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of oxygen exchange suggests unfavorable barriers for either 
process. 

Observation of facile oxygen exchange (process 3) suggests that 
water-I8O may be employed as a sensitive probe for oxide character 
in transition-metal cluster ion complexes (Le., to distinguish 
dissociative from molecular chemisorption for simple oxides such 
as NO, CO, and C02). Co3NO+ serves as a model since we have 
previously demonstrated that it contains N O  dissociatively 
chemisorbed on the cluster.2 Competitive oxygen exchange and 
condensation are observed (processes 13 and 14) with water-%. 

C O ~ ( N ' ~ O ) +  + H2160 (13) 

-€ C % ( N " ~ O ) ( H ~ ~ ~ O ) +  (14) 

Co3(N"0)+ + H2"0 

CA of the water adduct C O ~ ( N ~ ~ O ) ( H ~ * ~ O ) +  yields elimination 
of water as the primary fragmentation process with a statistical 
H2160/H2180 distribution, indicating that the oxygen atoms are 
rapidly interconverting. These results confirm that NO is dis- 
sociatively chemisorbed on Co3+. 

The above results demonstrate the potential of water-IsO as 
a sensitive probe for metal oxide character in transition-metal 
cluster ion complexes. We are currently exploring the scope of 
this method for probing oxide character in a variety of transi- 
tion-metal cluster ion systems. This technique may prove to be 
a powerful and nondestructive method for probing the structure 
of complex transition-metal cluster ions in the gas phase. 
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Soluble Polychalcogenide Chemistry of Indium. Synthesis 
and Characterization of [In2Se21]4-, the First Indium 
Poly selenide 

Compared to transition-metal polychalcogenide chemistry, the 
corresponding chemistry of group 111 metals is virtually unex- 
plored.la,b For example, in contrast to a number of mono- 
chalcogenide compounds,IC no In/polychalcogenide species are 
known to date. As part of our continuing efforts to characterize 
late-transition-metal/- and main-group-metal/chalcogen chem- 
istry, we and others recently reported the new series of [M(Q4)2]2- 
complex anions2 (where M = Zn, Cd, Hg, Ni, Pd and Q = Se, 
Te) and their use as precursors to intermetallic solids. We also 
reported the unusual [Ag(SeJ],,", a one-dimensional inorganic 
polymer.3 We expected that at least the softer, heavier members 
of group I11 elements (Le. In, T1) would form analogous, stable 
chalcogenide complexes. The pnictide and chalcogenide binary 

(a) Muller, A,; Diemann, E. Ado. Inorg. Chem. Radiochem. 1987, 31, 
89-122. (b) Draganjac, M.; Rauchfuss, T. B. Angew. Chem., Inr .  Ed. 
Engl. 1985.24, 742-757. (c) Krebs, B. Angew. Chem., Znt. Ed.  Engl. 
1983, 22, 1 13-1 34. 
(a) Kanatzidis, M. G. Abstracts of Papers, 196th National Meeting of 
the American Chemical Society, Los Angeies, CA; American Chemical 
Society: Washington, DC, 1988; INOR 469. (b) Adel, J.; Weller, F.; 
Dehnicke, K. Z .  Narurforsch. 1988, 43B, 1094-1 100. 
Kanatzidis, M. G.; Huang, S.-P. J. Am.  Chem. SOC. 1989, 111, 
760-761. 
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Figure 1. ORTEP projection and atom-labeling scheme of [In2(Se&- 
Atom Se(l1) is positionally disordered around a crystallo- 

graphic inversion center. Only one of the Se( 11) positions is shown. 
Individual indium-selenium bond distances are In-Se( 1) = 2.663 (4) A, 
In-Se(4) = 2.729 (6) A, In-Se(5) = 2.622 (4) A, In-Se(8) = 2.734 (6) 
A, and In-Se(9) = 2.61 5 (5) A. Bond distances within the Se:- ligands 
are Se(1)-Se(2) = 2.330 (7) A, Se(2)-Se(3) = 2.334 (5) A, Se(3)-Se(4) 
= 2.349 (6) A, Se(5)-Se(6) = 2.311 (8) A, Se(6)-Se(7) = 2.289 (7)  A, 
and Se(7)-Se(8) = 2.337 (5) A. Corresponding angles are Se(1)-Se- 
(2)-Se(3) = 100.9 (2)O, Se(2)-Se(3)-Se(4) = 99.1 (2)O, Se(S)-Se- 
(6)-Se(7) = 102.5 (2)O, and Se(6)-Se(7)-Se(S) = 102.7 (3)'. 

and ternary compounds of group 111 metals (Le. Al, Ga, In) are 
technologically important due to their promising electronic and 
optoelectronic proper tie^.^^^ Among the chalcogenides, In2Se3, 
InSe, and CuInSe2 are noteworthy for their photovoltaic prop- 
erties.6 It has been recognized that, apart from the conventional 
high-temperature routes to such materials, molecular precursor 
methods are highly de~i rab le .~  From this perspective as well as 
the fact that heavier group I11 metals exhibit interesting structural 
chemistry: we report here the synthesis, molecular structure, and 
properties of the first In/polychalcogenide complex, the Se-rich 

I was prepared according to eq 1. Slow addition of a di- 
methylformamide (DMF) solution of anhydrous InCI3 (0.10 g, 

21nC13 + 5Na2Ses + 4Ph4PCI - [Ph4P]4[In2Se21] + lONaCl 

[In2se2114- (1). 

(1) 

0.452 mmol) to a mixture of Na2Se2 (0.50 g, 1.132 mmol) and 
Ph4PC1 (0.34 g, 0.908 mmol) in DMF caused an immediate color 
change from deep green to brown. Following 40 min of stirring 
at  room temperature and removal of NaCl by filtration, the 
solution was diluted with ether to incipient crystallization. Within 
2 days brown crystals of [Ph4P]41n2Se21 are reproducibly obtained 
in ca. 75% yield. Anal. Calcd for C96HxoP41n4Se21: C, 35.51; 
H, 2.47; In, 7.08; Se, 51.12. Found: C, 35.04; H, 2.48; In, 6.86; 
Se, 50.89. Care must be taken to exclude traces of water and 
oxygen. Although the optimum stoichiometric ratio of In3+:Ses2- 
is 2 : 5 ,  lower yields of [In2Se2,14- were obtained even when the 
ratio was 1.2 or 1.3. This, coupled with the fact that [In2Se2,14- 

(4) (a) Shay, J.  L.; Wernick, J. H. In Ternary Chalcopyrite Semiconduc- 
tors: Growth, Electronic Properties and Applications; Pergamon Press: 
Elmsford, NY, 1975. (b) Meakin, J. D. Proc. SPIE-Int. SOC. Opt. Eng. 
1985, 108, 543. 

(5) (a) Oikkonen, M.; Tammenmaa. M.; Asplund. M. Mater. Res. Bull. 
1988, 23, 133-142. (b) Yamaga, S.; Yoshikawa, A,; Kasai, M. Jpn. 
J .  Appl. Phys., Part 1 1987, 26, 1002. (c) Tributsch, H. In Modern 
Aspects of Electrochemistry; Bockris, J. 0. M., Ed.; Pergamon Press: 
Elmsford, NY, 1986; Volume 14, Chapter 4. (d) Fonash, J. J. CRC 
Crit. Rev. Solid State Mater. Sci. 1980, 2, 107. 

(6) Solar Energy Research Institute. Basic Photouolraic Principles and 
Methods; Van Nostrand-Reinhold: New York, 1984; pp 112-131. 

(7) (a) "Molecular Design of Materials: Applications of Mechanistic and 
Structural Organometallic Chemistry"; 1987 Biennial Inorganic Chem- 
istry Symposium, Harvard University. (b) Brinker, C. J.; Clark, D. W.; 
Ulrich, D. R. Better Ceramics Through Chemistry. Mater. Res. SOC. 
Symp. Proc. 1986, 73, and references therein. (c) Steigerwald, M. L.; 
Rice, C. E. J .  Am.  Chem. SOC. 1988,110,4228-4231. (d) Steigerwald, 
M. L.; Sprinkle, C. R. Organometallics 1988, 7, 245-246. ( e )  Steig- 
erwald, M. L.; Sprinkle, C. R.  J .  A m .  Chem. SOC. 1987, 109, 

(8) Carty, A. J.; Tuck, D. J. Prog. Inorg. Chem. 1975, 19, 243-337. 
(9) (a) This is a nominal composition. However, cation exchange with 

Ph4PCI in DMF affords, in high yield, (Ph4P)2Se5 as a black crystalline 
solid. (b) For more information on the crystallization of various Sex2- 
species with various counterions see: Weller, F.; Adel, J.; Dehnicke, K. 
Z .  Anorg. Allg. Chem. 1987, 548, 125-132. 
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can be isolated with other counterionsl0?" such as Pr4N+ and 
Et4N+, attest to its considerable kinetic and perhaps thermody- 
namic stability in the solid state. However, this is not the case 
in polar solutions (vide infra). The nature of I was established 
by a single-crystal X-ray diffraction study.I2 

The structure of the [In2Se21]4- ion is shown in Figure 1, and 
it consists of two [ I I I ( S ~ ~ ) ~ ] -  units bridged by a Se3- chain. 
Therefore, a more descriptive formation for I would be [Inz- 
(Se4),(Se5)l4-. The In3+ center is chelated by two Se42- ligands 
and bound to a terminal Se atom of the Ses2- chain. This five- 
coordination geometry around the In atom can be clearly described 
as a trigonal bipyramid with two axial selenium atoms, Se(4) and 
Se(8), and three equatorial atoms, Se( l ) ,  Se(5), and Se(9). 
Although five-coordination is uncommon for an all-chalcogen In 
environment, the trigonal-bipyramidal geometry can be ration- 
alized in terms of valence electron pair repulsion (VSEPR) theory. 
The axial Se(4)-In-Se(8) angle is 175.7 (1)O. The corresponding 
equatorial angles are Se(1)-In-Se(5) = 118.9 (2)O, Se(S)-In- 
Se(9) = 117.1 (2)O, and Se(l)-In-Se(9) = 123.6 (2)'. The In, 
Se( I ) ,  Se(5), and Se(9) atoms do not deviate more than 0.02 A 
from the corresponding least-squares plane. The conformations 
of the chelating Se42- ligands in I differ from those in other 
polyselenide complexes (Le. [MSe(Se4)2]2-, M = Mo, Wl3,l4) in 
that they adopt an envelope vis 2 vis puckered configuration. 
Atoms Se(3) and Se(7) lie an average of 1.28 A away from the 
InSe( 1)Se(2)Se(4) and JnSe(5)Se(6)Se(8) basal planes, respec- 
t i~e1y. l~ We have encountered this envelope conformation in the 
M(Q4) moieties of the structures of [Ag(Se4)],",3 (Ph4P)zHg- 
(Se4)2,'~'~ [Na-l5-~rown-S]~Hg(Se~)~,~~ and [(Ph3P),NI2Hg- 
(Te4)2.''I6 It has also been observed in [Cr(CO)4(Te4)]z-.17 The 
average In-Se bond is 2.673 A. Individual indium-selenium bond 
distances and angles are given in the caption of Figure 1. Although 
[Inz(Se4)4(Se5)]4- itself lacks a center of symmetry, a crystallo- 
graphically imposed center of symmetry lying halfway between 
the I w I n  vector induces a positional disorder of the central Se( 11) 
atom of the SeS2- chain. Thus, in the solid state two different 
conformations of the SeS2- chain are observed. The interatomic 
distances in the SeS2- moiety are Se(9)-Se( 10) = 2.383 (9) A, 
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Se(l0)-Se(l1) = 2.322 (9) A, and Se(l0)'-Se(l1) = 2.171 (9) 
A. In view of the disorder present in this portion of the S e t -  chain 
and the marginal quality of the data, we do not place any sig- 
nificance in the short length of this bond. [In2(Se4),(Ses)]4- is 
the first discrete In/polychalcogenide complex to be reported. In 
the absence of other congeners we feel that the trigonal-bipy- 
ramidal geometryi8 around In is unprecedented among indium 
chalcogenide compounds, in which In is normally found either 
tetrahedrally (Le. CuInSe2,I9 [In4Selo]8-20) or octahedrally co- 
ordinated (Le. NaInSe?'). The dimeric structure of I bears some 
resemblance to that of [BizS34]4-,2Z which consists of two tet- 
ragonal-pyramidal [Si(S,),]- units bridged by a s6'- chain. To 
the best of our knowledge, pentaselenide ligands have not been 
reported to bridge in a p$-SeSZ- fashion (where each terminal 
Se atom is bonded to a different metal atom) two otherwise 
unsupported metal centers. Examples of bridging p - ~ l - S e ~ ~ -  
diselenides, however, are found in [CpzMn2(CO)4Sez]+23 and the 
recently reported Nb4Se2:- ion.24 

UV/vis and 77Se N M R  spectroscopic as well as cyclic voltam- 
metric studies in D M F  solutions show that I does not maintain 
its integrity in this solvent. The electronic spectrum of I in DMF 
shows two absorptions at 450 (sh) nm (e = 12 855 M-' cm-I) and 
649 nm (e = 2789 M-' cm-'), respectively, while the corresponding 
spectrum in the solid state (KBr pellet) is different and features 
a rising absorbance, completely void of absorption bands (300- 
900-nm region). It appears that the UV/vis solution spectrum 
of I arises from selenium radical anion species such as Se3- (not 
unlike S3-z5), and it is very similar (vide infra) to that of Na2Se5 
or (Ph4P),Ses under the same conditions. 

Cyclic voltammetric studies of I in D M F  solutions show an 
irreversible oxidation wave at  -0.35 V, which is accompanied by 
two reduction waves at -0.82 and -1.25 V. The last two cathodic 
processes appear after the initial anodic scan has ensued and 
therefore are not due to species originally present in solution. It 
should be noted that a similar cyclic voltammogram is observed 
in solutions of (Ph4P)$e5 in this solvent. It is thus clear that the 
redox-active species in solutions of Se;- and I in DMF are similar 
in nature. This supports the contention that I is dissociated in 
solution, with Sex- radicals being a significant species in the 
resulting equilibria. Further elaboration on the nature of this 
dissociation must await an urgently needed, complete charac- 
terization of polar (Le. DMF) polychalcogenide solutions.26 

The dissociation of I is also consistent with its 77Se N M R  
spectra, which show three resonances (in DMF) at 643, 197, and 
-244 ppm (vs MezSe). By analogy to other  system^,'^-^^ the first 
two resonances are attributed respectively to the terminal, met- 
al-bound Se atoms and middle atoms of the Se42- ligands. In 
solution all Se42- ligands become equivalent. The third resonance 
at -244 ppm arises from a thus far unidentified Se2- species. The 
Se; radical anions are not detected by NMRZSs26 spectroscopy. 
The analogous S3- radicals, which derive from S:- solutions ( x  
> 4-625), have been shown to exist in liquid ammonia and polar 
solvents such as DMF and are relatively well characterized. In 
contrast few analogouszsa studies on the Se:- system exist, al- 

(18) (a) Trigonal-bipyramidal indium complexes exist but contain neutral 
sulfur or phosphine ligands, with InCI,(L), complexes (L = Me,PS, 
Ph3P) being archetypical examples. (b) Carty, A. J.; Tuck, D. G. J .  
Chem. SOC. A 1966, 1081. (c) Carty, A. J.; Tuck, D. G. Prog. Inorg. 
Chem. 1975, 19, 243. 

(19) Parkes, J.; Tomlinson, R. D.; Hampshire, M. J. J .  Appl. Crystallogr. 
1973, 414-416. 

(20) Krebs, B.; Vwlker, D.; Stiller, K. 0. Inorg. Chim. Acta 1982,65, LIOI. 
(21) Hoppe, R.; Lidecke, W.; Frarath, F.-C. Z.  Anorg. Allg. Chem. 1961, 

(22) Muller, A.; Zimmermann, M.; Bogge, H. Angew. Chem., Int. Ed. Engl. 

(23) Herberhold, M.; Reiner, D.; Zimmer-Gasser, B.; Schubert, U. Z. Na- 
tursorsch. 1980, 358, 1281-1285. 

(24) Schreiner, S.; Aleandri, L. E.; Kang, D.; Ibers, J. A. Inorg. Chem. 1989, 
28, 393-395. 

(25) Dubois, P.; Lelieur, J. P.; Lepoutre, G. Inorg. Chem. 1988, 27, 73-80. 
(26) Dhingra, S.; Huang, S.-P.; Kanatzidis, M. G. Work in progress. 
(27) (a) Wardle, R. W. M.; Chau, C.-N.; Ibers, J. A. J .  Am. Chem. SOC. 

1987, 109, 1859-1860. (b) Wardle, R. W. M.; Bhaduri, S.; Chau, 
C.-N.; Ibers, J. A. Inorg. Chem. 1988, 27, 1747-1755. 

309, 49-54. 

1986, 25, 273-274. 

(10) Unpublished results in this laboratory. The structures of both Pr4N+ 
and Et4N+ salts were solved and refined by X-ray crystallographic 
techniques. The [In2Se,,le anions in these salts possess (within ex- 
perimental error) structures identical with the one reported here. The 
yields from the synthesis of these materials are good and range from 
50 to 80%. Crystal data for (Et N)4[In2(Se4)4(Se5 1. triclinic, P1, a 
= 12.428 (3) A, b = 17.540 (4) 1, c = 15.781 (3) 1;a = 89.47 (;)O, 

,8 = 94.47 (2)O, y = 97.90 (2)O, V =  3397 AS, Z = 2. Crystal data for 
(Pr4N)4[ln (Se4),(Se5)]: monoclinic, P2/c, a = 15.168 (2) A, b = 
17.376 (3) k, c = 15.997 (3) A, j3 = 94.56 (l)', V =  4203 2 = 2. 

(11) (a) It is believedIIw that most anionic metal polychalcogenides are 
labile in solution and can be in equilibrium with other species. During 
crystallization such equilibria can be significantly and variably influ- 
enced by counterions. (b) Haushalter, R. C. Angew. Chem., Int. Ed. 
Engl. 1985, 24, 433-435. (c) Hadjikyriacou, A. I.; Coucouvanis, D. 
Inorg. Chem. 1987, 26, 2400-2408. (d) Brese, N. E.; Randall, C. R.; 
Ibers. J .  A. Inorz. Chem. 1988. 27. 940-943. 

(12) Crystals of (Ph4F)4[In (Se4),(Se,)j are triclinic, Pi, with a = 11.417 
(3) A, b = 12.733 (9) A, c = 20.188 (8) A, a = 96.03 ( 5 ) O ,  0 = 94.68 
(3)O, y = 11 1.68 (4)O. V = 2689 A3, Z = 1, D(ca1cd) = 2.05 g/cm3, 
and = 79 cm-I. Single-crystal X-ray diffraction data were cdlected 
(at 23 "C) on a Nicolet P3 four-circle diffractometer (Mo Ka radia- 
tion), with a 8/28 scan, 4' < 28 < 45O, and 2426 reflections with F: 
> 3u(F;). An empirical absorption correction was applied, the number 
of variables was 319, and final R 3: 0.073. The structure was solved 
with SHELXS-86 and was refined with the SDP package of crystallo- 
graphic programs. The Ph4P+ cation features the expected structural 
characteristics and calls for no further comment. The anions have a 
crystallographically imposed inversion center and are disordered at the 
central Se( 11) atom. 

(13) ONeal,  S. C.; Kolis, J .  W. J .  Am. Chem. SOC. 1988,110, 1971-1973. 
(14) Wardle, R. W. M.; Mahler, C. H.; Chau, C.-N.; Ibers, J. A. Inorg. 

Chem. 1988, 27, 2790-2795. 
(15) The atoms In, Se(l), Se(2), and Se(4) and In, Se(5), Se(6) ,  and Se(8)  

deviate from the corresponding least-squares planes an average of 0.024 
and 0.072 A, respectively. 

(16) Kanatzidis, M. G.; Dhingra, S.; Huang, S.-P. Manuscript in prepara- 
tion. 

(17) Flomer, W. A.; O'Neal, S. C.; Kolis, J. W.; Jeter, D.; Cordes, A. W. 
Inorg. Chem. 1988, 27, 969-971. 
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though some qualitative observations have been r e p ~ r t e d . ~ ~ ~ , * ~  
Thermolysis experiments, under flowing Ar, show t h a t  t h e  

Ph4P+ sal t  of I does not show any appreciable weight loss below 
350 O C .  Its decomposition is smooth and continuous and is 
complete a t  536 "C. The final product was unequivocally iden- 
tified by its X-ray powder diffraction pattern as /3-InzSe3.30 This 
behavior is not  shared by the E t 4 N +  and Pr4N+ salts, which, 
although they begin to  decompose a t  lower temperature,  convert  
to /3-InzSe3 via intermediate, Se-rich phases. Further studies on 
t h e  thermolysis of these compounds are in progress. 
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(28) (a) Teller, R. G.; Krause, L. J.; Haushalter, R. C. Inorg. Chem. 1983, 
22, 1809. (b) Sharp, K. W.; Koehler, W. H. Inorg. Chem. 1977, 16, 

(29) The existence of radical anion species such as Se3- in liquid ammonia 
or DMF thus far remains nebulous but can certainly be postulated on 
the basis of the similarity of these solutions to those of the corresponding 
polysulfides. reen, are 

spectra, whereas the corresponding ethanolic solutions are red, are 
diamagnetic, and yield 77Se NMR spectra.26 

(30) Lutz, H. D.; Fischer, M.; Baldus, H.-P.; Blachnik, R. J .  Less-Common 
Met.  1988, 143, 83-92. 
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In our hands SeS2- solutions in DMF are 
paramagnetic at room temperature, and do not give rise to $ Se NMR 
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Heterobimetallic Au-Pd Phosphine Cluster Complexes. 
X-ray Crystal and Molecular Structure of 
[Au8Pd(PPh3)81(NO3)2 

A large number of transition-metal-gold cluster compounds 
have been prepared containing transit ion metals such as V, Cr, 
W, Mn, Re, Fe, Ru, Os, Co, R h ,  Ir, P t ,  and Ag.l-l2 There have 

P 4 A  

P 2 A  

W 
Figure 1. ORTEP drawings (two views) of the coordination core of the 
cation of 1 with selected bond distances (A). Ellipsoids are drawn with 
50% probability boundaries. Phenyl rings have been omitted for clarity. 
Atoms with the "A" label are related to their counterparts, e.&, Au4A 
and Au4, by a crystallographic C, axis that passes through the Pd atom. 
Selected angles (deg) are as follows, wherein numbers refer to respective 
Au atoms: Pd-I-PI = 153.6 (2); Pd-2-P2 = 160.3 (2); Pd-3-P3 = 
164.1 (2); Pd-4-P4 = 163.5 (2); I-Pd-IA = 132.7 (1); 1-Pd-2 = 64.88 
(5); 1-Pd-2A = 135.93 (4); 1-Pd-3 = 63.83 (5); 1-Pd-3A = 145.11 (4); 
1-Pd-4 = 74.80 (6); 1-Pd-4A = 88.71 (7); 2-Pd-2A = 137.0 ( I ) ;  
2-Pd-3 = 77.14 (7); 2-Pd-3A = 82.92 (7); 2-Pd-4 = 133.42 (5); 2- 
Pd-4A = 64.68 (5); 3-Pd-3A = 123.6 (1); 3-Pd-4 = 64.39 (5); 3-Pd- 
4A = 140.09 (5); 4-Pd-4A = 138.5 (1). Average esd's for Au-Pd, 
Au-Au, and Au-P distances are 0.002, 0.002, and 0.007, respectively. 

not, however, been any reports of well-characterized compounds 
containing Au-Pd bonds.I3-I5 Because Pd i s  a catalytically 
important metal  and gold-palladium heterogeneous catalysts are 
known and used commercially for oxidation catalysis,'6-18 and 
because we are interested in developing a better understanding 
of t h e  role of Au in bimetallic c a t a l y s i ~ , ~ ~ - ~ ~  we have devoted a 

( I )  Mueting, A. M.; Bos, W.; Alexander, B. D.; Boyle, P. D.; Casalnuovo, 
J. A.; Balaban, S.; Ito, L. N.; Johnson, S. M.; Pignolet, L. H. In "Recent 
Advances in Di- and Polynuclear Chemistry"; Braunstein, P., Ed.; New 
J .  Chem. 1988, 12, 505 and references cited therein. 

(2) Ebyle, P. D.; Boyd, D. C.; Mueting, A. M.; Pignolet, L. H. Inorg. Chem. 
1988, 27, 4424. 

(3 )  Alexander, B. D.; Gomez-Sal, M. P.; Gannon, P. R.; Blaine, C. A,; 
Boyle, P. D.; Mueting, A. M.; Pignolet, L. H. Inorg. Chem. 1988, 27, 
3301. 

(4) Boyle, P. D.; Johnson, B. J.; Alexander, B. D.; Casalnuovo, J. A.; 
Gannon, P. R.; Johnson, S. M.; Larka, E. A,; Mueting, A. M.; Pignolet, 
L. H. Inorg. Chem. 1987, 26, 1346. 

(5) Kanters, R. P. F.; Bour, J. J.; Schlebos, P. P. J.; Bosman, W. P.; Behm, 
H.; Steggerda, J. J.; Ito, L. N.; Pignolet, L. H. Inorg. Chem., submitted 
for publication. 

(6) Kanters, R. P. F.; Schlebos, P. P. J.; Bow, J. J.; Bosman, W. P.; Behm, 
H. J.; Steggerda, J. J. Inorg. Chem. 1988, 27, 4034. 

(7) Bour, J. J.; Kanters, R. P. F.; Schlebos, P. P. J.; Steggerda, J. J. R e d :  
J .  R .  Neth. Chem. SOC. 1988, 107, 211. 

(8) Jones, P. G. Gold Bull. 1986, 19, 46 and references cited therein. 
(9) Jones, P. G. Gold Bull. 1986, 16, 114 and references cited therein. 
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