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Abstract

We investigated the effect of common chromatography eluents and additives on the positive ion responses of ecgoni
methyl ester (EME), benzoylecgonine (BZE), and cocaine (COC) using electrospray ionization (ESI). Primaik][M
ions were observed, although decomposition of EME and COC to ecgonidine methyl ester gave a sizablmjzda2a.
The results showed that the sensitivity for the test analytes was greatest in a mobile-phase consisting of a 1:1 mixtu
of 60% acetonitrile/40% acetone:100 MM ammonium acetate. There was no evidence of a correlation between sensit
ity of [M + H]™ ions and solution pH. Adducts derived from addition of ammonium salts and ammonium hydroxide,
along with cluster ions were not observed, although cationization did occur for BAE{23%). Signal intensities for
COC (pKa = 8.61) obtained under acidic conditions (pH 2.55-2.80) and basic conditions (pH 9.19-10.02) did
not vary, suggesting that mechanisms other than in-solution ionization maybe key in formation of ions by the electrospre
process.
© 2003 Published by Elsevier Science B.V.

Keywords: API/MS; Ecgonine methyl ester; Benzoylecgonine; Cocaine; LC

1. Introduction active compounds in biological matricg$,2]. The
high sensitivity and selectivity provided by API when
Atmospheric pressure ionization mass spectrom- coupled to liquid chromatography/tandem mass spec-
etry (API/MS) has gained widespread popularity as trometry (LC/MS/MS) has reduced the time required
an analytical tool for the quantitative determination for method development and sample analysis of drugs
and structural characterization of pharmacologically and their metabolites in biological matriciSs4]. API
is characterized by two ionization techniques ideally
suited for analyzing small molecules: atmospheric
fax: +1-860-715-7486. hemical ionizati APCI d elect
E-mail address: patrick jeanville@groton.pfizer.com .pre.ssu.re chemical ionization ( ) and electrospray
(P.M. Jeanville). ionization (ESI) [5-7]. Fundamentally, these two
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processes are distinguished by differences in ion gen- Factors that may effect generation of ions by
eration, although considerable overlap exists in their API include: pH, K, temperature, mobile-phase
range of applicability. additives, flow-rate, solvent composition, and con-
APCI is used routinely for high throughput and centrations of electrolytes and analy{éd—16] The
high sensitivity quantitative analysis of low polarity importance of the addition of organic modifier on
compounds. The APCI process generally produces electrospray ion current stability, sensitivity, and per-
protonated or deprotonated molecular ions, primarily formance has been examingtl/—19] Electrospray
via proton transfergositiveions) or proton abstraction  sensitivity gains achieved when employing various
(negative ions) mechanisms. The sample is vaporized organic solvents has been investigated, showing that
in a heated nebulizer before emerging into a plasma, the higher the organic concentration in the solvent
which is formed within the atmospheric source and system, the greater the electrospray respdi$é.
corona discharge needle. The extent of sample ion- Reports delineating the effects of solution pH and
ization is driven by the gas-phase proton affinities analyte Kz on the response of protonated analyte
(PA) of all chemical species present in the APCI molecules have been made, suggesting that pH might
source. Efficient ionization is obtained in the posi- be a factor used to optimize a mixture for a particular
tive mode when the analyte proton affinity is higher analyte[14,20,21] Also, the significance of various
than that of the mobile-phase and endogenous sourcesolution phase factors, such as viscosity, surface ten-
components. sion, and analyte characteristics on ESI response have
ESI is a soft ionization process used to generate been extensively examind@2,23]
gaseous ionized species from liquid solutions. lon-  ESI method development can be a time-consuming
ization is believed to occur “in-solution” through endeavor. Many conventional buffering and additive
production of a fine liquid spray in the presence of a agents are deleterious to the electrospray ion gener-
strong electrical field8—10]. The sample solution is  ation process. As such, the ionization efficiency of a
sprayed from a region of high electrical intensity, at particular analyte can be affected by an ensuing com-
~4000V, where the highly charged droplets become petition for charge between all species present in the
electrostatically attracted to the orifice inlet of the eluent[24]. In other experiments, the effects of elec-
mass spectrometer. Prior to entry into the mass spec-trolyte concentration on analyte response using ESI
trometer, dry gas, heat, or combination of the two are have been reportdd6,24] The analyte response fac-
applied to the droplets to effect ion desolvation. tor was observed to be proportional to concentration
Two models have been proposed for the ion gener- over four orders of magnitude when the electrolyte
ation process: charge residue model (CRM) and ion concentration is below IG M. Therefore, optimal
evaporation model (IEM). In CRM, as the droplets ESI method performance relies on balancing the in-
condense, the electric field density on the droplet dependent requirements for liquid chromatography
surface increases. The surface area of the dropletoperation and efficient ESI.
continues to decrease until the repulsive forces of Conversely, Kebarle and coworkers first recognized
“like-charges” on the surface exceed the droplet's that gas-phase reactions could have a significant ef-
surface tension. Subsequently, ions are ejected fromfect on ESI respong@5-27] The effect of gas-phase
the droplet through what is known as the “Rayleigh proton transfer reactions on the mass spectral re-
Limit” is reached[11,12] The IEM model is similar sponses of solvents and analytes with know gas-phase
to CRM in that, charge density also increases as the PA has been investigated, showing that the analyte re-
solvent evaporates. However, in this model coulombic sponse was either suppressed or eliminated in solvent
forces overcome the adhesive force of the charged systems with higher gas-phase PA than the analyte
species on the surface, expelling ions directly from [16,28] Kamel et al. have observed the significance
the surface into the gas-phads]. of gas-phase proton transfer reactions on the ESI of
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tetracyclines[20]. Their data strongly suggests that rial and standard stock solutions (5.0 mg/mL) of these
mechanisms in addition to solution ionization are compounds were prepared in HPLC grade acetonitrile
involved in the formation of ESI sample ions. obtained from J.T. Baker Company (Phillipsburgh,
Cocaine (COC), the major alkaloid &frythroxy- NJ) and stored at2C. Dilutions of the standard stock
lum coca, is a potent brain stimulant and one of the solutions were made to provide a cocktail working
most vigorously addictive drugs. In vivo, COC is stock solution (30ng/L) in HPLC grade acetoni-
rapidly metabolized to benzoylecgonine (BZE) and trile. Analytical grade formic acid was obtained from
ecgonine methyl ester (EME). Traditionally, these an- Acros (Geel, Belgium), ammonium hydroxide from
alytes have been monitored by GC, GC/NES,30], J.T. Baker Company (Phillipsburgh, NJ), and ammo-
and LC/UV [31,32] Recently, electrospray methods nium formate and ammonium acetate from Spectrum
have been examined for quantitative and qualitative Chemical Mfg. Corporation (Gardenia, CA). We ob-
analysis of COC and its metabolites in biological tained HPLC grade water, acetone, acetonitrile, and
matriceq1,2,4]. Routine analysis of forensic samples methanol from J.T. Baker Company (Phillipsburgh,
for EME, BZE, and COC require highly sensitive, NJ). Solutions were filtered through a 0@t TF
accurate, and rugged assays. (PTFEP membrane filter, Gelman Sciences Inc. (Ann
The purpose of this study was to investigate the Arbor, MI).
effects of electrolytes, solution pH and organic eluent
composition on the ESI mass spectra and responses2.2. Mass spectrometry and sample introduction
for COC, EME, and BZE in the positive ion mode.
Mobile-phase additives are often used to improve ESI/MS experiments listed iffable 1were con-
chromatographic separations, increase analyte solu-ducted using a Finnigan MAT Triple Stage Quadrupole
bility, enhance ESI performance, and heighten ESI (TSQ) 7000 mass spectrometer, with a Finnigan API
response of analytg83]. The volatile mobile-phase  source (San Jose, CA). The auxiliary gas and sheath
additives employed in this study are commonly used gas pressures were set to 12 and 50 psi, respectively.
reagents for reversed-phase liquid chromatography ESI source voltage was 4.5kV and the heated capil-
(RPLC)/ESI/MS analyses. Although particular elec- lary was operated at 15C. Tube lens, capillary, axis
trolyte: pH: solvent combinations may yield the offset, and lens 11 voltages were set to: 104.51, 37.71,
greatest electrospray responses, they may not provide—3.0, and—21.15V. The data system consisted of a
optimum chromatography conditions. Our goal was Compaq Pentiuff 1l AP400 Professional Worksta-
to develop the optimum mobile-phase system for the tion (Houston, TX) operating Finnigan XCALIBUR
analysis of EME, BZE, and COC by ESI/MS/MS. A Rev. 1.0 system software, Finnigan MAT (San Jose,
better understanding of the synergy between solvent CA). The instrument was operated in the positive ion
components and the ionization of analytes should mode, and 60 ESI spectra were collected over five
facilitate future development of highly sensitive, ac- periods by scanning the third quadrupole over a mass
curate, and rugged assays. range ofm/z 100—400.
To evaluate the effects of electrolytes, solution pH
and organic eluent composition on the ESI mass spec-

2. Experimental tra and responses for COC, EME, and BZE, samples
were introduced into the ESI sources at an infusion
2.1. Materials rate of 5.QuL/min, from a Hamilton Co. (Reno, NV)

250uL gas-tight syringe, using a Harvard Model 11

COC (free base), BZE hydrate and EME hydrochlo- syringe pump (South Natick, MA). The infusion sy-
ride were obtained from Sigma (St. Louis, MO). A ringe was connected to the electrospray sources via

weighing of each analyte was made from neat mate- a 5.25in. length of 0.0025in. PEEK tubing. Pre- and
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Table 1
Gas-phase basicities for mobile-phase eluents/additives, and substituted alkylamin€at 25
Component Structures Proton affinity (kcal/mol)
o
Acetone )]\ 196.7
H;C CH,
Acetonitrile H,C——N 188.2
OH
Methanol H3C/ 181.9
H—O
Water \ 166.5
H
Formic acid O\/OH 178.8
(o}
Acetic acid )}\ 190.7
H;C OH
\
Ammonia /N H 204
H
N
1,4-Diazabicyclo-[2,2,2]octane 228
N

post-flushing of the system for a period of 5 min with tained for the two measurements did not vary by more
a 50:50 solution of water:methanol was performed than40.3 pH units. Before each infusion experiment
to eliminate carryover between analyses. A 0.01 mM 2.5mL of the aqueous additive was added to 2.5mL
solution of reserpine in 50:50 HPLC grade wa- 60% acetonitrile/40% acetone, and thoroughly mixed.
ter:methanol served as an external reference to moni-Then 167.L of the 30ng{.L cocktail standard in
tor instrument drift over the course of the analyses. HPLC grade acetonitrile was added to give a final

concentration of~1.0 ng/mL. A complete list of the
2.3. Sample preparation mobile-phases investigated is givenTiable 2

Ammonium formate, ammonium acetate, formic
acid, and ammonium hydroxide were added to wa- 3. Results and discussion
ter to give solution concentrations of 5.0, 25, and
100 mM for each, and the pH of the individual solu- The structures of EME, BZE, and COC along
tions was measured. Equal (1:1) volumes of aqueouswith their molecular weights and acid dissociation
additive and 60% acetonitrile/40% acetone were thor- constants (da) are listed inTable 3 [34] The Ka
oughly mixed, and the pH of the final mixture was values for EME and BZE were not available from
obtained. This value is reported Trable 2 Data ob- the literature and were calculated using the Advanced
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Table 2

Effects of mobile-phase additives on the positive ion ESI sensitivities of ecgonine methyl ester, benzoylecgonine, and cocaine

Analyté® Mobile-phase additive Apparent pH EME BZE COC
(199.2, 0.4519 (290.2, 0.3119 (304.2, 0.299

IM + H]T/IC None 6.4 5.03 3.38 175

I[M + NaJ*/C None 6.4 0.40

IM +K]*/C None 6.4 0.32

IM + H]t/IC 5.0mM ammonium formate 5.8 6.12 8.91 22.4

IM + NaJ*t/C 5.0mM ammonium formate 5.8 0.39

IM + K]*/IC 5.0mM ammonium formate 5.8 0.27

IM + H]T/C 25mM ammonium formate 6.2 11.4 11.0 28.6

I[M + NaJ*/C 25mM ammonium formate 6.2 0.13

IM + K]*/C 25mM ammonium formate 6.2 0.23

IM + H]*/IC 100 mM ammonium formate 6.4 12.3 13.2 33.7

I[M + NaJt/C 100 mM ammonium formate 6.4 0.09

IM + K]*/C 100 mM ammonium formate 6.4 0.20

IM + H]T/C 5.0mM ammonium acetate 6.6 3.57 4.73 13.6

I[M + NaJ*/C 5.0mM ammonium acetate 6.6 4.73

IM + K]*/C 5.0mM ammonium acetate 6.6 4.73

IM + H]t/C 25mM ammonium acetate 6.8 3.41 2.95 13.0

IM + NaJ*/C 25mM ammonium acetate 6.8 2.95

IM + K]t/C 25mM ammonium acetate 6.8 2.95

IM + H]t/IC 100 MM ammonium acetate 7.0 4.61 3.50 17.0

I[M + NaJ*/C 100 mM ammonium acetate 7.0 3.50

IM + K]*/C 100 mM ammonium acetate 7.0 3.50

IM + H]*/IC 5.0mM formic acid 2.8 5.30 9.65 20.6

IM + NaJ*/C 5.0 mM formic acid 2.8 5.30 0.10

IM + K]*/C 5.0mM formic acid 2.8 5.30 0.38

IM + H]T/C 25mM formic acid 2.7 4.68 10.6 17.9

I[M + NaJ*/C 25mM formic acid 2.7 0.14

IM + K]*/C 25mM formic acid 2.7 0.18

IM + H]T/IC 100mM formic acid 2.6 3.64 7.85 13.6

IM + NaJ*/C 100 mM formic acid 2.6 0.11

IM +K]*/C 100 mM formic acid 2.6 1.87

IM + H]T/IC 5.0mM NH;OH 9.2 4.26 4.89 19.2

IM + NaJ*/C 5.0mM NH,;OH 9.2

IM + K]T/C 5.0mM NH;OH 9.2

IM + H]T/IC 25mM NH;OH 9.6 5.25 6.75 20.4

IM + NaJt/C 25mM NH;OH 9.6 0.32

IM + K]*/C 25mM NH;OH 9.6 0.20

IM + H]t/IC 100mM NH;OH 10 7.04 17.4

IIM + NaJ*/C 100 mM NH;OH 10 0.31

IM + K]*/C 100mM NH;OH 10 0.31

aMolar sensitivity expressed dfM + H]*/C, wherel is the ion intensity (in arbitrary units) an@d is concentration (mol/L).

bThe pH of the additive in 60% acetonitrile/40% acetone (1:1, v/v) (represents the average of two readings from two different pH
meters).

©MW and concentration (nM), respectively.

Chemistry Development Inc., ChemSketd{;pPro- sufficient to estimate their PA’s based on structural
gram[35]. Order of relative basicity for these com- similarity with 1,4-diazabicyclo-[2,2,2]octane, which
pounds as indicated by th&pof the singly-protonated  has a PA of 228 kcal/mdB6]. The gas-phase PA for
species are: EME- COC > BZE. Gas-phase PA for  the various modifiers and solvents used for this study
these compounds have not been determined. It maybeare given inTable 1
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Table 3
Structures and ionization constants of ecgonine methyl ester, ben-
zoylecgonine, and cocaine

Analyte? MW  pKa  pKg
CHg
N/ o
\ OCHj
199 9.3 14.2
OH
Ecgonine Methyl Ester
CHg
N/ 0
\ OH
o 289 3.2 10.1
(o]
Benzoylecgonine
CHg
N/ 0
\ OCHg
303 8.61 N/A
o
(o]
Cocaine

apK, values were obtained frofi34] and [35].

3.1. Positive ion electrospray mass spectrometry

The positive daughter-ion mass spectra for EME,
BZE, and COC along with their proposed fragmenta-
tion pathways are shown Fig. 1 Fig. 2shows the de-
tailed mechanistic decomposition of COC. Addition-
ally, the decompostions for EME, BZE and COC have
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been previously investigated and reported elsewhere
[4,37]. Fig. 3 depicts the positive ion mass spectra
for EME, BZE and COC obtained utilizing different
mobile-phase additives. Primarily [MH]* ions were
observed, although decomposition of EME and COC
to ecgonidine methyl ester rendered a sizable peak at
m/z 182.0. Adducts derived from addition of ammo-
nium salts and ammonium hydroxide, along with clus-
ter ions were not observed, although small amounts
of cationized BZE as [M+ NaJt and [M+ K]™* are
visible in the spectrum.

Results summarizing the effects of various
mobile-phase additives on the [M H]™ intensity
of EME, BZE, and COC obtained with the Finnigan
ion-source are given iflable 2 These data represent
the average of ion intensities obtained from 60 spec-
tra collected over five periods in rapid succession,
from infusion of a 1.0 ng/mL cocktail solution of the
analytes (0.297-0.451 nM). For comparison purposes
the data is reported d§M + H]*™/C, the protonated
molecular ion intensity divided by the molar concen-
tration of the analyte.

Mobile-phase additives and eluents that are fre-
quently used for LC/ESI/MS analyses were examined
buffers explored included 5.0, 25, and 100 mM so-
lutions of ammonium formate, ammonium acetate,
formic acid, and ammonium hydroxide. Ammonium
formate and ammonium acetate were selected to in-
vestigate the effect of increasing volatile-buffer con-
centration on signal intensity, whereas formic acid and
ammonium hydroxide were used to test the effect of
varying pH on the ESI of the test compounds. There
have been numerous reports in the literature describ-
ing the effects of organic modifiers on the positive
and negative ion electrospray responses for various
compound$15,17-19] However, we determined em-
pirically that a 60:40 mixture of acetonitrile:acetone
produced the most intense responses for the analytes
using the Finnigan API source. In the 60% acetoni-
trile/40% acetone:bD (1:1) solvent system at pH
6.4, the molar sensitivity for COC is-5.0 times
greater than BZE, and 3.5 times greater than EME.
Data obtained under identical instrumental conditions,
while employing MeOH as the organic modifier,
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Fig. 2. Proposed mechanistic decomposition of COC to ecgonidine methyl ester and ecgonidine aldefy/ti@2a0 and 150.0, respectively.

shows a large decrease in molar sensitivities for EME COC exist primarily as the protonated species and the
and COC {50%). There was a negligible decrease molar fraction present as [M- H]* is calculated to
observed for the molar sensitivity of BZE-7.4%). be approximately 0.99 for each. However, at a solu-
The acid dissociation constantsKy) for EME, tion pH of 3.0, where the K4 pze = pH, the molar
BZE, and COC are given ifiable 1 Order of relative fraction present as [M- H] ™ is calculated to be only
basicity for these compounds as indicated by tkg,p ~ 0.50. The remaining BZE is observed as the neutral
of the singly-protonated species is: EME COC > (in-solution) species. As the solution pH increases
BZE. At a specified pH, small differences in acid the fraction present as [M H]* for the analytes de-
dissociation constants can have considerable impactcreases in the following order: BZE COC < EME.
on the portion of the analyte present as the proto- For example, at pH 6.6, the amount of BZE present
nated, deprotonated, and/or neutral species. Treatingas [M+ H]*" is <0.1%, whereas greater than 99% of
the analytes as monoprotic/diprotic acids, as indi- EME is present as [M- H] ™. Consequently, if molar
cated by their acid dissociation constants, the amount sensitivity is a function dependent on the concentra-
present as the protonated species can be calculated ation of [M + H]* ions in solution, then EME should
a function of pH. Therefore, if pH is the sole factor in exhibit a higher response than BZE under the same
determining whether an analyte molecule protonates, analytical conditions. This generalization does have
then protonation will occur when pkk pKa. When one possible caveat, the uncertainty of the droplet pH
the pH > pKj,, protonation would not occur and the from which ions are produced. Under these condi-
analyte would not be present in the mass spectrum. tions, it would suffice to say that one would expect the
Following this corollary, one could rationalize that the sensitivity obtained for EME to be greater than that
higher the analyte §,, the lower the overall analyte  for BZE, as EME is a more basic compound. To the
sensitivity. In acidic solutions, pH- 3.0, EME and contrary, our experiments found that at pH 6.6, BZE is
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the highest intensity for [M- H]*. The following symbols represent®) decomposition of EME and COC to ecgonidine methyl estdz, 182; k) [EME + H]*; (#)
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~1.4 times the sensitivity of EME, although less than tained with the MeOH:RHO system. For example, the
0.1% of BZE is present as [M- H] "ions in solution. molar sensitivity obtained with 5mM HCOOH, pH
For these analytes, when the&kKpsze < pH < 2.8, is significantly larger for BZE (factor of3) as
pKacoc < pPKaeME Of PKaBze < PKacoc < pH < compared to that attained with the MeOH® sys-
PKaeme the sensitivities for BZE and COC would be  tem, while I[M + H]*/Cgme and I[M + H]T/Ccoc
suppressed, while enhancing the response for EME. remain relatively unchanged (5.4 and 15% increases,
However, at pH 2.6 the order dfM + H]*/C for respectively). Across the ammonium formate series,
these compounds is CO€ BZE > EME. When the a steady increase M + H]*/C for the test analytes
solution pH is increased t6-9.2, this same order of was observed with increasing ammonium formate
I[M + H]*/C is observed, and the molar sensitivities concentration, from B x 10°3M to 1.0 x 10~ 1 M.
for EME and COC are higher than those obtained at When using ammonium acetate, thi + H]*/C
pH 2.6. At this pH, BZE and COC exist predominantly for EME and COC increase as the electrolyte con-
as the neutral species, white50% of BZE is found centration increases, however, BZE decreases. The
as [M+H]* ions. This divergence suggests that solu- molar sensitivity for BZE with 5.0 mM ammonium

tion pH alone does not widely influent +H]*/C, acetate at pH 6.6 is greater by a factordf.4, as that
and perhaps mechanisms other than extraction of ionsachieved with 100 mM ammonium acetate at pH 7.0.
from solution may be key in the formation of proto- We observed a decline in thgM +H]*/C of EME,
nated molecular ions. and COC when varying the concentration of formic

The addition of electrolyte to the test solutions pro- acid from 50 x 10~3M to 1.0 x 10~ M. This corre-
vided mixed results when compared to the sensitivi- sponds to a drop in molar sensitivities for these ana-
ties attained with the MeOH:#D system. Generally, lytes of~34% across the concentration range studied.
I[M + H]*/C for the test analytes decreased across However, BZE exhibited its highed{M + H]*™/C
the series: ammonium formate formic acid > with 25 mM formic acid (pH 2.7), and the lowest
ammonium hydroxide- MeOH:H,O > ammonium with 100 mM formic acid (pH 2.6). The basis for the
acetate. Addition of ammonium formate to the test increase in the response of BZE is unclear, although

solution resulted in increases 4M + H]*/Cayq for it may be related to changes in the ionization status
EME, BZE, and COC by factors of 2.0, 3.3, and of BZE as the electrolyte concentration changes.

1.6, respectively, when compared to the MeOkH In contrast to the effects noted when employing
system. Furthermore, thgM + H]*/Cayg for EME, formic acid, the use of ammonium hydroxide ren-

BZE, and COC observed with ammonium formate, dered distinct observations. As the ammonium hy-
are 31-50% greater than those achieved with am- droxide concentration is varied from®x 103 M to
monium acetate. Roughly, th¢M + H]*/Cayg that 1.0 x 1071 M, the I[M + H]*/C for EME and COC
we observed with formic acid and ammonium hy- initially increases by factors of1.2 and 1.0, respec-
droxide for EME, BZE, and COC were 15-54% and tively, then declines by factors of1.2 for each. A
33-53% lower, respectively, than those achieved with continual rise inl[M + H]*/C for BZE is observed
ammonium formate. across the concentration range investigated. At the
It has been reported that increasing the concen- pH’s employed using the ammonium hydroxide so-
tration of buffer additives leads to decreased analyte lutions (9.2-10), 99% of BZE exists as the neutral
response in ESJ24,33] We did not observe this ef-  species. For example, when using 100 mM ammo-
fect in our studies of 5.0, 25, and 100 mM solutions of nium hydroxide pH 10, thé{M + H]*/Cgze is 34%
ammonium formate, ammonium acetate, formic acid, larger thanl[M + H]*/Cgmg, although a small frac-
and ammonium hydroxide. Varying the electrolyte tion of EME is protonated at this solution pH. These
concentration of the test solutions provided mixed results suggest that droplet surface charging effects
results when compared to the molar sensitivities at- may drive protonation of analytes when pHpKa.
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Investigations have been conducted showing that erally, I[M + H]*/C for the test analytes decreased
gas-phase PA of solvent and analyte molecules canacross the series: ammonium formate formic
have a dramatic effect on spectra produced by ESI acid > ammonium hydroxide> MeOH:H,O >
[14,16,28] These studies have confirmed analyte re- ammonium acetate. Of the solvent mixtures tested,
sponse would be suppressed when the gas-phase pro100 mM ammonium formate (pH 6.4) gave the great-
ton affinity of a solvent species is higher than that of est sensitivity for [M+ H]* ions. There was no evi-
the analyte. In a sense, the solvent acts as a strongdence of a correlation between pH alfit + H]*/C
gas-phase base and extracts available protons from thdor EME, BZE, and COC. Increasing the concentra-
analyte. The corollary is observed when solvents with tion of ammonium formate resulted in higher molar
weaker gas-phase PA are used, they are less capablsensitivities for the test analytes, as compared to am-
of scavenging protons from the analyte, and analyte monium acetate. Cluster ions were not observed for

signal will be observed in the mass spectrum. any of the test species when employing ammonium
There have been reports on the effect of gas-phasesalts and ammonium hydroxide. These data suggest
proton transfer chemistry for compounds witKp< that the PA’s of the analytes are probably greater

3.0 [35]. These gas-phase processes are driven bythan those of the solvent species, and gas-phase pro-
the Ka, gas-phase basicity of the analytes, and the cesses in conjunction with solution chemistry may be
composition of the electrolyte system. Although important in generation of ions by ESI.

the gas-phase PA for EME, BZE, and COC have There are stringent constraints placed on eluent and
not been established, it maybe sufficient to esti- modifier selection for use with ESI/MS. Since, many
mate their PA’'s based on structural similarity with of these factors are poorly understood; a better under-
1,4-diazabicyclo-[2,2,2]octane, which has a PA of standing of the synergy between solvent components
228 kcal/mol[36]. As noted by the gas-phase PA for and the ionization of analytes should facilitate future
the various modifiers and solvents used for this study development of highly sensitive, accurate, and rugged
in Table 1 ammonia has the highest gas-phase PA of ESI/MS assays. We consider the work described in
204 kcal/mol. Hence, if the PA’s for the test analytes this article a first-step in developing a sensitive assay
fall in the range of~228 kcal/mol, then sufficient pro-  for the detection of EME, BZE, and COC in biologi-
tons would be available for efficient proton transfer. cal matrices.

Since our highest{M + H]*/C for EME, BZE, and

COC was obtained with 100 mM ammonium formate

pH 6.4, this suggests that: (1) at this high electrolyte Acknowledgements
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of ammonium adducts in the EME, BZE, and COC J. Cole, Dr. Lamaat Shalaby, Dr. Hassan Fouda, Dr.
spectra, validate the estimation of PA’s for these ana- Braulio Jimenez and Mr. Kevin Colizza for helpful
lytes, and (3) gas-phase processes in conjunction with discussions and suggestions.

solution chemistry may be important in generation of

ions by ESI.
References

) [1] H.H. Maurer, J. Chromatogr. B 713 (1998) 3.
4. Conclusions [2] R.L. Fitzgerald, J.D. Rivera, D.A. Herold, Clin. Chem. 45 (8)
(1999) 1224.

Mobile-phase eluents and additives had pronounced [31 J: Henion, G. Schultz, D. Mulvana, Am. Pharm. Rev. 2 (1998)
42.

effects on the sensitivities of EME, BZE, and COC [4] P.M. Jeanville, E.S. Estapé, S.R. Needham, M.J. Cole, J. Am.
when analyzed by ESI in the positive ion mode. Gen- Soc. Mass Spectrom. 11 (3) (2000) 257.



258

[5] P. Kebarle, L. Tang, Anal. Chem. 65 (22) (1993) 972.

[6] T.R. Covey,E.D. Lee, J.D. Henion, Anal. Chem. 58 (1986)
2453,

[7] H. Fouda, M. Nocerini, R. Schneider, C. Gedutis, J. Am. Soc.
Mass Spectrom. 2 (1991) 164.

[8] J.B. Fenn, J. Am. Soc. Mass Spectrom. 4 (1993) 524.

[9] J.B. Fenn, M. Mann, C.K. Meng, S.F. Wong, C.M.
Whitehouse, Science 246 (1989) 64.

[10] P. Kebarle, Y. Ho, R.B. Cole, Electrospray lonization Mass
Spectrometry: Principles, Instrumentation, and Applications,
Wiley, New York, 1997, p. 3.

[11] M. Dole, L.L. Mack, R.L. Hines, R.C. Mobley, L.D. Ferguson,
M.B. Alice, J. Chem. Phys. 49 (1968) 2240.

[12] G. Wang, R.B. Cole, Anal. Chim. Acta 406 (2000) 53.

[13] B.A. Thomson, J.V. Iribarne, J. Chem. Phys. 71 (1979) 4451.

[14] A.M. Kamel, P.R. Brown, B. Munson, Anal. Chem. 71 (24)
(1999) 5481.

[15] R.F. Straub, R.D. Voyksner, J. Am. Soc. Mass Spectrom.
4 (7) (1993) 578.

[16] T.L. Constantopoulos, G.S. Jackson, C.G. Enke, J. Am. Soc.

Mass Spectrom. 10 (7) (1999) 625.

[17] A. Affel, S. Fischer, G. Goldberg, P.C. Goodley, F.E.
Kuhlmann, J. Chromatogr. A 712 (1) (1995) 177.

[18] P. Kebarle, L. Tang, Anal. Chem. 65 (24) (1993) 3654.

[19] M. Jemal, D. Hawthorne, J. Rapid Commun. Mass Spectrom.

13 (1999) 61.
[20] A.M. Kamel, P.R. Brown, B. Munson, Anal. Chem. 71 (5)
(1999) 968.

P.M. Jeanville et al./International Journal of Mass Spectrometry 227 (2003) 247-258

[21] M.A. Kelly, M.M. Vestling, C.C. Fenselau, Org. Mass
Spectrom. 27 (1992) 1143.

[22] R.B. Cole, A. Harrata, K. Kamel, J. Am. Soc. Mass Spectrom.
4 (7) (1993) 546.

[23] K. Tyczkowski, R.D. Voyksner, A. Aronson, J. Chromatogr.
594 (1992) 195.

[24] C.G. Enke, Anal. Chem. 69 (23) (1997) 4885.

[25] P. Kebarle, M. Peschke, Anal. Chim. Acta 20070 (1999) 1.

[26] P. Kebarle, E.W. Godbole, J. Chem. Phys. 39 (1963) 1131.

[27] P. Kebarle, A. Good, D.A. Durden, J. Chem. Phys. 52 (1970)
222.

[28] T.T. Yen, M.J. Charles, R.D. Voyksner, J. Am. Soc. Mass
Spectrom. 7 (1970) 1106.

[29] S.J. Mulé, G.A. Casella, J. Anal. Toxicol. 12 (1988) 102.

[30] S.J. Mulé, G.A. Casella, J. Anal. Toxicol. 12 (1988) 153.

[31] K.M. Clauwaert, J.F. Van Bocxlaer, J.E. Lambert, E.G. Van
den Eeckhout, F. Lemiére, E.L. Esmans, A.P. De Leenheer,
Anal. Chem. 70 (1998) 2336.

[32] C.N. Kenyon, A. Melera, F. Erni, J. Anal. Toxicol. 5 (1981)
216.

[33] D. Temesi, B. Law, LC-GC 17 (7) (1996) 626.

[34] S. Budavari (Ed.), The Merck Index, 12th ed., Merck Research
Laboratories, Whitehouse Station, NJ, 1996.

[35] Advanced Chemistry Development Inc.Kgp Calculator
Version 3.5, Toronto, Canada, 1998.

[36] M.T. Bowers (Ed.), Gas Phase lon Chemistry, vol. 2,
Academic Press, New York, NY, 1979, p. 20.

[37] P.P. Wang, M.G. Bartlett, J. Mass Spectrom. 33 (1998) 961.



	The effect of liquid chromatography eluents and additives on the positive ion responses of cocaine, benzoylecgonine, and ecgonine methyl ester using electrospray ionization
	Introduction
	Experimental
	Materials
	Mass spectrometry and sample introduction
	Sample preparation

	Results and discussion
	Positive ion electrospray mass spectrometry

	Conclusions
	Acknowledgements
	References


