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ABSTRACT 

This study concerns about quantum chemical modeling behavior of 02  on Cr (100) 
surface by using density functional theory (DFT) by LANL2DZ and 6 — 31G* basis 
sets, we presented the results of our first principles electronic structure calculations 
on the 02 molecules and their interface with Cr (100) surface. The chromium metal 
has the body-centered cubic structure, and chromium cluster has five Cr atoms that 
used to form the perfect Cr (100) surface. Three possible adsorption site, top, bridge 
and center site are considered in the calculations. The predicted results show that the 
bridge site are considerably stronger than at top and center site. So the bridge site 
approach is important for the chemisorptions processes, because the adsorption 
energy is lower than top site. 
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INTRODUCTION 
Reactivity of elemental metal surface is 
under study both experimentally and 
computationally for many metals [1].The 
motivation for such studies is the fundamental 
in sight on the reactivity and chemical 
properties of such surface[1]. So experimental 
and theoretical studies of chemisorptions on 
vicinal surface are of great current in terest 
due to close connection coreal catalytic 
substerest [2]. The adsorption of gases on 
metals surface studied in the past year. so  
adsorption of CO on Cr203  has been the 
subject of several exnerimental studies in the 

*.Corresponding author: K.Zare 

past 15 year[3].or oxidation of pure CU(100) 
has been studied both simolationally [4] and 
experimentally [5] by menay people. 
Recently a large amount of experimental and 
theoretical work was reported on the 
characterization of chromium and chromium 
oxide G. M. Tonetto, M. L. Ferreira , D. E. 
Damiani study A combined theoretical and 
experimental study of NO decomposition on 
Pd and Pd-Mo catalysts [6] or Wen. Kaichen 
and jun. qianli [7] study of 02  adsorption and 
dissociation on CuCr204  (100) surface and 
Masahiro Katoh and Manabu Shinkaw study 
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adsorption properties of gases on 
mesorpor9ns chromium silicate[8] . 
The techniques most frequently applied were 

Low-ene 	electron diffraction (LEED) [9, 
10] angulaiirgOlved ultraviolet photoelectron 

1  ' (ARUSP) [9, 10] and infrared „ 
[111-15]. 
we preparation of chromium and 

eory (DFT) 
approachesll method. The purpose of our 
present lieff011 is to undertake DFT 
calculation's fb 'if oxygen adsorption for the Cr 
(100) 	 nanoclusters consisting 
of sevieid LIMAal atoms as the models of 
crystall isiiffag,' to examine the validity of 
small ii'ar%stillet-ure models, and to find 1111 	11'1 	. 
effects , of such barners on the adsorption. 

COMPUTATIONAL METHOD 
t 

The patIrtof density functional theory (DFT) 
begun when Hohenberg and Kohn suggested 

di 
in 1964 that the many —body wave function 
was al togetnerr  too complicated an entity to 

	

tt 	i lilt be dealt with aci cording to the methods of the 

	

tohl 	. variational pnnciple. 

	

it, 	11  

	

Metals 	frnletal oxide surface are a very 
interestingl challenge for chemists and 
physicis4 hèy play an important role for 
catalysis bf many industrial processes as well 
as in car .conti8ustion[16]. , 

They theorized and later, in their work 
I1 [17] , prO$

ved that another , much simpler 
11,1, 	t 

entity can be, chosen for the basic variable: 
the electron ooi ledsity which minimizes the total 
energy! This means that the ground state of 

	

rip 	11 
the system . Idefined by that electron 

1.11 distributiont tr 
illey zlso proved that all other tlt 

ground state properties of the system (lattice 
constan, 	['can be calculated as functionals 

It!! 
of the ground state density. Shortly following 
in 19651L4erit- min [18] extended the 
Hohenberg-1 ikohn arguments to the finite 
temperaur6 canonical and grand canonical 

	

ensemblk 	are not widely used, but this 

illuminates the generality of density 
functional theory. The fact that all properties 
of any system are defined by it's ground state 
density ni (r) means that one scalar function, 
dependent only of the position r, defines all 
the information in the many — body 
wavefunctions for the ground state and all the 
excited states. As mentioned, all other 
properties of matter can then be calculated as 
functional of the ground state electron density 
(in mathematics , a functional is defined as a 
function that takes a set functions as it's 
basis). The original works by Hohenberg and 
kohn and of mermin [18] that state the priif of 
the existence of such functional do nit, 
however, offer any means how to cinstruct 
them. Thus The whole Density Functional 
Theory would thus remain nothing more but 
theoretical curiosity, if it was not for the kohn 
— sham ansatz, which provides a way to 
construct approximate ground state functional 
for real systems of many electrons [19]. 
Now, as the basic idea of the Density 
functional Theory is introduced, let us state 
the fundamental theorems behind the theory 
lies are originally stated and proven in the 
work of the Hohenbereg and kohn in 1964, as 
mentioned earlier. 

This establishes the desired result and thus 
concudes the proof. [20] 
In this paper is devoted to the study of the 
interaction of 02 molecule with the Cr (100) 
surface. 

All the theoretical results present in this 
paper were obtained by means of quantum 
chemical embedded cluster calculation. The 
electronic structure of the system 02/Cr (100) 
is described by function based density 
functional theory (DFT) method; it is well 
known that the generalized gradient 
approximation (GGA) is needed to give an 
accurate description of energetic of bulk Cr 
phases and the cluster fragment is considered 
as a doublet molecules with partitioning of 
the basis sets for 0 atoms described by the 
standard 6- 31G* basis set. But for chromium 
the standard LANL2DZ basis set is used. 

spectroscopy!  
t spectroscly 

In this Wbfk 
t 	..! present attheocetical electronic and geometry 

studies atlISOrPtion of 02  on Cr (100) surface. 
For stad4 .ail#1 Calculation of adsorption we 
used DenSityi Functional Th 

.,1 

I 	1 
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Chromium has the body — centered cubic 
structure with a lattice constant of 2.88 A' 
and every metal layer contains five Cr atoms 
as shown in fig .1. The 02  molecule one per 
unit cell is allowed to approach the Cr (100) 
surface along three different symmetrical 
sites: 1- Directly on top of a Cr atom (top 
site) 2- on the middle of two nearest neighbor 
Cr atom (bride site) 3- in the center of the 
smallest unit structures of the surface (center 
site). For geometry optimization, the 
computations are performed with the 
Gaussian 98 package. 

Fig. 1. The body-centered cubic structure of Cr 
with a Miller plane (100). 

RESULTS AND DISCUSSION 
In this paper study a slap approach is adopted 
to describe the metallic surface the structure 
of the clean Cr(100) surface is shown in (Fig 
.1) and the distance between the metals is 
2.88 A' . we consider 02  molecules in unit 
cells that contain five Cr atoms. 02  adsorption 
on the clean surface of chromium was 
followed for Cr(100) surface . Whean 02 
molecule is allowed to approach the Cr(100) 
surface along three different symmetrical 
sites. The various configurations discussed in 
this paper could be present at the surface of a 
Cr(100) sample in equilibrium with the 02 
gas phase. 

In this study, we have carried out the 
calculation for intereaction of the adsorption 
02  molecules with Cr (100) surface so the  

adsorption energy of the 02  molecules is 
computed as: 
Eads= E (02/Cr) — (E (02) + E (Cr surface)) 
In equation the first term is the total energy of 
the 02/Cr surface super molecule and second 
and third terms are total energy of separated 
fragments. 

We start by describing the 02 
chemisorption process at different site on Cr- 
surfac.there are three high symmetry site on 
chromium surface, consider first site of top 
site (Fig. 2). 

In the vertical top site(fig. 2a) 02 
molecules is allowed to approach the 
chromium surface in different distance and 
their chemissorption energy are calculated 
with P/LANL2DZ , 6-31G* basis sets . The 
first optimized chemisorpton distance (Rd) 
that for 02/ Cr (100) surface for vertical top 
site is 1.8 A' and chemisorption energy is — 
164/62 ev. In the next step chemisorption in 
distance of is calculated with increase of the 
distance between the oxygen and oxygen 
atoms. In this state the optimized R(o=o)is 
1.41 A' 	and 	calculated 	energy 	of 
chemisorption in this state(Table1). 

In the horizontal top site(fig. 2b) 02 
molecules is allowed to approach the 
chromium surface in different distance and 
their chemisorptions energy are calculated 
with P/LANL2DZ , 6-31G* basis sets . The 
first optimized chemisorptions distance (Rd) 
for 02/ Cr(100)surface for horizontal top site 
is 1.85 A' and chemisorptions energy is — 
132/353ev.  . In the next step chemisorptions in 
distance of is calculated with increase of the 
distance between the oxygen and oxygen 
atoms. In this state the optimized R (0=0) is 
1.41 A' 	and 	calculated 	energy 	of 
chemisorptions in this state that -132/3538ev 
(Table2) 
For the vertical bridge site (fig.3a), 02 
molecule is allowed to approach the Cr(100) 
surface in different distance; so the optimized 
chemisorption distance (Rd) is 1.20 A' and 
chemisorptions energy is — 209/025ev while 
distance between the oxygen atoms is 
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Fig. 2. High symmetry of 02  adsorption vertical and horizontal top sites on Cr(100). 

1.21 A' (table 3). In the next step 
chemisorptions in distance of is calculated 
with increase of the distance between the 
oxygen and oxygen atoms. In this state the 
optimized R(0=0)is 1.41 A' and calculated 
energy of chemisorptions in this state(table3). 

For the horizontal bridge site (Fig.3b), 02 
molecule is allowed to approach the Cr(100) 
surface in different distance; so the optimized 
chemisorptions distance (Rd) is 1.20 A' and 
chemisorptions energy is — 170/044ev while 
distance between the oxygen atoms is 1.21 A' 
(table 4). In the next step chemisorptions in 
distance of is calculated with increase of the 
distance between the oxygen and oxygen 
atoms. In this state the optimized R(0=0)is 
1.41 A 	and 	calculated 	energy 	of 
chemisorptions in this state(table4). 

In general chemisorption s at the bridge 
site are considerably stronger than at the top 
site. 

This result is related to the fact that 02 are 
relatively much closer to the top site. for 
bridge site approaches 02 are closer to the 
Cr(100) surface ( Rd=1.2 A° ) than that of the 
top site (Rd= 1.8 A° ) and the chemisorption 
energy is lower than top site. 

In the vertical center site study (fig.4a) to 02 
molecule is allowed to approach on 
chromium surface different distance , thus 
optimized chemisorptions distance and 
calculated chemisorption energy are 0.70 A 
and -109.45 ev respectivety.In next step 
chemisorption energy in distance of 0.7A is 
calculated with increase of the distance 
between the oxygen atoms (R(0=0), Fig.4) . 
In this state the optimized R(0=0)is 1.51 A°  
and calculated energy of chemisorptions in 
this state that -114ev(Tables 5,6). 
In general chemisorption s at the bridge site 
are considerably stronger than at the top site. 
This result is related to the fact that 02  are 
relatively much closer to the top site. for 
bridge site approaches 02 are closer to the 
Cr(100) surface ( Rd=1.2 A' ) than that of the 
top site (Rd= 1.8 A° ) and the chemisorption 
energy is lower than top site. 
In the vertical center site study (fig.4a) to 02 
molecule is allowed to approach on 
chromium surface different distance , thus 
optimized chemisorptions distance and 
calculated chemisorption energy are 0.70 A 
and -109.45 ev respectivety.In next step 
chemisorption energy in distance of 0.7A is 
calculated with increase of the distance 
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between the oxygen atoms (R(0=0), Fig.4) . 	and calculated energy of chemisorptions in 
In this state the optimized R(0=0)is 1.51 A° 	this state that -114ev(Tables 5,6). 

Table 1 . Optimized parameter of Adsorption of 02 on Cr(100) at the 
P/LANL2DZ„ 6-3 1G*for Vertical Top Site 

Vertical Top Site 

R:, (A° ) R(0 = 0)(A° 	Eb  (ev) Eacds  (ev) 

0.5 1.21 -93832.1664 965.5018 
0.8 1.21 -93832.1664 1356.5019 
1 1.21 -93832.1664 611.7436 
1.2 1.21 -93832.1664 138.4681 
1.4 1.21 -93832.1664 -78.3288 
1.55 1.21 -93832.1664 -143.4481 
1.6 1.21 -93832.1664 -147.0177 
1.65 1.21 -93832.1664 -161.3552 
1.8 1.21 -93832.1664 -164.6215 
1.9 1.21 -93832.1664 -158.4484 
2 1.21 -93832.1664 -149.1385 
2.1 1.21 -93832.1664 -139.0042 
1.8 1.41 -93832.1664 -191.2635 
1.8 1.61 -93832.1664 -187.3875 
1.8 1.81 -93832.1664 -171.5271 
1.8 2.01 -93832.1664 -145.7641 
1.8 2.21 -93832.1664 -139.2766 
1.8 2.41 -93832.1664 -129.0972 
1.8 2.61 -93832.1664 -117.5887 
0.5 1.41 -93832.1664 2512.4638 
0.8 1.41 -93832.1664 810.3399 
1 1.41 -93832.1664 328.0471 
1.3 1.41 -93832.1664 -47.4276 
1.6 1.41 -93832.1664 -184.8823 
1.8 1.41 -93832.1664 -191.2635 
2.1 1.41 -93832.1664 -162.4244 
2.4 1.41 -93832.1664 -27.1064 
2.7 1.41 -93832.1664 -100.6247 
3 1.41 -93832.1664 -85.7058 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c.Eads=E(02/Cr(100)-E02-ECr(100) 
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Table 2 . Optimized parameter of Adsorption of 02 on Cr(100) at the 
P/LANL2DZ„6-31G*for Horizontal Top Site 

Horizontal Top Site 

Rda  (A° ) R(0 = 0)(A°) 	Eb  (ev) EC (ev) 

0.5 1.21 -93832.1664 11251.5674 
0.8 1.21 -93832.1664 1801.1777 
1 1.21 -93832.1664 544.9174 
1.2 1.21 -93832.1664 89.9392 
1.4 1.21 -93832.1664 -68.4173 
1.6 1.21 -93832.1664 -116.0156 
1.8 1.21 -93832.1664 -121.8091 
1.85 1.21 -93832.1664 -132.3538 
1.9 1.21 -93832.1664 -122.1091 
2 1.21 -93832.1664 -120.9092 
2.1 1.21 -93832.1664 -119.0395 
2.2 1.21 -93832.1664 -117.1623 
1.85 1.41 -93832.1664 -132.3538 
1.85 1.516 -93832.1664 -130.2402 
1.85 1.61 -93832.1664 -124.1074 
1.85 1.81 -93832.1664 -115.9872 
1.85 2.01 -93832.1664 -108.1891 
1.85 2.21 -93832.1664 100.9934 
1.85 2.41 -93832.1664 -93.4236 
0.5 1.41 -93832.1664 11169.0191 
0.8 1.41 -93832.1664 1738.2252 
1 1.41 -93832.1664 501.4205 
1.2 1.41 -93832.1664 67.69 
1.4 1.41 -93832.1664 -83.3831 
1.6 1.41 -93832.1664 -132.3788 
1.85 1.41 -93832.1664 -132.3727 
2 1.41 -93832.1664 -121.9056 
2.3 1.41 -93832.1664 -98.4329 
2.6 1.41 -93832.1664 -83.641 
3 1.41 -93832.1664 -75.5894 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c.Eads-E(02/Cr(100)-E02-ECr(100) 

-50 

-100 

-150 

-200 

-250 

2 	 1 

-100 

-150 

-200 

-250 

-300 
-a- vc i tical -m-hori.eontal 

Fig. 3. High symmetry of 02  adsorption vertical and horizontal bridge sites on Cr(100). 
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Table 3 . Optimized parameter of Adsorption of 02 on Cr(100) at the 
P/LANL2DZ„6-31G*for Vertical bridge Site 

Vertical bridge Site 

R: (A° ) R(0 = 0)(A° ) 	Eb  (ev) Eacch  (ev) 
0.5 1.21 -93832.1664 -67.4579 
0.8 1.21 -93832.1664 -154.8099 
1 1.21 -93832.1664 -192.4472 
1.1 1.21 -93832.1664 -203.2902 
1.2 1.21 -93832.1664 -209.025 
1.4 1.21 -93832.1664 -207.465 
1.21 1.31 -93832.1664 -229.666 
1.21 1.41 -93832.1664 -235.6817 
1.21 1.71 -93832.1664 -229.3098 
1.21 1.81 -93832.1664 -211.9305 
1.21 2.01 -93832.1664 -220.6184 
1.21 2.5 -93832.1664 -216.4171 
0.5 1.41 -93832.1664 -114.5665 
0.8 1.41 -93832.1664 -187.2566 
1 1.41 -93832.1664 -220.5749 
1.1 1.41 -93832.1664 -230.6388 
1.2 1.41 -93832.1664 -236.3036 
1.25 1.41 -93832.1664 -237.61 
1.3 1.41 -93832.1664 -237.9588 
1.5 1.41 -93832.1664 -231.3298 
1.8 1.41 -93832.1664 -202.8039 
2.1 1.41 -93832.1664 -169.0314 
2.4 1.41 -93832.1664 -133.9144 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c.Eads=E(02/Cr(100)-E02-ECr(100) 

Table 4 . Optimized parameter of Adsorption of 02 on Cr(100) at the 
P/LANL2DZ, 6-31G*for Horizontal bridge Site 

Horizontal bridge Site 

R: (A° ) R(0 = 0)(A°) 	Eb  (ev) Eacds  (ev) 
0.5 1.21 -93832.1664 -76.1583 
0.8 1.21 -93832.1664 -141.2889 
1.1 1.21 -93832.1664 -169.6698 
1.2 1.21 -93832.1664 -170.0441 
1.3 1.21 -93832.1664 -167.8137 
1.5 1.21 -93832.1664 -154.2673 
1.6 1.21 -93832.1664 -146.4158 
1.8 1.21 -93832.1664 -130.7998 
2 1.21 -93832.1664 -118.3223 
1.2 1.31 -93832.1664 -187.7203 
1.2 1.41 -93832.1664 -193.8385 
1.2 1.61 -93832.1664 -190.6224 
1.2 1.81 -93832.1664 -181.8325 
1.2 2.01 -93832.1664 -173.7871 
1.2 2.21 -93832.1664 -167.6477 
1.2 2.41 -93832.1664 -163.2288 
1.2 2.7 -93832.1664 -159.1244 
1.2 3 -93832.1664 -159.6213 
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1.2 3.3 -93832.1664 -155.0688 
0.5 1.41 -93832.1664 -102.2332 
0.8 1.41 -93832.1664 -166.1945 
1 1.41 -93832.1664 -189.522 
1.1 1.41 -93832.1664 -193.7483 
1.2 1.41 -93832.1664 -193.7483 
1.5 1.41 -93832.1664 -175.4034 
1.8 1.41 -93832.1664 -145.7475 
2 1.41 -93832.1664 -124.4144 
2.3 1.41 -93832.1664 -96.2053 
2.8 1.41 -93832.1664 -80.8862 
2.9 1.41 -93832.1664 -75.0924 
3.2 1.41 -93832.1664 -73.4288 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c Eads=E(02/Cr(100)-E02-ECr(100) 

Table 5 . Optimized parameter of Adsorption of 02 on Cr(100) at the 
P/LANL2DZ„6-31G*for Vertical Center Site 

Vertical center Site 

Rda (A° ) R(0 =0)(A°) Eb  (ev) Eacds (ev) 
05 1.21 -93832.1664 -87.4961 
065 1.21 -93832.1664 -88.9711 
07 1.21 -93832.1664 -109.4561 
075 1.21 -93832.1664 -104.1993 
0 9 1.21 -93832.1664 -78.2795 
1 1.21 -93832.1664 -73.396 
07 1.51 -93832.1664 -114.659 
07 1.61 -93832.1664 -113.2738 
07 1.81 -93832.1664 -113.2738 
07 2.01 -93832.1664 -102.5224 
07 2.21 -93832.1664 -73.396 
0 7 2.41 -93832.1664 -52.4669 
0 7 2.761 -93832.1664 -44.2732 
07 3 -93832.1664 -41.4757 
05 1.41 -93832.1664 -121.6369 
0.65 1.41 -93832.1664 -121.18849 
0.7 1.41 -93832.1664 -123.6152 
0.75 1.41 -93832.1664 -122.8991 
0:9 1.41 -93832.1664 -122.6367 
j 1.41 -93832.1664 -115.2588 
I1.2 1.41 -93832.1664 -108.5512 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c.Eads=E(02/Cr(100)-E02-ECr(100) 
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Table 6 :. Optimized parameter of Adsorption of 02 on Cr (100) at the 
P/LANL2DZ„6-31G*for Horizontal Center Site  

Horizontal Center Site 

R3 (A° ) R(0 = 0)(A° ) 	(ev) E  :cis (ev) 
0.45 1.51 -93832.1664 -221.2156 
0.55 1.51 -93832.1664 -223.8707 
0.65 1.51 -93832.1664 -222.8327 
0.75 1.51 -93832.1664 -219.175 
0.9 1.51 -93832.1664 -210.2325 
1 1.51 -93832.1664 -203.8647 
1.2 1.51 -93832.1664 -189.6979 
1.4 1.51 -93832.1664 -172.3452 
1.8 1.51 -93832.1664 -133.4288 
2.2 1.51 -93832.1664 -92.8031 
2.6 1.51 -93832.1664 -50.3413 
0.55 1.31 -93832.1664 -215.6772 
0.55 1.41 -93832.1664 -223.3482 
0.55 1.61 -93832.1664 -220.8946 
0.55 1.81 -93832.1664 -211.709 
0.55 2.61 -93832.1664 -203.079 
0.55 2.21 -93832.1664 -196.4224 
0.55 2.41 -93832.1664 -191.5708 
0.55 2.7 -93832.1664 -187.2664 
0.55 3 -93832.1664 -184.6607 

a. Distances of oxygen from the Chromium surface. 
b.Adsorption energy 02 on Cr(100) surface at P/LANL2DZ,6-31G*. 
c.Eads---E(02/Cr(100)-E02-ECr(100) 

CONCLUSION 
In summary, Density Functional Theory (DFT) 
begun when Hohenberg and Kohn suggested in 
1964 that the many-body wave function was 
altogether too complicated an entity to be dealt 
with according to the method of the variational 
principle. The paper presents the results of 
quantum chemical calculations using Ab initio 

density functional theory method for adsorption 
of 02 molecules on Cr(100) surface with 
LANL2DZ and 6 - 3 1G*  basis set. We can 
extract energetic information about the stability of 
adsorption 02 on Chromium surface and 
calculations adsorptions energy. The results 
obtained here used to interpret experimental data. 
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