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Note :
1. INTRODUCTION - This paper will review
the progress made in understanding the
electronic structure of liquid (&) and
amorphous (a) metals since the Bristol
conference. Today, because we know how to
explain the properties of simple £- and a-
metals and their alloys by the pseudo-
potential approach, the interest has shift-
ed more towards transition (T) and rare
earth (RE) metals and their alloys. Many

of the known alloy groups which form metal-
lic glasses (MG's) contain T and RE: T-N
(e.g.FesoB20); TE—TL(e.g.Pd3SZr65); RE-N

(e.g.La and RE—T(e.g.Gd7OCo

70%%30! 307 7
where N: polvvalent metal, TL: late and
TE: early transition metal.

Until quite recently information about
the electronic structure of 2~ and a-
metals and their alloys has been primarily
deduced from their electronic transport

and magnetic properties. These experiments

were very helpful in establishing for at
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The authors have included in this review the presentation of two of their posters.

least these properties a strong similarity
between the liquid and glassy (g) states.
The recent experimental results on the
electrical resistivity, the thermopower
and the Hall coefficient are reviewed and
contrasted with theoretical explanations.
The most direct experimental techniques
such as electron and optical spectroscopy
in terms of photoemission (Ultraviolet
Photoemission Spectroscopy: UPS, X-Ray
Photoemission Spectroscopy: XPS) experi-
ments on valence bands, X-ray core level
spectroscopy, Auger Electron Spectroscopy
(AES) and optical reflectivity are diffi-
cult to apply to f-samples and a-films at
low temperatures. Only recently the MG's
have opened a new field for systematic
studies of the electronic structure of
glassy metals containing T and RE. We re-
view the available photoemission data and
concentrate on MG's of the group TE—TL.

For these alloys systematic studies of UPS

Northwestern University, Evanston Il1l., U.S.A.

SBBC, Dattwil

“University of Pennsylvania, Philadelphia, U.S.A.

*Balzers AG, Balzers

®F. Hoffmann-la Roche & Co. AG, Basel

7Gretag AG, Regensdorf

Article published online by EDP_Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980896



http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1980896

JOURNAL DE PHYSIQUE

C8-382

and X-ray core level spectroscopy are avail-
able. Additional information comes from
Soft X-ray Spectroscopy (SXS). Detailed
calculations of the realistic band struc-
ture for the corresponding crystalline
compounds by the ASW (Augmented Spherical
Waves) method (1) provide an excellent in-
sight into the subject of the round table
"Electronic Structure versus

discussion

Atomic Scale Structure" at this meeting.

2. ELECTRICAL TRANSPORT PROPERTIES - The
experimentally observed magnitude, as well
as temperature and composition dependence
of the electrical resistivity of 2- and g-
metals at high temperatures (T zTD; where
TD: Debye temperature) are comparable. In
£- and g-metals and alloys it is often
found that the resistivity decreases with
increasing temperature. Such negative
temperature coefficients (NTC's) in the 2-
state have traditionally been explained by
the Ziman theorv. This theory deals with
the potential scattering of the conduction
electrons by a disordered array of scatter-
ing centers. In simple f-metals these
scattering centers have been represented

by pseudopotentials, and in £-T and RE
metals by muffin-tin potentials. Subsequent-
ly, the Ziman theory has been extended to
explain the NTC's in £-RE and in alloys of
2~T and RE metals. A NTC can be obtained

in this model if ZkF'»kp, where kp is the
position of'the first peak in the structure

factor S(k) and 2kF is the diameter of the

Fermi sphere.

The original Ziman theory was essential-
ly a weak scattering theory and it is not
clear that it should be valid for such
strong scattering materials as 2-T and RE
metals. In these cases the resistivity is
very high and the mean free path very short.
Clearlv a crucial test of this theory would
be an explanation of the resistivity of the
divalent metals Eu, ¥Yb and Ba which have
ZkF'ukp . The successful application of
this theory to %£-RE and their alloys (2,3,
4) shows that the Ziman approach appears to
be valid even outside the weak scattering
regime for which it was originally indend-
ed. Moreover, such an application gives
evidence for varying d-band occupancy
across the trivalent RE series in accord
thus

with band structure calculations,

providing information about the number of
s,p and d electrons which contribute to
the total number of three valence electrons
for the RE.

The electrical resistivity and its
temperature coefficient for the 2-RE
series show the following behaviour: For
the trivalent elements the resistivity in-
creases rather monotonically from La to Lu,
whereas the temperature coefficient
changes from slightly positive at La to
slightly negative at Lu. Those elements
which are divalent, i.e. Eu and ¥Yb, behave
exceptionally: for Eu the resistivity is
higher than for any element of the RE
series, whereas Yb has a very low value.

In both cases the temperature coefficient

is negative. The key quantity is the number



of conduction electrons per ion. For Eu and
Yb two conduction electrons are assumed,
whereas bandstructure calculations (5) for
the RE's give evidence that, for the tri-
valent elements, the number of conduction
electrons increases from about 0.5 for La
to 1.5 for Lu. These facts explain the
trend of the resistivity and its tempera-
ture coefficient for the L-RE series. Part-
icularly, the 2kF values calculated for Eu,
Yb and Lu are very close to the correspond-
ing kp values. Detailed quantitative cal-
culations of the electrical resistivity
and its temperature coefficient for 2-Eu,
Yb, La, Gd and Lu are in good agreement
with experimental results (3,4).

In view of the strong similarities of
the ionic -and electronic properties of the
2—- and g-states, the extended Ziman theory
was used as a first starting point to
understand the resistivity of MG's. In the
meantime a more general formalism was de-
veloped to describe the resistivity in the
range T<TD (6) . Indeed, many of the recent-
ly studied MG's show NTC's. Among these

systems are alloys of the T _-T RE~N and

E "L’
RE-T groups. All these alloys show NTC's
in the &-state. In order to fulfill the
condition 2kF/\,kp the following conclusions
can be drawn: The TE provide two or even
more conduction electrons per atom, in any

case more than the T The NTC's of g-

L*
La-Af% alloys can be explained in a similar
way as for liquid Ce-Sn. A possible break-
down of the Ziman model might be indicated

by the NTC's in g- and 2- RE-T alloys. The

C8-383

apparent inconsistency can only be replaced
by the fact, that ZkF—values of the alloys
cannot simply be extrapolated from the
values of the pure components. Charge trans-
fer can alter these numbers. Moreover,' the
reported NTC's of g- Au-La are the strong-
est evidence against the Ziman approach.
However, the liguid alloys of the mono-
valent noble metal-RE allovs show positive
temperature coefficients. As examples the
electrical resistivity of g~ and 2-

Gd_.Co

675°33 and of glassy alloys of Zr are

shown in Figs. 1 and 2. The observed re-
sistivity values of the g-Zr alloys are by

a factor of two smaller than reported in

the literature (7,8).
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Fig.2 Resistivity of glassy alloys of 2r.
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Several other theories have attempted to
explain the NTC's of MG's. For a recent re-
view see Ref.9. Unfortunately, it is very
difficult to produce actual numbers of the
resistivity and its temperature coefficient
by these alternative theories. Therefore,
it is still considerable controversy which
of these theories is most applicable for
explaining the experimental results. An
alternative theory (10,11) proposes the
existence of quantum-mechanical two-level
states for some atoms in a disordered solid.
The scattering of electrons from the local-
ized excitations arising from these tunnel-
ing states can give rise to both a resist-
ivity minimum and a NTC over a wide temper-
ature range. Another theory proposed to
explain the NTC's is the Mott s-d scatter-
ing model (12) which relates the NTC's to
the density of states at the Fermi energy

E Of similar ovrigin is the idea given by

Fe
Brouers (13). In view of the now available
photoemission data it would be very attrac-
tive to examine these models again. Finally,
a recent theory by Johnson and Girvin (14)
which relates the NTC's to localization
phenomena is of particular interest. They
suggest a microscopic origin of the Mooij
correlation in terms of a strong scattering
theory. The Mooij correlation (15) says

that systems with resistivity larger than
150ufcm generally have NTC's. In order to
decide how suited the Jonson and Girvin

idea is to understand the resistivity in

- and g-metals, it would be extremely

helpful to know the consequences of this

theory for the thermopower and for the Hall
coefficient.

The study of the thermoelectric power is
particularly valuable to test theories of
the electrical resistivity since it is
civen bv the energy derivative of the re-
sistivity. Therefore, measurements of the
thermoelectric power can identify the
scattering mechanism which most accurately
describes the electrical transport in the
liquid and glassy states. Furthermore, the
predicted behaviour of the thermoelectric
power by the various models will be sub-
stantially different. For the non-magnetic
MG's, it is apparent that of the existing
theories only the Ziman theory is consist-
ent with the experimental thermoelectric
power results. In this theory the thermo-
vower should be a linear function of tem-
perature with a small slope. The thermo-
electric power will be positive if 2kakp.
For those alloys with a NTC it was found
that the thermopower was small, positive,
and varied linearly with temperature over
the entire range from 10K to 600K. (See
Ref.16) .

The Hall coefficients of g- Mg-Zn and
Pd-Si alloys show a negative sign and seem
to be in reasonable agreement with the
free-electron model. However, many of the
studied MG's show positive Hall coefficients.
More details are shown in Table 1. It be-
comes obvious that the positive Hall
coefficients of the glassy alloys are re-

lated to the positive values of the pure

components dominating the electronic



transport. Positive Hall coefficients were

observed for pure Fe, Co,

La and Ce in the

liquid state. There is still no satisfac-

tory theory to explain such positive Hall

coefficients. Mott's idea

(17) concerning

the Hall effect in non-crystalline systems

has still to be extencded to 2£- and g-metals.

The shifts of the Hall coefficients of Pb

and Bi towards smaller values as compared

to the free-electron model have been

explained in terms of skew scattering due

to the spin-orbit interaction (18). This

theory has been extended to 2-T metals

(19)

in terms of exchange scattering. Although

the effect of exchange scattering is an

order of magnitude larger
spin-orbit scattering, it
of magnitude too small to

Hall coefficient of %- Fe

than that of

is still an order

account for the

and Co.

Table 1 Hall coefficient of several MG's
at room temperature.
ALLOY i
MgooZng, | PdgySiyg | Cugglrys | Cuys22sg
- 3
Rﬁ[io llﬁlﬁ -8.3 -9.6 +7.3 +8.7
ALLOY C1160Zr40 0.150’1‘150 N124Zr76 Co222r78
-1l m3
Ry|10 EEJ +6.6 +12 42.5 +2.4
ALLOY Fe) 426 | Lagohly, | 1RgsCoss | SMggCosg
- 3
RH[}O llgij +4.1 49.6 -9.0 -10.6

We have measured the Hall coefficients

of paramagnetic (FexNil_x)

(x:

77Bl3Si10 alloys

0-15 at.%) in order to reveal more in-

formation about the Hall effect in g-

metals.

The main aim has been to study the
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change of sign from negative to positive.

The measured Hall coefficients ranging

from -8.72 - 10”1

.10—11

n®/As for Ni-rich alloys
to +30.5 mYAs for alloys containing
more Fe. Figure 3 shows a summary of the
measured Hall coefficients RH at 20 and

200°C, the normal Hall coeffient R

0!

resistivity and its temperature coefficient

the
as a function of Fe concentration. In the
paramagnetic region the measured Hall

coefficient R

y is given by RH=R0+Rer

where R

1 is the anomalous Hall coefficient.

30 o

10

Rip, Ry 11071 m3/As]

AN
\

p puQ cm] —

(Fe Nigg )77Si1B1y

0 1 1 | |

0 3 6 9 12 15
x[%e] —=

Fig.3 Measured Hall coefficient RH at 20

and 200°C, normal Hall coefficient RO’
electrical resistivity and.its temperature

)5-B,.Si. .

coefficient of glas Fe Ni
icient of glassy ( e Ni 7781351,

1-x

Therefore, the normal Hall coefficient R

0
can be separated from the total R, by
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plotting R, versus x , the magnetic sus-

H
ceptibility. The Hall coefficients at 20
and 200°C and the normal Hall coefficient
change from negative to positive with in-
creasing Fe concentration. Such a change

of sign is already indicated in 2-

) o~ Ce

80%€20 alioys (20).

(Fe Ni,

3. ELECTRON SPECTROSCOPY - A comparison
of the electronic density of states of &-
and g- metals and alloys with the density
of states in the crystalline state vields
information on the role of crystal perio-
dicity on the electronic states. Moreover,
the density of states is the key for the
explanation of many physical properties
such as magnetism, superconductivity,
compound formation etc. Furthermore, the
relationship between the electronic band
structure and the atomic scale structure
on the one hand and the glass forming
ability on the other hand is of great in-
terest.

The following metallic glasses have been
studied by photoemission: Pd77.scu6Si16.S

(21), Pd-si (22-24), and similar

FegoBa0
alloys (25-27), and alloys of the follow~
ing two groups: RE-T (27) and TE—TL (28-32).
The most comprehensive and exciting

results on the MG's so far studied come
from alloys containing Tg and TL . The in-
vestigated alloys are: Fe-Zr, Co-Zr, Ni-2r,
Cu-%2r, Pd-Zr, Pt-Zr, Rh-Zr, Cu-Ti, Ni-Nb
and Ni-Ta. %igure 4 shows the valence band

spectra of glassy alloys of Zr with Cu, Pd,

Ni, Co and Fe. All these spectra are

JOURNAL DE PHYSIQUE
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UPS 212eV

Intensity (arb units]

Fe, Zr

Co,Z1,

N, Zry
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CuseZry

| { ] | 1 1 ] 1
EF=0 E 8 [ev]

Fig.4 Valence band spectra of alloys of

Zr with Cu,Pd4,Ni,Co and Fe obtained by UPS.
characterized by varying d-band splittings
and binding energy shifts. There is a
distinct two peak structure of Cu and Pd
alloys with Zr. In other words, the valence
bands of these two alloys are formed by

two well separated components, one lying

close to the Fermi energy E the other

F’
appearing at a higher binding energy. The
relative intensities of the two peaks are
modified as the relative composition of
the alloy is changed, from which it is
concluded that the P4 4d- and Cu 3d-bands

have shifted from their positions relative

to E

F in the pure metal. The TL d-states



provide the main contribution to the higher
binding energy component of the spectrum.
Such a behaviour is in contrast to the re-
sults of solid solutions e.g. Cu-Ni, aAg-Pg,
but is tyvical for crystalline inter-
metallic compounds (33,34). The separation
of the two d-band peaks is decreased by re-
placing Cu and Pd by Ni, Co and Fe. From
measurements performed at different alloy
compositions it was established that the
high binding energy peak in Ni-Z2r, Co-ZIr
and the maximum in the Fe-Zr spectrum is
mainly related to d-states of the late
transition metal and the peak near EF to
the Zr d-states.

The shift of the d-states of TL to
higher binding energies results in a de-
crease of .the local densitv of states at
EF for the TL' Since the core level line
shape is related to the local density of

states near E the core level line shapes

FP
of the TL’ which are highly asymmetric in
the pure metals, become very symmetric in

the glassy alloys. (Fig.5).

XPS {12536V}

Co2py;

Intensity [arb umts)

|

|

‘

|

|

|

1
L
1

a -

— L 1 i i
1 1 2 1 Eg-Eg,fev]

1

3 2

Fig.5 Core level line shapes of Co 2p9 in
2

the pure metal and in the glassy alloy

C°4ozr60'
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A comparison of the photoemission spec-

tra for the MG's Pd and Cu with

352765 60%% 40
the corresponding result for the crystalline

compounds Per2 and Cu3Zr shows that the

2

d-band splitting and d-band binding energy
shift is not a specific property of the
glassy alloys but is also found in the
crystalline phase. We find essentially the
same d-band peak positions for Pd and Cu in
the crystalline and glassy state. However,
the shape of the d-band is changed. In the
crystalline compound Cu3Zr2 (Fig.6) the Cu
d-band peak exhibits the covalent splitting
which is typical of the pure Cu d-band
spectrum, whereas in the glassy state the

Cu d-band becomes more Gaussian-like.

UPS 408ev

Intensity {arb uruts]

7 6 5 4 3 2 1 E=0
Eg lev]

Fig.6 UPS spectra of pure Cu, the crystal-
line compound Cu3Zr2 and the glassy alloy
Cu602r40.

The strong similarity of the d-band
positions in the crystalline and glassy
state has two important consequences:

1. For the positions of the d-bands real-

istic calculations for crystalline compounds
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can be used to gain insight into the posi-
tion of the d-band in the crystalline as
well as in the glassy state.

2. The alloy heats of formation are mainly

determined by the d-band position and width.

Therefore, the heat of formation for the
g-state is only slightly different from the
one of the crystalline state. This fact is
supported by measurements of heats of
crystallization which turned out to be small
compared to the alloy heats of formation.
This means that the g-state lies energe-
tically very close to the crystalline
state. Consecuently, the question arises
what determines for a given composition
whether a crystalline compound or a MG is
formed?

Recent band structure calculations (35)
for crystalline compounds using the ASW
method are consistent with our results and
reproduce the observed trends. Williams et
al. (36) calculated the density of states
for a crystalline Zr-Rh compound. These
results for the crystalline state show
considerable structure in the d-bands. The
first calculations for these systems based
on the amorphous structure are nresented
at this conference (37,38).

Figure 7 shows the total (s,p,d) and the
partial d-density of states calculated by
the ASW method in comparison with the
experimental UPS data of glassy szszr75.
The calculated results refer to the
crystalline compound Per3 with Cu3Au type
symmetry. The partial d-density of states

indicates a splitting of the Pd and Zr

Pdo5Zr7s [UPS 212 ev)
N

DOS total
total

Density of states/Intensity [arb units]

6 5 . 3 2 1 E=0 Eg [eV]

Fig.7 Calculated total (s,p,d) and partial
d-density of states DOS of the crystalline

compound Per3 with Cu3Au symmetry and the

UPS spectrum of glassy Pd252r75.

UPS 212ev

CuyZry

Density of states / Intensity larb units]

DOS total

AN N

L Zr{d] \ \

cuzr, /
N 2w |

| 1l ! I Il [ I !

6 5 4 3 2 1 E=0 EgfeV]

Fig.8 Calculated total (s,p,d) and partial
d-density of states of the crystalline
compound Cqu3 with Cu3Au symmetry and the

UPS spectrum of glassy Cu30Zr70.

states itself in order to build up the two
peak structure. Again this behaviour is in
strong contrast to what is known for solid

solutions. Figure 8 shows similar data for
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the crystalline compound Cqu3 and the capable of distinguishing between d-states
glassy Cu30Zr70 alloy. Another example coming from Pd and Zr. Therefore, SXS

shows the band structure calculation of a experiments (39) have been performed to
NiNb compound. (Fig.9). The d-band complex probe the local electronic structure by

is shifted closer to EF when the CuAu- or determining the partial d-density of states.

CsCf-structure is applied instead of the

NaCg-structure. For comparison the partial g ;Pms
TQa r
d-density of states for Ni is shown. It is g N 3
clearly seen that the peak at 1l.2eV in the % p PdZrg
UPS spectrum arises from Ni d-states. There- § T Ll : ——
2220 2%

fore the Ni d-band is significantly shifted
to higher binding energies relative to pure

Ni.

U I S SR W S ST R

380
E [eV]

NigoNb,;  UPS (212ev) Fig.1l0 The Pd and Zr SXS LBZ,lS emission

bands in the pure metals and in glassy

Pd30Zr70.

Figure 10 shows the Pd and Zr L62 15 X-ray
r

NiNb DOS

CuAu structure

Density of states/ Intensity larb units]

emission bands in the pure metals and in

————— glassy Pd Indeed, this experimént

30%%70"
supports the results of the above menFioned
CsCl structure calculations and the results obtainea by
electron spectroscopy. The L82,15 emission
band of Zr in the alloy shows on the low

energy side a shoulder confirming the

splitting of the 2Zr d-band. In solid solu-

Eglev) tions such a shoulder does not occur (40).

Fig.9 Calculated total (s,p,d) density of The L82,15 emission band of P4 in the alloy
crystalline NiNb with NacC%, CsC& and CuAu
structure and the UPS spectrum of glassy
Ni_ Nb

60 40°
densities of states are shown. as obtained by UPS can be constructed by

shows a shift to lower energies with

For comparison the partial Ni d- respect to pure Pd. A very similar spectrum

positioning the X-ray emission bands with
Photoemission experiments yield only
respect to Ej bv means of X-ray core level
the total density of states and are not
binding energy determinations. These
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experimental results are in good agreement
with recent cluster calculations (37,39).

There are two interesting correlations
between 1.) the glass forming ability, the
glass temperature and the d-band binding
energy shift EB of the TL' and 2.) the
glass forming ability and the alloy heats
of formations of this alloy group. For more
details see Ref.35 .

There is still the open question, to
&ﬁat extent the Pd d-electrons contribute
to the density of states at EF

in glassy

Pd-Si (22,23). In view of the successful

application of the ASW method to TE—TL
alloys, we performed calculations for
crystalline Pd3Si in the Cu,Au structure.
The calculations are shown in Fig.1l1l and
compared with the UPS spectrum of glassy

Pd,,Si The partial d-density of states

84" 716"
is given per Pd atom and therefore their
contribution to the total density of states
has to be multiplied by a factor of three.
Note, that the main contribution to the
density of states at EF is coming from Pd
d-states.

We would like to include very recent
data on a specific topic of electron spec-
troscopy which goes beyond the single
partial picture used in photoemission and
in band structure calculations. The subject
deals with the Secondary Electron Emission
(SEE) and the Energy Loss Spectroscopy
(ELS) in the liquid state. Figure 12 shows
a typical electron spectrum obtained by

bombarding solid and liguid Eg with elec-

trons having a primary energy of 25eV. The

T T T T T T T T

UPS 140 8ev)

N{E}
[evatom-'}

NIE)

lev-icei] Pdg, Sy

10+

Intenstty farb units|

DOS

Pa;S1 Cu Au structure)

total

Fig.ll The calculated total and partial
density of states of PdBSi in the Cu,Au

3
structure and the UPS spectrum of glassy
Pd848116.

W
P

0] 5 10 15 20 25
ELECTRON ENERGY E

(eVv)

Secondary electron emission and

Fig.12

electron energy loss spectra of solid and

ligquid Hg.

part of the spectrum in the energy range 0
to 1l0eV is typical of a SEE spectrum. The
range from 15 up to 25eV shows a typical
electron energy loss spectrum. The observed
structures can be explained in the follow-

ing way: The peak at 6.7eV arises from



volume plasmon excitation. The structures
at 8.3 and 10.4eV can be attributed to

interband transitions to E_ from the Hg

F
Sd%,% -states which are located at binding
energies of 8 and 10eV respectively (41).
These three structures do not change at
the solid-liquid transition. However, the
SEE spectra in the solid and liquid states
are slightly different, probably reflect-
ing the difference in the surface proper-
ties. Figure 13 shows the electron energy
loss spectrum and its second derivative
for liquid Ga. The two intense energy loss
peaks at 10.7 and 14.2eV can be explained
by surface and volume plasmon excitations.
The weaker structures in the range of 20
to 30eV can be attributed to combined
surface and volume plasmon losses. These
plasmon excitations are reflected in SEE
spectra. Due to plasmon decayv a single
electron from the valence band can be
excited and will contribute to the second-
ary electron intensity (42). The kinetic
energy of such an excited electron is

given by E s hw - ¢ , where fiw is the

kin
plasmon energy and ¢ is the work function

of the liquid sample (42). Figure 14 shows
the SES data of liguid Ga and Hg, where

we observe such contributions for Ga, but

not for Hg. In the case of liquid Ga

(¢ =4.3eV; #iw=10.7 and 14.2eV) the maxi-

mum kinetic energy of an excited secondary
electron is 6.4eV, due to surface plasmon

decay, and 9.9eV, due to volume plasmon

decay. By taking into account the work

function of the retarding field analyzer

C8-391

ELS Ga
Ep=300eV

(SLINN 'g¥V) ALISNILNI

N{E)

1 1 1 1 1 1

50 40 30 20 10 O

ENERGY LOSS (eV)

Electron energy loss spectrum and

Fig.1l3
its second derivative of liquid Ga.

. SECONDARY- ELECTRON ENERGY
g DISTRIBUTION NIE)
z
o
@
@
£
>
=
o
z
w
—
=z
RETARDING VOLTAGE, Vg[V)
Fig.l4 Secondary electron energy distri-

bution and its derivative.

these two limits appear at 6.2 and 9.7ev
as shown by the dashed lines in Fig.14.
In the case of Hg (¢ =4.5é§, hw =6.7ev)
the electrons due to plasmon decay can
only occur below an energy of 2;2eV and

therefore coincide with the maximum of the
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SEE distribution. The experimental results obtained by elec-

tron spectroscopy can be suvported by opti-

4. OPTICAL PROPERTIES cal spectroscopy. This has been shown for
100 Pd-Si glasses (44) . Here, the main emphasis
is on the alloys of group TE—TL. Figure 15
shows the optical reflectivity data of
80 alloys of Zr with Cu, Pt, Pd, Ni, Co and Fe.
The reflectivity of pure Zr is very close
60 to the one of Fe24Zr76. Certainly for a de-
i tailed discussion a Kramers-Kronig analysis
R
2 has to be prepared and the optical reflect-
L0 ivity data of the pure components have to
be taken into account. Most clearly a re-
20 lation between the density of states and
the optical reflectivity is seen by a com-
parison of the data of glassy Pd3OZr70 and
0 Fe24Zr76. Figure 16 shows the optical
0 1 2 3 4 5 6

EfeV] - reflectivity of glassy Pd30Zr70. There is

. . a structure at approximately 4eV which is
Fig.l5 Optical reflectivitv of glassy

alloys of Zr with Cu,?d,Pt,Ni,Co and Fe. also the binding energy of the Pd d-states.

100 100 T
80 80
Iw : == 1w
g . g
£ E 5
Zu ANCE ST 20
™ 3
& \\\\ s
20 20
Pdx2n FepuZry
0 0
0 1 2 3 4 ] 3 0 1 2 3 N 5 o
E.Eg leV] — E,EgleV] =
Fig.1l6 Optical reflectivity of Pd3OZr70 Fig.17 Optical reflectivity of Fe24Zr.’6
and comparison with UPS spectra and Drude and comparison with UPS spectra and Drude

theory. theory.



The UPS spectrum is drawn on the same
figure to illustrate this point. We there-
fore dssociate this structure in the re-
flectivity with transitions from the Pd
d-states to EF' The optical reflectivity

and the UPS spectrum of Fe is shown

24%%76
in Fig.l17 . In contrast to Fig.l6 the
optical reflectivity does not show any
structure around 4eV.

Measurements of the optical reflectivity
were extremely helpful to elucidate inform-
ation on the electronic structure in the
liquid state. Figure 18 shows the optical
reflectivity (45) of 2- AuBISilg(—o—o—)
measured at a temperature of 420°C, For
comparison the spectra of the a- Au8lSil9
(full line) prepared by getter sputtering
in argon (46) and of pure crystalline Au
(----) are also presented. The broken
lines indicate the results from the Drude
formula. The reflectivity of the 2- alloy
decreases with increasing photon energy
without any sharp structure. This is simi-
lar to the a-~state, but the absolute values
are higher by about 5-10%. The behaviour
of the %~ and a-alloy is very different
from that of pure crystalline Au which has
a characteristic reflection edge at an
energy of 2.4evV. However, there is a signi-
ficant difference between the 2- and the
a-alloy concerning the relaxation time and
therefore the optical resistivity. This
difference is directly related to the low-
er reflectivity of the a- compared to the

f-alloy. We feel that the large discrepan-

cy between the optical and DC resistivity
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Fig.1l8 Optical reflectivity of licuid and
amorphous AualSilg.

in the a-state might be caused by
scattering from the nonperfect surface of
the a-films.

The differential optical reflectivity
of several dilute liquid alloys of Au, Ag,
Cu and Sn have been measured (47). The
observed deviations from a simple Drude
behaviour could be explained in terms of
virtual bound states arising from the d-
electrons of the noble metal. A detailed
analysis reveals the energy of the center
Ed and the width 2A of the virtual bound

states. Figure 19 shows the concentration

dependence of E, and 2A for liquid Au-Sn

d

alloys. The extrapolation of E, and 2A as

4
a function of concentration to pure Au

leads to an estimate of the position and
width of the d-band of pure liquid Au.

These are in good agreement with the re-
sults of photoemission experiments (48).
Therefore it is tempting to suppose that

an extrapolation determines the position
27
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and width of the d-states over the entire

concentration range.

Elav}

L E levl
Au d-band in Sn

G S T O I i

Sn 20 40 60 80 ot% Au
—

Fig.l9 Position and width of the d-virtual
bound states of liquid Au-Sn alloys.
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