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Metal Complexes with Mixed Ligands

4. The Crystal Structure of Tetrakisimidazole Cu(II) Sulphate,
Cu(C3H4N2) 4SO 4
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The crystal structure of Cu(C,H,N,),SO, has been determined
from three-dimensional X-ray diffraction data. The crystals are
monoclinic, space group C2/c, with cell dimensions and _corre-
sponding standard deviations (at 25°C). @=9.224+0.001 A, b=
17.626 +0.001 A, ¢=10.552+0.001 A and f=93.473 +0.004°. There
are four formula units per unit cell. The intensities were collected
and measured using the linear diffractometer PAILRED with
MoKue«-radiation. With anisotropic thermal parameters the structure
was refined to a conventional R-value=0.050. The coordination
around copper is a distorted octahedron and the ligand atoms are
four imidazole nitrogens and two sulphate oxygens. Cu(C;H,N,)z2*
ions are linked together by SO,* ions, forming symmetry-related
chains and these chains form layers parallel to the a—c plane. The
bond distances are Cu—N, 2.000 A and 2.021 A and Cu-0O, 2.574 A.
Short interatomic contacts between sulphate oxygens and imidazole
nitrogf&ns conform to reasonable hydrogen-bond lengths (2.707, 3.020,
3.153 A).

In continuation of the studies of metal-imidazole complexes in this
department crystalline Cu(Il)-imidazole complexes with sulphate as anion
have been prepared. Since the coordination around copper is different when
the anion is chloride! compared with perchlorate? we became interested
in investigating crystalline Cu(II)-imidazole complexes with a bivalent anion
such as SO2~. So far two crystalline complexes containing sulphate have been
obtained. One of these is a hydrate having the formula Cu(C,H,N,),S0,.H,0
(under investigation) and the other is Cu(C,H,N,),SO, which is the subject
of the present publication.

EXPERIMENTAL

Crystal preparation. In a typical preparation of the crystals, 40 ml of a 1 M C,H,N,
solution were added to 10 ml of a solution which was 1 M with respect to CuSO,. The
dark violet crystals in the shape of well defined rectangular prisms were obtained by
slow evaporation of this solution at room-temperature.
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Analysis. The copper content of the crystals was determined by titration with EDTA.?
The found weight 9, was 14.3 compared with the calculated value 14.7. The content
of N in C,H,N, was determined using the Kjeldahl method.* The found weight 9, was
25.7 compared with the calculated value 26.0. The absence of H,0 was confirmed with
the aid of IR-spectra.® The sulphate was taken as the difference.

Unit cell data and space group. From rotation photographs around [100], [010], and
[001] and the corresponding Weissenberg photographs (zero, first and second layer)
taken with CuKa-radiation, it was concluded that the crystals are monoclinic. The cell
dimensions and the angles were refined from a Guinier photograph using Pb(NO,), as
an internal standard. The refinement was based on 90 lines, and the following parameters
and their standard deviations were obtained: a=9.224+0.001 A; b=17.626 + 0.001 A;
¢=10.552+0.001 A; p=93.473+0.004° and V=1712.42 A? By the flotation method,
using bromoform and xylene, the density of the crystals was determined to be 1.67
g/em?. With four formula units Cu(C;H,N,),SO, in the unit cell the calculated density
is 1.68 g/cm?®. Systematic extinctions for hkl when h+k is odd and for h0! when I is
odd indicate the space group C2/c or Cc.® The two space groups only differ in centro-
symmetry.

The intensity material. 2026 independent reflections were collected and measured
using an automatic linear diffractometer (PAILRED), with LiF-monochromator. The
radiation used was MoKw. The integrated reflections were corrected for background in
the usual way.? Reflections with a relative statistical error (4I/I) greater than 0.5 were
omitted and this reduction resulted in a remaining data set of 1459 observed reflections.
There could be about 1850 independent reflections in the sphere of reflection for CuKa-
radiation in this case. As a final check when the refinement was completed the structure
factors of the omitted reflections were calculated. The check confirmed that all these
omitted reflections had structure factors lower than or close to the threshold value.

The intensity material was first corrected for Lorentz and polarization factors but
not for absorption. The crystal size was 0.024 x 0.016 X 0.012 ¢cm and the absorption
correction was applied just before the refinement was fully completed. The linear
absorption coefficient was calculated to be 14.80 cm™. The difference in the transmission
factors were up to 9 9, but there were negligible differences in the parameters when
comparing the refinements before and after the absorption correction.

The computer programs used were the same as those reported earlier.!

STRUCTURE DETERMINATION AND REFINEMENT

The structure determination followed the usual routines of the heavy
atom method with a three-dimensional Patterson synthesis and subsequent
Fourier synthesis. There were no difficulties in finding the positions of the
copper, sulphur, and oxygen atoms from the Patterson synthesis and the
positions of the nitrogen and carbon atoms from the Fourier synthesis.
However, to distinguish N2 from C2 and N4 from C5 all four atoms were
refined as carbons and then the atoms with the lower temperature factors
were labelled nitrogen. The positions of the nitrogens also seem to be in
agreement with the hydrogen-bond distance to the sulphate oxygen atoms.
By using the full-matrix-least-squares-method, the isotropic type of refinement
of the various atomic parameters gave an R-value of 0.132. At this stage
the intensity material was reduced for the ratio F [F_ within the limits 0.50
<F |F.<2.00. The relative weighting factor used was that proposed by
Cruickshank et al. w=1/(a+|F |+c|F |*+d|F |3) with a=30, ¢=0.001, and
d=0.

The refinement was then completed by introducing anisotropic temperature
factors with the same restriction of the ratio F_[F.. This reduced the R to
a final value of 0.050, and there were only 17 reflections outside the limits,
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0.50 <F |[F <2.00. All of these reflections had low values of the structure
factors.

Using the refined parameters a difference Fourier synthesis was calculated
and the highest peak had a value of 0.66 ¢ /A3. Some peaks occurring could
be located to hydrogen positions but others not and no attempt was made
to refine the hydrogen parameters. All parameter shifts in the final cycle
were less than 10 9, of the standard deviations. Atomic scattering factors for
Cuzt, 8, 0, N, and C were used,” where account was taken of the real part of
the dispersion correction for Cu?* and S. The final atomic coordinates and
vibrational parameters are given in Table 1. A comparison between observed

Table 1. The atomic positional fractional coordinates, the anisotropic thermal parameters and their estimated
standard deviations in parenthesis. All values are multiplied by 10%. Anisotropic temperature factors have
been calculated according to the formula exp [— (A28, + k2Byp+ 12 Bag+ kB 1o+ RIS 5+ Kl Bs5)]

z Yy z Bu B2 Bis B1a Bia Bes

Cu 2500(0) 2500(0) 500(0) 96 (1) 20(0) 80(1) 9(1) 76 (1) 22(1)
S 0(0) 1396(1) 2500(0) 58 (2) 14(0) 79(1) - 17 (2) -

(0] 550(6) 906(3) 1522(4) 258 (9) 69(2) 154(5) 172(7) —118(11) —117(6)
02 1182(5) 1838(2) 3084(4) 218 (8) 51(2) 126(4) — 148(6) —5 (9) —19(4)
N1 2835(4) 3344(2) 3784(3) 86 (5) 23(1) 72(3) 0(3) 36 (5) 10(3)
N2 3402(4) 4482(2) 3123(4) 124 (6) 24(1) 103(4) —10(4) 45 (7) 28(3)
C1 3624(5) 3961(2) 4034(4) 103 (7) 27(1) 89(4) —16(4) 23 (8) 18(4)
Cc2 2427(6) 4188(3) 2235(5) 159 (9) 28(2) 95(5) 9(5) 7(10) 22(4)
C3 2079(5) 3477(2) 2643(4) 117 (7) 27(1) 77(4) 4(4) 20 (7) 6(4)
N3 4314(4) 1956(2) 4515(3) 106 (5) 26(1) 74(3) 12(4) 52 (6) 9(3)
N4 6425(5) 1707(3) 3734(5) 98 (7) 52(2) 145(6) 40(6) 30 (9) —11(6)
C4 5475(6) 2240(3) 4049(6) 87 (8) 43(2) 17(8) 7(6) 87(11) —-3(7)
C5 5805(8) 1028(4) 4002(6) 185(11) 50(2) 116(6) 90(8) 97(12) 23(6)
(ofi} 4511(7) 1182(3) 4481(6) 220(11) 51(2) 129(6) 59(7) 163(13) 21(5)

and calculated structure factors is given in Table 3. The reflections which
are out of the range 0.50 <F [F <2.00 are marked with an asterisk. The
acentric space group Cc was ruled out because the refinement in the centro-
symmetric space group gave on the one hand somewhat better R-values and
on the other more probable temperature factors for the oxygen and nitrogen
atoms. Furthermore, refinement in the acentric space group gave very high
correlation coefficients (of the order of +0.9) between the positional parem-
eters of atoms which could be symmetry related. This was also a strong
indication of centrosymmetry.8

DESCRIPTION AND DISCUSSION OF THE STRUCTURE

The coordination around the copper atoms is a distorted octahedron with
the two apical bonds to the oxygens in the sulfate groups a little longer than
the four equatorial bonds to the nitrogens in the imidazole rings. The con-
figuration around copper is shown in Fig. 1.
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Fig. 1. Stereoscopic diagram (viewed along the negative direction of the c-axis) of the
Cu-coordination. Thermal ellipsoids are scaled to enclose 50 %, probability.

The arrangement of the imidazole rings around copper gives rise to
Cu(C3H,N,) 2" ions which are linked together by SO 2~ ions, forming symmetry
related chains directed along the a —c¢ diagonal. The chains are held together
through hydrogen bonds and van der Waals forces forming layers parallel to
the a —c¢ plane. The layers repeat themselves for y=1+ N x { (¥ =integer).

The layers are held together with hydrogen bonds between the nitrogen
N2 to the oxygen Ol and the nitrogen N2 in a symmetry related ring to
another oxygen O1. These two distances are equal to 2.707(6) A. The packing
of the structure is shown in Fig. 2.

The coordination around copper. The copper atom is lying in the center
of symmetry and the ligand atoms around Cu form a distorted octahedron.
Four nitrogen atoms from the imidazole rings (N1, N3, and the symmetry

related N1 and N3) laying at the corners of a rather distorted square have
the shortest bond distances. The calculated Cu— N distances are 2.000(5) A

Fig. 2. Stereoscopic illustration of the molecular packing of Cu(C,H,N,),SO, (viewed
along the a-axis).
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(Cu—N1) and 2.021(5) A (Cu—N3). Because of the symmetry the Cu atom
lies in the same plane as the four N atoms and the sides of the squares are
2.883(5) A and 2.803(5) A. The angle between the coordination directions
N1-Cu—N3 is 91.6(2)° and between N1—Cu—N3 it is 88.4(2)°. The oxygen
atoms in the symmetry related sulphate groups lying on either side of the
plane at a distance of 2.574(4) A complete the distorted octahedron. The
angles in the octahedron are 02 —Cu—N1=285.2(2)°and 02 — Cu — N3 =86.9(2)°.
In most structures with octahedral coordination around Cu(II) the octahedron
is distorted due to the d ? configuration of Cu(II). The distortion is generally
explained by the Jahn-Teller theorem.? The average copper-nitrogen bond
length (2.011 A) is in good agreement with many other determinations.2 The
calculated copper-oxygen distance (2.574 A) is a little longer than the
copper-sulphate oxygen distance 2.41 A in CuS0,.5H,0 1° where the coordina-
tion around Cu(II) also forms an octahedron with two sulphate oxygens in the
apical positions.

The imidazole rings. Two of the imidazole rings in the formula unit are
unique and the other two are symmetry related. The interatomic distances
and angles in the imidazole rings are listed in Table 2 and they are all within

Table 2. Bond lengths and bond angles in the imidazole rings. (Standard deviations
for the last significant figure are shown in parentheses.)

Bond length (A) Angle(°)
N1-Cl 1.326 (6) C1-N1-C3 106.1(4)
N1-C3 1.374 (6) N1-Cl1-N2 111.2(4)
N2-Cl1 1.337 (6) C1-N2-C3 107.4(4)
N2-C2 1.362 (7) N2—-C2-C3 106.8(5)
c2-C3 1.370 (7) C2-C3-N1 108.4(4)
N3—C4 1.305 (17) C4—-N3-C6 104.9(5)
N3—-C6 1.377 (6) N3 —C4—N4 112.9(5)
N4-—C4 1.340 (8) C4—-N4—C6 106.0(5)
N4-—C5 1.365 (8) N4—-C5—C6 106.9(6)
C5—C6 1.352(10) C5—C6—~N3 109.3(6)

the range of 1.305 A —1.377 A and 104.9° —112.9°. These interatomic distances
and angles in the imidazole rings are about the same as found in other structure
determinations.? T'wo planes based on the positions of the carbon and nitrogen
atoms in the imidazole rings were calculated by a method discribed by Blow .1t
The equations for the planes are: 1st ring 0.7822x — 0.3879y — 0.4875z — 2.3691 =
0, and 2nd ring—0.3868x —0.0324y —0.92162—5.9172=0. The maximum
atomic positional deviations from the planes are for the first imidazole ring
0.004 A and for the second imidazole ring 0.006 A. The distance from the
copper atom to the first plane is 0.354 A and to the second plane 0.153 A.
The sulphate group. In the sulphate group there are two unique and two
symmetry related oxygen atoms. The arrangement around sulphur is a some-
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Table 3. Observed and calculated structure factors ( x 10).

L L3EY KoL KoL KoL x
305 11097 1112 8 -4 603 $69 15 3 399 387 6
He 0 136 2 14S6 1477 8 -3 634 625 15 4 167 168 6
293 3 554 619 8-2 938 935 15 5 173 156 6
22 2 292 311 133 S Tap 171 8 -1 239 195 15 7 207 211 6
20 6 108 108 182 © Sub 465 8 0 214 223 15 B 140 146 I3
20 5 124 116 196 7 491 413 8 21057 1057 15 9 118 1ol 6
20 4 223 239 270 ¥ 356 357 8 3 122 1% 1310 110 6
20 2 165 les 97 v 526 535 8 & 350 331 13 9 1S 115 6-10
20 1 220 213 327 W13 180 8 6 S0A 522 13 & 488 6-11
20 0 33 33> 500 12152 133 8 7 293 308 13 7 298 300 6-12
188 207 192 217 15 123 126 8 8 76 S8 13 6 214 287 4-13
18 7 92 62 127 10 218 276 8 9 291 285 13 4 97 93 4-12
18 6 100 99 696 v 193 200 810 22y 237 13 3 126 Tie 4-10
18 4 564 STy o8 138 329 812 8 A3 13 2 311 do7 .
18 2 89 718 186 T 420 410 613 84 6T 13 1 30 322 . -8
je 1 136 121 185 6 475 463 612 160 147 13 0 29 300 4 -7
18 0 339 32 528 > 958 953 610 109 130 13 -1 770 786 .
1610 93 9 290 “ 122 97 6 9 162 186 13 =3 107 108  He & 4 -5
16 7 162 101 140 3 2nr 2321 6 8 236 209 13 -4 219 212 .
16 & 320 316 189 ¢ 1857 1890 6 7T 248 243 13 -5 456 459 22 2 186 178 “
16« 4ol ka2 100 ~¢ 156 156 6 6 J81 3TT 13 -6 195 208 22 1 100 1lo . -2
163 161 13 2v4 -3 883 B8) 6 5 617 $90 13 -7 398 393 22 -2 221 ¢33 4 -1
16 2 387 38y 397 -5 156 794 6 4 828 815 13 -9 206 230 20 <6 145 129 .0
16 1 226 1y7 1¢o -0 176 1my 6 3 761 eAR  1l-1l 125 97 20 =4 276 <7} .1
16 0 288 300 349 -7 323 342 6 21018 1063 Ll=l0 93 T6 20 -3 89 77 42
14 10 249 Zon 675 -y 4 473 6 1 291 307 11 =9 163 160 20 -2 112 )30 . .
16T 1as 13> 190 1ol 87 b 0 399 419 11 -8 241 258 20 -1 117 l1&2 45
14 6 aby eT) 352 te 129 146 6 -1 237 239 11 -7 28] 248 20 0 103 128 .6
1% 5 273 265 139 6 -2 182 138 11 -6 212 198 20 1 123 1oz .7
14 4 95 g2 638 ¢ 6 -3 222 17 11 =5 398 433 20 2 155 132 .8
14 2 BuY Tus 172 6 =4 1712 )TRT 11 =4 385 393 20 4 kb 146 4« 9
16 1 183 1l 95 w279 265 6 -6 339 365 11 -3 436 628 20 8 102 il6 “ 10
16 0 416 470 595 -3 96 98 6 -7 260 263 1l =2 221 220 1A 8 155 156 212
1210 216 223 145 -+ 4Ty o 6 -8 329 325 11 =1 46 658 1A 3 b0 21
12 9 99 102 137 =0 160 68 6 =9 233 252 11 0 163 e 1A & 272 eT6 210
128 371 3B 198 =5 136 126 6-10 233 229 11 1 932 883 18 0 472 4T3 2 8
127 My 1es 160 =4 156 181 611 % 76 no2 283 215 18 -2 183 129 2 6
12 6 35 4l 38 =3 161 1712 6-12 217 198 11 3 496 510 1A -4 358 376 2 5
12 5 163 138 414 -¢ 119 137 4-12 281 262 11 e 165 165 1A -8 219 229 2 4
12 & 260 19) 180 -5 e “-lo 1oy 110 11 S 308 291 16 -9 131 117 2 3
123 % o s Vo1 aml =9 179 173 11 6 330 367 16 -8 191 178 2 2
122 37 3% 596 Lo1n3 155 “ A 479 e67 117 266 258 16 7 27 139 2 -2
[ERN N CA Y] 23y ¢ 293 3o0m “ -5 w27 e4d 11 9 180 173 16 =6 186 19 2 -s
12 0 687 6T} 746 32t 21 a5 237 215 1111 92 Te 15 <4 455 aee 25
1012 193 195 11 0 11l 1¢e < de2 157 4 =4 1289 1230 9 9 281 296 16 -3 235 24 2 -6
10 10 136 J2¢ 11 1 415 Asb o 181 172 & =3 225 9 9 6 297 320 16 -2 b 4s9 2
1009 188 le2 11 2 167 110 o 219 24l 4 =2 10R1 1050 9 5 808 769 15 -1 220 &u7 2
10 8 52T 505 11 3 212 2 > 8l 96 “ =1 e 9 3 211 214 16 0 179 199 2 -9
107 233 23v 1l 4 5385 S5m0 4 21y 202 4 0 1085 1065 9 2 608 593 16 1 120 YA 2-10
10 6 353 4w 11 5 146 148 < 367 361 . 1 9 9 1 1026 98} 16 2 255 260 2-12
10 5 433 628 11 6 whn  ewd -1 odes 111 4 2 S8H 535 9 0 167 103 16 & 179 163 2-13
10 & 8b2 ®yy 1L T 329 335 -2 wes 454 4 3 oue 653 9 -1 629 570 16 T 130 i Yo-12
10 2 15 7e 11w 22y 219 -e 140 10% 4 & 665 708 9 -2 156 171 16 8 131 128 0-10
10 1 23 25 11 9 235 26> -b 257 260 4 5 270 280 9 -3 926 916  1a 10 150 136 o -8
1000 571 Lds Ll 11 162 174 10 162 155 4 6 552 523 9 -5 413 «23 1 176 iTs 0 -6
812 262 ¢ 1112 k5 11 =y 139 136 4 T 357 376 96 96 b2e 345 351 o
810 14y 134 911 180 17y -8 196 185 4 B 376 3% 9 -7 224 297 585 86 0
8 B 505 58l 910 86 ow -6 236 243 “ 9 K5 A6 9 -8 178 176 239 26 0
6 1 el 138 9 9 166 loc -3 3o 306 410 9% bl 9 -9 232 218 129 1e7 ]
8 5 180 174 9 & 201 22 -4 129 les 12 101 195 9-10 147 140 92 109 0
8 4 808 799 9 7 578 61l -3 170 163 211 ey 221 9-11 194 184 625 638 0
8 3 5e3 sub 9 6 9 4l -¢ 37 37 210 273 2%0 T-12 105 243 ¢35 ]
8 21033 9u3 9 5 70 BB -l 91 56 2 B 4rT 507 7-11 278 286 243 256
8 1 296 292 9 4 a1 el v 205 leb 2 1 2w 270 1-10 188 175 492 487 W
8 0 205 3lu Y3 503 87 1429 wze 2 6 575 6ns T -9 243 225 217135
612 153 172 9 2 231 1wy ¢ 359 363 2 5 e2n 026 1.8 295 262 211 s 2l
611 104 119 9 o1 sz siT 3 389 196 2 4 9u) 9 T -7 450 w67 102 o1 21
610 352 371 9 0 371 372 “ 216 232 2 3 593 ske T -6 336 N7 202 176 21 -1
6 & 130 153 9 -1 o6 85 5 218 25 2 2 215 2n T -5 485 490 207 231 21 =3
6 1T 113 1ae 9 =2 300 268 © 320 325 2 -2 1558 1605 7 -4 436 w45 381 405 21 ~4
6 6 599 616 9 =3 374 379 s D1 1% 2 -1 v 917 7-3 788 765 145 134 21 -5
6 4 ST1 515 9 =5 1085 1098 Y 138 )e? 2 =5 26y 273 T -2 676 688 429 w17 19 =5
6 3 4bw 437 9 -1 115 101 v 24 258 2 -6 178 T4 7 -1 907 908 438 “de 19
6 2 1259 1126 9 -9 516 Slb 7 183 185 2 =T 397 363 7 0 550 S86 12 0 4eb 463 19 -}
6 1 25 el 9=10 155 149 ° 171 150 2 -8 472 4rd T 1 754 Te3 12 1 1719 119 19 2
6 0 695 6as 1-11 173 186 4 4y0 4B 2 -9 w3y 28 T2 158 139 12 2 349 359 19
412 89 a1 7-10  BA 6l 3137 el 210 262 245 T3 337 32 12 3 251 228 19
“ 10 362 372 T -a 426 44 2 213 287 2-11 11T s T b 29T 215 12 & 432 436 17
“ 9 86 112 78159 156 19 90 2-12 202 213 T 5 Tz To6 12 5 208 IvT 17
4 1T 278 25w 7.1 o1 Sou ¢ 650 621 0-12 4o A3 T 6 337 325 12 6 245 v 17
4 6 1065 1063 7 -6 362 3> -1 208 229 010 69 5ak 7 7 262 259 12 8 138 12 17
4 5 36T wla 1-5 168 1B -2 29 210 0 =8 312 356 71 M1 108 12 9 103 95 17 -1
4 4 Tae Teo 7 -4 zwe 309 -3 155 158 0 -6 625 buB 511 245 23 12 10 204 188 17 -3
3 7 N 7 -3 loes 1098 -e 326 320 0 -6 431 w13 510 110 9 1011 86 2le 17 -4
o 2 jesd 1528 72 230 1N -5 374 378 02 129 192 S 9 93 116 10 8 461 46 17 =5
4 11690 luoe T -1 579 b4 -0 213 267 0 2 wh9 S04 5 8 T 3010 7 135 o 1T -1
40 1240 1¢53 70 253 247 <1198 207 0 4 H29 H9B 5 T 704 T19 1o 5 229 223 17 -8
212 e 1oz 71 655 536 “Ho 363 34B 0 b 761 TeS 5 5 403 39 1o 4 539 321 17 -9
211 150 et 72 198 11 1o 119 100 9 8 513 59 S 4 332 325 10 3 108 00 15 -7
210 18T 1AL T3 1246 1260 1136 162 010 382 366 5 3 672 671 1o 2 435 4a5 15 <6
2 9 aneoam T o4 28 At "o w2p 428 S 2 980 90 1o 1 293 311 15 =5
2 8 bou SoT 75 wu? abo ~1 247 249 Hx 3 § 1 738 T00 1o 0 898 901 15 =4
2 1T 17w 173 T o6 e 4l -0 234 217 5 0 212 210 10 -1 611 eld 15 -3
2 6 35 Jde 77 el 388 -5 2uR 202 21 3 209 194 § -1 852 83 10 -2 226 €8 15 -2
2 5 195 1o 1B 283 2ed -+ 562 600 21 2 112 143 § -2 482 417 1o -3 251 276 15 -]
2 & M0 1oy T Tw -4 352 32621 0 102 o 5 -3 1192 1168 10 -6 586 53] 15
2 3 6o0 o1 70 305 2wl s¢ 539 Se 21 -1 172 189 5 -5 799 lo -5 93 &7 15 2
22 1N 1Ty Tl 23 2¢9 -1 363 353 21 -4 116 128 5 -6 115 97 10 -T 88 86 15 &
012 1= lon 713 lbe 158 € 1011 1009 21 =5 225 228 S -7 106 48s 10 -8 312 302 15 S
010 15¢ o2 513 g4y 131 1314 280 19 =T 1RY 205 5-9 399 387 10 -9 185 1¥ 15 6
9 8 elo ool 511 183 178 € 301 269 19 -5 9 120 10-10 161 leo 15 9
0 6 17 1a 510 15 Sl 4 639 526 19 =3 304 3?5 10-12 206 218 13
0 4 wlo 43w > 9 216 212 4 560 576 19 -2 11 110 R-12 193 197 13
0 2 97 e 5 7 306 312 5 98 92 19 0 1w 18] A-11 193 197 13 6
5 6 203 200 7 291 281 19 1 272 259 8-10 145 156 13
Ha 1 5 5 wi1 950 4 306 299 19 2 w0 A7 8 -8 01 &7 13
5 4 229 254 9 154 1.2 1y 3 11e 102 R -6 445 wes 1)
21 5 217 el 53 234 187 o 96 89 19 5 251 265 a -5 398 38 13
P14 1es e 5 1 1360 1297 o121 10 19 6 a1 e 8 -4 612 033 13
21 3 v llo 5 0 S84 6us 1o 133 149 19 7 116 KB R -3 332 e 13 o
21 2 9 9 5 -1 138 Lok 8 o128 122 17 7 NS 90 8 -2 356 319 13 -1
21 1 33 a5 b -z 260 283 h 689 494 1T 5 329 37 R-1 176  8le 13 -2
2L 0 15y loe 5 -3 1550 1578 S 248 223 17 4 194 209 A 0 964 V4l 13 -3
21 -1 dew 157 5 -5 453 ale “ 1 R 17 3 133 199 A1 19 1 13 -4
?1 =2 1+ jo3 5 -7 153 766 J 240 239 17 2 216 213 R 2 199 2« 13
21 =3 4% 110 5 -n 161 1% ¢ T3 6w 17 1 due 1Rk 8 3 591 o8 13 -7
21 -5 133 i b =9 143 125 ) u36 973 4T 0 2Re 285 R 4 871 83) 13-11
19 =6 122 len 1bh 150 17 -2 183 142 a5 T 62 -1
19 =5 278 Zna 917 890 17 =3 %60 550 R 6 2642 ¢39 it -9
LS S 197 160 1T -6 06 M1 A8 262 2T 11 -7
19 =3 ime o Se4 569 17 =5 151 116 A2 93 94 1] =6
19 -2 pur i3 90 110 17 -6 Q1 109 K10 179 015 ) -5
19 el el e So4 528 17 =7 260 290 6 9 105 103 1 -
19 3 355 e 127 13 IT e g1 2ae 4T 150 130 11 -3
195 130 i 223 206 15 =9 272 304 6 6 664 689 1) -2
1907 2¢0 ek 275 282 15 -7 2%k 24 6 5 85 yd -1
V1T 3uz s e 15 -6 eae 227 A 4 520 509 n
17 6 137 1o Bl 75 15 -5 4le 394 6 3 213 2y n
17 5 203 duo 263 212 15 -3 37 307 6 2 593 o881l
173 bww i 43 79 15 -2 e W) A 1 166 206 11 3
)T a2y Les 190 189 15 =1 230 278 6 0 T4 T 1) &
17 <1 521 >¢% B2z K35 15 0 255 251 6-1 232 ¢33 1
17 =2 13 123 3T 346 15 1 1ke 200 4 -2 486 30T 11 8
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Table 1. Continued.

KoL oL KoL KoL KoL XL LY
b7 7T 4% 18 2 5 29 243 9 8 68 46 311 8 1 8 7T 1 88
Hs 5 15 9 82 276 2 & 305 316 9 & T 62 112 17 S8 8 S es 37
13 935 9u 575 2 7 256 21 9 5 225 219 19 150 153 8 4 178 174
119 152 48 1 2 91 &9 260 2 B 82 66 9 & 262 263 17 135 132 8 2 151 151
1111 deo 126 1 -2 202 206 120 2 9 80 107 9 3 145 153 16 23 240 8 1 64 353
9 11 les lae 1-3 725 685 568 210 111 128 9 2 192 212 15 386 378 8 o0 39 380
9 9 92 o7 1 -4 65 65 o4 0 10 153 167 9 1 403 401 1 4 312 379 8 -1 324 313
9 7 337 319 1 -5 971 994 175 0 8 162 172 9 0 95 96 103 239 <3 8 -2 311 306
9 5 129 150 1 -6 329 336 102 0 6 319 312 9 -1 98 e84 1 2 258 260 8 -4 S21 538
9 4 250 211 1=7 30 361 82 o 4 85 9 =2 154 149 1 1 %85 593 8 -5 236 27
9 3 6lo 399 1 -8 160 130 126 0 21100 1100 9 -3 S99 627 1-2 150 117 8 -6 102 90
9 1 150 142 1-9 354 364 83 0 -2 677 To4 9 -4 176 192 1-3 373 33 8 -7 177 188
9 0 132 129 -1 81 o0 148 0 -4 352 408 9 =5 239 247 1 -4 82 58 8 -8 291 276
9 -1 872 bes 1-13 186 170 105 0 =6 488 487 9 -6 204 191 1 =5 1S 17 152
9-3 19 91 154 0-8 T2 8 9.7 429 420 1-6 147 158 128
9-¢ T 19 M 6 a2 0-10 231 234 9 -8 118 105 1 -7 395 e27 135
9 -5 601 bue 192 0-12 103 9 =9 166 178 1 -9 248 200 97
9= 16 L7l 22 0 218 222 103 9-10 8 78 111 260 274 2271
9 -8 95 92 20 -6 153 159 86 Wz T 1213 192 1-13 129 129 132
9 =9 440 451 20 -3 91 86 269 105 75 185
9-11 121 lue 20 =2 257 263 228 21 3 162 163 252 230 W= 8 13
7412 89 65 20 0 137 124 218 21 2 116 124 136 138 195
7-11 305 47 20 1 88 90 31621 0 117 13 236 238 63 237
-9 76 89 20 2 100 132 750 21 -1 160 165 164 167 163 368
T8 189 176 20 3 158 162 126 19 =7 148 160 379 345 232 131
T -7 203 209 20 « 193 97 n 19 -3 227 212 158 175 207 611
7.5 Te0 T3 18 & 235 235 490 19 -1 J21 115 303 01 54 199
7 -4 B0 37¢ 18 2 221 218 16619 1 138 156 336 359 202 205
7T -3 695 700 18 g 140 135 37219 2 Al 11 459 486 b4 163
T -2 245 295 18 -2 235 262 126 19 3 89 48 543 539 128 147
T el 476 4ee 18 -4 98 122 269 19 5 180 173 403 388 99 198
7 0 208 221 18 ~6 232 232 205 17 5 221 232 T 0 8 66 125 143
T 2 241 239 16 <R 153 159 386 17 A 90 88 71 313 306 142 214
7 3 496 46) 16 =7 146 120 106 17 1 245 265 T2 1z 102 203 98
T A4 153 163 16 =6 111 99 97 17 0 110 109 T 3 166 168 136 134
7 5 623 651 16 =5 130 140 “16 17 -3 212 207 T 4 253 236 127 79
T 6 319 35 16 -4 159 119 647 17 =6 136 136 75 197 202 155 s
11 z2l 221 16 =3 je2 152 3 17 =7 156 180 T 6 63 19 i3 308
7 8 142 150 16 -2 242 265 626 17 -8 109 85 T 7 183 113 156 162
7 9 118 106 16 =1 200 195 i 15-10 125 126 7 8 107 101 52 155
710 9 1o 0 185 180 710 15 -9 200 187 5 8 91 93 11 a28
5 9 232 221 16 )1 211 22l 398 15 =5 229 221 s 7 209 212 266 219
5 8 200 183 16 2 251 273 102 15 -3 187 1al 5 6 110 106 99 222
$ 5 700 Tl 16 3 90 101 217 15 -1 208 212 5 5 60 45 95 489
5 4 110 104 16 & 185 185 328 15 0 169 175 § 3 529 503 289 jE]
5 3 292 304 16 5 148 145 107 15 1 114 98 5 1 19 182 [ 120
S 2 284 256 16 6 155 174 221 15 3 178 166 5 0 169 183 89 48
S 1 486 523 16 1 T1 53 287 15 4 126 131 5-1 763 729 269 448
S-1 90 95 14 8 174 160 118 15 5 145 156 5.2 196 203 164 152
§ -2 256 25 16 T 93 13 33 15 7 108 111 5«3 293 288 76 193
5 -3 1220 1275 14 4 252 242 101 15 8 147 22 5 -4 173 186 &l 240
5 -4 136 113 14 3 73 33« 200 13 7 199 201 § -5 317 376 130 83
5 -5 218 201 14 2 177 186 19213 6 81 66 5 =6 158 142 101 136
§ -6 112 98 14 0 442 430 130 13 3 229 23 5 -7 307 284 69 208
5 =7 609 633 16 -1 198 204 S66 13 2 253 239 5 -8 164 152 335 2-9 11 127
5 -8 213 210 16 -2 86 89 66 13 1 170 153 5 -9 299 308 189 2 -8 308 31s
5 =9 170 157 16 ~4 420 14 130 13 -1 387 389 5-11 134 130 220 2 -7 154 188
S-11 401 370 14 =6 104 89 660 13 -2 129 126 5-13 168 156 158 2 -6 448 446
3-13 98 73 14 -8 272 280 268 13 =3 136 134 3-13 134 138 189 2 -5 126 123
3-11 258 271 )2-11 105 8« 560 13 -4 217 222 3-12 88 9 92 2 -4 349 332
3-10 )46 136 12-19 98 122 S5 13 -5 410 405 3-11 151 165 222 2 -3 a1 382
39 135 3l 12 -8 285 293 816 13 -7 Bl 90 3-10 119 131 221 2 1 167 e
3-8 68 97 12 -7 182 180 366 13 -9 262 236 3 -9 370 367 267 2 2 358 359
3 -T 607 619 12 -6 379 378 190 11 =9 149 136 3-8 79 Ile 119 2 3 268 27y
3 -6 259 2M 12 -4 544 528 S15 1l -8 185 185 37 133 16} 89 2 & 217 220
3-5 509 S0 12 -3 76 63 139 11 =7 351 3%3 3 -6 250 2671 131 25 92 16
3 -6 392 356 12 -1 408 422 231 1 -6 85 78 3 -5 506 502 121 2 6 14a 139
3-3 4l2 416 12 0 416 410 118 11 =5 347 356 3 -4 417 46 123 2 8 121 117
3.2 99 1 12 1 62 67 240 1L -4 158 143 3-3 196 225 275 010 100 90
3 -1 %55 569 12 2 261 268 268 11 -3 351 343 3.2 223 191 253 0 8 202 222
3 0 253 250 12 3 96 6l 153 11 =2 275 283 3 -1 483 500 283 0 6 98 B89
311156 17 12 4 200 206 135 11 =1 297 290 3 0 204 202 228 0 4 433 449
3 2 88 9 12 5 207 194 528 11 0 199 199 3 1 Sue 550 174 ¢ -2 80 49
3 4 286 266 12 T 111 115 sl 11 33 7 3 2 149 168 “r 0 -6 459 32
3 5 580 580 12 8 174 166 $3T 2 260 241 3 3 408 391 206 0 -6 40t 398
3 6 186 181 1210 84 63 359 11 3 250 26) 3 4 623 423 2n 0 -8 397 27
37 7S 65 10-10 287 2N 525 11 7 80 3 s 185 207 151 0-10 123 113
38 208 236 10 -8 31) 34 644 11 B 108 107 3 6 298 246 58 0-12 257 243

3 9 203 196 10 -6 555 S72 527 11 10 82 T 37 102 sl 107
111 10 & 10 =5 194 201 308 9 9 159 162 310 104 97 1ot

what distorted tetrahedron. The sulphur-oxygen distances are S—Ol=
1.460(5) A and S—02=1.448(5) A and the angles are 01 —S—02=109.6(3)°;
01-S—-02=107.6(3)°C; 01 —S—01=107.5(4)° and 02— S —02=114.8(4)°.

The interatomic distances and angles in the sulphate group are in good
agreement with those in a recent tabulation ! except for the angle 02 -8 — 02
which differs from the tetrahedral angle by 5.3°. This difference is probably
due to the coordination of 02 and O2 to the copper atoms.

Hydrogen bonds. The interatomic distances in the layers between the
nitrogen N4 and the oxygen O1 and between the same nitrogen N4 and the
oxygen O2 are 3.153(7) A and 3.020(6) A, respectively. These distances indicate
a bifurcated hydrogen bond holding the chains together. Between the layers
the earlier mentioned hydrogen bonds (N2-—H...O1) are stronger and have
the distance 2.707(6) A. These hydrogen bonds can cause the imidazole rings
involved to bend towards the oxygen atoms and owing to that the copper

Acta Chem. Scand. 26 (1972) No. 10
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atom lies further out of the plane defined by the atoms in the mentioned
imidazole ring than from the other plane. The hydrogen bond distances are
all within the range given by International Tables.?
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