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Question

What is the origin of the “delta” symbol for fractional
charges?
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Answer

One of the important consequences of G. N. Lewis’
proposal in 1916 of the shared electron-pair or covalent
bond was the possibility, in addition to the conven-
tional integral ionic charges resulting from complete
electron transfer, of developing intramolecular partial
or fractional charges due to unequal sharing of the
electron pair - a possibility succinctly summarized by
Lewis in his 1923 monograph on Valence and the
Structure of Atoms and Molecules (1):

The pair of electrons which constitutes the bond may
lie between two atomic centers in such a position that
there is no electric polarization, or it may be shifted
toward one or the other atom in order to give to that
atom a negative, and consequently to the other atom a
positive charge. But we can no longer speak of any
atom as having an integral number of units of charge,
except in the case where one atom takes exclusive pos-
session of the bonding pair, and forms an ion.

Application in the 1920s of Lewis’ shared
electron-pair bond to the electronic theory of organic
reactivity by such British chemists as Christopher In-
gold, Robert Robinison, Arthur Lapworth, and Thomas
Lowry soon revealed the necessity of introducing a
new symbolism in order to differentiate between the
use of the + and - signs to indicate net ionic charges,
on the one hand, and their use to indicate relative po-
larity due to fractional charges, on the other. It was
with this in mind that the “delta” symbolism for frac-
tional charges was first introduced by Ingold (figure 1)
and his wife Hilda in a footnote to a 1926 paper on the
electronic theory of aromatic substitution (2):
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Figure 1. Christopher Kelk Ingold (1893-1970).

In this formula, and those which follow, 6+ and J- are
used to signify small fractions of a unit charge; n rep-
resents neutrality, and the signs + and - connote unit
charges.

Despite the intense rivalry between Ingold and
Robinson, Robinson was, rather surprisingly, one of
the first to adopt Ingold’s suggestion and employed it
in his famous 1932 summary of his own version of the
electronic theory of organic reactivity (3, 4). Neverthe-
less, the symbol was used only sparingly during the
1930s in the monograph literature dealing with the
electronic theory of organic chemistry (5, 6), with a
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substantial increase in usage not occurring until the
1940s and 1950s (7, 8).
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Do you have a question about the historical origins of
a symbol, name, concept or experimental procedure
used in your teaching? Address them to Dr. William B.
Jensen, Oesper Collections in the History of Chemis-
try, Department of Chemistry, University of Cincinnati,
Cincinnati, OH 45221-0172 or e-mail them to
jensenwb@ucmail .uc.edu
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