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THE PROBLEM 



  Que problema? Aquí no hay ningún problema!! 



  

ADSORPTIVE ENERGY SURFACE 

• Crystal of atoms A with random impurities B 
• Gas-Solid Lennard-Jones interaction 
• E(X,Y,Z0) = minZ E(X,Y,Z) 



  

What we get is the “adsorptive energy surface” 
AES 

• The potential energy surface seen by the probe 
atom: ε (X,Y) 



  

WHAT IS THE ENERGETIC TOPOGRAPHY? 

Is the way a given distribution of adsorptive energies are spatially 
distributed. For example, in the case of the simulated doped cristal 
we have these adsorption energy distribution and spatial correlation: 



  

The energetic topography produces important effects in all 
molecular processes on the surface (adsorption, surface 
diffusion, aggregation, chemical reactions, etc.). For example, 
adsorption isotherms for a surface with the same AED but 
different topography are different !! 



  

CHARACTERIZATION 

• Obtain the statistical properties of ε(X,Y) from 
experiments 

• Experiments: adsorption isotherms  θ(μ ,T) 
• Classical approach: neglects the “topography”, 

only valid for non-interacting adsorbates 
 
Correct approach: considers the “topography” 
 
 

AN IRRESOLUBLE PROBLEM!!! 
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WHAT CAN WE DO? 

 

• Develop simple models taking into account both the 
AED and the spatial correlation in adsorptive 
energies in such a away that these can be described 
by few parameters. 

 

•These models will provide us with an adsorption 
isotherm equation, which can be fitted to 
experimental data allowing the determinationof those 
parameters describing the energetic topography. 



  Ante la duda siempre es bueno hacer un asado! 



  

CONTINUUM 
APPROACH 



  

THE GENERALIZED GAUSSIAN MODEL (GGM) 



  



  

Bill Steele, the 
first reviewer, 
discovered by 
accident!!! 



  

THE LAST VERSION OF THE GGM 



  

Esto me costó mis 
mejores años de 

juventud!! 



  

GGM : LAST VERSION 
• The AES is assumed to be a Gaussian Stochastic 

Process, with the multivariate distribution 
function 

 
     with the covariance matrix 
 
 
• We also assume a gaussian decay for the 

correlation 
 
    with a “correlation length” r0 and a g-g interaction 
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EXAMPLE: THE DOPED CRISTAL 



  

GAS-SOLID VIRIAL EXPANSION 

• Adsorption isotherms ==> gas-solid virial 
expansion 

• A blue line represents a factor  
    with  
• A red line represents a factor  
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Basta!! Con tantas ecuaciones tengo la cabeza como la de un 

elefante!! 



  

BEHAVIOR OF VIRIAL COEFFICIENTS 

• B2 and B3 depend strongly on the correlation 
length r0 



  

BEHAVIOR OF ADSORPTION ISOTHERM 

• Adsorption 
decreases strongly 
with increasing 
correlation length. 

 
• Experimental data 

for low density can 
be fitted with 4 
parameters 
characterizing the 
heterogeneity: K(T) 
(or Ta), Ts, Tgg and 
r0.  



  

LATTICE-GAS 
APPROACH 



  

THE LATTICE-GAS GGM 



  

Esta tesis me ha 
hecho dar un hambre 

feroz !!! 



  



  



  



  



  

EFFECTIVE STATE APPROXIMATION (ESA) 

I-SISA (SIMPOSIO SUDAMERICANO DE ADSORCION) 
Campina Grande, Pernambuco, Brasil, Junio 2008 

 
 



  
Campina Grande, Junio 2008 



  



  



  

THE DUAL SITE-BOND MODEL (DSBM) 



  



  



  Alex Adrover and Max Giona with friends in Roma 



  

THE SITE-BOND LATTICE REPRESENTATION 

• The surface is represented 
by a lattice of sites and 
bonds. 

• Each site can be either 
empty or occupied by an 
adsorbed particle. 

• The lattice-gas approach is 
equivalent in magnetism to 
the Ising problem in a 
randomly inhomogeneous 
magnetic field. 



  Muse of Inspiration for the DSBM 



  

THE DUAL SITE-BOND DISTRIBUTION 

• F(ES ,EB) = FS(ES) FB(EB) Φ (ES ,EB)  
• Correlation function: <[E(r) E(r+l )]> ∼ C(l ) 
• Correlation length: C(l) ~ exp(-l/l0 );  l0 = 2 Ω  2 / (1-Ω  )2 

 



  

ADSORPTION ISOTHERM 

 
 
 
 

θL is calculated through a mean-field 
approximation, valid outside of phase 

transition regions. 
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MD SIMULATIONS ON TiO2 

Site and Bond distributions arising from Molecular 
Dinamics simulations of Ar on TiO2 



  



  

THE DSB MODEL TOPOGRAPHY 

a) Ω = 0.3;  b) Ω = 0.5;  c) Ω = 0.8 
Site energies are represented by 4 colors, darker 

colors represent more energetic (stronger) sites 



  

TOPOGRAPHY EFFECTS 
ON ADSORPTION 



  

Este trabajo costó muchos asados 
para tantos autores !! 



  

SURFACE DIFFUSION 

Chemical Diffusion Coefficient 



  

ANIQUILATION REEACTION: A+ A→ 0 



  

DIFFUSION LIMITED AGGREGATION (DLA) 

FRACTAL DIMENSION DECREASES WITH INCREASING Ω 



  

THERMAL PROGRAMMED DESORPTION (TPD) CAN ALSO BE USED 
IN THE CHARACTERIZATION OF ENERGETIC TOPOGRAPHY 

La rama Sanjuanina 



  



  

PATCHWISE 
APPROACH 



  



  



  Los autores tomando un merecido descanso 



  



  



  



  

UNIVERSAL SCALING LAW 



  



  

CONCLUSIONS 



  

Aquí hace falta un 
poco de seriedad 

académica !! 



  

              Continuum approach: virial  
         expansion limited to low adsorbate  
        density, 4 fitting parameters. 

 
                   Lattice-Gas approach: mean field  
                   approximation valid outside phase 
                   transitions, 5 or 6 fitting parameters. 
 
                   Patchwise approach: promising, but       

         must be extended to multivariate 
         surfaces. No fitting parameters ? 



  AL FIN! YA PODEMOS DEDICARNOS A HACER SOCIALES! 



  


