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Development of the Atomic Theory

Before embarking on a discussion of the development of atomic theory, it is important to distinguish between a theory and a law in science.  A law is a statement of an event or condition that has been observed so consistently over time that the scientific community is convinced that it will always be this way.  An example of a law is the Law of Conservation of Mass, which states that the mass of the reactants always equals the mass of the products in a chemical reaction.  A theory, however, is a guess (with supporting evidence) about the underlying principles which can explain a group of related observations.

Democritus (400 BC)
The Greek philosopher Democritus believed that matter is composed of tiny indestructible particles which he called atoms (from the Greek word atomos, meaning indivisible).  This idea seems to have been motivated by the question of how finely one can go on subdividing matter.  While Democritus performed no experiments and had little evidence for postulating the existence of atoms, his theory survived the Dark Ages to be rediscovered in 1417.  

The atoms in Democritus’ theory themselves remain unchanged, but move about in space to combine in various ways to form all macroscopic objects.  Early atomic theory stated that the characteristics of an object are determined by the shape of its atoms. So, for example, sweet things are made of smooth atoms, bitter things are made of sharp atoms.
John Dalton (1766 - 1844)
In 1803, a schoolteacher named John Dalton reintroduced and expanded on the theory of Democritus.  Dalton was trying to explain the laws of chemical change.   His theory consisted of several statements:
1. All matter is made of tiny indivisible particles called atoms.

2. Atoms cannot be created or destroyed.

3. All atoms of a particular element are identical.

4. Compounds are formed through the combination of elements.

5. Chemical reactions occur when atoms in compounds join together or separate to form new compounds.
Further experimentation revealed that Dalton’s atomic theory needed to be revised.
Cathode Ray Tubes (Early 1800’s)
In the early 1800’s, scientists studying electricity produced tubes known as Geissler tubes.  They consisted of a hollow glass tube with electrodes (metal) embedded at each end.  When a source of electricity was attached to the electrodes, the gas inside the tube would glow.  In 1855, a German physicist and glass blower named Heinrich Geissler used a vacuum pump to remove the gas inside the tube.  He discovered that if most of the gas was removed from inside the tube, a phosphorescent coating on the wall of the tube would glow green.   The source of the glow was found to be a ray emitted from the cathode (or negative) electrode.
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J. J. Thomson and the Electron (1856 – 1940)
In 1896-97, J.J. Thomson studied the nature of the cathode ray beam by placing electrically charged plates on opposite sides of the cathode ray tubes.  He observed that the rays consistently bent (were deflected) toward the positive plate.  Thomson also changed the type of metal the cathode was made from, and noted that it did not alter the results.  All metallic elements could emit these particles.




From this (and other experiments) Thomson was able to conclude that:
· Cathode rays consist of negatively charged particles called electrons.

· These electrons are much smaller than the smallest atom, hydrogen.
· The electrons are emitted from the atoms of the metal cathode.
Thomson then proposed the “Raisin Bun” or “Plum Pudding” model of the atom.  It stated that an atom was a positive sphere of electricity, with negatively charged electrons embedded in it.
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Radiation: The Next Great Tool

Around the same time that Thomson was developing his Plum Pudding model, other scientists were making important discoveries based on invisible rays known as radiation.   While experimenting with uranium crystals in 1896, Henri Becquerel placed some of the crystals on top of photographic films in a drawer.  When developed, the films produced a picture of the uranium crystals without being exposed to light!  He had discovered a form of radiation that was continuously being emitted from the element uranium.

Marie and Pierre Curie did many more experiments with uranium.  They discovered two new elements, polonium and radium, which also emit the particles. Marie Curie coined the term radioactivity, which meant to spontaneously emit particles and was the first woman in France to receive a Ph.D.  These radioactive elements were used by future scientists to refine the atomic theory.
Ernest Rutherford and the Nucleus (1911)
Rutherford was the chair of physics at McGill University, where his students carried out two famous experiments that changed our views of the atom.

Lead Block Experiment 

Rutherford investigated the effect of a magnetic field on the radiation emitted from radium.  He discovered that the beam of radiation had three components: alpha (() particles (helium ions, He2+), beta (() particles (electrons) and gamma (() rays (electromagnetic radiation). 

Gold Foil Experiment

Rutherford’s students placed a sample of uranium inside a lead block drilled with a very small hole, so that the alpha particles could only escape in one direction.  He then aimed the radiation at a thin piece of gold foil only a couple of atoms thick.  Rutherford himself believed the plum pudding model, and expected that most of the particles would pass through the loosely packed atoms with a very slight deflection, at most.  
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Results of the Gold Foil Experiment:

· 99.99% of the alpha particles passed straight through the foil.
· 1 in 8000 were deflected or even bounced back.

Conclusion:

· The positive charge of the atom is not evenly distributed as in the Plum Pudding model.

· The positive charge is concentrated in an extremely dense core.

· Most of the atom consists of empty space occupied by a cloud of tiny electrons.
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Rutherford proposed a new model of the atom.  In it, the atoms was mostly made of empty space, with a very dense core of positively charged matter he called the nucleus.  The nucleus was made up of subatomic particles called protons, while the negatively charged electrons were outside the nucleus.
James Chadwick and the Neutron
While studying the atom, Rutherford observed that the number of protons he could detect coming from atoms did not seem to match the mass of the atom.  This led him to propose that there was another particle inside the atom which also had mass but no charge.  He could find no experimental proof that it existed, however.  

In 1932, a student of Rutherford named James Chadwick proved the existence of a third subatomic particle.  He bombarded the element beryllium with alpha particles.    The collision produced the element carbon and a beam of uncharged particles.    These uncharged (neutral) particles were called neutrons and further experiments found they have mass that is almost identical to that of the protons in the nucleus.    
Read p. 34 – 39 of the Chemistry 11 textbook and complete these questions.

The Structure of the Atom

	Particle
	Symbol
	Location in the Atom
	Charge
	Mass

	proton


	
	
	
	

	neutron


	
	
	
	

	electron


	
	
	
	


1.  Copy the 4 statements of the Modern Atomic Theory into your notes.  Include a title.

2.  Define the following: atomic number and mass number.
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3.  What do the letters A, Z and X represent in this notation?
4.  How does one calculate the number of neutrons in an atom?

5.  How does one determine the number of electrons in a neutral atom?

6.  Do practice problem #1 and questions 1, 2, 3, 4 on p. 39.

Practice Problem 1:
Fill in the missing information in the table below.   

	AZX Notation
	Element
	Number of Protons
	Number of Neutrons

	115B
	
	
	

	20882Pb
	
	
	

	
	tungsten
	
	110

	
	helium
	
	2

	23994Pu
	
	
	

	5626?
	
	26
	

	
	bismuth
	
	126

	
	
	47
	60

	2010?
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(2] Explain the difference between a stable isotope and a
radioisotope. Provide an example other than oxygen to support
your answer. .

(3] Examine the information represented by the following pairs: 3H
and 3He; '2C and "SN; '3F and 'SF.
(a) For each pair, do both members have the same number of protons?
electrons? neutrons?
(b) Which pair or pairs consist of atoms that have the same value for Z?
Which consists of atoms that have the same value for A?

@O ©@ Compare Dalton’s atomic theory with the modern atomic theory.
Explain why scientists modified Dalton’s theory.

@ ©@ In your opinion, should chemistry students learn about Dalton’s
theory if scientists no longer agree with it completely? Justify
your answer.

Chapter 2 Elements and the Periodic Table « MHR
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Not all chemists believed

that Dalton’s atoms existed. In
1877, one skeptical scientist
called Dalton’s atoms “stupid
hallucinations.” Other scien-
tists considered atoms to be

a valuable idea for understand-
ing matter and its behaviour.
They did not, however, believe
that atoms had any physical
reality. The discovery of
electrons (and, later, the other
subatomic particles) finally
convinced scientists that
atoms are more than simply
an idea. Atoms, they realized,
must be matter.
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