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Chapter 6: Quantum theory and the electronic structure of atoms 
1. Describe the wave properties and characteristic speed of propagation of radiation energy 

(electromagnetic radiation) 
2. Relate the electromagnetic spectrum to every day uses 
3. Use the relationship ln= c, which relates the wavelength (l) and the frequency (n) of radiant 

energy to its speed. 
4. Explain the essential feature of Plank’s quantum theory, namely that the smallest increment or 

quantum of radiant energy of frequency, �, that can be emitted or absorbed is hn, where h is 
Planck’s constant 

5. Explain how Einstein accounted for the photoelectric effect by considering the radiant energy 
to be a stream of particle like photons striking a metal surface.  In other words, you should be 
able to explain all the observations about the photoelectric effect using Einstein’s model. 

6. List the assumptions made by Bohr in his model of the hydrogen atom. 
7. Explain the concept of an allowed energy state and how this concept is related to the quantum 

theory 
8. Calculate the energy differences between any two allowed energy states of the electron in 

hydrogen 
9. Calculate the characteristics wavelength of a particle from a knowledge of its mass and 

velocity 
10. Describe the uncertainty principle and explain the limitation its places on our ability to define 

simultaneously the location and momentum of a subatomic particle, particularly an electron. 
11. Explain the concepts of orbital, electron density, and probability as used in the quantum 

mechanical model of the atom; explain the physical significance off Y2 
12. Describe the quantum numbers n, l, ml, used to define an orbital in an atom and list the 

limitations placed on the values each may have 
13. Describe the shapes of the s, p, and d orbitals. 
14. Explain why electrons with the same value of principle quantum number (n) but different 

values of the azimuthally quantum number (l) possess different energies. 
15. Explain the concepts of electron spin and the electron spin quantum number. 
16. State the Pauli exclusion principle and Hund’s rule and illustrate how they are used in writing 

the electronic structures of the elements. 
17. Write the electron configuration for any element 
18. Write the orbital diagram representation of any atom 
19. Describe what we mean by the s, p, d, and f   blocks of elements 
20. Write the electron configuration and valance electron configuration for any element once you 

know its place in the periodic table. 
 
Atomic Structure and The Periodic Table 
Quantum theory Energy from hot objects isn’t emitted continuously, as it seems to be, but 

in many small burst, called quanta (each burst is a quantum) 
Photon The quantum of light energy 
Energy level A spherical region, at a certain distance from the nucleus and centered 

on it, which an electron could occupy.  In theory, there are an infinite 
number of energy levels around a nucleus.  According to the quantum 
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theory, electrons can only be in these regions and not in between. 
Designations for energy 
levels 

Numbered 1, 2, 3, ... outward from the nucleus 

Bohr model for atom A solar system model.  Electrons can lie in circular orbits in energy levels 
Importance of Bohr model It applies quantum theory to atomic structure, explains why electrons 

don’t spiral into the nucleus and explains how electrons absorbs or emit 
energy when they move between energy levels.  

Energy changes when 
electron moves between 
energy levels 

When an electron moves to a lower energy level, energy is emitted, and 
when it moves to a higher level, energy is absorbed.  The energy may be 
in the form of electromagnetic radiation (light) and its wavelength will 
depend on which energy levels the electron moves in-between. 

E = hn Equation used to calculate the energy of electromagnetic radiation.  A 
photon with the frequency n� (s-1) will have energy E (J): h, Planck’s 
constant, is 6.03 X10–34J•s 

Schrödinger equation Equation in quantum mechanics used to calculate the probability of 
finding an electron in a certain region around the nucleus 

Heisenberg uncertainty 
principle 

Mathematical principle that says the location of a moving electron in an 
atom can’t be known with certainty 

Quantum mechanics Mathematical branch of physics that uses Schrödinger equation and the 
uncertainty principle to describe approximate location for electrons in 
atoms 

Orbital A region with a certain shape in which there is a high (90%) probability 
that an electron could be found.  

Sub-level A group of orbitals of the same kind (e.g. p  orbitals) 
Relationship among 
orbitals, sub-level, and 
energy levels 

Orbitals make up sub-levels, and sub-levels make up energy levels. 

Relationship between the 
number for an energy level 
and the number of sub-
levels it contains 

They’re the same number:  Energy level 1 contains one sub-level; energy 
level 2 contains 2, and so on. 

Numbers of orbitals in s, 
p, d, f  sub-levels 

The s sub-levels has 1 orbitals, the p  has 3, the d  has 5 and the f  has 7 

Reason for limitations on 
number of electrons in an 
orbital 

Each electron can have one of two possible spins, and the electrons in an 
orbital must have opposite spins 

Order in which sub-levels 
fill 

The order in which they occur outward from the nucleus, which is the 
same as the order in which they appear on the periodic table (with some 
exceptions)  
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d 

Meaning of each letter and 
number in the notation 
Cl17: 1s22 s22p63 s23p5 

Cl17: the symbol for the atom and the number of electrons in the atom 
1s22s22p63s23p5: each whole number integer represents the sub-level in 
order outward from the nucleus.  The numbers show the energy level, 
letter shows the sub-level.  Each superscript number shows the number 
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of electrons in each sub-level 
 

Meaning of each letter and 
number in this notation:  
Cl17: [Ne]103s23p5 

Cl17: The symbol for the atom and the number of electrons in the atom 
[Ne]10:  Abbreviation stands for 10 electrons in energy levels 1 and 2 
(1s22 s22p6), the electron configuration of neon. 3s23p5: Each whole 
number integer represents the sub-level in order outward from the 
nucleus.  The numbers show the energy level, letter shows the sub-level.  
Each superscript number shows the number of electrons in each sub-
level. 
 

Steps for finding electron 
configurations for an atom 
of any element 

(1) Find element on Periodic table and identify number of electrons in one 
atom (atomic number).  (2) Identify sub-level being filled.  (3) Find 
number of electrons in that sub-level.  (4) Write complete electron 
configuration.  Each sub-level before one being filled will be filled with 
electrons.  (5) Make sure total number of electrons in sub-levels is same 
as total number of electrons in the atom. 

Orbital diagram Description of arrangement of electrons in an atom, using arrows to show 
electron spins 
N7: 1s2   2 s2                 2p3 

     
Valence electrons Electrons in the s and p sub-levels of the outermost energy level, in the 

atom of a representative element.  For example, in F9: 1s22s22p5, the 
valence electrons are the 2s22p5, electrons 

Method for identifying the 
valence electrons for a 
representative element 

Identify the element’s period and group.  The period number is the 
number of energy level for the valence electrons, and their configuration 
is given by the characteristic group configuration.  For example, silicon is 
in period 3 and group 4A (s2p2) so its valence electrons are 3s23p2 

conversions in atomic scale 1Å = 10
–10

m = 100 pm = 0.1 nm 
 


