
HAL Id: jpa-00220200
https://hal.science/jpa-00220200

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

ON THE BULK AND SURFACE ELECTRONIC
STRUCTURE OF AMORPHOUS TRANSITION

METALS
S. Khanna, F. Cyrot-Lackmann

To cite this version:
S. Khanna, F. Cyrot-Lackmann. ON THE BULK AND SURFACE ELECTRONIC STRUCTURE
OF AMORPHOUS TRANSITION METALS. Journal de Physique Colloques, 1980, 41 (C8), pp.C8-
423-C8-426. �10.1051/jphyscol:19808105�. �jpa-00220200�

https://hal.science/jpa-00220200
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE CoZZoque C8 ,  suppl6ment au n08, Tome 41 ,  aoQt 1980, p q e  C8-423 

ON THE BULK AND SURFACE ELECTRONIC STRUCTURE OF AMORPHOUS T R A N S I T I O N  METALS 

S.N. Khanna and F. Cyrot-Lackmann 

Groupe des Transi t ions de Phases, C. N .  R. S., B. P. 166, 38042 CrenobZe Cddex, France. 

Abstract.- Amorphous metals are characterized by the absence of a long range periodicity as well as 
the presence of a local disorder. The study of their electronic properties requires an understanding 
of the relation between the local disorder and the local electronic structure. 
In this work, we have carried out calculations on local density of d-states for bulk and surface of 
amorphous metals using moments method within tight-binding framework, in conjunction with various 
existing geometrical models. Our results show that the dominant factor governing the local density 
of states is the strength and shape of the first peak of the local radial distribytion function. In 
the bulk where this local distribution has only small deviations from the average value, the density 
of states has a double peaked structure with peaks becoming sharper as the first maxima becomes 
stronger and peaked. As one goes to the surface, the decrease in the first coordination number leads 
to a merging tendency towards a single central peak. 
These calculations have been used to investigate some physical properties like the resistivity, 
thermoelectric power and the cohesive energy in amorphous materials. 

Over the past few years, there has been a l o t  of  

in teres t  i n  the studies of the electronic s t ruc ture  

of topologically disordered systems such as  l iquid 

and amorphous metals. These materials are characte- 

rized by the absence of long range periodici ty a s  

well as  the presence of a local  disorder. The d i -  

sordered nature o f  the atomic structure prevents 

one from using simplifications introduced by crys- 

t a l  momentum and one is inclined to  use electronic 

structure determination schemes working in the d i -  

r ec t  space. One of the possible ways which takes 

good account of the atomic disorder i s  t o  use the 

moments method in conjunction with simulation tech- 

niques ('). Recently, the present authors have used 

t h i s  scheme t o  study the d-band density of s t a t e s  

i n  amorphous and l iquid t rans i t ion  metals (234).  We 

had presented calculations for the d-band density 

of s t a t e s  using various simulated models for the 

amorphous atomic structure i n  conjunction with 

t i gh t  binding methods involving moments expansion. 

The motivation of the present paper is two fold.  

F i rs t ly ,  t o  br ief ly  review our r e su l t s  on the bulk 

d-density of s t a t e s  in the amorphous t rans i t ion  me- 

t a l s  and t o  extend these studies to  the surface e- 

lectronic s t ruc ture .  Secondly we wish t o  use our 

calculated density of s t a t e s  t o  calculate various 

physical quanti t ies and t o  understand the changes 

in various properties as  one goes t o  the amorphous 

phase. 

The method used for  calculat ing the density of 

s t a t e s  (D.O.S.) i s  the moments method and the con- 

tinued f rac t ion  technique within the framework of 

t i g h t  binding approach, well documented elsewhere 

('). In br ief ,  the method involves a calculat ion of 

moments pn of the D.O.S. which are  related t o  the 

t race  of the one electron hamiltonian, H, by the 

re la t ion  : 

un = Tr H" (1, 
N being the number of atoms. One uses a t ight-bin- 

ding hamiltonian and the s e t  of atomic o rb i t a l s  to 

expand the trace.  The actual evaluation of the mo- 

ments then requires the atomic s t ruc ture  for  which 

we use e i the r  the simulated georrietrical models, or  

the nunerical simulation. In a disordered system 

one is interested in  the average density of s t a t e s  

which require configurationally averaged moments 
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<Pn>. These a r e  ca lcu la ted  by averaging moments on 

various s i t e s  i n  t h e  c l u s t e r .  

The passage from t h e  moments t o  t h e  D.O.S. is 

e f fec ted  by the  continued f r a c t i o n  technique. The 

method is p a r t i c u l a r l y  usefu l  when the continued 

f r a c t i o n  c o e f f i c i e n t s  converge rap id ly  which is t h e  

case i n  amorphous o r  l i q u i d  metals a s  the  D.O.S. is  

expected t o  be f r e e  from sharp and numerous peaks. 

A Study o f  the  D.O.S. is  important from two ba- 

s i c  motivations. F i r s t l y ,  the  D.O.S. c a r r i e s  t h e b s -  

s i c  e l e c t r o n i c  s t r u c t u r e  information and, so,  it is 

important t o  know t h e  parameters con t ro l l ing  v a r i -  

ous fea tures  of  t h e  D.O.S. The t h e o r e t i c a l  f indings 

can be checked aga ins t  t h e  ava i lab le  d i r e c t  exper i -  

mental information on D.O.S. through XPS, UPS, para-  

magnetic s u s c e p t i b i l i t y ,  e t c .  Secondly, t h e  D.O.S. 

is an important ingredient  f o r  an understanding o f  

the various physical p roper t i es  l i k e  the  entropy, 

cohesive energy, r e s i s t i v i t y ,  thermopower, e t c .  on 

which a l o t  o f  experimental d a t a  is ava i lab le .  

!Ve w i l l ,  here ,  mainly discuss  t h e  various f a c -  

t o r s  governing the  D.O.S. We emphasize t h a t  t h e  sha-  

pe of t h e  D.O.S. i n  amorphous metals is independent 

o f  tSR s t r u c t u r a l  model o r  the form o f  the i n t e r a -  

tomic p o t e n t i a l .  Indeed, i n  a recent  paper ( 4 ) ,  t h e  

present  authors  had presented r e s u l t s  on t h e  densi-  

t y  of  d - s t a t e s  i n  amorphous Co using H.S. models (6) 

and models obtained by re lax ing  (6) a dense H.S. mo- 

d e l  under Lemard Jones (L.J . ) ,  Morse and Truncated 

Morse (T.M.) form o f  interatomic p o t e n t i a l s .  ( I t  

may be pointed out  t h a t  although, we present  r e s u l -  

t s  on Co, t h e  main conclusions of  t h e  paper a r e  ap- 

p l i c a b l e  t o  o ther  t r a n s i t i o n  metals a l s o ,  a s  t h e  

D.O.S. i n  them a r e  r e l a t e d  t o  t h a t  o f  GJ through a 

simple sca l ing) .  I n  Figs. 1 and 2 we have shown our  

e a r l i e r  r e s u l t s  (4) on t h e  D.O.S. i n  H.S., L.J . ,  

T.M. and !brse  p o t e n t i a l s .  In Fig. 2 we have a l s o  

shown t h e  D.O.S. i n  l i q u i d  Co, using tbnte-Carlo 

F i g .  1 :Density of  d -s ta tes  using H.S. I-). L . J .  
[ - - - I  and T . M .  ( - - - . - I  models. 

F i g .  2 : Density of d -s ta tes  based on Morse model 
(2, Monte Carlo ( - - - . - I  and those i n  the FCC 
c r y s t a l  ( - - - - I  . 
generated atomic configurat ions with a repu ls ive  

coulombic form f o r  t h e  interatomic p o t e n t i a l  which 

gives a good descr ip t ion  o f  t h e  p a i r  d i s t r i b u t i o n  

funct ion,  g ( r )  , i n  l i q u i d  t r a n s i t i o n  metals (7 ) .  I t  

is c l e a r l y  seen in t h e  f i g u r e s  t h a t  a l l  t h e  models 

f o r  t h e  amorphous s t a t e  and t h e  Monte-Carlo r e s u l t  

f o r  t h e  l i q u i d  show a double peak form f o r  t h e  

D.O.S. This  r e s u l t  is not  surpr i s ing  a s  we h o w  

t h a t  it is t h e  repu ls ive  p a r t  o f  t h e  p o t e n t i a l  

which mainly governs t h e  s t r u c t u r e  of  a system i . e .  

t h e  s t r u c t u r e  is  not  too sens ib le  t o  t h e  a t t r a c t i v e  



p a r t .  As t h e  e l e c t r o n i c  s t r u c t u r e  determines t h e  

a t t r a c t i v e  p a r t  o f  the  energy o r  t h e  p o t e n t i a l ,  it 

is l e s s  s e n s i t i v e  t o  t h e  s t r u c t u r e .  Nevertheless, 

though t h e  main shape o f  t h e  D.O.S. is not  changed, 

we not ice from Figs. 1 and 2 t h a t  a s  t h e  p o t e n t i a l  

is  softened,  t h e  band-width increases.  Also t h e  

f a l l  in t h e  dens i ty  o f  s t a t e s  a t  t h e  top of  t h e  

band becomes l e s s  s teep  a s  the  p o t e n t i a l  is s o f t e -  

ned. Before we expla in  these  r e s u l t s ,  l e t  us  consi-  

der  t h e  dens i ty  of  t h e  models. In Table I we have 

given t h e  average atomic volume vo f o r  t h e  c e n t r a l  

core of 100 and 500 atoms i n  the  various models u -  

sed by u s  ( the  u n i t s  a r e  chosen so  t h a t  t h e  f i r s t  

peak p o s i t i o n  i n  t h e o r e t i c a l  g ( r )  coincides with 

experiment (8) ) . 

Table I : Atomic volume in various models. 

We see from t h e  above t a b l e  t h a t  a s  the  r e p u l s i -  

ve core of  t h e  p o t e n t i a l  becomes s o f t e r ,  t h e  a t o -  

mic volume decreases and t h e  system becomes denser ,  

t h e  p a r t i c l e s  a r e  a b l e  t o  approach each o ther  more 

c l o s e r .  I t  is r e f l e c t e d  i n  the f i r s t  peak o f  g ( r )  

which becomes broader. This increases the  bandwidth 

a s  well a s  decreases t h e  s teepness  of  t h e  f a l l  a t  

t h e  top o f  t h e  band. Influence of  t h e  dens i ty  on 

D.O.S. may become important a t  a i o c a l  l e v e l .  In -  

deed, s u b s t a n t i a l  f luc tua t ions  can occure i n  t h e  

loca l  g ( r ) .  This w i l l  have e f f e c t  on t h e  l o c a l  

D.O.S. and a s  t h e  f i r s t  peak i n  t h e  loca l  g(r)  bc- 

comes s t ronger  and sharper ,  t h e  double peaked s t ruc-  

( 4 )  
t u r e  i n  t h e  l o c a l  D.O.S. becomes sharper .  We thus  

expect a change i n  t h e  D.O.S. a s  one passes  fromthe 

ErnDZL 

H.S. 

L . J .  

M3RSE 

T.M. 

LIQUID 
cn (9) 

bulk t o  t h e  sur face ,  s ince t h e  l o c a l  surroundings 

a r e  highly changed. I t  is indeed t h e  case.  

Using t h e  L . J .  re laxed model we have ca lcu la ted  

t h e  l o c a l  D.O.S. a t  various surface s i t e s .  I n  Fig. 

3 we have shown t h e  l o c a l  D.O.S. on t h r e e  surface 

Fig. 3 : D e n s i t y  o f  d-states a t  s u r f a c e  sites (1.2 
and 31 compared to those  i n  bulk ( 4 1 .  

s i t e s  1, 2 and 3 having 5, 7 and 8 neighbours. I t  

is seen t h a t  the sur face  atoms have D.O.S. with a 

narrow c e n t r a l  peak o r  a weakly s p l i t  double beak 

and a smooth t a i l i n g  a t  t h e  band edges. This ,can  

be a t t r i b u t e d  t o  a decrease i n  t h e  coordinat ion 

ATWC VOLUME vo ( A O ~ )  

number a s  one passes  from t h e  bulk t o  t h e  sur face ,  

which r e s u l t s  in t h e  occurance o f  a resonant s t a t e  

due t o  t h e  weak coupling o f  t h e  sur face  atoms t o  

t h e  bulk. I t  is i n t e r e s t i n g  t o  note  t h a t  t h e  above 

100 ATOM CORE 

12.9 

12.4 

10.6 

11.6 

r e s u l t  is analogous t o  a s i m i l a r  phenomenon occu- 

r i n g  i n  rough c r y s t a l l i n e  sur faces ,  studied by 

F. Cyrot-Lachann e t  a1 ' lo) .  This behaviour w i l l  

su re ly  a f f e c t  t h e  magnetic and chemisorptive proper 

t i e s  o f  the  amorphous metal sur faces .  This w i l l  be 

discussed i n  a forthcoming paper. 

Amorphous Co is a ferromagnetic metal and we wi- 

( 4 )  s h  t o  point  ou t  t h a t  by a simple p rescr ip t ion  , 
29 

500 ATOM CORE 

12.8 

12.2 

12.6 

11.7 

12.7 
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one can build the ferromagnetic D.O.S. from the  pa- f o r  useful discussions.  

ramagnetic D.O.S. These a r e  shown in Fig. 4 f o r  the  

L~lkfe r romagne t iccaseandfor  thesurface,assuming (1) F. Cyro t -Lachann ,J .  d e P h y s i q u e 3 ,  109 

the surface magnetic moment t o  be the  same. 

t 

Dens i t  o f  d - s t a t e s  i n  f e r romagne t i c  amor- 
%&:[-I, a! a  s u r f a c e  s i t e  ( - - - - I  and those  i n  
t h e  HCP c r y s t a l  [ - - - I .  

Let us now b r i e f l y  discuss t he  various proper t ies  

d i r e c t l y  re la ted  t o  the  D.O.S. The d i f fe rence ,  AEc, 

between the cohesive energies  of  the  c ry s t a l l i ne  and 

t he  amorphous phase gives an ind ica t ion  of t h e i r  r e -  

l a t i v e  s t a b i l i t y .  We have found reasonable AEc va- 

lues  of  0.41, 0.29 and 0.12 eV fo r  the  H.S . ,  L . J .  

and T.M. models. 

The bulk dens i ty  of s t a t e s  can be used t o  study 

the  e l e c t r i c a l  p roper t ies .  Our ca lcu la ted  dens i ty  o f  

s t a t e s  a t  the  Fermi leve l  decrease by 2. 25-30 % in 

going from amorphous t o  c ry s t a l l i ne  Co, which mat- 

ches with the  r e s i s t i v i t y  measurements which show a 

decrease of r e s i s t i v i t y  ( ' ' I ,  dominated by d - e f f ec t s  

in t r an s i t i on  metals. 

Final ly,  we would l i k e  t o  remark t h a t  a simple 

applicat ion o f  our ca lcu la ted  dens i ty  of  s t a t e s  i n  a 

B.C.S. f o m l a  can explain the va r i a t i on  of the  su -  

perconducting t r an s i t i on  temperature Tc along a 

(12) t r an s i t i on  metal s e r i e s  . 
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