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Selective Self - Ton / Molecule Reactions in Ion Trap Mass Spectrometer
Hui-Fen Wu; Ming-Yi Ho; Chien-Hung Chen
Chemistry Department, Tamkang University, Taipei Hsien, Taiwan

Introduction:

A new identification method in mass spectrometry based on the Selective Self - Ion / Molecule
Reactions (SSIMR) in both external and internal source lon Trap Mass Spectrometers was
demonstrated. Selective self-ion/molecule reaction product ions were produced between the
oxygenated and nitrogenated crown ethers and their acyclic analogues. For the oxygenated
crown ethers, Self-lon/Molecule Reactions lead to the formation of the protonated ions, adduct
tons of fragments, while the nitrogenated crown ethers produce protonated
molecules,[M+13]"and [M+27]" ions. Glymes produce protonated molecules and fragments with
the character of ¢limination of one molecule of methanol. Glycols produce protonated molecules

and fragment ions via elimination of one molecule of water.

Experimental; |

The experiments were performed using both external (Finnigan GCQ) and internal source ion
trap mass spectrometers (Varian GC/MS). The ion trap was operated in the mass selective
instability mode for detection of ions. No CI reagent gas was used in both instruments. Samples
were introduced to the ion trap by Gas Chromatography (GC) or to the ion source region via a
temperature controlled direct insertion probe (DIP) to assist the desorption of the samples.

Results and Disscussion:

(1) Observation of Selective Self-lon/Molecule Reactions:

Heterodonor atom effect was observed between the oxygenated and nitrogenated crown ethers
from the results of SSIMR. The SSIMR provides two advantages. First, formation of the
characteristic peaks due to SSIMR are useful for the identification of unknown compounds in the
future applications. Second, no chemical reagent is needed to perform selective ion/molecule
reactions. Thus, it is very convenient, easy to use and economic.

{2) Experimental method to prove the source and reaction mechanism:

In the absence of reagent gas, SSIMR can take place by reaction of the low-mass fragment ions
of crown ethers with the neutral crown ether molecules. In order to determine which ions are
protonating the crown ether derivatives by selectively storing each of the fragment ions appeared
in the mass spectrum in turn. Each specific fragment ion was isolated by a broadband waveform




}
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to eject all other unwanted ions, and then the isolated fragment ion was allowed to react with the
neutral crown ethers present in the trap for a period of 60 ms. After the reaction time, formation
of the product ions can prove the source of the SSIMR.

(3) Study of the Concentration Effect: _

Constant amount of sample being introduced into both instruments is necessary since the
fluctuation of the concentration of the sample may lead to the variation of SSIMR. The sample
amount introduced into GCQ via DIP was 30ug. Although the internal source ion trap is
intentionally operated favor for the conditions for the occurrence of ion/molecule reactions, the
SSIMR obtained in the internal source ion trap seem much weaker than that obtained in the
external source ion trap. This is due to the concentration effect. Since only 1 ¢ g of samples were
introduced into the internal source ion trap by GC. This reveals that the concentration effect
plays an important role in SSIMR.

e
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Dear Sir,

Study of temperature and pressure effects of negative
chemical jonization mass spectrometry using methane and
oxygen as reagent gases in an external source ion trap mass
spectrometer

Negative chemical ionization (NCI) mass spectrometry is an idea]
technique for the analysis of compounds containing electrophilic
groups owing to its high sensitivity and selectivity.!™'” It has
been applied to the analysis of many compounds in traditional
mass spectrometers including the quadrupole®*$°~12 and mag-
nelic sector’ types, but not using ion trap mass spectrometry
(ITMS) since it was difficult to achieve NC! measurements with
the classical ion trap. Therefore, very few reports have discussed
the use of ITMS for negative ion analysis.>'* The reason is
the very low efficiency of negative-ion formation via electron
capture when 70 eV electrons are used. However, since 1996,
when the first commercial ion trap mass spectrometer with an
external ionization source (Finnigan MAT GCQ)'%'" appeared on
the market, negative ions could be detected. The reasons are
that the GCQ allows operation at higher pressures at the ion
source region (1 mTorr; 1 Torr = 133.3 Pa) and also possesses
a modified detector with a conversion dynode (£15 kV). NCI
is very sensitive to the effects of reagent gas pressure™!*!%!14
and ion source temperature®>'12M in traditional mass anaiyz-
ers. Further, NCI has shown more significant temperature effects
than positive chemical ionization (PCI) in guadruple and sector
mass analyzers.' ™ The source temperature effect on the PCI of
dopamine with dimethyl ether (DME) ions has been evaluated
with the GCQ."" In this study, the effects of reagent pressure and
source temperature for NCI measurements were studied for the
first time wsing the GCQ.

All experiments were carried out in an external source ion trap
mass spectrometer (Finnigan MAT GCQ). Methane and oxygen
were used as the CI reagent gases. The pressure of the Cl gas
ranged from 0.021 to 0.13 Pa. The instrument was operated in the
mass-selective instability mode, The pressure of He was .13 Pa.
All pressures were measured with an ion gauge mounted on the
vacuum chamber. The ion source and tramsfer line temperatures
were 200 and 225°C, respectively. The ion source region was
heated by three cartridge heaters and the source temperature
was measured by a platinum probe temperature sensor. The ion
injection time was 0.3-25 ms. Sample were introduced to the ion
source via a direct insertion probe (DIP). The probe tip was heated
to a temperature of 150-370°C depending on compounds.

When methane or oxygen was used as the reagent gas in
the NCI mode in the GCQ, no reagent ions were produced.
In fact, they act as a moderator. A large number of thermal
electrons were produced, which can be captured by high elec-
tron affinity molecules. In the NCI measurements, few fragment
ions were observed by the electron capture {EC) mechanism in
the GCQ since the captured electrons possess low energy. In
order to understand the effecis of the souwrce temperature and
reagent gas pressure in the GCQ, NCI experiments on 3,4.5,6-
tetrachlorophthalimide were performed and the results are given in
Table 1 as the ratios of the relative signal intensity of the fragment
ion [M — HCI]™ (m/z 247) to that of the molecular anrion M~*
(m/z 285), From Table 1, the signal intensity of the fragment ion

* Correspondence to; H.-F. Wu, Department of Chemistry, Tamkang
University, Tamsui, Taipei Hsien 25137, Taiwan.
Contract/grant sponsor: National Science Council of the Republic
of China; Contract/grant number: NSC 89-2113-M-032-024.

Contract/grant sponsor: Tamkang University.

Copyright © 2000 John Wiley & Sons, Ltd.

Tabie 1. Temperature and pressure effects of
3,4,5,6-tetrachlorophthalimide

Temperature Relative intensity ratio?

[°C} 0.021 Pa 0.084 Pa 0.13 Pa
100 0.29 0.03 0.06
120 0.38 0.06 0.06
140 0.89 0.04 0.06
160 0.90 0.08 0.08
180 1.37 Q.07 0.09
200 1.19 0.06 g.10

? Redative signal intensity of {M ~ HCI|~ {m/z 247)
/ relative signal intensity of M~" (mfz 285).

increases as the temperature increases at all pressures. However,
as the pressure reaches 10 0.13 Pa, the temperature effect becomes
less significant. For example, at a source temperature of 100°C,
the above ratio decreases from 0.29 to 0.06 as the reagent pressure
increases from 0.021 to 0.13 Pa. However, at a source temperature
of 200°C, the ratio decreases from 1.19 to 0.10. These results indi-
cate that as the reagent pressure reaches 0.13 Pa, the formation of
M™" is favored. The reason is that at higher reagent gas pressure,
the thermal electrons can be produced more effectively {with a
larger population) tn order to stabilize the M™ ions. Hence fewer
fragment ions were obtained. Table 2 shows the source tempera-
ture effect on the NCI experiments for 5-fluorouracil. The pressure
of methane was maintained at 5.3 x 1072 Pa. The temperature of
the ion source was varied from 100 to 200°C. There were no
significant changes in the relative abundance of any of the ions
except for the [2M — H]~ ions, for which the relative abundance
increased from 12 1o 32% as the temperature increased from 100
to 200°C. Since a pressure of 5.3 x 10~ Pa was sufficient to sta-
bilize the product 1ons, the variation of temperature did not affect
the product ions except for the {2M — H]™, ions which may due
to a higher reaction rate at higher source temperatures.'”

The NCI spectra obtained with methane and oxygen as reagent
gases for several phthalic anhydride derivatives are compared in
Table 3. All compounds produce oxygenated ions (M - X + O],
where X =Cl or Br} in the oxygen spectra but not in the
methane spectra, except for 3.4,5,0-tetrafluorophthalic anhydride.
The formation mechanism for the [M — CI/Br 4+ O]~ ion is due
to the nucleophilic reaction of the neutral molecule (M) with
oxygen tons.

Table 2. Source temperature effect on the relative abundance
(%) of ions in NCI spectra of S-fluorouracil

Temperature {°C)

Product {m/z) 100 125 150 175 200
2M-* (260) 1 1 4 2 2
{2M - H]~ (259} 12 11 13 21 32
M~* {130} 8 5 5§ 5 5
(M —H]- {129) 100 100 100 100 100
[2M — HF]— {240) 4 2 2 3 1
[(2M — H) — (HF + )]~ (220} 4 4 4 4 2
[(2M — Hy — (HF + F + CO)|~ {192} 2 2 2 2 2
[(2M-H)—(HF+F+CO+HCNY-(165) 7 7 9 7 B
144~ 18 2 ] 1 <1
111- 1 2 2 1 <1
NCO- {42) 5 4 3 3 1

Received 18 May 2000
Accepted 19 June 2000
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Table 3. ECD results using CH, and oxygen as reagent gases

Reagent gas
Compound {(m¥2) o7 CHq
4,5-Dichlorophthatic M- {216, 7%) M- (216, 100%)
anhydride (216} {M—-%Cl 4+ 01" {197, 100%) [M + OH)- {233, 18%)
iM - YCl+ Q)" {195, 46%) [M+ OH - 3CIJ- {198, 4%}
[M+OH - 3Cl- (196, 2%}
3,4,5,8-Tetraflucrophthalic M- {220, 100%) M- 1220, 100%)
anhydride {220}
3.4,5,6-Tetrachlorophthalic M- (286, 100%) M- {286, 100%)
anhydride {286} (M =3Cl+0| (267, B%)
M -¥Cl+0} (265, 8%)
[M —3CI7Cl + 0}~ (230, 2%)
3,4,5,6-Tetrabromophthalic [\Y {464, 100%) M- (464, 20%)
anhydride (464) [M—"Br+ O} {401, 81%} [M —Br]- (384, 100%)
[M~%8r+ 0l (399, 87%} [M—8Br]- (3886, 24%)
Br- 181, 16%]) Br- {81, 82%)
Br- (79, 15%)
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Examination of the Best Pressure Range for Ion/Molecule
Reactions of Anthraquinones in an External Source Ion

Trap Mass Spectrometer

Hui-Fen Wy,' Chien-Hung CHEN, and Ming-Yi Ho

Department of Chemistry, Tamkang University, Tamsui, Taipei Hsien, 25137, Taiwan, R. 0. C.

This study outlines some observations of the pressure effect for gas phase ton-molecule reactions of anthraquinone
derivatives with dimethyl ether in an external source ion trap mass spectrometer. At the reagent pressure of 7.998 x 10-2
Pa, formation of the protonated jons, [M + 13]*, [M + 15]*, and [M + 45]* ions, of anthraquinones can be observed.
However, at the pressure of 1.066 x 10-2 Pa, formation of molecular ions and many fragment ions of the M* or [M + H]*
ions have been observed. Since the pressure effect is notable within a small range of pressures for many compounds, it is
important to draw attention to the use of the ion trap with an external source where other factors such as ion source
residence time may play a role. This can also provide some information for better and more careful controls of the
reagent pressure in order to obtain fair CI spectra in an external source ion trap mass spectrometer,

(Received October 16, 2000; Accepted January 9, 2001)

Introduction

Dimethyl ether (DME) has been widely used as the positive
chemical ionization (PCI) reagent gas in an ion trap mass
spectrometer (ITMS)."2.  Jon/molecular reaction products
including [M + HJ*, [M + 13]%, [M + 15}, [M + 45]* and [M +
47]* ions can be produced in the ITMS depending on the
structures of compounds.'¥ However, all these studies have
been undertaken in a traditional internal chemical tonization ion
trap mass spectrometer, Since 1996, the Finnigan MAT
Company has produced a bench-top external source ion trap
mass spectrometer (GCQ). Up to date, very few studies about
CIMS of the external source ion trap mass spectrometer have
been reported. ™ Therefore, we decided to investigate the
DME CIMS in GCQ by performing ion-molecule reactions with
several anthraquinone compounds. The structures of
anthraquinones are shown in Fig. 1.

Experimental

All experiments have been performed in an external source ion
trap mass spectrometer (Finnigan MAT GCQ).2#* Several
reagent ions including miz 45 (CH.0=CH,"), mfz 47
{CH,OHCH;*), m/z 61((CH;:);0%), m/z 91 {(CH,),O+CH,OCH;)
and m/fz 93 ((CH3).0:H"), are produced when dimethy! ether is
applied as CI reagent gas in the external source ion trap. Only
mfz 45 and 47 ions exhibit chemical reactivity, leading to the
formation of jon/molecular reaction products including [M +
HF, IM + 13], [M + 15, (M + 45]" and [M + 47]* ions.! In
our experiments, the relative intensity of these reagent ions was
also pressure dependent. The relative intensities for m/z 45, 47,

* To whom correspondence should be addressed.
E-mail: gou@mail.tku.edu.tw

61, 91 and 93 at 1.066 x 102 Pa are 100, 82, 13, | and 4%,
respectively, while the relative intensities for m/fz are 45, 47, 61,
91 and 93 at 7.998 x 10-? Pa are 62, 28, 100, 16 and 33%,
respectively. The pressure of He was 1| mTorr. DME pressure
in GCQ can be measured by using a convectron gauge, but the
pressure we report in this study was measured by an ion gauge
in order to measure the pressure precisely. The pressure of
DME was controlled at two different levels of 1.066 x 10-* and
7.998 x 10-? Pa to examine the pressure effect.

The experimental pressure range is rather small, The reason
for this is that the ion gauge was installed on the vacuum
chamber, rather than at the source region for GCQ. If the
pressure is measured by a convectron gauge at the source
region, the pressure ranges from 2.666 - 10.664 Pa. The ion
source was maintained at constant temperature of 200°C by
using three cartridge heaters and the source temperature was
measured by the platinom probe temperature sensor.

OH O OH

Q

COOH

o O OH
0

Danthron (MW :240) Purpusin (MW :256)

Fig. 1 Structures of anthraquinone derivatives.




Table 1 lon-molecule reaction products of anthraquinones and
dimethyl ether ions at 7.988 x 10 Pa
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Table 2 fon-molecule reaction products of anthraquinones and
dimethyl ether ions at 1.066 x 10-? Pa

Compound (Mw) Product ion (m/z, relative intensity)

Emodin {270) [M+47) (317, <1 %)
IM+45]* (315, 20%)
[M+15]* (285, 42%)
[M+13]* (283, 30%)
[M+HT* (271, 100%)
M* (270, <i%)
[M-HJ* (269, 30%)
[M+47]* (287, <1%)
[M+45]* (285, 5%)
[M+15]* (255, 5%)
[M+H]* (241, 100%)
M (240, 30%)
[M-COJ* (212, 8%)
M-2COJ* (184, 5%)
[M-2C0O-2x28]* (128, 2%)
[M+47)* (331, <1%)
[M-+45}* (329, 2%)
M+15]* (299, 15%)
M+13]* (297, <1%)
[M+HJ* (285, 100%)
M (284, 53%)
[M-OHT* (267, 12%)
[M+471 (303, <1%)
[M+45]* (301, 26%)
[M+15}* (271, 3%)
[M+13]* €269, 10%)
[M+H]* (257, 100%)
M* (256, <1%)
[M-COJ* (228, 3%)

Danthron (240)

Rhein (284)

Purpurin (256)

Anthraquinones were introduced to the jon source via a
temperature controlled direct insertion probe (DIP). In order to
obrain a good spectrum, a constant amount of sample must be
intreduced into GCQ, since the fluctuation of the concentration
of the sample around the ion source might lead to the ionization
process itself becoming unstable. Solutions for all
anthraquinones were prepared in methanol at concentrations of
3 x 10+ g/ml. One microliter samples of the solutions of
anthraquinones (3 x 10~ g) were subjected to an evaporation
step by a heater to eliminate the solvent. Each sample was then
introduced to the ion source region of GCQ via a temperature
controlled  direct insertion probe (DIP), The range of
temperature for heating was from 210°C to 370°C, and the
speed of heating was 100°C/min, The ion injection time was 25
ms. Emodin and danthron were purchased from Sigma (Louis,
MO). Purpurin, rhein and DME were obrained from Aldrich
(Milwaukee, WI).

Results and Discussion

Tables ! and 2 list the results of DME CIMS of all
anthraquinones at the reagent pressures of 7.998 x 10-2 and
1.066 % 10* Pa, respectively. Figures 2 and 3 show two typical
spectra for DME CIMS of emodin at the pressures of 1.066 x
16~ and 7.998 x 10~ Pa, respectively. Table 1 shows the
reagent pressure of 7.998 X 10-? Pa, formation of the protonated
ions (100%) and [M + 13]*, [M + 15]*, and [M + 45)* ions of all
anthraquinones (5 to 42%). The formation of [M + 13]" adduct
ions is via methylene reactions of m/z 45 followed by loss of
one molecule of methanol, while the [M + 15]* ions are

Compound {(Mw) Product ion (m/z, relative intensity)

Emadin (270) [M+471* (317, <1%)

IM+45)- (315, <) %)

[M+13]* (283, 15%)

[M+H])" (271, 47%)

M* (270, 100%)

IM-CO1~ (242, 8%)

[M-29]+ (241, 21%)
[M+H-CO-H:0]* (225, 16%)
[M-29-COJ* (213, 33%)
[M+H-2CO-H,07* (197, 13%)
[M-H0-2COJ* (196, 12%)
[M-29-2CO1* (185, 18%)
[M-H.0-2CO-28]* (168, 16%)
[M-29-2CQ-28]" (157, 38%)
[M-29-H,0-2C0O-28]* (139, 11%)
{M-29-C,H,0-2C0-28] (115, 10%)
[M+471* (287, <1%)

[M+15]" (255, 3%)

[M+H]* (241, 10%)

M* (240, 30%)

[M-COJ™ (212, 24%)

[M-2CO]* (184, 59%)
[M-2C0-2x28)* (128, 100%)
[M-711* (169, 39%)

[M-857" {155, 45%)
[M-H.0-2C0-28)" (138, 59%)
[M+47]* (331, <1%)

IM+45]+ (329, <1%)

[M+15]* (299, <1%)

[M+13]* (297, <1%)

[M+H)* (285, 17%)

M* (284, 100%)

[M-OH}* (267, 15%)

{M-COJ* (256, 40%)
[M-OH-COJ* (239, 35%)
[M-2COY (228, 35%)
[M-OH-2CO]" (211, 23%)
[M-OH-2CO-28]* (183, 21%)
[M-OH-2CO-2x28]* (155, 29%)
[M4+47]" (303, <1%)

[M+45]* (301, <1%)

IM415}F (271, <1%)

M+131 (269, <1%)

IM+H]* (257, 31%)

M* (256, 100%)

[M-COI* (228, 580%)
M-H0-CO-CH:01 (204, 13%)
[M-CO-C,H.0]* (186, 22%)
[M-2CO-C:H0O1* (158, 31%)
{M-2CO-C;H,0-28]* (130, 53%)
[M-2C0-CiH:0-2x281+ (102, 59%)
{M-CO-3x28]* (144, 15%)
[M-H:0-2CO-2x28]* (126, 87%)
[M-1411 (113, 77%)

Danthron (240)

Rhein (284)

Purpurin (256)

produced vig a methyl addition reaction followed by loss of one
molecule of formaldehyde. However, Table 2 shows that DME
CIMS at 1.066 x 10-2 Pa, molecular ions of each anthraguinone
appeared as the base peak for the M+ ions of all anthraquinones
except for danthron (30%). This is attributed to three reasons.
First, if DME reagent gas is too low, ions may undergo direct
electron impact (EI) to form M* ions and many fragment jons.?
Second, anthraguinones may undergo charge exchange
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Fig. 2 Products of ion-molecule reactions of emodin with dimethyl
cther at the pressure of 1.066 x 10-? Pa.

reactions with either the molecular ion of DME (m/z 46,
CHyOCH;™) or He* ions to form M* ions.! Third, the proton
affinities of anthraquinones are close to that of the DME (207
kcal/mol).®* In addition, the lower CI pressure conditions
(1.066 x 102 Pa) are alse unfavorable for the formation of the
ion/molecule products. The relative intensity of the [M + 13]",
{M + 15]*, [M + 45]*, {M + 47]* ions of all anthraquinones was
less than 3%, except for (M + 13} ions of emodin (15%).
Comparing the resuits in Tables | and 2 indicates that higher
pressure conditions cause preferential formation of the
protonated ions and the jon/molecular reaction productions.

The reasons for observation of the DME pressure effect are
discussed below. First, in the traditional ITMS, self-chemical
ionizations were observed, typically?s?’ resulting in the
formation of [M + HJ* ions. But in the GCQ, only the
ion/molecule reaction products and DME reagent ions were
allowed to enter the ion trap; all neutral molecules were lefi in
the source region. Second, this pressure effect might be due to
the short reaction times in the GCQ. Since the product ions
were introduced into the analyzer by three lenses, ions were
accelerated into the ion trap mass analyzer as soon as they
formed, and only stayed in the ion source for a very short time.
At the higher reagent pressure of 7.998 x 102 Pa, larger
numbers of collisions might lead to the formation of the
protonated ions and ion/molecular reaction products,

At the pressure of 1.066 x 102 Pa, many fragment ions were
observed. These fragmentations were dissociated from either
the molecular ions (M*) or protonated molecules ([M + H]*) of
anthraquinones. Three reasons for this are discussed below.
First, fragmentation might be due to the temperature effect of
the fon source.? Second, it was due to the numbers of collisions
when the ions traveled from the high-pressure source region
(about 1.333 x 10! Pa) to the low-pressure trap region (about
1.333 x 10~ Pa). Third, formation of the fragment icns was
related to the kinetic energy of the ions and molecules in the CI
source as discussed in regard to the ion trap detector (ITD).®
Since the product ions were accelerated into the ion trap mass
analyzer by three lenses, the ions obtained more kinetic energy
during the acceleration. Therefore, the product ions might have
dissociated into many fragment ions during the process of
acceleration. At the pressure of 7.998 x [0 Pa, the kinetic
energy of ions in the source region can be more effectively
collision-cooled {(deactivated) by the DME.?* From our study in
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Fig. 3 Products of ion-molecule reactions of emodin with dimethyl
ether at the pressure of 7.998 x 102 Pa.

GCQ, the standard operating pressure for EI mode of GCQ is
from 3.999 x 107 to 6.665 x 10-? Pa typically, while the best
pressure range for CIMS in GCQ is approximately from 3.999 x
16 10 7.998 x 10 Pa typically for the series of ion-molecule
reactions we have examined. These include anthraquinones,
tricyclic antidepressants, flavones, flavanones and dibenzo-18-
crown-6 with dimethyl ether. Al compounds we have
examined have shown similar results toward the DME pressure
effects, except for the dopamine and adrenaline.? For these two
compounds, nice ion/molecule reaction products and protonated
molecules could be obtained even at the low DME pressure of
1.066 x 102 Pa. The reason for this might be that these
compounds are very basic and possess high proton affinity in
the gas-phase.

Conclusion

1t is true that with the external chemical ionization configuration
of GCQ, the space charge effect and self chemical ionization
during ion/molecule reactions in the ITTMS can be avoided, and
the reproducibility, sensitivity and resotution in the GCQ can be
improved, However, the reagent pressure of DME must be
controlled very carefully for anthraquinones in order to obtain
nice CIMS spectra in GCQ. Since the pressure effect in GCQ is
notable within a very small range of pressures for many
compounds, this information is important to draw the attention
of those using the ion trap with an external source.
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Simulation of the collisional cooling effect for binary
and ternary buffer gas mixtures in a quadrupole ion
trap mass spectrometer

Hui-Fen Wu,” Li-Wei Chen, Jhen-Chen Wang® and Ya-Ping Lin
Department of Chemistry, Tamkang University, Tamsui, Taipei Hsien, 25137, Taiwan, ROC

Simulation of the collisional cooling effect using binary and ternary buffer gas mixtures in the ion trap mass spectrometer was per-
formed using the SIMION 6.0 program, in which a 3D collision model was used to describe the ion-buffer gas collisions. Computation
of the ion kinetic energy based on the Langevin theory under various conditions was used to account for the effects of mixed buffer
gases on ion-collisienal cooling. The addition of small amounts (8-9%) of one or two heavier target gases (nitrogen, argon or SF)) to
the 1 mtorr helium buffer gas in the ion trap can greatly improve the collisional cooling effects. The kinetic energy of ions can be
reduced to close to 0 eV. Although the use of ternary buffer gas mixtures can also effectively improve the collisional cooling effects,
the use of binary buffer gas mixtures is the better choice due to convenience and lower cost in real ion trap applications.

Keywords: quadrupole ion trap mass spectrometer, collisional cooling effect, buffer gas mixtures, simulation

Introduction

The ion trap mass spectrometer (ITMS) has been widely
used in many applications'™ owing to its low cost, high sen-
sitivity and tandem mass spectrometry capability.”” Studies
of the cooling phenomenon using various ion trap methods
have been discussed.”"" Among these methods, collisional
cooling for icns in the ion trap by using a buffer gas is a very
efficient method.""” The existence of the buffer gas in the
ITMS is very important because ion collisions with the neu-
tral buffer gas lead to the reductions in ion velocity, trajec-
tory amplitude and kinetic energy. Thus, the sensitivity and
resolution of the ITMS can be greatly enhanced.” The use of
buffer gases other than He has been reported.” Morand ef
al. found that some heavier target gases, when added in
small amounts to the He buffer gas in the ion trap, can
improve the trapping efficiency and the internal energy
deposition during  collisionally-activated  dissociation
(CAD).* A number of simulations of the ion trap mass spec-
trometer have been reported.”™ We used a simulation
method to investigate the ion—collisional damping effect on
ions as a function of different parameters including ion mass,
temperature, ion trap electrode size, pressure and the use of
alternative buffer gases.” In general, 1 mtorr of He is typi-

‘Current address: Department of Electronic Engineering, Tung-Nan
Institute of Technology

cally used for the ITMS. In this study, we attempted to
develop a more effective buffer gas mixture in the ITMS by
adding a very small amount of a second buffer gas compo-
nent to the standard 1 mtorr buffer gas to improve the ion
trap resolution.

Computational methods

In this study, the SIMION 6.0 program® in combination
with the Langevin collision theory was used to perform all
simulations. The real geometry of the standard Finnigan ion
trap electrodes was used in the simulation. The ion trap elec-
trode internal surface curve was created using a geometry
file provided by the SIMION 6.0 program. The physical
parameters of the ITMS are described in the following. The
electron ionization source voltage was 70 eV. The initial ion
kinetic energy in the source region was 0 eV. The number of
ions was 50. The operational ion trap RF frequency was
1.1 x 10° Hz. The ion mass was 200 amu, ¢,= 0.5, a,= 0,
7,=0.707 cm and r, = 1.0 cm. The RF potential on the ring
electrode was controlled by user-written programs and the
potential applied to the ring electrode was given by
Var= U+ V cos (2nQ¢ + (), where V is the maximum
amplitude of the RF voltage, U is the DC voltage (sct as
0V), Q is the RF frequency (1.1 MHz), ¢ is the jon flight

@ IM Publications 2001, ISSN 1469-0667
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time and f3, is the initial RF phase. The RF voltage used was
100 V (zero-to-peak). DC voltage was applied to eject the
ions out of the trap for detection,

The simulations were performed on an IBM PC com-
puter (Pentium 166 MHz, 32 MB). The items used for com-
putation included ion number, velocity and kinetic energy.
The recording time was estimated from the time when ions
were generated in the ion trap to the time when ions were
gjected to the detector. In order to apply the Langevin theory
to the program, a series of programs and equations were
written into the original user programs (inject.prg and
trap.prg) using the RPN Language to perform simulations.
For example, the collisional probability was altered to relate
to the conditions obtained by mixing two or three kinds of
buffer gas. The buffer gas mass was set to 4, 28, 40 and 146
mass units for helium, nitrogen, argon and SF, buffer gases,
respectively. The buffer gas collisions with the ions were
assumed to be elastic collisions. The initial velocity of the
buffer gas was set at zero, then the collisional probability
was calculated from Equation 1. According to the
Langevin theory,” the collision cross-section (o) for a sin-
gly-charged ion colliding with a buffer gas can be expressed
as in Equation 1:

o =7b, = (2me / dnew) x (o, / p)'” (1)

where £, is the permittivity of free space, W is the reduced
mass of the collision system, v is the relative velocity of the
collision partners, e is the charge and o is the electronic
polarizability of the buffer gas. The probability of collision
per unit of time can be represented as in Equation 2:

P=nvg (2)

where n is the number density of collision-gas atoms and P is
the collisional probability. Combining Equations 1 and 2 to
calculate the collisional probability gives Equation 3:*

P=(e/2e)x (o /W) x(p/kT) (3)

where p, T and k represent pressure, temperature and the
Boltzmann constant, respectively. When the collisional prob-
abilities for mixtures of two or three buffer gases were calcu-
lated, the collisional probability for each buffer gas was
calculated individually. In the ITMS, the presence of the
buffer gas damps the jon trajectories toward the center of the
ion trap by reducing the ion kinetic energies.” Thus, calculat-
ing the ion kinetic energy values can be used to represent the
collisional cooling effect. The simulation used head-on colli-
sions and discontinuous collision models for ions colliding
with a buffer gas. No consideration of different scattering
angles or the conversion of axial kinetic energy to radial
kinetic energy was used. After collision, it was assumed that
the ion movement directions were not changed and that only
the ion kinetic energy was decreased. The kinetic energy of
an ion just after one collision is pgiven by
(Om,, — M) £ (i, + my T x KE eV, where KE represents
the kinetic energy of the ion just before the collision. For all
experiments performed in this simulation, 50 ions of m/z 200

were used in all calculations to obtain statistical results from

the user program. All ions were assumec! to be positively and

singly charged. The simulation neglected the ion—ion repul-

sion effect. Although it can be approximately calculated

using the SIMION 6.0 program, the space charge effect

would not occur since only a small number of ions were
considered.

The software package used in this study was SIMION
3D (Version 6.0) developed by the Lockheed Idaho Tech-
nologies Company.” The Langevin collision theory was
written into the SIMION prograra to r{lodel the simulation
experiments. The equation P’ = 1 — ¢ was used to calcu-
late the collision. The trap.prg user program was used to
demonstrate the motions of the 50 ions in the ion trap. The
inject.prg user program was used to demonstrate the colli-
sion gas effect (simulated by the mean-free—path collisional
cooling model). The mean free path was set at 1 mm, the ran-
dom time of birth=0.909091 ps 'and the ion time
step = 0.1 ps. Fifty ions were produced.in groups at the same
time and at the same positions (x = 40,'ly =0 and z = 0).

Random collisions were computed using the following
procedures in the simulation program. |
(1) Enter temperature, pressure and buffcr gas mass values.
Use these parameters to calculate the colhsmnal probability
as P=(e/ 2e) X (0 /W) x (p / kT).

{2} Calculate the collisional probability using P’ =1 -
where d is equal to the product of the ion time-step and the
ion velocity and fis the mean free pathl”

(3} Generate a random number for each time step. The value
for the random number is between 0 and 1.

(4) Compare the probability for collision during each time
step with the random number. If the probability of collision is
larger than the random number, then a collision will oceur.
(5) Calculate the reduction factor for the ion final velocity
after collision as (m,, — m.) / (M, + m,..), where m,_ rep-
resents the ion mass, and m, . represents the mass of the
buffer gas.”

(6) Multiply the original velocity of the ion by the reduction
factor (m,, — My, M(m,, + M) to give a new value. Store
this value as the new ion velocity. '

(7) Transform the new ion velocity into a three-dimensional
velocity in order to calculate the final kinetic energy.

(8) For simulation of the conditions using only one buffer
gas, store the new ion velocity after collision in order to cal-
culate the new kinetic energy.

(9) When calculating the conditions using mixtures of two or
three buffer gases, regardless of whethér the ions will collide
with the first kind of buffer gas or not, return the procedure to
step (4) in order to calculate the probablhty of collision of the
ions with the second buffer gas. |

(10) Apply the various random numbers generated in step (3)
to different kinds of buffer gases.

(11) Average the kinetic energies of the 50 ions after the ions
reach the detector.

With a knowledge of computer 6rganization and pro-
gramming basics, the number of random numbers actually

P
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generated throughout one trial of the simulation running in
the program can be calculated as illustrated below. The
Pentium-166 MHz computer used for the simulation in this
study has a well-designed CPU/FPU (central processing
unit / floating point unit) capability which can process each
simple integer instruction or simple floating-point instruc-
tion in one clock-cycle time; for 166 MHz, the clock cycle is
0.006 ps. In this study, the simulation program generates the
random number by calling the random number generation
function offered by the simulation language compiler, and
then compares the random number with the collision proba-
bility (#") which had been calculated beforehand in the pro-
gram. This iteration of random number generation and
comparison continues until the collision probability (') is
larger than the random number. Afier examination of the
CPU/FPU instruction codes created by the compiler for the
complicated function used for random number generation,
the time for each iteration can be reasonably estimated as
100 clock cycles, or 0.6 us. Note that this estimation has
taken consideration of the Pentium architecture which high-
lights the super-scaler/super-pipelined and level-1/level-2
cached structure. For our simulation to reach the condition
where the collision probability (P’) is larger than the gener-
ated random number, usually takes five minutes (300 s) for
one trial run of the simulation, Therefore, the total number of
0.6 us-long iterations in 300 s is 5 x 10°. This sufficiently
large number of iterations definitely implies that the random
collision simulation would approximate the Gaussian distri-
bution model. Further, the simulation program defines the
modulus of the random generator as a 32-bit integer type,
which means the mximum number of iterations is 4 x 10" or
40 min at the most during the running of the simulation. In
conclusion, the period of the random collision in this simula-
tion has generated a sufficiently long sequence of random
numbers to warrant its correctness.

Results and discussion

In this study, a simulation was performed using
SIMION software” to calculate the kinetic energy of the
ions. Collisions between the ions and the buffer gas lead to a
reduction in the velocity, kinetic energy and trajectory
amplitude of the ions inside the I'TMS. As a result, ions
gather in the center of the ion trap leading to a reduction in
size of the ion cloud. When ions are ejected through the
opposite end cap to the electron multiplier for detection,
most of these ions can be detected, However, without the
buffer gas in the ion trap, the ions oscillate with a rather large
amplitude due to the RF trapping potential in the ion trap.

In order to examine the collisional cooling effect for dif-
ferent mixtures of buffer gases, the following simulation
experiments were performed: 1 mtorr of the main compo-
nent of the buffer gas mixture together with a very small
amount (0.01-0.09 mtorr) of the second buffer gas in the ion
trap with 50 ions of m/z 200. The results are shown in Fig-

ures 1-4. Figure 1 shows a comparison of the average kinetic
energy variation as a function of the total pressure of various
binary buffer gas mixiures: in this case from the addition of
0.01-0.09 mtorr of nitrogen, argon or SF; to the 1 mtorr of
helium buffer gas in the ion trap. The kinetic energies of the
ions in all three buffer gas mixtures, in this case those with
nitrogen (indicated by the line with the solid square mark),
argon (indicated by the line with the solid triangle mark) and
SF, {indicated by the line with the open circle mark) were
reduced by the addition of a very small amount of the second
buffer gas. Also, the average kinetic energy of all ions was
effectively reduced as the pressure of the second buffer gas
was increased from 0.01 to 0.09 mtorr (the total gas pressure
increased from 1.01 to 1.09 mtorr). Moreover, when the
additional pressure from the second buffer gas reached
0.08-0.0% mtorr (total pressure 1.08-1.09 mtorr), the aver-
age kinetic energies of all of the ions in all buffer gas mix-
tures had been reduced to close to O eV.

In order to observe the effect of adding a second heavier
target gas, the standard condition of using a single buffer gas
{(He) is also shown in Figure 1 (indicated by the line with the
solid circle mark). The ion kinetic energy in pure He gas
fluctuated between 40 and 50 eV. Thus, a reduction of more
than 40 eV of ion kinetic energy, resulting from the addition
of a very small amount of heavier buffer gas into the ITMS,
was observed. In the simulation, ions were injected into the
ion trap with a fixed kinetic energy through the hole in one
endcap of the ion trap and were recorded on reaching the
detector. Because of the high ion kinetic energy (approxi-
mately 45 eV) with only a single buaffer gas, only a few ions
would be trapped upon injection at this kinetic energy; the
ions would rather proceed straight across the ion trap. How-
ever, using binary buffer gas mixtures, the ion kinetic energy
is reduced to close to 0 €V. The reasons for this behavior are
as follows. First, since the RF field constantly accelerates
and decelerates the ions, the introduction of a buffer gas
gradually decreases the amplitude of oscillation (related to
kinetic energy) of any ion over time. Second, the average
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Figure 1. Comparison of the kinetic energy variation as a func-
tion of the total pressure of two mixed buffer gases. Addition
of small amounts (0.01-0.09 mtorr) of nitrogen, argon or 5F;
to the 1 mtort helium buffer gas in the ion trap for 50 ions of
m/z 200 (temperature = 375K, g, = 0.5).
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Figure 2. Comparison of the kinetic energy variation as a fune-
tion of the tota! pressure of two mixed buffer gases. Addition
of small amounts {0.01--0.09 mtorr} of helium, nitrogen or 5F,
to the 1 mtorr argon buffer gas in the ion trap for 50 ions of
miz 200 {temperature = 375 K, g, = 0.5).

energy exchanged per collision depends on the reduced mass
of the ion and target. Third, from Equation 3 we know that
the collisional probability is proportional to the pressure of
the buffer gas. Thus, as the pressure increases, the amount of
buffer gas inside the ion trap increases. As a result, the
collisional probability is larger and the ion kinetic energy
can be reduced after collisional cooling by the buffer gases.

Figures 2 to 4 show data obtained using a heavier gas as
the main (1 mtorr) component of the buffer gas and compare
the use of nitrogen, Ar or SF; against helium as the main
component of the buffer gas together with a very small
amount of an added second buffer gas in each case. For the
data in these figures, the simulation experiments were per-
formed under exactly the same conditions as in Figure 1,
except that different combinations of buffer gases were used.
The use of single buffer gases (1 mtorr of Ar, nitrogen or SF;
gas, indicated by the line with the solid circle mark plotted
from 1.01 to 1.09 mtorr} is compared in Figures 2—-4. The ion
kinetic energy in pure Ar, nitrogen or 8F, gas fluctuates
between 40 and 45 eV, so that replacing 1 mtorr of He buffer
gas with Ar, nitrogen or SF; leads to similar results, as shown
in Figures 2-4. Thus, we conclude that the collisional cool-
ing effect is efficiently improved with an increase in pres-
sure of a second buffer gas component. When Ar (Figure 2),
nitrogen (Figure 3) or ST, (Figure 4) were used as the 1 mtorr
main buffer gas and He buffer gas was added in small
amounts to this main component, the reduction in ion kinetic
energy was not as pronounced as with the addition of nitro-
gen, Ar or SF;. Only a small percentage of a heavy gas damps
the kinetic energy down to close to zero as shown in Figure
1. This is predominately due to the mass effect. However,
because the mass of He is much lower than that of Ar, nitro-
gen or SF,, the addition of He as a second buffer gas does not
reduce the kinetic energy down to 0 eV (see Figures 2-4).
Thus, we know that using He as the second, minor buffer gas
component is the worst choice, since this buffer gas mixture
reduces the ion kinetic energy the least. Figures 2—4 also

N,
-=-He
= Ar
- SF,

1.01 .02 103 104 1.05 106 | |07 108 1.09

The total pressure of two kinds of mixed buf.!'g gases {miotr)

Figure 3. Comparison of the kinetic energy variation as a func-
tion of the total pressure of two mixed buffer gases. Addition
of small amounts (0.01-0.09 mtorr) of hellum argon or 5F; to
the 1 mtorr nitrogen buffer gas in the i ion trap for 50 ions of
miz 200 (temperature = 375K, q, = 0. 5)

i
l

indicate that the addition of He as a second buffer gas pro-
vides a better cooling effect than the use of a pure, heavier
buffer gas such as Ar, nitrogen or SF.. Tlhe most likely reason
is that the collision probability for the mixed buffer gas is
larger than that for a pure buffer gas' Collisions with the
lower mass atoms (He) typically result in less scattering in
the ion trajectory than do collisions with higher mass atoms
{Ar, N, or SF,). A higher degree of scéttcring canlead to a
decrease in the ion trap performance, such as resolution and
sensitivity.

The collisional cooling effect from using a mixture of
three buffer gases was also examined. In order to check
whether using three kinds of buffer gas is better than using
two, similar methods were applied to calculate the ion
kinetic energies as detailed above for the binary buffer gas
mixtures except for the addition of \}ery small and equal
amounts of two additional buffer gases!imo the 1 mtorr main
buffer gas. Figure 5 shows the average kinetic energy varia-

it

40

——5F;
-~a—He
—_— 'Nx

—o Ar

I
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I
|
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I
|
|
|
KE(V) ‘
i

5.01 102 1.03 1.04 1.05 1.06| 107 1.08 10

The total pressure of two kinds of mixed buffer gases (mtorr}
Figure 4. Comparison of the kinetic energy variation as a func-
tion of the total pressure of two mixed buffer gases. Addition
of small amounts (0.01-0.09 mtorr) of helium, nitrogen or
argon to the 1 mtorr SF; buffer gas in the ion trap for 50 ions
of miz 200 (temperature = 375K, q, = 0.5).
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0 . .
1.02 1.04 1.06 1.08 1.10 112
The total pressure of three kinds of mixed bufter gases (mtorr)

Figure 5. The average kinetic energy variation as a function of
the total pressure of three mixed buffer gases. Addition of
equal and small amounts (0.01-0.06 mtorr) of nitrogen and
argon to the 1 mtorr helium buffer gas in the ion trap for 50
ions of m/z 200 (temperature = 375K, g, = 0.5),

tion as a function of the total pressure from a ternary buffer
gas mixture. Equal and small amounts (0.01-0.06 mtorr) of
nitrogen and Ar were added to the 1 mtorr helium buffer gas
in the ion trap. The initial ion kinetic energy at a total pres-
sure of 1.02 mtorr was 27.74 eV. However, as the additional
amount of both Ar and nitrogen gas reached 0.06 mtorr (total
pressure = 1.12 mtorr), the ion kinetic energies were
reduced to close to 0 eV. If we compare Figure 5 with Figure
1, when 0.06 mtorr of nitrogen or Ar was added to 1 miorr
He (total pressure = 1.06 mtorr), the ion kinetic energies
were 8,09 and 4.66 eV, whereas in Figure 5 (total pressure
again = 1.06 mtorr} the ion kinetic energy was 5.27 eV. This
result indicates that the use of a mixture of three buffer gases
is no better than the use of two buffer gases. Figure 6 shows
the kinetic energy variation as a function of the total pressure
for a ternary buffer gas mixture using 1 mtorr of Ar as the
main buffer gas component. Thus, by adding equal and small
amounts {0.01-0.06 mtorr) of helium and SF, to the 1 mtorr
argon buffer gas in the ion trap, the results in Figure 6 are
very similar to the results shown in Figure 5. Therefore,
there is no difference in the collisional cooling effect
obtained by using different combinations of buffer gasesina
ternary gas mixture. Although the use of three buffer gases
can also effectively improve the collisional cooling effect,
the result was not statistically better than the use of a binary
buffer gas mixture. In real ion trap applications, the use of
two buffer gases is the best choice based on convenience and
cost.

Conclusion

This simulation study describes the use of mixed buffer
gases, consisting of two or more components, in an ion trap.
Mixed buffer gases greatly reduce the average kinetic
energy and improve the ion-collisional cooling effects.
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KE(EV}15 |
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The total pressure of three kinds of mixed buffer gases (mtorr)

Figure 6. Kinetic energy variation as a function of the total
pressure of three mixed buffer gases. Addition of equal and
small amounts (0.01-0.06 mtorr) of helium and SF; to the
1 mtorr argon buffer gas in the ion trap for 50 ions of m/z 200
{temperature = 375 K, gq, = 0.5).

These results provide novel insights for improving the reso-
lution and sensitivity of ion trap mass spectrometry.
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Dear Sir,

Determination of the Sensitivity of an External Source Yon
Trap Tandem Mass Spectrometer Using Dimethyl Ether
Chemical Ionization

Tandem mass spectrometry is a rapid and powerful analytical
technique that can provide trace mixture analysis and structure
elucidation. The ion trap mass spectrometer has been widely used
siuce it became commerciaily available in 1983. The reason is
attributed to its tandem mass capability.

Within the last decade, a number of studies of ion—molecule
reactions of dimethyl ether (DME) ions in the ion trap mass
spectrometer have been published by Brodbelt and co-workers.!2
Two main reagent ions, of mfz 45 (CH:O=CH,*) and 47
{CH;OHCH;™), are generated when dimethy! ether is applied as
a chemical ionization (CI} reagent gas.! According te Colorado
and Brodbelt,® when DME reacts with compounds possessing

* Correspondence to: H.-F. Wu, Department of Chemistry, Tamkang
University, Tamsui, Taipei Hsien, 25137, Taiwan,
Conrraci/grant sponsor: National Science Council of the Republic
of China; Contract/grant number: NSC %2-2113-M-032-68%.
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electron-releasing substituents such as a hydroxyl, methoxyl or
amino group, [M 4 13]* adduct ions are typically produced via
methylene addition reactions of m/z 45 followed by the loss of a
malecule of CH;OH, but compounds with electron-withdrawing
substituents such as carbonyl groups could form (M + 151 adduct
tons via methyl addition reaction followed by the loss of a
molecule of formaldehyde® All of these previous studies were
undertaken using a traditional internal jonization ion trap. How-
ever, since Finnigan MAT will no Jonger produce the traditional
internal ionization ion trap mass spectrometer (ITMS), it is impor-
tant to test the CI method in the newest configuration with an
external source beachtop ion trap mass spectrometer (GCQ).
The advantage of the external ion source GCQ over the tradi-
tional internal ITMS is that by using external ionization, the ion-
ization is separated from the ion storage and analysis so that only
ions are allowed to enter the ion trap itself, all neutral moleeunles
being pulled away by vacuum. Hence speciral consistency is main-
tained. In addition, space charge effects are minimized, so the
resolution and sensitivity of the ion trap can be improved. In con-
trast, the traditional internal ITMS allows all CI reagent molecules
and analytes to fonize and react inside the trap, and residual
neutrals inside the trap will have more time to react with the ana-
lyte ions. Hence space charge effects and self-chemical ionization
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Figure 1. CAD mass spectrum of [M + 45]* ions of dopamine.
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Table 1. CAD of low-abundance product ions of dopamine
with dimethyl ether ions (m/z with relative abun-
dances (%))

[M + 18]* (168, 2%) — NH; (151, 100%}
— H,0 {150, 3%)
— C3H, {140, <1%])
— CH;NH {138, 4%}
— CH;NH, {137, 71%)
— (CH3NH; + H;0) {119, 3%}
— (CHaNH; + H, 0 + 28) {91, 2%)

{M + 45]*+ {198, 1%} 194, 2%
— CH, (183, 26%)
181, 10%
— H,0 {180, 100%)
~ CiH, (170, 11%)
— CH;0H {166, 11%)
— CH,OCH, (152, 3%)
IM + 47)* {200, <1%) 196, 20%
195, 20%
— CH;, (185, 20%)
— CH, {172, 40%)

reactions can oceur.** Owing o the huge amount of neutrals in the
conventional ion trap (including DME or analytes), the primary
ionization can lead to space charge effects, which have been a seri-
ous problem for the traditional ien trap. We consider it important
to test the CI method in this new external ionization configuration
of the ion trap. The reason why DME was chosen as the reagent
gas in this study is that it is the most versatile CI reagent that has
been applied in the traditional ion trap in the past.’?

In our hands, the external ion trap mass spectrometer first
demonstrated its excellent sensitivity in the MS/MS mode in
a series studies of ion—molecule reactions of anthraquincnes,
tricyclic anfidepressants, flavones and flavanones with dimethyl
ether. Even for product ions with relative abundance as low as
0.01%, collision-activated dissociation (CAD) experiments were
successfully performed. This is a very important feature for an
analytical instrument because new types of experiments could be
designed based on this aspect, such as differentiation of isomers or
other pairs of compounds with only slight structural differences,
for the detection of analytes with very low concentrations or for
the investigation of product ions obtained at very low abundance
in the full-scan spectra.

In this study, the detection limits for DME CIMS and for
CAD of dopamine were determined using an external CI source

171, 9% . .
160 10:',6 quadrupole ion trap mass spectrometer. This work demonstrates
_ C,H OCH, {154, 100%) the possibility of applying a commercial ion trap instrument to
153 130% ! perform high-sensitivity measurements with low detection lim-
! its in the MS/MS mode. CAD experiments on ions with relative
100% 154
y r
InT A L
172
185 195
140
lI!JllII IllitrllllltlliIlllllillllllf\llllll Prrr
150 160 170 180 190 200

Figure 2. CAD mass spectrum of [M + 47]* ions of dopamine.
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Figure 3. Calibration graph for the determination of detection limits.

abundance as low as 0.04-2.43%, formed as ion-molecule prod-
ucts of dopamine, have been successfully performed. Information
about detection limits with the use of DME as the reagent gas in
Cl is provided.

All experiments were performed using a Finnigan MAT GCQ
ion trap mass spectrorneter, equipped with an extemal EVCI
source. DME was used as the CI reagent gas. The instrument
was operated in the mass-selective instability mode. The relative
abundance of m/z 45 and 47 ions of DME was 3:1. The pres-
sures of He buffer gas and DME were 1 and 8 x 10~° mTorr,
respectively (1 Torr = 133.3 Pa). The pressure in the ion source
region was ~1 mTorr and that in the ion trap mass analyzer
was ~107 Totr. The temperature of the source region was main-
tained at 200°C unless stated otherwise. The ion injection time
was 25 ms. Collisional experiments were performed by applica-
tion of a supplementary tickle voltage to the end-caps of the ion
trap at g, = 0.225. The collisional activation time was 15 ms.
The signal width for selection of the parent ions was 0.1-1 u;
the collision energy for fragmentation of the parent ions was
0.7-1.0 V. Samples were introduced into the ion source region
via a temperature-controlled direct insertion probe (DIP) to assis-
tant the desorption of the sample. The probe tip was heated to
250°C at a rate of 100°C min~".

The DME ions were allowed to react with dopamine, introduced
as neutrals from a temperature-conirolled direct insertion probe
to generate a series of ion—-molecule reaction products including
M — HI", [M+ 1317, [M+ 15}, [M +45]%, [M +47]7, M**
and [M 4 H]* ions and fragment jons. Among these ions, most
adduct ions have very low relative abundances, e.g. [M + 47]* <
1%, IM + 45]" = 1% and [M + 15]% = 2%. Most of time they
could not be observed at all in the full-scan spectra, yet quan-
titative information can be obtained from GCQ, which means
that they do exist. Moreover, since the GCQ instrument pos-
sesses the ability to perform MS/MS on low-abundance ions, these
product ions still could be isolated and CAD experiments success-
fully undertaken. Table 1 gives the CAD results for [M + 47]%,
[M +45]* and [M + 15]" ions of dopamine, which were formed
from the reactions of dopamine with DME ions. Figures 1 and
2 show the CAD spectra of {M + 45] and [M 4 47}* ions of
dopamine, respectively.

In order to gain a better understanding of the CAD detec-
tion limit in the external source ion trap mass spectrome-
ter, the following experiments were performed. A series of

Copyright © 1999 John Wiley & Sons, Ltd.

standard solutions of dopamine were prepared in methanol at
concentrations of 1x 107%, 2 x 107%, 3 x 1074, 4 x 1074, 5 x
10~* and 1 x 10~ g mi™!, Volumes of 1 pl of the standard solu-
tions of dopamine were first subjected to an evaporation step by
a heater to eliminate the solvent and then it was introduced to
the ion source region of the GCQ via a temperature-controlled
DIP. Limits of detection runs were confirmed by having a signal-
to-noise ratio of 10. The absolute detection limit of CAD found
in this study is 8 x 107" g for [M + 47]* ions of dopamine; the
absolute detection limit for the CI mass spectrum of GCQ by DIP
is 2 x 1077 g for dopamine. Figure 3 shows the calibration graph
for determining the detection limits.

From this study, we conclude that the GCQ ion trap mass spec-
trometer possesses excellent tandem mass capability and gives
low detection limits for CAD. This can lead to the understanding
of the bonding properties of these low-abundance ion—molecule
adduct ions. Further, with the external chemical ionization con-
figuration, space charge effects and self-chemical reactions during
ion—molecule reactions in the ion trap mass spectrometer, which
was a problem with the traditional ion trap mass spectrometer, can
be avoided. Hence the repreducibility, sensitivity and resolution
in the GCQ ion trap are greatly enhanced.
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