Journal of Basr ah Researches ((Sciences)) Vd. 36, No. 4, 15 August ((2010))

LASER FIELD EFFECTSON THE CHEMISORPTION PROCESS

l.Q. Taha, J. M. Al-Mukh and S. |. Easa
Physics Department, Education College, Basrah University, Basrah, Iraq

ISSN 1817- 2695
((Received 8/10/2009, Accepted 30/6/2010))

Abstract

Detailed theoretical treatment and model caltutat for describing the interaction between
species and solid surface in the presence of a choomatic electromagnetic field (laser field)
throughout the chemisorption process, have beeelajg¥d.
Our theoretical treatment [1,2] for the scatterprgcess in the presence of laser field and the well
known Anderson model for atomic chemisorption [3ad4¢ the basis in deriving our theoretical
treatment in the case of the chemisorption of gexies on solid surface in the presence of laskt. fi
The derived occupation number and the chemisorptimergy are calculated as a function of laser
parameters and as a function of normal distanom ftee surface as the adatom approaches to the
surface. The model calculation is applied to theteys Na/W(111) and H/Cu(110) for their
experimental and academic importance. Many impofeatures are explained concerning the adatom
charge state and the bonding type. From our resuiis can conclude that the laser field is a tdol o
ionization , which is experimentally the truth.

Keywords: chemisorption process; monochromatic electromiagnield; occupation number;
chemisorption energy

1. Introduction

Surface chemical reactions, in which at The surface-atom charge exchange
least one of the reaching species is adsorbed oprocess can be controlled by laser field [1,2]. So
solid surface, are important for chemical we expect that the transfer of charge between
industry. It is hence of interest to investigate solid surface and adatoms above the surface to
laser-stimulated surface processes [5] whichbe greatly enhanced.
include surface excitation [6-8], desorption Since the charge transfer is the essence of
[9,10], dissociation [11,12] and catalysis [13] chemistry, surface catalysis would be greatly
(see fig. (1)). affected by this phenomenon. With laser,
Laser-stimulated surface processes usuallychemists have begun to control chemical
combine laser-excitation effects with surface- reaction dynamics in gas-phase reactions and the
induced excitation and relaxation effects on thereactions occurring at the gas-solid interface,
dynamics of adspecies (atom, molecules, orusing ultra short laser flashes on the time scale
clusters that are physisorbed or chemisorbed oron which the reactions actually occur [17].
solid surfaces). Laser-stimulated surface In this paper, the chemisorption of atoms
processes have been investigated during the pagin solid surfaces in the presence of laser field is
several years, due to both their academic interesstudied. The theoretical treatment in our
and industrial potential. Recent progress in thepervious paper [2], and the well-known
experimental and theoretical studies and Anderson model [3,4] for atomic chemisorption,
applications of laser-stimulated surface are our basis in deriving the occupation numbers
processes have been reported [14]. Laserand the binding energy formulas in the static
excitation or desorption of adspecies have beerncase of u (atomic velocity)» 0. In order to
investigated theoretically by a variety of develop a "basis treatment”, many complications
techniques including Morse potential models myst be avoided such as,
[15] and master equation approaches [16].
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1. The variation of the screening length with 4. The effect of surface temperature is not
laser field parameters is not taken into considered since by including it, one must

account. establish the heating of the system due to
2. The dependence of the intra-atomic laser field.

Coulomb interaction on laser field Each of these remarks may have a wide-range of

parameters is not considered as well as theresearching both theoretically and

correlation effect on the surface site. experimentally, which may be considered as
3. The electronic excitations in the adatom- future work

surface orbitals are neglected.

2. Derivation of the Adatom Occupation Numbers
To derive a formula for the occupation the following equation that is derived in our
number n, of the adatom level, we get use of Previous paper [2](eq. (20),
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Cap'(t)= —éeim (A,
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which is treated firstly as the velocity of the chemisorptions functions are calculated as a
atom goes to zero. This means, that thefunction of the normal distance from the surface.
occupation number and all the related By using the following definitions,
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where the functiorG(t) at certain Z is given by,
G(t) = |V (1) + 2V, ()W, (1)t +e70)
i)

+|WAH (t)|2(2+ g2idniat o e—2i6—2imLt)} (4)

The first term of eq. (4) includes the adatom the interference between the two above-
energy level broadening due to coupling mentioned coupling interactions. Then by using
interaction while the third one includes the the definition of the atomic level broadening
adatom level broadening due to laser field [18], we can write

coupling interaction. The second one includes
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= nZ|vAu(z)|2 3E-E,) A2 =Ty |W,,2)[3E-E,)
A, ( nZ|vAu (Z)3E-E,)

derivation Works in the limitu — O, the atomic  normal distance. So eq. (4) can be written in the
level broadenings are written as a function of the wide band approximation limit as,

G( ) A + 2A|m( iO+io t +e—i6—ith)+A (2+ 2i6+2iw t +e—2i6—2ith)

As our

— — 2
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=mpV(Z)W(Z), p =1/bandwidth (6)
Then by integrating eq. (6), we get
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oY 120
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W 20,
getting use of the definition of exponential fuocti[19], we write,
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By substituting eq. (9) in eq. (3) we get,
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However, if the perturbation is time dependent thrown above Fermi level and the others below
harmonic one, then the system levels generatedhe conduction band bottom position. So they

from E,(Z)will be EA(Z)+ nw_, with may do not effectively take parts in the

—0+1+ resonance charge exchange process.
n=0x1+2,...... Some of these levels are Accordingly, all the terms in eq. (10) are

|[EH—EA (Z)+oy (v+n—m+21-2k )+i (Ac+2A, )]t }
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neglected except fon=m=1=k =1, so eq.  (10) can be written as,

_ | v
Ca(t)=e (Ep—E:(z))t Au
wilt) E, -E,(2)+i(a. +21,)

. WAp ei6+ith . WAp e—ié—ith (11)
(Ep —E, (Z)_(*)L)H(Ac + ZAL) (Ep —E, (Z)+(*)L)+ i(Ac + ZAL)

The adatom’s occupation level can be given by [20],

1 — 2
N, :EIZUJ\CAU\ 5(E-E,NE (12)

Substituting eq. (11) in eq. (12), we get the folltg expression,
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There are nine terms, the first three terms do notto zero due to averaging over the phase, with
include the timedependent exponential term nis an integer
while the others include it. These six terms turn
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12 That leaves the occupation number time-
= J.ei'”é dd=0 independent term.
21y,

3. TheModel Calculation
Eqg. (13) is employed to calculate the which can be written ¢
occupation number of the atomic energy level
_1 Ac i Ac +24,
n, == j 5 > dE
A +24, 0(E_EA(Z)) +ag+2n,)

u,

1 AT Ao +20,
+= . ~dE
MA:+20, 3 (E-E,(2)-w ) +(ac+24,)

+ 1 A ¢ Ac +2A, dE
A +24, UO(E_EA(Z)+(DL)2 +(Ac +2AL)2
with u, and E.are the bottom of the band and Fermi energy reseéet Accordingly, eq. (14) can

also be written as [20],

(14)

Ee
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Since an is the local density of states on the E,° and E,° differ by U whose value may be

! . taken forasV, -V, , with V, andV, are the

adatom in the presence of laser field. The spin,” = | . re )
ionization and the affinity energies respectively.

As the atom is far away from the surface

n,’ =1 and E,° =¢@-V, while n,° =0 and

E’ =(p-V,)+U. Now as the atom

. approaches the surface, U decreases due to the

E,}G(Z), +0 for spin up and—0 for spin  screening out of the electron-electron interaction

down atomic levels respectively. By and its effective value can be given by [23,24],

incorporating the repulsive electron-electron U=V, -V, —2¢, (2) ..(19)

Coulomb interaction U [21,22] on the adatom, Where sim(z) is the image shift [25],

Ex (Z) takes the following expression, &

Ei“(z): EX + Uni"(Z) L EX =~V g, (Z2) =———— with Z, is the screening
18) Az+2,)

. length.
fand V; are the metal work function and the In chemisorption theory calculation, the

ionization energy of the adsorbed atom proadening function as well as the intra-atomic
respectively. electron-electron interaction, both make the

dependence ofn, = ny; and p, = P, is
considered throughout the adatom energy level
E. (Z) as well as the chemisorption function,

i.e. the broadening onekE, (Z) is written as
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theoretical treatments achieve higher a priori approximation, A% and A, are calculated from
accuracy in calculations of charge fractions . .
the following formalisms [26],

(ienz). In the limit of wide band

N(2)=0e €% B(2)=n, ™ (20)

With. o, = /2\V\ and o° will be defined 'norder to calculate the occupation numbers and
' L i C

all the related functions, we firstly solved eq.
later. ACU and ALO represent the broadening at (14) analytically,

Z =0with A, equal to TPW_.

ng = 1A tamt EeTBA _papt Y TEx Ex
AT + 20, N +2A, NS +2A,

+E—G B [gEe—Ba-@ _ = Sl AL S Sl N _ Sall}
A% + 20\, D+ 20\, £+ 20\,

+l . A tan™ E. : Eptw _ tan™ Uo :EA Ty 1
A% + 21, A+ 21, A+ 20, (21)
Then eq. (21) and (18) must be solved self-gyface (.e. at Z=100A°), n:°=1 and

consistently using the following initial o
conditions as the species is far away from the Na =0.

4. The Chemisorption Energy

The occupation numbers and related system. According to Anderson model, the
chemisorption functions are considered as anchemisorption energy is the change in the initial
"input-data” to calculate the chemisorption ground state energy on switching on the
energy. The calculation of the chemisorption coupling assuming one electron on the adatom
energy as a function of normal distance to theinitially. In general, the chemisorption energy is
surface, i.e. the potential energy surfacesdivided into two parts. These are the metallic
calculation is an important step in the part and the ionic part [27].
chemisorption theory calculation. The potential The metallic part of the bond energy, which may
energy surfaces give the type of binding at everybe called delocalization energy, results from
normal distance from surface, which is what one allowing the valance electron of the adatom to
needs for comparison with the experimental spread throughout the metal and the metal
founding. electrons to spread a bit into the region of the

The chemisorption energyE,. , in  adatom. This part is given by [28],

general, is defined as being the difference
between the final and the initial energies of the

Ew(2)=Y [Ep(E) dE-UNZ nY (22)

Then, by substituting the formula of local dengifystates on the adatom in the presence of lasler fi
eq.(12) in eq. (22), we get

E.(2)=Y Y 9, Ep:(E) dE-Unny (23)

o n=0,+1 u
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Note that in eq. (24), the laser field effect is
added explicitly to the atomic energy levels
positions and the broadening function.

The ionic energy is the energy
associated with bringing a unit of charge
infinitely far removed from the metal up to a
(28],

Z..(2)=1-n9 (25)
Now, the work or the change in energy to bring
the charge fromZ' = to Z' = Z is given by,

ooL)Z +(A“c +2AL)

G

W(z)= _T 2%,(z)dz

26
Vaz+zy

i

24
distance Z from the surface. However) as the

atom is brought to the surface, its sharp state
broadens and overlaps a bit with the metal
conduction band such that the effective net
charge on the ion is now a function of distance

Finally, egs.(24) and (26) are calculated
numerically to get the total chemisorption
energy,

Eche(z) = EM (Z) + W(Z) (27)

The dominant energy contribution depends on
whether the adatom is one of electronegative
nature or electropositive one, as well as on the
surface electronic structure, i.e. whether the
surface is clean or not.

5. The effects of the laser field on the chemisorption of Na/W(111) and H/Cu(110) : Results

and Discusson

We apply our theoretical treatment as
presented to real systems in order to illustrate it
applicability and to extract some physical useful
conclusions about the effects of laser field
throughout the chemisorption process. Two real
systems are considered, these are

thedynamics

chemisorption of Na on W(111) and H on
Cu(110).

5.1 The Chemisorptions of Na on W (111)
In this section, the chemisorption
of Na-atom



Journal of Basr ah Researches ((Sciences)) Vd. 36, No. 4, 15 August ((2010))

(Vi =514eVandV, = 054eV [29 ) as it which is equal to 2.35 eV [31] in the absence of
approaches the surface of  W(111) laser field. The parametdd (the band width =

((p: 44 eV [30]) is investigated. This system 4B) is fixed on 12 eV which works in the limit

: f the wide band approximation.

is of the type<'V,. 0 ) .
The screening length is fixed on The adatom energy level broadening function

that is used for this system is given by [32],
Z, =1163%A°, this value gives the

experimental atomic chemisorption energy

N°(Z) = (qAG) [1_,_ Z " Je—Z(Z”. Jax® (28)
I’

16V Z+r

where, g:° = ZlEf\c  V=2B+gandl. is E.° at Z,, as a function ofW, are listed in

table (1), whereE}° increases with//, which

gnsures that the increasing of laser strength
coupling enhanced the adatom positive
ionization atZ

In figs.(4), the chemlsorptlon energy and its
'contributions (the ionic and metallic curves are

the atomic radius of the adatom. TH&. -laser
field parameters dependence is being throughout
Ej . This formula is usually used for the alkali

adatoms adsorption on transition metal surface
because it gives the general physical features for

thelr chemlsorptlon dynamics, whilé\, is crossing atZ,.. It is clear that forZ>Z,., th
given by equation (20).

Figs. (2) show our results for the occupation ground parts) are presented as a functlorZof
numbers as a function of the normal distagce for different values ofW, . These contributions
for different values of laser coupling strength state is metallic while forZ<Z
W, while w, is fixed on 0.112 a.u.. Two types
of solutions can be recognized. The first is
magnetic solution(ni % n;") where there is

net spin on the adatom at large distance, while
the other one is non- magnetic solution

(n2 =n,%) where there is no net spin on the

o the ground
state is ionic folW, =0 and W, < 004 au..

As W, increases, i.eW, = 005 au., fig.(4b)
shows the effect of laser field on the system

Na/W(ll]) which  produces a double

intersection, as illustrated. So one can conclude
_ _ _ that the desorption of the adatom using laser
adatom at relatively small distanceZ, is field can occur along two paths,

referred to as the point where the solution is1. The adatom is desorbed, along the ground
changed from magnetic to non magnetic as the state of the system, from  the neutral state

adatom approaches to the surface. FOPZ, to the ionic state and then from the ionic one
. y to the neutral one throughout double

the adatom has atomic character while at - . .

) o S transitions, both are non-adiabatic.The later
Z<Z, the adatom is positively ionized. Table transition is an analogy to the neutralization
(1) shows the variation o, with W, , which process due to time-independent electric

Is thatZ, i lowly and by st field [21,31].
reveas thatzg, Increases slowly and by S€P 5 The adatom is desorbed throughout one
with W, . By laser field one can mark the adiabatic transition along the metallic curve.
distance at which the ionization began. As W, increasesW, = 0.1 au., we notice
In figs. (3) the corresponding;® are that the contributions are splitting and

presented as a function & for the same values the ground state energy dominantly metallic.
From which one can conclude that direct

of W, and (. The general features are very metallic desorption over "Schottky Saddle" may
obvious, where the values of high occupation geeyr.

are due to the lying of the correspondig At the surface the occupation number and all the
below Fermi level and vice versa. The values of related chemisorption functions & =0, are
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listed in table (2), from which many important atom. The parametd is fixed on 5 eV which
points are reported. . also works in the limit of the wide band
1. The solutions are all non-magnetic. .

approximation to get thé—l/Cu(llO) system’s

2. The values ofn;°(=n,°) increase with _ :
_ A (50)) _ general features [33]. Equation (20) is used to
W, till W, = 008 au.. As W, increases  calculate the energy level broadening function
it shows opposite behavior. due to coupling interaction with surface, where

3. The value of W, =008 au. can be 0 isgiven by

considered as a turning point to another type _:o _ [to
of chemsorption, for example molecular dec 2B, (31)

chemisorption. The A7 laser field parameters dependence is
The chemisorption energies and its contributions

as a function ofW_, at Z=0, are listed in
table (3).

Ft is seen that aWO_ mqeases the type of bond A%(Z) :AGCU o202 32)

is changed from ionic bond to metallic one . i, o

while n® +n:° <1 for all values of W, , i.e. where, Ac =Ac , which is fixed on 0.05eV to
the solutions are all non-magnetic. get the well known general features[21]of the

It is well known that the Na atom Systém inthe absence of laser field.
adsorbed at W surface as positive ion with ionic Th€ System general features in the presence of

bond [21] but by using laser field the Na atom Ia_ser field will be presented in two figures on_ly.
also adsorbed as positive ion but with metallic Figs- (6) show our results for the occupation
bond. From this, one can conclude that the typenumbers n;° as a function of the normal

of bond on the surface can be controlled by laserdistance Z for different values of laser coupling

field. This is not contracted with the gyengthW, , while oy is fixed also on 0.112 a.
experimental role of using laser field for the

desorption of atoms or ions from solid surfaces. 'IIJ'h ¢ t solut b zed
In figs.(5), an “adsorption potential ree types of solutions can be recognized,

which are well illustrated in fig. (6b). In region
well" is noticed forW, = 04 au. at which the 9. (6b) g

) o I, the solution is magnetic witm% #n,° and
value of Z may considered as equilibrium g A A
distance or "the adsorption position",Z_,.

being throughout; . So, AC(Z) will be spin-
dependent.

ny +n,” =1, where there is a net spin on the

; ; o -o
Table (4) reports the values @,, and all the ~2datom large distance. In region M, #n,

corresponding chemisorption functions as abut Ny +n,° >1 where there is a net spin on
function of W, >04 au.. At Z_, the the adatom. The adatom is a negative ion.

solutions are also non-magnetic and all the notesIn the Fh'rd Greglo_n(; the SOI(?UO”_': non-magnetic
that are above mentioned & =0 are the ©One with Ny =n,° and n, +n,;" >1, where

same. there is no net spin on the adatom. The adatom
is a negative ion also. From this classification,

5.2 The Chemisorption of H on Cu(110) one can conclude that the solution is mixed. It is
The second system that is investigated neither magnetic nor non-magnetic. The above-

in this chapter is H atom mentionedZ_, point increases witV/, . Figs.

(Vi =136eVandV, = 074eV [29]) as it (6) ensure that by laser, the adatom negative

approaches the surface Cu(110) ionization is enhanced.

(0= 448eV [30]). This system is of type In figs. (7), the chemisorption energy is

0<<V. only presented as a function of Z for different
-

_ o o values of W_, where the metallic part is nearly
The screening length is fixed Cﬁ? - 13_5A ’ equal to the chemisorption energy for this
this value represents the atomic radius of Cusystem and the ionic part has very small
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contribution even at small distance and high The total chemisorption energies and their
W,. The laser effect on the ground state contributions at Z=0 as a function &V, are
potential energy surfaces is well illustrated in listed in table (6). It is well illustrated thatrfo
fig. (7b) whereW, = 007 a.u.. Corresponding W, > 004 au., the metallic part decreases

to the values oy’ in fig. (6b), three types of with W, increasing. From this, one can

potential energy surfaces can also be recognizedconclude that the interaction dynamics may be
All the more interesting conclusions are listed in changed for W, > 004 au.. Finally, all the

table (5) especially for the adatom charge state , )
and the bond type which is metallic for all SolutionsforW, >0.1 au. are not physical.

regions (I, II, and Il1) and for all values MV, .

6. CONCLUSION

1. Our theoretical treatment and the model between the electronic coupling and the
calculation describe and explain precisely laser field coupling interactions.
the dynamics of the chemisorption 3. We note that our aim was to develop
process in the presence of laser field theoretical treatment for the chemisorption
throughout potential surfaces calculations. process illustrating all the reaction dynamics

2. One of the most interesting features in our for the adsorption process, which we
treatment is introducing the level consider as a "basis treatement" for other
broadening due to the interference related surface processes such as adatom

desorption from solid surface.

Laser field

Fig.(1): Thelaser-stimulated surface processes. a) desor ption of adsor bed atom.
b) desorption of adsorbed molecule. ) desorption and dissociation of molecule.
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Figs.(2): Thevalues of nf\" asafunction of species-surfacedistance Z for different values of
W, asindicated for thesystem Na/W(11J).
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Figs.(3): Thevalues of Ej‘&c asa function of species-surface distance Z for different values of
WO asindicated for the system Na/W(111).
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Figs.(4): The chemisorption energy and its contributions (theionic and metallic parts) asa function of
species-surface distance Z for different values of W, asindicated for the system

Na/W(11J).
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Figs.(5): The chemisorption energy asafunction of species-surfacedistance Z for different values
of W, =2 04 au. asindicated for thesystem Na/W(11]).
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Figs.(6): The occupation numbers n,ﬁ" asafunction of the normal distance Z for different values of
W, asindicated for thesysem H/Cu(110) .
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Figs(7): The chemisorption energy asafunction of Z for different values of W, asindicated for the
system H/Cu(110).
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Table (1): Thevariation of W, with Z, and E3° for the sysem Na/W(11J).

W, (a.u.)
0.0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.2

0.3

Zn (A%
3.400
3.400
3.400
3.405
3.405
3.405
3.405
3.405
3.410
3.410
3.410
3.430

3.465

E? =E,’(eV)
3.26753< 1073
3.41315% 1073
3.87987% 1073
4.09876x1073
5.358845 102
7.17221%10°3
9.54709% 107
1.245448 107
1.48735& 107
1.869385¢107
2.20499% 107
7.80735% 107
1.43583% 107"

Table (2): The occupation number and all the related chemisor ption functionsat Z = O for the system

W, (a.u.)

0.0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

0.2

0.3

ny =n,’

(z=0)
9.698127x10°3
6.464267< 1072

1.736764%x 10"

2.681024<10™"
3.313762x10™"
3.696041x 10"
3.912070x107"
4.017258 107"
4.050479x107"
4.03743% 107"

3.996661x10*

361085 107%

3.371961x10*

Na/W(113).
py— o — po

Ea=Ea Bo =L A (z=0)ev

(z=0)ev (z=0)ev
2.290710 0.076485 0.0
2.203446 0.076593 0.004846
2.030275 0.076671 0.019383
1.880305 0.076610 0.043612
1.779812 0.076512 0.077533
1.718955 0.076433 0.121145
1.684787 0.076382 0.174449
1.668081 0.076355 0.237444
1.662805 0.076347 0.310132
1.664876 0.076350 0.392510
1.671352 0.076361 0.484581
1.732628 0.076452 1.938322
1.770569 0.076501 4.361225
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Table (3): The chemisorption energies and its contributions asa function of W,

at Z=0 for thesystem Na/W(11]).

W,@u) | E,(z=0)ev | W(z=0)eV

0.0 -0.074218
0.01 -0.174004
0.02 -0.410105
0.03 -0.669236
0.04 -0.896374
0.05 -1.089538
0.06 -1.261456
0.07 -1.423710
0.08 -1.584032
0.09 -1.746939
0.1 -1.914693
0.2 -3.752287
0.3 -5.082188

-2.275791
-2.089644
-1.710739
-1.364838
-1.110094
-0.929675
-0.799461
-0.702329
-0.627498
-0.568250
-0.50292
-0.301717
-0.238802

che

-2.350009
-2.263648
-2.120844
-2.034074
-2.006468
-2.019213
-2.060917
-2.126038
-2.211530
-2.315189
-2.434985
-4.054003
-5.320989

(z=0)ev

Figs.(4): The chemisorption energy and its contributions (theionic and metallic parts) asa function of

species-surface distance Z for different values of W, asindicated for the system

Zad( 0)= AZoL ni = n;\c

0.03

0.13

0.21

0.28

0.34

0.39

0.43

3.046270<1(0™

3.08113%x1(0™*
3.009684¢1 (0™

3.12517X1(0*

3.14352x 10"

3.145860x 10"

3.148850x 10"

Na/W(11]).
_ - 0 — A C
EZ - EAU Ac - Ac
(eV) (eV)
1.791906 0.069849
1.697418 0.051778
1.634015 0.041017
1.584720 0.033591
1.547055 0.028385
1.518433 0.024715
1.496696 0.022146
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A|_ Eche = Ead

(eV) (eV)

6.744530 -5.606455
6.622061 -5.641807
6.575561 -5.6698671
6.465192 -5.692857
6.389961 -5.712194
6.410825 -5.729450
6.572302 -5.743783%

The total
screening

length(A )

1.1935

1.2935
1.3735

1.4435
1.5035
1.5535

1.5935
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Table (5): Interesting conclusionsarelisted for the adatom charge state and the bond typefor all regions
(1,11, and 111) and for all valuesof W, .

The Normal Distance The self-consistent The adatom charge dor-;ihneant
regions (A°) solution state bond type
Magnetic
o -o
I Z=081 Na >>Ny Atom Metallic
ny +n° =1
nz > n;\"y Mixed unstable
I 023<Z2< 080 o s transition state Metallic
n, +n,” >1 (negative ion)
Non-magnetic
[o J— -0 ) ) .
M 0<Z< 022 Ny =N, Negative ion Metallic

ny +nS >1
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Table (6): Thetotal chemisor ption energiesand its contributionsat Z=0 as a function of
W, for thesystem H/Cu(110).

W, @a.u) E,(z=0)ev W(z=0)eVv E..(z2=0)eV E, eV
0.0 -6.471672 -0.000017 -6.471672 2.6963
0.01 -6.788952 -0.004608 -6.793560 2.3790
0.02 -7.130810 -0.025063 -7.155872 2.0371
0.03 -7.507659 -0.042020 -7.549680 1.6603
0.04 -7.540740 -0.046152 -7.586892 1.6272
0.05 -7.526336 -0.047681 -7.574018 1.6416
0.06 -7.479390 -0.049097 -7.528487 1.6886
0.07 -7.398890 -0.050204 -7.449094 1.7691
0.08 -7.279461 -0.050857 -7.330318 1.8885
0.09 -7.115030 -0.051137 -7.166167 2.0529
0.1 -6.901184 -0.051123 -6.952307 2.2668
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