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A t a fundamental level, all mass spectrometers generate ions, separate
them one from another, and measure how many of each was produced.
And although that simplistic picture belies the complexity of the oper-

ation of this instrument, it’s useful to keep the simple description in mind as
one thinks about how mass spectrometric data is produced and what it means. 

Before the mid-1960s, most mass spectrometers used high-energy elec-
trons to generate ions from organic compounds and a large magnet to sepa-
rate them. The first mass spectrometer I ever saw was manufactured by Hitachi.
It was a gray box that took up a substantial part of a 20’ by 20’ lab. An AEI
high-resolution unit that took up even more room was the next addition to
the chemistry department; it could separate ions that were only 0.0001 atom-
ic mass units apart, making it useful in determining the atomic composition
of the various ions produced. 

Today, most mass spectrometers use anything but magnets to effect ion sepa-
ration, relying instead on quadrupole and ion cyclotron resonance devices. As
to the generation of ions, we’ve moved well beyond electron impact sources.
Chemical ionization and matrix-assisted laser desorption ionization, two of the
soft ionization techniques, have become mainstays of the modern pharmaceu-
tical and drug discovery laboratory.

When most people, even today, think about mass spectra, they think about
positively charged ions. But this doesn’t have to be the case. In fact, there are
distinct advantages to generating negative sample ions spectra. In “Positive Feel-
ings about the Negative Mode” (p 20), MS specialists Bob Classon and Peter
Ratsep from Shimadzu Scientific Instruments discuss some of these advantages
and how improvements in sensitivity and throughput in negative ionization
technology are leading to a revolution in the LC-MS analysis of the small mole-
cules that are so critical to pharmaceutical discovery and development.

Negative-mode analysis offers researchers a chance to characterize molecules
that may be too fragile for the positive-mode analysis. Likewise, multimode analy-
sis (both positive and negative) enables the mass spectroscopist to perform multi-
ple experiments simultaneously, thereby maximizing efficiency and often
saving precious sample material. Of course, MS is not just a technology for small
molecules as can be seen in the explosive developments that comprise the proteom-
ic revolution, where researchers target macromolecules and complexes that are
measured in the kilo- and even megadalton m/e mass range. In “Interacting with
the Proteome” (p 27), Senior Associate Editor Randall Willis describes some of
the recent advances that will allow researchers to address new analytical chal-
lenges such as those in the International Human Proteome Project.

Mass spectrometry is one of the most dynamic analytical techniques ever
developed. Even today, it continues to evolve after being around for over a
century. Drug development and pharmaceutical scientists (and more often, their
students) are modifying mass spectrometers and MS methods to identify and
characterize what once were intractable members of the proteome—low-abun-
dance and membrane-bound proteins. Advances in ionization techniques allow
researchers to determine not just the mass of a protein, but rather to under-
stand the functions of post-translational protein modifications by phosphory-
lation and glycosylation. But it’s all still the same fundamentals of ionization
and separation. Same tools as a century ago, just with new tricks. ◆
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