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A. Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) Possibly.  These steps may benefit from a stereoscope (2.7 – 2.10):  We have not used a stereoscope for this; however, we could obtain one if needed. It is not connected to a camera or a computer. 
(I don't think it'll be necessary.  -Steven) OK
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _ N _ However, there are some steps that reference software and may be nice to include. When installing the PC version of this software, there is a choice for free trial. Is this the version we should install, or should we use a product ID? 

(If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)
C.
Which steps of your protocol will viewers benefit most from having filmed?
Can you indicate SIX steps, listed here (e.g. 3.2) that would be most important to have filmed?  It is for the videographer to know were to focus his efforts.
In the updated steps below, the most important steps are:

4.1, 5.8, 6.1-6.2, 7.4-7.6 
E.
Will the filming need to take place in multiple locations? (Y/N) N
1. Introduction
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this procedure is to deposit spin and spray-coated films of inorganic nanocrystals under ambient conditions to build fully solution-processed solar cell devices after ligand exchange and annealing. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Troy Townsend: This method can help answer key questions in field of nanoscience and applied materials interfaces, such as: Can we build functional electronics out of inorganic materials by preparing them on the nanoscale so that we can solution process entire devices from the bottom up? 

1.2. Troy Townsend: The main advantage of this technique is that we can start thinking about spraying electronics onto new and unconventional surfaces. This includes spraying large and irregular areas in a short time thanks to the additional freedoms of deposition.

1.3. Dario Durastanti: Though this method can specifically provide insight into building photovoltaic devices, it can also be applied to other systems, such as spray-processing of LEDs, transistors and capacitors.
Protocol (read by voice talent at JoVE):
2. Synthesis of Nanocrystal Inks: CdSe and CdTe Inks
2.1. When synthesizing the cadmium selenide and cadmium telluride inks [1.WID], follow the text protocol up to the pyridine synthesis step.  [2.MED]

2.1.1. establishing shot, talent working at bench on inks, pre-pyridine step

2.1.2.  the centrifugation step pre-pyridine synthesis, that produces the supernatant for the next step

2.2. Decant the supernatant and add back 5 mL of distilled pyridine and 5 mL of 1-propanol. [MED]

2.2.1. pouring off supernatant from vessel and then adding two 5-mL solution aliquots, bottle labels should be clear and visible

2.3. Then, flush the flask with an inert gas and sonicate the mixture at 40 kiloHertz for 30 minutes. [MED]

2.3.1. using gas to flush out vessel, then, placing vessel in sonication bath and adjusting bath settings

2.4. It is also important to filter the ink through a one-micron PTFE syringe filter [1.CU] and measure the concentration of the ink by desiccating 200 μL. [3.MED/TEXT]

2.4.1. syringe filtration of ink, speed of filtering is important to show as is collection vessel

2.4.2. taking 1 mL 200 μL aliquot of filtered ink and transferring it to a desiccator vial for drying under inert gas flow, TEXT: Typical results: 40 mg CdTe / mL,  16 mg CdSe / mL

2.5. Finally, dilute the ink with pyridine and 1-propanol, as needed, and store the ink under inert gas.  [1.MED] 

2.5.1. adding two aliquots of solution to ink, mixing and then flushing vessel with gas
3. Synthesis of Nanocrystal Inks: Au Ink
3.1. In a 500 mL Erlenmeyer flask, stir together gold chloride trihydrate and water. [1.MED/TEXT]

3.1.1. adding water, then gold substance to flask, with stirring, TEXT: 1.518 g HAuCl4.3H2O,  126 mL H​2O

3.2. Next, add prepared tetraoctylammonium bromide to the yellow mixture. [CU/TEXT]

3.2.1. gold solution on stir plate, talent adds 2nd solution, TEXT: 9.52 g TOAB in 334 mL toluene

3.3. Next add the hexanethiol ligand. [MED/TEXT]

3.3.1. taking aliquot of solution and adding to stirring solution in flask, TEXT: 0.452 g hexanethiol in 2 mL toluene

3.4. Separately, mix sodium borohydride into water. [CU/TEXT]

3.4.1. In a different flask, solid is mixed into water, starts bubbling TEXT:  1.58 g NaBH4 105 mL H2O

3.5. Immediately add this bubbling reducing solution drop-wise to the reaction flask. [MED]

3.5.1. sets up bubbling solution so that it drips into the other flask

3.6. After three hours of stirring, separate the organic phase with a separatory funnel. [MED]

3.6.1. transferring solution into separatory funnel, waiting and then letting bottom phase  drip into other vessel

3.7. Then, use a rotovap to reduce the volume to 20 mL. [MED]

3.7.1. loads separated half of solution, show which, into rotovap

3.8. Wash the collected ink with 50 mL of hexanes and 200 mL of methanol. [MED]

3.8.1. returns to bench with 20 mL of ink from rotovap, adds two solutions to ink and mixes

3.9. Precipitate the solids and decant the colorless supernatant. [1.CU]

3.9.1. pouring off clear liquid, top phase, from container that was spun down, TEXT:  at 1722 x g, 2 min

3.10. Then, air dry the solids and re-disperse them in chloroform at 70 mg per mL. [MED]

3.10.1. weighing out dried solids (ink) and then adding chloroform to weighed solids
4. Synthesis of Nanocrystal Inks: ITO Inks
4.1. Dario: Preparing the proper ratios of indium and tin salts for the ITO ink is crucial for this electrode to be highly conductive. The oxide film formed after annealing is very sensitive to minor changes in relative concentrations of the precursors. [WID]

4.1.1. interview with Dario
4.2. To begin, in a 50 mL polypropylene tube, combine solid salts of indium nitrate hydrate [1.MED/TEXT] and tin chloride dihydrate with 10 mL of 2-methoxyethanol. [2.CU/TEXT]

4.2.1. 50-ml tube being loaded with weighed out salts, then weighing out tin substance, TEXT: 2.93 g In(NO3)3.2.85H2O, 0.357 g SnCl2.2H2O

4.2.2. adding tin substance to tube followed by liquid and mixing, TEXT: 2.93 g In(NO3)3.2.85H2O, 0.357 g SnCl2.2H2O

4.3. To this mixture, add ammonium hydroxide to buffer the pH. [MED/TEXT]

4.3.1. adding ammonium hydroxide to tube and mixing, TEXT: 167 μL of 14.5 M NH4OH,

4.4. Then mix in ammonium nitrate solid to serve as an oxidizer. [MED/TEXT]

4.4.1. adding ammonium nitrate solid to tube and mixing, TEXT: 0.83 g NH4NO3
4.5. Sonicate the tube at 40 kHz in warm water for 20 to 60 minutes [1.MED/TEXT] or until the ink changes from hazy and white to colorless and transparent. [2.CU]

4.5.1. placing 50-ml tube of hazy white into warm water in sonicator, checking settings, TEXT: 60 ºC

4.5.2. removing tube from sonicator, content solution is colorless
5. ITO Patterning
5.1. Cut a square glass slide and clean it with sonication, then ethanol and acetone. [2.MED/TEXT]

5.1.1. removing cut glass from sonicator and washing with ethanol and acetone, TEXT: 1.1 x 25 x 25 mm

5.2. Next, put the glass into concentrated sodium hydroxide for one minute [1.MED/TEXT]

5.2.1. placing square of glass into NaOH bath, starting a timer, TEXT: >5 M NaOH, 1 min

5.3. Briefly rinse the glass with water and then spin coat ITO ink onto it. [1.MED/TEXT]

5.3.1. starting cycle and coating the slide with ITO ink, TEXT: 3,228 x g,  20 sec

5.4. Then, immediately transfer the slide to a hotplate set to 400 ºC. [CU]

5.4.1. setting the coated slide down onto a hot plate set to 400 ºC, starting a 10 min timer

5.5. After 5 minutes, remove it and let it cool to room temperature on a ceramic plate. [MED]

5.5.1. removing glass from hot plate and setting down on ceramic plate, then placing ceramic plate in a safe place to let slide cool 

5.6. Continue layering ITO ink onto the slide until the sheet resistance is below 1000 Ohms, [1.MED] as measured by a multimeter or a four-point probe. [2.CU/TEXT] 

5.6.1. spin coating the glass again, general shot of technique, repeated like 5.3 steps

5.6.2. putting the 4-pt probe multimeter to the slide and setting multimeter to read resistance, show reading on multimeter < 500 1000  ohms, TEXT: ~10 coats of ITO

5.7. Finally, briefly dip the film in dilute aqua regia and rinse it with distilled water.  [MED]

5.7.1. Dipping in aqua regia (solution) and rinsing with water

5.8. Once dry, the resistance should be below 500 Ohms. [CU]

5.8.1. checking resistance again, like 5.6, reading is now < 100 500 Ohms

5.9. Now, using a printed grid as a reference, [1.CU] arrange strips of cellophane tape to mask the layers for etching with acid.  [2.ECU]

5.9.1. placing grid below slide

5.9.2. attaching strips of tape to slide

5.10. Where the tape is placed the ITO will be retained on the glass. [ECU]

5.10.1. completing the tape pattern on the slide

5.11. Dario: Without the correct pattern, the devices will not have the desired area and the efficiency or current measurements will be incorrect. In addition, patterning assures that neighboring devices are not in contact with each other, and this avoids device shorting. [MED/WID]

5.11.1. interview at bench

5.12. Next, soak the film in dilute aqua regia at 60 ºC to dissolve the exposed ITO. [ECU]

5.12.1. glass in bath, then it is removed showing dissolved ITO

5.13. After a quick rinse and dry with water, remove the tape. [2.CU/TEXT]

5.13.1. removing tape, TEXT: first inse with H2O and dry

5.14. Then, sonicate the film with acetone and ethanol to remove any tape residue. [3.ECU]

5.14.1. washing sonicating with acetone and ethanol, show in detail how it looks now, with no tape or residue

5.15. Now, add contact points for taking measurements. [1.MED] Place a small drop of silver epoxy on the edge of each ITO strip at one side of the substrate square. [2.ECU]

5.15.1. setting up to place contact points

5.15.2. adding silver epoxy droplets  

5.16. Finally, heat the substrate at 150 ºC for two minutes and let it cool. [1.MED/TEXT]

5.16.1. placing slide on hot plate set to 150 ºC, TEXT: Proceed with adding next ink.
6. Solution Processing of CdSe, CdTe and Au Films: Spin Coating
6.1. Begin with placing the patterned ITO-glass substrate on a spin coater [1.MED] and coating it with Cadmium selenide nanocrystal ink. [2.ECU/TEXT]

6.1.1. placing film (patterned ITO-glass substrate slide) on spin coater

6.1.2. applying ink to film, TEXT: 610 x g, 30 sec

6.2. Let it dry at 150 ºC for 2 minutes and [1.MED] then dip it in  an ammonium chloride with methanol solution, heated to 60 ºC, for 15 seconds. Then, dip the film into isopropanol. [2.MED]

6.2.1. removing film off hotplate

6.2.2. dipping film into heated solution (60 ºC) for 15 second and then dipping film into isopropanol bath

6.3. Next, dry the film under inert gas and heat it at 380 ºC for 25 seconds. [MED]

6.3.1. drying film with gas, then placing film on hotplate at 380 ºC, show temp and starting countdown timer for 25 seconds

6.4. Once cooled, rinse off the excess salt with distilled water [1.MED] and dry the substrate under inert gas. [6.3.1]

6.4.1. taking film off 380 ºC hot plate and rinsing with water

6.5. Repeat this process [6.1.1/TEXT] until the desired thickness is reached. [6.1.2/TEXT] [6.3.1/TEXT] [6.4.1/TEXT] [6.5.1/TEXT]
Editor, go through snippets from the five listed shots while running the text.
TEXT: Typically: 3 layers CdSe = 60 nm, 6 layers CdTe = 400 nm     
7. Solution Processing of CdSe, CdTe and Au Films: Spray Coating
7.1. Dario: Unlike spin coating, spray coating has nuances of inconsistencies depending on the person spraying. However, after months of trial and error, we have found a method that works well. [MED/WID]

7.1.1. interview at bench
7.2. Mount the ITO-glass substrate vertically with tape or clips onto a flat solid backing. [CU]

7.2.1. mounting the film as described, clips or tape

7.3. Load 0.25 – 1.00 mL of diluted cadmium ink into a gravity-fed airbrush. [1.MED/TEXT] Set a higher pressure for thin, smooth films. [2.CU/TEXT

7.3.1. loading the airbrush with ink, TEXT: 4 mg ink / mL chloroform; 0.5 mm needle

7.3.2. setting the pressure on the airbrush, TEXT: 10 – 40 psi

7.4. Now, 60 mm away from the substrate surface [1.ECU] start spraying nanocrystal ink off the substrate. Then, move over the substrate in rapid side-to-side motions keeping the spray stream perpendicular to the surface. [2.CU]

7.4.1. positioning the airbrush nozzle, just before spraying

7.4.2. side-to-side spraying
7.5. Troy: We have much more control over the film thickness, roughness and overall morphology with spraying. However, due to these added freedoms, one must carefully monitor the spray distance, solution concentration, delivery pressure and duration of the deposition to achieve consistency. [MED/WID]

7.5.1. interview at bench
7.6. Continue adding layers of nanocrystal ink until the desired thickness is achieved. Then, tape pattern the active layers. [CU/TEXT]

7.6.1. spraying substrate again, TEXT: See the text protocol for details.
7.7. Finally, a film of gold nanocrystals can be sprayed onto the substrate. [CU/TEXT]

7.7.1. spraying on the gold, TEXT: See the text protocol for details.
8. Analytical Techniques and Grain Size Optimization
8.1. Scanning Electron Microscopy was used to monitor the extent of grain growth in the annealed films.  

8.1.1. Figure 2 B, C  - isolate these two panels into one image.

8.2. After depositing a single layer of cadmium dye and heating in the presence of [LM.1] ammonium chloride, the grain size was optimized by adjusting the temperature [LM.2 ] and duration of heating, the ink concentration, the spray pressure and duration or the spin speed. [LM.3] Typically, larger grains indicate devices with higher short circuit currents. [LM.4]

8.2.1. Fig 3C

8.2.2. Fig 3D

8.2.3. Fig 3E

8.2.4. Fig 3F 
Editor, fade between the four panels even with the narrative.
8.3. UV/Vis Spectroscopy is used to estimate the nanocrystal size based on absorbance peak correlation with quantum confinement effects. Crystal size was tuned by modifying the concentration of precursors, reaction temperature and the duration of the ink synthesis.  

8.3.1. Figure 1 C-D 

8.4. Optical profilometry was used to measure [LM.1] the film thickness and roughness. [LM.2] This was used on a single layer of each material [LM.3] and on completed devices. [LM.4]
8.4.1.  Fig 3G

8.4.2. Fig 3H

8.4.3. Fig 3I

8.4.4. Fig 3J
Editor, fade between the four panels even with the narrative.
8.5. Fourier Transform Infrared Spectra was taken to monitor the degree of ligand exchange during the ammonium chloride - methanol treatment as measured by the disappearance of the C–H alkyl stretching bands at 2924 and 2852.

8.5.1. Figure 2A

8.6. Current-Voltage characteristics were obtained in the dark and under simulated one sun illumination from a calibrated solar simulator.  A detailed explanation is provided in the text protocol.

8.6.1. Figure 2 D
9. Conclusion (said by authors on camera)
9.1. Troy Townsend: After watching this video, you should have a good understanding of how to spray deposit inorganic nanocrystals, which are not typically soluble, onto non-conductive substrates to build working electronic devices simply using an airbrush, prepared inks and a heat source.
9.2. Dario Durastanti: Once mastered, this technique can be done in 1 to 2 hours if it is performed properly.
9.3. Dario Durastanti: While attempting this procedure, it’s important to remember to slowly cool your device substrates after heating to avoid cracking the glass.
9.4. Troy Townsend: Don't forget that working with nanomaterials can be extremely hazardous.  Always take precautions such as conducting all spray-processes in a fume hood while wearing personal protective equipment.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Your media filenames include all the figure panel images shown in the results section (section 8).  Please prepare those files and list their names here.

List of Figure Panels and File Names
2B, 2C, 2BC = Figure 2B, Figure 2C, Figure 2BC
3C = Figure 3C
3D= Figure 3D
3E= Figure 3E
3F= Figure 3F
1C-D= Figure 1C, Figure 1D, Figure 1CD
3G= Figure 3G
3H= Figure 3H
3I= Figure 3I
3J= Figure 3J
2A= Figure 3A
2D= Figure 3D
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 are included in the email accompanying the finalized script.
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