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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 
2.3, 2.4, 2.5, 3.2, 3.6, 5.3, 5.4, 5.5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The isolation of the backside of the coated membrane (steps 2.3-2.5) is the most crucial step of this procedure, because otherwise electrodeposition will preferentially take place on the outside gold layer instead of inside the pores. Successful isolation can be achieved by keeping the membrane as flat as possible when the glass slide is attached. In addition, the I-t curve should be checked during electrodeposition since an illogical (e.g. zero) current indicates the presence of a bad contact. 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: graphics are in ‘51547_Elshof_Graphic overview.ai’

The overall goal of this procedure is to explain the steps that are taken to make segmented nanowires by an easy and reproducible method called templated electrodeposition, and to show an easy method for the detection of H2 gas in photocatalytic water splitting experiments. (Intro) 

This is accomplished by first preparing the membrane that serves as a template for the deposition of nanowires with a specific shape and size. This preparation includes sputtering of a gold layer for electrical contact and a glass slide for isolation. (Video editor: show only the block-like cartoon first, then add the orange line representing the gold layer, followed by the blue line representing the glass slide.  If possible, could you replace the blue line with a blue rectangle so it looks more like a slide before it is placed under the gold layer?) (P1)

The second step is to electrodeposit the desired materials inside the template pores, and by performing multiple deposition steps inside the same template, segmented nanowires can be made. (Video editor: animate the colored nanowires appearing one after another in P2) (P2)

Next, the nanowires are released from the template and transferred to the solution used for photocatalytic experiments. (Video editor: animate the nanowire coming out of the template and going into the cuvette in P4, but don’t show the rest of the set-up from P4 yet) (P3)

The final step is to prepare the setup used for photocatalytic H2 evolution. (Video editor: add the set-up to the cartoon of the cuvette containing the nanowire) (P4)

Ultimately, a H2 gas sensor in combination with UV irradiation is used to show that these nanowires are photocatalytically active and can be used for autonomous H2 formation. (Video editor: from the P4 graphic, zoom in to the cuvette containing the nanowire) (P5)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Johan E. ten Elshof: One of the main advantages of making nanowires by templated electrodeposition is that many different compositions can be made. The process is carried out in aqueous solutions, under mild conditions, and does not need expensive equipment. 

1.2. A. Wouter Maijenburg: In this video we show how to make photocatalytic nanowires for hydrogen formation. But the same method can also be used to make nanowires for  photovoltaics, thermoelectrics, fuel cells, and many other applications.


Protocol (read by voice talent at JoVE):

2. PCTE membrane preparation for templated electrodeposition of segmented Ag|ZnO nanowires

2.1. Begin this procedure by choosing a polycarbonate track-etched, or PCTE, membrane with an outer pore diameter of 200 nm and a thickness of 6 µm (Figure 2a). The diameter of the membrane used here is 25 mm.

Shots:
2.1.1. MED: Talent setting out the PCTE membrane.
2.1.2. LAB MEDIA: 51547_Elshof_Figure2a.tif (Video editor: author would like to show the different panels of Figure 2 corresponding to the step being demonstrated as an inset at the corner of the screen during the video.  So here, Figure 2a will be shown at the corner of shot 2.1.1.)
2.1.3. CU: A shot of the membrane.

2.2. A gold layer is then sputtered at the backside of the membrane (Figure 2b) using a commercially available sputtering system.  In this case, a deposition pressure of 2·10-2 mbar was used with argon as sputtering gas and a slow deposition rate of ~13 nm/min. This gold layer will be used as electrical contact during electrodeposition. 

Shots:
2.2.1. WIDE/MED: Talent by the sputtering system taking out the membranes from the machine. Videographer: this machine is in a different lab that is a 5-minute walk away.
2.2.2. LAB MEDIA: 51547_Elshof_Figure2b.tif (Video editor: show at the corner of shot 2.2.1.)
2.2.3. CU/ECU: A shot of a membrane that already had the gold layer.

2.3. After sputtering the gold layer on the PCTE membrane, the next step is to attach a small glass slide on top of the gold-coated side of the membrane using four small strips of double sided tape along the edges of the glass slide. This glass slide is used to ensure selective electrodeposition inside the membrane pores (Figure 2c).

Shots:
2.3.1. CU: Four small strips of double sided tape being attached along the edges of the glass slide.
2.3.2. CU: Glass slide being carefully placed on the membrane.
2.3.3. LAB MEDIA: 51547_Elshof_Figure2c.tif (Video editor: show at the corner of shot 2.3.2.)

2.4. For mechanical stability, stick a small piece of copper tape on the part of the membrane that sticks out from the glass slide. Since copper tape is conducting, the crocodile clip of the working electrode can be attached to the copper tape.

Shots:
2.4.1. CU: A small piece of copper tape being stick on the part of the membrane that sticks out from the glass slide and cutting off the edges of the membrane.

2.5. Improve the adhesion of the membrane to the glass slide by putting Teflon tape around the edges. This is recommended for depositions at elevated temperatures. 

Shots:
2.5.1. CU: Teflon tape being placed around the edges of the glass slide/membrane.
2.5.2. CU/ECU: A shot of the PCTE membrane when it is ready for electrodeposition.

3. Electrodeposition of segmented Ag|ZnO nanowires

a. Preparation of the Ag segment 

3.1. Prior to making the silver segment, prepare an aqueous solution containing AgNO3 (Voiceover: “silver nitrate”) and H3BO3 (Voiceover: “boric acid”) and adjust the pH to 1.5 using HNO3. (Voiceover: “nitric acid”) (TEXT: 0.2 M AgNO3 + 0.1 M H3BO3; pH 1.5) 

Shots:
3.1.1. MED: Talent setting out the solution (prepared beforehand).

3.2. Put the prepared PCTE membrane together with a platinum (Pt) counter electrode and a silver/silver chloride in 3 M KCl reference electrode in the prepared solution.

Shots:
3.2.1. CU: The membrane is connected to the working electrode, and the PCTE membrane, Pt counter and reference electrodes are placed in the prepared solution.

3.3. Apply a potential of +0.10 V vs. the silver/silver chloride reference electrode for 30 seconds, following the directions from the potentiostat manufacturer. 

Shots:
3.3.1. MED: Talent using the potentiostat software to set the appropriate potential and duration.
3.3.2. CU: Start button in the computer program being pressed.
3.3.3. LAB MEDIA: 51547_Elshof_Figure2d.tif and 51547_Elshof_Figure2e.tif (Video editor: show at the corner of shot 3.3.2.)

3.4. Remove the electrodes from the solution and rinse them with milli-Q water.

Shots:
3.4.1. CU: Talent removing electrodes from the solution.
3.4.2. MED: Talent rinsing electrodes with milli-Q water.

b. Preparation of the ZnO segment

3.5. To make the zinc oxide (ZnO) segment, first prepare an aqueous solution containing 0.1 M zinc nitrate hexahydrate.

Shots:
3.5.1. MED: Talent setting out the solution (prepared beforehand).

3.6. Next heat the solution to 60 °C using a water bath, and put the membrane containing the silver segment together with a platinum counter electrode and a silver/silver chloride reference electrode in the heated solution.

Shots:
3.6.1. MED: Talent putting the membrane with silver segment, Pt electrode, and reference electrode in the solution and placing the solution in the pre-heated water bath. 

3.7. Apply a potential of -1.00 V vs. the silver/silver chloride reference electrode for 20 minutes, following the potentiostat manufacturer’s directions. 

Shots:
3.7.1. MED/over the shoulder: talent at the computer pressing the start button.
3.7.2. LAB MEDIA: 51547_Elshof_Figure2d.tif and 51547_Elshof_Figure2e.tif (Video editor: show at the corner of shot 3.7.1.)
3.7.3. Talent – interview style to camera: “It is important to check the I-t curve during electrodeposition since an illogical or zero current indicates the presence of a bad contact.”

3.8. After 20 minutes, remove the electrodes from the solution and rinse them with milli-Q water. This entire procedure for electrodeposition of silver and zinc oxide nanowire segments must be repeated 4 times to obtain enough nanowires for significant signal from the H2 sensor. (TEXT: Repeat electrodeposition procedure 4X)

Shots:
3.8.1. MED: Talent removing the electrodes from the solution.
3.8.2. MED: Talent rinsing electrodes with milli-Q water.

4. Extraction of the nanowires and transfer to aqueous solution

4.1. To extract the silver-zinc oxide nanowires, cut the membrane containing the nanowires from the glass slide and transfer this part of the membrane to a polypropylene centrifuge tube.

Shots:
4.1.1. MED: Talent cutting the membrane containing the nanowires from the glass slide and then putting it into a centrifuge tube.

4.2. Add ~2 ml of dichloromethane to dissolve the PCTE membrane and release the nanowires into the solution. After ~30 minutes, the membrane should be completely dissolved. 

Shots:
4.2.1. CU: ~2 ml of dichloromethane being added to the membrane in the tube, tube is gently swirled, and then left at room temperature.
4.2.2. LAB MEDIA: 51547_Elshof_Figure2f.tif and 51547_Elshof_Figure2g.tif (Video editor: show at the corner of shot 4.2.1.)

4.3. Apply a small droplet of the dichloromethane solution containing nanowires on a small Si wafer for Scanning Electron Microscopy (SEM) analysis.

Shots:
4.3.1. CU: A small droplet of the dichloromethane solution containing nanowires being applied on a small Si wafer.

4.4. Centrifuge the obtained solution at ~19,000 x g for 5 minutes, (TEXT: ~19,000 x g; 5 min) remove the excess dichloromethane and add fresh dichloromethane. Repeat the process at least 3 times to make sure all polycarbonate has been removed. (TEXT: Wash 3X with dichloromethane)

Shots:
4.4.1. MED: Multiple takes from different angles of talent putting the tube into the centrifuge and starting the spin.  Shot will be repeated many times later. 
4.4.2. CU: Excess dichloromethane being removed and fresh dichloromethane added. 
4.4.3. Use shot from 4.4.1.

4.5. After the final wash with dichloromethane and removal of the excess dichloromethane, add milli-Q water to the nanowires. Centrifuge, discard the water, and add fresh milli-Q water.  Repeat this wash at least 3 times again to completely replace all dichloromethane with milli-Q water. (TEXT: Wash 3X with milli-Q water)

Shots:
4.5.1. [bookmark: _GoBack]CU: Talent removing dichloromethane and milli-Q water being added to the nanowires in the tube.
4.5.2. Use shot from 4.4.1.
4.5.3. MED: Talent removing water and adding fresh milli-Q water. 
4.5.4. MED: After final wash, talent taking the tube out of the centrifuge and setting it down on the bench top.

5. H2 formation experiments

5.1. The hydrogen sensor used in the hydrogen formation experiments is prepared from a palladium-based hydrogen sensor. The sensor is inside an NS plug that fits on top of a quartz tube.

Shots:
5.1.1. MED: talent setting out the Pd-based sensor
5.1.2. CU: A shot of how the sensor looks after placing it in the NS plug.

5.2. Connect the sensor to a standard Wheatstone bridge circuit. This schematic illustrates a typical setup for the detection of hydrogen gas evolved from photocatalytic nanowires. (Figure 7)

Shots:
5.2.1. MED: Talent connecting the sensor to a Wheatstone bridge circuit/amplifier.
5.2.2. LAB MEDIA: 51547_Elshof_Figure 7.tif

5.3. To begin photocatalytic hydrogen formation, put the aqueous nanowire solution in a 72-ml quartz tube. Add more water until a total of 10 ml of water is inside the quartz tube. Then add 40 ml of methanol.

Shots:
5.3.1. MED: Talent transferring the aqueous nanowire solution (from 4.5) to a 72-ml quartz tube.
5.3.2. CU: Water added to the quartz tube to 10 ml.
5.3.3. MED: Talent adding 40 ml methanol to the quartz tube.

5.4. Start recording the signal from the palladium-based hydrogen sensor before placing it on top of the quartz tube and monitor the variation in signal.

Shots:
5.4.1. MED/over the shoulder: Talent recording the signal from the palladium-based hydrogen sensor (at computer).

5.5. After ~200 s of stable signal, put the hydrogen sensor on top of the quartz tube while simultaneously turning on the UV light source to start the actual measurement. In this experiment, the UV source is placed approximately 10-15 cm away from the sample.

Shots:
5.5.1. MED: Talent putting the hydrogen sensor on top of the quartz tube while turning on the UV light source.
5.5.2. CU: Footage of gas bubble formation in the tube.  (Author will prepare extra nanowires beforehand so that more bubbles should be visible for filming)


6. Results: Ag|ZnO nanowires show photocatalytic activity

6.1. [bookmark: _Ref346719564](Figure 4) During electrodeposition, the current that is measured between the working and counter electrodes can be visualized in an I-t curve. Since the current is directly related to the amount of deposited material via Faraday’s law, the observed current is an important indication of how the deposition proceeds. A typical I-t curve for the deposition of silver-zinc oxide nanowires is shown in the left panel. The deposition of titanium dioxide-silver nanowires was not demonstrated in this video, but a typical I-t curve is shown in the right panel. 

Shots:
6.1.1. LAB MEDIA: 51547_Elshof_Figure4.tif

6.2. [bookmark: _Ref343699033](Figure 5) Typical axially segmented silver-zinc oxide nanowires are shown in this Scanning Electron Microscopy image.

Shots:
6.2.1. LAB MEDIA: 51547_Elshof_Figure5.tif

6.3. (Figure 6) This next set of Scanning Electron Microscopy images show empty titanium dioxide nanotubes (Video editor: highlight panel ‘a’), a coaxial titanium dioxide-silver nanowire (Video editor: highlight panel ‘b’) and titanium dioxide nanotubes with silver nanoparticles (Video editor: highlight panel ‘c’).

Shots:
6.3.1. LAB MEDIA: 51547_Elshof_Figure6.tif

6.4. [bookmark: _Ref344892699][bookmark: _Ref365456472](Figure 8) These graphs show the signal as detected by the sensor (Video editor: highlight panel a) and the same signal after transformation to the timeframe of actual hydrogen gas formation (Video editor: highlight panel b).  The red lines represent the response from the sensor during UV irradiation of silver-zinc oxide nanowires in a methanol/water solution, and the blue lines represent a reference experiment without nanowires. 

Shots:
6.4.1. LAB MEDIA: 51547_Elshof_Figure8.tif

6.5. (Figure 8) When the UV light source was turned on at 17.5 minutes (Video editor: indicate the 17.5 min point in panel a, just before the drop), the signal drops substantially due to the light sensitivity of the sensor. Right after this drop in signal, the reaction starts and consequently this moment was defined as t = 0 minute in panel b, and the corresponding signal was defined as 0 V. (Video editor: indicate time O in panel b and the point in panel a just after the drop in signal; please give these two indications the same color, which is different from the indication just before the drop)

Shots:
6.5.1. LAB MEDIA: 51547_Elshof_Figure8.tif

6.6. (Figure 8) Since the sensor used is slightly cross-sensitive to methanol, the measurement of a reference sample without nanowires was also included. As shown in these results, during UV illumination, the signal from the sample with nanowires (red) was higher than the signal from the reference sample (blue).
Shots:
6.6.1. LAB MEDIA: 51547_Elshof_Figure8.tif

6.7. [bookmark: _Ref344896140](Figure 9) Hydrogen gas formation using silver-zinc oxide nanowires typically ceased after ~48 hours of UV illumination as evidenced by termination of gas bubble formation. The reason for this loss of activity is photocorrosion of zinc oxide.  This Scanning Electron Microscopy image shows a photocorroded silver-zinc oxide nanowire after 48 hours of UV illumination; the surface of the zinc oxide segment is much rougher than that of a newly synthesized nanowire (Video editor: show Figure 5 again next to Figure 9 for comparison). In the literature, several methods are reported for inhibition of the photocorrosion process of zinc oxide. Alternatively, please refer to the accompanying manuscript for a method of synthesis of coaxial titanium dioxide-silver nanowires, which can be used for autonomous water splitting without any sign of photocorrosion.

Shots:
6.7.1. LAB MEDIA: 51547_Elshof_Figure9.tif
6.7.2. LAB MEDIA: 51547_Elshof_Figure5.tif

7. Conclusion (said by authors on camera)
7.1. Johan E. ten Elshof: Additional functionalities like autonomous nanowire movement or external magnetic steering can be realized by incorporating additional nanowire segments like gold, platinum or nickel. In this way multifunctional nanowires can be made. 
7.2. A. Wouter Maijenburg: After watching this video, you should have a good understanding of how to make nanowires, including a simple way for isolation of the membrane. You should also be able to test their photocatalytic activity using a simple hydrogen sensor.

       

Provided Media

1A. 51547_Elshof_Graphic overview.ai
2.1 – 51547_Elshof_Figure2a – Schematic showing an empty membrane
2.2 – 51547_Elshof_Figure2b – Schematic showing a membrane with gold layer
2.3 – 51547_Elshof_Figure2c – Schematic showing a membrane with gold layer and glass slide
3.3, 3.7. – 51547_Elshof_Figure2d – Schematic showing nanowire deposition inside the membrane
3.3, 3.7.  – 51547_Elshof_Figure2e – Schematic showing completed nanowire deposition
4.2 – 51547_Elshof_Figure2f – Schematic showing dissolving the membrane
4.2 – 51547_Elshof_Figure2g – Schematic showing breaking of the nanowires from the gold layer
5.2 – 51547_Elshof_Figure7 – Schematic showing the connections between hydrogen sensor and rest of the setup
6.1 – 51547_Elshof_Figure4 – I-t curves showing the progress of deposition
6.2 – 51547_Elshof_Figure5 – Scanning Electron Microscopy image of zilver-zinc oxide nanowires
6.3 – 51547_Elshof_Figure6 – Scanning Electron Microscopy images of TiO2 nanotubes and related structures
6.4-6.6.  – 51547_Elshof_Figure8 – V-t curves showing the response from the hydrogen sensor
6.7 – 51547_Elshof_Figure9 – Scanning Electron Microscopy image of used zilver-zinc oxide nanowires
6.7. 51547_Elshof_Figure5




General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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