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SUMMARY:  25 

Here, we present a protocol for fabrication of a closed-type wireless nanopore electrode and 26 

subsequent electrochemical measurement of single nanoparticle collisions. 27 

 28 

ABSTRACT:  29 

Measuring the intrinsic features of single nanoparticles by nanoelectrochemistry holds deep 30 

fundamental importance and has potential impacts in nanoscience. However, electrochemically 31 

analyzing single nanoparticles is challenging, as the sensing nanointerface is uncontrollable. To 32 

address this challenge, we describe here the fabrication and characterization of a closed-type 33 

wireless nanopore electrode (WNE) that exhibits a highly controllable morphology and 34 

outstanding reproducibility. The facile fabrication of WNE enables the preparation of well-defined 35 

nanoelectrodes in a general chemistry laboratory without the use of a clean room and expensive 36 

equipment. One application of a 30 nm closed-type WNE in analysis of single gold nanoparticles 37 

in the mixture is also highlighted, which shows a high current resolution of 0.6 pA and high 38 

temporal resolution of 0.01 ms. Accompanied by their excellent morphology and small diameters, 39 

more potential applications of closed-type WNEs can be expanded from nanoparticle 40 

characterization to single molecule/ion detection and single-cell probing.  41 

 42 

INTRODUCTION: 43 

 44 
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Nanoparticles have attracted tremendous attention due to diverse features such as their catalytic 45 

ability, particular optical features, electroactivity, and high surface-to-volume ratios1-4. 46 

Electrochemical analysis of single nanoparticles is a direct method for understanding the intrinsic 47 

chemical and electrochemical processes at the nanoscale level. To achieve highly sensitive 48 

measurements of single nanoparticles, two electrochemical approaches have been previously 49 

applied to read out nanoparticle information from current responses5-7. One of these approaches 50 

involves immobilizing or capturing an individual nanoparticle on the interface of the 51 

nanoelectrode for the study of electrocatalysis8,9. The other strategy is driven by single 52 

nanoparticle collision with the surface of an electrode, which generates a transient current 53 

fluctuation from the dynamic redox process.  54 

 55 

Both of these methods require a nanoscale ultrasensitive sensing interface that matches the 56 

diameter of single nanoparticles. However, traditional fabrication of nanoelectrodes has mainly 57 

incorporated the micro-electromechanical systems (MEMS) or laser pulling techniques, which are 58 

tedious and undisciplinable10-13. For example, MEMS-based fabrication of nanoelectrodes is 59 

expensive and requires the use of a clean room, restricting the massive production and 60 

popularization of nanoelectrodes. On the other hand, laser pulling fabrication of nanoelectrodes 61 

relies heavily on experience of the operators during the sealing and pulling of a metal wire inside 62 

the capillary. If the metal wire is not well-sealed in the capillary, the gap between the inner wall 63 

of the nanopipette and wire can dramatically introduce excess background current noise and 64 

enlarge the electroactive sensing area. These drawbacks largely decrease the sensitivity of the 65 

nanoelectrode. On the other hand, the existence of a gap can enlarge the electrode area and 66 

reduce sensitivity of the nanoelectrode. As a consequence, it is hard to guarantee a reproducible 67 

performance due to the uncontrollable electrode morphologies in each fabrication process14,15. 68 

Therefore, a general fabrication method of nanoelectrodes with excellent reproducibility is 69 

urgently needed to facilitate electrochemical exploration of the intrinsic features of single 70 

nanoparticles.  71 

 72 

Recently, the nanopore technique has been developed as an elegant and label-free approach for 73 

single molecule analysis16-20. Owing to its controllable fabrication, the nanopipette provides a 74 

nanoscale confinement, with a uniform diameter ranging from 30–200 nm by a laser capillary 75 

puller21-24. Moreover, this simple and reproducible fabrication procedure ensures the 76 

generalization of the nanopipette. Recently, we proposed a wireless nanopore electrode (WNE), 77 

which does not require the sealing of a metal wire inside the nanopipette. Through a facile and 78 

reproducible fabrication process, the WNE possesses a nanoscale metal deposition within the 79 

nanopipette to form an electroactive interface25-28. Since the WNE possesses a well-defined 80 

structure and uniform morphology of its confinements, it achieves high current resolution as well 81 

as low resistance-capacitance (RC) time constant for performing high temporal resolution. We 82 

previously reported two types of WNEs, open-type and closed-type, for realizing single entity 83 

analysis. The open-type WNE employs a nanometal layer deposited on the inner wall of a 84 

nanopipette, which converts the faradic current of a single entity to the ionic current response26. 85 

Usually, the diameter of an open-type WNE is around 100 nm. To further decrease the diameter 86 

of WNE, we presented the closed-type WNE, in which a solid metal nanotip fully occupies the 87 

nanopipette tip through a chemical-electrochemical approach. This method can rapidly generate 88 



a 30 nm gold nanotip inside a nanopore confinement. The well-defined interface at the tip area 89 

of a closed-type WNE ensures a high signal-to-noise ratio for electrochemical measurements of 90 

single nanoparticles. As a charged gold nanoparticle collides with the closed-type WNE, an 91 

ultrafast charging-discharging process at the tip interface induces a capacitive feedback response 92 

(CFR) in the ionic current trace. Compared to a previous single nanoparticle collision study via a 93 

nanoelectrode with metal wire inside29, the closed-type WNE showed a higher current resolution 94 

of 0.6 pA ± 0.1 pA (RMS) and higher temporal resolution of 0.01 ms. 95 

 96 

Herein, we describe a detailed fabrication procedure for a closed-type WNE that has highly 97 

controlled dimensions and outstanding reproducibility. In this protocol, a simple reaction 98 

between AuCl4- and BH4
- is designed to generate a gold nanotip that completely blocks the orifice 99 

of a nanopipette. Then, bipolar electrochemistry is adopted for continuous growth of a gold 100 

nanotip that reaches the length of several micrometers inside the nanopipette. This simple 101 

procedure enables the implementation of this nanoelectrode fabrication, which can be carried 102 

out in any general chemistry laboratory without a clean room and expensive equipment. To 103 

determine the size, morphology, and inner structure of a closed-type WNE, this protocol provides 104 

a detailed characterization procedure with use of a scanning electron microscope (SEM) and 105 

fluorescence spectroscopy. One recent example is highlighted, which directly measures the 106 

intrinsic and dynamic interactions of gold nanoparticles (AuNPs) colliding towards the 107 

nanointerface of a closed-type WNE. We believe that the closed-type WNE may pave a new path 108 

for future electrochemical studies of living cells, nanomaterials, and sensors at single-entity levels.  109 

 110 

PROTOCOL: 111 

 112 

1. Preparation of Solutions 113 

 114 

NOTE: Pay attention to general safety precautions for all chemicals. Dispose of chemicals in a 115 

fume hood, and wear gloves, goggles, and a lab coat. Keep flammable liquids away from fire 116 

or sparks. All aqueous solutions were prepared using ultrapure water (18.2 MΩ cm at 25 °C). 117 

The prepared solutions were filtered using a 0.22 μm pore-size filter. 118 

 119 

1.1. Preparation of KCl solution 120 

 121 

1.1.1. Dissolve 0.074 g of potassium chloride in 100 mL of deionized water. 122 

 123 

1.2. Preparation of NaBH4 solution  124 

 125 

1.2.1. Dissolve 0.018 g of sodium borohydride in 10 mL of ethanol. 126 

 127 

1.3. Preparation of HAuCl4 solution 128 

 129 

1.3.1. Dissolve 0.010 g of potassium chloride in 1 mL of 1% chloroauric acid solution. 130 

 131 

1.4. Preparation of silicone rubber 132 



 133 

1.4.1. Mix silicone rubber containing Part A and Part B (see Table of Materials) at a ratio of 134 

1:1 by volume.  135 

 136 

1.4.2. Use the mixed silicone rubber to paint a reaction area at the slide immediately during 137 

the pot time of 1 min. 138 

 139 

1.4.3. Cure the prepared silicone rubber on the slide for 5 min.  140 

 141 

1.5. Preparation of gold nanoparticles30 142 

 143 

1.5.1. Add 4.8 mL of chloroauric acid with a mass fraction of 1% into 40 mL of deionized water 144 

with vigorous stirring. 145 

 146 

1.5.2. Heat the solution to a boil. 147 

 148 

1.5.3. Quickly add 10 mL of a trisodium citrate solution with a mass fraction of 1% into the 149 

solution. 150 

 151 

1.5.4. Heat the solution for an additional 15 min until the final solution is red in color. 152 

 153 

NOTE: In our case, the chloroauric acid solution was rapidly reduced by trisodium citrate, and 154 

it was observed that the solution rapidly changed from clear-yellow to dark-black. 155 

 156 

2. Preparation of Experimental Setup 157 

 158 

2.1. Preparation of current measurement system 159 

 160 

2.1.1. Turn on the current measurement system containing the current amplifier (see Table of 161 

Materials) and low-noise data acquisition system (see Table of Materials) 162 

 163 

2.1.2. Switch on the voltage-clamp mode. 164 

 165 

2.1.3. Set the filter bandwidth to 10 kHz and sampling rate to 100 kHz.  166 

 167 

2.1.4. Assemble a self-designed specific homemade copper cage to shield external noise for 168 

experimental cells and the pre-amplifier on the inverted microscope (see Table of Materials). 169 

 170 

2.1.5. Ground the shell of the Faraday cage, shells of the amplifier, and inverted microscope 171 

system. 172 

 173 

2.2. Setup of the dark-field detection system  174 

 175 



2.2.1. Generation of the gold nanotip inside the nanopipette is monitored by the dark-field 176 

microscope.  177 

 178 

NOTE: An inverted microscope system (see Table of Materials) is used to take images and 179 

scatter spectra. A true-color digital CCD camera is employed to take images of the nanopipette 180 

and nanopore electrode. A dark-field condenser [numerical aperture (NA) = 0.8–0.95)] is 181 

utilized to form a dark-field illumination. 10X (NA = 0.3), 20X (NA = 0.45), and 40X (NA = 0.6) 182 

objectives are used to collect images of the closed-type WNE. Fluorescence detection is used 183 

to further verify whether there are gaps between the nanotip and inner wall of the 184 

nanopipette. This experiment is performed by another EMCCD (see Table of Materials) also 185 

integrated on the inverted microscope, and the excitation light is a built-in mercury lamp with 186 

a band-pass filter of 450–490 nm. 187 

 188 

3. Fabrication of Closed-Type WNE 189 

 190 

3.1. Fabrication of nanopipettes 191 

 192 

3.1.1. Put the quartz capillaries (see Table of Materials) in a 15 mL centrifuge tube filled with 193 

acetone for 10 min of ultrasonic cleaning. 194 

 195 

3.1.2. Pour off the acetone, then add ethanol into the same centrifuge tube. 196 

 197 

3.1.3. Put the centrifuge tube in an ultrasonic cleaner for 10 min of cleaning. 198 

 199 

3.1.4. Put the capillaries into another 15 mL centrifuge tube with deionized water for removal of 200 

the ethanol, with 10 min of ultrasonic cleaning. 201 

 202 

3.1.5. Continually ultrasonic clean the capillaries three times with deionized water to remove the 203 

residual ethanol. 204 

 205 

3.1.6. Dry the capillaries using a nitrogen gas stream.  206 

 207 

3.1.7. Keep the capillaries in a new, clean centrifuge tube.  208 

 209 

3.1.8. Turn on the CO2 laser puller (see Table of Materials) 210 

 211 

3.1.9. Preheat the puller for 15-20 min to ensure a steady laser power. 212 

 213 

3.1.10. Install the cleaned capillary in the puller. 214 

 215 

3.1.11. Set the pulling parameters of heat, filament, velocity, delay, and pulling force on the panel 216 

of the CO2 laser puller for a specific diameter. The detailed parameter for a 30 nm diameter 217 

nanopipette in this protocol is shown in Table 1 (Figure 1). 218 

 219 



3.1.12. Fix the prepared nanopipette on a Petri dish with the reusable adhesive (see Table of 220 

Materials) for further characterization. 221 

 222 

3.2. Fabrication of closed-type WNE 223 

 224 

3.2.1. Inject 10 μL of the prepared HAuCl4 solution into the nanopipette with a microloader.  225 

 226 

3.2.2. Centrifuge the nanopipette for 5 min at around 1878 x g for the removal of air bubbles in 227 

the nanopipette.  228 

 229 

NOTE: For this step, we placed the nanopipette with the tip facing down into a homemade holder 230 

within a 2 mL centrifuge tube.  231 

 232 

3.2.3. Fix the nanopipette on a coverslip with the prepared silicone rubber (see step 1.4) and 233 

define the area inside the nanopipette as the “cis” side and outside as the “trans” side.  234 

 235 

3.2.4. Wait 5 min until the rubber is cured. 236 

 237 

3.2.5. Put the integrated ensemble on the objective table of the inverted microscope.  238 

 239 

3.2.6. Turn on and adjust the dark-field illumination to focus the nanopipette tip under a 10X 240 

microscope objective.  241 

 242 

3.2.7. Change to 20X and 40X objectives for a higher spatial resolution. 243 

 244 

3.2.8. Place one Ag/AgCl electrode inside the nanopipette. 245 

 246 

3.2.9. Place the other grounded Ag/AgCl electrode into the trans side. 247 

 248 

3.2.10. Connect a pair of Ag/AgCl electrodes to the pre-amplifier. 249 

 250 

3.2.11. Turn on the current measurement system and the corresponding software (see Table 251 

of Materials) for ionic current recording. 252 

 253 

3.2.12. Set the applied potential to 300 mV. 254 

 255 

3.2.13. Slowly add 150 μL of NaBH4 solution into the trans side to trigger the reaction between 256 

HAuCl4 and NaBH4 (Figure 2). 257 

 258 

NOTE: The reduction of NaBH4 in aqueous solution takes place at a violent reaction rate. 259 

Therefore, the generation of H2 from the reduction of NaBH4 may induce a defective structure of 260 

the nanotip by the generation of cavities during the gold nanotip growth. 261 

 262 



3.2.14. Simultaneously, electrically and optically record the current trace and the dark-field 263 

image/scattering spectra using the current measurement and dark-field detection systems 264 

(Figure 3). 265 

 266 

NOTE: The ethanol solution is volatile under dark-field illumination. Pay attention to the volume 267 

of ethanol during the fabrication process. 268 

 269 

3.2.15. Turn off the applied potential after ionic current tracing back to 0 pA. 270 

 271 

3.2.16. Wash the prepared closed-type WNE with flowing deionized water from the bottom to 272 

the tip.  273 

 274 

3.3. Characterization of closed-type WNE 275 

 276 

3.3.1. Characterize closed-type WNE with a scanning electron microscope (SEM), which is a 277 

general method for characterization of nanopipettes22,31-34.  278 

 279 

3.3.2. Use a calcium ion fluorescent experiment to verify the sealing condition of the gold nanotip 280 

inside the nanopipette. 281 

 282 

3.3.2.1. Inject 10 μL of CaCl2 solution into the cis side of the closed-type WNE and Fluo-8 solution 283 

into the trans side. 284 

 285 

3.3.2.2. Connect the Ag/AgCl electrodes to the headstage.  286 

 287 

3.3.3. Apply a 400 mV bias potential and use the EMCCD (see Table of Materials) to monitor the 288 

fluorescence response at the tip area. Use focus ions beam (FIB) to sculpt the closed-type WNE 289 

from the tip to the bottom, then determine the length of the interior metal layer or nanotip with 290 

SEM characterization.  291 

 292 

3.4. Single nanoparticle collision with closed-type WNE 293 

 294 

3.4.1. Change the solution in the trans and cis sides to a KCl solution after fabrication of the 295 

closed-type WNE. 296 

 297 

3.4.2. Transfer 50 μL of 30 nm gold nanoparticle solution into the trans side. Record the current 298 

signal of single nanoparticle collision events at a potential of 300 mV (Figure 5). 299 

 300 

3.4.3. Change the applied voltage to monitor the frequency, amplitude, and shape change of the 301 

current signal. 302 

  303 

REPRESENTATIVE RESULTS: 304 

 305 



We demonstrate a facile approach to fabricate a well-defined 30 nm wireless nanopore 306 

electrode based on a quartz conical nanopipette. The fabrication of a nanopipette is 307 

demonstrated in Figure 1, which includes three main steps. A microcapillary with an inner 308 

diameter of 0.5 mm and outer diameter of 1.0 mm is fixed in the puller, then a laser is focused 309 

on the center of the capillary to melt the quartz. By applying forces to the terminals of the 310 

capillary, it finally separates and forms two parts with nanoscale conical tips. The pulling 311 

parameters are provided in Table 1 for fabricating 30 nm nanopipettes in our lab. It should be 312 

noted that the parameters can vary from different laser pullers. Experimenters should adjust 313 

the parameters according to the laser power, temperature, and humidity. After fabrication, 314 

SEM characterization is required to verify the true diameter of the nanopipette.  315 

 316 

Figure 2 shows the procedure of generating a gold nanotip inside the nanopipette tip after the 317 

pulling process. First, the AuCl4
- inside the nanopipette is consistently reduced by BH4

- to 318 

generate a gold nanotip until the opening of nanopipettes is fully blocked. Then, the bipolar 319 

electrochemistry promotes the further growth of the gold nanotip. We used an in situ 320 

characterization system to monitor the fabrication process of the closed-type WNE by 321 

simultaneous recording of the current response and dark-field images (Figure 3). As for the 322 

SEM characterization, Figure 4 shows top view SEM images of the bare nanopipette and 323 

closed-type WNE. After FIB splitting, a side view SEM image provides the morphology of the 324 

gold nanotip inside the closed-type WNE. In the single-nanoparticle collision experiments, the 325 

gold nanoparticles are added to the trans side of the WNE. The outstanding noise performance 326 

of this CNE uncovers the hidden signals with a high signal frequency (Figure 5).  327 

 328 

FIGURE AND TABLE LEGENDS: 329 

 330 

Figure 1: Fabrication of nanopipettes. The procedure for fabrication is as follows: step 1) 331 

install a microcapillary in a laser puller; step 2) heat the middle of the capillary with a CO2 laser 332 

and apply force at the ends of the capillary to pull it; and step 3) the capillary tapers down and 333 

separates into two symmetric nanopipettes in several seconds.  334 

 335 

Figure 2: Fabrication of the closed-type WNE. Step 1) HAuCl4 and NaBH4 solutions are added 336 

to the cis and trans sides of the nanopipette, respectively. AuCl4- is reduced by BH4
- to generate 337 

gold at the nanopipette orifice. Step 2) After the orifice is blocked by generated gold, the bipolar 338 

electrochemical reaction takes place with the applied potential for further growth of the gold 339 

nanotip. Step 3) A closed-type WNE is finally fabricated with a micrometer-length gold nanotip. 340 

This figure has been modified with permission from previous work25.  341 

 342 

Figure 3: Simultaneous electrical monitoring and scattering recording during closed-type 343 

WNE fabrication. (A) After addition of NaBH4 in the trans side of the nanopipette, the current 344 

drops immediately from 0 pA. Then, the current trace experiences a quick transition due to 345 

the generation of gold. After ~150 s, the current returns to 0 pA, demonstrating complete 346 

blockage of the nanopipette. (B) Dark-field images during WNE fabrication at corresponding 347 

timepoints of 0 s, 10 s, 100 s, and 150 s. This figure has been modified with permission from 348 

previous work25. 349 



 350 

Figure 4: SEM characterizations of the nanopipette and closed-type WNE. (A) Top view SEM 351 

image of a pulled nanopipette with a diameter of 30 nm. (B) Top view SEM image of a closed-352 

type WNE with a diameter of 30 nm. (C) Side view SEM image of a closed-type WNE after FIB 353 

splitting from the tip to the back of the nanopipette. 354 

 355 

Figure 5: Single nanoparticle collision detection with a closed-type WNE. (A) 30 nm gold 356 

nanoparticles are added to the trans side solution. A pair of Ag/AgCl electrodes are employed 357 

to apply a bias potential of 300 mV. Insert: a typical spike signal of a 30 nm gold nanoparticle 358 

collision. (B) A current trace without nanoparticles and after addition of 30 nm gold 359 

nanoparticles in the trans side of the closed-type WNE. This figure has been modified with 360 

permission from previous work25. 361 

 362 

DISCUSSION: 363 

 364 

Fabrication of a well-defined nanopipette is the first step in the closed-type WNE fabrication 365 

process. By focusing a CO2 laser onto the center of the capillary, one capillary separates into two 366 

symmetrical nanopipettes with nanoscale conical tips. The diameter is easily controlled, ranging 367 

from 30–200 nm, by adjusting the parameters of the laser puller. It is noted that the parameters 368 

for pulling can vary for different pipette pullers. The environmental temperature and humidity 369 

can also influence the final diameter of the nanopipette.  370 

 371 

After fabrication of the nanopipette, a chemical reaction generates the solid nanotip inside the 372 

nanopipette. In this protocol, a gold nanotip is formed by the reduction of HAuCl4; other metal 373 

nanotips can be fabricated by designing corresponding reactions. After full blockage of the 374 

nanopipette tip, the electrochemical polarization of the generated gold nanotip promotes its 375 

further growth according to bipolar electrochemistry. An in-situ electro-optical characterization 376 

system is then constructed to achieve simultaneous recordings of the current traces and optical 377 

information during the growth process of the gold nanotip.  378 

 379 

For characterization, calcium ion fluorescence detection helps verify whether the gap is 380 

generated between the inner wall of the pipette and the gold nanotip. For a well-defined closed-381 

type WNE, the tip area should be invariably dark in the fluorescence image. Also, SEM can be 382 

used to characterize both the nanopipette and closed-type WNE. FIB may be employed to sculpt 383 

along the sidewall of the closed-type WNE to expose inner metal for the subsequent SEM imaging. 384 

Therefore, the length and inside structure of close-type WNE can be determined. Following its 385 

characterization, the well-prepared closed-type WNE is capable to be used for further 386 

applications.  387 

 388 

This protocol for closed-type WNE paves a new path for electrochemical measurements of single 389 

nanoparticles with high reproducibility. However, there are still some challenges and limitations 390 

in this fabrication process. The first limitation involves the diameter of the nanopipette tip. 391 

Theoretically, when the tip diameter decreases to a single-molecule size, the current resolution 392 



can be dramatically enhanced. However, it is challenging to pull a nanopipette with a diameter 393 

under 30 nm with the existing pulling strategy. 394 

 395 

The potential of this closed-type WNE protocol can be expanded to practical applications in 396 

nanosensing. By incorporating traditional nanoelectrodes with a scanning electrochemical 397 

microscope, the closed-type WNE can reveal dynamic electrochemical mapping for some special 398 

2-D/3-D nanomaterials. Moreover, the plasmonic resonance of the gold nanotip can be used to 399 

simultaneously detect the electron transfer process by both electrical readout and optical 400 

recording. By virtue of its geometrical properties, the closed-type WNE with a conical nanotip is 401 

suited to cellular analysis with low mechanical damage. 402 

 403 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Acetone Sigma-Aldrich 650501 Highly flammable and volatile

Analytical balance Mettler Toledo ME104E

Axopatch 200B amplifier Molecular Devices

Blu-Tack reusable adhesive Bostik

Centrifuge tube Corning Inc. Centrifuge Tubes with CentriStar Cap, 15 ml

Chloroauric acid Energy Chemical E0601760010 HAuCl4
Clampfit 10.4 software Molecular Devices

Digidata 1550A digitizer Molecular Devices

DS Fi1c true-color CCD camera Nikon

Ecoflex 5 Addtion cure silicone rubber Smooth-On 17050377

Eppendorf Reference 2 pipettes Eppendorf 492000904 10, 100 and 1000 µL

Ethanol Sigma-Aldrich 24102 Highly flammable and volatile

Faraday cage Copper

iXon 888 EMCCD Andor

Microcentrifuge tubes Axygen Scientific 0.6, 1.5 and 2.0 mL

Microloader Eppendorf 5242 956.003 20 µL

Microscope Cover Glass Fisher Scientific LOT 16938 20 mm*60 mm-1 mm thick

Milli-Q water purifier Millipore SIMS00000 Denton Electron Beam Evaporator

P-2000 laser puller Sutter Instrument

Pipette tips Axygen Scientific 10, 200 and 1,000 µL

Potassium chloride,+D25+A2:F2+A2:F25 Sigma Aldrich P9333-500G KCl

Quartz pipettes Sutter QF100-50-7.5 O.D.:1.0 mm, I.D.:0.5 mm, 75 mm length

Refrigerator Siemens

Silicone thinner Smooth-On 1506330

Silver wire Alfa Aesar 11466

Sodium borohydride, Tianlian Chem. Tech. 71320 NaBH4

Ti-U inverted dark-field microscope Nikon
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   
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Response to the editorial comments: 

 

1. There is currently no reuse permission for your Figures uploaded to Editorial Manager; 

please do so. 

Response: We have uploaded "Copyright" PDF which contains all the reuse permission 

for our figures. 

 

2. 3.2.2: How exactly do you centrifuge the nanopipette? E.g., what container is it in, 

which side is down, any special precautions, etc.? 

Response: We have completed the information about how we exactly centrifuge our 

nanopipette as follow: 

“3.2.2. Centrifuge the nanopipette for 5 minutes at a speed of around 1878 x g for the 

removal of the air bubbles in the nanopipette.  

Note: Place the nanopipette into a homemade holder contained in a 2 mL centrifuge 

tube. The tip of nanopipette is placed down.” 

 

3. 3.2.3: You earlier mention preparing silicon rubber on a slide (1.4); is this what you are 

referring to here? 

Response: It is true that the prepared silicone rubber mentioned in (3.2.3) is actually the 

silicon rubber in (1.4). Revised as follow:  

“3.2.3 Fix the nanopipette on a coverslip with the prepared silicone rubber (see procedure 

1.4) and define the area inside the nanopipette as cis side and the outside as trans side.” 

 

4. Results: Please define FIB. 

Response: We have defined “FIB” in (3.3.3.), which refers to “Focus Ion Beam” as 

follow: 

“Apply a 400 mV bias potential and use the EMCCD (see table of Materials) to monitor 

the fluorescence response at the tip area. Use focus ions beam (FIB) to sculpt the 

closed-type WNE from the tip to the bottom, and then determine the length of the interior 

metal layer or nanotip with SEM characterization.” 

 

In compliance with data protection regulations, please contact the publication office if you 

would like to have your personal information removed from the database. 
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