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It has been reported that various 1-ethyl-3-methyl-
imidazolium (EMI") and  12-dimethyl-3-propyl-
imidazolium (DMPI") salts can function not only as
eledrolytes, but also as the dedrochemicd intercdatesin
a simple battery (1,2). Also, it has been reported that
these ionic liquids can function as the dectrolytes in
various types of lithium battery systems, including simple
graphite based systems in which Li* and the imidazolium
cdion is reported to intercdate graphite.(3-6) However,
no dred X-ray evidence has been reported showing the
structure of these intercdates.

In the present study we have atempted to addressthe lack
of dired X-ray evidence of cation intercdation of graphite
in ionic liquids. A series of eledrochemicd charging
experiments were conducted on graphitic paper using the
ionic liquids EMIBF, and DMPIBF,, both with and
without 0.5 M LiBF, present. The ionic liquids, EMIBF,
and DMPIBF, with and without Li* where first
eledrochemicdly charaderized using a three déedrode
system in which the working eledrode was a strip of
caefully dried graphitic paper. Cyclic Voltammetry
indicated strong intercdative behavior for the substituted
imidazolium rings, and poa intercdative behavior for the
tetrafluorobarate anion. Studies in which 0.5 M Li* was
present indicate weak cationic intercdative behavior in
EMIBF, but much stronger intercdative behavior in
DMPIBF,. Charge discharge behavior, both with and
without Li+ present were performed in the three éedrode
system and yielded the following efficiencies: For the
EMIBF, ionic liquid without Li* present, the cdionic
charge/discharge dficiency was 70%, but dropped dowvn
to nea 50% with Li* present; for the pure DMPIBF,
without Li* present, the caionic charge/discharge
efficiency was 75%, but dropped dightly, down to nea
70% with Li* present.

In order to charge the graphitic paper for the x-ray
experiments, a galvanic cdl was used, and charged with
either the pure, or Li* containing ionic liquid. A standard
for comparison was similarly prepared using 0.5 M LiBF,
in propylene cabonate. Pure graphitic paper exhibited a
single strong pesk nea 3.36 A, corresponding to the 0 0 2
refledion d 2-H graphite. For the graphite paper charged
in propylene cabonate, a first stage intercdate, with
diffradion peaks roughly corresponding to that expeded
for partial forming of a LiCs compound were observed.

As can be seen in Figure 1, clea evidence ca bee
sean for the intercaation of the DMPI™ caion, while only
the presence of a wed& sholder could be taken as an
indication the EMI" intercaated the graphite. Thus, for the
paper charged with either EM1™ or with 0.5 M Li+ present,

littl e evidence for intercaation was observed, although the
shoulder could be observed on the pure 0 0 2 refledion
which correspond to partial intercdation of the graphitic
paper. For the DMPI™ cation, both with and without Li*
present, strong diffradion pe&ks were observed
corresponding to a 1rst stage intercdate for the pure ionic
liquid with a c-axis expansion of 7.2 A, while with Li*
present, a multi-staged graphitic intercadate gpeaed to
form.
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Figurel: X-ray Powder Diffradion Pattern of Graphitic
Paper (A.), EMI" charged graphitic paper (B.) and DMPI*
charged graphitic paper (C.). The ionic liquid charging
was performed using a galvanic cdl containing just the
ionic liquid. A scan rate of 0.02 %/min was used.
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