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Fig. 333.Pressure dependence of the electron - phonon coupling coAsaact the inverse phonon frequency
calculated in the strong coupling limit [84J1].

40 |
Pd,YPb .
35
- 3.0 sz‘SCSn —
Z -
= 25 PdYSn —
E
S 20
2 15 Pd;LuSn —
= 10
5
=
114 \ Fig. 335. Calculated pressure dependence of the
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Pd,TmSm | of T, with pressure is due primarily to lattice
HUO . 5 1|2 i 20 stiffening ]
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1.5.5.7 Thermal properties

This section deals with the specific heat of Heuslers which do not become superconducting.
Particular interest has been focused on compounds containing rare earth elements where the effects
of the crystal field are important. Attention has also been concentrated on the possibility of
discovering new Heavy Fermion systems. The data are analysed assuming electronic, phonon and
nuclear contributions.
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Seyeprie (67)

X MnZ X =3d, 4d

X =8A: Co, Ni, Pd; 1B: Cu
Z = 3B: In; 4B: Sn; 5B: Sb

Table 70.A, y, B coefficients as defined in Fig. 336, Deby@,) and Einstein @) temperatures and
a weight factor |f) obtained by altering the lattice term to (p)-BT° and adding a terqpCg(T). T,
andTy are the ordering temperatures oMaSn, XMnin and %MnSb compounds [91F1].

Compound A y B(Gn) Oe p T
MIKmor']  [mImoK?3 [mImo*K™ [K] (K]
Co,MnSn 10.8 17.1 0.152(370) 829
Ni.,MnSn 6.6 13.7 0.353(280) 54 0.012 355
CwuMnSn 7.7 4.6 0.698(223) 53 0.026 530
PdMnSn 8.6 12.2 0.690(224) 60 0.026 189
Ni>MnlIn 18.6 0.480(253) 22 0.001 350
Pd,Mnin 16.2 1.084(193) 20 0.002  (142)
Ni.MnSb 13.9 12.6 0.811(212) 47 0.003 360

Table 71. Experimental values of the nuclear Schottky coefficiersind the
magnetic effective fields on the Mn nuclele, [91F1].

Compound A[mJ K mol] Herr [kOE€]

exp calc [91F1] [70S1]  [[70K1]
Co,MnSn 10.8 12.72
Ni.MnSn 6.6 6.12 330+ 10 313
PdMnSn 8.6 7.68 374+ 35 350
CuwpMnSn 7.7 5.40
Ni-MnSb 13.9 9.0

Table 72.Electronic specific heat coefficienjs[91F1)]. Different values for
Yeaic refer to different sources.

Compound e, NI MO K2 e [MI MO K™ Yoo/ Yneor

CoMnSn  17.7 2.60, 3.48 6.8, 5.08
Ni;MnSn 13.7 6.80, 7.20, 5.00 2.01,1.90, 2.74
CwpMnSn 4.6 4.00 1.15

PdMnSn 12.2 4.20, 6.00 2.90, 2.03
Ni,Mnin 18.6 5.72 3.25

PdMniIn 16.2 4.96 3.27

Ni,MnSh 12.6 5.20 2.42
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° Fig. 337. Einstein contribution to the specific heat
20 AC(T) = (KIT)%exp(-B/T) whereK is a constant, for
fm CwMnSn, PdMnSn, and NiNnSn [91F1].
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Fig. 336. C/T vs. T? for X,MnSn compounds with — 25
X = Co, Ni, Cu, Pd. Circles are experimental pointsi_<
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AT2 + yT + BT to the data (i.e. nuclear Schottky, E '
electronic and nuclear contributiong) [91F1]. =
2 015
& 010
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;f 7 ; Fig. 339.Ni,MnSn specific hea€ vs. T data. Circles:
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= 2/ electronic term;4: Einstein term,5: Schottky term
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< Fig. 338. Cu,MnSn specific heat data plotted as a
0. function of temperature (circles) experimental data,
curve 1 is the fit using the four terms described in
Figs. 336 and 3372: lattice term,3: electronic term,
0 4: Einstein term5: Schottky term[[91H1].
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Fig. 344. Specific heat of NMnSb plotted a<C/T Fig. 345. Ni,MnSb specific heaC vs. temperature.
vs. T? data [91FL]. Circles: experimental values; cunte a four param-

eter fit; 2: lattice term,3: electronic term4: Einstein
term,5: Schottky term[[91H1].

X =1B: Cu
Y = 4A: La, Ce, Pr, Nd, Sm, VY, Lu
Z=3B: In

The properties of the La compound are normal with 2.04 mJ/(moK?) and a Debye temperature

of @, = 183 K. These results have been used in the analysis of the other compounds to estimate the
electronic and phonon contributions. Belew# K the specific heat of the Ce compound is nearly
constant, with the value of increasing rapidly[ [9231]. The entrof.g reachesk In(2) at about

20 K. It has been assumed that the ground state is a doublet which changes to a singlet by a dense
Kondo effect below 20 K. G®rlIn exhibits a Schottky-type anomaly around 5 K and it is concluded

that the compound is non-magnetic with a singlet ground state. However, betdl€uand

Cw,Smin have sharp transitions at 2 and 3.7 K respectively, indicating long range magnetic order

[9251).
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Pr Vvvvvy Fig. 346. Temperature dependence of the specific heat
LWWWVV’ for rare earth Heusler compounds,Rin, R = La, Ce,
o o Pr, Nd, Sm[[9251].
0 25 5.0 75 10.0 125 150

Temperature 7 [K]

Landolt-Bornstein
New Series 111/32C



240 1.5.5 Heusler alloys [ [Ref. p. 409

35 ; L — ‘ 4 o @S
H Rink °°
: Cu,RIn | CuRIn i&w
: o R=Sm
30 10 o
./R= Nd §;$5 59&59
— 25 T8 \d
Tx ol R M
= 1= ....l”
E 20-3% S ==cs = -
= o o Rln2 WO S
3 ° ({Sm 5 ﬂ P jaassst 2 2 s
— o £ 3 N
© oe o, g‘A“AAAW
= . °oo g‘A&P Ce
S 1.0 . %55 2 S
A * OOQ)OO 800
o
%& Pr OOOOOOOOOO“LIX:%
05 Sl Ce 9
\~oﬁ§‘“ﬁw‘&iﬁﬂ RO 0 4 aaflaang 0 4 8 12 16 20
Lo By poghebet PR e Temperture 7 (K]
0 20 40 60 80 100

Temperature 72 [K2] Fig. 348. Temperature dependence of the entropy for
P rare earth Heusler compounds,Rin [92S51].
Fig. 347.Curves of specific heat coefficie@/T vs.

T2 for rare earth Heusler compounds,RLn 1.

5 1.2 T
d : CupCeln
(o] o]
o 1.0
b o < g
'_; & - %
T of 208
o o
€ 3 &> = é
= Cu Celn [0 S D/om
© o o 06 PO
g oo°°o ° § M
2 L0 o 2
o PO ST ° ©
= b ooo = 04 M’M
= g =
< Cu,laln o° < L
, o
L o 0.2
S M

0 100 200 300 400
8 1 12
0 2 4 6 0 Squared temperature 72(K?)

Temperature 7 [K)
. o . Fig. 350. Temperature dependence of the specific
Zlngd g4?_.a|8r]pe-9c31f[|)c ]heat of polycrystalline GQeln heatC in the form of aC/T vs. T? plot for CyCeln.
4 ' The solid line represents the relati®iT = y + T2
with y = 247 mJ/mokK? and 8 = 1.12 mJ/moK*
[88T1].

Landolt-Boérnstein
New Series 111/32C



Ref. p. 409] 1.5.5 Heusler alloys 241

125 T 5 T
g%f . | CuzCeln Cu,Celn b 000
9 0|
o o
o

100 4 3
— — Q
= b - &
2075 Y E 3 32
= p I QPCO //
S ? S &° /
2 x 8 Ap“p g /
2050 ey = 2 5 555 y /4
) 2 M
% QQ}%% E //
28 fARAB%00 0gp omaEs & §/~\ S

025 1 V4

T 1
5 7.&-\.\
//
0 z b 6 8 10 12 0 3 6 9 1 1 18

Temperature 7 [K] Temperature 7 [K]
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X =1B: Ag
Y = 4A: La, Ce
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The compound AgCeln orders antiferromagnetically at 2.7 [K [87L1]. The specific heat of the La
compound was used to estimate the lattice and electronic contributionsGelAg
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calculation using a CEF and exchange Hamiltonian
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X,YZ X =3d,Y =5f

X = 8A: Ni
Y =4A: U
Z =4B: Sn

Owing to the relative size of the actinide atoms, very few compounds form with 5f elements. At
room temperature BMUSn has the Lgstructure, but transforms at 220 K to a lower symmetry phase.
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7 T Fig. 361. Specific heat divided by temperature vs.
;pdjﬁ/ E ﬁ temperature squared for iSn. The curve is the
02 Af =4 7 best overall fit, using electronic plus full Debye
4 f contributions. The broken curve is a better two-
. s ; - contribution fit to the lowr (< 10 K) data. The inset
71K shows the difference between this fit and the data
| | | [eoEd].
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1.5.5.8 Hyperfine fields

Since the previous reviel [88W1] a substantial amount of research has been undertaken to determine
the hyperfine fields at all three sites. Measurements have also been undertaken as a function of

pressure and on systems undergoing phase transitions. Detailed band structure calculations and
predictions of hyperfine fields have also been published.

X,YZ X =3d,Y =3d, 4d, 5d,
X =8A: Co
Y = 4A: Ti, Zr, Hf; 5A: V, Nb; 6A: Cr; 8A: Fe
Z = 3B: Al, Ga; 4B: Si, Ge, Sn

Co,YZ

The hyperfine field at the Z site has been investigated 4$18g M&ssbauer effect. Time differential
perturbed angular correlating (TDPAC) measurements of Cd hyperfine fields have also been carried
out. All the samples are ferromagnetic with the moment confined to the Co sites.

The *Co and**Mn NMR have been measured at 4.2 K by the spin echo technique. The
measurements at the Y site were carried out by dilute substitution of Mn. The hyperfine field at the Y
site was found to be 30-80 kOe higher than that in Mo Z alloys with the same Z [89K1].
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