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Fig. 91. Fg ¢Coy,Si. Magnetic phase diagram in aFig. 92. Fe gCop.Si. ESR frequencywy, at 4.2 K
magnetic field vs. temperature plane, as determingglotted against the magnetic field applieHqppn
from magnetic measurements on a single crystal withlong the [001] axis of a single crystdd,, is the
the magnetic fieldH along the [110] direction. The critical field for induced ferromagnetic spin structure.
compound has a helical spin structure b= 0. C: The broken curve shows the theoretical curve for a
conical arrangement of the spins; IF: field-inducedelical spin resonance based on the antisymmetric
ferromagnetism; P: paramagnetism; "A": unknownexchange interaction of the Dzyaloshinski-Moriya
spin structure with a dip of magnetization. The chainype. The frequency is expressed in termsJdof, the
line within the C region indicates a reorientation ofangular frequency divided by the magnetomechanical
the propagation vector of the cone-type magneticatio of a free electrof [89W1].

structure to the direction of the applied magnetic

field, when it is not along the field initially [9011].

1.5.4.5.2 Alloys and compounds with Ge

The existence of two successive magnetic transitions in Fe@ebeen established by [8&nd

the proposed collinear spin structure at lower temperature range seems to be supported theoretically
[91G1], but it is still the subject of active discussion, because neither the anisotropy of magnetic
susceptibility nor the magnetization curves in strong magnetic fields are consistent with the collinear

spin structure| [89F]. For the related ternary compound, E€o,Ge it is claimed|[[88H that crystal

defects increase in the single-crystal specimens as x increases. This may lead to another complication

for the physical properties of these compounds.
In the series of ternary compounds; R€¢,Ge, doubly ordered cubic, LZHeusler alloy) type of

crystal structure has been established through pulsed neutron powder diffraction at room temperature
for x = 0.6, 0.8 and 1.0. The latter compound contains a small amount of undetermined second phase

[00B1].
Survey
Composition x Properties Figure Table
aFe_Ge 0.004...0.04  Hpy,(x) at*Ge 93
V(F&y.Mng 3)1 xG& 0...0.087 X(T:x), Tn(X) 94, 95
FesGe a, ¢, Hnyp, AEG, IS 9
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48 1.5.4 3d elements and C, Si, Ge, Sn or Pb
Composition x Properties Figure Table
FeGes a(T) 96
FeGe (hex B35) T-H magnetic phase diagram 97 9
FeGe (cub B20) Ino(T), Ino(H) 98, 99 9
Fe,_.Mn,Ge; 4 Xo(T), XQI(T) 100
0.5...4.5 Tn(x), O(X) 101
FeGe Cra9(T) 102 9
Ino(T), Q(T) 103, 104
Fe_.CoGe, Xo(T;X) 105
x-T magnetic phase diagram 106

Table 9. Supplement to Table 10 in LB [1I/19C, subsect. 1.5.4.5.2. Magnetic and related properties

of Fe;Ge [85H1], hexagonal [88B1] and cublic [89L1] FeGe, and R¢&&D1]].
Fe:Geh) FeGe®) FeGe
T>700°C metastable at 620 °C <T < 740 °C
T < 620 °C[[67R1] [67R1]
Crystal structure hexagonal hexagonal cubic tetragonal
DO0yg (NisSn) B35 (CoSn) B20 (FeSi) C16 (Cuil
a[A] 5.1806 5.003 4.689 5.908
c[A] 4.2289 4.055 4.955
Magnetism ferro antiferro helical antiferro
Ty [K] 410 278.7 (first order) 290
Pre [Ms/Fe] 1.38
structure 60 K <I< Ty long-range spiral first-order transition
collinear,pge|l € (A=683..700 A) atT,=263K
30K <T<60K: transition afTy: Ty <T<Tn:PreldC,
double cone, Ty (down) = 211 K incommensurate
cone axig ¢ Ty (Up) =245 K spiralQ| <100>
T<30K: Te <T<T\: T<Ty
similar toT > 30 K Q = 0.0090 A* collinearpge 0 ¢
but with field- | <100>
induced transitions T < T:
byHOc Q =0.0092 A*
| <111>
Hnyp (6'Fe) [kOe] 260 at 10 K

AEq (5Fe) [mm s 0.06 at 10 K
0.39%) at 10 K

IS (5Fe) [mm §7]

1) No new data are available for low-temperature cubiGEeand for ferromagnetism of hexagonaiGe.
%) Relative to natural iron at R¥) No new data are available for monoclinic FeGe stable at HT.
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perturbed angular distribution technique using the Ge 0 100 200 300 400 500 600
isomer excited in heavy-ion reactions, and assigned Temperature T [K]
as the contribution?\H; to the conduction-electron Fig. 94. (Fa,Mno.2)1,G6, (yFe phase). Temperature

22:3%33?“—_;?2] the first three (i = 1,2,3) r]earestdependence of the magnetic volume susceptibjity

measured in a magnetic field of 4 kOe for various Ge
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Fig. 98. FeGe (cubic, B20 type). TemperatureFig. 97. FeGe (hexagonal, B35 type). Magnetic phase
dependence, for decreasing temperature, of the nediagram in a temperature - magnetic field plane, as
tron integrated intensity of the satellite lines around determined by neutron diffraction in magnetic fields
the (000), specifying the propagation vector of longapplied perpendicular to the axis ]. AF:
range helical arrangement of spind):(—Qo[100] collinear antiferromagnetic alongaxis; CO, C1, C2,
where Q, = 0.0090 A% (2): sum of -(Q,/+/3)(11)  C3: double cone antiferromagnetics with the axis of
and —(Qolﬁ)(l_l_J)Wherer = 0.0092 AL The tran- th_e cones alo_ng the axis. The cone_angle i_ncrea_ses
. . . with decreasing temperature or increasing field.
sition at the Néel temperatuiig is inferred to be of , .
i . . . . Transition between two C phases are characterized by
irst order with very little hysteresis, while the L
o . . .~ a kink in the temperature dependence of the cone

transition atT, with the change in the propagation

= angle. () and @): field-induced transitions detected
vector shows pronounced hysteresis [E9L1]. in experiments with the applied fields along reci-
procal-lattice vectors [100] anfl2Q , respectively;
3500 T (3): transitions observed in earlier studly [84B1].
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1.5.4.5.3 Alloys and compounds with Sn

Magnetic structure of Fe$mas been re-investigated. Unfortunately, the single crystal specimen is
very difficult to obtain, because FeSis formed through a peritectic reaction of FeSn and a Sn-rich
liquid. The neutron-diffraction analysis has to be performed using powder specimens, leading to
some ambiguity in the proposed magnetic structure.
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