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The Crystal Structure of Silver Sulphimide Trihydrate, Ag;(NSO.);.3H.O

By G.A.P. DALGAARD, A.C. HAzELL AND R.G. HAZELL
Department of Inorganic Chemistry, Arhus University, DK-8000 Arhus C, Denmark

(Received 10 July 1974; accepted 12 July 1974)

The structure of Ag;(NSO,);.3H,0 has been determined by X-ray diffraction. Least-squares refinement
with 1187 reflexions gave a final R of 0-049 for 64 parameters. The intensities were collected on a semi-
automatic diffractometer with monochromated Mo K« radiation. The sulphimide ion is in the chair
form and has symmetry 3m (Cs,) within experimental error; the mean S-N distance is 1:636 (4) A,
S-O,y is 1451 (6) A, and S-O,, is 1-427 (6) A. Chains of silver atoms with Ag-Ag 3-032 (1) A run parallel

to c.

Introduction

The crystal structure of silver trisulphimide trihydrate,
Ag3(NSO,);.3H,0, has been studied by X-ray diffrac-
tion to determine the conformation of the (NS); ring
in the trisulphimide anion. Fischer & Andress (1955),
henceforth referred to as FA, have suggested from an
incomplete X-ray analysis that the (NS); ring is planar.
In all other compounds of this type that have been
studied, e.g. (NSOCI); (Hazell, Wiegers & Vos, 1966),
the rings are distinctly non-planar, in most cases they
are chair formed; a complete list of references is given
elsewhere (Hazell, 1974).

Table 2. Bond lengths and short interatomic distances
and their estimated standard deviations

Symmetry-related atoms are defined as follows:

We have determined the structure first from the

published data of FA and

data, and find the trisulphimide anion to be chair
formed. The S-N bond distances are equal within

experimental error.

Crystal data

Agy(NSO,),.3H,0, M.W.

i l=x+y,1—x, z v 1—-x, x-y, z—%
fi x=y, =y, 3+z i X, v, 1+z
iii Yy  x, z—=%vii l—=x, —x+y,3+z
iv ¥, X, ¥+z vili 1—-y, x-—y, z
1 Icorr
S——o(l)axlal 1451 (6) 1-456*
S—O(z)cquamrial 1:427 (6) 1-436*
S—N 1-631 (5) 1-633%
S—N! 1-636 (6) 1-638+
Ag"-N! 2:324 (5)
i i Ag—N 2427 (5)
then with more extensive As_Ag" 3032 ()
0(3)-0(3™) 2-890 (6)
Ag—O(1") 2:483 (6)
Ag—O(1%) 2:660 (6)
Ag—O(@3' 2:516 (8)

574-1. Trigonal, a= 0002

* Riding-motion correction for thermal vibration.
T Algproximate correction for thermal motion by adding

10-563 (5), ¢=5368 (5) A, U=5187 A3, Dy(FA)=
3-82, Z=2, D.=3-68, F(000)=552. Laue symmetry
3m (D3), systematic absences (h,h,2h,I) with [ odd,
possible space groups P3lc (No. 159) or P31c (No.
163). P31c was chosen from consideration of the
Patterson function. The crystals, which are colourless,
crystallize from water as long needles bounded by

Table 3. Angles and their estimated standard deviations

Symmetry-related atoms are defined as in Table 2,

St _ Hes & O(1)-S—0(2) 1174 (4  Ag"'-N—S 122°5 (3)
{1010} and elongated in the [0001] direction. £=60-5 0O(1)-S—N 109-6 (3) Agt-N——Si 1136 (3)
cm™! for Mo K« radiation. 8EB—§—-E"“‘ }(l)gz 8; ﬁg—-g——gi }(l)ig 8;

. - e . P .
Atomic coordinates and thermal parameters, bond O(2)S_N"Ii 1039 (3) As—Ag'—Ag™ 1246 (2)
lengths and ang]e;s anq observed and calculated struc- g Nt 06 @) 0(3)—0(3"")-0(3'") 1365 (4)
ture factors are listed in Tables 1, 2, 3, and 4. S——N-S! 1150 (3)
Table 1. Fractional coordinates ( x 10%) and thermal parameters (A? x 104
X y z Uy Uz Uzz Ug2 U3 U3
Ag 5453 (1) 6225 (1) 0 479(4)  412(3)  215(11)  289(3) 302  12(2)
S 7072 (2) 2072 (2) —142 (3) 229 (5) 221 (5) 177 (12) 118 (4) -2 —-2(4)
o(l) 7075 (6) 1989 (6) 2554 (10) 290 (22) 276 (22) 231 (24) 122 (18) -25(Q17) 52 (16)
0(2) 7394 (7) 1108 (6) —1504 (13) 314 (24) 291 (22) 338 (28) 197 (21) 12(19) -36(19)
0Q3) 8496 (9) 7910 (9) 4519 (18) 487 (37) 367 (30) 408 (38) 236 (28) 17 (29) 8 (26)
N 5473 (6) 1752 (6) —1099 (10) 231 (19) 205 (18) 163 (19) 90 (16) —34(13) —14(13)

A C 30B - 13*



2722 THE CRYSTAL STRUCTURE OF SILVER SULPHIMIDE TRIHYDRATE

Experimental

Intensities Ak! (I=0 to 10) were recorded with a com-
puter-steered Supper—Pace diffractometer. Mono-
chromatic Mo K« radiation was used with a scintilla-
tion counter in conjunction with a pulse-height

analyser. Data were collected out to sin §/4=1-0 which
gave, after averaging, 1187 reflexions for which the
intensity, I, was greater than 2¢.(I) where o(I) is the
total number of counts in the intensity measurement.
The background-peak-background method was used.

A needle-shaped crystal of mean radius 0-045 mm

Table 4. Observed and calculated structure factors ( x 10)

1 0 0 i7es 1809 2 1520 1510 w2 2 S0z 519 -T-12
1 1 0 2085 2058 2 B78 862 10 v 2 258 257 a0
2 0 0 1624 1509 2 1167 1148 e 2 291 30 R
2 1 0 139 1505 2 87 48S S 2 166 158 A2
2 2 01695 1724 2 174 189 6 2 155 156 A3
3 0 0 937 932 1 2 483 S13 7T 2 169 155 L
3 1 02387 2398 1 2 126 156 | 2 12 nl 8 5
3 2 012221219 1 2 1 92 0 2 lel N9 L
3% 0 2041 209 1 2 1167 1137 a0 2 31 ol a7
« 0 0 Sol Set 1 2 2395 2362 1 2 220 238 R =9
@ 1 0 1376 1e98 1 2 1386 1357 2 2 2 W™ 1
“ 2 01791 1836 1 2 1671 112 3 2 270 NS 0
« 3 0 A7 AS2 1 2 1296 1327 “ 2 207 205 1
© & 01287 1326 1 2 158 7151 5 2 9 110 2
5 0 0 543 553 1 2 1087 1072 & 2 138 130 3
S 1 0 1308 1366 1 2 303 290 T2 8l A9 “
5 2 0 952 9N 1 2 a2 83 3 2 105 90 5
5 %V 0 1513 15e& 1 2 e 319 02 149 196 6
5 &« 0 6RS 701 1 2 R 360 1 2 223 251 7
S 5 0 1369 1325 1 2 194 213 2 2 32« 361 8
6 0 0 M7 757 1 2 25 2713 12 148 189 10
4 1 01096 1lle2 1 2 186 190 5 2 132 ne 0
6 2 0 931 %R 1 2 216 225 ~ oz 19 81 1
h 3 0 569 SR 1 2 10 12 72 119 % 2
4 & 0 1385 1380 1 2 8BS 55 a2 7o 56 3
6 5 0 4we2 @1 1 2 9 b o 2 329 37 “
6 & 0 5eA 52 1 2 1786 1765 12 15 170 5
7 6 0 1697 1493 1 2 1618 1435 2 2 190 202 6
71 0 s17 &1 1 2 1061 1061 “ 2 166 150 9
7 2 0 132% 13130 1 2 1202 1207 ~ 2 80 Al [
T 1 0 4k «e? 1 2 1707 1670 02 245 252 1
7 4 0 S92 601 1 2 9om 976 12 M6 195 2
75 0 133 178 1 2 292 217 12 18 ke 3
7 6 0 17 175 1 2 990 999 « 2 93 93 .
77 0 209 216 1 2 210 221 0 2 68 S 5
A 6 0 243 258 1 2 3%0 3715 T2 76 es 6
8 1 0 ll6e 111 1 2 W3R w72 a2 13 sy 7
A 2 0 1e3 160 1 2 416 451 2 2 89 65 a
R 1 D 6eR 632 1 2 300 321 e 2 100 96 0
B4 0 127 14 1 2 121 127 2 32185 2188 1
4 6§ 0 179 178 1 2 108 91 31710 1761 2
8 A 0 156 1K) 1 2 370 356 31352 Je12 3
47 0 266 256 1 2 1207 1259 1 643 721 “
R 8 0 666 633 1 2 04 M1 3 188 187 3
9 a0 612 801 1 2 1473 1488 3 %R0 whe 7
21 0 327 365 t 2 879 898 3 976 9u7 o
9 2 0 553 S29 1 2 1633 1613 3 AW A2 1
9 3 0 592 565 1 2 524 519 3 671 635 3
9 « 0 322 N2 1 2 w26 @)} 3 e 1A “
9 3 0 383 IRl 1 2 366 36e 1152 16l
9 & 0 171 181 1 2 416 @S 1221 216
9 7 0 252 25k 1 2 216 230 3 130 125
9 8 n k9 AR 1 2 1ea 170 199 A7
3 9 0 262 220 1 2 266 264 3 bes 692
10 0 0 b 3SR T 0 1 2 90 13 11551 1e7e
10 1 0 4se w23 71 1 266 236 2 61h 612 3 639 673
10 2 0 SWe 533 72 1 320 319 2 1664 1670 3 672 882

0 339 327 7 3 1 229 232 21273 1273 3 1310 1291

0 321 322 7 e 1 631 W7 2 895 8RA 1 5649 540

0 172 169 75 1 577 S9% 2 1032 1058 3 636 2R

0 150 1sS 7 6 1 552 669 2 1% 135 3 7le ARO

0 109 95 a7 -3 1 %6 148 2 962 927 3 152 182

0 136 119 =7 -3 1 120 116 2 «h6 w7 1 al9 a0t

0 55  ua R0 1 183 176 2 120 12« 3 101 a8

0 196 |63 A 1 1 1¢)6 1393 2 201 209 3 109 9

0 639 601 8 2 1 678 6hu 2 281 312 360 63

0 29 283 8 3 1 83l 625 2 15 172 3153 1)

o 520 501 R & 1 38 @73 2 135 18 1 16l M

0 321 325 8 S 1 632 456 2 2as 266 3Rl 80

0 313 300 A 6 1 131 182 2 852 8ue 11478 1544

o 163 151 8 7 1 132 135 2 583 s77 3 1615 14AS

o 158 151 9 0 1 153 1s8 2 1612 137 3 1153 1199

0 162 136 9 1 1 206 203 2 1719 157 3 506 §17

0 371 b 9 2 1 53 59 2 9s2- 890 3 612 800

0 28T 266 9 3 1 WS w6l 2 28e 283 I HTe  He§

¢ 485 56 9 & 1 571 803 2 286 29 3 ey 171

0 321 306 9 S 1 331 555 2 211 221 1559 5el

¢ 177 458 9 6 1 114 113 2 215 248 T2

o 267 222 2 7 1 108 118 2 125 127 TO10RA 1

o 130 126 9 3 1 132 157 2 161 148 3 63 a9

0 163 163 10 1 N2 M 2 216 216 T olee e

0372 353 10 1 1 T4l 73 2 116 102 T o1s

o 206 190 10 2 1 %38 oS 2 811 719 ore o1

0 216 210 10« 1 248 259 2 1172 1166 3187 1es

¢ 82 9 10 S 1 177 197 2 w92 484 11571 1403

0 175 160 10 6 1 3 85 2 500 486 3 1214 12R0

o 110 87 10 9 1 123 1le 2 1186 1116 Yiar2 0112

" o119 107 110 1 w22 0 2 186 166 3 712 Tes

0 101 RI 11 1 1 282 263 2 w18 397 1 160 121

0 32 3y 11 21 12 1) 2 212 2n 3 3%s 327

0 217 210 13 1 215 22 2 62 4B 3 28t 269

075 70 11 & 1 309 35 2 132 13 1 wel 620

o 81 87 15 1 1s& 171 2 119 122 3 et el

0 8. 70 116 1 203 209 2 151 155 A9 92

0 122 12y 17 1 107 33 2 A« B3 1 216 218

9 107 oA 11 8 1 13 123 2 1165 1117 312y e

059 73 11 9 1 155 13 2 3 AT 67

0 93 79 12 0 1 238 299 2 958 917 T oT09 133

0 138 125 12 1 1 133 13 2 sas s7 1 sue 530

0 123 105 12 2 1 9 99 2 687 64R 3 1610 1174

0 132 100 ]2 3 1 9 113 2 123 108 160y g2

0 80 es 12 & 1 203 217 2 259 254 Toazoe

9 9% 85 125 1 226 244 2 215 2l 1282 w2

1 153 A9 12 6 1 81 30 2 139 16 3§38 515

1 2956 2738 127 1 153 150 2 170 165 3 Shn 528

11975 1883 12 B 1 10& 77 2 129 121 T oese 45)

1 1396 lea? 17 0 1 132 1S3 2 2 140 117 3 2we 291

1 796 795 13 1 1 2.3 263 8 0 2 35 159 110 128

1 566 563 13 2 1 &l 95 8 1 2 825 778 313 19

1 2w’ 253 13 3 1 151 161 8 2 2 158 1s6 3 1222 12«0

11305 1295 136 1 132 18 8 3 2 552 S22 3 621 635

1 235 298 135 1 88 55 8 & 2 203 203 1 K22 R

1 6A% 686 13 6 1 IS e 8 5 2 235 225 3 Ten Tes

1159 je7 e 0 1 39 125 8 6 2 1«9 1St 3 42 w32

1 189 185 e 11 30 Bl 8§ 7 2 182 1a7 3199 211

1213 237 16 2 1 171 183 8 8 2 515 519 3 SA2 57

1 155 161 o 3 1 T« T« -8-9 2 Al 58 3 we 92

to105 75 14 « 1 128 126 -A-10 2 133 125 1 1le 102

1171 760 e 53 1 b6 el 9 0 2 373 353 3 A8 80

I 2R22 2651 1 6 1 I T2 9 1 2 459 a7 3 17« 170

1 166l lbes 15 1 1 262 251 9 2 2 319 350 3 100 107

1 1253 1268 1S 2 1 141 139 9 3 2 36l 351 31175 1175

1 1957 1923 15 3 1 265 229 9 @« 2 219 223 1350 57

1 se2 51 15 & 1 s8R 50 9 & 2 319 122 3337 20

1 428 %29 16 01 13 13 9 6 2 148 149 3 363 37

1 765 765 16 1 1 76 76 9 7T 2 235 256 3 92 W75

1 130 120 16 2 1 38 106 9 8 2 98 103 1 529 517

1 386 &15S 16 3 1 45 S8 9 9 2 157 140 3 536 502

1 166 ISR 17 .0 1 156 142 =9=11 2 121 9s 3 83 Q2

1 110 1«0 17 11 9 74 10 0 2 167 le7 o121 a0

1 102 99 =l -1 2233 2371 10 1 2 31s n7 3 b6

1202 237 -2 -2 2 1266 1259 3 9" 105

P T T N N e T L L L L L e e e e L ]

s 121 6 2 & 431 @30 & % S «la 395 7 0 6 376 366 <% -6 8 217 201
181 86 6 3 & 375 383 h & 5 259 250 7 1 6 138 1eF <55 8 35 330
1048 1021 6 4 & Bbe 859 % & 5 218 210 7 2 6 231 3 -6 -6 68 181 187
571 361 6 5 4 166 157 “% =T 5 302 305 7 3 6 180 175 -1 -3 8 213 320
518 <00 6 & o 21 2e) -n -0 & 102 101 7 & & 210 20 -1 -6 8 269 326
508 S06 =6 -7 & 187 19) -~ -0 & A7 9] 7 6 6 76 63 -1 -5 8 178 189
351 353 <6 -9 & 106 lae “h210 S 93 90 <7 -R & 77 Tl -1 -6 8 268 260
133 183 =6-10 & B9 96 =r=11 & 13 130 A1 6 265 269 -1 =B R 268 245
113 128 -b=11 & 99 108 10 5 Ten TG A 2 6 81 19 -1-9 B &9 25
102 99 7 0 « 79 750 715 192 200 R 3 6 157 197 -1-10 8 120 117
33 113 7 1 4 181 180 1> S8 263 238 R e & 30 82 111 & 90 8
155 174 T 2 4 462 W77 7Y 8 19) 189 R S & /0 101 -2 =3 8 155 197
357 339 7 3 6 4l2 35 T e 6 266 2e8 A 7T 6 T0 68 -2 -4 R 426 4S2
132 120 7 & 6 332 36 7 & & 379 3me R 8B 6 216 206 -2 -5 B 265 268
137 186 7 5 « 113 138 T oA 8 GeD w54 9 0 5 31 113 “2 -6 R 17« 169
387 392 7 6 « 173 201 -1 -a 5 en TH 9 1 A~ 158 185 -2 -7 8 330 325
356 370 T 7 6 119 157 “rell s 76 &% 9 2 6 30 8 -2-A 8 ST a]
118 10?7 -7 -8 « 155 1e? 4 0 5 A&l we 2 3 A6 126 136 -2-9 A 136 lal
31 107 -7 -9 & 129 157 o1 s 729 70 9 5 6 116 127 -2-10 8 149 152
197 170 =7-10 & 92 105 2 5 w96 4BR 9 6 6 11 39 3 0 8 S8 9)
1nr ur 8 0 & 2k4 260 “ 1 & 30 3 9 7 6 3% 8 31 8 259 367
525 575 A 1 & 587 575 Moe S 3es 119 10 0 & 132 156 32 8 177 238
1 rer 8 2 & 75 &6 “ 2 5 2ue pmg 101 6 70 7T 3 3 8 392 &30
358 170 A 3 « 337 383 %~ 4 5 RS 66 10 2 6 1e7 170 -3 -4 8 218 207
2 100 8 4 4 19 92 « 7 s 111 107 10 « 5 118 117 23 <5 8 339 35
16 127 A S 4 1RS 224 -4 -9 & 98 90 10 5 6 76 9 =3-6 B 92 65
173192 A A & 67T T4 P TR ] 10 & &4 79 589 3.7 8 175 159
562 8 7 & 135 166 S 1S 142 183 107 6 38 78 -3-8 8 85 A9
a7 8 8 « w28 wbl v 2 8 mp 59 110 6 151 187 <3~ 8 127 131
357 351 9 0 & 273 288 v 3 5 2649 253 12 & 187 3178 “ 0 8 101 las
232 20 8 1 & 253 2R6 9 W & 218 220 13 6 102 102 “ 1 8 221 25
126 118 9 2 4 20R 233 48 5 279 2n 12 0 6 54 64 « 2 % 350 165
26l 2e3 9 3 « 188 232 2N 5 me o ows 12 1 & 101 108 4 3 9 161 149
21R 216 9 4 & 1le 150 v 7 5 AT ke 122 6 106 102 © & 8 324 327
129 167 9 S & 155 197 I FE R} 12 3 6 87 }o00 -4 =5 A 126 14
181 13 9 s o 60 07 @0 8 w82 wal 12 4 & 71 2 -4 -s 8 310 301
59 100 9 7 & 166 193 15 @n9 49R 13 0 6 137 139 ~e -7 A 105 107
102 3 9 8 4 82 83 2 5 288 219 1% 2 A 111 100 -4 -9 8 92 88
13e 17 10 0 & 29 307 e s 30 e 0 6 3% 39 S 0 A 146 135
175 181 10 1 « 139 180 « 5 10 79 16 1 s 117 128 S 1 8 217 239
az 87 102 & 320 393 S 5 150 133 7 37 &3 S 2 A 198 192
10 22 10 3 & 91 123 n S 197 197 T 606 K0S S 3 R 385 365
136 168 10« & 16R 200 1 5 83 51 7256 236 5 « 8 190 173
177 1% 10 6 & }ed 169 2 5 u1 50 13 Ta 5 5 A 355 313
16 1s 10 7 & 95 99 5 Ume 1eR T 11T 37 -5 -6 A 110 113
155 174 1008 « 79 Ta 4§ len 129 T 433 40 S -7 A 19 T8
206 265 11 0 & 162 186 38 19 4 LRI 6 0 8 163 152
120125 11 1 « 91 11 58 152 Ne? 7 231 2N 6 1 8 300 279
13 9 112 & 287 32 75 Ml ke 7 126 107 6 2 & 169 158
o3 113 « 218 25 s 121 27 7 402 <20 6 3 a 220 197
a1 39 114 & 176 182 s 3oz 7395 07 6 « A 331 31
% 9 120 & 116 129 2 5 16 9z 7 589 Sem 6 5 4 B N1
152 176 12 1 & 110 les 1 s S 7335 320 6 A 8 79 38
SR 19 12 « 227 262 « & 108 92 7 231 290 -6 -1 8 19 &7
N A9 123 & 119 129 55 18 121 7 3713 328 T 0 8 320 285
185 130 12 5 4 157 148 n s 30 9% 7 10A 102 T 1 R OIS] 167
76 92 12 6 & 9 89 1A oame 119 7225 19 T 2 B 28T 276
158159 12 7 & 106 87 VA es 72 7 %0 82 73 8 133 11
70 62 11 0 e 187 212 Aos o113 7 551 626 7T 4 B 206 209
2 A3 13 1 6 118 10 1S ey 9 7 604 s2m 8 0o 8 82 90
105 Ay 13 2 & 137 161 A A5 60 7 2%z 25S R 1 8 261 243
756 751 13« « 101 110 A 513 wl? 7 298 28 8 1 A 175 170
930 9315 16 0 & 202 231 & 299 28n 7 344 5S4 8 & 8 68 65
711 663 14 1 & 162 177 A 323 374 T 125 106 B 5 B S8 46
376 90a 14 3 & 91 55 283 32 7259 266 9 6 R 119 117
349 526 15 1 « 79 95 4 79 aa 7 232 2n 9 1 8 192 180
190 182 =1 =3 5 93 926 5 173 223 T8 70 9 2 8 Bs B8R
355 «17 -1 =« 5 903 922 A @07 400 7 590 645 9 3 a 107 105
739 799 -1 =5 5 387 40R A OS17 wel 7330 3y 9 « R 79 85
1074 1068 =1 =6 S 150 141 n Se> 803 T b3 wle 10 ¢ 8 129 130
1101 1080 <1 =7 5 297 245 5 2wy 220 7 130 362 101 8 87 93
547 899 -] -8 S 698 700 A 36n 385 7 1%2 123 10 2 8 123 1M
756 715 -1 =0 5 152 167 & 5» 57 7 216 189 110 8 171 71
196 175 =110 5 S13 497 & 257 304 T 3 86 1t AR 6l S5
416 80} <l=11 5 190 193 n Qa Ky 7 215 191 1 048 3 12
213 29t -1-12 5 AR} 91 n o120 029 7 231 2ub =15 @S2 4R
206 2¢3  -l-13 S 156 l6a ~ 92 21 T 75 s -1 -7 9 A9 77
39 35 -1-15 5 11a 124 PERTSERTEY 7 123 12 -1 <A 3 226 156
157 180 2 0 5 210 2ua LS I 7T 373 3% -2-3 9 162 179
182 152 -2 -3 & SR6 59 “ 9 7 o112 181 -2 ~a 9 167 166
159 173 -2 -a 5 5S8R 566 A &1} a5k 7 359 556 .2 -5 9 272 224
765 757 -2 -5 5 Rel 835 6 181 149 7 205 212 =2 -4 9 142 107
53R 605 -2 -6 S5 h] 458 A 875 S 799 10y -2-7 9 116 93
935 62 <2 <7 5 30e 299 6 295 292 7 297 217 2.8 9 149 12
1252 1191 <2 -R S w39 ale n e 95 T A 13 30 9 94 166
701 650 <2 -9 5 76 62 A 3% 309 7177 9719 31 9 150 211
300 266 -2-10 S 282 280 A1 176 T 229 2% 3 2 9 210 256
549 536 =2-11 S 62 65 A 17 192 7107 116 -3 - 9 91 82
2717 305 -2-12 S 79 65 ~ 119 130 6 0 7 AT0 466 =3 -5 9 95 92
336 350 -2-11 5 18 70 5 111 16) 6 1 7 325 38 <) -6 9 23> 178
273 239 -z-1e 5 110 106 A 1R 107 4 2 7 261 2% « 0 9 203 270
252 306 30 5 919 963 A 611 Ge2 6 3 7 285 236 « 1 9 156 180
" 111 3 1 51011 1007 Ao w06 356 A e 7 170 172 “ 2 9 163 16&
336 309 32 5 670 670 ARTR peh A5 7 116 102 e 3 9 13 123
1058 106} -3 -4 5 349 156 6 152 339 -6 =7 7 3235 215 -6 -5 9 65 40
766 756 =3 =5 5 293 275 & 839 515 6 -9 7 70 55 <6< 9 97 7
11751120 =3 =5 5 592 Sae Wl Ro 70 7 321 515 S 0 9 102 111
K39 K66 =3 =7 5 IST 15e e 191 218 117 179 982 51 9 15 79
101 9w0 -3 -8 5 37A 373 4 10« 105 T2 7 1w 13 5 2 o 245 226
275 a? =) -9 5 291 286 & leo 172 73 7 126 1 S 3 9 Se 3
631 619 e3e]0 S5 72 &7 A 106 118 T« 7 300 301 6 0 9 246 224
304 297 -3-11 5 %A 103 a 230 2n1 75 7 325 & 1 9 110 106
1 e -3-12 5 e 71 A el 383 16 7 318 3w 6 2 9 17 1e3
153 1R =3-13 5 19 6T 6 520 ko -7 ea 7 71 8 6 3 9 1eR 109
157 181 « 0 5 921 916 & 226 207 8 1 1 @39 660 6 & 9 97 68
176 191 4 1 5 647 63 A 38a 236 A 2 1 25 258 T 0 9 239 218
173 172 4« 2 5 670 872 6 135 157 83 1 25 269 T 1 9 k1 87
ESAR TS “ 3 5 510 Sie A 329 3Re A« 1 205 200 T2 9 T 4b
1137 109 -4 =5 5 96 98 A 136 Jhe A5 7 17a jes T3 8 12«
391 368 -6 -6 5 274 270 w72 Re a7 7 123 130 8 0 9 a5 13
751 740 -4 <7 5 26A 261 6 e o 9 0 7 132 130 A 1 9 199 159
«51 439 -e =R S5 335 325 A A3 80 9 1 7T 139 139 R 2 9 1e2 103
823 762 =6 =9 5 315 321 s @9 5] 4 2 7 101 109 9 0 6 71 8
30 3le  -e=10 5 78 70 6 215 186 9 3 7 1eA 130 -1 -1 10 76 13
37 70 -6=11 5 117 119 & 238 221 ° & 7 17 182 =3 =310 100 &9
136 131 =4=12 5 105 120 A 265 263 9 5 7 187 203 1 010 35 7
159 190 5 5 Sla SIA A 557 5ad ° 6 1 713 50 1 110 s 93
101 95 5 1 5 261 269 & 227 a1 100 7 282 279 -1 =210 66 &R
120 11A 5 2 5 80« 807 A 290 b 19 1 7 355 315 -1 -3 10 77 67
ela 398 5 3 5 260 289 A 122 157 10 2 7 183 163 -1 -6 10 9 82
s67 521 S 4 5 156 145 & 115 121 103 7 63 53 -1 -510 68 45
538 588 -5 -6 S5 223 226 6 95 9% 10 & 7 32 86 2 010 S0 91
902 w32 =5 -7 5 367 361 s 332 V2 105 7 al e 2 110 15 9
43 76 =5 -B 5 255 284 6«30 398 110 7 156 155 2 210 &9 8
776 759 <5 -9 5 270 278 s 1RA 199 1L 1 7 4R 43 =2 -4 10 147 106
271 267 =5-10 S 156 157 A 254 295 11 2 7 83 69 3 010 k3 30
250 244 =5-11 5 76 69 A 3es 400 113 7 18 1S 3 210 SR S2
136 16R  <5-12 5 103 109 & by 70 11 e 7 3% 106 © 010 67 52

135 0 5 961 968 hoome A2 12 0 7 15 9 “ 110 72 a7
176 152 6 1 S 273 275 A 95 105 12 1 7 9l “ 210 O n
337 <0t 6 2 5 395 399 A 7h 57 12 2 1 10 S8 S 010 3% 20
RS2 835 6 Te 90 -1-3 B 238 38 5 110 53 18
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was mounted with ¢ as rotation axis. The data were
corrected for absorption assuming the crystal to be
cylindrical and a correction was made for the change
in the volume of crystal irradiated for the different
layers.

Structure determination and refinement

In the original structure analysis (FA), the space group
was assumed to be P62c (No. 190). This required the
(NSO,)3~ ion to be on a 6 (3/m) axis and so planar. Re-
determination of the structure from the published
structure amplitudes showed the anion to be chair
formed, but that there was disorder. This model refined
to an R of 0-12.

New data were collected and it became apparent that
the Laue group was 3m and not 6/mmm, and the ‘dis-
order’ the result of a wrong choice of space group.
Starting completely afresh the position of the silver
atom was determined from a Patterson function. The
positions of all but the hydrogen atoms were located by
the heavy-atom technique. Atomic coordinates and
thermal parameters, scale factors for the different layers
(/), and an isotropic extinction factor, g, were refined by
the full-matrix least-squares method. A final difference
map did not reveal the positions of the hydrogen atoms.

The final R was 0-049 for 1187 reflexions and 64
variables; the final weighted R was 0-067. Both the real
and imaginary parts of the anomalous dispersion cor-
rection for Ag and S were included in the calculation.
The ratio of the R-values for the two polarities was
0-96.

Attempts to analyse the thermal vibration of the
anion assuming the (NS); ring to be a rigid body were
unsuccessful. The S-O distances were corrected as-
suming the oxygen atoms to ride on the sulphur atoms.
An arbitrary correction was made to the S-N bonds
by adding 0-002 A (the mean correction which had been
obtained for the S-N bonds in (CH;NSO,); (Hazell,
1974).

Computational details

Least-squares refinement was carried out with the full-
matrix program LINUS (Coppens & Hamilton, 1970);
the quantity minimized was r=>w||F,| — |F/[*/>w|F,|?
where w=1/¢? and o= /[0 (F2)+1-03F%—|F,|.

Fig. 1. Stereoscopic view of four unit cells viewed down the
¢ axis.
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The scattering factors were those of Cromer &
Waber (1964) for silver, Doyle & Turner (1968) for
sulphur, and Cromer & Mann (1968) for oxygen and
nitrogen. Anomalous dispersion corrections (Cromer
& Liberman, 1970) were included for silver and sulphur.

Bond distances and angles were calculated with
ORFFE (Busing, Martin & Levy, 1964); the drawing
was made with ORTEP (Johnson, 1965).

Discussion

The sulphimide ion is chair formed and has approx-
imate symmetry 3m (Cj,). The sulphur-nitrogen dis-
tances are equal within experimental error; the mean
value is 1-636 (4) A. The sulphur-oxygen bonds are
not equal, the axial bond, 1-456 (6) A, being longer
than the equatorial bond, 1-436 (6) A; the difference
may result from weak interactions between O(1) and
the silver atoms. The silver atoms form zigzag chains
which run parallel to e. The silver-silver distance is
3-032 (1) A which is only slightly longer than that,
2:899 A, in the metal (Pearson, 1967). The water mole-
cules also form zigzag chains parallel to ¢, the distance
between oxygen atoms being 2-:890 (6) A indicating
that the water molecules are linked together by hy-
drogen bonding. Each of the nitrogen atoms of the
sulphimide ion is weakly bound to two silver atoms,
the sulphimide ions linking together triplets of chains
of silver atoms (Fig. 1). The silver-nitrogen distances
are intermediate between that for a single bond, e.g.
that in Hg(CN),AgNO;.2H,0, 2-11 (6) A (Mahon &
Britton, 1971), and that in AgN,, 2-561 A (Hughes,
1971) which is regarded as having bond order . The
bonds presumably have considerable ionic character.
Silver-nitrogen distances similar to those in silver
sulphimide are found in complexes between Agl and
morpholine, 2:39 A (Ansell & Finnegan, 1969a),
piperazine, 2:32 A (Ansell & Finnegan, 1969b), and
piperidine, 2:329 A (Ansell, 1971). The silver-oxygen
distances are also longer than single bonds and may be
compared to those in AgNO; (Lindley & Woodward,
1966) in which the distances range from 2-48 to 2:99 A,
the interactions being regarded as largely ionic. The
sulphur-nitrogen bonds are longer than those in
a(NSOCI);, 1-571 (4) A. The geometry and the bonding
of the sulphimide ion and a comparison with other
(NS); systems will be given in the following article on
(CH;NSO,);. The mean bond distances and angles are

Table 5. Comparison of mean distances and angles in
(NXO,)3~ where X=S8 or Se

X=S X=Se

X-0 1-446 (4) 1-622 (8)
X-N 1:636 (4) 1-768 (11)
0-X-0 1174 (4) 111-7 (3)
N-X-Osx1a1 110-2 (2) 111-4 (3)
N_X_Oequalorlal 106-2 (2) 105-9 (3)
N-X-N 1061 (4)  112:1 (4)
X-N-X 115:0 (3) 1131 (4)
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compared with those of the triselenylimide ion in
K3;(NSeO,); (Kocman & Rucklidge, 1974) in Table 5.
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The Crystal Structure of Methyl Sulphimide, (CH;NSO.);
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Department of Inorganic Chemistry, Arhus University, DK-8000 Arhus C, Denmark
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The structure of (CH;NSO,); has been determined by X-ray diffraction. Least-squares refinement with
1177 reflexions gave a final R of 0-037 for 96 parameters. The intensities were collected on a semi-auto-
matic diffractometer with monochromatized Mo Ku« radiation. The sulphimide molecule is in the chair
form and has symmetry 3m (C;,) within experimental error, the mean S-N distance is 1:669 (1) A,
S-O,, 1-407 (1) A, S-O,, 1:409 (1) A, C-N 1-492 (2) A. The geometry of the molecule is compared with
that of sulphanuric chloride, (NSOCI);, and with the trisulphimide ion, (NSO;)3~.

Introduction

The sulphur-nitrogen bonds in ¢-sulphanuric chloride,
(NSOCI);, are short and equal in length (Hazell,
Wiegers & Vos, 1966). The shortness of the bonds is
explained, e.g. Salem (1966), by two kinds of =-
bonding: between d-orbitals on the sulphur atom and
the p, orbital on the nitrogen atom, and to exocyclic
7’-bonding in the plane of the nitrogen atom and its
adjacent sulphur atoms from the overlap of the lone
pair on the sp? hybridized nitrogen atom with d-
orbitals from the sulphur atoms.

The structures of the trisulphimide ion, (NSO;)s, in
the silver salt (Dalgaard, Hazell & Hazell, 1974) and
of methyl sulphimide, (CH;NSO,);, have been studied.
In the methyl compound the lone pairs on the nitrogen
atoms are replaced by methyl groups which would if
the nitrogen atom retained its sp? hybridization remove
the possibility of n'-bonding. Alternatively, the ni-
trogen atom could become sp* hybridized with the
lone pair in the axial or the equatorial position.

The S—-N bonds are found to be significantly longer
than those in sulphanuric chloride or in the sulphimide
ion (Table 1) but the geometry about the nitrogen atom
is intermediate between planar trigonal and tetra-
hedral.

Crystal data

Methyl sulphimide, (CH;NSO,);; M =279-3. Ortho-
rhombic, a=8-021 (10), b=10-648 (10), c=11-537 (10)
A, U=9854 A3; D, =1-88, Z=4. The systematic ab-
sences are: Ok/ for k+/ odd, and hkO for h+ % odd; the
space group is Pnma (No. 62) or Pn2,a (No. 33). The
structure determination confirms Prnma. The com-
pound crystallizes from toluene as colourless needles
elongated in the [010] direction. u for Mo K« radiation
is 7:48 cm™1,

Experimental

The crystals were provided by Dr A. J. Banister.
Intensities were collected on a linear diffractometer
of the Arndt & Phillips (1961) design. Mo Ko radiation



