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CONCLUSION 
The results of these investigations show that it is poss- 
ible to apply the phase-system switching approach in 
combination with SFC/MS with the moving-belt inter- 
face. The phase-system switching approach enables the 
direct injection of aqueous samples, i.e., plasma, on to 
an SFC system. It acts at the same time as a sample 
pretreatment procedure and results in sample precon- 
centration. Although the selectivity of this particular 
sample pretreatment procedure is rather limited, the 
selectivity of the detectors is sufficient for the detection 
of diuron, the test compound in this study. Additional 
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research is necessary t; improve the selectivity of the 
procedure without losing the compound of interest. In 
this respect the use Of high resolution spectra- 
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Ionization and fragmentation in fast-atom bombard- 
ment (FAB) mass spectrometry often show chemical 
ionization (C1)-like and/or electron ionization (E1)-like 
features. Rosen et al. have recently reported that 
positive-ion FAB mass spectra of carbendazim, fatty 
acid dimers and a substituted triazine are very similar to 
the corresponding CI mass spectra.' They postulated 
that ionization and fragmentation in FAB mass spectro- 
metry can occur in a region a few microns above the 
actual surface layer. Schriider et al. proposed that FAB 
ionization of non-ionic substrates occurs by a CI-like 
process in  a matrix plasma gas p h a ~ e . ~ . ~  On the other 
hand, Kralj et ~ 1 . ~  and Bojesen et al.' reported that 
so-called gas-phase FAB mass spectra of volatile 
organic compounds show the molecular ions M" and 
EI-like fragment ions. Furthermore, Renner et al. also 
reported that positive-ion liquid secondary-ion (liquid 
Sl) mass spectra of benzophenone and diphenylamine 
show EI-like mass spectra under the condition without 
a liquid matrix." 

'Author t o  whom correspondence should be addressed 

We have recently studied the comparison of EI and 
FAB mass spectra of several prenylated flavonoids and 
their derivatives.' Their FAB mass spectra showed, in 
addition to the intense ions corresponding to proto- 
nated molecules [M + HI+, some fragment ions similar 
to those in the corresponding EI mass spectra, and also 
showed the molecular ions M+'. The above reports led 
us to the assumption that such EI-like fragment ions 
originate from the M+'  ions, and CI-like fragment ions 
originate from the [M + HI+ ions. In order to clarify the 
fragmentation(s) assumed above, we used tandem mass 
spectrometry (tandem MS or MS/MS). In this commu- 
nication, we report direct evidence that the M" ion of a 
typical prenylated flavonoid, morusin (l), formed 
under FAB conditions, results in ET-like fragmentation 
and that the [M+H]' ion of 1 results in CI-like frag- 
mentation. 

EXPERIMENTAL 
Positive ion FAB and CI mass spectra and EI, FAB and 
CI mass spectra obtained by linked scanning of the 
magnetic field, B, and electric field, E, at constant B/E 
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were measured with a Jeol JMS-DX303 double- 
focusing mass spectrometer and a JMA-DA5000 data 
system. The FAB matrix used was a 1:4 mixture of 
tetramethylene sulfone (SULF) and thioglycerol (TG). 
The fast-atom xenon gas was obtained from xenon ions 
that had been accelerated by a voltage of 5 kV. The 
reagent gas used in CI was iso-butane. The ion source 
pressure and temperature were l x  Torr and 
220"C, respectively. Positive-ion EI  mass spectra were 
measured with a Jeol JMS-D300 double-focusing mass 
spectrometer and a JMA-DA5000 data system. The 
ionization voltage and the source temperature were 
70 V and 2OO0C, respectively. 

FAB mass spectra recorded by linked-scanning at 
constant B/E in a tandem mass spectrometer (tandem 
B/E FAB mass spectra) were measured with a Jeol 
JMS-HX110-HX110 tandem mass spectrometer, and 
the spectra were obtained by helium-gas collision. 
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RESULTS AND DISCUSSION 
The positive-ion FAB mass spectrum of a typical preny- 
lated tlavonoid, morusin (l), which was isolated from 
the root bark of a Japanese cultivated mulberry tree,' 
showed some fragment ions similar to those in the 
corresponding EI mass spectrum and also ions similar 
to those in CI such as intense ions due to protonated 
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Figure 1. Partial EI, FAB and CI mass spectra of morusin (1) 

Figure 2. FAB mass spectrum using linked-scanning at constant B/E 
of the [M+H]' ion of 1. 

molecules, [M + H]+ (Fig. 1). The FAB mass spectrum 
also showed a molecular ion M" at m/z 420 with a 
relative abundance of 33%. Some fragment ions in the 
FAB mass spectrum may originate from M+.  and/or 
[M + H]+ ions. 

Figure 2 shows a B/E FAB mass spectrum of the 
[M + HIf ion of 1. This is identical to the FAB mass 
spectrum shown in Fig. 1. A B/E FAB mass spectrum 
of the M" ion of 1 was the same as the spectrum shown 
in Fig. 2 indicating that M+'  and [M+H]+ ions are 
indistinguishable using the B/E technique with a 
normal mass spectrometer. The fragmentation(s) can 
be clarified by using the technique of linked-scanning at 
constant B/E with a tandem mass spectrometer. 

Figure 3 shows a tandem B/E FAB mass spectrum 
and a usual B/E EI mass spectrum of the M+ '  ion of 1. 
These spectra are essentially identical. This is direct 
evidence that formation of M+' ions under FAB con- 
ditions results in EI-like fragmentation. 

Figure 4 shows a tandem B/E FAB mass spectrum 
and a usual B/E CI mass spectrum of the [M + HI' ion 
of 1. No fragmentation was observed in the CI mass 
spectrum (Fig. l), whereas the B/E CI mass spectrum 
of the [M + HI' ion of 1 is very similar to the tandem 
B/E FAB mass spectrum. These spectra show small 
peaks due to the EI-like fragment ions at m/z 377 and 
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Figure 3. Tandem B/E FAB and normal B/E EI mass spectra of the 
M+' ion of 1. 
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Figure 4. Tandem B/E FAB and normal B/E CI mass spectra of the 
[M+H]+ ion of 1. 

0 Heydcn & Son Llmitcd, 1%') RAPID COMMUNICATIONS IN MASS SPECTROMETRY. VOL 3. NO 1. 1989 5 



EI AND CI-LIKE FRAGMENTATION IN FAST-ATOM BOMBARDMENT MASS SPECTRA 

405 originating from [M + H]+ ions. This is direct evi- 
dence that [M+H]'  ions formed under FAB con- 
ditions result in CI-like fragmentation. 

It is clear from a tandem B/E FAB mass spectrum of 
the [M + H]+ ion of 1 that the ion M+'  cannot originate 
from the [M + HI' ion. This result suggests that the M+'  
and the [M+H]'  ions of the compound are formed 
independently of each other under FAB conditions. 
The ion M+'  may be formed by the charge-transfer 
mechanism proposed by Bojesen et ~ 1 . ~  in the gas phase 
and/or a selvedge region between the liquid matrix 
surface and the vapour phase. As discussed by Renner 
et al.' this is a hard ionization rather than a soft 
ionization by FAB. On the other hand, the ion 
[M + HI' may be formed by a CI-like process, such as 
ion/molecule reaction, in a matrix/plasma gas phase or 
a selvedge 

The evidence obtained here that both EI-like and 
CI-like fragmentations occur in a FAB mass spectrum 
has not previously been reported. This result can offer 
important information for analysing the fragmentations 
produced in FAB mass spectrometry, to which we can 
possibly apply the fragmentation rules of EI and CI 
mass spectrometry to elucidate the structure of organic 

compounds. On the basis of the results obtained here, 
further comparative studies will be carried out and 
reported on the fragmentations in EI,  FAB and CI 
mass spectrometry of prenylated flavonoids. 
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Although the chemistry of the BF3 and BF2 molecules 
has received much attention recently, there have been 
no extensive electron impact studies of these mole- 
cules. Photoelectron spectra have been used to study 
BF,,'?' the results of a photoionization study' and some 
mass spectroscopic dataM reported, but no attempt has 
been made to clarify the fragmentation mechanisms 
following electron ionization. Here, we report the 
results of a mass spectrometric study of ionization and 
fragmentation of both BF, and BF2 molecules under 
electron impact. 

EXPERIMENTAL 
Threshold electron ionization efficiency curves were 
measured for BF;, BF:, BF+ and B' from BF3. The 
BF, radical was generated by reaction of SF6 with 
B(s) under equilibrium conditions. Molecular effusion 
beams containing BF2 radicals were also generated by 
admitting BF,(g) over the elemental boron. In both 
cases identical ionization energies of the BF, radical 
were obtained. When BF3(g) was admitted to the moly- 
bolenum cell containing B(s) at room temperature, 
appearance energies of different electronic states of the 
observed ions from BF3 were determined. The signal at 
m/z 49 was clearly due to BF; formed from BF, by a 
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dissociative ionization process. When the cell tempera- 
ture was raised, a weak low energy tail with a threshold 
appearance energy corresponding to the BF; ion was 
observed. Probable ion fragmentation pathways in both 
the BF, and BF2 systems were proposed, the heats of 
formation of some positive ions and the bond- 
dissociation energies were determined. 

RESULTS 
Electron ionization and fragmentation studies per- 
formed on the BF, and BF, molecules gave appearance 
energies for BF;, BF:, BF' and B' ions produced in 
the fragmentation process of:- 
BF;: 15.98 eV('A,), 16.70 eV('E,), 17.47 eV('E), 

18.14 eV(?), 19.20 eV(A,), 20.20 eV(E) 
and 20.73 eV(?). 

The appearance energies (AE) of the processes (1) to 
(7) listed below were determined, 

BF; : 

BF+: 

BF, + e- +BF; + F + 2e- 
BF,+e--+BF: +2e- 
BF3 + e - - tBF+  + F2 + 2e- 

+ BF' + 2F+ 2e- 
-+ (BF+)* + 2F + 2e 

BF, + e--+B+ + F2 + F +  2e 
+ Bt + 3F + 2e- 

B+:  
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