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12.11: Polyelectronic Atoms
Electrons with more than one atom, such as Helium (He), and Nitrogen (N), are referred to as multi-electron atoms. Hydrogen is
the only atom in the periodic table that has one electron in the orbitals under ground state. We will learn how additional electrons
behave and affect a certain atom.

Introduction
Let's review some basic concepts. First, electrons repel against each other. Particles with the same charge repel each other, while
oppositely charged particles attract each other. For example, a proton, which is positively charged, is attracted to electrons, which
are negatively charged. However, if we put two electrons together or two protons together, they will repel one another. Since
neutrons lack a charge, they will neither repel nor attract protons or electrons.

Figure 1: a) The two electrons are placed together and repel each other because of the same charge. b) The two protons are
repelling each other for the same reason. c) When oppositely charged particles, an electron and a proton, are placed together, they

attract each other.

Protons and neutrons are located in an atom's nucleus. Electrons float around the atom in energy levels. Energy levels consist of
orbitals and sub-orbitals. The lower the energy level the electron is located at, the closer it is to nucleus. As we go down and to the
right of the periodic table, the number of electrons that an element has increases. Since there are more electrons, the atom
experiences greater repulsion and electrons will tend to stay as far away from each other as possible. Our main focus is what effects
take place when more electrons surround the nucleus. To better understand the following concepts it is a good idea to first review
quantum mechanics.

Shielding (Screening)
With more protons in the nucleus, the attractive force for electrons to the nucleus is stronger. Thus, the orbital energy becomes
more negative (less energy). Orbital energy also depends on the type of l orbital an electron is located in. The lower the number of
l, the closer it is to the nucleus. For example, l=0 is the s orbital. S orbitals are closer to the nucleus than the p orbitals (l=1) that are
closer to the nucleus than the d orbitals (l=2) that are closer to the f orbitals (l=3).

More electrons create the shielding or screening effect. Shielding or screening means the electrons closer to the nucleus block the
outer valence electrons from getting close to the nucleus. See figure 2. Imagine being in a crowded auditorium in a concert. The
enthusiastic fans are going to surround the auditorium, trying to get as close to the celebrity on the stage as possible. They are
going to prevent people in the back from seeing the celebrity or even the stage. This is the shielding or screening effect. The stage
is the nucleus and the celebrity is the protons. The fans are the electrons. Electrons closest to the nucleus will try to be as close to
the nucleus as possible. The outer/valence electrons that are farther away from the nucleus will be shielded by the inner electrons.
Therefore, the inner electrons prevent the outer electrons from forming a strong attraction to the nucleus. The degree to which the
electrons are being screened by inner electrons can be shown by ns<np<nd<nf where n is the energy level. The inner electrons will
be attracted to the nucleus much more than the outer electrons. Thus, the attractive forces of the valence electrons to the nucleus are
reduced due to the shielding effects. That is why it is easier to remove valence electrons than the inner electrons. It also reduces the
nuclear charge of an atom.
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Figure 2.1

Penetration

Penetration is the ability of an electron to get close to the nucleus. The penetration of ns > np > nd > nf. Thus, the closer the
electron is to the nucleus, the higher the penetration. Electrons with higher penetration will shield outer electrons from the nucleus
more effectively. The s orbital is closer to the nucleus than the p orbital. Thus, electrons in the s orbital have a higher penetration
than electrons in the p orbital. That is why the s orbital electrons shield the electrons from the p orbitals. Electrons with higher
penetration are closer to the nucleus than electrons with lower penetration. Electrons with lower penetration are being shielded
from the nucleus more.

Radial Probability Distribution
Radial probability distribution is a type of probability to find where an electron is mostly likely going to be in an atom. The
higher the penetration, the higher probability of finding an electron near the nucleus. As shown by the graphs, electrons of the s
orbital are found closer to the nucleus than the p orbital electrons. Likewise, the lower the energy level an electron is located at, the
higher chance it has of being found near the nucleus. The smaller the energy level (n) and the orbital angular momentum quantum
number (l) of an electron is, the more likely it will be near the nucleus. As electrons get to higher and higher energy levels, the
harder it is to locate it because the radius of the sphere is greater. Thus, the probability of locating an electron will be more difficult.
Radial probability distribution can be found by multiplying 4πr², the area of a sphere with a radius of r and
R²(r).

Radial Probability Distribution = 4πr² X R²(r)

By using the radial probability distribution equation, we can get a better understanding about an electron's behavior, as shown on
Figures 3.1-3.3.

Figure 3.3

Figures 3.1, 3.2, and 3.3 show that the lower the energy level, the higher the probability of finding the electron close to the nucleus.
Also, the lower momentum quantum number gets, the closer it is to the nucleus.
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