
THE QUANTUM MECHANICAL MODEL 
 
A difficult task is describing where an electron is.  It is best if we can think of it as the 

statistical probability of the electron being found at a particular place. An electron cloud 

is used for showing the probability of where an electron is using a dot-density diagram. 

The denser the dots are in the diagram, the more probability that an electron could be 

found there.  

For example, these are dot-density diagrams for the s and p orbitals (cross sections): 

 

 
 

Electron density relates to how much of an electron's charge is packed into a given 

volume. In dense places on the dot-diagram, there is a high concentration of electrical 

charge.  

 

An s orbital's shape is spherical.  The orbitals depicted below are the 1s, 2s and 3s from 

left to right:  

 
The p orbital's shape is quite different. They have two lobes extending out into three 

dimensional space. Since there are 3 p orbitals per energy level, the lobes extend out 

along the x-axis (px orbital), the y-axis (py orbital), and the z-axis (pz orbital). 

The set of 2p orbitals are shown below. From left to right 2px, 2py and 2pz:  

 



 

The d orbital's shapes are even more complex because there are 5 orbitals in a d subshell. 

Four of the five d orbitals (dxy, dxz, dyz, and dx
2

-y
2
) have four lobes extending out 

perpendicular to each other. The last one, dz
2
, has two lobes extending out along the z-

axis with a torus (doughnut-shaped ring) around the center on the x-y plane. 

Shown below are the set of 3d orbitals. From the top 3dz
2
, 3dx

2
-y

2
, 3dxz, 3dyz and 3dxy:  

 
 

We rarely need to remember how F-orbitals look because they are not implicated in 

covalent bonding to any significant extent! 

 

The major difference in any one orbital type/shape when going from a lower energy level 

to a higher energy level is in its size.  In other words, a 3s orbital has the same shape as a 

2s orbital but it will extend further out from the nucleus (its bigger)! 

 

 

How Do We Draw Quantum Mechanical Atoms? 

 

1. Write out the proper electron configuration for the element. 

2. Draw and label the x, y and z axes.  The nucleus is at the point where the 3 

lines intersect!  We are not concerned with the nucleus here! 

3. Start drawing the orbitals, starting with the lowest energy level.  Electrons are 

represented by arrow.  If there are two electrons in the orbital, make sure that 



the electrons/arrows are paired together but point in the opposite direction 

(opposite spin). 

NB – it’s much easier understand the diagram if a different colour is used for 

each energy level (eg … 1s in red; 2s and 2p in yellow; 3s, 3p, 3d in blue, etc.) 

 

Eg) sodium 1s2, 2s2, 2p6, 3s1 

 

 

 

 

 

 

 

 

 

 

Now you can complete the chart on objective 4 for this section!!!!!! 

 

Electron Configurations in a Simplified Form 

 

 When you look at a diagram of an atom (Bohr or Quantum Mechanics), it is the 

valence electrons that determine its bonding capabilities 

 The inner electron arrangement is that of the nearest noble gas (all inner orbitals 

are full) 

 We can simplify electron configurations by assuming that the electron 

configuration of the noble gases are understood and are to be used as “cores” 

 

Symbol Meaning 

 

[He]  1s2 

[Ne]  1s2  2s2  2p6 

[Ar]  1s2  2s2  2p6  3s2  3p6 

[Kr]  1s2  2s2  2p6  3s2  3p6  4s2  3d10  4p6 

and so on … 

 

 To use this short form:  

o find the closest noble gas to the element 

(it must have a lower atomic number 

than the element) and write down the 

noble gas’ symbol in square brackets 

o write down the electron configuration 

from where the noble gas leaves off 

(always start with an “s” orbital) 

 

 

 for example: 

Block of elements by  

last filled atomic orbitals  

1s 

2s 

3s 

4s 

5s 

6s  

4f - - - - - 4f 

5f - - - - - 5f  

3d - - - 3d 

4d - - - 4d 

5d - - - 5d  

2p - 2p 

3p - 3p 

4p - 4p 

5p - 5p 

6p - 6 



o Rb 1s2   2s2   2p6   3s2   3p6   4s2   3d10   4p6   5s1 (normal) 

[Kr] 5s1 (shortened) 

 

 

Quantum Numbers 

 

 There is another way to describe where a specific electron is located in a quantum 

mechanical atom 

 

Quantum 

# 

Name Description Values 

n Principal 

quantum # 

Energy level n = 1, 2, 3, …, 7 

l Azimuthal 

quantum # 

Orbital type l = 0 if s orbital 

l = 1 if p orbital 

l = 2 if d orbital 

l = 3 if f orbital 

m Magnetic 

quantum # 

Orientation m = 0 if s 

m = -1 (px), 0 (py) or +1 (pz) 

m = -2 (di), -1 (dii), 0 (diii), +1 (div), +2 (dv) 

m = -3 (fi), -2 (fii), -1 (fiii), 0 (fiv), +1 (fv),  

       +2 (fvi), +3 (fvii) 

s Spin quantum # 

 

Electron 

spin 

s = +1/2 or –1/2 

 

 For example: 

o 3div1 = (3, 2, 1, +1/2) 

o 4fv2 = (4, 3, 1, +1/2) (4, 3, 1, -1/2) 

o 2s2 = (2, 0, 0, +1/2)  (2, 0, 0, -1/2) 

 


