
substance: boron compounds with lanthanides 
property: properties of LaB4 type compounds

(See also document on structural properties of tetraborides with B6 octahedra)

Structure type tP20-ThB4

Space group: P4/mbm

lattice parameters
(in Å)

a 7.3246 T = 300 K X-ray diffraction 71D
c 4.1809
a 7.324 T = 300 K X-ray diffraction 74K
c 4.181
a 7.3248(8) T = 300 K sample6, X-ray diffraction 90B

7.32804 sample7, X-ray diffraction
c 3.822(1) sample6

4.1829(5) sample7

Density of states calculation in Fig. 1 [86B1].

Entropy [86B2].

melting point

Tm 1800 °C melting with decomposition 96G

CeB4

melting point

Tm 2380 °C melting with decomposition 96G

Entropy in [86B2].

standard enthalpy of formation

∆Hf
0 −53.5(15) kJ/g atom synthesis calorimetry from the elements 95M,

93M

PrB4

melting point

Tm ~2350 °C melting with decomposition 96G

Entropy in [86B2].

standard enthalpy of formation

∆Hf
0 −53.1(16) kJ/g atom synthesis calorimetry from the elements 95M,

93M

NdB4

melting point

Tm ~2350 °C melting with decomposition 96G

Entropy in [86B2].



standard enthalpy of formation

∆Hf
0 −53.3(15) kJ/g atom synthesis calorimetry from the elements 95M

PmB4

melting point

Tm ~2350 °C melting with decomposition 96G

SmB4

melting point

Tm ~2400 °C melting with decomposition 96G

Entropy in [86B2].

microhardness
(in kg mm−2)

HK(prism) 2130...2610 T = 300 K load 50 g 96G
HK(pinacoid) 1860...2600 (range of  anisotropy)

EuB4

microhardness
(in kg mm−2)

HK(prism) 1900...2020 T = 300 K load 50 g 96G

HK(pinacoid) 1430 α = 45° (α = angle between the direction
of the long diagonal of the Knoop pyramid
and the edge of the investigated face)

GdB4

Entropy in [86B2].

microhardness
(in kg mm−2)

HK(prism) 2120...2490 T = 300 K load 50 g 96G
HK(pinacoid) 1610...2050 (range of  anisotropy)

Magnetic susceptibility in Fig. 2.

TbB4

Structure: tetragonal

Space group: P4/mbm

Preparation by Czochralski and aluminium flux methods; anisotropy and magnetic properties in [81G].

Neutron diffraction study in [76S].

lattice parameters
(in Å )

a 7.120(3) T = 300 K neutron diffraction 81W
c 4.042(2)
c/a 0.5677
V 204.9(2) Å3

Temperature dependence of the lattice parameters indicating a phase transition at 80K in Fig. 3 [86W].



phase transition

Ttr 80K tetragonal to orthorhombic structure 86W

Temperature dependence of resistivity, thermoelectric power, Hall coefficient in Fig. 4 [75P].

magnetic parameters

TN 45 K 81G
43 K 86W

Θp −30 K 81G

Antiferromagnetic structure in Fig. 5 [86W, 81W].

Temperature dependence of the reciprocal magnetic susceptibilities of a single crystal χ||
−1 and χ⊥−1

(H = 3000 Oe) in Fig. 6 [81G].

Variation of the magnetization as a function of field applied perpendicular to the c axis of a single crystal at 4.2
K in Fig. 7 [81G].

microhardness
(in kg mm−2)

HK(pinacoid) 1850...25300 T = 300 K load 50 g 96G
HK(prism) 1610...2050 (range of  anisotropy)

melting point

Tm ~2600 °C 96G

DyB4

melting point

Tm ~2500 °C 96G

microhardness
(in kg mm−2)

HK(prism) 1690...2120 T = 300 K load 50 g 96G
HK(pinacoid) 1950...2000 (range of  anisotropy)

HoB4

Preparation by Czochralski and aluminium flux methods; anisotropy and magnetic properties in [81G].

magnetic parameters

TN 9 K 81G

Θp −10 K

Θp|| −9.8 K

Θp |  −13.4 K

Variation of the magnetization as a function of field applied normal to the c axis at different temperatures in
[81G].

Magnetic susceptibility in Fig. 2.

Temperature dependence of the reciprocal magnetic susceptibilities χ||
−1 and χ⊥−1 in  in Fig. 8 [81G].

Variation of the magnetization as a function of field applied parallel to the c axis at 2.25 K in Fig. 9 [81G].

Variation of the magnetization as a function of field applied normal to the c axis at different temperatures in Fig.
10 [81G].

microhardness
(in kg mm−2)

HK(prism) 1990...2680 T = 300 K load 50 g 96G
HK(pinacoid) 1500...1990 (range of  anisotropy)



melting point

Tm ~2500 °C 96G

ErB4

Structure: tetragonal

Space group: P4/mbm

Phase transition temperatures: crystallographic (tetragonal to orthorhombic) at 80K; magnetic at TN = 43 K.

Preparation by Czochralski and aluminum flux methods [81G].

Neutron diffraction analysis in [81E].

Neutron diffraction study in [81W].

Structure investigation (boron-rich corner of the Er-Al-B system) in [94Y].

lattice parameters
(in Å)

a 7.071(1) T = 300 K neutron diffraction 81W
c 4.000(1)
c/a 0.5657
V 200.0(1) Å3

a 7.0791(14) T = 4.2 K X-ray diffraction 86W
b 7.0765(14)
c 3.9931(3)

magnetic parameters

TN 13 K 81G

Θp −5 K

Θp|| 13 K

Θp⊥ −18 K

Antiferromagnetic structure with the magnetic moments oriented parallel to the c axis in Fig. 11 [81W,
86W, 81W].

Magnetic susceptibility in Fig. 2 [74P].

Magnetic phase diagram in Fig. 12 [81G].

Anisotropy and magnetic properties in [81G].

melting point

Tm ~2500 °C 96G



microhardness
(in kg mm−2)

HK(prism) 2230...2730 T = 300 K load 50 g 96G
HK(dipyramid) 1920...2500 (range of  anisotropy)
HK(pinacoid) 1700...1990 (range of  anisotropy)

TmB4

Structure: tetragonal

Space group: P4/mbm

lattice parameters

a 7.0550(3) Å T = 300 K X-ray diffraction 94O2
c 3.9870(3) Å

For lattice parameters see also [91K, 90M].

resistivity

ρ 0.119·10−3 Ω cm T = 300 K 92O,
94O1

melting point

Tm ~2550 °C 96G

microhardness

HV 17.1...18.7 GPa T = 300 K 92O,
94O1

16.8...18.3 GPa load 100 g 94O2
2130 kg mm−2 dipyramid, load 50 g 96G

YbB4

Structure: tetragonal

Space group: P4/mbm

Single crystal preparation by the aluminum-flux method [94O1].

lattice parameters

a 7.0612(5) Å T = 300 K 94O1
c 3.9893(3) Å
V 198.91(6) Å3

density
(in g cm−3)

d 7.15(5) T = 300 K pycnometric 94O1
7.222(3) X-ray

resistivity

ρ 0.26·10−3 Ω cm T = 300 K 94O1

melting point

Tm ~2550 °C melting with decomposition 96G

LuB4

Structure: tetragonal

Space group: P4/mbm

Prepartion of single crystals by the high-temperature aluminum solution method [96O].

lattice parameters



a 0.7035(1) nm T = 300 K X-ray diffraction 96O
c 0.3975(3) nm
V 0.1967 nm3
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Fig. 1.

LaB4. Electron density of states calculation [86B1]. The lower curve indicates the projection on metal atoms; the
arrow indicates the Fermi level.
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Fig. 2.

Metal tetraborides (GdB4, HoB4, ErB4). Reciprocal magnetic susceptibility vs. T [74P].
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Fig. 3.

TbB4. Temperature dependence of the lattice parameters indicating a phase transition at 80K [86W].
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Fig. 4.

TbB4. Temperature dependence of resistivity, thermoelectric power and Hall coefficient [75P].

0 0200 100400 200600 300800 400 500
Temperature [°C]T Temperature [°C]T

Re
sis

tiv
ity

[
cm

]
ρ

µΩ

Ha
ll 

co
ef

fic
ie

nt
  –

[1
0

m
C

]
R H

–1
0

3
–1

Th
er

m
oe

le
ct

ric
po

w
er

[
V

K
]

S
µ

–1

–35 3.030

–15 5.070

–30 3.540

–10 5.580

–25 4.050

– 5 6.090

–20 4.560

0 6.5100

S ρ

TbB4



Fig. 5.

TbB4. Antiferromagnetic structure with the magnetic moments oriented perpendicular to the c axis [81W].

TbB4



Fig. 6.

TbB4. Single crystal. Temperature dependence of the reciprocal magnetic susceptibilities χ||
−1 and χ⊥−1 (H =

3000 Oe) [81G]. χg in CGS-emu.
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Fig. 7.

TbB4. Single crystal. Variation of the specific magnetization as a function of field applied perpendicular to the c
axis at 4.2 K [81G].
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Fig. 8.

HoB4. Temperature dependence of the reciprocal magnetic susceptibilities χ||
−1 and χ⊥−1(H = 3000 Oe) [81G].
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Fig. 9.

HoB4. Variation of the magnetic moment per Ho ion as a function of field applied parallel to the c axis at 2.25 K
and 4.2 K [81G].
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Fig. 10.

HoB4. Variation of the magnetic moment per Ho ion as a function of field applied normal to the c axis at
different temperatures [81G].
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Fig. 11.

ErB4. Antiferromagnetic structure with the magnetic moments oriented parallel to the c axis [81W].
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Fig. 12.

ErB4. Magnetic phase diagram in the field-temperature space.
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