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ABSTRACT

Results of Mdssbauer-measurements on the intermetallic compounds
(Fei_j,C°x) 2B (0Sx4) and (Fej-_xCox)B (o<x*0.5) are presented; the hyper-
fine field, isomer shift and quadrupole splitting being measured as a func-
tion of composition and temperature between 80°K and 1100°K. The data in-
dicate that the electron states at iron sites are well-localized, and that
iron keeps a nearly constant moment through the two ternary compound series.
In (Fei_xCox)2B the nonlinearity of the magnetization versus concentration
is attributed to an important change in the magnetic moments of cobalt atoms,
moreover; the concentration and temperature dependence of the easy magnetiza-
tion direction were also investigated.

PES3IOME

MpuBOOATCA pe3ynbTaThl n3mepeHuin Meccbayspa,npOBefeHHbX Ha MHTepmeTal-
nndecknx cnnaBax (Fei_xCox)2B (0<x<1) u (Fej._xCox)B; Ob/M M3MepeHbl CBEPXTOH-
Koe nosie, W3O0MEepHbIi CABUIM, KBagpyno/sbHOe paclensieHne, B 3aBUCUMOCTU OT cocTa-
Ba W TemnepaTypbl B uHTepBasne Temnepatyp mexgy 80 v 1100°K. [aHHbie noKa3tIBaK)T,
UTO 3J/IEKTPOHHbIE COCTOSIHUS XOPOWO JIOKa/IM3MPOBaHsL Ha MecTax Xefnesa, U 4YTOo xene-
30 pacnonaraeT 6AM3KUM K NOCTOAHHOMY MArHWTHbIM MOMEHTOM B ABYX TPEXKOMMNOHEHT-
HbiX cuctemax. B (Fei_xCox)2B HenMHenHOCTb 3aBUWCUMOCTM HamarHM4YMBaemMoCTu OT
KOHUEHTpauum npunuceiBaemMm 3HauMTeNIbHOMY W3MEHEeHWK MarHMTHOro MoMeHTa KobasbTa,
KpoMe TOro MccnefoBa/MCb 3aBWCUMOCTWU HanpaB/ieHUs NEerkoro HamarHu4unBaHusi oT
KOHUEeHTpauMm n OT TemnepaTypsl.

KTVONAT

A (Fe™_xCox)2B (0£x<1l) és (Fei_xCox)B intermetallikus oOtvozeteken
végzett Mossbauer-mérések eredményeit k6zoljuk; a hiperfinom teret, izomer
shiftet és a kvadrupolus-felhasadast mértik az Osszetétel és a hémérséklet
fliggvényében 80 és 1100 °K kozott. Az adatok azt mutatjak, hogy az elektron-
allapotok a vashelyeken jol-lokalizaltak, és hogy a vas kozel allandé mag-
neses momentummal rendelkezik a két ternér rendszerben. (Fei_xCox)zB-ban
a magnesezettség koncentraciofiggésének nonlinearitasat a kobalt magneses
momentumok jelentfs megvaltozasanak tulajdonitjuk, ezenkivil a konnyl magne-
sezési irany koncentracio- és hémérséklet-fluggését vizsgaltuk.



1. Introduction

The experimental data on interstitial compounds of tran-
sition metals with metalloids such as boron, carbon or nit-
rogen are often interpreted in terms of the so-called "donor
model™ 1n which the metalloid donates its valence electrons
to the d-band of the metal (lundquist, Myers and Westin 1962,
Cadeville and Meyer 1962). The magnetic moment versus elec-
tron concentration curve of the i1somorph series of TEB and TB
compounds with T=Cr, Mn, Be, Co and Hi is very similar to the
Slater-Pauling curve of the same transition alloys. The only
difference i1s that the curve as a whole i1s shifted to the
lower electron concentration by about 1.5 electrons for each
boron atom. Similar results have been found by Kuentzler
(1970) and Hanson, Mahning and Toth (1971) from the low tem-
perature specific heat measurements. However, as these types
of measurement are sensitive to the bulk properties of the
compounds, no detailed information on the mechanism of the
electron transfer resulted. HMR and Mossbauer methods are
suitable for investigating the details of the electron trans-
fer since these give iInformation about the charge and spin
density distribution of theses systems.

The iInteraction between the transition metal 3d electrons
and the metalloid s and p electrons may be studied In two
different ways:

i. by substituting the metalloid with another metalloid
with more or less electrons, or

by leaving the metalloid unchanged and substituting the

transition metal atom with another having a different

overlap with the metalloid.
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*The MGssbauer-measurement on the Fe~C~"B” cementite struc-
ture compounds carried out by Bernas, Campbell and Fruchart
(1967) is the best example for the first type of experiment.
One of their main experimental results was that the i1somer
shift was practically independent from of the average metal-
loid electron number.

The i1somer shift reflects the change iIn the electron
structure of iron atoms for i1t is proportional to the total
s-electron density at the nucleus and thus depends on the total
number of 4s and 3d electrons - indirectly through the
screening of 3s electrons,, It increases with the decrease 1In
the number of 4s electrons or with the iIncrease in the number
of 3d electrons, however, the actual calibration has long
been a bone of contention (see Fatseas (1973) and references
given there).

The near constancy of the isomer shift in the
Fe3 (Ci-xBN)system seemed to rule out the simple version of the
donor model in which the iron gets some extra d-electrons at
unchanged 4s configuration from the metalloid neighbours. As
a matter of fact, the substitution of carbon by boron results
in a decreased average sp electron number, i.e. the number of
donated electrons to iron; and thus due to the reduced number
of d-electrons, a decrease is expected In the isomer shift.

On the other hand, the decrease iIn the average sp and d elec-

tron density giving a comparatively large positive contribution
to the isomer shift compensating i1ts above mentioned decrease
(Fatseas 1973)* In this case we wonder in which way this com-
pensation takes place and whether i1t is characteristic only

for this compound system with cementite structure. Unfortunately,



the number of such ternary series (with iron and two inter-
stitial metalloids) is very limited and thus the above ques-
tions have not as yet been answered.

The second possibility is the investigation of ternary
series in which the metalloid remains unchanged but the tran-
sition metal atom is substituted by another one. These sys-
tems are also important for the better understanding of the
bonding and electron transfer to the metal atoms, expecially
in view of the common band of the transition metal atoms. To
our knowledge, apart from the very preliminary room temperature
Mossbauer measurements of Cadeville et al. (1965) on a
(Fe™ gCoQ 2B compound, no such type of investigation has
been performed so far. We selected the (Fel_xCox)2B an<*

(Fe-, Co )B systems for our Mossbauer experiments since each
system formed a solid solution across the whole concentration
range. Moreover, the average magnetization of the ~ el xCox)b
system decreases according to the simple dilution, whereas

that for the (Per Co”™gB system shows a deviation upward

from it. It is to be hoped that a much better understanding

of the transition metal-metalloid interaction might be obtained

by comparing the results of these two systems.

2. Experimental method and results
2.1 Apparatus

A conventional constant-acceleration Mossbauer spectrome-
ter was used connected with a 1024 multichannel analyser and
a 20 mCi 57Co in chromium source. Within the measurements, the
differential nonlinearity was found to be better than 0.1% and

no measurable change of velocity or zero point could be observed



even during runs lasting several days. The spectra generally
contained about 100—300*103 counts per channel collected du-
ring runs of 1-2 days. The measurements were carried out at
temperatures from liquid nitrogen temperature to about 1100°K
using a vacuum furnace above room temperature and a 'cold
finger" cryostat at low temperatures; the sample temperature
was stabilised by temperature controller within 11°C. Repro-

ducibility was within the limits of experimental error.

2.2 Samples

The samples were prepared form 99.8% pure boron and 99.9%
pure transition metals by induction melting under pure argon
and homogenized by vacuum annealing. The homogeneity of the
samples was checked by X-ray and all were found to be iIn a
single phase. They all proved to be extremely hard but brittle
so powders (grain size less than 50 nyu) were used for the
Mossbauer measurements. The Mdssbauer spectrum of the
(Pe0O "COq £ sample indicated the presence of a second phase
(about 40" of the iron present), which was identified as
(PeQ ~COgq 5)2n the basis of 1ts MOossbauer parameters. The
appearence of this phase was probably caused by the breaking
operation. In the nomnally stoichiometric FeB sample a second
six-line pattern (corresponding to 12% of the total iron con-
tent) was found which could be attributed to the presence of
a samll boron excess originating from the sample preparation
technique. During the preparation of pure PeB without traces
of Pe2B, namely, the respective proportions of Pe and B melted
together were Fe~"B~"™ with £»0.01 to compensajb the boron

losses by evaporation or oxidation during the melting. The
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concentrations of the samples were the following:
(Fe-~"Co™B with x=0, 0.2, 0.4, 0.5, 0.6, 0.7, 0.8;
(Fe-, Co )B with x=0, 0.15, 0.35, 0.5

2.3 Evaluation of data and results

a. (itl.xCox)2B

Fe2B and Co2B have the same body-centred-tetragonal
(CuAlg-type) structure (Pearson 1967)« In this structure the
iron sites are crystallographically equivalent and In Fe2B a
typical i1ron atom has four symmetrically equivalent boron
neighbours at a distance of 2.18 $ and 11 nearest iron neigh-
bours as follows: the closest i1s at 2.40 {4, two atoms are at
2.45 &, and there are two additional sets of four iron neigh-
bours at distances of 2.69 and 2.72 X. The magnetocrystalline
anisotropy measurement of Iga et al. (1966) shows that at
room temperature in Fe2B the easy axis of magnetization lies
in the plane perpendicular to the c-axis resulting in equal
numbers of two non equivalent iron positions. Due to the
anisotropic hyperfine iInteractions (magnetic and quadrupolar]
the Mossbauer spectrum reflects the differences between these
sites (Bernas and Campbell 1966, Weisman, Swartzendruber and
Bennett 1969, Murphy and Hershkowitz 1973)e The easy axis of
magnetization was found by Iga et al. (1966) varying conti-
nuously between 518 and 524°K as a function of temperature,
from 1ts position iIn the c-plane iInto a position parallel to
the c-axis. When the magnetization is along the c-axis all
of the i1ron sites are magnetically equivalent as well and the
Mossbauer spectrum really consists of a single six-line

pattern: the room-temperature asymmetry disappears (Murphy



and Mershkowitz 1973)= According to the M6ssbauer measurements
performed by these authors, the quadrupole splitting varies
from A E= (0. 025-0. 001) mm/sec to AE= (-0.037-0. 003)mm/sec 1in
the temperature range 460 to 480°K but otherwise it is in-
dependent of the temperature. Evaluating JIE, the electric
field gradient tensor g was assumed to be axially symmetric,
although this i1s not required by the crystal structure of Pe2B,
however, considering the analysis of the data this assumption
does not appear to be very incorrect. In that case when mag-

netic hyperfine splitting i1s much larger than /»Es

AE = £~ (3cos20 -D

where the conventional notation is used. The observed change

in the sign of JIE was attributed to the change iIn the orien-
tation of the easy axis of magnetization relative to the axis

of the electric field gradient (the angle between them is ©) =
Here a somewhat disturbing point remained, namely the transition
proved to be more widespread and i1t occurred approximately

50°K lower than that obtained from the magnetocrystalline
anisotropy measurement.

We reinvestigated the pure Fe2B as a function of tempera-
ture and our results were generally In agreement with the pre-
vious investigations. The room temperature MOssbauer spectrum
is shown in Pig 1. As a result of our better solution, the
constraining assumptions on the equal i1somer shifts, linewidths
and iIntensities used earlier (Weisman, Swartzendruber and
Bennett 1969" to fit the spectrum were obtained directly from
the fitting of two independent six-line patterns. Here the

equality of the two isomer shifts i1s of Importance since the



7

crystallographical equivalence of the two types of iron sites”
is shown by 1t. The room temperature data are presented 1In
Table 1. The temperature dependence of the parameters was
essentially the same as measured by Murphy and Hershkowitz
(1973) with the exception that we found the change of the
sign of the quadrupole splitting between 522 and 529°K in very
good agreement with the magnetic measurements of Cadeville
(A965) and Iga et al. (1966). Preliminary specific heat mea-
surements suggest that the transition occurs at 527-1 °K

and its character is first order, the latent heat is 1.9-0.3
cal/mole (“T.Kemény, private communication). Thus the above
mentioned 50°K discrepancy in the rotation temperature of

the easy magnetization T. is probably the consequence of the
different sample preparation technique. The relative hyper-
fine field as a function of reduced temperature iIs shown In
Pig 2. The resonant frequency of 11B (weisman, Swartzendruber
and Bennett 1969) decreases a little faster than this curve,
the deviation at room temperature is about 0.8%.

In Co2B the behaviour of the easy axis of magnetization
is just the opposite. At low temperatures i1t is along the
c-axis and at about 70°K i1t rotates into the c-plane accor-
ding to the magnetocrystalline anisotropy measurement of Iga
(966) . The MMR investigation of Kasaya, Hihara and Koi
(1973) shows an anisotropy splitting of the Co hyperfine
field when the magnetization lies in the c-plane, one order
of magnitude larger than iIn Pe2B. This surprisingly large
anisotropy of the Co atoms gives an extra iInterest to the
study of (Fe™ ~.Cox)2B system.

Some typical room temperature Mossbauer spectra of
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(Pe" >xCox )2B shown 1n Pig 1# The depth of the outer

peaks on the figure generally reaches 60x10 counts per chan-
nel. The i1ron i1s not strongly affected by the Co substitution,
only a line broadening about 2C$ was found. Due to this fact,

the fit of a single six-line pattern to the spectra gave a

reasonable good description, the reduced value of %2 (= *Vcx>)

was between 2.2 and 3*5 e« The values of the room temperature

MOossbauer parameters obtained from such a type of fit are

listed In Table 1. The main experimental results are the fol-

lowing:

i. the i1somer shift is i1ndependent of the Co concentration
(since the temperature dependence of the thermal shift 1is
the same for each composition we can compare directly the
room temperature values);

i1. the hyperfine field at iron atoms decreases very slowly
for Co substitution, the total change of hyperfine field
is ff - (-23*%9-0.6) Ie;

iii. the quadrupole splitting i1s also independent of the Co
neighbourhood (the apparent difference iIn the values 1is
due to the fact that the easy magnetization axis i1s along
the c-axis between x = 0.2 and 0.5, whereas i1t is again
in the c-plane above x = 0.6);

iv. the temperature dependence of relative iron hyperfine
field is the same as the function of reduced temperature
independently of the Co concentration (Fig. 2);

v. the easy magnetization direction studied in the whole
temperature range i1s along the c-axis for x = 0.2, 0.4

and 0.5 and in the c-plane for x a 0.7* For x = 0.6 above

570°K a rather smeared (attributed to the large Co con-
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centration) transition from the parallel to the perpen-
dicular (with the c-axis) state seems to start (the value
of the quadrupole splitting decreases, e.g. A E=(0.009-0.006)
mm/sec at T « 670°k). Figure 3 shows the reorientation
temperatures T~ and the Curie temperatures TQ measured

by Cadeville (1965) and the present results as affunction
of concentration;

the substitution of i1ron by cobalt affects the nearest
three iron neighbours more strongly than the distant ones.
The average decrease of i1ron hyperfine field due to a
single Co atom is about -11.5 kOe. This conclusion is

drawn from the analysis of the line shape in (FeQ gCoQ ™)2B
and (FeO ~COq 5)2@* "these compositions the easy mag-
netization direction i1s along the c-axis, each transition
metal site is crystallographically and magnetically
equivalent, thus the line broadening from the magnetic
anisotropy is absent. The observed line broadening can be
attributed to the random distribution of the Co atoms,

and though the usual assumption of the additivity of
hyperfine field changes and using the binomial distri-
bution for the relative amplitude of a given configuration
the change of the i1ron hyperfine field averaged® over the
different configurations due to the exchange of iron for
cobalt can be determined. Here by assuming that only the
three closest iron neighbours are affected by Co (i.e.

the coordination number z = 3) a significantly better
reduced chi-square value i1s given than by assuming that
each of the 11 iron neighbours are perturbed by nearly

the same extent = 1.2 and 2.0, respectively™).
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The reliability of this fit Is strengthened by the ob-
servation showing that for the two compositions the JIH-s
are the same within the experimental error (io0.2 kOe).
Por z s11 [H = -6 kOe was obtained = Furthermore, the
increase iIn HQ (the hyperfine field of 1ron atoms without
Co nearest neighbours) reflecting the effects of further
Co neighbours is much smaller and more real when the
assumption z s 3 iIs used *=(+8I2)k0Oej, rather than
z sH (go =(+40+2)k0e).

Obviously, this type of data evaluation cannot be used
for x 0.6, 0.7 and 0.8 since here an additional line

broadening due to the magnetic anisotropy was observed;

=

the quadrupole splitting in2FeﬁB above the Curie temper-
ature at 1083°K is A E * =(0.090+0.005 ) mm/sec;
about half the value found by Murphy and Hershkowitz
(1973)» The reason for this discrepancy is unknown, but
it 1s of Importace considering the direction of q. Our
value seems to be justified by the measurements per-
formed on the mixed systems where similar quadrupole
splitting values were found above the Curie temperatures.
The value ofAE = (-0. 045-0.003"mm/sec above T\ In our ex-
periment also differs from that of Murphy and Hershko-
witz (1973)*

Figure 4 shows the average magnetization for this se-
ries measured by Cadeville (1965) , which does not follow the

simple dilution.



11

b* K - x Co>
The PeB and CoB have the same orthorhombic B 27-type crys-

tal structure (Pearson 1967) in wbidh each transition metal
atom i1s crystallographically equivalent, having six boron
neighbours at 2.15 X and ten iron or cobalt neighbours (six at
2.6-2.7 2 and four at about 2.9 2). The transition metal atoms
are magnetically equivalent since there i1s no sign of any mag-
netic anisotropy in the Mdssbauer spectra, the data evaluation
thus becomes simpler. The room temperature spectra are shown

in Pig. 5« In the fitting of the spcetra we followed the same

procedure as for N xCox 2")s

i. the i1somer shift is independent of the Co concentration;

. the i1ron hyperfine field decreases slowly at Co sub-
stitutions ~ = (-8*5)k0e at 80°K;

the quadrupole splitting iIs independent of the Co neigh-
bourhood and no sign of magnetic anisotropy was observed;
iv. the temperature dependence of the relative hyperfine field
as a function of the reduced temperature is about the

same as for (Pe™ xCox)2B an”™ *s independent of the Co con-

centration (Pig. 2 shows the relative hyperfine field iIn
PeB);

V. the quadrupole splitting above the Curie temperatures de-
Ccreases with the increasing temperature of theses systems.
We cannot differentiate between a temperature dependence

n 2 n
proportional to T or T because of the relatively small

change in AE between T and 1000°K (about 0.03 -*“ )= A
linear interpolation gives e.g. : =(-0.610.1)*10-4 °k
and (-0.7*0.1)x10"4 °K~1; Ae = = (0. 244*0. 009) ~ ~
and (0.286*0.004)”*“ (extrapolated to 0°k) for x = 0 and

0.5, respectively.
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The measured AE value In FeB just above the Curie tem-
perature is in good agreement with that of Jeffries and
Hershkowitz (1969);

the line broadening caused by the Co substitution iIs much
larger in this system than in (Pe-""Co™B (e-S* the iIn~
crease in the average linewidth is about 70% for 15 at%
Co), The same decomposition technique used successfully
to describe the increased linewidth 1in the (Fen .Co )OB
system was a failure iIn these compounds. Despite the
relatively large decrease in the reduced (about 1.7)
the fit proved to be iIncosistent both for the z = 10 and
6 cases, as iIn contrast with the large iIncrease in the
hypefine field of the central line (-0 is about

+ (50-70)k0e) the decomposed linewidth remained un-
broadened, Possibly these observations could be explained
by a very angle-dependent hyperfine field perturbation
with an average effect of nearly zero;

the substitution of the iron neighbours by extra boron
in FeB results in a large decrease of the iron hyperfine
field, (-22,7-0,5) kOe and a strong perturbation of the
quadrupole splitting, while the i1somer shift remains

unchanged (Table 11),

3, Discussion

balt

Considering the i1dea of the common band of iron and co-

in these compounds it Is expected that each cobalt atom

adds an extra electron to the common d-band, filling the spin

up and spin down sub-bands. In this case the hyperfine field

must be proportional to the total band magnetization actually
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observed in the case of Fe3(C1l_xBx) where obviously only a
single band existed, or in the case of the Y (Fei_XxCox)2 baves
phase compounds which were much more similar to our case
(Bernas, Campbell and Fruchart 1967, Guimaraes and Bunbury
1973). The proportionality constant was 130 and 155 kOe”Ugd,
respectively.

The 1ron hyperfine field data presented in Table I and
Il clearly show that this requirement is not satisfied by
our compounds. For example, in the (Fei-xCox)2B system the
average magnetization predicts a total decrease of -150 kOe
in the iron hyperfine field using the above mentioned values
of the proportionality constant as opposed to the observed
-25 kOe. Moreover, the concentration dependence of the aver-
age i1ron hyperfine field (which i1s linear) markedly differs
from that of the average magnetization. The iIncrease in the
average magnetization of (lti_xCox)2B above the simple di-
lution line could be explained as a first approximation,
assuming a constant incerease in the iron moment or a constant
decrease In the cobalt moment (or both) as a function of iIn-
creasing cobalt concentration, i.e. /?pe(XX)=+Fnpe +
Foo«" Ko +(@-x)AJUg0. The fitted curve based on this mo-
del Pcalc”™M1,907*0*001) “ (°.68+0.°2)x -(0.45*0.02)x2
iIs shown in Fig. 4 and iIs In a reasonably good agreement with
the measured values. However, the observed change iIn the mo-
ments Ajupe + A~ Co = (0.45+0.02) juB should be attributed
to the decrease i1n the cobalt moment only (i.e.1™1lpe = 0)
for the following reasons. In the (F81;1C0X)b system the
average magnetization decreases essentially according to the

simple dilution. In agreement with this, the iron moment
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remains unchanged and this fact is reflected iIn the nearly

constant i1ron hyperfine field and the isomer shift* The i1somer

shift In the Fei_xCox)2E system indicates that the iron is

not perturbed by the Co substitution even in this case, whe-

reas the small decrease iIn the hyperfine field can be attributed

to the change in the transfer contribution of the nearest neigh-

bours, since the conduction electron polarization contribution

IS supposed to have a small part in the hyperfine field of

such systems (Bemas and Campbell 1967)* The transfer con-

tribution In the (Fe, Co )b system is probably much smaller

due to the larger number of B neighbours which screen the iron

more effectively, and to the larger distance of the transition

metal neighbours. On the other hand, the large decrease in the

iron hyperfine field In FeB due to the substitution of iron

by extra boron is probably caused by the strong decrease in

the magnetic moment of iron i1tsef (about 0.17jU-g) rather than

by the change i1n the transfer hyperfine field contribution
.8JUB/B atom i1s expected instead of -1_1p~/B atom).

Unfortunately, the average magnetization of the Fe-~"B"

system has not, to our knowledge, been iInvestigated so far,

although a similar strong decrease iIn the average magnetization

has been observed, for example i1In the FeBe2 system with extra

Be( & - -3 <65 ~-g/Be atom) by Herr, Kuentzler and Meyer

(1969). The fact that despite the assumed considerable mo-

ment decrease the i1somer shift of these iron atoms remains

unchanged (.whereas for Fe2B the iIncrease of the i1somer shift

iIs 0.12 mm/sec and the decrease of p-Fe 1a 0.37B) suggests

that the mechanism of the moment decrease is not a simple

donation of extra electrons i1nto the i1ron 3d spin-down band,

but a decrease In the magnetic
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splitting of the 3d band due to the symmetry change. The 1iIn-
creased asymmetry is reflected in the nearly doubled quadrupole
splitting.

The similar temperature dependence of the hyperfine field
(i.e. the magnetizationj at iron iIn these systems, which is
independent from the Co concentration indicates also a well-
-localized iron moment. The relative hyperfine field hFe de-
creases fTaster in (Fei_xCox)2B Bhan in (Fe® Co”B as ™ is
expected, i1f the Brillouin functions for spins 1 and 1/2 are
compared - although the hFe-T/Tc curve is different from these
functions.

A significant deviation from spherical symmetry in the
charge distribution of iron atoms in FegB was observed by Brown
and Cox (@971) in their X-ray scattering measurement. This is
reflected iIn the relatively large quadrupole splitting of the
MOssbauer spectrum.Above Tc q 8 0.66*10 cm J is obtained
for the electric fTield gradient, which iIs supposed to be axi-
ally symmetric and i1s comparable (about three times small/er)
then the value of the more anisotropic CogB (kasaya, Hihara
and-Koi 1973). The comparison of the quadrupole splitting
data In the temperature range between T~ and TQ with that
above T gives 0 = 90°-77° for the angle between g and the
c-axis the easy magnetization direction in this case. Below
T~ the angle between the easy magnetization and q iIs 43°-2°
which together with the crystal symmetry seems to favour the
easy axis of magnetization being parallel with the orthor-
hombic axis while the q is directed towards the closest i1ron
neighbour i1n the c-plane. The about 10 kOe difference iIn the

hyperfine field of iron atoms due to the anisotropy Is by one



order of magnitude larger than the crystalline dipolar fields.
Neutron scattering measurement (Brown and Cox 1971) indicates
that the orbital magnetic moment iIs probably quenched due to
the low symmetry of the crystal field at the i1ron sites. In
this way, the anisotropy in the hyperfine field can be attri-
buted to the dipolar field due to the spin moment of the 3d
electrons inside the iron cell. Thus the electric field gra-
dient and the dipolar fTield are expected to be proportional
to each other (perlow, Johnson and Marshall 1965) according
to the relation:

Hd =~B q(l-li)-1,
where g is the Bohr magneton and R is the Stemheimer
shielding factor. Using R = 0.3 as for Pe2+ ion (ingalls 1964)
Ha 1s 8.7 kOe 1n a strikingly good, agreement with the mea-
sured value. This relation has also given a reasonable value
of in CO2B (“Kasaya, Hihara and Koi 1973).

The easy axis of magnetization at low temperatures lies
in the c-plane in Fe2B, whereas it is along the c-axis in
COgB. Its direction is clearly connected with the anisotropic
spin-density distribution of i1ron In Pe2B found by neutron
scattering (Brown and Cox 1971), which certainly differs from
that of Co2B. The very interesting concentration and temper-
ature dependence of this direction In the (?el xCox)2B system
iIs connected with the highly anisotropic interaction of iron
and cobalt. In the absence of other data (lattice distortion,
spin-density distribution™ we cannot give a simple explanation
for these experimental observations.

The observed temperature dependence of the quadrupole

splitting in the paramagnetic state of (Fe-""*.Co.”B might
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arise from the heat dilatation of the lattice and from the
termal smearing of the Fermi level as suggested by Watson,
Go3sard and Yafet (1965)= Each contribution results in a de-
crease of q; the fTirst term is proportional to T, the second
to Tp- On the basis of our experimental data we were not able
to determine the exact function form of the temperature de-
crease of g. In the absence of any lattice dilatation mea-
surement 1t iIs not possible to estimate the decrease arising
from the lattice contribution of g. On the other, hand,the
conduction electron contribution due to q which is proportional
to the density of electronic states at the Fermi energy seems
to be small as the quadrupole splitting remains unchanged
within the experimental error for 70$ Co substitution in FeZ2B,
whereas the electronic specific heat increases by 50 per cent

(Kuentzler 1970).

4* Conclusions

The most important result of our measurements iIs that
the rigid band model which has been widely used iIn order to
explain the magnetic properties of such compounds is not
appropriate for the (Pel xCox)2B and ((tl-xCox)"B inbermeTallic
systems* In both these systems the i1ron has proved to be well
localized according to the hyperfine field, the isomer shift,
and the quadrupole splitting data. On the other hand, com-
paring these results the nearly constant iron moment with
the concentration dependence of the average magnetization in
(Pe-"Co”™gB suggest that the magnetic moment of cobalt iIn-
creases with decreasing cobalt content. Preliminary NMR in-

vestigatigation on 59Co confirms this assumption. A possible
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origin for this increase in the cobalt moment could be the
change in the hybridization of the cobalt 3d and boron sp

electrons with the Co concentration* In this case i1t is
necessary to take both of the d and s-bands into consideration
for the theoretical description of these iIntermetallic sys-
tems which differs from the caze of the corresponding tran-
sition metal alloys where a tight-binding single band model

was sufficient “Hasegawa and Kanamori 1972"e
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Table

Room temperature Mossbauer parameters

20

is the average i1ron hyperfine field, AE

splitting,
and 11

anisotropy in Pe9B

in the (Fe™Co”™) B. H
is the quadrupole
i is the isomer shift relative to pure iron. (1

represent the tv/0 iron sites due to the magnetic

; the average values over these sites are

also given). The measured Curie temperatures Tc and the

average magnetization j values at 20°K (Cadeville 1965)

are also given.

X

av.

€1.2

0.4

0.5

0.6

0.7

0.8

H(kOe)

242.0(2)
231.7(2)
236.9(2)

229.6(2)

226.8(2)

224.5(2)

223.1(2)

217.9(2)

208.3(3)

A (Yded)s

0.036(3)
0.021 ®
0.028(3)

~0.051(3)

~0.059Q)

~0.054(3)

0.028 (4)

0.028 (3

0.030(8)

/mm \
Vsec/

0.119(3)
0.121 ®
0.120 3

0.123(3)

0.121 @)

0.121(3)

0.119(4)

0.118 @)

0.108 (9)

o

1015 (5)

963(5)

914(5)

860(5)

803(5)

750(5)

651 (5)

1.908

1.72

1.59

1.46

1.34

1.22

1.08
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Table 1I.
MOasbauer parameters iIn (Pe™ xCox)B. The average i1ron hyper-
fine field H and quadrupole splitting [JE at 80°K, and the
isomer shift 1 (relative to iron) at room temperature are
given.

represents the parameters of iron atoms with one boron
neighbour at the i1ron sites). The measured Curie temperatures
Tc and the average magnetization JA values at 20°K

(Cadeville 1965,) are also given.

i (2SL

X H(kOe) vsec/ vsec)/ TO (°k)

129.6(0.3) 0.061(2) 0.263(3)
0 593(5)  1.118
* 106.9(0.7)  0.109 3 0.263(5)

0.15 129.3(0-6)  0.060(4) 0.259(4) 493 G) 0.95
0.35  124.9(0.7)  0.060(4) 0.275(9) 338(5) 0.73

0.5 99.0(0.7)  0.069(6) 0.258(4) 283(5) 0.55



Fig.

Fig.

Fig.

Fig.

Fig.

-22_

Figure Captions

Typical room temperature Mossbauer spectra in
XA2B-

1:3?[1ﬂative iron hyperfine field normalized to the

values taken at liquid nitrogen temperature 1n

(Fe™ xCox)2B as a function of the reduced temperature.

The similar curve iIn FeB is shown as well.

Direction of easy magnetizetion axis iIn the

(Fel_xCox)2B s -Lin the c-plane, i along the c-axis.

The transition temperature between them iIs marked

T.. The figure includes the transition temperatures

and Curie temperatures Tc measured by Cad.eville (1965)

and the Tt of Co2B (iga 1966).

The average magnetization of (el xCox)2ZB 20°K

(Cadeville 1965). The broken line corresponds to the

simple dilution, the full line i1s a calculated one.

Room temperature MOossbauer spectra 1in (Fej“nCon)a
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