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Silicon—carbon bond couplings represent a fundamental foundation for bottom-up molecular mass growth
processes of silicon carbide grains in extraterrestrial environments. Yet, the elementary reaction
mechanisms affording the gas-phase preparation of simple silicon- and carbon-containing molecules,
which act as central molecular building blocks of silicon carbide grains, remain largely unexplored.
Herein, we reveal the barrierless gas-phase preparation of the bicyclic silicon tricarbide molecule (c-SiCs,

. st 2026 X*A;) and its linear isomer (I-SiCs, X*=7) as prototype silicon carbide grain precursors via the bimolecular
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Accepted 11th February 2026 reaction between tricarbon (Cz, X'247) and silylidyne (SiH, X“II) under single-collision conditions. With
the detection of c-SiCz and [-SiCs in the circumstellar envelope of the carbon star IRC+10216, the title

DOI: 10.1039/d6sc00002a reaction offers an entrance point for the exotic silicon chemistry in deep space thus bringing us closer to
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Introduction

Ever since the detection of the cyclic silicon dicarbide molecule
(SiC,, X'A,) in the circumstellar envelope of the asymptotic giant
branch (AGB) carbon star IRC+10216 more than 60 years ago,'
silicon-carbon clusters have emerged as fundamental molecular
building blocks of silicon carbide nanoparticles in deep space as
identified via their 11.3 um (885 cm™') emission line (Fig. 1).2
These silicon—-carbon clusters are characterized through unique
chemical bonding schemes, which are distinct from their iso-
valent carbon-carbon counterparts. For instance, tricarbon (Cs,
1,X'S,") is linear and has a singlet ground state, which is favored
by 84 k] mol ' compared to the equilateral triangle structure in
its A, triplet ground state (2).> However, in case of silicon di-
carbide (SiC,), the cyclic isomer (3) is advantaged energetically by
220 k] mol~" compared to the linear isomer (4) (Fig. 2a).* In the
tetratomic system (Fig. 2b), tetracarbon (C,) is most stable in its
linear geometry and holds a *2,~ ground state (5) with a low-
lying, bicyclic rhombic isomer only 9 kJ mol " higher in energy
(6).° Silicon tricarbide (SiCs), on the other hand, features exotic
C,, symmetric bicyclic isomers with either bisecting carbon-
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an understanding of how silicon and carbon chemistries can be coupled in our galaxy.

carbon (7) or silicon—carbon (8) bonds, which are favorable by 34
and 9 k] mol ! compared to the linear triplet isomer (9).

This stability of cyclic versus acyclic silicon carbides can be in
part rationalized through the concept of aromaticity. Natural
bond order (NBO) analysis of cyclic silicon dicarbide (3) predicts
an optimal Lewis structure with delocalization of two 7 elec-
trons between the silicon and carbon atoms.® However, c-SiC,
exhibits a significant ionic character between the silicon atom
and the dicarbon moiety’ thus categorizing 3 as polytopic?® with
the dicarbon group undergoing a hindered rotation (pinwheel
motion).>™ The classification of silicon tricarbide (7) depicts
a delocalization of two T electrons over one or both rings,">**
while the higher energy linear isomer (9) features characteristic
cumulenic bonding.** The c-SiC; structure which contains
a silicon-carbon bisection (8) represents a fascinating bench-
mark with 7 electron delocalization only along the C; moiety,
which does not overlap with the silicon 7 orbitals or lone pair.*®
Overall, the introduction of a single silicon atom into a carbon
framework results in fundamental changes in the chemical
bonding, aromaticity, molecular structure ((bi)cyclic versus
linear), and electronic properties (triplet versus singlet), which
are not predictable by Langmuir’s concept of isovalency."®

However, despite the critical importance of silicon carbides in
astrochemistry,”  material sciences (catalysis,*
structures,?** semiconductors®), and physical (organic) chemistry
from the viewpoint of chemical bonding and molecular structure,
the controlled gas-phase preparation of silicon carbides has been
scarce. Previous work involved laser ablation of silicon carbides*>*

nano-
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Fig.1 Silicon- and carbon-containing hydrogen-deficient molecules which have been identified in interstellar and circumstellar environments.

Silicon and carbon are depicted as purple and gray, respectively.
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Fig. 2 Comparison of the structures of the most stable triatomic (a)
and tetratomic (b) molecules containing only carbon versus those in
which one carbon atom is substituted by atomic silicon. Point groups,
electronic states, and relative energies (kJ mol™) are also provided
from left to right for each structure. Silicon atoms are purple and
carbon atoms are gray.

along with electric discharge of mixtures of silicon- and carbon-
containing gases like silane and methane.'****® These approaches
generated complex mixtures of reactive organosilicon species,
which complicate the recognition of distinct reaction mechanisms
of formation of the simple silicon-carbon clusters in the gas
phase.””® Yet, an elucidation of these formation pathways is
imperative for an intimate understanding of the largely elusive
coupling of the silicon and carbon chemistries of the interstellar

Chem. Sci.

medium at the molecular level, eventually constraining the path-
ways to bare silicon-carbon molecules in our galaxy.

Herein, we provide compelling evidence on the directed gas-
phase synthesis of the bicyclic silicon tricarbide molecule (c-
SiCs, 7) along with its linear isomer (1-SiCs, 9) in the gas phase
under single-collision conditions from two acyclic reactants,
tricarbon (C;, X'S, ") and the silylidyne radical (SiH, X’II), by
exploiting crossed molecular beam experiments coupled with
electronic structure calculations and quasi-classical trajectory
(QCT) simulations. The overall barrierless and exoergic nature
of this bimolecular reaction provides an unconventional entry
point to the synthesis of 7 and 9 even at ultralow temperatures
in cold molecular clouds such as G+0.693-0.0027 in the Galactic
Center, where the cyclic silicon dicarbide molecule (3) was
observed®' and also affords a mechanistical framework ratio-
nalizing the astronomical detection of 7 and 9 in the circum-
stellar envelope of IRC+10216.*>** Indeed, formation
mechanisms of 7 have only been previously explored from the
degradation of SiC;H, isomers via Lyman-a. photodissociation
in the outer envelopes of carbon AGB stars,* thus, our study
reveals the first account of the bottom-up synthesis of 7 via
bimolecular reactions in circumstellar envelopes. This repre-
sents a fundamental shift in knowledge toward neutral-neutral
molecular mass growth processes to silicon carbides, ques-
tioning prior viewpoints that silicon carbides can only be
formed via photochemical degradation of higher molecular
weight silicon- and carbon-containing molecules or at elevated
temperatures via ion-molecule reactions.*” The close agreement
between experimental chemical dynamics studies and the
conclusions from QCT simulations in particular reveals that
molecular beam studies merged with dynamics simulations
have progressed to such a sophisticated degree that polyatomic
reactions involving elements from the third row of the periodic
table of the elements can be untangled at the molecular level.
This framework thus offers a unified, predictive picture and rare
glimpse of the gas-phase chemistry and chemical bonding of
isovalent systems involving silicon under single-collision
conditions.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Results and discussion
Time-of-flight mass spectra

The gas-phase reaction of electronically ground state tricarbon
(Cs, X'S,") with the silylidyne radical (SiH, X’IT) was explored
experimentally under single-collision conditions in a crossed
molecular beam machine by intersecting supersonic beams of
tricarbon and silylidyne radicals perpendicularly at a collision
energy of 47.9 4+ 0.9 kJ] mol~". The helium-seeded tricarbon
beam was generated via laser ablation of graphite (266 nm,
5 mJ] pulse "),** while silylidyne radicals (SiH, XTI) were
produced via photodissociation of helium-seeded disilane
(SiyHg) at a fraction of 0.5%* (SI). Neutral reaction products
were ionized through electron impact ionization with 80 eV
electrons within a triply-differentially-pumped quadrupole
mass spectrometer (QMS) operated at pressures of a few 10~
Torr and then mass analyzed. Time-of-flight (TOF) spectra at
distinct mass-to-charge ratios (m/z) were probed with reactive
scattering signal observed at m/z = 64 (**Si'*C;"). Accounting for
the tricarbon and silylidyne reactant masses of 36 amu and 29
amu, respectively, the detection at m/z = 64 can be attributed to
the formation of SiC; (64 amu) product(s) along with atomic
hydrogen (1 amu) (reaction (1)). No signal was observed at m/z =
65 (283112C3H+’ 29si12C3+, 285113012C2+) and 66 (288i12C3H2+,

a 1200 /A T . .
s 1000 F .
c

(]

E _ 800} .
® 5

Q=

X3 6e00r }v .
82 400f ﬁ ‘ -
[ (-

€ 200Ff . .
2 v v

0 _|_/ll 1 1
0 20 30 40 50

Laboratory Angle (°)

O

o 300F 33.25°
<
>3
& 200}
e}
9]
-%‘ 100 F
£ ©
%R . . AP,

Laboratory Time-of-Flight (us)

Fig.3 Laboratory angular distribution (a) and time-of-flight spectra (b)
recorded at mass-to-charge (m/z) = 64 for the reaction of tricarbon
(C3) with the silylidyne radical (SiH). CM represents the center-of-mass
angle, and 0° and 90° define the directions of the tricarbon and sily-
lidyne beams, respectively. The circles depict the experimental data,
red lines the forward-convolution fits, and blue lines the MLMD
simulations fits.
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298i"2C H", *%S8i°CM?C,H", *°Si'’C,") revealing that any silyl
radicals (SiHjz) or silylene (SiH,)—if generated during the
photolysis of disilane—do not react with tricarbon. The TOF
spectra were then collected at m/z = 64 in 5° steps with respect
to the center-of-mass (CM) angle (fcy) (Fig. 3b) and integrated
to obtain the laboratory angular distribution (LAD) (Fig. 3a). The
TOF spectra are fairly narrow and range only from about 400 to
600 pus, which is also reflected in a narrow LAD range of only 30°.
This distribution is nearly symmetric with respect to the fcym
and hence indicative of indirect scattering dynamics involving
SiC3H reaction intermediate(s) undergoing unimolecular
decomposition to SiC; product(s) plus atomic hydrogen (reac-
tion (1)).

Cs (36 amu) + SiH (29 amu) — SiCs (64 amu) + H (I amu) (1)

Center-of-mass flux distributions

With the detection of SiC; isomer(s) as a consequence of
reactive single collisions between tricarbon and the silylidyne
radical via Reaction (1), information on the chemical reaction
dynamics can be obtained by converting the laboratory data
into the CM reference frame.*® This procedure yields the CM
translational energy (P(Er)) and angular (7(6)) flux distribu-
tions along with the associated flux contour map (Fig. 4). The
laboratory data could be replicated by a single reaction
channel via reaction (1). In detail, the best-fit P(Ey) exhibits
a maximum translational energy (Emax) of 173 £ 34 k] mol ™"
(Fig. 4a). For those molecules born without internal energy,
the reaction energy (A,G) is determined to be —125 +
35 k] mol ™! by utilizing energy conservation with A,G = E¢ —
Emax, Where Eg is the collision energy (47.9 + 0.9 k] mol™*).*
Additionally, the P(Ey) features a distribution maximum near
zero, which is indicative of a low or no barrier in the exit
channel with only a slight electron density rearrangement
from the fragmenting SiC;H complex to the final products.*®
Further, the 7(6) (Fig. 4b) is forward-backward symmetric and
exhibits intensity over the complete angular range, suggestive
of indirect reactive scattering dynamics through complex
formation (SiC;H); this finding reinforces the conclusions
drawn from the nearly symmetric LAD. The higher intensity at
the poles (0° and 180°) and the dip at 90° indicates coplanar
scattering dynamics, which involves geometric constraints
and an emission of the hydrogen atom preferentially perpen-
dicular to the total angular momentum vector within the
rotational plane of the fragmenting complex(es).*> These
findings are also reflected in the flux contour map (Fig. 4c).

Potential energy surface

To garner insight into the underlying reaction mechanism(s)
involved in the tricarbon-silylidyne system and the gas-phase
preparation of SiC; isomer(s), the experimental results were
combined with electronic structure calculations performed at the
CCSD(T)-F12/aug-cc-pV(Q+d)Z//TPSSh/cc-pV(T+d)Z + ZPE (TPSSh/
cc-pV(T+d)Z) level of theory.*** These computations provide
zero-point energy (ZPE) corrected energies of the reactants,

Chem. Sci.
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Fig. 4 Center-of-mass product translational energy (a) and angular (b) flux distributions as well as the associated flux contour map (c) leading to
the formation of SiCs isomer(s) in the reaction of tricarbon (Cz) with the silylidyne radical (SiH). Red lines define the best-fit functions while shaded
areas provide the error limits. The CM functions overlaid in blue are obtained from the MLMD simulations. The flux contour map represents the
intensity of the reactively scattered products as a function of product velocity (u) and scattering angle (6), and the color bar indicates flux gradient

from low (L) to high (H) intensity.

transition states, and products with an expected accuracy of +
5 kJ mol " (SI). The doublet SiC;H potential energy surface (PES)
is compiled in Fig. 5 and comprises ten SiC;H reaction inter-
mediates (i1-i10) and five SiC; product isomers (p1-p5), four of
which (p1-p4) are formed in overall exoergic reactions releasing
109, 84, 39, and 22 kJ mol ', respectively. The experimentally
observed reaction exoergicity of 125 & 35 kJ mol " correlates well
with the formation of the thermodynamically most stable
carbon-carbon bisected bicyclic isomer ¢-SiC; (p1, X'Ay, AG =
—109 + 5 kJ mol™"). The energetics of the remaining exoergic
hydrogen-atom-loss isomers—silicon-carbon bisected ¢-SiC; (p2,
X'A;, A,G = —84 + 5 k] mol ") and linear SiC; (p3, X*Z ", A,G =
—39 4+ 5 kJ mol ')—lie outside the experimental error bars.
Therefore, at least p1 is formed. However, this does not exclude
the generation of the C,, symmetric p2 and the linear p3 isomers,
since their kinetic energy release could be hidden in the lower
energy section of the P(Ey).

How can the bicyclic product p1 be synthesized as the result of
a single collision of two acyclic reactants? The electronic structure
calculations identified two barrierless entrance channels via addi-
tion of the silylidyne radical (SiH, X*II) either to one terminal
carbon atom of tricarbon (Cs, X12g+) or to both terminal carbon
atoms simultaneously yielding the acyclic and bicyclic doublet
intermediates i1 and i2, respectively. The barrierless nature of these
entrance channels was verified by optimized PES scans following
the reaction coordinate. From these initial collision complexes,
there are a plethora of possible pathways to p1. Both intermediates
can be interconverted easily via a transition state ranging

Chem. Sci.

212 k] mol™* below the energy of the separated reactants. This
isomerization involves the simultaneous formation of two silicon-
carbon bonds of 196 pm and 231 pm lengths producing a bicyclic
structure (i1 — i2). These bonds are slightly elongated compared to
the carbon-silicon single bond in methylsilane (CH,SiH;)* and
hence can be classified as sigma bonds. The central silicon-carbon
bond in i2 then breaks, and a new bond forms between the outer
two carbon atoms generating a diamond-like intermediate (i2 —
i3) followed by barrierless hydrogen atom loss to p1. Alternatively,
il can isomerize in one step to i3 via a synchronous formation of
a carbon-carbon and carbon-silicon bond (i1 — i3). Both inter-
mediates i4 and i8 may also decompose via hydrogen atom loss to
pl, with the most energetically-favorable routes involving
a hydrogen migration and ring closure from i1 to i5 followed by C-
Si bisecting bond breaking and C-C bisecting bond reforming from
i5toi4 (i1 — i5 — i4 — p1), and [1,2]-hydrogen shift from i4 to i8
(i1 — i5 — i4 — i8 — p1). The unimolecular decomposition of i3,
i4, and i8 are all barrierless (loose exit transition states) as verified
experimentally in the close-to-zero peaking of the center-of-mass
translational energy distribution.

The second bicyclic SiC; isomer p2 as well as the linear
structure p3 may also have been synthesized via the bimolecular
reaction of tricarbon with the silylidyne radical. First, p2 can be
accessed via unimolecular decomposition of intermediates i2
and/or i5 accompanied by atomic hydrogen loss; the energetically
most likely pathways involve first a ring closure from i1 to the
bicyclic backbone moiety (i1 — i2 — p2;il — i5 — p2) and/or
a simple addition-elimination from i2 followed by hydrogen

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Schematic potential energy surface (PES) for the reaction of tricarbon (Cz) with the silylidyne radical (SiH) leading to the four most stable
SiCs isomers calculated at the CCSD(T)-F12/aug-cc-pV(Q+d)Z//TPSSh/cc-pV(T+d)Z + ZPE(TPSSh/cc-pV(T+d)Z) level. Relative energies are
given in kJ mol™%, and point groups and electronic states are provided for reactants and products. Energy levels of intermediates are shown in
purple and those of products are shown in green. The most probable reaction pathways to the astronomically observed species pl and p3 are

highlighted in red and blue, respectively.

atom loss (i2 — p2). Second, p3 may be prepared via atomic
hydrogen loss from intermediates i1 and/or i10 via a simple
addition-elimination process (i1 — p3) or through the energet-
ically most favorable cyclization-ring-opening route passing
through i10 (i1 — i5 — 110 — p3). Overall, the computational
results support the experimental detection of at least the ther-
modynamically most stable bicyclic isomer (p1) accessed via
a barrierless, bimolecular, exoergic reaction of electronically
ground state tricarbon (C;, X', ") with the silylidyne radical (SiH,
X*II), while both p2 and p3 also feature possible routes under our
experimental conditions.

Quasi-classical trajectory simulations

To identify the most likely reaction pathways and illustrate how
the reaction progresses, reaction dynamics simulations were
performed. 3600 bimolecular collision machine-learned
molecular dynamics (MLMD) trajectories were simulated for
15 ps or until dissociation to reactants or products. Of these,
2068 trajectories formed intermediates or products, resulting in
product branching ratios of 63% p1, 22% p2, 2% p3, and 13%
p4, with no formation of the high-energy product p5. For the
reaction pathways, the trajectories show no direct product
formation, ie., all are indirect with finite lifetimes of interme-
diates before dissociating. Due to the large potential energy
release from the bimolecular association, isomerization
between intermediates is extremely fast, with more than one
million recorded over all trajectories. To quantify precise

© 2026 The Author(s). Published by the Royal Society of Chemistry

statistical probabilities of these events, the reaction mechanism
can be formulated as a Markov process, where a sequence of
transitions between discrete states takes place. The states are
defined as critical points on the PES, thus the transitions
correspond to isomerization processes. The probability of
product formation from each unimolecular state is shown in
Fig. 6, where exit channels to p1, p2, and p3 mostly originate
from i3, i5, and i10, respectively. From the MLMD simulations
and Markov model, the most probable reaction pathway
involves the entrance channel to i1, followed by cyclization to i3
and atomic hydrogen loss forming the experimentally observed
bicyclic silicon tricarbide molecule (p1). More details regarding
the QCT simulations are given in the ST accompanied by Fig. S1-
S9 and Tables S1-S6.

Finally, the dynamics were validated against experimental
results. Although the experiments do not have information on
the time evolution of the intermediates, they contain infor-
mation on the products such as scattering angles and trans-
lational energies. To match the experimental detection, only
hydrogen-atom-loss products (p1, p2, and p3) were tallied.
As shown in Fig. 4, the scattering angle distributions of the
experimental fit and the MLMD agree qualitatively. While the
translational energy distributions disagree on maximum
energies, they have similar most-probable energies. In
general, products with high translational energy are rare and
difficult to measure in MD simulations, often leading to
mismatches between experimental and MD distributions at

Chem. Sci.
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Fig. 6 Transition probabilities from different intermediates to products pl, p2, and p3, represented as percentages, shown as pie charts.

o

the high-energy tail, as reported in similar studies.***® inelastic the collision becomes, and the less translational
Extending the MLMD simulations is not likely to resolve this energy the products retain. A more solid comparison between
issue, as the longer the lifetime of an intermediate, the more the MLMD simulations and the experiment can come by
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Fig. 7 Quasi-atomic orbital analysis (QUAO) of distinct SiCsz isomers p1 (a), p2 (b), and p3 (c).
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directly forward-convoluting the MLMD simulations’ CM
distributions to the raw lab data as shown in Fig. 3, where the
data agree well.

Quasi-atomic orbital analysis

As the hydrogen atom is ejected during the transformation from
i3 to p1, multiple structural changes occur within the SiC;
moiety. The carbon-carbon bisecting bond shrinks from 152 to
148 pm while the peripheral carbon-carbon bonds elongate from
135 to 144 pm. In addition, the silicon-carbon bonds are reduced
from 197 to 184 pm essentially shifting the bisected bond
towards the silicon atom. This results in an increased C-Si-C
angle of 47.4° and reduced opposing C-C-C angle of 62.0°. The
structural changes could reflect inclusion of the silicon atom
within the 7 electron delocalized system and shift to 27t aroma-
ticity. As for the linear SiC; isomer, the conversion from i10 to p3
invokes a silicon-carbon bond elongation from 170 to 173 pm,
C;-C, carbon-carbon bond shortening from 133 to 129 pm, and
a lengthening of the C,-C; carbon-carbon bond from 123 to 131
pm. These changes likely indicate a shift from a butadiyne-type
structure to cumulenic bonding as the hydrogen atom is ejec-
ted. Fundamental insights into the chemical bonding of these
SiC; isomers can be further obtained from quasi-atomic orbital
(QUAO) analysis (Fig. 7) highlighting the orbitals that participate
in (covalent) bonding interactions.**-** In this analysis, the kinetic
bond order (KBO) represents a measure of the strength of the
bonding interaction, while the occupation numbers in two
orbitals are the number of electron populations involved in the
covalent bond (Table S7). Generally, for all isomers, the strengths
of the carbon-silicon ¢ and 7 bonds (KBOs = —105 to —63 and
—42 to —8 kJ mol ', respectively) significantly decreases
compared to the isovalent carbon-carbon bond interactions
(KBOs = —293 to —167 and —71 to —33 k] mol ™" for ¢ and =
bonds, respectively). In all isomers, the interference kinetic
energy, ie. the fundamental origin of the covalent bond,*° is
mainly the result of the ¢ bonding interactions (64-84%), while
the 7 bonds contribute 15-34%. From the QUAO analysis, the
stability of the bicyclic SiC; isomer p1 is based on the strong
carbon-silicon ¢ interactions with contributions of 23, 17, and
11% for isomers p1, p2, and p3, respectively, while minor
contributions of 4, 2, and 8% arise from 7 interactions. In bicy-
clic p1 and p2, an additional stabilization arises from the lateral
overlap between the C-C and Si-C o interactions. Such an orbital
overlap of silicon with the peripheral carbon in p2 is in excellent
agreement with the previous theoretical study by Rintelman and
Gordon.” Interestingly, p3 exhibits interactions between three
center atoms with electron populations of 1.7 to 2.0, which is
indicative of a three-center-two-electron interaction type (Fig. S10
and Table S7).

Conclusions

The crossed molecular beam experiments in conjunction with
electronic structure calculations and QCT simulations provide
a unique glimpse into the distinct dynamics of isovalent
systems at the fundamental, microscopic level benchmarked

© 2026 The Author(s). Published by the Royal Society of Chemistry
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with the gas-phase synthesis of silicon tricarbide molecules in
their carbon-carbon (c-SiC;, X'A;, p1) and silicon-carbon (c-
SiC;, X'A;, p2) bisected bicyclic forms along with the linear
isomer (I-SiC3;, X*2 ", p3) from the bimolecular reaction of the
acyclic tricarbon (C;, X'S,") and silylidyne radical (SiH, X’II)
reactants. The addition of the silicon atom of the silylidyne
radical to a terminal carbon atom of tricarbon proceeds without
barrier, followed by exotic ring-formation through doublet
silabicyclobutadienyl intermediates (c-SiC3;H) either forming p1
or p2 coupled with atomic hydrogen loss, or isomerizing
through ring-opening to a 2-propynylidynesilyl structure (I-
HC;Si) followed by hydrogen atom loss to p3. While the two
most stable structures of silicon tricarbide are bicyclic with 34
and 9 kJ mol ™' lower energy than the linear structure, the
ground state of the isovalent tetracarbon molecule is not bicy-
clic; the linear structure (C4, X’S, ) is more stable by 9 k] mol
(Fig. 2b). This demonstrates the dramatic effects substituting
just one carbon atom with an isovalent silicon atom has on
chemical structure and electronic properties. The inherent
QUAO analysis and interference kinetic energies of the three
SiC; isomers offer evidence of primary bonding interactions
originating from the ¢ bonding motifs: while carbon-carbon ¢
bonds contribute about 60% of the interference kinetic energy,
the percent contributions of the carbon-silicon ¢ bonds in
bicyclic SiC; isomers p1 and p2 of 23 and 17%, respectively, are
significantly larger than those in the linear isomer p3 (11%).
Silicon-carbon bond coupling and the formation of silicon
carbide clusters signifies a crucial topic not only for fundamental
reaction dynamics and chemical bonding, but also for the
astronomy and astrochemistry communities. Recently, dust
particles produced from modeling the condensation of silicon
carbide (SiC) and 1,3,5-trisiladehydrobenzene (Si;C;) clusters in
asymptotic giant branch (AGB) stellar winds of carbon rich stars
showed a match with common SiC emission lines observed
astronomically.® These spectral similarities extend to small- and
mid-size clusters ranging up to Si;6Ci6,** further reinforcing the
importance of exploring the fundamental formation mechanisms
of silicon carbides under astrophysically relevant conditions.
With the tricarbon molecule detected in the circumstellar
envelope of the carbon star IRC+10216 (ref. 62) and predicted to
exist in cold molecular clouds® and the silylidyne radical
generated via photodissociation and galactic comic ray degra-
dation of silane (SiH,), the title reaction provides a unique entry
point into an exotic silicon-carbon chemistry and molecular
mass growth processes involving silicon in deep space as evi-
denced by the formation of the astronomically observed silicon
tricarbide molecules p1 and p3. The elucidated bottom-up
mechanisms are of fundamental significance to facilitate an
understanding of how carbon and silicon chemistries can be
coupled and hence challenge conventional wisdom that silicon
carbides can only be formed at elevated temperatures via
complex ion-molecule reactions or degradation of higher
molecular weight silicon carbon molecules.*® This system exem-
plifies the versatile concept of barrierless and exoergic molecular
mass growth processes to silicon carbides from acyclic precursors
potentially adaptable to the multifaceted reaction sequence
Reaction (2). With the full-scale operation of the Atacama Large
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Millimeter/Submillimeter Array, the detection of unusual silicon-
bearing molecules is expected to increase significantly. Inter-
preting these observations will depend critically on advances in
experimental and computational laboratory astrophysics, as
proposed in this work. Such progress is essential to bridge the
longstanding gap between observational data and laboratory
studies of organosilicon chemistry in the galaxy.

C,+SiH — SiC, + H @)
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