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Ab initio based configuration interaction calculations have been carried out to study the low-lying electronic
states and spectroscopic properties of the heaviest nonradioactive silicon chalcogenide molecule and its
monopositive ion. Spectroscopic constants and potential energy curves of states of both SiTe and!giTe

5 eV are reported. The calculated dissociation energies of SiTe andl &i&&.41 and 3.52 eV, respectively.
Effects of the spir-orbit coupling on the electronic spectrum of both the species are studied in detail. The
spin—orbit splitting between the two components of the ground state of'S&lestimated to be 1880 crh
Transitions such as*Qll)-X "=, 07(Ill)-X '=,, E '=5.-X'4., and ATI,-X'3S, are predicted to be strong in
SiTe. The radiative lifetime of the I state is less than a microsecond. Th&IX X213, transition in

SiTet' is allowed due to spinorbit mixing. However, it is weak in intensity with a partial lifetime for the X

state of about 108 ms. The electric dipole moments of both SiTe and SiTéheir low-lying states are
calculated. The vertical ionization energies for the ionization of the ground-state SiTe to different ionic states
are also reported.

I. Introduction Lebreton et a.in the region of 3906-4300 A from the emission

Over the last few decades, there have been a number 0fspectrum_of SiSe in t_he low cur_rent disqharge. Bosser & al.
experimental studies on silicon chalcogenide molecti&sOf have carried out the high-resolution rotational analysestbf-D

. . . . . 1>+ _X1s+ i ; -
all the chalcogenides, the lightest species SiOfSh@ve been L( 2 dand §H1 X_Z transitions of S|Sed_Rec?ré§’r%ab |r£)|t|o
studied the most. These molecules play key roles in interstellar Pased configuration interaction (CI) studies of Si®ave been
and circumstellar chemistry. However, the number of investiga- performed, but no gxperlmental or theoretical studies have been
tions is considerably fewer for the heavier species. Barrow and reportgd for the SiTeion so far. . .
co-worker$ have made pioneering work in this regard. The Inthlg article, we report the electronlc_states and spectroscopic
ultraviolet DX systems of the red-degraded bands of SiSe and ProPerties of both SiTe and SiTeobtained from the multi-_
SiTe have been developed in high-temperature discharge througti€ference singles and doubles CI (MRDCI) calculations with
silica tubes which contain aluminum selenide and a mixture of relativistic effects and spirorbit coupling taken in consider-

aluminum and tellurium powders, respectiveiThe vibrational ~ &tion. Since the tellurium atom is quite heavy, the smrbit
analyses of these bands have also been carried out. For siTecoupling plays an important role in characterizing the electronic

about 25 bands have been measured between 3290 and 3900 ﬁpeotra of these species. Potential energy curves of the ground
with 0—0 band at 3496.6 A. However, the-0 band is not and low-lying states of SiTe and SiTdéave been constructed
found to be very intense. Another ultraviolet& band system with an_d without spif-orbit coupl_ing. Spec_trqscopic constants
has been observétbr each of the SiS, SiSe, and SiTe molecules &€ estimated and compared with the existing data. Transition
in absorption at high temperature (800000 °C). The D-X dlpole. moments of some select.ed. transitions are compyted.
systems, which are known in emission, have also been photo-EleCt”C dipole r_noments gnd radiative Ilfet|r_nes of the excited
graphed in absorption. The vibrational analyses have providedStates of both SiTe and SiTare also the subject of the present
vibrational constants of X, D, and E states. Keeping an analogy StdY-

with SiO and SiS, the lowest excited state (D) of SiTe has been
presumed to b&l1. The state has been renamed aEl4or the
lighter molecules. However, these studies have wrongly sug- The 182g22pF core electrons of Si have been substituted by
gested that the E state of SiTe is of tRE™ symmetry. the relativistically corrected effective core potentials (RECP)
Thermodynamic studi€$ of SiTe have reported an average of Pacios and ChristianséhAwhile the 333p? valence electrons
dissociation energyD®) of 4.64 eV. The high-resolution studies are considered for the ClI calculations. The tellurium atom is
of either AITI-X 1=* or E1Z*-X1Z* have not been carried out  quite heavy, and 36 core electrons are described by the semicore
for SiTe, while these are known for SiSé high-temperature type RECP of LaJohn et &b Therefore, the valence space of
photoelectron spectroscopyf SiS in the ground state has been Te consists of 4¥585p* electrons for Cl calculations. There-
carried out in order to obtain the spectral feature of the ground fore, for the SiTe molecule, the total number of active electrons
and excited states of SISA set of weak bands arising from is 20, while for its monopositive ion it is 19. The (4s4p)
the spin-forbidden transition3H-X!=" has been studied by  primitive Gaussian basis sets of Si have been taken from Pacios
and Christianse#? The additional polarization and diffuse
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augmented functions are given elsewh¥rEor the tellurium TABLE 1: Spectroscopic Constants of theA-S States of
atom, the (3s3p4d) Gaussian basis sets of LaJohn'&hake SiTe

been augmented with one set of f functions with an exponent TJ/ecmt rdA wdem?t

of 2.5 g 2 taken from Setzer et af. Therefore, the final AO state calc expt calc expt calc  expt

basis function of Te is (3§3p4d}f). . . XioF 0 230 179 4812
Throughout the calculations, SiTe and SiTee aligned along £+ 16667 253 349

the z axis with Si at the origin. The calculations have been 3 20135 255 330

carried out in theC,, subgroup of the full symmetry. The SCF %=~ 22 200 2.59 315

calculations have been carried out for thén?) 1=+ state of 12’ 22237 2.59 305

SiTe and %) Z=* state of SiTe at each internuclear distance. b%r[ gg ggg g'gg 2(7);3

Since 10 inner d electrons of the Te atom do not participate in - 51y 29072 286618 245 331 3386

the chemical bonding, we have kept them frozen in the g+ 32902 33991 2.70 250 249

configuration space. The number of active electrons reduces to 5=* 32991 291 227

10 and 9 for SiTe and SiTerespectively. In addition, we have ~ °II 33953 2.72 194

discarded some of the very high energy MOs. The total number 211~ 38862 2.89 237

of SCF-MOs, which are used as one-electron basis functions 2Reference 4.
for the ClI calculations, becomes 90. The MRDCI methodology
of Buenker and co-workets 22 has been used throughout the
calculations. The method uses perturbative correction and energ
extrapolation techniques. A set of reference configurations is
chosen for each of the four irreducible representation€f ; .
for a given spin and spatial symmetry. Nine lowest roots are A SiTe. The computed potential energy curves of all the
calculated for singlet and triplet spin multiplicities, while five ~ SiNdlet, triplet, and quintet states of SiTe correlating with the
roots are computed for quintets of SiTe. For the ion, six and [0West dissociation limit are shown in Figure-ia There are
four lowest roots are optimized for doublets and quartets, & Many as 12 bound states, while the remaining states are either
respectively. The single and double excitations are carried out "€PUISive or predissociative. Spectroscopic constants of these
from the selected set of reference configurations. A configura- bofnf' states of SiTe are tabulated in Table 1. The ground state
tion-selection threshold of 1 ghartree has been chosen to keep (X'=") Of S'T? has an equilibrium bond length of 2.30 A with
total selected configurations below 200 000. We have used Table®e = 479 cnT™. The vibrational analysis of the UV bahtas
Direct-Cl versioR? of the MRDCI code throughout. The sum determined a value of 481.2 ctnfor we of the ground state in

of squares of coefficients of the reference configurations for €Xcellent agreement with the computed value. The obsétved
each root remains above 0.9. ground-state dissociation enerdY.f) of SiTe also agrees well

To study the effects of the spirorbit coupling, we have with the calculated value of 4.65 eV. Earlier calculat®ng®

; . : . ; f isovalent species such as SiO, SiS, and SiSe at the same
employed those spirorbit operators which are compatible with 0 ’ L .
thepngCPs of Si and T(Ia a'fz)ms Th:’s:smbit operaF':orIs ofvéli level of Cl have shown that the comput®dis underestimated
have been taken from Pacios and Christiariamhile those t_)y_0.3_—0.6 ev becaus? of the use of pseudopotentlals, the
reported by LaJohn et & .have been employed for Te. In the limitation of the Cl, basis set etc. THa, value of the lighter

C,, double group, th& states of SiTe belong to,AA,, and aiSe molezl\ﬁule comfuft’edfast__lfhe hsamethl&e% 5t3? e\é.
B1/B,, while for SiTe", these correspond to;Eand B OWEVET, the computeble O SITE SNOWS the correct trend as

Dg(SiO) > D¢(SiS) > D¢(SiSe)> De (SiTe). The ground-state
configuration of SiTe is mainly?r,* whereo andx are both
strongly bonding type MOs comprising the s andapomic
orbitals of Si and Te atoms.

The first excited state of SiTe i$&" which originates from
an—n* excitation. The computed transition energy éE4a at
equilibrium is 16 667 cm! with ro = 2.53 A andwe = 349

5p% Dg). The calculated relative energy of the second
dissociation limit has been compared with teaveraged
observed value, and a discrepancy of about 600'dmnoted.

representations. The two-step variational metfod has been
employed for the spinorbit calculations, the details of which
are discussed elsewhefe.

Spectroscopic constants of the low-lying states of SiTe and
SiTe" have been estimated, both including and omitting the
spin—orbit interaction, by fitting the potential energy curves.
The vibrational energies and wave functions are then obtained ~ : . . o

cm 1. The state is strongly bound with a dissociation energy of

from the numerical solutions of the one-dimensional nuclear 2.58 eV. It is analogous to thé®a* state of the isovalent CO

Schralinger equations. Einstein spontaneous emission coef- -
ficients, transition probabilities, and radiative lifetimes of excited m0|eCUIe' Thg§+._xlz+ band system of SIS has begn obsgrved
states are calculated. in thg chemnumlnescent fIame spectfaThe S.pIH—OI’F)I'[
coupling in the &* state of SiTe leads to the spin-forbidden
transition such as®a;-X'S;. in the range of 16 00817 000
cm~L. The®A state, which is next to&*, also originates from
Potential Energy Curves and Spectroscopic Constants of  the z—x* excitation. It is strongly bound with a dissociation
A-S States.There are 18\-S states of SiTe correlating with  energy of 2.15 eV. The MRDCI estimated transition energy of
the lowest dissociation limit, Si(3p3Py)+Te(5¢; 3Py). These this state is 20 135 cm at r, = 2.55 A with a vibrational
electronic states have singlet, triplet, and quintet spin multiplici- frequency of about 330 cm. The3A state of the isovalent SiS
ties. The second dissociation limit, Si@3pDg)+Te(51; 3Py), is, however, experimentally known.
generates nine states of triplet spin multiplicity. The relative  Three nearly degenerate staf&;,, 1=-, andA, appear from
energy of the second dissociation limit computed from the the samex—n* excitation that generates3&" and 3A.
calculations of SiTe at a very large bond distance agrees well Spectroscopic parameters of these three states are quite similar.
with the data obtained from the atomic energy taBl@he The identical spectroscopic features of these states have also
lowest dissociation limit, Si(3p; 2P,)+Te(5@; 3Py), correlates been noted for other neutral silicon chalcogeni®e®’ Transi-
with 12 A-S doublets and quartets of the SiTien, while nine tion energies of all three states of the heaviest SiTe molecule
doublets dissociate into the second asymptoté3pi 2P,)+Te- lie in the range of 22 20822 500 cnT?. The equilibrium bond

I1l. Results and Discussion
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lengths of3=~, =-, and !A are close to 2.60 A, and their  TABLE 2: Spectroscopic Constants of Low-Lying A-S
vibrational frequencies are computed to be around 310icm  States of SiTe

The next important state is a strongly bouilidl state which is state Tdem™? rdA wdemt
located 22 687 cm above the ground state. The-Sie bond X2 0 245 384
in the lowest®IT state is shorter, and its vibrational frequency AZSH 2558 2.29 449
is larger than the other excited states of SiTe. The state is 11 12190 2.84 237
denoted a®3I1 in analogy to the lighter species for which the =zt 15275 2.53 292
b3[1;-X =+ transition has been observ&d? It is also expected ‘%ZH i; gig ggg ggg
that such transition may also be observable in SiTe. THE b a5 20784 579 199
state is generated mainly due tara-z* excitation. B2+ 22 428 251 288
The next important state is designated d§IAvhich is the =" 23487 2.74 187
lowest root in this symmetry. The state is observed in the UV 22%27 gi ggi g;g gg
absorption band systetand it originates from the samee—r* 2A 27141 569 239
excitation as in B[1. The 1T state was originally labeled by 525 28 904 277 196

Vago and Barrowas D'I. However, keeping an analogy with

the studies of other isome#%,24 we have kept the notation of | .
this state as ATT. The computed transition energy of the-X in Figure 2. Although no photoelectron spectroscopic study of

transition is about 29 072 crh, while the vibrational analysis ~ S1€ has been reported so far, a comparative study with the

of the band has reported a value of 28 661.8 rithe MRDCI lighter isovalent species may be useful to check the reliability
estimatedve agrees well with the experimental value of 338.6 of the results of SiTe. The X1 state of SiTé is characterized

cm-L The experimental SiTe bond length in the AT state  dominantly byo®z°. Near the potential minimum, theMO is
of SiTe is not yet known, while the present calculations predict 2 Ponding combination of s and fOs of both Si and Te atoms.
re = 2.45 A for the state. The potential energy curve shows 11€7 MO is also bonding comprising the AOs.

that the AIT state is strongly bound, and the-X transition is The first excited state of SiTeis A 2X7, analogous to that
expected to be quite strong. of the other lighter ion8'-33 The computed A="-X2I1 energy

n . A separation is 2558 cm, which is larger than in the lighter ions,
The second T‘?Ot OE Sym’.“e”y is denoted as E » and as expected. The SiTe bond in the AX7 state is shorter than
the E-X transition is experimentally observed like other

> . i the ground-state bond by about 0.16 A, and the compated
members of silicon chalcogenides. In the UV absorption band : . P :
of SiTe? the EEX-XI+ system has been located at 33 991 value of this state is 449 crh. The A 2X" state is strongly

) e . o bound with a dissociation energy of 3.34 eV which is compa-
cm™L. The calculated transition energy of this state at equilibrium rable with that of SiSe. As expected thesz* configuration
is reported to be 32 902 crhwhich is, therefore, underestimated dominates in this state.
Eyt\zboutthlooo lei SUt :jher; 'S an fei(ﬁe”é;a agtmjrrteemfent The 2II state, which is the next higher root of the ground-
S?T een Te glonlpu :Ithan hothservego_ et b N dale Oth f state symmetry, is sandwiched between two pairs of quartet
S:Tg i(r?(tar?e I%*esta)t.e is n(c))ltjgnow?l ?ﬁgep::r;deigt:d vglnue iesna?bouci states. It ”e-s- about 17 445 cﬁnabpve the ground state. 'I_'he
2.70 A. The EX* state dissociate's into the ground state limit potentlr?ll m|n|th;]m otfhthe%H sgat(i 'f’ Ict))catgtlj at $h8$ A Whlc? t
with an estimated dissociation energy of only 0.57 eV. In the IS much ‘onger than the ground-state bond 18ngm. 1Wo quartets,

| bond lenath ion. th tontial  th namely I and “X*, are placed below the?P state, while
onger bond lenginh region, the potential energy curve ol the onaher two %A and4s-, lie above. The energy ordering of
EZ* state shows a hump which occurs due to an avoided

. . . these states is the same as that of the isovalent"Sise The
crossing with the higher root of the same symmetry. At T1 state has a transition energy of 12 190 éwith ro = 2.84

equilibrium, the EX* state is characterized by more than one A andwe = 237 cntL. It is strongly bound with a dissociation

configuration. The largest contribution comes from trer* energy of 2.15 eV. Thés* state has a much shorter bond length

(c>=0.46) configuration. Since the equilibrium bond length of (re=2.53 A - - ;
15+ i ) =2. ), and the vibrational frequency is nearly 300¢m
E'X* is 0.41 A longer than the ground-state bond, theXe The computed transition energies of the and“=~ states of

transition is expected to have poor Fran¢kondon factors. SiTe" are 18942 and 20784 crh respectively. All four
Two weakly bound quintetS¥* and®I1, dissociate into the  quartets are spectroscopically significant because their spin

ground-state dissociation limit with dissociation energies of 0.56 components interact strongly with those of the low-lying
and 0.44 eV, respectively. Of all the excited states of SiTe, the ggublets.

53t state has the longest equilibrium bond length. The computed  The excited2S+ state of SiTé looks very similar to the
transition energies & and®IT at equilibrium are 32991 and  g2s+ state of the lighter ions. So, we have also designated the
33953 cm?, respectively. ThE€X* and®I1 states are character-  state as BS*. The potential energy curve of2B* is very

ized byo?r’r*? andomrn*? configurations, respectively. Some  smooth and dissociates into a higher asymptote. The transition
other higher excited configurations also contribute to these statesenergy of the state at equilibrium is calculated to be 22 428
considerably. The potential energy curve of tRH 2tate shows cm™L, while the corresponding. and we values are 2.508 A

a shallow minimum at. = 2.89 A. A very small barrier{750 and 288 cm?, respectively. The dominant configuration that
cm™) appears in the potential energy curve due to an avoided describes the B state ison37* (c?=0.73). The BS* state
crossing with the higher root Gf1. is, however, strongly bound with a dissociation energy of about

B. SiTe". Spectroscopic constants of SiTebtained from 2.07 eV. Although they have not yet been experimentally
the MRDCI calculations at the same level as those of the neutralobserved, the B"-X2IT and BZX*-A2X* transitions are likely
species are given in Table 2. The equilibrium bond length of to take place in the range 20 08623 000 cntl. The nearly
the ground state (3II) of SiTe" is 2.45 A with a vibrational degenerate states such®s and?A are located next to & *.
frequency of 384 cm!. The state dissociates into the lowest Not only do the potential energy curves of these states look
asymptote with a dissociation energy of 3.66 eV. Potential alike, but their spectroscopic constants are also comparable in
energy curves of 14 low-lying\-S states of SiTeare shown magnitude (Table 2). The computed transition energies of these
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Figure 1. Computed potential energy curves of low-lyingS states of SiTe for (a) singlet, (b) triplet, and (c) quintet spin multiplicities.

states at equilibrium are around 23 500énBoth2=~ and?A is a small barrier at arouh3 A in thepotential energy curve of
states are described by the same set of configurations dominate@2>~ which is due to an avoided crossing with the curve of the
by thec—x* excitation, and they dissociate into the lowest limit. higher root. The Z~ state, however, dissociates into the lowest
The second root of th&~ symmetry has a potential minimum  asymptote through this barrier.

at a longer bond length of 3.22 A. The vibrational frequency of ~ Potential Energy Curves and Spectroscopic Constants of
the 2~ state is comparable with that of its lower root. The Q States. A. SiTeAs a result of the spirorbit coupling, the
excited ZA state, which dissociates into the higher asymptote, 3P+-3P dissociation limit splits into nine asymptotes which
has a deep potential well (Figure 2). The compubrdf the correlate with 50Q states. In our spinorbit calculations, all
state is about 1.49 eV, and the state lies 27 141'@above the these states are included. The lowest three asymptotes are
ground state. The bond length of th&\2state at equilibrium is separated from others by more than 4500 trithe spir-orbit

2.69 A with a vibrational frequency of 239 cth Both the?A splittings among the components38% ; ,of Te are large, hence
and 2A states are characterized by the same set of configura-its effects on its spectral properties of SiTe are also correspond-
tions. Another state of theZ2~ symmetry appears from the ingly large. Potential energy curves of,00~, 1, and 3, and 2
sameor3r* configuration as that of eithé\ or 2%A state. There states of SiTe are shown in Figure-3&



Electronic States of SiTe and SiTe

50000

45000 -

42 1
40000 Si( u )+Te( D)

35000

Si'(’P, +Te(°P,)

30000

-1

25000

20000

Energy / cm

15000

10000

5000 —

-——Trr----r—r—TTTrT—T—T1
2 3 4 5 6 7 8 9 10 11 12 13 14 15
rla;

Figure 2. Computed potential energy curves of low-lyingS states
of SiTet.

TABLE 3: Spectroscopic Constants of@ States of SiTe
state TJem! rdA wdem? composition at. (%)

Xy, 0 230 480 X=+(99)

&’ 16112 253 341  %&(90),°T(8)

&S, 16415 253 336 &(94), BII(3),'=(2)

3A; 18933 257 326 3A(99)

S\, 19184 256 312 3A(79),'A(19), BII(2)

A, 20625 251 304 3A(67), BII(27),3(3), AUI(2)
of(I) 21183 2.47 289  HI(54),35(45)

0-(I) 21448 248 294 13(50), FII(49)

1) 22308 2.56 306 33(70), BII(12),3A(10), &=+(6)
2() 22359 248 313  HI(53),’A(43),3A(3)

0f(lll) 24056 2.50 395 35(53.0), BTI(43.0)

0-(Il) 24304 249 394 13(47), BII(46), a’S*(6)
1(V) 24710 248 398 HI(53),3(25),3A(15), &=+(5)
2(l) 25684 250 383  HI(43),'A(39),3A(17)

AUI, 29611 246 332  AI(92),3(3),%A(2)

0*(IV) 31637 2.88 235 55+(68),5I1(27), 22 (2)

2(V) 31839 2.83 236 55¢(55),5TI(36), BII(4), £TI(3)
S[I; 31962 2.76 186 S5II(96)

1(VI) 32311 273 286 53¥(52),5T1(29), ATI(13), BII(2)
Els;. 33021 272 264 E£(90), FII(4), BII(4)

2(V) 34068 2.85 236 STI(51),55(38), 3T1(3), £TI(2)
SII(l) 34544 2.79 195 STI(72),55+(12), FII(5), 2=+(6)
0-(IV) 34600 277 162 STI(78), Z=+(10), FTI(8)
0f(VI) 36260 2.78 221 SII(55),55+(31), FII(6), 2II(5)
VI 36349 2.82 175 SII(64),55+(20), 235+(11)

The computed spectroscopic constants of the low-ly@hg
states of SiTe are tabulated in Table 3. There is no nearby 0
component to perturb the ground-state componeﬁﬁ{;),(
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At equilibrium, the energy separation betweef(I)) and 0"-
(1) is about 3000 cm?. The 07(IV) component is dominated
by 5=+ in the Franck-Condon region. The fifth Ois designated
as Elz(; with an estimated transition energy of 33 021 ¢rat

re. In the equilibrium bond length region, it is mainly composed
of the EX" state. A shallow potential minimum in the curve of
0™(VI) is located around the energy of 36 260 ¢l he mixing
between’ITy+ and 52(; components is predicted to be strong.

The two spir-orbit components of 3" are separated only
by about 300 cm®. There and we values remain unchanged
for a2 and &%, component. Three spin components of the
SA state split in the inverted order. The largest sponbit
splitting in A is about 1700 cm!. The %A, component is
strongly coupled witRA,, while 3A3 remains unaffected as there
are no nearby components wi¢h= 3. The3A; component is
mixed up strongly with #1; for which the bond is shortened
by about 0.05 A. The computed adiabatic transition energy of
8A; is around 20 625 cmt. The - components of=~ and
b3I1 interact almost equally, and the potential minima oflQ
and O (lll) are separated by 2856 crh Due to the strong
coupling, the equilibrium vibrational frequency of @I) is
larger than that of Q(Il) at least by 100 cm!. However, these
0~ components are not so important from the spectroscopic point
of view as no transition is expected to take place.

The sharp potential minima of the 1(1ll) and 1(IV) states of
SiTe appear due to the interaction betwéen, and 5I1;. The
1(I) state is dominated by=~, while bI1; is the leading
contributor in 1(IV). Other components such % and &
are also present to some extent. The computed transition energies
of 1(Il) and 1(IV) at equilibrium are 22 308 and 24 710 cin
respectively. The 1(IV) state has a shorter bond length than 1(l11)
because of the larger participation of tHf¢lkstate. The adiabatic
potential energy curves of 2(ll) and 2(111) are found to be quite
smooth (Figure 3d). A strong coupling betwe€ilb and!A,
components is shown in the composition of 2(11) and 2(lll)
(Table 3). The energy separation between 2(l) and 2(lll) is
estimated to be 3325 crh In the Franck-Condon region, the
AI; component is relatively pure with more than 90%
contribution from ATI. The potential minimum of this com-
ponent is located around 29 600 Thwith ro = 2.46 A.
Spectroscopic constants of 2(1V) and 2(V) estimated from their
adiabatic curves are also given in Table 3. The remaining states
are mostly dominated by the components of excited quintets.

B. SiTe". Six asymptotes of SiTearising out of SF(?P+Te-

(3P) split within 5038 cm? of energy due to the spirorbit
coupling. The lowest two dissociation limits,'GiPy,,)+TeCP2)
and Si(?Psp)+Te(P,), are located 4400 cm below a set of
four other limits. The ground state of SiTés X213/, with re

= 2.45 A andw. = 380 cnt! which are almost the same as
those of XII. However, the X213, component has a strong
spin—orbit mixing mainly with the '&2172 component. Table 4
shows the spectroscopic constants and compositiofsstates
of SiTe" at the corresponding.. The computederand wes of
the two components of A1 differ largely due to the strong
spin—orbit coupling. The zero-field splitting of the ground state
of SiTe" is 1880 cntl. The equilibrium bond length of
A’sT,, which is composed of 60% &+ and 39% XII, is
elongated by 0.07 A, while it®e value is increased by 24 cth

hence its spectroscopic constants remain almost unchanged. Fivéhe potential energy curves of all low-lying spinrbit states
excited 0 states are shown in Figure 3a. The present calcula- of 1/2, 3/2, 5/2, and 7/2 symmetries of SiTare shown in

tions predict that BT+ and325+ components mix up strongly
so that both O(ll) and O"(lll) states consist of {1 and 3=~
almost equally. As a result, spectroscopic parameters @0
and O (Ill) are quite different from those of eitheeH or 3.

Figure 4a,b. Four spin components*dF split within 560 cnt?!

of energy. The spectroscopic constants estimated from the
adiabatic curves are given in Table 4. TAE}, and *;,
components are separated by 853 &nThe mixing of these
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Figure 3. Computed potential energy curves of low-lyifiystates of SiTe for (af2 = 0", (b) @ =07, (c) Q = 1,3, and (d)Q = 2.

two components with the components ¢iRis found to be transition has a sharp peak in the Fran€ondon region.
significant. The 7/2, 5/2, 3/2, and 1/2 componentsafsplit Around the equilibrium bond length, the computed transition
in the inverted order. The two spin components Afl2ie close moment values are more than 1.3,aeahich indicates that the
to each other. However, theig and w, values differ consider- E—X transition is quite strong. Transition moments of other
ably due to avoided crossings. The computed energy separatiortransitions are at least 5 times smaller. The computed radiative
between the two components " is about 325 cm!. The lifetimes for these five transitions are tabulated in Table 5. The
extent of the spirrorbit coupling is shown in Table 4. The partial lifetime for the AII-X!=" transition is predicted to be
B%X;,, component is the ninth root & = 1/2 symmetry. Its  at least 10 times shorter than that fofSE—XZ*. Although
transition energy and other spectroscopic constants changdransition moments for £X are larger than those for -AX,
because of several avoided curve crossings. the Franck-Condon overlap factor is small due to the larger
Transition Dipole Moments and Radiative Lifetimes of equilibrium bond length of the upper state. Two other transitions
Excited States. A. SiTeThe transition dipole moment functions  from AT such as AIT-1=~ and AITT—A are not as strong as
of five transitions involvingA-S states of SiTe are shown in  either E-X or A—X. The partial lifetimes for these two
Figure 5. The transition moment curve for théXE—X1>+ transitions are of the order of tens @k. The BIT-a’="
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TABLE 4: Spectroscopic Constants ofQ States of SiTe

state Tdeml rdA wdemt composition ate (%)

X123, 0 245 380  XII(99)

X2, 1880 2.39 348  ROI(71), AZ+(28)

AZsS, 5860 2.36 473  ARS*(60), X2I1(39)

Ty, 13162 2.82 219 “[I(87),“S*(6), AZ*(3)

[y, 13374 2.84 216 4[1(91),%A(4)

s, 13567 2.84 238 “I1(94),%A(4)

Ty, 13722 275 336 4[1(91),%S+(2), X1(2)

s 15789 2.66 317 4S+(71), 2I1(15),4=(10)

s 16642 2.64 281 45+(62), 2I1(22),T1(10),25-(4)

4Asjp 18527 2.67 222 4A(90)

A7/ 19410 2.70 211  4A(96)

221y, 19566 2.73 262  2I(54),TI(6), S (3), BZH(2),

20y, 19639 2.83 178  I(50),4S(16),45+(14),2A(8),
A(4), “TI(3)

“Agp 21209 2.69 293 4A(60), ZI1(33),4=+(3)

Ay 22268 2.63 238 4A(89),%Z(7)

o 22835 266 262 “5(69), BZZ+(10),%A(8), “IL(6),
2711(3), 4S+(2)

5, 23160 270 231 4S(76),4X*(16), £II(6)

32(VIl) 23673 279 224 FI(42),“A(29),2A(18), A(9)

p2st 24571 264 203  BE¥(65),%S(13),25(10), 211(5)

1/2
T, 25579 2.80 182  ZI(85),%A(15)

transition has a partial lifetime of the order of hundredg®f
Total radiative lifetimes of E+, AMI, and BII at ' = 0 are
6.6, 0.63, and 124s, respectively.

Partial and total lifetimes of som@ states of SiTe at the
lowest vibrational level are also computed. As the spirbit
mixing is large,Q2-Q transition probabilities are important to
study. Eight transitions from the excited @nd 1 components
to the ground-state component,lﬁ}gﬁ, have partial radiative
lifetimes in the range of £100us. The lifetime of EX;, at '
= 0 is predicted to be 13.8s, while that of AT, is less than
a microsecond. The spin-forbidden transition such as
&> -X'Z], is weak with a lifetime of 775s.

B. SiTe". Like the neutral species, transition moments of
several low-lying transitions of SiTeare calculated using the
MRDCI wave functions. Table 6 shows the partial and total
radiative lifetimes of the excited-S andQ states of SiTé at
the lowest vibrational level. Two symmetry-allowed transitions
from B2=" reported here are®"-X2I1 and B=™-A2=". The
former transition is found to be much stronger than the later.
Combining the transition probabilities of these two transitions,
the total radiative lifetime of B" is estimated to be 1.7s.
The partial lifetime for the Z1-X2I1 transition is of the order
of milliseconds.

Five transitions from the excited 1/2 and 3/2 states to the
ground-state component (X13/,) have been studied here. The
X,—X; transition is very weak with a long lifetime of 107.6
ms, as is expected for an electric-dipole forbidden transition.
This transition is made allowed by the spiarbit mixing
between X2I1y, and A’S), states. In our calculations, we
have not included the magnetic dipole operator which will
otherwise allow the X—X; transition to take place even in the
absence of spinorbit coupling. The A-X; transition is much
stronger £=191us at'=0). The partial lifetime for théITs,—
X42I1gp, transition is 55%s, hence it is expected to be weak.
Three other transitions such ﬁgg/z—xlzng/z, 42+3/2—X 12H3/2,
and 22013,,—X4%I13,,; are also predicted to be weak.

Dipole Moments and Vertical lonization Energies..The
computed dipole momentgd) of the ground and eight low-
lying A-S states of SiTe are reported in Table 7. The ground-
state dipole moment of SiTe is onty0.17 D, which shows a
weak Si- Te™ polarity. Therefore, it is predicted that the SiTe
molecule is much less polar than the lighter silicon chalco-
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Figure 4. Computed potential energy curves of low-lyifgstates of
SiTe" for (@) @ = 1/2 and (b)Q = 3/2, 5/2, 7/2.

genides. All the low-lying states of SiTe excepBE have the
opposite polarity. These excited states arise from eithenr*

or 7—r* transition which enhance the electron density on Si
leading to the opposite sense of the ground-state polarity. The
dipole moment ) of the BIT state is only 0.04 D, while that

of the EXT state is about-0.27 D. Dipole moments of all low-
lying states are found to be smooth functions of the bond
distance, and they approach to zero at very large bond distances.
Table 7 also displays the computed dipole moments of the
ground and some low-lying states of SiTat re.. In the
calculations of the ion, the origin has been taken at the center
of mass. Although the dipole moments of the ion are origin
dependent, their values may be useful in the microwave
spectroscopy.
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1.50 TABLE 6: Radiative Lifetime ( s) of Some Excited States of
SiTet at v/ = (2
partial lifetime of total lifetime of
1.25 - transition the upper state the upper state
BZ=t—X2I1 1.70(-6) 7(B2=) = 1.7(-6)
BZ=t—A 23t 2.03(-3)
1.00 - 21— X1 6.76(-3) 7(22I1) = 6.76(=3)
X22H1/2—X12H3/2 107.6(_3) T(X22H1/2) = 107.6(_3)
AZS! X 2003, 191.2(-6) 7(AZty,) = 191.26-6)
o 0.75 - 4H3/2_X12H3/2 559(—6) ‘L’(4H3/2) = 559(—6)
g 433X 2T 111.8¢-6) 7(*S*3p) = 111.8¢-6)
- 22H3/2—X12H3/2 52(_3) T(22H3/2) = 52(_3)
c
°E’ 0.50 aValues in the parentheses are the powers to the base 10.
§ o
f TABLE 7: Computed Dipole Moments (u¢) and Vertical
= lonization Energies (VIE) of SiTe?
g 0.25 4 molecule  state  ud/D ion state udD  VIE/eV
= SiTe Xzt —0.17 SiTeé XAl 3.91 9.21
azt 1.38 AT 3.90 9.31
0.00 A 0.84 1 299 1195
83~ 0.49 st 2.92 11.24
3 0.37 A 3.75 11.82
-0.25 A 0.19 o 4.93 12.21
b3I1 0.04 B>t 12.03
AT 0.28 3 4.58 12.54
EZ* —-0.27 ’A 4.96 12.58
-0.50 . : . T : .
3 4 5 7 8 aQOrigin at the center of mass.

Figure 5. Transition moment curves of five transitions involvingS

states of SiTe.

TABLE 5: Radiative Lifetimes (uS) of Some Excited States

IV. Summary

Potential energy curves and spectroscopic properties of the
low-lying electronic states of the heaviest silicon chalcogenide,
namely SiTe and its monopositive ion, have been explored from

SiTe atv =0 the results of the calculations carried out by using the pseudo-
partial lifetime of total lifetime of potential based MRDCI methodology. Unlike the heavier
transition the upper state the upper state isovalent species, SiTe/SiTéave seldom been studied, either
Els+—_X1s+ 6.6 7(E=") = 6.6 experimentally or theoretically. Only the UV absorption studies
AI-X1Z+ 0.64 (A1) = 0.63 of the neutral species have been performed in the past. The
AT 65.2 ground-state bond lengths of SiTe and SiEee 2.30 and 2.45
A TI—A 85.2 A, while their vibrational frequencies are 479 and 384 ¢m
b1—a8s+ 124.0 7(b*M) = 124 velv. Th d d di L :
0 (I —X 5, 315 7(07(ll)) = 31.5 respectively. The computed ground-state dissociation energies
o+ (lll) izt 1.6 2(0*(ll) = 1.6 of these two species are 4.65 and 3.66 eV, respectively, in the
E12(4;+_X120+f+ 13.8 (ES)) = 13.8 absence of any spirorbit coupling. With the inclusion of the
a5 x5y, 775 w(@s) = 775 Spln.—OI‘bI.t interaction, the ground-state component of SiTe has
A, —XIs 38.6 (A1) = 38.6 a dissociation energy of 4.41 eV, while for the;?Kig,
0+ . . .. .
13y —x'=g, 149 7(1(II)) = 105.5 component of SiTg, the dissociation energy is reduced to 3.52
13y —a%; 361 eV. The thermodynamically derived dissociation energy of SiTe
1(V)—X*=5, 71 7(1(V)) = 12 agrees well with the computed one. Spectroscopic constants of
1(v)—a’s] 14.4 several low-lying states of SiTe are computed. Two singlets,
AT —X'%g, 11 7(A'L;) = 0.6 AT and BX*, are experimentally known in the UV absorption
AT, —-a’S] 151 spectra of SiTe. The calculated @andwe of these states match

well with the measured values. At least 13 low-lyingS states
of SiTe" are studied here. The first excited state of SiT&*>",

The V(_ar'uc_al |_on|zat|on energies (VIE) of ground-state $|Te lies 2558 cm?® above the ground state, while the transition
to Iow-_lylng ionic states have been f:alculated from the dlf_fer_- energy of the next higher root of the same symmetRE(B is
ences in the estimated full-Cl energies of the neutral and ionic 55 428 cntl. The effects of the spirorbit coupling are large
species at the same level of MRDCI calculations. The basis for poth SiTe and SiTe For the ion, the ground-state spin
sets and configuration selection threshold have been kept theorbit splitting is estimated to be 1880 chwith X213, being
same in both sets of calculations. The ground-state bond lengththe lower component. The adiabatic potential curves of the
of SiTe has been fixed at = 2.30 A which is computed from  spin—orbit states are fitted throughout for the estimation of the
the MRDCI calculations (Table 1). The energy for the ionization Spectroscopic parameters. Several transitions sucHEﬁ;,E
of the ground-state SiTe to the ground state of its ion is 9.21 X', a’s; —X'Sq,, AL —-X'S5,, and ATL;—a’%; of SiTe
eV, while ionizations to A=+ and B.=+ states of SiTé require are studied. Since the ;X11,—X4?I13, transition of SiTe
9.31 and 12.03 eV of energy, respectively. However, no is weak in intensity, it may not be possible to observe it

photoelectron spectrum of SiTe is available for comparison. The uszing cur;ent spectroscopic methods. The other transition,
VIEs of some other ionic states are listed in Table 7. A"Z1,~ X113 is spectroscopically important and should be
observed experimentally. The partial radiative lifetimes for these
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transitions are predicted to be 108 ms and A91respectively.
The calculated VIE of the ground-state SiTe to the ground-
state SiTe is about 9.21 eV. Other VIEs to excited ionic states
are also computed.
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