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Can Combined Quantum Chemical/Experimental Mass Spectrometry Separate the

Fragmentation Cascades of Tautomers?

Christoph A. Bauer and Stefan Grimme

Mulliken Center for Theoretical Chemistry,

Institut für Physikalische und Theoretische Chemie,

Rheinische Friedrich-Wilhelms-Universität Bonn, Beringstr. 4, D-53115 Bonn

We simulate electron ionization induced-fragmentation cascades of organic tautomers by employ-

ing mixed quantum-classical molecular dynamics. Each tautomer exhibits its own characteristic

dissociation pathways. Therefore, Boltzmann averaging of tautomer population ratios generally im-

proves the quality of the computed mass spectra. The origin of certain peaks can be traced back

to specific tautomers and their fragmentation cascades. Information about different decomposition

patterns belonging to populated isomers has been available experimentally through derivatization or

hyphenated technologies. We present a fully automated, unbiased, and efficient in silico protocol,

yielding an affirmative answer to the question posed in the title.
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Introduction 

Fragmentation patterns of compounds containing alkylated amino functions and conjugated 

�-electron systems tend to be more complex than stated in literature. 

Loss of C3H8 out of diethylated amino substitutions were investigated in extend in our 

group.
[1-3]

 To get an deeper insight into fragmentation mechanisms different molecule sizes, 

alkylation patterns and conjugated systems at all were subject of our research. In this work we 

focus on oxazine 170, a commercially available fluorescence dye. 

Fragmentation of this compound could be introduced by collisions and different laser 

wavelength ranging from visible to UV. 

 

Experimental methods 

Oxazine 170 was purchased from radiant dyes (Wermelskirchen, Germany). Labeling with 

deuterium was done following
[4]

. 

For all experiments an APEX III ion cyclotron resonance mass spectrometer (Bruker 

Daltonik, Bremen, Germany: 7.05T magnet, Apollo I ESI source) was used. 

After isolating in ICR-cell different fragmentation methods could be employed. Collisional 

activation were engaged using argon gas and accelerating ions using off-resonance SORI 

function. Photodissociation was achieved by guiding fixed frequencies of a Nd:YAG laser 

system or tunable wavelength of a dye laser into ICR-cell. 

For fixed frequencies repetition rate of laser pulses was 20Hz in the latter case it was 10Hz. A 

home build circuit was used to control number of shots.  Usually 10 to 20 laser shots were 

used for each acquisition. 

 

Results, discussion 

Oxazine 170 (m/z 332.173) shows numerous fragmentations, including loss of C3H8. The 

most intense fragment is found at m/z 303.134. To build this the molecule has to liberate C2H5 

as radical which is in contradiction to the even electron rule. We found that violation of the 

ee-rule are quite common for compounds including alkylated amino functions and conjugated 

�-electron systems. 

From mechanistical point of view at least two ways concerning the loss of C3H8 become 

obvious: one across a rearrangement process forming propane and one reaction path including 

the loss of an ethyl and a methyl radical. 

To investigate these reactions in more detail various activation methods were used. Collision 

induced dissociation photodissociation using different wavelength. First experiments were 

carried out using harmonic generation of the fundamental wavelength delivered by a Nd:YAG 

laser system (532 nm, 355 nm, 266 nm). 

For further ongoing spectroscopic research on this type of reactions we now introduced a 

tunable dye laser system emitting wavelength in the range from 520 to 560 nm. 

First results of this study will be presented in this work. Using these wavelength it was 

possible to access Oxazine 170 isotopomers with different amount of deuteriums than using 

the fixed frequencies of Nd:YAG based systems. 

 & '
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Novel aspects 

Photodissociation of oxazine 170 with and without isotope labeling using collisions and fixed 

(visible and UV) or tunable wavelength (visible). 
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