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	Objective
	Learning Opportunities
	Suggested Due Date
	Date Completed

	7.1 Identify the Types of Emission Particles

	· Nuclear Chem Podcast 
· Read p. 798 – 802
· HOMEWORK: p. 802, 1-6; 
· Read p. 803 – 808
· Alphas, Betas, Gammas, Oh My!
· HOMEWORK: p.806,  7 and 8; p. 808, 12-14;
· Read p. 810– 819
· HOMEWORK: p. 819, 21 and 22
· Radioactive Decay: A Sweet Simulation 
        of Half-Life
	01/08
	

	7.2  Balancing Nuclear Equations
	· 
	01/10
	

	7.3 Predict Nuclear Decay Products
	· 
	01/10
	

	7.4 Calculate the Half-Life of a Given Process

	· 
	01/11
	













Nuclear Chemistry Podcast
Nuclear Decay
· Some isotopes are stable, some are not
· Band/Zone of stability allows for predictions
[image: ]
Types of Decay Particles
· 
1
· ___________ Particles

· ___________ Particles

___________
· ___________ Rays

·  ___________

·  ___________


Types of Nuclear Decay
· P___________ production
	

· ___________ ___________ 
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· ___________ Decay
- particle production
 

· ___________ ___________  production


· ___________  ___________ production
	Excited nucleus  ground state nucleus

· Spontaneous ___________
	  lighter nuclides and neutrons

Fission
When ____________ nuclei ____________
Fusion
When ___________ nuclei ___________


Nuclear Chain Reaction: Self-sustaining fission process
· Subcritical – ______________________  neutron per event
· Critical – ______________________ neutron per event to produce another neutron
· Supercritical – ______________________neutron from each event causes more events to occur

Balancing Nuclear Equations
1. 
2. 
3. 
4. 

Predicting Products of Nuclear Reactions
1. The alpha decay of iridium-174
2. The beta decay of platinum-199
3. Positron emission from sulfur-31
4. Krypton-76 undergoes electron capture

Rate of Nuclear Decay: The Equation of a Straight Line
y = mx + b
[image: ]
ln[N] = -kt + ln[N0] 

ln(N/N0) = -kt

t1/2  = 0.693/k

Rate = kN







Example 1
Technetium 99 is used to form pictures of internal organs in the body and is often used to assess heart damage. The rate constant for  is known to be 1.16 x 10-1 hours. What is the half life of this nuclide?



Example 2
The half-life of moybdenum-99 is 67.0 hours. How much of a 1.000 mg sample of  remains after 335 hours?



Example 3
A wooden artifact from a Chinese temple has a carbon-14 activity of 24.9 counts per minute as compared with an activity of 32.5 counts per minute for a standard zero age. From a half-life of 5715 yr, determine the age of the artifact.




Example 4
The half life of Iodine-131 is 8 days. How much of a 100 g sample will remain after 32 days?




Applications of Nuclear Chemistry
· Dating… 

· Medical… 

· Energy… 

· Weapons… 


Exciting Technology – ENERGY!!! And lots of it!
· Example: The formation of the oxygen nucleus
	8 protons and 8 neutrons
Mass of proton = 1.67262 x 10-27 kg
Mass of neutron = 1.67493 x 10-27 kg
Mass of oxygen atom = 2.65535 x 10-26 kg
· *mass defect*  when the atom forms, it loses mass
E =  Δmc2
· Energy per mol?

· Compare to energy per mole of CH4 = __________ kJ/mole

· ____________ times MORE energy from nuclear reactions than chemical reactions
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Write “isotopic symbols” for:									Example: U
	alpha, 
	
	beta, 
	
	gamma, 
	
	positron, 
	
	neutron, n
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Potassium-40  is an beta emitter. Name element produced by this emission and write the balanced nuclear equation.
Alpha radiation is emitted during the distintigration of the uranium-238 isotope, . Name element produced and write the balanced nuclear equation.
10.
9.
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Radioactive Decay: A Sweet Simulation of Half-Life
INTRODUCTION
In this simulation, you will use small pieces of candy marked on one side. They will be your “nuclei.”  You also need a paper towel on which to place your “nuclei.”

PROCEDURE:
1. Count your nuclei (candy). Write that number in the data table under the heading “Number of Radioactive Nuclei.” In the column marked “Prediction for Next Toss” write the number of radioactive nuclei you think you will have with your next toss. (Radioactive nuclei will be those candies with the marked side down.)
2. Place your “nuclei” in a paper cup, cover and shake the cup. Pour the “nuclei” onto your paper towel. Separate the “nuclei” into two piles, one with the marked side up and the other with the marked side down. Count the number of “nuclei” in each pile. On your data table, record the number of “radioactive nuclei” candies with the marked side down. Predict how many radioactive “nuclei” you will have after the next toss.
3. Return only the radioactive “nuclei” to your paper cup. (You decide what to do with the “decayed nuclei,” or those with the marked side up.)
4. Continue this process until there are no radioactive “nuclei” left. Add more rows to your data table, if needed.
 
	Toss
	Number of radioactive nuclei
	Prediction for Next Toss

	1
	
	

	2
	 
	 

	3
	 
	 

	4
	 
	 

	5
	 
	 

	6
	 
	 

	7
	 
	 

	8
	 
	 

	9
	 
	 

	10
	 
	 

	11
	 
	 



ANALYSIS:
1. Using the pooled data, prepare a graph by plotting the number of radioactive “nuclei” on the y-axis and the number of tosses, which we will call half-lives, on the x-axis.


2. How good is our assumption that half of our radioactive “nuclei” decay in each half-life? Explain.
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
3. If you started with a sample of 600 radioactive nuclei, how many would remain undecayed after  three half-lives? ___________________________________________________________________________
4. If 175 undecayed nuclei remained from a sample of 2800 nuclei, how many half-lives have passed?
____________________________________________________________________________________
5. Why did we pool the class data? How does this relate to radioactive nuclei?
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
6. How many half-lives would it take for 6.02 x 10 23 nuclei to decay to 6.25% (0.376 x 1023) of the original number of nuclei?
____________________________________________________________________________________
____________________________________________________________________________________
7. Is there any way to predict when a specific piece of candy will land marked side up or “decayed?” If you could follow the fate of an individual atom in a sample of radioactive material, could you predict when it would decay? Explain.
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
8. Strontium-90 has a half-life of 28.8 years. If you start with a 10-gram sample of strontium-90, how much will be left after 115.2 years? Justify your answer.
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
9. What do we mean by half-life? With what kinds of materials do we use this term?
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
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Overview:



Scientists and energy industry engineers use the following notation in
describing the name of an element, its mass number and its atomic number:



OBJECTIVE: 



Complete the Nuclear
Reactions Notation
worksheets.  



238  



  92  U
 



 



Nuclear Mass 
Number



Atomic Number



Atomic Symbol



The atomic symbol is the notation used to  “abbreviate” the name of an
element, taken from the  Periodic Table of Elements.  For example: U is the
atomic symbol for the element Uranium, Pb the atomic symbol for Lead.



The nuclear mass number written in the upper left corner of the atomic
symbol is the number/mass of nucleons (protons & neutrons) in the nucleus
of an atom of an element, including the mass of the electrons (which is very
small relative to the mass of the nucleons and is relatively negligible).  For
example the mass number for the nuclide or isotope Uranium 238 is 238.  To
determine the exact number of neutrons in a given nuclide’s nucleus is to
subtract the atomic number from the mass number.  For example:  the number
of neutrons in U238 is (238 – 92 = 146) so there are 146 neutrons in the
nuclide of Uranium, U238.



The atomic number is the number of protons found in the nucleus of an atom
of an element. For example the atomic number or number of protons in the
nucleus of an atom of an element of Uranium is 92.  An element is defined by
its atomic number.  In other words, you are the element you are because of
the number of protons you have in the nucleus of your atom.



Now that students can read the notation, they are ready to play with alpha
and beta decays as well as gamma decays or emissions.  Like most games
there are rules as to how nuclides decay.  



ALPHAS, BETAS AND GAMMAS OH, MY!



Student Activity



ALPHAS, BETAS AND GAMMAS OH, MY!        6
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Rule #1: Alpha decay is essentially the “emission” of a helium nucleus.  So
when an atom emits two protons and two neutrons, the atom alpha decays
down the periodic table two elements (because of the ‘emission’ of two
protons).  For example:  Uranium 238 whose atomic number is 92, becomes
Thorium 234, Th, whose atomic number is 90.  See the example below:



238  



  92  U
234  



  90  Th 



He
2 PROTONS



2 NEUTRONS



NOTE: In the above example of an alpha decay, it is intuitive to note that the
emission of 2 protons will decrease the atomic number by 2, because of the
emission of 2 protons.  Less obvious or simply overlooked is the decrease



in the mass number by 4 nucleons (2 protons and 2 neutrons in total)!



Rule #2: Beta decay is essentially the “emission” of charged particles. In our
simple model we will use negatively charged particles, called electrons. In beta
decay, unstable nuclides emit electrons. This occurs when a neutron in the
nucleus of an atom becomes a proton and emits an electron. This happens
because a neutron is just slightly more massive than a proton and electron. (Do
not misinterpret this data, a neutron is not made of a proton and an electron)
So when an element Beta decays its nuclide moves up the periodic table one
element. For example: Thoruim 234 whose atomic number is 90, becomes
Paladium 234, Pa, whose atomic number is 91. See the following example:



234  



  90  Th
234  



  91  Pa
Electron/



e–



PROTON
+



NEUTRON
NC



NOTE: Another perhaps obvious observation is that there is an
increase by 1 of the number of protons in the new nuclide. Not so
intuitive is that the mass number does not change. The total number
of nucleons remains the same.



ALPHAS, BETAS AND GAMMAS OH, MY!        7
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ALPHAS, BETAS AND GAMMAS OH, MY!        9



Student Worksheet #1



Nuclear Reactions and Atomic Notation



He
234  



  91  Pa
4



2
&ALPHA DECAY



214  



  84  Po
210  



82Pb &



220  



  84  Po
220  



85At &



e–
236  



  90  Th &BETA DECAY



He
222  



  86  Rn
4



2
&ALPHA DECAY



Fill in the blanks with the correct notation, atomic symbols, mass number,
atomic number, decay type, and/or emission particles.



You may use a periodic table or a chart of the nuclides.



6. Use atomic notation like the problems above and create an alpha decay
with the nuclide of your choice.



7. Use atomic notation like the problems above and create a beta decay
with the nuclide of your choice.



1.



2.



3.



4.



5.
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