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During this Short Term Scientific Mission, the data on 2-nitroimidazole and 4(5)-
nitroimidazole (see Fig. 1) were analyzed. In addition to being proposed as radiosensitizers, 
these compounds have shown interesting difference in their fragmentation upon Electron 
Induced Dissociation1. In order to study such stereoisomeric effects further, experiments 
concerning photoionization of 2-nitroimidazole and 4(5)-nitroimidazole with 21.2 eV photons 
were carried out in Turku during the summer and fall 2015. 

 

Figure 1. Skeletal formulae of the studied samples, 2-nitroimidazole (left), 4-nitroimidazole 
(middle) and 5-nitroimidazole (right).  

Valence photoionization of 2-nitroimidazole and 4(5)-nitroimidazole. 

The analysis of the experimental data was done during the STSM in Innsbruck between the 
15th and 19th of February 2016. The experiments were carried out at the Materials Science 
laboratory of the University of Turku with the local electron-ion coincidence setup. The setup 
consists of a Wiley-Mclaren type of linear ion time-of-flight (TOF) spectrometer and a 
hemispherical electron analyzer. The 21.2 eV photons used in the experiments were created 
with a gas discharge lamp using helium. During the experiment, the photoions were collected 
in coincidence with the photoelectrons in the kinetic energy range of 6-13 eV. The samples 
were studied in the gas phase; the molecular beam crossing the photon beam was created by 
an effusive cell oven keeping the samples at 90°C (2-nitroimidazole) and 120 °C (4-
nitroimidazole) temperatures, which provided sufficient evaporation rate and sample density 
in the sample region. As 2-nitroimidazole is stable upon evaporation, 4-nitroimidazole 
undergoes isomerization into 5-nitroimidazole. This results to a mixture of 4- and 5-
nitroimidazoles gases with stated ratio of 1:0.70 for 4-nitroimidazole/5-nitroimidazole2. 

The absorption of a 21.2 eV photon can induce several fragmentation processes on 2-
nitroimidazole and 4(5)-nitroimidazole as can be seen from the mass spectra of Fig. 2. 
However, as the spectra show, the fragmentation patterns are quite different between the 
samples, especially when the ionization of the outmost valence orbitals are considered. 



Basically, 2-nitroimidazole seems to be more instable upon valence ionization compared to 
4(5)-nitroimidazole. In addition to the lack of the C3H3N2O

+ fragment in 4(5)-nitroimidazole, 
the main difference between the samples are the very effective quenching of the NO+ and 
C2H2N

+ ejections and the significant increase in HNCH+ production in 4(5)-nitroimidazole.  

 Figure 2. Mass spectra of 2-nitroimidazole (top) and 4(5)-nitroimidazole (bottom) following 
the ionization of the six outmost valence orbitals. The spectra correspond only the ionizations 
of HOMO-HOMO-5 orbitals, which excludes the signal originating from the rest gas. 

The reason for why the productions of C2H2N
+ and HNCH+ are so effectively suppressed in 

4(5)-nitroimidazole and in 2-nitroimidazole respectively, lies in the site of the nitro group. 
The imidazole ring always breaks via the same bond cleavages; in 2-nitroimidazole the NO2 
at the C2 site blocks the HNCH+ production. As for in 4(5)-nitroimidazole, the  NO2 at the 
C4(5) site blocks the C2H2N

+ formation. One should note that the NO+ and C3H3N2O
+ are 

complementary fragmentation channels, where the positive charge just localizes differently. 

The strong stereoselective fragmentation following UV-photoabsorption in nitroimidazoles is 
quite significant finding. It is clear that the results acquired during the STSM are to result to a 
relatively high-profile publication (such as JCP, PCCP or JPC). The writing process is 
currently being carried out and the paper is estimated to be submitted within a month. 
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