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21.3: Atomic Spectra and the Bohr Theory

When any element is heated to a sufficiently high temperature, all bonds between atoms are dissociated and the element turns into a
monatomic gas. At these or still higher temperatures the single atoms begin to radiate visible and ultraviolet light. The actual
pattern of light emitted varies from element to element and is called its emission spectrum. Such a spectrum is commonly obtained
by passing an electric arc through a powdered sample of the solid element or by applying a voltage to a discharge tube containing a
gas at low pressure. Neon signs are everyday examples of discharge tubes. Neon produces a bright red glow in the tube, and other
gases produce different colors.
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Figure 21.3.1 Schematic diagram of a spectroscope. Light emitted by an element in a discharge tube or other source is passed

through slits to produce a beam. When the beam strikes a prism, different wavelengths are bent by different amounts, allowing

them to strike the film at different locations. The darkness of the exposed film depends on the intensity of the light striking it.
If the emission spectrum of an element is passed through a prism and allowed to strike a photographic film, the intensity of
emission as a function of wavelength can be measured. The equipment for making such measurements is called a spectroscope and
is shown schematically in Figure 21.3.1 Typical emission spectra obtained in this way are shown in Figure 21.3.2 where the
intensity is plotted against wavelength. Note from this figure how the light emitted is confined to a few very specific wavelengths.
At all other wavelengths there is no emission at all. Spectra of this kind are usually referred to as line spectra. The wavelengths of
the lines in a line spectrum are unique to each element and are often used, especially in metallurgy, both to identify an element and
to measure the amount present. These wavelengths can often be measured to an accuracy as great as one part in a billion (1 in 10°).
Because the spectrum of an element is readily reproducible and can be measured so accurately, it is often used to determine lengths.
For example, the meter was once defined as the distance between two marks on a platinum bar kept at Sevrés in France, but now it
is taken as 1 650 763.73 wavelengths of a particular line in the spectrum of ggKr.

At first glance the wavelengths of the lines in an emission spectrum, like those shown in Figure 21.3.2 appear to have no pattern to
them, but upon closer study regularities can be distinguished.
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Figure 21.3.2 The ultraviolet and visible emission spectra of gaseous hydrogen, helium, sodium and iron. For comparison the

colors of visible light are given the bottom of the figure. All spectral lines indicated in color can be derived from energy levels.
For example, you can see that lines in the hydrogen spectrum occur very close together in the region just above 365 nm and then
are spaced farther and farther apart as A increases. In 1885 a Swiss high-school mathematics teacher, J. J. Balmer (1825 to 1898),
discovered a formula which accounted for this regularity:

A = 364.6 nm n=34,5, (21.3.1)

n2 —
When the number n is any positive integer greater than 2, the formula predicts a line in the hydrogen spectrum. For n = 3, the
Balmer formula gives A = 656.3 nm; when n = 4, A = 486.1 nm; and so on. All spectral lines predicted by the Balmer formula are

said to belong to the Balmer series.

Other similar series of lines are found in the ultraviolet (Lyman series) and infrared (Paschen, Brackett, Pfund series) regions of the
spectrum. In each case the wavelengths of the lines can be predicted by an equation similar in form to Balmer’s. These equations
were combined by Rydberg into the general form

1 1 1

where R, called the Rydberg constant , has the value 1.097 094 x 107 m™L. Thus a single equation containing only one constant
and two-integer parameters is able to predict virtually all the lines in the spectrum of atomic hydrogen.
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