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ABSTRACT

We report high-resolution photoelectron spectroscopy of SiC™ anions using a cryogenic ion trap combined with the slow-electron velocity-
map imaging method. Photodetachment transitions to the neutral SiC ground state X °IT and excited states (a '=*, b 'II) were observed,
revealing the fine structure of the X *I1 band. A long-lived excited state (A *T1) of SiC~ was observed at 3380(101) cm ™" above the anionic
ground state. The electron affinity (EA) was determined as EA(SiC) = 19 327(15) cm™! or 2.396(2) eV. The spectroscopic constants of the
ground state (X' 2Z%) of SiC™ were derived as w, = 1016(21) cm ™" and w,x, = 5.20(22) cm™".

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0265504

. INTRODUCTION

Carbon and silicon are fundamental elements in interstel-
lar chemistry, and diatomic SiC molecules have been observed in
carbon-rich stars, stellar atmospheres, and interstellar molecular
clouds.'” Beyond astrophysical chemistry, SiC is widely utilized in
semiconductor devices and advanced ceramics owing to its excep-
tional thermal and electronic properties.” * Spectroscopic character-
ization of SiC is critical for understanding SiC-based materials in
diverse environments.’

In 1988, Bernath et al. produced gas-phase SiC molecules using
a composite-wall hollow cathode for the first time. Their work
identified the 0-0 band of the d 'Z*-b 'TI electronic transition
of SiC through Fourier-transform emission spectroscopy combined
with ab initio calculations.”” Subsequent infrared emission studies
resolved the A *X™—X *IT transition, yielding molecular constants
for these states.'””” Later, Ebben et al. employed pulsed-laser vapor-
ization with supersonic cooling to generate SiC radical, probing
seven rovibronic bands of the C *II (v = 0-6) — X ’II (v'/ = 0)
transition via laser-induced fluorescence spectroscopy.”"”” Buten-
hoff and Rohlfing further determined vibrational term energies
and rotational constants for higher vibrational states (v' = 0-8 in
C3M,v" =0-5in X 31'1).3“ The rotational constants of ground-state
SiC (X *IT) were precisely measured using millimeter-wave rota-
tional spectroscopy,”” while its fundamental vibrational frequency

vo = 953.32062(27) cm™! was obtained via CO,-Faraday laser mag-
netic resonance (LMR) spectrometer.”® Recent synchrotron studies
further established the first ionization potential of SiC as 8.978(10)
ev.”

Theoretical efforts have paralleled experimental advances.”
Initial studies predicted low-lying states of SiC: X LAY als™,
B3=*,and C3I1,”° while subsequent work explored singlet, triplet,
and quintet states, providing excitation energies (T.), equilibrium
internuclear distances (r.), dissociation energies (D.), and spectro-
scopic constants (w,) for these new electronic states."”"" Shi et al.
calculated potential energy curves (PECs) for 25 A-S and 20 Q
states, incorporating spin-orbit coupling (SOC) effect to achieve
remarkable agreement with experimental data.”” Recently, Zhang
and Wang calculated vibronic emissions of SiC between its different
singlet states to enhance the experimental spectral analysis.”* The
latest calculations of the vibrational constants (w,, w.x.) and other
molecular constants (D, re, Be, o) for SiC (X *TI) were reported
by Fan et al. using the high-level variational algebraic method
(VAM)."*

In contrast to neutral SiC, studies on SiC~ anion are rela-
tively rare. Early theoretical work by Anglada et al. identified two
bound states (*E* and 2I1) and estimated an electron affinity (EA)
of 1.98 eV using multi-reference single and double excitation con-
figuration interaction (MRD-CI) calculations.*” Subsequent studies
predicted potential energy curves and spectroscopic constants of

)-36
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SiC™,"*" while neon matrix isolation experiments by Grutter et al.
revealed A *TI < X " and B > « X *Z7 transitions at 5 K.**
SiC™ has also been proposed as a candidate for laser cooling of
negative ions.”””’ Compared to its isoelectronic species C,~, the
polar SiC™ may have the advantage of repumping via vibrational
spectroscopic techniques since it has nonzero dipole moment.

Here, we present high-resolution photoelectron spectra of a
cryogenically cooled SiC™ using the slow-electron velocity-map
imaging (SEVI) method. This technique resolves the fine structure in
the photodetachment channel SiC (X ) « SiC™ (X' 22), enabling

Binding Energy (cm™)

ARTICLE pubs.aip.org/aipl/jcp

precise determination of the electron affinity of SiC. In addition, a
long-lived excited state (A 1) of SiC™ was observed.

Il. EXPERIMENTAL AND THEORETICAL METHODS

The experiments employed a cryogenically slow-electron
velocity-map imaging (cryo-SEVI) apparatus, comprising four key
components: (1) a laser vaporization ion source, (2) a cold octupole
radio frequency (rf) ion trap, (3) a time-of-flight (TOF) mass spec-
trometer, and (4) a photoelectron velocity-map imaging system.
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The detailed descriptions of this setup are available in previous
studies.”’ ”’ SiC™ anions were generated by ablating a rotating and
translating Si/C disk target (13 mm diameter, carborundum) with
532 nm pulses from an Nd: YAG laser (20 Hz, ~10 m]/pulse).
The nascent anions, entrained in helium gas at a backing pres-
sure of 3 bar, were guided through a hexapole ion guide into a
cryogenic radio frequency (RF) ion trap mounted on a helium refrig-
erator. (5-300 K). Within the trap, ions were cooled via collisions
with a buffer gas mixture (20% H, and 80% He) for 45 ms.”
SiC™ anions were mass-selected via a Wiley-McLaren type time-of-
flight (TOF) mass spectrometer™ and intercepted by a detachment
laser in the interaction region of velocity map imaging (VMI).”
Photodetachment laser was from an optical parametrical oscilla-
tor (OPO, 210-709 nm, linewidth ~6 cmfl), pumped by an Nd:
YAG laser operating at 20 Hz. The photodetached electrons were
projected onto a set of micro-channel plates coupled with a phos-
phor screen and images were captured by a charge-coupled device
(CCD) camera. The VMI energy calibrations were conducted using
the known spectra of **Si™ for the threshold photodetachment.”® ™
The well-known spectra of NO,™ were also used for the energy
calibration for the overview spectrum since NO,~ has many
sharp lines distributed in a large energy range.””*" The projected

Molecular orbital (MO) contours were visualized using the visual
molecular dynamics (VMD) program.®’

Ill. RESULTS AND DISCUSSION
A. High-resolution photoelectron spectra

Figure 1 shows the photoelectron image at 355 nm and pho-
toelectron spectra at 355, 422.71, and 532.57 nm with an imaging
voltage of —650 V, along with the Franck-Condon simulation.
Table T lists the binding energies of these peaks, shifts from the
band origin, anisotropic parameter (f) values, and their assignment.
B can provide valuable information for spectral assignments since it
depends on the shape and symmetry of the photodetached anionic
molecular orbital (MO).”"’* Based on the measured B values and
previously reported theoretical calculations of SiC™°,"*" all peaks
in Fig. 1(a) can be assigned. Peak A was assigned to the photode-
tachment channel from the anionic ground state X’ Iyt (v = 0)
to the neutral ground state X 3T1, (v = 0), which defines the elec-
tron affinity of SiC. Peaks F and I are the 0 <« 0 transitions from
the anionic ground state to the two neutral excited states a '=* and
b 'IT, respectively. The term energies of a '=* and b 'IT were deter-
mined to be 5032(48) and 6737(38) cm™?, respectively, based on

2D photoelectron image was reconstructed into 3D photoelec-
tron distribution using the maximum entropy velocity Legendre
reconstruction (MEVELER) method,” yielding the electron energy

distributions.

Electronic configurations of electronic states of SiC™ were
computed using Becke’s three-parameter and Lee-Yang-Parr’s
with

(B3LYP) gradient-corrected correlation hybrid functional®*®

the 6-311++G(d, p) basis set®” via the Gaussian program package.

their energy gaps. These values are in reasonable agreement with
previously calculated values of 4831 and 6628 cm™.*

Interestingly, several weak peaks a—f were observed before peak
A. Our cold ion trap usually cools all electronically and vibrationally
excited states down to their ground states. A possible explanation
for these peaks is either contamination by other negative ions of
the same mass or the presence of excited states with long lifetimes,
which cannot be effectively quenched by collisions with the buffer

8€ :€0:L0 920C aunf 92

TABLE |. Peak positions, shifts from origin, and assignments, along with their anisotropic parameters () values for
SiC~ photoelectron spectra.

Peak EBE (cm™}) Shift from origin (em™) Assignment B value®
a 15051(191) —4300 X3 (v=0)«< AT =1) 1.412
b 15947(96) —3404 X3 (v=0)«< AT (Y =0) 1.473
c 16 353(100) -2998 XM (v=0) <X 22" (' =3) -0.226
d 16926(116) 2425 X3 (v=1) <A =0) 0.949
e 17 332(122) -2019 X3 (v=0) < X2z (v'=2) -0371
f 18 333(127) -1018 X3 (v=0) < X2z (v =1) -0.674
A 19351(130) 0 X3 (v=0)<X2T*(v=0) -0.679
B 20271(180) 920 X’ Mv=1)<X2= (=0 -0636
C 21191(127) 1840 X’Mv=2) <X =00 -0371
D 22074(65) 2723 X’Mv=3)<X2="(»=0) -0.551
E 23335(51) 3984 als  (v=0) < X't (V' =1) 1.315
F 24359(38) 5008 alst (v=0) < X2t (' =0) 1.408
G 25021(106) 5670 bIMI(v=0)« X" ('=1)  -0.083
H 25343(68) 5992 alZt (v=1)<X'T" (V' =0) 1.101
I 26064(23) 6713 b (v=0)«X2* (=00 -0411
] 26922(173) 7571 b'M(v=1)<X2* (¥ =0) -0412

B values of peaks a-e were recorded at a wavelength of 532.57 nm, 3 values of peaks f-D at 422.71 nm, and f values of peaks E-]
at 355 nm.
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FIG. 2. Photoelectron spectra of SiC~ measured with low buffer gas pressure (Pyap
=2 x 10~* Pa, red curve) and high buffer gas pressure of the ion trap (Pyap =1
x 10~ Pa, blue curve) at photon energy hv = 20595 cm~".

gas. To test these possibilities, we varied the buffer gas density in the
ion trap and observed the changes of in the intensity of these peaks.
As shown in Fig. 2, when the buffer gas increased (with the back-
ground pressure rising from 2 x 107 to 1 x 107* Pa), the intensity
of peak f decreases significantly while peak b increases. Therefore, it
is reasonable to assign peaks a-f to excited states with long lifetimes
rather than contamination, as contamination would be independent
of the buffer gas density. In addition, the anisotropic parameters
B for peaks f and A are roughly the same, while peak b shows a sig-
nificantly different f3 value, as listed in Table I. For example, § for
peak b is 1.473 for the photodetachment laser at 532.57 nm, while
B = —0.674 for peak f and = —0.679 for peak A at 422.71 nm.
The previous experimental investigation revealed that SiC™ has an
excited state A “IT with an energy 3556(2) cm™" above its ground
state, which is in reasonable agreement with our experimental result
3380 cm™.*® Therefore, peak b is assigned to the transition SiC X *IT
(v =0) « SiC™ A1 (v = 0), while peak f is assigned as a hot band
of peak A. Because peak b remains observable after SiC™ has been
stored in the ion trap for 45 ms; this suggests that the lifetime of
A *T1 is comparable with 45 ms.

To accurately determine the electron affinity (EA) of SiC,
high-resolution photoelectron spectra were measured near the pho-
todetachment threshold of each prominent peak, using an imaging
voltage of —150 V. As shown in Fig. 3, peaks f, A, I exhibit fine struc-
tures. Peak A splits into five well-resolved peaks with roughly equal
intervals (~45 cm™! ). Peaks A-3, 4, and 5 are the spin-orbital splitting
results of the final neutral state X *I1.* The experimental intervals
of 43 and 43 cm™" are in good agreement with the previous theoreti-
cal predictions for the intervals between the *II,, *II;, and *IIy terms
(36and 36 cm™!). The weak peaks A-1 and A-2 arise from transitions
from the vibrational excited state (v = 1) of the anionic ground state
X’ 23* to the vibrational excited state (v = 1) of the two SOC com-
ponents (*TI,, *T1;). Peak f displays a splitting structure similar to
that of peak A, originating from the vibrationally excited state of the

ARTICLE pubs.aip.org/aipl/jcp
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FIG. 3. Fine structures of peaks f, A, and /.

anionic ground state X' 22*. The fundamental vibrational frequency
of SiC™ in its electronic ground state (X’ 22*) was determined to
be 1006(21) cm™. The EA value of SiC was further precisely deter-
mined to be 19327(15) cm ™! or 2.396(2) eV, while the excited state
(A 2TI) is 3380(101) cm ™! above the ground state.

For peaks F and I, the neutral final state of the photodetach-
ment transition corresponds to a singlet state (a '=*, b 'II), meaning
that the spin-orbital splitting should be absent. Upon careful anal-
ysis, the fine structure of peak I was attributed to transitions from
the vibrational excited states (v = 1, 2) of the anion ground state
X’ 2%* to corresponding vibrationally excited states (v = 1, 2) of the
neutral excited state b 'TL. In contrast to peak I, no fine structure
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TABLE II. Fine structures of peaks f, A, and / for SiC~. The shift column is the energy relative to the onset peak of the

respective fine structures.

Peaks Label Measured binding energy (cm™)*  Shift (cm™) Assignment
1 18244(28) 0 X3, (v=1) « X' 22" (v =2)
2 18284(17) 40 X3 (v=1) « X' 22" (v =2)
f 3 18321(15) 77 XL (v=0) <« X' 22" (v =1)
4 18361(17) 117 X3 (v=0) <« X' 22" (V' =1)
5 18 404(15) 160 X3y (v=0) <« X' 2Z* (v = 1)
1 19224(18) 0 XL (v=1)« X' 22" (/' =1)
2 19277(19) 54 XM (v=1)« X' 22" (V' =1)
A 3 19327(15) 103 X3, (v=0) « X' 22" (+/ = 0)
4 19370(16) 146 X3 (v=0) « X' 23V (v/ = 0)
5 19413(14) 189 X3 (v=0) « X' 22" (+/ = 0)
1 25923(13) 0 b'II(v=2) « X' 2zt (v/ =2)
I 2 25995(28) 72 bl (v=1) <Xt =1)
3 26064(23) 142 bl (v=0)« X 2t (v =0)

*The uncertainty of the measurement is given in the parentheses.

was observed for peak F, likely because the harmonic vibrational
constants of the a 'St state and X' 2Z* state are very similar,
1008 cm ™! vs 1016(21) cm ™. The assignments of all fine structures
are presented in Table II.

The infrared spectroscopy of the A *3™-X *II transition of
the SiC radical indicates that the excited state A *37 lies
3773.31(17) cm™! above the ground state (X *T1).1 In our experi-
ments, we observed photodetachment transitions X M « X' 2z
and a 'St « X’ 2%, but no transition A 3" « X' 2=t was
observed. This is because the A *X™ « X’ 2%* transition requires a
two-electron process. Figure 4 shows the frontier molecular orbitals
(FMOs) of SiC™. The electronic configuration of SiC™ X’ 23t s
(50)*(60)*(2m)*(70), while (50)*(60)*(21)*(70)* for SiC A 2" For

Frontier molecular orbitals (FMOs)

96

3n 4n 7o
State Electronic Configuration
SiC™ (X' 22%) (50)%(60)*(3n)*(4m)%(75)
SiC™ (A 21D) (50)%(60)*(3n)*(4n)(70)?
SiC (X 3I0) (50)%(60)*(3n)*(4n)(70)
SiC (a 'z%) (56)%(66)*(3m)*(4m)?
SiC (A% (56)%(60)*(3m)(4m)(70)?
SiC (b 'IT) (56)%(60)*(3m)(4n)X(70)

FIG. 4. Relevant frontier molecular orbital (FMO) contours and electronic
configurations of SiC™,

the transition A £~ « X’ 2Z*, considering the multiplicity and
orbital symmetry, one electron from the 2m orbitals is photode-
tached, while the other is excited to the 7o orbital. In principle, a
transition from the first excited state A *IT of the SiC™ anion to the
neutral excited state A *%” is possible. The binding energy of this
channel is expected to be ~393 cm™ higher than that of the EA chan-
nel, based on the measured energy levels. Indeed, a weak band was
observed at the tail of peak A (EA peak), which was assigned to the
transition A L™ « A “TL.

B. Franck-Condon analysis and spectroscopic
constants

The electron affinity (EA) of silicon [1.3895212(7) eV] is
higher than that of carbon [1.2621226(12) ev],”""? leading to
Si” and C being the products of the lowest-energy dissociation chan-
nel of SiC™. The dissociation energy (Do) of SiC™ can be calculated
using the following energetic relation:

Dy(SiC™) = EA(SiC) — EA(Si) + Do(SiC), (1)

where EA(SiC) was determined to be 2.396(2) eV. The dissociation
energy (Do) indicates the difference between the dissociation energy
limit of a diatomic molecule and the lowest vibrational energy level
(v = 0), and the relationship between Dy and the spectroscopic con-
stants satisfies Eq. (2) (see the derivation in the Appendix). As a
result, Do(SiC) was calculated to be 5.089(11) eV based on the known
spectroscopic constants of the neutral ground state (X *II) for SiC,**

we 1
Do==(—-1) 2
o= 25 1) @)
Furthermore, Dy(SiC™) was calculated to be 6.095(11) eV using
Eq. (1). The fundamental vibrational frequency vy of SiC™ in its
electronic ground state (X’ 22%)is 1006(21) cm ™. Within the frame-
work of the Morse potential, the harmonic vibrational constant (w.)
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TABLE lIl. Spectroscopic constants of anionic SiC~ and neutral SiC.
Adiabatic excitation
Electronic state energy T, (cm™) re (A) we (cm™) Wexe (cm™)

sic- X' 2zt 0 1.69° 1016(21) 5.20(22)

ATl 3380(101) 1.7449" 941(3)° 6(1)°

X1, 0 1.7182(2)d 964.768 61(20)° 5.603(12)°
SiC als® 5032(48) 1.6546' 1008’

bl 6737(38) 1.7277' 945

*These values are from theoretical calculation.
®These values are from theoretical calculation.**
“These values are from experiment.*®

4These values are from experiment.”

“These values are from experiment.”®

"These values are from theoretical calculation.*’

and the anharmonic constant (wex.) can be determined by Egs. (3)
and (4), yielding values of w, = 1016 + 21 cm™! and wex. = 5.20
+0.22 cm™ for the ground state (X' *Z¥) of SiC™,

2voD
, = &’ (3)
2D0 — Vo
WeVo
WeXe = Dy’ (4)

These values are in reasonable agreement with previous the-
oretical predications.”"” The harmonic vibrational constant (w.)
of the X' °Z* state was calculated to be 949.6 cm™ at the

Si (°P) + C(°P)
SiC (b ') prrrrre

=5

Energy (eV)

SiC (X 1)

SIC™ (X 2%

15 2.0 25 30 35 40
Bond length (A)

FIG. 5. Potential energy curves for the ground state of SiC~ (X’ 2x+), the elec-
tronically excited states of SiC~ (A 2I1), the neutral SiC ground state (X °I1), and
two electronically excited states (a '=* and b 'T1).

CMRCI(0.01)+Q/aug-cc-pVDZ level,"® while it was calculated to
be 1127 cm™' at the MP2(full)/6-311+G* level.'”” The harmonic
vibrational constant (w.) was calculated to be 1013.4 cm™! at the
CMRCI(0.01)+Q/aug-cc-pVooZ estimate level, which is the clos-
est to the experimental measurement. Furthermore, the anharmonic
constant (w.x,) of the X’ 25+ state was calculated to be located
between 4.5 and 6.21 cm™.*® Based on the anionic and neutral spec-
troscopic constants summarized in Table III, the Morse potential
energy curves for the X’ 23" and A 211 states of SiC™, as well as the
X 3IL a '=*, and b 1T states of SiC, are plotted in Fig. 5. The solid
lines represent SiC™~, while the dashed lines represent SiC. Based
on these Morse potentials, a Franck-Condon factor (FCF) simula-
tion for the overview cryo-SEVI spectra was performed using the
PESCAL program.”*”” As shown in Fig. 1(b), the FCF simulation
supports our assignment.

In addition, the electronic absorption spectrum experiment
shows that SiC™ in the neon matrix has another excited state B
25+ with 21 813(20) cm ! above the anionic ground state X' 2yt
which is higher than EA(SiC) = 19327(15) cm™'. We did not find
any other excited states of SiC™ in the gas phase near the EA by
scanning the photon energy of the excitation laser.”””" Therefore,
we believe that the proposed laser cooling transition X’ 2% < B
23* will result in a resonant autodetachment loss of SiC™, suggest-
ing that the SiC™ anion cannot be a potential candidate for laser
cooling.

IV. CONCLUSIONS

In summary, high-resolution photoelectron spectra of cryo-
genically cooled SiC™ were obtained using the slow-electron
velocity-map imaging (SEVI) method. Detailed vibrational pro-
gressions and fine structures corresponding to photodetachment
transitions from the anionic ground state to the neutral ground
and excited states were observed. The electron affinity (EA) of SiC
was determined to be 19327(15) cm™" or 2.396(2) eV. In addition,
a long-lived excited state of the SiC™ anion (A I1) was identified
at 3380(101) cm™" above its ground state (X' *2*). The spectro-
scopic constants of SiC~ were derived from the experimental data
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and Morse potential curves. Moreover, our results indicate that
SiC™ is not a suitable candidate for laser cooling of negative ions.
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APPENDIX: DERIVATION OF THE DISSOCIATION
ENERGY Dy

1. Herzberg’'s method

Neglecting high-order terms (weye, weze, .. .), the vibrational
energy level G(v) of the anharmonic oscillator is given by””

G(v) = we(v + %) - wexe(v + %)2 (A1)

The energy interval between two adjacent vibrational energy levels
is

AGyp)p = G(v+1) = G(V) = We — 2WeXe — 2WeXe V. (A2)
Thus, the fundamental vibrational frequency vy is

Vo = AGy); = 0e = 20,Xe. (A3)

ARTICLE pubs.aip.org/aipl/jcp

The exact expression for the vibrational frequency voe.(v) that
the anharmonic oscillator would have in the state v, according to
classical theory, is

Vose- (V) = cAG,. (A4)

Here, it should be noted that AG, not AG,;1,» has to be used; that
is, the vibrational frequency in the state v is intermediate between
the two adjacent vibrational quanta AG,+12 and AG,—1/2. From
Eqgs. (A1) and (A2), we obtain

AGy412 + AGyoypy G(v+1)-G(v-1) _

AG, =
Y 2 2

We — 2WeXeV — WeXe.

(A5)
Since no discrete vibrational levels lie above the asymptote when
AG, becomes zero, the maximum vibrational quantum vp at the
dissociation limit AG, = 0 is given by

1 1
VD = 2Xe 2. (A6)

The highest of the asymptote (i.e., the beginning of the contin-
uum) above the lowest vibrational level is equal to the work required
to dissociate the molecule-the so-called dissociation energy (Dy),
given by

Dy = G(VD) - G(O) = T - 7 + 4 . (A7)

We We WeXe
Xe

2. Morse potential and an alternative derivation
of dissociation energy Dy
The Morse potential energy function is of the form””*’
2
U(r—re) = De(l - e’“(’*”)) . (A8)
Here, r is the distance between atoms, r. is the equilibrium bond
distance, and D, is the well depth (defined relative to the dissociated
atoms) and represents the dissociation limit, which can be calculated
using the following relation:

De = Do + G(0). (A9)

The parameter « controls the width of the potential (the smaller « is,
the larger the well). It can be determined by

2 2
a=\| = 12177 x 107 wey [ H4, (A10)
Doh D,

where y, is the reduced mass in atomic-weight units and D, is

in cm™". The exact energy eigenvalues for the Morse potential are
the same as in Eq. (A1).

An alternative definition for the dissociation limit was pro-
posed by Yang and Chen, where the dissociation limit is determined
using the vibrational energy interval AG,;12 = 0, as above the
dissociation energy, the spectrum tends to become continuous,®’

AGyi1p = G(v+1) = G(v) = we = 2wexXe — 2weXev = 0. (All)
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From this equation, the maximum vibrational quantum v* at the
dissociation limit is given by

" 1
v = — -1 (A12)
2x,

Thus, the dissociation energy (D) is given by

* We We
Do =G(v*) - G(0) = w2 (A13)

In the present work, we use Eq. (A13) to calculate the Dy values. The
slight difference wex./4 in the Dy values between Eqs. (A7) and (A13)
is due to the different definitions of the maximum vibrational quan-
tum v at the dissociation limit. This difference wex./4 is neglectable
compared to we/4x. in most cases. For example, WeXel4 = 1.3 cm!
for the ground state X’ *X* of SiC™, which is insignificant compared
to Do(SiC™) = 6.095(11)eV.
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