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Nuclear Chemistry
Chm.1.1: Analyze the structure of atoms and ions.

Chm.1.1.4 Explain the process of radioactive decay using nuclear equations and half-life

( Use the symbols for and distinguish between alpha ( 2 4He), and beta ( -1 0 e) nuclear particles, and gamma (() radiation include relative mass). 

( Use shorthand notation of particles involved in nuclear equations to balance and solve for unknowns. 

( Compare the penetrating ability of alpha, beta, and gamma radiation. 

( Conceptually describe nuclear decay, including: 1. Decay as a random event, independent of other energy influences 2. Using symbols to represent simple balanced decay equations 3. Half-life (including simple calculations) 

( Compare radioactive decay with fission and fusion.
Students should be able to:
· Use the symbols for and distinguish between alpha, beta, positron, electron, neutrons, protons, and gamma radiation, including relative mass.
· Use shorthand notation of particles involved in nuclear equations to balance and solve for unknowns.  
· Discuss the penetrating ability of alpha, beta, and gamma radiation.
· Conceptually describe nuclear reactions, including:
· Decay as a random event, independent of other energy influences
· Artificial transmutation reactions
· Using symbols to represent simple balanced nuclear equations
· Half-life (including simple calculations).
· Contrast fission and fusion.
Assignment 1: Particles in Nuclear Chemistry
	Particle
	Symbol
	Charge
	Mass (in amu)

	Alpha


	
	
	

	Beta

	
	
	

	Gamma


	
	
	


1. What does the following picture suggest about the relative penetrating ability of alpha, beta, and gamma radiation?
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Assignment 2: Introduction to Nuclear Reactions

1. What two rules must be obeyed when balancing nuclear equations?
2. Some reactions in nuclear chemistry are ______________. They require no outside energy or forces acting on them to occur. A general term use to describe these types of reactions are _________ reactions. 
3. Reactions that require some outside force are said to be ________________. These include

__________, __________, and ________________ _______________.
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Assignment 3: Nonspontaneous Reactions
1. Nuclear fusion  is the combining of  small nuclei into larger ones

i. Always includes two of the three: Hydrogen, Helium, and sometimes Lithium

11H  +  21H  (  32He   

32He  +  21H  (  42He   +  11H

2. Nuclear Fission is a process in which a heavy nucleus ( mass number > 200 ) divides to form smaller nuclei of intermediate mass and one or more neutrons.

i. Always includes at least one neutron that bombards the large nucleus.

10n  +  235U    (  139Ba  +  94Kr  +  310n

3. _____________ ______________ reactions are reactions that do not fit into any other category but are unique because they always involve some particle or type of energy bombarding another particle causing the reaction to occur. Artificial transmutation reactions are nonspontaneous nuclear reactions that are induced to acquire a specific desired isotope or an isotope that will undergo further decay to reach a desired isotope. (Particle accelerators, i.e. the Hadron Collider, induce these types of nuclear reactions!)
59Co  +  1n  (  60Co

14N  +  4He  (  17O  +  1H
Assignment 4: Decay Reactions
1. Radioactivity is when an unstable nucleus spontaneously emits _______________ and/or ___________________.

a. Nuclear decay occurs as a result of the nucleus having an unstable neutron to proton ratio.

b. Decay reactions are spontaneous.

2. Beta decay converts a ________________ into a _____________________. 
a. Equation: ________________________________.
b. Beta emission leads to an increase in the number of _________________ and a decrease in number of __________________.
c. When beta emission occurs, the _________________ increases by one and the ______________________ remains the same. (mass number, atomic number)
d. Example:

           

146C            (   147 N   +     

3. When alpha emission occurs the __________________ decreases by ________ and __________________________ decreases by _________.
a. Example:    
       
22684Po    (    4 2 He   +    
Assignment 5: Half-Life
1.
Phosphorus – 32 has a half-life of 14.3 days.  How many milligrams of P-32 remain after 57.2 days if you start with 4.0 mg of the isotope?

2.
The half-life of radon-222 is 3.824 days.  After what time will one-fourth of a given amount of radon remain?

3.
If 48.0 mg of hydrogen-3 (half-life = 12.3 years) are release in a nuclear accident, what mass will remain after 12.3 years?  After 49.2 years?

4.
Tl-206 decays to Pb-206.  The half of Tl-206 is 4.20 minutes.  Starting with 5.00 x 1022 atoms, how many atoms will remain after 42.0 minutes?  After 420. minutes?
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Problems

Complete the following nuclear equations and state the type of nuclear decay.
1 ¥Po>_ +iHe

2. {B> [Be+

3 - %iPa+ fety
4co_ +

5 + YRb— }/Kr+ X-ray photon
6.505 N+

7. ENi+ Je>

8. %Ra— HRn+ +7

9% n—> + e

+3iHe

Complete the following nuclear equations.

11. {Be+ {He—> +in 20. {F >0+

12. - EPu+ Je 21 H+ = {He+ (n+energy
13. §Cu— $Zn+ 22, [Sio fe+

14 fa1+ > 8si+lH 23 - iHe+ 1

15. % 24 2P + e

16. 25. §Pm+ > 5Nd

17. 26. BN+ —>4C+lp

18 27 HC+ in—>

19 +hCo Y+ Al 28. FPu+iHe— [H+2n+

Half Lives
29. If gallium-68 has a half-life of 68.3 minutes, how much of a 10mg sample is left after two half-lives?

30. If the passing of five half-lives leaves 25.0mg of a strontium-90 sample, how much was present in the
beginning?

31.The radioisotope cesium-137 has a half-life of 30 years. A sample decays at the rate of S44counts/min
(544cpm) in 1985. In what year will the decay be 17cpm?

32. Manganese-56 is a beta emitter with a half-life of 2.6hr. What is the mass of manganese-56 in a lmg
sample of the isotope after 10.4hr?

33. Nitrogen-13 emits beta radiation and decays o C-13 with t12 = 10min. Assume a starting mass of
2.0g of N-13. How many grams of that isotope will remain after 40min?

34. The radioisotope Mo-91 has 2 17 of 15.5min. A sample decays at the rate of 954counts/min
(954cpm). Afier how many minutes will the decay be 7.45cpm?




Fission and Fusion
Nuclear Fission

Chang: Read Section 23.5      Brown and Lemay:  Read Section 21.7
1. Nuclear Fission is a process in which a heavy nucleus ( mass number > 200 ) divides to form smaller nuclei of intermediate mass and one or more neutrons.

2. A nuclear chain reaction is a self sustaining sequence of nuclear fission reactions.

3. Critical mass is the minimum mass of fissionable material required to generate  a self-sustaining nuclear reaction.

4. Only the fission of naturally occurring U-235 and of the artificial isotope Pu-239 has any practical importance.

5. The Atomic Bomb ( page 918 )

TNT explosion forces 2 sections of fissionable material together.  A critical mass is formed.

A neutron source at the center of the device triggers the chain reaction.

6. Nuclear Reactor  ( see worksheet )

     7.

Nuclear  Power Plant




Conventional Power Plant


* fuel is U-235 or Pu- 239



* fuel is coal or other fossil fuel



* fission reaction produces energy


* combustion reaction produces energy



* energy converts water to steam


*  same



* steam turns a turbine




* same



* turbine is connected to an electric generator

* same


               which produces electricity

* Waste products:  radioactive                                              * Waste products:  air pollutants such as 

                            danger of radiation




     sulfur oxides and nitrogen oxides

            
    
problem of storage




     problem of smog


                problem of transportation


                terrorist threat

                            accidents: 3 Mile Island   ( 1979)

                                               Chernobyl  ( 1986)




     Fukushima (2011)

Nuclear Fusion

Chang:  Read Sec.23.6
Brown and Lemay:  Read Section 21.8
1. Nuclear fusion  is the combining of  small nuclei into larger ones

2. A thermonuclear reaction is another name for a fusion reaction.  This name is used because these reactions must occur at extremely high temperatures (100 million ( C ) to overcome the repulsive forces between the nuclei.

3. Matter consists of a plasma ( mixture of positive ions and electrons ) at this temperature.

4. Hydrogen Bomb ( Thermonuclear Bomb ) 

Solid lithium deuteride  is packed tightly

A fission reaction occurs to create the temperature necessary for the fusion to occur

Fusion reaction occurs ( see page 924 )

5. Advantages of a fusion reactor over a fission reactor:

Almost unlimited supply of deuterium

Fuels are cheap

Fusion produces more energy per gram of fuel than fission

Produces little or no radioactive waste

No danger of meltdown

6. Practical difficulties in operating a large scale fusion reactor:

Containment of reaction

Appropriate temperature for the reaction

Detection of Radioisotopes

Chang:  Read p. 913 and Sec.23.7

Brown and Lemay:  Read Sec. 21.5
1. Photographic plates and film measure the exposure  of people who routinely work with radiation

2. A Geiger counter is an instrument that measures radiation by counting electric pulses carried by gas ionized by radiation.  Most often used for beta radiation.

3. Scintillation counter detects radiation as flashes of light and converts this to an electric signal.  A substance like ZnS gives off light when struck by radiation.

4. A solid state detector monitors the movement of electrons through silicon or another semiconductor.

5. Radioisotopes are used to trace the path of atoms of an element in a chemical or biological process.

     ( See pages 926 to 927 )   Several different isotopes and imaging techniques can be used to study the 


brain and other organs of the body.

6. Malignant tumors can be destroyed by exposing them to high energy radiation such as x – rays or gamma rays.

7.
Radioisotopes are used to determine the age of rocks and organic materials.


         14C  for plant and animal specimens less than 50,000 years old based on the ratio of 14C to  12 C


         238U  to determine the age of rocks and extraterrestrial objects based on the ratio  of 206 Pb  to 238U


         40K decays by electron capture producing 40 Ar which gets trapped in rocks and minerals.

The ratio of 40Ar to 40 K makes it possible to determine the ages of rocks ranging from millions to billions of years old.
Characteristics of Radiation
1. Ionizing Radiation

x-rays, gamma rays, beta radiation, alpha radiation, neutrons, protons, and other heavy nuclei

causes ionization of matter which creates free radicals. Free radicals are highly reactive species with an unpaired electron.  Radicals cause bonds to break. The major effect is when bonds in the DNA are broken.  This can result in mutations, chromosome aberrations, or cell death.

2. Nonionizing Radiation
UV, Visible, IR, microwaves

Causes molecules to vibrate, and electrons to move between energy levels

3. Damage  Potential

Both types can lead to somatic damage.  This occurs during the individual’s lifetime and includes sunburn, skin rash, cancer, and cataracts.

Ionizing radiation can cause genetic damage.  This involves gene mutation and inheritable changes that show up in offspring.

4. Alpha Radiation

a)
Relative mass = 4 amu       
Relative charge = 2+

b)
Symbols:      4He     and    α

c) Penetrating ability:  very little, less than 1 mm in water ; a few cm in air

d) Shielding:  1 piece of paper, skin, or cloth

e) Biological Effects:  dangerous when ingested.  Causes ionization of matter at the cellular level.  In the lungs, it can cause cancer.

f) Important occurrence: 

Radon in the home

222Rn is a decay product of 238U.  It is a noble gas that bubbles up freely from the ground. It is readily inhaled and exhaled with no effects.  But:  222Rn (  218Po  +  4He        t½  = 3.82 days


218Po ( 214Pb  + 4He
     t½  = 3.11 min


atoms of Po-218 get trapped in the lungs and continuously bathe the tissue with alpha radiation.

Smoke Detectors
241Am is produced and recovered from nuclear reactors. Alpha particles emitted by the decays of    241Am ionize the air and generate a small current of electricity that is measured by a current sensitive circuit.  When smoke enters the detector, ions become attached to the smoke particles, which causes a decrease in the detector current.  When this happens , an alarm sounds.  Because the distance alpha particles travel in air is so short, there is no risk of being exposed to radiation by having a smoke detector in the home.

5. Beta Radiation

a.
Relative mass  ≈ 1/2000 of the mass of a proton

Relative Charge = -1

b. Symbols:   0e       or    β
c. Penetrating ability:   up to 1 cm in water ;  a few meters in air
d. Shielding:  3 inches of paper, Aluminum foil, glass plate, 2inch piece of wood
e. Biological effect:  Ionizing radiation.  More dangerous when ingested. Often causes  leukemia 
f. Important occurrence:

Carbon-14 

Used for radioactive dating of plant and animal material that is less than 50,000 years old.  The half life of C-14 is  5715 years.  The ratio of C-14 to C-12 is constant in a living plant or animal.  When it dies, the C-14 begins to decay without being replaced.  Thus the ratio of C-14 to C-12 reduces at a predictable rate.

Strontium- 90

Fission product that can replace the calcium in bones and cause leukemia.

6. Gamma Radiation

a.
Relative mass = 0    

Relative charge = 0


This is a form of electromagnetic radiation .  It is not a particle.

b.
Symbol:    γ

c. Penetrating ability:  extensive

d. Shielding: several feet of dense material such as concrete or lead

e. Biological effect: kills cells, including cancer cells

f. Important Occurrence:

Technetium- 99m :  unstable nucleus that rearranges and releases only gamma  radiation.   Can be inserted into a tumor and used to kill cancer cells

Cobalt-60 :  used to kill bacteria and insects in food to increase the shelf life, also used for cancer radiotherapy
