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Abstract

Atandem mass spectrometer is described for neutralization—reionization studies of ions produced by electrospray ionizati
The instrument consists of a high current electrospray source, an electrodynamic ion funnel, and an octopole ion guide tl
transport the ions into the high vacuum region of the tandem mass spectrometer. The ions are accelerated to 8250eV
submitted to collisional neutralization and reionization, followed by deceleration, separation by kinetic energy and/or mas
and detection. The performance of the ionizer and ion transfer elements is optimized as a function of background press|
and the applied rf and dc potentials. Examples are given for neutralization—reionization mass spectra of protonated adeni
heterocycles, anf-alanineN-methyl amide.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction Neutralization—-reionization mass spectrometry
(NRMS) is a method that has been used for both ion
Electrospray ionization (ES[)] is a softionization  characterization and the generation of a variety of
method that achieves ion transition from solution t0 transjent neutral intermediates and elusive molecules
the gas phase. In addition to being used in numerousij, the gas phase, as reviewft-14] When applied
applications to biomolecule analy§®, ESI has also g cations, NRMS utilizes collisional electron trans-
served to produce various ion species that have beenfgr from a suitable donor (gaseous thermal atom or
investigated by the methods of gas-phase ion chem-molecule) to a fast ion that has been accelerated
istry. There are a few examples of using ESl in cou- 15 5_10keV kinetic energy and is traveling at a
pling with special mass spectrometric techniques that 100,000-200,000 m/s velocity. As follows from the
probe ion structure and energetics, such as flowing af- ¢o|jision kinematics, electron transfer is confined to
terglow[3,4], photoelectron spectroscof], and ion  typjcally occur within 1-10fs so that the nascent

mobility mass spectrometri]. neutral species are formed with the structure of the

_— precursor ion. Likewise, fast anions can be converted
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neutral intermediates produced by either method can quadrupole acceleration—deceleration mass spectrom-
be interrogated by collisional activatigi7], laser eter[24] for NRMS studies of involatile molecules.
photoexcitatior{18], or by determining unimolecular
rate parameters by the variable-time metHad].
Detection is achieved following non-selective colli- 2. lon source and interface design
sional ionization[20] and mass spectrometric anal-
ysis. Neutralization—reionization mass spectra can The following description of the instrumental de-
be obtained for all four combinations of cations and sign will focus on the construction of the electrospray
anions, e.g., cation— neutral — cation (*NR*), source and interface for ion transfer from atmospheric
anion— neutral— cation(“NR™), etc.[15]. pressure to the high vacuum region, as the remaining
Applications of NRMS critically depend on our portion of the instrument has been previously docu-
ability to generate precursor ions in the gas phase. mented and used without further modificatif¥].
For small molecular systems, precursor ions can often Fig. 1 is an overall schematic representation of the
be formed by dissociative ionization or ion—molecule new ESI source. Description of the instrumental de-
reactions using volatile compounds. These gas-phasesign can be separated into three distinct regions, based
ionization methods hinge on the knowledge of upon pressure regimes of the instrument, i.e.: (1) at-
gas-phase ion chemistry and sometimes allow one mospheric pressure region, (2) roots-pumped low vac-
to roughly control ion internal energies by choos- uum region, and (3) diffusion-pumped high vacuum
ing an appropriate energy regime for dissociative region.
ionization, e.g., by lowering the electron energy or
using metastable ion precursors. Likewise, energy 2.1. Atmospheric pressure region
control in ion—molecule reactions can be achieved by
choosing a reactant ion of an appropriate recombi-  The electrospray needle is made from 100 mm long
nation energy for charge-exchange ionization, or an stainless steel tubing (1.59 mm (1/16in.) o.d., 0.25 mm
appropriate gas-phase acid or base in proton transferi.d.) that was tapered at a 2Gangle by grinding to
reactions. Nevertheless, generation of fully thermal- a point. The needle is mounted on an XYZ translator
ized ions is problematic, and temperature control is (Edmund Industrial Optics, Barrington, NJ) to allow
awkward and limited to be within the usual ion source for adjustment of the needle position. The angle of
temperature regime (423-523K). Another limitation the needle can be adjusted and is usually operated at
inherent to gas-phase ionization methods is causedapproximately 30 above the optical axis of the in-
by the absence of solvent, which affects the precursor strument. A dc potential is applied to the needle from
compound acidity and basicity, and can lead to dif- a 5kV/3 mA high voltage power supply (Bertan, Vall-
ferent protonation sites in solution and the gas phase. hala, NY) and usually ranges between 2.0 and 4.0kV.
The limitation due to compound volatility can be in Sample is directly infused into the mass spectrome-
part offset by using fast-atom bombardment ioniza- ter by a syringe pump (KD Scientific, New Hope, PA)
tion [21,22] which, however, suffers from limited through 1.59 mm o.d., 0.15mm i.d. PEEK tubing at a
sample duration and lack of control of ion internal flow rate of between 1.0 and 4u®min.
energies. The needle is manipulated to focus the spray
It appears that out of the currently available soft through a 6.35mm (1/4in.) aperture in the outer face-
ionization methods, ESI has all the desired qualities plate of the source. The faceplate is an aluminum
in generating continuous high ion currents of ions cylinder, 93 mm in diameter and 35mm tall, con-
with internal energies close to thermal equilibrium taining an electrical interface to supply power to the
[23]. In this paper, we describe a new ESI source and heater block, and an air inlet for the introduction of
transfer ion optics that has been coupled to a tandemnitrogen as a drying gas. A dc potential is applied to
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Fig. 1. Schematic drawing of the electrospray ionizer, ion transfer elements, and vacuum housing.

the faceplate from a 3kV/5mA high voltage power Teflon liner is 118 mm long, with an initial diameter
supply (Bertan, Valhalla, NY). The normal operating of 94 mm, but after 7 mm the diameter decreases to
range for the faceplate potential is between 200 and 34.8 mm in order to fit inside the vacuum system. The
400V dc. Directly behind the aperture drilled in the heater block is attached to the Teflon liner by six 4-40
faceplate is a glass-lined stainless steel transfer cap-screws and a 50.47 mm i.d. Viton O-Ring. The Teflon
illary (170 mm length, 3.2mm o.d., 1.0mm i.d.) and liner by use of another 50.47 mm i.d. Viton O-Ring
the heater block. is fitted to an ISO 80 flange that has been bored to
The aluminum heater block is held at the same dc an i.d. of 34.8 mm, allowing the liner to pass into the
potential as the faceplate of the ESI by using 3.2 mm six-way cross and the roots-pumped region.
metal Swagelok fittings that hold the transfer capillary
into the block. The heater block is 124 mm long, with 2.2, Low vacuum region
an initial diameter of 70.6 mm for the first 12.7 mm,
then this decreases to 25.4mm for the rest of the The vacuum housing is a six-way cross that is
length of the block. The block contains two drilled pumped by a Leybold WA501/D65B roots pump
holes, one for a 6.35mm 120V 80W 25.4mm long (Cologne, Germany) which, when operating with the
cartridge heater, and the other for a type K thermo- 1.0mm i.d. transfer capillary, produces an average
couple to monitor the temperature of the heater block. pressure of 0.60 Torr in this region. When operating
The heater block and faceplate are insulated from the with a smaller capillary i.d., for example, 0.8 mmi.d.,
instrument by a Teflon liner that rests underneath the the pressure is approximately 0.34 Torr. The pressure
wider portion of the heater block and extends back in this region is monitored by a 345 Shielded Pirani
into the first pumped region of the instrument. The Vacuum Gauge (MKS Instruments, Andover, MA)
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Fig. 2. Phase splitting circuit for the ion funnel. T1 is the transformer, R1 and R2 are 28 and 8 W resistors, L1 and L2 are 42 mH inductors,
and C1 is a 45-1000 pF air variable capacitor.

and attached to the six-way cross via an 1SO 80 to phase using the circuit shown kig. 2 and is then

KF 25 adaptor. Power and radio frequency (rf) are applied to alternating elements of the ion funnel. No

supplied to the six-way cross by a 10-pin KF 50 elec- amplitude loss occurs across the phase splitter circuit

trical feedthrough (MDC, Hayward, CA) connected (Q factor is equal to 1). This balun transformer (T1)

by an ISO 80 to KF 50 adaptor. consists of a toroidal ferrite core (CWS, Santa Ana,
The transfer capillary exits into the six-way cross, CA) with 30 turns of 16-gauge magnet wire (Radar

directly into an electrodynamic ion funnel which Electric, Seattle, WA) for the primary coil and 21

focuses the ions leaving the transfer capillary. The
design of the ion funnel is based upon the work of
Shaffer et al. 25a—¢. The funnel is spring mounted

into the Teflon liner to ensure a tight fit up against the

turns of 14-gauge magnet wire (Radar) for each of
the secondary coils. The two secondary coils are pro-
duced by center tapping a 42-coil winding. Thes28
8 W resistors (R1, R2) are composed of four $10

next region of the instrument and to ensure consistent (5%) 2 W resistors in parallel. The 424 conductors
mounting in alignment with the conductance limit. The (L1, L2) are made using 7 turns of 16-gauge magnet
ion funnel consists of twenty-six 35.56 mm square, wire (Radar) around a toroidial ferrite core (CWS).
0.635mm thick stainless steel ring electrode plates The 45-1000 pF air variable capacitor (C1) (Surplus
with sequentially decreasing apertures (25.4—2 mm). Sales of Nebraska) is used to tune the resonance of the
The plates are mounted on four alumina rods and complete ion funnel circuit. The resonant frequency
separated by 2.54 mm alumina spacers. The plates arefor the ion funnel circuit using the head was 800 kHz.
connected through a resistor chain of 9.2Mesis- Normal operational settings of the ion funnel rf gener-
tors, to produce a dc gradient. A dc potential, split ator range between 700 kHz and 2.0 MHz, 100-150V
from the same power source as the faceplate and cap-peak-to-peak voltagevpp), and vary with properties
illary, is applied to the first plate of the ion funnel, so of the analyte, such as molecular weight and struc-
that all three components are held at the same poten-ture. The two phases of the rf signal are applied to
tial. The potential on the last plate in the ion funnel alternating plates on the ion funnel and are capaci-
is controlled separately by tapping one of the dc volt- tively decoupled from the dc potential by 1 kV/47 pF
ages provided by an Extrel C-50 power supply (ABB, capacitors. A 2.0 mm aperture that serves as both the
Pittsburgh, PA) to define the dc potential gradient. conductance limit for the following region of pump-
The rf signal applied to the ion funnel elements is ing and another extraction lens is located 1.4 mm
produced by a wave-form generator (model 72-5010 from the last plate of the ion funnel. The voltage on
Tenma, Springborn, OH) and amplified using a the conductance limit can be independently tuned
broad-band rf amplifier (model 350L, ENI, Rochester, from the Extrel C-50 dc power supply (vide supra).
NY). The unbalanced input from the rf amplifier is A stainless steel sleeve was designed to provide
split into two signals of equal magnitude and opposite the connection to the next vacuum region. The sleeve
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is 133mm long, with 48.1 mm extending into the insulated from its stainless steel casing by a Teflon
six-way cross to hold the ion funnel in alignment with  mounting. The casing is 101.6 mm long and centered
the conductance limit. The inner diameter of the ion on the octopole, so that the rods extend out of the
funnel side of the sleeve is 59.2 mm with a section casing by 12.7 mm on either side. This casing is held
machined out to a diameter of 67.3mm to accom- into the stainless steel sleeve by two Teflon clamps
modate the rather bulky capacitor chain. The sleeve that allow the position of the octopole to be adjusted
has two ISO 80 mating surfaces, one that connects along the optical axis of the instrument. The octopole
to the ion funnel side of the instrument, and one that is floated at a dc potentiak-65V, from the Extrel
connects back towards the next region of pumping. C-50 power supply. The rf signal is generated using
This second side of the sleeve has an i.d. of 49.0 mm a Tenma wave-form generator (model 72-5010) and
and extends into the existing instrument. is amplified using a 150W broad-band rf amplifier
The vacuum housing of the ESI source was built us- (model 2100L, ENI). The rf signal is split using the
ing ISO flanges, but the tandem quadrupole instrument circuit shown inFig. 3. The 3022 8 W resistors (R3,
has a 6in. conflat flange as the front port. Therefore, R4) are composed of four 1202 W (10%) resistors
in order to make transition from the new ESI source to in parallel. The 8 H inductors (L3, L4) have toroidal
the tandem instrument, a custom adaptor flange wasferrite cores (CWS) with 10 turns of 16-gauge magnet
designed. This flange was constructed from a blank wire (Radar). The transformer (T2) contains a 15-turn
6 in. conflat that was bored to a 73.66 mm i.d., and one (14-gauge) magnetic wire primary coil with a 50-turn
side of the flange was machined to fit an ISO 80 cen- secondary coil (16-gauge) center tapped to produce
tering ring with an 0.d. of 83.31 mm. The flange is held two 25-turn secondary coils. Resonant frequency of
in place by machined clamps and four 76.2 mm long, the octopole-head circuit is 1.2 MHz. The ground for
brass-plated stainless steel Grade 6 bolts successfullythe secondary coil, resistors, and inductors of the oc-

mating the I1SO flange to the 6in. conflat. topole phase splitter is equal to the float voltage of the
octopole.
2.3. High vacuum region The normal operational frequency range for the oc-

topole is between 1.0 and 2.0 MHz, and an amplitude

The second differentially pumped region in the in- of 100-200V ¥pp). Both rf and dc potentials are fed
strument uses the existing 1200 L/s diffusion pump into the instrument through a 10-pin KF 40 electri-
(Varian VHS-4; Varian Associates, Lexington, MA); cal feedthrough, (Lesker, Clariton, PA). Through this
this region is usually operated at pressures ranging feedthrough, the Extrel C-50 power supply is also
from 45x 104 to 7.0x 10~ Torr. This region houses  connected to the lens that injects ions into the first
the octopole ion guide. The stainless steel octopole quadrupole mass filter (ELFS lens), which is floated
rods are 127 mm long with 3.175mm diameter and slightly lower than the octopole to extract the ions into
an inscribed diameter of 6.35mm. The octopole is quadrupole | of the tandem instrument. The ELFS lens

R3 L3
Y'Y Y ’e)
\ AN O
= T2 R4 L4

Fig. 3. Q-head for the octopole ion guide. The abbreviations are &fgin2
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was modified by removing the ferrite core in order to |, quadrupole Il, and the electrostatic lenses has been
increase the diameter of the aperture, allowing for in- measured previouslj24] and was assumed to be the
creased ion transmission. same after the ESI source was added. Alternatively,
total ion current was monitored at a stainless steel col-
lector plate that was placed to cover the entrance to
3. lon transmission characteristics guadrupole |. The total mass-unresolved ion current
in this region was in the 1-2 nA range, corresponding
Neutralization—reionization results in substantial to the fraction of ESI ions transmitted by the funnel
ion losses that are caused by low efficiency of the lens and the octopole.
neutralization (1-10% conversion efficiency) and A 100uM solution of 2,2-bipyridine with 0.05%
reionization (0.1-0.5% conversion efficiency) steps acetic acid (Aldrich, Milwaukee, WI) was electro-
and further aggravated by imperfect ion transmission sprayed and the mass-analyzed current of the ion of
through the mass analyzefcheme Ihows the typ- protonated 2,2bipyridine, [bpy+ H]*, was used to
ical ion transmissions in the tandem quadrupole mass determine the relative ion transmission characteris-
spectrometer obtained for precursor ion transport tics of the ion funnel and octopole. Other molecules,
through quadrupole | in the rf-only mode, neutraliza- adenine, B-alanineN-methyl amide, crystal violet,
tion, reionization, and product ion mass separation at and 1,10-phenanthroline (Aldrich, Milwaukee, WI),
unit mass resolution in quadrupole[84]. were also electrosprayed to determine the effect that
Therefore, it is important that any ion source cou- variousn/z and compound structures had upon the
pled to the instrument provide substantial current to performance of the ion funnel and octopolég. 4
produce a detectable signal after neutralization and shows the [bpy- H]* ion intensity as a function of
reionization collisions. The ion funnel designed for the rf (Fig. 49 and amplitudeKig. 4b applied to the
this instrument took into consideration the design ion funnel at varying pressures in the low vacuum
alterations suggested by Tolmachev et.[3B] and region. Different pressures were achieved by chok-
Lynn et. al.[27] in their extensive computer simu- ing off the gate valve that separates the roots pump
lations modeling the performance of the ion funnel. from the six-way cross. The [bpy H]™ ion intensity
Therefore, several experiments were conducted to showed a definite maximum as the frequency of the
compare the performance of this ion funnel to those ion funnel rf signal was adjusted, suggesting that the
simulations. frequency be tuned for the analyte under observation,
The ion current was usually monitored at the fi- as a set frequency may not be the correct ion transmis-
nal detector after quadrupole Il to determine which sion window.Fig. 4aalso shows that the intensity of
variables in the source would affect the intensity of [bpy-+H]* at a given frequency depends on the back-
the current. Although these measurements do not pro-ground gas pressure in the region, showing similar
vide absolute ion currents, they allow the ESI inter- behavior to that modeled by Lynn et. 7] for the
face tuning parameters to be conveniently monitored various charge states of cytochrom@ns. However,
and optimized. lon transmission through quadrupole the data of Lynn et al. suggest that it is the charge

50% 1-10% 0.1-0.5% 10%
lon Source E Quadrupole | »| Neutralization » Reionization »  Quadrupole Il »| Detector
Initial ion current Detected ion current
100% 5x10°-25x103%

Scheme 1.
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state that is responsible for shifting the intensity the highest intensity reading which was for‘Cgwz
maxima, whereas our data suggest that the pressurel33) from CsCI on octopole Il was used as a com-
regime can shift the maximum within the samméz. parison to all other values. Intensity readings of other
It has been found that optimal experimental pressures analytes, obtained with the same high voltage applied
for this region are approximately 0.35-0.80 Torr for to the electron multiplier{1.40 kV), were divided by
organic molecules of molecular mass greater than this value to show a ratio of [analyte]/[CsCI, octopole
100 Da. Pressures greater than 1 Torr cannot presentlyll]. Generally, the intensity ratios were higher with oc-
be achieved with this design of the instrument, as the topole Il, and this was chosen to be the octopole used
gas load on the second pumped region is too greatfor further experiments.
for the current diffusion pumgrig. 4bshows that the The octopole is located in a region where pumping
ion current depends on the amplitude of the rf signal is provided by the 1200 L/s diffusion pump, which is
(Vpp) applied to the ion funnel at different pressures. kept fully open for all experiments. The ion intensity
The maximum ion current intensity for [bpy H]™ was plotted against the rf and amplitude applied to
was obtained at 170 W), 0.65 Torr, and 1.05 MHz.  the octopole at a constant pressure @f:b 104 Torr.
Three different octopoles were designed with differ- In Fig. 53 the rf of the octopole was varied, while
entinscribed diameters, e.g., octopole | (8.56 mmi.d.), the amplitude was held constant at 76Vp{). This
octopole Il (6.35mm i.d.), and octopole Ill (4.76 mm experiment demonstrated a frequency plateau for
i.d.). Each of the octopoles was mounted in the in- 2,2-bipyridine; however, below 1.5MHz the signal
strument, and experiments were conducted to deter-dropped sharply, showing that the octopole is robust
mine which octopole geometry allowed the greatest at higher frequencies, but should be tuned for each
ion transmission. The intensity of several different an- compound to determine the correct plateau range.
alytes was again measured at the final detector. In Caution needs to be exercised with the frequency
Table 1 the ratio of the intensity of a given analyte measurements, as adjusting the variable capacitor
to the highest intensity that has been experimentally affects the response of the Q-head and the circuit
observed is used to determine the best octopole for resonance frequenc¥ig. 5b shows the ion current
this instrument. The detector monitors the intensity in dependence on the rf amplitude at the constant fre-
arbitrary units so to compare values among analytes, quency of 1.69 MHz. These data are very similar

Table 1
Relative ion currents transmitted through octopole ion guides
Compound m'z Relative ion intensity

Octopole P Octopole If Octopole IIF
CsClI 133 0.21 1.00 &
Adenine 136 - 0.71 0.50
2,2-Bipyridine 157 0.14 0.68 0.43
1,10-Phenanthroline 181 - 0.64 -
[Cu(lle — H)bpy] 349 - 0.11 0.003
Crystal violet 372 0.21 0.20 0.18

aRatio of ion intensity, [analyte]/[highest current observed], for three octopoles of varying inscribed diameter to determine optimal ion
transmission performance. The ratio was calculated by dividing the intensity of the analyte ion by the highest intensity obsérved (Cs
from CsCl, octopole ).

b8.56 mm inscribed diameter.

¢6.35mm inscribed diameter.

d4.76 mm inscribed diameter.

€Not measured.
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to that reported in Tolmachev et al.’s simulations, topole to quadrupole | where the low pressure allows

showing a steep increase to a flat region of stability. them to maintain the hyperthermal kinetic energy be-

Unlike the simulations, we have observed that as the cause of a sufficiently long mean free path. Further

rf amplitude is further increased, the ion intensity four-stage differential pumping in the high vacuum

decreased, providing a broad operational maximum. region secures that the ion and neutral kinetic ener-
The ions transmitted through the tandem instru- gies are not substantially affected by collisions with

ment undergo several changes in kinetic energy due the background gas. The neutralization and reioniza-

to acceleration and deceleration potentidig( 6). tion collision cells are operated at pressures that favor

Because transmission through the chicane-lens energysingle-collision conditions.

filter [24] decreases sharply at ion kinetic energies

<40eV, the instrument is typically operated with ini-

tial ion kinetic energies of 75-80eV. This mandates 4. Neutralization—reionization mass spectra

that the ions be injected into the high vacuum region

with kinetic energies >40eV and preferably close to  In all NRMS measurements, ESI produced cations

80eV. This requirement is met by floating the last were transported to the high vacuum region by

element of the ion funnel lens, the conductance limit quadrupole | that was operated in an rf-only mode,

aperture, the octopole, and the injection ELFS lens accelerated to 8250 eV, and neutralized by collisions

at 70-75V. Thus, while the ions undergo collisional with dimethyl disulfide at 70% ion beam transmittance

cooling in the low vacuum regions, they gain the (T). Following collisional reionization with @(70%

required kinetic energy when passing from the oc- T), the products were analyzed by kinetic energy only
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or by mass and kinetic energy. The kinetic energy-only resolution and may involve artifact peaks arising from
analysis provides four- to fivefold higher transmission contaminants in the precursor ion bedfig. 7ashows

of reionized species resulting in better signal-to-noise the ESI mass spectrum of the nucleobase adenine
ratios in the spectra, but typically achieves low mass which contains mostly the peak of protonated adenine

136
[A + H]*
(a)
| 198
5'0 160 150 2(')0 250 300 350 460 45'0

m/z

[A-d5+D]°

(b)

136

10 20 30 40 50 60 70 80 90 100 110 120 130
m/z

Fig. 7. (a) ESI mass spectrum of adenine. {BYR*T mass spectrum of [adenireH]*obtained as a kinetic energy scan. The inset shows
the survivor ion region in thé NR™ mass spectrum of [adening-+ D] ™.
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[A + H]* atm/z 136 (100%). Minor peaks appear at yields the spectrum shown iRig. 7h This shows a
m/z 158 corresponding to [A- Na]™ (1.5%) andm/z substantial survivor ion atvz 136, and fragments at
119 corresponding to [A-H — NH3] ™ (1.3%).TNR* mvz 135 (loss of H), 118 (loss of K- NH3), 107 (loss
of this mixture, obtained by a ion kinetic energy scan, of C, N, Hg), 91, 90, 80, 64, 52, 42 (4N), 38

157
/ |
BN
(@) N7 |
N
179
5'0 160 150 2(')0 250 360 350 4(:)0 450

153 154 155 156 157 158

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
m/z

Fig. 8. (a) ESI mass spectrum of 2fdpyridine. (b) "NR* mass spectrum of [2ipyridine+ H]™ obtained as a kinetic energy scan.
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Fig. 9. (a) ESI mass spectrum of 1,10-phenanthroline.f(NR™ mass spectrum of [1,10-phenanthrolineH]* obtained as a kinetic
energy scan. (CfNR* mass spectrum of [1,10-phenanthrolingd]* obtained as a linked kinetic energy/mass scan.
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(C2N), 28 (HCNH), and 27 (HCN) that correspond by ESI ionization from a CBOD + DO solution.

to ring-cleavage dissociations and formation of small Loss of both H (minor) and D (major) is observed
fragments. The inset ifrig. 7b shows the survivor  that is likely to originate from the intermediate rad-
ion group of the [Ads + D] ion that was obtained ical [A-d3 + D]* by analogy with dissociations of

103
H H
a .~
H\\\""N/ |O
NHCH,
(a)
86 | 125
N . . , . . ,
50 100 150 200 250 300 350 400 450
m/iz
28
(b) H *
N He
H\\u---N/ |O
30 NHCH,
42
103
10 20 30 4'0 50 60 7'0 80 éo 100
m/z

Fig. 10. (a) ESI mass spectrum @falanineN-methyl amide. (b)*NR™ mass spectrum of [fNCH,CH,CONHCHs]* obtained as a
kinetic energy scan.
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other nucleobas¢28-30] and heterocyclic radicals The ESI mass spectrum d-alanineN-methyl

[31-33] amide Fig. 103 shows a relatively clean formation
ESI of 2,2-bipyridine and 1,10-phenanthroline pro- of the corresponding [M- H]* ion atm/z 103, which

duces mainly the corresponding fivH]* ions, as ev- is transmitted by the funnel lens. Minor contami-

idenced by the major peaks iz 157 (ig. 89 and nants in the ESI spectrum show peaksnaz 125
m/z 181 Fig. 99, respectively. The main side prod- [M + NaJ* and 86 [M+ H — NH3]*. The most
ucts are the corresponding [M Na]™ ions atm/z stable structure of the [M- H]* ion has been elu-
22 units higher™NR™ of protonated 2,/2bipyridine, cidated by ab initio calculation§34] that showed
monitored as a kinetic energy scan, yields a substan- preferential protonation on the amine group and sta-
tial peak of the survivor ionKig. 8b that attests to  bilization of the ammonium cation by intramolecular
the stability of the intermediate radical. Dissociation hydrogen bonding to the amide carbonyl, as shown in
shows loss of one and two H atonisiq. 8h inset), Fig. 10a *NR™ of this mixture gives rise to a kinetic
loss of HCN or CNH ¥z 130) in combination with H energy spectrumKig. 100 that does not display a
losses, loss of pyridineW/z 79, 78), and ring-cleavage  survivor ion atnyz 103. Dissociation proceeds by
forming fragments atn/z 60-62, 48-52, 36-38, and loss of NH; (m/z 86 and 17), CHNH, (m/z 72 and
24-26. The individual species within each group are 31), and also H. The primary product of loss of H
unresolved in the kinetic energy scans. does not give rise to a stable cation radical following
TNR™T of the [M + H]* and [M+ NaJ* ions pro- reionization, but its formation can be inferred indi-
duced by ESI of 1,10-phenanthroline shows contri- rectly from the abundant Gi#H,™ ion at mvz 30,
bution of dissociations originating from both species which is a logical fragment from-cleavage dissoci-
when the spectrum is obtained as a mass-unresolvedation of thep-alanineN-methyl amide cation radical.
kinetic energy scanFig. 9b. This is evidenced by  The radical dissociations are relevant as models for
the peak at an apparemfz 160 which by kinetic en-  electron-capture dissociation of larger peptides that
ergy corresponds to the dissociation fMNa]® — have been investigated computationally as reported
M + Na*. The product kinetic energy iBkin(M) = elsewherd34]. In an ongoing study, we are compar-
[180/(180+ 23)] Eg = 0.887E), corresponding to an  ing the "NRT mass spectra of cations produced by
apparent massiapp = 0.887 x 181 = 1605 in the ESI and gas-phase chemical ionization.
spectrum where the mass scale is calibrated for the
[M + H]* ion atnvz 181. Scanning quadrupole Il in
a mass selective mode removes thg 160 peak be- 5. Conclusions
cause the M product from [M- Na]®* does not have a
correct combination of mass and kinetic energy to be  ESI has been successfully coupled to a tandem mass
transmitted. Mass scanning th&lR* spectrum ofthe  spectrometer to allow for studies of transient neutral
[M + H]™ ion (Fig. 99 further results in the absence species produced by collisional neutralization. This
or substantially lowered intensity of peaks at apparent first communication presents orfNR* mass spectra
m/z values of 135, 65, 54, 44, 32, and 20 that corre- obtained on precursor cations. However, the technique
spond to fragments afivz 151, 73, 61, 49, 36, and opens the field for the studies of anions produced by
23 from the sodiated [M- Na]* radical. The fact that  ESI of carboxylates, phosphates, and sulfates that are
these appear at all in tliég. 9cspectrum is due to the  relevant to nucleotides, lipids, and modified peptides
relatively low resolution of the energy filter which has and carbohydrates. These experiments are underway.
a typical bandwidth of 40-50eY24]. This implies Future instrumentation developments will be aimed
that neutralization—reionization mass spectra of ions at increasing the ion currents transmitted by the ESI
produced less selectively by ESI should be acquired interface and improving the mass resolution in the
in the mass-scanned mode to avoid artifact peaks.  neutralization—reionization mass spectra.
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