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S1 Calculation of lithium concentration and Li-C stoichiometry

From Figure 6 in the main text, the maximum intensity of the peak near 0 ppm was observed at F,, ~ 477 mV for the
second and third cycles of the cell. The first cycle was not used to shift the peak potentials due to the pasivation of the
electrodes. From Figure 3B, the integrated charge transferred to the system up to this potential was calculated to be
Qop ~ 0.351 C and Qop =~ 0.343 C for the second cycle and third cycle, respectively.

The amount of lithium ions being transferred were calculated using the following equation:

L Q

Lit) = %, (1)

where Q is the charge in Coulombs and F is Faraday’s constant. The resulting lithium ion concentration resulted in

[Lit] = 3.637858 x 1076 mol and [Li*] = 3.554945 x 10~5 mol for the second and third cycles respectively. Knowing that

the amount of carbon in the electrode was 18.06 mg, the corresponding moles of Cg was [Cg] = 1.80338 x 1076 mol. The

ratios of Lit to Cg were then calculated to be 1:68 and 1:71 respectively, which average to 1:69 or a Li-C stoichiometry
of LiCGQ.
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Figure S2: dOp-NMR cyclic voltammogram of the three cycles of the carbon/Li electrochemical cell taken from the
projection of the "Li dOp-NMR signal across (A) the graphite intercalation compounds and (B) the lithium metal. The
peaks labeled as A, B, D, and E are described in the text.
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S2 Derivative Processing

Here we give a step-by-step guide to calculating the derivative of the operando signal using RMN. A similar sequence of
steps can be taken in other signal processing programs such as Matlab or Mathematica. Taking a derivative through the
Fourier derivative theorem consists of applying the following commands in RMN:

1. Fourier transforming along the operando dimension.

2. Applying the derivative convolution along the operando dimension.
3. Applying a hamming filter along the operando dimension.

4. Inverse Fourier transforming along the operando dimension.

All parameters used in processing the signal are shown.
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