
   
 

   Unit 13:  Nuclear Chemistry 

Radioactivity 



Nuclear Chemistry 

Nuclear Chemistry - is the 

study of the structure of 

nuclei and the changes 

they undergo 



Discovery of Radioactivity 

 1895 Wilhelm Roentgen- discovered 

x-rays 

 found that invisible rays were 

emitted when electrons bombarded 

the surface of certain materials. 

Antoine Henri Becquerel- 

discovered the phenomena 

phosphorescence - minerals can emit 

light after being exposed to sunlight 



Discovery of Radioactivity 

Marie & Pierre Curie – 1891 

discovered two new elements, 

polonium and radium 

 Important in establishing the origin 

of radioactivity 

 Important in establishing the field 

of nuclear chemistry 

Grad students of Antoine Henri 

Becquerel 



Chemical Vs. Nuclear Reactions 

Chemical Reactions Nuclear Reactions 

Occur when bonds are broken Occur when nuclei emit particles 

and/or rays 

Atoms remain unchanged, 

although they may be 

rearranged 

Atoms often converted into atoms 

of another element 

Involve only valence electrons May involve protons, neutrons, 

and electrons 

Associated with small energy 

changes 

Associated with large energy 

changes 

Reaction rate influenced by 

temperature, particle size, 

concentration, etc. 

Reaction rate is not influenced by 

temperature, particle size, 

concentration, etc. 



 Definitions 

 Radioactivity-  emission of high-energy 

radiation from the nucleus of an atom 

 

 Nuclide - nucleus of an isotope 

 

 Radioisotopes – a radioactive isotope 

 

 Transmutation - process of changing one 

element into another via nuclear decay 





 Types of Radiation 

 Alpha () 

 helium nucleus paper 2+ 

 Beta-minus (-) 

 Electron            1- lead 

 Gamma () 

 high-energy photon 0 concrete 



Properties of Alpha, Beta, Gamma 

Property Alpha () Beta () Gamma () 

Composition Alpha particles Beta particles High-Energy EM 

Description of  

radiation 

Helium Nuclei 

      4/2 He 

Electrons 

     0/-1  

Photons 

   0/0  

Charge +2 -1 0 

Mass 

 

6.64 x 10-24 kg 9.11 x 10-28 kg 0 

Approximate  

Energy 

5 MeV 0.05 -1 MeV 1 MeV 

Penetrating 

Power 

Blocked by 

paper 

Blocked by 

metal foil 

Not completely 

blocked by lead or 

concrete 



Other Types of Radiation 

 Positron Emission 

 Particle with mass of an electron but a 

positive charge     0/+1 e 

 Antimatter 

 Net effect- changes a proton to a neutron 

 Occurs when neutron/proton ratio too 

small 

 Electron Capture 

 Inner orbital is captured by the nucleus 

 Inner orbital electron combines with a 

proton to for a neutron, and also gamma 

rays are produced 



Nuclear Decay 

 Why nuclides decay… 

 to obtain a stable ratio of 

neutrons to protons 

 Unstable nucleus loses 

energy by spontaneously 

emitting radiation 

 There are no stable nuclei 

with an atomic number > 83. 

These nuclei tend to decay 

by alpha 

 Nuclides w/even # p’s to # 

n’s more stable than odds 

 

Stable 

Unstable 

(radioactive) 



Radioactive Series  

• Large radioactive 

nuclei cannot 

stabilize by 

undergoing only 

one nuclear 

transformation. 

• They undergo a 

series of decays 

until they form a 

stable nuclide (often 

a nuclide of lead). 

 



Nuclear Decay 

 Alpha Emission 

 Beta Emission 

TRANSMUTATION 



Radioactive Decay and Half-life 

• ‘Parent’ nucleus changes or ‘decays’ into ‘daughter’ 

nucleus by: 

 - Emitting an electron (Beta decay) 

 - Emitting an alpha particle (He nucleus) 

 - Capturing an electron 

 

• ‘Half life’ is time it takes for 1/2 of the original parent 

nuclei to decay to the daughter nuclei. So, after: 

  - 1 half life --> 1/2 as much parent 

  - 2 half lives-->1/2 of 1/2 = 1/4 as much parent 

  - 3 half lives-->1/2 of 1/4 = 1/8 as much parent 

      and so on. 

 

        This is the basis for radiometric age dating. 



Half-life 
 Half-life (t½) 

 time it takes for half of the nuclides in a sample 

to decay (amt. remaining = (int. amt.)(1/2)n 


n= number of half-lives 

 Longer the half-life the more stable the isotope 

 Varies from fractions of a second to millions of 

years 

Example Half-lives 

polonium-194     0.7 seconds 

lead-212      10.6 hours 

iodine-131        8.04 days 

carbon-14      5,370 years 

uranium-238  4.5 billion years 



Half-life 

 How much of a 20-g sample of sodium-24 
would remain after decaying for 30 hours?  
Sodium-24 has a half-life of 15 hours. 

GIVEN: 

total time = 30 hours 

t1/2 = 15 hours 

original mass = 20 g  

WORK: 

number of half-lives = 2 

20 g ÷ 2 = 10 g  (1 half-life) 

10 g ÷ 2 = 5 g     (2 half-lives) 

 

5 g of 24 Na would remain. 



   
 

   Nuclear Energy 

Nuclear Reactions 



F ission 
 Splitting a nucleus into two or more smaller nuclei 

 Mass of reactants is greater than the product’s 

mass; therefore, the lost mass in converted into 

energy released by the system 

 Used for nuclear energy, it produces neutrons 

 Chain reaction - self-feeding reaction 

 Neutrons cause the chain reaction in nuclear 

fission reaction, this must be controlled 

 1 kg of Uranium-235 is equal to aprox. 20,000 

tons of dynamite 



 F ission 



Fusion 

 Combining of two nuclei to form one 

nucleus of larger mass 

 Produces even more  

energy than fission 

 Occurs naturally in  

stars 

 Currently high temperatures 

are required to initiate fusion, 

possibly are future energy 

source 



Mass Defect 

 The loss in mass occurring when a nucleus 

is formed from its component nucleons 

 This mass(matter), which is converted into 

energy 

 E = mc2 

 Called binding energy 



Units of Radiation 

 Rad – absorption of 0.01 J/kg of body tissue 

 

 Rems = n(#rads) 

 Adjusts for relative effectiveness of the radiation 

in causing biological damage to humans 

 Background radiation = 0.13 rem/yr 

 Chest x-ray = 0.05-0.2 rem 

 0-25 rem causes no dectable damage 



Methods of Detection 

 Geiger Counter – uses a gas-filled 

metal tube to detect radiation  

(mainly detects beta) 

 Scintillation Counter- used a 

specially coated screen to detect 

radiation(can detect all types) 

 Film Badges – detects beta and 

gamma 



 

 

   Nuclear Energy 

Applications 



Nuclear Power 
Fission Reactors 



Nuclear Power 
Fission Reactors 



Fission Reactor 

 Fission is a nuclear reactor is carefully controlled, 

much of the energy is heat.  This energy is used to 

produce steam and subsequently, electricity 

 A coolant (usually water) is needed, the water (or 

carbon) also acts a moderator- slows down the 

neutrons so that they can be captured by the 

Uranium-235 fuel 

 Use control rods (made of cadmium) are present 

to absorb excess neutrons to slow down the 

reaction 

 Can be raised or lowered into the reactor core 



 Nuclear Power 
Fission Reactors 



 Nuclear Power 
Fusion Reactors (not yet sustainable) 



Nuclear Power 
Fusion Reactors 

Tokamak Fusion Test Reactor 

 

Princeton University 

National Spherical Torus 

Experiment 



Nuclear Power 


235U is limited 

 danger of 

meltdown 

 toxic waste 

 thermal pollution 

 Hydrogen is abundant 

 no danger of meltdown 

 no toxic waste 

 not yet sustainable 
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Other Uses 

 Irradiated Food  

 Radioactive Dating  

 Nuclear Medical Imaging 

 Nuclear remote Testing 

 Radioactive Tracers  (Biol/Chem) 


