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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 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 by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. (2.7), (3.1-3.5), (5.1-5.3)_____________
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 to be filmed by their protocol numbers. (Please do not list an entire section.) __(5.2)________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________ 
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 this synthetic method to produce reduced graphene oxide using visible light with plasmonic nanoparticles at room temperature is to give a simple, chemical free, and energy efficient method for reduced graphene oxide preparation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Kumar: This method can help answer key questions in the plasmonic nanoparticle assisted photocatalytic reduction of graphene oxide field, such as how the reaction progress has strong dependence on the structures of plasmonic nanoparticles, including spherical gold nanoparticles, gold nanorods, and gold nanostars [1.1.1 – MED]. 
1.1.1. Talent speaks toward the camera, interview style.
1.2. Dr. Kumar: The main advantage of this technique is the use of visible light with plasmonic nanoparticles for reduced graphene oxide preparation, which shows excellent quenching properties over the fluorescent molecules modified on ssDNA and excellent fluorescence recovery [1.2.1 – MED].   
1.2.1. Talent speaks toward the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dr. Kumar: Though this method can provide insight into quenching properties over the fluorescent molecules modified on ssDNA and excellent fluorescence recovery, it can also be applied to other systems, such as biosensing applications [1.3.1 – MED].

1.3.1. Talent speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Graphene Oxide preparation using modified Hummer’s method
2.1. To prepare the graphene oxide, add 3.0 grams of graphite flakes to a mixture of concentrated sulfuric acid and phosphoric acid at room temperature [2.1.1 – MED].
2.1.1. Talent adds 3.0 grams of graphite flakes to a mixture of concentrated sulfuric acid and phosphoric acid.
2.2. Then, add 18.0 grams of potassium permanganate slowly with stirring and cooling in an ice bath to maintain the temperature of the reaction mixture at less than 35 degrees Celsius [2.2.1 – CU].
2.2.1. Solution stirring and cooling in an ice bath as talent adds slowly 18.0 grams of potassium permanganate.  
2.3. After stirring the reaction for 12 hours at 50 degrees Celsius, cool to room temperature [2.3.1 – MED-over the shoulder].  Then, pour the reaction mixture onto 400 milliliters of ice containing 30 % hydrogen peroxide [2.3.2 – CU].
2.3.1. Talent takes the reaction off the heat to let it cool to room temperature.
2.3.2. Beaker of ice containing 30 % hydrogen peroxide as talent pours the reaction mixture there.
2.4. Filter the reaction mixture using a metal U.S. Standard testing sieve to remove unreacted graphite [2.4.1 – MED-over the shoulder].  Then, centrifuge the filtrate and remove the supernatant [2.4.2 – MED].
2.4.1. *Film as written.
2.4.2. Talent places the filtrate into the centrifuge, shuts lid and starts the run.  TEXT Overlay: 4722 x g speed for 2 hr
2.5. Following centrifugation, add 200 milliliters of water to the pellet and centrifuge again [2.5.1 – CU].  Repeat this centrifugation step with 200 milliliters of 30% hydrochloric acid, 200 milliliters of ethanol, and distilled water until the pH of the solution reaches 5.0 to 6.0 [2.5.2 – MED-over the shoulder].
2.5.1. Pellet as talent resuspends in 200 milliliters of water.
2.5.2. Talent checks the pH of the solution following these steps showing it is 5.0-6.0.   
2.6. Lyophilize the graphene oxide solution to produce a fluffy graphene oxide powder [2.6.1 – CU].
2.6.1. Talent displays the lyophilized powder to the camera. 
2.7. To make the nanosized graphene oxide solution, dissolve 20 milligrams of graphene oxide powder in 40 milliliters of triple distilled water [2.7.1 – MED-over the shoulder].  Then, exfoliate by prolonged sonication until the entire size distribution becomes below 150 nanometers [2.7.2 – CU].
2.7.1. Talent dissolves 50 20 milligrams of graphene oxide powder in 100 40 milliliters of triple distilled water.
2.7.2. Solution as talent starts it sonicating.  TEXT Overlay:  35% amplitude, 500 W, 2 hr
2.8. Next, centrifuge the solution two times to remove the un-exfoliated large graphene oxide sheet precipitates [2.8.1 – MED or WIDE].
2.8.1. Talent centrifuges the solution.  TEXT Overlay:  10,625 x g speed, 15 min
3. Preparation of Gold Nanorods
3.1. To prepare gold nanorods, first formulate the seed solution by adding a freshly prepared 0.6 milliliter ice-cold solution of sodium borohydride (pronounced as “bawr-uh-hahy-drahyd”) into an aqueous mixture of 0.25 milliliters of chloroauric (pronounced as “klawr-uh awr-ik”) acid, and 9.75 milliliters of cetyltrimethylammonium (pronounced as “set-uh l try-meth-uh l uh-moh-nee-uh m”) bromide [3.1.1 – MED]/[3.1.2 – CU].
3.1.1. Talent motions to pour 0.6 milliliter ice-cold solution of sodium borohydride solution into an aqueous mixture.  Continue action in next shot.  Use labeled containers. TEXT Overlay: 0.01M NaBH4, 0.01 M HAuCl4, 0.1 M CTAB
3.1.2. Aqueous mixture as talent pours 0.6 milliliter ice-cold solution of sodium borohydride solution there.  TEXT Overlay: 0.01M NaBH4, 0.01 M HAuCl4, 0.1 M CTAB
3.2. Stir the resulting mixture vigorously for 30 seconds and keep it at 28 degrees Celsius for 3 hours [3.2.1 – MED-over the shoulder]. 
3.2.1. Talent stirs the resulting mixture vigorously.
3.2.2. Added shot: The mixture then placed at 28 ºC for 3 h.
3.3. Prepare the growth solution by mixing 475 milliliters of CTAB (pronounced as C-tab”), 3 milliliters of silver nitrate and 20 milliliters of chloroauric acid [3.3.1 – MED].
3.3.1. *Film as written.  TEXT Overlay:  0.1 M CTAB, 0.01 M AgNO3, 0.01 M HAuCl4  
3.4. Then add 3.2 milliliters of freshly prepared ascorbic acid to the mixture followed by the addition of 0.8 milliliters of an aqueous hydrochloric acid solution [3.4.1 – CU].
3.4.1. Mixture as talent adds 3.2 milliliters of ascorbic acid and 0.8 milliliters of hydrochloric acid solution to the mixture.  TEXT Overlay:  0.01 M ascorbic acid, 1.0 M HCl 
3.5. In the final step add 3.2 milliliters of seed solution to the growth solution at 28 degrees Celsius and subject the reaction mixture to quick inversion for a few seconds [3.5.1 – MED-over the shoulder].  Following inversion, keep the resulting mixture undisturbed for at least 6 hours [3.5.2 – CU].
3.5.1. Talent adds seed solution to the growth solution and subjects the reaction mixture to quick inversion.
3.5.2. Resulting solution as talent leaves on bench undisturbed.
3.6. Analyze the prepared gold nanorods with Ultraviolet-Visible spectroscopy for absorption maxima at 730 nanometers, and with transmission electron    microscopy analysis for an aspect ratio confirmation of 3.5 [3.6.1 – MED-over the shoulder].
3.6.1. Talent measures the absorption of the gold nanorods at 730 nm.
3.6.2. Added shot: The absorption measurement figure (Figure 3.6, at the end of script)

4. Preparation of Gold Nanostars
4.1. To prepare gold nanostars, mix 20 milliliters of phosphate buffer with 30 milliliters of HEPES buffer [4.1.1 – MED].
4.1.1. *Film as written.  TEXT Overlay:  100 mM Phosphate buffer, 100 mM HEPES buffer, see text for preparation
4.2. Then add 500 microliters of 20 milliMolar hydrogen tetrachloroaurate (pronounced as “te-truh-klawr-uh awr-ate”) to the mixture and keep at 28.5 degrees Celsius for 30 minutes in a water bath [4.2.1 – MED – over the shoulder].  Solution color change from light yellow to greenish blue can be observed after 30 minutes [4.2.2 – CU].
4.2.1. Talent adds 500 microliters of 20 milliMolar Hydrogen tetrachloroaurate to the mixture.  Use labeled containers.
4.2.2. Solution as the color changes from a light yellow to greenish blue.  If this can’t be captured, film the greenish blue solution.
4.3. Next, centrifuge the solution at 8928 x g for 30 minutes and disperse the precipitates in distilled water [4.3.1 – MED].
4.3.1. Talent places the solution into the centrifuge, shuts lid and starts the run.
4.4. Finally, analyze the prepared gold nanostars with Ultraviolet-Visible spectroscopy for absorption maxima at 740 nanometers, and with transmission electron microscopy analysis for particle size confirmation of 30 nanometers [4.4.1 – WIDE].
4.4.1. Talent measures the absorption of the gold nanostars at 740 nm. 
4.4.2. Added shot: The absorption measurement figure (Figure 4.4, at the end of script)
5. Preparation of reduced graphene oxide using visible light and gold nanoparticles 
5.1. To prepare reduced graphene oxide, first add 1 milliliter of plasmonic nanoparticles and 100 microliters of ammonium hydroxide to 10 milliliters of graphene oxide solution placed in a Pyrex glass reactor equipped with a water-circulating jacket [5.1.1 – MED-over the shoulder]/5.1.2 – CU]. 
5.1.1. Talent adds plasmonic nanoparticles to graphene oxide solution placed in a pyrex glass reactor equipped with a water-circulating jacket.  Use labeled containers.  Continue action in next shot.
5.1.2. Talent adds ammonium hydroxide to graphene oxide solution placed in a pyrex glass reactor equipped with a water-circulating jacket.  Use labeled containers.  
5.2. Irradiate the mixture with a xenon lamp for 30 minutes with water circulation through a water-circulating jacket to maintain the temperature at 25 degrees Celsius [5.2.1 – MED-over the shoulder].  Then, centrifuge the solution at 10,625 x g for 15 minutes to remove the gold nanoparticles [5.2.2 – MED].
5.2.1. Talent turns the xenon lamp.  TEXT Overlay:  power density of 1.56 W cm-2
5.2.2. Talent places the solution into the centrifuge and turns on.
5.3. Take the supernatant containing the prepared reduced graphene oxide to analyze on an Ultraviolet-Visible spectrophotometer in the range of 200 to 900 nanometers [5.3.1 – CU].  
5.3.1. Sample as talent removes the supernatant.
5.4. For target DNA detection, first quench fluorescence by adding 20 microliters of Cy3 (pronounced as “sigh-three”) -modified single-stranded DNA [5.4.1 – MED-over the shoulder] into the graphene oxide solution or reduced graphene oxide solution [5.4.2 – CU].
5.4.1. Talent uses a pipette to remove 20 microliters of Cy3-modified ssDNA from a labeled container.  TEXT Overlay:  see text for Cy3-modified ssDNA
5.4.2. Labeled graphene oxide or reduced graphene oxide solutions as talent adds the Cy3-modified ssDNA to each of them.  TEXT Overlay:  GO solution = 25 µL of GO in 1,955 µL of 0.3 M PBS, rGO solution = 25 µL of rGO in 1,955 µL of 0.3 M PBS
5.5. After incubating for 10 minutes at room temperature, measure the fluorescence intensity of these samples with the spectro fluorometer [5.5.1 – MED]. 
5.5.1. Talent measures the fluorescence intensity with the spectro fluorometer.  TEXT Overlay:  λex = 529 nm
5.6. Add 200 microliters of the target oligonucleotide solution in three different concentrations into the graphene oxide or reduced graphene oxide solution for the fluorescence recovery experiment as referenced in the text protocol [5.6.1 – CU]. 
5.6.1. Labeled graphene oxide or reduced graphene oxide solutions as talent adds 200 microliters of the target oligonucleotide solution in three different concentrations from labeled containers.  TEXT Overlay:  see text for the target oligonucleotide solution
6. Results: Evaluation of r-GO preparation by visible light irradiation
6.1. The structural changes in the reduced graphene oxide were analyzed by x-ray diffraction.  Disappearance of the graphene oxide peak at 10.2 clearly indicated the formation of reduced graphene oxide [6.1.1 – LM].
6.1.1. 53108_Lim_Figure 4A – Authors, please provide a separate version of figure 4A without the a label for the video.  Editors, please highlight (or bring in an arrow to point out) the peak at 10.2 in the blue curve as narrated.
6.2. The D peak to G peak intensity ratios were measured by Raman analysis for both graphene oxide and reduced graphene oxide produced by a chemical method or a light-induced method, with or without nanoparticles, to qualitatively demonstrate the structural changes in the reduced graphene oxide [6.2.1 – LM].
6.2.1. 53108_Lim_Figure 4B – Authors, please provide a separate version of figure 4B without the b label for the video. 
6.3. Shown here are the summarized fluorescence emission spectra of Cy3-modified DNA after incubating with graphene oxide or reduced graphene oxide solutions [6.3.1 – LM]. 
6.3.1. 53108_Lim_Figure 6A – Authors, please provide a separate, layered version of figure 6A without the a label for the video.  
6.4. The decreased intensity indicates the efficient quenching efficiency of graphene oxide [6.4.1 – LM]… and reduced graphene oxide [6.4.1 – LM]. [2 takes in case you don’t want “efficient quenching efficiency”]  
6.4.1. 53108_Lim_Figure 6A - Editors, please highlight the top black curve and black line in the legend.  Keeping the highlight on the black, also highlight the top red curves and the red line in the legend as “graphene oxide” is narrated.
6.4.2. 53108_Lim_Figure 6A - Editors, keeping the highlight on the black (but not on the red), also highlight the top blue and teal lines in the inset and the blue and teal lines in the legend as “reduced graphene oxide” is narrated.
6.5. The reduced graphene oxide prepared with gold nanoparticles and visible light showed the most efficient quenching efficiency [6.5.1 – LM].  
6.5.1. 53108_Lim_Figure 6A - Editors, please highlight the bottom pink curve in the inset.
6.6. The results indicate that the reduced graphene oxide prepared using visible light and plasmonic nanoparticles have comparable physical properties to chemically reduced graphene oxide [6.6.1 – LM].  
6.6.1. 53108_Lim_Figure 4A, 53108_Lim_Figure 4B, 53108_Lim_Figure 6A - Editors, please show these 3 figures adjacent to each other.
7. Conclusion (said by authors on camera)

7.1. Dr. Lim: After watching this video, you should have a good understanding of how to prepare reduced graphene oxide by a simple method using plasmonic nanoparticles and visible light [7.1.1 – MED].
7.1.1. Talent speaks toward camera, interview style.
7.2. Dr. Lim: Once mastered, this technique can be done in 30 minutes if it is performed properly.  While attempting this procedure, it’s important to remember graphene oxide synthesis steps using Hummer's method and the graphene oxide reduction step using visible light with nanoparticles [7.2.1 – MED].
7.2.1. Talent speaks toward camera, interview style.
7.3. Dr. Kumar: After its development, this technique paved the way for researchers in the field of graphene oxide reduction to explore the effect of plasmonic nanoparticles in visible light [7.3.1 – MED].
7.3.1. Talent speaks toward camera, interview style.
7.4. Dr. Kumar: Don't forget that working with concentrated sulfuric acid and phosphoric acid can be extremely hazardous and precautions such as using fume hood, wearing hand gloves and mask should always be taken while performing this procedure [7.4.1 – MED].   

7.4.1.    Talent speaks toward camera, interview style.
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.  

Insert your media filenames here.

53108_Lim_Figure 4A – Authors, please provide a separate version of figure 4A without the a label for the video.  
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53108_Lim_Figure 4B – Authors, please provide a separate version of figure 4B without the b label for the video. 
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53108_Lim_Figure 6A – Authors, please provide a separate, layered version of figure 6A without the a label for the video.  
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Figure 3.6
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Figure 4.4
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