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Abstract

The outcome of reactions between antimony, bismuth, lanthanum, neodymium, europium, thulium, gold or nickel and the one-electron
oxidizing agents, molybdenum hexa-fluoride, tungsten hexa-fluoride or the nitrosonium cation in the presence of acetonitrile, cannot always
be predicted on the basis of the relative oxidizing abilities of the reagents. Fluoride ligand transfer from hexafluorometallate( V) anions to the
solvated cation is a major factor in reactions that involve oxidation of antimony and bismuth, although the solvated bismuth(IIT) cation can
be stabilized by the macrocycle, 1,4,8,11-tetraazacyclotetradecane. Passivation of the metal surface by an oxide layer appears to be important
in lanthanum and nickel oxidations, resulting in an apparent inversion of reactivity between molybdenum and tungsten hexafluorides.

© 1998 Elsevier Science S.A. All rights reserved.

Keywords: Molybdenum hexafluoride; Tungsten hexafluoride; Nitrosonium cation; Acetonitrile; Redox

1. Introduction

The use of molybdenum and tungsten hexafluorides as
conventional one-electron oxidants in acetonitrile is well
established [ 1-3]. Acetonitrile-solvated cations of a variety
of d block and post-transition metals can be synthesized by
this route and have provided a convenient starting point for
investigation of the coordination chemistry of, for example,
iron(II) [4-6], copper(Il) and thallium(III) [7,8] in this
solvent. Similarly, the coordination chemistry of iodine(I)
in MeCN is accessible by this route [9-11]. Cyclic voltam-
metry has established that MoF, is thermodynamically a
stronger oxidizing agent than WF, [2,3] and that the nitro-
sonium cation, used as a one-electron oxidant for several d
block metals [12,13] including gold [14] and palladium
[15] and for the f block metal, europium [16], has an oxi-
dizing power intermediate between MoF, and WFE [3]. The
outcomes of such reactions can be rationalized on a simple
thermodynamic basis, providing the cations are well-solvated
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by MeCN or are complexed by suitable ligands; for example
TI" and I' are accessible using the stronger oxidant MoFg
[7,9] and oxidation of [Ag(pys)s]* to Ag™ is observed
only with MoF;, or with the strongest oxidant UF¢ [17]. In
practice, the behaviour of MoF, and UF is similar, use of
the latter being restricted to rapid reactions because of its
slow reduction to uranium(V) in MeCN [18].
Complications can arise from additional reactions, partic-
ularly when p block elements are oxidized, for example
between [Br(NCMe),]" and MeCN leading to the
[Br(C¢HgN;) 1™ cation [19] or from a fluoride ion transfer
reaction between the anion, [MF,] ~, and a solvated cation.
The latter reaction has been postulated to occur following the
oxidation of tellurium by MoF4 or UF,, leading to prod-
ucts formulated as [Te'VF;(NCMe),][MVF,][MVFs-
(NCMe) 15, M=Mo or U, [20]. The first objective of the
work reported here was to determine whether this type of
reaction occurs for the oxidation of other p block elements of
comparable electronegativity, for example, antimony and bis-
muth, and if so, whether fluoride ion transfer could be pre-
vented by the presence of ligands other than MeCN. The
second objective was to examine the applicability of hexa-
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fluoride oxidations to f block elements. In this part of the
study it became apparent that thermodynamic oxidizing abil-
ity was not the sole factor determining the outcome of a
reaction and that metal surface passivation was important in
some cases. This observation prompted a re-examination of
the oxidation of nickel.

2. Results and discussion
2.1. Survey of reactions

The reactivity of molybdenum and tungsten hexafluorides
and the nitrosonium cation, counter-anion [PF¢]~ unless
stated otherwise, towards the elements antimony, bismuth,
gold, nickel, lanthanum, neodymium, europium and thulium
in the presence of acetonitrile at ambient temperatures is
summarized in Table 1. Oxidation reactions were observed
between antimony or bismuth and all reagents, in each case
the expected tri-positive oxidation state being formed. The
pattern for lanthanide metal oxidations was however rather
different and would not have been predicted a priori. Gold
was oxidized by the stronger oxidants MoFg and [NO] * but
WFE, appeared not to react. Nickel metal presented the most
puzzling situation, where the strongest oxidizing agent,
MoFg, reacted only when exposed to an oxide-free metal
surface, whereas the weakest oxidizing agent WFq, reacted
only when an oxide film is present on the nickel surface.

2.2. Oxidation of Sb and Bi

Attention was concentrated on reactions between Sb and
MoF, or WF; and between Sb or Bi and [NO]{PF,]. The
behaviour of Sb appeared to be similar to that observed
between tellurium and MoF, or UF, [20], in that oxidation
of Sb and extensive fluoride transfer from tungsten or molyb-
denum to antimony occurred. On the basis of partial analysis
and their IR spectra, the products were tentatively formulated
as [SbF,(NCMe),] [MVYFs] [MYF;(NCMe)],, M=Mo or
W. Fluoride transfer from phosphorus to antimony or bismuth
was facile also in reactions of [NO][PF,] with these ele-
ments. In many reactions antimony or bismuth trifluoride was
a substantial component of the product mixtures and if trace
hydrolysis occurred during the bismuth reaction, the sole
product was bismuth(III) phosphate. The labile nature of
fluorine in the [ PF4] ~ anion has been the subject of comment
elsewhere [21] and fluoride abstraction from [PF¢] ~ and
subsequent hydrolysis reactions are well documented in tran-
sition metal complex chemistry (e.g., Refs. [22-24]).
However, evidence for the solvated cation salt [Bi-
(NCMe), ] [PF;]; was obtained. The colourless solid decom-
posed rapidly during its isolation from MeCN solution, even
below room temperature, but fluoride-free Bi™* could be sta-
bilized by the addition of the macrocycle 1,4,8,11-tetraaza-
cyclotetradecane, [14]aneN,, the product isolated being
[Bi([14]aneN,) (NCMe)] [PFs]s. A Bi'" cation, [BiCl,-

(NCMe),]*, is obtained from the reaction of BiCl, with
SbCls in MeCN [25] and several examples of Sb™ [26,27]
or Bi'"" [28,29] chloride derivatives coordinated by macro-
cyclic O- or S-donor molecules are known, Combining the
observations made in the present work with those reported
previously for the oxidation of Pb [1], T1 [3,7], Te [20] and
I [9-11], enables a unified, albeit speculative in some
respects, picture for the oxidations of heavier p block ele-
ments in MeCN to be presented, Scheme 1. The balance
determining the ligation of MeCN or F~ to the positive p
block species will be the result of several factors and no
attempt has been made to quantify these. The role of the
macrocyclic ligand in inhibiting F~ transfer to Bi"™ is appar-

Table 1
Reactivity of some p, f and d block elements towards MoFs, WF, or the
[NO] ™ cation in the presence of MeCN at ambient temperature

Element Oxidant
MoF, [NO][MF,] ® WF,

Sb yes yes yes
Bi yes yes yes
La no yes yes
Nd yes yes no
Eu yes yes yes
Tm no yes no
Au yes® yes no
Ni (untreated) no © yes yes
Ni (film) yes not studied no

2 Counter-anion [PF,] ~ or, with Au, [MoF¢] ~.

® Reaction very exothermic.

¢ Ni foil that had been cleaned by pretreatment with [NO][PF,] in MeCN,
did react.

(A)  Redox

X(s) +nMFsin MeCN — [X(NCMe)]* + n[MFs

X| M n
TI Mo 3
Tn W 1
Pb W 2

I Mo 1

(B) Fluoride transfer anion — cation

[X(NCMe)J™ + n[MFq — [XFo]®™ + m[MF{NCMe)] + (n-m)[MF,]

X | M | n [ m
Te Mo 4 3
Sb Mo, W 3 2

(C) Redox and fluoride transfer using [NOJ[PFe]
X(s) + 3[NOJ[PF] in MeCN — {[X(NCMe),]** + 3[PF|} + 3NO(z)
{
XFy(s) + 3PFs(g)

X=BiorSb
Scheme 1.
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ent, consistent with the previous report of the stabilization of
I' by this means [11].

2.3. Oxidation of lanthanides

It is now well established that differences in redox chem-
istry across the lanthanide series are to be expected, being
accounted for by variations in, for example, the elements’
metallic radii and third ionization energies [30]. Four lan-
thanide metals were chosen to reflect this situation. Lantha-
num and europium were expected to be the most reactive,
with the possibility of forming Eu" rather than Eu'", thulium
least reactive and neodymium occupying an intermediate
position. However, this order was not reflected in all respects
by their behaviour towards MoF,, WFg and [NO][PF,]
(Table 1).In all cases reactions were slow, yields of products
isolated were small and, unexpectedly, in some cases, no
reaction was observed. As expected Eu reacted with all three
oxidants, and also with [NO] [BF,] [ 16] but Lareacted with
[NO][PF] and WF; but not with MoF,. The element Tm
was the most difficult to oxidize, reacting only with
[NO][PF¢], while Nd reacted with [NO] [PF,] and with
MoFg, providing a freshly cut metal surface was exposed, but
not with WF,. Although [NO][PFg] appears to be the rea-
gent of choice (Table 1), the products could not be obtained
free of the oxidant. Interestingly, [NO][BF,] reacted only
with Eu, suggesting that the outcome of oxidations using
[NO] * depends on the exact nature of the salt produced. The
[BF,]~ anion is believed to interact strongly with Eu™
leading to the formation of a polymeric compound
[Eu(NCMe)3(BF,);], [16]. Displacement of ligated
MeCN by fluorometallate( V) anions in the products isolated
from reactions between Nd or Eu and MoFg is possible,
although there was no evidence for this from their vibrational
spectra, since the stoichiometry of the pale yellow solids was
Ln(NCMe);(MoFg); Ln=Nd or Eu, implying a very low
coordination number which would be unusual for Ln™. In
both cases, reaction with pyridine yielded pink or deep yellow
[Ln(NCMe) (py)-] [MoFg]; and trimethylamine reacted to
give [Ln(NCMe),(NCMe,),]} [MoF¢],. Similar behaviour
was found in reactions between La or Eu and WFj, although
the IR spectra of the products indicated that [WF,;] ™ was
present in addition to {WF,] 7, a situation commonly found
in oxidations that involve WF; (e.g., Ref. [4]) due to the
solution equilibrium [WF] ™ + WF;+MeCN=[WF,;] "~
+ WF;(NCMe). It seems unlikely that the lack of observed
reaction between La metal and MoF has a thermodynamic
origin and a tentative explanation is that the metal surface is
passivated by an oxide layer which is removable by WF, or
[NO][PF¢] treatments but not by MoF. This is discussed
below in the context of nickel oxidations.

2.4. Oxidations involving gold or nickel

Oxidation of gold to Au' in MeCN can be achieved either
using [NO][C1O,] [14] or by anodic oxidation in the pres-

ence of complexing ligands [31]. Reactions between massive
gold and [NO][PF] or [NO][MoF,] in MeCN were very
slow at room temperature but the reaction between freshly-
prepared gold powder and [NO][MoF,] was rapid, leading
to pale yellow [Au(NCMe),][MoFs] from which red
[Au(py).][MoFs] was formed by ligand replacement. Oxi-
dation of Cu' to Cu" in MeCN by [Au(NCMe),l* was
quantitative but oxidation of I, to I did not occur. Comparison
with previously reported electrochemical data [2,3,9] sug-
gests that the lack of observable reaction between Au and
WF, (Table 1) has a thermodynamic origin but that MoF
should be capable of oxidizing Au to Au'. This was observed
but the reaction was very exothermic and even below room
temperature, produced an impure Au' salt. In contrast to Ag’
chemistry [17], there was no definitive evidence for oxida-
tion to Au™ even starting from [Au(py),] ™.

In our original study of d- and post-d element oxidation by
MoF, or WEF, in MeCN, it was observed that little or no
reaction occurred between MoF, and Mn, Ni and Pb whereas
solvated cation hexafluorotungstates(V) could be isolated
from analogous reactions with WF, [ 1]. Nickel was chosen
for re-examination since the octahedral cation
[Ni(NCMe)¢]>* is well known, being accessible either by
oxidation of Ni metal with [NO][BF,] [13] or by dehydra-
tion of aquated Ni" salts in MeCN [32]. Its X-ray structure
has been reported [33], its behaviour in solution has been
studied (from Ref. [34] and data quoted in Ref. [35]) and
it has a characteristic electronic spectrum [13,32,34] by
which its presence in solution can be easily detected.

Previous work was confirmed in that Ni was oxidized to
[Ni(NCMe)q1>" by WF, or [NO][PF] in the presence of
MeCN. In the former reaction, samples free of [ WF;] ™ could
be obtained by exposing Ni foil to a mixture of WFq and
MeCN vapors, a technique that has also been employed for
iron oxidation [4]. However, no reaction was observed
between Ni foil and MoF, in MeCN. Addition of pyridine to
a reaction mixture whose components had been in contact for
several hours, produced yellow [MoFs(py),] which was
formed also in the absence of Ni. Reaction between MoK in
MeCN and Ni foil that had previously been ‘cleaned’ by
reaction with [NO][PF¢] in MeCN did produce some
[Ni{NCMe),]** however, and reaction between a Ni film,
freshly evaporated onto Pyrex, and MoF, also resulted in
[Ni(NCMe)¢]>*. In contrast, no reaction occurred between
WF, in MeCN and an evaporated Ni film unless the film was
first exposed to air, when [Ni(NCMe)¢]>* was formed.
Exposure of WF, labelled with the fluorine-18 isotope
(t,,,=110 min, B* emitter) led to the detection of a small
count from the metal surface, corresponding to 0.2% of the
total [ '®F] activity present in the system. Evidently WF, was
adsorbed at the Ni surface but no reaction ensued.

The obvious explanation for the behaviour is that the oxide
layer, inevitably present on the metal surface unless rigorous
procedures are adopted for its removal, inhibits the electron
transfer process and that this passivating layer canbe removed
efficiently by WFg and by [NO] *. In this situation, WF, and
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Table 2

Compounds isolated from redox reactions between selected p, f or d block elements and MoF,, WF, or [NO] * salts

Compound Colour Analysis % found (required)

C H F N Cation Moor P

element

[Bi([14]}-aneN,) (NCMe)] [PFq]; off-white 24.3(24.2) 4.15(3.85) 31.0(31.4) 12.6(12.85) 19.2(19.1) 8.4(8.5)
[Nd(NCMe),] [MoFg]; pale yellow  8.0(8.0) 1.0(1.0) 4.8(4.7) 15.9(16.1) 31.6(32.1)
[Nd{(py),(NCMe) ] [MoF,]; pink 32.8(32.5) 2.7(2.8) 7.8(8.1)
[Nd(NMe;),(NCMe),] [MoF,], pink 17.3(17.6) 3.3(3.9) 7.6(1.7)
[Eu(NCMe);] [MoF,] pale yellow  8.1(7.9) 1.1(1.0) 4.55(4.65) 17.0(16.8) 32.35(31.8)
[Eu(py),(NCMe)] [MoF] deep yellow  32.1(32.3) 2.8(2.8) 7.9(8.1)
[Eu(NMe;),(NCMe),][MoF]; deep yellow  17.5(17.5) 3.8(3.85) 7.7(7.6)
[Au(NCMe),][MoF] pale yellow  9.6(9.8) 1.1(1.2) 23.5(23.3) 5.6(5.7) 39.9(40.3) 19.8(19.6)
[Au(py),] [MoF¢] red 34.4(34.8) 16.7(16.8)

[NO]™* salts are effective oxidants but MoF, is not. The
behaviour encountered for La appears to be identical to that
of Ni and possibly a similar explanation applies.

3. Conclusions

Although the outcome of redox reactions between metallic
or non-metal elements and MoFg or WF in the presence of
MeCN can be rationalized in many cases by the application
of simple thermodynamic principles, this work demonstrates
the importance of other factors that are kinetic in origin, two
important examples being the lability of the fluoro-ligand in
hexafluorometallate( V) anions and inhibiting effects of a
surface oxide layer.

4. Experimental

All operations were carried out using standard Pyrex vac-
uum line and glove box techniques and, except where noted
below, using procedures and instrumentation described ear-
lier [6,11,17,20,21]. The elements whose oxidation behav-
iour was studied were commercial samples whose stated
purities were >99.9%. Hexafluorides (Fluorochem) were
purified by repeated trap-to-trap distillation in vacuo and were
stored over activated NaF. The nitrosonium salts, [PF;] ~ or
[BF,]1~ counter-anions (Fluorochem), were used as
received and NOMoF¢ was prepared by a standard method
[36]. Acetonitrile (Rathburn HPLC grade) was purified as
previously described [37]. The elements Mo, Ni and Sb were
determined by AAS, lanthanides by EDTA titration, and other
microanalyses were performed either at Glasgow (C,H,N)
or by Malissa and Reuter, Germany. Details of pure products
isolated are given in Table 2; in these and in other solids
isolated, the presence of coordinated MeCN [38] pyridine
(py) [39], NMe; [40] and the appropriate hexafluorome-
tallate(V) anion [1,4,6,20] was established by IR and
Raman spectroscopy. Representative reactions are described
below.

4.1. Oxidation of antimony and bismuth

Bismuth shot (3.2 mmol) was allowed to react with
[NO][PF,] (2.3 mmol) in MeCN (5 cm®) for 12 h at room
temperature in a double limb Pyrex vessel during which time
NO was evolved. A colourless solid was isolated from solu-
tion below room temperature; its IR spectrum consisted of
bands attributable to coordinated MeCN and [PF]~.
Attempts to redissolve the solid in MeCN led to the precipi-
tation of insoluble colourless material, presumed to be BiF;
(see also below).

The reaction was repeated in a three limbed vessel that
incorporated a glass frit, [ 14]-aneN, (1.0 mmol), prepared
by the modified Richman—Atkins method [41], being added
to the second limb of the vessel. The colourless solid isolated
from solution after 12 h was redissolved in fresh MeCN and
the solution poured through the frit onto [ 14]-aneN,, some
of which dissolved tc give a pale green solution. This was
filtered and solvent removed at low temperature to give an
off-white solid identified from its analysis (Table 2), IR
spectrum that contained bands attributable to [14]-aneN,
[11], MeCN and [PFq]~ and its **C {'H} NMR spectrum
that contained signals at s 27.5, 47.6 and 50.4 ppm w.r.t.
Me,Si characteristic of [14]-aneN, complexes [11], as
[Bi][PFc]s.

An analogous reaction between lump Sb and [NO] [PF]
yielded a colourless product that precipitated from solution
on isolation and appeared to be predominantly SbF; ( Found:
C,0.6;H,0.1;N, 04; F, 31.8; P, 2.0; Sb, 64.25. SbF; req. F,
31.9; Sb 68.1%). Similar behaviour was found in products
from Bi and [NO][PF,] in MeCN and in this case the col-
ourless solid, only partially soluble in MeCN, was formulated
as a mixture of [Bi(NCMe)][PF];+ BiF; (Found: C,
17.8; H, 2.2; Bi, 25.1; F, 36.7; N, 104; P, 7.3.
C,H 3BiFgNyP; req. C, 16.2; H, 2.0; Br, 23.5; F, 38.4; N,
9.4; P, 10.4%). If the reaction between Bi and [NO] [PF,]
was not carried out under rigidly anhydrous conditions, the
product isolated was bismuth (11T} phosphate, identified from
its XRD powder pattern and vibrational spectrum [42].
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The colourless solids isolated from pale yellow solutions
resulting from reactions between Sb and MoF, or WF; in
MeCN under similar conditions were formulated from their
IR spectra as [SbF,(NCMe);][MF;][MFs(NCMe)],,
M=Mo or W, by analogy with the reaction products from
Te + MoF, or UF, in MeCN [20] since bands attributable to
[MoFs(NCMe)] [43] or [WFs(NCMe)] {[44] were
observed. Partial analyses were consistent (Found: Mo, 32.4;
Sb, 13.2; req. Mo, 30.1; Sb, 12.7% and found: Sb, 9.9; req.
Sb, 10.0%) with this view and because simple solvated Sb™
cations were not obtained, the reactions were not investigated
further.

4.2. Oxidation of lanthanides

Pieces of Nd ingot (1.0 mmol), freshly cut to expose new
surface, were allowed to react with MoF, (10.0 mmol) and
MeCN (5 cm®) at room temperature over 3 days, shaking the
mixture and subjecting it to a freeze—pump—thaw cycle at
regular intervals. Removal of volatile material at ambient
temperatures from the pale yellow solution, gave a small
quantity of yellow [Nd(NCMe);][MoFs]; (Table 2). Neo-
dymium powder did not react under identical conditions.
Similarly prepared, was pale yellow [ Eu(NCMe);] [MoFs]
(Table 2) from Eu powder. Both compounds contained bands
in their IR spectra due to coordinated MeCN and [ MoFg] ~;
their electronic spectra contained bands, A, =37,300
(e=91) (Nd™) and 29,100 cm~' (£=77) (Eu™) and p 5
values, determined at room temperature, were 5.13 and 4.97
B.M.,, respectively. Addition of pyridine or NMe; to solutions
of the salts led to precipitation of mixed py—MeCN or NMe,—
MeCN complexes (Table 2).

Analogous reactions between La or Eu powders and WF
in MeCN resulted in pale yellow solids whose partial analyses
corresponded to [Ln(NCMe);][WFq];, Ln=La or Eu
(Found: C, 6.2; H, 0.8; La, 11.95; N, 3.6; C4HyF,sLaN;W,
req. C, 6.2; H, 0.8; La, 12.0; N, 3.6. Found: C, 6.25; H, 0.85;
Eu, 12.9; N, 3.8; C(HsEuF {N;W, req. C, 6.2; H, 0.8; Eu,
13.0; N, 3.6%), however, their IR spectra indicated that both
[WF¢] ~ and [WF,] ~ anions were present. Their electronic
spectra contained bands A, = 32,800 (£=284) and 29,200
cm ™! (£=80), respectively; both compounds reacted with
py and NMe; in an analogous manner to the [MoF] ~ salts
described above.

Although [NO] [PFs] in MeCN reacted with all four lan-
thanide metals investigated, as indicated by the appearance
of new bands in the electronic spectra of reaction mixtures,
reactions were slow and the solids isolated were always con-
taminated with unchanged [NO][PF,] as indicated by Ln"™
analyses.

4.3. Oxidation of Au and Ni
Reactions between Au foil or wire and [NO]* salts in

MeCN were very slow and it was necessary to prepare Au
powder by treatment with aqua regia then oxalic acid. The

resulting powder was washed with dilute aqueous HNO; then
deionized H,0, before drying in vacuo. Reaction between Au
powder (0.4 mmol) and [NO][MoFs] (0.07 mmol) in
MeCN (5 cm?) yielded pale yellow { Au(NCMe),] [ MoFs]
after 1.5 h, identified from its analysis (Table 2) and IR
spectrum. Reaction between the salt and py in MeCN yielded
red [Au(py).][MoFs] (Table 2). Longer reaction times,
using either [NO][MoF,] or [NO][PF¢], resulted in yellow
solids in which the mole ratios Au:Mo or Au:P were, respec-
tively, 1:2.5 or 1:1.4 suggesting that Au”™" may have been
formed either by further oxidation or disproportionation.

No reaction was observed between Au and WFy in MeCN
even after 12 h; in contrast, the reaction between Au and
MoF, was difficult to control even below room temperature
and resulted in an impure product.

A mixture of Ni foil, [NO][PF] (2.0 mmol) and MeCN
(5 cm®), allowed to react at room temperature overnight,
gave a purple solution from which purple [Ni{NCMe)¢]-
[PF¢],, identified from its electronic and IR spectra (Found:
Ni, 9.8; C,,H,sF,,N(NiP, req. Ni, 9.8%), was isolated. Sim-
ilarly prepared was the corresponding [WF,] ™ salt which
could be obtained free of [WF,] ™ by allowing the Ni wire
to contact WF, and MeCN vapors rather than liquid, the
purple solid which coated the surface of the wire being
removed by washing with MeCN.

No reaction was observed when Ni powder, wire or foil
were exposed to MoFg in MeCN even when the Ni:MoF,
mole ratio was 1:20. Addition of py to a mixture of Ni and
MoF; in MeCN however led to an immediate exothermic
reaction and the precipitation of yellow [MoFs(py),]
(Found: C 34.1; H, 2.8; F, 27.4; Mo, 27.45; N, 7.8.
C,oH,oFsMoN, req. C, 34.4; H, 2.9; F, 27.2; Mo, 27.5; N,
8.0%). In addition to bands assignable to coordinated py, its
vibrational spectrum contained strong bands v,,,, 625 and
570 cm ™' (IR) and 679 cm ™' (Raman). An identical solid
was obtained from a reaction where Ni was absent.

A piece of Ni foil, contained in one limb of a three-limbed
flask, was allowed to react with [NO] [PF] in MeCN over-
night. The Ni" solution formed was removed by decanting
and the foil washed with four portions of MeCN. The limb
containing the Ni" salt and washings was then sealed off. A
mixture of MoF, and MeCN was added and allowed to react
with the cleaned Ni foil overnight. The presence of
[Ni(NCMe)¢]?* in solution was identified by electronic
spectroscopy.

One limb of a two-limb flask was equipped with a Ni
filament (0.5 mm diameter) spot-welded to tungsten elec-
trodes that were sealed through the glass. The assembly was
pumped ( <1072 Torr) for 2 days during which time the
filament was heated electrically up to 1450°C, a temperature
sufficient to remove surface oxide without loss of Ni by
evaporation. Raising the filament temperature while cooling
the outer surface ( —196°C) led to evaporation of Ni and
film formation. Addition of MoF, and MeCN resulted in an
immediate reaction at room temperature to give a purple
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solution from which a solid containing purple
[Ni(NCMe)¢]1** and [MoF,] ~ was isolated.

Treatment of an evaporated Ni film with WF, in MeCN
produced no effect after 2 h, although reaction did occur on
those parts of the Ni filament near the spot welds where the
temperature had been insufficient to allow evaporation. The
evaporation procedure was repeated with spot welds sheathed
in glass and the film was exposed to moist air briefty before
WF, and MeCN were added. Reaction occurred to give a
product spectroscopically identical to that described earlier.
Vapor from a solution of ['®F]-labelled WF, in MeCN [45],
contained in one limb of a Pyrex counting cell, was exposed
to an evaporated Ni film prepared in the other limb. ['*F]
activity was immediately detected from the film, counts (cor-
rected for decay) being constant over 1 h, and was unaffected
by removal of volatile WFi*F, There was no evidence for a
chemical reaction.
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