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Abstract
In this paper , a study is presented for the effect of laser field on the chemisorption
process for atom adsorbed on solid surface . The mathematical model is based on the
Anderson model by using the mean field approximation (MFA) . The laser field
characteristics ( the frequency and the field strength ) are incorporated in the treatment |,
since the frequency is added to the energy levels of the adsorbed atom and the effect of
field strength is incorporated  throughout the chemisorption functions. The model is
applied to the system H / W (111), since the laser field characteristics effects are studied.
The role of the AFM-parameter in the determination of weak and strong coupling types is

investigated.
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1-Introduction

When the particles in gas phase approach to a surfaces , the collisions between them and the
surfaces lead to adsorption which many be physisorption or chemisorption depending on the forces
that are responsible for the adsorption process [ 1 — 5 ] . The adsorption rate depends on :-

1- The mass transition rate from the gas phase to the surfaces[6—-9] .

2- The heat transition rate between the particle that approaches to the surfaces and the surfaces
[10-14].

3- The migration rate of the adsorbed particles to the adsorption sites [ 15— 17].

So , the full description of the adsorption Kinetics considered the adatoms numbers variation with

time as well as the relation between the adsorption rate, pressure and temperature .

Now , if laser field [ 18 — 19 ] is applied , its effect will be thermal or not thermal depending on the
field frequency . The chemisorption or physisorption are enhanced by laser field in different ways
such as ;

The dissociation of the interacting molecules on the surfaces or the atoms in the gas phase be in
vibration excitation or the surfaces is heated . Many theoretical studies [ 20 ] were accomplished
all of them make sure that the charge exchange processes between the atom or ion and solid surface
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and the chemical bonding which combines the atom or the molecule with surfaces can be controlled
by laser field (i.e. by its frequency and intensity) .
In the over mentioned references the laser field is considered as a tool to control all the kinetic and
the dynamical processes that happen on the surfaces .

In our research , the effect of laser field on the chemisorption process for an adatom on metal
surfaces will be studied theoretically .
The effect of laser field on the charge and spin types on the adatom as well as the chemisorption
energy are calculated and investigated in detail .

2- The Mean — Field Approximation

Anderson model for studying the chemisorption of atoms on the surfaces gives the most accurate
description for the adsorption type because it provides us with the detailed information about the
distribution of charge and spin on the system . In many studies , in addition to the Anderson model
, the mean field approximation MFA is also incorporated .

In this model calculation , the spin dependent effective hopping matrix elements V; that appears

in the MFA treatment of the charge transfer as an additional term in the Anderson Hamiltonian .
This term is called the correlated hopping term and it coincides to the transfer of surface electron

(with spinT) to the atom orbital when the atom orbital with (spin ) is occupied . This
Hamiltonian is given by [ 1] .

H=Y En/+> EJn{+> [V, Ci C,+hc]
ko o ko
+UnJn;7 =Y [V,... N7 CI"CJ +hc] (1)
ko

n; =(C,7C7) represents the occupation number of the atomic states ( EJ) of the adatom and

(ng =C.?C7 ) represents the occupation number of the band energy state .Ey is a set of quantum

numbers , h.c. is the harmonic conjugate . The treatment of MFA to the fifth term in eq.( 1) gives
Anderson Hamiltonian with effective matrix elements that depends on the adatom orbital's
occupation numbers [ 157,

VooV, ., 0<a<l - (2)

a

V,, is the spin — independent matrix element in Anderson model which is given by
Vo =(k|V |a) (3)

V refers to the perturbation due to the interaction between the adatom and metal surfaces .

The factor o characterizes the intensity of electron scattering off the adatom charge which
represents the ratio between the intensity of inelastic electron scattering processes off the adatom to
the intensity of the inelastic scattering for the electrons that transfer between the adatom and the
surfaces band energy and vice versa. So «<1 , which a =1 this means that the distance between

the atom and surface is very large , which development of & =0 given Anderson model [ 1] .
It was confirmed that this approximation does not contradicted with the concepts of the
chemisorption theory and found that it works relatively well .
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3- The Mathematical model

According to Anderson model and by using MFA which includes the dependence of the
hybridization process on the adatom states occupation numbers , the Hamiltonian is given by
[15] :

H=>Eny+> EN;+> (V'C,C,, +hc)+Un/n7—> nl A . (4)

k,o o ko o

U represents the intra — atomic Coulomb repulsion on the adatom site , which far away from the
surfaces is given by :

U=V -V, .. (5)

V,and V, are the ionization and the affinity levels of the adatom . V_; is the matrix elements of

interaction for the adsorbed atom atomic levels |a> and the level |k> in the surfaces band energy ,
which according to MFA isgiven by [ 1] :

Ve=(1-an”)V,, . (6)

V. determines the amount of the charge transfer between the adatom and the surfaces which
depends on the occupation number of the adatom with spin (—o) .

3-1 The Model Calculation for the Occupation Number

According to Anderson model , the occupation number of the adatom atomic energy level
with spin o ( without taking the surface temperature into consideration ) can be calculated by
using the following formula .

ng:ju'?p; (E)dE o (7)

U, And E. are the energy of the band bottom and Fermi energy level of the surfaces energy band
respectively . o7 (E) is the local density of states of the adatom and is given by [ 1] .

sy 1 A" (E)
o7 (E) n(E—E;’—A"(E))2+(AG(E))2 ...(8)

The chemisorption functions ( the broadening of the atomic level A“?(E) and the quantum shift
according to MFA are givenby [ 15]:

A°(E)=(1-an 7)Y | Vi[*s(E-E)) e (9)
k
1 A (E)
A°(E)==P| dE’
(E) V4 '[ E-E ...(10)
is the delta function refers to the principle part of the integral and o(E-E\)

And the adatoms energy level with spin o iswrittenas [ 15] :
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Ef=E.+AE+Un_°-17° (11)
represents the atomic energy position far away from surfaces E_°
measured with respect to Fermi level .

EZ=p-V, e (12)

@ is the surface work function while AE is the image shift . A 7 is defined as the shift in the
atomic level position of spin o (i.e. E ;] ) when the coupling depends on the occupation number
of the adatoms energy level , 4 “ isgivenby [ 15 ],

....(13)
ar=— 2% [ (E_E)p7(E)dE
1-an, 7w
Which , we write it in the following form :
,1022_““& Ep?(E)dE-nE’ . (14)
l-an_ 77w

And by taking the laser field frequency ¢ into account , the atomic energy of the adatom can be
written as ,

E°=E*+AE+UnN " -1 °+ho L (15)

The occupation number n; depends on the external laser field frequency throughout its

dependence on the position of the atomic level E ¢ is determined by the correlation effect and the
coupling — occupation number dependence .

3-2 The Chemisorption Functions

The broadening function in the adatom's energy level , A° (E) , is usually given by semielliptical
form :-
2

A° (E) Vc(l n“’)zl(E)z it |[E[(2p
= — —a _ —
B : 2 p

=0 else where ....(16)

44 is the width of the surface band and Fermi level lieson E=0 , i.e. on the middle of the band .
V. is the coupling strength between the electronic level of the adatom and the surfaces in the

absence of laser field . And by incorporating the strength of coupling due to laser field W, [ 20] the
last equation becomes :-

ar @)W on ey (Bt e (2
- " 1-q (=
B : 2p
=0 else where e (17)
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According , the quantum shift in the presence of laser field will be given by :-

A“(E)z%(l—ana“ 2% if |E [(28
(Ve +W ) ol B E .
= 5 (1-a n)’) LIHJF (ﬁ) ‘1] i E(-2p
2 .. (18)
(VW) oye| E [ E :
_T(_ana)[w (2 ) 1} if E)2p

Finally , we must write the following ,

1- The laser field frequency is incorporating throughout the addition of the term 7@ to the adatom
energy level .

2- The coupling strength in the presence of laser field is added to the coupling strength in the
absence of laser field .

4- The Calculations and Conclusion

In this section, the mathematical model will be applied to the system H /W ( 111) , i.e.
adsorption of hydrogen atom on tungsten surface . The hydrogen ionization level V, =13.6 eV and
the affinity level V, =0.75 eV , these energies are measured with respect to vacuum level . The
surface work function, p=4.36eV ,V, ) ¢ and £ =5e€V is related to surface band width 44 ,
the value of g lies within the wide band values . The initial conditions are given by :-

n’=10 , n.,’=00 , E{=¢e-V, , E.)=(p-V)+U ...(19)
All the energies are calculated with respectto E . = 0.

The parameter « is fixed at 0.2 and the surface temperature is not taken into account .

In order to get the adatom levels occupation numbers and corresponding energy levels , egs.( 7))
, (14 ), and ( 15 ) must be solved self - consistently . Notably , we choose the solution that
minimizes the following energy :-

Emo=2 EZnJ+UnNnIn,7+> 1°n.° .. (20)
To calculate the image shift AE , the following formulaisused [1] :-

3.6
AE =—— o (21)

Z,

Z, (inunitof A" ) is the screening length and it can be used as adjustable parameter . Z_ is taken
to be 2.9 A° . The occupation numbers n 3’ give important information about the chemisortion

process properties for any type of atom adsorbed on solid surface . The occupation numbers are
calculated as a function of the laser field characteristics 7w =1,2,3 eV and W,_lies in the range 1-

10eV with ¢=0.2 , V. =2eV and g=5eV . The coupling types ( in the case of laser field

absence ) are given by,
1- weak coupling Ve (B

2- strong coupling Vo) B
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While in case of laser field presence , we write the coupling types as ,

1- weak coupling Ve +W) (B

2- strong coupling V. +W) ) B

Fig (1) represents our calculation for occupation numbers for all the over mentioned parameters .
It is confirmed that the type of coupling is weak ( for all 7w values ) for 1eV <W, (5eV where
n?yn_? ie. the type of solution is magnetic . So the system spin states is determined by the
value of W, , not by the value of Z® . This does not contradict with many studies that were
accomplished to study the external laser field on the scattering and adsorption processes [ 1] . The
value of W, which the solution is changed from magnetic to nonmagnetic , can be considered as the
interface between the strong and the weak coupling . The values of the occupation numbers
ng=n_,° are decreasing with increasing W, and the increasing of the frequency shifts the state

E7 upand E_? is shifted down far away from Fermi level . Fig ( 2 ) represents the virtual
atomic energy levels , which confirm the correctness of the general physical features , for the same
parameters that used in fig . (1) . The most important energy A"° , which shifts the energy level
E;7 down , is shown in fig . (3) as a function of laser strength for different values of frequency

for the same over mentioned parameters .
The effective charge on the adatom can be calculated using the following relation [ 1 ] :-

Zy=le|(n7+n.7) e (22)

‘e| is the electron charge , and

The magnetic moment for the adatom is calculated using the following relation :-
...(23)
M=y, (nJ-n.?) _ : : N
The effective charge and the magnetic moment(in atomic unit) are
shown in fig ( 4 ) which makes sure that the system magnetization type is determined only by laser
strength . The value of W, =5.5eV that characterizes the magnetic solution from the nonmagnetic
one , is not determined by the value of W, only but also by all the other parameters especially V.
and £ in addition to the parameters that concern the type of the adatom and the surfaces as well as
the parameter «
Finally , we conclude that the laser field characteristic ( laser strength ) is very important to
control the charge and the magnetization on the species that approach to solid surface . Controlling
the charge and the spin on nanostructures by laser field is one of the

most interesting step in our future work .
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Fig. (1) : The occupation numbers as a function of laser field strength and frequency (a)
haw=1eV , (b) how=2eV , (¢) how=3eV
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Fig. (2) : The adtom energy levels as a function of laser field strength and
frequency (a) nw=1eV , (b) hw=2eV , () hw=3eV
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Fig. (3) : The energy A*° as a function of laser field strength and frequency (a)
ho=1eV ,(b) hw=2eV , (c) hw=3eV
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Fig. (4) : The magnetization (a) and the effective charge ( b) on the adatom as a
function of laser field strength and frequency #w=1,2,3eV
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