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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__NO_____  (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)__NO______ 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. 2.3; 2.7; 3.3; 3.6; 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.) 2.3 (addition of the TEOS under the meniscus of the reaction) and 2.7 (Equip the flask with an argon flow and a magnetic stirrer. The argon inlet has to be next to the outlet of the second syringe to avoid contact between ammonia gas from the TEOS)

E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes__ If yes, how far apart are the locations? We would like to recorder in 3 different buildings, 200m apart from each other. If we are really restricted in time we could skip the recording part at the confocal room (section 5.4).

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 protocol is to describe how to direct colloidal self-assembly by anchoring supramolecular moieties onto the colloids, whose interactions are strong, directional and reversible. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. N. Vilanova: This method can help answer key questions in the material science field, such as how to accurately control self-assembly of colloids to create complex mesostructured materials with interesting properties [1.1.1 – MED]. 
1.1.1. Neus speaks to the camera, interview style.
1.2. I. K. Voets: The main advantage of this technique is that colloidal association is driven by the supramolecular moieties which remain light- and thermo- responsive upon surface-immobilization.  Therefore colloids self-assemble upon photo-activation of the hydrogen-bonds of the grafted molecules by ultraviolet, or UV,-light [1.2.1 – MED].   
1.2.1. Ilja speaks to the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Synthesis of core-shell silica particles
2.1. To synthesize the fluorescent silica seeds, first mix 2.5 milliliters of dye-functionalized APTES (pronounced “ap-tes”) with 25 milliliters of 25% ammonia and 250 milliliters of ethanol in a 1 Liter round-bottom flask [2.1.1 – MED – TXT].
2.1.1. Talent mixes 2.5 mL of dye-functionalized APTES with ammonia an ethanol in a 1L round-bottom flask.  Use labeled containers.  TEXT Overlay:  see text for dye-functionalized (3-aminopropyl) triethoxysilane (APTES) recipe
2.2. K. Voets:  To obtain monodisperse silica seeds, it is really important to add the tetraethylorthosilicate, or TEOS, under the meniscus of the reaction mixture [2.2.1 – MED]. 
2.2.1. Ilja speaks to the camera, interview style.
2.3. Using a glass pipette, add 10 milliliters of TEOS (pronounced “tee-ohs”), while stirring with a magnetic stirrer [2.3.1 – ECU].
2.3.1. Meniscus of the reaction mixture as talent adds the TEOS there.
2.4. Similarly, after 5 hours, add another 1.75 milliliters of TEOS and stir the mixture overnight under an argon atmosphere [2.4.1 – MED].  The following day, wash the seeds as described in the text protocol [2.4.2 – MED-over the shoulder]. 
2.4.1. Talent aspirates the TEOS from a labeled container and adds to the mixture under the reaction meniscus.
2.4.2. Talent begins to pour the reaction mixture into several 45mL tubes.
2.5. To synthesize the core-shell silica particles, first add ethanol, deionized water, 25% ammonia and the seed dispersion to a 1 Liter round-bottom flask [2.5.1 – MED – TXT].
2.5.1. Talent fills a 1 Liter round-bottom flask with ethanol, deionized water, 25% ammonia and the seed dispersion.  TEXT Overlay: 51 mL EtOH, 17 mL dH2O, 3.4 mL 25% ammonia, 4 mL seed dispersion (54.4 mg of fluorescent seeds)
2.6. Then, fill a plastic syringe with 5 milliliters of TEOS and 10 milliliters of ethanol [2.6.1 – CU].  Fill a second plastic syringe with 1.34 milliliters of 25% ammonia, 3.4 milliliters of deionized water and 10.25 milliliters of ethanol [2.6.2 – MED-over the shoulder].
2.6.1. Plastic syringe as talent fills with 5 mL of TEOS and 10 mL of ethanol.  Use labeled containers.
2.6.2. Talent fills a second syringe with ammonia, water and ethanol.  Use labeled containers.
2.7. Connect both syringes to the round-bottom flask with plastic tubing [2.7.1 – CU].  Equip the flask with an argon flow [2.7.2 – MED].  The argon inlet has to be next to the outlet of the second syringe to avoid contact between ammonia gases from the TEOS droplets and prevent secondary nucleation [2.7.3 – CU].
2.7.1. Round-bottom flask with plastic tubing as talent connects both syringes there.
2.7.2. Talent places a magnetic stirrer in the flask.
2.7.3. Flask as talent attaches the argon flow in the inlet next to the outlet of the second syringe.
2.8. Add the content of both syringes at the same time at 1.7 milliliters per hour using peristaltic pumps while stirring the mixture [2.8.1 – MED-over the shoulder].  Ensure to obtain free falling droplets to avoid gliding on the walls and therefore secondary nucleation [2.8.2 – CU].
2.8.1. Talent turns on the peristaltic pumps to add the content on both syringes simultaneously.
2.8.2. Syringes/flask as the content is added with free falling droplets. 
2.9. Stop the addition after 7 hours to obtain core-shell particles of approximately 300 nanometers in radius before washing the particles as described in the text protocol [2.9.1 – MED].
2.9.1. Talent approaches the reaction flask and stops the addition.
3. Functionalization of silica colloids 
3.1. For the synthesis of NVOC-(pronounced “N-vock) functionalized colloids, disperse 10 milligrams of core-shell silica particles in 1 milliliter of ethanol together with 12 milligrams of the NVOC protected linker molecule and 31 milligrams of stearyl alcohol in a 50 milliliter round-bottom flask [3.1.1 – MED].
3.1.1. Talent disperses the core-shell silica particles in ethanol together with the NVOC protected linker molecule and stearyl alcohol in a 50 milliliter round-bottom flask.  TEXT Overlay: 20:80 6-Nitroveratryl oxycarbonyl (NVOC)-C11-OH:stearyl alcohol molar ratio 
3.2. Sonicate the mixture for 10 minutes to ensure that all molecules are dissolved and the particles are well dispersed [3.2.1 – CU].
3.2.1. Mixture as talent sonicates.
3.3. Add a magnetic stir bar to the mixture and evaporate the ethanol with a steady stream of argon at room temperature [3.3.1 – MED-over the shoulder].  Before proceeding, ensure that there is no ethanol left; otherwise it could react with the silanol groups of the particles [3.3.2 – CU]. 
3.3.1. Talent adds a magnetic stirrer bar and turns on the stream of argon.
3.3.2. Flask as talent wafts it (or whatever method is generally used) to check that the ethanol is gone.
3.4. Next, heat the flask up to 180 degrees Celsius for 6 hours under continuous stirring and under a steady stream of argon before washing the silica colloids as described in the text protocol [3.4.1 – MED-over the shoulder].
3.4.1. Talent checks the temperature of the solution to see it is 180 degrees Celsius.
3.5. To synthesize the BTA-colloids, disperse 10 milligrams of the functionalized particles in 3 milliliters of chloroform [3.5.1 – CU].
3.5.1. Container as talent disperses 10 milligrams of the functionalized particles in 3 milliliters of chloroform.  Use labeled containers.  TEXT Overlay: BTA = benzene-1,3,5-tricarboxamide derivative
3.6. Ensure that the deprotection is homogeneous on the surface of the particles by stirring the dispersion gently with a magnetic stirrer while deprotecting to yield the amine-functionalized particles [3.6.2 – CU].  Irradiate the dispersion in a UV-oven for 1 hour to cleave the NVOC group [3.6.1 – MED-over the shoulder – TXT]. 
SWITCH ORDER OF 3.6.1 AND 3.6.2
3.6.1. Talent places the sample in a UV-oven and turns on.  TEXT Overlay: λmax=354 nm.
3.6.2. Solution as it stirs.
3.7. Then, dissolve 9 milligrams of BTA, 8.7 microliters of DIPEA (pronounce “DIE-pee-ya”), and 5.2 milligrams of PyBOP (pronounced as “pie-bop”) in 1 milliliter of chloroform [3.7.1 – MED – TXT].
3.7.1. Talent adds the BTA, DIPEA and PyBOP to the chloroform.  Use labeled containers.  TEXT Overlay: DIPEA = N,N-diisopropylethylamine, PyBOP = (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate)
3.8. Add the solution to the amine- functionalized particle dispersion and stir overnight at room temperature and under an argon atmosphere [3.8.1 – CU].
3.8.1. Amine-functionalized particle dispersion as talent adds the solution and stirs. 
3.9. Following centrifugation of the dispersion, remove the supernatant and add 3 milliliters of fresh chloroform [3.9.1 – MED-over the shoulder – TXT].  Sonicate the new dispersion for 3 minutes before centrifuging again and removing the supernatant [3.9.2 – MED]. 
3.9.1. Talent removes the supernatant from the centrifuged sample and adds fresh chloroform.  TEXT Overlay (as the first part of the sentence is narrated): 2600 x g, 4 min
3.9.2. Talent sonicates the new dispersion.  TEXT Overlay: repeat washing steps 6x
3.10. Dry the particles at 70 degrees Celsius in vacuo for 48 hours and store them in a desiccator [3.10.1 – MED- over the shoulder].
3.10.1. Talent places the particles at 70 degrees Celsius in vacuo.
4. Quantification of the number of active sites per particle
4.1. Stir the dispersion gently with a magnetic stir bar while deprotecting [4.1.2 – MED-over the shoulder].  Disperse 20 milligrams of the small, functionalized particles in 1 milliliter of chloroform and irradiate the dispersion in a UV-oven for 1 hour to cleave the NVOC group [4.1.1 – MED – TXT].    
SWITCH ORDER OF 4.1.1 AND 4.1.2
4.1.1. Talent places the particles dissolved in chloroform into the UV-oven.  TEXT Overlay: λmax=354 nm
4.1.2. Talent starts the stir bar to stir the sample.
4.2. Spin down the resulting amine-functionalized particles and remove the supernatant [4.2.1 – MED – TXT].  Then, dry the particles at 70 degrees Celsius for 2 hours [4.2.2 – CU].
4.2.1. Talent pulls the sample out of the centrifuge and begins to remove the supernatant.  TEXT Overlay: 3400 x g, 10 min
4.2.2. Sample particles as talent places them at 70 degrees Celsius to dry.
4.3. Next, dissolve 0.50 milligrams of SPDP in 200 microliters of DMF [4.3.1 – MED – TXT].  Add the SPDP solution to the 20 milligrams of dried amine-functionalized particles and vortex the system for 30 minutes [4.3.2 – CU].  
4.3.1. Talent dissolves the SPDP in DMF.  Use labeled containers.  TEXT Overlay: SPDP = succinimidyl 3-(2-pyridyldithio)propionate, DMF = dimethylformamide
4.3.2. Particles as talent adds the solution, closes lid, and places on the vortexer.
4.4. Wash the particles with 1 milliliter of DMF, 6 times [4.4.1 – MED-over the shoulder – TXT].  In the last washing step, try to remove as much supernatant as possible [4.4.2 – CU].
4.4.1. Talent adds DMF to the particles to wash.  TEXT Overlay: wash 6x –or– until no free SPDP is detected in the supernatant by UV-Vis spectroscopy at λ=375 nm
4.4.2. Sample tube as talent pipettes out as much supernatant as possible.
4.5. Then, dissolve 0.53 milligrams of DTT in 50 microliters of DMF [4.5.1 – MED – TXT].  Add the DTT solution to the particles and vortex the dispersion for 30 minutes [4.5.2 – MED-over the shoulder].  Within this time the pyridine-2-thione group is cleaved [4.5.3 – CU]. 
4.5.1. Talent dissolves the DTT in DMF.  Use labeled containers.  TEXT Overlay: DTT = dithiothreitol
4.5.2. Talent adds DTT solution to the particles.
4.5.3. Sample as talent vortexes it.
4.6. Determine the absorbance of the free pyridine-2-thione liberated in the supernatant at a wavelength of 293 nanometers with a microvolume UV-Vis spectrophotometer [4.6.1 – MED-over the shoulder].
4.6.1. Talent determines the absorbance of the free pyridine-2-thione on the UV-Vis spectrophotometer.
5. Monitor colloidal assembly by confocal microscopy
5.1. To monitor the colloidal assembly by confocal microscopy, first prepare 400 microliters of a dispersion of 0.1 weight percent of BTA-functionalized particles in cyclohexane [5.1.1 – MED] and sonicate the sample for 20 minutes [5.1.2 – CU].
5.1.1. Talent adds BTA-functionalized particles to cyclohexane.
5.1.2. Sample as it is sonicated.
5.2. Then, irradiate the sample vial in the UV oven to cleave off the ortho-nitrobenzyl group of the BTA [5.2.1 – MED].  Take 25 microliter aliquots at different times of irradiation, for example from 0 up to 30 minutes, to monitor the clustering process [5.2.2 – MED-over the shoulder].
5.2.1. Talent places the sample vial in the UV oven.
5.2.2. Sample tube as talent removes a 25 microliter aliquot.
5.3. Place the different aliquots on different glass slides with the help of a spacer and close the chambers with a cover slip [5.3.1 – CU].  After closing the chamber, turn the cover slip upside down to let the particles sediment and adsorb onto the glass, which facilitates the imaging [5.3.2 – MED-over the shoulder].
5.3.1. Glass slide as talent places the aliquot there with the help of a spacer and closes the chamber with a coverslip.
5.3.2. Talent turns the coverslip upside down to let the particles sediment and adsorb onto the glass. 
5.4. Take several images of each sample with the confocal microscope as soon as possible after sample preparation for each irradiation time [5.4.1 – MED or WIDE]. 
5.4.1. Talent working at the confocal microscope to take images of the sample.
6. Results: Synthesis and characterization of supramolecular colloids
6.1. To produce supramolecular colloids, first silica colloids are hydrophobized by functionalization with stearyl alcohol and the NVOC protected linker [6.1.1 – LM].  The NVOC protective group is then cleaved [6.1.2 – LM] and colloids can be post-functionalized with the supramolecular moiety [6.1.3 – LM].
6.1.1. 53934_I.K.Voets_Figure1.tif  - Authors, please provide a version of this figure with 1A only and without the (a) label.  Editors, please show the first reaction as this sentence is narrated.
6.1.2. 53934_I.K.Voets_Figure1.tif  - Editors, please show the second reaction as this is narrated.
6.1.3. 53934_I.K.Voets_Figure1.tif  - Editors, please show the third reaction as this is narrated.
6.2. Static light scattering measurements allow for calculation of the refractive index of the colloids [6.2.1 – LM].  By fitting the data, values of 1.391 for the bare colloid [6.2.2 – LM] and 1.436 for the stearyl alcohol-coated colloids were determined [6.2.3 – LM].  This clearly shows how the functionalization of the colloids has an impact on their refractive index [6.2.4 – LM].
6.2.1. 53934_ I.K.Voets _Figure2.tif  
6.2.2. 53934_ I.K.Voets _Figure2.tif - Editors, please zoom into the plot to the left.
6.2.3. 53934_ I.K.Voets _Figure2.tif – Editors, staying zoomed in, please slide over to the plot on the right.
6.2.4. 53934_ I.K.Voets _Figure2.tif – Editors, please zoom out to the full figure.
6.3. To assess the amount of active sites per particle, the amount of cleaved pyridine-2-thione groups are directly related to the number of amines per particle [6.3.1 – LM].  Here 1 amine per 46.4 square nanometers was found [6.3.2 – LM]. 
6.3.1. 53934_ I.K.Voets _Figure3.tif
6.3.2. 53934_ I.K.Voets _Figure3.tif – Editors, please zoom into the plot on the right.   
6.4. Confocal image analysis allows for quantification of the number of singlets as a function of the UV-irradiation time [6.4.1 – LM].  Before UV-irradiation to photocleave the ortho-nitrobenzyl moiety, 80% of the colloids are present as singlets [6.4.2 – LM].  
6.4.1. 53934_ I.K.Voets _Figure4.tif  
6.4.2. 53934_ I.K.Voets _Figure4.tif – Editors, please zoom into the top row of the figure.
6.5. Irradiation at a maximum wavelength of 354 nanometers initiates colloidal aggregation as the hydrogen-bonds of the BTA are activated [6.5.1 – LM].
6.5.1. 53934_ I.K.Voets _Figure4.tif – Editors, staying zoomed in, please slide down to the bottom 2 rows.
7. Conclusion (said by authors on camera)

7.1. N. Vilanova: While attempting this procedure, it’s important to remember to keep the system water-free, as colloids might cluster due to capillary forces.  Therefore water traces should be eliminated from all synthesis steps [7.1.1 – MED].
7.1.1. Neus speaks to the camera, interview style.
7.2. I. K. Voets: This work demonstrates that bridging the gap between colloidal and supramolecular science paves the way for researchers in the field of material science to create complex materials sensitive to external stimuli [7.2.1 – MED].
7.2.1. Ilja speaks to the camera, interview style.
7.3. N. Vilanova: After watching this video, you should have a good understanding of how to direct colloidal-assembly using H-bonds by anchoring supramolecular motifs onto colloidal particles [7.3.1 – MED].
7.3.1. Neus speaks to the 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.  

53934_I.K.Voets_Figure1.tif  - Authors, please provide a version of this figure with 1A only and without the (a) label. 
Done  
53934_ I.K.Voets _Figure2.tif  
53934_ I.K.Voets _Figure3.tif  
53934_ I.K.Voets _Figure4.tif  
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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