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Fig. S1 Galvanostatic discharge cycling of the micro-sized particles of pure Ge-(green data) or
Geg9Sey.1-based (blue data) electrodes showing performance at variable C-rates through 80 cycles
following a conditioning cycle at C/20. After 80 cycles, the pure Ge-based electrode was tested at
C/20 for five cycles so as to measure the fraction of electrochemically active material remaining:
ca. 32%. The Ge,4Se( -based electrode was tested at 1 C for 920 additional cycles to assess its

long-term stability: the average capacity fade was 0.3 mA h g-! per cycle and the average efficienc
g y

was 99.9%.



Fig. S2 Operando TXM of Ge electrode. (a) TXM image with 38.8 nm pixel resolution of the
pristine Ge electrode for 1 second irradiation at 11.2 keV, (b) TXM dynamic images of a Ge
particle (5.3 um VESD) during the first (de)lithiation under 1 pA, (c) Ge particle cluster changes
in pristine (2.62 V), lithiated (0.01 V), and delithiated (1.5 V) states.
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Fig. S3 In situ TXM tomography. Three-dimensional morphologies of the Ge particle shown in
Fig. S2b are color mapped with mean curvature on the surfaces of (a) pristine, (b) lithiated, and
(c) delithiated conditions. Principal curvatures on the particle surface at different lithiated states
are distributed via a distribution known as the Interfacial Shape Distribution (ISD, k;: minimum
and k,: maximum principal curvatures). (d) histograms of X-ray attenuation coefficients in the
Ge particle. In (a), R1 region indicates convex surface (ik;> «;>0) and R4 region indicates
concave surface (k;< k,<0). Mean curvature is positive in the R1 and R2 regions.
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Fig. S4 Normalized first derivatives of XANES spectra in Fig. 4c.
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Fig. S5 In situ battery cell. (a) Schematic of the in situ battery cell, (b) SEM image of a pristine
Ge electrode on a carbon wire (30 um) current collector, (c) A TXM image of a pristine Ge
electrode in the in situ battery cell, and (d) X-ray transmission rate of the cell components. About

30% of X-ray radiation is absorbed by the quartz capillary, carbon wire, and EC/DEC electrolyte
at 11.2 keV.
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Fig. S6 Schematic of the operando coin cell assembly for operando synchrotron XRD and XAS
experiments.
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Fig. S7 The synchrotron XRD setup and its resulting diffraction pattern.
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