UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


Lesson 10: The nature of the atom
·  Lecture objectives
1. Discuss the contributions of Thompson, Rutherford, Bohr and Chadwick to our knowledge of the atom.

2. Describe the Geiger-Marsden experiment and the importance of its result.

3. Represent diagrammatically the structure of simple atom.

4. Compare the mass and charge of the electron with the mass and charge of the proton
5. Explain why an atom is normally neutral and stable
6. Recall and use the relationship 

      A = Z + N

7. Explain what is meant by the term ‘isotope’
8. Relate the shell model of the atom to the periodic table
________________________________________________________________________
10.1.1 Enter J.J. Thompson

In 1897, J.J. Thomson discovered the electron, the first subatomic particle. He also was the first to attempt to incorporate the electron into a structure for the atom. Thomson, after carefully studying these negative particles, concluded they were :

· Present in all matter

· Two thousand times lighter than hydrogen

· Identical in nature with the electrical charge which flowed in the circuit during electrolysis.

So Thomson suggested a model of the atom in which negative electrons` were embedded in a diffuse sphere of positive charges`. 

	

	The 'Plum Pudding' model of the atom. Negatively charged electrons (the plums) are embedded in a sphere of uniform positive charge (the pudding).


10.1.2 Rutherford’s planetary model emerges
Ernest Rutherford had been studying alpha particles since 1898. To him, alpha particles were part of the family. In 1909 he was confronted with some rather bizzare alpha-particle behavior that he had to explain. What was the behavior, exactly? 

Hans Geiger and Ernest Marsden aimed a stream of alpha particles at a thin gold foil for several months in 1909. In fact, the foil was so thin that it had to be supported on a glass plate. (The plate without any foil was studied and no deflections were found. It was transparent to the alpha particles.) There were three major findings: 

1) Almost all of the alpha particles went through the gold foil as if it were not even there. Those alpha particles, of course, continued on a straight-line path until they hit the detector screen. 

2) Some of the alpha particles were deflected only slightly, usually 2° or less. Geiger found that an alpha particle was, on average, deflected about 1/200th of a degree by each single encounter with a gold atom. The most probable angle of deflection for one gold foil turned out to be about 1°. 

3) A very, very few (1 in 8000 for platinum foil) alpha particles were turned through an angle of 90° or more. 
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All Rutherford had to do was explain how it all fit together. 
What Rutherford did was put most of the mass of the atom at the center of the atom, in a space much, much smaller that the atom itself -- this is the nucleus. 

So, how does the nucleus account for the three major findings by Geiger and Marsden? 

1) The nucleus is so small that the odds are overwhelmingly in favor of a given alpha particle motoring right on through the gold foil as if nothing were there. 

2) Some alphas, by pure random chance, will pass near some gold atom nuclei during their passage through the foil and will be slightly deflected. By pure chance, some or all of the small deflections will add up and shove the alpha particle off a straight-line path. 

3) A very, very few alphas, by pure, random chance, will hit a nucleus almost head-on. The alpha, traveling at 10% the speed of light, penetrates the atom and gets very close to the nucleus. However, the repulsion between the alpha and the atom nucleus is so great that the atom flings the alpha back out, and it does so in a hyperbolic path. 
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10.1.3 Neils Bohr to the rescue
In 1915 Niels Bohr adapted Rutherford's model by saying that the orbits of the electrons were quantised, meaning that they could exist only at certain distances from the nucleus.
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He suggested that the electron orbits were at a fixed distance from the nucleus and had a definite energy. 

The electron was said to travel in a fixed-energy orbit that was referred to as an energy level.
Electronic configuration
The model proposed by Niels Bohr was supported experimentally by the emission spectrum of hydrogen. 

The emission spectrum of other elements besides hydrogen had far too many lines to interpret. 

The model that eventually emerged had electrons occupying a energy sub-level with a main energy level. These energy sub-levels were designated s, p, d, and f in reference to the sharp, principal, diffuse, and fine lines in the emission spectra of the elements. 

Distribution of Electrons Energy Level 
	Energy Level 
	Energy Sublevel 
	Maximum e- in Sublevel 
	Maximum e- in Energy Level 

	1 
	1s 
	2 e- 
	2 e- 

	2 
	2s 
	2e- 
	

	
	2p 
	6 e- 
	8 e- 

	3 
	3s 
	2 e- 
	

	
	3p 
	6 e- 
	

	
	3d 
	10 e- 
	18 e- 

	4 
	4s 
	2 e- 
	

	
	4p 
	6 e- 
	

	
	4d 
	10 e- 
	

	
	4f 
	14 e- 
	32 e- 


10.1.4 Chadwick tracks down the neutron

In 1932, French scientists found that a highly penetrating radiation was given off when beryllium was bombarded with alpha particles. They thought that the new radiation was a type of high-energy gamma radiation, which led Chadwick to conclude that the so-called `new radiation` consisted of particles of mass ` nearly equal to the proton and with no charge`. At last, the neutron had revealed itself.
To summarize: 

	Particle
	Symbol
	Relative mass
	Relative charge

	electron
	e
	1/1840
	-1

	proton
	p
	1
	+1

	neutron
	n
	1
	0


10.2 Atomic number, mass number, isotopes
The nuclear symbol consists of three parts: the symbol of the element, the atomic number of the element and the mass number of the specific isotope. 

Here is an example of a nuclear symbol: 
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The element symbol, Li, is that for lithium. 

The three, subscripted left, is the atomic number and the seven, superscripted left, is the mass number. 

Here's another: 
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The atomic number is: 

The number of protons in the nucleus of the atom. 

The mass number is: 

The number of protons and neutrons in the nucleus of the atom. 

There are species which have the same atomic number but different mass numbers. That is, they have the same number of protons but different numbers of neutrons. Such species are called isotopes.
10.3 The Periodic Table
In 1869, Mendeleev proposed that a relationship existed between the atomic masses of the elements and their chemical properties.
In 1913, Moseley, using data from studies with X- rays, proposed elements can be arranged in order of increasing atomic number and not atomic mass.

The Periodic Table, then, is an arrangement of the elements in order of increasing atomic number. Each element in the Periodic table has one more than the element before it. When arranged in the periodic table, the elements fall into groups and horizontal sets called periods. 
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In-class exercise
From the electronic configuration of the elements Na to Ar:

· Elements in a given period have the same number and type of inner shells;

· Elements in a given period differ in the number of electrons in their outer shells.

Each time a new outer shell is started, a new period begins.

The Periodic table:

· Summarizes information about the elements;

· Links seemingly unrelated facts;

· Provides a basis for explaining the behaviour of elements;

· Enables us to make predictions about the physical and chemical properties of elements.

The periodic table divides the elements into metal, non-metals and semi-metals. Non-metals are found to the right and metals are found on the left.
________________________________________________________________________
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