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Abstract: In this study, a mathematical model is presented to study the chemisorption of two interacting
atoms on solid surface in the presence of laser field. Our mathematical model is based on the occupation
numbers formula that depends on the laser field which we derived according to Anderson model for
single atom adsorbed on solid surface. Occupation numbers formula and chemisorption energy formula
are derived for two interacting atoms (as a diatomic molecule) as they approach to the surface taking into
account the correlation effects on each atom and between atoms. This model is characterized by obvious
dependence of all relations on the system variables and the laser field characteristics which gives precise
description for the molecule — surface interaction dynamics as a function of the normal distance from the
surface and the distance between atoms .Our mathematical model is applied to the Nay/W(100) system .1t
is found that the type of interaction between the atoms and surface , whether it is repulsive or attractive ,
is determined by the laser strength where the repulsion between the two atoms increases with the laser
strength increasing. So it makes sure that the laser field can be consider as a tool to control the ionization

and dissociation processes that happen on the solid surface.

Introduction

Understanding reactions on surface plays an
important role in a wide range of
technologically relevant applications. Among
those are the heterogeneous catalysis- the
majority of reactions in the chemical industry
employ catalysts; crystal growth, which
determines, e.g., the quality of semiconductor
devices; corrosion and lubrication, which
influences the durability of mechanical system;
or hydrogen storage in metals, just to mention a
few. The reactions involved in these processes
are often too complicated to be studied in detail
as a whole. Therefore in surface science one
tries to understand reaction mechanisms by
breaking them up into simpler steps which are
then studied under well-defined conditions [1,2].
One of the early objectives of the theoretical
work was to treat the simple adsorbents on the
metal surface in order to understand

experiments, in which adsorption was will
characterized and to uncover the principle
interactions that govern bonding between
surface and adsorbed species [3-5]. The field of
surface dynamics can be defined by the studies
that directed at describing the atomic and the
molecular motion and the relation between the
molecular motion and the energy exchange
through a surface processes such as In this
study, we interest in the study of adsorption of
alkali molecules on the solid surfaces because,
1- They strongly affect the surface electronic
structure at sub-monolayer coverage, and reduce
the surface work function [6].

2- There is an important theoretical interest in
these systems because they could be considered
as the simplest examples of the chemisorption.
3- Alkali molecules and metal surfaces have
been investigated by the variety of experimental
techniques [7].
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It is hence of interest to investigate Laser-
stimulated surface processes [8] which include
surface excitation [9-11], desorption [12, 13],
dissociation [14, 15], diffusion [16] and
catalysis [17].

In this study we will study the effect the laser
field on the chemisorption process of Na, on
W(100) surface , the chemisorption energy is
calculated and the effects laser field on the ionic
and metallic parts are investigated considering
the laser field characteristics ( frequency and
strength ) that do not case heating or damage to
the surface [18].

The Chemisorption of Diatomic Molecule in
the Presence of Laser Field

In this study, a mathematical model is presented
to study the chemisorption of two interacting
atoms on solid surface in the presence of laser
field [19] . This model is characterized by
obvious dependence of all relations on the
system variables and the laser field
characteristics which gives precise description
for the molecule — surface interaction dynamics
as a function of the normal distance from the
surface and the distance between atoms .Our
mathematical model is applied to the Na, /W
(100) system .It is found that the type of
interaction between the atoms and surface,
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Fig. (1): Model system Na, / metallic surface, Z
represented the normal distance between the all atom
and surface and X represented the distance between
two atoms.

The model Hamiltonian

We start with the following model Hamiltonian
for the adsorbed-substrate system, taking the
direct hopping and exchange interaction
between a pair of adatoms into account [20],

H=Ha+Hu+Hau+ Haa D

The first and second terms represent
Hamiltonians of the adsorbate and substrate,
respectively, and are giving by:

H, :ZiEfnf +22:Un?nf 2
i=1

c i=l

Hy => > Einy @A)
e k

This terms represent Hamiltonians for the
unperturbed energies of the adatoms and the
surface, respectively[21].

And Hay and Haa are those of the adsorbate-
metal and adsorbate- adsorbate interaction
respectively, and giving by:

Haw = ZZZ(VikC:GCkG +H.C) 4

H Y Z(Vlzcl*acza +H.C)
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Vi and V1, the hopping integrals ¢, and ¢;
are the orbital energies of E} And E; between

¢;7 and ¢, and between ¢; and ¢
respectively .

U is the intratomic Coulombic interaction
energy in an adatom, and J, the exchange
integral between adatoms [20]. One can give a
good description to the molecular adsorption by
introducing the effective exchange term. This
term is defined as the combination of the three
integral [21],

J=1J,+25V,, 6)

Two specific cases may be discussed depending
on the values of J, these are:

1- For large negative values of J, the binding
energy between the two adatoms become
repulsive near the surface and the molecule may
dissociate at the surface.

2- For intermediate negative or for positive
values of J the net interaction will be attractive
[21]._The indirect interaction Vi may be written
as ;5  which defined by Alexander and
Anderson  [22], could be modified to include
the molecule separation from the surface as,

AS(E, Z,X) = —iA°(E, Z)sin(KX) /KX (7)
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Where, K is defined by E?, since E} is the
energy of an electron with momentum k and
spin, k is taken to be equal to ,/2u_ , with u,
represents the bottom conduction band. And o is
the levels half width around each atom .The
energy dependence of the half width A7 (z) was
neglected while the spin and the distance
dependence [21], and the explicit dependence on
the  molecule-metal separation can be
approximated to the fallowing analytical
formula [23-25],

@)

1oV, (2+ i)\/ZVo—(qf")

}ezmi"

with G =\/2‘Efa‘since Vo = d+|u,|
i=1,2,and r;Is the standard radius for the
alkali ions .

Depending on the relation (1) the atomic levels

of the two atoms (1, 2) are written as [20]:

X7(2) =
8

1.}.;
{ 2(z+1)0;”

E;° =E +Un/° —Jn,° 9)

E;° =E; +Un;° —Jn;° (10)
+ *c .

N, ,N5" represent the average occupation

numbers of the E. states around the adatoms.
E; is given by the following equation:
E’ =E; =d-V, (11)

represent the surface work function and
ionization level of the adatom, respectively.

The occupation numbers
The occupation number of the adatom (1, 2) is
written as [24]:

~ [pr(E)E (12)

Ep,piicrepresent the Fermi level and the local
density of states on the adatoms i, of spin ¢ [19].

x 1 (1 y::.— I,v:o)A:c
pi (E)—z—f(E gy mﬁ):
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Where the operative definition of
expressed as,

=7 can be

E17 =E, +AE,, +Un™ —Jn*" +V*7 (15)

E** =E, +AE,, +Un™ —Jn** —V* (16)

E;., Represent the image shift. It is added to the
atomic energy level as an energy shift of atom
(i) The wvariation of this shift with normal
distance from the surface is given by [26],

eZ
™ Az+2,)

Z, is the screening length, and it is taken to be
(2.4 + ;) A°. The variation of screening with
laser field parameters is not taken into account
in our treatment.
And

Ve = VG +(Y)? (18)
2

(17)

Vfiz = ‘Vlz +7q(27 (19)
Y™ =Ud* +Jd*° (20)
And, d° and N° are defined as,
1
d® ==(n? —ng) (21)
2
o 1 (e} o
n =§(n1 +n3) (22)

By used the formalism of the density of states
around one atom [27] and the formalism of
density of states in the relation (13), we can be
write[19]:

prE =Y Y & (23)

St ™ (B-ES +nho)? +(AT)?

Where J= +, -, refer of the energy ES which
are defined in relatlons (15), (16) by E" and
, and the functions C° Ere

1 . AS
Cp = (i) (24)
T
- 1 YA
C—ljl =2_7t(1+JV° AL (25)
Cfljl = Cfljl (26)
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And substituting eq.(23) into eq.(12) and
solving these equations analytically , we get

[ -—E7 +nho
E T «n|t i ) = ©)
— (u, —Ef +nho) | (27)
A% |

Where, A7, is defined by [27].
(i=12) A% = AT +2A,

A’ as defined in eq.(8) is the important
parameter in determining the chemisorption
energy.

And A, represent the broadening by laser field
effect, it is given by the following form as
function of Z

—4a Z

A=A, (28)
With o, =,/2]V,|(inau.)[24] and A,
represent the broadening at Z = 0A° , i.e. on the
surface where they take their maximum values .
where A, isequalto TIpW?.and W,
represent the strength of laser field .

In the same way, we found the formalism of the
occupation numbers around the adatom (2) . We
get,

& (29)
p7 (E)= cy :
o ";ﬂ[}izmm:_g " (E—Eg +nho) +(a7, ]
So that,
1= Y XC tan ErTEET0MO)
) :T:l -—.:.'- - A.T:
o (u,—EZ —nfzc))a|
“tan ——— ¢ 30
tan —\:. | ( )
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Chemisorption energy of the two interacted
adatoms

The chemisorption energy, E(Vi2,J), in
general, is defined as being the difference
between the final and the initial energies of the
system . According to Anderson model, the
chemisorption energy is the change in the
ground state energy on switching on the
coupling assuming one electron on the adatoms
initially. In general, the chemisorption energy is
divided into two parts. These are the metallic
part and the ionic part [28].
The metallic part of the bond energy, which may
be called delocalization energy, results from
allowing the valance electron of the adatom to
spread throughout the metal and the metal
electrons to spread a bit into the region of the
adatom. This part of chemisorption energy is
given by [29].

E,; (Vi II—TT |Ep (EME
—%Uﬂfnf +Jz_ln1:n§ (31)

Then, by substituting the formula of local
density of states on the adatoms in the presence
of laser field eq.(13), eq(14) into eq.(31) , we
get[19]

E-

p E
E, (V. J)= CrA7 &
e Zc: =021 ,';— ne ‘[ (E EG Jrhﬁ’))_ + (Af', )
E; E
+ Cr AT 5 - dE
:g;.:l w:::Z::: o 7 “’[ (E - E; + ”h m)’ + (A?_ )7
_ iUnfni‘U +I3 nfn; (32)
i s

And by doing the integration on energy that
encloses the occupied states below the Fermi
level Eg, one gets [19].

E: —E-U n/ic E° + nfic
\[ ‘/173-]' Z Z Zcﬂll( )L[an 1#—’[3{]_1 #1
o n=0z1j== 1 AL J
(E —Ef +11f1'c:} +(
o 45 Ir
+§n;1]—z—:— [( -Ef +11?‘1'c:} (
Y chj:(E;; o) tan- B _En 10O “h _tan! m1
o a0 jrm 1 A%, Ar, J

L=—m==)
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In the right side in eq.(33) , the first and second
terms are for adatom 1 , and the third and the
fourth terms are for atom 2. The fifth and sixth
terms the chemisorption energy due to intra-
atomic interaction in each adatom and the
effective exchange interaction (interatomic
interaction)  between the two adatoms
respectively.

Note that in eq.(33), the laser field effect is
added explicitly to the molecule energy levels
positions and the broadening function .

The ionic energy is the energy associated with
bringing a charge infinitely removed from the
metal up to a distance Z from the surface and it
is given by [30].
2 r
W(Z) = —e? I ZL)dZZ
»4(z'+z,)

Where, the z. (2') is the Z-dependent effective
charge on the molecule, and it may be

2, (@) =2-3 (07 (@) +n° (2)

Finally, egs.(33) and (34) are calculated
numerically to get the total chemisorption
energy,

Eche (V12"]) =Ey + W(Z) (35)

The main purpose of this application is to
calculate the chemisorption energy E. (ionic
part and metallic part), between a pair of Na-
atom (V,=5.14eV and V,=0.74eV) as they
approach to the W(100) %@ =1,3,5eV surface
[31] and adsorbed on it with strength of laser
field W = 2.7, 5.4 eV. and frequency ¢ = 4.58eV
The system of the coupled equations

to to +o to
n;°,ny”,E;° E;

%, (B, —E2 +nho) + (8%, ] ]

(33)

(34)

Solved-consistently. All the chemisorption
functions are calculated and investigated as a
function of both atom- atom intermolecular
distance and the molecular normal distance
above the surface.

The initial conditions at large distance (Z=10
A°) from the surface are:

ny =n; =1 (36)
n,°=n,’=0

And the atomic levels at the same distance are
calculated from,

Ef =5 =(0- V)~

E;°=E)"=(¢p-V,)+U 2< X <6.2A°

Results and Conclusion

Our model calculation gives the occupation
numbers and all the related chemisorption
function [19] as well as the chemisorption
energy and its ionic and metallic parts for the
system Na, / W (100) as a function of
2<X<6.2A° at  Z=0A° and laser field
parameters . All these result give as precise
description for the ionization of the interacting
adatoms

Table (1) presents the occupation number at Z=0
A° as a function of the distance between the
adatoms as well as the laser field parameters W
and wh. At the surface, the adatoms are in
nonmagnetic state where n=n;° and n,;*°=n,™
The occupation numbers are decreasing as X is
increasing for certain W, and wh. Also for
certain X and field strength they decrease as

increase. The increasing of field strength
increases the ionization of the interacting
adatoms.

Table (2),(3) and (4) represent the ionic ,
metallic and the chemisorption energies
respectively as a function of all the parameters
that are our mentioned of table (1). For certain
W, and w#, the ionic energy increases with X ,
but for certain W__, this energy increases with
for X=2 A’ and decreases for X=6.2 A° .While
for the metallic part, for certain W and w/ , this
energy decreases with X , but for certain W_ it
increases with w# for X=6.2 A° and decreases
for X=2 A’ .In general the metallic part is
dominant in the presence and absence of laser
field. So the behavior of the chemisorption
energy follows the metallic part one.

Finally, one can conclude that the laser
field can be used as a tool to increase the
ionization of the interacting alkali adatoms and
to reduce the ionic and metallic parts of the
chemisoption energy, i.e the laser field reduces
the chemisorption energy. This enhances the
bonding breaking between the adatoms and
between each atom and the surface which lead
to the dissociation process.
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Table (1): Shows the occupation number as a function of W, _, e, X at Z=0Ao

ny°=n"=n,° =n,” at(Z=0)
X(A°) In the W, =2.7eV W, =54¢eV
absence of
laser field  jp=1ev Hw=3eV how=5V ho=1V ho=3eV ho=5V
2.0992 0.49995 0.40649 0.39551 0.36733 0.24659 0.24316 0.23666
4.0988 0.49950 0.34059 0.32929 0.33966 0.25144 0.24968 0.24654
6.200 0.49637 0.27027 0.30996 0.35531 0.24806 0.24766 0.24623

Table (2): Shows the ionic part energy as a function of W ,zm, X at Z=0Ao

W(Z =0) (ev)
X(A®) In the absence W =27eV W, =5.4eV
fl field
I Tho =16V  hw=3eV hw=5eV  hw=1eV  hw=3eV  hwo=5eV
2.0992 -3.42E-9 -0.00911 -0.01197 -0.0236 -0.09049 -0.09963 -0.12488
4.0988 -3.27E-7 -0.05656 -0.56974 -0.24163 -0.14107 -0.59409 -0.29395
6.200 -0.9414 -1.07388 -0.73348 -0.21292 -0.96870 -0.70478 -0.2401
Table (3): Shows the metallic part energy as a function of W, ,7®, X at Z=0Ao
E(Z=0) (eV)
X(A?)  Intheabsence W =2.7eV W =5.4eV
of laser field
hw=1V hw=3eV  hw=5V ho=1eV ho=3eV ho =5V
2.0992 -15.9217  -12.462 -12.1872 -11.1183 -7.56042 -7.71595 -7.7303
4.0988 -3.67927 -6.82583 -7.65776 -8.9665 -7.48996 -7.69301 -7.87536
6.200 -0.11637 -5.18516 -6.16718 -7.88877 -7.30362 -7.45181 -7.63116
Table (4): Shows the Chemisorption energy as a function of W 7@, X at Z=0Ao
Eue(Z=0) (eV)
X(A°)  Inthe absence W, =2.7eV W, =5.4eV
of laser field
hw=1V hw=3eV hw=5V #hw=1V hw=3eV hw=>5V
2.0992 -15.9217 -12.4711 -12.1992  -11.14119 -7.65091 -7.81558 -7.85518
4.0988 -7.67927 -6.88239 -8.2275 -9.20813 -7.63103 -8.28707 -8.16931
6.200 -1.05781 -6.25909 -6.90066 -8.10169 -8.27241 -8.15659 -7.87126
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