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EXAFS S T U D I E S  OF GLASSY M E T A L L I C  ALLOYS 

* 
H.S. Chen,  B . K .  Teo and  R .  Wang 

Bell LaboraLor,ics, Murray / / i l l ,  P1.J. 07374,  U.S.A. 
*.vz?if.:c N c r t h ~ ~ s t  Labor~tory,  Washington 99352,  U.S.A. 

A b s t r a c t . -  The n e a r  n e i g h b o r  c o r r e l a t i o n s  h a v e  b e e n  o b t a i n e d  f rom EXAFS measurements  a t  S t a n f o r d  
S y n c h r o t r o n  R a d i a t i o n  L a b o r a t o r y  f o r  a s e r i e s  o f  m e t a l - m e t a l  g l a s s y  a l l o y s .  I n  p a r t i c u l a r ,  t h e  
s t r u c t u r e s  o f  Mo50Ni50 a l l o y  i n  amorphous and  c r y s t a l l i n e  s t a t e s  a r e  p r e s e n t e d .  The s t r u c t u r e  o f  t h e  
a-MoNi may b e  d e s c r i b e d  by a more o r  l e s s  d e n s e  random p a c k i n g  o f  b i n a r y  s p h e r e s  i n  c o n t r a s t  t o  t h e  
c-MoNi which  is d e s c r i b e d  by a d i s t o r t e d  b c c  s t r u c t u r e .  

Introduclion 

During the past two decades. from ~ t s  birth in 1960 to the present. 

vast improvements in both fabrication techniques and glass proper- 

ties of metallic glasses have been achlcved. The first metalllc 

glasses, ill-formed flakes of expensive alloys, have given way to 

uniform rlbbons of inexpensive stecl alloy compositions. This pro- 

gress has required. and will continue to require, simultaneous 

attention to both the fabrication methods and the alloy composi- 

tions. The Impetus for this effort has long since changed from 

scicntific curiosity to interest in appllcat~on of the unique properties 

of metallic glasses. 

Metallic glasses not only cxhibit technologically interesting propcr- 

tles. such as high fracture ztrcngth, good soft magnetic behavior. 

excellent corrosion rcslstancc. and catalytic properties. but also con- 

stltute Ideal materials for the studies of low tempcrature transport. 

crltical phcnomcna and electrical properties of disordered metals (I' 

These unique properties arlse from the unique structure of the 

glassy state, namcly the abscnce of translational periodicity and 

structural and compositional homogeneity. A detailed knowledge 

of the atomic arrangement in glassy metal is apparently necessary 

fo'r the understanding of their unique properties. 

Pafllal distribution functions characterizing the structure, panicu. 

lar1y the shon range structure of binary alloy glasses have been 

extracted ellher from a combination of X-ray and neutron 

diffractions. or from anomalous X-ray scattering measurements. 

These mcasurcmcnts provide only qualitative information regarding 

the short-range order for a limltcd cldss of metallic glasses because 

of lnhcrcnt drawbacks of these methods. For example, neutron 

diffraction requlres large samples - I cm' wh~ch  are not often 

attainable In amorphous state, while anomalous X-ray scattering 

mcthod with conventional sources often limlts the measurable max- 

imum k value of only - 10 ,kl whlch 1s lnsufficlent for resolving 

very short range structure. Another disadvantage of X-ray meas- 

urements is the difficulty in differentiating two elements which lie 

close to cach other in the pcriodic table, c.g. Fc and Ni or Co. as 

well as in distinguishing the mlnor constituents of lighter elements 

from thc hcavicr atoms, e.g. metalloid atoms (P. B, SI. C) from 

transit~on metals (Fe. Co, NI and Cu) in metal-metalloid glasses. 

In contrast. Extend X-Ray Absorption Flne Structure (EXAFS) 

spectroscopy can be used to probe either the K or L-absorption 

edge of constituents separately such that thrcc pair correlations of 

b~nary alloys can be extracted thus providing important information 

for the understanding of the alloying ctTccts on formation, stability. 

and properties of glassy metal alloys. 

Rccently. we have bcen lnvolved In thc EXAFS studies of (1) 

Zrl,,Cu, glassy alloys with x = 35. 50 and 65 and (2)  a MoSd\liJo 

alloy in both amorphous and crystalline statcs. Only the results for 

thc MONI alloys arc prcscntcd here 

Experimental Results 

The amorphous film about 25 r m  thick was prepared by high-rate 
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sputter deposition onto  a Cu  substrate at 78  K. The  amorphous 

structure was verified by X-ray diffraction. The  crystalline speci- 

men was obtained by annealing the sputtered film at  1000 K for 1 

hr. T h e  crystall~ne phases were identified a s  a mixture of a MoNi, 

phase and b.c.c. structure. EXAFS measurements were carried out 

a t  the Stanford Synchroton Radiation Laboratory CSRL)  using the  

facility at Wiggler beam line IV. T h e  measurements in transmis- 

slon mode were made on both the  amorphous and crystalline 

materials at room temperature and near liquid nitrogen temperature 

a1 the Ni K edge (8340 eV) and Mo K edge (19980 eV). Measure- 

ments were also made on standard Mo metal. 

The data were analyzed via standard procedures described in the 

literature."-" Fig. I shows the Ni K edge (at 8340 eV)  absorption 

spectrum of amorphous MosoNiSo at room temperature Fig. 2 

shows the  EXAFS modulation after removing the  smooth p, 

background and choosing E, = 8340 eV. The  resul t~ng ~ ( k )  curve 

has been mult~plied by k3. 

The Four~e r  transform of the  curve in Flg. 2 1s shown in Fig. 3. 

The large peak is the contnbution from either NI or Mo  at the first 

shell of NI atoms. The  dashed line in Fig. 3 is a smooth filter 

window-function applied to the Fourier transform of x(k)  to isolate 

the EXAFS from the first shell. Fig. 4 ~llustrates the Inverse 

transform which contains informat~on about the  first neighbor coor- 

dinatlon number, the kind of atoms involved and the distrlbutlon 

of interatomic distances. 
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Fig. I .  The Ni K edge at 8340 eV absorption spectrum of 

a-Mo,,Ni, at R T. 
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Fig. 2. The  EXAFS modulation of Fig. 1, after background 

removal. 
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Fig. 3. The Fourier transform of the curve in Fig. 2. 

Fig. 4. The inverse transform of the  first peak In Fig. 3. 
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Since we did not know, a priori, the nature of the first shell dis- 

tance, we attempted to fit the Fourier-filtered data with Ni-Ni, 

Ni-Mo, and a combination of both. For the Ni edge we found the 

first shell contains two kinds of neighboring atoms (Ni and Mo) at 

slightly different distances via a least-squares curve fitting procedure 

(using theoretical amplitude and phase functions5) detailed else- 

where in the ~ i te ra ture . '~~  An excellent fit was obtained with 

' -  
TN,-N, 2.36A and r~~~~ 2.59A as shown in Fig. 5. 

Fig. 6 shows the Fourier transform of the EXAFS modulation 

x(k)k3at the Mo K absorption edge of the a-MoNi. The first large 

peak is identified to be the contributions from both Mo-Mo and 

Mo-Ni pairs. 

In contrast to the amorphous alloys, both the crystalline MoNi alloy 

and the Mo metal exhibit a distinct second peak at a distance which 

is about 0.5A larger than the first peak in the Fourier transform of 

the EXAFS spectrum at Mo K edge. Curve fitting ofthe filtered 

EXAFS data yielded, for the Mo metal, the first and the second 

shell distances of 2.725 and 3.147 A, respectively, which are in 

excellent agreement with the X-ray data. We also calculated the 

coordination numbers of the alloys with the scaling factor obtained 

from the Mo metal measurements. For a-Mo50Ni50, a factor of 

-3 reduction in the E V E S  amplitude was observed. Table I lists 

the distances and coordination numbers of first and second shells at 

Mo atoms for the crystalline metals. It may be noted that for the 

first shell, the average distance (f= 2.64A) and the average coordi- 

nation number (3 = 7) of the alloy are very close to those in the 

Mo metal. In addition, the average distances of both the first and 

k ;-' 
Fig. 5. Experimental data (-) fit with theory (----). 

rl(N1) r2(N2) 

Mo-Mo 2.73(8) 3.1 S(6) 

Table 2 lists the distance, Debye-Waller factor, 

second shells in the alloy are - 0.08A shorter than in the pure 

metal, apparently as a result of smaller Ni atoms replacing larger 

Mo atoms in the alloy. We may thus suggest- that the coordination 

of the Mo atoms in the crystalline alloy resembles distorted bcc Mo 

structure with Ni atoms substituting Mo atoms. 

Table 1. The distance r and coordination 

number (N) of the first and second shell at 

Mo atoms in crystalline Mo and Mos$\liso. 

and the coordina- . t tion number of the first shell of a-MosoNi50 and c-Mo5&So. 

Fig. 6. Fourier transform of the EXAES modulation at MO K 
There is a discrepancy in the average distance of the MoNi pairs 

edge of the a-MoNi at R.T. 
extracted from the Mo K edge and Ni K edge. The discrepancies 


