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Radiation
Isotopes & Stability (Nuclides)

Nuclear Decay/ half lives

CHEM 108

The Nucleus
Discussion Questions 1.6

Organization of Matter II Nuclear Decay / Radioactivity
❥  Unstable nuclei are radioactive. They “decay”, i.e. 

they emit particles, which lead to different elements 
and isotopes that can be detected and accurately 
measured.

http://chemconnections.org/general/movies/Radioactivity.MOV

http://www.pbs.org/video/2209769748/

http://chemconnections.org/general/movies/radioactivityofeverydayob.mov

�
Nuclear Particles �

emitted from unstable nucleii

❥  Emitted Nuclear Particles:
                       Mass   Charge  Symbol

❥  alpha particle   4 amu      +2           

❥  beta particle  very small       -1

❥  gamma      very very small       0
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4He);2
4α

−1
0e

−1
0β

γ

positron         very small    +1 +1
0β

Atomic Particles �

FUNDAMENTAL PARTICLES:
             Mass       Charge        Symbol

Nucleus:
ð  PROTON       1 amu     +1         H+,   H,   p

•  1.67 x 10 -27 kg

ð  NEUTRON     1 amu     0    n
•  1.67 x 10 -27 kg

_________________________________________
ð  ELECTRON    very small    -1                e -

•  ≈ 2000 x smaller than a proton or neutron
This particle is said to “hold” or “bond” atoms together in 

molecules.
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Nuclides
http://www.nndc.bnl.gov/chart/
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A.  +1 
B.  +2 

C.  –1 

D.  –2 

E.    0 

In alpha decay, the nucleus looses the equivalent of 
2 protons and the element’s atomic number (a.n.) is 
decreased by 2, producing another element whose 
(a.n.) is 2 less.  
 

What is the change in atomic number of a nucleus 
that results from beta decay? 

Emitted Particles:
                       Mass emitted  

❥  alpha particle   +2 amu           

❥  beta particle      -1 amu

QUESTION

A.  +1 
B.  +2 

C.  –1 

D.  –2 

E.    0 

In alpha decay, the nucleus looses the equivalent of 
2 protons and the element’s atomic number (a.n.) is 
decreased by 2, producing another element whose 
(a.n.) is 2 less.  
 

What is the change in atomic number of a nucleus 
that results from beta decay? 

Emitted Particles:
                       Mass emitted  

❥  alpha particle   +2 amu           

❥  beta particle      -1 amu

Answer

Nuclear Penetrating Power

❥  alpha particle:  low 

❥  beta particle: moderate

❥  gamma: high

❥  X-rays: high 
Water
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Nuclear Penetrating Power
Human Absorbtion & Health Effects

 and X-rays

• Radiation effects are cumulative (Madame Curie: 1867-1934)
• rad = radiation absorbed dose ( 0.01 J/kg)
• rem= radiation equivalent for man   (1 rem = 1 rad x Q; Q=1 for 
β, γ, X-rays; Q= 3-10 for neutrons; Q=10 for p+; Q= 20 for α-particles)
• Background radiation = 0.13 rem
• Annual exposure limit is set at 0.17 rem above background
• Dosimeters measure radiation absorbed 

""Nothing in life is to 
be feared; it is only to 
be understood."

aplastic anemia

A.  Alpha 
B.  Beta 
C.  Gamma 
D.  Delta 
E.  Zeta 

Which type of radioactive emission is the 
most penetrating? 

Emitted Particles:
                       Mass   Charge  

❥  alpha particle   4 amu      +2           

❥  beta particle  very small       -1

❥  gamma      very very small       0

QUESTION

A.  Alpha 
B.  Beta 
C.  Gamma 
D.  Delta 
E.  Zeta 

Which type of radioactive emission is the 
most penetrating? 

Emitted Particles:
                       Mass   Charge  

❥  alpha particle   4 amu      +2           

❥  beta particle  very small       -1

❥  gamma      very very small       0

Answer
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Medical X-Rays

First Medical X-Ray (1895)
Mrs. Element #111’s hand and ring 

(What’s her name?)
Mrs. Wilhelm Röntgen 

Where does most of our yearly exposure to 
radiation come from?

QUESTION

A.  Nuclear power plants 
B.  Smoke detectors 

C.  Medical X-rays 

D.  Naturally occurring sources 
E.  Human-made sources 

Where does most of our yearly exposure to 
radiation come from?

Answer

A.  Nuclear power plants 
B.  Smoke detectors 

C.  Medical X-rays 

D.  Naturally occurring sources 
E.  Human-made sources 

CHEMISTRY of the Atom
Isotopes vary in their stabilities & relative 

natural abundance.
1

https://phet.colorado.edu/sims/html/isotopes-and-atomic-mass/latest/isotopes-and-atomic-mass_en.html

https://forms.gle/P2aUryDgdSGanXcB8

CHEMISTRY of the Atom
•  Periodic Table’s atomic mass of an 

element is a weighted average of the 
masses of all of its stable isotopes.

•  The mass of lithium, Li, element #3 is 
listed as 6.9410 amu. Which isotope is 
naturally present in the larger amount: 
the isotope with 3 neutrons or with 4 
neutrons? 

1

CHEMISTRY of the Atom

The mass of lithium, Li, 
element #3 is listed as 
6.9410 amu. Which 
isotope is naturally present 
in the larger amount: the 
isotope with 3 neutrons or 
with 4 neutrons? 

1
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Two stable isotopes of an element have isotopic 
masses of 10.0129 amu and 11.0093 amu. The atomic 
mass is 10.81. Which isotope is more abundant? 

A) There is insufficient information to answer  
     the question.
B) There are equal amounts of each isotope.
C) The isotope with a mass of 10.0129 amu  
     is more abundant.
D) The isotope with a mass of 11.0093 amu  
     is more abundant.

QUESTION
Two stable isotopes of an element have isotopic 
masses of 10.0129 amu and 11.0093 amu. The atomic 
mass is 10.81. Which isotope is more abundant? 

A) There is insufficient information to answer  
     the question.

B) There are equal amounts of each isotope.

C) The isotope with a mass of 10.0129 amu  
     is more abundant.
D) The isotope with a mass of 11.0093 amu  
     is more abundant.

Answer

ð  Carbon’s three Nuclides:
1

Exact Mass % Occurence
12.00000 98.98
13.00335 1.011
14.00 negligible

CHEMISTRY of Atoms �
Unstable Isotopes and Time

Stable
Stable
Unstable

https://www.popularmechanics.com/science/
archaeology/a31043027/carbon-14-history/

CHEMISTRY of Atoms �
Unstable Isotopes and Time

1

•  Atomic Number = 6 (atom’s identity)
•  Carbon-14
•  Atomic Mass = 14 (isotope 14)
•  6  protons; 8 neutrons = 14 – 6
•  14C : Unstable, beta decay
•   Half life = 5,730±40 years

https://en.wikipedia.org/wiki/Radiocarbon_dating

Accelerator Mass Spectrometer
Lawrence Livermore National Laboratory 

Radioactive Decay of 14C  Over Time 
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/1960/

The Nobel Prize in Chemistry 1960 was awarded to Willard F. Libby "for his 
method to use carbon-14 for age determination in archaeology, geology, 
geophysics, and other branches of science".

A.  The time it takes for 50% of the parent nuclide atoms  
to decay to the daughter nuclide atoms 

B.  The time it takes for a 50% reduction in radioactivity 

C.  The lifetime of a radioactive sample 

D.  The time it takes for 25% of the parent nuclide atoms to 
decay to the daughter nuclide atoms 

E.  The time it takes for 100% of the parent nuclide atoms 
to decay to the daughter nuclide atoms 

Which of the following is the best definition of the 
half-life of a radioactive isotope? 

QUESTION
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A.  The time it takes for 50% of the parent nuclide atoms  
to decay to the daughter nuclide atoms 

B.  The time it takes for a 50% reduction in radioactivity 

C.  The lifetime of a radioactive sample 

D.  The time it takes for 25% of the parent nuclide atoms to 
decay to the daughter nuclide atoms 

E.  The time it takes for 100% of the parent nuclide atoms 
to decay to the daughter nuclide atoms 

Which of the following is the best definition of the 
half-life of a radioactive isotope? 

Answer

Based solely on the following half-lives, which 
radioactive atom in the list is the most radioactive, 
that is, decays the fastest? 
 

QUESTION

A.  14C    Carbon-14 (5730 yrs) 
B.  226Ra Radium-226 (1620 yrs) 

C.  238U   Uranium-238 (4.5 million yrs) 

D.  214Po  Polonium-214 (1.6 ms) 

E.  32P     Phosphorus-32 (14 days) 

A.  14C     Carbon-14 (5730 yrs) 
B.  226Ra Radium-226 (1620 yrs) 

C.  238U   Uranium-238 (4.5 million yrs) 

D.  214Po  Polonium-214 (1.6 ms) 

E.  32P     Phosphorus-32 (14 days) 

Based solely on the following half-lives, which 
radioactive atom in the list is the most radioactive, 
that is, decays the fastest? 
 

Answer

Alexander Litvinenko 

On November 1, 2006, Litvinenko suddenly fell ill and was hospitalized. 
He died three weeks later, becoming the first confirmed victim of lethal 
polonium-210-induced acute radiation syndrome, ½ life 138 days, decays 
to lead by alpha particle emission.

Radiocarbon Dating for Determining�
the Age of Artefacts 

Ground 
Sloth Dung 
(Off scale)

�

https://www.sapiens.org/column/curiosities/
radiocarbon-dating-part-1/

A.  5.73 × 103 yr 

B.  1.72 × 104 yr 

C.  2.29 × 104 yr 
D.  2.87 × 104 yr 
E.  4.01 × 104 yr 
 

An artefact of ground sloth dung was originally 
thought to have been recently deposited, but on 
analysis was found to be much older. Based on 
radio carbon dating, the sample was at the test’s 
limits (~7 half lives old).   How many years old was 
this sample thought to be?  
(C-14 half-life is 5730 years.) 

QUESTION

A.  5.73 × 103 yr 

B.  1.72 × 104 yr 

C.  2.29 × 104 yr 
D.  2.87 × 104 yr 
E.  4.01 × 104 yr 
 

An artefact of ground sloth dung was originally 
thought to had been recently deposited, but on 
analysis was found to be much older. Based on 
radio carbon dating, the sample was at the test’s 
limit (7 half lives old).   How many years old was 
this sample thought to be?  
(C-14 half-life is 5730 years.) 

Answer
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CHEMISTRY of the Atom
1

•  Atomic Number = 6 (atom’s identity)
•  Carbon
•  Atomic Mass = 13 (isotope 13)
•  6  protons; # neutrons = 13 - 6
•  neutral atom has 6 electrons

CHEMISTRY of the Atom
Periodic Table’s atomic mass is a weighted average of 

the isotopic masses of nature’s stable mixture
1

https://phet.colorado.edu/sims/html/isotopes-and-atomic-mass/latest/isotopes-and-atomic-mass_en.html

https://forms.gle/P2aUryDgdSGanXcB8

CHEMISTRY of the Atom

ð  Atomic Mass of Carbon:

ð  What is the “weighted” atomic mass?

1

Exact Mass % Occurence
12.00000 98.98
13.00335 1.011
14.00 negligible

12.00000 x 98.98/100 + 13.00335 x 1.011 =
11.8776 + 0.13146 = 12.0090 

12.01

QUESTION

Answer

None of the isotopes has an exact mass of 12.011. 
https://forms.gle/P2aUryDgdSGanXcB8
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�
__________

Nuclear Reactions

CHEM 108

The Nucleus
Discussion Questions 1.6

Organization of Matter II Nuclear Reactions

❥  The mass of the visible universe is 73% H2    
and 25% He. The remaining 2%, “heavy” 
elements, have atomic masses > 4.

❥  The “heavy” elements are formed at very high 
temperatures (T >10 6  oC) by FUSION, i.e. 
nuclei combining to form new elements.

❥  There is an upper limit to the “natural” 
production of heavy nuclei at  
Atomic Number = 92, Uranium.

❥   Heavier nuclei split to lighter ones by FISSION

Nuclear Reactions:

❥  Fission and Fusion reactions are highly exothermic; they 
give off a tremendous amount of energy.

❥  The energy produced in “nuclear” reactions is one million 
(10 6) times larger than “chemical” reactions per atom.

Fission: Fusion: 

https://www.youtube.com/watch?
v=mBdVK4cqiFs

https://www.youtube.com/watch?
v=W1ZQ4JBv3-Y

NUCLEAR ENERGY

❥  EINSTEIN’S 
EQUATION FOR THE 
CONVERSION OF 
MASS INTO ENERGY 

❥ E = mc2

❥        m = mass (kg)
❥        c = Speed of light 

c = 2.998 x 108 m/s

Nuclear Reactions / Fission

❥  The Fission Chain Reaction proceeds geometrically:  
1 neutron     3     9     27     81 neutrons etc.

❥   1 Mole of U-235 (235 grams, about 1/2 lb) produces 
2 x 1010 kJ which is equivalent to the combustion of 
800 tons of coal, which is more than 1.75 million 
pounds of coal!

❥  Commercial nuclear reactors use fission to produce 
electricity....Fission bombs were used in the 
destruction of Hiroshima and Nagasaki, Japan, in 
August 1945.

When a 235U nucleus absorbs a high energy neutron and 
undergoes nuclear fission, it undergoes a chain reaction that 
produces 141Ba, plus 92Kr, and 3 neutrons. 
 
 
 When a 235U nucleus absorbs a slow moving, low energy 
neutron, it produces 2 neutrons, plus 94Sr. What is the other 
nuclide produced?  
 
 
 
 
 

A.  141Ba 
B.  140Ba 
C.   91Kr 
D.  140Xe 
E.  141Xe 

http://physics.bu.edu/~duffy/sc546_notes11/fission.html

QUESTION
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When a 235U nucleus absorbs a high energy neutron and 
undergoes nuclear fission, it undergoes a chain reaction that 
produces 141Ba, plus 92Kr, and 3 neutrons. 
 
 
 When a 235U nucleus absorbs a slow moving, low energy 
neutron, it produces 2 neutrons, plus 94Sr. What is the other 
nuclide produced?  
 
 
 
 
 

A.  141Ba 
B.  140Ba 
C.   91Kr 
D.  140Xe 
E.  141Xe 

http://physics.bu.edu/~duffy/sc546_notes11/fission.html

Answer

 

Nuclear Reactions / Fusion

❥  Fusion too has been used in producing 
weapons (“hydrogen” bombs) and has not yet 
found a peaceful commercial application

2H+3H→4He+01n+18.38MeV

https://www.youtube.com/watch?v=DesTCK7dn78

Nuclear Reactions 

❥  History of nuclear tests & explosions
https://www.youtube.com/watch?v=dGFkw0hzW1c

Nuclear Power Plant

https://www.npr.org/2019/09/20/762762962/three-mile-island-nuclear-
power-plant-shuts-down

https://www.youtube.com/watch?v=R7WPEYGr1Vs&t=8s

QUESTION

A.  The reactors boil water. 
B.  Relatively small amounts of fuel are needed. 
C.  Fission based reactors produce much more 

energy than coal-burning power plants with 
the same amount of fuel. 

D.  Fission reactors produce toxic waste that 
have very long half-lifes and Nuclear 
accidents are possible. 

E.  All of the above 

Which of the following is/are true of fission 
reactors that produce electricity? 
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Answer
Which of the following is/are true of fission 
reactors that produce electricity? 

A.  The reactors boil water. 
B.  Relatively small amounts of fuel are needed. 
C.  Fission based reactors produce much more 

energy than coal-burning power plants with 
the same amount of fuel. 

D.  Fission reactors produce toxic waste that 
have very long half-lifes and Nuclear 
accidents are possible. 

E.  All of the above 

Worldwide Nuclear Power Plants

http://www.energyjustice.net/map/nuclearoperating

Unit 2 reactor at the site partially 
melted down on March 28, 
1979, due to human error, 
equipment failure, and design 
issues, releasing radiation into 
the environment.

September 20, 2019
Nuclear Reactions / Fusion

❥  Fusion has been described as the chemistry of 
the sun and stars.

❥  It too has been used in weapons and has not 
yet found a peaceful commercial application

■ Fusion has great promise in producing relatively 
“clean” abundant energy through the combination of 
Hydrogen isotopes particularly from 2H, deuterium 
and  3H, tritium: (NIF/National Ignition Facility, LLNL & 
ITER, France)

5 grams of hydrogen will produce enough energy to boil over 
1,000 gallons of water

2H+3H→4He+01n+18.38MeV

QUESTION

A.  The reactors will boil water. 
B.  Relatively small amounts of fuel will be 

needed, and there will be less radioactive 
waste. 

C.  Fusion reactors will produce much more 
energy than fission based reactors with the 
same amount of fuel. 

D.  Nuclear accidents are possible. 
E.  All of the above 

Which of the following is/are true of fusion 
designed reactors that will be used to produce 
electricity? 

Answer
Which of the following is/are true of fusion 
designed reactors that will be used to produce 
electricity? 

A.  The reactors will boil water. 
B.  Relatively small amounts of fuel will be 

needed, and there will be less radioactive 
waste. 

C.  Fusion reactors will produce much more 
energy than fission based reactors with the 
same amount of fuel. 

D.  Nuclear accidents are possible. 
E.  All of the above 


