UNIT XVI - NUCLEAR CHEMISTRY




I.  Intro - review of terms



*  isotopes - atoms of the same element with different mass numbers (different numbers of 





neutrons)



*  radioisotopes - isotopes of an element that radioactively decay (are unstable)



*  radioactive decay – the process through which an unstable nucleus changes into another more






stable nucleus by
giving off a particle and some radiation



*  radiation – energy that can be transmitted through a vacuum in the form of a wave




( examples:  light, X-Rays, UV Rays, IR Rays, Gamma Rays, Radio Waves


* Which elements are radioactive (a.k.a. unstable)?

	Found in Nature:
	Made in Laboratories (synthetic):

	84 – 92 (Polonium – Uranium)
	43(Tc), 61(Pm), 93 – 1??


II.  Types of Radiation/ Nuclear Particles

	Object
	Mass
	Charge
	Symbol
	Fun Facts

	alpha particle
	4
	+2
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	fairly large particle; doesn’t penetrate well (paper can stop it)

	proton
	1
	+1
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	medium-sized particle

	neutron
	1
	0
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	medium-sized particle; actual mass is equal to one proton and one neutron

	beta particle (electron)
	0
	-1
	
[image: image4.wmf]-

1

0

b


	small particle; moves at close to the speed of light; requires 1-2 in. of metal to stop

	Positron
	0
	+1
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	positively-charged antiparticle to the electron

	Gamma
	0
	0
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	high frequency ( therefore low wavelength), high energy radiation; requires many meters of lead to stop


III.  Stability of Nuclei


* What determines the number of neutrons in an atom?


* Some very interesting trends exist:

Number of Stable Nuclides related to Numbers of Protons and Neutrons
Chart of the Stable Nuclides

	Protons
	Neutrons
	# of Stable Nuclei
	Examples

	Even
	Even
	168
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	Even
	Odd
	57
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	Odd
	Even
	50
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	Odd
	Odd
	4
	
[image: image13.wmf]1

2

H



 EMBED Equation.2  [image: image14.wmf]3

6

Li





[image: image15.wmf]number of protons

number of neutrons

1 proton : 1 neutron

Belt of Stability

 - note that the neutron/proton 

ratio gets higher as elements get heavier











* - Samples from the above chart:
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IV.  Transmutation - the process through which one element changes into another element



* involves changes in the nucleus (element is defined by the number of protons)



* So how do we show these changes on paper?

T.

1.  Carbon-11 produces a proton



2.  Uranium-238 releases an alpha particle
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* Note that the idea is that the top numbers (mass number) must be the same on the left and right,

as well as the bottom numbers (charge or number of protons)
3.   
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S.

1.  Bismuth-214 produces a positron


2.  Neptunium-237 produces an alpha particle
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4.  
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V.  Half-Life - the amount of time it takes for one-half of a given mass or number of atoms to decay 
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Half-Lives of Selected Radioactive Isotopes

	Isotope
	half-life
	Isotope
	half-life
	Isotope
	half-life

	 3H
	12.3 yrs
	40K
	1.28 x 109 y
	131I
	8.1 da

	20F
	11.4 s
	45Ca
	165 da
	137Cs
	3( yrs

	14C
	5730 yrs
	59Fe
	45 da
	198Au
	2.69 da

	24Na
	15.0 hrs
	60Co
	5.26 yrs
	226Ra
	1.62x103 y

	32P
	14.3 da
	82Br
	35.5 hrs
	235U
	7.1  x 108 y

	35S
	88 da
	90Sr
	28 yrs
	238U
	4.51 x 109 y

	36Cl
	3.1 x 105 y
	129I
	1.7  x 107 y
	239Pu
	2.44 x 104 y


* Do you notice any interesting patterns in the table above? I sure don’t
T.

1.  If you begin with 25.0g of Iodine-131, how much of it will you be left with after 2 days?


What happened to the “lost mass”?  Iodine-131 goes through beta decay.  
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2.  If you began with a sample of Cobalt-60 which decays at a rate of 4350 decays/sec, what will the 


decay rate be after 25.0 years?
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S.

1.  If you begin with 10.0g of Cesium-137, how much will be left after 10( years?
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2.  If you begin with a sample of Phosphorus-32 that decays at a rate of 234 decays/min, what will the decay rate


be after 3 weeks? ( 3 weeks = 21 days
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3.  What would the initial decay rate of  Plutonium-239 be 30,0θ0 years ago if the decay rate now is 782 decays/sec?
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T.

1.   How long will it take for 5.00 g of sulfur-35 to become 2.00 g of sulfur-35?
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S.

1.   How long will it take for a sample of sodium-24 decaying at a rate of 586 atoms/s  to decay at a rate of 150 atoms/sec?
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VI.  Applications of Nuclear Chemistry


A.  How was Radiation Discovered?



1)   Wilhelm Roentgen (1895) - discovered X-Rays



2)   Henri Becquerel (1896) - found that Uranium emits radiation onto photographic film - X-Rays



3)   Marie and Pierre Curie (early 1900’s) - found Radium (another radioactive element) and 







Polonium




- found it ionized air particles and made phosphorescent objects glow




- found that when radiation is emitted, other elements are then created





* Conservation of Mass????




- also found radiation causes severe health effects (They both died of cancer)



4)  Ernst Rutherford (1912) – gold foil experiment; discovered the nucleus


B.  Radioactive Dating  - is radioactive and decays
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*  the 14C / 12C ratio is held the same because cosmic rays cause 14N ( 14C at the 




same rate as the decay



* plants and animals incorporate 14C  into their bodies while they’re alive



* when we die, 14C decays without replacement



* t1/2 = about 5730 yrs



* scientists can measure the ratio to determine the age of artifacts



* accurate to about 7000 yrs;  good for an estimate to about 30,000 yrs

S.  While you were digging in your yard, you found a wooden bowl which may have been used by the local native


population.  Upon analyzing the material, you find the 14C atoms are decaying at a rate of 10.7 atoms/sec.


The decay rate for this isotope in living material is 13.6 atoms/sec.  Estimate the age of the bowl.


[image: image66.wmf]1

2

1

000121

.

0

5730

693

.

0

693

.

0

-

=

=

=

yrs

yrs

t

k



[image: image67.wmf](

)

t

000121

.

0

6

.

13

7

.

10

ln

-

=

÷

ø

ö

ç

è

æ



[image: image68.wmf]ln

A

A

kt

o

=

-



[image: image69.wmf](

)

t

000121

.

0

240

.

0

-

=

-



[image: image70.wmf]yrs

t

1982

000121

.

0

240

.

0

=

-

-

=



C.  Nuclear Bombardment Reactions



1.    Is it possible to make an unstable isotope from a stable one?




*  Ernst Rutherford did it first in 1919:


 

E + 
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*  unfortunately ’s are + charged, so they resist colliding with nuclei




*  therefore, they must be shot at super speeds to work - particle accelerators




* Synthetic elements (43, 61, 93 and up) are made in this fashion
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2.  Particle Accelerator -  Basic Idea:  Particle accelerators use a series of magnets to create a path 



that the nuclei must follow (nuclei are positively-charged, so they interact with magnets).




When a collision is desired, the orientation of the magnets is changed to change the path




of the nuclei;  two types:




a.  Linear Accelerator – straight path, particles can get to about 90% speed of light




b.  Tevatron – “big donut”; only a few in the USA – 99% speed of light


D.  What is Radiation?
“Good” vs. “Bad” Radiation
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* Wavelength and Frequency are inversely proportional

* Frequency is directly proportional to the Energy of the radiation

* The ability to penetrate is directly proportional to the wavelength


1)  Units of Radiation




* SI unit is the Bequerel



* more common:  the Curie (# decays / sec for 1.0g of Ra) - doesn’t measure damage




*  rem (Roentgen equivalent for man) - 1000 rem is fatal, 150-1000 can be fatal, below 



150 can still damage



2)  Dosimeter - a device which measures the amount of radiation a person has received



3)  Effect of Radiation on living tissue - turns atoms in body to ions which damage the cells




* more potential damage if cells reproduce rapidly - blood tissue and lymph nodes




* leukemia is an excessive growth of white blood cells



4)  Types of Radiation Damage




a)  somatic damage - damage to non-reproductive cells - cancers, cataracts, burns




b)  genetic damage - damage to reproductive cells - can cause mutations which can be 







passed on to offspring



5)  Detection of Radiation




* zinc sulfide (ZnS) was first used - flashed green when hit by or 



* Geiger Counter - gas gets ionized by radiation and is attracted to a wire





- electric pulse is created, making the characteristic “clicking” sound



6)  Beneficial Uses of Radioisotopes




- radiotracers - used to track the movement of certain elements in living things




- treatment of cancer - radiation can harm fast-growing cells





* that’s why hair is lost & people feel sick




- can be used to destroy organisms which cause food to decay





* controversial


E.  Nuclear Energy



1)  Nuclear Fission – process in which a nucleus is split into two smaller nuclei



* a fission reaction: (notice that this fission needs neutrons to get it started)
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* mass is almost conserved;  a little bit is “missing”;  where is it?




* a little mass is converted into energy; E = mc2



* also note some neutrons are produced;  they hit other U atoms to keep the





reaction going;  chain reaction



*  for comparison, 4.5 g of 235U produces as much E as 15 tons of coal




*  decay of atoms produces significantly more energy per gram of material than 




“ordinary” chemical reactions do; in these, electrons are what trade places, for 




comparison:



CH4(g) + 2 O2(g) (  CO2(g) + 2 H2O(l)  (H = 8.0 x 105  J/mol




*  primary drawback:  nuclear reactions are harder to control



2)  Nuclear Fusion - two small nuclei collide to produce a larger nucleus
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*  hard to reproduce and control




*  removing e- from atoms produces a sea of bare nuclei - plasma



*  because the bare nuclei are + charged, they resist combining




*  as a result, they must be moving at extreme speeds (extreme temperatures)




*  only found in stars right now, but research is ongoing




*  advantages:  no radioactive waste, boundless fuel supply




*  “cold fusion” controversy (1989) - used “heavy” water (2H2O) to make deuterium




3)  Nuclear Power Plants




* In a nuclear power plant, neutrons released start a chain reaction



* this reaction is controlled using rods made from cadmium which absorb neutrons




* hot steam is produced which causes turbines to turn, thus producing electricity




* they use too small an amount of 235U for an explosion




* the primary health and safety concerns are with the waste which is radioactive





enough to be unhealthy, but not enough to make E – in the USA, most will be 

disposed at a site near Yucca Mountain , NV




*  France gets ~75% of their electricity from nuclear fission





*Some water leaked from a cooling system, no contamination was found




*Increased public fear of nuclear energy



*  What happened at Chernobyl in 1986?





*A meltdown occurred during a safety check; control rods fell and chain





reaction proceeded out of control – lots of heat( BOOM!!




*The area is still contaminated with radwaste, thousands died
Basic Diagram for a Power Plant
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Teacher Notes:  Pro-nuclear Propaganda
Pro-nuke sites:  www.nei.org

www.ans.org
Anti-nuke site:   www.nirs.org
1000MW Power Plant:  


Nuclear:  9 m3 of High-Level Waste (HLW) per year


Coal:  500 lbs CO2 , 20 lbs ash (concentrated heavy metals and radioactive goodies), 15



lbs SO2 (instant acid rain, just add water!) per SECOND

Coal mining averages ~50 deaths/yr (accidents and black lung disease)

HLW going to Yucca Mountain, NV (www.ymp.gov)
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