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1.5.5.3.3.4 CJ.compounds

XYZ X=23d,4d,5d,Y =3d
X =8A: Co, Ni, Ir, Pd, Pt; 1B: Cu, Ag, Au
Y =7A: Mn
Z =4B: Sn
The investigation of the magnetic properties of these compounds has been primarily motivated by
their potential use as thermomagnetic recording materials. The majority of the compounds are
ferromagnetic although those with X = Cu or Ir are antiferromagnetic.

Table 26.Summary of the magnetic properties of somg @impounds [8703].

CoMnShb NiMnSb CuMnSb  PtMnSb AuMnSb  PtMnSn
Unit cell [A] 2x5.875 5.927 6.095 6.195 6.373 6.261
Magnetic order F F AF F F F
Tcor Ty [K] 478 728 55 572 72 330
O K] 490 -530 780-910 - 160 610-670 98 350
ps(0K) [Mg] 4.2 4.2 3.9 4.0 35 35
Pett [Ma] 46-4.0 42-29 5.4 49-43 5.7 5.2

Table 27. A summary of structural, magnetic and the pressure dependence of the Curie temperature
in some ferromagnetic C1b and1@mpounds [83K1].

Substance Crystal Lattice constant  Dynmn Dunvn/Ta  Tc dTc/dp
structure [A] [A] K] [K/kbar]
PtMnSn Cilb 6.263 4.43 5.18 355 0.86
Nio-MnSn Heusler 6.04 4.27 4.99 342 0.55
Ni.MnSb Heusler 6.00 4.24 4.96 334 3
CwMnyidngg  Heusler 6.19 4.38 5.12 449 1.5
AusMn tetragonal 4.02, 4.07 4.02 4.7 332 2.7
MnBI NiAs 4,286, 4.116 3.06 3.58 613 -5
MnSb NiAs 4,128, 5.789 2.9 3.39 587 -3.2
MnAs NiAs 3.71, 5.69 2.85 3.33 312 -12
MnP MnP 3.173, 5.260 2.63 3.08 291 -13
5.917
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Lanthanide compounds with group 3d and 4d elements

X»(R)Z

The main interest in these compounds centres on possible heavy Fermion behaviour or the co-
existence of superconductivity and long-range magnetic order. In most compounds the lanthanide
element occupies the Y site, although a new series has been reported in which they occupy the X

sites.

Table 28. A summary of the crystallographic and magnetic properties of (R)}Ir@mpounds

[B5F1].
Compound a+0.003 Tyz*1 O+2 Pett (€XP)£ 0.05 Peit (calc)  xo

[A] (K] (K] [Ma] [Ms] [cm®mol™]
LalnCuw, 6.856 Pauli paramagnet 4.010°
CelnCy 6.798 -30 2.52 2.54 7.510°
PrinCu 6.774 -35 3.53 3.58 2.010°
NdinCw  6.746 -70 2.60 3.62 4.610°
SmInCy 6.691 7 No Curie-Weiss behaviour
GdInCuy 6.447 12 -31 7.60 7.94
TbinCw*) 6.616 6 -33 9.70 9.72
DyInCw, 6.601 3 -21 10.30 10.63
ErinCw*) 6.552 -10 9.63 9.59
LulnCw, 6.515 —-310*

*) Contain= 10 % MgCuy cubic phase.
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Table 29.A summary of the magnetic properties ofa¢In alloys [93NN].

Alloy Ty e} Pest a Structure
(K] (K] [Me] (Al
Cu,GdIn 10 —58.8 7.89 6.641 L2
Ag,GdIn 10 — 56 8.1 6.965 L2
Pd.GdIn =7 5.64 8.22 6.741 L2
Table 30. Properties of some CelnAgCu, compounds.
Peit Was obtained from data above 150 K [8[7L1].
X a (O] TN Peft
[A] (K] (K] [Ms]
2.0 6.784 - 30 <0.5 2.60
1.9 6.800 — 26 2.2 2.56
1.8 6.830 -25 3.5 2.535
1.7 6.845 - 22 4.0 2.535
15 6.891 —-18.5 55 2.53
1.0 6.967 -125 4.0 2.535
0.0 7.108 -9.0 2.7 2.54
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Fig. 148. Magnetisation of rare earth Heusler"’_‘nd inverse susceptibility of GRrln with the applied
compounds CiRIn (R = Nd, Pr, Sm) with a field of field along (100)[[91S1].
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Fig. 164. Magnetic isotherms for a Celngwsingle Fig. 165. Thermal variation of the reciprocal

crystal along the [100] axis afid= 1,5, 4.2 and 8 K. susceptibility of PdvbSn. The solid line represents a

The continuous line is a fit usingx = 6.5 K and fit to the data using a CEF model with parameters

A =98 K [87L1)]. W =119 K and x = — 0.65 (see subsect. 1.5.5.4.2).
The inset shows the temperature dependence of the
effective paramagnetic momeft [85M1].

Table 31.Magnetic properties of BER)Sn alloys|[85MLL].

Compound a Peit (EXP)  Petr (free ion) © Tn Te

[Al [He] [He] (K] (K] [K]
Pd.ScSn 6.503 2.15
PdYSn 6.716 4.55
Pd,TbSn 6.740 9.05 9.72 - 8.6 9.0
Pd.DySn 6.722 10.83 10.85 -9.3 150
PdHoSn 6.705  10.67 10.61 -6.2 9
PAErSn 6.692 9.59 9.58 -76 9
Pd,TmSn 6.670 7.4 7.56 0 2.82
Pad,YbSn 6.658 4.34 4.54 —-4.3 0.2)3 2.42
PdLuSn 6.645 3.05

3 Not ordered magnetically down to 1.4 K.
B) Exhibits coexistence of superconductivity and antiferromagnetism.
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of PdDySn in a field ofH = 5 kOe and as a function susceptibility of P6TmSn. The solid line represents a

of temperature. The solid line represents a Curiefit to the data using a CEF model with parameters

Weiss fit x,, = C(T — O) to the datd [85M]1]. W = 1.59 K and x = — 0.61 (see subsect. 1.5.5.4.2).
The inset shows the temperature dependence of the
effective paramagnetic momeht [85M1].
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susceptibility of PgHoSn and P£ErSn, indicating of PdTbSn in a field ofH = 5 kOe and as a function
the absence of magnetic order down to 1.4 K. Thef temperature. The solid line represents a Curie-
susceptibilities are Curie-Weiss in nature with theweiss fitx, = C/(T — ©) [85M1]].

measured effective Bohr magneton numbers close to

the thermal free ion valuels [85M1].
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Atomic size normally excludes the formation of single phase alloys. However, single phase Heusler
alloys have been reported with R = Gd, Tb, Dy, Ho, Er, Tm and Yb. The Gd compound is
ferromagnetic Tc = 118 K), Tb and Dy meta-magneti€y = 66 K, 30 K, respectively and Ho, Er,

Tm and Yb are ferromagnetic with transition temperatures 24, 22, 21 and 20 K, respectively.
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Table 32.Physical properties of (R)4rAgo s alloys [81L1].r: R** ionic radius.

R r Al alA] VAT plg cm?
X-ray measured

Gd 0.938 3.716 51.30 8.691 8.707
Tb 0.923 3.702 50.74 8.845 8.847
Dy 0.908 3.685 50.04 9.167 9.015
Ho 0.894 3.666 49.27 9.310 9.247
Er 0.881 3.651 48.67 9.505 9.512
Tm 0.869 3.629 47.79 9.737 9.430

Table 33. Magnetic parameters of some (R)$Ago s alloys [81L1].
FM: ferromagnetic, MM: metamagnetip; effective paramagnetic
moment,p;: ferromagnetic saturation moment.

R=Gd Tb Dy
Bulk nature FM MM MM
T [K] 118 66 30
O[K] 120 70 32
C[10° m’ K kg™ 42.7 57.1 70.1
p [Us] theor 7.94 9.72 10.63
p [MUs] exp 8.54 9.91 11.05
pr [Us] theor 7 9 10
pr [Me] exp 7.61 7.94 9.61

Table 34. Magnetic parameters of some (R)#Agdos alloys [81L1]. FeM: ferrimag-
netic, C;, C,: Curie constants corresponding to the two sublattices of a ferrimagnetic
system, p: effective paramagnetic momeng: ferromagnetic saturation moment,
Op: paramagnetic Curie temperature. The paramefeand ©, are obtained by using

Ux = (T — 6)IC - Oﬁ/C(T — 0). The exchange field has been parameterised using

Wi, = —n, Wy; = an, W,, = Bn wherea and are dimensionless constandsdensity.

Alloy Ho Er Tm Yb

Bulk nature FeM FeM FeM FeM

C [10°m*K kg™ 62.5 48.2 31.4 8.25
C. [10°m* K kg™ 52.0 415 27.1 7.93
C, [10°m* K kg™ 10.5 6.7 4.3 0.32
6r [K] -20 -25 -27 - 170

Tn [K] 24 22 21 20

o K] 18.1 16.0 16.0 14.0
& [K] 16.1 16.8 16.8 33.8
a=p —-0.029 -0.12 -0.14 - 0.60
n/d 11.5 16.7 25.8 = 580

p exp 10.48 0.24 7.48 3.86

p theor 10.60 9.60 7.60 454
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1.5.5.3.3.5 Quaternary

The effects of electron concentration on the magnetic properties of Heusler alloys has been
investigated in a series of quaternary compounds. Continuous Heusler series form at the intermediate
compositions P#Mnin,_Sn, P&MnSn_Sh, and PdMnin,_,Sb, and the details have been
summarised [[88W1]. In these series three types of magnetic structure are observed,
antiferromagnetic fcc type 2 (AF2), antiferromagnetic fcc type 3A (AF3A) and ferromagnetic. The
results show a direct correlation between electron concentration and magnetic structure. Similar
behaviour has been observed in the serigs,@d.Mnin [88W1] in which substitution is made at the

X site rather than the Z site.

XA(YY*)Z X =3d, Y= Y* = 3d

X =8A: Fe
Y =7A: Mn
Y*=5A:V
Z =4B: Sn

FesMn L, V,Si

Single phase compounds with the;ls2ructure form for the entire composition rangs < 1. The
Curie temperature increases from 219 K for x = 0 to 315 K at x = 0.5. For x > 0.5 the Curie
temperature decreases rapidly, vanishing at x = 0.86.
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