
To the Editor-in-Chief
Sir,

The persistent memory effect of
triethylamine in the analysis of
phospholipids by liquid chromato-
graphy/mass spectrometry

Triethylamine (TEA) as an eluent
modifier for high performance liquid
chromatography (HPLC) applications
is chosen by chromatographers as an
ion pair reagent or as a buffer

component of intermediate polarity.1

There are examples in the literature
that prove its capability to support
ionization of various compound
classes in electrospray ionization
mass spectrometry (ESI-MS).2

Following Karlssonet al.,3 we have
developed methods for HPLC/ESI-
MS and -MS/MS for the separation
and identification of phospholipids
from purified bacterial and sediment
extracts. Chromatographic separation
was carried out on a Thermo Separa-
tion Products (TSP, San Jose, CA,

Figure 1. (a) TIC chromatogram of phospholipid standards: phosphatidic acid (PA), phosphatidyl glycerol (PG),
cardiolipin (CL), phosphatidyl ethanolamine (PE), phosphatidyl choline (PC), phosphatidyl serine (PS), phosphatidyl
inositol (PI), all Sigma-Aldrich, Germany; (b) quasi-molecular ions of PI (from soybean) showing different fatty acid
combinations (fatty acids are denoted as x:y, with x giving the number of carbon atoms and y representing the number of
double bonds; and (c) MS/MS ofm/z833.
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USA) HPLC instrumentcoupledto a
Finnigan LCQ ion trap mass spectro-
meter (Thermoquest-Finnigan, San
Jose, CA, USA). Phospholipids
were separated according to their
headgroups on a LiChrospher 100
Diol 5mHPLC column (125� 2 mm;
Merck, Darmstadt,Germany)usinga
convexgradient. Eluents containeda
formic acid/TEA buffer (0.6/0.08%
v/v, respectively). Measurementsin
negative ion mode (spray voltage:
ÿ4.5kV, capillary temperature:
200°C) exclusively yielded [M ÿ
H]ÿ ions. Details of the procedure
will be descibedelsewhere. Figure 1
shows an example of the effective
separation and the mass spectra re-
sulting from a singlerun.

Problems arose when the same
instrument was used for measure-
ments in the positive ion mode,
especially in the low molecular
weight range (m/z 50–650). Such
analyseswere virtually madeimpos-
sible by a very intensesignal at m/z
102, [M � H]� of triethylamine. Di-
rect infusion of pure solvents by the
syringe pump resultedin a strongly
dominant signal of TEA with inten-
sitiesrangingfrom 106 to 107 counts
during 10 ms of ion collection time,
i.e. close to the maximum ion inten-
sity during normal operationof the
instrument. The intensity was inde-
pendent of the kind of solvent sup-
plied. The problems did not only
concern suppressionof ionization of
other analytes but also severely in-
creaseddetectionlimi ts, because an
ion trap collects only a limited

number of ions andcannotexcludea
singlem/zspeciesandsoit wasnearly
entirely filled with only triethylam-
moniumions.Therefore, detection of
other compoundsfrom diluted solu-
tions, i.e. in the normal ESI concen-
trationrangeof approx. 1 mg/mL, was
strongly hindered. Only at concentra-
tions as high as 100 mg/mL could
certain compoundsstill be detected.
Figure 2, as an example, showsthe
ESI mass spectrum of 2-(9-decenyl)-
5-methyl-1,3,4-oxadiazole (positive
ion mode, spray voltage: �4.5kV,
solvent supply: 10 mL/min, concen-
tration: ca. 100 mg/mL). Even under
theseconditions theTEA peakis still
significant. However, for manycom-
poundclasses, measurementsat these
concentration rangesare not feasible
because of preferentialformation of
adductsandproton-boundmultimers,
or due to limit ed samplematerial.

As the vacuum unit of the LCQ
instrumentis not designedfor baking,
otherprocedures hadto be employed
to remove the contaminant (TEA).
Even severalcleaningcycles of ESI
source, heatedcapillary, API stack
and the ion optics using various
solventsandreplacementof anumber
of mass spectrometer parts, tenta-
tively identified asthemost contami-
nated ones, did not significantly
reduce the intensity of the TEA
signal. Cleaning procedures recom-
mendedby the instrument manufac-
turer (Thermoquest, personal
communication) or other researchers
working with TEA (DeJohn, personal
communication), i.e. sonicationwith

formic acid/acetonitrile (50:50 v/v)
did not improve the instrument per-
formance. Finally, we disassembled
the whole vacuum unit and all
attached partsof the instrument,had
all the metal pieces(ion optics, trap,
vacuummanifold, etc.) cleanedby a
mass spectrometer manufacturer
(MassTech, Bremen, Germany)and
replaced all Teflon, PEEK and other
plastic components (including analy-
zer mount, tube lense and skimmer
mount, all sealings, tubings, etc.).
This ultimately removed the TEA
contamination to a level below the
detection limit.

From this experiencewe conclude
that TEA was strongly adsorbedon
the surfacesof the vacuummanifold
andpartstherein.Ionization mayhave
occurred by proton transfer from
solvent ions generatedby the ESI
processto desorbed TEA molecules.
Therefore, we strongly recommend
refraining from the use of triethyl-
aminein analysesusing ion-trap LC/
MS andconsidering alternativeeluent
modifiers if the instrument is ever to
be used for the analysis of low
molecular weight substances in posi-
tive ion mode.
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Figure 2. ESI mass spectrum of 2-(9-decenyl)-5-methyl-1,3,4-
oxadiazole(ca.100mg/mL in methanol).
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