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The chemisorbed structure for an aromatic molecule on a silicon surface plays an important part in promoting the
development of organic semiconductor material science. The carbon K-shell x-ray photoelectron spectroscopy (XPS) and
the x-ray absorption near-edge structure (XANES) spectra of the interfacial structure of an s-triazine molecule adsorbed on
Si(100) surface have been performed by the first principles, and the landscape of the s-triazine molecule on Si(100) surface
has been described in detail. Both the XPS and XANES spectra have shown their dependence on different structures for
the pristine s-triazine molecule and its several possible adsorbed configurations. By comparison with the XPS spectra, the
XANES spectra display the strongest structural dependency of all of the studied systems and thus could be well applied
to identify the chemisorbed s-triazine derivatives. The exploration of spectral components originated from non-equivalent
carbons in disparate local environments has also been implemented for both the XPS and XANES spectra of s-triazine

adsorbed configurations.

Keywords: s-triazine, silicon surface, x-ray photoelectron spectroscopy (XPS), x-ray absorption near-edge

structure (XANES)
PACS: 31.10.4z, 31.15.A—, 31.15.ag

1. Introduction

The research of adsorption for organic molecules on the
surface of silicon has attracted widespread attention from the
scientific community.['3! In recent years, the invention of
nano- and molecule-size constructed devices has played a sig-
nificant role in the development of material science. As an
important functional material in various fields of science and
technology, the application range of semiconductor silicon has
gradually been expanded due to its excellent characteristics,
and thus we have higher and higher requirements for its opti-
cal, thermal, electrical, and mechanical properties. After sci-
entific research, it is found that the chemical modification of
the silicon surface can improve its performance. Addition-
ally, silicic technology and the manufacture of novel molec-
ular electronic devices could be expanded through function-
alization and modification of silicon surface, particularly in
the case of ordered-layer controlled surface reactions. The
functionalized realization of the silicon surfaces is applied in
many fields, such as traditional electronics, microelectronics,
and biosensing, to produce molecular complementary metal
oxide semiconductor (CMOS) devices,*! mixed molecular
silicon storage capacitor structure,>~’! bio-sensor, and so on.
Because of the important properties and effects of this mate-
rial, it is necessary to study and exploit this kind of chemical
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adsorbate. The approach of combing molecular function with
traditional semiconductor technique could be performed di-
rectly by the strong covalent connection (Si—C covalent bonds)
between organic molecules and silicon surfaces.>#! To man-
ufacture the ideal organic material well, aromatic compounds
could be a good choice for adsorbing on the silicon surface.
Various structures have been produced by chemi-adsorption
of an aromatic molecule on the silicon surface (Si(100)), and
these structures are related to the size, polarity, types of hetero-
atoms, and substituent groups of aromatic rings.>! The in-
teraction between aromatic molecules and surfaces is compli-
cated by the possibility of diverse bonding geometries. In aro-
matic molecules, the s-triazine molecule holding high sym-
metry may be ideal building blocks of constituting chemical
compounds. So far, s-triazine molecule with the aromaticity
in the traditional sense has been widely applied to produce
herbicides,'%! fungicides, and medicinal chemistry.!'!! The
complexity of adsorption can be reduced owing to the high
symmetry of s-triazine. Recently, the study on chemisorption
of s-triazine molecule involving three N atoms on Si(100) sur-
face is gradually being focused. According to previous re-
lated literature,'?) we construct five possible different adsorp-
tion configurations of s-triazine on Si(100). For the present,
the landscape and identification of structures are two of the
basic investigations for this kind of chemisorption systems,
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which could conduce to a wider range of applications as or-
ganic semiconductors. The aim of this study is to discern the
five possible chemisorption structures of s-triazine on Si(100)

surface.

The electronic, vibrational, and geometric properties
of organic semiconductors have been probed by common
spectroscopic technologies, such as infrared (IR),!'3] Raman

172201 which rep-

spectra, 4161 and soft x-ray spectroscopies, !
resent the single electron at core level is ionized outside or
excited to a high level, and are believed to be extremely
useful tools to efficiently investigate the electron-structure of
matter by core-electron excitations/de-excitations. Among
the soft x-ray spectroscopies, the x-ray photoelectron spec-
troscopy (XPS) and the x-ray absorption near-edge structure
(XANES) spectrum are powerful technologies to explore in-
terfacial structure of single or ordered monolayers adsorbed

=26 The XPS describes the ionization of elec-

on surfaces.[1:?!
trons at core level to display the chemical states of specific ob-
jects, while the XANES spectroscopy maps out characteristics
of virtual orbitals. Historically, the XANES spectroscopies of
small cluster models have been implemented theoretically for
adsorbate of organic layers on Si(100) surface.!?’! The cur-
rent study focuses on five possible chemical adsorption struc-
tures, namely, Mode 1 (one C atom and one N atom in the
para position of the s-triazine molecule with Si atoms on one

1,131 respectively, form a strong covalent bond Si-C and

dime
coordinate bond Si—-N), Mode 2 (one C atom and one N atom
in the adjacent position of the s-triazine molecule with the Si
atoms on one dimer respectively form a strong covalent bond
Si—C and coordinate bond Si—-N), Mode 3 (two Si—C bonds
and two Si—N dative bonds by addition across two adjacent
dimers), Mode 4 (on the basis of Mode 3, the aromatic ring
turns 90 degrees and continues to hold two Si—C bonds and
two Si—N dative bonds in this configuration), and Mode 5
(the adsorbed s-triazine molecule is across two dimer rows).
Finite-size clusters are used to accurately and effectively sim-
ulate the x-ray spectra of an s-triazine molecule on Si(100) in
this work. We mainly show a systematic analysis and theo-
retical research of the XPS and XANES spectra at the carbon
K-edge (1s) of these five structures at the density functional
theory (DFT) level, which is gradient-corrected. The key in-
tention of current work is to explore the connection between
structural information and x-ray spectroscopy and verify the
structural dependence of spectroscopy. This theoretical study
of related adsorption structures of s-triazine on Si(100) surface
through x-ray spectroscopy can promote and stimulate the de-
velopment of both organic semiconductors and novel material

devices in the future.

2. Calculation details

In our calculative strategy, we assumed the silicon surface
to be an ideal surface and the triazine molecule was considered
to be adsorbed on the Si(100) in five possible bonding modes.
We chose finite clusters of suitable sizes which in different ad-
sorbed modes contain, respectively, 17 Si atoms, 29 Si atoms,
and 31 Si atoms for our calculations, and the silicon atoms of
these five selected segments at the boundary were properly sat-
urated with hydrogen atoms. The geometric optimizations of
the selected clusters containing s-triazine molecule and finite
Si atoms for the five possible adsorbed structures were carried
out at the DFT level with B3LYP/6-31G(d,p) functional ap-
plying the Gaussian09 package.?*! Next, the C-1s XPS and
XANES spectra of the five fully optimized structures were
obtained through simulation by the StoBe program[*¥ with
the DFT method. In these spectral computations, we chose
the gradient-corrected Becke (BE88) exchange-functional*!
and the Perdew (PD86) correlation-functional3®! following
the calculative process in previous studies about carbon-based

23.3742] which have been

systems and organic compounds, !
widely applied in our study and have been well aligned with
the experiment. The IGLO-III (localized orbital) basis set!*’]
of triple-{ quality individual gauge was utilized for the de-
scription of core-excited atom, and the TZVP (triple-¢ for
valence-electrons plus polarization) basis set was used for
other atoms, except for silicon atom which was described
by DZVP (double-{ for valence-electrons plus polarization).
Miscellaneous auxiliary basis sets were used for all atoms and
the equivalent nuclear potentials were set for the unexcited
atoms to motivate the self-consistent-field (SCF) convergence.
Specifically, the C-1s core ionic potentials (IPs) were calcu-
lated by the AKohn—Sham (AKS) scheme!#+#3]

1P ="""Epcy — VEgs, (D

where the IP denotes the difference of energy between the
ground-state (GS) and the full core hole (FCH) state (i.e.,
the optimized core-ionized state). Here, the exact ionization
potentials could be obtained because of the consideration of
relaxation led by the core hole state in the AKS approach.
The C-1s XPS spectra of the five structures were evaluated
through broadening by Gaussian line shape with full-width-at-
half-maximum (FWHM) equal to 0.3 eV. As for the XANES
spectral computations, the FCH approximation was adopted
at DFT level. Meanwhile, the normal basis set was used for
minimization of energy to facilitate the SCF mentioned above,
and an addition of augmented diffuse basis set (19s, 19p, and
19d)!46! was carried out. There are two states in the absorption
spectroscopy, the initial state (the ground state) and the final
state (the core-excitation state). In terms of the final-state-

¢,147-50

rul | the absorption spectroscopies could be calculated

precisely by the wave-function of the core-excitation state for
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the finite molecular systems. Thus, for the transition from the
initial state i to the final state f, the intensity of absorption

oscillator is given by!3!]

2m€,’f
ST

)

(I Cwr bl 1P+ 1wy i) P+ [(wrlzlya) ), @)

where Oy is the intensity of absorption oscillator, and &; rep-
resents the energy difference of the correlative orbitals. After
evaluating the raw spectra with the FCH approximation which
provides extremely good transition moments and exactly rela-
tive energy positions, the calibration of these spectra was per-
formed by a ASCF scheme[*4#! to get absolute energy posi-
tions of the peaks, hence the energy of transition from the core
orbital to the lowest unoccupied molecular orbital (LUMO)
was calculated by

eivsrumo = ErssLumo — ' Eas. 3)
The transition energy of C-1s—LUMO is equal to the dif-
ference in energy between the two states; i.e., the GS and the
majorized core-excited state in which one core electron was
excited to LUMO. Then, the raw spectra aligned the first fea-
ture to the transition energy evaluated by ASCF. Below the IP
range, the absorption oscillator strengths were convoluted by
FWHM = 0.2 eV in a Gaussian function, while the cross sec-
tion of photoionization was formed by the Stieltjes imaging

52-541 in the continuum range. Finally, in considera-

approach!
tion of the relativistic effect, a uniform revision of 0.2 eV was
added to the XPS or XANES spectra for the carbon element
K-edge. In short, for the five chemisorption structures, first,
we calculated the atomic stick spectra of the all nonequivalent
carbons; next, each stick spectrum was broadened; and finally,
the total spectra were obtained by the summation of contribu-

tion of each nonequivalent carbon atom.

Mode 3

Mode 4

3. Results and discussions
3.1. Geometric structures

The absorption of target molecule on Si(100) surface has
only a few limited configurations due to the special symme-
try of s-triazine. For s-triazine, the dative bond between an
electronegative nitrogen atom and a silicon atom of the sur-
face is shaped by a barrier-free process.['?l At low tempera-
tures, it seems to be propitious to the formation of Si-N da-
tive bonds. As suggested by the available experiment, the s-
triazine molecule is parallel to the silicon surface when the
adsorbed sample is heated to 200 K. In our work, the fully
optimized geometries of both the s-triazine molecule and the
five possible adsorbed derivatives are displayed in Fig. 1. It
is worth pointing out that Mode 1 holds the butterfly shape.
The five possible adsorbed structures could be divided into
three types according to the number of bonds between the
chemisorbed s-triazine and silicon surface, as well as their at-
tended modes. As shown in Fig. 1, the first kind of configu-
ration (i.e., Mode 1 and Mode 2) is adsorbed on the same sil-
icon dimer, which leads to two on-dimer addition structures;
namely, on-dimer butterfly (OD-BF) and on-dimer titled (OD-
TL), respectively. The second kind of structure (i.e., Mode 3
and Mode 4) with two covalent Si—C bonds and two dative
Si—N bonds saturating two adjacent-dimers on the same row
causes two tight bridge (TB) structures which could be called
TBy and TBy, respectively. Generally, the final type (Mode 5)
is taken as cross-row bridge (CRB) structure which is formed
by an s-triazine molecule straddling on two dimers in the same
row. For convenience, in the following systematic discussion
and comparison, these five conceivable adsorption structures
are still represented by Mode 1, Mode 2, Mode 3, Mode 4,
and Mode 5.

Mode 2
H
H:E_LK
Ci—H
/ \
Si — Si Si — Si
AW /NN
Mode 5

Fig. 1. The structures of s-triazine and its five typical chemisorbed configurations on Si(100).
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To better investigate these five stable chemisorbed con-
figurations, we also calculated their binding energies based on
fully optimized molecular structures using DFT method (ad-
sorption energies) by

Eqgs = Est + Esi — Eqor, “)

where E,qs denotes the binding energy, which is evaluated as
the difference between the total energy of the corresponding
system prior to the adsorption of atoms (Eg + Es;) and the total
energy of the system after the adsorption of atoms (E). The
binding energies of the five configurations are demonstrated in
Table 1. For the first type, Mode 1 and Mode 2 have similar
binding energies, since the latter is 1.62 kcal/mol lower than
the former, which indicates that Mode 1 has higher chemical
stability compared to Mode 2. As for the TB structure, Mode 4
displays higher binding energy than Mode 3 by 8.78 kcal/mol,
so the chemisorbed structure of Mode 4 is more stable than
Mode 3. With regard to Mode 5, it holds —11.92 kcal/mol
which is much higher than the other four structures. There-
fore, based on the calculated binding energies, the CRB struc-
ture is the most stable configuration among these five adsorbed
modes. For the five species of s-triazine adsorbed on the sur-
face of the silicon dimer, the chemical environment of each
carbon atom in each structure is different except for Mode 1
and Mode 5; that is, there are three symmetry-independent car-
bon atoms in the two former type derivatives, while the Mode 5
possesses two kinds of carbons. For clear analysis, the three
carbon atoms are separately marked as Cy, C,, and C3 in the
following discussion. In Mode 1, the carbon atoms C; and C,
are equivalent, the chemical environment of which is different
from C3. As for Mode 5, C; and C3 are two equivalent carbon
atoms, which are not equivalent to C;.

Table 1. The binding energies of the five structures at DFT level.

Molecule Binding energy/kcal-mol~!
Mode 1 —22.74
Mode 2 —24.36
Mode 3 —58.50
Mode 4 —49.72
Mode 5 —11.92

3.2. C-1s XPS spectra

The C-1s XPS spectra of the s-triazine molecule and its
five possible chemisorbed structures are shown in Fig. 2. Ob-
viously, the two TB systems exhibit disparate XPS spectra
in comparison with the two on-dimer structures and the only
one CRB structure. The first type and the third type of con-
figuration have two XPS spectral features a and b, while the
TB structures only possess a feature a. Mode 1 and Mode 5
present similar C-1s XPS spectra not only on spectral profiles
but also on energy coordinates of the main features. The peak
a and peak b arise at about 290.63 eV and 291.156 eV in the

photoelectron spectrum of Mode 1. As for Mode 5, its spec-
tral features a and b are located at 290.4 eV and 291.11 eV,
respectively. The relative intensities of the two characteristic
peaks a and b in Mode 1 and Mode 5 are exactly opposite to
that of Mode 2. Therefore, Mode 2 could be completely distin-
guished from Mode 1 and Mode 5 by sufficient XPS evidence.
Moreover, Mode 3 and Mode 4 display roughly analogical C-
Is XPS spectra. The two TB species show only one distinct
spectral feature a at around 290.5 eV. One can see that C K-
edge x-ray photoelectron spectra could not completely distin-
guish the five chemisorbed s-triazine species. Hence, the C-1s
XPS spectra of the five structures of s-triazine adsorbed on
Si(100) surface display distinct weak dependence on different
structures so that the five structures could not be identified by
XPS. To better reflect the relationship between structure and
spectrum, we also plot pristine s-triazine molecule at the DFT
level in Fig. 2. In the C-1s XPS spectra, one distinct feature a
situated in the lowest energy in the pristine triazine molecule
is different from the five chemisorbed s-triazine derivatives
in spectral position and intensity. Compared to the primi-
tive molecule, the five adsorbed derivatives exhibit an obvi-
ous red shift of about 2 eV; that is, the carbon atoms in primi-
tive s-triazine hold higher K-edge IPs than the carbon atoms in
chemisorbed derivatives, which reflects a charge transfer from
Si(100) to the carbon atom of s-triazine during the adsorption
caused by the non-metallic action between carbon and silicon
under the silicon surface dimer.

C-1s XPS

s-triazine

T
S
1

Mode 1

Mode 2

Intensity
T
|

Mode 3 7

Mode 4

-

- Mode 5 N

289 290 291 292 293 294
Energy/eV

Fig. 2. (color online) Calculated C-1s XPS spectra of the five configu-
rations of an s-triazine adsorbed on Si(100).
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For further study of the spectral source on the five
chemisorbed structures, we also calculated the specific spectra
of unequal carbon atoms in each adsorbed configuration using
above-mentioned measure method. The total C-1s XPS spec-
tra of all the studied structures and the corresponding spec-
tral components generated by non-equivalent carbons in each
structure are displayed in Fig. 3. Herein, the carbon atoms
of different local structures making contributions to the x-ray
photoelectron spectra can be expounded for our studied sys-
tems. It is clearly observed that the first XPS spectral feature
at the lowest energy in each adsorbed derivative benefits from
the carbons bonded with silicon of the surface dimer. Specifi-
cally, feature a in Mode 1 and Mode 2 originates from C3 and
C,, respectively, both of which are saturated by silicon atoms
and electronegative nitrogen atoms simultaneously. The only
one characteristic peak a in Mode 3 and Mode 4 comes mainly
from the C; and C,, and these two types of carbon atoms are

connected to silicon atoms of the surface dimer in the two TB
structures. As for Mode 5, its feature a is generated by C;
bonded with silicon. In addition, the ionization value of car-
bon atoms not forming a covalent bond with silicon atoms are
generally lower than that of carbons in the original s-triazine.
It is notable that C; and C, produce somewhat similar spec-
tral contributions while their local environments are different.
In the meantime, these differences reflect changes of the elec-
tronic structure of the carbons for the s-triazine after adsorp-
tion. Our calculations not only show that the differences in IPs
of carbon atoms are attributed to their different chemical envi-
ronments, but also indicate that it is difficult to use XPS spectra
for the identification of these five adsorbates. To fully distin-
guish the adsorbed s-triazines, the calculated XANES spectra
are applied to further explore the relationship between struc-

tures and spectra in the next section.

—_—
(a) Mode 1

Intensity

—_—
(b) Mode 2

—_—
(c) Mode 3

Intensity

290 291 292 290
Energy/eV

291 292 290
Energy/eV

291 292
Energy/eV

Fig. 3. (color online) Calculated C-1s XPS spectra of the five configurations of an s-triazine on Si(100), as well as spectral components

corresponding to non-equivalent carbon atoms.

3.3. C-1s XANES spectra

The calculated C-1s XANES spectra of the s-triazine
molecule and its five conceivable chemisorbed derivatives are

displayed in Fig. 4. Visibly, the five s-triazine derivatives pro-

duce markedly distinctive XANES spectra, which is reflected
in spectral profiles and energy positions of the corresponding
peaks. To effectively identify these five structures, we only
need to employ the spectral characteristics in the energy range

of 285 eV-288 eV to achieve our study. Here, the excitation
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energies of the main spectral feature for s-triazine molecule
In the
XANES spectrum of Mode 5, the energy position of the first
feature a (at about 286.1 eV) is much higher than the other
four derivatives (from 285.55 eV to 285.84 e¢V), and in the en-
ergy region of 285 eV-288 eV, the CRB structure only has
two distinct spectral features a and b, which is also differ-

and its five derivatives are summarized in Table 2.

ent from the other four species. In comparison with the other
three species, Mode 2 presents a notably different spectral pro-
file, i.e., in its absorption spectrum, the relative intensities of
peak a and peak b are opposite to those of the other three
configurations. Therefore, Mode 2 could be readily identified
from the remaining four possible adsorbed modes based on
its distinguished XANES spectral characteristics. In the ab-
sorption spectrum of Mode 1, one distinct feature a emerges
at around 285.67 eV, the intensity of which is much stronger
than Mode 3 and Mode 4. Moreover, the spectral peaks b and
¢ have almost the same intensity in Mode 1, while in the spec-
tra of Mode 3 and Mode 4, the intensity of peak b is obvi-
ously stronger than peak c¢. The above discussion could be a
powerful evidence to distinguish Mode 1 from the latter two
structures by the C-1s XANES spectroscopy. Since the char-
acteristics of Mode 3 and Mode 4 belong to the second type
of TB structure, they not only have roughly the same XPS but
also have some similarities in their absorption spectra. How-
ever, there is something different between the two configura-
tions in their C-1s XANES spectra, which may be helpful to
distinguish the two conformations. It is noted that Mode 4
exhibits an energy interval of about 0.6 eV between feature ¢
and feature d (at about 287.19 eV and 287.79 eV, respectively),
which is larger than 0.45 eV for Mode 3 in its corresponding
energy range. In addition, in the spectrum of Mode 3, the rela-
tive intensities of peak ¢ and peak d are clearly different from
those in Mode 4, viz, they are exactly the opposite. In other
words, the five chemisorbed s-triazine configurations could be
identified well by the distinguishable C-1s XANES spectra.
To understand the spectral changes after the adsorption of s-
triazine, figure 4 also shows the C-1s XANES spectrum of the
original s-triazine compared to these five adsorbed s-triazine
structures. The primordial s-triazine presents a more concise
XANES spectrum with three main spectral features a, 4, and i
at around 285.67 eV, 290.7 eV, and 291.4 eV, respectively. The
pristine s-triazine possesses a relatively strong first absorption
feature a than the ones (at about 285.54 eV-285.84 eV) in
its five derivatives. Especially, the main absorption features
(features a and b) of the five adsorption configurations shift
to higher energies compared to pristine s-triazine molecule,
which shows the increase of the energy difference between the
core level and unoccupied state. Furthermore, the peaks & and

i of the s-triazine appear at higher energy position than those

of the five configurations (peak &, 289.4 eV-289.9 eV; peak
i, 289.8 €V-290.3 eV). Thus, it can be seen that all the stud-
ied systems could be differentiated from each other by apply-
ing the C-1s x-ray absorption spectroscopies. Meanwhile, the
five chemisorption structures have different XANES spectra as
compared to the pristine s-triazine.

Table 2. The excited energies (eV) of significant spectral peaks for C-1s
XANES spectra of s-triazine and its five chemisorbed structures.

Molecules a b c d h i
s-triazine  285.67 - - - 290.7 2914
Mode 1  285.84 286.7 287 287.9 289.89 290.29
Mode 2  285.54 285.89 286.59 287 289.6  289.89
Mode 3 285.8 286.4 287 28745 2894  289.8
Mode 4  285.69 286.49 287.19 287.79 289.3 289.64
Mode 5 286.1 287 - - 289.64 290.2

L L L L L L

C-1s XANES

7

>
=
wn
a
(]
2
S d hi Mode 2 |
c
a
b L, Mode 3
cd
a .
B b h 2 Mode 4
c d
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
284 286 288 290 292 294

Energy/eV

Fig. 4. (color online) Calculated C-1s XANES spectra of the five con-
figurations of s-triazine adsorbed on Si(100).

Figure 5 demonstrates the C-1s XANES spectra of the
five interface structures of s-triazine adsorbed on Si(100) sur-
face and spectral compositions produced by non-equivalent
carbon atoms in different local environments. The first ad-
sorbed characteristic a originates from C; and C, in Mode 1,
and C; and C3 in Mode 2; while in both Mode 3 and Mode 4,
C3 makes a contribution to the first feature a. With regard to
Mode 3, its feature a is generated by C,. It can be observed
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that the absorption spectral peaks at the lowest energy region
are generated by the carbon atoms bonded with nitrogen and
hydrogen. The excitation energies of carbons connected to the
silicon atoms in the five adsorbed structures occur at higher

energy range than other carbons. Additionally, the intensities
of peaks at higher energy region coming from the carbons sat-
urated by silicon atoms in the surface dimer are weaker than
those contributed by other carbons.

(b) Mode 2

ab

Intensity

total

C, G,
c, | Cy |
P

284 285 286 287 288 289 290 291

284 285 286 287 288 289 290 291

284 285 286 287 288 289 290 291 292

Intensity

284 285 286 287 288 289 290 291 284 285 286 287 288 289 290 291 284 285 286 287 288 289 290 291 292

Energy/eV

Energy/eV

Energy/eV

Fig. 5. (color online) Calculated C-1s XANES spectra of the five structures of s-triazine on Si(100) and their decompositions based

on symmetry-independent carbons.

4. Conclusion

In summary, we have theoretically investigated the land-
scape of an s-triazine molecule adsorbed on Si(100) surface
by the C-1s XPS and XANES spectroscopies with the DFT
approach. The XPS and XANES spectra of the five config-
urations exhibit remarkable structural diversities on spectral
features as compared to the original s-triazine. The XPS spec-
tra do not absolutely display structural dependence to distin-
guish all the studied species. However, the apparent structural
dependence is shown by the XANES spectra, so that the C-
s absorption spectra could be competent to distinguish the
five adsorbed s-triazine derivatives from each other. Further-
more, the decompositions of the total spectra for the XPS and
XANES of these derivatives have also been explored to illu-
The carbons bonded
with the silicon on the surface dimer have lower IPs than those
in others for the XPS spectra. For the XANES spectra, the
carbons connected to silicon exhibit higher excitation energies

minate the origin of spectral features.

than others.
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