Extended DataFig.3 | TEMbright fieldimages of quartz pipettes. Top: Survey of nanopipette geometries showing the taper angle and the orifice diameter
distribution. Bottom: Representative TEM images of quartz pipettes used in SECCM.
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Extended DataFig.4 |Representative experimental and simulated simulations assuming a potential-dependent C, (black dashed line) and constant

voltammograms. (a)-(i) Cyclic voltammograms of Ru*”** on MLG/hBN/dopant C,(grey dashed line) at each hBN spacer thickness (Scanrate v =100 mV/s).
electrodes (purple: RuCl,dopant, red: WSe, dopant) with associated COMSOL Inset: RMS error as afunction of kK used in simulation.
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Extended DataFig. 5| Potential-dependent quantum capacitance of
graphene. Ratio of V,/V,,,as afunction of applied potential. /Inset: Quantum
capacitance, C,/V,,,, versus applied potential.
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Extended DataFig. 6| Ramanspectraofthegraphene 2D peak. Negligible
shiftsin graphene 2D peakin MLG/hBN/RuCl; heterostructures with varying
hBN thickness are consistent with minimal strain or geometric alteration of the
graphenelattice.
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G-peak spectrafor MLG/hBN (blue), MLG/hBN/RuCl; (red), and MLG/air/RuCl,
(green), withdashed lines indicating Voigt fits from which peak positions are
obtained.

Extended DataFig.7|Spatial mapping and spectroscopic analysis of hBN-
mediated dopingingraphene heterostructures. (Left) Optical micrograph
of apatterned hBN heterostructure overlaid with aspatially resolved Raman
G-peak map (colour scale: wavenumber shift, cm™). (Right) Representative
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Extended DataFig. 8| Adiabatic free energy projected along the energy gap coordinate. Left: Varying A, Middle: Varying V, Right: Varying Ae.
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Extended DataFig.9 | Comparison of adiabatic, non-adiabaticand Dashed lines correspond to the rate obtained from a constant reorganization
experimental rate at various values of electronic coupling. Normalized energy, and solid lines doping-dependent reorganization energy. Error bars
rate of electro-reductionas afunction of the location of the Fermilevel at denotesstandard deviation for each experimental kK’ where n varies from3 - 6.

zero overpotential, shownonlinear (left) and logarithmic (right) scales.
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Extended Data Table 1| k° (cm/s) as a function of hBN thickness for MLG regions with and without RuCl,/WSe,

hBN thickness

(#cycles) K (MLG/RuCl, or *WSe,) K (MLG)
0(1) 0.015, 0.016, 0.020 n/a
3(1) 0.012, 0.01, 0.015, 0.012, 0.008 n/a
10(2) 0.009, 0.009, 0.01, 0.015 0.0003, 0.0005, 0.0002
29(2) 0.0022, 0.0023, 0.0023, 0.003 0.00022, 0.00026, 0.00025
50(2) 0.002, 0.004, 0.004, 0.003, 0.001  0.0005, 0.0002, 0.0005, 0.0005
77(2) 0.0004, 0.0004, 0.0003, 0.0003 0.00020, 0.00020, 0.00025, 0.00025
93(2) 0.00020, 0.00020, 0.00025, 0.00020, 0.00020, 0.00025

0.00030, 0.00030

0%(1) 0.007, 0.006, 0.007, 0.007, 0.010  n/a
16*(2) 0.0001, 0.0002, 0.0002, 0.0002, 0.00015, 0.00020, 0.00015

0.0002, 0.0002




Extended Data Table 2 | Comparison of calculated and experimental E; shifts in eV for d=3.89nm

Configuration Calculated Experimental

Suspended -0.173 £ 0.016 -0.164
hBN-supported —-0.250 £ 0.021 -0.303






