
Determination of Daughter Ion Formulas 
by Multiple Stages of Mass Spectrometry 

Gary L. Glish, Scott A. McLuckey, and Keiji G. Asano 
Analytical Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA 

The ability to obtain daughter ion formulas via comparison of MS n spectra of parent ions con- 
raining only 12C with those of parent ions with one 13C (from the natural 13C abundance) is 
shown for cases in which isobaric interferences with the 13C-containing ion preclude the use 
of the conventional tandem mass spectrometric approach. This method allows the presence 
of isobaric daughter ions to be ascertained, and unexpected, complex dissociation pathways 
to be identified. A three-dimensional quadrupole ion trap is used for these experiments. Its 
high tandem mass spectrometry efficiency makes possible this type of experiment. (J Am 
Soc Mass Spectrom 1990, 1, 166-173). 

I 
t is well known that the naturally occurring isotopes 
(e.g., 13C, 37C1) provide information that is useful in 
the interpretation of a mass spectrum. It has been 

shown by several groups [1-5] that isotopic composi- 
tions of daughter ions in tandem mass spectrometric 
(MS/MS) spectra can be determined by selecting as the 
parent ion a species that contains more than one iso- 
tope of a given element. For instance, when more than 
one chlorine or bromine atom is in an ion, there will be 
several parent ions of the same elemental composition 
but with different masses. A particular isotopic par- 
ent ion can then be selected for MS/MS analysis, and 
resulting daughter ion abundance ratios can provide 
information on the fragmentation [2, 3]. It should be 
noted that the daughter ion isotopic distribution varies 
with the isotopic distribution of the parent ion and that 
i t  differs (in total number  of peaks and/or relative in- 
tensity distribution) from that observed in the normal 
mass spectrum. 

A more universal approach has been demonstrated 
by Bozorgzadeh et al. [4, 5] in which the MS/MS 
spectrum of a polyatomic parent ion, m + , is used in 
conjunction with the MS/MS spectrum of the corre- 
sponding 13C- (or 15N-) containing ion, (m + 1) +, to 
determine daughter ion elemental compositions. (Sim- 
ilar information can be obtained from accurate mass 
measurements on the daughter ions [6-8].) The po- 
tential to deduce the elemental composition of an un- 
known daughter ion from this approach has  also been 
shown [5]. A limitation of this method is that ions iso- 
baric with the isotopic ion of interest can complicate or 
preclude accurate interpretation of the MS/MS spec- 
trum. 

This limitation can be overcome by the use of high- 
resolution parent ion separation [9] or by the use of 
one or more additional stages of mass spectrometry 
to generate the appropriate isobar for the final stage 
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of MS/MS. The latter method is the topic of this 
report. Although conventional high-resolution mass 
spectrometry can provide information on isobaric frag- 
ment ions, it has been shown that ions formed in the 
source are not necessarily the same as ions of the same 
m/z ratio formed in an MS/MS experiment [10]. Addi- 
tionally, the high-resolution mass spectrum, unlike an 
MS/MS spectrum, provides no information about the 
genesis of a particular isobaric fragment ion. Multiple 
stages of mass spectrometry, on the other hand, can 
also provide information on the formation of isobaric 
daughter ions from different, sequential dissociation 
pathways. 

To do such an experiment requires an instrument 
capable of performing at least three stages of mass 
spectrometry (MS3). Additionally, the instrument must 
have very good MS/MS efficiency because the (m + 1) + 
parent ion will be of small relative abundance when the 
sample from which it is derived contains only the nat- 
ural isotopic abundance of 13C or 15N. An instrument 
that has these capabilities is the three-dimensional 
quadrupole ion trap [11]. This paper demonstrates the 
capability to determine daughter ion empirical formu- 
las by multiple stages of mass spectrometry with a 
three-dimensional quadrupole ion trap. 

Experimental 
The experiments were performed with a Finnigan ion 
trap mass spectrometer (ITMS). The instrument was 
operated in the mass-selective instability mode (i.e., 
radio frequency (rf) only) [12] except for the parent ion 
isolation step. For parent ion isolation, a direct current 
voltage was applied to the ring electrode along with 
the rf voltage (mass-selective stability mode of opera- 
tion) [13]. Following mass selection, the parent ion was 
kinetically excited, leading to collision-activated disso- 
ciation (CAD), by application of a supplementary rf 
voltage to the endcaps of the ion trap at the resonant 
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frequency of the  parent  ion [14]. The ampli tude of the 
supplementary  rf voltage was typically a few hundred  
millivolts for the experiments reported here. 

It was desirable to obtain MS n spectra of both  m + 
and (m + 1) + under  identical conditions so that ap- 
propriate corrections, described in Results and Discus- 
sion, could be made when  there were several adja- 
cent peaks.  This also allowed the parameters  for the 
MS/MS experiment (i.e., t h e  supplementary  rf am- 
plitude and frequency) to remain the same, as these 
are somewhat  dependent  upon  the number  of ions in 
the ion trap [15]. To produce equal initial abundances 
of m + and (m + 1) + for the respective experiments 
[where (m + 1) + represents the ion that contains one 
13C atom and m + represents the ion with only 12C], 
it was necessary to ionize for a longer time for the 
experiment  beginning with (m + 1) + than for the cor- 
responding experiment  beginning with m + . Because 
the samples contained only the natural abundances of 
the isotopes, the ionization time for the 13C experi- 
ment  to produce (m + 1) + was increased over that 
for the 12C experiment to produce m + by a factor of 
roughly 91/(number of carbon atoms). Unfortunately, 
increasing the ionization time may increase the rela- 
tive contribution of other reactions. The most  common 
troublesome reaction that occurs under  the experimen- 

- tal conditions used for this work is self-protonation to 
g i v e a  species isobaric with the 13C-containing molec- 
ular loft. The relative contribution of (M + H) + (from 
self-protonatton) to the signal at the nominal m/z value 
of (M + 1) + increases with ionization time. This com- 
plicates the formation of (M + 1) + and M + at equal 
initial abundances for the respective experiments.  Cor- 
rect interpretation of the data is not precluded, how- 
ever, provided (M + H) + fragments  differently than 
(M + 1) + . For the experiments discussed below, the 
ionization time was typically 1 ms for the 12C experi- 
ment  and 10 ms for the 13C experiment.  

All compounds  used in this s tudy were obtained 
from commercial vendors  and were used as received. 
Typical (uncorrected) sample pressures were 5 x 10 -7 
torr as measured  by a Bayard-Alpert ionization gauge. 
Hel ium was used as a bath gas at a pressure of ap- 
proximately 1 mtorr. 

Results and Discussion 

Three examples are given in this paper  to illustrate the 
use of MS n experiments to determine daughter  ion for- 
mulas. In each case important  information that cannot 
be obtained by MS/MS experiments alone is obtained 
by performing one or more additional stages of mass 
spectrometry beyond the conventional MS/MS exper- 
iment. The first example demonstrates  the technique 
of using MS 3 and M S  4 o n  ions with dissociation path- 
ways that lead to sets of adjacent, nonisobaric daughter  
ions. The second example focuses on a compound  that 
is known to have isobaric daughter  ions [8]. The third 
example provides a case in which both unexpected 

dissociation pathways and unusual  ion-molecule re- 
actions were identified by this method.  

2, 5-Dimethylpyrrole 

The first example involves ions derived from 2,5- 
dimethylpyrrole. A previously performed MS n experi- 
ment  (which included an ion-molecule association re- 
action in the sequence) showed that the protonated 
molecule (m/z 96) undergoes a rearrangement  that al- 
lows for the loss of ammonia,  producing a daughter  
ion at m/z 79, C 6 H ~  [11]. In a separate MS n experi- 
ment,  it was observed that  the molecular ion of 2,5- 
dimethylpyrrole (m/z 95) dissociates in two steps to 
give, as the most  abundant  ion in the MS 3 spectrum, 
an ion at m/z 78 and an ion of low abundance at m/z 77 
[11]: 

95(M + ")M~ s294M--~ s378, 77 (1) 

It is unclear from this experiment alone, however, 
which fragment  in each of these pathways,  the neutral 
f ragment  or the ion, contains the nitrogen atom. Ac- 
quiring just an MS/MS spectrum to resolve this ques- 
tion is precluded because the molecular ion (M + ") falls 
at the same mass as the 13C-containing (M - H) + ion 
that would ordinarily serve as the parent  ion. 

The molecular ion (m/z 95) can be induced to frag- 
ment  in the ion trap with nearly 100% efficiency, and 
by far the most  abundant  daughter  ion appears  at m/z 
94, corresponding to (M - H) + . A populat ion of 13C- 
containing ( M - H )  + ions that is not contaminated with 
12C-only M +" can therefore be produced by isolating 
the 13C-containing molecular ion (m/z 96) and subject- 
ing it to CAD. The m/z 95 daughter  ion produced in this 
manner  can then be isolated and subjected to CAD. 
This overall process is referred to as an MS 3 exper- 
iment and in this case begins with a 13C-containing 
parent ion. The final output  generally displayed for 
an MS n experiment,  referred to as the MS n spectrum, 
typically shows only the daughter  ions analyzed in the 
last stage of mass spectrometry. 

The relative signals from the MS 3 spectra of the 
12C-only and 13C-containing parent  ions at m/z 95 and 
96, respectively, are normalized to a total intensity of 
100 arbitrary units and are listed in Table 1. For the 
12C-only parent  ion, the ions at m/z 78 and 77 repre- 
sent structurally distinct daughter  ions (denoted Y and 
Z, respectively, for this discussion and represented by 
cross-hatched versus solid bars, respectively, in the top 
of Figure 1). Considering the m/z 77 ion first, we find 
there are two possible sources, shown in eqs 2 and 3: 

95 --* 94 --* Z (77) + C + 5H (2) 

95 --+ 94 --+ Z (77) + N + 3H (3) 



168 GLISH ET AL. J Am Soc Mass Spectrom 1990, 1, 166-173 

Table 1. Normalized signal intensities (sum = 100) 
for the region of interest in the MS 3 spectra of 
2,5-dimethylpyrrole 

m/z ~2C spec t r um 130 spec t rum a 

79  0 7 8 , 4  

78  9 2 . 6  2 1 . 6  b 

77 7 .4  0 

a The amounts of 12C and 13C contributing to a particular mass are 
calculated assuming that the ratio of the two  ions is the same in the ~3C 
spectrum as in the 12C spectrum. 

b 7.4 13C-containing, 14.2 12C-only. 

If Z is formed via the reaction depicted in eq 2, an iden- 
tical ion (same m/z) would be observed to result from 
the 13C parent ion losing the 13C and five hydrogens. 
In the M S  3 spectrum of m/z 96 (the 13C-M+') the ex- 
pected contributions from Z at both m/z 77 (loss of 13C 
and 5H) and m/z 78 (loss of 12C and 5H) would be in 
the ratio of 1:5. (This is based on the statistical chance 
of losing 13C versus that of losing ~2C, assuming no 
isotope effect in fragmentation.) Assuming the total Z 
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Figure 1. Plots of the MS 3 data showing the contribution of the 
12C ionic species to the peaks in the ~3C spectra. The solid area 
represents ions of the formula of the m/z 77 ion (denoted Z in the 
text) in the 12C spectrum, and the cross-hatched area represents 
ions of the formula of the m/z 78 ion (denoted Y in the text) in 
the 12C spectrum of 2,5-dimethylpyrrole. 

intensity to be 7.4 (as in the MS 3 spectrum for m/z 95), 
the intensity at m/z 77 in the M S  3 spectrum of the m/z 
96 ion should be 1.2 (1/6 of 7.4, where 1/6 is derived 
from the ratio of number of 13C to the t:0tal number of 
carbons.) The data in Table I and the bottom of Figure 
1 show that this is not observed. Because the reaction 
depicted in eq 3 has no carbons lost in the neutral 
fragment(s), Z in this case would be expected to move 
quantitatively from m/z 77 in the 12C spectrum to m/z 
78 in the 13C MS 3 spectrum. This is what is observed, 
and thus Z must be formed by the reaction in eq 3 and 
have the formula C6H~-. 

Similar logic can be applied to the two possible 
pathways for formation of Y from m/z 95: 

95 ~ 9 4  ~ Y (78) + C + 4H (4) 

9 5 ~ 9 4 - - * Y ( 7 8 ) + N + 2 H  (5) 

For the 13C-containing ion, only a reaction analogous to 
eq 4 (i.e., eq 6) can account for the observed intensity 
at both m/z 78 and m/z 79 in the M S  3 spectrum: 

9 5 r Y ( 7 8 )  +13 c + 4H 
96 ----+ 

t ,  Y(79) + 12 C + 4H 
(6) 

If it is assumed that 7.4 intensity units at m/z 78 in 
the MS 3 spectrum of the 13C-containing parent ion are 
attributable to Z (see below), the ratio of the peak 
intensities for the two Y ions (78.4 at m/z 79 and 
21.6 - 7.4 = 14.2 at m/z 78) equals 0.18 (14.2/78.4), 
which is quite close to the expected 1:5 ratio. The ex- 
pected value follows simply from the ratio of the prob- 
ability for the formation of a daughter ion with only 
12C to that for the formation of a daughter ion with 
a 13C atom. For a six-carbon parent ion, this ratio is 
(1/6)/(5/6) = 0.20 if the neutral fragment contains one 
carbon. Figure 2 is a plot of the experimental and cal- 
culated results for the two possible daughter ion for- 
mulas of m/z 78, showing the agreement between the 
experimental and calculated results for a daughter ion 
formula of C5H4 N+ . 

Taking the experiment one mass spectrometric stage 
further (MS4), the 12C-only ion at m/z 78 (C5H4 N+) 
dissociates to ions at m/z 51 and m/z 50: 

95(M+ .)M~S2 MS3~n MS4-- 94 --+/o --+ bl, 50 (7) 

The data for this MS 4 experiment for both the 12C-only 
and 13C parent ions are summarized in Table 2 and Fig- 
ure 3. The 12C/13C ratio for the ions that fall at m/z 52 
and m/z 51 in the 13C MS 4 spectrum is 0.29, whereas 
that for the ions at m/z 51 and m/z 50 in the 13C MS 4 
spectrum is 0.23. The expected ratio for each if the hi- 
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Table 2. Normalized signal intensities (sum = 100) 
for the region of interest in the M S  4 spectra of 
2,5-dimethylpyrrole 

m/z ~2C spectrum 130 spectrum ~ 

52 0 67.6 
51 87.3 30.0 u 
50 12.7 2.4 

a The amounts of 12C and 130 contributing to a particular mass are 
calculated assuming that the ratio of  the two  ions is the same in the 13C 
spectrum as in the 120 spectrum. 

b 10.3 ~3C-containing, 19.7 12C-only. 

trogen is lost as part of the neutral is 0.25; otherwise 
it would be 0.67. The MS 4 spectra thus indicate that 
the m/z 51 ion in the 12C MS 4 spectrum is formed by 
loss of HCN to give C4H~- rather than by loss of Call 3 
to give C3HN +" and that the m/z 50 ion is formed by 
loss of an additional hydrogen. Figures 4 and 5 are 
plots of the experimental results and calculated rela- 
tive abundances of the possible daughter ion formu- 
las, demonstrating again the good agreement between 
experimental and calculated values. 

To summarize the case of 2,5-dimethylpyrrole, it is 
shown that the ions at m/z 77 and m/z 78 in the M S  3 
spectrum of the 12C-only molecular ion contain differ- 
ent numbers of carbon atoms, and the ions at m/z 50 
and m/z 51 in the MS 4 spectrum have the same num- 
ber. This demonstrates the ability to deconvolute spec- 
tra w hen  daughter ions arising from different reactions 
fall at adjacent masses and overlap in the 13C MS" 
spectra (e.g., bottom part of Figure 3). 

3-Methyl-2-Butanone 
The second example involves ions derived from 3- 
methyl-2-butanone. The base peak in the electron ion- 
ization (EI) mass spectrum of this compound appears 
at m/z 43 (Figure 6). High-resolution analysis of this 
peak  has shown that it comprises the isobaric ions 
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Figure 2. Plot of the experimental data (12C and 13C) and calcu- 
lated values for possible formulas for the ion at m/z 78 in the 12C 
MS 3 spectrum of 2,5-dimethylpyrrole. 
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Figure 3. Plots of the MS 4 data showing the contribution of the 
12C italic species to the peaks in the 13C spectra. The solid area 
represents ions of the formula of the m/z 50 ion in the ~2C spec- 
trum, and the cross-hatched area represents ions of the formula 
of the m/z 51 ion in the 12C spectrum of 2,5-dimethylpyrrole. 

C 3 H ~  and C2H30 +. It has also been shown that these 
isobaric ions are in the MS/MS spectra of both  the 
molecular ion and protonated molecule [8]. The ITMS 
MS/MS spectrum of the molecular ion of this com- 
pound  is shown in Figure 7. The most  abundant  ion in 
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Figure 4. Plot of the experimental data (12C and 13C) and calcu- 
lated values for possible formulas for the ion at m/z 51 in the 12C 
MS 4 spectrum of 2,5-dimethylpyrrole. 
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E x p e r i m e n t a l  vs .  C a l c u l a t e d  R e s u l t s  
95(96)  ) 94 (95)  > 7 8 ( 7 9 ) -  > 50 (50 ,51  ) 

100  
>, 

4~ 
~ SO 
E 
d) 
E 60  
® 
> 40  

4~ r~ 
2O 

pr 
0 

51 

m/z 

52 

Experimental 
~2C Data  

Experimental 
laC Data  

Calculated 
for C 4 H 2  

Calculated 
for C3N 

Figure 5. Plot of the experimental data ( 1 2 C  and 13C) and calcu- 
lated values for possible formulas for the ion at m/z 50 in the RC 
MS 4 spectrum of 2,5-dimethylpyrrole. 

this spectrum appears at m/z 58, but this ion is present 
at less than 0.5% relative abundance in the mass spec- 
trum. A daughter ion of almost equal abundance also 
appears at m/z 71, and a much less abundant daughter 
ion appears at mlz 43. MS 3 spectra show that the ions 
at both m/z 71 and m/z 58 dissociate almost exclusively 
to the ion of m/z 43. 

The results from the analogous experiment for the 
13C-containing molecular ion, 

2 3 MS MS 86(87) --+ 58(59) -+ 43(43, 44) (8) 

show that the m/z 58 ion (m/z 59 in the 13C experiment) 
dissociates exclusively to  C2H3 O +  . For the MS 3 exper- 
iments, 

2 3 MS MS 86(87) --+ 71(72) --* 43(43, 44) (9) 

which involves the m/z 71 ion (m/z 72 in the 13C ex- 
periment), however, the 12C/13C ratio is intermediate 
to what would be expected if only one of the iso- 
baric species is formed. The two-step MS/MS disso- 
ciation pathways of the molecular ion of 3-methyl-2- 
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Figure 6. Quadrupole ion trap EI mass spectrum of 3-methyl-2- 
butanone. 
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Figure 7. Tandem mass spectrometry spectrum of M +" (m/z 86) 
of 3-methyl-2-butanone. All of the parent ion was either frag- 
mented or lost from the ion trap. (The m/z 87 is the 13C isotope 
peak that was not ejected from the ion trap in this experiment.) 

butanone leading to an m/z 43 ion were determined 
from the data and are shown in bold lines in Scheme 
I. This scheme shows the possible dissociation path- 
ways, the observed 12C/13C ratios (underlined at the 
branch points), and the calculated 12C/13C ratios for 
each possible dissociation path (under the possible 
daughter ion formulas). Figures 8 and 9 are plots of 
the experimental results along with the calculated val- 
ues for the possible daughter ion formulas for eqs 8 
and 9, respectively. Note that because there are dif- 
ferent intermediate ions in the MS 3 sequence (i.e., m/z 
58 or 59 and m/z 71 or 72, respectively), the calculated 
12C/13C ratios are different even though the daughter 
ions are identical. 

The relative contributions of the two isobars to the 
m/z 43 signal can be estimated from the experimental 
and theoretical 12C/13C ratios. The experimental result 
of 0.80 is equal to the sum of the weighted contribu- 

CsH,oO + 
MW = 86  o m u  

-CH~ 

_CO I 0.68 ,~111 _C2H4 C,HTO+ 
C,Hlo ÷ C~HsO ÷ 
0.25 0.67 ~ 

0.51 
C3H7 + '" C2H30+ C3H7÷ '--I C2H30+ 
0.33 0.50 0.33 J 1.00 

- -  H 2 

Scheme I 
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Figure 8. Plot of the experimental data (12C and 13C) and cal- 
culated values for possible formulas for the ion at m/z 43, with 
m/z 58 as the intermediate parent ion in the 12C MS 3 spectrum 
of 3-methyl-2-butanone. 

tions from each isobar, that is, 

0.80 = 0.33x + 1.00y (10) 

where 0.33 is the 12C/13C ratio expected if m/z 43 is 
composed exclusively of C3H~, x is the fraction of 
the m/z 43 signal due to C3H~, 1.00 is the 12C/13C 
ratio expected if the m/z 43 signal is due exclusively to 
C2H30 +, and y is the fraction of m/z 43 signal due 
to C2H30 +. The sum of x and y is 1.00, so x, the 
fraction due to C3H~, is 0.3 and y, the fraction due 
to C2H3 O+, is 0.7. 

Although the abundances of the ions at m/z 71 and 
m/z 58 are similar in the MS/MS spec trum of the molec -  
ular ion, the m/z 71 ion dissociates  approximately  four 
t imes  as efficiently to the m/z 43 ion (based on  absolute  
ion intensit ies ,  not  s h o w n )  as the m/z 58 ion in the MS 3 
exper iments .  If it is therefore a s s u m e d  that 80% of the 
ions at m/z 43 in the MS/MS s p e c t r u m  of the molecular  
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Figure 9. Plot of the experimental data (12C and 13C) and cal- 
culated values for possible formulas for the ion at m/z 43, with 
m/z 71 as the intermediate parent ion in the 12C MS 3 spectrum 
of 3-methyl-2-butanone. 

ion come from C4H7 O+ and that 20% are derived from 
C3H60 + , the relative contributions of the two isobars 
to the total signal at m/z 43 will be  76% C2H3 O+ and 
24% C3H~. It is interesting to note that the MS/MS 
spectrum of the molecular ion of 3-methyl-2-butanone 
obtained using a hybrid QEB instrument [16] at a suf- 
ficient daughter  ion mass resolution to resolve the iso- 
baric m/z 43 fragments showed a relative distribution 
of 68% C2H3 O+ and 32% C3H~-. The results obtained 
with the hybrid QEB instrument are therefore simi- 
lar to the present  prediction despite differences in the 
two instruments and rather different conditions used 
for CAD. 

N, N-Dimethylaniline 

The last example discussed here involves ions derived 
from N,N-dimethylaniline and from trimethylphenyl- 
ammonium Chloride. The m/z 120 ion produced in an 
MS 3 experiment,  which began with the intact cation 
formed by laser desorption (LD) of trimethylphenyl- 
ammonium chloride, undergoes what  was thought  to 
be unusual  fragmentation (losses of 17 and 29 u) fol- 
lowing collisional activation in the ITMS [17]. It was 
postulated that the m/z 120 ion should be (M - H) + 
of N,N-dimethylaniline, so this compound  was exam- 
ined to confirm the LD/MS 4 experiment alluded to 
above. The two MS/MS spectra of the m/z 120 ions 
derived from the two compounds  are identical. The 
question of the composit ion of the unexpected daugh- 
ter ions formed by losses of 17 and 29 u, respectively, 
remained. 

The EI mass spectrum of N,N-dimethylaniline is 
shown in Figure 10a. As is evident in this spectrum, 
the normal experiment of acquiring the MS/MS spec- 
t rum of (m + 1) + was not possible because the signal 
at m/z 121 is due predominantly to the molecular ion. 
However,  the molecular ion fragments very efficiently 
to (M - H )  + as seen in the MS/MS spectrum obtained 
with the ITMS. This then provides for the possibil- 
ity of doing an MS 3 experiment (on the 13C-containing 
molecular ion at m/z 122) to obtain the daughter  ion for- 
mulas f rom the natural abundance of the isotopes by 
determining if the daughter  ions contain the nitrogen 
atom. The spectrum in Figure 10b is an MS 3 spectrum 
obtained starting with the 12C-only molecular ion of 
N,N-dimethylaniline, and the spectrum in Figure 10c 
is the corresponding experiment starting with the nat- 
ural 13C isotope of the molecular ion. 

The m/z 120 ion in the spectrum in Figure 10c results 
from a competing process in the experiment sequence 
(see below) and is not important  in the analysis of the 
data to determine the composit ion of the daughter  ions 
in question. Below m/z 120, the two spectra are almost 
identical except for the mass shifts. Table 3 lists the 
calculated 12C/13C ratios for the two possible isobars 
for each of the main daughter  ions along with exper- 
imental results which, as before, have been corrected 
for contributions from adjacent peaks. 
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Figure 10. (a) Mass spectrum of N,N-dimethylaniline. (b) M S  3 
spectrum of 121 (12C-only M +') ---+ 120--* daughters. (c) MS 3 
spectrum of 122 (13C-containing M + ") -* 121 --+ daughters. 

These data show that the neutral fragment lost in 
each of these reactions contains the nitrogen. Although 
this is not unexpected for the m/z 77 daughter  ion (from 
the 12C-only parent  ion), which can be formed by a 
simple cleavage, a rather complex rearrangement must  
occur for the formation of the ions at m/z 103 (by loss of 
NH3) and m/z 91 (by loss of CHaNH). [We are presently 
studying this system and homologues further to de- 
termine the reaction mechanism(s) and daughter  ion 
structure(s), using the technique discussed in this pa- 
per  and other MS n experiments.] 

Besides the 1 2 C / 1 3 C  ratios of the daughter  ion peaks 

Table 3. Calculated and experimental 12C/13C ratios for 
possible daughter ions from (M - H) + derived from 
N, N-dimethylaniline 

120/130 

m/z Formula Calculated Exptl. 

103, 104 C7HsN 0.14 0.03 
C8H7 0.00 

91, 92 CeHsN 0.33 0.17 
07H7 0.14 

79, 80 CsHsN 0.60 0.39 
06H7 0.33 

77, 78 CsH3N 0.60 0.38 
C6H5 0.33 

of interest, there are several other features of these 
spectra to be noted. A notable feature of the data is the 
large m/z 120 peak in the 13C spectrum. This peak  pro- 
vides evidence of another reaction taking place during 
the first stage of MS/MS in this experimental sequence, 
the charge-exchange reaction 

13C-M +" (m/z 122) + M --* 13C-M -t- M + (m/z 121) 

(11) 

This is a potential problem in any trapping instrument 
when  the neutral analyte is continuously present in 
the reaction region. The result here is that the m/z 121 
ion selected for the second stage of MS/MS is a mix- 
ture of isobaric ions, the 12C molecular ion along with 
the desired 13C-(M- H) + . [The charge-exchange reac- 
tion is not readily apparent  in the first stage of the 12C 
experimental sequence because it produces predomi- 
nantly (91.2%) the same ion, along with some (8.8%) 
~3C molecular ion.] This 12C-M+' ion does not inter- 
fere with the MS 3 analysis (122 ~ 121 ~ fragments) 
because it dissociates only to m/z 120 whereas the 13C 
species dissociates to the lower mass daughter  ions of 
interest in the experiment (i.e., ions of m/z 104, 92, 78, 
etc.). Looking at it f rom a different point of view, we 
find that the spectrum in Figure 10c can be considered 
a combination of the MS 3 spectrum of the 13C molecu- 
lar ion and the MS 2 spectrum of the 12C molecular ion, 
with the latter giving rise to just the ion at m/z 120. 

Another, unexpected reaction can be discerned by 
comparing the two MS 3 spectra in Figure 10. Looking 
only at the MS 3 spectrum of the 12C ion, we might de- 
duce that the m/z 120 ion undergoes charge exchange 
and proton transfer with the neutral to give the ions at 
m/z 121 and 122, respectively. From the MS 3 spectrum 
of the 13C ion, however, it is seen that the respec- 
tive ions formed are of m/z 122 and 123. This suggests 
that the 13C-containing species retains the charge in 
the ion-molecule reaction and that one and two hy- 
drogens are transferred to it f rom a neutral reactant. 
These results are summarized  in eqs 12-15: 
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1 3 C - ( M -  H) + + M + 1 3 C - ( M - H )  + M +' (12) 
m/z 121 m/z 121 

13C-(M - H) + q- M --* 13C-(M +' )  + (M - H) (13) 
m/z 121 m/z 122 

1 3 C - ( M -  H) + + M + 1 3 C - ( M -  2H) + (M + H + ) 
m/z 121 m/z 122 

(14) 

t h o u s a n d  ions.  Therefor  e , s tat ist ical  f luctuat ions  in the  
ion  signal  will  be  re la t ive ly  large,  m a k i n g  it difficult to 
de t e rmine  accurate  12C/13C rat ios.  
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13C-(M - H) + + M --* 13C-(MH + ) + (M - 2H) 
m/z121 m/z123 

Conclusion 

(15) 

The  use  of mul t ip le  (i.e.,  more  t han  two) s tages  of 
mass  s p e c t r o m e t r y  shou ld  prove  usefu l  in cases  in 
w h i c h  isobaric  (or pos s ib ly  isomeric)  in ter ference  pre-  
c ludes  the  use  of the  conven t iona l  MS/MS a p p r o a c h  
for the  d e t e r m i n a t i o n  of d a u g h t e r  ion  formulas .  Such 
a c i rcumstance  is l ikely for the  F inn igan  ITMS (and 
mos t  o the r  M S / M S  ins t ruments ) ,  wh ich  typical ly  af- 
fords  uni t  mass  r e so lu t ion  for b o t h  pa ren t  ion  select ion 
and  d a u g h t e r  ion  m e a s u r e m e n t .  

The  t echn ique  m a y  b e  espec ia l ly  benefic ia l  in s tud-  
ies of reac t ion  mechan i sms .  It is a ve ry  s imple  exper -  
imen t  and  can  b e  done  rapidly .  In  m a n y  cases  it m a y  
be  poss ib le  to p e r f o r m  add i t iona l  s tages  of mass  spec-  
t r ome t ry  to ob ta in  s t ruc tura l  in fo rmat ion  in a d d i t i o n  to 
the  empir ica l  formula .  

A l imi ta t ion  of this  p r o c e d u r e  is tha t  it will  be  appl i -  
cable ma in ly  to ions tha t  have  a signif icant  abundance  
in the  final M S / M S  s p e c t r u m  or to ions w h o s e  p e a k s  
are  no t  ad jacen t  to those  of o the r  ions.  This l imi ta t ion  
is due  to the  stat is t ical  cons idera t ions  assoc ia ted  wi th  
the  fact tha t  a l imi ted  n u m b e r  (105-106) of ions can be  
s to red  in the  ion  t rap.  Thus  smal l  p e a k s  in the  MS 3 or 
h ighe r  spec t ra  will  consis t  of a few h u n d r e d  to a few 
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