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1. Introduction 

Since the discovery of the salts of two chemically different pseudohalide acids with the 

same elemental composition (silver-cyanate: AgOCN and silver-fulminate: AgCNO), which 

resulted in the introduction of the concept of isomerism, pseudohalogen compounds have 

photogenic role in many areas of chemistry.
1−3

 It is shown that the relative abundance of 

different [H, C, N, O]
a
 isomers can provide details about the physical and chemical properties 

of interstellar clouds.
4
 In the last few decades not only the four-atomic species, but some other 

derivatives, including unsaturated isomers were also identified in the interstellar medium.
5−11

  

 The bidentate nature of the pseudohalide groups (CN and CNX, where X = O, S, Se) 

results in large structural variability, and the [H, C, N, X] systems are well applicable for 

studying the quasilinear behavior and the large amplitude motion of the hydrogen atom, so 

these systems are popular models both for theoretical and experimental investigations.
12−14

 In 

addition, covalent pseudohalogens are considered to be intermediates of specific 

cycloaddition reactions.
15−17

 

The widespread occurrence of pseudohalogen compounds calls for spectroscopic studies 

of the previously unobserved isomers and their derivatives. The aim of my work was to 

generate and investigate new pseudohalogen compounds using UV (laser) photolysis and 

matrix-isolation (MI) technique coupled with IR and UV-Vis spectroscopies. Altogether 

seven groups of isomers, including the [2C, 2N, X] (X = S, Se), [NH2, C, N, X] (X = O, S), 

[NH, H, C, N, X] (X = O, S), and the [2C, 2N, 2Se] systems were investigated. The results of 

one of my former projects on the [2C, 2N, 2S] isomers are also discussed in the thesis. 

 

2. Literature review 

Several groups of pseudohalogen compounds were studied in the last few decades both 

by experimental and theoretical methods.
18

 The experimentally investigated isomers that are 

closely related to the systems I have been examining are summarized in Table 1. 

The [H, C, N, X] (X = O, S, Se) systems are one of the longest known and most widely 

investigated pseudohalogen systems. As seen from the table, except for selenocyanic acid 

(HSeCN), the 4-4 lowest energy isomers are known. Eight isomers were also generated from 

the [2C, 2N, X] (X = O, S, Se) structures, however only two of the amino-substituted 

                                                           
a
 [X, Y, …, Z] denotes the isomers of a system containing X, Y, …, Z atoms or groups. 
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derivatives were known earlier. Despite the greater structural variability of the 

[2C, 2N, 2X] (X = O, S, Se) isomers, only six of them are known up to now.  

 

Table 1. Previously observed pseudohalogen isomers and their derivatives. 

 H− NC− H2N− OCN− ONC− SCN− NCS− NCSe− 

−NCO     −    

−NCS   −   * *  

−NCSe  − −      − 

−CNO   − −     

−CNS * *    − −  

−CNSe * * −     − 

−OCN   − − −    

−SCN   −   −   

−SeCN −  −      

−ONC  − − − −    

−SNC  − −   − −  

−SeNC * − −     − 

: The isomer was observed experimentally. 

*: The isomer was observed first time in our laboratory. 

−: The isomer was not observed experimentally before. 

Molecules with two pseudohalide groups containing different elements from group VI.A were 

not investigated; these boxes are grey in the table. 

  

Although cyclic constitutional isomers − including three-membered rings − of the 

investigated molecules are also conceivable, their observation has not been done so far. (The 

thiazirine ring was identified only in the case of the fluorine substituted analogue FC(NS)
b
 

isomer.
19

) Furthermore, the tautomers of the −NH2 group containing isomers were also not 

detected. 

 

3. Methods
20,21

 

In my experiments matrix-isolation technique was used together with IR and UV-Vis 

spectroscopies. Matrix isolation means a technique, where the investigated particles are 

deposited in solidified inert gases (e.g. Ar, Kr, N2, para-H2) at low temperatures (~3−20 K). 

                                                           
b
 AX(YZ) denotes a three-membered XYZ ring with the A atom (or group) bonded to X. 
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In an ideal case, usually when the host-guest ratio is 1000:1 or larger, the investigated 

particles are located in individual cavities as it is shown in Figure 1. In this case, similarly to 

the gas-phase, the intermolecular interactions are minimized. 

 

 

Figure 1. Molecules isolated in a matrix. 

 

The technique has many advantages. The matrix lattice acts as a cage and can hinder the 

rotation of the molecules. Because of this, apart from some small molecules, pure vibrational 

transitions can be observed. This results in narrow, sharp bands in the spectra and reduces the 

overlap compared to a gas-phase spectrum in which case both the rotational and vibrational 

transitions appear. Under appropriate conditions the interactions between the investigated 

species are negligible, while the band shift caused by the interactions with the matrix is also 

small. It means that the measured spectra can be directly compared with the results of the 

quantum-chemical computations. Further advantage of the MI technique is that the applied 

matrix gases are transparent in the IR−UV range, so IR, Raman, and UV-Vis spectroscopies 

can equally be used for detection. 

However, some effects can influence the appearance of the MI spectra, which are 

important to keep in mind during the investigations. As it is shown in Figure 1, the guest 

molecules, which are embedded in a different orientation into the matrix lattice, have slightly 

different environments, which results in a band splitting. It is called matrix splitting or site 

effect, which is a common phenomenon in matrix-isolation experiments. The cavity sizes in 

He, Ne, Ar, Kr, or Xe matrices are significantly different due to the different sizes of the rare 

gas atoms. According to this, carrying out experiments using different rare gases is a good 

opportunity to recognize the site effects and to avoid assigning split sub-bands to different 

fundamental transitions. In some experiments the investigated species are generated by 

photolysis from a larger precursor molecule in the deposited matrix. In the case if the 

by-product(s) remain(s) in the same cage as the investigated product molecule of the 
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irradiation, the spectra may be perturbed by mutual interactions, or the unstable fragments can 

react with each other. This is the so-called cage effect. 

Due to its advantages, the technique has many application areas. Using the matrix 

isolation method, it is possible, among others, to study photochemical reactions and reaction 

mechanisms; to observe unstable molecules, such as reaction intermediates; to generate and 

characterize reactive species; to freeze out and study molecular conformations; or to mimic 

the conditions of interstellar clouds. This technique was used also to generate the first 

Ar-containing compound, HArF, in 2000.
22

 

 

4. Results 

Altogether seven systems were investigated during my PhD work, and the results 

obtained previously for the [2C, 2N, 2S] system are also described. In these studies, first the 

appropriate precursors were prepared and their MI spectra were measured. After that, 

narrow-band irradiations were carried out to generate new, previously not observed and 

identified isomers. These identifications were supported by time-dependent analysis of the 

band intensities of the IR spectra recorded during and after the irradiations, by the assumed 

similar behavior of the homologue systems, and by quantum-chemical computations. The new 

results of my work are the follows: 

1. In the cases of the [2C, 2N, X] (X = S, Se) systems, first the NCSCN and NCSeCN 

isomers were prepared, and their MI-IR spectra were recorded in Ar and Kr matrices. For both 

precursors 4 fundamental vibrational transitions and 6 combinational bands were observed, 

while for NCSeCN 1 formerly unobserved overtone was also detected. It is much more than 

the previously known experimental data, because only 3 and 4 fundamental vibrational 

transitions were observed for NCSCN and NCSeCN, respectively. The 254 nm irradiation of 

the precursors resulted in the NCNCX and NCXNC (X = S, Se) isomers. It was also found 

that the generation of the NCNCX isomers is more effective in a Kr than in an Ar matrix. It 

can be explained by the fact that in a Kr matrix there are larger sites, and the 

NCXCN → NCNCX isomerization process likely requires larger space compared to the 

NCXCN → NCXNC reaction. Together with the generated three novel structures (NCSNC, 

NCNCSe, and NCSeNC) all the four lowest energy [2C, 2N, X] (X = S, Se) isomers are now 

experimentally identified and spectroscopically characterized. 
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2. The photolysis of NCSeSeCN at 254 nm resulted in one new band in the IR spectra 

both in Ar and Kr. Based on the observation for the NCSeCN → NCNCSe process, that the 

isomerization of the −SeCN group is not effective in the smaller sites of an Ar matrix; and 

comparing the wavenumber value of the observed band with the computed values of the 

[2C, 2N, 2Se] isomers, the new band was assigned to the hitherto unknown NCSeSeNC. 

3. The [NH2, C, N, X] (X = O, S) systems were investigated by the photolysis of 

1,2,5-oxadiazole-3,4-diamine and 1,2,5-thiadiazole-3,4-diamine. On the basis of the rate of 

the intensity change, the bands observed upon photolysis could be divided into three 

subgroups as they belong to three different products. It was found in both cases that two of the 

generated isomers formed a H-bonded complex with the other photoproduct, the cyanamide 

molecule. Besides the H2NCNO : H2NCN, H2NNCO : H2NCN, H2NCNS : H2NCN, and 

H2NNCS : H2NCN complexes, two ring-containing isomers (H2NC(NO) and H2NC(NS)) 

were also detected as photoproducts. Only two of these isomers − H2NNCO and H2NCNS − 

were investigated previously. 

4. To verify the successful preparation and identification of the H2NCNX : H2NCN, 

H2NNCX : H2NCN complexes and the H2NC(NX) molecule (X = O, S); and because of 

possible generation of other, experimentally unidentified isomers, e.g. 

[NH, H, C, N, X] (X = O, S) structures, the narrow-band irradiation of the constitutional 

isomers of the previously investigated precursors, namely the 1,2,4-oxadiazole-3,5-diamine 

and its sulfur analogue was also studied. In these cases, two more novel products, the 

HNNCHO : H2NCN and HNNCHS : H2NCN complexes were also observed. 

The results of the experiments are summarized in Figure 2. 
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Figure 2. Summary of the experiments. 

 

The novel molecules generated and spectroscopically characterized during my PhD 

project can be important as being reactive intermediates. It is also expected that at least some 

of these species are present and could be identified in the interstellar medium. 
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