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Therrs+terialcareredbytbisreviewis ndnlytobe foundinChemicalAbstracts, 

Volumes 93 (no. 19) to 95 (no. 18). In addition, the major Bnglish language 

journals have been covered for the calendar year 1981. !hereviewi.smainly 

cxmcerned with publications of interest to co-ardination chemists. Work of 

essentiallyanorganawtaUicnaturehasnotbeen includedunless itisofmre 

general interest. Likewi~e,mostpapersa~~ernedwitb intercalaticmhavenot 

been included. 



7.1 NIOBIUM(V) ANTI TANI'ALUM(V1 

7.1.1 Halides and oxohatides 

Tcm detexmina tions of the molecular structure of niobim(V1 fluoride in the 

gas phase have been made. The predomimnt species is a tiimar of D3h synmeixy, 

with each metal atcm in a six coordinate environment and with syrmatrical 

fluorine bridges (2) [1,21. 

(1) 

Sane thenmchemical data on the gaseous fluorides and oxofluor-ides of 

tantalumhavebeenreportedaspartof a largerprogrameof thermchemical 

measurements. These provide a clear explanation for the observed resistance 

of tantalum to attack by FZ at high temperature and low pressure [3]. 

TheIm5ymmic properties of the gaseous tantalum chlorides have also been 

reviewed and evaluated 141. 

7.1.2 HaZide, oxohatide, and azidohaZide complexes 

Several studies of ternary fluorides have appearedthis year. The equilibria 

in MLCaF7-MT? (M = Na, K, Rb) and C~T~FS-CSF melts have been studied by IR 

spec+=oscapy. The position of the equilibrium (l), and the vibrational 

[TaF71 '- _ [TaF6]- + F- (1) 

frequencies of the anions, were found to be cation depandmt 151. m 
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measuremmtsonMgTaF7 andCa[Ta~~l~ indicatedthatthefomxsrdisscciates 

directlytogiveMgF~ andTaF5 whereas the latterdezcqmses inthree steps 

through CaTaF_r and Ca3[TaFs]2; equilibrium constsnts and enthalpies of reaction 

were given for each process [6]. lG?iwas used to investigate the thermal 

properties of K3NbFa and K3NbClF7 [7]. 

Other studiesofbinaryandternaryhalidemeltshavebeenconcernedwith 

the electrodeposition of niobium. Thus the electrochemical reduction of K2[NbF7] 

in KF-KC1 melts has been shcm to prcceed in two steps via niobium(IV] [8,9], 

whereas an examination of the NaCl-KCl-NW15 system implicated niobium(II1) and 

niobium(I1) as soluticn species [lo]. The latter authors have also studied the 

chemical reduction of NW15 by niobium mtal at temperatures between 200 and 

800 'C. E&law 400 OC, NW14 aud NW13 ware identified in the products, whereas 

at 800 "C Nb3Cle is formed [ll]. 

Three publications this year have been concerned with ternary chloride systems 

inwhichccmplex formationwas indicated. NbCl5.GaC13 is formed when eguinolar 

mixturesof NE15 andGaC13 are fused together. Ch the basis of Raman measmemsnts 

a structure was assigned consisting of {NbCls] octahedra and EGaCL+l tetrahedra 

with one shared edge [12], although other workers preferred the less likely 

formlation [MCL] [GaCls] (M = Nb or Ta) [13]. EXL (E = Se or Te] reacts with 

MC15 (M = Nb or Ta) to give [EC131 [MC&] [13]. The sulphur analcgues, 

[SC131 DYZl, have been isolated from the reaction between M205, SC12, and Cl* 

at 120-200 'C, and character&ad by 35C1 IQR and IR spectroscopy [14]. 

Oxohalide coqlwes have received scantattentionthisyear. The perox 

co@e~ K2[Nb(02] &I J-i20 has been prepared and the kinetics of its isothermal 

deccanpoSitiOn, to give KB bbOF~1, examhed over the teqxratuma range 463-523 K 

D51. kMesPhl2 [C15TaoTac1~1 contains a centrosymnetric anion of approximately 

D4h syrmmetry. The Ta-Cl bond tram to 0 is significantly longer than those 

cis {r(Ta-Clt] = 2.381;; r(Ta-Clc) = 2.336 i; r(Ta-0) = 1.880 $. The 

structuralparamterswsrediscussed in terms of thebonding inthissndother 

related canplexes [16]. 

TreatmentofMX5 (M =NborTa; X = Clor Rr) with [EPh4]X or [EPhs][N3] 

(E = P or As) in C&C12 leads to the isolation of -1-s containing [m6]- 

or [X5M(N3]]-, respectively. The latter reacts with pPh3 to give [X5MN=PPh3]-, 

althoughinthecaseoftantalurnthis reguiresphotochemical activation. YI& 

IR spectraof the hexahalcmatallate(V] anions suggesteddeparture frana 

Synetry, +ihich Was ccnfins?d for P&‘hsl [Nbc16] and [PPh,] [NbBrS] by X-ray 

netlmds, which showed the anicm symmtry to be C4v and Ci respectively 

~rWClm) = 2.33 aud 2.27 i; r&b-Cleq) = 2.35 ii; r(Nb-Rr) = 2.492, 2.507, 

and 2.508 ii] [17,18]. PPbl ICl&b(N3] 1 was found to contain a disordered 

anion, with the niobimatcanon an inversicm centre. Additionaldisorderof 



the (N3)- miety maans that it is statistically distributed about four different 

positions. Figure lshcws aviewof the anionwitbutthedisoxderdueto the 

inversion centre {man angles: @b&N) = 138", (N-i-N) = 173'3 [171. 

Figure 1: A view of [Cl5NbN31-. Reprcduced with permission fran [171. 

7.1.3 Pentahalide compZexes with 0-, S-, and N-donor Zigands 

Therehaveheenthree re~rtsthisyearofpentahalidecanpl~s containing 

otherthanGrcupVI1 ligands. "F NMR studies of the reaction between MF5 

(M = Nb or Ta) and (2) shcwcd the formatian of adducts of general type 

(7.) 

nMF5.L (L = (2); n = 1 to 31. Cc-ordinationth.mughthepb@aryloxygen 

atans was suggested [191. The reaction betwzen NB& and (3) gave a series of 

complexes [NbC14L]C1 IL = (3); R = Ph, 2- or 4-MsC&+; X = H, 4-Me or 6-Me3. 

m the basis of ccnductivity and IR measuremn ts, the caqxnmds were formlated 
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as ionic with the ligand chelating through the S aud ring-N atans [20]. A 

range of mqmmds TaCl5.2L (L = I-Me#CsH&H=NC~H~R; R = H, 2- or 4-Me, 4+X?, 

3- or 4-Br, 4-MO2 or 4-Cl) has also been reported, and. an the basis of IR data 

it was suggested that L was mnodentateandco-ordinatedthroughtheazamkhine 

N atom 1211. 

7.1.4 Complexes containing oxygen and suZphur acido Zigands 

Ihe reaction betwem MCls (M = Mb or Ta) and MezC=HOH (HL) in CHCls leads 

to coqlexes of the type M&L.HL, Mc13L2.HL, and Mb&L3.HL, in which partial 

halogen substitution has taken place [22]. A1'FHMRstudyhas .shmnthatTaFs, 

PhOH, andNEt2HreactinMeCNto fomaraugeof sixcoordinateanionic species 

[TsF6_x(OPh)x]- (x = 1, 2, 3 or 4), in addition to [T~FI+(OP~)(NE~~H)] and 

[T~z(OPh)~(~zH)]. Reactions involving the formation of a Ta-N covalent bond 

withconcomi tant production of HF were not reported 1231. The phenolates 

M(OPh)xClg-rc (M = Nb or T a; x = 1, 2, 3, 4 or 5) have all been assigned dirmaric 

oxygen-bridged structures on the basis of IR studies [24]. Thepreparaticmof 

the cmplexes M(OPh)gL (L = py, pyM0, Ph&sO, acetophmone or km+hemm), 

MX+(OPh)L (L = py, 2-Mepy, acetophmme or benzophemne),and A[M(OPh)s] (A = Li, 

Ha or K) was also reported [24,25]. 

kJbO(oMe) 2(CGH4-2-CHO)l, [~(~)2(~z3)1, [~1(~2=13)2(~)21, and 

[TaCC12(Wa) @aso) have been synthesised. Allherefoundtobemnanericin 

solutionandshawed IRbamds inthe solid statewhichcouldbeassighedtoM=O. 

The structures in solution ware investigated using 'H WR spectroscopy [26]. 

NbNHMe2)3 has been allowad to react with a maker of facultative ligands. 

m smicarbazones and thiosemicarbamnes, RR'C=NNHC(E)MH2 (E = Oor S), and the 

azines RR'=MM=CR'R (HzL, R = C6HQi, R' = H or Me; R = CioH&& R' = H) all gave 

cmplexes of the types NbWPMe2)3L, Nb(CXXMe2)Lp, NbL2(HL), and Hb2L5 [27,20]. 

Ccqmundsha~the sams general stoicheicmetrieshave alsobeenreportedwith 

a range of Schiff's bases [29]. The mmmeric conplexes [M(OR)sL] {M = Mb or Ta; 

R=Ms,Et,CHW2 orCMa3; HL = R'CSCH2CDR" (R' = R" = Me or Ph; R' = Ph, 

R" = Me; R' = Me, R" = Ph)] have been prepared from M(OR)s and HL in dry benzene, 

these~recharacterisedbyIRandlHNMRspectrosco~r301. WW-d 31 (dtc = 

N-cyclqentyl- or N-cycloheptyl-ditiiccarbemate) has been prepared, and 

characterised by IR and electronic spectroscopy 1311. 

7.1.5 Oarides, niobatesW1, tuntakztes WI and related sulphur systems 

The reduction and polynmzphic transforrmtion of B-Nb205 has been studied. 

The transfoxs,ation&Nb205 +&Mb205 wasdiscussed intermsofalternative 
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reaction paths 1321. Metastable Nb205 modifications, produced by oxidation of 

non-stoicheionetric M"o, (2.46A2.5) phases, have been found to show a "svamory 

of structure" when reduced with H20/H2 mixtures, giving in all cases the original 

Nbo, phases 1331. Ta307(OH) has been prepared by heating an~rphous tantalic 

acid with 3M HZ.%, in a sealed vessel at 300 OC;, it is isomxphous with Nb307F 

and Nb307 (OH) [34]. 

l%e mechanism of lithim tantalate(V1 formation reactions has been studied 

1351 and tk solid phase syntheses of strontium and bar&an niobatesw] have been 

examined using thermal analysis [361. TiTaOb has been shown to be the only 

coqound formsd in the Ti203-Ta205 system. It has a r-utile-like structure with 

a disordered distribution of cations. Magnetic susceptibility nraasurements 

suggest the presence of clusters containing an odd nunkr of reagnetic ions 1371,. 

me Hf02-Ta205 system, however, forms a series of intermediate phases at high 

HfOz concentrations of canposition nHf02.Ta205 (n = 5, 6 or 7); cell dimensions 

were determined frcm X-ray powder data 1381. The X-ray powder pattern of 

V2NbsOlg, prepared by heating mixtures of Nb205 and V02, has been indexed on a 

tetragonal lattice 1391. IR, NMR, TSA and electron diffraction techniques have 

beenusedto examine the formation of FeNb01, by precipitation from aqueous 

solution. Lattice parameters were obtained for various crystal nrxlifications 

formed at elevated temperatures 1401. Single crystals of CoNbOb, prepared by 

heating Nb205 snd CcQO4.2H2O in air, have been the subject of an X-ray study. 

Co%04 isiscxnxphouswithAlNb0, andhas anordered arrangement of cobalt and 

niobiLrm atcxns, each coordinated to six oxygen atoms 1411. In contrast, C&&06, 

prepared by heating together stoicheiometric quantities of Cc0 and NbzO5 in an 

argon atmxphere, has a r-utile-type structure with the cobalt011 and niobium(V) 

ions statistically distributed. The differences between CoNb0, and CoNb20~ were 

discussed 1421. Studies of the RhO3-M205 (M = Nb or Ta) systems indicate that 

only RhbD4 are formed 1431. These decoqose before melting to give Rh, 02 and 

Mz05 1441. The single cq&zal stn_dm?e of Cu0.6Nb02.6PO.4 has been interpreted 

in terms of statistically distributed oxygen and fluorine atoms. Fdge and comer 

sharing {Nb(O,F]#jl octahedra form layers, inanarrangenentanalogousto bbO3, 

tiich are linked by copper(I) atcms via linear C(O,F]-Cu-(O,F]) bonds t451. 

The effect of synthesis conditions on the coqosition and properties of 

niobium(V) phosphates has been studied 1461. TaH(PQ12.2H20 has been reported 

to be formed when an excess of H~POQ is added to a solution containing 

tantalum-fluoride ccanplexes. Theraolysis studies indicate that the water 

molecules are lost in JCW steps, at 323-370 and 473-512 K, (TaOz14P6017 is 

fomed at 723-773 K and finally at 1123 K, TaOPO4 is produced 1471. When excess 

H&CL, is added to an aqueous HE' or IWO3 solution of niobium, a crystalline 

product is obtained which was formulated as NbQAs01+.4H20. Roththis,andthe 
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anhydrate, were reported to be tetragonal and cell dimensicns were given. 

Heating hbOAsO4 above 950 °C gives NbgAs02 s which is iscmorphous with Nb9PO25 

[48]. A study of the TeO2-Ta2Os system using X-ray powder methods has revealed 

four stable mixed-oxide phases. These are 3TeO2.Ta2Os, 7TeO2.3Ta2Os, and 

2Te02 .Ta20s which exists in a high and low temperature form [49]. A similar 

examination of the TeO2-Nb2Os system found only three stable phases, TeO2.3Nb2Os, 

3TeO2 .Nb205, and 4TeO2 .Nb20s. No iscmDrphism was observed between the niobium 

and tantalum syst~ns [50]. However, a subsequent XPES investigation of both 

systems casts doubt on the existence of the phase 2TeO2.Ta2Os, suggesting rather 

the stoicheicmetry TeO2.2Ta20s or TeO2.3Ta2Os [51]. 

A number of new quat~ oxides have been reported this year. Li2B2Nb209 

has been identified in a study of the Li~O-B203-Nb20s phase diagram [52], and 

five new oxides of the type A3TisMOI~ (A = K or Rb, M = Nb or Ta; A = TI, M = Nb) 

have been synthesised. Their structure was described as similar to that of 

Na2Ti307 [53]. Single crystal X-ray structures of KTi3TaO9 and K3TiTaT021 have 

been reported. In KTi3TaO9, Figure 2, there are two possible environments for 

Figure 2: The structure of KTi3Ta09. Potassit~n ions are represented as open 

circles and the positions of the transition metal ions are indicated 

by dots. The B1 octahedra are those with one O atom in the mirror 

plane. Reproduced with permission from [54]. 



the transiticm n&al atoms, the "Bl and B2 octahedra". Thetitaniumand 

tantalWatcms aredisorderedbatwem these sites but, interestingly, the 

disorderisnotcon@etely randon. Blwas foundtocontain42% tantalum 

tiereas B2 contains only 8% tantalm coqared with a statistical distribution 

of 25% tsntalm in each site. The preference of tantalm for one site was 

attributedtothe closeapproachofmetal atoms broughtaboutby the edge sharing 

of octahedra. Bl shares three edges and ti comers, B2 five edges and one 

comer. Thus metal-metal repulsion is reduced when tantalum occupies the Bl 

site. In K3TiTa702r, Figure 3, the m isrroremrked. Titanium is 

found in 20% of the Bl sites, TV edges and one comer shared: the B2 site 

shares six comers and is occupied entirely by tantalum [54]. The MzO~-AZ [SZOBI 

(M = Nb or Ta, A = Na or K) SysteIns have been studied therrsxna lytically. The 

solid state reactions gave products such as M~O~(SOI,)~ and K1oTa~Oa(SOs)lo (551. 

The reaction between RbCl, TaC15 and H2SO4 at 300 'C is said to lead to the 

formation of rubidiumtantalm sulphate, although the analytical data givenwere 

a little sparse [56]. 

The magnetic and electronic properties of the system Fel_cazN& have been 

investigated. Replacement of a few percent of iron(II1) with chrcanium(III) 

causes a significant reduction of the lowest optical band gap, which results in 

an increased response to the longer wavelengths of the solar spectrum 1571. A 

neutron diffraction study of PbFeo.$Jbo.503 showad a randcxn distribution of 

iron(II1) and niobim(V) which waakens the magnetic interaction between 

neighbouring ircn(II1) ions. The roost prevalent magnetic interactions ware 

found between iron(III) ions in adjacent planes (581. 

Scane ccmpunds of the series InTi2m'Ois (In = La, Pr or Nd; M = Al, Cr, Fe, 

Sc 0rGa; M' = Nb or Ta) have been reported to have a layered perovskite-type 

structure (591. Oxides of general formula MErM'M"07 (M = Pd, Cd or Mg; M' = 

Ti, Zr, Hf or Sn; M" = Nb or Ta) were isolated from the reaction of MI'03 with 

ErM"Os at 1200-1300 'C [60]. 

There have been only two studies of sulphides relevant to this section. 

The enthalpy and entropy of fusion of T13TaS5 have been determined [611 and the 

vibronic properties of C!u&S4 (M = Nb or Ta) have been investigated using IR 

reflectivity and ~amn scattering data over a range of temperatures and 

pressures [62]. 

7.1.6 Porphyrin complexes 

Themodynamic andkineticdataonthe dissociation inacidmedia of 

[ClgNb(TPP)], prepared by heating TPPH2 with an excess of NIX15 in boiling 

benzonitrile, have been reported. IR and electronic spectra w also given t631 



287 

Figure 3: The strudure of K3TiTa7021. Potassimionsarerepresentedas 

filled circles and squares and the positions of the transition metal. 

ionsare iradicatedbyopencircles. TheBloYzhedraarethosein 

the edge-shared units of six ocUhedra. F&prcducedwithpexmission 

frcm [541. 

Anexplanationhasbeenadmnced astowhythetwotetr~lporphinecaqJlexes 

[{M(TPP))203] (M = Nb or IWlo) have such remarkably different s tructures (4, 5). 

The strume of theniobimccnplexwas explained intenns ofmaxinnmutilisation 

of vacant dv orbitals. 'Ihe linear structure~lauldallowonlythe~~snd~~ 
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N 
\ N 

NNNb\~ 
/\ 

N N 

0 

0 

N\Mo/N 
N' lt\N 

0 

(4) (5) 

orbitals to Mmnd with donor pX and py orbitals of oxygen, whereas the triply 

bridged structure allows, in addition, d xy (or a2_y2) and dZ2 orbitals to 

contribute to the TI interaction. For themlybdenumcomplex, the energy of the 

lowest d level (which accepts the last tm electrons) is apparently the mst 

important factor [641. 

CV and controlled potential electrolysis of [NbO(TPP) (O~cMe)l shows three 

one-electron reduction steps. The firsttwoof thesewere attributed to the 

reduction of niobium(V) to niobium(III), and the third to the reduction of the 

porphyrin ring. These deductions were tie on the basis of EPR mzasuren?ents 

and experiments involving added pyridine. The results were ccmpared and 

contrasted with those for [McOWPP) (OKMe)l+ [651. 

7.1.7 Complexes containing nitrogen acido Zigands 

when l,lO-phenanthroline or various substituted derivatives are added to 

H&XL, or HCl solutions of niobium(V) containing WNI-, cmqmunds formulated as 

[phenHl [NbO(OH) (NCSI ~(HzO)I or [phenHlINbO@CS)2C12 (HzO)l are precipitated, 

whereas with 2,4,6_trimethylpyridine (Melespy) the isolation of 



IMe3pyHIWkOUKS)~~Me3W)1 or ~Me3~Hl~Nho~NcS~~C1~~Me~w~l was reported. Sane 

of these formulations seem questionable in view of the suggested incorporation 

of the sterically hindered trimethylpyridine ligand in the coordination sphere, 

but the exclusion of the less hindered phenauthroline [66]. 

Fcu- six-coordinatechloro(dimethylamido)ccmplexesof tantalum(V) havebeen 

preparedandcharacterised,threebysingle-crystal structure. Me3SiC1 and 

Ta(NMe2)s react to give [{TaC12(NMe2)3>2], which is a centroqmetric 

chlorine-bridged dimer with the N&2 groups in a facia2 arrangement. 'Ihe 

reaction between TaCls and NHMs2 was found to give three products. 

[TaC13(NMe~)~@lHMe2)], the major product, is mmoser ic with the NW2 moieties 

cis, one tram to chlorine and one tram to NHMe2. [TaCb We21 30WMe~)l was 

assign33 a mmcmeric structure with the NMe2 groups fuciaZ, and 
[ {TaC12(Esule2)~(NH&2)~20], a trace inpurity, is a dimar with a near linear 

oxygen bridge. The ligandarrangementabout tantalum is similar to that in 
[TaC13(NMe2)~(NHMe2)], with one of the tram chlorine atcms replaced by oxygen. 

The short Ta-NMe2 distances (P = 1.968 i, averaged all structures) and the 

spatial distribution of the NMe2 ligands were ccmsidered to be indicative of 

extensive N(p) to Ta(d) IT bonding [67]. 

The preparation of a number of tantalum(V) imido complexes has been reported 

(equation 2). The structures were assigned on the basis of IH, 13C, i5N, and 

Cl Cl 

I 
2 PM9 Me3P\ Ta /” 

thf/ NNR -Me3P/ 
I 

Cl Cl 

(R= Ph,Me or'Bd 

(6) (7) 

3iPNMRSpectIoscopy. Reduction of (7) leads to tk formation of a tantalm(III) 

in-&do compound, (81, in whi h c oneofthepMe31igandsmaybereplacedbyan 

alkene to give (9), see equation (3). A band around 1350 cm-l in the IR spectra 

of all these ccxnplexes was assigned to a coupled Ta=N-C stretching node on the 

basis of "N labelling experiments [68]. t{Ta(CHCM%) (a2w3) (m3)2)2N21 (10) 

represents the first example of a fully characterised dinitrcgen ccqlex of a 

GroupVAmetal. Its preparation, equation (4), involved the direct reaction 

with dinitrogen. The structure, (101, which is represented schematically, 

shaws each tantalum atcm to be in a trigonal bipyramidal environmen t, with the 
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PhN PhN 

2NalHg II 

(7) > 

Me3P\Ta /Me3 

2 PMe3 
Me P’ 3 I ‘PMe 3 

Cl 

R%H2=CH2 II c’ \ Ta /PMe3 

-Me P’ 3 I ‘R’CH:CH 
2 

PMe3 

(3) 

(8) 

2WHg 
[Ta(CHCMe~)C13L21 A [{Ta(CHCMe~)ClL~~~N~l --f% 

LN2 

(L = pMe3, R = Me or CH2CMe3) 

(R’=H or PHI 

(9) 

[{Ta(CHCM%)RLn~zNzl (4) 

phosphine ligands axial and the two halves of the molecule approximately 

orthcqnal (not shm). TheTa=Nbmds areboth shorter than theTa=Cbonds 

(10) 

{r(Ta=N) = 1.837, 1.842 i; r(Ta=C) = 1.932, 1.937 $, the N-N bond is 

particularly long for this type of bridged ccanplex (r(N-N) = 1.298 iI, and the 

{Ta(cL_-N2)Tal unit is close to linear. On the basis of these observations it 

was suggested that the w-N2 group is "diimido like" (i.e. Ta=N-N=Ta, rather than 

Ta-NEN-Ta). The preparation and. partial characterisation of {(thf)nCl~Ta=N-12, 

{(PE!t3)2C13Ta=N-)2 and C(PM~~)~(CZHI,)C~T~=N-)Z, which are related to (6), (7), 

and (9) respectively,wre also reported, although onlythelastmntionedwas 

produced by directreacticm of NP. 15N labelling studies indicated that a band 

around 850 m-l in the IR spectrum is associated with the (TazN2) moiety of 

these cxqmnds [69,70]. 

7.1.8 Hydrides 

D-35 (pMes)sl 

dihmen in the 

has been prepared by allowing i-5 PI%?3)2] to react with 

presence ofanexcessofPMe3; thepuretantalumanalogue 
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could not be isolated [71]. 

7.1.9 SoZvent extraction 

Three solvent extraction studieshavebeen reported this year. The 

interaction of tantalum(V) with 2-nitrophmylfluorone and 4,4'-diantipyrylmthane 

hasbeen stkG?d spectrophota&xicallyand the ratiooftheccqxmmts inthe 

ocqlex established [72]. The extraction of niobium and tantalum f&m aqueous 

HFusing 4,4'-d_iantipyrylmsthane intheorganicphasehasbeenexamimd. Data 

on the selectivity of the extraction process were given [73]. Aradiotracer 

study of the extraction of niobium ard tantalum from aqueous H~SOL, solutions 

using tributylphosphate has also been reported [741. 

7.2 NIOBIUM(IV) ANDTAIWALUM(IV) 

7.2.1 Halides and halide complexes 

N~FI, has beenpreparedby the reduction of NbF5 with niobiummetal folkmad 

by sublimation of the excess of NbF5. The electronic spectrum of the product 

had maxima at 515 and 565 m, arid varies possible assigments were discussed. 

Ihe magnetic susceptibility U a waak field dependence, and the mgnetic 

mment fell fran 0.8 ti at ram temperature to 0.2 c~s at 4 K. These results 

wzei.nterpretedir~tennsofa~T 2gground stateperturbedbyspin~rbitcoupling 

andanaxial fieldcmpment,knkinordertoobtaingoodagreemn tbetween 

calculated and experimental values, au abmmallylaqevalue for the spin-orbit 

coupling constant was reguired [751. 

The series of caqounds LnN&7 (Ln = all lanthanides except Ia) havebeen 

prepared and theircelld imensions detemined. They areisotypicwiththe 

InZrF7 series 1761. 

7.2.2 Halide, sulphido- and setenidohalide complexes with Group VB donors 

The crystal structure of [NbCL,(diars)~] slmws the cooxdination about niobium 

to be dodecahedral with r(Nb-As) = 2.733 i and r(Nb-Cl) = 2.515 i. The arsenic 

atom cccupytheAsites.andthechlorineatcmts theBsitesofthedodecahedmn 

(11). Ccqarison of the bond lengths with those found for [NbCL,(diars)]+ 

shmed that rmb(IV)-As) f &b(V)-As1 whereas r{Nb(IV)C11 > riNb(V)-cU. 

lhiswasattributedto the single delectmn inthe$ orbital of the nicbium(IV) 

con-plexrepelling the fourchlorine atcmwhichlie almstinthe same plane [77]. 

cis-[NkC14(NU&)2l.MeCN is obtained when M3cl~ is allowed to react with MeCN. 



(11) 

'Ihemleculehasacrystallcgraphi.cally jqxxsedmirrorplanewhichpasses through 

the niobium and two chlorine atcms {r(Nb-Cl) = 2.328-2.349 i, r(Nb-N) = 2.220 &. 

If this adduct is allmed to react with Sb&, equation (5), a green precipitate 

MKN 
3[Nbc& (=)21 + =‘2s3 - 3[Nbsc12(Nchk?)21 + 2Sbcl3 (5) 

50 'C, 2d 

isobtainedwhich,when recrystallised fromMeCN,gave twotypesof crystals. 

These were shown to be [CNbSC12(NCW)2~2].xMeCN (x = 1 or 2), both containing 

the .saxe basic unit (12) of approxjmately D2h symetry {r(Nb-Nb) = 2.862-2.872 i, 

r(~b-Cl) = 2.383-2.403 ;, r(Nb-S) = 2.338-2.349 ;, r(Nb-N) = 2.286-2.334 il. 

Cl Cl 

(12) 

di 

Ananalogaushranidewasalsoreparted,andacanparisonoftheIRs~aofthe 

chloride and brcmide allowed the assignrrmt of bands arcund 470 and 320 cm-' to 

vibrations of the (F&m> unit [781. Bycontrast, inthe reactionbetvxzen 

[Nb&s(NU'k?)2] andSbsSe, the redox reaction, (6), apparently OCCUTS. The 



2se*- + 2Nb(Iv) ---z [se*]*- + 2Nb(III) 6) 
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structure of the product, DU~~M~CN)SB~~OS~~~, ziihws a 

{(~)2Br2Mr-c1-Se-)l-(Se2)-NbBrp(~)2) fragment weakly linked to two {NbBrs) 

units (IS), one of which has been omitted for clarity; thisisbonded inan 

Br 

Br Br 

identical fashimto thatshwnontkothersideofthe&Z&jZZLeiety. 

Amirror planepassesthroughthe three selenimataw, the niobimandcne 

brcmine atm of both {NbBrs) units. The single seleniumatcnniskoundto all 

four niobium atms {r(Nb-Se) = 2.469 x 2, 3.086 and 3.095 i> and the BrsNb-Br 

bridging bonds are long at 3.125 and 3.195 i ccrrpared to the Nb-Br terminal 

bonds k(Nb-Br) = 2.504-2.545 &. TheNb(IV)-Nb(IV) distance is jndicative of 

a single kmd {r(Nb-Nb) = 2.886 &. Thecuqxmdwasfoundtobedimagnetic 

andEPRinactive, andpossible reasons for this me discussed [791. 

7.2.3 Oxides, niobatesfIV), and tanta1atesf.W) 

~~icequilibriumstructure,vibrationdl frequencies andhanmnic 

forceconstantsofgaseous Nb02havebemdeterminedfranhightemperature 



electrm diffraction data 1801. A single crystal EPR study of niobium(IV) doped 

ZrSiO+ has been conducted. The spectrum showed the expected ten-line signal 

which was analysed to obtain g values aud hyperfine coupling constants [811. 

The cation distributions in (Feo.sTaa.5)02 and (Fea.ssNbo.53)02 have been 

redetermined by the ccnnbined use of neutron and X-ray pow&r diffraction. Roth 

ccqounds have the rutile structure with the metal atoms statistically distributed. 

The magnetic ordering was also studied [821. 

7.2.4 Sulphides and selenides 

The single crystal structure of 3-R Nbl.,~& shms the majority of the niobium 

atoms to be in trigonal prismatic sites between pairs of close-packed sulphur-atom 

layers {s(Nb-S) = 2.473 $. A fraction of the niobium atcms were found in 

trigonally distorted octahedral sites within the van der Waals' gaps of 

successive S-Nb-S layers {r(Nb-S) = 2.577, 2.234 &. The distortion prevents a 

close approach of trigonal and cctahedral niobium atoms [83]. 

ThechemicaltransportofbothTaS 2, and Ta205, by sulphur has been studied. 

In each case the results ware interpreted in terms of transport uia the previously 

unknown TaS5 m&cule (84,851. XPEsmea suremant.shavebeenmadeonNbS~and 

TaS3 and information obtained on the valence band structure (861. RXAPS spectra 

ofTaSesandthepolytypesofTaS2andTaSezhavebeenmeasuredandusedto 

detemine the amountofpcharacter in the conductionband. Intercalation with 

NzH4 was found to rrpdify the p character of this band (871. 

7.2.5 Complexes containing sulphur acido ligands 

EPR spectra of [Nb(r15-c~H~)2~s2P(oR)2~1+ (R = Et or Cm&) have been reported. 

The solution spectra showtwo superimposed ten-line signals due tohyperfineand 

superhyperfine ccupling of the electron spinwiththe g3Nb 

A detailed analysis 

7.2.6 Carbides 

GweousNbcard 

study, aIx3theNb-c 

of the spinHamiltonianparameterswas 

NbC2 molecules have been identified in 

bond energies were evaluated (891. 

and 31Pnuclear spins. 

given [881. 

amass spectmnetric 

7.3 NIOBIUM cI;usTERs WI'IH OXIDATION STATS > (III) 

Apreliminaryreporthasappearedof the structureof 

&[H5021 [Nb302(S01,)6(H20)31.5H20r which represents the first fully characterised 
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non-niobium(V) species Obtained frcan aqueous solution. The anionhas 

approximately D-,h symnetry, with a triangle of niobium atom {F(Nb-Nb) = 2.886 i> 

capped on each side by an oxygen almn G(N~-B~-O) = '2.052 iI, and each edge 

bridged by two bidentate sulphate ions {~(Nb-C60~) = 2.136 &. Nine-coordination 

abouteachniobium (incluJi.ng theNb-Nbbcnds) is canpletedby threewater 

mlecules at the vertices of the triangle {F(Nb+XI2) = 2.241;). The niobium 

atom have anaverage oxidaticm state of 3.667 and the Nb-Nbbmd orderwas given 

as 0.667 [901. [Nb~(Me(TJ)@r1oSe3] was discussed in Section 7.2.2. 

7.4 TAWMJJM(111) 

7.4.1 Halide complexes with sulphur ligands 

The crystal structures of [Ta2C16(tht)3] and [TazCle ES?~) 31 have been 

repxted. Both are very similar to [TazE3rs(tht)3], with a Ta=Ta bond 

{r(Ta=Ta) = 2.681 and 2.691 A}, and three bridging atms, tm chlorines and one 

ligand sulphur. Theonlydifference of noteketweenthese ccq&sxes and their 

brmide analogue was found to be the Ta=Ta distance h(Ta=Ta) = 2.710 i in the 

brcmide ccmplex~, which was attributed to the relative size of the bridging 

atoms [91]. 

7.4.2 AZkyne compkxes 

Tantdlumc~l~scontaining~eshavegenerated~interestinrecent 

yearskecauseofthe &ortTa-Cdistanceswhichhavebeenfound. Theseare 

typically 2.07 i, indicative of a double bcmd. The bonding models (14) and (15) 

donotaccountfortheseshortbcoldsandhenceafourelectrondonormodel, (16), 

waspropxed. Arecentpublicationremkes this and suggests instead,byanalogy 

(14) (15) (16) (17) 

with cyclopmpene, thatasixnplenr3tallccene mdel for transition-n&al-allqme 

carplscesshauldbedescribedascantainiragbentbonds,(17). Asimplen~thod 

forprediding~andCCdistances~s~sedandaFpliedto 

tpyHl[TaCL(PhC~Ph) WI. The results areveryconvjncing,lxlt clearly further 

tests cm other campaunds are necessary before this mdel becanes accepted [92]. 



The opportunity for such calculations has already arisen in that the structures 

of twomre tantaluma&me cmplexes havebeenpublishedanddescribed in terms 

ofthefour-e lectron don&Kcdel. [Ta(cp) (PhCZCPh)C121 is nonmeric with 

r(Ta-C) = 2.067 and 2.075 i for the alkyne carbons and r(CEC) = 1.337 i [93]. 

[{TaC12(tht) (M~sECW)~~(WC~)~I is a centrosynuretric chlorine bridged diner. 

Thetantalumatans are sevenccordinateif thealkyne carlmnatomsarecounted 

separately, with r(Ta-C) = 2.029 and 2.033 i, r(EC) = 1.32 i and a Ta-Ta distance 

of 4.144 i. This precludes a Ta-Ta bond, the absence of which was attributed 

to the delectrons beinglccalised inbondingwith the alkyne group. The 

chlorine bridges are asymmtric, with the bond tram to the alkyne group (2.736 i) 

longer than the bond trans to the terminal chlorine atom (2.496 i). Thiswas taken 

as evidenceof significant~-donation frcmthe alkyne to tantalum, so if thebent 

bond model is to gain acceptance, an explanation must be found for this 

-try WI. 

7.5 NIOBIUMAND TANIZ&UMCUJSTEJ?S, OXIDATION STATE < (III) 

Heterogeneous, reversible redox reactions of Ta&lL4.8H20 have been reported 

tin it is made an electrode of a suitable cell with a 1M HCl/LV NaCl electrolyte. 

The anodic oxidation/cathodic reduction reactions proceed as in equation (71, 

[Tad%4 (Hz0)4] .4H20 & [Ta6Cli&H)z(H20)4_&4H20 + ma- + zH+ (7) 

with OGg1.5. NbsCll4.8H2O my be oxidised similarly but cathcxJic reduction is 

reported to be kinetically hindered [95]. vhe cmplexes [(M6cl12)C12 (PR2R') 1 

(M = Nb; R=R'=Pr Ht. I I R=Ht R'=Ph , ; M=Ta; R = R' = Pr) have been 

prepared and studied using CV and controlled potential electrolysis. They 

undergo ~reversibleone-electronaxidati~s, andchemicaloxidatiohwith 

[NO] [PFs] was used to produce both tantalum cationic species, although only the 

mno-cationofniobiumcouldbeobtained. The niobim ccm@exes were also 

found to undergo a one-electron reduction, to give (presumably) 

[(NbSc112)c12(PR3)41-, but this couldnotbeisolated. XPE9measummentson 

theneutralaudcationic species, togetherwith EPR spectraof themmo-cations, 

wsre taken in conjuncticmwiththeCVresults to indicate thattheHOofthe 

{M&1i21n+ core is almost exclusively metal based [96]. The X-ray pm&r 

patterns of [M6Xi21Y2.?ZH20 &I = Nb or Ta; X = Cl or Br; Y = Cl, Br, I or OH) 

have been reported and classified into five groups (971. NbSIll and HNbSIll 

undergoaphasetransiticntiichwas foundtobeacampaniedbyacrossingof 

electronic levels, which led to a reduction of the spin degeneracy [98-1001. 
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7.6 

The 

7.7 

the 

the 

7.8 

TANl%LUM(II) 

Matrix-isolat_edTaOhasbeen studiedusing absorptionandK3Dspectrosmpy. 

results were ccmpared with those obtained in the gas phase [loll. 

NIOBIUM(O) AND TANIALW'l(O) 

The canplexes [M(Mek?2PCH~CH~PMe~)~] (M = Nb or Ta) have been isolated frcm 

reactionbetweenthematalvapourandthephosphiae. Thisappearstobe 

first report of a zero-valet tantalum cmplex [1021. 

NIoBIuMNMRsP)IJxmxoPY 

"Nb studies have been made of canplexes purported to contain Nb(V)=S and 

Nb(V)=Se moieties [1031. These results [103] should be treated with sane 

caution because the stoicheicmtries enployed in the preparation of the starting 

materials NbYX3.2MsCN (Y = S or Se, X = Cl or Br) could easily lead to the 

formationof ccxnpkxes contiining the&-S-Nb-(S:) unit, which containsNb(IV) 

and a matal-nratal bond [1041. Furthenrore, NbX1~.Zt&CN is described [lo33 as 

a green solid with an Nb=S stretch at 552 an-? in its IR spectrum, whereasin 

the hauds of the author this ompound is orange with v(Nb=S) at 530 cm-l rlO51. 

Anexaminationof MeCN solutions containing niobium(V), chloride ions and 

thiocyanateions has revealed sixteenmagneticallynon-equival~tniobim 

environmntswhich, byuseof thepairwise additivitymdel,wereassignedto 

sixteenofthepossible fifty-sixconfiguratiousforthe system 

mmCS)~WN),C16_(,,,) 1 . [Nb(SCN)6]- was identified for the first tim, and 

its formation, togetherwiththatofmixedthiocyanate/isothiocyanate complexes, 

was discussed with reference to the hard-soft acid-base node1 [1063. 

The mltinuclear NMR spectra of [Nb(PF3)6]- and its vanadium analogue have 

beenreported. The g3Nb spectrum sho%ed a well resolved septet ('JNbP = 1050 Hz) 

with associated fine structure ('JW = 55 Hz). lhe~1Pspectnmshcwedteu 

quidistaut, superimposed 1:3:3:1guartets ('JPF = 1250 Hz) and the "F spectmm 

consisted of a doublet bmadened by unresolvedfinestructure. All of the 

couplingconstants inthevauadiumanalcguehere smaller, audthiswas interpreted 

in temsof greater valence s-electrondensityatthenucleus and enhanced 

u-bonding in the niobium ca@ex [1071. 

1 J. Brunvoll, A.A. Ishchenko, 1-N. Myakshin, G.V. Romanov, V.P. Spiridonox?, 
T.G. Strand and V.F. Sukhoverkhov, Acta &em. Stand. Ser. A, A34 (1980) 733. 
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