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Equilibrium geometries, charge distributions, stabilities, and electronic properties of the
Ag-adsorbed �SiO2�n �n=1–7� clusters have been investigated using density functional theory with
generalized gradient approximation for exchange-correlation functional. The results show that the
Ag atom preferably binds to silicon atom with dangling bond in nearly a fixed direction, and the
incoming Ag atoms tend to cluster on the existing Ag cluster leading to the formation of Ag islands.
The adsorbed Ag atom only causes charge redistributions of the atoms near itself. The effect of the
adsorbed Ag atom on the bonding natures and structural features of the silica clusters is minor,
attributing to the tendency of stability order of Ag�SiO2�n �n=1–7� clusters in consistent with silica
clusters. In addition, the energy gaps between the highest occupied and lowest unoccupied
molecular orbitals remarkably decrease compared with the pure �SiO2�n �n=1–7� clusters,
eventually approaching the near infrared radiation region. This suggests that these small clusters
may be an alternative material which has a similar functionality in treating cancer to the large
gold-coated silica nanoshells and the small Au3�SiO2�3 cluster. © 2007 American Institute of
Physics. �DOI: 10.1063/1.2805384�

I. INTRODUCTION

Silicon oxide is one of the most abundant materials on
earth. Especially, silica has a wide range of application in
microelectronics, optical communication, and thin-film tech-
nology. So interest in studying the properties of nanoparticles
and clusters of silica is relatively recent.1–3 On the other
hand, silver, one of the noble metals, has practical impor-
tance because of its role in photography,4 catalysis,5 and its
potential use in new electronic materials.6 Experimental evi-
dence for the importance of the precise size of clusters de-
posited on a solid substrate has been found, for example, in
the catalytic activity of gold clusters on oxide substrates7 and
the minimum number of silver atoms to form an image
speck.8 Theoretical interest in the bonding of metals on ox-
ides have been reported, for example, the nucleation of small
Cu clusters at the surface of silica.9 Also, cluster growth was
observed for Au, Ag, and Cu deposited on C60 surface,10–15

and it is found that Ag donates electrons to the lowest unoc-
cupied molecular orbital of C60 molecules resulting in a me-
tallic conduction band.

One of the promising candidates to produce nonlinear
optic devices is the nanocomposite system made of metal
nanoclusters embedded in a dielectric matrix16,17 because of
their fast response and strong nonlinear absorption.18 A large
number of methods have been improved to obtain metal
nanoclusters hosted in matrix for their chemical, catalytic,

and optical properties.19,20 A growing number of experimen-
tal and theoretical studies focus on the metal-SiO complexes.
Köppe and Schaöckel21 recorded the IR spectra of M–SiO
�M=Na, K� complexes in solid argon for the first time. Then,
Mehner et al.22 showed that the Ag–SiO complex could be
generated at low temperature. Moreover, the Ag¯SiX
�X=O, S� complexes had already been investigated by elec-
tron paramagnetic resonance spectroscopy.23,24

Recently, it is interesting to notice that a new application
of gold-coated silica nanoshells has been found in treating
tumors and cancer.25–27 The nanoshell, consisting of a silica
core of the order of 100 nm coated with about 20 nm of
gold, could absorb near infrared light and convert light to
heat, causing irreversible thermal cellular destruction. When
the nanoshells were incorporated into human breast cells in
the test tube, and then exposed to near infrared �NIR�, 100%
of the cancer cells were killed. So efforts have been made to
understand the optical properties of gold-coated silica
nanoshells using a simple model. It has been shown that the
optical response is due to the hybridization of the surface
plasmon of the inner and outer shells. Sun et al.28 have stud-
ied the binding of gold atoms to a small silica cluster and
shown that this small cluster can have a similar functionality
in the treatment of cancer as the large size nanoshell. Fur-
thermore, the enhanced Raman effect observed for adsor-
bates on silver surface seems to have a cluster counterpart.29

Motivated by these findings, we have investigated the small
silica cluster with the Ag atom to understand if such a small
cluster has the particular optical property absorbing near in-
frared radiation. If so, what is the mechanism for such ad-
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sorption, namely, how does the Ag atom bind to the �SiO2�n

�n=1–7� clusters? What effect does the Ag atom have on the
electronic structure of silica cluster? In order to understand
the optical property, we have to know the interaction be-
tween the Ag atom and silica cluster in detail.

In this paper, we have presented a systematic study of
the equilibrium geometries, binding energies, electronic
properties, and gaps between the highest occupied molecular
orbital �HOMO� and the lowest unoccupied molecular orbital
�LUMO�. In the following section, the computational proce-
dures employed in this work are briefly described followed
by the results and discussion in the subsequent section.

II. COMPUTATIONAL DETAILS

All calculations are based on the density functional
theory �DFT� in the DMOL

3 package.30,31 In the electronic
structure calculations, all electron treatment and double nu-
merical basis including d-polarization function were chosen.
The exchange-correlation interaction was treated within the
generalized gradient approximation using PW91 functional.
Self-consistent field calculations were done with a conver-
gence criterion of 10−5 hartree on the total energy. The direct
inversion in an iterative subspace approach was used to
speed up self-consistent field convergence. In the geometry
optimization, the converge thresholds were set to
0.002 hartree /Å for the forces, 0.005 /Å for the displace-
ment, and 10−5 hartree for the energy change. The on-site
charges were evaluated via Mulliken population analysis.

To check the accuracy of exchange-correlation potentials
and the basis set, we calculated the bond lengths for dimers
of Ag2, AgSi, Si2, O2, and SiO. They are found to be 2.641,
2.475, 2.294, 1.225, and 1.530 Å, respectively, which are in
good agreement with the experimental values of 2.530,32

2.410,33 2.246, 1.210, and 1.510 Å.34

III. RESULTS AND DISCUSSIONS

A. Structures and charge distributions

It has been well established that the ground state struc-
tures of �SiO2�n clusters in the small size range �n�12� are
chainlike.35–38 In order to illustrate the effect of the adsorbed
Ag atom on silica clusters, geometry optimizations of the
�SiO2�n �n=1–7� clusters are also calculated by using iden-
tical methods and basis sets. The ground state structures of
silica cluster are in good agreement with the results calcu-
lated by Nayak et al.35

To determine the ground state structures as well as the
isomers of the AgSiO2, we have considered five different
initial configurations to optimize. They are shown in Fig.
1�a�, where the Ag atom was placed on different Si and O
atoms in different directions. The geometry of SiO2 is linear
with a Si–O bond length of 1.53 Å, and the final optimized
geometries of AgSiO2 have two isomers, as shown in Fig.
1�b�. The ground state configuration on the left has a C2v
planar geometry, which lies 0.072 eV lower in energy than
the isomer on the right. In the ground state structure, two O
atoms curve toward the Ag atom, on the contrary, two O
atoms deviate from the Ag atom in the isomer.

As a comparison, the pure �SiO2�2 cluster is also plotted
in Fig. 1�c�. It has a C2v planar structure, then we have used
several different initial configurations for optimizing the ge-
ometry, where the Ag atom was also placed on different Si
and O atoms in �SiO2�2 cluster. Finally, these structures con-
verged to the same one, as shown in Fig. 1�c�. The Ag atom
binds to one of the Si atoms, inducing the planar structure of
�SiO2�2 cluster to three dimension. The corresponding bond
length of Si–O, which is near the Ag atom, is increased from
1.52 to 1.57 Å. The Ag–Si bond length is 2.54 Å, and the
angle ��AgSiSi� is 143.75°.

This trend continues as the size of Ag�SiO2�n cluster
increases. For Ag�SiO2�3 cluster, it is found that all the initial
structures converge to the same one, as shown in Fig. 2.
Here, the Ag atom also binds to one of the Si atoms at the
end site. It is due to the fact that the middle Si atom is fully

FIG. 1. �a� The initial configurations of AgSiO2. �b� Ground state structures
of SiO2, AgSiO2, and the next higher energy isomers of AgSiO2. �c� Ground
state structures of �SiO2�2 and Ag�SiO2�2. Mulliken charges given in paren-
theses and corresponding bond lengths are shown. Light color ball repre-
sents Ag atom, gray balls represent O atoms, and the black balls represent Si
atom.
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coordinated, while the two end Si atoms are threefold coor-
dinated. Hence, only the dangling bonds provide the prefer-
able sites for the Ag atom. This formation of adsorption is
consistent with that of the adsorption of the single Au atom
on �SiO2�3 cluster.28

In order to investigate the distinction of growth behavior
between Agn�SiO2�3 and Agn�SiO2�3 �n=2,3� clusters, a
number of different initial configurations of Ag2�SiO2�3 and
Ag3�SiO2�3 clusters have been optimized. The most stable
structures are shown in Fig. 2. When the second Ag atom is
added, it still binds to the first Ag atom. When the third Ag
atom is added, it is also adsorbed on the frontal two Ag
atoms and three Ag atoms form a triangle configuration. A
remarkable difference is that the second Au atom binds to the
Si atom at the other end with the remaining dangling bond,
and the third Au atom binds to another Au atom forming a
cluster.28 It indicates that the Ag atoms are easier to form Ag
islands than the Au atoms. The property is correlated with a
relativistically enhanced stronger sd hybridization in gold
than in Ag due to relativistic effects,39,40 which lead to the
spherical 6s orbital in gold distort, but the 5s of silver remain
spherical orbital in favor of absorbing more atoms. There-
fore, the tendency for accumulation of the Ag atom is much
larger than in Au. This tendency has been verified by previ-
ous theoretical studies.39,41–43

The optimized geometries of the �SiO2�n and Ag�SiO2�n

�4�n�6� clusters are presented in Fig. 3. The structure for
n=7 is similar to n=6 so that we have not given the structure
of Ag�SiO2�7. The most stable structures of Ag�SiO2�n al-
most have the similar configuration. It can be seen that the
Ag atom preferably binds to one of the Si atoms at the end
site, indicating that the dangling bonds play an important
role in binding the Ag atom. The lengths of bonds near the
Ag atom increase slightly, but other bond lengths remain
invariable compared with the �SiO2�n clusters. The structural
parameters are listed in Table I. Except for Ag�SiO2� cluster,
the Ag–Si bond length has nearly the same value of 2.54 Å.
The Si–O bond length at the end site has almost a constant
value of 1.57 Å, and the mean Si–O bond length forming a
double bridge near the Ag atom is about 1.72 Å. Moreover,
the �AgSiSi ranges from 141.36° to 143.82°, on average
143.46°. This reveals that the growth of the Ag atom on
silica cluster has nearly a definite orientation, which is pro-
pitious to further understand the interaction between Ag clus-
ters and silica substrate.

In order to further understand the influence of the Ag
atom on the charge distributions, we have analyzed the Mul-
liken charge of the cluster. The numbers of charge are la-
beled on the geometry structures in parentheses as in Figs.
1–3. In SiO2, each O atom gets about 0.62e, while Si atom

FIG. 2. Ground state structures of �SiO2�3, Ag�SiO2�3, Ag2�SiO2�3, and
Ag3�SiO2�3.

FIG. 3. Ground state structures of �SiO2�n and Ag�SiO2�n �n=4–6� clusters.
The net charge in parentheses and bond lengths are shown.
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loses 1.23e. When the Ag atom is attached on it, the number
of electron lost by Si atom decreases to 0.92. Consequently,
the Ag atom loses 0.51e, and each O atom gets 0.72e. In
�SiO2�2, the two atoms at the end sites get about 0.63e, and
each of the double bridged O atoms gets 0.76e, while each Si
atom loses 1.39e. The adsorption of the Ag atom causes re-
distribution of charges throughout the cluster. Two O atoms
at end sites get 0.67e. Each of the double bridged O atoms
gets 0.68e. While the Si atom near the Ag atom loses 1.26e,
the corresponding Ag atom loses 0.26e.

From n=3 to n=6, it is shown that the electron number
lost by the Ag atom is nearly a fixed value of 0.25. The small
charge transfer suggests that there is a low covalent bonding
between the Ag atom and silica clusters. The Si atom near
the Ag atom loses about 1.21e on average, and one O atom at
the end sites obtains about 0.67e, corresponding to the value
of 1.33 and 0.64 at the similar site in �SiO2�n cluster. While
the charge distributions of all the other atoms of Ag-adsorbed
�SiO2�n cluster are nearly invariable at the corresponding site
compared with the silica cluster. It indicates that the Ag atom
mainly causes the charge redistributions of the atoms near
itself.

The electron configuration of the Ag atom, obtained
from the natural bonding orbital analysis study, is listed in
Table II. Generally, the population of 4d orbital of the Ag
atom is nearly closed shell occupied about 10 electrons. In
average, there are about 0.15e transferred from 5s to 5p or-
bital, and the other electrons lost by 5s orbital are transferred
to silica cluster. This natural population show that the most
important contribution to the Ag–Si bonding is the donation
of the silver 5s electron. A remarkable difference from the
Au-adsorbed on silica clusters,28 is that the Ag atom loses

electron, in contrast to the fact that the Au atom gets 0.81e.
This is because the electronegativity of the Au atom is
greater than that of the Ag atom.

B. Stability

It is well known that the relative stability of the different
sized clusters can be predicted by calculating the averaged
binding energies and fragmentation energies. The averaged
binding energies for �SiO2�n and Ag-adsorbed �SiO2�n

�n=1–7� clusters can be defined by the following formula:

Eb�n� = �nE�Si� + 2nE�O� − E��SiO2�n��/3n , �1�

Eb��n� = �nE�Si� + 2nE�O� + E�Ag�

− E�Ag�SiO2�n��/3n + 1, �2�

where E represents the total energy of the most stable
�SiO2�n, Ag�SiO2�n, Si, O, and Ag clusters, respectively. The
calculated results on the averaged binding energies are
shown in Fig. 4. The averaged binding energies for �SiO2�n

and Ag�SiO2�n clusters increase smoothly. It reflects that the
stabilities of the clusters have been enhanced with the in-
crease of cluster size. The predicted averaged binding ener-
gies of the �SiO2�n cluster in this work are in good agreement
with the previous calculated results.35 It is noticed that the
rate of the increase of the averaged binding energies for the
two species clusters is almost the same.

TABLE I. Ag�SiO2�n geometric parameters. Distances are in Å and angles are in deg. “outer” and “inner” refer
to the site at the �SiO2�n clusters.

Cluster rAg–Si rSi–O �outer� rSi–O �inner� ��AgSiSi� ��AgSiO� �outer� ��AgSiO� �inner�

Ag�SiO2� 2.72 1.59 1.59 61.84 61.84
Ag�SiO2�2 2.54 1.57 1.72 143.75 69.11 125.60
Ag�SiO2�3 2.54 1.57 1.72 142.42 69.79 125.20
Ag�SiO2�4 2.54 1.57 1.72 148.82 68.91 125.88
Ag�SiO2�5 2.54 1.57 1.72 141.53 70.07 124.81
Ag�SiO2�6 2.54 1.57 1.72 142.85 69.38 125.38
Ag�SiO2�7 2.54 1.57 1.72 141.36 70.03 124.72

TABLE II. The most favorable dissociation channel and the dissociation
energies �Ed� �eV� �the adsorption energies�, electron configurations for the
Ag atom.

Cluster Dissociation channel Ed �eV� Electron configuration

Ag�SiO2� Ag+SiO2 1.29 Ag�core�4d10.0025s0.3305p0.155

Ag�SiO2�2 Ag+ �SiO2�2 1.18 Ag�core�4d9.9555s0.6295p0.151

Ag�SiO2�3 Ag+ �SiO2�3 1.14 Ag�core�4d9.9565s0.6395p0.150

Ag�SiO2�4 Ag+ �SiO2�4 1.13 Ag�core�4d9.9635s0.6365p0.155

Ag�SiO2�5 Ag+ �SiO2�5 1.12 Ag�core�4d9.9545s0.6505p0.151

Ag�SiO2�6 Ag+ �SiO2�6 1.11 Ag�core�4d9.9555s0.6445p0.153

Ag�SiO2�7 Ag+ �SiO2�7 1.11 Ag�core�4d9.9555s0.6525p0.150 FIG. 4. The averaged binding energies vs the size of Ag�SiO2�n and �SiO2�n

clusters.
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The relative stabilities of these clusters can be better
understood by calculating the energy gained by increasing a
SiO2 unit to the clusters. We define �E�n� by the following
formula:

�E�n� = E�n� − E�n + 1�, n � 1. �3�

As shown in Fig. 5, the energy gain in adding a SiO2

unit to the two species clusters increases dramatically from
n=1 to n=2, but then remains nearly a constant as the clus-
ters grow. Except for this sharp increase, the first energy
difference �E�n� shows on conspicuous peaks. The trend is
homologous between Ag-adsorbed �SiO2�n clusters and pure
�SiO2�n clusters, which indicates the effect of the Ag atom to
the bonding natures of silica clusters is small. This is in sharp
contrast to metal-doped silicon clusters where binding ener-
gies evolve nonmonotonically and simultaneously many
magic features are exhibited, presenting that some clusters
are found to be more stable than others. This indicates that
the natures of bonding between Si and SiO2 clusters are dif-
ferent.

In order to investigate the stability of Ag-adsorbed silica
clusters with the variation of size, it is necessary to calculate
the fragmentation energies. The fragmentation energies can
be defined by the following formula:

D�n� = E�Ag�SiO2�n−1� + E�SiO2� − E�Ag�SiO2�n� . �4�

As shown in Fig. 6, the fragmentation energies abruptly
increase from n=1 to n=2. However, from n=2, the frag-
mentation energies increase, then nearly remain a constant
value as the cluster grows, indicating that these clusters
�from n=2 to n=7� have the same stability order. This also
supports our stability consideration discussed above.

On the other hand, an interesting issue of this work is the
dissociation products of the clusters, which is useful in vapor
deposition or adatom adsorption on surfaces.44 The most pos-
sible dissociation channels of the clusters considered as well
as the corresponding dissociation are given in Table II. The
dissociation energies of the favorable dissociation channel,
namely,

AmBn → Am + Bn, �5�

are defined by the following formula:

E = E�Am� + E�Bn� − E�AmBn� . �6�

The most favorable dissociation channel for the
Ag�SiO2�n �n=1–7� cluster contains �SiO2�n as a fragment,
suggesting that the chainlike �SiO2�n are more stable, which
is in good agreement with the previous work.35 The adsorp-
tion process is a converse process of the dissociation. In
addition, the dissociation energies decrease with increasing
the size of cluster and then remain a constant, suggesting that
the energies needed to absorb a Ag atom are smaller with
increasing the size of cluster in favor of size selectivity. It
indicates that the Ag atom is more easily adsorbed on the
silica cluster as the size increases. However, the adsorption
energies are found to be 1.11–1.29 eV, suggesting the bind-
ing is strong. It may be a potential complex as a model
metal-semiconductor system.

C. Ionization potentials and electron affinities

The vertical ionization potentials �VIPs� and the electron
affinities �EAs� are obtained from

EVIP = En
+ − En, �7�

EEA = En − En
−, �8�

where En
+ and En

− are the total energies of the ionic clusters at
the neutral optimized geometry. The vertical ionization po-
tentials and electron affinities as a function of cluster size for
Ag�SiO2�n �n=1–7� clusters are shown in Fig. 7. It is ob-
served that the values of the VIP decrease with the increase
of the cluster size, in contrast, the values of electron affinities
increase, except for Ag�SiO2�5 cluster. This is because that
the vertical ionization potential of �SiO2�5 cluster is larger
than that of its neighbors. Such feature is in good agreement
with the theoretical results of Nayak et al.35 Furthermore, it
is observed that the VIP of the clusters varies from
8.03 to 8.72 eV, and the EA ranges from 1.60 to 2.74 eV.
Clearly, the VIP is always larger than the EA for each con-
sidered isomer, implying that it is easier to gain an electron
to the cluster than to remove an electron from the cluster.

FIG. 5. The first order energy difference vs the size of Ag�SiO2�n and
�SiO2�n clusters.

FIG. 6. The fragmentation energies vs the size of Ag�SiO2�n clusters.
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D. HOMO-LUMO gaps

An important electronic property of a cluster is the en-
ergy gap between HOMO and LUMO orbitals. As shown in
Fig. 8, the HOMO-LUMO gaps become remarkably narrow
compared with pure �SiO2�n �n=1–7� cluster. The gap of the
pure �SiO2�n cluster ranges from 3.93 to 4.65 eV. When a
single Ag atom is adsorbed, the gap is reduced to the range
from 1.23 to 0.76 eV. Moreover, from n=2, the HOMO-
LUMO gap of the Ag-adsorbed silica is relatively insensitive
to the cluster size, namely, 0.76–0.78 eV, which corresponds
to the NIR radiation region. This result strongly enhances our
previous prediction, that is to say, such a small cluster can
absorb near infrared radiation.

The optical adsorption of Ag-adsorbed silica cluster
agrees very well with that of Au3�SiO2�3 cluster calculated
by Sun et al.28 Through the time-dependent DFT calculation,
they have studied the effect of gold coating on the optical
properties of the nanosilica cluster. They recorded that the
optical adsorption in Au3�SiO2�3 cluster is close to the NIR.
The reason is that the optical gap is reduced to 0.52 eV when
the third Au atom is attached on �SiO2�3 cluster. In the ex-
periment, it has been found that when a 22 nm thick gold
shell was coated on a 96 nm diameter silica core, the adsorp-
tion wavelength was found to be 700 nm.27 Although our
calculated optical response of the Ag�SiO2�n cluster is also

similar to that of the large nanoparticle, the mechanisms are
entirely different. In the small clusters, the optical response
is due to the interaction between the Ag atom and the silica
cluster and the weak s-p hybridization of the Ag atom induc-
ing the decrease of the HOMO-LUMO gaps, while in
100 nm size particle the optical response is due to the plas-
mon interaction.

However, the small cluster is superior to the large par-
ticle. One reason is that the small cluster may easily be pen-
etrated in biological body such as cell and live tissues. The
other one is the progression of synthetical technique in mul-
ticomponent clusters. Moreover, it is noted that in contrast
with Au3�SiO2�3 cluster, we need less Ag atoms to obtain a
similar functionality in treating cancer. It suggests that the
application of small Ag-adsorbed silica cluster may be more
possible. So we can conclude that Ag-adsorbed silica cluster
may be an alternative material in medicine.

In order to further probe the adsorption of many Ag at-
oms on silica, we have analyzed the electronic structure of
Ag�SiO2�3, Ag2�SiO2�3, and Ag3�SiO2�3 clusters by studying
the HOMO and LUMO. As shown in Fig. 9, we can see that
the electron density is almost populating on the Ag atoms
and these neighboring Si atoms, which indicates that the
main contribution to these frontier orbital comes from the Ag
atom and these neighboring atoms. This suggests that the
incoming Ag atom will preferably bind with an existing Ag
atom in the next growth stage. This has been actually hap-
pened, as shown in Fig. 2, where the second and the third Ag
atoms both prefer to bind the first Ag atom. Such feature is
different from that of the Au– �SiO2�3 cluster where the sec-
ond Au atom is adsorbed on the Si atom at the other side of
the �SiO2�3 cluster in Ref. 28. This seems to suggest that the
tendency to form Ag islands is dependent not only on the
dangling bonds but also on the distribution of the HOMO
and LUMO.

IV. SUMMARY

In summary, we have calculated the geometrical and
electronic structures of the Ag-adsorbed �SiO2�n �n=1–7�
clusters employing DFT with a generalized gradient correc-
tion to the exchange-correlation potential. The lowest energy
structures, averaged binding energies, charge distribution,

FIG. 7. The vertical ionization potentials and electron affinities vs the size
of Ag�SiO2�n clusters.

FIG. 8. The energy gap between HOMO and LUMO vs the size of
Ag�SiO2�n and �SiO2�n clusters.

FIG. 9. HOMO and LUMO for Ag�SiO2�3, Ag2�SiO2�3, and Ag3�SiO2�3

clusters.
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vertical ionization potentials, electron affinities, and HOMO-
LUMO gaps are obtained and compared with some experi-
mental and previous theoretical conclusions. The main re-
sults can be summarized in the following points:

�1� Owing to the dangling bonds, the single Ag atom pref-
erably binds to one of the Si atom at the end site in a
nearly fixed direction. The Ag atom primarily affects
the charge redistribution of the atoms near itself.

�2� According to the averaged binding energies, the first
energy difference �E�n� and the fragmentation ener-
gies, we conclude that the averaged binding energies
increase smoothly as the size of the �SiO2�n and
Ag�SiO2�n �n=1–7� clusters increases. The same sta-
bility order of Ag�SiO2�n clusters from n=2 indicates
that the effect of the Ag atom on the bonding natures of
silica cluster is small.

�3� Although the adsorbed Ag atom does not seriously dis-
tort the frames of pure silica clusters, the HOMO-
LUMO gaps of the Ag�SiO2�n clusters decrease obvi-
ously as compared with silica clusters, corresponding to
the NIR region. The reduction makes it possible to be
another better material for treating cancer by absorbing
near infrared light. In addition, we can conclude that
the tendency to form Ag island is dependent not only
on dangling bonds but also on the distribution of the
HOMO and LUMO orbitals.
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