boost

0 How do I describe the changes that happen during nuclear decay?

Some atomic nuclei are unstable. They decay to form more stable nuclei over time. When unstable
nuclei decay, they emit radiation in the form of alpha particles, B~ (beta minus) particles, B*
particles (positrons), gamma rays or neutrons.

@ Each alpha particle consists of two protons and two neutrons joined together As this is the
same as a helium nucleus, the symbol ‘He’ is used.

@ Which of these subatomic particles in the alpha particle has a charge? (&) ...,

@ How many protons are in an alpha particle?

@ Complete this symbol for an alpha particle Find the atomic number for an alpha particle
............... He from the number of protons and the mass

ielng PuEle TReaen: number from the number of particles.

@ Each B~ (beta minus) particle consists of a high-speed electron ejected from the nucleus as
a neutron decays into a proton.

What type of electric charge do electrons carry?

The mass of an electron is so small compared with a proton that it is written as O. The atomic
number is written as —1. Use this information to complete the symbol for a B~ particle.

e The total number of protons and neutrons stays the same when a nucleus
emits a B~ particle, but it has one less proton than before. So, to balance
equations, the mass number is written as O and the atomic number as —1.

@ Each B* particle (positron) consists of a high-speed positron ejected from the nucleus as a
proton decays into a neutron,

What type of electric charge do positrons carry? (@) ...

Complete the symbol for a positron. e

The total number of protons and neutrons stays the same when a nucleus
emits a B* particle, but it has one more proton than before. So, to balance
equations, the mass number is written as O and the atomic number as +1.

@ Complete this table to show the properties of the four most common types of radiation.

Radiation | o (alpha) B~ (beta minus) B* (positron) Y (gamma)
Symbol for E 5 ;
radiation in ‘2‘ He
equations _
Radiation |two protons and | a fast-moving a fast-moving
consists of
ejected from the | gjected from the | emitted from the
............................ nucleus

Physies Unit 3 Radioactive decay 131



Skills boost

How do I write decay equations?

A decay equation shows the changes to the nucleus, and the type of radiation emitted, during
radioactive decay. For example, a radon nucleus decays to form a polonium nucleus when it emits

an alpha particle. The process is shown by this decay equation:
The symbol — used in the
2ie 215 4
Rﬂ =7 PO * H@ equation means ‘decays into’.

In all radiocactive decays, mass number and charge are ‘conserved — they do not change overall.
The total mass number and total charge are the same on each side of the arrow.

@ What is the symbol for an alpha particle?

@ Circle the mass numbers for radon and the alpha particle  Look at the top number on each
in the equation above. symbol in the nuclear equation.

The total mass number on the left has to be the same as the total mass number on the right.

@ Show how the equation shows this. =5 I R

The bottom number for a nucleus in a nuclear equation shows the atomic number or number of protons.
This is also the charge on the nucleus, because each proton has a charge of +1. It is also the charge
on the particle being emitted.

The total charge on the left has to be the same as the total éharge on the right.

@ Show how the equation shows this.

@ Complete these decay equatioma

Make sure the top and

i

3 222 ---------- + ; 205 _, 204 L4 | bottom numbers balance on
| g —semmin e | o *He

* [ | the left and right.

The p~ (beta mlnus) particle consists of a high-speed electron ejected
from the nucleus. It is formed when a neutron decays into a proton. When a B~ particle is ejected:

* the mass number stays the same * the proton number increases by 1.

For example, a silver nucleus decays to form a mercury nucleus by emitting a B~ particle:

201 201
oAU = g + Se

Show how charge is conserved in the nuclear equation. Look at the bottom number on each
symbol in the nuclear equation.

Complete . these decay equations.
@ P @ N yeq You don't need to know the symbols
i | - %
| | for chemical elements. They will be
| & G s | 14 14 o_ |
| 2H6 - 3I_I """ e | C - N + 4E ! given in the exam.

Decay type | (Equation | Decaytye | Equation

E 185 4 227

| e ZoAU = [ + SHe Pa—> sobhe + EHe g

: L e 3w ~
14 14 5 0 ‘
c 7N =+ | beta 3|__| —> .............. + L& }F
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Skills boost

Radioactive decay is a random process. We cannot predict when a particular nucleus will decay.
However, when there is a large number of nuclei, we can predict a pattern to the decay and work
out how many nuclei will be left after a certain time.

The activity of a sample is the number of decays that 1800 {rrrrer o !
happen per second. Activity is measured in a unit = \ ! Eama i
called the becquerel (Bqg). This activity falls in a specific % i H
pattern giving a decay curve shape. 2 1200 4 ' n
2. i
The graph shows how the activity of isotope § L
X changes over time, < 600
O
v‘@jﬁ What is the initial Draw lines on the % 300 4L |
activity of the graph to help < | & | m i
sample? Tick @ the you read the © 5 '2 4'1 é é 16 1'2 1'4 1'(;

values accurately.

correct box. "
Time in hours

' Ohours 2.5hours Shours 10hours  Use the graph to find the time
bl T o T e T R | i eyt Bl
@ How much longer does it take for the activity to halve again half of your answer in part a.

(1/4 of the original activity)? Tick @ the correct box.

@ We can use the symbol — to represent one half-life passing.

What fraction of the original activity will there be after a total time of 20 hours? (&) v

5 hours 5 hours 5 hours 5 hours
'Y 'Y 'Y '
Ld ! v L4
| e S of ik s of s = of i
2 2 2 2 4 2 &
A e s ole
4 8 16

Look for the pattern in the decay. Don't try to extend the graph.

The half-life of a radioactive sample is the time it takes for the activity of that sample to fall to half of
its original value. The activity (and so the count rate) falls by half every half-life.

@ Complete the table to show the pattern in decay for isotope X in question 1.

i T [ =

. Time in hours | O 5 1 10 ‘;

| ActivityinBg | 1800 - e R

| i 1.m i e 1 T e T
Fraction remaining | 5 rl
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Cet back on track

When describing the structure of the nucleus and nuclear decay, remember that:

* The nuclear model of the atom was developed because of the results of an alpha particle
scattering experiment which could not be explained by earlier models.

* The changes that happen in radioactive decay should be shown in carefully balanced nuclear decay
equations.

* The half-life of an isotope is the time taken for half of the atoms to decay.
* Half-life is often determined vsing a graph of activity over time.

Here are some exam-style questions. Use the student answers to these questions to improve your
understanding of radioactive decay.

(Exam—style ‘quesﬁ"onj S I I
| 1 Aradioactive isotope has an initial activity of 16 000 Bg and a half-life of 30minutes. What will
the activity of the sample be after 2 hours? (2 marks)
Omin — 30min — 60 = 90 — 120 is 5 half-lives. 16000 x % x % x % x % x % = 500 Bq.

The unit "Bg’ stands for becquerel. This is the number of decays each second.

Using arrows is a way to work out how many half-lives have passed.

@ What does the — represent in the student’s answer?

@ The student’s answer for the half-life is incorrect. The student counted the numbers (5) and so
thought that five half-lives had passed.

a) How many half-lives have really passed? Explain how you can tell. (@) ..o

B Rewrite the answer but put in activities instead of times to reach the correct answer.

Cﬂnm%tyle question ) S—

2 The isotope strontium-90 decays through B~ (beta minus) particle emission. Complete the

decay equation for the decay of strontium-90. ‘ (3 marks)
0 0
22 5!" — 2,7 + 16

@ @ Circle the parts of the equation in the student’s
answer that are correct.

b Write the correct decay equation.

Be extra careful with B~ decay. What
happens to the atomic number?
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Get back on track

Your turn!

It is now time to use what you have learned to answer the exam-style question from page 129.
Remember to read the question thoroughly, looking for information that may help you. Make good
use of your knowledge from other areas of physics.

( Exam-style question ) - T \
1 A research scientist measured the count 1800 _ ey mancmam mruamEn
rate produced by a radiation detector for i AR A
: . G B — 1500 4~ 8 A W

two different radioactive isotopes of the 9 \ HEEuE SN R,
same element over a period of time. T 1200 «— N for -
5 ) ! |
The results are shown in Figure 1. § 900 \’5°t°'96 it mEmER
- T
(a) Explain how an element can have 8 oo -
different isotopes. (2 marks) °© HHHHHHH y R -~ CourErate for
£ z00 4L LS u::.----|’rc,ofrpp B
2 T EEEENEEEE 1 'M
.................................................................................................. 3 | & : m:
0 P .
.................................................................................................. 0 2 4 G 8 10 12 14 16
.................................................................................................. Tietion. Siays
Figure 1

There are 2 marks here so make sure you mention one
similarity and one difference between the isotopes.

(b) State which isctope was most active at the start of the experiment. (1 mark)

Use the graph. Will a more active source produce a high or low count rate?

(c) State which isotope had the longest half-life. (1 mark)

You will need to look te see which isotope’s count rate halves first. Be
careful as the isotopes don't start with the same level of activity.

(d) Use the graph to determine the half-life of isotope B. (1 mark)

A sample of a different radioactive isotope (iodine-53) is known to decay by B~ (beta minus)
particle emission.

(e) Complete the decay equation to show the three missing values.

Xe + Oe (3 marks)

Watch out for the atomic number again here.
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Get back on track

Exam questions may ask about different parts of a topic, or parts of more than one topic. Questions
about atomic structure and radicactive decay could occur as:

* questions about that topic only
* part of a question on radioactive decay and safety

* part of a question about an experiment or investigation.

Have 2 go at this exam-style question.

(Exam—s‘tyle questio’n)

1 A research team used a mixture of isotopes as the source of alpha particles. One of these
sources was the isotope radium-226.

(a) Complete the nuclear decay equation to show the alpha decay of radium-226. (3 marks)

226Ra —y R A He Look back at the rules for alpha decay
&8

.......... in Skills boost 2 if you need to.

(b) The alpha particle source vsed in the experiment also contained small amounts of the
isotope bismuth-214. This has a half-life of 20minutes.

(i) Define the term half-life. (1 mark)

(ii) Determine the fraction of the original sample of bismuth-214 that will remain after
1 hour. (1 mark)

Use the — method to step through the half-lives 1 — % S cic

(Boost your grade ) T . ey

| To boost your grade, make sure you can describe the three main types of radioactive decay
and explain the changes to the nucleus using equations. Make sure you can also explain

why scientists changed their model of the nucleus due to the results of the alpha particle
scattering experiment and the changes to the nuclear model since then.

How confident do you feel about each of these skills? Colour in . the bars.

How do I describe How do I write a How can I use a
the changes that decay equation? half-life graph to
happen during analyse radicactive

nuclear decay? decay?
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