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ABSTRACT 

The interatomic distances and nearest neighbor coordinations of 
constituent atoms in a series of metal-metal glasses: M'loo-xM"x 
where M'=Zr, Nb, M"=Fe, Ni, Cu and x varies from 30-60 at.%, · 
have been determined using the EXAFS technique in conjunction with 
the x-ray synchrotron source at Stanford. Fourier transforms of 
the EXAFS signal~clearly indicate there are like as well as un­
like atom pairs ~n the first coordination shell about both the M' 
and M" atoms. The ratio of like and unlike pairs scales linearly 
with composition and is indicative of random mixing in these 
binary glasses. The ti' -M" separation are shorter than sum of the 
Goldschmidt radii. and implies chemical interaction between the M' 
and M" atoms. 

INTRODUCTION 

EXAFS (extended x-ray absorption fine structure) is the 

oscillatory modulation•of the absorption coefficient on the.high 
energy side of an x-ra~.absorption edge of a constituent atom in· 

a system. These o~cillations are now theoretically understood to 

be a final state electron effect-arising from the interference 

between the outgoing photoejected electron and that fraction. of 

itself that "is backscattered from the neighboring ~toms. The 

interference directly reflects of the net phase shift of the back­

scattered eiectron in the vicinity of the central excited atom, 

which is largely proportional to the product of the electron mo­

mentum k and the distance traversed by the electron. The type of 

central absorbing atom as well as backscattering neighboringatoms 

(i.e. their positions in the Periodic Table) also play a signifi­

cant role in the interferenc~ event. As a result, EXAFS has now 

been realized to be a powerful structural tool for probing the 
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atomic environment of matterCl), particularly since the advent of 
intense, continuous synchrotron radiation in the x-ray regionC2). 

In this paper, we will report results obtained for a series 

of metal-metal glasses: M'loo-xM"x• where ~1'=Zr and Nb, M"=Fe, 
Co, Ni, Cu, and x varies from 30-60 at.\. These binary glasses 

are chosen for several reasons: (i) the X-edge absorption ener-

9ies (7-9 KeV for Fe to Cu, 11-1~ KeV for Zr and Nb) fall nicely 
in the energy range of Stanford Positron Electron Acceleration 

Ring (SPEAR, 4 to~ 20 KeV); (ii) the K-edges are far apart so 

that the EXAFS of the light metal is not interfered by the onset 

of the K absorption of the heavy atom; (iii) the composition range 

of glass formation usually centers around the middle of the binary 
system and is much wider (30-60 at.%) than the metal-metalloid 

systems which fall into a narrow region of 80+5 at.\ of metal. 

EXPERIMENTAL 

The materials were prepared in the form of a ribbon by 
quenching a stream of the molten alloy into the surface of a rap­
idly rotating drum in vacuum<3). The as-cast ribbons were 30-25 

microns thick and a few mm wide and are suitable for direct trans­

mission measurement for both Zr, Nb EXAFS. For EXAFS measurements·. 
above the absorption edge of Fe, Ni or Cu, which have higher ab­

sorptitin cu~!fieicnts, th~ ribbons were thinned to 10-12 microns 

by careful polishing. EXAFS data were obtained using the EXAFS-I .. 
spectrometry at StanfQ.rp Synchrotron Radiation Laboratory. Spec-

tra were taken at liquid nitrogen temperature in a double~wall 

cryostat ~etajls of ~be E~\FS eppazatas are desctibed el~e~ 

w.Je:!i! d 4 >.. 

RESULTS AND DISCUSSION 

A typical EXArS spectrum is given in Pig. l(a) for the case 

I . •of Zr in zr60Ni40· After background removal and normalization, 
the EXAFS siqnal ~ is extracted and plotted (Pig. 1. (b)) as x. k 
!vs. where k • l.·263E is the free electron momentum vector and E 
is the energy above the absorption edge energy which for Zr is 
taken at 17.999kev< 5>. This is then Fourier transformed( 6) to 
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~-give a radial structure function in real space. In Fig. l(cJ~ 

.two clearly resolved radial peaks at -2.3l and 2.9l are seen which 

corre~pond to Zr-Cu and Zr-Zr pairs respectively. The relative 

magnitude of these peaks varies with composition as shown in Fig. 
. 0 

J(d) for the case of zr7oNi 3o. The region in the range 1.5-J.BA 

is back transformed to k-space(?) to isolate back-scattering 

contribution of atoms from only this region of space. The inverse • 
transform was then fitted with a 2-shell model using the single 

scattering approximation: 

12 N. 
= -k . h Aj 

J J 
X (k) 

Aj is a product of tj(2k)exp(-2oj 2 k2 ) exp(-2rj/A) where tj(2k) 
is the amplitude term characteristic only of the backscattering 

atom, the exponent with oj 2 is the Debye-waller term and l is the 

mean-free path. ~·j is the phase-shift containing contributions 

from both the ce~tral~and backscattering atoms, and j = 1, 2. 
The inverse EXAFS.,is k4 weighted to bring out contribution at 

higher k and fitted with a non-linear least-squares regression 

alogorithm using the calculated values amplitude and phase func­

tions of Teo and Lee(S). Details of the fitting are discussed 

elsewhere( 9). Fig. 2 shows a typical fit (triangular points) to 

the experimental data (solid curve) for the inverse of the Zr 
• EXAFS in the region 1. 5-3. SA. The coordination number and inter-

atomic distances so der~ved for the series of Zr- and Nb-glasses 

are swrunarized in Table,.l. 
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Compared with sum of the Goldschmidt radii(lO), the M'-M" separa­

tions are significantly ~hortcr and ind.icativc of chemical inter­

action of the M'-M" pair. The partial coordination numbers, how­

ever, are much lower in value than the x-ray(ll) or neutron 

diffraction' 12 ) determination on similar metal-metal glasses. 

7his is due to coupling of the Debye-Waller term and or due to 

harmonic effects of the x-ray source. This effect will be ana­

lyzed in detail elsewhere( 9). The ratio of N2/N1 , however, scales 

with composition in these glasses and varies linearly with the 

atomic ratio Zr/T or Nb/T as shown in Fig. 3. The linear rela­

tionshop which goes through the origin is indicative to random 

mixing in this binary metal-metal glass in contrast with the 

~etal-metalloid glasses which are chemically order about the 

metalloid constituent(!). 

Finally, we have also measured EXAFS spectrum of the transi­

tion metal atom. :--The Fourier transform of the Ni EXAFS in zr 70 
Ni

30 
as given in ~ig. 4 and again resolvable radial structure 

peaks are obtained. Detailed analysis is underway and the com­

bined EXAFS determination as both constituent atoms will aid 

complete definition of the local structure in these novel amor­

phous alloys and new experimental data to test the existing 

the6ries for glassy metals( 9 ) • 
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Rl1) 

Fig. 1 (a) K-edge absorption spectrum of Zr in Zr6oNi40 glass at 
77K 

(b) Normalized EXAFS plotted as x.k vs k 
(c) Fourier transform of (b) 
(r' Fourier transform of Zr-EXAFS in Zr7 0Ni 30 glass 

showing fhanges in the relative peak height at 2.3 
end 2.9 A 

-~-----------------------. 

.:.. ·- l.,flt •• ·- -- ··- ... ··-
Fig. 2 Inverse transform 

(solid curve) taken in the 
range 1~5-3.8 l from,Fig.l(c) 
end e fitted spectrum (points) 
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Fig. ~ PlOt uf retio of Zr­
Zr or Nb-Nb pairs to Zr-T or 
Nb-T pairs (N2/Nl) vs atomic 
ratio Zr/T or Nb/T in the · 
glass 

Fig. 4 Fourier transform of Ni 
EXAFS in zr60Ni 40glass showing 
resolution of l1ke and unlike · 
atom pairs in the radial 
structure function 




