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• Calculations based on 
simplified models 

• Calculations based on  

   first-principles methods 
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What is Jellium Model (JM)? 

• In the simple JM, the discrete ions are replaced 

with a homogeneous positive background of 

density   
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Jellium Model (JM) 
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Density functional theory 
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Application of JM to metal surfaces 
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Corrections to JM 
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Stabilized jellium model SJM 
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SJM energy functional 
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Application of SJM to metal surfaces 
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Spin-polarized EG 
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 چه مشخص، قطبش ازای به
 است؟ متعادل سیستم موقع



Equilibrium condition for EG 

نوزدهمین کنفرانس بهاره فیزیک                          
پژوهشگاه دانشهای بنیادی 1391اردیبهشت  28-27     

24 



Generalization to any metal 
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X= Ga, Al, Li, Na, K, Cs 



Stabilized spin-polarized JM 
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Equilibrium condition for SSPJM 
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rc  as a function of rs  and  zeta 



Polarization dependence of <delta_v> 
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Energy functional in SSPJM 
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Application of SSPJM to metal clusters 
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SSPJM 

• Stabilized Spin-Polarized Jellium Model and Odd-Even Alternations in 

Jellium Metal Clusters, M. Payami and N. Nafari, J. Chem Phys. 109, 

5730 (1998) 

• Finite-size effects and the stabilized spin-polarized jellium model for 

metal clusters, M. Payami, J. Chem. Phys. 111, 8344 (1999)  

• Volume change of bulk metals and metal clusters due to spin-

polarization, M. Payami, J. Phys.: Condens. Matter 13, 4129 (2001) 

• Equilibrium sizes of jellium metal clusters in the stabilized spin-

polarized jellium model, M. Payami, Phys. Stat. Sol. (b) 225, 77 (2001) 
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Self-compressed SJM 

•Finite systems are 
not stable in SJM 

 
J. P. Perdew, M. Brajczewska, and C. Fiolhais, Solid State Commun. 88, 795 

(1993) 
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SC-SJM Energy functional 
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SC-SJM 
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SC-SJM 

• Fragmentation of positively charged metal clusters in stabilized jellium 
model with self-compression, M. Payami, arXiv:physics/0112022 

• Study of interaction of high-power Ar$^+$ laser beam with Ag$^+$-doped 
glass, A. Nahal, H. R. M. Khalesifard, M. Payami, arXiv:physics/0302073 

• Stabilized jellium model and structural relaxation effects on the 
fragmentation energies of ionized silver clusters, M. Payami, Can. J. Phys. 
82, 239 (2004) 

• Fragmentation of multiply charged simple metal clusters in liquid-drop 
stabilized jellium model, M. Payami, Phys. Stat. Sol. (b) 241, 1838 (2004) 

• Self-consistent iterative solution of the exchange-only OEP equations for 
simple metal clusters in jellium model, M. Payami, T. Mahmoodi, J. Phys.: 
Condens. Matter Vol 18, 75 (2006) 

• Exact exchange optimized effective potential and self-compression of 
stabilized jellium clusters, M. Payami, Phys. Rev. B 73, 113106 (2006) 

•  Equilibrium properties of simple metal thin films in the self-compressed 
stabilized jellium model, T. Mahmoodi, M. Payami, J. Phys.: Condens. Matter 
21, 265002 (2009)  
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Infinite Crystalline Solid 
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Cut into two pieces ... 
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Infinite Crystalline Solid 
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What happens ...? 
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Infinite Crystalline Solid 

40 

a 
a 

نوزدهمین کنفرانس بهاره فیزیک                          
پژوهشگاه دانشهای بنیادی 1391اردیبهشت  28-27     



Two Semi-Infinite Crystalline Solid 
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The surface atoms 
redistribute 

themselves... 
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Semi-Infinite Crystalline Solid 

43 

a 
a 

نوزدهمین کنفرانس بهاره فیزیک                          
پژوهشگاه دانشهای بنیادی 1391اردیبهشت  28-27     



Semi-Infinite Crystalline Solid 
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•  Near the surface of a semi-infinite 

crystal, the interatomic distances are 

different from those in the bulk. 

• That is: the ionic density in  surface 

region is different from that in the 

bulk region. 
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Semi-Infinite Crystalline Solid 
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Semi-Infinite Crystalline Solid 
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Semi-Infinite Crystalline Solid 
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Surface Region Bulk Region 

• How many atomic layers in 
the surface region? 
 

• Surface Region: Expansion 
or Contraction? 
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To answer these questions, we 
have formulated: 

Self-compressed inhomogeneous 
stabilized jellium model (SC-ISJM) 

M. Payami, T. Mahmoodi, Can. J. Phys. 89, 967 
(2011). 
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Semi-Infinite Crystalline Solid 
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Surface Region Bulk Region 

• How many atomic layers in 
the surface region? 
 

• Surface Region: Expansion 
or Contraction? 
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SC-SJM 

• In Self-Compressed Stabilized Jellium Model 
(SC-SJM) :  
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Energy minimization determines      :  sr

†
/ 0

† determines the equilibrium density

s
s r

s

E r

r

  

نوزدهمین کنفرانس بهاره فیزیک                          
پژوهشگاه دانشهای بنیادی 1391اردیبهشت  28-27     



Inhomogeneous Jellium Model 
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SC-ISJM 

• In Self-Compressed Inhomogeneous Stabilized 
Jellium Model: 
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ISJM 
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enumerates different regions
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Calculation Method 

Equilibrium State: 
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SC-ISJM Results for Thin films 
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SC-ISJM results fo metal clusters 
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Al204,n2=2 
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Results: First-Principles 
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Our Group 
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