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The preparation, structure, and properties of a polynuclear copper(ll) compound, [(CH;):N]}4[Cu,OCly], are reported.

The compound crystallizes as red, cubic crystals (¢ ==

19.30 == 0.02 A) of space group P43n with eight formula units per unit
cell; the calculated density of 1.70 g/cm? agrees well with the experimental value of 1.69 &= 0.02 g/cm3.

A total of 310

unique, nonzero reflections were visually estimated from precession camera photographs; least-squares refinement resulted

in a conventional R value of 9.09.

The polynuclear anion contains a central oxide ion coordinated tetrahedrally to four
copper(II) ions; the copper(Il) ions are bridged in pairs by six chloride ions.
trigonal-bipyramidal coordination sphere around each copper(II) ion.
dependent anions, the two are virtually identical and undistorted.

The remaining four chloride ions complete a
Although there are two crystallographically in-

Average bond distances and angles are: Cu-0, 1.93 =&

0.01 A; Cu-Clyy, 2.21 = 0.04 A; Cu~Cleg, 2.41 52 0.02 A; Cleg—Cu—Cleg, 119 = 0°; O-Cu—Clyy, 179 & 1°.

Introduction

In several recent papers,?~* structures have been re-
ported for polynuclear complexes of copper(II) with the
general formula Cu,OCLLs. In these complexes, an
oxide ion is tetrahedrally coordinated to four copper (IT)
ions (Cu-O distance of 1.90 A compared to 1.95 A in
CuO) and coordination about copper is essentially
trigonal bipyramidal. The chloride ions, which bridge
adjacent copper (1) ions along the six edges of the tetra-
hedron, form an undistorted octahedron about the cen-
tral oxygen in the compound with L = triphenylphos-
phine oxide?*? and a distorted octahedron about the
central oxygen in the compound with L = pyridine.*
The conclusion was reached in the case of the pyridine
compound that the distortion resulted from intermo-
lecular contacts.

In a preliminary communication,? the preparation of
an ionic species CusOClL*~ was reported; although it
was expected to have a ws-oxo type of structure (Cuy-
OCLL, with L = CI7), the structure was of interest be-
cause of (1) its ionic nature, (2) the possibility of ob-
taining further information about the nature of the dis-
tortion of the chloride octahedron, and (3) the possibility
of comparing the coordination of copper to that re-
ported®® for the CuCl;3~ ion. In this paper, we report
the structure of the tetramethylammonium salt of Cu,-
OC1104_.

Experimental Section

Preparation.—A methanol solution of anhydrous CuCl; was
refluxed with CuO for 24 hr; a stoichiometric amount of (CHj)y-
NCI1 was added to the hot solution. Deep red octahedral-shaped
crystals deposited over a period of about 24 hr; the crystals were
filtered and dried in a vacuum desiccator over sulfuric acid.
Anal. Caled for CusOCL,NCieHys: Cu, 27.58; Cl,38.48; C,20.85;
H, 5.26. Found: Cu, 27.77; Cl, 38.10; C, 21.00; H, 5.22.

Magnetic Susceptibility Measurement.—The magnetic suscep-
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tibility of the compound, 2162 X 1078 cgsu/g-atom of Cu, was
determined by the Gouy method at 25° using HgCo(CNS); as
a calibrant. A correction for diamagnetism (133 X 10~% cgsu/g-
atom of Cu) was made, using published atomic values.” The
value of wetr was found to be 2.2 = 0.1 BM.

Collection and Reduction of X-Ray Data.—The crystal chosen
for space group determination was octahedral shaped with an
average trigonal face to trigonal face distance of 0.3 mm. Preces-
sion photographs, using Zr-filtered Mo Ka (A 0.7107 A)radiation,
indicated that the crystal was cubic with a unit cell dimension,
a, of 19.30 = 0.02 f\; the Laue symmetry was m3m and the
hhl reflections were systematically absent for ! odd. Although
space groups Pm3n and P43n were possible, only the latter was
consistent with the presence of eight anions per unit cell and the
successful refinement confirmed P48n as the correct space group.
The calculated density of 1.70 g/cm?® agrees well with the ex-
perimental value of 1.69 == 0.02 g/cm?® obtained by the flotation
method using carbon tetrachloride and methylene iodide.

Intensity data were collected using the same crystal as used
for the space group determination; a precession camera and
Zr-filtered Mo Ko radiation (A 0.7107 A) were used to collect
a total of 310 unique, nonzero reflections (visually estimated)
from the hkL layers (L = 0-4). Lorentz and polarization (Lp)
corrections were computed; for unobserved reflections, Fmia
values were obtained by multiplying /min of the standard series
by the Lp factor for the reflection and then taking the square
root of the product. No corrections for absorption were made;
the calculated absorption coefficient, g, is 32 cm ™.

Solution of the Structure.—From a three-dimensional Patter-
son synthesis and the assumption that the basic structural unit
would be similar to that found in other CusOClL, structures,
coordinates were assigned to all atomns except those of the tetra-
methylammonium ions. The eight oxygens occupied a 2a set®
(site symmetry 23) and a B¢ set (site symmetry 4); the copper
ions coordinated to the oxygens of the 2a set (origin anion)
occupied an 8e set and the copper ions coordinated to the oxygens
of the 6¢c set (nonorigin anion) occupied general positions 24i.
The bridging chlorides of the origin anion were placed in a 12f
set and the bridging chlorides of the nonorigin anion required
12g and 24i sets (since the bridging chlorides occupy equatorial
positions in the coordination sphere of copper, they will be
designated Cley; primed symbols will be used throughout for the
nonorigin anion). The terminal chlorides (designated Clax)
were placed in an 8e set for the origin anion and a general, 24i,
set for the nonorigin anion.

(7) B. N. Figgis and J. l.ewis in **Modern Coordination Chemistiy,” J.
l.ewis and R. G. Wilkins, Ed., Interscience Publishers, Inc., New Yock,
N. Y., 1960, p 403,

(8) “International Tables for X-Ray Crystallography,” Vol. I, The Kynoch
Press, Birmingham, England, 1965.
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Two cycles of full-matrix least-squares refinement of coordinates
resulted in a conventional R value (E/HF01 — chH/EIng)ofO.lz";
a Fourier synthesis was then computed, using the phasescalculated
for the known part of the structure, and the remaining non-
hydrogen atoms were located. Least-squares refinement of all
atom coordinates not defined by symmetry, individual isotropic
temperature factors, and individual scale factors for the five
layers of data was continued until successive cycles gave no
appreciable change in any parameter; the final R value (conven-
tional) was 0.090. Structure factors were calculated for un-
observed reflections; none of the calculated values exceeded
2 Fmin. Table I lists the final structural parameters and Table
II lists observed and calculated structure factors.

TaABLE 1

PosiTIONAL AND THERMAL PARAMETERS FOR
[(CH;3)sN14[CusOCly]

Atom x ¥ z B, Az
(6] 0 0 0 2.4 (2.3)¢
o’ 1/4 /s 0 8.7 (3.0)
Cu 0.0582 (5) 0.0582 (5) 0.0582 (5) 4.3 (3)
Cu’ 0.1922 (5) 0.5501 (4) 0.0637 (4) 3.6 (2)
Cleq 0.1537 (20) 0 0 7.2 (8)
Cleg’ (1) 0.0980 (14) 1/, 0 4.8 (5)
Cleg’ (2) 0.2457 (8) 0.6511 (8) 0.0178 (8) 3.7 (3)
Clax 0.1231 (13) 0.1231 0.1231 8.2 (14)
Clax’ 0.1295 (9) 0.6100 (9) 0.1417 (10) 5.5 (5)
N 0.3401 (34) 0.3401 0.3401 5.1 (24)
N’ 0.8549 (39) 0.9243 (42) 0.3459 (40) 7.3 (1.9)
) 0.2955 (60) 0.2955 0.2955 12.9 (5.9)
C(2) 0.3365 (68) 0.4060 (49) 0.3251 (61) 9.9 (3.2)
C(1) 0.8046 (48) 0.9532 (47) 0.2916 (48) 9.1 (2.3)
C'(2) 0.8490 (41) 0.8449 (41) 0.3276 (40) 7.1 (1L.8)
C(3) 0.9284 (43) 0.9246 (43) 0.3371 (50) 8.3 (2.0)
C’(4) 0.8418 (41) 0.9242 (36) 0.4108 (40) 5.3 (1.5)

¢ Numbers in parentheses here and elsewhere are the estimated
standard deviations occurring in the last digitslisted. None is
given for parameters fixed by symmetry.

#a-OX0O-HEXA-p-CHLORO-TETRA (CHLOROCUPRATE(II))

1983

Figure 1, is analogous to that found for CusOCls(OP-
(CBH5)3)4y2’3 Cu4OCle(py)4,4 and Mg4OBre(C4HmO)4.1°
Interatomic distances and angles are given in Table III.

Figure 1.—A perspective drawing of the structure of the
CmOCho“_ anion.

Although crystallographically independent, the only
significant difference in the two anions is the Cu—Clyy
distance, 2.17 (2) A in the origin anion and 2.25 (2) A in
the nonorigin anion. The Cu-O distances, 1.95 (1) and
1.92 (1) A, agree well with the values from the previous
structures, 1.88-1.92 (2) A, and with the value for
copper(II) oxide, 1.95 A. The octahedron of bridging
chlorides for the origin anion is, because of symmetry,
undistorted with a Cu—Cly, distance of 2.43 (3) A; that
the chloride octahedron of the nonorigin anion is not

TaABLE 11
OBSERVED AND CALCULATED STRUCTURE AMPLITUDES FOR [(CHj3);N],[CusOCly]

L=0 126 1537 1413 17 16 380 168 8 7 1075 1223 14 6 413 325
H K FO FC 127 347 181 18 1 941 1022 9 2 1761 1867 14 11 431 484
5 3 733 731 12 8 1403 1338 18 3 544 640 9 4 830 840 14 12 616 703
4 0 3493 3175 12 10 359 352 18 7 386 388 9 5 767 770 14 13 440 583
4 2 550 595 12 12 1383 1519 18 8 547 551 9 6 1707 1647 15 2 1025 916
4 3 423 a4e3 13 2 775 774 18 9 571 647 9 8 1021 782 15 3 419 421
4 4 4950 4724 13 3 491 526 19 2 548 556 10 1 1395 1235 15 10 615 672
6 0 2422 2244 13 4 349 557 20 0 1739 1367 10 3 2228 2089 15 11 438 495
6 L 1719 1779 13 5 496 557 20 2 777 677 10 4 502 el4 15 12 442 297
o 5 828 98l 13 6 1224 1052 20 &4 673 468 10 7 2179 2336 15 13 645 534
7 3 42 480 13 12 375 517 24 O 625 447 10 8 1296 1249 16 1 741 810
7 6 3105 3131 14 0 1423 1479 10 9 1076 1260 16 2 428 591
8 0 1967 1511 14 1 1764 1395 11 2 1157 1031 16 3 607 536
8 2 1121 1085 16 4 507 200 L=l 11 4 1171 975 16 5 631 289
8 4 1516 1568 14 5 882 831 HoK FO  FC 11 5 1181 1181 16 6 612 560
8 6 2298 2634 15 1 3565 409 32 1239 1050 11 6 1306 1274 16 10 765 867
§ 8 6932 7013 15 2 517 486 6 3 2124 2137 11 10 398 360 16 13 450 463
9 2 1984 1970 15 3 732 864 4 1 2233 2098 1z 1 537 500 17 2 757 784
9 4 601 520 15 10 536 539 4 2 2172 2004 12 2 538 546 7 3 €19 609
9 b 1856 1962 15 15 551 559 5 2 570 487 12 5 948 807 17 6 623 46l
10 0 2582 2687 16 0 2237 2381 6 2 626 584 12 6 1660 1374 17 10 775 844
v 1 2186 2126 16 2 1180 1133 & 1 601 656 12 7 557 480 18 1 1406 1470
1603 1527 1443 16 5 531 635 6 4 1502 1667 12 11 585 827 18 & 446 289
165 1270 1394 16 & 376 287 6 5 2641 2413 13 2 394 332 18 5 6446 393
10 7 1459 1516 16 8 1316 1234 7 2 720 764 13 3 791 782 .8 & 447 338
108 1623 1716 16 10 562 493 73 421 592 13 4 88% 922 .8 7 634 379
10 9 1168 1235 16 11 385 311 7 4 303 310 13 5 399 4318 18 8 636 633
11 2 1293 1270 16 12 774 690 7 5 1158 1102 13 & 697 736 18 9 780 629
11 6 1053 992 16 16 669 492 76 2242 2385 13 10 418 382 18 11 453 453
117 676 724 17 2 536 601 8 2 1405 1519 14 1 704 636 19 2 637 545
11 10 703 753 17 4 380 460 & 4 1017 941 1la 2 575 5719 20 2 643 547
12 4 1172 780 17 6 540 471 8 5 1601 1535 14 3 1527 1274 22 4 455 294
12 5 340 400 17 1C 669 730 & 6 2355 2408 14 & 409 357

Computations were carried out on the Burroughs 5500 com-

728

960

639

687

4 5 9 6 946 & & 437 388
L=2 10 5 821 643 16 6 454 302 9 4 542 598 9 5 785 603
noK FO FC 16 6 2362 2326 16 T 456 560 B 4 506 559 5 o 465 529
331805 1812 10 10 565 730 16 8 794 791 g 6 1068 1010 5 7 475 533
411994 20064 11 3 1311 1321 16 9 799 853 & 7 545 704 18 4 1161 1190
4 2 2267 2325 11 6 1525 1429 16 181G 702 12 3 1180 1097 15 5 1aes 1364
4 22588 2872 11 6 550 449 17 7 658 668 12 5 2028 2159 o & s97 &97
4 4 1621 1745 11 7 788 B8l6 17 B 661 694 12 & 194 825 1] 5 128] 1413
S 1 555 487 11 8 692 76l 17 9 664 602 12 7 921 823 11 g 734 744
5 3 807 821 11 11 592 556 18 1 468 323 12 11 850 1087 1] 7 1180 1134
5 4 2529 2561 12 3 1478 1428 19 3 477 446 13 4 1623 1385 1) 1] 569 453
5 5 1189 1191 12 5 693 717 136 476 380 12 4 21.4 1943
6 1 582 584 12 6 100 782 137 480 430 12 8§ 969 339
6 2 1454 988 12 7 913 1011 =3 13 12 722 645 13 5 1374 1413
6 4 1785 1901 12 8 584 614 H K FO FC la 6 1086 1081 13 4 {267 1237
6 & 5256 4925 12 9 418 489 5 41865 1777 16 7 496 255 13 1 573 698
7 31031 990 12 12 436 575 6 31879 1846 14 11 730 699 13 11 604 740
741363 1264 13 3 410 269 6 4 1996 1568 16 12 522 551 13 |3 g22 g7
7 51083 1061 13 4 922 895 7 4 2193 2174 15 4 710 735 14 5 1187 1097
77 2565 2506 13 5 1245 116l 7 6 1421 1527 15 12 754 752 14 6 @32 1142
8 31696 1817 13 8 425 358 1lu 8 435 6582 16 3 515 534 14 7 gu0 973
& 4 660 665 13 12 631 782 11 4 1135 1180 16 10 927 933 ), 13 g37 77)
8 5 1151 1069 13 13 639 748 11 5 436 280 29 3 795 791 14 14 g45 64
8 6 339 410 14 2 2395 2376 11 6 439 478 15 5 1209 1169
8 71702 1635 14 4 953 893 11 8 784 b64 15 6 608 847
8 81884 1861 14 & 862 759 11 9 651 64d L=4 15 11 637 794
9 31672 1769 14 8 437 315 10 6 420 564 H K FO FC 16 4 1076 935
9 4 977 1054 14 10 445 659 9 5 B74 872 5 5 2941 3275 16 & 627 357
§ 6 356 390 14 12 455 581 9 3 723 685 6 6 1574 1917 16 8 899 840
9 7 1360 1325 1s 14 806 833 9 7 816 788 7 5 1819 1673 17 & 45 357
9 81173 1246 15 8 648 453 10 3 1138 1033 7 6 1468 1693 19 7 77 e3g
9 91515 1623 15 9 639 592 1y & 1995 2020 7 T 603 524
10 2 2264 2557 15 12 655 554 10 5 584 648 8 4 1523 1357

puter and on the Univac 1108 computer; programs employed
included modified versions of Zalkin’s ForpAP Fourier summa-
tion program, the Busing—Martin~Levy ORFLS and ORFFE
least-squares and function and error programs, and various
locally written programs. In structure factor calculations, the
scattering factors tabulated by Ibers® were employed for all
atoms. No corrections were made for anomalous dispersion.

Description of the Structure

The structure consists of two independent polynu-
clear units of CuOClyt—; the basic structural unit,

significantly distorted is indicated by the agreement be-
tween Cu—Clyq distances, 2.38 (2)-2.45 (2) A, and the
agreement between Cl,q—Cu-Cl.q angles,118.0 (5)-120.5
(5)°. As in previous structures, the copper is displaced
out of the equatorial plane and away from the oxygen to
give .Cleg~Cu~O angles of 85 (1)° for both anions; the
O--Cu~Cl,, arrangement is linear because of symmetry

(9) 'J. A. Ibers in “International Tables for X-Ray Crystallography,”
Vol. 3, The Kynoch Press, Birmingham, England, 1962.
(10) G. Stucky and R. E. Rundle, J. Am. Chem. Soc., 88, 4821 (1964).
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TaBLE 111
INTERATOMIC DISTANCES AND ANGLES WITHIN THE CuyOCl,e*~ ANIONS

Atoms Distance, A Atoms
Cu-0 1.95 (1) Cu-0-Cu
Cu’-0’ 1.92 (1) Cu’-0'-Cu’
Cu—Cu 3.18 (1)

Cu’~Cu’ 3.14 (1) O-Cu-Clax

Cu—Clag 2.43 (3) 0’-Cu’~Clay’

Cu’-Cleq’(1) 2.40 (2) 0O-Cu~Cleq

Cu'~Cley’(2) 2.38 (2) O'-Cu/~Clog’(1)
2.45 (2) O'-Cu’'-Cleq’(2)

Cu—Clax 2,17 (2)

Cu’~Clay’ 2.25 (2) Cleq—Cu~Cleq

requirements in the origin anion and only slightly bent,
177.0 (7)°, in the nonorigin anion.

The bond distances and bond angles of the tetra-
methylammonium ions are given in Table IV. The
high temperature factor for C(l) suggests the possi-
bility of disorder; however, no unusual features were
noted in the final difference Fourier map in the vicinity
of this group. The temperature factor of O’ is also
high; the high value probably results from inaccuracies
in the data and the fact that the motion of the copper
atoms was treated as isotropic rather than anisotropic.

TasLE IV

INTERATOMIC DISTANCES AND ANGLES WITHIN THE
TETRAMETHYLAMMONIUM CATIONS

Distance, Angle,
Atoms Atoms deg
N-C(1) 1.49 (7) C(1)-N-C(2) 113.8 (7.2
N-C(2) 1.31 (9) C(2)-N-C(2) 104.8 (6.7)
N’-C’(1) 1.53 (9) C/(1)-N"-C(2) 98.8 (6.0)
N'-C’(2) 1.58 (11) C’/(1)-N"-C'(3) 123.0 (7.7)
N’~-C’(3) 1.43 {10) C'{1)~N'-C'(4) 123.1 (8.1)
N'-C’(4) 1.28 (10)  C/(2)-N'-C'(3) 92.7 (6 6)
C’/(2)-N"-C'(4) 101.8 (8.4)
C/(3)-N’-C'(4) 108.2 (8.0)
Discussion

The complex anion can be thought of as a member of
the series of compounds with the general formula Cuy-
OClLs; the basic CusOCl; unit in the two independent
anions and in the previously reported structure for the
compound with L = triphenylphosphine oxide*? are all
essentially identical; the compound with L = pyridine*
is very similar but shows a significant distortion of the
chloride octahedron (Cu—Cl distances vary from 2.36 to
2.49 A; CI-Cu-Cl angles vary from 108 to 138°). Since
none of the other complexes shows such distortion, it
appears that intramolecular contacts between pyridine
carbons and the chlorides are responsible.

One of the interesting features of the structure of the
triphenylphosphine oxide complex was the linear P-O~
Cu arrangement; it was suggested that such an arrange-
ment could be a result of = bonding, with back-dona-
tion from copper to the phosphine oxide, and that this
factor would strengthen the bond between copper and
the oxygen of the phosphine oxide. A similar effect in
the present complex, involving back-donation from the
copper to the vacant 3d orbitals of the chloride, should
result in a shortening of the Cu-Clyx distance; the Cu-

Angle, deg Atoms Angle, deg
109.5 Cleg’(1)=Ct’~Cleq'(2) 118.0 (3)
109.0 (5) 120.5 (5)
109.7 (3) Cleg’(2)-Cu'-Cley’ (2) 118.9 (4)
180.0 Clax—Cu-Cleq 95.5 (8)
177.0 (7) Clax~Cu’-Cleq’ (1) 98.2 (7)
84.5 (6) Clax/~Cut/~Cleg(2) 93.5 (7)
84.8 (5) 94.4 (7)
85.6 (5) Cu~Cle~Cu 81.5 (1.2)
83.5 (3) Cu’~Clgq’(1)-Cu’ 81.4 (9)
119.1 (2) Cu/—Cleg/(2)~Cu’ 81.2 (6)

Clay distances (2.17 (2), 2.25 (2) A) are considerably
shorter than the Cu-Cl., distances (2.38 (2)-2.45 (2) A).

Comparison of the coordination sphere of copper in the
polynuclear anions and in the CuCl;*~ ion®% shows good
agreement; in both cases, the Cu-Cl,, distances are
considerably less than the Cu-Cls, distances. The
Cu-Cl,, distances in the polynuclear anions (2.38 (2)-
2.45 (2) A) and in the CuCl;*~ ion (2.39 A) are identical
even though the Clq atoms in the polynuclear anion are
bridging groups; comparison of the Cu-Cl.q distances
of the polynuclear anions (2.17 (2), 2.25 (2) A) with that
of CuCls*~ (2.30 A) shows a significant shortening only
in the case of the origin anion. The shorter distance
for Cu~Clsx than for Cu—Cleg is cousistent with the -
bonding argunient; a shorter Cu-Cl,, distance in the
polynuclear anion than in CuCl;®~ is also consistent
since in the CuCl;3~ ion two axial chlorides would com-
pete for the copper electrons in the same manner that
trans-carbonyl groups compete for metal electrons (and
weaken bonds) in metal carbonyl complexes.

The normal magnetic moment, 2.2 BM, observed for
[(CH3) N [;[CuyOCly] at room temperature is similar
to the moments reported for the other CusOClL, com-
pounds. Although normal, these moments are never-
theless unusual since most copper(I1I) complexes with
oxygen bridges exhibit subnormal moments at room
temperature owing to superexchange. The explana-
tion for this different behavior may be related to the fact
that the oxygen atom in the us-0x0 complexes has no
low-energy orbitals available for superexchange through
a w-type interaction. In this respect, it is significant
that the copper complex of the Schiff’s base of acetyl-
acetone and 2-aminoethanol has a normal moment of
1.84 BM and a recent structure determination!! indi-
cates that the alkoxide oxygens form us; bridges; all
outer orbitals of the bridging oxygens are, thus, in-
volved in o bonding (to three copper ions and one
carbon atom) and there are no low-energy orbitals avail-
able for a w-type interaction. Studies of other polynu-
clear copper(I1) complexes with normal moments are in
progress.

It is interesting that the copper(II) tetrahedra in the
Schiff’s base complex, which has a cubane-type struc-
ture,™ and in the u4-0x0 complexes are almost identical
(Cu—Cu distances of 3.01 and 3.26 A in the cubane-type
structure and 3.09-3.17 A in the p:-0xo comples). In

(11) J. A. Bertrand, J. A. Kelley, and C. E. Kirkwood, Chem. Commun.,
1329 (1968).
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the cubane-type structure alkoxide oxygens are above
the faces of the copper(II) tetrahedron and in the us-0x0
structure there is an oxygen at the center of the tetra-
hedron and a chloride above each edge; the close relation-
ship between the bonding in these two types of structures
has been discussed.!?

Ox1pEs HaviNG THE CORUNDUM STRUCTURE 1985
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The C Rare Earth Oxide-Corundum Transition and
Crystal Chemistry of Oxides Having the Corundum Structure
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Syntheses of new corundum-type phases at a pressure of 65 kbars show that complete solid solubility exists in the systems

II’lea—leOa, IIlgOa—FEan, and FEQOa*Gazoa.

structure of T1,0O; II were not successful.

Sce0s is soluble in InyO; up to a ratio of about 1:1.
of Iny;O3 1T resulted in average interatomic distances essentially the same as those found for InsO; I.
Consideration of the structural relationships among corundum, B rare earth

A structure refinement
Attempts to refine the

oxides, and C rare earth oxides and comparison of electronegativity differences between InyO; and the rare earth oxides
suggests why In,O; and T1,O; transform to the corundum structure whereas SceQO;, Y203, LusO;, and Tmp0; transform to
the B rare earth oxide structure at high pressure. Plots of effective cationic volume vs. unit cell volume, normalized ¢/a
ratios vs. d-electron configuration, and metal-metal distances vs. effective ionic radii for all corundum-type phases provide a
better understanding of the crystal chemistry of corundum-type oxides. Interatomic distances and ¢/a ratios are shown
to be consistent with the Goodenough model which correlates electrical properties with metal-metal interactions. In
addition, these correlations have been used to predict individual interatomic distagces in the Rhy0;'structure.

Introduction

Several simple oxides are known to occur with the
corundum (a-AlLO;) structure, including Al,Os, TiOs,
V:0;, Cr,03, FeO; Gas0; and RhyO;!  Recently,
high-pressure transformations of InyO; and T1,0;, which
normally have a C rare earth oxide structure, to a
modification with the corundum structure? have been
reported.®* The corundum modification at high pres-
sure was unexpected in that the usual high-pressure
transformation observed for compositions with the C
rare earth oxide structure is to the B rare earth oxide
form. Hoekstra® found that even at intermediate
pressures corundum structures are not formed for any
of the rare earth oxides. Since density increases in the
order C — corundum — B, it was not clear why the
rare earth oxides are never found in a corundum modifi-
cation, while In,O; apparently never adopts the B
form.® In order to attempt resolution of this problem,
we have investigated the effects of pressure on the

(1) R. W. G. Wyckoff, Crastal Struct., 2, 8 (1964),

(2) Throughout this paper, “corundum structure’”’ will refer to any phase
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