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Nuclear Chemistry 

Chapter 23 

The Alchemists wished to turn cheap metals to

 gold. 

Their efforts proved futile - one element cannot be

 transmuted to another by chemical processes. 

We now know, however, that the nucleus of one

 atom can be converted to the nucleus of another

 element through high-energy nuclear reactions.  

Ernest Rutherford found Radium forms

 Radon gas when emitting an alpha particle. 

1902 – Rutherford and Soddy proposed

 radioactivity is the result of the natural

 change of the isotope of one element into

 an isotope of a different element. 

Consider the Uranium-238 isotope: 

It has 92 protons and 146 neutrons for a  

mass number = 238. 

Mass number =

 protons + neutrons 

Particle charge

 (for a nucleus =    

            # of protons) 

Beta particles (electrons) – a particle that can be a product of

 radioactive decay.  We can use the same style of particle

 symbols to describe a -particle 

Mass number

 (electrons have a very

 small mass relative to

 protons and neutrons) 

Particle charge

 (electron has a

 negative charge) 
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Nuclear decay Alpha and Beta radiation 

Alpha ( ) particles are emitted from many large,

 unstable nuclei.  An alpha particle is Helium-4

 nucleus and can be represented with the following

 symbols: 

Beta ( ) particles are electrons.  Beta particles are

 formed when the nucleus of an atom emits an

 electron – converting a neutron to a proton: 

Beta particle may

 use e or  as its
 symbol. 

Alpha and Beta radiation 

Uranium-238 decays to Thorium-234 by the

 emission of an -particle:  

Carbon-14 (used in carbon dating) decays by     

 -particle emission: 

Gamma Radiation 

Gamma ( ) radiation is a high energy form of

 electromagnetic radiation (not a particle). 

The symbols used for gamma radiation: 

In many nuclear decay processes, a nuclide (nucleus)

 will be formed in an excited state.  Such a nucleus is

 said to be metastable and will relax to a ground state

 with the release of a gamma photon.  

Relative Penetrating ability of radiation types Nuclide Stability 

Small nuclei are most

 stable with a 1:1

 neutron : proton ratio. 

Larger nuclei have a

 larger neutron :
 proton ratio for stable

 isotopes. 

-particle 
emission 
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Balancing Nuclear equations 

Both charge and nucleons must be balanced in a

 nuclear reaction. 

Nucleons are protons and neutrons. 

Other forms of radioactive decay 

Positron Emission 

Electron Capture 

Spontaneous Fission 

Radioactive Decay Series 

Decay

Series: 

U-238 

to 

Pb-206 

Half-lives of

 intermediates in

 the  

U-238  Pb-206

 decay series 
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Activity (A) =  # Disintegrations / time = (k)(N)   

 where N is the number of atoms 

Nuclear decay is first order, and so 

ln (A/Ao) = -kt 

The half-life of radioactive decay is 

t1/2 = 0.693/k 
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