Electrochemistry of Ta(V) in LewisBasic TaCls-EMIC
Low Temperature Molten Salts

M. Matsunaga, T. Matsuo, and M. Morimitsu
Department of Applied Chemistry,
Kyushu Ingtitute of Technology
Tobata, Kitakyushu 804-8550, Japan

Molten salt systems provide a potentia of the
applicaion for eledrodeposition of metals and alloys,
which are difficult to deposit from conventional agueous
media. In fact, some kinds of metals (Al, Mo, W, Ta) and
alloys (Al aloys), of which the eledrodeposition is
impaossble from agueous lutions, can be dedroplated
from inorganic chloride and fluoride melts. However, its
handling at high temperature made it difficult to use the
molten salt system as a @nventional eledroplating
method. The disadvantage @n be dislved by using the
molten salt consisting of an anhydrous metal chloride and
an organic sat such as EMIC (1-methyl-3-ethly
imidazlium chloride) or BPC (n-butylpyridinium
chloride), becaise such a mixture shows a low melting
point compared to the relevant inorganic melts. One of the
typicd examples is a Lewis addic AICIs-EMIC mélt, in
which the dedrodeposition of Al and Al aloys is
possbhle & room temperature. Besides the
chloroadluminate melt, a family of ambient and low
temperature ionic liquids formulated from EMIC and
anhydrous metal chloride have been reported: AgCl,
CuCl, LiCl, CdCl,, CuCl,, SnCl, ZnCl, LaCls, YCls,
SnCl,, and TiCl,.! We dso screened other metal chlorides
which could form room temperature molten salts by
mixing with EMIC, and it was found that the mixture of
anhydrous tantalum(V) chloride with EMIC produced a
novel ionic liquid at nea room temperature & some
compasitions.? In this paper, the cahodic readions of
Ta(V) in a Lewis basic TaCl-EMIC melt were
investigated by using various voltammetric techniques to
accessthe possbility of the melt for use & an eledrolyte
for tantalum plating.

Anhydrous TaCls of 999 % purity was used as
receved. The EMIC was purified acwording to the method
described in the previous paper. The known amounts of
TaCls and the purified EMIC were loaded into a glass
tube, then the glass tube was sded under vacuum and
was sttled in afurnace 373K for afew hoursto oltain
33.3:66.7 mol% TaCls-EMIC melts. The dedrochemicd
reduction of Ta(V) in the TaCls-EMIC melt was
investigated wsing a Pyrex glass cdl. The man
compartment of the cdl was equipped with a Pyrex glass
shrouded platinum or tungsten wire & the working
eledrode (0.196 mn?) and coiled tungsten wires as the
counter and quasi-reference eledrodes. The reference
eledrode was an aluminum wire of 99.999% purity
immersed in an AICI;-EMIC (66.7:33.3 mol%) melt,
which was isolated from the main compartment by an
individual Pyrex glasstube having a thin gass membrane
at the bottom. All potentials reported herein are referred
to the duminum eledrode. All eledrodes were fixed to
the cdl by glass ding, and bdh compartments were
completely seded under vacuum after loading TaCls-
EMIC or AICI;-EMIC melts.

The dedrochemicd reduction of Ta(V) in a Lewis
basic TaCls-EMIC (33.3:66.7 mol%) met was
investigated at 373 K. As $own in Fig. 1, two cathodic
waves (A, B) and two anodic waves (C, D) were observed
in the cyclic voltammogram. The norma pulse
voltammogram of the basic melt was also measured, and

two plateaus for waves A and B were observed in the
voltammogram. The wave shape analysis of the normal
pulse voltammogram was curried out following a usual
manner. The plots of potential vs. log {(ig-i)/i} was linea
for eahh of waves A and B, indicaing that the
stoichiometric ratio of redox couple is 1:1 for both cases.
The number of eledrons involved in eech readion was
cdculated from the slope of the straight line. The results
suggested that the readion for wave A was one-eledron
transfer step, while that for wave B contained two-
eledron transfer. From these results, we reasonably
proposed that the first reduction of Ta(V) in the basic melt
was
TaV)=TalV) +e [1]

and the seoond was
Ta(lV) =Ta(ll) + 2e [2]

Although the readions for waves A and B in the basic
melt had some irreversibility. A further reduction of
Ta(ll) was not confirmed in the basic melt on the time
scde of voltammetric measurements, and constant current
eledrolyses of the basic melt gave no eledrodeposit on
the cahode.

We further accessed the probability of tantalum
eledrodepasition by adding LiF into the melt. The LiF
addition resulted in the gpeaance of two new cathodic
waves at potentials negative than that of wave B. These
cahodic waves suggested that further reductions of Ta(ll)
were posshle to proceal by the aldition of LiF. The
galvanostatic dedrolyses of the LiF-added melt to oktain
some dectrodeposits were then performed. The results
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Fig. 1 A cyclic voltammogram of a TaCls-EMIC (33.3:
66.7 mol%) melt obtained with a platinum eledrode &
373K. Scanrate 0.1V s*

will be dso shown in this paper.
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