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8.3: Half-life of radioisotopes

l The half-life (t;/,) of a radioisotope is the time it takes for half of the sample to decay.

It tells the rate of decay of the radioisotope — the faster the rate of decay, the shorter the half-life.

General features of the half-life

1. The half-life is different for different nucleoids, as shown in Fig. 8.3.1, and Table 1. It varies from a fraction of a second to
more than 10%° s, i.e., more than 3 trillion years.

2. The farther a nucleoid is away from the stable nucleoid (shown by black dots in Fig. 8.3.1), the less stable it is, and the
faster it decays.

3. The half-life is independent of concentration, temperature, and pressure, i.e., the t1/, is a characteristic constant of a
radioisotope.

4. Natural radioactive isotopes usually have a longer half-life, e.g., t;/» carbon-14 is 5730 years and uranium-235 is 7.0 x 108
years.

5. The radioisotopes used for imaging and treatment in medical sciences are usually synthesized and have a short half-life so
that they may not persist in the body for an unnecessarily long time. For example, phosphorous-32, iodine-131, and
technetium-99m have half-lives of 14.3 days, 8.1 days, and 6.0 hours, respectively.
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Figure 8.3.1: Graph of the stability of every known nucleoid. Plotted as Z (number of protons) versus N (number of neutrons). The
color corresponds to the value of the half-life t,, with a strong log scale, as it varies between 102 and 10?° seconds. Source:
Fffred~commonswiki/ Public domain

Table 1: Half-lives (t;,2) of some common radioisotopes

Radioisotope Symbol Half-life Use

Carbon-14 1§C 5730 years Radioisotope dating
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Radioisotope Symbol Half-life Use

Hydrogen-3 ?‘H 12.3 years Radioisotope dating
Potassium-40 ‘ng 1.3 x 10° years Radioisotope dating
Rhenium-187 T Re 4.3 x 1019 years Radioisotope dating
Uranium-238 2S§U 4.5 x 10° years Radioisotope dating
Uranium-235 23; U 7.0 x 108 years Nuclear reactor fuel
Cobalt-60 3‘; Co 5.3 years zgi(:ij;l (external radiation
Iodine-131 1% I 8.1 days Medical

Iron-59 gg Fe 45 days Medical
Molybdenum-99 Zg Mo 67 hours Medical

Sodium-24 f‘llNa 15 hours Medical
Technetium-99m 99412 Te 6 hours Medical
Phosphoros-32 ?ﬁ P 14.3 dsys Medical

Decay curve of radioisotopes

During each successive half-life, half of the initial amount will radioactively decay, as illustrated in Fig. 8.3.2. for the case of
phosphorous-32 that decays with a half-life of 14.3 days by the following nuclear reaction

32 32
1P — 165+ Je

Suppose there is 100 mg of the phosphorous-32 in the beginning; 50 mg will be left behind after 14.3 days, i.e., after 1 half-life;
and 25 mg will be left after 28.6 days, i.e., after 2 half-lives. A negligible amount of the parent isotope phosphorous-32 is left after
9 half-lives.
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Figure 8.3.2: Decay of phosphorous-32 (blue color) and accumulation of sulfur-32 (orange color) after each half-life.

The amount of a radioisotope remaining after the given time can be calculated from the known initial amount and time spent, by
the following formula:

mys =m;(0.5)"
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where m; is the initial amount, my is the final amount, and n is the number of half-lives passed. The formula works even if the
number of half-lives is not a whole number.

v/ Example 8.3.1

If 50.0 mg of iodine-131 was injected for medical treatment, how many milligrams will be left after 40.5 days? (Half-life of
iodine-131 is 8.1 days)

Solution
Given: m; = 50.0 mg, Time = 40.5 days, Desired ? mg
The equality: 1 half-live = 8.1 days, gives the following conversion factors.

1 half-life 8.1 days

8ldays  Thalflife
For calculating the half-lives, multiple the given time with the conversion factor that cancels
the time:

1 half-life

n=40.5 days~x ——— =5 half-lives
8.1 di};s/

For calculating the amount left, plug in the values in the formula:

my =m;(0.5)" = 50.0mg(0.5)® = 1.56 mg

Radioisotope dating

Natural radioactivity is used to establish the age of objects of archeological, anthropological, or historic interest. All living objects
have carbon in their composition. Carbon-14 is a radioactive isotope of carbon with a half-life of 5730 years. Carbon-14 is
produced by the transmutation of nitrogen-14 upon neutron bombardment by cosmic rays, as illustrated in Fig. 8.3.3. Its
concentration in a carbon source for the living organism remains almost constant because its decay counterbalances its production

by cosmic rays. Living organisms continuously replenish carbon, so the carbon-14 concentration remains almost constant as long
as the object is alive. After the object dies, the carbon-14 decreases with time, reducing to half after one half-life. The carbon-12
isotope is not radioactive, so its concentration remains constant. Measurement of the carbon-14/carbon-12 ratio allows calculating
the age of the object after its death. The age of early civilizations, like the Indus valley civilization examples shown in Fig. 8.3.4
were determined by the carbon-14 dating method.
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Figure 8.3.4: Excavated ruins of Mohenjo-daro, Sind province of Pakistan, showing the Great Bath in the foreground. Mohenjo-
daro, on the right bank of the Indus River, is a UNESCO World Heritage Site. Dated 3300 BCE to 1300 BCE. Source: Sagib
Qayyum / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)
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Because the carbon-14 decreases with time, the object older than 20,000 years of age does not have sufficient carbon-14 left to
determine their age accurately. Other radioisotopes with a longer half-life, e.g., uranium-238 with a half-life of 4.5 x 10° years, are
used to determine the age of ancient objects. For example, the age of rock samples from the moon, as shown in Fig. 8.3.5 was
determined by uranium-238 radioisotope dating.

Figure 8.3.5: Lunar Olivine Basalt sample collected from the moon by the Apollo 15 mission, at station 9A on the rim of Hadley
Rille. It was formed around 3.3 billion years ago. On display in the National Museum of Natural History. Source: Wknight94 talk /
CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

This page titled 8.3: Half-life of radioisotopes is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad
Arif Malik.
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