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Part II: Dissociation and Diatomic term symbols



Dissociation Energy and Dissociation Products
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Dissociation in excited 
state

Dissociation in ground 
state

The total energy of the dissociation products (i.e. atoms) from

the upper state is greater by an amount called Eex. than that of

the products of dissociation in the lower state. This energy is the

excitation energy of one (or rarely both) of the atoms produced

on dissociation.

The lower wavenumber limit of this continuum must represent

just sufficient energy to cause dissociation and no more (i.e. the

dissociation products separate with virtually zero kinetic

energy) and thus we have

ത𝑉𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑢𝑚 𝑙𝑖𝑚𝑖𝑡 = 𝐷0
′′ + 𝐸𝑒𝑥. 𝑐𝑚
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Dissociation by excitation into 

a stable upper state



Measurement of 𝑫𝟎
′′ and Eex.

• We can measure 𝑫𝟎
′′ , the dissociation energy, if we know Eex., the excitation energy of

the products.

• The excitation energy of atoms to various electronic states is readily measurable by
atomic spectroscopy.

• The thermochemical studies can lead to measurement of approx. value of 𝑫𝟎
′′ and by

spectroscopic methods we can measure the accurate value of 𝑫𝟎
′′ + Eex, we can

measure approx. value of Eex.
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Dissociation by excitation into a unstable upper state/continuous upper state

In this case, the upper electronic state is

unstable: there is no minimum in the energy

curve and, as soon as a molecule is raised to this

state by excitation, the molecule dissociates into

products with total excitation energy Eex .

The products fly apart with kinetic energy Ekinetic

which represents (as shown on the figure) the
excess energy in the final state above that
needed just to dissociate the molecule. Since
Ekinetic not quantized the whole spectrum for
this system will exhibit a continuum, the lower
limit of which (if observable) will be precisely
the energy 𝑫𝟎

′′ + Eex. As before, if Eex can be
found from a knowledge of the dissociation
products, 𝑫𝟎

′′ can be measured with great
accuracy.
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Dissociation limit can be
determined accurately by
spectroscopy, i.e, 𝑫𝟎

′′ + Eex.

if Eex can be found from a
knowledge of the dissociation
products, 𝑫𝟎

′′ can be measured
with great accuracy.

Dissociation Limit

Continuum



How to calculate when continua doesn't appear in spectra???

It is possible to derive a value for the dissociation energy by noting how the vibrational 

lines converge.

We know that, 𝜀𝑣 = v +
1

2
ഥ𝜔𝑒 − 𝑥𝑒 v +

1

2

2
ഥ𝜔𝑒 𝑐𝑚−1

So the separation between the energy sates will be,

∆𝜀𝑣= 𝜀𝑣+1 − 𝜀𝑣
= ഥ𝜔𝑒 1 − 2𝑥𝑒 𝑣 + 1 𝑐𝑚−1

As the value of 𝑣 increases, ∆𝜀𝑣 tends to be zero, i.e, ∆𝜀𝑣→ 0

Thus the maximum value of v is given by vmax

ഥ𝜔𝑒 1 − 2𝑥𝑒 𝑣𝑚𝑎𝑥. + 1 = 0

𝑣𝑚𝑎𝑥. =
1

2𝑥𝑒
− 1 𝒗𝒎𝒂𝒙. = 50So, We recall that the anharmonicity 

constant, xe is of the order of 10-2  

hence, Vmax. is about 50.
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When several vibrational transitions are detectable, a graphical technique called a Birge–Sponer plot may
be used to determine the dissociation energy, D0, of the bond. The basis of the Birge–Sponer plot is that
the sum of successive intervals ∆𝜀 from the zero-point level to the dissociation limit is the dissociation
energy.

Sum of Area = 
Dissociation Energy, 
D0

True Curve

Linear Extrapolation

Area = 𝑣 (1 0)

Birge–Sponer plot- Calculation Do



• In absorption spectra it is normally the
series of lines originating at 𝑣′′= 0 which is
observed. Thus the convergence of the
levels in the upper state and hence the
dissociation energy of that state is normally
found.

• If we know Eex. (from atomic spectroscopy)
and D0’ (from Birge-Sponer extrapolation),
and if we can measure the energy of the
(0,0) transition either directly or by
calculation from the observed energy
levels, we have:

En
er

gy

V’’ = 0

V’’ = 1
V’’ = 2
V’’ = 3

V'’ = 4
V’’  5

Internuclear distance

V’ = 0

V’ = 1
V’ = 2
V’ = 3

V’ = 4
V’  5

𝐷𝑜
′

𝐸𝑒𝑥.

𝐷𝑜
′′

(0,0)

𝐷𝑜
′′= energy of (0,0) + 𝐷𝑜

′ − 𝐸𝑒𝑥. cm-1



Predissociation

A continuum at high wavenumber would correspond to ordinary but the central

continuum, occurring at energies well below the true dissociation limit, is referred to

as predissociation.

Predissociation can arise when the Morse curves of a particular molecule in two

different excited states intersect. One of the excited states is stable, since it has a

minimum in the curve, and the other is continuous.



Continuous Morse potential

Normal Morse Potential

Transitions with green line give normal spectral line
Transitions with saffron lines give predissociation case
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Transition from lower state

If the transition happens as shown with saffron then

the molecule will 'cross over' on to the continuous

curve and thus dissociate without achieving the

dissociation energy occurs.

Predissociation



Diatomic Molecules







For Heteronuclear molecules no 
u and g notation is used





Self assessment

1. What is the full term symbol of the ground electronic state of Li2
+ ?

2. What are the levels of the term for the ground electronic state of O2
−?
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