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A large number of intermetallic compounds in which Fe is combined with transition metals 
(Ti, Zr, Hf, Th, V, Nb, Ta, Mo) and s,p metals or metalloids (B, AI, Ga, Si, Ge, Sn, As, Sb) were investigated by means of 
X-ray diffraction and 57Fe M6ssbauer spectroscopy. The lattice constants of all compounds were determined. The isomer 
shift in all these materials was analysed in terms of the model of Miedema and Van der Woude by the same empirical 
method used earlier in investigations on amorphous Fe-base alloys. 

I. Introduction 

Amorphous  alloys have the favourable pro- 
perty of a large composit ional f reedom, which 
makes  it possible to prepare  single phase 
materials over  often quite extended concen- 
tration ranges. In a previous investigation we 
used this composit ional f reedom of amorphous  
Al_xFe x alloys to study the 57Fe isomer shift 
systematically as a function of Fe concentration 
(x) and as a function of the second component  A 
[1]. We found that the 57Fe isomer shift in all 
these materials can satisfactorily be described in 
terms of the model of Miedema and Van der 
Woude [2] using a single set of two universal 
parameters  for which we derived empirical 
values. In the study reported here we in- 
vestigated in how far this analysis can be applied 
to the rather  large class of intermetallic com- 
pounds of Fe. 

Several intermetallic compounds  of Fe con- 
sidered in this study had already been in- 
vestigated by 57Fe M6ssbauer  spectroscopy 
before. However ,  in many cases the interest was 
in hyperfine fields and less in isomer shifts (IS). 
Values of the isomer shifts had been reported 
frequently without further  specification as to the 
reference material.  For this reason and also with 

a view to reduce the experimental  error  asso- 
ciated with differences in calibration and fitting 
of the spectra within a given series of A - F e  
compounds,  we prepared most  of the compounds 
again and measured their 57Fe M6ssbauer  spec- 
trum. Since our main interest was in obtaining an 
accurate value of IS at room tempera ture  we 
restricted ourselves as far as possible to materials 
which are still paramagnet ic  at room tem- 
perature,  and hence do not show magnetic split- 
ting of the M6ssbauer  lines. 

2. Experimental procedures and results 

The intermetallic compounds  were prepared 
by arc melting from pure starting materials of at 
least 99.9% purity. Most of the samples were 
vacuum annealed after arc melting and some of 
them were quenched in water  after the annealing 
treatment.  The composition of the samples in- 
vestigated and the corresponding annealing 
t reatment  are indicated in tables I and II. The 
F e - A s  compounds  were not prepared by arc 
melting, owing to the high vaporization rate of 
As. In these cases powdered As and Fe were 
thoroughly mixed and heated in an evacuated 
quartz vessel, first at 700°C and subsequently at 
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T a b l e  I 
P r e p a r a t o r y  condi t ions  ( annea l ing  t r e a t m e n t  in hours ,  annea l ing  t e m p e r a t u r e  in °C; q 

m e a n s  q u e n c h e d  a f te r  annea l i ng )  a nd  c rys ta l lograph ic  p rope r t i e s  of  severa l  in te rmeta l l i c  

c o m p o u n d s  of  Fe  with t rans i t ion  me ta l s  

C o m p o u n d  H e a t  t r e a t m e n t  S t ruc tu re  La t t i ce  cons tan t s  (nm)  

FeTi  mel t  spun  r ibbon  CsCI (cub) a = 0.2972 

Fe2Ti 340 h 1000 ° MgCu2 (hex) a = 0.4757, c = 0.7829 

FeZr3 650 h 800 ° ResB (or)  a = 0.3324, b = 1.099, c = 0.8810 

FeZr2 500 h 875 ° (q) CuAi2 ( tetr)  a = 0.6372, c = 0.5583 

Fe2Zr 50 h 1000 ° MgCu2 (cub) a = 0.7074 

FeHf2 as-cast  Ti2Ni (cub) a = 1.2038 

Fe3Th 7 0 0 h  1100 ° PuNi3 ( r h o m b )  a = 0.5213, c = 2.511 

FesTh 700 h 1150 ° (q) CaCu5 (hex) a = 0.5110, c = 0.4054 

Vo.6oFeo.4o 450 h 900 ° (q) F e C r  ( tetr)  a = 0.9028, c = 0.4653 

Vo.soFeo.5o 700 h 900 ° (q) F e C r  ( tetr)  a = 0.8965, c = 0.4633 

Vo.4oFeo.6o 700 h 900 ° (q) F e C r  ( tetr)  a = 0.8900, c = 0.4606 

V0.a6Fe0.64 700 h 600 ° (q) F e C r  ( tetr)  a = 0.8888, c = 0.4608 

FeTNb6 170 h 1050 ° FeTW 6 ( r h o m b )  a = 0.4927, c = 2.6776 

Fe2Nb 340 h 1000 ° MgZn2 (hex) a = 0.4835, c = 0.7881 

F e T a  as-cast  FeTW6 ( rh o mb )  a = 0.4923, c = 2.7006 

FeaTa  170 h1050 ° MgZn2 (hex) a = 0.4828, c = 0.7878 

FesMo3 3 h 1250 ° (q) FesMo3 ( r h o m b )  a = 1.0956, c = 1.9353 

FeTMo6 as-cast  FeTW6 ( r h o m b )  - - 

fe7W6 1000 h 1150 ° (q) FeTW6 ( r h o m b )  - -" 

T a b l e  I I  
P r e p a r a t o r y  condi t ions  ( annea l ing  t r e a t m e n t  in hours ,  annea l ing  t e m p e r a t u r e  in °C) and  

c rys ta l lographic  p rope r t i e s  of  s eve ra l  in te rmeta l l i c  c o m p o u n d s  of  Fe  with s,p e l e m e n t s  

C o m p o u n d  H e a t  t r e a t m e n t  S t ruc tu re  La t t i ce  cons tan t s  

FeAI3 50 h 1000 ° (q) FeAI3 (monocl . )  

Fe2AI5 100 h 900 ° Fe2AI5 (o.rh)  

FeA12 100 h 900 ° FeAI2 (triel.) 

a = 1.549, b = 0.808, c = 1.248 

fl = 107.40 ° 
a = 0.7644, b = 0.6411, c = 0.4220 

a = 0.488, b = 0.646, c = 0.880 

o~ = 91.70 °, 

F e A I  50 h 1000 ° CsC1 (cubic) a = 0.2907 

FeGa3  100 h 750 ° FeGa3 ( tetr)  a = 0.6256, 

FeSi2 300 h 1000 ° (q) FeSi2 ( tetr)  a = 0.2696, 

FeSi as-cast  FeSi (cub) a = 0.4487 

FeGe2  100 h 750 ° CuAI2 ( tetr)  a = 0.5905, 

F e G e  700 h 630 ° CoSn (hex) a = 0.5000, 

Fe2As 20 h 800 ° Cu2Sb ( tetr)  a = 0.3634, 

FeSn2 1000 h 480 ° CuA12 ( tetr)  a = 0.6542, 

FeSn 100 h 440 ° CoSn (hex) a = 0.5297, 

FeAs2 20 h 800 ° FeS2 (o.rh)  a = 0.5300, 

F e A s  20 h 800 ° M n P  (o.rh)  a = 0.5440, 

FeSb2 250 h 580 ° (q) FeS2 (o.rh)  a = 0.5841, 

Fe0.56Sb0.44 1000 h 720 ° (q) N i A s  (hex) a = 0.4124, 

fl = 73.3 o, y = 96.90 ° 

c = 0.6560 

c = 0.5142 

c = 0.4958 

c = 0.4054 

c = 0.5985 

c = 0.5326 

c = 0.4481 

b = 0.5985, c = 0.2882 

b = 0.3370, c = 0.6030 

b = 0.6552, c = 0.3207 

c = 0.5173 
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800°C,  f o l l o w e d  by  a n n e a l i n g  f o r  20  h a t  800°C.  

A l l  s a m p l e s  i n v e s t i g a t e d  w e r e  e x a m i n e d  b y  

m e a n s  of  X - r a y  d i f f r a c t i o n  u s i n g  a P h i l i p s  X - r a y  
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Fig. 1. 57Fe M6ssbauer spectra of FeTi (top) and FeGe2 
(bottom) at room temperature. 

Table III 
Average isomer shift relative to a-Fe (8IS), and hyperfine 
field (He~) observed in various intermetallic compounds at 
room temperature. The quantity fee represents the fractional 
area of contact between Fe atoms and A atoms (see main 
text) 

Compound 8IS (mm/s) Hea (T) fee Ref. 

FeTi - 0.154 0 0.84 this work 
Fe2Ti - 0.270 0 0.57 this work 
FeZr3 - 0.319 0 0.97 [5] 
FeZr2 - 0.321 0 0.96 [5] 
FejZr - 0.179 19.6 0.65 [6] 
FeHf: - 0.14 0 0.96 this work 
FesTh7 - 0.22 0 0.98 [7] 
Fe3Th - 0.17 16.5 0.58 [8] 
FesTh - 0.13 20.2 0.38 [8] 
V0.60Fe0.40 - 0.25 0 0.90 [9] 
V0.50Fe0.50 - 0.19 0 0.78 [9] 
V0.40Fe0.60 - 0.17 0 0.63 [9] 
V0.36Fe064 - 0.19 0 0.57 [9] 
FeTNb6 - 0.224 0 0.79 this work 
Fe2Nb - 0.245 0 0.57 this work 
FeTa - 0.20 0 0.84 this work 
Fe2Ta - 0.242 0 0.57 this work 
FesMo3 - 0.211 0 0.64 this work 
F e T M O 6  - 0.238 0 0.76 this work 
Fe7W6 - 0.236 0 0.76 this work 

Table IV 
Average isomer shift relative to a-Fe (8IS) and hyperfine 
field (Hen) observed in the course of the present investigation 
in various intermetallic compounds at room temperature. The 
quantity fA Fe represents the fractional area of contact between 
Fe atoms and A atoms (see main text) 

Compound 8IS (mm/s) Hea (T) fA Fe 

FeAI3 0.21 0 0.96 
Fe2AI5 0.24 0 0.96 
FeAI2 0.23 0 0.95 
FeAI 0.26 0 0.83 
FeGa3 0.28 0 0.96 
FeSi2 0.24 0 0.95 
FeSi 0.28 0 0.79 
FeGe2 0.31 0 0.95 
FeGe 0.02 12.2 0.83 
FeSn2 0.52 11.2 0.96 
FeSn 0.43 11.4 0.91 

0.39 10.3 
FeAs2 0.29 0 0.96 
FeAs 0.47 0 0.87 
Fe2As 0.57 11.4 

0.60 0.37 9.2 
FeSb2 0.46 0 0.96 
Fe0.56Sb0.44 0.42 0 0.87 

p o w d e r  d i f f r a c t o m e t e r  ( t y p e  P W  1050/25) .  W e  

u s e d  C u K  r a d i a t i o n  in c o n j u n c t i o n  w i t h  a 

g r a p h i t e  c r y s t a l  m o n o c h r o m a t o r .  T h e  c r y s t a l  

s t r u c t u r e s  f o u n d  fo r  t h e  s a m p l e s  a r e  in 

a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  in t h e  l i t e r a t u r e  

[3, 4]. T h e  l a t t i c e  c o n s t a n t s  o f  all  c o m p o u n d s  

w e r e  d e t e r m i n e d  a n d  a r e  i n c l u d e d  in t a b l e s  I a n d  

II.  T h e y  a r e  in s a t i s f a c t o r y  a g r e e m e n t  w i t h  lit- 
e r a t u r e  d a t a  [3, 4]. 

T h e  S7Fe M 6 s s b a u e r  s p e c t r a  w e r e  o b t a i n e d  b y  

m e a n s  o f  a s t a n d a r d  c o n s t a n t - a c c e l e r a t i o n  t y p e  

s p e c t r o m e t e r  e q u i p p e d  w i t h  a 5 7 C o - R h  s o u r c e .  

S o m e  t y p i c a l  e x a m p l e s  o f  M 6 s s b a u e r  s p e c t r a  a r e  

s h o w n  in fig. 1. V a l u e s  o f  t h e  i s o m e r  s h i f t . ( r e l a -  

t i ve  to  a - F e )  a n d  h y p e r f i n e  f ie ld  (He~)  a r e  l i s t e d  

fo r  al l  c o m p o u n d s  in t a b l e s  I I I  a n d  I V .  

3. D i s c u s s i o n  

A s  m e n t i o n e d  in t h e  I n t r o d u c t i o n ,  t h e  a u t h o r s  

h a d  e a r l i e r  r e p o r t e d  a s u c c e s s f u l  a n a l y s i s  of  t h e  
S7Fe M 6 s s b a u e r  i s o m e r  sh i f t  f o r  a v a r i e t y  of  
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different amorphous  Fe alloys on the basis of the 
model of Miedema and Van der Woude [1]. In 
this model the strain-free dilute limit 8ISma x of 
the isomer shift IS relative to a - F e  in an alloy 
Al_xFe x is given by the expression [2] 

where ~ is given by eq. (3). The concentration 
dependence of the isomer shift in intermetallic 
compounds  is now expressed as 

fA t~ISmax. (5) 6iSx = v~ 

* Or(hAs Fex. Fe 6ISm~x = P ' ( ~ -  &Fe) + -- nwo/nws, (1)  

where &* and nws represent  values for the elec- 
tronegativities and electron densities at the 
Wigner-Seitz  cell boundaries,  respectively. For 
amorphous  Fe alloys the constants P '  and Q '  
were determined empirically, and since the 
values for &* and nws have been tabulated for all 
metals [10] it is possible to predict the strain-free 
dilute limit for any alloy by means of the relation 

8ISma x = 0.75A~b* Fe 
- -  1.65Anwffnws. (2) 

In amorphous  alloys A~_xFe x of finite Fe eon- 
centration x the IS shift is expected to vary 
linearly with the relative area of contact of a 
given Fe a tom with A neighbours. This fractional 
area of contact can be est imated by weighting 
the actual atomic fraction with the cross-sec- 
tional areas of Fe and A. The corresponding 
effective concentrations are given by 

= . •,2/3 r • r2/3 + (1  . x • z2/31-1 
A V F e  l X V F e  -- 2 ~ ) V A  ] • (3) 

In this expression the cross-sectional areas of the 
A and Fe atoms were taken to be proport ional  to 
V 2/3, where V is the atomic volume.  The  con- 
centration dependence  of 8IS is then given as 
8IS~ = (1 - . ~ ) ( ~ I S m a  x- 

Intermetall ic compounds  differ f rom amor-  
phous alloys in so far as the coordination of the 
Fe a toms can no longer be described as a more  
or less statistical distribution of A and Fe atoms 
in the near-neighbour  shell. The A atoms show a 
strong preference to be nearest  neighbours to the 
Fe atoms. For this reason the fractional area of 
contact of the Fe atoms with A atoms in inter- 
metallic compounds  of nominal  Fe concentration 
x is larger than ~ in eq. (3). It can be estimated 
by means of the expression [2, 10] 

fFe = (1 -- .~)[1 + 8£2(1 -- 2~)2], (4) 

In dilute crystalline alloys Al_xFe x (x ~<0.01) 
the Fe atoms occupy atomic positions in the 
lattice of the host metal. This results in a size 
mismatch when the A atoms are much smaller or 
larger than the Fe atoms, and consequently leads 
to an additional isomer shift contribution. The 
size mismatch contribution is absent in amor-  
phous alloys and intermetallic compounds  where 
Fe and A atoms are free to choose their own 
position. For this reason both classes of materials 
are expected to behave in an analogous way. In 
other words, also in intermetallic compounds  it is 
reasonable to obtain the strain-free dilute limit 
t ~ I S m a  x by plotting the isomer shift observed in 
the various compounds versus the fractional area 
of contact and extrapolate to infinite solution 

Fe (fA = 1 in eq. (5)). 
Experimental  results for intermetallic com- 

pounds in which Fe is combined with other tran- 
sition metals are given in figs. 2 and 3. In the 
cases Z r - F e  and T h - F e  in particular, the straight 
line (according to eq. (5)) can be drawn rather  
unambiguously.  The situation is less favourable in 
the case of Hf-Fe .  This is due in part  to the fact 
that there are only two compounds in the H f - F e  
system. Of  these two compounds,  Hf2Fe and 
HfFe2, the latter is not suitable for the deter- 
mination of IS by means of 57Fe M/Sssbauer 
spectroscopy since it gives rise to a polymorphic 
t ransformation from cubic to hexagonal,  both 
phases being in addition strongly ferromagnetic 
and having more than one inequivalent Fe site. 
Inspection of fig. 3 shows that some ambiguity as 
to fixing the straight line is present also in the 
cases of N b - F e  and Ta-Fe .  

Exper imental  results for compounds  of Fe 
with polyvalent s,p metals are Shown in figs. 4-6. 
It can be seen in fig. 4 that the situation is 
satisfactory in compounds  of Fe with elements  of 
the third column of the Periodic Table, while 
figs. 5 and 6 show that the scatter around the 
straight lines is somewhat  worse in compounds  
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Fig. 2. 57Fe M6ssbauer  isomer shift in various intermetallic 
compounds  of Fe with transit ion metals ,  plotted versus the 
fractional area of contact  between Fe a toms and nonmagnet ic  
A a toms (fF=). 
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Fig. 3. STFe M6ssbauer  isomer shift in various intermetallic 
compounds  of Fe with transit ion metals,  plotted versus the 
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Fig. 6. S7Fe M 6 s s b a u e r  i somer  shif t  in va r ious  in t e rme ta l l i c  

c o m p o u n d s  of Fe  wi th  A s  and  Sb, p lo t t ed  versus  the  frac- 
t iona l  a rea  of con tac t  b e t w e e n  Fe  a t o m s  and  n o n - m a g n e t i c  A 
a t o m s  0~AF=). 

Tab le  V 

St ra in- f ree  d i lu t e  l imi t  (SISm~x) of the  57Fe i somer  shif t  in 

(mm/s)  a t  r o o m  t e m p e r a t u r e  in i n t e rme ta l l i c  c o m p o u n d s  of 
Fe  wi th  va r i ous  o t h e r  me ta l s  or  me ta l l o id s  (A). T h e  ra t io  
(An/n)/Aga* was  ca lcu la t ed  by m e a n s  of the  va lues  l i s ted  by 
Nies sen  et  al. [10] for the  e l ec t ronega t i v i t i e s  (4)*) and  elec-  
t ron  dens i t i e s  at  the  a t o m i c  cell  b o u n d a r i e s  (nws) of Fe and  A 
e l e m e n t s  

A 8ISmax ~ -  / 8ISmax/A~b 

W - 0.32 - 0.54 2.46 
M o  - 0.32 0.0 1.14 

V - 0.27 0.29 0.40 
Nb - 0.32 0.25 0.36 
Ta  - 0.30 0.25 0.34 
Ti - 0.28 0.33 0.25 

Z r  - 0.35 0.33 0.23 
Hf  -0 .15  0.34 0.11 

Th - 0.21 0.38 0.13 

B 0.37 - 0.09 + 1.00 
A1 0.29 0.71 - 0.40 
G a  0.28 0.72 - 0.34 
C 0.80 0.19 0.63 

Si 0.30 1.70 - 1.30 
G e  0.32 1.42 - 0.84 
Sn 0.48 0.83 - 0.62 
A s  0.42 3.55 - 3.23 
Sb 0.49 1.21 - 0.92 

with elements of the fourth and fifth columns of 
the Periodic Table. In the system As-Fe  in par- 
ticular, it seems impossible to draw a straight line 
which could represent eq. (5). From the three 
8IS values listed, those of the paramagnetic 
compounds FeAs and FeAs 2 are the more reli- 
able ones. Since T N =  350K for FeEAS the 
M6ssbauer spectrum of this compound shows an 
incomplete Zeeman splitting and 6IS is less ac- 
curately determined. For this reason we have 
drawn the straight line to fit the data of only the 
two former compounds. 

The experimental values of tSISm~ x obtained by 
extrapolation in figs. 2-6 have been listed in 
table V. These values of t~ISma x have been used 
for determining P' and Q'. For this purpose we 
have plotted ~ISm~x/A~b* versus the corresponding 
values of (An/n)/dgb*. According to eq. (1) a 
straight line is expected and the results shown in 
fig. 7 for compounds of Fe with other transition 
metals are quite convincing. From the intercept on 
the vertical axis and from the slope of the straight 
line in fig. 7 one may derive the values of constants 

57Fe 

~ISexp 

-0.6 ' -o14 ' - d 2  o.o 

Mo 

V 
°4. 

, , , H,f , ' ~ T h  , 

0 0.2 0.4 

Fig. 7. Plot  of e x p e r i m e n t a l  va lues  of 6IS~ax n o r m a l i z e d  with 

the  c o r r e s p o n d i n g  e l ec t ronega t iv i t y  d i f ference  A~b* = 
~bA -- ~bF~ versus  the  ra t io  An/n(A~b*)-'. The e l ec t ronega t iv i ty  
d i f ferences  (zl~b*) and  d i f fe rence  in e l ec t ron  dens i ty  at  the  

a tomic  cel l  b o u n d a r i e s  (An)  p e r t a i n  to  c o m b i n a t i o n s  of  Fe  
wi th  o t h e r  t r ans i t ion  meta l s .  
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P '  and Q'  which are equal to P ' =  1.08 and 
Q'  -- -2.51.  

Arguments were presented by Miedema and 
Van der Woude [2] to show that eq. (1) is 
insufficient to describe the isomer shift in alloys 
or compounds where a transition metal is com- 
bined with an s,p metal. Owing to the hybridi- 
zation between the d electrons of the former 
component  with the s,p electrons of the latter an 
additional parameter  (R')  has to be included in 
eq. (1). Inspection of the plot made for com- 
binations of Fe with s,p metals in fig. 8 show 
that the agreement with the relation 

5ISma x = 1.08A~b* - 2.51dn/n (6) 

obtained from the previous plot and reproduced 
here as the straight line is less satisfactory. The 
differences between the experimental data for 
8ISm~x/A~b* and the corresponding values of the 
straight line represented by eq. (6) have been 
listed a s  A( t~ISrnax /A~b*)  in table VI. From these 
values one may obtain the excess isomer shift 
due to the R' term after multiplying with A~b*. 
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Fig. 8. Plot of exper imenta l  values of 8ISmax normal ized with 
the cor responding  electronegativity difference A~b* = 
~b~, - ff~e versus  the ratio An/n(A~b*) -1. The electronegativity 
differences (A~b*) and difference in electron density at the 
a tomic cell boundar ies  (An)  per ta in  to combina t ions  of  Fe 
with s ,p-metals .  In o rde r  to make  contact  with the  data  given 
in fig. 7 we included the data  points  per ta ining to W and Mo.  

Table VI  
Excess values of 6ISmax/A~b* (in mm/s )  derived f rom the plot 
shown in fig. 8. The  values of A(8ISmx) represent  the excess 
i somer  shift in (mm/s)  originating f rom the additional R '  term 
which has to be included in eq. (1) when  Fe is combined  with 
s, p e lements  

A d \ ~ 1  d ( S I S ~ )  

B - 0.30 - 0.11 
AI + 0.26 - 0.19 
Ga  + 0.37 - 0.31 
C 0.00 0.00 
Si + 1.90 - 0.44 
Ge  + 1.60 - 0.61 
Sn + 0.40 - 0.31 
As  + 4.70 - 0.61 
Sb + 1.00 - 0.53 

The values of the excess isomer shift d(SISm~ ) 
have been listed in the last column of table VI. It 
will be clear that any experimental inaccuracies 
associated with difficulties in the determination 
of 8ISma X in systems like Fe-As  (fig. 6) will 
eventually lead to a non-zero value of R '  even in 
cases where such a term is absent or is small. 
Nevertheless, it is significant that no such term is 
present in systems of Fe with other  transition 
metals (see fig. 7) while there is a fairly large R '  
term in some systems of Fe with s,p elements. 
Inspection of the values listed in the last column 
of table VI furthermore shows that there is a 
tendency of R '  to increase as the total number  of 
electrons of the s,p element becomes larger. 

4. Concluding remarks 

The analysis of 57Fe isomer shifts in terms of 
the Miedema-Van der Woude model, made 
previously for amorphous Al_xFe x alloys, has 
been extended to intermetallic compounds of Fe. 
The results of this analysis have shown that the 
parameters P '  and Q'  determined empirically for 
amorphous Fe alloys ( P ' =  0.75; Q ' =  -1.65) are 
somewhat different for Fe-base intermetallics 
( P ' =  1.08; Q ' = - 2 . 5 1 ) .  From this result and 
from the fact that slightly different values for P '  
and Q'  were also found for Fe-rich crystalline 
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al loys  ( P '  b e t w e e n  0.71 and 0.90; Q '  b e t w e e n  
- 1 . 5 0  and  - 1 . 8 5 )  by D u b i e l  and  Zinn  [13], one  
may  conc lude  tha t  the  va lues  of  P '  and  Q '  
d e p e n d  s o m e w h a t  on the na tu r e  of  the  
e n v i r o n m e n t  of  the  Fe  a toms.  This  affects pri-  
mar i ly  the  Q '  t e rm which is a m e a s u r e  of  the  
i n t r a - a tomic  r ed i s t r i bu t ion  of s and  d e l ec t rons  of 
the  Fe  a toms.  A p p a r e n t l y  this quan t i ty  is some-  
wha t  sens i t ive  to the  local  s y m m e t r y  of the  
e n v i r o n m e n t  of the  Fe  a toms.  This  s y m m e t r y  is 
low in a m o r p h o u s  and  crys ta l l ine  a l l o y s  but  is 
high in in t e rme ta l l i c  c o m p o u n d s .  

W e  found  that  the  accuracy  of the  m o d e l  
p red i c t i ons  is s o m e w h a t  less in in t e rme ta l l i c s  
than in a m o r p h o u s  al loys.  This  is t rue  for  in ter -  
meta l l ic  c o m p o u n d s  of  Fe  with me ta l l o id s  l ike 
A s  in par t i cu la r .  H o w e v e r  unsa t i s fac to ry  in some  
cases  in a quan t i t a t i ve  sense ,  the  m o d e l  p red ic t s  
cor rec t ly  that  the  i somer  shift  ( re la t ive  to a - F e )  
in in t e rme ta l l i c  c o m p o u n d s  is nega t ive  when  Fe  
is c o m b i n e d  with  o t h e r  t rans i t ion  me ta l s  

(Ti, Zr ,  Hf,  Th,  V, Nb,  Ta,  Mo,  W )  bu t  is pos i t ive  
when  Fe  is c o m b i n e d  with s,p me ta l s  o r  me ta l -  
loids (B, AI,  Ga ,  C, Si, Ge ,  Sn, As ,  Sb). 

References 

[1] A.M. van der Kraan and K.H.J. Buschow, Phys. Rev. 
B27, (1983) 2693. 

[3] A.R. Miedema and F. van der Woude, Physica B100 
(1980) 145. 

[3] C.I. Smithells, Metals Reference Book (Butterworths, 
London, 1976). 

[4] O. Kubaschewski, Iron-Binary Phase Diagrams 
(Springer, Berlin, 1982). 

[5] W. Hoving, private communication. 
[6] G.K. Wertheim, V. Jaccarino and J.H. Wernick, Phys. 

Rev. 135 (1964) A151. 
[7] P.V. Viccaro, G.K. Shenoy, B.D. Dunlap, D.G. West- 

lake, S.K. Malik and W.E. Wallace, J. Phys. (Paris) 40 
(1979) C2-157. 

[8] P.C.M. Gubbens, A.M. van der Kraan and K.H.J. Bus- 
chow, J. Appl. Phys. 56 (1984) 2547. 

[9] A.M. van der Kraan and K.H.J. Buschow, Phys. Stat. 
Sol. (a) 88 (1985) 231. 

[10] A.K. Niessen, F.R. de Boer, R. Boom, P.F. de Ch~tel, 
W.C.M. Mattens and A.R. Miedema, Calphad. 7 (1983) 
51. 

[11] C.L. Chien, D. Musser, E.M. Gyorgy, R.C. Sherwood, 
H.S. Chen, F.E. Luborsky and J.L. Walter, Phys. Rev. 
a20 (1979) 283. 

[12] G. Trumpy, E. Both, C. Dj6ga-Mariadassou and P. 
Lecocq, Phys. Rev. B2 (1970) 3477. 

[13] S.M. Dubiel and W. Zinn, Phys. Rev. B29 (1984) 2279. 


