Radioactive Carbon Dating

Taken from:

General Chemistry, D.D. Ebbing, Boston, Houghton Mifflin,1996. p. 859-600.


Cosmic radiation produces neutrons that collide with the most abundant nitrogen nuclei in the Earth’s atmosphere to produce radioactive carbon-14.  This can be described symbolically by the equation:

147N + 10n ( 146C + 11H+

(Remember, our atmosphere is about 78% nitrogen.)  Since the rate of radioactive decay of a nuclide is constant, this rate can serve as a clock with which to date rocks and artifacts.  Dating wood and other carbon containing objects that are several thousand to fifty thousand years old can be dated using carbon-14, which has a half-life of 5,730 years. 

Every radioactive carbon-14 nuclide itself decays at a constant rate, and produces 15.3 beta particles (high energy electrons) per minute per gram of total carbon:

146C ( 147N + 10e  
This carbon is incorporated into carbon dioxide molecules in the atmosphere and is assumed to remain at a relatively constant concentration (presently, 1 out of 1012 carbon atoms is a 14C atom).  Initial uptake by photosynthetic organisms and subsequent incorporation by herbivores and other consumers in the food web allow the distribution of this isotope throughout most living organisms on the planet.  By measuring the ratio of carbon-14 to carbon-12 present in an organic sample, the date of death of the organism can be determined.  The accuracy of this method is affected by many known sources of uncertainty, such as the detectable variation of the levels of carbon dioxide in our atmosphere.  

Applying the carbon-14 dating method:

A piece of charcoal from a tree killed by the eruption of Mt. Mazama that formed the crater in Crater Lake in Oregon gave 7 disintegrations of carbon-14 nuclei per minute per gram of total carbon.  Present day carbon in living matter gives 15.3 disintegrations per minute per gram of total carbon.   Determine the date of the volcanic eruption given that the half life of carbon-14 is 5,730 years. The half life is the period of time it takes half the original population of nuclides to decay.  For any nuclide, this rate is constant, described by the equation:

k  = 0.693
     t ½

Strategy:

Sustitute k = 0.693/ t ½ into the equation for the number of nuclei in a sample after time t.  N0 represents the number of carbon-14 initially present in a sample and Nt the number present now, at time t, and k is a rate constant empirically determined for each particular nuclide.

log Nt  = - _kt__

     N0         2.303

Substituting in for k :

log Nt = -  0.693t_
        N0      2.303 t ½
Solving this for t: 

t = 2.303 t ½ log N0
  0.693      
Nt
Assuming the ratio of carbon-14 to carbon-12 has been constant in our lower atmosphere for the last fifty thousand years, the ratio of disintegrations between a sample of a living organism and the artifact’s remaining carbon-14 can be substituted for N0/ Nt.  

t = 2.303(5730)  log 15.3

0.693              7

The elapsed time, t, can then be calculated, using the detected beta emissions from a carbon containing sample.  In this case, the elapsed time since the death of the tree is 6,500 years.  This dates the eruption at about 4,500 B.C.

Using a method that depends on the radioactivity of naturally occurring potassium-40, the oldest rocks on earth have been dated at 3.8 x 109 years.  This is the minimum possible age of the earth, since the solid crust first formed, as these rocks have been subjected to 3.8 x 109 years of weathering before they were measured.  Rocks even older may have existed.  The ages of meteorites, assumed to have solidified at the same time as other solid objects in the solar system, including earth have been determined to be 4.4 to 4.6 x 109 years old.  It is now believed that because of this and other evidence that the earth is  4.6 x 109 years of age.

Additional practice:

A jawbone from the archaeological site of Folsom, New Mexico, gave 4.5 disintegrations per minute per gram of total carbon.  Calculate the age of the jawbone.

