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The compound [(CesH;)aAs]2[Co(O,CCF3)s] has been prepared and thoroughly characterized.

A single-crystal X-ray dif-

fraction study has shown that the cation has distorted Sy symmetry and the anion a structure in which the coordination of

the Co(II) ion is intermediate between tetrahedral and dodecahedral.

Four Co—O bonds of length 2.00 = 0.03 A define

a bisphenoid (tetrahedron distorted to Ds symmetry) with its two equal angles having the value 97 == 2°, while there are
four more oxygen atoms at distances of 3.11 == 0.03 A from Co defining a very flat bisphenoid (nearly a square) with vertical

angles of 163 =+ 2°.

The visible spectrum and magnetic moment lead to electronic structure parameters in good accord

with those for tetrahedral Co(Il) complexes generally, and it is concluded that the Co(O.CCF;)4?™ ion can be so described

for all practical purposes.

Introduction

When it had been shown? that the Co(NOy),2~ ion
contained bidentate nitrate ions and thus octacoordi-
nate Co(II), it seemed interesting to investigate the
preparation, electronic structure, and perhaps the
molecular structure of the corresponding trifluoroace-
tate complex, provided, of course, that such a complex
could be isolated. The CF;COO~ ion was selected since
it is isoelectronic and isostructural with the nitrate ion
insofar as the functional portion of the ion is concerned,
and it is the anion of a strong acid, though not so strong
as nitric acid.

The preparation of Co(O,CCF;),*~ and its isolation
as the tetraphenylarsonium salt proved to be quite easy,
and it was immediately observed that its electronic
spectrum and magnetic properties closely resemble those
of Co(NOj3)s2~ (and, of course, also those of ordinary
four-coordinate, tetrahedral Co(II) complexes). It
therefore seemed worthwhile to carry out a single-
crystal X-ray study to establish definitively the struc-
ture of the Co(0.CCF;),2~ ion. This paper describes
all of the investigations outlined above.

Experimental Section

Preparation.—The complex was prepared by mixing stoichio-
metric quantities of {(CeH;)sAsCl, CF;COOAg, and CoCl; in
acetonitrile. After separating the insoluble silver chloride by
decantation, ethyl ether was added dropwise until the solution
became cloudy. The solution was then covered and allowed to
stand. After approximately 8 hr, the large, well-developed,
blue-violet crystals were collected by filtration, washed with ether,
and dried under vacuum. Anal. Caled for CseHyF124805Co:
C, 52.64; H, 3.16. Found: C, 52.59; H, 3.32.

Visible Spectrum.—This was measured using a Cary Model 14
recording spectrometer. The results are shown in Figure 4.

Magnetic Susceptibilities.—These were measured using a Gouy
balance. The corrected molar susceptibilities (in cgs units X
108) at four temperatures were as follows: 77°K, 29,030; 195°K,
12,780; 260°K, 9,770; 300°K, 8,010. Corrections were: for
diamagnetism, 645 X 107¢ cgs unit; for temperature-independent
paramagnetism, —510 X 107% cgs unit. These results
correspond to the Curie-Weiss law, u = 2.84+/ Xy (T — 6),
with p = 4.55 == 0,05 BM and § = 10°.

(1) Supported by grants from the Army Research Office and the National
Science Foundation.
(2) J. G. Bergman, Jr., and F. A, Cotton, Inorg. Chem., 8, 1208 (1966).

The structure is compared to that of the more nearly dodecahedral Co(NOj3),2~ ion.

X-Ray Examination, Unit Cell, Space Group.—Precession
photographs showed a tetragonal unit cell of dimensions ¢ =
11.68 = 0.01 A, ¢ = 40.84 = 0.04 A, V = 5570 A3, Thedensity,
measured by flotation, was 1.54 == 0.05 g cm 3 indicating Z = 4
(caled, 1.52 g cm™3). Systematic absences were: for hkl, B +
k4 I # 2n; for hkO, hik) 5 2n; for 00l, [ ¢ 4n. These ab-
sences uniquely establish the space group as I4;/a (no. 88).
Intensity data were then collected using a crystal of dimensions
~0.25 mm and Co Kea radiation. Equiinclination levels 40!
through %8/ were recorded by the multiple-film technique. The
intensities of 726 independent reflections, accessible within the
angular range 8¢, < 50°, were estimated visually using a cali-
bration wedge prepared from the same crystal. Absorption
corrections (linear absorption coefficient, u, was 42.5 cm™!)
were neglected. Approximately 109 of the reflections were too
weak to be measured and were assigned one-half of the minimum
observed value in subsequent calculations. Lorentz and polari-
zation corrections were carried out with the program DFSET-4.?
Electron density summations and Patterson functions were com-
puted using the Fourier program ERFR-2.4 The structure was
refined by the full-matrix, least-squares refinement program
of Prewitt,b in which the function minimized is Zw(| Fo| — | Fo|)?/
Sw(F,)?, where F, and F, are the observed and calculated struc-
ture factors, respectively, and w is the weighting factor. Equal
weights were used until the value of the residual, R, defined as
Ew‘ f Fol — |Fa| |/2w1 Fo‘ , dropped to 0.14, after which a weighting
scheme was introduced. With the [Fo\ on the scale of Table I,
in which the final F; and lFol are compared, the weighting schemec
had the form F, < 40, w = 1.4(F,/100); 40 < F, <180, w =
0.32(F,/100) + 0.43; F, < 180, w = 1.0. Atomic scattering
factors for the neutral atoms, tabulated by Ibers,® were used.

Determination of Structure

Since the positions of the heavy metal atoms were
almost completely fixed by symmetry, .., Co [(0, O,
0; s Yo Va) = (0, Y4, Y/e)]; As [(0, 0, 05 /2, 1/,
17,y = (0, /4 2, 0, /4, /4 — 2)], a three-dimensional
Patterson synthesis readily revealed the z coordinate
of the arsenic., A three-dimensional Fourier synthesis
of the electron density with phases based on the heavy
metals revealed plausible locations for 12 of the 14 crys-
tallographically independent carbon atoms as well as

(8) D. P. Shoemaker, ‘““An IBM 700/7090 Program for Computing Dif-
fractometer Settings,” DFSET-4.

(4) W. G. Sly, D. P. Shoemaker, and J. H. Van den Hende, “A Two-
and Three-Dimensional Fourier Program for the IBM 709/7090,” ERFR-2.

(6) C. T, Prewitt, ““A Full-Matrix Crystallographic Least-Squares Pro-
gram for the IBM 709/7000,” 1962.

(6) J. A, Ibers in “International Tables for X-Ray Crystallography,”
Vol. I1I, The Kynoch Press, Birmingham, England, 19062, p 202.
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TaBLe I
OBSERVED® AND CALCULATED STRUCTURE TFACTORS (X 29.85) FOR [(CoHs)iAs]:[Co(CF;COO0)4]

W L FOBS FCAL W L FOBS FCAL M L FCBS FCAL M L FOBS FCAL Ho L FOBS FCAL
#RHeK = Owewwss 5 15 750 656 2 9 1009 884 7 22 1735 1817 x4 26 312 175
0 & 2276 ~2001 5 17 1209 1339 2 1} 1359 -741 %8 L 430 286 4 28 887 ~1115
0 12 1914 -1867 3 19 575 -413 2 13 1471 -l466 8 3 731 =To8 e 30 374 246
0 16 1483 -1337 5 21 897 o4 2 15 €13 556 & 51880 1918 4 32 1103 <1146
0 20 1611 -1684 > 5 23 469 498 2 1T 1669 -2055 8 7 1340 1362 5 11312 1436
0 24 2187 2025 %5 25 482 124 2 19 366 134 8 9 49 72 5 3 269 273
O 28 1284 1360 5 27 ll4é -1lé4 2 2] 94l =987 8 11 1113 1009 5 51353 1299
0 32 2139 2001 5 29 @72 =798 2 23 1938 ~1967 8 13 447 -a7 5 7 2485 -2415
13 1741 -14l4 6 0 3230 2013 2 25 K26 ~668 8 15 532 388 5 9 316 37
1 8 5lel -4985 6 2 652 468 2 27 151§ -1485 8 17 696 -636 5 11 2245 -2251
1 71376 1489 & 4 949 &9 2 29 844 1155 9 21378 -1825 x5 13 310 -386
15 702 %22 6 6 848 1095 2 31 445 =248 T9 4 449 158 5 15 1229 -1271
111 1818 -1854 6 & 843 297 %2 33 44s 773 9 6 836 480 517 1374 -1204
1 13 1372 1004 6 10 307 184 3 2 4676 4740 *9 8 449 =l07 5 1% 382  39)
1 15 2806 2562 6 12 1852 1579 3 4 815 865 9 10 1004 ~1094 5 21 474 597
1 17 697 276 6 14 1067 -10ll 3 63826 ~3720 10 1 519 727 5 23 891 833
# 1 19 354 =134 & 16 1459 -1206 3 8 1452 1305 10 3- 465 =117 x5 25 375 -l40
1 21 528 305 w6 18 436 -8 310 2792 -2882 10 5 893 1zl 5 27 1164 1166
123 492 =21 6 20 1167 -1088 3 12 1139 857  wketc s 2ewwwas 529 B47 479
125 1397 1502 6 22 456 399 3 14 107 1275 113150 2896 6 0 2911 -3136
129 1233 -93%5 6 24 778 534 3 16 1585 62l 13 316 M2 6 2 399 -273
2 05707 6730 6 26 438 =525 3 18 351 173 15 5445 5179 6 4 1237 -1181
2 2 1loy 1050 & 28 1107 1188 3 20 397 334 17 2489 274l M6 & 310 121
2 e 1231 927 71 520 =861 3 22 2998 3098 1 5 2 -97 w6 8 3T 4lz
2 6 7623 -7999 T3 732 -586 3 24 740 -640 1 11 3826 -3980 6 10 616 S6u
2 & 838 916 7 52627 -804 3 26 730 579 1 13 1768 -1951 & 12 1847 1625
2 10 238 -220 7 71050 1114 3 28 Blo &3p 3351633 ~1317  ws 14 383 ~202
2 12 2368 -2212 %7 372 259 %4 1 265 =298 117 1851 -1824 6 16 990 1207
2 14 745 =426 7 11 13d2 825 & 3 1912 -2104 119 375 370 we 18 362 13
2 16 2235 -1880 7 13 437 398 4 5 3622 3453 1 21 940 =949 6 20 1107 1202
2 18 87 222 7 15 1138 1224 4 7 3379 3451 123 1301 1558 w6 22 375 261
2 20 1950 -1753 7 17 842 712 & 9 2083 1857 125 739 -sus 6 24 949 -940
# 2 22 381 179 AT 19 457 <125 4 11 829 -807 1 27 1359 1326 w6 26 373 -139
2 24 1486 1245 1 21 119 Bl 4 131039 1094 129 1191 1413 & 28 936.-1072
2 26 766 =765 A7 23 457 <353 4 15 1126 1032 2 0 5034 4250 7 1 181 112
2 28 1034 1071 7 25 581 679 4 17 682 =193 2z 761 -630 7 31082 925
*2 30 451  6&k 7 27 973 -983 & 19 4l0 =307 2 4 1805 -i763 751237 1268
2 32 2303 2025 & 0 3565 3607 w4 21 404 =353 2 6 2260 =219 77 1413 -1358
3 11370 16425 %8 2 439 202 A4 23 421 -236 42 8 25 -86 7 9 350 343
33 2882 -2911 8 4 442 239 4 25 1175 -1270 2 10 7157 48 7 11 470 -5z8
3 5 1672 <1322 *8 & ks 89 4 27 1583 -1611 2 12 1537 1319 =7 13 382 136
37 248 882 *8 8 4é7 75 4 29 1719 676 2 14 356 233 7 15 1098 -1097
39 632 455 w8 10 451 91 5 22097 ~2233 2 16 1395 1483 717 1273 -1249
311 3694 3396 8 12 1669 -1544 5 4 595 -664 2 18 125 -674 8 0 2741 -3161
3 13 1976 -1908 =8 14 458 194 5 6 2669 -2480 2 20 2152 2314 8 2 297 43
3 15 2647 2377 8 le 857 ~1207 5 8 1043 89 2 22 323 251 8 4 974 =1009
3 17 2631 2458 A8 18 4b8 297 5 10 3828 -3793 2 24 900 -829 8 6 403 -363
3 19 1957 -1967 @ 20 64l -484 *5 12 356 276 2 26 514 503 & 8 406 -1l
321 1031 1153 » 8 22 44s -451 wS 14 271 -1l 2 28 64o -905 8 10 537 -450
3 23 96k 626 9 1 1l4s -1261 5 16 719 -667 2 30 3% -128 8 12 1227 1292
3 25 500 235 9 3 691 =771 %5 lg 403 384 2 32 1532 -1522 8 14 377 ~uld
3 27 1885 -1694 9 5 1990 1702 *5 20 els 182 311786 2003 & 16 1020 1118
3 29 166l ~1a34 9 7 1049 1267 5 22 2122 2052 3 31418 1175 x8 18 376 -0
*3 31 459 =255 *9 9 459 243 45 24 442 =352 3 5 3564 3698 8 20 639 755
3 331 858 -B22 9 11 Tlo 784 5 26 956 1189 37 1659 -18la 3 22 359 4au
“ 0 4635 4961 10 0 L9es 2097 & 1 1149 909 %3 ¢ 228 ~38 9 11269 1386
® 4 2 274 ~180 AK = LRe¥NeR o 3 1529 =1520 311 3569 3588 9 3 w3 470
w4 6 279 98 0 27 1366 -1482 & 5 1197 1587 313 ae2 196 9 51318 1534
4 62983 2617 w0 31 4ad 242 6 71028 1549 3 15 2417 -2418 9 7 350 -600
4 B 2774 2645 1 2304l -2959 6 9 986 875 317 1696 -2005 9 9 3715 200
4 10 343 276 1 4 408 =265 A& 1l 386 4B 3 19 1385 12148 $ 11 376 =420
4 12 6731 ~6124 1 6 1863 -1896 & 13 616 =532 321 1165 -1224 9 13 370 a7
*4 16 297 220 1 8 839 537 & 15 654 699 3 23 343 340 9 15 581 -562
4 16 2311 -1945 110 5104 -4898 6 17 1891 =1810 325 472 =24 9 17 846 -894
4 18 et =345 112 1585 1467 & 19 461 =223 327 1209 1185 10 ¢ 116l -1283
4 20 733 =363 1 14 291 -174 e 21 442 =10 3 29 9%2° o028 10 2 297 1
"4 22 376 89 1 18 1817 187¢ & 23 1105 -1089 40 1335 =1606  KAREK w  3Resuxs
4 24 1686 1494 120 268 =198 w6 5 443 =544 Wk 2 23 ~5% 121931 2125
4 26 793 -809 1 22 1856 2009 6 27 1266 -1329 4 4 1082 -863 1 4 le3 325
@ 28 1459 1315 #1 24 393 -18% 72 2030 -2188 4 1239 1170 *1 & 108 348
®*4 30 474 10l AL 26 4lé =15 w7 & 399  lal 4 8 252 a2 18 586 499
4 32 1459 1574 A1 28 433 183 7 6 1905 -1332 4 10 287 1l 1 10 2tee 2359
5 1 469 476 130 685 746 7 8 336 316 4 12 4225 4529 1 12 947 -g28
5 3 968 -869 L 32 443 58 7 10 2012 -2217 4 14 860 =968 1 la 413 o116
5 5 3021 =3206 1 34 1563 =197z w7 12 425 =190 4 16 739 BT 116 210 475
5 7 2582 2548 2 1 2109 2464 7 14 432 3l 4 18 523 374 118 527 238
x5 9 315 =1l 2 3 1142 -l06l 7 16 520 497 4 20 1293 1332 120 &1 790
S 11 260. 1897 2 5 5957 5804 7 18 575 B0 & 22 665 ks 1 22 2670 -2866
5 13 852 553 2 72801 2869 A7 20 449 -Zll 4 2k 796 -Ba7 1 26 371 -aq

a Starred reflections are those which were unobserved but were

for the two oxygen atoms, all in the 16-fold general
positions (0, 0, 0; 1/, /2, 2) £ (%, 3,87 & /2 — ¥ 2
Y=y, Vet x, Vet z Yity e —xYit2). A
third Fourier synthesis phased on these 18 atoms in-
dicated the location of the three fluorine atoms and the
carboxyl carbon atom. Subsequent Fourier maps, as
well as a difference map, gave no definite indication of
the position of the trifluoromethyl carbon atom. How-
ever, since its position was approximately fixed by the
three fluorine atoms and the carboxyl carbon atom, its
positional parameters were calculated for the initial
cycles of Fourier refinement by assuming a C-C dis-
tance of 1.57 A, directed toward the centroid of the
fluorine atoms. A cycle of full-matrix, least-squares
refinement, with these 21 atoms, each having an iso-
tropic temperature factor of the form exp(—B sin? 6/
A%), resulted in an R value of 0.14 after four cycles of
refinement, The next cycle of refinement, in which less
weight was given to the low-intemsity reflections (as
explained earlier), caused a further decrease of R to 0.12.
Two more cycles of refinement, with anisotropic tem-
perature factors for the trifluoroacetate ions, were cat-
ried out. All parameter variations were now less than
one-third of 1 standard deviation. It was therefore ap-
parent that convergence had been reached, the final
residual, R, being 0.105. The observed and final cal-
culated structure factors,ll%l and F,, are contained in

H L FOas FCAL
126 1209 -1529
1 28 631 5%0
x1 3¢ 2% 27
1 32 785 899
1 3% loTo 1182
H 1 233 ~2172
2 31320 1206
2 5 954 753
2 7 1526 -1651
2 9 327 266
2 11 3857 ~3376
*2 13 167 =233
2 15 1612 1817
2 17 4362 4498
2 19 1347 1233
2 21 907 835
2 23 1579 1603
*2 25 242 =205
2 27 2046 1907
2 29 1158 =907
w2 31 256 -17
2 33 900 -959
3 2 1394 1298
3 4 323 -101
3 6 846 493
3 8 51 389
3 10 3568 2325
3 12 764 603
3 16 1336 -1186
3 16 540 =888
3 18 633 876
»3 20 222 253
3 22 4506 -2533
*3 24 243 w145
3 26 827 -93s
w3 28 56 269
*3 30 256 =162
3 32 522 396
4 1 6k4 =469
4 341 -294
4 5 2679 =2729
4 71673 «160%
4 9 313 436
4 11 2637 -2685
#4 13 1yg 157
4 15 2410 -2325
& 17 2530 2852
4 19 sol 823
#4 21 239 271
x4 23 247 516
4 25 521 408
4 27 1393 1438
4 29 765 =530
5 2 563 378
5 4 684 531
5 6 771 B35
5 8 493 649
5 10 3003 2876
5 12 486 35
x5 14 221 89
=5 16 229 =215
5 18 938 -861
%5 20 245 =433
5 22 1876 ~1884
*5 24 285 139
5 26 1160 -1310
&6 1 1893 -1956
*6 3 213 =266
6 5 1224 -1391
6 7 789 =781
6 9 388 34
6 11 1038 -1501
6 13 589 701
6 15 1801 ~1866
6 17 2018 1766
*6 19 252 268
6 21 a4z 631
6 23 584 387
6 25 404 584

L FOBS FCAL
27 1229 1208
21470 1a31
4 e36 181
6 1493 1657
8 384 181
10 1667 1592
566 654

1e 251 -380
16 254 31
18 256 =266
0 256 =162
22 1573 -i520
1990 -lo71
3 281 87
5 1719 -1784
7 1257 -1285
9 442 374
11 1158 -1294
13 269 -101
15 583 -739
17 913 1035
19 250 127
21 980 1319
2 1105 1007
4 b43 =438
6 839 a3l
8 3% 437
10 277 781
K x  aEaraRe
1 851 -lo43
3 598 -1180
5 1078 -925
7 2921 2977
9 958 =769
11394 165
13 853 -955
15 2i34 1910
17 2302 2200
19 248 =225
21 1021 1094
23 (99 =975
25 662 656
27 1827 ~1824
29 799 -738
0 4212 4279
2 635 534
4 093 956
6 zisa 1770
8 1057 1112
10 433 380
12 3379 -3617
14 762 -8l1
16 1644 -1753
18 350 201
20 1657 -1634
22 362 222
24 1706 1714
26 299 49
2g 821 1089
30 304 142
32 7179 519
11079 -694
655 =704

5 2927 -z452
7 1348 1llak
9 i0l -l45
11 958 -873
13 727 =132
15 2604 2554
17 3758 3623
19 653 -592
21 1120 1222
23 544 =710
25 769 687
27 1570 -1483
0 2328 3030
2 202 -246
4 206 =70
6 696 =539

L FOS  FCAL
& 493 5ol
10 563 421
12 3394 =316
14 328 =147
16 1696 -1495
18 515 ~405
20 2114 -2340
22 295 -85
24 1216 1236
26 305 36
28 946 1123
30 295 -84
1 231 128
3 233 64
5 1307 -1592
7809 894
s 250 -296
11 agae 217
13 500 661
15 1783 1565
17 2262 2479
19 892 =976
21 7138 898
23 16la -1579
25 518 629
27 987 -s62
0 2291 2229
2z 636 489
4 590 447
6 189 =93
8 299 alg
10 393 =07
12 2149 -2206
16291 125
16 1259 -1228
18 301 =207
20 1326 -1196
22 744 692
24 824 762
26 453 610
1 287 =92
3 gs7  -Tes
5 1642 -1834
7 1200 1226
9 660 =563
11 507 502
13 674 601
15 568 581
17 1624 1924
19 670 =594
21 299 139
23 545 =199
0 1897 1936
2 302 e2
4 76l e2l
6 622 s27
8 304 244
10 430 406
12 1004 -1068
= seseeae
2 1262 -1538
4 1203 1347
6 2381 -2254
a 231 -170
10 2827 ~2704
1z 432 161
14308 =210
16 320 las
18 alo 24l
20 378 7
22 2149 2236
26 ale 69
26 776 928
1 1417 1541
3 901 -642
5 1152 1272
7 2612 2270
9 268 206

TETRAPHENYLARSONIUM TETRAKIS(TRIFLUOROACETATO)COBALTATE

H L FOBS FCAL H
2 11 443 335 1
2 13 477 -ale 1
2 15 1579 1613 1
2 17 1843 -194s 1
2 19 417 =531 1
2 21 1193 -1207 1
2 23 753 -642 1
2 25 536 -233 1
2 21 655 -112 2
7 29 49 226 %2
El 2 1421 =1407 2
3 4 407 524 w2
3 6 1392 -1250 2
3 &8 560 384 2
3 10 3110 -302% 2
312 499 469 w2
3 14 399 55 2
3 16 557 =823 w2
3 18 64l 170 H
#3020 401 =173 3
3 22 2349 2509 3
4 1 282 -307 3
4 3 296 -392 3
4 5 2814 2745 3
4 71138 1193 3
4 9 42 83 3
4 11 337 12 3
46 13 265 306 4
4 15 2029 2028 “
4 17 1888 -1907 &
4 19 516 =506 “
4 21 1808 =1790 5
4 23 974 <1050 # 5
4 25 4le T 4 5
5 2 482 =710 5
%5 4 351 305 6
5 6 1259 -1276 6
*5 36 -181 6
5 10 2694 -2357  ##
x5 12 388 150 1
#5 14 358 311 1
5 16 473 -9l 1
5 18 1317 1265 w1
5 20 42 173 1
5 22 2630 2534 1
*5 24 626 171 2
5 26 581 T80 2
6 1 832 649 2
6 3 490 =403 2
é 5 1296 1188 3
6 71139 829 3
6 9 389 4 3
6 11 T84 670 A3
6 13 616 w16 3
6 15 1507 1850 “
6 17 715 <495 N
6 19 35 <713 4
6 21 B854 -1041 5
6 23 376 -245 5
72 868 -993 5
7 4 580 711 sw
T 6 1349 -1278 1
7 8 408 -153 i
7 10 2068 -2094 1
7 12 1025 -983 1
B U1 495 451 1
€ 3 384 -540 2
8 5 1081 1438 2
8 71333 1472 2
*8 9 427 107 2
8 11 851 1071 2
#8 13 421 102 3
8 15 40l 399 3
$ 2z 521 -620 3
9 4 272 322 3
9 & 439 -357 4
RAIK = GRESERE 4k
111262 1650 4

assigned half the minimum observed value,

Table I.
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The final positional parameters, along with
the isotropic temperature factors, are given in Table 11,

TaBLE II

POSITIONAL AND THERMAL PARAMETERS WITH THEIR
ESTIMATED STANDARD DEVIATIONS

Atom
Co
As
O,
0.
G
Co

x/a (o)
.000
.500
L1128 (2)
265 (2)
.229 (3)
208 (4)
256 (3)
.362 (3)
867 (3)
.366 (2)
.358(2)
.261(3)
L1182 (8)
.194 (3)
.201 (3)
.493 (2)
424 (3)
423 (2)
491 (3)
568 (3)
.B71(3)

v/a (o)
.250
750
258 (2)
.275(2)
.260 (3)
255 (7)
.260 (5)
.170(3)
.349 (3)
.738(2)
.835(2)
.828(3)
734 (3)
0.642 (3)
0.652(3)
0.620 (2)
0.615(3)
0.519(3)
0.429 (3)
0.431(3)
0.535(3)

OO0 OO O

s/c (o)
0.1250
0.2163 (1)
0.1573 (4)
0.1214 (7)
0.1487 (12)
0.1838(18)
0.2095 (6)
0.1786 (6)
0.1798 (7)
0.1883 (6)
0.1654 (7)
0.1435(8)
0.1483 (7)
0.1696 (7)
0.1923 (7)
0.2438 (6)
0.2708 (7)
0.2936 (6)
0.2860 (7)
0.2587 (9)
0.2361(8)

B (o),
A2
6(1)
3(L)
5(1)
8(1)
8(1)
11(2)
12 (1)
14 (1)
15(1)
3(1)
5(1)
71
6(1)
5(1)
6(1)
4(1)
5(1)
4(1)
5(1)
8(1)
7(1)

a Cy; corresponds to the jth carbon of the ith phenyl.
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Atom Bu (o)
O 18(5)
Oz 19(6)
G 2(7)
Ce 4(9)
F 39 (9)
Fa 37(8)
F; 51(9)

Inorganic Chemistry

TaBLE I1I

ANISOTROPIC THERMAL PARAMETERS® ( X 2000)

B2z (o)
41 (6)

49 (8)

12 (6)

63 (19)
154 (20)
96 (13)
63 (12)

Bas (o)

1(1)
2(1)
6(1)
7(2)
2(1)
3(1)
4(1)

B2 (o) B (o) B2 (o)

15(5) —1(1) 1(1)
—5(5) 4(5) 1(2)
6(6) 8(3) 1(2)
23 (11) —13(4) —~3(6)
12(10) —3(1) —3(4)
40 (10) ~4(2) 5(2)
—6(10) —7(2) 2(2)

@ These are the cocfficients in the expression exp| —(Buh? + Buk? + Bul? + 281hk + 281kl + 28k0)].

TARLE IV

INTERATOMIC DISTANCES AND ANGLES AND THEIR ESTIMATED
STANDARD DEVIATIONS

Inter-
atomic Values,
distances A Angles Deg
Co-0, 2.00(3) 0;—Co-0; *« 97 (2)
Co-0, 3.11(38) Gy—Co—0y* 163 (2)
-G 1.23(4) 0-C1-0s 127(3)
0,-C, 1.21(8) O0~Ci-Cy 103 (4)
C-C, 1.65(8) 0-C-C, 130 (4)
Co-F, 1.16(8) C—C-Fy 125 (4)
CoFy 1.26(8) C-Co—F 100 (5)
Co-Fy 1.37(8) Ci—-Co-F; 99 (5)
F-F, 2.06(5) B -Cr-F, 117 (5)
F-F; 2.06(5) -Co-Ty 109 (5)
Ty 2.09(5) Fo-CoFy 105 (5)
As-Cupb 1.95(2) F;-Fr-F; 60 (1)
As—Cy 1.89(3) F—FsF, 80 (1)
C11—C12 1.47 (4) Cu*r\S—Cm 105 (2)
Cir-Cus 1.45(4) Ci—As-Cp*e 109 (2)
Ci5—Cus 1.44(5) Co—As—Cy *e 107 (2)
C14—C15 1. 39 (4) :\S*Cu—olg 112 (2)
C1.3*C1(; 1.47 (4:) :\S—Cn*sz 120 <2)
Cie-Cut 1.34(4) AsCan—Ca 123(2)
CQI—CQQ 1.37 (4) .&S*C2]4C26 115 (2)
Cor—Coy 1.45(4) Ci—Cr-Cyy 113(3)
Car-Ca 1.36(4) CorCis—Cus 117 (3)
Cos—Cos 1.43(3) Ci—Cu-Cys 128(3)
Co5~Cos 1.52(5) Ci—CisCis 114(3)
CoCn 1.39(3) Ci:=Cio-Cyy 119(3)
Cie—Cui—Cu 128(3)
Co—Cor-Cay 124 (8)
Co=CosCaa 116 (3)
Cop~CorCy;s 122 (3)
Coi~Ca5~Cs 120 (3)
Co=CisCxi 115(3)
Cos—Car—Caz 122 (3)

a Q, is related to O,* by a twofold axis. * C;; corresponds to
the jth carbon of the ith phenyl. ¢ Ci* is related to C;; by a
twofold axis.

The anisotropic temperature factors are given in Table
II1.

Coordination of Cobalt(II).—A (010) projection of the
Co(CF3CO0)2~ ion is given in Figure 1. Interatomic
distances and angles are given in Table IV, The
atoms are numbered as in Figure 1. As in the case of
the Co(NQO;),2~ ion,? the eight oxygen atoms may be
considered to occupy the corners of a Dygq dodecahedron.
Four oxygen atoms occupy the A positions (¢f. Figure 2
of ref 2) at a distance of 2.00 &= 0.03 A while four others
occupy the B positions at 3.11 = 0.03 A. In contrast
to the Co(NOj)s*~ case, however, the dodecahedron
has been distorted almost to the litnit, in the sense
that the four oxygen atoms at the A positions are ap-

Figure 1.—The (010) projection of the Co(Q:CCF3),%~ ion as it
occurs in the tetraphenylarsonium salt.

proximately at the corners of a tetrahedron, the O1—Co-
O1 angles being 97°, while the four at the B positions
are very far away.

The Trifluorcacetate Ion.—The structure of this
ligand is relative poorly defined in this study, especially
in regard to the position of the carbon atom (Cs) of the
CF; group and the dimensions of the CF; group in
general. This inexactness stems from the large ampli-
tude of the anisotropic thermal motions of the fluorine
atoms, which can be seen very strikingly in Figure 2.
Dimensions not involving Cs are in satisfactory agree-
ment with those reported” for CF;COONH, The
nonpositive definite form of the thermal tensors for
C, and C, can perhaps be traced in part to the existence
of pseudo-mirror planes parallel to (100) and (001),
these mirrors being destroyed chiefly by the rotation
of the phenyl groups, as shown in Figure 3, although the
generally large amount of thermal motion in the CF;
group probably contributes also.

The Tetraphenylarsonium Ions.—The phenyl groups
are hexagonal and planar within experimental error.
The mean planes in each case pass through Cy
and C;; and the mean deviations of the other
four carbon atoms from each one are about £0.03
A. The mean C-C distance is 1.42 £ 0.01 A, The
average of the As—C distances, 1.92 + 0.03 A, is in
good agreement with the sum of covalent radii, 1.93
A. The rotational orientations of the planes of the

(7) D. W. J. Cruickshank, D. W. Jones, and G. Walker, J. Chem. Soc.,
1303 (1964).
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Figure 2.—A section through the three-dimensional electron
density difference map, passing through the centers of the three
fluorine atoms, after refinement with isotropic temperature fac-

tors. The dotted lines represent negative regions, Contours
are given in units of electrons per cubic angstrom.
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Figure 3.—A projection of the (CeH;)As™ ion down the two-
fold axis. The pseudo-mirror planes referred to in the text con-
tain the As, Ci;, and Cy atoms,

phenyl groups are 45 and 32° from the vertical (i.e.,
from planes parallel to the ¢ axis of the crystal). The
tetraphenylarsonium ions have approximately S; sym-
metry; they would have this symimetry rigorously were
the two different tilt angles of the rings equal. This
result is in accord with the structural data for the
(CsH;),As T ion in other compounds, which have recently
been discussed in detail.®

Spectroscopic and Magnetic Data.—The visible and
near-infrared absorption spectra are shown in Figure 4.
These spectra are very similar to those of Co(NOs),2,
though somewhat more intense and somewhat more
structured. They closely resemble the spectra of
several other tetrahedral Co(II) complexes in which
the ligands are bound through oxygen, such as the Co-
[(CeH:)sPO,2+ion® and the Cof [(CHg)sN ;PO }42+ion, 0

(8) F. A. Cotton and S. J. Lippard, Inorg. Chem., §, 416 (1966).

(9) F. A, Cotton, D. M. L. Goodgame, and M. Goodgame, J. Am. Chem.
Soc., 838, 4690 (1961).

(10) J. T. Donoghue and R. S. Drago, Inorg. Chem., 1, 866 (1962).
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Figure 4.—The electronic absorption bands of the Co{O;CCF;),2~
ion, recorded on a 0.01 M solution in acetonitrile.

although there are some qualitative differences, mainly
in the ratio of the intensities, f(v3) /f(»2), from the spectra
of cobalt dipivaloylmethanide and monomeric bis-
(acetylacetonato)cobalt.!! = The usual electronic struc-
ture parameters® are collected in Table V.

TABLE V

ELECTRONIC STRUCTURE PARAMETERS
vy 7100 cm !
vs 17,400 cm !
A 4090 cm 1
B’ 815 cm™!
g 0.84
Flwa) 4,3 X 10—
Fws) 2.62 X 1073
ut 4.55 BM
' 174 cm !

@8 = B'/B; B = 967 cm~l. ? From Curie-Weiss law with

6 = 10°.

Discussion

The structure of the Co(O.CCF;)42~ ion bears an
interesting relationship to that of Co(NOs)s2~ and to
that of Ti(NOj)s!? The structure of Ti(NOj); is
such that the eight coordinated oxygen atoms lie at the
vertices of a Deg dodecahedron in which the A and B
Ti-O bonds!® are essentially equal. In Co(NO;)-,
the A bonds are of approximately normal length (~2.07
A) while the mean length (2.45 A) of the B bonds is
considerably greater. In Co(O.CCF,),2~ this trend
toward lengthening of the B bonds goes much further,
so that the oxygen atoms in the B positions can be
considered only very loosely bonded. It is difficult, if
not impossible, to be definite as to the distance beyond
which they should be considered as not bonded at all,
but we believe that the distance of 3.11 A must be close
toit. At the same time the vertical angle of 97° is not
farther from the ideal tetrahedral angle than that in
other truly four-coordinate complexes which would
be unreservedly regarded as ‘“tetrahedral.”

The electronic structure parameters, Ay, u, \’, and the

(11) F. A. Cotton and R. H. Soderberg, ibid., 8, 1 (1964).

(12) C. C. Addison, D, C. Garner, W. B, Simpson, D. Sutton, and 8, C.
Wallwork, Proc. Chem. Soc., 367 (1964); 8. C. Wallwork and C. C.
Addison, private communication.

(13) See ref 2 for a drawing of the dodecahedron in which the A and B
positions are indicated,



