Unit 7 - The Atom
a-means “not” -tomos means “cutting”
Therefore, an atom is a particle that cannot be cut (separated) any further

and still retain the properties of the particular element. When the atom was

named, it was thought that it could not be divided further. We now know this

is not true.
* Investigate our current understanding of the atom.

Distinguish the characteristics and components of

radioactivity.
Language (Atom) – atomic mass, atomic number, electron cloud, electron, ion,  isotopes,  law of conservation of matter, matter, neutron, nucleus, proton, alpha particles, beta particles, fission, fusion, gamma radiation, half-life, radioactive decay.

The current model suggests that an atom consists of a positively charged, small, dense central region surrounded by a negatively charged cloud. The central region is called the nucleus, and it contains most of the atom’s mass. There are three particles that comprise an atom—electrons, protons, and neutrons.
* Electrons are negatively charged subatomic particles that move around the

   nucleus forming a cloud. The electron has a single negative (−) charge, and is about  

   2000 times lighter than the proton or neutron.
*Protons are positively charged subatomic particles found in the nucleus.

*Neutrons have no charge and are also found in the nucleus.

  Protons and neutrons are about equal in mass (a neutron is a slightly bit larger than a  

  proton), which is 1800 times the mass of an electron.


All atoms of a particular element will have the same number of protons. The number of protons in an atom, which is called the atomic number, is unique to each element. Because neutrons and protons contribute to the mass of the atom, the total number of protons plus neutrons is called the mass number. The number of neutrons can be determined by subtracting the atomic number from the mass number. Atoms of the same element can have different numbers of neutrons. These varying forms of the same element are called isotopes.
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Isotopes are atoms that have the same number of protons but different numbers of

neutrons. As a result, a single element may contain atoms that have different masses. The

atomic mass is the average mass of all the different isotopes that make up the element.
The number of neutrons for a specific atom can be determined by subtracting the atomic number from the mass number For example, the number of protons for Boron is ‘5’. If the mass number is ‘11’ for an atom of Boron, the number of neutrons is 11minus 5 which would equal 6 neutrons. 
ENERGY LEVELS
Maximum number of electrons for each energy level:

energy level
 # of electrons

1 2

2 8

3 
       18

4 
       32

Since atoms are electrically neutral, the number of protons is equal to the number of electrons. Electrons are found moving around the atom’s nucleus. The region around the nucleus where electrons might be found is called the electron cloud. The electron cloud is divided into energy levels, which are sometimes referred to as energy shells. Each energy level can hold a certain number of electrons. Energy levels can be represented by the Bohr Model of the atom. 
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The first energy level, which is closest to the nucleus and has the lowest amount of energy, can only hold two electrons (see above). Electrons with higher energy are found in energy levels farther from the nucleus. Electrons in the outermost energy level or valence shell are called valence electrons. These electrons determine how the element will react chemically with other elements.
Sometimes the nucleus of an atom breaks down in a process called radioactivity. Recall that elements have isotopes, atoms with different numbers of neutrons. Some isotopes are unstable, which means that the nucleus emits a particle or radiation with a large amount of energy to help it become more stable. This process is called radioactive decay. When the nucleus in a radioactive material breaks down, it can produce three types of nuclear radiation—alpha, beta, and gamma.

* ( - An alpha particle is a helium nucleus with two protons and two neutrons.

Alpha particles do not have any electrons and are positively charged. Alpha

particles can be stopped by a thin piece of paper and will not travel very far in

air. 
* (-A beta particle is a negatively charged electron, which travels farther and

faster than alpha particles. Beta particles can be stopped by thin sheets of

metal, such as a one-centimeter thick sheet of aluminum. Beta particles are

possible producers of X-rays.  

* (-A gamma ray isn’t a particle but a form of short wave electromagnetic

energy. Gamma rays are much more difficult to stop than alpha or beta

particles. Only thick sheets of lead or materials like concrete can be used to

stop gamma rays. 
After decaying, radioactive atoms change into other atoms. 
During alpha decay, the nucleus loses two protons and two neutrons. During beta decay, the nucleus gains a proton and loses a neutron. During gamma decay, the energy content of the nucleus changes but the atomic number of the element does not change. An example of this

process is uranium-238 decaying to form a stable (non-radioactive) lead isotope, lead-

206. The process involves a series of nuclear changes, which emit alpha and beta

particles. Each step in the decay process occurs at a different rate called the half-life. The half-life (t1/2) is the time it takes for one-half of a sample of radioactive material to decay. Radon, a radioactive gas, has a half-life of 3.8 days. That means after 3.8 days, only one-half of the original radon atoms are left. After 7.6 days only one-fourth are left and so on.
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Radioactive elements can become stable elements by undergoing different reactions.
When a neutron bombards a uranium-235 nucleus, the nucleus splits into two lighter

nuclei, emitting more neutrons and large amounts of energy. This process is called

fission. Nuclear fission can take place in elements with an atomic number greater than

90.

particular half-life of the isotope (see 
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Fission provides a significant amount of energy for the United States and other developed nations. On the beneficial side, fuel used for fission provides a huge amount of energy compared to equivalent masses of coal or oil. It also eliminates air pollutants. On the other hand, nuclear waste from fission creates disposal problems. Improper disposal underground might lead to radioactive contamination of water supplies.
Sometimes two low-mass nuclei combine to form one nucleus in a process called fusion. A tremendous amount of energy is released in the process. Extremely high temperatures, like those found in stars, are needed for nuclear fusion to take place. Fusion, as a future energy source, might provide all the benefits of fission with few of its problems. Fusion occurs when two light nuclei, such as hydrogen, collide together and combine to form heavier nuclei. Fusion occurs in the sun, making it an incredibly productive source of energy.
[image: image6.png]Tritium \ Neutron
O 141 MeV

a—

Fusion Conditions Helium

(Density, Temperature, Time) 3.5 MeV
Deuterium

Fuel

Products




[image: image7.png]H+’H—> He+in




The nuclei used by the sun, and in experiments on earth, that undergo fusion, are two isotopes of hydrogen called deuterium and tritium.

Background radiation. Background radiation comes from the Sun, soil, rocks,

building materials, water, plants, and from the food we eat. Other exposures to radiation come from dental X-rays and medical X-rays. Most organisms are unaffected by these low levels of radiation.

Radiation and radioactive tracers are used to diagnose and treat medical problems. A radioactive tracer is a radioactive isotope that is added to a substance so that the substance can be detected later. Radioactive tracers are used to locate tumors, to study the functioning of a particular organ, or to monitor the flow of blood.
	The Properties of the three types of Radioactive Emission

	Type of radiation emitted & symbol
	Nature of the radiation

(higher only)
	Nuclear Symbol

(higher only)
	Penetrating power, and what will block it (more dense material, more radiation is absorbed BUT smaller mass or charge of particle, more penetrating)
	Ionising power - the ability to remove electrons from atoms to form positive ions 

(higher students)
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Alpha 
	a helium nucleus of 2 protons and 2 neutrons, mass = 4, charge = +2
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	Low penetration, biggest mass and charge, stopped by a few cm of air or thin sheet of paper
	Very high ionising power, the biggest mass and charge of the three radiation's, the biggest 'punch'!
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Beta 
	high kinetic energy electrons, mass = 1/1850, charge = -1
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	Moderate penetration, 'middle' values of charge and mass, most stopped by a few mm of metals like aluminium or a thick wooden board
	Moderate ionising power, with a smaller mass and charge than the alpha particle
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Gamma 
	very high frequency electromagnetic radiation (light), mass = 0, charge = 0
	[image: image13.png]



	Very highly penetrating, smallest mass and charge, most stopped by a thick layer of steel or concrete, but even a few cm of dense lead doesn't stop all of it!
	The lowest ionising power of the three, gamma radiation carries no electric charge and has virtually no mass, so not much of a 'punch' when colliding with an atom


