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SMALL MOLECULE ANALYSIS WITH SILICON NANOPOWDER-ASSISTED LASER DESORPTION/IONIZATION (SPALDI) MASS SPECTROMETRY
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Small molecule analysis by MALDI traditionally has been considered limited due to the chemical matrix background at the low mass range. Matrix-less approaches have been developed in order to address this problem, based on the use of various light absorbing particles and surfaces. One of the successful approaches is DIOS, based on desorption/ionization on modified silicon surfaces. DIOS proved to be a selective, sensitive and background-minimized method. In order to simplify the silicon preparation procedure as well as the laser desorption ionization (LDI) application, modified silicon nano particles are explored here as a tool for LDI. Practical use, as well as some mechanistic aspects, are demonstrated and discussed in comparison with other approaches.

Silicon nanopowder (5-50 nm) was applied as a matrix for the analysis of small molecules in laser desorption/ionization mass spectrometry (LDI-MS). In order to obtain maximum analyte signal intensity and minimum background, the powder and analyte preparation procedures were investigated and optimized. The final powder preparation protocol involves mainly cleaning and hydroxylation with nitric acid, followed by derivatization of the silicon particle’s surface with perfluorinated alkyl or phenyl groups. The powder is stored in in perfluorohexane and can be kept active for at least one month. 

Both positive mode and negative mode laser desorption/ionization have been applied to different analytes including drugs, peptides, lipids, pesticides and acids. Selectivity to basic compounds (positive ion mode) or acidic compounds (negative ion mode) is exhibited. Detection limits down to the low femtomole per microliter concentration levels were achieved for propafenone and verapamil drugs. SPALDI was found to be tolerant to salt contamination, which allowed the direct analysis of morphine and propaphenone in untreated urine and ametryn and altretamine triazine pesticides in soil extracts. 

Some aspects of the charge transfer mechanism have been studied. Using deuterated solvents, it is shown that the ionizing proton originates from the solution. There is evidence that analytes are selectively pre-charging in solution, prior to their vacuum laser desorption. Energy transfer processes were also explored. In comparison with other matrices, SPALDI requires much lower laser fluence to obtain LDI signals. It also induces less internal energy, suggesting a potential for “softer” analysis of thermally labile compounds. 

In comparison with standard MALDI matrices, the new Silicon nanoParticle Assisted Laser Desorption Ionization method (SPALDI) exhibits reduced background, has much better surface homogeneity and has much better tolerance to salt interference, which makes it an easily applicable practical tool at a potentially low cost.



