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Abstract 

Cyanamide is a molecule relevant for interstellar chemistry and the chemical evolution 

of life. In the present investigation dissociative electron attachment to NH2CN has been 

studied in a crossed electron – molecular beams experiment in the electron energy range from 

about 0 eV to 14 eV. In the electron energy range investigated the following anionic species 

were detected: NHCN-, NCN-, CN-, NH2
-, NH-, CH2

-. The anion formation proceeds within 

two broad electron energy regions, one between about 0.5 and 4.5 eV and a second between 

4.5 and 12 eV. A discussion of possible reaction channels for all measured negative ions is 

provided. The experimental results are compared with calculations of the thermochemical 

thresholds of the anions observed. For the dehydrogenated parent anion we explain the 

deviation between the experimental appearance energy of the anion with the calculated 

corresponding reaction threshold by electron attachment to the isomeric form of NH2CN – 

carbodiimide.  
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I. INTRODUCTION 

Cyanamide is an important compound with significant industrial and agricultural 

applications. It is applied in pharmaceutical manufactures as well as in the other organic 

compound production. The most known application of cyanamide and its derivatives (e.g. 

calcium cyanamide) is its usage as pesticide since more than 100 years.1 In fruit crops NH2CN 

is used as a growth inhibitor and stimulator of uniform opening of buds and also as defoliant 

for some important agricultural plants.2-4 As a toxic substance used in the food industry its 

monitoring in environment and in food is crucial.5 Besides of its toxic properties, surprisingly, 

recently the cyanamide was found to be also a natural product formed in some kinds of 

plants.4  

Additionally the NH2CN is an important astrophysical molecule observed in the gas 

clouds of the interstellar medium (ISM) where it is believed to be synthetized by 

heterogeneous chemistry on interstellar dust grains.6 It was also suggested that cyanamide was 

present on the primitive earth where its production was possible by electron irradiation of 

methane, ammonia and water mixture or by the ultraviolet irradiation of aqueous NH4CN. 

Furthermore it is a possible key compound in the chemical evolution.7,8 For example, in the 

experiments done by Wollin and Ryan9 a mixture of KNO3 and NH2CN was treated with UV 

radiation and electrical discharges. After such sample treatment the presence of proteins, 

nucleosides, nucleic acid bases, hydrocarbons and organic esters were confirmed as reaction 

products. Moreover, the tautomerism between cyanamide and its isomer carbodiiamide 

(HNCNH) is very probable,10 and the HNCNH is considered as a condensing agent able to 

assemble amino acids into peptides in liquid water.11 Cyanamide is therefore recognized as a 

fundamental probiotic and an important precursor molecule in the study of the origin of life.12 

In addition, cyanamide as one of the simplest organic molecules comprising important organic 



4 

 

groups (cyano and amide) could also serve as a model molecule for more complex species 

with biological relevance. 

Metal cyanamides, where one or two atoms of hydrogen in NH2CN are exchanged 

with metal atoms, are derivatives of cyanamide and began to attract attention as a novel class 

of functional materials.13-17  For example, silver cyanamide Ag2NCN is a new n-type 

semiconductor with a direct band gap of about 2.3 eV, and therefore can utilize visible light. 

This feature of silver cyanamide has placed it as potentially useful material for solar energy 

harvesting and optoelectronics.  

By the reasons mentioned above it is very interesting and important to study those 

mechanisms by which cyanamide may be dissociated through the interaction with a surface, 

ions, photons and like in the present studies, electrons. Moreover, studies of the interactions 

of NH2CN molecules with electrons may help in the explanation of processes in which the 

metal cyanamides are involved. Although cyanamide seems to be a very significant 

compound in many aspects of different processes and application, data rarely exist on the 

electron impact and collision induced dissociation leading to the formation of positive ions18-

21 and chemical ionization (CI) leading to the formation of both, positive and negative ions.18 

The major peaks in the positive ion mass spectrum were ions with m/z (mass/charge) equal to 

44 and 43 (corresponding to the isotope substitution of atoms in the molecule), 42 (parent ion 

- NH2CN+), 41, 40, 28, 27, 26, 16, 15, 14, 13 and 12.  

To our best knowledge there is no information and data available regarding the 

energetics of the electron attachment to NH2CN. In the investigations on negative ion 

formation upon negative ion chemical ionization (NCI) of cyanamide in an Ion Cyclotron 

Resonance trap three ion species at m/z = 41, 40 and 26 were observed.18 The most abundant 

anion HN-CN- (m/z = 41) was suggested to be formed by either dissociative electron 
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attachment (DEA) or by proton abstraction from NH2CN which will occur in reaction with 

other gaseous anions like, e.g., CH3COO-.18  

In Ref. [18] only relative abundances in the negative ion mass spectrum were reported 

and hence the data regarding the energetics of the resonant electron capture by cyanamide is 

lacking. This additionally encouraged us to perform studies of low energy electron attachment 

and to determine ion efficiency curve as well as resonance energies for the most abundant 

fragment anion formed in free electron capture by cyanamide. The experimental results are 

compared with computed threshold energies using well-established extrapolation methods. 

 

II. EXPERIMENTAL 

The electron attachment spectrometer used in the present studies comprises of a 

molecular beam system, a high resolution hemispherical electron monochromator (HEM) and 

a quadrupole mass filter with a pulse counting system for analysing and detecting the ionic 

products. The apparatus has been described previously in detail.22 Briefly, as the cyanamide 

sample is solid at room temperature and does not vaporize sufficiently for generation of a 

molecular beam (the vapor pressure at 293 K is 0.005 hPa23), the NH2CN sample was heated 

in a resistively heated oven. The cyanamide sample with a purity of 99% was purchased from 

Sigma Aldrich, Vienna, Austria. The evaporated NH2CN molecules were then introduced to 

the crossing region with the electron beam through a copper capillary of 1 mm I.D.. The 

anions generated by the electron attachment process were extracted by a weak electrostatic 

field into the quadrupole mass filter where they were analysed and detected by the 

channeltron. After crossing the collision region, the remaining electrons were collected by a 

Faraday plate; the electron current was monitored during the experiments using a pico-

amperemeter.  
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With the present HEM one is able to achieve an energy distribution of up to 35 meV at 

full width half maximum (FWHM).22 To determine the energy spread and to calibrate the 

energy scale the well-known cross sections for the formation of Cl- or SF6
- by electron 

attachment to CCl4 or SF6,
24 respectively, can be used. In the present studies CCl4 was used 

for calibration of the energy scale. The formation of Cl- /CCl4 is characterized by two main 

resonances at 0 eV and 0.8 eV.25,26 The first one can be used for calibration of the electron 

energy scale and to determine the electron energy spread (the apparent FWHM represents the 

energy resolution of the electron beam). In the present experiments the FWHM and the 

electron current were 150 meV and 20 nA, respectively. This relatively low resolution used 

represents a reasonable compromise between the product ion intensity and the energy spread 

to resolve resonances in the measured ion yields. The HEM was constantly heated to the 

temperature of 340 K in order to prevent surface charging. Prior to the investigations, the 

sample of the cyanamide was heated over several hours at the temperature of 303 K. During 

our experiments the oven temperature was hold at constant temperature of 308 K. At this 

sample temperature the pressure in the main vacuum chamber of the mass spectrometer was 

about 10-6 mbar to ensure collision-free conditions. The sample temperature was below the 

melting temperature of cyanamide of 319 K23 and significantly below its decomposition 

temperature of 493 K.27 Nevertheless, before the electron capture measurements, the 

composition of the molecular beam of NH2CN was checked for possible traces of its thermal 

decomposition. For that purpose the positive ion mass spectrum measured by electron 

ionization at the electron energy of 80 eV was recorded at different temperatures of the 

sample. These measurements excluded any thermal decomposition of the studied compound. 
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III. QUANTUM CHEMICAL CALCULATIONS 

To complement and support the analysis and interpretation of the experimental results, we 

used several well-established high-level extrapolation schemes for the calculation of 

(adiabatic) electron affinities and thermochemical reaction thresholds. In particular, we 

compared results obtained with CBS-QB3,28,29 G430 and W1BD31, which are considered to 

yield very high (and similar) accuracy. More specifically, the CBS-QB3, G4 and W1BD 

methods achieve mean absolute deviations from experiment of 1.1, 0.83 and 0.48 kcal/mol for 

a variety of properties (like atomization energies, electron and proton affinities, etc.) 

assembled in the G2/9732,33 (CBS-QB3 and W1BD) and G3/0534 (G4) test sets. A comparison 

of different extrapolation schemes is often valuable as they might achieve worse performance 

in exceptional cases than could be reflected by the average accuracy evaluated for selected 

systems in the respective test sets. The reaction thresholds have been obtained as the 

difference between all ground state energies of the reaction products (anion and neutral 

fragments) and reactants (i.e., here, the parent molecule). The computed electron affinities and 

reaction thresholds are summarized in Tables I and II, respectively. All quantum chemical 

calculations have been carried out using the Gaussian 09 software.35 

 

 

IV. RESULTS AND DISCUSSION 

 Electron attachment to cyanamide is a purely dissociative process with the production 

of six anionic fragments with m/z of 41 (NHCN-), 40 (NCN-), 26 (CN-), 16 (NH2
-), 15 (NH-), 

14 (CH2
-).  The parent anion NH2CN- was not observed within the detection limit of the 

apparatus which would confirm that in the applied experimental conditions the cyanamide 
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dimer was not generated. Such dimerization at certain experimental conditions was previously 

reported by Cacace et al..18 The lack of cyanamide dimer in the NH2CN vapour in our 

experiments was additionally verified by the absence of the dimer ion peak in electron 

ionization mass spectrum which was recorded prior to the measurements of negative ions. 

 In Figures 1 and 2 the anion yield curves for all negatively charged fragments 

observed from cyanamide in the electron energy range of about 0 up to 14 eV are presented. 

The intensities are given in arbitrary but reproducible units, i.e. the ion signals for all anions 

are comparable.  The ion yields show that the anion formation by DEA to the presently 

studied compound is represented by resonant electron capture within two broad electron 

energy ranges, one between about 0.5 to 4.5 eV, whereas the second one extends from 4.5 to 

12 eV.  Therefore the anion yield curves were placed in the specific Figures based on the 

occurrence of DEA in these two electron resonance energies ranges. Table III summarizes the 

present results concerning the resonance peak positions. In the following paragraphs we will 

discuss in detail possible production mechanisms for all fragment anions detected. 

 

CN-  

The CN- ion is a frequently observed negative ion species in the ISM,36,37 hence it is 

important to study its formation routes. The formation of the CN-  anion from cyanamide – the 

molecule discovered in the ISM - could provide some insight on the origin of the cyanide ion 

in interstellar space.  

We note that in contrast to the previous NCI studies18 the most probable fragmentation 

reaction of the electron - cyanamide molecule interaction within the studied electron energy 

range leads to the formation of CN-. In the earlier investigations18 the efficiency of CN- 

generation was reasonably lower in comparison to the most effectively generated NHCN-. The 

difference between present and earlier results arises from the various techniques applied in the 
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negative ion formation. In Ref. 18 the proton abstraction from cyanamide by gaseous ions was 

an important process leading to the CN- production, whereas in the present experiments direct 

interaction between molecules and electrons is involved. Additionally, previously studied 

electron capture by other nitriles (compounds containing the CN nitrile group) like CH3CN, 

C2H3CN, C6H5CN and CF3CN have shown that the CN- anion was the major or one of the 

major ions generated by the DEA processes.38-40 This result is not surprising as the cyano 

radical (CN) has a high electron affinity of 3.862 ± 0.005 eV20  (our calculated values is 3.90 

eV – see Table I) which is even higher than that for the halogen atoms. However, though we 

did not determine absolute cross sections in the present experiments, the ion counting rates of 

CN- in the present case are rather low compared to the halogens anions formed by DEA to 

halogenated molecules like CCl4. Using ab initio calculations this situation has been explained 

for previously investigated nitrile molecules by considering their molecular orbital structures 

and energies.39 The highest occupied molecular orbital of radical anions of the nitriles is π* 

antibonding with virtually all the additional charge localized at the nitrile group, resulting in a 

reduction of C≡N bond dissociation energy. The CN- ion generation is hence associated with 

the energy transfer from the C≡N bond to R-CN bond where dissociation into CN- and R 

radical in their electronic ground state is symmetry forbidden. For that reason it can only 

occur through pre-dissociation of the parent anion, and thus the cross section for formation of 

CN- is relatively low considering the high electron affinity value of CN. In the present studies 

the CN- ion is formed at two major resonance electron energies peaking at 5.3 eV and 6.4 eV. 

The resonance at 3.6 eV is assigned to an artifact because of DEA to a spurious amount of 

earlier studied nitroimidazole present in the vacuum chamber. The possible reactions leading 

to the generation of CN- anion are: 

NH2CN + e-   CN- + NH2,         (1a) 



10 

 

NH2CN + e-   CN- + N + H2 ,       

 (1b) 

NH2CN + e-   CN- + NH + H,        (1c) 

NH2CN + e-   CN- + N + 2H.        (1d) 

The calculations (see Table II) show that DEA channels described by reactions (1a-1d) 

are all endothermic by 1.20 eV (1a), 4.15 eV (1b), 5.23 eV (1c) and 8.65 eV for (1d). From 

the opposite side the appearance energies (AE) derived from the experimental CN- ion yield 

curve are 4.0 ± 0.4 eV (resonance at 5.3 eV) and 4.3 ± 0.4 eV for the resonance at 6.4 eV. The 

experimentally obtained AEs fit well with the computational thermochemical thresholds for 

the reactions (1b) and (1c). Therefore we may accordingly assign the resonances to these 

different reaction channels (1b) and (1c). However, we cannot exclude that also reaction (1a) 

may occur which is energetically open at both resonance energies. In this case the fragments 

released would have a considerable amount of excess energy. The channels represent single 

and multiple bond cleavage reactions which in one case (reaction 1b) also includes the 

formation of the H2 molecule. The features at energies 5.3 eV and 6.4 eV are probably caused 

by Feshbach type core excited resonances. In this case, the incoming electron induces 

electronic excitation in the target molecule and it is concomitantly trapped for some time in 

the field of the electronically excited molecule.41 Low signal at the mass of CN- was also 

measured at lower electron energies from 0.5 eV to 3 eV. Since this weak signal 

monotonically rises from threshold, we ascribe it to an artifact instead of a DEA process like 

reaction (1a). It should be mentioned that in the case of polar molecules with sufficiently high 

dipole moment, dipole bound negative ion states (DBS) formed at low energies via vibrational 

Feshbach resonances can serve as doorway states to DEA via coupling with repulsive valence 

states.42,43 Cyanamide has a high dipole moment of 4.32 D,20 which would be sufficient for 

the formation of DBS. However, we observe no signature of DBS in the ion yields, and hence 
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rule out relevance of such DBS in the formation of present ion yields. Another way to form 

negative ions at appearance energies below the energetic threshold of the studied molecule 

could be also the DEA to the impurities of the sample. This will be elucidated in the following 

paragraphs on the other anions formation from the NH2CN. 

 

 

 

NH2
- 

The NH2
- ion is the second most efficiently formed ion in the low energy electron 

interaction with the NH2CN molecules. The amino radical (NH2) negative ion is 

complementary to the CN- and therefore could be formed in the channels: 

NH2CN + e-   NH2
- + CN,         (2a) 

NH2CN + e-   NH2
-  + C + N.        (2b) 

The NH2
- ion yield is comparable with that of CN-. The ion yield ratio for these ions equals 

0.8. The comparable NH2
- and CN- ion signals together with the low electron affinity of NH2 

(0.771 eV20) confirms the above explanation of the low signal of CN- ion. The amino radical 

anion formation undergoes at a major resonance with the appearance energy of 4.0 ± 0.4 eV 

and maximum at 6.4 ± 0.2 eV. Closer inspection of the ion yield curve indicates that also 

second resonance peaking at about 9.1 ± 0.2 eV is visible.  

Considering the calculated bond dissociation energies and the electron affinities of 

fragments involved in reactions (2a and 2b) energy thresholds for both channels have been 

derived as 4.35 eV and 12.03 eV, respectively (see Table II). The measured AE of the NH2
- 

ion is in agreement with the calculated energy barrier for the first DEA channel (2a) 

responsible for NH2
- formation from the cyanamide molecule.  
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NHCN- and NCN- 

Cyanamide has distinct acidic properties. The results of ICR bracketing experiments 

showed that NH2CN is a stronger acid than for example HF.18 Therefore the hydrogen atom or 

molecule abstraction from the cyanamide molecule should be a very effective process leading 

to the formation of the negative ions NHCN- and NCN-, respectively. Indeed, we can observe 

both anions with similar yields in magnitude. Such type of ions, where the H atom or H2 

molecule were separated from the parent molecule were also previously observed in DEA to 

other nitrile molecules.38,39 Moreover, these anion species were the most abundant generated 

by the electron capture to the nitriles. In earlier NCI studies of cyanamide, the singly and 

doubly dehydrogenated anions were the two of three anions observed at all.18 The NHCN- 

anion is formed only in the single DEA channel: 

NH2CN + e-   NHCN- + H.         (3) 

The calculated threshold energy for reaction (3) is 1.52 eV. Since in the formation of NHCN- 

only a single bond to hydrogen has to be broken, the anion’s AE derived from the 

experimental data has the low value of 1.1 ± 0.2 eV. This is one of the lowest values of AE in 

the case of anions generated from the NH2CN.  The measured ion NHCN- signal shows that 

this anion is formed within a broad energy region between 0.5 to 4.5 eV with three resonances 

of about 1.5 ± 0.2 eV, 2.5 ± 0.2 eV and 3.0 ± 0.2 eV and additionally at higher energy range 

at resonances with maxima of 5.1 ± 0.2 eV and 9.1 ± 0.2 eV. The plurality of resonance 

features leading to the NHCN- anion generation ratifies that this ion formation proceeds also 

via electron attachment to the different states of the excited molecule. Another possibility 

which could explain the variety of energies at which the NHCN- is formed and the wealth of 

resonance features is DEA to isomeric forms of cyanamide. Especially the broad and 

structured energetic feature at low energies may lead to this assumption as well as the 

observation of ion yield below the thermodynamic threshold for this channel. The previous 
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studies of the properties of NH2CN have shown that in most cases the purchased or obtained 

cyanamide samples were usually contaminated with the isomeric form of the cyanamide  - 

carbodiimide (HN-C-NH).18,21 IR spectroscopy of cyanamide in the gas phase also indicates 

that its tautomer carbodiimide is present as a minor constituent.44 It has been reported 

previously that cyanamide-carbodiimide isomerization can occur in the gas phase for 

temperatures higher than 293 K.45 In our experimental conditions, the vaporisation 

temperature of the sample was almost 20 K higher, allowing the HN-C-NH formation. 

Calculations46 have shown that the equilibration of cyanamide and carbodiimide is a 

bimolecular reaction as the intramolecular tautomerization involves high energetic barrier of ~ 

90 kJ/mol. Recently it has been measured that considered isomerization process can occur in 

the presence of water.11 Using the FT-IR spectroscopy Duvarnay et al.11 have shown that even 

at very low temperatures (10 to 140 K) in the water environment the carbodiimide could be 

formed from cyanamide. The study of Tordinii et al.46 predicts that the cooperative effect of 

only a few water molecules leads to a drastic reduction of the tautomerization barrier, 

allowing then formation of carbodiiamide. In the present experiment cyanamide molecules 

have the possibility of interaction with water molecules from the residual moisture in the 

vacuum chamber since it is well known that (a low amount of) residual water molecules are 

almost always present in the mass spectrometers. Several effects observed during the studies 

of electron attachment to PtBr2 or SF6
47,48 confirm interaction of molecules under study and 

residual water molecules. Moreover, for CH2N2 five other isomeric neutrals identified as 

stable species in the gas phase exist (excluding carbodiimide): diazomethane, nitrilimine, 

isocyanamide, diazirine and  isodiazerine.21,49 As these five isomers have low abundance, they 

have a very weak influence on the negative ion formation in our experiments. Computational 

results have shown that cyanamide is the CH2N2 isomer of lowest energy and therefore most 

stable.21 The present calculations show an energy difference of 0.16 eV between cyanamide 
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and carbodiimide. If the latter isomer is present in the beam of neutral molecules before the 

interaction with the electron beam the DEA thresholds will be consequently lower. In 

addition, if the energy thresholds for the specific anion formation from the most stable 

isomers of CH2N2 will be close we may observe also in the ion yield the close, overlapping 

resonances.   

 The NCN- anion may be formed by the two following DEA channels: 

NH2CN + e-   NCN- + H2,         (4a) 

NH2CN + e-   NCN- + 2H.         (4b) 

The present thermochemical calculations for the NCN fragment anion show that 

reaction (4a) is possible at electron energies above 0.80 eV, whereas the channel (4b) is only 

accessible for electron energies exceeding 5.30 eV. The experimental NCN- ion yield shows 

that the formation of this anion is characterized by one low energy resonance with AE of 1.2 

± 0.2 eV and the maximum at 1.5 ± 0.2 eV and three interfering resonances in a wide energy 

region of about 4 eV to 11 eV peaking at 5.3 ± 0.2 eV, 6.1 ± 0.2 eV and 7.9 ± 0.2 eV. These 

data show that for the first resonance with AE = 1.2 ± 0.2 eV reaction (4a) is energetically 

accessible and hence we ascribe the first resonance to this reaction channel. The weak 

resonance at 5.3 eV representing a weak shoulder within a broader structure has an onset 

slightly below the computed threshold for reaction (4b) and hence a possible reason for the 

NCN- formation at this energy is DEA to carbodiiamide.  

 

NH2C
- or NCH2

- and NHC- or NCH- 

The formation of two other ions (with stoichiometric structures of NH2C
- or NCH2

- 

and NHC- or NCH-, respectively) possibly formed in DEA to cyanamide would require the 

loss of one nitrogen atom from the neutral parent molecule. Anion yield at the mass of NH2C
- 

(m/z  = 28) is observed in the low electron energies region < 4 eV. Concerning NHC- anion 
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generation, where additional energy is needed for the H atom separation, we obtained ion 

signal at m/z = 27 with a resonance present in the electron energy region from about 4 to 10 

eV. However, as discussed below, we ascribe this ion yield to the isotope of CN-. 

The heavier anion could be generated in a single channel reaction: 

NH2CN + e-   NH2C
- + N.         (5) 

However, the present calculations yield no energetically stable anion for NH2C (see 

Table I), and thus we exclude the formation of this fragment anion. In contrast, the NCH2 

turns out to be stable in its anionic form, since the calculated electron affinity of the neutral is 

0.50 eV. The corresponding threshold energy for NCH2
- formation is 5.43 eV and hence in 

energy considerably above the ion yield observed experimentally. Hence, we ascribe the ion 

yield observed rather to an impurity. It should be also noted that the ion yield is the weakest 

among all mass separated ones observed, i.e. the cross section for this fragment anion would 

be extremely low.  

 In the NHC- anion case a hydrogen atom has to be lost from the parent molecule too. 

In theoretical studies of positive ion generation21 it has been predicted that the positive ion 

with m/z = 27 could have two possible bond structures: HC≡N+ and HN≡C+. In the present 

case the reactions leading to anion formation could be written as follows: 

NH2CN + e-   NHC- + NH,         (6a) 

NH2CN + e-   NHC- + N + H.        (6b) 

We observed ion yield on m/z = 27, which resembles that of CN-. However, the present 

calculations indicate that the fragment anion NHC- formed is unstable towards 

autodetachment, (see Table I). We note that this type of calculations is not able to reproduce 

very weak dipole bound states. For NCH a dipole bound state with an electron affinity 

between 1.5 and 1.9 meV was reported50 which was experimentally observed in Rydberg 

electron transfer spectroscopy. In the present DEA reaction this dipole bound state is not 
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accessible and since the relative abundance of the ion yield at m/z 27 matches with the isotope 

of CN-, we obtain agreement with the calculations that NHC- should not form.  

 

NH- 

The NH- fragment anion is also observed in the present studies of the DEA to cyanamide. The 

ion yield spectrum is similar to that one for NH2
- suggesting that both ions are formed in the 

overlapping resonances. Similarly to NH2
- the NH- could be formed in two resonances, one at 

6.4 ± 0.2 eV and there is also trace signal recognized with the maximum at about 9.1 ± 0.2 

eV. Moreover, the latter feature is more abundant for NH-. As in the formation of NH- 

breaking of additional hydrogen bond in comparison to NH2
- is required, the measured AE for 

it is higher by about 0.9 eV than the ones for the NH2
- and is equal of 4.5 ± 0.2 eV. The 

possible DEA channels at which NH- is formed are: 

NH2CN + e-   NH- + NHC (or NCH),       (7a) 

NH2CN + e-   NH-  + CN + H.        (7b) 

NH2CN + e-   NH-  + C +NH.        (7c) 

NH2CN + e-   NH-  + CH + N.        (7d) 

NH2CN + e-   NH-  + C + H + N.        (7e) 

The energy balances of reactions (7a-7e) listed in Table II indicate that only reaction (7a) is 

energetically accessible for the observed resonances. The energetic thresholds of reactions 

(7b-d) lie far above the AEs observed in the experiment and range from 8.80 to 16.48 eV. In 

reaction (7a) two different neutral fragment structure formations are possible. Depending on 

the neutral fragment structure, the reaction (7a) is endothermic by 3.26 eV for NCH and 3.92 

eV in the case of NHC, respectively. Since these thresholds are relatively close to each other 

and the experimental onset is > 4 eV, a distinct identification of the neutral isomer fragment 

formed in (7a) is not possible from the experimental data. We only note that if we compare 



17 

 

the structure of the NCH fragment with the structure of the parent molecule of NH2CN, one 

can see that the reaction (7a) with cyanamide as a substrate needs strong molecule 

rearrangement (breaking of two bonds and creating additional C-H bond). The formation of 

the NH- anion from the carbodiimide may be also considered here, as in the case of the NH- 

formation from HN-C-NH  only a single bond has to be disrupted.  

 

CH2
- 

In the present studies of the DEA to cyanamide also the CH2
- ion was detected. Formation of 

the positive ion with the same structure in EI of cyanamide was also predicted previously by 

calculations.21 This ion needs the strongest rearrangement of the cyanamide molecule among 

all anions measured in the present studies, as two carbon - nitrogen bonds have to be broken 

and two carbon - hydrogen bonds have to be formed. Surprisingly despite the large changes in 

the molecule structure CH2
- is observed at low electron energies. The AE of CH2

- is about 0.5 

eV± 0.2 eV and its formation is observed in a broad energy region, between 0.5 to 5.0 ± 0.2 

eV.  At this range of energy two resonances at energies of 1.0 ± 0.2 eV and 3.0 ± 0.2 eV could 

be recognized. The CH2
- anion is also generated in a resonance at higher electron energies 

characterized by the AE of  ~ 6.0 ± 0.4 eV and the maximum efficiency of formation at 9.1 ± 

0.2 eV. The DEA channels which could be responsible for CH2
- formation are: 

NH2CN + e-   CH2
-  + N2,        (8a) 

NH2CN + e-   CH2
-  + 2N.        (8b) 

The calculated thermodynamic threshold for the reaction (8a) is equal to 2.0 eV and in 

the case of reaction (8b) 11.74 eV. Hence, the formation of a nitrogen molecule in the reaction 

substantially lowers the threshold, which makes the observation of reaction channel (8a) 

possible. However, the first resonance found at 1.0 eV must be ascribed to an impurity of the 

ion yield. In this case we can exclude DEA from hydrocarbons present in the vacuum 
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chamber since for these compounds resonances are only found at substantially higher electron 

energies.51   

 

V CONCLUSIONS 

Dissociative electron attachment to cyanamide in the gas phase using electron 

attachment spectroscopy was studied. The resistance of a molecule to ionizing radiation is a 

important property with respect to chemical evolution processes. In the interaction with low 

energy electrons the relative ion yields turned out to be low in the case of cyanamide 

compared to effective electron scavengers and the attachment cross section can be estimated 

to be on similar magnitudes like that for water. However, if an electron is captured, the 

formed anion decomposes into a variety of stable fragment anions. Six anionic species were 

detected in the electron energy range of about 0 eV to 14 eV. In this energy region two major 

resonance ranges at which the anions are formed are accessible, one between 0.5 eV to 4.5 eV 

and second ones in the range from 4.5 eV to 14 eV. The anion generation from NH2CN hence 

proceeds via common temporary negative ion states where CN- and NH2
- are the most 

abundant fragment anions observed. In few cases the comparison with calculated 

thermodynamic thresholds and the knowledge of electron affinities turned out to be essential. 

For example, the calculated electron affinities of NHC and NCH are negative and hence their 

anions should not be observable on mass spectrometric timescales. In the case of NHCN the 

calculated threshold value deviates from the experimental appearance energy of the anion 

which indicates that not only the DEA to cyanamide is involved.  However, based on the 

assumption that an isomeric form of the cyanamide – carbodiimide may be formed at elevated 

temperatures or in the water molecules presence, this data incoherency can be explained by 

the DEA to carbodiimide.  
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Table and Figure captions 

TABLE I. 

Adiabatic electron affinities (EA) for the NH2CN molecule and relevant neutral fragments as 

obtained with the different used extrapolation schemes. 

TABLE II. 

Thermochemical reaction thresholds for DEA reactions of cyanamide as obtained with the 

different used extrapolation schemes.  

TABLE III.  

Peak positions of resonances observed in the ion yield of fragment anions obtained in 

dissociative electron attachment to NH2CN.  

FIG. 1. 

Fragment anions observed in DEA to cyanamide which are dominantly formed at higher 

energy resonances. 

FIG. 2. 

Fragment anions observed in DEA to cyanamide which appear in low energy features. 

 

 

 

Table I.  
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Electron affinities G4 (eV) CBS-QB3 (eV) W1BD (eV) NIST (eV) [20] 

NH2CN -0.88 -0.82 -0.80 - 

HNCNH -0.67 -0.83 -0.84 - 

NHCN 2.63 2.61 2.65 - 

NCN 2.52 2.47 2.50 2.48 

 NCH2 0.52 0.50 0.50 0.51 

NH2C -0.65 -0.73 -0.71 - 

NCH -1.17 -1.17 -1.17 possibly unbound

NHC  -1.06 -0.99 -0.96 - 

CN 3.94 3.90 3.90 3.86 

NH2 0.77 0.71 0.75 0.77 

NH 0.34 0.27 0.34 0.37 

CH2 0.64 0.62 0.64 0.65 

HN2 0.72 0.87 0.76 - 
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Table II. 

 

Reaction thresholds: e- + NH2CN  G4 (eV) CBS-QB3 (eV) W1BD (eV) 

NHCN- + H 1.49 1.50 1.52 

NCN- + H2 0.71 0.69 0.80 

NCN- + H + H 5.22 5.24 5.30 

NH2C
- + N 5.39 5.42 5.44 

CN- + NH2 1.14 1.21 1.20 

CN- + NH + H 5.14 5.24 5.23 

CN- + N + H2 4.08 4.09 4.15 

CN- + N + H + H 8.59 8.64 8.65 

NH2
- + CN 4.31 4.41 4.35 

NH2
- + C + N 12.03 12.09 12.03 

NH- + CHN 3.21 3.36 3.26 

NH- + NHC 3.88 3.99 3.92 

NH- + CN + H 8.75 8.88 8.80 

NH- + NH + C 13.01 13.16 13.07 

NH- + CH + N 12.93 13.07 12.99 

NH- + C + N + H 16.46 16.56 16.48 

CH2
- + N2 1.96 2.06 2.00 

CH2
- + N + N 11.75 11.80 11.74 

CH- + HN2 6.11 6.17 6.13 

CH- + N2 + H 5.74 5.87 5.80 

CH- + NH + N 12.08 12.21 12.13 

CH- + N + N + H 15.53 15.61 15.54 
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Table III. 

Ion Observed resonance maxima in eV 
(uncertainty ± 0.2 eV)  

CN- 5.3 and 6.4 

NH2
- 6.4 

NCN- 1.5, 5.3, 6.1 and 7.9  

m/z 28 1.0 and 3.0 

m/z 27 5.3 and 6.4 

NH-  6.4 and 9.1 

CH2
- 1.0, 3.0 and 9.1 

NHCN- 1.5, 2.5, 3.0, 5.1 and 9.1 
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FIG.1  1. 
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FIG. 2. 

 

0.0

0.4

0.8

1.2

0

4

8

12

0 2 4 6 8 10 12 14 16
0.0

0.4

0.8

CH
2

-/NH
2
CN

 

 

 

 

Io
n
 y

ie
ld

 [
a
rb

. 
u
n
its

]

NHCN-/NH
2
CN

 

 

Electron Energy [eV]

m/z = 28-

/NH
2
CN


