INTRODUCTION TO QUANTUM CHEMISTRY

QUANTITATIVE PROPERTIES

This unit deals with the properties of electromagnetic radiation and the electronic structure (that
is the properties of the electrons) of atoms. This chapter describes at a very introductory level the

fundamentals of quantum mechanics.

If a cavity is carved out of any material, and the walls of the cavity are kept at a uniform
temperature T, then the cavity will fill with radiation. Assuming that the walls are thick enough
so that no radiation can get through them, then the energy density (and also the entire spectrum
of the radiation) is determined solely by the temperature T — the composition of the material is
entirely irrelevant. The material is serving solely to keep the radiation at a uniform temperature.

Radiation of this type is generally called either thermal radiation or black-body radiation.

The motivation for the name “black-body radiation” stems from the fact that a black body in
empty space can be shown to emit radiation of exactly this intensity and spectrum. To see this,
imagine a material inside the cavity which is genuinely black, in the sense that all light hitting it
is absorbed. Since thermal equilibrium has been established, one concludes that the black body at
temperature T must emit radiation which precisely matches the radiation which it is absorbing —
otherwise it would either heat up or cool down, and that would violate the assumption of thermal
equilibrium. Not only must the energy densities match, but the entire spectrum must match —
otherwise one could imagine introducing a frequency selecting filter that would cause the black
body to heat or cool. Note that the radiation emitted by the black body is not a reflection— we
assumed that there was no reflection when we assumed that the body was black. Thus, the
emitted radiation has to be attributed solely to thermal emission. Even if the black-body is

removed from the cavity, it will continue to emit radiation of precisely this thermal spectrum.
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6.2.3 Rayleigh - Jean's law

According to Rayleigh, the energy distribution in the thermal spectrum is given by
Ex=—— (6.4)

where & 1s the Boltzmann's constant.
The Revieigh-Jean’s law holds good in the region of longer wavelengths but not
for shorter wavelengths.

€.2.4 Planck’s quantum theory

In 1901 Planck derived a theoretical expression for the energy distribution on the
basis of quantum theory of heat radiation. According to him, energy 1s emitted in the
form of packets or quanta called photons. Each photon has an energy hv where h 1
the Planck s constant and v is the frequency of radiation. According to this theory, the
energy is not emitted continuously by the body but it 1s emitted in certain multiple:
of the fundamental frequency of the energy emitter (resonator). This means that the
quanta of energies Ay, 2hv, 3hv, ... etc.
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Hence average energy associated with each photon is given by

hv

SOR

If we assume that all the photons are within the wavelength range A and A+ R
number of photons per unit volume (i.e. photon density) is given by

{7\ Yd\
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Hence total energy of photon within the wavelength range A and )\ + d) is given by
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This represent Planck’s law.
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This represents Wien’s radiation law.
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