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We investigate theoretically the electronic and optical absorption properties of two sub-classes of oligosilanes:
(i) Si(CHs)4, Sig(CHs)s, and Sig(CH3)g that contain Si dot, ring and cage, respectively, and exhibit typical Si—C
and Si—Si bonds; and (ii) persilastaffanes Si;Hg(CH3)g and Si;oHg(CH3)12, which contain extended delocalized
o-electrons in Si—Si bonds over three-dimensional Si frameworks. Our modeling is performed within the GW ap-
proach up to the partially self-consistent GW, approximation, which is more adequate for reliably predicting the
optical band gaps of materials. We examine how the optical properties of these organosilicon compounds depend
on their size, geometric features, and Si/C composition. Our results indicate that the present methodology offers a
viable way of describing the optical excitations of tailored functional Si-C-based clusters and molecular optical
tags with potential use as efficient light absorbers/emitters in molecular optical devices.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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1. Introduction

The use of silicon-carbon-based molecular clusters, complexes,
nanoparticles, and quantum dots, as potential efficient light emitters,
also called optical tags, has been much beneficial for the development
of nanoscale sensing technology [1-3]. Indeed, the electronic properties
of such optical tags may be tuned by controlling the size, backbone, and
Si/C ratio in the composition of a Si-C-based system [4,5]. At the molec-
ular level, a compelling for applications and electronically flexible class
of compounds containing Si—C bonds are the silane derivatives [6]. Ex-
amples include the sub-class of cyclic silanes [6-10] and the sub-class of
persilastaffanes [11], both of which represent natural candidates as sta-
ble and efficient emitters when subjected to prolonged irradiation [12].
Furthermore, a facile synthetic approach to obtain silicon cluster struc-
tures is provided by structural rearrangement reactions of oligosilanes
[13], which is considered as a useful bottom-up method to fabricate
Si-based semiconductor devices.
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Research focused on cyclic silanes and caged oligosilanes is espe-
cially of interest because of their unique electronic structure, involving
o electrons of Si—Si bonds delocalized over three-dimensional (3D) sil-
icon structures [14-17]. Although there is a similarity between
organosilicon compounds and hydrocarbons, the Si—Si o conjugation
may readily lead to small band gaps in polycyclic oligosilanes [18].
Moreover, these molecules exhibit a skeletal structure related to bulk
crystalline or amorphous silicon, which makes them eligible to be incor-
porated in tiny Si-based devices. Additionally, their optical properties,
which can be easily tuned by varying number of Si atoms, rings or
cages in the molecule, successfully compete with Si-based nanoparticles
[19] designed for nano-optical device applications.

From a more fundamental viewpoint, addressing the optical proper-
ties of small Si-based clusters contributes to new knowledge on how the
peculiar geometry and chemical bonding shape their properties. Fol-
lowing such research line, the photoluminescence properties of
octasilacubane, a cubic Sig cluster [20], have been experimentally inves-
tigated, understood, and related to its strained cage framework. Indeed,
the first species of octasilacubane has long been synthesized [21] and
has been demonstrated to be stable in an inert atmosphere. Other re-
lated representative of oligosilanes containing a single Si ring is the
octamethylcyclotetrasilane, which has previously been studied by
employing gas electron diffraction techniques [22]. However, accurate
theoretically calculated absorption spectra for these Si-C-based
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molecules that attract growing interest for applications in nano-optics
[4,5] are scarce in the literature. Only very limited experimental data
on the emission spectra of some cubic Si-molecules has been made
available so far [21,23].

In this paper, we carry out first principles calculations to investigate
the electronic and optical absorption properties of organosilicon arche-
types, as a function of their structural features and Si concentration. We
include the screening of the Coulomb interactions at the microscopic
level to determine their optical gaps [24,25]. Thus, we are aiming at a
systematic and reliable theoretical modeling useful for describing the
optical properties of larger Si-C-based clusters, with potential applica-
tions as molecular sensors. Firstly, we examine the cases of the Siy
(CH3), sub-class of oligosilanes, namely, Si(CH3)4, Sis(CHs)s, and Sig
(CH3s)g, containing Si dot, ring and cage, respectively, and exhibiting
typical Si—C and Si—Si bonds [20-23]. Secondly, we consider the
SixHe(CH3), sub-class of oligosilanes or persilastaffanes; i.e., SizHg
(CHs)e, and Siy»Hg(CH3)12, which contain extended delocalized o elec-
trons in Si—Si bonds over 3D silicon frameworks [11,26].

2. Methods and calculations

The electronic energies and the relaxed structures of the oligosilanes
studied here were obtained within the local spin-density approxima-
tion (LSDA) [27], as implemented in the VASP code [28-31]. Within
this scheme, the PAW method [32,33] was employed with Kinetic en-
ergy cutoff 742.5 eV for the oligosilanes [Si(CH3),4 and Si4(CH3)g, and
Sig(CH3)g]; and 400 eV for the persilastaffanes [Si;Hg(CH3)e, and
Si12Hg(CH3)12]. These stoichiometric formulas facilitate the direct eval-
uation of the Si/C ratio and the Si concentration in each of the molecules
studied. During the geometry relaxation process of the isolated mole-
cules, only the T point was sampled in the Brillouin zone (BZ) in cubic
boxes with edge 17-20 A until atomic forces become 0.01 eV/A using
an electronic energy convergence criterion of 107> eV. Using this proto-
col, all studied molecules except the largest of the persilastaffanes are
separated from their longitudinal images by distance large enough to
exclude any non-physical interaction. Only the largest persilastaffanes
(exhibiting length of ~12 A) are separated from their longitudinal im-
ages by ~4 A at each side, which may result in a small non-physical in-
teraction for the isolated molecule. However, the present choice of the
box size is considered necessary and a good trade-off due to the number
of bands used in the subsequent calculations.

The dynamic polarizabilities of the systems were determined within
the random phase approximation (RPA), using the longitudinal ap-
proach, and including local field effects combined with the PAW
method, as described in Ref. [34] and references therein. This formalism
is sufficiently accurate to describe dielectric properties of molecular sys-
tems such those studied here, in addition to more sophisticated nonlo-
cal Hamiltonians [34]. Hence, for the Kohn-Sham (KS) systems, the
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Table 1
Calculated bond lengths for the relaxed Si,(CHs), oligosilanes at the LSDA/PAW level of
calculation. Experimental values are given in parentheses.

Compound Si-C (A) Si-Si (A)
Si(CHs)s 1.86 (1.877) [40] -

Siz(CHs)g 1.87 (1.893) [22] 2.34 (2.362) [22]
Sig(CHs)s 1.87 237 (2.398) [20]

irreducible polarizability, P, can be obtained in the independent particle
picture, ¥°, as P = x° + y°fi.P, being f, the density-functional xc-
kernel. The local field effects are included in the Hartree approximation.
In the RPA calculations we consider 450 bands in average, until the limit
of 20 eV. The frequency-dependent dielectric matrices were calculated
after the total convergence of the ground state energy for each system.
The imaginary part of the dielectric matrix was determined by a sum
over states including the unoccupied KS states, while the real part was
calculated via the usual Kramers-Kronig transformation [34].

The many-body calculations that underlie the GWA are well
established in Refs. [25, 35-37]. In the present approach, the quasiparticle
(QP) energies and absorption spectra of the oligosilanes are also com-
puted by employing the KS eigenfunctions and eigenvalues to construct
the single-particle propagator, G, and the screened Coulomb potential,
W = ¢ 1V, that enters the non-local self-energy, 3 = iGW [26]. The
main advantage of this scheme over other approaches, such as hybrid
functionals in DFT, is the non-phenomenological inclusion of the screen-
ing. Following the scheme of Hybertsen and Louie [36], the LDA gap
values were corrected from the single shot GoW, approximation up to it-
erations, keeping W = W, and updating the Green's function, Go — G, to
obtain the so-called GW, approximation [36,37]. This approach yields suf-
ficiently better QP energies and spectral properties than the fully self-
consistent GW description [35-37]. During these calculations, we have
utilized 450 bands, 80 points for the frequency calculations, and 80 eV en-
ergy cutoff for the response function. These criteria were established for
equally describing the electronic states of the systems [35,38].

3. Results and discussion

To perform a systematic comparison considering the distinct sub-
classes of oligosilanes, we firstly analyze the structural, electronic and
optical properties of the three Siy(CHs3), archetypes, namely
tetramethylsilane (TMS),  octamethylcyclotetrasilane,  and
octamethyloctasilacubane displayed in Fig. 1. Their optimized geome-
tries were determined by using as initial structural guess the experi-
mentally available geometric data for these molecules in the gas
phase. The parameters of the optimized geometries resulting from our
calculations agree well with previously reported data for the same and
for analogous molecules in Refs. [22, 39, 40] (see Table 1). As expected

Fig. 1. Optimized geometries of the three oligosilanes as obtained at the LSDA/PAW level of calculation: a) Si(CH3)4 (TMS); b) Sis(CH3)g (octamethylcyclotetrasilane); and c) Sig(CH3)g

(octamethyloctasilacubane).
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Fig. 2. Calculated DOS (LSDA/PAW) in arbitrary units for Si(CHz),4 (top panel), Sig(CH3)g (middle panel), and Sig(CHs)s (bottom panel). The KS charge densities of the HOMO (left side) and
LUMO (right side) are also shown in the panels. Vertical dashed lines indicate the Fermi energy.

for this sub-class of compounds, the characteristic Si—C bond length
value does not vary significantly between the three molecules studied
here. A similar trend applies to the Si—Si bond length, when the Siy
(CHs)4 and the Sig(CH3)g optimized geometries are compared to each
other. Moreover, our calculated Si—Si bond length values
(2.34-2.37 A) agree well with the value of 2.36 A as obtained from gas
electron diffraction for octamethylcyclotetrasilane [22].

As we will discuss in the following, these structural parameters re-
flect the nature of the chemical bond in Si-C-based molecules, clusters,
and nanoparticles. While correlation between their structural parame-
ters and their electronic and optical properties is not easily identifiable,
the resulting peculiar geometries exhibiting typical electron density dis-
tributions are more directly related to the absorption spectra of these
oligosilanes.

Fig. 2 displays the calculated density of electronic states (DOS) for
the three Si,(CHs), oligosilanes (cf. the optimized structures in Fig. 1).
The KS charge density of the frontier molecular orbitals, i.e., the highest
occupied (HOMO) and lowest unoccupied (LUMO) calculated at the I’
point of the BZ, are also shown in the panels of Fig. 2. Considering the
simple Si(CHs)4 oligosilane as a reference system for our calculations,
the LSDA/PAW frontier charge densities are in good agreement with
those obtained at the generalized gradient approximation (GGA) level
of theory, performed for small hydrogenated silicon nanoclusters [41].
At this point, it is noteworthy to point out that the PAW is an adequate
method that gives access to the full electron density, and it is adjusted to
work efficiently even under low cutoff energy values. The comparison to

»

the results in Ref. [41] ensures that we provide a reliable analysis of the
Sig(CH3)g and Sig(CHs)g electron densities, which are scarcely reported
in the literature but certainly important to compute optical properties of
these molecules. As discernible in Fig. 2 (middle and bottom panels) the
square modulus of the HOMOs for these cyclic oligosilanes are
delocalized between the Si—Si o-bonds themselves, whereas the
square modulus of the LUMOs are delocalized inside the ring or cage
formed by the Si atoms, leading to characteristic 0 — 0* electronic tran-
sitions that absorb light at specific frequencies [8,11,18]. These results
are appealing in the context of Si-based molecular optical sensing tech-
nology that requires chemically stable candidate compounds with ade-
quate optical properties to be employed as efficient optical tags [12].
Now, we report our theoretical results for the optimized geometries
of the two persilastaffanes, i.e., persila[1]staffaneane and persila[2]
staffaneane, as displayed in Fig. 3. We note that the structure of persila
[1]staffaneane forms a Si cage that is, to some extent, comparable to
the structures of Siz(CHs)g and Sig(CHs)g. Hence, we presume that the
typical Si—C and Si—Si bond lengths in persilastaffanes Si,Hg(CH3),
are similar to those in the Si,(CHs;), oligosilanes. The calculated bond
lengths reported in Tables 1 and 2 confirm this assumption. More impor-
tantly, for Si;Hg(CHs)g and Si;oHg(CHs) 12, the optimized geometries ob-
tained with LDA/PAW agree with the available experimental data [11].
As firstly reported by Iwamoto et al. [11], persilastaffanes form
highly symmetric rodlike structures containing bicyclo[1.1.1]
pentasilane units catenated at the bridgehead positions, as displayed
in Fig. 3b. For the persilastaffanes studied here, we obtain that both

Fig. 3. Optimized geometries of the two persilastaffanes obtained at the LSDA/PAW level of calculation: a) Si;Hg(CHs ) (persila[1]staffaneane); and b) Si;,Hs(CHs)1 (persila[2]staffane).

3
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Table 2
Calculated bond lengths for the relaxed persilastaffanes at the LSDA/PAW level of calcula-
tion. The experimental values (given in parentheses) are from Ref. [11].

Compound Si-C (A) Si-Si® (A) Si-Si® (A) Si-Sic (A)
Si;Hg(CHs)s 1.86 234 (2.362) 231 (2.343) -
Si1aHs(CHs) 12 1.89 2.37 (2.379) 234 (2.341) 2.34 (2.360)

2 Si-ring/cage atoms.
b Extremity atoms.
¢ Bridgehead atoms.

the Si—C bond lengths (exhibiting a maximum variation of 1.6%) and
the Si—Si bond lengths (exhibiting a maximum variation of 2.6%)
tend to be very similar to the corresponding values of Si4(CHs)g and
Sig(CH3)g (see Tables 1 and 2). In terms of the electronic structure, how-
ever, the persilastaffanes exhibit a o-delocalization along the silicon
cages that implies a reduction of their energy gap when the size of the
molecules increases. We refer to this effect further in the discussion
about their optical gaps.

The calculated DOS of persila[1]staffaneane and persila[2]
staffaneane (cf. optimized geometries in Fig. 3) are displayed in Fig. 4,
along with the KS charge densities of the HOMO and LUMO. As illus-
trated in Fig. 4, when the molecule increases by a bicyclo[1.1.1]
pentasilane unit, the occupied KS states spread to higher energies:
from less than —5 eV, in the case of Si;Hg(CH3)e, to above —4 eV, in
the case of Si;;Hg(CHs)12. In addition, the shift of the unoccupied KS
states to higher energies amounts to less than 0.5 eV. Consequently,
these states will contribute in a subtly different way to the optical ab-
sorption of the two persilastaffanes. For these two persilastaffanes, the
KS charge density of the HOMOs resemble the electronic distribution
of the cyclic oligosilanes (see Fig. 2), i.e., they are delocalized on bonded
Si atoms in the bicyclo[1.1.1]pentasilane cage, thus giving rise to Ocage
orbitals. Nevertheless, the charge densities of the LUMOs of
persilastaffanes (as compared to the LUMOs of the cyclic oligosilanes)
are more distributed around terminal and bridgehead Si atoms, thus
giving rise to 0% ;s orbitals [11]. The differences in the DOS (Fig. 4) are
expected to affect the optical absorption profile of these two
persilastaffanes, when compared to the absorption spectra of the cyclic
oligosilanes. Furthermore, this analysis indicates that the effect of o-
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Table 3

Calculated HOMO-LUMO energy gaps (DFT) and residual dipole moments (RDM) with
LSDA/PAW for all oligosilanes. The optical gaps obtained in the GWA (GW,) are also
reported.

Compound DFT gap (eV) RDM (D) GW, gap (eV)
Si(CHs)4 6.32 0.00 10.18
Si4(CH3)s 3.63 0.01 8.28
Sig(CH3)s 1.79 0.03 5.44
SizHs(CH3)s 4.00 0.03 7.72
Si1oHe(CH3)12 3.52 0.11 6.82

electron delocalization may influence differently the respective absorp-
tion spectra of the persilastaffanes and the cyclic oligosilanes.

Before presenting the quasiparticle calculations within the GWA and
discussing the optical absorption of the two sub-classes of oligosilanes,
in Table 3 we summarize their HOMO-LUMO energy gaps obtained
with LSDA/PAW, and their optical gaps obtained with GW,. In Table 3
we also report the residual dipole moments (RDM) calculated with
LSDA/PAW, since RDM permits to gauge small distortions in the sym-
metric geometries of the molecules, resulting from the optimization
process and the electronic structure calculation level. As expected, for
the highly symmetric molecules, the RDM values are negligible
(0.00-0.03 D). The largest geometric distortion, leading to a small
charge separation (RDM = 0.11 D) is observed in the case of Si;oHg
(CH3)12, which contains a one-dimensional Si-Si bridge, allowing for
small rotations or re-orientations between neighboring Si cages. We
also cannot rule out that there is a small effect of the box size in this lat-
ter case, as already mentioned here. Certainly, the charge distribution in
these molecules can influence their optical properties.

As expected for the Siy(CHs), sub-class of oligosilanes, with the in-
crease of the molecular volume and the Si concentration, the calculated
HOMO-LUMO gaps dramatically decrease, from 6.32 eV, for Si(CHz)4, to
1.79 eV, for Sig(CHs)g (see Table 3). For the two persilastaffanes, how-
ever, we observe a much weaker trend of the HOMO-LUMO gaps that
decrease with the molecular size, i.e., from 4.00 eV to 3.52 eV. In Ref.
[11], the calculated HOMO-LUMO energy gaps for Si;Hg(CH3)g and for
Si1oHe(CHs3)12, at the B3LYP/def2-TZVP//B3LYP/6-31G(d) level of theory
are, respectively, 5.5 and 4.9 eV. Indeed, hybrid functionals, such as

0.3
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-10

Energy (eV)

Fig. 4. Calculated DOS (LSDA/PAW) in arbitrary units for Si;;Hg(CH3)12 (top panel), and Si;Hg(CH3)g (bottom panel). The KS charge densities of HOMO (left side) and LUMO (right side) are

also shown in the panels. Vertical dashed lines indicate the Fermi energy.
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B3LYP, are known to yield larger HOMO-LUMO gaps than LSDA or pure
GGA, both of which tend to underestimate this value; in any case at the
KS-DFT level none of these levels of theory are taking into account the
optical gap of the molecules. Thus, we use LSDA here as a method to
readily reach a many-body description of the systems and determine
the electronic excitations by solving the QP self-consistent equations.
For this reason, we proceed up to the GWA to calculate the optical
gaps of these systems. This scheme is discussed in more detail in the fol-
lowing paragraphs.

As usual in the GWA, the screened Coulomb interaction W is calcu-
lated within the RPA or the Hartree approximation. In the scheme im-
plemented in the VASP code [36,37], this is performed by including
local field effects combined with the PAW method [34]. For the purpose
of the present study, it is interesting to examine first such effects in the
energy excitations of the oligosilanes. In Fig. 5, we display the resulting
absorption spectra in terms of the dynamic polarizabilities calculated
within the RPA for the Si,(CHs), oligosilanes (Fig. 5a), and for the
SiyHe(CHs), persilastaffanes (Fig. 5b). From these calculated spectra,
we observe the specific features in the absorptions of each molecule.
For example, in the case of Si(CH3)4 we notice a small absorption band
centered at 6.3 eV and a more pronounced absorption band occurring
around 7.6 eV. Of course, these absorption peaks are still red shifted
with respect to the corresponding values calculated by including micro-
scopically the screening of the Coulomb interaction. Adopting such
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Fig. 5. Calculated RPA absorption spectra expressed in terms of the dynamic
polarizabilities (in arbitrary units) for (a) Si,(CHs3), oligosilanes and (b) SiyHg(CHs),.
persilastaffanes.
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approach, a more accurate description of the optical gaps is attained
after the self-consistency in G having W fixed from the RPA, i.e., W =
W (see the calculated GW, gaps in Table 3).

In the case of Siz(CHs3)g, we observe the RPA absorptions starting at
4 eV with the peak centered at 4.3 eV, which is now slightly blue shifted
with respect to the calculated HOMO-LUMO gap of 3.63 eV. In the case
of Sig(CH3)s, the RPA absorption starts above 4 eV and peaks about
5 eV. Again, we notice that when adopting this level of approximation,
the absorption of Sig(CH3)s is largely blue shifted from the predicted
gap of 1.79 eV, obtained with DFT (Table 3). Considering the RPA ab-
sorption features of the two persilastaffanes, we obtain theoretical spec-
tra that are to a larger extent similar to each other. For Si;Hg(CHs)g, the
absorption starts above 3 eV and reaches its first peak at 4.2 eV. Analo-
gously, for Si;;Hg(CH3)15 the absorption starts below 3 eV, with the first
peakat 3.5 eV. To be noted that, in the case of these two persilastaffanes,
the inclusion of local field effects in the RPA calculations does not shift
the bands to higher energies, as observed for the RPA spectra of the cy-
clic oligosilanes. The optical absorption spectra experimentally obtained
in hexane and at room temperature for Si;Hg(CH3)g and Si;;Hg(CH3)12,
respectively, exhibit a wide band around 5.6 eV and a narrow band
around 4.7 eV [11]. Although, the calculated spectra with the RPA (in
vacuum and without temperature correction) still systematically un-
derestimate the optical gaps of the five oligosilanes studied here, this
is a necessary step to obtain a more accurate modeling of their optical
gaps within the GWA.

To improve the description for the optical gaps of these oligosilanes,
as reported in Table 3, we perform QP calculations up to the GW, ap-
proximation. Following this scheme, the correction to the HOMO-
LUMO gaps is obtained by calculating the difference between the QP en-
ergies (¢2) and the LSDA eigenvalues (5°P4), i.e., AGW = & — £5PA,
The GW corrections to the HOMO and LUMO energies as well as to the
HOMO-LUMO gap are reported in Table 4. The results indicate that the
calculated red shifts for the HOMOs (AGWyonmo) systematically decrease
with the increasing number of Si atoms in the oligosilanes, whereas the
blue shifts in the LUMOs (AGW, yn0) increase more significantly from Si
(CH3)4 to Sig(CH3)g, practically remain constant for Sig(CHs)g and Si;Hg
(CHs)e, and slightly decrease for Si;,Hg(CH3)12. These differences pro-
duced by the QP calculations significantly open the optical gaps calcu-
lated within GWA with values ranging 3.30-4.65 eV, as indicated by
the AGWqq, quantity reported in Table 4. The resulting optical gaps cal-
culated at this level of approximation were already anticipated in the
third column of Table 3. It is worth mentioning that, although the GW
calculations introduce the screening of the Coulomb interaction in a
non-phenomenological way, they can still yield overestimated optical
gaps, as observed for Si;Hg(CH3)g and SijHg(CH3)12. This overestima-
tion can be attributed to the underestimated screening calculated
within the RPA for these two molecules. Furthermore, the lack of
electron-hole interactions in the GW method may contribute certain in-
sufficiency to the description of the excitations in persilastaffanes. Not-
withstanding, the GWA seems to be an adequate computational
procedure to theoretically compute the optical properties of larger
oligosilanes and Si-C-based molecules, clusters, and complexes.

In Fig. 6, the GW, gap is depicted as a function of the Si concentra-
tion, as defined to heavy atoms only: ns;/(ns; + nc), where ng; is the
number of Si atoms and n¢ is the number of C atoms, obtained from

Table 4
Quasiparticle corrections to the HOMO and LUMO energies and to the LSDA/PAW gaps for
the oligosilanes. The resulting GW, gaps are reported in Table 3.

Compound AGWrono (eV) AGWymo (eV) AGWyqp (eV)
Si(CH3)4 —2.16 1.69 3.86
Si4(CH3)g —1.40 3.24 4.65
Sig(CH3)s —0.89 2.77 3.66
Si;Hg(CH3)6 —0.97 2.76 3.72
Si1oHe(CH3) 12 —0.75 2.55 3.30
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Fig. 6. GW, gap as a function of the Si concentration (as defined to heavy atoms only) for
the two sub-classes of oligosilanes considered in this study: (i) Si,(CHs), and (ii) Si\Hg
(CHs),.

the stoichiometry of each of the molecules. As seen in Fig. 6, the GW, gap
for the Si,(CH3), sub-class of oligosilanes linearly decreases with in-
creasing Si concentration, from 10.18 eV for Si(CH3),4 to 5.44 eV for Sig
(CH3)s. In the case of persilastaffanes, i.e., the Si,Hg(CHs), sub-class of
oligosilanes, the dependence of the GW, gap on the Si concentration fol-
lows the opposite trend, as observed for the Si,(CH3), oligosilanes. The
optical gap of persilastaffanes decreases from 7.72 eV for Si;Hg(CHs)s,
which exhibits the highest Si concentration of 54%, to 6.82 eV for
Si1oHg(CH3)12, which exhibits the lowest Si concentration of 50%. A
plausible explanation for this trend, observed for the optical gap of
persilastaffanes as a function of their Si concentration resides in the
fact that these molecules increase in size as catenated linear structures.
Thus, increasingly larger molecules that possess smaller Si concentra-
tions will exhibit smaller band gaps, because of the ¢ delocalization in
the Si cages [11]. These results illustrate the dependence of the optical
gap, for distinct oligosilanes, on their molecular size, Si concentration,
and type of backbone (i.e., containing Si dots, single rings, single cages,
or even multiple cages).

4. Conclusions

We have employed a theoretical protocol based on the many-body
GWA to calculate QP excitation energies and investigate the optical
properties of Si-C-based molecules: (i) Six(CH3), oligosilanes and (ii)
SiyHe(CH3), persilastaffanes. These stable and synthesizable molecules
are valuable prototypes of Si-C-based nanoparticles, with potential ap-
plications as efficient light absorbers/emitters in molecular optical de-
vices. Our calculations include local field effects in the RPA for the
description of the frequency dependent dielectric response function,
going up to the GW, approximation. Thus, we have utilized a fully ab
initio method, without including a pre-defined amount of screening in
the Coulomb interactions of the systems, which is an important ingredi-
ent to obtain optical gaps for related molecular systems, such as
oligosilanes. Furthermore, this method is partially self-consistent,
i.e., updating only G, which conserves particle number, yields spectral
accuracy, and is computationally less demanding than the fully self-
consistent GW method.

Our theoretical predictions of the optical absorption properties of
oligosilanes within the GWA are in line with their light-absorption char-
acteristic of wide-gap molecules. Moreover, the QP calculations reveal
subtle differences in the dependence of the optical gap on their size, Si
concentration, and backbone type, for each of the studied sub-classes
of oligosilanes. Although the GW, level of approximation appears to
overestimate the optical gaps of persilastaffanes, this result can be at-
tributed to the underscreening inherent to the RPA and to their charac-
teristic delocalized o bonds. However, the present methodology is
sufficiently flexible to provide realistic optical properties, by
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recalibrating the exchange-correlation potential in the KS-DFT calcula-
tions and re-scaling the GW calculations. Therefore, this method is at-
tractive to deal with larger Si-C-based clusters and nanostructures
with potential applications in the emerging molecular sensing
technology.
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