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Why are the letters s, p, d and f used to label electronic
subshells?
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Answer

Writing in 1937, the British physicist, A. C. Candler,
divided the history of spectroscopy into four eras,
which he called the acoustics period, the series period,
the old quantum period, and the newer quantum me-
chanical period (1, 2). “The first period,” Candler ob-
served, “began with the earliest measurements of wave
lengths and continued in the work of Boltzmann,
Liveing and Dewar until 1881 ... During this period
any theories put forward were based on analogies with
the harmonic ratios of sound.” It is in this period that
the story of s, p, d, and f begins and it does so with the
work of the last two scientists mentioned by Candler -
the British chemists, George Liveing and Sir James
Dewar, who published roughly a dozen papers between
1872 and 1880 dealing with the line spectra of the al-
kali metals (3). In describing these spectra, Liveing and
Dewar took to qualitatively characterizing the various
lines in terms of both their intensity and definition as
being either principle, sharp, or diffuse, and further
noted that lines of a given type appeared in groups or
series.

Stimulated by Johann Balmer’s discovery in 1885
of an empirical formula interrelating the four principle
spectral lines of hydrogen, Candler’s second or “se-
ries” period was, as suggested by its name, character-
ized by attempts to extend Balmer’s approach to other
elements. In the case of the alkali metals, this work
was done largely by the German team of Heinrich
Kayser and Carl Runge (4), and also independently by
the Swedish spectroscopist Johannes Rydberg (5).
Their work demonstrated that many of the lines in the
spectra of the alkali metals could be mathematically
modeled as the sum of three independent series, which

J. Chem. Educ.,2007, 84,757-758

Figure 1. Friedrich Hermann Hund (1896-1997).

Rydberg, following the earlier nomenclature of
Liveing and Dewar, named the principle, sharp and
diffuse series. In 1907 yet a fourth series of lines was
discovered in the spectra of the alkali metals by Arno
Bergmann and named the fundamental series (6).

As is well known, Chandler’s third period was
characterized by attempts, starting with Bohr’s famous
paper of 1913, to provide a physical model of the atom
consistent with the empirical series formulas found
earlier. Extending this model from hydrogen to other
elements led to the introduction of a variety of more
complex quantization schemes, none of which proved
wholly satisfactory until the work of Stoner, Main
Smith, and Pauli and the introduction of the newer
quantum mechanics in the early 1920s (Candler’s
fourth period). The history of this eventual resolution
is far too complex to deal with in the space available.
However, one of its most important consequences was
the establishment of our modern electronic atomic
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configurations and an understanding of their relation-
ship to the periodic table.

This breakthrough is usually attributed to a 1922
monograph by Bohr, but close inspection of Bohr’s
configurations shows that his subshell assignments are
incorrect (7). In actual fact, our current configurations
first appeared in Max Born’s 1925 monograph, Vor-
lesungen iiber Atommechanik, though in his introduc-
tion Born indicated that both the configuration table
and the discussion of its relationship to the periodic
table were actually the work of “my assistant Dr. Frie-
drich Hund” (8). Two years later Hund expanded this
work into a monograph of his own entitled Linienspek-
tren und periodisches System der Elemente (9).

In the version of the configuration table which had
appeared in Born’s monograph, Hund (figure 1) had
followed Bohr’s practice of labelling the various shells
and subshells in terms of their corresponding numeri-
cal quantum numbers as 3;, 3, 3; etc. In his own
monograph, however, he replaced the secondary quan-
tum number with the series notations (s, p, d, and f)
used by Sommerfeld and others as abbreviations for
the characteristic series constant, u, which had ap-
peared in Rydberg’s original empirical equation for the
sharp, principle, diffuse and fundamental line series
found the spectra of the alkali metals, and instead
wrote 3s, 3p, 3d etc. (10). Beginning in the 1930s both
Hund’s corrected configurations and his s, p, d, f nota-
tion began to slowly leak into the chemical literature,
where they have reigned supreme ever since (11).
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Do you have a question about the historical origins of
a symbol, name, concept or experimental proce-
dure used in your teaching? Address them to Dr. Wil-
liam B. Jensen, Oesper Collections in the History of
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Cincinnati, Cincinnati, OH 45221-0172 or e-mail
them to jensenwb@ucmail .uc.edu

2009 Update

Since writing the column, I have discovered that one
of the first advanced monographs to employ Hund’s
s, p, d, f orbital notation was the 1930 monograph on
the periodic table by the German chemists, Eugen Ra-
binowitsch and Eric Thilo:

E. Rabinowitsch, E. Thilo, Periodisches System: Geschichte
und Theorie, Enke: Stuttgart, 1930, pp. 244-245.
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