
  

 i 

Venkatraman Gopalan 
Professor, Department of Materials Science and Engineering (home), Physics (courtesy)  

and Engineering Science and Mechanics (courtesy) 
Materials Research Institute 

Pennsylvania State University, University Park, PA 16802 
Email: vgopalan@psu.edu; Tel: (814) 865-2910 

    
EDUCATION 
 -Cornell University, Ithaca, NY, USA             May 1995 
  Ph. D. in Materials Science and Engineering      
  M. S. in Materials Science and Engineering         August 1991 
 -Indian Institute of Technology, Madras, India      
    B. Tech, Metallurgical Engineering          August 1989 
 
AWARDS  

- Wilson Faculty Fellowship                    November 2022 
  Awarded by the College of Earth and Mineral Sciences at Penn State. 
- David J. Green Materials Faculty Service Award                 April 2022 
  Awarded by MatSE at Penn State. 
- Wilson Award for Excellence in Service                  April 2019 

   Awarded by EMS at Penn State. 
- CREATIV           August 2015 
  Invited grant awarded by the National Science Foundation, Division of Materials Research. 
- MatSE Faculty Member of the Year        Spring 2015 

   Nominated / Selected by the students. 
- Faculty Mentoring Award        Spring 2014 

   Awarded by the College of Earth and Mineral Sciences for mentoring young faculty 
  - Fellow, American Physical Society       Nov 2012 
   Awarded by the American Physical Society 
  - Faculty Scholar Medal               May 2012 
   Awarded by Pennsylvania State University in all of Engineering 
  - Richard M. Fulrath Award               Oct. 2009 
   American Ceramics Society, in recognition of US-Japan collaborations 
 - Eshbach Faculty Fellowship               Jan. 2007 
    Northwestern University, as a visiting faculty fellow 
 - Wilson Award for Excellence in Research                  April 2005 
   Awarded by Penn State. 
 - National Research Council Summer Faculty Fellowship           May 2004 
   Eight-week research at Wright Patterson Air Force Base, Dayton, OH. 
  - Corning Faculty Fellowship in Ceramics Science and Engineering         June 2004 

   Granted by Corning Inc. and Materials Science and Engineering Dept. at Penn state 
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 - Robert R. Coble Award              April 2002 
   Awarded by the American Ceramic Society for a young researcher   
 - NSF Career Award                       Feb. 2000 
   Awarded by the National Science Foundation 
 - Director-funded Fellowship                          Sept. 1996 
   Los Alamos National Laboratory 
EXPERIENCE  

- Associate Director (2014-2020) & Group Leader (2008 -2020),  
NSF-MRSEC Center for Nanoscale Science, Pennsylvania State University 

 - Visiting Faculty (Eschbach Fellow)                      2007 
    Northwestern University, Evanston, IL 

 - Visiting Faculty (Sabbatical)                                    2006 
   Stanford University, Palo Alto, CA, and U. California Berkeley, Berkeley, CA 

Worked on Magneto-optic and nonlinear optical probing of multiferroics (M. M. Fejer, A. Kapitulnik, R. 
Ramesh). 

 - Associate Director, Center for Optical Technologies                         2003-2010 
    Pennsylvania State University, University Park, PA 16802 

 Joint center between Lehigh University and Penn State universities. Setting center’s research       
   directions, and managed 3 million dollars research funds over 6 years at Penn State. 

 - Professor, Department of Materials Science and Engineering                         2008-present 
 - Associate Professor of Materials Science and Engineering,                        2004-2008 
 - Assistant Professor of Materials Science and Engineering,                                1999-2004 
  Pennsylvania State University, University Park, PA 16802 

Established a research program in optical and electronic materials and devices, in particular complex 
oxides, metamaterials, and symmetry explorations.  Teaching undergraduates and graduates in the 
Dept. of Materials Science and Engineering. 

 - Director funded Post-Doctoral Fellow                 Sept 1996- Nov 1998 
  Los Alamos National Laboratory, Center for Materials Science, Los Alamos, NM 

Initiated several funded programs internally on complex oxides.  Developed the Electro-Optic Imaging 
Microscope (EOIM) to image ferroelectric domain motion in real-time. 

 - Post Doctoral Research Fellow                    March 1995 -August 1996 
Carnegie Mellon University, Dept. of   Electrical and Computer Engr., Pittsburgh, PA: Demonstrated 
the first integrated solid-state device consisting of a solid-state blue laser and a scanner, all built on the 
same crystal.  

 
ADVISING 
Graduated with Thesis 

1. Haricharan Padmanabhan, Ph.D. Illuminating Spin-Lattice Coupling Pathways in Layered Magnets, (2021) (Starting 
Postdoc at Harvard) Robert E. Newnham Award for Research Excellence 2018 
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2. Disha Talreja, Ph.D.  Time-Domain Thermoreflectance Probing of Tunable Thermal Transport in Silicon Metalattices, 
(2020) (postdoc at University of Pennsylvania). 
3. Alexander Hendrickson (co-advised with J. Badding), Ph. D. Synthesis and Design of Zinc Selenide and Multi-
Material Optical Fibers for High Power Mid-Infrared Applications, (2020) (Postdoc at Sandia National Laboratory). 
4. Carly Mathewson, Masters, Design of a high thermal expansion coefficient, high glass transition temperature glass for 
fiber optic use, (2020) (pursuing PhD in Chemistry at Penn State). 
5. Yakun Yuan, Ph. D, Probing Emergent Phenomena in Complex Oxides away from the Ground States, Ph.D. 
Dissertation (2018). (postdoc at UCLA / Lawrence Berkeley). 
6. Yoonsang Park, Masters, Spectroscopic Ellipsometry study on transparent conducting metal SrNbO3, Masters 
Dissertation (2018). (Ph.D. at Penn State). 
7. Shiming Lei, Ph.D., Coupled Phenomena in domains and domain walls in complex polar oxides, Ph.D. Dissertation 
(2017). (Currently a postdoc at Princeton University; applying for faculty positions). The Howard and Jean Beaver 
Award, May 2013; Intercollege Graduate Student Outreach Achievement Award for 2016-17. 
8. Xiaoyu Ji, Ph. D, Semiconductor fabrics and single crystal fibers for optoelectronic applications, Ph.D. Dissertation 
(2017). (Manager at Microvision). 
9. Ryan C. Haislmaier, Ph. D, Strain-induced phenomena in complex oxide thin films, Ph.D. Dissertation (2016). 
(working at Intel). 
10. Arnab SenGupta, Ph. D, Topochemical synthesis & characterization of octahedral rotation induced noncentrosymmetric 
layered perovskites, Ph.D. dissertation, (2016).  (working at Intel) 
11. Brian K. VanLeeuwen, Ph.D., The symmetry and antisymmetry of distortions, Ph.D. dissertation, (2015).  (Analyst 
at Two Sigma) Rustum and Della Roy Innovation in Materials Research Award.  
12. Jessica Leung, Masters, Emergent monoclinic phase in KNbO3 discovered using optical second harmonic 
generation, Master’s thesis, (2011). (working at Northrop Grumman) 
13. Eftihia Vlahos, Ph. D, Phase transitions and domain structures in multiferroics, Ph.D. dissertation, (2011). (staff 
scientist at Los Alamos National Laboratory) 
14. Mahesh Krishnamurthy, Ph. D, Optoelectronic materials for sub-wavelength imaging and laser beam 
manipulation, Ph.D. dissertation, (2010). (group leader, for lidar at Lyft, San Francisco) 
15. Amit Kumar, Ph. D, Spin-charge lattice coupling in multiferroics and strained ferroelectrics, Ph.D. dissertation, 
(2009). (Senior Lecturer, School of Mathematics and Physics, Queens University, Belfast) 
16. V. Aravind, Ph. D, Probing local structure and dynamics of ferroelectric domain walls using nonlinear optics and 
scanning probe microscopy, PhD dissertation (2009). (Associate Professor in Mathematics and Physics, Clarion 
University) 
17. L. Tian, Ph. D, Nanoscale probing and photonic applications of ferroelectric domain walls, PhD dissertation (2006).  
(working at Newport, Inc) 
18. E. Vlahos, Masters, High dynamic range, long-arm autocorrelation measurements of ultrashort pulses used in 
femtosecond laser micromachining (2005). (staff scientist at Los Alamos National Laboratory). NSF Graduate Fellow 
19. D. Scrymgeour, Ph. D, Local structure and shaping of domain walls for photonic applications, PhD dissertation 
(2004).  (Staff scientist, Sandia National Labs) awarded the Truman Fellowship at Sandia, the National Research 
Council Fellowship, and the International Center for Young Scholars Fellowship from Japan. 
20. S. Kim, Ph. D, Optical, electrical and elastic properties of domain walls in lithium niobate and lithium tantalate, PhD 
dissertation (2003).  (working at Intel Inc.) Alumni dissertation award 



  

 iv 

21. C. Lin, Masters, Structure-optical property relations in proton exchanged waveguides in stoichiometric lithium 
niobate, Masters Thesis (2003).  (Director of Corporate Development Department in TSRC). 

 
Graduate Students (Current) 

Huaiyu Wang, Ph. D. Robert E. Newnham Award for Research Excellence 2022 
Jingyang He, Ph. D. 
Rui Zhu, Ph. D. 
Lujin Min, Ph. D. (co-advised with Prof. Z. Mao) 
Sankalpa Hazra, Ph. D. 
Albert Suceava, Ph.D 
Devin Goodling, Masters 
Sankalpa Hazra, Ph.D. 
Jyoti Sheoran, Ph.D. 
 

Postdoctoral Scholars  
1. Post-doc: Xiaojiang Li (2022-present) 
2. Post-doc:  Vladimir Stoica (2015-2022); Research Associate Professor (2022-) 
3. Post-doc:  Alexej Pogrebnyakov (2017-2021) 
4. Post-doc:  Shukai Yu (2019-2021) 
5. Post-doc:  Shashank Pandey (2017-2018); Currently working at Intel 
6. Post-doc:  Hirofumi Akamatsu (2013-2016); Associate Professor, Department of Applied Chemistry, Kyushu 

University, Japan 
7. Post-doc:  Sergey Nikitin (2015-2016), working at Intel. 
8. Post-doc:  Greg Stone (Sept 2012-2015), working at Army Research Labs, Picatinny, NJ. 
9. Post-doc:  Thomas Lummen (Feb 2010-2013); Microscopist, ETH Zurich, Switzerland 
10. Post-doc:  Baigang Zhang (Sept 2012-2013); Research Scientist, KLA Tencor 
11. Post-doc:  Eftihia Vlahos (2011-2012); Research Scientist, Los Alamos National Laboratory 
12. Post-doc:  Sava Denev (April 2005-April 2011); Working in a Bank in Canada 
13. Post-doc:  Neil Baril (August 2008-2009); Staff Scientist at Army Night Vision Lab. 
14. Post-doc:  Mariola Ramirez (August 2006-2008); Ramon y Cajal professor, Universidad Autónoma de Madrid 
15. Post-doc:  Hoonsoo Kang (September 2005-September 2006); Professor, GIST, South Korea. 
16. Post-doc:  Hui-Fang (April 2004-March 2005); working in a company (unknown). 
17. Post-doc:  Natalia Malkova (August 2001 – Jan 2004); staff scientist, National Institute for Standards and 

Technology, MD. 
18. Post-doc:  Alok Sharan (August 2001 - 2003); Professor, Pondicherry University, India 
19. Post-Doc: Yaniv Barad (Summer 1999 - Jan 2001); Director of Engineering, New Ridge Technologies, MD 
20. Senior Personnel: Joseph Stitt (May 2006 - 2009); Technical staff at Penn State University. 

 
TEACHING 

MatSE 435: Optical Properties of Materials 
MatSE 540: Crystal Anisotropy 
MatSE 504:  Solid State Materials Physics 
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UNDERGRADUATE RESEARCH ADVISOR (41 STUDENTS): 
(names in blue published refereed articles) 
 

1. Javier Cano, summer student, University of California Berkeley (2022). 

2. Jennifer Rittenhouse, summer student, Millersville college (2022). 

3. Lincoln Weber, summer student, University of Southern Indiana (2021). 

4. Caitlyn Martin, senior honors thesis, EScM (2020) 

5. Rajeh Alsaadi, honors option in MatSE 435 (2020) 

6. Christopher Jacobsen, Physics, Penn State (2019) 

7. Ben Garland, Penn State (2019) 

8. Bailey Nebgen, summer student, University of Minnessota (2019) 

9. Vincent Liu, Freshman in Penn State, transferred to MIT.  (2017) Published 3 papers: Computational Materials.5, 

52 (2019)., Acta Crystallographica A74, 1-4 (2018)., Physical Rev. B, 98, 085107 (2018). 

10. Silverio Delgado, Summer student from CSULA. (2017) 

11. Taylor Repetto, Summer student from U. Florida. (2017) 

12. Kathryn Sautter, Senior thesis; 

13. Maggie Kingsland, University of Central Florida, REU in summer 2016.  Authored a paper on space-time 

groups, published a paper on Symmetry, 9, 187 (2017). 

14. Sarah Featherstone, Kansas State University, REU in summer 2016, worked on layered oxides as part of 

MRSEC Center for Nanoscale Science. 

15. Byron Lara, REU from CSULA (Minority institution, predominantly Hispanic) in summer (2016). 

16. Forrest Brown, undergraduate REU student. (2015) published 3 papers: Advanced Funct. Mater. (2018), 28, 

1801856; ACS Chemistry of Materials, (2016);  Nature Chemistry, 7, 1017-1023 (2015). 

17. Ryan Page, REU student in summer (2015) 

18. Pedro Valentin de Jesus, summer student from Puerto Rico (2014). Acta Cryst. A71, 150-160 (2015). 

19. Aaron Claire, undergraduate, Penn State (2014) 

20. Mantao Huang, senior thesis Penn State (2013). Published  Acta Crystallographica A, A70, 373-381 (2014). 

21. Ferdinando Romano, The Catholic University of America (2013) 

22. Yifan Zhou, Undergraduate Research Fellow (2013)   

23. Aaron Foster, Oklahoma Baptist University, (2011) 

24. Xiaoran Fang, Penn State University, (2010) 
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25. Andrew Barnes (Penn State, Summer and Fall 2009) 

26. Gabriella Shepard (Carnegie Mellon University, Summer 2009). 

27. Bill Woodford, Honors thesis advisor, Penn State (2008). 

28. Alex Adler, senior thesis, Penn State (2006) 

29. Gaurav Mehta, Penn State University, (2005) 

30. David Comstock, honors thesis MatSE, Penn State University (2003) 

31. Luisa Soaterna, Summer McNair Research Scholar, Penn State University (2003). 

32. Thomas J Dilazaro, honors thesis, ESM, (2002), Published in Physical Review B, 67, 125203 (2003). 

33. Thomas Pribicko, honors option in MatSE 435, Penn State University (2002). 

34. Evan Pickett, honors option, MatSE435, Penn State University (2002). 

35. Steven Fulk, Senior thesis in MatSE (1999-2000). 

36. Matthew Gentzel, senior honors thesis in EScM, Pennsylvania State University, published in IEEE Journal of 

Lightwave Technology, 23, 2772-2777 (2005). 

37. Christopher Baxter, Electrical Engineering, Pennsylvania State University, (1999) 

38. Charles C. Battle, MatSE (and later Aerospace engineering), Pennsylvania State University (1999). Published 

in Appl. Phys Lett., 76, 2436-38 (2000). 

39. Phillip Graham, Senior MatSE, Univ. Florida, Gainesville, summer (2000).   

40. Sheila Chadman, undergrad Penn State Kensington, NSF-REU (2000)  

41. Kelvin Ng, Physics, Penn State Kensington Campus, (2001).  

42. Estefania Pickens, Computer science, Vanderbilt university (2001)  

43. Henry Yee, Senior thesis, MatSE 435, Pennsylvania State University (2000) 

44. Matthew Opitz, honors option in MSE435, Pennsylvania State University (1998)  

BOOK CHAPTERS AND REVIEWS  
1. Antisymmetry: Fundamentals and Applications, H. Padmanabhan, J. Munro, I. Dabo, V. Gopalan, Annual 

Reviews of Materials Research, 50, 255, (2020). 
2. Elastic strain engineering of ferroic oxides, D. G. Schlom, L. Q. Chen, C. J. Fennie, V. Gopalan, D. A. Muller, 

X.Q. Pan, R. Ramesh, R. Uecker, MRS Bulletin, 39, 118-130 (2014) doi: 10.1557/mrs.2014.1 
3. Investigating electric field control of magnetism, M. B. Holcomb, S. Polisetty, A. Fraile-Rodriguez, V. Gopalan, 

R. Ramesh, Review article International J. Modern Physics B 26, 1230004-1/12 (2012). 
4. Quantitative piezoelectric force microscopy: calibrated experiments, analytical theory, and finite element 

modeling, L. Tian, A. Vasudevarao, V. Gopalan, in Scanning Probe Microscopy of Functional Materials: Nanoscale 
Imaging and Spectroscopy, Editors, S. Kalinin, and A. Gruverman, Springer, New York (2010). 

5. Defect-domain wall interactions in trigonal ferroelectrics, V. Gopalan, V. Dierolf, D. Scrymgeour, Annual 
Reviews of Materials Research, Editors:  D. R. Clarke, V. Gopalan, 37, pp. 449-489 (2007). 

6. Probing Ferroelectrics using Optical Second Harmonic Generation, S. A. Denev, T. T. A. Lummen, E. Vlahos, 
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V. Gopalan, J. Amer. Cer. Soc. 94[9], 2699-2727 (2011). https://doi.org/10.1111/j.1551-2916.2011.04740.x 
7. Ferroelectric materials, V. Gopalan, K. Schepler, V. Dierolf, I. Biaggio, Handbook of Photonics, Second Edition, 

Editors: M. C. Gupta, J. Ballato, CRC Press LLC, FL. Pp. 6-1/67(2006). 
8. Crystal growth, characterization, and domain studies in ferroelectric lithium niobate and tantalate, V. 

Gopalan, J. A. Aust, N. Sanford, K. Kitamura, Y. Furukawa in Handbook of Advanced Electronic and Photonic 
materials, Editor H. S. Nalwa, Vol. 4, p. 57-114, (Academic Press, NY ) . 
 

RESEARCH THEME 
Symmetry and its applications to the physical world is at the core of my research interests.  I am a materials scientist 
with a focus on condensed matter physics. The world of materials science is the world of atoms: the way atoms 
assemble, share electrons, move, rearrange under stimuli, and exhibit the plethora of emergent electrical, magnetic, 
optical, thermal, mechanical and chemical properties.   
 
In this quest, my favorite tools are group theory and light-matter interactions.   
 
Group theory is the mathematics underlying symmetry, and surprisingly much of modern physics as well. All laws 
of nature exhibit certain symmetries. When atoms organize themselves, their property tensors exhibit identical 
forms despite being very different; this is due to the underlying symmetry of the crystal structure.  Thus, symmetry 
tools become essential to finding the underlying unity in diversity in the physical world. 
 
Electromagnetic waves with frequencies ranging from x-rays to the ultraviolet, visible, infrared, terahertz and 
beyond interact with atoms and solids to resonantly illuminate atomic arrangements and electronic structure at 
high frequencies, to atomic vibrations, rotations, and magnetic order at lower frequencies. 
 
My group therefore tries to understand crystalline matter starting from these two ends: On one end, we formulate 
and apply new group theory tools to understand matter.  On the other, we perform experiments with lasers and x-
rays to experimentally study the structure and properties of crystals. Current research interests in my group include 
ultrafast optics of strongly correlated electron systems, ferroelectrics and multiferroics, discovering new nonlinear 
optical crystals for quantum optics, nonlinear optical microscopy, developing X-ray synchrotron diffraction 
techniques, group theory and discovering new symmetries in nature.  
 
We thus straddle two worlds that bracket our approach to understanding our universe: experiments on one end 
and abstract theory ideas on the other, both directed towards meeting in the middle.  

 
CONTRIBUTIONS TO SCIENCE 

Lithium Niobate single crystals and photo-functional devices, K. Kitamura, N. Furukawa, V. Gopalan, T. E. 
Mitchell, 2001, US and Japan Patent # 6195197. & Lithium Tantalate single crystals and Photofunctional devices K. 
Kitamura, N. Furukawa, V. Gopalan, T. E. Mitchell, 2001, US and Japan patent # 6211999.  These foundational 
patents based on the above-mentioned work on these crystals led to the founding of Oxide Corp., one of the leading 
single crystal growth companies in the world today, by my collaborator, Y. Furukawa (Founder and CEO). It is 
based in Yamanashi, Japan. See link here: https://www.opt-oxide.com/en/.  I was awarded the Richard M. Fulrath 
award by the American Ceramics Society in 2009 for this collaborative achievement. 
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Relativistic Spacetime Crystals, V. Gopalan, Acta Crystallographica, A77, 242-256 (2021) DOI: 
10.13140/RG.2.2.31083.57126, cover page. Accompanying commentary article by Bojowald and Saxena at 
10.1107/S2053273321005234; In this paper, I introduce a new transformation of space-time called renormalized 
blended spacetime (RBS) that transforms the hyperbolic geometry of flat Minkowski spacetime into a Euclidean 
RBS spacetime. 

Spatio-Temporal Symmetry – Crystallographic Point Groups with Time Translations and Time Inversion, Vincent 
V. Liu, Brian K. VanLeeuwen, Haricharan Padmanabhan, Jason Munro, Ismaila Dabo, Venkatraman Gopalan and 
Daniel B. Litvin, Acta Crystallographica A74, 1-4 (2018). https://doi.org/10.1107/S2053273318004667; Double 
antisymmetry and rotation reversal space groups, B. K. VanLeeuwen, V. Gopalan, D. B. Litvin, Acta Crystallographica 
A, 70, 24-38 (2014). Doi: 10.1107/S2053273313023176; Crystallographic data of double antisymmetry space groups, 
M. Huang, B. K. VanLeeuwen, D. B. Litvin, V. Gopalan, Acta Crystallographica A, A70, 373-381 (2014). 
doi:10.1107/S2053273314006871; These papers represent examples of group theory contributions from our group in 
being the first to list all spatio-temporal symmetry groups, and all 17,803 groups with two antisymmetries, so called 
double antisymmetry groups.  
 
Antisymmetry: Fundamentals and Applications, H. Padmanabhan, J. Munro, I. Dabo, V. Gopalan, Annual Reviews 
of Materials Research, 50, 255, (2020). In addition to an overview of known antisymmetries, this review article 
summarizes our group’s introduction of two new antisymmetries, namely distortion reversal antisymmetry and wedge 
reversion antisymmetry.   

Antisymmetry of Distortions, Brian K. VanLeeuwen, V. Gopalan, Nature Communications, 6, 8818 (2015) 
doi:10.1038/ncomms9818; Implementation of Distortion Symmetry for the Nudged Elastic Band Method with 
DiSPy, arXiv:1810.01911v1 [cond-mat.mtrl-sci]. Jason M. Munro, Vincent S. Liu, Venkatraman Gopalan, and Ismaila 
Dabo, npj Computational Materials. 5, 52 (2019). https://doi.org/10.1038/s41524-019-0188-x ;  Discovering minimum 
energy pathways via distortion symmetry groups, Jason M. Munro, Hirofumi Akamatsu, Haricharan 
Padmanabhan, Vincent S. Liu, Yin Shi, Long-Qing Chen, Brian K. VanLeeuwen, Ismaila Dabo, and Venkatraman 
Gopalan, Phys. Rev. B, 98, 085107 (2018). DOI: 10.1103/PhysRevB.98.085107. arXiv:1804.06798 [cond-mat.mtrl-sci].  
We conceived and applied distortion reversal antisymmetry, a symmetry capturing a change in the configuration 
of a system, to a variety of physical phenomena ranging from atomic diffusion to molecular vibrations, and domain 
wall switching in ferromagnets and ferroelectrics to find the minimum energy pathways that the physical system 
would take in making the change.  We developed a software code called DisPy to apply this symmetry in 
computations.  

Wedge Reversion Antisymmetry and Forty-One Types of Physical Quantities in Arbitrary Dimensions, 
Venkatraman Gopalan, arXiv:1910.09286 [physics.gen-ph] Acta Crystallographica, A26, 318-327 (2020). 
Doi:10.1107/S205327332000217X.  This work classifies all physical properties in any spatial dimension into one of 
41 types, using three antisymmetries: spatial inversion, time reversal, and a new one I introduce here, namely, 
wedge reversion.  

Subterahertz collective dynamics of polar vortices, Qian Li, Vladimir A Stoica, Marek Paściak, Yi Zhu, Yakun Yuan, 
Tiannan Yang, Margaret R McCarter, Sujit Das, Ajay K Yadav, Suji Park, Cheng Dai, Hyeon Jun Lee, Youngjun 
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Ahn, Samuel D Marks, Shukai Yu, Christelle Kadlec, Takahiro Sato, Matthias C Hoffmann, Matthieu Chollet, 
Michael E Kozina, Silke Nelson, Diling Zhu, Donald A Walko, Aaron M Lindenberg, Paul G Evans, Long-Qing 
Chen, Ramamoorthy Ramesh, Lane W Martin, Venkatraman Gopalan, John W Freeland, Jirka Hlinka, Haidan Wen, 
arXiv:2102.05746, Nature (2021). doi.org/10.1038/s41586-021-03342-4, News and Views: doi.org/10.1038/d41586-021-
00887-2.; Optical creation of an oxide supercrystal with three-dimensional nanoscale periodicity, V. A. Stoica, N. 
Laanait, C. Dai, Z. Hong, Z. Zhang, S. Lei, M. R. McCarter, A. Yadav, A. R. Damodaran, S. Das, G. A. Stone, J. 
Karapetrova, D. A. Walko, X. Zhang, L. W. Martin, R. Ramesh, L-Q. Chen, H. Wen, V. Gopalan, J. W. Freeland, 
Nature Materials, 18, 377 (2019). doi.org/10.1038/s41563-019-0311-x ;  I lead this team of many institutions and PIs 
funded by the department of energy to discover new emergent topological phases of matter using ultrafast laser 
light.  Above are two recent examples of such discoveries. 

Probing Ferroelectrics using Optical Second Harmonic Generation, S. A. Denev, T. T. A. Lummen, E. Vlahos, V. 
Gopalan, J. Amer. Cer. Soc. 94[9], 2699-2727 (2011). doi.org/10.1111/j.1551-2916.2011.04740.x; Thermotropic phase 
boundaries in classic ferroelectrics, T. T.A. Lummen, Yijia Gu, Jianjun Wang, Shiming Lei, Amit Kumar, Andrew 
T. Barnes, Eftihia Barnes, Sava Denev, Alex Belianinov, Martin Holt, Anna N. Morozovska, Sergei V. Kalinin, Long-
Qing Chen and Venkatraman Gopalan, Nat. Commun. 5, 3172 (2014). https://doi.org/10.1038/ncomms4172 Emergent 
Low-Symmetry Phases and Large Property Enhancements in Ferroelectric KNbO3 Bulk Crystals, Tom TA Lummen, 
J Leung, Amit Kumar, X Wu, Y Ren, Brian K VanLeeuwen, Ryan C Haislmaier, Martin Holt, Keji Lai, Sergei V 
Kalinin, Venkatraman Gopalan, Advanced Materials, 29, (2017); DOI: 10.1002/adma.201700530;  We were one of the 
early groups to bring the tools of nonlinear optics, especially optical second harmonic generation to become 
mainstream materials science characterization tool of polar, ferroelectric and multiferroic materials. A few 
examples are given above. 
 
Defect-domain wall interactions in trigonal ferroelectrics, V. Gopalan, V. Dierolf, D. Scrymgeour, Annual Reviews of 
Materials Research, 37, pp. 449-489 (2007). This review article summarizes our group’s discovery of dramatic effect 
of stoichiometry on the commercially important optical crystals LiNbO3 and LiTaO3, that power the internet today 
through electro-optic switches made from them. They are also used to generate the electromagnetic spectrum in 
the visible and in the THz.  

Templated Chemically Deposited Semiconductor Optical Fiber Materials, Sparks, J.R., Sazio, P.J.A., Gopalan, V., 
Badding, J. V., Annual Reviews of Materials Research, 43, 527-557 (2013). DOI: 10.1146/annurev-matsci-073012-125958. 
Chromium doped zinc selenide optical fiber lasers, J. R. Sparks, S. C. Aro, R. He, M. L. Goetz, J. P. Krug, S. A. 
McDaniel, P. A. Berry, G. Cook, K. L. Schepler, P. J. Sazio, V. Gopalan, J. V. Badding, Optical Materials Express, 10, 
1843 (2020). doi.org/10.1364/OME.397123; Continuous-Wave Fe2+:ZnSe mid-IR Optical Fiber Lasers, Michael G. 
Coco Jr., Stephen C. Aro, Sean A. McDaniel, Alexander Hendrickson, James P. Krug, Pier J. Sazio, Gary Cook, 
Venkatraman Gopalan and John V. Badding, Optics Express, 28 (20), 30263 (2020). https://doi.org/10.1364/OE.402197 
Silicon p-i-n Junction Fibers, He, R., Day, T.D., Krishnamurthi, M., Sparks, J.R., Sazio, P.J.A., Gopalan, V., and 
Badding, J. V., Advanced Materials 25, 1461-1467 (2013).  Co-pioneered, along with John V. Badding, a new family of 
semiconductor optical fibers of silicon, germanium, ZnSe and their first-of-their-kind device applications. Some 
examples are given above. 
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Kolam tiles:  My interest in bringing mathematics, and art together has resulted in studying the underlying 
mathematics of an ancient artform from south India, called Kolams. This publication (A topological approach to 
creating any pulli kolam, an artform from southern India, V. Gopalan, B. VanLeeuwen, Forma 30, 35-41 (2015). 
doi:10.5047/forma.2015.005) resulted recently in a mathematical tile game for kids available at kolamtiles.com. 

 
PUBLICATIONS:   
Google Scholar Citations (h-Index: 69, citations: >20,000): 
https://scholar.google.com/citations?user=l6gka1UAAAAJ&hl=en 

1. ♯SHAARP: An Open-Source Package for Analytical and Numerical Modeling of Optical Second Harmonic 
Generation in Anisotropic Crystals, Rui Zu, Bo Wang, Jingyang He, Jian-Jun Wang, Lincoln Weber, Long-Qing 
Chen, Venkatraman Gopalan, accepted, npj Computational Materials (2022).  arXiv:2208.03872 [physics.optics] 
 

2. Sn-modified BaTiO3 thin film with enhanced polarization, William Nunn, Abinash Kumar, Rui Zu, Bailey 
Nebgen, Shukai Yu, Venkatraman Gopalan, James M. LeBeau, Richard D. James, and Bharat Jalan, in review, 
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PATENTS   
(Patents 3 and 4 were were the founding patents for the company, Oxide Inc., (http://www.opt-oxide.com/en/) 
started by my collaborator, Dr. Yasunori Furukawa, the current CEO.  It is now a leading supplier of highest quality 
optical crystals worldwide.) 
 

(1) “Domain inverted grating in Ferroelectric crystals with polarization in the crystal plane,”  V. Gopalan and 
Mool C. Gupta, Awarded March. 1998. US patent # 5734772 

 
(2) “Domain inverted grating in ferroelectric crystals by electron-beam scanning”, Mool C. Gupta, Alan C. G. Nutt 
and V. Gopalan, Awarded May. 1998. US patent # 5748361 
 
(3) “Lithium Niobate single crystals and Photo-functional devices” K. Kitamura, N. Furukawa, V. Gopalan, T. E. 
Mitchell, Awarded Feb 27, 2001, US and Japan Patent # 6195197. 
 
(4) “Lithium Tantalate single crystals and Photofunctional devices” K. Kitamura, N. Furukawa, V. Gopalan, T. E. 
Mitchell, Awarded April 4, 2001, US and Japan patent # 6211999. 
 
(5) “Strain-tunable Photonic Bandgap crystals,” S. Kim, V. Gopalan, patent disclosure # 2001-2416, April 20, 2001. 
 
(6) “Device architectures for High-speed electro-optic switches and modulators,” V. Gopalan, D. Scrymgeour. 
Sept 25, 2002. Patent Disclosure, #2002-2682, 
 
(7) “Strain-engineered BaTiO3 thin films for ferroelectric memory, electro-optic modulators, and related 
applications,” D. Schlom, L. –Q. Chen, C. –B. Eom, V. Gopalan, PSU Invention Number 2004-2964. 
 
(8) “Phased Array beam Steering,” V. Gopalan, K. Schepler, D. Scrymgeour, L. Tian, Patent Disclosure, #2004-
2991; PST-17018/36 March (2004).  
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(9) “Hybrid 2-dimensional beam steering,” V. Gopalan, K. Uchino, D. Scrymgeour, B. Koc, Patent Disclosure filed 
May (2005). 
 
(10) “Fiber-optic Phased Array with Low Voltage and Wide Angle Steering,” V. Gopalan, J. Badding, Ali Jazairy, 
J. Douglas, Silai V. Krishnaswamy, Penn State and Northrop Grumman, Patent disclosure (2006-3211) filed June 
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(11) “Glass compositions, glass articles and methods of making the same,“ Carly Mathewson, John Mauro, 
Venkatraman Gopalan, John V. Badding, US Patent 17/549,213 Granted 2022. 
 
(12) “Nonlinear optical Mg-IV-V2 crystals, methods of making the same and devices comprising the same”. Patent 
disclosure, U.S. Application No. 63/398,993, August 18, 2022. 
 

 
MEMBER 

International Union of Crystallography (IUCr), Materials Research Society (MRS), IEEE Ultrasonics, 
Ferroelectrics, and Frequency Control, American Physical Society (APS), Society of Photonics and 
Instrumentation Engineers (SPIE), American Ceramics Society (ACerS) 
 

SYMPOSIUM ORGANIZER 
1. Co-Organizer of CLEO-Europe, focused topic on optical materials, fabrication and characterization, 

organized by the Optical Society of America (2017). 
2. Co-organized the Focused Topic Group on “Dielectrics and Ferroics,” for the American Physical Society annual 

meeting (2014).   
3. Optical materials subcommittee, CLEO (Conference on Lasers and Electro-Optics, Annual Meeting of the 

Optical Society of America, (2008). 
4. Symposium Organizer, “Ferroelectrics, Multiferroics, and Magnetoelectrics” Materials Research Society annual 

meeting, Fall (2007). 
5. Optical materials subcommittee, CLEO (Conference on Lasers and Electro-Optics, Annual Meeting of the 

Optical Society of America, (2007). 
6. Symposium co-organizer, “Integrated Photonics” Opto East, SPIE annual meeting, October (2007). 
7. Lead Symposium Organizer, “Ferroelectric and Multiferroics,” Materials Research Society annual meeting, Fall 

(2006). 
8. Symposium co-organizer, “Photonic bandgap crystals and photonic crystal fibers for sensing applications,” 

Opto East, SPIE annual meeting, October (2005). 
9. Conceived and organizing a symposium on ‘Infrared Materials and Technologies,” at Penn State, November 

21/22 (2005). 
10. Symposium Organizer, “Emerging Advances in Electronic, Optical, Magnetic, and Elastic Ferroics,” Pacific 

Rim Meeting, The American Ceramics Society, (2005) Hawaii, September 11-16, (2005). 
11. Conceived and organized a symposium on ‘Infrared Materials and Technologies,” at Penn State, October 4/5 

(2004). 
12. Symposium Chair, “Novel oxides” American Physical Society, Austin, TX, March (2003). 
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13. Symposium co-organizer and session chair, “Optoelectronic materials and technology in the information 
age,” American Ceramic Society annual meeting, St-Louis, MO (2002).   

14. Symposium Co-organizer, “Polarization dynamics in ferroelectrics and ferroelastics,” Materials Research 
Society annual meeting, Boston, MA Dec (2001). 

15. Session chair, “Novel characterization techniques,”International Symposium on Integrated Ferroelectrics, 
Colorado Springs, CO, March (2001). 

16. Session Chair, “fundamental physics of ferroelectrics,” American Physical Society annual meeting, Seattle, WA 
(2001). 

17. Symposium co-organizer, “Optoelectronic materials and technology in the information age,” American 
Ceramic Society annual meeting, Indianapolis, IN (2001).   

 
SELECT INVITED AND CONTRIBUTED TALKS 

Of the nearly 400 talks total given by Gopalan or his group/ collaborators, 133 were invited talks and 2 were 
plenary talks.  Only select invited and plenary talks are listed below: 

 
PLENARY TALKS: 

1. Fluctuations, Emergence and Dynamics of Non-equilibrium Phases, Linac Coherent Light Source, Stanford 
University, November (2021). 

2. Multifunctional complex oxides by design, International conference on Advances in Functional Materials, Anna 
University, India, January (2017). 

3. The secret life of ferroic domain walls, International Conference on Defects in Inorganic Materials (ICDIM), Aracaju, 
Brazil, August 28, (2008). 
 

 
SELECT INVITED 

1. Magneto-phononic coupling in MnBi2Te4 topological insulator, MRS Spring meeting, Boston, MA, Spring 

(2022). 

2. Band-resolved phonon-mediated ultrafast demagnetization in MnBi2Te4, Photo-induced Phase Transitions 

(PIPT) symposium, November (2021). 

3. Creation and dynamics of complex polar supertextures by Design, Ferroelectrures, Carnegie Institute in 

Washington, November (2021). 

4. Nonlinear Optical Crystals Design, FERRO 2021, remote by zoom February (2021). 

5. Optical Creation of a supercrystal, American Physical Society, March (2021). 

6. Probing Emergent Phenomena in Complex Oxides through Nonlinear Optics and Coherent X-rays, Rutgers 

University, by zoom, October (2020) 

7. Probing Emergent Phenomena in Complex Oxides through Nonlinear Optics and Coherent X-rays, University 

of Delaware, by zoom, October (2020) 

8. Antisymmetry: Fundamentals and Applications, U. Pittsburgh, by zoom, September (2020). 
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9. Wedge reversion antisymmetry, and 41 types of properties, U. C. Berkeley, by zoom, May (2020) 

10. Distortion Symmetry and its applications, U. C. Berkeley, by zoom, May (2020) 

11. Probing Emergent Phenomena in Complex Oxides through Nonlinear Optics and Coherent X-rays, Society 

for Photonics and Instrumentation Engineers, SPIE chapter at Penn State, on zoom, April (2020). 

12. Probing Emergent Phenomena in Complex Oxides through Nonlinear Optics and Coherent X-rays, Oxides 

seminar, Penn State University, May (2020) 

13. Probing Emergent Phenomena in Complex Oxides through Nonlinear Optics and Coherent X-rays University 

of Michigan, Ann Arbor, February (2020) 

14. Materials metrology on nm-pm scale using electrons and photons, University of Colorado Boulder, July (2019).  

15. Materials metrology on nm-pm scale with electrons and photons, American Ceramics Society, Daytona Beach, 

FL (Feb 2019). 

16. Ultrafast probing of correlated polar metals, Carnegie Mellon University, November (2018). 

17. A distortion-symmetry based approach to minimum energy pathways, Rutgers University, Physics, December 

(2018). 

18. Ultrafast Light Activated Emergent Phenomena in Polar Oxides, West Virginia University, April (2018). 

19. Ultrafast Light Activated Emergent Phenomena in Polar Oxides, U. Texas Austin, April (2018). 

20. Polar Metals, Gordon Conference on Multiferroics and Magnetoelectrics, August (2018), Bates College, ME.  

21. Ultrafast Light Activated Emergent Phenomena in Polar Oxides, Penn State University, Physics, March (2018). 

22. Imaging complex oxides with electrons and photons on the nm-pm length scales, MRS Spring meeting, Boston, 

MA, November (2017). 

23. Domain dynamics in Polar Metals, Workshop on Oxide Electronics, Northwestern University, September 

(2017). 

24. UED studies for complex oxides, SLAC THz-URD workshop. Stanford Linear Accelerator Center. March (2017). 

25. Hidden phases and symmetries in Nature, Tokyo Institute of Technology, August (2016) 

26. Hidden phases and symmetries in Nature, Engineering Science and Mechanics, Pennsylvania State University, 

February (2016). 

27. Hidden symmetries of motion, MRS annual meeting, Boston, MA, November (2016). 

28. Designing multifunctionality into layered ferroics, PRICM meeting organized by the TMS, Kyoto, Japan, August 

(2016). 

29. Designing multifunctionality into layered ferroics, Topo 2016: The international workshop on topological 

structures in ferroic materials, Technische Universität Dresden, Germany, August (2016). 
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30. Ultrafast spatio-temporal mapping of gigahertz acoustic waves in a ferroelectric, SPIE Photonics, San Diego, 

(2016). 

31. X-ray diffraction and spectroscopy of photoinduced ferroic superstructures, SPIE Photonics, San Diego, (2016). 

32.  Hidden phases and symmetries in Nature, University of Pittsburgh, November (2015). 

33.  Multifunctionality in Complex Oxides, Materials Day, Pennsylvania State University, September (2015). 

34.  Hidden phases and symmetries in nature, POSTECH, South Korea, July (2015). 

35.  Hidden symmetries in Nature and Art, Colloquium, Physics department, Pennsylvania State University, 

February (2015).  

36.  Hidden phases and symmetries in Nature, University of New South Wales, May (2015).  

37. Hidden Metastable phases in ferroelectrics, University of Buffalo, May (2014).  

38. Strain-enabled Multiferroics, MRSEC seminar, Pennsylvania State University, May (2014). 

39. Hidden symmetries and phases in Ferroics, Los Alamos National Laboratory Theory Division, Los Alamos, NM, 

August (2014). 

40. Hidden Metastable phases in ferroelectrics, Argonne National Labs, Center for Nanophase Materials, May 

(2014).  

41. Optical probing of ferroelectrics and multiferroics, CIMTEC, Montecatini, Italy, June (2014). 

42. Hidden Metastable phases in ferroelectrics, International Symposium on Integrated Ferroelectrics, Penn State 

University, May (2014). 

43. Probing metastable ferroelectric states with large property enhancements, SPIE Photonics west, August (2014). 

44. Metastable phases in ferroelectrics, Indian Institute of Science, Bangalore, India, June (2013). 

45. Hidden phases, structures and symmetries in ferroelectrics, Cornell University, Ithaca, NY, April (2013). 

46. Metastable states in ferroelectrics imaged by nanoscale x-ray diffraction imaging, Argonne National Labs, 

Argonne, IL, August (2013). 

47. SHG microscopy, Ultrafast Imaging and Spectroscopy conference in the 2013 SPIE Optics and Photonics, San 

Diego, (2013). 

48. Hidden structures and symmetries in ferroelectrics, University of West Virginia, Morgantown, WVA, Nov. 

(2012). 

49. Enhanced Properties through domain wall stabilized intermediate phases in ferroelectrics, Materials Research 

Society Annual Meeting, Boston, MA November (2012).  

50.  High-pressure enabled metamaterials, Stanford University, Sept (2012). 

51.  Strain-enabled multiferroics, MRSEC seminar, Penn State University, January (2012). 

52.  Scanning Probe Microscopy of Ferroelectrics, American Ceramics Society, Pittsburgh PA October (2012).  
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53. Metastable states in ferroelectrics with enhanced properties, International Materials Research Society (IMRC), 

Cancun, Mexico, August (2012). 

54. Metastable states in ferroelectrics with enhanced properties, Oxide Interfaces by Design, Army workshop, Salve 

Regina University, Newport, Rhode Island, July (2012). 

55. Hidden roto symmetries in crystals and handed structures, MRSEC seminar, Penn State University, January 

(2011). 

56. Domain Walls in lithium Niobate and Lithium Tantalate: Local Structure and Properties, Conference on 

Lasers and Electro-Optics- Europe, Optical Society of America, Munich, Germany, May (2011). 

57. Imaging local domains symmetries – the BaTiO3 and CaTiO3 perovskites, MRSEC Seminar, Penn State 

University December (2010). 

58. The secret life of ferroics,  International Symposium on Ferroelectric Devices, Prague, Czech republic, September 

(2010). 

59. The secret life of ferroics, International Materials Research Conference, Cancun Mexico August, (2010). 

60.  Strain Enabled Multiferroics, MRL ferroelectrics seminar, Pennsylvania State University, March (2010).  

61.  Secret life of ferroic domain walls, Zhejiang university, China, June 16 (2009).  

62.  Secret life of ferroic domain walls, MRL ferroelectrics seminar, Pennsylvania State University, April 16 (2009).  

63.  Nonlinear Optics in Materials Science, Nelson W. Taylor Award speaker, Pennsylvania State University 

September (2009). 

64.  Strain-enabled multiferroics, Materials Science and Engineering, Pennsylvania State University, University 

Park, PA January 19 (2009). 

65. The secret life of ferroic domain walls, Richard M. Fulrath award speaker, MS&T, Pittsburgh, PA, October 26 

(2009). 

66. The secret life of multifunctional ferroics, Workshop on scanning probe microscopy, National Institute for 

Materials Science (NIMS), Japan, August 17 (2009).  

67. Spin-Charge-Lattice coupling in Ferroic Oxides, American Chemical Society (ACS) National meeting, New 

Orleans, April (2008).   

68. Spin-Charge-Lattice coupling in Ferroic Oxides, American Ceramic Society, Daytona Beach, Jan 27 (2008).   

69.  Strain-enabled multiferroics, Materials Science and Engineering, Pennsylvania State University, University 

Park, PA September 15 (2008). 

70.  The Secret Life of Ferroic Domain Walls, Max Planck Institute for Metallforschung, September  (2008). 

71.  The Secret Life of Ferroic Domain Walls, University of Bonn, Germany, Sept  (2008). 

72.  The Secret Life of Ferroic Domain Walls, Tohoku University, Sendai, Japan, July 14, (2008). 
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73.  The Secret Life of Ferroic Domain Walls, Indian Institute of Science, Bangalore, India, July 7, (2008). 

74.  Spin-charge-lattice coupling in Ferroic oxides, Materials Science and Engineering, Rensselaer Polytechnic 

Institute, Troy, NY March 27, (2008). 

75.  Spin-charge-lattice coupling in Ferroic oxides, Materials Science and Engineering, University of Wisconsin, 

Madison, March 6 (2008). 

76.  Spin-charge-lattice coupling in Ferroic oxides, Physics Department, Lehigh University, Bethlehem, PA, 

February 28, (2008) 

77. Electro-optic beam steering devices, Wright Patterson Air-Force base, Air Force Research Laboratory, Dayton, 

OH, July (2008). 

78. LiNbO3 based devices, RF Micro, North Carolina, October (2008). 

79. Electro-optic devices for laser beam steering, shaping, and dynamic focusing, Electro-Optic Center, Freeport, 

PA January (2008). 

80.  Spin-charge-lattice coupling in Ferroic oxides, Materials Science and Engineering, Pennsylvania State 

University, University Park, PA September 6 (2007). 

81.  Spin-charge-lattice coupling in Ferroic oxides, Indian Institute of Science, Bangalore, India, CA, June 18, (2007). 

82.  Spin-charge-lattice coupling in complex oxides, University of Santa Barbara, Santa Barbara, CA, May 18 (2007). 

83.  Spin-charge-lattice coupling in complex oxides, Dept of Materials Science and Engr., Northwestern University, 

Evanston, IL January 22 (2007). 

84. Spin-charge-lattice coupling in ferroic oxides, workshop on Multifunctional Oxides,  University of California, 

Berkeley, CA, March 12 (2007). 

85. Nanoscale structure of a single ferroelectric domain wall, Materials Research Society, Annual meeting, 

November (2007).  

86.  Tunable Photonic Crystals, Stanford University, September (2006). 

87.  Dramatic changes in ferroelectricity with strain tuning and point defects, Dept of Physics, University of 

California, Berkeley, CA, Sept 11 (2006). 

88.  Local structure and dynamics of ferroelectric domain walls, Dept of Materials science and Engineering, 

University of California, Berkeley, CA, Oct 19 (2006). 

89. Local structure and dynamics of ferroelectric domain walls, American Physical Society, March (2006). 

90. Local structure and dynamics of ferroelectric domain walls, Oak Ridge National Laboratory, Oak Ridge, TN, 

July 22 (2006). 

91. A Study of Waveguide QPM Device Technology, Corning Research Inc, (2006). 



  

 xlv 

92. Quantitative Piezoelectric Force Microscopy of Ferroelectric Domain Walls, Ferroelectrics and Multiferroics 

Symposium, Materials Research Society Annual Meeting, Nov (2006). 

93. Engineered ferroelectrics and hybrid semiconductor-silica fiber structures for tunable optical devices, 

Proceedings of the SPIE, Solid State Lasers, San Jose, CA Jan, (2006).  

94. Semiconductor Electronics Inside an Optical Fiber, Gordon Research Conference on Nanostructure Fabrication, 

July (2006). 

95.  Tunable Photonics Crystals, Department of Electrical Engineering, Pennsylvania State University, October 
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