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= FN/ Fig. 20. Cr,_,Mn,Ge. Magnetic phase diagram in
! 56 temperature vs. composition plane proposed on the
5 4 5G-! basis of detailed magnetic measuremehts [B8S1]. P:
/ paramagnetic state; SG: spin glass state; F':
ferromagnetic or helical magnetic (for x = 0.19)
0 state [94S01].
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1.5.4.4 Mn alloys and compounds

Compounds of Mn with Si, Ge or Sn exhibit a variety of types of magnetic ordering. In particular,
MnsSn, a triangular antiferromagnet with uncompensated remanent magnetic moment, has got much
attention since[[82T1, 82T2]. The sample dependence of the magnetic properties of this compound
suggests a delicate energy balance. It should be mentioned also that the magnetism of the most Si-
rich compound MnSi-s_« seems to be left unclarified as a consequence of the sensitivity of the
crystal structure to the preparation conditions. Note also that the compositig®ijtoelongs to

this group. According td [86Y3] it has a "chimney-ladder" structure, in which the Mn atoms form a
tetragonal arrangement (chimney) with lattice parameterss5.52 A andcy, = 4.37 A while the Si

atoms occupy interstices of the Mn sublattice, forming a coupled helical arrangement (ladder) with a
period cs; around 4oy, [86Y3]. The change of the raties/cy, With x and temperature leads to a
variety of long-period or rather incommensurate structures, which makes it difficult to understand
the physical properties of this and also of the related ternary compounds.

Survey
Composition x Properties Figure Table
Mng_.915Si0.088 Hhyp(T) 21
Mn;Si (0) 22
Mn; gFe oSi w(Q) 23
MnsSis magnetic structure 24 4
o(H:T) 25
MnSi T,”(T) for muon,**Mn 26
p(T;p) 27
neutron paramagnetic scattering 28
(hw,Q;T)
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14 1.5.4 3d elements and C, Si, Ge, Sn or Pb
Composition x Properties Figure Table
MnSi 75 oa(H) 29
MnsSnC (M), Xm (T), &) 30 4
ATc(p) 31
magnetic structure 32
MnNi,Si Xo(T), Ino(T) 33 4
magnetic structure 34
MneNi153i7 Xg(T), Xél(T) 35 4
magnetic structure 36
Mn3Cr3Ni163i7 XQ(T)’ Xél(T) 35 4
eMn;3Ge 23.5, 23.0 at% Ge o(T;H), a(H), o(T) 37, 38
€,MnsGe 23.5 at% Ge o(H;T), a(T) 39
(1M, Ge 27.8 at% Ge oa(T;H) 40
Z 28 at% Ge thermal expansionl/I(T) 41
Ka(T) 42
(1 Mns 1,Ge, crystal structure 43 5
¢ MnsGe crystal structure 44 5
KMnsGe, o(T) 45 5
crystal structure, magnetic structure 46
nMnsGe; o(T) 47 5
Aoox(T), Ar0o(T) 48
oMn; Gey o(T:H), o(H), Hi(T) ) 49,50 5
o(H:T), He(T), Ao(T) Sl
crystal structure 52
Mn, FeGe? 0 o(T) 53 6
0..04 O(T;X), Xél(T;X) 53
2 —
Mn;_,Co,Ge; ) 0...0.3 o(T;x), Xgl(T;X) 54
MnzSn Mns 6Sn o(T), xo(T) 55 7
Mn3,Sn magnetic structure 56
magnetic excitation spectra 57
Mn3,Sn dispersion relations 58
Ino(T) 59
ND satellite peak positiong) 60
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Composition x Properties Figure Table
(Mny_Fe)ssGe  0.18,0.22,0.30  gy(T) 61
0...1 x-T magnetic phase diagram 62
(Mni_Fe)sSn_5 x-T magnetic phase diagram 63
Mn-(Sn_G&)a 0,05 oa(T;H) 64
0...0.5 o(T;x) 65
0...0.5 Te(p;x) 66
0,0.1 Tw(p;X) 66
Mni_FeSn x-T magnetic phase diagram 67
Hpyp(X;T) 68
Mn,_.Co,Sn, x-T magnetic phase diagram 69

) Threshold magnetic field for spin flop.
%) High-pressure synthesized compounds.

For Tables 4 and 5 see p. 16 and 17

Table 6. Magnetic and related properties of high-pressure synthesized compounds &uGeoGg

[90TT).
MnGeg CoGeg
Crystal structure tetragonal cubic
a[A] 11.03 10.99
c[A] 5.598
Magnetism ferro Pauli para
Xg =500 7cm’g™
Te [K] 340
O [K] 349
Puvn [He/MN] 1.2
Pets [uB/Mn] 2.83
Synthesizing conditions
p [kbar] 55 60
T[°C] 600...700 600Q..700
t [h] 2 2
Decomposition temperature at 270 380

ambient pressure [°C]

Landolt-Bornstein
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Table 4. Supplement to Table 5 in LB III/19C, subsect
90K2] Mn(,NiI(,Si7 and Mn3Cr3Ni16$i7 [91K1]

. 1.5.4.4. Magnetic and related properties of Mn 5Si3 [92B2] Mn3SnC [78F2],) Mn;Ni,Si

MnSSi3 MD3SI1C Ml’l3Nizsi Mn;Cr3Ni16Si7
Crystal structure  hexagonal D8 cubic cubic cubic(Mn4Cuy6Si;) cubic(MngCu;4Sis)
orthorhombic at low temperature E2 ,(CaTiO; perovskite) Fd3m 3 Fm3m
a[A] 6.910 6.889 3.986 at 42 K 10.756 11.010
b [A] 11.901(= a+/3)
c[A] 4.814 4.805
at 300 K (hex) at 4.2 K (ortho)
Magnetism antiferro noncollinear ferro antiferro antiferro
Ty [K] 99 215 165
Tc [K] 294 (first order)
O[K] - 1023 100
Prin [Us/Mn] 1.6(4d) 2.4 (Mnl, Mn2) 0.57 1.8
0.8(6g) at 67 K 0.65 (Mn3)
1.2(4d)
2.30,1.85, 0(6g) at
42K
Perr [Ua/Mn] 4.23
structure canting angles ') at 4.2 K Mnl and Mn2 forms a square  Fig. 34 Fig. 36
0 0] configuration with 0.2 pg per ~ PNi = 0 per=0
116° 105° (4d) Mn along [001].
70° 93¢ (6g) Here Mnl, 2 and 3 are Mn on g,
21° 11° b and ¢ plane of perovskite unit
See Fig. 24. cell.

See Fig. 32.

Y 6: from ¢ axis; ¢: from ac plane. Moments are either parallel or antiparallel to the directions shown.
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Table 5. Supplement to Table 6 in LB III/19C, 1.5.4.4. Magnetic and related properties of Mn ;Ge [88Y2],| Mn;Ge, [88Y1,| BSYI],] Mn;sGes [90Y 1] Mn;;Geg [86Y1]

MH3GC MI’ISGCZ Mn5G63 Mn”Geg
Concentration range ~ 22.7-24.0 27.6-28.2 28.6 37.2-37.7 42.1
[at%Ge(x in Mn,Ge)] (3.41-3.17) at 800°C (2.62-2.55) at 800°C (2.5) (1.69-1.65) (1.375)
Crystal structure T>515°C {g} 7<515°C {e;}  metastable at 7<620°C {{} 7<690°C {x} m} 7<796°C {0}
{Phase} hexagonal tetragonal trigonal orthorhombic hexagonal orthorhombic
DO]Q (NI3SH) D022 (A13Tl) P3cl P3cl Ibam DSg(Mn5Si3) Pnam
Fig. 43{(,} Fig. 44{(,} %)  Fig. 46 Fig. 52
a[A] 5.343 no new data?)  7.198 7.198 11.781 7.184 13.214
b [A] 6.136 15.880
c[A] 4.314 for 39.227[87K1] 13.076[8701 5.368 [8402 5.053 [90F 1 5.0905 at 295K [8401
23.5at%Ge (x=3.26)
Magnetism antiferro with antiferro with parasitic ferro at ferri ferro antiferro with parasitic
parasitic ferro 125K<T<Tc 315K<T<Ty ferro at 150K<7<Ty
T [K] 395[71K1 480 480 274
Tc [K] 365 225 480 [86Y2 710 296 274
O [K] -853 329
1
Pwmn [M/Mn] —4.7(2a) ) 2.54(4b) 1.96(4d)
M R 3.0(2b) 2.26(8f) 3.23(6g)
+1.9(4d =3.11(8j) 90F1
at 30 K[90Y1 at 13K [87Y1
o [Gem’g ] 12.6 at 4.2 K for
23.5 at%Ge
90Y1
. [Us/Mn] 0.007 at RT 2.60 0.05
o, [Gem’g ] 11.0at42 K 147.5at4.2 K
Perr [1a/Mn] 3-89 326
structure triangular [83T1 P-type ferri undetermined N-type ferri; com-  pyy |l ¢ non-collinear antiferro
o,0c¢ pvnll€[90Y1] o, Oc o, ¢ pensation at 395K o, | b at T>150K %)

in parasitic ferro regions *)

Pn | 6 [87YT]

") 0.06Mn+0.94Ge on 2a for 23.5 at%Ge.
2) Note that fct is equivalent to bct, but Are=~2 aper.

3) Quenched specimen consists of domains of two subphases £, and {, making parallel intergrowth with common crystallographic axes.

4) Both transitions at 125 K for {; and 315 K for £, subphases are of the first order, as well as the one at 150 K for 6 phase.
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18 1.5.4 3d elements and C, Si, Ge, Sn or Pb [ [Reflp. 59

Table 7. Supplement to Table 7 in LB 111/19C, subsect. 1.5.4.4. Magnetic and related properties of
MnsSn | 90BP]. Concentration range x in }8n: 3.2..3.7.

Mn;Sn

Crystal structure hexagonal, RQNisSn)

a[A] 5.665

c[A] 4.531 for x = 3.34[[82T1]
Magnetism antiferro with parasitic ferro
Tn [K] 420

Pumn [Ms/MN]

2.75 at 7 K for x = 3.4 [8702]

3.00 at 200 K for x = 3.2

0.1at4.2K

triangular

first-order transitionZ] af,, and another transition at,
Ty = 150..270 K

T, = 50...100 K

Ttl <T< TN:

Pwn O €, uncompensated W& 0 ¢ )

th <T< Ttl:

modulation along with period of 12...14c, gs= 0
T< th:

largeo (5.3 G cmg™) | c

Ps [He/MN]
structure

%) 0.1...0.2 G cnig* dependent on x, thermal treatmdnt [8Y02. 87T2], and field cooling condition|[86T1].

70 D_l\ i 175 T
Mng15 Sl ggs Mn, Si
60 S 15.0 .
N =
T 50 AN g 125 S
8 £
= 3
£ <100 \ . :
= 40 = 10.
= 3] \ 7
:%J 30 % 7.5 \ + L” /
o ; N7
s \ = . \ s
= 0 S 50 \ N /
N /N
10 ) \YARY
0
0 20 40 60 80 100 120 06 04 02 0 02 04 06

Temperature T [K] Wavevector g [A B

Fig. 21. Mng¢1Sig.0ss Temperature dependence ofFig. 22. MnsSi. Dispersion relation of the spin waves
hyperfine field Hyy, probed by'Cd in perturbed- as studied through neutron inelastic scattering at
angular-correlation experiments. Cd atoms aré&.5 K. Peak positions in constant-E scan experiments
considered to occupy only 2a (Mnl) sites of AlZare plotted in an energy transféw vs. q plane,q
(aMn) structure[[90DM]. being the magnitude of the wave vector relative to
commensurate point in reciprocal space. Open circles:
longitudinal scan; solid circles: transverse scan. The

slope of the straight lines is 37 meVIA [87T3, 87 T4].
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I
Mn,, Fe,, Si

12,5 \

10.0

\

75

Spin wave energy Aw [meV]

5.0

25

0.6 0.4 0.2
Wavevectorg [A 7]

@ Mnlatz=0,
O Mn2atz="%
@ Mn2atz=3%

a
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O Siatz="
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0.4
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Fig. 23. Mn, gFe&, ,Si. Dispersion relation of the spin
waves as studied through neutron inelastic scattering
at 7 K. Peak positions in constant-E scan experiment
are plotted in an energy transfgw vs. q plane,q
being the magnitude of wave vector relative to the
commensurate point in reciprocal space. Open circles:
longitudinal scan; solid circles: transverse scan. The
slope of the straight lines is 30 meVAT87T4].

Fig. 24. MnsSi;. (a) Crystal struc-
ture (hexagonal D8type). Projec-
tion of four unit cells to the basal
plane, together with that of the

orthohexagonal unit cell used to
present the magnetic structurda) (
Magnetic structure below 66 K
(AF1). The values of the magnetic

P moments at 4.2 K are 1.20g for

Mnl, and 2.30, 1.85, and @ for
° Mn2, respectively[[92B2]. Only Mn
atoms are shown.c Projection of

N

Landolt-Bornstein
New Series 111/32C

I

o’Mm;\Q\,@ , @ Mn2

p  Pproposed magnetic structure at
temperatures between 99 and 66 K
(AF2) onto the basal pland, [90M1].
Only Mn atoms are shown. Magnetic
moments are 1.6 and O for Mn1
and Mn2, respectively.
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Fig. 25. MnsSi;. Dependence of the mass magnetialong thec axis. Inset in §) shows the temperature
zation o on magnetic fieldH at various temperatures. dependences of the critical field,, and of the jump
The magnetic field is&) along thea axis, and If)  in the magnetizationAo atH,, [90V1].
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Fig. 26. MnSi. Temperature dependence of the spinFig- 27. MnSi. Temperature dependence of the
lattice relaxation rates forl] muon (¥ T¢) and @)  €lectrical resistivityp under pressure. The shoulder in

55 My 1 . a curve corresponds to the Curie temperature for the
Mn (1/T:") [03K1,[90K1]. Earlier data3) [87M1] helical itinerant ferromagnetism at the various

and @) [78Y1] have also been plotted. pressureq [93R1].
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Fig. 28. MnSi. Contour maps of equal intensity of
paramagnetic scattering along ¢1+-(,0) direc-
tions as measured by unpolarized neutronsagt (
33 K (1.1 T¢), (b) 100 K (3.39T¢), (c) 270 K
(9.15 T¢). Intensities can be put on an absolute
scale by multiplying the intensity values with the
following values in mb/meV sr moleculea)(0.11,

(b) 0.089, €) 0.097. The self-consistent-renormal-
ization theory [[73M]l] for the weak itinerant-
electron ferromagnets, which is generalized in the
spin-fluctuation theory[[79M1, 85M1], is closely
followed [8511].
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Fig. 29. MnSi; 75. Dependence of the mass magnetfig. 31.Mn;SnC. Shift of the Curie temperatudsT,
ization o on the magnetic fieldH at 4.2 K, for under the influence of an applied pressfire [§7K3].
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Fig. 30. MnzSnC. @) Temperature dependence of the8.7 kOe [87KB[ 93KR2]. f) Temperature dependence
mass magnetizatioa and the inverse molar magnetic of lattice parametea [[/2F1] of this compound which
susceptibility x;* measured in a magnetic field of has a cubic, perovskite type of crystal structure.
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Fig. 32. Mn;SnC. Magnetic structure. Mnl1 and Mn2
atoms have magnetic moments of Bgdeach, which
forms a "square configuration” with ferromagnetic
components of 0.z per Mn along the [001] direc-
tion, while Mn3 atoms have a magnetic moment of

0.65pg aligned ferromagnetically along the [001]
direction [78FR].
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Fig. 33. Mn3Ni,Si. Temperature dependence &) ( magnetic line, from which a Néel temperature of
the magnetic mass susceptibility, and b) the 215Kis derived[[90KR].

powder neutron diffraction intensity of the 3/2,3/2,1/2
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Fig. 35. MngNi1eSiz, MnsCrsNieSi;. Temperature
dependence of magnetic mass susceptibilitigaind
Fig. 34. Mn3Ni,Si. Magnetic structure. Each of the their inverse valuegg' [91K1].

spheres forming a diamond structure represents a

regular octahedron of Mn atoms in which the SiXM%Nim Si7

atomic moments of 0.57 align ferromagnetically
along the direction of the arro_[90K2]. Ni and Si AP
atoms carry no magnetic moment and are not shown. g (;)
0 | ¢ 3
€ Mn, Ge
- , VoY
o | T T H=10k0e (;)
e \
S 06
o ) J
= 0.1k0
g 04 = - 5( C;D A
=
0.2 \\b
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Temperature T [K]

Fig. 37.eMn3Ge (23.5 at% Ge). Temperature dependFig. 36. MngNi;¢Si;. Magnetic structure. Only Mn
ence of the mass magnetizationmeasured in mag- atoms carry a magnetic moment (2.g). Each of the
netic fields of 0.1 and 10 kO¢ [88)v2]. Single-phasespheres forming a face-centered structure represents a
specimen showing no low-temperature anomaly. regular octahedron of Mn, in which 4 Mn moments in
anx-y plane align along the positivedirection, while
the other 2 Mn moments are oriented in the negative

direction [91K1].
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Fig. 40. ;Mn, Ge (27.8 at% Ge). Temperature de-fields perpendicular to the axis [88Y1]. Former
pendence of the mass magnetizatiahif a magnetic specimens must have consisted Qf and {, sub-
field of 10 kOe perpendicular or parallel to thephases.

trigonal ¢ axis and i) in various applied magnetic
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Fig. 41.ZMn, (Ge (28 at% Ge). Thermal hysteresis ofFig. 42.{Mn, (Ge (28 at% Ge). Temperature depend-
the thermal expansionsl/l along and perpendicular €nce of the uniaxial magneto-crystalline anisotropy
to the trigonalc axis near the magnetic transition constant<, asf_dlztermined Lr'oml magndetizatifl)nI curvEs
tem d [87V1]. in magnetic fields perpendicular and parallel to the
perature of th, subphase [S731] trigonal ¢ axis [91T1]. The anisotropy in the lower
and upper temperature ranges is due to the
spontaneous magnetization ¢f and {, subphases,
respectively.
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Fig. 43. {;Mns5.,:Ge,. Crystal structure. Trigonal the three-fold axes are represented by horizontal and
crystal with hexagonal latticea) Arrangement of the vertical lines, respectively. Atoms on the three-fold
atoms in the fundamental layers, which are stackeaxes are represented by larger circles. The kind of
alternatively along the direction with an interlayer atoms in the fundamental layers are shown by small
distance of= ¢/30. (o) Half of the unit cell projected circles along side of the figure. The unit cell contains
along the [010] direction. The fundamental layers an82 Mn and 36 Ge atomis [87K[1, 87K2].

¢, Mn;Ge,

O Mn 68@% 60.03

D @p O
o
D O o0 0O
D O a®
L ® Q' 0®
o qo©
o o
D Do o O
[001] [010] [T10]

Fig. 44. {,MnsGe,. Crystal structure. Projections of an intergrowth with the former, having common
the hexagonal unit cell containing 30 Mn and 12 Gerystal axisa with ¢; = 3c,, wherec; andc;, are thec
atoms along the [001], [010] and 0] directions. axis of {; and {, subphases, respectively [87K2,
The structure was determined using a mixed cryst]-

of {; and{,, because the latter is always obtained as
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Fig. 46. kMnsGe,. Crystallographic and magnetic
structures [[8402[ 87Y1]. Perspective view of the
Fig. 45. KMnsGe,. Temperature dependence of theorthorhombic unit cell along the direction, with the
mass magnetizatiorr (1) in a magnetic field of @ axis horizontal. Magnetic moments are collinearly
7.5 kOe, the inverse mass susceptibiliy (2) and oriented along the axis.

also the spontaneous magnetization (3) derived
from high-field isothermal magnetization curves

[85Y1].
150 40
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Fig. 47. nMnsGe;. Temperature dependence of theFig. 48. nMnsGe;. Temperature dependence of the
mass magnetizatioo measured in a magnetic field of magnetostriction constantago; andAgo [91B1].

10 kOe along the axis which is the direction of easy

magnetization. Open circles: spontaneous mass mag-

netization derived from isothermal magnetization

curves[[90Y1].
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Fig. 49. 6Mn,,Ge;. Temperature dependence of the(@ 0.1 and 10 kOe ando) up to 70 kOe oriented
mass magnetizatioo measured in magnetic fields of along theb axis 1.
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Fig. 50. 6Mn,;Ges. (@) Dependence of the massthe field parallel to thec axis. p) Temperature
magnetizatioro on the static magnetic field$ along dependence of the threshold magnetic figlg along
a, b andc axes at 80 K [86Y|1]. A spin flop is seen for the c axis at which the spin flop starfs [86Y1].
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Fig. 51.6Mn;Ge;. (a) Field dependence of the mass
magnetizationo in a pulsed magnetic field along the

b axis at 140, 50 and 6 K _[89Y1]bY Temperature
dependence of the critical field along theaxis for

the field-induced AF-F transition. Vertical line
segments indicate the range of magnetic hysteresis
[89Y1]. (c) Temperature dependence of the jump in
magnetization along thle axis at the AF-F transition

[89Y1].

Fig. 52.6Mn,,Ges. Crystal structure. The projection
of the orthorhombic unit cell. Full linez = 0, 1/2;
long-dashed linez = 1/4; short-dashed line = 3/4
[8401].
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Fig. 53. Mny_FeGe, high-pressure synthesized. reciprocal magnetic mass susceptibiligg* [93T1],
Temperature dependence @f) the mass magnetiza- 4nq ¢) the electrical resistivity for x = 0, MnGe
tion o in a magnetic field of 10 kO [93T1]bXthe [T
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Fig. 54. Mn;_,Co,Ge, high-temperature synthesized. zation ¢ in a magnetic field of 10 kOe, an#)(the
Temperature dependence df) (the mass magneti- reciprocal magnetic mass susceptibiljty [03T1].
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Fig. 56. Mn3Sn. Magnetic structure determined at
a O O Mn ‘. on 200 K using generalized neutron polarization analysis
on a single crystal with the composition MSn
[O0BZ]. The c projection of the hexagonal BRD
structure is shown inaj. Here Mn atoms are shown
Q ¢ o “. as open circles, while Sn atoms are shown as solid
VR circles, the larger being a = 1/4, the smaller at
N~ qD z = 3/4 for both Mn and Sn. Magnetic moments of Mn
atoms on the three sublattices A, B and C essentially

-
@ Q @'(P compensate making an equilateral triangle, in either
of the two "inverse triangle" patterns shown ). (

For Fig. 57 see p. 34
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Fig. 58. MnsSn. Spin-wave dispersion relations.[92R1]. @) dispersion relation at 295 K for relative
Energy transfer vs. relative wave vector at tempemwave vectorsq parallel to [110], [100] and [001]
atures 295 K (triangular phase) and 100 K (modulatereciprocal-lattice directionsby dispersion relation at
phase), obtained through neutron inelastic scatterintD0 K forq parallel to [001].

experiments on a specimen with compositionspn
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Fig. 57. MnzSn. Magnetic excitation spectra around(constantQ) at (110) at 295 K.i{) Same asd) but at
the reciprocal lattice point (110) obtained throughi00 K. ) Neutron intensity vs{ in (11¢) (constant-
inelastic neutron scattering at temperatures 295 ) for 4w =4 meV at 295 K.d) Same asd) but at
(triangular phase) and 100 K (modulated phase)oo K.

[©3C2]. @) Neutron intensity vs. energy transflew
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(100 £7) ¢ crystal specimen with composition Ms8n annealed
at 850 °C for 50 h and cooled to room temperature at
a rate of 10 K/nJ93d1].
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Fig. 60. Mn;Sn. Temperature dependence of the peakig- 62. (Mni_F&)s sGe. Magnetic phase diagram in

positions of two pairs of satellite reflections in@ composition - temperature plane. P: paramagnetic;

fundamental (100) positioi [93C1]. The specimen gular spin arrangement in tieeplane; AFII: collinear;

the same that was used for Fig. 59. parallel spin arrangement withincaplane with anti-
parallel coupling betweea planes[[92HR].
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Fig. 64. Mns(Sn_,Ge,)4. Temperature dependence ofcooled in zero field (open symbols) and cooled in
the mass magnetizatiom for (@) x = 0 (Mn;Sry) and magnetic field (solid symbols) which is equal to the
(b) x = 0.50 (MRSnGe,) as measured in various measuring field indicated [93H1].

magnetic fieldsH. Heating run after the sample was

Landolt-Bdrnstein
New Series 111/32C



Ref. p. 59 1.5.4 3d elements and C, Si, Ge, Sn or Pb 37

900 4
| | Tl _oootoocero | |
tr
. (Mn, Fe,);5n, 5 ) S 05 Mn,(5n, ,Ge,),
o o
P ofTc
P C o 0 o
0 fgooooo00 eleNoNe}
< 600 / ¢ 0.4
v 2 . 2
> L
£ 450 T J
E Ny T e
o GRO0O o
2 200 o, o 0.25] °°
AF F 2 2 oO
T 2
150" \ IS v,
1 \ z 0
i \ S 1
1 (=2
0 = & Lo [
0 02 04 06 08 10 S )
Mngsnps Fe content x Fegsnwfa ««-C’. .i“ﬂma
1660008¢¢000
Fig. 63. (Mny_,Fe)sSn_s. Magnetic phase diagram in 1 S
composition - temperature plane. Néel temperature 5 L]0 oy
Ty, Curie temperatureTc and another magnetic Ooo
transition temperaturd,, are shown as functions of o °+
() Loooooooco 0

composition.d = 0...0.10. The dependences orare

too small to be shown in the figure except fiyr.

Ty = 284 K for (x9) = (0,0), Ty, = 220 K for (0,0.05)

and T, < 77 K for (0.02, 0.1)[[90H1, 93Hi2]. P: para- Fig. 65. Mn;(Sn,_G&,)s. Temperature dependence of

magnet; F: ferromagnet; AF: antiferromagnet. the mass magnetizatiom in a magnetic field of
0.10 kOe for various compositions x. Heating run
after the samples were cooled in zero magnetic field.
Tc: ferri-magnetic Curie temperaturdy;: transition
temperature from low-temperature spin-glass-like
state to collinear ferrimagnetic stake [93A3].
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Fig. 66. Mn,(Sn_,Ge&/)s. (@) Pressure dependence of0.1, of the transition temperatur&, from low-
the ferrimagnetic Curie temperatuiie. for various temperature spin-glass-like state to ferrimagnetic
compositions x. Squares represent the data in thstate. Different symbols correspond to different runs
second run. k) Pressure dependence, for x = 0 and9301].
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Fig. 67. Mny_[FeSm. Magnetic phase diagram in Fig. 68. Mn,_,FeSn,. Hyperfine fieldHy,, at *Fe at
composition - temperature plarfe [983S4]. P: paramag3 K and 77 K plotted against the composition
netic, AF: antiferromagnetic. |1 to IV label the parameter x. Solid symbols show the values obtained
magnetic-structure types. In the first two, the atomidy [82L1] at 86 K and 4.2 K, respectively [93S2,
moments align parallel within each of (110) plane§9334].

which, in turn, are arranged as + — + —in type | but as

+ + — —in type Il. Types Ill and IV are those shown

in Fig. 107 (a) and (b), respectively.
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Y urements. The temperature below which the field
N N cooling effect is observed is also plotte)l [90S1]. P:
50X ’,,‘a.\._\rg paramagnetic; SG: spin glass; AF: antiferromagnetic.
AFIIA‘ N —.. Magnetic structure types | and Il are described in the
0 caption of Fig. 67.
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1.5.4.5 Fe alloys and compounds
1.5.4.5.1 Alloys and compounds with C and Si

The Fe_Mn,Si system has attracted much attention, since in this rangg iBeferromagnetic, the
Heusler alloy FeMnSi has a complex magnetic behaviour, and$ris antiferromagnetic.
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