Submission ID #: 54195 
Editor Name: Melissa Ceo
Videographer name: Kevin McRoberts 
Film Date: 2/8/2016

Authors and Affiliations: 
Gregory T. Winter, Joshua A. Wilhide, William R. LaCourse

Department of Chemistry and Biochemistry
University of Maryland, Baltimore County
Baltimore, Maryland, USA

Title: Visualization of Ambient Mass Spectrometry with the Use of Schlieren Photography

Corresponding Author: 

William R. LaCourse: lacourse@umbc.edu

Co-authors:

Gregory T. Winter: winter2@umbc.edu

Joshua A. Wilhide: wilhide3@umbc.edu


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) 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.10-2.12
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.) Steps 2.13-2.14
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 procedure is to visualize the gas stream of an ambient ionization source used with mass spectroscopy, for the purpose of understanding and optimizing the ionization source. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. William LaCourse: This method can help answer key questions in the ambient ionization mass spectrometry field, such as ionization efficiency versus source position. 
1.2. William LaCourse: The main advantage of this technique is using visualized gas streams with an ambient ionization source to better understand the physical phenomena associated with the detection technique. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: The interview statements have been edited and/or removed to conform to the specified number and length restrictions.
1.3. Joshua Wilhide: Though this method can provide insight into ambient mass spectrometry, it can also be applied to other systems, such as other physical phenomena, which involve gas streams. An example would be the aerodynamics field. 
1.4. Greg Winter: Generally, individuals new to this method will struggle because initially it’s difficult to figure out how to manually adjustment the system to achieve proper alignment of the camera. 
1.5.  Greg Winter: I first had the idea for this method, when I was at home watching tv and they were using schlieren imaging for various other applications.
1.6. Joshua Wilhide: Visual demonstration of this method is critical as certain steps are difficult to learn, because there are several manual adjustments, which must first take place to successfully achieve a valuable experiment.   


Protocol (read by voice talent at JoVE):
2. Schlieren Photography
2.1. First, clamp a spherical concave mirror in a ring stand clamp large enough to support the mirror [1-MED-TXT]. Attach the ring stand clamp with the mirror to a 3 foot ring stand perpendicular to the floor [2-MED-over the shoulder-TXT]. 
2.1.1. *Film as written, TEXT: 150 mm diameter, focal length 1500 mm. 
2.1.2. *Film as written, TEXT: See text protocol for details on ring stand height. 
2.2. Have the ring stand and mirror placed to the side of a mass spectrometer source [1-MED]. Adjust the face of the mirror so that it is parallel to, and at the same height, as the source [2-MED-over the shoulder]. Then, position the mirror so its center is aligned with the center source region of the mass spectrometer [3-CU-TXT].
2.2.1. *Film as written
2.2.2. *Film as written
2.2.3. Show mirror as talent positions it, TEXT: Some overlap of instrument will occur. 
2.3. Next, attach a metal plate to the top of a tripod [1-MED]. Attach a razor blade, which is known as the “cutoff”, to the metal plate using a magnet… [2-MED-over the shoulder] so that the sharp edge is vertical [3-CU].
2.3.1. *Film as written
2.3.2. *Film as written
2.3.3. Show razor blade after it has been attached to metal plate.
2.4. Place the tripod in line with the mirror at twice the focal length of the mirror [1-MED-TXT].  Then, align the razor blade orthogonal to the path of light reflected from the mirror [2-CU].
2.4.1. *Film as written, TEXT: 3000 mm. (Video Editor: Overlay should appear at the mention of “twice the focal length of the mirror”)
2.4.2. Show razor blade as talent adjusts it.
2.5. Manually adjust the height of the tripod so that the sharp edge of the razor blade is approximately aligned with the center of the mirror [1-MED-over the shoulder].
2.5.1. *Film as written
2.6. Following this, mount a digital camera with a 300 millimeter telephoto lens on a separate tripod [1-MED]. Position the camera so the lens is 4 centimeters directly behind and at the same height as the razor blade [2-CU-TXT].
2.6.1. *Film as written
2.6.2. Show camera as talent positions it, TEXT: Do not remove lens cap.
2.7. Connect the video output of the camera to a computer monitor to easily view the schlieren (pronounced SHli(ə)rən, see https://www.howtopronounce.com/schlieren/) phenomenon in real time [1-MED-TXT]. 
2.7.1. *Film as written, TEXT: Procedure may vary depending on camera.  
2.8. Drill a small hole approximately 0.6 millimeters in diameter into the center of a vial cap in order to attach it to a flashlight [1-CU-TXT]. Affix the vial cap over a 200 lumen LED flashlight using high temperature foil tape [2-MED-over the shoulder]. 
2.8.1. *Film as written, TEXT: Ensure sufficient coverage of flashlight lens.
2.8.2. *Film as written
2.9. Greg Winter: The experiment will only work if the alignment of all the components is correct.  Please take extra care to ensure proper positioning.  
2.9.1. Talent speaks toward the camera, interview style.
2.10. To ensure proper positioning of the flashlight, place a laser pointer on the metal plate next to the razor blade [1-MED]. Manually move the laser pointer so the beam is hitting the center of the mirror [2-CU]. Adjust as necessary to ensure the reflected beam intersects orthogonally to the razor blade so that approximately half of the beam is blocked [3-MED-over the shoulder].	
2.10.1. *Film as written
2.10.2. Show mirror with reflected beam as talent moves the laser pointer.
2.10.3. *Film as written
2.11. If the beam is not aligned, manually adjust the mirror’s position to aim the beam of the laser pointer directly at the razor blade [1-MED-TXT].
2.11.1. *Film as written, TEXT: Don’t look directly into laser pointer or beam.  
2.12. After ensuring that the laser beam is centered on the lens, replace the laser pointer with the covered flashlight while everything is aligned [1-MED-over the shoulder]. 
2.12.1. *Film as written
2.13. Next, turn on the flashlight [1-MED]. Using a piece of white paper, observe the reflected light at the cutoff [2-MED-over the shoulder], ensuring that the beam is a small focused spot [3-CU].
2.13.1. *Film as written
2.13.2. Talent positions the paper so the light is shining on it.
2.13.3. Show paper with the small focused spot.
2.14. Make any vertical adjustments necessary to block approximately half of the reflected light beam with the cutoff [1-MED]. Then, remove the lens cap on the camera and focus on the mirror [2-MED-over the shoulder-TXT].
2.14.1. *Film as written
2.14.2. *Film as written, TEXT: Use manual focusing mode.
3. Example Test Object: Mass Spectrometry Ionization Source
3.1. Manually align the mass spectrometry ion source within the test region [1-MED], with a distance of 10 millimeters between the end of the nozzle and the inlet of the mass spectrometer [2-CU]. 
3.1.1. *Film as written
3.1.2. Show nozzle and mass spectrometer inlet after talent has performed the alignment.
3.2. Following this, manually open the needle valve to the ambient source allowing nitrogen to flow through it [1-MED].
3.2.1. *Film as written
3.3. Open the software used to control the mass spectrometer [1-MED-over the shoulder]. Click on “file” and select “open tune” [2-SCREEN]. Then, select the appropriate tune file [3-SCREEN]. 
3.3.1. Talent at computer opens the software.
3.3.2. SCREEN: Instrument Tuning Steps Screen Capture.mp4; action shown from 0:09 to 0:13.
3.3.3. SCREEN: Instrument Tuning Steps Screen Capture.mp4; action shown from 0:13 to 0:19.
3.4. After opening the manual, apply all voltages and temperatures to the ambient source [1-SCREEN]. 
3.4.1. SCREEN: Instrument Tuning Steps Screen Capture.mp4; talent clicks on “apply” and selects “tune”; action shown from 0:19 to 0:23.
3.5. Observe the appearance of flow exiting the nozzle with the schlieren apparatus on the view screen of the digital camera as the temperature increases [1-MED-over the shoulder]. 
3.5.1. Talent looks at the view screen of the camera, with view screen visible in frame if possible.
3.6. Once the desired image is visualized on the camera, collect it by taking a picture of the gas stream [1-LM]. 
3.6.1. 54195_LaCourse_LM_3.6.1_Gas Stream Capture.jpg
4. Determination of Spray Half Angle from a Collected Image
4.1. At this point, open the acquired image using image viewing software and print  it [1-MED-over the shoulder].
4.1.1. Talent at computer opens the image in the software and prints it.
4.2. Manually draw a line using a pencil and a ruler on the printed image defining the center axis of the gas stream parallel to the direction of flow [1-CU].
4.2.1. *Film as written
4.3. Using the ruler, manually draw a line along the edge of the visualized gas stream on the printed image [1-CU]. Mark the outer edges of the gas stream to obtain a range for the spray half angle [2-MED-over the shoulder-TXT].
4.3.1. *Film as written
4.3.2. *Film as written, TEXT: Use recorded video to identify image edge.
4.4. Finally, measure the angle produced between the center axis and the line using a protractor [1-CU]. 
4.4.1. *Film as written

5. Results: Visualization of Mass Spectrometry Ambient Ionization Source Using Schlieren Photography
5.1. When all components in the schlieren setup are properly aligned, gases within the test region can be seen as contrasting dark and light regions [1-LM]. This contrast can be used to observe how the shape of the nitrogen jet flow from the mass spectrometry source changes as nozzle size decreases [2-LM]. 
5.1.1. Figure1.tif: Show Figure 1a.tif, Figure 1b.tif, Figure 1c.tif, Figure 1d.tif (Figure 1 split into four separate images and uploaded to website).
5.1.2. Figure2.tif
5.2. [bookmark: _GoBack]A full, uncropped schlieren image of the source and gas flow illustrates the orientation of the test objects relative to the mirror and shows what should be expected when the proper amount of light is cut off [1-LM]. If the cutoff is either too high, or too low, poor images will result [2-LM]. 
5.2.1. Figure3.pdf
5.2.2. Figure4.pdf and Figure5.pdf: Show Figure 4 when “too high” is mentioned and Figure 5 when “too low” is mentioned.
5.3. With constant nozzle size, the half angle increases accordingly with an increase in pressure, signifying an overall size increase of the gas stream [1-LM].  
5.3.1. Figure6_Error.TIF
5.4. The half angle increases with larger nozzle diameter at constant pressure, which signifies an overall scaling increase in size of the nitrogen jet coming out of the source as the nozzle diameter is increased [1-LM]. 
5.4.1. Figure7_Error.TIF

6. Conclusion (said by authors on camera)
6.1. Greg Winter: Once mastered, this technique can be done in 1 to 2 hours if it is performed properly.
6.2. Joshua Wilhide: After watching this video, you should have a good understanding of how to visualize the gas stream of an ambient ionization source.
6.3. William LaCourse: Don't forget that working with laser pointers can be extremely hazardous and protective eye-wear should always be worn while performing this procedure.   


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.


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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