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Atomic structure 

The Hydrogen Atom  
Finding the wave functions for 
the hydrogen atom requires a 
solution of the Schrödinger wave 
equation in three dimensions for 
a coulombic potential field. 

Since the problem is spherically 
symmetric, the spherical 
coordinate system is used in the 
calculation:  
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Atomic structure – 2  

r = interparticle distance 
      (0 ≤  r ≤ ∞) 

θ = angle from z-axis to 
“x-y plane” 
      (0 ≤ θ ≤ π)  

φ = rotation in “x-y plane” 
      (0 ≤ φ ≤ 2π)  

The radial dependence of the potential suggests that we 
should from Cartesian coordinates to spherical polar 
coordinates. 

Dr. Yu.Vlasov 
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Atomic structure – 3  
Potential term U(x,y,z) in the Schrödinger equation written in 
rectangular coordinate system must be replaced by U(r,θ,φ), 
representing the Coulomb potential the spherical (polar) 
coordinate system which the electron experiences in the vicinity 
of the proton.  
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The Coulomb potential varies only with r in spherical 
coordinates: 2
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Then, the Schrödinger equation:  

(Note: the equation above is written in rectangular coordinate system. To 
work in polar coordinate system, it should be transformed.)  

Dr. Yu.Vlasov 
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Atomic structure – 4  
Coulomb potential which the electron experiences in the vicinity 
of the proton:  2
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Now, variables in the Schrödinger equation can be separated:  
( , , ) ( ) ( ) ( )r R rψ θ φ θ φ= Θ Φ

This wave function of an electron in hydrogen atom ψ(r,θ,φ) is a 
product of three parts. Three separate solutions must be obtained 
for:   

• the r-dependent equation, 

• the θ-dependent equation, 

• the φ-dependent equation.  

Dr. Yu.Vlasov 
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Atomic structure – 5 
The wave functions for the φ-dependent equation are 
quantized with the following selection rule for the quantum 
numbers: 

m = ..., -3, -2, -1,0, +1, +2, +3,...  

Dr. Yu.Vlasov 

For the r-dependent equation, the quantum number n can 
be any positive integer (not zero). 
 
For the θ-dependent equation the quantum number l can be 
zero or a positive integer. 
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Atomic structure – 6 

These restrictions are summarized as follows:  

Principal quantum number:  
n = 1, 2, 3, ...  

Azimuthal quantum number: 
l = 0, 1, 2, ..., (n - 1)  

Magnetic quantum number: 
m = -l, ..., -2, -1, 0, +1, +2, ..., +l  

Dr. Yu.Vlasov 
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Atomic structure – 7 
In addition to the three quantum numbers arising from the three 
parts of the wave equation, there is an important quantization 
condition on the "spin" of the electron.  

Investigations of electron spin employ the theory of relativity as 
well as quantum mechanics; therefore, we shall simply state that 
the intrinsic angular momentum s of an electron with ψnlm 
specified is 

2


±=s

That is, in units of ħ, the electron has a spin of ½, and 
the angular momentum produced by this spin is 
positive or negative depending on whether the 
electron is “spin up” or “spin down”.  

Dr. Yu.Vlasov 
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Atomic structure – 8 

Summary:  
Each allowed energy state of the electron in the 
hydrogen atom is uniquely described by the set 
of four quantum numbers: n, l, m, and s. 

Using these four quantum numbers, we can identify the various states 
which the electron can occupy in a hydrogen atom. 
The number n, called the principal quantum number, specifies the 
“orbit” of the electron in Bohr terminology.  
There is considerable fine structure in the energy levels about the Bohr 
orbits, for example:  

• an electron with n = 1 can have only l = 0 and m = 0, 
but there are two spin states allowed.  

• for n = 2, l can be 0 or 1, and m can be -1, 0, or +1 with 
two spins for each state.  

Dr. Yu.Vlasov 
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Atomic structure – 9 

These four quantum numbers with the 
selection rules precisely describe the structure 
of energy states in hydrogen atom. 

Electron in a hydrogen atom can occupy only 
one of a large number of excited states 
including the lowest (ground) state.  

Energy differences between the various states properly 
account for the observed lines in the hydrogen spectrum.  

Dr. Yu.Vlasov 
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The Periodic Table – 1  

The structure of energy states and quantum numbers arise from 
solutions to the hydrogen atom problem.  

Question:  How can we extend the knowledge of hydrogen 
atom energy structure on description of more 
complex atoms? 

Answer: The quantum number selection rules are valid for 
more complicated structures. They can be used to 
describe the arrangement of atoms in the periodic 
table of chemical elements.  

Dr. Yu.Vlasov 
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The Periodic Table – 2  
Pauli exclusion principle.  

In multi-electron system only one electron 
may occupy a specific discrete energy level. 

or in other words:  

Wolfgang Pauli 

No two electrons can have the same set of 
quantum numbers n, l, m, s.  

or in other words:  

Only two electrons can have the same three 
quantum numbers n, l, m, and those two 
must have opposite spin. 

Dr. Yu.Vlasov 
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The Periodic Table – 3  

Pauli exclusion principle is basic to the electronic structure of all 
atoms in the periodic table 

n l m s/ћ Allowable states 
in subshell 

Allowable states 
in complete shell 

1 0 0 ½ 2 2 

2 0 0 ½ 2 

8 1 -1 
0 
1 

½ 
½ 
½ 

6 

3 0 0 ½ 2 

18 

1 -1 
0 
1 

½ 
½ 
½ 

6 

2 -2 
-1 
0 
1 
2 

½ 
½ 
½ 
½ 
½ 

10 

Quantum numbers to n = 
3 and allowable states for 
the electron in a hydrogen 
atom. 

The first four columns 
show the various 
combinations of quantum 
numbers allowed by the 
selection rules. 

The last two columns 
indicate the number of 
allowed states 
(combinations of n, l, m, 
and s) for each l (sub-
shell) and n (shell, or 
Bohr orbit). 

Dr. Yu.Vlasov 
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The Periodic Table – 4  

Electronic configuration of 
atoms in the ground state 

Dr. Yu.Vlasov 
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The Periodic Table – 5  
In 1869 Mendeleev and Lothar Meyer (Germany) 
published nearly identical classification  schemes for 
elements known to date. 

The periodic table is base on the similarity of properties 
and reactivities exhibited by certain elements. 

Later, Henri Moseley (England, 1887-1915) established 
that each elements has a unique atomic number (Z), 
which is how the current periodic table is organized. 

Dr. Yu.Vlasov 
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The Periodic Table – 6  

Dr. Yu.Vlasov 
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