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Abstract The calculations of the geometry optimizations,
energies, dipole moments, vibrational spectra, rotational con-
stants, and isomerization of doublet SiC3H species were per-
formed using density functional theory and ab initio meth-
ods. Four types of isomers, a total of 18 minima, connected
by 16 interconversion transition states, were located on the
potential energy surface (PES) at the B3LYP/6-311G (d, p)
level. More accurate energies were obtained at the CCSD(T)/
6-311G(2df, 2p), and G3(MP2) levels. With the highest isom-
erization barrier, the lowest lying structure, linear A1 pos-
sesses the largest kinetic stability. Besides, the isomerization
barriers of A2, A4, C2, F1, F4 and F5 are over 10 kcal/mol,
and these isomers are also considered to be higher kineti-
cally stable. Other isomers cannot be kinetically stabilized
with considerably low isomerization barriers. Investigation
on the bonding properties and the computations of vibra-
tional spectra, dipole moments, and rotational constants for
SiC3H isomers are helpful for understanding their structures
and also valuable for their detections in the interstellar space
and laboratory.
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1 Introduction

Due to the excellent characters, such as high intensity, endur-
ance to high temperature and oxygenation and regulable resis-
tance, silicon–carbon species play an important role in the
field of the material chemistry [1–6], and consequently, small
silicon–carbon clusters have attracted extensive attention of
the worldwide chemists recent years [7–11]. SiCnX (X = N,
P, H etc.) species are also speculated as the connection
between SiCn and CnX. As we know, both silicon and carbon
atom may be either singly or multiply bonded to the adja-
cent atoms in the cluster, which results in a large number of
chain and ring isomers of considerable stability. The investi-
gation on the isomers and their conversions of the interstellar
silicon–carbon clusters (SiCnX) is greatly beneficial for
exploring the new silicon–carbon species in laboratory or
interstellar space, and the mechanism of silicon–carbon mate-
rial formation as well. Furthermore, many small silicon–
carbon clusters, SiCnH (n = 1−3) and SiCN, for example,
have been proved to exist in the interstellar space [12–15].
Because of their close relationship with the star evolvement,
research on the interstellar molecules, SiCnX, is helpful to
investigate the nebulae characteristics and reveal the arcanum
of life-origin [16–20].

Based on the theoretical results, such as rotational constant
and geometry, SiCnH, SiCN and SiNC were detected in the
laboratory by McCarthy et al. [7]. In their report, McCarthy
also suggested that SiC3H should be detectable in the labora-
tory. Up to our knowledge, there is no evidence of a follow-up
study in print.

In the present work, we focused our interest on the SiC3H
cluster. Quantum chemistry method was used to study struc-
tures, spectroscopies, isomerization and stability of SiC3H,
and bonding properties as well. Therefore, our computa-
tional work may provide theoretical foundation for future
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Fig. 1 All the initially
designed structures for SiC3H
isomers optimizations
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experimental detection of SiC3H, and enrich the information
and property of SiCnH system.

2 Computational methods

All of the electronic structure calculations were carried out
using the Gaussian 03 program [21]. It is well known that
DFT method with considerable basis set can predict accurate
geometries for many systems, including interstellar mole-
cule and radicals. DFT/B3LYP method [22–24] was success-
fully used to investigate the isomerization of similar systems,
SiC3P, SiC3N and PC3P [25–27]. Therefore, the isomeriza-
tion of SiC3H was explored using DFT/B3LYP method with
the 6-311G(d, p) basis set [28,29] in the present work. The
optimized geometries, harmonic vibrational frequencies and
zero-point energy (ZPE) of 18 local minima and 16 transi-
tion states were calculated at the DFT/B3LYP/6-311G(d, p)
level of theory. The connections between isomers were

confirmed by the intrinsic reaction coordinate (IRC) calcula-
tions [30–32] at the same level. To acquire the more reliable
energies, the CCSD(T)/6-311G(2df, 2p) single point energy
calculations were performed using the B3LYP/6-311G(d, p)
geometries. The energies discussed in the present work are at
the CCSD(T)/6-311G(2df, 2p)//B3LYP/6-311G(d, p) + ZPE
level, and the values in the parentheses are obtained at the
G3(MP2)//B3LYP/6-311G(d, p) + ZPE level, unless other-
wise stated.

The major problem in the application of unrestricted
spin formalism is that of contamination with higher spin
states. The severe spin contamination could lead to a
deteriorated estimation of the barrier height [33,34]. We
examined the spin contamination before and after annihila-
tion for all species involved in the title reactions. The val-
ues of 〈S2〉 for doublet range from 0.75 to 0.799 before
annihilation, while after annihilation 〈S2〉 is 0.75 (the exact
value for a pure doublet). Consequently, the wave function
is not severely contaminated by states of higher
multiplicity.

123



Theor Chem Account (2008) 119:501–509 503

Fig. 2 Optmized geometries of
SiC3H isomers at the
DFT/B3LYP/6-311G(d, p) level
(bond length unit: angstrom,
bond angle unit: degree)
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A4  CSiCCH    Cs                                                B1  CCSi(H)C   Cs                                    B2  SiCC(H) C    Cs 

C1   cCCSi(CH)   Cs              C2  cSiC(C)C(H)  Cs               C3  cCCSi(C)(H)  C 1                          C4  cCCC(SiH)  C 1 

C5  cC(H)C(Si)C  Cs               D1  cSiCCC(H)   Cs                 D2  cCCCSi(H)   Cs                  F1  cSiCCC(H)   Cs  
                         C4C3Si1C2 = 30.6                  C4C3Si1C2 = -21.1                   C4C3Si1C2 = 0.1  

H5C4C2Si1 = -145.7             H5Si1C2C4 = -78.2                     

F2  cSiCC(H)  Cs  F3  cCCCSi(H)  Cs                    F4  cSiCC(H)C  C 2V                F5  cCCCSi(H)   Cs  
Si1C3C2C4 = 13.1                                                                   C4C3Si1C2 = -2..9  
H5Si1C4C2 = -106.8                                                                H5Si1C2C3 = 90.8  

3 Results and discussion

As shown in Fig. 1, seven possible types of isomers, total 33,
i.e. chain-like species (A), branched species (B), three-mem-
bered-ring species (C), four-memebered-ring species (D),
tetrahedron species (E), bridge-bond containing species (F)
and triangular cone (G) were initially designed. However,
only 18 isomers and 16 transition states were theoretically
located. TSX-Y denotes the transition states connecting the
species X and Y. The optimized geometries of all the local
minima and transition states are depicted in Figs. 2 and 3,
respectively. Table 1 lists the harmonic vibrational frequen-
cies, the infrared intensitires, dipole moments, and rotational
constants of all the minima, and the harmonic vibrational

frequencies of transition states are listed in Table 2. The
relative energies of all isomers and transition states are sum-
marized in Tables 3 and 4. The potential energy surface (PES)
of the isomerization of SiC3H species is depicted in Fig. 4.

3.1 SiC3H isomers

For chain-like isomers, all the four chain-like isomers (A1,
A2, A3 and A4) and two of six initially designed structures
with a branch (B1 and B2), were located. With Si and H
standing at the two terminals, linear A1 is the most stable
isomers. Therefore, A1 (0.0) is considered the most promis-
ing molecule to be detected in the atmosphere or laboratory.
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Fig. 3 Optmized geometries of
SiC3H transition states at the
B3LYP/6-311G(d, p) level
(bond length unit: angstrom,
bond angle unit: degree)
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The relative energies of A2, A3 and A4 are 43.91(45.86),
84.09(86.87) and 74.01(78.19) kcal/mol, respectively. All
these chain-like isomers are planar structure with Cs symme-
try except that A1 has C∞v symmetry with a 2� electronic
state. A2 has a 2A′ electronic state, and A3 and A4 corresp-
ond to the 2A′′ electronic state. The two isomers with a branch
are marked as B1 (57.1 (57.07)) and B2 (109.93 (106.61)),
with H atoms bonded with C(2) of C–C–C–Si frame and Si
of C–Si–C–C frame, respectively. Both B1 and B2 are Cs
symmetrized with the 2A′′ electronic state.

Although much effort had been taken to search all the ten
supposed three-membered-ring structures, only five isomers

were located as minima. Isomers C1 (85.15 (88.46)),
C2 (16.94 (17.26)) and C3 (86.31 (88.28)) have a CCSi ring,
while, C4 (58.36 (53.23)) and C5 (23.85 (25.48)) have a CCC
ring. C1, C2 and C5 are in Cs symmetry with the 2A′′
electronic state. Isomers, C2 and C5, whose branches are
dispersedly bonded with three-membered-ring, have
lower energies, whereas the energies of C1 and C3, whose
branches are bonded only with Si atom, are much
higher.

Two four-memebered-ring isomers, D1 (25.73 (26.15))
and D2 (65.89 (67.00)), whose H atoms are, respectively,
bonded with C opposite to Si and Si atom, were located.
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Table 1 Harmonic vibrational frequencies (cm−1), infrared intensities (km/mol) (in parentheses), dipole moment (D) and rotational constants
(GHz) of SiC3H isomers at the B3LYP/6-311G(d, p) level

Isomers Frequencies (infrared intensity) Dipole moment Rotational constant

A1 156(4), 173(10), 377(64), 453(1), 514(1), 641(17), 642(27), 1457(21), 1988(4) 0.7731 2.608561

A2 143(4), 183(0), 345(9), 487(10), 628(28), 647(5), 1376(3), 1973(446), 2206(10) 5.1695 328.06786, 2.69685, 2.67486

A3 80(0), 98(4), 219(10), 364(17), 542(77), 710(710), 1047(12), 1934(576), 3245(11) 4.9852 194.87076, 3.21552, 3.16333

A4 101(18), 205(6), 279(19), 605(61), 656(45), 757(14), 781(8), 2080(46), 3455(59) 2.7981 25.23674, 3.78579, 3.29196

B1 118(16), 239(21), 265(19), 617(3), 626(6), 830(0), 1361(20), 1733(42), 2825(46) 2.4923 136.75815, 2.71362, 2.66082

B2 66(13), 119(0), 189(16), 427(23), 684(28), 743(13), 786(7), 1924(434), 2244(46) 5.0392 22.54659, 4.11119, 3.47716

C1 137(34), 176(25), 346(5), 374(19), 473(122), 706(54), 1121(55), 1726(4), 3288(23) 2.5490 47.73822, 4.85300, 4.40517

C2 62(2), 352(1), 496(73), 649(49), 780(20), 1019(7), 1076(20), 1768(98), 3200(3) 3.8867 16.19493, 6.42179, 4.59839

C3 74(4), 160(31), 299(67), 510(32), 658(38), 751(17), 832(107), 1831(5), 2214(72) 2.7499 20.97647, 5.39069, 5.11727

C4 90(2), 281(0), 316(0), 541(2), 560(47), 786(72), 1257(3), 1678(13), 2061(156) 2.3623 35.68932, 4.00146, 3.71858

C5 128(2), 317(0), 559(10), 814(17), 819(0), 966(6), 1143(9), 1577(3), 3245(2) 2.8813 36.88192, 4.01880, 3.62392

D1 325(7), 441(31), 540(24), 789(62), 883(9), 922(34), 1142(2), 1442(24), 2068(5) 1.0212 20.73818, 7.16327, 5.72376

D2 184(39), 287(41), 437(6), 502(18), 572(8), 730(9), 1340(129), 1355(3), 2064(216) 0.9614 15.20625, 7.78642, 5.56415

F1 257(10), 401(1), 441(35), 631(9), 709(55), 950(50), 1159(6), 1622(6), 3262(4) 3.5508 12.21451, 10.43418, 5.62723

F2 240(77), 290(18), 382(8), 579(45), 600(47), 714(4), 780(5), 1352(12), 3059(86) 1.3579 13.01137, 9.97103, 5.64505

F3 201(41), 347(8), 457(0), 510(18), 668(17), 789(33), 1164(0), 1461(23), 2095(44) 2.4007 12.17557, 10.27842, 5.78271

F4 334(45), 366(8), 564(19), 612(15), 908(6), 965(20), 1027(1), 1563(40), 3289(37) 1.5837 37.43901, 5.69538, 4.94337

F5 274(24), 339(2), 500(16), 632(10), 743(18), 872(26), 1192(1), 1632(70), 2050(204) 0.2265 31.49658, 5.58778, 4.95445

Table 2 Harmonic vibrational frequencies (cm−1) of all the transition
states on the isomerization PES at the B3LYP/6-311G(d, p) level

TSs Frequencies (infrared instensity)

TSA1-C5 346i,213, 217, 583, 654, 958, 1416, 1603, 2843

TSA1-C5* 631i, 241, 254, 547, 669, 858, 1316, 1689, 3388

TSA1-F4 348i, 237, 461, 501, 526, 729, 787, 1775, 3432

TSA2-C2 323i, 220, 327, 407, 601, 666, 1116, 1676, 1973

TSA2-C4 425i, 144, 259, 291, 602, 713, 1570, 1628, 2059

TSA2-D2 178i, 266, 395, 494, 586, 738, 1319, 1512, 2049

TSA2-F3 550i, 189, 327, 446, 573, 667, 235, 1583, 2039

TSA3-B2 410i, 80, 100, 245, 455, 684, 888, 1941, 2054

TSA3-C1 124i, 75, 209, 358, 537, 831, 1105, 1805, 3238

TSA4-B2 964i, 139, 176, 215, 411, 702, 899, 1656, 1753

TSC1-C3 301i, 56, 202, 301, 551, 699, 886, 1737, 2054

TSC1-F1 304i, 228, 316, 395, 704, 774, 874, 1622, 3197

TSC2-F4 1142i, 310, 354, 572, 713, 726, 1008, 1461, 2467

TSC5-F4 132i, 310, 621, 677, 775, 994, 1246, 1594, 3235

TSD1-F4 465i, 434, 540, 768, 834, 955, 1121, 1484, 3202

TSD2-F5 831i, 305, 368, 515, 612, 646, 1181, 1470, 2073

TSF1-F2 656i, 324, 325, 485, 580, 699, 791, 1396, 2680

Isomers D1 and D2 are both of Cs symmetry with the 2A′′
electronic state. However, the isomer, with H bonded with
the neighbor C of Si, cannot be found.

Among the six initially supposed structures, five isomers
containing bridge-bonds were located. F1 (47.53 (48.06)), F2
(95.15 (98.88)), and F3 (68.68 (65.30)) possess Si–C bridge-
bonds, whereas C–C bonds act as bridge-bonds in F4 (9.41
(11.20)) and F5 (49.14 (47.83)). Isomers F2 and F3, with
branches bonded with the bridge-atom, stand at higher lev-
els on PES, while F1, F4 and F5, whose H atoms bond with
non-bridge-atoms, have lower energies, and moreover, the
energies of the isomers with C as the bonding non-bridge
atoms are relatively lower. F4 is C2v symmetrized with the
2B1 electronic state, while other four planar isomers have a
2A′′ electronic state.

Besides, there is a point needed to note that no triangular
cone (G) isomer is located despite that two geometries were
designed before numerous searches.

Since the lowest lying quartet linear state was found to lie
more than 39.12 kcal/mol above A1(2�) at the CCSD(T)/6-
311G(2df, 2p)//B3LYP/6-311G(d, p) + ZPE, the quartet
species and higher spin states were not considered further
in the present work.

For the purpose of comparison, the geometry of linear
C4H, isovalent analogue of low-lying SiC3H isomer A1, is
also optimized at the CCSD(T)/6-311G(2df, 2p)//B3LYP/6-
311G(d, p) level. However, C∞v symmetrized structure with
all real frequencies was not found. Linear C4H has an imag-
inary frequency, which corresponds to the C–C–C bending
vibration model.
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Table 3 The energies (kcal/mol) of all the isomers at various levels

Isomers MP2+ZPE (a.u.) CCSD(T)+ZPE (a.u.) G3MP2+ZPE (a.u.) Er(CCSD(T)) (kcal/mol) Er(G3MP2) (kcal/mol)

A1(2�) −404.2653 −403.5349 −403.6186 0 0

A2(2A′) −404.1931 −403.4649 −403.5469 43.93 45.86

A3(2A′′) −404.1434 −403.4009 −403.4816 84.09 86.87

A4(2A′′) −404.1489 −403.4170 −403.4954 74.01 78.19

B1(2A′′) −404.1702 −403.4439 −403.5291 57.10 57.07

B2(2A′′) −404.0754 −403.3597 −403.4501 109.93 106.61

C1(2A′′) −404.1401 −403.3992 −403.4790 85.15 88.46

C2(2A′′) −404.2349 −403.5079 −403.5925 16.94 17.26

C3 −404.1156 −403.3974 −403.4793 86.31 88.28

C4 −404.1687 −403.4419 −403.5352 58.36 53.23

C5(2A′′) −404.2219 −403.4969 −403.5793 23.85 25.48

D1(2A′′) −404.2231 −403.4939 −403.5783 25.73 26.15

D2(2A′′) −404.1499 −403.4299 −403.5132 65.89 67.00

F1(2A′′) −404.1797 −403.4592 −403.5434 47.53 48.06

F2(2A′′) −404.1073 −403.3833 −403.4624 95.15 98.88

F3(2A′) −404.1504 −403.4255 −403.5159 68.68 65.30

F4(2B1) −404.2496 −403.5199 −403.6022 9.41 11.20

F5(2A′) −404.1834 −403.4566 −403.5438 49.14 47.83

The symbols in parentheses denote the electronic states

Table 4 The energies (kcal/mol) of all the transition states at various levels

TSs MP2+ZPE (a.u.) CCSD(T)+ZPE (a.u.) G3MP2+ZPE (a.u.) Er(CCSD(T)) (kcal/mol) Er(G3MP2) (kcal/mol)

TSA1-C5(2A′′) −404.1899 −403.4629 −403.5492 45.18 43.56

TSA1-C5*(2A′′) −404.1725 −403.4429 −403.5298 57.73 55.73

TSA1-F4(2A′′) −404.1684 −403.4408 −403.5330 58.99 53.73

TSA2-C4 −404.1590 −403.4329 −403.5142 64.01 65.53

TSA2-D2 −404.1473 −403.4258 −403.5105 68.40 67.86

TSA2-F3 −404.1439 −403.4219 −403.5065 70.91 70.36

TSA3-B2(2A′′) −404.0788 −403.3587 −403.4457 110.56 108.52

TSA3-C1 −404.1043 −403.3872 −403.4648 92.71 96.48

TSA4-B2 −404.0764 −403.3527 −403.4495 114.33 106.14

TSC1-C3(2A′′) −404.1096 −403.3906 −403.4761 90.54 89.43

TSC1-F1(2A′′) −404.1315 −403.3938 −403.4744 88.52 90.46

TSC2-F4(2A′′) −404.1677 −403.4419 −403.5235 58.36 59.66

TSC5-F4(2A′′) −404.2204 −403.4969 −403.5786 23.85 25.10

TSD1-F4(2A′′) −404.2094 −403.4849 −403.5790 31.38 24.85

TSD2-F5 −404.1379 −403.4179 −403.5018 73.42 73.31

TSF1-F2(2A′′) −404.1005 −403.3778 −403.4588 98.56 100.29

The symbols in parentheses denote the electronic states

3.2 SiC3H isomerization and isomer stability

The harmonic vibrational frequencies as well as the infra-
red intensities of relevant species at the B3LYP/6-311G(d, p)
level are listed in Table 1. The number of imaginary
frequency (0 or 1) confirms whether a local minimum or

a transition state. The relative energies of the dissociation
products observed in the interstellar space or in the labora-
tory were so high that we did not put effort to investigate the
transition states in the dissociation. Therefore, the kinetic sta-
bility of SiC3H isomers is primarily controlled by the isom-
erization barriers.
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Fig. 4 Schematic potential
energy surface of SiC3H
isomerizations at the
CCSD(T)/6-311G(2df,
2p)//B3LYP/6-311G(d, p) level.
The values in the parentheses
are at the CCSD(T)/6-311G(2df,
2p)//B3LYP/6-311G(d, p) +
ZPE and
G3(MP2)//B3LYP/6-311G(d, p)
+ ZPE levels, respectively
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From Fig. 4, we can see that A1, A2, A4, C2, F1, F4
and F5 have relatively higher kinetic stability. At the CCSD
(T)/6-311G(2df, 2p) B3LYP/6-311G(d, p) level, the linear
A1 is the lowest lying isomer with considerable kinetic
stability as 45.18 (43.56) kcal/mol (A1→C5). The three-
membered-ring isomer, C2, also has a considerably kinetic
stability of 41.42 (42.40) kcal/mol. The respective kinetic sta-
bilities of chainlike isomers, A2 and A4, are 20.08 (19.67)
(A2→C4) and 40.32 (27.95) kcal/mol (A4→B2). Besides,
F1, F4 and F5 have kinetic stabilities of 40.99 (42.40)
(F1→C1), 15.69 (17.15) (F4→C5) and 24.28 (25.48)
(F5→D2) kcal/mol, respectively. These isomers have high
enough kinetic stability to exist under low temperature con-
ditions, such as in dense interstellar clouds. Our conclusion
that linear SiC3H isomer A1 possesses a highest stability is
in good agreement with those of similar systems, SiC3P [25]
and SiC3N [26].

Other isomers, A3, B2, C1, C3, C4, C5, D1, D2, F3 and F2
are less kinetically stable. The isomerization barriers of these
species are 8.62 (9.67) (A3→C1), 0.63 (1.91) (B2→A3),
3.37 (2.00) (C1→F1), 4.23 (1.12) (C3→C1), 5.65 (12.3)
(C4→A2), 1.25 (2.87) (C5→F4), 5.65 (8.70) (D1→F4),
2.51 (0.86) (D2→A2), 2.23 (5.06) (F3→A2) and 3.41 (1.41)
(F2→F1) kcal/mol, respectively.

3.3 Property of important species

Another important and interesting issue is the bonding prop-
erties of kinetically stable isomers. For the most stable iso-
mer, A1, the Si–C bond length is 1.698 Å. The C–H bond
length, 1.063 Å, is close to that of CH4, 1.09 Å. According to
atomic Mulliken spin densities (0.204, 0.524, −0.180, 0.471
and −0.018e for Si1, C2, C3, C4 and H5, respectively), we
can deduce that among the three possible resonant struc-
tures, (1) •| Si–C≡C–C|–H, (2) |Si=C•–C≡C–H, and (3)
|Si=C=C=C•–H, resonant structure (2) bears the most weight
and (1) the least. The symbols “•”and “|” denote the unpaired
single electron and lone-pair electrons, respectively.

For the second stable isomer C2, the atomic Mulliken
spin density distribution is 0.080, −0.030, 0.403, 0.565 and
−0.017e for Si1, C2, C3, C4 and H5, respectively. Consider-
ing the bond lengths (in Fig. 1), isomer C2 can be described
as the following three resonant structures:

Si1

H5

C3C4(1) C2

Si1

H5

C3C4(2) C2

Si1

H5

C3C4(3) C2

Si1

H5

C3C4(4) C2

In the view of spin density distribution and stability, (3)
is considered to bear the most weight. The atomic Mulliken
spin density distributions (for the corresponding atom labels,
please see Fig. 1) for Si1, C2, C3, C4 and H5 in other isomers
are 0.982, −0.239, 0.198, −0.032 and 0.091e (A2), 0.013,
0.943, −0.037, 0.084 and −0.03 (A4), −0.0.052, 0.538,
−0.098, 0.643, −0.031 (F1), 0.688, −0.042, −0.042, 0.419
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and −0.022 (F4) and 0.058, 0.021, 0.021, 0.546 and −0.06
(F5). Analogically, the resonant structures with the most
weight for other kinetically stable isomers can be deduced as
follows:

C3 C4

H5
Si1C2C2 Si1

H5
C3C4

C3 H5

Si1
C2

C4

A2                                                      A4                                                   F1  

C4 H5

C2

Si1
C3

C4 H5

C2

Si1
C3

      F4         F5

Si1 H5

C2

C4

C3

Si1 H5

C2

C4

C3

3.4 Interstellar and laboratory implications

The dipole moments and rotational constants for SiC3H at
the B3LYP/6-311G(d, p) level are listed in Table 1. As seen
in Table 1, of the seven kinetically stable isomers, F5, A1, F4,
A4, F1, C2 and A2, the former two have rather small dipole
moments (0.2266 and 0.7731 D, respectively) and their char-
acterization may be identified by infrared spectrum; the lat-
ter five have rather large dipole moments as 1.5837, 2.7981,
3.8867, 3.5508 and 5.1695, respectively, making them
promising for microwave detection.

SiC3 has been detected in the interstellar space [12] and in
the laboratory [17] as well, with the promising forms of rhom-
bus [12,17] and linetype [9] (see the scheme below). SiC2H
radical possesses three potential forms, linear SiCCH and
CCSiH, along with cyclic structure [8,10] (see the scheme
below).

Si C C C
Si

C

C

C*
Si C C H C C Si H

Si

C*
C H

(1)                             (2)                            (3)                              (4)                         (5)

Therefore, a large amount of dissociative H atoms in the inter-
stellar space makes it possible to form isomer A1 by adding
H atom to the terminal C of chainlike SiC3 (1). Si or C* atom
of rhomboidal SiC3 (2) binding with dissociative H may lead
to the generation of F4 and F5, respectively. The addition of
dissociative C to terminal Si or C of linear SiCCH (3) and
CCSiH (4) can generate A4 and A2, respectively. The feasi-
ble formation mechanism of C2 and F1 is that C atom bonds
with C* atom of cyclic SiC2H (5).

In addition, SiC2H has been generated in the laboratory by
the photolysis of a mixture of SiH4, C2H2 and Ar [8]. There-
fore, it is reasonable to except that SiC3H may be produced
by similar means with SiC and C2H4.

4 Conclusions

DFT and ab initio method were employed to study the struc-
tures, energies, dipole moments, rotational constants, and

isomerization of the SiC3H molecule. A total of 18
minima, including chain-like species (A), branched species
(B), three-membered-ring species (C), four-membered-ring
species (D), tetrahedron species and bridge-bond containing
species (F), and 16 transition states as well on the isomeri-
zation PES were located at the CCSD(T)/6-311G(2df, 2p)//
B3LYP/6-311G(d, p) level. The lowest lying isomer, linear
A1, is the most kinetically stable, with the dominant reso-
nant structures |Si=C•–C≡C–H. The three-membered-ring
isomer C2 holds the second highest kinetic stability. In addi-
tion, two chain-like isomers (A2 and A4) and three bridge-
bond containing isomers (F1, F4 and F5) also have consid-
erably high kinetic stability. Other high-energy isomers, A3,
B2, C1, C3, C4, C5, D1, D2, F3 and F2 are also less kineti-
cally stable. Of those, F4, A4, F1, C2 and A2 are promising
for microwave detection with larger dipole moments. Due to
the small dipole moments, F5 and A1 can be identified by
infrared spectrum.
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