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So far we have developed physical chemistry with little regard to the existence of
the fundamental particles that cbmprise all matter. This approach reveals a good
deal about the properties of matter, but much more can be accomplished on the
basis of the laws that govern the behavior of these fundamental particles. During
the 1930s it became apparent that more progress is made by considering the wave
properties of particles, and we will therefore begin by summarizing what is known
about wave motion.

11.1 ELECTROMAGNETIC RADIATION AND THE OLD QUANTUM THEORY NN

Wavelength and Frequency

Visible light and many other apparently different types of radiation are all forms of
electromagnetic radiation, and in a vacuum they all travel with the same speed, namely
2.998 x 10® metres per second (m s~'). Electromagnetic radiation iﬂl characterized
by a wavelength A and a frequency v. These two physical quantltles are related to
the speed of light ¢ by the equation

Av=1¢ (11.1)

The SI unit of wavelength is the metre, although multiples such as nangmetres (nm)
are frequently used, especially in spectroscopy (Chapter 13). The SI unit of frequency
is the reciprocal second (s7), which is also called the herrz (Hz).

Because of this relationship, all electromagnetic radiation can be classified in
terms of either its wavelength or its frequency, as is done in Figure 11.1. We see
that long radio waves and electric waves may have wavelengths of many kilometres
and very low frequencies, whereas y (gamma) rays have very high frequencies and
extremely short wavelengths.

Electromagnetic radiation differs from certain other types of waves in a number
of important respects. Sound waves, water waves, seismic waves, and waves in a
plucked guitar string exist only by virtue of the medium in which they occur, whereas
electromagnetic waves can travel in a vacuum. Sound waves traveling through a gas,
for example, consist of alternating zones of compression and rarefaction, and the
molecular displacements that occur are in the direction in which the wave travels. As
the wave passes a certain region, the gas molecules undergo changes in energy and
momentum which then pass on to the next region. This type of wave propagation is
also found with a seismic wave traveling through the earth.

An electromagnetic wave is essentially different, since it can travel through
a vacuum, and the medium is not essential. However, when such a wave comes
in contact with matter, there are important interactions that affect the wave and
the material. There is a coupling of the radiation with the medium, and how this
occurs is best considered with reference to Figure 11.2, which shows that the wave
has two components, one an electric field and the other a magnetic field. These
components are in two planes at right angles to each other. A given point in space
experiences a periodic disturbance in electric and magnetic field as the wave passes by.
A charged particle such as an electron couples its charge with these field fluctuations
and oscillates with the frequency of the wave. A useful analogy is provided by a cork
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Double differentiatior: gives

d? k k
i JEL VN R P (11.13)
di? m m m

Our chosen function has therefore satisfied Eq. 11.11. The choices of a and b in
Eq. 11.12 are arbitrary and can be determined from initial conditions. Equation 11.12
becomes identical with Eq. 11.6 if a is the amplitude A, if b is the initial phase angle

8, and if
f& = w/rad (11.14)
m

Substitution into this expression of the value of @ from Eq. 11.4 gives
V= (11.15)

This frequency, known as the natural frequency of the simple harmonic motion,
thus varies inversely with the square root of the mass.

EXAMPLE 11.1 Suppose that a hydrogen atom (mass = 1.67 x 1077 kg) is
attached to the surface of a solid by a bond having a force constant of 5.0 kg s
Calculate the frequency of its vibration.

Solution From Eq. 11.15 it follows that

sl = 1 5.0 (kgs2)
"2V m 22\ 1.67 x 107 (kg)

=8.70 x 10'2 57!

When a body is oscillating, its kinetic energy E; and its potential energy E, are
continuously varying, but their sum Eq, is a constant:

Eoa =Ec+Ep (11.16)

We have seen (Eq. 1.12) that the potential energy is the work done in moving a mass
from its equilibrium position to a new position; thus for the displacement y from the
equilibrium position

Y Yoo kyy?
E=[-Pdy= [ hiydy =2 AL
0 0.’ 2
The kinetic energy is %mu2 where u is the velocity. We can evaluate the total energy
by calculating its value when the oscillator reverses its direction; then u = 0 and
y = A, the maximum amplitude. The potential energy is then %k;. A? (Eq. 11.17) and





