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Abstract First principles total energy calculations have
been performed to study the hydrogen sulfide (H,S) adsorp-
tion on silicane, an unusual one monolayer of Si(111) sur-
face hydrogenated on both sides. The H,S adsorption may
take place in dissociative or non-dissociative forms. Silicane
has been considered as: (A) non-doped with a hydrogen
vacancy, and doped in two main configurations; (B) with
an aluminum replacing a hydrogen atom and (C-n; n=1, 2,
3) with an aluminum replacing a silicon atom at a lattice site.
In addition, three supercells; 4x4, 3x3 and 2x2 have been
explored for both non-doped and doped silicane. The non-
dissociative adsorption takes place in geometries (A), (C-1),
(C-2) and (C-3) while the dissociative in (B). Adsorption
energies of the dissociative case are larger than those corre-
sponding to the non-dissociated cases. In the dissociative
adsorption, the molecule is fragmented in a HS structure and
a H atom which are bonded to the aluminum to form a H-S-
Al-H structure. The presence of the doping produces some
electronic changes as the periodicity varies. Calculations of
the total density of states (DOS) indicate that in most cases
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the energy gap decreases as the periodicity changes from
4x4 to 2x2. The features of the total DOS are explained in
terms of the partial DOS. The reported charge density plots
explain quite well the chemisorptions and physisorptions of
the molecule on silicane in agreement with adsorption
energies.
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Introduction

Interactions of hydrogen sulfide (H,S) with semiconduc-
tor and metallic surfaces have been intensively investi-
gated theoretically and experimentally [1-3] in the past
few years due to the possible applications of these
systems in sensor devices, electronics, catalysis and
electrolysis. Hydrogen sulfide is a gas contained in
many natural and synthetic processes as in crude petro-
leum, natural gas, and hot springs. H,S is produced by
bacterial breakdown of organic materials, human and
animal wastes (e.g., sewage). The molecule is also a
byproduct in many metallurgical processes and is a
major pollutant in the environment. Thus, the develop-
ment of H,S sensors has been an active field of study
for a long time [4, 5]. It is noteworthy that the
sulfidation process, similar to oxidation, is a corrosive
process that affects properties of materials, such as steel
[6]. Sulfidation can also be used to passivate chemically
reactive surfaces, such as those of GaAs and Si [7].
Theoretical [8, 9] and experimental [10] studies have
been performed to investigate the H,S adsorption on
Fe(110), Pt(111), Ge(001) and Si (001)(011)(111) sur-
faces. High resolution electron energy loss spectroscopy
(HREELS) and scanning tunneling microscopy (STM)
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[11-13] studies have been recently done on the interaction of
hydrogen sulfide with silicon surfaces. As it stands the detec-
tion and conversion of H,S to other chemicals is essential for a
healthy environment and a safe industry.

Most of the above described works deal with surfaces of
materials however there exists a great interest in exploring
two dimensional systems such as graphene. It is also cur-
rently attractive for the study of materials with graphene-like
crystal structure [14, 15], where the atomic configuration is
composed by the sp” hybridization. Two dimensional layers
have striking properties, which lead to potentially novel
applications [14—16] however the coupling with electronic
devices is still an open problem. In this work is addressed
the study of the H,S adsorption on silicane, which displays
electronic configurations similar to those of graphane (CH);
this 2D-dimensional system may be considered as a good
candidate for H, storage [17, 18].

Silicene, a graphene-like system, is a substance composed
of pure silicon, with atoms arranged in a regular hexagonal
pattern similar to graphite, but in a one-atom thick sheet.
Similar to graphane, silicane [19-21] is a form of hydroge-
nated silicene. Silicene has been studied both theoretical [16,
22-24] and experimentally [25-27] since this system may be
applied in the electronic industry, as it displays singular chem-
ical and physical properties. Theoretical studies based on the
density functional theory (DFT) and the tight-binding ap-
proach have been developed to investigate the properties of
this prominent material with results showing that the most
stable configuration is non-planar [23, 28] where the nearest
neighbors atoms alternate between two planes with a small
separation, in a low buckled honeycomb sheet. The explana-
tion of why carbon makes honeycomb structures but silicon
does not stems from the fact that in carbon the sp® hybridiza-
tion is more stable than sp®, but in silicon this is reversed.
Silicene has been determined to be a zero-gap semiconductor
with massless Dirac fermions, similar to graphene. Studies
show that silicene layers passivated with hydrogen exhibit an
indirect band gap, of energy Eg, jna(I —M)=2.2 €V, emerging
at the I' point and with transitions to the M point [21]; this
indicates that the electronic properties of silicene can be
modified by partial or complete hydrogenation [22-24]. The
hydrosilicon honeycomb structure is termed silicane (Si;Hy).
Due to the high reactivity compared with graphene, the ad-
sorption of atoms on the silicane surface can lead to a more
stable semiconductor. Thus, the presence of adsorbed ele-
ments on the surface or like impurities in the lattice will
change the silicane properties [29]. Detecting changes in the
electrical conductivity of silicene produced by the adsorption
of atoms or molecules it is possible to sense particles in the
atmosphere. Hence silicane may be used in gas sensor de-
vices, among other possible optoelectronic applications as
suggested in the literature [29-31]. Surprisingly this H-
saturated Si layer was synthesized a long time ago in the form
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of layered polysilane [32, 33], however little effort has been done
to explore the interactions of molecules with this layer. Here ab-
initio calculations are performed to investigate the H,S adsorp-
tion on silicane considering different configurations. Also, re-
laxed structures, binding energies, total density of states (DOS),
partial density of states (PDOS) and charge density plots are
calculated. The study is interesting provided that in this way it is
possible to explore the possible H,S or S storage in an efficient
and controllable adsorption/desorption system.

Computational framework

To investigate the interaction of H,S with silicane and Al
doped silicane, first principles total energy calculations are
performed within the periodic density functional theory as
implemented in the SIESTA code [34, 35]. Calculations con-
sider silicane [22-24] as one monolayer of Si(111) surface
hydrogenated on both sides in supercell periodicities: 4x4,
3x3 and 2x2. Different supercells allow dealing with varia-
tions of H,S and doping element concentrations, see panel (a)
of Fig. 1. Several initial molecule orientations are taken into
account when placing the molecule on the silicane surface. In
the first place, the interaction of the hydrogen sulfide with the
silicane in the presence of a hydrogen vacancy is investigated.
Then the doping with Al is explored by placing the element at
different sites; in one case the Al is at a hydrogen site and in
the other at a silicane lattice site.

The electron states are expanded in a linear combination of
atomic orbitals (LCAO). The exchange and correlation ener-
gies are treated according to the generalized gradient approx-
imation (GGA) within the Perdew, Burke and Enzerhoff
(PBE) [36] formalism. To deal with the electron-ion interac-
tions the norm-conserving pseudopotentials [37, 38] are
employed, in their fully nonlocal form [39]. A double zeta
polarized (DZP) basis set has been used [40]. To prevent any
interaction between two adjacent supercells a vacuum gap
greater than 15 A is used in the direction perpendicular to
the silicane layer. Brillouin-zone integrations are done using
special k-point according to the Monkhorst-Pack scheme [41],
with a mesh resolution of 27tx0.5 A™'. The structure relaxa-
tions have been performed with meshcutoft energy of 350 Ry.
To study the electronic properties the k-points meshes are
increased to 21x21x1, 31x311, and 41x411 for the 4x4, 3x3
and 2x2 periodicities, respectively.

Results and discussion

Structural properties

This section is devoted to presenting results of the dissocia-
tive and non dissociative interactions of H,S with silicane
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Fig. 1 Panel a shows the 4x4
silicane in three different
periodicities, 4x4, 3x3 and 2x2.
b displays silicane in different
configurations: (A) with a
hydrogen vacancy; (B) the Al
replacing one H; (C-1) the
aluminum replacing a silicon at
the upper monolayer, with a H
attached to the Al; (C-2) the
aluminum replacing a silicon at
the upper silicane monolayer
with no hydrogen; (C-3) the
aluminum replacing a silicon at
the lower silicane monolayer
with no hydrogen. (The Al
concentration increases from
4x4 to 2x2)

and aluminum doped silicane. Calculations start with the
geometry optimization of the silicane structure with period-
icities 4x4, 3x3 and 2%2 containing 64, 36 and 18 Si atoms,
respectively. A schematic example is presented in Fig. 1(a).
Silicane with a hydrogen vacancy (geometry A) is depicted
in panel (b) of Fig. 1. The doping by aluminum has been
explored in two geometries; in the first case by replacing
one saturating H by one Al (configuration B of Fig. 1b) and
in the second replacing one Si by one Al (configurations C-
1, C-2 and C-3 of Fig. 1b). The aluminum concentrations
are 3.125, 5.55 and 12.5 % for the 4x4, 3x3 and 2x2
periodicities, respectively. To determine the most stable
geometries different orientations of the H,S molecule with
respect to the silicane plane are explored.

H,S has a tetrahedral arrangement of electron pairs with
two bonding pairs and two lone pairs having bent geometry.
The isolated molecule displays a dipole moment of 0.97 D.
Results of the calculated structural parameters of the H,S
are: the bond angle (H-S-H), 91.66° and the S-H bond
length, 1.358 A, which are in agreement with those reported:
the angle, 92.07° and bond length, 1.335 A, these were
determined using experimental measurements [42]. On the
other hand, reported silicane structural parameters calculat-
ed within the DFT formalism [14—16] show differences with
those of bulk silicon. The silicane bond length, dg; g; is
2.35 A, is contracted by about 0.03 A, this leads to a sp’-
like hybridization. Moreover, the Si-H bonds are weakly
polarized (partial electron transfer of about 0.1|e| from Si
to H atoms), inducing only a slightly polarized surface.

3x3 2x2

Experimental evidences have demonstrated the adsorp-
tion of dissociated H,S molecules to form H and HS struc-
tures on the Si (100) surface [43]. A DFT work has been
reported on the dissociative adsorption of H,S on metals and
transition metals [44]. The dissociated fragments SH and H
share the smallest number of surface metal atoms (principle
of least atom sharing). Therefore it is interesting to investi-
gate the formation of atomic structures after H,S dissocia-
tive adsorption on silicane.

Geometry A

The non dissociative interaction of the hydrogen sulfide
with silicane in the presence of a hydrogen vacancy, termed
as geometry A, is described in this section, see panel (b) of
Fig. 1. The 4x4 periodicity is first described. The most
stable structure is obtained when the H,S interacts with the
silicane at the vicinity of the vacancy site. The molecule
plane is perpendicular to the silicane plane. One of the
hydrogen atoms of the H,S interacts directly with the un-
saturated silicon atom at a distance of 2.11 A. The H-S-H
angle is 90.7°, a lateral view is shown in (A) of Fig. 2. In the
3x3 periodicity the adsorption occurs again with the mole-
cule plane being perpendicular to the silicane layer. Similar
to the previous case one of the hydrogen atoms interacts
directly with the unsaturated silicon atom at a distance of
2.17 A. The H-S-H angle is 90.5°. The 2x2 periodicity
shows similar atomic structure as those of the 4x4 and
3x3. The hydrogen atom of the molecule which is
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interacting directly with the unsaturated silicon atom is at a
distance of 2.21 A. The H-S-H angle is 90.6°. Small changes
are obtained as the supercell size decreases, the interaction
distance increases slightly which reduces.

Geometry B

Panel (b) of Fig. 1 shows the aluminum doped silicane. In
this configuration the aluminum replaces the hydrogen this
is termed as geometry B. Results of the dissociated adsorp-
tion of H,S on the doped silicane in 4x4-periodicity are
described in what follows. Various initial orientations of
the H,S are taken into account. At the energy minimum
the molecule forms structures with the aluminum: H-S-Al-
H. The HS fragment and the hydrogen atom are bonded to
the doping Al atom, making two possible configurations. In
the first the H bonded to the S is pointing toward the silicane
surface. The H-S-Al form an angle of 94.3° and the S-Al-H

Fig. 2 The figure exhibits the most stable structures of the interaction
of H,S with silicane: a with a vacancy of hydrogen; b in the non-
dissociative geometry; (C-1) dissociative geometry, (C-2) and (C-3) in
the non-dissociative configurations
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displays an angle of 114.8°, with the S-Al bond length of
2.19 A. In the second geometry the H bonded to the S is
pointing outward of the silicane surface. The H-S-Al dis-
plays an angle of 92.5° and the S-Al-H an angle of 118°,
with the S-Al bond length of 2.19 A. The total energy of the
former configuration exhibits the lowest minimum conse-
quently this is taken as the ground state, a lateral view is
shown in (B) of Fig. 2. The increase in the aluminum and
hydrogen sulfide concentrations produce only small changes
in the structure. Both angles H-S-Al and S-Al-H experience
small variations with respect to the 4x4 periodicity.

Geometry C-1

In geometry C-1 shown in panel (b) of Fig. 1 the aluminum
atom replaces a silicon atom of the silicane upper monolay-
er, with the hydrogen attached to the aluminum atom. The
non dissociated H,S molecule is placed on top of the
silicane. The structure is somewhat distorted as compared
with the non doped structure. Studies of the 4x4 periodicity
are described. In the most stable configuration the adsorp-
tion takes place on the silicane surface with the hydrogen
atoms of the molecule pointing toward the silicane. The H-
S-H angle has the value of 91.7°, a lateral view is shown in
(C-1) of Fig. 2. The 3x3 periodicity shows similar configu-
rations the molecule interacts with the silicane through the
hydrogen atoms. The H-S-H angle has the value of 92°. In
the 2x2 periodicity similar results were obtained. The H-S-H
angle has the value of 91.3°.

Geometry C-2

Results of geometry C-2 are described in this section. In this
geometry an aluminum atom replaces a silicon atom of the
upper monolayer with no hydrogen attached to it, see panel
(b) of Fig. 1. The aluminum is surrounded by saturated
silicon atoms in the upper monolayer. In this configuration
the adsorption is non dissociative. In the lowest minimum
energy the adsorbed H,S molecule plane is parallel to the
silicane layer, the S bonds to the Al. The low coverage
exhibits the S-Al bond length of 2.56 A and the H-S-H
angle of 91.7°, a lateral view is shown in (C-2) of Fig. 2.
The intermediate coverage displays the S-Al bond length of
2.55 A and the H-S-H angle of 92°. In the high coverage the
S-Al bond length is 2.56 A and the H-S-H angle of 91.6°. It
is evident that the S-Al bond length is almost unaffected by
the change in Al concentration while the molecule angles
suffer only small variations.

Geometry C-3

Geometry C-3 (see panel (b) of Fig. 1) is formed when the
doping aluminum is at the lower silicane monolayer initially
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with a hydrogen atom bonded to it. The non dissociative
adsorption is obtained with the molecule plane being non
parallel to the silicane layer. In this configuration the S
bonds to the Al. The low coverage exhibits the S-Al bond
length of 2.53 A and the H-S-H angle of 92.10°, a lateral
view is shown in (C-3) of Fig. 2. The intermediate coverage
displays the S-Al bond length of 2.54 A and the H-S-H
angle of 92.1°. In the high coverage the S-Al bond length is
2.57 A and the H-S-H angle of 91.3°. Note that the S-Al
bond length exhibits a small increase and the molecule
angles suffer only small variations as the coverage increases.

Binding energies

To measure the interaction strength between the H,S and the
silicane the adsorption energy, E.q4, is calculated using the
formula [45]

Eads = EHZS+silicane_<Esilicane + EHZS) (1)

where Eppsisiticane 1S the total energy of the relaxed H,S-
silicane system, while Egjj;cane and Ejyag are the total energies
of the relaxed silicane and the H,S molecule, respectively.
With this definition, more negative energy values represent
stronger interactions between the adsorbed H,S and the
silicane. It also indicates that the adsorption is exothermic.

Adsorption energies of geometry A are: —0.212, —0.210
and —0.186 eV for the 4x4, 3x3 and 2x2 periodicities, respec-
tively. Values indicate that there is physisorption. Taking into
account these energy the system might be suggested as a good
candidate to fabricate gas sensor devices. In geometry B the
adsorption energies are large indicating chemisorptions, the
2x2 periodicity has the largest adsorption energy; the bond
lengths are almost unaffected (this has been discussed in
Introduction); thus, the adsorption energy only shows a small
increase with concentration. It may be suggest as the system to
study molecular dissociation.

In the replacement of a Si atom by Al at the upper mono-
layer, termed as geometry C-1, the interaction between H,S,
and silicane is slightly stronger than that of the H,S-Si interac-
tion in geometry A. Recall that geometries C-2 and C-3 contain
hydrogen vacancies and Al at a lattice site; in these systems the
adsorption energies have similar values. They show chemisorp-
tions. Moreover, C-2 and C-3 display covalent bonds.

Calculations have been done using a GGA functional,
which yield underestimated binding energies. In contrast,
when the LDA functional is applied binding energies are
overestimated [17, 18]. On the other hand, it is known that
in some studies on binding energies and formation energies
the zero point energy (ZPE) is important and is taken into
account; however, in the present studies the approach al-
ready published is followed [46] which considers the zero
point energy as unimportant. The ZPE corrections do not

improve significantly the calculated values. Therefore, it is
unimportant to consider ZPE for the purposes of the present
work. A summary of adsorption energies is presented in
Table 1.

Electronic properties

Total density of states (DOS) and partial density of states
(PDOS)

In previous sections the structural properties in different
configurations of the interactions between hydrogen sulfide
and silicane have been described, in what follows the total
density of states and partial DOS to explain the electronic
properties is presented. Both non dissociated and dissociated
hydrogen sulfide systems are investigated. In addition
silicane is considered in one case with a hydrogen vacancy
and in the other the silicane is doped.

Geometry A

The total DOS and partial DOS of the non dissociative
interactions of the hydrogen sulfide with silicane in geom-
etry A are first described. In panel (A) of Fig. 3a is displayed
the total DOS and in panel (A) of Fig. 3b the partial DOS of
the optimal configuration in the 4x4 periodicity. In the
figure the energy reference is the Fermi level (dashed line
at zero). Note that an energy gap is present with estimated
value of 2.25 eV (2.3 and 2.05 eV for the 3x3 and 2x2
periodicities, respectively). When features of the 4x4 case
are compared with those corresponding to the 3x3 and 2x2
periodicities only minor structural changes are found with
the periodicity. A small energy gap increase is obtained with

Table 1 The first column labels
the five-different structures,
in the second column the

Structure Periodicity E,4s [eV]

corresponding periodicities, and A 4x4 —0.212

in third the adsorption energies 3x3 -0.210

E.4s Results are reported for the 252 ~0.186
most stable structures '

B 4x4 —2.965

3x3 -2.973

2x2 -3.070

C-1 4x4 —0.240

3x3 —-0.224

2x2 -0.205

C-2 4x4 -0.835

3x3 —0.788

2x2 -0.757

C-3 4x4 -0.770

3x3 -0.772

2x2 -0.750
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the change in periodicity in going from 4x4 to 3x3 however
this is reversed when changing from 3x3 to 2x2. These
effects are attributed to the increase in Al concentration.
The 4x4 periodicity total DOS features interpretation is
given in terms of the partial DOS reported in panel (A) of
Fig. 3b. At the valence band the structure is mainly com-
posed of the Si- and S-3p orbitals, and the H-1s orbital. At
the conduction band the total DOS is formed by the contri-
butions of the Si-3p and H-1s orbitals, no S orbital is
present. In addition there exists a sharp peak at the Fermi
level which is composed of the Si- and S-3p orbitals and the
H-1s orbital. PDOS corresponding to the 3x3 and 2x2
present similar behavior therefore no figures are reported.

Geometry B

Results of the DOS and partial DOS corresponding to the
dissociated adsorption of H,S on silicane doped by Al in
configuration B are presented in this section. The total DOS
of the lowest minimum energy in the 4x4 periodicity is
presented in panel (B) of Fig. 3a and the partial DOS in
panel (B) of Fig. 3b. In the figure, the energy reference is the
Fermi level (dashed line at zero). Note the presence of an
energy gap with estimated value of 2.25 eV (2.2 and 2.15
eV for the 3x3 and 2x2 periodicities, respectively).
Comparisons of the 4x4 DOS features with those corre-
sponding to the 3x3 and 2x2 periodicities show minor
structural changes with the periodicity. A small energy gap
reduction is obtained with the change in periodicity (from
4x4 to 2x2) which is mainly induced by the increase in Al

concentration. The interpretation of the total DOS features is
given in terms of the partial DOS presented in panel (B) of
Fig. 3b for the 4x4 periodicity. Within the valence band the
contributions come from S-3p, Al-3p, Si-3p and H-1s or-
bitals, with S and Si making the main contributions, never-
theless Al also participates. At the conduction band, the total
DOS is mainly formed by the Al-3p and 3s, and Si-3p
orbitals. As in geometry A the partial DOS corresponding
to the 3x3 and 2x2 periodicities exhibit similar contributions
to the total DOS therefore they are not reported.

Geometry C-1

This section is devoted to describing the density of states in
geometry C-1. Results of the total DOS are displayed in
panel (C-1) of Fig. 3a and the partial DOS in panel (C-1) of
Fig. 3b for the 4x4 periodicity. Note that the Fermi level is in
the valence band. The total DOS features exhibit some
minor structural changes with the periodicity. One point to
remark is that the estimated energy gap decreases as the
aluminum concentration increases; from 2.09 eV for the 4x4
to 1.7 eV for the 2x2 supercell. The structural interpretation
is given again in terms of the partial DOS. As stated above
in panel (C-1) of Fig. 3a the total DOS in the 4x4 periodicity
is shown, which is obtained with contributions of S, Al, Si
and H orbitals reported in panel (C-1) of Fig. 3b. The
valence band is formed by the S-3p, Al-3p, Si-3p and H-
Is orbitals, with S and Si making the most important con-
tributions, nevertheless Al-3s orbital and the H-1s orbitals
are contributing. At the conduction band, the total DOS is
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Fig. 3 The figure depicts the total density of states (3a) and partial density of states (3b) for the 4x4 periodicity

@ Springer



J Mol Model (2013) 19:2925-2934

2931

PDOS(eV/states)

-4 -2 0 2 4
b a T T ! T T
20k ra) e S3s |
' ——S3p
10 E
~ 0
n
2
©
z L
>
i
0 L
(]
[a]
o
20
10 B
0 l 1 1 l 1 1
-4 2 0 2 4
E-E.(eV)
c-1 -4 -2 0 2 4 c-2
T T T T T
: a) S3s
20 - : —83p 1
0 4 lﬂ; L Il 1 1
o by - Aizs |6
| —Al3p |
n ! —_
> 1 =z
S 2
- >
& Ca
2]
8 20 O 20
o o
o

PDOS(eV/states)
N
o

N
o

o
d

E-E.(eV)

Fig. 3 (continued)

mainly formed by the S-3p, Si-3p orbitals, and Al-3p and 3s
orbitals also participating. The partial DOS of the 3x3 and
2x2 periodicities exhibit similar features.

Geometry C-2

In panel (C-2) of Fig. 3a the total DOS for geometry C-2 is
displayed in a similar fashion as presented for geometry C-1.
Some structural changes with the periodicity are obtained. The
energy gap shows a monotonic variation with periodicity, it
decreases when the periodicity changes from 4x4 to 2x2 (from
22 eV to 1.75 eV). Similar to the total DOS discussed
previously the structural interpretation is given in terms
of the partial DOS. The total DOS is obtained with

E-E(eV)

E-E.(eV)

contributions of S, Al, Si and H orbitals reported in panel (C-2)
of Fig. 3b. The valence band is formed by the S-3p, Al-3s, Si-3p
and H-1s orbitals, with S and Si making the most important
contributions, nevertheless Al-3p orbital and the H-1s orbital are
also contributing. At the conduction band, the total DOS is
mainly formed by the S-3p, Si-3p orbitals, with Al-3p and 3s
orbitals also participating. Similarly, PDOS of the 3x3 and 2x2
periodicities contribute to the total DOS.

Geometry C-3
Finally results of the DOS and partial DOS of geometry C-3

are reported. In this geometry an aluminum atom replaces a
silicon atom at a lattice site in an otherwise occupied by a
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saturated silicon atom in the lower monolayer. After relax-
ation, the aluminum has no hydrogen bonded to it and the
monolayer is distorted at the vicinity of the doping site. In
panel (C-3) of Fig. 3a, the total DOS for the 4x4 periodicity
is displayed. The total DOS features exhibit some minor
changes with the periodicity. One point to remark is that the
estimated energy gap in this DFT theory do not show a
monotonic behavior; it increases when the periodicity
changes from 4x4 to 3x3 (2.2 to 2.25 eV) and then decreases
as the aluminum concentration increases, the periodicity
changes from 3x3 to 2x2 (2.25 to 1.85 eV). Total DOS
features of the 4x4 periodicity are interpreted in terms of
the partial DOS depicted in panel (C-3) of Fig. 3b. At the
valence band, this is formed by the S-3p, Al-3p, Si-3p and
H-1s orbitals, with S and Si making the most important
contributions, nevertheless Al-3s orbital and the H-1s orbital
are contributing. At the conduction band the total DOS is
mainly composed by the S-3p, Si-3p orbitals, and Al-3p and
3s orbitals and H-1s orbital also participating. Similar fea-
tures are exhibited by the partial of the 3x3 and 2x2 period-
icities, results are not reported.

Charge density

Calculations of the charge density plots of all ground state
configurations are presented in Fig. 4 (A, B, C-1, C-2 and
C-3). The figure displays lateral views of every case. The
description of the charge distribution is focused at the vi-
cinities of the hydrogen vacancy or at the impurity place. It
is clear how the charge is distributed around every atom of

Fig. 4 The side views of the
charge density plots for

the most stable configurations
in the 4x4 periodicity is shown

@ Springer

the structure. In configuration A (panel (A)) the plane of the
molecule is perpendicular to the silicane layer; one hydro-
gen atom makes a bond with the sulfur with the bond being
parallel to the layer. The other H also makes a bond with the
S with the bond being perpendicular. High charge density is
distributed between the H and the S atoms at the bond
parallel to the layer, nevertheless charge is also present at
the other bond of the molecule. Note that there is also charge
between the H of the molecule and the Si at the H vacancy.
This charge induces physisorption between the molecule
and the silicon atom in agreement with values of the ad-
sorption energies reported in Table 1.

The dissociated adsorption of the H,S molecule in geom-
etry B (panel (B)) displays the structure; H-S-Al-H, with the
Al atom making a bond with a silicon atom. High charge
density is between the H-S bond however part of the charge
is also distributed at the H-Al and Al-Si bonds. It is apparent
that in this case there exist chemisorptions as also supported
by the adsorption energies.

In the non dissociated adsorption of geometry C-1 (panel
(C-1)) the hydrogen sulfide molecule is placed near the
silicane layer. Due to the presence of Al the H atoms of
the molecule are at different distances from the layer. The
charge is not homogeneously distributed at the space be-
tween the molecule and the layer. According to this charge
distribution it may be said that there is a weak physisorption
as indicated by the value of the adsorption energy.

The charge distribution in geometry C-2 (panel (C-2)) in-
dicates that most of the charge is at the vicinity of the H,S
molecule, which is parallel to the silicane layer and near the

Scale: A n(r)

B -o0.0000
+0,0091
+0,0363
+0,0816
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aluminum. The figure also shows charge between the molecule
and the aluminum. This plot exhibits the existence of chemisorp-
tions in agreement with the adsorption energy value.

Finally, results of the charge distribution in geometry C-3 are
presented. In this case, the molecule plane is not parallel to the
silicane nevertheless high charge density is distributed at the
vicinity of the adsorbed molecule. Note the presence of charge
between the molecule and the aluminum, which yields chemi-
sorptions in agreement with the values of the adsorption energy.

Conclusions

First principles total energy calculations have been performed
to study the hydrogen sulfide (H,S) adsorption on silicane in
dissociative and non-dissociative forms. Undoped and doped
silicane have been considered: The undoped structure contains
a hydrogen vacancy (A) and the doped structure has been
studied in two main configurations; in one case the aluminum
replaces a hydrogen atom (B) and in another configuration the
aluminum replaces a silicon atom at a lattice site (C-1, C-2 and
C-3 geometries). All calculations consider three supercells;
4x4, 3x3 and 2x2. The non-dissociative adsorption takes place
in geometries (A), (C-1), (C-2) and (C-3) while the dissociative
in (B). Binding energies indicate chemisorptions in geometries
(B), (C-2) and (C3), while physisorption in (A) and (C-1). The
presence of the doping produces some electronic changes as the
periodicity varies. Calculations of the total density of states
(DOS) indicate that in most cases the energy gap decreases as
the periodicity changes from 4x4 to 2x2. Features of the total
DOS have been explained in terms of the partial DOS. In
geometry (A) the total DOS at the valence band is formed by
the Si-3p, S-3p and H-1s orbitals while at the conduction band
the contributions come from Si-3p and H-1s orbitals. In all
other cases at both valence and conduction bands, the main
contributions to the total DOS come from the 3p orbitals of Si,
Al and S, and from the 1s orbital of H. Charge density plots
explain quite well the chemisorptions and physisorptions of the
molecule on silicane in agreement with adsorption energies.
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