substance: boron compounds with group IV elements: boron carbide
property: details of structure

Unit cell in Fig. 1 (see also Fig. 2)

Structure: rhombohedral
Space group: B — R3m;
This characterization of an idealized boron carbide strughwst not bemisunderstood. In reality, at no
composition within the hmogeneity range a specific etentary cell for the whole voine can be described. At

any canposition the structure consists of a statistical arnaege of differently structured cells, whose only
agreenent is the arrangment of 12 atms in a distorted icosahedron at the vertex of thendutnedral cell (B,

icosahedra and-BC icosahedra with the C atom statistically substituting for boron at one of the six so called

polar sites), and, imost cases, three aibs forming a largely covalently bonded chain (within the detectiait li
C-B-C and C-B-B only) on thenain diagonal of the rhmbohedral cell. At the carbon-richniit of the
homogeneity range (BC), nearly all cells contain such threeratohains. However, with decreasing carbon

content an increasing mber of cells is free of such chains. Thisnler reaches about 50 % close to the boron-
rich limit of the homogeneity range. It is not definitely clear, what the missing of therokaims. Two versions

sean possible: (i)a-rhombohedral boron-like unit cells, (ii) two unbounded Bragcat the end positions of the
chain such saturating the outer bonds of the so called equatonial @ftthe icosahedra. While in the analysis of
phonon spectra both alternatives could not be distinguished [92K2, 92K1, 94K1, 94K2], the calculation of
reaction kinetics clearly favors the secomddel [96K1] (cited also in [98R]). By neutron diffraction the
vacancies of the central B(3) were determined [96K2].

The assmption of B, planes in the unit cell of boron carbide [75Y, 73Y, 86Y] (Fig. 3) has lateron not been
confirmed by other authors.

Structure formula: (B)x(B11C)1-x(CBC)(CBB), (m+n< 1) or more probably

(B12)x(B110)1-x(CBC)m(CBB)y(CCCL(BLIB), (Mm+n+o+p = 1; for B sC 0, p = 0)

It must be paid attention to the fact that all hitherto pevéal theoretical calculations on boron carbide (see
below) are based on idealized structures lik€ BB15)CCC and (B1C)CBC respectively) or BC, ((B12)CBC

and (B1C)CBB, respectively) and don'’t take the structural variety into account.

Concentration of the structural edents (B, and B4.C icosahedra, C-B-C and C-B-B chains) in the

rhombohedral unit cells and the share of chainless unit cells depending on the carbon content in Fig. 4 [92K2,
92K1, 94K1, 94K2].

Density of the chain-free unit cells depending on the carbon contemgfralysis of the phonon spectra [92K2,
92K1, 94K1, 94K3], fron the correlation between structural defects and valence electron deficiency [99S1,
9952, 99W] and vacancies of the central B(3) atom derived from neutron diffraction in Fig. 5 [96K2].

High resolution imaging of boron carbide microstructures [86M].

Occupation density of interstitial B(6) sites awaynifrthe central B(3) site depending on the carbon content in
Fig. 6 [95M] (For more details see below (neutron diffraction).

Further references on the boron carbide structure: [59S, 66S, 70A, 71H, 75Y, 73Y, 77M2, 77M1, 76M, 71K,
76W1, 76W2, 78H, 81B1, 81B2, 81W, 79K1, 79K2, 80K].

unit cell parameters

Rhambohedral unit cell of boron carbide with intenato bond lengths indicated for e selected
compositions in Fig. 7 (=2) [91A].

unit cell: Fig. 8, C — B — C chain: Fig. 3a4Blane: Fig. 3b, icosahedron: Fig. 3c.

For morphology of boron carbide single crystals, see [71S]. For dislocation nodes, see [72A, 73A, 75A, 75L].
B4C (probably better B3C = carbon-rich limit of the homogeneity range).



lattice parameter

a 5.6039(4) A hexagonal presentation 87L
c 12.0786(14) A
cla 2.16 91L
\Y 32858
interatomic distances
(in A)
d 1.72 inter-icosahedral 91L
1.79 intra-icosahedral
1.68 origin to 6 B(1)
1.73 origin to 6 B(2)
1.43 X—=Bin X —-B - X (chain)
1.61 X-3B(@1)

structure refinement of a crystal witha = 5.60124 A and = 12.0734(13) A (consistent with &® (probably

better B, 3C) composition) [87M]

Atom X z U1 Usz3z U2
B(1) 0.16303(3) 0.35838(3) 41(2) 59(1) 21(1)
B(2) 0.10741(3) 0.11391(3) 45(1) 63(1) 22(1)
B(3) 0 0.5 76(2) 60(3) 38(1)
C 0 0.38126(4) 40(1) 49(2) 20(1)
y ==X Uzp=Ujq, Ujj (x 10%) A?
B13C2
lattice parameters
rhombohedral presentation
a 5.198(2) A T=300K X-ray diffraction 79K1
a 65.62
hexagonal presentation
a 5.633(1) A T=300K X-ray diffraction 79K1,
c 12.164(2) A 79K2
Dependence of lattice parameters on C content: Fig. 9.
cla 2.16 91L
\Y 33438
interatomic distances
(in A)
d 1.73 inter-icosahedral 91L
1.80 intra-icosahedral
1.69 origin to 6 B(1)
1.74 origin to 6 B(2)
1.43 X =B in X-B - X (chain)
1.62 X-3B(1)
quadrupole coupling constants
VQa 520(30) kHz NMR 71H

Vob 30 kHz NMR



Bg.sC

lattice parameters

a 5.620(1) A 75Y
C 12.1428(2) A
cla 2.15 86Y
\% 338.2 8 91L
interatomic distances
(in A)
d 1.74 inter-icosahedral 91L
1.80 intra-icosahedral
1.70 origin to 6 B(1)
1.73 origin to 6 B(2)
1.44 X —=Bin X —B - X (chain)

1.63 X — 3 B(1)



Boron carbides. Results of chemical and X-ray analysis [91G]

No. [ Chemical analysis [wt.%)] free C| Hexagonal cell parameters (A) Rhomb. celll Rhombohedral cell parameters
volume
total B total C at.% C wt% |a c A3 a[A] a7
1504 | 87.52 + 0.74 8.67 £0.10 8.19+0.15 - 5.6408 + 8.3EF3  12.1597 + |.9H-2 111.690 + 3.500 5.1995 + 7|.3E-3 65.699 # .4E-1
1593 | 85.92 £ 0.08 9.38 £ 0.90 8.95+0.79 - 5.6414 + 2.3-3 12.1786 + 9.5E-3 111.887 £ P.177 5.2046 +[3.0E-3  65.634 + 5.3E-2
1658 | 86.65 + 0.47 10.01 + 0.05 9.42 £ 0.09 - 5.6448 £ 2.1H-3  12.1720 £ 5.2E-3 111.961 +P.130 5.2042 +|.9E-3 65.686 ¥ 3.6E-2
815 89.68 + 0.20 10.93 £ 0.09 9.88 + 0.09 - 5.6417 £+ 2.06-3 12.1748 + 5.0E-3 111.864 + P.125 5.2038 +[1.9E-3  65.651 + 3.4E-2
1588 | 85.47 + 0.01 10.80 + 0.53 10.21 £ 0.45 - 5.6310 + .3E}3 12.1928 + 5.3E-3 111.605 +P.101  5.2046 +[1.7E-3  65.499 + 3.0E-
1599 | 84.11 + 0.22 10.90 + 0.89 10.45 £ 0.79 - 5.6377 £ 6.5B-4 12.1690 £ 2.4E-3 111.652 +/0.048 5.2008 +[8.0E-4  65.640 t [.4E-2
1609 | 83.05+0.11 11.32 +0.10 10.93+0.10 - 5.6210 + |.3E{3 12.2148 + 3.8E-3 111.410+0.085 5.2067 +|.3E-3 65.338 i 2.4E-
1595 | 81.31+0.01 12.56 + 0.54 12.21 + 0.46 - 5.6230 £+ 9.98-4 12.1811 + 2.7E-3 111.181 +/0.064 5.1986 +[(9.8E-4 65.478 i+ 1.8E-2
1366 | 83.70 + 0.31 14.82 + 0.20 13.75 £ 0.20 - 5.6216 + |.3E}3 12.1726 + 5.9E-3 111.048 +0.106  5.1959 + 1.9E-3 65.498 | 3.2E-2
1503 | 81.60 + 0.71 14.77 £ 0.30 14.01 £ 0.35 - 5.6147 + |.1E}3 12.1848 + 3.6E-3 110.887 + P.078 5.1966 *|.3E-3 65.398 & 2.2E-2
1365 | 82.49 + 0.07 15.54 + 0.33 14.50 + 0.27 - 5.6133 + [.2E}3 12.1751 + 4.5E-3 110.744 + 0.087  5.1936 +|.5E-3 65.423 4 2.6E-2
1587 | 82.07 £ 0.12 16.51 + 0.64 15.33 £ 0.52 - 5.6139 + 7.18-4 12.1513 £+ 2.5E-3 110.551 +/0.051 5.1876 +[8.4E-4  65.515  [.5E-2
1913 | 81.37 £0.13 16.68 + 0.06 15.58 + 0.07 - 5.6143 + |.OE}3 12.1428 + 4.7E-3 110.489 1 0.083 5.1855 +|l.5E-3 65.550 ¥ 2.6E-2
1420 | 79.81 + 0.03 17.70 £ 0.10 16.64 + 0.08 - 5.6058 + 4.6B-4 12.1299 + 2.3E-3 110.038 +0 039 5.1791 +(7.1 E-4 65.530 i 1.2E-
1911 | 79.34 + 0.33 18.07 + 0.02 17.01 + 0.07 - 5.6039 £+ 9.1 E-4 12.1205 + 3.4E-3 109.878 £/0.066  5.1760 +[1.1 E-3  65.549 |+ 2.0E-2
1906 | 77.35+0.21 19.38 + 0.02 18.40 + 0.06 - 5.6023 £ 8.36-4 12.0960 + 3.1E-3 109.593 +/0.061 5.1690 £[1.0E-3  65.627 i 1.8E-2
1908 | 77.22 +£0.13 20.20 £ 0.01 19.06 + 0.03 - 55999 + 9.78-4 12.0764 £ 4.7E-3 109.322 +/0.080 5.1631 £[1.4E-3  65.681 i 2.5E-2
1812 | 76.31 £ 0.18 20.84 £0.02 19.91 £ 0.08 +2%)| 5.5992 + 6.4E-4 | 12.0754 + 2.1E-3 109.287 +0.044 5.1626 + 7.1E-4  65.679 £ .3E-2
BN
4597 20.04 £ 0.20 0.04 5.5986 £ 2.4E-3  12.0750 + 4.9E4{3 109.259 + 0137 5.1622 + 2|0E-3  65.676 + B.7E-2
1813 | 76.69 + 0.15 20.88 £ 0.01 20.05 £ 0.04 +4%| 5.5994 + 4 5E-4 | 12.0752 + |.9E-3 109.292 +0.034 5.1626 +5.9E-4 65.682 £ [.1E-2
BN
4593 20.12 £ 0.20 0.12 5.5980 £ 6.5E-4 12.0760 + 2.8E4{3 109.244 + 0051 5.1623 + 8|9E-4  65.667 * [L.6E-2
4594 20.22 £0.20 0.22 5.5979 + .4E-3 12.0721 + 3.1E3 109.205+0.p83 5.1612 +1.2E-3 65.681 + 2.3E-2
1902 | 75.64 + 0.20 21.36 £ 0.02 20.26 £ 0.06 1.36 55985+ 1.1|[E-3 12.0690 + 4.2E-3 109.200 +/0.079 5.1606 4 1.4E-3  65.697|+ 2.4E-2
1904 | 75.55+0.10 21.81£0.01 20.62 £ 0.03 1.81 5.5986 + 5.0E-4 0696+ 25 E-3 | 109.210 + 0.042 | 5.1608 + 7.7E-4  65.696 + 1.3E{2
4818 20.74 £ 0.20 0.74 5.5986 + 3.9E-4 12.0738 + |.IE-3 109.248 + 0.025 5.1619 + 3.PE-4  65.680 + 1.2E-3
768 20.94 £ 0.20 0.94 5.5981 £+ 8.8E-4 12.0694 + 2.7E{3 109.188 + 0,058 5.1606 + 9|3E-4  65.693 + [L.7E-2
1810 | 74.82 £ 0.40 22.70 £ 0.05 21.45+0.13 2.08 55988 £ 5.3E-4 12.0734 + 1.5E-3 109.251 +j0 034 5.1619 §5.2E-4  65.683|+ 9.6E-3
1860 | 74.05+0.11 22.56 £ 0.05 21.52 £ 0.06 2.56 55982 £ 7.5E-4 12.0693 + 2.5E-3 109.191 + 0.052 5.1606 +|8.6E-4  65.694 |+ |.5E-2
4595 22.12 £0.20 2.12 5.5960 £ 8.0E-4 12.0670 + 2.0E{3 109.085 + 0049 5.1592 + 7|5E4 65.685 + [L.4E-2
4596 22.24 £0.20 2.24 5.5982 + .4E-3 12.0725 + 3.1E3 109.220 +0.p81 5.1614 +1.2E-3 65.682 + 2.2E-2
1836 | 73.09 £ 0.28 23.63 +0.02 22.54 + 0.08 3.45 5.5980 + 6.9E-4  12.0689 + 3.4E-3 109.180 +{0.056  5.1604 #§9.9E-4  65.694 |+ 1.7E-2
1811 | 73.85+0.10 24.14 £ 0.02 22.73 £ 0.04 4.76 5.5988 + 6.4F-4  12.0729 + |.8E-3 109.247 +/0.041 5.1618 +[6.4E-4  65.685 | [.2E-2
1858 | 71.81 + 0.03 24.97 £ 0.02 23.84 £ 0.02 4.97 5.5985 £ 6.4E-4 12.0685 + 3.3E-3 109.196 +j0 054  5.1605 H9.9E-4  65.699|+ 1.7E-2
1834 | 71.79 £ 0.24 25.91 £ 0.02 24.52 £ 0.08 5.91 5.5983 + 8.2F-4 0682+ 3.1 E-3 [ 109.189 + 0.060 | 5.1605 + 1.0E-§  65.697 + 1.8E42




Lattice parameters of boron carbide between 8.19 and 24.52 at. % carbon in Fig. 10...12 and special table [91G,
81B1].

Inverted-molecular compression in boron carbide [95N]. Comparison of unit cell volume and icosahedral
volume depending on pressure in Fig. 13 [95N].

"Thermal factors" of the different sites in the unit cell in Fig. 14 [91A]. This term is misunderstanding, because

in reality it is not only determined by the thermal motion of the atoms but essentially by the statistical
distribution of the atoms in the differently structured cells. Hence the "thermal parameters" of the chain atoms
increases considerably with decreasing carbon content because of the exchange of C — B — C chains by C — B —
B chains [91M] and by the formation of chainfree cells (see Fig. 4) [92K1].

Structure parameter of the unit cell close to the carbon-rich limit of the homogeneity range [94K1, 94W2]

Compound | C content | Bisicosahedra |B1;C icosahedra |c a Ac/ha
[at. %] [%] [%] [A] [A]

B4.3C 18.87 0 100 12.075| 5.602

Bg.oC 13.7 43 57 12.167| 5.623

Difference | 5.17 43 43 -0.092 |-0.021 4.38

Structure parameter of the icosahedron close to the carbon-rich limit of the homogeneity range [94K1,

94W1]

h: height of icosahedron

Compound C content Reference |h dequatorial | (AC)icos.exp. | (Ad)icos.exp. | (A/Ad)icos exp.
[at. %] [Al [A] [Al [A]

B, «C 20 91A 2.6987 | 3.2554 |# # #

nominal B,C

Bs5.3C 16 91A 2.7120 | 3.2707 0.0133 0.0153 0.87

Bg C 13 79K2,86W |2.7117 | 3.2773 0.0130 0.0219 0.59

Difference 0.01315 0.0186 0.71

(average)

Change of the structural parameters of boron carbide in the case of the substitution of one C atom for B

in the icosahedron [94K1] (compared witi3-rhombohedral boron (see LB "Boron").

Structure Element Ac [A] ha[A] Ac/ha

boron carbide unit cell 0.214 0.049 4.38
icosahedron 0.031 0.043 0.71
difference 0.183 0.006 30.5

-rhombohedral boron unit cell and icosahedron 0.032 0.021 1.52

Conclusion: In contrast tB-rhombohedral boron (see LB 11I/41C), the distortion of the icosahddroin boron
carbide is essentially caused by other effects but the substitution of C for icosahedral B atoms [94W1, 94W?2].

further X-ray diffraction results on boron carbide:
Further results on lattice parameters g€BB,4 3C) boron carbide in [92A1, 94L].

Lattice constants and interatomic distances in [92A2].

Variation of the interatomic distances in boron carbide based on results of different authors in [86C].

Hexagonal lattice constants depending on composition in [91H] and [94W1].




c/arelation in the homogeneity range of boron carbide depending on the carbon content in [94K1].

From the analysis of the site occupancies was concluded that the C atoms in the icosahedra substitute for polar
B(2) sites [91M].

Comments concerning the crystal structure € [BB6L].

neutron diffraction

Lattice parameters (obtained by neutron diffraction compared with those obtained by X-ray diffraction) in [96K2].
Neutron powder diffraction refinement of boron carbides. Nature of intericosahedral chains [95M].

Unlike X—ray diffraction studies neutron diffraction refinements [95M] show significant densities at interstitial
sites B(6) away from the chain center B(3). The concentrations of these interstitials are consistent with having
one such interstitial for each vacancy at the chain center B(3). Occupancy of B(6) depending on the carbon
content in Fig. 5 [95M].

NMR

13C MAS NMR data for isotopically enriched boron carbide. Error of chemical shft8 ppm, of larger peak
areas 2 %, for small peak areas (< 1% relative intensity) factor 2 [91K].

Compound C content [at. %]  Chem. shift [ppm] Rel. intensity
B4C *) 18.8 101.3 1.7 91K
81.9 314
1.0 66.0
B13Co 13.33 101.1 <05
83.2 8.4
67.7 0.5
5.4 87.6
-16.4 3.5
BoC 10 82.3 1.6
66.1 0.4
5.8 94.5
-16.8 3.5

*) According to the carbon content, the nominal compougd 8hould be better attributed to the carbon-rich
limit of the homogeneity range,BC.

Variation of13C and!1B MAS NMR chemical shifts and peak width in Fig. 15 [91K].

NMR spectra of-3C in B413C and B g!3C and!1B in B,C in [86C].

The possibility of vacancies in the three-atom chain are mentioned in [86C].

NMR studies of borates and borides (boron carbide included) in [86B].

NMR 13C spin echo intensity compared with calculated results for different structure models in [86A, 86D].

Detailed comparison of numerous compounds with similar chain arrangements; SpEralbfR with magic
angle spinning of BC and B ,Cs in [86D].

Compositional variation of3C and!B MAS NMR chemical shifts and peak breadths in [91K].



Remark to Figs. 4 and 5 Boron carbide:The results shown in Fig. 4 are based on the assumption that the
existence of CCC chains aside of CBC and CBB chains in boron carbide can be excluded, because the IR
phonon spectra ( [92K1, 92K2, 94K1, 94K2]) did not exhibit any absorption band, that could be reasonably
attributed to CCC chains. A weak band at about 1430 tihat only accidentally occurred in some few spectra

was assumed to originate from occasional impurities or defects and therefore was not considered. Recent
investigations on isotope-enriched boron carbide confirmed this conclusion for the compogi®romy,
irrespective of the kind of isotope enrichment. However, in the case of isotope-enriched boron-rich boron
carbides obtained by the same kind of preparation, weak but reproducible absorption bands at resonance
frequencies between about 1410 and 1450lcamd between about 365 and 390 traccurred (see table).

These phonon bands were attributed to the stretching mode and the bending mode of CCC chains respectively
[99W]. Obviously, depending on the specific conditions of preparation, which however cannot be specified at
present, boron-rich boron carbide with and without CCC chains can be obtained. It seems that the results shown
in Fig. 5 represent the maximum concentrations of CCC chains that are possible in boron-rich boron carbides.
The mentioned accidental phonon bands at 143d.,cthat unsystematically vary in occurrence and strength
indicate that, depending on the conditions of preparation, any CCC concentration below the limits in Fig. 5
seems possible. The lowest possible CCC concentration is zero, that leads to the concentrations of structural
elements shown in Fig. 4 [99W].
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Fig. 1.

a-rhombohedral boron structure group, Unit cells ofdhdnombohedral boron structure famifg) a-rhombo-

hedral boronyb) B12X5 structure;(c) B12X3 structure. Closed circles: polar atoms of the icosahedra forming
covalent inter-icosahedral bonds; open circles: equatorial atoms of the icosahedra forming the weak three-center
bonds in(a) and strong bonds to the chain end atoms of the chaf{b¥ amd(c).

o-rh B structure group




Fig. 2.

Boron carbide. Rhombohedral unit cell. Interatomic separations (in A) determined from single crystal studies on
boron carbide with carbon concentrations near 20 at. %, 16 at. % and 13.3 at. % (top to bottom). Icosahedra:
open circles, equatorial sites; filled circles, polar sites [91A, 92A2].
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Fig. 3.

Boron carbide. a) C—B—C chain in the unit cell and the equatorial icosahedral B atoms to which it bonds. b)
Planar B group and the icosahedral atoms to which it bonds in one of six possible locations for the pair of B(6)
atoms. c¢) lcosahedron with the atom positions to which the C—B—C chain (Fig. a) or the plgrarB(Fig. b)

bonds [75Y].
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Fig. 4.

Boron carbide(a) Density of atom arrangements on the trigonal axis of the rhombohedral unit cell of boron
carbide (CBC and CBB chains[IB arrangements); solid symbols [99S1, 99S2], open symbols, determined by
phonon spectroscopy [92K1, 92K2]; diamonds, B(3) vacancies (center of the three-atom chain) determined by
neutron scattering [96K2]. The reason for the considerable difference close to the boron-rich limit of the
homogeneity range is that in the phonon spectroscopy the absolute oscillator strengths were used, while in
[99S1, 99S2] their relation is taken and thus experimental error by light scattering at non-ideal surfaces was
largely eliminated. Calculated valence electron deficiency for compar{pdnDensity of B, and BC
icosahedra calculated from the densities of the atoms on the trigonal axis and the stoichiometry of the samples
(for details see Tab. 1 in [92K1]); solid symbols, [99S1, 99S2], open symbols, determined by phonon
spectroscopy [92K1, 92K2]. For the differences close to the carbon-rich limit of the homogeneity range see Fig.

(a).
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Fig. 5.

Boron carbide(a). Concentration of CBC, CBB, CCC chains andlB arrangements on the trigonal axis per

unit cell vs. C content. Full lines connecting full symbols, results based on the averaged CCC concentrations
determined for the isotope enriched samples [99S2, 99W]. Dashed lines connecting open symbols, results based
on the measured oscillator strengths of the additional chain phonon obtained from [92K1, 92K2, 94K1];
diamonds: B(3) vacancies determined by neutron scattering [§6K2Joncentrations of B and B4C
icosahedra vs. C content. Full symbols, based on the averaged concentration of CCC chains(é3eepeq.

symbols, based on the measured oscillator strengths of the additional chain phonon obtained from [92K1, 92K2,
94K1].
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Fig. 6.
Boron carbide. Vacancy-interstitial pair occupancies (interstitial B(6) site away from the chain center B(3)) vs.

carbon concentration. Different symbols distinguish between samples prepared at different times [95M].
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Fig. 7.

Boron carbide. Rhombohedral unit cell. Interatomic separations (in A) determined from single crystal studies on
boron carbide with carbon concentrations near 20 at. %, 16 at. % and 13.3 at. % (top to bottom). Icosahedra:
open circles, equatorial sites; filled circles, polar sites [91A, 92A2].
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Fig. 8.

Boron carbide. Arrangement of the atoms in the unit cell. White balls: atoms of the icosahedra located on the
edges of the unit cell; grey balls: equatorial atoms of the icosahedra forming multiple-center bonds; black balls:
atoms of the three—atomic linear C—B—C chain; (cp. e.g. [66S, 79B, 81S]).




Fig. 9.

Boron carbide. Room temperature rhombohedral lattice parameters vs. carbon content a) according to [75Y] (see
also [71K]) (expected errors in the compositions: +1%); b) according to [81B1.
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Fig. 10.

Boron carbide. Lattice parametexsc (in hexagonal representation) vs. carbon content. Bars, standard errors for
90 % confidence [91G].

565
‘ 1 Boron carbide
564 -1l
: =
\
\
5631 FP\\
N B,C
HRY
L il Hi
562 Y
&‘\Eﬂjﬂi
N
561 AN
My
= ENm
5 S80]- N .
é 12.21 i
E°0 \
s HH \
81218—*1 E
= [ s
— il \\
1215 =
v C
N
12121 it
\ |
\
12,09 \%
\NIT
=T~ T
12,06
12.03 \ \ \ \ \ \

"75 100 125 150 175 200 225 250
C content [at%]



Fig. 11.

Boron carbide. Lattice parametesis a (in rhombohedral representation) vs. carbon content. Bars, standard
errors for 90 % confidence. [91G].
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Fig. 12.

Boron carbide. Volume of the rhombohedral unit cell vs. carbon content. Data points with straight line bars for
standard errors with 90 % confidence [91G]. Full line [81B1].
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Fig. 13.

Boron carbide. Pressure dependence of the relative voluigg ©f the unit cell (open symbols) and the

icosahedral volume (solid symbols). The different symbols represent the data obtained on different samples; The

solid, dashed and dotted lines represent linear fits to the behavior of icosahedra, unit cell and intericosahedral
space [95N].
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Fig. 14.

Boron carbide. ,Thermal factors” alor{g) the basal pland);4, and(b) the ¢ axis, U33, vs. C concentration
obtained from single crystal X-ray refinements. Open circles, B(1) site; full triangles, B(2) site; full circles, B(3)

site; open triangles, C site [91A]. The "thermal factors" contain the thermal vibration of atoms and the variation
of atomic positions in differently composed elementary cells as well.
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Fig. 15.

Boron carbide.Compositional variation oft3C and 1B MAS NMR chemical shifts and peak widths
[91K]. (MAS: magic-angle spinning).
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