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Positive ion FAB mass spectra of organic compounds show in general 
molecular ions M+; as well as protonated molecular ions (M + II) + and the 
metal cationized molecular ions (M + C)+, and the so-called gas-phase FAB 
mass spectra of volatile organic compounds show the molecular ions M+’ 
and the corresponding electron ionization (EI)-like fragment ions [1,2]. 
Renner and Spiteller also reported that positive ion liquid secondary ion 
(liquid SI) mass spectra of benzophenone and diphenylamine show the 
corresponding EI-like spectra when a liquid matrix is not used [3]. They 
have pointed out that such particle bombardment ionization methods as 
FAB and liquid SIMS may actually not be referred to as a “soft ionization”. 

We have recently studied the fragmentations of the molecular ion M+‘and 
the protonated molecular ion (M + H)+ of a prenylated flavonoid morusin 
(1) [4], produced under FAB conditions, by using a B,/E,-linked scarming 
technique with a four-sector tandem mass spectrometer [5]. We thus ob- 
tained direct evidence that the M+’ and (M + H)+ ions independently 
produced under FAB condition result in EI-like and CI-like fragmentations, 
respectively. Figure 1 shows a fragmentation pattern with respect to EI-like 
peaks at m/z 420, 405, 387, 377 and 363, drawn in bold lines. In the partial 
FAB mass spectrum of 1 shown in Fig. 1, the fragment ions at m/z 405, 
387, 377 and 363 originate mainly from the molecular ion M+’ (m/z 420): 
the fragment ion at m/z 365 is from the protonated molecular (M + H)+ 
(m/z 421). 

In this study, we obtained a result indicating that the EI-like fragment 
pattern in the FAB mass spectrum of 1 significantly varies according to the 
liquid matrix, and we compared such FAB-fragment patterns with the 
corresponding EI-fragment patterns which vary with the electron impact 
energy. We thus propose that the energy content and the extent of fragmen- 
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tation of the molecular ion M+’ produced under FAB conditions depend 
highly on the liquid matrix. 

EXPERIMENTAL 

Positive ion FAB and EI mass spectra were obtained with a JEOL 
JMSDX303 double focusing mass spectrometer/ JMA-DA5000 data system 
[6]. The liquid matrices used in the FAB-MS were glycerol (G, Kanto 
Chemical), thioglycerol (TG, Fulka) and m-nitrobenzyl alcohol (m-NBA, 
Tokyo Kasei). The fast atom beam used was generated from xenon ions 
which were accelerated to 5 kV. Sample was dissolved in each matrix at a 
concentration of ca. 8 pg/pl. The electron energy in the EI-mode varied 
from 16 to 70 eV. The ionization current and the chamber temperature were 
100 PA and 200” C, respectively. The reproducibility was confirmed in all 
mass spectra here and the spectra were averaged over five or seven scans. 

RESULTS AND DISCUSSION 

Electron impact energy in the EI-mode affects the extent of fragmentation 
in molecular ion M? Figure 2 shows the partial EI mass spectra of morusin 
(I), obtained at the impact energies of 20 and 70 eV. The full EI mass 
spectrum obtained at 70 eV did not show abundant fragment in the range of 
m/z 0 to 370, except a fragment ion at m/z 203 (32%) originating from a 
fragment ion m/z 405. Major fragment ions at m/z 405 and 377 are formed 
by the loss of neutral fragments CH; and C,H; from the molecular ion M+’ 
(m/z 420) respectively, as illustrated in Scheme 1 [7]. For each of these two 
fragment ions, the ratios R(405) and R(377) of the relative abundances 
I( m/z 405 or m/z 377) to that of the molecular ion I( m/z 420) were 
plotted against the impact energies (IE) from 16 to 70 eV (Fig. 3). 
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Fig. 2. Partial EI mass spectra of morusin (A). 

The FAB mass spectra of 1, obtained by using three liquid matrices, 
glycerol (G), thioglycerol (TG) and m-nitrobenzyl alcohol (m-NBA) are 
shown in Fig. 4. The peaks drawn in bold lines represent the corresponding 

m/z 405 

Scheme 1. 
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Fig. 3. R versus IE. 
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Fig. 4. FAB mass spectra of morusin (A). 
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EI-like fragment patterns. The patterns obtained with the matrices G and 
m-NBA are similar to the corresponding EI mass spectra at the impact 
energies of 70 and 20 eV, respectively. This means that the energy content of 
the molecular ion M+’ produced under FAB conditions depends on the 
liquid matrix. Therefore, we plotted the R-value obtained from the FAB 
mass spectra so that the points are located on the R-IE curves in Fig. 3. The 
values (indicated as dots) show that the extents of fragmentation of the M+’ 
ions produced under FAB conditions with the liquid matrices G, TG and 
m-NBA correspond to that of the M+’ ions produced at the electron impact 
energies of > 30, 30-70 and 21-22 eV, respectively. This is a remarkable 
result, as it has been believed so far that FAB is a typical soft ionization 
method. Although the result obtained here refers neither to the ionization 
mechanism nor to the origin of internal energy of the molecular ion M+’ 
produced under FAB conditions, we propose that FAB is an EI-like hard 
ionization even when liquid matrices are used. 

CONCLUSION 

Although the ionization mechanism of the molecular ion M+‘under FAB 
conditions has been proposed by Bojesen and Moller [2], the extent of 
fragmentation of the M+’ ion has not yet been evaluated. We have obtained 
the result that the extent of fragmentation of the M+’ ion of morusin (I), 
produced under FAB conditions, significantly depends on the liquid matrices 
used. The extent of fragmentation of morusin (IJ in common matrices G and 
TG corresponds to that of fragmentation in EI-MS at the impact energies 
of 30 eV or above. On the other hand, FAB is a CI-like soft ionization which 
gives an intense protonated molecule (M + II)+; thus FAB is an excellent 
ionization method involving both an EI-like hard and a CI-like soft ioniza- 
tions. 
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