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Box 1. Intermediate

An intermediate is a tran-

sient species occurring in

a composite reaction. It is

a short-lived product of

one elementary reaction

and a reactant in another.

It is, in principle, identifi-

able through an appropri-

ate detection technique as

long as the technique does

not affect its formation or

disappearance.
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The notion of a

transition state is

used in describing

the passage of a

reaction from

reactants to

products.
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Figure 1.

 A schematic 2-D  
contour map for the 
same reaction  
A + BC � AB + C 
where energy axis is 
omitted.The dashed 
line shows the 
reaction path. 
ν1 corresponds to the 
symmetric stretch and 
ν2, the asymmetric 
stretch of [A--B--C]. 
The saddlepoint is 
also marked.�

 A schematic 1-D 
energy profile for  the 
same reaction  
A + BC � AB + C. 
The highest energy 
point on this curve is 
the saddlepoint 
marked in red. Eact is 
the activation energy.�

 A schematic 3-D 
PES for the 
collinear A + BC � 
AB + C reaction. 
The orange dashed 
line shows the 
reaction path and 
the saddle point is 
marked by the red 
dot. 
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Box 2.  Potential Energy Surface

An N-atom system, in general, has 3N total degrees of freedom of which 3 each are translational and

rotational degrees. Therefore, the potential energy of the system will depend on 3N-6 independent

(vibrational) coordinates or variables. It is natural to use internal coordinates such as bond stretches and

bond angles to depict the potential mathematically or otherwise. If we bring in more constraints by

defining a fixed geometry for collision etc., the number of variables can be reduced further. In a triatomic

system like in the above reaction, the potential surface can be depicted as shown in Figure 1a by a 3-D

surface in real space using two independent variable bond lengths AB and BC plus the potential energy.

However, the potential energy will not appear explicitly in any of the discussion here and, therefore, it is

easy to hide the potential energy dimension of Figure 1a in a topographical map called the potential

contour map as shown in Figure 1b. These two-coordinate potential energy contour maps are widely used

today to investigate the progress of a chemical reaction.

The passage from

the reactants to

products during a

chemical reaction

is like travelling

from the reactant

valley to the

product valley

through a

mountain pass

situated between

two mountains.
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The TS is defined

as a state of

dynamical

instability wherein

a little push

towards the right

leads to products

whereas, a shove

to the left leads to

reactants.
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Box 3. Normal Mode

It is convenient to use internal coordinates such as bond stretches and angle bends to describe the PES of a

poly-atomic molecule. For example, for a bent triatomic molecule like H2O, one choice of  three internal

coordinates could be the two O-H distances (r1 and r2 ) and the angle bend (q) (Figure 2). This choice is

perfectly valid and the potential energy can be adequately described in terms of these three coordinates.

However, it has a serious disadvantage. For example, when one O-H vibration is excited (that is, when r1

varies), the motion of the oxygen atom sets the other O-H bond in motion (leads to a change of r2) and the

energy of excitation flows back and forth between the two bonds. Instead the description is much simpler if

we take the symmetric stretch of the two O-H bonds simultaneously and call it the symmetric stretch mode

of vibration (q1). Another mode is the antisymmetric stretch (q2) in which one O-H bond is stretched and the

other compressed. These two modes are stable in the sense that if one is excited the other is not disturbed.

These two are called the two normal stretching modes of water. The other normal mode will be the in-plane

symmetric bending motion (q3). In the normal mode description of the vibration in polyatomic molecules, any

mode may be excited without leading to excitation of the others.
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