substance: boron compounds with lanthanides
property: properties of lanthanide hexaborides: SmB

Structure, chemical bond

lattice parameters

(in A)
a 4.1336(2) T=300K X-ray diffraction 91T
4.13319(3) T=300K 1545mliBg, X-ray diffraction 93T
4.13173(3) T=153K (occupancy of B for 23, 153 and 300 K
4.13302(3) T=23K =91.5(5) %)
4.1304 T=300K see also [56P] 71N1,
77E,
79G

For NMR studies of valence fluctuations, see [81T]; for NMR studies and spin/charge fluctuations, see [81P].

lattice parameters in the homogeneity raige 304 K)

a(in A) V (in A3)
SmB; 4.1334(2) 70.62(1) X-ray diffraction 83P
Smy.9Bs 4.1317(3 70.53(1) prepared from SmBmaster alloy
Smy 9Bs 4.1301(2) 70.45(1) prepared from Sgy,Bg master alloy
Sny.9Bs 4.1280(2) 70.35(1)
Smy.sPBs 4.1272(1) 70.30(1)
Sny.g1Bs 4.1281(1) 70.35(1)
Smy.7PB6 4.1272(2) 70.30(1)
Sny.71Bs 4.1277(1) 70.33(1)

Differences of the structural data relative to those in [71N1] are discussed in [83P].
Homogeneity range of SmBrom Sny Bg to SmB; [90K1].

Theoretical consideration of the preparation of lanthanide hexaborides, in partioBlawgh different $n and
B isotopes, by the reduction of metal oxides in the aluminium melt in [94G].

Synthesis and properties of SgiB [59S].

Preparation of single crystals, powder neutron diffraction and X-ray single-crystal diffeagtstudies [91T].
Valence of samarium in isostructural phases ariél Sy gBg [83A2].

Growth and crystal data for preparation by high temperature solution growth [84L] and references therein.

Isotopic engineering of zenmatrix sanarium hexaboride: results of high-resolution powder diffraction and X-
ray single-crystal diffractometry studies [91T].

NMR-detemined temperature dependence of the nuclear relaxation rate of varionglesaprepared by
different methods in Fig. 1 [83T].



Electronic properties

From detailed neutron scattering studies was concluded that the characteristic features of the IV ground state
wave function of Sm are the existence of strongly broadened high-energy excitations originating from former
single-ion states®fand f and a low-energy narrow excitation, which is specific for the quantum mixed state of
intermediate-valence ions [93A2].

Calculated electronic band structure in Fig. 2 [83F].
Energy band scheme based on experimental data in Fig. 3 [99D, 99G].

In the electronic structure of SrgBa narrow f band with large Coulomb interaction, a wide d band with

negligible interactions, f—d hybridization, Coulomb, and exchange interactions are assumed. Since in the case of
SmB; the two bands contain an even integral number of electrons per rare earth ion, intersite correlations

profoundly affect states near the Fermi energy and lead to a small insulating gap [79M]. See also [70C, 71N2,
73M, 770].

For Sm M 5 spectra of SmB see [82A]; for Sm |y emission spectra in SrgBsee [82T]; for BK spectra in
SmBg, see [820].

energy gap
(in meV)
= 0 calculated (semimetal) 83F
5 el. cond.(Fig. 6) 77E
2.3 electrical conductivity 69M1
~5 84K
4.4 el. cond. 83B
1.8..2.7 el. cond. 87W
14 neutron scattering 93A3,
95A
7 T=10..49K electron tunneling 98A
19(2) T=3..20K interband, dynamical conductivity 99D,
(see Figs.3, 4) 929G
Eq 3 T=3..20K donor level; dynam. cond. (see Figs. 929G
3,5)

Electron-tunneling studies compared with GeBuBg SrBg in [98A].

SmB; possesses a magnetic moment like £aB] EuB but in contrast to SiB[98A].

Pressure dependence of the energy gap derived from electrical conductivity in Fig. 7 [83B].
The properties of borides of metals with mixed valence [79P].

Electron energy loss function in [81S].

Calculated interband density of states in Fig. 8 [87W].

Calculated densities of states: see Fig. 43 [79M2].

Interaction of 4f electrons with the lattice in the mixed valence model [85P1].

B K emission and absorption spectrum (compared withglzaigl EuB) [820].

Influence of the mixed-valences state on the magnetic excitation spectrum ghSs@s compounds [97A].



Impurities and defects

On the influence of defects and impurity atoms on the properties of rare-earth hexaborides with mixed valency:
Variation of the lattice parameters, when La, Eu, Gd substitute for Sm in Fig. 9, variation of the effective
valence of the Sm atoms for Eu, La, Yb, Dy, Ba, Gd atoms substituting for Sm in Fig. 10 [81F, 87P].

The influence of Sm vacancies is discussed in [77K] and [78A].

Effect of vacancies on the lattice parameter and on the valence state of samariyRgim3fig. 11 [82K].
NMR study of the mixed valent compound of Sgndth La and Yb substitution in [83T].

Temperature dependence of the electrical resistivity of Swith Ba, La, and Gd atoms substituted for Sm in
Fig. 12 [84K].

Temperature dependence of lattice parameters gM8&m, Bg (Me = Ca, La) in Fig. 13 [91A].

Dependence of the electrical resistivity of bm@m_Bg and SmGd;—Bg on the concentration of Sm atoms
compared with the variation of the lattice parameters in Fig. 14 [84K].

Lattice properties
Temperature dependence of the thermal expad$iband the derived expansion coefficient in Fig. 15 [87W].
Temperature dependence of the lattice parameters in Fig. 16 [93T].

Isotropic thermal parameters of the Sm atom and anisotropic thermal parameters of the Bl28mL#Bg in
Fig. 17 [93T].

Thermal vibrations and static displacement of atoms in samarium hexaboride (compared with neodymium
hexaboride) crystals in [94T].

Temperature dependence of the effective Debye temperature in Fig. 18 [93T].

Phonon dispersion curves of Sg&xperimentally determined by neutron scattering compared with calculated
curves for LaB in Fig. 19 [91A].

phonon wavenumbers

(in e

FT Raman Raman Neutron scattering
[97S] [81M] [93A2]

1556

1495

1452

1414
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1333 1290

1233 1223

1133 1170 1149

1099

983

872 863
812

645 734 715

615
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491

321

288 274

237

118 172 158

83 74



Low frequency part of the FT Raman spectrum [97S] compared with the phonon branches obtained on
1545ml1Bg by inelastic neutron scattering [91A, 93A2] in Fig. 20.
Raman spectra and frequencies seepaisperties of lanthanide hexaborides: YbB (Optical prop.)

Spectral range of phonon excitations (FT Raman spectrum [97S]), conventionally measured Raman spectrum
[81M], inelastic neutron scattering [93A2] in Fig. 21.

See also neutron scattering under Further properties

elastic constants
(in 101 dyn cn1?)

C11 41.7 T=300K lattice dynamics 8551
C12 -6.7

Cs4 7.8 83K
Cbulk 9.4

Transport properties

dc electrical conductivity

o 53.16Q1cm? T=300K 84K
3.3.16Qm?! T=300K 81K

Temperature dependence of the electrical conductivity of monocrystalline and polycrystalligenSedg 22

[79A, 81K, 82F, 84K].

Temperature dependence of the dc conductivity and evaluation in Fig. 23 [99G].

Temperature dependence of the resistance for different pressures in Fig. 24 [83B]; see also [83A2, 89S].

Pressure dependence of the resistivity of gidnpared with LaBin [89S].

Pressure dependence of the electrical resistivity o§L8B1Bs, YbBg and EuB in Fig. 25 [81K, 91S1].

resistivity
(in Q cm)
films of different thicknesses
p 3.0-10% T=300K d=1.00upm;a=4.14 A 90K2
2.3-104 d=0.70um;a=4.08 A
1.7-104 d=0.27um;a=4.07 A
1.5.10% d=0.15um;a=4.05A

For temperature dependence see [90K2].



resistivity (further data)

p 3..10-164Qcm T=300K see Figs. 6, 26; see also [70Y] 75A,
78A,
758,
69P,
80L
1.2-163Q cm T =300 K,230 Hz 79A
1.7-164Q cm T=10K 77E
3-102Qcm T=10K 71N2
3Qcm T=4K,230 Hz For temperature dependence, see 76A
Fig. 27
temperature coefficient ofp
(1/p)dp/dT —42.162K1 T=300K 75S
pressure dependence gb
(dlogpldp)p=0 - 25-103kbarl  T=300K 80L

parameters of charge carriers [99G]
(calculated on the basis of the measured Hall conRaand on the relaxation frequency and plasma frequency
obtained from the submillimeter conductivity and permittivity spectra in Fig. 4)

TIK] Ry [cm3C y [em™ Uy [cm2v~1sl]  n[1019 cnmi 3] m*/ mg
14 -0.35 3 80 1.8 110
16 -0.19 4.3 66 3.2 94
18 -0.117 55 52 57 94

dynamical conductivity

Dielectric response in the millimeter wave range, dynamical conductivity and permittivity spectra in Fig. 4
[99D].

Temperature dependence of the plasma frequency of free carriers in Fig. 5.

thermoelectric power

(inuv K1)
S 12.5 T=300K different surrounding media 89S
7.5
11.7 T=310°C largely linear-dependence 59S
13.6 T=550°C forT dep. see Ref.
-320 T=10K 77E
+8.4 T=300K 69P,
75S,
62S

For temperature dependence of the thermoelectric power see Fig. 28.

Pressure dependence of the thermoelectric power of monocrystals in Fig. 29 [89S].



Hall coefficient

(incm3CY)

RH -0.735 T=42K 73S3
-0.307 T=114K
-9.3.103 T=70K
+2.7-10% T=293K

Temperature dependence of Hall coefficient in Fig. 30 [81K].
Temperature dependence of Hall coefficient also in [79A].
Magnetoresistanc&p/pg for T=1.56 and 4.2 K up tB = 5.5 T in Fig. 31 [84K, 83A1].

mobility

Uh — 20 cm/V s T=10K see Fig. 26 71N2

electron mobility

(incmv-1sl

U 2.79-10% T=300K estimated 79A
1.7 T=42K p=0.21Q cm 73S3
31.3 T=114K p=2.3102Q cm
20.7 T=70K p=2.3102Q cm
0.85 T=293K p=6.0-104Q cm

carrier concentration

(in cn3)

n 2.08-167 T=4K estimated upper bound of 79A

p 5.2-187 T=4K estimated upper bound pf

n 9-1¢%1 T=300K estimated

n 8-1(0 T=42K p=0.21Q cm 73S3
2.1019 T=11.4K p=2.3102Q cm
6.7-1G9 T=70K p=6.0-104Q cm
2.5.132 T=293K p=2.5.104Q cm

n 5.107 T=4K estimated maximum concentration 87W
8.5-1¢1 estimated for valency 2.6 without gap

For Hall coefficient, see Fig. 32, see also [71NZ2].
For electrical properties of SrgBsee also [81K].

For resistivity. thermoelectric power, magnetic susceptibility, Hall constant, thermal conductivity gfsemB
also [73S3].

Optical properties

Real part of the optical conductivity (4 K and 300 K) in Fig. 33 [87W].

Reflectivity spectrum in Fig. 34 [81S].

Dielectric function up to 42 eV in Fig. 35 [81S].

Reflectivity and dielectric function see algmperties of lanthanide hexaborides: YbB (Optical prop.)

For the high energy reflectivity spectrum and the dielectric function see also [83F].



reflectivity minimum
(energy in eV)

Rmin 0.12 T=300K 81S

E (Rmin) 138

E (Rmin) 1.957 T=300K single crystal after annealing 94K1
1.957 powder

FIR reflectivity spectrum of Sm&in Fig. 36 [87W].

emissivity

£ 0.75 T=900"°C lineam-dependence 59S
0.67 T=1600 °C

Further properties

density

d 5.076 g cmd T=300K X-ray 75S
4.79 g cm3 pycnometric 75S

magnetic susceptibility

Temperature dependence of the magnetic susceptibility in Fig. 37 [87W].

thermal conductivity

Temperature dependence of thermal conductivity of mono- and polycrystallingiSi88K].

Thermal conductivity of single and polycrystals in Fig. 38 [82F].

linear thermal expansion coefficient

a 6.5-106K-1 T=300K 75S
heat capacity

Temperature dependence@fin [85P1, 78R].

Calculation formula for the low temperature electron heat capacity depending on the pecularities of the electron
density of states distribution in SrgBnd EuB [87A].

See also Fig. 39



Debye temperature

(in K)

6p 182 T<5K low temperature heat capacity 91S2
212 T=0..10K specific heat 70E
250 T=0..10K specific heat 69M2
200 79T
275 85P1
217 86G
404 T~300K ultrasonic method 77T
468 low temp. el. resistivity 77T
491 T=300K X-ray diffraction 87K2,

87K1

720 elastic constants 73D
245 T=4.2..300K electrical conductivity 76T
710 T=300K X-ray 73D
660 T=1000 K
417 T=300K metal sublattice; X-ray 87K1
732 boron sublattice, X-ray
373 lattice dynamics 8552
518 K T< 300K 1545mliBg, average, foll-dep. see ref. 94T

(corrected for static displacement)
Characteristic Einstein temperatures of Sm in relation to other RE atom in the hexaborides in Fig. 40 [94K2].

Characteristic Einstein frequencies also in [94C].

melting point
Tm 2580 °C 96G
2540°C 75S
1810°C
2400°C
> 2500°C 80H
microhardness
(in kg mnT2)
Hk 1920 T=300K cube, average value; load 50 g 96G
1540 rhombododecahedron, average value;
load 50 g
1790 (100) face 94C

High temperature hardness of single crystals ofg,. &®Bs, PrB;, NdBg and SmB [990].

entropy

S 97.9(42) J moflK 1 86B
neutron scattering

Lattice and magnetic excitations in Sg{B3A1].



observed maxima of neutron scattering
maxima attributed to phononE in meV):

E(Snax ~10 T=20K Eg =60 meV,@ =5°
~14
~25

maxima attributed to magnetic interactions:

E(Snax ~40 T=20K Ep =300 meV,® = 5°
~120

Neutron scattering spectra in Fig. 41 and Fig. 42 [93A3].

work function

(e 4.eV
4.30(5) eV T=300K For temperature dependence at
high temperatures. see original paper.
4.24(7) eV
emissivity at 655 mn
£ 0.68

microhardness

H 2500 kg mm?2 T=300K hardness not specified
magnetic moment

Peff 2.52ug effective magnetic moment

magnetic susceptibility

Xm 1810-165cm3moll T =300 K Xmin CGS-emu

molar susceptibility of Smg Fig. 44 [69M1, 71N2].

93A2

93A2

75S
79S

80F

75S

75S

75S

75S
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Fig. 1.

SmB;. NMR determined nuclear relaxation rate in samples prepared by different méth@ds:melting p(T <

4K) = 1:1072Qcm), (2) floating zone (single crystah(T < 4K) = 70Qcm), (3) floating zone (powder obtained
by crushing a single crystaly) sintered(5) Al-flux (o(T < 4K) = 1...10Qcm) [83T].
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Fig. 2.

SmB;. Calculated electronic band structure [83F].
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Fig. 3.

SmB;g. Energy band scheme derived from dc electrical conductivity and dynamical conductivity [99D, 99G].
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Fig. 4.

SmBs;. Frequency dependence ¢d) conductivity and(b) dielectric constant. The (large) open circles
correspond to the submm data; the open squares to the data at 35GHz; the arrow to the dc conductivity. The
solid lines were obtained by the Kramers-Kronig analysis of the FIR reflectivity spectrum, combined with the
spectra taken from [99G], [99D] and normalized at lowest frequencies to the reflectivity calculated from submm

€ andgo. The large error bars for the IR conductivity correspond#®&@5% uncertainty of the 3K reflectivity

as obtained by the Kramers-Kronig analysis. The dashed lines are results of least-square fits. The shaded area
correspond to the energy gap value of 19(2) meV. Insdg)jrtemperature dependence of the squared plasma

frequency with two types of activated behavidr} 19 meV;(2) 3 meV. For a more detailed display of the low
temperature data, see [99G].
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Fig. 5.

SmBs. (a) Temperature dependencies of the plasma frequgnof/free charge carriers, of the scattering rate
and of the conductivitgy,i, obtained by a model fit. Solid ling)( thermally activatedHy = 19 meV); solid line
(2), thermally activatedEy = 3 meV).(b) Temperature dependence of an oscillator in the submm ragge.
eigenfrequencyle, dielectric contributiony, damping constant [99G].
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Fig. 6.

SmB;. Electrical conductivity vs. reciprocal temperature [77E]; see also [77B2].
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Fig. 7.

SmB;. Pressure dependence of the energy gap derived from electrical conductivity; insert: assumed density of
states distribution in the vicinity of the Fermi energy [83B].
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Fig. 8.

SmB;. Interband density of states at 4 K calculated with the use of the resulting fit oscillator strength in the

constant matrix element approximation. The dotted line gives the uncertainty between the peak with f character
and that one with d character [87W].
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Fig. 9.

SmBg (:La, Eu, Gd). Lattice constants of Sl a,Bg, Smy—_EuBg, Sm_4GdBg, Vs. degree of substitution x
[87P].
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Fig. 10.

SmB;. Effective valence of the Sm atoms vs. content of Eu, La, Yb, Dy, Ba, Gd atoms substituting for Sm [81F,
87P]. Note: in figure full circle should be for M = Ca instead of Eu.
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Fig. 11.
SmB; Effect of vacancies on the lattice parameter and on the valence state of SgBgwvSnx [82K].
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Fig. 12.

SmBg. Temperature dependence of the electrical resistivity forgSmith Ba, La, and Gd atoms substituted for
Sm [84K].
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Fig. 13.

Metal hexaborides. Temperature dependence of the lattice parametersgpS@gBCa 9fBg, Sy .4C& 6Be:
SmBg, Smy glag 5Bg, LaBg determined by neutron scattering in [88A, 91A].
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Fig. 14.

SmB;. (a) Dependence of the electrical resistivity of &y _Bg and SmGd;—,Bg on the concentration of Sm
atoms;(b) corresponding variation of the lattice paramet&rs;300 K [84K].
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Fig. 15.

SmBs. Thermal expansiodl/l vs. T; insert: derived linear thermal expansion coefficient [87W].
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Fig. 16.
SmB;. Lattice parametea vs. T [93T].
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Fig. 17.

SmB;. (a) Isotropic thermal parameter of the Sm atom; curve calculated in the Einstein mod@kwith20 K;
(b) anisotropic thermal parameters for the B atodPfsmL1Bg [93T].
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Fig. 18.
SmB;. Effective Debye temperature VB[93T].
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Fig. 19.

SmBg. Phonon dispersion curves determined by inelastic neutron scattering. Points, experimental results; dashed
lines, calculated dispersion curves for lgdB1A].
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Fig. 20.

SmBg. Low frequency part of the FT Raman spectrum [97S] and the FTIR spectrum [99W] compared with the
phonon branches obtained dA%Sm!iBg by inelastic neutron scattering [91A, 93A2]. The considerable

softening of the TO mode in the FT Raman spectrum compared with the spectra of neutron scattering and IR
absorption is attributed to free carriers generated by the high intensity of the Nd:YAG laser (see [99W]).
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Fig. 21.

SmBg. Phonon spectrum. Full lines, FT Raman spectrum (left ordinate) [97S]; dashed line, (right ordinate)

conventionally measured Raman spectrum [81M], step-formed curve (right ordinate), inelastic neutron scattering
[93A2].
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Fig. 22.

SmBg. Electrical conductivity vs. reciprocdl. Full circles, small crystal [79A]; full triangles single crystal,

dashed line, polycrystalline sample [82F, 84K]; full squares, single crystal (starting atomic ratio Sm:B = 1/7)
prepared by the solution method [81K]. For Hall effect on the same samples see Fig. 30.
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Fig. 23.

SmBg. dc electrical conductivity, Arrhenius plot. Symbols, experimental results; bge,0 exp [(3.5
meV)kgT]; Fig. (b), dc electrical conductivity in a double logarithmic scale; fy.dc electrical conductivity
vs T Y4 (Mott’s law of variable-range hopping) [99G].
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Fig. 24.

SmBgs. Temperature dependence of the resistance at different pressures: 0.2 kbar, 24 kbar, 40 kbar, 57 kbar, 70
kbar, 108 kbar [83B].
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Fig. 25.

Metal hexaborides. Pressure dependence of the electrical resig{pi4a(0) vs. hydrostatic pressupe Full
lines, monocrystalline Lag3 EuB; and YbEs [91S1], dashed lines, LaBSmBs; prepared from starting ratios

Sm:B 1/7, 1/9, 1/12 (effect increases this way), ¥HBuBg [81K].
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Fig. 26.

SmBg. Resistivity and Hall mobility of Sm@samples vs. temperature [71N2]. The calculated curves are
discussed in the original paper.
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Fig. 27.

SmBg. Temperature dependence of resistivity measured at 230 Hz; same samples as in Fig. 32 [79A].
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Fig. 28.
SmBg. Thermoelectric power vs. temperature; data on two samples [69P, 73M, 77E].
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Fig. 29.

SmBg. Pressure dependence of the thermoelectric power of monocrystals at 388.1§; Curves 1), (2) and
(3), (4) respectively for samples in different liquids [89S].
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Fig. 30.
SmBs. Temperature dependence of the Hall coefficiéft; vs. reciprocalT. Full triangles:Ry > 0, open

triangles:Ry < 0 [79A]; full circles:Ry > 0, open circlesRy < 0 single crystals (starting atomic ratio Sm:B =
1/7) prepared by the solution method [81K]. For electrical conductivity of the same material, see Fig. 23.
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Fig. 31.
SmBg;. MagnetoresistanceMo/pg vs.B atT = 1.56 K andT = 4.2 K [84K, 83A1].
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Fig. 32.
SmBg. Temperature dependence of the Hall coefficient, measured at 230 H2 with/ T: same samples as in

Fig. 27 [79A].
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Fig. 33.

SmBg. Real part of the optical conductivity vs. photon energy for 4 and 300 K. Fit for the low temperature curve
with two oscillators (at 0.0055 and 0.1 eV with oscillator strengths of 0.00033 and 0.3 respectively) [87W].
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Fig. 34.

Metal hexaborides. Optical reflectivity spectR;vs. photon
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Fig. 35.

SmBs. Dielectric function vs. photon energss., real partg, imaginary part-lm (71) energy loss functiorg®
contribution of free electrons (determined by making model assumptions for the interband transitions) [81S].
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Fig. 36.
SmB;. FIR reflectivity spectrum, R vs. photon energy, for 4 and 300 K [87W].
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Fig. 37.

SmBs. Magnetic susceptibility (in CGS-emu). The fit is based on the activation energy 6 meV, which
corresponds to the separation of the two DOS peaks, which is 5.5 meV, while the gap energy is 4 meV [87W].
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Fig. 38.

SmBg. Thermal conductivitk vs. T. (1) Single crystal(2) polycrystalline material [84K].
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Fig. 39.

SmBg. Heat capacity vs. temperature for two samples (dashed ling:fbaBomparison). Fig. b shows the low
temperature range on an expanded scale [71NZ2].
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Fig. 40.

Metal hexaborides. Characteristic Einstein temperatures of the Ln atoms vs. atomic number of the Ln element;
full circles [94K2]; triangles [99T].
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Fig. 41.

SmBs. Neutron scatteringda) SQ,E) atT = 20 K with Ey = 60 meV for <> = 5°,Q (14meV) = 0.80 Al, (b)

<@> =11.5°Q (14meV) = 1.21 AL Q(E) is the momentum transfer at the energy trarisfdihe beam time is

962 mkAh. Lines are the fits by Gaussians for phonons (at 10 and 25 meV) and Lorentzian at 14 meV.
Horizontal bars indicating the FWHM of the instrumental energy resolution for corresponding energy transfer.
Insert: integrated-intensity (cross sectigf,) Q-dependence for the 14 meV peak obtained from four detector
groups > =5° 11.5°, 16.5°, 21.5° [93A2].

—
SmB6 0.56 oy, H%

-1.-1

INS response function S(Q,£) [mb meV™" sr™']

6 8 10 12 14 16 18 20 22 24 26 28
Energy transfer £ [meV]

Q

INS response function S(Q,) [mb meV ' sr]

6 8 10 12 1416 18 20 22 2426 28
Energy transfer £ [meV]

o



Fig. 42.

SmBg. Neutron scattering. Magnetic contributions@, w) at 20 K for <> = 5° obtained from measurements

with Eg = 300(a) and 200 me{b) in CCR (closed-cycle refrigerator). Lines are the fit by Gauss@{ts. is

the momentum transfer at the energy tran&eHorizontal bars indicating the FWHM of the instrumental
energy resolution for corresponding energy transfer. Insert: calculated dynamical structure factors as functions
of neutron momentum transfer féFy—~’F; (J = 0 - 1), and®Hg;, — SHy;» (J = 5/2- 7/2) intermultiplet
transitions [93A1].
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Fig. 43.

SmB. Calculated densities of d and f stagésg’ from the two-band Hubbard model with parabolic density of
states for the d band. The bottom curve is for a filled non-degenerate f state with a gap to the d states and the
upper curves represent partial f occupatianni < 2. The gap disappears fuft = 0.6. The results are based on a
solution of the single site coherent potential approximation in terms of the site Green's function. Parameters:
VIW = 0.05 ¥ one electron matrix elementy = band width of the d bandjf = = 0 @ = direct Coulomb
interactionj = exchange interactionhd, nf = occupation density of the d and f states [79M].
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Fig. 44.

SmE;. Molar susceptibility vs. temperature. Experimental data: [69M1]; theoretical fit: [71N2] (dashed curve:
sum of the susceptibilities of the®4dnd Ps || configurations; dot - dashed curve: contribution due tothél f
term). xm in CGS units.
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