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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 3.11, 3.12, 3.13 [Kyushu important visuals: 2.4, 2.10] 
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Step 3.1 [Kyushu critical step: 2.2]
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N*
If yes, how far apart are the locations? *Section 2 will not be filmed by the JoVE videographer. The authors will provide supplementary video and screen capture footage from the facility in Kyushu for Section 2. These shots are marked in light green.


[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of these experiments is to understand the structure and ultrafast dynamics of photo-responsive liquid crystals in molecular scale and on the picosecond (pee-ko-sek-und /ˈpiː koʊˌsɛk ənd/) timescale. (Intro)

[bookmark: IntroStatements]B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Masaki Hada: This method can help address a common problem in liquid crystal research, which is that key molecular motions during their photo-responses cannot be determined by conventional static methods.
1.2. Masaki Hada: The main advantage of these techniques is that the structure and ultrafast dynamics of photoexcited liquid crystals are obtained both from differential IR spectra and differential electron diffraction patterns.
D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
1.3. Masaki Hada: Assisting in the demonstration will be Kiyoshi Miyata at Kyushu University.
1.3.1. Masaki Hada speaks towards the camera, interview style.
1.4. Kiyoshi Miyata: I will be demonstrating the time-resolved IR vibrational spectroscopy.
1.4.1. *To be filmed by authors: Kiyoshi Miyata speaks towards the camera, interview style.
Authors: If you have trouble with getting good audio quality when you are filming in Kyushu, 1.4 can be replaced with a shot of Kiyoshi Miyata looking up from the optical table or workbench to acknowledge the camera, which would not require audio.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Time-Resolved Infrared (IR) Vibrational Spectroscopy
Note: The footage for this section (both filmed and screen capture) will be provided separately by the authors.
Video editor: In author’s email on 4/19/18, the authors stated that all of the requested video files were uploaded to their page.
2.1. To prepare a solution-phase sample for time-resolved IR vibrational (vigh-brey-shun-ul /vaɪˈbreɪ ʃən əl/) spectroscopy (spek-tross-kuh-pee /ˌspɛkˈtrɒs kə piː/), dissolve 0.025 mmol of π-COT (pi C-O-T /paɪ/) in 25 mL of dichloromethane (dye-klor-oh-meth-ain /daɪˌklɔːr oʊˈmɛθ eɪn/) to obtain a 1 mmol/L solution. [1-MED-TXT]
2.1.1. *To be filmed by authors: Talent adds DCM to a container holding pre-measured π-COT and mixes the solution to dissolve the π-COT. (TEXT: π-extended cyclooctatetraene (π-COT))
2.2. To prepare a liquid crystal-phase (liquid-crystal phase) sample, cover a 3-mm-thick calcium fluoride substrate (sub-straight /ˈsʌb streɪt/) in π-COT powder. [1-CU] Place the substrate on a hot plate and melt the powder at 100 °C. [2-ECU] Turn off the hot plate and allow the sample to cool to room temperature. [3-MED]
2.2.1. *To be filmed by authors: Talent applies π-COT powder to the substrate.
2.2.2. *To be filmed by authors: The π-COT powder melting on the substrate on the hot plate. (~5 s of very close-up footage of the powder melting on the substrate)
2.2.3. *To be filmed by authors: Talent turns off the hot plate and lets the substrate cool in place.
2.3. After preparing the sample, turn on the Ti:sapphire (titanium-sapphire) laser and the chirped pulse amplifier and allow them to thermally stabilize. [1-MED-TXT]
2.3.1. a*To be filmed by authors: Added shot: Talent turns on the laser.
2.3.1. b*To be filmed by authors: Talent turns on the amplifier. (TEXT: See text for instrument schematics and parameters.)
Authors: You do not need to add the text overlay to your footage; this will be done during video editing.
2.4. [bookmark: _Hlk485297084][bookmark: _Hlk479690652]Set the pulse duration to 120 fs (femtoseconds (fem-toh /ˈfɛm toʊ/)), the repetition rate to 500 Hz (hertz (herts /hɛrts/)), and the incident fluence (floo-ence /ˈfluː əns/) to 1 mJ/cm2 (millijoule per square centimeter (jool /ʤuːl/)). [1-SCREEN] Check the power and stability of the UV pump and mid-IR probe pulses and re-align the optical paths as needed. [2-MED-Over shoulder]
2.4.1. *To be provided by authors: Screen capture footage of setting the pulse duration to 120 fs, the pump laser intensity being set to 2.5 mW (500 Hz), and the incident fluence being set to 1 mJ/cm2.
2.4.2. *To be filmed by authors: Talent adjusts a mirror and checks the alignment of the optical path.
2.5. Cool the HgCdTe (mercury cadmium tellurium (cad-me-um /ˈkæd mi əm/ teh-looer-ee-um /tɛˈlʊər iː əm/)) IR detector with liquid nitrogen. [1-MED] Position the spectrometer (spec-trom-ih-tur /spɛkˈtrɒm ɪ tər/) in line with the optical path and calibrate the spectrometer. [2-MED] Then, mount a 1-mm-thick Si (silicon) wafer on the sample holder as a test sample. [3-MED]
2.5.1. *To be filmed by authors: Talent pours LN2 into the detector dewar.
2.5.2. *To be filmed by authors: Talent adjusts the mirror in front of the spectrometer.
2.5.3. *To be filmed by authors: Talent mounts the Si wafer on the sample holder.
2.6. Set the pump-probe delay to a positive value. [1-SCREEN] Optimize the pump-probe overlap by adjusting the mirror directing the pump beam to the sample [2-WIDE] to obtain the maximal transient signal intensity. [3-SCREEN]
2.6.1. *To be provided by authors: Screen capture footage of setting the pump-probe delay to a positive value.
2.6.2. *To be filmed by authors: Talent adjusts the pump beam mirror before the sample and checks the signal intensity shown on the display.
2.6.3. *To be provided by authors: Screen capture footage of the display showing the optimized transient signal intensity.
2.7. Set up a scan starting at -100 ps (picoseconds) and ending at 1,000 ps with a step time of 5 ps. Scan the test sample [1-SCREEN] and identify the temporal position where the transient signal starts to emerge, or time zero. [2-SCREEN]
2.7.1. *To be provided by authors: Screen capture footage of setting the scan initial time to -100 ps, the final time to 1000 ps, and the step to 50 ps, and then starting the scan.
2.7.2. *To be provided by authors: Screen capture footage of using the cursor to point out the point at which the transient signal starts to emerge on the resultant graph.
2.8. [bookmark: _Hlk491166565]Then, if using a solution-phase sample, mount a flow cell with barium (bear-ee-um /ˈbɛər iː əm/) fluoride windows in the instrument and begin pumping the sample through the flow cell. [1-MED]
2.8.1. *To be filmed by authors: Talent mounts a flow cell containing a solution-phase sample in the instrument and starts the pump.
2.9. If using a liquid crystal-phase sample, mount the sample on a motorized stage [1-MED] to allow continuous movement of the laser spot position on the sample to minimize laser-induced damage. [2-SCREEN]
2.9.1. *To be filmed by authors: Talent mounts a liquid crystal-phase sample on a motorized stage.
2.9.2. *To be provided by authors: Screen capture footage of filling in ‘10’ for the pulse number step and filling in ‘100’ for “L and R Max Over Limit”.
2.10. Confirm the time zero temporal position with the sample and set the start, end, and step times. Select a directory for the data file and run the data acquisition process. [1-SCREEN]
2.10.1. *To be provided by authors: Screen capture footage of filling in the file path; setting the scan range start, end, and step times; setting the number of scans; and starting the data collection.
3. Time-Resolved Electron Diffraction
Filmed footage in this section will be filmed by the JoVE videographer. Screen capture footage in this section will be prepared by the authors on the day of the shoot.
Note: Filming should start at 3.4.2, with a sample having been placed in the instrument and the instrument having been pumped down prior to filming. It may be easiest to film the interview shots or sample preparation shots while the laser and amplifier are thermally stabilizing (i.e., after filming 3.5.1).
3.1. First, etch and clean a SiN-coated (silicon nitride (nigh-tried /ˈnaɪ traɪd/)) wafer to obtain a substrate with SiN windows. [1-MED-TXT] Place the substrate on a spin-coater chuck with the SiN windows facing up. Spin-coat the substrate with a 10 mg/mL solution of π-COT in chloroform. [2-MED-Over shoulder]
3.1.1. Talent opens a container holding a previously-prepared substrate with SiN windows and places it face-up on the spin-coater. (TEXT: See text for details of substrate and π-COT sample preparation.)
3.1.2. Talent applies drops of the π-COT solution to the substrate, closes the spin-coater, and starts the spin-coater.
3.2. Place the spin-coated substrate on a hot plate and heat the hot plate to 100 °C to melt the π-COT. [1-MED-Over shoulder] Turn off the hot plate when it reaches 100 °C and let the sample cool in place to obtain a π-COT liquid crystal film. [2-CU]
3.2.1. Talent places the substrate on a hot plate and sets the hot plate to heat to 100 °C.
3.2.2. Talent turns off the hot plate when it reaches 100 °C and leaves the sample on the hot plate.
3.3. To begin the measurement, mount the sample on the instrument sample holder. [1-CU] Place the sample holder in the vacuum chamber and close the chamber. [2-MED-Over shoulder]
3.3.1. Talent places the sample in the sample holder and uses the screw to fix it in place.
3.3.2. Talent places the sample holder in the chamber and closes the chamber with the lid.
3.4. [bookmark: _Hlk496627446]Use a rotary pump to evacuate the chamber to less than 1,000 Pa (pascals (pah-skalls /pɑˈskɑls/)), or 10 mbar (millibars). [1-WIDE] Then, use a turbomolecular pump to evacuate the electron-gun chamber to about 10-6 Pa. [2-MED-Over shoulder]
3.4.1. Talent turns on the rotary pump to evacuate the chamber.
3.4.2. Talent checks the turbomolecular pump gauge/electron-gun chamber pressure gauge showing the electron-gun chamber pressure already at ~10-6 Pa.
3.5. Next, turn on the Ti:sapphire laser and the chirped pulse amplifier and allow them to thermally stabilize for 1 hour. [1-MED] Set the repetition rate to 500 Hz. [2-MED-Over shoulder]
3.5.1. a Talent turns on the laser
3.7.1  b Added shot: Talent turns on the l amplifier.
3.5.2. Talent sets the repetition rate to 500 Hz on the laser.
3.6. Turn on the CCD camera chiller and cool the device to 10 °C. [1-MED] Then, turn on the electrical power supply and set the voltage to 75 kV. [2-MED]
3.6.1. Talent turns on the CCD camera chiller.
3.6.2. Talent turns on the power supply and sets the voltage to 75 kV.
3.7. Open the special overlap software [1-MED-Over shoulder] and set the exposure time to 50 ms. To find the probe electron beam position, first set the start type to ‘Z_overlap’ (Z-overlap) and click ‘Start’. [2-SCREEN] When that process finishes, select ‘Y_overlap’ (Y-overlap) and click ‘Start’ again. [3-SCREEN]
3.7.1. Talent opens the overlap software.
3.7.2. *To be provided by authors: Screen capture footage of setting the exposure time to 50 ms, setting the start type to ‘Z_overlap’, and clicking ‘Start’.
3.7.3. *To be provided by authors: Screen capture footage of setting the start type to ‘Y_overlap’ and clicking ‘Start’.
3.8. Then, set the electron beam to the sample holder pinhole position and align the pump laser with the reflected pump light by the pinhole. [1-SCREEN]
3.8.1. a *To be provided by authors: Screen capture footage of starting the process to set the electron beam to the sample holder pinhole position.
3.8.2.  B Added shot:  *To be provided by authors: Screen capture footage of starting the process to align the pump laser of Z-axis. 
3.8.3. C  Added shot: *To be provided by authors: Screen capture footage of starting the process to align the pump laser of Y-axis.
3.9. [bookmark: _Hlk494890631][bookmark: _Hlk479690690]Next, switch to the time-resolved electron diffraction (dih-frak-shun /dɪˈfræk ʃən/) program. Set the start type to ‘Time-resolved’ and the pump fluence to 2 mJ/cm2 (millijoules per square centimeter (jools /ʤuːls/)). Click ‘Start’ to measure the time zero position based on an inorganic standard material fixed on the sample holder. [1-SCREEN]
3.9.1. *To be provided by authors: Screen capture footage of setting the start type to time-resolved, setting the pump fluence to 2 mJ/cm2, clicking ‘Start’, and the measurement starting.
3.10. Then, insert the Faraday (fa-ruh-day /ˈfæ rəˌdeɪ/) cup into the electron beam path and measure the fluence with a picoammeter (pee-ko-am-mee-tur /ˌpiː koʊˈæm miː tər/). [1-MED-Over shoulder] Rotate the neutral-density filter to adjust the electron beam fluence to 3 pA (picoamperes). [2-MED]
3.10.1. Talent inserts the Faraday cup into the beam path and looks at the picoammeter to measure the fluence.
3.10.2. Talent rotates the ND filter.
3.11. Adjust the pump pulse fluence to 1.67 mW by rotating the waveplate on the pump beam line. [1-MED] Then, in the time-resolved electron diffraction software, move to the sample position. [2-SCREEN]
3.11.1. Talent rotates the waveplate and checks the pump fluence.
3.11.2. *To be provided by authors: Screen capture footage of starting the process of moving to the sample position. (If this is not an automated process, this screen capture footage should show 4-5 seconds of starting to adjust the instrument to the sample position.)
3.12. Set the CCD camera exposure time to 1 second. Set the start type to ‘Single’ and click ‘Start’ to obtain a static electron diffraction image. Then, turn on the Peltier (pel-tyey /ˈpɛl tjeɪ/) element of the CCD camera and cool the device to -20 °C. [1-SCREEN]
3.12.1. *To be provided by authors: With the sample position having been reached, screen capture footage of setting the CCD camera exposure time to 1 s, setting the start type to ‘Single’, clicking ‘Start’, the image being acquired, and then turning on the Peltier element and setting the temperature.
3.13. Once the CCD camera has cooled, set the number of patterns to collect at each step and the number of steps for the time-resolved measurements. Set the start type to ‘Time-resolved’ and click ‘Start’ to collect the time-resolved electron diffraction images. [1-SCREEN]
3.13.1. *To be provided by authors: With the Peltier element now at -20 °C, screen capture footage of setting the number of patterns to collect per step (“coarse step”), setting the number of steps (“tr-times”), setting the start type to ‘Time-resolved’, clicking ‘Start’, and the image collection beginning (i.e., ~2-3 s of footage of the process starting once ‘Start’ has been clicked).
3.14. When the experiment has finished, turn off the electron acceleration power supply. Collect a time-resolved image in the same way to obtain a background. [1-SCREEN]
3.14.1. *To be provided by authors: Screen capture footage of turning off the electron acceleration power supply, setting the start type to ‘Time-resolved’ (or, if that type is already selected, using the cursor to point out the start type), clicking ‘Start’, and image acquisition beginning.
4. Results: Differential Diffraction Analysis of Packing Deformation in Liquid Crystal π-COT
4.1. The differential IR vibrational spectrum of a π-COT-based liquid crystal thin film had peaks corresponding to the stretching modes of the COT and thiazole (thigh-uh-zole /ˈθaɪ əˌzoʊl/) rings [1-LM] and of the biphenyl (bye-fen-ll /baɪˈfɛn l/) moieties (moy-ih-tees /ˈmɔɪ ɪ tiːs/), which are strongly IR-active in the flat T1 (T-one) form of π-COT. [2-LM]
4.1.1. Figure 7 (JOVE_Figure7.pdf): During “the COT and thiazole rings”, highlight the red lines in the bottom graph (marking the peaks corresponding to the COT and thiazole rings) and the dotted vertical lines extending up from those red lines (marking the corresponding peaks in the top and center graphs).
4.1.2. Figure 7 (JOVE_Figure7.pdf): During “the biphenyl moieties”, highlight the blue lines in the bottom graph (marking the biphenyl peaks) and the dotted lines leading up from the blue peaks (where present).
4.2. The time-dependent evolution of the peak intensity at a wavenumber of 1338 cm-1 (thirteen-thirty-eight reciprocal centimeters) is consistent with a saddle-to-flat conformational (con-for-may-shuh-null /ˌkɒn fɔrˈmeɪ ʃə nəl/) change within 2 ps, [1-LM] followed by relaxation to the initial saddle form in 10-20 ps for single molecules [2-LM] or 150 ps for stacked molecules. [3-LM]
4.2.1. Figure 8A (from JOVE_Figure8.pdf) without inset: During “saddle-to-flat…2 ps”, highlight the jump from the dots level with the horizontal dashed line to the dots near the top of the graph at about x = 0 (marking the conformational change occurring at about x = 2).
4.2.2. Figure 8A inset (from JOVE_Figure8.pdf): During “relaxation…single molecules”, highlight ‘τ1 = 15 ps’ (time of single-molecule relaxation to saddle form).
4.2.3. Figure 8A inset (from JOVE_Figure8.pdf): Highlight ‘τ2 = 150 ps’ (time of stacked molecules relaxing to saddle form).
4.3. The electron diffraction peaks from the photoresponsive moieties were extracted from the broad pattern dominated by long carbon chains [1-LM] by subtracting the initial diffraction pattern from a pattern obtained 500 ps after UV pulse irradiation. [2-LM]
4.3.1. Figures 13A, 13B, and 14A (from JOVE_Figure13.pdf and JOVE_Figure14.pdf): Caption 13A with ‘500 ps after UV pulse’ and 13B with ‘Initial’. During “The electron…moieties”, highlight the red and blue peaks in 14A, which are the example peaks representing photoresponsive moieties.
4.3.2. Figures 13C and 14B (from JOVE_Figure13.pdf and JOVE_Figure14.pdf): Caption 13C with ‘Differential’, as 13C represents the “subtraction” of 13B from 13A.
4.4. The positive and negative peaks indicated the formation and loss, respectively, of structural features by 500 ps after irradiation. [1-LM] The formation of a new ordered structure began about 200 ps after photoexcitation, [2-LM] consistent with the relaxation to the initial saddle form in stacked molecules. [3-LM]
4.4.1. Figure 15A (from JOVE_Figure15.pdf): During “positive” and “formation”, highlight the red arrows, which point to positive peaks. During “negative” and “loss”, highlight the blue arrows, which point to negative peaks.
4.4.2. Figures 16B and the ‘Stacked Molecules’ section of Figure 17 without the >500 ps arrow and diagram (from JOVE_Figure16.pdf and JOVE_Figure17.pdf; see ‘Figure 17 section for 442.pdf’): On “began”, emphasize the data points/red line in 16B from x = 200 rightward, which shows increasing intensity corresponding to structure formation.
4.4.3. Figures 16B and the ‘Stacked Molecules’ section of Figure 17 without the >500 ps arrow and diagram (from JOVE_Figure16.pdf and JOVE_Figure17.pdf; see ‘Figure 17 section for 442.pdf’): In Figure 17, emphasize the arrow pointing diagonally down to the right, the ‘150 ps’ label next to the arrow, and the stack of blue shapes that the arrow is pointing to, which shows the flat molecule having relaxed to the initial saddle form.
4.5. The loss of the π-π stacking order on a 300-ps timescale [1-LM] was attributed to a small number of flat conformers with 300- to 1,000-ps lifetimes [2-LM] twisting to minimize steric (stair-ik /ˈstɛr ɪk/) hindrance. [3-LM]
4.5.1. Figure 16A and the entire ‘Stacked Molecules’ section of Figure 17 (from JOVE_Figure16.pdf and JOVE_Figure17.pdf; see ‘Figure 17 section for 451.pdf’): Highlight ‘τ = 300 ps’ in 16A, which represents the timescale.
4.5.2. Figure 16A and the entire ‘Stacked Molecules’ section of Figure 17 (from JOVE_Figure16.pdf and JOVE_Figure17.pdf; see ‘Figure 17 section for 451.pdf’): In Figure 17, on “small number”, emphasize the rightmost right-pointing arrow, the ‘>500 ps’ label, and the stack of five shapes (representing a flat molecule stacked between saddle-shaped molecules). The purple shape is the “flat” molecule.
4.5.3. Figure 16A and the entire ‘Stacked Molecules’ section of Figure 17 (from JOVE_Figure16.pdf and JOVE_Figure17.pdf; see ‘Figure 17 section for 451.pdf’): With the portion of Figure 17 emphasized in 4.5.2 still emphasized, further emphasize the yellow arrows, which represent the twisting motion.
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Masaki Hada: We first had the idea for these methods when we discussed liquid crystals, which are not usually examined by time-resolved diffraction because they do not provide good electron diffraction patterns.
5.2. [bookmark: _Hlk510622841]Masaki Hada: Our methodology allows changes in liquid crystal diffraction patterns to be identified, allowing access to important structural information and ultrafast molecular dynamics.
5.3. Masaki Hada: Once mastered, these techniques can be done in half a day if they are performed properly. These techniques can potentially be used to answer further questions about the structure and ultrafast dynamics of more complex biomaterials.
[bookmark: ProvidedMedia]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs. If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17571708

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if you reach a step that takes more than 5-10 minutes, you will continue the demonstration using a previously-prepared sample that is the product of that step.
Alternatively, shots may be filmed out of order to allow time for a slightly longer process to finish. Please be sure to clearly mark any shots you may wish to film out of order in the script.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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