The origin of atomic spectra




Electrons are found surrounding the atomic nucleus at quantized energy levels (sometimes called shells or orbitals). There are an infinite number of energy levels that are separated by smaller and smaller energies as the level number n approaches infinity. The exact separation of the energy levels is determined by the mutual electrostatic repulsion between electrons and the electrostatic attraction between the nucleus and an electron. Gravitational attraction is negligible at the atomic scale.

An electron can jump to a higher energy level if it absorbs precisely the amount of energy that separates the two levels. Likewise, an electron can emit energy precisely equal to the energy between two levels and cascade down to that lower energy level. If an electron starts from and returns to the same energy level, the energy absorbed exactly equals the energy emitted.

For example, an electron in a hydrogen atom may jump from the n = 1 level to the n = 2 level if the electron absorbs precisely 10.19 eV (electron-volts) of energy. In 1900, the physicist Max Planck determined a relationship between energy E and wavelength ( expressed as
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where h is a constant of proportionality called Planck’s constant and c is the speed of light.

In the case of the hydrogen atom, electron transitions that start and stop at the n=2 level result in absorption or emission of energy at wavelengths visible to the eye.
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The colors seen are very subjective, but the wavelengths observed are unique to the neutral hydrogen atom. Even when red is seen in the spectrum of another element, such as in helium, the exact wavelength will be different from that in hydrogen.

Since the absorption and emission steps are but two parts of a cycle, both steps can be observed, but surrounding conditions will determine which step is seen. If a cloud of gas is observed against a darker/cooler background, and emission line spectrum is observed (e.g., the Orion nebula). If a cloud of gas is seen against a hotter/brighter background, an absorption line spectrum is seen (e.g., the spectrum of a star). A star’s absorption spectrum is produced in its lowest atmospheric layer called the photosphere. What we might simply call its “surface.”

The absorption spectrum of hydrogen was used to create the spectral classification scheme OBAFGKM because hydrogen makes up about 75% of all stars’ photospheres and it was most prominent using the limited technology of the time period. Today, high resolution spectra reveal spectral absorption lines due to trace amounts of dozens of other elements.

Because of their different electron structures, each element exhibits its spectral signature over a specific temperature range (It may help to recall that temperature is simply a measure of the average kinetic energy of an atom in a gas).
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