Cluster growth on surfaces
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INTRODUCTION

" Awidely applied method for design of
materials with nanoscale dimensions

N

» deposit atoms or molecule on a solid substrate

» Adsorbed atoms diffuse along the surface,nucleate,
and form aggregates,interplay leads to a rich variety
of self-organized growth

» The physical properties differ distinctly from the bulk
phases

STM and AFM to uncover microscopic
detail

-




Motivation: many of the basic questions in the field of
surface growth appear

» self-organized growth of nanoalloys

» epitaxial growth of colloids

» growth of graphene on metal substrates

» growth of metallic nanoparticles on graphene

Second layer Ru O First layer Ru Graphene



Elementary Processes and Rate Equations

* Advanced computer simulation techniques
e Basic assumptions: ideal surfaces
* Types of atomic moves

* Factors influencing the nucleation and growth
of islands

e Measurement of island densities----Rate
equations
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FIG. 1 (color online). [llustration of (a) elementary moves during
growth after deposition onto a surface.



Basic assumptions: ideal surfaces

* Disregard all complicating factors arising at
real surfaces.

e.g. surface steps, impurities, anisotropies, or
reconstruction

e asequence of a large number of moves
eventually leads to a high degree of self-
organization and to complex terminal
structures.



* reevaporation can be ignored and diffusion is
active.

* Thermal energies kgT are significantly lower
than the binding energy Ez between two
adatomes.

* kgTK Ep ensures that only a few atoms are
required to form a stable island.



Factors influencing the nucleation and
growth of islands:
* F:the flux of atoms’ deposition onto the surface

* D: thermally activated diffusion coefficient of
adatoms along the surface
D = Dy exp(—U/kgT)
U: diffusion barrier.D_=va?, v: attempt frequency
and a: the lattice constant of the substrate

The mean time for a atom to hit a unit cell is 1/Fa?
and the mean time for the atom to leave the cell by
diffusion is a?/D. The ratio T=D/Fa* controll the

growth kinetis.



Rate equations (RE):

e the infinite set of equations:
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Islands with s=>2 are considered to be immobile.



Three growth modes
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How Many Islands Form

» lIsland densities of one-component adsorbates

» lIsland densities of binary alloys



» Island densities of one-component adsorbates

SURFACE PHYSICS
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» Island densities of one-component adsorbates
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» Island densities of one-component adsorbates
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» Island densities of binary alloys
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» Island densities of binary alloys
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» Island densities of binary alloys
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» Island densities of binary alloys
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Since the refined RE with those simulated ® depen-
ent o,were shown to be suitable for predicting the

ISD, the challenge is to find an accurate description
of the functional form of the o ©.1) .

Difficulty: ¢.©.1)is sensitive to the island morpholog-
es and probably also to details of the growth kinetics.

For improving theories for the ISD, it was argued that
correlation effects between island sizes and capture
areas need to be taken into account.



It is difficult to find a theoretical description of
the details in o,(0,I') ,a simpler approach to the ISD
becomes possible when assuming that the depend-

ence of »,(0,I)on © and 1 is mediated by the mean
island size 5(0,1).

In this case the ISD should obey the following
scaling form: ® /s
/(o)

(B, 1) = 3 v L )
H_\,{ 1) E—{{I—}r I’ ‘.{{"}l}

here the scaling function f(x) must fulfill the norma-
lization and first moment conditions:

[o fdx = [ xf(x)dx =1

because Y, =~N=0/5and ¥ sn, = O Vicsek and Family(1984)



An explicit expression for f(x) suggested by Amar and
Family in 1995:

f(x) = Cix'exp(—iax"%)
The dependence of the function on i allow one to

determine the size of the critical nucleus from mea-
surements of the ISD.

A semiempirical form for the distribution of captu-

re-zone areas A suggested by Pimpineli and Einstein in

2007: | .
Pg = a:'ﬁf;ﬁ expl—dga~)

where a = A/A is the capture zone rescaled with

respecttothemean A and B=i+2.
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What determines outer shape and inner
structure of island?
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Eg: Island shapes on (111) surfaces
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Sketch of atomic movements and energy barriers involved in diffusion
processes along and between island edges of A and B type on a (111) surface.
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Differences between the two steps in the diffusion
properties originate primarily from three sources:

(i) Stronger binding of adatoms to, say, A steps.
Attaching adatoms then have a tendency to enrich
at A steps.

(ii)) Same binding energy, but faster diffusion of
adatoms along A, caused by a lower energy barrier

This leads to a faster nucleation of new atomic
rows at A steps.

(iii) Asymmetric corner diffusion, which means that
a onefold coordinated adatom at a corner site goes
preferentially to, say,A steps. Also this effect leads
to an enrichment of atoms at A steps.



Conclusion

Cluster growth on surfaces:

connect fundamental studies of non-equilibrium
phenomena with the development of nanomaterials of
practical use

The rate equation approach

It can provide an accurate framework and predict the
island size distribution (ISD) for the analysis of future
experiments on the submonolayer kinetics driven by
codeposition of two or more atomic species.



Some challenges in this area

» to clarify how far concepts based on single atom surface
Kinetics remain valid

» require modification : larger sizes, potential nonspherical
shapes, and internal degrees of freedom of the molecules.

» understanding of mechanisms underlying organic surface
growth: begin

(»  particular relevance : explain which type of island
morphologies develop and how they can be controlled.

@  Organic molecules exhibit often only weak interactions
with the substrate.

> standard theories of cluster growth in monocomponent atomic
systems still imply basic
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