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2.5: Electrons in atoms

The electronic structure of an atom determines the properties of the element. Knowledge of electromagnetic radiation is described
first as it plays an essential role in understanding the electronic structure of atoms.
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Figure 2.5.1: Hlustration of electric field, magnetic field, propagation direction and wavelength of an electromagnetic wave.
Source: DECHAMMAKL / CC BY-SA (https://creativecommons.org/licenses/by-sa/4.0)

Electromagnetic radiations

Electromagnetic radiations are waves that are oscillating electric and magnetic fields. The wave propagates in one direction, e.g.,
along the x-axis. The electric field oscillates perpendicular to it, e.g., along the y-axis. The magnetic field oscillates perpendicular
to both, e.g., along the z-axis, as illustrated in Fig. 2.5.1. The distance between two consecutive maxima or between any two
consecutive same phase points along the wave is called wavelength (A, pronounced ‘lambda’). The number of waves that pass a
reference point in one second is called frequency (v, pronounced ‘nu’). The speed of electromagnetic radiation is called the speed
of light (c). The speed of light is the product wavelength and frequency, i.e.,

c=\v

The speed of light (c) is 3.00 x 108 m/s in a vacuum. The energy (E) of electromagnetic radiation is directly proportional to
frequency, i.e.,

E=hv
, where h is a constant, called plank’s constant. Replacing v with § shows that the energy is inversely proportional to the
wavelength.
h
E=2£
A

Fig. 2.5.2 illustrates the range of electromagnetic radiations that differ from each other concerning wavelength, frequency, or
energy. The separation of the radiations based on their wavelength gives a spectrum. Visible light is a small portion of the
spectrum of electromagnetic radiations, as illustrated in Fig. 2.5.2.

https://chem.libretexts.org/@go/page/372867



https://libretexts.org/
https://en.wikipedia.org/wiki/Public_domain
https://chem.libretexts.org/@go/page/372867?pdf
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introduction_to_General_Chemistry_(Malik)/02%3A_Elements/2.05%3A_Electrons_in_atoms
https://creativecommons.org/licenses/by-sa/4.0

LibreTextsw

< Increasing Frequency (v)

ulﬁ‘ |(|13= |5F” 10'% 10'® 10" 10" 10" 10°% 10° 10* 10° 10° v (Hz)
1

4 rays X rays uv IR Microwave |FM AM Long radio waves
Radio waves

| 1 ] I | ol 1 I 1 1 I
[T S [V RS [ RS (1 L (1 S [V A ) o 107 10" 10* 10° 10° 100 h(m)
] LI -

el Increasing Wavelength (h) —

—--mT Visible spectrum e,

8 V. g B g G §Yg og R A

Figure 2.5.2: A spectrum of electromagnetic radiations. The visible range of the spectrum is expanded with the wavelength shown
in nm units. Source: Philip Ronan, Gringer / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Continuous and line spectrum

The spectrum of sunlight contains radiations of all wavelengths within the visible range. The spectrum that contains all
wavelengths in the range is called a continuous spectrum. Spectrum from sodium lamps or emissions from other atoms contains
only some discrete wavelengths. The spectrum that contains discrete wavelengths is called the line spectrum. For example, as
illustrated in Fig. 2.5.3, the emission from the hydrogen atom is a line spectrum.
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Figure 2.5.3: Continues spectrum of visible light (400-700 nm range, top) and line spectrum from hydrogen (bottom). Source:
it:Utente:Sassospicco / Public domain and Merikanto, Adrignola / CCO
Energy levels of electrons in an atom

The question is why the atomic emission has a discrete wavelength or discrete energy. The answer to this question came from the
discoveries that concluded that the electron in an atom does not have continuous energy values; they have discrete energy values

called shells and subshells.

The shell
Quantum numbers determine the allowed energy values of an electron in an atom.

o Principal quantum number (n) can have any integer value starting from 1, i.e., 1, 2, 3, 4, and so on.
o The smaller the n, the lower is the energy state, and the closer the electron is to the nucleus, the more tightly held the

electron is by the nucleus.
o The value of n defines the shell, i.e., 15 shell has n = 1, 2 shell has n = 2, 3" shell has n =3, and so on.

Bohr introduced this concept of quantization of electronic energy levels. Fig. 2.5.4 illustrates Bohr’s atomic model.
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Figure 2.5.4: Bohr model of the atom generalized (left), and electron energy levels of a hydrogen atom with energy values and
spectral emission series. Source: Brighterorange / CC BY-SA ( ), and

o When an electron jumps from a lower shell to a higher shell, it absorbs electromagnetic radiation of energy equal to the
energy gap between the initial and the final shell.

e When an electron jumps from a higher shell to a lower shell, it emits radiation equal to the energy gap between the initial
and the final shell.

Fig. 2.5.3 illustrates the emission of radiation from atoms —it is a line spectrum because only discrete energy levels, called shells,
are allowed to electrons in an atom.
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Figure 2.5.5: The shapes of the first five atomic orbitals are: (from left to right) 1s, 2s, 2py, 2py, 2p,, and of the five togather with
the nucleus at the center. Source: Neon_orbitals.JPG, public domain, and John Trombley / CC BY

( )
The subshell
A second quantum number, called Azimuthal quantum number (I) defines subshells within a shell.
The subshells are usually designated as s, p, d, f, ...

Each shell has subshells equal to the shell number. For example, 1% shall have only one subshell, i.e., s. It is designated 1s,
where the number is the principal quantum number, and the letter is the subshell. The 2" shell has two subshells 2s and 2p; the
3 shell has three subshells 3s, 3p, and 3d; and the 4™ shell has four subshells 4s, 4p, 4d, and 4f.

The energy order of subshells is 1s<25<2p<3s<3p<4s and so on.

Fig. 2.5.6 helps in remembering the order. This figure is drawn by placing the orbitals in columns and shell numbers in rows in
increasing order of n from top to bottom, starting from 1s orbitals in the first column and first row, p orbitals in the second, d in the
third, and f in the fourth. The filling of electrons follows arrows going from corner to corner, starting from the top left corner of the
topmost cell, as described in more detail in a later section.
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Figure 2.5.6: Order of filling of electrons in subshells. Start from the top and follow the arrows.

& Orbital

The orbital is the region in space around the nucleus of an atom where electrons are most likely found.

Each subshell has a certain number of orbitals in them. The orbitals have a specific shape and orientation. The s subshell has only
one orbital spherically symmetrical, like a ball with a nucleus at the center. The 1s orbital is smaller than 2s, and 2s is smaller than
3s, but they all have a spherically symmetrical shape, as illustrated in Fig. 2.5.5. The p subshell has three orbitals. Each p orbital is
a dumbbell shape with two lobes, i.e., px oriented along the x-axis, py along the y-axis, and p, along the z-axis, as illustrated in Fig.
2.5.5.

# Degenerate orbitals

A set of orbitals having the same energy is called degenerate orbitals.

All the three p orbitals in the same shell have the same energy, i,e, 2p,, 2py, and 2p, is a set of degenerate orbitals. The d subshell
has five degenerate orbitals, and f subshell has seven degenerate orbitals, as shown in Fig. 2.5.7. Their shapes and orientations are
more complex and not shown here.

https://chem.libretexts.org/@go/page/372867


https://libretexts.org/
https://en.wikipedia.org/wiki/Public_domain
https://chem.libretexts.org/@go/page/372867?pdf

LibreTextsw

Electron Electron

Electron
Subshell Orbitals

Shell

2l 000
cd 00000 -

sf 0000000
7s . 7s

6p 000

5d 00000:

af 0000000
6s . 6s

w8 000
4d 00000«
5s ®s

4p 000~

x o 0000 =

3 OO0 s

3s Q 3s
2 000 »
2s ()2
1s O 1s

Figure 2.5.7: Relative energies of shells, subshells, and orbitals in multi-electron atoms. Source: https://www.hiclipart.com/free-
trans...yfbwx/download

The electron configuration of atoms

The electron configuration is the distribution of electrons in the atom's orbitals.

X Rules for distributing electrons in atom's orbitals

1. Each orbital can take a maximum of two electrons.
2. The orbitals are filled in the order of increasing energy: the lowest energy orbital is filled with electrons before the next
higher energy orbital starts filling up.

The energy order of orbitals is 1s<2s<2p<3s<3p<4s and so on, as shown in Fig. 2.5.6 and Fig. 2.5.7.

The electron configuration of 1st-row elements

The hydrogen atom has one electron, and it occupies 1s orbital, i.e., 1s" represents the electron configuration of the hydrogen atom.
The superscript in 1s' shows the number of electrons in the sub-shell. A helium atom has two electrons, and both occupy 1s orbital,
giving helium the electron configuration of 1s%. Hydrogen and helium are in the 1st-row of the periodic table and have the 1st-shell
containing electrons.

The electron configuration of 2nd-row elements

The 2nd row starts from lithium with 3 electrons: the first two occupy 1s, and the third occupy 2s giving lithium the electron
configuration 1s? 2s!. The next element is beryllium with 4 electrons with the configuration 1s? 2s2. The next element is a boron
with 5 electrons and the electron configuration 1s2 2s2 2pl. Carbon has 6 electrons with the electron configuration 1s2 2s2 2p2.
Remember that the s subshell has one orbital and can take a maximum of two electrons, but the p subshell has three orbitals and
can take a maximum of six electrons, i.e., two per orbital. Nitrogen, oxygen, fluorine and neon have 7, 8, 9, and 10 electrons and
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have the electron configuration 1s%2s22p°, 1s22s22p*, 1s22s%2p°, and 1s°2s2p°®, respectively. Atomic number 3 to 10, i.e., lithium to
neon, completes the 2nd-row.

X valence electrons and core electrons

The outermost shell is called the valence shell, and electrons in the valence shell are called valence electrons. 1st shell is the
valence shell for 1st-row elements hydrogen and helium. 2nd-row elements have an inner shell with configuration 1s> and a
valence shell containing 2s and 2p being filled. The inner shell is also called the core-shell, and the electrons in the core-shell
are called the core electrons.

The electron configuration of 3rd-row and 4th-row elements

The 3rd-row starts with sodium atomic number 11 and ends with argon atomic number 18. The electron configuration of the 3rd-
row elements repeats the pattern of the 2nd-row, i.e., a set of full core-shells 1s22s22p%, and a valence shell having 3s or 3p being
filled. The first two elements of the 4th-row are potassium and calcium with atomic numbers 19 and 20 having configurations
1522522p%3s23p4s! and 1522s22p®3s523p64s2, respectively. The electron configuration of elements with atomic numbers beyond 20
is more complicated, involving d and f subshell, and they are out of the scope of this book. Fig. 2.5.8 shows the electron
configuration of the first twenty elements described above.

Group—> 1 2 13 14 15 16 17 18
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1 2
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3 4 5 6 7 8 9 10
2 Li Be B C N (0] F Ne
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3st 352 3s523p? 3523p? 3s523p3 3523p* 3523p° 3523p°
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1s22s22P® | 1s22522P°
3523p®4st | 3523p°4s?

Figure 2.5.8: The electron configuration of the first twenty elements in the periodic table of elements. Valence electrons are shown
in red color fonts.

This page titled 2.5: Electrons in atoms is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif
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