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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y  
Can you record movies/images using your own microscope camera? Y
2. Does your protocol include software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 3.1, 3.2, 3.3, 3.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.2, 3.4
5. Will the filming need to take place in multiple locations? N



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Yi-Lun YingYi-Tao Long: Electrochemically measuring the intrinsic features of single nanoparticles is of great importance in nanoscience. This method demonstrates a simple but highly reproducible way to build a nanoscale electrodewireless nanopore electrode interface for rapid single nanoparticle analysis [1]. 

1.1.1. INTERVIEW: Yi-Tao LongYi-Lun Ying says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Yi-Lun Ying: The size of the nanoelectrode can reach as small as 30 nanometers by this simple fabrication method. The current resolution and the temporal resolution during the analysis are 0.6 picoampereangstroms and 0.01 milliseconds, respectively [1].

1.2.1. INTERVIEW: Yi-Lun Ying says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Ling-Fei Cui: It is anticipated that this WNEwireless nanopore electrode will be utilized for in-vivo and non-invasive cellular analysis because of the nanoscale size of the nanoelectrode tip [1].

1.3.1. INTERVIEW: Ling-Fei Cui says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Ling-Fei CuiLin-Qi Ruan: The localized surface plasmonic resonance property of the gold nanotip and the perfect optical feature of the quartz nanopipettes could enable electric-optical detection at nanoscale [1].

1.4.1. INTERVIEW: Ling-Fei CuiLin-Qi Ruan says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Yi-Lun Ying: Researchers interested in the fabrication of WNEwireless nanopore electrode should master the nanopipette pulling process, because this is a crucial step in the procedure. They should pay attention to the environmental temperature and humidity when pulling the pipette [1]. 

1.5.1. INTERVIEW: Yi-Lun Ying says the statement above in an interview-style shot, looking slightly off-camera.

Section - Protocol
2. Preparation of Gold Nanoparticles
2.1. First, add 4.8 milliliters of chloroauric acid with a mass fraction of 1 percent to 40 milliliters of deionized water with vigorous stirring [1]. Then, heat the solution to a boil [2].
2.1.1. MED: Talent adds chloroauric acid to a stirring solution of deionized water. Videographer: Show chloroauric acid container label in frame if possible.
2.1.2. MED: Talent turns on the heating function on the magnetic stir plate.
2.2. Quickly add 10 milliliters of a trisodium citrate solution with a mass fraction of 1 percent into the solution [1].
2.2.1. MED: Talent adds trisodium citrate solution to stirring solution of chloroauric acid and deionized water. Videographer: Show trisodium citrate solution container label in frame if possible.
2.3. Heat the solution for an additional 15 minutes until the final solution is red in color [1].
2.3.1. CU: Stirring solution as the color changes to red.
3. Fabrication of Nanopipettes
3.1. [bookmark: _Hlk526121728]Place quartz capillaries in a 15 milliliter centrifuge tube filled with acetone and clean in an ultrasonic cleaner for 10 minutes [1]. When finished, remove the acetone and add ethanol [2]. Then, place the centrifuge tube in the ultrasonic cleaner for an additional 10 minutes of cleaning [3].  
3.1.1. MED: Talent adds quartz capillaries to centrifuge tube containing acetone and places centrifuge tube in ultrasonic cleaner.
3.1.2. MED: Talent removes acetone from centrifuge tube and adds ethanol.
3.1.3. MED: Talent places centrifuge tube in ultrasonic cleaner.
3.2. Next, place the quartz capillaries into another 15 milliliter centrifuge tube with deionized water for removal of the ethanol and perform ultrasonic cleaning for 10 minutes [1-TXT].
3.2.1. MED: Talent adds quartz capillaries to centrifuge tube containing deionized water and places centrifuge tube in ultrasonic cleaner. TEXT: Clean 3x with DI H2O.
3.3. Dry the quartz capillaries using a nitrogen gas stream and store them in a clean centrifuge tube [1]. 
3.3.1. MED: Talent dries the quartz capillaries with nitrogen gas and stores them in a clean centrifuge tube.
3.4. Following this, turn on a carbon dioxide laser puller and preheat for 15 to 20 minutes to ensure a steady laser power [1].
3.4.1. MED: Talent turns on carbon dioxide laser puller and checks that the preheating has started.
3.5. Install a clean quartz capillary in the preheated carbon dioxide laser puller [1].
3.5.1. MED: Talent installs a clean quartz capillary in the carbon dioxide laser puller.
3.6. Set the pulling parameters of heat, filament, velocity, delay, and pulling force on the panel of the carbon dioxide laser puller for a specific diameter [1-TXT]. 
3.6.1. MED: Talent sets the pulling parameters on the panel of the carbon dioxide laser puller. Videographer: Show pulling parameters in the frame if possible. TEXT: See Table 1.
3.7. Fix the prepared nanopipette on a Petri dish with a reusable adhesive for further characterization [1].
3.7.1. MED: Talent attaches the nanopipette to a Petri dish with adhesive.
4. Fabrication of Closed-type WNE
4.1. Inject 10 microliters of the prepared chloroauric acid solution into the nanopipette with a microloader [1]. 
4.1.1. CU: Nanopipette as talent loads chloroauric acid solution into it with the microloader.
4.2. Centrifuge the nanopipette for 5 minutes at around 1,878 x g for the removal of air bubbles in the nanopipette [1-TXT]. 
4.2.1. MED: Talent places the nanopipette into a centrifuge and closes the centrifuge lid. TEXT: Nanopipette tip should face down.
4.3. Following centrifugation, fix the nanopipette on a coverslip with previously prepared silicone rubber and define the area inside the nanopipette as the “cis” side and outside as the “trans” side [1-TXT].  
4.3.1. LAB MEDIA: To be provided by the authors – image showing how the areas are defined. Authors, please upload this figure to your project page. TEXT: See text for silicone rubber prep.  We uploaded the figure titled “4.3.1-silicone”.
4.4. After waiting 5 minutes for the rubber to cure, place the integrated ensemble on the objective table of an inverted microscope [1]. 
4.4.1. MED: Talent places ensemble on the objective table of an inverted microscope.
4.5. Turn on and adjust the dark-field illumination to focus the nanopipette tip under a 10X microscope objective [1]. 
4.5.1. SCREEN: To be provided by the authors – Show focusing of the nanopipette tip on screen. Authors, please upload this screen capture to your project page. We uploaded the screen capture file titled “4.5.1-10x lense”.
4.6. Change to a 40X objective for a higher spatial resolution [1].
4.6.1. LAB MEDIA: To be provided by the authors – high resolution image observed under a 40X objective. Authors, please upload this figure to your project page. . We uploaded the screen capture file titled “4.6.1-40x lens”. 
4.7. Next, place one silver-silver chloride electrode inside the nanopipette [1]. Then, place a second grounded silver-silver chloride electrode on the trans side [2].
4.7.1. CU: Nanopipette as talent places electrode inside it.
4.7.2. MED: Talent places second electrode on the trans side.
4.8. Connect the silver-silver chloride electrodes to a pre-amplifier [1].
4.8.1. MED: Talent connects the electrodes to a pre-amplifier.
4.9. Turn on the current measurement system and the corresponding software for ionic current recording [1]. Then, set the applied potential to 300 millivolts [2].
4.9.1. MED: Talent turns on the current measurement system and the software.
4.9.2. MED: Talent sets the applied potential in the computer software.
4.10. Now, slowly add 150 microliters of sodium borohydride solution to the trans side to trigger the reaction between chloroauric acid and sodium borohydride [1-TXT].
4.10.1. MED: Talent adds sodium borohydride solution to the trans side. TEXT: H2 may generate cavities during growth.
4.11. Simultaneously, electrically and optically record the current trace and the dark-field image/scattering spectra using the current measurement and dark-field detection systems [1-TXT]. To simplify the adding procedure, cover of Faraday cage could be removed, which does not affect the formation of the gold nanotip but generates a noisy current traces.
4.11.1. SCREEN: To be provided by the authors – Show the current trace and the dark-field imaging/scattering spectra on screen as they are recorded. Authors, please upload this screen capture to your project page. TEXT: Monitor EtOH volume during fabrication. We uploaded the video file titled “4.11.1-current trace” and the video file titled “4.11.1-dark field image”. 
4.12. Turn off the applied potential after the ionic current tracing returns to 0 picoamps [1].
4.12.1. MED: Talent turns off the applied potential in the computer software.
4.13. Wash the prepared closed-type WNE with flowing deionized water from the bottom to the tip [1-TXT].
4.13.1. MED: Talent washes the electrode with deionized water. TEXT: WNE: Wireless Nanopore Electrode.
5. Single Nanoparticle Collision with Closed-type WNE
5.1. Change the solution in the trans and cis sides to a potassium chloride solution after fabrication of the closed-type WNE [1].
5.1.1. MED: Talent and adds the potassium chloride solution to the trans and cis sides. 
5.2. Transfer 50 microliters of the 30 nanomolar gold nanoparticle solution to the trans side [1]. Then, record the current signal of single nanoparticle collision events at a potential of 300 millivolts [2]. 
5.2.1. MED: Talent adds the gold nanoparticle solution to the trans side.
5.2.2. SCREEN: To be provided by the authors – Show the current signal on screen as it is recorded. Authors, please upload this screen capture to your project page. We uploaded the video file titled “5.2.2-collision”.
5.3. [bookmark: _GoBack]Finally, change the applied voltage to monitor the frequency, amplitude, and shape change of the current signal [1].
5.3.1. MED: Talent changes the applied voltage and monitors the current signal in the computer software.





Section – Results
6. Results: Fabrication of Closed-type WNE and Electrochemical Measurement of Single Nanoparticle Collisions 
6.1. The fabrication of a nanopipette includes three main steps [1]. A microcapillary with an inner diameter of 0.5 millimeters and an outer diameter of 1 millimeter is fixed in the puller, and a laser is then focused on the center of the capillary to melt the quartz [2]. By applying forces to the terminals of the capillary, it finally separates and forms two parts with nanoscale conical tips [3]. 
6.1.1. Figure 1
6.1.2. Figure 1 – Video Editor: Highlight step 1 at mention of “A microcapillary with an inner diameter of 0.5 millimeters and an outer diameter of 1 millimeter is fixed in the puller”. Highlight step 2 at mention of “and a laser is then focused on the center of the capillary to melt the quartz”. 
6.1.3. Figure 1 – Video Editor: Highlight step 3.
6.2. The procedure of generating a gold nanotip inside the nanopipette tip after the pulling process is shown here [1]. 
6.2.1. Figure 2 
6.3. An in situ characterization system was used to monitor the fabrication process of the closed-type WNE by simultaneous recording of the current response and dark-field images [1].
6.3.1. Figure 3 – Video Editor: Highlight figure a at mention of “the current response” and figure b at mention of “dark-field images”. 
6.4. Top view SEM images of the bare nanopipette and closed-type WNE are shown here [1]. After focus ions beam splitting, a side view SEM image provides the morphology of the gold nanotip inside the closed-type WNE [2]. 
6.4.1. Figure 4 – Video Editor: Emphasize figure a at mention of “bare nanopipette” and figure b at mention of “closed-type WNE”.
6.4.2. Figure 4 – Video Editor: Emphasize figure c and highlight gold nanotip (white section indicated as Au).
6.5. In the single-nanoparticle collision experiments, the gold nanoparticles are added to the trans side of the WNE [1]. The outstanding noise performance of this CNE uncovers the hidden signals with a high signal frequency [2]. 
6.5.1. Figure 5 – Video Editor: Emphasize figure a and highlight AuNPs.
6.5.2. Figure 5 – Video Editor: Emphasize figure b.
Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ling-Fei Cui: When generating the gold nanotip, a low applied potential should be used to generate the electrochemical interface. A high applied potential could speed up the generation of gold and result in defective structures in the nanotip [1]. (Step: 3.2) 

7.1.1. INTERVIEW: Ling-Fei Cui says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Yi-Lun Ying: If this new nano probeWIRELESS NANOPORE ELECTRODE is used in a scanning electrochemical microscope technique, dynamic electrochemical mapping at high spatial resolution could be possible [1]. 

7.2.1. INTERVIEW: Yi-Lun Ying says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Yi-Tao LongLin-Qi Ruan: This method’sThe high current resolution and high spatial resolution of this method could help researchers further understand the electron transfer process at nanoscale [1]. 

7.3.1. INTERVIEW: Yi-Tao Long says the statement above in an interview-style shot, looking slightly off-camera.
7.4. Ling-Fei Cui: Sodium borohydride is dangerous and will react violently with water. Please be careful when preparing the sodium borohydride solution [1].

7.4.1. INTERVIEW: Ling-Fei Cui says the statement above in an interview-style shot, looking slightly off-camera.
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