
Submission ID #: 57415
Editor Name: Tara Cass
Videographer Name: Nastasha Drobnica
Film Date: 02/07/2018
Project Folder Link: https://www.jove.com/account/file-uploader?src=17511623

Authors and Affiliations: Jinpeng Wu1,2, Shawn Sallis2,3, Ruimin Qiao2, Qinghao Li2,4, Zengqing Zhuo2,5, Kehua Dai2,6, Zixuan Guo2,7, Wanli Yang2

1 Geballe Laboratory for Advanced Materials, Stanford University
2 Advanced Light Source, Lawrence Berkeley National Laboratory
3 Department of Materials Science and Engineering, Binghamton University
4 School of Physics, National Key Laboratory of Crystal Materials, Shandong University
5 School of Advanced Materials, Peking University Shenzhen Graduate School
6 School of Metallurgy, Northeastern University (Shenyang, China)
7 Department of Chemical Engineering, University of California – Santa Barbara

Title: Elemental-Sensitive Detection of the Chemistry in Batteries Through Soft X-Ray Absorption Spectroscopy and Resonant Inelastic X-Ray Scattering

Corresponding Author: 

Wanli Yang
Advanced Light Source
Lawrence Berkeley National Laboratory
Berkeley, CA, USA
Email: wlyang@lbl.gov

Co-authors:

Jinpeng Wu: jinpeng@lbl.gov [Script contact]

Shawn Sallis: ssallis@lbl.gov

Ruimin Qiao: rqiao@lbl.gov

Qinghao Li: liqinghaosdu@163.com

Zengqing Zhuo: zzhuo@lbl.gov

Kehua Dai: kdai@lbl.gov

Zixuan Guo: zixuanguo@umail.ucsb.edu

[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.7, 2.8, 3.3, 3.8, 3.9
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
No single most difficult aspect
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this protocol is to apply soft X-ray absorption spectroscopy (spek-tross-kuh-pee /ˌspɛkˈtrɒs kə piː/) and resonant inelastic X-ray scattering to battery material studies. (Intro)

[bookmark: IntroStatements]B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Wanli Yang: This method can help answer key questions in the battery material field about how to utilize soft X-ray spectroscopy as a tool to fundamentally understand the mechanism of battery materials.
1.2. Jinpeng Wu: The main advantage of this technique is that it directly probes the chemical reactions in various battery materials, advancing the field beyond the conventional trial-and-error approach.
C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Zengqing Zhuo: Though this method can provide insight into battery materials, it can also be applied to other systems, such as catalysts, semiconductors, and solar cells.
1.4. Shawn Sallis: Visual demonstration of this method is critical as synchrotron-based soft X-ray spectroscopy is difficult to learn without it. This protocol gives a detailed visual guide to a typical experiment.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Sample Loading and Experiment Preparation
2.1. To begin, cut the battery material samples to fit the sample holder, ensuring that each sample is larger than the beam spot. [1-MED]
2.1.1. Talent uses scissors and tweezers to cut a ~3 mm x 3 mm sample from a larger piece of battery material. 
2.1.2. [Added Shot]: (CU) shot of cutting the samples (Editor: Part of this shot could be cut to during the VO for 2.1, and can continue into 2.2 per the author’s comment below)
2.2. Fix the samples on the sample holder with either double-sided conductive tape or indium (in-dee-uhm /ˈɪn diː əm/) foil, depending on the elements of interest. [1-CU]
2.2.1. Talent mounts a sample on the sample holder with double-sided conductive tape. Use the last 15s of shot 2.1.2
2.3. Then, vent the sample loadlock (load-lock) with N2 (nitrogen) gas. [1-MED] Use a sample grabber such as large tweezers to load the sample holder into the loadlock. [2-CU] Close and evacuate the loadlock. [3-MED-Over shoulder]
2.3.1. Talent vents the loadlock.
2.3.2. Talent loads the sample holder into the loadlock with a sample grabber.
2.3.3. Talent closes the loadlock and starts pumping it down.
2.4. Once the loadlock pressure is sufficiently low, open the valve between the loadlock and the main chamber. [1-MED] Using the transfer arm, transfer the sample holder [2-MED] to the main manipulator in the main chamber. [3-CU]
2.4.1. Talent opens the valve between the loadlock and the main chamber.
2.4.2. Talent uses the transfer arm to move the sample holder to the main chamber.
2.4.3. Talent transfers the sample holder to the main manipulator (as seen through a viewing window).
2.5. Close the valve to the loadlock. Then, open the valve between the main chamber and the beamline (beam-line). [1-MED] Locate the beam spot by observing visible-light fluorescence on a reference sample [2-MED] or on a phosphor (foss-four /ˈfɒs fɔr/) applied to the sample holder. [3-CU]
2.5.1. Talent closes the valve between the loadlock and the main chamber and opens the valve between the main chamber and the beamline. 
2.5.1a. [Added Shot]: added shot of opening valve (Editor: I’m not sure if the valve being opened is also shown in 2.5.1. If it is not, this can be cut to when the “…open the valve…” action is mentioned)
2.5.2. Talent looks at the sample holder in the main chamber through a viewing window.
2.5.3. The sample holder in the main chamber showing the beam spot in visible-light fluorescence on the fluorescent material around the edge of the sample holder. (Author Comment: [LM] photo screen shot from video capture of the beam spot on phosphor edge) (Editor: I’m not sure if a shot was taken for this or if the author wants to the Lab Media they mention instead. I’m also not sure what the Lab Media would be titled. If you can find it easily, I’d suggest just using that Lab Media)
2.6. Position a sample in the beam spot using the sample manipulator controls. [1-MED-Over shoulder] Connect the X-ray beam flux monitor signal cables to the measurement computer. [2-MED]
2.6.1. Talent adjusts the sample manipulator controls.
*Note: It may be most convenient to film 3.5.1 at this point.
2.6.2. Talent connects the beam flux monitor signal cables to the computer.
2.7. Adjust the beamline monochromator (mon-oh-crow-may-tur /ˌmɒn əˈkroʊ meɪ tər/) slits to tune the energy resolution of the incident X-ray beam. [1-MED-Over shoulder] Then, set the incident beam energy to the absorption edge of the element or elements of interest. [2-SCREEN]
2.7.1. Talent adjusts the values of the monochromator slits in the software.
2.7.2. *To be provided by authors: Screen capture footage of the incident beam energy being set to a representative value of interest.
2.8. Fix the monochromator mechanism in place. Measure the beam flux intensity and identify the undulator gap value that provides the maximum possible beam flux. [1-SCREEN]
2.8.1. *To be provided by authors: With a scanned peak already displayed in the ID Energy Alignment window, screen capture footage of clicking ‘Select Peak’ and clicking on the maximum of the peak.
3. Soft X-Ray Absorption Spectroscopy (sXAS), Soft X-Ray Emission Spectroscopy (sXES), and Resonant Inelastic X-Ray Scattering (RIXS) Data Collection
[bookmark: _GoBack](Editor: The screen capture for 3.3 and 3.9 have not been provided yet. The author said they would provide them soon)
3.1. To begin the sXAS (S-X-A-S) data collection process, ensure that the sample current signal used to measure the total electron yield is directed to the measurement computer. [1-WIDE]
3.1.1. Talent checks the connections to the computer counter.
3.2. Turn on the power supplies and controllers of the electron-multiplier or photodiode (foh-toh-dye-owed /ˌfoʊ toʊˈdaɪ oʊd/) used to measure the total fluorescence yield. [1-MED] Ensure that the signal is directed to the computer. [2-MED-Over shoulder]
3.2.1. Talent turns on the power supplies and controllers of the channeltron or photodiode.
3.2.2. Talent opens the data acquisition software.
3.3. Then, in the data acquisition software, select ‘Single Motor Scan’. Open the scan setup menu and set the incident X-ray photon scan range to span the sXAS edge of interest. [1-SCREEN]
3.3.1. *To be provided by authors: Screen capture footage of clicking the ‘Scanning’ menu, clicking ‘Single Motor Scan’, clicking through ‘Scan Setup’ > ‘Scan Setup’, setting the scan range*, closing the scan setup window, clicking ‘Start Scan’, and the scan starting.
Authors: When you finalize this script after filming, please fill in the time in the 3.3.1 screen capture file when you finished setting the scan range:
Timestamp of finishing setting the scan range: ______
Video editor: Please transition from step 3.3 to 3.4 at the above timestamp.
3.4. Click ‘Start Scan’ to simultaneously record the total electron yield, total fluorescence yield, and the beam flux while scanning the incident X-ray photon energy. [1-SCREEN]
3.4.1. The 3.3.1 screen capture footage starting from ‘…closing the scan setup window’ (see timestamp above).
3.5. Follow the same beam alignment and data collection procedure to acquire sXAS data for additional samples. [1-CU] If a reference sample has been scanned, adjust the scan range accordingly for any shift observed in the sXAS values. [2-MED-Over shoulder]
3.5.1. The sample holder being moved by the manipulator (as seen through a viewing window on the main chamber). *Note: It may be more convenient to film this shot immediately before or after 2.6.1.
3.5.2. Talent opens the Scan Setup window and changes the scan range.
3.6. After collecting sXAS data, turn on the spectrometer (spec-trom-ih-tur /spɛkˈtrɒm ɪ tər/) for the sXES (S-X-E-S) and RIXS (riks /rɪks/) system, [1-MED] and cool down the soft X-ray detector. [2-SCREEN]
3.6.1. Talent turns on the power supply for the spectrometer detector.
3.6.2. *To be provided by authors: Screen capture footage of starting the CCD cooler (or, if the cooler is already on, using the cursor to point out that the cooler is on) in the instrument setup window.
3.7. Then, open the motor controls. Set the spectrograph (spec-troh-graph /ˈspɛk trəˌgræf/) parameters to cover the energy range of the elements and edges of interest. [1-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of opening the ‘Motors’ menu and selecting ‘hrRIXS Grating’.
3.8. Next, select ‘CCD (C-C-D) Instrument Scan’ and open the scan setup. For sXES, set a single value about 20 to 30 eV (electron-volts) above the calibrated sXAS absorption edge. For RIXS, set the scan range to span the sXAS absorption edge. [1-SCREEN]
3.8.1. *To be provided by authors: Screen capture footage of clicking ‘Scanning’ > ‘CCD Instrument Scan’, then ‘Setup’ > Scan Setup’; then, setting the incident energy to a representative single value as though for sXES, followed by setting the incident energy to a representative range as though for RIXS.
3.9. Select ‘Apply Cosmic Ray Filter’ so that cosmic ray signals will be removed from the raw RIXS 2D images after initial data collection. Start the scan to collect fluorescence signals in 2D-image form for each excitation energy. [1-SCREEN-TXT]
3.9.1. *To be provided by authors: Screen capture footage of clicking the ‘Apply Cosmic Ray Filter’ checkbox, clicking ‘Start Scan’, and the scan starting. (TEXT: See text for data processing.)
Video editor: Please introduce the text overlay at “Start the scan…”.
4. Results: sXAS, sXES, and RIXS of Lithium-Ion and Sodium-Ion Battery Material
4.1. This RIXS image was collected from a lithium-ion battery material sample over the energy range of the O (oxygen) K-edge and the Mn (manganese (mang-guh-neez /ˈmæŋ gəˌniːz/)), Co (cobalt), and Ni (nickel) L-edges. [1-LM] A full-range sXES covering all four edges simultaneously was collected in 10 seconds. [2-LM]
4.1.1. Figure 7a (57415_Yang_Figure7a.jpg): Add the caption ‘LiNi0.33Co0.33Mn0.33O2’ above the figure (to allow room for the addition of 7b).
4.1.2. Figure 7 (57415_Yang_Figure7.jpg), retaining the above caption.
4.2. A RIXS map of the Ni L-edge was generated from the raw RIXS image data. Analysis of this map showed that the Ni-L (nickel-L) RIXS features were dominated by d-d (D to D) excitations (ek-sigh-tey-shuns /ˌɛk saɪˈteɪ ʃəns/). [1-LM]
4.2.1. Figure 8e (57415_Yang_Figure8e.jpg): Add the caption ‘Ni-L RIXS from LiNi0.33Co0.33Mn0.33O2’.
4.3. [bookmark: _Hlk479690597]Transition-metal redox (ree-dox /ˈriː dɒks/) states in sodium-ion and lithium-ion battery materials were analyzed by quantitative fitting of sXAS spectra. The surface Mn valence (vey-lence /ˈveɪ ləns/) distribution in NaxMnO2 (layered sodium manganese oxide (ock-side /ˈɒk saɪd/)) electrodes at different electrochemical states was determined by quantitative fitting of sXAS spectra to a linear combination of Mn2+, Mn3+, and Mn4+ (manganese-two, -three, and -four cation (cat-eye-uhn /ˈkætˌaɪ ən/)) reference spectra. [1-LM]
4.3.1. Figure 9 (57415_Yang_Figure9a.jpg, …Figure9b.jpg, …Figure9c.jpg, …Figure9d.jpg, …Figure9e.jpg, and …Figure9f.jpg, arranged as in Figure 9.png): During “The surface…reference spectra”, emphasize 9b.
4.4. The redox process of a LixNi0.5Mn1.5O4 (spinel (spih-nell /spɪˈnɛl/) lithium nickel manganese oxide) electrode was identified as sequential single-electron transfers by a similar quantitative fitting approach using total fluorescence yield. Intermediate charge states of LixFePO4 (lithium iron phosphate (foss-fate /ˈfɒs feɪt/)) electrodes were identified by quantitative fitting based on sXAS spectra of the electrodes at 0% and 100% charge. [1-LM]
4.4.1. Figure 9 (57415_Yang_Figure9a.jpg, …Figure9b.jpg, …Figure9c.jpg, …Figure9d.jpg, …Figure9e.jpg, and …Figure9f.jpg, arranged as in Figure 9.png): During “The redox…yield”, emphasize 9f. During “Intermediate…100% charge”, emphasize 9d.
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Wanli Yang: We have been making efforts to utilize synchrotron-based soft X-ray spectroscopy to characterize battery electrodes for more than ten years.
5.2. Jinpeng Wu: After its development, this technique paved the way for researchers in the field of battery materials to explore the fundamental mechanisms of the materials for a better understanding of electrochemical performance.
5.3. [bookmark: _Hlk479076977]Shawn Sallis: After watching this video, you should have a good understanding of how to conduct soft X-ray spectroscopy experiments with a synchrotron light source.
[bookmark: ProvidedMedia]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17511623

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· Step 2.7 – 57415_Yang_Figure_ID Energy Alignment.jpg - This is a screen shot for how to achieve the maximum beam flux by adjusting the undulator gap
· Step 4.1.1 – 57415_Yang_Figure7a.jpg
· Step 4.1.2 – 57415_Yang_Figure7.jpg
· Step 4.2.1 – 57415_Yang_Figure8e.jpg
· Step 4.3 – 57415_Yang_Figure9.jpg
· Step 4.3 – 57415_Yang_Figure9a.jpg
· Step 4.3 – 57415_Yang_Figure9b.jpg
· Step 4.4 – 57415_Yang_Figure9c.jpg
· Step 4.4 – 57415_Yang_Figure9d.jpg
· Step 4.4 – 57415_Yang_Figure9e.jpg
· Step 4.4 – 57415_Yang_Figure9f.jpg


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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