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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N  
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 3, 4, 7, 8
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.3, 3.3, 4.2, 7.1
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Weixiang Guan: Functionalized carbon nanomaterials using graphene, carbon nanotubes, carbon nanofibers, and mesoporous carbon materials play an important role in the valorization of biomass due to the tunable porosity, extremely high specific surface area, and excellent hydrophobicity. This protocol demonstrates a general method to tune the acidity of solid acid nanosheet modified platinum carbon nanotubes for biomass valorizations [1].

1.1.1. INTERVIEW: Weixiang Guan says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Chi-Wing Tsang: Acidity of the solid acid can be modified by varying the number of defects, specific area of the carbon nanotube, and types of solid acid nanosheet so that during biomass conversion, the catalyst can be fine-tuned to produce different products depending on different product requirements [1].

1.2.1. INTERVIEW: Chi-Wing Tsang says the statement above in an interview-style shot, looking slightly off-camera.




Section - Protocol
2. Pretreatment of CNTs
2.1. First, immerse 1 gram of carbon nanotubes, or CNTs, in 50 milliliters of nitric acid in a 100 milliliter conical flask [1].
2.1.1. [bookmark: _GoBack]Talent places the carbon nanotubes in a beaker containing nitric acid.
2.2. Sonicate the solution at 25 degrees Celsius for 1.5 hours to remove surface impurities and to enhance the anchoring effect of the catalyst [1]. Then, transfer the solution to a 100 milliliter round bottom flask [2].
2.2.1. Talent places the beaker containing the solution in a sonicator and turns on the sonicator.
2.2.2. Talent transfers the solution from the beaker to a round bottom flask.
2.3. Reflux the solution in a mixture of nitric acid and sulfuric acid at 60 degrees Celsius overnight to create surface defects on the CNTs [1-TXT]. Video Editor: The authors have indicated that this step is important (questionnaire question 4). 
2.3.1. Talent places the round bottom flask in an oil bath placed on a hot plate, attaches a reflux condenser to the round bottom flask, and turns on the hot plate. TEXT: 3:1 65% HNO3:98% H2SO4.
2.4. After cooling to room temperature, filter the solution to obtain the multiwall carbon nanotube solid [1]. Wash the solid once with deionized water [2]. NOTE: Ethanol washing shot was deleted from this step.
2.4.1. Talent pours the solution through a filter.
2.4.2. Talent washes the solid with deionized water. Videographer: Show deionized water and ethanol container labels in frame if possible.
2.5. Dry the solid at 80 degrees Celsius for 14 hours [1]. 
2.5.1. Talent places the solid in an oven.
3. Preparation of HNbWO6 Solid Acid Nanosheets by Protonic Exchange Followed by Exfoliation 
3.1. Mix stoichiometric amounts of lithium carbonate and metal oxides niobium oxide and tungsten trioxide in a molar ratio of 1 to 1 to 2 [1-TXT]. 
3.1.1. Talent adds the reagents to a beaker and manually mixes the contents. TEXT: 0.936 g Li2CO3, 3.3223 g Nb2O5, 5.7963 g WO3.
3.2. Calcine the solid mixture at 800 degrees Celsius in air for 24 hours with one intermediate grinding [1]. 
3.2.1. Talent places the solid mixture in a furnace.
3.3. Following calcination, place 10 grams of the cooled LiNbWO6 (pronounced lithium niobium tungstate) powder in 200 milliliters of a 2 molar nitric acid solution at 50 degrees Celsius and stir the solution for 5 days with one replacement of the acid every 24 hours [1]. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
3.3.1. Talent adds the LiNbWO6 powder to a flask containing the nitric acid solution, places the flask in an oil bath on a hot plate and turns on the hot plate.
3.4. After 5 days, exchange the acid liquid every day and repeat the previous step [1]. 
3.4.1. Talent removes the nitric acid solution from the round bottomed flask and adds fresh nitric acid solution.
3.5. Filter the solid and wash it with deionized water three times [1]. Then, dry the solid at 80 degrees Celsius overnight [2]. 
3.5.1. Talent pours the solution through a filter and adds deionized water to wash the solid.
3.5.2. Talent places the solid in an oven.
3.6. Now, add 25 percent tetra-n-butylammonium hydroxide solution to 150 milliliters of a deionized water solution containing 2 grams of the prepared protonated compound until the pH reaches 9.5 to 10 [1-TXT]. Then, stir the solution for 7 days [2].
3.6.1. Talent adds the tetra-n-butylammonium hydroxide solution to a flask containing the stirring solution of the protonated compound in deionized water and checks the pH of the resulting solution. TEXT: pH 9.5 – 10. Videographer: Show tetra-n-butylammonium) hydroxide solution container label in frame if possible.
3.6.2. Talent observes the stirring solution.
3.7. After 7 days, centrifuge the solution [1]. Collect the supernatant that contains the dispersed nanosheets [2].
3.7.1. Talent places the solution in a centrifuge and closes the centrifuge lid.
3.7.2. Talent collects the supernatant.
4. Preparation of HNbMO6 Solid Acid Nanosheets
4.1. Mix stoichiometric amounts of lithium carbonate and metal oxides niobium oxide and molybdenum trioxide in a molar ratio of 1 to 1 to 2 [1].
4.1.1. Talent adds the reagents to a flask and manually mixes the contents. Videographer: Show reagent container labels in frame if possible.	
4.2. Calcine the solid mixture at 800 degrees Celsius in air for 24 hours with one intermediate grinding [1]. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
4.2.1. Talent places the solid mixture in the furnace.
4.3. After calcination, place 10 grams of the cooled LiNbMoO6 (pronounced lithium niobium molybdate) powder in 200 milliliters of a 2 molar nitric acid solution at 50 degrees Celsius and stir the solution for 5 days with one replacement of the acid at 60 hours [1].  
4.3.1. Talent adds the LiNbMoO6 powder to a flask containing the nitric acid solution, places the flask in an oil bath on a hot plate and turns on the hot plate.
5. Preparation of HTaWO6 Solid Acid Nanosheets
5.1. Mix stoichiometric amounts of lithium carbonate and metal oxides tantalum pentoxide and tungsten trioxide in a molar ratio of 1 to 1 to 2 [1]. Videographer: Show reagent container labels in frame if possible.
5.1.1. Talent adds the reagents to a flask and manually mixes the contents.	
5.2. Calcine the solid mixture at 900 degrees Celsius in air for 24 hours with one intermediate grinding [1].
5.2.1. Talent removes solid mixture from the furnace and manually grinds the mixture.
5.3. Following calcination, place 10 grams of the cooled LiTaWO6 (pronounced lithium tantalum tungstate) powder in 200 milliliters of a 2 molar nitric acid solution at 50 degrees Celsius and stir the solution for 5 days with one replacement of the acid at 60 hours [1].
5.3.1. Talent adds the LiTaWO6 powder to a flask containing the nitric acid solution, places the flask in an oil bath on a hot plate and turns on the hot plate.
6. Preparation of HNbWO6/MWCNTs by the Nanosheet Aggregation Method
6.1. Add 2 grams of the prepared multiwall CNTs to a 100 milliliter solution of the HNbWO6 (pronounced niobium tungstic acid) nanosheets in a 250 milliliter round bottom flask [1]. 
6.1.1. Talent adds the multiwall CNTs to a 250 milliliter flask containing the HNbWO6 solution.
6.2. Add 100 milliliters of a 1 molar nitric acid solution to the round bottom flask dropwise to aggregate the nanosheets samples [1]. Continue to stir the solution at 50 degrees Celsius for 6 hours [2]. 
6.2.1. Round bottom flask with stirring solution as talent adds the nitric acid solution.
6.2.2. Talent turns on the hot plate and observes the stirring solution.
6.3. Following this, filter the solid and wash with deionized water 3 times [1]. Dry the solid at 80 degrees Celsius overnight [2]. On the next day, weigh the dried solid and record the percent loading of the solid acid on the multiwall CNTs [3]. 
6.3.1. Talent pours the solution through a filter and adds deionized water to wash the solid.
6.3.2. Talent places the solid in an oven.
6.3.3. Talent weighs the dried solid and records the percent loading in a laboratory notebook.
7. Preparation of Pt/20HNbWO6/CNTs by the Impregnation Method
7.1. Prepare a 1 g per 100 milliliter solution of chloroplatinic acid in water [1-TXT]. Then, impregnate the as-prepared nanosheet modified CNTs with 1.34 milliliters of the aqueous platinum solution [1]. Video Editor: The authors have indicated that this step is important (questionnaire question 4).
7.1.1. Talent adds chloroplatinic acid into a flask containing water and mixes the contents. TEXT: 1 g /100 mL H2PtCl6∙H2O.
7.1.2. Talent adds the aqueous platinum solution to the nanosheet modified CNTs.
7.2. After drying the nanosheet CNTs, calcinate in air at 400 degrees Celsius for 3 hours [1]. 
7.2.1. Talent places the nanosheet CNTs in the furnace.
7.3. Obtain the niobium tantalum-based solid acid nanosheet modified platinum CNT catalysts [1]. 
7.3.1. Talent removes the catalyst from the furnace.
8. Hydrodeoxygenation of Lignin-derived Aromatic Ether
8.1. Dilute 0.05 grams of catalyst in 5 milliliters of quartz sand. Load the solution in the middle of a fixed bed reactor between two pillows of quartz wool [1].
8.1.1. Talent mixes the catalyst and quartz sand. NOTE: Author will provide photo of this shot
8.1.2. 
8.2. Reduce the catalyst in hydrogen at 300 degrees Celsius for 2 hours [1-TXT].
8.2.1. LAB MEDIA: To be submitted by Author. TEXT: 40 mL/min. Video Editor: Overlay should appear at mention of “hydrogen”. NOTE: Author will provide photo of this step
8.3. Pump the diphenyl ether feedstocks into the fixed bed reactor at different flow rates from 0.05 to 0.06 milliliters per minute [1-TXT]. 
8.3.1. LAB MEDIA: To be submitted by Author. TEXT: 5.0 wt% reactant, 2.0 wt% standard for GC analysis. Video Editor: Overlay should appear at mention of “diphenyl ether feedstocks”. NOTE: Author will provide photo of this step
8.4. Collect the products at different space times defined as the ratio between the mass of catalyst and the flow rate of the substrate [1-TXT]. NOTE: Author will provide photo of this step
8.4.1. LAB MEDIA: To be submitted by Author. TEXT:


8.5. Identify the liquid products using a gas chromatrograph equipped with a 5977A mass selective detector and analyze off-line by gas chromatography [1-TXT].
8.5.1. Talent places samples of the liquid products in the GC instrument and starts the analysis in the computer software. TEXT: See text for column and run conditions.
8.6. Finally, determine the conversion of reactants, selectivity towards product, and yield of product using the appropriate equations [1-TXT].
8.6.1. Talent performs the calculations in a laboratory notebook. TEXT:

         	 	
      		    
             	




	
Section – Results 
9. Results: Characterization of Nanosheet Modified Pt/CNT Catalysts
9.1. The XRD pattern of the precursor LiNbWO6 has three distinctive diffraction peaks, which represent a well-ordered layered structure and is in good agreement with the tetragonal orthorhombic phase observed for LiNbWO6 [1]. After the proton exchange reaction, a diffraction peak at 6.8 degrees was observed, which agreed with the patterns observed in HNbWO6 and indicates the existence of a layered structure [2]. 
9.1.1. LAB MEDIA: Figure 1 – Video Editor: Highlight peaks at 9.5 deg, 26.9 deg and 34.7 deg in the black LiNbWO6 XRD pattern at mention of “three distinctive diffraction peaks”.
9.1.2. LAB MEDIA: Figure 1 – Video Editor: Highlight peak at 6.8 deg in the red HbWO6 XRD pattern.
9.2. The XRD pattern after exfoliation and mixing with CNTs has peaks attributed to C(002) and the (110) and (200) (pronounced carbon’s zero zero two, and the one one zero and two zero zero) lattice plane of the HNbWO6 nanosheets [1]. After exfoliation, the diffraction peak at 6.8 degrees almost entirely disappeared, indicating that the layered compounds were completely transformed into a nanosheet structure [2]. 
9.2.1. LAB MEDIA: Figure 2 – Video Editor: Highlight the peak at 25.6 deg in the green XRD pattern at mention of “C(002)” and the peaks at 26.4 deg and 37.9 deg at mention of “the (110) and (200) lattice plane of the HNbWO6 nanosheets”.
9.2.2. LAB MEDIA: Figure 2 – Video Editor: Highlight part of the XRD patterns where the peak at 6.8 degrees would be observed.
9.3. SEM of the Pt/20HNbWO6/CNTs (pronounced platinum impregnated on 20 percent niobium tungstic acid with carbon nanotubes) and the corresponding elemental mapping analysis of the different elements of the catalysts are shown here [1]. The analysis directly illustrated the distribution of the platinum particles, demonstrating that these particles as well as niobium and tungsten are uniformly dispersed on the surface of the catalysts [2]. 
9.3.1. LAB MEDIA: Figure 4 – Video Editor: Show figures a-f. Highlight figure a at mention of “SEM of the Pt/20HNbWO6/CNTs” and figures b-f at mention of “the corresponding elemental mapping analysis of the different elements of the catalysts”.
9.3.2. LAB MEDIA: Figure 3 – Video Editor: Highlight red graphs at mention of “uniformly dispersed on the surface of the catalysts”. 
9.4. All the nanosheet modified platinum catalysts have weak acid characteristic sites that are depicted by the peak centered at 210 degrees Celsius [1]. Two peaks indicating medium acid strength are centered at 360 and 450 degrees Celsius [2]. 
9.4.1. LAB MEDIA: Figure 5 – Video Editor: Highlight peak at 210 degrees Celsius in all the curves.
9.4.2. LAB MEDIA: Figure 5 – Video Editor: Highlight peaks at 360 and 450 degrees Celsius in all curves.



Section - Conclusion
10. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
10.1. Weixiang Guan: (Step: 2.3) Don’t forget to mix the right ratio of nitric acid and sulfuric acid and maintain an accurate temperature to ensure reproducibility of the surface defects creations [1]. 

10.1.1. INTERVIEW: Weixiang Guan says the statement above in an interview-style shot, looking slightly off-camera.
10.2. Chi-Wing Tsang: Following this procedure, other methods, like preparing catalysts with different metal centers, can be performed to answer questions like how to optimize the hydroconversion activity of diphenyl ether and other lignin-derived model compounds [1].

10.2.1. INTERVIEW: Chi-Wing Tsang says the statement above in an interview-style shot, looking slightly off-camera.
10.3. Weixiang Guan: After demonstrating that the as-prepared solid acid can convert biomass-derived small molecules such as diphenyl ether, the next question will be whether this catalyst can be used to convert real biomass macromolecules to small molecules. This may require the further tuning of the acidity of the solid catalysts [1].

10.3.1. INTERVIEW: Weixiang Guan says the statement above in an interview-style shot, looking slightly off-camera.
10.4. Chi-Wing Tsang: Don't forget that working with niobium oxide and related mixed metal oxides can be extremely toxic and precautions should always be taken while handling nitric acid and sulfuric acid, high pressure reactors, and tube furnaces [1].

10.4.1. INTERVIEW: Chi-Wing Tsang says the statement above in an interview-style shot, looking slightly off-camera.
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