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Various structural possibilities for & and SiC, (n = 1—7) neutral and anionic isomers were investigated
using the second-order MgllePlesset (MP2) approximation at the 6-31G&(d) level. The calculations
predicted the existence of a number of previously unknown isomers (€, &id SiC,). We found that the
basis set [6-31G(d)] with the MP2 approximation was too small to explain the photoelectron spect@.of Si

clusters reasonably. Our present results agree satisfactorily with the photoelectron spectroscopy. The strong

C—C bond is no longer the dominant factor in the building-up principle of mixg@,Sieutral and anionic
clusters. The calculated adiabatic electron affinities in their ground states showed,@hafrSt m = 3, 6)
clusters are more stable than any others §C3ind SiC, (n = 1—7) species, being consistent with the

observed TOF signal intensities. Their stability tends to decrease with the increase in the size of these clusters.

1. Introduction

Silicon—carbon clusters have been of significant interest in

the past few years since the detection of spectral features of

SiC, SiG, and SiG in circumstellar and interstellar environ-
mentst? Space, with its various conditions of density and

temperature, constitutes a real laboratory for understanding the : -
f In the present study, we performed calculations o€ %ind

mechanism of nucleation of both small clusters and grains o

SiC. To understand the building-up mechanism and the nature
of chemical bonding in larger clusters, it is necessary to have a
good understanding of small clusters. Many ab initio calculations

mainly focused on neutral mixed silicercarbon clusterg:8
Until now, the structure and electronic state of neutrgCgi(n

+ m < 6) clusters have been theoretically well understood.
However, there exist a number of well-known experimental
procedurel ! for producing silicor-carbon clusters in the

SinC,, (n + m = 3—8) with density functional theory at the
6-311G(d) level. However, not all of the reséft&can account
for similarities in the peak positions and their envelopes of
photoelectron spectta among Sj,;, SiC~, and Sj-.C,
clusters (i.e., Siand SiC™). Hence, more accurate theoretical
calculations are required to explain the photoelectron spéktra.

SinC2 (n = 1-7) neutral and anionic species with standard MP2/
6-311+G(d) methods to provide more reliable ground-state
geometries and relative stability. The charge-induced structural
change in these clusters will be discussed. It is to be noted here
that the reliability of the present calculations will be verified
by a comparison of theoretical results and photoelectron spectra.
The rest of the paper is organized as follows. In section 2,
we give a brief description of the computational method used

laboratory. In some variations of mass spectrometric techniques,in this work. Results, discussion, and stability will be presented
the clusters were observed as anionic states. Hence, it is ofin section 3 for silicor-carbon species. Finally, our conclusions
interest to undertake a systematic study of the negatively chargedwill be summarized in section 4.

ions of silicon-carbon clusters. It is well known that the

acceptance of an electron would introduce significant distortions 2. Computational Methods
into the corresponding neutral clusters. The structures of neutral

clusters are therefore expected to be less reliable in interpreting

anionic geometries. Nakajirgproposed the geometries of,Si
C, (n + m = 3-6) utilizing second-order MgllerPlesset
(MP2) theory without diffuse functions in the basis set.
According to our previous experience, this level is too low to

Initial geometrical optimizations were performed at the
B3LYP/6-31G(d) level without any symmetry constraints,
except for those needed to maintain a particular geometry. These
minimized S}Cy, structures were further optimized using the
MP2/6-311#G(d) method. The fourth-order spin-projected

give reliable results, at least for the energy required to detach[MP4(SDTQ)] energy was evaluated to determine the most

an electron from anions (vertical detachment energy, VDE).
Hunsicket? performed a combination of molecular dynamics
(MD) and density functional (DF) calculations on the geometric
structures of SCp (n + m < 9) neutral and anionic species.

Recently, Jiang et &P obtained the ground-state structures of
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stable isomers. Harmonic frequencies were evaluated (at HF/
6-31G(d) forn + m > 5 and at MP2/6-31G(d) fon + m =
3-5) to characterize the stationary points as minima or
transition-state structures on the potential energy surfaces of
corresponding clusters. All of the obtained most stable charged
and neutral SCr, clusters were characterized as energy minima
without imaginary frequencies. Partial charges were given with
Mulliken atomic charges. The first electron affinities of various
clusters were calculated with the adiabatic approximation. All
calculations were carried out using the Gaussian 98 program
on Dell Precision 650 workstations in our laboratory.
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TABLE 1: Distances between Two Atoms I(/A) in Si,C and 1 2 A
SinC> Neutral Clusters
symmetry type L symmetry type
Si,C Co, 1-2 1.708 78 2.284 12 3
2-3 2.878 SiG Ca, 1-2 1.842 . e & -
SisC Ca, 1-2 1.775 23 1.285 Figure 1. Low-lying isomers of (a, b) SC~ and (c, d) SiG anions.
1-4 1.938 SiC, Do 1-2 1.839
2—4 2.412 3 1.466 i@ i
Si,C Cs, 1-2 1.849 SiC, Ca, 1-2 2.562
1-5 2.589 3 1.922
2-5 2.366 23 1.736
SisC Cay 1-2 1.900 34 1.386
1-6 2.270 SiC, Dayg 1-2 1.840 s 3 *
2-6 2.455 +3 1.829 A
SisC Cs, 1-2 2.098 2-3 2.140
1-3 2.053 SiC, Co 1-2 1.343
2—-3 2.617 3 2.038 2
Si;.C Cs 1-3 2.045 26 1.762 1
3—4 3.070 34 2578
%jg %’jgg 43:2 gg‘l‘g Figure 2. Low-lying isomers of (a, b, ) $C and (d, e, f) SC;
5-6 2575 SiC;  Ca 1-2 1.863 anions.
3-6 2431 2-4 2525 9
1-6 2.034 2-3 2.566 4
3—7 2504 35 1.839
6—7 2.575 36 3.100
6—8 2.461

TABLE 2: Distances between Two Atoms I(/A) in Si,C~

1
and Si,C, Anions W @.

symmetry type L symmetry type
S,C  Dush  1-2 1.705 23 1.776
SkC Gy 1-2 1785 SiC, D.h  1-2 1.314
1-4 1.891 +3 1.725 fgﬁ
2-4 2381 SiC; Ca 1-2  2.449
Si,C G 1-2 1931 3 2.053 1
1-3 1.856 23 1.767 Figure 3. Low-lying isomers of (a, b, c) $C~ and (d, e, f) SIC,
1-5 2.466 34 1.335 anions.
2-3 2690 SiC; G 1-2 1565
2-5 2.382 +3 1.877 5
3-4 3.242 +4 1.819 ? @
3-5 2.355 15 2.082 EN
SkC  Ca 1-2 1813 35 2488
1-3 2.034 45 2493
1-6 2.685 46 2570
2-6 2768 SiC, Ca 1-2 1.358
3-6 2357 13 1.082 % W
SkC G 1-2 1.966 26 1.778
1-3  2.029 34 2572
2-3 2.688 35 2212
ShC  Ca 1-2 1.887 46 2275
2-3 3234 SiC; G 1-2 1.877 a &
2-4 2.459 24 2585
4-5 2.669 23 2472 °
4-6 2.361 35 1.889
SiC, Cwv  1-2 1.263 36 3.123

3. Results and Discussion
oo

3.1. Geometry.Geometric parameters of the lowest-energy
neutral and anionic species are listed in Tables 1 and 2,
respectively. Several equilibrium geometries for energetically
low-lying isomers are presented in Figures-@, and the
respective “bonds” are shown for internuclear separations of not change either the geometrical or electronic structures
less than 2.80 A (SiSi), 2.40 A (Si-C) and 2.00 A (G-C). substantially. This is attributed to the fact that both C and Si
The larger and smaller spheres denote Si and C atoms,atoms take a similar valence structure because of the same
respectively. Total energies are reported in Table 3 for neutral family in the periodic table. The structures of, SiSi;, Sig,
and anionic clusters. Si;, and Sj are known to be a rhombus, trigonal bipyramid,

A. SiC ClustersThe photoelectron spectfeof Si,.C™ (n = tetragonal bipyramid, pentagonal bipyramid, and deformed
3—7) clusters are similar to those of pure _Siclusters in the bicapped octahedron, respectivély’® Thus, the calculated
peak positions and their envelopes. This similarity indicates that geometrical and electronic structures of,GSi (n = 3-7)
the substitution of a Si atonyla C atom in §j,, clusters does  clusters should be analogous to those of pufg,Silusters.

Figure 4. Low-lying isomers of (a, b, ¢) $C~ anions, (d, €) SC
neutral, (f, g) SiC, anions, and (h) $C; neutral.
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Figure 5. Low-lying isomers of (a, b, c) €~ and (d, e, f) SIC,

anions.

Figure 6. Low-lying isomers of (a, b, ¢) $C, (d, e, f) SiC, anions,
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and (g, h) SIC; neutral clusters.

TABLE 3: Total Energy (au/MP2) for Neutral and Anionic

Clusters

neutral symmetry energy anion symmetry energy
Si,C Cy, 615.9210 SIC- Cov 615.9326
SisC Cy, 904.9530 SIC Cy, 904.9908
Si,C Cs, 1193.9585 S~ Cs 1194.0133
SisC Cu 1483.0419 S Ca 1483.0648
SisC Cs, 1772.0532 SC~ Cs, 1772.0911
Si;.C Cs 2061.0593 SiC- Cs, 2061.1175
SiG, Cy, 364.8454 SiC, Dwh 364.8817
Si,C, Do 653.8868 SiC, Dwh 653.9280
SisC, Ca 942.9227 si,c, Ca 942.9711
SiuC, Dog 1231.9796 Si,C, Cs 1232.0047
SisC, Cy, 1520.9780 SisC, Cy, 1521.0037
SisCy Ca 1809.9858 sic, Cs 1810.0437

a. SpC. The neutral SIC can adoptCy, and D, Structures
with comparable energy, th@;, (*A1) isomer being 0.05 eV
more stable than the IineaEG’). Their energy difference and
ordering is similar to those of previous calculati&en neutral

Jiang et al.

TABLE 4: Lowest Vibrational Frequencies (cm™1) for
Neutral and Anionic Ground-State Clusterst

neutral symmetry n anion symmetry v
Si,C Ca 121.8 SiC~ D.h 151.3
SisC Ca 202.3 SiC™ Cy 295.5
SisC Ca, 239.0 SiC~ Cs 221.2
SisC Cs 43.2 SiC™ Cy 138.1
SisC Cs, 61.1 SiC~ Cs 83.2
Si,C Cs 137.8 SiC~ Cs, 142.3
SiCG, Co, 157.3  sic, C.v 182.9
Si,C, Dan 220.1  sSiC, D.h 136.5
SizC, Co 1435  SiC, Cy, 113.9
Si,C, Dag 181.5 Si4C; Cs 181.2
SisC, Co 1004 SisC, Cy 50.2
SisC, Cs, 113.1  SiC, Cs, 103.1

aHF/6-31G(d) fom + m > 5 and MP2/6-31G(d) fon + m= 3-5.

fourth-order [MP4(SDTQ)] point energy was evaluated at the
6-311+G(d) level. The linear configuration is favorable by 0.08
ev.

A comparison between neutral and anionic triangular species
shows a reduction of 23.3% in the-SC—Si bond angle. This
may be ascribed to the decrease in electrostatic force between
Si atoms because the net charge of Si atoms is reduced
significantly upon charging.

b. SkC. Rittby® investigated six different neutral isomers using
a Hartree-Fock (HF) calculation. We support their predictions
that the energetically most favorable isomer is the rhomboidal
(Ca,, TAy) structure 2(a). This geometrical structure can be
obtained by substituting a Si atonyfa C atom in the Si
anion. The next structure in the energetic ordering is a spatial
Cs (*A") isomer, which is an out-of-plane distortion in the planar
(Ca, *Aj) form 2(b). It has an imaginary bending-mode
frequency, which is located 1.14 eV above the rhombus 2(a).
The planar 2(b) also has an imaginary bending-mode frequency
that is 1.16 eV higher in energy.

The energy ordering of the anion is partially changed.
Structure 2(a)C,,, 2A,) is also energetically favorable. Isomer
2(b) @B,) lies 0.74 eV higher in energy, which is also a
transition state. Its bending-mode frequency shows the tendency
of trying to fold the three silicon atoms into the circular 2(a) in
both neutral and anionic species 2(b). Only the third most stable
isomer is a new configuratiorC§,, A1) 2(c) in the anion, which
is located 1.98 eV higher in energy. It can be derived from the
substitution of a Si atomyba C atom in an energetically low-
lying cagelike Sj structure withTg symmetry.

The addition of an electron to neutral molecule 2(a) yields
an increase of 2.4% in the SBi—Si (2, 4, 3) bond angle. This
results from the antibonding nature of the highest occupied
orbital (HOMO), which is localized between the Si2 and Si3
atoms because of the additional electron.

c. SiC. Calculation$ on the SIC cluster indicate that the
most stable neutral isomer is a trigon@k{) bipyramid [quite
similar to theC; structure 3(a)] with the C atom at the apex.
The present calculation leads to the same conclusion. The
distorted pentagonal, *A) ring 3(c) lies 0.12 eV higher in
energy than the trigonaCg,, 'A;) bipyramid and only 0.09 eV

molecules. The linear molecule with an imaginary bending-mode pelow the C,,, A1) isomer 3(b). Both species 3(b) and 3(a)
frequency shows the tendency of the carbon atom to vibrate gre related to the ground-state geometry of the Sister,

along the radial direction into the triangle, 1(b).

Their energy ordering is preserved in the anion. The(?A;)
configuration is more stable than the linear configuration by transverse equatorial positions by one carbon atom. Isomer 3(a)

only 0.04 eV. Their energy ordering differs from that of the

which is Dy trigonal bipyramidal® Structure 3(b) is derived
from this trigonal bipyramid by substituting a Si atom in

represents the corresponding trigonal bipyramid with C in the

referencé? To interpret the above-mentioned discrepancy, apical position.
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The energy ordering of anionic states is partially changed.
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the optimized isomer is 0.94 eV less stable above the most

The energetically most stable structure is the distorted trigonal favorableCs, (A1) isomer 5(a). Structure 5(cL§ *A’) can be

bipyramid Cs, 2A"") 3(a). There is a symmetry lowerin€4,
— Cy) upon charging. This is followed by the distorted trigonal
(Ca., 2B>) bipyramid 3(b) that lies 0.22 eV above the 3(a). The
next minimum is 0.33 eV higher and corresponds toGh€A)
form 3(c).

A comparison between our anionic results and previous
calculation$! shows a discrepancy. According to their Ié¥el
[MP2/6-31G(d) level], we performed a structural optimization,

considered to cap a Si atom over atoms (1, 2, 3) and (1, 2, 4)
in configuration 3(a), respectively. It lies 0.69 eV higher in
energy. Structure 5(b), A’) lies 0.92 eV higher in energy,
which can be derived from isomer 3(b) by capping a Si atom
over atoms (1, 3) and atoms (1, 5), respectively.

The energy ordering of anionic states is partially changed.
The (Cs,, A1) structure 5(a) is the most favorable configuration.
It is obtained by replacing a Si atom in an apical position with

and a conclusion can be reached that 3(b) is 0.56 eV more stablea C atom in structure of ${a pentagonaDs, bipyramid-®). It

than 3(a), which is in agreement with the referefiddowever,

the calculations optimized at the MP2/6-311G(d) level predict
3(a) to be favorable over 3(b) by 0.27 eV. However, the
calculated geometrical structure of thei anion should be
analogous to those of neutral,Siclusters because the sharp
envelope of the photoelectron spectroséépindicates the
similarity between the anionic and neutraiGistructures. The
structure of neutral $C molecule is the 3(a) configuratidn;
hence the stability of the 3(a) anion over the 3(b) can be
predicted.

The addition of an electron to the lowest-enefgyy isomer
results in an increase of the separation between aterdshy
about 14.9% in the anionic isomer 3(a). An additional electron
occupies the HOMO localized respectively between ator3 2
and atoms 24 in the anion. The bonding character of the
HOMO in the anion interprets the respective reduction of
separation between atoms-2 and atoms 24. This reduction
results in an increase of the separation between atords 3

d. SEC. Nakajima et ak! and Hunsicker et &k predicted
that the lowest-energy & structure is aGy,, *A1) octahedron
4(a). The present calculation concludes that @g (*A;)
octahedron [quite similar to 4(a)] is the energetically most
favorable isomer, which is obtained by substituting a Si atom
by a C atom in the §i cluster. We performed geometric
optimization withC,, structure 4(a) as the initial geometry for
comparison. The energy of the optimized isomer is equal to
our most favorabl€,, (*A;) isomer, and the optimized structure
finally becomes th&,, octahedron. Tws (*A") isomers 4(d)
and 4(e) lie 0.62 and 0.97 eV above the ground state,
respectively. They are built by capping a Si atom over atoms
(2, 4, 5) and atoms (1, 5) in anion 3(b), respectively.

The energy ordering is partially changed in the aniGp.
(°A1) octahedron 4(a) in the anion is the energetically most
favorable isomer. The symmetry of the neutral struct@eg)(
is lowered toC,, symmetry upon chargingC,, (2A;) structure
4(b) is only 0.04 eV higher in energy than isomer 4(a) and 0.41
eV belowC; (2A') isomer 4(c). Because the sharp envelop of
the photoelectron spectroscdpindicates the similar structure
between the anionic and neutrakSiclusters, the neutral and

lies 1.31 eV below the above-mention&d, isomer. TwoCs
isomers 5(b) and 5(c) lie 0.15 and 0.64 eV above the 5(a) isomer,
respectively.

The addition of an electron to the neutfz), isomer results
in an increase in the separation among atomsSsiand a
reduction in the separation among atoms-Siin the anion.
This may be linked to the different change of electrostatic force
among Si+Si atoms and €Si atoms because transverse
equatorial Si atoms reverse the sign of their charge upon
charging.

The existence of a broad envelop in the photoelectron
spectroscopy of the SEC anion indicates significant geo-
metrical reorganization in the neutral. However, this has not
yet been theoretically obtained for this cluster.

f. Si;C. Hunsicker et al? performed a calculation on the three
geometric structures of & and obtained the lowest-energy
isomer to beCs structure 6(b). Our present results support their
predictions that theGg, 'A’) structure as the ground state of
the SyC molecule, which is derived from the substitution of a
Si atom ly a C atom in a deformed bicapped octahedrohhe
next structure in the energy ordering Gs(, *A;) isomer 6(a)
built from the substitution of a Si atonyla C atom in cagelike
Sig structurd® lying 0.22 eV above the ground state. Another
low-lying isomer isC; structure 6(c) at 0.39 eV.

The energy ordering is partially changed in the anion. The
(Cs,, 2A,) structure 6(a) is the most favorable form in the anionic
isomers. TheCs (A’) isomer 6(b) is only 0.08 eV higher in
energy than the 6(a) and 0.75 eV below g (?A) 6(c). In
fact, isomer 6(a) is quite similar to isomer 6(b), and they are
the same topological isomers. The sharp envelop of the
photoelectron spectroscopyindicates the similar structure
between the anionic and neutrakGiclusters; our calculated
results are consistent with such experimental observations.

B. S|C;, Clusters. a. Sig@ The present calculations predict a
C,, (*A1) ground state with a bond angle afsic = 40.8 for
SiC; molecule. A bent chainGs, *A’) similar to 1(c) is 0.19
eV less stable. The line&.,, with an imaginary bending-mode
frequency shows the tendency of the vibrating middle carbon
atom along the radial direction into the above-mentiozd

anionic SiC species having an analogous geometrical structure isomer. Our calculated bond angle agrees well with the measured

should be reasonable.

The addition of an electron to the neutf24, isomer results
in symmetry lowering. This results from the change in electro-
static force between €Si atoms because two Si atoms in

value of 40-41°.20

TheC,, (°B,) anionic conformer 1(d) is also an energetically
most favorable configuration, which is only 0.03 eV more stable
thanC., isomer 1(c). A comparison of the triangle shows that

equatorial positions reverse the sign of their charge upon the bonds in the anion are longer than those in the neutral isomer

charging.

e. SiC. Hunsicker and co-workét gave three lower isomers
and found theC,, structure to be the most stable both for the
anionic and neutral species. Tlis, structure can be obtained
by replacing a Si atom in a transverse equatorial position with
a C atom in the structure of Sja pentagonaDsy, bipyramid-).

We performed geometric optimization with thei€x, A;)

by about 3.0%, but the bond angles remain the same. This may
be linked to the increase in electrostatic repulsive force between
C and C atoms because an additional electron makes the net
charge of the Si atom zero in the anion.

As shown in ref 11, the spectrum of Si@nhdicates a broad
feature, which suggests the large geometry change from the
anion to the corresponding neutral by photoelectron detachment.

structure as the initial geometry for comparison. The energy of To interpret the discrepancy between experimental observation
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and theoretical prediction, the fourth-order [MP4(SDTQ)] point ] ErE—
energy was evaluated at the 6-31G(d) level. The linear anion 2.5 —*—HC oo
is energetically favorable by 0.10 eV, hence it can account for 0] /\:::E:‘;
the observed broad band. =5 -,
b. SpC,. Hunsicker et al? studied three isomers and predicted =15 / “‘H./
that the ground state is th&y, rhombus 2(f). Our calculations ﬁ 1 * \,—r‘"
support their predictions. The energy 6&(*A") trapezoid 2(e) 104 = ‘4:
is 0.49 eV abovez, 'Ag) rhombus 2(f) and 0.31 eV below s
Don linear 2(d). y e ————T
The energy ordering of the anions differs from that of the 3 ‘ 5 B 7 8
neutral cluster. An additional electron makes linear 2(d) stable. Wamberottoll atom £
Two low-lying isomers are th€ (2A") form 2(e) andDz, (?Bzg) Figure 7. EAs of SiCy clusters against the number of total atoms.
rhombus 2(f), located 0.05 and 0.20 eV above the linear, . . )
respectively. bipyramidal. Hence, the octahedrddyg, 2B,) anion can account

A noticeable point is that the charge is equally distributed for the observed similarity. _ _
along the linear (0.3e per silicon aneD.3e per carbon) in a e. SiCp. The lowest-energy 8C, isomer is 3DCs (‘A)
neutral molecule whersaa C atom bears &0.4e charge in ~ Structure 5(e), which can be derived from the minimum-energy
the linear anion. A comparison between neutral and anionic Structure of SC [5(a)] by replacing a basal-plane Si atom with
linear species shows an increase of 1.9% in theCCbond ?C atom. Next in the energy ordering is triangular plaar,(
length. This may be linked to the increase in electrostatic A1) isomer 5(d), located only 0.02 eV above the ground state.
repulsive force between C and C atoms upon charging. Their energies should be evaluated with MP4(SDTQ) because

Because the existence of a sharp peak among the broad peakgf their near degeneracy. It is found that 5(d) is 0.05 eV more

in the photoelectron spectroscapyndicates the coexistence StePle than 5(e), W?iCh is_in_agreler:ngnt with the density
of several isomers in the neutral cluster, the small energy functional calculatiort? The third isCs ("A’) isomer 5(f), which

difference in 2(d) and 2(e) anionic isomers is compatible with IS 0-20 €V higher in energy. It is derived from capping a C
the observed complicated spectrum. atom over atoms (1, 3, 4) and atoms (2, 3, 4) in anion 3(e).

C. SC. Froudakis et al. investigated five SC, neutral The additional electron has no effect on the relative stability

. : . of the anionic isomers. Planar triangu@y, anion 5(d) lies only
W t th Its that th t stabl fig- © . ;
ISomers. We Suppor eilr resutts That tne most stable contig 0.05 eV above isomer 5(e) and 0.41 eV below the 5(f) isomer.
uration is the plana€,, (*A;) form 3(d). Next in the energy We found that 5(d) is 0.08 eV ble than 5 he MP4
ordering, located 0.71 eV above the 3(d), isDa, (*A'y) e found that 5(d) is 0.08 eV more stable than 5(e) at the )

. . O s . ; SDTQ) level, which is also in agreement with the density
bipyramid [quite similar to 3(e)]. The third is@, isomer with ( . . . o
an imaginary frequency, which is located 1.13 eV above the functional calculatiort A low-lying (Dsn, °A"2) isomer at 0.48
ground state ’ eV should be pointed out, which is obtained by replacing two
The additional electron has little effect on the relative stability [S)' a:)?g/?;&%?écal positions with the C atom in the pentagonal
of the anionic isomers. The plan@, (B;) pentagon 3(d) is sh : .
also the energetically most favorable form, which agrees well , - S6C2 T?e ground state of the &&l, molecule is found to
with the calculationd? The distorted bipyramidQ,,, 2B1) 3(e) be the Cs,, *Ay) isomer, which is quite similar to 6(d) built
built from replacing two Si atoms in apical positions by a C from the substitution of two Si atoms by two C atoms in cagelike

- Sig structure!® This is followed byCs (*A") isomer 6(g), lying
gg’gnwlé Ic();:;t)egtr(fj.gll”i\/gg)bove the ground state and 0.15 eVO.OS eV above the 6(d). It is built from bridging two basal-
s . : , : -
A comparison between neutral and anionic pentagons 3(d)plane Si atoms by a Si atom in 5(e). Another low-lying isomer

! 1 C N
shows an increase in the separation of atom$8 by about IS _leﬁ%(;‘]grsnugrtgéﬁr?(r:)s’ W;'t?guls cohgi ee\c/i lii Stshztzali% .n The
6.8%, which is linked to the inverse of electrostatic force 9y gi1sp y 9 )

between atoms-3 upon charging (Cs, 2A) form 6(d) is energetically favored in the anion. There
d. SiC,. Among the four differeht isomers of &, inves- is symmetry lowerings, — Cs) upon charging for this isomer.

. . Next in energy ordering i€, (°B) form 6(e), lying 0.15 eV
tigated by Froudakis et a.C,, structure 4(h) was found to be o 6y This is followed bgs (A7) isomer 6(f), lying
a stable minimum. However, our present calculation suggests

' . 0.16 eV above the 6(d). We can very roughly decompose this
1
gggﬁn%? ( vﬁlli)czcit:rc])i?;?:eég(% Ist:;esirl]airt%ittli%?:%mevsc: f:vic(): gb; structure into two interacting entities: structure 3(b) and 1(b)
' . y S pice are bridged with a €C bond. Froudakis et dlput forward a
atoms ly a C atom in the Si cluster. Their difference in

; e building-up principle of carbonsilicon clusters in which strong
energy is 0.16 eV. Another octahedrddu, *Asg) [quite similar  =_ ' honds are favored over-€Si bonds and SiSi bindings
to 4(g)] is 0.18 eV less stable.

) . . . are of lesser importance to the geometrical arrangement of the
The energy ordering differs in the anion. The lowest-energy

i on mixed clusters. However, this principle is not valid for thgCi
state is found to be 30 (°A’) structure 4(f). Two octahedrons o ster. The structures derived from substituting C for Si atoms
Dad (?By) 4(g) andDa, (2Az) are 0.23 and 0.64 eV less stable

. . i ; ] in Si, cluster are stable in variousgSh isomers. The higher
relative to 4(d), respectivelyC,, isomer 4(h) is 0.89 eV higher symmetry compensates for the opening in the@bond in
in energy.

, ) o these substitution isomers and makes isomer 6(d) the lowest in
A comparison of spectral features in the serigs, SisC, energy.

and SiC, ' shows the apparent similarity, which leads to the  No photoelectron measurements are available for this cluster

similarity in the electronic and geometric feature in these gt present. However, the structural similarity among, Si

clusters. As mentioned above, the structures gfedid SiC~ SizC~, and isomer 6(d) indicates that the lowest-state 6(d) anion
are calculated to be tetragonal bipyramidal. Then, the spectralshould be reasonable.
similarity among §j, SisC~, and SiC, anions reasonably 3.2. Stability. The adiabatic electron affinities (EAS) of.Si

indicates that the geometry of 48}, is similar to tetragonal and SjC, (n = 1-7) are shown in Figure 7. We found that the
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tendency is consistent with the measured EA&.comparison Materials Science, Tsukuba 305-0047, Japan) for his revision
between theoretical and experimental EA values shows anof and advice on this paper.

underestimation of the EAs at an MP2 approximation that is
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