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STEM imaging 

Figure S1 shows a representative STEM image of a nanopipette fabricated using the Sutter 

parameters indicated in the experimental section. The pore size (circa 60 nm diameter), the 

walls, the internal cone angle, and the filament are clearly visible. 

 

 

 

Figure S1. STEM image of a nanopipette pulled with the parameters used in this study. (Line 

1: H700 F4 V20 D170 P0, Line 2: H680 F4 V50 D170 P200). 
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Nanopipette blockage/dewetting 

Figure S2 shows the case where the conductance of the nanopipette is lost due to the 

blockage/dewetting of the pore, as well as the case when conductance is retained. The 

conductance is related to the gradient of the curves at zero applied potential. The gradient 

changes towards zero on Figure S2A, while the gradient is stable on Figure S2B. 

 

 

 

 

Figure S2. (A) Current-voltage curves over time for a nanopipette functionalized with 5% 

APTES in EtOH and becomes blocked/dewetted, as well as (B) a nanopipette functionalized 

with vapor-deposited APTES which remains open over 24 hours. 
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The symmetry of the logarithmic rectification ratio 

To demonstrate the better symmetry of logRR compared to regular RR, a simple Finite Element 

Model was used to simulate the logarithmic and regular rectification ratios for different surface 

charge densities. The finite element model is based on the Nernst-Planck-Poisson-Navier- 

Stokes equations and is the same as reported by us previously.1 Figure S3 shows that logRR is 

more symmetric above and below the transition from having its ON-state and the positive 

applied potential and having its ON-state at the negative applied potential. A transition from a 

state of -5 mC m-2 to 0 mC m-2 surface charge density leads to the same logRR change as a 

transition from 0 mC m-2 to +5 mC m-2. This is not the case for the regular RR. As such, when 

monitoring the continuous transition of silanated nanopipettes from a positively charged 

nanopipette to a negatively charged nanopipette, logRR is better for comparison. It should be 

noted that Souna et al.,2 have also been utilized a different metric with the same purpose of 

providing a symmetry in the RR response. For the data we report here, this previously reported 

metric was not suitable as it goes to infinity when the nanopore switches its ON-state to the 

other potential, rather than smoothly crossing over at zero. 

 

 

 

Figure S3. Simulated regular and logarithmic rectification ratios as a function of the 

nanopipette surface charge density. 
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Contact Angle Measurements 

Contact angle measurements have been previously utilized to evaluate the stability of silanes 

deposited on planar silicon wafers at anhydrous conditions.3 We also use contact angle 

measurements to evaluate the stability of liquid-phase and vapor-phase deposited silanes. Table 

S1 shows the contact angles before and after exposure to 1 mM KCl for 24 hours. The contact 

angles of liquid-phase deposition are greater than those of vapor-phase, which can be attributed 

to silane clusters at areas of high surface roughness where amine moieties do not fully orient 

outwards, exposing their hydrophobic alkyl chains.4,5 In contrast, the smooth and homogeneous 

topography produced by vapor-phase deposition tends to orient the amine group outwards.4,5 

The magnitude of the initial contact angles for both the unmodified and silanized wafers are 

comparable to previous reports.6–8 When exposed to the electrolyte for 24 hours, the contact 

angle does not change for the unmodified quartz wafers, however, the contact angles decrease 

for all silane functionalized surfaces. A decrease of the contact angle indicates an increase of 

the surface hydrophilicity which is the expected outcome when a silanized hydrophobic surface 

is changing towards the hydrophilic surface expected from bare quartz. According to the 

contact angle measurements, the most stable modification is triple vapor-deposited APTES. It 

should be noted that while considering the contact angles is useful, the stability on a planar 

quartz surface is not fully comparable to the stability in our nanoconfined nanopipettes. The 

silane layers on the planar quartz surface do not experience the electric fields (and hence the 

electric migrative and electroosmotic forces) and local concentration polarization that the 

nanopipettes experience during the electrochemical measurement. For practical purposes, the 

stability during electrochemical measurements is most relevant. 
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Table S1. Contact Angle (CA) measurements of unmodified and silanized planar quartz slides 

before and after exposure to 1 mM KCl for 24 hours. Sample images of contact angles are 

provided in Figure S4. 

 

Method CA / deg 

(0 hour) 

CA / deg 

(24 hour) 

∆CA /deg 

Unmodified 31±1 31.8±0.6 0±2 

APTMS EtOH 63.9±0.6 51.8±0.5 -12±1 

APTES EtOH 66.9±0.9 52.6±2 -14±2 

APTMS CVD 56±1 42±2 -15±3 

APTES CVD 56±1 44±2 -13±3 

APTES 3x CVD 59±2 54±1 -5±3 

 

 

Representative images of the contact angle droplets for some of the surfaces are given in Figure 

S4. The fitting of the droplet that is used for the calculation of the contact angles is also shown. 

 

 

Figure S4. Contact Angle Images. 
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Electrochemical Monitoring of Silane Desorption/Rearrangement 

For more transparency about what the data shown in Figure 4 in the main paper looks like, 

representative logRR and ∆logRR traces for individual nanopipettes silanized with each 

silanization method are provided is Figures S5-S8. At least 5 such curves are averaged out to 

yield the results shown in the main paper. 

 

 

 

Figure S5. Sample plots of the logarithmic rectification ratio as a function of time for 

individual nanopipettes. 
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Figure S6. Sample plots of the change of logarithmic rectification ratio as a function of time 

for individual nanopipettes. 
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Figure S7. Comparison of the evolution of the logarithmic rectification ratio of each silane 

modification to the unmodified nanopipettes. Each curve is the average of at least 5 nanopipette 

measurements. 
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Figure S8. Comparison of the evolution of the logarithmic rectification change of each silane 

modification to the unmodified nanopipettes. Each curve is the average of at least 5 nanopipette 

measurements. 
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