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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 2.1, 2.2, 2.5, 3.8, 4.8, 4.9
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.
Steps 2.9, 2.11
[bookmark: _Hlk508785896]Threading the tubing through the sampling ports and connecting the sampling ports requires very little distortion of the tube and as level and straight a positioning of the sampling ports as possible. To achieve this, first the tubing is inspected for crimps, divots, or stretching then it is carefully pushed through the port. The port is then moved along the tubing, while taking extra care to not pull or push the tubing from either end. This process is repeated until all desired modules are connected. A bubble level is placed on top of the chain of sampling ports to ensure a straight line, then the outlet support structure is raised or lowered to ensure a completely level reactor. 
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

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

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

The overall purpose of this procedure is to assemble and use a microfluidic (my-kro-floo-id-ik /ˌmaɪ kroʊ fluːˈɪd ɪk/), high-throughput screening platform for systematic, inline studies of the reaction pathways of colloidal (kuh-lloyd-ll /kəˈlɔɪd l/) semiconductor nanocrystals. (Intro)
[bookmark: IntroStatements]B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Robert Epps: This platform provides researchers with access to full absorption and emission spectra within a parameter space that was previously inaccessible.
1.2. Kobi Felton: Beyond the extended parameter range, the high sampling rate and low chemical consumption allows many more conditions to be tested at a fraction of the cost compared to flask-based screening.
C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Robert Epps: Further implementation of this system will improve the pace of research and therefore bring us closer to commercial-scale production of low-cost, high-efficiency quantum dot-based photovoltaic cells.
[bookmark: Protocol]
Protocol (Spoken by voice talent at JoVE.)
2. [bookmark: _GoBack]Microfluidic Platform Assembly for a Two-Precursor, Multi-Phase Flow Format
2.1. To begin assembling the microfluidic platform, fix a linear translation stage lengthwise on an aluminum optical breadboard. [1-MED-TXT] Fix four optical post holders on the board around the track and two post holders on the stage platform. [2-MED]
2.1.1. Talent tightens the screws/taps connecting the translation stage to the breadboard. (TEXT: See Figure 1 for diagrams and the Table of Materials for dimensions.)
2.1.2. With the four post holders in place around the translation stage and one post holder already fixed on the stage platform, talent secures the last post holder on the stage platform.
2.2. Connect  an optical post to each of the four corners of the junction stage.  Then, place the optical posts into the four post holders. [1-MED-Over shoulder] Mount. [2-MED]
2.2.1. Talent fits an optical post into one of the post holders and tightens the thumbscrew. Talent fits optical posts in the junction mounting stage.
2.2.2. Talent fits an optical post into one of the post holders and tightens the thumbscrew With all optical posts in place, talent fits the junction mounting stage onto the four optical posts surrounding the translation stage controller.
2.3. Connect the flow cell to the optical posts on the translation stage platform. [1-CU] Then, cut a length of FEP (F-E-P) tubing as the reactor line and three lengths of ETFE (E-T-F-E) tubing as the precursor (pree-kur-sur /ˈpriː kɛr sər/) feed lines. [2-MED-TXT]
2.3.1. Talent fits the custom flow cell onto the optical posts on the platform. (The zoom level should be wide enough to show the stage platform and the flow cell at the same time.)
2.3.2. With the reactor line and two of the three precursor feed lines visible in the workspace as though freshly-cut, talent cuts a third precursor line. (TEXT: Reactor line: Fluorinated ethylene propylene (FEP), 0.04” ID; Precursor feed lines: Ethylene tetrafluoroethylene (ETFE), 0.02” ID)
2.4. Fit each line with a flangeless (flanj-less /ˈflænʤ ləs/) ferrule (fehr-ul /ˈfɛr əl/) and nut at one end. Fit the other ends of the precursor lines with gastight syringe fittings and flow valves as needed for the syringe configuration to be used. [1-MED]
2.4.1. Talent attaches a flangeless ETFE ferrule and PEEK nut to a length of tubing. 
2.5. Connect the reactor and precursor feed lines to a custom-built four-way cross-junction [1-LM] so that the reactor line will be next to the flow cell. [2-CU] Place the cross-junction in the junction mounting stage. [3-MED-Over shoulder]
2.5.1. Figure 1-iii (Figure 1.pdf)
2.5.2. Talent connects the reactor tubing to the cross-junction.
2.5.3. With all tubing now connected to the cross-junction, talent places the cross-junction in its recess in the mounting stage.
2.6. Feed the precursor lines through the channels of the junction stage. [1-CU] Then, thread the reactor line through a sampling port. [2-CU]
2.6.1. Talent fits one precursor line into the first few loops of its channel in the junction stage. (The zoom level should be wide enough to show the entire junction stage.)
2.6.2. Talent carefully pushes the reactor line through the sampling port.
2.7. Fit the sampling port through the flow cell, [1-MED] being careful not to stretch or crimp the reactor line as the sampling port is moved along the line. [2-CU] Connect the port to the junction stage. [3-CU]
2.7.1. Talent moves the port along the line without pushing or pulling the line.
2.7.2. Talent moves the sampling port along the reactor line into the flow cell. Talent connects the sampling port to the junction stage through the flow cell.
2.8. Fasten the precursor line cover onto the junction stage to secure the tubing and sampling port in place. [1-MED-Over shoulder]
2.8.1. Talent places the precursor line cover on the junction stage and places the first screw in one of the six screw holes.
2.9. Connect the desired number of sampling ports and extension units to the assembly, keeping the modules as straight and level as possible to avoid distorting or damaging the tubing. [1-MED]
2.9.1. With the line cover now securely fastened to the stage and at least two sampling ports connected, talent threads the reactor line through a sampling port, carefully moves the sampling port along the reactor line, and fits the new sampling port into the previous sampling port in the assembly.
2.10. Connect a support bracket to the outlet of the last sampling port so that the bracket is under the reactor tubing outlet. [1-MED] Secure the support bracket on the remaining two optical posts. [2-MED-Over shoulder]
2.10.1. With all sampling ports (and extension units, if used) in place, talent fits the end of the sampling units into the support bracket.
2.10.2. Talent fixes the support bracket to the optical posts.
2.11. Guided by a carpenter’s level, adjust the outlet support structure until the reactor assembly is straight and level. [1-MED]
2.11.1. With a level on the chain of sampling ports, talent adjusts the outlet support slightly.
2.12. Then, use fiber optic patch cords to connect a spectrometer (spec-trom-ih-tur /spɛkˈtrɒm ɪ tər/), an LED (L-E-D), and a deuterium-halogen (dyoo-tier-ee-um /djuːˈtɪər iː əm/) light source to the flow cell ports. [1-MED] Test the translation stage to ensure that the cables do not restrict the flow cell movement. [2-MED]
2.12.1. Talent connects the three fiber optic patch cords to the flow cell ports.
2.12.2. Talent monitors the assembly as the platform moves along the translation stage track, showing that the cables move easily with the flow cell.
3. CsPbBr3 Perovskite Precursor Preparation
3.1. To begin preparing the precursors, combine 109 mg of tetraoctylammonium (teh-truh-ock-till-uh-mo-nyum /ˌtɛ trəˌɒk tɪl əˈmoʊ niəm/) bromide, 1 mL of oleic (oh-lee-ik /oʊˈliː ɪk/) acid, and 14 mL of toluene (tall-you-een /ˈtɒl juːˌiːn/) in a 20-mL vial equipped with a stir bar. [1-MED]
3.1.1. Talent adds 14 mL of toluene and a stir bar to a 20-mL vial already containing the tetraoctylammonium bromide and oleic acid.
3.2. Seal the vial and stir the mixture vigorously at room temperature [1-MED-Over shoulder] until clear and colorless to form the bromide precursor solution. [2-CU]
3.2.1. With the vial now sealed with a septum, talent fixes the vial on a stir plate and turns on the stir motor to start the mixture stirring vigorously.
3.2.2. The mixture stirring once it has become clear and colorless.
3.3. Next, place 0.6 mmol of cesium hydroxide (see-zee-um high-drock-side /ˈsiː ziː əm haɪˈdrɒk saɪd/), 0.6 mmol of lead(II) oxide (lead-two oxide (ock-side /ˈɒk saɪd/)), and 3 mL of oleic acid in an 8-mL vial equipped with a stir bar. [1-MED-Over shoulder] Seal the vial with a septum (sep-tum /ˈsɛp təm/) cap. [2-MED]
3.3.1. Talent measures the lead oxide into an 8-mL vial.
3.3.2. With the CsOH, PbO, oleic acid, and stir bar now in the vial, talent seals the vial with a screw-on septum cap.
3.4. Pierce the septum with a needle as a vent. Vigorously stir the mixture at 160 °C until clear and colorless. [1-MED] Then, with the vent needle still in place, heat the mixture in an oven at 120 °C for 1 hour. [2-MED-Over shoulder]
3.4.1. With a vent needle already in place, talent secures the vial containing the reaction mixture in an oil bath and turns up the heat and the stir motor.
3.4.2. Talent places a vial of clear, colorless solution (with the needle still through the septum) in an oven and closes the oven door.
3.5. After that, remove the venting needle and allow the cesium-lead mixture to cool to room temperature in open air. [1-MED]
3.5.1. Talent places the heated vial in an area where it can cool and removes the vent needle.
Note: The vial does not actually need to be at 120 °C to demonstrate this step. If a cool vial of solution is used, it should be handled with the appropriate protective gear as though the vial is hot.
3.6. [bookmark: _Hlk485648004]Combine 0.5 mL of the concentrated cesium-lead mixture with 47.5 mL of toluene in a sealed 50-mL vial equipped with a stir bar. [1-MED] Vigorously stir the mixture until homogeneous (ho-mo-jee-nee-us /ˌhoʊ məˈʤiː niː əs/) to obtain the dilute cesium-lead precursor solution. [2-MED-Over shoulder]
3.6.1. Talent transfers 0.5 mL of the concentrated Cs-Pb mixture to a 50-mL vial containing 47.5 mL toluene.
3.6.2. Talent secures the vial on a stir plate and starts the mixture stirring vigorously.
3.7. Load the bromide and cesium-lead precursors into 25-mL glass syringes. [1-MED] Fill an 8-mL stainless steel syringe with N2 (nitrogen) gas from a gas cylinder. [2-MED]
3.7.1. Talent draws the bromide precursor into a labeled syringe.
3.7.2. Talent fills the stainless steel syringe with N2 gas.
3.8. Connect the liquid precursor syringes and the N2 gas syringe to the precursor lines. [1-MED] If absorption reference spectra will be collected using a blank solution, connect a syringe filled with the blank solution to one of the liquid feed lines. [2-MED-TXT]
3.8.1. Talent attaches one precursor line to a labeled syringe of the Cs-Pb precursor.
3.8.2. Talent connects a labeled syringe of blank solution to one of the liquid feed lines. (TEXT: Already-loaded precursor solutions may be used as blanks for some reactions.)
3.9. Mount the syringes on computer-controlled syringe pumps. [1-MED-Over shoulder] Then, thread the reactor line through the septum of a 50-mL vial. [2-CU] Pressurize the vial with N2 gas via a two-stage gas regulator to complete the setup. [3-MED-Over shoulder]
3.9.1. Talent clamps the syringe of Cs-Pb precursor into a syringe pump.
3.9.2. Talent threads the reactor line through the septum of the vial.
3.9.3. Talent opens the flow of N2 gas to the vial.
4. Automated Reaction Platform Operation
4.1. Once ready to begin the experiment, open the automated operation software [1-WIDE] and set the path to the folder in which the data should be saved. [2-MED-Over shoulder]
4.1.1. Talent approaches the instrument computer.
4.1.2. Talent pastes the desired data path in the ‘File root for data’ box in the software.
4.2. Select the USB connection address for the spectrometer. Set the integration time, the number of spectra to average, and the number of spectra to save for both absorption and fluorescence. [1-SCREEN]
4.2.1. *To be provided by authors: Screen capture footage of using the cursor to point out the (already filled-in) field for the spectrometer USB connection address, then filling in 12000 for the absorption and 4000 for fluorescence, and then either filling in the values for number of spectra to average and save or using the cursor to point them out if they are already set to the correct values by default.
Note to video editor: Nearly every action performed in software in the demonstration will be done in discrete sections of a single window (see Figure 3), so it will probably be necessary to ‘zoom in’ on those sections (section headings in blue bars) for visual clarity in the small web player and to mask cursor jitter between screen capture files.
4.3. If multi-phase flow will be characterized, click the ‘Multiphase’ button. Set the minimum sample length so that approximately two complete gas-liquid oscillations (oss-ih-ley-shuns /ˌɒs ɪˈleɪ ʃəns/) will pass the sampling point. Set the number of samples to be taken within that window. [1-SCREEN-TXT]
4.3.1. *To be provided by authors: Screen capture footage of clicking the large button next to ‘Multiphase’, setting the minimum sample length, and setting the number of samples. (TEXT: Skip this step for single-phase experiments.)
Authors: You do not need to add the text overlay to the screen capture file; all text overlays will be added during video editing.
4.4. Then, set the communication addresses for the syringe pumps and fill in the syringe inner diameters for the syringes in use. Leave the diameters of the extraneous syringes at the default values. [1-SCREEN]
4.4.1. *To be provided by authors: Screen capture footage of using the cursor to point out the already filled-in communication addresses for the syringe pumps, filling in the inner diameters for the syringes that will be used*, and filling in 300 for the reference flow rate.
Authors: When you finalize the script after filming, please fill in the time in the 4.4.1 screen capture file when you finished filling in the inner diameters for the syringes to be used:
Timestamp of finishing filling in the syringe inner diameters: 0:50
Video editor: Please transition from step 4.4 to 4.5 at the above timestamp.
4.5. If absorption reference spectra are to be collected, set the flow rate of the syringe containing the reference solution or precursor to 300 µL/min. [1-SCREEN]
4.5.1. The 4.4.1 screen capture footage starting from ‘…filling in 300’ (see timestamp above).
4.6. Then, either select a previously-optimized set of stage locations or choose an appropriate reference file and a stage position window size. Ensure that the ‘Stage increment’ is 0.05 mm and the ‘Startup Passes’ value is 8. [1-SCREEN]
4.6.1. *To be provided by authors: Screen capture footage of clicking ‘Use previous position’ and the positions being filled in, using the cursor to point out the values for ‘Stage increment’ and ‘Startup Passes’*, filling in the system volume, and using the cursor to point out the ‘Minimum equilibration time’ value.
[bookmark: _Hlk497475476][bookmark: _Hlk508793544]Authors: When you finalize the script after filming, please fill in the time in the 4.7.1 screen capture file when you finished pointing out the ‘Stage increment’ and ‘Startup Passes’ values:
Timestamp of finishing pointing out the ‘Stage increment’ and ‘Startup Passes’ values: 1:00
Video editor: Please transition from step 4.7 to 4.8 at the above timestamp.
4.7. Fill in the volume in µL of the reactor tubing from the center of the junction to the final sampling port as the ‘System volume’. Ensure that the minimum equilibration (ee-kwil-ih-brey-shun /iˌkwɪl ɪˈbreɪ ʃən/) time is set to 10 s. [1-SCREEN]
4.7.1. The 4.7.1 screen capture footage starting from ‘…filling in the system volume’ (see timestamp above).
4.8. Double-check all values, and then click ‘Run’. Set up to 30 flow rate configurations to test, leaving unused syringe inputs blank. Choose whether to save reference spectra, if applicable. [1-SCREEN]
4.8.1. *To be provided by authors: Screen capture footage of using the cursor to briefly indicate the sections that should be checked (Spectrometer settings, Multiphase Flow, Pump configuration, System configuration), clicking the large button next to ‘Run’, selecting ‘Yes’ (as the process has included setting up for reference spectra), selecting at least one flow rate configuration, clicking ‘OK’ to start the process, and the process beginning.
4.9. The system will run through the selected conditions and will automatically shut down when finished. [1-MED-TXT]
4.9.1. The assembly moving as the automated process runs. (TEXT: See text for information about stopping the process early.)
5. Results: Nucleation and Growth Stages of Colloidal CsPbBr3 Perovskite Nanocrystals
5.1. A series of fluorescence and absorbance (ab-zor-bence /æbˈzɔːr bəns/) spectra were collected in a single pass of a multi-phase CsPbBr3 (cesium lead bromide) perovskite (puh-rawv-skite /pəˈrɒv skaɪt/) nanocrystal system with an average slug velocity of approximately 0.2 cm/s. Similar sets of spectra were collected at other flow rates and reactor lengths. [1-LM]
5.1.1. Figure 5A (from Figure 5.pdf)
5.2. Plotting the peak fluorescence wavelength as a function of residence time revealed a trend of higher peak fluorescence wavelengths at lower fluid velocities. A notable difference in peak fluorescence wavelength was observed when the slug velocity was increased from 75 mm/s to 130 mm/s while retaining a residence time of 0.9 seconds. [1-LM]
5.2.1. Figure 5B (from Figure 5.pdf): During “A notable…0.9 seconds”, emphasize the lower two inset graphs, add the caption ‘0.9 s, 75 mm/s’ next to the middle one (darker purple line), and add the caption ‘0.9 s, 130 mm/s’ next to the lower one (lighter purple line).
Video editor: The individual components of Figure 5.pdf (such as the inset graphs) can be manipulated when the images are ungrouped.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Kobi Felton: Once assembled, this system has the capability to collect up to 30,000 unique optical spectra within a single day, all within a mass transfer-controlled sampling space.
6.2. Robert Epps: By applying this platform to other colloidal semiconductor syntheses, researchers will gain access to a broad range of nanocrystal growth information with far greater accuracy and precision than through conventional flask-based strategies at a fraction of the cost and time.
[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=17588178

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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