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Guiding Question revisited

How can we model the energy states of electrons in atoms?

In this chapter we have developed models of the energy states of electrons in atoms to
explain atomic emission line spectra and patterns in successive ionization energies of
an element, and first ionizations.
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Electromagnetic radiation can be described using a wave model or a particle
model. The speed of the wave (¢) is related to the frequency (f) and wavelength
(A) by the expression: c=f A

The existence of lines in an emission spectrum indicates that the electron can only
exist in discrete energy levels. The lines in the spectra converge at high energies
because the gaps between energy levels in the atom decrease at higher energies.

In the Bohr model of the hydrogen atom, the electron travels in orbits of discrete
radii around the nucleus. This model correctly predicts the frequencies and
wavelengths of the line spectra but does not apply to more complex systems
with more than one electron.

According to the quantum theory, an electron’s trajectory can only be described
in terms of probabilities and a wave model of the electron is needed.

Electrons in the atom occupy atomic orbitals, which are regions in which the
electron is most likely to be found. Two electrons of opposite spin can occupy
one orbital.

Atomic orbitals have different shapes, sizes and energies. Orbitals of the same
energy form sublevels. The first energy level is made up of one sublevel, the
second has two sublevels and so on.

The ground state configuration of an atom is obtained using the Aufbau
principle, with electrons occupying the available orbitals of lowest energy.

The periodic table reflects the periodicity of the electron configuration.
Elements with valence electrons in s orbitals are in the s block, elements with
valence electrons in p orbitals are in the p block, and so on.

The energy of a photon (E,,.0n) depends on the frequency (f) according to
Planck’s equation:  Eppoon = .

When an excited electron in an atom loses energy, the energy is given out as a
phOtOl’l. AEatom = Ephoton
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