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A B S T R A C T   

The high-resolution scanning electrochemical cell microscopy (SECCM) is a powerful tool that can directly 
explore the structure-property correlation of materials at nanometer scale. However, so far, the attainable 
maximum resolution is still restricted by the diameter of the droplet probe. Here, we report a simple and effective 
approach that can highly reduce the effective size of a nanopipette probe in SECCM. The effective working size 
was reduced to tens of nanometers by using the conventional droplet probe with an opening size of ~129 nm 
through one-step oil coating. Furthermore, both the topographical and electrochemical activity of the Au 
nanoplate were simultaneously recorded successfully at the pixel size of sub-10 nm in the x-axis direction, 
meaning the potential to achieve a sub-10 nm resolution. Finally, the modified probe displays excellent appli
cability with acidic, neutral and alkaline electrolytes. The method retains the advantages of the droplet probe 
and breaks the limitation of its opening size on the SECCM imaging resolution, opening a broad avenue for both 
further rapid commercialization and broad applications of SECCM.   

1. Introduction 

Scanning electrochemical cell microscopy (SECCM) is designed to 
record the topography and electrochemical activity of materials simul
taneously which is able to reveal the structure-property correlation in 
microscopic scale [1–3]. Since it was invented in 2010 [1], it has been 
widely applied to study nanoparticles [4–11], single-crystalline and 
polycrystalline materials [2,3,12–14], carbon-based materials [15–17], 
nanofabrication [18,19], energy storage materials[20,21], semi
conductor [22–25], and corrosion science [26–28]. However, the 
high-resolution imaging acquisition is still largely restricted by the 
following three factors (1) the size of opening, (2) poor stability and (3) 
the existence of electrolyte residues on the samples [29–31]. 

In SECCM measurements, an electrolyte-filled nanopipette with an 
embedded reference electrode is used as probe [32]. A meniscus droplet 
formed at the opening of the SECCM tip, whose size is approximately 
equal to the diameter of the nanopipette [31]. The height and electro
chemical activity information of a series of predefined points is recorded 
through the hopping motion of probes with the droplet contacting with 

the surface of targeting system at those points which is the so-called 
hopping mode [32]. It requires that the hoping span, which is re
flected as pixel size of the image, must be larger than the probe diameter 
in order to avoid the overlap of adjacent pixels and eliminate the effect 
of residual electrolyte [31,32]. Thus, the early research mainly focused 
on continuous minimizing the size of nanopipette opening [32,33]. 
Unwin et al. realized electrochemical and topographical images of Au 
NPs[32], Au nanocrystals [33], MoS2 and WS2[34], reaching an in-plane 
spatial and height resolution of ~50 and ~2 nm, respectively, using a 
probe of with the opening about ~30 nm diameter. Takahashi et al. [35] 
mapped the electrochemical properties of triangular MoS2 nanosheets 
with a side length of ~130 nm through a ~20 nm radius nanopipette. 
Our group [36] recorded the topographical and electrochemical activity 
images of ~45 nm self-assembled Au nanoparticles monolayer, realizing 
a ~65 nm resolution using a ~50 nm diameter probe. However, to 
further improving its resolution is greatly limited by the available 
minimum size of nanopipette opening. Apparently, shrinking the spatial 
span between adjacent pixels in hopping mode is a key to achieve the 
high-resolution. Recently, Jin et al. [37] established an all-solid SECCM 
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using polyacrylamide as a solid electrolyte. The morphology and elec
trochemical activity of the graphene are recorded using the all-solid 
probe with the outer diameter of ~20 nm, reaching the lateral and 
vertical spatial resolutions down to ~10 nm and nearly no residue left 
on the scanned area. However, the probe fabrication is a rather 
complicated process with sophisticated facilities and requiring much 
know-how and experiences. 

In this paper, we report a simple but effective approach that can 
eliminate the restriction of the pixel-overlap in hopping mode due to the 
minimum size of the nanopipette opening through modifying the droplet 
probe. This method takes full advantage of the non-miscibility of oil to 
water. In 2020, Shkirskiy et al. [38] first reported the oil-immersion 
SECCM. Then, Li et al. [39] reported an oil-immersed scanning micro
pipette contact method in the same year. Subsequently, the 
oil-immersion SECCM has been used in some important studies and 
provides an improvement in spatial resolution, except the sample is 
covered in an oil rather than the tip [40–42]. Here, the feasibility of this 
method was demonstrated by the successful simultaneous recording of 
the high-resolution topographical and electrochemical images of the 
standard array electrode and gold nanoplates. Furthermore, the modi
fied probe was successfully applied in acidic, neutral and alkaline 
electrolyte systems. 

2. Methods 

2.1. The fabrication of modified probe 

The home-made single-barrel nanopipette probe with a tip inner 
diameter of ~ 129 nm (Fig. S1) was fabricated by pulling from boro
silicate glass capillaries (BF100–58–10, Harvard Apparatus, U.S.A.) 
using a CO2-laser puller (P-2000, Sutter Instruments, U.S.A.). The single- 
barrel nanopipette probe was mounted on the scanning head of the 
SECCM (based on the atomic force microscopy (AFM), Park NX-10 

Systems, South Korea) to prepare the modified one. The oil-coating 
procedure is completed by approaching the tip to the surface of the 
pump oil / simethicone with approaching speed less than 1.0 μm s− 1 to 
avoid the tip breakage until contact (Fig. 1(a, b)). There are clearly 
visible shadows in the microscope view of AFM platform when the tip 
contacts the oil surface, as the white arrow shown in the inset in Fig. 1b. 
The approaching process will be stopped right after the contact occurs. 
Then the probe is slowly lifted after holding for ~10–15 s (Fig. 1c), and a 
thin oil film would cover the end of the nanopipette, as shown in 
Fig. 1e0. After exposure in air for about 15 min to avoid the excessive oil, 
then, it is ready for electrolyte filling and to carry out the SECCM 
measurement. The oil is hard to get back over to the pipette due to the 
surface tension, which was further demonstrated by the scanning ion 
conductivity results (Fig. S2). Moreover, due to the surface tension be
tween the electrolyte and oil film, the actual diameter of exposed elec
trolyte meniscus (Fig. 1(e1, e2)) can be much smaller than the 
unmodified ones (Fig. 1d1). Fig. 1e3 shows the sectional view of the 
modified probe, however, there is no direct evidence indicating that the 
oil film can completely cover the droplet probe (Fig. 1(e1, e2)). 

2.2. SECCM measurement 

SECCM is performed through a modified commercial AFM, more 
setup details have been reported previously [36]. The fabrication of 
SECCM samples were described in the supporting information. The 
electrochemical measurement details in the SECCM experiments 
include:1) ‘TJU-TICNN’ electrode array, the sample bias was set to 
1.0 V ~ 1.2 V, scan rate: 1.0 V/s (PBS buffer solution), 0 V ~ − 1.2 V, 
scan rate: 1.0 V/s (0.5 M H2SO4); 2) Au nanoplate, the sample bias was 
set to 1.7 V ~ 1.9 V, scan rate: 1.0 V/s (PBS buffer solution), − 0.9 V ~ 
− 1.2 V, scan rate: 1.0 V/s (0.5 M H2SO4) and 1.5 V ~2.0 V, scan rate: 
1.0 V/s (1.0 M NaOH); 3) Cr/Au electrode by evaporation coating, 
the sample bias was set to − 0.2 V ~ 0.5 V / 0.6 V, scan rate: 0.5 V/s 

Fig. 1. (a-c) The schematic diagram of the probe modifying process, (a) unmodified, (b) modifying/contacting, (c) modified; (the insets correspond to the optical 
microscopy images of the probe tip, b shows obvious shadow when contacting which is marked as the white arrow); (d) the schematic diagram of the unmodified 
nanopipette (d0) and the probe droplet after filling electrolyte (d1), d2 is the sectional view of the probe with droplet; (e) the schematic diagram of the modified 
nanopipette (e0) and the probe droplet after filling electrolyte (e1, e2) after coating, e1 and e2 represents the part and almost complete oil-covered droplet, 
respectively; e3 is the sectional view of the modified probe with droplet. 
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(5 mM Fe(CN)6
3− in 1.0 M KCl); 4) NiO sample, the sample bias was set 

to 1.7 V ~ 2.2 V, scan rate: 1.0 V/s (PBS buffer solution). The scan size 
and pixels of each SECCM measurement have been described in the 
caption of the Figure. 

3. Results and discussion 

3.1. The SECCM measurements of ’TICNN-TJU’ array electrode 

Herein, the pump oil and PBS buffer solution (pH = 7.28 ± 0.02) 
were used as coating oil and electrolyte, respectively. The nanopipette 
has an ending opening of a diameter of ~129 nm (Fig. S1). To demon
strate its high-resolution imaging capability, the ’TICNN-TJU’ array 
electrode with the linewidth of ~120 nm (the inset in Fig. 2a) was 
chosen as model sample. The sample surface is evaporated Au film 
(sheet resistance is ~3–4 Ω) as described in detail in supporting infor
mation. Fig. 2a shows a ‘ICN-TJU’ letters with the scan size of 3.0 × 3.0 
μm2 (pixels: 20 × 20). The linewidth of the letter occupied ~2–3 pixels 
which is ~300–450 nm which is much wider than the actual size due to 
the large nanopipette diameter. Fig. 2b is a measurement of an area of 
2.0 × 1.5 μm2 (pixels: 100 × 20). It yields a pixel size of 20 nm in the x- 
axis direction. It yields a pixel size of 20 nm in the x-axis direction which 
indicates a successful measurement of adjacent pixels in hopping mode 
with negligible influences of point overlapping. To further demonstrate 
its capability in x, y-plane, the pixel size was set to 30 nm (scan size: 1.5 
× 1.5 μm2, 50 × 50) to measure the single letter ‘J’. As displayed in 
Fig. 2c, a well discerned letter ‘J’ with linewidth ~300 nm (~10 pixels) 
in x-axis direction was imaged. It reached a minimum imaging pixel size 
of 20 nm which demonstrates a successful overlapping test of adjacent 
pixels in hopping mode using the modified probes. The overlap of pixels 
means the possible influence of electrolyte residual to the measured 
results of their neighbor points3,17. It typically shows a gradually current 
increase along the scanning direction due to the continuously increased 
contact area caused by the electrolyte residual caused by the pixels 

overlapping (Fig. S3). Here, the electrochemical activity images (Fig. 2 
(d, e, f)) recorded simultaneously display no obvious change, meaning 
the residues have little effect on the continuous scanning. This further 
demonstrates the feasibility and stability of the modified probes. 

To further study the residues, the contact angle measurements were 
performed. The results (Fig. S4, S5, S6) indicate that initially the oil 
modifiers and water show similar contact angles, but the former 
decrease much rapidly. The contact angle of pump oil and simethicone 
on the surface of Au film decreases from ~ 94◦ to ~40◦ and ~ 102◦ to 
~55◦ within 1.0 s, respectively, while that of the PBS buffer solution 
keep it at ~ 93◦. Each single ‘hop’ is 0.5 s including 0.1 s for stabilizing 
the probe and 0.4 s for electrochemical data acquisition. The contact 
angle measurements suggest that there are more wetting of the electrode 
surface using oil. However, the residues only have little effect on the 
continuous scanning based on the SECCM measurements (Fig. 2). 

To further elaborate the little oil residues, a step of pre-hopping 
could be performed. Fig. S7 shows the schematic diagram of opti
mizing the distance of probe approaching to the sample surface. Initially 
approaching the probe to the sample surface to evaluate the optimized 
distance so that the top of exposed solution contacts the sample surface 
(case 1 in Fig. S7) but not the coating oil layer, if it does that when we 
approach same spot second time it will give the nearly identical signal 
otherwise it will acquire much less or almost no signal. The reason is that 
due to the good wettability of oil to the sample surface, once the oil 
contact to the surface it will swiftly spread and cover the spot to form an 
insulating layer who will avoid the solvent contact the sample therefore 
no electrochemical reaction initiates (case 2 in Fig. S7). Neither pre
conditioning nor pre-hopping of the pipette are needed before starting 
the imaging process based on our experimental experience. The SECCM 
imaging process could be performed directly after filling the electrolyte. 
The status of the modified probe has few differences compared to that of 
the unmodified one in the optical image. Once the oil-coating has a 
negative impact on the droplet probe, it would result in a changed op
tical image. Thus, the status of the probe could be monitored by the 

Fig. 2. (a-c) the SECCM topographical images of the ‘TICNN-TJU’ array electrode measured with the probe modified by pump oil (the electrolyte is PBS buffer 
solution, pH = 7.28 ± 0.02) with different scan size; a, 3.0 × 3.0 μm2 (pixels: 20 × 20); b, 2.0 × 1.5 μm2 (pixels: 100 × 20); c,1.5 × 1.5 μm2 (pixels: 50 × 50); (d-f) 
the simultaneously recorded electrochemical activity images (at 1.1 V) of a, b and c, respectively; (the inset in a is the SEM image of the sample, the scale bar is 
2.0 μm). 
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optical microscope, as shown in Fig. 1. The test could be carried out if 
the probe status is normal in the optical image. 

3.2. The SECCM measurements of Au nanoplates 

Subsequently, gold nanoplates were selected to further demonstrate 
its application. The Au nanoplate was dispersed on the patterned indium 
tin oxide glass (ITO, sheet resistance is ~7–9 Ω) as described in detail in 
supporting information. The hexagonal Au nanoplate (Fig. 3a) with the 
side length of ~0.83–1.16 μm was measured within the scan area of 5.0 
× 5.0 μm2 (pixels: 10 × 10) to define its precise location. The brighter 
area in Fig. 3b corresponds to the Au nanoplate which is further 
confirmed by the electrochemical activity image (inset in Fig. 3b). A 
finer SECCM imaging test was carried out referring to the predefined 
location. The pixels were set to 128 × 20 (scan size: 4.0 × 4.0 μm2) to 
meet the requirement of commercial application. Both the topography 
and electrochemical activity images in Fig. 3(d, e), display a clear hex
agonal structure with the measured side length of ~1.16 μm, ~0.84 μm 
and ~1.16 μm, which are almost identical with the value of ~1.16 μm, 
~0.83 μm and ~1.16 μm measured in Fig. 3a. Furthermore, Fig. 3f is the 
Z-height curve along the red arrow pointed direction in Fig. 3d, whose 
height of ~53 nm is consistent with the AFM measurement (~53 nm) in 
Fig. 3c. It corresponds to a pixel size of 4000 / 128 ~ 31.3 nm. To further 
confirm its repeatability and achievable maximum resolution, more 
nanoplates have been measured. 

Fig. 4(a, b) shows a triangular nanoplate with the side length and 
height of ~1.93 μm and ~42 nm, respectively. Similarly, the scan size 
was set to 4.0 × 4.0 μm2 (pixels: 10 × 10) to define its location. The 
topography and electrochemical activity imaging shown in Fig. 4(c, d) 
display clear nanoplate sites. Then, a finer measurement with the pixels 
setting of 128 × 20 (4.0 × 4.0 μm2, pixel size: 4000/128 ~31.3 nm) was 
performed, and shown in Fig. 4(e, f). The imaging displays a clear 
triangular structure with a side length of ~1.93 μm as that in Fig. 4a. The 
activity distribution in Fig. 4 f further confirms that the triangular area is 
Au nanoplate. Here, the pixels size was further reduced to 2000/128 ~ 

15.6 nm (scan size: 2.0 × 2.0 μm2, pixels: 128 × 40) and 1000/128 ~ 
7.8 nm (scan size: 1.0 × 0.8 μm2, pixels: 128 × 8). Both the topography 
in Fig. 4 g, and i show clear Au nanoplate structure, which are further 
confirmed by the simultaneously obtained activity image (Fig. 4(h, j)). 
All the SECCM topographies in Fig. 4(c, e, g, i) clearly and precisely 
reflect both the structure and size of the nanoplate, and accurately 
correspond to the high active area in the measured electrochemical 
activity image (Fig. 4(d, f, h, j)). These results demonstrate a successful 
SECCM imaging with the pixel size of sub-10 nm using a physical 
opening of probe more than 100 nm. Then, an even smaller pixel size 
was achieved in line scanning. There, the y = 0.5 μm was selected as the 
scanning line as shown in Fig. 4c, a series of scans are performed with 
the pixel sizes start from 400 nm (4.0 μm, pixels: 10 × 1) and down to 
6 nm (3.0 μm, pixels: 500 × 1). As demonstrated in Fig. 4 l, the 
measured Z-height profiles suggest a height of ~43 nm of gold nano
plate which is very close to the measured height of ~42 nm using AFM 
(Fig. 4k). The electrochemical activity information recorded simulta
neously in Fig. 4 m also displays a relative higher activity on the 
nanoplate. Furthermore, a one-to-one correspondence between the Z- 
height and the relevant activity are built. It also indicates that the in
fluence of electrolyte residual to the Z-height measurement is negligible. 

The increased current in Fig. 4(d, f, h, j, m) could result from the 
pixel overlapping or the surface changes caused by the multiple tests in 
the same area. In theory, the current should gradually increase along the 
scanning direction if there are the pixels overlapping due to the 
continuously increase contact area caused by the residual (Fig. S3). 
However, the current in Fig. 4(f, h, j, m) does not show this trend. Both 
the oil and electrolyte residues could affect the repeatable measurement. 
As discussed previously, if there are the coating oil layer residue, it will 
acquire much less or almost no signal at the same spot since the good 
wettability of oil to the sample surface (Fig. S(4, 5, 6)) which will 
blockade electrochemical reaction as statements and shown in Fig. S7. 
Here, the successful repeatable tests further demonstrate few oil resi
dues. Thus, the results prove the advantages of this method and the 
potential feasibility of repeatable imaging. 

Fig. 3. (a) The AFM image of the Au nanoplate; (b) the SECCM topographical images of the nanoplate with different scan size of 5.0 × 5.0 μm2 (pixels: 10 × 10), the 
inset is the electrochemical activity image at 1.9 V, the scale bar is 1.0 μm; (c) the Z-height curves derived from (a); (d) and (e) the SECCM topographical and 
electrochemical activity (at 1.9 V) images of it with the scan size of 4.0 × 4.0 μm2 (pixels: 128 × 20), respectively; (f) the Z-height curves derived from (d). 
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Then, the exposed droplet probe after modifying was further studied 
by selecting the Fe (CN)6

3- as the redox species to carry out the SECCM 
measurements. Both sides of the pulled pipette were selected as the 
unmodified and modified (modified by the pump oil) probe. The pixel 
size was set to 1.0 μm (5.0 × 5.0 μm2, pixels: 5 × 5) to separate the 
adjacent pixel to observe the change of electrochemical activity. The 
results are shown in Fig. 5 and Fig. S9. 

The Fig. 5(a, b) shows large weakening of measured current when 
using the modified probe comparing to the unmodified one, again which 
signals dramatically dimmish of the exposed solvent droplet as we ex
pected. The CV curves (Figs. 5e, 5 f) extracted from Figs. 5a, 5b (marked 
as white Arabic numerals 1, 2, 3, 4, 5) indicate the redox peak dis
appeared in Fig. 5 f, exhibiting a limiting current of ~3.0 pA at − 0.2 V 
(the value is ~9.0 pA measured by the unmodified probe). The well 
resolved redox peak could be attributed to the high activity of the 
evaporated Au surface. It again verified the reduction of the exposed 
electrolyte droplet size through oil modification on the pipette tip. 
Similarly, the pixel size was set to 20 nm (0.8 × 0.2 μm2, pixels: 40 × 10) 
and 10 nm (0.4 × 0.2 μm2, pixels: 40 × 10) to further define its size and 
imaging stability. The current magnitude in Fig. 5(c, d) is similar to that 
in Fig. 5b. The CV curves in Fig. 5(g, h) further demonstrated it. The CV 
curves measured at the pixel size of 10 nm (Fig. 5 h) are similar to that of 
the pixel size of 1.0 μm (Fig. 5 f). Furthermore, the CV curves of adjacent 
pixels show few changes, as shown in Fig. 5(g, h), indicating a potential 
achievable high-resolution. However, to get a perfect high-resolution 
(especially the sub-10 nm resolution) SECCM image in the Fe (CN)6

3- 

and Cr/Au electrode system is still challenging. Fig. 5(c, d) display the 
activity differences on the Cr/Au electrode surface, which could attri
bute to the higher resolution detected subtle surface differences. The 
analytical expressions for diffusion limited-current at a hemispherical 

electrode and a SECCM are ihemi
lim = 2πRnFDOxCb,Ox and 

iSECCM
lim = ihemi

lim (1 − cos(γ) (ixlim is the diffusion limited-current, R is the 
appropriate-radius hemispherical electrode(here R ≈ rd), here the 
reactant (Ox) is Fe(CN)6

3-, F is the Faraday’s constant (F = 96485 C/mol), 
n is the number of electrons transferred, DOx is its diffusion coefficient, 
Cb,Ox is the bulk concentration of Ox, γ is the nanopipette half angle 
(~3º, Fig. S1)), respectively[43]. These calculations yield a pipet radius 
~15 nm, which is larger than the reached imaging pixel size. It could 
result from the unknown change of h and θ caused by the oil coating (the 
inset in Fig. 5 f) leading to the calculated radius require further 
correction38. Thus, the precise exposed droplet size of the modified 
probe would be further studied in the future work. 

To further demonstrate the universality of this method, the modified 
probe was performed in 0.5 M H2SO4 and 1.0 M NaOH electrolyte sys
tems, respectively. High-resolution topography and electrochemical 
activity imaging of the Au nanoplates were recorded simultaneously, as 
shown in Fig. 6(a, b, c) and Fig. S10, suggesting the successful appli
cations in both acidic and alkaline environments. The modified probe 
was further used to record the high-resolution topography and electro
chemical activity imaging of NiO particle successfully, as shown in 
Fig. S12. Furthermore, the high resolution SECCM imaging test was also 
successfully run using the probe modified by the simethicone, as shown 
in Fig. 6(d, e, f). The successfully recorded high-resolution SECCM im
ages, further demonstrate the excellent universality of the method. 

4. Conclusions 

In summary, the SECCM probe modified through a simple step of tip- 
oil coating was developed, which successfully realized the high- 
resolution SECCM imaging. It breaks the restriction that the reachable 

Fig. 4. (a) and (b) The AFM and SEM image of the Au nanoplate, respectively; (c), (e), (g) and (i) the SECCM topographical images of the nanoplate with different 
scan size (c, 4.0 × 4.0 μm2, pixels: 10 × 10; e, 4.0 × 4.0 μm2, pixels: 128 × 20; g, 2.0 × 2.0 μm2, pixels: 128 × 40; and i, 1.0 × 0.8 μm2, pixels: 128 × 8); (d), (f), (h) 
and (j) the corresponding SECCM electrochemical activity (at 1.9 V) images of (c), (e), (g) and (i), respectively, (the measurement from c to j is continuous, with only 
the time to change the parameters in test interval); (k) the Z-height profile that derived from (a); (l) and (m) the Z-height and activity (at 1.9 V) profiles recorded 
simultaneously in linear scanning with different pixel size in the x-axis direction, 400 nm (4.0 μm, pixels: 10 × 1), 200 nm (4.0 μm, pixels: 20× 1), 100 nm (4.0 μm, 
pixels: 40 × 1), 50 nm (4.0 μm, pixels: 80 × 1), 25 nm (4.0 μm, pixels: 160 × 1), 12.5 nm (4.0 μm, pixels: 320 × 1), 8 nm (4.0 μm, pixels: 500 × 1), and 6 nm (3.0 μm, 
pixels: 500 × 1) (the Z-height and current data were offset by 0.07 and 0.15 in sequence when plotted, respectively). 
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maximum resolution or the minimum distinguishable pixel is larger than 
the diameter of nanopipette opening in hopping mode. High-resolution 
topographical and electrochemical activity imaging of the ‘TICNN-TJU’ 
array electrode and the Au nanoplate were recorded simultaneously 
with the minimum pixel size of sub-10 nm by using the modified 

nanopipette with a diameter of ~129 nm. Moreover, the SECCM mea
surements using the redox species of Fe(CN)6

3- further demonstrate no 
pixel overlapping at the pixel size of 10 nm. Using both the probes 
modified by pump oil and simethicone succeed in obtaining the high- 
resolution imaging measurement and applicable to neutral, acidic and 

Fig. 5. (a) and (b) the SECCM electrochemical activity (at − 0.2 V) images of the Cr/Au electrode measured by the unmodified and modified (modified by the pump 
oil) probe, respectively, (the electrolyte is 5 mM Fe(CN)6

3− in 1 M KCl, the scan size is 5.0 × 5.0 μm2, pixels: 5 × 5, the unmodified and modified probe are the both 
sides of the pulled pipette.); (c) and (d) the SECCM electrochemical activity (at − 0.2 V) images of the Cr/Au electrode measured by the modified probe used in b with 
different scan size (c, 0.8 × 0.2 μm2, pixels: 40 × 10; d, 0.4 × 0.2 μm2, pixels: 40 × 10); (e), (f), (g) and (h) the cyclic voltammetry (CV) curves extracted from (a), (b), 
(c) and (d) (marked as black Arabic numerals 1, 2, 3, 4, 5), respectively, the insets in (e) and (f) correspond to the geometry of a two-dimensional cylindrically 
symmetric conical SECCM pipet tip (e: unmodified, f: modified) with meniscus in contact with a substrate electrode (γ is the nanopipette half angle, θ is the contact 
angle of the meniscus, h is the height of the meniscus, rp is the radius of the nanopipette, rd is the contact radius of the meniscus.). 

Fig. 6. (a) and (d) the SEM images of different Au nanoplates; (b) and (c) the SECCM topographical and electrochemical activity (at − 1.2 V) imaging of the Au 
nanoplate in (a) measured with the probe modified by pump oil, respectively, (electrolyte: 0.5 M H2SO4, scan size: 4.0 × 3.0 μm2, pixels: 128 × 10); (e) and (f) the 
SECCM topographical and electrochemical activity (at 1.9 V) imaging of the Au nanoplate in (d) measured with the probe modified by simethicone, respectively, 
(electrolyte: PBS buffer solution, pH = 7.28 ± 0.02, scan size: 3.0 × 3.0 μm2, pixels: 128 × 10, the raw data is shown in Fig. S11). 
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alkaline electrolyte systems. This method achieves high-resolution 
SECCM images using a large size probe, greatly improves the imaging 
resolution just applying a simple trick which potentially can largely 
facile and broaden the applications of SECCM. 
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