of *3Ra is continually replenished, which is why it is still found on Earth today.
The same can be said for many other radioactive nuclides.

CONCEPTUAL EXAMPLE 30-12 | Decay chain. The decay chain starting
with ‘33U in Fig. 30-11 has four successive nuclides with half-lives of
250,000 yr, 75,000 yr, 1600 yr, and a little under 4 days. Each decay in the chain
has an alpha particle of a characteristic energy, and so we can monitor the
radioactive decay rate of each nuclide. Given a sample that was pure *3U a
million years ago, which alpha decay would you expect to have the highest
activity rate in the sample?

RESPONSE The first instinct is to say that the process with the shortest half-
life would show the highest activity. Surprisingly, however, the activity rates in
this sample are all the same! The reason is that in each case the decay of the
parent acts as a bottleneck to the decay of the daughter. Compared to the
1600-yr half-life of %Ra, for example, its daughter *;)Rn decays almost imme-
diately, but it cannot decay until it is made. (This is like an automobile assembly
line: if worker A takes 20 minutes to do a task and then worker B takes only
I minute to do the next task, worker B still does only one car everv 20 minutes).

m Radioactive Dating

Radioactive decay has many interesting applications. One is the technique of
radioactive dating by which the age of ancient materials can be determined.

The age of any object made from once-living matter, such as wood, can be
determined using the natural radioactivity of ';C. All living plants absorb
carbon dioxide (CO,) from the air and use it to synthesize organic molecules.
The vast majority of these carbon atoms are '}C, but a small fraction, about
1.3 % 107'2, is the radioactive isotope ";C. The ratio of ';C to '’C in the atmos-
phere has remained roughly constant over many thousands of years, in spite
of the fact that ';C decays with a half-life of about 5730yr. This is because
energetic nuclei in the cosmic radiation, which impinges on the Earth from
outer-space, strike nuclei of atoms in the atmosphere and break those nuclei
into picces, releasing free neutrons. Those neutrons can collide with nitrogen
nuclei in the atmosphere to produce the following nuclear transformation:
n + '#N . 'iC + p. That is, a neutron strikes and is absorbed by a N nucleus,
and a proton is knocked out in the process. The remaining nucleus is ';C. This
continual production of '}C in the atmosphere roughly balances the loss of '}C
by radioactive decay. As long as a plant or tree is alive, it continually uses the
carbon from carbon dioxide in the air to build new tissue and to replace old.
Animals eat plants, so they too are continually receiving a fresh supply of
carbon for their tissues.

Organisms cannot distinguish’ '}C from '2C, and since the ratio of '}C to '3C
in the atmosphere remains nearly constant, the ratio of the two isotopes within
the living organism remains nearly constant as well. When an organism dies,
carbon dioxide is no longer absorbed and utilized. Because the |C decays
radioactively, the ratio of ")C to '2C in a dead organism decreases over lime.
Since the half-life of '}C is about 5730 yr, the "}C/'2C ratio decreases by half
every 5730 yr. If, for example, the '}C/'>C ratio of an ancient wooden tool is half
of what it is in living trees, then the object must have been made from a tree
that was felled about 5730 years ago. Actually, corrections must be made for the
fact that the "}C/'C ratio in the atmosphere has not remained precisely
constant over time. The determination of what this ratio has been over the
centuries has required techniques such as comparing the expected ratio to the
actual ratio for objects whose age is known, such as very old trees whose annual
rings can be counted reasonably accurately.

"Organisms operate almost exclusively via chemical reactions—which involve only the outer orbital
electrons of the atom: extra neutrons in the nucleus have essentially no effect.
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