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The Crystal Structure of Copper(II) Bromide Bis(Dimethylsulphoxide)
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{{CH;),SO},CuBr, is isomorphous with the
corresponding chloride complex. It belongs to the
orthorhombic space group Pnma and contains 4
Jformula groups per unit cell. The dimensions of the
unit cell at ca. 295K are a = 8.257(2)A, b = 11.772-
(2)A, ¢ = 11.749(2)A. The copper ion assumes an
intermediate five-coordinate geometry with three bro-
mine atoms equatorial and two oxygen atoms axial.
The equatorial angles are Br(1)-Cu-Br(2) =146.13°
and Br(2)-Cu-Br(2) = 110.21° and the axial angle
O(1)-Cu—0(1') is 173.99°. The bond lengths are
Cu-Br(1) = 2.451(4)A, Cu-Br(2) = 2.429(4)A,
Cu-Br(2') = 2.777(4)A and Cu—0O = 1.962(9)A. The
copper coordination geometry is largely determined
by packing of the DMSO groups.

Introduction

As part of a program of structural characterization
of copper(Il) bromide salts, we have undertaken the
crystal structure determination of CuBr,-2DMSO.
While the structural literature of copper(Il) chloride
salts is profuse [1], a relatively small number of
bromide complexes have been the subject of structur-
al characterization. The distorted (compressed) tetra-
hedral geometry, as defined in Cs,CuBry [2], has an
average Cu—Br distance of 2.35A with bond angles
near 100° and 125°. This distance is longer (2.39A) in
the more distorted anion present in (enH,Br), CuBr,4
[3], indicating this distance is sensitive to distortion.
In the distorted (elongated) octahedral geometry, as
exemplified in CsCuBrj; [2], the average axial Cu—Br

distance is 2.45A, although the individual distances
range from 2.34A to 2.52A. The axial distances are
2.87 and 2.96A. For the trigonal bipyramidal
geometry, the axial Cu—Br bond length is 2.45 A
while the equatorial distance is 2.52A [4, 5]. The
bis(dimethylsulfoxide) complex of CuBr, was chosen
for study, since the isomorphous chloride had a
coordination geometry intermediate been square
pyramidal and trigonal bipyramidal [6]. This, hope-
fully, would allow the estimation of steric effects in
these copper(Il) salts which fall in this gray area of
five-coordinate geometry intermediate between Cg,
and D34 symmetry.

Preparation and Data Collection

Small dark brown platelets of CuBr,(DMSO), can
be prepared by reacting ethanolic solutions of CuBr,
and DMSO and allowing the slow evaporation of the
solvent [7].

Examination of Weissenberg, X-ray diffraction,
photographs of a wedge shaped crystal (ca. 0.18 X
0.16 X 0.15 mm X 0.01 mm thick) showed it to
belong to the orthorhombic class having mmm diffrac-
tion symmetry. The lattice constants measured with
Zr filtered MoK, radiation using a Picker diffracto-
meter and single crystal orienter were found to be g =
8.257(DA, b = 11.772(2)A, and ¢ = 11.749(2)A.
Systematic absences for Okl when k + 1 =2n + 1 and
for hkO when h = 2n + 1 suggested that the space
group was the same as that found for the correspon-
ding chloride, namely Pnma.

TABLE L Final Positional and Thermal Parameters® for CuBr,+2DMSO.

X y z Bn Bn B3 B2 B13 B2
Cu 3157(3) 2500 3672(2) 107(5) 18(2) 48(2) 0 110(3) 0
Br(1) 4933(3) 2500 2000(2) 104(4) 43(2) 67(2) 0 340(3) 0
Br(2) 3011(4) 2500 5737(2) 192(6) 42(2) 48(2) 0 -8(@3) 0
S 1834(5) 4805(3) 4264(3) 107(7) 25(3) 51(3) 04) 19(5) 4(3)
o} 3123(13) 4165(7) 3587(8) 116(19) 25(7) 55(9) 20(11) 43(12) -17(7)
C(1) 3004(26) 5798(15)  5074(20) 24047) 41(15) 173(26) -2(23) -64(32) —44(17)
CQ) 932(26) 5734(16)  3231(15) 255(48) 57(16) 90(19) 57(23) —29(26) 2(14)

8 Parameters multiplied by 10
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TABLE II. Interatomic Distance and Angles. Standard Deviation of Last Digit in Parentheses.

Distance Angle
Cl Br Cl Br

Cooper Coordination Geometry

Cu-X(1) 2.290(2) 2.4514) X(1)-Cu-X(2) 146.1(1) 146.1(2)

Cu-X(2) 2.284(2) 2.429(4) X(1)-Cu-0O 88.7(1) 88.2(3)

Cu-0 1.9554) 1.96209) X(2)—-Cu-0O 92.9(2) 92.9(3)
X(1)2—Cu-O 87.5(2) 88.4(3)

Cu-X(1)2 2.702(2) 2.777(4) X1 ) Cu-X(1)2 112.7(5) 110.2(1)
X(2)Cu-X(1)2 101.2(1) 103.7(1)
0—Cu-O 173.0(3) 173.9(6)
Cu-X(1)2-Cu® 144.6(1)

DMSO Geometry

SO0 1.531(4) 1.53(1) 0-8-C(1) 104.7(3) 102.9(8)

S—Ca) 1.771(7) 1.792) 0-8-C(2) 103.9(3) 103.7(7)

S—C@2) 1.765(7) 1.79(2) C(1)»-S—C2) 100.4(3) 100.7(9)
Cu-0-8 118.2(2) 118.5(6)

Intermolecular Non-bonded Interactions

C(1)-Br(1)® 3.87(2)

C(1)-Br(2) 3.96(2)

C(1)-Br(2)¢ 3.97(2)

C(2)-Br(2)4 3.70(2)

C(2)-Br(1)2 3.90(2)

C(1)Q) 3.804)

Coordination Geometry Non-bonded Interactions

X(1)-X(2) 4.376(1) 4.668(3)

X(1)-X(1)? 4.161(1) 4.292(3)

X(2)-X(1)2 3.862(1) 4.070(3)

X0 3.09(1)

X(2)-0 3.20(1)

X(1)>-0 3.35(1)

aAtom transformed by —% + x, % — y, % — z. P Atom transformed by % — x, 1 — y, % + z. SAtom transformed by 1 — x, % +y,

1 — z. 9Atom transformed by % — x, 1 — y, —% + z.

A total of 1024 independent reflections were
measured out to 20 = 50° with Zr filtered MoK,
radiation. A §-20 step scan of 2.0° degrees was used
with 20 steps/degree and 4 sec/step. Background
measurements were made before and after each scan.
Absorption corrections (u = 43.9 cm™ ') were made.
The standard deviation of each reflection was calcu-
lated by the expression o2(I) = TC + BC + (0.03)%I2
where TC = total counts, BC = background counts,
and I, =TC — BC.

The structure was determined by isomorphous
substitution of Br for Cl in the structure determined
for CuCl,(DMSO),. Refinement converged quickly to
a final weighted R factor [wyi) = 1/02(F)] of 0.088
and a conventional R factor of 0.083 for the reflec-
tions with F > 3¢(F). No attempt was made to find
the hydrogen atoms. The final difference map showed
no unusual features. The final parameters are
reported in Table I and Table II gives pertinent

interatomic distances and angles for the Br salt and
the isomorphous Cl salt. An illustration of the
molecule is given in Fig. 1 while the packing is
illustrated in Fig. 2. Computer programs used were
part of a local program library [8, 9] containing
modified versions of ORFLS3 [10], ALFF [11],
ORFFE3 [12], and ORTEP [13].

Discussion

As expected from the isomorphism of CuCl,-
2DMSO and CuBr,-DMSO, the structures of the two
salts are virtually identical. In fact, with the excep-
tion of the Cu—X (X = Cl, Br) distances, the isomor-
phism is so complete it is unnecessary to comment on
many features of the structure.

In the analysis of the properties of CuCl,-2DMSO
[6], it was shown that it was more appropriate to
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TABLE III. Observed and Calculated Structure Factors for CuBry+2DMSO. Columns are k, 1, 10|F 5| and 10F.

He 0 W= 1 He 2 A3 Ha 3 H= & He & W= 7
K L- f) FC X L FQ FC K L FO FC x L FO FC X L FO FC K L FI £C X L FY ET  x L £V fC
0 2 425 360 3 13 105 -146 2 5 454 475 0 3 1551 1430 12 4 252 223 11 O 833 §9& O S 873 -85¢ 3 S 19 252
0 -4 1245-1355 4 1 0-120 2 6 324 -349 0 4 2360 369 12 5 190 23 11 1 374 303 0 & 149 -185 3 6 31R -277
0 6 531 -501 4 2 297 38 2 7 0 67 0 S 391 -405 13 1 2333 -308 11 2 421 328 0 T o 115 3 7 3 -123
O B 891 -835 4 3 503 485 2 8 583 S38 0 6 264 275 13 2 0 114 11 3 299 -278 O 8 199 -232 3 & 193 12
0 12 3 T2 4 4 329 -266 2 9 144 =179 D T 245 -179 11 4 529 -504 0 @ 396 378 3§ 24l -lls
0 12 3 13 4 5 941 -89T 2 10 530 =457 0 8 220 -252 Ha 4 11 S 121 -7 0 10 T1 149 & 1 292 -27%
1 3 901 985 4 A 570 -557 2 11 170 -111 O 9 294 -266 11 6 384 =421 1 O B22 B4l & 2 231 211
1 5 1375 1435 & 7 4620 615 2 12 128 167 O 10 262 -184 O O 886 888 12 0 376 327 1 1 839 -fas 4 3 344 353
1 7 > -130 4 8 293 218 2 13 3 15 0 11 270 262 0 1 141 -139 12 1 227 -156 1 2 17 30 4 & 184 149
1 9 426 =520 & 9 215 -121 3 0 1219-1220 0 12 0 19 0 2 522-499 12 2 BT -175 1 3 177 178 & 5 143 -1P6
1 11 695 =756 & 10 412 434 3} 1391 1352 0 13 0 140 0 3 704 723 12 3 0 31 1 4 455 -¢56 4 b 226 -258
1 13 277 320 & 11 1201 -190 3 2 -848 -704 L L T69 -TT9 O 4 339 329 12 & 202 111 1 S 3T ATl & T 358 119
2 0 1T21-1TTL 4 12 0 -60 3 3 226 166 1 2 903 8BTS O 5 1405 1506 1 6 4% -43 4 B 241 -7
2 21023 965 & 13 171 148 3 4 400 411 1 3 491 456 O & 175 85 He S T 7T 145 -50 5 1 538 «s0
2 & 482 4ST S 1 1647 1815 3 6 494 469 1 4 I1580-1682 0 T 244 224 1 8 173 -15% 5 2 9 13
2 & 145 -10 5 2 44 389 3 7 483 493 1 5 301 291 0 8 468 -466 O 1 475 522 1 9 69 33 5 3 173 -13%
2 8 12¢ 146 5 3 520-501 3 5 103 116 1 6 259 -213 O 9 1120-1106 O 2 655599 1 10 0 -80 5 & STL ~587
2 10 263 -251 5 & 21B-1% 3 9 1056 -993 1 T 203 167 O 10 363 2865 O 3 T2 ~60 2 O 495 -T13 % 5 415 -&27
2 12 317 374 5 5 1138-1141 3 10 0 4l 1 B 237 148 O 11 556 -481 0 & 193 ~s53 2 1 9 -225 5 s 130 176
3} 11851050 5 6 955 95 3 11 178 -113 1 9 303 212 O 12 209-123 O S TSL-¥65 2 2 519 598 S5 7 2 o
3 31595-1721 5 T 3764 =312 3 12 0 -49 1 10 758 683 L 0 1252-1275 O 6 119 172 2 3 150 22 5 B 139 -i?
35 1202-1314 S 8 545 -547 3 13 264 -61 1 11 9% -64 L L T20-T26 O T 785 Y0 2 4 0 %2 & 1 479 4cs
3 7 266 317 5 9 292 -206 & O 621 -622 1 12 212 1712 1 2 35T-M8 0 8 0 s2 2 5 317 315 6 4 323 250
3 9 232 362 S 10 329 -306 4 1 66 1 13 267 -109 1 3 728 Y26 0 9 263 -99 2 6 309 -343 6 S5 165 1les
3 11 -STL 857 5 Ul 147 -14% 4 2 1439-1359 2 1 1830 1551 1 4 6863 878 0 10 @ 35 2 7 200 -122 & & 520 480
3 13 204 -175 S 12 233 90 & 3 792 -T15 2 2 t75-164 1 5 129 87 0 11 233 -~235 2 8B 9 1T & T 435 -2087
. 2 3 135 5 1 499 -459 4 & 1017 958 2 3 991 -985 1 & 404 401 1 1 377 ~%T 2 9 202 -131 T 3 -116
4 4 Bl13 -B2B & 2 68 -2& 4 S 1091-1029 2 4 836 -826 1 T 419 -425 1 2 306 300 2 10 268 -tst T2 iTs -162
4 6 866 -901 & 3 568 ~S37 & & 962 928 2 S 1385 =357 1 8 239 -214 1 3 343 368 3 0 872 -8% T3 2 153
4 8 720 -R66 6 & 13221335 4 T 97 1 2 6 256-266 1 9 328 275 1 4 184 65 3 1 %18 S3 T & %05 4iS
4 10 208 159 6 510851100 4 8 102 =-46 2 7 1023-1043 1 10 356 276 1 S 233 66 3 2 274+ -279 1 5 211 18l
6 12 3 -1 6 61020 990 & 9 681 603 2 8 3L 1 11 %23 -291 L 6 1047 1078 3 3 365 -184 T 8 227 -166
S 1 1375-1362 6 7 270 -363 4 10 500 498 2 9 18 -9 2 0 1056-1088 1 7 171 ~t28 3 4 248 258 8 1 205 -241
S 3 331 367 6 B 565 -628 4 11 521 415 2 10 352 309 2 1 286 194 1 8 586 ~419 3 5 250 -262 8 2 255 163
S 5 913 925 & 9 212 139 4 12 350 -339 2 11 O 52 2 2 S41 565 1 9 158 18 3 6 82 155 8 3 245 298
5 7 J -93 6 10 876 -849 & 13 86 -27 2 12 220 200 2 3 347 310 1 10 595 ~4$9 3 T 163 9z 8 4 122 69
5 9 335 -325 6 11 138 173 S 01106 1059 2 13 156 147 2 & 152 -141 I 11 167 21 3 8 2719 251 g s 0 ~130
S 11 471 -528 6 12 0 -86 S 1 483 -452 3 1 598 S3% 2 5 306-296 2 1 900 -9%6 3 9 226 -4 9 1 333 13712
5 13 2 295 7 1 T19-T02 5 2 176 -128 3 2 548 -S64 2 & T2 22 2 2 243 135 3 10 308 =31 9 2 221 21
6 0 2821-2745 T 2 B9 ~133 5 3 443 441 3 13 S8 2 Y 364 -335 2 3 353 <386 4 0 1226 1242 s 3 2 50
6 2 58) 546 T 3 549 540 S 4 738 -TC4 3 4 1108 1116 2 B 455 492 2 4 392 ~421 4 1 132 7
& 64 718 69T 7 & 487 S08 5 S5 682 -693 3 5 304 268 2 9 453 420 2 S 1295 1338 4 2 212 -20)
6 6 38D -384 T 5 539 534 S 6 251 116 3 6 86 -86 2 10 328 ~369 2 6 215 ~163 4 3 419 -427 w= B
6 8 147 41 7 & T80 -769 5 7 331 ~334 3 7 140 -186 2 11 0 108 2 7 128 TS 4 4 242 -219
6 19 0-105 7 7 150 -231 S 8 0 9 3 8 83 109 2 12 221 66 2 B 192 166 4 5 620 -58%
6 12 231 26T 7 8 374 301 S 3 B70 851 3 9 0 -28 3 01363 1401 2 9 326 323 & & 267 -146 0 0 493 -ase
7 1 %% 800 T 9 0 =-33 5 10 215 -149 3 10 450 -431 3 1 522 529 2 10 145 120 4 T 117 69 o L 155 189
7 3 1112-1C98 7 10 171 145 5 11 160 =99 3 11 0 56 3 2 701 661 2 11 186 105 & B 317 -289 O 2 %35 -S540
7T 5 1330-1343 7 1l 193 263 S 12 0 ~-97 3 12 0-179 3 3 8264-612 3 1 251 123 & 9 289 275 0 3 192 g4
T 7 93 120 B 1 102 25 6 0 323 29% 4 1 T13 -673 3 4 4B& -484 3 2 319 -107 4 10 2 151 0 & 533 531
T 9 625 619 8 2 101 165 & 1 480 =456 4 2 771 -70 35 0 -3 3 3 269 -252 5 O 569 601 a 5 134 -4é
T 1l 731 748 B 3 291 263 6 2 832 828 4 3 1104 1103 3 6 562 -568 3 4 142 114 S 1 824 -812 0 6 2T3 254
B 0199 2048 B & 268 -245 6 3 319 -314 & 4 352 374 3 T 235 228 3 5 0 9 5 2 26 -33 o 7 9 110
8 2 123 15 @ 5 629 -646 6 4 TST-TI3 & 5 339 -348 3 8 250 -60 3 6 612 -7e3 5 3 0 17 1 o 0 42
8 4 556 -5T0 8 6 402 =446 6 S STO 561 & 6 92 10l 3 9 378 -265 3 T 195 127 S & 337 -3s8 11 246 -158
8 & 585 ~565 8 7 38 395 & 6 224 -159 & T 245 186 31 10 0-130 3 8 425 412 5 S 0 285 12 193 -117
B 8 421 -4T6 8 8 299 218 & 7 199 187 & 8 199 -204 3 11 360 307 3 9 136 -26 S5 6 81 4o 13 160 251
8 10 185 113 8 9 0-100 & 8 583 52 4 9 147 -180 3 12 216 83 3 10 252 285 S5 7 226 =38 1 4 83 -25
9 1 34% -B55 8 10 4B4 441 & 9 371 -356 4 10 0-128 4 0 88 830 3 11 279 -5 S 8 0 -8l 15 299 -165
9 3 238 2640 8 11 246 -117 & 10 480 -444 4 11 o 121 & 1 293 248 & 1 155 137 s 9 3 ag 1 € 195 173
§ 5 414 405 9 1 1217 1216 & 11 0 -112 4 12 0 -6& 4 2 536-53%4 & 2 47T -490 & O T&d -730 1T 147 =203
§ 7T 126 -100 9 2 500 516 & 12 83 137 5 1 125 -697 4 3 T6T T28 & 3 224 176 6 1 337 =323 2 0 27k -214
S 9 182 35 9 3 92 -18 T 0 1441-1385 S5 2 560 499 4 4 209 224 4 4 [} T & 2 381 398 2 1 151 -208
10 0 1245-1318 9 4 173 -2086 T 1 616 655 S5 3 383 360 & 5 98T 966 & 5 T62 -797 6 3 zis 38 2 2 211 207
19 2 217 218 9 5 640 -65& T 2 343 -311 5 & 1512-1500 4 & 0 63 4 6 117 107 6 4 14l 1ée 2 3 78 -183
1c 4 345 374 9 6 61D #27 7 3 179 107 s 5 255 249 4 T 216 226 4 T 4%0 4S50 6 5 432 s 2 4 302 -4
10 6 163 79§ T 369 -4lt T & T30 721 5 6 270 =225 4 B 454 ~4%8 4 B B2 42 & & 227 -22¢ PR 2 N
19 8 321 200 9 8 303-325 7T S 913 903 5 T 305 2064 & 9 8S3 -826 4 9 133 -6 & 7 182 -127 2 6 221 14
111 37 403 99 0 -146 T & 347 362 5 8 302 245 4 10 281 278 & 10 0 o2 & 8 0 -133 2 1 9 -24
1} 3 742 -722 9 10 306 -269 T 7 298 345 5 9 9 227 & 11 208 -450 4 11 0 -163 6 9 186 -170 30 1172 -3
1t 5 B4y -E61 13 L 178 =152 T 8 L9 132 S 10 524 709 & 12 224 -128 5 i 428 -432 1 G Bis -733 11 297 3%
11 7 265 100 13 2 245 134 T 9 996 =960 5 1 ¢ -T6 5 0 T55-755 5 2 31T 394 T 1 &T2 4Te 3z 129 163
12 01393 1482 10 3 369 -292 T 10 40 10T S 12 0 188 S 1 593 -556 S 3 376 144 T 2 167 -15& 303 100 -1
12 2 30 =67 18 4 544 604 7 11 233 -11% 6 1 1732 1751 S 2 118 -119 5 & 293 163 7 3 271 -333 3 & 134 61
12 & 422 -412 10 5 601 618 B O 390 -39% 6 2 120 -125 S 3 649 626 S5 S 257 120 T 4 364 3T} 305 372 320
12 6 o 3 10 6 541 496 B 1 168 127 6 3 E9% -39 5 & 64 662 5 6 973 955 1 5 353 353 3 & 122 -193
13 1 629 -832 10 7 256 -214 B 2 810 -BO% & & 492 -564 5 S 106 53 5 7 84 ~57 7 & 213 15% 27 155 175
13 3 185 -45 10 8 387 -264 8 3 337 -331 6 5 235 -232 5 T 403 -338 S5 8 499 -400 7 T 3 43 4 0 2%3 -203
135 123 335 10 9 136 118 8 & 701 690 6 6 366 -329 5 8 245-312 5 9 117 & T 8 0 13s 4 1 223 1%¢

111 312 -297 8 S 623 -661 6 T 543 468 S5 9 252 228 5 10 490 -519 8§ O 859 856 4 2 470 -458
K=ol 11 2 209 26 8 6 627 562 & 8 23) 251 5 10 176 248 & 1 ©83 -959 8 ) 219 6% “ 3 o s
113 412 3T 8 T 0o -6 & 9 123 -27 5 11 0-256 6 2 134 245 8 2 217 -193 4 4 336 154

9 1-175 -61 11 4 306 298 8 &8 0 -99 & 10 100 273 6 O 7142 -745 & 3 143 -82 8 3 242 -278 “ 5 3 -55
0 21292 1366 11 S 324 2T% 8 9 444 395 & 11 217 -88 6 1 482 469 6 4 172 -269 8 & 282 ~-152 4 6 295 212
0 3 387 824 11 6 420 -44& 8 10 286 361 T 1 403 374 6 2 335 346 6 5 929 928 B 5 445 =415 5 0 19 21
0 4 737 -649 11 7 269 -249 8 11 68 302 T 2 943 =946 & 3 313 265 & 6 0-192 8 7 3 4S s 1 &3 -p2
] 5 1162-1176 1% 8 o 209 9 0 326 317 7 3 331 -292 6 4 136 -183 6 T 254 -188 9 0 481 1&9 S 2 242 -1C4
0 6 935 -928 12 1 259 127 9 1 448 —446 T 4 B02 T?6 & S 6Ll =619 6 8 245 130 9 1 485 -¢g1 s 3 3¢1 320
0 7T 357 874 12 2 203 226 9 2 146 O T 5 216 -176 6 & 146 LT & 9 114 289 & 2 &9 s s 4 52 -19
0 3 426 419 12 3 140 185 9 3 308 3067 7 & 88 I 6 T 305-227T 6 10 42 161 9 3 181 -42 5 & 295 -246
0 9 149 -35 12 & 400 -400 9 4 177 -180 7 7T 0O -7 6 8 361 380 7 1 199 19 9 & 9T -144 £ 8 2 115
0 10 SOM 496 12 5 415 -458 9 S 281 -250 7 8 111 62 6 9 39T 508 r 2 157 57 9 & 0 22 6 0 0 22
0 11 293 -311 12 & 393 -428 9 & 0 65 T 9 63 -82 & 10 0-263 7 3 234-237 9 ¢ o s& 6 1 193 -157
O 12 257 -i67 13 L 809 781 9 T 301 -312 7 10 311 -310 6 11 204 61 T & 256 188 10 0 489 -489 6 2 1% 1se
C 13 157 17 13 2 25 220 9 8 247 159 T 11 209 12 7 013331353 7 S 0 53 10 1 0 -7 6 3 272 -1%2
111690 1771 13 3 236 -193 9 9 456 448 8 1 601 -587 T 1 4Bl 505 7 6 715 -T1s 10 2 277 24% 6 4 357 -3%2
12 465 485 13 4 0 -49 9 10 277 =33 8 2 149 -106 T 2 4l& 46T T 7 175 206 10 1 0 93 6 5 192 18
13 Tt -&92 10 0 126 25 8 3 750 7T51 T 3 443 -450 7 8 253 350 10 4 84 70 220 -86
1 4 %30 -429 4= 2 10 1 243 -186 8 4 332 326 T 4 T28-739 T 9 200 36 11 O 438 -535 71 197 11s
1 5 1250-1224 10 2 so8 505 8 5 0-109 7 5 23& -T1 8 1 246 183 T o2 2% 13
1 6 114% 1156 0 0 1431-1624 10 3 39 6 8 6 o 8 T 6 621 -555 8 2 351 -319 "I T3 o -23
1 7 114-153 0 1 121 -34 10 & 4764 -466 8 T 133 210 7 7 231 265 @ 3 184 130 g€ 0 9 -155%
1 8 503 -5646 0 2 1801-2001 10 5 347 346 8 & 212-150 7 8 5% -38 & 4 157 53 o0 1 35) -392
1 9 2264 -144 0 3 653 -670 10 & 281 -288 8 9 216 -148 T 9 217 -220 8 5 661 —67T 0 2 4TS ASé
112 2256 =306 0 4 1183 1246 10 7 200 46 8 10 0 -126 T 10 103-215 8 & 98 71 O 3 418 4i6 H= 9
1 i1l 248 -222 0 513251338 10 B 349 221 9 1 508 —474 8 0 623 616 8 7 323 204 0 4 263 208
T 12 158 132 0 6 B42 B66 10 9 168 -203 9 2 38 ~-15 8 1 27 126 8 3 0 15 0 s 183 -258
1 13 313 296 0 7 175 -167 11l 0 905 -97T1 9 3 42 -37 8 2 194 =380 9 1 3564 -273 0 6 452 -39 o 1 o -38
2 1 464 =580 0 8 123 -226¢ 11 1 444 370 9 4 1053-1085 8 3 358 336 9 2 431 &29 O 7 28) 273 o 2 18 -357
2 211171051 O 9 B98 89T 11 2 200 -181 9 5 292 229 8 4 0 131 9 3 261 166 O 8 233 18 0 3 345 314
2 3 635 -593 0 10 627 641 11 3 0 126 9 6 0-105 8 S 629 593 9 4 153 2644 O 9 244 -T9 0 4 235 159
2 41684 1521 0 11 533 485 11 & 418 S0 9 T 131 205 8 & 1Tl 60 9 S S8 83 1 ) 452 417 6 5 24¢ -283
251292 1348 0 12 440 -370 11 5 S84 609 9 8 0o 128 8 7T 275 225 9 & S9& 621 1 2 221 119 o1 321 -39
2 6 973 9S5 1 0 1479 1645 11 6 335 240 9 9 290 83 B8 8 341 -310 9 T 95 SI 1 3 203 -157 12 306 2es
2 7 246 -258 1 1 B0L -808 11 T 244 Q4B 10 1 796 797 8 9 415 -595 10 1 352 =381 1 4 645 -5648 13 313 251
2 8 626 -643 1 2 0 42 11 8 6 146 10 2 181 -83 49 6 303 -355 10 2 209 {47 1L 5 357 -31% 1 4 208 -21)
2 9 312 284 1 3 359 306 12 0 248 -345 10 3 528 -551 9 1 293 -282 10 3 0-131 1 & 175 209 1 5 99 8o
2 10 1022-1089 1 & 979 -941 12 1 103 167 10 4 302 -315 9 2 126 -104 10 4 0-1e5 1 T T 192 2 1 237 220
2 1 91 1 5 1022-1014 12 2 423 -47T1 10 5 265 =51 9 3 381 412 10 S5 587 SS9 1 8 140 -19 2 2 193 -s

(Continued overleaf)
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2 12 4% ~2137 1 6 1064 ~-94 12 3 o -1t 10 6 68 =139 9
2 13 254 ~304 1 T 455 =441 12 & 406 421 10 T 357 -382 9
3 1 1522-1350 1 8 ] 9 12 5 402 -425 10 8 %8 125 9
3 3 3 33 1 9 1161 1105 12 6 205 163 11 1 230 197 9
3 4 893 847 1 10 295 -15% 13 0 284 251 11 2 079 -681 9
3 5 476 &S57 11 98 =-22 13 T 250 -117 1t 3 2715 =231 10
3 6 929 -96& 1 12 0 -47 13 3 323 282 11 4 285 381 to
3 7T 123 118 1 13 ] 15 13 4 238 -249 11 5 103 ~-49 10
3 a 320 361 2 Q0 448 ~&67 11 & 174 23 10
3 9 L 19 2 1 -7% -638 Ha= 3 1t 7 o 16 10
3 10 259 239 2 2 B8l4 823 12 1 621 =535 10
31 95 88 2 3 294 -295 o 1 1279-1274 12 2 205 ~21 10
3 12 83 -139 2 4 8687 -886 o 2 148 -90 12 3 524 499 10

NOCMIWN=O BN,

134 208 10 6 224 -115 1 9 0 55 2 3 249 =255
145 28 11 1 171 4T 2 1 457 47 2 4 412 -287
o -1 11 2 223 100 2 2 203 234 2 s 24 112
252 -176 11 3 338 -221 2 3 374 -348 3 1 213 212
310 -246 11 4 1%0 205 2 5 243 183 32 326 =300
4T3 -4T1 2 6 429 431 T3l -n2
0 100 W= & 2T 408 -429 2 4 93 167
266 264 2 8 275 -192 “ 1 264 -23
Q -25 0 01458 1566 2 9 Q-8 4 2 294 -218
0-103 0 1 207 las 3 1 0 -177 4003 282 291
409 =345 0 2 0 ~15¢ 3 2 135 -9l K 1 315 =333
0 18 0 3 44l -468 3 3 157 -37 5 2 215 217
0 =131 0 4 337 -352 3 & 545 519

Fig. 1. Coordination sphere of copper(Il) in CuBr,+2DMSO.

consider the coordination geometry as distorted
square pyramidal than distorted trigonal bipyramidal.
Examination of bond distances in the bromide analog
would indicate it is again more appropriate to
describe the geometry as distorted square pyramidal.
The two shorter Cu-Br distances (2.43, 2.45A) are
comparable to the equatorial distances for the
distorted octahedral geometry in CsCuBry (2.45A
average) [2]. The equatorial Cu—Br distances for the
trigonal bipyramidal geometry (2.52A) are distinctly
longer [4, 5]. Thus, we envisage the structure as
derived from the severe distortion of a planar four-
coordinate species (two bromine, two oxygen ligands)
by the presence of a fifth axial ligand.

It is instructive to make a detailed comparison of
the interatomic distances in the copper chromophores
of the two DMSO complexes. The axial Cu—Br
distance is 2.777(4)A, approximately 0.34A longer
than the other two Cu—Br distances. The opposite
bond angle is 146.13(2)°. In the chloride salt, the
axial Cu—Cl bond is 0.42A longer than equatorial
bonds while the bond angle is identical. Thus the
axial bond only elongated 0.08A. The change in the
short bond Cu—X bond lengths between the chloride
and bromide salt is roughly 0.15A, corresponding
precisely to the change in ionic radii of the two halide
ions. Thus the only steric compression in the chromo-
phore upon change from bromide to chloride is in the
axial Cu~X distance. This is born out by examination
of the non-bonded interactions in the coordination
sphere. The only short contacts are the X—O inter-

Fig. 2. Stereographic view of the crystal structure of CuBr,»2DMSO as viewed from near the b-axis.



Structure of CuBry-2DMSO

actions since the X~X interactions are all greater than
the sum of the van der Waals radii. The X;—O and
X,—0 distances are less than the sum of the van der
Waals radii since both ligands are strongly bonded to
the copper. In the chioride salt, the C13—O distance is
exactly equal to this sum, as pointed out previously.
However, in the bromide salt, the Br;—O distance is
0.1A shorter than the sum.

The source of this steric compression logically lies
in crystal packing forces, implying that the coordi-
nation geometry is largely determined by inter-
molecular steric forces, rather than inframolecular
forces. Indeed, examination of the packing of the
chains clearly shows that the methyl groups and
halides neatly interlock, fixing their locations. The
copper geometry thus largely reflects these steric
interactions, rather than the inherent stability of the
observed geometry of the chromophore.
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