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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?    No

2. Software: Does the part of your protocol being filmed demonstrate software usage? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page by your script return date or as soon thereafter as possible.

3. Interview statements: Please select one.
☒ 	Interviewees self-record interview statements. 

☐ 	Interview Statements are read by JoVE’s voiceover talent. 


4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 08/19/2022

When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 


Protocol Length
Number of Steps: 33
Number of Shots: 46



Introduction

1. Introductory Interview Statements


REQUIRED: 
1.1. Elton Graugnard: Kelvin probe force microscopy, or KPFM, measures surface topography and differences in surface potential at the nanoscale, while scanning electron microscopy, or SEM, can elucidate composition, crystallinity, and crystallographic orientation.[1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

1.2. Corey M. Efaw: Co-localizing SEM or other microscopy techniques with KPFM can enable direct identification of material structure-property-performance relationships inaccessible via a single technique.[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Michael F. Hurley: Co-localization of SEM or other microscopy techniques with KPFM can provide insight into the effects of nanoscale composition and surface structure on corrosion initiation and propagation mechanisms.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


1.4. Corey M. Efaw: KPFM probe calibration and fiducials marking the region of interest’s origin and orientation are crucial to the success of this method. A glovebox to minimize humidity is also highly beneficial. [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator on Camera


1.5. Paul H Davis: Demonstrating the procedure will be Olivia Maryon, a current doctoral student in Professor Mike Hurley’s applied electrochemistry and corrosion laboratory and former undergraduate AFM researcher from my laboratory. [1][2].

1.5.1. INTERVIEW: Author saying the above	Comment by Paul Davis: Combined into a single shot/scene (1.5.1). Is this ok?
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

1.6. 

Protocol
2. Sample Preparation for Co-Localized Imaging of a Metal Alloy
2.1. To begin, prepare samples to meet the dimensional requirements of the AFM (A-F-M) and other characterization tools to be employed [1]. 
2.1.1. Talent preparing sample of dimensions to be used for AFM analysis. (Removing sample from epoxy mold, measuring sample dimensions with ruler and/or calipers.)
2.2. Use optical microscopy to determine if the polish is sufficient. Ensure that the sample has virtually no visible scratches on the surface. Implement the desired co-localization method to create an origin and axes [1]. 	Comment by Paul Davis: We used the AFM optics (built-in microscope and video camera) via the AFM control software (NanoScope).
2.2.1. SCREEN: The sample is being shown in an optical microscope with the origin and axes visible on screen.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19551158
2.3. Make sure the sample is smooth enough on the bottom to seal against the AFM stage’s sample chuck vacuum, exhibits minimal surface roughness with no loose debris, and provides a conductive path from the base to the top surface. To do this, load the sample on the chuck [1] and turn on the Chuck Vacuum using the On/Off lever switch [2].
2.3.1. Talent loading the sample.
2.3.2. Talent turning on Chick Chuck Vacuum using a lever switch. 
2.4. Apply a thin line of conductive silver paste to provide a continuous electrical path from the sample to the chuck [1]. Once the silver paste has dried, use a multimeter to ensure the top surface of the sample has good continuity to the sample chuck/stage [2].
2.4.1. Talent applying silver paste to provide a continuous electrical path.
2.4.2. Talent using a multimeter to check top surface has good continuity.
3. KPFM Imaging
3.1. Open the AFM control software. In the Select Experiment window that opens, select the appropriate Experiment Category, Experiment Group, and Experiment [2]. 
3.1.1. SCREEN: ‘Select Experiment’ window is being opened, followed by ‘Experiment Category’, ‘Experiment Group’ and ‘Experiment’.
3.2. Then click Load Experiment to open the desired workflow. Once the experiment workflow has opened, click on Setup in the workflow [1]. 
3.2.1. SCREEN: ‘Load Experiment’ is being clicked, followed by ‘Setup’.
3.3. While wearing conductive gloves to prevent electrostatic discharge, carefully mount and secure a conductive AFM probe on the appropriate probe holder [1]. 
3.3.1. Talent mounting a conductive AFM probe on the probe holder while wearing anti-ESD gloves.
3.4. Install the probe holder on the AFM head, taking care to first discharge any static buildup by touching the side of the AFM enclosure before aligning the holes on the probe holder with the contact pins on the AFM head [1].
3.4.1. Talent discharging static buildup by touching AFM enclosure before removing the AFM head and installing the probe holder on the AFM head by aligning the holes on the probe holder with the contact pins on the AFM head, then re-securing the AFM head.
3.5. In the Probe Setup menu, ensure the Probe Type being used is displayed. If necessary, click Select Probe and choose the correct probe type from the dropdown menu, then click Return and Save Changes [1].
3.5.1. SCREEN: Probe type is being selected and the changes being saved.
3.6. In the Focus Tip menu, bring the end of the cantilever into focus using the Focus Controls up/down arrows. Adjust the focus Speed, optical Zoom, and video Illumination as needed [1]. 
3.6.1. [bookmark: _GoBack]SCREEN: Cantilever is brought into focus and focus speed, zoom, and illumination are being adjusted.
3.7. Align the crosshair over the tip location by clicking on the optical image at the location corresponding to the tip’s position beneath the cantilever based on the known setback of the tip from the distal end of the cantilever [1].
3.7.1. SCREEN: Talent aligning crosshair to tip’s location.
3.8. Using the Laser Alignment knobs on the AFM head, optimize the laser alignment by aiming the laser onto the center of the back of the probe cantilever toward the distal end and centering the reflected beam on the position sensitive detector, or PSD, [1] to maximize the Sum voltage while minimizing the Vertical and Horizontal deflections [2].
3.8.1. Talent aligning the laser onto the probe and into the detector.
3.8.2. SCREEN: Talent optimizing laser alignments to maximize Sum and minimize deflections as shown via on-screen readouts.
3.9. Select the Navigate window in the AFM control software workflow and move the probe over the sample using the stage movement XY Control arrows [1]. 
3.9.1. SCREEN: Navigate window is being selected, followed by probe movement.
3.10. Bring the sample surface into focus using the Scan Head up/down arrows, then use the stage movement XY Control arrows again to locate the designated origin and move to the region of interest [1]. 
3.10.1. SCREEN: XY controls are being used to move to the region of interest.
3.11. Use the stage movement XY Control to position an easily identifiable/distinctive feature directly beneath the probe tip [1] Once over the feature, zoom in and correct for the parallax induced by the side-mounted camera optics by clicking Calibrate in the toolbar, then selecting Optical and Optics/SPM Axis Co-linearity [2]. 
3.11.1. SCREEN: Stage movement is being used to bring the feature beneath the probe tip.
3.11.2. SCREEN: Parallax correction is being initiated.
3.12. Walk through the co-linearity calibration steps by clicking Next. Align the crosshairs over the same distinctive feature in each of the presented optical images before clicking Finish, then click Navigate in the software workflow to continue [1].
3.12.1. SCREEN: Co-linearity calibration is being performed.
3.13. Locate the designated origin and align the X and Y coordinate axes, accordingly, centering the probe tip over the origin. To enable repeatable navigation to the desired region of interest, and co-localization with other characterization techniques, note the X and Y position values shown at the bottom of the software window [1].
3.13.1. SCREEN: X and Y coordinates are being aligned. 
3.14. Click Stage in the toolbar and select Set References. While over the designated origin, click Mark Point as Origin under Define Origin to zero the X and Y location values. Then, move the probe to the desired ROI and note the distance from the origin to the ROI displayed as the X and Y values at the bottom of the screen [1].
3.14.1. SCREEN: New X, Y position is being recorded and difference is being calculated.
3.15. If using an ambient system, close and lock the acoustic hood enclosing the AFM [1]. Select the Check Parameters workflow window and ensure the default initial imaging parameters are acceptable [2].
3.15.1. Talent closing and locking the AFM hood.
3.15.2. SCREEN: Imaging parameters are being set.
3.16.  Go to the Microscope settings in the toolbar, select Engage Settings, and ensure the default Engage Parameters are acceptable, modifying them if desired. Click the Engage button in the workflow to engage on the surface. Monitor the engage process to ensure that the tip engages properly [1]. 
3.16.1. SCREEN: Engage parameters are being modified.
3.17. Once engaged, switch the display type of the force curve from Force vs Time to Force vs Z by right-clicking on the curve and selecting Switch Display Type [1]. Optimize the AFM topography and KPFM parameters in the Parameters window of the Scan interface [2].
3.17.1. SCREEN: The display type is being switched.
3.17.2. SCREEN: AFM and KPFM parameters are being optimized. 
3.18. After defining an appropriate Directory path and Filename under Capture, click Capture Filename, click the Capture icon to set up the capture of the desired next complete image, then click Withdraw in the workflow once the image has been captured [1].
3.18.1. SCREEN: Image is being captured.
4. SEM, EDS, and EBSD Imaging 
4.1. Ensure that the sample inhibits charging. If the sample is insufficiently conductive, consider carbon coating prior to imaging. Load the sample into the SEM chamber [1]. Close and pump down the chamber [2].
4.1.1. Talent loading the sample into the SEM chamber, then closing and pumping down the chamber.
4.1.2. SCREEN: Talent clicking Pump Chamber.
4.2. Turn the electron beam on using the Beam On button.  Zoom out optically using the magnification knob to obtain the maximum field of view of the sample surface. Locate the designated origin, then zoom in using the Magnification knob [1]. 
4.2.1. SCREEN: Beam is being turned on, and magnification is being adjusted for the proper field of view.
4.2.2. Talent adjusting the physical magnification knobs.
4.3. Orient the X and Y axes according to the fiducial markers by inputting values into the stage rotation and tilt options. Zoom in as needed and capture the desired images of the designated ROI (R-O-I) and save the files [1].
4.3.1. SCREEN: X and Y orientations being fixed, zoom is being adjusted, images being captured and files being saved.
5. KPFM, SEM, EDS, and EBSD Image Overlay and Analysis
5.1. Use appropriate software for each characterization tool to process the raw data as needed. Save and export the acquired KPFM and SEM images in the desired file format [1]. 
5.1.1. SCREEN: SEM images are being saved and exported.
5.2. After opening the KPFM data file, apply a first order Plane Fit to the AFM topography channel of the KPFM images to remove the sample tip and tilt, as well as a first order Flatten if needed to compensate for any line-to-line offsets due to probe wear or picking up debris on the probe tip [1].
5.2.1. SCREEN: First-order plane fit is being applied followed by first-order Flatten (using NanoScope Analysis).
5.3. Select the desired color scheme/gradient for the KPFM (K-P-F-M) images by first selecting the Potential channel thumbnail on the left of the AFM topography image, then double-clicking on the color scale bar on the right of the KPFM Volta Potential Difference map to open the Image Color Scale Adjust window to the Choose Color Table tab [1]. 
5.3.1. SCREEN: Color Scheme is being selected.
5.4. In the Modify Data Scale tab of the Image Color Scale Adjust window, enter appropriate Minimum and Maximum values in the scale bar range for the KPFM VPD image [1]. Repeat this process for the AFM topography image after first re-selecting the Height Sensor channel thumbnail image [2].
5.4.1.  SCREEN: The image color scale is being adjusted.
5.4.2. SCREEN: The height sensor channel thumbnail is being selected and the AFM topography image is being selected.
5.5. Save Journal Quality Exports of the processed AFM topography image and KPFM VPD map as image files [1].
5.5.1. SCREEN: Journal Quality Exports of the AFM image are saved as image files.
5.6. Open the processed AFM topography image and KPFM VPD (V-P-D) map, along with the raw SEM image, in the image manipulation software of choice. Identify the specified origin in both the AFM/KPFM (A-F-M, K-P-F-M) data and SEM images [1].
5.6.1. SCREEN: AFM, KPFM, SEM images, and VPD maps are being opened, and origins are being identified.
5.7. Overlay the origins in the two images, then rotationally align the images using the X and Y coordinate axes designated by the chosen fiducial marks or characteristic features. Scale the images as needed [1].
5.7.1. SCREEN: Origins of images are being overlaid and scales are being placed over the images. (Powerpoint)



Results
6. Results I: 3D Printed Ternary Ti Alloy: KPFM and SEM/EBSD
6.1. An asymmetric pattern of three nanoindents was created and used as fiducial marks to enable co-localization of KPFM and SEM/EBSD. The origin indent is indicated in the SEM images by a triangle, with the two axes indents indicated by circles. High resolution co-localized imaging was then performed on the region outlined by the solid rectangle [1].
6.1.1. LAB MEDIA: Figures 2 A-B
6.2. Inclusion of one of the fiducial indents marked by a circle allowed precise overlap of the backscattered electron SEM and AFM topography images [1]. The resultant EBSD crystallographic orientation and KPFM Volta potential maps could then be co-localized as well. [2]
6.2.1.  LAB MEDIA: Figures 9 A-B.
6.2.2. LAB MEDIA: Figures 9 C-D.
6.3. As indicated by the arrows, line scans across the same sample regions in the EBSD and KPFM maps enabled correlation of differences in crystallographic orientation with small changes in measured Volta potential [1].
6.3.1. LAB MEDIA: Figures 9 E-F
7. Results II: Cross-Sectional Analysis of Zr Alloys for Nuclear Cladding: KPFM, SEM, and Raman
7.1. Confocal Raman microscopy showed that tetragonal-rich zirconium oxide was preferentially located near the metal-oxide interface. Co-localized KPFM found this tetragonal-rich oxide to be significantly more active than the adjacent, more noble bulk monoclinic-rich zirconium oxide region [1]
7.1.1. LAB MEDIA: Figures 10 A-D Video Editor: Emphasize Figures 10 B and D (first sentence), then Figure 10 A (second sentence).
7.2. Similarly, KPFM mapping across the bright cathodic particle embedded in the zirconium metal showed a large increase in the relative Volta potential [1], which also correlated with a significant change in the Raman spectrum [2].
7.2.1.  LAB MEDIA: Figures 10 E
7.2.2. LAB MEDIA: Figures 10 F, G


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Olivia O. Maryon: Easily identifiable fiducial marks are key for co-localization. To avoid potential sample damage or contamination, KFPM should typically be performed before other characterization methods. [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Paul H. Davis: In addition to electron and Raman microscopies, other complementary micro- to nanoscale characterization techniques, including fluorescence-based super-resolution microscopy, can be co-localized with KPFM or other advanced scanning probe microscopy modes. [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
8.3. Elton Graugnard: Conducting KPFM in a low moisture, inert atmosphere glovebox to control humidity and minimize surface water can improve KPFM spatial resolution and reproducibility of measured Volta potentials. [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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