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Figure 2. Tritium-protium separation factors for 1-1 titanium alloy 
hydrides. 
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Figure 3. Tritium-protium separation factors for alloys of varying 
electron-to-atom ratio. 

in order to get a measurable exchange rate. The other a values 
are for 40 OC. In order to place into comparison alloys other 
than 1:l such as TiMo2 and TiCrMn, the electron/atom (e/a) 
ratio was plotted vs. a as shown in Figure 3. The a values 
in this graph are for 40 O C  except for several where the hydride 
stability dictated lower temperatures. TiCr2 and TiCrMn were 
measured a t  0 “C and TiCr3 at  20 O C .  The temperature 
coefficients for TiCr2 and TiCr3 seem to be relatively small 
so that the values plotted are probably close to the 40 O C  
values. Extrapolating the temperature coefficient determined 
on the basis of two points obtained for TiCrMn gives an 
extrapolated value of 1.4 for the a a t  40 “C. This brings 
TiCrMn into line so that there seems to be a reasonable 
correlation between e/a  and a.  I t  is interesting to note that 
all the alloys which show significant inverse isotope ratios under 
our conditions fall in the approximate range of e/a 4.5 to 5.5. 
The approximate dependence of the a values on the elec- 
tron/atom ratio is not surprising in that the heat of solution 
of hydrogen is dependent on the electronic structure of the 
metal. 
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The pale yellow isopoly anion known as “polytungstate-Y” 
(W,) has been formulated by different research groups as a 
dodecatungstate,’ [HW12039]5-, and as a decatungstate,2 
[Wlo032]4-. The latter species (see Figure 1) was found in 
the crystal structure3 of the salt ( B U ~ N H ) ~ W ~ ~ O ~ ~ ,  which can 
be precipitated from a freshly prepared aqueous solution 
containing W,. Both the original aqueous solution and a 
solution of the tributylammonium salt in acetonitrile gave an 
absorption spectrum with a maximum at -325 nm.2 Since 
aqueous solutions of W, are unstable and are slowly converted 
into equilibrium mixtures of other isopolyt~ngstates,~ there 
still remains an element of ~ n c e r t a i n t y ~ . ~  about a positive 
identification of W, as [Wlo032]4-. It is possible, for example, 
that both Wlo and W12 species could have similar UV spectra. 

In the course of an investigation of the redox chemistry of 
heteropoly(tungstouranates), we had occasion to study the 
reduction of the decatungstate anion in a nonhydrolytic solvent. 
The results of this study are reported here and are compared 
with those obtained by Boyer’ for the reduction of W, in 
aqueous solution. 
Experimental Section 

The potassium salt of W, was prepared by the method of Chauveau 
et al.’ and the product was identified by its infrared and ultraviolet 
spectra.’ Tributylammonium decatungstate was prepared by the 
method of Birkholtz et aL2 and recrystallized from acetone. Anal. 
Calcd for [(C4H9)3NH]4W10032: C, 18.62; H, 3.64; N, 1.81. Found: 
C, 18.41; H, 3.68; N,  1.71. Electrochemical and spectroscopic 
measurements were made as described elsewhere.* Propanediol 
1,2-carbonate (PDC) was distilled before use. Voltammetry in this 
solvent was carried out using a thread of graphite cloth (type X2014, 
Union Carbide Carp.) as the working electrode. 
Results and Discussion 

Boyer’s results for the reduction behavior of aqueous so- 
lutions of w, were confirmed in all respects. By using a 
wax-impregnated electrode for cyclic voltammetry and a 
graphite cloth cathode for controlled potential electrolysis, the 
problems of adsorption on mercury, encountered by Boyer, 
could be avoided. At  1 O C  and pH 2.0 (sulfate/bisulfate) the 
cyclic voltammogram showed two reversible “one-electron’’ 
reductions with cathodic peak potentials of -0.19 and -0.34 
V. Solutions of the one- and two-electron reduced products 
(WYI and WYII) were prepared by controlled potential elec- 
trolysis a t  -0.21 and -0.50 V, respectively, and the visible 
absorption spectra of these products were in agreement with 
those reported by Boyer. The corresponding UV spectra, 
which have not been previously reported, show that the 325-nm 
band is progressively lost upon reduction and is restored upon 
reoxidation. The restoration of intensity is never complete, 
however, because of the slow hydrolysis of aqueous solutions 
of w,. 
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Figure 1. Polyhedral representation of the structure of WloO32-. 
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Figure 2. Absorption spectra of W I O O ~ ~ ~  (broken line), WloO32- 
(I), and WloO3<- (11) in PDC. The spectra of W,, WYI, and W,II 
in aqueous solution correspond almost exactly with those shown here. 

Solutions of tributylammonium decatungstate in acetonitrile 
or PDC are stable indefinitely according to their UV spectra. 
Cyclic voltammograms of the decatungstate in PDC (0.50 mM 
polyanion, 0.1 M [(C4H9)3NH]C104, sweep rate 1 V m i d )  
showed two quasi-reversible reductions at -0.66 and -0.93 V 
(cathodic peak potentials) and with cathodic-anodic peak 
potential separations of 140 and 160 mV, respectively.’ 
Controlled potential reductions a t  -0.8 and -1.0 V led re- 
spectively to the addition of one and two electrons per WIo 
species. The absorption spectra of the reduced products, 
presumably [Wl0O32]’- and [W10032]6-, are shown in Figure 
2 and are virtually identical with those found for W,I and W,II. 
Complete restoration of the UV spectrum of [Wlo032]4- was 
observed upon reoxidation. Since these measurements were 
made under nonhydrolytic conditions, they provide confir- 
matory evidence for the identification of [Wl0O3,]“- with W lo 

That the decatungstate structure is reducible in reversihe 
one-electron steps to “heteropoly blue” species is consistent 
with the observation that only polyanions with one terminal 
oxo-oxygen per metal are reducible in this way.” There are, 
however, two unusual features of decatungstate: the 325-nm 
band and the high intensities of the intervalence bands in the 
spectra of the reduced anions. We suggest that both features 
are related to the presence of the near-linear (175’) W-0-W 
bridges that link both halyes of the anion. The only other 
polytungstates with char e transfer bandsi2 as low as 325 nm 

linked by almost linear (162’) W-0-W bridges. Furthermore 
the intervalence charge-transfer bands in reduced P2W le062 
anions have relatively high extinction coefficients for a 
heteropoly blue (3600-6000 M-’ cm-’ per W(V)).14 Launay” 
has pointed out that the intensities of intervalence transitions 
Wv-O-Wvl - Wvl-O-Wv increase as the bond angle in- 
creases toward 180’. This principle is most dramatically 
illustrated with the spectra of [w6O19l3-, emax = 280,’’ and 
[Wl0O32]’-, e,,, = 7500, which correspond to intervalence 
transitions involving -90 and - 1 80’ bridges, respectively. 
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are a- and &[P2W18062] f -  which also have dimeric  structure^'^ 
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Protolysis by various tin substrates has been used to yield 
organotin(I1)-oxygen derivatives, beginning with the action 
of tin metal with dihydric phenols a t  elevated temperatures 
to liberate hydrogen gas:’ 

(1) 
r O\ 

t Sn - Ar 
roH 

Lo?n + H2 
Ar 

L O H  

Protolysis by blue-black tin(I1) oxide releases water2 

t SnO - A [ %  t H20 (2) 

but long reaction times are required and the hydrous form of 
tin(I1) oxide is a superior reagent since milder conditions can 
be used and the reaction is more general.3 More recently, the 
high reactivity of the q5-cyclopentadienyltin(II) linkage in 
stannocene has allowed the preparation of tin(I1) oximes, 
hydroxylamines? di- and triazoles? thiolates,s P-keto-enolates,6 
alkyl- and arylcarboxylates,’ and phenoxides8 by protolysis 
(qs-C,H,),Sn + 2HOR + ,%(OR), + 2C,H, (3)  

but the method requires preliminary preparation of 

r OH 
Ar 
L OH 
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