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BloH12[S(CH3)2] 2 is monoclinic wi th  

a=11-83 ,  b=10.78,  c = 1 2 . 7 4 / ~ ;  f l=95.17°;  

the space group is .P21/c and there are four molecules per  uni t  cell. The s y m m e t r y  of the decaborane 
skeleton is re ta ined in this derivative,  bu t  the four hydrogen  bridges of decaborane are replaced 
by  two bridges a t  positions 5, 10 and  7, 8. The subst i tuent  groups are a t tached  to the 6, 9 positions. 
The s t ructura l  details conform closely to those of B10H12(CtIaCN)2. 

Introduction 
The structure of the decaborane derivative, 
B10HI~(CHsCb~)2, has been reported by Reddy & 
Lipscomb (1959). The interesting molecular features 
of this compound and the unusual interpretation 
given them in terms of the topological theory of 
boron hydrides have prompted the determination of 
the structure of a derivative involving a different 
electron donor. Since the molecules in crystals of 
B10H12[S(CHs)2]~ lie in general positions with all atoms 
crystallographically independent, this structure pro- 
vides a rigorous test of the molecular symmetry  
unconstrained by the crystal lattice. 

Experimental 
Oscillation and Weissenberg photographs of single 
crystals of B10HI~.[S(CHs)~]% taken with Cu K~ radia- 
tion (;t=1.5418 A), revealed a monoclinic unit cell 
with 

a=11.83+_0.02, b=10-78+_0.02, c=12.74+_0.02 A; 
fl=95.17_+ 0.10 ° . 

The space group indicated by the systematic extinc- 
tions is C~h-P21/c; four molecules per unit cell give a 
calculated density of 1.032 g.cm. -8. A crystal used in 
this investigation had the approximate dimensions 
0-3 x 0-2 x 0.1 mm., with the c-axis of the monoclinic 
cell parallel to the longest edge. 

Triple film Weissenberg exposures of the l=O 
through the / = 9  layers of a c-axis oriented crystal 
were taken with Cu K~ radiation. A second crystal, 
oriented about the b-axis, was used for the hO1 and 
hl l  layers. The intensities of 987 independent reflec- 
tions, of which 328 were too weak to be observed, 

* This work was performed under the auspices of the U.S. 
Atomic Energy Commission. 

were obtained from these films by visual comparison 
with a standard scale. A~ter correction for the Lorentz, 
polarization, and velocity factors these data were 
placed on the same scale by cross-correlating the layers 
from the two crystals. 

Although these visually estimated intensities proved 
adequate for determining approximate parameters for 
the sulfur, carbon, and boron atoms, a t tempts  to 
refine these parameters and to locate the hydrogen 
atoms indicated the need for better data. A crystal 
was mounted on a General Electric XRD-5 X-ray 
spectrometer equipped with a single-crystal orienter. 
The intensities of all reflections with 20 >_ 150 ° were 
measured with Cu K0¢ radiation using the stationary 
crystal-stationary counter technique and a krypton- 
filled proportional counter. The settings were made 
for the Kc~l position (~= 1.54050 J~), and an empirical 
correction for the c~l-a9 dispersion was made (Tulin- 
sky, Worthington & Pignataro, 1959). Forty-second 
counts were taken on all reflections. Background cor- 
rections were obtained from a plot of intensity versus 
angle made with the crystal out of reflecting position. 
The intensities of 3330 independent reflections, of 
which 1502 were not observable above background, 
were recorded. 

The crystal decomposed on exposure to X-rays, 
manifested by a steady decrease in the diffracted 
intensities to about one-third of their initial values 
after 100 hours of exposure. The intensities of all 
reflections apparently decreased at  the same rate, 
so a correction for this decay was obtained by monitor- 
ing a few standard reflections. An additional phenom- 
enon was the appearance, after exposure to X-rays, 
of a diffuse spot along the (h00) row at 20=27-9 °. 
This spot, which was also observed on the photographs, 
increased in intensity at  a decreasing rate until it was 
approximately one-tenth as strong as (200)--the 
strongest reflection present. 
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computed from the photogr~phie d~t~ established 
Determination of the structure that the sulfur ~toms occupy two seLs of generM 

Analysis of the three-dimension~1 P~tterson function positions of sp~ce group P2~/c: +_ (~, y, z; x, ½-y, ½ + z) 
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7 I 1 o ~  o ~  

4 6  - 4 2  

lO I :  . . . . .  
11 47  -11 
12 I :  ,6 
13 43  11 

1; ,1",433" . , , ~  
, 2 317 306 
3 2 515  519 
4 2 430  - - 44 ,  

1 6 8  1 8 0  
7 2 135 143 
8 2 44  -25  
9 2 65 - 71  

1o , •  47 44 
11 2 94  68 
12  2e  43  - 26  
13 2 •  42  - 2 6  
1 ,  7 •  32 - 7  
1 3 1o? - 68  
7 3 13o-172 
'~ 3 33 15 
4 3 189  1 9 3  
5 3 97  - 99  

3 96  - 108  
7 3 103 97 
8 3 63 65  

• 47 - 4 1  3 
1 3 67 -40  
11 3 , 7  - 31  
12 3• 45  12 
13 3• 40  19 
I ,  3 ?9  - 12  

58  - 76  4 
4 34  11 
4 50  - 4 8  
4 -  37  7~ 

5 4 226  21 
7 4 ~.1 36 

, 98 - 8 7  
8 4 •  4 6  - , 7  

1 4e  4 7  1 
11 4 60  -#*o 
12 4 •  - 

I 5 96  98  

1 9 6  - 209  
4 5 2 4 9  - 2 6 3  
65 ; 2 , 2  217 

213  203  
? 5 79  - 7 1  
8 5 105 -94  
9 5 •  47  56  

IO 5 47 33 
11 5 78 - 68  
12 5e  , 2  - 23  
13 5 33 33 

120  
3 6 • 41 53 
4 6 141 -151 
5 6 44  - 31  
6 6 • 46  56 

6 , 7  ,~ 
n 6 -  4 7  
, 6 e 4 7  - 4 1  

1 0  6 •  4 6  18  
11 6 *  43  lO  
1~ ~ . . . .  6 

61 -63 
2 7 *  43  - 38  

7 44  48 
7 90  56  

6~ 7 •  , 6  - 10  
7 "  47 -34 

7 7.* 4 7  - 5  
8 7 •  47  2 3 
9 7.* 46  25 

10 7 4 ,  - 45  
11 7 .  40 -28 
12 v 43  32 

8 104  - 125  
8 *  47  39  

5 8 125 1 1 6  

94  - 9 1  

9 •  4 7  "~3  
9 •  , 7  20  

3 9 4.7 - 7  

6 9 " 6  46  
? 9 64  51 
8 9 •  44 - 3 3  
9 9e 40 - 17  

1o 9 *  33 19 
1 lO  94  9 ,  

10 47  - 3 ,  
IO 14? -127 

4 1 0  46- 1 9  
10 137 136 
IO • " "  -13 

7 lO  59  - 77  
8 lO •  37 19  

10 43 26 
11 63 - 38  

2 11 ,5  - I '  

1 1 ,  44 !~ 
1 1 ¢  4 3  

5 lle 41 -2  
11• 38 2 
1 1 -  3 3  35 

1 1~ 67 --72 
12  5 4  4 3  
12 37 43 

6 12• 34 - 39  
5 12 30 - 34  

I.= - 4  
I o 435  443 

o 573  -5 ,1  
o 305 298 

4 623 633 
o 1 9 0 - 2 1 1  
o 373  -359  

7 0 169 -215  
8 o 1 4 9  144  
' o 118  11o 

Io o 115 -111 
11 o*  47  51 
1? o 46 88 
13 O* 4#* - 15  
14 oe 37 -33  

l lal 173 
I 18 , - 179  

3 1 229 -2&2  
4 i 242  218  
5 1 167  168 
6 1 1 2 1  - 1 2 6  
7 1 38 - 32  
:I" ,7 

45 -41 

11 , 7  -17~ 
12 1 46  - 
1 3  

3 6  1; I :  4, .~ 
2 •  ,6 57 

53 
28 

, 2 53 18 
65 ~ ,1 ,7 

176  191 
7 2 I03-I15 

~ 169 - - 1 7 4  
Q 2 45 ?3 

10 ,• 47 34 

12 46  
13  2 •  , 3  - 16  
14 2 •  35 21 

1 3 349 - 298  

405  376  
& 3 56 - 56  
5 3 299  - 302  

~ 37 - lO 
134 171 

8 3 44  26 
},,-111 

1 4? "1  
11 3 6 7  6 1  
1, 3. ,5 -32 
13 3. ,2 - ~  
1 ,  3 •  32 

4 170 -155  
4 179  175 

I 44.135 ,7o 
6~ 4 83 - 57  

4 69 88 
7 4 •  42  - 32  
8 4 149 -127  
9 4 •  4?  29 

lO  a •  47  15 
11 4 47 - 12  
12 " " 5  3 1  
1~ 4 •  39 7 

5 59  65 

I , 1 6 , - 1 , ,  
20 ,  212  

4 5 141 1 1 9  
5 5 164-163 
6 5 103-108 

5*  , 4  - 20  
5 66 69, 
5 *  4 7  

lO  5 67 - 4 3  
11 5 46 30 
12 5•  43  26 
13 5•  35 - 1 8  
I 6 , 76  - 263  
2 127  132 

6 37"I  330  

- -233 

lO  6 66  ] 6  
11 6 , 6  36 
I ~  6 ! 3q  20 
13 6 •  29 - 17  

1 7 194  2OO 
? 7 84  9 ,  

7 •  4& ~- 
5 ? 1 , 3  140 

8 7* 47 8 
, 7 6, . 

IO ~ o  , 5  - 1  
11 ,2 -31 

a5 9 
, 8 1 9 2  1 , ,  

8 174-17 
5 8 *  , 7  64  
6 8 67 105 

8 *  ,7 - 4 1  
8 8 8 1  - 6 4  

I 8• 4, 3 

g ~ ,1 -7, 
163 165 

9 -  4 7  38 
9 67  -8#* 

5 9 -  4 7  -3#,, 
9 , 7  -3 

7 9 " 6  27  
9~ , 44  22 

9.* 4 2  - 1 1  
lO 9*  3 5  - 9  

1 I0. 47 II 
10 125 -129 
10 47 "2 

4 10 162 136 
65 IO 46 9 

IO 1oo - I 1 9  
7 l O •  4 3  -#. 
8 1o 40 58 

lO**,' 3 3  --4 
I I  91 8 7  

7 1 I• 45 - 9  
11 64 -61 

4 I 1 4#, 41 
11 43 5? 

6 II ~ &o -37  
7 11 36 -5~.  

If* , 9  8 
1 '  I01 108 
12" 41 -3 
12 68  - 77  

• 12 37  13 
12 34 41 
13 a2 -33 
L- -3 

1 l 176 -85 
1 487 493 

h I 61 - - 1 ? 9  
65 416 419 1 

1 34 - 25  
7 1 196 -213  
8 I• "1 34 

I I08 112 

11 It 47 -12 

1 ,  37 - 1 ,  
; ~ . .  1,o 

333 -37 ;>  
3 ? 37 - ?6  
• 2 170  15~  

65 ~ ,5 -5, 85 -49  
7 2 3 3  4~ 
R 2 41 46  
9 , e  45  - 1~  

IO 2 •  47  -15  
11 ~• 47 10 
I, 2 a6 - 
13 2*  4 ,  - 18  
1 , ,  2• 36 18 
1 3 1~1 148 
g ~270-26, 

176 164 
& 3 353  351 
, ; 4 7 - 5 4  

, 37  - 267  
? 3 142 -201 
8 3 74 77 
9 3 1 6 4  147 

I 0  3* 47 -29  
~I 47  17 
1, 3• 46 ,1 
I~ 3 • 43 - I 0  
14 3• 34 - 17  

i 4 784  730 
4 259 -265 
4 28 ,  - 270  

, 4 331 34~  
5 " 163 15~ 
6 , 1 9 9  - 213 .  

4 155 - , o ,  
8 • 108  1 1 5  
9 4 1 3 9  127  

10 , , 7  - 3 1  
11 4 •  47  - 29  

13 * 40 
~ ,  , •  30  5 

1 5~ 1 , 7 - 1 9 1  
1 5 6  130 
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3 ~ 60 66 
4 178 - - I • 5  
5 54 -3.7 
~. 5 148 I'~6 
.7 5 • 4  4? 

% 4 6  -.71 
v 5 4 7  --4'* 

10 5 4, 65 
II 5* 46 •4 
12 5 44 - 4 2  
13 5 *  3? -3~ 

1 6 130 -117  
? 6 133 124 
3 ~ ?98 291 
4 6 1 4 3 - 1 ~ 8  

~ 87 .74 
6 *  • 6  59 

8 6 *  4 7  15 
9 6 *  • 7  -2O 

1o 6 "  47 13 
11 6 *  •5 52 
12 6 4 1  - 3 6  
13 6 •  31 - 3 1  
1 ? 2O8 -219 

7 108 - 1 1 8  
• 110 17~ 

• .7*  4 3  ~ 9  
• , .7 .7.7 -8O 
6 .7 8O - 9 ?  
'7 .7 47 66 
8 7 6.7 .75 
9 .7 47 - , 6  

l o  7 •  45 9 
1 1 .7* 42 25 
12 ?* 35 -1o 

I 8 98 85 
8 183 159 

~, 8 92 -lO,, 
~, 8 *  4 7  - 1 2  
6 8 95 101 
'7 8 ~7 - 5 ~  
8 8 *  47 --62 
9 8 •5 52 

10 8 *  • 3  24 
11  88 37  - 1 6  

I 9 81 8 0  
7 9 "  4.7 .7 
~1 q* 47 --R 
4 9 "  4 •  -3O 
a o .  • 7  
a 9 4? -28 
7 9 46 - 3 ~  
8 9 *  • 5  23 
9 9 *  63 1.7 

lO 9 "  37 2 
1 l O *  • 7  3 
? IO 106 105 

10 47 46 
lO 66 - , 1  
10 66 - . •n  

7 1 0 .  44 ~ •  
IO* 41 -2.7 
lO*  35 9 

2~ 11 8O 8 2  
11 1 0 3  1 0 3  

3 1 l 7 9  - 4 2  
• 11 l l 0 - 1 0 5  
5 11 4 4  •3 

11 • 2  4q 
11-  3.7 -?• 

a 1 1 .  31 - 4  
1 1;' (.3 - ~ 2  
7 1 7 "  a2 6 
3 12 ,8 5 9 
• 1 7 "  39 - 1  
5 12 36 -5 3 

. . . . .  _++, 
13 • 6  

2 13 4• -36 
3 13 29 -I 

L- -2 
0 680 -676 
o 314 326 

3 O "tO •• 
• o 2?9 184 
5 o 122-185 
6 o .79 -$8 
• o 124 1 7 8  : O l O 5  . . . .  

61 "58 
I0 o* •6 34 
II 0* 47 -I 
. 0. •7 1.7 
1 ~ Oe 45 - 2 6  
14 o+ 39 - •  

I 1 3 0 8  1 2 , 8  
1 78 46 

3 1 4~6 -~ .81  
6 1 341 31.7 
5 1 391 ~.06 
6 1 33 -62 
? 1 3 5 1  -380 
8 1 •o -69 
q 1 213 221 
• 0 1.46 g 
11 6 •  - 8  
12 I *  ~.7 15 
] '~ 1 9  k~+ 50 
1 •  I *  "~8 8 

1 2 488 - ~ 8 9  
2 2 512 501 
3 2 281 - 2 7 3  
4 2 •7 IO 
s 2 1 8 8  1 5 8  
6 2 3~ 2O 
"7 2 .74 1 1 3  
a ? 81 - 6 ~  
q 2 76 - 6 o  

10 2 47 34 

I ~  •? -I 
13 2* 44 - 2 0  
14 2 *  37 - 1 3  

1 3 93 IOO 

3 3 5• -31 
4 3 142 129 
5 3 72 - 7 9  

3 21 -8.7 

n '~ 59 l o a  
9 3* •3 38 

Io ~ 9 •  -88 
I I  3* 47 8 
12 3* 46 27 
13  3* 43 - 7  
14 3*  35 - 9  

4 189 - 1 9 2  
4 2 6 3  - 2 4 •  

3 4 3O - 4 5  
4 4 26;' 238 
, 4 35 36 
~. • 231 -2"~0 
"7 • i  •l 58 
a 4 1;*•  12'~ 
9 • 46 - $ 9  

lO  4 *  •7 - 1 9  
11 4 *  4.7 24 
12 44 •5 - I I  
13  4 "  •1 - 1 4  
1 •  4 *  31 - 4  

1 5 • 4  --22 
2 ' .78 76 

'~ 8 8  --119 

, , 53 51 

5 *  ~ 3  
8 5 79 86 
9 5" 4.7 2 6  

IO 5 4? - 3 3  
I I  5 *  • 6  - 2 6  
1~ 5 *  4 •  - 1 4  
13 ~ a.7 l h  

1 6 17 )  180 
? 6 4O3 -43O 

I 1 5  1 1 2  
6 6 2 1 1  - 2 0 1  
• 6 *  • 5  - 2 9  
8 6 *  4 7  9 9  

6 *  4? -4 
lO 6 4 7  - 4 6  
11 6* 45 -16 
I ,  6 *  41  15 
13  6 *  3~ 

• 1 0 3  . 1 2 5  
7 89 - 9 3  
.7 41  -3 

4 7 127 1 3 6  
5 ? 4~ --19 
6 .7 ?9 -76 

8 • !  ~ •  
9 7 -  47 36 

IO 7 "  46 12 
11 7 *  ~3 - -14  
17 .7* 36 - 1 7  

2 8 • 5  '~5 
8 9.7 82 

"4 R .77 - 8 9  
4 a 45 - 5 5  
5 8 66 6 7  

• • .7 IO  
8 8 •? -38 
9 8 *  46 - 1 6  

IO 8 43 34 
11 88 38 - 7  

I 9 ~o.7 - 2 2 0  
9 *  46 - 1 8  

162 ~3.7 
9 *  4 ?  - 1 4  
9 171 -19 •  

6 9 47 lO 
.7 9 66 lO.7 
8 9 45 2 
9 9* *.3 -~1 

IO 9 *  38 5 
11 9 41 23 

i IO • ?  - • 1  
IO 8 2  - 7 •  

3 1 0 "  4.7 2 3  
• IO 4? , 4  

IO • 7  18 
IO 65 - 2 9  

7 1 o *  • •  - 2 9  
8 IO 42 54 
9 1 0 "  36 15 

11 46 • 4  
11 46 - 2 3  

3 11 65 - 4 8  
4 11e 45 -3 
5 11 44 3 

11" 42 - I 0  
7 1 1 "  3 0  -1o 
8 II* 33 I? 
1 12 43 - 6  

12 114. II? 
128 •2 I• 

4 12 98 - 1 2 0  
5 12" 37 IO 
6 12 8O lO?  

13 )~ 27 
13 33 30 

3 1 3 "  31 - 2 4  
L-  - I  

223 3•8 
766 24• 

3 117 12~ 
$, 87 - 1 0 6  
5 10"/ - 1 3 6  
6 1 5 8  1 8 1  
7 95 I09 
8 247 - 2 4 6  
9 73 - 5 5  

10 1 1 3  113 
11 I* •7 14 
l? I *  47 - 3 3  
I~ 1- 45 -4 

14 
1 2 815 - 7 3 2  

1 7 2  171 
• 2 429 - 4 2 3  

136 131 
.7 2 82 108 
8 2 4O 34 
q 2 44 --41 

lO 7 46 -15 

17 2*  47 
13 2* 4 •  -15  
14 2•  3• -13  
i 38 23 29 

3 328 - 3 2 0  
3 26 " 1 2  

9O - 9 8  
6 ~ I•1 -15.7 
7 3 54 82 

3 102 86 
9 3*  45 - '~5 

lO 3 •  47 - 3 5  
I I  3* 4? - 14  
12 3• 46 18 
13 3 .  43 3 
I •  3*  35 - I 

4 327 306 
a 425 399 
4 ?~6 - 2 6 8  

4 • 177 -'~I 

6 4 219 242 
4 90 -71 
4 242 - 2 6 0  

9 4 • 6  3 •  
IO 4 82 73 
. + . . . .  26 
12 44 45 - 6  
1 3 .  4 .  4 1  8 
1• 4 *  31 13  

5 4 8 !  473 
5 351 3?8 

3 5 263 - 2 9 7  
4 5 6O -8'1 
5 5 193 197 

60 -58 
8 5 9O - 9 ?  
9 5• 47 1 

IO 5 *  • ?  3 9 1, ~: • 6 - ! ;  
12 4 •  
I~ 5 *  38  18  

~q -5o 
3 6 121 114 

6 1 3 ,  142 
6 1 9 8 - 2 0 8  
6 •  43 - 2 3  
6 201 211 

8 6 "  4? - ~ 6  
9 6 106 -9O 

lO 6 *  47 - 1 3  

12 6 •2 26 
13 6 "  32 - ? ?  
1 '7 23• 224' 
? 7 207 -210  

.7* 4O - 3 8  
4 .7 229 238 

7e 44 22 
7 1 4 • - 1 4 8  

? '7 94 - 9 3  
8 ? 4? 64 
9 "7 4• 3.7 

lO  ? 46 -54 
11 7 *  43 1 
12 7 36 3 2 

1 8 8  43 16 
8 173 - 1 8 5  
8 ? 6  - 8 6  

4" 8 135 133 
5 8 *  • 6  24 
6 8 115 -88 

8 *  47 19 
8 8 • 7  3O 
o 8* 46 -3 

IO 8 44 - •  
11 8 "  38 -.7 

1 9 46 -31 
2 9 46 - 3 . 7  
3 9 9 3  8 •  
• 9 • 7  13  
5 9 67 - 5 3  
6 98 47 29 

9 • 7  5 
9 *  • 5  ~ 

9 9* 43 - I  
lO q •  38 - 1 ' I  
11 9* 29 lO 

1 I 0 -  4 •  38 
10 116 -121 
lO  • 7  -31 

4 IO 105 lO5 
5 lO 47 25 

l O *  4 5  
f& IOt 4~ - ~  
9 IO* 37 - lO  
1 11 93 - 9 6  
:~ 11 • 6  4? 
3 II 92 104 
• 11-  •5 - 1 6  

6~ 11 4•  -6.7 
11.  43 2 ~, 

.7 11 ~9  3.7 
8 11 33 - 3 •  
1 12 26 - 8 4  
2 12 43 29 
3 12 42 • 9  
4 12 4 1  - 14  
5 12 38 - 3 3  

12" 33 11 
1 3 "  35 -21  

I~ 34 - 6 ,  

L "  0 
1 0 119 109 
.~ 0 1 6 5 3 - 1 9 1 4  

o 51 17 
0 I'1 196 

5 o • 9  - 4 4  
; ~ " : ~ - ' ! ;  
8 o 459 488 

1~ o ° , ,  ,4 1 • 2  - 1 4 •  
11 Oe 4.7 -74 
12 0 •?  30 
1 3  o •  43 31 
14 O* 38 - 2 8  

1 1 4 7  - 5 4  
2 1 91 66 
3 1 • 3  - 7 3  
• 1 43 - 4 6  
5 I *  , 9  2.7 
6 1 1 2 0  141 

8 1 I ' ~ I  - I • O  
q I *  • 3  - I  

lO 1 80 5 9 
11 1 • ?  - 2 3  
12 I *  47 - 2 2  
13 1 "  4 •  2 
1 •  1 •  t 8  1 0 

0 ? , 9 2  466 

? •  8 
3 ? *  ?3 ?9 
• 2 363 - 3 ? 5  
s 2* ~o -4o 
6 2 1 8 5  182 
? 2 l l 0  1 • 8  
8 2 '7O - , 1  
9 2 8 8  - 7 7  

lO 2 • 7  46 
I I  2 •  • ?  -• 
. 2 . . 7  -26 
13 ?*  44 72 
1 •  2* 36 15 
1 ~ ?63 -61.7 
? ~ 41 •5  
"~ 3 91 tO0 
• 3 1~8 . , 9  
5 3 5 5  -48 
+? 1116 129 

1 • 8  129 
8 3 94 --113 
9 3 •5 - 3 5  

1o 3 67 48 
11 ~* 47 - ?  
12 3 *  46 t 
13 3* 43 2 
1• 3 *  3• 3 

o 4 295 23 9 
4 I"/0 141 
4 61 -3~ 
4 8 8  -83 

• • 95 - 8 2  
5 4 *  34 - 2 4  

~* 4o 4~ 
8 • *  44 -2 
9 • *  46 - 8  

IO •* •? -I~ 
11 #.• •• -q 
12 4 *  45 21 
13 4* •I 9 
l •  4e )0 -11 

4 •  14  
3 5 *  3 3  3 •  
4 ' *  3, - I I  
5 5 37 ?9 
6 5 69 1co 
• 3 *  43 - 2 5  
8 5 1; '8  - I • 7  
q ,* ~? 16 

lO 5 •7 4.2 
11 5• 46 14 
12 5 *  44 1 
13 5* 37 - 9 

6 1 1 8  I•6 
6 1 1 3  .78 
6 1 2 1  9 8  
h 73 --6R 

• 6 305 - 3 0 7  
5 6 "  40 --15 
6 6 128 111 

6 78 - ~ 2  
8 6 *  4 7  32 
9 6 6 •  78 

IO 6 *  •? 4 
11 6 "  45 - 14  
I? 6 *  41 - 1 5  
13 6 *  32 12 
1 7 348 296 
2 7 141 -112  
"4 .7 3 1 •  --?9.7 
,, ? ?2 92 

~? ? 45 • 2  
"/ 1 3 2 - 1 3 5  

8 .7* 4 7  - 4 8  
9 T 61  81  

I0  .Te 66 - 1 5  
I I  • 43 -40  
12 7*  36 28 

o 8 2 6 4 - 2 6 0  
I 8 6O IO 
7 8 251 218 
x 8 6? ~6 
4 8 :*O2 - 1 ~ o  

8 8O -.70 
6 8 141 1 4 4  
7 8* 4? 34 

+. 888  . . . .  
46 - 3 1  

I0  8 *  4 3  33 
11 8 38 32 
I q 1 5 2 - 1 2 8  

Table 1 (cont.) 

2 - - 1 0 6  <* 1 -1  
3" 9 •"/ 15 3 7 41 -41 : 4 31 • 4  

1 67 78 • • 60 50 4 109 120 
9 •4 •  I ~  s 7 44  : 6  s , *  36 2o 
9 *  ~7 -51 7 *  • 6  6 4 6.7 -5~ 6 3 
9 *  47 32 7 • • ?  61 7 4 83 -113 

8 9 - •5 30 ~ 7 •  47 1"7 8 &*  •5 17 
9 43 - 3 1  q .7• •7 5 9 4 66 64 

lO 9 38 - 2 6  I n  7* ~5 - 1 ~  I(~ • *  • 7  - 1 ~  
0 10 150 147 11 .7* 42 - ~ 4  11 4 *  47 - 2 1  
I IO 67 21 17 .7* 35 1 12 4 *  • •  
, 1 o 1 7 1 - 1 .  o 82,2-23~ i ,  . . 3 8  2o 
.~ i o  • ~,7 7 i R* ~3 o 5 44 38 
4 lO  133 1 , •  ? 8 189 198 

1 0 e  4A -.73 • I O I  - 9 5  
• lO*  45 8 5 8 161 165 
. . . . .  2 ,8 6 8  . . . .  
9 lO*  36 9 ? 8  6 •  - 5 8  

11  66 - q 84 ~6 -16 
3..2-,Ol ,o .... ,o 

II• •3 -2 II ~* 37 11 
5 I I  1 1 7  lO ,  o 9 "  46 - 9  

11 ?8 - 8 1  9* 46 29 
8 i i  • 33 - 2 3  3 9 47 - - •4  
o 12 62 38 9 *  47 - 2 P  

1 , e  44 3 5 9 4"? 31 
12 61 - 3 0  9 *  47 27 6 
12• 43 18 "7 9 ~7 -17 

• 12 • I  21 8 9* •~ - 2 0  
5 12 53 - ~ 3  9 9 .  43 18 
6 12* 33 - 1 5  I0 9 *  37 7 

~13 8 .... 01,0 95 -88 
13• 34 - 2 3  IO 47 31 

3 13 55 79 2 1o 9, 79 
" L -  1 3 lO •7 -61 
o 1 1o, - 12 ,  4 lO  9 •  -82 

I 127-~20 5 IO 66 63 
I 8 9  -88 6 I O  46 46 

't 1 231 - 2 6 9  • IO 4•  --,6 
4 1 160-139 8 101"42 - 1 6  

65 80 0 11 •.7 - 4 7  
7 I 89 1 5 5  1 I I  93 8 7  
8 1 40 62 2 11 •6 -2#* 
o 1 116-I18 '1 11 80 -71 

lo I 46 - ~ 9  • I I  7 8  48 
I I  I *  47 -32 5 I I *  44 2? 
, , I , 7  , ,  , 1 1 . • 2  -9 
13  * 44 23 l l e  38 - 9  
1 6  1 .  3.7 "-20 R 11 • 32 lO 

n > 184 163 n 12 6? #*9 

? 3 5 8  - 3 9 '  12  43 --4~ 

4 , 6  •75 1 2 "  40 20 
5 2 142 - 1 0 2  5 12 37 - 3 4  

204 21¢1 13 71 7 1  
8 2 41 33 1 13  35  21 
9 2 154--134 2 13 75 -84 

I ~ ~ ~ 7 I ~  3 13 31  - 3 9  
II 2 *  4 7  3.7 L = 2 
I:~ ? 46 39 o o 8 , 3  - - 9 2 4  
. . . . .  : ,~ ) . . . . . . .  
1 4  2 *  "~ - o 232 1 8 4  
o . . . . . . . .  ~ . . . . . . .  

40 29 4 116 - 4 7  

3 3 60 - 6 8  33 43 
4 ~ ~ 1 1  -2)0 .7 0 287 -335 
5 3 116 I05 8 o* 41 - 2 9  
6 ~*  35 45 9 o 133 117 
"7 ~ ,5 -6~ 10 0 4? -42 
n ~ 73 ~4 I I o *  47 -45 
9 "~ ~.5 "~4 I ?  o 80 56 

lO  3 -  4.7 - ~2  13 o -43  28 
11 ~: . . . . . .  ~ o• 3 , - 1 o  
12 46 1 I 6? , 6 7  
13  3* ~2 16  1 . 1 1 0 8 1  1049 

....... 1 ; I .... o • 843 .78 158 -162 
1 • 153 157 • I 1•8 -105 

243 ..... 2 ~ ,, .... I 
A 107 - 1 1 o  .1 • 36 - 

4 ~ 150 15~ 7 1 221 -2~3 
$ ~ 139 158 8 1 a l  - 19  
$, • 1 1 9 - 1 ~  9 1 1 1 8  1 1 o  
7 4 82 -10q I0 1 • 7  1 ,  
8 4 "  44 44 11 I *  •7 - 
9 4 68 : :  " l:" g 

10 4 *  ~.'t 13 43 - 
I I  4 *  47 - IO  I •  I • 35 4 
12 4 "  4 ,  7 o 2 897 - 8 2 9  

1 2 33• 289 
13 4 *  40 4 2 2 388 38O 

517 - 4 4 6  210 219 g ~341 322 153-152 
239 230 , 2 44 -46 

5 ' 159 -158  .76 - 7 ,  
6 5 332 3 4 8  8 2 126 -113  
"7 5 149 l"/O 9 2* 4, 8 
8 s 1 , • - 1 6 ,  ,IO 2 ,4 .7  l o  
9 94 - 8 8  11 2 *  4.7 16 

lO . . . . .  I ,  ~ :  46 I.~ 
,,;46 , 13 43 
12 •3 - ~  14 2* 33 -2 

6 1 4 1  130 3 81 - 4 9  
1 6 464 - 4 , 3  2 3 178 -17/,, 

6 ~1 - 4 9  " ~*  :~8 -I'~ 
3 ~ 16o 11~ a "~ 11o q~  

5 : . , ,  i ,  ++ 1 , 8 , - i , 3  
43 - 7 9  40 66 

6 45 42 8 3 1 0 5  93 
8 6 66 83 q ~ 65 -,8 
9 6 42 - 5 9  lO 3*  4"/ - 2 6  

. . . . . . . .  12 1, ~ 4 , .  45 2~ 
11 6 4 ,  32  
17 6 *  40 I?  1'1 3*  41 " 1 4  
l'~ 6 30 -.7 14 3* 31 -~ 

o .7 1 3 2  1 4 0  0 4 1.77 214 
I .7 1 8 ,  - I , 9  1 4 104 R8 

(International Tables for X-ray Crystallogra?hy, vol. 1, 
19521, with approximate parameters 0.245, 0.81, 0.485 
and 0-26, 0"09, 0-79. The geometric parts of the strut- 

~ 83 - 9 6  
32 -35 

88 108 
, 5 108 122 

• 4 • 8  
8 5 92 92 

i~ 67 -61  
!O 5 .  • •  -11, 
11 i~• 46 -?~ 
I? ,i 43 8 
13 51 34 14 

6 231 256 
6 26• - 2 4 8  
6 226 - 2 0 0  

176 191 
• 2?2 P$5 
5 6 93 -.73 
6 6 1 1 6 - 1 1 . 7  
7 64 46 45 
8 6 *  47 18 
9 6* •7 - 4 2  

Io  6 • 6  -43 
11 6 *  • •  2 0  
1 2  6 *  3 9  3 5  

o 7 165 -136 
I 7 1 1 1  90 
2 7 289 275 
3 7 41 - 2 3  
• • 2 • 2  - 2 • 9  
5 ? 4*, 43 
6 7 103 112 
? • a •  - 4 2  
R ? 95 - 1 o i  
o • •7 8 

10 ? 6 •  8 5 
I I  7 *  • I  - 

7 *  33 ,g -+~ 
8 1 9 2 - 1 9 5  

1 a 75 - 5 9  

~ 5  6 3  

8 ~,6 - 6 n  
6 8 4• ~5 
.7 8 a t  &2 

8 93 -:~ 
,o : :  42 ,)  
11 35 - 

o 9 46 - • 4  
1 9 1 6 . 7 - 1 8 8  
2 9 66 4~ 
3 9 1 2 •  1 • 4  
• 9 t  • 7  - ~ •  
5 q 82 -9.7 

9 47 15 
9 65 , 9  

8 9 *  4 5  -I 
9 9 *  ~2 -31 

I0  9 *  35 8 
o lO  82 72 
1 l O  67 39 

lO  #.7 - 2 8  
lO 47 - . / 8  

4 IO 47 47 
5 lO 66 74 
6 1o 79 --51 
7 1 6  4 4  -51 
8 lO1  &o 27 
9 IO 36 28 
o 11  93 - 6 5  

11 93 72. 
2 II 65 52 
3 I 1  79 -84 
• I 1 aS I~6  
5 1 1 4  •4 &8 
6 II* ~l 29 
• II 37 - 1 t  
8 11 '1' 30 - 1 8  

12 1%7 - 1 4 6  
12" 43 - 2 0  
12 142 1 3 8  
1 2  • 2  4 

a 12 7 8  - 8 1  
12• 36 2o 
12 31  45 

1 13 3• 24 
13 34 34 
1 3 *  ,,117 - • S  
13 30 -19  
L- 3 

o 1 6 , 8 - , s ~  
1168 11.7 

472 52? 
3 1 615 3 • 0  
4 1 330-32k 
5 1 282 - 2 7 4  
6 I 127 127 
7 1 ,5 -98 
8 I *  ' *2 - ~ I  
e 1 64 68 

10  1 47 • 6  
I 1  1 47 71 
17 1 *.6 -?.7 
13 11 42 --4.7 
1• 1*  32 8 

o 2 85 - 5 2  
I 2 203 216 

~ 5o ,3 
216 -214 

4 2 100-129 
5 2 119 99 

• 7 -  ~n - ,  
8 2 • 4  9'~ 
+ ~ : • 6  ,2 

1o • •  - 1 •  
11 2 *  4 •  -18 . ~: . . . .  o 
13 41 
1 •  2 *  30 - 6  

1 3 280 298 
3 26 - 1 6  

? 3 117 - 1 5 q  
3 X 1?2 - 1 3 8  
• 3 157 15• 
5 3 92 . 1 0 9  
6 3 206 -237 
• 3 92 - 1 0 0  
8 3 182 193 
9 3 • 6  56 

1 0  3 67 - 6 9  
I 1 3 47 -5 
12 +,:•~ 
13 39 - 2  
o a 221 - 1 9 9  

• 658 635 
* 191 253 
& 250 - -277  

4 a 2•1 -283 
8 * 184 188 
6 • 112 1 3 1  
? • I42 - 1 3 3  

4 *  4 5  - • 1  
9 4 62 " 58 

10 •• •• 10 
1.1 ~1 46 -2.7 
12  4•  * 3  
13 4 *  ~6 1o 

n , 2 1 " . - 1 9 8  
I , °3 8~ 

¢ 89 128 
5 13• 160 
5 3• 36 

3 5 137 -146 
; ; .-8o 

• 5 32 
8 ~ "47 31 

1 •7 -3 

1 7  41 10 
13 34 31 - 3 1  

o 6 1?3 170 
6 51 - 7 3  

155 172 
• 6 lO7 119 

• • -84 
7 6 114 118 
8 6 *  4 7  • 4  
9 6 *  47 - 3 4  

10 6 66 - -47  
11 6 43 -o 
17 6 *  ~ •  1 9 
o • 226 223 
1 • 235 220 
2 • ioi -155 
3 '7 95 - 7 6  
5~ 7 1o• 1 1 ,  

7 *  ~ 8  11 
6 7 1~17 - 1 7 6  
• • 6 •  -.76 
8 7 • •  6 ?  

10 •i •• -23 

,i ./. 39 ,0 
12 7 •  30 12 

o 8 2 0 ,  196 
l 8 116 105 

.... io, 
° ~  8 1,3 

4 8 *  4 6  9 
, 8 4 •  -•8 
6 81 4 •  - 1 5  

7 7 8 •  *• 
8 • 6  ' 6  
8 4 •  2 6  

l O  8 *  ~I 3 
I 1 8 *  32 -22 
o 9 4 •  19 

9 47 - • 1  
9 •  • •  25 

3 9 *  • 7  - 2 6  
• 9 •  47 - 2 2  
5 9 *  47 23 
6 ~ • •  - ? ~  
• 9 *  • 6  .7 
8 9 *  4 •  24 
9 9 *  40 2 

lO 9 *  33 - 6 
0 l O  116 115 

1o* 4 7  - 2 3  
lO  47 - 6 8  
IO 81 8 4  
IO* 47 20 

, lO  65 - 6 8  
~. 1 o *  4S - ?  
'7 1 0 "  43 22 
8 1o 38 19 
9 lO* ~ I  -1o 

ll 113 "111 
II 'm •6 -56 

2 11 112 143 
3 II* 65 22 
4 1 1 99 -I11 

1 l *  • 3  -1.7 
5 11 69 56 
7 1 I* ~5 17 
0 12 43 -4 
1 12" ~ 3  -3 

12 ~2 - ? I  
12" •o 12 

4 I) 53 38 
12* 3 •  - 3 3  

o 13 33 45 
1 13 32 30 
2 13 30 *16 

• EL.  I ~  4 

ooo : : ;  
2 o 2•• 
3 o 306 
• o 19• 

1 3 7  
'7 .0 4 0  
8 0 1 3 0  
9 0 t • 6  

IO o* 47 
II 0 * #.7 
12 •8 

lo~ o *  • o  
I • 2  
1 • 3  
• ' , 8  

3 243 
4 439 
5 204 

209 
7 90 
8 9 6  

1l ~6 
l O  1 4 •  
11 1 4 •  
I?  1 43 
1~ 1*  40 

3 6 1  
1 , 1 8 ,  
2 2 136 

2 190 
• • 5  
5 2 201 
6 38 
• 92 
8 2* •• 
9 2" • •  

lO ?* 47 
11 ~ 4 •  

19 , 38 
io 3* 28 

3 253 
2 3 73 

1 4 •  
5 3 • 3  
~. 3 9 •  
• 3 ~3 
8 3 •  45 
. ~ 4'7 

lO ~ *  a.7 
11 3 t 46 

1~ 3*  36 
4 291 

1 ~. 17.7 
• 65 
4 149 

4 * 63 
5 • 39 
6 4 41 

- - 3 •  
- 2 5 6  Io 9 *  29 - 3 3  
-281  o lO  136 154 

1 •8  I IO* 47 - 2 5  
39 ? IO 1 2 6 - 1 4 6  

- 1 8 •  3 lO  • ?  - 1 7  
42 4 IO 103 8.7 

1 3 •  % l O e  4% • 3  
$2 6 10 62 - • 6  
2 8  • l O *  4 1  1 

-30 8 1o ~6 28 
-8• 0 I I  46 - 1 5  

6 I 11 6 •  75 
- 1 6 ~  2 II 45 45 

1•;* 3 1 1 -  4 •  - l q  
42a 4 11 • 3  -4,2 

- 2 2 •  ~ i l l  41 - l O  
- 4 1 •  A 11- ~7 ?#. 

. . . . . . .  ,2 ; I  
~23 o 1 2 "  42 

- - 1 0 4  1 1 2  82 - 9 7  
- 9 4  2 1 2  ~ 6  - - 1 7  

33 3 12 53 55 
5q 4 1 2 *  35 - 9  

--30 5 1 2  • 3  - - •4  
-~ o 13 30 2 
23 | 18 29 --37 

-,~o L I  3 
- 1 9 •  o 1 IS2 105 

] 39 I 1 .74 -QM 
I•2 7 1 330--X72 
55 3 I 113 q5 

- 1 7 •  • 1 368 388 
I• 5 1 1 1 3  -122 

10~ 6 I 111-113 
-26 7 1 85 109 
-30 8 I* •5 • 

21 q I 66 - 5 0  
l o  1 -  47 - A 6  

-37 11 1 -  46 - I •  
-? 17 I• a~ 3"~ 

-,2 'o' ', 3, ,~ 
- 2 3 •  7 9  ~7  

• 4 I ~ 346 -'~'q? 
203 ? 2 328 - ' ~ l p  

- 1 2 9  3 2 315 332 
- • ~  • 2 29r~ 318 
• , 5 ? 7'12 - 2 2 6  
51 6 2* 40 - 7 •  
l a  7 7 61 °.79 

- 2 ?  . 2 •  &6 - 5  
¢~ 2 -  a.7 -lq 

I n  ? *  • •  --33 
- 8  11 ? *  . 6  - ~  

.... I o ,~ ..... 1 • •  • 5  64 
• 2 1 3 19• 195 

-If9 ? 3 It3 -I•4 
*/4 3 3 132-139 
27 4 3 214 213 

- a 3  ~ 3 ~,~ 54 

¢ ,,e ,,.7 ~ s ~ *  a6 
LO 4 *  . •  4 Q a l  . •  

|~ 4 "  • 2  -1  11 • 6 5  
t 3  4 *  3 3  - - 1 5  12  3 -  4? 
o 5 113 -111 13 38 32 
1 5 • •  1 O l  b 4 33 
? 5 36 121 1 4o 3& 

1 9 4  - 1 9 6  3 ~, 3 6  
5 11•  --134 4 4 ?~6 

+ . . . . . . . . .  , ;  
5 + 1.6 I 1 ,,, ~ .'1 

8 5 "  4"/ - 5 ~ ,  7 4 -  +,'~ 
5" 4• - •  . 4 *  *.7 
5 46 27 q 4 e  4 ?  

11 5* •4 25 1o ~ +,.7 
I, 5• 38 -P6 II 4* 44 
0 61 38 -'~8 12 4 5, 
1 6 243 264 o 5 383 

6 •  39 4~ 1 , I • 2  

• 6 59 - 6 3  "~ ", I~,I  
% 6 256 2d,& 4 ~ 17~ 

66 -.71 A ~ l ~ g  
8 6 82 6 ~  • 5 *  ~ •  
9 6 66 48 8 5 116 

1o 6 *  45 ]2  9 5 *  • •  
II 6 -  42 --36 10 5 46 
I? 6* ~3 -~6 11 5 ~ 43 
0 • ~74 2OO 12 ,* ~5 

'7 1 7 •  -qo 6 80 -84 
3 • 44 -~I ? ~ I~?-135 
• " •* 45 -,2 ~ ~ *  . 7  o 
5 • *  46 1o  & g, l n •  ~6 
6 .7* 4 •  32 ~ 64 a5 18 
'7 7* 4? - 1 2  6 6 66 - 6 ~  
8 7 8 1  , o  7 6 *  * .7  - 1 .  
9 • *  46 - 5  R 6 *  4 •  ~I 

lO 7 *  43 - 2 9  9 6 *  &6 5 
11 7 .  3. /  6 1o 6* a4 -25 

(1 118 - 1 3 . 7  11 6 *  39 - 1 2  
1 el 1 1 9  -llO 0 l *  ~ t  l l  

) 8 If, lOl l • 61 61 
3 ,8 92 9V 2 • *  ~4 - 5 
• 8 94 -q~ ~ 7 11n - 1 1 4  

6 . 7  - 4 7  6 .7* 46 16 
8 47 48 '~ • 1 2 ~  1~0 

, 8 , •  6, + . . . .  : 
8 *  • 6  - 1 0  • *  47 - a  
8 43 - , ,  8 • *  46 - 2 3  

1o 8 38 9 ~ • -  45 l q  
o q 176 187 10 • *  ~1 13 

+ 8, .... A .... 3, 
9 1 6 •  - 1 , 9  8 205 --179 

3 9 6• 81 1 8 160 121 
• ~ 116 113 7 8 9 5  • 6  

8O - 8 8  4 ~ *  4.7 7 

- • 9  
- 1 6  

• - 1 2  

- I 1  

1 9 8  

- ~  
74 

- ~ n  
- ~ 7  

2Q 

- 1 4  

- 3 8 ~  
- 1 6 4  

237 
l a 4  

- 1 1 1  
-2(1 

27 
- 9  

ture factor contributions of these sulfur atoms were 
calculated for the 659 observed reflections. Of these, 
248 were greater than 0"6 in magnitude (the maximum 
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m * • ?  

e 8 • 5  -.1 
q n •  • l  18 

1 ~?  11 

4 4 7  --R 
o • ?  _r, 

7 o •  • •  17  

¢~ lO  +6 - + 1  
I l o  q •  lO~  

l O  &7 5O 
l o  ~)2 - 117  

• i ne  •1. - ~ 7  
$ I o 63 6", 

"? In• ,8 -2~ 
1 o *  ~? - 1 7  

I 11 • $  - 1 6  
11 • •  - 57  

z 11 •  • 3  67 
4 11 •  #+2 ~8 
$ 11 + "+8 - '~6  
4, 11 • ~*  - 2  

1 ~ ,~• - - 7 ~  

. . . . . .  7, 
1~ • ~1 71 

L = 6 
o n l a8  1 •o  

o 18~* - 205  
3 0 aa3 - - ~ 4 7  

o 233 196 
s o 2 t7  231. 

o 77 - ~  
7 o 1 ]?  - l n , 1  

o n • v  
, In  f ie ~.7 - - 2 7  

11 o -  4 5  - 1 •  
1 2  0 • 1  $ 2  
~3 o *  , 7  

o ? 2  - I O  
1 1.• 8O 

9 ?  11¢  

• 81 -o?  

? 1 •  •& ~ .  

o 1 •  4 2  - 29  
] o  1 • •"/ IO 

, 2 , / ,  o 
33  31 --2 

, 7 1 •o  158 

~ 1 2 o  1 4 1  
? 2 *  •5 1.5 
8 2 e  .4? - -72  

2 *  • 7  . " 63  
l o  2 a?  ~3 

1~ pl.  2 o  -?7 
~ 1 7 7  I~R 
,~ ~ - -~  

~ 109 - 1 • ( 1  

7 1 - / e  - 
3 *  • 7  36 11 e 38 - 3 0  . / e  
"~e ~,7 - 13  11 • 9  •l . /e • 

io ~ * , . 6  - • +  O6 ~ ~9 , ?  6 ./ • . /  - 1 ,  
11 3* •• 18 1 2 e  31. - 15  ./ 46 - lO  
1~ .~e .a~ ~7 ~ 12 35 3"/ 8 7 4 •  37 o , 2  . . . . . . . .  13 + ~ ~ : , o  • 

I • 1 h a  - 1~  3 1 2 *  30 -9  1 32 -16  
• , ?  - • o  k = 7 o 8 82  - 82  
• 78  $1. n 1 $3 -80 12 8 82  -90 

• • l O O - I 1 6  I 1 109 - 128  8 106 lO •  

• •1. • 7  , 64  - 105  • 8 66  - 95  
7 • •  47  -26  • ~ 112  - 181  1. 8 e • 6  - 2~  

• 1 • 7  o 5 11o 11.7 6 8 6• 1.1 

1o  • e  • 6  1 65 -68  8 8e  •0  - 2 •  
1 a *  • 3  10 8 1 * • ?  - 20  q : *  23 6 

• e , 5  -~  ¢ l e  • 7  291 o 4 . /  - 46  
o 5 t 9  - •  IO I* • 6  1 9 66  - 2 •  
1 ~ ¢)6 - qn  I 1  11  • 3  - 5  ? 9 4. /  - 8  
2 I~O -163 12 1*  3 7  - 5  , oe  • 6  - 6  

1. . /2 71  n 2 121 q •  ~. ~ *  ~6 - . /  
2 1 9  216  1 2 | , 8  1 2 ~  ~ 9e  •&  -~J 

,+ , +,3 -1., , : ,, -.o + . . . . .  ,+ 
66 -63  ~ '~a -$,3 9*  'S8 2~ 

7 1.e 4. /  33 4 2e •o  33 8 9e  12 
g 1.* • " /  13 3 2 • 2  51. IO 64  -al 
o ~ • 6  - 0  6? 2 *  41. - 26  1 l o  41. - " / 6  

1~ gs:  . . . .  n 6 . . . . .  31. i 1 o  45 49  
11 ' 9  8 2 *  • 7  3 3  l O  • •  • 2  ,2 , 3o . . . . . . .  , ;10.,2 -2~ o ,  ,,, ./1. ,o : . . . . .  o. 1, 

1 8 8  - 1 • 9  11  • a 3  1 6  6 l n *  31. I 

3 6 1 4 6  1 2 6  n • . /1 7 6  l l •  41 
• •1.  3 •  1 , *  ~./ 1.4 ? 11 51. 1 •  

+ .  • . /  • , , 3 o • - , ~ , +  ~t  1 +  -1. 
? A•  • 7  1 •  ~ ~ 7 2  3 l l *  29 -9  

6 4./  - 7~  3 219 263 10 1 2 1  11 30 
q 61  •5 -1. 76 3 *  46 3 12 *  30  -1 .  

I n  8 *  • 7  a 3 • . /  " 6 0  L= 8 
1~ 6 • , 3  - ~  8 3 • 4 2  -- o o 1 , 9  - 1 • 7  

? 256  -26 •  9 3e • . /  33  I o ~8  - . / o  
I " / •  • 5  ~? IO 3 •  41. 11 ? n 8~ 78 

/ 13 . /  22 t  ~I  3 *  • 2  -~`6 , o *  • o  - .  
4 '7 •6 - 2q  12 "~• 33 • o 6n  -1.9 

7 111. - 107  o • 2 •4  -7"~6 5 ~ 62  6?  
65 . . . . . .  ~ i 714  228  6 0 61. , 0  

7 47 1.2 166  196  • •7 - ] 6  
7 7 • '7 -a.6 '~ 1 ' 6  - 167  8 o • '7 - 18  
. . . . . . . . . . . . . . .  ° + : :  . ./ 3 
o ? a 3  2 •  5 • l o 1  1 1 +  1 •1.  P2 

I~ 7; 3"/ 2~ 76 4-•6 19 11 o - , o  - 1 ,  
• 7 - • 82 -69  12  o*  31  - 9  

n 66  - 79  8 4 •  • I '  - • o  n 1 314 - 28 •  
8 e  47 18 0 • • 6  11. ~ l 16'J 163 
8 116  123 IO  •e •• 2(,. I 263 2•9 

• 8 .  • . /  - • s  ~ • *  ~ 1~ , ~ 2 6 6 - 2 " / o  
~6 8 111. - 98  ~ 12 •  11 •  • 1 3 • - 1 2 1 .  

8 •6  2 •  "1 It 2?6 -289  1. I 11.3 160  • : .1. , . . . . . . .  1. ; ~ +,1. +,1. 
m • •3 - •  3 1. 236 208  • 47  - 46  

,p, . , ,  : 1. ,,.++ - ,22 • • ,  2. 
• 7 - • 7  1." • 7  - 1 •  lO  1 63 3"/ , . . . . .  ~ • ,~o+ ~ol ~, ~ : • o  -3 ,  

2 9',* • '7  - 32  8 5 •  • ?  31  17  l o  - 18  
: , . ,  1., . . . . . . .  ~ ; , . - , 2 ,  

9 66  60  I n 1.e • ?  . q  219 - 2 1 . •  

6 9 '*  • •  - l q  6 •  • •  - 2  2O7 211 
7 9 •  42  - 1 •  1 6 99 - 78  • 2 • 3  361. 
. . . .  ./ , ~ + . ,1 .  -1.,, ~ ~ o o  -"/6 
o 9e  ~ q  1 •  6 112  6e  2e  •6  -1 .6  
n IO 93  86  • 6 81 104  7 2e  4"/ • I  
1 I n  1~"/ 15o  5 6e  • " /  - 35  Iq 2e  •7  18 
~ , o . . . , o  ~ + . • " /  . . . .  2 31.-1.o 

, o , 7 o - , , 3  . . . .  : :  ,o 2 2 : -  o 
• 1o •  • •  8 6e  46  11 39 20  
5 IO  •3  '7;' o 6 •3  1 •  3*  4O -3 •  

lO. 39 -21  ln0 6 . . . .  1 3 40  , 3  
7 IO 59 - !~6 ? 1 •6  1•~ * •I 31 

1 1 -  •3 • 2  7 01 - 108  • .3 •• • 6  
2 1 1 .  43 •9 

Table  1 (cont.) 

5 3 e 4. /  -1 .3  
3e  •7  - 22  

• 6 2O 
l O  3e *,3 

34) 36 ,~ - ,g 
4 83  - 76  

"1 • ?.29 132  

8 8  - 8 :  

• ./ ? o  
6 • *  4 . /  - 2 6  
./ • e  4"/ - 33  
8 • • 7  - I . /  

• - •3 6~I IO 4e  • I  - 
11  • e  13 - 1 .  
o ;  . . . .  

6 3  61. 
2 5 '1' ~,5 2 
3 1. • 6  -25 
• 5 • 7  13  

• 7 -1.1 
7 5 *  4 . /  - 47  
8 1. 6 6  32 
o , .  •3 ,2 

1 0  1.e 1 8  - 1 •  
6 ~6  13 

66 - . / o  
$ 6 11 .6 -1 t9  

i i  . . . .  
6 ?  6 6  

• • 7  * 2 •  

4 • "  l O  

i : :  "° ! i 1 32  -?. 
. /e a. /  

#17 - 72  
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~) ~ 66  9 ~ 
• 6 - l O  

7 7 e  • 4  31 
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o 8 6. /  -1.1 
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8 6 . /  1.5 
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• 8 4 6  - 1 6  
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o8 8e  34  -1. 
9 11.3 1 •o  

I 9 46  - 62  
9 112  ~119  
93' •1. 28 
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93' • 2  - 21  
9 -  77" - - . /7  

'7 9*  33  27 
o IO e" • 4  - 1 2  
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lO*  43  1 
1o • • 1  - 39  
lO  38  1 7  
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3 l l  e 31  20 
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• l o  •1. - 28  
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1 1  l e  , ~  18 
2 1.9 29 

1 2 112  - 1 1 3  
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poss ible  was  2-0), and these  terms were used in cal- 
culat ing  a three-dimens ional  Fourier map.  Only  t w o  
of  these  248 phases  were e v e n t u a l l y  found to be 
incorrect.  

In  addit ion to confirming the  sulfur a tom posi t ions  
Chis Fourier showed two  of the  carbon a toms  and six 
of  the  boron atoms.  A second three-dimens ional  
Fourier was  c o m p u t e d  using the  448 terms for which  
the  contribut ions  of these  a toms  was  largest.  At  this  
s tage  posi t ions  were obta ined  for all except  the  hydro-  
g e n  a toms .  The parameters  were refined by  the  m e t h o d  
of  least  squares ,  us ing the  I B M  704 program of Bus ing  
& L e v y  (1959a). Ind iv idua l  isotropic temperature  
factors  were ass igned to all a toms  and were inc luded 
in the  ref inements .  Ten scale factors were also refined, 
one  for each va lue  of 1. The  atomic  scattering factors 
used  were those  of Viervol l  & Ogrim (1949) for S, 
Berghuis  at al. (1955) for C, Ibers (1957) for B,  and 
M c W e e n y  (1951) for H. Only  the  observed re- 

f lect ions were used.  The  final rel iabi l i ty  factor,  
R=ZIFo-Fcl /ZFo,  was  0.174. 

The  results  of these  ref inements  were used  in the  
computa t ion  of a difference Fourier.  Only  four hydro-  
gen a toms  were u n a m b i g u o u s l y  located by  this  cal- 
culation,  and a t t e m p t s  to refine the  pos i t ions  of these  
a toms  by  the  least  squares m e t h o d  were unsuccessful .  
Furthermore ,  the  boron-boron  dis tances  obta ined  at 
this  stage of the  analys is  did not  agree wi th  those  of 
BloH12(CHaCN)2 ( R e d d y  & Lipscomb,  1959), nor 
were t h e y  consis tent  wi th  the  C2v molecular  s y m m e t r y  
of decaborane (Kasper,  Lucht  & Hark•r ,  1950). All  
subsequent  work was,  therefore, carried out  using the  
counter data.  

Only  the  1828 observed reflections were used in 
most  of the  remaining  work.  After refining the  S, C, 
and B posi t ions  and i s • tropic  temperature  factors 
wi th  this  improved  data  to a rel iabi l i ty  factor of 0-20, 
another  difference Fourier was  computed .  Approx-  

A C 15 - -  27 
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Table 2. Atomic parameters of B1oH:2[S(CHs)212 

A t o m  x y z B (/k 9) 

S1 0.2424_+ 0.0003 0.6965 _+ 0.0002 0.9760_+ 0.0002 - -  
$2 0.2648 + 0.0003 0-0874_+ 0.0003 0.7904_+ 0.0002 - -  
C1A 0-355 _+0.001 0.673 _ 0 " 0 0 1  0.080 _+0.001 - -  
C1B 0-111 +_0.001 0.686 + 0 . 0 0 1  0.043 ± 0 . 0 0 1  - -  
C2A 0.394 + 0 . 0 0 1  0.047 _+0.001 0.872 ± 0 . 0 0 1  - -  
C2B 0.157 _+0.001 0.029 ± 0 . 0 0 1  0.872 _ 0 . 0 0 1  - -  
B1 0.303 ,+0.001 0 .484 ,+0.001 0.687 ± 0 . 0 0 1  6 . 1 ± 0 - 3  
B2  0.227 ,+ 0.001 0.577 ,+ 0.001 0-767 ___ 0.001 5.4 +_ 0.2 
B 3  0.150 ,+0.001 0.471 _ 0 . 0 0 1  0.687 ,+0-001 5 .9 -+0 .3  
B 4  0-236 + 0.001 0.337 ,+ 0.001 0.689 ,+ 0.001 4.8,+ 0.2 
B5  0.358 ,+ 0.001 0.526 ,+ 0.001 0.814 + 0.001 5.8 ± 0.3 
B6  0.243 ,+0.001 0.541 _+0.001 0-901 _+0.001 4 .7 -+0 .2  
B7 0.109 _+0.001 0.503 ,+0.001 0.816 _+0.001 5 .8 -+0-3  
B8  0-119 ± 0 . 0 0 1  0.339 _+0.001 0.765 _+0.001 5 - 9 ± 0 . 3  
B9 0.255 _+0.001 0.263 ± 0 . 0 0 1  0.812 _+0.001 4-9-+0 .2  
B10  0-368 _+0.001 0.360 ± 0 . 0 0 1  0.761 +_0-001 5-7-+0 .3  
H 1  0-31 ,+0.01 0.53 _-!-0.01 0.60 ___0-01 - -  
]=[2 0-22 ± 0.01 0.68 ± 0 .0 l  0.76 ± 0.01 - -  
H 3  0-11 _+0.01 0.51 ,+0.01 0.60 _+0.01 - -  
H 4  0-23 ,+0.01 0.27 ,+0.01 0.63 ,+0.01 - -  
H 5  0-44 _+0.01 0.58 ,+0.01 0.83 ,+0.01 
H6 0.25 __0"01 0.47 ± 0 - 0 1  0.96 __+0.01 - -  
147 0.02 ,+0.01 0.54 ,+0.01 0.83 ,+0.01 - -  
H 8  0.03 ,+0.01 0.29 ± 0 . 0 1  0-75 _+0.01 - -  
H 9  0.26 _+0.01 0.28 ,+0.01 0.90 _+0-01 - -  
HIO 0"45 ,+0.01 0"33 ± 0 . 0 1  0-75 __+0.01 - -  
147-8 0.11 __+0.01 0.40 ,+0-01 0-84 ,+0.01 - -  
145-10 0"37 __+0.01 0"42 __+0.01 0.84 ,+0.01 - -  

±mate positions were obtained for the 12 decaborane 
hydrogen atoms, but the methyl group hydrogens 
were still not clearly established. The four largest 
peaks on this difference map consisted of two peaks 
near each of the sulfur atoms, suggesting anisotropic 
thermal motion. Anisotropic temperature factors were 
assigned to the S and C atoms and were refined along 
with the positions of these atoms (the B and H pa- 
rameters were kept fixed in this treatment). The 
reliability factor after this calculation was 0.148; 
when the H atoms were omitted it was 0.153. The 
standard error of fit, [X(Fo-Fc)2/(m-n)]½, was 2.4. 
m= 1828 was the number of observations, n=95 was 
the number parameters being adjusted. I t  has not 
proved possible to refine the parameters of the 
decaborane hydrogens, nor did a final difference 
Fourier locate the methyl hydrogens. 

Table 1 compares the observed and calculated 
structure factors; the values listed have been mul- 
tiplied by 10. 

Table 2 lists the parameters of the atoms, including 
the is0tr0pic temperature factors of the boron atoms. 
The standard errors listed were computed by Busing 
& Levy's least-squares program by the method given 
in the International Tables for X-ray Crystallography, 
vol. 2, pp. 330 (1959). The errors given for the hydro- 
gen a t o m  p a r a m e t e r s ,  h o w e v e r ,  a r e  e s t i m a t e s  b a s e d  

on the assumption of ram2 molecular symmetry. 

T r a n s f o r m a t i o n  to C a r t e s i a n  c o o r d i n a t e s  

For ease in visualizing and discussing this structure, 
the parameters have been transformed to a set of 

Cartesian axes aligned with the symmetry elements 
of the decaborane molecule. An orthogonal system 
was selected with axes normalized to 1A and b' and c' 
parallel to the monoclinic b and c, respectively. 
The molecule was rotated in this system of axes to 
make the average boron-boron vector given by 

Table 3. Atomic parameters of B:oHle[S(CHs)2]2 
transformed to a 1A Cartesian system 
Atom x' y" z" 

S1 0"037 3.534 8.893 
$2 - 0"003 --  3-457 9-083 
C1A 1"22 3"68 10.26 
C1B - -  1-60 3.86 9.67 
C2A 1"39 --  3.59 10.25 
C2B --  1.42 --  3.57 10.23 
B1 0.93 - - 0 . 0 2  6.33 
B2  0.00 1-37 6.90 
B3 --0"91 0.00 6.31 
B 4  0.01 -- 1.41 6.89 
B5  1-49 0.95 7.73 
B6  0-00 1.62 8.61 
B7  - -1 -53  0.96 7.73 
B8 - 1"51 - 0"94 7'73 
B9 0.01 --  1.59 8.65 
B 1 0  1.50 - - 0 . 9 5  7.72 
H I  1.1 0.0 5.2 
H 2  - -0 .1  2-4 6.4 
H 3  --  1.5 0.3 5-4 
H 4  - - 0 . 4  - - 2 . 3  6-3 
145 2.5 1.3 7.5 
H 6  0.4 1.2 9.6 
H 7  - -2 -6  1-6 7-6 
]:I8 - - 2 . 6  -- 1.5 7-8 
H 9  0.1 --  1-1 9.8 
H 1 0  2.6 -- 1.4 7.6 
147-8 -- 1.4 0.0 8.3 
H 5 - 1 0  1.7 0.0 8.5 
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Table 4. Anisotropic temperature factors, before and after transformation to Cartesian axes 

A t o m  T e n s o r  11 22 

S1 B 0.0152 + 0.0004 0.0074_+ 0.0002 
B '  2.07 0-86 

$2 B 0.0190_+ 0.0004 0.0081_+0.0002 
B '  2.58 0.91 

C1A B 0-0172_+0-0017 0-0130_+0.0014 
B '  2.48 1.27 

C1B B 0.0183_+ 0.0017 0-0230_+0.0020 
B '  2.25 1.92 

C2A B 0.0138 _+ 0 .0014 0.0126 -+ 0.0013 
B '  1.95 1.70 

C2B B 0 .0150_+0.0015 0.0128_+0.0012 
B '  2.03 2.08 

C o m p o n e n t  
A _ ,  

33 12 13 23 

0.0082 -+ 0.0002 0.0002 -+ 0.0002 0.0020 _+ 0.0002 - -  0.0005 -+ 0.0002 
1.31 0.01 0.19 0"09 

0.0080_+0-0002 0.0005_+0.0003 0 .0033-+0 .0002  - -0 .0006_+0 .0002  
1.33 0.07 0.37 0.03 

0.0123 _+ 0.0012 - 0.0002 _+ 0.0013 -- 0.0020_+ 0.0011 - 0-0036 + 0.0010 
2.22 - -  0.23 

0.0180-+ 0.0016 -- 0.0035 _+ 0.0016 
3-72 0.13 

0 .0166-+0 .0015  0 .0038-+0.0011 
2-37 0"45 

0.0147 + 0.0013 -- 0.0014-+ 0"0011 
1.82 - -0 .23  

- -0"46 - -0"17 

0.0101 _+ 0.0014 -- 0.0083 _+ 0"0015 
1"19 - -0"85 

0"0025__+0.0012 0.0016--+0.0011 
- -  0.02 0"59 

0 .0017-+0.0011 0"0048-+0"0011 
0.19 0"76 

B5-B7, B1-B3, B8-B10 parallel to a '  and the average 
of B5-B10, B7-B8, B2-B4, B6-B9, parallel to b' .  
(The S-S and C-C vectors deviated too much from 
the assumed symmetry  to be included in the deriva- 
tion of this transformation). Finally, the molecule was 
translated to place the molecular 2-fold axis coincident 
with c'. The resultant transformation, in terms of a 
matr ix M and a vector t, was applied to the atomic 
coordinates, x, to give x '  = M x  + t, where 

/ , .792 o.s6s -,.2o9  
M = t - 0 . s 6 7  100 s 4.682), 

o4o -3.s89 1 .787/ 

2-246\ 
t =  -7"803~.  

0 / 

These transformed coordinates are listed in Table 3. 
The transformation of the anisotropic temperature 

factors to the orthonormal system, derived from the 
invariance of the quadratic form lfl~jhihj, is B'= 
M B M  T, where B is the anisotropic temperature 
factor tensor in terms of the original monoclinic axes, 

Table 5. Principal values and directions of 
anisotropic temperature factors 

Com- P r i n c i p a l  D i r e c t i o n  r e f e r r e d  to  
A t o m  p o n e n t  v a l u e  Car t e s i an  a xe s  

S1 1 2-12 (0.973, 0.020, 0.228) 
2 0.85 ( - 0 . 0 2 6 ,  - -0-980,  0.196) 
3 1.29 ( - - 0 .228 ,  0.197, 0.954) 

$2 1 2.69 (0.964, 0.044, 0.264) 
2 0 .90 (0.034, -- 0.999, 0.040) 
3 1.22 ( -- 0.265, 0.030, 0.964) 

C1A 1 2-83 ( - - 0 .805 ,  0.054, 0.591) 
2 1.16 (0.256, 0.930, 0.263) 
3 1.98 (0.535, -- 0.364, 0.762) 

C1B 1 2.18 ( - - 0 .674 ,  - -0 .729 ,  0.120) 
2 1.14 ( - - 0 .600 ,  0.635, 0.486) 
3 4.56 (0.431, -- 0-256, 0.865) 

C2A 1 2.09 ( -- 0.845, -- 0-247, 0.474) 
2 1.15 (0.455, - -0 .798 ,  0.396) 
3 2.77 (0.280, 0.550, 0.786) 

C2B 1 2.12 (0.950, -- 0.132, 0.282) 
2 2-72 ( - - 0 .080 ,  0-772, 0.631) 
3 1"09 ( - -  0"301, -- 0.622, 0.723) 

Table 6. Comparison of bond lengths of 
B10H12[S(CH3)212, BloH12(CH3CN)2, and t~loH14 

B10H12[S(CH3)2]~ BloH12(CHaCN)~ BloH14 

S I - C 1 A  1.81_+0.01 A - -  - -  
- C 1 B  1.84 + 0.02 - -  - -  
- B 6  1.93 -+ 0.01 - -  - -  

$ 2 - C 2 A  1.82 -+ 0.01 - -  - -  
- C 2 B  1.83-+0.01 - -  - -  
- B 9  1.92-+ 0.01 - -  - -  

B I - B 2  1.76 _+ 0.02 1.764 A 1.80 A 
- B 3  1.84_+ 0.02 1.837 1-71 
- B 4  1.76 -+ 0.02 1.749 1.78 
- B 5  1.80 -+ 0.02 1.790 1.77 
- B 1 0  1.77___0.02 1.766 1-78 
- H 1  1-17 1.18 1.16 

B 2 - B 3  1.74-+ 0.02 1.749 1.78 
- B 5  1.76 _ 0.02 1.742 1.80 
- B 6  1.74_+ 0.02 1.746 1.72 
- B 7  1.78 _+ 0.02 1.746 1.76 
- H 2  1.12 1.10 1.27 

B 3 - B 4  1.78 _ 0.02 1.764 1-80 
- B 7  1.81 _ 0.02 1-766 1.78 
- B 8  1.80_+_ 0.02 1.790 1-77 
- H 3  1-35 1.18 1.16 

B 4 - B 8  1.79 __ 0.02 1.742 1.80 
- B 9  1.76__+ 0.02 1-746 1.72 
- B 1 0  1.77+_0.02 1.746 1-76 
- H 4  1.19 1.10 1.27 

B 5 - B 6  1.87 -+ 0.02 1.860 1.77 
- B 1 0  1.91 __ 0.02 1.881 2.01 
- H 5  0-91 1.11 1.22 
- H 5 - 1 0  1.23 1.23 - -  

B 6 - B 7  1.88 _+ 0.02 1.849 1.77 
- H 6  1.13 1.C6 1.28 

B 7 - B 8  1.91 + 0.02 1.881 2.01 
- H 7  1-27 1.06 1.35 
- H 7 - 8  1.22 1.22 

B 8 - B 9  1.88 _+ 0-02 1.860 1.77 
- H 8  1.25 1.11 1.22 
- H 7 - 8  1.02 1.23 - -  

B 9 - B  10 1.87 _+ 0-02 1-849 1-77 
- H 9  1.25 1.06 1.28 

B 10-I=I10 1.17 1-06 1.35 
- I t 5 - 1 0  1.31 1.22 - -  
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B'  is the transformed tensor, and M y is the transpose 
of matrix M. The principal axes of the thermal 
vibration ellipsoids are obtained from the charac- 
teristic equations of the B'  tensors. These calculations 
have been checked by Waser's method (1955) by 
which the principal axes were found in terms of the 
monoclinic axes; the reciprocal lattice directions 
obtained were converted to our Cartesian system by 
the matrix (M-l) T. Both the original ~nd the trans- 
formed components of the thermal vibration tensors 
of the S and C atoms are listed in Table 4. The prin- 
cipal values and directions of the principal axes, 
referred to the Cartesian coordinate system, are given 
in Table 5. 

Discuss ion  

Table 6 lists the interatomic distances of the 
B10HI~[S(CH3)2]2 molecule. The corresponding dis- 
tances of B10HI~(CHsCN)~ (Reddy & Lipseomb, 1959) 
and of B10H14 (Moore, Dickerson & Lipscomb, 1957) 
are included for comparison. The distances and 
standard errors of B10H12[S(CHs)212 were computed by 
Busing & Levy's IBM 704 Function and Error 
Program (1959b). The standard deviations of the 
B10HI~(CHaCN)e distances are 0.008 for B-B and 0-04 
for B-H;  in the case of B~oH~4 the standard deviations 
are 0.016 for B-B and 0"09 for B-H. 

The BIoHI~[S(CH3)2]2 distances other than those 

THE CRYSTAL S T R U C T U R E  OF B10HI~[S(CH3)~]= 

I~) 312 0"01 

/ '6 '  ,~ 

1"92: tOOl 

Fig. 1. Bond lengths of BloHle[S(CHa)e] 2. 

b~ 

Fig. 2. Molecular packing in BlOttl~[S(CHa)2]~. 

csinfl 



D O N A L D  E.  S A N D S  A N D  A L L A N  Z A L K I N  417 

involving hydrogen are shown in Fig. 1; bond lengths 
related by  the molecular s y m m e t r y  are seen to agree 
closely. 

The C-S-C bond angles (104.2 _+ 1.4 ° and 100.6 +_ 1.3 °) 
and S-C bond lengths are within exper imenta l  error 
of the angle of about  105 ° and  distance of 1.82 /~ 
reported for (CH3)2S by  Brockway & Jenkins  (1936). 
The S-B bond lengths are what  would be expected 
for a normal  covalent bond. 

The decaborane structure has four hydrogens 
bridging the pairs Bb-B6,  B6-B7,  B8-B9,  B9-B10;  
both B10H12[S(CHs)@ and BIoH12(CH3CN)2 have just  
the two bridges B5-B10 and  B7-B8.  Al though the 
corresponding distances in the  two derivatives are 
very  similar,  they  differ s ignif icantly from the dis- 
tances in decaborane. However,  the average of the 
21 B - B  bond lengths is 1.809 /~ for B10HI2[S(CHs)e]9 
and  1.792 ~ for both B10Hle(CH3CN)2 and BIoH14. 
The average length of our 10 te rminal  B - H  bonds is 
1.18/~, which is 0.08/~ greater t han  the corresponding 
average for B10HI~{CH3CN)2 and  0.08 A less t han  for 
decaborane. 

Table  3 demonstrates  the  Cgv symmet ry  of the 
decaborane skeleton. The deviat ions of the (CHa)gS 
groups from this s y m m e t r y  m a y  perhaps be a t t r ibu ted  
to steric effects. R e d d y  & Lipscomb (1959) have 
discussed the valence structure of B10Hle(CH~CN)e in 
terms of the topological theory of boron hydrides  
(Dickerson & Lipscomb, 1957). The structure is 
compatible  with this  representat ion if i t  is regarded 
as a subst i tu t ion der ivat ive of the BioHi-~ ion, which 
has C2v symmet ry .  Reddy  & Lipscomb have suggested 
a possible mechanism for the reaction of an electron 
donor with this ion. 

The a r rangement  of :B10H12[S(CHs)219 molecules in 
the monoclinic uni t  cell is shown in Fig. 2. 

We wish to t hank  Dr M. F. Hawthorne  of the Rohm 
& Haas  Company for supplying us with samples of 
B10Hle[S(CH3)~]2. We also thank  Dr Howard  C. Hornig 
for his interest  in this problem and for several valuable  
discussions. Final ly ,  we express our appreciat ion to 
Mrs Iven  M. Moen for assistance in the measurement  
of the spectrometric intensities. 
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New values of atomic scattering amplitudes, fel(S) 
(s=sin  0/A), in the first Born approximation, have 
recently been derived for the neutral atoms A1 to A 
inclusive by a process of interpolation (Dawson, 1961a). 
The interpolation procedure was concerned primarily 
with the derivation of values of the mean square radii 
(r 2 ) of the atomic charge distributions, and it was 
observed that  the main uncertainty in this procedure 
lay in values of (r~)3p derived from curve C (Fig. 1 and 

Table I(B) of Dawson, 1961a). To minimize this un- 
certainty, the upper (i.e. higher atomic number, Z) end 
of this curve was adjusted to give interpolated total (r 2 ) 
values for C1 and A in best agreement with the poly- 
detor (r 2} result for C1 and the experimental (r 2 } value 
for argon. A more critical appraisal of various aspects 
of the interpolation process is now possible in view of 
recent Hartree-Fock calculations by Watson & Freeman 
(1961) for these neutral atoms and by Sachs (1961) for 


