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Fig. 4. 14-icosahedron unit in Sc,,Os, and Sc,Ir; in a projection
along |110]. The arrangement of the non-shaded icosahedra is
similar to that found in the 13-icosahedron unit in Sc,,Rh ;.

isolated tetrahedra. It can be seen from Fig. 4, which
shows the 14-icosahedra unit in isotypic Sc,,lr,, that 10
of the 14 icosahedra in the unit are arranged in a similar
way to the 13-icosahedra complex shown in Fig. 1(a).

In the Sc,,Ir, structure, ¢cF120, (Chabot, Cenzual &
Parthé, 1980q) there are three different sites occupied
by Ir atoms: one is at the centre of a cube, the second at
the centre of an octahedron and the third one is
surrounded by 12 Sc atoms forming a polyhedron
which can be considered as intermediate between a
cuboctahedron and an icosahedron. These 12-vertex
polyhedra share vertices and faces to form a three-
dimensional net in which the interstices are occupied by
the remaining Ir atoms.

We would like to thank Dr R. W. Waterstrat for
providing the Hf;,Os,;, sample and giving us infor-
mation about the Hf—Os system. Further we acknow-
ledge the help of Mrs B. Kiinzler with the preparation of
the drawings and one of us, KC, would like to thank the
Stiftung Entwicklungsfonds Seltene Metalle, Ziirich, for

Acta Cryst. (1985). C41,319-322

319

financial help. This study was supported by the Swiss
National Science Foundation under contract 2.267.0.84
and in part through contracts 2.404.0.82 and
2.411.0.82.

References

BERGMAN, G., WAUGH, J. L. T. & PAULING, L. (1957). Acta Cryst.
10, 254-259.

BrOWN, [. D. (1983). Acta Cryst. A39, 216-224.

CHABOT. B., CENZUAL, K. & PARTHE, E. (1980a). Acta Cryst. B36,
7-11.

CHABOT. B., CENZUAL, K. & PARTHE, E. (1980b). Acta Cryst. B36,
2202-2205.

GEeBALLE, T. H., MaTTHIAS, B. T., COMPTON, V. B., CORENZWIT,
E.. HuLL, G. W. JR & LoNGINOTTI, L. D. (1965). Phys. Rev.
Sect. A, 137, 119-127.

HovesTREYDT, E. (1983). J. Appl. Cryst. 16, 651-653.

HucHes, R. E.. Kennarp, C. H. L., SuLLENGER, D. B,
WEAKLIEM, H. A., SANDS, D. E. & HOARD, J. L. (1963). J. Am.
Chem. Soc. 85, 361-362.

International Tables for X-ray Crystallography (1974). Vol. IV,
Birmingham: Kynoch Press.

Larson. A. C. & CroMER, D. T. (1971). Acta Cryst. B27,
1875-1879.

MaiN, P., FIsKkE, S. J., HULL, S. E., LESSINGER, L., GERMAIN, G.,
DECLERCQ, J.-P. & WoOLFSON, M. M. (1980). MULTANS8O0. A
Svstem of Computer Programs for the Automatic Solution of
Crystal Structures from X-ray Diffraction Data. Univs. of York,
England, and Louvain, Belgium.

RicHARDS, S. M. & KASPER, J. S. (1969). Acta Cryst. B2S,
237-251.

SAMSON, S. & HANSEN, D. A. (1972). Acta Cryst. B28, 930-935.

SanDs, D. E., Jounson, Q. C., KrIKorIAN, O. H. & KRoMHOLTZ,
K. L. (1962). Acta Cryst. 15, 1191-1195.

STEWART, J. M., MACHIN, P. A., DickINsoN, C. W., AMMON, H.
L.. Heck, H. & FrLAck, H. (1976). The XRAY76 system. Tech.
Rep. TR-446. Computer Science Center, Univ. of Maryland,
College Park, Maryland.

TeATUM, E., GSCHNEIDNER, K. JrR & WABER, J. (1960). Cited in
The Crystal Chemistry and Physics of Metals and Alloys (1972),
edited by W. B. PEARSON, p. 151. New York: John Wiley.

WATERSTRAT, R. M. (1983). J. Less-Common Met. 95, 335-344.

WESTIN, L. (1971). Chem. Scr. 1, 127-135.

Yvon, K.. JEITSCHKO. W. & PARTHE, E. (1977). J. Appl. Crysi. 10,
73-74.

Structure of Potassium [meso-2,3-Butanediaminetetraacetato(4—)lcobalt(III) 2.5 Hydrate,
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Abstract. M, =459.3, orthorhombic, Pbcn, a=
29-361(22), b=10-469 (9), c=11-535@)A, V=
3545 (8) A3, z=8, D,=1-711, D,=1-72Mgm™3,

0108-2701/85/030319-04$01.50

Mo Ka, A=0-71069 A, x=0.98 mm~', F(000)=
1896, room temperature, R = 0-074 for 1221 observed
reflections [/ = 1.960()]. The structure consists of

© 1985 International Union of Crystallography
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octahedral complex anions, K* cations and water
molecules. The ligand is sexidentate and forms five
five-membered chelate rings. Two main sources of
strain in the complex anion arise from the fused
five-membered chelate rings and repulsion between
axial methyl and G-ring methylene hydrogens.

Introduction. Although there are a number of interesting
points in the study of the conformations of chelate rings
formed by 2,3-butanediaminetetraacetate (2,3-bdta*"),
to date no structure of any complex of this sexidentate
ligand closely related to ethylenediaminetetraacetate
(edta*) has been reported. Owing to the presence of
multiple chiral sites, complexes of 2,3-bdta*~ can exist
in three diastereomeric forms. As has been revealed by
molecular-mechanics calculations (PavelCik & Majer,
1982), the stereospecific formation of [Co(S,S-2,3-
bdta)]~ is expected to take place with a A(A4 4 A)
absolute configuration owing to the preference of the
equatorial orientation of two methyl groups to the
ethylenediamine chelate ring. In a complex of meso-
2,3-bdta%-, one of the methyl groups is constrained to
be oriented axially, which introduces additional strain
into the molecule. Thus, in an effort to examine how
this kind of strain affects the bonding and stereo-
chemical parameters of the known [Co(edta)l~ complex
(Weakliem & Hoard, 1959), we report here the
structure determination of the [Co(meso-2,3-bdta)j-
diastereomer, consisting of a racemic mixture of
A4-[Co(R,S-2,3-bdta)]~ and A-[Co(R,S-2,3-bdta)]".

Experimental. D,, by flotation in ethanol/1,2-dibromo-
ethane; crystal 0-30 x 0-25 x 0-15 mm; systematically
absent reflections 0kl for k = 2n+1, hOl for I=2n+1
and hkO for h+k=2n+1 from Weissenberg
photographs; Syntex P2, diffractometer; accurate
unit-cell parameters by least-squares refinement of 19
reflections, 8 < 8 < 22°; intensity data (#=0 to 30,
k=0 to 11, [=0 to 12) collected with graphite-
monochromatized Mo Ko radiation, 6-26 scan, each
reflection scanned at variable rate from 1° (in 26) below
Ka, peak to 1° above Ku, maximum, background-
to-scan-time ratio= 1-0; two standard reflections
measured every 100 reflections, 2% average fluctuation
throughout data collection; 2334 unique reflections,
2 < @ <45°, 1221 with I >1-96 o(/) considered ob-
served and included in refinement; no absorption correc-
tion; trial structure determined by heavy-atom method
and refined by block-diagonal least squares, Dw(dF)?
minimized, w= | F,1/75 if | F,1 <75 and w=75/1F,|
if 1F,1>75; anisotropic thermal parameters for all
heavy atoms; difference Fourier map revealed positions
of all H atoms but one belonging to one of three water
molecules lying on twofold axis; H atoms included in
refinement with isotropic temperature factors; final
R =0.074 and R,, = 0-065; final difference Fourier map
showed no maxima > 0-3e A-3 max. 4/c=0-17;

K[Co(C ,H (N,0)1.2-5H,0

Table 1. Final atomic coordinates (x 10%) with e.s.d.’s in

parentheses and  equivalent  isotropic  thermal
parameters B,
Beq=%42,2,8,a,.a;

X y r4 Bca(AZ)
Co 1172(1) 1583 (2) 1280 (1) 2.33
N(1) 1569 (3) 2973 (10) 902 (9) 2-60
N(Q2) 1305 (4) 740 (10)  —152(8) 3-09
o(1) 690 (3) 2572 (8) 694 (7) 283
0(2) 1118 (3) 2441 (8) 2734(N) 2.92
003) 1638 (3) 598 (8) 1967 (7) 2.87
0(4) 750 (3) 223(7) 1483 (1) 2.83
0(5) 509 (3) 4583 (9) 233 (9) 4-70
0(6) 1562 (4) 3553 (10) 3919 (8) 517
o 2083(3)  —1059 (9) 1660 (8) 4.09
0(8) 351(4) —1190(8) 461 (9) 4.57
cn 1853 (5) 2478 (13)  —105(11) 3.01
0] 1553 (5) 1706 (14)  —932(10) 3.12
c@3) 2145 (5) 3482 (14)  —687(12) 4-09
@ 1244 (5) 2432 (14)  —1761 (11) 3.77
6] 1286 (4) 4122 (11) 605 (12) 2.71
C(6) 791 (5) 3751 (12) 502 (12) 3.51
cn 1826 (4) 3200 (12) 1962 (10) 2.48
C(8) 1479 (4) 3091 (11) 2957 (11) 2:51
c) 1612(5)  —356(14) _124(11) 4-11
C(10) 1807(5)  —308 (11) 1322 (12) 3.19
c(n 860 (5) 222(14) =559 (12) 3-62
c(12) 629(5)  —333(12) 522 (11) 313
K(1) —321 (D) 3270 (3) 932 (3) 3.68
0(9) 2886 (4) 1322 (10) 949 (10) 6-00
0(10) 0 —2305 (16) 2500 8-85
o1 0 5061 (16) 2500 11-79
0(12) 0 1519 (13) 2500 5.13
scattering factors for uncharged atoms from

International Tables for X-ray Crystallography (1974);
calculations performed with the NRC system (Ahmed,
1970) on a Siemens 4004/150 computer.

Discussion. The final atomic coordinates and equivalent
isotropic B’s are listed in Table 1.* Table 2 gives bond
distances and angles for the complex, which is shown as
the 4-[Co(R,S-2,3-bdta)]~ enantiomer in Fig. 1. The Co
atom is bonded octahedrally to two N atoms and to
four O atoms from four different carboxylic groups of
the complexing molecule. (R,S)-2,3-bdta*" acts as a
sexidentate ligand, forming five-membered chelate
rings. These are designated here as E, G and R
following the notation of Weakliem & Hoard (1959)
(see also Fig. 1). The mean Co—N bond distance is
1.915 (10) A. The Co—O distances range from
1-878 (9) to 1-909 (8) A, those in the G rings being
longer than in the R rings.

There are two main sources of strain in {Co(meso-
2,3-bdta)l-. The first is common to all edta*" and
edta* -like complexes and arises from the fact that
fused five-membered rings in the equatorial plane (plane

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and selected torsion angles have been deposited
with the British Library Lending Division as Supplementary
Publication No. SUP 39762 (15 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, S Abbey Square, Chester CH1 2HU, England.
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Table 2. Bond distances (A) and angles (°) with their

e.s.d.’s

Co—N(1) 1.916 (10)  C(2)—C(4) 152 (2)
Co—N(2) 1-913 (10)  C(5)—C(6) 1-512)
Co—0(1) 1.878 (9) C(6)—0(1) 1:29 (2)
Co—0(2) 1909 (8) C(6)—0(5) 1.24 (2)
Co—0(3) 1-890 (9) C(7)-C(8) 1-54 (2)
Co—-0(4) 1-901 (8) C(8)-0(2) 1-29 (2)
N(1)-C(1) 1-52 (2) C(8)—-0(6) 1.23 (2)
N(I)=C(5) 1-50 (2) C(9)—C(10) 1-50 (2)
N(1)-C(7) 1-46 (2) C(10)-0(3) 1-30 (2)
N(2)-C(2) 1-54 (2) C(10)—0(7) 1-19 (2)
N(2)-C(9) 1-49 (2) C(11)—C(12) 1-53 (2)
N(@2)-C(11) 1.49 (2) C(12)—-0(4) 1-30 (2)
C()-C(2) 153 (2) C(12)-0(8) 122 (2)
C(1)-C(3) 1-51(2)

N(1)-Co—N(2) 91-7 (4) N()-C(1)-C(2) 110 (1)
N(1)=Co—0(1) 87-6 (4) N(1)—C(1)-C(3) 114 (1)
N(1)-Co—0(2) 83-9 (4) C(2)-C(1)-C(3) 115 (1)
N(1)-Co—0(3) 93.9 (4) N@)-C@)-C(1) 105 (1)
N(1)-Co—0(4) 173-5 (4) N(2)—-C(2)-C(4) 114 (1)
N(2)—Co—0(1) 95.7 (4) C(1)—C(2)—C(4) 118 (1)
N(2)—Co—0(2) 172.9 (4) N(1)~C(5)—C(6) 110 (1)
N(2)—Co—0(3) 87-8 (4) C(5)-C(6)—0(1) 117 (1)
N(2)—Co—0(4) 84.0 (4) C(5)—C(6)—0(5) 119 (1)
0(1)~Co—0(2) 89.7 (4) 0(1)=C(6)—0(5) 124 (1)
O(1)-Co-0(3) 176-2 (4) N(1)=C(7)-C(8) 106 (1)
0(1)—Co—0(4) 88-1 (4) C(1)-C(8)-0(2) 116 (1)
0(2)-Co-0(3) 87.0 (4) C(7)-C(8)—0(6) 121 (1)
0(2)—Co—0(4) 101-0 (4) 0(2)-C(8)—0(6) 123 (1)
0(3)—Co—0(4) 90-7 (4) N(@2)—-C(9)—-C(10) 114 (1)
Co—N(1)—C(1) 104 (1) C(9)-C(10)-0(3) 114 (1)
Co—N(1)—C(5) 109 (1) C(9)—-C(10)-0(T) 123 (1)
Co—~N(1)-C(7) 104 (1) 0(3)-C(10)-0(7) 123 (1)
C(1)=N(1)—C(5) 114 (1) N(Q)—-C(11)=C(12) 106 (1)
C()=N(1)-C(7) 114 (1) C(11)=C(12)-0(4) 114 (1)
C(5)=N(1)—C(7) 110 (1) C(11)=-C(12)-0(8)  122(1)
Co—N(2)~C(2) 107 (1) 0(4)—C(12)-0(8) 124 (1)
Co—N(2)—C(9) 107 (1) Co—0(1)-C(6) 115 (1)
Co—N(2)-C(11) 105 (1) Co—0(2)—C(8) 11 (1)
C(2)=N(2)—C(9) 110 (1) Co—0(3)~C(10) 116 (1)
C(2)-N@)-C(11)  118(I) Co—0(4)—C(12) 114 (1)
C(9)-N@)-C(11) 108 (1)

Fig. 1. A perspective drawing of 4-[Co(R,S-2,3-bdta)]~ and the
numbering scheme of the atoms and the chelate rings.

321

defined by the E ring) cannot open sufficiently to place
their donor atoms at the corners of an ideal
square. Examination of the molecular model
revealed that another source of strain is introduced into
the molecule by the C(4) axial methyl group and is
represented by repulsion between H(C4) and H(C11)
hydrogen atoms (Fig. 1). The relaxation of this close
H.-.-H interaction is mainly achieved by a lengthening
of the N(2)—C(2) bond and by a widening of the
valency angles C(2)—N(2)-C(11), N(2)-C(2)—C(4)
and C(1)—C(2)—C(4) (Table 2). Other bond distances
and angles (Table 2) not directly affected by strain-
minimization considerations are in general normal and
closely agree with those reported for the [Co(edta)]~.

The C—O distances in all the carboxylate groups are
significantly different, as expected. It is interesting to
note, however, that the interplay among these distances
and the bond angles around C atoms is by no means
arbitrary but follows closely the four systematic
relationships described by Borthwick (1980).

The overall conformation of the [Co(R,S-2,3-bdta)]~
complex may be described as E,G/R following the
notation suggested by Porai-Koshits, Pozhidaev &
Polynova (1974). The conformations of individual
chelate rings have been deduced from the torsion angles
and least-squares planes. The central F ring has a
slightly distorted twist form of chirality A. The
distortion involves some flattening of the ring at the
C(2) atom. All the G rings adopt an envelope
conformation with N(1) and N(2) deviating from the
mean planes of the remaining four atoms by 0-72 (1)
and 0-69 (1) A, respectively. The conformation of the R
rings can also be described as an envelope but the
puckering of the rings is much less than that of the G
rings. A degree of distortion of chelate rings from
planarity may also be measured by the mean deviation
of the five atoms of the ring from its least-squares plane.
For |Co(meso-2,3-bdta)|~ we find the mean deviation of
G and R rings to be 0-18(1) and 0-06 (1) A,
respectively.

Fig. 2. The projection of the structure along the b axis. Inter-
molecular hydrogen bonds and ion—dipole interactions are
represented by dashed lines. O(10), O(11) and O(12) water
oxygens lying on the twofold axes overlap each other in the
figure.
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The structure projected along the b axis is shown in
Fig. 2. The complex anions are connected through the
K+ cations and the molecules of water of crystal-
lization, forming infinite chains parallel to the ¢ axis.
The chains are held together by van der Waals forces
only. The parameters of the hydrogen bonds formed
within the chains are given in Table 3. No H atom
attached to O(12) of the water molecule was found in
the difference synthesis but from the O(12)---O(4)
distance (Table 3) this hydrogen bond is also clearly
indicated. The K* ion is seven-coordinated to five
carboxylic oxygens of three different complex ions:
O(l)v 0(5)3 0(2) (—‘X, s %——Z), 0(5) (—xr 1—)’, —Z) and
O(8) (—x, —y, —z) and to two water molecules O(11)
and O(12). The KO, polyhedron most closely approxi-
mates a monocapped tetragonal bipyramid; the atom
O(1) is ‘capped’ over the face O(5), O(8) and O(12).
The Kt*...O distances range from 2.68 (1) to
3-07 (1) A, mean 2-83 (1) A, which corresponds to the
sum of the ionic radius of K* for coordination number
7 (1-46 A; Shannon & Prewitt, 1969) and the van der
Waals radius of O (1-40 A).

Acta Cryst. (1985). C41, 322-324
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Table 3. Hydrogen-bond parameters

Angle
A—H-.-B A—H A---B H-.-B H-A4---B
0(9)—H(09)---0(7") 0.9()A 2.86 (DA 2.1(H)A 20(8)°
0(9)—H’'(09)---0(6") 0-9 (1) 2:85(1) 2.0(1) 16 (8)
0(10)—H(010)---0(8") 1-1(1) 2.82 (1) 1.8(1) 9 (8)
O(11)-H(O11)---0(10) 1-0(2) 2-76 (2) 2:4(2) 61 (10)
0(12)---0(4) — 284 (1) — —

Symmetry code for B: (i) x, y, z; (i) §—x, §+V, z; (iii) $—x, }—y, z—%
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Structure of Bis(0,0’ -diisopropyl phosphorodithioato)nickel(II), NilS,P(0'C,H,),],
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Abstract. M, = 485-29, monoclinic, C2/c, a=
14-047 (2), b=10-338(3), c=16-807(3)A, B=
109-71 (1)°, U=12298 (2)A3, D, =136 (2), Z=4,
D, = 1-402 (1) Mg m~3, Ni-filtered Cu Ka radiation,
A=1.5418 A, u(CuKa)=5-86 mm~', T=295(2)K,
F(000) = 1016, R =0-065 for 1751 observed reflec-
tions with I > 30([). Crystals contain discrete molecules
of the title compound with the two dithiophosphate
ligands chelating the Ni atom in the expected square-
planar array with equivalent Ni—S distances of average
value 2-221 (1) A.

Introduction. Nickel(I) dithiophosphates and dithio-
phosphinates of the general formula Ni(RR'dtp), have
been the subject of extensive crystallographic studies.
Amongst the complexes which have been structurally
characterized are the following: (i) R=R': CH; (Jones,
Ansell & Katz, 1969), CH,CH, (Shetty & Fernando,
1969), C,H, (Porta, Sgamellotti & Vinciguerra, 1968),
OCH,; (Kastalsky & McConnell, 1969), OCH,CH,

0108-2701/85/030322-03%501.50

(Fernando & Green, 1967; McConnell & Kastalsky,
1967); and (i) R#R': CH,, C,H,S (Wunderlich &
Wussow, 1979), CH,;, CH,CH, (Wunderlich, 1980),
and CH,. N(CH,), (Seel & Zindler, 1980). In all of the
above structures the 1,1-dithiolate ligand chelates the
Ni atom with equivalent Ni—S bonds. Recently the
structure of the Ni'" complex where R=CH,CH,,
R'=0IC,H, (1) has been reported (Bone, Sowerby,
Constantinescu & Haiduc, 1979) in which marked
asymmetry is apparent in the mode of coordination of
the dithiophosphate ligand: Ni—S 2-262 (1) and
2.116 (1) A. When R=R'=CH,CH; (Shetty & Fer-
nando, 1969) no special features are observed in the
structure to account for this anomalous chelation and it
was therefore of interest to ascertain whether the
unusual coordination mode noted for (1) is due to the
influence of the relatively bulky isopropyl substituents.
We therefore have undertaken a crystal structure
determination of the Ni'' complex where
R=R'=0IC,H,, hereafter Ni{(C,H,0),dtp!,.

© 1985 International Union of Crystallography



