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ABSTRACT  

Single-pass Electrostatic Force Microscopy is postulated as one of the most advanced techniques 

in terms of spatial resolution and fastness in data acquisition for the study of electrostatic 

phenomena at the nanoscale. However, crosstalk anomalies, in which mechanical interactions 

combine with tip-sample electrostatic forces, are still a major issue to overcome, specifically in 

soft and biological samples. In this paper we propose a novel method based on Bimodal-Atomic 

Force Microscopy to distinguish mechanical crosstalk from electrostatic images. The method is 

based in the comparison of Bimodal AFM images with electrostatic ones, where pure mechanical 

interaction can be discerned from a mixture of mechanical and electrostatic interactions. The 

proposed method is optimized and demonstrated using a supramolecular charge transfer material. 

Finally, the method is used as a tool to depict different crosstalk levels in organic samples, 

discerning between electrical and mechanical interactions. This kind of observation is important 

for obtaining accurate descriptions of charge distribution in samples made from organic and 

molecular layers and materials.  

INTRODUCTION 

Electrostatic Force Microscopy (EFM) and Kelvin Probe Force Microscopy (KPFM) techniques 

have become widely and commonly used in surface characterization of organic semiconducting 

thin films because they are considered easy and non-destructive tools.
1–5

 Concretely, EFM 

provides the feasibility of studying electrostatic properties - such as dielectric permittivity of 

insulating materials, surface charge distribution, oxidation and reduction processes - as well as 

allowing the distinction between conducting and insulating areas in hybrid materials.
6–12

 The 
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EFM technique can be implemented using two different set-ups: dual-pass and single-pass 

modes.
13

  

In the dual-pass EFM mode, a metallic tip is used to scan the surface acquiring the topography in 

the first pass.
13

 Sequentially, the sample is re-scanned biasing the tip with an AC and a DC 

voltage, to collect amplitude and phase variations due to tip-sample electrostatic interactions. 

Because the electrostatic interaction depends strongly on the tip-sample distance, the Z-piezo of 

the equipment is fed with the topographic signal during the second pass, keeping the tip-sample 

distance as constant as possible. Dual-pass provides an accurate way to quantify electrostatic 

interactions. However, main drawbacks are the increased acquisition time (compared with single 

pass), the absolute necessity to reduce drift (especially in the Z-axis), and consequently, 

diminishing the lateral resolution of electrostatic response from the acquired signal.  . 

Single-pass EFM has been proposed as a solution to overcome the difficulties of the dual-pass 

mode.
14

 In the single-pass setup, a metallic tip is used to obtain topography using dynamic mode, 

while, at the same time, an AC and a DC voltage is applied to the tip. This approach is a faster 

method for data acquisition with respect to dual-pass EFM, with increased lateral
13

. The AC tip 

voltage frequency is a key-factor to improve the signal-to-noise ratio and to decrease the 

topography crosstalk into the electrostatic signal. Choosing the second resonance frequency of 

the cantilever is, in terms of signal quality, the most appropiate.
15

 With in the second resonance 

mode, the second resonance mode Q factor increases, allowing measurements of forces in the 

order of magnitude of pN.
16,17

 However, the use of this second resonance mode may induce 

crosstalk and resulting sample artifacts, where the tip vibration is not due to electrostatic 

phenomena. While using this mode, the electrostatic interactions cause the tip vibrating at the 

second resonance frequency.  
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Bimodal AFM is an advanced characterization mode where the AFM cantilever is exited at its 

first and second resonance frequency.
18

 The first resonant frequency is used to depict sample 

topography, while its second resonance frequency is used to provide the mechanical properties of 

the specimen.
18,17

 In our case, we have interpreted EFM mode, using the second resonance as 

doing an electrostatic driven Bimodal AFM, where electrostatic interactions drive the cantilever 

at its second resonance mode, mixing mechanical properties and electrostatic interactions. 

Hence, the crosstalk phenomena is inherent to the measurement process, where its minimization 

is an ongoing challenge of great interest for the scientific community.
19–21

  

In this paper we describe a novel method based on Bimodal AFM with the aim to glean 

accurate and "clean" electrostatic information separated from mechanical artifacts in EFM 

images. For this reason, we made use of the second resonance mode of the cantilever, i.e. Dual 

Resonance Electrostatic Force Microscopy (DREFM). Our approach revealed a decrease of the 

crosstalk phenomenon with respect to regular EFM measurements. The study presented here is 

divided  into two main subsections: the first corresponding to the setup of the equipment and the 

confirmation that cantilever dynamics in Bimodal and EFM modes can be compared, and the 

second to experimental tests using a doped organic sample, with charge transportation properties, 

as a soft material to challenge the validity of the proposed methodology. 

 

SETUP 

The setup of the equipment for the DREFM approach is shown in Fig. 1a in which an AC 

voltage signal drive is connected to cantilever piezo with a frequency that matches the first 

resonance frequency of the cantilever (ω1). The amplitude (A1) is used to depict the topography 
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through the use of a constant amplitude feedback. A second AC voltage is directly rooted to the 

tip; meanwhile a DC voltage is added to the AC voltage. The use of the DC voltage is to increase 

the tip-sample electrostatic interactions due to an increased tip-sample surface potential 

difference.
22,23

 The frequency of this second AC voltage is set to match the second resonance 

mode of the cantilever (ω2) so that changes in the amplitude (A2) provide information of the 

electrostatic properties. In the setup for the bimodal mode (Fig. 1b), two AC voltage generators 

are connected to the cantilever piezo, which imposes the vibration of the cantilever at the 

frequencies ω1 and ω2, the first and second resonant modes of the cantilever.
24–26

 Therefore, the 

first mode of resonance, with amplitude A1, is used to reveal the topography using a constant 

amplitude feedback and the second mode. On the other hand, with amplitude A2, information of 

dissimilar mechanical properties of the surface can be provided. Following the objective of 

obtaining a clear interaction tip-surface, we employed the second eigenmode for nanomechanical 

mapping in order to exploit its higher Q-factor compared to the first eigenmode. 
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Fig. 1 a) and b) Representations of the vibrational movements of electrostatically-driven and 

piezo-shaker-driven cantilever. c) Frequency sweeps of the cantilever acquired in EFM and 

bimodal modes. 

In order to demonstrate that the cantilever dynamics in bimodal and EFM are comparable, the 

study of a electrostatic driven cantilever were conducted. Sumali and Epp already demonstrated 

that an electrostatically-driven cantilever can be equivalent to a piezo-shaker-driven cantilever, 

the cantilever movement being independent of the position (at the base or at the edge of the 

cantilever) of the driving force applied.
27

 By solving classical mechanical equations, the authors 

conclude that both piezo-driven cantilever and electrostatic driven cantilever dynamics are 
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equivalent. Moreover, the equivalent base acceleration for a cantilever driven by electrostatic 

force, follows the above equation (1): 
27

 

      
  

        
  

  
  

     
  

 (1) 

where     is the equivalent base acceleration of the cantilever,    is the relative tip deflection 

and           are numerical parameters that depends into the specific size and Young’s 

modulus of the cantilever used. This approach was evaluated correlating the resonance frequency 

and Q-factor of an electrostatically-driven and piezo-shaker-driven cantilever (Fig. 1c). All the 

data were obtained after performing two consecutive frequency sweeps, in bimodal and in EFM 

modes, without changing the cantilever and at a fixed tip-sample distance and laser position. The 

Q-factor values and the resonance frequency were calculated using the theory of standard 

resonators, which were found to be 352.9 and 364.1 kHz for EFM and 343.4 and 364.2 kHz for 

bimodal measurement modes, respectively.
28,29

 The fact that the Q-factor values and the 

resonance frequency are extremely similar for both cases validates the theoretical approach, and, 

consequently, images resulting from electrostatically- and piezo-shaker driven cantilevers can be 

compared. As a result of that, bimodal images, which provide mechanical information of 

samples, can be used to compare with EFM images, which provide electrostatic information with 

crosstalk mechanical properties.  

Another important factor to take into account when comparing bimodal and EFM signals is the 

free amplitude and set-point values used in order to obtain the topography signal. The 

quantification of the amplitude was achieved by plotting a curve of the amplitude versus distance 

(see Fig. S1 and Fig. S2 in Supplementary Information).
30

 Not only is the free amplitude 

important but also the set-point, which is associated with the force applied to the sample. For this 
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reason, a standard value of 40-60 nm for the amplitude recorded at ω1, together with a free 

amplitude reduction of 25-35% were the parameters used for fixing the set-point value (these 

values strongly depend on the specific sample).
18

 The amplitude of the second mode ranged 

between 0.2-1.0 nm, depending on the specific tip-sample electrostatic interaction for such 

material It is important to note that the final amplitude values displayed here were given in volts 

(V), instead of distance units, which were extracted from the setup measurements shown above, 

to facilitate the comparison of the results . The aforementioned parameters used are in 

accordance with previous work reported by Stark et al., where the reduction of the crosstalk 

between topography and electrostatic signals was studied.
23

  

MEASUREMENT OF A DOPED ORGANIC MATERIAL 

The objective with the proposed setup was to discern the electrostatic from mechanical 

contribution of organic samples by the use of an electrostatically-driven cantilever. Usually, as 

the force exerted by the cantilever depends on the electrostatic properties of the sample and, at 

the same time, the cantilever movement can be dependent on the different mechanical properties, 

the electrostatic outgoing signal can mislead the interpretation of results. For this reason, a doped 

organic sample with electrostatic response was chosen, based on the C3-symmetric enantiopure 

tris(TTF) (N,N’,N’’-tris[3[3’-bis[(S)-2-methylbutylthio]-tetrathiafulvalenyl]-formylamino]-2,2’-

bipyridyl]–benzene-1,3,5,-tricarboxamide) (C3-TTF) (Fig. 2). 
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Fig. 2 C3-TTF molecule used for this study. 

This electroactive precursor has already been shown to self-assemble by π-π stacking and 

TTF···TTF interactions to give, depending on the conditions, right-handed coiled superhelices
31 

or microcroissants
32

 by precipitation in dioxane. The sense of helicity changes from solution to 

the solid state and is imposed by the enantiopure peripheral chains. Indeed, an odd-even effect 

has been observed in another series of compounds with citronellyl and dihydro-citronellyl 

substituents.
33

 Furthermore, tetrathiafulvalenes (TTFs) are excellent  -electron donor units that 

are widely studied in molecular electronic applications due to their p-type character and stable 

doped states.
3429

 As electron-donor species, TTFs can be oxidized reversibly under exposure to 

an appropriate oxidant. Three oxidization states are present in TTFs, the neutral TTF (TTF
0
), that 

exists under ambient conditions, the cation-radical (TTF
+•

) and the dication (TTF
2+

) and these 

three states can be accessed and controlled sequentially through one electron processes, such as 

doping or de-doping. Accordingly, it has been shown that iodine doping of achiral derivative 

with ethyl substituents instead of 2-methyl-butyl provides a material with mixed valence state 

that has conducting wires.
35
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Here, the procedure described by Danila was reproduced in order to obtain coiled fibers of C3-

TTF.
31

 Then, the resulting helical fibers were doped with iodine (I2) vapors to reach the mixed 

valence state material comprising TTF
0
 and TTF

+•
 (dC3-TTF).  

Before applying the new methodology on the dC3-TTF material on a gold surface, some 

previous tests were performed to corroborate the comparability of the EFM with bimodal mode 

signals. Firstly, a reference substrate with materials of dissimilar electrical properties - silicon 

containing a gold strip of 100 µm of width and 50 nm of height - was tested. A first scan on the 

edge of the gold strip in EFM mode was performed and so, the amplitude of vibration in the 

second mode of resonance was recorded. Once the image was finished, the working mode of the 

microscope was changed to bimodal. The AC voltage used to drive the cantilever piezo at the 

second resonance frequency of the cantilever was adjusted, so that the value of the amplitude of 

vibration in bimodal mode was similar to the vibrational amplitude value in EFM mode. 

Moreover, the amplitude of vibration of the cantilever in the first mode and the set-point were 

maintained constant in both modes. The topography (Fig. 3a) showed a clear difference in the 

silicon and gold parts of the substrate due to the difference in height between them. In the image 

corresponding to the amplitude in the second mode acquired in EFM (Fig. 3b) the metallic part, 

corresponding to the gold, from the semiconducting region, corresponding to the silicon, could 

be clearly identified. However, in the amplitude image of the bimodal mode (Fig. 3c) almost no 

contrast between the two materials could be spotted, confirming in this way that the mechanical 

properties of both parts were similar, as expected. Control experiments in which the DC bias was 

changed were performed in order to ensure a true electrostatic signal acquired (see Fig S3 in 

S.I.). With all this data, it could be concluded that contrasted images acquired by EFM mode 

depended only on the electrostatic properties of the sample. 
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Fig 3. Images 20x20 µm of the reference substrate with gold and silicon areas. a) Topography 

image, b) EFM amplitude image and, c) the corresponding image of the amplitude acquired in 

bimodal mode. EFM images were performed by applying a tip bias of 1VAC while sample bias 

was fixed at -2VDC. 

Additionally, other control experiment to compare the difference between working in and out 

of resonance in terms of signal-to-noise ratio of the electrostatic signal acquired was performed, 

demonstrating the dependence of the electrostatic signal with the voltage used and the amplitude 

of vibration of the cantilever with the AC voltage. (Fig S3 of S.I.). 

The last control experiment using the substrate of reference was performed with the aim of 

demonstrating the bi-directionality of the effect of crosstalk in both modes, EFM and bimodal. In 

order to confirm that truly electrostatic signal was acquired, the substrate of reference was 

scanned, biasing the tip at 2 V in AC and working in resonance, while at the same time, the 

voltage in DC was sequentially changed (Fig S4 of S.I.).  

Once the method was demonstrated using the reference sample, different regions of the dC3-

TTF sample on a gold surface were chosen with the aim to discern the electrostatic from the 

mechanical contributions. Each one of the selected areas was firstly scanned using EFM mode 

and sequentially, when the image was already obtained, the working mode was changed to 
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bimodal, acquiring the corresponding image for this mode in the same area. In the first area 

scanned (Fig. 4a), hardly any differences could be appreciated in the acquired images 

corresponding to the amplitude responses when bimodal (Fig. 4b) and EFM (Fig. 4c) modes 

were compared. In order to clarify whether in this case the mechanical response could be 

overlapped to the electrostatic, deviations in the amplitude profiles in the two modes were 

compared. According to the proposed method, a similar image, from the comparison of Fig. 4b 

and Fig. 4c, would mean that a strong mechanical coupling occurs in the EFM images. For the 

dC3-TTF sample, in the fiber area, the magnitude of both bimodal and EFM amplitude images, 

indicates a large mechanical crosstalk. Moreover, the background of the sample showed slight 

differences in amplitude response, suggesting that mechanical crosstalk was less pronounced 

with respect to the large fibers. In order to clearly see the similarities, two profiles were 

extracted, a topography profile and second mode amplitude profile, Figure 4d top and bottom, 

respectively. As expected, both topography profiles are extremely similar, as well as tip 

amplitude magnitude profiles corroborating again the presence of mechanical crosstalk.  
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Fig. 4 Images of 2x2 µm of the dC3-TTF sample on gold corresponding to a) topography, 

amplitude image of b) bimodal mode and c) EFM mode and, d) height and amplitude profiles 

obtained from bimodal and EFM modes. Blue-dashed line in a) indicates where the profiles 

depicted in d) were acquired from.  

The preparation methodology followed for the dC3-TTF sample leads to non-homogenous 

areas were obtained. Therefore, different regions were evaluated to study the viability of the 

proposed method to discriminate mechanical from electrostatic properties of a non-homogenous 

sample. A second area studied (Fig. 5a) showed notable differences in the amplitude response 

images when bimodal (Fig. 5b) and EFM (Fig. 5c) modes were compared. The amplitude image 

obtained from bimodal (Fig. 5b) revealed a relatively high uniformity, in terms of mechanical 

contributions (compared with the other analyzed areas), probably as a result of an also very 

homogeneous distribution of the material on the surface. When the working mode was changed 

to EFM (Fig. 5c), a locally differentiated electrostatic response was evidenced, indicating a non-

homogeneous electrostatically-charged sample thus suggesting charge-transportation between 
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the self-assembled doped TTF units of the dC3-TTF compound. Moreover, the differences 

observed in the contrast of the amplitude EFM image respect to uniformity in the bimodal mode 

(differences of mechanical to electrostatic contributions), confirming that there was almost no 

crosstalk using this methodology and real electrostatic response was recorded.  

 

 

Fig. 5 Images of 2 µm x 2 µm of the dC3-TTF sample on gold corresponding to a) topography, 

amplitude response of b) bimodal mode and c) EFM mode and, d) height and amplitude profiles 

obtained from bimodal and EFM modes. Blue-dashed line in a) indicates where the profiles 

depicted in d) were acquired from. 

Another area was scanned which corresponded to the case where there is a mixture of 

mechanical and electrical responses, in comparison to the first and second area analyzed (see Fig 

S5 in S.I.). The first area analyzed has a strong mechanical interaction with the tip, while the 

second area analyzed has no mechanical interaction, but a huge difference in the electrostatic 
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interaction. This third area corresponds to the case where the sample has different mechanical 

and electrical properties, at the same time. 

Finally in order to corroborate the bidirectionality of the effect another experiments where 

performed (see Fig S6 and S7 of S.I.).
36

 With this experiment we proved that electrostatic 

interaction affects bimodal amplitude images. This experiment could lead to further 

investigations of the role of electrostatic signal in bimodal images and it is minimization. 

 

CONCLUSIONS 

A novel method based in Bimodal Atomic Force Microscopy (Bimodal) has been 

demonstrated to distinguish the mechanical crosstalk present in Single-pass Multifrequency 

Electrostatic Force Microscopy (EFM) measurements. The method has been validated after the 

elaboration of several calibrations and measurements of a reference sample with silicon and gold 

regions (with different electrostatic properties but similar mechanical characteristics). 

Furthermore, the crosstalk, which is always observed in EFM and in bimodal measurements of 

electrostatically active organic and inorganic samples with uneven mechanical properties, can be 

distinguished in a ‘hands-on’ analysis of a doped TTF-based compound with charged regions. 

The study has established an easy one-step methodology applicable to characterize 

electrostatically the surfaces of charged organic materials, with crosstalk levels far below the 

regular EFM and bimodal measurements, that can be easily implemented in any commercially 

available microscope. The observation of the pure electrostatic signal is a significant advance for 

determining accurately charge distribution in samples made from organic and molecular layers 

and materials that are used in devices derived from these materials, and may well lead to a better 

understanding of the nature of the surfaces of these materials and their properties. 
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MATERIALS AND METHODS 

Materials 

The reference substrate possessed a Young’s modulus of 80 GPa from gold and 150 GPa for 

silicon. Gold surface used in the dC3-TTF analysis was a Sense bv type SPR 1.25x12.5x1 mm. 

C3-symmetric enantiopure tris(TTF) (N,N’,N’’-tris[3[3’-bis[(S)-2-methylbutylthio]-

tetrathiafulvalenyl]-formylamino]-2,2’-bipyridyl]–benzene-1,3,5,-tricarboxamide) was 

synthesized according to the described method. C3-TTF was analysed on Sense bv type SPR 

1.25x12.5x1 mm gold surfaces. The doping agent I2 (≥99.99% trace metals basis) was purchased 

to Sigma-Aldrich. The bimodal test sample with reference PS-LDPE-12M was purchased from 

Bruker Inc.  

 

C3-TTF sample preparation 

The reference substrate composed of gold and silicon regions was cleaned by immersion in 

piranha solution (H2SO4/H2O2 (30%); 3:1v/v) for 10 s and rinsing thoroughly with ultrapure 

water. 1·10
-3

 M of C3-TTF solution in 1,4-dioxane was sonicated, heated and cooled down to 

room temperature, finally a drop was directly cast on a cleaned gold surface (gold surface was 

previously rinsed with ethanol and dried under a nitrogen stream). For doping C3-TTF coiled 

fibers to obtain dC3-TTF, the sample was exposed to I2 vapors in a sealed container for 30 min. 

 

Bimodal and EFM measurements 
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All measurements were measurements were performed in a 5500LS SPM system from Agilent 

Technologies with Nano World Pointprobe silicon SPM sensor tips, provided with a force 

constant of 2.8 N/m and Pt/Ir tip coating. The measurements were conducted under controlled 

atmospheric conditions by flowing compressed air to reach 6-9% of relative humidity. The Q-

factor values for the electrostatically-driven and piezo-shaker-driven cantilever were calculated 

following Q-factor                    , where    corresponded to the resonance frequency 

of the curve,       and       were the values of the frequencies corresponding to    ± A · 0.707, 

where A is the peak amplitude. Similar amplitudes must be used in both Bimodal and EFM 

methods in order to compare acquired results. Because the amplitude of the electrostatically-

driven cantilever depended on the tip-sample electrostatic force interactions, all variables of the 

EFM setup were kept constant during the experiments, using -2 V in DC and 1 V in AC, for all 

the scanned areas. When Bimodal measurements were conducted, the voltage applied to the 

piezo-shaker cantilever was changed, so the bimodal amplitude of vibration could be set identical 

as EFM amplitude.  

 

ASSOCIATED CONTENT 
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S1 

The free amplitude of resonance of the cantilever was taken as a reference value (2.4 V, in 

dynamic mode). Then, the tip was progressively approached to a pure gold surface until its free 

amplitude of resonance became affected due to the proximity to the surface, until both were in 

contact (Fig. S1). With the linear fitting of the region at left side of point A-see Fig. S1-a 

calibration constant for the amplitude signal is found, which transforms voltage units into 

nanometer units. With such calibration constant, we can provide a value of the specific tip-
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sample distance while performing single pass EFM and Bimodal images, which was 40-60 nm. 

In order to acquired the EFM and Bimodal images a reduction of 25-35% of free amplitude value 

was used as a setpoint value. The parameters are in accordance with the literature to provide 

good quality sample topography images, into the repulsive regime, but without exerting to much 

force to the tip, so it is preserved..  

 

 

Fig. S1 Curve of the amplitude vs. distance to quantify and calibrate the free amplitude in the 

first mode of resonance of the cantilever. Linear fit was approached       . 
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S2 

The amplitude in the second mode of resonance had to be calibrated as well, also though the 

plotting of the curve amplitude versus the distance (Fig. S2). In this case, the amplitude of 

vibration of the cantilever was amplified with a factor of x16 to ensure a good signal-to-noise 

ratio. Fitting the region of the curve that comprised the interaction tip-surface zone (Fig. S2, 

below point A), the specific set-point for the second mode of vibration could be ranged between 

0.2-1 nm, depending on the specific properties of the sample.  

 

 

Fig. S2 Curve of the amplitude vs. distance to quantify and calibrate the free amplitude in the 

second mode of resonance of the cantilever. Linear fit was approached       . 
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S3 

A control experiment to compare the outgoing signal of working in resonance and out of 

resonance, in terms of signal-to-noise ratio, was elaborated. The reference sample was scanned in 

Single-pass Electrostatic Force Microscopy, at the interface between the gold and the silicon 

region. During the scan, the amplitude and frequency of the tip voltage was changed, as it can be 

seen in Fig. S3. This experiment also demonstrates the dependence of the electrostatic signal 

with the voltage used as well as with the frequency used. Working in resonance increased 

dramatically the electrostatic signal compared with working out of it, the signal increased by 

300% (Fig. S3a-c). This evidence would enable a further decrease of the tip voltage, resulting in 

a gain of electrical lateral resolution, as the electrostatic field distribution under the tip has a 

circular distribution. From the profile depicted in Fig. S3b, the differentiation of the electrostatic 

response of the materials in the reference substrate could be clearly observed by using the second 

resonance frequency of the cantilever. The dependence of the amplitude of vibration of the 

cantilever with the AC voltage was also established, as expected, together with the increasing 

independence of the signal of the driving voltage using the second frequency of the resonance. 

The amplitude signal recorded for the gold part was obviously more intense due to its conductive 

nature. 
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Fig. S3 a) Amplitude image of the reference substrate (20x20 µm) acquired by changing 

selectively the AC voltage and the frequency of resonance at 1 V and 10 kHz, 2 V and 10 kHz, 2 

v and 471.58 kHz and 1 V and 471.58 kHz, from the top to the bottom. b) The amplitude vs. 

distance profile on the X-axis and, c) the amplitude vs. distance profile on the Y-axis. The DC 

voltage was kept constant during the scan at -2 V tip bias. 
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S4 

The sensitivity of the cantilever in and out of resonance to the DC forces could be compared by 

extracting the slope of the curves using a linear fit, concluding that working in resonance 

improved the sensitivity by a factor of approximately 4.8, Fig. S4a. On the other hand, changing 

DC bias from +2, to 0 and -2 V, changed the magnitude of the amplitude image as well as 

shifting the electrostatic phase image by almost 180º as expected if an electrostatic signal was 

recorded. This change was in concordance with the fact of changing from attractive to repulsive 

forces when the voltage changes, so it could be concluded that electrostatic signal was acquired, 

Fig. S4b and S4c. 
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Fig. S4 a) Amplitude vs. sample bias obtained from a tip bias of 2 V in AC (the second 

frequency of resonance of the cantilever, 471.58 kHz) voltage and then changing to a DC voltage 

on the gold of the substrate of reference. b) Amplitude response and c) phase images of 20x20 

µm from the substrate of reference acquired in EFM mode with a fixed tip bias of 2 V in AC and 

working in resonance. 
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S5 

The results of another analyzed area of the sample are showed in Figure S5, where S5a is the 

topography of the scanned area, S5b is the bimodal amplitude image, S6c is the electrostatic 

amplitude image and S5d is the profile line C. In the case of the Bimodal representing the 

amplitude response (Fig. S5b), the main fiber core showed differentiated regions, meaning that 

possessed uneven mechanical properties, while in EFM amplitude image (Fig. S5c) a more 

uniform contrast was spotted.  Amplitude profiles can be used to observe that those mentioned 

regions of the fiber where the ones that differed when signals were overlapped. In this situation, 

we can interpret the data as a mixture of mechanical and electrical response, respect to the 

previous area analyzed.  
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Fig. S5 Images 2x2 µm corresponding to a) topography, amplitude response of b) Bimodal 

mode and c) EFM mode and, d) height and amplitude profiles obtained from Bimodal and EFM 

modes. Blue-dashed line in a) indicates where the profiles depicted in d) were acquired from. 
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S6 

To prove the bi-directionality of the effect, the substrate of reference was scanned using Bimodal 

mode. Two experiments were carried out, firstly, the tip was placed over the gold stripe and the 

sample bias was sequentially changed from -5 V to +5 V in DC at a 20 V/s of rate while 

scanning in Bimodal (Fig. S6a). Secondly, different voltages in DC were used to scan the 

substrate of reference, ranging from -2 V to +2 V in DC (Fig. S6b). 

 

Fig. S6 a) Phase and amplitude response vs. sample bias plots in Bimodal acquired from the gold 

strip of the substrate of reference, the AC voltage was fixed at the second frequency of resonance 
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of the cantilever (471.58 kHz). b) Amplitude image 20x20 µm of the substrate of reference 

acquired by changing sequentially the voltage values in DC. 

In order to clarify what is the contribution of Electrostatic into Bimodal image we have 

performed another set of experiments over a Bimodal test sample with reference number PS-

LDPE-12M from Bruker company. The sample is a blend of Polystyrene (PS) and Polyolefin 

Elastomer(PE) with young modulus of 2GPa and 0.1GPa, respectively. The sample was scanned 

connected to the DC generator of the AFM, and Bimodal AFM images were performed-see 

Figure S7a, topography image and Figure S7b, Bimodal Amplitude image. While performing the 

Bimodal images, the DC bias applied to the sample was changed, from +7VDC, to 0VDC and -

7VDC, as denoted by green and red lines of Fig. S7a. It can be seen that the bimodal phase 

image is barely affected, as we are scanning dielectric sample, there is no contribution from 

charge trapped inside the sample or by electrostatic interactions. 

 

Figure S7a; Topography and Figure S7b, Bimodal Phase image of the proposed test sample 

consisting of a blend of Polystyrene (PS) and Polyolefin Elastomer(PE). Bimodal phase image 
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reveals the different mechanical properties in the sample, being the circles, softer PE regions, 

compared to the PS background. Upon different applied DC bias, there is no change in Bimodal 

phase confirming that the Bimodal phase image is not affected for such applied bias. 


