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A new method Tor purification of acetonilrile was required
of fnpurities with scdiv: and calcium Lydride prJOr to di
potential 010ct*0135is of zircorium halide soluticns predu
goiutions of 2r(TII) as anticiyeted nor 1*10] in an ident
gpectral studlec of zirconiwi chleride solutions revealed
and ZrCls™ svecies. On Plcctro1vt3c reduciion the preduchs

solvent, elecirolyte and residual water which is so d@ilficult o raunove
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We determined the

dissceiation propertics of a series cf useable polc rograph-
ic electro 1"* es such as alzeld and tetraalliylarmonium halides, perchlorates, tetr
fluoroborates, and lriflucracetates. Partial clectrclyte cssociaticen cnd in Sri-
fluo*acctub ases triple ion formation (deterrined by conduciance measurelents)
nake precise int roretation of polarcgrophic data very uncertoin, @nd mshke quanti-
tative correlation of spectral and polerogrephic data uncertzin.

Ve undertool: a study ¢
acctenitrile at a nercuxy i
enions and cations on the e

T the properties of the electiical doublie layer in
werface which shows extensive adsorpiien of both
circde again corplicating clectrolytic data

ie

Ve studlicd the clecirolytic rron crtics in acevonitrile of cop

nper (II) and
copper(I) as a rcdel case for reduciicn thrcugh lover oxideticn stnies 1o ithe
metal. These iont could be precisely coulonetriczlly reduced io the lower states
es In valer and the precisicn vas great enough to determine diffusicn coefTicients

Tor the respective snocles by the Cottirell rethed.
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Previous work by the principal investipater (1) had shown that zirconium
and hafmivm as tetrachlorides could be reduced in acetonitrile to give at
least the +% states not observeble in aqueous solution. Furiheriore the re-
duction of Zr and Hf in excess chloride nedia occurrcéd at svfficienvly different
potentials to allow feasitle separation electrolytically.

The intent of the investigations under this grant was then two fold:
first, to investigate and establish conditions for the production of uncormon
lower oxidation stotes of zirconium and hafnium and for the elecirolytic sep-
aration of the two clements, and second,.to,study the corplexing propertics of

those clements with halides to identify critical species in the forementioned

completed and proposed wori.
SOLVENT

¥We were unable to produce by older methods acetonitrile sulficiently pure
to repcat earlier cited work. After diséovcring that a new commerclal produc-
tion process was in use wilcn led to new residucl impurities we devised and
perfected a new purification precedure for acctonitrile (2). The procedure

Involves distillation from successive sodium hydride, conec. Ho50., and Cals

to give polarcgraphically clean acetonitrile.
VOLTAMMETRY AID SPECTROPHOTOMETRY CF ZIRCONIUNM

Controllad potentiel clectrolyses of zircerium solutions in the poten-
tiad range for reduction %o Zr(III) or Zr[0] 4id not .yicld bulk scpaorable

quantities of c¢ither (3). Reactivity of eny Zr(III) with electroiyie,




esiduval water or solvent led to high current integrais. The reduction at
& potential where 7Zr(0) 'ris expected from the sirple polrarography led to
unreproducible nmixtures containing sirconiw:, oxygen, nitrogen and halide.
Infrared spectral studies on solutions of zireconiwa with varying chloride
.
content proved the prcsence of mixed cormplexes fron Zrlls , through ZrCl, and
ZrCls to ZrClg ™ in chloride nedia. The spectra are given (3) and show the

complex equilibria velcv&n» to the zirconiwa case.
STUDIES CI CovrriR

At this point a sinpler case was chosen to estublish controlled poten-
tial coulometry in acetonitrile since the zireoniwa vork was so puzzling.

l
&
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Data precise to within + 2% were obtained (L) for the reductions:

- I

Cu(II) + e ~3» Cu(I)
cu(II) + 2¢ —>cuf0]

cu(I) +e —cul0)

Copper behaved so well 4 ffusion coefficient data were determined for

these three reductions by the Cottrell method (5). :
ELECTRCLYTE STUDIES

At this poiat it seemed clear that we did nét ¥now enough abhout elec-
trolyte techavior in ecetonitrile to explain and interpret the unexpected and
generally negative electrolytic date on zirconium. We therefores exarmined
the association properties of several ccumon polarcgraphic electirolytes in-

cluding several aliali and tetraalkylamtonium salts of perchlorate (6),
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halide (6), tetrofluorovorate (6), and trifluoracctate (7). Association and

triple ion formetion (in the last case) were observed but quantitative inter-

pretaticn of the ~onductance data are tenuous since such quantities as activ

Ve

ties and liquid junction potentials are uncertain. Secondary use of such data
to interpret polarographic znd speetral. results therefore also tenuous.
We uudertook a study of the electrical double layer in acctonitrile agein

using some of the common clectrolytes described abeve. That work is in prepa-

h

ration for publication but generally shows censiderable specific adsorption o
both anions and cations on the electrode vhereas in agqueous redia cations

generally do not adsorb.
CONTINUING WORK

One of the Jjunior investigators supported on this grant is still working
&lthough his fiﬁancial support has terminated. We still hope through his
efforts to ascertain exactly why thé gross eleetrolytic properties qf zircon-
fum and hafniuw in acetonitrile differ from the micro properticc observed
polarograrhically. IHis approach has been to preparc ZrCls as previously done
end make a solution of tha in acetonitrile. He will thén study the clectro-
lytic properties of Zr(III) to try to find the reascn for failure of the

dirvect reduction of Zr(IV) to Zr(III) and Zr[0].
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