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The isomer sh i f ts  and quadrupole sp l i t t i ngs  of amorphous FexB 1 v al loys (10 
a/o < x < 90 a/o) were studied by 57Fe M~ssbauer spectroscopy.-~he isomer 
shif~ vs~ composition can be described by the &#~- and Anws-terms of Miede- 
ma's ce l l u l a r  model to predict  the heat of formation of b~nary al loys and an 
addi t ional  volume mismatch term. This term is necessary for  boron-rich a l -  
loys (x < 50 a/o).  We conclude that these samples have a strained atomic 
structure.  The values of the quadrupole sp l i t t i ngs  at the boron-rich side in-  
crease st rongly,  ind icat ing that  the Fe-atoms are squeezed into asymmetric 
atomic surroundings. Implanted iron into c rys ta l l i ne  boron has a comparable 
isomer sh i f t  and quadrupole s p l i t t i n g  as the boron-rich a l loys.  

1. INTRODUCTION 

Amorphous FexBl_x-alloys can be prepared by several experimental techniques. 

Melt quenching with an e f fec t ive  cooling rate of 106 K/s is l im i ted  to composi- 

t ions near the deep eutect ic  at 17 a/o B in the Fe-B phase diagram (72 a/o < x 

< 88 a /o l ) .  Vapour quenching techniques o f fe r  a much wider composition range 

extending from I0 a/o to 90 a/o B, due to the much higher cooling rate of about 

1016 K/s. Another technique to make amorphous FexBl_ x could be implantat ion of 

Fe-atoms into boron 2 where the cooling rate is 1014 K/s. 

57Fe M~ssbauer Effect Spectroscopy (MES) provides information about the 

e lect ronic  and magnetic structure of these a l loys.  In th is paper we concentrate 

on the isomer sh i f t  and quadrupole s p l i t t i n g .  The isomer s h i f t  re f lec ts  the 

charge on the iron atoms, whereas the quadrupole s p l i t t i n g  is determined by the 

charge d i s t r i bu t i on  on neighbouring atoms. 

2. EXPERIMENTAL 

2.1. Sample preparation 

Amorphous FexBl_ x samples have been prepared by sputter ing on boron n i t r i de  

substrates kept at room temperature (RT) or l i qu id  nitrogen temperature. 

Targets of the appropriate compositions were DC-sputtered in an argon-gas atmos- 

phere of 0.1-0.5 Torr (V =1.5 kV,l  =2mA). Base pressure before sputter ing wasbe- 

low 2 × 10 -6 Torr. A presputter ing cycle of about 30 minutes with a molybdenum 
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shutter between the sputter target and the substrate was performed in order to 

s tab i l i ze  the sputtering conditions and to act ivate the gettersputter ing-ac- 
t ion 3,4, resul t ing in a very low par t ia l  pressure (10 -10 Torr of lower 4) of con- 

taminating gases near the substrate. The thickness of the sputtered samples was 

a few micrometers. 

Amorphous iron-boron f i lms on quartz and aluminium substrates were prepared 

by two-source coevaporation of the elements 13'14. The base pressure of the va- 

cuum system was about 5 × 10 -8 Torr. The thickness of the samples was about 

5000 R. After deposition the thin fi lms were examined by X-ray d i f f rac t ion  

(CuK) confirming non-c rys ta l l in i t y .  Accuracy of composition of the evaporated 

samples is better than 2 a/o. Unti l  now the composition of the sputtered sam- 

ples is not known exactly, we assumed that these are equal to the target com- 

posit ions. 

2.2. M~ssbauer measurements 

Transmission M~ssbauer ef fect  spectra of the sputtered samples were recorded 

in s i tu.  In this work we report only RT measurements. Evaporated samples were 

measured with MES and CEMS (Conversion Electron M~ssbauer Spectroscopy) at RT. 

3. RESULTS AND DISCUSSION 

3.1. IS and AEQ from M~ssbauer ef fect  measurements 

Amorphous FexBl_ x with x ~ 50 a/o showed paramagnetic spectra 5. These were f i t -  

ted by two Lorentzian l ines. The mean i somersh i f t T~ re l a t i ve  to ~-Fe and qua- 

drupole sp l i t t i ng  AEQ were determined from the peak posit ions. The ferromagnetic 

spectra were f i t t e d  by a sextuplet of Lorentzians from which only the mean iso- 

mer sh i f t  is taken in this study. Values o f T  S-and A--~are shown in f igures 1 

and 2, respectively. The value of AE---Q of amorphous Fe82.5BI7.5 was obtained from 

the paramagnetic state. This measurement had to be performed very quickly and 

carefu l ly  to avoid c rys ta l l i za t i on  I. AEQ was 0.43 mm/sec at 610 K. The 

corresponding value at room temperature was extrapolated from temperature de- 

pendent AEQ measurements to be about 0.52 mm/sec. Values o f T  Sand A--~ for  57Fe 

implanted into c rys ta l l ine  boron 2 are also indicated in f igure I and 2. 

3.2. Interpretat ion o f T ~ w i t h  Miedema-Van der Woude model 

The Miedema model was o r i g i na l l y  developed as an empirical model to predict 

the heat of formation of binary al loys 6. I t  was shown by Miedema and Van der 

Woude 7'8 that the 197Au isomer sh i f t  in Au al loys and compounds could also be 

analyzed in terms of the so-called Miedema parameters and an addit ional volume 

mismatch term. According to this Miedema-Van der Woude model the isomer-shif t  

( re la t i ve  to ~-Fe) IS(x) of amorphous FexAI_ x al loys is given by: 

IS(x) = Cs(X ) 6(IS)max • (1) 
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FIGURE 1 FIGURE 2 

Mean isomer s h i f t  ~ r e l a t i v e  to ~-Fe ( f i g .  I )  and quadrupole s p l i t t i n g  
( f i g .  2) at  room temperature versus boron content in amorphous i ron -bo ron , "  

o sput tered on bo ron -n i t r i de  at  RT; 
• sput tered on bo ron -n i t r i de  at  LN2-temp.; 
? evaporated on quar tz ;  
A evaporated on alumin~um; 
a data of  C~ien et a l .  J, sput tered;  

implanted L Fe in to  c rys t .  B; 
+ crys ta l  I i ne compounds ; 
:~ melt-quenched r ibbon. 

Cs(X ) is the contact surface concentrat ion of  A-atoms around Fe-atoms def ined by: 

( I  - x )  V~/3- 

Cs(X) = .~2/3 (1 - x) V 2/3 " (2) 
XVFe + A 

Here V is the atomic volume per mole. ~(IS)max is the isomer s h i f t  ( r e l a t i v e  to 

~-Fe) in a d i l u t e  unstrained system in which each Fe atom is  surrounded by A 

atoms only.  I t  is  represented as: 

, A F e , ,  Fe 
~(IS)max = P ' ( ~  - ~ e )  + Q (nws - nWSJ/nws . (3) 

The f i r s t  term in eq. (3) r e f l ec t s  the in te ra tomic  charge t rans fe r  between ato-  

mic ce l l s  of  atom A and the Fe-atoms, thereby changing the s -e lec t ron  densi ty at  

the Fe nucleus. A l i nea r  r e l a t i onsh ip  between the change of  the number of  e lec-  

t rons (s and d together)  per i ron atom and the increase in the s -e lec t ron  densi-  

ty  at  the Fe-nucleus is assumed. This term is  determined by the d i f fe rence  in 

e l e c t r o n e g a t i v i t y  or chemical po ten t ia l  between the ce l l s .  Instead of  tak ing the 

chemical po ten t i a l  the macroscopic workfunct ion @* is used 9. The second term of 

eq. (3) takes in to  account the i n t ra -a tom ic  charge r e d i s t r i b u t i o n  on a l l o y i n g ,  

when there is  a d i f fe rence  in e lec t ron  densi ty  nWS of  the d i s s i m i l a r  atomic 

ce l l s  (WS is the Wigner-Seitz c e l l ) .  This e lec t ron -dens i t y  mismatch at  the ce l l  

boundaries is  removed by means of s + d e lec t ron  t r a n s i t i o n .  Since s -e lec t rons  
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res ide  more a t  the ou ts ide  regions of  the atomic c e l l s  than d -e l ec t r ons ,  conver- 

s ion of  s - type  e lec t rons  i n to  d- type e lec t rons  resu l t s  in a decrease of  nWS. P' 

and Q' are o f  oppos i te  sign and w i t h i n  a given class of  ma te r ia l s  (Fe-base a l -  

loys)  they can be regarded as constants .  

For s t ra ined  systems an a d d i t i o n a l  term is necessary to  take i n t o  account the 

change in  isomer s h i f t  when the volumes of  the i ron  c e l l s  change in  a ma t r i x  of  

A atoms of  d i f f e r e n t  s ize .  This volume mismatch c o n t r i b u t i o n  can be der ived from 

e l a s t i c  continuum cons idera t ions  7 '8 '10"  

0.615 K A VA - VFe ~ IS 
ISvol = 0.615 K A + K F e F - - - V - ~ e ~  " (4) 

K is the bulk modulus I I  

Values o f  ~ V and K f o r  i ron  and boron are g iven in  Table 1 6'11 , nWS, 

TABLE 

~*(v) 

Fe 4.93 
B 4.75 

nWS 

5.55 
3.72 

Vm(cm3) 

7.1 
4.7 

K(IO I I  N/m 2) 

1.683 
1.78 

3.3. Ana lys is  o f  IS and AEQ of amorphous i ron -bo ron .  

The isomer s h i f t T ~ a s  a f unc t i on  o f  boron surface concen t ra t ion  C s is  g iven 

in  f i g u r e  3. °4 
03 -" 

o ~ o  
LSQ -tit # 

I~ o]..:.>oj.S ~x ° : 

0 0 ~ ' ~'(] ' z' 0 ' g'O ' 9'0 ' 100 

FIGURE 3 
Mean isomer s h i f t T ~  a t  room temperature 
( r e l a t i v e  to  ~-Fe) as a func t i on  of  sur-  
face concen t ra t ion  of  boron atoms C s in  
amorphous i ron -bo ron .  For legend see 
f i g .  1 and 2. 

A l e a s t  squares f i t  to  a s t r a i g h t  l i n e  

on the i r o n - r i c h  s ide and e x t r a p o l a t i o n  

to C s = i g ives 6 ( I S ) ~  = 0.50 mm/sec. 
m Q A  

Fe C s (%~ B 
From the Miedema-Van der Woude model 

w i t h o u t  volume co r rec t i on  term we f i nd  

(w i th  P' = 0.66,  Q' = - i . 5 0  as determined from a f i t  o f  6(IS)max of  57Fe d i l u -  

ted in  several  c r y s t a l l i n e  t r a n s i t i o n  metal hosts ,  analogous to re ference 8, 13 

and 14) ~( IS)  ca lc  = 0 38 mm/sec The volume mismatch c o n t r i b u t i o n  ca l cu la ted  
, , ,  m~  ~IS" I ~ ] 12 • , , l ~ , C a l c  from eq. tq) wl~n ~ = .JJ mm/sec ms ~ m)vol = -0 .18 mm/sec. With volume 

IS~ calc  = (0.38 - 0.18) mismatch term we then f i nd  f o r  s t ra ined  systems 6( 'max ,s t ra ined  

mm/sec = 0.20 mm/sec. 

With the Miedema-Van der Woude model in  mind we draw the f o l l o w i n g  conclu-  
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sions from f igure  3: 

on the i r on - r i ch  side the amorphous FexBl_x-al loys are dense s t ra in f ree  pack- 

ed; 

- fo r  x < 50 a/o the volume mismatch cor rec t ion  term is necessary, ind ica t ing  
% 

that  the i ron atoms OCCUpy st ra ined posi t ions in the heap of boron atoms; 

implanted i ron in to  boron also has a st ra ined s t ructure.  

I t  can also be seen from f igure  3 that  our data of the isomer s h i f t  are in good 

agreement with Chien's data 5 for  sputtered samples; at  x ~ 50 a/o small devia- 

t ions occur. This could be caused by uncer ta in t ies  in the compositions of the 

sputtered samples. Also the substrate temperature of the sputtered samples 

seems to in f luence the value o f ~ .  As noted before, the composition of the 

evaporated samples is be t te r  con t ro l led .  

The cont r ibut ions to the e l e c t r i c  f i e l d  grad ient  (which is propor t ional  to 

the quadrupole s p l i t t i n g  ^~EQ) at the 57Fe nuclei can be div ided in an i n te ra to -  

mic and in t ra -a tomic  con t r ibu t ion .  But since the in t ra -a tomic  r e d i s t r i b u t i o n  is 

usual ly  assumed to r e f l e c t  the nearest neighbour charge asymmetry, the i n te ra to -  

mic con t r ibu t ion  is considered as an amp l i f i ca t ion  term so that  only the neigh- 

bour con t r ibu t ion  has to be calculated fo r  the r e l a t i v e  shape of  the AE n vs. 

composition dependence. The e l e c t r i c  f i e l d  gradient  has been calculated ~5 ~ as- 

suming po int  charges in computer s imulat ions of quasi c r y s t a l l i n e  packings and 

dense random packings of hard spheres (DRPHS). We f ind that  not only in the 
16 case of DRPHS models, as suggested by Czjek et a l .  , but also in that  of quasi 

c r y s t a l l i n e  models the p r o b a b i l i t y  for  ~EQ = 0 and the asymmetry parameter 

n = 0 is very small.  Furthermore we compute that  the shape of  the ~ vs. com- 

pos i t ion  is convex, in disagreement with the experiments. With the isomer sh i f t s  

in mind th is  suggests the fo l lowing conclusion from f igure  2: in the i r on - r i ch  

region AEQ fo l lows the " idea l "  s l i g h t l y  convex curve. The s i g n i f i c a n t  increase 

at  the boron-r ich side probably indicates that  the Fe atoms are squeezed in to  

more asymmetric atomic surroundings. 

3.5. Concluding remarks 

I t  must be noted that  in Miedema's model fo r  the descr ip t ion of the heat of fo r -  

mation of Fe with s,p-elements an add i t iona l  term was necessary associated with 

the hyb r id i za t i on  of the Fe 3d band with the s,p-bands of  the nonmagnetic com- 

ponent (the so-cal led R-term6'7). I t  is not c lear  what the e f fec t  of  hybr id iza-  

t ion  of the i ron 3d band is on the isomer s h i f t .  In cases analyzed un t i l  now the 

Miedema-Van der Woude model can describe the general features (e.g. the sign and 

trend) of  the isomer s h i f t  versus composition in the amorphous i ron-boron system 

sa t i s f ac to r y ,  although uncer ta in t ies  about possible order ing ef fects (chemical 

short  range order) which a f f ec t  the surface concentrat ions s t i l l  remain. To re- 

move these uncer ta in t ies  and prove the v a l i d i t y  of the Miedema-Van der Woude 
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model a s im i la r  examination of other amorphous systems combined with d i f f r ac -  

t ion experiments, such as (energy-dispersive) X-ray d i f f r a c t i o n ,  neutron d i f -  

f rac t ion  and EXAFS is necessary. Photo-electron spectroscopy combined with band 

structure ca lcu la t ion could be very useful in checking the v a l i d i t y  of the 

Miedema-terms. 
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