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Unit 2 / Matter

Subatomic Particles
Introduction:


Noble gases, halogens, alkali metals, and alkaline earth metals are “families” of elements found in columns of the periodic table. These elements are related by sharing similar properties with the other elements in their family. Is there some common characteristic in the atoms of a family of elements that explains the similarities in their properties? This is one example of questions that were asked as scientists explored the structure of the building blocks of all matter. We will begin to examine atomic structure and seek to understand the relationship between the behavior of the elements and the structure of their atoms. Remember that up until this point in the course, we have only looked at Dalton's theory of atomic structure. Now we will need to reexamine this theory. We will follow the historical events and development of ideas about atoms leading up to more current atomic theories. This approach will enable you to see how concepts about atomic structure have changed as scientists have accumulated more experimental evidence.

400 B.C.
· idea of atoms first proposed by the Greek philosopher Democritus. He suggested that the world was made of two things – empty space and tiny particles he called "atoms." This word comes from the Greek word "atomos" which means indivisible.

Early 1800's
· John Dalton studied certain experimental observations made by others concerning chemical reactions. He concluded that:



1. All matter is composed of atoms.



2. Atoms are the smallest particles of matter and are indivisible.



3. All atoms of the same element are identical



4. Chemical reactions are just a rearrangement of the atoms to form 

             new substances.

1850-1900 

· many scientists were doing experiments with gas discharge tubes. An electric current (discharge) was passed through gases contained in glass tubes at very low pressures. What happened?

· the glow was caused by rays coming from the cathode, thus these tubes are usually called “cathode ray tubes.”

· scientists discovered that the rays could be deflected by a magnetic or electric field. Since ordinary light is not affected by a magnetic nor electric field, the rays showed a property of matter (particles) rather than light.

1897 

· after years of research on cathode rays, J.J. Thomson, an English scientist, concluded that the bent rays must be streams of charged particles and that they must be negatively charged.

· Thomson named these particles "electrons" . In later experiments, Thomson showed that the same particle was produced regardless of what gas was used in the tubes and concluded that electrons must be present in all atoms.

1909 

· Robert Millikan, an American scientist, experimentally determined the charge of an electron to be -1.6 x 10-19 coulomb.

· using the data of Thomson and Millikan, it was possible to calculate the actual mass of the electron. It was found to be 9.1 x 10-28 g = 1/1837 the mass of 1 H atom.

· Thomson later turned his attention to another interesting phenomenon. When light of high energy strikes certain metals, negatively charged particles are given off from the metallic surface --> photoelectric effect

· Thomson proved that these negative particles were identical with the electrons of the cathode rays. The evidence that electrons could be obtained from matter in different ways indicated that electrons were probably a basic part of atoms.

· However, the atom was known to be electrically neutral, so the scientists predicted that there must be something with a positive charge in the nucleus in order to neutralize the negative charge of the electrons.

1898-early 1900's
· using special cathode ray tubes, scientists discovered rays that were traveling in the opposite direction from the cathode rays. These rays had to have a positive charge to travel toward the cathode. These rays were also shown to be affected by a magnetic field so they too had to consist of particles. The particles were found to have the same amount of electric charge as an electron (but opposite in sign). The 
mass of the particle was found to be 1837 times that of the electron. These particles are now called "protons". 

1911

· Rutherford and co-workers conducted his famous "gold-foil" experiments - they bombarded thin sheets of gold foil with high-speed alpha particles emitted by a radioactive source. The path of the particles was detected with a fluorescent screen. They found that most of the particles passed straight through the foil, yet some were deflected.

· Drawing:

· Conclusions:

1. Atoms are mostly empty space

2. There is a very small, dense region within the atom where most of its mass is located.

· From his experiments, Rutherford proposed the following model of the atom which was the beginning of our modern concept of atomic structure:

1.
Atoms have a very small, dense center called the nucleus.

2.
The nucleus is positively charged and contains almost all of the mass of the atom

3.
Outside the nucleus is a large region which defines the volume of the atom (he determined that the nucleus itself occupies only about 1 trillionth of the volume of the atom!).

4.
Within the outer region, there are enough electrons to make the atom electrically neutral.

· Rutherford realized that protons, by themselves, could not account for the entire mass of the nucleus. He predicted the existence of a new nuclear particle which would be neutral and would account for the missing mass. 

1932 

· James Chadwick discovered Rutherford's missing particle. He found  an electrically neutral particle which resides in the nucleus and has 
almost the same mass as the proton. He named it the "neutron".
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· Dalton’s atom was certainly not indivisible. However, keep in mind that 
the atom is the smallest particle which has the properties of a particular element. The 3 subatomic particles are found in atoms of all elements and the particles themselves are the same for all the atoms. Elements differ in properties because they contain different numbers of electrons, protons, and neutrons.

· Henry Mosely had determined that the periodicity of the elements was related to their atomic number. The atomic number was his numerical ordering device for the elements based on his experiments. Research into the structure of the atom showed that the atomic number was equal to the number of protons contained in the nucleus of the atom.

· atomic number = 

· the mass of an electron is very much smaller than that of a proton or neutron, thus the mass of an atom is determined by the total number of protons and neutrons in the nucleus.

· mass number =

If the mass of protons and neutrons are equal to 1 amu than how do we get an atomic mass of 63.55 for Cu?
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