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( 2)A Novd Liquid-Phase Microextraction Method: a Dual Gauge
Microsyringewith a Hollow Fiber Membrane

A novel liquid-phase microextraction method (LPME) by combining a dual
gauge microsyringe with a hollow fiber membrane (LPME/DGM-HF) for the
extraction and determination of organochlorine pesticides (OCPs) in agueous
solution then followed detection by Gas Chromatography/lon Trap Mass
Spectrometry (GC/ITMS) has been demonstrated. The advantages of this
technique include simplicity, easy of use, fast and little solvent consumption.
Influence of parameters including extraction time, solvent selection, salt
concentration and sample stirring rate have been investigated in order to
optimize the extraction efficiency for this method. The viability of this
methodology is evaluated by measuring the linearity and detection limit. The
detection linearity for the OCPs has been obtained over a range of
concentrations between 1 to 500 pg/l (r* > 0.930), with detection limit of 0.1
ug/l for each of OCPs.

(3) Combination of Liquid-Phase Hollow Fibre M embrane Microextr action
with Gas Chromatography/Negative Chemical lonization Mass
Spectrometry for the Determination of Dichlorophenol Isomers in
Environmental Sample

A method for the determination of trace amount of dichlorophenol
isomers in environmental samples using the combination of liquid-phase hollow
fibre microextraction (LPME-HF) with gas chromatography—negative chemical
ionization mass spectrometry (GC/NCI MS) has been demonstrated. The method
has been optimized with respect to several parameters including the effects of
NCI reagent pressure, the hollow fibre length, extraction time, stirring rate,
sample PH and salt concentraction for the analysis of dichlorophenol isomersin
environmental samples. The correlation coefficients for the calibration curves
(ranging from 0.970 to 0.994, < 8.5% RSD) and the average recovery rates
(ranging from 93% to 97%, n = 3 for each dichlorophenol) indicate that the
methodology is feasible for the determination of trace amounts of
dichlorophenol isomers in environmental samples. Method detection limits
(MDL) have been found to be in the range of 5— 20 ng/ml.

(4 Single-Drop Microextraction and Gas Chromatography-Mass
Spectrometric Determination of Anisaldehyde |somersin Human Urineand
Blood Serum



The application of single drop microextraction (SDME) followed by gas
chromatography/chemical ionization mass spectrometry (GC/CI-MS) was
investigated for the determination of anisaldehyde isomers in human urine and
blood serum. The effects of extraction solvent, sample agitation rate, salt
addition, sampling time and temperature on the extraction efficiency were
examined and optimized. Analytical parameters such as linearity, reproducibility,
detection limit and relative recovery were evaluated under the optimized
experimental conditions. Good reproducibilities of replicate extractions (n = 5)
were obtained, with relative standard deviation (RSD) values below 6%. The
limits of detection (LOD) using an extraction time of 5 minutes were found to be
in the range of 2 to 5 ng/ml under the selective ion-monitoring (SIM) mode of
GC/MS. 82-98% recoveries were achieved after 5 minutes extraction.

(5) Differentiation of xyleneisomersby SIMR

This study presents the Self-lon/Molecule Reactions (SIMR) spectra of
the three xylene isomers, and proposes an approach to differentiating them based
on observed differences in relative abundances of ions formed by SIMR in an
internal source ion trap instrument. It aso demonstrates the applicability of
SIMR for isomer discrimination, which is better than electronic ionization (El)
and dimethyl ether chemical ionization (DME CI) in the ion trap mass
spectrometer (ITMS) since no Cl reagent, metal ions or interna standards were
required to perform SIMR. The merits of the new method for distinguishing the
isomers include simple, rapid and economic. So far, the methyne addition
products ([M+13]" ions) have been observed for severa nitrogenated
compounds including aza-crown ethers, aniline and dopamine from SIMR in the
ITMS. While the xylene isomers are the first three compounds that can produce
the methyne addition ionsin SIMR for non-nitrogenated compounds.

(6) Sef - lon / Molecule Reaction to produce the protonated molecules
during collisionally activated dissociation in an ion trap

This study describes the formation of protonated molecules ([M+H]") and
adduct ions owing to Self - lon / Molecule Reaction (SIMR) during CAD of
methyne addition ions ([M+CH]") produced from chemical ionization (CI) or
SIMR in both external and internal source ion trap mass spectrometer (ITMYS).
The CAD results for the methyne addition ions of dopamine produced from both
SIMR and dimethyl ether (DME) ClI undertaken in the external and internal
source ITMS were compared in order to prove the occurrence of SIMR during
CAD processes. Compared with the externa source ITMS, the interna source
ITMS are much more easily to undergo this type of reaction due to large
popul ation of neutral analytes present in the trap.



(7) Probing the unusual product ions observed in Self-lon/Molecule
Reactions of xylene isomers by deuterium labeling, isolation experiments
and collisionally activated dissociation in an ion trap mass spectrometer

This study investigates the mechanisms of addition of the methyne ions
produced in the Self-lon/Molecule Reactions (SIMR) of 0o, m and p-xylene
isomers by deuterium labeling and isolation experiments in an ion trap mass
spectrometer (ITMS). Identical SIMR products including [M-3H]", [M-H]", M™,
[M+H]", [M+CH]*, [M+CH+C]", [2M-3H]" and adduct ion of fragments
([M+F]*, where F represents fragment ions) have been produced by al the
xylene isomers. The isolation experiments have been applied to trace the source
and the formation of SIMR product ions. The main sources for formation of the
methyne ions for these three isomers have been attributed to the benzyl cations
(m/z 91). Highly unusual products including [M+25]", [M+37]", [M+47]",
[M+49]", [M+50]", [M+62]" and [M+131] "have been observed in the SIMR or
after isolation experiments. The assignments of these unusual ions have been
confirmed by deuterium labeling experiments. The collisionally activated
dissociation technique (CAD) has aso been applied to elucidate the structures of
the SIMR products.

In this project, we already published several SCI journas so far. In addition, we
also demonstrated part of our results in the posters in some conferences within this
year. All the information in regards to publications and poster presentations is
provided in the references.

1. H-F Wu*, Pei-Yi Lin, Ethylenediamine as a liquid reagent to probe the hydrogen -
bonding and host guest interaction with crown ethers in an lon Trap Tandem Mass
Spectrometer, Rapid Communications in Mass Spectrometry, 2004/6, 18, 1365-1373
(SCI).

2. Hui-Fen Wu*, Chien-Hung Chen, Meng-Ting Wu, Observation of Self - lon - Molecule
Reaction during collisionally activated dissociation in an ion - trap mass spectrometer,
Journal of Mass Spectrometry, 2004/4, 39, 396-401 (SCI).

3.Leo Brewer, Karen Krushwitz, Robert Lamoreaux and Hui-Fen Wu, Properties of
valuable new intermetalics. Brewer—Engel model applied to the bonding of transition
metal dialuminides, I nter metallics, 2003/11,11, 1103-1109 (SCl).

4. Hui-Fen Wu*, Wen-Feng Wu, Comparing differentiation of xylene isomers by electronic
ionization, chemical ionization and Self-lon/Molecule Reactions and the first observation
of methyne addition ions for xylene isomers in Self-lon/Molecule Reactions for
non-nitrogenated compounds, Rapid Communicationsin Mass Spectrometry, 2003/11,
17, 2399-2406 (SCI).

5. Hui-Fen Wu*, Chien-Hung Chen, Li-Chi Lu, Probing the Reaction Mechanisms of Self -
lon/Molecule Reaction for Dopamine in an lon Trap Mass Spectrometer, Rapid
Communicationsin Mass Spectrometry, 2003, 17, 1479-1482 (SClI).

6. Hui-Fen Wu* and Pei-Yi Lin, Probing the Effects of Reagent Gas Pressure and Ion

5



Source Temperature for Dimethyl Ether Chemical lonization of Tricyclic Antidepressants
in an External Source lon Trap Mass Spectrometer, J. Chin. Chem. Soc., 2003/12, 50,
1251-1257 (SCI).

7. Nadeem Ahmad Khan, Li-Chi Lu, Chi-Hsien Lin, Bo-Min Liu, Hui-Fen Wu, Novel
observation of Cluster ions of water by reactions of metallic nano-particles with water and

organic solvents detected by electrospray mass spectrometry, 9 FEABERESF S,

93/ 6/ 1HENE. .

8. Nadeem Ahmad Khan, Li-Chi Lu, Hui-Fen Wu*, Electrospray Mass spectrometry as an
important tool for probing the reaction mechanisms of oxidation of dopamine with

potassium permanganate in basic medium, 9 IFFE R EELESFE, 93/ 6/A5-16.
BARE

9. Hui-Fen Wu*, Meng-Ting Wu, Chien-Hung Chen, Self - lon / Molecule Reaction to
produce the protonated molecules during collisionally activated dissociation in an ion trap,

O FELRBEREEEFY, 093/ 6/ABKE 6.

10.H-F Wu*, Pei-Yi Lin, Ethylene diamine as a novel liquid chemical reagent to probe the
host guest interaction, 9 FEAREBELEEFE, 93/ 6/ ABKE 6.

11.Wen-Feng Wu, Ya-Hsuen Lai, Hui-Fen Wu*, Differentiation of xylene isomers by SIMR,
O FELREBEREEEFY, 093/ 6/ABKE 6.

12.Chin-How Y ang, Chi-Hsien Lin, Hui-Fen Wu*, A Liquid-Phase Microextraction Method
with aDual Gauge Microsyringe, 9 SFFEAEHELEEF], 93/ 6/ ABKE 6.

13.B-M Liu, H-F Wu*, Solvent Microextraction and Gas Chromatography/Chemical
lonization Mass Spectrometry to differentiate Anisaldehyde Isomers in Urine and Blood,

O FELEEELEEFE, 93/ 6/ABKEG6.

14.B-M Liu, B-W Lai, H-F Wu, Liquid-Phase Microextraction and Gas Chromatography /
Negative Chemical Mass Spectrometry for the investigation of Dichlorophenol, 9 3FE &
BERESEeFE, 093/ 6/ABKEG6.

15.Nadeem Ahmad Khan, Li-Chi Lu, Chi-Hsien Lin, Bo-Min Liu, Hui-Fen Wu, Study of
metallic nano-particles to Clusters of water by using electrospray mass spectrometry,

Taiwan International Conference on Nano Science and Technology (TICON 2004 ), & &
FOREIBRRFET R, 93/6/30-7/3 , BEEKRE.

16.C-H Lin, C-H Yang, H-F Wu, A Novel Liquid-Phase Microextraction Method : a Dud
Gauge Microsyringe with a Hollow Fiber Membrane (LPME/DGM-HF), 58+ & 2 #r{t 2
MR MmAET S 2004/5/8, HEAE.

17.BER MNP RES AABEAMZIEESRHEENELERATEREYRM
B E ZBEY, BT RS LB M RS 2004/5/8,H B AL,

18.B-M Liu, B-W La, H-F Wu, Combination of Liquid-Phase Hollow Fibre Membrane

Microextraction with Gas Chromatography/Negative Chemical lonization Mass
Spectrometry for the Determination of Dichlorophenol Isomersin Environmental Sample,

E+ED LB MRS 2004/5/8, FEKAE.

19.B-M Liu, H-F Wu*, Single-Drop Microextraction and Gas Chromatography-Mass
Spectrometric Determination of Anisaldehyde Isomersin Human Urine and Blood Serum,

6



F+ED L BE MR & 2004/5/8, R E K E,

20.L-C Lu, H-F Wu*, Drop to drop solvent microextraction (DDSME) ,58+ @0 #T{t 2%
fiT M ET & 2004/5/8, FHE K.

21.Y-H Lai, W-F Wu, L-C Lu, H-F Wu*, The first observation of methyne addition ions for
xylene isomers in Self-lon/Molecule Reactions for small aromatic compounds, 8 + &%

ML BRI RIS 2004/5/8, HEL KL,

22.Hui-Fen Wu*, Chi-Hsien Lin, Bo-Min Liu, Li-Chi Lu, JaYi Yen, YaHsuen La,
Probing the reactions of metallic nanoparticles with organic compounds by electrospray
mass spectrometry, 58 = J& B M F ZROK BB BB AT A 54 & 2004 / 4/ 27- 5/1, P407

RBEITHRES BHREBYDHHEBEASBELERLBRESREBNEREGERE
YIRIR KRR, TR A 2 e FRE#HEE, 2003 FF 11 A 28-30, 4 E{L B2 F g |
RIRARE.

24 BB RES A ABRBHMZEIEE SR AT E/MCRHR L/ BB ELE R R E
ENEBEBEBYZREY, 2003 F 11 A 2830 FELERFE FEAE.

BEMBERERBY HENEREERABITE RHERTaE FLBkrsT
BEXTESREEK, RERMBH<EMEDERBY, 2003 F 11 A 28-30,FE 1L

Zgfg PEKE
26.Mon-Tin Wu, Chien-Hung Chen, Hui-Fen Wu*, Novel observation of Self - lon /
Molecule Reaction during collisionally activated dissociation in an internal source ion
trap mass spectrometer, 2003 £, 2003 £ 11 A 28-30, FE{tBEFE HFEKE,
27.Wen-Feng Wu, Li-Chi Luand Hui-Fen Wu* ,Probing the Self-lon/Molecul e Reactions of
xylene isomers by deuterium labeling and isolation experiments in an ion trap mass
spectrometer, 2003 & 11 A 28-30,FH{LE2EFE HFEKE,

28.Chih-Hao Yang, Pradip Maik and Hui-Fen Wu*,Comparison of liquid phase
microextraction, solvent microextraction and solid phase microextraction for
determination of the organochlorine pesticides in water by Gas Chromatography/lon Trap

Mass Spectrometry, 2003 £ 11 B 28-30,FBl{t B2 F & HEKE.

29.Li-Chi Lu and Hui-Fen Wu*, Differentiation and quantitation of methoxyacetophenone
isomers in one drop of water by combining drop to drop solvent microextraction, gas

chromatograph, self ion/molecule reaction and tandem mass spectrometry, 2003 £ 11 A

28-30,FEl{tEBEFE FREKE,

30.Hui-Fen Wu*, Probing Self — lon/Molecule Reactions in lon Trap Mass Spectrometer,
Proceedings of 2003 International Chemical Conference, Taipel Anaytical Chemistry,
10/29-11/1. Invited Talk, L33.

31.Wen-Feng Wu, Hui-Fen Wu*, Comparing differentiation of xylene isomers by electronic
ionization, chemical ionization and Self-lon/Molecule Reactions and the first observation
of methyne addition ions for xylene isomers in Self-lon/Molecule Reactions for
non-nitrogenated compounds, Proceedings of 2003 International Chemical Conference,
Taipei Analytical Chemistry., 10/29-11/1, 59.

32.Pei-Yi Lin, Hui-Fen Wu*, Probing the Effects of Reagent Gas Pressure and lon Source



Temperature for Dimethyl Ether Chemical lonization of Tricyclic Antidepressants in an
Externa Source lon Trap Mass Spectrometer, Proceedings of 2003 International

Chemical Conference, Taipel Analytical Chemistry., 10/29-11/1, 58.
33.Yen-Ren Chen, Bin-Wel Lai, Hui-Fen Wu*, Study the effects of total ion chromatogram
(TIC) splitting in the lon Trap Mass Spectrometer, Proceedings of 2003 International

Chemical Conference, Taipei Analytical Chemistry., 10/29-11/1,57.

Observation of Self - lon / Molecule Reaction during collisionally activated dissociation in an

ion trap mass spectrometer

Hui-Fen Wu?*, Mon-Tin Wu' and Chien-Hung Chen®
'Department of Chemistry, Tamkang University, Tamsui, Taipei Hsien, 251, Taiwan

“Graduate Institute of Life Science, Tamkang University, Tamsui, Taipei Hsien, 251, Taiwan



Abstract

This study describes the formation of protonated molecules ([M+H]") and adduct ions owing
to Self - lon / Molecule Reaction (SIMR) during CAD of methyne addition ions ([M+CH]")
produced from chemical ionization (ClI) or SIMR in both external and internal source ion trap
mass spectrometer (ITMS). The CAD results for the methyne addition ions of dopamine
produced from both SIMR and dimethyl ether (DME) CI undertaken in the external and
internal source ITMS were compared in order to prove the occurrence of SIMR during CAD
processes. Compared with the external source ITMS, the interna source ITMS are much more
easily to undergo this type of reaction due to large population of neutral analytes present in

the trap.

Introduction

Tandem mass spectrometry is a rapid and powerful analytical technique due to its capability
for structural elucidation of compounds. The ion trap mass spectrometer (ITMS) possesses
excellent capability for tandem mass analysis and low detection limits for collisionally
activated dissociation (CAD) [1,2]. Unusual adduct ions have been observed during the CAD
process in an ITMS, corresponding to addition of water or oxygen, using when chemical
ionization (Cl) or electrospray ionization [2-5]. In this study, the observation of Self - lon /

Molecule Reaction (SIMR) during CAD, when examining Cl and SIMR in an ITMS, is



reported. SIMR lead to the formation of the methyne addition reactions in an ITMS has been

investigated previously [6-9]. Brodbelt et a have examined methyne addition reactions by

dimethyl ether (DME) CI for many compounds using an ITMS [10-26]. The purpose of the

study is to describe the phenomenon when CAD is performed on the methyne adduct ions

produced from both SIMR or Cl, using both external and internal source ITMS instruments,

the SIMR can occur and lead to the formation of the protonated molecules or adduct ions.

Experimental

Dopamine was purchased from Sigma (St Louis, MO, USA). DME, aniline, p-xylene and

all aza-crown ethers were obtained from Aldrich (Milwaukee, WI, USA). o- and m-Xylene

were purchased from Fluka (Buchs, Switzerland). Toluene was purchase from J. T. Backer

(Phillipsburg, NJ, USA). Methane was purchased from the San-Fu Chemical Company

(Hsin-Chu, Taiwan). n-Hexane was purchased from Tedia (Fairfield, OH, USA). All

compounds were used as received without further purification. Figure 1 shows the structures

of compounds investigated. All experiments were performed using both external and internal

source ITMS (Finnigan MAT GCQ and Varian Saturn 2000 GC/MS, respectively) under SIMR

or ClI ionization methods. DME and methane were applied as Cl reagent gases. Both ITMS

instruments were operated in the mass selective instability mode. For experiments performed

in the external source ITMS (Finnigan MAT GCQ, San Jose, CA, USA), the temperature of
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the ion source was maintained at 200 °C. The ion injection time was 25 msec. CAD
experiments were performed using a supplementary tickle voltage to the endcaps of the ITMS
at g, = 0.225. The collisiona activation time was 15 msec. Signal width for selection of the
precursor ions was from 0.1-1 Da. The CAD voltage for fragmentation of the parent ions was
from 0.7-1.0 V. The analyte was introduced to the ion source of GCQ via a temperature
controlled direct insertion probe (DIP) or a Gas Chromatograph (GC). Solutions of analyte
were prepared in methanol or n-hexane at concentrations of 1 x 10 “to 1 x 10 g/ml. For DIP
experiments, 1 uL of the solutions were subjected to an evaporation step by a heater to
eliminate the solvent. The probe temperature was increased from 200 to 350 °C at 100 °C/min.
For experiments undertaken in the internal source ITMS (Saturn 2000, Varian, Wal nut
Creek, CA, USA), selective gection chemical ionization (SECI) was used to perform both CI
and SIMR experiments. The ionization time was controlled by the automatic reaction control
(ARC) [27]. The temperatures of trap, transfer line and manifold were 120, 240 and 80 °C,
respectively. QISMS (Varian) research version software was used to implement the RF voltage
sequences. The ITMS was connected by a heated transfer line (240 °C) to a Varian 3800 model
GC equipped with split/splitless injection and programmable on-column injector. CAD
experiments were performed by applying a resonant excitation voltage at g, = 0.45. Signal
width for selection of the parent ions was 1.0 Da. The collision voltage for fragmentation of

the parent ions was from 0.6-0.7 V. Full scan data acquisition was achieved for the range m/z
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40-600 at 1 sec/scan. The emission current was 9.4 x 10°A and the multiplier voltage was
1500 V. All compounds were introduced to the ion trap by GC with a 1079 injection port for 1
M g/p Linjection. A 30m DB5-MS capillary column with an interna diameter of 0.25mm and
a film thickness of 1y m was used. The carrier gas was helium. The flow rate was 1ml/min.

The ionization times were varied from 0.3ms to 2ms.

Results and Discussion

Figures 2 and 3 display the CAD spectra of [M+13]" ions (m/z 166, assigned as [M+CH] ")
of dopamine produced by both SIMR [8] and DME CI [4] in an internal source ITMS,
respectively. Notably, the formation of the base peak at m/z 154 in Figures 2 and 3 seems
unusual due to the apparent loss of 12 Da from m/z 166. This process is attributed to SIMR
during CAD processes of m/z 166. The m/z 154 is assigned as the protonated molecule
(IM+H]™"), produced from the following reactions. The CAD of methyne adduct ions at m/z
166 produces fragment ions in the low-mass region, and these low - mass fragment ions then
act as Cl reagent ions and undergo secondary ion/molecule reactions with the neutral
dopamine molecules to generate the protonated molecules. In order to confirm this assumption,
we compared the CAD results for [M+13]" ions for DME CI of dopamine in an internal source
ITMS with that of an external source ITMS. Although the CAD of [M+13]" ions of dopamine

produced from DME CI in an external source ITMS has been reported previoudly [4], it is
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shown again in Figure 4 to facilitate the present comparison. In Figure 4, the concentration of
dopamine is 1x10" g/mL for 1 pL loading on the DIP. Although the concentration is two
orders of magnitude higher than that used to obtain Figures 2 and 3, no protonated molecules
(IM+H]") at m/z 154 were observed in the external source ITMS. Besides, the base peak
switches to m/z 149 via elimination of one molecule of NHs. This is because no SIMR
occurred during CAD in the configuration with the external source ITMS, since the ionization
is separated from the ion storage and analysis. Only ions are alowed to enter the ion trap mass
analyzer, and neutral molecules are removed by the vacuum pumps. Thus, formation of the
protonated molecules was not observed in Figure 4. In contrast, the internal source ITMS
allows al ClI reagent molecules and neutral dopamine to ionize and react inside the ion trap.
The large population of neutral dopamine molecules inside the ion trap mass analyzer can
react with the fragment ions produced from CAD. Thus, SIMR can easily occur. This type of
reaction would only be observed when using a DIP with thermal desorption of analytes or
during GC applications because the neutral analyte must be present in the trap during the CAD
period, thus allowing fragment ions to react with the neutral analytes to form the SIMR
products including protonated anal yte molecules or the adduct ions (M+F)" where F represents
the EI fragment ions. Besides, one may also expect this type of reaction to be only common
for basic analytes, such as the nitrogen-containing compound. In order to confirm this

assumption, we examine many other compounds in order to show the range of occurrence for
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this type of reactions. The results are shown in Table 1. It lists CAD results of [M+CH]" ions
formed by SIMR or CI in both internal (Saturn 2000) and external (GCQ) source ITMS for 1
uL loading on the GC or DIP. From the results shown in Table 1, three phenomena were
observed. First, this type of reactions is routinely occurs for less basic compounds such as
toluene and xylene isomers (the proton affinities for toluene and m-xylene are 784 and 811
KJmol, respectively [28]. Second, it can also occur in an ITMS with an external source for
more basic compounds such as aza-crown ethers. Third, reduce the concentration of analyte

can effectively reduce the observation of the SIMR during the CAD processesin an ITMS.

Conclusion

This study presents the novel observation of SIMR during CAD in an ITMS. The
proponated molecules ([M+H]") or adduct ions can be routinely observed during CAD in both
internal and external source ITMS. The internal source ITMS are extremely easy to observe
this type of reaction due to large population of the neutral molecules present in the trap region.
The best way to avoid this type of reactions and to obtain the successful CAD results is to

reduce the sample concentration.

Acknowledgements
Financial support from the National Science Council of Taiwan, Department of Chemistry and
Graduate Institute of Life Science, Tamkang University is gratefully acknowledged.

14



References

10.

11.

12.

13.

14.

15.

16.

H.-FE. WuandY. -P. Lin, J. Mass Spectrom., 1999, 34, 1283.

H. -F. Wu, L.-W. Chen and C. -H. Chen, Rapid Commun. Mass Spectrom., 2001, 15, 1977.

H. -F. Wu and C. -H. Chen, Eur. J. Mass Spectrom., 2002, 8, 329.

H.-F. WuandY. -P. Lin, Eur. J. Mass Spectrom., 2000, 6, 65.

K. Lemr, M. Holcapek and P. Jandera, Rapid Commun. Mass Spectrom., 2000, 14, 1878.

H. -F. Wu and M. -Y. Ho, Rapid Commun. Mass Spectrom. 2001, 15, 1309.

H. -F. Wu and Y. -J. Chuan, Rapid Commun. Mass Spectrom., 2003, 17, 1030.

H.-F. Wu, C.-H. Chen, L.-C. Lu, Rapid Commun. Mass Spectrom., 2003, 17, 1479.

H.-F. Wu, W.-F. Wu, Rapid Commun. Mass Spectrom., 2003, 17, 2399.

J. S. Brodbdlt, C.-C.Liou and T. Donovan, Anal.Chem., 1991,63,1205.

T. Donovan, C.-C. Liou and J. Brodbelt, J. Am. Soc. Mass Spectrom., 1992, 3, 39.

T. Donovan and J. Brodbelt, Biol. Mass Specrtom., 1992, 21, 254.

T. D. McCarley and J. Brodbelt, Anal. Chem., 1993, 65, 2380.

E. S. Eichmann and J. S. Brodbelt, Org. Mass Spectrom., 1993, 28, 737.

G F. Bauerle, Jr, B. J. Hall, N. V. Tran and J. S. Brodbelt, J. Am. Soc. Mass Spectrom.,

1995, 7, 250.

E. J. Alvarez and J. S. Brodbelt, J. Mass Spectrom., 1995, 30, 625.

15



17. M. Tang, J. Isbell, B. Hodges and J. Brodbelt, J. Mass Spectrom., 1995, 30, 977.

18. E. J. Alvarez and J. S. Brodbelt, J. Mass Spectrom., 1996, 31, 901.

19. J. X. Shen and J. Brodbelt, J. Mass Spectrom., 1996, 31, 1389.

20. J. S. Brodbelt, Mass Spectrom. Rev., 1997, 16, 91.

21. C.-C.Liou, J. Isbell, H.-F. Wu, J. S. Brodbelt, R. A. Bartsch, J. C. Lee and J. L. Hallman,
J. Mass Spectrom., 1995, 30, 572.

22. E. S. Eichmann, E. Alvarez and J. S. Brodbelt, J. Am. Soc. Mass Spectrom., 1992, 3, 535.

23. E. S. Eichmann and J. S. Brodbelt, Org. Mass Spectrom., 1993, 28, 1608.

24. E. S. Eichmann and J. S. Brodbelt, J. Am. Soc. Mass Spectrom., 1993, 4, 230.

25. T.D. McCarley and J. Brodbelt, J. Am. Soc. Mass Spectrom., 1993, 4, 352.

26. E. S. Eichmann and J. S. Brodbelt, J. Am. Soc. Mass Spectrom., 1993, 4, 97.

27. Saturn 2000 GC/MS operation manual, Varian Assoc. Inc. 1996.

28. The proton affinity values are obtained from the NIST web sites. Available:

www.NIST.gov/.

Captions
Figure 1. Structures of the compounds examined.
Figure 2. CAD spectrum of [M+CH]" ions (m/z 166) of dopamine formed by

self-ion/molecule reactions in an internal source ion trap mass spectrometer at a concentration
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corresponding to 1x10° g/mL for 1 pL loading on the GC.

Figure 3. CAD spectrum of [M+CH]" ions (m/z 166) of dopamine formed by chemical
ionization with dimethyl ether ions in an internal source ion trap mass spectrometer at a
concentration corresponding to 1x10 g/mL for 1 pL loading on the GC.

Figure 4. CAD spectrum of [M+CH]" ions (m/z 166) of dopamine formed by chemical
ionization with dimethyl ether ions in an external source ion trap mass spectrometer at a

concentration corresponding to 1x10™ g/mL for 1 pL loading on the DIP.

17



CH,CH,NH,

0 b 6

dopamine o=xylene m=xylene pexy lene

0 ~0 Gp 4

. cvelen jApIL
polisene aniline [12-crown-4N4 ) ($4-Crown-4N4 )

; %
b % R

0 o 0
HN  NH E j
g SO

tra
azacyclopentadecane diazacyclopentadecans aza-18-crown-5
(15-crown-4N4 ) (15-crown-5M2 | ( 18-crown-6N1)
Figare |

18



100% -.",

0%

Relative Intensity

19

154 |
SIMR

‘NH,
] - :
E -CH,NH 1667
1 - = H
3 123 137 149 | :
1 1 J. s I. I H
v L i | T L T T T T L T .-il

30 5 100 125 150 P

Figure 2



DME 154 )

100% §

. Internal Source
- - 1
'% ] -CH,NH
= i}
- 1449 o
é ] 137
3 120 166
0% ‘ I | i Il l il
Sf T T T L T L) Ll T T T T T T T T T T L L T T Ll
) 75 100 125 150 m'z
Figure 3

20



Table 1. CAD results of [M+CH]" ions formed by self-ion/molecule reactions or chemical
ionization in both internal source and external source ion trap mass spectrometers.

Precursors
Compound | [M+13]" |Concentration
(m/z2)

Product ions of CAD |lonization

of [M+13]* Method | 'mStrument

78(63%)
79(100%)
91(56%)
103(48%)
78(43%)
79(100%)
91(35%)
103(47%)
93(100%),[M+H]"*

Toluene

@) 103(9%)
105 |[01mgmL™ | 117(34%) SIMR | Saturn 2000
169(10%)
195(13%)
79(100%)
91(27%)
93(73%)
178(18%)
119(9%)
195(23%)
79(7%)
91(100%)
103(6%)
107(<1%),[M+H]"
115(15%)
117(436)
91(72%)
105(33%)
107(28%),[M+H]"
119 | 1mgmL? | 115(100%) SIMR | Saturn 2000
197(17%)
209(17%)
221(59%)

105 |0.01mgmL™ CH4-CI GCQ

105 0.1mgmL™ CH4-CI GCQ

105 1mgmL™ CH.-Cl GCQ

119 |0.01mgmL™ CH.-Cl GCQ

o-Xylene
(106)
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m-Xylene
(106)

119

0.01mg mL™*

79(9%)

91(100%)
103(6%)
107(<1%),[M+H]"
115(13%)
117(41%)

CH;-Cl

GCQ

119

ImgmL™

79(9%)

91(28%)
107(51%),[M+H]*
117(100%)
131(12%)
197(45%)
209(22%)
221(86%)

SIMR

Saturn 2000

p-Xylene
(106)

119

0.0l mgmL™

79(8%)

91(100%)
103(6%)
107(<1%),[M+H]"
115(15%)
117(35%)

CH4-ClI

GCQ

119

1mgmL*

79(4%)

91(12%)
107(30%),[M+H]*
105(100%)
117(75%)
131(13%)
197(11%)
221(11%)

SIMR

Saturn 2000

Aniline
(93)

106

1mgmL*

94(100%),[M+H]*
93(84%)
79(2%)

SIMR

Saturn
2000

12-Crown-4N4
(172)

185

1mgmL*

183(18%)
173(100%),[M+H]*
111(11%)
101(15%)

SIMR

Saturn
2000

14-Crown-4N4
(200)

213

1mgmL™

201(43%) [M+H]*
156(100%)

SIMR

Saturn 2000

15-Crown-4N4
(214)

227

1mgmL™

215(38%),[M+H]
210(100%)
184(44%)
153(23%)
143(32%)
141(34%)
139(32%)
129(41%)
127(29%)

DME-CI

GCQ
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227

1mgmL™

216(10%)
215(100%),[M+H]*

SIMR

Saturn
2000

15-Crown-5N2
(218)

231

1mgmL™

219(100%),[M+H]*
203(20%)
186(26%)
174(30%)
158(27%)
114(53%)

DME-CI

GCQ

231

1mgmL™

220(12%)
219(100%),[M+H]*

SIMR

Saturn 2000

231

1mgmL™

219(100%),[M+H]*
186(6%)
158(5%)

SIMR

GCQ

18-Crown-6N1
(263)

276

1mgmL*

264(100%) [M+H]*
258(9%)

214(20%)
126(17%)

113(7%)

DME-CI

GCQ

276

1mgmL™

264(100%) [M+H]*
232(3%)
214(8%)
190(5%)
170(5%)

SIMR

GCQ

Ny =

Relative Intensity

DME

External Source

137
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