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The Crystal Structure of Pentathiazyl Tetrachloroaluminate,
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X-Ray diffraction shows pentahiazyl tetrachloroaluminate to be
orthorhombic, a=9.412 A, b=13.647 A&, ¢=20.761 A, space group
Pnma; there are 8 formula units per cell.

Least squares refinement with 1523 reflections gave a final R-value
of 0.087 for 145 parameters. The intensity data were collected on &
semi-automatic diffractometer using monochromatized MoKa-radia-
tion.

The compound consists of discrete S,N;* and AICl,~ ions. The
S;N,* cation is heart shaped and almost planar; it deviates
significantly from symmetries mm2, and 2. The S — N distances range
from 1.465 A to 1.590 A with a mean e.s.d. of 0.009 A, the mean
value is 1.539 A, e.s.d. 0.003 A. The mean Al—Cl distance is 2.117
A, e.s.d. 0.007 A.

entathiazyl tetrachloroaluminate, S ;N AlCl,, the first stable salt of the

S;N;* cation, has been prepared! by Banister and Dainty, and a
preliminary report! of the crystal structure has been given. This article
describes the crystal structure determination in more detail and its refinement
using more data than were originally available.

EXPERIMENTAL

The crystals which had been crystallised from thionyl chloride were kindly provided
by Drs. J. A. Banister and P. J. Dainty.

Intensity data were collected using a linear diffractometer of the Arndt-Phillips 2
design. MoKa-radiation monochromatized * by means of a graphite crystal was employed
in conjunction with a scintillation counter and a pulse height analyser. The back-
ground-peak-background technique was used. As the crystals are very moisture sensitive,
the crystal used was sealed in a capillary tube. It was mounted with its [010] axis, the
needle axis, as rotation axis.

A total of 3229 reflections for which 1288 had I > 2. (I) where o (I) is the square-
root of the total number of counts per reflection were measured. These were the data
used for the preliminary structure determination.! The data were later remeasured using
a slower scan giving a total of 1523 reflections having I > 20.(I).

The crystal used was 1.2 mm in length and 0.18 by 0.16 mm in cross section. No
correction was made for absorption.
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Table 1. Observed and calculated structure factors ( x 10).

Bk 1 {ro| P 6 022 15 110 216 1Y 6 AT6 AS2 23 T .
00 6 99 63 6 028 233 13 111 26 257 A 1 %1 388 M2 hoay 5
00 8 82 92 T 01 3R 39 116 122 9% (3 8 1 7 N2 5 393 383
© 0'10 170 -1@& 702 196 2% 115 312 439 168 1% »2 & 150
0 012 15 -1603 703 Wy %07 116 351 337 A 310 TOM 701 42 7 170 188
0 01k 35 -390 70 & 106 117 121 M1t 22 218 M2 8 267 220
0 016 9553 608 T 0 6 287 23 12 1% M » 512 %8 .51 M2 9 703 707
0 018 23k 243 101 =35 10 122 1% & 313 291 b o211 T3 ATk
0 02 577 -633 709 2% «2n 11 95 A3 N3k 376 363 b 212 196 193
0 022 177 129 7 010 288 262 12 T2 19 b 316 166 aR b 213 1% .53
0 02k 310 7T 01 ho3 13 1 - 83 13 Wx N 216 166 -11b
1.0 2 1269 1260 7018 1k A8 1 21 2% 531 585 b o217 166 2%
103 3% X7 7 015 26k 2258 1.5 257 .29 53 3 1k 115 b 223 186 119
108 200 289 7019 18 153 1.6 267 -266 5 3 & 1007 1005 22 29 1R
105 Bos a8 800 19 195 617 109 B8 535 913 w06 23 82 85
1 0 6 360 M3 8 01 338 3% 1.9 179 «203 3 7 Sk 2 b 288 289
1.0 7 2517 2495 8 03 18 176 110 268 <267 5 8 175 1 2 5 610 1
108 5ok %8 8 0 & 29 223 112 175 113 5 9 AT 501 2 6 179 183
109 328 35 805 212 -228 116 107 5 310 257 253 217
1 012 b 318 807 =341 117 176 176 5 311 k8 2 8 1w 1203
1 01k 65 629 8 0 8 2w 267 120 12+ 15 5 312 38 b 2.9 M5
1 015 bz  hob 8 012 269 2% 122 157 <% 5 315 1% 217 210 188 10
1016 202 8 01 13% 11 5k 550 5316 wo 211 210 138
1 017 526 <50 8 015 265 <252 13 39 385 5 311 S 212 1 a1
1 018 3% 3% 9 01 35T 361 16 5% &7 5 318 210 a78 215 257 =253
1 019 197 «16h 9 0 2 175 «IT1 1 z 602 5 319 155 158 216 187 1%%
102 209 219 903 13 1 251 2k 6 35 v i3 217 310
1022 16h 172 9 0 6 353 77 18 19 97 €39 191 <210 221 197 1%
1023 1% 9 01 1 2k 1.9 119 a8 6 310 238 2 1 686 -6
2 0 0 1232 1293 9 0 8 206 -9 111 01 05 6 311 2k 263 2 2 238 25
201 MM 9 01t 169 «126 112 158 <15t 6 312 287 .286 23 209
202 3 3% 9 012 1% 121 113 1 am 6 315 213 173 2 6 160 113
203 979 9 013 12 .70 118 120 6 320 186 13 27 %
2 0 & 1%k 459 9 01 121 5 115 2715 7 132 o1 213 629 2%
2 O 5 1555 -1586 10 0 0 263 M1 117 143 2k 1 5 303 300 6 211 & 372
207 1712 160 10 0 & 132 111 120 13 b 1% 126 6 212 1oy
2 09 507 5k 10 0 7 233 2% 10 381 . 6 137 80 6 21 W5 516
2 010 572 587 10 010 127 76 1 M 301 35 8 223 2% 6 215 M6
2 01 1218 1222 10 013 1% 91 1.5 35 376 9 151 108 6 218 18 101
2 012 &0 10 015 1v .Te 81 6 121 -6 1 a5 2 6 221 153 &
2 0613 950 9% 01 1k 107 17 33 233 208 721 268 2w
2 016 288 29 013 & 18 1.8 117 176 16 167 23 12 a 216 <169
2 017 268 268 o1 5 -3k 19 2 19 21y 107 12 T2
2 019 151 1M 017 19% 1981 110 125 106 0 38 33 7295 18 .13
2 020 118 3 0 111 Wy kb 110 % 3% 1 2% 255 72 6 3%h xRS
2 021 128 10M 0 113 Mk NS 120 188 W 8 3 8 163 1M 721 6oh a8
2 02 a9 as 0 115 %8 .38 1 2 1 M 5 219 222 728 199 257
2 023 1 2 0 117 1% 12 16 167 1R & 316 338 129 20 77
028 237 208 0 119 225 .38 1 158 1% 7 2m -2 1210 187
01 860 863 0 127 AT % 1 259 280 9 N3 360 7 213 169 16
02 @ 219 112 % 517 1 N7 <330 10 1M 1k0 7 216 200 1R
° i % W 113 1 21 1 W7 175 1 1 107 7 215 185 .
o b 1808 1758 119 205 131 177 19k 16 166 -109 1217 u8 18
0 5 28k2 236 11 6 @8 -8%2 9 118 15 7T 2 138 2 820 51 -2
o6 TN TR 117 126 9 1010 35 -0 12 15 a3 822 b
3 l M1 <Mh6 11 8 &0 w3 10 2 1M <160 13 163 -1kt 8 2 3 e 36
0 107 &l' 119 22 2% 0 1 & 219 % 191 68 8 2 & 30 .35
09 69 1110 1207 1216 10 161 «111 2« 0 197 181 829 i3 208
010 134 10w 111 223 2% 10 -61 10 3 2 165 97 8 210 200 191
011 M6 A% 1 112 267 <276 [ 631 61h 10 bo168 13 8 21t 158 68
012 171 -1 111 d [ M 609 10 5 16k .37 8 213 1%
013 351 3% 1113 173 1 [ 1 o348 10 7 226 -19% 9 2 2 308 B9
018 502 .53 1116 211 0 311 Rb 993 10 313 1M -3 9 2 3 150 180
016 126 -156 1 118 M6 b 0 313 697 -T22 10 318 210 6 9 2 & 298 ato
017 312 jsg 1122 us s 0 315 186 122 1M 32 a7 98 92 7 219 13
018 83 Ay 1123 1@ 8 0 315 187 179 33 100 133 9 210 225 193
019 k5 325 1125 119 A3 0 321 262 .19 o 1708 1666 9 213 20
020 1% 177 2 1 0113 1091 0 325 1 185 02 6 260 21 9 218 298 101
025 185 .97 211 519 5% 1 2 2915 -2979 0 2 8 257 236 10 2 8 212 129
025 195 1M 212 6 a1 1 3 1107 -1121 0 212 22 10 2 z 220 ~13%
00 373 -3 21 3 119 1106 13 6 229 <203 021 12 39 u 2 18 8
bOo1 162 b5 2 1 6 1768 719 1 5 1 1392 0 216 261 0 A b 350 3%
b 0 2 130 <1292 21 % 33 «207 1 6 1682 1681 122 %55 M o066 18 a9
MO 3 33 3k 2117 1M 19 1 T 7 700 123 126 0 M 8 220 4187
Ao b @b G2 2 1 8 1032 105 138 A1z 124 A2 o0 10 172 207
R 2110 -394 139 1% 198 125 5713 5% o k12 528 5%
506 100 166 2111 366 1310 2 126 TO 1R 0 Ak 5% 533
b 0 7 1068 -109% 2 112 676 681 1 11 17h «155 1.2 7 15 1 0 b16 268 268
b 010 %98 63 2113 1M 18 1 312 112 52 1 210 916 0 M18 251 322
MOl %06 -9%0- 2 115 M9 355 1313 1% 8 1211 30 333 0 h20 k30 83
b 0212 286 273 2 116 235 276 1 31 352 O 1 212 Wy 0 k22 188 .»
N ON 253 2 117 199 178 1 316 19 198 1213 % 0 M2b 2% 257
A 016 119 3 2 119 131 1 317 1M 106 1 218 5T1 1 8 2 1965 1972
b 01T 1k§ 2:2 2 120 188 158 1318 21 2% 1215 16 1w 1063 1158 137
N 018 2 2 12 16 1 1 319 385 W25 1216 131 A7 18 & 1k3 1k
b 019 183 188 2123 129 B 1 320 166 120 1218 25 2% 1 h 5 6% e
N 020 130 122 2 128 3128 108 2 0 h351 Mas 1219 143 1 A6 520 su
S o2 229 217 311 &8 Mo 2 1 262 259 1222 157 126 167 18 &
a 022 209 225 3 1 2 1251 -1229 2 2 2 2 0 12995 -1%8 1 6 8 2% 2%
Mo23 125 1 313 1389 2 3 &9 -6 221 70 -1 1409 -520
0 1 ho3 Bk 31 6 288 2276 2 »oa7 2 2 2 128 a2 1 410 863 bm
o2 18 170 315 S8 581 2.3 5 1% 215 229 681 1 b1 o015 1001
o 3 ud uyr 316 25 2 6 188 29 22 918 889 1 812 ¥ 517
0 b 280 287 31 9. 127 -16 2 7 68 22 6 R 1 813 999 997
05 9ok g2 3110 37 310 2 8 169 1% 221 170 179 1 h1M 6
0 6 1 1% 311 296 2718 2 9 - 2 2 8 17 -3 1 M15 55T <56k
0 7 245 -2it 3112 68 2 310 21 <226 229 211 <212 1 418 s01
0 8 506 b5 3113 20t 229 2 31 2 230 1 176 1 M19 213 265
0 9 BT 59 3 116 208 211 2 312 2 211 A D2 1 k20 206 1%
010 608 622 3115 2% 2 313 125 5N 2 216 zx,z 269 1 M2 18 19
011 62 662 3 116 1k 102 2 315 219 =257 2 215 2 238 2 b 0 2093 -2098
013 16 -1 3117 155 ® 2 316 1 2 218 228 2 81 68l 472
01k 281 -281 Ltio 635 2 317 137 106 2 220 31 2 b 2 ko M8
015 136 15 b11 3% 368 23 29 2% 2 221 152 1M 26 z 152 167
016 306 327 M1 35 61 66 2 322 163 5% 2 226 222 148 2 b 611
017 296 -0 A 105 386 385 3351 18 166 321 36 -39 2 46 -y
018 227 -1& N1 6 29% 257 33 2 1013 322 120 e 2 8 7 1l un
019 186 16 M1 T 86 57 3 3 1083 1118 3258 2 &8 803
020 163 179 h18 138 a% 3 N OWE k3 32k 50 .59 2 & 9 1017 10%
0 0 1686 ML o9 697 .T28 3 $ 1018 31k 325 2 2h 2 h10 #
01 683 6% N 110 609 613 3 3 6 1046 1022 32 6 357 -3 2 M
0 2 216 308 Moiat 26 237 3 T 1792 1R 32 7 662 651 2 h12 16 a2m9
03 6 &7 M112 375 2388 3 8 155 M 329 » 338 2 hiv 152 177
0 b 30 37 & 216 267 256 3 9 Mk %6 3 210 M3 73 2 ka1 327
0 5 1024 .100M b1y =356 3 310 835 -840 3 211 kT 557 2 818 219 1%
0 6 208 &2 116 178 2@ 331 209 3213 M 2 b19 252 250
0 7 1@ 57 A 118 3% -3 3 313 209 186 3 216 . 637 628 2 h22 1 =111
08 22 195 M1 12 121 3 318 207 210 3215 212 2% 3 M1
0 9 16k 165 s122 9% 209 3 315 250 2% 3 217 ak 19k 3 M2 166 165
010 668 690 512 1% 129 3 316 %1 612 3 218 287 269 363 a.l-m
011 837 My 513 210 =272 3 318 167 a7s 3 219 a6 173 3 M 9 <20
012 331 295 51 8% 215 =233 3 319 216 212 32 225 36 5 265 253
013 280 291 518 ar 221 A3 0 3 5 322 157 i@ 386 M0
01k k56 -h98 51 6 102 -70 M3 1 o35 N6 3 222 166 38T Th oTé7
015 2% =273 517 157 1% 32 315 A b 20 327 3 M8 209 2b3
017 361 M3 518 316 -n7 N3 6 205 2 b2 1 267 253 389 ~Bh6
019 2% 195 519 26 39 M3 s a1l e M2z T6 T8 3 M0 257 -8
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Table 1. Continued.

3 510 M8 A3 1 293 270 8 155 -1% 60812 1% a1 110 2 137 -u7 11119 266 -219
J 511 M5 w1 2 9 289 <278 6 81k 206 <219 110 g 210 211 0 9 2“
3 512 10 g1 3 m 10 1% .73 6 818 1% 1l 110 109 119 2111 M6 M
3513 129 183 b 1% a3 u :;z 256 7 1 1k o128 110 5 25 211 2 Wy B
3516 219 w23 s M1 A3 15 176 178 783 168 180 110 6§ 18 168 212 M 310 309
3518 1 1 7 hoh 351 2 229 187 185 .95 110 71 120 128 21 ; b
3519 195 222 8 26 1% 673 300 26 1 169 188 110 8 295 291 211 186 1
?i= 168 9 158 129 €78 196 Bt 7810 198 16 110 9 217 25 211 8 187 171
0 177 157 10 269 2% 6 5 263 M 7 81 169 11010 14 17t 21 9 1 170
s 1 137 «ax 16 2% 229 6 36h 368 8 0 375 325 11011 2 T 112 325 -7
» 2 -624 18 168 120 T 137 .19 8 1 208 185 11013 10 1115 180 b9
M55 i o 38 3u 10 295 283 8 e A 266 11013 200 11 e 157
I} 336 1 30 7 12 1M & 8 186 167 210 0 170 186 u.2z M2 A
M5 6 1% -9 2 366 30 13 18 a7 8.8 5 15 120 210 1 8 1 g 581 -600
» 9 35 -203 5 k0§ 398 6 717 213 .10 887 166 133 210 2 -145 1n 191 18
8 5100 173 208 T %5 W 1 3m 888 112 207 210 5 18 18 s i:‘ll -360
Msuo s 8 1% i 2 1 8 812 27 14 210 § 16 1 u ¢ b
5 xi X2 <301 9 343 380 g 222 280 9 5 161 23 210 T 1é 128 17 &1 e
b 54l 190 161 10 358 .31 971 M6 9 6 197 167 210 8 =558 1n 8 288 }2
N 315 212 2% 11 25 2k 5 - 98 7 250 16k 210 9 197 -i%8 u 9 :z: 2
N 517 1% 16 12153 .18 6 165 -1k 09 3 352 38 21010 145 127 11 10 2%
M 519 178 13 152 173 T 187 157 o 5 k32 38 21011 187 132 11 12
b 523 18 ik 186 113 9 18 210 o T 336 326 310 1 390 -189 1113 132 120
1 b0 2376 15 297 287 11 289 -22h 0 917 205 T 3510 2 165 1 116 3o M
3 &1 18 14 .3 12 197 228 1 2 %05 911 310 3 2% 1117 1%k .28
AT 729 19 15 .52 13 1n -176 1 3 268 265 310 7 125 & 1 101 M
5 61 @3 2 15 185 15 178 1% 1 5 166 1% 510 8 1M 12k N1 159 =125
7 07 -2 3 528 k7 16 266 225 1 7 100 7 310 9 276 265 LT 1M
8 X9 2m b o207 233 0 33 291 1 9 160 167 31010 1% .16 1110 235 229
9 1M -1k9 5 158 b7 2 177 a3 1 910 472 k63 51012 289 281 LRI 87
10 1% 127 6 187 167 3 -226 1911 158 77 31018 196 166 M1v 12 186 .72
12 210 2% 7 225 5 26T 269 1 912 209 -165 4310 1 11 T M1t b 163 107
13 a3 209 8 246 2% T 265 242 1 913 M10 2 305 29 LECETINEY
16 205 77 10 135 3% 8 1l 13 1 91k 205 <198 Mi10 3 517 1n 329 7
20 186 188 l.z 160 b 10 18 18 1915 1% ax M10 & 2M 220 u 513
0 28 ™ 199 1 1 228 .22 1918 207 203 10 5 212 -2k u 91 .
1 206 293 15 155 107 [T Tt 1920 179 133 10 & 175 189 1 =
2 m 17 203 12k 5 2 24 192 160 M10 8 _”Z 3k 1 Ed
3 18 19 127 6 226 229 2 0 199 203 M0 9 348 111 1
6 6 a1 iy 2 1M .19 7 28 223 2 z 115 19 Mi011 220 201 1143 131 -
[ 7 b om 8 179 125 2 3 291 286 81018 1% 135 u 85 «161
13 2% <2k b 1;2 bl b1 0 A7k 2 » m 10 2 170 1712 11 157 o
6 51 19 139 6 1 ® 10 b 255 <228 2 1 10 3 M2 558 1 a7y
18 156" 201 9 1k 76 10 z 2 8 Mo A9 10 & M08 219 11 9 1% «108
b 206 2711 61t 15 .17k [ 1116 1107 2 9 5 311 10 3 137 13 113 16 8
5 157 1% 612 157 194 o 6 2 910 18 108 10 156 711 8 15%% 76
7 287 9 63 1% .78 [ 8 11k 1156 2 911 185 18 10 18 «150 711 179 -0
15 209 9 6 & 209 219 0 810 17 2% 2 916 202 166 1015 225 188 711312 180 71
17 19e 112 9 610 235 <201 0 B12 6 6% 2 922 255 -5 10 1 2% 2 81 168 .35
0 188 15 10 6 0 189 1M 0 81k 307 301 391 95 .19 10 2 175 -126 811 206 -182
1165 183 10 & 1% .22 0 B16 380 357 39 2 132 -1k 10 3 332 .38 811 180 -1%0
3 18 aa 10 7 186 0 820 232 208 39 3 160 18 10 & 178 1k7 012 » 58 522
5 Pl 10 8 26 1% 0 82 179 M 3 9 5 252 =275 10 5 166 161 012 6 195
7 188 228 10 9 -102 1 2 3Ry .3 g6 13 M 10 7 187 166 012 8 180 19k
8 9 BT 253 11 2175 -11h 1 o1 391 221 a7 1010 166 196 01210 1% .33
8 511 14 37 o 3 Wy 1 6 90 9 398 112 11 1012 1% S 01216 167 -13
8 516 1 12 075 M - 187 78 760 399 208 o169 1013 220 2% 112 2 362
8 517 183 9 0 T 7 1276 -126h 188 M1 M7 3 910 50 1013 266 198 112 3 218
951 1% 95 07 9 3N 3% 189 34 291 10 us 10 1 170 -162 112 & 111 1
9 6 170 196 0 711 =326 1812 1 113 0 AT 257 10 2 1% o121 112 7 us -2
9 9 188 .128 0 713 512 526 1 813 205 189 » 1 36 -3m7 10 3 235 2% 112 8 114 100
1n 2 a6h 213 0 715 1w 1M 1 81% 2602 2% 3 2 -625 10 & 223 225 112 9 56
[] b 99 92 1 2 366 378 1 8135 165 188 13 2 1 176 10 6 223 11210 172 162
o 6 ] 1 3 a2 a0 1 816 10 214 5 128 62 10 7 28 289 11211 215 188
068 501 3% 116 125 .09 1817 215 32 d9 1 2m 0 8 166 11212 260 260
0 610 260 253 1 5 55 558 2 [ » 9 210 278 10 9 285 279 11213 136 -1tk
0 612 01T Ths 1 6 229 zg 2 1 176 188 M 91l 180 by 1010 14 97 212 0 182
0 616 363 -du6 178 A2 2 2 362 353 1 133 a8 0 0 268 271 212 1 328 168
162 353 o5 179 62 69 283 2% 28 3 268 2&2 10 2 236 248 212 2 113 a1z
163 107 1% 1710 750 -757 284 6% o5y 557 1010 192 1k 212 & 131 123
1 5 N5 W6 1713 296 -310 2 P S 5 284 910 1 181 M 212 6 228 225
1 6 319 -296 1 71k 166 a1 2 6 129 119 7 118 .16 910 2 207 -167 212 7 253 266
167 %2 A8 1715 W 287 175 157 8 Mo 013 7 a7 a1 212 8 1% 170
169 2u “ﬁ“ 1 716 257 268 288 1% 23 1k 66 013 9 227 212 9 210 2M
1610 A3 1718 -2 289 28 20 15 182 207 0131 113 191 21212 172 163
1 611 122 .76 2 0 512 516 2 810 349 % 16 269 01313 1% 107 312 1 25k 257
1 61 38 271 12 103 2 811 7% T6 1169 1% 013 1w ~2h3 312 2 103 153
1615 13 .27 2712 1 2 812 28 258 2 113 56 312 5 166 -166
1618 111 m 2 7 3 1075 -1053 2 813 Mg M7 116 an 113 % -18 312 6 72
1 620 16k . 37 2 12 2 2 82 193 166 2 1% .1 113 6 1 127 312 9 187 157
1 626 160 2 3 298 261 38 1 129 1271 9 3 3% 3wk 115 8 167 197 31212 1% -3
2 0 1931 -1928 2 6 196 21k 38 z A7 =201 3 360 3 11510 1 155 zlz W™ 1% 9
2 1 810 2 71 2k .23 38 A7 s 6 163 170 213 0 135 k2 12 1 161 17
2 6 2 219 293 278 958 .ok 385 780 o2 12 172 100 213 1 A1z 2 18 153
2 M o121 a3 2 9 229 25 386 M8 307 15 25 213 5 16T 163 b12 3 293 2
2 5 65 633 2 710 M 33 5 8 7 208 179 16 221 213 7 153 190 N12 & 260 267
2 71 163 169 2 712 553 58 388 235 220 21311 M12 5 268 -2
2.6 8 %5 2593 2 713 59 58 389 20 203 21316 1718 29 M2 6 18 10
2 69 2% 2 717 @5 19 3813 1k -109 331 12 7 286 -306
2 610 282 257 2721 209 ash 3815 165 313 2 176 170 M12 8 27 29
2 611 189 a1 2 722 173 a1 3 816 17 -1%0 355 ur b1z 9 158 169
2 612 M7 3 1 %01 27 3 811 18 313 6 335 %5 M1z 12 173 153
2 615 185 170 H 2 & A 0 2 31 3131 =220 1213 1% -8
2 616 181 -1% 3 3 110 101 » 2 228 212 313 9 151 & 512 1 B1 3%
2 617 166 -13 3 b 6B N6 I3 3 36 .8 31310 206 237 512 2 122 127
2 620 170 315 12 18 [ EEETS BB 1B e 512 3 269 264
2 62 1% 18 3 6 399 MM I 5 W1 3% 13 0 19 183 512 5 22 2Tk
J 62 3 T 1 B » T 297 289 813 1 1k 189 512 7 184 189
363 3 8 35 37 5 9 1M 35 M13 2 118 -9 512 9 182 220
I 6 h 31T 9 N 3% b B10 167 169 M13 3 126 129 612 0 167 130
365 3 710 3% 350 b oB11  2uk A13 b 127 o 612 2 188 127
3 6 3 T 1o .75 M B12 16 166 M13 5 16k 78 612 8 1 A
3 1 3 712 660 6% M B18 179 1) M1310 166 o 712 5 18 .26
368 3713 8 -;E: 1 126 $13 1 U7 -116 712 1 2% 187
369 3 71k 2% 3 6o 67 513 & 12 .87 015 7 222 <26
3 610 2119 15 1o o169 180 813 5 16k 121 015 9 122 ok
3 61h 0 T3 -T2 5 3% 513 6 163 -109 115 2 232
3 615 » 1 6Th 658 6 207 256 51312 203 161 1153 73 &
3 619 » 2 T 698 7 - 6§13 1 129 115 6 121 102
E 2 » 3 228 206 8 168 183 613 2 270 11510 -185
0 b7 R 195 9 61 H 168 215 0 105 +100
5 1 » 5 2h 215 10 1 & 713 160 173 215 2 100 103
13 2 [ 6 358 .350 1 225 o1 5 178 185 215 3 1y -
» 3 » 8 138 it 12 15 1 o1 7 361 215 b 266 290
13 13 ’ 9 362 317 1 1R 220 011 9 226 249 215 7 106 55
5 H M 710 56k 568 16 175 178 011 11 -597 215 8 21 21
5 1 M 712 310 33 18 163 01113 k52 -hod 315 2 108
s 9 M1k 279 195 19 179 66 01115 166 .85 315 & 127 125
4 610 8 715 245 187 20 202 121 112 2 S22 565 M15 2 125 .66
b 611 b 716 228 228 1 W83 A8 111 & 130 .121 M15 5 11T 92
b 612 M 718 325 3m 3 2 k36 111 5 357 355 M1 2 R A
V61N MT12 191 B0 b 26k 279 111 6 150 195 0 1 200 <270
b o615 5 7 2 188 227 5 =21 111 7 M5 k3 016 8 270 27
» 616 5 3 M5 k9 6 222 -228 111 8 a7 21 116 6 93 10
& 617 57 & 276 -2 1 222 111 9 202 216 5
b 619 H 6 1 127 10 268 218 11110 lgg -1 216 5 13 a1l
b 622 197 A% 5 T 37 1 FLRNET 202 1118 1 7 316 6 10 67
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CRYSTAL DATA

S;N;AICl,, M=399.1. Orthorhombic, a=9.412 A, b=13.647 A, ¢=20.761
A, U=2667 A3, Z=8, D ,=1.99, F(000)=1568. The possible space groups are
Pnma (Dy'8, No. 62) and Pn2;a (Cp°, No. 33); intensity statistics and
morphology show the space group to be Pnma. The crystals form pale yellow
prisms bounded by {102} and terminated by {011}. This morphology violates
the Donnay-Harker law.*

Table 2. Atomic coordinates as fractions of cell edges. The estimated standard
deviations x 10* are given in brackets.

22 E R R REBQEQ0A0EE
CUB GO M= O GO DO = O CU R GO DO ewt DD =

Table 3. Thermal

U
ALl 376 (23)
Al 2 503 (27)
Cl1 810 (19)
Cl 2 596 (26)
Cl 3 680 (25)
Cl 4 798 (18)
Cl 5 397 (21)
Cl 6 1533 (44)
S 1 084 (24)
S 2 1353 (29)
S 3 634 (18)
S 4 658 (18)
S 5 612 (16)
N 1 1133 (77)
N 2 720 (66)
N 3 539 (50)
N 4 452 (44)
N 5 724 (56)

X

0.4662 (4)
—0.0554 (4)
0.5914 (3)
0.2998 (4)
0.3771 (4)
—0.1763 (3)
0.1231 (4)
0.0151 (6)
—0.0212 (3)
0.2074 (4)
0.4191 (3)
0.3009 (3)
0.0650 (3)
0.0877 (10)
0.3121 (9)
0.4006 (7)
0.1856 (7)
—0.0224 (8)

)

—0.2500 (0)

0.2500 (0)

—0.1222 (2)
—0.2500 (0)
~0.2500 (0)

0.1212 (2)
0.2500 (0)
0.2500 (0)

—0.1040 (3)

0.0297 (3)
0.1096 (2)
0.0122 (2)

—0.1062 (2)
—~0.0366 (8)

0.0670 (7)
0.0782 (6)

—0.0321 (5)
—0.1296 (6)

4

0.3801 (2)
0.3693 (2)
0.3675 (1)
0.3114 (2)
0.4743 (2)
0.3869 (1)
0.4319 (2)
0.2723 (2)
0.3191 (2)
0.2700 (1)
0.3678 (2)
0.4811 (1)
0.4528 (1)
0.2951 (4)
0.3161 (5)
0.4410 (4)
0.4361 (4)
0.3923 (4)

vibration parameters (in Arx 107%) and, in brackets. their estimated

Usg

411 (19)
426 (19)
666 (16)
984 (29)
629 (21)
596 (14)
736 (24)
870 (29)
1004 (23)
1273 (28)
676 (17)
762 (18)
702 (17)
1078 (75)
981 (73)
536 (48)
506 (42)
708 (56)

Uss

632 (27)
429 (23)
1028 (22)

804 (29)

623 (24)

677 (16)

913 (30)

521 (25)

1052 (25)

532 (17)

1706 (35)

702 (18)

757 (18)

994 (75)

1682 (100)
1205 (72)
694 (51)

1026 (64)

standard deviations.

Uyz

0 (0)

0 (0)
—309 (17)
0 (0)

0 (0)

— 254 (15)
0 (0)

0 (0)
294 (22)
628 (26)
8 (18)
—73 (16)
—172 (15)
384 (71)
291 (64)
—12 (47)
76 (41)

6 (54)

Uis Uzs
13 (20) 0 (0)
69 (20) 0 (0)
133 (17) 41 (17)
— 159 (22) 0 (0)
127 (20) 0 (0)
30 (14) —30 (14)
17 (20) 0 (0)
408 (27) 0 (0)

—521 (21) —398 (22)
199 (19) 236 (21)
404 (21) 357 (22)

—164 (15) 3 (17)

13 (14) 142 (16)
340 (65) 240 (69)
31 (68) —227 (76)

—126 (51)  —172 (52)
— 66 (39) 32 (43)
—234 (52)  —39 (56)
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Table 4. The results of the constrained refinements compared with that for the
unconstrained refinement.

R Swd? Number of
parameters
(a) S;N,* with symmetry mm2 0.096 5248 130
(b) 8,N,;t with symmetry 2 0.093 4817 133
(¢) No constraint 0.087 4310 145
R{a/b)=1.044 (1523 observations) 2(0.001)=1.005
A (bjc)=1.057 2(0.001)=1.011
Table 5. Bond distances in A. The estimated standard deviations (in A x 10™*) are shown
in brackets.
l a(l)

S1-N1 1.465 (10)

S 2-N1 1.536 (10)

S 2-N 2 1.465 (10)

S 3-N 2 1.582 (10)

S 3-N 3 1.590 (9)

S 4-N 3 1.545 (8)

S 4-N 4 1.554 (7)

S 5—-N 4 1.559 (7)

S56-NS5 1.535 (9)

S1-N 5 1.558 (9)

Al 1-Cl 1 2.121 (3)

Al 1-Cl 2 2.119 (6)

Al 1-C1 3 2.093 (5)

Al 2-Cl 4 2.126 (3)

Al 2-Cl1 5 2.124 (5)

Al 2-C1 6 2.121 (5)

Table 6. Bond angles and their estimated standard deviations in degrees. Primed atoms
are related to the corresponding unprimed atom by reflection through the mirror plane.

[7} a(6)
N5-8S 1-N1 118.5 0.5
S1-N1-S2 177.1 0.8
NI1-S2-N2 118.4 0.6
S2-N2-83 177.3 0.7
N2-S 3-N3 118.6 0.5
S3—-N3-S4 137.7 0.6
N3-S 4-N4 109.1 0.4
S4—-N4-S5 128.9 0.6
N4-8S 5-N5 110.1 0.4
S56—N5-S1 138.4 0.6
Cli1-All1-ClYV 110.6 0.2
Cll1-Al1-Cl2 109.1 0.2
Cl1-Al1-Ci3 109.6 0.2
Cl2—-Al1-CI3 108.7 0.2
Cl4—-Al2-Cl ¥ 111.6 0.2
Cl4—-Al2-Cl5 108.5 0.1
Cl4-—-Al2-Cl6 109.3 0.2
Cl5~A12-Cl6 109.5 0.3
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Observed and calculated structure factors, atomic coordinates, and thermal
vibration parameters, are listed in Tables 1—3. Bond distances and angles
are given in Tables 5 and 6.

STRUCTURE DETERMINATION

An attempt was made to solve the structure by direct methods using
Danielsen’s ® program SYMBAD. The resulting E-map could not be interpreted
to give the structure, and selected combinations of peaks all led to very high
R-values. The Patterson function was difficult to interpret but two possible
atomic positions (Cl 1 and Cl 4) were recognized as having occurred on the
E-map. Systematic examinations of the 20 highest peaks from the E-map
showed that there were four peaks which gave interatomic vectors all consistent
with the Patterson function. A Fourier synthesis based on signs calculated
from these four atoms contained many peaks several of which were false.
Since the constitution of the compound was not known, several cycles of
structure factor-Fourier calculations were needed before the structure could
be established.

The first four atoms found were: S 2, Cl 1, Cl 2, and Cl 4. Examination of
the E-map later showed that for only one more of the heavier atoms was
there a corresponding peak on the E-map whereas for the other atoms there
was usually a peak at a position related to the correct one by some false
symmetry, e.g. x, ¥, —2.

We have found ¢ the combined use of Patterson and direct methods an
efficient way of dealing with structures that for various reasons are not easily
solved by either method alone.

REFINEMENT

Least-squares refinement of atomic coordinates, thermal parameters, and
scale factor was carried out using the block diagonal technique. The final
R-value obtained was 0.087 for 145 parameters, the weighted R-value was
0.072.

In order to test the significance of the deviations of the S;N,* ion from
symmetries mm2, and 2, constrained refinements were carried out. The results
are given in Table 4 and show that the molecule deviates significantly from
these symmetries.

COMPUTATIONAL DETAILS

The block-diagonal least-squares refinement was carried out using an
ALGOL program (G 403), the quantity minimised was

L SwllFf PP
2w|F,
where w=1/6? and o=V o (F?)+(1+K)F*—|F|, K was varied so that

|| Fovs| = | Fearc||?) varied as little as possible with the magnitude of
Fos. The final value of K was 0.025.
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The constrained refinements were carried out using Pawley’s modification ?
of the ORFLS program. The weights used for these refinements were the same
as those from the final unconstrained refinement.

The atomic scattering factors used for the block-diagonal refinement were
those of International Tables 8 approximated by Bassi ? polynomials, and for
the constrained refinement those of Cromer and Mann.!°

DISCUSSION

The structure consists of discrete S,N,* and AICl,” ions, the
SeN," ion is in a general position whilst the AlCl,” ions are on two special
positions, on mirror planes, as is shown in Fig. 1. Bond distances and angles
are given in Tables 5 and 6. Bond distances and angles are not corrected for
thermal vibration since attempts at rigid body refinement showed that it is
physically unreasonable to treat the S;N;* ion as a rigid body. The only
S—Cl or N -l distances less than 3.5 A are Cl 4—8 4 (3.492 A) and C1 48
5 (3.495 A).

2

T

|

[}
)
'
K ' L
Fig. 1. Part of the structure viewed down  Fig. 2. The S;N,t cation projected onto the
the a-axis. The sulphur atoms are shown least-squares best plane through the atoms.
as big open circles, the nitrogen atoms as The deviations of the atoms from the
small open cirles, the aluminium atoms as plane, in A x 1073, are also given.
full circles, and the chlorine atoms as the
vertices of the tetrahedra.

The AICl,” ions are close to being tetrahedral, the mean Al—Cl distance
is 2.117 A with e.s.d. 0.002 A which is in accordance with the distance found 11
in NaAlCl, (2.13 A). The distances in AlCl;.CgH,COCI are? 2.079 A with
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e.s.d. 0.002 A, and 2.094 A with e.s.d. 0.003 A. The two crystallographically
independent AICl,~ ions are arranged symmetrically about the centre of the
cation.

The SyN,* ion is heart-shaped and almost planar although not accurately
so. The deviations from planarity are shown on Fig. 2 and in Table 7 which

Table 7. Atomic coordinates of the SN, ion in A relative to the inertial axes. The mean
standard deviations are 0.003 A for a sulphur atom coordinate and 0.008 Afor nitrogen.

x Y 2
S1 —-0.0123 —0.6730 2.5901
S 2 0.0101 —2.3047 0.0723
S 3 0.0027 —0.7977 —2.5753
S 4 —0.0113 1.9033 —1.4567
S 5 0.0313 1.9383 1.3512
N1 —0.0388 —1.4764 1.3654
N 2 0.0372 —1.5958 —1.2096
N3 —0.0184 0.7913 —2.5287
N 4 —0.0279 1.2501 —0.0465
N5 0.0011 0.8794 2.4615

gives the atomic coordinates of the ring in A relative to the inertial axes of
the cation. The ring deviates significantly from planarity, being folded so that
there are two nodes approximately parallel to the line joining atoms S 1 to
S 4. The deviations from planarity are similar to those found in medium sized
aromatic hydrocarbons such as pyrene 13,14 and ovalene;% in solution the cation
would presumably be planar.

The mean S — N distance is 1.539 A which indicates a considerable measure
of double bonding. The bonds are not all equal and vary from 1.465 A to
1.690 A. The differences are considerably in excess of the estimated standard
deviations and furthermore the differences do not seem to arise from systematic
errors in the data since the AICl,” tetrahedra show little deviation from
regularity. The angles at the sulphur atoms are quite similar, ranging from
109.1° to 118.5° with a mean values of 115° whereas there is a much bigger
spread of the S—N —S angles, 128.9° to 177.3°.

The short S — N bonds are some of the shortest so far observed in sulphur —
nitrogen ring systems; comparable values are 1.49 A in S,N,;" (Ref. 16) and
1.54 A in S;N,CIt (Ref. 17).

The nature of the bonding is discussed by Adams et al. ®in the light of
their ESCA measurements. Molecular orbital calculations are being carried out
on the S;N,* system by Zahradnik.1?
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