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Bromination of O - B ~ ~ H & (  CHa)2 in the presence of AlC13 is shown to yield 8,9,10,l2-tetrabromo-C,C’-dimethyl-o-carborane. 
These four B atoms (8,9,10,12) are furthest removed from C atoms of the icosahedral cage and are the most negative B 
atoms in nonempirical molecular orbital studies of both O-BIOHIOC~HZ and o-BiaH&(CHs)2. These studies also confirm 
the increased electron density of the latter, which can be tetrabrominated, as compared with the former, which can only be 
tribrominated. Thus, the position of halogenation of this cage, in regions where steric and other effects are not selective, 
appear to have their transition states dominated by the initial ground-state charge distribution. There are four molecules 
in a unit cell having parameters a = 13.18, b = 14.49, c = 8.20 A, and p = 96.3”. The space group is PZ1/n. 

Previous studies of halogenated carboranes have 
shown the first proof of the icosahedral Bloc2 unit’ in 
o-BloCl&Clz, the substitution under photochemical 
conditions of C1 on all B atoms except 3 and 6 in2 o- 
Bl~cl&C&, and bromination catalyzed by AlCl3 
first a t  B atoms 9 and 12 in3 o-BloBr2HsC2H2 and then 
at  B atom 8 (or 10) in4 Molecular 
orbital predictions of ground-state charge distributions 
had earlier indicatedK that B atoms 3 and 6 nearest 
carbon atoms were the most positive and that B atoms 
8, 9, 10, and 12 not attached to C were most negative 
in O - B I ~ C ~ H I ~ .  Qualifications of the relevance of 
ground-state charge distributions to transition states 
exist in our earlier papers. 1i 3, 

Chemical proof has been given6 for the identity of the 
dibromo product, o-BloH8BrzC2(CH3)2, with that ob- 
tained from C,C’-methylation of the now established 
9, 12-o-BloH8Br2CzH2 structure. The structure estab- 
lished here’ of 8,9,10,12-o-B10Br4H6Cz(CH3)2 also clearly 
infers the identity of positions 9, 12, and 8 (or 10) in 
o-BI0Br3H7C2(CH3)2 with those known4 in o-B10Br3- 
H7C2H2. Thus, the sequential order of bromination 
is the same in o-BloCzH12 and o-BloHloCz(CH3)~, to the 
extent that Br, can, so far, be substituted for H on the 
polyhedron. 

Zakharkin and Kalinen found that o-BloHloC2HCH3 
gives two monobromo, one dibromo, one tribromo, and 
one tetrabromo product under Friedel-Crafts condi- 
tions. From these results and the assumptions that 
atoms 3 and 6 are not i n v o l ~ e d ~ ~ ~  and that the sequen- 
tial order of substitution is the same for o-B&Hl2, o- 
B I ~ H ~ ~ C P H C H B ,  and O - B I ~ H ~ ~ C ~ ( C H & ,  they concluded 
that B atoms 9 and 12 are substituted first, followed by 
8 and 10. Our results prove that their assumptions 
and conclusions are correct. 

(1) J. A. Potenza and W. N. Lipscomb, unpublished studies. See W. 
N. Lipscomb, “Boron Hydrides,” W. A. Benjamin, Inc., New York, N. Y. ,  
1963, p 26.  

(2 )  J. A. Potenza and W. N. Lipscomb, Inorg. Chem., 8, 1673 (1964). 
(3) J. A. Potenza and W. N. Lipscomb, ib id . ,  6, 1471 (1966). 
(4) J. A. Potenza and W. N. Lipscomb, ib id . ,  5, 1478 (1966). 
(5) R. Hoffmann and W. N. Lipscomb, J. Chem. Phys., 86, 3489 (1962). 
(6) H. D. Smith, T. A. Knowles, and H. Schroeder, Inorg. Chem., 4, 

(7) J. Potenza, W. N. Lipscomb, H. Schroeder, and G. D. Vickers,.f. 
107 (1965). 

Am. Chem. Soc., 88, 628 (1966). 

We also present results of a new nonempirical molec- 
ular orbital theorysls which indicate that the C- 
methyl groups cause a rather uniform increase in elec- 
tron density on the B atoms, in qualitative agreement 
with the observations that the sequence of substitution 
is not changed by C-methylation and that o-BloH1oCz- 
(CH& can be tetrabrominated6 but o-B&H12 can only 
be tribrominated. 

Structure Determination 
A single crystal 0.6 mm long and 0.05 mm in a nearly 

square cross section was mounted on the needle axis 
c. A second crystal was cut to a cube about 0.05 mm 
on edge and then mounted on the symmetry axis b.  
Reciprocal lattice symmetry is CZh, and unit cell param- 
eters a rea  = 13.18 f 0.02, b = 14.49 * 0.02, c = 8.20 
h 0.02 A, and 0 = 96.3 f 0.3’. Extinctions of h01 
when h + 1 is odd and of OkO when k is odd lead to the 
space group P21/n. 

Data from the needle crystal were collected for levels 
0 6 1 6 6 photographically with the use of Weissen- 
berg geometry and Cu K a  radiation. A standard 
scale prepared from timed exposures of a representa- 
tive hk3 reflection was used for visual estimates of the 
multiple films. These data were correlated within each 
level by methods described elsewherelo but were 
scaled by times of exposure between different levels, 
Three of the four Br atoms were located unambiguously 
in symmetry sections of the three-dimensional Patter- 
son function computed from these 1378 independent 
reflections. The fourth Br was found in an electron 
density map phased by these three Br atoms. At 
this stage the value of RF = 7,1Fol - iF.11/2[Fo1 was 
0.32 from Br contributions only. The electron density 
map based upon phases from these four Br atoms 
showed 24 peaks higher than about 40y0 of the height 
expected for a B atom. Nevertheless, i t  was easy to 
locate the 14 peaks for the expected icosahedral cage 
structure in which two methyl carbons were already 
known from chemical evidence to be attached to C 

(8) F. P. Boer, M. D. Newton and W. N. Lipscomb, ibid. ,  88, 2353 (1966). 
(9) F. P. Boer, J. Potenza, and W. N. Lipscomb, Inorg.  Chem., 5, 1301 

(1966). 
(10) P. Simpson and W. N. Lipscomb, J .  Chem. Phys , 39, 2339 (1963). 
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TABLE I 
LIST O F  OBSERVED Fhki VALUES"~~ 

ill 
123 
5615 
255 
1 1  

a Fhbl is listed followed by a comma. Unobserved reflections are indicated by an  asterisk, experimentally unobserved reflections 
by a U, space group extinctions by an extra comma, and reflections not used in the refinement by F,,u followed by a plus sign. All 
reflections are on the same scale as F m ,  which is given as a reference point. The summation for FOOO is over the entire unit cell, 
b Scattering factors for all atoms were used as obtained from the "International Tables for X-ray Crpstalloyraphy," 
The Kynoch Press, Birmingham, England, Vol. 111, 1962, p 202 ff. 

atoms of the cage. The inclusion of these 14 atoms 
followed by one cycle of refinement of position and 
anisotropic temperature parameters of Br, one cycle of 
position refinement of all atoms, one cycle of refine- 
ment of anisotropic temperature parameters for all 
atoms, and one cycle of all position and thermal param- 
eters led, finally for these 1371 data, to RF = 0.118, 

Data from the second crystal were measured, a t  the 
time of the above refinements, for levels 0 6 k 6 6 
on the Buerger automated diffractometer with the 
use of Cu K a  radiation and an Xe proportional counter. 
Check reflections were measured after each group of six 
reflections, and a set of six zero-level reflections was 
measured after completion of each level. Equivalent 
reflections all agreed to within 2u, where uo is the square 

root of the counts in the scan and background. These 
new data were assigned standard deviations propor- 
tional to the total number of scan plus background 
counts and then correlated with the film data for which 
standard deviations proportional to the observed Fhr12 
were assumed. The small size of the 6-axis crystal led 
us to give the film data 1.5 times the average weight of 
the counter data. Of the 1574 reflections, an overlap of 
620 between the two sets of data gave a correlation 
ZwlF(1)2 - F(2)z:/Zw[F(1)2 + F(2)2[  value of 0.11. 
The lowest 97 of these, which mere very low values 
from counter data only, were eliminated from the list, 
and the remaining 1477 reflections (Table I) reduced RF 
to its final value of 0.100 after three cycles of refinement 
of distance and anisotropic temperature parameters. 
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TABLE I1 
FINAL VALUES FOR Rp FOR 1477 REFLECTIONS 

hkl RF 
All(h,k,I  # O )  0.101 
h even 0.102 
h odd 0.100 
k even 0.104 
k odd 0.098 
I even 0,100 
1 odd 0.102 
k + I even 0.104 

Range of No. of 
sin e reflections RF 

0.00-0.40 209 0.106 
0.40-0.50 182 0.106 

0.60-0.65 145 0.075 
0.65-0.70 153 0.075 

0.50-0.60 257 0.097 

hkl RR 
k + I odd 0,098 
h + I even 0.099 
h + 1 odd 0.103 
h + k even 0,098 
h + k odd 0.104 
h + k + l e v e n  0.103 
h + k + l o d d  0.099 
Over-all 0.100 
Range of No. of 

sin 0 reflections RF 
0.70-0.75 145 0.081 
0.75-0.80 126 0.112 
0.80-0.85 118 0.121 
0.85-0.90 90 0.139 
0.90-1.00 52 0.103 

Values of R F  for various classes of reflections and angle 
ranges are shown in Table 11, and we add that Rp = 
81F02 - Fo2j/ZFoz is 0.17, and R,,z = [Zw(Foz - Fo2)/ 
ZVJF,~]~’~ is 0.18. These criteria supplement the over- 
all R F  values in evaluating the essential correctness of 
the crystal structure. 

Atom 

C 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
Br 
Br 
Br 
Br 

Atom 

C 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
Br 
Br 
Br 
Br 

Results and Discussion 
The molecular structure, shown in Figure 1, clearly 

shows Br substitution at  the 8, 9, 10, and 12 positions 
of the near-icosahedral BloC2 cage, and methyl sub- 
stitution of the cage C atoms. Neglecting methyl H 
atoms, which were not found in the final difference 
Fourier, the point group symmetry of the molecule is 
very nearly Cz,; however, H atoms could distort this to 
C, or even to a structure with no symmetry elements a t  
all. A projection of the molecular packing as seen 
along d(001) is shown in Figure 2, where cones of elec- 
tron density are used to indicate methyl H atoms. 

Final atomic parameters and anisotropic temperature 
factors are listed in Table I11 for all atoms except H, 
which were not found in the difference maps. Bond 
lengths and their standard deviations (Table IV) have 
not been corrected for rigid-body motion in view of their 
low accuracy. However, the objective of the study, 
to find the positions of substitution of Br, has been un- 
ambiguously achieved. Of course, the Br. + .Br dis- 
tances are fairly precisely determined (10.015 A). 
Intramolecular values of 3.90 A in O - B ~ ~ B ~ ~ H ~ C ~ H ~  and 
3.87 A in o-B10Br4H6C2(CH3)2 are perhaps significantly 

TABLE I11 
FINAL ATOMIC COORDINATES IN FRACTIONS OF CELL LENGTHS AND THERMAL PARAMETERS ( X lO4)a3h  

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
8’ 
9‘ 

10‘ 
12‘ 

1 73 
2 39 
3 63 
4 40 
5 63 
6 42 
7 26 
8 38 
9 45 

10 54 
11 35 
12 44 
13 97 
14 76 
8/ 84 
9‘ 88 

10’ 52 
12/ 103 

No. P11 

X 

0.175 
0.134 
0.068 
0.164 
0.285 
0.260 
0.095 
0.116 
0.246 
0.307 
0,213 
0.202 
0.158 
0.077 
0.0314 
0.3216 
0.4454 
0.2213 
“811 

19 34 
16 23 
21 47 
21 43 
19 39 
17 29 
19 161 
19 51 
19 42 
20 44 
17 27 
20 32 
28 25 
20 74 
2 61 
2 91 
2 85 
3 35 

az 

0.002 
0 I002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.002 
0.0002 
0.0003 
0.0002 
0.0003 
“822 
13 
12 
16 
23 
15 
13 
38 
18 
18 
16 
15 
16 
18 
19 
2 
3 
3 
1 

P33 

55 
128 
12 

195 
43 
96 

121 
96 

133 
44 

107 
164 
243 
83 
93 

113 
23 1 
156 

Y 

0.293 
0.211 
0.226 
0.251 
0.255 
0.231 
0.116 
0.133 
0.155 
0.144 
0,119 
0.072 
0.393 
0.239 
0.0820 
0.1207 
0.0952 

- 0.0626 
UP33 PI2 

38 5 
42 -1 
38 5 
65 -29 
39 -16 
49 -1 
58 -8 
47 6 
62 -14 
38 8 
46 -1 
55 -9 
66 17 
39 12 
4 -25 
5 -20 
6 19 
5 9 

“U 

0.002 
0.001 
0.002 
0.003 
0.002 
0.002 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.0002 
0.0003 
0.0003 
0.0002 

UP12 

12 
11 
15 
18 
13 
12 
20 
14 
15 
13 
13 
14 
18 
16 
2 
2 
2 
2 

5 

0.539 
0.655 
0.460 
0.338 
0,462 
0.673 
0.558 
0.342 
0.345 
0.559 
0,682 
0.481 
0.570 
0.802 
0.1682 
0.1615 
0.6133 
0.4491 

013 aiala 

-2 18 
-15 17 
-3 19 
22 26 
37 20 
11 20 

7 23 
-5 20 
29 25 

-2 18 
-6 18 
23 22 

-10 31 
54 21 

- 30 2 
55 3 

- 13 3 
-6 3 

U C  

0.002 
0.002 
0.003 
0.003 
0.003 
0.003 
0.004 
0.003 
0.004 
0.003 
0.003 
0.003 
0.004 
0.003 
0.0003 
0.0003 
0.0004 
0.0003 

Pza  “82% 
-10 15 

24 14 
7 17 

-27 26 
-17 17 

3 17 
112 38 
12 20 

-16 23 
-9 16 
-4 18 

-33 20 
-9 24 
-4 20 

6 2 
- 44 2 
- 44 3 
- 15 2 

a The thermal parameters are in the form exp[-(hZfh1 + k2& + Z2& + 2hkp12 + 2h&3 + 2klP23)I. Standard deviations ( U) were 
obtained from the full least-squares matrix after the final refinement of all position and temperature parameters. 
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Figure 1.-The molecular structure and numbering scheme for 
~ - B I ~ B ~ ~ H & ~ ( C H B ) ~ .  Atoms are designated as follows: H(3’,4’,- 
5’,6‘,7’,11’,13’~13’’,13”’,14’,14’’,14’’‘); B(3,4,5,6,7,8,9,10,11,12); 
C(1,2,13,14); Br(8’,9’,10’,12’), 

TABLE I V  
BOXD DISTAKCES,~ AVERAGES. AXD STANDARD DEVIATIONS~ 

Bond 

8‘-9’ 
8‘-12‘ 
9‘-10‘ 
9’-12‘ 

10‘-12‘ 

8-8’ 
9-9‘ 

10-10’ 
12-12‘ 

1-2 
1-13 
2-14 

1-3 
1-4 
1-5 
1-6 
2-3 
2-6 
2-7 
2-1 1 

3-4 
3-7 
3-8 

Length 
A 

Br-Br 

3.8; 
3.85 
3.90 
3.88 
3.86 

B-Br 
1.88 
1.96 
1.97 
1 ,9a  

C-C 
1 .65  
1.48 
1.34 

C-B 
1.7; 
1.75 
1.73 
1 73 
1.75 
1 .67  
1.65 
1.70 

B-B 
1 I73 
1.81 
1.81 

d 

0.007 
0.004 
0.010 
0.007 
0.007 

0.027 
0.027 
0.026 
0.031 

0.028 
0.038 
0.031 

0,037 
0.038 
0.036 
0.032 
0.030 
0.035 
0.052 
0.035 

0.039 
0.046 
0.039 

Bond 

4-5 
4-8 
4-9 
5-6 
5-9 
5-10 

6-10 
6-11 
7-8 
7-1 1 
7-12 

8-9 
8-12 
9-10 
9-12 

10-11 
10-12 
11-12 

Br-Br 
B-Br 
C-B 
B-B 

Length, 
A d 

B-B 
1.79 0.039 
1.82 0.049 
1.76 0.041 
1.83 0.031 
1.78 0.044 
L79 0.036 

1.73 0.036 
1.75 0.037 
1.84 0.036 
1.77 0.037 
1.73 0.044 

1.74 0.041 
1.76 0.038 
1.85 0.037 
1.78 0.041 

1.72 0.038 
1.79 0.041 
1.77 0.038 

AI,, A Std dev 

3 .87 0.021 
1.95 0.048 
1.72 0.042 
1.77 0.040 

a Bond distances have not been corrected for thermal motion. 
Over-all standard deviations were computed by averaging 

equivalent bond types and applying the equation 

I” u = [E(.< - 8 ) 2 / ( N  - 1) 
A- 

2 = 1  

Individual standard deviations were computed from the full 
variance-covariance matrix calculated for all positions and 
temperature factors after the final refinement. 

e 

0 

e 

0 1 
Figure 2.-The molecular packing as seen along d(001). 

Methyl hydrogens are indicated by circles of electron density; 
cage hydrogen atoms are omitted where necessary for clarity. 
Only centers of symmetry at  ‘ / z  along c are present; other sym- 
metry elements are omitted for clarity. 

longer than the 3.80 A Bra . ’Br  distance in o-B10Br2HB- 
CzHz and perhaps indicate some slight effect of Br. . - Br 
repulsions. These distances are compatible with usual 
van der Waals contacts of about 3.9 A and with the con- 
tact of 3.8 A expected from a regular icosahedron. KO 
significant distortions of B-B-Br angles from the 
regular icosahedral value of 121.7” occur (Table V). It 
therefore seems possible that substitution of more than 
three Br on BloCnHlz or more than four Br on BIOHIOCZ- 
(CH,), is primarily a question of electron availability, 
although other effects, such as steric influences, may 
play some role. 

TABLE V 
B-B-Br BOSD ANGLESO IN O - B ~ ~ B ~ ~ H ~ C ~ ( C H ~ ) ~  

Atoms Angle, deg c7b Av 

4-8-8‘ 122.4 1 . 6  
7-8-8’ 123.3 2 . 0  
5- 10-1 0 ’ 121.8 1.8 
11-10-10’ 119,5 1 . 6  

121.7 

4-9-9‘ 
5-9-9’ 
7-12-12’ 
11-12-12’ 

8-9-9‘ 
10-9-9‘ 
8-12-1 2 ‘ 
10-12-12’ 

9-8-8‘ 
12-8-8 ’ 
9-10-10’ 
12-10-10’ 

122.6 
118.6 
122,0 
119.7 

121.8 
120.0 
119.6 
121.0 

125.6 
125.7 
122,8 
121.9 

1.8 
1.8 120.7 
2 .1  
1 .6  

2 . 0  
1 . 6  120.6 
1 .9  
1.8 

1 . 7  
2 . 0  124.0 
1 . 5  
1.8 

3-8-8‘ 119.7 1 . 7  
6-10-10’ 121.3 1.5 120.5 

122.1 12-9-9‘ 122.5 1 .9  
9-12-12’ 121.8 1.8 

Standard 
deviations were obtained from the full variance-covariance 
matrix after the last complete cycle of refinement of all position 
and temperature factors. 

a The angle for a regular icosahedron is 121.7’. 
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TABLE VI 
ATOMIC COORDINATES USED FOE MO CALCULATIONS (A)a (IN ORTHOGONAL COORDINATES) 

C(1) 0.000 1.335 0.825 H(1) 0.000 2.262 1.398 
Atom X Y Z Atom X V 2 

C(2) 0.000 1.335 -0.825 H(2) 0.000 2.262 -1.398 
B(3) 1.432 0.885 0.000 H(3) 2.461 1.521 0 I000 

B(6) -1.432 0.885 0.000 H(6) -2.461 1.521 0.000 

B(8) 1.432 -0.885 0.000 H(8) 2.461 -1,521 0.000 

B(10) -1.432 -0.885 0.000 H(10) -2.461 -1.521 0.000 

B(4) 0.885 0.000 1.432 H(4) 1.521 0.000 2.461 
B(5) -0.885 0.000 1.432 H(5) -1.521 0.000 2.461 

B(7) 0.885 0.000 -1.432 H(7) 1.521 0.000 -2.461 

B(9) 0.000 -1.432 0.885 H(9) 0.000 -2.461 1.521 

B(11) -0.885 0.000 -1.432 H(11) -1,521 0.000 -2.461 
B(12) 0.000 -1.432 -0.885 H(12) 0.000 -2.461 -1.521 
Methyl C( l )  0.000 2.645 1.635 Methyl H(1) 0.000 2.414 2,700 
Methyl C(2) 0.000 2.645 - 1.635 Methyl H(2) 0.890 3.224 1.389 

Methyl H(3) -0.890 3.224 1.389 
Methyl H(4) 0.000 3.494 -0.952 
Methyl H(5) 0.890 2.684 -2.263 
Methyl H(6) -0.890 2.684 -2.263 

a Assumed bond distances in O-BIOHIOC~(CH~)Z are B-B = 1.770, B-C = 1.713, C-C = 1.650, C-CHI = 1.540. B-H = 1.210, and 
C-H = 1.090A. 

TABLE VI1 
NET MULLIKEN CHARGES FOR o-BloHloCzHz 

AND METHYL DERIVATIVES" 
1-Methyl 1,2- Dimethyl 

derivative 0- derivative o- 
Atom 0-BIQHIQCZHZ B~QH~QCZH(CHS)  B~QH~QCZ(CHV)Z 

C(1) 0.303 0.625 0.598 
C(2) 0.303 0.267 0.590 
B(3) 0.483 0.480 0.461 
B(4) 0.216 0.196 0.179 
B(7) 0.216 0.200 0.188 
B (8) -0.038 -0.057 -0.072 
B(9) 0.007 -0.007 -0.026 
B(12) 0.007 -0.011 -0.031 
Methyl C(l)  -0.539 -0.539 
Methyl C(2) -0.549 
H(1) 0.035 
H(2) 0.035 0.032 
H(3) -0.260 -0.265 -0.267 
H(4) -0.243 -0.246 -0.247 
H(7) -0.243 -0.243 -0.247 
H(8) -0.234 -0.235 -0.235 
H(9) -0.243 -0,243 -0.244 
H(12) -0.243 -0.244 -0.245 
Methyl H( l )  0.158 0.158 
Methyl H(2) 0.151 0.153 
Methyl H(4) 0.154 
Methyl H(5) 0.154 

a The point group symmetry of all the idealized methyl 
derivatives treated here is C,, while that of o-B1oH&zH2 is 
Cz,; therefore, this table contains only entries for atoms which 
are not equivalent to C. symmetry. Equivalent atoms can be 
determined from Table VI, which lists the atomic coordinates 
used to calculate these charges. 

These electronic effects were studied by the non- 
empirical molecular orbital method* in which atomic 
parameters were taken from self-consistent field results 
on diborane and ethane. The Bloc2 cage was puck- 
ered to the geometry found in X-ray studies, methyl 
carbon atoms were placed radially outward, and 
methyl hydrogens were tetrahedrally arranged about 
C in molecular symmetry C, for both BloHloC2HCH3 
and B ~ o H ~ o C ~ ( C H &  (Table VI). Two different orienta- 

TABLE VI11 
BORON FRAMEWORK CHARGES FOR o-BloHloCaHz 

AND METHYL DERIVATIVES~ 
1-Methyl 1,Z-Dimethyl 

Atom derivative o- derivative o- 
pair o-B~QH~QCZHZ BioHioCzH(CH3) BioHiaCz(CHs)z 

B (3)-H(3) 0.223 0.215 0.194 
B (4 1-H (4) -0.027 -0.050 -0.068 
B (7)-H (7) -0.027 -0.043 -0.059 
B (8)-H(8) -0.272 -0.292 -0,307 
B (9)-H(9) -0.236 -0.250 -0.270 
B(12)-H(12) -0.236 -0.255 -0.276 

Entries have been included for atoms nonequivalent to 
C, symmetry, the lowest symmetry of all species. 

tions of hydrogen atoms on the monomethyl derivative 
produced no significant differences in the results. In 
addition, the results (Table VII) show that, as CHa is 
substituted for H on C, each B atom becomes more 
negative (by about 0.04 electron in the dimethyl 
derivative) largely at  the expense of the cage C atom. 
Most important is the result that  the order of charges 
on various types of B atoms is the same on the methyl 
derivatives as on the parent carborane, and a secondary 
result is that  the charge distributions on B (Tables VI1 
and VIII) have very nearly the Cfv symmetry of the 
Bloc2 unit even though the assumed molecular sym- 
metry is only C,. Thus, the factors governing elec- 
tronic aspects of charge distribution in o-B&Hlz 
should also hold for the C-methyl and the C,C'-di- 
methyl derivatives. Finally we note that the slight 
increase in electron densities produced by C-methyla- 
tion are in qualitative agreement with the experimental 
result that  one more Br can be substituted on the C,C'- 
dimethyl derivative beyond the present limit of three 
Br on the parent carborane. These results support one 
of the assumptions which allowed Zakharkin and 
Kalinen" to reach correct conclusions on the order of 

(11) L. I. Zakharkin and U. N. Kalinen, Isu. A k a d .  Nauk SSSR,  Sev. 
Khim.,  1311 (1965). 



1488 B. K. NORLING AND H. STEINFINK Inorganic Chemistry 

TABLE 1); 
OVERLAP POPULATIOXS AKD ENERGIES FOR O-BIOHIOCZHZ 

ASD METHYL DERIVATIVES 
1-Methyl 1,2-Dimethyl 

derivative o- derivative o- 
Bond 0-BIOHIOCIHL B ~ Q H ~ C J H ( C H ~ )  BioHioCn(CHa)? 

Cfl)-C(2) 0,645 0.612 0.575 
Cf 1 )-B(3) 0.419 0.405 0.435 
Cfl)-Bf4) 0.559 0.534 0.523 
Cf2 )-B (3) 0.419 0.449 0.438 
C(2 1-B (7)  0.559 0.554 0.520 
B (3)-B (4) 0.299 0,338 0.299 
B (3 1-B ( 7 )  0,299 0,263 0.292 
B(3)-B(8) 0.400 0.366 0,328 
B (41-B f 5) 0.338 0.375 0.372 
B (4 1-B (8) 0.482 0,450 0.475 
B f41-B (9) 0.410 0,371 0,362 
Bf7)-Bf8) 0.482 0.509 0.480 
B (7)-B (12) 0.410 0.404 0.362 
B f81-B (9) 0.435 0.454 0.444 
B ( 8)-B (12 ) 0.435 0.427 0.446 
B (9)-B (12) 0.383 0.369 0.346 
C(l)-methylC(l) 0.912 0.916 
C(2)-methylC(2) 0.918 

ZE., -114.502 - 127.743 - 140.984 

KEfL 326,607 365,396 404,182 

HFMOb -0.382 -0.381 -0.378 

electrophilic attack on o - B ~ ~ C ~ H ~ ~  and its C-methyl 
derivatives. 

Overlap populations (Table IX) are reasonable ex- 
cept for the values for C-CH3 bonds of 0.91 to 0.92, 
n-hich are to be compared with 0.71 for alkanes.12 Of 
course, bond distances do not support partial double- 
bond character in these C-CH3 bonds, so we believe 
that the problem is associated with the K value* for 2pn- 
2pn overlap. Perhaps this same problem produces 
the lowered C-C overlap as carborane is methylated. 
Even so, the B-C overlap populations seem to be un- 
affected by this symptcm, which may be cured when 
self-consistent field results are available on more appro- 
priate model compounds. Values are also given in 
Table IX for 2 e Z ,  for the kinetic ener,v, and for the 
eigenvalue of the highest filled molecular orbital as 
an estimate of the vertical ionization potential. 

Experimental and theoretical studies of these types 
are being carried out for other carboranes. 
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Q Kinetic energy in atomic units. Highest filled molecular (12) M. D. ?;ewton, F. p. BO~I.,  and w. N. Lipscomb, J, Am. Chem. SOC. 
orbital in atomic units. 88, 2367 (1966). 
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The crystal structure of NdTes has been determined from h0l and Okl electron density projections and by a least-square re- 
finement of these structure factors. The crystal is 
orthorhombic, pseudo-tetragonal, with ao = bo = 4.35 A and co = 25.80 A, space group Bmmb, with four molecules per unit 
cell. The z parameters are 0.8306 
(Nd), 0,0705 (Te), 0.4294 (Te), and 0.7047 (Te). The lanthanide atoms 
in both structures have identical coordination. The NdTea structure may be viewed as a stacking of NdTea unit cells with 
additional Te layers between cells and with alternate cells shifted by ao/2. 

111 other reported lanthanide tritellurides are isostructural with it. 

All four crystallographically independent atoms are in position 4(c), 0, 1/4, z ,  of Bmmb. 
The structure is closely related to that of LaTeZ. 

Introduction 
The rare earth lanthanides form a series of iso- 

structural compounds of composition LnTes. Pardo, 
et a1.,2 report that  Chirazi first prepared CeTes by 
allowing CeC13 to react with H2 and Te. The product 
consisted of CeTez and golden, easily cleavable flakes. 
Carter3 showed that these crystals had 1 : 3  stoichi- 
ometry, and he prepared also the tritellurides of La and 
Pr. He noted that their X-ray powder patterns were 

(1) Research sponsored by Air Force Office of Scientific Research, Office 
of Aerospace Research, U. S. Air Force, Grant No. 806-65, and by National 
Institute of Health training grant in crystallography, 5TlDE 120-03. 

(2) ICI. Pardo, 0. Gorochev, J. Flahaut, and L. Domange, Conipt. Rend., 
260, 1666 (1965). 

(3) F. N. Carter, “Metallurgy of Semiconductor Materials,” Interscience 
Publishers, Inc., New York, N. Y . ,  p 260. 

identical except for small differences in their cell param- 
eters and from a single-crystal pattern of a disordered 
LaTes crystal deduced that it was tetragonal, a = 4.38 
A, c = 26.10 A, with 3 formula weights in the cell. 
Ramsey, et u L . , ~  prepared LaTes from the elements and 
obtained very good, ordered, single-crystal X-ray 
patterns. The diffraction photographs could be indexed 
on a tetragonal cell, with four formula weights in the 
unit cell, but nonspace-group extinctions were observed : 
i.e., if h + k = 2n + 1, then reflections with all values 
of I were present; if h and k were both even, then I = 

2n mere present; and if h and k were both odd, 1 = 2n 

(4) T. H. Ramsey, H. Steinfink, and E. J. Weiss, Iwoi ,g .  Chein., 4 ,  1154 
(1966). 


