substance: boron compounds with lanthanides

property: properties of lanthanide hexaborides: YbB

Structure, chemical bond
Structure: cubic
Space group: Pm3m

Single crystal preparation by the aluminium-flux method [940].
X-ray diffraction (compared with Laf3 CaB and ThEg;) [82B].

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

lattice parameters

a 4.1479(1) A

4.1474(5) A T=300K
\Y; 71.34(4) B
a 4.1478 A T =300 K

interatomic distances

(in A)

d 1.7525(12)
1.6695(17)
3.0495(3

Electronic properties
energy gaps (or activation energies for conduction)
= 0.14 eV

0.081 eV
pressure dependence of the energy gap
dEg/dp — 3.7meV/kbar T=300K
optical transition energies
(in meV):
= 7.45(5) T=300K
10.4(2
15.2(5)
26.0(4)
OEc 11 T=300K

FIR absorption spectrum in Fig. 1 [99W].

effective mass of electrons

(1™ 0.47mg T=300K

electrical conductivity

single crystal, X-ray diffraction 95B
940

seealso [56P] 70E2,
T7E,
79G

B-B 95B

B-B

B - Me
T7E,
73G
80L
80L

impurity to band Q9w

impurity to band or direct forbidden interband
direct allowed interband
direct allowed interband

carbon donor level (estiated fran carrig 99w
concentration depending on C content)
estimated from plasma frequency 99w

in analogy to EuB



Impurities and defects

lattice parameters
a 4.1476(5) A T=300K X-ray diffractionnominal compound 81T
YbB5.97Co.03

ESR study of EuB.,Cy including the comparison with some corresponding ¢kh8y, SrBs—xCy, Etj—xG0yBg,
Eu—SrBg and Ey—_,La,Bg compounds in [81T].

For the relation between carrier concentration and carbon content compared wjteeguBg. 2 [81T, 99S,
99W].

Lattice properties

For vibrational frequencies [88T, 90Y, 93Y]

Thermal expansion coefficierd: [106K 1] = 4.1477 (1+5.78 1¢ T + 1.70 10° T2), T in K [73D].
For force constants [90Y]

Theoretical study of the lattice dynamics; calculated phonon dispersion curves in Fig. 3 [85T].
IR phonon wavenumbers

vic 873.6 cm?! T=300K 99w
110.2 cm?

elastic constants
(in 101 dyn cn1?)

C11 33.69 calculated (one specific model) 85T
335 experimental

C12 8.11 calculated 85S
8.1 experimental

Ca4 4.07 calculated
4.0 experimental
4.1 experimental

Cbulk 16.6

Transport properties

conductivity

g 40Q1cnrl T=300K see Fig. 4 73G,

77E

30Q1cnr? 73M

resistivity

p 0.52:103Qcm T=300K 940
0.466-10% Q cm 80S

Pressure dependence of the electrical resistiyify)/o(0) vs. hydrostatic pressuge (compared with Lag
SmBs and EuB) in Fig. 5 [81K, 918S].

temperature coefficient of resistivity
(1/p)dp/dT +0.234-162K-1  T=300K 75S



pressure dependence of resistivity

(dlogp/dp)p=g —65-163kbart  T=300K 80L

thermoelectric power

S —190pv K1 T=300K see Fig. 6; see also [73M] 73G
—25.5uv K1 75S
+18.4uv K1 69P
-185uv K1 T=300K 91S

Pressure dependence of the thermoelectric power in Fig. 7 [81K, 91S].
For Hall coefficient, see [62S].

For electrical properties of YigBsee also [70P, 81K].

Optical properties

Raman spectra of SmgEand LaB; are shown in Fig. 8. For Raman frequencies of §riBiB;, YbBg, see Fig.
9. The reflectivity and dielectric function of S shown in Fig. 10. The reflectivity of EgBand LaR is
given in Fig. 11. A Raman spectrum of BB presented in Fig. 12.

lattice dielectric constant
(derived by extrapolating in the range of the plasma edge, see Fig. 1)

&L 7.0(2) T=300K single crystal, high-purity (C< 0.1 at. %) 99W

IR diffuse reflection and Raman spectra (La, Nd, Gd, Th, Dy, ¥b)Big. 13 [88T, 93Y].
IR reflectivity spectrum in Fig. 14 [99W].

Further properties

density
d 5.484 g crm3 T=300K pycnometric 940
5.538(2) g crm3 X-ray
5.556 g cm3 X-ray 75S
5.53 g crm3 X-ray 69M2
4.37 g cm3 pycnometric 75S
5.45 g cm3 pycnometric 69M2
microhardness
Hy 22.1(15) GPa T=300K 940
26.6 GPa 80S
Hk 2140 kg mm?2 T=300K cube, average value; load 50 g, 96G
1910 kg mm? cube, average value; load 200 g
1850 kg mm?2 rhombododecahedron, average value;
load 50 g
H 3080 kg mm?2 T=300K hardness not specified 75S

Debye temperature

6p 265 K lattice dynamics 85S
Specific heat depending dnin Fig. 15 [85S].

melting point

Tm > 2500°C 80H
linear thermal expansion coefficient

a 5.85-106K-1 T=300K 75S

work function



75S

@ 3.13 eV

emissivity at 655 mn

£ 0.7 75S
magnetic moment

Peff 4.58 g effective magnetic moment 67P
magnetic susceptibility

Xm 8740-165cm3mol-l T =300 K Xm in CGS-emu 75S

asymptotic (paramagnetic) Curie temperature
O3 -161K 77B2
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Fig. 1.

YbBg. FIR absorption spectrum calculated from the reflectivity spectrum using a Kramers-Kronig

transformation. Empirical slope for the free carrier absorptibZ for phonon scattering) subtracted from the
measured absorption approximately yields the interband absorption (lower curve).[99W].
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Fig. 2.

EuBg:C, YbBg:C. EuBs: Carrier concentration vs. C content; data at C =0.43 at. % and 0.71 at. % from [81T].

The points for the pure crystals suggest that the upper limit of 0.1 at.% C, given for the purest samples, is too
high and the real C content is about 0.05 at. % only. The arrow marks the relation between the chemically
determined total C content of 1.1 at.% and that one in the BfiBe, which according to experience is roughly

estimated to be about 25 % lower in sintered E&@BS]. YbB;: Only the data for 0.43 at. % C [81T] and upper
carbon limit for the pure crystal are available. A dependence similar to that gissagsumed [99W].
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Fig. 3.

YbBg. Calculated phonon dispersion curves. The dashed lines have been calculated from the observed sound
velocities. Frequencies measured by Raman are shown by open circles [85T].
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Fig. 4.
EuBg, YbBg. Electrical conductivity vs. reciprocal temperature [77E, 73M, 73B]. Cp. also [69F, 75S].
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Fig. 5.

Metal hexaborides. Pressure dependence of the electrical resig{pi4a(0) vs. hydrostatic pressupe Full
lines, monocrystalline Lag EuBs and YbB; [91S10], dashed lines, LgBSmB prepared from starting ratios

Sm:B 1/7, 1/9, 1/12 (effect increases this way), ¥HdBuBg [81K].
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Fig. 6.
EuBg, YbBg. Thermoelectric power vs. temperature [77E, 73M, 73B]. Cp. also [75S].
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Fig. 7.
Metal hexaborides. Pressure dependence of the thermoelectricpfonéaBg, YbBg and EuB [81K].
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Fig. 8.

LaBg, SmBs. Room temperature Raman spectra of single crystals. Experimental conditions: oblique back
scattering, laser 50 mW,= 514 nm, resolution 8 cth[81M].
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Fig. 9.
SmBg, EuBgs, YbBg (and other MB). Raman wavenumbers of metal hexaborides with bivalent and trivalent

metals vs. lattice constant [76l].
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Fig. 10.

SmBg. Reflectivity and dielectric functions (calculated by Kramers-Kronig analysis) vs. phonon energy [77A,
78A]. The dielectric functions which are calculated according to two different extrapolatipii®) (of the
experimental reflectivity towards low photon energies, show that there are two limiting types of behavior, which
cannot be distinguished at present because of the experimental uncertainty. Zero crossings of a are indicated by
arrows.
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Fig. 11
EuBs, LaBg. Reflectivity vs. photon energy [80G]. For permittivity spectra derived from the reflectivity, see
[80G].
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Fig. 12.

EuBg. Raman spectrum. Scattering intensity vs. wavenumber (488 nm excitation) [76]].
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Fig. 13.

Metal hexaborides. IR diffuse reflectance spectra of representatigecBpounds with two-valent Ca, Sr and

Yb, and three-valent Nd, Gd, La, Tb and Dy metal atoms [88T, 93Y].
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Fig. 14.
YbBg. Reflectivity vs. wavenumber; for phonon frequencies (indicated by arrows) see lattice properties [99W].
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Fig. 15.

YbBg. Specific heaC vs. T. Points experimental; solid line calculated from the total density of states; dashed
line calculated from the acoustic modes only [85S].
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