Submission ID #: 54506
Editor Name: Brigid Stadinski
Videographer name: Bruno Behnam
Film Date: 06/21/2016
Authors and Affiliations: 

Philipp Leinen1,2, Matthew F. B. Green1,2, Taner Esat1,2, Christian Wagner1,2, F. Stefan Tautz1,2, and Ruslan Temirov1,2
1Peter Grünberg Institut (PGI-3), Forschungszentrum Jülich, Jülich, Germany

2Jülich Aachen Research Alliance (JARA) - Fundamentals of Future Information Technology, Jülich, Germany

Title: Hand controlled manipulation of single molecules via a scanning probe microscope with a 3D virtual reality interface
Corresponding Author: 

Wagner, Christian

c.wagner@fz-juelich.de
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)___YES__ 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. 2.4, 2.5-2.6, 4.1, 4.9, 4.10__________________ 
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.) _The most difficult aspect is described in Section 4.9-4.10 since a suitable trajectory might not always exist, in case of which step 1.2.5 has to be repeated. These repeated cycles should not be filmed but the stochastic aspect of this step should be taken into account when planning the filming. ____________ 
E. Will the filming need to take place in multiple locations? (Y/N) ___NO__ 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 hand-controlled manipulation of individual molecules with a scanning probe microscope is the systematic and intuitive exploration of manipulation protocols in three dimensions (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christian Wagner: This method expands our capabilities in the field of molecular nanotechnology, for example enabling us to systematically refine manipulation protocols and probe intermolecular interactions, or even to manufacture complex supramolecular structures [1-MED].
1.1.1. Christian speaks toward camera, interview style. 
1.2. Matthew F. B. Green: The main advantage of this technique is its intuitive nature. The experimenter leaves the role of remote programmer of automatically executed tip trajectories and engages directly in the manipulation process [1-MED]. 
1.2.1. Matthew speaks toward camera, interview style. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Philipp Leinen: Extending molecular manipulation to the third dimension and detaching from the surface opens many new opportunities, but at the same time the requirement for 3D visualization and control emerges inevitably [1-MED]. 
1.3.1. Philipp speaks toward camera, interview style.  

Protocol (read by voice talent at JoVE):
Editors, please use zoom bubbles to highlight the action being performed in the parameter window in the screen capture movies where necessary.

2. Prepare scanning probe microscope (SPM) for the manipulation of single PTCDA molecules

2.1. Setup the low-temperature scanning probe microscope, driven in 3D by the experimenter’s hand using a motion-capture system, as described in the text protocol [1-BROLL].
2.1.1.   Scanning probe microscope and motion capture system.
2.2. Also, prepare a sample by depositing P-T-C-D-A on silver one-one-one as described in the text protocol [1-CU-TXT]. 
2.2.1. Talent displays the prepared sample to the camera.  TEXT Overlay: PTCDA = perylene-3,4,9,10-tetracarboxylic dianhydride
2.3. Set the scanning tunneling microscope, or STM, in constant current mode with the parameters that facilitate LUMO (pronounced as “loo-moh”) contrast for PTCDA [1-MED-TXT].  This allows one to determine the molecular orientation [12-MED-over the shoulder-TXT].
2.3.1. Talent works to set the parameters for the STM.  TEXT Overlay: LUMO = lowest unoccupied molecular orbital
2.3.2. Talent inputs the parameters that facilitate LUMO contrast for PTCDA.  TEXT overlay: set point: I = 0.1 nA, bias voltage: Vb = -0.35, current amplifier gain = 1 x 109 V/A. 
2.4. In the SPM software, enter the parameters for the scan, including the area to be scanned, set points for the feedback loop, and the scanning speed.  Click the “start” button in the SPM software to image the PTCDA [1-SCREEN].
2.4.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.4.1: Screen capture movie as talent enters in the area to be scanned, the set points for feedback loop, and the scanning speed.  Talent clicks the “start” button in the SPM software to image the PTCDA.
2.5. After finding a surface area suitable for manipulation as described in the text protocol, create an overview window, and adjust the area to be scanned and the scan speed in order to record a detailed STM image of a small region [1-SCREEN-TXT].
2.5.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.5.1: Screen capture movie as talent selects a molecule inside PTCDA island for manipulation and records a detailed STM image.  TEXT Overlay: e.g. 50x50 Å2  
2.6. Next, test the ability of the tip to bind to the PTCDA molecule [1-MED or WIDE].
2.6.1. Talent working at the SPM.
2.7. First, position the tip over one of the two carboxylic oxygen atoms of PTCDA using the setup-specific function of the SPM software.  Select “SetXYOffset – Top”, and then click in the respective image [1-SCREEN]. MERGED into 3.1.1
2.7.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.7.1: Screen capture movie as talent positions the tip over one of the two carboxylic oxygen atoms of PTCDA using the setup-specific function of the SPM software.  Talent selects “SetXYOffset – Top”, and then clicks in the respective image. MERGED into 3.1.1
2.8. Then, prepare to record a current-distance spectrum in which the tip is moved vertically towards carboxylic oxygen atoms of PTCDA by 3 to 5 Angstroms.  “I as a function of z” is recorded by setting a constant bias voltage and defining a ramp of tip height to approach, and to retract, the tip from the surface [1-SCREEN].
2.8.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.8.1: Screen capture movie as talent prepares to record a current-distance spectrum in which the tip is moved vertically towards the surface by 3 to 5 Angstroms.  Talent also sets a constant bias voltage and defines a ramp of tip height to approach and to retract the tip from the surface.
2.9. Then click on the button “single spectrum” in the SPM software and select a position on the most-recently recorded STM image, above the carboxylic oxygen atoms of the PTCDA molecule selected for manipulation, where the current-distance spectrum should be recorded [1-SCREEN].  
2.9.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.9.1: Screen capture movie as talent clicks on the button “single spectrum” in the SPM software, selects a position on the most recently recorded STM image, which starts the recording of a current-distance spectrum.
2.10. To check whether the tip is in the proper condition, verify that the recorded current-distance curve exhibits contact formation between the tip and the molecule in the form of a sharp increase of the current.  Typically, the contact is strong enough for 0.5 to 3 Angstroms lifting through vertical tip retraction, after which the current drops abruptly when the bond ruptures [1-SCREEN].
2.10.1. *To be submitted by authors – 54506_Wagner_SCREEN_2.10.1: Screen capture movie as talent inspects the recorded current-distance curve to see if it exhibits contact formation between the tip and the molecule in the form of the sharp increase of the current.
3. Preparation for hand controlled manipulation (HCM)
3.1. After rescanning the PTCDA molecule selected for manipulation, position the tip over the carboxylic oxygen atom chosen for the manipulation by selecting “SetXYOffset – Top”, and then clicking in the respective image.  Use the correct contact point as was verified earlier [1-SCREEN].
3.1.1. *To be submitted by authors – 54506_Wagner_SCREEN_3.1.1: Screen capture movie as talent rescans the surface and positions the tip over the carboxylic oxygen atom chosen for the manipulation by selecting “SetXYOffset – Top”, and then clicking in the respective image. 
3.2. Activate the phase locked loop and set the amplitude control mode.  Set the oscillation amplitude as low as possible but high enough such that delta-f detection is possible with acceptable noise conditions and detection speed [1-SCREEN]. 
3.2.1. *To be submitted by authors – 54506_Wagner_SCREEN_3.2.1: Screen capture movie as talent activates the phase locked loop and sets the amplitude control mode.  Talent sets the oscillation amplitude to 0.2 Angstroms.
3.3. Open the feedback loop.  Enter zero for the integrator value in the SPM software parameter window.  Then, set the junction bias to a few milliVolts in the SPM software parameter window.  Finally, set the current amplifier gain to 1 x 107 (pronounced as 1 times 10 to the seventh”) volt per Ampere in the SPM software parameter window [1-SCREEN].
3.3.1. *To be submitted by authors – 54506_Wagner_SCREEN_3.3.1: Screen capture movie as talent opens the feedback loop.  Talent enters 0 for the integrator value in the SPM software parameter window.  Then talent sets junction bias to a few milliVolts in the SPM software parameter window.  Finally talent sets the current amplifier gain to 1 x 107 volt per Ampere in the SPM software parameter window.
4. Use HCM for controlled manipulation of PTCDA
4.1. Put on the head mounted display, or HMD, and take the trackable object [1-MED].  If needed, reposition the HMD on the user’s head while performing the following steps to either view the virtual reality scene or the lab environment, keyboard and computer monitor [2-CU].
4.1.1. Talent motions to put on the HMD and take the trackable object.  Continue action in next shot.
4.1.2. HMD as talent places it on head and takes the trackable object.  
4.2. The next step is to mark the contact point in the 3D virtual scene.  This “anchor” helps to find the contact easily for further manipulation attempts using hand controlled manipulation without the need to reset the remotely controllable multichannel voltage source [1-BROLL].
4.2.1. BROLL of the HMD on the user and the trackable object as the talent uses HCM to set anchor.
4.3. To do so, activate the hand-control along the z-axis only by checking the corresponding checkbox in the tip software while keeping the x- and y-checkboxes unchecked [1-SCREEN].
4.3.1. *To be submitted by authors – 54506_Wagner_SCREEN_4.3.1: Screen capture movie as talent activates the hand-control along z-axis only by checking the corresponding checkbox in tip software while keeping x-, y-checkboxes unchecked.
4.4. Move the trackable object down while watching the current and delta-f real-time signals in the virtual scene [1-SCREEN].  Stop moving the trackable object when the current and delta-f signals show a simultaneous sharp jump - the signature of a contact formation [2-SCREEN].
4.4.1. *To be submitted by authors – 54506_Wagner_SCREEN_4.4.1: Screen capture movie as talent moves the trackable object down while showing the current and delta-f real-time signals in the virtual scene.  
4.4.2. *54506_Wagner_SCREEN_4.4.1 (happens @0:06-8) *To be submitted by authors – 54506_Wagner_SCREEN_4.4.2: Screen capture movie as talent stops moving the trackable object when the current and Δf signals show a simultaneous sharp increase, the signature of a contact formation. (THAT HAPPENS IN FILE 4.4.1 in seconds 6-8.)
4.5. Start the trajectory recording in the VR interface by clicking the corresponding button and moving the trackable object up [1-SCREEN]. 
4.5.1. *54506_Wagner_SCREEN_4.4.1 (happens @0:10) *To be submitted by authors – 54506_Wagner_SCREEN_4.5.1: Screen capture movie as talent starts the trajectory recording in VRinterface by clicking the corresponding button and starts moving the trackable object up. (THAT HAPPENS IN FILE 4.4.1 in second 10.)
4.6. Stop the trajectory recording in the VR interface by clicking the corresponding button as soon as the contact between the molecule and the tip ruptures.  The signature is a simultaneous sharp drop of the current and delta-f signals [1-SCREEN]. 
4.6.1. *54506_Wagner_SCREEN_4.4.1 (happens @0:12-15) *To be submitted by authors – 54506_Wagner_SCREEN_4.6.1: Screen capture movie as talent stops the trajectory recording in VRinterface as soon as a simultaneous sharp drop of the current and delta-f signals appears. (THAT HAPPENS IN FILE 4.4.1 in seconds 12-15.)
4.7. Click the “pause” button in the tip software to deactivate hand-control [1-SCREEN].  Activate the hand-control of the tip movement along all spatial axes by checking the x-, y-, and z-checkboxes in the software and clicking the “start” button in the tip software [2-SCREEN].
4.7.1. *To be submitted by authors – 54506_Wagner_SCREEN_4.7.1: Screen capture movie as talent clicks “pause” button in the tip software to deactivate the hand-control.   
4.7.2. *To be submitted by authors – 54506_Wagner_SCREEN_4.7.2: Screen capture movie as talent activates the hand-control of the tip movement along all spatial axes by checking the x-, y-, z-checkboxes in the software and clicking the “start” button in the tip software.
4.8. Try to find a successful lifting trajectory where the contacted molecule is completely detached from the surface at the end of the trajectory [1-MED-over the shoulder].
4.8.1. Talent working at the HCM system.
4.9. To do so, approach the point where the “anchor” exhibited formation of the tip-molecule contact by moving the trackable object while following the movement of the sphere representing the current tip position in the virtual scene [1-SCREEN].  As soon as the contact is formed, start recording a new trajectory in the VR interface [2-SCREEN].
4.9.1. *To be submitted by authors – 54506_Wagner_SCREEN_4.9.1 (happens @0:08): Screen capture movie as talent approaches the point where the “anchor” exhibited formation of the tip-molecule contact by moving the trackable object while following the movement of the sphere representing the current tip position in the virtual scene. (THAT HAPPENS UNTIL SECOND 8 in the movie)
4.9.2. 54506_Wagner_SCREEN_4.9.1 (happens @0:08, and again at 0:17, 0:26, and 1 min 50 sec) *To be submitted by authors – 54506_Wagner_SCREEN_4.9.2: Screen capture movie as talent starts recording a new trajectory. (THAT HAPPENS IN FILE 4.9.1 in second 8, and again in seconds 17, 26, and 1min 50 sec.)
4.10. Pull the molecule in a direction suitable for lifting by moving the trackable object accordingly [1-SCREEN].  If a rupture of the tip-molecule contact is detected, stop recording the trajectory.  Return to the contact point, start trajectory recording on contact formation, and execute a different manipulation. Repeat this sequence until the lifting was successful. [2-SCREEN-TXT]. 
4.10.1. 54506_Wagner_SCREEN_4.9.1 (happens after 0:08, 0:17, 0:26, and 1 min 50 sec) *To be submitted by authors – 54506_Wagner_SCREEN_4.10.1: Screen capture movie as talent pulls the molecule in a direction suitable for lifting by moving the trackable object. (THAT HAPPENS IN FILE 4.9.1 after second 8, 17, 26, and 1min 50sec.)
4.10.2. 54506_Wagner_SCREEN_4.9.1 (happens @0:12-17, 0:20-24, and 1:40-1:50); TEXT: Repeat until lifting successful (Note to Video Editor: Have text appear when “Repeat this sequence until the lifting was successful” occurs in voiceover.)  *To be submitted by authors – 54506_Wagner_SCREEN_4.10.2: Screen capture movie as talent demonstrates a rupture of the tip-molecule contact and stops recording the trajectory.  Talent returns to the contact point, start trajectory recording on contact formation and executes a different manipulation. (RUPTURE AND RETURN HAPPENS IN FILE 4.9.1 between second 12 and 17, 20 and 24, and 1min 40sec and 1min 50 sec.)
4.11. If the tip-molecule contact is still stable at z is greater than 10 Angstroms, this is the signature for successful lifting of the molecule [1-SCREEN].
4.11.1. 54506_Wagner_SCREEN_4.9.1 (happens@ 2:10) *To be submitted by authors – 54506_Wagner_SCREEN_4.11.1: Screen capture movie showing a tip-molecule contact stable at z is greater than 10 Angstroms, and the signature in delta-f where shows a smooth transition to zero on pulling the molecule away from the surface showing successful lifting of the molecule. (THAT HAPPENS IN FILE 4.9.1 at about 2 min 10 sec.)
4.12. To ensure that the molecule is on the tip, approach the surface again. A smooth increase in delta f, occurring during the approach while the tip is still far from the surface, indicates that the molecule is attached to the tip and oriented perpendicular to the surface [1-SCREEN].
4.12.1. [Added Shot] *To be submitted by authors – 54506_Wagner_SCREEN_4.12.1: Screen capture movie showing a smooth increase in delta f occurring when the tip is approached to the surface again.
5. Deposit the lifted molecule to a clean Ag(111) surface area

5.1. After successful lifting, move the trackable object up to retract the tip an additional 10 to 20 Angstroms from the surface.  This reduces any interaction of the lifted molecule with the surface [1-SCREEN].
5.1.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.1.1: Screen capture movie as talent moves the trackable object up to retract the tip an additional 10 to 20 Angstroms from the surface.  
5.2. Fix the tip height by unchecking the z-checkbox and move the tip back to the initial x-y coordinates using hand control. Uncheck the x or y checkbox once the respective coordinate has come close to zero. Click on the “pause” button in the tip software to fix the current tip position and to deactivate hand-control [1-SCREEN].
5.2.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.2.1: Screen capture movie as talent unchecks z-checkbox, moves the x, y coordinates close to zero using hand control, and clicks on the “pause” button in the tip software to fix the current tip position and to deactivate hand-control.
5.3. Without turning the feedback loop on, select “SetXYOffset – Top”, and then click in the respective image to position the tip over the clean silver one-one-one surface, 50 to 100 Angstroms away from the island where the molecule was extracted. Then, set the current amplifier gain to 1 x 109 volts per Ampere.   [1-SCREEN].
5.3.1.  *To be submitted by authors – 54506_Wagner_SCREEN_5.3.1: Screen capture movie as talent selects “SetXYOffset – Top” and then clicks in the respective image to position the tip over clean Ag(111) surface, 50 to 100 Angstroms away from the island where the molecule was extracted.  Talent sets the current amplifier gain to 1 x 109 volt per Ampere.
5.4. Uncheck the x and y-checkboxes in the tip software and click the “start” button [1-SCREEN].  
5.4.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.4.1: Screen capture movie as talent unchecks x and y-checkbox in the tip software and clicks “start” button in the tip software.
5.5. Move the trackable object to approach the surface until a measurable current appears [1-SCREEN/MED/CU?].  Click on the “pause” button in the tip software to deactivate hand-control [12-SCREEN].
5.5.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.5.1 and 54506_5.6.1 take 6: Screen capture movie as talent moves the trackable object to approach the surface until a measurable current appears. (Author Note to Video Editor: This movie should end with a cut to the oscilloscope as done in the submitted file. The part showing the oscilloscope movie, however, has to be replaced with the high-quality video material from our videographer. Please use the sequence from the beginning of “54506_5.6.1 take 6” as we did it in our “low res” version.)
5.5.2. [Added Shot] *To be submitted by authors – 54506_Wagner_SCREEN_5.5.2: Screen capture movie as talent clicks on the “pause” button in the tip software to deactivate hand-control.
5.6. Stepwise increase the bias voltage by using a mouse-controlled slider in the SPM software until there is a simultaneous jump in current and delta-f, which indicates that the molecule dropped to the surface [1-SCREEN/MED/CU-TXT].
5.6.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.6.1: Screen capture movie as talent increases the bias voltage by using a mouse-controlled slider in the SPM software until there is a simultaneous jump in current and Δf which indicates that the molecule dropped to the surface.  TEXT Overlay: max. Vb ≈ 0.5 V, at higher Vb molecule could be damaged
(Author Note to Video Editor: That scene [5.6.1] was filmed twice: once by camera (showing the oscilloscope) and once as a screen capture (showing the slider) our idea is to merge both videos using a split screen or an inset. Both videos should then be brought in time sync. For this purpose the file “54506_Wagner_SCREEN_5.6.1_SYNCRONIZATION (low quality).avi” has been created, uploaded, and should be used as an example.)
5.7. If the molecule cannot be re-deposited, the tip has to be cleaned for further experiments, for example by voltage pulses [1-SCREEN]. 
5.7.1. *To be submitted by authors – 54506_Wagner_SCREEN_5.7.1: Screen capture movie as talent demonstrates cleaning of the tip by voltage pulses.
5.8. Scan the area in constant current mode and check whether the molecule was indeed deposited back onto the surface [1-MED-over the shoulder].
5.8.1. Screen as talent works to scan the area in constant current mode and checks whether the molecule was deposited. 
5.9. Finally, scan the area in the region where the molecule was extracted to examine the created vacancy [1-SCREEN].
5.9.1. [Added Shot] Scan of the area where the molecule was extracted.
6. Results: Systematic and intuitive exploration of a 3D virtual reality interface
6.1. Shown here is an example for the nano-structuring of a molecular layer by hand-controlled manipulation.  The series of STM images shows the sequential creation of 47 vacancies by consecutive removal of individual PTCDA molecules from a closed layer [1-LM].
6.1.1. MakingOfJuelich_compressed.avi
6.2. This animation shows 34 manipulation trajectories that all led to the successful removal of PTCDA from the monolayer [1-LM].
6.2.1. Trajectories1.avi
6.3. Here is an animation of 3D tip trajectories demonstrating trajectory refinement and reproducibility with hand-controlled manipulation.  The grey curve represents an initial reference obtained from averaging the trajectories shown in the previous animation.  The colored curves are seven manipulation attempts following the reference trajectory that were all unsuccessful and seven successful attempts along a newly found kinked trajectory [1-LM].
6.3.1. Trajectories2.avi
7. Conclusion (said by authors on camera)

7.1. Philipp Leinen: Our method of hand controlled manipulation can be easily applied to new manipulation tasks or to new molecules without the necessity to involve costly simulations [1-MED].
7.1.1. Philipp speaks toward the camera, interview style.
7.2. Christian Wagner: Once mastered, hand controlled manipulation can be used to perform studies of single molecules in configurations that are otherwise inaccessible. Such experiments may considerably widen our fundamental understanding of the physical processes that take place in such metal-molecule-metal junctions [1-MED].
7.2.1. Christian speaks toward the camera, interview style.
7.3. Christian Wagner: When doing hand controlled manipulation, the experimenter is subject to a learning process.  Later we intend to formalize that learning, and finally delegate it to a computer [1-MED]. 
7.3.1. Christian speaks toward 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.  

LAB MEDIA (LM):

6.1 MakingOfJuelich_compressed.avi – animation showing sequence of STM images
6.2 Trajectories1.avi – animation of tip trajectories rotating in 3D

6.3 Trajectories2.avi – animation of tip trajectories rotating in 3D

SCREEN Capture Movies:
54506_Wagner_SCREEN_2.4.1: Screen capture movie as talent enters in the area to be scanned, the set points for feedback loop, and the scanning speed.  Talent clicks the “start” button in the SPM software to image the PTCDA.
54506_Wagner_SCREEN_2.5.1: Screen capture movie as talent selects a molecule inside PTCDA island for manipulation and records a detailed STM image.     
54506_Wagner_SCREEN_2.7.1: Screen capture movie as talent positions the tip over one of the two carboxylic oxygen atoms of PTCDA using the setup-specific function of the SPM software.  Talent selects “SetXYOffset – Top”, and then clicks in the respective image.
54506_Wagner_SCREEN_2.8.1: Screen capture movie as talent records a current-distance spectrum in which the tip is moved vertically towards the surface by 3 to 5 Angstroms.  Talent also records I(z) by setting a constant bias voltage and defining a ramp of tip height to approach and to retract the tip from the surface.
54506_Wagner_SCREEN_2.9.1: Screen capture movie as talent clicks on the button “vertical manipulation” in the SPM software and selects a position on the most recently recorded STM image.
54506_Wagner_SCREEN_2.10.1: Screen capture movie as talent inspects the recorded current-distance curve to see if it exhibits contact formation between the tip and the molecule in the form of the sharp increase of the current.
54506_Wagner_SCREEN_3.1.1: Screen capture movie as talent positions the tip over the carboxylic oxygen atom chosen for the manipulation using the appropriate function of the SPM software.  
54506_Wagner_SCREEN_3.2.1: Screen capture movie as talent activates the phase locked loop and sets the amplitude control mode.  Talent sets the oscillation amplitude to 0.2-0.4 Å.
54506_Wagner_SCREEN_3.3.1: Screen capture movie as talent opens the feedback loop.  Talent enters 0 for the integrator value in the SPM software parameter window.  Then talent sets junction bias to a few milliVolts in the SPM software parameter window.  Finally talent sets the current amplifier gain to 1 x 107 volt per Ampere in the SPM software parameter window.
54506_Wagner_SCREEN_4.3.1: Screen capture movie as talent activates the hand-control along z-axis only by checking the corresponding checkbox in tip software while keeping x- and y-checkboxes unchecked.
54506_Wagner_SCREEN_4.4.1: Screen capture movie as talent moves the trackable object down while showing the current and delta-f real-time signals in the virtual scene.  
54506_Wagner_SCREEN_4.4.2: Screen capture movie as talent stops moving the trackable object when the current and Δf signals show a simultaneous sharp increase, the signature of a contact formation
54506_Wagner_SCREEN_4.5.1: Screen capture movie as talent starts the trajectory recording in VRinterface by clicking the corresponding button and starts moving the trackable object up.
54506_Wagner_SCREEN_4.6.1: Screen capture movie as talent stops the trajectory recording in VRinterface as soon as a simultaneous sharp drop of the current and delta-f signals appears.
54506_Wagner_SCREEN_4.7.1: Screen capture movie as talent clicks “pause” button in the tip software to deactivate the hand-control.   
54506_Wagner_SCREEN_4.7.2: Screen capture movie as talent activates the hand-control of the tip movement along all spatial axes by checking the x-, y-, z-checkboxes in the software and clicking the “start” button in the tip software.
54506_Wagner_SCREEN_4.9.1: Screen capture movie as talent approaches the point where the “anchor” exhibited formation of the tip-molecule contact by moving the trackable object while following the movement of the sphere representing the current tip position in the virtual scene
54506_Wagner_SCREEN_4.9.2: Screen capture movie as talent starts recording a new trajectory.
54506_Wagner_SCREEN_4.10.1: Screen capture movie as talent pulls the molecule in a direction suitable for lifting by moving the trackable object.
54506_Wagner_SCREEN_4.10.2: Screen capture movie as talent demonstrates a rupture of the tip-molecule contact and stops recording the trajectory.  Talent returns to the contact point, start trajectory recording on contact formation and executes a different manipulation.
54506_Wagner_SCREEN_4.11.1: Screen capture movie showing a tip-molecule contact stable at z is greater than 10 Angstroms, and the signature in delta-f where shows a smooth transition to zero on pulling the molecule away from the surface showing successful lifting of the molecule.
54506_Wagner_SCREEN_5.1.1: Screen capture movie as talent moves the trackable object up to retract the tip an additional 10 to 20 Angstroms from the surface.  
54506_Wagner_SCREEN_5.2.1: Screen capture movie as talent clicks on the “pause” button in the tip software to fix the current tip position and to deactivate hand-control.
54506_Wagner_SCREEN_5.3.1: Screen capture movie as talent uses the setup-specific function of the SPM software to position the tip over clean Ag(111) surface, 50 to 100 Angstroms away from the island where the molecule was extracted.
54506_Wagner_SCREEN_5.4.1: Screen capture movie as talent selects “SetXYOffset – Top” and then click in the respective image.  Talent sets the current amplifier gain to 1 x 109 volt per Ampere, checks only z-checkbox in the tip software and clicks “start” button in the tip software.
54506_Wagner_SCREEN_5.5.1: Screen capture movie as talent moves the trackable object to approach the surface until a measurable current appears and clicks on the “pause” button in the tip software to deactivate hand-control.
54506_Wagner_SCREEN_5.6.1: Screen capture movie as talent increases the bias voltage by using a mouse-controlled slider in the SPM software until there is a simultaneous jump in current and Δf which indicates that the molecule dropped to the surface.  
54506_Wagner_SCREEN_5.7.1: Screen capture movie as talent demonstrates cleaning of the tip by voltage pulses.
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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