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The crystal and molecular structure of selenium di(morpholyl-
dithiocarbamate), Se[OC,H,NCS,],, has been determined from three-
dimensional X-ray data collected by multiple-film techniques using
CuKe radiation. The material crystallizes in the monoclinic space
group P2,/n with four molecules in a unit cell, with a=10.976(3) A,
b=15.707(3) A, ¢=9.125(2) A, and $=92.17(2)°. The observed and
calculated densities are 1.66 and 1.70 g/cm?, respectively. Full-matrix
least squares refinement of the structure has yielded a final value for
the conventional R-factor of 0.093 for 1097 visually estimated reflec-
tions. The monomeric molecules are nearly planar, with each selenium,
atom surrounded by a distorted square planar arrangement of sulfur
atoms. There are two short and two long Se—S bonds, each short
bond being trans to a long one at interbond angles close to 155°.
The bond lengths are Se—S,=2.282(6) A, Se—8,=2.782(5) A,
Se—8,=2.314(6) A, and Se—S,=2.791(6) A. The corresponding angles
are 8, —Se—8,=70.5(2)°, S;—So— S, =84.6(2)°, 8,— Se—8S,=69.7(2)°,
and S;—Se—8,=135.0(2)°.

This work is part of a study of compounds of divalent selenium and tellurium
with dithio and related anions.!~® The earlier studies have shown the tend-
ency of bidentate dithio ligands to form complexes of distorted square-planar
geometry with Te(II) and Se(II). The present study confirms this tendency.

EXPERIMENTAL SECTION

Selenium di(morpholyldithiocarbamate) was prepared by the reaction of stoichio-
metric amounts of sodium monoselenopentathionate with sodium morpholyldithio-
carbamate in aqueous solution.!® Recrystallization from an ethanol-benzene mixture
yielded small yellow prisms. Oscillation and Weissenberg photographs established that
the crystals belonged to the monoclinic system, and were i fact isomorphous with the
tellurium(IT) complex of the same ligand.® This established the space group as P2,/n.
Cell parameters were determined at ambient temperature by measurement of 26 for
34 high-order reflections on NaCl-calibrated 0kl and h0l Weissenberg photographs
employing CuKea radiation. Refinement by a least squares program gave final values of
a=10.976(3) A, b=15.707(3) 4, c=9.125(2) A, and p=92.17(2)°. There are four molecules
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Table 1. Observed and calculated hk0 and Okl— 3kl structure factors (X 10). Negative
F, values indicate that the corresponding reflection is unobserved.

h K L FLO) FlQ) H X L FlO) FLo) H K L FlO) FlC) H K L Flal  FC) H K L F(O) FIC

0 2 0 555 =585 0 & 5 341 ~397 112 o 117 =122 115 223 218 113 -1 =55 24
VU 4 0 264 =214 ¢ 9 5 EL] -75 113 0 254 242 112 5 13 =122 116 -1 =57 24
U 6 C 64 637 010 5 145 137 114 v 265 =255 113 5 57 32 115 -1 =57 9
U 8 0 6u9 =565 V1L 5 168 =192 115 0 167 =119 116 5 <54 15 116 -1 212 =205
V10 ¢ 6715 -620 012 5 105 121 116 0 64 9% 115 5 113 -~12¢ 117 -1 142 130
viz 0o 613 639 vl 5 ar 95 117 o 56 57 116 5 5 56 118 -1 -46 -19
014 0 230 -244 0le 5 171 -212 118 v =47 38 117 5 62 58 119-1 =39 =35
vie 0 -38 =-15 v 15 5 35 36 119 0 -39 “ 1 1 6 16T ~145 120 -1 o4 92
0ils 0o 118 10 0le 5 38 56 120 v 31 =38 1L 2 6 266 =-284 1 1 -2 698 -672
va ¢ 63 72 017 5 48 -67 101 897 au2 1 3 6 312 352 1L 2-2 41l ~-360
0 21 62 690 ¢ 18 5 30 50 L1 1 864 ~936 1 4 6 269 295 1 3 -2 545 =555
¢ 2 1 19 188 0 v 6 201 201 121 mMn m 1 5 6 185 =202 1 4-2 a2m 231
0 3 1 <316 =197 o 1 6 342 =351 1 3 1 1677 1628 1 &6 o 255 273 1 5-2 39 =383
0 4 1 6% v 0 2 6 316 =314 1 4 1 1393 -1402 17 6 299 =321 1 6 -2 106 ~l45
0 5 1 288 300 0 4 6 124 169 1 5 1 140F 1560 1 8 6 164 -1 1 71-2 8712 843
0 6 1 114 lud 0 5 & 530 631 1L 6 1 699 687 1 9 6 165 160 1 8-2 -4 =30
v 7 1 209 26l 9 6 6 178 ~-l63 1 7 1 29 =241 110 6 -58 86 1 9 -2 141 =-138
0 8 1 259 =314 v T 6 214 -200 18 1 528 =509 111 e -58 -271 110 -2 126 132
v 9 1 Te5 =921 0 8 o 50 =58 1 9 1 186  -1u3 112 o 86 T4 111 -2 103 -95
0 1 “0 =61 0 9 6 295 ~331 P10 2 220 =233 113 6 191 ~195 112 -2 96 ~lu3
011 1 1les =180 0l 6 15 ~l76 111 503 499 114 6 108 -i19 113 ~2 469 494
012 1 160 ~162 01 e 251 308 112 1 218 222 115 e 44 1 14 -2 -57 25
013 1 239 261 012 & 119 113 113 1 498 =495 116 o 37 =16 115 -2 =57 =33
Vile 1 =39 -l4 013 6 191 -234 114 1 57 28 117 & =27 17 116 -2 155 158
V15 1 123 -1 014 6 98 -l4u 115 1 =57 12 1 0 7T 653 =670 117 -2 226 =-223
¢ 16 1 38 -67 V15 6 68 -99 116 1 229 -216 T 17 455 =476 118 -2 77 -75
017 1 56 -6u 016 ¢ 59 89 117 1 -52 15 12 1 29 296 119-2 111 119
vis 1 =32 017 & 33 72 118 1 133 124 13 7 2w 236 1 0 -3 B8us T46
¢19 1 130 187 0 1 7 175 =174 119 1 ~38 =10 1 4 7 186 167 1 1-3 680 680
va 1 -i8 -1 0 2 T 391 425 120 1 -24 -5 1 5 7 406 387 1 2-3 565 =51t
0 v 2 9 97 0o 3 7 -37 52 11 2 3w -2 1 & 7 -57 -16 1 3 -3 322 =302
0 1 2 85 -30 0 4 7 4% 567 1 2 2 459 3t 1 77 284 -288 1 4-3 850 -774
o 2 2 54 26 o 5 7 165 208 L3 2 348 =305 1 8 7 ~58 25 1 5 -3 139 ~128
0 3 2 170 =201 0 6 T 235 262 1 4 2 T69 140 19 7 ~57 11 1 6-3 900 904
0 4 2 e =776 o 7 1 89 82 1 5 2 526 483 110 7 384 396 i 7-3 78 48
¢ 5 2 68 ~-90 v 8 7 194 -278 1 6 2 695 662 111 7 98 98 1 8 -3 -45 15
0 6 2 980 1058 o9 1 -39 -5 17 2 12 696 112 1 219 =213 1 9-3 193 179
0o 7T 2 10 811 Vi 7T 218 319 1 8 2 628 =-643 113 7 126 -149 110-3 132 -136
¢ 8 2 124 115 V7T 129 142 1 9 2 267 -256 114 7 =42 18 111 =3 343 =362
0 9 2 18T -191 o112 7 35 =51 11 2 T4 ~68 115 7 =35 =3 112 -3 241 230
0 2 9T ~134 013 7 35 -85 111 2 =51 =33 116 7 =23 39 113 -3 57 42
Vil 2 a4 265 U le 7 125 176 112 2 110 187 1 1 8 440 451 114 -3 =57 29
02 2 91 115 015 1 =24 -2 113 2 242 237 1 2 8 338 -373 115 -3 =56 =25
Vi3 2 9 138 01le 7 24 57 114 2 338 -332 1 3 8 174 204 116 -3 183 ~185
vl 2 227 243 0 0 8 - 255 ~305 115 2 213 =229 1 &4 & 176 186 117 -3 48 =52
V15 2 16 -192 v 1 8 172 =187 116 ¢ 70 ~58 1 5 8 84 -9l 118 -3 -42 21
0 le 250 -287 0 2 8 191 194 LT 2 =50 26 1 6 8 (2} =36 119 -3 -32 -8
01T 2 =34 38 v 3 8 90 =95 118 2 106 104 17 8 150 -137 1 1-4 738 12
018 2 a3 113 v 4 B8 128 =123 119 2 =36 10 1 8 8 55 =23 1 2 -4 1261 1163
019 2 58 78 0 5 8 93 131 1 0 3 369 215 1L 9 8 291 305 1 3 -4 580 =575
V20 2 =12 32 0 6 8 -39 -39 11 3 213 219 110 8 07 137 1 4 -4 523 -499
¢ 1 3 308 347 0o 7 8 139 =167 1 2 3 865 =814 111 8 -47 -3 1 5 -4 201 185
U 2 3 T49 =120 o ¥ 8 81 -93 1 3 3 704 -647 112 8 43 =34 1 6 -4 404 411
v 3 3 928 -993 0 9 8 49 -71 1 4 3 394 ~357 113 8 61 =75 1 7 -4 224 210
v 4 3 496 =502 Vi 8 128 172 L 5 3 583 517 114 8 32 -48 1 8-4 580 608
¢ 5 23 361 366 ol 8 134 183 1 6 3 469 472 1 0 9 =55 =33 1 9 -4 308 =308
0 6 3 -27 68 012 8 -29 -1 17 3 226 -250 11 9 ~55 -63 110 -4 378 =379
0T 3 146 207 013 @8 38 -43 1 8 3 174 -184 12 9 =54 5 111 -4 144 ~120
v 8 3 352 =360 01 9 -37 11 1 9 3 131 -154 1 3 9 96 =96 112 -4 ~58 -18
v 9 3 2v7 ~19¢ 0 2 9 =37 5 110 3 =51 -4 1 4 9 187 77 113 -4 249 256
vio 3 4 =138 0 3 9 48 o4 11 3 323 352 15 9 57 60 1 14 ~4 106 101
vl o3 a7 12 0 4 S -37 =35 112 3 360 343 L 6 9 170 =177 115 -4 99 -105
viz 3 203 213 0 5 9 =36 =10 113 3 137 1le 179 114 -114 116 -4 91 =101
Q13 3 232 280 0 6 9 48 114 3 180 =166 1 8 9 -47 -4 117 -4 —44 -24
014 3 w2 ~116 [ us =146 115 3 306 =325 1 9 9 44 50 118 -4 =36 36
vils 3 il4 =114 0 8 9 88 =137 116 3 68 75 110 9 124 112 119 -4 =20 89
vi1se 3 =36 ~-19 v 9 9 =31 6 117 3 150 144 111 9 =36 29 1 0-5 915 886
Vi3 33 —46 0w 9 =28 =17 118 3 -4l 36 112 9 32 27 1 1=5 57 63
v is 3 9% 121 011 9 44 o4 1 1 & 307 290 i 110 -47 -29 L 2-5 115 102
vie 3 -22 - 012 s 58 115 1 2 4 851 ~749 1 210 -47 -12 1 3-5 143 122
0 v 4 3ue ~284 0 vio 33 ~47 1 3 4 234 220 1 310 60 83 1 4-5 576 ~558
v 1 4 558 ~589 0 11 50 55 1 4 4 304 3ue 1L 410 101 81 1L 5-5 176 -819
0 2 4 126 =111 0 210 59 n 1 5 4 166 =195 1 510 —b4 19 1 6 =5 208 198
0 3 4 374 =433 0 310 =32 -46 1L 6 4 -45 =12 1 610 63 ~63 1 7-5 492 494
U 4 4 323 ~349 U 410 21 134 1 7 4 116 =134 1 710 113 =104 1 8 -5 334 =339
0 5 4 667 709 0 510 52 58 1 8 4 387 -395 1 810 -36 =37 1 9-5 =56 34
VU o 4 54 64 U 610 57 =106 1 9 4 e3 =60 1 910 -31 -1 110 -5 343 ~323
U T 4 665 -123 v 71 29 =77 110 & 140 124 1 o1l 118 ~109 111 -5 192 -177
U 8 4 61 55 o 810 29 -42 111 4 5 89 1 11 =35 19 112 -5 -58 43
0 9 4 79 kil 0 910 22 -1 112 4 246 232 1 211 =35 18 113 -5 T4 =70
Vi 4 100 =112 0 111 40 -58 113 4 95 -87 1 311 70 7 1 14 -5 99 78
VUl o4 217 250 0 211 ~24 14 1 14 4 120 -107 L 411 8l 103 115 =5 162 160
012 4 -39 ~16 0 311 120 180 115 & =54 9 1 511 33 -42 116 -5 102 =113
V13 4 -39 26 0 411 -22 116 4 8l 85 1 611 25 -57 117 -5 107 =120
014 4 120 138 0 511 56 =92 117 4 =44 -6 1 0-1 460 463 118 -5 84 125
G015 4 -37 0 o 11 -18 12 118 4 T2 88 1 1-1 412 30 1 1-6 507 499
016 4 69 -85 0 711 =14 =70 1 0 5 2617 =237 1 2-1 583 -552 1 2 -6 331 369
V1T 4 9 123 1 2 0 1153 -1181 1 1 5 385 ~303 1 3 -1 332 =343 1 3 -6 495 =528
V18 4 =25 16 1 3 0 989  -1049 1 2 5 353 295 1 4 -1 91 1l 1 4 -6 393 =368
v 19 4 =15 -9 1L 4 v i 151 1 3 5 63 =51 1 5-1 150 159 L 5 -6 617 581
o 1 5 250 244 I 5 0 651 573 1 4 5 479 433 1 6 -1 459 401 1 6-6 354 =329
U 2 5 647 -654 L 6 v 345 276 L 5 5 53 28 i 7-1 198 =268 1 7-6 242 210
v 3 £ 537 587 1 7 v 585 564 1 6 5 645 -634 1 8 -1 718 762 1 8 -6 229 221
0 4 5 416 382 1L 8 0 543 ~521 17 5 193 -229 1 9 -1 191 ~222 i 9 -6 405 ~386
U 5 5 164 ~l48 1 9 v 973 ~987 1 8 5 292 309 110 -1 781 =777 110 -6 =58 3
v 6 S 175 117 11w 0 402 n 1 9 5 358 ~354 11 -1 241 233 111 -6 75 115
v T s -35 58 111 ¢ 123 %6 110 5 7”7 =54 112 -1 292 303 112 -6 133 -129
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Table 1. Continued.

H K L FLO) FiQ) H K L Fl) F(Ci H K L FLO) [319] H K L Fay Fich H K L FLO) Fic)
113 -6 =54 ~3 2 2 2 59 =311 2 U 8 463 —4o4 2 5 -6 322 304 2 5-11 =29 []
114 =¢ 243 253 2 3 2 T =21 2 1 8 183 163 2 6 -4 800 761 2 611 (2] =56
115 -¢ 81 =140l 2 4 2 138 =192 2 2 8 9 1 2 7 =6 18l 152 3 1 v eyt ezt
L le - -33 13 2 5 2 1489 leTs 2 3 8 13 =73 2 8 -4 282 -285 3 2 0 680 -Ti8
117 ~¢ 39 63 2 6 2 ele =539 2 4 8 32 352 2 9 -4 S5 86 3 3 0 =29 .7
L v =1 49 LY 2 7 2 8e83 =d27 2 5 8 83 48 2 10 =4 620 ~400 3 « 0 132 -89
1 1-1 sde 574 2 8 2 357 367 2 6 8 353 357 211 =4 260 =215 3 3 0 352 341
1 2-1 534 ~531 2 9 2 o7 7 2 1 8 ur -ur ¢ 12 -4 3l4 297 3 6 0 440 456
L 3 =7 89 56 210 2 1e8 179 2 8 8 268 248 213 -4 -87 9 3 1T 0 504 =500
1 4=1 Wl -~lve 21 2 le2 165 2 9 8 148 111 2 14 =4 <36 21 3 8 U 629 =655
1 5= 165 -2w 212 2 -54 29 210 8 118 118 215 ~¢ 210 ~2w 3 9 0 338 =322
1 6=1 =57 4“b 213 2 =56 =47 211 6 ~45 -1 2 15 =4 147 =118 300 105 -9l
& 1=7 T4 ol 21 2 -517 -46 212 8 144 <122 2 17 =4 78 ki 31000 172 -\n
I 6~7 ~58 3 235 2 33 -7 213 b 35 39 218 =4 l0v 106 312 0 415 E344
i 9-1 108 pC ] 216 2 69 -T4 214 8 =271 3l 2 1-5 89 152 313 0 113 =99
il =56 18 217 ¢ 229 202 2 1 9 138 -1« 2 2. =5 =48 314 0 289 -2%
1 252 =258 218 2 =43 -37 2 2 9 =% =45 2 3 -5 488 -495 315 0 -72 133
1 140 161 219 2 72 =68 2 3 9 204 172 2 4 -5 123 89 316 0 -69 35
1 89 9 2 1 3 589 =565 2 4 9 232 =8l 2 %-%5 200 191 317 0 110 (34
1 s -2 2 2 3 1130 -9 2 85 9 123 ~-i00 2 6-5 1280 -1 318 0 178 170
i 41 LY 2 3 3 3ue =282 2 6 9 135 -104 2 T -5 428 380 319 0 =45 =47
1 -25 -19 2 4 3 89 786 2 7T 9 les =124 2 8-5 76 45 3 0 1 313 ~-278
1 ~56 -1 2 %5 3 153 703 2 8 9 =4b 12 2 9-% 598 =822 3 1 1 113 -108
1 299 230 2 6 3 55 195 2 9 9 182 153 210 -5 292 239 3 2 1 e8s 663
Iy ~57 12 2 7 3 29 258 210 9 -39 39 2 11 =5 248 =215 3 3 1 488 ~549
i -57 w 2 8 3 409 -0 211 9 =34 13 212 -5 =58 =77 3 4 1 6le 651
1 =57 -15 2 9 3 102 148 212 9 =27 17 213 =5 281 267 3 5 1 116l 1338
1 92 -8 2w 3 o« 216 2 V10 ~-és 7 2 16 =5 =54 3 6 1} 576 =589
1 =56 10 21 3 39 398 2 110 80 -48 215 =5 164 =169 3 7 1 779 =87
I 149 159 212 3 341 329 2 2w 53 ol 2 16 =5 88 16 3 8 1 2 -80
1 =33 “ 213 3 21 =202 2 3w 45 «7 217 =5 =36 3 9 1 108 30
i =50 -4l 2 14 3 267 =248 2 410 =44 52 2 18 =5 771 -110 310 1 =62 =35
i -47 215 3 =55 -4 2 510 8V -8l 2 0-6 42 433 311 1 308 329
1 156 =155 216 3 89 91 2 41U 121 -lle 2 1 -6 202 =244 312 1 327 =288
1 “9 52 217 3 66 67 2 110 =37 ~27 2 2 +~6 236 =238 313 1 1”7 -6l
1 =31 =11 218 3 83 70 2 81 45 =51 2 3 -6 34 286 314 1 148 146
1 9 ~lle 219 3 =W 2 910 =29 i3 2 4 =6 443  ~sll 315 1 269 ~-216
i 89 423 2 U 4 284 =305 2 111 -3 v 2 5 -6 49 =428 316 1 126 121
3 63 73 2 1 4 1345 =~1258 2 21 69 T4 2 6= 110 687 317 1 128 %
i 99 118 2 <2 4 378 =329 2 31 48 40 2 T =6 126 ~-105 318 1 ~-55 -9
1 ~54 3 2 3 4 204 =211 2 413 ~29 2 2 8 -6 ~-57 -27 319 1 =44 ~-19
i -53 23 2 4 4 36l 366 2 511 =26 -5 2 9 -6 81 -37 3 1 2 231 -1%2
1 -52 19 2 5 4 183 in 2 611 =20 -20 210 -6 ~-58 =92 3 2 2 508 ~513
1 58 L1 2 6 4 220 =136 2 1 -1 262 207 211 -6 8l 51 3 3 2 97T 1149
1 87 -89 2 T 4 49 4065 2 2-) 771 =780 21312 -6 27} 2718 3 4 2 451 451
3 145 159 2 8 4 184 -159 2 3 =1 137 142 213 «6 162 ~14 3 5 2 606 -oal
1 =41 62 2 9 4 222 ~-lo4 2 4= 698 =679 2 14 -6 71 -9 3 6 2 575 586
1 71 -92 21 & 192 375 2 5+-1 2641 =-210 215 -6 232 246 3 7 2 514 =535
1 68 -59 2 11 4 44 370 2 6-1 230 ~-182 2 16 =6 93 ~103 3 8 2 355 ~389
1 19 -40 212 4 66 63 2 7 -1 348 357 217 =6 73 -1 3 9 2 01 430
1 55 -49 213 4 173 -I75 2 8~-1 538 ~542 2 1-7 99 ~103 310 2 225 196
1 154 174 214 4 W7 -84 2 9=l 96 81 2 2-1 26k 256 311 2 289 =263
13 104 125 215 4 =53 =10 210 -1 127 ~-139 2 3 =T 226 =25 312 2 204 190
1 91 =113 216 4 162 153 211 =1 213 ~-172 2 4T 297 =92 313 2 164 ~le7
3 %4 -2 217 4 60 70 212 -1 361 327 2 5-1 -5 12 314 2 338 -327
13 —42 -24 2 18 4 =34 -22 213-1 a8 279 2 6 =T =57 315 2 203 165
i 133 ~142 2 4 5 1w =90 2 14 -1 =56 -4l 2 71~17 238 262 316 2 -7 12
1 59 71 2 2 5 221 ~-19% 215~k -5 33 2 8 -1 119 14l 317 2 12 -10e
1 39 49 2 3 5 8518 522 216 -1 67 -6l 2 9-7 103 -98 318 2 53 54
3 5 -6y 2 4 5 123 1w 217 -1 137 -l20 2 10 =7 =55 -2l 3 0 3 474 =407
2 146 ~141 2 5 5 253 =232 218 -} 224 206 2 11 =7 =~5)3 42 3 1 3 613 ~632
1 ~36 21 2 & 5 276 263 219 -1 115 18 212-1 112 =123 3 2 3 251 ~213
1 98 9 2 1 5 415 =393 2 0-2 en 652 213 -7 11 119 3 3 3 302 230
1 ~34 9 2 8 5 195 =189 2 1 =2 433  ~446 2 14 -7 L) 75 3 4 3 486 “es
by 105 129 2 9 5 155 123 2 2 -2 631 =539 215 =1 o1 -77 3 5 3 238 168
3 126 -lé4 21y 5 =57 1l 2 3 =2 228 203 2 0 -8 199 ~-138 3 6 3 429 =459
1 76 =1u9 21 5 ~-58 =40 2 4 =2 260 =259 2 1 -8 269 250 3 T 3 282 =281
2 2 ¢ ler =101 212 5 129 99 2 5~-2 61 1 2 2-8 128 -9 3 8 3 2467 175
2 3 0 263 26k 213 5 w7 -106 2 6 =2 165 A7 2 3-8 =56 3 3 9 3 “47 =470
e 4 6 (71 660 2 14 5 =53 ~30 2 1-2 389 -3i9 2 4 -8 -56 2 310 3 419 417
4 5 0 =29 78 215 5 =49 34 2 8=~¢ 5i) 468 2 5 -8 92 ~88 311 3 546 568
2 6 v 310 314 216 5 =43 -5 2 9 -2 =45 -0 2 6 =8 9 -78 312 3 13 -93
2 7T 6 340 =340 2171 5 57 51 2 10 -2 382 =387 2 7-8 11Ul 103 313 3 231 ~196
4 8 0 “l4 =4io0 2 v & 393 =367 211 =2 293 325 2 8 -8 285 274 314 3 132 -96
2 9 0 327 =273 21 6 184 136 212 -2 205 2064 2 9 -8 163 149 315 ) -69

210 U —4b -6V 2 2 6 4006 439 2 13 =2 105 95 2 10 -8 91 ~106 316 3 176 141
211 v es2 661 2 3 6 110 b6 2 14 =2 ~57 22 211 -8 157 ~157 317 3 ~58 43
212 0 267 =254 2 4 6 369 294 215 =2 ~56 =40 - 212 -8 94 98 318 3 95 =91
213 ¢ 55 19 2 5 6 =54 -1 216 =2 218 =194 213 -8 ~37 ~43 3 1 4 46y =407
214 G =56 -1 2 6 6 117 -85 2 1T =2 =49 ] 2 14 -8 55 54 3 2 4 60 ~803
215 © 86 =66 2 71 6 i 105 218 =2 ~43 -8 2 19 =54 29 3 3 & 291 278
Z1¢ ¢ 8s -66 2 8 & 237 -224 219 =2 =35 25 2 2-9 23 230 3 4 4 211 243
217 0 12 13 2 9 o6 242 ~242 2 1 -3 250 30l 2 3-~-9 ~53 21 3 5 4 -58 -6
219 € ~46 43 210 6 213 189 2 2-3 502 “le 2 4=9 106 =101 3 6 4 213 =203
219 ¢ =37 0 21 ¢ 9% 89 2 3 +~3 1620 =1533 2 5-9 =52 -5 3 7 4 315 =317
< 1 1 65 6217 212 6 239 =222 2 4~ 383 394 2 6 -9 =51 -47 3 8 4 432 -523
2 < 1 2183 =~i584 213 6 =52 22 2 5=3 391 378 2 7T-9 =49 20 3 9 & 338 365
4 3 1 724 T02 214 6 ~48 =25 2 6-3 229 214 2 8 -9 225 214 310 4 497 543
2 4 1 13u9 1347 215 6 144 -129 2 1-3 53 549 2 9 -9 72 -3 311 4 146 139
4 5 1 99 s 216 6 68 64 2 8 -3 101 84 210 -9 77 -83 312 4 -T4 27
2 6 1 115 -1l 211 6 =23 21 2 9-3 590 ~-598 2 11 =9 =36 -8 313 & 263 =252
2 7 1 87 -25 2 1 1 276 =257 210 -3 156 -170 212 -9 75 =91 31 4 =71 10
2 8 1 540 -521 2.2 1 -5 22 2 11 =3 347 330 2 0-10 =47 28 315 4 1% 145
2 9 1 244 236 2 3 1 35 328 212 =3 -56 le 2 l-10 267 300 316 4 115 108
210 1 49 513 2 &4 1 125 119 213 =3 149 104 2 2= 103 98 317 & 73 72
211 1 181  =i50 2 5 7 146 ~103 2 14 =3 173 ~149 2 3~ 65 - 80 318 4 39 =56
212 1 68 ~93 2 6 1 =87 71 2153 195 ~-186 2 & 58 ~34 3 0 5 825 =455
213 1 15 60 2 7 1 325 ~-3a7 2 16 =3 ~52 -62 2 5-10 197 ~195 3 1 5 266 =i23
¢ A4 1 32 =306 2 8 7 =58 -3 2 17T =3 =47 5 2 6~10 -4l 21 3 2 5 486 469
215 L =56 22 2 9 1 268 217 218 =3 =40 7 2 T-10 155 147 3 3 5 308 -276
216 1 133 1z 2w 1 =55 sS4 219 =3 45 48 2 8-10. 92 ~=luo 3 4 5 206 175
211 1 ~50 =25 21 1 -5 =30 2 0 -4 1626 1332 2 910 56 3 5 5 =65

218 1 3 Sv 212 1 =50 -22 2 1 -4 lue2 935 2 1-i1 ~-35 =12 3 6 5 332 =35
219 1t 45 35 213 7 159 ~124 2 2-4 22 122 2 2-11 126 133 3 7T 5 266 =227
2 v 2 %82 =959 214 7 52 -48 2 3 =6 239 =203 2 3-11 ~33 20 3 8 5 221 ~-199
2 1 2 T ~604 215 17 L) 80 2 4 =4 545 =512 2 4-11 143 =172 3 9 5 -73 is



3144 ANDERSON AND HUSEBYE

Table 1. Continued.

h K L FlO) F(Q) H K L FLO} FlC) H K L FLO) F(C) H K L FLO)  F(C) H K L FQ) F)
3w 5 22 1% 44 3 u~-1 365 -323 3 3 =5 390 <345 3 5-10 121 108 712 0o -97 10
3 5 80 78 3 1 -1 333 =292 3 4 -5 4Uu =371 3 eW0 93 -86 713 0 158 ~149
312 5 258 -227 3 2-1 265 211 3 5 -5 379 317 3 7-w -47 36 T 14 0 238 232
313 5 =71 —44 3 3-1 269 ~266 3 6-5 304 283 3 8-10 110 136 715 0 80 83
314 5 ol 13 3 4-1 188 =15 3 7-5 715 -842 3 9-10 110 -l4 T11% 0 73 -7
315 5 -6l 34 3 5-1 274 219 3 8-5 141 86 3 0-il -43 -47 8 0 0 264 204
316 5 97 94 3 6 -1 344 319 3 9-5 299 257 3 1-11 85 115 8 1 0 630 643
3171 ¢ 85 8u 3 7-1 T -7 310-~5 270 =251 3 2-11 -42 i1 a8 2 0 -86 48
3 1 6 123 0l 3 8 -1 191 ~-150 311 -5 129 95 3 3-11 -40 =54 8 3 0 276 =302
3 2 6 238 181 3 9-1 ez -s07 312 -5 -74 ~-19 3 4-11 15 -91 8 4 0 110 =-i3)
3 3 6 163 153 3w -1 -8l =37 313 -5 =72 31 L1 0 426 588 8 5 0 505 -507
3 4 & 94 ~-48 30 -2 6le 624 3 14 =5 16l 123 2 0 o 149 -99 8 6 0 241 194
3 5 &6 ~-T1 -18 3 12 -1 =69 46 315 -5 -62 28 2 1 0 1522 =-17% 8 17T 0 262 279
3 o 6 125 105 313 -1 184 166 3 16 -5 207 =206 4 0 0 287 301 8 8 0 190 =221
3 71 6 259 =221 3 14 -1 246 201 317 -5 a9 81 4 1 0 106 ~-136 8 9 0 167 145
3 8 o 30 65 3 15 -1 253 =229 3 1 -6 284 249 4 2 0 66 -19 810 0 173 145
3 9 & 143 147 316 -1 49 -80 3 2 -6 469 =380 4 3 0 380 -442 811 0 368 -337
340 6 lo6 =148 317 -1 154 125 3 3 -6 529 =525 4 4 0 102 148 812 0 -92 40
ERR YN ] 139 126 318 ~1 =56 45 3 4 -6 110 58 -4 5 0 567 543 613 o0 246 224
312 ¢ =70 =15 319 -1 —44 36 3 5 -6 -69 103 4 6 0 138 136 814 0 -75 ~66
313 & 170 ~157 3 12 268 -282 3 66 326 =276 4 70 559 =563 815 0 -64 21
314 ¢ =60 ~68 3 2-2 1le6 -123 3 7T-6 174 174 4 8 0 375 340 9 1 0 -92 =31
315 & -52 -24 3 3 -2 866 =876 3 8-6 =73 -4 4 9 0 252 =250 9 2 0 297 316
316 & w42 22 3 4 -2 &85 731 3 9-6 166 ~-l48 410 0 163 152 9 3 0 346 ~-373
3 v.7 112 -186 3 5-2 171 125 310 ~6 1221 113 41 0o 203 215 9 4 0 460 -468
3 41 324 279 3 6-2 252 234 31l1-6 =713 ~-28 412 0o 125 122 9 5 0 286 287
3 2 1 93 =38 3 1-2 50 473 3 12-6 =70 413 0 178 161 9 6 0 234 -235
3 3 1 =13 44 3 8 -2 662 6% 313-6 2w 146 414 0 15 =172 9 1 0o 121 124
3 4 7 22 185 3 9 -2 7 ~54 314 -6 -6l 58 415 0 191 -192 9 8 0 212 192
3 5 1 100 310 -2 352 313 315 -6 102 -91 416 0 296 258 9 9 0 122 ~109
3 6 T 177 -159 3n-2 a3 202 316 -6 97 85 417 0 181 163 910 0 -97 -85
31T 1 -4 71 3r-2 -n -1 3 0~71 179 160 5 1 0 272 207 91l 0 148 120
3 8 1 -4 -16 313 -2 28 112 3 1-1 ~-70 4L 5 2 0 439 -49% 912 0 -82 -1
3 9 1 les 153 3 14 -2 221 ~-176 3 2-7 129 -l16 5 3 0 49 504 913 0 ~-713 9
ERT I 16 5« 315 -2 184 =164 3 3-7 100 94 5 4 0 -67 -19 914 0 T6 80
341 1T 12 =143 3 16 -2 -b8 27 3 4 -7 262 -2 5 5 0 126 315 10 0 0 243 249
312 1 -e2 ~56 317 -2 84 ~12 3 51 432 =436 5 6 0 342 -2% 10 ¥ 0 152 172
313 1 -5 19 318 -2 90 80 3 &6-7 185 209 S T 0 485 -486 10 2 0 303 =272
314 T 124 -118 3 u =3 1572 1602 3 7-7 214 198 5 8 0 317 -~332 10 3 0 =96 =37
315 1 =37 =15 3 1-3 1130 =-1087 3 8-~7 19 95 5 9 0 196 188 10 4 0 -97 -79
3 1 & 174 ~-l56 3 2-3 951 =946 3 9 -7 125 ~118 510 0 232 212 10 5 0 275 =300
3 2 8 231 218 3 3-3 “53 418 310 -7 =70 ~-18 51 0 324 305 10 6 0 -97 79
3 3 & 31 280 3 4 -3 208 -132 311 -7 -e7 -3 512 o 286 262 10 7 0 111 89
3 4 € 140 =135 3 5-3 8le 860 312 -7 120 65 513 0 369 =354 10 8 0O 201 166
3 5 8 1le?  -147 3 6 -3 695 659 313 -1 -57 38 514 0 -93 ~45 10 9 0 -92 53
3 6 & 71 =25 3 1 -3 -57 =11 3 14 -7 106 83 515 0 142 133 1010 0 133 ~-113
3 7 8 =70 9 3 8 -3 133 =111 3 1-8 118 65 516 0 79 85 011 0 ~78 =36
3 8 & 259 <5 3 9-3 les =132 3 2 -8 204 270 517 0 96 86 1012 0 186 164
3 9 & 186 173 3w -3 274 =234 3 3-8 132 -il1 6 0 0 750 -809 1013 0 T4 80
3 & Ml -l 3 i1 -3 339 289 3 4-8 -T2 ~54 6 1 0 2571 <240 It 1 0 -9 82
30 & =56 10 312 -3 438 437 3 5 -8 -T2 =10 6 2 0 179 237 i1 2 0 178 157
312 & 65 ~62 313 -3 321 -316 3 6 -8 =71 34 6 3 0 317 =254 i1 3 o 336 ~289
313 € -42 -15 3 14 -3 210 ~193 3 1-8 155 155 6 4 0 “29 450 11 4 0 182 =157
3 v S5 31 -281 315 -3 122 -95 3 8-8 194 ire 6 5 U 498 =548 11 5 0 =92 61
3 LS 118 w 3 16 -3 -65 -9 3 9-8 85 -86 6 6 0 629 —64T 11 6 o =91 18
3 2 s -8 62 317 -3 w7 89 310 -8 -62 —42 6 1 0 174 169 [ SO 233 187
3 3 s 91 63 318 -3 49 15 311 -8 a8 ~-63 6 8 0 ~92 8 iFL 8 0 -86 70
3 4 S -6b 41 3 1 -4 254 266 312 -8 104 -92 6 9 0 105 =117 11 9 o0 92 =93
3 5 s 296 -292 3 2 ~4 136 -615 313 -8 112 109 610 0 426 413 1110 0 -71 -82
3 o § lev =119 3 3 -4 521 =500 3 14 -8 4“0 45 6 11 0 =102 48 1nmimn o -61 31
3 17 9 a1l 204 3 4 -4 430 358 3 0-9 “12 445 612 0 288 -289 i2 ¢ 0 133 129
3 4 9 -57 49 3 5 -4 127 100 3 1-9 195 196 613 0 -95 ~47 21 0 -87 1n
3 9 s =52 -9 3 6 -4 174 145 3 2-9 213 ~1d6 6 14 U -90 -81 12 2 0 149 =159
31 S -47 1 3 7-4 259 230 3 3 -9 136 13 615 0 116 108 2 3 0 -85 45
3 s 4o ~56 3 8 ~4 204 162 3 4 -9 -67 -31 6 16 0 196 164 12 4 0 21 265
3 1.1¢C =57 <« 3 9 -4 464 =465 3 5 -9 142 =145 6 17 U =60 -3 2 5 0 -82 ~40
3 21 16 68 3 -4 180 123 3 &-9 83 T6 7 10 464 ~470 12 6 0 357 286
3 31 15¢ 131 3 11 -4 175 ~-139 3 179 87 92 7 2 0 552 597 12 7 0 102 113
3 410 113 =113 312 -4 142 138 3 8 -9 nr -100 7T 3 0 252 244 12 8 0 -69 -20
3 51¢ 59 RCE 313 -4 260 20l 3 9 -9 100 9% 7 4 0 647 -107 12 9 0 109 =112
3 610 56 ~-12 3 14 -4 262 ~209 3 1u -9 150 “l6l 75 0 99 -9 13 1 0 =73 49
3 T1u 48 -5¢ 3 15 -4 -68 -8 311 -9 11 ~119 T 6 0 89 =106 13 2 0 447 =139
3 81¢ 80 12 3 lo -4 -6l 51 312 -9 101 122 T 10 299 =300 13 3 0 190 -196
3 011 45 -4&6 317 -4 =53 -25 3 1-1v 153 145 7 8 0 212 239 13 4 0 -68 59
3 55 69 3 0-5 5u8 469 3 2-10 182 19 79 0 184 196 13 s o0 -65 69
3 211 6?7 L0 3 1-5 465 -429 3 3~ 105 =112 710 0 229 ~iT4 13 6 0 9 41
3 s 0 =35 29 3 2-5 282 275 3 4l 188 -194 T 0 -102 50 4 0 0 571 -53

14 1 0 46 -73

in the cell with density cale. 1.70, found 1.66 g/cm?. Thus, each molecule occupies one
of the general positions of the space group, which are +(z,y,2; $—=, $+y, $—2).

Two small crystals were selected for intensity data collection, the larger of which
was approximately 0.07 X 0.10X 0.26 mm?. Intensity data were collected from the hkO
and 0kl— 3kl zones by means of zero-layer and equi-inclination Weissenberg techniques,
employing Ni-filtered CuK radiation. Intensities were estimated visually from integrated
multiple-film exposures by comparison with a standard film strip. Out of 1401 possible
reflections, 1097 were observed and measured. The data were corrected for Lorentz,
polarization, and secondary extinction effects. The dimensions of each crystal were
carefully measured, and an absorption correction (u=81.4 ecm™) was applied to the
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data. Transmission factors ranged from 0.38 to 0.75. Most computations were carried
out using a set of programs made available by the Weizmann Institute, Rehovoth,
Israel, and modified for use on the University of Bergen’s IBM 360-50H computer by Dr.
Dove Rabinovich. The correction for secondary extinction and the final cycles of least
squares refinement were carried out using programs designed by K. Maartmann-Moe
of this Institute. The three-dimensional Fourier calculations were made using a program
designed by E. Alver, also of this Institute.

STRUCTURE ANALYSIS

A three-dimensional Patterson map established the coordinates of the
selenium atom in the asymmetric unit. Successive three-dimensional Fourier
syntheses revealed the positions of all atoms in the molecule except hydrogen.
Full matrix, least squares refinement with isotropic temperature factors
was then started using a program which minimized the expression
Sw[|F,| —k|F P/ >wF 2 where k is the variable scale factor, and w, the
relative weight assigned a reflection, is the inverse of the square of the stand-
ard deviation in the observed structure factor for that reflection.

After two cycles of refinement, the factor R=>(|\F,|— |F ||)/>|F,| reached
a value of 0.13. Anisotropic temperature factors were then introduced for
selenium and sulfur. Further refinement brought the R factor down to its final
value of 0.093. The last cycles of refinement were computed by means of
another full-matrix program which minimized the expression >w[|F |—|F|]%
where w, the weight of a reflection, is defined by the expression
al(a+b|F, |+c|F |2) Values used for the constants were a=1.0, b=2.23 x 1072,
and c=1.9x1

Atomic scattermg factors for selenium, sulfur, oxygen, nitrogen, and
carbon listed in International Tables ! were used. The scattering factors for

Table 2. Atomic coordinates for selenium di(morpholyldithiocarbamate), in fractions of
cell edges. Origin at a center of symmetry. Standard deviations in brackets.

x Yy ' z
Se 0.0884 (3) 0.1577 (1) 0.0425 (2)
S, 0.2379 (6) 0.1737 (3) —0.1224 (5)
S, 0.0388 (7) 0.0536 (3) —0.1991 (5)
Ss 0.2012 (7) 0.2549 (3) 0.1816 (5)
S, —0.0156 (6) 0.1815 (3) 0.3140 (6)
0, 0.3720 (18) 0.0289 (8) —0.6016 (14)
0O, 0.1260 (16) 0.4428 (8) 0.6103 (14)
N, 0.2423 (20) 0.0724 (9) —0.3544 (16)
N, 0.1358 (19) 0.2915 (9) 0.4530 (16)
C, 0.1760 (23) 0.0961 (11) —0.2402 (19)
C, 0.3752 (26) 0.0963 (12) —0.3663 (20)
C, 0.4029 (24) 0.1069 (12) —0.5284 (20)
C, 0.2446 (29) 0.0091 (14) —0.5992 (22)
C; 0.2044 (24) —0.0043 (12) —0.4439 (19)
Cs 0.1006 (23) 0.2457 (11) 0.3337 (19)
C, 0.0596 (24) 0.2951 (11) 0.5814 (20)
C, 0.0176 (23) 0.3909 (11) 0.5907 (19)
C, 0.2050 (26) 0.4385 (13) 0.4841 (22)
Cio 0.2556 (27) 0.3456 (13) 0.4636 (22)
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Table 3. Components of atomic vibration tensors, U x 10%, in A* with standard deviations.
For Se and 8, the expression is exp{— 2 U, ;(ha*)’-+ U, (kb*)*+ Usy(le*)2 42U, ja*b*hk
2Uyb*%c*kl+2U, a%c*il]}. For the light atoms, the expression exp[— 8a*U(sin%0/12)]
was used.

U (U)

Se  42.06 (1.71)
8,  56.01 (4.75)
S,  49.13 (4.69)
S,  64.12 (5.61)
S,  52.29 (4.88)
0, 72.20 (4.30)
O, 170.99 (4.03)
N, 60.41 (4.53)
N, 57.88 (4.28)
C, 52.91 (5.00)
C, 62.73 (5.83)
C, 64.14 (5.85)
C, 77.03 (6.95)
C, 64.51 (5.83)
C, 55.57 (5.07)
C, 63.12 (5.61)
C, 56.23 (5.16)
C, 75.08 (6.47)
C,, 78.54 (6.55)

Ull

56.37 (1.00)
56.49 (2.50)
76.99 (3.25)
67.99 (2.87)
56.74 (2.63)

Ull

54.93 (0.97)
54.67 (2.32)
66.85 (2.82)
58.63 (2.49)
76.07 (2.95)

Ull

0.70 (1.40)
—9.60 (3.23)

Ull Ull

—7.84 (0.94) 9.93 (1.62)
—8.20 (2.03) 9.83 (3.95)

—11.26 (3.75) —19.59 (2.54) 13.12 (4.56)
—16.15 (3.67) —10.59 (2.32) 22.80 (4.15)
—5.67 (3.32) —12.55 (2.32) 24.88 (4.56)

Table 4. Bond lengths and angles in selenium di(morpholyldithiocarbamate); standard

Se—8§,

2.282 (6) &

2.782 (5)
2.314 (6)
2.791 (6)
1.75 (2)
1.70 (3)
1.81 (2)
1.63 (2)
1.35 (3)
1.35 (2)
1.51 (4)
1.63 (3)
143 (2)
143 (4)
1.51 (3)
1.50 (2)
147 (3)
1.58 (3)
145 (3)
147 (3)
1.57 (3)
1.57 (3)

deviations in brackets.

/8,—Se—8,
/8,—8e—8,
/8,—8e—8,
/8;—S8e—8,
£8,—Se—8,
/S;—8e—8,
/8e—8,—C,
/Se—8,—C,
/8e—8;—C,
/8Be—8,—C,
£8,—C,—8,
Z_Sl"cx—Nl
Lsa—cl—‘Nl
Lsa—cs"sl
LSS_CQ_N:
LSJ_CG—NI
/C,—N,—C,
LCF‘N1—Cs
ZCI—Nl'—Cs
LN, —C,—Cy
£C3—C3—0,
£Cy—0,—C,
LOI_CA—Ca
LCA_Cs_Nl
/Cy—N,—C,
LCs_‘Nl—Clo
LC7—NI"CW
LN,—C,—C.
/.C,—C,—O0,4
/Cy—0,—C,
Loa_co_cm
/.Cy—C,,— Ny

70.5 (2)°
84.6 (2)
155.0 (2)
165.1 (2)
135.0 (2)
69.7 (2)
93.2 (8)
782 (6)
92.2 (7)
80.6 (7)
117.7 (11)
117.4 (18)
124.8 (15)
117.5 (10)
114.3 (17)
128.2 (17)
122.5 (16)
119.7 (19)
114.0 (17)
108.9 (17)
107.8 (15)
113.2 (17)
111.3 (19)
108.3 (17)
120.7 (19)
123.7 (17)
115.7 (15)
104.9 (14)
107.6 (18)
112.6 (14)
110.9 (16)
102.2 (20)
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Table 5. Intermolecular distances.

§e~0m —i+2, -y, —}+z g.gg A
_ R :
Cy—C;’ U VR e 3.91
ga_gs —i+=, 31—y, 3/2+4z g.g;
- ; :
g:_g: %_x! —i‘+y’ %"'z g-gg
- : :
c,—C, » 3.61
C,—0 > 3.43
— » .
S.—C, —z, -y, —1—z 3.69
Sl—sq t+=, t—y, —4+2 gg?
- : _
S,—C; » 3.96
go"oa t—=z, $+y, —31—2 ggg
- : :
Se—8, —%,  —y, —z 3.89
S,—C; » 3.69
0,—C, —x,  3+y, t—2 3.36
0N ) 391
- ) :
8.—C, z, v, 142 3.99
C,—C, —x, l1—y, 1—2 3.67
C—C » 3.82
C,—O, » 3.53
C,—0, l—z, —y, —1—2z 3.42
C,—0, » 3.44
0,—-0, » 3.43

The left column represents distances from an atom in the original molecule, to an
atom in a molecule whose transformation from the original one is listed in the next column.

Some intramolecular distances

S,—8, 3.093 (5) A
S,—8, 2.952 (5)
S;—8, 2.944 (5)

selenium and sulfur were corrected for anomalous dispersion according to
Cromer * using f' and f" values from International Tables. Final observed
and calculated structure factors are listed in Table 1. The corresponding
positional and thermal parameters are listed in Tables 2 and 3, respectively.
Interatomic distances and angles are shown in Tables 4 and 5.

DESCRIPTION OF THE STRUCTURE

The crystals consist of separate molecules of selenium di(morpholyldithio-
carbamate) as shown in Fig. 1. The shape of the molecule closely resembles
that of the isomorphous tellurium compound.® As seen from Fig. 2, the con-
figuration around the central atom is essentially the same as that found
in tellurium di(ethylxanthate),® tellurium di(morpholyldithiocarbamate),® and
selenium bis(diethyldithiocarbamate).? All atoms of the SeS, group are within
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0.055 A of the least squares plane through that group. Thus, selenium di(mor-
pholyldithiocarbamate) may be considered a distorted square planar complex
of divalent selenium.

Fig. 1. A pair of selenium di(morpholyldithiocarbamate) molecules related by a center
of symmetry seen in the projection along the ¢ axis.

Fig. 2. The configuration around the central
selenium atom as seen along the normal to
0 1 2k the least squares plane through the nearly
planar SeS, group.

In each molecule, the four ligand sulphur atoms are bonded to selenium.
There is one short and one long Se—S bond from each of the two ligands,
with bond lengths Se—S,=2.282(6) A, Se —8,=2.782(5) A, Se —S,=2.314(6)
A, and Se—8,=2.791(6) A. The corresponding bond angles are S;—Se—8,=
=170.5(2)°, S;—Se—S;=84.6(2)°, S,—Se—8,=69.7(2)° and S,—Se—S§,=
=135.0(2)°. These bond lengths and angles agree well with those found in
selenium bis(diethyldithiocarbamate),? but the two intraligand angles
S,—8Se—S; and S,—Se—8, differ significantly in the two compounds, their
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values being 87.7 and 131.5° respectively, in the latter. This may be due to
the closer intermolecular approach of two molecules of selenium di(morpholyl-
dithiocarbamate) across a center of symmetry, as evidenced by the inter-
molecular, near van der Waals Se- - -S, contact of 3.893(5) A. This is illustrated
in Fig. 1, which shows such a pair of molecules related by a center of symmetry.
As a consequence, the angle S, —Se — S, increases relative to the corresponding
angle in selenium bis(diethyldithiocarbamate),® where there are no such close
contacts. As the intraligand angles are constant, the angle S; —Se —S; must
decrease if the SeS, group is to remain planar.

The two three-center systems S, —Se —S; and S,—Se —;, both deviating
about 25° from linearity, have an average length of 5.085 A. This value may
be compared to 5.072 A, the corresponding value found in selenium bis(diethyl-
dithiocarbamate).? Assuming covalent radii for the sulfur atoms in such a
system, these values correspond to selenium radii of 1.503 and 1.496 4,
respectively. These values agree well with 1.49 A, the radius of the central
selenium atom found in the linear three-center system in the triselenocyanate
ion.13—15

There are, as usual, two different C—S bond lengths in each ligand, the
two pairs being C; —S,=1.75(2) 4, C, ~8S,=1.70(2) A, and C;—S,;=1.81(2) A,
Ce—S;=1.63(2) A. To each short C—S bond, there corresponds a long S —Se
bond and wice versa. Compared to the C—S single bond length of 1.81 A,
three of the C—S bonds are shorter than a single bond, though C, -8, is

not significantly so. As found in other dithiocarbamates,®?® the >N —C bond

lengths are significantly shorter than the sum of the respective covalent single-
bond radii, 1.47 A, both being 1.35 A. As in isomorphous tellurium di(mor-
pholyldithiocarbamate),® the molecules are roughly planar except for hydrogen
and the outer halves of the morpholyl groups. The least squares plane through
the molecule, excluding these outer halves, is within 0.36 A of the thirteen
atoms defining it. Thus, the molecule is less planar than selenium bis(diethyl-
dithiocarbamate),® where the corresponding distance is only 0.12 A. The
greater deviation from planarity in the present case is probably due to packing
effects caused by the bulky morpholyl groups.? Angles on the C and N atoms
involved in partial double bonding correspond to sp? hybridization of these
atoms. On the basis of the above, we assume that as in the analogous com-
pounds,?:? resonance forms of the type

S S
NN N N N ol P
/N~C\S /Se\ +, /N—C\S Se” ¢+ and /N—-C\S /Se\

contribute to the structure, the last form being much less important than
the others.

Bond lengths and angles in the two morpholyl groups correspond to normal
values within the error limits, and both rings have the chair form.

The packing of the molecules is similar to that of the isomorphous tellurium
compound.® Intermolecular distances are listed in Table 5; for illustrations,
reference may be made to the article on the tellurium isomorph.®
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