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The atomic nuclide with the highest mean binding energy
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It seems to be widely believed that *°Fe is the most tightly bound atomic nuclide. Data are compiled
showing that this is not so: Both 8Fe and 5?Ni are more strongly bound than 3*Fe, with 5?Ni having
the highest mean binding energy. Reasons for the erroneous favoring of °Fe are canvassed. The
history of atomic-mass measurements does not provide an explanation, nor does the liquid-drop
model; an analysis using this model shows that, if we could switch off shell effects and allow both
the atomic number and the mass number to be fractional, but retain the underlying liquid-drop
characteristics of real nuclei, then the most tightly bound nuclide would have A=~58.3, Z~26.6.
It seems that belief in “°Fe as the most tightly bound atomic nuclide may originate from studies of
stellar nucleosynthesis. © 1995 American Association of Physics Teachers.

L. INTRODUCTION

The September 1990 issue of Physics Today contains an
interesting article on supernovae, in which the following
statement appears:' “As is well known, *°Fe is the most
strongly bound nucleus... .” Indeed, this does seem to be well
known. It is widely taught. Several first-year-physics text-
books mention it.? It appears in the astrophysics literature>~
and in introductory astronomy textbooks.® In fact, the state-
ment is incorrect. Both Fe and %’Ni are more strongly
bound than *®Fe, with 52Ni having the highest average bind-
ing energy of all nuclides. The data to support this assertion
are compiled in the next section. These data have been avail-
able for several decades, and indeed a note pointing out that
S2Ni is the most ti;htly bound nuclide has appeared in this
journal previously.” Yet support for *°Fe is very persistent, as
the exchange between the authors of Refs. 1 and 7 in the
letters column of Physics Today attests.® Why is this so? A
first response to this question might be that perhaps early
measurements of atomic masses pointed to “SFe as the nu-
clide with the highest mean binding energy. The history of
mass measurements in the A~60 mass region is outlined in
Sec. II, showing that this simple answer is not correct.

Perhaps studies of the liquid-drop model of nuclei might
lead one to believe that *Fe is the most tightly bound nu-
clide. There is some reason for exploring this possibility; for
nickel has a closed proton shell, that is, its isotopes are more
tightly bound than mass systematics would lead one to ex-
pect. In addition, the location of the mass parabola with re-
spect to integer values of the atomic number Z varies slowly
from one A value to the next. Perhaps this has an effect
between iron and nickel. There seems to be no previously
published consideration of these points, so they probably can
not explain the support for *°Fe. Nevertheless, Sec. III exam-
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ines these effects by exploring the systematics of the A =49
to A =71 mass region using the semiempirical mass formula.
This analysis shows that, if we were able to switch off shell
effects and allow both A and Z to be nonintegral, then the
most tightly bound nuclide would have A~58.3, Z~26.6.
Thus the reason for the belief that °Fe is the most tightly
bound nuclide is not to be found in the liquid-drop model.

Section IV suggests that the reason for the favoring of *Fe
might lie in one of the successes of the theory of stellar
nucleosynthesis, namely, the explanation of the relatively
high stellar abundance of **Fe. The main points of the paper
are summarized in Sec. V.

IL. ATOMIC-MASS MEASUREMENTS IN THE
REGION OF STRONGEST NUCLEAR BINDING

Figure 1 shows the average binding energy B/A of ali
nuclides in the mass range 49<A <71 whose masses have
been measured or estimated. The data come from the 1983
atomic-mass evaluation® and have been spread over the six
panels of Fig. 1 for clarity. The curves in Fig. 1 are
weighted-least-squares parabolae; these are included to guide
the eye and for the purposes of Sec. I1I. Having compiled the
data, it is a simple matter to find the nuclide with the highest
B/A value for each mass number. The B/A values of these
are plotted against mass number in Fig. 2. This figure shows
clearly that ®*Ni and **Fe are both more strongly bound than
*Fe, with 5 Ni lying fourth. The actual values of the mean
binding energies of these four nuclides are given in Table 1.

The mean binding energy of ®’Ni exceeds that of *°Fe by
about 4 keV/A. This is so large compared with the uncertain-
ties that earlier atomic-mass evaluations must surely have
told the same story. And indeed they did. Table II gives the
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