
HAL Id: hal-04166067
https://hal.science/hal-04166067v1

Submitted on 21 Jul 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License

Free ethynylarsinidene and ethynylstibinidene: Heavier
analogues of nitrenes and phosphinidenes

Arun-Libertsen Lawzer, Elavenil Ganesan, Marcin Gronowski, Thomas
Custer, Jean-Claude Guillemin, Robert Kolos

To cite this version:
Arun-Libertsen Lawzer, Elavenil Ganesan, Marcin Gronowski, Thomas Custer, Jean-Claude
Guillemin, et al.. Free ethynylarsinidene and ethynylstibinidene: Heavier analogues of nitrenes and
phosphinidenes. Chemistry - A European Journal, 2023, pp.e202300887. �10.1002/chem.202300887�.
�hal-04166067�

https://hal.science/hal-04166067v1
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr


RESEARCH ARTICLE    

 
 

Free ethynylarsinidene and ethynylstibinidene: Heavier 
analogues of nitrenes and phosphinidenes 
Arun-Libertsen Lawzer,*[a] Elavenil Ganesan,[a] Marcin Gronowski,[a] Thomas Custer,[a] Jean-Claude 
Guillemin,[b] and Robert Kołos[a] 
[a] Dr. Arun-Libertsen Lawzer 

Institute of Physical Chemistry, Polish Academy of Sciences 
Kasprzaka 44/52 
01-224 Warsaw, Poland 
E-mail: alawzer@ichf.edu.pl 

[a] Elavenil Ganesan 
Institute of Physical Chemistry, Polish Academy of Sciences 
Kasprzaka 44/52 
01-224 Warsaw, Poland 
E-mail: eganesan@ichf.edu.pl 

[a] Dr. Marcin Gronowski 
Institute of Physical Chemistry, Polish Academy of Sciences 
Kasprzaka 44/52 
01-224 Warsaw, Poland 
E-mail: mgronowski@ichf.edu.pl 

[a] Dr. Thomas Custer 
 Institute of Physical Chemistry, Polish Academy of Sciences 

Kasprzaka 44/52 
01-224 Warsaw, Poland 

 Email: thomas.custer@ichf.edu.pl 
[a] Prof. Dr. Robert Kołos 
 Institute of Physical Chemistry, Polish Academy of Sciences 

Kasprzaka 44/52 
01-224 Warsaw, Poland 

 Email: rkolos@ichf.edu.pl 
[b] Prof. Dr. Jean-Claude Guillemin 

Univ Rennes 
Ecole Nationale Supérieure de Chimie de Rennes 
CNRS, IRCR-UMR 6226 
F-35000 Rennes, France 
Email : jean-claude.guillemin@ensc-rennes.fr 

 Supporting information for this article is given via a link at the end of the document. 

 
Abstract: Until now, there has been very little experimental evidence 
for the existence of free arsinidenes and stibinidenes, apart from the 
hydrides, AsH and SbH. Here we report on photogeneration of triplet 
ethynylarsinidene, HCCAs, and triplet ethynylstibinidene, HCCSb, 
from ethynylarsine and ethynylstibine, respectively, in solid argon 
matrices. The products were identified using infrared spectroscopy 
and the associated UV absorption spectra are interpreted with the aid 
of theoretical predictions. 

Introduction 

Pnictinidenes are molecules containing a monovalent group 15 
(pnictogen) atom. Unless efficiently stabilized by an electron-rich 
π-donating substituent,[1] most of them have triplet ground 
electronic states. Nitrenes, the archetypal representatives of 
pnictinidenes, are widely studied in organic reactions.[2] Moving 
down group 15, several triplet phosphinidenes[3] have been 
generated and characterized in argon matrices. The hydrides 
NH[4], PH,[5] AsH,[6] SbH,[7] and BiH[8] have all been generated via 
degradation of their respective NH3, PH3, AsH3, SbH3 and BiH3 
precursors. Below phosphorus in group 15, however,  
methylbismuthinidene, CH3Bi,[9] and methylarsinidene, CH3As[10]  

are the only polyatomic pnictinidenes so far characterized 
experimentally and are generated by gas-phase pyrolysis of their 
corresponding trimethyl precursor. Synthesis of free stable 
pnictinidenes is an active area of research. The electron 
deficiency at a pnictogen atom makes them highly reactive, and 
the only way to synthesize a stable compound is with a π-donating, 
bulky, electron-rich substituent which shields and stabilises the 
pnictinidene site.  

 

Scheme 1. Electronic structure of pnictinidenes. Half-filled and empty p-
orbitals of the pnictogen (X) atom are shown. Bars marked with two dots 
symbolise hybridized orbitals of the lone pairs. 

Apart from a few nitrenes stable at room temperature,[11] 
only one such pnictinidene (a phosphino-phosphinidene) has 
been synthesized.[12] Attempts to synthesize arsinidenes or 
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stibinidenes have typically resulted in dimerization, even with 
bulky substituents shielding the pnictogen moiety.[13] Monomeric 
forms have been produced only as singlet Lewis adducts, using 
inter- or intramolecular electron donors.[14] We have 
demonstrated[15] that ethynylphosphine, generated from 
phosphapropyne in a rare gas matrix, undergoes UV-induced 
dehydrogenation to form triplet ethynylphosphinidene, HCCP. It 
was of interest to find out whether a similar photochemical 
process could produce the analogous compounds HCCAs and 
HCCSb. Here we report on the generation of free 
ethynylarsinidene and ethynylstibinidene in cryogenic argon 
matrices.  These molecules are characterized using IR and 
UV/Visible spectroscopy together with theoretical predictions. 

Results and Discussion 

Unlike ethynylphosphine, both pnictines used here as 
photochemical precursors, HCCAsH2 and HCCSbH2, are highly 
unstable. Experiments were carried out promptly following their 
synthesis, after brief storage at 77 K. Details pertaining to the 
preparative synthesis, cryogenic technique, UV irradiation, and 
spectroscopic measurements are provided in the experimental 
section. Briefly, the pnictines, HCCAsH2 and HCCSbH2, were 
obtained from the respective ethynyldichloro-derivatives using 
tributyltin as a reducing agent.[16] The pnictine vapor was mixed 
with argon at a ratio of 1:1000.  The mixture, trapped at 6 K as a 
solid layer on an optical window inside a cryostat, was subjected 
to UV photolysis and analyzed with IR and UV/Visible absorption 
spectroscopy. 

 

Scheme 2. Photogeneration of triplet ethynylpnictinidenes. X stands for P, As, 
or Sb atoms. 

 
Representative IR spectra following the photolyses of 

HCCAsH2 and HCCSbH2 are shown in Fig. 1. Our assignments 
of the ethynylpnictinidene bands in Fig. 1 and Tab. 1 are based 
on the DFT-predicted anharmonic vibrational frequencies and IR 
intensities. The time evolution of these IR bands (SI, Fig. S1) 
further supports their assignment. After 60 h of Hg-lamp 
irradiation, the concentration of arsinidene was still increasing, 
albeit weakly, while that of stibinidene passed through a broad 
maximum after just 2 h (Fig. 2). Such dissimilar photochemical 
susceptibilities may stem from different cross-sections for the 
applied 254 nm radiation or from different yields of the ensuing 
dehydrogenation reactions. For both pnictines, however, the UV 
absorption at that wavelength was too weak to allow a standard 
spectrophotometric measurement of optical density (the same 
was true for ethynylphosphine[15]). 

We have also detected the IR spectral features 
attributable[17] to the highest frequency stretching modes of CCAs 
(1692 cm-1) and CCSb (1751 cm-1). Unlike the bands of 
pnictinidenes, they grow approximately linearly (SI, Figure S1), 
starting from the onset of the photolysis. This suggests a 
precursor for CCX whose concentration is nearly constant over 
the course of the observed experimental period. This steady-state 
species could be excited state [HCCX]* which is formed from 

either dehydrogenation of excited [HCCXH2]* or from 
photoexcitation of HCCX. Theory predicts these ν1 bands to be 
the most intense for both radicals (SI, Table. S3). Based on 
theoretically derived absolute intensities of the observed IR bands 
(Table 1 and S3), the concentrations of CCX radicals in 
extensively photolyzed samples were found to be approximately 
30 and 65 times lower than that of HCCX molecules, for As- and 
Sb-bearing species, respectively.  

Our previous study showed that ethynylphosphine photo-
rearranges to phosphapropyne and phosphaallene and that this 
rearrangement occurs concurrently with dehydrogenation.[15] 
However, we observed no photoisomerization of the arsine or the 
stibine precursors (HCCAsH2 and HCCSbH2). We could not 
detect any isomers of HCCAs or HCCSb (or of HCCP [15]), while 
the photochemical generation of the nitrene, HCCN, in solid argon 
was reportedly[18] accompanied by formation of HCNC and cyclo-
CHCN. 

Figure 1. Top : IR absorption spectrum theoretically derived (anharmonic 
approach : VPT2//B3LYP with basis sets aug-cc-pVTZ for H and C; aug-cc-
pVTZ-PP for As And Sb) for the ground electronic state of HCCAs, compared 
with a difference spectrum (after-minus-before photolysis) showing the result of 
a prolonged (3 days) Hg-lamp irradiation of HCCAsH2 isolated in solid Ar. 
Bottom: analogous spectra depicting the identification of HCCSb as the product 
of HCCSbH2/Ar photolysis; irradiation time: 4 h. Bands of the theoretically 
predicted spectra pointing downwards to facilitate the comparison with 
experimental results. Asterisk indicates an artefact feature originating in the CsI 
substrate window. 

The electronic structure of HCCN is not that of a nitrene 
(H—C≡C—Ṅ̲⋅) but of cyanocarbene[18] (H—﮲C﮲—C≡Ṉ) with a 
significant allenic (H—Ċ=C=Ṅ̲) admixture. Moving from P to Sb, 
the allenic contribution decreases, the carbenic one is non-
significant, and the pnictinidene character (H—C≡C—Ẋ̲⋅) prevails. 
This trend, the increase in acetylenic character of the C-C bond 
on moving towards a heavier species, is demonstrated by an 
increase in the C-C stretching frequency:  1734 cmP

-1
P for HCCNP

[18]
P 

to 1787 cm P

-1
P for HCCPP

[15]
P to 1893 cmP

-1
P for HCCAs to 1955 cm P

-1
P 

for HCCSb.  While large changes in the C-H bond are not 
expected, the increase in acetylenic nature of the CCH unit can 
still be seen in the growing CH stretching frequencies: 3229 cmP

-1
P 

for HCCNP

[18]
P, 3288 cmP

-1
P for HCCPP

[15]
P, 3294 cmP

-1
P for HCCAs, 3297 

cmP

-1
P for  HCCSb. The HCC bending frequency exhibits a system-
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Table 1. IR-spectroscopic identification of the triplet pnictinidenes HCCAs and HCCSb.  
 

 
Vibrational Mode 

 

HCCAs HCCSb 
Theory (anharmonic)a Experimental (argon matrix) Theory (anharmonic)a Experimental (argon matrix) 

Frequency 
(cm-1) 

Intensity 
(km mol-1) 

Frequency 
(cm-1) 

Relative 
Intensity (%) 

Frequency 
(cm-1) 

Intensity 
(km mol-1) 

Frequency 
(cm-1) 

Relative 
Intensity (%) 

ν1 CH stretching 3310 61 
3294.7 
3284.6 

100 3314 54 
3297.0 
3283.9 

60 

ν2 CC stretching 1890 8.8 1893.1 13 1975 9.7 1955.9 18 
2ν3 overtone 1214 37 1201.0 17 1298 35 1256.7 26 
ν3 CCH bending 609 72 605.9 59 652 74 635.1 100 
ν4 CX stretching 508 22 552.9 10 431 34 473.3 21 
2ν5 overtone 549 0.1 498.7 6 471 0.3 Not observed 
ν5 CCX bending 271 25 Out of detection range 232 27 Out of detection range 

[a] VPT2//B3LYP with basis sets aug-cc-pVTZ for H, C, P and aug-cc-pVTZ-PP for As, Sb.

 
-atic increase in energy moving from HCCN to HCCSb:  458 cm-1 
[18c] (or lower)[18a] for HCCN, 565 cm-1 for HCCP[15], 606 cm-1 for 
HCCAs, and 635 cm-1 for HCCSb. This indicates that the unpaired 
electron density becomes more localized on the pnictogen atom 
of HCCX when moving from nitrogen- to antimony-bearing 
molecules. These increasing frequencies show that the electronic 
structure plays a dominant role compared to the contribution from 
the mass of the pnictogen atom. For C-X stretching (1735 cm-1 for 
HCCN[18], 696.1 cm-1 for HCCP[15], 552.9 cm-1 for HCCAs, and 
473.3 cm-1 for HCCSb), the electronic structure and the mass of 
the pnictogen both cause a trend towards lower frequencies. 

 

Figure 2. Comparison of time evolution of IR band intensities over the course 
of 254 nm photolysis of HCCAsH2 (top panel) and HCCSbH2 (bottom panel). 
Intensities of precursor and product bands are normalized (100 being assigned 
to the maximal value observed for each band). The degradation of HCCAsH2 
was not complete after the total photolysis time of 60 h. To correct for that, the 
residual intensity measured at the end of irradiation was subtracted prior to the 
normalization. Bands ν9 and ν3 are the C-H bending modes of the 
corresponding molecules. In the case of HCCSbH2, the bending C-H and Sb-H 
frequencies are overlapping, therefore the ν2 (C-C stretching) band was traced. 

The theoretical predictions show an increase of the CC bond 
order (Table 2), while moving towards the heavier pnictinidene 
which is consistent with the changes of the CC stretching 

frequencies discussed earlier. The lack of efficient orbital overlap 
between the acetylenic unit and the pnictinidene center in heavier 
pnictinidenes is illustrated in Fig. 3 by in the contour maps of the 
highest occupied (HOMO) and singly occupied (SOMO) 
molecular orbitals.    

The electronic structure of HCCX (X=P, As, Sb) molecules is 
determined by two electrons distributed on the two degenerate π* 
molecular orbitals. Therefore, HCCX species have a triplet ground 
state, as we expect based on Hund’s rule. DFT predicted triplet-
singlet energy gaps of HCCP, HCCAs, HCCSb, and HCCBi are 
all similar: 22, 23, 22, and 21 kcal mol-1, respectively.  

 
Table 2. Bond length (Å), bond order and electric dipole moment 
(Debye) of HCCX molecules obtained with B3LYP and CCSD. 
The bond orders are reported only for B3LYP. Augmented triple-
zeta basis sets were applied.  
 

Species Bond length (Bond order) Dipole moment  

   H-C                    C-C                 C-X                       

HCCN 0.998* 1.323* 1.195* 3.25 

HCCP 1.057* 
1.063 (0.99) 
{1.065} 

1.241* 
1.229 (2.78) 
{1.231} 

1.685* 
1.685 (0.99) 
{1.702} 

1.18 
{1.24} 

HCCAs 1.063 (0.99) 
{1.065} 

1.220 (2.83) 
{1.225} 

1.840 (0.99) 
{1.840} 

0.52 
{0.53} 

HCCSb 1.063 (0.99) 
{1.065} 

1.215 (2.89) 
{1.221} 

2.062 (0.99) 
{2.056} 

0.16 
{0.16} 

* Values measured with microwave spectroscopy.[19] Values in italics and within 
{ } were obtained with B3LYP and CCSD calculations, respectively. 

 

The excited electronic states were explored using ab initio 
relativistic electronic structure methods. All energies and 
properties were computed using the vertical approximation based 
on the ground-state geometry predicted at CCSD level of theory. 
The excitation energies were obtained with Fock-space CCSD 
(FS-CCSD)[20] and the generalized active space configuration 
interaction (GASCI) method.[21]  Both approaches predict that the 
first and second singlet states of HCCX molecules lie at 18-21 
kcal/mol and 33-39 kcal/mol above the ground state, respectively 
(Table 3). With increasing mass, relativistic effects, including spin-
orbit interaction, become increasingly important.  The energy  
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Table 3. Excitation energies and transition dipole moments from the ground state obtained by Generalized Active Space Configuration 
Interaction (GASCI) and Fock-space CCSD (FS-CCSD, inside the parentheses) calculations.  
 

 
State 

HCCP HCCAs HCCSb 

Relative energy 
cm-1 

Transition  
dipole moment 

Debye 

Relative energy 
cm-1 

Transition  
dipole moment 

Debye 

Relative energy 
cm-1 

Transition  
dipole moment 

Debye 

Triplets  

X3Σ- 
Ω=0 0(0) - 0 (0) - 0 (0) - 
Ω=1 4.2(4.6) 0.0001 110 (124) 0.003 636 (660) 0.02 

13∆ 
Ω=3 30522 (30717) - 30191 (30742) - 30283 (32273) - 
Ω=2 30636 (30828) - 30692 (31236) - 31316 (33284) - 
Ω=1 30751 (30940) 0.002 31227 (31759) 0.01 31568 (33379) 0.04 

13Σ+ 
Ω=1 31850 (32039) 0.001 31696 (32244) 0.008 32715 (34617) 0.02 
Ω=0 31857 (32044) - 31924 (32413) - 32851 (34459) - 

13Σ- 
Ω=0 33580 (34578) 1.9 32984 (34155) 2.0 32920 (34831) 2.0 
Ω=1 33584 (33580) 0.003 33157 (34269) 0.01 33918 (35665) 0.03 

13Π 
Ω=2 40491 (37099) - 41678 - 38760 - 
Ω=1 40594 (37210) 0.9 42204 0.9 39851 1.1 
Ω=0 40704 (37322) - 42813 - 41424 - 

Singlets 
11∆ 6499 (6233) - 6902 (6429) - 7339 (7519) - 
11Σ+ 11542 (11643) 0.004 12439 (12409) 0.01 13471 (14022) 0.03 
11Σ- 28588 (28389) - 28667 (28932) - 29356 (30602) - 

 

 
 
Figure 3. DFT-derived (restricted-open-B972, augmented triple-zeta basis set) 
frontier molecular orbitals. Lengths in Å. 

difference between Ω=1 and Ω=O components of the ground 
electronic state grows from 4 cm-1 (for HCCP) to about 650 cm-1 
(for HCCSb) (Table 3), yet the spin-orbit splitting does not change 
the energetic order of the states X3Σ-, 11∆ and 11Σ+. CASSCF 
calculations show similar results (SI, S5).  

The electronic spectra of ethynylpnictinidenes exhibit a 
multiplet structure spread over the range of approx. 290 to 380 
nm. We assign these features to the vibronic bands of the first 
fully allowed electronic transition, X3Σ-→13Σ- (Table 3), shaped 
mostly by the HOMO-SOMO (σ2π4π*2→σ2π3π*3) excitation. The 
corresponding origin bands are likely in the region of 350 to 370 
nm (28 600 to 27 000 cm-1); if so, the corresponding theoretically 
predicted transition energies would be higher by about 0.7-0.8 eV 
(Table 3). In HCCN, the analogous π-π* system (identified as X3Σ  

 

 

Figure 4. UV absorption spectra obtained after 254 nm photolysis of HCCSbH2 
(bottom) and HCCAsH2 (middle). Spectrum of HCCP (top) is reproduced from 
Ref. 14. Asterisk marks an unidentified photoproduct uncorrelated to HCCP. 
Energies of the frontier molecular orbitals (inset) were obtained by restricted-
open-B972 computation with augmented triple zeta basis set. 

→13Σ-1) [18d], appears around 300 to 340 nm with a vibronic 
progression of ca. 550 cm-1.[18]  

The expected second fully allowed transition is X3Σ-→13Π, 
associated mostly with the change of electronic configuration from 
σ2π4π*2 to σ1π4π*3. As illustrated by the scheme of orbitals (inset 
of Fig. 4), energies of such HOMO-1 to SOMO excitations are 
likely similar for HCCP and HCCAs. This is reflected in the 
experimentally observed peak wavelengths: 260 nm and 262 nm, 
respectively.  For HCCSb, the transition is slightly red-shifted (to 
274 nm), in qualitative agreement with the predicted orbital 
energies. These strong absorption features can be reasonably 
assigned to the 0-0 bands of the X3Σ- → 13Π systems. The 
corresponding theoretically predicted transition energies (Table 3) 
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are higher by approximately 2130, 4040, and 3360 cm-1 (0.26, 0.5, 
and 0.42 eV) for HCCP, HCCAs and HCCSb, respectively. In 
HCCN, where the carbene structure prevails (i.e. the carbon atom 
of CH-moiety has most of the unpaired electron density[23]), the 
transition analogous to X3Σ- → 13Π appears as a vibronic 
progression between 295 nm and 240 nm (spacing of ca. 1100 
cm-1 is probably due to CCN stretching).[18] However, HCCP, 
HCCAs, and HCCSb, with their unpaired electrons localized 
mostly on the pnictogen atom, show a clear resemblance to NH[4], 
PH[5], AsH[6], SbH[7], and BiH[8]. For these diatomic pnictinidenes, 
the observed origin bands of the X3Σ-→13Π system (σ-π*) all fall 
in a narrow wavelength range, around 340 nm. 
 

Conclusion 

In summary, photodehydrogenation of HCCAsH2 and 
HCCSbH2, carried out in argon matrices, produced the triplet 
arsinidene HCCAs and stibinidene HCCSb. Both were identified 
and characterized using infrared spectroscopy. The fact that we 
did not observe HCCAsH and HCCSbH radicals suggests that 
HCCAs and HCCSb are formed through a concerted loss of H2 
and that the photodehydrogenation reaction might be a viable 
method for a synthetic chemist to generate these species in 
solution and stabilize them with a suitable ligand. We have 
compared the IR and UV absorption spectra of HCCAs and 
HCCSb with those of HCCN and HCCP to understand the 
changes in electronic structure. Both theoretical and IR 
spectroscopic investigations indicate that the monovalent 
character of a pnictogen atom is more pronounced for the HCCAs 
and HCCSb compared to HCCP, let alone HCCN. EPR and 
microwave spectroscopy might provide more insight into the 
respective ground-state electronic arrangements. The first two 
electronic transition of these ethynyl pnictinidenes were assigned. 

Experimental Section 

Experimental details 

Experiments were performed using standard matrix isolation technique. 
Prior to the deposition of low temperature matrices, a precursor compound, 
HCCAsH2 or HCCSbH2 (IR spectra and assignments in SI, S6), was 
mixed with Ar (Multax 5.0) at the ratio of 1:1000 in a metal vacuum manifold 
equipped with capacitance manometers. The mixture was then passed 
through a microleak valve prior to entering a vacuum chamber housing the 
cold finger of a closed cycle helium cryostat (Advanced Research Systems 
DE-202SE refrigerator, ultimate temp. of 6 K) where the mixture solidified 
onto an IR-transparent (CsI) cold target mounted at the end of the cold 
finger. IR absorption spectra were collected with Bruker Vertex 70 
spectrometer featuring a KBr beam splitter and a liq. N2-cooled HgCdTe 
detector at a resolution of 0.16 cm-1. A low-power (Philips UV-C, 11 Watt) 
mercury lamp was used for UV irradiation. The same experimental 
procedure was used for electronic spectroscopy with the only changes 
being replacement of the CsI cold target with sapphire, use of quartz 
windows on the vacuum shroud housing the cold finger, and monitoring 
using a UV-3100 spectrophotometer (Shimadzu Scientific Instruments, 
Japan). 

Computational details 

The ground electronic state geometry optimization was performed with two 
electronic structure methods: CCSD[24] and B3LYP[25]. The bond orders 

were based on the Natural Bond Orbital analysis[26] of B3LYP electronic 
density performed with the NBO version 3. The reported anharmonic 
vibrational frequencies and infrared intensities[27] were obtained with 
second-order vibrational perturbation theory (VPT2) and employed 
numerical differentiation of B3LYP electronic energies. The presented 
energies and shapes of frontier molecular orbitals were obtained with 
restricted-open computations at the B972[28] level of theory. We used the 
Dunning-type augmented correlation consistent triple zeta basis set aug-
cc-pVTZ[29] for H, C and P atoms. For As, Sb, and Bi atoms we used a 
similar basis set, aug-cc-pVTZ-PP[30] (with Stuttgart-Koeln small core 
pseudopotentials[31]), downloaded from the Basis Set Exchange 
library.[32] The B3LYP, B972, and CCSD computations employed the 
Gaussian 16 package.[33] The electronic excitation energies presented in 
Tab. 3 were obtained with two methods : Fock-space CCSD (FS-CCSD)[20] 
(2,0) sector and generalized active space configuration interaction 
(GASCI)[21]. For FS-CCSD, the active space was five hole-orbitals for both 
alpha and beta spins. The FS-CCSD approach includes both static and 
dynamic correlation and allows for efficient description of states formed by 
different distributions of electrons over SOMO, HOMO, and HOMO-1 
orbitals. For GASCI computations, two active shells were used. The first 
shell was composed of five orbitals 2 × SOMO, 2 × HOMO, and HOMO-1, 
while the second shell comprised 29 virtual orbitals.  GASCI computations 
predict the orbital occupation and electronic transition dipole moment 
together with the excitation energies between the ground and excited 
states. Relativistic computations for the excited states employed the all-
electron triple-zeta relativistic basis sets developed by Dyall[22], with one 
exception: the FS-CCSD computations for HCCSb employed the Dyall 
double-zeta basis set. FS-CCSD and GAS computations were performed 
by DIRAC19[34]. The state-averaged complete active space self-consistent 
field (CASSCF) non-relativistic computations employed the MULTI code[35] 
from the Molpro 2012 package.[36] Eight electrons were distributed within 
the active space consisting of four π orbitals and one σ orbital. All orbitals 
were optimized during the computations which were performed in 
the C2v symmetry for both singlet and triplet states. Once again, aug-cc-
pVTZ basis sets were applied for H, C, P atoms and aug-cc-pVTZ-PP for 
As, Sb. 

Synthetic details 

We used the reported synthesis of ethynylarsine and ethynylstibine with 
minor modifications from the previously reported methods.15 Tributyltin 
hydride (14.6 g, 50 mmol) was introduced into a two necked round-
bottomed flask along with a small amount of duroquinone and fitted on a 
vacuum line having two U-traps equipped with stopcocks and degassed. 
The flask was then immersed in a cold bath at 0°C.  The first trap was 
maintained at -60°C to remove high boiling impurities and the second at -
110°C to selectively trap ethynylarsine or ethynylstibine. The crude 
solution of dichloroethynylarsine or -stibine (10 mmol), prepared as 
previously reported,[16] was slowly introduced with a flex-needle into the 
reducing mixture over the course of ~10 min.  The product was evacuated 
as soon as it formed and was selectively trapped in the second cold trap. 
At the end of the addition, the reaction mixture was stirred for 10 min before 
disconnecting the second trap.  The final product was stored in liquid 
nitrogen until its introduction into the vacuum manifold used for matrix 
isolation measurements. 
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corresponding pnictines. Electronic structures of these species are compared with HCCN and HCCP in light of their vibrational and 
electronic spectra and with support from theory. 
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