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Michael J. Zachman  
Senior R&D Staff 
electron Microscopy and MicroÅnalysis Group  
Center for Nanophase Materials Sciences  
Oak Ridge National Laboratory  
1 Bethel Valley Rd., Oak Ridge, TN  37831 
Website, Google Scholar  
 
Education: 
2018  Cornell University, Ph.D., Applied Physics 
2015 Cornell University, M.S., Applied Physics 
2012  Purdue University, B.S., Physics 
 
Research Expertise: 

• ~14 years of experience in the field of electron microscopy.  
• Leader in development and application of cryogenic 

focused ion beam (FIB) and aberration-corrected scanning 
transmission electron microscopy (STEM) and electron 
energy-loss spectroscopy (EELS). 

• Expert in various forms of STEM imaging, electron energy-
loss spectroscopy (EELS) – including monochromated 
EELS, energy-dispersive X-ray spectroscopy (EDS), and 
four-dimensional (4D)-STEM. 

• Research focuses on understanding the structure and 
properties of energy storage and conversion materials, as 
well as quantum materials, down to the atomic scale. 

 
Professional Experience: 
2026–present Senior R&D Staff & Group Leader, Center 

for Nanophase Materials Sciences, ORNL 
2023–2025 R&D Staff, Center for Nanophase 

Materials Sciences, ORNL 
2019–2023 R&D Associate, Center for Nanophase 

Materials Sciences, ORNL 
2018–2019 Postdoctoral Research Associate, Center 

for Nanophase Materials Sciences, ORNL 
2013–2018 Graduate Research Assistant, Cornell 

University 
2012–2013 Teaching Assistant, Cornell University 
2011–2012 Undergraduate Research Assistant, Purdue 

University 
2011 Summer Undergraduate Research Fellow, 

Purdue University 
2010 Intern, Thermophysical Properties 

Research Laboratory, Inc. 
 
Honors and Awards: 
Mentor of the Year (Second Place), Oak Ridge Postdoctoral Association (ORPA) Annual Awards, 2025 
Albert Crewe Award, Microscopy Society of America, 2024 
Outstanding CNMS Staff Member Award, Center for Nanophase Materials Sciences, Oak Ridge National 

Laboratory, 2023 
CNMS Distinguished Scientific Paper, “Measuring and Directing Transfer in Heterogeneous Catalysts”, Center for 

Nanophase Materials Sciences, Oak Ridge National Laboratory, 2023 
CNMS Special Team Accomplishment, “For establishing the first Cryo-EM laboratory at ORNL/CNMS”, Center 

for Nanophase Materials Sciences, Oak Ridge National Laboratory, 2023 

Career Highlights 
 

Research: 71 Journal Articles, 29 Invited 
Presentations/Seminars/Webinars,  
h-index = 31  
 
Awards: Best Mentor (Second Place – 
ORPA), Albert Crewe Award (MSA), 
Outstanding CNMS Staff Member 
Award (CNMS), CNMS Distinguished 
Scientific Paper (CNMS), CNMS Special 
Team Accomplishment (CNMS), IAAM 
Scientist Award/Medal (IAAM), William 
Nichols Findley Award for Outstanding 
Research Paper (Cornell University), 
Early Career Representative and 
Scholarship for EMAS 2019 (MAS), 
Meeting Scholarship (EDGE), Eric 
Samuel Scholarship Award (MSA), Watt 
W. Webb Graduate Fellowship in 
Nanoscience (Cornell University) 
 
Funding: DOE BES Center for 
Nanophase Materials Sciences User 
Facility, DOE BES Center for Ionomer-
Based Water Electrolysis (CIWE), DOE 
EERE Hydrogen and Fuel Cell 
Technologies Office, ORNL LDRD 
 
Recent Scientific Service: M&M Cryo-
EM Short Course Organizer (2023-
present), MSA Low-Temp. EM FIG co-
leader (2023-present), M&M Cryo-EM 
Short Course Presenter (2022-present), 
M&M Symposium Organizer (2021, 
2024, 2025), ICE Workshop Organizer 
(2024), Journal of Visualized 
Experiments Guest Editor (2021) 
 
Postdoc/Student Mentoring: 
2 Postdocs Co-supervised, 1 Supervised 
2 Students Co-supervised 

https://www.ornl.gov/staff-profile/michael-j-zachman
https://scholar.google.com/citations?user=JxaoHLAAAAAJ&hl=en&oi=ao
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William Nichols Findley Award for Outstanding Research Paper, Cornell University School of Applied & Engineering 
Physics, 2019 

Early Career Representative and Scholarship for EMAS 2019, Microanalysis Society, 2019  
Best Microscopy and Microanalysis Journal Paper of 2016 Award, Microscopy Society of America, 2017 
Materials Handling Prize, Silent Hoist and Crane, 2017 
Meeting Scholarship, Enhanced Data Generated by Electrons, 2017 
Eric Samuel Scholarship Award, Microscopy Society of America, 2015 
Watt W. Webb Graduate Fellowship in Nanoscience, Kavli Institute at Cornell, 2014 
 
Peer Reviewed Publications (h-index: 31 [Google Scholar]) 

1. Ock, J.; Kalnaus, S.; Zachman, M.J.; Ullman, A.M.; Owensby, K.D.; Long, O.; Chen, X.C.; Sahore, R., 
“Decoupling the capacity fade contributions in polymer electrolyte-based high-voltage solid-state 
batteries,” Journal of Materials Chemistry A 14, 4082 (2026). 

2. Kwon, O.; Shibata, M.S.; Hamlyn, R.; Oh, J.; Lang, J.T.; Wang, C.R.; Boettcher, S.W.; Korzeniewski, C.; 
Crumlin, E.J.; Zachman, M.J.; Morimoto, Y.; Zenyuk, I., “Structure of iridium oxide catalysts dictates 
performance differences for proton exchange membrane water electrolyzers,” Journal of Materials 
Chemistry A 14, 3342 (2026). 

3. Zhang, B,; Gao, L.; Hwang, S.; Zhang, C.; Li, T.; Zachman, M.J.; Chang, A.; Liang, J.; Feng, Z.; Cullen, 
D.A.; Wang, Z.; Li, L.; Wu, G., “Constructing Highly Durable Fuel Cell Catalysts Through Integrating 
Graphitic Shell‐Protected Composite Carbon Support with Gaseous Co Deposition‐Driven PtCo 
Intermetallics,” Advanced Materials, e20651 (2025). 

4. Hou, S.; Sekar, A.; Zhao, Y.; Kwak, M.; Oh, J.; Li, K. K.-Y.; Wu, P.; Hannagan, R.T.; Cartagena, V.; 
Ekennia, A.C.; Duan, H.; Zachman, MJ.; Frechette, J.; Su, G.M.; Lakshmanan, B.; Yan, Y.; Jaramillo, T. 
F.; Boettcher, S.W., "Durable, Pure-Water-Fed, Anion-Exchange-Membrane Electrolyzers through 
Interphase Engineering," Science (2025). 

5. Weber, J.; Cooke, C.G.; Starchenko, V.; Rivers, M.; Ilavsky, J.; Zhang, R.; Zachman, M.J.; Gilbert, E. P.; 
Mata, J.; Stack, A. G.; Anovitz, L. M., "Reaction-Induced Fracturing of Porous Carbonate Rocks during 
Volume-Increasing Replacement by Witherite," Crystal Growth & Design (2025). 

6. Arregui-Mena, J.D.; Koyanagi, T.; Cullen, D.A.; Zachman, M.J.; Lin, Y.-R.; Everett, K.; Gonzalez-
Calzada, S.; Edmondson, P.D.; Gerczak, T.J.; Katoh, Y.; Gallego, N.C., "Electron Microscopy Data on 
Irradiation Effects in Glassy Carbon, Nuclear Graphite, Pyrolytic Carbon, and Carbon Fibers," Data in 
Brief, 111918 (2025) 

7. Liu, M.; Fernández Otero, C.A.; Uruchurtu Patino, D.; Gong, H.; Hossain, M.D.; Matthews, J.E.; Williams, 
K.S.; Vargas, A.; Zachman, M.J.; Hoffman, A.S.; Nordlund, D.; Bajdich, M.; Bare, S.R.; Burke Stevens, 
M.; Jaramillo, T.F.; Bao, Z.; Tarpeh, W.A., "Titanium-, Nitrogen-Doped Carbon Flowers Catalyze 
Electrochemical Nitrate Reduction Reaction to Ammonia," Journal of the American Chemical Society 
(2025) 

8. Liang, J.; Yu, H.; Zachman, M.J.; Hwang, S.; Qi, M.; Zeng, Y.; Zhang, B.; Li, J.; Guo, J.; Dun, C.; 
Macauley, N.; Wu, G., "Creating Favorable Pt/Co Interfaces via a Two‐Step Approach for Constructing 
Highly Durable PtCo Intermetallic Fuel Cell Catalysts," Advanced Materials, e10847 (2025).  

9. Averianov, T.; Zhang, X.; Andris, R.; Olds, D.; Zachman, M.J.; Pomerantseva, E., “MXene-Derived 
Potassium-Preintercalated Bilayered Vanadium Oxide Nanostructures for Cathodes in Nonaqueous K-Ion 
Batteries,” ACS Applied Nano Materials 8, 7582 (2025). 

10. Zhai, P.; Aireddy, D.R.; Berko, M.B.; Arshadi, A.; Zachman, M.J.; Cullen, D.A.; Xu, Y.; Ding, K., 
“Anomalous Role of Carbon in Pd-Catalyzed Selective Hydrogenation,” Angewandte Chemie 64, 
e202421351 (2025). 

11. Qi. M.*; Zachman, M.J.*; Li, Y.*; Zeng, Y.*; Hwang, S.; Liang, J.; Lyons, M.; Zhao, Q.; Mao, Y.; Shao, 
Y.; Feng, Z.; Wang, Z.; Zhao, Y.; Wu, G., “Highly dense atomic Fe-Ni dual sites for efficient CO2 to CO 
electrolyzers at industrial current densities,” Energy & Environmental Science 18, 5643 (2025). 
*Contributed equally. 

12. Xia, F; Li, B.; An, B; Zachman, M.J.; Xie, X.; Liu, Y.; Xu, S.; Saha, S.; Wu, Q.; Gao, S.; Abdul Razak, 
I.B.; Brown, D.E.; Ramani, V.; Wang, R.; Marks, T.J.; Shao, Y.; Cheng, Y., “Cooperative Atomically 
Dispersed Fe-N4 and Sn-Nx Moieties for Durable and More Active Oxygen Electroreduction in Fuel Cells,” 
Journal of the American Chemical Society 146, 33569 (2024). 
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13. Arregui-Mena, D.; Koyanagi, T.; Cullen, D.A.; Zachman, M.J.; Lin, Y.-R.; Edmondson, P.A.; Katoh, Y., 
“Comprehensive characterization of the radiation effects of glassy carbon,” Acta Materialia 281, 120441 
(2024). 

14. Zhang, X.; Andris, R.; Averianov, T.; Zachman, M.J.; Pomerantseva, E., “Hybrid bilayered vanadium 
oxide electrodes with large and tunable interlayer distances in lithium-ion batteries,” Journal of Colloid and 
Interface Science 674, 612 (2024). 

15. Omo-Lamai, D.; Zhang, X.; Andris, R.; Zachman, M.J.; Pomerantseva, E., “Chemical preintercalation of 
magnesium ions into a-MoO3 structure for improved electrochemical stability in Li-ion cells,” Journal of 
Alloys and Compounds 1005, 175954 (2024). 

16. Niyonkuru, P.; Bennett, R.A.; Zachman, M.J.; Zimmerman, J.D., “Effect of molecular permanent dipole 
moment on guest aggregation and exciton quenching in phosphorescent organic light emitting diodes,” The 
Journal of Chemical Physics 160, 244304 (2024). 

17. Zhang, D.; Harmon, K.J.; Zachman, M.J.; Lu, P.; Kim, D.; Zhang, Z.; Cucciniello, N.; Markland, R.; 
Ssennyimba, K.W.; Zhou, H.; Cao, Y.; Brahlek, M.; Zheng, H.; Schneider, M.M.; Mazza, A.R.; Hughes, 
Z.; Somodi, C.; Freiman, B.; Pooley, S.; Kunwar, S.; Roy, P.; Tu, Q.; McCabe, R.J.; Chen, A., “High-
throughput combinatorial approach expedites the synthesis of a lead-free relaxor ferroelectric system,” 
InfoMat e12561 (2024). 

18. Yang, X.*; Liang, J.*; Shi, Q.*; Zachman, M.J.*; Kabir, S.; Liang, J.; Zhu, J.; Slenkar, B.; Pupucevski, 
M.; Macauley, N.; Kropf, A.J.; Zeng, H.; Strasser, D.; Myers, D.J.; Xu, H.; Zheng, Z.; Yan, Y.; Wu, G., 
“Regulating the Third Metal to Design and Engineering Multilayered NiFeM (M: Co, Mn, and Cu) 
Nanofoam Anode Catalysts for Anion-Exchange Membrane Water Electrolyzers,” Advanced Energy 
Materials 14, 2400029 (2024). *Contributed equally. 

19. Yu, Z.; Lin, Y.-R.; Zachman, M.J.; Zinkle, S.J.; Xu, H., “The role of stacking fault tetrahedra on void 
swelling in irradiated copper,” Communications Materials 5, 53 (2024). 

20. Adogwa, A.; Chukwu, E.; Malaj, A.; Punyapu, V.R.; Chamness, O.; Glisson, N.; Bruce, B.; Lee, S.; 
Zachman, M.J.; Bruce, D.A.; Getman, R.; Mefford, O.T.; Yang, M., “Catalytic Reaction Triggered by 
Magnetic Induction Heating Mechanistically Distinguishes Itself from the Standard Thermal Reaction,” 
ACS Catalysis 14, 4008 (2024). 

21. Zeng, Y.; Li, C.; Li, B.; Liang, J.; Zachman, M.J.; Cullen, D.A.; Hermann, R.P.; Alp, E.E.; Lavina, B.; 
Karakalos, S.; Lucero, M.; Zhang., B.; Wang, M.; Feng, Z.; Wang, G.; Xie, J.; Myers, D.J.; Dodelet, J.-P.; 
Wu, G., “Tuning the thermal activation atmosphere breaks the activity-stability trade-off of Fe-N-C oxygen 
reduction fuel cell catalysts,” Nature Catalysis 6, 1215 (2023). 

22. Zachman, M.J.; Serov, A.; Lyu, X.; McKinney, S.; Yu, H.; Oxley, M.P.; Spillane, L.; Holby, E.F.; Cullen, 
D.A., “Probing individual single atom electrocatalyst sites by advanced analytical scanning transmission 
electron microscopy,” Electrochimica Acta (2023). 

23. Andris, R.; Omo-Lamai, D.; Zachman, M.J.; Pomerantseva, E., “Role of Cations in the Cation-Driven 
Assembly Process and their Effect on the Charge Storage Properties of Bilayered Vanadium Oxide and 
Reduced Graphene Oxide Heterostructures in Alkali Ion Systems,” ACS Applied Energy Materials (2023). 

24. Ni, H.; Wu, Z.; Wu, X.; Smith, J.G.; Zachman, M.J.; Zuo, J.; Ju, L.; Zhang, G.; Chi, M., “Quantifying 
Atomically Dispersed Catalysts Using Deep Learning Assisted Microscopy,” Nano Letters 23, 7442 
(2023). 

25. Persky, Y.; Kielesinski, L.; Reddy, S.N.; Zion, N.; Friedman, A.; Honig, H.C.; Koszarna, B.; Zachman, 
M.J.; Grinberg, I.; Gryko, D.T.; Elbaz, L., “Biomimetic Fe-Cu Porphyrrole Aerogel Electrocatalyst for 
Oxygen Reduction Reaction,” ACS Catalysis 13, 11012 (2023). 

26. Patil, J.J.; Lu, Z.; Zachman, M.J.; Chen, N.; Reeves, K.S.; Jana, A.; Revia, G.; MacDonald, B.; Keller, 
B.D.; Lara-Curzio, E.; Grossman, J.C.; Ferralis, N., “Chemical and Physical Drivers for Improvement in 
Permeance and Stability of Linker-Free Graphene Oxide Membranes,” Nano Letters (2023). 

27. Chhetri, M.; Wan, M.; Jin, Z.; Yeager, J.; Sandor, C.; Rapp, C.; Wang, H.; Lee, S.; Bodenschatz, J.; 
Zachman, M.J.; Che, F.; Yang, M., “Dual-site catalysts featuring platinum-group-metal atoms on copper 
shapes boost hydrocarbon formations in electrocatalytic CO2 reduction,” Nature Communications 14, 3075 
(2023). 

28. Andris, R.; Averianov, T.; Zachman, M.J.; Pomerantseva, E., “Cation-Driven Assembly of Bilayered 
Vanadium Oxide and Graphene Oxide Nanoflakes to Form Two-Dimensional Heterostructure Electrodes 
for Li-ion Batteries,” ACS Applied Materials and Interfaces 15, 26525 (2023). 

29. Chukwu, W.; Molina, L.; Rapp, C.; Morales, L.; Jin, Z.; Karakalos, S.; Wang, H.; Lee, S.; Zachman, M.J.; 
Yang, M., “Crowded supported metal atoms on catalytically active supports may comprise intrinsic 
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activity: A case study of dual-site Pt/α-MoC catalysts,” Applied Catalysis B: Environmental 329, 122532 
(2023). 

30. Zachman, M.J., “State-of-the-Art Electron Microscopy for Physical Sciences Research,” Journal of 
Visualized Experiments 192, e64973 (2023). 

31. Zhang, R.; Averianov, T.; Andris, R.; Zachman, M.J.; Pomerantseva, E., “Liquid Phase Exfoliation of 
Chemically Prelithiated Bilayered Vanadium Oxide in Aqueous Media for Li-Ion Batteries,” Journal of 
Physical Chemistry C 127, 919 (2023). 

32. Inagaki, T.M.; Possinger, A.R.; Schweizer, S.A.; Mueller, C.W.; Hoeschen, C.; Zachman, M.J.; 
Kourkoutis, L.F.; Kögel-Knaber, I.; Lehmann, J., “Microscale spatial distribution and soil organic matter 
persistence in top and subsoil,” Soil Biology Biochemistry 178, 108921 (2023). 

33. Wang, H.; Osmieri, L.; Yu, H.; Zachman, M.J.; Park, J.H.; Kariuki, N.N.; Cetinbas, F.C.; Khandavalli, S.; 
Mauger, S.; Myers, D.J.; Cullen, D.A.; Neyerlin, K.C., “Elucidating the impact of the ionomer weight on a 
platinum group metal-free PEMFC cathode via oxygen limiting current,” SusMat, 1 (2023). 

34. Pan, Y.T.; Li, D.; Sharma, S.; Wang, C.; Zachman, M.J.; Wegener, E.C.; Kropf, A.J.; Kim, Y.S.; Myers, 
D.J.; Peterson, A.A.; Cullen, D.A.; Spendelow, J.S., “Ordered CoPt oxygen reduction catalyst with high 
performance and durability,” Chem Catalysis 2, 3559 (2022). 

35. Ræder, T.; Qin. S.; Vasudevan, R.K.; Grande, T.; Agar, J.; Zachman, M.J., “High Velocity, Low-Voltage 
Collective In-Plane Switching in (100) BaTiO3 Thin Films,” Advanced Science 9, 2201530 (2022). 

36. Ul Hassan, N.*; Zachman, M.J.*; Mandal, M.; Firouzjaie, H.A.; Kohl, P.A.; Cullen, D.A.; Mustain, W.E., 
“Understanding Recoverable vs. Unrecoverable Voltage Losses and Long-Term Degradation Mechanisms 
in Anion Exchange Membrane Fuel Cells.” ACS Catalysis 12, 8116 (2022). *Contributed equally. 

37. Yu, H.; Zachman, M.J.; Reeves, K.S.; Park, J.H.; Kariuki, N.N.; Hu, L.; Mukundan, R.; Neyerlin, K.C.; 
Myers, D.J.; Cullen, D.A., “Tracking Nanoparticle Degradation Across Fuel Cell Electrodes by Automated 
Analytical Electron Microscopy.” ACS Nano (2022). 

38. Liu, S.*; Li, C.*; Zachman, M.J.*; Zeng, Y.; Yu, H.; Li, B.; Wang, M.; Braaten, J.; Liu, J.; Meyer III, 
H.M.; Lucero, M.; Kropf, A.J.; Alp E.E.; Gong, Q.; Shi, Q.; Feng, Z.; Xu, H.; Wang, G.; Myers, D.J.; Xie, 
J.; Cullen, D.A.; Litster, S.; Wu, G., “Atomically-dispersed iron sites with a nitrogen-carbon coating as 
highly active and durable oxygen reduction reaction catalysts for fuel cells.” Nature Energy 7, 652 (2022). 
*Contributed equally. 

39. Zachman, M.J., Fung, V.; Polo-Garzon, F.; Cao, S.; Moon, J.; Huang, Z.; Jiang, D.; Wu, Z.; Chi, M., 
“Measuring and directing charge transfer in heterogeneous catalysts,” Nature Communication 13, 1 (2022). 

40. Li, Y.*; Shan, W.*; Zachman, M.J.*; Wang, M.; Hwang, S.; Tabassum, H.; Yang, J.; Yang, X.; 
Karakalos, S.; Feng, Z.; Wang, G.; Wu, G., “Atomically Dispersed Dual-Metal Site Catalysts for Enhanced 
CO2 Reduction: Mechanistic Insight into Active Site Structures,” Angewante Chemie (2022). 
*Contributed equally. 

41. Yu, H.; Zachman, M.J.; Li, C.; Hu, L.; Kariuki, N.N.; Mukundan, R.; Xie, J.; Neyerlin, K.C.; Myers, D.J.; 
Cullen, D.A., “Recreating Fuel Cell Catalyst Degradation in Aqueous Environments for Identical-Location 
Scanning Transmission Electron Microscopy,” ACS Applied Materials and Interfaces 14, 20418 (2022). 

42. Li, Y.; Mohd Adli, N.; Shan, W.; Wang, M.; Zachman, M.J.; Hwang, S.; Tabassum, H.; Karakalos, S.; 
Feng, Z.; Wang, G.; Li, C.; Wu, G., “Atomically Dispersed Single Ni Site Catalysts for High-Efficiency 
CO2 Electroreduction at Industrial-Level Current Densities,” Energy and Environmental Science 15, 2018 
(2022). 

43. Snitkoff-Sol, R.Z.; Friedman, A.; Honig, H.C.; Yurko, Y.; Kozhushner, A.; Zachman, M.J.; Zelenay, P.; 
Bond, A.M.; Elbaz, L., “Quantifying the electrochemical active site density of precious metal-free catalysts 
in situ in fuel cells,” Nature Catalysis 5, 162 (2022). 

44. Zachman, M.J.; Yang, Z.; Du, Y.; Chi, M., “Robust Atomic-Resolution Imaging of Lithium in Battery 
Materials by Center-of-Mass Scanning Transmission Electron Microscopy,” ACS Nano 16, 1358 (2022). 

45. Zachman, M.J.; Madsen, J.; Zhang, X.; Ajayan, P.M.; Susi, T.; Chi, M., “Interferometric 4D-STEM for 
Lattice Distortion and Interlayer Spacing Measurements of Bilayer and Trilayer 2D Materials,” Small 17, 
210088 (2021). 

46. El Baggari, I.; Baek, D.J.; Zachman, M.J.; Lu, D.; Hikita, Y.; Hwang, H.Y.; Nowadnick, E.A.; 
Kourkoutis, L.F., “Charge order textures induced by non-linear couplings in a half-doped manganite,” 
Nature Communications 12, 1 (2021). 

47. Friedman, A.; Mizrahi, M.; Levy, N.; Zion, N.; Zachman, M.; Elbaz, L., “Application of Molecular 
Catalysts for the Oxygen Reduction Reaction in Alkaline Fuel Cells,” ACS Applied Materials and 
Interfaces 13, 58532 (2021). 
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48. Yang, X.; Wang, M.; Zachman, M.J.; Zhou, H.; He, Y.; Liu, S.; Zang, H.-Y.; Feng, Z.; Wu, G., “Binary 
Atomically Dispersed Metal-Site Catalysts with Core-Shell Nanostructures for O2 and CO2 Reduction 
Reactions,” Small Science 1 (10), 2100046 (2021). 

49. O’Brien, T.; Herrera, S.; Langlois, D.; Kariuki, N.; Yu, H.; Zachman, M.J.; Myers, D.J.; Cullen, D.A.; 
Borup, R.; Mukundan, R., “Impact of Carbon Support Structure on the Durability of PtCo 
Electrocatalysts,” Journal of the Electrochemical Society 168, 054517 (2021). 

50. Houseman, L.; Mukherjee, S.; Andris, R.; Zachman, M.J.; Pomerantseva, E., “Free-standing bilayered 
vanadium oxide films synthesized by liquid exfoliation of chemically preintercalated 𝛿-LixV2O5∙nH2O,” 
Materials Advances 2, 2711 (2021). 

51. Possinger, A.R.; Zachman, M.J.; Dynes, J.J.; Regier, T.Z.; Kourkoutis, L.F.; Lehmann, J., “Co-
precipitation induces changes to iron and carbon chemistry and spatial distribution at the nanometer scale,” 
Geochimica et Cosmochimica Acta 314, 1 (2021). 

52. Blum, T.; Graves, J.; Zachman, M.J.; Polo-Garzon, F.; Wu, Z.; Kannan, R.; Pan, X.; Chi, M., “Machine 
Learning Method Reveals Strong Metal-Support Interaction in Microscopy Datasets,” Small Methods, 
2100035 (2021). 

53. Possinger, A.R.; Zachman, M.J.; Enders, A.; Levin, B.D.A.; Muller, D.A.; Kourkoutis, L.F.; Lehmann, J., 
“Organo-organic and organo-mineral interfaces in soil at the nanometer scale,” Nature Communications 11, 
6103 (2020). 

54. DeRocher, K.A.; Smeets, P.J.M.; Goodge, B.H.; Zachman, M.J.; Balachandran, P.V.; Stegbauer, L.; Cohen, 
M.J.; Gordon, L.M.; Rondinelli, J.M.; Kourkoutis, L.F.; Joester, D., “Chemical gradients in human enable 
crystallites,” Nature 583, 66 (2020).  

55. Zachman, M.J.; Tu, Z.; Archer, L.A.; Kourkoutis, L.F., “Nanoscale Elemental Mapping of Intact Solid-
Liquid Interfaces and Reactive Materials in Energy Devices Enabled by Cryo-FIB/SEM,” ACS Energy 
Letters 5 (4), 1224 (2020). 

56. Zachman, M.J.; De Jonge, N.; Fischer, R.; Jungjohann, K.L.; Perea, D.E., “Cryogenic specimens for 
nanoscale characterization of solid-liquid interfaces,” MRS Bulletin 44 (12), 949 (2019). 

57. Yu, S.-H.*; Zachman, M.J.*; Kang, K.; Gao, H.; Huang, X.; DiSalvo, F.J.; Park, J.; Kourkoutis, L.F.; 
Abruña, H.D., “Atomic-Scale Visualization of Electrochemical Lithiation Processes in Monolayer MoS2 by 
Cryogenic Electron Microscopy,” Advanced Energy Materials 9, 1902773 (2019). *Contributed equally. 

58. Zachman, M.J.; Hachtel, J.A.; Idrobo, J.C.; Chi, M., “Emerging Electron Microscopy Techniques for 
Probing Functional Interfaces in Energy Materials,” Angewandte Chemie 131, 2 (2019). 

59. Wang, Z.; Goodge, B.H.; Baek, D.J.; Zachman, M.J.; Huang, X.; Bai, X.; Brooks, C.M.; Paik, H.; Mei, A. 
B.; Brock, J.D.; Maria, J.P.; Kourkoutis, L.F.; Schlom, D.G., “Epitaxial SrTiO3 film on silicon with narrow 
rocking curve despite huge defect density,” Physical Review Materials 3 (7), 073403 (2019). 

60. Choudhury, S.; Tu, Z.; Nijamudheen, A.; Zachman, M.J.; Stalin, S.; Deng, Y.; Zhao, Q.; Vu, D.; Kourkoutis, 
L.F.; Mendoza-Cortes, J.L.; Archer, L.A., “Stabilizing Polymer Electrolytes in High-Voltage Lithium 
Batteries,” Nature Communications 10, 3091 (2019). 

61. Zhao, Q.; Zachman, M.J.; Al Sadat, W.I.; Zheng, J.; Kourkoutis, L.F.; Archer, L.A., “Solid Electrolyte 
Interphases for High-Energy Aqueous Aluminum Electrochemical Cells,” Science Advances 4, eaau8131 
(2018). 

62. Zachman, M.J.; Tu, Z.; Choudhury, S.; Archer, L.A.; Kourkoutis, L.F., “Cryo-STEM Mapping of Solid-
Liquid Interfaces and Dendrites in Li-Metal Batteries,” Nature 560, 345 (2018). 

63. Tu, Z.*; Zachman, M.J.*; Choudhury, S.; Khan, K.A.; Zhao, Q.; Kourkoutis, L.F.; Archer, L.A., 
“Stabilizing Protic and Aprotic Liquid Electrolytes at High-Bandgap Oxide Interphases,” Chemistry of 
Materials 30, 5655 (2018). *Contributed equally. 

64. Prasad, B.; Pfanzelt, G.; Fillis-Tsirakis, E.; Zachman, M.J.; Kourkoutis, L.F.; Mannhart, J., “Integrated 
Circuits Comprising Patterned Functional Liquids,” Advanced Materials 30, 1802598 (2018). 

65. Tu, Z.; Choudhury, S.; Zachman, M.J.; Wei, S.; Zhang, K., Kourkoutis, L.F.; Archer, L.A., “Fast Ion 
Transport at Solid-Solid Interphases in Hybrid Battery Anodes,” Nature Energy 3, 310 (2017). 

66. Tu, Z.; Choudhury, S.; Zachman, M.J.; Wei, S.; Zhang, K., Kourkoutis, L.F.; Archer, L.A., “Designing 
Artificial Solid-Electrolyte Interphases for Single-Ion and High-Efficiency Transport in Batteries,” Joule 1, 
394 (2017). 

67. Choudhury, S.; Wei, S.; Ozhabes, Y.; Gunceler, D.; Zachman, M.J.; Tu, Z.; Shin, J.-H.; Nath, P.; Agrawal, 
A.; Kourkoutis, L.F.; Archer, L.A., “Designing Solid-Liquid Interphases for Sodium Batteries,” Nature 
Communications 8, 898 (2017). 
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68. Choudhury, S.; Wan, C. T.-C.; Al Sadat, W.I.; Tu, Z.; Lau, S.; Zachman, M.J.; Kourkoutis, L.F.; Archer, 
L.A., “Designer Interphases for the Lithium-Oxygen Electrochemical Cell,” Science Advances 3 (4), 
e1602809 (2017). 

69. Levin, B.D.A.; Zachman, M.J.; Werner, J.; Sahore, R.; Nguyen, K.X.; Han, Y.; Xie, B.; Ma, L.; Archer, 
L.A.; Giannelis, E.P.; Wiesner, U.; Kourkoutis, L.F.; Muller, D.A., “Characterization of Sulfur and 
Nanostructured Sulfur Battery Cathodes in Electron Microscopy without Sublimation Artifacts,” Microscopy 
and Microanalysis 23, 155 (2017). 

70. Tu, Z.; Zachman, M.J.; Choudhury, S.; Wei, S.; Ma, L.; Yang, Y.; Kourkoutis, L.F.; Archer, L.A., 
“Nanoporous Hybrid Electrolytes for High-Energy Batteries Based on Reactive Metal Anodes,” Advanced 
Energy Materials 7, 1602367 (2017). 

71. Zachman, M.J.; Asenath-Smith, E.; Estroff, L.A.; Kourkoutis, L.F., “Site-Specific Preparation of Intact 
Solid-Liquid Interfaces by Label-Free In-Situ Localization and Cryo-Focused Ion Beam Lift-Out,” 
Microscopy and Microanalysis 22, 1338 (2016). 

 
Presentations: 

1. “Multi-Scale Probing of Sensitive Hard-Soft Interfaces in Solid Polymer Electrolyte-Li Metal Batteries By 
Cryogenic Electron Microscopy,” 248th Electrochemical Society Meeting, Chicago, IL (2025) – Cancelled 
by DOE. 

2. (Invited) “Pairing Cryogenic Electron Microscopy with Machine Learning for Analysis of Energy 
Materials and Devices,” Appalachian Regional Electron Microscopy Society, Knoxville, TN (2025) – 
Cancelled by DOE. 

3. (Invited) “Elucidating Processes at Hard-Soft Interfaces in Next-Generation Electrochemical Devices by 
Cryogenic Electron Microscopy,” Microscopy and Microanalysis, Salt Lake City, UT (2025). 

4. (Invited) “Understanding Detrimental Interfacial Processes in Li-Metal Batteries by Large-scale, High-
resolution Cryo-PFIB Characterization,” Premeeting Congress Presentation, Microscopy and 
Microanalysis, Salt Lake City, UT (2025). 

5. (Invited) “Principles and methods for preparation of sensitive, reactive, and liquid-containing samples for 
cryo-(S)TEM,” Sunday Short Course Presentation, Microscopy and Microanalysis, Salt Lake City, UT 
(2025).  

6. (Invited) “Advanced STEM Imaging and Spectroscopy for Energy Conversion Materials and Device 
Research,” 2024 Fall MRS Meeting & Exhibit, Boston, MA (2025).  

7. (Invited) “Focusing on Energy Materials and Devices in My Research and My Career,” Office of Research 
Education Speaker Series, Oak Ridge, TN (2025). 

8. (Invited) “Probing Highly Sensitive Hard-Soft Interfaces in Energy Devices by Low-Dose Cryo-(S)TEM,” 
MRS Fall Meeting, Boston, MA (2024). 

9. (Invited) “Advanced STEM Imaging and Spectroscopy for Energy Conversion Materials and Device 
Research,” MRS Fall Meeting, Boston, MA (2024). 

10. (Invited) “Cryo-FIB/(S)TEM Characterization,” Sunday Short Course Presentation, Microscopy and 
Microanalysis, Cleveland, OH (2024). 

11. “Automated Cryo-TEM of Highly Beam-Sensitive Hard-Soft Ionomer Interfaces in Green Hydrogen 
Devices,” Microscopy and Microanalysis, Cleveland, OH (2024). 

12. (Invited) “Accessing Intact Buried Structures and Interfaces in Energy Devices by Cryo-EM,” Lena 
Kourkoutis Memorial Symposium, Cornell University, Ithaca, NY (2024).  

13. (Invited) “Principles and methods for preparation of sensitive, reactive, and liquid-containing samples for 
cryo-(S)TEM,” Sunday Short Course Presentation, Microscopy and Microanalysis, Cleveland, OH (2024). 

14. (Invited) “Automated STEM imaging and spectroscopy for hydrogen fuel cell and electrolyzer materials 
development,” 20th International Microscopy Congress, Busan, Korea (2023). 

15. “Elucidating Interfacial Interactions in Heterogeneous Catalysts Using 4D-STEM,” 20th International 
Microscopy Congress, Busan, Korea (2023). 

16. (Invited) “Cryogenic Electron Microscopy for Physical Sciences”, CryoEM Workshop, Center for 
Nanophase Materials Sciences User Meeting, Knoxville, TN (2023). 

17. (Invited) “Electron Microscopy Capabilities at CNMS”, Novel Materials for Neuromorphic Computing 
Workshop, Center for Nanophase Materials Sciences User Meeting, Knoxville, TN (2023). 
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18. (Invited) “Cryogenic FIB and (S)TEM for Energy Storage and Conversion Materials Research,” 
Microscopy and Microanalysis, Minneapolis, MN (2023). 

19. “Advanced Analytical Electron Microscopy Techniques for Probing Individual PGM-free Catalyst Sites,” 
243rd Electrochemical Society Meeting, Boston, MA (2023). 

20. (Invited - Keynote) “Advanced Electron Microscopy for Energy Storage and Conversion Materials 
Research,” 11th Oak Ridge Postdoc Association Research Symposium, Oak Ridge, TN (2023). 

21. (Invited) “Challenges and Opportunities for Studying Ionomer-Catalyst Interactions Using Advanced 
Electron Microscopy,” Telluride Science Research Workshop: Platinum Group Metal and Platinum Group 
Metal-free Electrocatalysts – Catalyst/Ionomer Interactions, Telluride, CO (2023). 

22. (Invited) “Simultaneous Imaging of Light and Heavy Elements at Atomic Resolution in Energy Materials 
by CoM-STEM,” American Advanced Materials Congress, Virtual (2022). 

23. “Advanced Electron Microscopy Techniques for PGM-free Catalyst Characterization,” 242nd 
Electrochemical Society Meeting, Atlanta, GA (2022). 

24. “Robust Atomic-Resolution Imaging of Lithium by CoM-STEM,” BES User Facility Science Slam!, 
Virtual (2022). 

25. (Invited) “Probing Intact Solid-Liquid Interfaces and Reactive Materials by Cryo-FIB and Cryo-STEM,” 
International Cryo-EM (ICE) Workshop for Advanced Materials, Albuquerque, NM (2022). 

26. (Invited) “Method for cryo-(S)TEM characterization of reactive/sensitive materials and samples containing 
liquids,” in “Cryo-STEM and EELS for Material Sciences” Sunday Short Course at Microscopy and 
Microanalysis, Portland, OR (2022). 

27. “Imaging Sensitive Catalyst Active Site Structure by 30 keV Electron Ptychography,” Microscopy and 
Microanalysis, Portland, OR (2022). 

28. Mapping pm-scale Lattice Distortions and Measuring Interlayer Separations in Stacked 2D Materials by 
Interferometric 4D-STEM,” Microscopy and Microanalysis, Portland, OR (2022). 

29. “Simultaneous Atomic-Resolution Imaging of Light and Heavy Elements in Functional Materials by CoM-
STEM,” Materials Research Society Spring Meeting, Virtual (2022). 

30. “Measuring Local Structural Distortions and Interlayer Spacings of 2D Moiré Materials by Interferometric 
4D-STEM,” Materials Research Society Spring Meeting, Virtual (2022). 

31. (Invited) “Investigating Intact Solid-Liquid Interfaces at the Nanoscale by Cryo-FIB and Cryo-STEM,” 
Energy and Soft Matter Seminar Series, Oak Ridge National Laboratory, Oak Ridge, TN (2021). 

32. “Atomic-scale Imaging of PGM-free Catalyst Active Sites by 30 keV 4D-STEM,” Microscopy and 
Microanalysis, Virtual (2021). 

33. “Mapping the Evolution of Surface Strain in PtCo Core-Shell Catalysts by 4D-STEM,” 240th 
Electrochemical Society Meeting, Virtual (2021). 

34. (Invited) “Cryogenic Specimens for Nanoscale Characterization of Solid-Liquid Interfaces,” MRS On 
Demand Webinar Series (2020). 

35. (Invited) “Cryo-FIB and Cryo-STEM for Battery Materials Research,” Oxford University Electron 
Microscopy Group, Virtual (2020). 

36. “Atomic-Scale Structural Mapping of Active Sites in Monolayer PGM-free Catalysts by Low-Voltage 4D-
STEM,” Microscopy and Microanalysis, Virtual (2020). 

37. “Enhancing Atomic-Scale Imaging of PGM-free Catalysts by Low-Voltage Scanning Transmission 
Electron Microscopy,” The Electrochemical Society, Pacific Rim Meeting on Electrochemical and Solid 
State Science (PRiME), Virtual (2020). 

38. (Invited) “Mapping Local Structural and Electronic Properties of 2D Materials by Multi-Dimensional 
STEM,” Microscopy and Microanalysis, Portland, OR (2019). 

39. (Invited) “Probing the Native Structure and Chemistry of Li-Metal Batteries by Cryo-Electron Microscopy,” 
EMAS 2019 – 16th Workshop on Modern Developments and Applications in Microbeam Analysis, Trondheim, 
NO (2019). 

40. (Invited) “Recent Progress and Future Opportunities for Cryo-STEM in Materials Science,” Center for 
Nanophase Materials Sciences Seminar Series, Oak Ridge National Laboratory, Oak Ridge, TN (2019). 

41. “Mapping Local Structure and Electronic Properties of 2D Materials by Multidimensional STEM,” 
Microscopy and Microanalysis, Portland, OR (2019). 

42. “Mapping Local Properties in Twisted Bilayer Materials by 4D-STEM,” 17th Frontiers of Electron 
Microscopy in Materials Science, Asheville, NC (poster) (2019). 

43. (Invited) “Ion Conductivity and Stability of Interfaces Involving Solid Electrolytes,” 14th Annual Lithium 
Battery Materials and Chemistries Conference, Arlington, VA (2018). 
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44. “Probing the Native Structure and Chemistry of Dendrites and SEI Layers in Li-Metal Batteries by Cryo-
FIB Lift-Out and Cryo-STEM,” Microscopy and Microanalysis, Baltimore, MD (2018). 

45. “Revealing the Nanoscale Structure and Chemistry of Intact Solid-Liquid Interfaces in Electrochemical 
Energy Storage Devices by Cryo-FIB and Cryo-STEM,” Microscopy and Microanalysis, St. Louis, MO 
(2017).  

46. “Mapping of Local Bonding States at Intact Solid-Liquid Interfaces by Cryo-FIB Lift-Out and Cryo-STEM 
EELS,” Enhanced Data Generated by Electrons Meeting," Okinawa, Japan (poster) (2017).  

47. “Nanoscale Structure and Bonding at Intact Solid-Liquid Interfaces Revealed by Cryo FIB Lift-Out and 
Analytical Cryo-STEM,” FIB User Meeting, National Institute of Standards and Technology, 
Gaithersburg, MD (poster) (2017).  

48. (Invited) “New Applications in Materials Science Enabled by Cryo-FIB Lift-Out and Cryo-STEM,” Oxford 
Instruments NanoAnalysis, High Wycombe, UK (2016).  

49. (Invited) “New Applications in Materials Science Enabled by Cryo-FIB Lift-Out and Cryo-STEM,” Cryo 
Microscopy Group Meeting, University of Nottingham, Nottingham, UK (2016).  

50. “Advances in Cryo-FIB Lift-Out Preparation of Intact Solid-Liquid Interfaces and Hard Soft Composite 
Materials for Cryo-TEM,” FIB User Meeting, Johns Hopkins Applied Physics Laboratory, Laurel, MD 
(2016).  

51. “Localization of Subsurface Structure for Site-Specific Cryo-FIB Lift-Out Preparation of Solid-Liquid 
Interfaces,” Microscopy and Microanalysis (2016). 

52. “Revealing the Internal Structure and Local Chemistry of Nanocrystals Grown in Hydrogel with Cryo-FIB 
Lift-Out and Cryo-STEM,” Microscopy and Microanalysis (2015). 

53. “Cryo-STEM for Energy Materials Research,” Microscopy and Microanalysis (poster) (2014). 
 
Professional Memberships: 

• Microscopy Society of America (MSA) 
• Microanalysis Society (MAS) 
• The Electrochemical Society (ECS) 
• Materials Research Society (MRS) 
• The Minerals, Metals & Materials Society (TMS)  

 
Professional Activities: 

• Serve on proposal review committee for one DOE NSRC and one NSF MIP user facility. 
• Co-founder and leader of “Low Temperature Electron Microscopy (LT-EM)” Focused Interest Group, 

Microscopy Society of America, 2023 – present.  
• Co-organizer of “Cryo-EM for Materials Sciences: Hardware, Applications and Data Acquisition” Sunday 

Short Course at ‘Microscopy and Microanalysis,’ Minneapolis, MN, 7/23/23. 
• Session Chair for ‘I01A–Electron & Neutron Imaging’ at ‘242nd Electrochemical Society Meeting,’ Atlanta, 

GA, 10/13/22. 
• Demonstrator for Cryo-FIB Lift-Out Technique at ‘International Cryo-EM (ICE) Workshop for Advanced 

Materials,’ Albuquerque, NM, 8/22/22. 
• Guest Editor of “State-of-the-Art Electron Microscopy for Physical Sciences Research” Methods Collection 

in the “Journal of Visualized Experiments,” 2021-2022. 
• Co-organizer of “Microscopy & Spectroscopy of Energy Storage and Conversion Materials” session at 

‘Microscopy and Microanalysis,’ Pittsburgh, PA, 8/1/21 – 8/5/21. 
• Session Chair at ‘17th Frontiers of Electron Microscopy in Materials Science,’ Asheville, NC, 9/6/19. 
• Session Chair at ‘Microscopy and Microanalysis,’ Portland, OR, 8/7/19. 
• Session Chair at ‘14th Annual Lithium Battery Materials and Chemistries Conference,’ Arlington, VA, 

11/2/2018. 
 
Postdoctoral Researchers Advised: 

1. Dr. Juhyun Oh (ORNL, 2024 – present) 
2. Dr. Haoran Yu (ORNL, 2020 – 2022; currently staff scientist, ORNL) (co-advised with David A. Cullen) 
3. Dr. Debangshu Mukherjee (ORNL, 2020 – 2021; currently staff scientist, ORNL) (co-advised with David A. 

Cullen) 
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Graduate and Postdoctoral Research Advisors: 
Prof. Lena F. Kourkoutis, Applied and Engineering Physics, Cornell University (PhD) 
Dr. Miaofang Chi, Center for Nanophase Materials Sciences, Oak Ridge National Laboratory (Postdoc) 
 
Outreach and Mentoring Activities: 
Volunteer and tabletop scanning electron microscope operator for ORNL CNMS Science Trailer events, 2019–2020 
Volunteer and microscopy activity designer/presenter, Cornell CCMR Outreach Program, 2013–2018 
Undergraduate mentor, REU Program, Cornell University, 2014 
Volunteer and designer/presenter of an interactive microscopy program, Sciencenter, Ithaca, NY, 2013–2014 


