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* How is radioactive decay expressed?

¢ Radioactivity results when the nucleus of an atom decays.
¢ There are three radioactive decay processes:
¢ 1. Alpha decay: The emission of an alpha particle (the
same particles found in the nucleus of a helium atom)
from a nucleus is a process called alpha decay. When
a radioactive nucleus emits an alpha particle, the atomic
‘number of the product nucleus is reduced by two, and its
2 ‘mass number by four. However, the sum of the atomic
i numbers and the sum of the mass numbers on each side of
I the arrow remain equal.
26Ra - 22Rn 4 4
88 86 2
2. Beta decay: In beta decay, a neutron changes into a
proton and a beta particle, an electron. The proton
remains in the nucleus while the electron leaves the
nucleus. Since the proton remains in the nucleus, the
atomic number of the element increases by one—it
has become an atom of the next higher element on the
periodic table. However, its mass number does not
change, as a proton of almost equal mass has replaced the
neutron.

Bl Bl 0,
53 54

3. Gamma decay: Gamma decay results from a
redistribution of energy within the nucleus. Gamma
radiation consists of rays of high-energy, short-
wavelength radiation. A gamma ray is given off as the
isotope changes from a high-energy state to a lower
energy state.

i — Oni 1 Oy
28 280

‘The *** means that the nickel nucleus has extra energy that is
released as a gamma ray.

122 MHR < Section7.1 Atomic Thoory, Isotopes, and Radioactive Decay © 2008 McGraw.HilRyerson Limited
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Use with textbook pages 289-293.

Isotopes
1. What i an isotope?

2. Atomic number + number of neutrons =
3. Number of protons + number of neutrons =

4. Mass number — atomic number =

Use the following standard atomic notation of an isotope to answer questions 5 to 7.

5. Label the mass number and the atomic number.

6. What is the name of this isotope?

7. Determine the number of subatomic particles for this isotope:
(@) number of protons =
(b) number of electrons =
(c) number of neutrons =

8.1n each of the following cases, what element does the symbol X represent and how
many neutrons are in the nucleus?

(@ f(', X Element =

Number of neutrons =

®2x Element =
Number of neutrons
© l;g X Element =

Number of neutrons =
@ % X Element =
Number of neutrons =

©2008 McGraw.Hil yerson Lmitea  Soction 7.1 Atomic Thoory, Isotopes, and Radioactive Docay + MHR 123
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9. Complete the following table. The first row has been completed to help guide you.

Isotope | Standard | Atomic | Mass | Numberof | Number of
atomic | number | number  protons | neutrons
notation
14

carbon-14 & 5 i 6 8

2 5
Tickel60
14 7

hallum-201
26
s Ra

8 126
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Use with textbook pages 286-299.

Radioactive decay and nuclear equations

Remember the following two rules when working with nuclear equations:
1. The sum of the mass numbers does not change.
The sum of the charges in the nucleus does not change.

Identify each nuclear equation as alpha decay, beta decay, or gamma decay, and then
complete the nuclear equation.

32, 32,

1. - 32 +

214 210

14. 83 B a T +
254 o

15. > w07

126 MHR < Section 7.1 Atomic Thoory, Isotopes, and Radioactive Docay © 2008 McGraw-Hil Ryorson Limitad
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Use with textbook pages 286-299.

Atomic theory, isotopes,
and radioactive decay
‘Match the Descriptor on the left with the best
‘Sclentist on the right. Each Scientist may be used
‘more than once.
Descriptor ‘Sclentist
1 discovered ‘A Marie Curie
Xerays B. Henri Becquerel
2. identified C. Emest Rutherford
polonium and radium D. Wilhelm Roentgen
3. first fo identify.
apha, beta, and gamma
‘radiation
4 discovered the
‘nucleus and created a
‘model of the atom
5. discovered that
‘uranium salts emitted
rays that darkened pho-
‘tographic plates

6. Which of the following electromagnetic
radiations has the highest frequency and
energy’

A Xrays

B. gamma rays

€. microwaves
D. ultraviolet radiation

7. The number of neutron:
found by

A. adding the atomic number to the mass
number

an atom is

B. subtracting the mass number from the
atomic number

€ subtracting the atomic number from the
mass number

D. adding the number of protons to the
number of electrons

©2008 McGraw.Hl Ryerson Limitea  Soction 7.1

Section 7.1

8. What is used to tell different isotopes of a

particular clement apart?

A. the mass number

B. the atomic number

C. the number of protons

D. the number of electrons
9. One isotope of polonium is °1-Po. Any

other isotope of polonium must have

A. 84 protons

B. 128 protons

C. 84 ncutrons

D. 128 neutrons

10. How many protons, neutrons, and electrons

are in the isotope calcium-42, ;s Ca?

Protons | Neutrons | Electrons.
A 20 2 2
B. 2 20 2
c. 2 2 2
. 2 20 2

Use the following standard atomic
notation for the lithium isotope to
answer question 1.

u

1. What does each part of the standard atomic

notation shown above represent?

3" 7
A atomic number mass number

B. | mass number atomic number

C. | number of neutrons | number of protons
D. | number of protons | number of slectrons

‘Atomic Thoory, Isotopes, and Radioactive Docay + MHR 127
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Use the following diagram showing the
penetrating power of a type of rad
answer question 12.

Paper  Auminiom  Lead

12. What does “X” represent?
A. a gamma ray
B. a beta particle
C. an alpha particle
D. a high-speed electron

13. Which type of radioactive decay process
results in no change to the nucleus?

A beta decay
B. alpha decay
C. gamma decay

128 MHR« Section7.1

Section 7.1

14, The symbol 3 He s equivalent to which of
the following?
A0,

0
n'rl

5. Which of the following represents a beta
decay?

2

27 Ac , 4 He
St 2

e the following incomplete nuclear
cquation to answer question 16.

4NdL > —+ jo

6. What is product of this decay process?
A cobalt-58
B. cerium-58
C. cerium-140

D. samarium-62

Atomic Theory, Isotopes, and Radioactive Dacay © 2006 McGrav-Hi Ryarson Limiea
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Half-Life 7.2

Summary
Textbook pages 302-311

Before You Read

‘Write a sentence in the lines below explaining what the word decay means to you. As
you read about radioactive decay, think about how the common meaning of decay differs
from the scientific meaning.

What is radiocarbon dating?

Radiocarbon dating is the process of determining the age of
an object by measuring the amount of carbon-14 remaining in
that object. Carbon’s isotopes include carbon-12 and carbon-
14. When an organism is alive, the ratio of carbon-14 atoms
to carbon-12 atoms in the organism remains nearly constant.
But when an organism dies, its carbon-14 atoms decay
without being replaced. The ratio of carbon-14 to carbon-12
then decreases with time. By measuring this ratio, the age of

6= Mark the Text

In Your Own Words
Altr you ead tis secton,
 go back and summarizs te

‘main concepts in your own

an organisn's remains can be estimated. Only material from ;@ Reading Chck

plants and animals that lived within the past 50 000 years T a e
contains enough carbon-14 to be measured using radiocarbon ndergoes radoactie
dating. @ decay?

What is a hal
dating?

A half-lfe is a measure of the rate of radioactive decay

for a given isotope. It is equal to the time required for half
the nuclei in a sample to decay. Its value is a constant for
any radioactive isotope. For example, the half-life of the
radioisotope strontium-90 is 29 years. If you have 10.0 g of
strontium-90 today, 29 years from now you will have

5.00 8 left This i because one half-life will have passed
(100 x 3 =5.00g). 58 years from now, two half-lives will
have passcd and 250 & of the sample will remain

(100g x4 2.50 g). The shorter the half-life is, the
faster the &my rate. A decay curve is a curved line on a
‘graph that shows the rate at which radioisotopes decay.

and how i

it used in radiocarbon }

© 2008 McGraw-Hll Ryerson Limtes Section 7.2 Halt-Life + MHR 120
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@ Reading Check
1. Wrich sotope cecays, the
parentor e daughtr?

130 MHR - Section7.2

Decay of Strontium-90

2w
F
[
HE)
H
2
S

¢ 1 2 3 4

Namber of alfdves

(1 half-life = 29y)

This decay curve shows how the amount of strontium-90 in a
sample changes over time.

What are parent and daughter isotopes?

{ A parent isotope is an isotope that undergoes radioactive

¢ decay. The stable product of this decay is called the daughter
isotope. The production of a daughter isotope can be a direct
reaction o the result of a series of decays.

Each parent isotope can be paired with a specific daughter
isotope. For example, carbon-12 is the daughter isotope of
carbon-14 (the parent isotope). The chart on page 307 of
the textbook lsts other common isotope pairs. It also shows
the half-life of the parent and the effective dating range the
isotope can be used for. @

i How does the potassium-40 clock work?

The potassium-40 clock uses radioisotopes, specifically
potassium-40 and argon-40, to determine Earth’s age.
Potassium-40 has a half-life of 1.3 billion years. Its daughter
isotope is argon-40. When rock is produced from lava, all the
$ gases in the molten rock, including argon-40, are driven out.
¢ This process sets the potassium radioisotope clock to zero,
¢ because potassium-40 (the parent) is present but no argon-40
(the daughter) is present.

As the molten rock cools over time, it traps gases that
form as a result of radioactive decay. When tested, both
¢ potassium-40 and argon-40 are now present in the rock. As

Halr-Lite © 2008 MoGraw-Hi Ryerson Limited
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the mass of the parent isotope drops, the mass of the daughter ?
isotope increases. By measuring this ratio, the age of the rock
can be estimated. For example, if analysis showed that there

were equal masses of potassium-40 and argon-40 in a rock, ¢
the rock would be 1.3 billion years old, the amount of time it
takes half of the potassium-40 to decay into argon-40. :

Isotope remaining of produced (%)
385583888

326 39 53 65 18
Elapsed Time (billion y)
0 1 2 3 4 5 6
waltife ]
‘The solid line shows that the parent isotope is decaying.
‘The dashed line shows that the daughter isotope is being
produced.

© 2008 McGraw-Hll Ryerson Limtes Section 7.2 Halt-Life + MHR 131
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Radioactive decay
1. Define the following terms.
() half-life

(b) decay curve

(c) parent isotope

(d) daughter isotope.

2. Complete the following tables.

Half-Life | Percent | Percent of Half-Life | Fraction of | Fraction of

of parent | daughter parent isotope  daughter
isotope | isotope isotope

0 0

1 1

2 2

3 3

4 4

3. A rock sample contains 120 g of a radioactive isotope. The radioactive isotope has a
half-life of 5 years.

(@) Complete the following table.

Half-Life | Time (a) | Mass ()
0 0
1 5
2 10
3 15
4 20
5 25

(b) How much of the radioactive isotope if left after 25 years have passed?
(c) How many half-lives have passed if there is only 15 g of the parent isotope left?

(d) How many years have passed if there is only 7.5 g of the parent isotope left?

132 MHReSection7.2  Half-Life © 2008 MoGraw-Hi Ryerson Limited
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(6) Use the data in the table to graph a decay curve. Label the x-axis with Time (@)
and the y-axis with Mass (g).

4. A rock sample contains 80 g of a radioactive isotope with a half-ife of 20 years.
(@) Complete the following table.

Half-Life | Time (a) M?:;z;:?:; "t M”;;:,::T:,MH
0 0
1 20
2 40
3 60
4 80
5 100

(b) How much of the parent isotope is left after 4 half-lives?
(c) How much of the parent isotope is left ater 100 years?

(d) How much of the daughter isotope is present after 60 years?

(6) How much time has passed if 77.5 g of the daughter isotope is present?
() What s the ratio of parent isotope to daughter isotope after 2 half-lives?

© 2008 McGraw-Hll Ryerson Limtes Section 7.2 Halt-Life + MHR 133




image14.png
Name Date

Use with textbook pages 305-309.

Decay curves

1. Use the decay curve to answer the questions.
(2) What is the half-lfe of the isotope?

(b) How much of the parent isotope remains.
after 4 days?

(¢) How much of the daughter isotope is
present after 6 days?

(d) What fraction of the parent isotope remains
aftergdays?

(€) How long does it take for the parent
isotope to decay to 5 g?

2. Use the decay curve to answer the questions.

(a) What is the common isotope pair for this
decaycuve?

(b) What is the half-iife of the parent isotope?

(¢) What does the intersection of the two lines
represent?

(d) What fraction of the daughter isotope is
present ater 5.2 billion years have passed?

(€) What is the ratio of parent isotope to
daughter isotope after 2.6 billon years.
havepassed?

62008 MoGraw-Hil Ryerson Limed
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Isotope remaining or produced (%)
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Use with textbook pages 302-309.

Half-life

‘Match the Term on the left with the best
Descriptor on the right. Each Descriptor may be
‘used only once.

Term Descriptor

1. haltife

2. decaycune

B parent soiope

4 daughter
Isotope

A the stable product of
radioactive decay

B. the isotope that under-
‘goss radioactive decay

C.acuned ne ona
raph that shows the
rate at which radoiso-
topes decay

D. the time required for
half the nuclelin a
‘sample of a radioactive:
satope to decay

5. Radiocarbon dating can be used to
determine the age of which of the
following?

I [arock sample.
I [thefossi of a fem plant
. [the skeleton of a dead bear

A Tand T only
B. Tand 11l only
C. T and 11T only
D.L1L and TNl

6. After how many half-lives are there equal
‘amounts of parent and daughter isotopes?
Al .3
B.2 D.4

7. The half-life of Ni-28 is six days. What

fraction of a sample of this isotope will
remain after 18 days?

A2 C.u8
B.14 D.1/16
136 MHReSection7.2  Half-Life

Section 7.2

8. The half-ife of a particular radioacti
isotope is 6 hours. What percent of the
daughter isotope would be present after 1

day?
A.50% C.87.5%
B.75% .93.75%

9. A 24 g sample of a radioactive isotope
decayed to 1.5 g in 48 minutes. How much
of the original parent isotope remained after
24 minutes?

Asg Ci2g
B.6g D.isg
0. A radioactive isotope sample has a half-
life of 5 days. If 8 g of the sample remains
unchanged after 20 days, what was the
initial mass of the sample?
A32g C.i2sg
B.odg D.256 g
11, 1If the halife of an isotope s 8000 years
and the amount of that isotope present in
an igneous rock is only 1 of the original
amount, how old is the rock?
A, 8000 years old
B. 16 000 years old
C. 24000 years old
D. 32000 years old

12. What is the advantage of using a
radioisotope with a short half-life for
‘medical diagnostic purposes?

. the radioactivity is easy to monitor

B. the radioactivity lasts for a long time

C. the radioactivity does not stay in the
body

D. the radioactivity induced by the
radioisotope is stronger

© 2008 MoGraw-Hi Ryerson Limited
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7.3

Nuclear Reactions Summary
Textbook pages 312-325

Before You Read

Nuclear reactors supply energy to many parts of Canada. Summarize what you already
know about nuclear reactions in the lines below.

‘What is nuclear fission?
(&> Mark the Text
Nuclear fission is a nuclear reaction in which a nucleus

breaks apart, producing two or more smaller nuclei, Summarize.

subatomic particles, and energy. For example, for Uranium- A5 you rea i scton,

235, ighlht the main poirt in
‘each paragraph. Then write a

125 92 3 short paragraph summarzng

o 9 36 56 o gy © what you have learned.

Heavy nuclei tend to be unstable because of the repulsive

forces between their many protons. In order (o increase their

stability, atoms with heavy nuclei may split into atoms with

lighter nuclei. The fission of a nucleus is accompanied by a  :

very large release of energy. Fission is the source of cnergy  ; () Reading Check

for all nuclear power generation used today: however, the Why do hear nucltend

radioactive daughter products are a significant waste disposal 10be unsiabe?

problem. & i

How do nuclear reactions work?

In typical chemical reactions, the energy produced or used is
so small that there is very little change in mass. There are no
changes in the nuclei of the reactants, so the identities of the
atoms do not change. Chemical reactions involve electrons
and rearrangements in the way atoms and ions are connected
to each other.

© 2008 McGraw-Hll Ryerson Limtes Saction 7.3 Nuclear Reactions + MHR 137
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: A nuclear reaction is a process in which an atom’s
3 nucleus changes by gaining or releasing particles or energy.
A nuclear reaction can release protons, neutrons, and
electrons, as well as gamma rays. In nuclear reactions, a

small change in mass results in a very large change in energy.
: Scientists can induce, or cause, a nuclear reaction by
‘making a nucleus unstable, causing it to undergo a reaction
immediately. Bombarding a nucleus with alpha particles,
beta particles, or gamma rays induces a nuclear reaction. An
example of an induced reaction is given below. Nitrogen-14.
is bombarded with alpha particles, producing oxygen and
protons.

o Tos
27T 7 Eaat

‘When some nuclei undergo fission, they release
subatomic particles that trigger more fission reactions. This
ongoing process in which one reaction initiates the next
reaction is called a chain reaction. The number of fissions
and the amount of energy released can increase rapidly and
* lead to a violent nuclear explosion. Uranium-235, which is
* used in Canadian nuclear reactors, undergoes such a reaction.
$ Keeping the chain reaction going in a nuclear power plant,
while preventing it from racing out of control, requires
precise monitoring and continual adjusting.

What are the rules for writing nuclear equations?

{ A nuclear equation is a set of symbols that indicates

¢ changes in the nuclei of atoms during a nuclear reaction.

$ The following rules can be used when you write a nuclear

equation.

1. The sum of the mass numbers on each side of the equation
stays the same.

2. The sum of the charges (represented by atomic numbers)
on each side of the equation stays the same.

138 MHReSection7.3  Nuclear Reactions © 2008 MoGrav-Hul Ryerson Limited
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‘What is nuclear fusion? H

Nuclear fusion is a nuclear reaction in which small nuclei
combine to produce a larger nucleus. Other subatomic
particles as well as energy are released in this process. Fusion
occurs at the core of the Sun and other stars where sufficient
pressure and high temperatures cause isotopes of hydrogen to
collide with great force. This forces two nuclei of hydrogen
to merge into a single nucleus, releasing an enormous amount
of energy. The fusion reaction that occurs in the Sun is given
below.

2,.3 4.1
H+ H —> He+ 7n+enel
[ 20 .

@) Reading Check
We do not currently have the technology to extract energy dentiythe mai difer-
from fusion reactions. One of the difficulties is achieving and ence betuween fission and

containing the high temperatures and pressures required to
bring about fusion.@

© 2008 McGraw-Hll Ryerson Limtes Saction 7.3 Nuclear Reactions + MHR 139
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Use with textbook pages 312-321.

Comparing nuclear fission and fusion
1. Complete the following table.

Nuclear fission Nuclear fusion

(Give a descripton of the process.

‘Whatis produced as a fesultof this
nuclear process?

‘Are the products radioactive?

‘Whatis needed for tis nuclear
reaction to occur?

‘Where does ths process ocour?

(Give an example of a nuclear
equation.

2. Identify the following diagrams as nuclear fission or nuclear fusion. Label the parent
isotope(s), daughter isotopefs), neutron(s), and energy.

(@

(0)

© 2008 McGraw-Hll Ryerson Limtes Saction 7.3 Nuclear Reactions + MHR 141
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Use with textbook pages 312-321.

Nuclear fission and fusion reactions

Remember the following two rules when working with nuclear equations:
1. The sum of the mass numbers does not change.
1. The sum of the charges in the nucleus does not change.

Identify each nuclear equation (nuclear fission or nuclear fusion) and then complete the
nuclear equation.

1l s By e+ st 4 1y
0
2.
3. +aln
o
4.

7. by + B%m e Mgl
0 " 100 54 0
8. 106y 43l
39 0
0. ln+ B3 s L
0 92 49 43
3756 + %00 4+ 31
52 2 0
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Nuclear reactions

Match each Number on the Diagram of a nuclear
reaction on the left with the correct Descriptor on
the right. Each Descriptor may be used more than

once.
‘Diagram of a nuclear | Descriptor
reaction
© A energy
' B. nautron
sy C. parent sotope
o D. nuckear fusion
/) \\@ ©| E. nuclear fusion
& / | ™ . daugher isolope:
o o
1.
2
a___
.
5
6

7. What is the symbol for a proton?
At
2
0,
8.
ol
1
L
0
1

c.

0.1y
8. Which of the following is the source of the
Sun’s energy?
A. convection
B. nuclear fusion
C. nuclear fission
D. CANDU reactor

62008 MoGraw-Hil Ryerson Lmted

Section 7.3

9. Which of the following represents a nuclear
fusion equation?

B Dy,
90 88 2

82380 - B Ay
90 2

0.2 B e by ney

‘n +235U ﬂ%

o 92 36

10. What is the total mass number?

2, 141
3% 56
Ao
B.95

D. Kr+ I:‘653+3ll)n+cmfgy

Ba+ 3('),. + energy
c.234
D.236

11. How many neutrons are released in this
nuclear equation?

1,29, Ml 9T, a1
0" o4 547" 40 0
Ao c.2
B.1 D.3

12. What isotope balances this nuclear
reaction?

LBy sl
[UR) 5000
a4y 6 Myo

39 42
5117y PRI,

39 12

13. What is needed for nuclear fusion to
oceur?

L [pressure
1| abela parice
.| hgh temperature
AlandTonly  C.Iand Il only

B.landMonly  D.LILand IIT
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Atomic Theory, Isotopes, and Radioactive|
Decay

Textbook pages 286-301

Before You Read

Radiation is used for many purposes. What uses of radiation are you already aware of?
Write your response in the lines below.

What is radioactivity?

radio waves, microwaves, infrared rays, visible light, and
ultraviolet rays, that are found on the electromagnetic
spectrum. Light s a form of radiation that humans can see.

tons until you get each one
comect.

P create a Quiz
Radioactivity is the release of high-energy particles and
Afteryou have read s sec- £ rays of energy from a substance as a result of changes in
m Mﬂm % the nuclei of its atoms. Radiation refers to high-energy
based on what you have 3 N . - sl
s rays and partcles emitted by radioactive sources, ncluding

What are isotopes?

Isotopes are different atoms of a particular element that
have the same number of protons but different numbers of
neutrons. The mass number of an atom is an integer (whole
‘number) that represents the sum of the atom’s protons and
neutrons—so isotopes have different mass numbers. The
mass number of an isotope is found by adding the atomic
‘number (number of protons) to the number of neutrons.

Mass number = atomic number + number of neutrons

To find the number of neutrons of an isotope, subtract the

(@ Reading Check atomic number from the mass number.
Wit the squation sad o+ Number of neutrons = mass number — atomic number
caloulate mass number. o

How are Isotopes represented?

Chemists represent isotopes using standard atomic notation
(also called the nuclear symbol). a shortened form involving
the chemical symbol, atomic number, and mass number. The
¢ mass number is written as a superscript (above) on the left

120 MHR+Section 7.1 Atomic Theory, Isotopes, and Radioactive Decay © 2008 McGraw-Hil Ryerson Limited
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of the symbol. The atomic number is written as a subscript
(below), also on the left.

3
v K

‘The mass number of this potassium isotope is 39. The atomic

number s 19. An isotope of potassium with a mass number

of 39 can also be represented as potassium-39, or K-39

What Is radioactive decay?

By emitting radiation, atoms of one kind of element can
change into atoms of another element. Radioactive atoms
emit radiation because their nuclei are unstable. Unstable
atoms gain stability by losing energy. Radioactive decay is
the process in which unstable nuclei lose energy by emitting
radiation. Unstable radioactive atoms undergo radioactive
decay and form stable, non-radioactive atoms, usually of a
different element. Radioisotopes are natural or human-made
isotopes that decay into other isotopes, releasing radiation.

What different types of radiation are emitted during
radioactive decay?

‘The three major types of radiation are alpha radiation, beta
radiation, and gamma radiation. Their properties are summed
up in the following table: @

Table 7.3 Properties of Alpha, Beta, and Gamma Radiation

Alpha Radiation Beta Radiation _Gamma Radiation

‘Symbol e Do fe ©

Compasiion | Apha partces Belapattides  High-energy
ekeciomagnetic
radiation

Descripton of | Helum nuckel, Ectons High energy rays

radiation e

Charge 2+ 1- 0

Relatire Blocked by paper  Blocked by Party or

penetrating metal fol completely blocked

pawer or concrete by lead
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