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The crystal structure of [Cu(CHO,);]SO, has been determined
and refined from three-dimensional X-.ray data. The unit cell is
monoclinic with the following cell dimensions and corresponding
standard deviations: @=10.166+0.001 A, 5=9.013+0.001 A,
¢=15.365+0.001 A and f=115.666+0.006° at 25°C. The space
group is P2,/c; there are four formula units per unit cell and all
atoms occupy general fourfold positions. The intensity material was
collected using conventional Weissenberg technique, and the in-
tensities were estimated visually. The structure was solved by routine
heavy-atom methods and refined by full matrix least squares methods.
The copper atom is octahedrally surrounded by the six glycol*
oxygen atoms, and these Cu(C,H,0,);** ions are linked through
sulphate groups in long parallel sheets by means of hydrogen bonds.

number of authors -3 have stated that cations such as Cu®* will increase

the enzymatic decarboxylation of oxaloacetate to pyruvate and CO,,
a reaction of importance in biochemistry. Bontchev, Yordanov and
Michaylova ¢ have shown that this catalytic ability of Cu®" is further in-
creased in a solvent such as dioxan, ethanol, or glycerol. They assume that
this is due to complex formation between Cu?* and the oxygen containing
solvent because the effective charge of the metal ion is increased when water
is substituted by the organic molecules. EPR and electronic spectra give
evidence for the relationship between complex formation and the increase in
rate of decarboxylation. The kinetic investigations were carried out earlier
by the same authors. They concluded that the configuration of the complexes
is square-planar, or more probably, pseudooctahedral with a strong distortion
along the Z-axis. Their studies also indicated that the bond Cu—O in the
complexes with ethanol and dioxan is more covalent and in the copper(LI)-
glycerol complexes more ionic than in Cu(II) aqua complexes.

* Throughout this paper 1,2-ethanediol will be referred to as glycol.
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To make further investigations of this type of complex formation between
Cu?" and polyols we are studying such complexes in solutions and in the solid
state. This work concerns complex formation between Cu?™ and glycol.

EXPERIMENTAL

Crystal preparation and analyses. The crystals were prepared according to the method
of Gomer and Tyson® by dissolving as much as possible of CuSO,.5H,0 (p.a.) in 5 g
glycol (p.a. Merck) on the water-bath. Unlike their procedure the saturated solution
obtained was kept in a desiccator over sulphuric acid for a few days, after which time
a pale blue crystal mass was obtained. Crystals from this first preparation were used as
seeds to obtain suitable crystals from another saturated copper-glycol-sulphate solution.
This gave pale blue crystals shaped as thin rectangular plates. The copper content of the
crystals was determined electrolytically to be 17.44 %,. Cale. for [Cu(C,H,0,);]SO, 18.5 %,.
No other analyses were made.

Crystal data and space group. From rotation photographs around the a- and b-axes
and the corresponding Weissenberg photographs (zero and first layers) taken with
CuKua-radiation, it was concluded that the crystals are monoclinic. The cell dimensions
were calculated and refined from a powder photograph giving 63 lines in a focusing
camera of Guinier-Hégg type. The following parameters and their corresponding standard
deviations were obtained (as internal standard Si was used): a=10.166+0.001 A;
b=9.013+0.001 A; ¢=15.365+0.001 A; B=115.666°+ 0.006°.

By the flotation method, using bromoform and carbon tetrachloride, the density was
determined to be 1.82 g/em?. Four formula units in the unit cell gave a calculated density
of 1.81 g/em?. The following conditions limiting possible reflections were found.

hkl 0k0; k=2n
’gck(; no conditions hOl; 1=2n
h00

which are characteristic for the space group P2,/c (No. 14).%

Intensity data. The crystals were very hygroscopic, and during the data collection,
they were kept in a sealed capillary of Lindeman glass. Equi-inclination Weissenberg
photographs were taken with CuK«-radiation. The crystal was rotated around the b-axis
and 9 layers (hOl—h8l) were recorded. The intensities of 1945 independent reflections
were estimated visually using the multiple film technique (four films). The number of
possible reflections in the copper sphere 1s 2906.

No correction for absorption was made. The computer programs used were the same
as in a paper by Antti and Lundberg.’

Structure determination and refinement. The copper and sulphur atoms were located
from a three-dimensional Patterson synthesis and the other atoms were found by standard
Fourier methods. The atomic parameters and the atomic temperature factors were
refined using full matrix least-squares techniques, and the reflection material was weighted
aoccording to the method suggested by Cruickshank,® using the constants 4 =8.0 and

=0.1.

The atomic scattering factors for Cu?*, 8, O, and C used were taken from the Inter-
national Tables.® The refinement using isotropic temperature factors was terminated
at a final R-value= (D ||F,|—|F_||)/2|F,1=0.124.

All parameter shifts in the final cycle were less than 10 9 of the estimated standard
deviations. During the final refinements eight strong reflections which suffer severely
from secondary extinction were excluded. Further refinements were performed with
anisotropic temperature factors for all atoms. This reduced R to 0.098, In spite of the
decrease in R-value when the reflection material was refined with anisotropic temperature
factors, there were no significant changes in the atomic positional parameters. Since no
absorption correction has been made even though the linear absorption coefficient is
44.2 cm™ we prefer to present the results obtained using isotropic temperature factors.
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As a final check the unobserved reflections were included in one cycle of refinement
(R=0.112). They were given F-values equal to half the threshold value for each separate
layer. This increased the number of the independent reflections to 2518, but those where
0.49> F |/F.>2.01 were given zero weight. The number of reflections thus included in the
refinement was 2276. From the excluded reflections 140 calculated structure factors were
less than one fourth of the threshold values and the rest between one to two times the
threshold values.

A final difference Fourier synthesis was calculated in which no abnormalities could
be detected. The final atomic parameters are given in Table 1. A comparison between
observed and calculated structure factors is reported in Table 2.

Table 1. The atomic positional fractional parameters (x 10*) and the isotropic thermal
parameters. (Standard deviations for the least significant figure are shown in parentheses.)

X Y z B
Cu 2528 (1) 2044 (2) 3224 (1) 2.88 (5)
0(11) 3653 (8) 2255 (8) 4636 (5) 3.58 (13)
0(12) 861 (8) 1250 (8) 3798 (5) 3.75 (13)
o(21) 1336 (8) 1798 (8) 1836 (5) 3.90 (13)
0(22) 3030 (8) 9909 (8) 3003 (5) 3.66 (13)
0(31) 4415 (8) 3072 (8) 2959 (5) 3.80 (14)
0(32) 1970 (9) 4222 (9) 3080 (6) 4.02 (14)
C(11) 3056 (11) 3373 (13) 269 (7) 3.75 (18)
C(12) 1411 (12) 1835 (13) 4741 (8) 4.08 (20)
c(21) 1505 (12) 440 (13) 1444 (8) 3.94 (19)
C(22) 1887 (13) 9246 (14) 2209 (9) 4.38 (21)
C(31) 4302 (13) 4624 (14) 3027 (9) 4.51 (21)
C(32) 2690 (13) 5037 (14) 2608 (9) 4.30 (21)
S 2425 (2) 7387 (3) 4731 (2) 2.70 (5)
0(1) 3559 (8) 7897 (8) 4410 (5) 3.69 (13)
0(2) 1077 (8) 8202 (8) 4124 (5) 3.79 (13)
0(3) 2009 (9) 7198 (9) 754 (6) 4.01 (14)
0(4) 2191 (8) 5797 (9) 4588 (6) 4.08 (15)

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

The structure is built up from discrete [Cu(C,Hg0,),]**-ions and SO2—-
ions. The SO2-ions link the [Cu(CyHgO,), 2" -ions through hydrogen bonds,
forming sheets, which are parallel with the b-axis and approximately with the
diagonal between a and c¢. (Fig. 1). The paralle] sheets with displacement c¢/2
are held together through van der Waals bonds.

The coordination around Cu. In the [Cu(CyH40,),]2" -ions the copper atom
is octahedrally surrounded by six oxygen atoms from three glycol molecules.
The arrangement is shown in Fig. 2 and distances and angles are given in
Table 3. Four of the oxygen atoms form a nearly square plane around the
copper atom and this plane is almost parallel to the xy-plane of the unit cell.
The equation for the plane is 0.95432 +0.2613y — 0.14522 4 0.2611 =0 and the
atoms O(11) and O(21) are 0.063 A and 0.076 A below the plane, respectively,
while 0(22) and O(32) are 0.070 A and 0.069 A above the plane. The copper
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Table 2. Observed and calculated structure factors ( x 10). Values marked with an asterisk
or a minus sign were not included in the refinements. (Minus signs mark those eight
reflections which suffer severely from secondary extinction.)

oL oL HoL oL oL HoL
8 2 BT T2 =916 111 98 =213 173 144 0 5 16 393 =118 Q7T e
K= 0 8 4 143 135 -0 14 206 176 -2 12 188 1A} 0 6 479 430 -1t 9 91 89
B 6 216 169 =9 12 161 151 =2 9 29 292 0 7 363 361 “11 10 45 39
-1 2 763 1456- 8 8 152 129 =9 lo 82 76 9 8 519 531 -1 12 58 a0
“1 4 168 134 9 6 217 181 =9 9 B2 89 0 9 182 165 -IL 13 38 5y
-1 6 984 1240 9 4 100 81 -9 B 362 sl 011 He 60 -11 18 59 6
-1 8 373 347 9 2 214 216 -9 7 164 151 012 150 136 -11 15 68 86
-1 1o 168 156 9 0 148 100 -9 6 ll6 107 013 172 166 -12 11 102 109
-1 12 498 522 10 o 320 260 -9 & 285 270 014 322 291 -12 10 132 148
-1 16 181 171 11 2 169 163 -9 2 362 375 015 159 147 -12 9 49 s
-1 11 9 -9 1 82 86 115 131 109 -12 5 56 46
-2 2 111 67 k= =10 2 173 187 114 95 89 -12 4 8L 93
-2 & 922 1517 - -lo 4 226 246 112 27 298 =12 3 117 167
~2 & 261 2T 0 2 524 637 <l0 7 81 S0 101 122 126 0 2 238 214
-2 8 760 838 0 3 208 220 <10 lu 209 222 110 166 145 0 3 80 1903
-2 12 263 279 © 4 885 1283- -jp 12 75 72 19 157 152 0 & 228 187
-2 Je 307 307 9 S 371 395 -lo 14 118 89 1 8 553 s73 0 5 183 109
218 95 74 0 6 127 92 -10 16 153 137 17 116 105 0 6 93 54
-3 2 620 818 Q9 7 203 158 ~lg 17 90 66 16 39 351 0 1 73 35e
-3 4 727 969 0 8 162 128 -11 16 115 9 15 47R 426 o 8 208 175
-3 6 20k 29 0 9 138 101 -1l 8 252 226 1oe 70 88 0 9 225 232
-3 8 641 Tag 010 427 462 -1l 5 72 &) 13 195 168 010 406 376
-3 10 514 507 011 223 211 -1l 4 86 86 12 3e0 372 011 96 85
-312 807 517 012 100 85 -1l 2 279 247 11 1 43e 012 56 S0
=314 151 94 016 137 111 =12 3 103 89 2 0 704 779 015 113 105
=316 171 148 016 189 143 -12 & 158 130 2 1 412 ele 016 96 9%
$318 209 165 -1 18 125 118 =12 10 171 166 2 2 422 el 01T 64 78
T4 2 488 497 -1 16 190 155 =12 le 109 92 2 3 199 172 11 Ti6 766
-4 4 437 488 =) 14 318 305 116 21y 182 2 4 79 o« 1 1 2 417 368
~e 6 900 1182- -1 12 139 ®8 114 263 225 2 5 123 138 ] 13 262 214
=4 4 228 255 -1 l0 328 298 112 218 210 2 6 610 683 9 1 4 112 40
-6 10 104 82 -1 9 361 36l 110 78 57 2 7 3% 339 8 15 367 339
-e 12 371 363 -1 8 331 339 18 423 489 2 8 115 17 7 1 6 33 337
=4 14 341 33 -1 6 700 850 17 62 o8 211 196 1es 6 17 318 2%
“4 16 173 126 -1 S5 419 397 1 6 971 1220 212 133 1e7 5 1 8 315 3lo
-5 2 647 TT8 -1 & 94 99 15 585 63 213 136 106 . 110 55 45
-5 4 1040 1488 <1 3 116 76 1 4 523 slo 2 14 323 280 3 111137 a2s
-5 6 238 251 -1 2 781 J6le~ 1 2 B24 991 313 70 s7 2 112 16T 15
-5 B 402 376 =2 1 403 360 1 1 360 380 312 305 287 1 113 209 19
"5 12 445 665 =2 2 464 54T 211 184 160 311 166 160 =5 ] 4B7 s 1ae 118
-5 14 87 77 -2 3 203 203 210 6yl 672 39 303 333 -5 2 530 53y 115 133 150
-5 18 137 103 -2 4 492 S8l 2 9 173 185 3 8 422 411 -5 3 loy 7 215 87 S0
-6 14 400 369  ~2 5§ 172 122 2 K 178 180 3 7 250 20 =% 4 17 ils 213 60 63
-6 12 147 118 -2 6 2715 208 2 7 166 160 3 6 260 258 -5 5 662 117 2 10 397 400
-6 10 209 172 -2 T 299 248 2 5 289 289 35 38A 387 es 6 )22 Y0 2 8 116 104
-6 8 232 190 -2 8 118 86 2 4 829 1041 3 4 483 509 -5 T 101 Y5 2 7T 11 89
-6 6 572 633 -2 9 j11 83 2 3 369 N7 3 3 450 462 -5 8 265 239 2 6 29 253
-6 4 361 375 -2 10 710 836 2 2 368 g 32 15 10 =% 10 115 120 2 5 413 eud
-7 2 155 145 -2 11 319 2325 2 L 466 485 31 638 462 s gL 191 195 2 4 107 127
-1 6 371 375 -2 & 101 B0 2 0 138 98 3 0 332 291 ~512 197 178 2 3 b 6o)
-1 8 279 269 =215 112 111 3 0 293 21 40 301 333 -5 13 235 ess 2 2 510 ab2
=710 203 202 -2 16 400 332 3 1 446 388 4 1 133 127 -5 15 185 ibe 2 1 10 65
-7 12 483 445 -2 18 125 102 3 2 561 sS40 4 2 247 251 =516 122 113 2 0 191 146
=T 14 328 304 =318 195 155 3 6 410 372 4 3 358 361 -5 18 TT My 30 219 22e
-3 14 463 351 -3 16 262 221 3 S sza 557 “ 5 1721 112 -4 18 62 31 135 113
=8 12 174 i68 =3 14 165 173 3 6 182 190 4 6 4l0 391 =k 1T 182 1T7 3 2 e0e 357
-8 10 122 107 =313 115 96 37 255 267 4 7T He 96 =A 16 95 3 3 592 570
-8 B 119 102 =312 4e2 431 3 B 215 29 4 8 106 B0 =6 14 135 118 3 4 511 S0l
-8 6 361 412 =310 219 198 3.9 1S et 4 9 122 les =613 177 b4 35 391 361
-8 4 325 315 -3 9 430 470 32 35 326 411 135 106 = 11 361 352 3 6 206 268
-8 2 349 389 -3 B 515 576 11 206 179 412 103 89 = 10 351 345 37 282 259
-9 2 123 105 -3 7 55 46 % 10 Sku 521 413 130 147 <6 9 146 LS4 3 8 216 214
-6 6 362 56 -3 6 370 al2 4 9 232 24a 512 173 179 =~ 8 210 iv0 39 56 38
=5 R 400 608 -3 5 ]33 145 4 8 3es 338 S 11 115 109 -4 T 138 94 311 13 1l
=9 12 335 258 -3 & 623 T2 e 1 177 1% 510 131 132 -k 6 268 262 312 196 183
“G 14 259 223 -3 3 785 o8l 4 6 151 132 5 9 225 25 -6 5 201 220 313 106 99
=10 16 106 58 -3 2 707 950 4 5 T 5 8 21 26l A4 408 el 413 57 %9
=10 14 178 3135 =3 1 433 468 e 4 730 786 S 6 242 ¢S54 A 3 bbb 4B 411 167 183
-lo 8 191 161 -6 1 S$76 S26 e 3 325 330 S 4 357 358 =6 2 AT 2 © 10 368 360
-l10 6 357 352 -4 2 764 917 4 2 435 430 S 3 426 wie  =h 1 128 ivk 4 9 Qus je2
-lo 4 189 160 =4 3 425 77 4 1 216 194 5 2 228 263 =1 1 386 w0l e 8 137 119
-1 2 120 & -6 4 776 893 4 0 205 206 5 1 443 w86 =7 2 472 se2 e T 135 141
-l 4 159 136 -6 5 352 el 5 0 192 26e 5 0 176 173 =7 3 90 8y 4 6 287 249
“11 6 136 93 -4 & 133 129 S 1 44T 4un 6 0 525 559 -7 4 166 163 e 5 335 316
-1 8 134 118 -s 7 203 206 5 2 640 b6b 6 1 330 316 =7 5 183 (¥ 4 4 390 383
-11 12 212 155 -4 9 61 146 5 3 186 165 6 2 212 200 -7 6 146 13 4 3 5S4 502
=11 16 151 96 =4 10 1089 1202 5 4 262 227 6 4 121 118 =7 7 345 4> 4 2 512 56
-l2 14 76 60 -4 12 111 110 5 5 246 259 6 8 106 90 -7 8 229 23 “ 1 1o 6o
~l2 12 9 69 -k la 260 257 5 7 82 8 6 6 173 176 =7 9 216 I¥3 6 0 1es 130
-12 10 130 88 -6 15 222 180 5 8 216 235 6 7T Ba 6 ~T 10 85 4y 5 0 99 9
=12 6 169 120 -a 16 266 237 5 9 79 714 6 8 168 167 -7 11 56 43 5 1 122 u6
=12 2 121 9 -4 18 232 177 510 90 @3 7 9 1R L1z .7 92 77 17> S 2 369 329
0 2 135 84 =518 181 145 512 114 113 7 A 231 &2l =713 233 ceA 5 3 285 243
0 4 4¥6 539 -5 1p 358 278 513 13 87 71T 75 68 =16 93 7 5 & 372 356
0 6 T8 908 -5 12 365 195 6 lu 310 274 76 171 185 =7 15 145 1d) S 5 154 136
0 B B78 105 =5 10 191 182 6 9 To 9 75 120 106 -7 16 B2 B 5 6 220 214
010 175 162 <5 9 108 94 6 7 114 127 703 229 25 AT 81 9] A T 56 S8
016 442 418 -5 8 565 619 6 6 184 190 T 2 39 410 ~A 16 94 96 5 8 229 220
116 159 136 =5 7 219 232 6 5 162 1R 7 1 e 133 =R 1k Qe ue9 5 9 126 107
112 512 566 =5 & 274 209 6 & Su6 622 B 0 489 538 - {3 121 v 510 47 2T
130 82 93 -5 & 600 707 6 3 374 157 B 1 205 266 =R 11 148. 140 S11 T0 &7
18 759 818 -5 3 222 252 6 2 390 409 8 2 W6 63 - 10 168 1us 512 99 120
1 6 852 1043 =5 2 695 853 6 1 176 164 8 3 119 116 =8 9 199 19 611 89 128
1 4 686 88 =5 1 207 21l 6 0 196 210 8 5 113 75 -8 7 135 132 6 10 206 260
1 2 880 1515- -6 1 117 T4 70 109 13 8 6 165 140 - 6 55 80 6 9 121 106
2 01284 2523- -6 2 350 339 71 91 8 8 7 228 208 -R S 182 186 6 8 S0 36
2 2 206 29  ~6 3 337 34b T 2 345 316 8 A 126 130 =R 4 346 ks 6 1 53 57
2 4 250 202 -6 4 461 538 7 6 16 99 9 6 151 155 -4 3 g6 87 6 6 18 63
2 6 9391111 <6 5 65 55 75 15 117 9 5 102 BT =3 2 124 10T 6 5 56 52
¢ B oWT1 o« -6 6 228 24l T 6 270 247 9 2 397 261 =R 1 148 123 6 4 360 349
210 168 129 =6 T 117 13 71T 89 79 9 1 116 86 =0 1 19 2l0 6 3 uwes 426
214 472 391 -6 8 1llo 89 T 8 196 169 9 0 As 65  ea 2 250 268 6 2 246 213
32 150 98 =6 9 192 83 8 & 99 92 10 0 344 303 ~9 3 96 b5 6 1 1S 1w
312 318 268 -6 10 559 Sobw 8 4 269 262 10 1 120 Bl -2 4 1es 171 71 398 391
310 123 105 -6 12 116 89 #3114 10e 10 3 kT So =2 S 69 7o 12 125 9%
3 8 561 604 =6 la 312 267 B U 164 146 -a 6 89 87 T3 97 98
3 6 59 618 -6 1S A0 b4 9 0 128 124 = 3 -2 7 259 suo T 4 157 e
3 4 777 861 -6 16 228 184 9 2 167 137 -2 8 199 eus 75 85 e8
3 2 207 15 =618 166 133 9 5 101 7o -1 1 438 539 =9 9 24 ieT 76 13 119
3 0 265 23 -7 18 157 135 9 6 156 14l -1 2 792 191 a0 96 95 T T 98 95
4 0 479 519 -7 16 202 15 L0 4 115 )70 -1 4 219 121 =911 Se 57 7T 8 146 156
4 2 313 298 =T 15 96 B2 Ll 0 96 88 -1 3 109 138 -3 12 53 44 T 9 n2 1e
4 4 140 137 =714 163 139 11 2 7T w0 -1 5 79 61 =913 140 125 8 6 51 a8
4 6 224 211 -7 12 259 25 -1 6 25 263 -a la 132 121 8 5 & 18
4 B 246 266 =T 11 81 15  Ks 2 -1 7 310 281 =9 15 109 ll4 8 & 236 228
414 202 187 -T 10 T9 B3 -1 8 198 201 -0 16 8¢ 79 8 3 293 282
512 176 163 =7 9 188 4 =1 ¢ 600 756 =1 9 343 360  -10 16 105 1e2 8 2 116 191
S 10 166 131 -7 8 294 301 -1 3 138 27 -1 10 #9 B8 =10 14 104 vé 8 1 719 &
5 B 229 231 -7 6 8 I =1 4« 131 126 “1 11 171 183 <1013 es 31 8 0 12 93
5 6 363 389 -7 4 413 428 =] 5 252 22 112 56 ibs =l0 11 BT 15 9 0 92 90
5 4 459 472 =7 3 178 176 =1 & 3u] 257 -1 13 17T 187 =10 10 126 120 9 1 149 170
5 2 525 617 ~7 2 49 526 =1 T 382 400 -1 14 132 143 -1p 9 1KE 200 9 2 106 90
S ¢ 341 253 -7 1 130 132 1 8 565 598 -1 15 233 229 ~10 S 106 110 9 4 86 8
6 0 638 728 -8 2 150 149 -1 1y 77 87 116 75 79 =l0 4 139 170 9 5 95 91
6 2 223 246 =8 3 97 B0 -1 11 82 88 -2 17 164 165 -1p 3 14l leA 9 6 60 80
6 4 261 272 =B 4 223 220 -1 12 191 169 -2 16 162 157 -lo 2 BT Y6 10 0 46 48
6 6 151 159 -8 5 136 145 =1 13 186 162 =215 90 83 <-l0 0 46 48 10 1 a2 36
6 8 320 290 -8 T 279 257 -1 ls 208 207 -2 14 151 148 -1} 1 126 12t 10 2 83 45
710 78 70 -6 8 113 107 -1 1> 239 231 ~213 Jem 131 =1} 2 15« 433 10 3 87 97
778 303 259 -8 10 319 308 -1 le 123 loe =212 123 Ul -1 3 13 7
7 6 117 98 -8 12 116 9 -1 17 68 x2 -2 11 316 340 -1} 4 108 5
7 2 583 666 =B 14 79 73 -2 15 143 114 =210 38 elo -1 5 72 1S
B 0 398 42e -8 16 276 226 =2 l& 172 17 ~2 9 495 489 =11 T 98 B
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Table 2. Continued.
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Table 2. Continued.

x
-
x

L WL WL "L oL HoL

6 3 98 105 +8 6 51 89 0 8 255 2u4 2 8 116 108 36 48 55 s & 238 225
K= 8 =6 2 1S5 144 -8 & 140 136 010 56 S0 2 7 188 206 37 e 15 5 5 105 120

-6 1 15« 16t =3 3 T 74 012 52 s9 2 6 85 68 19 79 90 6 5 42 32
Z5 & 265 287 -7 1 96 103 -8 2 6R 65 10 N w2 2 5 60 57 310 67 il 6 3 105 103
5 3 B4 71 -7 2 B0 97 -8 1 65 63 11 223 254 2 & 319 23 4 8 61 69 6 2 136 130
52 206 211 -7 3 47 49 w9 4 65 78 1.2 96 106 2 3 89 9 4 T 167 167 6 1 188 189
-5 1 91 =7 & 115 122 -9 5 9 110 13 188 yAe 2 2 144 118 4 5 82 ol T 0 53 6s
"6 13 61 8l -7 5 158 146 0 1 173 193 1 4 115 172 2 ) 265 58 4 4 69 54 T 1 163 187
612 61 76 =T 6 41 37 ¢ 2 212 223 15 186 193 2 0 BT 60 4 3 85 &S T3 a1 Se
<6 11 80 69 -7 lo 125 133 o 3 87 e 17 99 a2 3 0 201 19 4 2 231 <8 7T 4 59 85
=6 9 47 54 <711 106 100 0 4 99 3ol 1 8 49 48 31 210 206 4 1 327 25 81 61 99
“6 8 170 155 =713 64 67 005 44 4 1.9 11s 102 33 107 109 5 0 6y 55
6 7 214 183 -8 98 133 e 6 124 11 110 215 204 3 4 170 178 5 1 160 175
"6 6 170 144 -4 7 101 118 o 7 291 265 111 s 47 35 135 125 & 3 68 53

Fig. 1. A stereoscopic illustration of the molecular packing of [Cu(C,H,0,),]S0, viewed
along the b-axis.

Fig. 2. A stereoscopic illustration of the atoms in the asymmetric unit, showing the
coordination around copper.

Acta Chem. Scand. 26 (1972) No. 10



3990 ANTTI, LUNDBERG AND INGRI

Table 3. Bond lengths and bond angles and their estimated standard deviations for the
arrangement around copper.

Bond l, A Angle 6°
Cu—0(21) 1.957 (8) 0(11) = Cu—0(21) 177.3 (4)
Ca—0(11) 1.975 (7) 0(22) — Cu—0(32) 168.6 (3)
Cu—0(22) 2.023 (7) 0(31)— Cu—0(12) 168.2 (3)
Cu—0(32) 2.030 (8) 0(11)— Cu—0(32) 91.6 (4)
Cu—0(31) 2.320 (8) 0(32)— Cu—0(21) 88.7 (4)
Cu—0(12) 2.335 (7) 0(21) — Cu—0(22) 81.2 (3)

0(22)— Cu—0(11) 98.6 (3)

atom is 0.023 A below the plane. The Cu—O distances to these four oxygen
atoms range between 1.957 and 2.030 A. One may note that two of the oxygen
atoms in the plane, O(21) and O(22), belong to the same glycol molecule,
whereas O(11) and O(32) belong to different glycol molecules. The distances
from copper to the oxygen atoms above and below the plane are 2.328 A and
2.335 A. Within the octahedron the angles O(11)—Cu—0(21) and O(22)—
Cu—0(32) are 177.3° and 168.6°, respectively, while the angle O(31)—Cu—
0(12) is 168.2°. Thus the octahedron around the copper atom is distorted.
This is what could be expected for an octahedral complex containing Cu?*,
due to its d ? electron configuration. Furthermore this octahedral arrangement
with four short and two long bonds is in agreement with what has been found
in most other octahedral copper complexes.1®

Prout et al.!* have reported distances between copper and carboxy-oxygens
and hydroxy-oxygens, respectively. They have found the bonds between
copper and carboxy-oxygens (1.924 A) to be significantly shorter than the
bonds between copper and hydroxy-oxygens (1.970 A). In the copper-glycol
complex the mean value of the four short Cu—O distances of 1.997 A also
shows a significant difference from the reported copper— carboxy-oxygen
distances but is of the same order of magnitude as the copper—hydroxy-
oxygen distances.

The glycol ligands. These form a chelate with the copper atom, with the
oxygen atoms at the corners of a distorted octahedron as described above.
As already mentioned one of the ligands Glycol II, has its two oxygen atoms
in the square plane surrounding the copper atom, while the other two glycol
ligands (I and III) have one of their oxygen atoms in this plane and the other
above, respectively below, the plane. This arrangement makes Glycol II
more distorted in its configuration compared to Glycol I and III. The angles
between connected planes in the glycol ligands (for each ligand one plane is
defined by one oxygen atom and the two carbon atoms and the other plane
defined by the two carbon atoms and the other oxygen atom), are 52.9°
45.9°, and 55.3° for Glycol I, 11, and III, respectively. The equations for these
planes are given in Table 4. In order to obtain the most stable configuration
at the same time as it is chelated to copper in the way described above, the
glycol molecule should be in its gauche conformation,'? 7.e. the angle between
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Table 4. The equations for the planes 1—6 in the glycol molecules. The numbering of
the planes is the same as in Table 5.

0.3147x + 0.8858y — 0.34102 — 1.3156=0
0.1164x —0.8912y — 0.4385z — 4.5532=0
—0.9325x — 0.1946y — 0.30422 — 1.2162=0
0.9023x — 0.3498y — 0.25192 — 0.1286 =0
0.41542 + 0.1086y — 0.90312 — 2.3541 =0
0.08932x —0.7300y — 0.67762 — 5.6724 =0

DO

these planes should be = 55°. The deviations increase in the series IIT-»I-1II.
These deviations are reflected in the differences in the tetrahedral angles
O0—-C—-C in the glycol ligands. Glycol III shows a mean value of 109.6°
Glycol I 108.4° and Glycol II 107.8°. The deviations from the tetrahedral
arrangement are the consequence of the octahedral configuration which gives
different O — O distances in the glycol ligands. For Glycol IIT, I, and II these
distances are 2.773 A, 2.714 A, and 2.591 A, respectively. Thus, in order to
fit into the arrangement around the copper atom the glycol molecule that has
its two oxygen atoms in the square plane has to change from its most stable
conformation. For a complete list of distances and angles in the glycol ligands,
see Table 5.

Table 5. Bond lengths and bond angles and their estimated standard deviations in the
three glycol molecules. The roman figures I, II, and III refer to the glycol ligands I,
II, and III, respectively.

Bond I, A Angle 6°
1 I
0(12)-C(12) 1.410 (13) (plane 1) O(12)—C(12)—C(11) 110.9 (9)
C(12)—-C(11) 1.521 (15) (plane 2) O(11)—-C(11)-C(12) 105.9 (9)
C(11) - 0O(11) 1.465 (13) plane 1—plane 2 52.9
II II
0(21)-C(21) 1.408 (14) (plane 3) O(21)-C(21)—C(22) 108.9 (9)
C(21)-0C(22) 1.515 (17) (plane 4) O(22)—C(22)—C(21) 105.2 (9)
C(22) — 0(22) 1.478 (14) plane 3 —plane 4 45.9
III III
0O(31) —C(31) 1.410 (15) (plane 5) O(31)—C(31)—C(32) 108.6 (10)
C(31) —C(32) 1.525 (17) (plane 6) O(32)—C(32)—C(31) 110.6 (10)
C(32)—0(32) 1.436 (14) plane 5—plane 6 55.3

Since there is no crystal structure determination of ethylene glycol, it is
not possible to compare the bond distances within the glycol ligands with
those in the free glycol molecule and to see to what extent the chelation
affects the bond distances. However, comparisons can be made with some
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polyols and some carboxylate complexes containing a chelating OH-group.
For f-p-mannitol ¥ are reported C—C and C—O distances with mean values
of 1.516 A and 1.437 A, respectively; galactitol 4 has the corresponding mean
values of 1.520 A and 1.449 A and arabitol 15 1.523 A and 1.434 A. For the
carboxylate complexes mentioned above ! the mean value for the C—C bonds
is 1.545 A and the mean value for the C—O bonds is 1.426 A. We have found
values for C—C and C—O bonds which range between 1.515—1.525 A and
1.408 —1.478 A, respectively. The chelation does not seem to significantly
affect these bond lengths.

The sulphate group and the hydrogen bonds. The sulphur-oxygen distances
found in this structure range from 1.454 to 1.509 A with three distances
around 1.47 A and one longer at 1.509 A. As a result of the unequal lengths
of the S—O distances the tetrahedral angles range from 105.8° to 111.6°
with a mean value of 109.4°.

In earlier reports on S—O distances in sulphate groups, the four S—O
distances are of the same order of magnitude and around 1.47 A.18 In order
to explain the significantly longer distance of 1.509 A obtained in this work
one can study the list of sulphur-oxygen distances and compare it to the list
of hydrogen bonds (Tables 6 and 7). The oxygen atom which lies farthest
away from the sulphur atom, i.e. O(1), is in fact the same atom which gives
two short hydrogen bonds 2.570 A, 2.593 A to oxygen atoms lying in the
plane around copper. These comparatively strong interactions could be an
explanation of the longer S—O distance.

Table 6. Bond lengths and bond angles and their estimated standard deviations in the
sulphate group.

Bond l, Angle 0°
A g

S—-0(1) 1.509 (8) 0(1)—8-0(2) 105.8 (5)

S—0(2) 1.476 (8) 0(1)—8—0(3) 108.8 (5)

S—0(3) 1.477 (8) 0(1)—S—0(4) 110.4 (5)

S—0(4) 1.454 (9) 0(2)—S-0(3) 109.7 (5)
0(2)—S—0(4) 110.4 (5)
0(3)—S—0(4) 111.6 (5)

Table 7. Hydrogen bond lengths and their estimated standard deviations.

Bond I, A
O(11)—H---0(1) 2.570 (10)
0(12)—H---0(2) 2.784 (11)
0(21)— H---0(2) 2.581 (11)
0(22)—H...0(1) 2.593 (10)
0(31)—H-.-0(3) 2.696 (11)
0(32)—H-.-0(4) 2.642 (11)
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As mentioned before sulphate groups link [Cu(CyHz0,);]2"-ions through
hydrogen bonds. This results in parallel sheets which are held together by
hydrogen bonds (Fig. 1). Between the sheets no hydrogen bonds appear,
merely van der Waals contacts. A list of the hydrogen bonds is given in Table 7.
Each sulphate group seems to give six different hydrogen bonds, O(1) and
0(2) give two hydrogen bonds each and O(3) and O(4) one each.

As discussed earlier by Raymond et al.}? it is possible to establish different
conformations for the ethylenediamine rings in tris(ethylenediamine)metal
complexes being in their gauche conformation. In tris(ethylenediamine)-
chromium(III) pentacyanonickelate(II) sesquihydrate 17 there are two differ-
ent chromium(III) ions, both with a distorted octahedral configuration, and
the conformations of the ions are A4 for Cr,; and §Jd4 for Cr,. The fact that the
less stable J6A4 and 001 conformations arise is due to the possibility of a
greater number of hydrogen bonds between the amine nitrogens and the
surrounding complex cyanide anions and water of crystallization than in
tris(ethylenediamine)copper(Il)sulphate ¥ which evidently can crystallize
in the more stable 66 conformation.!® In tris(1,2-ethanediol)copper(II)
sulphate, the subject of this report, it is also possible to define the conforma-
tion for the copper(II) ion in the way described by Raymond et al.? and it
is approximately the same as that for Cr, in the structure described above,
i.e. 00A. Compared to tris(ethylenediamine) copper(Il) sulphate the change
in this case from ¢ to A conformation could be a consequence of the formation
of stronger hydrogen bonds between hydroxyl oxygens and sulphate oxygens
as compared with hydrogen bonds between amine nitrogens and sulphate
oxygens. As described Glycol IT is more distorted in its configuration than
Glycol I and IIT and has in fact a 2 conformation. This is achieved by short
hydrogen bond distances (see Table 7). For Glycol I there is one short
(2.570 A) and one long (2.784 A) hydrogen bond, and this glycol ligand
is expected to have a conformation somewhat less stable than the ¢
conformation, which is also indicated earlier. In this case it would perhaps
be more adequate to describe the conformation for the copper(Il) ion as
something between 6J4 and JAA.
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