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Supplementary Figure 1: 

a) Schematic of the measurement of a lipid patch on mica using AFM and SICM at two different 

potentials. Dimensions in this panel are of qualitative nature. 

 

Using two SICM images, obtained at different bias potentials, and an AFM image, the topography 

and surface charge density can be extracted. The obtained topographies are here represented by 

height steps of AFM (1), positive potential SICM (2) and negative potential SICM (3) indicated in 

b). The subtraction of SICM topographies gives the charge induced height difference (CIHD) as 

indicated in d). The principle of the data analysis is as follows: In the AFM measurements the 

distance between the tip and the mica substrate is 0 or the thickness of the bilayer. In the SICM 

measurements the pipette tip is not in contact with the sample, there is an additional distance, 

the tip-sample-distance (TSD). The SICM topography hence is the sum of the AFM measurement 

and the TSD. The TSD changes depending on SCD and bias potential. Subtracting the two SICM 

topographies gives the charge induced height difference (CIHD), which is proportional to the 

relative difference in surface charge density. The actual TSD however remains unknown at this 

point. Comparison between one SICM topography and the AFM scan gives the opportunity to fit 

a triangle with the change in TSD and the relative change in SCD into the TSD vs. SCD plot of the 

corresponding potential (as shown in b)). The end points of the horizontal leg of the triangle are 

the absolute SCDs of the sample.  

 

b) The step height recorded in topographic image of the AFM (1) the SICM with positive potential 

(2) and negative potential (3). 

c) The tip-sample distance (TSD) for the SICM measurements at positive bias potential over a 

sample of positive SCD (4) and over a sample of negative SCD (5), and the TSD at negative bias 

potential over positive SCD (7) and negative SCD (8). 

d) Charge induced height difference between the two SICM topographies (9). 

e) The distance between the tip and the substrate is the sum of the height of the bilayer (AFM 

height) and the TSD.  The CIHD can be split into individual contributions (10, 11) over each region 

f) The change in the TSD on the negative potential (12) can be calculated as follows: (7) – (8) = (12), 

but both (7) and (8) are unknown but using the equation (3) + (8) = (1) + (7) allows to substitute 

them for the know values (3) and (1), hence (12) = (3) – (1).  

g) The change in the TSD on the positive potential (13) can be calculated as follows: (2) – (4) = (13), 

but both (2) and (4) are unknown but (1) + (4) = (5) + (2), hence 13 = (5) – (1)  

h) Determination of the absolute surface charge density. 

The relative difference in surface charge density (14) is calculated by multiplying the CIHD (9) 
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with the conversion factor 5.78 (mC/m²)/nm. To find the absolute SCD a rectangular triangle with 

the legs (12) and (14) is fitted into the TSD vs SCD curve of the negative potential, or a 

rectangular triangle with the legs (13) and (14) is fitted into the TSD vs SCD curve of the positive 

potential.  

 

 

 

Supplementary information figure 2: 

 

Supplementary figure 2: 

Zeta potentials of selected lipids at varying NaCl concentrations and pH 7.3. All lipids show a more 

positive Zeta potential at 150 mM NaCl than at 1.5 mM. Errorbars are smaller than the markers and 

have therefore been omitted 

Zeta potential measurements were performed on a Zeta Sizer Nano ZSP (Malvern). Lipid SUVs were 

prepared in 1.5mM NaCl + 0.1mM HEPES, 15mM NaCl + 1mM HEPES and 150 mM NaCl, all at pH 7.3, 

by vortexing followed by extrusion through a 100 nm membrane at 60°C. The zeta potential was 

measured at 20°C. The zeta potential is the average of 3 runs each consisting of 10 repeats each. 

  



Supplementary information figure 3: 

 

Supplementary Figure 3. Pipette geometry used for finite-element analysis. The pipette symmetry 

around the centre axis was used to create the geometry in cylindrical coordinates. The grey area 

represent the electrolyte solution. A: Schematic showing boundaries (between letters A to G) as 

described in Supplementary Table 1. B: Triangular mesh model used for simulations.  



Supplementary information figure 4: 

 

Supplementary Figure 4. Simulated approach curves of pipettes used for the different experiments. 

In column 1 are the approach curves at ±100mV towards a neutral sample. Column 2 shows the scan 

heights at 99% setpoint on different surfaces. Column 3 is the charge induced height difference.  



Supplementary information figure 5:

 

Supplementary Figure 5. Slope of the charge induced height difference (left) and standard deviation 

(right) of the fit. 

 

Supplementary table 1: 

Boundary Description Ion flow (NP) Potential (P) 

AB Pipette top / electrode Reservoir: ci=c Electrode: V=V0 

BC Pipette inner wall Isolating: n•Ni=0 Surface charge: ∇V=-σp/ε0ε 

CD Pipette tip  Isolating: n•Ni=0 Surface charge: ∇V=-σp/ε0ε 

DE Pipette outer wall Isolating: n•Ni=0 Surface charge: ∇V=-σp/ε0ε 

EF Water bath / electrode Reservoir: ci=c Electrode: V=0 

FG Sample surface Isolating: n•Ni=0 Surface charge: ∇V=-σs/ε0ε 

GA Symmetry axis Symmetry Symmetry 

Supplementary Table 1. Boundary conditions used for simulations. The corresponding boundaries 

(between letters A to G) are shown in Supplementary Figure 1. 

 

Supplementary table 2: 

Measurement Ionic current [pA] Radius [nm] Slope [nm / (C/m
2
)] 

Pure Dotap:  840 29.5 -150.4 

Pure DOPG  744 27 -153.5 

DPPC:DOTAP: 399 16.8 -174.2 

DPPC:DOPC 633 29.9 -151.1 

Dppc:Dopg 1147 37.1 -145.5 

Supplementary Table 2. Ionic current of nanopipette at a potential of -100mV and the estimated size 

based on simulations. 

 

 

Supplementary note 1: 

The measured scanning height was correlated to surface charges using Poisson-Nernst-Planck finite 

element simulations. A schematic of the simulation setup and formed finite element setup is shown 

in Supplementary Figure 1. Simulations were performed by simultaneously solving the Poisson 

equation, ∇2𝑉 =
−𝐹

𝜀𝜀𝑜
∑ 𝑧𝑖𝑐𝑖𝑖 , and the Nernst Planck equation, ∇ (−𝐷𝑖∇𝑐𝑖 −

𝐷𝑖𝑧𝑖𝑐𝑖𝐹

𝑅𝑇
∇𝑉) = 0. V is the 

electrostatic potential,  the relative permittivity, ci the concentration and zi the charge of ion I, F is 



the Faraday constant and 0 is the vacuum permittivity. 𝐷𝑖 is the diffusion constant of ion i, R is the 

gas constant and T the temperature.  

The ionic current was calculated as the integral over the total charge passing a boundary spanning 

the inside of the nanopipette: 

𝐼 = ∫ 𝐹∑𝑧𝑖𝑁𝑖
𝑖

𝑑𝑙
A

0

 

Where Ni is the movement of ion i over the boundary. 

 

Supplementary note 2: 

The size of the nanopipettes were estimated by comparison to finite element simulations based on 
the measured ionic current. The following formula was used to correlate the measured ionic current 
(𝐼𝑡𝑜𝑡) to the simulated ionic current when taking into account the resistance of the areas outside the 
finite element simulation box: 

𝐼𝑡𝑜𝑡 =
𝑉

𝑅𝑡𝑜𝑡
=

𝑉

𝑅𝑠𝑖𝑚 + 𝑅𝑥𝑡𝑟𝑎
=

1

1
𝐼𝑠𝑖𝑚

+
𝑅𝑥𝑡𝑟𝑎
𝑉

=
1

1
𝐼𝑠𝑖𝑚

+
𝜌
𝑉𝜋

(
1
2𝑊

+
1

tan 𝜃 𝐿
)
 

 

 

 


