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2.5: Hydrogen Luminescence

The luminescence spectrum of the hydrogen atom reveals light being emitted at discrete frequencies. These spectral features appear
so sharp that they are called lines. These lines, occurring in groups, are found in different regions of the spectrum; some are in the
visible, some in the infrared, and some in the vacuum ultraviolet. The occurrence of these lines was very puzzling in the late
1800’s. Spectroscopists approach this type of problem by looking for some regularity or pattern in the observations. Johannes
Rydberg recognized a pattern and expressed it in terms of the following formula,
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Here v is the “frequency” of the line in wavenumber units

v
v=— 2.5.2
. (2.5.2)
Ry is a constant equal to 109,677.581 cm™, now called the Rydberg constant, and f and 7 are positive integers with i > f.
Different groups of lines, called Rydberg series, are obtained for different values of f. The lines in each series arise from a range of
values for 7. This analysis by Rydberg was pretty amazing. It pictured the hydrogen atom as some sort of counting machine that
utilized integer numbers for some unknown reason.

Calculate the wavelength of a line in the hydrogen atom luminescence spectrum corresponding to f = 7 and i = 8. In which
region of the electromagnetic spectrum will this line appear?

Since the Rydberg equation was derived empirically (i.e., invented to describe experimental data), the next question was, “Can the
Rydberg equation and the origin of the integer values for f and ¢ be obtained from theoretical considerations?” This question was
enormously difficult for scientists at the time because the nature of the spectrum, discrete lines rather than a continuous frequency
distribution, and the very existence of atoms, was not consistent with existing physical theories.

Explain what it means to say a constant or an equation is empirical. Give an example of a value that is determined empirically.

This page titled 2.5: Hydrogen Luminescence is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by David
M. Hanson, Erica Harvey, Robert Sweeney, Theresa Julia Zielinski via source content that was edited to the style and standards of the LibreTexts

platform.

https://chem.libretexts.org/@go/page/4473



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/4473?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Book%3A_Quantum_States_of_Atoms_and_Molecules_(Zielinksi_et_al)/02%3A_Foundations_of_Quantum_Mechanics/2.05%3A_Hydrogen_Luminescence
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Book%3A_Quantum_States_of_Atoms_and_Molecules_(Zielinksi_et_al)/02%3A_Foundations_of_Quantum_Mechanics/2.05%3A_Hydrogen_Luminescence
https://creativecommons.org/licenses/by-nc-sa/4.0
http://pubs.acs.org/doi/abs/10.1021/ed082p1880.2
https://web.archive.org/web/20200619182410/http://www.chemeddl.org

