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As further chemical and molecular structural studies

of substituted carboranes become available, the nature

of electronic and steric effects may become clearer in
substitution reactions on the carboranes. In particular,
models for activated complexes may be guessed, and
the relevance of ground-state electronic structure
gauged. This study indicates clearly that CI substitu-
tion did not occur on the two most positively charged B
atoms which were identified in both the molecular orbi-
tal and resonance studies.®* Further studies are in
progress.
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A 1,2-Dicarbaclovododecaborane

A three-dimensional X-ray diffraction study of single crystals of 1,2-bis(bromomethyl)carborane has proved the icosahedral

structure of the B;oC: unit.

The covalently linked ethylenedecaborane B;;C; unit is not correct, and the C-C distance of
1.64 A. within the ByC, icosahedron is not abnormally short.

The space group is P2,2,2;, and there are four molecules

in a unit cell having dimensions of @ = 9.46, b = 10.12, and ¢ = 13.78 A.

The carboranes,“? B;C;Hi,, their isomers,?—5 and
their derivatives form an unusually thermally stable
group of compounds. The probable isoelectronic rela-
tion to the regular icosahedral BioHy,~2 ion® led to the
detailed prediction’—? of a near-icosahedral geometrical
and valence structure, in which the C atoms of the
B1C: unit participate in the electron deficiency of the
assumed near-icosahedral framework. A detailed X-ray
diffraction study became desirable when a distorted
icosahedral structure was proposed?® in which a short
C~C bond about 1.54 A. in length was assumed to dis-
tinguish one isomer, carborane, from a regular icosa-
hedral isomer, neocarborane. Then, a detailed study
became urgent when Zakharkin, et al.,® published the
results of an. X-ray diffraction study which indicated
that the ByC, unit of ByHo(CCH,.Br); had not a near-
icosahedral structure, but an ethylenedecaborane cova-
lent unit in which the two C atoms are joined to the
outermost 6, 9 B atoms of the By, cage.

We show in the present study that the By,C, unit in
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ByH1p(CCH,Br); has a near-icosahedral structure in
which the C-C distance of 1.64 A. indicates not a single
bond, but an electron-deficient type of bonding similar
to that of the B atoms.

Structure Determination

1,2-Bis(bromomethyl)carborane was prepared by

the method of Heying, et al.,* and then purified by vac-

uum sublimation at 100°. The melting point of 65—
66.5° is comparable with published values of? 68-69.5°
and of 0 66°. Also the infrared absorption spectrum of
our sample was identical with that of a sample of the
same material kindly supplied to us by Dr. H. Schroe-
der.

Single crystals were grown by sublimation at 60° onto
a glass surface at room temperature. Two nearly spher-
ical crystals, each about 0.2 mm. in diameter, were
sealed into capillaries and aligned by X-ray diffraction
methods along the a and ¢ axes, respectively. These
methods also established the reciprocal lattice sym-
metry as Dap, the space group of P2,2,2;, and the unit
cell dimensions of ¢ = 9.46 % 0.02, b = 10.12 £ 0.02,
and ¢ = 13.78 £ 0.05 A.: systematic extinctions of
£00 when % is odd, of 00 when £ is odd, and of 00! when
lis odd were noted on the zero level Weissenberg photo-
graphs, which were calibrated with an Al powder dif-
fraction pattern. The reasonable assumption of four
molecules per unit cell leads to the calculated density of
1.64 g. em.—3, in essential agreement with a very rough
value of 1.5 g. cm. —% found by flotation methods.
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The relative intensities of 1423 independent dif-
fraction maxima were measured on levels Hkl for 0 < H
< 9and hkL for 0 £ L £ 13 on the Buerger automated
X-ray diffractometer at a scan rate!* of 1°/min. and
with the use of a Xe proportional counter. Background
corrections, and then Lorentz-polarization corrections,
(LP)~! = 2 cos? usin T/(1 + cos? 260), were made in
order to obtain the observed Fy; (Table I). All final

TABLE I
List oF OBSERVED Fj;; VALUES®

H=0 (K)(LYs[ 0}{0s163116329Us2L9Us310sUr47sUs55Us379Us%sUs1CrUr109( 111041619 Us
469169926134+2395694642792493351492415179130308 2) (09160 918698612451131952974s
4126461922155 129205100% 9% 9%y ( 3)(0s16)9Us335155912485+516419515,15420+8512»
2241193s% 31640 4)10815124207930536437565,3%432939,13517937,154%+8+48,

L 5){0915)3U17252851993495853752252491001745475129%s%,( 6){0916)9844199334
2812631503451 7915921020, 7a%s%475( 73{0»13)},Us13416+230+%49+12434015226915504
Bylusl 81(0912)92693391256447995851691546512939%51 93 (0s11)»Usl6925413417
0912165 3s%y 269112010} (0s 91924043899 3692791519553T0111)0(0s THal928939158411
1039%5012)10y 31584174749

H=1 (K)fL}st 01 (091812Us69995,89,79949BLsB8479515946117»%46,53%5( 1110016100
2496096049)1492+3619259295145281155169 140956475491 2110516)9329704129,55529
6219359669 165279%, 1198911949 %065 0 31(0516)913:572+654315L0457569+16553,12,14,
T21855032%,%5 1 61009159 213996975+13531947425+9128,2255581149115757

[ 5){09115)943+19469940540543+11912+10933,84129658,13,851( 6)10+14),33,33,412,
409619209359 1552199428+9691198975( 7)(0+131,62529917+5593539515,104551048+7»
1le4s( 81109120 935¢10927915514313510929969149%5118r( 9100411112251 2924011+%
11518011#175995%5110)(0s 9197925913049 129159%9839469(100(Cy 7195339696979
8134909012300 3)4%3545,%

H2 (KH(L)sf O)(09161915056019968952226936,T6,%428920918410+121%436)5,

T 13009161588 4100938989+146928,5651455309225184179451997a%474t 2100+163911995,
34391950048926124937911916327314925997069 1 21(0s15)9%930,809142444,81518910,
1793797513910 99T 98y 0 4)i0s25)99+154+56+46338452422425123517+852351246984%
U 5140014 517948417936932537+32415,25918513465105335390 6110»14)558,19530»
2340165169384933514915964991CTs%5( 71 10+13),31428+22+42252195510923»T916s110
ToTo*s( 8)(0912)515531199+28+149%,185105145115105109%s1 3){05101910s891648
219laa®e%s1148s43 (10310 9)513955209551191G202,89%,%5 011000y &1a*y11s%412
5311965012100y 119117

H=3 (K){L)al 0110916 )sUs 1289280129041 04)91a9269T7s213160%,%38 %3604

€ 1100016131993 7443511694792193095991094692641442151136969%9( 2)(0915)994y
47560925939986938946916432155269% 5%y 19601 33(0115)922+85553939927465,219%,
169129049724 7409#98s( 4300151913943 +0649%,264957316423566925523010512+65109%,
€ 51001017 56568951429439115935916518s12049%409%,( 6)100s13)938+25923445,35,
1091241920940 791251007 9t 7)(0s12)5631351341792341013242458+852298410

[ B110s11)952518,1241352791991235104690979600 9110510291 291651T7989816471643,
Tabe (10100 819%,53129105L1F+79Br125(11) 100 5)s*3591606,%,6

Hsb (K3{L1sl 0)1(0915)192942753493295451299372936526975164692104s%s0 1110s15),
66156955+ 71921913950 9240200 170179 % By %3109 23(0+151932,70431527+953+38127»
125349239225991096989%5( 31(0s151910126924421529163525+491693131551648+640
Tal &1009314)962+62538+9204384325134125154535175%310585790 51109101 97+40931932,
321119399 14927+1098+109149L15%,( 6)001131+592353092191C+11928+2B1512+4109648
438y 8 73105121 946330515917)20411916512+55748510+84¢ B)(0s11)s%918,%,12,15,
1551797545 119139640 9310 91917989 %515,195179%965119304(10J(Cy 6137921315,
ByByB16s10s(11110s 4131096429914

=5 (KI(L)s( O1{0s14)sUs5015798397+18933+4631091291257s%41151001 11105143567,
11928+38+6051351792851459+155104915979129¢ 2110914)14691357818921931940+10
275199135957 97s25 (0 3100+16)+33552,:2522948,34423,51612058+697151104%,
 4)t0913)91491542891397926352691192091699911910489( 21(0+13)91631930918934,
159791991651 10b979120%0( 610091019125 110164224%,13,135135641331247s

£ 71000110 91591&9®93302C9F913921s%yFalbsB89( B)(0+10)9279109s15511912911911
105693 0%90 9)(0s 81361 1554965451054513169(20)(0y £1a%311s%35244595,

(111100 1154953

H=6 (K){Lysl 0)1(091641987923+7+654411537+942491219599%5109741 1110+16)931415,
499219109209619199119165204205796939 1 2)(0+121084524515919937510935129314%,
Ts391598a0 31000131517 9249519221220110145134%,0449,657s%s1 4)(0413)1545423
249129284229751831 7404011569898 ( 5000912141743 7531518912+19+22954159657412
Gal 63{0912)432529+43915+2651657916,9915349 400290 71109101 s14s1b4411418s5,5124
13510949898+ 81(0s 91939284 %)134129%51099+%355( 9040y T1sTs1Lls10s7s45855s
105(10)(0s 3),%5757,5

H=7 (K)(Lyyt O110912)0Us27926491491551393241352514,51856210+%5( 11{0313),45,
45919926 54592408y%y 1526, %16 2% 4%y ( 2140912108428, 46126565752351351491193454
Se( 3)(09121512969239175319%,321919,224846913s%5( 4)10,111427926924923916417,
1797575125835 0 51105211 216+1598+6515:16510s113%411015595( 6110510251 1013 0%,
63135169139495212985¢ TH(0y B)s13+s15911512,10075797+75( 8H(0y 71394398411
Sy¥pTeGy( 9)(0» 6)r21yBalsllsl

H=8 (KYtLYaC Q1091139335 22+4422512918199914909857479( 111091115552C55912114,
249269119129 21963%0( 21 (051110791841 192092C»1147916913569%549( 3)(0911)18s
259159159159 12579B989 549550 411001014 499913917922913513912550%9190 51000 9
21914990109 1799910979%sTsl 61(0s 815109105 164655910999%s355( T1(0ys 71954817
691355089300 8110y G41a*yb0i2:347

H=9 (K)(L}sl 0)10910)5Us2093913+65189631056916955( 1110510 5491937917 944163
541397049590 2900y 91965 7o *slustnl546999 748y 3)(0s 9121241251251 19797511,
13599125t 61109 BYs169139948515999%953891( 5)(0s 719%922110924449191049

€ 61009 6)9s1691194s1s1351006s( 7110y 3136955110

H=10 (KYILYy( O1L0y 7199215979 %513,1 0969350 1) 00y 7)a431715+1844394843

€ 21000 719281t sbr*999993965( 3340y 6)311,159%,%,113%3129( 4310 5142019
4910979690 53100 4)39s%,364%410

H=ll (KY(L) sl 0)(0y 4)sUsta598s4sl 11005 43410935 %5%,125( 23(0» 31964417910
€ 31009 219190k sn

@ The value of & and the range of / are given in parentheses.
Unobserved reflections are indicated by an asterisk, and space
group extinctions by an extra comma. All reflections are on
the same scale as Fyp, which is given as a reference point. No
extinction or absorption corrections were made.

parameters were obtained from data correlated to a single
scale, but the structure was solved from the ¢ axis data
which were assumed (justifiably, we later established)
to be correlated by the instrument.

Solution of the structure presented no difficulties.
The Br atoms were readily found in the sharpened three-
dimensional Patterson function, and a three-dimensional
electron density map based upon phases of these Br
atoms yielded fourteen peaks in the range of 210 to 329

(11) (a) J. A. Potenza and W. N. Lipscomb, J. Am, Chem. Soc., 86, 1874
(1964); (b) Inorg. Chem., 8, 1673 (1964).

Inorganic Chemistry

units on an arbitrary scale on which Br atoms were
4668 and 4384. The highest false peak was 154. Thus
the complete arrrangement of all B and C atoms was
found without chemical assumptions, and it was im-
mediately clear that twelve of these atoms were at the
corners of a very nearly regular icosahedron.

We did not solve the absolute configuration of the
crystal, but only record here that the positions of the two
symmetry unrelated Br atoms, as found from the Pat-
terson function, have a sixteenfold ambiguity associated
with the arbitrary eightfold choice of the origin of the
unit cell and the twofold choice of the enantiomorph.
Thus our choice of enantiomorph is arbitrary.

Refinement of the structure proceeded rapidly.
Values of Rp = X ||F,| — |F.|| /Z!F, ]| for the 1353 a
axis reflections were 0.35 for Br atoms only and 0.29
when the fourteen peaks were initially given scattering
amplitudes of B atoms. A new three-dimensjonal elec-
tron density map yielded the expected C atoms at
heights of 445 to 520 and B atoms between 383 and 448
in height. Two cycles were carried out of least-squares
refinement of the single scale factor, the 48 atomic posi-
tion parameters, and the six translational, six rotational,
and three center of rotational thermal parameters.!?
Then separate scale factors were assigned to each level
of reciprocal lattice data about the o axis, and two
more cycles of three-dimensional least-squares refine-
ment reduced Ry to 0.165. No further improvement
was obtained by assigning separate anisotropic thermal
parameters to each Br atom.

The data about the ¢ axis became available, and a
single scale of all reflections was then established. The
1239 reflections having ]FD ’ > 4 and ‘Fc | > 4 were used,
and the 47 reflections having F0 f < 4and|F, } > 4 were
assigned F, = 2 in the final refinements, which yielded
R = 0.132 after three cycles (Table IT). All parameter

TaBLE 1T
FINaL VaLUEs FoR Ry = (Z||F| — [R|])/[Z|F])
Range of
hkl R sin R
All 0.13 0.00 to 0.40 0.09
h even 0.14 0.40t0 0.50 0.07
h odd 0.12 0.50 to 0.60 0.09
k even 0.13 0.60 to 0.65 0.12
k odd 0.13 0.65t00.70 0.11
[ even 0.13 0.70t0 0.75 0.14
! odd 0.13 0.75t00.80 0.20
k + I even 0.13 0.80t0 0.85 0.28
E 4+ [ odd 0.13 0.85to0 0.90 0.29
b+ [ even 0.13 0.90 to 1.00 0.43
h 4+ 1odd 0.13
h + keven 0.13
h+ kodd 0.13
h+ k -+ leven 0.13
h+ k+ lodd 0.13

shifts at this stage were less than 0.7¢, where ¢ is the
standard deviation. Weighting factors were w = 1 for
|F,|2 < 300 and w = |F,|?/300 for |F,|? 2 300 where

A/wis the weighting factor in the equations of condition
of the least-squares treatment.

(12) G. S. Pawley, Acia Cryst., 17, 457 (1964).
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TARLE III
FiNaL Aromic COORDINATES IN Fracrions oF CELL LENGTHS AND THERMAL PARAMETERS®

Atom x ¥ z 104811 104822 104Bas 104812 104813 104823
1 0.265 0.569 0.839 108 95 33 -7 12 5
2 0.360 0.457 0.894 96 97 28 -10 7 —1
3 0.208 0.522 0.949 124 109 33 —-10 20 13
4 0.088 0.554 0.857 105 123 50 -8 13 21
5 0.172 0.506 0.745 119 121 36 —8 -3 22
6 0.344 0.450 0.770 100 96 27 -5 12 2
7 0.245 0.342 0.950 123 106 33 -1 25 6
8 0.076 0.403 0.922 105 126 61 -5 35 2
9 0.053 0.401 0.793 90 141 68 —19 —4 4
10 0.211 0.339 0,744 103 114 38 ~17 ~5 2
11 0.324 0.304 0.837 90 92 28 -7 10 —3
12 0.151 0.267 0.850 97 109 59 —11 19 —16
13 0.336 0.706 0.823 157 92 57 —6 24 -1
14 0.493 0.482 0.947 119 126 47 —25 ~13 1
15 0.305 0.834 0.929 223 101 81 —-29 19 4
16 0.665 0.476 0.871 93 153 97 —29 —3 —-17

@ The thermal parameters are in the form

exp[—(h%Bu + 26z + %8s + 2hkBi1a + 2hiBis + 2kIB2)]

Results and Discussion

Final parameters are given in Table ITI, distances in
Table IV, and angles in Tables V and VI. The atomic
numbering system is shown in Fig. 1. Corrections for

TABLE IV
Boxp DISTANCES®
Corrected Corrected
length,? length,?
Bond A, Bond A.
c-C B-B

1-2 1.64 3-4 1.74
1-13 1.55 3-7 1.86
2-14 1.49 3-8 1.78
C-Br 4-5 1.80
13-15 1.96 4-8 1.77
14-16 1.94 4-9 1.81
B-C 5-6 1.76
1-3 1.68 5-9 1.69
1-4 1.70 5-10 1.74
1-5 1.69 6-10 1.73
1-6 1.71 6-11 1.76
2-3 1.75 7-8 1.76
2-6 1.71 7-11 1.77
2~7 1.77 7~12 1.80
2-11 1.97 89 1.78
8-12 1.84
9-10 1.75
9-12 1.81
10-11 1.71
10-12 1.72
11-12 1.69

® Standard deviations (A.) for the various types of bonds are:
B-C, 0 = 0.037; B-B, ¢ = 0.033; B-C(methyl), ¢ = 0.045;
and C(methyl)-Br, ¢ = 0.016. The standard deviations were
computed by averaging all bond lengths of the same type and
applying the equation

Y/

N

2 (w— &y
R Wt S

N -1

& Corrections for thermal vibrations were computed using the
least-squares rotation tensor and were found to be small com-
pared to the standard deviation in bond lengths. For B-B, B-C,
B-C(methyl), and C(methyl)-Br bonds, the largest corrections
were 0.0044, 0.0045, 0.0013, and 0.0017 A., respectively.

Fig. 1.—The molecular structure and numbering scheme for
B oH;(CCH:Br);. B atoms are designated as single circles, C
atoms are filled circles, and Br atoms are double circles.

T
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[

FNTN
P
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Fig. 2.—The molecular packing of ByH;o(CCH:Br): as seen in
the projection along the ¢ axis,

molecular thermal oscillations are only about one-tenth
of the standard deviations of the bond distances (foot-
notes, Table IV). Bond angles are listed in a form suit-
able for construction of a model.

Qur major conclusion is that both bond distances and
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TaBLE V
MobpeL DRILLING ANGLES

Coordi-
Center nating o,% p,Y
atom atom deg. deg.
1 2 90.0 0.0
3 0.0 64.0
4 322.5 114.2
5 252.2 111.9
6 214 .4 61.5
2 1 90.0 0.0
3 0.0 59.1
6 145.6 61.5
7 41.4 108.6
8 41.1 70.6
3 1 90.0 0.0
2 0.0 56.9
4 219.0 59.8
8 262.5 103.2
9 259.3 67.1
4 1 90.0 0.0
3 0.0 58.2
5 218.1 57.6
9 255.1 100.9
10 255.1 66.5
5 1 90.0 0.0
4 0.0 58 .4
6 215.3 59.8
10 254 .4 105.6
11 254.6 70.5
6 1 90.0 0.0
2 0.0 57.1
5 140.0 58.3
7 37.4 69.1
11 40.2 104.9
7 2 90.0 0.0
3 0.0 57.8
8 38.9 103.5
11 139.5 59.9
12 103.2 104.0
8 3 90.0 0.0
4 0.0 58.7
7 140.7 63.2
9 38.2 107.6
12 101.8 110.1
9 4 90.0 0.0
5 0.0 61.8
8 136.1 59.1
10 38.0 110.0
12 99.6 109.8
10 5 90.0 0.0
6 0.0 60.8
9 139.8 57.9
11 39.4 109.1
12 102.3 109.5
11 2 90.0 0.0
6 0.0 58.0
7 217.2 60.0
10 321.8 105.6
12 257.8 109.2
12 7 90.0 0.0
8 0.0 57.6
9 35.1 105.4
10 97.5 108.2
11 136.1 61.0
13 1 90.0 0.0
15 0.0 114.7
14 2 90.0 0.0
6 0.0 115.8
e See ref. 4, p. 228, for definitions of ¢ and p. These are

spherical coordinates in which ¢ is measured in the x, y plane,
and p is measured from the 2z axis.

Inorganic Chemaistry

TaBLE VI
AVERAGE BoxD ANGLES (DEG. )%
No. of Bond Average Largest Smallest
measure- type angle angle angle
ments
36 B-B-B 60 63 36
12 B-B-C 59 61 58
6 B-C-B 62 64 60
4 B-C-C 62 64 59
2 C-B-C 57 57 57
8 B-C-C{methyl) 119 125 111
2 C-C-C{methyl) 121 125 117
2 C-C(methyl)-Br 115 116 115

¢ The bond angles were computed using values for the atomic
positions which were corrected for thermal vibrations by means
of the least-squares rotation tensor. These corrections were
found to be small compared to the standard deviation of the
bond angles, the largest correction being 0.10°. Estimated
standard deviations of bond angles are about 3°.

angles clearly indicate the near-icosahedral geometry of
the By,C, unit, not the ethylenedecarborane structural
unit (Fig. 2 of ref. 11b derived in the X-ray study re-
ported by Zakharkin, et al.0),

Secondly, our results do not support the proposal®
that the carborane cage has a 1.54 A. C-C distance,
which opens up to the regular icosahedral distance of
1.77 A. in the transformation at about 470° to neocar-
borane. The C-C distances of 1.64 = 0.40 A. in this
study, and of 1.67 = 0.02 A, in octachlorocarborane,!!
leave no physical basis for a high barrier between these
proposed structures, and hence the proposal® of a
rearrangement through a near-cuboctahedral inter-
mediate (perhaps involving localized regions of expan-
sion and contraction) seems most reasonable, at pres-
ent, for the relation between carborane and neocarbo-
rane. An X-ray diffraction study of a neocarborane
structure is under way. With almost improper respect
for the observation that predictions in science are more
difficult than in science fiction (which is limited to what
we can imagine), we maintain®!® our present belief
that neocarborane has its two C atoms in the wmela
positions, neither adjacent nor opposite in the icosa-
hedron.

The crystal structure (Fig. 2) has only one feature of
interest: a Brys- - -Briyg contact of 3.72 A between dif-
ferent molecules. This is the only intermolecular dis-
tance which is less than the expected van der Waals con-
tact, which is 3.9 A. for Br-..Br. There are many
similar examples in other crystal structures containing
halogen atoms, including the crystals of the diatomics
Cly, Bry, and 1, but not F;. It may be that this partic-
ularly strong intermolecular interaction is responsible
in part for the distortion of bond angles C,CiCy; =
116.6° and C;CoCyy = 125.0° from each other and from
the value of 121.7° expected from a regular icosahedral
structure. The implied easy bending of external bonds
suggests that the nondirectional character of electron-
deficient bonding already indicated by the bond dis-
tances produces little restoring torque for angular de-
formations. Further evidenee for this lack of direction-
ality of bonding within the polyhedral surface is sug-

(13) R. Hoffmann and W. N. Lipscomb, J. Chem. Phxys., 37, 2872 (1962).



Vol. 8, No. 12, December, 1964

gested by the rearrangements and by the great simplic-
ity of molecular spectra found in these complex poly-
hedral molecular species.
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Based upon the assumptions that in some probable new boron hydrides the geometrical and bonding environments of B
atoms will be simjlar to those in known hydrides, that all stable boron hydride molecules encounter external H..-H con-
tacts only upon collision with other molecules of the same or similar type, and finally that all intramolecular H- - -H con-
tacts are reasonable ( > about 2 A.) it is shown here that only a very limited number of predicted new boron hydrides
based upon a single icosahedral fragment can be expected. Geometrical structural predictions are given for these possible

new boron hydrides.

The three-center resonance and molecular orbital
theories! of boron hydrides take the steric properties
of boron hydride structures into account in only a
general and not very restrictive way. Accordingly, it
seems appropriate to give specific attention to the
problems of intramolecular and intermolecular steric re-
quirements, within the framework of these valence
theories, in the hope that only a limited number of pre-
dictions would result. This paper represents a first
theory of this type and is restricted to neutral single
icosahedral fragments for the boron arrangements. We
have therefore specifically excluded boron hydride ions,
fragments, or polyhedra joined by BBB or BB? bonds
(e.g., BuHis), by single or double hydrogen bridges?
(e.g., ByHis™), by the sharing of two B atoms! (e.g.,
BisHy and 4-BisHas) or of four B atoms (e.g., BypHiy), or
fragments obtained from possible degradation of struc-
tures in such a way that these joinings are preserved.
Equivalent theories of these additional kinds of mole-
cules and ions can easily be derived by similar methods.

Accordingly, the assumptions and procedures are as
follows. (1) Conmstruct models of the known boranes,
ions, and ligand derivatives from balls precisely drilled
according to the internuclear straight lines between all
nearest neighboring atoms. These angles have been list-
edb* for all of the known compounds, including® BsH;s.
(2) Choose from these models all different types of balls

(1) W. N. Lipscomb, “Boron Hydrides,”” The W. A. Benjamin Co., New
York, N. Y., 1963, p. 227 ft.

(2) R. Grimes, F. E. Wang, R. Lewin, and W. N. Lipscomb, Proc. Netl.
Acad. Sci. U. S., 47, 996 (1961).

(3) W. N. Lipscomb, ibid., 47, 1791 (1961).

(4) R. D. Dobrott, L. Friedman, and W. N. Lipscomb, J. Chem. Phys.,
40, 866 (1964); see footnote 3.

(5) R. E. Enrione, F. P. Boer, and W. N. Lipscomb, J. Am. Chem. Soc.,
86, 1451 (1964); Inorg. Chem., 8, 1659 (1964).

TABLE I

NEAREST COORDINATION ENVIRONMENTS OF
B AtomMs or ALL TyPES

B H¢* Hp® Example
2 2 1 B;H: ™, the symmetry related B atoms
2 2 2 B:H;™, the unique B
3 1 1 BeHy, nonapical atoms joined with the
short bond
3 1 2 B:Hj, the inner pair
3 2 0 CzHﬁNHngH]_zNHCQHa, B joined to CzHa-
NH;
3 2 1 BoH;;NCCH;, the BH; groups
4 1 0 ByH;3NCCH;, the BH on the symmetry
plane
4 1 1 ByH;;, adjacent to the BHz group
4 2 0 B5H11, apex
5 1 0 BgHiyo, apex
(5 0 0)b BioHys, atoms joining the BsHy units
(6 © 0 2) 4-ByHy, on the molecular twofold axis
(6 0 0)> B (elementary), not yet found in the hy-
drides
(6 0 1)»  BysHpyp, nearest molecular center of sym-
metry
(7 0 0)>  4-ByHg, on the molecular twofold axis

@ The subscripts t and b refer to terminal and bridge H atoms,
respectively. ? Atoms of types listed in parentheses are required
for structure types not considered in this paper, e.g., structures
based: upon polyhedra or fragments joined by boron-boron
bonds, by one or more bridge H atoms, or by common B atoms.

(Table I), but, for the single icosahedral frameworks
considered here, limit the choices to B atoms having at
least one terminal H atom (H,). (3) Construet all
possible models with the use of B-B distances of about
1.8 A, B-H, distances of 1.2 A., and B-H, (bridge)
distances of about 1.4 A, onascaleof 1A. = 10cm. (4)
Reject all models which have intramolecular H---H
contacts of less than about 2.0 A. where these H atoms



