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Exomples of Dipole Active Modes

Characteristics of Dipole Losses T

j¢ D‘r C
¢ Ci
\

”9" »vlr;rm'

. Dipole losses are confined to a narrow angular cone

around the specular (diffracted) beam(s)

-

. Differential cross section is high for CO, NO, O .., | a

| .nuiuv- , i
. One observas only losses of vibrations which belong | |
to the same representation as z (ground state to |

first exited stote) ; lw % | Om0= |

: M Y
. Losses of a semi—infinite bulk are decribed by , . *’

bulk optical constants

<«

All modes of the total symmetric regressvtetion
of the surface point group are dipole estive.
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General form of the eigensolution
wWhat are Surface Phonons?

ell;q.w = e(lq,) e~'wk-g )
Take e.g. an adsorbed atom

‘ Phonon dispersion of adsorbate modes

db gkl three modes | (scematic)
Koleloio 990" 908 *
! I !\ clcle | “
OP® PO
W
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For ordered overlayers the eigensolutions are |
two-dimensional waves and for each wave

with wavevector g, one has three frequencies
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The dispersion is a measure of the
lateral vibrational coupling

A case of very strong lateral coupling
is the coupling between the surface
atoms of the substrate

ganeralized Rayleigh wave
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Displacemest Yacturs in a Rayleigh -Wave
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A very unique example of a substrate
surface phonon!

@< | (100) surface of an fcc or bec lattice
-QIGQ@
L 2INEC.
¢ O
' Co

mw?= bk, cos?0

Seitenansicht

Toves

Rayleigh - Welle am Zonenrand

@ 0
0— @
Aufsicht

The second layer does not move!
All forces on the second layer atoms cancell

O 00 => this mode probes directly the bond
; between the first and second layer!
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surface Lattice Dynamics
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For periodic surfaces the ¢d, depend only
2 -
on the difference 4"’}:" The secular equation

admits solutions of the form
-y . -» =D . -
i 6x) = exp [V QR C640)] €,(Q 4 w)

The secular equation then assumes the form
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The secular equation may be soived for a finite 'E

number of layers: ''slab method"
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Green's Function Method

One defines the (Fourier transformed) Green's

function
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This function satisfies
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These equation are solved for the gurface layers

and the bulk by invoking an exponential ansatz.

From U one calculates the "spectral densities"
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Spectrol Densities
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One is mainly interested in the diagonal terms

S’ (& r a,w)IZ'le (a,e u/ §Cw- w(a )

This is the main physical quantity of interest
For a semiinfinite crystal ¢ is a continuus
function with § ~functions for the surface
phonons. If § is calculated with the slab
method the §—functions are replaced by

Lorenzians.
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Force Constants

The frequencies of surface phonons provide information

on the force constants.

However: In order to extract this information one

needs to make some assumptions about the type and

range of the force field.

Different force fields may fit the data in a

different manner. Physical intuition as well ag guidance
by total energy calculations is required, R useful
strategy is to take 2 simple mode! which fits the

bulk phonon dispersion and modify the force constants

near the surface,
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Stepwise Determination of the Surface
Force Field

Nearest neighbor central force model(which fits the bulk),
all surface force constants equal r;'

Step 1:The interlayer distances near the surface are con—
tracted and expanded,respsctively
Adu /du=—9'6% .Adu/d“-+3.5%

We scale the interlayer force constants according to
F

Y ol
= Ty
« is taken such as to match the resonance mode at r
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This mode is not ot ail affected by any intralayer
force constant
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Elgenvectors for Surface Modes on (110) f.c.c.
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Surface Phonon Ni(110): Pitting Procedurs

Surface mode u'I“’ wu“] fit parameter
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The Physics Behind the Fitting Procedure

1.)intemal consistency: a.)oncee is set the modes
respond to the remaining parameters independently
b.) the force field fits alsol $direction and modes at
other q,where the modes are of mixed polarisation

2.)the numbers appear to be reasonable considering
the expected rearrangement of charge

=p pair potential curves

3.)the model accounts for the observed cross sections
comparison theory—experiment

'4.) reasonable values for the surface stress:

our fit Need's calculation for Al(110)
7 2.15.10° dynes/cm 2.001 O’dynes/cm
1fo
T 4.20.10° dynes/cm 1.851 O’dynes/cm
100

(58)
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Charge Redistribution Near a Free Surface

enhanced bond charge bstween first gnd second layer:

ae=D> increaned force constant,
contractlon

2. enhanced bond charge between surface otemp; . ‘

a==p» Increased intralayer force constant,
attractive surface stress
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Adsorbate Induced Surface Stress and Reconstruction

\spiieation to O, N, C en Ni(160)

. Adserbate—substrate bonding removes charge frem
surface intralayer Ni~Ni hends.

= intralayer repulsive surface stress Q,‘ oo " 1

¥ -
I N

wave ot ¥ is reduced (observad fer auygen) - . RS

- As ¥, increases the A,—mods at % becomen soft.

. The ebserved p4g structure for carbon and nitregen
oerrespond to o frozen A,—phonon at §

Epitaxial growth of metal~on—metal overiayers

Some unique properties:

1. Possibility of growing perfect crystais
with low impurity level on the surface

2. Quantum size effects

3. Opportunity to produce metastable phases
of material

4. Unusual elactronic and mechanical proparties
S. Microscopic understanding of conditions

for epitaxial growth
We have studied structure and phonon dynamics of

Ag(111) on Ni(100)
Ag(111) on Cu(100)

fcc Fe(100) on Cu(100)
(k<) Pe (400 om Wi(100)
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Abb. 6.14 Phonondispersion flr cims goorduete Mosolage von Adatomen .
Substrat. Die vertikale polarisierte Mode (durchgezogene Linic) ist i I X
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Epitaxial Layers of fcc Iron on Cu(100)

Epitaxial growth up te & monaluyer: shen substrate
is held at 300 K. Interdittusion at higher ternperatures.
Unusual magnetic properties: Magnetization parallel

to the surface for | Mannlayer, however perpen—

dicular tor 2—5 Manrlayers!

W. Daurn, C. Stuhlmann;

1. Monolayer grows as 5x1

2. 2 Monolayers display a reversible displacive phase
transition between 2x1 at low temperatures and an
ordered 1x1 at 300 K. A unique case in surface physics.

3. It is shown that the reconstruction is a diract conse~
quence of the fact that the Fea—lattice Is under
lateraol straass







