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Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
Can you record movies/images using your own microscope camera? (N)
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document.  
First, Steps 2.4 and 2.5 are important for correctly performing time-resolved experiments. Steps 4.2 and 4.3 are important for obtaining signals with a signal-to-noise ratio as high as possible. Finally, Steps 5.2 and 6.3 are important for obtaining strongest signals from samples.

4. 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.)
It is important to try Step 5.2 and 6.2 again and again until getting a sufficient spatial overlap of the Raman pump and probe pulses.

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.


REQUIRED Interview Statements:  

Why is your protocol significant? OR What key questions can this method help answer? 

Tomohisa Takaya: Our protocol is particularly powerful for looking into the structure and dynamics of π-conjugated molecules in the initial stage of chemical and biochemical reactions.


What is the main advantage of this technique?

Koichi Iwata: This technique has a little bit higher sensitivity and makes measurement time shorter than conventional time-resolved spontaneous Raman spectroscopy in the near-infrared with detectors available today.

 

Section - Protocol
Optical Alignment of the Spectrometer
To begin, complete the optical setup as shown here. [1] First, align the laser beam.  With the titanium-sapphire laser turned on and warmed up, place a business card behind iris 2 to act as a screen. [2] Adjust mirror 1 until the beam passes through the center of iris 1. [3]
WIDE: Talent at optical table, presents setup
Talent places a business card as described
Talent adjusts mirror 1 until laser is centered Videographer comment: Shot together with 2.2.1 and 2.2.2
Then, adjust mirror 2 until the laser beam passes through the center of iris 2. [1] Once aligned, confirm that the beam passes through the centers of both iris 1 and iris 2 simultaneously. [2]
Talent adjusts mirror 2 while holding card behind iris 2
Talent displays proper alignment
With the laser be am properly aligned, begin to align the optical delay line. First, move the stage toward mirror 2 as far as it can go using the direction button of the stage controller. [1]
Talent moves the stage as described
Next, adjust mirror 1 until the beam passes through the center of iris 1. [1] Then, move the stage as far away as it can go from mirror 2. [2] Adjust mirror 2 until the beam passes through the center of iris 1. [3]
Talent adjusts mirror 1 as described
Talent moves the stage back 
Talent adjusts mirror 2 as described
Now, move the stage as close as possible to the beam input and confirm that the beam still passes through the center of iris 1.  [1]
Talent moves the stage as described and then checks the laser’s position
Next, remove iris 1 from the position of mirror 3 and place mirrors 3 and 4 on the optical delay line. [1] Adjust mirrors 3 and 4 until the beam passes through the center of iris 2. [2]
Talent removes iris 1 and places mirrors 3 and 4 as described
Talent adjusts mirrors 3 and 4
White Light Continuum Generation and Raman Pump Beam Alignment
With the variable neutral density filter in the incident beam path, place a business card behind the sapphire plate as a screen.[1] Turn the filter to gradually increase the power of the transmitted beam until a yellow-white spot is observed on the screen. [2]
Talent sets a business card behind the sapphire plate. Videographer comment: The ND filter has already been set in place. The distance of 200 millimeters in the script was neglected.
Talent turns the filter as described until the proper spot appears Videographer comment: Shot together with  3.2.1 
Then, turn the filter further in the same direction very carefully until a purple ring surrounds the yellow-white spot on the screen. [1-TXT]
Talent starts with yellow-white spot and turns until a purple ring surrounds it  TEXT: See accompanying text protocol for additional details on white light continuum generation
Next, to align the Raman pump beam, place the volume-grating reflective bandpass filter in the output beam path of the optical parametric amplifier. [1]
Talent places the bandpass filter into place
Adjust the bandpass filter and mirror 17 using a near-IR phosphor card in order to observe the beam spot. [1-TXT]
Talent adjusts the bandpass filter with the near-IR phosphor card in place TEXT: See accompanying text protocol for additional details on Raman pump beam alignment 
Optimization of Probe Spectrum
To begin optimizing the probe spectrum, run continuous measurements and maximize detector counts on the display. [1] To accomplish this, gradually rotate half-wave plate 1.[2]
SCREEN: Screen capture video as talent runs continuous measurements, displaying detector counts.  Authors: Please upload this screen capture video to your article’s server page as 4_1_1_Koichi.mp4/mov
Talent rotates half-wave plate 1
Then, gradually increase the intensity of the incident pulse by rotating variable optical density filter 1. [1] Do this until the maximal and minimal detector counts reach around 30,000 and 4,000, respectively. [2]
Talent rotates the variable optical density filter
SCREEN: Screen capture video as talent increases the intensity of the filter until the bench marks are reached  Authors: Please upload this screen capture video to your article’s server page as 4_2_2_Koichi.mp4/mov
If a large oscillatory pattern starts to be observed…[1] rotate the variable optical density filter in the opposite direction until the pattern disappears.[2]
SCREEN: Screen capture video as talent observes a large oscillatory pattern. Authors: Please upload this screen capture video to your article’s server page as 4_3_1_Koichi.mp4/mov
Talent rotates the variable optical density filter as described.
Spatial and Temporal Overlap of Raman Pump and Probe Pulses
For set up for spatial overlap, place the optical chopper in the Raman pump beam path. [1] Then, place a near-IR phosphor card at the sample position.[2]
Talent puts the OC into place
Talent puts the near-IR phosphor card at the sample position
Adjust the direction of the Raman pump beam by adjusting mirror 21 until the spots of the Raman pump and probe beams fully overlap with each other. [1]
Talent adjusts the mirror as described 
To set up for the temporal overlap, place an InGaAs PIN photodiode at the sample position where the Raman pump and probe beams spatially overlap with each other.[1]
Talent places the photodiode as described Videographer comment: slated as 5.2.1
Next, connect the signal output of the photodiode to a 500 megaHertz, 5 gigasamples per second digital oscilloscope in order to monitor when the Raman pump and probe pulses arrive at the sample position.[1]
Talent connects the setup to an oscilloscope as described
Set the horizontal scale of the oscilloscope to be 1 nanosecond per division and read the peak time of the signal intensity for the Raman pump and probe pulses blocking the other pulse. [1]
Closeup shot of oscilloscope showing talent set the scale and reading the input
Adjustment of Optical Chopper Rotational Phase and Signal Maximization
Attach the inlet/outlet tubes of the magnetic gear pump to a bottle containing 30 milliliters of cyclohexane and begin flowing cyclohexane as described in the text protocol.[1]
Talent immerses ends of the inlet and outlet tubes into 30 milliliters of cyclohexane in a bottle.
Run continuous measurements and check if the stimulated Raman bands of cyclohexane are observed in the display. The strongest band of cyclohexane appears at the 55th through 58th pixels when the center wavelength is set at 1,410 nanometers.[1]
SCREEN: Screen capture video as talent takes measurements and the cyclohexane bands are displayed. Authors: Please upload this screen capture video to your article’s server page as 6_2_1_Koichi.mp4/mov
Once the stimulated Raman bands are detected, maximize the band intensities in the display. [1] Accomplish this by iteratively readjusting mirror 21… the rotational phase of the optical chopper… and the position of optical delay line 2. [2]
SCREEN: Screen capture video as talent improves the band intensity. Authors: Please upload this screen capture video to your article’s server page as 6_3_1_Koichi.mp4/mov
Talent adjusts mirror 21, the OC, and the ODL in that order. Videographer comment: 6.3.2 is mirror 21, 6.3.2 A is the OC and 6.3.2 B is the ODL  and 6.3.2 C is the device. We will also upload a screen shot (6_3_2_Koichi.mp4/mov). 
Measurement of Time-Resolved Absorption Spectra 
Run a single measurement and save the spectrum as a text file.[1-TXT]
SCREEN: Screen capture video as talent saves a measurement as a .txt file. Authors: Please upload this screen capture video to your article’s server page as 7_1_1_Koichi.mp4/mov  TEXT: Record at least 4 spectrum
Then, remove the toluene from the reservoir and attach the inlet/outlet tubes of the magnetic gear pump to a bottle containing 25 milliliters of a toluene solution with 1 x 10-4 moles per liter of beta-carotene. [1] Then, start flowing the sample solution. [2]  
Talent switches the bottle
Talent begins flowing the solution. Videographer comment: Shot together with 7.2.1.
[bookmark: _GoBack]Next, place the optical chopper in the actinic pump beam path. [1] Move the beam dump from the path of the actinic pump beam to that of the Raman pump beam.[2]
Talent places THE OC in the actinic pump beam path
Talent moves the beam dump as described
Then, spatially overlap the actinic pump and probe beams at the sample position using a business card instead of the near-IR phosphor card.[1]
Talent uses card to display beams as described
Run continuous measurements and check if the transient absorption of beta-carotene is observed in the display. The absorption band appears with a shape decreasing monotonically towards longer wavelengths or with three peaks at around the 35th, 220th, and 485th pixels.[1]
SCREEN: Screen capture video as talent displays results from β-carotene measurement. Authors: Please upload this screen capture video to your article’s server page as 7_5_1_Koichi.mp4/mov
Maximize the absorption intensity by readjusting mirror 32 once the transient absorption band is detected. [1] Stop the continuous measurements and then decrease the position of the optical delay line 1 until the transient absorption fully disappears. [2][3]
Talent adjusts mirror 32
Talent adjusts ODL 1 Video Editor: Add result from screen capture into the shot as the delay line position is changed.
SCREEN: Screen capture video as talent moves ODL1 to remove the transient absorption. Authors: Please upload this screen capture video to your article’s server page as 7_6_3_Koichi.mp4/mov
Measurement of Time-resolved Stimulated Raman Spectra
Place the optical chopper in the Raman pump beam path and remove the beam dump from the Raman pump beam path.[1]
Talent places OC as described
Then, run a time-resolved experiment as described in the text protocol, selecting SK stage from the dropdown menu. [1]
SCREEN: Screen capture video as talent performs the above step. Authors: Please upload this screen capture video to your article’s server page as 8_2_1_Koichi.mp4/mov
Enter the starting position of Range A to be smaller by around 50 microns compared to the position where the transient absorption signal disappeared following the measurement of time-resolved absorption spectra. [1]
SCREEN: Screen capture video as talent performs the above step. Authors: Please upload this screen capture video to your article’s server page as 8_3_1_Koichi.mp4/mov



Section – Results
Results: Measurements of Functional π-conjugate Systems 
Femtosecond time-resolved near-IR stimulated Raman spectroscopy was applied to beta-carotene in toluene solution.  The spectra of beta-carotene in toluene is shown here.[1]
LABMEDIA: Figure 2a
The raw spectra contained strong Raman bands of the solvent toluene and a weak Raman band of beta-carotene in the ground state as well as Raman bands of photoexcited neta-carotene.[1]
LABMEDIA: Figure 2a - Video Editor: Create a highlighted vertical line under the black circles with the words “bands of the solvent toluene” and create a highlighted vertical line under the triangle with the words “a weak Raman band of β-carotene in the ground state”
Shown here are the same spectra, but subtracted using the stimulated Raman spectrum of the same solution at 1 picosecond before photoexcitation. The spectra after the subtraction showed distorted baselines that are caused by absorption of photoexcited beta-carotene and/or other nonlinear optical processes. 
LABMEDIA: Figure 2b - Video Editor: With the last sentence, highlight the areas created when the red line moves above the dashed lines for each spectra.
The baselines became flat after they were corrected with polynomial functions.[1] In this figure, the time-resolved stimulated Raman spectra of β-carotene showed two strong bands in the 1,400–1,800 inverse centimeter region.
LABMEDIA: Figure 2C 
A broad stimulated Raman band at 0 picoseconds was assigned to the in-phase C double bond C stretch vibration of S2 beta-carotene. Its peak position was estimated to be at 1,556 inverse centimeters.[1]
LABMEDIA: Figure 2c - Video Editor: Highlight the red line denoted by “0 ps”
The in-phase C double bond C stretch band of S1 beta-carotene appeared as the S2 C double bond C stretch band decays. The peak position of the S1 C double bond C stretch band was upshifted by 8 inverse centimeters from 0.12 to 5 picoseconds.[1]
LABMEDIA: Figure 2D - Video Editor: With the last sentence, highlight the area horizontal area of the graph between 1776 and 1784.

Section - Conclusion
Conclusion Interview Statements:  
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
Tomohisa Takaya: It is important to try and adjust the direction of the Raman pump beam, again and again, until the spots of the Raman pump and probe beams fully overlap with each other to find the stimulated Raman bands of cyclohexane. 
INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera.  -Video Editor: Suggested B-roll shots: 5.2., 6.2.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
Tomohisa Takaya: This procedure can be immediately used for other femtosecond time-resolved experiments in order to look more deeply into chemical reaction dynamics.
INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera.  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
Tomohisa Takaya: This procedure will allow for new questions to be answered as researchers explore the chemistry of π-conjugated molecules.
INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera.  
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
Tomohisa Takaya: While performing this procedure, don’t forget to put safety glasses on to protect your eyes from strong laser light.  This includes scattered light.
INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera.  
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