Phys 222: Modern Physics Spring 2025

HYDROGENIC AND MULTIELECTRON ATOMS AND THE PERIODIC TABLE

The Schradinger equation governing the electrons in atoms is
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Where U(r) is the potential energy of the electron and E is the energy of the allowed levels.

Force, Orbits, Potential Energy and Total Energy
The single electron in hydrogen is in an electric potential created by the single proton. From electrostat-
ics we know the Coulomb law:
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where the negative sign indicates that it is an attractive force between the electron and proton. For an
atom with Z protons
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Applying Newton's Second Law (NSL) to the electron in a circular orbit about a proton gives (both in-
ward, so they're negative)
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The potential energy is the negative of the work done by the (conservative) force (with the arbitrary
constant of integration set to zero:
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Uhydrogen (r) = _Whydrogen = _I E\ydrogen.

The allowed energies, however, are harder to get at. In the square box with U = O within the box and
U = « outside, we required that the wave functions fit within the box. Here, we require that they fit
around the circular orbit. That means we require the angular momentum of the electron be quantized.
Thus, p = mevr must be an integer multiple of h,
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Substituting this into NSL (3) gives a value for r
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When n = 1, this is the Bohr orbit, as:
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The total energy of the electron in this orbit is
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Substituting for mev? from NSL (3) gives
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Substituting the value of r from (6) then gives
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Introducing the Rydberg Energy, (TZDII Eq. 5.22),
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we can write the energy of the n' orbit as
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Hydrogenic Atoms

For atoms with Z > 1, replace ke? with Zke?
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The independent particle approximation knits fogether the potentials
of the innermost electron (-Zke?/r) and the outermost (-ke?/r) with
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For the orbital energies, replace ke? in the hydrogen equations with
Z.tke?:
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For the outermost electron, EIonim,rion = ZeffER /n°, allowing estima

tion of Zest from lab measurements of Er.

Potential energy —

FIGURE 10.1

The IPA potential energy U(r) of
an atomic electron in the field of
the nucleus plus the average
distribution of the other Z — 1
electrons. As r — 00,

U approaches —ke?/r; as r — 0,
U approaches —Zke?/r as in

Eq. (10.5).

This expression, with the variation in Z.s due to the shielding of the nucleus by inner electrons, is
what makes the energy levels slightly different for the s, p, d, and f levels as shown in Figure 10.3.

In hydrogen, the electrons in all the levels see the same nuclear charge but those with n > 1 are at low-

er energies because they are farther away from the nucleus. In multielecton (and multiproton) atoms,
there is more nuclear charge for each additional electon, but most of that charge (not all of it ... mostly
Zes > 1) is shielded by inner electrons and they are farther away from the nucleus. For instance, the p
electrons are fairly well shielded by the inner s electrons. But they are not very well shielded by the

other p electrons.
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Hydrogen Multielectron Atom
4s 4P 4d N 4f 4f FIGURE ‘0.3
3  3p  3d 4d .- Schematic energy-level diagrams for
...... BB d a hydrogen atom and for one of the
A 4s . < electrons in a multielectron atom.
3 e A In hydrogen, all states with the
e same n are degenerate. In
1s E=_E 2p multielectron atoms states with
- R 2s ' lower [ are more tightly bound
because they penetrate closer to
the nucleus. In many atoms this
effect results in the 4s level being
s « E~-72E, lower than the 3d, as shown here.
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Transition Elements
Those with an outer d-shell electron
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The Quantum Periodic Table
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Inner Transition Elements
Those with an outer f-shell electron
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"Rats! I thought lanthanoids and actanoids
were gonna be giant robots or something.”
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