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1.5.5.10 Electronic structures

Introduction

Since the last review [88W1] no further polarised neutron measurements have been published.
However, there have been some photoemission and positron investigations of the band structure of
L2; and C1 compounds.

XoYZ X=3d,Y=3d

X =1B: Cu
Y =7A: Mn
Z =3B: Al

Photoelectron spectroscopy has been undertaken gvirll. However, it must be emphasised that
Cuw,MnAl is particularly difficult to prepare in single crystal form.

Table 118.Binding energie€ in eV. Accuracy = 0.1 eV. Standard level
Al2,=75.0 eV. Data was taken for two orientations ojNdwAl [D0S4].

Plane (111) Plane (100)
Level As received Cleaned As received Cleaned
Al2p 75.0 75.0 75.0 75.0
Mn2p 642.5 642.5 642.5 639.8
Cu2p 932.8 932.8 932.7 933.7
Ols 532.3 532.5 532.6 531.1
Cils 285.3 285.2 284.6 284.6
Cu,MnAl (100) (1)

UPS spectral intensity

Energy £ [eV]

UPS spectral intensity

Energy £ [eV]

Fig. 568. Valence and conduction band UPS photo-
electron spectra of GMnAI for the (100) and (111)
directions. The solid curves represent the experimen-
tal data and the broken lines give the data corrected

for background[[9034].
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Fig. 569. Contribution of the densities of states of the d components g¥1@Al from the Mn and Cu sites

[90S4].

X =7A: Mn; 8A: Fe, Co

Y = 7A: Mn; 8A: Fe
Z = 3B: Al; 4B: Si

The systematic changes in the band structure upon changing the elements XYZ have been investi-
gated using X-ray spectroscopy. The results have been compared with the prediction of band models.
The results indicate that the d-band energies BCD (Fig. 575 ) which arise from resonant scattering of
nearly free Al or Si electrons by 3d states decrease with higher atomic number Fe—Co—Cu. The peaks
in the silicon compounds occur at lower energies than in the aluminium compounds. This is expected

since Al has lower electro-negativity than Si.

Table 119.A summary of the alloys investigated in Figs. 571 to 574 [83B1].

Structure A B, DO0s, L2,
Formula T TAI XYZ X,YZ X,YZ
Site A,C T T X Px Py
B T Al Y [Ms] [Me]
D T Al Z
\% VAI
Cr
Mn,MnSi 0.5 0.8
Fe FeAl FeFeAl 1.6 2.2
FeFeSi 1.2 2.4
CoAl Co,MnAl 0 ?
Co,MnSi 0.8 3.6
NiAl
CuMnAl 0 35
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Table 120.A summary of the X-ray transitions of the elements indicated in
Table 119([83B[1]. VB: valence band.

Locus T-metal E Al/Si E
momentum [eV] [eV]

s, d VB (3d) - 2p,  600...800 VB (s, d)- 2p 70..120

p VB (p) -» 1s = 1500/1800

Table 121.Distribution probabilities of elements on the lattice sites A, B

and C as indicated in Fig. 1.

Alloy Probability  [84Z1] ]
Co,MnSi Pasi 0
Pgsi 0.12+ 0.01 X-ray diffr.
Pysi 0.91+ 0.05
Pamn 0.19+ 0.02
Pemn 0.81+ 0.08 EXAFS
Pywin 0
FeMnoAl Py 0.05x 0.01 0.04
Pgai 0.25+ 0.02 X-ray diffr. 0.15 X-ray diffr.
Pyai 0.61+0.03 0.72
Pawmn 0.34+£ 0.04 0.04
Pgwmin 0.66+ 0.07 EXAFS 0.39 neutron diffr.
Pyin 0 0.11
Co,MnAl Cu,MnAl c
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Fig. 570.Observed X-ray emission bands from Al inFig. 571. Observed X-ray emission bands from Al in
Co,MnAl. The bottom of the band is denoted By Cu,MnAl. The bottom of the band is denoted byand

and the Fermi energy bir. The labels B, C and D the Fermi energy b§:. The label C indicates possible
indicate possible resonant scattering of the nearljesonant scattering of the nearly free Al electrons by
free Al electrons by the 3d transition stafes [83B1]. the 3d transition states [83B1].
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Fig. 573. Observed k;; X-ray emission bands

CoMnAl [B3B1].
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and the Fermi energy bi. The labels B, C and D

indicate possible resonant scattering of the nearly
free Si electrons by the 3d transition stafes [$3B1].
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Fig. 576.Spin dependent local and partial density of states fogM@AIl [B3B1].

and;{; self-absorption spectra from Mn in @4nAl and

Landolt-Bdrnstein
New Series 111/32C



Ref. p. 409]

1.5.5 Heusler alloys 363

13
COZMnSi

—_
—

EXAFS intensity n (Z;/I,)

=
=)
T

I

| | |
0.7 200 700 500

Channel number

800

Fig. 577.EXAFS spectrum from GMnSi |84Z1].

XoYZ X =4d;Y =3d

X =8A: Pd
Y =4A: Ti
Z = 3B: Al

Photoemission measurements have been made of the intermetallic compglid. Adhe valence

band extends to a binding energy of 7 eV. Measurements made at the Cooper minimum for Pd 4d
indicate that the highest density of states for the Ti 3d is at the Fermi edge and that it decreases
towards higher energy. The Pd 4d states also contribute to the Fermi level but the 4d band is not

completely full.
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Fig. 579.The background subtracted electron energy
distribution curves from RdiAl for photon energies
of 80 eV and 130 eV following correction for the
difference in Ti 3d photoemission cross-section
between the two photon energies. 130 eV
corresponds to the Cooper minimum for Pd 4d

photoemission[[96L1].



364 1.5.5 Heusler alloys [ [Ref. p. 409
048 - 0.02
Pd, Ti Al hv =30eV 10V
.‘t V)
0.26F 1 0.012F Ll
0 ! & Pt | ! -
0.24 0.02
\ 40V 120eV
)
0.12- i 0.012 ralk s
/ .‘.
0 | ! X 0 /1 ! s
0.12 0.024
506V 130eV
0.06 \ 0.012- /-""..
0 \ 1 A 0L anngmmee=™ | l .
0.72 0.012
) 60eV J"’..' 1608V
Pt / .
0.361 g ’, 0.006 *
= & *, = r” .
= s N—, = / .
< 0 A 1 fo R 1 | L%
= on = 00072 ~
5 70eV 5 S 0 150eV
é % é ..
S o A S 000361 / H
a ..' . a f :
.. 0....... d."" .
| I L 1 Lo Rl | | L.
0.24 0.012
/ 80eV 160 eV
012 ; 0,006} /.-'/ﬁ .
o: \ /I’ .
0 ......o'l/ \ I L ena comerent® | | L
0.12 0.0072
90 eV Ser it 0
YL .*o :
006~ . 00036 Vs °
o .‘Oo-.o. o *
.o. A g .
OLe esee L | e 0 .-.a—-'f- | | L S
0.048 0.0048
0 o o
& .\-"—"o ‘-’ e
0.024}— & . 0.0024 P
s ' rr.“'
) ..-'/ | | I 0 i 1 | |
§ 6 L 2 0 2 8 5 L 2 0 2

Binding energy £ [eV]

Binding energy £ [eV]

Fig. 578. Electron energy distribution curves collected fromTRAI for photon energies between 30 and
180 eV. The curves have had the inelastic background subtrhcted [96L1].
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Fig. 581. Comparison of the experimental electron
energy distribution curves (dotted) obtained from
Pd,TiAl with those calculated (solid curves) from the

DOS determined using Ti 3dPd 4d° [96L1].
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Fig. 583. Background subtracted electron energy
distribution curves from BdiAl collected at pho-

0.005 ton energies just below the Ti 3p to 4d resonance
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Fig. 584. Constant initial state measurements ofTRAl made at binding energies of 0.8 and 5 eV for the

energy range 45-85eY/[96] 1].

C1,XYZ X =3d Y =3d
X = 8A: Ni
Y = 7A: Mn
Z =5B:Sb

Interest in NiMnSb is primarily focused on the prediction that it is a half metallic ferromagnet.
[88D1l]. The band structure consists of a metallic majority-spin and a semiconducting minority-spin
band. The majority-spin Fermi surface consists of tHrementred hole sheets, two of which have
necks at L. The different nature of the bands is clearly reflected in the spin-dependent momentum
densities. From these densities a magnetic difference effect in the angular correlation should be
clearly visible with polarised positrons. As yet only preliminary results have been reported.

Landolt-Bdrnstein
New Series 111/32C



Ref. p. 409]

1.5.5 Heusler alloys

367

1.0

09

08

07

0.6

Energy £ [Ry]

j=)

-0.1

-02

I~ NiMnSb

-

b=
%X/
_/ i

majority spin

EN L9 ES

\w
/

>
-

><
=

09

08

Energy £ [Ry]
o o o o o o
~N) (%) £~ (2] (=2} ~3

o

o

-0

-02
b

minority spin

"
N

W

—

—

A

A

><

W

K

z

rX

U

—

Fig. 585.Band structure fora) the majority-spin andb| the minority-spin electron population in NiMnSb
[86H1]]. Dashed line indicates:.

Landol

t-Bornstein

New Series 111/32C



368 1.5.5 Heusler alloys 09

Fig. 587. The sheets of the Fermi surface for
the majority-spin bands 12, 13 and [L4 [86H1].
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Fig. 586. Total density of states of 150 |
NiMnSb for the majority-spin and N
minority-spin direction[[86H1]. 200 | | | | ||
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a NiMnSb (110) b Ni;Mn Sb (110)

Fig. 588.(a) Positron probability densiti,r*0in the (b) Same for NiIMnSb obtained by placing additional
(110) planes of NiMnSb. The high peaks correspondli atoms at the empty lattice positions (dashed in the
to the empty lattice positions of the atoms (see insetjset) of NiMnSb|[[86HIL].
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Fig. 589. (&) Momentum density of annihilation pied states and the thick curves give the total of all
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Table 122. Observability of energy bands for momemain the 'I;,z
lattice. p stands for all vectors related by cubic symmetry, a minus sign
indicates a zero contribution tp(p), a plus sign a non-vanishing
contribution to p(p), * means there is no reciprocal-lattice vector
connecting the wavevectdr of the symmetry type in the first column to
this type ofp vector, ancE, n andg are all different and nonzerp [86H1].

Energy band Px 0 0 0 ¢ 0 i3 i3
p 0 0 g & & n n
. 0O & & & n n g

ry + + + + + + +
I - - - - + - +
M3 - + + - + + +
M - + + + + + +
s - - + - + + +
X1, X3 . + + . + + +
Xo, X4 . - - . + - +
X5 . — + . + + +
W1, Wy, W, W, . . . . + + +
5, S . . + . + + +
5, S . . - . + - +
Ly, Ay . . . + . + +

Lo, Ay . . . - . - +
L3, As . . . - . + +

A, . + . . + + +
Ny, A, . — . . + — +
A% . - . . + + +
Vy, Vs . . . . + . +

NiMnSb

Fig. 594. Measured two-dimensional spin densityplane in NiMnSb not corrected for the momentum
AN(p,, pz):J.[PEy(p)—PEV(D)]dDX in the (ITO) sampling function. Each division is Tomc [84MT].
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Fig. 595. Difference between the ([110]-integrated)electrons in NiMnSb, measured with polarised
momentum densities of minority and majority spinpositrons. Left: experiment, right: theofy [88M1].

1.5.5.11 Magneto-optics

The response of a medium to electric and magnetic fields is determined by the permittivity and
permeability tensors and p, respectively. For time dependent fields (and in particular for
electromagnetic radiation) and for dielectric materials, it is the refractive indeshich fully
characterises the optical properties. The elements ofay be complex and are related to the

] 2 .
refractive index by an equation of the fo’p, :(nxx+inxx) . Heren,(n,,) is the real (imaginary)

part of the refractive indemn.

For an isotropic material the permittivity is a diagonal tensor. However, if the material is
magnetised the macroscopic orientation of the magnetisation singles out a unique direction. As a
consequence the permittivity tensor acquires off-diagonal elements which are, to first order, linear in
the magnetisatioM. Thus the permittivity tensor has the form:

Ex gy O
E=|Fie, €, O
0 0 ¢

zz

for a magnetisatioM which is directed along theaxis MI1z). The off-diagonal matrix element is
often parameterized in the form

Exy
&

Q:

XX

with Q being the magneto-optic paramet@ror &, change sign if the direction of the magnetisation
is reversed. In the literature different sign conventions are in use. For a discussion of the question of
the sign convention in magneto-optical calculations and measurements the interested reader is

referred to[[93AL].
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