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QUANTUM SPECTRA OF ELECTRON IN ATOMS



1. Principle of quantum number (n)

n =1, 2, 3,4, … etc.,



2. Orbital quantum number (l)

If  n =1;       l=0

n =2;       l=0, 1

n =3;       l=0, 1, 2

l  = 0  1  2   3  4  

Notations  = s   p  d   f  g



3. Magnetic orbital quantum number (ml)

ml can take the values

-l, -l+1, -l+2, …….-1,0,1,……..l-2, l-1, l



4. Magnetic spin quantum number (ms) 



Pauli’s exclusion Principle

ΔE = hν

C = νλ



HYDROGEN ATOM SPECTRUM



The emission spectrum of atomic hydrogen has been

divided into a number of spectral series, with

wavelengths given by the Rydberg formula.

 These observed spectral lines are due to

the electron making transitions between two energy

levels in an atom.

The classification of the series by the Rydberg formula

was important in the development of quantum

mechanics.

The spectral series are important in astronomical

spectroscopy for detecting the presence of hydrogen

and calculating red shifts.
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 Atomic Spectrum – Finger Print of an Atom 

Each element gives 

off its own characteristic 

colours

Can be used to identify

the atom



Cont…

 Atomic Spectrum- Finger Prints of an Atom

 These are called line 

emission spectra



The frequency of the emitted radiations can be 

found from the following relation

Now, 
Here Z=1

DESCRIPTIONS
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Now c 

where c is the velocity of light

Hence      

Let,

= Rydberg’s constant

= 10.97 X 106 m-1



Cont…

For Hydrogen Atom

 The different series observed in hydrogen spectrum are 

as under.

 1. Lyman Series

 2. Balmer Series

 3. Paschen Series

 4. Backett Series

 5. Pfund Series



1. Lyman Series

Here n1 = 1 and n2 = 2,3,4,5,……. 

;     n = 2,3,4,5,… 

Fig. Energy level diagram Lyman Series



2. Balmer Series

Here n1 = 2 and n2 = 3,4,5,6,……. 

;     n = 3,4,5,6,…

Fig. Energy level diagram for Balmer Series



3. Paschen series

Here n1 = 3 and n2 = 4,5,6,7,... 

;     n = 4,5,6,7,…

Fig. Energy level diagram for Paschen Series



4. Brackett Series

Here n1 = 4 and n2 = 5,6,7,8,... 

;     n = 5,6,7,8,… 

Fig. Energy level diagram for Brackett Series



5. Pfund Series

P-fund Series 

nn to n1=5Here n1 = 5 and n2 = 6,7,8,9,…

;     n = 6,7,8,9,…

Fig. Energy level diagram for P-fund Series



Different Series in H2 atom 

Pfund Series 

nn to n1=5

n=

Fig. Energy level diagram for the H2 atom
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Fig. Experimentally observed  H2 atom spectrum
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Fig. Diagram showing the origin of the series 

spectrum of H2 atom

Balmer Series

K

n=7

n=6

n=5

n=4

n=2

n=3

n=1
LMNOPQ



 Electron spin is a quantum property of electrons. 

 It is a form of angular momentum. 

 The magnitude of this angular momentum is permanent.

 If the electron spins clockwise on its axis, it is described as spin-up; 

counterclockwise is spin-down.

Electron Spin



 An electron spin s = 1/2 is an intrinsic property of electrons. 

 Electrons have intrinsic angular momentum characterized by quantum 

number 1/2. 

 In the pattern of other quantized angular momenta, this gives total angular 

momentum

 The resulting fine structure which is observed corresponds to two possibilities 

for the z-component of the angular momentum.

 This causes an energy splitting because of the magnetic moment of the electron

 Spin “up” and “down” allows two electrons for each set of spatial quantum

numbers.

Cont…



 The Stern–Gerlach experiment demonstrated that the spatial orientation

of angular momentum is quantized.

 Thus an atomic-scale system was shown to have intrinsically quantum

properties.

 In the original experiment, silver atoms were sent through a spatially varying

magnetic field, which deflected them before they struck a detector screen,

such as a glass slide.

 Particles with non-zero magnetic moment are deflected, due to the magnetic

field gradient, from a straight path.

 The screen reveals discrete points of accumulation, rather than a continuous

distribution, owing to their quantized spin.

Collimated beam 

of Ag atoms
Magnetic field z-direction (   ) 

Stern – Gerlach Experiment



 Let the magnetic field varying alone the x-direction

 So the field gradient is dB/dx and is +ve

 CD is the atomic magnet with inclined at the angle θ

 to the field direction.

PB

D

θ

l

B
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 The field strength at the pole C is B 

 The field strength at the another pole D is 

 The forces on the two poles are  

 The atomic magnet experiences not only a torque     

(=PlB= μSB) but also a translatory force 

(1)

P – Pole strength

l – Length,  

M - Dipole moment

Cont…



 Let 

V-velocity of the atomic magnet of mass m as it enters the field

L-length of the path of the atom in the field

t-time of travel of the atom through the field = L/V  

 The accelerations given to the atom along the field direction, 

by the translatory force 

 The displacement of the atom along the field    

direction on emerging  out of the field   = 

(2)= 

Cont…



(3)

(4)

If  μ is resolved component of the magnetic moment in the 

field direction, μ = μs Cos θ

Therefore,  

Cont…



Oven
Shaped magnets create 

an inhomogeneous 

magnetic field

Spin down atom

Spin up atoms

Beam Collimators

(Slits)

Silver atoms

Cont…

Fig. Experimental Arrangement
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Fig. Experimental observations



 The magnetic field due to such a current loop is

 Here B int represents the integral magnetic field arising in 

the atom as explained above 

 In vector notation 

 This is equivalent to a current loop with current I given by 

Spin-Orbit Interaction



Using    

Cont…



Using 
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Coupling Schemes
1. L-S Coupling 

Two types of scheme have been developed

1. L-S Coupling 

2. J-J Coupling

L = ℰli S = ℰsi

J = L+S

 When L > S, J Can have (2S +1 Value)

 When L < S,  J Can have (2L+1) Value

 L = 0,J=S

Coupling Scheme



2 Electrons

S = 1,0

S1S1

S2

S2

S2S2S2

S3

S3S3

S = 2,1,0

S4S4

S4

S1S1S1

4 Electrons

S1
S1

S2
S2

S3

S3

S = 3/2, 1/2

3 Electrons
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2. J-J Coupling 

 From Figure vector are, ji = li + si

 j gives the total angular momentum 

J of the atom

 Thus J = ℰji

Cont…



 Spin-Orbit coupling gives rise to splitting in spectra called Fine Structure

 Selection Rule Δj = 0, ±1 (But  ≠ 0) arises from conservation of angular 

momentum.

E.g.1. E.g.2.

Fine Structure



Spectroscopic terms: 

Terms, Configurations, and Levels

 The outermost electron in an atom or ion is the one that usually undergoes 

transitions, and so the state of that electron describes the state of the atom or 

ion.

 The configuration describes the n and l values for all the electrons in an atom.

 For example, the ground state of Boron has a 1s22s22p configuration, with 2 

electrons filling the n=1 level (l=0), 2 electrons in the n=2, l=0 s orbital, and 

the fifth electron beginning to populate the 2p orbital.

 The level is the set of 2J+1 states with specific values of L, S, and J. 

 The difference in the energy between two levels gives the wavelength or 

frequency of an atomic transition.

Spectroscopic terms and selection rules



 The term is the set of levels characterized by a specific S and L. 

 The ground  state of Boron has a 2P1/2 term. 

 Closed shells always have a 1S0 term.

 Atoms whose outer electrons have l=0,1,2,3,4 are referred to as S, P, D, F, G  

terms, respectively ( Note that an electron with l=0 is called an s electron; 

lower case terms refer to individual electrons.

 For example, In the ground state, Boron has 4 s electrons (2 in the n=1 level  

and 2 in the n=2 level) and one p electron. The ground state term of the atom is P.

 Warning: The s in an s electron has nothing to do with the quantum number s.

 This is a carryover from early spectroscopic nomenclature (sharp, principal,  

diffuse, and fundamental bands, with G following F alphabetically) for alkali atoms,  

those with a closed shell of electrons plus a single valence electron, such as Li, Na, 

K, Mg -II, Ca-II.

Cont…
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Free ion Spectroscopic Term for dn Configurations 

 Electron – electron repulsions cause a given electron configuration to be split

into terms

 Terms: Energy levels of atoms or ions that arise due to inter-electronic repulsion

Configuration Russel-Saunders Terms

d0 , d10 1S

d1, d9 2D

d2, d8 3F, 3P, 3G, 1D, 1S

d3, d7 4F, 4P, 2H, 2G, 2F, 2D, 2D, 2P

d4, d6 5D, 3H, 3G, 3F, 3F, 3D, 3P, 3P, 1I, 1G, 1F, 1D, 1D, 1S, 1S

d5 6S, 4G, 4F, 4D, 4P, 2I, 2H, 2G, 2G, 2F, 2F, 2D, 2D, 2D, 2P, 2S

• Ground State terms are highlighted in bold



 In complex ions, there are an enormous number of possible transitions.

 Not all of these possible transitions are observed. 

 This is because some transitions are more likely than others.

 Selection rules were arrived at empirically to describe those changes in quantum   

numbers that were observed (permitted transitions) and those which did not  

(forbidden transitions).

 The basic selection rules, which strictly apply only to simple configurations 

which obey strict L-S coupling .

 The levels of L and S do not affect each other. 

 This lack of interaction is known as L-S coupling. 

 In complex atoms or ions, levels of L and S can interact, leading to a

breakdown  in L-S coupling.

Cont…
Selection Rules: 



 When this happens, L and S are no longer interpretable in terms 

of angular momenta.), are:ΔL = 0, +/- 1,  Δl = 1, ΔJ = 0, +/- 1, 

except that J=0 -> J=0 is forbidden.    ΔS = 0

 ΔM = 0, +/- 1, except that M=0 -> J=0 is forbidden if ΔJ=0.

 As the atoms become more complex, strict L-S coupling fails to   hold, and these    

selection effects become weaker.

 Permitted lines are those whose transition probability is high.

Cont…



 Atomic nuclei radii of the order of 10-4 Å

 The nuclei heavier than electron

 Nuclei to be positive point charges of infinite mass

 Michelson, Fabry and Perot are explained about  hyperfine effects

 They produce shifts of the electron energy levels ˂ fine structure

 Hyperfine components are observed using a high resolution interferometer

 Pauli’s attributed the hyperfine structure to an angular momentum of the   

nucleus of the atom

 Orbitals and spin angular momentum of electron could explain completely  

the fine structure of spectral lines.

 Hyperfine structure is caused by the properties of the nucleus   

Hyperfine Structure



 Therefore they give alkali spectra

 In general, the wave number of the same series in alkali spectra

is written as,  

 Where alpha and β are characteristic constants for the element,

p- are the fixed Term

q- are the running Term

 The various series found in the alkali spectra are the following:

Alkali type spectra



1.Principal series      

2. Sharp series

3. Diffuse series

Cont…



4. Fundamental or Bergmann Series

Here 

βp, βs, βd,  and βf are the characteristics of Principal, Sharp, 

Diffuse and  Fundamental series respectively. 

Here, 

Cont…



 Among the values of L and S obtained from the general rules for 

addition of angular momenta are those which correspond to states  

forbidden by the Pauli principle.

Examples:

 Configuration np2For each electron the following values are possible:

ml=1,0,-1, ms=1/2,-1/2

Combining the different values of ml and ms, we obtain the following     

possible states:

Equivalent Electron



Cont…



 In each of these states there cannot be more than  one electron.

 The following states with non-negative values of ML and Ms are possible.

Cont…



 State with negative values of ML and Ms need not be written out.

 The presence of the ML=2, Ms=0 term shows that a 1D term is among 

the possible terms. 

 To this term we must further assign states with ML=1, Ms=0 

and ML=0, Ms=0.

 Among the states left is a state with ML=1, MS=1. 

 This and states with ML=1,  MS=0, and ML=0, MS=1, and ML=0, MS=0 

yield the 3P term.

 The only remaining state has ML=0, MS=0. 

 It corresponds to the 1S term.

Cont…



 Thus only three terms are possible, 1D, 3P, and 1S for the 

configuration np2.

 The possible terms for the configuration np3 are 4S, 2P,   

and 2D.

 The possible terms for the configuration np4 are 1D, 3P, 

and 1S, the same terms as for the configuration np2.

Cont…



RULE 1: The term with maximum multiplicity lies lowest    

in energy.

 The lowest energy atomic state is the one that maximizes the sum of the S for 

all the electrons in the open sub shell.

 Consider the ground state of silicon. 

 The electronic configuration of Si is 1s22s22p63s23p2 (see spectroscopic 

notation).

 We need to consider only the outer 3P2 electrons, for which it can be 

shown (see term symbols) that the possible terms allowed by the Pauli  

exclusion principle are 1D, 3P, and 1S. 

 Hund's first rule now states that the ground state term is 3P, which 

has S=1. 

 The superscript 3 is the value of the multiplicity = 291=3.

 The diagram shows the state of this term with ML=1 and Ms= -1.

Hund’s Rule



RULE 2: For a given multiplicity, the term with the   

largest value of L lies lowest in energy.

 For a given multiplicity, the term with the largest value of the total orbital 

angular momentum quantum number L has the lowest energy.

(Ti, Z=22)

 Electron configuration Is22s22p 63s 23p63d24s2 Open shell 3d2 and the  

allowed terms include three singlet's (1S, 1D, and 1G) and two triplets (3P 

and 3F). 

 We deduce from Hund's rule that the ground state is one of the two triplets, 

and from the Hund's second rule that the ground state is 3F (with L=3)  

rather than 3P   9with L=1). 

 There is no 3G term since its (ML=4, Ms=1) state would require two 

electrons each with (ML=2, Ms= +1/2), in violation of the Pauli principle.

Cont…



RULE 3: For atoms with less than half-filled shells, the 

level with the lowest value of J lies lowest in  

energy.

 This rule consider the energy shifts due to spin orbit coupling.

 In this case where the spin orbit coupling is weak compared to the 

residual electrostatic interaction of L and S are still good quantum 

numbers and the splitting is given by:

o The 3P lowest energy term is Si consist of three levels, With only two 

of six possible electrons in the shell, it is less than half-full and thus 3Po is 

the ground state.

 For sulfur (S) the lowest energy term is again 3P with spin-orbit levels but 

now there are four of six possible electrons in the shell so the ground 

states is 3P2.

Cont…



Pictorial representations of Hund’s rule:

Cont…

 Within a sublevel, place one electron per orbital before pairing them

 “Empty Bus Seat Rule”





 Zeeman effect is a magneto-optical phenomenon

 The splitting of spectral line 2  or 3 ; Zeeman effect

 The splitting of spectral line more than 3; Anamalous Zeeman effect



Experimental Arrangement: 



Zeeman effect may be observed in two ways:

1. Normal Longitudinal Zeeman effect

2. Normal Transverse Zeeman effect



Expression for the Zeeman Shift:

The centripetal force on the electron towards the centre 
in the absence of the magnetic field

B
B

____________ (1)



Let 
be the  change in angular velocity 

The circular motion in the clockwise direction, 
the additional radial force is directed away from the centre



____________ (2)

Neglecting (δ

____________ (3)



 For the circular motion in the anticlockwise direction, 

the additional radial force in directed towards the centre

Neglecting (δ

____________ (4)



____________ (5)

δ

____________ (5-a)

Equation 5 Substitute in equation 5(a)

Change in frequency of spectral line = 

____________ (6)



If ν and λ are the frequency and wavelength of the original line,

Therefore  the Zeeman Shift = 
____________ (7)



B

ml l

ms s

Statement:

Explain:



Hence

ΔE = (ΔE)l+ (ΔE)s

= B eh/4πm [ l cos(l,B) + 2S cos(S,B)

= eh/4πm  B (ml+ 2ms)

In terms of frequency change

Δν = eB/4πm  Δ(ml+ 2ms)

Here, E=hν

ν=E/h



 The quality (ml + ms) is known as the strong field 

quantum number and is evidently an integer

Now Since      Δml = 0, ±1, Δms = 0

So,      Δ(ml+2ms)= 0 or ±1

 Hence in a strong magnetic field, a given spectral 

line will split into three components only and this 

is the usual characteristic of the normal 

zeeman effect



Stark Effect

Statement: 

 The stark effect is the electrical analogue of the 
Zeeman effect

 Splitting of spectral lines when  we apply the external 
electric field



Experimental:



Results

The results obtained with Balmer Series and discussed below:

1. Every line is split up into a number of sharp components and 
the 
the resolution number of lines and the total width of the 

pattern increase with n
2. Observation perpendicular to the direction of the electric field

3. Up to fields of about 107 v/m, the resolution increases in 
proportion to the field strength(E). (First Order Stark Effect). 

When E exceeds 107v/m, there are shifts in the line patterns 
which are proportional to E2 (Second  Order Stark Effect)



Covalent Interaction or 
Covalent Bonding





Ionic Interaction or Ionic 
Bonding



Van der Waals Bonding (or) Van 
der Waals Interaction



Microwave Spectroscopy 

 A range of the spectrum of electromagnetic waves. 

 The approximate wave length range is 1  mm to 10 m 

 The approximate frequency range is 107 – 1012 Hz.

 Linear Molecules

 Symmetric Tops

 Spherical Tops

 Asymmetric Tops



H      Cl

O      C      S

IB=IC=IA=0

H

H     C     F

H     

IB=IC±IA

IA±0

H   

C

H

H             H

IA=IB=IC

O

H             H

IB±IC±IA

H

CLH

C

H

C

4. Asymmetric Tops:3. Spherical Tops:

2. Symmetric Tops:1. Linear Molecules:



IR Spectroscopy 

 It is a region of the spectrum of electromagnetic waves.

 The approximate wavelength range is 10-6 – 10-8 cm.

 The be approximate frequency range is 1012 – 1015 Hz



Rotation Spectra of Diatomic molecule





The effect of isotopic substitution

hai



Cont…

Considering Carbon monoxide

16C  12O to 13C  16O

B ˃ B1  

13C molecule with a prime

The first rotational absorption of   12C  16O to be at 3.8422 cm-1

The first rotational absorption of   13C  16O  to be at 3.67337 cm-1

The values of B determined from these figures are: B = 1.92118 cm-1

and B1 = 1.83669 cm-1



Cont…

Where the prime refers to the heavier molecules, 

we have immediately:

. 



The effect of isotopic substitution

Rigid

Non-Rigid

2B  4B 6B8B  ……….

Definition



Symmetric top and Asymmetric top 

molecules

Consider Methyl Fluoride (CH3F)

K = -2, -1 (or) 0.

In general , Total angular momentum J, 

we see that k  can take values:

K= J, J-1, J-2, ……,0, …….- (J-1), -J  ------------------(1)

Symmetric Asymmetric



Cont…

Symmetric Top Molecules: 

Σ J,K = E j,K / hc = BJ(J+1) + (A-B)k2/cm  -------------(2)

Where as before, 

B= h / 8π2IBC   and    A = h / 8π2IAC

The selection rules for this molecule  may be showed

to be ;

ΔJ = ± 1 (as before) and ΔK = 0



Cont…

Σ J+1, k - Σ j,k = ῡJ,K

=B(J + 1) (J + 2) + (A-B) K2 – [ B J  

(J + 1) + (A-B)K2]

= 2 B (J+1  cm-1 ----------------(3)
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Asymmetric top molecules:

These molecules having three different moments of 

inertia, also have much more complicated rotational 

energy levels and spectra

No simple general equations can be derived for them

They are usually treated by approximation methods, 

much computation being required before agreement 

between observed and calculated spectra is achieved

This methods have been very successful for small 

molecule and much accurate bond length and bond 

angle beta have been derived

From this table  some examples are included



Experimental Technique

Klystron

To vacuum Pump

Sample

Detector

Mica Window Mica Window

Fig. Schematic Diagram of a microwave spectrometer
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1.The Source and monochromator

2. Beam detection

3.Sample and Sample  space

4. Detector






























