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Co-authors:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No    
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.5, 2.6, 2.8, 2.9, 2.14, 4.1______
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)  Step 3.1: (H2 pressure and sample temperature constancy during H exposure; just be careful with the variable leak valve and control of the filament heater).
E.  Will the filming need to take place in multiple locations? Y 
Experimental stations BL-1E and BL-2C and Control Room, 20 meters apart on the same floor of the MALT building. A meeting room on the 3rd floor can be used for filming the author statements.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of Nuclear Reaction Analysis with the resonant 15N-H nuclear reaction is to measure the density of adsorbed hydrogen atoms on solid surfaces and to determine the concentration-versus-depth distribution of absorbed hydrogen in the volume of materials. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Wilde: Clarifying the hydrogen content on the surface, in the near-surface region, and at shallow interfaces of solids is a key question in many fields of fundamental material science and engineering. 
1.2. Wilde: The main advantage of the NRA technique Nuclear Reaction Analysis is that it reveals the concentration and the depth location of hydrogen quantitatively, non-destructively, and with nanometer depth resolution.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Fukutani: Hydrogen profiling with NRA supports research of hydrogen storage and purification materials, fuel cell and hydrogenation catalysis, hydrogen retention and embrittlement, device fabrication and hydrogen-related reliability concerns in semiconductor technology.  
1.4. OguraFukutani: In this video we demonstrate the unique combination of NRA with surface science instrumentation for the quantification of hydrogen layer densities on atomically controlled target surfaces and at shallow interfaces.   
Protocol (read by voice talent at JoVE):
2. Single Crystal Surface Preparation for Nuclear Reaction Analysis (NRA) in Ultra-High Vacuum
Voice over text: These nuclear reaction analysis experiments take place at the University of Tokyo’s MALT accelerator facility. (Voice talent: MALT rhymes with “salt”)
2.1. Measurements of surface hydrogen are done on beam line 1-E in this ultrahigh vacuum chamber. [2.1.1-WIDE] This chamber has been loaded with a Palladium one-one-zero single crystal sample, and is held at less than 10 nanoPascals at room temperature.[2.1.2-WIDE/MED]

2.1.1. The vacuum chamber in context with the beam line; talent should be at chamber working, or approaching it to do work

2.1.2. The chamber, providing some sense of scale, location of controls, etc. Talent should be at/near it, working
2.2. This top view schematic of the sample chamber gives an overview of the equipment layout. [2.2.1-LM] The nitrogen ion beam line, including a deflector and a faraday cup, comes in at the left. [2.2.2-LM] In addition, there is an ion gun for sputtering, as well as an input for hydrogen. [2.2.3-LM] The chamber is equipped to perform low energy electron diffraction and Auger (Voice talent: Pronounced “o-zhay”) electron spectroscopy for in-situ preparation of targets. [2.2.4-LM] The final two instruments are a quadrupole mass spectrometer, shown at the bottom of the schematic, and a scintillation detection system at the right. [2.2.5-LM] The sample is held by a sample holder on an x-y-z stage near the center of the chamber, and can be viewed through a viewport. [2.2.6-LM]

2.2.1. LAB MEDIA: Figure1A (Authors: Please provide panel A of Figure 1 using the filename “Figure1A”.)
2.2.2. LAB MEDIA: Figure1A (Video editor: For this shot, please highlight the region labeled “15N ion beam” which includes the symbols labeled “deflector” and “FC.”)

2.2.3. LAB MEDIA: Figure1A (Video editor: Please highlight the symbol labeled “Ion gun” and the ones labeled “Ultra-pure H2” and “H+H2 doser” during this shot.)

2.2.4. LAB MEDIA: Figure1A (Video editor: Please highlight the symbol labeled LEED/AES during this shot.)

2.2.5. LAB MEDIA: Figure1A (Video editor: For this shot, please highlight the symbol labeled “Shielded and differentially pumped QMS (TDS)” and the symbols at the right labeled “BGO” and “detector.”) 

2.2.6. LAB MEDIA: Figure1A (Video editor: Please highlight the blue rectangle at the center of everything and the symbol labeled “Viewport.”)

2.3. This picture provides an example of the sample holder with sample that is currently in the chamber. [2.3.1-LM] Tantalum wires support a single crystal specimen; the holder also facilitates electrical and thermal measurements. [2.3.2-LM-TXT] Begin with cleaning the target surface in the chamber through sputtering and annealing. [2.3.3-MED/WIDE] 

2.3.1. LAB MEDIA: Figure 1B (Authors: Please provide panel B of Figure 1 [or similar] using the filename “Figure1B”.)
2.3.2. LAB MEDIA: Figure 1B [TEXT: See manuscript for details on mounting the sample and loading the chamber.]

2.3.3. Talent getting into position to start sample cleaning

2.4. Operate the x-y-z stage to position the sample in the center of the chamber. [2.4.1-MED/CU] In addition, rotate the sample to properly align it. [2.4.2-MED] The sample should face the gas doser between the ion gun and the viewport. [2.4.3-LM] To fine adjust the angle, turn on the ion gun power supply. [2.4.4-MED] Adjust 'Emission' control to 20 milliamps. [2.4.5-CU]
2.4.1.  Talent manipulating x-y-z stage controls, possibly shot over the shoulder. One goal is to demonstrate where the controls are

2.4.2. Talent manipulating rotational controls. A goal is to show where these are.

2.4.3. LAB MEDIA: Figure1A (Video editor: If possible, please alter the figure to show the “Sample” [blue rectangle] with its longest face pointing to approximately “11 o'clock”, toward the symbol for the doser. At the least, please indicate that the sample should point in that direction.) {Comment: Figure1A_V1 is provided where sample is rotated}
2.4.4. Talent turning on ion gun power supply

2.4.5. Power supply meter/display as it is adjusted to 20 mA

2.5. Observe the sample through the viewport while fine-adjusting its angle. [2.5.1-MED] The goal is to have the mirror image of the ion gun filament visible on the sample surface. [2.5.2-CU] Once fine-adjustment is complete, change the ion gun power supply setting for the 'Beam energy' to 800 electron volts. [2.5.3-CU] Next, at the bottom of the chamber, close the N-E-G pump gate valve. [2.5.4-MED/WIDE-TXT] Use a variable leak valve to introduce 6 millipascal argon gas into the chamber. [2.5.5-MED/WIDE]

2.5.1. Talent looking through port and making fine adjustments

2.5.2. Image through port of ion filament image on sample surface 

2.5.3. Ion power supply beam energy being adjusted to 800 electron volts

2.5.4. Talent closing valve [TEXT: NEG​–Non-evaporable getter]

2.5.5. Talent introducing argon using valve  Added shot 2.5.5.-B: Ion gauge showing pressure increasing to 6 millipascal.
2.6. For a sputter ion current reading, consult a the digital tester connected between the sample and ground. [2.6.1-MED/WIDE] Confirm that the sputter ion current is around 2 microamps for the 10 minute duration of the sputter. [2.6.2-CU] Stop the sputtering by closing the variable leak valve and turning off the ion gun power supply. [2.6.3-WIDE] Continue preparations by bringing liquid nitrogen to the manipulator and adding about 100 milliliters to the cryostat. [2.6.4-MED/WIDE]

2.6.1. Talent turning attention from last step to checking digital tester

2.6.2. Readout of digital tester showing about 2 microamps {Comment: 2.6.1. and 2.6.2. were shot together in a single panning camera angle.}
2.6.3. Talent(s) taking steps to stop ion sputtering (closing valve and turning off ion gun power supply)

2.6.4. Talent (arriving) at manipulator with liquid nitrogen, then filling cryostat with it

2.7. Stay at the manipulator to make electrical connections for annealing. [2.7.1-MED] Connect the filament heater leads to the heater power supply. [2.7.2-CU/MED-TXT] Also, connect the thermocouple feedthrough to a digital tester to monitor the temperature. [2.7.3-CU/MED-TXT] Ground the filament by connecting it to the chamber body. [2.7.4-CU/MED-TXT] Finally, connect the sample contact to the bias voltage power supply. [2.7.5-CU/MED-TXT]

2.7.1. Talent at manipulator, prepared to begin making electrical connections {Comment: 2.7.1 was shot together with 2.7.2.}
2.7.2. The manipulator with the various connection points in sight as wires are attached to the heater leads (end with talent hands out of frame)[TEXT: Filament heater connects to heater power supply.]

2.7.3. Continue with the same perspective as previous shot (as close as possible to keep the viewer oriented). Wires being attached to the thermocouple feedthrough (end with talent hands out of frame)[TEXT: Thermocouple connects to digital tester]

2.7.4. Continue with the same perspective as previous shot (as close as possible to keep the viewer oriented). Wire being attached to filament (end with talent hands out of frame)[TEXT: Ground via with chamber body]

2.7.5. Continue with the same perspective as previous shot (as close as possible to keep the viewer oriented). Wires being connected to sample contact. [TEXT: Sample contact connects to bias voltage power supply]

2.8. At this point, set up the high voltage power supply. [2.8.1-WIDE/MED] Apply a sample bias of 1 kilovolt. [2.8.2-CU] Proceed to anneal the sample at 1000 K and oxidize it at 750 K. [2.8.4-WIDE]

2.8.1. MED/WIDE Talent moving to power supply

2.8.2. Detail of power supply as talent adjusts sample bias voltage; ideally meter will be shown to register 1 kV

2.8.3. WIDE Talent acting in manner consistent with performing annealing, possibly looking through viewport [TEXT: See text protocol for details of annealing and oxidation.]

2.9. After annealing and oxidation, prepare to do low energy electron diffraction on the sample. [2.9.1-WIDE/MED] Observe the diffraction pattern and look for a clear structure with bright spots and low background noise, as in this example; be prepared to repeat the sputtering, annealing, oxidation, and reduction steps as necessary. [2.9.2-LM]
2.9.1. WIDE/MED Talent preparing to do diffraction study    2.9.1.-B  Added shot: Talent adjusts LEED controller settings
2.9.2. LAB MEDIA: JoVE-NRA-Wilde-Figure3.pdf  Added shot: LEED pattern filmed as electron energy is adjusted (spots move and vary in brightness)
2.10. The next step is to align the nitrogen ion beam to the single crystal target for nuclear reaction analysis. [2.10.1-WIDE] Center the sample in the x-y plane and adjust the z position to the height of the mass spectrometer front aperture. [2.10.2-MED] Rotate the sample back to face the beam line.[2.10.3-CU] 

2.10.1. Talent getting into position

2.10.2. Talent working to position the sample

2.10.3. Sample viewed through viewport as it is rotated to face the beam line
2.11. Next, lower the sample holder to put the beam profile monitor into position for nuclear reaction analysis. [2.11.1-CU] Set a digital camera on the window flange to transmit beam profile images to the control room. [2.11.2-MED] Return to the manipulator and remove all electrical contacts to the sample. [2.11.3-MED] After this, attach the sample current line. [2.11.4-CU-TXT]

2.11.1. Sample viewed through viewport as it is lowered

2.11.2. Talent securing camera in place at viewport

2.11.3. Talent at manipulator removing contacts

2.11.4. Talent connecting sample current line [TEXT: Sample current line connects to control room current integrator]
2.12. Now, prepare for introducing the ion beam. [2.12.1-WIDE] Set the electrostatic deflector voltage on the beam line to 8500 volts. [2.12.2-CU]  Enter the control room to continue. [2.12.3-WIDE-TXT] There, switch the current integrator from 'Standby' mode to 'Operate'. [2.12.4-CU]

2.12.1. Talent moving to deflector voltage power supply 

2.12.2. Deflector voltage power supply as talent sets its value; ideally value will be visible

2.12.3. Talent in control room, moving to instrumentation. This shot will be reused. [TEXT: The beam line has been properly prepared.] 

2.12.4. Current integrator as talent switches it from stand-by to operate

2.13. This schematic represents a portion of the accelerator beam line before the ion beam is steered to the different experiment beam lines; the experiment beam lines are also represented. [2.13.1-LM] There are four components that are important for this protocol. BM03 (Voice talent: Said “B-M-zero-3”; pronounce the rest in a similar fashion) is a bending 90o sector magnet; it selects the ion beam energy at the start of the during depth profile profiling. [2.13.2-LM] FC04 is a Faraday cup that can be inserted into the beam to read the ion beam current and prevent the beam from reaching the sample. [2.13.3-LM] MQ04 is a magnetic quadrupole lens used to focus the beam onto the sample. [2.13.4-LM] And BM04 is another a bending magnet that directs the beam into the beam lines. [2.13.5-LM]

2.13.1. LAB MEDIA: Accelerator (Authors: Please provide a simple schematic of the accelerator beam line with BM03, BM04, FC04, and MQ04 depicted and labeled, as well as the BL-1E and BL-2C. Use the filename “Accelerator”) {Comment: Figure file provided.}
2.13.2. LAB MEDIA: Accelerator (Video editor: Please highlight BM03)

2.13.3. LAB MEDIA: Accelerator (Video editor: Please highlight FC04)

2.13.4. LAB MEDIA: Accelerator (Video editor: Please highlight MQ04)

2.13.5. LAB MEDIA: Accelerator (Video editor: Please highlight BM04)
2.14. Take steps to adjust the ion beam energy and direct the beam onto the target in the vacuum chamber. [2.14.1-WIDE] Set the MQ04 magnetic quadrupole lens XCC and the YCC lens parameters to approximately focus the beam.  [2.14.2-CU-TXT] Open the gate valves between the accelerator and the beam line and then open the Faraday cup, FC04. [2.14.3-LM] Use the monitor to observe the ion beam profile on the quartz plate in the target chamber. [2.14.4-CU]

2.14.1. Talent at controls to adjust beam energy and focus

2.14.2. Relevant control panel as talent changes parameters [TEXT: XCC=4.64 A; YCC=5.15 A]

2.14.3. LAB MEDIA: Accelerator (Video editor: Please highlight the path of the beam along the main trunk of the accelerator and into the branch labeled BL-1E)

2.14.4. Monitor showing the ion beam profile before it is well-focused. Please do the best you can. If possible, record their signal (assuming JoVE format standards can be met); if not, record the screen. {Comment: Filmed from the screen.}
2.15. With this feedback, fine tune the bending magnet BM04 and the magnetic quadrupole lens settings. [2.15.1-MED] The goal is to obtain a well-focused ion beam in the center of the profile monitor plate. [2.15.2-CU] Close the Faraday cup and record the parameters before returning to the beam line.[2.15.3-WIDE]

2.15.1. MED

2.15.2. Monitor showing ion beam profile as it transitions to well-focused. Again, if possible, record their signal; if not, record from the monitor. {Comment: Filmed from the screen.}
2.15.3. Talent preparing to return to beam line
3. Surface Hydrogen Nuclear Reaction Analysis Measurements 
3.1. Back on beam line 1-E, use the filament heater to flash-heat the Palladium sample to 600 K. [3.1.1-WIDE] Then, set the filament heater to about 3.6 amps to maintain the sample temperature at 145 Kelvin. [3.1.2-CU-TXT]  Isolate the chamber from the accelerator and NEG pump before exposing the sample to 2000 Langmuirs of hydrogen at 145 Kelvin. [3.1.3-MED/WIDE-TXT]
3.1.1. Talent at power supply

3.1.2. Filament heater control as it is being set [TEXT: Temperature is controlled in conjunction with liquid nitrogen cryostat.]

3.1.3. Talent working to isolate sample and expose it to hydrogen [TEXT: 1 Langmuir (L) = 1.33x10-4 Pa x 1 s, a unit of gas exposure.]
3.2. Turn off the filament heater, and when the temperature reaches 80 K, adjust the hydrogen background pressure to be one micro-Pascal. [3.2.1-MED] Back in the control room, arrange for the nitrogen ion beam to have the desired starting energy. [3.2.2-MED/WIDE] For this experiment, ensure that Faraday cup 04 registers a beam current of 10–20 nanoamps.

3.2.1. Talent adjusting the hydrogen pressure    3.2.1.-B Added Shot: Ion gauge reading increases to 1 micro-Pascal.
3.2.2. Talent working at controls for setting energy

3.2.3. LAB MEDIA: Accelerator (Video editor: Please highlight FC04 and add text “Beam current: 10–20 nA”)

3.3. Next, enter the parameters for the energy scan and the acquisition time into the control software before starting automated data acquisition. [3.3.1-MED] These are typical parameter values for BM03 to control the energy scan. Values are given for selecting the initial energy, the final energy, and the change in energy with each step. The acquisition time for the experiment is 50 seconds. [3.3.2-TXT]  

3.3.1. Talent at computer entering parameters 

3.3.2. TEXT ON SCREEN [5 lines, delimited by semicolons]: BM03 Values for Energy Scan; START: 5530 Gauss; STOP: 5600 Gauss; STEP: 1 Gauss; Acquisition time for ~15 nA beam: 50 s {Comment: Entering the parameters of 3.3.2. has been filmed from the PC monitor}
4. Bulk and Interface Hydrogen Nuclear Reaction Analysis: Preparation and Measurement
4.1. Measurements of bulk and interface hydrogen are done on beam line 2-C. [4.1.1-WIDE] This manipulator has been removed from the beam line and is ready with a new sample in the sample holder. [4.1.2-CU] For these measurements, the sample is a thin film of silicon dioxide on a silicon 1-0-0 surface. [4.1.3-LM] With the sample aligned parallel to the transfer tube axis, tighten the clamp screws to secure it in place. [4.1.4-CU/MED] Retract the sample into the transfer tube and secure it with the locking screw. [4.1.5-CU/MED]
4.1.1. Beam line BL-2C to provide context

4.1.2. Manipulator on bench, with sample in holder (unretracted)

4.1.3. LAB MEDIA: Silicon_dioxide_sample (Authors: Please provide an image of a sample used for this part of the experiment to orient the viewer. Use the filename Silicon_dioxide_sample.)
4.1.4. Detail of sample showing its orientation with respect to transfer tube as it is being secured in place

4.1.5. Sample being retracted into transfer tube and being secured  {Comment: 4.1.4. filmed together with 4.1.5 in one shot.}
4.2. Move the manipulator to its position on the beam line and reinstall it on the gate valve. [4.2.1-WIDE] When the system is ready, lower the sample into position for the NRA measurement. [4.2.2-MED-TXT] As in this schematic, align the sample surface normal to the incident beam; use a beam line camera and monitor for this purpose.

4.2.1. Talent at beam line, installing manipulator

4.2.2. Talent lowering sample into position [TEXT: Assembly has been evacuated to 2–3x10-3 Pa.]

4.2.3. LAB MEDIA: Figure2A (Authors: Please provide panel A of Figure 2 separately. Use the filename Figure2A.)
4.3. At the manipulator head, connect the sample current line to the control room current integrator. [4.3.1-CU] Move to the control room to continue. [4.3.2-WIDE/REUSE] Coarsely align the beam by setting the bending magnet and the magnetic quadrupole lens parameters.[4.3.4-MED-TXT]

4.3.1. Manipulator head as the sample current line is connected

4.3.2. REUSE 2.12.3

4.3.3. Talent adjusting relevant parameters for coarse alignment. It may be possible to reuse 2.14.1, but the controls are different.  [TEXT: Current integrator is on; FC04 is open] 
4.4. Observe the beam profile on the profile monitor while further optimizing the parameters for beam transmission and keeping profile on target.[4.4.1-CU] Next, set the BM03 parameter to determine the starting beam energy for the scan. [4.4.2-CU] At the computer, enter the desired parameters for the energy scan and start the automated scan of energy to acquire a depth profile. [4.4.3-MED/REUSE]

4.4.1. Beam profile on monitor as the beam parameters are optimized, ending at optimal settings. Again, please do the best you can recording their signal or directly from the monitor {Comment: Filmed from the monitor.}
4.4.2. Control and readout for BM03 parameter as talent sets it 

4.4.3. REUSE 3.3.1
5. Results: Nuclear Reaction Analysis Hydrogen Depth Profiles for Single Crystal Palladium and from Silicon Dioxide Films on Silicon
5.1. This near-surface depth profile is from single crystal palladium that has had its 1-1-0 surface exposed to hydrogen gas. The experiment was performed in beam line 1-E with a hydrogen background pressure of about 1.3 micro-pascal. The bottom horizontal axis gives the nitrogen ion beam energy. The top axis provides a measure of the depth based on the stopping power of palladium.

5.1.1. LAB MEDIA: JoVE-NRA-Wilde-Figure4.pdf (Video editor: Please point to the bottom and top axes during the third and fourth sentences, respectively.)
5.2. The open symbols correspond to an experiment with palladium that was pre-exposed for in 100 seconds to 2.7 milli-pascal 2000 Langmuirs of hydrogen gas at 145 K; the data were taken at 90 Kelvin. The data profile can be decomposed into a peak at depth zero, in black, and a plateau, in blue. The area of the peak provides information on hydrogen surface density; in this case the coverage is one and a half hydrogens per surface Palladium atom.

5.2.1. LAB MEDIA: continued (Video editor: Please indicate an example of the open symbols in the plot during the first line. During the second line, point to the solid black line and label it “peak at zero depth” during “decomposed into a peak at zero depth, in black”. Maintain that, and point to the blue line toward right of the image [where it is flat] and label it “plateau” during “and a plateau, in blue.” Keep the labels through 5.3.1)

5.3. The plateau reveals that hydrogen has been absorbed into a depth of at least 20 nanometers. The grey and black symbols are for experiments with no pre-dosage of hydrogen; these data were taken at 170 Kelvin. 

5.3.1. LAB MEDIA: continue (Video editor: Please remove the arrows and labels for the peak and the plateau after the first sentence. Then point to examples of the grey and black symbols during the second sentence.)

5.4. These plots represent data from a series of experiments with silicon dioxide on silicon performed in beam line 2-C. As before, the ion energy is shown on the bottom axis; the depth along the top. The position of the interface between the materials is indicated by a vertical dashed line.  All profiles show two peaks, indicating a non-uniform distribution of hydrogen, including hydrogen just a few nanometers in front of the silicon oxide/silicon interface.

5.4.1. LAB MEDIA: Figure5_new (Authors: Please provide a version of manuscript figure 5 without the panel labels (i)–(iii). Ideally, also add a column labeled “Thickness of SiO2 layer” along the right and associate each plot with the thickness of the layer used in the experiment. Use the filename Figure5_new.) (Video editor: If the thicknesses are not given in the figure, please add a column on the right labeled “Thickness of SiO2 layer”. Then, from top to bottom, associate which the graphs the values 19 nm, 30 nm, and 41.5 nm. Please point to an example (or examples) of the dashed vertical lines during the second sentence. )
6. Conclusion (said by authors on camera)
6.1. Fukutani: The experiments in this video demonstrate that the NRA technique can distinguish surface-adsorbed and volume- or interface-absorbed hydrogen in solid targets. NRA furthermore quantifies the hydrogen content at the respective depth locations without destroying the sample material.
6.2. Wilde: Please be aware that especially the temperature and pressure during hydrogen exposure very critically influence the depth distribution of palladium-absorbed hydrogen. If these experimental parameters are changed, hydrogen profiles different from the one shown in this video will likely result.
6.3. Matsuzaki: After watching this video, you should have a good impression of how NRA measurements are performed at the MALT facility to quantitatively determine hydrogen densities on surfaces and/or in the interior of solid materials through nanoscale depth profiling.
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.  
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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