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Some estimates show that researchers are generating hundreds
of times more compounds to test each day than were gener-
ated just two decades ago. And although there have been

substantial throughput improvements in HPLC-UV, by far the
greatest advances have been in LC-MS. Largely for this reason,
LC-MS has become the method of choice for the types of
compounds that form the bulk of the pharmaceutical drug discov-
ery process.

But even within LC-MS analysis, there is room for higher
productivity without sacrificing validity, accuracy, precision, sensi-
tivity, repeatability, or reproducibility. Techniques now available
extract more information from a sample than their predecessors.
For example, negative-ion analysis has become much more reli-
able and significantly more sensitive, thereby allowing detec-
tion of compounds that are difficult to analyze otherwise. Simi-
larly, multimode testing enables the user to run multiple
experiments simultaneously on the same sample, saving time and
precious sample while reducing sources of analytical error.

Negative-Mode Manna
Advances in the optical focusing elements in modern LC-MS instru-
ments allow today’s mass spectrometers to do many things that
earlier models simply could not. High-sensitivity negative-ion
analysis makes dual-mode analysis possible, and therefore, requires
just a single run for a positive identification. To oversimplify, you

get a low as well as a high mass reading so that you know the
molecular weight range of the compound of interest.

As shown in the following examples, although the height of
the negative-mode peaks can be one-tenth that of the equiva-
lent positive-mode peaks, the peaks can still have similar
signal-to-noise (S/N) ratios and are equally distinct.

If you have a late-model LC-MS, think in terms of using the
negative mode. As with a new piece of software, you will gain
skill and confidence as you use it. Practice will lead to higher
throughput. Also, consider the classes of compounds you will
be working with most often. If they can deprotonate to any signif-
icant degree, it will pay you to have LC-MS equipment that can
perform negative-mode work as fast and reliably as possible.
The throughput gains attained by acquiring all information in
one fast run and the resulting speed-to-market gains make it
easy to justify such negative-mode-capable analyzers.

The same can be said for atmospheric pressure chemical ioniza-
tion (APCI), which gives good results for compounds that are
nonpolar or difficult to ionize. In APCI, a type of gas-phase chem-
ical ionization, the solvent sprays from a tube into a heated cham-
ber—typically at 400 °C. The resulting gas is subjected to a
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corona discharge that produces proton hydrate ions or superoxide
anions. These primary ions react with analyte molecules in the
gas phase to produce positive or negative ions, respectively. Exam-
ples include aromatic hydrocarbons, steroids and fats, oil-solu-
ble vitamins, and simple sugars. APCI gives you more options for
bringing the proven speed and simplicity of LC-MS analysis to a
wider range of target compounds and analysis types. Also, many
of today’s state-of-the-art LC-MS analyzers enable you to run
several different acquisition modes in many different combina-
tions during an analysis. 

In either the selected-ion monitoring (SIM) or scanning modes,
it is possible to run four or more tests simultaneously (Figure 1).
SIM is an acquisition mode in which the mass analyzer transmits
ions at a single or several mass values as a function of time. By
contrast, in the scanning mode, the analyzer transmits a variety
of ions over a predefined range of mass values as a function of
time. The SIM technique is generally more sensitive than a full-
scan acquisition.

Dual-Mode Application
Many pharmaceuticals ionize readily in positive-mode MS but not

always as well in the negative mode. For example, fluconazole, an
N-substituted bis-triazole compound, is being marketed as an anti-
fungal agent for the treatment of cryptococcal meningitis, but
because triazo groups have a high proton affinity and therefore
protonate quite easily, bis-triazoles usually form positive ions under
acid conditions, which inhibit negative ion formation. Thus, most
LC-MS practitioners would analyze bis-triazoles by electrospray
ionization (ESI) in a positive-ion mode. These compounds there-
fore serve as a good feasibility test for dual-mode analysis.

With bis-triazoles, the hydroxyl group is a bit more difficult
to ionize at the typical pH ranges used for protonation. For
compounds like this, especially with an extremely short HPLC
run or flow-injection analysis without a column, the formation
of sodium or potassium adducts is possible. Thus, you put in
multiple ions and take your chances on finding the right one.
This means that you have to look at several targets and then
interpret the data afterwards to see if you got what you want-
ed, slowing down the analysis.

Analyzing the compound by APCI, however, eliminates forma-
tion of the alkali metal adducts and facilitates detection of both
positive and negative ions. Rather than analyze the compounds
only in the positive ion mode, we use a dual mode with high-
speed polarity switching while scanning a mass range wide enough
to cover any possible expected products.

Although the triazoles could be analyzed as a negative ion by
ESI, the method would require conditions that would not be
practical in normal combinatorial analyses or would generally need
multiple runs to limit the effects of adduct formation to achieve
both results. Nevertheless, it is possible to analyze compounds
like this by APCI and produce both positive- and negative-mode
results by LC-MS without having to use additives to adjust pH.

Negative Mode
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The significance is that in a dual-mode APCI analysis, a
compound that could have been difficult to analyze and identi-
fy is unambiguously identified in a single 2.5-min run. By contrast,
conventional ESI/positive-mode LC-MS analysis would have required
multiple runs taking a considerably longer time. APCI is an
excellent ionization technique for small molecules that do not
readily ionize in aqueous solutions.

Difficult Compounds
Sulfonamide compounds are sometimes difficult to analyze using
LC-MS procedures because of the presence of easily fragmented
groups and a hydroxyl group that attracts sodium ions. Because
of the base compound’s thermal instability, the strategy is to
analyze the drug and principal metabolites at ambient tempera-
ture using electrospray ionization with dual polarity acquisition.

The distinct ions at 552 m/z positive and 550 m/z negative

bracket the neutral 551-mass compound. Although the positive
trace shows a small peak at 574 m/z [M+Na], the negative trace
clearly shows the negative ion [M-H], without the sodium adduct,
giving greater confidence in the results. The positive peaks are
10 times stronger on average than the negative peaks, but the
latter are distinct and unequivocal. Again, in a single 5-min dual-
mode run, the chemist has the definitive information about a
drug and its three metabolites that would otherwise require longer
times and multiple runs.

Picogram-Level Sensitivity
One of the most common complaints about negative-mode LC-
MS is lack of sensitivity. However, recent developments in ion
optical design have boosted performance considerably. For
example, a technical breakthrough in optical lens design at
Shimadzu involves ion focusing and transmission using a stepped
series of quadrupoles. Ion divergence in the first vacuum region
is minimized, and ions are kept moving toward a focus point with-
out being displaced by collisions with molecules of residual gas

or solvent molecules. This improvement in sensitivity is particu-
larly useful in the analysis of metabolites.

Metabolites often contain hydroxyl groups that can be depro-
tonated to produce a negative ion. Figure 2 shows the analysis of
a 1-pg sample of the 242-Da metabolite of a pheromone from the
Japanese beetle, Popilla japonica. The compound does not show
any positive ion signal, and so must be analyzed in the negative
mode. One investigator ran a 2-min LC-MS scan with the analyz-
er set for a 241-Da target mass. The peak at 1.25 min shows how
sensitive LC-MS can be for metabolite measurements.

Structure Elucidation
Structure elucidation by LC-MS is nothing new, especially when
the target compound readily produces positive ion fragments. But
left out of this practice are the entire classes of compounds that
give off more negative than positive ions. The good news is that
negative-mode and APCI LC-MS technology now make it possible
for these “un-analyzable” compounds to join the club. This can
dramatically accelerate R&D work in a wide array of very prom-
ising compounds. AL
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Faster Sample Handling

Another bottleneck to analysis throughput has been sample
handling, largely because of the possibility of cross contam-
ination. The injector needle must be rinsed clean between each
sample injection, and this takes time. To solve this problem,
faster autosamplers have been introduced to the market that
can inject 10-µL samples every 15 s with no risk of cross
contamination or carryover, even with viscous samples.

Investigators working with hydrophobic compounds have
found this autosampler especially effective, because although
pharmacologically promising, drug formulations with hydropho-
bic components tend to defeat conventional injector rinsing
cycles by clinging to the sampling needles and rotor seals.
Simple needle rinsing just isn’t adequate to the task. To solve
the problem, the new autosamplers use coatings and seals
made of polymers that minimize sample adsorption.
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FIGURE 2: Beetle bailiwick. Researchers used LC-MS in the 
negative mode to detect metabolites from a 1-pg sample of 
beetle pheromone.

FIGURE 1: Multisequence detection mode.



For example, Figure 3 shows the results of simultaneously
monitoring the two breakdown products of chlorogenic acid: caffe-
ic acid (MW 179) and quinic acid (MW 191). Note that through
multimode acquisition, both target compounds are found in the
same run, along with some intact chlorogenic acid ions (MW 353).
Not only are we characterizing the structure of a compound that
does not ionize in positive mode, we are doing it all in a single
1-min run. The negative-mode peaks are clear and distinct enough
to confirm the molecular structure.

More Speed for More Applications
Certainly, some of the gains in LC-MS throughput stem from
specific features in new analyzer models (see box, “Faster Sample
Handling”). However, a great deal of additional throughput poten-
tial is available simply by making greater use of capabilities in
existing equipment. The use of 10-µL pump heads and high-pres-
sure gradient formation minimize solvent changeover delays and
further reduce the cycle time between injections for gradient
analyses.

Given the increasing volume and variety of compounds to
test, the value of getting better data sooner and more easily is
obvious. So the benefits of mastering these advanced techniques
are well worth the effort. As of this writing, hundreds of phar-
maceutical R&D professionals already use these advanced tech-
niques, singly or in various combinations, and they have seen
the results in terms of much higher throughput. In short, the tools
and techniques for higher testing throughput are at hand and in
active use.
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FIGURE 3: Quantifying degradation. Researchers used LC-MS to
follow the thermal breakdown of chlorogenic acid (CGA; MW
353.4) into caffeic acid (MW 179.2) and quinic acid (MW 191.2).


