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Introduction

Graphite and LiP§ are widely used asegatie-
electrode and Li salt in lithiusion batteries, respectively.
Consequently it is very important to investigate the
degradation mechanism of graphite in LiPkbasel
electrolyte.While changes in the surface morphology of
the highly oriented pyrolytic gnahite (HOPG)asal plane
at higher potential region ihiPFs-based electrolyte were
previously reportedusing scanning probe microscope
consistent results were not obtained; one reported the
graphite exfoliation and the other reportedface film
formation.*? In this study, we used¢ HOPG basal plane
as a model electrodandobservedchanges in the surface
morphology of it using electrochemical atomic force
microscope (AFM) We also investigatedthe surface
crystallinity using in situ Raman spectrospy. X-ray
photoelectron spectroscopy (XP8hd Attenuated total
reflectionFourier transform infrared spectroscopy (ATR
FTIR) were used to characterize the composition of a
solid electrolyte interphase (SEl)Based on these
investigations, we discuss thegfadation mechanism of
graphite negativelectrodes in LiP§&based electrolyte at
higher potentiategion

Experimental

Immediately prior to each experiment, the HOPG basal
plane(Momentive, ZYH,mosaicspread: 3.5+ 1.5°) was
freshly cleavedwith an adlesive tape, and served as a
working electrode.The electrolyte solution was 1 M
LiPFg dissolved in a 1:1 (by volume) mixtuoé ethylene
carbonate and diethyl carbonate (Kishida Chemiddle
counter and reference electradevere Li foil. All
potentials in the text reflect VersusLi*/Li.

ElectrochemicalAFM observations were performed in
a conventional contact mode with a thedectrode
electrochemical cellAll AFM observations were carried
out at a room temperature of ca. Z5in an Arfilled
glove lox with a dew poinbf lowerthan-80°C.

The electrochemical Ramall with airtight structure
and optically flatPyreX’ glasswas used The HOPG
basal planewas irradiated with a He-Ne laser beam
(632.81 nm line50 mW) through theptical window

The HOPG electrodesafter the electrochemical
experimentsvere washed with dimethyl carbonate in an
Ar-filled glove box andwere sealed in a vessel to be
transferred into XPS sample chamber without being
exposed to airAfter the XPS measurements, they were
set in an ATR accessary with a hermeticalbaled
structure under Ar atmosphere to obtalRTIR-ATR
spectrawithout exposreto air.

Results and Discussion
No noticeable change in surface morpholagythe
HOPG basal plane electrodas observedt 3.0 Vwithin
12 h AFM observatios under potential control showed

that a number of pits and fine particles formed on the
terrace of the HOPG basal plane at around 1.75 and 1.5V,
respectively. We firstelucidate changes in the surface
morphology of the graphiten LiPFs-based electrolytat
higher potential regign where the electrochemical
intercalation of Li does not take placepit formation
(graphite exfoliation) and surface film formation
successivelypccur with decrease in the electrode potential.

In Raman spectraG band peak was observedaabund
1580 cnt at a potential range from an open circuit
potentialof about 3 \to 1.75 Vregardless of storage time
After storage at 1.5 V for 24 hwo peaks newly appeared
at around 1330 and 1620 ¢mwhich assgnedto D and
D’ band, respectively, whilethese peaks were not
observedmmediatelyafter potentiatstep to 1.5 VThese
two peaks appear in the case of imperfections in
carbonaceous materials. Therefore, the surface
crystallinity of the HOPG basal plarghould lower with
storage all.5 V. After the electrode potential was back to
3.0V, theratio of D bando G band and full width at half
maximum of G band were decreagsedhichindicates that
the surface crystallinity of the HOPG basal plane should
recover at 3.0 V in LiPEbased electrolyte. Therefore,
change in the surface crystaltinibetween 3.0 and 1.5 V
is quasireversible

The results of XPS and AFRTIR reflect that LiF and
phosphatetie on the surface dhe SEI formedat around
1.5 V on graphie negativeelectrode in LiPkbased
electrolyte and that carbonates and phosphates are
contained in the interior dhe SEI.

The pit formation leads to the missing of active
materials in real batteries. The particle formatiemd
subsequengrowth of the SEI causea decrease in the
discharge capacityand an increasm internal resistance
respectively. In additiomquasireversibility ofthe surface
crystallinity indicates that the degradation of graphite is
hard to occur beneath the surfac&herefore, the
degradation of graphite negatie&ectrode at higher
potential region in LiPgbased electrolyte wouldccurat
the surface of graphite
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