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Abstract. Tbiofulminic acid (HCNS) and its derivatives have been identified in the gas phase by 

neutralization-reionizatian mass spectrometry, and benzonitrilc sulfide also by matrix isolation IR 
spectroscopy following flash vacuum pyrolysis. 

In contrast to the well-known N-axides, the N-sulfides are short-lived reactive intermediates and 

our knowledge of the discrete moleculea is very limited. Dinitrogen sulfide (N#) is a highly unstable 
molecule which has recently been charxterised in the gas phase and in matrices.3 Thiofulminic acid 

(HCNS) is unknown, and attempts to detect it in the gas phase or in matrices were unsuccessful.~ Ab 
initio calculations indicate that the linear H-C=N-rS is the highest energy CHNS isomer, in contrast to 
the CHNO series where iaofulminic acid, H-O-NC, is the least stable.” 

In addition to the fundamental importance of identifying short-lived molecules and establishing 

their involvement in chemicti reactions, there is also intemtellar chemical interest in the spccics 

reported here. Isothiocyanic acid (HNCS), the only CHNS isomer known, has been identified in the 
interstellar cloud Sagittarius B2.8 Other sulfur containing species (CzS and CJS) show remarkably high 

abundances in the cold dark cloud TMC-1.7 Jt may be expected, therefore, that other HCNS isomers 

and carbon sulfides may be present as well. 
Here we report the detection of thiofulminic acid in the gas phase. 
In spite of previous unsuccessful attempts,” we have employed 1,3,4-xathiazolcZ+nc (1) to 

obtain the first direct evidence for the existence of neutral HCNS using neutralization-reionieation ma88 
spectrometry (NRMS). In this techniques a beam of mass-selected ions i8 nentralized in a collision cell 
by colliding it with Xe and then reionieed in a second collision cell with 02. The recovery of a mass 

spectrum of the resulting ions implies the eldstence of the corresponding neutral molecules with 

life-times of the order of a microsecond. 
The collision-activation mass spectrum (CAMS) of the m/z 59 ions generated by direct ionization 

of isothiocyanic acid (B-N-C-S) (Figure la) is characterized by signal8 at m/z 27 (HCN), 32 (S), and 
44 (CS). The CAMS of the m/z 59 ions (M- CO1) produced by electron ionization of 1 is remarkably 

different (Figure lb): in place of the mfz 44 signal, there is a strong peak due to NS (m/z 46). Given 



N-S 
H/(o)+, -&- H-C=N-St’+ H-C!=N--S 

2 

1 

a 

2, 

-ALL cs 

C 

“-_N=C=S+’ 
CAMS 

44 

‘I, 

b 

d 

II-EN---s+ 
CAMS 

48 

__A- 
II-C-N-S+ 

NHMS 

Figure 1. (a) CAMS of HNCS’; (b) CAMS of HCNS’; (c) NRMS of HNCS’; (d) NRMS of HCNS”. CA 
spectra recorded an E/B/E spectrometer at 8 kV (He); NRMS recorded on Zab ZP &t 8 kV (Xc/O). 



the structure of the starting material (l), this clear diffcrcntiattion dcmonstratm that the m/z 59 ions 

formed by fragmentation of 1 have the structure H-C=NaS”. 

Proof of the cxistcncc of the neutral molecule, HGN+S, w&s obtained by NRMS. 

As expcctcd, the NRMS of the H-N=C=S” ions from isothiucyanic acid regenemtes the original 

mass spectrum, featuring signals at m/x 27, 32, and 44 (Figure Ic). The NRMS of the ions II-,,C-N-S’ 

produced from 1 likewise regenerates a strong survivor signal at m/r 59, closely resembling the CA 

spectrum and iu particular still f&Luring the characteristic peak at m/z 46 (NS) (Figure Id). These 

observations clearly demonstrate that neutral H-C-NAS retains its structural identity and does not 

isomcrizc to II-N=C=S on the microrccnnd time scale of the NRMS expcrimcnt. 

Several other CIINS precursors were examined. The molecular ions of 3%amino- and 

3-methyl-1,2,4-triazol~-thiol, lrilhiocyanuric acid, ethyl thiocyanate and ethyl isothiocyanate all 

gave H-N=C=S+’ ions exclusively, as identified by their CAMS which were identical with that shown in 

Figure la. Thus, compound 1 is unique in generating thiofulminic acid, H-C_N+S. 

We have demonstrated ellscwhcre the formation of the molecular ions of bcnsonitrile sulfide from 

five different precursors, as well as the NRMS to the neutral, Ph-C-N&.9 Moreover, Ph-C=_N+S is 

formed as a disc&c gas phase molecule on flash vacuum pyrolysis (FVP) of the oxathiaaole derivatives 

2a and 3a at 55OoC and is now identified not only by its NRMS but also by Ar matrix isolation at 12 K, 

where the -C=N-S stretch is observed at 2185 cm~‘. Although partial decomposition to benzordtrile 

and sulfur takes place under these conditions, and this process is completed by bleaching of the matrix 

with 335 nm light, the experiment demonstrates the existence of Ph-C-N& with lifetimes of the order 

of milliseconds in the gas phase.‘0 

The elcctton ionization (ET) mass spectra of the methyl oxathiazoles 2b and 3b feature strong 

signals at m/z 73, corresponding to CHs-C-N-S*. These ions were differentiated from those of 

CHs-N=C=S and CHs-S-C--N by kinetic energy release, met&able ion, and collision activation mass 

spectrometry. While all three ions show a loss of a methyl group (giving m/r 58) in the CAMS, 

CHpN=C-S alone features strong signals at m/t 44 and 45, CH,-S-C=N at m/z 45 and 46, and the 

m/z 73 ions produced from Zb and 3b give strong signals at m/z 46 and 47, 32 (S), and 38-U ((.X&N). 

The differences 61e preserved in the NR mass spectra, whereby the m/z 73 signal surviving the NRMS 

experiment is significantly weaker for the ion originating from 2b than for the stable molecules CHaNCS 

and CHsSCN. 

Mass apectrometric monitoring of the tlash vwwm pyrolyses of 2b and 3b demonstrated the 

formation of CHsCN as the starting materials decomposed at 3OOdOOoC. In addition, CO1 was formed 

Iran 2b, and hexachloroacetone (identified by the CC13 signal) from 3b. The m/z 73 signals decreased 

at the fame rates as the molecular ions of the starting materials, indicating that CIIarC=N+S is 

thermally less stable than Ph-C=N+S. Interestingly, the m/z 64 (Sz) signals showed a stronger increase 

with temperature than did m/z 32 (S), in analogy with our previous observation that NzS decomposes 
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to Nz and S2.3a,h The matrix isolation of CB,-C=N+S from a thermal system may therefore be 

expected to be difficult. Preliminary expcrimenls OIL the FVP of 3b at 300-500nC gave rise to k IL~W 

peak at 2230 cm-~ in the 1K spectrum (Ar, 12 K). which is hleachcd by WV light. Further work ai~ned 

at a full characterization of CHI-C=N+S will be reported. 
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