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Radioactive Half-Life
• The rate of decay for a radioactive isotope is 

measured in terms of a characteristic time, the 
half-life, the time for half of an original quantity 
of an element to decay.

The half-life is not affected
by heat, pressure, temp, 
chemical reactions, how 
many atoms have 
decayed or remain, etc.

1 2start 3 etc
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Long half-life   slow rate of decay
                        more radioactive material remains 
Short half-life   fast rate of decay
                       less radioactive material remains

Half-lives 
range 
from fractions
of a second
to billions of 
years.

after 100 years

half 
remains
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Half-life details:

number of 1/2-lives:

Example:  the half-life of radium-226 = 1620 y

amount of 
radium-226

0 1 2 3 etc
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Radioactive Half-Life
CHECK YOUR NEIGHBOR

A certain isotope has a half-life of 10 years. This 
means the amount of that isotope remaining at the 
end of 10 years will be

A. zero.
B. one-quarter. 
C. half.
D. the same.



© 2015 Pearson Education, Inc.

Radioactive Half-Life
CHECK YOUR ANSWER

A certain isotope has a half-life of 10 years. This 
means the amount of that isotope remaining at the 
end of 10 years will be

C. half.
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Ionizing Radiation
When alpha, beta or gamma rays 
(and other particles) shoot through 
matter, they breaks bonds, and 
knocks electrons free from atoms 
in their path.

The result:  
A trail of free electrons and positively charged ions.
This ionization causes harmful effects in living cells. 
It is also how we detect radiation.
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Radiation Detectors
• Geiger counters detect incoming radiation by a 

short pulse of current triggered when radiation 
ionizes a gas in the tube.
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Other Radiation Detectors:
Cloud chamber: 
fog trails

Bubble chambers: 
almost-boiling 
liquid bubbles

Scintillation counter:
flashes of light from -rays
converted into electrical 
signals

Spark chamber:
series of sparks 
between high 
voltage plates
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Ex.  Charged particles leave trails in a bubble chamber

When the chamber is in a strong electric or magnetic 
field, bending of the tracks provides information about 
the charge, mass, and momentum of the particles.

negative 
charge

positive 
charge

negative charge
more momentum 
(less curve)
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Transmutation of the Elements
• During alpha or beta decay, a different element is 

formed. This is transmutation.  
• Can occur naturally or artificially in the laboratory.

Ex.  Uranium (U) naturally transmutes to thorium (Th)
when an alpha particle (4

2퐻푒) is emitted.

Energy released:
1.  KE of alpha
2.  KE of thorium
3.  gamma ray     
    (not shown) 
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Conservation Rules:

Conservation of mass and charge says that the 
numbers on either side of arrow must balance:
Mass numbers at the top: 
                    238   = 234  +  4 
Atomic numbers (charge) at the bottom:
                     92   =  90   +   2 
Notice that the 4 and 2 are from the alpha:  42퐻푒
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Thorium (Th) then naturally transmutes to 
protactinium (Pa) when a beta particle is emitted.
An electron is:  0− 1푒

• Superscript 0 indicates electron's mass is 
insignificant compared with nucleons.

• Subscript -1 is the electric charge of the electron.
• The mass number (234) is the same on both sides.
• The atomic number (90) is the same on both sides.
• An antineutrino (not shown) is also emitted.
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Compare the last two transmutations:

Alpha decay:

Beta decay:

New nucleus Th has 2 less protons than old one U.
It moves back 2 spaces on Periodic Table. 

New nucleus Pa has 1 more proton than old one Th.
It moves up 1 space on Periodic Table. 
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Alpha 
decay
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Transmutation of the Elements
CHECK YOUR NEIGHBOR

When an element ejects an alpha particle, the atomic 
number of the resulting element

A. reduces by 2.
B. reduces by 4.
C. increases by 2.
D. increases by 4.
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Transmutation of the Elements
CHECK YOUR ANSWER

When an element ejects an alpha particle, the atomic 
number of the resulting element

A. reduces by 2.

Explanation:
An alpha particle (a helium nucleus) has atomic number 2. Ejection of 
an alpha particle means a loss of 2 protons, so the atomic number of 
the element is lowered by 2.
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Beta 
decay
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Transmutation of the Elements
CHECK YOUR NEIGHBOR, Continued

When an element ejects a beta particle, the atomic number
of that element

A. reduces by 1.
B. increases by 1. 
C. reduces by 2.
D. increases by 2.
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Transmutation of the Elements
CHECK YOUR ANSWER, Continued

When an element ejects a beta particle, the atomic number
of that element

A. increases by 1.

Explanation:
During beta emission a neutron changes into a proton, so the  
atomic number increases by 1.
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Transmutation of the Elements
CHECK YOUR NEIGHBOR, Continued

When an element ejects an alpha particle and a beta 
particle, the atomic number of that element

A. reduces by 1.
B. increases by 1. 
C. reduces by 2.
D. increases by 2.
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Transmutation of the Elements
CHECK YOUR ANSWER, Continued

When an element ejects an alpha particle and a beta 
particle, the atomic number of that element

A. reduces by 1.

Explanation:
Alpha emission reduces atomic number by 2, and beta emission 
increases atomic number by 1, so net result is -1.
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Uranium Disintegration Series
• Uranium-238 decays 

to lead-206 through a 
series of alpha and 
beta decays. 

• Arrows show…
• …alpha decay:
• …beta decay:

• Each step has its own half-life.  In 4.5 billion years, 
half the uranium presently in Earth will be lead.

ퟐퟑퟖ
ퟗퟐ 푼

ퟐퟑퟒ
ퟗퟎ 푻풉

ퟐퟑퟒ
ퟗퟏ 푷풂

ퟐퟎퟔ
ퟖퟐ 푷풃
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Radon (Rn) is a part of this decay series:
• Radon is a colorless, 

odorless gas.
• It is produced when 

radium (Ra) decays:
226
88 푅푎 → 222

86 푅푛 +  ?

Then radon decays by:  
222
86 푅푛 →  ?   +     ?

When inhaled, the alpha particle damages lungs.
The half-live of radon is 3.8 days.

ퟐퟏퟖ
ퟖퟒ 푷풐

ퟒ
ퟐ퐇퐞

ퟒ
ퟐ퐇퐞
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Transmutation of Elements
• Artificial (human caused) transmutation

Ernest Rutherford (1919) did the first one:
An alpha particle is fired at a nitrogen N atom 
transmutes it to oxygen O and hydrogen H.

• The alpha particle is absorbed by the nitrogen.
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Transmutations in perspective:
Naturally occur during:
  alpha, beta, and gamma decay
 cosmic rays bombard the atmosphere
 fusion in stars (next chapter): Fe and below
 supernovas (stars blow up):  elements above Fe
Artificial:  
1st one:  Rutherford (in 1919)
Many others since then:  Have created all of the 
elements of the Periodic Table above U
Elements above U have short half-lives and don’t 
exist for long….
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Transmutation of the Elements
CHECK YOUR NEIGHBOR, Continued-1

Atoms can transmute into completely different atoms in

A. nature.
B. laboratories. 
C. Both A and B.
D. Neither A nor B.
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Transmutation of the Elements
CHECK YOUR ANSWER, Continued-1

Atoms can transmute into completely different atoms in

C. Both A and B.

Explanation:
Atomic transmutation 
occurs in nature, in 
laboratories, and as far 
as we know, throughout
the cosmos.
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Radiometric Dating
Earth's atmosphere is 
continuously 
bombarded by cosmic 
rays from space. 

Ex:  A nitrogen captures a neutron and becomes an
isotope of carbon by emitting a proton:

This causes many atoms to transmute….
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Isotopes of Carbon:
stable stable

unstable and
radioactive

All these C isotopes:
-have 6 electrons and the same chemical properties.
-form CO2 and are taken in by plants.
Then animals eat plants (or other animals that eat 
plants), and so all animals have some C-14 in them.

C-12 C-13 C-14
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• Carbon-14 is a beta emitter and decays back to nitrogen.

• Because living plants take in carbon dioxide, any 
C-14 lost by decay is immediately replenished with
fresh C-14 from the atmosphere (or by eating).

• The C-14 level in living creatures is constant.
• Dead creatures no longer take in C-14. 
• The C-14 level in dead creatures decreases. 
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Radiometric Dating, Continued-1
• The longer a creature is dead, the less C-14 it has. 
• The half-life of C-14 is 5730 years.
• Relative amounts of C-12 to C-14 enable dating of 

organic materials.

creature
dies

1 half-life
later

2 half-lives 
later

3 half-lives 
later

4 half-lives 
later
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Carbon dating
By measuring the ratio
of radioactive C-14 to 
stable C-12, you can 
tell how long ago that 
a creature died.

Only living creatures 
take in carbon, so only
things that once lived 
can be “dated” using 
C-14.
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C-14 
decay:

1 2 3 4 5died

After 10 half lives, there is so little C-14 left 
that it is not useful to date older creatures. 

# of half 
lives:

1
2

1
4 1

8
1

16
1

32
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Radiometric Dating
CHECK YOUR NEIGHBOR
The half-life of carbon-14 is about 5730 years, which means that the 
present amount in your bones will reduce to zero

A. when you die.
B. in about 5730 years. 
C. in about twice 5730 years.
D. None of the above.
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Radiometric Dating
CHECK YOUR ANSWER
The half-life of carbon-14 is about 5730 years, which means that the 
present amount in your bones will reduce to zero

D. None of the above.

Explanation:
In theory, the amount never reaches zero. In eons to come, trace 
amounts of the carbon-14 in your bones, even if completely dissolved,
will still exist.
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But, it’s complicated…
 The levels of CO2 in the atmosphere can be
affected by Sun’s and Earth’s magnetic fields, 
Earth’s climate, ocean temperatures, etc.  
  So carbon dating has to be done carefully.


