How Conventional Mechanisms Explain the Formation of Gaseous Ion by Atmospheric Pressure Photoionization (APPI)
Electrospray Ionization (ESI) is one of the common techniques used to produce gaseous ions from polar compounds in modern LC-MS applications.  The main advantage of ESI, aside from being an ionization technique that can be applied under atmospheric pressure, is its ability to form multiply charged ions that enables mass spectrometric analysis of large molecules. However, this technique is less effective for compounds of low polarity. For relatively low polar compounds, an alternative technique known as Atmospheric Chemical Ionization (APCI) is more effective. One of the drawbacks of the APCI technique is that it produces only singly charged ions. Moreover, the technique imparts relatively more internal energy to the analytes than ESI.  Consequently, more product fragments are generated. The APPI hyphenated to an LC-MS system was first introduced by Bruins et al in 2000. The set up for APPI is similar to that of APCI except that the corona discharge needle of APCI is replaced by a Kyrpton UV lamp capable of producing 10-eV photons. It is known that the presence of a dopant chemical usually assists the production of molecular, or [M+H]+ ions from the analyte. The dopant selected usually has an ionization energy (IE) lower than the energy of photons from the kyrpton lamp. 
According to one school of thought, this technique ionizes compounds by the following mechanism (Bruins et al, and Kostiainen et al)
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According to this mechanism, a careful selection of the solvent system for LC and the dopant, enable the mass assignments to unknown analytes. For example, one could determine if the ion detected is a molecular ion or an [M+H]+.
Recently, Traldi et al reported a modification to the widely accepted mechanism of Bruins et al. Traldi et al argued that the structure elucidation and mass assignments of unknown analytes is more complicated than the set of equations given above. For example, a solvent with high PA was specially selected to inhibit the role of eq (5). However, eq (5) was still observed in systems where PA of M< PA of S..  Apparently, there are additional reactions that take place under APPI conditions as summarized below.
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The neutral molecules (N) could be any trace level molecule such as oxygen or water. 
Clearly, structure elucidations and mass assignments of peak peaks generated by APPI could be challenging without an adequate understanding of intricate details of the APPI mechanism. I would like to critically examine the above reported data and mechanisms and propose further experiments that could be carried out to comprehend the differences.
References

1. D.B. Robb, T.R. Covey, A.P. Bruins, Anal. Chem., 2000, 72, 3653-3659
2. T. J. Kauppila, T. Kuuranne, E.C. Meurer, M.N. Eberlin, T. Katiaho, R. Kostiainen, Anal. Chem., 2002, 74, 5470-5479
3. M. Tubaro, E. Marotta, R.Seraglia, P. Traldi, RCM, 2003, 17, 2423-2429
4. E. Marotta, R.Seraglia, F. Fabris, P. Traldi, JMS, 2003, 228, 841-849
