Electromagnetic Radiation
OBJECTIVES:

10.  Describe the term valence electrons.
11. Explain electromagnetic radiation using the terms wavelength and frequency.

12. Perform calculations involving energy, wavelength, and frequency of energy emitted by an excited atom.

13. Explain the contribution of Planck and Einstein to quantum mechanics.

14. Describe and explain the difference between a continuous spectrum and a line (emission) spectrum.

15. Explain how the lines in the emission spectrum of hydrogen are related to the energy levels of the electrons.
Until the 1900’s, scientists believed that light was a beam of energy moving through space in the form of waves.  But in the 1900’s, scientists observed another side to the nature of light.  They found that in some experiments light behaved like a stream of extremely tiny, fast-moving particles.  Today scientists recognize that light has both the properties of waves and the properties of particles.  One of the ways that energy travels through space is by electromagnetic radiation.  
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The Electromagnetic Spectrum

Electrons are very important in chemistry.  They are in motion in the outer part of the atom.  When two atoms come near each other, it is these electrons that interact.  These electrons and their arrangement in the atom greatly affect an element’s properties and behavior.

Valence electrons – the electrons in the outermost energy level of an atom.  It is these electrons that interact with other atoms and participate in chemical reactions.  
Light energy is made up of particles that travel in waves.  There are ways to measure these waves of energy.  The number of wave peaks that occur in a unit of time is called the frequency, represented by nu, , of the wave.  It is measured in units of hertz (Hz).  A hertz is one peak, or cycle, per second.  The distance between the peaks is called the wavelength, represented by lambda, .

All electromagnetic energy travels at the speed of light, or 3.00 X 108 m/s (in a vacuum), and is represented by c.  The characteristics of waves are related by the statement
c = 
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An example of a light wave

If electrons are negative and the atom’s nucleus is positively charged, why aren’t the electrons pulled into the nucleus and held there?  Bohr proposed that electrons must have enough energy to keep them in constant motion around the nucleus.  Like satellites orbiting the Earth, the electrons have enough energy to remain in stable orbits without “falling” into the nucleus.  In order to get a satellite into orbit, you must add energy.  An electron behaves in the same way.  To get it to a higher level, you must add energy.   

When a substance is exposed to a certain intensity of light or other form of energy, the atoms absorb some of the energy.  Such atoms are said to be excited.  When atoms and molecules are in an excited state, unique energy changes occur that can be used to identify the atom or molecule.  Radiant energy of several different types can be emitted (given off) or absorbed (taken up) by excited atoms and molecules.  
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Energy Levels of Electrons – the further away an electron is from the nucleus, the more energy is has.  As an electron jumps to a higher energy level, it gains energy.  As it falls back to a lower energy level, it gives off energy.

Excited atoms soon lose the energy they have gained.  The energy emitted by gaseous atoms occurs at specific points (or lines) in a spectrum.  If these same atoms are exposed to light of all wavelengths, they will absorb energy.  If this light is examined after it passes through the gaseous form of an element, some of the incident light will be missing, when compared to the continuous spectrum (result of white light passing through a prism).  This missing light is absorbed by the gaseous atoms.  The spectrum of the light leaving the gaseous atoms has lines missing.  Such a spectrum is called an absorption spectrum.  The missing lines are part of the emission (line) spectrum.   In other words, the electrons gain energy and these levels are missing in the absorption spectrum.  When they fall back to their original position in the atom, they give off that same amount of energy, which is seen in the emission spectrum.  The significance for the line spectrum is that it indicates that only certain energies are allowed for the electron in each atom.  In other words, the energy of the electron in the atom is quantized.  This collection of lines for any element is the spectrum of that element and is unique.  Spectroscopy can be used as a means of identifying elements.  
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Emission Spectrum for Hydrogen
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When electrons return to the first energy level (n = 1) the series of lines occurs in the ultraviolet region as this involves the largest energy change.  The visible region spectrum is formed by electron dropping back to the n = 2 level and the first series in the infrared is due to electrons falling to the n = 3 level.  The lines in the spectrum converge because the energy levels themselves converge.

Planck vs. Einstein

Quantum Theory, also quantum mechanics, in physics, a theory based on using the concept of the quantum unit to describe the dynamic properties of subatomic particles and the interactions of matter and radiation.  The foundation was laid by the German physicist Max Planck, who postulated in 1900 that energy can be emitted or absorbed by matter only in small, discrete units called quanta.  At their fundamental level, atoms emit and absorb radiant energy in invisible packet-like bursts, or quanta.  Prior to this it was always assumed that atoms radiated energy continuously and smoothly.  The size of the energy packets can vary and, as they do so, they change the color of the light.
This idea restricts the electron to having certain very specific quantities of energy.  In other words, the electron was not allowed to have any random value of energy.  The energy is said to be quantized, meaning limited to specific quantities.  
The next important developments in quantum mechanics were the work of Albert Einstein.  He used Planck's concept of the quantum to explain certain properties of the photoelectric effect—an experimentally observed phenomenon in which electrons are emitted from metal surfaces when radiation falls on these surfaces.  Einstein assumed that a single quantum of radiant energy ejects a single electron from the metal.  The energy of the quantum is proportional to the frequency, and so the energy of the electron depends on the frequency.  His theory says that electromagnetic radiation can be treated as a series of energy packets or a stream of “particles” called photons.   
Therefore, 
· Energy is quantized.  It can occur only in discrete units called quanta.
· Electromagnetic radiation, which was previously though to exhibit only wave properties, seems to show certain characteristics of particulate matter as well.  This phenomenon is sometimes referred to as the dual nature of light.
