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Abstract This paper replies to two of the most common questions that students usually pose to their teacher
during a general chemistry course, i.e. how many chemical elements are in the Periodic Table and how many could
be in our Universe. Reply to the former question can be easily found either in the literature or in any updated
chemistry book. More interestingly, this communication shows that the latter question may be (simply) answered by
making reference to the Bohr’s atomic model that, notwithstanding its well-known limits, allows teachers to
demonstrate that (for a hydrogenoid atom) 137 is the highest possible value for Z, as predicted by quantum
electrodynamics, a much more complicated theory, usually taught in Physics advanced courses.

Keywords: Bohr atomic model, general chemistry, base chemistry course, periodic table, hydrogenoid atom, speed
of light, Ununseptium, island of stability, atomic number

Cite This Article: E. Garrone, C.O. Arean, and B. Bonelli, “How Many Chemical Elements are there in the
Universe? A (not so) Bohring Question.” World Journal of Chemical Education, vol. 5, no. 1 (2017): 20-22.

doi: 10.12691/wjce-5-1-4.

1. Introduction

At the time of grasping the rich wealth of knowledge
encoded in the Periodic Table (PT), students of chemistry,
frequently, pose the two related questions of how many
elements are nowadays in the PT and how many could be
in our Universe.

The answer to the first of these questions can easily be
found in the literature. To date, there are 118 elements
in the PT: the most recent addition (accomplished in
2014) is the element having the atomic number Z = 117

200

(Ununseptium) [1], which filled a gap in the island of
stability of super heavy eclements predicted time ago.
[2,3] Elements 116 and 118 had actually been added
earlier, in 2006. [4] Finally, at the end of 2015 the
International Union of Pure and Applied Chemistry
(IUPAC) has formally recognized elements 113, 115, 117
and 118.

Of those 118 elements, only 80 are stable, meaning that
they all have at least one isotope not undergoing natural
decay. There are no known stable isotopes of elements
having atomic number greater than that of Pb (Z = 82)
(Figure 1), and the same is true for Tc and Pm (atomic
number 43 and 61, respective).
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Figure 1. Number of neutrons versus number of protons for (i) stable isotopes belonging to the so-called “band of stability” (green symbols) and
(ii) superheavy elements of the “island of stability” (blue symbols), predicted time ago. The vertical red bar points out the maximum predicted value of
Z =137. The dashed black line corresponds to number of neutrons = number of protons
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The only known isotope of Bismuth (**’s3Bi) was thought
to be stable until recently; but it turned out to be decaying
with a half-life of (1.9+0.2) x 10" years. [5] According to
current theories of the atomic nucleus, elements yet to be
discovered (or produced artificially) are not expected to be
stable, if anything because of the well-known instability of
atomic nuclei having an ever increasing mass [6].

The second question above would appear to be more
difficult to answer in a simple manner, if anything because
the following question arises: besides the instability of
atomic nuclei, is there any inherent limit to the number of
chemical elements?

2. Discussion

The answer to the aforementioned question is given by
quantum electrodynamics (QED), a theory that combines
quantum mechanics and special relativity, usually taught
in Physics advanced courses. The basic idea is easy to
grasp: electrons (especially the most internal ones) interacting
with a heavy nucleus, showing a correspondingly high
nuclear charge, have to move at a high speed to overcome
electrostatic attraction. Because there is a limit to any
attainable speed (the velocity of light, ¢), the charge Z of
the nucleus cannot be anyone. The result obtained from
the rather complex QED theory is, however, simple. The
nuclear charge Z cannot exceed 137, i.e., the inverse of the
value of the so called fine-structure constant, which is a

dimensionless combination of three fundamental constants:

&’/lic, where e is the charge of the electron and 7 is the Plank
constant 4 divided by 2n. The fact that 7ic/e” is very close
to an integer number (its approximate value is actually

137.04)" has in the past stimulated a great deal of speculation.

Nevertheless, for students of Chemistry, who usually
are not acquainted with the intricacies of QED, we note
herein that the very same result can be arrived at by using
the pioneering model proposed by Niels Bohr for the
hydrogen atom: actually the first atomic model ever
envisaging quantum conditions, and which is present in
many textbooks.

In Bohr’s atomic model the electron moves around the
nucleus as a planet around the Sun. A circular orbit is
assumed (instead of the elliptical orbits later introduced in
the Bohr-Sommerfeld model). Because of its 1-D nature,
only one quantum number was required in the first model
of the hydrogen atom. However, in order to account for
multiple discrete energy values for the electron, Bohr assumed
that its angular momentum can take values that are an
integer multiple of h, as shown in equation (1) below,

mvr =n(h/27) = nh (1)

where m is the mass of the electron, v its speed, r the
distance from the centre of the atomic nucleus and » the
quantum number.

Let us consider now the case of a nucleus having charge
Z. The condition for equality between centrifugal and
electrostatic forces acting on an electron orbiting such an
atomic nucleus is (in a hydrogenoid system) is given by
equation (2) below:

! Note that the value of the fine structure constant (e%hc) is: 7.297 352
5698(24)x10?

ma)zr = Ze? /r2 (2)

where @ = v/r is the angular velocity and e the charge of
the electron.

Criticisms to Bohr’s model are well known and sound,
among them:

(1) electrons are not marbles, and they are subjected to
the uncertainty principle;

(i) a charge moving on a bent path radiates energy,
which cannot therefore remain constant;

(iii) quantum mechanics expresses the angular momentum
in a different way. However, well known are also the merits
of Bohr’s model, as it correctly predicts both the radius of
the hydrogen atom and the value of the Rydberg constant.

The above criticisms notwithstanding, let us point out
that combination of equations (1) and (2) leads to equation
(3) below:

V=e2Z ] hn. 3

Equation (3) shows that, within the Bohr’s atomic
model approximation, the speed of the electron is directly
proportional to the atomic number and inversely
proportional to the (principal) quantum number, so that
high velocities would occur for heavy elements and
low-lying states. For an atom having atomic number Z*,
Eq. (3) shows that the velocity of the electron in its
ground state (n = 1) equals the speed of light, ¢, when
Z* = he/e’, which is precisely the inverse of the fine
structure constant. This means that a hydrogenoid atom
having Z* = 137 would have electrons traveling at
(approximately) the speed of light, which is forbidden by
Relativity. The conclusion is that 137 is the highest
possible value for Z, as predicted by QED theory.

3. Conclusion

The above simple way of introducing the concept of an
inherent limit to the number of chemical elements may
prove to be useful when teaching chemistry at a basic
level. Moreover, it also proves how far a simple model can
sometimes go.
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