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This review contains a report on the chemistry of vanadium which appeared 

duringlQS0. Certain aspects are largely excluded and tnese are organanetallic 

chemistry, solid-state chemistry, kinetics and catalysis. 'Ihe material is 

organised as in last year's review, except that this year species containing, 

or formally containing, oxo-anions are discussed in a separate section. 

4.1 VANADIU%l(V) 

4.1.1 Cor~~~oands containing vanad<wrrhalogen bonds 

The solution chemistry of vanadium pentafluoride has been studied in a wide 

range of solvents using '9FNMRspectroscopy, andVFs hasbeenshowntobe a 

weak F- acceptor even in VFs/AgF/HF mixtures. In the presence of SbFs, it acts 

as a yak base to give a fluxional polymer [l]. In XW.3.F solution at low 

temperature, evidence was obtained that suggested VFS exists as a short linear 

polymer with ci6 fluorine bridges, the average chain having the formula 

[(v~5)5] [2]. An oxygen exchange reaction between VF5 and F0F3 readily takes 

place that gives V0F3 and PF5, thus providing evidence for the strength of the 
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V=O bond. The same oxo-cmpound, VOFB, is form& when VI?5 is treated with 

CF&OzH [3]. 

Oxovanadim(V) species that also contain halogen atoms are of continuing 

interest. Fran the reaction of V205/KF/H202 mixtures at pH_4, the peroxo anion 

[ww2h12- was obtained as its potassium salt and characterised by infrared 
and thermgravimetric measurments [4]. Aryl cyanide adducts of VCC13 have 

been the subject of single crystal X-ray studies this year. Cyanobenzene forms 

1:l and 2:l adducts with voCl3 giving rise to five- [5] and six- coordinate [6] 

species respectively. The essential details of both structures are given in 

Figure 1, where it can be seen that there is disorder present in [VoC13(NCPh)2]. 

It is noticeable that there is a marked difference between the V-N distances 

in the two structures. A study of the stacking faults in [VCC13(NCPh)2] has 

also been made [7]. 

Another WC13 adduct whose structure has been examined is [AsPh~][VCEl+]. 

The anion has Cq, symetry with an extremely short V-O distance of 1.551(9) A, 

a V-Cl distance of 2.256(2) ,&, au O-?-Cl angle of 103.4' and a Cl-?-Cl angle 

of 86.9'. The related [AsPhr][V(NC1)Cll,] canplex has been examined and in its 

infrared spectrum v(VEN) is at 1114 an-' with v,,(VClk) at 373 cm-'. The 

related bands in [VOCL,]- occw at 970 cm-' {v(V=O)} and 377 cm-l [8]. Vanadium 

iodonitrene trichloride exists as a chlorine-bridged centrosynmetric dimsr (see 

Fig. 2) with an 1-N-V angle of 163O. Triple-bond character has been assigned to 

the vanadiumnitrogen distance, the compound being prepared by the oxidation of 

VCL, by IN, [9]. 

A range of phosphiniminato cmplexes of vanadium(V), namely [VC12(0)(NPPh3)], 

[VCl(O)(NPPh3)2] and [VC13(NPPh3)2], have been made frcm the reaction of the 

appropriate halo-complex and MeBSiN=PPhs [lo]. Chloro-asides of vanadium(V) 

have been prepared in good yield using SiMes(N3) as the source of aside, and the 

aside products react with PPh3 to yield phosphiniminatovanadium(V) ccmpounds [ll]. 

Reduction of VW13 has been executed both photochemically, and by reaction with 

hydrogen atans. Alcoholic solutions of VoC13, when irradiated in the charge- 

transfer region, undergo a reaction in which the vanadium is reduced stepwise 

to vanadium(U) with ccmensurate oxidation of the alcohol [12]. Infrared 

ctlemiluminescence studies of the H/VOC13 system show that HCl is formed, and 

from the product distribution it was suggested that a temperature of 389Of250 K 

was attained [13]. 

4. I. 2 Compounds containing vanadiumoxygen bonds 

The reaction of the hydrated [V(O)*]+ ion with H202 in the presence of a 

range of polydentate carboxylic acids {e.g. edt&,, C(HOZC)NHC&}~ or 

Me2NCH2CH2CH2N(COCH)2) yields species containing hydrated [VO(02)]+ and the 
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Fig. 1: Ccmparison of the angles pd distances shcm by (a) [VoC13(NBh)] and 

(b) [VCC13(NCPh)2], reproduced with permission fmm Acta CrystuZZogr., 

Sect: B, 36 (1960) 312. 



Fig. 2: A view of C13VNI,reproduced with permission from 2. Naturforsch, TeiZ 

B: Anorg. Chem. Org. Chem., 35 (1980) 154. 

relationship of the rate expression to the nature of the acid has been 

evaluated [14]. In a related study on sodium vauadate(V)/hydrogen peroxide 

mixtures, the equilibrium constants for the formation of the red hydrated 

[VO(02)]+ ion from hydrated [V(O)p]+ CK = (3.720.4) x lo4 ml dmm3 at 25 OC 

in 0.3 M Na[CIO1,]) and the yellow anion [VO(Op)2]- from hydrated [V0(02)]+ 

{K = 0.6kO.l rnol dn~-~ at 25 OC in 0.3 M Na[ClO,]} have been determined. The 

kinetics of the reduction of these ions by aqueous iodide have been interpreted 

in terms of nucleophilic attack by I- on the various protonated form of the 

hydrated [V0(0~)]+ and [V0(0)~]- ions [15]. A range of salts containing the 

[VO(O2)2]- moiety have been prepared, namely K[VO(OZ)P(HZO)], KB[VO(OP)Z(CO~)], 

KB[VO(0z)2(C~0ti)] and KP[VO(O~)(C~O~)~].H~O, and on the basis of their 

infrared spectra it was suggested that the anions are mncmeric with a penta- 

gonal pyramidal or pentagonal bipyramidal structure [16]. 

The structure of tetraphenylphosphonium dioxo{4-(Zpyridylazo)resorcinolato}- 

vanadate(V) has been determined by X-ray methods (see Fig. 3). The vanadim 

atan has a coordination sphere consisting of two cis terminal oxygen atoms 

Cr(V0) = 1.625(2), 1.615(2) A), a phenolic oxygen atcm {r(VO) = 1.943(2) A>, a 

pyridine nitrogen atcm {r(VN) = 2.081(Z) A> and one of the nitrogen atoms from 

the azo group {r(VN) = 2.141(2) 1). It is noticeable that coordination has 

caused a lengthening of the nitrogen-nitrogen distance in the azo group [17]. 

The dissociation in solution of the dimeric vanadium(V) compounds [V203(L)cl] 

CL = S-quinolinato or isopropyltropolonato) has been studied photometrically 

and the equilibrium constants for reaction (1) determined [18]. 

[V~OS(L)I+] + Hz0 M 2EV(0)2Ll + BL (1) 
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Fig. 3: A Schematic diagram of the dioxo 4-(2-pyridylazo)resorcinolato)vanadate(V) 

anion, reproduced with permission fran Acta Crystallogr., Sect. B, 36 

(1980) 2933. 

Four interesting studies have reported aspects of the chanistry of [VO(E)3] 

(E = uninegatively charged species). The low-energy photoelectron spectrunI of 

[VO(NOa)9] in the gas phase has three regions {like the spectra of [Co(NOB)3] 

and [Cu(NO3)2]) that are associated with the molecular orbitals of the [N&I- 

ion. The spectrum of [vo(No~)~] shows a closer resemblance to that of IQ%(g) 

than does [Ti(N03)s], thus indicating that the [IQ]- molecular orbitals are 

less perturbed in the vanadium than in the titanium canpound [19]. The oxo- 

cunpound [VO(NPh2)3] has been synthesised fran [V(NPh2)s] by oxidation with NO 

in tetrahydrofuran [20], while attack by pentane-2,4-dione on [VO(CEt)g] in 

CCL, or EtoII has been studied spectrophotanetrically and shown to yield 

[VO(acac)2(0Et)l [211. The carboxylates [VO(OKR)3] (R = alkyl) are readily 

prepared by the reaction VOC13 with an excess of Ag[O&R] in C&C&, or by the 

depolymerisation of {VO,(O,CR)}n in (lXO)20. These carboxylates form 1:l 

adducts with 2,2'-bipyrldine or l,lO-phenanthroline, where the vanadium atan 

is six coordinate and the carboxylate groups are monodentate and take up a 

meridiona2 configuration [22]. 

4.1.3 Compounds formaZZy containing 0x0-anions 

In this section all the chemistry of species containing oxo-anions 

irrespective of the valence state of vanadim are discussed; also included are 
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o~vanadiumphosphorus, oxo-vanadiummolybdenum and oxo-vanadium-tungsten 

species. 

The vibrational spectra of a range of metavanadates AVOB (A = [MI+], [ND+], 

K, Rb or Cs) have been measured and the results for aqueous solution measurements 

on KVOB interpreted as showing the polymeric {VOa)nn- ion, with C2, symnetry, 

being present in solution [23]. 'I'he nature of the isomorphic substitution of 

Ca, Ba or Sr ions in the Srg(VOI,)2/M3(VOb)2 system and that of Caa(VOq)2/3a,(V01,)2 

has been investigated, and the variation in unit cell parameters for the solid 

solutions examined [24]. Three solid phases in the system LizV20, (0.1~~~1.0) 

have been synthesised and characterised by X-ray measurements. Examination of 

the ccqounds in electrical cells suggest hanogeneous phases exist in three 

regions: I, O<z<O.l; II, 0.35<2<0.5 and III, 0.9<z<l.O [25]. 

Recently a stereospecific synthesis of mixed-metal polyanions has been 

developed and this process can be used to investigate the electronic interaction 

between adjacent metal atces in a polyanion. The EPR spectra of [a,l,ZSiV~W~oO~o 16- 

and [a,1,2,3-SiV3W9040H] '- in their reduced forms, namely [ct-SiV1"VvWl~O~ I'- (1) 

and [n-SiV'v(Vv)2W~040H~]8~~ (2), show that there is an interaction of the 

electron on the V(IV) atom with the other vanadium nuclei. For (1) a fifteen 

line spectrum was obtained, indicating that the electron is delocalised over the 

two vanadium atoms (see Figure 4), while for (2) a forty line spectrum is obtained 

Fig. 4: A polyhedral representation of the Keggin structure with the pro@ 

I.U.P.A.C. n&ring scheme for the metal atars, reproduced with 

permission from J. Am. Chem. Sot., 102 (1980) 6865. Complexes [a,1,2- 

SiVzW1OOltD 16- and [a,1,2,3-SiV3Wg0~oH16- contain vanadium atoms in 

sites 1 and 2 and sites 1, 2 and 3, respectively. 

and this has been shown to indicate that the electron is trapped on one of the 

VESXidi~ atans, but spends 17% of its time on each of the other two [26]. 

A 1:14 vanadophosphate [PV1s042 I"- anion has been isolated as its guanidinium 
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salt. It was prepared from a HPA/NaVOs mixture (molar ratio 1:4), with nitric 

acid being used to attain @I 2.7 in the presence of an excess of guanidinium 

hydrochloride, The position of the phosphorus atom can be seen fmn Figures 5 

and 6, the mntral #Ok) tetrahedron sharing its oxygen ataas with four {V3013 } 

groups [271. 

I 
I Q --__ 

I 
--_ i ----- ; 

’ I 
’ , 
1 , : 

Fig. 5: 'Ike polyhedral mdel of the [W11,042 Is- anion, reproduced with 

permission frun J. Am. &em. Sm., 102 (1980) 6571. 

Tw heteropolyanions in which there are central {'WI,) tetrahedra are 

b3VSOb0 I’- and [W2Wo W&o 1 
6- 

. Both these species have been the subject of 

single crystal X-ray studies and their structure are represented in Figures 7 

and 8. Frcm Figure 7 it can be seen that in [MoaVsO,,o I'- (which is not a Keggin 
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Fig. 6: The gemetry of the [PVl+O42 ]'- anion, reproduced with permission frcm 

J. em. C&m. Sm., 102 (1980) 6571. 

structure), besides the unique {VO,) tetrahedron, there are present four {VO,) 

square pyramids and eight WO,1 octahedra [28]. Two of the vanadium atcm and 

the ten rmlybdenua atoms are randcmly distributed over twelve sites in the 

E(V2mo )VOW T- anion: the EPR results suggest that it is a one electron 

heteropoly blue, best fonmlated as [(V1"VVMo~~)VvO~~ 16- [29]. 

Dxiecavanadophosphoric acid was obtained as a violet-red solid by 

evaporation of the aqueous solution in which it had been famed through a cation- 

exchange process using Li2H5(PV12036 ). The acid was examined by titrimetric and 

infrared methods [SO]. A vanadium(II1) cyclotetraphosphate was isolated by a 
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Fig. 7: A representation of the [%BV~O,,~ 17- anion, reproduced with permission 

fran Acta Crystallogr. Sect. B, 36 (1980) 1533. 

Fig. 8: A representation of the [(V~&IO )W& 16- anion, reproduced with 

pemiission fromAda CrystaZZogr. Sect. B, 36 (1980) 1020. 
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condensation reaction involving II#O~/V~O~ (with a 6:l P:V ratio): the crystalline 

product contains the cyclic [PQOS 14- anion [31]. The species V~(Hpo~)~.7&0 

has been prepared from the reaction of V(C101,)9 with ammonium phosphite. The 

EPR spectrum of the product shows hyperfine splitting arising from the electron's 

interaction with the "V nucleus. Attack of phosphorus acid on V(O2CMe)3 yields 

%p206 [32]. Related to the above compounds is V(H2FQ)3, which is obtainable 

by the reduction of V205 powder in molten H&O3 at 200 'C [33], and the same 

research group have prepared V(IG+) by the thermal d ecomposition under inert gas 

Of [NH~]~(VO)~(HPOI,)Z(C~O~).~H~O or by the EdUCtiOn of (vo)2P207 with 302 at 

100 'C: the product is isostructural with g-C@04 [34]. French workers prepared 

V(FQ) by the reduction of VCEQ in a N2/H2 mixture at 750 'C, a process that 

can be reversed by heating the product in dioxygen [35]. Roth groups who have 

prepared V(F0,) assign to it the same space group and unit cell parameters [34,35]. 

The structure of InVO,+ consists of a cation chain of {In061-pseudo-octahedra 

linked by {VO,} tetrahedra to give a canplex network structure (Figure 9). The 

Fig. 9: A view of the lattice structure of InVOb, reproduced &th permission 

from Acta CrystaZZogr. Sect. B, 36 (1980) 243. 
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In-C bonds are (within experimental error) all equivalent (2.160 A), but in the 

(InO,} fragment not all angles (subtended at In) between adjacent oxygen atoms 

are 90'. The IVO,l moiety contains two V-C distances of 1.662 and 1.791 i [36]. 

The mixed V(III)/V(II) ccmpound BaVlo015, which was prepared by the reduction of 

BaO/V205 mixtures with dihydrogen at high temperatures, has an interesting 

structure in which the vanadium atoms are ootahedrally coordinated and there is 

a cuboctahedron of oxygen atoms around the barium ions [37]. 

4.2 VANmIUM(IV) 

4.2.1 Compounds containing vanadiwn-halogen bonds 

'Ihe coordination of the fluoride ion to VOF2 has been shown to lead to the 

formation of [VOFr]2- [38,39], and [VCFS]~- [40]. The guanidinium salt of 

[VCJ?s 13- is isostructural with [C(NHZ)~]~[WS] which has a NaCl type structure 
[40]. Structural studies on [N&]z[wFI,] have revealed that the vanadium atan 

is octahedrally coordinated by five fluorine atans {r(V-F) = 1.910 to 2.224 A1 

and one oxygen atan {r(V-O) = 1.612 A). Theanions foxman infinite chainbeing 

linked by cis fluorine atans [38]. 

Structural studies on liquid VCL, using neutron diffraction have been made 

[41] and the complexes it forms with PEt3 and benzofuroxane studied [42]. The 

EPR spectrum of [VC11,(PEt3)2] shows hyperfine structure due to the interaction 

of the electron with the 51V nucleus, and superhyperfine splitting caused by the 

two 31P atoms was noted. For [VC11,(PEt3)2], g,>g,,, while for the related 

niobium(IV) and tantalum(IV) species the situation was reversed [42]. EPR and 

vibrational spectroscopic me asurements on the bis(benzofuroxane) adduct of VCL, 

indicate a tram disposition is adopted by the ligands, and that coordination 

is through the oxygen atom of the NC group [43]. 

Dichloro(oxo)vanadium(IV) forms a bis(triphenylphosphine) adduct in which 

the vanadium atan is five-coordinate, and 0.55 i( above the plane formed by the 

two oxygen atcms (from the ligand molecules) and the two chlorine atans [44a]. 

The two chlorine at- were .&awn to be trans in the base of the square pyramid 

thus confirming [44a] the assignment of a structure to-[VCCla(CPPh3)2] on the 

evidence of vibrational spectroscopy [44b]. This species has also been the 

subject of polarised electronic absorption spectroscopic studies, as have 

W&(tmtu)~l, [VCCl~(haW~l, K3[VWN)~], N-II,I~WFSI ad lNh1[KW3)1,(~2)1, 

while single crystal studies were made on [VOX2(tmu)2] (X = Cl or Br), 

[NEtk]2[MCls] and [AsPhl,][V0(NCS)2]. For all the five coordinate CcmpleXeS, 

all of the expected d-d type transitions occur below 30000 cm-' {3dzy,+ (3dz,,3dGz) 

in the range 12800 to 15100 cm-'; 3d* + 3d* in the range 21000 to 22600 cm-l;. 

3d& + 3d&J varies with changes i?the ii-plane ligands}. For the six 
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coordinate complexes, the first two bands occur below 30000 cm-l [45]. By the 

reaction of [VO(acaczen)],(acac2enR2 = Schiff's base fmn pentane-2,4-dione and 

1,2-diaminoethane) or [VO(tropolonate)z] with an excess of ED-L, dichloro 

species are obtained of the type [VC12(acac2en)] or [VC12(tropolonate)~]. The 

RF'R spectra indicate a d 2 2 ground state for [VC12(acaczen)] and a dZ2 ground 

state for [VXz(tropolouaTe;r] (X = Cl or Br). The change in ground state for 

the tropolonates is believed to be caused by the presence of the five mnbered 

V-O-C-C-O rings which cause distortions [46]. 

4.2.2 Compounds containing the {VO}'+ or {VSJ2+ fragment 

compounds containing the {VO}'+ moiety and also halogen atoms are covered 

in the previous section. 

T&o single crystal X-ray studies on hydrates of VCX%, have shown that in 

both {V06) octahedra exist. In this hexahydrate, the asymnetric unit contains 

one free molecule of water, au isolated [sc~,]~- and a P.706) octahedron 

{r(V=O) = 1.586(2) 1; r(V-O)iPms to v=. = 2.160(2) 3; the remaining r(V-0) 

distances = 2.004(2) to 2.029(2) 11 [47]. The 6 form of the pentahydrate has 

r(V=C) = 1.591(5) A, r(V-O)trans to v=. = 2.218(5) A, with the remaining V-O 

distances spanning the range 2.018(4) to 2.031(3) H [48]. 

Well resolved triplet-state EPR spectra have been obtained for 

[~4]4[(V0)~{(+)-C4H206}{(-)-C4H206~].8H20. Single crystal X-ray studies on 

this material have shown it to possess a dimeric structure and thus to exist 

as a binuclear tetra-negative centrosymnetric anion with a vanadium-vanadim 

distance of 3.985(l) &. The bond lengths in the anions do not vary 

significantly from those reported previously for the related sodium salt. The 

essential features of the anion are given in Figure 10 [49]. 

The optical absorption spectra of {VOJ2+ in a K&,O!+.H20 matrix at 77 K show 

a vibronic progression with a step of 755 cm-' on the 15384 cm-' d-d band. All 

the observed d-d bands have been interpreted using MJ and CF theories while 

radiation damage on {VO}2+/K2C204.H20induces the formation of VO1 [50]. The 

nitrilotriethanoate ion forms a 1:l complex anion with (VOj2+ which is blue in 

colour and has the 0x0 groun truns to the tertiary amine atan. The anion also 

has a coordinated water molecule [V(0){N(CR12CCO)3}(OH2)]- whose replacement by 

[NCS]- and [N3]- has been studied by means of kinetic measurements. The [NO:!]- 

ion oxidises [V(0){N(CR2COO)3~(OH2)]- to [V(0)2(N((312COO)3)(QH2)]2- and these 

two ccmplex vanadium anions interact to yield an anion containing one V(IV) and 

one V(V) centre [51]. The same research group has studied the acid hydrolysis 

of [V(O){N(CRGX)~l(OH;!)]- and aquaoxo&(2-pyridylmethyl)iminodiethanoate}- 

vanadium(IV) [52]. The species {VOj2+ forms canplexes with vanillanandelic, 

mandelic, and thiolatic acids that contain bidentate chelating groups as shown 
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Fig. 10: The [(vo)~{(+)-G,H~o~){(-)-c~H~o~~]~- anion, reproduced with permission 

frcm Acta Crystaltogr. Sect. B, 36 (1980) 1788. 

by the observation that two protons are liberated on canplex fomation [53]. 

'Ihe thianalate V(O)(CI,HI,OI+S).W~O has been prepared and shown to contain a 

coordinated sulphur atom [54]. 

'I'he reaction of Na[BPhr] with N,N'-ethylenebis(salicylidenindnato)oxovauadium(IV), 

[~C(sal~en)], yields [Na{VO(salzen)}2][BPhs] in which all the oxygen atam in a 

[VO(sa&en)] unit are coordinated to a sodium ion. Each sodium ion is six 

coordinate and bonded to four different [VO(sal~en)] complexes (see Figure 11) 

[551. 

Last ye&, brief mention was made of the synthesis of the cVSj2+ group which 

was obtained by reaction of [V(O)L] (L = Schiff's base) with B2Ss [56] and now 

full details of the preparative route and the spectroscopic properties of the 

products are available. These oxd_Schiff's base species [V(O)L] also react with 

PhsPBrz to give [VB&L] [57]. 

'Ihe oxovanadim(IV) phthalocyanine, [VO(Pc)], has been the subject of 

patents, as it has been found to bs useful in photoelectric and xerographic 

imaging. The canpound can exist in at least three solid phases, and the structure 

of the so-called phase II has been determined. The essential features of the 

structure are given in Figure 12, and the way the mlecule stacks reveals the 

absence of discrete dimers in the solid state of phase II as had been postulated 

on the basis of solid state optical absorption measurements [58]. 

A n-r of studies have appeared this year concerned with oxovanadiun(IV) 
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A 

Fig. 11: Two representations of the coordination polyhedra around vanadium and 

sodium along the chain of [NaIVO(salaen)}z]i cations, reproduced with 

permission from lizorg. C&m., 19 (1980) 1200. 

porphyri=. The EPR spectra of the oxovanadium(IV) cunpounds formed with 

etioporphyrin(II)and octaethylporphyrin have been measured at 77 K in frozen 

C&Cl2 solution and the results are best interpreted by invocation of a dimeric 

node1 [59]. The coordination ability of oxovanadium(IV) porphyrinates has been 

studied with variation in temperature and concentration. As expected, lowering 

the temperature prawtes canplex formation and, for example, with N2H4 10% 

conversion takes place at -196 OC with [N~H,,] = 10m2 mol dmm3 [60]. 

Cxovanadium(IV) etioporphyrin reacts with DX/RX (X = Cl or Br) mixtures not to 

give the elrpected deaetallated product, but yielding a carbonium-type protonated 

species. Proton exchange with the methyne groups was also observed [Gl]. 

Demetallation of oxovanadium(IV) etioporphyrin, a process of importance in the 

refining of sane crude oils, has been studied over a CcO/McQa/A1203 catalyst in 

the presence of dihydrogen. A kinetic model was proposed that accounted for 

the ranoval of 99% of the vanadium [62]. 

A vast number of publications concerning the preparation and characterisation 

(by infrared and DV-VIS spectroscopy) of oxovanadium(IV) coordination canpounds 

has appeared this year. The following are among the most. interesting. The 
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H (14) H(V) 

H(3)C) 

Fig. 12: A perspective view of 

distances, reproduced 

(1980) 2301. 

oxovanadium(IV) phthalocyanine with interatanic 

with permission fran J. &em. Sot., Dalton Trans., 

B-diketone oxovauadium(IV)beuzoylacetanlide and beuzoyl3-aitroacetauilide 

complexes have been shown (contrary to previous reports) to be magnetically 

dilute [63] and an interesting bis(B-diketone), namely l,l'-(1,~pheuylene)- 

bis(butane-1,3-dione), has been synthesised and with it a number of complexes 

prepared including one containing {VO}2+ [64]. A binuclear species containing 

{VO}2+ has been prepared with the ligand thiouracil (L). It has the forrmlation 

[IVO(L)(H20))~][SOs] and is diamagnetic with the ligand coordinating through a 

deprotonated nitrogen atom and a sulphur atan [65]. Dimeric species having 

two square-pyramidal units joined through phenolic or enolic oxygen bridges 

[{VOL)2] have been prepared for a number of Schiff's bases derived from S-Me- 

dithiocmbazate and a range of 6-diketones (e.g. benzoylacetone) [66]. Stepwise 

stability constants have bsen determined for canplex formation between {VOj2+ 

and dithiodiethanoic acid, digycolic acid, thiodiethanoic acid, thiodipropanoic 

acid or imino-ethanoic acid [67,68]. 
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4.3 vANADIrJd(III) 

4.3.1 Compounds containing vanadium-haZogen bonds 

The reaction of vanadium(II1) chloride with tertiary butylisocyanide has been 

shown to yield [VC13(CNCMe~)~] and not insertion products as previously claimed. 

The 'H NMR spectrum of this complex contains two resonances at roan temperature 

that are in the ratio 2:l: above 60 'C the two resonances coalesce. These NMR 

observations indicate that at room temperature a meridiona2 geometry is adopted 

and this has been confirmed by an X-ray crystal structure (see Figure 13). The 

Fig. 13: The geometry of [VC1~(CNCMe3)3], reproduced with permission from 

Inorg . Chem. , 19 (1980) 3381. Atans C1(2), V, C(21), N(2) and C(22) 

lie on a crystallographically required two-fold symmetry axis. 

two types of V-C distance (trans to V-Cl or trans to V-C) are equivalent within 

e&rirnantal error, but ligand exchange reactions indicate that the ligand 

trans to V-Cl is selectively exchanged thus showing the trans effect to be 
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cl->c.mde,. Addition of an excess of Me&NC to [VC13(CNCMe3)3] gives 

Fmm=3h12+, a species that can also be formed directly frm vanadium(II1) 

chloride and an excess of the ligaud [69]. 

4.3.2 Compounds containing vanadium-oxygen bonds 

Analysis of X-ray absorption edge data has enabled a structural study on the 

vanadium cctnplex in living Ascidian blood cells to be carried out. Cnly trace 

mmlnts of m2+ were detected and analysis of the EX!US data established that 

in living cells the vanadium(III) ion is present, and that the best fit for the 

data is obtained by postulating a six oxygen atan environment with a V-C 

distance of 1.99 1 [70]. Among the vanadium-carboxylic acid studies reported 

recently is the crystal structure of a salt of [V~O(WCC!HzC1)~(H~O)~]+. Frcm 

the size of the vanadium-vanadium distance it is apparent no direct metal-metal 

interaction is present [71]. The canplexing of vanadium(III) by scme hydroxy- 

carboxylic acids has been studied by NMR relaxation techniques. By determination 

of the T1 and ??2 relaxation tines as a function of vanadium concentration, 

formation constants for the l:l, 1:2 and 1:3 ccmplexes formed by mandelic (12@5, 

18025, 70+5) and lactic acids (llOC5, 160&5, 90?5) were obtained [72]. The 

oxidation of vanadium(I1) to vanadium(II1) by an a-ketocarboxylic acid occurs 

in two stages. Initially a complex is formed between the vanadium(I1) ion and 

the acid. 'Ibis step is followed by the reduction of the acid [73]. 

4.4 VANADIuM(I1) 

The preparation, structure and properties of the vanadium(I1) halides and 

the complexes they form have been reviewed [74], as have the relationship 

between structure and properties exhibited by the lower vanadium fluorides 

[75,76]. 

What is claimed to be the first efficient s&conductor-liquid junction 

solar cell based on a ptype semiconductor has been reported. It has a 9.4% 

efficiency for the solar-to-electrical energy conversion and contains 

vanadium(I1) and vanadium(II1) chlorides (e.g. p-InP/VC13-VC12-HCl/C) [77]. 

The reaction of l,l'-methylenedipyrazole (H&pzln) and l,l'-methylenebis(3,5- 

dimethylpyrazole) (H$d~npzl~) with a range of vanadium(I1) salts lead to the 

formation of,the species [VX2(H&pz12)] (X = Cl, Br or NCS) and 

[vx~(H.+&IQz~~)] (X = Br or NCS), which are six-coordinate and mnaneric. 

Five-coordinate ionic species of the type [VX(L)]+ are obtained if the reactions 

are carried out in the presence of [EPhb]-. Cationic six-coordinate canplexes 

containing [V(HCpz13)12+ are obtained with tris(l-pyrazoylknethane [78]. 

Fran measurements of infrared spectra it was judged that in the salts 
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containing the [V(NCS)6}4- ion (cation = [IT&?+]+, [NEtsI+ or [py~]+, the va.mdi~m 

atcm is in a six-coordinate all-nitrogen environment. This suggestion is supported 

try the positions of the bands in the d-d spectra. All the complexes were shown 

to obey the Curie law and [NEts14[V(NCS)6] is isonm-phous with the analogous 

nickel(I1) salt [79]. 
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