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The 1987 paper highlighted here evolved from the
ongoing desire to couple HPLC to mass spectrometry.
HPLC-ultraviolet techniques were readily accepted
and widely used, but the facile and practical coupling of
this very capable separation science technique to elec-
trospray ionization mass spectrometry had not yet
been demonstrated.

During the late 1970s only a handful of us were
experimenting with coupling HPLC to mass spectrom-
etry to provide LC-MS capabilities. In 1979 Hewlett-
Packard developed an early approach called direct liq-
uid introduction (DLI)3 to provide one of first
commercialized LC-MS interfaces. At the same time
Finnigan, Inc. commercialized its “moving belt” LC-
MS interface, which could produce electron ionization
(EI) mass spectra via LC-MS. Neither of these commer-
cial LC-MS techniques was easy to use or generally ac-
cepted as a useful analytical tool.

During the early 1980s a few research groups con-
tinued to explore alternative approaches to create gas-
phase ions from intractable compounds for mass spec-
trometry (MS) detection via online LC-MS sample
introduction. Marvin Vestal developed and commer-
cialized thermospray LC-MS (1 ). In 1984 John Fenn
published his first results describing electrospray ion-
ization mass spectrometry (2 ), for which he later
shared the Nobel prize. These 2 approaches contrasted
with each other because thermospray LC-MS could
handle standard HPLC flow rates of 1 mL/min, but
electrospray was confined to flow rates of �10 �L/min
and mobile phases containing low aqueous content
(3 ). Water is often used at high percentages in
reversed-phase HPLC mobile phases, so “pure” elec-

trospray did not look promising for real-world appli-
cations. Most of the published reports by Fenn et al.
employed infusion-MS rather than LC-MS.

I attended the Asilomar conference of the Ameri-
can Society for Mass Spectrometry in the early 1980s.
At this conference Bruce Thomson of Sciex presented
some amazing results using a newly developed “ion
evaporation” interface (4 ) coupled to Sciex’s atmo-
spheric pressure ionization (API) mass spectrometer.
This novel sprayer device operated at ambient temper-
ature, employing high voltage applied to an induction
electrode coupled with nitrogen gas for pneumatic
nebulization to produce an aerosol of charged droplets.
This device could handle 1 mL/min aqueous liquid
flows and produced gas-phase ions of polar, intractable
compounds for MS detection.

I returned to my Cornell University research lab-
oratory where Andries Bruins of the University of Gro-
ningen, the Netherlands, had joined my research group
as a visiting scientist. We commenced experiments em-
ploying a high linear velocity of coaxial nitrogen neb-
ulizing gas as part of a modified electrospray ionization
sprayer probe. Bruins experimented with this LC-MS
interface, which we later named “Ion Spray,” and dem-
onstrated significant improvements in analytical sensi-
tivity using aqueous methanol or acetonitrile flows
ranging from 0.05– 0.1 mL/min. These were 10 –20
times higher flow rates than with “pure” electrospray.

“Micro HPLC” was becoming available during
this time, so we integrated routine online micro–LC–
tandem MS (MS/MS) analysis of real-world biological
and environmental extracts containing a wide variety
of pharmaceutical and environmental compounds
with our Ion Spray LC-MS interface. Initially we fo-
cused on very polar, medium molecular weight sulfo-
nated azo dyes as part of our new Environmental Pro-
tective Agency Cooperative Agreement sponsored by
William Budde of the EPA EMSL laboratory in Cincin-
nati, Ohio. Coincidentally, these very acidic sulfonic
acid compounds had multiple sulfonic acid groups that
were best detected in the negative ion mode. It was later
learned that nitrogen nebulizing gas was particularly
beneficial for facilitating the electrospray detection of
the resulting multiply negatively charged sulfonic acid
compounds.

Our 1987 publication on Ion Spray LC-MS has
been frequently cited because it provided a meaningful
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and practical breakthrough allowing many laboratories
to begin employing LC-MS/MS techniques. Sciex was
the first to commercialize this technique in the late
1980s, when my very capable Cornell graduate student,
Tom Covey, joined them and helped implement our
Ion Spray technology into their novel API III tandem
triple quadrupole mass spectrometer. The latter instru-
ment became a legend because so many were sold and
adopted in the pharmaceutical industry. It is particu-
larly rewarding to know that more recently our pneu-
matically assisted electrospray (Ion Spray) technology
has been implemented in clinical diagnostic laborato-
ries for newborn and metabolic screening (5 ) and a
host of other clinically important applications.
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