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Abstract. We present negative ion formation from collisions of neutral potassium atoms with 
neutral phenylboronic acid C6H5B(OH)2 molecules in the lab frame energy range from 10 to 
1000 eV. From the assignment of the negative ion time-of-flight (ToF) mass spectra, BO− is the 
main fragment detected at energies below 100 eV, however above 100 eV BO2¯ is the 
predominant fragment accounting on average for 30% of the total anion yield for collision 
energies above 250 eV. The rich fragmentation pattern results in the formation of more than 
thirty fragment anions, with twenty boron containing ions.  

1. Introduction 
Low-energy electron (LEE) interactions studies with biomolecules have attracted the attention of the 
international scientific community for almost two decades. Sanche and co-workers have described the 
interaction of such electrons with plasmid DNA, in an energy range up to 20 eV [1,2], showing that LEE 
interactions can be very efficient in inducing single and double strand breaks (SSB and DSB) as well as 
loss of supercoiled DNA. The underlying molecular mechanisms of such reactions [2] have been 
attributed to dissociative electron attachment (DEA) interactions, showing that DNA damage in 
condensed films upon LEE irradiation  occurs at the same energy as resonance capture from isolated 
constituents, such as water, cytosine and thymine and sugar unit [1,3,4]. Gas phase electron capture has 
been studied in a wide range of target molecules leading to dissociation through resonant processes. In 
the case of thymine and cytosine, the anions formed with the highest yield  have been assigned to the 
dehydrogenated parent anions; however, due to  ring opening above 4 eV other fragments, such as 
CNO¯, are formed with considerable intensities [5]. Additionally, we note that comprehensive 
characterisation of the fragmentation pathways induced by free electrons was reported for uracil RNA 
base [3],  valine [6,7] in bare and hydrated environments, and the simplest amino acid glycine [8]. 
Moreover, H¯ formation from thymine and uracil upon DEA has been shown to be not only bond 
selective i.e. (C-H) versus (N-H), but  site selective (N1 versus N3 site) [9]. Site selective fragmentation 
at hydrogen sites has been also shown for different functional groups, in the particular case of carboxylic 
acids, alcohols and amines [10]. The effect of hydration on pyrimidine [11] by surrounding water 
molecules has been shown to be an efficient quenching mechanism regarding fragmentation of such a 
relevant biomolecule. Furthermore, different environments, such as helium nanodroplets matrix, have 
been extensively investigated in order to give insight on the role of the surrounding matrix dictating the 
dissociation channels in electron capture processes. Simple organic molecules such as formamide [12],  
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acetic acid [13] and some amino acids [14,15] have been studied in such cold environments and 
differences compared with DEA in bare target molecules. Moreover, LEE studies on molecular targets 
that may act as potential drug cancer agents have been performed, namely cis-platinum [16] and bromo 
pyruvic acid [17]. Moreover we note electron transfer studies yielding negative ion formation in 
potassium collisions with several biological molecules, in particular for DNA/RNA bases showing that 
the underlying molecular decomposition mechanism leading to H¯ formation is site and bond selective 
[18]. Furthermore, and within the scope of electron transfer studies, the anionic fragmentation pattern 
of aliphatic amino acids [19–21] and halogenated uracil derivatives used as potential radiosensitizers 
have been comprehensively investigated [22]. Upon electron transfer in neutral potassium-neutral 
molecule collisions, the presence of a potassium cation in the vicinity of a temporary negative ion leads 
to a relevant coulombic complex which induces new fragmentation pathways that are not allowed in 
free electron capture [23]. 

In recent years, boronic acid-containing molecules have been considered to be very promising 
compounds with potential biomedical applications. Boron is the fifth element of the periodic table and 
has an electronic structure similar to carbon, conferring to it a high potential for use in pharmaceutical 
drug design as well as in medicinal chemistry [24]. Amongst the different applications of boronic acids, 
we stress its relevance as fluorescent cellular dyes [25], saccharide sensors (particularly important for 
the controlled release of drugs in vivo) [26], dopamine sensors and several enzymatic inhibitors [27]. 
Furthermore, they have been proven helpful in the treatment of HIV, cancer, diabetes and obesity. The 
characteristics that allow such a wide range of applications are mostly chemical, namely their reactivity 
and stability [28]. These acids continue to prove their importance in medical practices, although some 
fundamental chemical properties and action mechanisms still remain unknown. In the present 
communication we describe recent electron transfer experiments in potassium collisions with 
phenylboronic acid (figure 1). 

 

 
 

Figure 1. Phenyl boronic acid chemical structure 
 
2. Experimental set-up 
The phenyl boronic acid, C6H5B(OH)2, sample was purchased from Sigma-Aldrich with a minimum 
stated purity of 99% and was used as delivered. The sample was heated up to 423 K and temperature 
controlled by a PID unit. In order to test for thermal decomposition products in the target beam, mass 
spectra were recorded at different temperatures. No differences were observed in the relative peak 
intensities as a function of temperature. The negative ion time-of-flight mass spectra were obtained from 
neutral potassium atoms collisions at different energies. The present crossed beam set-up configuration 
was described by Antunes et al. [29] and further modified as described in Mendes et al. [30]. In brief, 
K+ ions produced in a commercial source form Heatwave lab, US, were accelerated from 10 to 1000 eV. 
The accelerated K+ ions pass through an oven where they resonantly charge-exchanges with neutral 
potassium to produce a beam of fast (hyperthermal) atoms. Before and after collecting time-of-flight 
(ToF) mass spectra, the hyperthermal K beam is monitored by  a Langmuir-Taylor detector. The phenyl 
boronic acid effusive beam was introduced into the collision chamber by a 1 mm diameter aperture, 
where it crossed with the neutral hyperthermal K beam in between two parallel electrostatic plates. The 
produced anions where extracted into a reflectron ToF (KORE R-500-6) by a pulsed electrostatic field 
(~290 Vcm-1) and detected by  a MCP device. The base pressure in the collision chamber was typically 
6 × 10-5 Pa and the working pressure was 4 × 10-4 Pa. From the obtained mass spectra (resolution m/Δm 
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≈ 700) background signal was subtracted (without the heated sample) and the mass calibration was 
performed based on well-known nitromethane negative ions formed in potassium collisions [29]. 
 
3. Results and discussion 
Figure 2 presents a ToF mass spectra of phenyl boronic acid. In the upper panel (A), the mass spectrum 
was obtained from K collisions at 43 eV available energy (70 eV collision energy in the lab frame) 
whereas in the lower panel (B) the mass spectrum was obtained at 200 eV available energy (300 eV in 
the lab frame), with more than thirty fragment anions  assigned. The present measurements were carried 
out at the lowest centre-of-mass collision energy of 2.5 eV (6.8 eV collision energy); however, only 
when the available energy rises above 12.8 eV negative ion formation from phenylboronic acid was 
observed. In table 1 the assigned negative anions formed after potassium collisions are listed. 
 

Figure 2. ToF mass spectra obtained for phenyl boronic acid after collisions with potassium atoms at 
43 eV (A) and 200 eV (B) available energy (70 and 300 eV collision energy, respectively). The most 
intense fragment anions are assigned; all fragments are listed in table 1. 
 
3.1 BO¯ and BO2¯ 
The most intense fragment anions detected in the wide range of collision energies investigated in these 
experiments where assigned to BO¯ and BO2¯, with the sum of their yields accounting for more than 
40% of the total anion intensities. In both cases, the isotopic ratio between the lighter (10B) and the 
heavier (11B) anions is ~ 1/4. Boron monoxide (BO¯) m/z 26 (and m/z 27) is observed at the lowest 
available energy, 12.8 eV, whereas for 6.2 eV no traces of such anion have been detected. Boron dioxide 
(BO2¯) m/z 42 (and m/z 43) was only observed above 16.3 eV available energy. Boron monoxide and 
boron dioxide have high electron affinities, 2.51 and 4.46 eV [31], which is not surprising considering 
they are formed with high intensity in the ToF mass spectra. Figure 3 shows the branching ratio of these 
anions as function of the collision energy. For available energies below 100 eV, boron monoxide is the 
most predominant anion, whereas with increasing available energy (above 100 eV), its yield is less than 
20% of the total anion yield. Of relevance, boron dioxide (BO2¯) follows a opposite trending. For 
available energy above 250 eV, BO2¯ formation is predominant reaching a plateau. In conclusion, the 
formation of these negative ions is strongly dependent on the collision energy. It is clear that for low 
collision energies, excision of the B-O bond against the O-H bond is the predominant pathway, while at 
available energies above 100 eV, O-H bond rupture becomes dominant (see figure 4). 
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Figure 3. Branching Ratios for BO¯ (m/z 26 and m/z 27) and BO2¯ (m/z 42 and m/z 43) ions as a function 
of the collision energy. Green line with triangles is for boron dioxide. Purple line with full circles is for 
boron monoxide with the contribution of the isobaric fragment C2H2¯. The dashed line represents the 
branching ratio of boron monoxide without the C2H2¯ contribution and was obtained out of the isotopic 
ratio of 11B and 10B. 
 
 
 

Figure 4. a) Schematic bond rupture leading to BO¯ formation; b) schematic bond rupture leading to 
BO2¯ formation.  
 
Table 1. Assignment of the negative ions formed in potassium collisions with phenyl boronic acid 
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3.2 Other boron containing fragments 
Apart from boron monoxide and boron dioxide, twenty-one other boron-containing negative ions have 
been assigned. The heavier fragment formed is assigned to C6H4BO¯ m/z 103; this is the only fragment 
that does not result from the opening of the ring. In the unimolecular decomposition, the reaction leading 
to  C6H4BO¯ formation may yield H2O + H•, or OH• + H2 (or even OH• + H + H). Given that such anion 
yield is particularly low (see figure 2), its isotopic anion at mass 102 m/z is not discernible above the 
background noise. The fragments  m/z 91 and m/z 90 were assigned to C5H4

11BO¯ and C5H4
10BO¯. 

Anion  Mass (a. m. u.) 

C6H4BO¯ 103 
C5H411BO¯ 91 
C5H410BO¯ 90 
C5H211BO¯ / C6H611B¯ 89 
C6H5¯ 77 
C6H3¯ 75 
C3H311BO¯ 66 
C5H5¯ 65 
C5H4¯ / C3H11BO¯ / C4H511B¯ 64 
C5H3¯ / C3H10BO¯ / C4H510B¯ 63 
C211BO¯ / C3H311B¯ 51 
C210BO¯ / C3H310B¯ 50 
C3H211B¯ 49 
11BO2H3¯ 46 
11BO2¯ 43 
10BO2¯ 42 
C11BOH¯ / C3H4¯ 40 
C11BO¯ / C3H3¯ 39 
C2H311B¯ / C3H2¯ 38 
C2H211B¯ / C3H¯ 37 
O2¯ 32 
CH2O¯ 30 
11BO¯ 27 
10BO¯ and C2H2¯ 26 
C2H¯ 25 
CH11B¯ / C2¯ 24 
OH¯ 17 
O¯ 16 
CH2¯ 14 
CH¯ 13 
C¯ 12 
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Formation of such fragment anions requires the opening of the ring with loss of CH + H2O. The 
fragments m/z 89 and m/z 66 were assigned to C5H2

11BO¯ and C3H3
11BO¯ and no traces of the isotopic 

contributions were detected. However, for the latter, such formation requires ring opening leading to the 
loss of three carbon atoms and four hydrogen atoms, as well as the loss of one oxygen atom. Fragment 
anion m/z 64 was assigned to C3H11BO¯ / C4H5

11B¯ while m/z 63 to the respective isotopic forms 
(C3H10BO¯ / C4H5

10B¯). Although the ToF mass intensity of the latter anion is discernible from the 
background noise  it also shows  the isotopic contribution of C3H11BO¯ / C4H5

11B¯, the current mass 
resolution it is not sufficient to unambiguously assign such  isobaric contributions. The same rational 
applies to  anions m/z 51 and m/z 50, C2

11BO¯ and C3H3
11B¯ and the corresponding isotopic contributions 

C2
10BO¯ and C3H3

10B¯. Fragment anion m/z 49 was assigned to C3H2
11B¯; the mechanism leading to the 

formation of such anion implies the rupture of both B-O bonds. The negative ion m/z 46 was assigned 
to 11BO2H3¯; the reaction producing this anion involves the break of the B-C bond and an H transfer 
from  the phenyl ring to the BO2H2 end . The anionic species m/z 40 and m/z 39 were assigned to 
C11BOH¯ and C11BO¯; it is interesting to note that, although these fragments are formed with low 
intensities, the C-B bond is preserved. Finally, fragments m/z 38 and m/z 37 were assigned to C2H3

11B¯ 
and C2H2

11B¯, where the C-B bond is preserved against the B-O bond. The lightest boron-containing 
fragment anion has been assigned to CH11B¯, m/z 24. 
 
3.3 Other relevant fragments 
Molecular oxygen anion, m/z 32, is formed  for collision  energies  above 23 eV (available energy), 
despite its low electron affinity (0.4480±0.0060 eV) [32]. The branching ratio of this anion amounts to 
10% of all fragments formed. Fragment C2H¯ (m/z 25) is observed for the available energy above 23 eV 
with a branching ratio consistently between 8% and 11% of the total fragmentation pattern. Fragment 
C2H2¯ (m/z 26) is  isobaric with BO¯; the contribution of these anions to the m/z 26 yield is observed for 
available energy above 100 eV, when the ratio between isotopic fragments increases, indicating that m/z 
26 results also from the collision induced dissociation mechanism that opens a new channel leading to 
C2H2¯ formation. Boron-free fragments C5H5¯ (m/z 65) and C5H4¯ (m/z 64) are formed through ring 
opening, the former via rupture of just two C-C bonds, the latter through an additional C-H bond 
excision. Finally, we note that C5H3¯ (m/z 63) may also be related to two isobaric contributions, viz.  
C3HBO¯ and/or C4H5B¯ but due to the limited mass resolution it is not possible to unambiguously assign 
such anions, as well as the fact that there is no information about the thresholds of formation  of such 
isobaric contributions. 
 
3.4 Other fragments 
The C6H5¯ and C6H3¯ ions are the ring counterpart anions to B(OH)2 and B(OH)2 + H2 or B(OH)2 + H + 
H. Although the intensities of these two fragments are not particularly relevant in comparison with other 
anions, they are formed through the excision of the B-C bond, and in the case of C6H3¯ via releasing of 
two extra hydrogen atoms. The electron affinities of C6H5, BO and BO2 are (1.0960 ± 0.0060 eV) [33], 
(2.510 ± 0.015 eV) [31] and (4.460 ± 0.030 eV) [31], respectively. Several low intensity fragment anions 
have been assigned to: C3H4¯, C3H3¯, C3H2¯, C3H¯ (m/z 40, m/z 39, m/z 38, m/z 37, respectively). These 
anions are isobaric with boron containing C11BOH¯ and C11BO¯, in the case of m/z 40 and m/z 39, and 
isobaric with C2H3

11B¯ and C2H2
11B¯ in the case of m/z 38 and m/z 37; however, due to their low yields 

in the ToF mass spectra it is difficult to precisely assign the corresponding anion. Fragment m/z 30 was 
assigned to CH2O¯ and m/z 25 to CH2¯. The anion m/z 24 was assigned to C2¯, although it can also be 
isobaric with CH11B¯. Other lighter fragments have been assigned to OH¯, O¯, CH2¯, CH¯ and C¯ with 
m/z 17, m/z 16, m/z 14, m/z 13 and m/z 12, respectively. 
 
4. Conclusions 
The present study describes negative ion formation in collisions of potassium atoms with phenylboronic 
acid. The ToF mass spectra  show a very rich fragmentation pattern leading to the formation of several 
different boron-containing anions, mainly boron oxides (BO¯ and BO2¯). In the present work, it is 
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shown that the energetic threshold of formation of these anions lies at a few eV and the trending of the 
branching ratios with the collision energy was analysed. The main dissociation pathways for available 
energies below 100 eV lead to the formation of BO¯, but for energies above 100 eV these dissociation 
pathways are supressed, resulting in the predominant formation of BO2¯ . 
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