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To replace the existing limited capacity graphitic
carbon electrodes (372 mAh/g) in lithium ion ba#sy
considerable attention has been paid towards fithiu
alloying type electrodes such as Si and Sn duetsto i
higher storage capacity (4200 mAh/g). Though Sn %ind
based compounds have higher capacity, they suffer t
drawback of volume expansion leading to strainha t
electrodes which causes pulverization. In situ
experiments were performed to measure the volume
change in these electrodes by transmission X-ray
microscopy and AFM measurements. However, the
results could not conclude the real picture of wwdu
expansion due to electrochemical amorphorizatiothef
electrodes in few cycles of lithiation/delithiatiand these
experimental methods are very expensive and rexjuire
special experimental setups. Here, we present w®lum
expansion/contraction behavior of amorphous Sn @ind
electrodes by in situ high resolution
spectroelectrochemical diffraction based microscopy

Diffraction-based imaging is an emerging optical
based sensing technique that employs diffraction of
visible light as signal for detection of receptodbte
interactions. Earlier our group has shown diffrawcti
based imaging of electrochemically induced Li-
insertion/deinsertion in metal oxides and mixed ahet
oxides Here we have used this technique to understand
volume expansion/contraction in electrochemical Li-
alloying reaction by monitoring the diffraction éntsities
and profile movements. Any spatially periodic miter
patterned on an appropriate length scale can a& as
diffraction grating, when it is differentiated froris
surroundings by a component of its complex refvacti
index (n'= n + ik) by modulation of n or k. For tasce,
monochromatic light propagating through a 1-D pattd
array (e.g. periodically spaced set of paralletuiezs) will
be diffracted forming a row of bright spots. Tensity
of these diffracted spots depends on both the ileisk of
the pattern and the degree of contrast between the
complex refractive index of the pattern and the
surroundings. As a consequence, any electrochémica
volumetric change occurring at the grating mateoiaits
surroundings will result in detectable modulatidntioe
position and intensity of diffracted light due tbamges in
the volume (spacing between diffracting elements) a
complex refractive index of the system. The figufe
merit used to describe the degree of diffractiomalied
diffraction efficiency (DE) and is related to n akdising
an easily derived expression.

First we have developed theoretical models to
understand modulation in the diffraction due towoé
change. Mathematical formulas are derived from
Fraunhofer diffraction equation for predicting dif€tion
efficiency of gratings made on a transparent sabstr
This formula is used in two situations: 1) when the
gratings are active and undergo lithiation whicadk to
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change in thickness of the grating (Fig. 1A); 2)ewhthe
gratings are inert and the underlying substrateergaks
lithium alloying causing movement of gratings. The
change in center to center distance of gratingthiation

is monitored as shown in Fig. 1C. From the theoakti
analysis it is clear that the diffraction intenstgofile of
lithiated gratings are decreased compared to @igin
gratings (Fig. 1B). In case of inert gratings wébtive
underlying layer during lithiation shows diffraatio
intensity profile movement (Fig. 1D) due to volume
change. The effect of expansion causes increase in
spacing between centers of each slit, leading ¢bamge

in the peak position of the diffraction maxima.
Additionally, the opening of the slits results iaadeased
intensity.
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Figure 1. A. Schematic representation electrochemical
alloying of active 1-D gratings.B. The diffraction
intensity patterns generated by simulation withvact-D
gratings. C. Schematic representation electrochemical
alloying of active underlying layer causing inertD1
gratings movementsD. Shows the intensity patterns
generated by simulation with active underlying fagad
inert 1-D gratings.

The theoretical predictions are validated
experimentally by preparing 1-D gratings over agitic
transparent carbon (OTC) electrodes. For lithiuloyaig
active grating we developed amorphous Sn grativgs o
OTC. In case of active underlying layer with inert
gratings, amorphous Si active layer and Pt ineatiggs
were used. Thian situ high resolution diffraction imaging
experiments were performed with a home built
electrochemical cell using Li as the reference #&td
counter electrodes in 1 M LIRFDEC/EC electrolyte.
Lithiation-delithiation experiments were performexy
cycling between 2 V to 10 mV vs Li. The Sn grating
electrodes completely lithiate at 0.12V vs Li darin
lithiation causing decrease in intensity of diftian as
predicted from theoretical model (situationl). Froime
DE analysis Sn gratings show about 10% of thickness
raise during lithiation. In the case of amorph®isvith
inert Pt gratings lithiation takes place at 0.2V his
During lithiation the diffraction intensity changeésie to
increase in thickness and also diffracted spot mmeve
takes place due to change in slit distance as @estin
the theoretical model (situation 2). We will also
demonstrate real time volume change during litbrati
delithiation of amorphous Si.
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