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FIG. 5. Excess d-electron number hn~, and the dependence

of magnetization extrapolated to H,„,/M =0 for Mn~ „Pe„Si
and Mn~ ~Co~Si.

was fitted well to the paramagnetic spectrum with the
internal field equal to the external field.

Figure 4 shows the hyperfine fields H(0') and H(90')
determined from the spectra in external fields greater than
40 kOC. The anisotropy of the hyperfine field rapidly de-
creases with increasing iron concentration. When we
divide the hyperfine field into two parts, that is, an isotro-
pic part H;„and an anisotropic part H,„;„,and assume
that the anisotropic part depends on 3cos 8—1 as well as
the EFG, the hyperfine field H(8) can be written as

H(8) =H;„+H,„;„(3cos 8—1) .

The anisotropy of hyperfine field 8 =H,„;„/H;„ is
+ 0.26 for Fe in Mno 99sFeo oo5Si. Accordmg to the re-

sults of nuclear magnetic resonance, the R value for Mn
in MnSi is —0.135. Thus, the anisotropy of Fe is about 2
times as large as that of Mn and has a different sign. An-

isotropies of the hyperfine field at Fe were reported in

CoS1( Fe), FeB, YFe2, 'o ZrFel, " Fe&GC, '2 etc. Magni-
tudes of the anisotropy R are summarized in Table I. The
anisotropy of dipole field cannot explain these large aniso-
tropies. ' The anisotropy may result from a spatial dis-
tribution of d electrons depending on the direction of lo-
cal magnetization. It should be noted that the large aniso-

tropy of 0.25—0.29 is observed in typical itinerant-
electron systems, such as MnSi, CoS2, and Fea.

The center shift, within experimental error, has no con-
centration dependence. The value is (0.273+0.003) mm/s
1'cia'tive 'to 111ctalllc lroil. As sllowll 111 Fig. 4, tllc quadru-

pole splitting Eqs (=e qQ/2) of Mni „Fe„Siin the fer-

romagnetic state is smaller than that in the paramagnetic
state. The quadrupole splitting in the Mossbauer spec-
trum arises from the EFG produced by distant charges
modified by antishielding factors. The change in the
quadrupole splitting by the substituting of Fe for Mn is

Neorly Ferre

TABLE I. Anisotropy
~
H, „/H~„~ of the hyperfine mag-

netic field at "Fe.

~
Hsniso/Hiso

~ hAn, „Fe„si
MnSi(Fe)
CoS2(Fe)

FeB
YFe2
ZI'Fe2
Pe3Ge

0.26
0.25
0.29
0.011
0.026
0.044
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FIG. 7. Magnetic phase diagram of Mn& „Fe„Si.
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attributed to the change in shielding factors by electrons
at the Fermi surface. Therefore, the result suggests that
the density of states at the Fermi level is larger in the fer-
romagnetic state than in the paramagnetic state.

III. DISCUSSION

Figure 5 shows the magnetization extrapolated from
the high-field region to zero for Mn~ „Fe„Si and
Mn~ &Co&Si. The horizontal axis shows the excess num-
ber of d electrons b,nd produced by the replacement of Fe
or Co for Mn. Magnetizations decrease as the d-electron
number increases. The ferromagnetic moment disappears
around End ——0. 15 in both systems. It seems that the ef-
fect of d-electron numbers plays a more important role
than the effect of the number of nonmagnetic atoms.

The ferromagnetism disappears around x =0.15 in
Mn~ «Fe«Si. In the nearly ferromagnetic sample with
x & 0. 15, the hyperfine field is induced at Fe by the exter-
nal magnetic field. Figure 6 shows the square of induced
hyperflne field [H(0')] plotted against H,„,/H(0') for
MnosFeozSi. The induced hyperfine field is nearly pro-
portional to the bulk magnetization. The proportionality

constant is nearly 80 kOe/p, z. The Mossbauer spectra of
Mno sFeo 2Si are fitted well to a powder pattern with one
kind of hyperfine field. The linewidth obtained from this
analysis slightly increases with increasing external mag-
netic field. The change in the hyperfine field estimated
from this broadening is nearly 1 kOe. Therefore, it is con-
cluded that the distribution of the magnetic moment of Fe
is small in this system. A nuclear-magnetic-resonance
study is desirable to obtain microscopic information about
Mn atoms in this system.

The magnetic phase diagram of Mn& „Fe„Siis shown
in Fig. 7. Mn~ „Fe„Sishows weak ferromagnetism when
x &0.?5. The magnetic structure is conical below about 6
kOe and ferromagnetic above 6 kOe. The paramagnetic
samples with x -0.15 show a nearly ferromagnetic
behavior. The disappearance of ferromagnetism seems to
be due to the increase in the d-electron number because of
the replacement of Fe for Mn. This system is suitable for
investigating magnetic properties ranging from weak fer-
romagnetic to paramagnetic states in one system. A study
of spin-fluctuation effects on various physical quantities
in this system is in progress. '
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