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It is known that today many studies have been reported on heteroatom substitution in carbon nano-materials and their utility have been exploited in various applications.   In view of the spate of research activity in this area, it was considered necessary to write a short (however short and with necessary shortcomings) account on this material for the benefit of the people working on these materials and also for those who wish to learn on this material.   Substitution in a given lattice is known for a long time.   However, the choice of substituting species is mainly concerned with some kind of consideration for the size, possibly valence state and also possible electronic changes that the substituting species will bring about in the material in which it is substituted.   This has gone in the names of doping (when the substitution is to a small extent possibly much lower than 1%) Solid solutions, and mixed systems.   This is a vast subject area in solid state science and we will not attempt in this short write up to cover any of these aspects and confine ourselves only for nitrogen substitution in carbon materials and possibly only on carbon nano tubes.

It is better if we ask the question why at all one wants to substitute in carbon nanotubes.   The possible reasons are:

1. Size consideration possibly allows the nitrogen substitution in carbon lattice as one has a variety of nitrogen containing organic compounds.   Nitrogen is capable of being in variable hybridization states like carbon; this means nitrogen can directly bind with carbon atoms like in straight chain carbon compounds and also form part of a ring system like in pyridine or aromatic systems, or in other acyclic systems.
2. Since nitrogen contains lone pair electrons it has other possible bonding characteristics.

3. The important aspect is that since it substitutes in a solid matrix, the solid state properties of the substituted system will be changed like the ease with which electron transfer reactions can be effected on the surface of substituted systems.

4. The point considered above not only alters the bonding characteristics of the substrates but also alters the redox properties of system itself.   Generally it is believed that nitrogen substituted systems will be facile for reduction reaction than the nonsubstituted systems.   This is one of the reasons why this substrate (substituted carbon systems) is used to load Pt for oxygen reduction reaction.

What have been stated so far are the most obvious reasons for nitrogen substitution in carbon nano-materials.   However there can be some specific reasons for resorting to nitrogen substitution in carbon nano-materials.   In this short write-up we wish to deal on these aspects to some extent.   These can be stated in simple language as follows:
The atomic wave functions of nitrogen may undergo changes as a result of the mixing with the wave functions of carbon in the framework and hence attain some symmetry and energy alterations which facilitate the charge transfer process at the electrode electrolyte interface.

The presence of nitrogen atom in the normal equi-potential surface of carbon can generate new sites which can function as the so called active sites on the surface.

The presence of nitrogen atom (in general hetero atoms) in the lattice of conventional carbon lattice can give rise some stress and also distortions which can alter the energetic of the wave functions and also alters the general contours of the wave functions so that the facile activation of the substrate can take place.

The presence of nitrogen atoms (in general hetero atoms) may make the surface hydrophilic which is otherwise hydrophobic and this alteration of surface property can be advantageous for the substrate activation.

The net polarity generated on the surface of carbon surface can bring about the salvation sphere appropriate for the depolarizer to undergo electrochemical reaction.

Apart from all these considerations, the stability of the material in both acid and alkaline media is a special consideration for electrode applications.

