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Question

Why in writing ionic charges do the charge signs follow
rather than precede the numbers?

James Puckett
Grandview High School
Grandview, MO, 64030

Answer

Though the term “ion” was first introduced by Michael
Faraday in 1834 (1), the concept of free ions in solu-
tion, and the corresponding need for a modification of
conventional chemical symbolism in order to distin-
guish them from free atoms, did not come about until
the introduction of Svante Arrhenius’ theory of ionic
dissociation in the 1880s (2). The impact of Arrhenius’
theory on the introductory textbook was largely driven
by the concomitant rise of modern physical chemistry
in the 1890s under the leadership of the German chem-
ist, Wilhelm Ostwald.

In his own textbooks Ostwald chose to represent
the charge on positive ions by a series of superscripted
dots placed to the right of the atomic symbol, and the
charge on negative ions by a series of superscripted
primes (3). Thus the barium cation was symbolized as
Ba* and the phosphate anion as PO4””. In contrast, the
German chemist, Walther Nernst, in his equally influ-
ential 1893 textbook of theoretical chemistry, chose to
place an appropriate number of superscripted + or -
signs directly above the ion’s atomic symbol (4), a
practice which was soon modified by placing them
instead to the immediate right of the symbol, as in
Ba**and PO4+7(5).

The TUPAC guide to Quantities, Units and Sym-
bols claims that yet a third “algebraic” method of indi-
cating ionic charges was also used in the past in which
the charge preceded the numerical value, as in Ba*? and
PO43, even though this particular sequence of symbols was
originally intended to represent the inherent sign of a
number or exponent and not the number of signs (6).
However, inspection of nearly three dozen general,
inorganic, and analytical textbooks, spanning the period
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Figure 1. Svante Arrhenius (1859-1927).

1909-1975, revealed that the vast majority employed
the modified Nernst notation, with a smaller number —
mostly of European or Russian origin — using the Ost-
wald notation instead. Rather surprisingly, very few
examples of texts using the algebraic notation could be
found, all of them post-1970 (7).

Since at least the 1950s IUPAC has ruled that
ionic charges or “charge numbers,” as they are now
officially called, should be written instead with the
number preceding the charge sign, as in BaZ* and PO4*
(6, 8,9). There are several reasons for this decision. It
is more concise than the typographically inelegant
Nernst approach and more physically meaningful than
the Ostwald notation. Unlike the algebraic notation, it
avoids confusion with the conventional symbolism for
inherently positive and negative numbers and main-
tains consistency in how we count physical entities.
Thus, in counting apples, we say two apples, three ap-
ples, etc., not apples two, apples three — that is, the
number always precedes the name of the entity be-
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ing counted. Likewise, when counting charges, we
should say two positive charges or three negative
charges, not positive charges two or negative charges
three. The TUPAC ruling was intended to make the
charge number symbolism consistent with this verbal
convention.

Most introductory chemistry textbooks now
employ the TUPAC notation for ionic charges. How-
ever, while our survey of older textbooks uncovered
only a few examples in which algebraic notation was
used to symbolize ionic charges, it did disclose that
this notation was used from a fairly early date to indi-
cate so-called polar valence values or oxidation num-
bers (10) — a practice that is still widely found in gen-
eral chemistry texts despite the fact that it is at variance
with TUPAC recommendations, which unambiguously
state that oxidation numbers are always to be symbol-
ized using Roman numerals rather than Arabic numerals
6,9).

Further confusion results from the fact that these
same textbooks employ the algebraic notation to sym-
bolize oxidation numbers when balancing redox equa-
tions, but the IUPAC Roman numeral notation when
naming compounds using the Stock oxidation-number
system. This eclecticism is further compounded by the
fact that virtually all introductory texts also incorrectly
state that the Stock system is to be used only when
naming so-called ionic metal-nonmetal compounds
(e.g iron(II) chloride for FeCl»), whereas the stoi-
chiometric prefix system is to be used only when
naming so-called covalent nonmetal-nonmetal com-
pounds (e.g. dinitrogen trioxide for N>Os3). As even a
superficial glance at the ITUPAC rules shows, this is
incorrect (9). Rather the Stock and prefix systems rep-
resent two alternative, but equally valid, naming sys-
tems applicable to all binary inorganic compounds
irrespective of any imagined differences in their ion-
icity or covalency (11).
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Do you have a question about the historical origins of a sym-
bol, name, concept or experimental procedure used in your
teaching? Address them to Dr. William B. Jensen, Oesper
Collections in the History of Chemistry, Department of
Chemistry, University of Cincinnati, Cincinnati, OH 45221-
0172 or e-mail them to jensenwb@ucmail .uc.edu

Update

After publishing this article, it occurred to me that our
generalized procedure for symbolizing nuclear charges
in quantum mechanics as Ze, rather than as eZ, where Z
is the number of charges (from the German Zahl) and e
is the numerical value of an elementary charge, has a
certain parallel with the arguments used here for the
proper writing of ionic charges.
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