


	Section 5
	Radioactive Elements


 
Key Concepts
· How was radioactivity discovered?
· What types of particles and energy can radioactive decay produce?
· In what ways are radioactive isotopes useful?
Key Terms
· radioactive decay
· radioactivity
· alpha particle
· beta particle
· gamma radiation
· tracer
What if you could find a way to turn dull, cheap lead metal into valuable gold? More than a thousand years ago, many people thought it was a great idea, too. They tried everything they could think of. Of course, nothing worked. There is no chemical reaction that converts one element into another. Even so, elements do sometimes change into other elements. A uranium atom can become a thorium atom. Atoms of carbon can become atoms of nitrogen. (But lead never changes into gold, unfortunately!) How is it possible for these changes to happen?
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Figure 36Trying to Make Gold From Lead This painting from 1570 shows people trying to change lead into gold. No such chemical reaction was ever accomplished.
Radioactivity

Remember that atoms with the same number of protons and different numbers of neutrons are called isotopes. Some isotopes are unstable; that is, their nuclei do not hold together well. In a process called radioactive decay, the atomic nuclei of unstable isotopes release fast-moving particles and energy.

Discovery of Radioactivity

In 1896, the French scientist Henri Becquerel discovered the effects of radioactive decay quite by accident while studying a mineral containing uranium. He observed that with exposure to sunlight, the mineral gave off a penetrating energy that could expose film. Becquerel assumed that sunlight was necessary for the energy release. So, when the weather turned cloudy, he put away his materials in a dark desk drawer, including a sample of the mineral placed next to a photographic plate wrapped in paper. Later, when Becquerel opened his desk to retrieve these items, he was surprised to discover an image of the mineral sample on the photographic plate. Sunlight wasn’t necessary after all. Becquerel hypothesized that uranium spontaneously gives off energy, called radiation, all the time. But if so, what was the source of the energy?

Becquerel presented his findings to a young researcher, Marie Curie and her husband, Pierre. After further study, the Curies concluded that a reaction was taking place within the uranium nuclei. Radioactivity is the name that Marie gave to this spontaneous emission of radiation by an unstable atomic nucleus.
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Figure 37Radiation From Uranium As with Becquerel’s discovery, radiation from the uranium-containing mineral has exposed the photographic film.
Polonium and Radium

Marie Curie was surprised to find that some minerals containing uranium were even more radioactive than pure uranium. Suspecting that the minerals contained small amounts of other, highly radioactive elements, the Curies set to work. They eventually isolated two new elements, which Marie named polonium and radium.
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Figure 38Marie Curie Marie Curie, her husband Pierre, and Henri Becquerel pioneered the study of radioactive elements.

Types of Radioactive Decay

There are three major forms of radiation produced during the radioactive decay of an unstable nucleus. Natural radioactive decay can produce alpha particles, beta particles, and gamma rays. The particles and energy produced during radioactive decay are forms of nuclear radiation.

Alpha Decay

An alpha particle consists of two protons and two neutrons and is positively charged. It is the same as a helium nucleus. The release of an alpha particle by an atom decreases the atomic number by 2 and the mass number by 4. For example, a thorium-232 nucleus decays to produce an alpha particle and a radium-228 nucleus.

Beta Decay

Some atoms are unstable because they have too many neutrons. During beta decay, a neutron inside the nucleus of an unstable atom changes into a negatively charged beta particle and a proton. A beta particle is a fast-moving electron given off by a nucleus during radioactive decay. The new proton remains inside the nucleus. That means that the nucleus now has one less neutron and one more proton. Its mass number remains the same but its atomic number increases by 1. For example, a carbon-14 nucleus decays to produce a beta particle and a nitrogen-14 nucleus.

Gamma Radiation

Alpha and beta decay are almost always accompanied by gamma radiation.Gamma radiation consists of high-energy waves, similar to X-rays. Gamma radiation (also called gamma rays) has no charge and does not cause a change in either the atomic mass or the atomic number.
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Figure 39Radioactive Decay Radioactive elements give off particles and energy during radioactive decay. Interpreting Diagrams Which type of radioactive decay produces a negatively charged particle?
Effects of Nuclear Radiation

Although alpha particles move very fast, they are stopped by collisions with atoms. In Figure 40, you can see that alpha particles are blocked by a sheet of paper. Alpha radiation can cause an injury to human skin that is much like a bad burn.

Beta particles are much faster and more penetrating than alpha particles. They can pass through paper, but they are blocked by an aluminum sheet 5 millimeters thick. Beta particles can also travel into the human body and damage its cells.

Gamma rays are the most penetrating type of radiation. You would need a piece of lead several centimeters thick or a concrete wall about a meter thick to stop gamma rays. They can pass right through a human body, delivering intense energy to cells and causing severe damage.
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Figure 40The Penetrating Power of Nuclear Radiation The three types of nuclear radiation were named based on how easily each one could be blocked. Alpha, beta, and gamma are the first three letters of the Greek alphabet.
Using Radioactive Isotopes

Radioactive isotopes have many uses in science and industry. In some cases, the energy released by radioactive isotopes is itself useful. Nuclear power plants, for example, harness this energy to generate electricity. In other cases, radiation is useful because it can be easily detected. Uses of radioactive isotopes include tracing the steps of chemical reactions and industrial processes, and diagnosing and treating disease.
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Figure 41Radioactive Tracers Phosphorus-32 added to soil is absorbed through the plant’s roots. The tracer can be detected in any plant structures in which phosphorus is used.
Uses in Science and Industry

Like a lighthouse flashing in the night, a radioactive isotope “signals” where it is by emitting radiation that can be detected. Tracers are radioactive isotopes that can be followed through the steps of a chemical reaction or industrial process. Tracers behave chemically the same way as nonradioactive forms of an element. For example, phosphorus is used by plants in small amounts for healthy growth. As shown in Figure 41, a plant will absorb radioactive phosphorus-32 added to the soil just as it does the nonradioactive form. Radiation will be present in any part of the plant that contains the isotope. In this way, biologists can learn where and how plants use phosphorus.

In industry, tracers are used to find weak spots in metal pipes, especially oil pipelines. When added to a liquid, tracers can easily be detected if they leak out of the pipes. Gamma rays can pass through metal and be detected on a photographic film. By looking at the gamma-ray images, structural engineers can detect small cracks in the metal of bridges and building frames. Without these images, a problem might not be discovered until a disaster occurs.

Uses in Medicine

Doctors use radioactive isotopes to detect medical problems and to treat some diseases. Tracers injected into the body travel to organs and other structures where that chemical is normally used. Using equipment that detects radiation, technicians make images of the bone, blood vessel, or organ affected. For example, tracers made with technetium-99 are used to diagnose problems in the bones, liver, kidneys, and digestive system.

In a process called radiation therapy, radioactive elements are used to destroy unhealthy cells. For example, iodine-131 is given to patients with tumors of the thyroid gland—a gland in the neck that controls the rate at which nutrients are used. Because the thyroid gland uses iodine, the radioactive iodine-131 collects in the gland. Radiation from this isotope destroys unwanted cells in the gland without serious effects on other parts of the body.

Cancer tumors of different kinds often are treated from outside the body with high-energy gamma rays. Many hospitals use cobalt-60 for this purpose. When gamma radiation is directed toward a cancer tumor, it causes changes that kill the cancer cells.
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Figure 42Radioactive Isotopes in Medicine Front and back body scans of a healthy patient were made using a radioactive isotope.

Reviewing Key Concepts

1. (a) Identifying Under what circumstances did Becquerel first notice the effects of radioactivity?


(b) Interpreting Photographs Look at the photo in Figure 37. Explain in your own words what happened.


(c) Applying Concepts How did Becquerel’s work lead to the discovery of two new elements?


2. (a) Listing What are three products of radioactive decay?


(b) Comparing And Contrasting Contrast the penetrating power of the three major types of nuclear radiation.


(c) Predicting Predict the identity and mass number of the nucleus formed during the beta decay of magnesium-28.


3. (a) Explaining How can radioactive isotopes be used as tracers?


(b) Relating Cause And Effect How is the use of radioactive isotopes in treating some forms of cancer related to certain properties of gamma radiation?


