 Nuclear Chemistry: The Isolation of 212Bi  from Thorium Nitrate and the
     Determination of Its Half-Life

Chemical (electron) Reactions vs Nuclear (nucleus) Reactions

· Chemical Ionization: Loss of a valence electron (endothermic) small ∆m ≈ 0 g/mole
  83Bi -----> 83Bi+1 + e-1           ∆H = 704 kJ/mole     low energy atoms are conserved
· Nuclear Beta Decay:  Loss of a nuclear electron (exothermic) ∆m = 0.0023 g/mole

   EQ \S(212,83)Bi ----->  EQ \S(212,84)Po  +  EQ \S(0,-1)e      ∆H = -2.1 x 108 kJ/mole      high energy: particles are conserved
· Nuclear Alpha Decay:  Loss of a nuclear Helium (exothermic) large ∆m = .0060 g/mole

   EQ \S(222,86)Rn ----->  EQ \S(218,84)Po  +  EQ \S(4,2)He      ∆H = -5.4 x 108 kJ/mole       ∆E = ∆m c2
Approximately 60 kJ of energy brings a cup of water from 250C to 1000C. While chemical ionization would require the absorption of energy equivalent to boiling about 12 cups of water, the nuclear process would release electrons energetic enough to boil 3.5 million cups of water!!

Isotopes with an excess of neutrons in their nucleus are unstable and randomly fall apart by emitting extremely energetic particles of ionizing radiation called radioactive particles
Radioactive Particles
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Mass # and Atomic # are conserved in a nuclear reaction

Radioactivity – High energy nuclear particles cause ionization

All naturally occurring elements with atomic numbers 84 and larger are unstable and disintegrate by emitting radioactive particles.  These particles are highly energetic and produce chemical ions when they pass through chemical compounds.  The production of these ions can be counted using a Geiger counter or a scintillation counter.  The rate that radioactive particles are given off is a very sensitive measure of the amount of radioactive material
The rate is proportional to amount (Rate = k amount)  The Curie is the basic unit of amount

· Ci = 3.7 x 1010 disintegrations/sec    basic unit for the rate (R) of radioactive decay

· 4 pico curies/liter of air  =  4 x 10-12 Ci / liter  = 0.148 disintegrations/sec/liter
(maximum allowed level of Radon [  EQ \S(222,86)Rn ] in air)

The amount decreases exponentially with time.  The time for half to decay is t1/2 = ln(2)/k  [≈1hr  EQ \S(212,83)Bi]
           n = no e –kt         ← R=  EQ \f(dn,dt) = -k n →            ln(n) = -kt + ln(no)
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