substance: boron compounds with group Il elements
property: properties of Al 3C,B4g, Al3B4gCo, CoAl3B4g, B4gAl3Co

The canpounds BsAI3C, (tetragonal) [10B], AlBx(intergrown phases 3 AlB-2B,C, P4/nm or subgroup)

[36M], B-AIB 1, [58K, 60K] (Imma, canplexly twinned at (110) and (.0)) and BigAlsC, [64M, 65M] (phase

1:Cmmaor C2ma; phase 22 Ammm, A222 or A2nm) are attributed to the low+tgperature phase of this
structure. Moreover a highstgerature phase of the moposition BygAl3C, with space group P4imm, P4/n or

P4/n) [64M, 65M] and space group $#Anm respectively [98M] was found. For a detailed discussion and older
references, see [98M].

Preparation [79S, 77M], crystalline structure [77M, 70M]
Structure: orthorhombic

Space group: Im2b

Structure in Fig. 1 [98M].

Preparation and structure in [900, 98M].

Preparation by hot-pressing in [91K1].

B4gAl3C, — A filled variant of tetragonal boron [95H2].

lattice parameters (low temperature phase)

(in A)

a 12.390(3) T=300K X-ray diffraction 98M
b 12.637(3)

c 10.136(4)

lattice parameters (high temperature phase)

a 8.85 A T=300K X-ray diffraction 98M
c 5.10 A

occupancies of the Al positions (low temperature phase)

Al(1) 0.445(3) T=300K 98M
Al(2)A*) 0.314(3)

Al(2)B*) 0.151(3)

Al(3)A*) 0.312(2)

Al(3)B*) 0.169(3)

*) the sites Al(2) and Al(3) are disordered.

The coordination of Al(1) between the edges of two icosahedra (Fig. 2) causes a dilatation of the bonds between
the involved icosahedral B atoms (2.01 A instead of 1.67...1.94 A) and reduces the tetragonal symmetry [98M].

Coordination polyhedra of Al(1), Al(2)/Al(3) and C(1/2) atoms in the structure in Fig. 3 [98M].
For positions of the atoms and distances see [98M].

In [95H1] the structure was described as a filled and distorted vafiantairagonal boron (tetragonal boron
()], space group Imma



lattice parameters

(in A)

12.407(3) T=300K 95H1
12.623(3)

10.1402(14)

12.302(1) T=300K undoped (Si/B = 0) 94K1
12.621(1)

10.161(2)

12.291(2) T=300K Si-doped (Si/B = 0.004) 94K1
12.620(4)

10.161(2)

Dependence of unit cell dimensions on Si content (Si/B ratio < 0.07) in [94K1].

OT QOO0 OTW

atomic distances

(in A)
B-B 1.81 T=300K intra-icosahedra 95H1
B-B 1.71 inter-icosahedral
B-C 1.67 average distance to four B
in different neighbored icosahedra
Al(1)-B 1.95 short distance to four B cause lattice distortion
Al(1)-B 2.44 long distance to other four B
Al(2, 3)-B 2.1.24

The Al(2), Al(3) sites are partly occupied (~75 %), which leads to a variable Al content and to variable cell
constants [95H1].

Reversible phase transition at 650 °C (determined by DTA and X-ray [95H1]) into the tetragonal system [65M].

previous structure analysis

The structure consists of two crystallographically related intergrown orthorhombic phases A (space group
Cmma or C2ma) and B (space groupwam, A222 or A2mm). Towards higher temperatures they gradually
transform into a homogeneous phase C (space group P4/nmm, P4/inorAR850 K, this reversible phase

transformation is complete [87K].

lattice parameters

(in A)

a 12.34 T=298K phase A 87H
b 12.63

c 5.08

a 6.17 T=298K phase B

b 12.63

c 10.16

a 8.82 T=1143 K (B12)4CAl 3

c 5.09

(phase A)

a 12.377(2)...12.363(2) oscillation Weissenberg and 900
b 12.627(1)...12.616(1) precession photography

c 5.079(1)...5.102(2)

Y 793.8(1)...795.8(2) A



(phase B)

a 6.166(2)...6.181(2) oscillation Weissenberg and 900
b 12.635(2)...12.622(1) precession photography

c 10.156(2)...10.161(1)

\Y 791.2(2)...792.7(2) A

Further structure investigations of both phases with slightly different lattice parameters in [64M, 86P].

optical transition energies

(ineV)

E; ~1.28 T=300K indirect allowed or non-direct 87H
E, 2.35 indirect allowed or non-direct

Es 2.53 indirect allowed or non-direct

2.44 gap, if E2, E3 are attributed to phonon
abs. and emission respq(= 725 cnT?)

Transition energies (in eV) derived from the spectra A and B in Fig. 4 [99W]:

A B
= 0.45 deep level 99w
0.60 deep level
0.78 0.76 deep level
0.96 deep level
0.97 1.03 indirect allowed or non-direct
2.02 1.91 indirect allowed or non-direct
2.10 indirect allowed or non-direct
2.26 indirect allowed or non-direct
2.34 indirect allowed or non-direct
2.40 2.38 indirect allowed or non-direct
2.45 2.44 indirect allowed or non-direct
2.50 2.50 indirect allowed or non-direct

Optical absorption edge also in [87H].
phonon wavenumbergpure BygAl3C))

(in cm)
IR Raman
vic 1236 T=300K 98M
1216
1196
1174
1147
1119
1108
1058
1042
1036
1027
1017
982
971
948
933
892 893
865
861
849
836
806
791
778

769



phonon wavenumbergSi-doped BgAl3Co = B4gAl 1 5Sip 5C)

(in cnd)

vic

737
725

689

660
615

589

570

563

515

477

437

420

393
379

359

316

285
278

233

214

179

111
105

IR

1053
1040

1022

956

756

726
697

673
660
616
592

580

556
531
516
503
480

464
449
435

400

365

349
334
314
294

276
264
252
237

227
215
201

173
156
114

Raman

1202
1181
1144
1121

1040
1034

1015

98M



970

947
933
891 893
864

853
842802

791
777

771
753 754
726

715

697
686

670
660

656

617
614

589

577
567

556
552

531

516
512

499
474 474

460

449
437 435

400
391
379
359

348
313 315

302
283

274
234 234
183

180
109

Phonon spectra (IR and Raman) of pure and Si-dopsfehBhg (Al 1 55i1.5C2B4g) in Fig. 5 andrig. 6 [98M].

IR phonon spectra also in [87H, 87W].

activation energies

Ea 0.6..1.2eV T=100..375K electrical conductivity
T=200...400 K
electrical conductivity
(in Q7 lem™)
o 3.8-102 ... T=293K
1-104
3102 T=333K
1.1 T=300K Si-doped

Temperature dependence of the electrical conductivity in Fig. 7 [91K2].

thermoelectric power

91P,
87K

91P,
87K

91K1
94K1



S 120pv K1 T=600K

320uv K1 T=1000 K
Temperature dependence of the Seebeck effect in Fig. 8 [91K2].
Effect of Fe impurities on the thermoelectric pov8én Fig. 9 [91K2]
Effect of porosity oro andSin [91K2]

thermal properties
DTA curves between 615 and 685 °C in Fig. 10 [98M].

microhardness

Hy 2570...3050 kgf/mrh T=300K
Hyk 2060...2300 kgf/mrh
Hyk 27.1(5) GPa
Hy 33.6(16) GPa
H 24.51/26.80 GPa hardness not specified
Microhardness of Si-doped AToB4g (Al 5Sih 5CoBgg) depending on Si content in Fig. 11 [94K1].
density
d 2.59(2) g crmd T=300K floatation method
2.600 g cm3
microstrength
o 1.6/1.8 GPa
microbrittleness
% 9.3/8.4
fracture toughness
Ke 4(1) MNm3/2

91K2

900

91K1
87K
88B

900

64M

88B

88B

91K1,
87K
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Fig. 2.
Al 3CyB,4g. Coordination of the Al(1) atom between two icosahedra [98M].
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Fig. 3.

Al3CyB4g. Coordination polyhedra @&) Al(1), (b) Al(2)/AI(3) and(c) C(1/2) atoms in the structure [98M].
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Fig. 4.

Al3CoB,4g. Absorption edge; absorption coefficient vs. photon energy. Spectra of two different single crystals of
undefined crystallographic orientation [99W].
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Fig. 5.
Al3CoB4g. Phonon spectra. Upper curve, IR transmission, lower curve, Raman intensity vs. wavenumber [98M].
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Fig. 6.
Al3CoB4g :Si. Phonon spectra of AESi; sCoB4g. Upper curve, IR transmission, lower curve, Raman intensity
vs. wavenumber [98M].
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Fig. 7.

Al 3CoB4g. Electrical conductivitypT vs. reciprocal temperature [91K1].
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Fig. 8.

Al 3CoB4g. Thermoelectric poweBvs. T [91K1].
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Fig. 9.

Al3CoB4g, AlgB4C5. Effect of Fe-doping on the thermoelectric pov&vs. Fe content [91K1].
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Fig. 10.

Al3CoB,4g. DTA curves; upper curve: heating; lower curve: cooling [98M].
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Fig. 11.

Al 3CoB4g :Si. Vickers microhardness vs. atomic ratio Si/B [94K1].
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