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Crystal Structure of the 1:1 Addition Compound

Iodoform-1,4-Dioxan

T. BJORVATTEN*

Department of Chemistry, University of Oslo, Blindern, Oslo 3, Norway

The crystal structure of the 1:1 addition compound formed by
iodoform and 1,4-dioxan has been determined by X-ray crystallo-
graphic methods at —25°C. The space group is Pnma and the unit
cell containing four formula units has the lattice constants:
a=6.89(0.006) A, b=19.97(0.010) A, ¢=8.08(0.008) A. The dioxan
molecules are situated in centres of symmetry, the iodoform molecules
in symmetry planes. Two iodine atoms belonging to a particular
iodoform molecule form charge transfer bonds with oxygen atoms
belonging to neighbouring dioxan molecules, the result being endless
chains of alternating donor and acceptor molecules in the crystal.
The O---I distance is 3.04(0.04) A, and about 0.50 A shorter than
that anticipated for van der Waals’ contact.

PMR spectra of the compound have been recorded between
temperatures —50°C and -+ 10°C. The line width narrows from 14
gauss at —50°C to 4.2 gauss at 4 10°C, demonstrating that a reorienta-
tion takes place in the solid. The X-ray analysis indicates that the
movement may be described as a rotation of the dioxan molecule
about an axis drawn between the two oxygen atoms.

This study, dealing with the structure of the compound iodoform-1,4-
dioxan, is part of an investigation of the structures of charge transfer
complexes with a halide molecule as acceptor. The crystal structures of four
addition compounds have already been determined in which iodoform mole-
cules act as electron acceptors, .e. complexes with dithiane, quinoline, sulphur
(Sg), and diselenane. These complexes exhibit the common feature in that the
linkage donor(N, S, or Se)-halogen-carbon is approximately linear, correspond-
ing to the linear or nearly linear donor-halogen-halogen groupings in the
complexes with halogen molecules as acceptors.! However, iodine bonded
to carbon is a poorer acceptor than molecular iodine as shown by the large
donor-iodine distance observed; for example with nitrogen as donor atom

* Present address: Norwegian Defence Research Establishment, Division for Chemistry,
Kjeller, Norway.
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1110 T. BJORVATTEN

the N---I distance in-the iodoform complex is about 3.05 A compared with
2.30 A in the I, complex.

The C—I bond distances in the complexes studied so far are not signifi-
cantly different from that in the free molecule. A lengthening may, however,
be expected, although to a smaller extent than the elongated I—1I distances
in the complexes with iodine as the acceptor molecule.

Unlike these iodoform adducts, the components of the solid complex of
bromodichloromethane with diethyl ether are linked by a hydrogen bond.:
No structure of an iodoform adduct with an ether has been investigated,
however. The compound iodoform-1,4-dioxan, first described by Rheinboldt
and Luyken 2 therefore appeared to be of considerable interest.

EXPERIMENTAL

Needle-shaped crystals of the compound were prepared by evaporation of the solvent
from a solution of iodoform in dioxan at about 15°C. The crystals sublime and decompose
easily in free air. They were therefore sealed in thin-walled glass capillaries and kept
at —25°C during X-ray exposure. With excess of dioxan in closed capillaries the crystals
were stable up to about 20°C. The crystals used for the experiments had a nearly circular
cross section with diameter about 0.12 mm. Oscillation and Weissenberg diagrams showed
that the compound formed orthorhombic crystals. The space group derived from the
X.-ray extinctions can either be Pn2,a or Pnma. The latter was assumed to be the correct
one and this was confirmed in the course of the structure determination. The intensity
material collected consisted of hk0 zone precession diagrams (z=30°, MoK«-radiation)
and equi-inclination integrated Weissenberg diagrams (CuK«-radiation) with rotation
about the needle axis which is parallel with [100] (h=0 to h=3). The intensities were
measured photometrically, except for the weakest reflections which were estimated
visually. Of the 732 possible independent reflections on these films, 509 were observed.
Corrections for absorption and secondary extinction * were applied. The b- and c-axes
were determined from a zero layer Weissenberg photograph which was calibrated with
a superimposed barium fluoride powder pattern (based on a=6.2001 A for BaF,). The
a-axis was determined from hk0-zone precession diagrams, calibrated with the b-axis
determined from the Weissenberg photograph as a secondary standard.

PMR spectra of the polycrystalline material were recorded between temperatures
—50°C and +10°C. A Varian broadline spectrometer operating at 60 MHz was applied.
The compound was too unstable for recordings above + 10°C.

CRYSTAL DATA

Orthorhombic space group Pnma.
Cell constants at —25°C, with estimated standard deviations: a=6.89(0.006) A,
b=19.97(0.010) A, ¢=8.08(0.008) A. Calculated density 2.38 g cm™. Z=4.

STRUCTURE ANALYSIS

The positions of the iodine atoms were found from Patterson maps in the
[100] and [001] projections and the parameters were refined, first by Fourier
calculations, then by a full matrix least squares program * utilizing all the

* Program written by P. K. Gantzel, R. A. Sparks and K. N. Trueblood (IUCr World List
No. 384), modified and adapted for UNIVAC 1107 by Chr. Remming.
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intensity data. The weighting scheme used in the least squares calculations
was that of Hughes > with 4/ (min)=20 and the atomic form factors those
given by Hanson, Herman, Lea, and Skillman.® The light atom positions
could not be found from the two-dimensional analyses and a three-dimensional
Fourier map with signs based on the heavy atoms was therefore worked out.*
From this map the positions of the oxygen and carbon atoms were found.
The electron density of the dioxan carbon atoms appeared, however, as
elongated maxima and the molecule from the refinements approached closely
a planar model. The distance of the carbon and oxygen atoms from the least
squares plane was about 0.006 A (¢f. Table 4). These findings indicate that the
dioxan molecule is orientationally disordered. For this reason, PMR spectra
of the polycrystalline material were recorded. With only one proton in the
iodoform molecule, this corresponds rather closely to the resonance spectra
of dioxan. The resulting line width plotted against temperature is shown in
Fig. 1. The line width narrows from 14.0 gauss at —50°C to 4.2 gauss at 4-10°C.

Gauss
14+
101
i A
. st .
Fig. 1. Line width plotted against tem- L
perature for proton magnetic resonance in |
the polycrystalline material. PR . . | ; L
-50 -30 -10 0 10 °C

This demonstrates that a transition takes place in the solid, from a low tem-
perature ‘“‘resting model” to a high temperature state representing a rotational
motion of the dioxan molecule. The fact that oxygen positions from the
Fourier calculations were well defined, indicated that the movement may be
described as a rotation of the molecule about an axis drawn between the two
oxygen atoms. Two resting models of equal weight were then assumed which
would explain the nearly planar model obtained for the dioxan molecule
from the Fourier map. The parameters were refined using isotropic tempera-
ture factors for the carbon atoms and anisotropic for the oxygen and iodine
atoms. The hydrogen atoms were not included in the least squares refine-
ments or the structure factor calculations. The final atomic parameters, with
standard deviations estimated from the inverse matrix of the normal equa-
tions, are listed in Tables 1 and 2 and the observed and calculated structure
factors in Table 3. The final R-factor was 0.120. The distances of the dioxan
carbon and oxygen atoms from the least squares plane are given in Table 4.
The carbon distances from the plane are 0.4140.09 A compared with 0.35 A
calculated for an ideal model of dioxan.

* Program written by P. K. Gantzel and H. Hope, adapted for UNIVAC 1107 by H. Hope.
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Table 1. Atomic coordinates and their standard deviations.

z o(x) Yy o(y) 2 o(2)

I, 0.3679 0.0004 0.3387 0.0001 0.4506 0.0002
I, 0.7969 0.0007 0.2500 0.0000 0.5485 0.0005
0, 0.1597 0.0062 0.4662 0.0017 0.5533 0.0035

o1 0.56315 0.0088 0.2500 0.0000 0.4058 0.0054
C, —0.0757 0.0184 0.4399 0.0043 0.5593 0.0102
C, —0.0085 0.0158 0.4647 0.0038 0.6276 0.0096
C, —0.1693 0.0130 0.4965 0.0036 0.5854 0.0079
G, —0.1694 0.0142 0.4644 0.0035 0.5077 0.0084

Table 2. Thermal vibration parameters. The number below each parameter is its stand-
ard deviation. Anisotropic values are multiplied by 10% isotropic are in A2 The aniso-
tropic temperature factor is given by exp— (B, h2+ Byk?-+- Byl 4 B ,hk 4 B 3hl+ Bygkl).

Atom B, B B, B, B, B, Atom B
I, 2242 451 2015 432 -9 65 Q, 5.2
91 9 40 36 75 27 0.9

I, 1754 650 2942 0 —2196 0 C, 6.2
118 16 76 0 149 0 1.6

O, 4916 668 2876 2085 933 872 C, 6.3
1393 123 567 720 1286 401 1.6

X 5.4

1.3

s 4.9

1.2

Fig. 2. The structure as seen along the a-axis and the c-axis. For simplicity, only one of
the two orientations of dioxan is shown, exept for one molecule.
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Table 3. Observed and calculated structure factors. The three columns in each group list
values of k, 10F, and 10F.. Unobserved reflections are indicated by an asterisk and the
values of 10F, given correspond to the minimum observable intensities.

20 103. .14 4 1019 .939 2 a2 165 18 192 128 9 398 ~400
5 1462 .1536 3 24p L1094 19 97s 49 10 482 533
He0, L=7 6 Bes 1125 4 24 199 2p 89  -10 11 133 108
1 382 =355 7 833 1156 5 42y 403 21 80s =35 12 422 477
3 %60 -298 8 218 -271 6 318 «270 22 70e =57 13 113 101
5 1n19 899 9 16g -146 7 336 o371 23 59 3 14 101. 21
7 643 575 10 242 -292 3 119 (3 24 464 23 15 95 57
9 207. 11 233 296 3 13e 3 16 384 417
11 253 274 2 27y 340 1 173 161 W2, =2 17 86 =94
13 9171 94 13 134s 75 11 123 94 0 1156 <1264 18 244 237
15 148 -189 14 133, 92 12 135 141 1 2863 2669 19 102 89
17 180 194 15 253 275 13 4% <72 2 o015 837 20 Sas s
16 299 -283 14 36 23 3 408 449 21 42 ~25

Hx0, L z8 17 3o0s «305 135 79 .74 4 497 -865
M0, =1 0 690 645 18 150 is1 16 23 85 5 1n1l «1367 He2, Lz6
1 238 <460 2 378 332 19 11p 115 17 85 107 6 34 361 0 9 162
3 275 285 4 192¢ 148 20 974 13 18 7 a42 7 567 715 1 325 -236
5 1737 1594 6 308 <305 21 86e . 8 371 a7 2 139  -12t
7 738 683 8 171e 15 22 748 <67 Mszl, =8 9 870 745 3 115 48
9 ¢33 180 10 285 273 23 115s  -48 0 4y 361 10 367 393 4 143 125
11 431 422 12 259 .277 1 ¢34 =230 11 1005 <1395 5 392 320
18 234s =105 14 120s 38 W, (=4 2 20 .233 12 398 ~374 6 113s .34
15 284 .198 0 2203 2328 3 111, - 13 421 644 7 204 -192
17 en 235 W20, L =9 1 1757 «1534 4 109 w77 14 369 314 8 1lge 84
19 224e <83 1 157s  -65 2 1831 1592 3 199 168 15 248 206 9 108 21
21 134e .50 3 150s =56 3 133s 12 6 148 135 16 110e =74 10 105s  -21
28 150s 49 5 200 172 4 82 -13S 7 145 L1198 17 378 <360 11 216 179
25 102 .10 7 1454 -95 5 882 762 8 7. 15 18 101e 31 12 98 7%
9 123 -5 6 645 555 y 11 -85 19 116 78 13 94 -60
Heo,Lz2 11 104e 54 7 457 653 10 136 <180 20 869 7 14 87e =25
Q0 3137 5079 8 297 222 11 1351 147 21 147 161 15 81 =39
2 19%4 1973 Az 0, L =10 9 454 493 12 149 152 22 666 23 16 T4 22
4 214s 53 0 238 304 10 773 -975 13 s8s  oAY 23 96 134 17 89 72
6 1199 1192 2 111 155 11 658 810 14 408 32 24 398 =36 18 S6e L]
8 332 281 ‘. 86e 112 12 719 965 15 500 <40 19 46e  -48

10 1948 <1847 13 289 ~354 Hed, L=3
12 1507 1342 H=l, L =1 14 191 -197 Hzl, L =9 0 1447 1538 He 2, (| =7
14 41p 385 0 1677 1315 15 154 137 0 133 »223 1 a07 725 0 529 538
16 405 +363 1 702 528 16 161 -142 1151 153 2 417 358 1127 -99
18 24¢ 21s 2 1748 1276 17 248 245 2 93 8% 3 999 839 2 131 -10%
20 e¢3pe 113 3 1a72 1863 18 167 176 3129 e113 4 1619 <1469 3 168 121
22 152e =200 4 1858 -1986 19 96e =40 4 153 168 5 790 -831 4 514 =504
24 122e 101 5 203p 3323 20 860 (1] 5 228 282 6 1540 1904 5 215 -181
6 1796 2029 21 T4s =109 6 206 232 7 526 751 6 604 670
Heo,L=3d 7 2052 2579 22 61 <118 7195 -24 8 483 -850 7 166 138
1 817 915 8 369  e421 8 59n 54 9 409 =576 8 226 -201
3 799 e764 9 403 -344 Hei, =5 9 S4s e14 10 409 =656 9 134 -119
5 2929 2951 10 749 +656 0 134 .70 10 7% 100 11 197 230 10 217 -238
7 1502 <1557 11 566 477 1 134 15 11 38 95 12 380 557 11 86 [}
9 282 255 12 1153 834 2 224 171 13 194 -191 12 197 224
11 772 819 13 209 161 3 134e -5 H=2, L =0 14 114, -2 13 76 -8
13 276 -238 14 178 131 4 175 -107 0 1657 <1698 15 112 95 14 69 33
15 515 «43p 15 640 559 5 135 =50 1 4909 3720 16 37 «520 15 3% 12
17 538 514 16 411 473 6 193 145 2 1313 1291 17 153 169 16 153 -182
19 199 473 17 497 -620 7 138 .39 3 435 o333 18 298 277 17 4s 25

21 172« 97 18 330 281 8 134e  -49 4 1181 ~1201 19 121 109
23 123« 408 19 261 237 9 134e -9 5 226 1998 20 79¢  -13 He2 (=8
20 109e 4 10 133e 63 6 526 91 21 69+ =57 [ 161 176
W=, =4 21 99 59 11 135s  -50 7 tu39 1054 22 108 122 1 369 -409
0 939 10¢s 22 99 148 12 129 43 8 730  -890 23 46 8 2 127 138
2 337 W31 23 76e =96 13 126 27 9 937 948 3 91 16
4 258 <210 24 618 51 14 121 65 10 244 473 Hz2 Lt4 4 96 116
6 338 311 25 44. 8 15 116e 11 11 2078 ~1903 o 405 358 5 313 344
8 234 =19 16 109 ~34 12 $76 579 1 901 841 13 85 -48
10 230 323 Wel, Lz2 17 104e 2 13 1039 857 2 322 176 7 190 -200
12 833 313 0 2n46 2266 18 92e 18 14 433 380 3 296 .217 [] 79+ 63
14 2450 W73 1 1855 1562 19 81 [} 15 371 284 4 282 216 9 117 -76
16 228 «147 2 1062 -1520 20 7o -4 16 187» 132 5 338 272 10 70 56
18 2)3e 65 3 125 ~60 21 LI 19 17 581 «501 6 148 111 11 216 268
20 17 23 ¢ (27« .38 18 194s 22 7 166 127 12 LIS 71
22 1238 55 5 420 468 Ha, [ =6 19 138e 123 8 1174 -68 13 108 114
6 453 452 0 1444 1259 20 200 [} 9 M1 331 14 44s =55

HWeo, Ls=5 7 551 <655 1 963 -824 21 199« 214 10 156 165
1 838 756 8 287 243 2 94y -84y 22 197 27 11 331 426 Hz22, (=9
$ 736 -687 9 437 543 3 134s -8 23 195 .175 12 114s .57 0 77 88
5 2129 2123 10 455  -855 4 204 -151 24 190s <43 13 216 222 1 69 7
71333 .1324 11 610 680 5 587 530 14 142 131 2 68 0
9 234 94 12 R16 862 6 419 378 H=2,Ls1 15 105 56 3 67« 3
11 283 %20 13 364 <349 7 379 -36% T} 737 16 1008 3 4 127 .11t
13 212 209 14 207 173 8 134 87 1 457 <417 17 948 -92 5 63 -9
15 419 <373 15 138 -93 9 285 -246 2 ¢33 187 18 86 27 6 137 136
17 457 434 14 140 -96 10 549 -569 3 611 523 19 85¢ -7 7 56w 15
19 153s <141 17 260 202 11 488 481 4 695 <747 20 69 8 53 =37
21 118w 77 18 177 151 12 505 539 H 339 o415 21 58 52 9 43 0
19 114 -16 13 187 -182 <6 182 934 22 460 13 10 420 -41

H =0, 20 105« 60 14 134 -112 7 389 447

o 827 21 95«  -86 15 121 -104 B 839 327 Hzd, L =5 K =2, | 210
2 232 22 83s <93 16 122 -115 9 350 .28% 0 1532 1232 [ 36e 64

4 220 23 70w 80 17 142 162 10 398 312 1 %02 -421
6 256 24 569 59 18 73» 101 1L 210 143 2 297 .270 Wed, =1
8 214 19 62w 31 12 34y 25% 3 504 459 0 463 -543
10 221 M=, L =3 20 49 34 13 181 .107 4 1343 L1135 1 2349 2006
12 283 0 a17 685 14 106s -5 s 32  -578 2 200 157
14 255 1 484 318 K=, (=7 15 105 51 6 1821 1508 3 53§ 506
16 132a 2 114 .282 0 429 -332 16 523 243 7 450 4“2 4 1906 2233
18 146 3 034 800 1 237 163 17 115 90 8 495 489 5 535 -65%
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Table 3. Continued.

8 1855 2243 21 7le 59 11 603 .76t 5239 w268 6 161 150 20 156e  -31
7 274 213 22 73 -53 12 215 202 6 389 607 7 77 53 21 1914 .13
4 130 1127 23 45, -6 13 419 506 7 259 272 8 73« -12 22 190. 131
3 81y 305 14 173 201 8 1830  .171 5 133 122
1 279 247 Wweld, =3 15 105 50 9 d51 339 10 97 -91 H=z6,Lz0
11 1149 <1037 0 233 .212 16 279 =313 1y 192 189 11 156 .182 [ 581 521
12 333 «517 1 976 895 17 198 -219 11 438 <493 12 49 67 1 294 -248
13 229 407 ? 128 63 18 159 168 12 ey 160 13 90 98 2 287 217
14 222 165 3 194 o136 19 75 70 15 ey 311 3 620 -669
15 21 149 4 1210 1125 0 62s 18 14 104 95 H=d, L9 4 191. 121
16 431 493 s 376 -3A2 “a 63 67 15 768 14 0 149 187 5 1320 1427
17 307 -2¥ 6 023 -1171 16 157 <178 1 164 2223 6 294 218
1y 417 403 7 164 173 K=3, (=5 17 113 w138 2 61a  -£2 7 933 -974
19 ISe w41 A 415 512 0 13g 101 13 73 85 3 60s a7 8 195s  -gk
20 102 63 o 294 369 113 -85 4 454 «172 9 197e 88
21 133 137 1 126e 63 2 125 -87 W3, L7 5 S6e 98 10 198y -97
22 45 101 11 393 <493 3 139 120 g e 231 & 184 234 11 301 318
23 57 =90 12 224 .3812 4 127 101 1 %77 <352 7 48s -4 12 252 213
13 173 173 5 126 -82 2 135 ety E 73 -91 13 199s .75
H =3, 1L =:2 14 138 .141 [} 128 124 3 129 123 14 270 -217
0 289 312 15 109 94 7 122 72 4 €31 240 Moz 4, L =0 15 323 =332
1 1433 1332 16 223 230 8 121 .4 5 leg a4 0 1577 =1699 16 196 =23
2 s57 269 17 144 126 9 119s =36 s 1o 239 11350 «1387 17 334 Jos
3 28y .263 18 199 -220 0 111 -78 7 398 e13 2 a1t 311 18 190« 66
4 375 <998 19 83e =21 11 114e 24 ¥ 143 .143 3 1133 11ay
3 427 «511 20 77 21 12 104 -24 v 137 e150 4 1566 1541 k=8, L =0
s 936 1094 21 72 74 13 1054 =42 0 138 .10y 5 s18  +573 ¢ 196 206
7 347 433 22 50e 58 14 99 -73 1 178 183 6 184 1982 1 196 -93
§ 875 <43p 15 92 25 12 123 17 7 535 476 2 196w 28
9 31y Jg2 Hos3, L=+ 16 85 -3 1 34 -3 8 719 866 3 273 201
) 134 -127 0 446 454 17 76 -4 14 53¢ w2 9 466 426 4 421 -496
11 835 <639 1 1792 1587 18 68s  -16 13 S4s  a17 o 7ee 736 5 349 -324
12 1392 135 2 117 159 19 57 4 12 EXY =73 1 LR EhLE) 6 462 5S¢k
15 433 413 3 a3 <S09 20 45 .11 120 901 =837 7 39 133
14 133 193 4 1224 <1050 H= 3, L =38 13 597 527 & 261 -2p9
13 113e 61 5 566 506 H=3, L 26 P} 152 16¢ 14 192 -93 9 18gs  ~153
15 39y -277 6 1198 1147 0 443 367 1 346 13 15 414 295
17 139 «17% 7 481 507 11092 977 2 38s  «8) 16 526 533
18 1% 154 8 403 .4y 2 12ie  -24 $ 133 92 17 199« =38
19 133 79 9 a8 5190 3 297 .21t a 137 <123 18 402 344
29 3te H 10 200 .13 4 539 532 2 1t -74 19 198e -21

I ! Non-planar model Planar model
. | ~ | R
|
- Components of normal (0,0045, 0,0290, 0,1008) | (0,0111, 0,0310, 0,09660)
| Distance to origin —3.292 A —3.155 A
‘ Distances to atoms defining
| plane: i
! 0, ; —0.006 A —0.005 A
C, * —0.322
| c 0-822 } 0.007
, ) 0.485
| ¢ | 0308 ) —0007 |

The principal axes of the thermal vibration ellipsoids for the oxygen
and iodine atoms were derived from the final temperature parameters with
the results given in Table 5. For the oxygen atoms, the minimum vibrational
amplitude is found in a direction approximately parallel with the axis drawn
between the two oxygen atoms (angle=6°). The minimum vibrational am-
plitude of the iodine atom not engaged in donor-acceptor interaction occurs in
a direction approximately parallel with the C—1I bond (angle=8°). The vibra-
tional motion for the other iodine atom is not markedly anisotropic. The
number of thermal parameters for the iodoform molecule was too low to justify
a rigid-body analysis of the molecular vibrations.

Acta Chem. Scand. 23 (1969) No. 4
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Table 5. The principal axes of the thermal vibration ellipsoids for the oxygen and iodine

atoms.
Direction cosines of eigenvectors (u?)d B
0.330 —0.940 0.081 0.31 & 7.6 A?
I, { 0.079 —0.058 —0.995 0.26 5.3
0.941 0.335 0.055 0.22 3.8
0.000 1.000 0.000 0.36 10.4
I, { —0.409 0.000 0.913 0.33 8.8
—0.913 0.000 —0.409 0.17 2.2
0.616 0.730 0.296 0.45 16.6
0, { 0.449 —0.017 —0.893 0.30 7.0
0.648 —0.683 0.338 0.22 3.8
DISCUSSION

Interatomic distances and angles, referred to Fig. 2, are listed in Table 6.
The dioxan molecules are situated in centres of symmetry, the iodoform
molecules in symmetry planes. The shortest intermolecular I---I distance
is 4.39 A and the shortest O---C and C---C distances between neighbouring
dioxan molecules are 3.21 A and 3.35 A, respectively. Two iodine atoms belong-
ing to a particular iodoform molecule form charge transfer bonds with oxygen
atoms of neighbouring dioxan molecules. The O---I distance is 3.04(0.04) A
and about 0.50 A shorter than the corresponding van der Waals’ distance.
The angle O—I—C is 173.2(1.4)° and the compound contains chains similar

Table 6. Interatomic distances and angles and their estimated standard deviations.

Distance Angle

I,—1, 3.542 A 0.006 A I,—C,—1I, 112.5° 2.7°
1,1, 3.534 0.006 1,—C,—1, 110.9 1.4
I,—C, 2.130 0.033 C,—I,—-0, 173.2 1.4
I,—C, 2.162 0.057 1,—0,—0, 135.3 1.4
I,—-0, 3.039 0.036 I,—0,—C, 101.4 3.3
0,—-0, 2.72 0.08 1,—0,—C, 102.3 3.6
0,—0C, 1.70 0.13 I,—0,—C, 121.6 3.9
0,—C, 1.35 0.08 1,—0,—C, 132.5 3.8
C,—C, 1.32 0.12

0,—-C, 1.31 0.11

0,—-C, 1.47 0.08

C,—C, 1.47 0.13

to those found in the 1:1 complex formed between iodoform and dithiane.?
The dithiane complex is, however, monoclinic and not isomorphous with the
present compound. The plane through the dioxan oxygen atoms and the iodine
atoms linked to it is not significantly different from a mirror plane for each
of the two resting models of the dioxan molecule. The angle O—O—1I is
135° whereas the “ideal” axial and equatorial angles are 99° and 152°. For one
of the resting positions of dioxan, the O—I bond direction thus deviates
about 36° from the axial direction, for the other position 17° from the equatorial

Acta Chem. Scand. 23 (1969) No. 4
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Table 7. Differences (in A) between donor-acceptor bond distances and the sums of the
corresponding covalent radii for N—1I, Se—I, S—I and O—1 bonds.

} 5 I Acceptor

‘ Donor i

| Covalent| I,%'° ICiu—18 | C,T,2 C,I,1* | CHI ¢ | CHI, %8
‘; radii (two- (three-
5 sum (A) coord.) | coord.)
Quinoline 2.02 ’ 1.03
Pyridine 2.02 | 0.24 '

Trimethyl- ?

amine 2.02 0.25 0.28

Diselenane (two- i

coordinated) 2.560 0.33 [ 0.84

Dithiane 2.37 0.50 0.90 0.95
Diselenane

(four- 2.50 {0.90 {0.97
coordinated) : ! 093 ! 1.01

Dioxan 1.98 . 0.59 f 1.06
Sulphur(S,) 2.37 | | | 1.13

direction. The intramolecular O---O distance is 2.72(0.08) A and not signifi-
cantly different from the value 2.770 A found for the free molecule.®

In Table 7 the lengthening of the charge-transfer bond from that of a
covalent single bond is compared for several complexes with iodine as the
acceptor atom. If one assumes that the strength of the interaction increases
as the donor-acceptor distance approaches the covalent bond length, then it
follows from the complexes with I, and ICl as acceptors that the strength
of the n donors increases with change of centre of coordination in the order
0O<S<Se<N. Selenium is also a stronger donor than sulphur in the diselenane
and dithiane compounds with di-iodoacetylene. In the latter two complexes,
molecules are linked together by charge transfer bonds to form endless chains
of alternating donor and acceptor molecules. In the I,- and ICl-complexes
each acceptor molecule is only bonded with one donor atom, and each donor
atom is linked to one acceptor atom.

For the iodoform complexes one must also take into account the number
of donor-acceptor coordinations when comparing donor or acceptor strengths.
In the compound iodoform-diselenane the donor molecule is four-coordinated
in the sense that each of the two selenium atoms forms bonds with two ac-
ceptor atoms. From the table it is seen that the latter Se—I bonds are weaker
than the S—I bonds in the two-coordinated dithiane complex with iodoform.
The Se—I bonds are therefore weaker than corresponding bonds with only
one free electron pair of each selenium atom involved in charge transfer
interaction. This also implies that iodine is a weaker acceptor in CyI, than in
C,I, (four-coordinated), and the acceptor strength diminishes in the order:

I, IC1>C,I,>C,I,>CHI,(two-coordinated) >CHI;(three-coordinated).

In the iodoform complexes with quinoline and sulphur(Sy) all three iodine
atoms belonging to a particular acceptor molecule are linked to different

Acta Chem. Scand. 23 (1969) No. 4
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donor molecules. If the order of donor strengths is considered, these inter-
molecular bonds are weak compared with those of the other iodoform com-
plexes with only two of the three iodine atoms involved in donor-acceptor
interaction. Thus, the formation of a donor-acceptor bond weakens the accep-
tor properties of the other two iodine atoms. This can be understood if net
charge is transferred from the donor to each of the three iodine atoms. Lengthen-
ing of all the three C—1 distances may therefore be expected, even in cases
where only two of the three iodine atoms are engaged in bond formation.

Infrared or Raman spectra of the dioxan addition compound have not
been reported, but the solid state spectra of the dithiane and diselenane
analogues agree with the symmetries found from the X-ray analyses.!® The
(C—1I) stretching modes are, however, insufficiently affected by the charge
transfer interaction to cause splitting which is required if the local symmetry
of the iodoform molecule is modified from C,,. Neither are the individual
distances in the iodoform molecule found for the complexes studied significantly
different from a model with C;, symmetry. The various C—I, respectively
I—1I distances for the dioxan, diselenane, and dithiane complexes have there-
fore been averaged to give the molecular parameters. To simplify the calcula-
tion of the standard deviation, the iodine coordinate errors were considered
uncorrelated to each other and independent of direction. The variance of the
average bond lengths are then

a?(C—1I) = 10*(I)46%C) cos®«

o?(I—-1I) = o¥(I)
where o (C) is the standard deviation of carbon in the direction of the trigonal
axis and o (~74.0°) is the angle between the trigonal axis and the C—I bond.

Standard deviations due to error in unit cell dimensions have also been included
in the final values. The latter is the more important source of error for the

Table 8. C—I and I---I distances in the iodoform complexes assuming C; symmetry.

Donor Crystallographic i Distances (4)
molecule symmetry
C—1I c I---1 4
Quinoline Cs 2.124 0.012 3.541 0.007
Diselenane C, 2.141 0.010 3.553 0.007
Dithiane Cu 2.143 0.016 3.531 0.007
Dioxan Cy 2.141 0.012 3.536 0.005
Sulphur Oy — — 3.553 0.007

long I—1 distance. The mean distances and standard deviations have been
listed in Table 8. For the complex CHI;-3S; the accuracy in the C—1I distance
is rather poor due to overlapping atoms and no value has been quoted in the
table.

The mean C—1 distance from Table 8 is 2.137(0.006) A. No accurate struc-
ture determination of the gaseous iodoform molecule has been reported in the
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literature, but the carbon-iodine bond length is expected to lie between the
values 2.134 A observed in CIF; and 2.140 A observed in CIH, in the gas
phase.20,2t This corresponds closely to the C—1 distances in Table 8. The
latter have not been corrected for vibrational oscillations, however. The
lengthening in the C—1 distances when the complex is formed, is therefore
of the same order of magnitude as the correction due to vibrational oscilla-
tion and probably less than 0.01 A.

Acknowledgement. This work was made possible by a research grant from The Nor-
wegian Research Council for Science and the Humanities. The author would like to thank
Dr. Bjorn Pedersen and Miss Merete Lange for recording the PMR spectra. Thanks are
also due to colleagues at the University of Oslo for valuable discussions.

REFERENCES

. Hassel, O. and Romming, Chr. Quart. Rev. (Londorn) 16 (1962) 1.

. Andersen, P. and Thurmann-Moe, T. Acta Chem. Scand. 18 (1964) 433.

. Rheinboldt, H. and Luyken, A. J. prakt. Chem. [2] 133 (1932) 284.

Zachariasen, W. H. Acta Cryst. 16 (1963) 1139.

Hughes, E. W. J. Am. Chem. Soc. 63 (1941) 1737.

Hanson, H. P., Herman, F., Lea, J. D. and Skillman, S. Acta Cryst. 17 (1964) 1040.

. Bjorvatten, T. and Hassel, O. Acta Chem. Scand. 15 (1961) 1429,

. Davis, M. and Hassel, O. Acta Chem. Scand. 17 (1963) 1181.

. Stromme, K. O. Acta Chem. Scand. 13 (1959) 268.

. Chao, G. Y. and McCullough, J. D. Acta Cryst. 13 (1960) 727; 14 (1961) 940.

. Hassel, O. and Remming, Chr. Acta Chem. Scand. 10 (1956) 696.

. Hassel, O. and Hope, H. Acta Chem. Scand. 14 (1960) 391.

. Hassel, O. and Hvoslef, J. Acta Chem. Scand. 10 (1956) 138; Hassel, O. Proc. Chem.
Soc. 1957 250.

. Dahl, T. and Hassel, O. 4cta Chem. Scand. 19 (1965) 2000.

. Holmesland, O. and Remming, Chr. 4cta Chem. Scand. 20 (1966) 2601.

. Bjorvatten, T. Acta Chem. Scand. 17 (1963) 2292.

. Bjorvatten, T. and Hassel, O. Acta Chem. Scand. 16 (1962) 249.

. Bjorvatten, T. Acta Chem. Scand. 16 (1962) 749.

. Hayward, G. C. and Hendra, P. J. Spectrochim. Acta A 23 (1967) 1937.

. Sheridan, J. and Gordy, W. J. Chem. Phys. 20 (1952) 591.

. Gordy, W., Simmons, J. W. and Smith, A. G. Phys. Rev. 74 (1948) 243.

—

—
O DD =

DO i ot i o ot
SOWW=TSD Gt

[V
—

Received September 2, 1968.

Acta Chem. Scand. 23 (1969) No. 4




