
lnorgnnicu Chimicrr Acta, 15 (1075) 43-46 

0 Ekvier Sequoia S.A., Lnuwnne ~ I’t-inted in Switzcl-land 

Double Alkoxides of Niobium and Tantalum with Aluminium and Gallium 

Introduction 

Synthesis of apparently covalent \,olatilc double 

,alkoxide\ of lanthanons \\ith aluminium’ and gallium’ 

has aroused the interest in this IVX 1~ developed area of 

double alhosides. This \\orh W;I\ latter extended to the 

svnthesk of double alhosides 01 zil-conium’ and haf- 

niurn’ ~1 ith aluminium. The present piper desxibes 

the preparation and pl-open-ties of analogous niobium 

and tantalum derivatives. 

Results and Discussion 

Niobium and tantalllm double isopropoxide~ of the 

type. [MM’(OPr’)x] and (MM’2(0Pr’), ,] (where M. 

Nb or Ta; M’. Al or C;a) WCI’C prepared hy rcflwing 

an isopropanol solution of M(OPi-‘), and M’( OR’), toi 

about 5-6 hi- in various molar- ratios. These reaction\ 

can be represented by the following equation\: 

M(OPi-‘), i M’(OPI-‘), n [MM’(OPr’),] 

M(OPr’), + ZM(OPr’), m [MM’2(OP~-‘),,] 

(M: Nb or Ta: M’: Al or Cia) 

The final end product of the reactions in the molar 

ratio 1 : 3 and 1 :3 WI\ found to be [MM’,(OPr’), ,] 

and unreacted M(OPr’)3. The mono-derivatives are 

viscous pastes while the bis-derivatives are viscous 

liquids: both al-e soluble in benzene and isopropanol. 
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All these products nere purified by distillation under 

I-educed preswt-c at a constant temperature. The 

gallium dcri\,ati\.cs appex to be more \ucccptible to 

hydl-olysis in comparison to aluminium deriwtives. 

Molecular \\eight\ of [MM’(OPr’),] and [MMf2 

(OPr’), ]] in reflu\ing chlol-oform indicate that both 

are monomeric. However. in benzene wlution. the I : 1 
compound sho\vs some tendency of association exhibit- 

ing aver-age degl-ee of complesit) between I .5 and 1 .c). 

On the basis of the structure\ suggested for zirconium” 

and hafniumJ derivatives. the following plausible 

structures cm he postulated for these compounds 

ha\ing coordination number 6 and 7 for niobium and 

tantalum ill mono- (I) and his-derivati\,es (II) rcspec- 

ti\,el\. 
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Infrared spectra of these compounds exhibit all the 

characteristic frcquenciea for isopropyl groups. Strong 

broad bands in the regions I 170-1070 cm-’ and 

1030-1000 cm-’ and ;I broad band in the range of 
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6X-560 cm-’ may be assigned to v(C-0) and 

v( M”-0) vibrations respectively in accord with 

previousI) publishcd5 infrared studies on metal alk- 

oxides (Table 1). As the\e v( M”-0) bands are broad. 

it was not po\Gl4e to distinguish between I,(M-0) and 

v(M’-0) hand which are prohahly wet-tapping with 

each other. 

In order to elucidate the ahove PI-oposed htructurcs, 

the proton n.m.r. spectra of [NbAI(OW),]. [T&a, 

(OR’),,] and [NbGa,(OPr’),,] were taken in carbon 

tetrachloride at Iroom temperature. The methyl 

reson:rnce in general \how\ only one douhlct with T 

\alucs at X.9. 9.2 and 9.1 (from T.M.S. respectively) 

(.I = (, Cp\ in wery case) indicating that CH, rewnance 

at room temperature could not he distingui\hcd bet- 

ween the bridging and terminal isopropoxy groups due 

to ;I rapid inter-change between them. However. in the 
spectra cxf [NbAI(OW),] and [TaAI( OPr-‘),I. ;I 

resolution \vas obtained particularly in the case of 

niobium (Fig. I). The \pcctra Lte1-e taken Mith a 

90 MHz nmr yxxtrometel- in CDCI, (courte\!. Laho- 

ratorium fw Anmg. Chemie Eidgen. Twhni\che Hoch- 

schute CH-X006. ~!ni\ersitatstr~l~se-0. ZllI-ich. S\+it- 
zerland) with Fourier transform technique. The proton 

ratios of the bridged isopropox). terminal iwpropox> 

on Al and on M (M = Nh and Ta) ha\e heen ohwrvcd 

almost in I : I : 2. The data are pi\en in Table 11. k----’ 
Figure I. N.m.r. spectra of NhAI(OPr’), 

TABLE I. Infrar-ed Spar-a 

Compound 

NhAI(OPr’), 

NhGa(OPI-‘)” 
TnAI(OPr’), 
TaGa( OPr’), 
N~AI,(OPI-‘), I 
NhCia,(OPI’),, 
T‘aAl,(OPr’),, 
TaG;lz(OPr’),, 

Experimental 

All glass appxatu\ lvith xtandard quick-fit joints was 

used throughout the experiments. Stringent precautions 
uel-e taken to exclude moisture. 

Anhydrous niobium and tantalum pentnchlol-ides 
(Fluha A(;. Buchs SC) and gallium trichloride (Dr. 
Theodor Schuchardt) and aluminium isopl-oposide 
(N.C.L. Poona) were used. Benzene (B.D.H.) and 

TABLE 11. blethyl Proton Peak\ of Double Alkoxidcs of Nh and Ta with Aluminium in Hz from Tetramethylsilane 

I 

M = Nh 

I 
M = ‘l‘a 

I .0001 I I 5 x x 
Sepxratlon = 6. I ‘I-1 I HI 

0.06X1 n 

I.IXXI 1.256.5 
Separation = 6. IS21 HL 

0.0(1X4 0 

I .347h l.llhO 

Separation = h. 157-l Hz 
O.OhM 0 





Preparations of Niobium, Tantalum and Gallium Iso- 
propoxides 

Gallium isopl-opoxide w;is prepxed hg the sodium 

method” (b.p. 130” C’O.3 mm). Niobium and tantalum 

isopt-opoxides uere prepared 13~ the ;Immonia method’ 

and purified tq sublimation ( I Ii)-14O’C hathA).:! mm). 

Niobium, tant:lluni. aluminium and g;ilIiuni were 

estimated iI\ mixed oxides of the mcl;ils present aftei 

ignition of the precipitated h)droside\. 

Separation of aluminium and gallium from niobium 

and tantalum ~v;is wri-ied out 17) pl-ecipitating alumi- 

nium and gallium ;IS osin;rtes in the presence of H202 

:rnd ;iminoni? (inslead of ammonium acetate). when 

niobium and tantalum present did not appear to inter- 

fere in quantit:iti\e precipitation of aluminium 01 

gallium. 

Reliahlc methods could not howwer he C\ olvcd tar 

the estim;ltion of niobium ;md tant:ilum in the t’iltrate. 
The alkoq groups u’crc estimated tq o\-idation with 

potassium dichromatc’. 

A \cmimicro Gallenhamp chulliomctcr with the]-m- 

istor wnsing LV;I\ ~lsed for molecular \veight deter- 

mination\. 

Niobium isopropoxicie ( I.095 f) and aluminium 

isopropoxide (0.588 g) \vere mihed together in I : I 
molar ratio in isopropanol (- 50 ml) and rcfluxed fol- 

about 1-5 hr. Attcl- cooling. the aces\ wlvent W;I\ 

distilled off and the product obtained LV;IS finally dried 

under I-educed prc\\ure (0.5 mm) o\er ;I bath tem- 

perature 4-5i C. On subjecting the compound to 

distillalion. ;i vixous n1;1si; v\ as ohtained at 

105’ C/O.3 mm. The data ~‘oI- this reaction 21s well ;I\ 

!hat of tantalum isopropoxide with aluminium isopl-o- 

poxide and of niobium and tantalum isopropoxides with 

gallium isopropoxide are given in Table III. 

Niobium isoproposidc (?.I?(-,? f) and aluminium 

isopropoxide (1.45s g) wt‘rc mi\cd togcther in I : 2 
molar Iratio in isopwpanol (- 50 ml) and reflused for 

nhout 5 hr. After cooling :he excess WI\ t‘nt \I :I\ distilled 

off and the product obtained LV;I\ dried l‘inall~ under 

reduced pi-esarc (0.5 mm) over ;I warm bath 

(30-50” C). On di\till;ition. ;I coIourIcs\ \ ixous liquid 

\vas obtained at 1 15’ C;O.3 mm. Other data of this 

reaction and that of tantalum iwpropo\idc with :rlu- 

minium iwpropoxide and niobium and tantalum uith 

gallium isopropoxidc arc‘ given in ‘l’ahle IV. 
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