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Bis(tetramethylurea)dichloro-oxovanadium(IV), VOCIz(C5HI2N20)2, crystallizes in a monoclinic lattice, 
space group C2/c (Z=4) with cell dimensions a=18"57+0.02, b=7.87+0.01, c=13-34+0-01 /~; fl= 
113.5 + 0-4 °. The crystal structure has been determined by three-dimensional Patterson and Fourier techni- 
ques. Refinement of the atomic parameters employing the full-matrix least-squares method led to a final 
R index of 0"099. The vanadium atom is pentacoordinated with the following metal-to-ligand bond lengths: 
V-C1, 2.340__+0-005; V=O, 1.61 +0-03 and V-O, 2.00+0.02/~. 

OxovanadiumflV) is known to form five-coordinated com- 
plexes with the V= O bond essentially a double bond (Sel- 
bin & Holmes, 1962). The compound bis(tetramethylurea)- 
dichloro-oxovanadium(IV), VOC12(CsHlzN20)2, displays 
pentacoordination of the square pyramidal type. 

The dark blue crystals of VOC12(CsHa2NzO)z are mono- 
clinic with space group C2/c (systematic absences: hkl for 
h + k ~ 2n, hOl for l #  n). Measurements made on oscillation, 
Weissenberg and precession photographs gave the follow- 
ing unit-cell dimensions: 

a =  18.57+0.02, b=7.87+0.01, c= 13.34+0.01 A, 
fl= 113.5±0.4 ° . 

The crystal density measured by flotation is 1.40 g.cm-3 
while the calculated density based on 4 molecules per unit 
cell is 1"38 g.cm-3. A total of 558 independent reflexions 
were recorded with rotation about the b axis (k= 0 to 4) 
using the multiple-film, equi-inclination Weissenberg tech- 
nique with Cu K~ radiation. A calibrated strip was used for 
the intensity measurements. Since the crystal shape was 
spherical (diameter ~0.25 mm) absorption corrections 
were made according to International Tables for X-ray 
Crystallography (1962). The standard Lorentz and polariza- 
tion corrections were applied. 

With the space group C2/c having eight general positions 
and there being four molecules of VOC12(CsHa2N20)2 in 
the unit cell, the four V = O groups are required to lie on 

twofold axes. The trial structure followed from three- 
dimensional Patterson and Fourier syntheses. Refinement 
of the atomic parameters was carried out using a full- 
matrix least-squares program (Busing, Martin & Levy, 
1962). By including only the observed reflexions (Dunning 
& Vand, 1969) in the refinement with equal weighting and 
isotropic thermal parameters for all the atoms, the final R 
index (R= ~ [IFol- IFcl I/~. IFol) was reduced to 0-099. Table 
1 lists the refined atomic parameters. Interatomic distances 
and bond angles were calculated with the aid of the program 
ORFFE (Busing, Martin & Levy, 1964). These quantities 
are summarized in Table 2. The observed and calculated 
structure factors are given in Table 3. 

Fig. 1 shows a view of the molecule and the atomic 
numbering used. The square pyramidal arrangement of the 
ligands about the central vanadium atom involves the two 
chlorine and two oxygen atoms at the base and the third 
oxygen atom at the apex. The least-squares plane through 
the four atoms forming the base of the square pyramid is 
given by the equation 

0.01855 X+0.9996 Y-0.02 173 Z =  1.9552" 

and shows them to be coplanar to within + 0-015 A. Good 
agreement exists between the bond lengths obtained for the 

* x, Y and Z are the orthogonalized axes with X in the 
direction of a and Y in the plane of a and b. 

Table 1. Refined atomic parameters (fractional coordinates and isotropic temperature factors) 

Standard deviations are given in parentheses. 

V 0"00 0.1862 (8) 0.25 4.77 (12) 
C1 0.1280 (2) 0-2668 (8) 0.2783 (4) 5.83 (14) 
O(1) 0.00 - 0-0188 (4) 0.25 8.24 (62) 
0(2) 0.0287 (6) 0.2501 (17) 0.4063 (8) 5.72 (30) 
N(1) 0-1311 (8) 0.2045 (27) 0.5702 (12) 7.27 (42) 
N(2) 0.1055 (8) 0.4762 (26) 0.4878 (11) 6-06 (39) 
C(1) 0.0886 (9) 0.3132 (32) 0-4856 (13) 5-13 (42) 
C(2) 0.1236 (13) 0.0183 (39) 0.5547 (18) 9.34 (70) 
C(3) 0.1661 (10) 0.2678 (30) 0.6878 (15) 7.35 (54) 
C(4) 0.0496 (10) 0.5988 (30) 0.4085 (14) 6.67 (52) 
C(5) 0.1890 (10) 0.5378 (31) 0-5430 (14) 7.37 (56) 
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V = O and V-O distances, viz. 1-61 _+ 0.03 and 2.00 + 0.02 A. 
respectively, and the corresponding literature values, viz. 
(1.56-1.65) + 0"03 and 1.97 + 0.01/~ respectively (Selbin, 
1965; Dodge, Templeton & Zalkin, 1961). The bond length 
for V-C1 is 2.340 + 0.005/~. This value is significantly larger 
than the V-CI lengths in VC13[N(CH3)3] of 2.241 + 0-004 
and 2.236+0.005 A reported by Greene & Orioli (1969) 
and that in VOCI2[N(CH3)3] of 2.250+0.005 A. of Drake, 
Vekris & Wood (1968). In these two molecules, however, 
we find an example of trigonal bipyramidal hybridization 
of the vanadium atom with the chlorine atoms bonded to 
the somewhat shorter equatorial hybrid orbitals compared 
with the four equivalent basal orbitals of the square pyra- 
mid. 

The least-squares plane through C(1), O(2), N(1) and 
N(2) is given by 

0"8539 X-0"2101 Y-0.4761 Z =  -4.1644 

and indicates these atoms to be planar to within + 0-018 A. 
Slightly twisted out of this plane are the four methyl carbon 

atoms C(2), C(3), C(4) and C(5), which show perpendicular 
ceviations of 0.34, -0-77,  -0 .27  and 0.64 A, respectively. 

The closest approach of two vanadium atoms is 7.28 A 
and these are in molecules which are related by a centre of 
symmetry. The shortest intermolecular contact distance of 
3.58 A, is of the van der Waals type and occurs between 
C(4) and O(1) where the latter atom is in the molecule 
related to the parent molecule by a unit-cell translation in 
the b direction. 

This analysis was undertaken at the request of Professor 
J. G.H. du Preez of the University of Port Elizabeth, who 
also provided the crystals. 
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Table 2. Interatomic distances (~) and angles (o) 

Standard deviations are given in parentheses. 

Bond Distance Bond 
V-CI 2-340 (5) A. C(1)-N(1) 
V-O(1) 1-61 (3) C(1)-N(2) 
v-o(2)  2.00 (2) 

N(1 )-C(2) 
C1 . . .CI '  4.505 (9) N(1)-C(3) 
O(2). • • 0(29 3"87 (2) 

N(2)-C(4) 
C(1)-O(2) 1"29 (2) N(2)-C(5) 

Bond Angle Bond 
CI---V-CI' 148.6 (3) ° N(1)-C(1)-N(2) 
O(1)-V-O(2) 104.6 (4) 
O(2)-V-O(2) 150.7 (5) C(1)-N(I)-C(2) 
O( 1 )-V-C1 105.7 (2) C(1 ) - N (  1 )-C(3) 
O(2)-V-C1 86.1 (4) C(I)-N(2)-C(4) 

C(1)-N(2)-C(5) 
C(1)-O(2)-V 137.4 (1-0) 

C(2)-N(1)-C(3) 
O(2)-C(1)-N(1) 117.1 ( 2 - 1 )  C(3)-N(2)-C(4) 
O(2)-C(1)-N(2) 120.8 (1.8) 

Distance 
1-38 (3) A 
1.32 (3) 

1.48 (3) 
1.52 (3) 

1.50 (2) 
1-51 (2) 

Angle 
122.0 (1.8) ° 

120.4 (1.9) 
120.5 (2-0) 
121.2 (1-6) 
120-9 (1.7) 

116"5 (1"8) 
115"2 (1"7) 

c ( ~  C(4) ( ~  
Cl CI' 

N(1) ~[~)C(2) 0~(1) M..,/ 
Fig. 1. Molecular geometry and atomic numbering. 
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2 K = 0 
c 261 -273 
0 4 2002 1883 
0 6 1303 -1230 
0 8 386 133 
0 12 252 193 
2 o 1633 1615 
2 2 662 - 5 5 3  
2 4 184 -161 
2 6 687 - 6 3 2  
2 8 235 123 
2 10 365 330 
2 12 241 229 
4 o 1241 - 1 1 8 5  
4 2 485 277 
4 6 374 -340  
4 8 379 313 
4 10 257 - 2 3 8  
4 12 312 291 
6 o 1029 1081 
6 2 742 -749  
6 4 1031 1088 
6 6 9 8 0  - 1 0 3 9  
6 8 105 120 
6 10 426 - 4 8 3  
6 12 147 150 

o 1372 1505 
2 785 -761  

8 4 947 924 
8 6 650 -642  

- 2  2 384 - 4 9 3  
- 2  4 1277 1322 
- 2  6 1323 -1286 
-2  8 1286 1203 
- 2  10 729 -638  
- 2  12 364 363 
- 2  14 309 - 3 2 8  
- 4  2 2143 -2004 
- 4  4 1432 -1319 
~4" 6 122111058 

8 6 7 6  57O 
-4 lO 344 -319 
- 4  12 149 164 
-4 14 398 -380  
- 6  2 1993 - 2 1 1 4  
- 6  4 962 - 9 0 5  
- 6  6 312 -291 
- 6  10 343 242 
-6  12 149 -10  
_~14  161 -127 

2 1453 - 1 4 4 4  
- 8  4 I084 1084 
-8  6 686  -685 
- 8  8 977 997  
- 8  IO 245 -226  
- 8  12 211 229 
IO o 537 509 
IO 2 227 160 
10 4 248 261 
12 o 191 - 1 8 3  
12 4 211 258 
14 o 146 133 
14 2 395 -4oi 
14 4 430 436  
14 6 212 -208 
16 o 363 359 
16 2 282 -327  
16 4 123 140 

- 1o  2 341 - 4 7 8  
I lO  4 1454 1612 
- lO  6 363 - 3 7 0  
-IO 8 1241 1210 
-IO IO 661 - 6 8 1  
- lO  12 258 255 

-IO 14 271 -265 
- 1 2  2 224 - 3 2 4  
- 12  4 114 201 
-12  6 396 365 
- 12  8 419 431 
- 1 2  10 255 -242  
- 12  12 148 139 
- 12  14 323 -325 
-14  2 494 - 5 5 4  
- 14  4 199 -140  
-14  6 142 - 2 4 7  
- 1 4  8 146 - 1 2 0  
- 14  1o 149 -168 
- 1 6  2 448 --466 
- 16  4 515 612 
- 1 6  6 471 - 5 3 4  
- 1 6  8 149 180 
- 1 8  10 360 -384  
-18 2 143 - 1 6 8  

Table 3. Observed and calculated structure factors 

The columns are h' l, Fobs x 10 and Feaxe x 10. 

- 1 8  4 386 400 
-18 6 207  -162 
-18 8 353 356 
- 1 8  I0 307 - 2 8 9  
I 1 8  12 245 252 

219 -124 
1 637 -6,31 
2 1 2 . 1 9 - 1 1 1 8  
1 626 612 
4 110 2.1 
5 277 -285  
6 549 - 5 1 5  
7 184 148 
9 173 -79 

lO 255 - 2 6 5  
3 0 609 699 

1 276 400 
3 2 I057 -990 

3 292 -319 
3 4 325 242 

5 135 168 
3 6 331 - 3 1 9  

8 171 189 
3 9 179 181 

10 182 -160  
3 11 175 140 

o 300 472 
5 1 339 -331 

2 570 - 4 5 9  
5 3 126 147 

4 552 500 
5 5 635 -647  
5 7 727 695  
5 8 358 323 

1~ . . . . .  96 
283 315 

0 720 800 
"1 1 1 0 4 - 1 0 8 9  

7 2 190 148 
7 3 611 671 

4 377 395 
7 5 697  -711 
7 7 476  493 
7 8 181 182 
7 9 249 -230  
9 o 312 351 
9 1 437 - 5 2 7  
9 2 375 - 4 1 2  
9 3 279 288 
9 5 249 - 3 4 3  
9 6 256 -313 
9 7 181 - 1 2 3  

--I . . . . . . .  1o6 
2 764 -7~4 

-1  3 1778 1534 
-I 4 469  332 
-1  5 1583 - 1 5 2 1  
- 1  8 518 - 4 4 2  
- I  7 1294 1140 
-I 9 671 -610 
- 1  lO 307 - 2 6 2  
- 3  1 1 4 0 6 - 1 4 8 6  
- 3  2 241 117 
- 3  3 540 -540 
- 3  4 1612 1491 
:~ ~ 787 -731 

309 294 
- 3  7 721 703  
- 3  8 401 409 
- 3  9 400 -367 
-3  1o 123 - 84  
-~ . . . . . . .  5 

13 423 - 3 7 2  
-5  1 192 167 -5 , 537 -425 
- 5  3 1080 -1026  
-5  4 8O8 786  
-5  5 310 243 
- 5  6 180 - 1 3 8  
-5  8 603 549 
-5  I I  179 173 

794 -821 
-7 2 114 - 1 3 9  
- 7  3 1387 1431 

5 126 -140 
- 7  6 8O5 - 8 9 0  
- 7  7 574 6 2 0  -7 . . . .  5 -329 
- 7  11 179 - 1 3 5  
- 9  1 1 2 0 8 - 1 3 1 1  

- 9  2 132 - 1 0 7  

4 232 252  
- 9  5 415 - 440  
-9 6 353 -412 

9 503 - 462  
- 9  10 3O3 -270  
-9  I1 255 227 
- 9  13 249  - 2 5 2  
11 1 231 216 
11 2 416 - 4 1 3  
11 3 175 - 1 5 9  
11 5 181 - 1 8 2  
13 o 246 279 
13 3 128 188 
13 5 173 - 1 8 8  
15 1 256 - 2 6 2  
15 3 298 437  

- I I  1 217 -199 
- 1 1  2 453 - 5 1 4  
-11 3 211 -141 
-11  5 215 -180  
- 1 1  6 271 - 277  
-11  7 427 458 
-11  8 236 244 
-ll 9 601 - 5 8 3  
-11 I I  363 345 
-11  13 389 -369  
- 1 3  2 168 - 2 1 1  
- 1 3  4 235 201 
- 1 3  6 lf i9 - 1 8 5  
-13 7 298 -174 

- 13  8 3O4 319  
-15 9 179 - 1 9 3  
- 1 5  1 479 - 4 9 0  
- 1 5  3 473 515 
- 1 7  I 2 5 0  - 2 2 7  
- 1 7  3 442 432  
- 17  .5  314 -244  
-17 7 442  402 
- 1 7  9 353 - 3 5 6  
-17 11 234 261 

1K = 
o 37~ -294 
0 2 1689 1622 
o 3 350 409  
o 4 332 - 3 1 8  
o 6 738 724 
0 7 396 442  
2 o 530 " - 6 2 6  
2 1 417 - 4 5 5  
2 2 479  - 3 7 5  
2 3 187 139 
2 4 121 103 
2 5 813 -807  
2 7 224 170 
2 8 151 136 
2 9 250 -257  
2 10 179 -190  
4 0 331 338 
4 1 777 -8O9 
4 2 934 -995 
4 3 123 -71  
4 4 269 305 
4 5 745 - 6 7 7  
6 0 6 2 0  - 8 6 9  
6 1 121 - 1 5 5  
6 2 225 270 
6 3 341 323 
6 4 6 6 9  - 6 6 2  
6 5 159 -142 
6 6 414 474 
0 7 124 83 
6 8 179 -260  
8 o 827 -817  
8 1 242 167 
8 2 511 506 
8 3 413  422  
8 4 403 -440  
8 6 436 431 

- 2  1 788 -704 
- 2  2 81 1oo 
- 2  3 162 172 
-2  4 260 -283 
:~ ~ 118 9~ 

949 961 
-~ ~ 612 54O 
- 2  ~ 626  - 5 6 9  
I 2  lO 497 452 
-2  11 179 143 
- 2  12 248 -287  
.-4 1 618  - 6 2 1  

- 4  • 2 6 9 0  - 7 2 6  
- 4  3 617  576 
- 4  4 189 b19 
-4  5 478  - 3 9 8  
- 4  6 130 - 1 5 0  
- 4  7 450 435 
-4  8 377 - 3 9 8  
-4  9 233 -218 
-6  1 533 - 550  
- 6  2 563 575 
- 6  3 479 483 
_~ 4 7 0 9  695 
- 5 435 - 4 1 3  
- 6  6 190  - 1 8 3  
- 6  7 204 208  
- 6  8 268 224 
-6  9 494 -454 
- 6  lO 300  -340 
- 8  1 318 - 3 4 1  
- 8  ~'~ 828  873 
-o  .~ 222 203 
- 8  4 321 - 2 8 3  
- 8  5 136 - 1 6 3  
- 8  6 622  619  
- 8  8 318 -330 
-8 9 409 -404 
-8  10 174 199 
lO o 215 169 
lO 1 158 - 9 5  
lO 3 341 352 
I0 4 176 175 
I0 5 179 -142 
12 o 168 109 
12 1 299 - 3 2 1  
12 _ 9 250 - 2 5 5  
12 3 179 181 
14 o 253 - 2 2 3  
14 1 179 - 2 3 9  
14 4 289 - 3 4 1  
16 o 175 - 1 4 8  

- 1 0  1 256 - 2 9 6  
- 1o  2 582 621 
-1o 3 354 356 
- 1o  4 438 - 4 1 3  
-IO 5 148 -1o5 
-IO 6 460  475 
- 1 0  7 225 217  
- 1 0  8 702  - 7 5 3  
- l O  lO 354 325 
- I0  11 179 119 
- lO 12 177 -227 
- 1 2  1 233 -201 
--12 5 394 373 
- 1 2  4 161 224 
- 1 2  5 325 - 3 0 2  
- 1 2  6 3}0  - 3 0 4  
- 12  7 238 203 
- 1 2  8 173 -141 
- 1 2  II 253 239 
-14  3 246 287 
- 1 4  5 246 -228  
-14  6 304 -292 
- 14  9 179 -224 
- 1 6  2 358 433  
- 1 6  4 311 - 3 5 1  
-16 6 253 274 
- 1 6  8 178 - 1 9 3  
-16 9 157 -IOO 
- 1 6  1o 172 178 
- 18  1 161 -148  
- 1 8  2 166 184 
I 1 8  4 171 - 1 4 3  
- 18  6 171 178 
- 1 8  8 168 - 1 3 1  
I 18  IO 273 3 0 3  

K = 3  
1 0 171 - 1 9 9  
1 1 501 488 
1 2 289 297 
1 3 190 123 
1 4 213  -175 
1 5 235 185 
1 6 393 345 
1 8 294 -266  
1 9 177 -150, 
I IO 252 213  
3 o 373 -315 
3 2 784 803 
3 3 907 859 

4 405 - 4 2 6  
5 147 85 

3 6 316 270 
3 7 238 233 
3 8 304 -289  

3 9 252 - 2 1 8  
5 0 567 - 5 4 1  
5 1 240  - 2 5 4  
5 2 316 310  
5 4 365 - 3 3 4  
5 5 478 439 
5 6 292 196 
5 7 351 -331 
7 o 265 -262 
7 3 557 - 5 1 8  
7 5 452 479" 
7 6 125 141 
7 7 218 - 2 0 3  
9 0 301 - 2 9 5  

1 220  187 
9 2 162 163 
9 3 151 - 1 7 8  
9 4 247 - 2 4 4  

-1  1 1362 1416 
-1  2 88 15 
--I 3 5 6 0  - 5 7 3  
- 1  4 306 - 3 4 8  
-1  5 705 747 
- I  6 141 I 1 0  
- 1  7 934 - 9 3 3  
-1  9 173 145 
- 3  1 635 584 

I 3  2 665 719 
- 3  3 360 343 
- 3  4 281 - 2 9 8  
- 3  6 338 265 
- 3  7 600  - 5 1 1  
- 3  8 161 - 9 3  
- 3  9 187 191 
- 5  2 330 385 
- 5  3 522 616  
- 5  4 554 -514 
-5  5 (,62 -699  

- 3 2 8  
- 5  lO 305 2(34 
- 7  1 880 925 
-7 3 513 -508  
-7  4 396 -4 ( ,5  
- 7  6 2O0 217  
- 7  7 217 - 1 8 7  
-7 8 430  -402 

• - 7  11 252 240 
-7  12 248 -236  
- 9  1 621 674 
-9 3 788 - 8 7 3  
-9 5 211 210 
- 9  6 154 164 
-9  7 482 -490  
- 9  9 425 411 
11 0 288  - 2 9 9  
i I 1 296 - 2 9 4  
11 2 30~ 271 
I I  4 252 - 2 3 6  
13 2 252 208 
15 1 244 199 

- 1 1  1 2 3 0  - 1 6 9  
-11  2 321 295 
-II 4 277 -209  
- I I  5 161 - 1 5 8  
-11  6 233  256 
-11  7 293 -243  
-11  9 354 321 
-11  1o 252 192 
- 11  11 177 -248  
-13  2 425 414 
-13  4 172 -163 
- 1 3  5 173 - 1~  
-13 6 302 373 
-13  7 305 2 6 7  
- 13  8 251 -241 
-13  IO 251 169 
-15 1 251 213  
- 1 5  3 309 -3O6 
- 1 7  1 116 129 
- 1 7  3 153 - 1 8 2  
- 1 7  4 154 -161 
-17 5 173 219 
-17 7" 171 - 1 9 3  
-17 9 K 164 192 

=4 
o 1 232 246 
0 2 104 - 239  
o 3 491 - 4 2 1  
o 4 531 467  
o 5 252 231 
o 6 274 - 2 1 5  
o 7 168 - 1 4 7  
o 9 256 253 
2 o 233 122 

2 1 493 521, 
2 3 678 - .1~,  
2 4 286 - 32 .  
2 5 517  497  
2 7 428 -368  
2 9 313 273 
2 I0 174 226 
2 11 160 -184 
4 0 498  - 6 2 1  
4 1 672  694  
4 2 233 353 
4 3 523 2422 
4 4 269 - 340  

4 5 439  "384 
4 7 312  ~230  
4 " 9  176 184 
6 0 274  290  
6 1 574 608-  
6 2 151 -147  
6 3 160 -147  
6 4 228 229  
6 5 248 • 144 
6 6 313 -306 
8 0 538 548 
8 1 160 113 
8 2 129 - 1 4 3  
8 3 300  - 2 7 3  
8 4 252 241 
8 5 140 105 
8" 6 180 -174 
8 7 174 - 1 7 6  

- 2  1 327 •290  
- 2  3 490 --494 
-2  4 385 311 
- 2  5 244 80 
-2 6 375 -318 
_s ~ 284 -257 
- 2  ~ 425 346 
-2 9 161 103 
I 2  IO 256  - 2 1 6  
- 4  1 614 655 
--4 2 200 59 
- 4  3 573 - 5 8 2  
-4  4 473 - 5 2 6  
-4 5 617 658  
- 4  6 215 - 85  
-4  7 430 -398 
-4  9 178 156 
-4  II 178 -212 
- 6  1 230 257 
- 6  2 265 - 1 7 4  
- 6  3 467  -541 

4 420 -435 
- 5 590 612 
- 6  7 285 -264 
-6 8 172 -242  
- 6  9 309 383 
- 6  lO 256 286  
- 6  I I  179 - 2 1 8  

299 1305 
- 8  3 212 - 1 6 3  
.~ .  4 215 213 

222 181 
-8 6 2 3 0  -211 
- 8  7 239 -243  
-8  8 248 218 
-8  9 254 240 
10 1 174 189 
10 2 309 292 
IO 3 362 -267  
IO 5 251 222  
12 o 312 -235 
12 1 363 352 
12 2 162 1.53 
12 3 178 - 1 8 1  

- 1 0  1 503 493  
- 1 0  4 287  275 
- 1o  5 291 341 
- l O  6 171 -193 
-IO 7 175 -177 
-IO 8 310 373 
- 1 2  1 310  352  
- 12  3 353 -346 
- 12  4 250 -274 
- 12  5 307 323 
- 1 2  6 253  240  
-12 7 255 -284  
-14  2 140 -147  
- 1 4  3 314 - 280  
- 1 4  4 257 -237 
- 1 4  5 140 139 
- 1 4  7 313 - 3 2 8  
- 1 6  2 172 - 1 8 6  
- 1 6  4 175 202 

BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1964). 
ORFFE, A Fortran Crystallographio Function and Error 
Program. ORNL-TM-306. Oak Ridge National Labora- 
tory, Tennessee. 

DODGE, R. P., TEMPLETON, D. H. & ZALKrN, A. (1961). J. 
Chem. Phys. 35, 55. 

DRAKE, J. E., VEtOes, J. & WOOD, J. S. (1968). J. Chem. Soc. 
A,p .  1000. 

DUNNING, A. J. & VAND, V. (1969). Acta Cryst. 15, 1092. 
GREENE, P. T. & ORIOLI, P. L. (1969). J. Chem. Soc. A, p. 

1621. 
International Tables for X-ray Crystallography (1962). Vol. 

II. Birmingham: Kynoch Press. 
SELmN, J. (1965). Chem. Rev. 65, 156. 
SELBIN, J. • HOLMES, L. H. (1962). J. Inorg. NucL Chem. 24, 

1 1 1 1 .  


