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Transition metal complexes containing hydroborate groups, especially the 
tetrahydroborate anion BH4-, are of interest owing to their catalytic properties, their 
utility as CVD precursors, and their usefulness as starting materials for other inorganic 
species. For example, the catalyst Zr(BH4)iSi02 shows very high activity for the 
copolymerization of ethylene with propene and I-hexene,l and Co(H)(BH4)(P(C6Hll )3)2 
catalyzes the hydrogenation of I-hexene at room temperature.2 Electrically conductive 
thin films of group 4 transition metal diborides have been deposited using volatile 
molecular complexes such as Ti(BH4)ldme).3 The present research was undertaken to 
improve our understanding of the nature of transition metal hydroborate complexes, and 
to develop new CVD methodology for the deposition of transition metal boride phases. 

Treatment of Ti(BH4)3(Et20)2 with PEt3 or with PMe2Ph affords the adducts 
Ti(BH4)3(PEt3)2 and Ti(BH4MPMe2Ph)2' which were first prepared in 1988.4 A 
reinvestigation shows that these two complexes adopt distorted trigonal bipyramidal 
structures; the phosphine ligands occupy the axial sites, two of the BH4 groups are 
bidentate, and one is tridentate. In a previous crystallographic study of the PMe3 

analogue, it appeared as if two "side-on" BH4 groups were present;4 this result is now 
attributed to disorder of a bidentate and a tridentate BH4 group across a crystallographic 
mirror plane. In the preparation of the PMe2Ph complex, a minor product is formed: the 
titanium(II) species [Li(Et20)2][TizCBH4MPMe2Ph)4]' In this complex (Figure 1), one 
BH4 group bridges between two Ti centers; each of the latter has a regular trigonal 
bipyramidal environment consisting of two axial phosphine ligands and three bidentate 
BH4 groups. The different local environments seen for the d1 titanium(III) and the d2 

titanium(II) complexes is attributed to a Jahn-Teller effect.5
•
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~igure 1. Structure of the anion 
In 

[Li(Et20)2][Th(B~)5(PMe2Ph)4] 

The octahydrotriborate anion, B3Hs-, is the third member of the hydroborate series 
(following BH4- and B2H7-). The potassium,7 rubidium/ cesium/'s thallium,9 and 
tetralkylamrnoniums,lO salts of B3HS- have been described, but they are expensive and 
inconvenient to prepare on a large scale. The sodium salt NaB3Hs would be ideal, bu.t to 
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date no large-scale synthesis of this salt (free of Lewis bases) has been described.s.II-15 
An efficient, economical, and reliable method for preparing 20 g batches of solvent-free 
NaB]Hs has been developed. This route uses Brown's method l6 to generate diborane 'on 
demand', which is then immediately passed into a flask containing sodium amalgam and 
diethyl ether at atmospheric pressure. The NalHg reduction of B2H6 to NaB3HS is based 
on Hough's modification 13 of Stock's original preparative method. II 

Treatment of CrCl] with NaB3HS affords a thermally unstable purple liquid 
tentatively identified as the chromium(III) hydride CrH(B3Hs)2' This species decomposes 
over several hours at room temperature to the blue, volatile chromium(lI) complex 
Cr(B3Hs)2' The two bidentate B3HS groups describe a square-planar coordination 
geometry about the Cr center; along each of the two axial directions, there is a weak 
intermolecular Cr···H contact with a B-H group of a neighboring molecule. The Lewis 
base adducts Cr(B3Hs)2Lz (L = Et20, thf, PMe3) have also been isolated and structurally 
characterized; like the parent complex, all are high-spin. The adducts adopt tetragonally
elongated octahedral structures. Treatment of VCl3 with NaB3Hs, followed by addition of 
dry °2, affords the oxo-bridged vanadium(III) complex [V(B]Hs)zCEt20)]20, which also 
has been structurally characterized. 

Figure 2. Crystal structure 
of (B3HS)2. 

Crill 

Passage of Zr(BH4)4 or Hf(BH4)4 over heated silicon or glass substrates with a 
coincident flux of remotely-generated H atoms results in the formation of adhesive, 
mirror-bright films. Film thickness of greater than 0.3 mm thickness can be grown in 1 
hour (-60Nmin). These films are smooth and featureless, do not oxidize in air or water, 
and have electrical resistivities as low as 45 J1!l·cm .. 

Figure 3 Resisitivity of films 
grown from Zr(BH4)4 as a function 
of deposition method and substrate 
temperature. 
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The films are free of carbon and have low concentrations of oxygen (-4 at. %) Films 
grown on glass at 150°C with 6 sccm H2 activated at 90 Watts microwave power have a 
formula of ZrBI.SOO,I' In contrast, films grown under purely thermal conditions or by 
other plasma-assisted methods have boron-to-metal ratios near 1:3 and oxidize readily in 
air. 3

•
17

-
20 In situ studies support the hypothesis that the remote plasma is responsible for 

removing boron-containing species from the film. 
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