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4.6: Quantum Mechanical Atomic Model

Figure  (Credit: CK-12 Foundation; Source: CK-12 Foundation; License: CK-12 Curriculum Materials license)

Imagine that a news flash interrupts your favorite TV program... "There has been a hold-up at the First National Bank. The suspect
fled in a car and is believed to be somewhere in the downtown district. Everyone is asked to be on the alert." The robber can be
located only within a certain area - the police do not have an exact location, just a general idea as to the whereabouts of the thief.

Quantum Mechanical Atomic Model

In 1926, Austrian physicist Erwin Schrödinger (1887-1961) used the wave-particle duality of the electron to develop and solve a
complex mathematical equation that accurately described the behavior of the electron in a hydrogen atom. The quantum
mechanical model of the atom comes from the solution to Schrödinger's equation. Quantization of electron energies is a
requirement in order to solve the equation. This is unlike the Bohr model, in which quantization was simply assumed with no
mathematical basis.

Recall that in the Bohr model, the exact path of the electron was restricted to very well-defined circular orbits around the nucleus.
The quantum mechanical model is a radical departure from that. Solutions to the Schrödinger wave equation, called wave
functions, give only the probability of finding an electron at a given point around the nucleus. Electrons do not travel around the
nucleus in simple circular orbits.

The location of the electrons in the quantum mechanical model of the atom is often referred to as an electron cloud. The electron
cloud can be thought of in the following way: Imagine placing a square piece of paper on the floor with a dot in the circle
representing the nucleus. Now take a marker and drop it onto the paper repeatedly, making small marks at each point the marker
hits. If you drop the marker many, many times, the overall pattern of dots will be roughly circular. If you aim toward the center
reasonably well, there will be more dots near the nucleus and progressively fewer dots as you move away from it. Each dot
represents a location where the electron could be at any given moment. Because of the uncertainty principle, there is no way to
know exactly where the electron is. An electron cloud has variable densities: a high density where the electron is most likely to be
and a low density where the electron is least likely to be (see below).

Figure : An electron cloud: the darker region nearer the nucleus indicates a high probability of finding the electron, while the
lighter region further from the nucleus indicates a lower probability of finding the electron. (Credit: Christopher Auyeung; Source:
CK-12 Foundation; License: CC BY-NC 3.0(opens in new window))

In order to specifically define the shape of the cloud, it is customary to refer to the area within which there is a  chance of finding
the electron. This is called an orbital, the three-dimensional region of space that indicates where there is a high probability of
finding an electron.
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Summary
The Schrödinger wave equation replaced Bohr's ideas about electron location with an uncertainty factor.
The location of the electron can only be given as a probability that the electron is somewhere in a certain area.

Review
1. What does the quantum mechanical view of the atom require?
2. What is a wave function?
3. What does a high density electron cloud suggest?

This page titled 4.6: Quantum Mechanical Atomic Model is shared under a CK-12 license and was authored, remixed, and/or curated by Theodore
Chan via source content that was edited to the style and standards of the LibreTexts platform.

5.11: Quantum Mechanical Atomic Model by CK-12 Foundation is licensed CK-12. Original source: https://flexbooks.ck12.org/cbook/ck-
12-chemistry-flexbook-2.0/.

Structure of the Atom 6: The Wave MecStructure of the Atom 6: The Wave Mec……

https://libretexts.org/
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/@go/page/411603?pdf
https://chem.libretexts.org/Courses/Fullerton_College/Beginning_Chemistry_(Chan)/04%3A_Electronic_Structure/4.06%3A_Quantum_Mechanical_Atomic_Model
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/Courses/Fullerton_College/Beginning_Chemistry_(Chan)/04%3A_Electronic_Structure/4.06%3A_Quantum_Mechanical_Atomic_Model?no-cache
https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/
https://chem.libretexts.org/@go/page/52970
https://www.ck12.org/
https://www.ck12info.org/curriculum-materials-license
https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/
https://www.youtube.com/watch?v=IsA_oIXdF_8
https://www.youtube.com/watch?v=IsA_oIXdF_8

