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Chapter 5

The Atomic Nucleus
THE MAIN IDEA

5.6 Isotopic Dating

Cosmic rays continually bombard the Earth’s atmosphere. This 
bombardment causes many atoms in the upper atmosphere 
to transmute. These transmutations result in many protons 
and neutrons being “sprayed out” into the environment. Most 
of the protons are stopped as they collide with the atoms of 
the upper atmosphere. These protons strip electrons from the 
atoms they collide with and thus become hydrogen atoms. 
The neutrons, however, continue for longer distances because 
they have no electric charge and therefore do not interact 
electrically with matter. Eventually, many of them collide 
with atomic nuclei in the lower atmosphere. A nitrogen atom 
that captures a neutron, for instance, becomes an isotope of 
carbon by emitting a proton:

The atomic nucleus is the source of a 
tremendous amount of energy.
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This carbon-14 isotope, which makes up less than 
one-millionth of 1 percent of the carbon in the atmosphere, is 
radioactive and has eight neutrons. (The most common isotope, 
carbon-12, has six neutrons and is not radioactive.) Because both 
carbon-12 and carbon-14 are forms of carbon, they have the 
same chemical properties. Both of these isotopes, for example, 
chemically react with oxygen to form carbon dioxide, which is 
consumed by plants through the process of photosynthesis. 
This means that all plants contain a tiny quantity of radioactive 
carbon-14.

All animals eat either plants or plant-eating animals; 
therefore, all animals, including humans, have a little carbon-14 
in them. So, we see why all living things on Earth contain some 
carbon-14. This radioactive isotope decays back into nitrogen 
as it emits a beta particle:

Because plants absorb carbon dioxide while alive, any 
carbon-14 that decays is immediately replenished with fresh 
carbon-14 from the atmosphere. In this way, a radioactive equi-
librium is reached in which there is a constant ratio of about 1 
carbon-14 atom to every 100 billion carbon-12 atoms. When a 
plant dies, replenishment of carbon-14 ends. Then the percent-
age of carbon-14 decreases at a constant rate determined by its 
half-life. The amount of carbon-12, however, does not change, 
because this isotope does not undergo radioactive decay. The 
longer a plant or other organism is dead, the less carbon-14 it 
contains relative to the constant amount of carbon-12.

The half-life of carbon-14 is about 5730 years. This means 
that half of the carbon-14 atoms now present in a plant or animal 
that dies today will decay in the next 5730 years. Half of the 
remaining carbon-14 atoms will then decay in the following 
5730 years, and so on.

With this knowledge, scientists are able to calculate the 
age of carbon- containing artifacts, such as wooden tools or the 
skeleton shown in Figure 5.18. Their age is measured by their 
current level of radioactivity. This process, known as carbon-14 
dating, enables investigators to probe as far as 50,000 years 

How is the radioactivity of your 
body connected to the stars?
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Plants contain a little 
carbon-14, but why do 
humans also contain 
carbon-14?

READING CHECK

A 1 g sample of carbon from 
recently living matter con-
tains about 50 trillion billion 
(5 × 1022) carbon atoms. Of 
these carbon atoms, about 
65 billion (6.5 × 1010) are the 
radioactive C-14 isotope. 
This gives the carbon a beta 
disintegration rate of about 
13.5 decays per minute.
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into the past. Beyond this time span, there is too little carbon-14 
remaining for accurate analysis.

Because of fluctuations in cosmic ray bombardment rates 
over the centuries, carbon dating has an uncertainty of about 15 
percent. This means, for example, that the straw of an old adobe 
brick dated to be 500 years old may really be only 425 years old on 
the low side or 575 years old on the high side. For many purposes, 
this is an acceptable level of uncertainty

Artifacts derived from nonliving materials can also be 
dated based on the radioactive minerals they contain. The natu-
rally occurring mineral isotopes uranium-238 and uranium-235, 
for example, decay very slowly and ultimately become lead—but 
not the common isotope lead-208. Instead, as was shown in Figure 
5.14, uranium-238 decays to lead-206. Uranium-235, on the other 
hand, decays to lead-207. Thus, the lead-206 and lead-207 that now 
exist in a uranium-bearing rock were at one time uranium. Older 
rocks contain higher percentages of these trace isotopes.

If you know the half-lives of uranium isotopes and the 
percentage of lead isotopes in some uranium-bearing rock, you 
can calculate the date of the rock’s formation. Rocks dated in this 
manner have been found to be as much as 3.7 billion years old. 
Samples from the Moon have been dated at 4.2 billion years, which 
is close to the estimated age of our solar system: 4.6 billion years.

^  Figure 5.18
The amount of radioactive carbon-14 in the skeleton is reduced by one-half every 5730 years. The result is that the 
same skeleton today contains only a trace amount of the original carbon-14. The red arrows represent the relative 
amounts of carbon-14.

C O N C E P T   C H E C K
Suppose that an archaeologist extracts 1 gram of carbon from an ancient ax handle and finds that it 
is one-fourth as radioactive as 1 gram of carbon extracted from a freshly cut tree branch. About how 
old is the ax handle?

CHECK  YOUR  ANSWER   Assuming the ratio of C-14/C-12 was the same when the ax was made, 
the ax handle is as old as two half-lives of C-14, or about 11,460 years old

^  Figure 5.19
Carbon-14 dating was developed by 
the American chemist Willard F. Libby 
(1908– 1980) at the University of 
Chicago in the 1950s. For this work he 
received the Nobel Prize in Chemistry 
in 1960.


