Chapter 3. Atomic Structure

Overview

Chapter 3 examines the experimental evidence leading to modern atomic theory. The chapter opens with the earliest experiments that indicated the electrical nature of matter and concludes with modern quantum theory.

Lecture Outline

3.1 Electricity and the Atom


Humphry Davy’s experiments with the voltaic pile led to the electrolysis of


molten salts. Michael Faraday refined Davy’s procedures and became the father


of electrochemistry. Cathode ray tube experiments conducted by J. J.


Thomson allowed him to calculate the mass-to-charge ratio of the


electron. Conducting similar experiments, Eugen Goldstein discovered the


proton. Millikan’s oil-drop experiment enabled him to calculate the charge of


the electron, and thus its mass.

3.2 Serendipity in Science: X-Rays and Radioactivity


Roentgen, in 1895, stumbled upon X-rays while conducting cathode ray


experiments.

3.3 Three Types of Radioactivity


The alpha particle () is a helium nucleus.


The beta particle () is an electron.


The gamma ray () is a high-energy photon.

3.4 Rutherford’s Experiment: The Nuclear Model of the Atom


The gold foil experiment was strong and convincing evidence that led to the


theory of the nuclear atom.

3.5 The Atomic Nucleus


The nucleus contains protons (+1 charge), neutrons (neutral), and nearly all


the mass of the atom. Electrons are outside the nucleus, have a -1 charge, and


only a fraction of the mass of the proton and neutron. It is the number of

protons that defines an element! Isotopes are atoms of the same element having different numbers of neutrons, and thus varying in mass. 

3.6 Electron Arrangement: The Bohr Model


Spectroscopic evidence led Bohr to conclude that only certain energy levels, or


orbits, were allowed for electrons. 

3.7 Electron Arrangement: The Quantum Mechanical Model

Louis de Broglie showed that the electron had wave properties. Schrodinger used the de Broglie wave theory and the Bohr quantum theory to derive the quantum mechanical theory of the atom. The quantum mechanical theory describes the positioning of electrons about the nucleus and electron energies.

3.8 Electron Configurations and the Periodic Table


Figure 3.23 is an excellent tool for teaching students electronic configurations 

using shorthand spectroscopic notation based on element locations in the periodic table.

3.9 Which Model to Choose?

