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CHAPTER VII.  CONCLUSIONS

Time-of-Flight Mass Spectrometry (TOF-MS) has experienced a rebirth during

the last decade.  Mass selection by TOF-MS is achieved by accelerating ions to identical

kinetic energies and allowing them to separate due to their mass-dependent velocities and

thus reach the detector at specific times.  This separation-in-time principle is unlike the

separation-in-space principle of “traditional” magnetic sector and quadrupole

spectrometers.  Uniquely able to detect ions of over 1,500,000 amu, TOF-MS is the

primary mass spectrometric technique for high molecular weight compounds.  Pulsed

laser ionization methods, including MALDI, mate well with TOF-MS to rapidly analyze

a wide range of sample types.  Although reproducibility and quantitation still need

improvement, TOF-MS is a valuable analytical tool.

Our LI-TOF-MS typifies the modern design.  Solid samples ablated by the

Nd3+:YAG laser are analyzed within microseconds.  The three-electrode ionization region

allows spatial focusing onto the front reflectron lens.  Second-order energy correction

with the dual-stage reflectron minimizes the initial kinetic energy distributions due to

laser ablation to sharpen each isomass ion packet and enhance resolution.

An understanding of all aspects of laser ionization and time-of-flight analysis

accompanied experimental characterization and optimization of our LI-TOF-MS.  Both

space-focusing and energy-focusing were achieved by individually and systematically

maximizing instrumental parameters for ion yield and spectral resolution.  Because the

laser ablation process imparts substantial kinetic energy distribution to the ions, linear

mode TOF-MS operation was unsuccessful.  Using the reflectron and secondary flight

tube, resolution values (t/2∆tFWHM) of over 1200 and 600 were obtained for single-shot

spectra and laser shot-averaged spectra, respectively.

Laser ablation processes were analyzed as well.  The optimum extraction pulse

delay, a vital parameter in our instrument, highly depends on the mass of the analyte ion.

The ion ablation velocity, therefore, is mass-dependent, but calculations revealed an

independence of the orthogonal ejection energy on the mass of the ablated ion.

Several test cases illustrated the proper performance and analytical capabilities of

the LI-TOF-MS.  The complex doped metal oxide samples portrayed “real life”
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applications of our TOF-MS.  Dopant concentrations as low as 0.033% were detected

consistently and efficiently.  Identification of unexpected contamination and hydration

proved the usefulness of our LI-TOF-MS as an analytical tool.  Furthermore, gas-phase

aggregation was investigated.

Many interesting conclusions were drawn following analysis of the two fullerene

samples, pure C60 and impure C70 soot.  Primarily, success in detecting species up to

~C270 (~3243 amu) revealed the high-mass capabilities of our instrument.  Theoretical

principles of fullerene stability were confirmed by experimentally observing only even-

numbered fullerene ions for clusters containing over 30 carbon atoms.  For smaller

clusters, mass losses of 12 amu (single carbon atoms) were observed.  The relative purity

of the C60 sample was confirmed by comparing mass spectra of C70 under similar ablation

conditions.  Other stable, “magic number” fullerenes in the C70 sample were identified

and quantitated.

The fragile inorganic multimetallic complexes challenged all aspects of the LI-

TOF-MS process.  The high molecular weight and ease of fragmentation of these species

has made previous mass spectral analyses difficult, and more reliable structural

confirmation is desired.  Our investigations of three organometallic species employed a

variety of techniques to improve the spectra.  Rapid analysis by laser ablating a directly

deposited sample fragmented the molecules considerably.  MALDI sample preparation,

typically used in biomolecular analyses, was quite successful.  Although the molecular

ion could not be generated from the two multimetallic complexes, significant fragments

of the molecule were identified, and structural assignments were made.  Some

generalizations for the choice of solvent, matrix, and sample preparation conditions were

found, but optimization for each MALDI analyte was necessary.  Complete

characterization of a large monometallic complex (m/z 856) was successful through

MALDI.

In summary, Laser-Ionization Time-of-Flight Mass Spectrometry is a valuable

tool for analytical chemists.  A complete characterization and sample analyses with our

new instrument demonstrates the usefulness of the technique.  Future applications include

increased structural characterization of high-molecular weight inorganic complexes.


