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The pattern adopted for this review of the literature published in 1980 is 

essentially the same as that used for the review of the 1979 material. Thus 

the material is divided into sections according to the oxidation state of the 

metal. Within a section the material is further sub-divided according to the 

grou~.~ to which the elements bound to the metal belong. 

There have been exciting develqmnts in the organcmstallic chemistry of 

niobium and tantalum this year, especially relating to carbon to metal mltiply 

bonded species (alkylidenes), but this material is not included as it is 

reviewed elsewhere. Similarly papers devoted mainly to solid-state matters or, 

catalysis or kinetics are not included. 

5.1 NIOBIUM(V) AM, TANEXUM(V) 

5.1.1 Ha Zogen-containing species 

A new triclinic form of niobim(V) iodide has been prepared by treating 

niobium with a 3 to 4 bar pressure of iodine in a temperature gradient of 400 

to 230 Oc. Within the crystal are NbpIlo molecules in which the bridging WI 

distances are 2.933 and 2.939 A, while the terminal Fib-1 distances span the 

range 2.639 to.2.720 A. The structure is isotypic with the E-form of uranium(V) 
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chloride. Four Nb-I stretches were observed in the infrared spectrum at 148, 

202, 214 and 242 cm-' [l]. The Raman spectra of NbCl5/AlC13 melts has been 

examined, and the results obtained at 210 'C have been said to indicate the 

presence of NbCls, NbzCllo and AlzC16. In the ternary NbC15/AlC13/MCl (M = Na 

or K) melts, the nature of the species present was shown to be dependent upon 

the acidity of the melt and its temperature. Thus [NbC16]- is present only in 

very basic melts, while Nb#l 1o is stable only in acid melts [2]. Phase 

equilibria studies on NbC15/WClI, mixtures have been reported [3]. 

Attack of water vapour on solid niobium(V) chloride was studied at 5.32 to 

19.25 kPa partial pressure of water vapour over the temperature range 50 to 

150 Oc. The reaction mechanism is complex but the energy of activation was 

found to be 63 kJ ml-' and the order unity (with respect to PH20) for the 

initial stage [4]. In a further kinetic study, the fluorination of niobium 

and tantalum by [NHs][HF1] over the temperature range 135 to 208 'C has been 

studied. The rate of reaction at a given temperature is higher for tantalum 

than niobium, and estimated values for the enthalpies of fomation of [NHS]Z[MF~] 

{M = Nh; AHH, = -301 kJ gatcm-l: M = Ta; AH, = -176 kJ gate-'1 were obtained [5]. 

A collection of X-ray data for complex fluorides of titanium, zirconium, 

hafnium, niobium and tantalum containing divalent cations has been published [6], 

as have coefficients for the diffusion of niobium(IV) and niobium(V) in chloride 

and chloride/fluoride melts [7]. 

The "F NMR spectra of TaFS solutions (in C!H,Cl,) containing R&O (R = Ph 

or Ru) or Ph&sS have been measured: evidence for the existence of [TaFs(SAsPh3)], 

[T~F,(QA~R,)] and [T~F~(oA~R~)~]+ (both cis and tram) in solution was obtained. 

Frm a consideration of the chemical shift data, the donor strength towards TaFs 

is R3AsO>R&Q>R&sS>R3PS [8]. The same group of workers have studied the complexes 

forayed by TaFs with Ph2P(0)SH. The results of "F NMR studies are interpreted 

as indicating cis-[TaF,(WPh~SH)2]+ and [TaF5(CPPh,SH)] being present in 

solution [9]. The phosphine sulphide ligand (~-M~CGH,+)~PS (L), when reacted with 

TaFS/TaC!lS mixtures in CH2Clz, forms a range of complexes namely [TaF4C1(L)] 

(cis and trans), [TaF&l,(L)] (trms Cl), [TaF$&(L)] (j?zc Cl) and [TaF$13(L)] 

(tram F and mer Cl). The ligand, L, can be replaced from its canplexes by W, 

the products being a mixture consisting of [T~F~(NCB)], trans-[TaFI,(NCMe)2]+, 

[T~F~c~~(NCM~)] and [T~F+c~(NCM~)] [lo]. Partial hydrolysis of TaFs (HzO: TaFs = 

0.2:1) in a Ma solution containing EtgN leads to the formation of [TaCFs12-. 

At relative concentrations Et3N: HzO: TaFS = 2:0.2:1, [Ta2F100]2- is famed, 

which is converted to the monomeric anion [T~oF~]~- by addition of further water. 

The mnomeric anion can be precipitated by the addition of Et&l and in the 

resulting salt, [Et2NH2]2[TaOF5], there is thought to be hydrogen bonding between 

the cation and the oxygen atan. The interaction of Ta(OEt)s and [TZ&F~]~- gave 
[Ta(OEt)Fg]- [ll]. 
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The structure of the fluoro-omniobim(V) species N~z[N~Fs(OZ)].RZO (Fig. 1) 

has been determined by single crystal X-ray studies. The coordination sphere 

1.938 

Fig. 1: The [NbF,(Oz)]2- ion, reproduced with pemission from [12], R. Strar&rg, 

Acta Chem. Stand. Ser. A, 34 (1980) 193. 

around the niobium atan is approximately pentagonal bipyramidal (C2,) with the 

axial positions being filled by two fluorine atcms that are bent away from the 

oxygen atans, which are situated in the pentagonal. plane {0(1)-&F(l) = 95.0(2)O; 

0(1)-&-F(3) = 98.5(2)'} [12]. 

The salt [AsPh~]~[NbCI&] is formed when RbCCl3 and [AsPhs]Cl are mixed in 

C&Clz solution. The anion [N~OC~S]~- has the infrared andRman spectratobe 

expected for a Cd, species. The Nb-Cl distances cover the range 2.555(4) to 

2.345(4) i with the longest distance tram to Nb-0 {at 1.967(6) A) [13]. 

Strsihle and co-mrkers have continued their studies on species containing 

niobim or tantalum-nitrogen mltiple bonds. Fran the reaction of the aside 

NbCl,NB with PPh3 in 1,2_dichloroethane solution, the yellow species Nb(NPPh3)CL 

was isolated. Dimeric units exist within the crystal (see Figure 2), and thus 

the niobium atom attains six coordination via halogen bridges. The N&-P angle 

is 171' with distances of 1.776(8) (Nb-N) and 1.637(9) 1 (N-P) and these facts 

lead the authors to suggest that both bonds contain sme mltiple Character [14]. 

J3y heating [NK+]Rr and TaRrs at 400 'C in a sealed glass ampoule, the salt 

[N&,]3[TanNRrla ] was isolated. Crystallographic investigations have shown that 

the [TazNDrlo ] 
3- 

anion has Dllh synmetry with a Ta-N distance of 1.849(2) A. 

Thus a Ta=N=Ta moiety exists in the anion, and noticeably the Ta-Rr bond which 

is tram to Ta-N is much longer than the Ta-I3r bond which is cis to Ta-N 

{2.738(6) 1 cunpared to 2.514(3) A> (see Fig. 3) [15]. 

Tantalum-nitrogen mltiple bonding is also said to be indicated by the length 

of the Ta-N bonds in [T~&{N(s~J&)~)~] 11.928(7) and 1.933(7) A). The camound 

has a pseudo-trigonal bipyramidal structure with two chlorine atans filling the 

axial positions. The angle subtended at the metal by thesf? axial atam is 168' 
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Fig. 2: The dimeric [Nb2(NPPhs)2Cl8] unit, 

[14], H. Sezler, J. Str&le and J. 

Anorg. Chem. Org. Chem., 34 (1979) 

reproduced with permission frcm 

Weidleim. 2. Naturforsch, T&L B: 

1199. 

and this is said to be caused by steric constraints [16]. The reaction Of 

[TaC1,{N(Sihk,)2}2] with Me,SiNB yields [Ta(N,)3{N(Stie3)2)2] {v(N3) = 2105 UYJ-~} 

1171. 
Solvolysis reactions involving niobium or tantalum halides and phenols or 

alcohols have been studied by a number of groups this year. A range of phenoxy/ 

salicylaldehyde (L) complexes of niobium and tantalum (of general fornmla 

=l,(oph)g_n (L) (n = 0 to 3; M = Nb or Ta) have been characterised by spectro- 

scopic studies [18] and the [M(CRI)~]+ cation (M = Nb or Ta) has been isolated 
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a 
b 

l- 
C 

Fig. 3: The packing of [NHs]s[TanNBrlo 1, reproduced with permission fmn [15], 

K.P. Frank and J. Strijhle, Z. Naturforsch, Teil B: Anorg. Chem. Org. 

Chem., 35 (1980) 300. 

by treating [M(OPh),]Cl with SbCls [19]. 'Ike related pbenoxy iodides have been 

prepared frm TaIs/Ta(Wh)s mixtures in CH&X solution and in particular 

[Ta(OPh)Is(NC2k)] was characterised. The reaction of Ta(Wh)s with M&O1 in 

CCls solution yields Ta(OPh)41, while fran TaIS/Ta(OEt)5 in MeCN Solution 

Ta013(NCMe) was obtained [20]. The solvolysis of Nbocl3 by a range of alcohols 

in the presence of dry amonia has led to the isolation of NbO(ocI12CF)3(NCMe), - 
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CNbo(0cH2cF3)2(oczI=cE2)~2(~3~2cPr), and w(a2a3)3, while from a solution of 

Nb0C13 in C6H6, Nt~C1~0(0bJe)(~~OH) was obtained by the addition of MeOH. The 

nature of these products was determined by molecular weight and NMR masuremsnts, 

and evidence was obtained that suggested both p-OR and i.l-0x0 isomers exist in 

solution in dynamic equilibrium [21]. The ccmplexes NbC12(OR)3(L) [R = Me, Et, 

Pr or Ru; L = phen] have been isolated [22]. 

5.1.2 Species containing (at least formally) oxo-, oxofluoro- or sulphido- 

anions 

In many complex fluoride oxides of niobium and tantalum there is disorder 

between the oxygen and fluorine atoms: ‘hence these oxofluoro wunds are best 

discussed with the oxo-ccmpounds. 

Tv.o new oxofluoroniobates(V) have been isolated that are isotypic with the 

previously detected tantalum phases. The new canpounds K5Nb5 5Fg 5014 5 and 

K12Rb15 SF%3 5O55 5 
have hexagonal syttmetry [23]. The full X~ray'stru&ral . . . 

determination on one of the tantalum analogues K12Ta15 5F15 5055 5 has been . . . 
executed and it consists of a three-dimensional frmrk formed by the 

interpenetration of two distinct sublattices of formulation CTa5X.17}n and 

ITao 5X5jn (X = 0 or F) [24]. The same group of workers, continuing their 

study of species with either layer or tunnel structures that are suitable for 

fast ion transport, have reported a study of the structure of KxTakF708. The 

structure has an assembly of two-dimensional {TaqX15 3 infinite blocks that are 

held together by bridging K+ ions [25]. 

The wund KE'.4KNb03 contains double columns of ENhO,} octahedra joined 

along edges [26]. A mixed oxofluoro copper niobate was obtained by the 

fluorination of CuNb206. It has the formula CuNh2F0 705 5; X-ray measurements . . 
indicate it is orthorhorrbic and electronic activation energy measurements 

indicate there is some electron delocalisation [27]. Another oxofluoro copper 

niobate CuNh?Q, has been shown to be triclinic and to contain strings of edge- 

sharing {Nb(O,F)B} octahedra which are linked via the copper(I1) ions [28]. A 

different space group has been assigned to (Ce,Ta)TapOn using convergent-beam 

electron diffraction than was initially assigned using X-ray techniques. However 

the structure determined by X-ray methods is said to be essentially correct [29]. 

A monoclinic form of CazNb207 has been isolated and shown (like the orthorhcmbic 

form) to consist of stacked slabs with a perovskite-type structure. The 

difference between the two forms is in the method of stacking the slabs [30]. 

The titanoniobate CsTi2Nb07 which is formed by heating C.sNO~/TiOz/Nb~05 mixtures 

has puckered layers formed by edge sharing octahedra [31], while the niobium 

and tantalum canpounds ATi&og and (A2Ti5015)n.A(Ti3MJg) (A = K, Rb, Tl or Cs; 

M = Nb or Ta) have tunnel structures [32]. The double oxide Rb&b6017 .3H20 has 
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a mica-like appearance and the crystals cleave easily; thus, it is not surprising 

that X-ray studies have shown the ccmpound to consist of sheets. Each sheet is 

made up of two layers of ENbOs) octahedra linked by half the rubidim atom. The 

remaining rubidium a&s and the water molecules hold the sheets together [33]. 

The phosphate NbO(lQ) is the ultimte product obtained by heating the complex 

species NKI(CH)(RFQ).(2.25&.0) to 900 'C. Three stages occur in the 

decunposition: at 300 'C NbO(H20)FQ is formed, while between 300 and 700 OC the 

mixture {NbO(H,O)pO,~{NbO(PO~o,)), exists [34]. The pyrophcsphate KNbO(P207) 

consists of K+, Nbo+ and [P207]4- ions with the niobium atan being in a six 

coordinate all-oxygen environment, five of the oxygen atam being fran five 

different [P207]4- anions [35]. A {NM&} dodecahedron has been detected in 

crystals of KB[N~(S&)I,]. The structure consists of discrete K" and Q%(sc~)~]~- 

ions [36]. 

Related to the above oxo-cmpouuds is the tantalum disulphide thiophosphate. 

The cmpound has the IMBI.I~L stoicheicmetry TaP&, which can be understood when 

it is realisedtmthirds of the sulphur atans arepresent as S 2- (in CPSSI 

tetrahedra) and the remainder as [S,12-. The structure (Fig. 4) consists of 

w 
52 

0 Ta 

0 P 

Fig. 4: Thebasicbuilding blocks of TaP&: {Ta2Su) units connected V&Z 

{P&I tetrahedra. Dashed lines indicate TaS bonds within the double 

prism of S atars and P-S bonds within the tetrahedron. Rends between 

Ta and S(3) (capping the prism faces) are drawn in perspective. wa2- 
pairs formed by S(1) atans are indicated by thick lines. Reproduced 

with permission fran [37],'S. Fiechter, W.F. Kuhs and R. Nitsche, 

Acta @ystallogr. Sect. B, 36 (1980) 2217. 



94 

ITaGS 1 units linked by {PSI,) tetrahedra, with the coordination sphere around 

each metal atom being that of a capped trigonal prism [37]. 

5.2 NIOBIUM(IV) AND TANTALUM(IV) 

5.2.1 Halogen-containing species 

Various aspects of the coordination chemistry of niobium(W) and tantalum(W) 

chlorides have ken reported in the last year. A thermochemical study of 

tantalm(IV) bromide is discussed in section 5.3. Interestingly, sollR reduction 

of the niobium(V) and tantalum(V) chlorides was observed when they were allowed 

to react with crown ethers {di-benzo-18-crown-6(L'), 18-crown-6(Lz) and 15-~ro~+ 

5(L3)1. Thus besides the niobium(V) and tantalum(V) compounds 2NbCls(L) 

(L = L', L* or L3), NbClsL (L = L1 or L') 2TaC15(L') and TaCls(L"), the species 

2WbCll,(L2), 3NbC1,,(L)2 (L = L2 or L3) and TaCl+(L') were isolated [38]. The 

EPR spectra of [NbC1,(Pht3)2] and [TaC1,(PEt3)2] have been examined over a 

temperature range. The frozen solution spectra (-130 'C in toluene) display 

parallel and perpendicular components indicative of an axially symetric 

species being present (that is tram-[H%,(PEt3)2]), while the ram temperature 

spectra show hyperfine splitting due to the interaction of the unpaired electron 

with the metal nuclei. Frcxn the me asurements it was deduced that the unpaired 

electron is in the b 2g (dxy) orbital [39]. The EPR spectrum of the tantalm(IV) 

ion in silver chloride crystals has been obtained; the reduction was induced 

by y-irradiation of the tantalum(V) ion in silver chloride crystals at 77 K [40]. 

Fran single crystals of the sulphido-halides NhX& (X = Cl, Br or I), high 

resolution infrared and visible absorption spectra were obtained over the 

temperature range 4.2 to 300 K. A detailed interpretation of the optical 

transitions was evaluated in terms of a molecular orbital diagram of the 

Nb-(S2)-Nb-(S2) miety [41]. Another mqxmnd containing a niobiumsulphur 

core is the tetrahydrothiophen adduct of NhnBr&. The cmpound NbnBr+Ss(tht) 

contains two niobium atans that are bridged by formal S2- and [SZ]~- groups. 

The niobium-niobium distance of 2.837(7) & is said to be indicative of a 

single metal-metal bond and the species is diamagnetic [42]. 

5.2.2 Com~~ounds with sutphur-donor %JUTldS 

Single crystal electron paramagnetic resonance studies have been carried out 

on a range of vanadium(IV) and niobium(IV) dithiobenzoic and dithioethanoic acid 

complexes. To obtain magnetically dilute samples, the species under investi- 

gation were diluted with the diamagnetic molybdenum(IV) analogues. All the 

cunpounds are rronaneric, eight-coordinate species with gecmetries between that 
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Fig. 5: The molecular structure of the tetra(tetrahydrothiophehe) adduct of 

Nb2Br4S(S2), repxduced with permission from [42], M.G.B. Drew, I.B. Baba, 

D.A. Rice and D.M. Williams, Imwg. Chim. Acta, 44 (1980) L217. 

of a triangular dodecahedron and a square antiprim. Themlybdentnacanpound 

[Mo(S&CH,)I,] has two crystal form, and the spectra of the analogous vanadium 

ccmpounds in both form have been obtained. Fran an examination of the spectra 

it was deduced that the ground state is of the type ~Iz'-y'> - b1z2> and the 

values of a and b have been obtained from the experimental results and related 

to the structures of the species under consideration [43]. From a related 

study the quadruIzole coupling tensors of "V and '%b in tetrakis(dithio- 

benzoato)~lybdenum(IV) and tetrakis(diethyldithiocarbamato)titanium(IV) have 

been obtained [44]. 

The structure of the monoclinic form of TaS3 (a tantalum(IV) species) has 

been investigated and shown to consist of three types of trigonal prism stacked 

along the b axis. ‘Ihesulph~sulphur distancesbetweensaneofthe sulphur 

atans (2.105(4)-2.068(3) A) indicate the presence of [S212- groulas, and a 

Peierls-type transition occurs at 210 K and is associated with Ta-Ta pairing 

[45]. The sulphides and selenides MY2 (M = Nb or Ta; Y = S or Se) have been 

investigated in a nw&er of contexts but primarily the work has concerned 

intercalation studies. Nuclear spin-lattice relaxation times for '%J and n'Ta 

at low temperatures in their 2-H p&type MS2 sulphides have been determined. _ 
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Similar studies have been carried out on the intercalates formed by the sulphides 

with pyridine [46]. With the niobium cmpound 2(Nb&)(pyridine), evidence for a 

super-lattice was obtained frcm electron diffraction amsurements [47]. A 

thermdyhamic study has been made of the intercalation of sodium into T&. The 

variation of the chemical potential of Na in NaXTaSz as a function of LC was 

investigated using chemical cells that incorporated propylene-carbonate and 

8-aldna as electrolytes [48]. The reaction of lithium with TaS2 or VSe2 has been 

compared with the similar reaction undergone by TiS2 and it has been shown that 

only the Li/Ti& system is highly reversible [49]. 

5.2.3 Compounds ljith Group VB or Group IVB donor Zigands 

The W photoelectron spectra of [M(NI&z~)~] (M = Nb or Ta) have been found to 

be very similar, thus indicating that the compounds are isostructural in the 

gas-phase which is unlike the situation in the solid state where Nb(NMez)s is 

approximately square-pyramidal while the tantalum analogue is trigonal 

bipyramidal [50]. 

The reaction of the tetrahydrofuran adduct of niobium(IV) chloride with 

Me&NC has been reported to yield [CM3C1,{C(C1)N~3}(~~3)}2], which reacts 

with sodium dithiocarbonate (Na[dtc]) to give [{Nbc1{C(C1)N~3}(dtc)z}2] and 

with Li[8-quinoline] to yield [{NbC1{C(C1)NCMe3}(8-quinolinyl)2}~]. These 

latter two compounds are diamagnetic and the authors postulate a Nb-Nb 

interaction [51]. The same authors also report that VC13/NCCMe3 mixtures yield 

[tVCl,CC(Cl)N~s}(~~~)~l~], a point which has been challenged (see Section 

4.3.1) by Lippard and w-workers who, via crystallographic meas urements, find the 

species found to be mer-[VC13(NCCMe3)3] [52]. 

5.3 NIOEHHM(III), NIOBIHM(II), TANTALUM(II1) AND TAM'AuTM(II) 

The standard enthalpy of formation of tantalm(IV) brcmide at 298 K has been 

determined by solution calorimetry as -525.5k2.1 kJ ml-' and the standard 

enthalpies of formation of TaHr, 16 (-480+13 kJ rr~l-~) TaSr, 83 (-431+17 kJ IID~-'), 

TaJ3rs (-456+17 kJ rrol-') and TaBi 5 (-397+17 kJ mol-l) were'estimated [53]. 

'Ihe reflectivity of Nb318 has been measured and the spectrum has four peaks 

at 7500, 11800, 20000 and 28600 cm-' [54]. The reaction of the same cluster 

halide, or NbsIn , with niobium and caesinm iodide in a sealed niobium tube at 

910 OC yields CsNbsIu . The structure consists of face capped Nb61~ octahedra, 

which are linked to other octahedra via bridging iodine atans (see Figure 6). 

The Nb-Nb distances span the range 2.771(2) to 2.940(2) A, the average (2.825 A> 

being shorter than the distance observed in Nb61n. Reaction of CsNbsIll with 

dihydrogen at 400 'C yields C!sNb~IuH [55]. 



Fig. 6: The [(I%~I~)I~~] anion and the manner in which it is bridged to six 

other adjacent anions. F&produced with permission from [%I, H. Imoto 

and J.D. Corbett, Inorg. Chem., 19 (1980) 1241. 

There continues to be interesting developments in the chanistry of cclnpounds 

.thatcan formally be considered to be derived fran niobitnn(III) and tantalum(II1) 

halides. The initial impetus for the work was provided by Templeton and McCarley, 

who reported a study on [Ta&13(tht)3] in which the tuo metal atans are bridged 

by one tht molecule and two chlorine atars [56]. Last year the reactions of 

this canpound with PhcECPh and a range of cyanoalkanes were briefly reported [ST], 

and this year full structural details of pyridinim tetrachloro(pyridine)(PhC==)- 
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tantalate have been given. In particular it was noted that the tantalum-carbon 

bond distances are shorter than expected for either the presence of a 

u-PhCSPh molecule, or the formation of two single Ta-C bonds (C atom of C=C 

moiety). It is suggested that two Ta-C single bonds (C atcm of C=C tmiety) do 

exist but there is also .scme n-donation from the double bond which is formed by 

the tantalum atom adding across the alkyne [58]. A further alkyne, Me$XkCCMe3, 

has been allowed to react with [Ta2C16(tht)3] and following recrystallisation 

from tetrahydrofuran, [Ta&X4(~-C1)2(~-Me$X=CCMe3)(thf)2] was obtained. 

Crystallographic studies have revealed a very short Ta-Ta distance 2.6177(l) i 

which is said to be consistent with a tantalum-tantalum double bond. The 

structure is shown in Figure 7. The alkyne acts as a two 7r-electron donor to 

cm 

Fig. 7: Tne molecule [Ta2Cl&le@XXMe3)(thf)2], reproduced with permission 

from [59], F.A. Cotton and W.T. Hall, 1mrg. Chem., 19 (1980) 2354. 

each metal atom and the whole molecule has C2 symetry, with the alkyue slightly 

asymnetrically bound to the metal atcms as shown by the Ta-C distances 

[r{Ta(l)-C(20)) = 2.214(U) A; r{Ta(l)-C(20')) = 2.416(11) A] [59]. A further 

binuclear tantalum(II1) compound, [Ta2C16(PMe3)4] has been obtained by the 

sodium amalgam reduction of tantalum(V) chloride in the presence of PMe3. 

Interestingly, the two tantalum atom are bridged only by two chlorine atoms, 
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Fig. 8: The molecule [Ta2Cls(PMe3)4], reproduced with pemission fran [60], 

A.P. Sattelberger, R.B. Wilson (Jr.) and J.C. Huffman, J. Am. Chem. 

sot., 102 (1980) 7111. 

unlike previous studies where besides the two halcgen bridging atam there is 

also a neutral ligand in the bridge. The Ta-Ta distance of 2.721(l) t is 

noticeably longer than in [Ta2Clr(~-C1)*(~-EIIe3CCCCMe3>(thf)~] (see above). 

Tne arrangements of the ligand atans is different for the two metal atans (see 

Figures 8) being cis for one and tram for the other, and the 31P NMR 

shows two singlets of equal intensity [60]. 

By reaction of [Ta2C16(PMe3)4] with dihydrogen, a dimagnetic species 

[Ta2Cl&(PMe3),,] is obtained that 'H NMR evidence suggest contains txo bridging 

hydrogen atoms. The X-ray crystal study on this ccmpound, while not revealing 

the hydrogen atcxns, does show a very different mode of bonding for the bridging 
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Fig. 9: The mlecule [Ta&&,(PMe3)+HZ], reproduced with permission fran [60], 

A.P. Sattelberger, R.B. Wilson (Jr.) and J.C. Huffmann, J. Am. Chem. 

sot., 102 (1980) 7111. 

chlorine atom to that seen in [Ta2C16(PMe3)1,] (see Fig. 8). Reaction of 

[Ta2C16(PMe3)'r] with ethene was also studied, and shown to lead to the foxmation 

of [T~C~~(P%)Z(CZR,)] [GO]. Niobium(II1) ether and thioether derivatives 
nave been obtained by the reduction of niobium(V) chloride with magnesium 

turnings in the presence of the ligamk, using C&C12 as solvent. By this 

method [Nb2C16(1,4-dioxane)z], [Nb~Ck(SMen)3] and [Nb*Cl2(OCsH~QIO)(thf)2] 

were isolated. All the compounds are diamagnetic [61]. 

The tantalum(II) compound [TaC12({Me&I&_}2)2] when treated with K[PPh2].2 

l,&dioxaue gives a seven coordinate tantalum(III) hydride [TaH(PPh2)2({Me*pcH2}2)2]. 

'lhe structure consists of a pentagonal bipyramidal arrauganent of ligmds around 

the metal atcxn, with the PPh2 groups on the axis and with the hydrogen atan 

and the four ligand phosphorus atans making the pentagonal plane. 
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Fig. 10: hh1ecula.r structure of [TaH(PPh2)({Me2pcH2}2)2], reproduced with 

permission fm [62], P.J. Dxmille, B.M. Foxman, T.S. McNeese and 

S.S. Wreford, J. Am. Chem. Sot., 102 (1980) 4114. 
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