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The correlations between the hyperfine-field, isomer-shift, and quadrupole-splitting distributions

determined in ferromagnetic crystalline and amorphous intermetallic compounds from the linewidth

differences of "Fe Mossbauer spectra will be discussed. It will be shown that no structural informa-

tion can be deduced from these quantities.

Generally, in iron-containing magnetic crystalline and
amorphous materials the low-temperature Fe Mossbauer
spectrum consists of six broadened peaks. The line
broadening results from the variation of hyperfine field
H, isomer shift 5, and electric field gradient (EFG) at dif-
ferent iron nuclear sites; correlation between these param-
eters leads to linewidth asymmetries. It has been shown
in a series of papers' that the correlation between the
width of the distribution of these parameters can be deter-
mined from the linewidth differences. By using the nota-
tion of Lines and Eibschutzi the difference in the corre-
sponding mean-square widths W; = ((L;—(L; ) ) )
[where L; (i =1,2, . . . , 6} are the line positions in order
of increasing energy] are given by Eq. (5) of Ref. 3 as fol-
lows:

W6 —Wi ——0.9792@tv[(MXb5) + (ddI hu )],
W,' —W,'=0.S6721 „[&~~5)—&~H ~u)],
Wq —W3 ——0. 1552@„[(~ b,5) —(~ b u )],

in which lsiv is the nuclear magneton, u is the first-order
quadrupole shift, and du:—x —(x)(x =H, 5,u) denotes
fluctuations from the average values. Here correlation
terms involving the second-order quadrupole shifts which
are rather small were neglected. The determination of
these linewidth differences by using different fitting pro-
cedures was discussed in detail in Refs. 2—6, and our re-
sults are in good agreement with the values obtained
there. In the following we will investigate the correlations
between the fluctuations of the hyperfine parameters in
crystalline and amorphous transition metal-metalloid al-
loys.

&~ ~5&

The hyperfine field has isotropic and anisotropic contri-
butions. The dominant contribution is isotropic and
determined mostly by the number of nearest-neighbor

metalloid atoms via the magnetic moment of the iron
atom. This contribution is not sensitive for the geometri-
cal arrangement of the metalloid neighbors. The anisotro-
pic contributions originate from the antishielded orbital
and dipole fields. They depend on the actual geometrical
positions of the neighboring atoms, and in the case of uni-
axial magnetic anisotropy the electric field gradient is ex-
pected to be proportional to the dipolar field according to
the relation H =pttq(l —R} ', where pii is the Bohr
magneton, q is the principal EFG component, and R is
the Sternheimer shielding factor. The value of the isomer
shift is mainly determined by the number of the metalloid
neighbors. In case of crystalline compounds the average
values of the hyperfine field and isomer shift are to a
good approximation linearly correlated to each other, with
dH/d5= —20. This relation is well followed also by the
average values of transition metal-metalloid glasses.

In the following we will use a similar decomposition for
the width of the hyperfine field distribution b,H, that is

H +~Is+ Q~ams where +~Is and ~ams
widths of the isotropic and anisotropic hyperfine field dis-
tributions, respectively. AH ' will not be correlated to
b,5, because the isomer shift is independent of the neigh-
bor geometry, so that ~~' would average out, i.e.,
(ddI'I'55) =0. Assuming that the correlation between
the widths of the hyperfine field and isomer shift distribu-
tions follow the correlation between the average values,
the value of (~65) is given by

&~~5)=(~H"~5) =-(dHZd5)&(~5}') .

This relationship is well followed, e.g. , by the data de-
duced for the tetragonal Fe38] „P„compounds shown in
Fig. 1.

However, the value of &EH', 5) is not characteristic
for the crystal structure of the compound. For example,
in the case of crystalline compounds with single crystallo-
graphic sites (e.g. , tetragonal FezB, where 55=0)' or in
the materials, where the effect of the increasing number of
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FIG. 1. (a} (b,H b5) and (b) (~hu ) correlations in

tetragonal Fe38& „P„compounds calculated from the data of
Ref. 11,; Ref. 10,T; and our data, 0; respectively.

metalloid nearest neighbors and the decreasing interatom-
ic distances accidentally cancel each other (as is the case
of orthorhombic FeqC where b,5=0),' the value of
( ddt b,5) is nearly vanishing, as shown in Table I. Beside
that, rather similar values are obtained for the tetragonal
Fe&8 and for the Ni-rich orthorhombic (Feo3&Nip 67)sB
compound, which is' isostructural with FeqC (Table I),
showing that the (b,H b,5) correlation is independent of
the actual crystal structure or the local geometrical ar-
rangement of the atoms. It is even more surprising that
the negative value of (ddib, 5) changes for positive
values with increasing iron concentration in the
orthorhombic (Fei,Ni~)38 compounds (Table I). The
relevant Mossbauer spectra are shown in Fig. 2. It is ob-
vious from the comparison of Figs. 2(c) and 2(d) that the
change in the sign of the (4H b5) correlation in the
orthorhombic (Fei „Ni, )&8 compounds for x =0.67 and
0.33 originates from the reversion of the relation between
the hyperfine fields and isomer shifts of the 28 and 38
sites. At x =0.67 the component with the smaller hyper-
fine field (belonging to the sites with 38 nearest neigh-
bors) has larger isomer shift than the component belong-
ing to the 28 sites; i.e., it follows the trend of the average

values. On the other hand, at x =0.33 the larger hyper-
fine field component has the large isomer shift. (The in-
tensity differences of these components are related to the
ordering of the Fe atoms on the 28 sites for increasing Ni
concentration. ) This latter behavior is also observed' '"
in the tetra, gonal Fe38 and Fe3P compounds: The isomer
shift of 38 sites is smaller than that of the 28 sites, while
the hyperfine field decreases monotonously with increas-
ing number of metalloid neighbors. The negative
(ddfb, 5) correlation in these latter compounds results
from the compensation of the negative contribution of the
48 sites, which is, however, absent in the orthorhombic
structure. The surprising composition dependence ob-
served in the orthorhombic (Fei „Ni, )qB compounds is
probably related to the concentration dependence of the
atomic position parameters in the structure, that is, to the
change of the interatomic distances. ' However, at
present no direct experimental information is available.

In most metallic glasses (apart from the Fe-P glasses)
the (~b,5) correlation does not have the negative
value expected on the base of the correlation between the
average values. A typical value of }tzN ( bA b,5 ) is
+0.029 (mm/s) for amorphous Fe7sBz4 alloy. However,
in the case of amorphous alloys, there is a further contri-
bution to the correlation of (dd? 65), which is not
present in the crystalline compounds and which originates
from the fluctuations of the interatomic distances around
the average values via the interatomic distance depen-
dence of H(r) and 5(r) The .estimated value of this con-
tribution is the following:

&~( )&5( ))= &(& )')dH d5
dr dr

dH d5 dp ( g )z)
dp dp dr

9dHd5 1 (~
dp dp it;z

(3)

where it was assumed that it follows the correlation be-
tween the average values. Here ((br/r) )'~ is the rela-
tive fluctuation of transition metal-metalloid interatomic
distances, and E= —d ln V/dp is the compressibility.
The distance dependence of the hyperfine field and the
isomer shift is in this way rescaled to their pressure
dependence. High-pressure Mossbauer study of amor-
phous FeqB and (Feo z&Nio 7q)qB gives' the following typi-
cal values: dH/dp = —0.2 kOe/kbar and d5/dp

TABLE I. Values of the (bH b5) and (ddf hu ) correlations in different intermetallic compounds (error bars are given in
parentheses).

Fe28
Fe3C
Fe38
(F 0 67N10, 33 )38

Crystal
structure

Tetragonal
Orthorhombic
Tetragonal
Orthorhombic
Orth orhombic

(~S5&
px

(mm/s)

+ 0.0003(10)
+ 0.0038(10)
—0.014(5)
+ 0.022(5)
—0.029{5)

(hH b,u )
px

(mm/s)

+ 0.0129(10)
+ 0.0065(10)
+ 0.050(5)
—0.015(5)
—0.068(5)

Crystal
structure

amorphous
amorphous
amorphous

px
(mm/s)

+ 0.028(10)
+ 0.012(10)
+ 0.021(10)

(dH bu)
px

(mm/s)

—0.039{10)
—0.028(10)
—0.046(10)
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FIG. 2. (a) Mossbauer spectra of tetragonal FeqB at 293 K, (b) orthorhombic Fe3C at 80 K, (c) orthorhombic (FC067Nip 33)38, and
(d) Feo 33N1067)38 at 5 K. The arrows in (c) and (d) correspond to the satellite with larger hyperfine field and larger isomer shift and
to the satellite with smaller hyperfine field and larger isomer shift, respectively.

= —3&(10 mm/skbar. E=6X 10 kbar ' can be ex-
trapolated from the measured K values of different Fe
and Ni containing metallic glasses. ' High-resolution
time-of-flight neutron diffraction study of Fe-B and
(Fe,Ni)B glasses yields' lkr/r=0 03 for the. relative Fe-B
distances. With these parameters the contribution of the
distance fluctuation to (ddt 55) is about =+0.06@.~
(mm/s) according to Eq. (3). The characteristic differ-
ence between Fe-B and Fe-P glasses must be caused by
the delicate balance of the two main contributions:
short-range order and interatomic distance fluctuations.

(dH hu )

By using the formerly adapted decomposition of the hy-
perfine field into isotropic and anisotropic contributions,
correlation is expected only between LH ' and hu. In
case of uniaxial magnetic anisotropy LH' '-hu, accord-
ing to the formerly mentioned relationship between the
dipole fields and quadrupole shifts; thus positive
(hH b,u ) correlation is expected. This expectation is
well fulfilled for the crystalline FeiB&,P„compounds

(Fig. 1) or for the tetragonal Fe2B (Table I), where the
Mossbauer spectra indicate"' uniaxial magnetic aniso-
tropy. On the other hand, when this assumption does not
hold, as in the case of orthorhombic (Fei „Ni„)iB com-
pounds where a broad distribution of dipolar fields had to
be used for the description of the Mossbauer spectra, neg-
ative ( LH hu ) correlations were obtained (Table I). Neg-
ative ( ddT hu ) correlations were obtained (Table I). Neg-
ative (ddE hu ) values are characteristic also for metallic
crystalline data they may be caused by their nonaxial
magnetic structure.

Finally we had to conclude that the values of the
(hH b5) and (hH hu ) correlations determined for
compounds of known crystalline structure show no simple
relation to the local neighborhoods of iron atoms. In this
way it i.s hardly expected that the dominant short-range
order of metallic glasses is reliably estimated from these
correlations.

Illuminating discussions with Dr. T. Kemeny are high-
ly appreciated.
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