Chemistry

Nuclear Chemistry Notes

Radioactivity:

Serendipitous discovery by Antoine Becquerel in 1896 
Working with fluorescent compounds 
Exposure of photographic film from Uranium Ore 
1903 Nobel Prize 
Ernest Rutherford 1919

Transmutation of Nitrogen into Oxygen 
Bombarded Nitrogen with ( particles

Radioactive substances (those w/ unstable nuclei) spontaneously decay into other substances with the emission of particles and energy

Many radioactive elements and their characteristics were discovered by the Curies (Marie, Pierre and Irene (daughter)) 
-Ex. Radium, Polonium and the positron

-The element Curium and the radiation unit the "Curie'' are and their characteristics were named in their honor.

-Marie died of leukemia probably as a result of her work 
-She is the only person to win Nobel prizes in both physics and chemistry
Radioactive isotopes = Radioisotopes

In the decay process the nuclear mass (A) and/or nuclear charge (Z) changes.
Use left hand superscripts and subscripts to represent atomic mass (A) and number (Z), respectively (i.e. 
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Predicting method of decay

Bismuth (Z=83) is the last element with a nonradioactive isotope

Uranium (Z=92) is the last naturally occurring element 

A radioactive disintegration series plots the steps that an unstable element goes through to achieve stability 

Radioactivity for isotopes of light elements

If the mass of an isotope is greater than the average mass of that element (listed on the periodic table) then stability is generally achieved through beta emission 

Conversely, isotopes that are lighter than average achieve stability through positron emission

The stability of the nucleus is related to the neutron to proton ratio (n/p or N/Z)

For elements up to Z=20 the stable ratio is about 1:1 

In general, for Z up to 83

Use relative atomic mass to determine stable n/p ratio 

Isotopes with even numbers of each nucleon (p and n) are more stable (60% vs. 1.5% for odd p and/or n) Isotopes with Z>83 generally decay through alpha decay
Types of Particles

	Name
	Symbol(s)
	Mass
	Charge
	Special

	Alpha
	(, 
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Nuclear Reactions:

Alpha: 2 protons and 2 neutrons are emitted by the nucleus in the form of an alpha particle (helium nucleus)

Beta: A neutron turns into a proton and emits an electron.

Sometimes a neutron is also emitted

Positron: A proton turns into a neutron with the release of a positron

Electron capture:
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Types of energy emitted by radioactivity 

Gamma rays (() 

X-rays

These are generally not written into the equation 

*ln writing equations for nuclear reactions the total mass and nuclear charge MUST be conserved
Natural Radioactive Isotopes

Polonium (84) through Uranium (92)


(ex. Radon-222, Radium-226, Uranium-238, Potassium- 40)

Transuranium Elements (artificial)


Neptunium (Np, 93) through Meitnerium (Mt, 109) 


Many are used for medical purposes (see Table 3.1)


Neutron activation analysis is the analysis of a sample by 


bombarding it with neutrons to create artificial isotopes. As these 
isotopes decay back to the original elements the rates of decay can be 
used to identify in excess of 20 or more elements 

Example problems:

1. The radioisotope Rb-90 will decay through what type of decay?

2. An isotope with Z>83 will generally decay through what process?

3. What nuclide completes the following nuclear reaction? 
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4. Explain why the isotope 
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Sc is unstable.

5. Predict the nuclide that completes the following nuclear reaction
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Disintegrations per second (dps)

Rate (dps) 
= (Constant)(# of radioactive nuclei)



= kN (k = rate constant s-1 ) 

R = kN 

R = -dN/dt 

dN/dt = -kN 

dN/N = -kdt 

ln N = -kt + c 

N = e-kt+c
N = N0e-kt
or as the book leaves it; 


ln (N0/Nt) = kt

The equation may also be multiplied through by k to arrive at R = R0e-kt, at times a more useful form of the equation.

The unit the Curie was once defined as the activity of one gram of radium. It is now defined more uniformly as 1 curie (Ci) = 3.7x1010 decays/s

Half life: The time for ½ of the original sample to decay. 

t1/2  = 0.693/k

Fraction left = (1/2)number of half-lives
When answering multiple choice half-life questions try to estimate the answer first to eliminate improbable answers.

Dating Archaeological Samples

Ex. 
U-238 to Pb-206 (t1/2 = 4.5x109 yrs) 


C-14 to N-14 (t1/2 = 5730 yrs) 

Age of the sample should be 0.3 to 3 half-lives of the isotope used for the dating.

Nuclear Fission: Any process that yields two nuclei of almost equivalent mass.


Requires that the fissile nucleus (i.e. one that is capable of fission) be bombarded with an energetic 
neutron.


This results in a chain reaction 



U-235 + n ( Br-87 + La-146 + 3n 

Controlled by;


Samples less than critical mass (several pounds) 


Absorption of neutrons by material such as graphite of paraffin.

Breeder Reactors: When U-238 or Th-232 are combined with fissionable isotopes they are converted to fissionable Pu-239 and U-233 respectively.
Nuclear Fusion:

The combination of two nuclei into a larger atom 

Current research focuses on the reaction 


H-3 + H-2 ( He-4 + n 

Cold Fusion -  In muon-catalyzed fusion, the muon (same charge as electrons but 2000x more massive) takes the place of the electron around a hydrogen nucleus at a much tighter orbit, "neutralizing'' the repulsive forces and allowing fusion to occur.

Unfortunately they are short lived and hard to come by, but current research is encouraging.

Biological Effects of Radiation: 

Activity Units:

curie 



Ci
3.7x1010 dps

becquerel


Bq
1.00 dps

Dosage Units:

Röentgen


R
deposition of 93.3x10-7 J per gram of  tissue

radiation absorbed dose
rad
1.00x10-5J absorbed per gram of material

(Roughly the energy absorbed by tissue exposed to one Röentgen of gamma rays.)

Röentgen


rem
the dose of any radiation that has the effect of 1 R

(Same biological effect in man as 1 rad of X-rays.  This varies dependent upon the energy of the radiation.)

gray 



Gy 
1.00 J/kg

Gamma radiation is the most penetrating, followed by beta and then alpha particles.

Measurement of Radioactive:

Geiger-Müller tube - Measures beta and gamma radiation by ionization chamber filled with argon.  May also measure specific energy of radiation.

Cloud Chambers - Measures charged particles by condensation of cooled, saturated vapor. Electric fields determine charge (curved paths) while collisions determine mass.

Scintillation counters - Detects many different particles. Activity is determined with a phototube which picks up flashes from fluorescent chemicals mixed with the emitting substance.

Film Dosimeters - Film sensitive to different types of radiation worn as a plastic badge that can be analyzed for dosage received while in contact with radioactive materials.
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