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Methods: Further description of EIS measurement
As mentioned in the main text, the interface between an ionic solution and CNT is complex to model. In addition, our CNT probes have thin insulation and pores at different scales (micropores (diameter (d) < 2 nm), mesopores (2 nm < d < 50 nm), and macropores (d > 50 nm)) which add more complexity [1]. When the CNT probe touches the PBS solution, the PBS solution wets near the tip area including not only the exposed CNTs’ surface but also the insulation coating. Therefore, any impedance measurement includes capacitance due to the insulation, and increasing the dipping depth amplifies the capacitive component in the measurement. 
Figure S1 shows EIS measurement of a CNT probe with conformal Parylene-C coating (no FIB). For this measurement, the dipping depth was around 1 mm. The measurement on left shows magnitude of impedance over 1 Hz to 100 kHz, and the right figure is a Nyquist plot of the same measurement (-Z2 (negative imaginary part of impedance) vs. Z1 (real part of impedance). From the measurement, the estimated interfacial resistance and Faradaic leakage resistance are 6 kΩ and 4 MΩ respectively (based on an equivalent circuit model [2]).
In related, but different work, Inaba et al. [3] observed a similar trend of impedance vs. frequency for their single-wall CNT (with a Parylene-C coating). They explained the trend by stating that plateauing impedance at lower frequency range is due to dominating diffusion impedance for the lower range, while the effect at higher frequency range is largely due to capacitive impedance coming from the insulation.
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