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Short Bio

My initial background was experimental organic chemistry and physical chemistry, with some experiences
in chemical industry. | pivoted to theoretical and computational studies of physical and chemical problems
of functional materials in 1999. Research expertise lies mainly in the modeling/simulation/theory of
structure-property  correlation, weak covalent bonding interactions, and electrical energy
conversion/storage, by development of theoretical models and by application of various levels of theory
such as CCSD(T), QCISD(T), DFT, time-dependent DFT, EPT, quasiparticle GW, ACFDT-RPA, and
BSE. With a background of an experimental chemist and expertise of a theoretical and computational
chemist, my primary goal is to bridge experimental observations with theoretical insights, thereby lending
support to material discovery and optimization.
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Research Areas/Topics

1.

Structure-property correlations of organic, inorganic, and hybrid materials of 0D through 3D
(molecular, polymeric, layered, and bulk materials). Examples of organic materials are conjugated
polymers, molecular crystals of pentacene derivatives, anthradithiophene derivatives, BTQBT, and
graphene nanoribbons, while examples of inorganic materials include graphene, SiC, hBN,
MXenes, XMenes, TMDs, and Cd (or Zn) chalcogenides, and examples of hybrid materials are
polyoxometalates and CH3sNH3Pbls. These materials are important for applications in electronic
devices such as light-emitting diodes, photovoltaics, field effect transistors, magnetooptics,
spintropics, etc. Main structural property is the crystal packing. The calculations of electronic
properties include crystal orbitals, band structures, density of states, COOP, charge carrier
properties, intermolecular transfer integrals, and various physical properties such as
thermochromism, photochromism, solid-state UV-Vis, fundamental and optical band gaps, angle-
resolved photoelectron spectroscopy (ARPES) as a function of both k; and k., electron affinity,
ionization potential, and work function of surfaces and edges. We are also interested in charge and
spin density wave phenomena.

Unusual multicenter covalent z—z bonding interactions of long distance (~3A) between organic n-
radicals or biradicaloids. Typical examples are phenalenyl and spiro-biphenalenyl monoradical
and biradical derivatives, and TTF-TCNQ which are exploited as the building blocks for organic
metals. “Pancake” bonds are predicted for electron- and hole-doped graphene bilayers as well.
Some of these materials form organic conductors due to the electron delocalizations — thus giving
organic metal without metal elements. Some others display magnetic properties due to the electron
localizations. The conducting pathway along the n—n stacking and the magnetic exchanges
between neighboring unpaired spins are deeply rooted in the novel multicenter covalent n—n
bondings. Since chemical bonds usually go hand in hand with magnetism, we study the weak n—=
bonding using magnetic properties measured by ESR, Faraday balance, or SQUID. Specifically,
we conduct broken symmetry or spin-polarized DFT calculations and then compare with the
analysis of experimental data with different models such as the alternating chain models, the
Bleaney-Bowers dimer model, and extended Bleaney-Bowers dimer models. The weak bonding
interactions may render an alteration of electrical, optical, or magnetic properties by the change of
external stimuli, and thus giving rise to “smart materials”.

Electrical energy conversion/storage with supercapacitors, Li- and Na-ion batteries, Li-S batteries,
solid-state proton exchange electrolytes, electrochemical evolution of H,, and electrochemical
reduction of O, N2, and CO,. This fits especially well the US DOE’s mission of discovering new
materials for energy conversion/storage. For supercapacitors, we pay special attention to the
electric double layer structure at the interface of porous carbon and various electrolytes (aqueous,
organic, and ionic liquid). For Li-S batteries, we scrutinize the reaction mechanism on the S
cathode without additive and with additive that serves as the catalyst to promote the dissolution of
solid Li>S deposits. Molecular dynamics is instrumental in clarifying the reaction mechanism of
the electrochemical reaction at the interface. Additionally, we perform rational design of solid-
state proton exchange electrolytes for Li* conduction. We are particularly interested in
electrochemical reduction of the inert and refractory N2 and CO; by using the ultrastrong electric
field created by sharp carbon nanospikes at the electric double layer. Reaction mechanisms are
also studied for thermal catalysis on single-atom catalysts and coinage metal substrates.
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708 (2010).

G. Feng, R. Qiao", J. Huang, B. G. Sumpter, V. Meunier”, “lon Distribution in Electrified
Micropores and its Role in the Anomalous Enhancement of Capacitance,” ACS Nano 4, 2382-
2390 (2010).

Y. Tian, J. Huang, M. Kertesz", “Fluxional o-bonds of 2,5,8-Tri-tert-butyl-1,3-diazaphenalenyl
Dimers: Stepwise [3,3], [5,5] and [7,7] Sigmatropic Rearrangements via r-dimer Intermediates,”
Phys. Chem. Chem. Phys. 12, 5084-5093 (2010).

G. Feng, J. Huang, B. G. Sumpter, V. Meunier, R. Qiao”, “Structure and Dynamics of Electrical
Double Layers in Organic Electrolytes,” Phys. Chem. Chem. Phys. 12, 5468-5479 (2010).

Y. Li, A. J. Lampkins, M. B. Baker, B. G. Sumpter, J. Huang, K. A. Abboud, R. K. Castellano™,
“Benzotrifuranone: Synthesis, Structure, and Access to Planar Heteroaromatics,” Org. Lett. 11,
4314-4317 (2009).

B. G. Sumpter”, J. Huang, V. Meunier, J. M. Romo-Herrera, E. Cruz-Silva, H. Terrones, M.
Terrones, “A Theoretical and Experimental Study on Manipulating the Structure and Properties of
Carbon Nanotubes Using Substitutional Dopants,” Int. J. Quant. Chem. 109, 97-118 (2009).

J. Huang®, B. G. Sumpter, V. Meunier, “A Universal Model for Nanoporous Carbon
Supercapacitors Applicable to Diverse Pore Regimes, Carbon Materials, and Electrolytes,” Chem.
Eur. J. 14, 6614-6626 (2008).

J. Huang”, B. G. Sumpter, V. Meunier, “Theoretical Model for Nanoporous Carbon
Supercapacitors,” Angew. Chem. Int. Ed. 47, 520-524 (2008).

J. Huang®, S. Kingsbury, M. Kertesz", “Crystal Packing of TCNQ Anion r-Radicals Governed by
Intermolecular Covalent n—n Bonding: DFT Calculations and Statistical Analysis of Crystal
Structures”, Phys. Chem. Chem. Phys. 10, 2625-2635 (2008).

J. Huang”, M. Kertesz", “Theoretical Analysis of Intermolecular Covalent n—n Bonding and
Magnetic Properties of Phenalenyl and Spiro-Biphenalenyl Radical n-Dimers,” J. Phys. Chem. A
111, 6304-6315 (2007).
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84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

J. Huang”, M. Kertesz", “Intermolecular Covalent n—n Bonding Interaction Indicated by Bond
Distances, Energy Bands, and Magnetism in Biphenalenyl Biradicaloid Molecular Crystal,” J. Am.
Chem. Soc. 129, 1634-1643 (2007).

J. Huang, M. Kertesz", “Stepwise Cope Rearrangement of Cyclo-Biphenalenyl via an Unusual
Multicenter Covalent n-Bonded Intermediate,” J. Am. Chem. Soc. 128, 7277-7286 (2006).

J. Huang, M. Kertesz”, “One-Dimensional Metallic Conducting pathway of Cyclohexyl-
Substituted Spiro-Biphenalenyl Neutral Radical Molecular Crystal,” J. Am. Chem. Soc. 128, 1418-
1419 (2006).

J. Huang, M. Kertesz", “Electronic Structures and Charge Transport Properties of the Organic
Semiconductor Bis[1,2,5]thiadiazolo-p-quinobis(1,3-dithiole), BTQBT, and its Derivatives,” J.
Phys. Chem. B 109, 12891-12898 (2005).

J. Huang, M. Kertesz", “Validation of Intermolecular Transfer Integral and Bandwidth
Calculations for Organic Molecular Materials,” J. Chem. Phys. 122, Article Number 234707
(2005).

J. Huang, M. Kertesz", “Intermolecular Transfer Integrals for Organic Molecular Materials: Can
Basis Set Convergence be Achieved?” Chem. Phys. Lett. 390, 110-115 (2004).

J. Huang, M. Kertesz", “Spin Crossover of Spiro-Biphenalenyl Neutral Radical Molecular
Conductors,” J. Am. Chem. Soc. 125, 13334-13335 (2003).

J. Huang”, X. Sun, Z. Chen, Z. Li, “Research Overview and Developing Trend of Purification
Catalysts for Automotive Exhaust,” Sichuan Huagong Yu Fushi Kongzhi (Sichuan Chemical
Industry and Corrosion Control) 1, 32-35 (1998).

J. Huang", F. Yao, J. Wei, Z. Zhou, W. Hu, “Hydrogen Diffusion in Amorphous TiossNi1 00 Film,”
Chin. Chem. Lett. 8, 1005-1006 (1997).

Z. Zhou", J. Huang, W. Hu, F. Yao, Y. Zhang, “Hydrogen Diffusion Studies of Microcrystalline
and Crystalline LaNisz ¢4Sios4 Films,” J. Alloys Compd. 231, 297-301 (1995).

J. Huang®, Z. Zhou, W. Hu, F. Yao, D. Song, “Short Communication — Hydrogen Diffusion
Studies of Microcrystalline LaNizgSioss Films Using the Electrochemical Permeation
Technique,” Int. J. Hydrogen Energy 20, 849-851 (1995).

J. Huang®, Z. Zhou, F. Yao, Y. Zhang, “Diffusion of Hydrogen in Hydrogen Storage Alloys,”
Gaojishu Tongxun (Chinese High Technology Letters), 4, 34-37 (1994).

J. Huang®, Z. Zhou, F. Yao, G. Yang, “Diffusion of Hydrogen in Metals and Alloys,” Dianchi
(Battery Bimonthly), 24, 69-73 (1994).

X. Feng”, R. Chen, J. Huang, Z. Zhang, “Synthesis of 2-Aroylamino-5-Benzyl-1,3,4-Thiadiazoles
and Studies on their Reactions with Benzaldehyde,” Gaodeng Xuexiao Huaxue Xuebao (Chemical
Journal of Chinese Universities), 14, 65-67 (1993).

Book Chapters

97.

98.

99.

S. Garashchuk, J. Huang, B. G. Sumpter, J. Jakowski", “From Classical to Quantum Dynamics of
Atomic and Ionic Species Interacting with Graphene and Its Analogue,” in “Properties and
Functionalization of Graphene: A Computational Chemistry Approach”, Elsevier, 2020 — Invited
contribution.

J. Zhou, H. Terrones, S. C. Smith, B. G. Sumpter, J. Huang", “Two-Dimensional Layered
Materials of ZnX and CdX (X = S, Se, Te),” in “Beyond Graphene, New Layered Nanomaterials:
Theory, Experiment and Applications”, Editors: Mauricio Terrones, Florentino Lopez-Urias,
Humberto Terrones; Wiley-VCH, 2016, accepted — Invited contribution.

J. Huang®, R. Qiao, G. Feng, V. Meunier, B. G. Sumpter, “Modern Theories of Carbon-Based
Electrochemical Capacitors,” in “Supercapacitors: Materials, Systems, and Applications,” Editors:
Francois Béguin and Elzbieta Frackowiak; Wiley-VCH: 2013 — Invited contribution.

100.J. Huang, J. Jakowski, A. Beste, J. Younker, A. Vazquez-Mayagoitia, E. Cruz-Silva, M. Fuentes-

Cabrera, A. Lopez-Bezanilla, V. Meunier, B. G. Sumpter”, “Advancing Understanding and Design
of Functional Materials through Theoretical and Computational Chemical Physics,” in “Practical
Aspects of Computational Chemistry 1I: An Overview of The Last Two Decades and Current
Trends,” Editors: Jerzy Leszczynski, Manoj. K. Shukla, Helene de Rode; Springer: 2012 — Invited
contribution.



101.J. Huang®, B. G. Sumpter, V. Meunier, “A Universal Model for Nanoporous Carbon

]

Supercapacitors,” in “Mesoporous materials,” Editor: Lynn T. Burness; Nova Science: 2009 —
Invited contribution.

Conference Proceedings
102.J. A. Hachtel”, J. Huang, . Popovs, S. Jansone-Popova, J. K. Keum, J. Jakowski, T. C. Lovejoy, N.

Dellby, O. L. Krivanek, J. C. Idrobo, “Damage-Free Nanoscale Isotopic Analysis of Biological
Materials with Vibrational Electron Spectroscopy,” Microsc. Microanal. 25(S2), 1088-1089
(2019).

103.A. Lopez-Bezanilla®, J. Huang, H. Terrones, B. G. Sumpter, “Electronic Structure Calculations on

Edge-Functionalized Armchair Boron Nitride Nanoribbons,” DOE’s Science Discovery through
Advanced Computing (SciDAC), published online (2011).

104.V. Meunier®, J. Huang, G. Feng, R. Qiao, B. G. Sumpter, “Modern Theories of Carbon-Based

Electrochemical Capacitors: A Short Review,” ASME International Mechanical Engineering
Congress & Exposition, Paper Number: IMECE2010-41003 (2010).

105.G. Feng, R. Qiao, J. Huang, B. G. Sumpter, V. Meunier”, “Computational Modeling of Carbon

Nanostructures for Energy Storage Applications,” Proceeding of the 2010 10" IEEE Conference
on Nanotechnology, NANO 2010, Article number 5698075, pp 100-104 (2010).

106.J. Huang®, B. G. Sumpter, V. Meunier, “Capacitor Models for Various Regimes, Carbons, and

Electrolytes,” Proceedings of the 2009 Advanced Automotive Battery and Capacitor Conference
(AABC-09), Long Beach, CA. (2009).

Invited Talks (selected recent)

1.

Theoretical Studies of Functional Materials for Photochromic, Thermochromic, and
Electrochemical Applications, The 8" N.I.C.E. International Conference on Bio-inspiration,
keynote talk invited by Frederic Guittard, Jun 20-22 (2023).

Theoretical Modeling and Computations of New Materials for Electrochemical Energy
Conversion/Storage Devices, The Seventh Edition of Global Energy Meet (GEM-2023), invited
by Conference Organizer, Mar 06-08 (2023).

Carbon Nanostructures for Energy Conversion and Storage: From Li-S Battery, Supercapacitors,
to Nitrogen Fixation, 2022 TechConnect World Innovation Conference, invited by Christopher
Sims, Wolfgang Bacsa, and Dalia Yablon, Jun 13-15 (2022).

The Effects of Ultrastrong Electric Field on Electroreduction of N, to NHsz — A Theoretical
Understanding, 2021 Joint Nanoscience and Neutron Scattering User Meeting Workshop, invited
by Ilia N. Ivanov and Christopher Tulk, August 9-12 (2021).

Net-Zero Carbon Fuel Research, ORNL Net-Zero Carbon Workshop for Transportation, National
Transportation Research Center, Knoxville, TN, invited by Michelle Kidder, January 31 (2019).

Graduate and Postdoctoral Advisors
Prof. Miklos Kertesz
Dr. Vincent Meunier and Dr. Bobby G. Sumpter

Postdoctoral Scholar Advised
Dr. Jia Zhou

Graduate Students Advised
Lili Qiu (summer intern, Georgetown University)
Chongze Hu (summer intern, University of Minnesota Twin Cities)

Undergraduate Students Advised

Chongze Hu (summer intern, Clemson University)

Dillon G. Gagnon (DOE SULLI program, Purdue University Fort Wayne)

lan J. Bongalonta (DOE SULI program, Clemson University; co-advised with Dr. Jacek Jakowski)
Nicholas L. Saunders (DOE SULI program, University of Dayton)

Chuck Moody (DOE CCI Program, Pellissippi State Community College)



High School Students Advised
Anna Y. Duke (thesis research, Farragut High School)
Peter Ni (service to ORNL, Montgomery High School)



