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e Calculations based on
simplified models

e 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 n
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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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M. Payami and N. Nafari, J. Chem. Phys. 109, 5730-40 (1998)
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Corrections to IM
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Stabilized jellium model SIM
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SIM energy functional
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J. P. Perdew, H. Q. Tran, E. D. Smith, Phys. Rev. B 42, 11627 (1990)
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Application of SJIM to metal surfaces
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M. Payami and N. Nafari, J. Chem. Phys. 109, 5730-40 (1998)
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Spin-polarized EG
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Equilibrium condition for EG
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Generalization to any metal
X, o X EG
rﬁf:)_u{ﬂ}_l_i‘fs

X= Ga, Al, Li, Na, K, Cs
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Stabilized spin-polarized JM
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Equilibrium condition for SSPJM
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Polarization dependence of <delta_v>
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polarization §

M. Payami and N. Nafari, J. Chem. Phys. 109, 5730-40 (1998)
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Energy functional in SSPIM
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Application of SSPJM to metal clusters

‘ = SSPIM S & UM B EXP YV dif-55PIM
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SSPIM

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)
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Self-compressed SIM

*Finite systems are
not stable in SJIM

J. P. Perdew, M. Brajczewska, and C. Fiolhais, Solid State Commun. 88, 795
(1993)

S5 o e il S (para 58
sl (oleily ol&iia 5 5 VYA Culigna ) YY-YA



SC-SJM Energy functional
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SC-SIM
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Infinite Crystalline Solid




Cut into two pieces ...
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Infinite Crystalline Solid



//upload.wikimedia.org/wikipedia/commons/1/18/Skalm_2.JPG

What happens ...?

St o g (il S aana 353
ool (slesila o8iia 55 YT Y Cudigwy ) YV-YA

39



Infinite Crystalline Solid




Two Semi-Infinite Crystalline Solid
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The surface atoms
redistribute
themselves...
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Semi-Infinite Crystalline Solid
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Semi-Infinite Crystalline Solid




- Near the surface of a semi-infinite
crystal, the interatomic distances are
different from those in the bulk.

* That Is: the 1onic density In surface
region Is different from that in the
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Semi-Infinite Crystalline Solid
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Semi-Infinite Crystalline Solid
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Semi-Infinite Crystalline Solid

Region Surface Region
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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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SC-SIM

* |n Self-Compressed Stabilized Jellium Model
(SC-SIM) :

Energy minimization determines I :

GE/or| =0
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=3/4mr] I, 7 determines the equilibrium density
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Inhomogeneous Jellium Model
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SC-ISIM

* |n Self-Compressed Inhomogeneous Stabilized
Jellium Model:
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ISIM

Ejsndn {n®}] = Ep [n (0} ]+ Y < 6v > (1) [ dFO (7F)[n(F) - (7)]

+ 2 [ (7,) + &, ()] | dF il (F

p—

o enumerates different regions

M. Payami, T. Mahmoodi, Can. J. Phys. 89, 967 (2011)
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Calculation Method

Equilibrium State:

E,/N=E({1}})/ N =min E({#,})/ N
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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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