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Abstract

The properties of oxidized surface and core have been investigated. using of STO-3G(Slater Type
Orhitals)foundation is made to be able to compare RHF(Roothaan-Hartree-Fock)method with semiempirical
methods using the complete neglect of differential overlap (CNDO)which uses Slater type orbitals (STO).
outcomes reveaed that the electronic properties converge to some limit as the size of the nanocrysta
increases. Increasing the size of the core of a nanocrystal resulted in anraise of energy gap (3.54 eV), valance
band width (14.21 eV), and cohesive energy (9.15 eV).The lattice constant of the core and oxidized surface
parts illustrate a decreasing movement as the nanocrystal increases in size that converges to 0.528 nm.
Surface and core convergence to the same lattice constant reflects good adherence of oxide layer a the
surface.

The nanocrystal surface shows smaller gap (1.08 eV) and higher valence band whilst compared to the core
part due to the oxygen atoms at the surface the diminution of structural symmetry.

KeyWor ds:energy gap,cohesive energy,valance band width.
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I ntroduction

Si nanocrystals(ncg) have claimed alot of interest
in the last years due tothe promising applications
in advanced e ectronic devices based on nanoscale
technology [1]

Silicon nanocrystals have many
industrializedapplications. It is the base of
elements of most semiconductor devices; the
largest part importantly integrated circuitg2]
Silicon which is commonly used in semiconductor
devices because it remains anative oxide is easily
grown in a fumace and a better
semiconductor/dielectric  interfaceforms  than
several other material[3,4]. The applications of
silicon are in the flash memory, photonic
applications, lighting applications, solar cells,
bioapplications and sensors applications [4,5].
Fully compatible with the existing technologies
makes of S nanocrystals easier and more
attractive than other kinds of nanoparticles[6,7].
In a Si(nc,), the greater part of Si atoms are on or
near the surface and likely to be affected by
surface effects or passivation, which can, in turn,
significantly modify its electronic structure.
Actuality, modern theoretical studies have shown
that the surface can heavily affect the electronic
property of S (ncJ)[8, 9].

The chemical and physica properties of solids,
molecules and nanomaterials depend on a subtle
interchange of the spatial collection of the ions
and the  calculations  distribution of
electronsdensity, which afford the binding forces
of the structure[10].Ab-Initio is a Latin term for
"first principles’[11]. The am of ab-initio
methods is the choice of what is well-knownlike
the model chemistry[12].The Quantum model
chemistry have described a mathematica
approach to solving the Schrodinger equation for
any particle[13,14]. In choosing
theQuantumchemistry, one proposes a altitude of
theory (such as a Hartree-Fock method) and a
basis set (described earlier)[15]. At its most basic
level, ab initio methods affirm that if one knows
the molecule, one should be able to carry out a
complete results of that molecule completely from
mathematical principles [16-22].

we have used Gaussian (GO03) program, this
program predicts the electronic properties

YCLX(MFOX,(DdT1,=¢,>C,[X]

The Hartree —FockRoothaan equation can be
written in the matrix form:

ZvaCvi :SizSUVCVi ..... (5)

Or in simple form as matrices

FC=¢SC ... (6)

including the energies, molecular structures and
vibration frequencies for molecular
systems,Gaussian is a federally registered
trademark of Gaussian and Gauss view program
supports GO3 to draw the result.[6, 23].

Theory

The approaches are based on fundamenta
physical constants like the mass and charge of an
electron and no atom definite parameters are
introduced, these methods are called “ab-initio” or
“first principles”[2, 3,24]

Ab-Initio methods are independent of any
experimental data, but can using values of several
physical congstants, such as, velocity of light,
Planck’'s constant, electrons and nuclel masses,
Ab-initio methods have advanced sufficiently to
give the researches with calculations of molecular
properties, this application requires a detailed
algorithm or program to transform the
mathematical  formalism  into  instructions
appropriate for implementation on computer
[3.4,37]

Ab-initio methods are based on the variation
theory which requires anvaluation of energy:
EG)=<j |H]] >/<] |j > ....... D
Ab-initio methods are used for any type of
structure, closed or open shell systems of atoms
and molecules to explain the dynamics of systems
studied and to work out the molecular properties
from the creationwith out any neglect, such as,
excited electronic states, structure properties and
energies [4,38] While Roothaan
Equationstransform the Hartree-Fock equations
into the Roothaan equations by introducing a
foundation set, refer to the atomic orbital basis

functions as X which have the expansion [37,
39]:

X, = i CuX, v )
p=1
For every spin orbital i .therefore:

Multiplying equation (3) by Y; (1) from left and
integrating together sides, obtained :

WX, @Dd T, s (4)

Where ¢ is a diagonal matrix of the orbita
energies ¢; , and S, F are the overlap and Fock
matrix , respectively , can be defined as :

S, =[X,()X,(Ddt, ... )
F, =X, (DFQD)X, (D), ...
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Fock matrix eements in atomic orbital basis are
written as:

F,=<X,h+5 @3 -K)X,> (9

F,=h, + :ﬁ[z(uv/ij) — @uj/jn)] ....10

Solving the eigenvalue equation by
diagonalizingFock matrix, and the solution of
Hartree-Fock- Roothaan equations call the self
consistent field (SCF) method.

The large unit cell (LUC) is various kind of super
cell methods, was recommended and first applied
for the examination of electronic band structure of
bulk materials and principally in semiconductors
elementalin the 70s of the last century[4,5,26].
Energy gap is the most essential electronic
properties of structures, it's given by formula
[31]:-

Egz E LUMO — E HOMO r s sers (11)
Where E; is the forbidden energy gap.

E Lumois the energy of the lowest

unoccupied molecular orbital.
E Homo isthe energy of the highest
occupied molecular orbital.
The total energy calculation of the large unit
cellgiven the result ofcohesive energy, the large
unit cell isunruffled of (8, 16, 54, 64, 128,216 and
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250 atoms) for Si (ncs) LUC. The cohesive energy
Econisgiven by [16, 25].
Econ = (Er /N) - Efee — E

Where Eqy: isthetota energy

N: isthe number of atoms

E.. is the correction of cohesive energy for the
zero- point motion of the nucle this is a pure
guantum mechanical effect and it is straight
related to the uncertainty principle [27]. Its value
is 0.07eV for Si[28],Es«: is the free atom energy,
which means the energy of one atom for Si (ncy).
Andequal s(-285.7035832)in the present work. The
cohesive energy is the ground state binding
energy, atomic structure and cohesive energy are
basically based on Linear Combination of Atomic
Orbitalsmodel[29]. A crysta is formed by
independent atoms according to this model,
number of orbital still the same and retainsmuch
of their atomic character, on the other hand, there
are continuous changes in the endi@jes of the
orbital with atomic separation, as the atoms are
brought closer together, the orbits ingtigate to
interact and hence their bond strength modifies
which determines eventualy the physica
properties of the crystal [30].

The relation between the number of atoms per
LUC andcohesive energy isgivenin Fig. (1).

One "'+

Fig.(1) Cohesive energy as a function of number
of atomsfor Si (ncs)LUC.

Fig.(1) shows that the absolute value of the cohesive
energy increases with increasing the number of atoms
per LUC, reaching to 64 atoms in which the cohesive
energy tends to stabilize, with increasing the number of
atoms, due to the small silicon particle revealed more
suspension bond and a high activation energy, the
atoms on the particle’s surface reconstru- cted to amore
stable formation.

The Comprehensive Electronic Structure

The electronic structure properties of Si (ncs) are
calculated in table (1-a,- b ,- c).
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Table (1-b)

Table (1-a]The electronic structure of Si (ncy).

Si (ncy) CoreBart LUC
Propery | 8 16 54 |64
Atoms atoms atoms | atoms
Cohesive
energy(e | -7.95 | -801 | -894 | -9.11
V)
Energy
gap(eV) | 274 | 283 | 329 | 3533
Valence
band 1365 | 13.73 | 14.23 | 14.22
width(eV)
L attice
constant
(nm) 0.541 | 0539 | 0533 | 0.528
S (ncg) CoreBart LUC
Property
128 atoms | 216 250
atoms atoms
Cohesive
energy(eV) | -911 | -916 | -915
Energy
gap(eV) 3.52 3.57 3.54
Valence
band 14.21 14.22 14.21
width(eV)
Lattice
constant 0.528 0.528 0.528
(hm)
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Table (1-¢)
Si (ncs) CoreBart LUC
Property 8 atoms 64 atoms
Cohesive energy(eV) 778 901
Energy gap(eV) 1.40 108
Valence band width(eV) 1957 19.60
L attice constant (nm) 0.534 0.528

In table (1-a-b ,-c), it is shown that the core
part has a converging changeable energy gap,
valence band width and cohesive energy
(absolute value). These fluctuations are
correlatedwith  the geometry of the
nanocrystal. The surface part of nanocrystalhas
been controlled bythe energy gap with the
surface having damping oscillatory
consecutive negative and positive layer
charges. The core part has higher symmetry
than the surface part with bigger energy gap
and shorter valence band. Surface and core
parts have the same lattice constant that in the

order of reflects the good adherence of oxide
layer at the surface. The band gap which has
high value can be attributed to the
approximations complicated(the self-
interaction of the electrons in the Hartree
energy isfully removed) in HF method.

Also we can compare between the result of 8
atoms LUC of the core and the oxygenated (001)-
(1x1) surface as shown in the table (2), and
between the result of 64 atoms LUC of the core
and the oxygenated (001)-(1x1) surface as shown
in the table (3).

Table (2) Electronic structurefor 8 atoms L UC of the core and the oxygenated (001)-(1x1)
surface of silicon (ncs).

Property 8 atoms 8 atoms
LUC LUC
oxygenated
Of thecore (001)-(1x1)
surface
Energy 2.74 1.40
gap(eVv)
Valence 13.65 19.57
band
width(eV)
Lattice 0.541 0.534
constant
(nm)
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Table (3) Electronic structurefor 64 atoms L UC of the core and the oxygenated (001)-(1x1)
surface of silicon (ncs).

Property 64 64 atoms
atoms LUC
LUC oxygenate
Of the d (001)-
core (1x1)
surface
Energy gap(eV) 3.53 1.08
Valence band 14.22 19.60
width(eV)
L attice constant 0.528 0.528
(nm)

This comparison shows that the energy gap
decreases in the surface calculations, and the
valence band width increases in the surface
calculations. This result because of the broken
bonds and the discontinuity by the side of the
surface and the existence of new type of atoms
(oxygen atoms).The calculated value of the energy
gap of (1.08 V) using a 64 atoms LUC of the
oxygenated (001)-(1x1) surface is in good
agreement with the experimental value of (1.15
eV)[15]. So the vaue of the energy gap is

controlled by the surface, in view of the fact that
this gap is extremely lower for the surface [32].
The calculated value for the valence band width of
(19.60 eV) using a 64 aoms LUC of the
oxygenated (001)-(1x1) surface is in good
agreement with the experimental value of (21
eV)[33]. 3-D structure diagrams for the (64, 128,
216, 250) atoms LUCs of S (ncy) core using
GView program are shown in Figs. (2) — (5). All
atoms in the LUCs are in periodic boundary
conditions.
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Fig.(2). Thestructure of 64 atomsLUC in periodic boundary conditions.
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Fig.(3).The structure of 128 atoms L UC in periodic boundary condition.
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Fig.(4).Thestructure of 216 atoms LUC in periodic boundary conditions.
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Fig.(5).Thestructurefor250 atoms LUC in periodic boundary conditions.

In Fig.(2) and Fig.(4), the structure of LUC is a cell of Si(ncy), this is a rectangular and the face
compound of the Bravais cell of Si(ncy), thisis a (111) must be studied.

cubic and the face (001)which identical to the other
For the (001)-(1x1):O0 surface, the two most-

faces of the surface. In Fig.(3) and Fig.(5), the ) ) s :
structure of LUC is a compound of the primordial conceivable configurations are the following: (8)
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the “ketone” arrangement, in which the O atom is
double -bonded to a particular surface Si
atom(Si=0), and (b)the “ether,” arrange- ment in
which the O atom bridges two surface Si atoms
and makes a single bond to al of S- O- S
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L

[34].This work calculated the electronic structure
of 2D- dlap of 8 and 64 oxygenated (001)-(1x1)
surfaces (ketone arrangement). These structures are

givenin Fig.(6) and Fig.(7), respectively.

Fig.(6) 2D Slab calculations of (001) oxygenated a” area surface of Si(ncs).
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Fig.(7) 2D Slab calculations of (001) oxygenated 4a’ area surface of Si(ncy).

In the double- bonded oxygen arrangement, an O
atom is put over the top-layer Si atom, the space
between the O atom and the top-layer Si atom for

the double- bonded oxygen arrange- ment is (0.154
nm).

Conclusions
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1- The current method has a threefold outcome.
The method be able tofind the converged
electronic formation of bulk, surface, and
nanocrystals.

2- The lattice constant of al size of core Si (ncy)
decreases with increasing the number of atoms in
the LUC. In the surface calculations, unit lattices
that are nearer to the surface undergo lattice
constant expansion in a direction vertical to the
surface.

3- The present results show that the energy gap,
valence band width and the cohesive energy
(absolute value) increases asthe Si (ncy) LUC size
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