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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____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 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. 2.3, 2.12, 3.4, 3.5, 4.2, 4.3.
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. It is the goodness of the fit. The goodness of the fit critically affects the size distribution to be determined. The steps to follow are: 3.2, 3.3, 3.4, 3.5. 
E.  Will the filming need to take place in multiple locations? (Y/N) __N__

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 use Raman spectroscopy to determine the nanoparticle size distribution in a fast, reliable, and non-destructive way. (Intro)
This is accomplished by first acquiring the Raman spectrum of nanoparticles of interest. (P1: Show the image of the nanoparticles in Figure 3 on the left side and the “Raman Spectroscopy” graph in Figure 3 on the right side.  Label it as shown. Have the graph appear from left to right.)
The second step is to analyze the measurement data and locate the sub-distributions in it using the multi-particle phonon confinement model. (P2: Add the formula from Figure 3 over top of the “Raman Spectroscopy” graph, then fade away the graph.)
Next, the mean size and the width factor of the sub-distributions from the fitted model are determined. (P3: Fade away the formula and show the “Nanocrystal Size Distribution” graph from Figure 3 in its place.)
The final step is to use the obtained parameters to determine the actual size distribution of nanoparticles of interest. (P4: Show the top half of Figure 4 (Parts A and C).)
Ultimately, Raman spectroscopy is used to show that it is possible to determine the nanoparticle size distribution in a fast, reliable and non-destructive way. (P5: Figure 5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
1.1. B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.2. İlker Doğan: The main advantage of this technique over existing methods, like transmission electron microscopy, and x-ray diffraction is that Raman spectroscopy gives quick and reliable results in a non-destructive way, and it is available on demand in most laboratories.  
Protocol (read by voice talent at JoVE): 
2. Raman Spectroscopy of Nanocrystals
2.1. Begin by synthesizing nanocrystals of interest. Deposit the silicon nanocrystals onto a glass substrate using plasma enhanced chemical vapor deposition.  [2.1.1 - MED] Here, silicon nanocrystals are synthesized with an approximate size of 2 to 120 nm and a bimodal distribution in the ranges of 2 to 10 nm and 40 to 120 nm. [2.1.2 - CU]
2.1.1. Talent sets vial of nanocrystals on bench in front of them.

2.1.2. Talent holds tube of nanocrystals up for camera.

2.1.3. Added shot: Talent clamps the glass substrate to a square substrate holder.

2.1.4. Added shot: Talent loads the sample into the load-lock of the deposition system.

2.1.5.  Added shot: Close-up of the sample loading step into the load-lock.

2.1.6. Added shot: Demonstration of the plasma, shutter remover, and no depositions (this will not be used as the deposition was also filmed with the plasma)

2.1.7. Added shot: Transferring the sample in the main deposition vessel.

2.1.8. Added shot: Preparing the plasma. Deposition, and shut down of the plasma (the whole deposition process).

2.1.9. Added shot: Taking the deposited sample out of load lock.

2.1.10. Added shot: Removing the sample from the clamps (last step before going to Raman).

2.2. Next, turn on the laser of the Raman spectroscopy setup and allow it to warm up for approximately 15 minutes in order for the laser intensity to stabilize.[2.2.1 - MED/CU]
2.2.1. *Film as written 
2.3. While the laser warms up, deposit the silicon nanocrystals onto a glass substrate using plasma enhanced chemical vapor deposition according to manufacturer’s specifications. [2.3.1 - MED]Then, load the sample into the measurement chamber. [2.3.2 - CU]   

2.3.1. *Film as written

2.3.2. *Film as written

2.4. Make sure the “Laser” and “Active” lights are off before opening the door in order to be safe from the unwanted illumination of the operating laser. [2.4.1 - MED]
2.4.1. Talent looks at the “Laser” and “Active” lights to ensure they are off.
2.5. Next, press “Door Release” and open the door of the measurement chamber. [2.5.1 - MED]  Place the sample onto the sample holder stage. [2.5.2 - CU]
2.5.1. *Film as written

2.5.2. *Film as written

2.6. Select the 50 x objective and focus on the surface of the nanocrystal powder. [2.6.1 - CU]
2.6.1. *Film as written 

2.7. Then, close the door of the measurement chamber. [2.7.1 - CU]
2.7.1. *Film as written 

2.8. Next, remove the shutter by clicking the “shutter-out” button. [2.8.1 - SCREEN] [2.8.2 - CU/ECU] The “Laser” sign should now flash green and the “Active” sign should blink red. [2.8.3 - MED]
2.8.1. Video Screen Capture as talent clicks the “shutter out” button.

2.8.2. Laser turns on and illuminates the sample. 
2.8.3. *Film as written 

2.9. From the live image, fine-tune the focus of the sample using the wheel manipulator [2.9.2 - CU] until the smallest laser spot is observed on the live image. [2.9.1 - SCREEN]
2.9.1. Screen capture video showing the image coming into focus.

2.9.2. Added shot: Wheel manipulator focuses the laser spot.

2.10. Then, from the measurement toolbar, select the new spectral acquisition option. [2.10.1 - SCREEN]
2.10.1. Screen capture video showing the above statement.

2.11. From the pop-up window, set the measurement range to between 150 and 700 per centimeter, set the time for the measurement to 30 seconds, the total number of acquisition at 2, and the percentage of the laser power to 0.5%, based on a 25 mW laser. [2.11.1 - SCREEN]
2.11.1. Screen capture video of the above statement in the order described.

2.12. Next, start the measurement by clicking on the acquisition start button on the menu-bar. [2.12.1 - SCREEN]
2.12.1. Screen capture video showing the above statement.

2.13. After the measurement is finished, put the shutter in by clicking the “shutter in” button. [2.13.1 - SCREEN]
2.13.1. Screen capture video showing the above statement.

2.16
[moved] Save the data as both a w-x-d file and as a t-x-t file. The text file will be used for the analysis of the experimental data. [2.16.1 - SCREEN]


2.16.1
[moved] Talent saves the data as a .wxd file and then as a .txt file.

2.14. Observe that the lights of the “Laser” and the “Active” are turned off. [2.14.1 - MED]
2.14.1. *Film as written  
2.15. Then, press door release, and open the door of the measurement chamber. [2.15.1 - MED/CU]
2.15.1. *Film as written in the order described
2.16. [moved] Save the data as both a w-x-d file and as a t-x-t file. The text file will be used for the analysis of the experimental data. [2.16.1 - SCREEN] 
2.16.1. [moved] Talent saves the data as a .wxd file and then as a .txt file.

2.17. Then, measure a bulk reference of the nanomaterial by repeating this process using a reference sample.  [2.17.1 - CU] From the peak position of the bulk material, estimate the relative shift. [2.17.1 - SCREEN]
2.17.1. Talent loads bulk reference into sample holder.

2.17.2. Screen capture video of talent using data to estimate the relative shift.
2.18. Finally, measure the signal from a bare glass substrate to use in correcting any background signal that may arise. [2.18.1 - CU] 
2.18.1. Talent removes the bulk reference and loads the bare substrate into the sample holder.

3. Determining the Size Distribution of the Nanocrystals
3.1. First, open the text files of the measurements for the nanocrystal measurement, and the bulk reference. [3.1.1 - SCREEN]
3.1.1. Screen capture video as talent opens the files in the correct program.
3.2. Before plotting the data, smooth them using cubic spline, and normalize the data to 1 at their highest peak positions in order to have a good comparison of the relative peak shifts. [3.2.1 - SCREEN]
3.2.1. Screen capture video as talent performs the above step.
3.2.2. Added shot: Smoothing with cubic spline.
3.2.3. Added shot: Normalizing the data.
3.3. Plot the silicon nanocrystal and reference silicon data, determine the peak position of reference silicon, and estimate the amount of the shift, if any, from the actual peak position of 521 cm-1. Then save the processed silicon nanocrystal data as a .txt file.  [3.3.1 - SCREEN]
3.3.1. Screen capture video as talent performs the above step.

3.3.2. Added shot: Saving the data as .txt file
3.6
[moved] For the fitting procedure, first import the normalized and corrected data as the input for the non-linear fitting model using the "Import" command.   [3.6.1 - SCREEN]

3.6.1
[moved] Screen capture video as talent performs the above step.
3.4. Then, start the fitting procedure. For the fitting procedure, type the fitting function shown here into an analysis program such as Mathematica. [3.4.1 - SCREEN - LM]
3.4.1. Screen capture as talent types in highlights the function from Figure 2a into Mathematica (Video Editor: Overlay Figure 2a onto the screen)
3.5. Ensure that the interval for skewness is between 0.1 and 1.0, and the mean size interval is between 2 nm and 20 nm. [3.5.1 - SCREEN]
3.5.1. Screen capture video as talent performs the above step.
3.6. [moved] For the fitting procedure, first import the normalized and corrected data as the input for the non-linear fitting model using the "Import" command.   [3.6.1 - SCREEN] 
3.6.1. [moved] Screen capture video as talent performs the above step.

3.7. Press “Shift+Enter” to perform the fitting procedure. After that, insert the obtained values for the mean size and the skewness in the pre-defined generic distribution function shown here. [3.7.1 - SCREEN - LM - TXT]
3.7.1. Screen capture video as talent performs the above step. (Video Editor: Show Figure 2b on screen along with text. Rewrite the equation to match the inserted text.) (TEXT: Mean Size = DO, Skewness = σ)

3.8. Finally, highlight the size distribution equation shown here and plot the size distribution from 2 to 15 nm using the "Plot" command as the lower and upper limits of the distribution. [3.8.1 - SCREEN]
3.8.1. May Screen capture video as talent performs the above step. 

4. Results: Raman Spectroscopy Accurately Measures Particle Size
4.1. The particles in the sample shown here were measured via transmission electron microscopy and were found to have a bi-modal size distribution of nano-particles.  The small nano-particles were between 2 and 10 nm and the large nano-particles were between 40 and 120 nm.  [4.1.1 - LM]
4.1.1. Figure 3 (Video Editor: Show the middle image of the particles.  Add the words “Small Particles: 2-10 nm” and “Large Particles: 40-120 nm” when mentioned.)
4.2. The analysis of the Raman spectrum reveals that the size distribution of small particles are indeed in the range of 2-10 nm. The distribution was found to be lognormal with a mean size of 4.2 nm, and with a skewness of 0.27. [4.2.1 - LM]
4.2.1. Figure 3 (Video Editor: Remove the text from the previous step and add the rest of Figure 3.  Add the square describing mean size and skewness when mentioned.)
4.3. Raman spectroscopy is an ideal method to measure the slight size difference of silicon nanoparticles formed using two different flow rates of silane. [4.3.1 - LM] When the flow rate was increased from 3 standard cubic centimeters per second to 10, the average particle diameter dropped and the skewness slightly increased.[4.3.2 - LM]
4.3.1. Figure 4a-b (Video Editor: Add the flow rates as labels above the images (3 sccm SiH4, and 10 sccm SiH4)

4.3.2. Figure 4a-d (Video Editor: Highlight the Do and σ portion of the legend with mention of the diameter and skewness respectively.) 
5. Conclusion (said by authors on camera) 
5.1. İlker Doğan: Once mastered, this technique can be done in just a few minutes if it is performed properly. 
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.  

1. Video capture of the Raman measurement of silicon nanocrystals (File name: 20150511_1413_30)
The steps are mentioned according to the updated protocol sequence from the author. The corresponding times are the sections, where the steps were explained.


2.9.2.: 00:22-00:42


2.11.1.: 00:42-01:08


2.12.1.: 01:09-04:34


2.13.1.: 04:36-04:55


2.14.1.: 04:55-05:00

2. Video capture of the processing of measured data before size distribution fitting (File name: 2015-05-13_14-25-02). Steps are mentioned according to the updated protocol sequence from the author.

3.1.1.: 00:00-00:16

3.2.2.: 00:22-01:05

3.2.3.: 01:06-01:26

3.3.1.: 01:26-04:16

3.3.2.: 04:19-05:04

3. Video capture of the fitting for determination of the size distribution (File name: 2015-05-13_14-42-12). Steps are mentioned according to the updated protocol sequence from the author.

3.4.1.: 00:10-00:20
3.5.1.: 00:20-00:27

3.6.1.: 00:00-00:10

3.7.1.: 00:40-01:20

3.8.1.: 01:22-02:20
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.
( 2013, Journal of Visualized Experiments


