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The SiS molecule, which plays a significant role in space, has attracted a great deal of attention for many years.
Due to complex interactions among its low-lying electronic states, precise information regarding the molecular structure
of SiS is limited. To obtain accurate information about the structure of its excited states, the high-precision multireference
configuration interaction (MRCI) method has been utilized. This method is used to calculate the potential energy curves
(PECs) of the 18 Λ–S states corresponding to the lowest dissociation limit of SiS. The core–valence correlation effect,
Davidson’s correction and the scalar relativistic effect are also included to guarantee the precision of the MRCI calculation.
Based on the calculated PECs, the spectroscopic constants of quasi-bound and bound electronic states are calculated and
they are in accordance with previous experimental results. The transition dipole moments (TDMs) and dipole moments
(DMs) are determined by the MRCI method. In addition, the abrupt variations of the DMs for the 15Σ+ and 25Σ+ states
at the avoided crossing point are attributed to the variation of the electronic configuration. The opacity of SiS at a pressure
of 100 atms is presented across a series of temperatures. With increasing temperature, the expanding population of excited
states blurs the band boundaries.

Keywords: SiS, opacity, excited state, spectroscopic constant, configuration interaction
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1. Introduction
The SiS molecule plays a significant role in space,

which has attracted a great of interest from study groups.[1]

The molecule has been observed in the microwave region
through emission from the carbon star IRC+10216 molecu-
lar envelope. The molecule has also been found in cool S
stars,[2,3] oxygen-rich stars[4] and the interstellar medium.[5]

It is thought that SiS molecules are formed through pathways
of Si+SO and Si+SO2 in space; however, the destruction re-
action is considered as SiS+O.[6] Due to its astronomical im-
portance, the molecular structure, spectroscopy and opacity of
the SiS molecule have been studied in previous investigations.

Pioneering experimental studies on the vibronic emis-
sion of A1Π–X1Σ+ of SiS were carried out by Barrow and
Jevons.[7] Since then, several experimental studies have fo-
cused on the spin-allowed transitions E1Σ+–X1Σ+, D1Π–
X1Σ+ and A1Π–X1Σ+. A series of ultraviolet bands were
photographed by Vago and Barrow,[8] and vibrational anal-
yses were carried out to obtain the vibrational constants of
E1Σ+ and D1Π. Nair[9] obtained the dissociation energy (De)
and experimental potential-energy curves (PECs) by employ-
ing the Rydberg–Klein–Rees method. Later, Gopal et al.[10]

recorded the isotope shift phenomenon for 28Si32S and 28Si34S
in the visible and UV regions, confirming the vibrational
assignments of D1Π–X1Σ+ in the 260 nm–390 nm region.

Sunanda et al.[11] obtained the Franck–Condon factors (FCFs)
from the observed E1Σ+–X1Σ+ band system. Recently, ro-
tational lines generated by high-vibrational levels of SiS[12]

were observed by employing the Atacama large millimeter ar-
ray radio telescope, and transitions for isotopologues in high
vibrational states were also detected.

From a theoretical point of view, the molecular structures
of several excited states of SiS have been studied via different
theoretical methods. Robbe et al.[13] used self-consistent field
configuration interaction (CI) to compute the PECs of the ex-
cited states of SiS and determined the primary electronic con-
figuration and spectroscopic constants of several bound states.
Chattopadhyaya et al.[14] evaluated the electronic spectrum of
SiS by utilizing the multireference singles and doubles con-
figuration interaction approach, and studied the spectroscopic
properties of E1Σ+–X1Σ+ and A1Π–X1Σ+ transitions. Li et
al.[15] utilized the high-precision multireference configuration
interaction (MRCI) approach to compute the 18 Λ–S states of
the lowest dissociation limit of SiS and discussed the transi-
tion properties of A1Π and E1Σ+ states. Upadhyay et al.[1]

utilized the experimental PECs and the theoretical dipole mo-
ment (DM) curves to determine the rotation−vibrational line
lists of the ground state of SiS. More recently, vibrational con-
stants and analytical potential energy functions[16] were ob-
tained by employing the variational algebraic method.

†Corresponding author. E-mail: wu yong@iapcm.ac.cn
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As discussed above, the spectroscopic properties and
electronic structures of the SiS molecule have been investi-
gated by a series of research groups. However, the major fo-
cus in previous theoretical computations of the SiS molecule
has been on the structures of several low-lying excited states.
Owing to the large state density of the excited states, informa-
tion about the high-precision structure of the excited states of
SiS is still limited. Previous work mainly focused on the elec-
tronic structures of singlet states X1Σ+, A1Π, D1Π and E1Σ+.
The electronic configuration of the low-lying Λ–S states of
SiS has not been extensively investigated. The variation of
DMs in the avoided crossing region has not been studied. To
the best of our knowledge, the only rotation–vibrational line
lists for the ground state X1Σ+ were generated by Upadhyay
et al.[1] Simulated spectra of the excited states of SiS remain
sparse. In this paper, high-precision structures of the excited
states of SiS are computed using the MRCI method. The DMs
and transition dipole moments (TDMs) from the excited state
to the ground state are given by the MRCI level. The vari-
ation of DMs in the avoided crossing region is explained by
the change in electronic configurations. Finally, the opacity of
SiS originating from vibration–rotation transitions at different
temperature conditions is evaluated.

2. Theoretical method
In this work, the electronic structures of 18 Λ–S states

of the lowest dissociation limit (Si3Pg+S3Pg) of SiS are in-
vestigated using MOLPRO package.[17] Owing to the limita-
tions of that package, all the calculations in this work were
done in the C2v Abelian group. In our calculations, aug-cc-
pwCV5Z-DK basis sets[18,19] are adopted to depict Si and
S. In the calculation process, the singlet configuration wave-
function of the X1Σ+ of SiS is determined by the Hartree–
Fock (HF) method in the bond length range of 1.6–5.0 Å. To
consider static correlation effects, multi-configuration wave-
functions are calculated using the complete active space self-
consistent field (CASSCF) method[20,21] by employing wave-
functions determined by the HF method as an initial guess.
Finally, the eigenenergies of the 18 Λ–S states are calculated
with the MRCI approach[22,23] using the CASSCF wavefunc-
tions as a reference. In addition, the Davidson correction[24] is
included to overcome the size-consistency error in the MRCI
calculation. The active space in the CASSCF calculations is
composed of 4a1, 2b1 and 2b2 molecular orbitals, correspond-
ing to Si 3s3p and S 3s3p valence electron orbitals. The core–
valence correlation (CV) effect is also considered in the MRCI
calculation, and the electrons in 2s2p shells of S and 2s2p
shells of Si are correlated; however, the electrons in the 1s
inner shell of S and Si are frozen. In addition, the scalar rela-
tivistic correction[25,26] is obtained from third-order Douglas–
Kroll and Hess integrals.

The electronic Schrödinger equation of SiS can be repre-
sented as

ĤeΨe(r,R) = Ee(R)Ψe(r,R), (1)

where Ĥe is Hamiltonian of the molecules and Ψe(r,R) and
Ee(R) are the eigenfunction and eigenenergy, respectively. Ĥe

is given by the following formula:

Ĥe =
N

∑
i=1

(
−1

2
∇

2
i

)
+

N

∑
i=1

(
−Za

rai
− Zb

rbi

)
+

N

∑
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(
1
ri j

)
+

ZaZb

R
, (2)

in which Za and Zb are the nuclear charge numbers of the Si
and S atoms.

Based on the eigenenergies in Eq. (1), the eigenvalues of
the vibration–rotation states are determined as solutions to the
radical Schrödinger equation[

− 1
2µ

d2

dR2 +Ee(R)
]

χνJ(R) = EνJ χνJ(R), (3)

where EνJ(R) is eigenenergy of the vibration–rotation level.

Aυ ′ j′,υ ′′ j′′ =
4
3

ω
3
υ ′ j′,υ ′′ j′′α

3 SJ′J′′

2J′′+1
(4)

in which

SJ′J′′ = |〈χυ ′J′ |D(R)|χυ ′′J′′〉|2 ϕJ′J′′ , (5)

where ν ′ is the vibrational quantum number, J′ is the rotational
quantum number, α is the fine-structure constant, ων ′ j′,ν ′′ j′′ is
the transition frequency of different vibration–rotation states,
SJ′J′′ is the line strength, D(R) is the TDM and ϕJ′,J′′ is the
Hönl–London factor.

On the basis of line strength, the molecular opacity is de-
termined by

σ =
1

8π(∆E ′′/hc)2

×
A(2J′+1)[1− exp(−∆E ′′/kT ]exp(−EV ′J′,00hc/kT )

Q
,

(6)

where ∆E ′′ is energy difference between the related two states,
c is the speed of light, A is acquired from Eq. (4), k is Boltz-
mann’s constant, EV ′J′,00 is the excitation energy and h is
Plank’s constant. The partition function Q(T ) is determined
using the following formula:

Q =
n

∑
i=1

QeiQviQri exp
(
−Tihc

kT

)
(7)

in which Ti is the transition energy of i-th electronic state and
T is the surrounding temperature.

Based on the calculated vibrational level and vibrational
wavefunction, the oscillator strengths fν ′ν ′′ (in a.u.) is given
by the following formula:

fν ′ν ′′ =
2
3
×∆E×TDM2×qν ′ν ′′ , (8)

where ∆E is the energy gap between vibrational levels ν ′ and
ν ′′, TDM (in units of a.u.) is the average transition DM, and
qν ′ν ′′ is the FCF.
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3. Result and discussion
3.1. Electronic structure and spectroscopy

The 18 Λ–S electronic states of the lowest dissociation
limit (Si3Pg+S3Pg) of the SiS molecules are evaluated at the
aug-cc-pwCV5Z-DK/MRCI+Q level of theory. Figure 1 dis-
plays an overview of the PECs of those 18 states. To observe
the position of the electronic states clearly, the PECs of sin-

glet, triplet and quintet states are listed separately in Figs. 1(a),
1(b) and 1(c). On the basis of the calculated PECs, a series of
spectroscopic constants including vibrational frequencies ωe,
anharmonic terms ωexe, adiabatic excitation energy Te, dis-
sociation energy De, equilibrium constant Be and equilibrium
internuclear distance Re are evaluated, which are provided Ta-
ble 1.
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Fig. 1. MRCI+Q potential energy curves for the lowest dissociation limit of SiS.

Table 1. Spectroscopic constants of bound Λ–S states of SiS.

Λ–S stste Te (cm−1) ωe (cm−1) ωexe (cm−1) Be (cm−1) Re (Å) De (cm−1)

X1Σ+ This work 0 749.54 2.3923 0.3035 1.9294 50828

Expta 0 749.64 2.5770 0.303528 1.9293 51619

Exptb 0 749.645 2.58623 0.303528 1.9293

Calcc 0 733 1.9570

Calcd 1.9319

21Σ+ This work 43230 423 1.9024 0.2223 2.2546 8253

Expte 41915.8 405.6 1.60 0.22137 2.2591

Calcc 41383 418 2.2860

11Π This work 35589 520 2.5997 0.2654 2.0633 15552

Expte 35026.84 513.17 2.94 0.26637 2.0595

Calcc 35385 485 2.1120

11Σ− This work 29463 470 1.7305 0.2342 2.1964 21567

Expte 28972.8 472.33 2.11 0.2341 2.1970

Calcc 28235 467 2.2540

11∆ This work 29787 464 1.7232 0.2331 2.2014 21271

Expte 29349.2 465.84 2.02 0.2340 2.1970

Calcc 28532 445 2.2620

13Σ+ This work 24747 508 2.0062 0.2428 2.1569 26169

Exptf 24572±10 506±4 2.3±2

Calcc 23518 504 2.1950

13Π This work 28228 612 3.4354 0.2831 1.9976 22926

Expte 27407.9 624.3 3.97

Calcc 27378 604 2.0260

13∆ This work 27478 492 1.7785 0.2390 2.1741 23562

Expte 27268 484.51 1.89 0.2401 2.1690

Calcc 26502 480 2.2200

13Σ− This work 29430 473 1.6971 0.2350 2.1927 21668

Expte 29112.1 469.51 1.94 0.2351 2.1920

Calcc 28420 462 2.2420

15Π This work 47286 402 10.4919 0.2280 2.2257 3836

Calcc 44870 283 2.3420

aRef. [28], bRef. [27], cRef. [14], dRef. [31], eRef. [29], fRef. [32].
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Figures 1(a) and 1(b) clearly show that 21Π, 23Π and
23Σ+ are quasi-bound states, while the other nine electronic
states are bound states. In Fig. 1(c), the 15Π state is a
weakly bound state, which can only hold 21 vibrational en-
ergy levels, while the other five quintet states (15Σ+, 25Σ+,
15Σ−, 25Π and 15∆) are repulsive states. The ground state
of SiS has 1Σ+ symmetry, which is mainly described by a
7σ28σ23π49σ2 configuration. The ωe, ωexe, Be and Re are
evaluated to be 749.54, 2.3923, 0.3035 cm−1 and 1.9294 Å,
and the deviation between our calculated results and previ-
ous experimental data[27] is 0.105, 0.19393, 0.000028 cm−1

and 0.0001 Å. The calculated De is 50828 cm−1, which is
only underestimated by 791 cm−1 as compared with the ex-
perimental value of 51619 cm−1.[28] The first excited state
is 13Σ+, which is mainly described by a 7σ28σ23π39σ24π1

configuration corresponding to 3π →4π excitation relative to
that of the X1Σ+. The Te, ωe and ωexe are computed to be
24747, 508 and 2.0062 cm−1, which are consistent with the
experimental data[32] of 24572, 506 and 2.3 cm−1. Our cal-
culated Re of 13Σ+ is 2.1569 Å, which is 0.0381 Å smaller
than the configuration interaction result of 2.1950 Å.[14] For

the 11Π, the electronic configuration is mainly made up of
7σ28σ23π49σ14π1, which associates with the 9σ →4π ex-
citation relative to that of the X1Σ+. Our calculated values
of Te, ωe and Re are 35589, 520 cm−1 and 2.0633 Å, which
are only 562.16, 6.83 cm−1 and 0.0038 Å larger than the pre-
vious experimental results.[29] The calculated values of ωexe

(2.5997 cm−1) and Be (0.2654 cm−1) are only 0.3403 cm−1

and 0.00097 cm−1 smaller than the previous experimental
values.[29]

Table 2. Dominant configuration at R = 1.95 Å of bound state of SiS.

Λ–S states Main configuration at R = 1.95 Å (%)
X1Σ+ 7σ28σ23π49σ2 (83.73)
21Σ+ 7σ28σ23π39σ24π1 (57.61)

7σ28σ23π49σ110σ1 (20.9)
11Π 7σ28σ23π49σ14π1 (78.77)
11Σ− 7σ28σ23π39σ24π1 (94.56)
11∆ 7σ28σ23π39σ24π1 (95.58)

13Σ+ 7σ28σ23π39σ24π1 (95.82)
13Π 7σ28σ23π49σ14π1 (84.13)
13∆ 7σ28σ23π39σ24π1 (96.09)

13Σ− 7σ28σ23π39σ24π1 (94.7)
15Π 7σ28σ23π39σ14π2 (95.27)
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Fig. 2. Dipole moment curves and electronic configuration of the same symmetry state (15Σ+ and 25Σ+) of SiS.

In order to illustrate the precision of our calculation, the
vibrational levels of the X1Σ+, 11Π and 21Σ+ states are pro-
vided in the supplementary material (Tables S1–S3). The pre-
viously available experimental and theoretical results are also
listed in Tables S1–S3. As displayed in the supplementary
material, our calculated vibrational levels of the X1Σ+, 11Π

and 21Σ+ states are in good agreement with both the experi-

mental values and the existing theoretical results. For the ex-
cited states 11Π and 21Σ+, the maximum deviation is 1.9%
and 2.5%, respectively.

As is well known, DMs and TDMs play a crucial role
in the bonding properties and transition characteristics of
molecules. The DMs of 18 Λ–S states of the SiS molecule are
obtained by the aug-cc-pwCV5Z-DK/MRCI level of theory.
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For clarity, the DM curves corresponding to the singlet, triplet
and quintuplet states are provided, respectively, in Figs. 2(a)–
2(c). The variations of electronic configuration along with in-
ternuclear distance for 15Σ+ and 25Σ+ states are displayed in
Fig. 2(d). The TDM values of 21Σ+–X1Σ+ and 11Π–X1Σ+

transitions are determined at the MRCI level, and the varia-
tions of TDMs along with internuclear distance are given in
Fig. 3.

As displayed in Fig. 2, the calculated value of the X1Σ+ at
an internuclear distance is 1.45 Debye, which is in accordance
with the experimental value of 1.74 Debye.[30] Due to the sim-
ilar bond lengths and dominant electronic configurations of
11Π and 13Π, the variation of the DM curve of 13Π is analo-
gous to that of 11Π. It can be seen from Fig. 1(c) that the PECs
of 15Σ+ and 25Σ+ exhibit an avoided crossing phenomenon
near R =1.75 Å. Similarly, we can find that the DM curves
of 15Σ+ and 25Σ+ also vary sharply at the avoided crossing
point. In order to explain the avoided crossing of the same
symmetry, the weights c2 of the dominant electronic configu-
rations of 15Σ+ and 25Σ+ at a series of internuclear distances
are displayed in Fig. 2(d). At R < 1.75 Å, the electronic con-
figurations of the 15Σ+ and 25Σ+ states are mainly composed
of 7σ28σ23π29σ24π2 (Con-A) and 7σ28σ23π39σ110σ14π1

(Con-B), respectively. When the internuclear distance is
close to 1.75 Å, the dominant electronic configurations of
the 15Σ+ and 25Σ+ states exhibit a sharp change, which also
leads to a polarity reversal of the DMs of the two states.
At R > 1.75 Å, the dominant electron configurations of the
15Σ+ and 25Σ+ states change to 7σ28σ23π39σ110σ14π1 and
7σ28σ23π29σ24π2, respectively. At the avoided crossing re-
gion, the changes of DM curves for 15Σ+ and 25Σ+ states
present a complementary trend, resulting from the exchange
of dominant electronic configurations for the two states.
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Fig. 3. Transition dipole moment curves for spin-allowed transition
21Σ+–X1Σ+ and 11Π–X1Σ+.

The TDMs of the 21Σ+–X1Σ+ and 11Π–X1Σ+ transi-
tions are displayed in Fig. 3. It can be seen from Fig. 3 that
the TDM for the 21Σ+–X1Σ+ transition reaches a maximum
value at R = 2.11 Å. However, the TDM for 11Π–X1Σ+ de-
creases with an increase of internuclear distance. At a large

internuclear distance approaching the dissociation limit, the
TDMs of both 11Π–X1Σ+ and 21Σ+–X1Σ+ transitions reach
zero. On the basis of our calculated vibrational wavefunc-
tions of low-lying states, we evaluated the FCFs of 11Π–X1Σ+

and 21Σ+–X1Σ+ transitions. The FCFs q00, q10, q20, q30,
q40 and q50 of the 11Π–X1Σ+ transition are calculated to be
0.08524, 0.19634, 0.23773, 0.20195, 0.13560 and 0.07677,
which are in good agreement with experimental values of
0.08131, 0.1944, 0.2417, 0.2081, 0.1390 and 0.07677.[35] The
oscillator strength fν ′ν ′′ is obtained from the FCFs, TDMs and
energy gaps of different vibrational levels, which can be used
to estimate the band intensity of the spectrum. The oscillator
strengths fν ′ν ′′ of the 11Π–X1Σ+ and 21Σ+–X1Σ+ transitions
are given in Fig. 4, and the maximum value of fν ′ν ′′ for the
21Σ+–X1Σ+ transition is twice as large as that for the 11Π–
X1Σ+ transition. The vibrational band of 11Π–X1Σ+ is lo-
cated in the 35500–38100 cm−1 region, with the peak intensity
at ν ′= 2. Our simulated result well reproduces the experimen-
tal spectrum[35] in the range of 34900–37500 cm−1, with the
maximal intensity at ν ′ = 2.

3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2

4-0
5-0

6-0

20-0

19-0
18-0

17-0

14-0

16-0

15-0

14-0

13-0

12-0

11-0

10-0

9-0

8-0

7-0

3-02-010-09-08-0
7-0

6-0

5-0

4-0

3-0

2-0

1-0

0-0

f
ν

′ ν
″
 (

a
.u

.)

21S+-X1S+
11P+-X1S+

Wavenumber (104 cm−1)

0

0.001

0.002

0.003

0.004

0.005

Fig. 4. The calculated oscillator strength of the 11Π–X1Σ+ and 21Σ+–
X1Σ+ transitions.

3.2. Opacity of the X1Σ+, 11Π and 21Σ+ states of SiS

The opacities of molecules containing sulfur atoms have
been extensively studied in the literature by employing the
computational approach described in Section 2.[36,37] Molec-
ular opacity is used to determine the species and abundance
of elements in fusion physics and astrophysics. Based on the
calculated DMs, TDMs, vibration–rotation levels and wave-
functions, the partition function and opacity of the X1Σ+, 11Π

and 21Σ+ states of SiS have been calculated. The partition
function is a crucial parameter for spectral analysis in astro-
physical studies. When dealing with matter in high-density en-
vironments, the local thermodynamic equilibrium approxima-
tion is used as a practical model, and the molecular opacities
are determined by the DMs, TDMs, eigenvalues of vibration–
rotation states, degeneracies, and the surrounding temperature
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T . The total internal partition function is calculated with for-

mula (7) by considering all of the vibration-rotation levels in

the X1Σ+, 11Π and 21Σ+ states. The total internal partition

function is computed at different temperatures, and the parti-

tion function curves of SiS at different surrounding tempera-

tures are provided in Fig. 5. It can be seen from Fig. 5 that the

total internal partition function of SiS exhibits a rapid increase

as the temperature T rises. As the temperature increases, the

Boltzmann factor
(

exp
(
−Tihc

kT

))
exhibits exponential growth,

leading to a rapid rise in partition functions determined by for-

mula (7).
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Fig. 5. The variation of partition functions of SiS with the temperature
T (in Kelvin).
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Based on the calculated partition functions and eigenval-
ues of vibration–rotation states, the opacities of singlet X1Σ+,
11Π and 21Σ+ states are calculated with formula (6) at a pres-
sure of 100 atms. As discussed in Section 3, the ground state
X1Σ+ is a typical bound state, and the dissociation energy of
the X1Σ+ is 50828 cm−1; hence, the dissociation probability
of SiS induced by thermal motion at a temperature of 4500 K
is extremely low. Furthermore, previous work has also indi-
cated that the origin of opacity and the absorption spectrum in
astrophysical phenomena predominantly lies within molecular
entities.[38,39] In order to illuminate the effect of surrounding
temperature on molecular opacities, the molecular opacities
originating from the X1Σ+, 11Π and 21Σ+ states of SiS at
different surrounding temperatures (300 K, 1000 K, 3000 K
and 4500 K) are plotted in Figs. 6(a)–6(d). It can be found
from Fig. 6 that the spectra generated by the vibration–rotation
transition of the X1Σ+, 11Π and 21Σ+ states of SiS cover a
wide wavelength, which is located in the UV to far infrared

region. As for the simulated spectra of the X1Σ+, 11Π and
21Σ+ states, the collision-broadened lines are profiled through
a Lorentzian function. As shown in Fig. 6(a), there are three
bands originating from the X1Σ+, 11Π and 21Σ+ states. These
bands correspond to the 21Σ+–X1Σ+, 11Π–X1Σ+ and X1Σ+–
X1Σ+ transitions, respectively. When the surrounding temper-
ature (300 K and 1000 K) is relatively low, distinct separa-
tion between different bands can be observed in Figs. 6(a) and
6(b). The spectral band originating from the 21Σ+–X1Σ+ and
11Π–X1Σ+ transitions are located at approximately 210 nm
and 261 nm, respectively, falling in the short-wave UV wave-
length range. The X1Σ+–X1Σ+ band system exhibits two
prominent subbands, which arise from the vibration–rotation
transition. The vibrational subbands of ∆ν = 1 and 2 are
centered at wavelengths of 6.7 µm and 13.4 µm, while the
pure rotational subband falls within a wavelength coverage of
≥ 60 µm. As shown in Fig. 6(a), the absorption spectrum in
the range of 350–1300 nm is distinguishable and weak, which
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forms an obvious spectral window. As the surrounding tem-
perature increases, the boundary between different bands of
electronic transition and fundamental vibrational transitions
becomes fuzzy, which is caused by the increased population of
electronically excited and vibrationally excited states at higher
temperatures. Meanwhile, the cross section attributed to the
pure rotational transition (∆ν = 0) evidently reduces due to
the significantly decreased populations on the X1Σ+.

4. Conclusions
In this paper, the PECs of 18 Λ–S states of the lowest

dissociation limit of the SiS molecule are computed with the
MRCI method. Based on the calculated PECs, the vibration–
rotation energy levels, wavefunctions and spectroscopic con-
stants are determined using a numerical method. The DMs
of the 18 Λ–S states are determined by the MRCI level, and
the abrupt change of the DMs for the 15Σ+ and 25Σ+ states
around the avoided crossing region are explained by the abrupt
variation of configuration. The opacities originating from the
singlet states X1Σ+, 11Π and 21Σ+ of SiS are computed at a
given pressure of 100 atms with different surrounding temper-
atures. In lower temperatures (300 K and 1000 K), the spec-
tra originating from the 21Σ+–X1Σ+ and 11Π–X1Σ+ transi-
tions are divided into two discrete bands, and the three dis-
tinct vibrational bands are attributed to ∆ν = 0, 1 and 2 of the
X1Σ+–X1Σ+ transition. As temperature increases, the popu-
lation of excited states increases, leading to the superposition
of different transitions. This investigation provides the precise
electronic structures, spectroscopic properties and molecular
opacities of the excited states of SiS. The work will shed more
light on the vibration–rotation spectra and molecular opacity
of the SiS molecule.
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