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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.10., 4.4., 4.5., 5.1., 5.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.7.-2.9. To ensure success, washing is performed until a dark supernatant is seen and this supernatant is decanted as “dirty” MXene, followed by separation of MAX and MXene.
5.3. To ensure success, we use tweezers with rounded tips (Techni Tool 2A) to help avoid scratching through the bottom parylene layer, and we start the peel up step by carefully working at the edges of the sacrificial layer, which should overlap with the gold ring on the bottom layer. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Kathleen Maleski: Our synthesis protocol produces high quality MXene ink with a metallic conductivity that reaches above 10,000 Siemens per centimeter [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Nicolette Driscoll: Our microfabrication protocol is a new method for MXene micropatterning and enables the fabrication of flexible microelectrodes using simple and highly scalable solution processing steps [1].

1.2.1. INTERVIEW: Named talent 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. Nicolette Driscoll: The main advantage of this technique is that it enables the precise micropatterning of MXene films without damaging the film or leaving harmful residues on the electrodes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Pennsylvania.


Section - Protocol
2. Titanium Carbide (Ti3C2) MXene Synthesis
2.1. To prepare a titanium carbide ink, slowly add 2 grams of titanium aluminum carbide precursor to a 125-milliliter reaction container containing selective etching solution [1-TXT] and stir the solution with a Teflon magnetic bar for 24 hours at 35 degrees Celsius at 400 rotations per minute [2].
2.1.1. WIDE: Talent adding Ti3AlC2 to container, with Ti3AlC2 container visible in frame Videographer: Important step TEXT: See text for all solution preparation details
2.1.2. Solution being stirred. Rotation speed shown. Videographer: Important step
2.2. At the end of the incubation, add 50 milliliters of deionized water to two, 175-milliliter centrifuge tubes [1] and split the etching reaction mixture equally between the tubes [2], and fill to the 150-milliliter mark.
2.2.1. Talent adding water to tube(s)
2.2.2. Talent adding mixture to tube(s), filling tube to 150 mL mark with water. Videographer comment: Files MVI_5739 and MVI_5740 are shots 2.2.2 take 2 and 2.2.2 take 3.
2.3. Wash the material by repeated centrifugation [1-TXT], decanting the acidic supernatant into a plastic hazardous waste container [2] and adding fresh water to the tubes between centrifugation steps until the pH of the supernatant solution reaches above pH 6 [3].
2.3.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 2,550 x g, RT 
2.3.2. Talent decanting supernatant into waste
2.3.3. Shot mixtures with pH being tested, Talent compares pH to standard on pH strip box
2.4. For intercalation of the molecules between multilayer MXene (pronounce “max-ene”) particle to weaken out-of-plane interactions, add 2 grams of lithium chloride to 100 milliliters of deionized water [1] and stir the solution at 200 rotations per minute [2].
2.4.1. Talent adding LiCl to water, with LiCl container visible in frame
2.4.2. Solution being stirred. Rotation speed shown.
2.5. When the lithium chloride has dissolved, mix 100 milliliters of the lithium chloride solution with the titanium carbide-titanium aluminum carbide sediment [1], transfer the solution back to the 125-milliliter plastic container, and stir the reaction for 12 hours at 25 degrees Celsius and 200 rotations per minute [2].
2.5.1. Talent adding LiCl to Ti3C2/Ti3AlC2 sediment, transfer solution back to the 125 mL plastic container.
2.5.2. Solution being mixed
2.6. For delamination from the bulk multilayer particle into single- to few- layer titanium carbide MXene (pronounce “max-ene”), wash the intercalation reaction by multiple centrifugations [1], decanting the clear supernatant [2] until a dark supernatant is observed [3].
2.6.1. Talent placing tube(s) into centrifuge
2.6.2. Clear supernatant being decanted
2.7. Then centrifuge the dark supernatant for one hour [1-TXT] before decanting the dilute-green supernatant [2].
2.7.1. Tube(s) being placed into centrifuge Videographer: Difficult step TEXT: 1 h, 2550 x g, RT
2.7.2. Green supernatant being decanted Videographer: Difficult step 
Videographer comment: File MVI_5759 is a shot of the inside of the tube to show the sediment that results from shot 2.7.2 . It's not on the shot list but they thought it might be useful.
2.8. Re-disperse the swollen sediment with 150 milliliters of deionized water [1] and split the solution equally into three 50-milliliter centrifuge tubes [2].
2.8.1. View of swollen sediment at the bottom of the centrifuge tube. Talent adding water to tube(s) Videographer: Difficult step
2.8.2. Solution being added to tube(s) Videographer: Difficult step
2.9. Centrifuge the samples to separate the remaining MAX (pronounce “max”) sediment from the MXene (pronounce “max-ene”) supernatant [1-TXT] and pool the supernatants into a single container [2].
2.9.1. Talent placing tube(s) into centrifuge Videographer: Difficult step TEXT: 10 min, 2550 x g, RT
2.9.2. Talent adding supernatant(s) to tube. Pan to sediment that is isolated and removed from reaction. Videographer: Difficult step
2.10. Then centrifuge the solution for an additional hour for further size selection and optimization of the solution to isolate single- to few-layer flakes [1].
2.10.1.  Talent placing tube(s) into centrifuge Videographer: Important step
3. Ti3C2 MXene Microelectrode Array Fabrication
3.1. For titanium carbide microelectrode array fabrication, deposit a 4-micrometer-thick bottom layer of parylene-C onto a clean silicon wafer [1]. 
3.1.1. WIDE: Talent placing parylene-C onto wafer Videographer: Shot will be used again Videographer comment: Use take 4
3.2. To use photolithography to define metal patterns on the wafer, spin coat photoresist onto the wafer at 3000 rotations per minute for 40 seconds [1-TXT] before soft baking the wafer on a hot plate for 14.5 minutes at 95 degrees Celsius [2].
3.2.1. Wafer being spin coated TEXT: e.g., NR71-3000p
3.2.2. Talent placing wafer onto plate
3.3. Next, load the wafer and mask-1 into a mask aligner [1] with the wafer positioned so that the ring on the photomask overlaps with all of the edges of the wafer [2].
3.3.1. Talent placing wafer onto aligner
3.3.2. Shot of wafer with ring overlapping wafer edges Author comment: to show this, we videoed the mask aligner’s camera screen showing the edges of the wafer being aligned with the edges of the ring on the photomask as it was too difficult to show the actual wafer aligned with the ring on the photomask) 
3.4. Expose the wafer with 365-nanometer wavelengths of i-line at a 90 millijoule/centimeter-squared does [1] and hard bake the wafer on a hot plate for 1 minute at 115 degrees Celsius [2].
3.4.1. Wafer being exposed Videographer comment: the relevant part of the video when the wafer is exposed occurs starting at about 54 seconds into this clip when the black hood extends and a blue light comes on briefly at about the 1 minute mark
3.4.2. Talent placing wafer onto hot plate
3.5. At the end of the hard bake, immerse the wafer in RD6 (R-D-six) developer for 2 minutes with continuous agitation [1] before rinsing thoroughly with deionized water [2] and blow drying with a nitrogen gun [3].
3.5.1. Wafer being immersed/agitated
3.5.2. Wafer being rinsed
3.5.3. Wafer being dried
3.6. Use an electron beam evaporator to deposit 10 nanometers of titanium [1-TXT] followed by 100 nanometers of gold onto the wafer [2].
3.6.1. Ti being deposited onto wafer TEXT: Deposition base pressure: 5 x 10-7 Torr, rate: 2 Å/s
3.6.2. Au being deposited onto wafer
3.7. Then immerse the wafer in solvent stripper for about 10 minutes until the photoresist has dissolved and the excess metal has fully lifted off [1].
3.7.1. Wafer being immersed into solvent, with solvent container visible in frame
3.8. Once the lift-off appears complete, sonicate the wafer for 30 seconds to remove any remaining traces of unwanted metal [1] and rinse the wafer with fresh solvent stripper [2] and deionized water [3] before drying with the nitrogen gun [4].
3.8.1. Wafer being sonicated
3.8.2. Wafer being rinsed w/ solvent, with solvent container visible in frame
3.8.3. Wafer being rinsed with water
3.8.4. Wafer being dried 
3.9. At the end of the lift-off process, gold will be visible in the desired interconnect traces and in the ring around the edge of the wafer [1].
3.9.1. Shot of wafer with titanium and gold in traces around ring and edge of wafer
4. Sacrificial Parylene-C Layer Deposition
4.1. For deposition of the sacrificial parylene-C layer, first expose the wafer to oxygen plasma for 30 seconds to render the underlying parylene-C layer hydrophilic [1] before spin coating dilute cleaning solution onto the wafer at 1000 rotations per minute for 30 seconds [2].
4.1.1. WIDE: Talent exposing water to plasma
4.1.2. Wafer being spin coated Videographer comment: take 3 is probably the best take
4.2. Allow the wafer to air dry for at least 5 minutes [1] before depositing 3-micrometers of parylene-C onto the wafer as demonstrated [2].
4.2.1. Talent placing wafer to dry
4.2.2. Use 3.1.1. parylene-C being deposited Author comment: Please cut the 3.1.1 shot here to only show turning on the parylene coater and do not show loading the wafer, as the wafer from 3.1.1 is not the correct one for this shot) 
4.3. Following a second round of photolithography using mask-2, use oxygen plasma reactive ion etching to etch through the sacrificial parylene-C layer in the areas not covered by the photoresist to define the MXene electrodes and traces [1]. 
4.3.1. Wafer being etched
4.4. The etching should partially overlap with the titanium-gold interconnects as well as the ring around the edges of the wafer [1].
4.4.1. Shot of etching partially overlapping with interconnects and ring edges Videographer: Important step  Author comment: we took two different shots here to try to show this. The first was a shot of the wafer with me pointing to the overlapping region with tweezers, and the second was a video looking at this region under a microscope. Please use whichever you feel shows this more clearly.
4.5. Then use a profilometer to measure the profile between the exposed the titanium and gold interconnects and the bottom parylene-C layer to confirm a complete etching of the sacrificial parylene-C layer [1].
4.5.1. Profile being measured Videographer: Important step
5. MXene Solution Spin Coating and Parylene-C Removal
5.1. To spin coat the MXene (pronounce “max-ene”) solution onto the wafer, first dispense the solution onto each of the desired MXene patterns [1] before spinning the wafer at 1000 rotations per minute for 40 seconds [2].
5.1.1. WIDE: Talent adding solution onto pattern Videographer: Important step
5.1.2. Wafer being spin coated Videographer: Important step
5.2. Dry the wafer on a 120-degree Celsius hot plate for 10 minutes to remove any residual water from the MXene (pronounce “max-ene”) film [1] and use an electron beam evaporator to deposit a protective 50-nanometer silicon dioxide layer onto the wafer [2].
5.2.1. Talent placing wafer onto hot plate
5.2.2. SiO2 being deposited onto water
5.3. To remove the sacrificial parylene-C layer, place a small drop of deionized water on the edge of the wafer [1] and use tweezers to peel up the sacrificial parylene-C layer, starting from where the edges of the layer are defined in the ring around the outside of the wafer [2].
5.3.1. Water being placed onto wafer edge Videographer: Important step
5.3.2. Layer being peeled Videographer: Important step
5.4. Next, rinse the wafer thoroughly with fresh deionized water to remove any remaining cleaning solution residue [1] and dry the wafer with the nitrogen gun [2].
5.4.1. Wafer being rinsed
5.4.2. Wafer being dried
5.5. Place the dried wafer on a 120-degree Celsius hot plate for 1 hour to remove any residual water from the patterned MXene films [1] before depositing a 4-micrometer-thick layer of parylene-C onto the wafer as demonstrated [2].
5.5.1. Talent placing wafer onto hot plate
5.5.2. Use 3.1.1. Parlyene-C being added to wafer Author comment: we took an additional shot here showing loading the appropriate wafer into the parylene deposition tool, as the wafer shown being loaded in 3.1.1 does not device patterns on it yet. Other than the different wafer, this step is the same as that shown in 3.1.1
5.6. After performing another round of photolithography with mask-3, use an electron beam evaporator to deposit 100-nanometer aluminum onto the wafer [1] and immerse the wafer in solvent stripper for 10 minutes until the metal has completely lifted off of the wafer [2].
5.6.1. Al being evaporated
5.6.2. Wafer being immersed
5.7. After sonication, rinsing, and drying as demonstrated [1], aluminum can be observed covering the devices with openings for the electrodes and bonding pads [2].
5.7.1. Wafer being sonicated
5.7.2. Shot of Al covering devices w/ openings for electrodes and bonding pads
5.8. Use oxygen plasma reactive ion etching to etch through the parylene-C layers surrounding the devices and through the top parylene-C layer covering both the MXene electrode contacts and the gold bonding pads [1-TXT]. 
5.8.1. Etching through parylene surrounding devices and covering electrode contacts and bonding pads TEXT: Silicon dioxide layer prevents oxygen plasma damage to MXene electrodes 
5.9. When no parylene-C residue remains on the wafer between devices, use a wet chemical etch in aluminum etchant type A at 50 degrees Celsius for 10 minutes [1] or until 1 minutes past when all visual traces of the aluminum have disappeared [2]. 
5.9.1. Wafer being etched
5.9.2. Shot of wafer w/ no visible traces of Al
5.10. To etch the silicon oxide covering the MXene electrodes, use a wet chemical etch in 6:1 buffered oxide etchant for 30 seconds [1].
5.10.1. Wafer being etched
5.11. Then place a small drop of deionized water at the end of the device [1] and gently peel up the device as water is wicked underneath the device by capillary action to release the device from the silicon substrate wafer [2].
5.11.1. [bookmark: _GoBack]Water being placed Videographer comment: MVI_5876 is a wide shot that can be used to illustrate 5.11.1 and 5.11.2 if it's useful
5.11.2. Device being peeled



Section – Results
6. Results: Representative Neural Recording Results 

6.1. Here sample micro-electrocorticography data recorded on a MXene microelectrode array is shown [1]. The putative cortical “down” states are based on the trough of the slow oscillation at 1-2 hertz [2].

6.1.1. LAB MEDIA: Figure 5B
6.1.2. LAB MEDIA: Figure 5B: JoVE Video Editor please add/emphasize red circles

6.2. Following application of the electrode array onto the cortex, clear physiologic signals were immediately apparent on the recording electrodes [1], with approximately 1-millivolt amplitude electrocorticography signals appearing on all of the MXene electrodes [2].

6.2.1. LAB MEDIA: Figure 5B: JoVE Video Editor please emphasize first down peak of bottom data line
6.2.2. LAB MEDIA: Figure 5B: JoVE Video Editor please emphasize sequentially(?) emphasize individual signal lines from top to bottom

6.3. Power spectra of these signals confirmed the presence of two brain rhythms commonly observed in rats under ketamine-dexmedetomidine anesthesia [1] – 1-2 hertz slow oscillations [2] and gamma oscillations at 40-70 hertz [3].

6.3.1. LAB MEDIA: Figure 5C
6.3.2. LAB MEDIA: Figure 5C: JoVE Video Editor please emphasize peak at about 100 Hz
6.3.3. LAB MEDIA: Figure 5C: JoVE Video Editor please emphasize peak between about 101 and102 Hz

6.4. Additionally, a signature broadband power attenuation during the “down” state of the slow oscillation [1] and a selective 15-30-hertz beta-band [2] and 40-120-hertz gamma-band power amplification during the “up” state of the slow oscillation were observed [3]. 

6.4.1. LAB MEDIA: Figure 5D: JoVE Video Editor please emphasize peak over -0.6 to -0.2
6.4.2. LAB MEDIA: Figure 5D: JoVE Video Editor please peak between -0.2 and 0.2
6.4.3. LAB MEDIA: Figure 5D: JoVE Video Editor please peak between 0.2 and 0.4



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Kathleen Maleski: Optimization of the synthesis method has allowed expansion of the use of MXenes into other applications, such as in optoelectronic devices, smart textiles, and more [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Nicolette Driscoll: This procedure involves the use of dangerous chemicals, including hydrofluoric acid, aluminum etchant, and photoresist developer. Be sure to always use the appropriate PPE when handling these chemicals [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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