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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   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 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? Please list 4-6 steps using the step numbers listed in this document. Steps 2.8, 3.2, 3.6, 3.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 3.6, determining the ideal TCNE temperature. We calibrate our system with extra thermocouple/thermometer.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Labs next door to each other

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to grow thin films of vanadium tetracyanoethylene via chemical vapor deposition with optimal magnetic properties. (Intro)

This is accomplished by first synthesizing the tetraethylammonium hexacarbonyl vanadate precursor. (P1, show left round bottom flask with red solution and make it turn purple. Then show funnel and Erlenmeyer flask to the right of the round bottom flask. Make the purple solution disappear from the flask and appear as the yellow oval in the funnel.)

The second step is to synthesize vanadium hexacarbonyl from tetraethylammonium hexacarbonyl vanadate. (P2, show P2 without yellow solution in right flask and blue solution in center cylinder solution. Make blue and yellow solutions (Comment make the right flask start with yellow solution and turn to light grey when blue appears) appear in their respective flasks.)

Next, the chemical vapor deposition reactor is assembled. (P3, show P3.)

The final step is to deposit films of vanadium tetracyanoethylene via chemical vapor deposition from the tetracyanoethylene and vanadium hexacarbonyl. (P4, show P3 and make the pieces of the reactor move together to look like P4. Then make Substrates appear followed by Pressure gauge, Vacuum, Micro valves, yellow tubing, 3-way stopcock and flow meter. Make TCNE and V(CO)6 appear.)

Ultimately, ferromagnetic resonance is used to show a spectrum with a single resonance feature with full width at half maximum linewidth of less than 2 gauss. (P5, show P5 graph or Figure 4.)

Video Editor: Use johnston-halperin_schematic overview.pptx

[image: ]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Yu Lu: The main advantage of this technique over existing methods, like solution processing, is that thin films of material can be deposited onto a variety of substrates for incorporation in electronic devices.   
1.2. Megan Harberts: Generally, individuals new to this method will struggle because there is a lot of optimization of different parameters required to grow good films.

Protocol (read by voice talent at JoVE):
2. Preparation of V(CO)6
2.1. Prior to starting this procedure, prepare the tetraethylammonium hexacarbonyl vanadate precursor as described in the text protocol. 
2.1.1. WID: Talent walks up to the bench with flask or vial containing precursor in hand. (this shot shows talent removing vial from a freezer inside a glovebox)
2.1.2. CU: Flask or vial containing precursor on bench.
2.2. Following this, grease the connection points for a vacuum adaptor with stopcock, a glass two-way connecting tube, and a cold-finger. Place a cold finger in the center neck and a vacuum adaptor with stopcock in the third opening.
2.2.1. MED: Talent applies vacuum grease to connection points of relevant components.  Talent places cold finger and vacuum adaptor in the appropriate openings of the flask.
2.3. In an argon glovebox, mix 100 milligrams of tetraethylammonium hexacarbonyl vanadate with 1 gram of phosphoric acid in a round bottom flask containing a magnetic stirring bar.
2.3.1. CU: Round bottom flask as talent adds appropriate reagents to it in glovebox.
2.4. Connect the round bottom flask to a three-neck round bottom flask via the glass two-way connecting tube in the glovebox. 
2.4.1. MED-over the shoulder: Talent connects round bottom flask to three-neck round bottom flask with connecting tube.
2.4.2. [combined with 2.2.1] MED: Talent places cold finger and vacuum adaptor in the appropriate openings of the flask. 
2.5. Following this, remove the sealed flask system from the glovebox and set it up in a chemical hood.
2.5.1. MED-over the shoulder: Talent opens door of glovebox to remove sealed flask system.
2.5.2. MED: Talent sets up system in chemical hood.
2.6. Add methanol to the cold finger and stir with a spatula while adding liquid nitrogen until the methanol is frozen. Then, pump down the system by opening the stopcock to a vacuum line until the pressure reaches approximately 5 times ten to the minus 2 Torr.
2.6.1. MED-over the shoulder: Talent adds methanol to the cold finger.
2.6.2. CU: Cold finger as talent adds liquid nitrogen and stirs the methanol with a spatula.
2.6.3. MED-over the shoulder: Talent opens stopcock to vacuum line.
2.6.4. CU: Pressure gauge showing as needle moves toward appropriate pressure. 
(Move step 2.8 above step 2.7)
2.7. When a black powder condenses on the round bottom flask, open the vacuum line. Pump the system back to approximately 5 times ten to the minus 2 Torr before closing again. 
2.7.1. CU: Round bottom flask to show black powder condensing on round bottom flask.
2.7.2. MED: Talent opens vacuum line.
2.7.3. CU: Pressure gauge showing 0.1 millimeter of mercury reading.
2.8. Submerge the round bottom flask in an oil bath set to 45 degrees Celsius and turn on the magnetic stirring. Once the reaction starts, observe the phosphoric acid melting and a black-blue powder condensing on the cold finger. 
2.8.1. MED CU: Talent places round bottom flask in oil bath and turns on the magnetic stir function.
2.8.2. MED CU-over the shoulder: Talent observes phosphoric acid melting in round bottom flask.
2.8.3. CU: Cold finger to show blue powder condensing on it.
2.9. After rotating the reaction flask to mix all of the reactants, allow the reaction to continue until the remaining residue in the round bottom flask is white-grey and no longer bubbling.
2.9.1. CU: Round bottom flask as reaction is proceeding to show white-grey residue.
2.10. Following this, pour copper pellets into a cold safe container and cool with liquid nitrogen. Remove the methanol from the cold finger with a micropipette. Then, pour the chilled copper pellets into the cold finger to keep it cold during transfer to the glovebox.  
2.10.1. MED: Talent adds copper pellets to cold safe container followed by liquid nitrogen.
2.10.2. MED-over the shoulder: Talent sticks micropipette in cold finger, draws methanol into it, and removes micropipette from cold finger for disposal.
2.10.3. CU: Cold finger as talent pours copper pellets into it.
2.11. Wipe the oil and condensed water off the flask system before transferring it into the argon glovebox. Inside the glovebox, remove the cold finger from the flask system and use a spatula to scrape the black powder onto a piece of weighing paper.
2.11.1. MED: Talent wipes oil and condensed water off flask system.
2.11.2. CU: Cold finger as talent removes it from flask system.
2.11.3. MED CU-over the shoulder: Talent scrapes black powder from cold finger and places it on   weighing paper.
3. Deposit V[TCNE]x~2 onto Substrates
3.1. At this point, slide the preheated glass heater coil around the reactor to begin the deposition. 
3.1.1. MED: Talent slides preheated glass heater coil around reactor.
3.2. Wrap a glass slide with polytetrafluoroethylene thread seal tape. Arrange the samples on top of the covered slide within a two-inch space. Then, push the glass slide into the reactor so the samples are located in the reaction zone.  
3.2.1. MED-over the shoulder: Talent wraps glass slide with thread seal tape.
3.2.2. CU: Glass slide as talent places samples on it with tweezers.
3.2.3. MED: Talent pushes glass slide into reactor.
3.3. Place an O-ring on Part B and slide it into the right side of the reactor. Join the two pieces together with a clamp.  
3.3.1. MED-over the shoulder: Talent places O-ring on Part B.
3.3.2. CU: Reactor as talent slides Part B into it.
3.3.3. MED-over the shoulder: Talent attaches Part B and reactor with clamp.
3.4. Following this, attach a vacuum line to the bottom connection on the reactor and attach the gauge to the top connection.  
3.4.1. MED: Talent attaches vacuum line and gauge to each side of the reactor.
3.5. Add 50 milligrams of tetracyanoethylene, or TCNE, into the TCNE boat. 
3.5.1. MED-over the shoulder: Talent adds TCNE to TCNE boat.
3.5.2. [moved] CU: TCNE-boat as talent adds vanadium hexacarbonyl to it.
3.6. Slide the TCNE boat into Part C near the end so that the TCNE will sit in the hottest part of the reactor, which should be about 50 degrees Celsius. 
3.6.1. CU: Part C as talent slides TCNE boat into it.
3.7. Next, grease the connection of Part C and slide it into the left side of the reactor.  Then, add 5 milligrams of vanadium hexacarbonyl into the T-boat. Grease both sides of the T-boat and slide it into the right end of Part B. 
3.7.1. MED-over the shoulder: Talent applies vacuum grease to Part C connection.
3.7.2. CU: Reactor as talent slides Part C into it.
3.5.2 [moved] CU: boat as talent adds vanadium hexacarbonyl to it.
3.7.3. MED: Talent applies vacuum grease to T-boat and slides it into Part B.
3.8. Slide the flow line onto the right side of the T-boat and left sides of Part C and clamp in place. 
3.8.1. MED-over the shoulder: Talent slides flow slide onto right side of T-boat and left sides of Part C and clamps everything in place. This was split into two shots because the reactor is too long to get both sides in one shot.
3.9. After raising the oil bath to cover the entire bottom of the T-boat, open the vacuum line to reach a pressure of 30 to 35 millimeters of mercury. 
Insert a shot before 3.9.1 showing the raising of the oil bath
3.9.1. MED: Talent opens stopcock to vacuum line. 
3.9.2. CU: Pressure gauge as needle moves to appropriate pressure.
3.10. Set the flow rate to 56 standard cubic centimeters per minute for the vanadium hexacarbonyl and to 84 standard cubic centimeters per minute for the TCNE (TEXT: Reaction should begin immediately with greenish material condensing on reaction zone wall).
3.10.1. MED-over the shoulder: Talent sets flow rates for vanadium hexacarbonyl and TCNE. (Insert shot, with TEXT CU of reactor showing greenish material on samples)  
3.11. After allowing the reaction to proceed for the desired length of time, close the vacuum line and turn off the heater and oil bath (TEXT: Thin film thickness is based on reaction time and location inside reactor). 
Insert shot, with Text CU of reactor showing dark film on samples
3.11.1. MED: Talent closes stopcock to vacuum line and turns off heater and oil bath.
4. Results: Magnetic and Electronic Properties of V[TCNE]x~2
4.1. [bookmark: _GoBack]Optimized films yield an extrapolated Curie temperature, or TC, around 500 to 600 kelvin. Due to film breakdown above room temperature, the TC is extracted from a magnetization versus temperature measurement, such as the one shown here. The presence of a large splitting of the zero-field cooled and field-cooled magnetization values at low temperature is evidence of isolation of local spin environments and is a larger presence in lower quality films (TEXT: See text protocol for more information). 
4.1.1. LAB MEDIA: Figure 3a (johnston-halperin_figure_3.pdf)
4.2. In addition to characterizing the magnetic response to temperature, the magnetization as a function of applied field can also be measured resulting in a hysteresis loop like the one displayed here. 
4.2.1. LAB MEDIA: Figure 3b (johnston-halperin_figure_3.pdf)
4.3. The ferromagnetic resonance spectrum of an ideal film at various angles of the applied microwave and DC fields, rotating from in-plane to out-of-plane at 300 kelvin with an applied microwave frequency of 9.85 gigahertz is shown here. The presence of a single feature with a linewidth of less than 2 gauss at all angles is evidence of an ideal growth. 
4.3.1. LAB MEDIA: Figure 4 (johnston-halperin_figure_4.pdf)
4.4. A film deposited on glass with 30 nanometers of aluminum and 40 nanometers of gold top contacts created by thermal evaporation is displayed here. These measurements reveal Ohmic I-V (pronounced eye-vee) characteristics at all temperatures with resistance that increases with decreasing temperature as shown here (TEXT: See text protocol for more information).  
4.4.1. LAB MEDIA: Figure 5 (johnston-halperin_figure_5.pdf) (Video Editor: Show figure a for first sentence and figure b for second sentence.)

5. Conclusion (said by authors on camera)
5.1. Megan Harberts: While attempting this procedure, it’s important to remember to that there a lot of parameters that affect growth including, but not limited to temperature, oxygen level, and pressure.
5.2. Yu Lu: After its development, this technique paved the way for researchers in the field of organics to explore magnetism in thin films at room temperature.
       

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.  

Insert your media filenames here.


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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